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2
TDS,
H
/ Ca|Mg | K | Na | HCO3| Cl | SO4 | NO3 | NO2 | NH4
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( 1)
,N1
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I
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( 4)
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H,0+CO, = H,COy = H* + HCOy = 2H* +COs*

(COs™)

HAl EShb mAs HBa HBe HB HCd mCr mCo mCu mHg
ELi ®Ph mMnmMoENi mSe mSn mV =W Fe =iZn

B>Li>Al>Ba>Fe>Mn>Se>Zn>W . )

98,93 %- ) . )
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Abstract. The field of practical use of the natural wealth of the Kolkhita region and, first of all, underground
water is undeniably wide, because the underground water in question is associated with rocks of different lithologies
and ages. Accordingly, they are characterized by different chemical composition and physical properties.

There are three main types of underground water: fresh water, high-temperature thermal waters, radioactive
waters. Water is the most universal and important medium for the migration of chemical elements into the Earth's
crust. According to A. Perelman's figurative expression, water is the “blood” of the Earth's crust. Accordingly, all
types of natural waters are closely interrelated. They are in continuous movement and renewal, forming a single
hydrosphere of the Earth. The extremely high anomalous characteristics of water make it extremely important as a
migration environment.

Keywords: chemical composition; geothermal underground water; microcomponent; mineralization; western
Georgia.
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Abstract. Modern methods of rock evaluation, such as Rock Quality Index (RQD), Rock Mass Rating (RMR) and
Rock Mass Classification System (Q), are used within the field of geotechnical surveys.

RQD was determined by D.U. Deere in 1963, as a simple classification system of rock mass stability. While using
RQD index five classes of rocks (A-E) are determined.

Q value can be determined in different ways: during mapping in underground excavations, on the surface or
alternatively — on basis of core description. The most accurate values are obtained during underground geological
mapping. Dividing the underground excavations into several parts might be required during mapping, so that
variation of Q value is moderate in each section, meaning that such variation should not exceed the rock class
variation index according to the reinforcement scheme. During excavation works single blasting often represents
natural section for individual mapping. A variation may take place in sections of several meters, but for showing this
variation histograms can be used during mapping.

Keywords: engineering geology; Khobi 2 HPP; mechanical properties; physical properties; rocks.
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Section — 2 — from pk 4+400 to pk 4+500 (100m long)
(see Drawings ##8-10).

The tunnel section from pk 4+400 to pk 4+500 is
lithologically structured by greenish-dark grey, strong
tuff breccias, tuff breccias with medium strength as well,
and greenish-dark grey fine and coarse grained strong
tuff sandstones.

Within this section areas tectonic fractures take
place; their widths exceed 100mm, in particluar:

e pk 4+418 dip azimuth 65°, inclination angle 45°,
width 30-120mm, apparent length >3m, filling calcite;

e pk 4+441 dip azimuth 65°, inclination angle 45°,
width 10-200mm, apparent length >3m, filling clay, silt,
sand and rarely calcite;

e pk 4+454 dip azimuth 60°, inclination angle 259,
width 20-200mm, apparent length >3m, filling clay and
calcite;

e pk 4+468 dip azimuth 879, inclination angle 86°,
width 30-150mm, apparent length >3m, filling clay and
calcite;

On base of rocks fracturing study 3 systems of
fractures [1] were selected here, including the following:

I system: dip azimuth 65° inclination angle 61°,
aperture width 0.1-1.0mm; average space between
fractures 0.19m, apparent length 1-3m. Surfaces of
fractures slightly rough, wavy; fracture filling — hard,
silty-sandy-clayey. Some fractures are filled up with
mineral salts.

Il system: dip azimuth 190° inclination angle 60°,
aperture width 0.1-5.0mm; average space between
fractures 0.37m, apparent length 1-3m. Surfaces of
fractures wavy, slightly rough; filling — calcite and silty-
clayey.

Il system: dip azimuth 320°, inclination angle 52°,
aperture width 0.1-1.0mm; average space between
fractures 0.92m, apparent length 1-3m. Surfaces of
fractures slightly rough, wavy; filling — silty- clayey.
Some fractures are filled up with mineral salts.

- — Work of GTU
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Besides above mentioned fractures there are lots of
chaotic fractures as well in the massif.

Lithological varieties of rocks are studied by labo-
ratory. Values of their physical-mechanical properties
are as follows:

Tuffbreccia:

e Density _p=2.60g/cms3;

e Point load strength _ 1s50=2.42 MPa [2].

Tuff sandstone:

e Density _p=2.66g/cm3;

e Point load strength _ 1s50=6.20 mpa [2].

According to strength the rocks are classified as fair
and strong (R=3+4).

Within the section areas rock mass characteristics are
as follows:

e Rock mass total rating is RMR=48 according to
geomechanical classification;

e Quality index Q=5.85 according to which the
massif is of class C (fair).

In the tunnel section from pk 4+400 to pk 4+155
water observation took place in some intervals by
dripping, leakage, locally streaming or heavily dripping,
but most part of the tunnel arch and walls is wet.

Water inflow is the following according to intervals:

pk 4+400 + pk 4+420 - 10 I/min

pk 4+420 + pk 4+440 - 15 I/min

pk 4+460 +pk 4+480 - 10 I/min

pk 4+480 + pk 4+500 - 15 I/min

During tunneling the section from pk 4+400 to pk
4+500, from the tunnel arch and walls falling of rock
fragments and some blocks took place, total volume of
which made the following according to separate
intervals:

pk 4+400 + pk 4+420 - 5.0m3,

pk 4+420 + pk 4+440 - 4.0 m?

pk 4+440 + pk 4+460 - 5.0 m®

pk 4+460 + pk 4+480 - 1.0 m®

pk 4+480 + pk 4+500 - 2.50 m?
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Conclusion

1. Diversion tunnel of “Khobi 2 HPP” is structured
by: strong tuff sandstones, crystalloclastic tuffs and
tuff breccias. Dispite the rocks are fractured and some
thick tectonic fractures are observed, rock massif
makes good, liable conditions for the tunnel
exploitation;

2. In the interval of the tunnel from pk 4+200 to
pk 4+500, 8 sections having engineering-geological
conditions, more or less different from each other,
were selected;
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Abstract. The operation of the air conditioning system (ACS) in the premises with artificial ice fields has been
examined. It was shown that it was possible to economize energy when using the heat of condensation of the
refrigerating machine providing the needed parameters of incoming air during summer to compensate heat flux from
air to the ice surface. The fundamental scheme of the ACS offered to servicing the ice field of 1800 m? is given; the
formation of the regime of its operation in summer on I-D diagram is cited; the coefficient of transformation of

energy of the refrigerating machine under this regime has been defined. Also, the variant of the ACS operation in
winter has been examined.

Keywords: air conditioning system; artificial ice field; energy saving; heat pump; refrigerating machine.
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Abstract. Global pressure has intensified to reduce the use of R404. with high global warming potential and
relatively high leak rates in supermarket systems. In Europe, several design modifications such as cascade systems
and new refrigerant choices are being investigated. One of the new leading options is to utilize a hybrid cascade
system using CO:z in low temperature refrigeration circuit and R134a in medium temperature. R134. has higher
efficiency than R404. and about one third the direct global warming potential (GWP). To make even greater gains
in GWP reduction, a new lower GWP refrigerant has been developed that is retrofittable in the medium temp R134a
circuit with minimal system changes. This refrigerant has less than half the GWP of R134. and is also non-flammable.
This paper will show results of experimental calorimeter and supermarket system performance. A TEWI analysis
will also be presented to demonstrate the significant reduction in environmental impact if XP10 is used in a hybrid
cascade system with COa.

Keywords: cascade refrigerating systems; calorimetric method and on-place system analysis; refrigerant with
low GWP.
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Abstract. Pipeline hydrotransport systems began to develop rapidly from the second half of the last century. This
was especially the case in the mining and mineral industries, when it was used for hydraulic transportation of loose
solid materials. One of the fragments of the fundamental works performed by the author at G. Tsulukidze Mining
Institute — the construction performance and working principle of the hydraulic shock protection device of multi-
stage pressure hydraulic transport systems — is reviewed. The construction includes a pneumohydraulic accumulator,
the body of which is connected to the suction pipe of the pumping unit through a tube on which a foot is mounted,
and the bottom is connected to the necessary pipeline with a transfer pipe. Additionally, reverse valves are installed
on the supply pipe and the transfer pipe.

Keywords: hydraulic shocks; hydraulic transport system; multistage; pipeline; pneumohydraulic accumulator;
pressure; reverse valve; suction pipe; supply pipe; transfer tube.
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Abstract.

Such well-known scientists as Legendre, Gegenbauer,
Jacobi, Lager and others were engaged in the study of
various properties of orthogonal polynomials. They
introduced the concept of various polynomials and
determined their properties. With these polynomials the
series in orthogonal polynomials are composed and the
issue of representing a function with these series is
studied; the convergence and summability of these series
are also studied by various methods.

In the presented paper, the so-called Wigner
polynomials are considered. These polynomials are
involved in the definition of generalized spherical
functions. Therefore, determining the properties of these
polynomials would be useful for studying the con-
vergence and summability of Fourier series with respect
to generalized spherical functions.

In this paper, some basic properties of Wigner
polynomials are studied. In particular, asymptotic
formulas and some estimates for these polynomials are
determined.
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Introduction

In the presented paper, theorems are proved that
determines various properties of Wigner polynomials. In
particular, an asymptotic representation and some
estimates for these polynomials are obtained.

Main Part
Gelfand and Shapiro introduced the concept of

generalized spherical functions [1] and connected with

them functions P (X) that will be as

mn
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m-n m+n l=m
-m-n d

i (0= n)\(¢+ m)! 1- 1 2
2'm-n)! NV (£+n)\(¢- m)'( X) (L+)

l=m

P, (x)= (-1

L-x)""@Q+x)"" .

The generalized spherical functions are sometimes called as Wigner’s functions [2], so we call Pmn (x)

polynomials as Wigner polynomials.
It is known that [1]
¢ ‘
b, (x)= P, (x) )
and
P, (x) =P, _( @

Due the relations (1) and (2), it is always possible to ensure that the inequalities m7— n=0and m+ n= 0 are

satisfied.

Let’s designate by Pk(a'ﬁ) (x) the Jacobi polynomials; we have (see [3], p. 79)

A

dk
PeP(x) == o) @L-x)“L+x) — @-x)TF @+ x)PH
2" k! dx*
It is known that ([2], p.133)
P(a'ﬂ) - 2m n—m (ﬁ—n)!(£+n)! 1_x _m%n 1+x _an P[ X ’ 3
k L (f—m)|(£+m)| ( ) ( ) mn() ()
where
£:k+a+'e m:a+ﬂ n:;a.
2 2 2

When m= nwe have a=0, 8=2m, k= £- mand
PEM (x) = 2"+ x) ™R, ().

mm

Hence, we obtain

P’ ()= “Tx PO ym
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Conclusion
For Jacobi polynomials we have ([3], p. 204)
L gy, g b a+p+1
PPl (cosd) =k 2m 2 sin= COS—  cos k+ 9-
2 2 2
1 5
-a+= = +0(k ?), 4
5 5 tok?) (4)

where 0 < 9< 7, and the estimate of the remainder term is uniform on the segment [& 7- &] for a fixed £ > 0.

From (3) and (4) we obtain

on e ((j_-;iigig;l (-x) 2 (+x) 2 P,(x)=
R v-n=y T 1

=(/-m)? m? sin— COS— cos (+= &-
2 2 2

Cm-n+t T o (¢ - )—2 ®)
2 2 m ’

where x=cos<

From (5) follows

P, (cosd) = (E=m)MEEml o £+i - m—n+£ LA

(¢ =n)!(0 +n)! 2 2 9

3
+O (L-m) 2 ,0<3<r
In particular, if m = n, we have

J2cos £+; 19—Z .

P€ (COSZ9): + O g_ _E O<z9<]7 (6)
Ji=m) 7 sino (E=m) = '

At this estimate of the remainder term is uniform on the segment [ 7- &].

Therefore, we have proved the validity of the theorem.

Theorem 1. If 0 < 9< mand / = m , then for the polynomials Pnfm (COS 1.9) occurs an asymptotic representation

1 Vi
J2cos 1+ 9-C
P' (cosd) = 2 adi o (¢ )—Z
mm - - -m y
J(-m) 1 sind
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At this estimate of the remainder term is uniform on the segment [ 7- &].

From (6) follows that

P, (cos )| < 0<o<r
(0 =m)m sind

and

|Pnjm (00519)| < J<9< -9,

c
J(-m)’
where d> 0 c is constant.

Let’s now obtain an estimation for the function P”fm (COS 19) on the segment [0; 7.

Theorem 2. If 0< 9< 77 and ¢ = m , then

1

Proof. For the function Pmn (X) occurs the formula of integral presentation ([2], p. 129)

on ig ip "
P (x)=_L1 (£ = m)!(e + m)! J’ cosZ e? +isin Z9e 2 x
(¢ = n)!( + n)! 2 2

. . (+n
) L 9 -
X ismE e’ +COSEe 2 emdg, )

where x=cos<

From (7) we obtain

i g i ip Lt
I g A g -*
P! (cosd) = _I cos e? +zsmEe 2 iSin—e2 +C0S—e 2 g
Thus
2 ig 19 ’¢
P, (cosd)|< <1 i cos—e2 +isin—e ?| «x
21 3§ 2
z¢ z9 l¢ (+m
x|iSin— e? +cos—e 2 dg. ®)
2 2
We have
i _i$ >
cos? % 1 isinZe %] = [cos Zeos 2+ insin® +
2 2 2 2 2 2
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+i cosgsin£+ singcosﬂ - cosz§0052£+
2 2 2 2 2
+25in£cos£sin£cos£+sm ~sin? 2+ coszésm ﬂ
2 2 2 2 2 2
1
+25in£cos£sin£cos£+sinzﬂ coszﬂ =
2 2 2 2 2 2
1
= c03279+sm 2+ 4sml9cosl93|n¢cos¢ 2
2 2 2 2 2 2

1
=(L+sing sind)?.

Similarly, would be shown that

g 9 - , 7 -2£

isin—e? + cos—e 2|= COS"—+sIn
2 2

1
2

9 .2

. Z 5.
- 4sin—cos—sin—cos— =
2 2 2 2
1
=(L-sing sinH)?.

Consequently, from (8) we obtain

= l+m

(cos§)|<— J’(1+5|n¢ 3|n79) 2 (1 sing sind) 2 de =

mm

(+m

T l=m -7
:LI(1+sin¢ sing) 2 (L-sing sind) 2 dg+
21 3

l(=m l+m

+ L [@esing sing) * (L-sing sind) 2 dg=
21 5

(+m

(L-sing sind) 2 dg+

L=m
2

_—J’(1+sm¢ sin)

/+m

+_ I(l sing Slnz9) 7 (L+sing sind) 2 dg.

(1) =land P, (—1) = (—l)g , therefore, let’s consider the case 0 < &< & For such Jwe have 1 +

mm

As [1]

mm

sing sing>1and1-sing sing< 1.

l=m ﬂ+m

Let's m>0.Then (1 +sing sind 2 <(1+sing sin 2 ,therefore
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(+m /+m

P! (cos§)|<—I(1+sm¢ sind) 2 (L-sing sind) 2 dp+

mm

(=m

7d¢:

-m l=m +m
2 2 2

+_J’(1 sing snnﬁ) (L+sing sind) 2 (1+sing S|n19)

t+m (=m

J’(l sin?g sin’9) 2 d¢+__[(1 sing sin®g) 2 x

1 7 1 1
x(L+sing S|nz9)md¢<—Id¢+— 2" J'd¢:—+§ 2" = —(1+ 2").

If m<0, we have

(COS7.9)| = |R‘m1_m (COS7.9)| < %(1+ 2.

| m,m
It is clear that if m7=0, then
[P (cos9)| = |P.(cos )| <1

where p — is the Legendre polynomial.
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Abstract. lon channels are parts of the nerve cell membrane that provide the selective permeability of ions, i.e.
positively and negatively charged particles, and participate in the regulation of the body's vital processes. They are
responsible for regulating the flow of ions in the plasma and membranes of all cells, controlling the intracellular
concentrations of various ions. The alternating closing and opening of sodium, potassium and calcium ion channels
ensures the spread of the nerve impulse. Blockage of ion channels causes serious changes in the body. In today's
medicine, a number of diseases are explained precisely by the malfunction of ion channels. Widespread pathologies
in the world population: angina pectoris, arterial hypertension, arrhythmia, epilepsy, diabetes, etc. This is a small list
of diseases that are caused by malfunctioning of ion channels in the human body. Based on this, the diseases caused
by ion channel malfunctions and the effective remedies for their treatment are an urgent issue for the world

population.
Keywords: angina pectoris; epilepsy; ion channel; nerve impulse.
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