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Divergence of Fourier Series with Respect to Systems
of Products of Bases

Giorgi Oniani

Faculty of Exact and Natural Sciences, Akaki Tsereteli State University, Kutaisi

(Presented by Academy Member Vakhtang Kokilashvili)

ABSTRACT. Itis proved that the feature of function systems being products of quite general type
bases is almost everywhere divergence of certain blocks (and consequently, almost everywhere divergence
in Pringsheim sense) of Fourier series in integral classes wider than L(n™ £)?~". © 2012 Buil.

Georg. Natl. Acad. Sci.
Key words: multiple Fourier series, basis, complete orthonormal system, Haar system, divergence.

Definitions and notation. Let a sequence ¢ = (EL”} (ke N, 1<i< 2‘} of measurable subsets of

1=[0,1] be such that | £{” |=1/2% | £() < EZD O ECY and ED A EJ) =@ (i# j). The Haar type

k+1

system f7'€) = (4{F)), _y; corresponding to the sequence & is defined as follows (see e.g. [1. Ch. 3, §4]):

B =282y oy =252y 00 =21 ke W, 1<),
K+l k+1

\
where 4 denotes the characteristic function of a set A. For the case E;_" = (’z_—klﬂ’_’(J the construction
gives the ordinary Haar system /7 = (h,).

Denote by il () the space of all measurable functions on T and by Fg denote the class of all polyno-

mials with respect to a system of functions ® = (¢,,) .
Following [2, Ch. 11, § 1] let us say that a Banach space B ¢ /Oll) satisfies the (*)-condition if B > Py
and for every Fe B there is a function y e L(T) such that

F(/):jf(/«, for every fe Py .
T

© 2012 Bull. Georg. Natl. Acad. Sci.




Let (¢,,) bea basis in a Banach space B I/U(U) satisfying the (*)-condition and (F},) be the system of
functionals dual to (p,,). V£, ) will be called the system of functions dual to (¢,,) .

Let oV = (:p,(,“). @) = (qz,‘,d)) be systems of functions on T. Their product &V x-..x &(@) g

defined as the system of functions
4
o= )04 (5,

where 1= (n),....ng)e N9, x= (A1 xg)e T Denote by (@) the d-th power of a system @ .

Let foreach 1<k <d: By bea Banach space satisfying the (*)-condition, &%) be a basis in By ,and
let X be the system of functions dual to &*) . Suppose ® =(p,), o and W=(y,),_\a be the
products of the systems &*) and ®*) _ respectively. For a function fe L9y with Swne LA%)
(ne NY) the Fourier coefficients and series of / with respect to the system ® are defined as follows:

G = [ fu,. (. 0)-Y (.00, .
1 n
respectively.

For a system of functions @ = (p,,) and a class 4 < 141 we will write ® = A if ¢, € A for each n.

Below the convergence and divergence of multiple series will be understood in the Pringsheim sense.

Following [3. Ch. 1. §4], an Orlicz space M(L) is said to satisfy the A'-condition ifthere exist constants
15 >0 and ¢ > 0 such that M(ata) < cM@)M(ty) if 11,02 > 1.

Result. Olevskii developed the method of expanding the singularities of the Haar system to arbitrary
complete orthonormal systems and bases in function spaces. The method is based on the following lemma
(see e.g. [2.Ch. 111 §1] or [1.Ch. 9. §1).

Lemma A. Let B 1(1) be a Banach space satisfying the (*)-condition and let & = (0p) beabasisin
B. Then there exist a Haar type system (W) and a sequence of indices m, o such that each HE) s

representable in the form

v M)
K@= Y agum+apx) (e ).

n=ng+1
Wwhere
1
||"k”ﬁ<7-
L] 1
D enlan g, <
=k+1|| m=n,+1 5 2

Various applications of Lemma A to the problems of convergence of one-dimensional Fourier series can
be found in [2, Ch. 1L, §1]and [1, Ch. 9, §1].

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012
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Itis known that (see [4, 5]) L(In* £)47(1?) is the widest integral class in which the almost everywhere

convergence of Fourier-Haar series is provided. In particular, T. Zerekidze [5] proved

Theorem A. Let M :[0,%0) —[0,%) be an increasing function such that lim MO

=0. Then there
>0 ()¢

exists a function fe M (l,](]]d) whose Fourier-Haar series diverges almost everywhere.

G. Karagulyan [6] extended Theorem A to complete orthonormal double systems of the type ®x ® with
® < 1 (T) . Namely, in [6] the following statement is proved.

Theorem B. Let & < L (1) be a complete orthonormal system and let f & IV(WZ) be a function whose
Fourier-Haar series diverges almost everywhere. Then there exists an equimeasurable with f function g on

12 whose Fourier series with respect to the system ®x® diverges almost everywhere.
In[6]. by Theorem A, from Theorem B was derived

Theorem C. Let & < [ (1) be a complete orthonormal system. Then for every increasing function

M :[0,2) - [0,%0) with lim 2O
t—w

. o
=0 there exists a function fe M(L)YI”) whose Fourier series with
respect (o the system ®x® diverges almost everywhere.

The result of [7. 8] implies

Theorem D. Forevery fe L\ L(n* 1Y\ (19) there exists an equimeasurable with  function g on 19

such that a general term of the Fourier-Haar series of g diverges unboundedly almost everywhere, i.c.

Tim [, (g, H )y ()] = 0
o

for almost every xe ‘Id, where H'@) = (, 4 is a d-tuple Haar system. Consequently, the Fourier-
) n ) e 7 2

Haar series of g diverges almost everywhere.

o s M
Note that before [7] R. Getsadze [9] established that in every integral class M(L)XT%) with tim 2L¢) ¢
(=%

o tint
there exists a function / for which 1im [¢,,(f, 712 )h,(x)| =0 on the set of positive measure.
fraee

The following generalization of Theorems A-D is true.
Theorem. Let

. B B;c I,U(]i) be Banach spaces satisfying the (*)-condition,

o @V, 0D be bases in By....,By, respectively, and (), a be their product;

« WO WD pe sysiems of functions dual to ®V ... D | respectively;

o (). (")) be sequences of indices corresponding to ®D... &), respectively, according to

Lemma A;

o« M(LYAY) be an Orlic space satisfying the A' -condition;

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012
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o spaces By....,By be continuously embedded in M(LY(1) ;
o WD < M), where M* (L) is the space dual to M(L).

Then for every fe M(I)\L(n" L)"') there exists an equimeasuwrable with f function g on 19 such

that

lim
kow

Y (@@ xxd ) g, (x)

me(k)

for almost every xe 19, where the blocks T(k) are defined as follows

Py =) el e[ 1 flon ke ),

Doceox @ diverges almost everywhere.

Consequently, the Fourier series of g with respect to ®
Remark. Obviously. if A/(£)(I)= (1) . then the conclusion of Theorem valid for any
fe L\L(In" 0t ). In particular, this is the case if ®") ... »'?) are complete orthonormal systems

such that &V, .0 < 17 (1.

Jsogdshogs

%1’]60{]15 avdﬁmzmboh aos'agg-);gmbo 6.)1501&3301) 5036539{101&
Labols 1)015&3333013 dodstron

a. (')60‘)60
24240 Gpgoezob bobendfoger baggesbagygo. Bybeh eo badybydobdydyagerer dagbogydson goggentiade.
Jgmoabo

(fobiorgggbosmos sgomgioob Ggob 3. 4

ogmol dog)

2988 003¥mos, G b g Bergsgo Bodol Bsboligol 333 sgmgBoon Boggbaemo gboscs
Lolgdgdobomgols gsdsbabosmgdgmas L(ln* £)7! by getsoes obgatomund gmslgddo gGogh

3Gatrog0l goty37me drmgbol comBols gagemash asEdmsmds (5 Jgegade, 3GobzLdsedol
Sbhoem mom Aol gagmash 3s63msremds).

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012
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The Nonlinear Characteristic Goursat Problem for a
Nonlinear Oscillation Equation

Rusudan Bitsadze” and Marine Menteshashvili

* Department of Theoretical Informatics. Georgian Technical University, Tbilisi
** Niko A hvili Institute of Comy ! Math of Georgian Technical University, Tbilisi

(Presented by Academy Member Nikoloz Vakhania)

ABSTRACT. The paper proposes a nonlinear analogue of the characteristic Goursat problem fora
nonlinear oscillation equation, which makes it possible to simultaneously define regular solutions and
extension domains. The structures of these domains up to the proximity of the points of degeneracy of
degree of the equation are described. € 2012 Bull. Georg. Natl. Acad. Sci.

Key words: characteristic invariants, general integral, solution definition domain.

In the works [1, 2] dedicated to linear non-strictly hyperbolic equations much attention is given to the
well-known second order equation of nonlinear oscillations

wbug —u, =0,

which depending on the behavior and values of the first order derivative u, ofthe sought solution u(x,y)
may generate parabolically. Its general integral is represented by means of the generator of groups of solu-
tions which are based on contact transformations. However the question as to the solvability of problems
was not considered. If the method proposed there is used for construction of a general integral for an
equation with the non-zero right-hand part, then we are faced with great and even insurmountable difficul-
ties.

In the present paper, an analogous question is considered for the equation

2,4

i 5 =
ulug —u,, = exuy,  c=const )

which is interesting not only from the theoretical viewpoint, but also as having various practical applications
[3-10].

Like in the case for general nonlinear hyperbolic equations, for equation (1) too, linear formulations of
boundary value or characteristic problems, except for the Cauchy initial boundary value problem, are mean-
ingless. This fact is caused by the dependence of characteristic families on yet unknown solutions.

© 2012 Bull. Georg. Natl. Acad. Sci



The Nonlinear Characteristic Goursat Problem for a Nonlinear Oscillation Equation

The right-hand part of equation (1) along the ordinate axis is unbounded. This property makes it possible
toattribute this equation to the class of Euler-Darboux equations [11-12]. By performing multiplication by a
factor defining this unboundedness and making some assumptions, we can consider. instead of (1), an
equation with the degeneration not only of hyperbolicity but of order, too. However, there may exist solutions
along which equation (1) remains hyperbolic. In other words, these are solutions for which the characteristic
directions defined by the characteristic roots

do not coincide anywhere. Naturally, the class of hyperbolic solutions of equation (1) is defined by the
condition

0#’14,,(x,,v)f<w 5

Before formulating a nonlinear analogue of the Goursat problem, let us clarify the general properties of
hyperbolic solutions of equation (1). For this we will use the classical characteristic method [13].
As isknown, the characteristic roots 4, 4, give the differential relations of characteristic directions

uldy—dx=0, wldy+dx=0 @

If equation (1) is considered with (2) taken into account, then we come to the following differential
characteristic relations

Xy du, =X} du, = cu ude =0, X2l dug + 370 du, - cu’ udv =0,
The following theorem is valid.
! . . P
Theorem 1. Assuming that ¢ > =1 cach of the characteristic systems of equation (1) admits exactly two

first integrals and they are defined in the explicit form

[

Iis| (" )6 ~ (1= )

ul v, Jx“ ~qux™

e

©)

Jfor the family of the root 2y and

177 z(u," ~u, )x" +aux!

{

!wl z(u,"‘ —u,).r‘*” +(1—-a)ux’“‘

Jor the family of the root %, .
Due to these two pairs of first integrals (¢.£,) and (1.7, ) which are actually characteristic invariants, it
follows that in the class of hyperbolic solutions we can construct two intermediate integrals
G=0'(§). m=y'(n)
of equation (1) [13]. In these integrals we denote by @.y arbitrary functions smooth enough to ensure the
differentiability of the sought solution up to second order.
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Theorem 2. If ¢, ye (‘A’(RI)  then equation (1) is equivalent to a triple of the following relations

i

2(E)+y(n) - ®
E+n '
1 ' .
m[(:w)(w =€) +2pE) -y ). ©
e ; a ]
SR OIS SO
1-2a E+n E+n

]

which in a certain sense can be taken as a general integral of equation (1), whereas the invariants £, 1
play the role of characteristic variables.

Thus, the invariants £, & will be constant along each characteristic of the family of the root Ay The
invariants 7, 1, will preserve constant values along the characteristics of the family of the root 4, . This
circumstance should be taken into consideration when formulating the problems with regard to the question
whether characteristics are included in the data carrier. Based on this principle, we propose the following
nonlinear variant of the Goursat problem.

Suppose we are given two arcs 7, 7, drawn from the common point (a.f(u)) and let them be given in

the explicit form

s y=h(x). asx<b, a<0, b>0

and

x), asxs<d, d>0, fi(a)=f(a). ®

Assume that the functions / and /, are three times continuously differentiable and the arc ¥, mono-
tonically ascends, whereas the arc V> . vice versa, monotonically descends.

The Goursat problem consists in constructing the solution of a hyperbolic equation using data whose
carriers consist only of characteristics. In that case, the problem conditions will be the assumptions that the
arcy; is a characteristic of the family of the root 4y, whereas the arc , isa characteristic of the family of the
root 4, . But since the characteristic directions of these families at every point are symmetrical with respect
the abscissa axis direction, it immediately follows that the requirement

fila)=—7(a)
is justified.
The Goursat Problem. Find a regular hyperbolic solution u(x,y) of equation (1) and, simultaneously

with it, a domain ofits extension when the curves 71 and y, are the arcs of the characteristics, and the values

t:(a<,ﬁ(a)):\9. ©
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u(a.fi(a)=6 (10)
are given at the common point,

The assumption that the arcs y, and y, are drawn from the point (n.O) does not cause the loss of

generality. Therefore we assume

By the conditions of the problem we have
f(x)=uw2 fi(x)=-5",

which define the values of the derivative «, on 7, and y,. But they are defined non-uniquely:

1

—+—l .
(v AR

To obtain the continuity of the derivative, we should take the right-hand parts of the latter equalities of the
same sign.

Let us first consider the case

an

Using (9)-(11) we calculate in a straightforward manner the values of all characteristic invariants at the
point (a.0) and introduce for them the notation

la]

_ gl a - =
5|((..o;=5(]‘ 5||(u,u;"5£ k r’l‘u.U]:U\al' ) =M

By the property of characteristic invariants that they are constant along the respective curves, we have

él, =glel, &, = fel (12)
and

R

2= 5 Ty (13)

Let us now turn to the general integral (5)-(7) defined in terms of the characteristic invariants & , 7 and,

using (5), (7), establish the relation between the values x, v along the arc y, :

1 [4“] 1o _ gla, a
X% EEl ] 14)
" 1-2a B e
From the second relation (12) we obtain
I-a a__ O = )
wl, = - - R G). ()
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Substituting the derivative value

(16)

Substituting the values u,, u, into the total differential
du :(u‘ + fz'(xjuv)er

taken along y, , we obtain

velab]. an

Let us consider relation (17) as an ordinary differential equation with respect to the trace
U(x)=u(x, £2(x)) ofthe function uon ,

U _2 g el
dv  x

and write explicitly the solution of the Cauchy problem with the initial condition U(a) = 9 . We obtain

(18)

A pair of relations (13). (18) enables us to define the relation of the derivative u, with the variable x along

the arcy, as follows

19

Thus the conditions of problem (1), (9). (10) make it possible to define along both characteristic arcs N
7, the interdependence between the argument x, the solution u(.\',y) of equation (1) and its first order
derivatives. But the aim we pursue is to define the solution not only on the characteristics but also outside
the data carrier. To this end, we will again try to use the general properties of characteristic invariants. On the
arc y. we can represent the invariants 7, n; from the other family as functions of the argument x. This is
done by substitution of (11), (14), (15) into (4). On the arc y,. the values &, & are constructed in the same

manner.
From an arbitrary point Pz(,rz.,/'(vrg ))e 75 letus draw the characteristic y; ofthe family ofthe root 4,.
The constants along will be the invariants & and &, . Another point A (xh hHx ))s 71 is treated analo-

gously and the characteristic of the family of the root 4, drawn from it is denoted by 7, . The values of the
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invariants 1, n, at the point B are preserved all along the arc V4 According to the general theory, a set of
points of intersection of the analogous characteristics 73+ 74 defines the domain of solution extension. If
there exits a point of intersection of the arcs 73+ 74» We denote it by ‘U( ")

Let us introduce the notation
%]

ey = &, =

As has already been said. the following relations hold true

ly =, ), =

(20)

=), ), =l @

and they are simultaneously fulfilled at the point .\I(_\"’._\ ") of intersection of the arcs y,. y,.

Thus we obtain the following system with respect to 0, 4’ = u(x".y”). u“' :u,(.\f“‘yuy

[x]

o 0 0u-1_ |
X~y =

’ ¥ 2
X0 @ ux% = /7' il & 22

S (1) = )

("ot
(1" ) (1l = ]
(47 -u2)s®
(")

We have already dealt with a system of form (22) when constructing the general integral (7)-(8). Hence to
solve system (22), we perform analogous actions with the only difference that (22) will be considered not with

respect to the functions x. u, u, . u, ,and ux but with respect to their concrete values at the point \I(x"
The right-hand parts are also concrete constant values well defined by the conditions of problem (1), (9). (10).
To find 3" = y(xj.x,) we resort to relation (6). Taking into consideration the explicit equations of the

ares 7y, y,. we finally define the value y interms of x;,x,. The values x°. ). 4 are expressed as

follows

23)

V=) h(n)+

[5!«]”[n1v,,[»1§!sl glelyfel s plolglel _glulfal o ~vi,7|n1fg(nlq!ul_,,fulg‘[al} (24)

EUS -
4(1-2a
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We have obtained the definition domain D of the solution u(xu,y“) of problem (1), (9), (10) for the

current x,x,. This domain is well defined by relations (23), (24), where the expressions of x’, 3" are
presented depending on x,.x,. We consider the values of these functions as the current coordinates de-
scribing the domain D. Then, taking into consideration the expressions of invariants along the arcs Y3 Va
and their values at (.0). we can represent the solution of the considered problem (1), (9). (10) by the

following three equalities

x=F(x.x)=

v=G(n.m) = A(9)+ £ (n) zlx[\/?(r‘,)x,“— (@)™ )({-
T~ - )
T l[6e" ~as0 2 T) o - [Ty Yo

{ fila) o + \/—rx(v:)xl“' Alayd .

\

\
?I
i

r
o
1
b
W
u'T-

“
{ )+ JT(_)~ fila) ™ } . @

They simultaneously define both the domain D and the sought solution.

Note that the characteristic of the family 4, lying in the domain D\{ F(x;,x,) < <0} and drawn from

the fixed point (x'; fr (vg )) is parametrically represented by the equations

x=F(x.29). G(xhxé’), xelae].

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012



DT

The Nonlinear Characteristic Goursat Problem for a Nonlinear Oscillation Equation

The parametric equations of the characteristic of the family 4, drawn from the point (XF/,(X?]) are
given as follows
x= F(x:y.xz). y= G(x,”,x:). x,e[ag].
For the characteristics of one and the same family not to intersect each other in the domain

DN {F(x,.x,) <& <0} . it is sufficient that the conditions

[F(x,u.

)—F(x;‘xz)}z{o(n,xw i(x).x, J (29)

[q%g}ﬂwgr{qnﬁya%4ﬁ=o (30)

be fulfilled for any fixed values x{ # ¥ and x{ % x, from the interval [a,¢] and for the parameters
x.x, € [a.8]
If
ST .
() -f(x)

then by a reasoning analogous to that in the preceding case we see that problem (1). (9), (10) has, in addition

to (26)-(28), one more solution represented by the formulas

()]

The definition domains of these solutions coincide since in both cases the arguments x and y are defined
in the same manner.

The following theorem is true.

Theorem 3. If conditions (29), (30) are fulfilled, then for any arbitrarily real branch of the multi-valued
Junction (26) in the domain I)r\{ F(x.x,)<e< 0 there exist regular hyperbolic solutions of problem

(1).09). (10) representable by formulas (26)-(28) and (26). (27), (31).
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ABSTRACT. In the paper is studied the problem of estimating A parameter of exponential distribution
by the pseudo-maximum method for censoring observations. Fxxs(ence and uniqueness of solution of the
maximal likehood equation is shown. The solution is asymp i and effective esti of 4
parameter of exponential equation. © 2012 Bull. Georg. Natl. Acad. Sci.

Key words: pseud. imal likelihood, grouped observations, censoring i iplete observation.

Let Y be a random variable with the distribution function F(x)= F(x,0) where 6& © isan unknown

vector parameter in a finite-dimensional Fuclidean space @ € R? . Assume that ® isa compactum. We are to
construct a consistent estimate ¢ using observations of the random variable X. The experiment is run so that
we do not know the actual number of realizations and know only a part of these realizations.

Let the fixed points o0 <1, <1, <--- <1, <o be given on the straight line R (we do not exclude the case
in which the first or the last point takes an infinite value). These points form intervals which can be of three
categories:

(0) Aniinterval (1,.7,,,) belongs to the zero category ifin this interval we know neither individual values

of the sampling nor the number of sample values of the random value X which occur in this interval

(1) An interval (I,JM) belongs to the first category if in this interval we do not know individual values

of the sampling but know the number of sample values of the random variable .\ which occur in this
interval. As usual this number will be denoted by 7, .
(2) An interval (/,.I,,,) belongs to the second category if in this interval we know individual values of

the sampling.

© 2012 Bull. Georg. Natl Acad. Sci
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We call a sampling of this type a partly grouped sampling with censoring.
The absence of information in the intervals of the zero category creates difficulties which we will try to

overcome by assuming that we know the type of the distribution 7( x.O} and the number of sample values
from the sampling which do not occur in the intervals of the zero category: n = Z .
(1(2)
Let 4, =(1,.1,,,) be an interval of the zero category. Denote by m, the number of sampling terms occur-

m,

ring in A . Then r= n+Zm, is the total number of observations. Note that is a relative

© n+ ) om
)

frequency of occurrence of X'in 4.

If £, (x) denotes an empirical distribution function, then

- [}

()= (0)
wzm ¢

and, according to the strengthened Bernoulli law of large numbers, it converges to
p,(0)=F(t,,,.0)~ F(1,,0) with probability 1.

By summation of equalities (1) over all intervals of the zero category we find

;[i; ()= F:(1)]
Somen—

O 2 A -A0)]
() |
Hence we obtain
m =,1M. )
- Y[ (/M)_E(/'G‘J

x(0)

Let us apply the method of pseudo-maximal likelihood. Assume that the distribution density of the
random variable X with respect to the L.ebesgue measure is f(x)= f(x.0) . Then a likelihood function has
the form

L, (x:0) =T T[F (t)=£ ()] TTF () - F f(x o)

<(0) (1) J=1

where m,, ie (0)., are defined by formulas (2).

The finding of points of a maximum of the function L(X:U) is complicated because the study of the

Bull. Georg. Natl. Acad. Sci,, vol. 6, no. 3, 2012
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smoothness properties of empirical functions is difficult. Therefore we consider the slightly corrected likeli-
hood function

Hig)-A)

Wrﬂ[)[ﬂr..,rF(r.)]"'-lL[f(x,z). @

J=1

L,(x:0)= I—[[F(I,Ll)*l'_(l, i

i(0)
Lemma [1]. Let the following conditions be fulfilled:
a) the distribution function F(x.0) is continuous with respect to both variables and has the continu-
aF (x.0)

ous derivative f(x.0)=
ox

b) the function T,,(x:0) has the absolute maximum 0 =0,.

Then 0, is an as) ically i and as ically effective estimate of the true value of the

parameter 0 =0,.

Let Y be an exponentially distributed random value with the density
[ 2 if x20
/(%)= .

o if x<0
where 4 >0.

Assume that [aib] is an inaccessible interval for the observer and we do not know the number and
individual observations in this zone. We, however, know the observations outside this interval: X, X,,....X,, .
It is required to estimate 4 by means of these observations. For this, we use pseudo-maximal likelihood
estimates.

To construct likelihood functions note that if we denote by k the number of terms from the general
k

+n

sampling which occur in [a.b] . then - will be the frequency of occurrences in the interval [ @.b]. Hence,

by the Bernoulli-Kolmogorov theorem k s — p as.where p=F(b)-F(a)
+n

_f1-e* if x20
F(x)_ﬁo if x<0-
Therefore, we define & as
n[F(b)-F(a)] )
1-[F(b)-F(a)]

Since the probability that exactly k elements from the sampling will occur in the “black hole” is

[1-' (6)- F(a)]k . we can write the pseudo-likelihood function as follows:

L :]‘[f(x,;a)-[r(b)-y(a)]",a%?%iilll =qe ®
i=1

Bull. Georg. Natl. Acad. Sci.. vol. 6, no. 3, 2012
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Note that in (5) the power may turn out to be a non-integer number, but it is always positive. Also note that
in this formula the multiplication sign is used for the expression in front of the large bracket.
From (5) we write

- L n(F(b)-F(a)) . )
InL=n m%%}x, +m In(F(b)=F(a)).

AL 0 o (be ~a- ™) mn(F
NI
4 =1 ,*”\ (

dA

+(h~u“""—u~v’"”)-(I—(l'(lv)—l-'(a))) (F(b)=F(a)- n(F(b)=F(@))(b- e -ave ) .
(1=(F(8)-F(a)) (If([-'(b)—lﬁ(a)))z

=4~i/x', +”.(b.g‘”-u.c””)-(P(F(h)vF(u)):rln(F(h)fF(u))) ‘ o
= (1=(F(8)-F(a))
Let us investigate expression (6) when A —0. Note that when A -0

F(b)-F(a)=c" ¢ 0 and In(F(b)=F(a))—> o

We obtain

, we have

. dInL
lim =
A0 dA

Indeed.

[I H[f*) IM”'
(o —ae ) 1-(F(b)- )(u]]dn{l{h)—-l[u]j]

. nl .
lim = lim
A0 dA A0

(1-(F(s)-F(a)) 2
n(be—ae N 1-(F(by-F(a))+In(F(b)-F(a))}

(l—(fwF(u)))l[n—ag.\.)—m(h-«-“ ) 1=(F(O1F (@) n(F (8)F ()
(1-(F(e)-F(@)) 2
('-(F(h)—f’(a)))z[n—*i\:]

T RO 4
e a1t r(e)

)+
Gl (1=(F(p)-£( ))

Analogously, when 4 — = , we have

= lim
im0

+In(F(b)-F(a)))

=,
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The continuous function

changes its sign and therefore there exists a point 7 such that

dinl
di

=0. Letus verify that at this point the second derivative is negative.

We write the second derivative in the form

@i (@ b 1-(F)- F(a) +n(F(b)- F(@)(1-(F(5)- F(a)))
D (F(F(h)-m)))"

'i{h- e _ g ](—([rc"" —ac” ]]+ o

(lf(F(b)AF(u)))l

+zn.(h.whuc'“)z( (F(b)=F(a)+in(F(b)-F(a)))
(1—(r(h)—r(a>)) ‘ =

Notethat x*- ¢™** . where x >0, isa decreasing function and therefore the first term and the second term in

(7) are negative. Let us now show that the sum of the third term and the fourth term is negative. We have
2:1»(1;»["»"-0‘»"/'“) (1- (I—(b F(a)) +]n(l-'(b)-.‘-'(a)))+
(1=(F( a)))
n.(h»c”"—aa”“) (, R 1) (1 F(a))
(1-(7( a»)‘
:n-(h-e‘“7(15”’“)3[2(1-(.41:)4‘( ))+In( (b)-F(a)))+ (,\MM )-(l—(l-'(h)~[-(a))))
(l—(l—'(h)-[-(a)))
n.(;,,c‘/‘v”—ue"i“)l(,mjm)f(f‘ (5)-F(a))+2mn(F( h)—l-'(n))) .
(1-(F(h)—/-’(a)))

+

3

T | " x "
If we take the equalities ——x +21Inx < 0, where ( < y< 1. into consideration, then we can show the nega-
x

tivity of relation (8), which means that J isthe unique point of a maximum ofthe likelihood equality.
The following theorem is valid by virtue of Lemma.
Theorem. Suppose that we have a sampling of exponential random values X\, X, ..., X, with an

unknown parameter A . The observation is carried out beyond the limits of the interval [a.b] in which

Bull. Georg. Natl. Acad. Sci., vol. 6. no. 3, 2012



24 George Lominashvili and Mzevinar P2

neither sampling terms nor their quantity are recorded. Then the estimate of a maximal pseudo-likelihood

exists for A and is the unique root of the equation
” Z r1-(/]-e’”fuc'“')(I~(F(I7)~F(a))+1n(F(b)—F(a)))
== D) X+
rA (1-(F(3)-F(@))

, this estimate is a

and effective,
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ABSTRACT. In the present paper the lattice of cosets X(G) is constructed for Hall’s power group G
over the ring . This lattice is called the affine or coset lattice of . Since in the lattice R(G) only the
elements of G cover & , the isomorphism /: X(G) —> (G, ) defines the bijection /:G — G,.Among
all possible isomorphisms  we shall select in the sequel those for which £ (1) = 1. Such isomorphisms

will be called the affine isomorphisms. We prove the following theorem: Let £ : %X(G) — R(G,) bean

affine isomorphism between the w-power groups G and G, over the fields J"and IV, respectively, if G is
nilpotent of class 2 then / is either a semilinear isomorphism or a semilinear antiisomorphism with

respect to the isomorphism o : /7" — ¥} . The given example shows that the theorem is false for the class
of nilpotency >3. © 2012 Bull. Georg. Nail. Acad. Sci.
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Let /. bea lattice and M a subset of L which is a lattice relative to the induced partial order. Clearly. Mis not
asublattice of Z; the subgroup lattice of a group G as a subset of the lattice of all subsets of G; is an example.
If ~ and A denote the intersections in L and M, respectively, then for x, ye M, xA y isa lower bound of
{x._\'} in Land so xAy<xny. We call M a meet-sublattice of L if xA y<xny forall x,ye M. The
lattice M is a complete meet-sublattice of 1 if Mand L are complete lattices and for every subset S < M the
greatest lower bounds of S in M and / coincide.

Proposition. [ M is a subset of a complete lattice L such that for every subset 8 of M the greatest lower
bound NS of S in L is contained in M, then M is a complete meet-sublattice of L.

Proof. For asubset S of Mlet S* be the set of upper bounds of § in M. By hypothesis, inf §* € M . Every
se S isalower bound of S”, hence s <inf S*. Thus inf §* isan upper bound of S and then, certainly, the
least upper bound of S in M. Clearly, infS is the greatest lower bound of § in M. Hence M is a complete lattice

© 2012 Bull. Georg. Natl. Acad. Sci
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and the greatest lower bounds of S in M and L coincide.

If G is a group, the subgroup lattice Z(G) is an example of a complete meet-sublattice of the lattice of all
subsets of G. We introduce two further lattices of this kind.

The notion ofa discrete w-power group was introduced by Hall [1]. At the present time there are a number
of works where the properties of w-power groups are studied. In [2] the fundamental theorem of projective
geometry for w-power groups was proved for principal ideal domains which are not fields. For the relation
problems in Lie algebras and groups see [3-6]. For affine geometry of modules and the fundamental theorem
see [7]. In [8.9] the affine lattices and the fundamental theorem of affine geometry for Lie algebras and power
groups are studied. Furthermore, G (and G)) is Hall’s power group over the ring ¥ (the ring 7).

Let R(G) be the set of all right cosets of subgroups of G together with the empty set & . If ) is a

nonempty subset of R(G). then either N)'=@e K(G) or there exists an element xe AV In the latter

case, J={ Hx|ie I} for certain subgroups H, of G, and hence /\,V=[ﬂH, ]xe RN(G).If Y isan
el

empty subset of K(G). then M)'=Ge R(G). The lattice R(G) is a complete meet-sublattice of the
lattice of all subsets of G. Since Hx = x(x"Hx) forall H <G and xe G, every right coset is a left coset,
and conversely. So R(G) is the set of all (right or left) cosets in G and we call R(G) the affine or coset
lattice of G. The subgroups of G are precisely the cosets containing the coset 1. Hence L(G) is the interval
[G1]in R(G).

For the basic properties of affine lattice .‘K(G) see [4].

Affine lattices do not usually have nice lattice properties. For example, if 1<//<G and ae G/H , then
{@4 a}.Ha,(Hu).H} is a nonmodular sublattice (pentagon) of $X(G). Thus a group with a modular
coset lattice is cyclic without proper subgroups; in this connection see [2-4. 6. 8, 9].

Thus the groups whose coset lattices have special properties, is not a very fruitful one: almost any
interesting lattice property is satisfied by nearly all or by a very few coset lattices. or else it holds in (G)
if and only if it holds in L(G) [2, 4-6. 8, 9]. The study of isomorphisms between coset lattices is more
interesting. Since the atoms of X(G) are the one-element subsets of G and for any such atom {g}. the
interval [G{g}] in $R(G) is isomorphic to L(G). two groups with isomorphic coset lattices have the same
order and isomorphic subgroup lattices. Nevertheless there are nonisomorphic groups with isomorphic coset
lattices. An isomorphism & : R(G) - .‘K(G) can be regarded as a bijective map from G to G preserving
cosets. We consider under which condition o is a semilinear isomorphism from Gto G .

Let Gand G, be w-power groups over the rings /¥and ¥, respectively. The bijection /:G — G, will be
called a semilinear isomorphism with respect to the isomorphism o : W — J¥; ifthe equality

7% )= () ()

is fulfilled for any x,.x, € G and a;.a, € W and fwill be called a semilinear antiisomorphism ifthe equality
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T ) = 7 () sy
is fulfilled for any x;,x,€ G and oty e W .

We say that the fundamental theorem of projective geometry is valid for w-power group G over the ring IV,
ifthe lattice isomorphism ¢ : L(G) — L(G, ) (where L(G) and L(G,) are the lattices of all w-subgroups of
G and G,) implies the existence of a semilinear isomorphism /:G — G, with respect to the isomorphism
o W — W, suchthat f(4)=gp(4) forall e L(G).

Since in the lattice R(G) only the elements of G cover &, the isomorphism 1:R(G) > R(6G)
defines the bijection /:G —G;.

Among all possible isomorphisms /'we shall select in the sequel those for which f( l) =1. Such isomor-
phisms will be called affine isomorphisms. If f': R(G) — R(G,) is an isomorphism, then the bijection ¢
defined by the equality

-1
o(x)=7(x)[7(1)]
will be an affine isomorphism.

We say that the fundamental theorem of affine geometry is valid for a w-power group G if any affine
isomorphism is either a semilinear isomorphism or a semilinear antiisomorphism.

Remark 1.1f ge A isa fixed element and f(a) = a; then the mapping

o(x)=s(@)[ ()]

is an affine isomorphism. Indeed, @ will be a C-isomorphism defined by the element 0;‘ i.e. it will be an
automorphism [ & ]‘] e Au/[.‘}\‘((;)] ssince (1) = f(a) ", we have that /, is an affine isomorphism.

Not each affine isomorphism (antiisomorphisms) is a semilinear isomorphism. Any one-dimensional vec-
tor space over Z,, admits ( p~1)! affine automorphisms while the group of all internal automorphisms of Z,,
has order p—1. Therefore for p>3 a one-dimensional vector space over Z,, admits affine automorphisms
different from ordinary ones.

Lemma 1. Let R(G) — R(G,) be an affine isomorphism. Then the following statements are true:

() finduces alattice isomorphism f:L(G)— L(G,),

i) 7 ((M))=(/(M)) for any subset M =G ;

(i) 7 (a(6)) = 1 (a)( £ (b)) forany abe G.

Assume that J¥'is a commutative domain. The w-group G is called torsion-free if x* =1 (cte W, xe G)
implies @ =0 or x=1.

Lemma 2. Let f:R(G) = R(G,) be an affine isomorphism between torsion-free w-power groups over
the rings W and W,, then

O 2(6)=2(1(6)):
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(i) the nilpotency classes on the subgroups coincide;
3 o (k) %
(i) there exists an isomorphism & :W — W, such that f(a“ ) =]:/(u)} L HEW, ae G.

Theorem (Fundamental theorem of affine geometry for w-power groups). Let [ :R(G) > R(G,) bean

affine isomorphism between the w- wpower groups G and G, over the fields W and W, respectively, if G is
nilpotent of class 2 then f is cither a semilinea phism or a semili phism with respect

10 the isomorphism & ;W — W .

Remark 2. Thus we have concluded that using the coset lattices the fundamental theorem of affine
geometry can be proved for w-power groups over fields. while the fundamental theorem of projective geom-
etryis false [2.6.8.9].

The example below shows that the theorem is false for the class ofnilpotency >3 .

Example. Let G be w-power group over the field 7 generated by the elements a, b and have the defining
relations

1#[a.b]=

[a.z]=[b.z

Itis clear that G is nilpotent of class 3 and Z(G)= ([a b]) . For an arbitrary element

[=dt[ab] e G, ap.yue F

consider themap /:G — G

£(1)= a6 ([a.b]z) =

We have
Haplf £((b])" =([ab]z) (@.b)=) = ([ab]f" =
()" = s ([t )= s ([T [t )
So for any
§ = u"‘h/"'[u.h]'/’ M, B visuie F,
h=d"b"[ab]” 2, ay. .77, € F.
Thuswehave 7 (h.0y) = £ (1) £ (1), #(r*)=[£(1)]" . Therefore

i N e =1 X "
1hot)= 1 (1.13'))=/(/,J<(/1/:‘))= (L)) = o).
Consequently, fis an affine automorhism of the lattice .‘R(G) . which is not a semilinear automorphism of G.
Remark 3. For a similar example for Lie algebra see [8].
Remark 4. From this example we can conclude that the theorems from [2, 9] need correction, i.e. they are
valid for class of nilpotency <2 .

Acknowledgements. This work was supported by Shota Rustaveli National Science Foundation (Projects
# GNSF/ST08/3-383 and # GNSF/ST08/3-396).
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ABSTRACT. The problem of soliton stability in the chiral sigma model is investigated. After the brief
introductory relations the relevant expression for the Hamiltonian appropriate to the quantization of
rotational and vibrational modes as well as the pion mass term is presented. Corresponding equation of
motion is exhibited, from which the effective potential is extracted. The existence of minimum of this
potential is established and the energy of the ground state is found. 1t is shown that stability may be
achieved only after the breaking of chiral symmetry by pion mass term. The profile function is constructed
which guarantees the stability. Mass spectra of nucleon and its resonances are derived. This is analogous
to WKB quantization formula.

E, —m’{%’j :[!!’,"();‘)4- 2 (1) (n+1/2)]

where expressions for entering here parameters are given in the main text, Eqs. (15).

Unfortunately the profile functions applied do not satisfy to the equation of motion, therefore their
status is unclear. Nevertheless the existence of minimum is a remarkable property for this problem and
it underlines the importance of quantum consideration. Therefore it is interesting to calculate appropriate
profile function. In this purpose the calculation scheme is proposed for the profile function in the
Skyrme anzatz, which then may be applied to delta— nucleon transition problem. The most profound task
is a reconstruction of the profile function from the integral relations. For the present only
phenomenological consideration shows that by choosing of appropriate test profile functions rather good
description of nucleon resonance masses may be achieved. © 20/2 Bull. Georg. Natl. Acad. Sci,

Key words: chiral soliton, Skyrme model, Skyrme anzatz, mass formula, nucleon-delta transition form

factors.

Skyrme model [1] is a possible effective field theory for quantum chromodynamics (QCD). It explains
many static properties of Baryons — nucleons and its resonances [2].
From the view of global symmetries, the Skyrme model is based on SU(2)x SU(2) chiral sigma algebra

and its effective Lagrangian

Ly = Fz Tr[z?“U'F,”U]. U cSU@)xSUQ) (1)

© 2012 Bull. Georg. Natl. Acad. Sci
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As is well known [2] this Lagrangian does not provide for the stability of static solitonic solutions. It was
found that to ensure stability the addition of various terms to Lagrangian (1) is necessary. But all of this is
valid in the framework of classical field theory.

One of the widespread methods consists in addition ofa new. so-called Skyrme term [1 ], which looks like this

! . ros
oo v[ue,Uu,U8,U] (L1, ()
where
L =U'%U, 3)
by means of which the topological current may be constructed as
oy &0 Tr(L, L1, ). )
The topological charge is
Q=g e [d&x1r(1,1,1,) ©)
and it equals the winding number.
Skyrme [1] introduced the so-called “hedgehog™ anzatz
U, = explir- xF(r)}. ©)

Where the profile function /() must be imposed by definite boundary conditions. Namely. at infinity
Uhas to turn into the unit matrix, or /() =27 . In particular, F(o)= 0 isalso permissible.
On the other hand. at the origin /() must be a well-defined function and must provide turning to unit
matrix of U independently of direction, in which » =0 point is approached. It means that we must have
sinF(0)=0. ie. F(0)=nz @]
Accordingly. O =n . The Skyrme term together with chiral one gives the following scale property for the
energy functional

@ 4 AEW, (x> Ax) @®)

A

and provides aminimum when E? = E9 At the same time the Energy is bounded from below by topologi-
cal charge

E>12n%eF, |0 ©)
Therefore corresponding configurations are stable.

With the aid of chiral angle F(r) the energy (or mass) of static configuration is expressed as

M, =22F} j'drr Hff) s 2g F‘ (10)

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012
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from which in accordance with the variation principle the equation of motion follows

+20 % a2 (r). an
dr

Explicit analytic solution of this equation is impossible: therefore one can investigate only the behavior at
small and large distances accounting for corresponding boundary conditions and some symmetry proper-
ties. such as under the scale transformation

F(r}aF(;’j (12)

and under the translation F(r —0) =7~

Numerical calculations, performed by us, show that all the solutions starting from the point /(0) =7

reach the same asymptotic value ; for different values of negative slope dF '¢lr|v , - However, it differs from
the correct boundary behavior, mentioned above. Therefore we have proved by numerical analysis that there
are no stable solitonic solutions.

To achieve stability of the chiral solution vector fields are often used as well [3] instead of Skyrme term.
There are also many other generalizations of the Skyrme model [4].

One of attractive ideas was proposed in the 1990s [5]. This idea rests on the analogy with quantum
mechanics, namely the hydrogen atom after quantization becomes stable, or the bottom of the classical well
is a stable point, whereas in quantum mechanics the lowest level is non-trivial according to Heisenberg’s
uncertainty principle. and so on.

The natural question arises: if something like this can occur in the chiral model? 1t follows from our
discussion below that in certain circumstances stability may be guaranteed. Not restricting generality, we
consider chiral Lagrangian, taking into account quantization of rotational and vibrational modes and the
mass term of the pion.

. . . . - r .
Quantization is performed by using the transformed chiral field F(I] and accounting for A as a

dynamical variable, i.e. 2 =A(r).After this the matrix U is taken as follows

U= 4(1)(@(%]1"(1). (13)

where U, isa Skyrme matrix (6) and A(I) accomplishes quantization of rotational modes. Together with the

pion’s mass term we derive the following Schrédinger equation [6]

Vﬂ(i} 232y
L dz? 4a 4 1 Z*

where 7 =+/4a)""" and @ is related to the true Schrodinger wave function ‘' according to the relation
@ =PA"". Other quantities are defined by

(14

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012
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2 5
8 ¢, fdF Tooa|(dEY L -‘
=<afaw'| == | b=2n[a?||Z- F, 1
! 9”!"V[d.v) L [(dy] o |J e
T . F 87 ¢ 5
=87 [dw’sin® = I="=[dwsin®F
c {.W inj' 3,!dyy in® (15b)
As the effective potential for this equation is
_ayn, B 2
WC”(Z)—aZ +72+yZ = (16)
where
AN 2a m ¢
o= ; B==+—T(T+1); y=—1—
[451) PP TTE rey an

This potential has a non-trivial minimum when one of the parameters o or y is non-vanishing. Scale
transformations now are

F(%):l!]’(r) (18)

and oz and y are not changed in this case. Let us extract y parameter from the equation by transformation
¥ =y""7Z . Then the Schrodinger equation gets the form

&g Bl E
{~W+ay ¥ +F+Y|J¢(Y)=W¢(Y) 19)

and the ground state energy is written as
E=y"F¢(B.ar™”) (20)
The effective potential has a minimum, which may be determined from the following equation

e @
G

The solution of this equation looks like this

22
where

23)
The energy spectrum in WKB approximation is

@4
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Here

4 "
W (%)= S TR 28 (25a)

- 16 -
Wy (Yu)=3017

+8. (25b)

Because 3 is positive, it follows that ¥, >0 and I, (Y,) >0, 7, (¥,) > 0. Therefore limitation from below

is guaranteed! Minimum of energy is achieved at & =0 . In this case

m (E]A[MH 3+sﬁr(7'+1)]v ©6)
a 7

The analytic solution of the Schrodinger equation gives practically the WKB form

el LHST(TE N2 [Py B e yar(r1)S 1. @n
a A\ ! Va \a i

= [5jl!(4n+2+2\//7

o]
Estimation gives

o st o fanted
I Id\z)r sin®F 4I

*sin® 1 [I~sin’ : J
) 2 2

alw

28)

This leads to the following inequality

(29)

It follows that in the chiral soliton stabilization a key role belongs to the chiral symmetry breaking by pion
mass term and to the quantized rotational modes.

The above-obtained results can be summarized as follows:
The soliton mass is given by

M =M, +E, g, (30)

m, |c 8a . -
E,‘,:T !—‘[471+2+ 3+TT(T+1)J, (n=0,1,..) [&))

This is a mass formula for the nucleon (7 =1/2) and the delta resonances (T=3/2).

where

We have elaborated these relations by numerical methods, using the following phenomenological profile
functions

w

. R0 -

F()= . = _
Trexp(0.05r)" T 140,257 62

()
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The obtained results are given in the Table

mass(GeV) N N N A A () im
exp 0.94 1.440 1710 1232 1.600 0.72
I input 1340 1700 1.220 1580 039
F, input 1.320 1.660 1240 1580 0.40

We see that these test functions describe experimental mass spectra sufficiently well with only one input
parameter used — the nucleon mass, while they do not satisfy the equation of motion. Therefore their status
isunclear.

It is interesting to clarify how these model-functions can be applied to other problems. Especially. in
leul £

of electr ic fors of nucleon r We consider below delta to nucleon
transition form-factors. A relevant electric form-factor of this problem is defined for spacelike momentum

transfer ¢> > 0 asa Fourier transform of its electric charge

.
Gt (~a°) =5 [ B (r) s (ar) ®)
with By(r)=-2sin? r(‘z—Fj. 4
n I

It is evident from this relation that one needs profile functions of our model. Therefore we give a scheme
for elaboration profile function founded on model relations derived above. This scheme is as follows: Our
main relations are (30) and (31) for the masses ofan isodublet ( V,A) and their radial excitations. We have for
the mass difference

N'=N=2m,

33

From experimental data one can determine the value of Vc/a . Then construct the expression

oM, +4m1\/2+m, \ﬁr, {‘—'J 36)
7 NGT\T

where 1 {%jz\‘,hS%T(THL (€]

N+N'

This function may be evaluated from the difference

A-N=Fyyp=Eyp

aYlm, [¢
A7)2 Ve 68

Therefore from masses of N.N'" and A one can calculate unknown quantities

; and  f, (%)

After that we determine the chiral mass, M, . According to equation (10) we then restore the profile

function F(r) . and then we'll have all ingredients for calculating other physical quantities. among them
NAy transition form-factors.
The Author acknowledges the financial support of the Rustaveli Foundation (Project DI/13/02).
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ABSTRACT. We consider the simplest theoretical model of scalar fields in one spatial dimension with
an internal symmetry. We apply the Schrdinger picture to describe the quantum properties of localized
solutions. The use of the method of collective coordinates allows to develop a perturbation theory, which
exactly describes the symmetry properties of the theory. As an example, we consider the theory of three
scalar fields with a broken SU(2) symmetry, for which we derive the dependence of the energy spectrum
on a quantum number corresponding to a charge symmetry. The energy of quantum bound states is the
classical energy plus the energy of quantum excitations. The result does not depend on the specific form
of the interaction potential. © 2012 Bull. Georg. Natl. Acad. Sci.

Key words: collective ¢ 5, charge symmetry, localized field configurati

Quantization of localized in space solutions has a long history. There are several approaches to this

problem, mainly within the framework ofa functional integration[1-8]. The method of collective coordinates.
which indeed uses the parameters of a symmetry group as dynamical variables, is one of them. We apply in
the present investigation the operator approach of this method for solving the Schrodinger equation. The
advantage of this approach is the absence of an ambiguity related with the operator ordering. Besides, a
perturbation theory can be constructed which is manifestly invariant with respect to the group of the symme-
try of a theory under consideration in every order of the perturbation series.
We consider below the simplest model with internal symmetry, which is of interest even today, although many
articles were devoted to this issue [3. 10-12]. The point is that it is possible in theories with internal symmetry
to obtain stable field configurations in more than one space dimension. In papers [3. 10-12] the charge
symmetry has been studied and contribution of the charge depending terms to the energy of the system has
been evaluated. We want to focus our attention on [10]. In this article the charge symmetry is investigated in
detail. Tt has been shown that there exist charged classical field configurations that are stable owing to the
existence of a charge. The centrifugal term and its contribution to the energy have been calculated in the
framework of the functional integration. The charge is assumed to take on integer values.

© 2012 Bull. Geosg. Natl. Acad. Sci
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The approach used in the present article starts from the quantum theory and suggests the construction of
aperturbation theory around the classical neutral field configuration (around charged configurations is also
possible). The charge is quantized such that the exact dependence of the energy on the charge is repre-
sented. Besides. the operator ordering problem, which requires special treatment in the frame of a functional
integration, does not arise in this approach.

The Model with the U(1) Symmetry

We consider the model of scalar triplet in one space dimension with a broken SU(2) symmetry. The
Hamiltonian of the model is

“’L;'—X(WL'(w,u),w:(x).p)} a

with the following commutation relations between the field operators:
[o. )7, (0 ]=i8,6(x=y). @

The Greek indices o, 3, y take on values 1. 2, 3 and Latin indices— 1, 2. The fields @, (x) form the charged
and neutral fields. The potential U(¢,(x).¢,(x).p,(x),g) is suggested to be breaking the SU(2) symmetry

and obeys the condition:
U, (x).0,(x).05(x).8) = g°U (g0, (x). g0, (x).1) . 0)
Thus the model is U (1) invariant and. as a result, the charge of the system
0= [@xiowm 0 -9,007, () @
is conserved. We apply the method of collective coordinates to the Schrédinger equation
HY(@,(x).0,(x)) = E¥(9,(x).0,(x)) 5)

Mention that the operator 7, (x) is considered as - &/id@, (x) .

Let us introduce the transformations
0,(0)=D,(9)[ g8, ux)+® (x)], ,(x)=go(x)+®,(x) ©)
in which the function u(x) is a c-number and the parameter § together with the fields @ (x) compose a new

set of operators. The matrix IJU(O} is a two-dimensional matrix of rotation:

Y]

D,(9)= cos$ -sing
777 sing  cosy )

In order to retain the total number of independent variables a subsidiary condition has to be imposed. namely
[dxN ()@, (x)=0. ®

The c-number N (x ) is normalized as follows:

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012
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[N @) =1. ©

We must now express the momenta 7, (x) in terms of the new variables 0, D, (x).

This is done according to the ordinary rules of differentiation provided that the subsidiary condition (8) is
taken into account. In addition to (8) we need to introduce the following projection operator
Ap(x,3) = 6,0 (x =) =66, N(x)u(y) with the properties:

[, (e yING) =] dxux) d, ()= 0, [dvd, (e 304, (3 2) = A, (x,2), (10)
The fields @, (x) can be expressed as
D,(x) = [dzA, (7.2)D,(9)6,u(z) - b, (2)) an

in which 5(9) =D'(0) . Taking the functional derivative of (8) and (11) with respect to ¢,, (x) . we obtain:

7 (6) = D @I, (1) + YW () Gy (12)
z=F
- w @
m=9= a3)

In this expression the following notations are used: 0 = jlkJ.d\'q)k (OTT,(x) is the charge of mesons (de-

scribed by the fields @, (x) ), the antisymmetric matrix

Jik =

- 7@5(3)‘
a9

isthe element of the algebra of the group U(1), TT, (x) = J‘A)AJ,(\ x)[ . Ide(x)@,(x) .The

ioD, (y) ]
new set of the variables of the system obey the following nonzero commutation relations:
[g-p]=i [0,00.0,09]= i, (x2). [@,0.TL, (0] =i8r= ). (14)

We can now write down the kinetic energy in the new representation:

(t)-k

K= [dvs Py + O, () +

27!4,()5)7!“()() il dxi T12(0)+[TT, () +

N(x)E

MO, D)1 ‘“nm} as)

As we can see the Kinetic energy does not contain the variable 9. It is easy to verify that in the new
representation the charge operator Qs reduced to p, . s0 Q= p, . Now. the equality (3) and the transforma-
tions (6) make it possible to expand the potential U in a series by inverse powers of g, namely

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012
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U= g’U(u(x).a(x))+g8U(“(X)’°—m) Uu(x).0(x))

Cu(x) do(x)
10*U(u(x),0(x)) 1 C:U(u(x).o'(.\‘)) J(1(x),0(x))
2 Aty 2 doty du(x)ea(x) do)

Thus the variable 9 is cyclic and the operator py can be replaced with the c-number. Before doing this, we

introduce the transformations, which eliminate the linear and cross terms in the operators @ (x) and TI(x)
from the kinetic energy. First of all we assume N(x) = Au(x) such that owing to (9) Ajdxu:(x) =1.The
quantity F can now be rewritten as Ak with /1= Idx‘u(xfl)l(ry Secondly, we change the wave functional
Y(O0.D,(x)) as follows:

V9., (x) = TG, (x).

Making use of this substitution we finally obtain for the Hamiltonian

(S u(x)+ D, (x)+

~(@(0)+ D, (1) +U +%1 1, (oI, (x)} +
(O ——(p,+0)- 1
P+ Q) (pe+ Q)= an
which acts on q‘(&.(bl, (x)) . We can now factor out the 9 -dependence in the wave functional since 9 is

cyclic:

F(9,®,, (x)) = exp(im$) ¥ (@, (x))

with m=0.£1,£2,43... We now replace the operator py by m. All calculations are so far accurate and we did

not make any approximation. We have eliminated p, -d dence from the Hamil and it is now the

function of the quantum number m, thereby the charge has been quantized. One can now construct a

perturbation theory (which will be manifestly (/1) -invariant in every order) by means of expanding the

Hamiltonian. the energy and the ¥'(d,, (x)) in terms of inverse powers of g as follows:

H=g Hy+gH +Hy+g ' Hy+ g Hy+...
E=g Ey+gE +Ey+8 ' By + g2 E +...
WD, (X)) =, + gV, + g7, +.. (18)
We next solve the system of equations:
(Hy = E))¥, =0,
(Hy = Eg)¥, +(H, - E)¥, =0,
(Hy = BV, +(Hy = BV, +(H, - Ey)¥, =0, (19

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012
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We do not specify the potential U since we aim to quantize the charge and to obtain the exact dependence
of the Hamiltonian on the charge. We shall only make some remarks regarding the equations (19). It is evident,
that the leading equations of order g* and g reproduce the classical equations of motion with the zero charge
solutions #(x) and o-and classical energy of neutral field configurations. The equation of order g’is bilinear
in field operators @, (x) and TT, (x). which formally can be diagonalized. The result is infinite sum of
oscillators and must be regularized. The charge dependence of the energy arises in the approximation of the
order g~ and is of the form:

E;= %(ml F2m< Q>+ <0 > —%).

The symbol <>, denotes the average over the ground states of oscillators. One can show that < 5 >,=0.
We see that the charge is quantized in a natural way and takes on integer values as a consequence of the
periodicity of the wave functional in ¢ (and this is an exact result, which does not depend on any further
approximation) as opposed to the article [10]. in which the charge is assumed to be an integer.

In this article we were interested in the simplest case of internal symmetry. The realistic theories with
higher symmetry in more than 2-dimensions are of more interest which is the subject of further investigation.
Besides. application of our method to QCD at finite temperature [13, 14] is of great interest. We suggest
studying the topological properties of the QCD ground state and phasing transitions due to the objects like
periodic instantons.

Aclk led The authors ackr support by the Hungarian National Fund OTKA -
77816 - P. Levai (V. Gogokhia) and by the Grant of the Georgian National Science Foundation GNSF/ST-08/
4405 (A. Shurgaia).
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Nucleus Collisions at a Momentum of 4.2 GeV/c per
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ABSTRACT. Multiparticle azimuthal correlations between protons have been investigated in (d, He)C,
CC, (d,He)Ta and CTa collisions at a momentum of 4.2 GeV/c and back-to-back” correlations have been
observed. Essentially, correlation function C(Ag) for protons from these collisions increases with Ao
and reaches maximum at Ap = 180 (the angle between the vector sums of the forward and backward
emitted protons). The asymmetry coefficient [&] decreases and the strength of correlation G increases
with increase of the projectile and target mass numbers. The dependence of the mean of the square
transverse momentum in the reaction plane <sz > on A shows similar behaviour for all observed

interactions.

The data stem from the propane bubble chamber (PBC-500) system utilized at JINR. The quark

gluon string and the ultrar

models ily describe the

experimental results.  20/2 Bull. Georg, Nail. Acad. Sci.

Key words: multiparticle azimuthal correlations, collision, nucleus, proton.

One of the main goals of relativistic heavy-ion
collisions experiments is to study nuclear matter un-
der extreme conditions of high densities and tem-
peratures [1,2]. The most impressive results of high
energy heavy ion research so far are the collective
phenomena discovered in these reactions. Study of
multiparticle correlations [3-6] offers unique informa-
tion on the space-time evolution of the colliding sys-
tem. Over the last years we have studied experimen-
tal data using the collective variables depending on

the transverse momentum of all secondary particles
in the azimuthal plane, to reveal nontrivial effects in
nucleus-nucleus collisions [7-11].

In this paper we present the results of the analy-
sis of multiparticle correlations in (d, He)C, CC,
(d.He)Ta and CTa collisions (4.2 GeV/c). Azimuthal
correlations between protons and the dependence
of these correlations on the projectile (A,) and tar-
get (A,) nucleus mass numbers have been investi-
gated.

© 2012 Bull. Georg. Natl. Acad. Sci
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Table 1. The number of experimental and generated events (N,,,,,) and participant protons (N

rou)s

the asymmetry coefficient (x) and the strength of the correlation (V) in (d,He)C, CC, (d,He)Ta"snd

CTa collisions.

Ap, Ay N,

e

even g S
(dHeC  exp. 14318 041720015 0411 £ 0015
UrQMDM 59218 0,418+ 0.009 0.410£0009
[SS 15962 -0.369:0013 0461 £ 0014
QGSM 36457 -0.357+0.010 0.474£0011
(dHe)Ta exp 2956 -0.309 £0,028 0.528+0.033
UrQMDM 17629 -0.321£0.022 0.51420.025

CTa  exp. 2469 -0.234+0.033 0.571:0.043
QGSM 42295 024240010 0.610£0.013

Experimental data. The data of dC, HeC, CC, dTa,
HeTa and CTa interactions have been obtained us-
ing 2 m Propane Bubble Chamber (PBC-500) of INR
(3-4GeV/nucleon). The chamber was placed in a magne-
tic field of 1.5 T. Three Ta plates 140x70x1 mm in size
mounted into the fiducial volume of the chamber at a
distance of 93 mm from each other. served as a nu-
clear target. Protons with momentum p<150 MeV/c
have not been detected within this chamber (as far as
their track lengths 1<2 mm) and protons with p<200
MeV/c are absorbed in Ta target plate (the detector
biases).

The method of separation of dC, HeC and CC
collisions in propane. the processing of the data, iden-
tification of particles and discussion of corrections
is described in detail in [12]. Corrections byazimuthal
angle distributions for protons were added. Because
protons only with momentum p<750 MeV/c were iden-
tified. added identification of n* -mesons removal of
their admixture from the positive charged particles
was necessary. The identification was carried out by
statistical methods, it had been assumed that -and
7' mesons have similar distributions [10]. In order to
increase the statistics, (d, He)C and (d, He)Ta colli-
sions were combined for further analysis. In separat-
ing the so-called “participant proton” from fragmen-
tation products, the following criteria were adopted:
p>3GeV/cand § <4° (for C target), p>3.5GeV/c
andangle § < 3° (for Ta target) for projectile fragmen-

Bull. Georg. Natl. Acad. Sci.. vol. 6, no. 3, 2012

tationand p < 0.3 GeV/e (for C target), p<0.25GeV/c
(for Ta target) for target fragmentation. A sub-sample
of “semicentral” collisions with the number of parti-
clesN=3 was selected for analysis from the whole
ensemble of (d, He)C. CC, (d,He)Ta and CTa inelastic
collisions (see Table 1).

Azimuthal correlations between protons The proce-
dure for study of the correlations between groups of
particles was developed in Refs. [5.6]. The azimuthal
correlation function was defined by the relative open-
ing angle between the transverse momentum vector
sums of particles emitted forward and backward hemi-
spheres in the target fragmentation region (yx0.2)
The data were obtained at 4.9, 60 and 200 GeV
(BEVALAC, CERN/SPS).

We applied this method for our data, but the analy-
sis was carried-out in the central rapidity region in-
stead of the target rapidity range of Refs. [5, 6]. The
analysis was performed event by event, in each event

IR

Q, =) Z ls‘ > <y~ was determined by two ap-

we denote the vectors (), = and

proachés! average rapidity in each event or in each
colliding pair of nuclei. It was mentioned that the
results coincide within statistical errors. Then the
correlation function C(Ag) is constructed as follows
C(Ap) = dN/dAg, where A is the angle between
these vectors:

nrmnass
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Fig. 1. Dependence of the correlation function C(A@) on the Ao for protons from (d,He)C and CC collisions: o — experi-
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experimental and % — generated (see text) data, respectively. The curves are the results o

data (see text)

Ag = arccosM.’—). (1)
o,}e.

Essentially. C(Ag) measures whether the particles
in the backward and forward hemispheres are prefer-
entially emitted “back-to back” (A = 180°) or “side-
by-side” (Ap =0").

Figs. 1. 2 show the experimental correlation func-
tion C(A@) for protons from (d.He)C. CC. (d.He)Ta
and CTa collisions. One can observe from the Fig-
ures a clear back-to-back correlation for protons (cor-
relation increases with A, reaches maximum at A =

Bull. Georg. Natl. Acad. Sci.. vol. 6, no. 3, 2012

35 3
Df (rad)

nd CTa collisions: o —

f the approximation of the

180°). To quantify these experimental results, the data
were fitted by C(A@) = 11&cos(Ag). Results of the
fitting are listed in Table 1. The strength of the corre-
lation is defined as:
§=C(0)/C(1809) =(1 +E)(1-8) @
As can be seen from Table 1, the asymmetry coef-
ficient £<0 and thus the strength of correlation ¢<1
for protons in these interactions.
We studied the dependence of the asymmetry
coefficient (£) on mass numbers of projectile (A
and target (A,) for protons. The absolute values of &
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for protons decrease linearly with the increase of (A,
A}, from -0.417+0.014 for (d.He)C upto-0.234+0.028
for CTa (see Table 1, Fig. 3).

Back-to-back correlation was observed between
protons or pions with the Plastic-Ball detector pro-
tonsin p + Au collisions at energy of 4.9, 60 and 200
GeV/nucleon [5, 6, 13]. Because the azimuthal corre-
lation function was defined in the target fragmenta-
tion region, the correlation parameters in the wide
range of energy increases inappreciably.

In CC (2500 event) inelastic interactions at a mo-
mentum of4.2 GeV/c per nucleon in the 2-meter pro-
pane buble chamber at the JINR [4] were the back-to-
back azimuthal correlations observed between pro-
tons or pions, emitted in the forward and backward
hemispheres in the c.m.s. of the collisions (-0.5 < y<
0.5). The absolute value of the asymmetry coefficient
is£=0.26+ 0.01 [4]. Since these results were obtained
on the minor statistics of our data CC (15962 events),
wedetermined £= 0.24 + 0.01 under the same condi-
tions.

Several theoretical models have been proposed
for nucleus-nucleus collisions at high energy. We
used the Quark Gluon String Model (QGSM) [14, 15]
and Ultra-relativistic Quantum Molecular Dynamics

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012

25 3
Df (rad)
Fig. 4. Dependence of < P> on Ag (as described in the
text) for protons in: * ~ (d,He)C, » — CC. 0 —
(d.HejTa, % — CTa collisions. Solid and dashed curves
are the results of the approximation of the data by 4°
order polynomal

Model (UrQMDM) [16-18] for comparison with ex-
perimental data. The QGSM is based on the Regge
and string phenomenology of particle production in
inelastic binary hadron collisions. The UrQMD model
isnow widely applied for simulations of particle pro-
duction and flow effects in various nucleus-nucleus
interactions [19, 20], although its original design was
directed towards high energies.

We generated CC (2.65 fm) and CTa (6.53 fm) in-
teractions by QGSM and dC (2.79 fim), HeC (2.79 fin).
dTa (5.31 fm) and HeTa (5.46 fm) interactions by
UrQMDM, as well as 50000 events for dC,HeC, CC,
CTaand 1000 events for dTa, HeTa collisions.

The experimental selection criteria were applied to
the generated events and the protons with deep an-
gles greater than 60~grad were excluded, because in
the experiment the registration effici ency of such ver-
tical tracks is low. From the generated events, events
with two protons were selected for C ~target p>150
MeV/c and for Ta-target p > 200 MeV/c (Table 1).

There s a fairly good agreement between the ex-
perimental and the theoretical distributions (Figs. 1+3).

As obtained in our previous articles [7, 8, 21,
22], the dependence of the mean transverse mo-
mentum in the reaction plane < P> on the rapidity
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y showed the typical S-shape behaviour in colli-
sions observed for protons and pions. In order to
extend these investigations, we obtained the rela-
tion between <P, *> and the angle A¢ (opening an-
gle between Q, and Q, vectors). These distribu-
tions are normalised on the sum weights of all events
(Fig. 4). One can see from this figure that the distri-
butions show similar behaviour for protons for all
pairs of nuclei.

In summary, a study of azimuthal correlations be-
tween protons in (d.He)C, CC, (d,He)Ta and CTa col-
lisions has been carried out.

1. For protons *back-to-back? correlations were
observed in these interactions. The asymmetry coef-
ficient [£| decreases and the strength of correlation S
(¢ < 1) increases with increase ofthe (A, A)).

gobogs

2. The dependence of the mean of the square
transverse momentum in the reaction plane < P *>
on A (the angle between the vector sums of the
forward and backward emitted protons) shows simi-
lar behaviour for all observed interactions.

3. The QGSM and UrQMDM satisfactorily de-
scribe azimuthal correlations of protons for all pairs
ofnuclei.
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ABSTRACT. The nuclear research reactor IRT-M belonged to the Institute of Physics and operated
during the 1960-1988 period. All nuclear fuel (both fresh and spent) was sent out of Georgia after the
reactor was shut down. The reactor activity was conducted at different stages. Special
activity plans were developed considering safety and security requirements, international experience and
local cir The d issioning strategy was based on the idea on possible
establishment of a new low power nuclear facility in the tank of the decommissioned reactor. At the first
stage the reactor core together with some comparably high active waste was covered with special concrete.
A special underwater concreting technology was developed for this purpose. Theoretical assessment of
radiation was conducted before the activity. The results of theoretical assessment were in good correlation
with data obtained at radiation monitoring during the concreting activity. During the second and third
stages the reactor system inside and outside of the reactor building was dismantled. Lacking the capability
to conduct full scale radioactive waste treatment, a special logy of waste packaging is developed to
meet the safety requirements. The creation of a radioactive waste treatment facility was defined as a next
stage of the activity. © 20/2 Bull. Georg. Natl. Acad. Sci.

Key words: nuclear reactor, decommissioning, radioactive waste.

The IRT-2000 Research Nuclear Reactor, having
the heat power of 2MW, was commissioned in 1960.
IRT-2000-type nuclear reactor. designed in the So-
viet Union, belongs to the group of light water pool-
type reactors, in which the light water is used as a
moderator and a reflector of neutrons and as a cool-
ant and a part of biological shielding of the reactor.

Nuclear reactors of such type were also built in Rus-
sia (Moscow. Tomsk, Sverdlovsk), Byelorussia
(Minsk) and Latvia (Riga). Besides, IRT-2000 type
research nuclear reactors were constructed in Bul-
garia (1961), China (1962), North Korea (1965) and
Traq(1967) [1.2].

The pool of IRT-2000 reactor was a tank made of

© 2012 Bull. Georg. Natl. Acad. Sci
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6mm thick aluminum alloy sheets surrounded by 1.8
m thick biological shielding of reinforced concrete.
The height of the pool was 7.6 m and the entire vol-
ume —about 60 m’. The following units of the reactor
were located on the bottom of the pool under a six-
meter water layer: the reactor core. ejection pump
and pipelines of the primary circuit of cooling sys-
tem, loading and unloading devices, channels of con-
trol and emergency protection systems and 10 hori-
zontal experimental channels of various diameters
(100-150 mm), which bordered the core and served as
an outlet of neutron beams to the experimental instal-
lations. The pool of the reactor was filled with dis-
tilled water up to the height of 7.2 m and was covered
with a lid of organic glass. The reactor was also
equipped with vertical experimental channels for irra-
diation of samples in the vicinity and within the core.
At the reactor power of 2MW, the maximum flux of
thermal neutrons measured in the center of the core
was 2.5-10" n/em®-sec, in the water reflector of the
core - 5-10'2 n/em?-sec and at the outlet of the hori-
zontal experimental channels - 5+10°+ 1-10° n/em®sec.

In 1967-1968 the research IRT-2000 nuclear reac-
tor was subjected to the first large-scale refurbish-
ment which was connected with the necessity of in-
creasing reactor power (about two times) and of the
possibilities of carrying out the experiments mainly
in the reactor core. The refurbished reactor, named
IRT-M (M-modernized). had the power of 4MW and
it operated reliably till 1973.Tn 1973-1975 the IRT-M
reactor was subjected to the second large-scale re-
furbishment with the following aims: to replace the
aluminum tank and in-tank equipment of the reactor
by a tank and the same equipment made of stainless
steel - being the most corrosion protective material.
The new IRT-2M - type fuel assemblies and the modi-
fication of the cooling system with the use of new
circular pumps allowed to increase the reactor power
to SMW. Accordingly. the neutron flux was increased
up to~10" n/cm*-sec.

For 28 years (1960-1987) the nuclear reactor of
the Institute of Physics operated more than 70,000

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012

hours. More than 9 000MW-day heat energy was
produced, which corresponds to the consumption of
nuclear fuel - Uranium-235 in the amount of 11 kg.
201 fuel assemblies of various types were used. in
which the total content of 90% enriched Uranium-
235 was about 30kg.

Tn 1990 the Presidium of the Georgian Academy
of Sciences, taking into account the limited life time
and absence of further safe operation of the reac-
tor, the decision was issued to shut down the reac-
tor and start its decommissioning procedure. The
decommissioning activity was based on the con-
cept of transforming the reactor to a low power
nuclear facility using the reactor infrastructure
(mainly the reactor pool to install the new n uclear
device in it).

activities
The prepared Preliminary Decommissioning Plan
(PDP) considered the following activities:

Unloading the spent fuel from the reactor core.

Preparation of the spent fuel assemblies of all
types accumulated at the reactor by the time of
its shutdown for their transportation to the re-
processing plant, and to accomplish the meas-
ures for their transportation in accordance with
the transport regulations.

Return of the fresh nuclear fuel in the form of
separate rod type fuel elements and assemblies
of different design to the manufacturer (or ship-
ment to another reactor).

Preparation of a complete inventory of all kind
radioactive waste accumulated at the reactor
site during its long operation life.

According to the programme all fuel (both fresh
and spent) under international control was sent out
of Georgia. Special radiological characterization of
the reactor structures was done. “Co radioanuclide
was defined as the main contaminant with total
amount ~2 TBq. The greatest part of contaminated
devices contains auxiliary system pipes that are char-
acterized by inner surface contamination.
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Based on the obtained data a Detailed Decom-
missioning Plan (DDP) has been prepared in accord-
ance with the International Atomic Energy Agency
(TAEA) guidance [2,3] and advice provided by the
IAEA via the relevant Technical Cooperation Project
(GEO/4/002) - “Conversion of Research Reactor to a
Low Power Facility[4].

The plan considered three stages:

I-Concreting of the lower part of redundant Re-
search Nuclear Reactor IRT-M and cumulated high
radioactive waste;

I -Dismantling of the technological systems of
the Reactor;

- Di

tem of the low-temperature complex of the reactor.

ofthe external teck gical sys-

Concreting of the lower part of the
reactor pool

It was decided to make a special confinement for the
reactor core by filling of the lower part of the reactor
pool (where the core is situated) by shielding mate-
rial [4]. This confinement should also include some
comparable highly contaminated small parts of the
reactor devices. It is foreseen that a new low power
nuclear device can be installed on the confinement in
the existing reactor pool. The decision was based on
the following criteria:
¢ Noradioactive waste storage facility existed at
that time;
e Lack of appropriate financial and human re-
sources and technical devices.
It was also considered that the proposed method

isradiologically and ecologically safe;

is radiation resistant and seismically safe:
o achieves minimal ion of radioactive waste

and hence, copes with the problem of their ac-
cumulation, conditioning and transportation;
financially affordable;

provides the possibility of installing a new low
power facility in the radiation free part of the
reactor tank.
Before carrying out the procedure of the confine-
ment, a special theoretical estimation of gamma-ra-
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diation on the surface of the concrete was made, us-
ing computer code “MicroShield” [5]. First of all, the
possibility of using different shielding materials was
estimated. The analysis of the obtained results shows
the preference of concrete, considering the financial
resources and technical aspects of the planned work.
It should be emphasized that, according to the cal-
culations, the amount of concrete, necessary to re-
duce gamma dose rate to natural background is not
very large, and there is enough free space in the reac-
tor tank to install a low power nuclear facility, which
can be used for medical purposes (producing of medi-
cal radionuclides or treatment exposure of medical
patients).

In accordance with the elaborated plan. the whole
activity was divided into the following ten steps:

1. Preparation of the reactor hall;

2. Preparation of the reactor tank with its inter-
nals;

3. Preparation ofthe experimental horizontal chan-
nels;

4. Preparation of the radioactive waste;

5. Preparation of the auxiliary systems and reac-
tor equipment;

6. Concreting the reactor tank;

7. Concreting the 8 experimental horizontal chan-
nels;

8. Concreting the waste in the dry storage verti-
cal channels;

9. Concreting the waste in the storage well;

10. Installation ofthe monitoring and surveillance
system.

A special underwater concreting method was
used for filling the reactor tank with special con-
crete. The method provides more efficient shielding
for specialists engaged in concreting the tank. Dur-
ing the operation gamma dose rates were measured
at different stages. A comparison of the measured
data with the calculated values proved the accept-
ance of the conducted theoretical calculations. Thus,
at the first stage the water was pumped out to the
mark 2.85m above the tank bottom level. The gamma

i}
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dose rate measured on the surface of water was
equal to 5SuSv/h (Calculated value 8.75uSv/h). At
the next stage the reactor tank was filled with the
concrete (underwater concreting) up to the mark
1.75 m from the tank bottom. The measured value of
the dose rate on the water surface was 0.4uSv/h
(calculated value 0.2uSv/h). After the concreting the
water was pumped out from the tank. Accordi

lated from the above-reactor space and different spe-
cial technological rooms prior to their release into the
atmosphere.

5) Devices of mechanical and chemical purifica-
tion of water of pools intended for temporary storage
of the fuel assemblies and cassettes.

Before the dismantling activity a special decom-

gto
the conducted measurement the gamma dose rate
on the surface of the mortar was 25uSv/h (calcu-
lated value 26.611Sv/h). According to the theoretical
estimations. to reduce the gamma dose rate on the
surface of the protective concrete block in the reac-
tor tank practically down to natural background,
further concrete-covering of the tank from the mark
1.75m to the mark 2.9m was conducted. All activities
were performed under the IAEA Technical Coop-
eration Project (GEO/4/002) - “Conversion of Re-
search Reactor to a Low Power Facility”.

Dismantling of the technological
systems of the reactor

It proved possible to conduct the planned activity
was due to the construction on the site of Applied
Research Center (Reactor site) Centralized Storage
Facility (CSF). All activities were conducted under
IAEA TC project GEO/3/002 whose aim was “to de-
contaminate and to dismantle the remaining radioac-
tive parts of the IRT-M research reactor and to man-
age safely the radioactive waste generated from the
dismantling operations™. The project scope was de-
fined as a dismantling of all radioactive devices lo-
cated inside the reactor building, including the fol-
lowing:

1) The dual-circuit cooling system of the reactor.

2) The system of mechanical and chemical purifi-
cation of the coolant of the primary circuit of the
reactor cooling system.

3) The nart of the pipeline of the system of circu-
lation of gaseous helium

4) The system offilters intended for cleaning the
air from radioactive gases and aerosols being venti-
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p was developed. The program-

Taki | -

me was based on pi
radiological monitoring. Dosimetry and gamma-
spectrometry measurements were made on pipelines
under dismantling. The values of radioactive con-
tamination of the internal surface of the pipes were
estimated by using the data on the characteristics of
the material of the pipes and the width of their walls.
Another method was used: the pipes were screwed
at defined places and smears were taken from inter-
nal surfaces of the tubes. The data obtained by both
methods shows good correspondence. It was found
that the devices are characterized by inner surface

not fixable ion. The main

nuclide was defined as “Co and """Cs. According to
the obtained results. the average contamination value
was 20-30 Bq/cm? and dose rates near the contami-
nated surfaces were in the range 5-50 mSv/h. The
total activity of the pipes under dismantling was
1.8x10” Bq. The clearance level for radionuclide “Co
was defined as 1Bq/cm’. Based on this value the pipes
from secondary circuit were assigned as radiologically
clean. So, secondary circuit tubes were released from
radiation control after dismantling.

It should be stated that Georgia has not devel-
oped a special system for waste treatment. Therefore
special tools and methods for waste processing were
developed: All dismantled parts (pipes, valves etc.)
were segmented, sealed hermetically and sent to CSF.
Many parts of the pipes were screwed; others were
cut, using abrasive cutting technique. The big pipes
were used as containers (packages) for small ones.
Asaresult, 34 large packages were prepared with the
total weight of ~ 6,750 kg. Each package has a label
indicating the number and weight of the package.

H 0
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‘The special inventory contains detail explanation (in-
cluding radiological characterization of each pack-
age). It is shown clearly that the proposed method
creates acceptable safety conditions only for a tem-
porary period of time (several years). Taking into ac-
count the possible corrosion and drying of ribbon
materials. radionuclide leakage from the packages can
appear after some years of storing.. Therefore it is
very important to conduct routine radiological sur-
vey of the packages kept in CSF. A system for treat-
ment of the waste should be developed to clean all
dismantled pieces, which gives a satisfactory level
of waste size reduction factor and, (which is most
important) the safety level of the waste, taking into
account its long-term storage and further opportu-
nity of its disposal.

2001 drums were used for conditioning compara-
bly high active and small-size metallic parts, where
the waste was covered with concrete. The same tech-
nique was used for ion exchange resins, which were
placed in stainless steel boxes (4 pieces) and herme-
tically closed. The boxes were placed into 2001 drums
and covered with concrete. As the radiological moni-
toring showed. the dose rate on the surface in the
case of opened boxes was: 125-130 uSv/h, and on the
surface of closed boxes —50-55 uSv/h. After concret-
ing of drums with boxes containing resins, the dose
rate decreased to 7-10 Sv/h.

Thus. 26 concreted drums were placed into CSF.
During this stage all technological systems within
the reactor building were dismantled and the follow-
ing waste generated:

¢ Concreted waste in drums:

1"Cs~1.01310Bqand “Co—6.2-10°Bq:

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012

¢ Sealed pumps:

'"Cs—8.06:10°Bqand “Co—7.44-10"Bq;
* lonexchanger filter:

1"Cs~2.3-10Bq and ““Co—7.2-10°Bq;

* Sealed up pipes (packages):
"'Cs=1-10'Bqand “Co-2.65-10°Bq;

¢ Sealed heat exchangers:
1¥7Cs~2.59:10’Bqand “Co-5.181 0'Bq

Dismantling of the external
technological system of the low-
temperature complex of the reactor

During the operation of the reactor IRT-M a large
number of physical experiments were carried out at
low temperatures using liquid nitrogen and helium.
The liquid nitrogen was provided to the reactor build-
ing from a cryogenic station situated at the reactor
site by a special system of tubes, The conducted
radiological survey confirms the existence of the same
contaminants in the same condition as they were
characterized for the reactor buildin, g tubes. The maxi-
mum contamination was fixed at 380 Bq/cm?. All ac-
tivities were conducted under the IAEA TC project
GEO/3/004. The same method and tools were used
for dismantling and waste treatment. As a result 27
395 kg pipes were dismantled with total activity of
“Co~1-10°Bq. It was noted that free volume of CSF
is not enough to keep all dismantled parts. Therefore
dismantling of the cryogenic station was delayed until
the waste treatment facility was established at the
reactor centre. The facility should be designed to
treat all waste generated during the reactor decom-
missioning and all other types of radioactive waste
toreduce their size and convert them into a more safe
condition.
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ABSTRACT. Statistical analysis was conducted (data of 1906-2009) on the change of near-surface air
temperature field for various geographical regions of Georgia. The analysis was fulfilled by the dynamical
norm method. Data of 89 points existing in 1906-1995 and 28 points in 1996-2009 were used. Restoration
of missing observation data with given accuracy and reduction of the data series to the same period of
time were carried out by the method of expansion of the random function in natural orthogonal components
in multidimensional space.

Natural variability of tempe e lies, linear and trends of the variability, density of
space-time change probability are shown. Regional parameters corresponding to two periods of time are
compared with each other. Schematic map of change of near-surface air temperature field on the territory
of Georgia in 1906-2009 is given.

Facts of fall of temperature on the territory of Western Georgia and significant warming in Eastern
Georgia in 1906-1995 have been proved. The data of 1906-2009 on warming in all regions under study
have also been proved; tendency of the increase of the global warming intensity over the last 10-15 years
within the temperature range 0.2-0.5 °C/100yr is shown. Maximal rate of temperature growth observed
on the territory of Kvemo Kartli is defined. Results indicate increase of intensity of global warming on
the whole territory of Georgia for last 10-15 years. © 20/2 Bull. Georg. Natl. Acad. Sci.

Key words: global warming, air temperature, observation stations, data series, statistical analysis, dynam-

ics of temperature field.

Study of regional near-surface air temperature field  of Georgia was fulfil led for the Initial National Com-
with high accuracy is one of the main problems of munication and then published as a monograph [1].
modern times since destruction of stable balance of  In the work the total picture of the change of near-
the sun-atmosphere-earth energetic system and a  surface air temperature field made at 89 stations on
gradual increase of the earth’s energy level is doubt- the territory of Georgia in 1905-1995 was described.
Jess. The first work in this direction for the territory ~ Unfortunately, it was modified in the Initial National

© 2012 Bull. Georg. Natl. Acad. Sci



Communication [2]. As for the change in the near-
e field since 1996
studies were carried out using various methods and

surface air

different ways of solution of the problem.

An independent analysis of time series data, res-
toration of missing observation data, for different
reasons, and verification of homogeneity were car-
ried out by the method of expansion of the random
function in natural orthogonal components in multi-
dimensional space [1,3-8]. It should be noted here
that this method is practically the only one which
allows us to determine the accuracy of the restora-
tion (error). Furthermore, using this method it is pos-
sible to determine time interpolation of series with
the error order established a priori. The higher accu-
racy is required the more data are needed to con-
struct a correlation function. Analysis, restoration
and control of homogeneity were made with the use
of the eigenvalues and eigenvectors of this function.
After the building of a perfect database. which is a
decisive factor in the climate change study. the change
of near-surface air temperature described in [1] was
determined by a linear approximation of multiyear os-
cillations using the method of the least squares. On
the basis of the results of the mentioned study maps
were compiled determining changes of the near-sur-
face air temperature in Georgia in the 1906-1995.

It is interesting that global warming in the 20" ¢.
in Georgia was revealed in different ways. It grew a
bit colder (0.1-0.2°C/100 yr) in Western Georgia and
got perceptibly warmer (0.5-0.6°C/100 yr) in Eastern
Georgia[1.2]

Based on the above-said two tasks were marked:

© Determination of the air temperature with new
approach (in particular introducing the “dynamical
norm” [5]) and comparison of it with the results of
earlier researches on the basis of the database exist-
ing in the last century (1906-1995) on the territory of
Georgia;

* Compilation of a new database which includes
the period of 1906-2009. The database consists of
observation series of 28 meteorological stations. 14

Bull. Georg. Natl. Acad. Sci.. vol. 6, no. 3, 2012

of which are active at present and characterized by a
complete observation period. Therefore restoration
in the incomplete series of the remaining 14 points is
carried out with minimum interference using the non-
modified natural data and under control of restora-
tion accuracy.

In order to study the first task. the location of 89
observation points on the territory of Georgia in the
20™ ¢. was considered. For further analysis 4 regions
(zones) were assigned: (1) —high mountainous zone
of the southern slope of the Caucasus; (2) — Fastern
Georgia’s plain: (3) — Kolkheti lowland and foothills
in Eastern Georgia; (4)— Kvemo Kartli and Meskheti-
Javakheti highland. The number of observation sta-
tions in each zone is respectively (1) —22:(2)-22:(3)
-33:(4)-12.

Statistical analysis is fulfilled according to the
data of 89 stations in 1906-1995. The results show
that in most parts of Georgia’s territory century-long
‘warming has taken place. In particular, mainly annual
temperature increase ~0.5°C/100yr with a maximum
0.8°C/100yr was recorded in Eastern Georgia’s region
In South Georgia the increase was 0.8°C/100yr with
the maximum 0.8°C/100yr. In high mountainous zone
warming and fall of temperature were represented
equally, but warming concerned the eastern part of
the zone and temperature fall - the western part. In-
crease of temperature there was ~0.3°C/100yr and
cooling -0.2°C/100yr. It must be noted that ifthe data
of the warm and cold seasons are considered sepa-
rately. it is evidence that in this zone temperature fall
is more significant in the cold season: an average
increase of temperature is 0.2°C/100yr, and an aver-
age decrease is 0.4°C/100yr. As for the western part
of the high mountainous zone of the Caucasus, mainly
warming is recorded in the cold season (0.2°C/100yr)
and temperature practically does not fall in the warm
season. It is natural that such a peculiarity of a tem-
perature change promoted melting of nival glaciers
of the Caucasus. which is continuing to the present
[9. 10]. Fall of temperature in Western Georgia was
confirmed again in the last century [1,2] — tempera-
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ture fall was 0.4°C/100yr in average with the minimum
0.85°C/100yr.

Interestingly enough, temperature rise is observed in
thewarm season inall regions. Ittotals 0.15-0.62°C/100yr
inaverage with the maximum 1°C/100yr.

Temperature variability within the year should be
alsonoted. In Eastern Georgia the warming takes place
almost during the whole year. In this respect only
August is an exception: fall of temperature is recorded
0.1°C/100yr in average with the minimum 1°C/ 100yr,
but in October-November the warming-temperature
fall spreads equally for areas.

In Western Georgia almost all months were colder
except January, February and April. In these three
months warming took place on almost the whole ter-
ritory of the region that finally determined the warm-
ing in the cold season of the year in the region.

Peculiarities of the temperature change in East-
ern Georgia are repeated in Southern Georgia. Au-
gustis a different case, temperature fall is registered:
0.5°C/100yr in average with the minimum 1.2°C/ 100yr.

As for the high mountainous zone of the Cauca-
sus, warming takes place in February-July (6 months,
average increase 0.3-1°C/100yr.), and in the other 6
months temperature fall is observed with the average
decrease of temperature 0.4-1°C/100yr., which also
points to warming in the cold season of year.

In order to study the second problem — dynamics
ofthe air temperature field in 1906-2009, — 28 stations
out of 89 were retained for the period 0f 1996-2009 - 7
stations in each zone. If we take into account that at
present 14 stations out of the mentioned 28 are func-
tioning, we can once more point to the minimal inter-
ference in the restoration of the observation data of
the stations. In this case the restoration and also the
reduction of the data of the eration stations to the
same period of time were made by the methods of
expansion ofa random function in orthogonal com-
ponents (vectors). According to the data of restora-
tion stations in 1906-2009 the accuracy of the month
average temperatures (in %) of 1996-2009 in most
cases was 85-95%.
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Fig. 1. Temperature change probability density according to
1906-1995 (dashed line) and 1906-2009. (1) — h-
mountainous zone of the Caucasus range: (2) — Eastern
Georgia’s plain; (3) ~ Kolkheti lowland and foothills in

ern Georgia: (4) — Kvemo Kartli and Meskheti-

Javakheti highland: (5) ~ the whole ferritory of Georgia

Fig.1 shows probability density of the air tem-
perature change according to the 1906-1995 and 1906-
2009 in each selected region. As seen from the figure,
atthe 0.05 probability level the value of temperature
change in Eastern Georgian plain increased from
0.2°C/100yr to 0.5°C/100yr; on the Kolkheti lowland
in Western Georgia and foothills - from -0.4°C/1 00yr
to 0.2°C/100yr (temperature fall was replaced with
weak warming): at the high mountainous zone of the
southern slope of the Caucasus the temperature was
increased from -0.2°C/100yr to 0.4°C/100yr (here tem-
perature fall was also changed to warming); in Kvemo
Kartli and Meskheti-Javakheti highland — it was in-
creased from 0.2°C/100yr to 0.5°C/100yr.

Thus. the data 0of 1906-2009 confirm warming in
all four regions with the value within the temperature
range 0.2-0.5°C/100yr, which indicates the increase
of the global warming intensity over the last 10-15
years.

InFig.1 the same data are presented for the whole
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linear trends. The fact should be considered that

the linear trend revealed significant decrease
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of temperature anomalies for 4 regions of
1), their lincar approximation (linear
polynomial approximation
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Fig. 2. Chang
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territory of Georgia. In this case at the 0.05 probabil-
ity level the rate of temperature change increased
from ~-0.1°C/100yr to distribution of the temperature
anomalies through the territory. which confirms in-
tensification of the global warming on the territory of
the country.

Fig. 2 shows natural changes in the tempera-
ture anomalies for 4 regions of Georgia, their linear
approximation (linear trend) and 7" order polyno-
mial approximation (nonlinear trend). It is of inter-
est that in all regions increase of anomalies is recor-
ded, which is confirmed with both linear and non-

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012

for the four regions approximately in 1965-1985,
which began in 2004. When the nonlinear trend is
considered some questions arise on trends of cli-
matic system development change in Georgia, on
continuing a decrease of temperature anomalies a
decrease of global warming for the nearest dec-
ade, etc.

Finally, Fig. 3 presents a schematic map of the
changes in near-surface air temperature field in 1906-
ibution of the

2009 in Georgia. Isolines depict dist
temperature anomalies through the territory.

The picture of temperature field change is ho-
mogenous: over the whole territory of Georgia warm-
ing is registered. the intensity of which increases
from West to Fast. Maximal rate of temperature growth
is observed on the whole territory of Kvemo Kartli
where it exceeds 0.8 °C/100yr (Fig. 3).

]

Nodar Begali§vilil'1113J2



Influence of Global Warming on the Near-Surface Air Temperature Field in Georgia 59

3gegobogs

3;:3(05.);2‘360 RIm3m3ols 393emgbs Baj.)ﬁmaamm'ao
doffob3oms 3&3601& &3333606360% 39e0bg

3 23t dognsdy’, b. 3gadeodgomo”, o (306(39d9", 5. JoJogs”

* bod) bob. owdogrolob bobyemdfioge ghoggciboggiob gobyde dsgtagorbol ggmdagool
nrb(,)op) 250, m(m\m.m,
23 m/f»,,(/&r, B9bogseb Jogeeidys; % 50, @dogpobo
#i f, oy Y 9 gbeggbodgiob agmaesgool o /")({l))ﬁﬂ'mn Ssorydo
(foddergaghorzos sgamyoob Ggob . Femodol doge)
5 1
Jaagbol 4 ageatgogmo oy b b~ Sdmbog, JoO0FIR O,

938boeiol Bogogmmosio Bbs, Jagds Jtngmo @S aahb;,m-?mssamu %aa.)so %Mm':abm:m
Jaghol 83965860l dofoldos gymob gmomgbol lysologgde sBamobe “@obsdogyto
Beodoly” Bgeahsbol bogydggemby. 3sdmggBobmmos 1906-1995 s 1906-2009 FrogdBo s6iligdmemo
Bbadadolorg 89 r@s 28 maggothggdol 6ol Ambasgle. rog30tagdel Goagdde gsdopmebame
2g8bB 8oL i Jdgimo Lobglihon smmaghs > Goagbob @aggshs ghoo s ogegy SgBommsdey
Bgltogempdos UnsgemBbedommgosh boyhizgde ddmbygome grbdeob bbadte mbomambammnt
30363300 9330l Ygornggoen.

odBoragborzes Hyddghagyholb s6md Bozobols Spfpdcioge pprzgdirerds, Bobo fiogee g
26jgoge Eégbieglo, 603gbabrol bogbon e 30l sgpdsenmdols Lodgathoggydo.
oo 3y 1 Bylbsdsdolo Ggomborageio Sohudahegde dgstnbamos ghmdsbmot. mgyigos
1906-2009 §Bo LsJstrnggmels Htodmbosty daghol Hyddghspamol dofollods ggmol
Gazemgdol bjgdstato Grygs.

RGeS sl bagyghye (1906-1995) esligezgo Lagstmgeznt dycogeiosty dsoty
oo, b sxgdebigggm bschngpeento dgbudygo gomBrdel s6bybeds. 1906-2009 fezgdol
mba3gdpdoon el oomdods Lo b Bomey ghohetrosty, Geadiol obgBlogmds
s sbepsrgoorst Amaﬁhzmavnh:ﬁ Bgprdo 0205'C/ 100fjgemo. $gdgeatgtiob dsggdob
B flodsgoygtho bobay maoggotagds agdm Jothngsdo, Lo ol 53563l 0.8°C/100§. b Byrgae
Borgooogdl e 10-15 Gimol 336353mmdsdo bsfstagymel Bahodmbosty ammdsmmto gsmdmdel
obhgBliogmBols asdmoggdsty.

Bull. Georg. Natl. Acad. Sci.. vol. 6, no. 3, 2012



REFERENCES

1. K. Tavartkilad=c zbarashvili, D. Mumladze, J Vachnadze (199). Empirical model of the change of

overground air temperature field. Thilisi (in Georgian)
tional Communication under the United Nations Framework. Convention on Climate Change

2. Georgia’s Initial Na
(1999). UNPP/GET — Government of Georgia. Nalmual Climate Rescarch Centre, Thilisi. 137 p.
3. K. Tavartkiladze, A. Kikava, R i N. (2011), in: Ps dings of the Vakhushti

Bagrationi Institute of Geography. 3: 35-38. (in Georgian).
. K. Tavartkilad=e (2011), in: Proceedings of the Vakhushti Bagrationi Institute of Geography, 3

(in Georgian).
K. Tavartkiladze. A. Kikava, R. Solomonid=e (2011), in; “Khandzta” — Periodical Scientific Journal. 5: 67-78

© 38-45. Thilisi

IS

o

(in Georgian).
A, Begalishvili, K
sode

1. Tavartkiladze, D.I Tachnadze (2007). Soviemennoe izmenenic klimata v Gruzii. Vekovoe
aniia atmosfery i ego vliianie na vlagooborot. Tbilisi (in Russian).
niral'nogo Instituta Prognozov, 74: 3-24. M. (in Russian).

7. AM. Bagrov (1959). Trudy T
8. AM. Obukhov (1960). Izvestiia AN SSSR. Ser. Geofizika, 3: 432-439 (in Russian)
9. Georgia's ational Communication to the UNFCCC (2009). Ministry of Environmental Protection and

Natural Resea ~ UNPP. Thbilisi, 237 p.
10. L. Shengelia. G Kordzakhia, G Tvauri, et al. (2012), Science and Technologies, 4-6: 67-78 (in Georgian).

Received July, 2012

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012



b4, a1 .

BULLETIN OF THE GEORGIAN NATIONAI

S35RDBOOL  BCISBBD,  G. 6, N3, 2012
ACADEMY OF SCIENCES, vol. 6, no. 3, 2012

Geophysics

Tropical Cyclone: Alignment Effect and Maximum
Potential Intensity

Irakli Shekriladze

Department of Hydro Engineering, Georgian Technical University, Thilisi

(Presented by Academy Member Tamaz Chelidze)

ABSTRACT. The analysis of some major tropical cyclones (TC) has been performed in the framework
of the so-called model of equilibrium translation (MET) in order to eliminate the contradiction between
the available field data and thermodynamic theory of maximum potential intensity (MPI). According to the
MET, TC is an open dissipative system internally aimed at intensification. When this inner focus comes
into a certain harmony with large-scale environmental wind, TC becomes particularly effective in the
conversion of oceanic heat into kinetic energy of cyclonic motion and rapidly intensifies (alignment
effect). Dimensionless Shekriladze number, incorporating integral thermal and dynamical parameters
of the system ocean-cyclone-atmosphere (SOCA) acquires the role of a predictor of the character of TC
i ing rapid il i ion. The MET reveals negative feedback between hurricane heat
potential (HHP) and TC translation speed during the alignment effect, leading to a constant mean sea
surface temperature (SST) under acting TC, regardless of the initial HPP. In such circumstances, the
of real i ities of TCs recorded in field observations at HHPs, exceeding 50
s in ag| ic theory. In addition, the approximate analysis of the
field data specified in the regular forecast advisories shows linkage of the alignment effect to the critical
value of Shekriladze number around 35. However, this important outcome needs further confirmation by
analysis of more detailed field data. © 2012 Bull. Georg. Natl. Acad. Sci.

Key words: tropical cyclone, Shekrilad=e number, maximum potential intensity, equilibrium translation,

Tropical cyclone (TC) is an extremely complex
multiscale phenomenon, the description of which re-
quires accounting for a wide variety of interrelated
irreversible thermo-hydrodynamic processes. That
is why numerical models have become a major tool in
the investigation of TC. Currently, this “great nu-
merical attack™ comes with certain achievements. such
as TC track forecasting [1-3].

However. progress in forecasting TC intensity is
much slower [3-4]. Besides. prediction of TC rapid
intensification remains a particular challenge.

Another, imp
of maximum potential intensity (MP1). Comparative

related problem is
analysis [5] reveals difficulties with interpretation of

the existing field data by a known thermodynamic
theory [6-7] considering TC as Carnot heat engine.

© 2012 Bull. Georg. Natl. Acad. Sci.
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Fig. 1. Scheme of the internal thermal drive mechanism

To some extent. all these challenges reflect a typi-
cal modern problem with proper combination of nu-
merical methods with adequate physical models, in-
cluding ignoring of the analysis at integral scales of
the SOCA.

Model of equilibrium translation (MET) [8] at-
tempts to bridge the gaps linking TC development to
a degree of conformity dynamical and thermal fields
ofthe SOCA. At that, dimensionless number, incor-
porating integral thermal and dynamical parameters
ofthe SOCA [8] (named in [9] as Shekriladze number),
acquires the role of the predictor of TC development,
including the rapid intensification (alignment effect).

Below we consider the relationships between the
alignment effect, MPI and the thermodynamic theory
based on the analysis of 8 major TCs of more than
200 observed worldwide in 2003-2012.
Conceptual Basics of the Study
The MET considers sea upper layer as the only
source of energy for the development of TC (the ap-
plicability of this approach is limited in the range of
low HHPs and small diameters of TC, when energy of
air inflow is also valuable). The MET also suggests
that TC is always under the influence of a certain
internal thermal drive mechanism caused by SST
asymmetry at TC outer boundary.

Certain initial adaptation of dynamical and ther-
mal fields always holds in the zones of TC develop-

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012

ment. In the main tropical zones background SST rise
is oriented along the dominant environmental wind.
Inthearea of trade winds, SST rise is of the order of
104°Cxm,

At the same time, the internal drive is mainly due
to more significant longitudinal gradient of SST. in-
duced by TC translation which inevitably leads to a
cooling of sea upper layer and gradual reduction of
SSTin the rear. According to existing data the result-
ant SST gradient is of the order of 10°C<m".

Further, aside from the fact that TC translation is
mainly determined by large-scale environmental
(steering) wind, the ideal case is considered in which
TC moves only under the influence of the internal
thermal drive mechanism.

According to the scheme (Fig. 1) SST jump (AT)
results in more intense upstream in front of the eye
wall cloud with a minimum air pressure. As eye wall
cloud is a dynamic core of the whole system. a pres-
sure drop between its front and rear (AP ) can be
assumed as a basis for the internal drive.

Heat and mass transfer from the sea to TC is only
slightly dependent on TC translational speed. Here,
the main role is played by much higher air tangent
velocities. In this regard. slowdown of translation,
resulting in the prolonging of the passage of the given
sea area, intensifies the cooling of sea upper layer by
TC, and on the contrary, the acceleration reduces
cooling, all other things being the same.

This inverse dependence creates a rather strong
negative feedback in the thermal drive mechanism:
decrease of translational speed, along with increas-
ing AT, leads to increased pressure drop AP, caus-
ing. in turn, TC acceleration. Conversely, increasing
ofthe translational speed reduces AP, which is slow-
ing down TC.

In such a manner. TC not only prefers to shift
toward SST elevation, but it also tends to establish
certain equilibrium between translational speed and
heat inflow. Similar translation of TC is named as “‘equi-
librium translation™. Besides, it is equilibrium transla-
tion that is assumed to be a precondition for realiza-
tion of the aforementioned internal tendency of TC
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(rapid i and achi
sity, that is, the so-called alignment effect).
AT, and. accordingly. AP, depend on TC intensity

and HHP in a given sea area. Besides. generation of

inten-

the same driving force requires more slow TC trans-
lation at high HHP and vice-versa. This inverse rela-
tionship allows to assume, for the equilibrium trans-
lation, rough constancy of the so-called heat involve-
ment factor equal to the share of HHP removed by
TC through passage of a given area (most of the
initial HHP goes down through upwelling [10]).

Then, returning to the dominant role of steering
wind. the conclusion must be made that establish-
ment of the equilibrium translation is possible only
through favoring by large-scale environmental field.
Only accurate inscribing of TC in the steering wind,
in the sense of compatibility of the internal tendency
with external dynamic field, can turn an “intended”
equilibrium translation to the real one.

By the way. in accordance with the MET, later it
was established that, in the western North Pacific,
“very intense TCs and TCs with rapid intensification
rate are found only to occur in a narrow range of
translational speeds between 3 and 8 mxs™ [11],
that is, in the range of speeds of trade winds.

Within accepted assumptions, integral heat flow
(sensitive and latent) removed from sea strip left be-
hind TC (Fig. 2) can be written as follows:

where 4, is an area inside tangent wind velocity 34
knots (TC outer boundary is assumed at the mini-
mum tangent wind specified in regular forecast
advisories); ¢ is integral heat flux (sensitive and la-
tent) averaged inside A, ; C, is heat involvement fac-
tor; O is HHP averaged inside A
sea surface cooled by TC (cooled surface remaining
behind TC during unit time).

Since the involvement factor, constancy of which

L+ 0S_is increment of

determines the equilibrium translation, is much less
than unity, for convenience, we use its reciprocal to
characterize TC development. Accordingly, the fol-
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Fig. 2. Scheme of non-circular TC: R, R, Ry, and R, -
TC radii at tangent velocity 34 knots in Northeast,
Southeast, Southwest and Northwest quadrants,
respectively; a - TC translation azimuth: ¥', - TC
transverse size at tangent velocity 34 knots

lowing condition for the establishment of the equi-
librium translation can be written:

Q58

54

Shk,, =

=Const , 2)
where Shk_ is a critical value of Shekriladze number.
Accurate determination of Shk . using equation
(2), requires the availability of detailed continuous
data on TC outer boundary translation and HHP field.
Really we use restricted discrete data specified in
forecast advisories and HHP maps which gives quite
approximate estimates. At that, the following, equiva-
lent to (2), within certain assumptions, relationship
[12] is used:
_2Uy

Shk,

(€]

=Const,

o

where U, is translational speed of TC back bound-
arycenter; R =24, /7l is effective radius of TC (it

is equal to the radius in the case of circular TC).
Specific Mode of Heat Transfer
Associated with Alignment Effect

Dynamic impact of TC involves intensive vertical stir-
ring of sea water (upwelling) [10]. It is easy to show
that new SST field that emerged below TC after vig-
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orous stirring is much more dependent on the initial
heat content of sea upper layer (that is, on the initial
HHP) than on the initial SST field. In this regard.
further, the initial HHP field (that existed before en-
tering TC) is assumed as the main parameter charac-
terizing, at the stage of forecasting, SST field below
TC

Of course. SST field below TC could most accu-
rately be defined by direct measurements. but such
data (leaving aside the technical feasibility) may not
be available at the stage of forecasting.

In general, the complex problem of heat and mass
transfer from sea surface to TC is far from being fully
resolved needing further analytical and experimental
studies.

The constancy of Shk _provides important fea-
tures of heat transfer from sea surface to TC during
equilibrium translation, which significantly simplify
the analysis of this particular mode.

Removal by TC of constant share of HHP takes
longer at high HHP and vice-versa. In this context,
equilibrium translation is characterized by different
combinations of translational speed, TC size and in-
tegral heat flux resulting in less intense cooling at
low HHPs and more intense cooling at high HHPs.

Based on the above negative feedback between
HHP and seawater cooling. it may be assumed that
SST field below TC is roughly uniform during equi-
librium translation, regardless of initial SST and HHP
fields. Accordingly. in this mode. the average inte-
gral heat flux is approximately independent of the
initial fields and becomes a unique function of tan-
gent wind distribution.

Atthe same time it is clear that the subject matter
reduces to near-equilibrium mode of translation, re-
stricting the applicability of the simplified approach
outside of this mode. However. such ializing is

zone covers the area between tangential winds of 34
knots (17.5 m/s) and 50 knots (25.75 m/s). The sec-
ond (intermediate) zone covers the area between tan-
gential winds of 50 knots and 64 knots (33 m/s). The
third (central) zone covers the area inside tangential
wind of 64 knots.

Next. using available field data. the empirical for-
mula is designed for the average integral heat flux
from the sea surface during equilibrium translation:

q:[400(Rf — R)+600( K - )+

+1.200(U,,, /130) RS |R7 Wem?, ()
where R, R,and R are average outer radii of the first.
second and third zones in meters determined as a
quarter of the square root of the sum of squares of

the radii of the above four quadrants: U, is maxi-
mum tangential wind speed in knots; 130 is maximum
tangential wind velocity of reference TC Opal ( 1995)
in knots.

Characteristic zones reference averages 400 Wxm™
and 600 Wxm are determined based on analysis
and rounding the data recorded by NDBC buoy 42001
during development of TC Opal in 1995 [10].

Characteristic of the central zone reference aver-
age (1,200 Wxm?) is determined taking into account
that buoy 42001 was located at around 25 km from
Opal’s center during its maximum intensity and re-
corded by the buoy maximum heat flux can be ac-
cepted as average for all central zone. At the same
time, the possibility of a linear extrapolation of this
parameter to other cases is assumed.

TC Geometrics and Translation of Back
Boundary Center

Firstly, fourradiiR , R, R, ,,

andR,

w270

are defined

by simple tri ic interpolation of the forecast

quite allowable at this stage in respect of our focus-
ing on equilibrium translation.

Further, taking into account the structure of field
data in regular forecast advisories, the three-zone
model of heat transfer is offered. The first (outer)
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advisory data (a is TC translation azimuth):

=Ry
R, =Ry, —ﬁ\"TO“

(«=315) 6

R, =Rg=

o0 = Ry

Ry —Roy 2
—£ W (¢ -90-135 6]
50 4 ) ©
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Table 1. Selected strongest TCs.

Q (kl-em?) TC (year). Uy (knots) Q (kl-em™) TC (year), Uy, (knots)

20 Ma-On (2004). 140 50 Nida (2009), 155

5 Celia (2010), 140 90 Chaba (2004), 155

50 Monica (2006). 155 100 Dianmu 2004). 155

0 Rick (2009), 155 120 Megi (2010). 155

R, -R ; :
R = Rop =5 =180-45) () Vs :[1/(171.)}{ [(£6y =11, ) 110010 ] 4
(L = L) 10000 Costn, ]} 16)
R

R,y S (g -270+45) (8)

90

Next TC transverse size (). the average radii at
the tangential winds of 34 knots, 50 knots and 64
knots (R, R, and R_. respectively), the area inside
tangential wind of 34 knots (,,) and the coordinates
of TC back boundary center (latitude — Lt,,, longi-

tude — Ln, ) are defined:

Wi, = Ry + R ©

%0

R=025(R et R o+ Ry ot Ry ) (10)

Ro=025(R i+ R+ Ry o+ Roy) (1)
Ry = 025(R g+ R 4 R+ Ro) (D)
A= (718 (Rt By (+R gy R ) (13)

Lty = Lt, (R, 0 /1.11:10%) Cosat ~ (14)

Ln,=Ln, 1[1«“,,“,/(1 A110°- CosL, ) |Sinar (15)

Here Lt_and Ln_are coordinates of TC center
specified in regular advisories: the lengths of de-
grees of latitude and longitude are accepted as
1.11%10° m and 1.11x10%*CosLt,, m. respectively.

U, is defined by geographical coordinates of TC
back boundary center as average of uniform straight
translation at a track length prior to given position:
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where 7 is time of passing by TC given position;
subscript -1 corresponds to the same parameter at
TC position prior to given position at one track length.

Correlation of the Field Data

As follows from the logic of the above analysis,
onemust first confirm the linkage of the alignment
effect to constant Sk, and then interpret the data
on MPI. Below such an approach is realized relative
to 8 TCs reached greatest intensity at a given initial
HHP (Table 1).

Taking into account the above limitations with
possibly valuable energy contribution of inflowing
air at low HHP, only the cases at HHPs exceeding
40 kJ»cm™ are considered. Specified in the fore-
cast advisory maximum sustained wind based on
one-minute average is accepted as TC intensity.
The values of initial HHP are determined using HHP
Maps.

In order to assess the accuracy of the correlation
of the field data two values of Shekriladze number are
used. The major value Shk, is based on U,, (eq. (16)).
The supplementary value Shk is based on the cur-
rent translation speed of TC center specified in the
forecast advisory.

It is assumed that the close agreement between
the two values points to nearly uniform straight trans-
lation of TC with a nearly constant outer radius. In
this case the accuracy of the calculation based on
discrete in time and space data can be considered as
satisfactory. and, conversely. a significant difference
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between these two values calls into question the ac-
curacy of the calculation procedure.

The calculations produce discrete values of Shk
presented in the figures below by points. As for the
smoothed curves. they are of purely conventional
character.

Super typhoon Dianmu (Fig. 3) emerged in the
zone with HHP 70-80 kJ/cm? in tropical western North
Pacific. Further it translated through the zone with
rather high HHP (90-110 kJ/em') and rapidly intensi-
fied up to 155 knots. The record intensity of Dianmu,
supposedly. is linked to the alignment effect at
Shk ~35. Besides, Shk, and Shk_are roughly the
same at this stage.

Super typhoon Megi emerged in the zone with
HHP 70-80 kJ/em? in tropical western North Pa-
cific. It translated through the zone with rather high
HHP (90-130 kJ/em*) and rapidly intensified. Ac-
cording to Fig. 4, the record-breaking intensity of
Megi also is linked to the alignment effect at
Shk ~35. The above correlations are common to
most selected strongest TCs except Chaba and
Celia the development of which was accompanied
by tangible variations of translation speeds and
outer radii (as reflected by large differences be-
tween Shk, and Shk). As noted above, in this
situation, the used approximate calculation proce-
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dure cannot provide sufficient accuracy of the cor-
relation.

In general, the results of correlation show the
validity of the MET at sufficiently high HHPs
(50 kJ<ecm™ and more). Maximum intensification of
TC (alignment effect) is linked to Shk | that can be
refined as:

Shk,, =3 a7

20%

By the way, the rapid intensification of TC Charley
(2004). left out of sight prediction services, also took
place at about the same Shk_[12].

Due differences in calculation schemes average
heat flux, it is difficult to establish the equivalence of
(17) with the previous evaluation Shk =25 [8]. Since
the critical value may vary somewhat depending on
the assumptions (e.g., on the location of TC outer
boundary) and the calculation procedure, the most
refined values will be obtained from equation (2)
based on continuous detailed field data.

Dependence of maximum intensities of selected
strongest TCs on initial HHP is presented in Fig. 5.

The constancy of real maximum intensity in the
wide range of HHP supports the MET along with all
and i
the conclusion that alignment effect takes place at

Tudi

accepted

roughly constant average SST, irrespective of initial

=3}
(1101945
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HHP and SST fields. It also can be concluded that
MPI is roughly equal to 160 knots at HHP more than
50kJ<em?,

This removes the above-mentioned qualitative
contradiction of the field data with the thermody-
namic theory MPI. As for the quantitative agreement,
it can be checked only after collection of reliable sta-
tistics on the average SST below rapidly developing
TCs.

Finally. about TC development at very high HHP
(150 kJ<cm™ and more).

According to the MET, at very high HHP. the
translational speed related to alignment effect falls
significantly lower of characteristic range of domi-
nant regional steering wind. This discrepancy
strongly inhibits TC development and makes the
development of strong TC unlikely in general. as

Buil. Georg. Natl. Acad. Sci.. vol. 6, no. 3, 2012

evidenced by the vast field data. including above
strong TCs.

Insuch amanner, as strange as it may seem, in some
cases. increasing HHP and SST, caused. for example, by
climate ch; ing TC devel-
opment detuning favorable thermo-hydrodynamic bal-

. may lead even top

ance in OCAS. And, conversely, in some cases, reduc-
tion of HHP could step up TC development.

Concluding Remarks

The MET relates TC development to conformity of
thermal and dynamical fields in the SOCA. When
favored by large-scale environmental wind, TC tends
to rapid intensification at the critical Shekriladze
number (alignment effect).

The MET reveals negative feedback between HHP
and TC 1 i eft
fect. This leads to roughly constant SST below TC
and, equally, to rough constancy of MPI at suffi-

I speed during the

ciently high HHP, removing qualitative contradiction
ofthe field data with the thermodynamic theory MPL.

Analysis of the strongest tropical cyclones sup-
ports the MET along with accepted assumptions and
the main consequences. The same analysis allows to
refining the value of critical Shekriladze number to
35120% and establishing roughly constant MPI (~160
knots) at HHP exceeding 50 kJxcm™.

The presented results and conclusions require
further refinement based on more detailed and con-
tinuous data on parameters of TC and sea upper layer.
At the same time monitoring of Shekriladze number
of acting TCs can be recommended as potential pre-
dictor of forthcoming developments.
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ABSTRACT. Traditional technology of rolling includes casting of primary billet of large cross-section
and then producing thin sheets by hot rolling. Method of direct rolling, in contrast with the traditional
technology, allows to obtain thin sheets (0.6-6 mm) by ining p; of casting of
liquid metal and rolling.

The method of direct rolling is fairly simple. Liquid metal is passed through a pair of rotating rolls,
which are located in horizontal plane at a certain distance from each other equipped with cooling system.
By varying rotation velocity of rolls it is possible to regulate metal solidification front which is necessary
to establish required conditions for hot rolling process.

In the present paper mechanism of billet formation in the combined crystallizer is considered in
detail. Method of theoretical determination of the main technological characteristics of direct rolling for
both ferrous and nonferrous metals is conducted. Interrelation of these parameters with construction
and energy-power characteristics of the casting-rolling mill is defined.

On the basis of the investigation results a pilot casting-rolling mill was designed and fabricated in
metal. © 2012 Bull. Georg. Natl. Acad. Sci

Key words: crystallizer. billet, front of crystallization, meniscus of liquid metal, arc of deformation zone.

The challenge of elaboration of new technolo-
gies and high effective modular plants for enterprises
of low-productivity became topical for steel manu-
facturing companies of the world. This is partially
caused by a sharp decrease of investment due to
world economic crisis. To this point of view we de-
veloped a method of direct rolling, which means pro-
duction of thin sheets by means of compact casting-
rolling mills. The mentioned method allows to reduce
costs of energy resources by 6-7 times and loss of

metal by 5-7%: excludes 60-70% of expensive de-
vices (rolling mills) out of technological cycle, which
itself stimulates reducing of industrial areas and in-
vestment. If one takes into consideration high eco-
logical indices, the actuality and availability of this
direction becomes clear.

The method of direct rolling is fairly simple. Liq-
uid metal is passed through a pair of rotating rolls,
which are located in horizontal plane at a certain dis-
tance from each other and equipped with cooling

© 2012 Bull. Georg. Natl. Acad. Sci
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Fig. 1. General technological scheme of direct rolling process.

system. Rotation velocity is chosen in such a way
that a billet solidifies after it leaves the rolls. At the
same time, it is possible to move a metal solidification
front above the interconnecting line of the rolls’ cen-
tres and in this way regulate the process of hot roll-
ing, which is necessary to produce a dense fine struc-
ture. The technological scheme of direct rolling addi-
tionally includes standard rolling mills, by means of
which the obtained billet is reduced to sheets of
needed thickness.

In Fig.1 a general technological scheme of direct
rolling process is shown. Liquid metal from the cast-
ing ladle 1 goes to the intermediate ladle 2, from where
through ladle nozzle 3 it gets to the crystallizer 4 (ro-
tating rolls). After solidification partially rolled billet
5 with the help of guide sheaves 6 gets to the rolling
mill 7, where it is rolled to needed thickness. Then,
after thermal treatment in special chamber 8 with
knives 9 it is cut into sheets of required length.

The method of “rolling without casting™, i.e. di-
rect rolling, combines continuous casting and rolling
processes, but continuous casting in the classical
sense is not carried out in this case. because we have
acombined crystallizer (the space of the crystallizer
is closed with rotating rolls and side closing plates).
In terms of rolls it is the so-called crystallizer with

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012

moving walls, in which the billet and walls move syn-
chronously. On the side closing plates it is slip
crystallizer.

Let us consider the process of cast forming in the
crystallizer (Fi;

By varying the rotating velocity (casting speed)
it is possible to move the crystallization front (point
C of billet complete solidification) towards the hori-
zontal interconnecting line OO’ of the rolls’ centres.
It is clear from the scheme of rolling in the Fig. that
the rolling process runs when the C point is placed
above the line OO, and the more y-angle, the more
relative stretching.

Intensive work has begun since 2009 at the Insti-
tute of Metallurgy and Materials Science on the tech-
nology of direct rolling. Following elaboration of de-
tailed analysis of the available literature it was de-
cided to design and construct a pilot casting-rolling
mill

When designing the device special attention is
given to the correct determination of energy-power
characteristics and interrelation between all main tech-
nological and construction characteristics of the proc-
ess.

As the direct rolling process is a combination of
two independent processes (continuous casting and
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Fig. 2. Schematic view of billet forming in direct rolling process

rolling), at calculating the driving actuator ofan ag-
gregate it is necessary to take into consideration
forces taking a billet out of crystallizer and those
occurring while rolling.

In the direct rolling process a combined
crystallizer with two moving (rolls) and two static
walls (side closing plates) are used. So, output of a
castout of crystallizer is impeded by sliding friction
only, which occurs due to transverse deformation at
casting tension and ferrostatic pressure at the side
closing plates.

The ferrostatic pressure F,=0.5uyHS, [1-3]. where
s friction coefficient: y is specific weight of cast-
ingmetal. kg/mm®; F/—height of liquid metal column,
m (from the point C to AB line); S/ —a contact area of
both side plates with liquid metal. The value of trans-
versal deformation is calculated with Bakhtinov's
formula [4]:

Ab= 1.15;\—;:(/‘[\/1~%].
Abis a linear extension, m; A/~ linear tension, m;
h,—thickness of the billet at starting deformation,
mm (at the point C); u is friction coefficient; » —

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012

radius of rolls, mm. Both values are so small that
they can be ignored in calculation of energy-power
parameters.

The values of the forces occurring at billet ten-
sion depend on different technological and construc-
tion characteristics (tensile strain, cast’s geometric
dimensions, cross-section, temperature, chemical
content, speed of drawing. roll’s diameter. etc.).

As seen in the scheme of cast formation, the
position of meniscus AB of liquid metal relative to
00" line defines the angle . From points Aand B
on the roll’s surface casting process starts with a
thickness &(7), where 7 is crystallization time. At
7=7,moment two solid phases will meet at the point
C (=y,). The angle y concerns complete solidifica-
tion of the cast section and is defined as follows:

[R+8(z)]Jcosy=R+0.5h, (1)
where /1 is the final thickness of the cast (y=0).
The corresponding crystallization time is
7, ==L, @

where wis angular velocity, rad/sec.
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From point C the plastic deformation begins. Full
length L of contact arc with metal rolls is

L=\R(H~-h)=R2(1-cosa) =2Rsina /2, (3)

and length of arc of deformation zone / = \/R(h, - h),
where i, = 25(1,) and is defined from the equation
(1). h,isbillet thickness at point C when y=y,.

Analysis of the literature data showed that the
optimal values of wand y angles are 20-30° and 2-5°,
respectively. At that time the value of relative defor-
mation varies within the range 10-30%, which is suf-
ficient enough to get a high grade fine billet. At the
same time costs for device exploitation are reduced
on account of wear decrease of side closing plates of
crystallizer.

Asarule, thickness of the crust formed at continu-
ous casting is defined by the Stephany formula [1-3]:

5=Kr, @

where Kisa crystallization coefficient, mm?/sec, 7—
time of crystallization, sec.

Using this formula at the initial phase of crystalli-
zation, especially at casting thin sheets, when dura-
tion of the process is a mere 0.5-1 sec, does not give a
real picture. In this case using the formula of Brovman
and Tsariov is more reasonable [4]:

S(r) =[x} +2kt - x,, 5)

where k and x are constants for a given metal; £ is
quantity analogous to the crystallization coefficient,
m?/sec; x, denotes the speed of crust thickness
growth, m.

Substituting ¢(r) in (1) and taking into account

expression (2) we obtain

hx, (x5 )\
= gt to W 2y 1=
cosy[.+R AR )+cos yL R) . ©

from (6) the angular velocity of rolls rotation is
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_C"Sy{hﬂ‘ﬁ-h\:”]+cos’y(l—ﬁ)~[, ™
R R R RJ

Knowing a optimal value of relative stretch al-
lows to define the j-angle for billets of different thick-
ness. It is known that relative stretch for steels and
nonferrous metals is

2R(1—cosy)
h

£:ln”4:h{l+ . ®
"

J

Theoretical calculation of casting speed was car-
ried out for the values «=20-30°, y=2-5°, &=6-33%,
h=2+410" m using expressions (7),(8) and taking
into consideration the diameter of rolls (D=0.42 m)
(Figs.3-5).

On the basis of the data obtained power energy
parameters of the device were determined.

As is known, in the rolling process the value of
full load force is P = pF, where p is specific pressure
on the roll’s surface, kg/cm?; F— contact area of the
deformation site. In its turn p= y'w'n" n_c, where
in our case, which presents a plate problem, »"=1;
n=1

w=1; y=11

=23

Initsturn o= g K K K , where for hot metal basis
0,730 mPa: values of other coefficients depend on
technological characteristics of the process and are
defined with consideration of certain conditions [3, 6].

h, mm
7 y=2° y=3°
6 s
5 e =5
4
3 \
2 -
1
L L
2 4 6 8 10 V, m/min
Fig. 3. Dependence of drawing velocity of a steel billet on
its cross-section and r-angle (for steel 45 a=30°, K =
0.8:10° x, = 3-10° R = 0.21 m)
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h, mm
6
5 2 = .
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Fig. 4. Dependence of drawing velocity of a copper billet
tion and y-angle (o = 30°, K = 2.6:10°;
TR =021 m)

In our case K =const=0.5, values of K and K are
given in Table 1. A contact area F=B/, where B is
roll’s length (250 mm). /—length of deformation zone

('=\R(h,—h)).

The calculated magnitudes of - are shown in Ta-
ble. On their basis diagrams are constructed (Figs.3-
5). where the shaded areas correspond to the opti-
mum regime of the process.

The torsion moment on the motor shaft

M, =2PYL

In our case the coefficient ofrolling moment arm

P

Iis the length of deformation zone. mm.
A moment occurring due to torsion in roll neck

h, mm
6 -
5 74 s
%
3
2
1
1 L !
2 4 6 8 10 12 V, mimin

Fig. 5. Dependence of drawing velocity of an aluminium
billet on its cross-section and y-angle (4=30°, K =
2810 x, = 910 R = 021 m)

and sliding bearing M,

=pdt, where d is the diam-
eter of the roll neck and equals 0.1 mm; torsion mo-
ment in the gear system driver-rolls (reduction gear,
gear box) isequal to M, , =0.01 tm =10 kgm.
M= Mg+ My, + M,
Finally, power of the engine
N=M,wkW.
The angular velocity of the rolls’ rotation
2

© ==, where vis linear velocity of billet drawing,
m/sec., D—diameter ofrolls.

The required power of the engine is chosen for

maximum values of pressures on the rolls at y= 5° and
a=30°(Table).

Table. Interrelation of energy-power parameters of the casting-rolling mill and technological

characteristics of the billet (steel 45).

B E & N o

=8 g e £
z| S £ 8= g
| 27 S 2% £

- < 5% 5

%<8 & S

83 | P £ g
1 2.26 .26 2 1.9 0.97 2 12.280
2 3.26 26 3 96 .62 2 7.812
3 4.26 .2 4 .6 .49 2 6.159
4 2.5 .5 2 %3 .84 3 10.628
5 3.3 0.5 3 L3 35 3 6.935
6 4.5 0.5 4 1.5 0.4 3 5.004
7 3.0 1.0 2 .2 0.7 4 8.870
8 4.02 0 3 .5 0.473 4 5.973
9 5.02 0. 4 4 0.347 4 4.388
10 3.60 6! 2 .9 0.57 5 7.185
11 4.60 6! 3 3.9 0.4 5 5.009
13 5.60 1.60 4 3.1 0.35 3 3.758
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ABSTRACT. Orthoclase gabbro of the Dzirula crystalline massi incorporates the rocks of different
genetic groups: protolith of the gabbroic intrusion, hybrid rock — orthoclase gabbro and leucocratic
quartz-feldspar bearing formation. The rocks of all three genetic groups are dated by the U-Pb LA-ICP-
MS zircon age method. The apparent age of zircon in the protolith of gabbroic intrusive and in hybrid
orthoclase gabbro, respectively wt.mean 221+1.9 and 221.942.2Ma, records the time of crystallization of
the intrusive and the apparent age of zircons (Wt.mean 323+2.9Ma) from leucocratic quartz-K-feldspar
formations, as well as the inherited Late Variscan age (323+9, 329+8.3, 332410 and 335+11Ma) of
zircons of hybrid orthoclase gabbro corresponds to the age of formation of Late Variscan granitoids
widespread in the Dzirula crystalline massif. 2072 Bull. Georg. Natl. Acad. Sci.

Key words: the Dzirula massif;, orthoclase-gabbro, U-Pb zircon age.

In the Eastern part of the Dzirula crystalline mas-
sif stock-like body of orthoclase gabbro (OG), known
as “rikotites” is spread. The primary intrusive con-
tact of OG is complicated by Mesozoic-Cenozoic tec-
tonic events. Generally, the contact of the intrusive
with the Baikalian quartz-diorite gneisses is tectonic.
though locally the contact effects are observed. Dur-
ing the tectonic movements, the country rocks were
insignificantly dislocated.

Views of researchers on the genesis and age of
OG considerably differ. Some researchers believe
that these OG are pre-Variscan or Early Vari-

scan basites, reworked under the influence of Late
Variscan [1-3] or Jurassic [4] granitoids. Others as-
sociate their formation with the assimilation of
Paleozoic granitoids with ultrabasite magma, consid-
ering the latter to be a Late Paleozoic formation [5.6].

According to the scheme of I. Khmaladze [7] the
OG formed as a result of deep assimilation and be-
longs to a group of Bathonian intrusions. Khma-
ladze’s assumption is based on the following facts: a
massive structure of OG; OG are considerably less
(cataclased) broken down in comparison with the
Paleozoic granitoids and gabbroids of the Dzirula

© 2012 Bull. Georg. Natl. Acad. Sci
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massif; presence of anorthoclase in OG that are miss-
ing in the pre-Jurassic rocks of the Dzirula massif;
absence of vein facies of Paleozoic granitoids in the
intrusive body of OG; presence of transformed (as-
similated) granitoid xenoliths and also of veins of
pyroxenites in OG; occurrence of active contacts of
OG with quartz-diorite gneisses.

O.Dudauri [8] related the OG intrusive body to
the Khevi-Chalvani intrusive complex. In his opin-
ion, formation of OG was induced with the activity of
basic magma of the first phase of Middle Jurassic
magmatic processes. He considers that granite mate-
rial was delivered into the OG by hydrothermal and
pneumatolite solutions from the Khevi-Chalvani in-
trusive that was formed in the Middle Jurassic.

According to A.Okrostsvaridze etal. [9] the =,
parameter of OG varies within the limits 0f0.4485 —-
0.36936 (mean figure—+ 0.05870; and I_parameter
shows the mantle source of magma (I, =0.7049476-
0.7053333). From the above mentioned they consider
that the main source of OG magma is an unexhausted
mantle reservoir, from where the K-enriched magma
intruded into the Precambrian quartz-diorites.

The age of OG biotite by K-Ar dating was deter-
mined by [10] as 163+11Ma, butaccording to [11] it is
179+6Ma. Isotope-geochemical determinations ob-
tained by [9] is worth mentioning: the “Ar/Ar** dat-
ing shows 21944 Ma for hornblendes and 217:+11Ma
for biotites. Rb-Sr isochrone for 6 samples of OG
drawn by the same authors corresponds to 211+11Ma
(MSWO-0.83).

Thus, the age and formation of OG on the basis
of the above facts is difficult to solve definitively.

Petrographic Model of Orthoclase
Gabbro Formation

In the process of OG formation tectonic layering of
the Earth’s crust of the Black Sea — Central Trans-
caucasian terrane played a significant role.
According to geological [12-15] and geophysi-
cal [16] data in the Black Sea—Central Transcaucasian
terrane in the Saurian phase of tectogenesis horizon-

Bull. Georg. Natl. Acad. Sci., vol. 6. no. 3, 2012

tal tectonic layering of the Earth’crust took place.
Tectonic layering covers deeper horizons of the
Earth’s crust. Tectonic doubling of the Earth’s crust
of the Black Sea—Central Transcaucasian micro-
continent takes place (Fig. 1). Thick tectonic nappe
of mafic (second layer) and sialic (first layer) layers
overlap the sialic basement (third “inversion™ layer).

On the basis of the above-mentioned, in the
present paper the questions of the formation of OG
(original rocks of exotic composition) of the Dzirula
massifare considered in anew light [15, 17-19].

The authors deem that the initial magma of OG is
high temperature basite-ultrabasite magma. Crystal-
lization products of the latter are represented by
pyroxenite and pyroxene-bearing gabbro (with min-
eral composition — labradorite, bytownite and
ical of basite-

clinop; ). Petre

ultrabasite magma [9, 17-19], most likely attest to its
formation in the upper mantle and, perhaps, partially
in the “crustal astenolayer”, where the protolite of
OG was formed. A newly formed high temperature
and overheated dry magma with phenocrysts of
clinopyroxene and also of basic plagioclase intruded
into the third “inversion” sialic layer. From the new
realm, it took the volatile components causing the
selective fusion of leucocratic material of quartz-feld-
spar composition and at the same time provoking the
intensive transformation of pyroxene to hornblende
in the basite magma. The basic magma was admixed
to the newly formed acid magma. or it remained par-
tially unmixed. Granitic and partly decrystallized ba-
saltic magmas intruded first into the allochthonous
basite (second) layer, apparently, without substan-
tial changes and then into the sialic (first) layer crys-
tallizing at a depth of 7-10 km. The leucocratic granite
magma, newly formed in the “inversion” sialic layer,
belongs to the S type granites, but its mixing with the
initial basite magma enables to include the products
ofits crystallization in the special hybrid H type gran-
ites distinguished by Spanish researchers [20]. At
the final stage of magmatic process the gabbroic rock
was saturated (impregnated) with high temperature
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Fig. 1. Scheme of the principle of the formation of magmatic rocks of the Dzirula crystalline massif [15]
1 = sialic layer; 2 ~ mafic layer; 3 ~ “crustal astenolayer”; 4 — upper mantle; 5 — gabbro — gabbro-diorite of the Gezrula
river gorge: 6 — granitoids of plagiogranite-granite series of the Kvirila and Macharula river gorges; 7 = the Rkvia

intrusion; 8
displacement; 1-V — peophysical layers.

feldspar material forming anorthoclase or orthoclase.

Thus, the OG unites the rocks of various genetic
groups: 1) protolith of the gabbroic intrusion, 2) hy-
brid rocks - K-feldspar gabbro and 3) leucocratic
quartz-feldspar bearing formation.

Protolith of the gabbroic intrusion is a massive,
coarse-grained, mainly anchimonomineral
(clinopyroxene-bearing diopside enriched with salite
molecules) rock: brown hornfels and plagioclase of
labradorite-bytownite series is also recorded. Fre-
quently, ingrowths of clinopyroxene with reaction
rims of brown hornfels are observed.

Hybrid rock — K-feldspar bearing gabbro also is a
coarse-grained massive rock. Its main rock-forming
minerals are: K- and Na-bearing feldspar of
oethiod]

hornfels and plagiocl

series, clinop;

, brown

of labradorif
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microctine graniie; 9 — orthoclase gabbro (OG); 10 — quartz-feldspar anatectite; 11 - surfaces of tectonic

series: secondary biotite occurs as well. K- and Na-
bearing feldspar was crystallized (-2VC —42-60°; Dp
—0.06-0.5: Do~ 0.4) [19. 21] at the final stage ofrock
formation. It is recorded as xenomorphic grains and
fills the space between the minerals.

In the anchimonomineral pyroxenite and in the K-
Na-bearing feldspar gabbro the amount of SiO, is
within the limits 0f42.4-56.3, K,0-0.5-2.5, Na,0—
0.5-3%. Geochemical and petrochemical data on hy-
brid OG and on the protolith of gabbro differ. The
hybrid OG is enriched with REE and with other
petrogenic elements. The amount of high radius
lithosphere elements Ba and Rb is high in them. (La/
Sm), and (La/Yb), ratios in the hybrid OG are 3.21 and
11.16 respectively, that is twice as high as norm ra-
tios of the same elements in the protolith of the OG.

Variations of at

ratios of slightly i
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ible elements (Hf/Sm, Ti/Y, Ti/P. Ti/Eu) are also high.
Almost the same abundance ratios occur for some
noncoherent elements (L.a/Th. La/Hf, Zr/Y, Ti/Zr). The
abundance ratios of some indicator elements (Th/La,
Th/Sm, Th/Yb, Zr/Y)are also increased. Ew/Eu* mini-
mum in hybrid OG exceeds 1.0, pointing to the en-
richment of this rock with Eu. Total REE in “the
protolith™ varies within 91.01-96.16 and in the hybrid
OGitis 177.0.

In the OG mainly heterogenous leucocratic
quartz-feldspar vein bodies of different thickness
(from one cm to 2m) or accumulations of various
shape spread widely. The rock is mainly fine- and
medium-grained, rarely coarse-grained that in places
passes into the pegmatitic areas. The main rock-form-
ing minerals are: K-feldspar and acid plagioclase.
sometimes quartz. In the K-feldspar (25-70%) grain
size reaches 2cm; micropegmatitic aggregates of
quartz- and K-feldspar occur. In the rock (12 samples
were analyzed) the amount of Si0, is 61-70 mass%,
K,0—-54-11 mass%, Na,0-3.
enous character ofthe leucocratic formations is con-

3 mass?. Heterog-

ditioned mainly by the variation of partial pressure of
water and rate of leucocratic acid and basic magma
miscibility [19]. In all three characterized rocks, zircon
is observed. Its maximum amount does not exceed 6.3
/t. Two types of zircons are ascertained [22].

The zircon of first type, generally recorded in
pyroxene gabbros. is represented by well faceted crys-
tals of long-prismatic habitus. In their facet pattern
tetragonal prism (110) and tetragonal dipyramid (111)
occur. The facets of prism (100) and sharp dipyramid
(311) are rarely developed. Zircon crystals are fine
(0.05-0.1mm), transparent with light pink coloring;
they are fissured and corroded. Elongation is within
the limits of4-5.

Zircon of the second type. being a mineral of hy-
brid and quartz-feldspar bearing rocks, is represented
by metamictic diversity —citrolite. Unlike the zircons,
citrolite is larger (0.1-02 mm); it forms dark brown
non-transparent crystals of short prismatic habitus
with the facets of tetragonal prism (100) and dipyramid
and with elongation —2-2.5.

Bull. Georg. Natl. Acad. Sci.. vol. 6, no. 3, 2012

New data on the U-Pb zircon age of
orthoclase gabbro of the Dzirula massif

The results of .A-ICP-MS U-Pb dating of zircons in
the protolith of the gabbroic intrusive (sample #1-
98). in the hybrid rock (K-feldspar gabbro; samples
##10-06 and GEO127) and in quartz-feldspar bearing
formations give significant information for the iden-
tification of the petrogenic model of the OG forma-
tion.

LA-ICP-MS U-Pb dating was performed at the
laboratories of the Department of Geosciences of
National Taiwan University. Institute of Earth Sci-
ences of Academia Sinica (samples ##1-98. 10-06 and
12-06) and at the Institute fiir Geowissenschaften of
Johann-Wolfgang-Goethe University (sample #
GEO127).

Age determinations performed in 18 zircon crys-
tals (sample # 1-98) of gabbroic intrusive protolith
show 216-226+4Ma (wt. mean~221.4+1.9Ma: 26) (Ta-
ble 1, Fig. 2). Th/U ratios in the analyzed zircons are
high and vary from 2.273 to 0.730. mainly positive
value of g, (T) is from +6.4 to-0.1 (its negative value
is fixed in two cases: -0.2 and -1.2) and T, © vary
from 1266 to 847Ma. The crystals are homogenous —
in the core and in the peripheral part similar ages
were obtained. These data are higher to some extent
than those obtained by A.Okrostsvaridze et al. [9]
with the Rb-Sr method for OG (211+11Ma) and are
nearer to the results of measurements of OG hornfels
(219+4Ma) and biotites (217+3Ma) performed by the
same authors with “*Ar/*’Ar dating. From the above
it follows that the age of the OG protolith is = 220Ma.

Two samples of hybrid K-feldspar gabbro were
analyzed: ##GEO127 and 10-06.
#GEO127 4 zircon crystals were studied (Fig. 3), where
the Late Variscan age (32319; 325+8.3; 332+10 and
335+11Ma) was received. In the fourth crystal. on

In the sample

the edge the Late Variscan age (327+12Ma) and in
the core an inherited age (779+21Ma) was ascer-
tained. To our mind, the inherited age of zircon deter-
mined in the core, corresponds to the early stage of
the Grenville regional metamorphism manifested in

nrnass
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Table 1. U-Pb and Lu-Hf isotopic data of magmatic zircons from orthoclase gabbro of the Dzirula massif
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Fig. 2. Concordia diagrams of zircon U-Pb LA-ICP-MS dating results for the protolith of gabbro intrusive (sample #1-98).
hybrid K-feldspar gabbro (sample # 10-06) and leucocratic quartz-potassium-feldspar formations (sample #12-06)

the Dzirula massifthat is verified by the age of zircon
in the Neoproterozoic gneiss-migmatitic complex
dated by the La-ICP-MS U-Pb method [23, 24]. In the
sample #10-06 13 crystals of zircon were analyzed.
The obtained age —221.9+2.2Ma (c) corresponds to
the zircon age of protolith of the gabbroic intrusive
(sample #1-98) (see Fig.1). In the zircon crystals of

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012

sample #10-06 the Th/U ratio varies from 2.273 to
1.01. values ofg, (T) in seven cases are positive (3.2

0.1)and in six cases are negative (-0.1--0.9) and T,
varies from 1313 to 1054Ma.

18 zircon crystals from the quartz-K-feldspar
leucocratic nests of OGs (sample #1 2-06) have been
analyzed. The age of 17 crystals vary within 310-
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323 +/-9 Ma

332 +/- 10 Ma

5+/- 11 Ma

327 +-12 Ma

S data, Frankfurt)

Fig. 3. Zircons from orthoclase gabbro (sample #GEO127) of the Dzirula massif

335+6Ma (wt. mean=323+ 2.9Ma) (25) (see Table 1
and Fig.2), where (Th/U is in the interval of 0.980-
0.195, ¢, (T) varies from -1.2 to -6.6 and To —from
1753 to 1406 Ma) the inherited age 618+11 Ma(Th,

U=0.057, ¢,(T) =-3.0and T, =1749Ma) only in one
crystal is fixed. It corresponds to the crystallization
age of the Baikalian quartz-diorite orthogneisses wide-
spread in the Dzirula massif. The age of the last one
isalso corroborated by the findings of La-ICP-MS U-
Pb zircon dating [23, 24].

Conclusions

OG integrates the rocks of different genetic groups: 1
~protolith of gabbroic intrusive, 2 — hybrid rock (K-
feldspar gabbro) and 3 - leucocratic quartz-feldspar
bearing formations.

In the protolith of the gabbroic intrusive and in
the zircons of hybrid K-feldspar gabbro the Th/U
ratios are high and insignificantly differ from each
other. €, (T) value is mainly positive, though its nega-
tive value is also recorded and T isalmost identi-
cal. Th/U ratio is fairly high in the zircons of quartz-

Bull. Georg. Natl. Acad. Sci,, vol. 6, no. 3, 2012

K-feldspar bearing rocks but lower than in the zir-
cons of two previous genetic types of rocks. R
value is comparatively high and £,,(T) isalways nega-
tive in all crystals of the zircon.

The apparent age of zircon in the protolith of
gabbroic intrusive and in hybrid K-feldspar gabbro,
respectively wt.mean 221+1.9 and 221.942.2Ma,
records the time of crystallization of the intrusive
and the apparent age of zircons from leucocratic
quartz-K-feldspar formations wt.mean 323+2.9Ma. as
well as the inherited Late Variscan age (32319, 329183,
332410 and 335+11Ma) of zircons ofhybrid K-feld-
spar gabbro corresponds to the age of formation of
Late Variscan granitoids widespread in the Dzirula
crystalline massif.

Thus, the age of formation of the OG of heterog-
enous composition is not defined explicitly. The Late
Variscan age of zircons from orthoclase gabbro and
leucocratic quartz-K-feldspar formations reflect the age
ofzircon of hard-to-melt relic mineral from the forma-
tions appearing as a result of selective melt during the
injection of gabbro intrusive into the sialic crust.
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First Evidence of Hyaloclastites at Madneuli Deposit,
Bolnisi District, Georgia

Nino Popkhadze
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(Presented by Academy Member David Shengelia)

ABSTRACT. The Madneuli copper-gold poly Hlic-dep is a major deposit in Southern Georgia,
which is still under development. It is located in the Artvin-Bolnisi zone, which is part of the Late
C Tethyan ic belt. Several lith ial units were outlined in the Madneuli open pit
and their depositional setting was interpreted as submarine. The presence of rhyodacitic hyaloclastites
in the host rocks is one of the supporting evidence of this setting. The hyaloclastite rocks represent the
host rocks of the Madneuli upper Cretaceous rocks (Mashavera suite). Two types of hyaloclastite are
r ized at the Madneuli deposit: hyaloclastite with pillow-like forms and hyaloclastite with glassy
like selvages. The petrographic description shows a different nature: hyaloclastite with glassy like
selvages represented by devitrification of velcanic glass, which is replaced by quartz-K-feldspar overgrowth
crystals in the groundmass and elongated k-feldspar porphyry phenocrysts. Classical perlitic cracks
were identified during thin section observation. The hyaloclastite with pillow-like forms consists of
relicts of volcanic glass, large pumice clasts — surrounded by phyllosilicate and it still is possible to
identify the fluidal nature of groundmass.

Silicified rhyodacitic hyaloclastite is interpreted as a result of water-rock interaction, in response to
rapid chilling and quench fragmentation of lava. ¢ 20/2 Bull. Georg Natl. Acad. Sci.

Key words: hyaloclastite, lobe hyaloclastite, pillow like form, glassy selvage.

The identification and interpretation of major fa-
cial units, based on detailed field and petrographic
descriptions is a powerful tool for determining
paleogeography and geotectonic environment of
volcanic successions, which in turn is a key for de-
termining the depositional environments of ore de-
posits. The Madneuli deposit lacked such modern
and detailed studies of volcano and volcano-sedi-
mentary facies architecture based on physical vol-
canology aspects. The Madneuli deposit is described

as volcanogenic massive sulfide (VMS) deposit with
transitions to epithermal type deposit. According to
current classification schemes based on host rock
compositions. the Madneuli deposit can be classi-
fied as bimodal-felsic VMS type [1]. The upper Creta-
ceous Rhyodacitic hyaloclastic facies unit is the part
of the host rock succession of the Madneuli deposit
attributed to the Mashavera suite and represented by
lavas, pyroclastics. volcanogenic-sedimentary and
sedimentary rocks of rhyodacitic compositions [2].

© 2012 Bull. Georg. Natl. Acad. Sci
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Field and petrographic evidence presented in this
paper shows that rhyodacitic hyaloclastites are hy-
drothermally altered and strongly silicified, and are
evidence of a submarine depositional environment.
The hyaloclastite is lobe hyaloclastite. which is one
of the important characteristic facial units of the rocks
hosting VMS deposits. In the open pit the periphery
part of the lava lobe is still observed. which has a
ring structure with internal columnar joints (Fig.2a).

Regional geological setting

The Bolnisi ore district is located in the Artvin-Bolnisi
tectonic zone, which is continuing to the West into
the Turkish Pontides and farther West to the Bulgar-
ian Srednegoria tectonic zone (Fig. 1). The Artvin-
Bolnisi Unit is bordered to the North by the Adjara-
Trialeti unit (Santonian-Campanian back-ark) and the
Imbricated Baiburt-Karabakh unit to the South (Up-
per Cretaceous fore-arc). It represents the northern
part of the southern Transcaucasus and the central
part of the Fastern Pontides, which formed the active
margin ofthe Eurasian continent.

The Artvin-Bolnisi unit is characterized by a
Hercinian basement, which consists of Precambrian
and Paleozoic granites-gneisses and plagiogranites.
and late Variscian granits [3] overlain by Carbonifer-

Bull. Georg. Natl. Acad. Sci., vol. 6. no. 3, 2012

adneuli deposit (adapted from Yilmaz et al. 2000). Abbreviations: S — Scythian Platform;
AT - Southern Black S
arabakh Imbricated Unit; NALCS — North Anatolian-Lesser Caucasian

Coast-Achara-Trialeti Unit; AB — Artvin-

ous volcano-sedimentary rocks [4] (Adamia et al.).
Within the Bolnisi volcanic-tectonic depression, there
are Cretaceous, Paleogene, Pliocene and Quaternary
sedimentary rocks. Three main formations are distin-
guished within the Albian-Upper Cretaceous volcano-
sedimentary unit: 1) terrigenous-carbonate (Albian-

). 2) vol
and 3) carbonate (Campanian-Maastrichtian) units [4].

ic (Turonian-! )

Jurassic and Cretaceous rocks consist of volcaniclastic
and calc-alkali

(andesite, dacite. rhyolite, and basalt and volcaniclastic

rocks, li

icarcrocks

rocks intruded by granitoids). The sequence is
unconformably overlain by Maastrichtian —Paleocene
limestone and turbidite. The Lower Eocene formation
consists of terrigenous clastic rocks. Middle Eocene
volcanic rocks overlie unconformable older rocks and
are conformably overlain by Upper Eocene shallow-
marine clastic rocks. The youngest rocks in the region
are Quaternary volcanic rocks and alluvial sedimen-

tary rocks.
Hyaloclastites

Field and petrographic descriptions

a. Glassy-like selvages hyaloclastite type. The best-
exposed section of the hyaloclastite rock formations is
in the eastern part of the Madneuli open pit. It is charac-

)
5
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| Ringstructure of lobe ~
3 ‘hyaloclastite lava-flow

Fig. 2. Representative examples of hyaloclastite outcrops at Madneuli open pit. a. The margins of a lobe hyaloclastite
flow with internal columnar joints, b. Carapace breccia, c. The alteration process in the coherent intrusive, d. Glassy-
like selvage hyaloclastite-pseudo-breccia, with whitish and grayish-greenish parts, e.Pillow-like shapes in hyaloclastite,
f.Transition zone from massive to pillow parts in pillow-like hyaloclastite.

terized by intense silicification-devitrification and
chloritization. At the outcrop scale, the hyaloclastite
gives the apparent impression of a breccia flow body
with whitish rims around grey-greenish rock fragments.
In fact, this apparent breccia texture is the result of weath-
ering and alteration. The quenching process begins in
the coherent part of the intrusive and increases toward

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012

the peripheral part of the flow (Fig. 2¢). The whitish
“rims”- within the flow are 1to-3 cm-thick, and in thin
section they have the same texture as the grey-greenish
“cores” (Fig. 2d), the difference is that the whitish part
consists of a less amount of the phenocrysts than the
greenish part. It is concluded that formation of such
whitish zones, giving to the rock an apparent breccia



Fig. 3. Petrographic observations of glassy-like selvage type of the hyaloclastite
b. The alteration processes: whitish and gray-brownish colors (crossed nicols), c. Perlitic cracks in glassy groundmass
(¢rossed nicols), d. the perlitic cracks go around the edges. (plane-polarized light)

texture in the distal part of the hyaloclastite flow is a
product of quench fragmentation during lava — water
interaction. The chaotic character of the carapace breccia
(Fig. 2b). their local distribution at the flow top, the
absence of bedding and grading and lack of broken
crystals suggest an origin predominantly due to
autobrecciation [5] . This type of hyaloclastite rock is
characterized by perlitic texture, which usually is recog-
nizable with a hand lens or otherwise in thin section, in
some exceptional cases macro-perlitic texture can be
recognized at the outcrop scale within the Madneuli
open pit. This hyaloclastite type contains round and
oval-shaped amygdalae filled with quartz-chlorite or a
fine-grained carbonate — clay mass.

b. The hyaloclastite with pillow-like forms are
exposed on three bench levels in the eastern part of
the open pit where typical small pillow shapes occur
(Fig.2e). Along the same section, here isalsoa grada-

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012

a. Flongated phenocryst of K-feldspar,

tional transition from massive lava to the pillow-like
shaped part (Fig.2f). Moreover, pillow-like forms oc-
cur within the massive rhyodacitic lava flow. The
matrix surrounding the pillows is a bluish-colored
altered rock of the same rhyodacitic composition as
the pillow. The thickness of local outcrops is small
and varies within 5-8 m.
Petrographic description

a. Glassy-like selvages type of hyaloclastite.
This hyaloclastite contains less than 30% of
phenocrysts. The matrix consists of devitrified vol-
canic glass with a mosaic texture. radial-shaped crys-
tals of K-feldspar and spherules of quartz.
Plagioclase microlites fill the spaces between
spherulites and look like an overgrowth around them
(Fig 3b, d). Porphyry phenocrysts include quartz.
plagioclase and K-feldspar of different size. In some
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places they are associated in glomeroporphyric tex-
tures. Large and elongated sanidine crystal shapes
are distinguished (Fig. 3a). Sericite alteration is de-
veloped in K-feldspar and plagioclase crystals

Spherulites with fine-grained quartz and feldspar
are products of high-temperature devitrification of
silicic volcanic glass. Subsequent recrystallisation
of mosaic quartz-feldspar can destroy or modify
such original devitrification textures [6]

The groundmass contains perlitic cracks. identi-
fied during thin section observation. Perlitic cracks
develop in response to hydration of the glass.
Hyaloclastite with glassy-like selvages has a classi-
cal perlitic texture, where the cracks are distinctly
arcuate and concentrically arranged around spheri-
cal cores. Hydration occurs after emplacement and
during the later cooling history of the glass, or after
complete cooling to surface temperature. In some thin

Bull. Georg. Natl. Acad. Sci.. vol. 6, no. 3, 2012

e m

of glass, b. remnants of platy
als along plagiochase crystal, d. phyllosilicate-rich

axiolitic
nicrocry

sections perlitic cracks cut the elongated K-feldspar
phenocrysts. but sometimes instead of cutting across
the crystals, the perlitic cracks just go around the
edges (Fig.3 c. d). The conclusion is that the first
stage was devitrification of volcanic glass followed

by crystallization of porphyry crystals and finally

formation of perlitic cracks.

b. The hyaloclastite with pillow-like shapes. In
thin section pillow-like hyaloclastite has a rhyolitic
nature. The massive part of pillows has similar com-
position, though with some differences. The rock has
a porphyritic structure while the groundmass con-
sists of relicts of volcanic glass replaced by finely
disseminated quartz and K-feldspar. I.arge pumice
clasts are also present. Locally. the groundmass has
a fluidal nature. Shards of volcanic glass have pre-
served their platy and cuspate shapes (Fig.4b). In
some places. the matrix displays a vitriclastic texture
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Fig. 5. Idealized through a rhyolitic lobe-h;

typical of proximal and distal facies (afier Gibson et al

accentuated by axiolitic devitrification of glassy com-
ponents. The center of Fig.4a shows a relict pumice
clast with destroyed internal vesicular microstruc-
ture. The brown rims of matrix shards are affected by
axiolitic devitrification [6]. Crystals of biotite are
present, with rare muscovite. The margins of K-
feldspars are partly desorpded. In some places only
crystal relicts are present filled by chlorite. Sericite
alteration overprints plagioclase crystals (Fig.4c). In
the massive part of the pillow hyaloclastite,
phenocrysts are rare; they are concentrated in the
mass between the pillows (pseudo cement). The pum-
ice clast is surrounded by phyllosilicate (Fig.4d).

Interpretations

Subaqueous felsic lavas are typically divided into
lobe-hyaloclastite flows, blocky subaqueous lavas
and domes, cryptodomes, and regionally extensive
felsic lavas. Volcanogenic-hosted massive sulphide
deposits can be associated with the first three flow
types [5]. Fig. 3 isan idealized cross-section through
arhyolitic lobe-hyaloclastite flow, which illustrates
the flow morphology and structures typical of proxi-
mal and distal facies.

This paper describes two types of rhyodacitic
hyaloclastite, which are exposed in the open pit of the
Madneuli deposit: (1) hyaloclastite with pillow-like
forms and (2) hyaloclastite with glassy-like selvages
They correspond to the section B in Fig.5. Hyaloclastite
with glassy-like selvages refers to a breccia facies,

Bull. Georg. Natl. Acad. Sci..

vol. 6, no. 3, 2012

flow illustrating flow morphology and structures
. 1990)

morphologically associated with carapace breccias and
occur along the upper surface of the distal part of
flows. By contrast hyaloclastite with pillow-like forms
is pumiceous hyaloclastite, which consists of pumice
fragments and volcanic glass. The lobe-hyaloclastite
flow is inflated by successive pulses of new magma,
which feeds its large lobes. They generally follow a
very irregular path to the flow front, where they form
smaller lobes and locally they have small sized pillow-
like shapes [5]. The Madneuli lobe-hyaloclastite flow
is massive in general. though locally ribbed, flow lami-
nated and columnar jointed.

Asd lastite
flows are mostly fissure-fed flows, associated with

d by reference 6, lot

seafloor spreading and are emplaced in both deep
water and shallow (<500m) water environments.” In

the open pit lobe-hyaloclastite flows are associated

with turbiditic volcanoclastic deposits and peperites,
which clearly documents that hyaloclastite was
formed in submarine environment, however there is
no evidence to constrain the exact water depth dur-
ing hyaloclastite formation

Conclusions

- Spherulites in the hyaloclastite are strong evi-
dence for the high temperature devitrification of vol-
canic glass, which is replaced by quartz-K-feldspar
overgrowth crystals in the groundmass and colum-
nar jointing, which occur inside the lobe flow in the
open pit.
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- Rapid quenching forms a glassy-like selvage
along the edge of the lobe. It is constantly broken
and spalled to produce more hyaloclastite.

- Both types of hyaloclastite with different tex-
tures are lobe hyaloclastite. The formation processes
took place in one lobe body. which was inflated by
successive pulses of new magma. In some places the
ring structure of lobe hyaloclastite lava-flow with
columnar jointing inside part of the lobe is presented.

- The lobe hyaloclastites, described in this paper,
resemble other hyaloclastites from well-known de-
posits in the world, common in submarine felsic
successions, is one of the important characteristic
facial units of the rocks hosting VMS deposits.

HGemgos

- Two types of rhyodacitic lobe hyaloclastite flows
are described in the open pit: hyaloclastite with
glassy-like selvages and hyaloclastite with pillow like
forms. Absence of different resedimented rock frag-
ments, the gradational contact with coherent lavas,
their laterally discontinuos character, absence of bed-
ding suggests their in situ hyaloclastite nature.
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ABSTRACT. The limits of the Kura bay and of the adjoining tectonic high zones and depressions were
inherited from the Middle Miocene and continued to exist. They had an important role in controlling the
distribution of the sedimentary facies. The poorness in marine faunas of the Early Sarmatian deposits,
together with the character of thickness and facies, suggest that these sediments formed in a big
brackish basin. Towards the north and south from this basin, great mountain ranges of sublatitudinal
direction existed. At the beginning of the Middle Sarmatian there were no important changes in the

I aphical and Isituation. The basin expanded slightly towards the north, which is
reflected by transgressive deposits of the Middle Sarmatian age on the northern Kakheti range (Chailuri,
Manavi, Burdiani). The relatively homogeneous facies allows to suppose that the palaeogeographical and
sedimentary conditions did not change for a long time. The orogenic movements, which began at the end
of the Middle Sarmatian, reached their maximum in the Late Sarmatian (the Attic orogenic phase) and on
the whole territory of Eastern Georgia a regime was blished. Extension and depth of
water bodies were significantly reduced: in the late Sarmatian the sea on the territory of Eastern Georgia
was divided into isolated or semi-isolated comparatively small basins — lakes, lagoons. ' 2072 Bull.
Georg. Natl. Acad. Sci.

Key words: Eastern Paratethyan, Caucasus, Upper Miocene, foraminifera.

Beginning with the Late Eocene, to the Early
Pliocene, the geological development of the Caucasus
was closely connected with the history of the
Paratethys Sea (Fig. 1). In that period, the whole
Paratethys underwent

During the whole Early Miocene the territory of
Georgia was involved in orogenic processes of the
Alpine cycle. although in separate areas subsidence
also occurred. These sites accumulated thick argilla-

ceous On the territory of Eastern Geor-

T hical

changes [1. 2]. including the territory of Georgia.

gia, the Sarmatian stage (covering the Late Middle

© 2012 Bull. Georg. Natl. Acad. Sci
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Fig. 1. Outline of the Paratethys-Mediterranean region during Late Miocene (according to Miiller et al, 1999).

Miocene and the Early Late Miocene) is divided into
three substages: Early (Volhynian), Middle (Bessa-
rabian), and Late (Khersonian)

Early Sarmatian (Fig. 2). For the Early Sarmatian,
the tendency of subsidence of the Transcaucasus,
inherited from Konkian time, is characteristic. This
was followed by a widening of the basin that on the
northern border and on the periphery of the Dzirulian
massifs is confirmed by transgressive beds of the
Sarmatian [3,4]. In Early Sarmatian time. a large part
of the Dzirulian massifs was dry land. To the west it
was bordered by the Okribian land area. These two
land masses were separated by a shallow sea or were
connected with the Rioni bay on the western part
and the Kura bay to the east.

The outlines of the Kura bay practically coincided
with the borders of the Eastern zone of sinking of
Transcaucasian intermountain area. To the south, the
Kura bay bordered the Trialetian range. Passing on
from the eastern side of the Trialetian range, the Kura
bay formed the Yalgudgi bay. Towards the south-
east, the Kura bay extended to the right bank of the
river Kura. To the west it reached the eastern periph-
ery of the Dzirulian massif and farther in the north
joined with the Rioni bay, through the Djava-
Tedeletian strait. The northern border of the Kura
bay extended towards the Cretaceous flysch depos-
its of the Greater Caucasus range.

The limits of the Kura bay and of the adjoining

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012

tectonic high zones and depressions were inherited
from the Middle Miocene and continued to exist. They
had an important role in controlling the distribution
of the sedimentary facies.

The poorness in marine faunas of the Early
Sarmatian deposits, together with the character of
thickness and facies. suggest that these sediments
formed in a big brackish basin. Towards the north
and south from this basin, great mountain ranges of
sublatitudinal direction existed.

In the eastern part of the Dzirulian massif, the
Early Sarmatian transgressively overlies Palaeozoic,
Mesozoic. and Cenozoic deposits. At the base it is
represented by conglomerates, which pass into
quartz-sandstones with intercalations of clay [3]. The
thickness of these deposits is 50-90 m. On the north-
ern border of the Kartlian depression, the Early
Sarmatian lies concordantly on the Konkian regio-
stage and consists of sandstone — clay marine de-
posits. Towards the east of the Dzirulian massif the
quantity of clay material increases. There, the maxi-
mum thickness ofthe Farly Sarmatian is 250-300m.

In the southern part of the Kartlian depression,
the Early Sarmatian is represented by coastal depos-
its: microconglomerates, sandstones, and clays. To-
wards the east the clay content increases. The thick-
ness is variable (60-170 m). Between the rivers Kura
and lori, the Early Sarmatian is built by deposits of
deeper water (clays and intercalations of sandstones),
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horeface facies; 3. shallow-water facies: 4. transition facies: 5. deep-water facies:
6. conglomerate; 7. sandstone; 8. clay; 9. borders the same thickness.

Fig. 2. Early Sarmatian Wthofacies, thickness and palcogeographical map of Eastern Georgia.

and the thickness there reaches 250-350 m. To the  distinguished, indicating the existence of both shal-
south-east the Early Sarmatian is represented by  low and deeper sites in the basin. The shallow-wa-

d with i ions of 1 ter fauna consists of representatives of the genera
and clays (40-70 m). Elphidium, Porosononion, and Nonion which are

The fauna is mainly represented by euryhaline ~ characterized by coarsely sculptured tests. The
and eurythermal molluscs and benthic foraminifera  fauna of the deeper basin is represented by forms
that point to a shallow, fresh-water influenced ba-  with thin, nearly transparent tests of the so-called
sin. Two different assemblages of foraminifera are  “miliolidian” complex [, 6].

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012
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1. Tand; 2. shoreface facies:

. shallow-water fa

2 4. transition facies; 5. deep-water facics;

6. conglomerate; 7. sandstone; 8. clay; 9. borders the same thickness.

Middle Sarmatian (Fig.3). At the beginning of
the Middle Sarmatian there were no important changes

aphical and situa-

ritic series and the granitoids of the Dzirulian massif,
and in the territory of Tsablovani-Nabakhtevi it is
d ited on the Middle Miocene sandstones. The

in the pal
tion. The basin expanded slightly towards the north,
which is reflected by transgressive deposits of the
Middle Sarmatian age on the northern Kakheti range
(Chailuri, Manavi, Burdiani) [3].

In the area between Koda and Tsnelisi, the Mid-
dle Sarmatian transgresses over the Bajocian porphy-

Bull. Georg. Natl. Acad. Sci., vol. 6. no. 3, 2012

Middle Sarmatian there is represented by quartz-feld-

spathic sandstones with intercalations of clays and
conglomerates. The thickness is 160-180 m.

On the northern border of the Karthlian depres-
sion, the Middle Sarmatian concordantly overlies the
Early Sarmatian. The lower part of the Middle
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Sarmatian there is represented by sandstones and
clays with so-called “cryptomactrian” layers, which
can be seen in many sections [4]. The upper part of
the Middle Sarmatian is represented by sandstones,
clays and conglomerates [5]. The thickness ranges
from 350 to 1000 m.

On the southern border of the depression, the
Middle Sarmatian consists of sandstone-clay depos-

its with intercalations of li and

equate temperature conditions in the basin.

The abundance of foraminifera, their diversity.
and the thickness of sediments allow us to suppose
that the main structural elements established in the
Early Sarmatian continued to develop.

Beginning with the second half of the Middle
Sarmatian, tectonical movements were active and pro-
duced some changes in palacogeography. erosion

conglomerates [7]. The thickness there is 100-350 m.

In southern Kakheti. the Middle Sarmatian is rep-
resented by two lithofacies. The first is composed of
thick, comparatively deep basin clays and sandsto-
nes, but the second one is represented by deposits
of shallow-water sandstones and clays with interca-
lation of oolitic limestones. conglomerates, and co-
loured clays [8]

The relatively homogeneous facies allows to sup-

pose that the pal. aphical and y
conditions did not change for a long time: as in the
Early Sarmatian, accumulation of mainly conglomer-
ates took place in the coastal zone, and of argillaceous
sandstones in the deeper areas of the basin. The
thickness there ranges from 600 m to 1000 m. The
intensity of sedimentation was compensated by sub-
sidence [3]. The absence of gypsum, anhydrite. and
salt coupled with the occurrence of hydromica and
carbonate as well as the poorness in marine fauna
indicate the existence ofa warm, low-salinity basin.
The warm and humid climate of the Sarmatian is indi-
cated by data of plant macrofossils [9] and
palynological assemblages [10]: evergreen ther-
mophilic plants dominated at this time.

The Middle Sarmatian assemblage of foraminifera
is distinguished by abundant species and by numer-
ous forms. Of great interest are typical Middle Sarma-

p , and differentiation of facies. In depres-
sions these processes were especially well devel-
oped: shallowing of the water. increasing of grain
sizes, and changes in clay facies. The coarse-grained
material (conglomerates) on the northern side of the
Kartli depression in the Djava-Tedeletian strait and
on the Tsivgomborian range became more abundant.

In sections of the Kura bay coloured clays in-
cluding fresh-water and land fauna occur. This indi-
cates the existence of dry-land conditions on the
periphery of the basin during the second part of the
Middle Sarmatian. The retreat of the sea was so quick
that the Djava-Tedeletian strait ceased to exist and
full isolation of the Kura and Rioni bays took place.

Later the sea retreated towards the south-east,
and at the beginning of the Late Sarmatian Kartli de-
pression, Southern slopes of Tsiv-Gombori range and
a significant part of Gare-Kakheti was the region of

ion of fresh-water, continental

Marine facies are preserved only near the Tori river.
Late S: ian (Fig. 4). T i 5

which began at the end of the Middle Sarmatian,
reached their maximum in the Late Sarmatian (the At-
tic orogenic phase) and on the whole territory of East-
ern Georgia a continental regime was established.
Extension and depth of water bodies were signifi-
cantly reduced: in the late Sarmatian the sea on the
territory of Eastern Georgia was divided into isolated

tian forms such as Dogielina, M uling, and
Sarmatiella. Also large sizes, nearly 1 mm, of some
representatives of Elphidium are to be mentioned
[56].

The flourishing of the Middle Sarmatian fauna
indicates favorable biotic and abiotic conditions -
good aeration, sufficient quantity of food, and ad-

Bull. Georg. Natl. Acad. Sci.. vol. 6, no. 3, 2012

or semi-isolated comparatively small basins —lakes.
lagoons. The increasing orogenic processes pro-
moted the widening of the hydrographical network,
and a large amount of eroded sediment was trans-
ported by rivers. The river mouths formed deltas in
the lakes. composed of conglomerates, clays and
sandstones.
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1. land; 2-6. continental facies; 7-8. marine facies;
9. conglomerate; 10. sandstone: 11. clay; 12. borders the same thickness.

Fig. 4. Late Sarmatian lithofacics, thickness and paleogeographical map of Eastern Georgia,

Inthe Late Sarmatian, the Kartlian depression and
part of Kakheti turned into an important depocenter.
In the Karthlian depression, the Late Sarmatian is
represented by fresh-water deposits and continental

clays and sand with i 1 of micro-

taining fauna disappear and are replaced by thick,
so-called “dumb” continental deposits, the Natskho-
rian suite [3, 11].

In the Late Sarmatian. the southern wing of the
Tsi 5

conglomerates and conglomerates. The sediment
thickness ranges between 1000-2500 m.

The boundary between Middle and Late Sarma-
tian is drawn where the Middle Sarmatian layers con-

Bull. Georg. Natl. Acad. Sci.. vol. 6, no. 3, 2012

ian range began to subside and like
the Kartlian depression the argillaceous
sandstones of the Natskhorian suite began to ac-
cumulate here. The main source of the terrigenous
material was the southern slope of the Caucasus
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Range, but towards the southern edge of the
Transcaucasian depression the amount of the
terrigenous material decreased and the depression
was finally filled with material from the Adjaro-
Trialetian range [12].

South-east of the Kakhetian range, the Natskho-
rian suite is replaced by the Eldarian suite. In south-
ern Kakheti, the Late Sarmatian starts with marine
deposits that gradually change into continental
sediments. Their lower part (thickness 150-350 m) is
represented by clay-sandstone facies with poor

33amgma gmg Bgos

microfauna, characteristic of the Late Sarmatian [3.
4]. The upper part is represented by colored clays of
the Eldarian suite.

In the regions along the Iori River, marine sedi-
ments of so-called “marine thickness™ appear. This is
proven by the consistency of the material from the
boreholes of Taribana and Eldari [8].

Towards the end of the Sarmatian, the sea had
completely retired from the eastern part of the
Transcaucasian intermountain region and the long-
term regression of the Miocene sea was completed.
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Phenolic Compounds of Wines from Georgian
Autochthonous Grapes, Rkatsiteli and Saperavi,
Prepared by Georgian (Kakhetian) Technology
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ABSTRACT. The itati ition and the itative content of phenolic compounds of wines
from the Georgian autochthonous grapes, white Rkatsiteli and red Saperavi, prepared by Kakhetian
technology are studied. According to the obtained data, in white wine Rkatsiteli the content of catechines
is the following: (+) hine (32.6 mg/l), (-)-epicatechine (58.6 mg/l), 1 hine (43.7 mg/l), and
in red wine Saperavi: (+)- catechine (115.4 mg/l), i hine (29.5 mg/l), (-)-gall ine (174.4
mg/l), respectively. It is shown that a significant difference in the contents of catechines is observed
between white and red wines. Red wine Saperavi contains 3.4 times and 4 times more (+)-catechine and
(-)-gallocatechine, and 2 times less (-)-epicatechine than the white wine Rkatsiteli. Out of flavonols
kaempferol (13.2 mg/l), quercetin (11.2 mg/l) and rutin (2.6 mg/l) were found in red wine Saperavi, while
in white wine RKatsiteli those compounds are absent. The white wine Rkatsiteli does not contain
resveratrol, while in red wine Saperavi its amount is equal to 1.47 mg/L. Out of hydroxybenzoic acids the
protocatechuic acid and gallic acid were not found in white wine RKatsiteli, while in red wine Saperavi
their amount is equal to 14.5 mg/l and 21.8 mg/l. Of hydroxycinnamic acids, in red wine Saperavi caffeic
acid in the amount of 7.4 mg/l, and o-coumaric acid and sy rmglc acid as traces were found. These acids
were not found in the white wine K iteli. Thus, in i ition and itative contents of
phenolic compounds the red wine Saperavi considerably surpasses the white wine Rkatsiteli. © 20/2
Bull. Georg. Natl. Acad. Sci

Key words: phenolic compounds, Georgian (Kakhetian) wines, catechines, flavonols, stilbenes,
hydroxybenzoic acids, hydroxycinnamic acids, HPLQ.

Amajor challenge in human health over the next have on important value. The molecules of phenolic
50 years will be in the area of chronic diseases, many ~ compounds have several biological effects, includ-
types of cancer, type 2 diabetes and obesity [1]. For  ing inhibition of LDL oxidation in vitro and in vivo
protection against the cited diseases phenolic com-  and protection of DNA from oxidative damage; they
pounds, ubiquitously distributed in vascular plants, ~ also have antithrombotic, antimutagenic properties
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[2]. In addition, phenolic compounds are character-
ized by extremely high antioxidant properties [3]. Pro-
ceeding from this, identification of such foodstuffs
which are rich in phenolic compounds having medi-
cal activity is extremely important. In this aspect in-
terest attaches to white and red wines prepared by
Kakhetian technology which contain phenolic com-
pounds in the amount of 1.330-2.430 mg/l and 2.898-
4.416 mg/1, respectively [4]. The purpose of this re-
search is studying the qualitative composition and
the quantitative content of phenolic compounds of
Kakhetian white and red wines prepared in clay ves-
sels (kvevri) by means of a method of high-pressure
liquid chromatography.

Materials and methods. Analyzed samples were
prepared by us in autumn 2010 from autochthonous
grapes (Vitis vinifera 1), cultivated in Georgia white
Rkatsiteli and red Saperavi. Grapes Rkatsiteli and
Saperavi were collected in Kakheti region, respec-
tively in villages Chumlaki and Velistsikhe of Gurjaani
municipality. Grapes Rkatsiteli (80 kg) and Saperavi
(70 kg). together with other parts of grape cluster
(stem, skin, seeds). were crushed in juicer and were
placed in clay vessels (kvevri) dug in the ground.In
the case of Rkatsiteli. the fermentation took place ina
closed cap (t = 21 °C) and at the further ripening of
wine on husks of grapes within 120 days.In the case
of Saperavi the fermentation occurred with an open
cap (t = 23 °C) within 9 days, at regular agitation
(daily) of emerged on surface of the husks of grapes.
submerging the cap by hand with wooden paddle. In
both cases natural yeasts were used. The fermented
wines were drained into a glass vessel and stored in
acellar (t=14°C).

In the analyzed wines Rkatsiteli and Saperavi the
sum of phenolic compounds is 2160 mg/l and 4320
mg/l, respectively [5]. A method of extraction of lig-
uid/liquid was used for fractionation of phenolic com-
pounds of the analyzed wines [6]. For this purpose,
alcohol was removed from 1000 ml of each wine sam-
ple (dealcoholization) on the rotational evaporator at
40°C.The dealcoholized wine, pH of which was
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brought up to 2 (pH = 2), was extracted by ethyl
acetate, after evaporation of ethyl acetate in vacuum
(t=30°C), the residue was dissolved in water, pH was
brought up to 7 (pH = 7) and extracted again by ethyl
acetate. The organic phase which substantially con-
tains flavanols and flavonols, and a water phase was
obtained. The organic phase was evaporated in
vacuum (t = 30 °C), dissolved in methanol and marked
as fraction X1 of RKatsiteli white wine (RWWF X1)
and fraction X3 of Saperavi red wine (SRWF X3). The
pH of water phase was brought up to 2 (pH = 2) and
extracted again by ethyl acetate. Extract of ethyl ac-
etate was evaporated in vacuum (t = 30 °C), the resi-
duewas dissolved in methanol and marked as RWWF
X2 and SRWF X4. These two fractions contain phe-
nolic acids and flavonols. Identification of phenolic
compounds from the obtained fractions was carried
out by means of the high-pressure liquid chromato-
graph “Gilson 116, with UV detector. Chromato-
graphic separation was carried out on “Zorbax ODS™
column (25 cm x 4.6 mm); system of solvents: metha-
nol - 4% acetic acid; 0.2 ml/min, at 280 nm, and 24°C;
injected volume 20 pl. Identification of compounds
was carried out by comparison with retention time of
authentic phenolic compounds. As authentic sam-
ples were used: (+)-catechine, (-)- epicatechine, (-)-
gallocatechine, kaempferol and gallic acid (Sigma),
quercetin and rutin (Chemapol), protocatechuic acid,
o-coumaric acid and caffeic acid (Reachim),
resveratrol (Bio-Tech Co.)

Results and discussion. According to the obtained
data (Table), in white wine Rkatsiteli (fraction X1),
the content of catechines is the following: (+)-

hine (32.6 mg/1), (-)-epi: hine (58.6 mg/l),
(-)-gallocatechine (43.7 mg/l). and in red wine Saperavi
(fraction X3): (+)- catechine (115.4 mg/l),
(-)-epicatechine (29.5 mg/l), (-)-gallocatechine (174.4
mg/1), respectively. It is visible that under the con-

tents of catechines, between white and red wines a
significant difference is observed. Red wine Saperavi
contains 3.4 times and in 4 times more (+)-catechine
and (-)-gallocatechine, and 2 times less (-)-

0
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Table. The contents of phenolic compounds in wines of grapes Rkatsiteli and Saperavi (mg/l)

Authentic phenolic Retention:tie Fractions of white wine Rkatsiteli | Fractions of red wine Saperavi

compound (min) X1 o 3 X4
(-+)-Catechine 19.7 32::0.169 115.420.292
(-)-Epicatechine 32.3 58.6=0.365 29.7+0.438
(-)-Gallocatechine 9.1 43.7+0.204 174.5%0.432
Kaempferol 57.5 not found 13.240.373
Quercetin 53.9 not found 7.320.279 3.9+0.274
Rutin 50.6 not found 2.6+0.392
Resveratrol 51.8 not found 1.47£0.323 ]
Protocatechuic acid 144 12.8:0.219 14.5£0.396
Gallic acid 9.2 26.7:0.288 21.8£0.287
O-coumaric acid 37.7 not found traces
Caffeic acid 2531 not found 7.40.357
Syringic acid 298 ot found traces

epicatechine than the white wine Rkatsiteli. Of
flavonols (Table), in red wine Saperavi (fraction X3)
were found kaempferol (13.2 mg/l), quercetin (11.2
mg/l) and rutin (2.6 mg/l). and in white wine Rkatsiteli
(fraction X 1), these compounds are absent.It is nec-
essary to note that a certain amount (3.9 mg/l) of
quercetin was revealed in fraction X4 of red wine
Saperavi.

The white wine Rkatsiteli (fraction X1) does not
contain resveratrol, while in red wine Saperavi (frac-
tion X3) its amount is equal tol.47 mg/l. Of
hydroxybenzoic acids (Table), in white wine RKatsiteli
(fraction X2) the protocatechuic acid and gallic acid
were not found. while in red wine Saperavi (fraction
X4) their amount is respectively equal to 14.5 mg/l
and 21.8 mg/l. Of hydroxycinnamic acids (Table), in
red wine Saperavi (fraction X4) the caffeic acid in the
amount of 7.4 mg/1, o-coumaric acid and syringic acid
as traces were found . These acids were not found in
the white wine Rkatsiteli (fraction X2). Thus, in quali-
tative composition and the quantitative contents of
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phenolic compounds. the red wine Saperavi consid-
erably surpasses the white wine Rkatsiteli. Exclusive
interest attaches to a comparison of the quantitative
contents of phenolic compounds of wines from grapes
of white Rkatsiteli and red Saperavi, and wines pre-
pared in the various countries. In particular. in the
French white wines the quantitative contents of (+)-
catechine and (-)-epicatechine on the average makes
9.8 mg/land 5.3 mg/!. respectively. while in the French
red wines the quantitative contents of (+)-catechine
changes within the limits 0f22.1-130.7 mg/l. and the
quantitative contentsof (-)-epicatechine changes
within the limits of 7.8-39.1 mg/I [7]. In wines pre-
pared from red varieties of grapes (Tempranillo,
Graciano, Cabernet, Merlot), cultivated in Spain,
(+)-catechine content is equal to 16.01, 32.78, 41.76
and 27.09 mg/l, respectively [8], whereas the red wine
Saperavi contains this compound in the amount of
115.4 mg/l (Table). The red wine Saperavi contains
11.2 mg/l of quercetin, whereas, in the above-men-
tioned red wines, the contents of this compound re-
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spectively is equal to 1.88, 6.90, 5.00 and 4.67 mg/1.
Red wine Saperavi contains 1.47 mg/1 of resveratrol
(Table), red wines Tempranillo, Graciano and Merlot
contain this compound respectively in the amount of
0.73,1.36 and 0.21 mg/l, and in red wine Cabernet it is
detected as traces. Red wine Saperavi contains gallic
acid and protocatechuic acid in amounts of 21.8 mg/
land 14.5 mg/l (Table), while in red wines of grapes
Tempranillo, Graciano, Cabernet and Merlot the con-
tents of these acids respectively varies in the limits
0f12.20- 14.5 mg/land 0.81 - 1.52 mg/1. It is interest-
ing that in red wine Saperavi, syringic acid was found
as traces, however. in the above-cited Spanish four
red wines this compound was found in the amount of
2.60 - 5.76 mg/l. According to our data, in white wine
Rkatsiteli (the harvest 0f2010), kaempferol, querce-
tin and rutin were not found (Table), however, in a
commercial wine from grapes of the variety Chardonel
cultivated in China (the harvest of 2005). these com-
pounds were identified in the amount 0 0.01. 0.06
and 0.17 mg/l, respectively. In commercial wine from
the same variety of grapes, from the 2004 harvest,
kaempferol was not found, however the contents
of quercetin and rutin were equal to 0.25 mg/l and
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0.40 mg/l, respectively [9]. Also it is interesting to
compare the quantitative contents of flavonols of
wine from grapes of Saperavi (the harvest of 2010)
and of commercial wines from 5 varieties of red grapes
cultivated in China [9]. Red wine Saperavi contains
kaempferol 13.2 mg/l, quercetin 7.3 mg/l and rutin 2.6
mg/l (Table). however. in commercial red wine from
grapes of varieties Cabernet Souvignon, Cabernet
Franc, Merlot, Marselan and Petit Verdot, cultivated
in China (the harvest 0f2005), these compounds were
identified in the amount 0£0.01-0.04 mg/L., 0.2-0.94
mg/land 0.49-0.72 mg/1, respectively. Apparently, the
qualitative composition and the quantitative contents
of phenolic compounds in wines are influenced by
the variety of grapes and the geographical environ-
ment.

Conclusion. In this paper we have shown that
the wines from the Georgian autochthonous grapes.
white Rkatsiteli and red Saperavi. prepared by Geor-
gian (Kakhetian) technology, in kvevri, contain bio-
logically active phenolic compounds in abundance:
catechines. flavonols, hydroxybenzoic acids
hydroxycinnamic acids also are the best medical and
preventive means.
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ABSTRACT. Transient receptor potential (TRP) channels are being ardently pursued as targets for
pain therapies. They play an important role in transducing thermal, mechanical and chemical stimuli for
somatic sensation. Several TRP channels exhibit itivity to increases or di in temperature as
well as chemical ligands that elicit similar thermal or painful sensations; these include mustard oil,
cinnamaldehyde from cinnamon, menthol from mint, gingerol, camphor, capsaicin from chili peppers,
eugenol from cloves, and others.

Mustard oil |allyl isothiocy (AITC)] and ci hyde (CA), agonists of the ion channel
TRPALI expressed in sensory neurons, elicit a burning sensation and heat hyperalgesia. In this work, we
tested whether these phenomena are reflected in the responses of lumbar spinal wide-dynamic range
(WDR) neurons recorded in anesthetized male rats. Responses to electrical and graded mechanical and
noxious thermal stimulation were tested before and after cutaneous application of AITC or CA. Repetitive
application of AITC initially increased the firing rate of 52% of units followed by rapid desensitization
that persisted when AITC was reapplied 30 min later. Responses to noxious thermal, but not mechanical,
stimuli were si y enh irresp of whether the neuron was directly activated by AITC.
These findings indicate that AITC produced central inhibition and peripheral sensitization of heat
nociceptors. CA did not directly excite WDR neurons, and significantly enhanced responses to noxious
heat while not affecting responses to skin cooling or hanical sti ion, indicating a peripheral
sensitization of heat nociceptors.

Overall, the presented data with our behavioral results support the idea that thermo-sensitive TRPA 1
channel represents a promising target for the development of analgesic drugs in relief of pain. © 20/2
Bull. Georg. Natl. Acad. Sci.

Key words: desensitiz , dorsal horn, nociception, noxious heat, skin cooling, sensitiz

ation, spinal
cord.
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The transient receptor (TRP) cation channels have
been among the most intensively pursued drug tar-
gets for pain relief over the past few years. Pioneer-
ing research in the field of pain has established thata
subset of TRP channels which are activated by tem-
peratures (the so-called thermoTRP channels) are
capable of initiating sensory nerve impulses follow-
ing the detection of thermal and chemical stimuli [1-
3]. Although pain is currently the most advanced
TRP channel-related field, an increasing number of
gene deletion studies in animals and genetic asso-
ciation investigations in humans have demonstrated
that the pathophysiological roles of TRP channels
extend well beyond the sensory nervous system [4].

The TRP cation channel superfamily is a diverse
family of 28 cation channels that have varied physi-
ological functions. including thermal sensation,
chemo- and mechanosensation, magnesium and iron
transport. Several TRP channels exhibit sensitivity
to increases or decreases in temperature as well as
chemical ligands that elicit similar thermal or painful
sensations; these include mustard oil, cinnamalde-
hyde from cinnamon, menthol from mint, gingerol,
camphor, capsaicin from chili pepper, eugenol from
cloves, and others. The TRPA subfamily has only
one known member (TRPA1) and its name refers to
unusually high number of ankyrin repeats at the
amino terminus ofthe channel protein [3-5].

It is known that mustard oil [allyl isothiocyanate
(AITC)] and cinnamic aldehyde (CA) are agonists of
the TRPA 1 channel [6-8]. When applied to skin, they
elicit burning pain, thermal hyperalgesia, and me-
chanical allodynia [9]. In the oral or nasal mucosa,
AITC and CA elicit burning irritation that decreases
(desensitizes) across trials of repeated application
[10-12]. Lingual application of AITC or CA excites
neurons in the trigeminal subnucleus caudalis (Vc)
[13-15]. AITC excitation of Vc neurons exhibits a de-
sensitizing temporal pattern while sensitizing re-
sponses to noxious heat [14].

Here we tested whether spinal wide-dynamic
range (WDR) type dorsal horn neuronal responses

Bull. Georg. Natl. Acad. Sci.. vol. 6, no. 3, 2012

to repeated cutaneous application of AITC or CA
similarly exhibit a desensitizing pattern and whether
their responses to mechanical and noxious thermal
stimuli are enhanced after application of these chemi-

cals, obser-

with human p
vations [9.11,12]. We presently focused on WDR
neurons for two reasons. First, WDR neurons re-

spond to innocuous mechanical as well as noxious
thermal stimuli. allowing assessment of the effects of
AITC and CA on both types of responses within the
same neuronal population, which would not be pos-
sible with nociceptive-specific (NS) neurons. Sec-
ond. available evidence indicates that WDR neurons
are sufficient for pain perception and they are well
suited to encode the intensity of noxious heat [16].

Methods

Animals and Surgery. Adult male Sprague-Dawley
rats (450-600 g) were used. The experimental proto-
col was approved by the UC Davis Animal Use and
Care Committee. Rats were housed in a room with
controlled temperature (22+1°C) and lighting with
unrestricted access to food and water.

Rats were anesthetized with sodium pentobar-
bital (65 mg/kg. intraperitoneal injection). A
tracheostomy tube was implanted. the jugular vein
or lateral tail vein was cannulated with PE-50 tub-
ing for maintenance of pentobarbital anesthesia.
Core body temperature was monitored rectally us-
ing a BAT-12 thermometer (Physitemp, Clifton, NJ)
and maintained at 37+0.2°C with a lamp and heat-
ing pad. During recording, anesthesia was main-
tained by intravenous (iv) pentobarbital pump in-
fusion. The L.6-S1 intervertebral space was identi-
fied by palpation of the spinous processes and
the posterior superior iliac spine, and a midline skin
incision was made from approximately 1.6 to T11
spinous processes. The paraspinous muscles were
dissected free from the L2-T12 spinous processes
on both sides, and the transverse processes were
exposed by scraping off attached connective tis-
sue. L1 and T13 spinous processes were cut and
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removed, and a bilateral laminectomy was performed
at both levels under a dissection microscope. The
dura was removed and warm agar was poured over
the spinal cord. Vertebral clamps on the transverse
processes of T12 and .2 were used to stabilize the
animal in a stereotaxic frame (Kopf Instruments,
Tujunga. CA). Needle electrodes were placed in
both forelimbs to monitor electrocardiographic
(ECG) activity. In 21 rats the sciatic nerve was ex-
posed for electrical stimulation. A 3.5-cm midline
incision was made in the postero-lateral upper
hindlimb at the level of the biceps femoris muscle.
The semitendinosus and biceps femoris muscles
were separated using blunt dissection techniques
and the semimembranosus muscle was reflected
with fine forceps and microscissors. The left sci-
atic nerve was isolated above the bifurcation of
the tibial and common peroneal nerve and a strip
of paraffin wax was wrapped beneath the nerve

After placement in the stereotaxic frame. the sci-
atic nerve was positioned onto a hooked parallel
bipolar electrode (FHC. Bowdoinham, ME) and
bathed in warmed mineral oil intestinal lubricant.
During trials with electrical stimulation a neuromus-
cular blocker (pancuronium, 0.1 mg iv) was admin-
istered and the animal was ventilated using a posi-
tive-pressure pump (Harvard Apparatus. Holliston,
MA). End-tidal CO, was monitored by a Datex 254
gas analyzer (Datex-Ohmeda, Tewksbury, MA) and
maintained between 3.0 and 4.0% by adjustment of
tidal volume and/or respiratory rate.

Stimulation and recording. An 8-11-MQ Teflon-
coated tungsten microelectrode (FHC) was advanced
into the dorsal horn of the spinal cord using a hy-
draulic microdrive to record single-unit activity of
dorsal horn neurons. Units isolated for study were
always at depths <1 mm. Action potentials were am-
plified and displayed by conventional means, and
sent to a computer for storage and analysis using a
Powerlab interface and Chart 5.0 software (AD In-
struments, Oxford, UK).
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Single units were searched for and isolated using
innocuous mechanical stimulation ofthe plantar sur-
face of the ipsilateral hindpaw. Units were chosen
with receptive field areas on the plantar surface of
the toes, corresponding to approximately 1.5 spinal
cord. Only units that responded to graded non-nox-
ious (brushing, 4-12 g von Frey) and noxious (76 g
von Frey, pinch) mechanical and noxious thermal (42,
46, and 50°C) stimuli were considered for further study
(WDR neurons). For mechanical stimulation. a series
of graded von Frey filaments (4. 12, and 76 g) were
applied in ascending order. Each stimulus was ap-
plied for 10 sata 1.5-min interstimulus interval to the
center of the receptive field.

Thermal stimuli were delivered to the center of the
receptive field using a Peltier device (Physitemp NTF-
2A) mounted to a micromanipulator. The thermode
temperature was controlled by computer. and stimuli
were delivered at a rate ofabout 12.5°C/s from an adapt-
ing temperature of 35°C with an accuracy of +0.1°C. In
the initial studies with AITC (127 rats), 46°C and
50°C stimuli were used, whereas in later studies with
CA (n=14rats). 42,46, and 50°C stimuli were used. In
several experiments, a cooling stimulus (from 35°C to
10°C over a 30 sec period) was also delivered.

Chemical application. Ten minutes after comple-
tion of the mechanical and thermal (and electrical, if
included) stimulation series, 60 s of baseline activity
was recorded before application of either AITC. CA,
or mineral oil (vehicle control). AITC (allyl
isothiocyanate; 2 pl, 75% in mineral oil; Fluka, St.
Louis, MO), cinnamaldehyde (CA: in mineral oil;
Sigma-Aldrich). or mineral oil was then topically ap-
plied to the center of the receptive field area at | min
intervals for 10 min using a Hamilton microsyringe
attached to PE-50 tubing. Eleven minutes after the
last AITC or CA droplet was applied. the von Frey
and thermal stimulation series were repeated. The
thermal probe was replaced at the same hindpaw lo-
cation using millimeter coordinates on the microman-
ipulator to which the thermal probe was mounted.
Thermal stimulation was always initiated 2 min after
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replacement of the thermal probe. Application of AITC
or CA was repeated after a 10 min wait period. Thus,
30 min had passed between the last AITC or CA ap-
plication of trial 1 and the first AITC or CA applica-
tion of trial 2. On completion of the experiment the
animal was killed by overdose of pentobarbital. ad-
ministered intravenously.
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In 14 experiments electrical stimulation of the sci-
atic nerve was performed. In these plus an additional
S experiments, the hindpaw receptive field was also
stimulated electrically by percutaneous needle elec-
trodes. Constant-current stimulus trains of 16 pulses
(0.7 ms duration) at | Hz were delivered with an S48
stimulator (Grass, West Warwick, RI). We presently
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counted all C-fiber and after-discharge activity oc-
curring in the 100- to 1,000 ms latency period. The
stimulus intensity was adjusted for each unit to be
threefold that of the C-fiber threshold.

Data analysis. The spontaneous firing rate was
calculated as the sum of the total number of action
potentials that occurred for 30 or 60 s before each
stimulus. Responses to von Frey and thermal stimuli
were quantified by summing the total number of
action potentials recorded during the 10 s stimulus
period, and subtracting the spontaneous firing rate
per 10's(30 stotal/3). The after-discharge was quan-
tified as the total number of action potentials dur-
ing the 30 s after the offset of the stimulus. Sponta-
neous firing, evoked responses, and after-discharge
to each mechanical and thermal stimulus were com-
pared pre- versus post-treatment for each treatment
group (AITC, CA. and mineral oil) using paired /-
test. Responses to AITC, CA, and mineral oil were
quantified by summing the total spikes during the
60 s interval after each application Fach sum was
compared with the sum of the total spikes during
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the 60 s preceding the first application (baseline)
using univariate ANOVA with post hoc Dunnett’s
two-sided r-test. A P value of <0.05 was taken to be
significant. Statistical analyses were performed us-
ing SPSS 9.0 software. All data are means +SE un-
less otherwise noted

Results

Response to AITC application. In the first series of
experiments, 27 units were tested for responses to
repeated application of AITC and 14 (52%) re-
sponded. The example in Fig. 1G shows a buildup
of firing to the initial AITC stimuli. The mean re-
sponses are shown in Fig. 2 for units excited by
repeated application of AITC [Fig. 2. left, black peri-
stimulus time histograms (PSTHs)] and for those
unaffected by AITC (gray PSTH). For the respon-
sive units. the mean firing rate during the first three

stimulus applications was significantly greater com-
pared with pre-AITC baseline but then declined to
alevel that was not significantly different from base-
line (Fig. 2, left). After a 30-min rest period, AITC
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was reapplied in the same manner. Although there
was a trend toward an increased firing rate, this did
not reach statistical significance relative to pre-
AITC baseline (Fig. 2, right).

All units were tested for responses to graded
(46°C and 50°C) heat before and after AITC. Figure 1
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ed to the heat stimulus (indicated by horizontal bars).
ntly different from pre-AITC (P<0.0;
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I application of mineral

shows one unit’s responses before AITC (Fig. 1. B
and C) and their marked enhancement post-AITC
(Fig. 1. Hand ]). Figure 34 shows averaged responses
to heat stimuli before (gray PSTHs) and after AITC
(black PSTHs) for units that were directly activated
by AITC. Responses to both 46 and 50°C were sig-
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nificantly enhanced post-AITC. Units unresponsive
toAITC similarly exhibited a significant enhancement
ofheat-evoked responses post-AITC (Fig. 3B). Vehi-
cle (mineral oil) application had no effect on heat-
evoked responses in a separate group of 10 units
(Fig. 3C).

The WDR units typically exhibited graded re-
sponses to increasing bending forces of punctate
von Frey stimuli (Fig. 1. D-F), which were minimally
affected post-AITC (Fig. 1, J-1). Figure 4 shows av-
eraged responses to graded mechanical stimuli be-
fore (gray PSTHs) and about 11 min after AITC (black
PSTHs), for AITC-sensitive (Fig. 4A) and AITC-in-
sensitive units (Fig. 4B). There were no significant
differences in responses pre-versus post-AITC. Simi-
larly, responses pre- and post-vehicle (mineral oil)
application were not significantly different (Fig. 4C).
Finally, responses of units to low-threshold brush-
ing of skin in the center of the mechano-sensitive
receptive field with cotton were not significantly dif-
ferent pre-versus post-AITC application.

Response to CA application

In a separate group of 14 units, repeated application
of CA did not significantly affect any unit’s firing
rate. Similar to AITC, responses to graded noxious
heating were significantly enhanced post-CA appli-
cations. Figure 5 shows an individual example (com-
pare A~C with D-F), and Fig. 6A shows averaged
responses that are overlaid to emphasize the pro-
gressive increase after the first (light gray PSTHs:
post-CA 1) and second applications of CA (black
PSTHs; post-CA 2) compared with pre-CA (dark gray
PSTH). Mean responses after both the first and sec-
ond trials of CA application were significantly differ-
ent from pre-CA at each stimulus temperature (paired
I-test, P<0.03).

Atthe same time, Figure 5 shows a typical exam-
ple in which responses to graded von Frey stimuli
were similar before (Fig. 5. G-T) and after CA (Fig. 5,
J-L). Figure 6B shows averaged rc sponses to graded
von Frey stimuli with no significant change after
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the first or second application of CA compared with
pre-CA.
Discussion
Amain finding of this study is that both AITC and CA
sensitized dorsal horn WDR neuronal responses to
noxious heat while not significantly affecting their re-
sponses to other stimuli. This heat sensitization was
observed irrespective of whether the AITC or CA di-
rectly excited the neuron. Furthermore, electrically
evoked responses of the WDR units were either unaf-
fected. or reduced. after application of the irritant to
the skin. These data therefore support a peripheral
site of heat sensitization by the TRPA 1 agonists and
argue against a central sensitizing action

Roughly, 50% of WDR dorsal horn units re-
sponded directly to topical application of AITC with
an initial increase in firing that desensitized over a 3-
min period despite continued application of AITC. A
previous study reported a similar fraction (53%) of
mainly WDR dorsal horn neurons to be directly acti-
vated by 4% AITC applied adjacent to the mecha-
nosensitive receptive field in decerebrate spinalized
rats [17]. The desensitizing response pattern observed
presently was similar to that of responses of neurons
in trigeminal subnucleus caudalis (Ve) to lingual ap-
plication of AITC [14-15], as well as the desensitizing
temporal pattern of irritancy ratings elicited by lin-
gual AITC in humans [12]. The lack of response of
the other halfofthe WDR units to topical AITC sug-
gests that our application strategy using a high con-
centration (75%) and low volume (2 pl)did not have
non-specific excitatory or toxic effects. On reapplica-
tion, AITC did not evoke a significant increase in
WDR neuronal firing, consistent with self-desensiti-
zation reported for AITC irritancy on the tongue that
lasts >10 min in humans [12]. However, Vc neurons

AITC quickly [14],

possibly due toa more rapid clearance rate in the oral

If-d

mucosa compared with hindpaw skin. Consistent with
this, it was shown that a 10-fold higher concentra-
tion of capsaicin is required on facial skin versus
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tongue to elicit equivalent burning sensations and
that the time course of desensitization was much
slower on the face than on the tongue [18].

The mechanism underlying AITC self-desensiti-
zation could involve a peripheral or central site of
action. Peripherally, repeated application of AITC may
lead to desensitization of TRPA | expressed in nocic-
eptive endings. AITC self-desensitization was re-
centlyreported to occur by a calcium- and calcineurin-
independent mechanism in an in vitro assay of pep-
tide release from skin—nerve biopsies [19]. Alterna-
tively, central inhibition might contribute to the re-
duced response of WDR neurons to repeated appli-
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Averaged responses to mechanical stimuli afier appl
itive neuro

cation of AITC or mineral oil (control) to the receptive field
S to stimulation with von Frey filaments with bending

- (zray PSTHs) and 10-min post application of AITC (black

1 for mechanically evoked responses of AITC-insensitive

nd post-AITC application. - format as in 4 for mechanically evoked responses of 10 different WDR
and post application of mincral oil (vehicle control).

cation of AITC. However, such a proposed central
inhibition was insufficient to prevent AITC and CA
enhancement of WDR neuronal responses to nox-
ious heat.

CA did not directly excite the WDR units re-
corded presently, whereas lingual application of CA
readily excited Ve neurons [15], presumably due to
the lower diffusion barrier presented by the lingual
epithelium compared with hindpaw skin. It is likely
that the amount of CA that reached the sensory
nerve endings in the hindpaw epithelium was insuf-
ficient to elicit action potentials. although it was
sufficient to induce heat sensitization, presumably
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by the same peripheral
AITC. In contrast, AITC strongly excited about 50%
of WDR cells, with a resultant depression of electri-
cally evoked neuronal responses presumably by
activation of spinal inhibitory circuits by the
stronger afferent drive.

Furthermore, AITC sensitized WDR neuronal re-
sponses to noxious heat, irrespective of whether AITC
directly activated the unit. CA also sensitized re-
sponses to heat even though it did not directly excite
WDR units. Previous studies of WDR neurons in
lamina V of mice, reported significant enhancement
ofneuronal responses to 40°C (but not 45°C or 49°C)
[20.21], and a signi I of after-di
chargeresponsesto41°C and 45°C [22] after applica-
tion of AITC (10%, 60 1) to the hindpaw. Lamina I
nociceptive-specific (NS) neuronal responses to heat
were also enhanced post-AITC [20.21]. Our results
are generally consistent, in that AITC more strongly

enhanced rat WDR neuronal responses to the lower

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012

p es (42°C and 46°C) compared with
the highest (50°C). Two previous studies reported
no change in noxious heat-evoked responses of rat
and mouse WDR neurons after AITC (50 or 100%)
was applied adjacent to the receptive field [23-24]
AITC
tive C-fiber afferents to noxious heating [25]. Because

responses of - sensi-

AITC did not enhance WDR neuronal responses to
mechanical or electrical C-fiber stimuli, the most par-
simonious explanation is that AITC applied within
the cutaneous receptive field sensitized peripheral
nociceptors to result in primary hyperalgesia. TRPA1
is coexpressed with the heat-sensitive channel TRPV 1
in primary sensory neurons [26]. so AITC enhance-
ment of nociceptor responses to noxious heat might
involve a cellular mechanism by which activation of
TRPA1 enhances the thermal sensitivity of TRPVI.
Another possibility is that AITC causes release of
inflammatory mediators that in turn lower the thermal
activation threshold of TRPV1 [27.28], resulting in
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the observed enhancement of responses, particularly
1042°C and 46°C.

Neither AITC nor CA affected WDR neuronal re-
sponses to graded pressure or light brushing of the
mechanosensitive receptive field. This is partially
consistent with recent studies showing that AITC
significantly enhanced murine deep dorsal horn WDR
neuronal responses to only the weakest mechanical
stimulus while having no significant effect on re-
sponses to stronger stimuli [21]. However., other stud-
ies have shown significant enhancement of neuronal
responses to innocuous mechanical stimuli, and ex-
pansion of receptive fields. in rats and mice after ap-
plication of AITC adjacent to the mechano-sensitive
receptive field of spinal WDR or NS neurons
[17.23.24.29]. Such enhancement was seen in decer-
ebrate spinalized rats [17]. although another study
reported the AITC-induced mechanical enhancement
to be significantly attenuated in spinalized rats [23],
implicating involvement of descending facilitatory
pathways. The present lack of effect of AITC or CA
on mechanically evoked responses of WDR neurons
indicates that our method of intermittent application
of small (2 ul) volumes of these agents did not pro-

duce sufficient afferent drive to engage or

duced asi concentration-d dent reduc-

tion in latency for ipsilateral paw withdrawal from a
noxious heat stimulus in mail rats (heat hyperalge-
sia). The highest dose of CA also significantly re-
duced the contralateral paw withdrawal latency. CA
significantly reduced mechanical withdrawal thresh-
olds of the injected paw (mechanical allodynia) and
was more profound, with no effect contralaterally.
Bilateral intraplantar injections of CA resulted in a
significant cold hyperalgesia (cold plate test) and a
t of i cold avoid

(thermal preference test) [30.31]. These results sup-
portarole for TRPA in cold detection, as the TRPA1
agonist CA enhanced cold sensitivity in two beha-

weak

vioral assays [32].
However, these behavioral findings are inconsist-
ent with presented here electrophysiological data
showing that neither CA nor AITC had any signifi-
cant effect on mechanical sensitivity of spinal WDR
neurons. The mismatch between our behavioral ob-
servation of a CA-induced increase in mechanosensi-
tivity and lack of CA effect on neuronal mechano-
sensitivity may involve the route of administration
of this substance [30-32].
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The Maximum Heart Rate as a Parameter of
Sport-Age Functioning
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(Presented by Academy Member Nodar Kipshidze)

ABSTRACT. The maximum heart rate is the variable that is very important in determining the training
quality as well as to avoiding unnecessary loading on the body. In spite of the known fact that heart rate
depends on age, gender, sportive qualification, type of sport, load intensity and other environmental
factors - it is still unknown exactly how much its value is affected by the factor of training. Aforementioned
determined the research aim: to study the maximum heart rate value dependence on the age and training
level on an example of different ages of judokas(8-20 year).

The heartrate was by during one minute.In order to achieve a maximum
heart rate value in judokas developed fast durability test (fast throws) was used by the author, lasting for
100 seconds.

Quantitative heart rate data received after completing the test were depicted as minimum, average
and maximum values (p <0.05).

The study compared the data of untrained persons and judokas (20-22 years of age). It was found that
on the one hand training factor somewhat increases this index and the difference makes 7.1 beats per
minute. On the other hand, it is proved that the maximum heart rate is affected by the age factor, and
therefore this index from 8 to 20-years of age decreases annually on average by1.2 beats (from 212 to
196).

The obtained results show that on the example of the heart rate the functional development for
judokas extends well beyond the general biological characteristic regulations and makes standards
specific for it. © 2012 Bull. Georg. Natl. Acad. Sci.

Key words: functional system, the limit of detection, biological determination, training factor.

The heart rate is one of the best indicators for
determining the naturalconditions of the body. In
sports research practice it holds a special place in the
evaluation of the training quality. Its precise defini-
tion is important not only because sportsman’s body
could get the maximum beneficial effect as a result of

exercise, but also in order to eliminate unnecessary
loading of the heart.

Taking into account the aforesaid, the sportsman
necessarily needs to know what maximum value of
heart rate he has. It should be noted that in general
there is no precisely determined, optimal heart rate,

© 2012 Bull. Georg. Natl. Acad. Sci
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and according to one author [1] it depends on age,
gender, qualification, type of sport, load intensity
and other environmental factors.

The data obtained on this issue [2] confirm that

the maximum heart rate primarily depends on age: it is
higher in children than in adults and decreases lin-
early with age. Maximum heart rate of children under
the age of 10 is often more than 210 beats, while for a
20-year-old man this value makes 195 beats per minute.

Longitudinal studies show that after the adulth

heartrate is affected by training factor. The aforesaid
fact determined our goal.

The aim was to study maximum heart rate value
dependence on the age and training level.

Objectives: 1. Registration of maximum heart rate
in conditions of standard physical load on the exam-
ple of judokas.

2. Review of maximum heart rate in different ages.

3. Determination of influence of training level fac-
heart rate. (M

toron heart rate value

age heart rate decreases by 1 - 0.5 units every year.

There are contradicting opinions about interrela-
tions between the training level and maximum heart
rate: the data obtained by a number of researchers
[3-7] prove that the training and exercise factors do
not cause the maximum heart rate reduction, and
along with the physical training its value remains
unchanged or slightly decreases.

Different data are provided by other authors’ [8]
survey results, according to which the maximum heart
rate value really changes with the factor of training
and its maximum value may change from 3 - to 7% as
aresult of aerobic exercise or detraining.

Review of this information shows that it is still
not really determined precisely whether the maximum

comparison between judokas and untrained persons).

Material and Methods

The study was conducted on 8-20 year old judokas.
At least 60 judokas were recruited in each age group.

The maximum heart rate was measured by palpa-
tion for a minute. In order to achieve a maximum
heart rate value in judokas use was made of a fast
durability test developed by the author, when a per-
son under experiment without resistance from a part-
ner performed throws at maximum speed for 100 sec-
onds.

Statistical Analysis.Data were processed by the
computer program SPSS 19. The ANOVA test was
used in order to determine the dependence of the

s Minimum

210

g

170

Heurt rate (bext/miny

130

StDevistion - -

Fig. Descriptive data on the maximum heart rate of judokas
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maximum heart rate on age. Quantitative data are pre-
sented in the minimum, average and maximum val-
ues. Reliability level was p <0.05.

Results and Discussion

The obtained results are presented in the Figure.

The data, presented in the Figure show that the
maximum heart rate varies significantly at different ages
after loading completion. From 8 - to 20-years of age
the heart rate minimum values decrease from 152 - to
135, and the maximum values from 212 - to 196. In this
and

agerange per i ofthe

maximum value dispersion shows the opposite pic-
ture: at the age of 8 the lower value is fixed - 39.5% (152
and 212) than at the age of 20 - 45.2% (135 and 196).

The average values of maximum heart rate in
standard loading conditions clearly show an exam-
ple of the highest functional shifts for the younger
children, as far as the obtained values are less for
each of the next age. During one minute after loading
completion the determined maximum heart rate aver-
age value reaches 182.2 at the age of 8. This mark
decreases by 16 units (up to 166.2) and 9.6% by 20-
year-old age. This issue may be explained by the
following circumstances: at teen age the initial heart
rate value (at rest) is still quite high, and training
levels are low and therefore despite performing even
fewer throws compared with older age (at 8 years of
age on average 30.2 throws; at 20 years on average
45.1 throws). which was expressed in less volume of
performed work - the body gets more loaded.

In order to solve the issue, set in the third objec-
tive of the research, maximum heart rates were com-
pared between untrained persons and judokas. Our
data (20 years - 196 beats per minute) were compared
with the results of study of one of the researchers,
[8] conducted on untrained persons of 22 years of
age (188.9 beats per minute). The comparison showed
that the training factor in judo at the older age causes
maximum heart rate increase by 7.1 units (3.8%).

In order to determine whether the data obtained
by us corresponded to the already existing informa-
tion on this question - obtained in our study by the

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012

continuous registration method results of maximum
heart rate at the age of 20 (196 beats per minute) was
compared to the data obtained in trained persons of
the same age, [3]. according to which the maximum
heart rate amounts to the same value- 196 beat per
minutes. On the one hand, this fact highlighted the
tendency of maximum heart rate decrease together
with the age increase (in our study 212 beats per
minute were recorded in 8-year-old children). and on
the other hand, in judokas of adult age (20 years) the
specific result for maximum heart rate: 196 beats per
minute.

The data obtained show that the maximum heart
rate from 8 - to 20 years (during 13 years) reduces by
16 units (212-196), i.e. decreases in average by 1.2 units.
(16/13) each year. At the same time, according to the
other author [2] the maximum heart rate from adult age
decreases from1 to 0.5 units each year. Based on the
comparison of these data with the results of our study
show that the maximum heart rate reduction occurs
not only in adults, but in youths as well, and here the
process is characterized by relatively higher intensity.

Conclusions

The mean value of maximum heart rate from 8 to 20
years of age decreases by 16 units (182.2-166.2). This
fact confirms that the value of this variable is espe-
cially affected by the age factor.

The maximum heart rate is also subjected to the
influence of the training factor: its maximum value for
the age 0f 20-22 years as a result of the judo training
is in average by 7.1 units higher (196-188.9) com-
pared with that of untrained persons.

The maximum heart rate from 8 - to 20-years of
age decreases by 16 units (from 212 to 196). It means
that it decreases in average by 1.2 units in each sub-
sequent year. After 20 years of age it decreases with
less intensity: from 1 - to 0.5 units per year.

The obtained results show that on the example
of the heart rate the functional development for
Jjudokas extends well beyond the general biological
characteristic regulations and makes standards spe-

cific for it.
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ABSTRACT. Nowadays, more than 50% of the world population are infected with Helicobacter pylori.
Itis a well-known fact that this microorganism is of a great danger for people in 20-30% cases. It is also
known that the index of infection, caused by H. pylori, depends on geographic areas, ethnics and race,
factors of habits, sex, age and social environment. It i: ially common in ically under-privileged
countries. This infection is mainly spread in the kind of gastroduodenal diseases: chronic gastritis,
peptic ulcer disease, MALT-lymphoma, gastric cancer. According to certain literature the mentioned
bacterium causes diseases of other visceral organs of humans.

The aim of our research was to study H. pylori urease activity, spread and coexistence of Candida
spp and H. pylori in patients with gastric cancer. 24 patients with gastric cancer (GC) were involved in
the study (National Cancer Center, Thbilisi). Identification of strains H. pylori, Candida spp and other
gram-negative rods and gram-positive cocci were performed by established methods, on the basis of
morphological, tinctorial, cultural and biochemical properties. Ages of patients ranged from 50-73 years
with a male:female ratio of 1:3. Gc was more frequent in antrum (58.33+10.07%). Microorganisms
were isolated both in monocultures and in associations. There were 19 H. pylori+ patients (35.84+9.78%).
Candida spp were isolated in 30.18+9.35% cases. Other organisms were in a small amount (gram-
negative rods, gram-positive cocci.). Correlation of H. pylori and Candida spp was higher in comparison
with other species. The highest urease activity of H. pylori was revealed within 24h (42.10£10.07%). €
2012 Bull. Georg. Natl. Acad. Sci.

Key words: Helicobacter pylori, Candida spp, gastric cancer, microflora.

Microbes induce an estimated 20% of all fatal Helicobacter pylori (H. pylori ) is the first for-

cancers in humans, suggesting the po-  mally recognized bacterial i and is one of

tential of controlling microbe-related processes for  the most successful human pathogens. as over half of
cancer prevention [1] the world’s population is colonized with this gram-

© 2012 Bull. Georg. Natl. Acad. Sci
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negative bacterium. Unless treated, colonization usu-
ally persists lifelong. H. pylori infection represents a
key factor in the etiology of various gastrointestinal
diseases, ranging from chronic active gastritis with-
out clinical symptoms to peptic ulceration, gastric ad-
enocarcinoma, and gastric mucosa-associated lym-
phoid tissue lymphoma [2-4]. Although infection may
al i [5.6].its
sequences outweigh currently projected beneficial

bel in son tholl I con-

roles. Antibiotic resistance and compliance problems
significantly reduce treatment efficacy [7.8]. In devel-
oping countries, reinfection is common, and current
treatment options are inadequate for control as /1 py-
lori is the most frequent infection ofthe stomach [91.

Gastric pathology can be caused by other in-
fectious agents. including fungi. other bacteria,
parasites, and viruses. These infectious agents fre-
quently are part of a systemic process in which the
resulting gastric pathology is one of the manifes-
tations. Other microorganisms cause primary gas-
tric pathology. Lots of interesting facts confirm

Table 1. Microflora of patients with GC (N=24)

that Candida spp is accompanied by gastric ma-
lignancy. Analysis of relationship between se-
lected disorders of the upper gastrointestinal tract
and infection with I1.pylori and/or Candida spp
revealed a link between the coexistence of /1. py-
lori with Candida spp and gastric ulcers suggest-
ing synergysm of those microorganisms in
pathogenesis of the disease [10]. Study of the ag-
gravating impact of this infection is under a great
attention of the scientists.

Considering the above said. the aim of our study
was to identify some cultural, biochemical character-
istics of H pylori, especially rapid urease test and
coexistence of Candida spp and H. pylori.

24 patients with gastric cancer (GC) were in-
cluded in the study. The resection materials and
biopsy specimens were taken during the operation
or endoscopy procedures. Identification of strains
H.pylori, Candida spp and other gram-negative
rods (G-rods) and gram-positive cocci (G + cocci) was
performed by established methods on the basis of
morphological, tinctorial. cultural and biochemical
properties [10,11].

The age of patients ranged from 50-73 years with
amale:female ratio of 1:3 (Fig.)

Gc was more frequent in antrum (58.33410.07%)
than in corpus (29.1649.26%) in comparison with the
body and proximal part of gaster (29.16+9.26% and
12.5 +6.75%, respectively).

Microorganisms were isolated both in mono-
cultures and in associations. There were 19 /1 pylori+
patients (35.8:£9.78%). Candida spp were isolated in
30.18+9.35% cases. Other organisms were in a small
amount (gram-rods, gram+ cocci. ).

N Microflora Number of %
patients

1 Hpylori 2 8.33£5.63

2 Candida spp 1 417440

3 Hpylori+ Candida spp 6 25.0+8.83

4 Hpylori+ Candida spp+ G+ cocci 5 20.84:8.33

5 Hpylori+ G+cocci 5 20.84+8.31

6 Candida spp+ G+ cocci 3

7 Hpylori+ Candida spp+ G-rods 2

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012
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Helicobacter pylori Urease Activity and Spread ...

Table 2. Urease Activity of H.pylori (%)

20 min. 3h
[ I

18h I 24h

1 10.52 £6.25 ’ 26.31+ 18.95 l

21.05+831 [ 21081007 |

Correlation of H.pylori and Candida spp was
higher in comparison with other species. As shown
in the Table 1. H.pylori was in monoculture in
8.3345,63% , Candida spp - in 4.1+54.0% cases. Other
bacteria were in associations. H.pylori+ Candida
spp+Grcocci (20.84+8.33%). H.pyloritGcocci
(20.84+8.31%). Candida spp+ Gtcocci (12.56+6.75%),
H. pylori+ Candida spp+G-rods (8.33+5.63%).

The highest urease activity of H.pylori was re-
vealed in 24h. (42.10410.07%) in comparison with

JogmBomenmgos

3, 18 hand 20 minutes (26.3 +18.95%,21.05+8.31%,
10.52+6.25%. respectively) ( Table 2).

Results of our study show high prevalence and
coexistence of F. pylori and Candida spp in pa-
tients with Ge. Correlation of /. pylori and Can-
dida spp was higher in comparison with other gen-
era. Fl. pyloriurease activity was very high as well.
The highest urease activity was revealed in 24h
(42.10%) in comparison with 3, 18 h and 20 min-
utes.

Helicobacter pylori-i 96gsbmemo sdBogmds s Candida
SPP-b a33639emgds gpdol odmb 3Jmby 35309689030

3. bae-aﬁo.)ﬁa',‘h. ’bae'ﬂt‘m-ﬁo“, . g3mopdsbsbot, 3- Bobrtsbot
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$ bsgfizol Loty

J% % 'OJ0"
§8 GSI Jorbdopsag
bagg@bogsgisob

360650 9liacs-

130b (o560

(Foiogaghomos speglogob 3. ggbogsdol dog®)

adg3bogeer gbsd-higagdol Ggbeco.

wobowyy. obgegon; mdogrobol bobymdfager badogeber

)f/m(,m o, odogrbogy. obegon; mdogrobol bobyemdfoge bodwogober

licob

53583 sl bmgmdols 50% obggozotind

pylori-o. 3363055 36m3omo, Bmd

030 20-30% Bgdorbggsdo oo Bosbob 3m36a5nb H. pylori-ofiggiools obgdlo 38mgomgdmos
307330 6y ¥by, gobosgBhrdsbs ms Galsby, Fal-ygrmgbadby, batby, sbaghy s bogosrg®
3ieby. ogo a6 sgonbon agbrgds madammo gymbrBogyto asbgomseidol Jagsbgddo. gb obggdes
3%OGamgtames BlpGoRIORIFGe roxprRIdgel — Jhmbogmmo askhGogol, 3g3gonte
Fgmpmegbo rosgdggdol, MALT-modgmdol, gngol godmb 3Jmby 35309683830, Bmgogtamo
LadgBogthe Fyatol dobyrgom, ogo Slygy bbgs mbasbmgdol mssgegdgdlsg ofamb:

33300 Bobabo ogm Bgaaglfgems H.pylori-t peégsbymo sddogmds, Candida spp-b gs3trgemgds
g3 dobo 0b236lgdmds gm3ol godels (33) 8Jmby 35g0gbih3o.
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Lodbogbols mmeysemobs(zos gte Bdoto oge 675380 (58.33£10.07%). 3o rmmergs6obdgdo gsdmagem
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ABSTRACT. During hemorrhagic shock (HS), in which the destructive process de\ elops. the brain
cortex sharply reacts to hypoxia. The pyrrole derivative PV-88 is characterized by ca’ sluw L channel
blocking effect. Subsequently, it protects the brain cortex cells from overloading by Ca™"ions. Possibly,
it also affects T channels due to the cerebral-protective effect of this class of preparations.

The experiments were carried out on male cats. In total three series of experiments were conducted
with 5 animals in each: one series in conditions of HS, the second series at the 80th minute of HS
against the background of verapamil action, and the third series as a result of PV-88 effect.

Modeling of the hemorrhagic shock development was maintained up to 40 mm Hg the mean arterial
pressure (MAP), gradually decreasing during 1 hour (HS60). The blood exfusion at 40 ml/kg was done
against the background of artificial ventilation, which made 130-150 m/min. The arterial blood pH was
maintained at 7.35-7.45, and PO, - 90 mm Hg and more. The cat’s body temperature stability varied
between 37.8° C and 38.2° C. In the right femoral artery MAP was measured invasively, and from the left
one the blood exfusion was done. Verapamil at the dose of 0.25 mg/kg and PV-88 at the dose of 3.0 mg/kg
dissolved in normal saline, the volume of which did not exceed 1/20 of the exfused blood, were administered
into the cat’s right femoral vein. The animal’s death was caused by putting it asleep at the 80th minute
from the start of blood exfusion. We took the left frontal lobe (Lobus frontalis) of the brain cortex for
examination by the electron microscope. Our research shows that PV-88, which is an acidic citrate
1-3(diethylamine) propyl-3(n-fluorophenyl-3-oxopropen)pyrrol, is characterized by more marked
protecting ability to astrocytes and neurocytes, than preparation verapamil. © 2012 Bull. Georg. Nail.
Acad. Sci.

Key words: hemorrhagic shock, cerebral cortex, verapamil, PV-88.

Hypoxia, developed during the hemorrhagic  ing destruction of cell membrane of the astrocytes
shock, significantly affects the cerebral cortex func-  and neurocytes. The basis of this process is the de-
tioning. At a sharp decrease of the activity of cardio-  pletion of the cell energy stock and profound de-
vascular system a significant increase of Ca® ion  struction of microcirculation, which ultimately ends
amount is observed in the cerebral cortex cells, caus-  in irreversible process development. Ca** L slow chan-

© 2012 Bull. Georg, Natl. Acad. Sci.
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nel blockers are used for acute functional disorders
of cerebral blood circulation and homodynamic dis-
orders. In this aspect. nimodipin is characterized by a
marked efficacy in the treatment of subarachnoidal
hemorrhage [1-2]. Based on the position of the func-
tional activity. the central nervous system (CNS) vi-
ability is provided by feed-back type cycles as a uni-
fied ensemble. Centripetal striving for a state of shock
from the middle of the brain reticular formations is
subjected to modulated control. The cerebral cortex
functioning is reflected at this level, which dramati-
cally affects afferent ways: this process is stimulated
by positive feed-back startup. Rapid manifestation
of morphological damage to the neurons, organized
in this entire ibili

. and their i y

with life

isa crucial organ in the moment of the death occur-

indicates that the central nervous system

rence. The ensemble of shock-producing informa-
tion runs around the cerebral cortex once again and
causes sharp, fulminant damage of central en-
cephalic formations; in this direction the Ca** slow
channel blockers completely change the gravity of
irreversible process development. Their ability can
be used in polymorphous manner toward the dam-
age of other genes. This group of preparations and
in particular PV-88 may be used effectively for pre-
vention of dementias. Studies, conducted on ani-
mals, demonstrated that L-type Ca* blockers
weaken f-amyloid oligomer toxicity, tau protein de-
structive effect and improve the autophagy (the
basic process of abnormal protein liquidation). Fre-
quent, repeated craniocerebral trauma significantly
contributes to the development of dementia, (e.g.
boxers’ dementia), which is explained by the extra-
and subdural hemorrhage and anoxia. Supposediy
PV-88 due to its mechanism of action will have an
important role in studies and may be used in treat-
ment of dementia, which becomes more topical for
the increase in the average age of life [3.4].

Materials and Methods. The experiments were car-
ried out on male cats weighing 2.5-3.5 kg., which were
not given food for 24 hours (receiving unlimited

Bull. Georg. Natl. Acad. Sci.. vol. 6, no. 3. 2012

amount of water). General anesthesia was done with
nembutal 35-40 mg/kg. Through the catheter, inserted
in the left femoral artery the blood flowed into a glass
vessel (cylinder), MAP was decreased to 40 mm Hg
during 1 hour. The anesthetized animal was connected
to the oxygen-—air artificial breathing apparatus
“Jlana”, the air ventilation was 130-150 ml/min/kg in
a way that the arterial blood pH was 7.35-7.45 and
PO, -90 mm/Hg and more. Gas levels were monitored
on the analyzer “Corning” (Great Britain). During the
experiment the cat’s body temperature was measured
rectally, which amounted to 37.8-38.2°C. Temperature
regime was maintained constant because its change

igni ly affects the I is of the cerebral
cortex [5]. The blood exfusion was done with the
catheter, inserted in the right femoral artery and made
40 mlkg, while MAP was measured in the left femoral

artery. Heparin 2000 ED/kg was intravenously ad-
ministered before blood exfusion: when MAP was
stabilized to 40 mm/Hg, the experimental animal was
disconnected from the apparatus and verapamil ad-
ministered intravenously at the dose of 0.25 mg/kg,
and PV-88 3.0 mg/kg. dissolved in normal saline, the
amount of which did not exceed 1/20 of the blood
exfusion.

Three series of experiments with 5 animals in each
series (n=5)were conducted: 1. Control when frontal
lobe of the brain cortex at HS60 was examined; 2. The
series of examination against the background of a
comparably standard preparation verapamil after 20
minutes of its intravenous administration: 3. In the
same conditions the examination was done against
the background of PV-88 effect.

The animal’s death occurred at the 80th minute of
blood exfusion. and the brain frontal lobe was imme-
diately examined. The material for electron microscopy
was fixed in 2% osmium acid on 0.1 molar phosphate
buffer and on 3.5% glutaraldehyde on the same buffer.
The preparation casting was carried out in the epoxy
mass by conventional method. Ultrathin sections were
made on the ultramicrotom “JIKE”, and after con-
trasting with uranic acetate and lead. were examined
with the electron microscope JEM-100B (Japan).
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Verapamil represents an isochinoline derivative,
while PV-88 is the acidi

itrate 1-3(di

its ability to stop calcium ion damaging activity to

pro-
pyl-3(n-fluorophenyl-3-oxopropen)pyrrol, where
the fluorine is introduced into electronic acceptor
domain. This original structural modification signifi-
cantly increased Ca** slow channel blocker effect

cell L This process was caused by hypoxia,
the reason for which was a serious homodynamic
disorder, therefore. such damage is characteristic of
all parenchyma cells. If we consider the fact that cal-

cium slow L. channel blockers are characterized by

compared with its preds ds. Both
preparations block myocardial I channels, but they
may also affect the CNS channels as well.

Results and discussion. Hypoxia in hemorrhagic
shock causes significant morphological changes in
the CNS cortex. All ultrastructural deviations are
caused by discirculation. Morphological changes in
the brain frontal lobe cortex develop only in acute
ischemia. The cell intactness to a certain extent is
maintained for a limited time interval. The reason of
destruction, developed in the next period, is sharp
decrease of pH and activation of lysosome ferments.

Our data show that rapid devel of

yp ive effect due to decrease of general pe-
ripheral resistance, then it could be used in
pathologies, such as portal hypertension with en-
cephalopathy. B adrenergic blockers are used in por-
tal hypertension, but they have no cerebral-protec-
tive effect and belong to the agents affecting the
vegetative nervous system. Verapamil and PV-88, simi-
lar to it, L are calcium slow channel blockers with
hypotensive effect. in addition, they are character-
ized by cerebral-protective effects. Therefore, they
can be used for liver severe damage of various
etiology (viral hepatitis, cirrhosis. malignant growth,
alcohol damage), also in portal hypertension with

hemorrhagic shock causes sharp swelling and ag-
gregation of mitochondria and cell chromatin
marginalization, first of all, in the astrocytes (Fig .1),
which indicates the start of the brain edema. These
changes of all the blood erythrocytes point to the
reaction of the brain peripheral blood vessels to de-
crease the circulated blood amount, caused by the
blood capillary stasis (Fig .2).

In the hemorrhagic shock verapamil caused
marked protective effect on the frontal lobe of the
brain cortex. Astrocytes and neurocytes were mainly
maintained. Mitochondria swelling was observed in
some astrocytes. There were some vacuoles, indicat-
ing the start of mild brain edema (Fig .3).

PV -88 cerebral-protective effects are like the
above-described effects of verapamil activity. In the
animals, treated with verapamil and against the back-
ground of PV -88, practically intact astrocytes were
observed. (Fig .4). Rarely there were observed singu-
lar vacuoles with electro-transparent mass, indicat-
ing mild edema of the brain.

PV-88 is Ca** slow channel blocker, characterized
by cerebral-protecting effect as well. caused also by

Bull. Georg. Natl. Acad. Sci., vol. 6. no. 3, 2012

ia genesis halopathy. It should be noted
that the preparation of this group nimodipin is used
in subarchnoid hemorrhages. Their main pharmaco-
dynamics is reduction of oxygen consumption. The
hemorrhagic shock in cats is characterized by liver
protecting effect of verapamil, the liver lobule cell
structure is maintained. The membrane integrity is
maintained, acini do not experience significant patho-
logical changes, and the liver metabolism is signifi-
cantly improved, manifested in obvious rearrange-
ment of anaerobic respiration to aerobic one. These
positive changes are more obviously manifested for
PV-88 compared with the reference preparation
verapamil. Verapamil and PV-88 as calcium slow I
channel blocker may be effectively used for demen-
tia prevention. It is known that among the causes of
dementia the leading one is Alzheimer s disease (50-
60% of cases) and cerebral vascular dementia (20-
25%). yet acetylcholinesterase inhibitors used for its
treatment have only an insignificant effect and repre-
sent palliative treatment only. Cognitive impairment
in different parts of the brain is associated with d-
amyloid deposit. which in turn, by acting on calcium
channels, of membrane located in the plasma of



Fig. 1. Astrocyte of ce
tion of mitochond
marginalization. He
12.000

cortex. Swelling and
d cell chromatin
shock. Flectronogram x

2ainst the background of verapamil’s action
Mitochondria swelling was observed in astrocyte
Electronogram x 13.000

somato-dendrites and axons, located in the cortex
and hippocampus, causes its deregulation in cells.
Studies conducted on animals have demonstrated
that I-type calcium blockers weaken B-amyloid oli-
gomer toxicity, tau protein destructive effect and im-
prove autophagy. The L channel blocking and cer-
ebral-protecting effect of PV-88 of the pyrrol group,
studied by us, allows us to suppose its potential
ability to block T channels as well. This requires fur-
ther definition. Treatment of portal hypertension
symptom (especially if it progresses with the picture
of encephalopathy) by B blockers [6-14] which do

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012

. Blood capillary of ce
sis. Start of the bra
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Fig. 4. Astrocyte of cerebral cortex. Hemorragic shock
against the background of PV-88°s action. Intact
astrocytes were observed. Electronogram x 13,000

not have cerebral-protecting effect and for B2 lysis
properties in bronchial obstructive pathologies (bron-
chial asthma, atelectasis) cannot be used. In this re-
gard, it is possible to use Ca*'slow L channel blocker
verapamil and other medications similar to it [15], and
also PV-88. because at this time the frontal lobe of the
brain cortex is significantly damaged [16,17], which
requires further research.

Animal Handling. All experiments reported in
this paper were carried out according to Institute
National de la Santé et de la Recherche Medicale and
Pasteur Institute animal welfare quidelines.
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Statistical Characteristics of Blood Pressure and Heart
Rate Variation in Different Blood Pressure Categories

Manana Janiashvili
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(Presented by Academy Member Nicholas Kipshidze)

ABSTRACT: In this work different data sets of the blood pressure and heart rate characteristics of
persons from different blood pressure categories have been investigated. In particular, the systolic,
diastolic and heart rate time series obtained from 24h ambulatory monitoring were recorded. These data
have been collected from 160 persons (91 men and 69 women) residents of Thilisi. The age of patients for
the present investigation was in the range of 30-70 years. Blood pressure and heart rate variability data
in these patients have been recorded in the standard calm sitting conditions. Together with these, recorded
during the i data sets, additionally we have carried out analysis of calculated data sets.
Namely time series, such as the pulse pressure and the mean arterial pressure data sets have been
analyzed. Patients have been grouped into four different blood pressure categories according to the
guidelines of the European Society of Hypertension and the European Society of Cardiology.

Statistical features of these data sets, both measured and calculated, for patients from different blood
pressure categories were and Standard statistical test was used and coefficients of
variation of heart rate and blood pressure time series were calculated.

It was shown that there is clear correlation between statistical properties of the analyzed characteristics
and level of blood pressure in different categories. Normal and high normal blood pressure categories of
patients from different blood pressure categories reveal a clear difference in terms of the statistical
features of blood pressure and heart rate characteristics. C 2012 Bull. Georg. Natl. Acad. Sci.

Key words: hypertension, blood pressure categories, heart rate, statistics.

Today association between elevated systolic as
well as diastolic blood pressure (SBP and DBP, re-
spectively) and the risk of cardiovascular disease is
well established [1, 2]. Therefore. classification of
hypertension and identification of different blood
pressure categories is recognized as an important
prerequisite for risk assessment and prophylactic
measures. Correct classification helps to make deci-

sions concerning the blood pressure thresholds and
appropriate treatment strategies at different forms of
hypertension [3]. In 2007 the Furopean Society of
Hypertension (ESH) and the Furopean Society of
Cardiology (ESC) produced updated guidelines on
the diagnosis and treatment of hypertension. In this
guidelines blood pressure levels are defined corre-
sponding to 7 categories: optimal (SPB <120 mmHg.

© 2012 Bull. Georg. Natl. Acad. Sci
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DBP <80 mmHg), normal (SPB in range 120129
mmHg, DBP in range 80-84 mmHg), high normal (SPB
inrange 130139 mmHg, DBP in range 85-89 mmHg)
and grade 1 hypertension (SPB in range 140-159
mmHg, DBP in range 90-99 mmHg) categories (see
Table I in ESH-ESC 2007 guidelines [3]. Such divi-
sion, in itself, does not necessarily mean that varia-
tion of analyzed characteristics of patients from vari-
ous blood pressure categories could differ by their
statistical or distributive features. Moreover, reliabil-
ity of the above division of blood pressure groups
has not been accepted unambiguously because there
is discrepancy with The USA Joint National Commit-
tee Guidelines (JNC 7) on hypertension published in
2003 [4] in which the normal and high normal blood
pressure categories are unified into a single entity
termed ““prehypertension”.

Materials and methods. In the present research we
aimed to investigate the question of similarity or dis-
similarity between normal, high normal blood pres-
sure categories. To this end we compare the statisti-
cal features of measured and calculated blood pres-
sure characteristics of patients, groups from opti-
mal, normal, high normal blood pressure categories
as well as of first grade hypertension. Study was
performed at the Department of Hypertension of the
Institute of Cardiology in Tbilisi, Georgia on appro-
priate data sets obtained from 160 persons (91 men
and 69 women) residents of Thilisi (of the age 0f 30 to
70). Additional details about the data bases used can
be seen in [5]. We analyzed SBP. DBPand RR interval
time series obtained from 24h ambulatory monitoring
recordings at 15 min sampling time. Patients have
been grouped in four blood pressure categories ac-
cording to ESH guidelines [3] (Fig. 1). We also con-
sidered data sets of pulse pressure (PP), defined as
SBPminus DBP. and the mean arterial pressure MAP,
defined as 1/3(SBP)+ 2/3(DBP) data sets.

Results and discussion. We showed that differences
between mean values in different categories are sig-
nificant for all groups (P<0.001). Moreover, the mean

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012

Blood pressure (mmHg)

2 3 4
Blood pressure category
Fig. 1. Mean values with standard errors of systolic (erey
columns) and diastolic (dark columns) blood pre
of patients from groups of optimal (1), normal (2)
high-normal (3) and grade 1 hypertension categories
)

values of diastolic blood pressure data, the sorting
of which according to ESC guidelines was not per-
fect. also differring significantly (P<C.001) in differ-
ent categories. These results seem to provide argu-
ments to assume that normal and high normal groups.
targeted in this work, can be statistically different.

Atthe same time contrary to measured SBP. DBP
and heart rate data, time series of calculated MAP
and PP characteristics do not always differ statisti-
cally in normal and high normal categories.

In order to exclude incorrect conclusions about
the difference between normal and high normal blood
pressure categories, we accomplished dispersion
testing of blood pressure time series. Calculated val-
ues of dispersion characteristics, Cv, are presented
in Fig. 2. Itis understandable that Cv, calculated for
averaged data is smaller than for pooled ones. where
individual differences between patients from the same
blood pressure category predominate. Results for
both pooled as well as averaged, by consecutive 15
min intervals data, show that observed differences in
the dispersion features are mainly connected with
the type of the analyzed blood pressure data rather
than with the blood pressure category. Indeed, it fol-
lows from Figs. 2a and 2b, that data sets of measured
blood pressure characteristics. such as SBP and DBP,
reveal much lower variability as compared to RR
intervals time series. Data sets of calculated blood
pressure characteristics, PP and MAP, also show
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(circles), DBP (triangles), RR intervals (square:
categories are shown: optimal (1), normal (2), h

clearly different dispersion features; pulse pressure
reveals much more variability than mean arterial pres-
sure.

At the same time it should be pointed out that
there are also smaller but still detectable changes
which can be related to certain blood pressure cat-
egories. Namely, in Fig. 2a, we observe some changes
in the Cv values at normal blood pressure category.
Itis worth mentioning that these are results obtained
for long, pooled data sets described in methods sec-
tion, which account for features of the individual
blood pressure variation of patients grouped in a
certain blood pressure category. In the case of aver-
aged time series of the same characteristics presented
in Fig. 2 b, we also discern some changes which are
mostly similar to pooled ones excluding RR data. In
this last case changes at normal category for aver-
aged data persist, though they are in opposition to
what was observed for pooled ones. These results
possibly indicate increased scatter of the considered
characteristics for individuals at transition from opti-
mal to normal blood pressure category.

Atthe same time, as follows from Fig. 2. in terms
of deviation from dispersion features found in opti-

Bull. Georg. Natl. Acad. Sci.. vol. 6, no. 3, 2012

cient of variation vs. blood pressure category for pooled (a) and averaged (b) blood pressure
PP (diamonds) and MAP (asterisks). On the x
gh-normal (3) and hypertension (4)

b.

ata sets: SBP
blood pressures

mal blood pressure category, normal category is not
an exception and that some changes take place for
other categories too. Most important for the present
research purposes is that all these small changes in
dispersion features of the analyzed characteristics
mostly occur between normal and high normal cat-
egories. notwithstanding unavoidable individual de-
viations or averaging effects throughout the category
groups.

It should be underlined that, aiming at compari-
son of statistical features of blood pressure and
heart rate characteristics of patients from different
guidelines categories, we studied the representa-
tive groups with no regard for frequently used cri-
teria such as ethnicity, gender or age. Thus the find-
ings presented in this research indicate clear refer-
ences between statistical properties of different
blood pressure characteristics and changes occur-
ring at transition from healthy to hypertension con-
dition in persons from different blood pressure cat-
egories. According to these results normal and high
normal blood pressure categories are clearly differ-
ent in terms of the analyzed statistical and distribu-
tional properties.
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Vegetative Propagation of Ornamental Shrubs Using
Hormodin-2 Solution in Batumi Botanical Garden
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Shota Rustaveli State University, Batumi

(Presented by Academy Member Avtandil Korakhashvili)

ABSTRACT. Introduction and pr of plants are ¢ to be one of the most important
problems in plant biology. Successful introduction of plants depends on the conservation of the reproduction
ability of plants in the new envir iti During accli of plants inner biological
processes transform with respect to the new environmental conditions, such as soil and climate.
Introduction and adaptation of plants is a complex and long process. Knowledge of the native habitat of
plants, their transfer to a new area and propagation is not enough for introduction of alien species. It is
necessary to conduct multi-year observation to determine the degree of habitation of some introduced
specimens. In the present work the factors conditioning successful introduction of new species at the
Ajara seaside are studied, prediction of the adaptation of alien plants under changed environmental
conditions is made and the general mechanisms of introduction are determined.

In the humid subtropical zone of Ajara a fairly large group of aliens is distinguished for fast growth,
high productivity and aesthetic value. They reveal a fairly high potential which is one of the significant
factors of successful introduction. € 2072 Bull. Georg. Natl. Acad. Sci.

Key words: hormodin-2, ornamental plants

Ornamental shrubs introduced in the Batumi Bo- The problem of propagation of the mentioned

tanical Garden such as Abelia grandiflora (Andre)
Rhed. Aucuba japonica Thunb, Gardenia
Jasminoides Ellis, Mahonia japonica (Thunb.) DC,
Forsythia viridissima Lindl, Pieris japonica Thunb.
D.. Chaenomeles japonica (Thunb) Lindl. ex Spach
A under the local soil&climatic conditions are distin-
guished for abundant flowering and diversity of
forms. Our aim was to study their biological peculi-
arities and work out prospective methods of their
propagation.

shrubs provokes more interest due to the circumstance
that this problem is little-studied for Black Sea shore
conditions Ajara. The experiments carried out by us
allow to clarify the question of the propagation of the
introduced ornamental shrubs that will help in future
transplanting and propagating the mentioned plants.

Methods and Results. With a view to wide implemen-
tation of hitherto unused species in landscape plant-
ing in the Ajara moist subtropical zone study was

© 2012 Bull. Georg. Natl. Acad. Sci.
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Table 1. Rooting of cuttings of ornamental shrubs (control)

N Species Date of /\mo\ln\ ‘01' Amount of ) .[)u_m(mn‘ M: Percent
cutting | cuttings [rooted cuttings| rooting (days)
I |Abelia grandiflora (Andre) Rhed 1.11.09 100 85 37 85;
2 |Aucuba japonica Thunb 11109 100 65 35 65
3 |Mahonia japonica (Thunb), DC. 2.11.09 100 7 41 7 1
4 |Pieris japonica Thunb. D. 21109 100 5 45 5
S |Forsythia viridissima Lindl 1.11.09 100 90 33 90
6 |Gardenia jasminoides Ellis 11109 100 - 34 75
7 |Chaeromeles japonica (Thunb) LindLex| |1 oo - 25 ™ 7%
Spach A
L.SD 05 2.7 8.2

made of the potentialities of propagation by stem
cuttings. In the case of deciduous species from year-
ling woody stems we took cuttings 15-25 long, from
evergreen species — 15-20 cm cuttings with 2-3 stem
nodes. We removed the leaf from the lower node. On
the upper node the leaf was shortened by 1/3 or 1/2
in order to lessen transpiration or eliminate
intershading. Solution of hormodin-2 was prepared
on the day the cuttings were taken. The cuttings
were set in the solution with 1/3 of the length up to
1/2 of woody length, with 24 hour exposure. Cuttings
were taken from the stems of relatively young speci-
mens. Cuttings treated with the solution were trans-
ferred to the greenhouse planting. The substrate con-
sisted of soil&sand mix. The cuttings were planted at
1.5-2 em depth in slightly leaning position. the dis-
tance between rows was 3-4 cm. Control untreated
cuttings were planted in order to compare how the

Table 2. Rooting of cuttings treated with 2% solution

growth stimulator influences the rooting process.

In the greenhouse temperature regime, light con-
ditions, air and substrate humidity were kept normal.
The most favourable temperature toroot was 18-30°C,
air humidity 80%. Light is an important factor for
cuttings treated with heteroaux in solutions since
rooting begins fast and needs in food increase and
photosynthesis in organic matters

Asaresult of the experiment it was revealed that
out of ornamental plants untreated with 2%-solution
ofhormodin-2 Forsythia and Abelia grandiflora were
characterized by high rooting index — 90 and 85%.
respectively: with medium index - Gardenia
Jjasminoides and Aucuba japonica 65 and 75% re-
spectively). Especially low indices were shown by
Pieris japonica and Mahonia japonica (5 and 7%.
respectively). Duration of rooting of cuttings varied
within the 33-45 days range (Table 1).

of hormodin-2

5 — Datc of | Amount of | Amountof | Duration o[ Percent of
cutting | cuttings | rooted cuttings | rooting (days) | rooting
1 |dbelia grandifiora (Andre) Rhed 11109 100 95 33 95
2 |Aucuba japonica Thunb 11109 ] 100 97 31 97
3 |Mahoniajaponica (Thunb). DC.. 21109 100 17 40 17
4 |Pieris japonica Thunb. D, 21109] 100 15 43 15
5 |Forsythia viridissima Lindi 11109 | 100 90 29 90
6 |Gardenia jasminoides Fis L1L09 | 100 75 31 75
., |Chaenomeles japonica (Thunb) Lindl. ex| 2.11.09 [ 100 25 35 25
Spach 1
LSD 05 2.4 113
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Table 2 shows data on rooting of the treated
cuttings with 2%-solution of growth hormone
hormodin-2. As seen from the Table the duration of
rooting of cuttings varied within the 29-35 days range.
Aucuba japonicahad the highest rooting index (97%),
and Pieris japonica had the lowest one (15 and 17%,
respectively).

The study of propagation peculiarities showed
that treatment with rhizogenous hormone —hormodin-
2 is especially effective for some plants. Rooting indi-
ces of Abelia grandiflora, Pieris japonica and
Mahonia japonica increased by 10%, index of Aucuba
Japonica increased 1.5 times (Table 2).

Thus, our researches showed that among the or-

I3

namental plants, in all cases, whether they are treated
with the growth stimulator hormodin-2 or not. Abelia
grandiflora, Forsythia, Aucuba japonica differ with
high indices at vegetation propagation whereas
Mahonia japonica and Pieris japonica are charac-
terized by low indices.

Based on the results of the study, one can con-
clude that it is possible to use 2%-solution of
hormodin-2 in propagation of the studied decorative
aliens of high quality. Due to high growth rate and
abundant flowering of the above-mentioned orna-
mental shrubs in the Black Sea humid subtropical
zone they can be used in planting up of the Ajara
seaside parks and gardens.
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New Spiral-Horned Antelope in Dmanisi Fauna

Abesalom Vekua

Academy Member; Institute of Palacobiology. Georgian National Museum, Thilisi

ABSTRACT Discovery of the lower jaw of a fossil man in Dmanisi in 1991 is the most outstanding
event in palaeontology since the times of fascinating discoveries of early pithecanthropus in Kenia.
Rather old age of the Dmanisi man is confirmed by diverse vertebrate fauna and numerous artefacts.
Geological age of fossilbearing sediments and of the fauna (1.85 mIn yrs) is substantiated by data of bio-
and magneto-stratigraphy, also by isotopic dating of the basalts directly underlying the sediments with

accumulation of early hominid remains.

Excavations in Dmanisi continue. The list of vertebrate fauna is being filled up by new forms. At
present more than thirty representatives of Proboscideans, Predators, Ungulates, Rodents and reptiles
have been determined on Dmanisi site. Artiodactyla, among which deer prevails, are represented most
richly and diversely. Excavations of the last season revealed remains of antelopes. Among them an
incomplete scull of a large antelope is worthy of attention, which undoubtedly belongs to spiral-horned
antelopes (tribe Oiocerini, Sokolov) according to the character of torsion of its horn cores. Isolated teeth
and bones of extremities have been attributed by us to the same group tentatively but, based on the sizes

of bones and morphological features of the teeth, an error is almost excluded. ¢

Acad. Sci,

Key words: fauna, spiral-horned antelope.

Homonymously twisted horn appendages, mas-
siveness of horn cores, their form and several char-
acteristic features of structure of the post-corneous
sector of the occipital part, as well as, perhaps, pecu-
liarity of structure of molars devoid of any additional
elements clearly testify to the belonging of spiral-
horned antelope to Oiocerini.

It is natural that Dmanisi antelope reveals obvi-
ous similarity with representatives of tribe Oiocerini
Sokolov [1] by structure, form and character of ho-

twisting ofhorn dages. But the fam-
ily Bovidae contains several forms with clearly homo-

2012 Bull. Georg. Natl.

nymously twisted horn cores. Among the latter, first
ofall tribe Oiocerini from the Caprine subfamily, as
well as Sinotragus and Prosinotragus from the sub-
family Hippotragine of Mio-Pliocene of China should
be mentioned.

Apparently, it is appropriate to note that not all
authors include Oiocerini in the Caprine subfamily.
For example, inclusion of Oiocerini in the group of
Gazellinae seems indisputable to G Meladze [2]. With-
out going into debate on this issue, we show prefer-
ence to L. Sokolov’s systematization of Bovidae, based
on the natural characteristics of structure of skull

© 2012 Bull. Georg. Natl. Acad. Sci
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and horn cores of Bovidae [3].

At present the tribe Oiocerini combines three gen-
era: Hypsodontus Sokolov (1949), Oioceros Gaillard
(1902) and Paraoioceros Meladze [2].

Itis interesting that I I. Sokolov [3]. having at his
disposal only teeth (M'-M’) of Artiodactyla from
Chokrak Belomechetskaya (North Caucasus), identi-
fied a new genus and species Hypsodontus mioce-
nica, placing it in the group of Bovidae of uncertain
taxonomic rank (incertae sedis). A little later, L. K.
Gabunia [4], on the grounds of studying additional
fossil material, including horn core from
Belomechetskaya, and after comparing the corn ap-
pendages and teeth of Hypsodontus with the mate-
rial of Dioceros from Tung-Gura [5]. was convinced
of close similarity between Belomechetskaya and
Tung-Gura forms. Moreover, taking into account dif-
ferences of some features of horn core structure, he
decided to retain its genus name Hypsodontus.

Detailed comparison of Dmanisi antelope with
Hypsodontus seems unnecessary. Differences be-
tween comparable forms are striking. Hypsodontus
is characterized by comparatively small sizes, its horns
are thin, straight, short, set vertically, without keels,
weakly homonymously twisted, with rounded cross-
section. Teeth of hypsodontus are mesohypsodontic,
without additional tubercles and styles. M, is of primi-
tive structure. with unforked vallecula.

Some similarities of Dmanisi antelope with
Oioceros sp. from the Pontic deposits of Bazaleti (East
Georgia) are clearly observable, manifested mainly in
the structure of half-twisted and half-convoluted
horn cores [2]. However, similarity between compa-
rable antelopes is restricted to this. Dmanisi form is
larger, its horns are more massive, longer, horn cores
are devoid of longitudinal grooves, and horns branch
off stronger.

Dmanisi antelope cannot be brought to resemble
another East Georgian antelope of Upper Sarmatian
age — Paraoioceros improvisus [2]. Sarmatian ante-
lope is close to the Dmanisi Upper Pliocene one by
large sizes. homonymous twisting of horn cores. but
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differs from the latter by the presence of three power-
ful keels, longitudinal grooves, triangular cross-sec-
tion of cores and sharp branching off of horn cores.

Spiral-horned antelopes — Sinotragus and
Prosinotragus — from the Mio-Pliocene of China [6],
though they reveal some similarities with Dmanisi
antelope by the presence of homonymously twisted
horn cores, still considerably differ from the Geor-
gian antelope by three-keeled horn cores, and ac-
cordingly, by triangular cross-section of cores
(Sinotragus). horns bent backwards arcwise and
slightly convoluted cores (Prosinotragus).

Family Bovidae Gray, 1821

Subfamily Caprinae Gill, 1872

Tribe Oiocerini Sokolov, 1953

Genus Pontoceros Ver., Alex., David et Baig.,
1971

Pontoceros surprine sp. nov. Vekua, 2012-03-12

(Fig. 1-4).

The name of the species is derived from English
surprine —unexpected.

Material. Incomplete skull (D5552) with horn
cores. Facial and incisal parts on the skull are broken.
Post-corneous part of skull is relatively well-pre-
served. The skull is rather large. Fragment of right
horn (D5702).

Diagnosis. Antelope of large sizes (width of skull
in the region of bulla tympani — 142 mm), horn cores
are massive, set steeply, are weakly bent backwards,
homonymously twisted into one full turn. Horn core
has one sharply projected keel, originating from rear
external surface of horn core. Cross-section of the
core is almost round.

Geological age. Upper Pliocene, the end of Mid-
dle Villafranche.

Description and comparison. The skull is of large
size (maximal width of post-corneous part of the skull
in the region of bulla tympani is 142 mm), with rela-
tively high brain section (height of occiput is 76.3
mm). Horn cores are massive without inner cavity
even at the base of cores. Horns are slightly convo-
luted and twisted homonymously into open spiral at
one full turn and have only one sharply projected
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Fig. 1. Dmanisi. Pontoccros surprine sp. nov. Skull. Dorsal
view

Fig. 2. Dmanisi. Pontoceros surprine sp. nov. Skull. Lateral
view

rear external keel. Cross-section of horns is nearly
round. horns are bent backwards, weakly branching
off. Fracture of skull axis is about 50 degrees. There
are no longitudinal grooves on the surface of horn
cores. The length of the post-corneous part of the
skull is medium. Basioccipitale is rather wide. of elon-
gated-rectangular form, with a slight front contrac-
tion. Longitudinal rollers are developed on the lateral
sides of bone. and observable groove is stretched
between them. Frontal and rear pairs of tuber are
raised.

Post-corneous part of the skull is rather broad

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012

Fig. 3. Dmanisi. Pontoceros surprine sp. nov. Skull
Occipital view

Fig. 4. Dmanisi. Pontoceros surprine sp. nov. Skull. Ventral
view.

(142 mm), relatively high (76.3 mm.). Parietal surface
of skull is evenly convex. supraoccipitale occupies a
noticeably broad area of dorsal surface of the post-
corneous part of the skull and is directed forward
with a narrow vertex of triangle.

Parietal crista is sharply projected and restricts
occipital surface. Suturalambdoidalis is nearly straight
with a weak curve and passes directly behind the
horn cores. Fracture of skull axis is medium (in the
limits of 50 degrees). Dorsal surface of brain case is
located at an angle of 55 degrees towards the occipi-

tal surface.
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Fragment of upper part of horn core (D5702) is
massive, right-sided, judging by direction of keel,
with homonymous twisting. There is the second keel-
like longitudinal thickening, which can be tentatively
taken for a keel, but this is not certain.

Upper jaw teeth are mesohypsodontic. Molars
are devoid of supplementary styles. Styles and crests
are weakly projected on the external side of teeth.
Correlation of lower premolars with whole length of
teeth row is medium —42.7.

Lower molars are absolutely devoid of supple-
mentary element. There is even no trace of external
front fold on the back molars. Correlation of lower
molar row with whole length of teeth row is 39.9.

According to Sokolov [1]. an overwhelming ma-
Jjority of fossils and modern forms included in the
tribe of spiral-horned antelopes have clearly
heteronymously twisted and convoluted horn ap-
pendages. Moreover. they are provided with some
well-observable keels and cross-section is generally
triangular. That is why systematization of Oiocerini
is based solely on the form of horn cores, character
of twisting and convolution, presence of inner cav-
ity, keels and so on.

An interesting antelope with clearly homony-
mously twisted horn cores from Upper Pliocene de-
posits in the area of Nogaisk is described and sin-
gled out as a new genus and species Pontoceros
ambiguus by a group of authors (Vereshchagin,
Alekseeva, David. Baigushcheva, [7]). It is natural.
that we bring precisely Dmanisi antelope close to
thisantelope, although there is no complete similar-
ity between these antelopes under comparison. In
spite of the closesness of the Nogaisk and Dmanisi
antelopes by homonymous torsion of horn cores,
Dmanisi form cannot be identified with P. ambiguus.
That is why we identify a new species of genus
Pontoceros.

Dmanisi species differs from P. ambiguus by more
massive, short horn cores, somewhat larger sizes,
presence of one raised keel, rounded cross-section,
lack of grooves on cores and cavities in the bases of
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horn appendages. According to authors’ description,
horn cores of . ambiguus are three-keeled, slender,
cross-section is triangular. There are longitudinal fis-
sures on the horn surfaces and cavities at the base of
horn appendages.

Detailed comparison of Dmanisi antelope with P.
ambiguus convinces me that the described antelope
from Dmanisi obviously belongs to a new, hitherto
unknown species of tribe Oiocerini.

It should be noted that we categorically reject
inclusion of Lower Pleistocene antelope Sinoreas from
Akhalkalaki (Southern Georgia) in the group of ge-
nus Pontoceros. According to all characteristic fea-
tures of the structure of horn cores (character of tor-
sion, number of keels, cross-section etc.). Sinoreas
from Akhalkalaki sharply differs both from Pontoceros
ambiguus and from the new form of Pontoceros from
Dmanisi.

We do not identify Akhalkalaki antelope with
Sinoreas. Therefore its definition is given question-
able and its attribution to the genus Pontoceros is
obvious misunderstanding.

In the Lower Pleistocene deposits of Apollonia
(Greece) fragments of horn cores of antelope with
obvious homonymous twisting of horn appendages
were found. The famous paleontologist Dmitri
Kostopoulos [8]. describing these remains. compares
them with Nogaisk antelope and comes to the logical
conclusion on the affinity of the antelopes under
comparison. At the same time he identifies a new
subspecies Pontoceros ambiguus mediterraneus
Kost., 1997 on the grounds of some morphological
features.

Naturally, we undertook a detailed comparison of
Dmanisi antelope with its Greek counterpart Accord-
ing to the descriptions of the author, the Greek ante-
lope isa rather large form with homonymously twisted
massive long horn cores. There are three keels pro-
nounced in different degrees with obvious longitu-
dinal grooves on the horns. The antelope from
Apollonia manifests considerable similiraty with the
Nogaisk antelope by all the listed morphological fea-
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Table. Measurenents of the skull of Pontoceros
Pontoceros | Parastrepsiceros| Pontoceros
Pontoceros | ambiguus sokolovi ambiguus
—-— surprine | Nogaisk. Kvabebi e diterdiens;
Dmanisi | Vereshchagin | Georgia. Apollonia,
Grecce.
etaliorl Kostopoulos.
1979
Widih of the back horn of the skull 574 - 95-110 B
Widih of brain box 17 g = -
Widih of skull mastoid 126 ) = .
Height of the occipital 76.3 - 72.82 4
Maximum width of the skull Ca 1425 5 113-130 .
Distance from horn to occipital 1006 E 93-110
Length of the hom Ca150 260 332 205
Distance between the external edges of the horns | 139 N 127-138 )
Distance between the inside edges of the horns 50-55 2226 »
Diameter of antero-posterior base of the hom core 46 44-56 405
Widih of the horn core .3 5363 32
Number of the horn keel 3 ) 3
Form of the transversal cut (crosscut) of the horn Round Triangle Triangle Triangle

tures but by the same features it obviously differs
from the Dmanisi one. First of all, Dmanisi antelope
has somewhat shorter and more massive horn ap-
pendages in contrast to the Greek and Nogaisk ante-
lopes, has only one sharply projected keel (accord-
ingly. they have different cross-sections), horns are
devoid of longitudinal fissures and are slightly bent
backward.

We are aware that inclusion of Dmanisi antelope
in the group of the genus Pontoceros is conditioned
by the scarcity of fossil material both from Dmanisi
and from Apollonia and Nogaisk. We are sure that
with accumulation of fossil material on antelopes from
Dmanisi, we will be obliged to find out some new
genus name. At the level of present day information,
we have decided only to single out a new species of
Dmanisi antelope in the group of Pontoceros -
P surprine.

General remarks. There are only some isolated
finds of remains of spiral-horned Bovidae on the ter-
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ritory of Georgia. All of them are timed to various
stratigraphic horizons. Of the Pleistocene of
Akhalkalaki Sinorea sp.? is described [9]. In Pontic
deposits of Bazaleti Oioceros sp. is determined [10],
from Akchagil deposits of Kvabebi spiral-horned
Parastrepsiceros sokolovi is described [11]. and in
Sarmatian deposits of Yaghludja remains of
Paraioiceros improvisus are found [2]. Finally, an in-
teresting form is discovered in Dmanisi.

Systematization of spiral-horned antelopes, es-
pecially from tribe Oiocerini, is complex and intri-
cate. which is caused by the incompleteness of fos-
sil material. Some researchers attribute Oiocerini to
Caprinae subfamily [1]. while others to
Hippotraginae [6]. and Meladze [2] includes them
into group of Gazellinae.

In Meladze’s opinion (1985), Oiocerini became
detached from the common stem. perhaps from the
genus Hypsodontus. in the Middle Miocene epoch.
spreading widely in Eurasia
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ABSTRACT. The work is dedicated to the Georgian verb super-paradigm. The sums of the paradigms
that are derived from one and the same lexical unit are meant under the name. The “regular” subset that
is the most widespread and has less complicated structure, members of which consist of causative, active
transitive and passive paradigms is used to regulate this rather numerous set. It is shown that the main
actants of these paradigms behave correspondingly with certain semantic roles (CS, AG, OB, AD). One of
the non-regular classes (INTR) the main difference of which is that OB role can be substituted by IC role
(Intermediate Causer) is also considered in the paper. Ascertainment of the structure of these units first
of all depends on surface appearance of verb-actant relations, which is realized by verb affixes and by the
cases of actants. © 20/2 Bull. Georg. Natl. Acad. Sci.

Key words

The super-paradigm is a set of Georgian verb para-
digms derived from one and the same verbal lexeme.
Asaresult these paradigms have a common seman-
tic kernel and as a rule are derived from one and the
same morphologic root.

The semantics of super-paradigm is based on the
quite stable relations between participants of proc-
ess/state defined by the semantic kernel of super-
paradigm; nevertheless the grammatical form of
actants expressing one and the same participant in
the context of different members (paradigms) of su-
per-paradigm are different. The main purpose ofthis
work is demonstration and classification of correla-
tions between choice of actants, grammatical form
(in the first instance. of its case) and the semantic

super-paradigm, action chain, semantic role.

nuances which characterize the role and function of
the corresponding participant in the context of the
given paradigm. The peculiarities of these contexts
which define the choice of actant, grammatical fea-
tures essentially depend, in their turn, on the posi-
tion of the given paradigm in the sequence of para-
digms belonging to one and the same super-para-
digm.

As to the ordering of the member-paradigms in
the frames of their super-paradigm, it is based on
semantic relations between these members and, in
the first place, on the cause-consequential ones, ac-
cording to which the position of each member in this
“Action Chain” [1] should be situated after those by
which the corresponding paradigm is conditioned

© 2012 Bull. Georg. Natl. Acad. Sci.
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and before those ones which it itself conditions.

Analogous relations of causation and influence
take place between the participants of process/state
representing the semantic kernel of the super-para-
digm. As a result they are also ordered and create
something like “Actor Chain™ [2], where each pre-
ceding link influences the following ones and. in the
first instance, its immediate “right” neighbour.

These relations are, at least in the case of the
“regular” super-paradigms, even more obvious than
those between links of “Action Chain’. So, for exam-
ple. if we consider super-paradigm:

1)A-ma aaSenebinaA -sA-i A -istvis/-s (‘A
caused A, to build A, for A )

2)Ama a(a/u)Sena A -i A -istvis (‘A has built
A forA)

3) A a(/u)denda A -istvis/-s (‘A was built forA,).

it becomes quite obvious that A, influences immedi-
ately A, stimulating him “to build A,”: that endeav-
ours of A, are immediately directed at A , which “is
being created” by him; and that the final result of these
“endeavours” (A)) is oriented to A, which will be-
come “the proprietor” of the latter. The most general
scheme of these relations can be represented by (1)
A A > A A [0}

where (A - A,,)) implies that A undergoes some
kind of immediate influence from A .

The potential structure ofa super-paradigm as an
“Action Chain™ can be represented as a sequence of

three components:

CAUS — PROC - RES @
where the first member (CAUS) includes the actions
which initiate actions of PROC and the latter ones
produce as a result the state or process-RES. No one
ofthem is obligatory: so, for example,

midis (‘he goes’),
is represented by PROC only, though somebody/
something causing this process can be pragmatically
imagined without any difficulty. It is important to
mention here that this verb has no RES-component
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either, because the latter implies something more than
completion of the process expressed by the perfec-
tive form

mivida (‘he came there’);

Unlike this, the RES component must represent a
“full-fledged” new process/state which emerged as a
result of completion of the preceding PROC, particu-
larly, as a result of its completion (but not as this
“completion” itself).

The opposite example may be supplied by super-
paradigms generated from verb lexemes like

qepa (*to bark"), c’uxili (‘disturbance’), etc., which
include all three parts of (2): so the super-paradigm
corresponding to the ¢’uxili (‘disturbance’) is;

1. CAUS: 1.1) Seac’uxebina p’etrem p’avles ivane
(*Peter caused Paul to disturb John")
2) Seac’uxa p’avlem ivane (‘Paul has disturbed
John®)
2.PROC: $ec’uxda ivane (*John became disturbed’)
3. RES: ¢’uxs ivane/ ic’uxa ivanem/ uc’uxia ivanes
(*John is/was turned out to be disturbed’)

The chains (1) and (2) (of “actors” and of “ac-
tions™) are correlated with each other, their develop-
ment is in some sense, mutually parallel. Their inter-
dependence is represented on the surface level by
the verb affixes explicitly pointing to the actants rep-
resenting some of the “actors™ (A, of (1)), on the one
hand, and the cases of these and some other A,
“actants”, on the other.

Each paradigm of super-paradigm explicitly is ad-
dressed by its affixes one or two links of “’Actor Chain”
(1), and it is this choice that most obviously demon-
strates the correlation between links of “action™ and
“actor” chains. Particularly, in the case of the pair of
addressed “actors” the leading part belongs to the
“upper” actor. that is, to the nearest to the “head” of
the chain (1) with the minimal value ofi.

The above mentioned regular super-paradigms
“Seneba” (‘to build’) can be used as illustration of
this aspect of correlation between two chains - (1)
and (2): 1) affixes of first (causative) paradigm verbs
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addresses the participant A , who has “caused” the
process of “building”, and his nearest right neigh-
bour A, , who immediately leads the process of “build-
ing”; 2) just the latter of them (A,) is the “head” of
sub chains of both active paradigms, addressed

(uSenebs) and non-addressed (aenebs): at the same
time one of the following A, participants (A . A ) can
be chosen as the second member of this sub-chain of
(1): 3) both passive paradigms (a(/u)$enda) have A,
as “lead” participant, representing the object of im-
mediate influence of A, which at the end of the proc-
ess will be “given™ to A . nearest right neighbour of
A, and possible second link of sub-chain of passive
paradigms.

So. if we accept the correspondence of causative
paradigm to CAUS of (2), both actives *“to PROC and
both passives — to RES. we will have the obvious
correlation between (1) and (2):

CAUS <A .PROC> A RES&A;  (3)

Moreover, “Actor Chain™ of some super-para-
digm includes those and only those actors which are
explicitly addressed at least by affixes of one of its
paradigm. As a result the length of chain (1) varies
for different super-paradigms: particularly, four mem-
bers of (1) are characteristic of regular and some other
super-paradigms. but many other ones deviate from
this regular characteristic, which as it seems, should
be the maximal one. One of the examples with a single
actor was already mentioned earlier: it is the verb
“midis” ("to go'): ifthe causative form of “akvs™ (‘to
have’) is acceptable (‘akonina’ A -ma A-s A -i A,
caused A, to have A)), then this super-paradigm
would have three participants, otherwise it would be
only:

A-sakvs A-i (A hasA)).

Nevertheless most super-paradigms have “Ac-
tor Chains” identical to (1), so that the shortening of
this chain may be considered as some deviation from
regularity. moreover the boundary between “regular-
ity and “non-regularity” is often not fully clear from
this point of view (particularly, there often turns out
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tobea
pragmatical considerations: e.g. ¢’vims —

ion between purely gr: and

ac’vimebinebs/ ac’vimebs where causative forms are
quite felicitous grammatically, but quite dubious prag-
matically).

Up to now we considered the influence of verb
affixation on the structure of super-paradigm. with-
out taking into account the distinctions between
kinds of this affixation, that is between roles of sub-
Jjective (SUB) and objective (OBJ) types of verb af-
fixes. The priority of the former one shows in the
position of the actor to which SUB-affixes are most
often addressed: it is the “head” position of the ac-
tor’s sub-chain immediately addressed by verb af-
fixes

The most regular deviations from this rule repre-
sent the inversive verb forms, particularly, those of
the I1I series; moreover it is the exchange of the
positions of SUB and OBJ affixes that constitutes
the main feature of this inversion. For that all other
forms of regular super-paradigms satisfy this rule:

CAUS: (da)-v-axat’vine me (A') mas (A%) —
“I(A') caused her/him (A%)) to draw’

PROC: da-v-(u)-xat'eme (A')) is (A*)) (mas A )~
(A1) drew it (A%) (for her/him (A, ))°

RES: da-v-(i/e)-xat’e me (A")) (for her/him A ):

in all these examples the “head” (first) position is
occupied by the first person “me” (‘I). because it is
addressed by the most obvious SUB affix (-v-); the
lower index of A’ symbols corresponds to the basic
position of A actor in “Actor Chain” (1) and the
upper one (j) points to its position in sub-chain cor-
responding to the given verb form. that is including
actors which are explicitly addressed by affixes of
this form.

At the same time the 111 series forms of the same
verbs demonstrate inversion of SUB and OBJ affixes,
that is just OBJ affixes point at the first link of the sub-
chain (A') and SUB —to the second one (A2 )):eg.

da-mi-xat’avs me (A',) is (A')) — ‘it seems that I
(A')) have painted it (A*)":
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da-v-u-xat’i-v-ar me (A’,) mas (A') - ‘it seems he
(A')) has painted me (A*)";
2 3

the active actor (“painter”) is addressed in the first
example by the OBJ affix -mi- and the object of paint-
ing process (A?))- by double SUB affixes -v- which
additionally turns out in the auxiliary verb “var” (‘1
am’) incorporated by the verb of the second example.

Other deviations from this rule are less regular,
but for that matter, quite rare. So, some super-para-
digms derived from lexical units with “emotional”
semantics include paradigms which are inversive in
all three series;

m-3uls/Se-m-gulda/m-3ulebia me (A',) is (A?,
(A)) hate/ begin to hate / it seems hate him (A2 )';

v-3ul-v-ar/3e-v-3uldi me(A®)mas (A')~T(A?)
am/ begin to be hatful for him (A'))";

Some paradigms derived from lexical units with
semantics oriented to (mostly “unconscious™) states
demonstrate analogoues inversive behaviour:

m-ezineba/ m-3inavs me (A')) — ‘[ (A')) want to
sleep/ sleep’.

Nevertheless the greatest part of verb paradigms
(with the exception of the above mentioned forms of
[II series) follows the rule, according to which to SUB
affixes may be ascribed higher priority than that of
OBJ affixes:

SUB— OBl -7 (&)

where Z symbolizes the lack of any explicit address
to some actor by means of verb affixes.

Lastly. it is worth mentioning that we simplify (4)
by ignoring the difference between direct and indi-
rect objective affixation.

We have considered up to this point the expres-
sion of “action — actor” relation from the verbal point

ofview, but not less. perhaps even more,

The main case values marking actants corre-
sponding to “Actor Chain™ (1) are:

e(rgative) — ‘motxrobiti’, n(ominative) —
‘saxelobiti’, d(ative) “ ‘micemiti’.

Just they mark the actants immediately addressed
by SUB or OB affixes: the same actants, when they
are not addressed explicitly. may be additionally
marked by g(enitive) — ‘natesaobiti’, i(nstrumental) —
‘mokmedebiti’ and most often by some preposition
combined with the corresponding case value (g+tvis,
d+ze, ...). The prepositional forms in general will be
represented by the symbol — p, and other case val-
ues — by the first letter of their Latin terms. One more
symbol (z) points to the lack ofa corresponding actant
form; which is conditioned by the lack of the corre-
sponding verb form (e.g. by the lack of the II series
forms; thus, for example, the verb paradigm jdoma
(“tosit’) has the forms of I (‘zis™— ‘is sitting”) and I
(mjdara — ‘it turns out that she/he was sitting”) series
only.

It may be said that the complex language sign.
the content of which corresponds to the action —
actor relation, has expression, which on the level of
the single paradigm as a whole is represented by a
pair of correlated triples, the first of which includes
the characteristics of verb affixes addressing the given
actant (SUB, OBJ) and the other is represented by
case markers of the actant, in the all series of the
given paradigm. The full scheme of this expression
can be given by (5).

VA,,CV-VA, CV,-VA,,CV, ©)

where VA means Verbal Affixes (SUB, OBJ), CV —
implies Case Value and the indexes point to the verb
series (I, I1, Il respectively).

The values of VA, and CV, are strongly correlated

and their i supplies the ibility to

is the substantival aspect of this relation. particu-
larly, the case values, which mark corresponding
actants in all three series of verb paradigm and are
the most important feature of these relations.
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restrict and accordingly to simplify (5). In the first
instance, SUB affixes point to the “head” position of
sub-chain corresponding to the given paradigm only
and only two triples of CV may be combined with it:

nrnase
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n,e,d and n,n, n,

though the first of them changes in the inversional
I series the SUB affixes by OBJ ones:

aSeneb-s is (A'), n) mas (A%, d) - ‘he (A') is
building (A%))’,

ausen-a man (A',.e) is (A?, n) - ‘he (A',) has
built it (A
but

a-u-Senebia mas (A',, e) is (/
that he (A')) has built it (A2)

n) — ‘it turns out

The first and second examples belonging to the I
and I series have suffixes —s and —a of SUB type, but
prefix -u- of 1l series form belongs to the OBJ type.

The behaviour of “head” position of causative
paradigm (aaSenebina man mas is) is identical with
this of active one demonstrated above.

The use of this version of SUB is exhausted in
the frames of regular super-paradigm by marking
“head” positions of two paradigms, causative (A')
and active (A',). In terms of the (1) these versions of
SUB address the left (“head”) part of this chain, which
represents the most active participants of the situa-
tion mirrored by regular super-paradigm: first ofthem
(A,) causes the activity of the other (A,), which in its
turn is directed immediately to A, and it is this influ-
ence of A, and A that represents the core of super-
paradigm semantics as a whole. Proceeding from this
it seems sensible to consider A, as a causer (CS) of
the situation and A as an agent (AG), the influence
of which on the A, as the object (OB) of AG’s activ-
ity, which leads the process (PROC) that defines the
essence of regular paradigm semantics.

The priority of SUB affixations supposed by (4)
additionally justifies itself by marking the relation
between verb and OB (A,) placed in the “head” posi-
tion, which it takes in the context of passive verb
paradigms:

v-ixat’ebi/ da-v-ixat’e/ da-v-xat’vul-v-ar me (OB)
—‘I'm being drawn / am drawn / it seems I'm drawn:

though in this context SUB is present in all three verb
series (that is without exclusion of the third one), on
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the one hand, and is combined with the constant
case value — n, which does not change by e in the
second series and retains itself in the third series
also. on the other hand:

ixat’eb-a is (OB-n) — daixat"-a is (OB-n) — daxat"ul-
ais (OB-n) — ‘she/he is being drawn / (it seems) is
drawn

In what follows we shall address these two modes
of marking by their most characteristic components
corresponding to the I1 series:

(SUB. e)and (SUB, n),
instead of

SUB,n—SUB.e—OBJ. d
And

SUB, n—SUB, n-SUB, n,

which give their full expression according to (5).

The “tail” link of (1), that is — A, does not take
the “head” position in sub-chains of any paradigm
ofregular sub-paradigm and accordingly is never ad-
dressed by SUB affixes: its verb marker is OBJ which
combines with d actant markers in the [ and 11 series,
but in the IIT series becomes “ignored™ by the verb
affixes (z) and is marked by some versions of prepo-
sitional actant form (pp) only:

u-xat'avsis (A, AG, n) mas (A, OB, d) mas (A,
AD, d) - *he/she paints something for somebody’;

da-u-xat'aman (A, AG ) is (A, OB, n) mas (A,
AD. d) — ‘he/she has painted something for some-
body’;

da-u-xatavs mas (A,, AG.d) is (A, OB, n) mistvis
(A, AD, g ttvis) — it seems she/he has painted some-
thing for somebody’;

The role of AD(dressee) of A, is quite obvious in
this context (though in some other contexts it can be
less definite).

The marking of this verb-actant (A, AD) may be
characterized by the simplified expression of (5):

(OBJ.d~27 pp),
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where the left part corresponds to 1. I1 series and the
right one — to the I11 series.

We have reached the “tail” of (1) by the last ex-
ample (A,, AD), at least in the case of the regular
super-paradigms. This “tail” link of (1) can take the
second position of the corresponding sub-chains (A,
A,and A A ) only. We shall now consider the means
of marking which characterize such second positions
of the rest of the chain (1) that is of A, and A, be-
cause A, can belong to the first position of sub-chain
and of the chain (1) as a whole. “By that we shall
proceed in the direction opposite to the previous
one: from the “tail” —to the “head™.

Thus, in the first instance, after A, will be ad-
dressed A (OB), which can be placed in the second
position immediately after A, only: AJA is a sub-
chain of the active paradigm which does not address
A, (AD) explicitly. Receding to the back position A,
(like the other links of (1)) becomes addressed by the
OBl affixes in I. Il series

m-xat’avs/ da-m-xat'ais /man (A, AG)me(A OB)
—*she/he is drawing / has drawn me (A, OB);

Atthe same time OB retains SUB addressation in
the inversive I11 series:

da-v-uxat’i-v-ar mas (AG) me (OB) - ‘it turns out
that she/he has drawn me”.

Asto case values. A, changes them in the I series
only that is it becomes marked by d (instead of n):

(ixat’eba is (OB. n)) - xat’avs is (AG) mas (OB, d)
— (it is being painted) — she/ he is painting it". Thus
“retreat” to the back position reduces the priority of
OB markers: SUB—OBJ (1,11 series) and n—d (I se-
ries). The former of these changes is inevitable (verb
cannot address two different actants by one and the
same type of affixes): as to the latter one, it may be
supposed that language in this case (as in many oth-
ers) avoids coincidence of forms of different mem-
bers in one and the same context.

More drastic transformations follow AG’s replace-
ment to the second position of sub-chain correspond-
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ing to the causative paradigm: its marking becomes
identical with that of AD (A):

OBJ,d-OBJ.d-Z. g+tvis.

It may be supposed that this coincidence has
some semantic basis: obviously, AG functions in this
causative context as an addressee (as a “sink”) of
stimulus information, which is immediately pointed
atAG.

This combination of functions fulfilled by one
and the same participant (A,) in different contexts
(causative, active paradigms) remembers the concept
of “blending™ [3], on the one hand, and underlines
the fact that the surface characteristics of verb-actant
relations have immediate deep semantic correspond-
ences, on the other. It is the latter point that supports
the supposition that these surface markings can be
considered as an expression of a complex language
sign.

Thus far we have considered the behavour of
this sign in the frames of the super-paradigms, which
were accepted as regular:

causative paradigm (CAUS)—> active transitive
(PROC) —» passive (RES).

The general “Actor Chain” (1) was interpreted in
terms of semantic roles:

CS->AG—>0B—AD ©)

(the concrete interpretations of these terms here are
quite different from those of [4], which nevertheless
is the original general concept of “semantic role™).
Each paradigm chooses some sub-chain of (6)
pointing at its links by verb affixes (SUB,OBJ); causa-
tive paradigm — CS, AG: active — AG, OB/AD; pas-
sive — OB, (AD). Each position of these sub-chains
can be characterized by combinations of surface
markers: case values of actants representing seman-
tic roles of (6) and verb affixes explicitly pointing at
them. The most characteristic for super-paradigm
surface structure are markers which show in the con-
text of I and II (non-inversive) series: 1) the actants of
“tail” positioned roles (AG*, OB?, AD) are addressed




The “Regular” Type of Georgian Verbal Super-Paradigm 151

by OBJ verb affixes and marked by n (OB) or d (AG.
AD) case values.

According to the correlation between case val-
ues and positions of corresponding roles we can
suppose the following scheme of priorities for the
former ones:

e—->n—>d—pp 0]

where the “head” position of e-value is justified by
marking of “head” position role actants only; the
third place of d-value is conditioned by its use mainly
for marking second position actants; unlike them, n-
value serves for marking of both positions of sub-
chains and it is this that determines its intermediate
place between e/d-values: lastly. the pp-value never
marks actants of the role which does not belong to
the sub-chain of the given paradigm, that is such
that is not directly addressed by the verb affixes of
this paradigm (though the same role may be expressed
by an actant addressed by the verb affixes in the
context of some other paradigm of the same super-
paradigm. and, as a result, marked by e/n/d-values):

essaxli (OB, n) aSenda mistvis(AD, g ttvis) Cems
mier (AG gttvis)>me (AGe) avusene mas (AD.d) es
saxli(OB.n)

I have built something (for) him <> something
was built by me (for) him!

The considerations given so far were mainly
based on the most numerous class (“regular”) class
of Georgian super-paradigms. Of course this type. in
spite of its multiplicity, does not exhaust the diver-
sity of the whole set of these verbal super-units.

The choice of precisely this class is justified, be-
sides its numerosity. by the relevant simplicity of its
structure and. in the first instance, by transparency
correspondence between the semantic roles (7) and
their surface marking. One of the most essential fea-
tures of this class is the stability of OB-role’s behav-
iour: it is almost always present in non-elliptic utter-
ances built on the basis of some verb belonging to
the regular super-paradigm and, moreover, the sur-
face marking of OB actants is remarkably stable in all
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these contexts: its case marker is mainly n, though
sometimes — d. but never — pp. even in the contexts
where OB is not immediately addressed by verb af-
fixes.

The most essential deviation from the regularity
of the super-paradigms, which may be considered
next, is just the lacking of this central role of the
regular ones, that is OB-role. This class, proceeding
from this important quality, will be mentioned in what
follows as an “intransitive” (INTR).

On example of this class (¢uxili- ‘sorrow/worry”)
‘was given above. According to this single example it
may be said already, that the main structure of this
type of super-paradigm looks as: causative paradigm
1 — causative paradigm 2 (active, transitive) — pas-
sive — active intransitive paradigm; by that the first
pair (causative 1, 2) fulfills the CAUS function of
scheme (2), first passive corresponds to PROC and
the last one —to the RES.

The behaviour of the “Actor Chain” “head” (A )
is the same as in the previous case: it has obviously
the status of “causer” (CS):

Seac’uxebina man (CS)mas (A,) is (A,) — ‘She/he
caused him to trouble somebody’:

but the second position of this causative paradigm
sub-chain (unlike the regular case) does not fulfill
the AG role, which should be a “tail” of active part of
the role chain : it influences one more participant
(A,). which, in its turn, is interpreted as active and at
the same time represents the “tail” of activity (AG):

Seac’uxebina A -ma (CS) A, -s (IC) A, (AG)—>
Seac’uxa A -ma A, — ‘He/she has troubled somebody’:
the result of the two proceeding (“‘causative™) steps
isthat A, (AG) firstly “gets™ in the state of “trouble”
under immediate influence of A : 3ec’uxdais A, (AG)
— “somebody gets troubled” and then the same A
(AG) “is troubled™/"has been troubled™:

c'uxsis A, (AG)/ic’uxaman A, (AG).

The last two steps represent the PROC and RES
studies of the whole super-paradigm proceeds: the
first of them is formed as passive paradigm (3ec’uxda)
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and its single actant (A,) is marked according to the
usual rule of passives (SUB: n.n.n). as though it con-
tinues to be under the influence of A, (IC) exerted on
it in the previous paradigm, where it was placed in
the second position and as the result was marked as
usual in this position by (SUB, d,n.n) that had the
usual marking of OB in this position. It may be said
that in these two steps (intermediate causation and
caused by it the process of “getting in the final state™)
AG demonstrates the features of “blending” with OB.
which nevertheless manifests itselfas an explicit AG
and the resulting (“tail”) study of the whole process.

The preference given here to AG as a component
of the “blend” may look somewhat doubtful and to
solve this problem we propose the general principe,
according to which the AG role should be ascribed to
the active Ai nearest to the “tail” of (1) and “activity™
as such should be defined by the type of surface
marking of corresponding verb-actant relation in par-
ticular, it must be as a rule of “top priority”. that is —
(SUB, e). A is marked in such way in a resulting state
(c’uxs), which, according to this, is interpreted by
the language as active (‘somebody feels uneasy’).

The final state (RES) of INTR class super-para-
digm may have a quite “passive” interpretation also,
asitis e.g. in the case of 3ili (“to sleep’), where obvi-
ously the “passive”. “unconscious™ participant’s
actant is marked by (OBJ.d), but. in spite of this, it is
at the end considered as AG, thanks to the marking
which it has in the preceding study (SUB.e):

isinebs is —daisina man — dauginia mas — ‘she/he
is asleep — it seems, that he has fallen asleep; and
this process of “dropping to sleep™ is interpreted as
active, because this paradigm is the last one with
actant marked by (SUB, e).

It can be supposed in general that INTR super-
paradigm differs from regular ones, besides its lack-
ing the OB role, by an additional paradigm with first
position actant addressed and marked by (SUB.e).

The “tail” link of (1) can be again interpreted as
AD; sometimes it corresponds to the AG’s “proprie-
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tor”, in some other contexts it may be the object to
which the AG’s activity is directed: an example given
below demonstrates the case characterized by the
possibility of both interpretations:

augepa man(IC) mas (AD) 3ayli — ‘he caused
a/his dog to bark (on him/)’.

Thus, the main characteristics ofthe INTR class
of super-paradigms can be represented by the fol-
lowing interpretation of the general chain (1):

CS—1C—>AG—>AD

The “head” and “tail” links (CS. AD) of this
scheme are identical with these of regular super-para-
digm class. The differences between these classes
are concentrated in its middle component, where AG
is shifted from the second position (A,) to the third
(A,) and the “gap” is filled out by the new role IC

(Intermediate Causer). The scheme makes obvious

both main features of INTR super-paradigms: lack-
ing of OB role and a triple cascade of active roles (CS.
1C. AG), the middle of which fills up the lack of OB.

Of course, the pair of super-paradigm classes
considered above does not exhaust the variety of
this set. This work makes an accent on the supposed
centre of this set (regular) and demonstrates with a
single example of INTR class the possible character
of deviations from “regularity”. The main merit of
these examples is demonstration of the supposed
basis on which the structure of super-paradigm can
be built; “Actor chain™ (1), “action Chain” (2), and
correspondence between them (3). Moreover, the
most important aspect of the proposed analyses is
the preference of the features of surface representa-
tion, that is, of the means of marking of verb-actant
relations corresponding to the predicate-role
dependences.

This work is a continuation and development of
Georgian super-paradigm study and of their
untraditional concept justification, the beginning of
which is given in [5] and [2].
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ABSTRACT. The objective of the current paper is to explore the impact of services inputs on export
performance of manufacturing firms in tran: y
understanding of the consequences of trade liberalization in services sector. In particular, positive impact
of services sector efficiency on export performance of manufacturers is revealed. Thus, advancing
liberalization reforms in telecommunications, electric power, railway transport, road transport, and
water distribution sectors as well as in banking sector will stimulate expansion of export activities of
manufacturers. Along with services impact, we find that firm specific characteristics such as m(roducnon
of new products, investments in research and p! ofad d and
employee skills are key drivers of export performance in manufacturing sector in transition economies.
Firm’s size and foreign investments do matter as well. The results of the study have several policy
implications. The first insight is that an efficient service sector infrastructure represents a strategic
and underexploited resource of export enhancement that can be influenced by policy makers. To stimulate
export performance of manufacturing industries policy makers must emphasize further reforms and
liberalization of their services sectors. These reforms must be focused on providing adequate access to
services for downstream industries and thus on reducing their costs of doing business. Moreover,
government should create favorable conditions for attracting foreign direct investments and encourage
investments in innovation, research and ! of advanced technologies. A final policy
point is that reducing trade related costs through trade and customs procedures facilitation would also
increase exports. © 2012 Bull. Georg. Natl. Acad. Sci.

Key words: services sector, transition ies, export ance, @ ing industry, panel data

analysis.

Exporting is an important type of economic activ-  emerging markets [1]. Ensuring a favorable environ-
ity that many consider crucial to the growth of pro-  ment for exporting thus represents one of the key
ductivity and living standards. The experience ofthe  challenges for transition economies on their path to
FEast Asian tigers provides evidence that exportingis  economic development.
an important component of the growth strategy in Discussions of factors that determine success of

© 2012 Bull. Georg. Natl. Acad. Sci
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export performance have been ongoing for many
years. Both the factors that are under the control of
firm and external factors have been studied exten-
sively in the academic literature. However, the role of
services sector as one of the external factors in pro-
moting export performance of downstream sectors
remained relatively unstudied. The existing research
of the consequences of services sector liberalization
is limited mainly to the analysis of the impact of serv-
ices sectors on the productivity in downstream in-
dustries [2-5].

In this paper we extend the existing research by
emphasizing the relationship between the services
sectors and the export performance of downstream
industries. In particular, the objective of the study is
to explore the impact of services inputs on export
performance of manufacturing firms in transition
economies.

The results of the study are intended to improve
our understanding of the consequences of services
sector policy. and thus they extend the existing theo-
retical framework. However. the findings of the cur-
rent research are important not only for theoretical
but also for practical considerations. They provide
grounds for recognizing key determinants of manu-
facturers export performance in transition economies.
In that way, the research contributes to the ongoing
political debate on economic development issues and
provides insights for targeting of public policies.

This paper focuses on the role of the services
sector in influencing export performance of manufac-
tures in transition economies. The literature indicates
that countries in transition can benefit from increased
exports. An increase in exports might boost produc-
tivity through “learning by exporting” of individual
companies: or it may allow additional imports ofhigh
tech products. Either avenue would stimulate eco-
nomic growth.

Though the productivity-export link has been stud-

ied very extensively in recent years, some aspects of

this relationship remain relatively unexplored. For
instance, the now large heterogeneous firms’ litera-
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ture initiated by Melitz [6] suggests that the more
productive firms are the ones that export. Melitz as-
sumes that there is a fixed cost in selling in export
markets and only the more productive firms will
choose to export, while less productive firms will de-
cide to serve the domestic market. In this stream of
research. high-productivity of firms that self-select
into export markets is considered as an outcome of
firm’s deliberate strategy. However, the productivity
of firms can be caused also by factors external to the
firm and which are not under its control. The recent
empirical research of the relationship between export
activity and external factors influencing productivity
is focused mainly on the study of the effects of busi-
ness climate variables. For instance, Clarke [7] in a
study of African exporters finds that in addition to
enterprise characteristics, policy-related variables also
affect export performance. In particular, the author
suggests that restrictive trade and customs regula-
tions as well as poor customs administration can dis-
courage manufacturing enterprises from exporting.
Balchin and Edwards [8] find that the business cli-
mate is closely associated with firm-level manufac-
turing export performance in Africa. The empirical
evidence on the effects of business climate and in-
frastructure on manufacturers’ export supply capac-
ity is also documented in [9-12].

Similarly. liberalization of the services sectors can
be considered as one of the external factors that posi-
tively influences costs and productivity of down-
stream firms’ and thus promotes their export activi-
ties. Services can be viewed as a factor of production
along with labor, capital and other inputs. The en-
hancement of services inputs can reduce production
costs. increase the marginal productivity of other in-
puts and raise output. The impact of services sector
liberalization on the productivity in downstream sec-
tor is well documented in academic literature [2-5].
These studies indicate that the availability of high-
quality and low cost services contributes to the re-
duction of costs and increase of productivity of
downstream manufacturing firms. Taking into account
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the fact that services sector efficiency is an impor-
tant determinant of manufacturing firm productivity
and productivity is a crucial factor of exporting, one
may hypothesize that services sector liberalization
through the improvement of productivity of the firms
in downstream industries can increase their exports.

Again relying on Melitz [6], services sector liber-
alization can positively influence not only the export
intensity of manufacturers but also their decisions to
participate in export markets and the number of ex-
port markets that they serve. To be more precise,
theory suggests that a more efficient services sector
through increasing the productivity of firms and re-
ducing the fixed costs of exporting can boost the
number of firms in downstream industries that “self-
select” into export markets. Thus, services sector lib-
eralization. by increasing the efficiency. variety and
quality of services markets. can then increase exports.

Though theory indicates that better services
should increase exports (both intensively and exten-
sively), the empirical links are not well studied. Fur-
ther, those studies that do exist are based on African
or Latin American data, so there is a lack of literature
based on transition country data. In this research we
try to fill this gap by examining the relationship be-
tween performance of services sector and export per-
formance of manufacturing firms in transition econo-
mies.

Based on the literature review, the main research

hypothesis of the study can be formulated as fol-

lows: the enh of services sector |
and significantly influences both the decision of

manufacturers to participate in export markets

(“extensive margin”) and their export intensi fy i
any market (“intensive margin”).

Research Methodology. In order to test the re-
search hypothesis and to estimate the impact of serv-
ices inputs on export performance of manufacturers
we use the following panel data regression model:

El, =78l +y'C, +¢,
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where y' . and ' are vectors of parameters to be
estimated

EI- export intensity (exports/total sales).

SI- vector of services input variables that reflect
performance of three services sectors — telecommu-
nications, electricity, finance. In this study we use
two groups of services input variables. The first
group reflects the subjective measures that are based
on firm’s valuation on a scale from 1 to 5 as to how
much of a constraint they consider telecommunica-
tions, electricity and finance for their business. The
second group of variables are EBRD (European Bank
for Reconstruction and Development) indices of
policy reforms [13], which reflect the overall liberali-
zation of services sector. In particular in this study
weemploy: EBRD overall index of infrastructure re-
form, which reflects reforms in telecommunications,
electric power, railway transport, road transport, and
water distribution sectors; and EBRD index of bank-
ing sector reform.

C-set of control variables: firms size: employment
of advanced technologies; dummy variable, which
reflects whether the firm in the last three years in-
vested in research and development: dummy vari-
able, which reflects whether the firm in the last three
vears introduced new products or services: dummy
variable for foreign ownership; industry type: em-
ployee skills is measured by percent of employees
with tertiary education; degree of competition: regu-
latory quality: dummy variable which reflects whether
the firm is located in the capital; European Union
membership.

£, is an error term, which consists of two error
components: ¢, - the unobservable individual (time-
invariant) effect which may be correlated with the
observed variables S/, and C,

and v, - the re-
mainder disturbance, which varies with individuals
and time and can be thought of as the usual distur-
bance in the regression. @, and v, are assumed to
beiid (0,0,) andiid. (0,0,). respectively.

In this model productivity doesn’t enter in the

equation directly. We proxy the produetivity by firm-
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specific characteristics, like size, foreign ownership,
employee skills. etc. and services inputs variables.

However. some issues can arise while estimating
the model. First, since the export intensity is a trun-
cated variable the sample selection bias issue can
arise while estimating the model. The second prob-
lem is related to potential endogeneity of service in-
put variables as well as some other independent vari-
ables.

To deal with selection bias problems the two-stage
estimation process will be employed in this study
[14-16]. First, we formulate a model for the probabil-
ity of exporting. At this stage we employ the follow-

ing selection variable: EF —export facilitation index
constructed using principal component factor analy-
sis from the Doing Business database
(www.doingbusiness.org ). The index consists of the
following elements: number of all documents required
to export goods; time necessary to comply with all
procedures required to export goods; cost associ-
ated with all the procedures required to exporting.
The estimation is conducted using standard probit
regression.

At the second stage. we correct for self-selection
by incorporating a transformation of the predicted
individual probabilities or the inverse Mills ratio (ob-
tained from the first stage probit regression estima-
tion) as an additional explanatory variable to regres-
sion equation.

To address the problem of endogeneity of the
services input variables, which are very likely to be
correlated with individual specific effect (a), the ex-
port intensity equation will be estimated by applying
Hausman-Taylor IV estimation procedure [17].

The main source of the data for the research is the
micro-level unbalanced panel data from the Enterprise
Surveys database (Business Environment and Enter-
prise Performance Survey (BEEPS) Panel - https:/
www.enterprisesurveys.org/). The surveys were con-
ducted by the EBRD and the World Bank Group (the
World Bank) in 2002, 2005, 2007, and 2008/09 for firms
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in 29 countries in the European and Central Asian re-
gion. The panel provides totally 29,386 observations.
Since the objective of our study is the export perform-
ance of manufacturing firms, we limit the sample only
to manufacturing sector. This gives us the final sam-
ple size of 11,293 observations at the firm level, which
corresponds to 10263 firms. On average there are 1.1
years of data per firm available.

Results. Five different specifications of the model
are estimated. Each of five services input measures
enters the model one by one (The discussion of the
first-stage probit equation estimation results is omit-
ted here. The full version of the study can be found
in[18]).

Table presents results of the estimation of the
impact of services input variables on the export in-
tensity of manufacturers. Hausman-Taylor estima-
tion procedure employed at this stage allows con-
trolling for endogeneity of services input variables
caused by their correlation with unobserved indi-
vidual level heterogeneity. All the five equations have
Wald chi-square significant at 1% level. The inverse
Mills ratio is significant at p< 0.01 level and positive,
which reflects the significance of the first-stage se-
lection equation. In conformity with the main research

pothesis electricity and

sec-
tor have significant (p < 0.01) impact on export inten-
sity of manufacturers. According to data from Table
the obstacles created by these two service sectors
for the business activities of individual manufactur-
ers have negative impact on their export perform-
ance. The obstacles formed by finance sector also
have negative impact on manufacturer’s exporting.
However, this impact is not statistically significant.
Similarly. the overall liberalization of service sec-
tor (EBRD index of infrastructure reform) and reforms
in banking sector (EBRD index of banking sector re-
form) have significant (at 5% level) and positive ef-
fect on export performance of downstream firms. Thus
deep reforms and liberalization in such service sec-
tors as electric power supply. railways, roads, tel-



158 George

Table. Export Intensity Models.

_— [ Coefficients
; [ il 1 v v
Dependent Variable: Export Intensity (EI)
Electricity as an obstacle 2.281%%* - - - -
(.6238)
Telecommunications as an obstacle - -6.093%** - - -
(7216)
Finance as an obstacle & - -.1498 - #
(.5666)
BRD index of infrastructure reform - - - 9.297%* -
(3.885)
EBRD index of banking sector reform - - - - 9.3904%%%
(2.837)
Innovation during last 3 years 11.894%%% [11.920%%%  [12.724%%* |4.116*** 11.358%%
(1.563) [ (1.472) (1.575)  [(1.069) (1.513)
R&D during last 3 years 5.878*=x | 5.348%%* 2.817* 2.281 5.630°%*
(1.492) (1452) (1.479) (1.434) (1.608)
Technological level of company (high- | 8.989%** | 7.674%#* | 6.053*#* | 7.823%%* 5.737%%+
speed internet connection) (2.185) (2.082) (2.277) .511) (2.183)
Employee skills 0527+* 048 .034% 014 .0669+*
(0265) (0259) (.0267) (.0274) (.0303)
Foreign ownership 24.513%%% | 23.741%%x | 23.604%*= | 11.606*** | 23.725%**
(2.205) (2.127) (2.300) (2.035) (2.310)
Size (small firm) 4a.511%es | 44.0520%% | -43.043%%% | -16.047%%% | -45.776%**
(3.88) (3.747) (3.933) (3.626) (*409)
Size (medium firm) S16.066%%% | -15.981%%% |-16370%%% | -9.502%%* | -17.406%**
(1.67) (1.665) (1.729) (1.724) (1.832)
Location in Capital 8.914%% 2335 9.131%% | 11451FEx | -10.029%%
(3.856) (3.439) (3.875) (3.94) 4.012)
European Union country 6336%*% | 6.078%xx | 6.733%% - -
(1.518) (1.561) (1.607)
Competition 10.851%%% | 10.689%%* | 9.902%¥% | 4.173%%* 9.457%%*
(1.136) (1.093) (1.135) (.4676) (1.094)
Regulatory quality 45565+ | 5.235%% | 4.520%%% 4515 564
(1.212) (1.264) (1.242) (4.907) (5.772)
Inverse Mills ratio 2065145 | 19.990%%% | 19.054%%* | 6.510%* 19.499%%
(3.525) (3.235) (3.598) (2.844) (3.619)
sigma_u 90.479 99.150 100.946 87.660 96.306
i 13.732 13.355 13.804 13.731 13.892
9774 9821 9816 9760 9796
Number of obsevations 2598 2598 2511 2507 2507
Wald chi-sq (df) 769.02%%% | 825.44%%% | 760.75%%* | 698.8T**+ | 727.90%**
22 (22) (22) 21 (21

Standard errors arc in parenth
* — significant at p < 0.1 level.

#+ _ significant at p < 0.01 level; ** — significant at p < 0.05 level;
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ecommunications and water supply as well as in bank-
ing sector substantially improves export activity of
manufacturing firms. These findings, in general, pro-
vide support for the main research hypothesis of the
study that the enhancement of services sector posi-
tively and significantly influences export perform-
ance of downstream industries.

The effects of firm specific characteristics — inno-

new product and reduce costs encourages export
intensity of manufacturers (significant at p< 0.01).
Regulatory quality has positive and significant at
1% level effect (non-significant in models IV and V)
on export intensity. Better business environment re-
duces costs of doing business, improves competi-
tiveness and thus makes it easier to expand business
activities at export markets. The non-significant co-

" | of

advance technologies, employee skills, size and for-

vations, research and d.

eign ownership - are generally significant (in most
specifications at 5% level) and have expected signs.
Introduction of new product and services, invest-
ment in research and development as well as employ-
ment of advanced technologies (high-speed, broad-
band internet connection) increase competitiveness
ofthe manufacturing firms at global markets and thus
encourage export intensity.

Firm size and foreign ownership also have posi-
tive and si;

impact on the of export

activities. Large firms have more advantages in ac-
cessing to finance. necessary for establishing distri-
bution networks at global markets. Generally larger
firms have more resources for investments necessary
for attaining of competitive advantage globally. This
is especially true for transition economies. Foreign
ownership, in turn, facilitates transfer of advanced

of this variable in models IV and V can be
explained by correlations with respective EBRD indi-
ces used in these specifications. The same is true for
the variable which reflects membership in European
Union. Industry effect is controlled but not reported
in the Tables.

Conclusions. Generally, the key finding of the study
is that improvement in the services sectors would
enhance the export performance of manufacturers in
transition economies. In particular, the study results
suggest that reducing constraints and obstacles origi-

nating from ineffici in electricity,

cation, infrastructure and banking will encourage ex-
port performance of downstream industries. Thus,
advancing liberalization reforms in telecommunica-
tions, electric power, railway transport, road trans-
port. and water distribution sectors as well as in bank-
ing sector will stimulate expansion of export activi-

ties of ers. Our results also suggest that

managerial expertise, skillsand that make:
firm more competitive at international markets. Em-
ployee skills variable is also expected to have a posi-
tive impact on export performance. This variable meas-
ured as a percentage of employees with tertiary edu-
cation. is supposed to enhance firm's productivity and
thus to improve its competitiveness at export markets,
The results in Table show that employee skills have
positive effect on export intensity: however, this ef-
fect is not significant in all specifications.

services reform impacts more strongly on the inten-
sity of existing exporters than it does in encouraging
new exporters or new export markets.

This paper looks at firm specific factors that af-
fect the export performance of manufacturers in tran-
sition economies as well. Consistent with the results
in existing research, we find that firm specific charac-
teristics such as the introduction of new products,
investment in research and development, employ-
i skills

ment of ad:

Among the envir I variables

regulatory quality and membership in European Un-
ion are important predictors of export performance of
manufacturers. Study results show that competition

measured as a pressure on companies to develop a

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012

and employ
arekey drivers of export performance in the manufac-
turing sectors of transition economies. Introduction
ofnew products and services, investment in research
1 ofad 7

and d aswellas
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technologies (high-speed, broadband internet con-
nection) increase the competitiveness of the manu-
facturing firms in global markets and thus improve
export performance.

We find that size of the firm and foreign invest-
ment do matter as well. These factors significantly
and positively affect not only the decision to ex-
port, but also export intensity of manufacturers.
Large firms have more advantages in accessing to
finance. which is necessary to establish distribu-
tion networks in foreign markets. Generally they
have more resources for the investment necessary
for attaining of competitive advantage globally. This
is especially true for transition economies. Foreign
ownership, in turn, facilitates transfer of advanced
managerial expertise. skills and technologies that
makes the firm more competitive in international
markets. We also find that other factors such as
trade facilitation, regulatory quality, the degree of
competition, membership in European Union also
positively affect exports.

The results of the study have several policy im-
plications. The first insight is that an efficient service
sector infrastructure represents a strategic and
underexploited resource of export enhancement that
can be influenced by policy makers. To stimulate ex-
port performance of manufacturing industries policy
makers must emphasize further reforms and liberali-

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 3, 2012

zation of their services sectors. These reforms must
be focused on providing adequate access to serv-
ices for downstream industries and thus on reducing
their costs of doing business. Moreover, government
should create favorable conditions for attracting for-
eign direct investments and encourage investments

in ion, research and employ-
ment of advanced technologies. A final policy point
is that reducing trade related costs. through trade
and customs procedures facilitation, would also in-
crease exports. Private entrepreneurs should also
expect that that their investments in innovation, re-
search and development, employee skills and ad-
vanced technologies will be beneficial for their ex-
port activity.
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