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ON SUMMABILITY OF KOTELNIKOV SERIES BY RIEMANN METHOD
Skhirtladze I.A.

V. Chavchanidze Institute of Cybernetics Georgian Technical University

Abstract. Necessary and sufficient conditions for the summability of the Kotelnikov series are considered.
Keywords: summability, Kotelnikov series, Riemann method.

As is well-known, one of the central theorem, which belongs to J.M. Whitteker, is known as
the sampling theorem in mathematical literature.Exactly the mentioned theorem provides the basis for
study of the behaviour of functional series of definite type:

=, sin(x—nx)

2.C———

n=0 nz

(convergence, uniform convergence, summability in a certain sense). Hereafter the series of mentioned
type were named as Kotelnikov series. It is evident that the behaviour of the mentioned series depends

on the properties of the coefficient C, n=0,1,... In the theory of divergent series so-called summa-

bility methods are well-known. The goal of the mentioned involves the ascription of certain sum a new
sense to each divergent series so that the method remains the convergent series as convergent series
and doesn’t change the sum. And in the case of divergency the series will acquire the sum by new
sense. The mentioned methods are named as the regular methods of summability [1-5].

Our goal is to show that in certain conditions the Kotelnikov series are summable by so-called
Riemann method.

0
Definition 1. Numerical series ZUn is named as summable by Riemann series to number
n=0

o - 2
of the following ratio is lim {UO +2Un[3ln nhj } _s
h—0 =y

nh

Definition 2. Functional serieszun(x) is named as Est to (Sx) function summable by
n=0

Riemann method if for any point X € E the following ratio is observed

E%{Uo(x)+iun(x)(3i:;hjz}: S(x)

n=1

Definition 3. Let us assume that the functional series is presented. Let us assume that for
mentioned series the sum of formally twofold differentiated series is continuous. Therefore this sum is
named as Riemann function of initial functional series. Let us designate the Riemann function of
Kotelnikov series as F(x).

Definition 4. Let us concede that ¢(x) function is determined at some area of point X,. If the

®(x+h)+D(x—h)—2D(x,)
h2
it is named as Schwartz second order derivative and marked as D2®(X0) symbol. I> — designates

Hilbert coordinate space.
Basic theorem 1. If the sequence of the coefficients of Kotelnikov series is the element of |2
Hilbert coordinate space and Riemann function F(X) is characterized by second order Shwartz

finite limit is presented: leo
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derivatie in some X-point, than the series is summable by Riemann methods D?F (x) function or the
ratio is obserwed

: =, sin(x—nz)(sinnhY’ )
lim| C C =D°F
o 0+; " x-nz ( nh ) (x)

Theorem 2. If the conditions of the theorem 2 are uniformly obeyed at some E-set than
Kotelnikov series are uniformly summable by Riemann method to the function DZF(X).
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PE3IOME

CYMMHUPYEMOCTD PAJA KOTEJIBHUKOBA METOJAOM PUMAHA

Cxupraanze H.A.

HNucruryr Kubepuernuku UneTutyT Knéepuernku uM. B. YaBuanunase I'py3unckoro Texanueckoro
Yuusepcurera

PaccmarpuBaercst He00X0AMMOE U TOCTaTOYHOE YCIIOBHE ISl CyMMHpyeMocTH psina KoTensHHKOBA.
KiroueBble c1oBa: cymMmmupyemocTs, psa KorensHukoBa, Meton Pumana.
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DIFFERENT APPROACHES TO SIMULATING DATA TRANSMISSION BY A SINGLE
STATION IN ONLINE WI-FI NETWORK

Rodonaia I.D., Rodonaia V.l. and Morchiladze A.S.

International Black Sea University
Georgian Technical University

Abstract: The development trend of information technology requires the processing of an increasing amount of
information. For this is increasingly used by distributed data processing systems using wireless network
technologies. However, their use is currently limited due to network time delays and packet loss. To calculate the
parameters of the functioning of such systems, it is necessary to develop mathematical models, allowing to take
these factors into account when designing systems to optimize the delivery time of information. Some works
are devoted to the construction of such models, but a comparative analysis of these models and correlation with
experimental data are not available. This article provides a comparative analysis of different models for the
transmission of one packet and a comparison obtained results with experimental data.

Keywords: Wi-Fi, CSMA/CA, data transfer simulation, delay, interference, bandwidth, transmission, medium
access protocol, WLAN, MAC

Research Topic

This article discusses five different mathematical models for the transmission of one packet by
one station on a Wi-Fi network. The packet exchange process will be considered as a homogeneous
Markov discrete states and continuous time. For each of the models, a labeled state graph is presented
to assess the possible delivery time of the package in such a way that the states in which the package
was delivered become final. The corresponding system of Kolmogorov equations is constructed, a
comparative analysis of the model results is carried out with the results of a practical experiment.

These models were built according to the 802.11 standard using carrier sense multiple access
and collision avoidance (CSMA / CA) [1].

The sequence of packet exchange (according to the 802.11a standard) between the
transmitting and receiving stations in the case of successful and unsuccessful transmission of one
packet (fragment) at the first attempt is shown in Figures 1 and 2, respectively.

Busy

DIFS
Medium Backoff| Fragment

e -~

SIES

ACK

Figure 1: Successful transmission of one packet

\ [
ACK
Busy Bac- Time-| [ Bac-
Me- |DIFS |/ koff | BX | out |/ koff | Fr-
dium |€ > 1 <€ > ¢
/\ «—> AcK
SIFS

Figure 2: Unsuccessful transmission of one packet on the first attempt

Note that there can be a delay in the transmission of information only during the transmission
of a fragment and an ACK packet. For the successful transmission of several packets in order to
increase the efficiency of data transmission, the Bursting mode is used [2,3], in which there is an
increase in throughput due to the removal of part of the temporary costs. In this case, the sequence of
sending n packets by one network device has the form shown in Figure 3 [3].
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Busy
Me- P /Bac-| F SIS F F DIFS
dium koff | 1 s i) n e
T
ACK < ACK
I
SIFS SIFS

Figure 3: Sending n packets in Bursting mode
Let’s discuss these five models:
Model 1 - Failure to send one packet on the first attempt:

This model corresponds to the packet exchange sequence shown in Figure 2, then the data
transfer will correspond to the labeled state graph shown in Figure 4.

Figure 4: State graph for unsuccessful sending of one packet on the first attempt

Let’s describe the 4 states shown in the figure:

P, - initial state (no packages); p, - packet generation by the transmitting station; p, - the transmitting
station waits for DIFS + Backoff Time_1, transmits one packet (fragment) with a possible delay, waits
for the set ACK Timeout; p,- the station waits for Backoff Time_2, retransmits the packet with a

possible delay; p, - the station waits for the SIFS time, the receiving station sends an ACK packet with

a possible delay.
Here, A, packets - the intensity of information transmission by the transmitting station, A, - transmi-

. 1,
ssion rate, where A, :t_(l =2,34) and
i
tz = tDlFs +tBACKOFF_l +tFRAGMENT+tACK_Timeount+tdeIays
t3 = tBACKOFF_Z +tFRAGMENT+tdeIayS
t, =tges +lack +tde|ays

Model 2 - possible unsuccessful sending of one packet on the first attempt (first option)

Let’s assume that an unsuccessful transmission of information on the first attempt is possible,
but it is guaranteed to be successful on the second, and there may be a delay in the transmission of
information. When building this model, the information transmission schemes were used which are
presented in Figures 2 and 3.
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Figure 5: State graph for a possible unsuccessful transmission of one packet by one station (1% option)

Let’s describe the states shown in Figure 5:
P, - initial state (no packets to send); p, - generation of packets by the transmitting station; p, - pause

1 (the transmitting station waits for DIFS + Backoff Time_1); p, - sending a packet with a possible
delay; p, - unsuccessful transmission of part of the packets; p; - pause 2 (the transmitting station waits
for ACK_Timeout); p, - pause 3 (the transmitting station waits for Backoff Time_2); p, - successful

packet transmission with a delay, the station waits for SIFS time; p, - the receiving station transmits an

ACK packet with a possible delay.
Hear A, packets - the intensity of information transmission by the transmitting station, 4, =k x4, ,

where k - unsuccessful sending rate (part of sent packets), A, - the intensity of information transmi-

ssion, 4 :%(i:3'415“'8) and

t =tpirrs + tBACKOFF_l
t,= tFRAGMENT+tdeIayS

t :tACK_Timeoute’ ts :tBACKOFF_Z’ t, =tgess T =Tack +tdelays
Model 3 - possible unsuccessful transmission of one packet at the first attempt (second option)

This is another modification of the previous model. In this case the state graph will have the
form presented in Figure 6.

Figure 6: State graph for a possible unsuccessful transmission of one fragment by one station with a delay
(2" option)
Let’s describe the states shown in Figure 6:
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P, - initial state (no packets to send); p, - generation of packets by the transmitting station; p, - pause
1 (the transmitting station waits for DIFS + Backoff Time_1); p, - sending a packet with a possible
delay; p, - unsuccessful transmission of part of the packets at first time; p, - pause 2 (the transmitting
station waits for ACK_Timeout + Backoff Time_2); p, - successful transmission of “unsuccessful”

packets with a possible delay; p, - the transmitting station waits for the SIFS time; p, - the receiving
station transmits an ACK packet with a possible delay.
Hear A, packets - the intensity of information transmission by the transmitting station, 4, =k + A,

where k - unsuccessful sending rate (part of sent packets), A, - the intensity of information trans-

mission, A, =t1(i :3,4,5...8) and

G =1orrs +tBACKOFF_1
t, = tFRAGMENT+tdeIay5
t :tACKﬁmme +tBACKOFF_2' ts =lsirsy T =Tack +tde|ays
Model 4 - Cyclic Successful Transmission of One Packet
To build this model, the scheme was used, which is presented on Figure 3, but instead of

sequential packet sending, a circular one is proposed. The corresponding labeled graph is shown in
Figure 7.

Figure 7: State graph for cyclic successful transmission of one fragment by one station with a delay

Let’s describe the states shown in Figure 7:
P, - initial state (no packets to send); p, - generation of packets by the transmitting station; p, - pause

1 (the transmitting station waits for DIFS + Backoff Time); p,- sending a packet with a possible

delay; p,- pause 2 (station waits for SIFS time); p, - the receiving station transmits an ACK packet
with a possible delay.
Hear A, packets - the intensity of information transmission by the transmitting station, /- trans-

mission rate, A, =t£(i =2,3,...8) and
i
t, =toiees + lgackorr
t; =terpoment + tdelays
4 = Lsips
t delays?
t

6 — “ACK +tdelays
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Model 5 - sequential successful transmission of n packets

Bursting mode is used to successfully transmit n packets in series. In this case the sequence of
sending n packets by one network device has the form presented in Figure 3. The corresponding
labeled graph is ilustrated in Figure 8.

Figure 8: State graph for sequential transmission of n packets in Bursting mode

From the diagram in Figure 3, it can be seen that for each packet (fragment) sent with a delay, there
are 2 SIFS pauses and 1 ACK packet with a delay.
Let’s describe the states shown in Figure 8:

P, - initial state (no packets to send); p, - generation of packets by the transmitting station; p, - pause

1 (the transmitting station waits for DIFS + Backoff Time); p,- Sending n packets with a possible
delay, the transmitting station waits for 2n SIFS time, the receiving station transmits n ACK packets
with a possible delay.

Hear A, packets - the intensity of information transmission by the transmitting station, A, - transmi-

. 1,
ssion rate, A, :t—(l =2,3) and
i
t2 :tDIFFS +tBACKOFF

t3 =nx (ZtSIFS +tFRAGMENT+tACK + 2tde|ays)
Solution
To find the limiting probabilities of the states of the system and the law of distribution of
information transmission time, a system of Kolmogorov equations is constructed. For model 1 it has
the following form [4]:

Lo b,

%%po 2Py
e o=,
%%pz—&pm

Initial conditions:

p;(0)=0(i=12...0)

For this model the probability distribution density of the delivery time of one packet by the
transmitting station will be determined by the function

F(t)=2.ps(t)
For the other models in the system Kolmogorov equations are constructed in the similar way.
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Testing Results
When solving all systems of differential equations, the parameter values from the IEEE 802.11a

standard were used: tSLOT_TIMER =9mcs, tsirs =16mcs, toirs =loirs + ZtSLOT_TIMER = 34mcs, tACK_TimeoutzloomCS !
size of frame ACK — 14 bytes, size of transmitted packets (frames) — FRAGMENT _i — 700 bytes. For
the first and third model tg,ccor ; =0, -tSLOT_T,,\,lER(di - rollback timer random value), moreover

d, =1(i=12)in the case of minimal time expenditures and d, =31, d, =63- in the case of
maximum. For the fourth and fifth model tg,cxorr =0 “ts o1 Timer, Where d =1in the case of

minimal time expenditures and d =31 in the case of maximum. For the second and third model
unsuccessful sending rate k =0,1% . Transmission speed K —100mb/s. The solution of the system
was found numerically on the segment [0; 0.04] with the number of segments of the partition
N =2000. The delay time t,,, take the values from 0 to 125mcs. Intensity of information

transmission - 4, —200,400,600,800 and 1000 packets per second (p/s). For the numerical solution the

software mathematical package Maple 13 and the Runge-Kutta-Felhberg method of 4-5 orders were
used. To check the simulation results, measurements of the real packet transmission rate were carried
out. The computer was connected with an Ethernet network cable to dual-band Wi-Fi router Toto-Link
N301RT (frequency 2.4 GHz), laptop - using Wi-Fi. Traffic was captured on a laptop using the
EtheRGen program. As only one client (computer) was connected to the Wi-Fi network, the delays
can be considered minimal. Table 1 shows the expected time of receiving packets for the first 4

models and the real time at different load of the channel. The first value is the minimum, for d,, =1
(2™ and 3 model) and d=1 (4" model), ty.,, =0, the second value is the maximum, for

d, =31, d, =63 (1* and 2" model) and d =31 (4" model), t,,,, =125. No doubt about that, for one

client-server pair, none of models 1-4 is suitable, although with a large network load (1000 p/s), the
experimental data approach the model, especially for 2-3 models.

Table 1. Actual and expected time of package receipt for models 1-4

Information Transfer Rate
200p/s 400p/s 600p/s 800p/s 1000p/s

experiments 0,000465223 0,000465223 0,000459202 0,000782919 0,000820112
0,000484871 0,000473366 0,000489319 0,000784406 0,000849802

15t model 0,00525994— 0,00277587— 0,00194255— 0,00152588— 0,00127588—
0,00645821 0,00397887 0,00314554 0,00272887 0,00247888

2nd model 0,00509804— 0,00261345— 0,00178012— 0,00136346— 0,00111346—
0,00561630 0,00313345 0,00230012 0,00188346 0,00163346

34 model 0,00509805— 0,00261347— 0,00178014— 0,00136347— 0,00111347—
0,00561632 0,00313347 0,00230015 0,00188348 0,00163349

4% model 0,00510239— 0,00261780— 0,00178448— 0,00136782— 0,00111782—
0,00578818 0,00330598 0,00247265 0,00205599 0,00180599

If we carry out a comparative analysis of these models with each other, then it can be seen that
the results of the numerical experiment for the 2nd and 3rd models practically are similar, although for
the 3rd one they are slightly higher. Largest values turned out for the 1% model, which is explained by
the large time costs. The most unpredictable of these models is the 4™ one, in which, despite the
absence of re-sending the packet, the time costs, although less than it was in the 1% model (which is
clear), but more than the 2" and 3" models.

For the 5th model, rough estimates were obtained for determining the delivery time of a
packet: the results of a numerical experiment for sequentially sending n packets were divided by n.
The values obtained for different network loads are shown in Table 2.

Thus, for one client-server pair, packets are sent in Bursting mode, and (as expected) the
number of packets decreases with increasing channel load.
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Table 2. Actual and expected time of package receipt for model 5

Speed (packets per E iment ber of 5" Model
second) Xperimen n _[T:c?etes ro d Expected time
200 0,0004843563 13 1 0,000472889
0,0004848711 31 0,000493571
400 0,000465223 7 1 0,000449759
0,000473366 31 0,000488329
600 0,000459202 5 1 0,000428407
0,000489319 31 0,000482406
800 0,00078292 2 1 0,000732974
0,000784407 31 0,000867972
5 1 0,000607974
1000 0,000820112 31 0,000742974
0,000849802 1 1 0,001129474
31 0,001379474

Conclusion

From the analysis of the results, we can see that for one client-server pair packet transmission
with a low channel load is carried out in Bursting mode, and with a large one, it approaches the results
for models 2-3, which may indicate that when the channel load changes, a change occurs in data
transmission modes. This aspect requires more detailed study. The results of this article may be of
interest in the design and modernization of a Wi-Fi network.
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PE3IOME

PA3JIMYHBIE CITIOCOBBI MOAEJIMPOBAHUSI NEPEJAYU ITAKETOB JAHHBIX B CETH WI-FI
Ponounasn U. 1., Pogonas B.U., Mopuniaanse A.C.

MesxknyHapoaHbiii YepHoMOpCKHUi YHHBEPCUTET

I'py3uHcKknii TEXHMYECKHI YHUBEPCUTET

TenneHums pa3BUTHI MHPOPMAILMOHHBIX TEXHOJIOTHI TpeOyeT oOpabOTKM BCE OOIbIIEro KojudyecTBa MHPOP-
Manuu. J{Jst 3Toro Bc€ yalle UCIoIb3yIOTCs pacipe/ieieHHbIe CUCTEMBbI JAHHBIX C TIPUMEHEHUEM OeCIIpOBOIHBIX
CeTeBBIX TeXHOJOrHH. OHAKO MX MCIOJIb30BaHNE B HACTOSIIIEE BPEMSI OIPAHUYEHO M3-32 YACTHIX COOEB CETEBBIX
MaKeTOB M BPEMEHHBIX 3ajJiepkek. [ pacdyera mapameTpoB pabOThl TaKMX CHCTEM HEOOXOAMMO pa3paborarh
MaTeMaTHYeCKHe MOJIEIH, KOTOPBIE MO3BOJIAT YYE€CTh 3TH (DaKTOPbI IIPH MPOEKTUPOBAHUN CHUCTEM ONTUMHU3ALNN
BpPEMEHH J0CcTaBkH nHpopMmanuu. CymecTByIOT paboTHI, TOCBAIIEHBIE TOCTPOCHNIO TaKUX MOJENEH, HO CpaB-
HUTEJILHBIA aHAJIM3 3TUX MOJIEJIel M CONOCTaBJIEHHE C SKCIIEPHMEHTAIBHBIMY JaHHBIMH OTCYTCTBYIOT. B naHHO#
CTaThe MpeAsIaraeTcs CPaBHUTENBHBIN aHaIN3 PA3IMYHBIX MOJIENEH Mepeiaun OAMHOYHBIX [TAKETOB U MPOBEJICHO
CpaBHEHHE IOJyYCHHBIX PE3YJIbTATOB C HKCIIEPUMEHTAILHBIMU TAHHBIMHU.

Karouessie ciioBa: Wi-Fi, CSMA/CA, WLAN, MAC, 3anepika, MOIEIUPOBaHKE IIEpEJadl JaHHBIX, [IPOTOKOJ
JIOCTYIIa K Cpe/ie.
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ANALYSIS OF THE DIFFRACTION PROPERTIES OF THE CORNER BEND OF A
RECTANGULAR WAVEGUIDE IN THE PLANE OF THE MAGNETIC VECTOR BY
METHOD OF SUPERPOSITION OF ALTERNATIVE FIELD REPRESENTATIONS

Gdzelishvili S.C.

Georgian Technical University

Abstract. On the basis of the investigation of diffraction properties for comparatively simple electrodynamic
structure, which is the H-plane 90-degree bend (major bend) for the rectangular waveguide, the method of
rigorous electrodynamic analysis is illustrated. The method is based on the representation of the electromagnetic
field in the area of the corner bend in the form of superposition of two alternative expansions in terms of the
eigenfunctions in two orthogonal cross sections of the bending region corresponding to zero boundary
conditions. The used analysis technique can be applied to more complex structures in the form of waveguide
branchings and to other cases of wave propagation through apertures.

Keywords: rectangular waveguide, rectangular H-plane 90-degree bend, diffraction field, projective method,
infinite system of linear algebraic equations (ISLAE).

I. Introduction

Waveguide bends and twists are inevitable components of any waveguide path. In this work,
on the basis of the presented technique, the diffraction properties of an inhomogeneity is analyzed in
the form of a connection of two rectangular waveguides at a right angle in the plane of the magnetic
vector. The method is based on the representation of electromagnetic field in the area of the corner
bend in the form of superposition of two alternative expansions in terms of the eigenfunctions of
connected waveguides. The frequency dependence of the diffraction characteristics of the structure
under consideration is investigated.

Il. Problem Formulation

The structure being analyzed with designation of the geometric and electric parameters is
shown in Fig. 1. Rectangular waveguides, joined at a right angle in the H-plane, have the same height
b and for the sake of generality of analysis have different widthes a and c. The structure is divided into
three regions as is shown in Fig. 1. The regions 1 and 2 correspond to semi-infinite waveguides and
the finite region 3 is resonant. The structure is assumed to be lossless. Relative permittivity and
permeability of magnetodielectric filling in each region of structure for the sake of generality of

analysis are different and are equal to ¢; and z; (i =1,2,3).

Fig.1. Geometry of the analyzed corner bend of a rectangular waveguide

Let us assume that the general H,,- mode is incident from region 1 and its nonzero electric
field component is given by equation:
E,(X,2) =E,sine,xe™, 0<x<a, -ow0<z<0, (1)
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where @, =x/a, h=(K>— @&?)"%, k =k Jeu, k,=2r/2, Here k, and A, are the

wavenumber and the wavelength in vacuum.
In each region of the structure the primary incident field exites the diffraction field of a

magnetic modes H . ,, which is also independent of the transverse coordinate Y . The total field in the

waveguide region 1 is represented as the sum of the primary incident field and the reflected diffraction
field:

E, (x,2)=E,(x,2)+E/(X,2),0<x<a, —o00<z<0. )
Here the diffraction field EJ(x,z) is represented as the sum of reflected in antiphase H,,-

type natural field with the E, amplitude and an infinite set of the reflected H,_,- type modes of the
waveguide 1:

E;(x,2) =—E,sin &, xe ™ + > E

m=1

where & =mz/a, 7y, =(&%-k)"? while @& >k and y,=jk’ - @2)"* while

ymSine xe"* 0<x<a, -0<z<0, (3)

@, <k .
In the waveguide region 2 the field is represented as an infinite set of the H - type modes,
running in the positive direction of the X -axis:

E,,(x,2) =) E,,,sing,2e7=*®  a<x<w, 0<z<c, (4
=1

where ¢, =nzlc, y,, =7 —k2)Y> while ¢ >k, and y,, = j(kZ -<2)Y* while

¢ <ky, Kk :kovgz.uz .

The key step in solving the problem under consideration consists in representing of the field in
the resonant region 3 as a sum of the two terms, where the first term is represented as an expansion in

terms of the transverse eigenfunctions of magnetic H,, - type modes of the waveguide region 1, and

the second term is represented as expansion in terms of the eigenfunctions of magnetic H,, - type
modes of the waveguide region 2, that is

Ey3(x,z)=ZE§1§msinwmwarZEﬁ;zEU"ZSingnz, 0<x<a, 0<z<c, (5
m=1

mc n=1 n

where & =(@&2-kZ)"* while & >k, and &, = j(kZ-a2)"* while & <Kk,
7, = (2 —k3"? while &, >k, and 7, = j(kZ —¢2)"? while ¢, <K,, Ky =K,~/12, -
The rest components of the electromagnetic field in the structure are defined by the formulas:

1 ok, 1 ok, .
=— ! , H.=—- d ) Hyi =0, Exi = Eyi =0 (I =1!2!3)! (6)
jouop, o2 Jopoty O

where 1, =47-107 H/m is permeability of vacuum, @ is the cyclic frequency.

H

Xi zi

I11. Derivation of the Set of Functional Equations
To determine the sets of unknowns amplitude coefficients {Eylm}, {Em}, {Efs’m} and

{E )

y3n} in field expansions (3) —(5), we make use of the boundary conditions of matching for the

tangential components of the electromagnetic field at the interfaces z=0 and X =a in the junction
regions. On the basis of the expressions (2) —(5), using continuity conditions on the tangential electric
fields, we obtain the following set of the functional equations:

D Eypsine, x=> EQ sine x=-J"(x), 0<x<a; (7a)
m=1 m=1
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> Ensing,z=>ERsing,z=-3)(z),0<z<c, (7b)
n=1 n=1

where JY (x) and JY(z) are the surface densities of the equivalent magnetic currents distributed

at the interfaces z=0 and Xx=a, respectively. Applying the Fourier transform to the last set of
equalities with respect to the corresponding coordinates, we obtain

E,.. =EGn =3

y3n n

Eyim = Ejon ==

y3m — xm ?
(82)
where

=213 posine, xdx, I =2[3¥ @)sin ¢, dz. (8b)
ao CO

Then using continuity conditions on the tangential magnetic fieldat z=0 and x=a, on the
basis of the expressions (2) —(5) and formulas (6), taking into account (8a), we obtain the following
set of functional equations:

> ImA @ sine x+> JB shy x=2jhd" sine,x, 0<x<a; (9a)
m=1 n=1
ZJxm n®nshé (c—2)+ > JND ¢, sing,z=0, 0<z<c, (9b)
n=1
where
# 1
+£1 £ cthé ¢ B, =—"F———
Am (7/1m 5 é ] n ,Ug Sh??na
Cm :&ﬂ’ Dn :(72n+&nnCthnnajé’nli \]é\/l =_EO' (9C)
Hs Shé:mc Hs

IV. Derivation of the ISLAE

The method of solving the boundary-value problems by means of reducing them to infinite
system of linear algebraic equations (ISLAE) is efficient in the analysis of various enectrodynamic
structures [1-3]. Let us consider the procedure of reducing the set of functional equations (9) to the
ISLAE by means of the projection method based on the Fourier transform. Applying the Fourier
transform to equations (9a) and (9b) on the intervals 0 <x<a and 0<z<c, respectively, we

obtain the relationship in terms of amplitude coefficients {J Xm} and {JZ“,"1 }:

Jx“fn+2(_1) “12 M QV" ~ = 2Jh, 2"V, m=12..; (10a)
aA, My +§ A
gy 2 g (DT n=12,.., (10b)

cD, 4 w3 Xmg"‘ég o
where o, is the Kronecher delta: J6,, =1 at m=1 and 6,, =0 at m=1.

Substituting the expression for J» from (10b) into (10a), with changing the dummy index

m by s, we obtain the ISLAE of the second kind in terms of amplitude coefficients {Ji\f’n} only:

Jom + 2 I W, =d&,,, m=12,.., (11)

where

__ A, (DTS ¢ _2jh 1w
7 R e DX ] ) I S
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The ISLAE given above is the Fredholm type one and may be solved by the truncation
method. The sequence of amplitude coefficients {J M} is evaluated by means of (10b) in terms of

zn

known values of {J M } found as result of solving the ISLAE (10a).

xm

V. Numerical Results
The ISLAE given above was solved by the truncation method. The dependence of the modules

of reflectivity and transmissivity of the main mode at the sections z=0 and Xx=a of the bend,

respectively, on the relation 2_a changing in the band of ! < % < 2
Ao Vet Ao Vet
parameters a=c, b<al/2, & =1 x4 =1 (1=123), isshownin Fig. 2.
The complex reflectivity was evaluated by formula

with the values of

) JM
R =|R|e]¢’R =J—X'3|‘—1’ (13)
0
and complex transmissivity — by formula
M
T =Tl =j+;, (14)

0
where |R|, [T| are modulus and ¢, ¢, arguments of corresponding quantities.

When computing E, =-J}' =1.

11 12 13 14 15 16 17 18 19
P
Fig. 2. Modules of reflectivity and transmissivity of the main mode at the input and output of the bend

2a
versus the frequency parameter p = /1— (IR|—curve 1, |T|—curve 2)
0

The tables given below illustrate the influence of the truncation order of the ISLAE on an
accuracy of computation of the complex reflectivity and transmissivity of the main mode at the input

and output of the bend for the above - mentioned values of the parameters  of structure and values

1.38 and 1.64 of frequency parameter p:%.
0
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Table 1. Estimation of the Influence of the Order of Truncation N of ISLAE on the Accuracy of
Calculations of Modulus of Coefficient R

R

2al A, N

2 4 6 8 10 15 20 30 50

1.38 0.38269 | 0.37619 | 0.37530 | 0.37504 | 0.37494 | 0.37486 | 0.37484 | 0.37483 | 0.37483

1.64 0.55884 | 0.56475 | 0.56728 | 0.56855 | 0.56929 | 0.57024 | 0.57067 | 0.57107 | 0.57136

Table 2. Estimation of the Influence of the Order of Truncation N of ISLAE on the Accuracy of
Calculations of Modulus of Coefficient T

, |
al 4,

N

2 4 6 8 10 15 20 30 50

1.38 0.92388 | 0.92654 | 0.92691 | 0.92701 | 0.92705 | 0.92708 | 0.92709 | 0.92709 | 0.92709

1.64 0.82927 | 0.82526 | 0.82352 | 0.82265 | 0.82213 | 0.82148 | 0.82118 | 0.82090 | 0.82070

On the basis of the tabulated values it should be noted out that the calculations with practical
accuracy may be obtained by truncations of the ISLAE within values of N from 2 to 10.
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PE3IOME

AHAJIN3 JIU®PAKIIAOHHBIX CBOMCTB YI'OJKOBOI'O U3T'MBA IPSIMOYT'OJBHOT'O
BOJIHOBO/IA B IINIOCKOCTHU MATHUTHOI'O BEKTOPA METOJIOM CYINEPITIO3UIIUNA
AJIbTEPHATUBHBIX ITPEJCTABJEHUAM MOJISA

I'm3emmBuan C.K.

I'py3snHckmii TeXHHYeCKUH YHHBEPCUTET

Ha mnpumepe wuccrienoBanust IUQPPaKIMOHHBIX CBOWCTB CPaBHHUTENBHO MPOCTOH 3JEKTPOIMHAMHYECKOH
CTPYKTYPHI, TIPEJCTABIISIIONIECH COO0M YroJKOBBIM M3rud MPSIMOYTOJBHOTO BOJTHOBOA B TNIOCKOCTH MarHUTHOTO
BEKTOpa, WITIOCTPUPYETCS METOJ CTPOTOTrO AIIEKTPOANHAMHYECKOTO aHAJM3a, OCHOBAHHBIM Ha NPEICTABICHUH
QJICKTPOMArHuTHOTO IIOJIA B obnactu YroJIKOBOT'O n3ruba B BUIAC CYNEPIIOZUIIUN JBYX aJIbTCPHATHBHBIX
Pa3oKEeHUH MO CHCTEMaM COOCTBEHHBIX (DYHKIMH B ABYX OPTOTOHAJIBHBIX MOIMEPEYHBIX CEUCHHAX 00JacTH
1/13r1/16a, COOTBETCTBYIOIIUX HYJIEBBIM I'PAHUYHBIM YCJIOBUAM. Hcnons3oBanHas METOAMWKA aHAJIN3a MOXCT OBITH
IIpuMEHNMa K 0oJsiee CIOKHBIM QJICKTPOAUHAMUYICCKUM CTPYKTypaM B BHJC BOJIHOBOJHBIX p%BCTBHCHHﬁ n K
JPYTUM CIIy4asiM MPOXOKACHUS BOIH Yepe3 anepTyphl.

KaioueBble cioBa: NpsIMOYTOJIBHBIM BOJHOBOJ, YTOJKOBBIH HM3rMO B IUIOCKOCTH MarHUTHOTO BEKTOpa,
muddpakMoHHOE TI0JIe, TPOSKIIMOHHBIH METO/, OECKOHEUHas! CUCTEMa JIMHEHHBIX aJre0pandeckuX ypaBHEHUH
(BCIIAY).
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SUMMARY

COMPUTER MODEL FOR A FIVE-PORT WAVEGUIDE JUNCTION/BRUNCHING

AND SOME OF ITS CHARACTERISTICS

Shengelia M.A.

Georgian Technical University

The problem the creating of a model for computer projecting of a five-port waveguide junction/branching for an
arbitrary configuration of connecting the side branches and their power supply mode is considered. The graphs
for the dependence of the scattered in different arm wave coefficients from wave length and the distribution of
the fields in the entire physical region are built.

Keywords: computer model, five-port waveguide.
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SUMMARY

INVESTIGATION OF THE HARDNESS OF FINE GRADED CONCRETE OF NEW COMPOSITION
Rosnadze G.V., Kankava A.V., Bandzeladze B.R. and Shalamberidze M.Sh.

Akaki Tsereteli State University, Kutaisi

The results of investigation of the hardness of fine grained concrete of new composition are presented. In
particular, experimental data are given on hardness at compression, bend, concrete initial elasticity modulus and
Poisson coefficient. The characteristics of concrete hardness by influence of new modifier in fine grained
concrete are revealed. In comparison with the hardness characteristics of traditional concrete the corresponding
values are significantly improved and practically repeat the characteristics of concretes modified by other well-
known modifiers.

Keywords: fine grained concrete, hardness.
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SUMMARY

DIAGNOSTICS OF BUILDING GROUNDS AND FOUNDATIONS

Bakhtadze N.V., Shengelia M.R., Tkabladze V.S. and Arsenishvili D.Z.

Georgian Technical University

In the modern period, such fields as construction are experiencing wide and rapid development. In such a process
of development it is necessary to pay attention to the safe operation of the constructions, because although the
created buildings are subject to the calculations of modern theoretical and experimental science.

Keywords: building, proud, foundation, diagnostics, construction



32 bSISAEDIIRMN bS06IN6A() LOSLELI6N, GEORGIAN ENGINEERING NEWS, N2, 2021

DESIGN OF A SOLAR THERMAL POWER PLANT USING MATHEMATICAL MODEL
Metreveli G.T
Georgian Technical University

Abstract. The purpose of this paper is to develop a mathematical model, which produces a design of a solar
thermal power plant on a surface under consideration. Calculations showed, that the amount of hot water produced
by the solar thermal power plant is significantly affected by a correctly selected solar collector and heat exchanger,
type and heat loss coefficient of a tank. Calculations of the mathematical model have been made in MS Excel
programme and results have been averaged to monthly values. Comparison showed, that initial requirements of a
consumer are covered throughout a whole year, concluding that the principals of the mathematical model are
relevant and can be used in further detailed engineering designs of solar thermal power plants.

Keywords: Solar thermal power plant, solar collector, heat exchanger, heat loss coefficient of a tank, average
absorptivity and transitivity of a collector, ambient temperature.

Introduction

One of the main reasons of climate change is considered ungreen technologies using widely
worldwide [1]. Therefore, energy efficient and eco-friendly technologies have been developing
nowadays, including solar thermal power plants, which convert photon energy of solar beams into
thermal power with environmentally safe way [2].

Proper design of a solar thermal power plant firstly requires selection and specification a hot
water consumer and hourly hot water load respectively, in order a designer to be ensured, that
requirements of consumer are covered throughout a whole year.

House located in a village Kobadze, Kakheti, Georgia was selected as a hot water consumer.
One of the effective ways to make design of a roof-mounted solar thermal plant is making a
mathematical model, which is based on main mathematical principals and uses the following features:
solar collector area, ambient temperature, average absorptivity and transitivity of a collector, etc.

Calculations of the mathematical model were made in MS Excel software. Results showed that
solar thermal power plant is designed correctly, because initial hot water requirements of the house are
fully covered on application, concluding that the calculations of the mathematical model are precise
and they can be used for further purposes Environmental impact analysis was also made and old gas-
burnt boiler was compared to new solar thermal power plant, highlighting that old thermal systems
emits considerable amount of greenhouse gasses and they must replaced with new eco-friendly
systems in the near future.

Specification of hourly thermal power load of the house

Before making calculations of the mathematical model, hot water consumer should be selected
and hourly hot water load should be specified. House located in a village Kobadze was selected and
exact coordination was found out using ,,Google Earth“ programme, which showed that roof of the
house is pointed towards East-South (see figure-1).

Figure 1. House in iIIage Kobadze, Kakheti, Georgia
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24 hour hoot water load of the house was specified for each day of 25 of all months of a year,
see Tablel.

Table 1. Hourly hot water load of the place

Hourly hot water load of the place (QL), (MJ)
Solar time |Activities | 25-Jan|25-Feb|25-Mar|25-Apr|25-May| 25-Jun| 25-Jul | 25-Aug | 25-Sep| 25-Oct| 25-Nov|25-Dec

1:00 N/A 0 0 0 0 0 0 0 0 0 0 0 0
2:00 N/A 0 0 0 0 0 0 0 0 0 0 0 0
3:00 N/A 0 0 0 0 0 0 0 0 0 0 0 0
4:00 N/A 0 0 0 0 0 0 0 0 0 0 0 0
5:00 N/A 0 0 0 0 0 0 0 0 0 0 0 0
6:00 Mixed 0 0 0.77 0 0.64 0 0 0 1.35 0 0 0
7:00 Mixed [ 1.24 [ 1.35 [ 1.32 | 1.55 1.4 12 | 112 | 245 | 198 [ 2.25 | 2.05 [ 1.57

8:00 Mixed [ 3.23 4 3.97 | 4.09 3 4.4 | 443 | 3.88 | 4.02 5 3.4 3.76
9:00 Mixed | 3.02 | 3.56 | 4.07 | 417 | 552 | 5.02 | 4.84 | 3.98 | 3.61 | 3.02 2.2 3.01

10:00 Mixed [ 2.42 [ 2.78 | 2.82 2.8 2.9 2.86 | 2.66 [ 2.78 2.2 2.12 | 2.56 2.3
11:00 Mixed 0 0 0 0 0 0 1.01 [ 1.05 | 0.46 1 0 0
12:00 Mixed 0 0 0 0 0 0 0 0 0 0 0 0
13:00 Mixed 0 0 0 0 0 0 0 0 0 0 0 0
14:00 Mixed 0 0 0 0 0 0 0 0 0 0 0 0
15:00 Mixed 0 0 0 0 0 0 0 0 0 0 0 0
16:00 Mixed 0 0 0 0 0 0 0 0 0 0 0 0
17:00 Mixed 0 0 0 0 0 0 0 0 0 0 0 0
18:00 Mixed 0 0 2.04 | 1.03 0 0 0 0 0 0 0 0
19:00 Mixed [ 7.96 [ 8.76 | 8.32 | 8.18 8 837 | 755 | 9.52 | 841 6.1 7.84 | 7.81
20:00 Mixed [ 6.04 | 6.88 [ 5.89 | 6.04 | 6.62 7 6.8 | 9.23 [ 744 [ 7.64 | 6.36 | 6.98

21:00 Mixed [ 4.39 4 4.88 | 453 [ 4.68 39 [406 | 7.74 | 587 | 6.85 | 499 | 4.38
22:00 Mixed [ 1.86 [ 1.51 [ 1.11 | 1.24 | 1.33 2 2.02 2.1 1.99 | 2.06 2.5 1.1
23:00 N/A 0 0 0 0 0 0 0 0.45 0 0 0 0
0:00 N/A 0 0 0 0 0 0 0 0 0 0 0 0

Total Mixed | 30.16 | 32.84 | 35.19 | 33.63 | 34.09 | 34.75 |34.49| 43.18 | 37.33 | 36.04 | 31.9 | 30.91

Methodology of mathematical model

After specifying 24 hour hot water load of a house, it is possible to start calculations of
designing of a solar thermal power plant which is based on main mathematical principals [3].

The first step is to determine the hourly hot water load for each date of each month taking into
consideration each component consuming thermal power inside the building. Herewith, hourly
ambient temperature (T,) for each date of each month can be derived from the appropriate source
(name of the software - Meteonorm 7.2.2 (13/09/2021)). After that a solar collector is chosen taking
into consideration the following parameters: 1) Cost; 2) Conversion efficiency; 3) Durability/Longe-
vity/Warranty; 4) Suitability for the weather conditions of the location. Besides, hot water requirement
for the building varies from 30° to 90°, which means that the collector should be able to provide the
site with the hot water in this range of temperature. Also, one of the main components, while choosing
the collectors, is the results of the MS Excel programme, which indicates that the collector with the
specific characteristics is required for the case under consideration. Thus, several kinds of evacuated
solar collectors have to compare each other and the one with the best technical specifications is
chosen. The following step is to choose the month with the highest hot water load in order to size the
system properly. Therefore, the hot water load of August is selected, as there happenes to be the
highest consumption of hot water during this month.

Another important step is to determine the whole solar collector area (Ac) by using the
following equation:

Ac=Qu: (Hrxn) (1)

Where Q. is the daily total hot water load, which is obtained by summing up the hot water
load for each hour of the design day. Hr is the daily total solar radiation of the same day, whereas 7. is
the collector daily average efficiency, calculated as the following:

Ne = ((x X T) — U X (AT : H)) X Fr (2
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Looking for the details, < and t are properties of the collector of average absorptivity and
average transitivity, respectively. Herewith, U is the overall heat loss coefficient and equals to
2.15W/m?/°C. Hr is the average daily solar radiation for the design day, whereas:

AT =Ti-Ta (3)

Where T. represents the average ambient temperature of the design day, whereas T; is
determined by the following way:

T = i—max i—min (4)

Based on the requirement of the consumer Ti-max= 90° and Ti-min= 30°.

The last value of Fr (See equation — 2) is the heat removal factor of the collector.

Thus, after determining the value of n, collector area (A.) is calculated (see equation-1).

The following step is to determine the required area of the tank (Awnk) by using the following
equation:

Auk =17 XD XH (5)

Where m = 3.14 and H (height of the tank) is assumed as 1m. D is the diameter of the tank,
calculated by the following way:
It should be noted, that these calculations are made for vertical cylinder tank. Therefore, the
first step is to define the M of the tank:
M= fx Ac (6)

Where f varies between 40 to 70L/m?, whereas Ac was calculated above. For the case under
study, there is chosen 70L/m?. It means that the volume (V) of the tank would be:

V=Mx10? 7)
Herewith, there is another way to calculate the V of the tank:
V=mxrrxH 8)

From this equation, the radius of the tank would be:

Vv
9
TxH ®)
Definition of the radius led to finding out the diameter of the tank as well, which is two times
more itself:

r =

D=2r (10)

This value is used in the equation-5 to calculate the required area of the tank.
Consequently, the proper type of tank and heat exchanger are chosen, having almost the same
required specifications calculated by the MS Excel programme.
Subsequently, the useful energy gained from the collector array (Qu) can be calculated by the
following way:
Qu=Ac X Fr (Ha—U(Ti— Ta)) (11)

Finally, (Tsi+) and outlet (Tsi.) temperatures of the tank for the sunset can be calculated:

AT
MCp (Qu - QL - Qloss) (12)

T.. =Tsi, +

S1
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Where AT is the time interval and equals to one hour, whereas C, is the specific heat capacity
of the water and equals nearly of 4.186J/grams’C. QLoss can be calculated by the following equation:
QLoss = AU (Tsi-'Ta) (13)

Where U is the heat loos coefficient of the tank and equals to 1.45 W/m?/K, whereas any
piping losses were neglected. Ta is the room temperature where the tank is located considering the
constant value throughout the year of 15°. So,

QLoss:AUs (Tsi- - Ta) (14)

Hence, Tsi+ would be calculated as the following:

A

T
TSi* - Tsi’ + M—Cp(Qu - QL - Qloss) (15)

Results of mathematical model

Calculations of the performance of the Solar thermal power plant were repeated for each hour
throughout the design day of 25 for eac h month of a year in the model implemented in the MS Excel
software. Results are showed in figure2.

Monthly average temperature of water
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Figure 2. Monthly average water temperature of water of the tank

Environmental impact analysis

The gas-burnt boiler used to provide the house with its hot water demand before implementing
the solar thermal power plant into the building. Thus, the first step is to identify the carbone emissions
factor for the boiler, which amounted of 0.400 kg/KWh [4].This value was multiplied by the amount
of the gas consumed by the boiler (converted in KWh) to find out the monthly amount of greenhouse
gas emissions afterward. Results and comparisons are presented in the Table 2, showing that the boiler

emitted 57.6 Kg CO? during the whole year, whereas solar thermal power plant released nothing to the
atmosphere.
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Table 2. Comparison of gas-burnt boiler and solar thermal power plant

Solar thermal system Old system (Boiler) Deference in
Months | Imported gas | GHG emissions | Imported gas | GHG emissions | GHG emissions

(Kwh) (Ke) (Kwh) (Kg) (Ke)

January 0.0 0.0 10.5 4.2 4.2
February 0.0 0.0 11.4 4.6 4.6
March 0.0 0.0 12.2 4.9 4.9
April 0.0 0.0 11.7 4.7 4.7
May 0.0 0.0 11.8 4.7 4.7
June 0.0 0.0 12.1 4.8 4.8
July 0.0 0.0 12.0 4.8 4.8
August 0.0 0.0 15.0 6.0 6.0
September 0.0 0.0 13.0 5.2 5.2
October 0.0 0.0 12.5 5.0 5.0
November 0.0 0.0 11.1 4.4 4.4
December 0.0 0.0 10.7 4.3 4.3

Total: 0.0 0.0 144.0 57.6 57.6

Discussion and conclusion

Calculations of mathematical model of the solar thermal power plant were made in MS Excel
programme. Results of hot water temperature inside the tank were averaged in monthly values and
compared to initial hot water requirements of Timax = 90° and Ti.min = 30° (see figure-2). It is worth
mentioning, that solar thermal power plant analysis is not perfectly accurate, because mathematical
model in MS Excel programme considers only heat losses in solar collectors and hot water tank
without taking into consideration the piping and heat exchanger losses. Besides, environmental impact
analysis was also made in order to find out to what extant solar thermal power plants are eco-friendlier
compared to old gas-burnt boilers. Comparison showed that the difference between old and new
thermal power systems is 57.6 Kg CO?.

Main purpose of this paper was to introduce a mathematical model calculated in MS Excel
programme in order to make proper design of a roof-mounted solar thermal power plant in one of the
mountainous areas of Georgia. Results and comparisons showed that the methodology is precise and
can be used for further detailed research.
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PE3IOME

HPOEKTI/IPOBAHI/IEVCOJIHE‘IHOI?'I TEILJIOBOM JEKTPOCTAHIIUM C UCNTOJb30BAHUEM
MATEMATHYECKOU MOJEJIN

Mertpeseau I'.T.

I'py3uHcknii TeXHUYeCKH YHUBEPCUTET

Ienpto maHHOM cTaThM SIBIIAETCS pa3pabOTKa MaTEeMAaTHYECKOM MOJETH, KOTOpas MO3BOJISIET MPOEKTUPOBAThH
COJTHEYHYIO TEIMJIOBYIO SJIEKTPOCTAHILMI0 HAa paccMaTpUBaeMoil MOBEepXHOCTH. PacdeTsl MOKaszaiM, YTO Ha
KOJINYECTBO ropsiueii BoJbl, Mpou3BoauMoii conHeunoil TOI, cymiecTBeHHOE BIMSHUE OKa3bIBAIOT MPaBUIIBHO
BBIOpaHHBI COJTHEYHBIH KOJUICKTOP M TEIJIOOOMEHHMK, THN M KOI(GQHIMUECHT TEIUIONoTeph Oaka. Pacuers
MaTeMaTHYecKoi MoJeaH ObUTH BHIMONHEHBI B porpamme MS EXxcel, a pe3ympraThl ycpeaHEHBI 10 MECSYHBIX
3HaueHHH. CpaBHEHHUE 1T0KA3aJI0, YTO MEPBOHAYAIBHBIC IOTPEOHOCTH TIOTPEOUTEIS YIOBIECTBOPSIOTCS B TEUCHHE
BCETO TOJa MW CAENaH BBIBOJ O TOM, YTO IPHUHIMIBI MaTEMaTHYECKOM MOJIENHM aKTyaldbHbl U MOTYT OBITH
HCTIONIb30BaHbI B JATbHEHITNX TEXHHYECKUX MPOEKTaX COMTHEYHBIX TEIUIOBBIX MIEKTPOCTAHIIHH.

KiroueBble cjioBa: COTHEYHAsI TEIUIOBAs SJIEKTPOCTAHIINSA, COTHEYHBIH KOJUIEKTOP, TEINIOOOMEHHHK, KO3 hu-
IIHEHT TEIJIONOTEPH pe3epByapa, CpPeAHsAs MOIVIOMIAIoNIas CHOCOOHOCTP M MEPeXOAHOCTh KOJUIEKTOPA,
TeMIIepaTypa OKpy Karolled cpeaibl, IUIOMAaAb COTHEYHOTO KOJIIEKTOpa.
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SUMMARY

ANALYSIS OF EXPORT-IMPORT OF ELECTRIC POWER IN GEORGIA OVER 2005-2020 YEARS
Chanturidze B.F.

Georgian Technical University

In this article, the importance of electricity export-import for nations power supply and for whole economic
development is described. The level and dynamic of export-import of Georgia's electric balance has been
analyzed for 16 years. It is said that in recent years import have been declining. But from 2015 things started to
change and now in 2020 the frequency of import is 10 times bigger than export. In 2019 the volume of import
was in peak. In the article the highlights of export-import is reviewed according to the neighbour countries.
Keywords: export, import, balance, electric power, operator, hydroenergetic resource, assigned power.
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SUMMARY

INVESTMENT PROJECT FOR EXPANSION OF POTI SEAPORT

Margalitadze 1.N. and Gabidzashvili L.G.

Georgian Technical University

Maastricht University

Poti seaport APM Terminals Poti is planning to build new deep seaport. Project will be executed in two stages.
Annual cargo flow capacity will increase by 10 million tones. New dock will be organized and canal will be
deepened in order to ease navigation, it will enable entrance of Panamax type big ships in port.

Keywords: Poti seaport, investment project, dock, canal.
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SUMMARY

SEAPORTS - THE BASIS OF COUNTRY ECONOMICS

Margalitadze 1.N. and Gabidzashvili L.G.

Georgian Technical University

Maastricht University

Shipping is the most important part of country economics nowadays. Georgia is becoming one of the most
important centers connecting two big markets, Europe and Asia trading route. Baring in mind the location of
Georgia, the biggest driver of development of country economics and inclusion in European transport and
communication network is development of sea transportation and establishing seaports. It will allow new
opportunities for Georgian citizens and business and help develop economics.

Keywords: seaport, Georgian economics, shipping.



LSISANZIR I bS506IN6H( bLOSELI60, GEORGIAN ENGINEERING NEWS, M2, 2021 45

S3BM3AMBOROL dMS30L IZCIRMDBOIAM3SHI 3I6EDBOBOL
300IRS6585B0L 353RIGOL 333

omlgdodg x.b., 56@3d0Tgomo a.L., by3y®osbo b.o., hbsodg 9.6.

bsJodmggerels gdbogndo 9bogg@dlodgdo
ndomobol bobgadfogm 9bogg@Lodgdo

OMO3 (36Mdogos, bosgdmdmdoamm FAMsbl3dm@Gol Lf®sxds yobgomsmgdsd go-
dmofgos 3009dmb — 53R gAml, Fymols s boswsyol 360dgbganmgsbo ©sdobdymgds.
53BMEMBLIMAE0L  2o3mbsdbmanzo soMgdo  dgoisgl mmbdmisdeg Gmbogy®  bogmog-
@905l — s@obdygao (g0l 3OMEYIHgoL (sbmGol o bobdoMdswol mJbowgdl ws bbgs).

05b5dgdmgg Ibmgamomndo gbg@agdoggse Ggbydlgol dbodgbganmgsbo  Gmeno
530b@0s  Jgggbols  g3mbmdogy®  aobzomsmgdsdo. doMomsw  gbgdagdog s @glyg@lgdls
(Jaobsbdo@o, bogmmdo, d9bgddogo s0M0, JoEOM- s MEMYbgMos) dm@ol bogmmdbo (om-
596l gOmsg@m [yodml, @mdgamoig o3dogmaomgdls bbgswslbbgs dogofgols d@sgg-
b0l 3Jmby LoB@SbL3MAOAM bodyomgdgdl (Losg@mdmdoamm, Ladsgdm, Lbobugsm, La®-
3060g3bem s ULbg) Lofgogom, @md@mol @omegbmds dgowygbl Fomdmgdygao bogmmdols
50%-bg Igpl. egolomgol dbmxgmmomdo bogmmdy®o doGmaymo bsfgeggdol Feroydo
deobdo®gds 1.8 Jen@ BHmbols dgowgbls [1].

0obodg®mmgg  Ibmgaom sgBm3s@3o gOm dogosdbyg dgf gOmgyml omgeols
©> 4mggEeoyg®@se LiMsxgse 0b@Egds. Omam®a3 3bmdomos, oo Jomsdgbol ©o-
b06d9Agbol 3b0dgbgermgeb Fyo@mlb Losg@mdmdognm G@sSbL3m@E0 Fo®dmawygbl,  sdo-
A™I LoogdmImdogne dAoggddo GOsoE0gmo LosgBmdmdogm bofgogol  godmygbgdsl-

056 053530 9d g0 9300bmIogMo s gimEMyoY@o 3OMdagdgdo SJH Yo YOS Y39-

s 0byglG®oygmo Jggybobmgol. Igbsdsdobo 9R®™M oG ysmmyg®o bgds 53@mLsG®sb-
L3 Logomgdgddbg san@g@bs@ogeo boFgoggdols godmygbgds, Goi sbggg gobdodm-

3909905 53 ™Imdoeols dMoggoosb Asdmlbadmendgo so@gdolowdo  ggmermaoyg@o dm-
0bmgbgbols godzo®gdom.

53BMAMbL3mAE0L 25M9dmbg Sbm®M3magbydo bgdmJdggds geobrgds do@o-
055 L, Lsmdygdols 9839JBols" ©s godmbsdmandgo dogbg bogmogdgdgdols Lobom, @og
505d05bols xobdOMgemdsbg 360dgbganmgsb Yodygmgom gogagbsl osbpgbl. @mam® 3
30dm 3393960 (3boymal, LmGgo 53¢m@®sbldn®@@ol Fomsw dmwol Jggybol dolid-
Bodom 74%, begm mdogrolido 79% o@Imbgg@mTo yoxddgggmo  dogbg gdobogdo. Ibm-
eE down sofmgyamdo @gldo®s@dmagmo s Mmbim@myoy®o osgogdgbol Mom-
©gbmds 20%-0mss aobOwogo LsJo@mngganmdo.

300350l 3o gds — gl gOm-gamo yggeoby LgBombyamo ggmamyoyg®o
3Omdmgds — sbmEodEgds ,,Lomdgdol g89Je®sb*, Gs3 godm{ggygeos bobdodmgs-
30l (CO2) 4mbEgbd®siool d339m@0 ds@gdom. gl gfobss@dwgagds jom@mb 3GMEMm-
go@ol  (1997) s gaods@ygdo  3mbggbiooll  (Gom-ggebgo®m, 1992) aswsfyggdo-
9dgol, @mImgdoi goblobwgdogh 21-9 Loygybgdo Lomdyg@ol gobgdol gdologdol
d60d3bganmgob dgdiodgdsls [2,3].

bogdo@olos s@0bodbml, @md gOhmo sg@mdmdogo Fanoydoe dmsboogh s@dmls-
RQgOMESE Lodgomme 4 Fmbs gobydol, 53obmsb aodmbsdmandgol Loboom sox@ 393l
800 4o bobPo@dools dmbmmbowl (CO), 40 3o sbmEol gobygyegol s 200 go Lbgs-
slibgs bobdo®Tyomdogdl (dgbbmano — 27 smslbo Gmbs; gm@dsgrgdoo — 17,5 sme-
Lo @mbs; 896B(s)30Mgbo 1,5¢ o Ubg.). ds3bg bogmogdgdgdols Logtmem Gomegbmds 3o
odo®Mbgdl 20 danb. Gmbsls [4].

09 35300350l 0bgom, @mI LsJo@mggenm doeosbo 0d3m@EG0Ggogm bogmmo-
300M©9]Bgobgs  sdmowgdygmo, @mI@oli mEgbmds ymggmFaogdom obGegds (2019
ool Lofgogol 0d3m@Bol bOwsd Fobs (gmmsb dgoodgbomn 11% po@ssdo@ds ©s 1,096
dogrombo Fmbs dgoeaobs [5], dbaoglbos — 2018 Fanols dmbozgdgdoz), boswo gobogds
Loggmo®o, s3sbmsb ,,93mdgamd@a o bofgogol Fo@dmgdols syioggdanmds.  3bowos
53™3mbogols gam@ma0g@mdols gobsdo®mmdgol — @mam®i dobo jmblE®g]cos, -
‘domdols  @ggodgdo, obggg ULofgogol ggmmmaogdo mgolgdgdo. Losg@mdmbdognm  Lis§-



46 LIISANIIRN bS06IN6H (™ L0SbSI60, GEORGIAN ENGINEERING NEWS, M2, 2021

353900L  3009dmbg  ggmemmpong@o bgdmdgregds aobolobmg®gds dogmdo, (yomTo o
bossgdo  20dmxdgggmo bsdydggeo so®gdols Gmdlbognydmdom. dglsdsdobow, bo§-
3o30L  dgdowpgbenmds  bps  PbOYbggmymREgl  Aodmbsdmands So®gddo  Gmbogy®o
30M330mbgbB ool d0bodobo@gdsl.  Losg@mdmdogm  Lofgoggdol  gobogy@-Jodoyg®o  ©o
Logbdaago@doiom dohggbgdemgdols bra®do@mgds bobgmdfoxnm s bodo@bbem  beo®ds@oy-
0 ©m39dgbHoEoom  begds, @o3 YbOYbggmygmal ao®gdmlbogol  Lsfgeggdol ggm-
m20900 glog@nbmgdol wmbgl.

53AMA@SBL3IMAGHL bggemdo ggmmmyoy@o Jombmgbgdols doGomsw 5dmzobsls
Fom3mopagbl 253mbsdmandgdo CO2-0ls Mowogomy@se dgdodgds. @opgdo babgend(o-
QMgo0, OmamA03ss 599, hobgmo s gg@mgegdodo, ymggaFmoyg@oe 5335309090
dodmbsdmend 9dologdbdo CO2-0l bem@Igol Lo@@sbldm@m@m Lsdygsemgdgdols gggems Lo-
bgmbdobmgol, @53 gobodo®mdgdls domo g3mbmdoyg®mdbols 360dgbgamgeb bAwsL, obiggy
sbhogno, ggm@maoydse bygms bo(geggool sdbowgbol o930 gdamdsl. dopsmomsw,
do@ogo ©gBMbs30yMo dpa®smdol 396%0bols Fo®mdmgdobmgols godmoygbgds mJlboggbs-
H900  (9obpdow3gdGgamo  30m33mbgb(hgdo), GmIgmmapsb Pdgdgbog  §ogOEIwIdYTos
d0mgmabmano, @mdganoi Joowgds aobsbagdomo d0mbo®hgbgdomsb, Mmool asdmygbyg-
doLo3 Mmob obarsgl s@IMbggdmdo CO2-0l gdo®gds, boam d@sgdo dolo {gol @™
daodMgds dogby bog@mgdols (CO, CH) dgdiggermds  bogmmddgbbobmsb dgosmgboon.
b0mgmsbmeno  d0g39mgbgds dgbbobgdols gzmmmaoyg@se Lygms Jo@smm@oby® ©obs-
3590l s o0go Ibmxgmomdo Fosdmme  gsdmoygbgds 69bbobols sbsds@ol Labom, d@s-
3oL dmEox035300L gomgdy. sbgm 3gAOL3gd@oyge dodo@mmnygagdsl [omdmswagbl, doge-
omoE, bodgogm gmobmenydo bofgogo E30, @mdgmmoi godmoygbgds Losg@madmdoam
®9dbogol dmpogoo®gdol gomgdy. s>@bodbymols Jglodsdolow, hggbl dogd wodydogy-
00 0dbs 396bobol bomsbsds@o, MmIgeroi sdbswgdymmos Lodobwol ©s Lmgeols
d999®Mbgmdols Lbgs bodhgbgoosb dgdogyo 3GmEgbgdol  aobbm®Eogmgdol  Jgwgysw:
bgomgyeol 20dmTOmds, ©sdy3dsEgds, §gMdgbdocos, gJue®sdaos — goyfymmgds
domB 030 Bgdbmemaon@o LJgdomn Jmeg@bo@ol slm@dgb@om.

Fobodgdodg bod@mddo Fodmdmwagbogos hggbl dJogd ©sd9doggdiemo domabs-
do@ol  ggmemaog@o mgolgdgdols 3geggs, GmIganoi ho@odws LoJo@mggaml & g60-
39600  960390Lo@ AL  ,,LosgdmImbdogoem  A@SbL3M@OE0L  ©g3o@FSIgb@ol  dogsfgols
d053900L @odm@s@m@osdo. 3geggol mdogddgol (oddmewygbos ,,GmI3gR@meEo™ go®-
dob  ,,@g3 om0, ,,309d09dol* s ,,Lydg@ol dodzol d9bbobgdo s hggbl dog®
5dboEgdymo  domgmsbmamo Ls@ppgmo ©obsds@o,  @mIgmoi 696%0bgdl  gds@gdmes
10%, 20 ws 30% mpgbmdom.

bob. 1. Logsdmaom bgbwo:
1 — ge0gd®@mdgbagko; 2 — 356G gbo dmdgb@Gol godbmdo bgelsfym; 3 — 63d3-316 d@Mogs



LSISANEIR I bS5S06IN6H(M bLOSELI60, GEORGIAN ENGINEERING NEWS, N2, 2021 47

bogero ©obsds@ol ggmermaong@o mgoligdgdol 3gmggs gobbm@dEogmes Losg@m-
dmdogoem  dBoggdol, SAK - 670 dodgol (gg®dobos) Logodmawm LEgbobg, ®mdganbyi
©5dMbHoggd Ym0 0ym og@mImdogn ,,8dg-316%-0l dDogs JyOmmo s Aos3gdoms  jmenm-
Qom. bAgbwo bob. 1. dmozogl Lodygbdykem (1) s dod@ybo IMIgbRols (2) godbmd bgen-
Lofymgol, sbggg Igbas @ogrgol Lobdod@ol s bofgogol bodyxol 3bmd bganlisFymgol.

3odmbadma s s0@9ddo CO-I Jgdiggemds olobwg®gdms ,,0mTdol* Fo@mdmgdols
»BEA-460“  dod 3ol sodsbsgrobos@dm@om bob. 2.

6ob. 2. ,,8030L* Fo6dmgdols ,,BEA —460“ 3s@ 3ol $0Gsbsgmobs@m@o

9JU39M0396@Ggd0lL  JgEgagdol mobobdow, Logogmo ©sbsds@o Jgosdgdom  dg@
999JH05bMdsL 53gwaghgdl ,,MmmA3gBOM@ol go@dol gy 9ms@ol® do@zol d9bbobols
dododm, ,,309309dol* ©s ,,Ly3g@ol dodgol 69bbobgdmseb Fgoodgdom, @sdgbswa
20% @obods@o domo Fgol 3OmeyJdgddo CO-L dgdiggemdsl s330090L, dgbsdsdobow,
11, 9 s 8%-0m. 5do@md dgdpamdo 3gdo hos@odes Mgy gmms@ol® do®iol 396%0bby,
Omdgeobsi gdo@gomes 10, 20 s 30% Logpegero ©obsds@o.  dmbogdgdo (omdmweagbo-
0> 3bGoano.

Lboargmo  ©653sGol  aogmgbs ,,G™I3gAHM@OL*  Bod3ol ,,Ggy AL Fs@gol  dgbbobols
93022090 98JG056md5bg

@abisbgangde CO- 9gdggeomds CO-1s 9993390 mdols ?]3860(:)8?)0
3odmbadman g so®gddo 3odmbsdmen g so®9ddo, %
b96%0bo g gesmo’ 1,607 -
+ obods@o:
10% 1,436 10,7
20% 1,421 11,6
30% 1,352 15,3

63 gbMogol dmbsgdgdbowsb hobl, 10-30% obods@ol wsds@gdom d96%ob-
by Oy o0, 9Jd Lgmobg aodmbodmandgo CO-L Gomwgbmds dz0M©gds 10-16%-00.

sd@opo©, bmgaol dg9dbymdols bo@hgbgdowsb dowmgdymo Logpgeo ©sbsds@ols
b0mgmsbmeols ,,00339BOm@ol* ool ,,Mgagms@ol* do®gol 6gbbobbg wods@gdols
Yggaom, odmbsdmeds soMgddo CO-l dgdggermds IEodmgds Losdygsmme  12%-dwg
6530006396%0bgdmsb dgsdgdom, @si3 dolo Loosgols gomgsenolifobgdboon  doygmomgdls
Lo{ 3080 domgmsbmenols 35dmygbgdols aoxs@mnmgdols 39@L3g@ oy mdsby.



48 LIISAFNIIRN bS06IN6 (™ L0SbSI60, GEORGIAN ENGINEERING NEWS, M2, 2021

L0BIGIBH VG

L x. ombgdodg, . sd@sdodgoano, o. dododg, 0. sggojodyg, o. hbgodyg, b. dwgdb@odgoao. Losg@m-
dmdoemm bo{gog-lobgmo Jologngdols godmygbgds s ggmampos. -mdognolio, 2009, 129 o45., ISBN
978-9941-14-268-0; www.gtu.ge/publishinghouse/.

2. United Nations Framework Convention on Climate Change COP 21 and CMP 11 2015: PARIS
AGREEMENT, 62p. https://www.ifdd.francophonie.org/wp-content/uploads/2019/ 12/649  Summary_-
IFDD_COP21 English-2.pdf

3. Lorenz Moosmann, Cristina Urrutia, Anne Siemons, Martin Cames, Lambert Schneider. Issues at stake in
view of the COP25 UN Climate Change Conference in Madrid. PE 642.344 - November 2019. 76p. PE 642.344
IP/A/JENVI/2019-03 Print ISBN 978-92-846-5928-9 | do0i:10.2861/ 046072 | QA- 02-19-863-EN-C
https://www.europarl.europa.eu

[RegData/etudes/ STUD/2019/642344/IPOL_STU(2019)642344 EN.pdf

4. Energy, Transport and Environment Statistics.Publications Office of the European Union, 2020, 188p. ISSN
9276207376, 9789276207375. https://books.qoogle.qge/books/about /Energy. _Transport and_Environment_-
Statist.htmI?id=IVdFzgEACAAJ&redir_esc=y

5. https://1tv.ge/news/2019-wels-importiorebma-sagartveloshi-1096-milioni-tona-sawvavi-shemoitanes/

SUMMARY

STUDY OF THE EFFECT OF BIOADDITIVE TO GASOLINE ON THE ECOLOGICAL
COMPATIBILITY OF AN AUTOMOBILE ENGINE

losebidze J.S., Abramishvili G.S., Khetsuriani N.T. and Chkhaidze M.N.

Georgian Technical University

Thilisi State University

A study of the obtained by us bioadditive to gasoline on the ecological compatibility of an automobile engine
was carried out on the automobile engine test rig SAK-670 (Germany) that was mounted with the engine and
gearbox of the BMW-316 car. The objects of the research were different brands of “Rompetrol” gasolines:
Regular, Premium and Super. According to the obtained results of the study, the tested additive reveals a
relatively more effectiveness in relation to gasoline of the Regular brand, to which 10, 20 and 30% of the
additive was added. The content of CO in the exhaust gases of the idle running car was reduced by an average of
12% in comparison with the petroleum gasoline.

Keywords: bioadditive, gasoline, eco - compatibility.
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SUMMARY

PHYSICAL AND CHEMICAL INVESTIGATION OF COMBUSTIBLE ETHANOL

AND ETHANOL/ GASOLINE MIXTURES

Chkhaidze M.N.

Georgian Technical University

Combustible ethanol was obtained from agricultural waste. Test samples E5, E10 and E20 were prepared and
their physical, chemical and technical characteristics were studied. The obtained biofuel can be used in internal
combustion engine vehicles. The ethanol/Gasoline mixtures are economically profitable as they give a chance to
save the energy resources. Concentration of CO and NOx in emissions is reduced as a result of complete
combustion of the fuel because the combustible ethanol contains oxygen and less carbon (52%) compared to
gasoline (85%). The content of low-boiling organic compounds (ethane, formaldehyde, ethylene, toluene, etc.) in
the exhausted emissions from the combustion of ethanol/gasoline mixture is also reduced.

Keywords: combustion, ethanol, gasoline, mixture.
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SUMMARY

STUDY OF AUTO-LOADING MACHINES RELIABILITY

Tsetskhladze G.V.

Georgian Technical University

Improvement of transportation facilities taking part in loading and unloading (LU) processes and their operating
process, reliability of LU transportation facilities operation is of great importance for study of auto-loading
machines reliability. Based on failure analysis it becomes possible to distribute them in time,that makes it
possible to compose the reliability map for object under study. It gives a clear indication on their location in
mechanisms and on change in their failure-free. It is necessary to numerically assess the possibility of one or
another failure from commencement of operation at any moment of operating, to reveal gamma-percentile life
(resource) (for determination of warranty period), to identify operating time between failures, mean life and,
finally, the reliability map gives an opportunity to forecast failure-free operation. The mentioned fact is based
on assessment and analysis of LU process reliability index that is a mandatory condition for efficiency
improvement.

Keywords: reliability, autoloading machine transportation, gamma-percentile life.



56 LSISBDIIR I LSObIN6( LOSERI6(), GEORGIAN ENGINEERING NEWS, N2, 2021

CATALYTIC ACTIVITY OF NICKEL OXIDE ON THE VARIOUS SYNTHETIC AND
NATURAL CARRIERS IN THE REACTION TEMPERATURE RANGE 500+850°C

Kutelia E.R., Dossumov K.D., Gventsadze D.I., Yergaziyeva G.E., Dzigrashvili T.A,,
Mambetova M.M., Jalabadze N.V., Myltykbayeva L.K., Nadaraia L.V., Tsurtsumia O.0O.,
Gventsadze L.D., Kukava T.G., Telbayeva M.M.

Republic Center for Structure Researches, Georgian Technical University, Thilisi, Georgia
Institute of Combustion Problems, Almaty, Kazakhstan

Abstract. The present research deals with the comparative study of a catalytic activity of the monometallic
nickel oxide catalyst synthesized via capillary impregnation in the granulated synthetic (Al.Os; and the
commercial zeolite from Japan, as reference material) and three new trial natural (clinoptilolite, bentonite, and
diatomite, all from Georgian deposits) carriers in the reaction temperature range (500+850°C) of the carbon
dioxide conversation of methane (CDCM). It is shown that at the equal optimal amount (3 wt%) of nickel oxide
on the various carriers, the nature of the carriers significantly affects the catalytic activity in the CDCM reaction.
Particularly, at the high reaction temperatures (>750°C), nickel oxide on a synthetic carrier of the alumina is
more active than that on the natural carriers, while in the temperature range (500+700°C) the investigated
catalyst deposited on the natural carriers, is more active in comparison with the catalysts on the synthetic
alumina and the reference zeolite carriers. At the reaction temperature 700°C, the highest methane conversion
rate (68.4%) was detected for the catalyst 3wt%NiO synthesized on the granulated clinoptilolite.

Keywords: catalyst carrier, CDCM, NiO, Al,Os, clinoptilolite, bentonite, diatomite.

Introduction. The recent reviews of the last decade literature dealing with the catalyst
development for the carbon dioxide reforming of methane and the heterogeneous catalyst for syngas
production via dry reforming shows that the supported noble metals (Pt, Pd, Ru, Rh) as well as
transition ones (Ni, Co, Fe, Cu) and their oxides as catalysts have been extensively studied [1-4]. A
large number of studies have shown that noble metals have good catalytic performance and anti-
carbon deposition at the dry reforming of methane (DRM). However, due to the lack of precious
metals resources and high prices, more and more researchers have focused their attention on non-
precious metals (Ni, Co, Fe) with the high catalytic performance and low cost [2-5]. From the
viewpoint of catalytic activity, nickel is the only transition metal that is comparable to precious metals.
Therefore, nowadays it is considered as one of the prospective basic materials for the production of
catalytic systems (carrier + catalyst) for industrial applications in DRM reactions. Still, Ni (or NiO)
based catalysts tend to deposit carbon, resulting in the loss of activity. Carbon (,,Coke*) deposition on
the reforming Ni catalyst is expected due to the high operating temperatures which raise the molecular
energy enough to cleave the C-H bond in methane. It is also important to take into account that
performance of catalytic systems is not only a function of the active metal (metal oxide), but also of
the nature of the support material, which may play a major role in keeping the capability of the
catalyst and be resistant to carbon. The recent reviews [2-4] and the original papers [5-7] look ahead
the major challenges and opportunities of Ni catalyst and Ni-based catalytic systems in DRM reaction
research. It is obvious from the above literature that a positive interaction between active metal (Ni, or
NiO) and support materials (Al.Os, SiO», zeolites, and other ceramic oxides) play a crucial role in the
enhancement of catalytic activity, reduction of coke (carbon) formation and active phase of crystallite
sintering, especially, at high-temperature DRM. The materials, traditionally used as supports for Ni
and NiO —based catalysts, are insulating oxides such as Al»Os, SiO; and various types of zeolites also
been tested. The excellent properties (well-defined structure, high surface areas, large thermal stability
and high affinity for CO2) combined with a low potential for support-metal interaction and superior
coking resistance make zeolites important catalyst supports in the CO reforming of CH4 [2, 5-7].
Despite the success, reported in tuning the catalytic system performance, there have always been cases
of antagonistic relationship between activity, stability, and coking resistance [4]. In particular, in the
case of Ni/NiO catalyst on the Al,Os carrier a poor catalytic activity was ascribed to the very strong
NiO-alumina interaction (especially at high temperatures (>750°C) of reaction) and they tend to the
formation of damaging phase NiAl,O4 spinel, leading, in addition to carbon deposition, to difficulties
in reduction this catalyst [1]. On the other hand, it is well-known that the crystalline aluminosilicates,
called zeolites, may potentially be used as carriers as well as catalysts [8]. Since the zeolites are very
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different from each other by the ratio R=Si/Al, concrete zeolites with the concrete cations may be used
for selective adsorption and reaction, and thus, control some aspects of heterogeneous catalysis.
Consequently, from the point of view of the design of the effective Ni-based catalytic systems, zeolites
are highly potent group of materials to consider, and it is evident that zeolites with a higher Si/Al ratio,
which are more basic, give better conversion. Hereafter, substitution of zeolite in the catalytic system
NiO/zeolite with the carrier having lower acidity may strongly reduce the obtained system’s tendency
to carbonization. From this point of view, using diatomite as a carrier for the Ni (NiO) catalyst, for
which the ratio Si/Al is 4+10 times greater than that for the other types of natural and synthetic
zeolites, deserves attention [9]. Starting from the above, it is evident that the solution of the problem of
proper selection of the support materials from the inexpensive natural materials for the construction of
Ni/NiO-based new catalytic systems, desirable to operate at lower reaction temperatures, is of
considerable scientific and practical interest. Thus, the aim of the proposed work is to study the
influence of different synthetic (as reference) and natural (trial materials from Georgian deposits)
support materials on the catalytic activity of nickel oxide in the reaction temperature range
500+850°C.

x5,000 Spm

Fig.1. SEM image and the respective typical EDX spectra of the free-poured powders of the synthetic NaxX
commercial zeolite from japan (a, €), clinoptilolite from Dzegvi deposit, Georgia (b, f), bentonite from
Askana deposit, Georgia (c, g), and diatomite from Kisatibi deposit, Georgia (d, h) produced by milling in
vibratory mill for 40min.
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Materials and Experimental Procedure. According to the aim of this research, for the
preparation of various granulated carriers for NiO catalyst, different natural raw materials were
selected, such as clinoptilolite, bentonite, and diatomite, all from Georgian deposits. Preparation of
granulated catalyst support specimens from the above selected trial natural materials as catalyst
carriers, were conducted in accordance with the following technology route: milling of the as-received
crumbs (2+4 cm) of the initial materials in vibratory or rotary mills— characterization of the milled
product powder using SEM-EDX analysis—granulation of the obtained powder using a mini-mold
forming or extruder + annealing during granulation and sintering simultaneous processes. The
experimentally determined sintering temperatures (520°C/1h in the case of clinoptilolite and bentonite,
and 600°C/1h in the case of diatomite) provide sufficient mechanical strength of the obtained granules.
In order to conduct a comparative study of catalytic systems prepared on the basis of natural and
synthetic support materials for NiO catalyst, granules of the synthetic y-Al,Os were chosen which
serves as a standard carrier for various catalysts, and the synthetic NaX-type zeolite’s commercial
granules as a model catalyst support material of the same type as the above natural trial support
materials from Georgian deposits. The fractional composition, morphology, sizes and chemical
constitution of the particles of the milled products and the reference powders were studied by SEM
(JSM 6510 LV, JEOL, Japan) with the EDX analyzer.

Fig.1 shows the SEM images (a-d) and the respective EDX spectra (e-h) of the free-poured
powders of the commercial as-received synthetic NaX zeolite from Japan (a, €) and the powders of
clinoptilolite (Dzegvi deposit, Georgia) (b-f), bentonite from Askana deposit, Georgia (c, g), and
diatomite from Kisatibi deposit, Georgia (d, h) produced by milling in vibratory mill for 40 min. The
images confirm the monodispersity of the synthetic zeolite with the sizes of the particles ~2+3 um
while the particles of the milled powders of clinoptilolite and diatomite prepared in the same way have
the equal dispersity spread in the range of 0.1+2 um. The bentonite powder is polydisperse as well
with the wider spread of sizes 0.2+5 um, caused by agglomeration of submicron particles in the
process of milling, peculiar to more plastic bentonite. For the investigated powders the R=Si/Al ratios
were derived from the corresponding EDX peaks of the respective elements (Fig.1.e-h).

The carrier samples used in this work are listed in Table 1, showing marking, characteristics

and values of Si/Al ratio, averaged out over large number of particles.
Catalysts 3 wt % NiO / AlO3-G, 3 wt% NiO / 20-1R-G, 3 wt% NiO / 20-2B + G, 3 wt% NiO / 20-1A
+ G, 3 wt% % NiO / 21-1D + G were prepared by capillary impregnation of carriers (Al.Os-G, 20-
1R-G, 20-2B + G, 20-1A + G, 21-1D + G) by moisture capacity with an aqueous solution of nickel
nitrate Ni(NOs).6H>O (Technical standard 4055-70). The synthesized catalysts were dried at 300 °C
for 2 hours and then calcined at 500 °C for three hours.

Marking, characteristics and Si/Al ratio of the synthetic (reference) and
natural (trial) carriers for the NiO catalyst

N | Marking of the sample * Characteristics of the carriers Ratio Si/Al R
Synthetic aluminum oxide gamma modification,

1 Al0x-G commercial standard granules, spherical @3.5mm i

Synthetic NaX zeolite commercial granules (Japan),
cylindrical, @4mm, length 5mm

Granulated bentonite clay (Askana deposit, Georgia)
3 20-2B+G annealed at 520°C/1h during granulation via extrusion, 2.3<R<3.5
cylindrical, @2.5mm, length 3mm
Granulated clinoptilolite (Dzegvi deposit, Georgia)
4 20-1A+G annealed at 520°C/1h during granulation via mini-molding, 4.3<R<5
cylindrical, @2.7mm, length 2.7mm
Granulated diatomite (Kisatibi deposit, Georgia) annealed
5 21-1D+G at 600°C/1h during granulation via mini-molding, 20<R<28
cylindrical, @2.7mm, length 2.7mm

2 20-1R-G 1.25<R<1.35

* - Description of marking of the samples: 20, 21 — years of the preparation, 1, 2 — serial numbers of the batches of the
initial milled powders, R — reference sample, A — clinoptilolite, B — bentonite, D — diatomite, + - annealing during
granulation (at 520°C/1h in the case of clinoptilolite and bentonite; 600°C/1h in the case of diatomite), G — granulated.
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The essence of the method of capillary impregnation of carriers in terms of moisture capacity
lies in the fact that the carrier is impregnated according to its moisture capacity with solutions of metal
salts and the active phase is concentrated on the surface in the form of a ,,crust” [10].

The activity of the synthesized catalysts in the carbon dioxide conversion of methane was
tested on the automated laboratory flow-through unit PKU-1 (FCI-1 LLC ,,Modern laboratory
equipment* Novosibirsk, Russia) (Fig. 2). The catalysts (volume 2 ml) were loaded into a vertical
quartz glass reactor (length 25 cm, inner diameter 9-9.5 mm) and prior to reaction test, the catalyst was
reduced with an Hz/Ar mixture for 3 hours at a temperature of 500 °C (heating rate 10 © C/min).

4T,

MEC

o+ ~+=Muoung Chamber

Thermocouple L E )

Catalyst bed

GC-1000

Y
rd

+*Condenser ’

MEC

Fig. 2 - Scheme of the automated flow-through installation

The flow rate was 20 ml/min, the ratio Ha: Ar = 1.5, the purity of hydrogen was 99.99% and
Ar> 99.992%; after reduction, the samples were blown through in the argon flow. A gas mixture of
reagents, consisting equal parts of CO, (purity 99.99%) and CH, (purity 99.95%), was fed into the
reactor, the rate of the reaction mixture was 50 ml/min. The activity of the catalysts was studied in the
temperature range 500-850°C, at atmospheric pressure. The CDCM performance was characterized
using CO, conversion, CH4 conversion, and H2/CO ratio defined as follows:

[CH4]in _[CHA]out _ [COZ]in _[Coz]out H2 — [HZ]out

' CO  [CO]

i [CH 4]0ut ' o [COZ]

out out

The analysis of the reaction products of the methane carbon dioxide conversion was carried
out by gas chromatograph: Chromos GC-1000 (Russia). To analyze the reaction products, three
packed columns (length 2 m, inner diameter 3 mm) were used: a column with a NaX sorbent for the
determination of hydrogen and oxygen, a column with CaA for the determination of carbon oxides,
and a column with Porapak T-methane and other alkanes and alkenes.

Results and Discussion. It is known that supported nickel catalysts are most active in the
methane carbon dioxide conversion [11]. The textural and physical-chemical properties of carriers play
an important role in maintaining the dispersion of nickel catalysts and their resistance to carbon [12, 13].
In this work, comparative studies of the activity of nickel catalysts supported on various carriers are
carried out. As carriers we chose alumina, which is widely used as a carrier for nickel catalysts [14, 15],
as well as natural carriers of the Georgian field, such as diatomite, bentonite, and clinoptilolite, which
have not been used previously as a catalyst support for carbon dioxide conversion of methane.
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Fig. 3. The effect of reaction temperature on the activity of 3mas%o nickel oxide catalyst supported on the
granules of the synthetic (as reference) and natural (trial) carriers: a) Synthetic y-Al2O3 (sample # Al203-G),
b) Synthetic NaX zeolite (sample #20-1R-G, commercial, Japan), ¢) Bentonite (sample #20-2B+G, Askana
deposit, Georgia), d) Clinoptilolite (sample #20-1A+G, Dzegvi deposit, Georgia), €) Diatomite (sample # 21-
1D+G, Kisatibi deposit, Georgia).

Important indicators of the effective operation of catalysts in the carbon dioxide conversion of
methane are the CH. conversion and the H,/CO ratio [11]. The influence of the nature of the carriers
and the reaction temperature on the efficiency of catalysts in the carbon dioxide conversion of
methane are shown in Figure 3.

Considering the data obtained, it should be noted that for catalysts 3 wt% NiO/20-2B+G, 3
wt% NiO/21-1D+G in the temperature range 500-850°C, and for 3 wt.% NiO / Al>Oz-G in the range
500-670°C a low H,/CO ratio is observed, which is associated with a higher conversion of CO;
compared to CH. (Fig. 3, a, c, ). However, on the catalysts 3 wt.%NiO/20-1R-G, and 3 wt.% NiO/20-
1A+G (Fig. 3, b, d), an increase in H2/CO above unity is observed, although the conversion of CO- is
higher than the conversion of methane. Possibly, under these conditions, reaction (2) occurs
simultaneously with the main reaction (1) - the interaction of carbon monoxide with water vapor [16].
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CH4+CO2>2CO+2H, (AH=+247 ki/mol) @)
CO+H,0>CO+H,  (AH=-41 ki/mol) @)

The course of reaction (2) leads to a change in equilibrium (1), the H2/CO ratio turns out to be
greater than unity, and the CO_ conversion is greater than the CH4 conversion.

It is known [15] that the activation of methane is a rate-determining stage in the carbon
dioxide conversion of methane; the conversion of CH, can be equated to catalytic activity. Figures 3 b,
c, e show that with an increase in temperature above 800 ° C, the activity of the catalysts is 3 wt%
NiO/20-1R-G, 3 wt% NiO/20-1A+G and 3 wt% NiO/20-2B+G decreases, conversions of methane
and carbon dioxide decrease. The loss of activity of catalysts at high temperatures is possibly due to
their coking [16] or reoxidation of Ni to NiO.

There are two possible ways of coke formation in the carbon dioxide conversion of methane:
the methane cracking reaction (3) and the Boudouard reaction (4):

CH,s~=C+2H, (AH=t74,8 kJ/mol) 3)

2C0-C+CO, (AH=-172,5 ki/mol) (4)

In our case, coke can be formed due to the occurrence of reaction (3), since the reaction
temperature is high at 850°C. It is known [16] that reaction (3) is carried out mainly at high
temperatures, reaction (4) at low temperatures. In the temperature range 500-850 °C, the catalysts 3
wt% NiO/AlO3-G and 3 wt% NiO/21-1D+G do not lose their activity. It should be noted that at a
reaction temperature of 500 °C, nickel oxide, deposited on natural diatomite 3 wt% NiO/21-1D+G,
has a higher activity compared to other catalysts, the methane conversion is 17.6%. The 3 wt%
NiO/21-1D+G catalyst does not lose activity even at high temperatures.

Equilibrium conversion of methane and carbon dioxide is observed on 3 wt% NiO/20-1R-G
catalyst at temperatures of 700, 750 °C. According to the literature [16], in the carbon dioxide
conversion of methane at 700-800 ° C on many nickel catalysts, equilibrium conversion of methane
and carbon dioxide into synthesis gas is achieved (1). However, on nickel oxide, deposited on natural
carriers of diatomite and bentonite, equilibrium conversion is observed at relatively low temperatures
of 500-700 °C (Fig. 3, c, ). On a catalyst of 3 wt% NiO/20-2B+G at 550 ° C, the methane conversion
(31.2%) is higher compared to other catalysts.

Comparison of the activity of the catalysts at a temperature of 700 ° C showed that the cata-
lysts can be arranged in the following sequence:3wt% NiO/20-1A+G (XcHa=68,4%)>3wt% NiO/20-
2B+G  (XcHs=64,4%)>3Wt%NiO/Al,O03-G  (XcHs=64,2%)>3wWt%NiO/20-1R-G  (XcHsa=60,4%)>3
wt%NiO/21-1D+G (XcHs=51,0%). It follows from the studies carried out, that natural carriers of
diatomite, bentonite and clinoptilolite can be used as carriers for nickel catalysts for carbon dioxide
conversion of methane, which will be active at lower temperatures. Further studies will be aimed at
increasing the activity of catalysts at relatively low temperatures (550-700°C) by modifying the
addition of oxides of cobalt, iron, etc.

Conclusions. The catalytic activity of the monometallic nickel oxide catalyst, synthesized via
capillary impregnation in the granulated synthetic (Al.Os and the commercial zeolite from Japan, as
reference material) and three new trial natural (clinoptilolite, bentonite, and diatomite, all from
Georgian deposits) carriers in the reaction temperature range 500+850°C of the carbon dioxide
conversation of methane was studied. It is shown that at the equal optimal amount (3 wt%) of nickel
oxide on the various carriers, the nature of the carriers significantly affects the catalytic activity in the
CDCM reaction. Particularly, at the high reaction temperatures (>750°C), nickel oxide supported on a
synthetic carrier of the alumina is more active than the catalyst on the natural carriers. Methane
conversion rate, using the 3wt%NiO/Al,O3 catalyst at 850°C, is equal to 87.4%, and the carbon
dioxide conversion rate amounts to 93.4%. On the other hand, in the temperature range 500+700°C the
investigated catalysts on the natural carriers are more active in comparison withthe catalysts on the
synthetic alumina and the reference zeolite carriers. At the reaction temperature 700°C, the highest
methane conversion rate (68.4%) was detected for the catalyst 3wt%NiO synthesized on the
granulated clinoptilolite.
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PE3IOME

KATAJIMTUYECKAS AKTUBHOCTBb OKCUJIA HUKEJISI HAHECEHHOI'O HA PA3JIMYHBIE
CHUHTETUYECKHUE U TIPUPOJJHBIE HOCUTEJIN B UHTEPBAJIE TEMIIEPATYP 500+850°C
Kyreans J.P., locymos K./., 'Benuanze [I.U., Epra3suesa I'.E., [[3urpamsuiu T.A.,

MamoéeroBa M.M., l:kanadanze H.B., MbLiThiKOaeBa JI.LK., Hanapana JI.B., Hypuymua O.0.,

I'Bennanze JI.J., KykaBa T.I'., Tean0aeBa M.M.

I'pysuncknii Texuudecknii Y HUBepcuTer

Hncruryr [Ipodaem I'openusi, Anmarsl, Kazaxcran

IIpoBenéH CpaBHUTENbHBIM aHAIM3 KaTAIUTUYECKOW aKTHBHOCTHM MOHOOKCHJA HMKENS B peakUUd KOHBEPCUU
MeTaHa JHOKCHIOM yriepona B wuHTepBaie Temmeparyp 500+850°C. MeromoMm KanmwUIApHOW IPOIHTKH
CHHTE3WPOBAHBI KaTaTUTHUeCKrue chucTeMbl HaHeceHneM NIiO Ha creqyrommx rpaHyIHpOBaHHBIX HOCHTEISX:
AlbO3 1 11e0oauT (CHHTETHYECKHE), KIMHONTHIONUT, OEHTOHUT U JHATOMHUT (MIPUPOIHBIC U3 MECTOPOXKACHUH
I'py3un). BeisiBiieHO, 9TO TP HAHECEHWH PABHOTO ONMTUMaibHOTO KosmdectBa (3 Bec%) NIO Ha sTux HOCH-
TeNsIX, HPUPOJa HOCUTENST 3HAUMTEIBHO BIMSET Ha MX KaTaIMTHYECKyI0O akTUBHOCTH B mporecce CDCM
peakimu. B gacTHOCTH, TIpH BBICOKHX Temreparypax peakuuu (>750°C), NiO HaHecEHHBINH HA CHHTETHYECKOM
Hocutene AlpOs, Gonee akTHBHBIA, YeM HaHeCEHHBIA Ha HPHUPOIHOM Hocutene. Torma Kak B HHTepBaje
temmieparyp 500+700°C ToT ke Karanu3aTop 0oyiee aKTUBEH Ha TIPUPOTHBIX HOCHUTEIISX.

KaroueBblie ciioBa: Hocutenb katanusaropa, CDCM, NiO, Al;O3, KTHHONTHIONUT, OEHTOHUT, TUATOMUT.
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SUMMARY

INVESTIGATION OF MECHANICAL STRENGTH AND VISCOSITY OF FLUID SLAG

OF THE NEW COATING MANUAL ARC WELDING ELECTRODE

Sabashvili Z.V., Sulamanidze A.K., Nikolava O.l. and Vatitadze G.Z.

Georgian Technical University

Among the industries such as: Mechanical Engineering, Aviation, Shipbuilding, Homebuilding, Natural Gas Pipe-
Line Manufacturing, etc. Metal Welding holds a prominent position of necessity. In Georgia, the expensiveness
of imported electrodes for manual Electric Arc Welding created a need for mentioned electrodes to be made
using local raw materials. Work done in Georgian Technical University produced an invention of new rutile
coating. Research showed that local raw materials are a sufficient resource for creating electrodes that satisfy all
given requirements. The metal of the seam weld produced is characterized with fine-grained structure,
remarkable strength and high plasticity. Important characteristics such as the slag viscosity and the mechanical
strength of the coating have been thoroughly studied. The strength was studied using the standard 3-Point bend
testing method and viscosity of fluid slag - using the Stokes method. According to research, electrodes with the
new coating can be used for welding under any spatial conditions and their mechanical strength at 200-250°C
annealing temperature is approximately 2.5-7% greater than the mechanical strength of the coating of the
imported “GK”-type electrodes.

Keywords: fluid slag, mechanical strength, viscosity, manual electric arc welding.
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SUMMARY

SEGMENTATION OF THE TEXT LINES BY THE USE OF COMBINED METHOD

OF MORPHOLOGICAL AND HISTOGRAM METHOD

Sekhniashvili D.N. and Svanidze R.G.

Georgian Technical University

Segmentation of handwritten lines and words for further identify them is one of the difficult subject due to the
heterogenity of the texts. The paper discusses the algorithm for segmentation of printed and handwritten texts
obtained by operations of mathematical morphology and a combination of image histograms. The proposed
algorithm uses a horizontal projection of the histogram when segmenting the rows, and after a vertical projection
of the histograms is performed for each row, allowing the words in the text line to be segmented.

Keywords: segmentation, mathematical morphology, histogram, text lines.
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SUMMARY

CORRECTION OF PRINTED AND HANDWRITTEN TEXTUAL DOCUMENTS

BY SEGMENTATION METHOD OF TEXT LINES, WORDS AND LETTERS

Sekhniashvili D.N. and Svanidze R.G.

Georgian Technical University

The inclination and slant of characters inside the printed and handwritten texts complicates the task of such
document processing and analysis. The paper discusses the issues of restoring these irregularities to the normal
(horizontal) initial level in printed and handwritten texts. Examples of correction of an inclined text documents,
as well as correction of slanted characters, of different angles, spacing between lines, and document resolution,
are presented.

Keywords: segmentation, correction, textual documents.
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SUMMARY

DISTRIBUTION OF PHARMACEUTICAL PREPARATIONS IN DRINKING WATER

Gurgenidze D.R., Bagration-Davitashvili A.N., Tsinadze Z.0., Suramelashvili E.R. and Ebanoidze G.G.
Georgian Technical University

The wide use of human and veterinary pharmaceutical preparations in medical, agricultural and aquaculture
practices has led to the spread of a wide range of pharmaceutical preparations in drinking water, which has a
negative impact on human health. Their origin from various sources are discussed, including human or animal
excrement, wastewater, sewage sludge, industrial waste, pharmaceutical wastes from medical and veterinary
facilities, landfill dumping, and biological solid waste. The sources of the origin of the carbamazepine group of
drugs in the Mtkvari river area of Thilisi and their concentrations are given. It is concluded that there is a need to
develop appropriate regulations to manage usage of pharmaceutical preparations, widespread programs,
guidelines and advanced education of consumers to help prevent unwanted and excessive use of medicines.
Keywords: pharmaceutical preparations, drinking water, industrial and pharmaceutical waste.
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SUMMARY

PREDICTION AND ITS IMPORTANCE IN NATURE USE

Mchedlishvili G.S. and Mamulashvili M.A.

Georgian Technical University

Current problems in the process of nature use are discussed; the protection of environment and nature use the
need for rationalization measures and the importance the scientific forecasting in the development of socio-
economic sphere. A characteristic of forecasting as an integral part of science is given, types of forecasts and
sources of information are described, classification of forecasting according to different indicators are presented.
Separately highlighted in nature use forecast, its definition, types, purpose and tasks. The focus is on predicting
nature use, in particular, from an environmental and economic perspective. The basic requirements that must be
taken into account when forecasting are also given. It is characterized by the necessary principles on which the
forecasting of nature use must be based. On the basis on the principle of forecasting methodology, a certain
connection is established between B. Commoner's "laws" of ecology and between forecasting. Finally, a scheme
of the nature use regulation cycle is presented, in which forecasting is considered as the first stage of this
activity, with an explanation of its main functions.

Keywords: forecasting, nature use, environmental protection , economy, evaluation.
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SUMMARY

ASSESS THE RISKS POSED BY RADON EXPOSURE IN SOME DISTRICTS OF TBILISI

Paghava S.V., Gorgadze K.M., Dekanosidze Sh.V., Metskhvarishvili M.R., Kalandadze I.G.,

Lomsadze Kh.A., Khizanishvili Sh.M. and Rusetski V.T. and Giorgadze 1.S.

Institute ,,Talga® of Georgian Technical University

In the article the limits of changes of the concentrations of radioactive gas of radon taken from test facilities in
some districts of Thilisi are presented. The danger of radon-induced radiation to the human body is emphasized.
It should be noted that the main danger is not directly from the radon isotope, but from the ionizing radiation
generated during the radioactive decay of the isotope with the short-lived isotope of substances obtained from
radon by radioactive decay.

Keywords: radon, radioactive gas, short-lived isotope radioactive decay.
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ON DEFINITION OF DEFORMATION MODULUS OF GROUND BY LABORATORY
METHOD

Giorgishvili O.G. and Salukvadze 1.K.

Georgian Technical University

Abstract. The work mainly relates for definition of modulus of deformation by laboratory method. As we all
know each ground has the ability to provide some resistance to the impact of external forces and by the latter’s
action to take some kind of deformation. By laboratory procedure (in compression devices) determination of Eo
gives the low value of its magnitude in comparison with determined by field procedure value. The aim of our
work is to determine the cause of this difference. For this we carry out the special tests and have developed a
new method for the laboratory testing of ground, which better illustrates the real conditions of foundation
behavior. The obtained results will give the possibility to raise the issue of change the ground Eg determination
laboratory method. Our goal is by carried out test by these three methods finally interpret the obtained results.
Keywords: geology, soil, clay soil, deformation modulus, uneven sitting.

The main essence of the work lies in the fact that we wish to say new word in the construction
practice on the determination of the ground deformation modulus. As is known, there are two main
methods of determining the ground deformation modulus: definition of ground compressibility
without the lateral widening (compression) the definition of and field method. The determined by
second method deformation modulus is the closest to natural deformation modulus, but is not used in
construction practice, because the conducting of this test is related with large financial expenses. For
this, we have developed a new method that is closer to the field method [1,2].

Initially was selected site (Georgia. Thilisi, Didi Digomi territory), from which we make test
samples. The test samples were delivered to the Educational, Scientific and Expertise and Laboratories
of Georgian Technical University.

On the first stage we determine the existing ground (clay) physical-mechanical properties.
After this we carryied out test by laboratory procedure, to determine the ground compressibility
(compression) without the lateral widening. The testing sample has thickness - 20 mm, and diameter -
71.4 mm. On the other hand, at sample preparation never was maintained the ground natural structure.
In addition, the negative side of the test method represents in the shortage of time that usually will not
exceed few hours, while the duration of clayey soil deformation is large in real-time conditions

(Fig.1).
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Fig. 1. The compression device and its scheme

The ground general deformation modulus is calculated by the following formula

l+e
E=p—nkg/cm’ 1)
a
where = 0,8 — is the correcting coefficient, a — is the ground coefficient of compressibility, e —is the

porosity factor.
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e —e
=23 cm®/kg
o, -0,

(2)

The samples were tested at increasing loads and due with the increase of consolidation the
deformations gradually decreases; in order of their measurement accuracy the load was increased as
follows: 1,0; 2,0; 3,0; 4.0 kg/cm?. The obtained results are presented in the form of Tables Nel and

diagram (Fig. 2).

Table 1. Definition of Deformation Modulus

4

Vertical load kgem? | 0 | 10 | 20 | 30 | 40
Porosity factor - |o98| 095 [093] 091 | 0.90
Ccfrf]f;;g'si?gﬂy cmkg? | 0 | 003 | 002 | 002 | 001
Deformation .
modulus 25 kg/em? | 0 52 76 78 150
28
el
1.00
0.95\
0.90
0.85
0.80
0.75
0.70
0.65
0.60
0.55 )
P kg/em

Fig. 2. Diagram. Determination of the deformation modulus by a new method

On the second stage we determine the deformation modulus of same ground sample (clayey)
by new proposed method, the test process was similar as at compression, with only one difference, we
have the lateral widening (Fig. 3 and 4).

Hoop

Stamp

Ground

Fig. 3. The new proposed method with lateral widening
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Table 2. Definition of Deformation Modulus

Vertical load P kg/cm? 0 1.0 20 | 3.0 4.0

Porosity factor e - 0.74 | 0.71 | 0.69 | 0.67 | 0.66

Coefficient of

2
compressibility @ | cmkg? | O | 003 | 002|002 001

Deformation
modulus

Comp.
m

kg/cm? 0 46 67 68 133

el
0.95

0.90
0.85

0.80

Pkg/em?
0 1 2 3 4 -

Fig. 4. Diagram. Determination of the deformation modulus by compression method

On the third stage we conducted the tests in field conditions. On the site from which we made
samples used in the previous two tests. In the laboratory tests, as well as in field tests, the loads were
applied gradually by metal standard sizes circular stamp. The load was applied by hydraulic jacks. The
test was continued until up to surface cracks initiation (Fig. 5 and 6).

P
E=(0-z%)—, 3
b-w?)e ®)
where 4 —is the Poisson's ratio; P — is the loading on stamp, kg; S — is the final settling; d — is the
diameter of stamp.
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Fig. 5. Hydraulic jack

Table 3. Definition of Deformation Modulus

Vertical load P kg/cm? 0.5 1000 | 2000 | 3000 | 4000
Final settling S cm 0 0,1 0,17 | 0,26 | 043
Deformation
modulus -
E E kg/cm2 0 71,25 | 62,87 | 54,81 | 41,42
o o © O o
S & © © S
0 ‘ -
0.1
0.2
0.3
04
0.5
S,cm |

Fig. 6. Diagram. Determination of the deformation modulus by field method

Final comparison of the results obtained with three experiments (Fig. 7).
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COMpPFresron
new method

Field

Fig. 7. Final results of the experiment

CONCLUSION
As is shown, the results of field test and a new method proposed by us (with lateral widening)
are closer to each other than to the obtained by compression (without lateral widening) results. Our
goal is to say new word on determination of deformation modulus in construction codes and we
introduce the issue to make change or make addition in acting in Georgia standards accordingly of the
offered new method.

REFERENCES
1. G. Chokhonelidze, D. Kvachadze, I. Mshvidobadze. Engineering buildings. -Thilisi, 2011, 204 p.
2. Arnold Verruijt. SOIL MECHANICS. Delft University of Technology. Netherlands 2006, 315 p.

PE3IOME

ONPEJAEJIEHUE MOAYJA JE@OPMALUU I'PYHTA JJABOPATOPHBIM METOJI0OM
I'voprumBuim O.I'., CanykBanze UK.

I'py3uncknii Texandeckuii YHUBePCHTET

PaboTa B OCHOBHOM ITOCBSIICHA OMPEISIICHHIO MOAYIIS JAeOpPMAIlUH ITyTeM Jad0paTOpHOTO MccieaoBanus. Kak
MBI 3HaE€M, KaXKABIA TPYHT CIOCOOEH MPOTHBOCTOSTH OMPEACICHHOMY BIIMSHHIO BHEIIHHM CHJIAM U IIONYYHTH
orpeJieNIeHHbIC BUIBI JeopMary nox ux neiicreueM. Omnpenenenue Eo B 1abopaTopHBIX YCIOBHAX (B KOMIIpe-
CCOpPHBIX MPUOOpax) aeT Majioe 3HAYCHUE €TI0 BEJMYHHEI IT0 CPABHCHUIO C BEJIMYMHOM, ONPE/ICIICHHON B MOJIEBBIX
yenoBusx. Llenp Hame# paboThI M €CTh ONPEACIUTh MPHYUHY 3TOM pa3HUIBL J[JIsl 3TOro MBI MPOBOIUM CICIIAAITB-
HBIC HCIBITAHUS W Pa3padOTadd HOBBIA METO[| JIAOOPATOPHBIX HCIBITAHWN TPYHTA, KOTOPBIA JIyYIE OTPa’kaet
peaybHBIe YCIOBHS paboThl OCHOBaHWA. [loiydeHHBIE pe3ynbTaThl JalyT BO3MOXKHOCTH ITOCTABHTH BOIIPOC 00
M3MEHEHHNH J1abopaTopHOro MeTojia onpeeneHus rpyata Eo. Hameit menpio sBiseTcss OKOHYaTeTbHO HHTEPIPETH-
POBaTh PE3YIIbTATHI ITOJTYYEHHBIC B IIPOLECCE DKCIEPUMEHTOB IIPOBEACHHBIX OTUMHU TPEMSA METOIaMM.

KiroueBble cji0Ba: Te0OTHS, TPYHT, TIMHUCTHINA TPYHT, MOIYJIb 1eOopMalii, HEPAaBHOMEPHOE CHICHHE.
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SUMMARY

HAAGEN-POISEULLE FLOW IN A PRESSURE CYLINDRICAL TUBE

AND BAROMEMBRANE PROCESSES

Bibileishvili G.V., Kuparadze L.P., Kakabadze E.G. and Omsarashvili T.I.

Engineering Institute of Membrane technology of Georgian Technical University

in the article based on the Navier-Stokes equations of unsteady motion for the motion of a viscous
incompressible fluid in cylindrical tube, the Haagen-Poiseulle equation of motion in cylindrical coordinates was
derived and the analytical form of velocity was established. Using Reinolds number with characteristic values of
fluid motion in the pressure chamber, the range of velocities for the realization of various modes in
baromembrane processes was investigated.

Keywords: Navier-Stokes equations, unsteady motion, viscous fluid, reynolds number.
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SUMMARY

INVESTIGATION OF THE INFLUENCE OF SOME FACTORS ON THE MORPHOLOGY OF
MICRO- AND ULTRAFILTRATION MEMBRANES OBTAINED BY THE PHASE INVERSION
METHOD

Bibileishvili G.V., Ebanoidze L.O., Kezherashvili M.G. and Gogesashvili N.N.

Engineering Institute of Membrane Technology, Georgian Technical University

The paper discusses some of the factors affecting the morphology of micro- and ultrafiltration membranes
obtained by the phase inversion method: drying parameters of the components of the composition, percentage of
polymeric materials and additives in the constitution, composition and temperature of the coagulation bath
solution, Spatial factors of precipitation, phase inversion mode parameters, dependence of the viscosity of the
polymer composition and the conformational state of the polymer. One of the important factors that determines
the dependence of the conformational state of the polymer with the productivity and morphology of the obtained
membrane is established.

Keywords: conformation, temperature, morphology, structure, membrane composition.



LSISANEIR I bSO6IN63(M bLOSEI6(, GEORGIAN ENGINEERING NEWS, M2, 2021 101

3MR03IAHIN0 3(83MIDOGOOL FIRIIGORMBOL 353RI6d  SROBIBIA0
3MR0030RIG0 8333®56330L 356IL0SN TR TSI

d0d0g0g0Tgog0o 3.3, 39gaModgogo 3.y., gosbmody .M., gyusSMSIg w.3.

LoJodmggeml @gdbogn@o 216ogg@lodgdol 3393@sb7emo Bgdbmemaongdol Lsobgobde
0bLoB G0

0 gOGH0Yo  33e0 93960l Igegas 3meodg@geo dsbsgngdols s 3md3mboiogdols
‘d9ddboll  Igmmegdols  mgogbsb@olon  Iygedogee  Jodobsgmdl  aoydxmdglgdymmo

R0bogg®-Jodoyg®o  mgobgdgdols IJmbg 3meodg@ygeo  Jslogrgdols dogds dgdd@sbgdols
Fo@dopmdol,  Joamgomy@mdol,  mg@dmnmsdomy@mdol, Jodog@o  dpa@smdols,
LogJbdama@oGom gowgdol, Gg9d3g@s@ydygao 0bGgagomols aoboby@damoggdol s domo
3odmyggbgdols s@goeols yoxgs@mmgdols b Ybggalbogmasw [1-4]. gsby@o 0bgg@lools
30m3gLby ImJdgoo GoJBmmgdowsb slisbodbsgos dgddb@sbols dolomgdo 3mI3mboools
Jodogdo s @ompgbmd®ogo dgoagboenmds [5,6] 33enggzol dobobl Fomdmowygbl dmeno-
dgo o 3mddmbogol gy gbermdols yogergbols dgLfsgans d9dd@sbgdols dm@gmem-
300bg, bggodom [o®@domdsby gm@gdol bmdgdby o  aobsfogrgbols  LobTdodgby.
3996056900l dolowmgd doMomse 3modgse dgabgygmo odbs Jodog@o s mg@dymo
0golgdgool  IGsgomag@mgsbo  L3gJd®ol  djmby  semoxs@y@o  dmaosdowo  (35-66).
3mgo0dg@ols  asblbol 30mEgLol  jmbGGmeo bo@Gogeegdmes  3mes@obsEoyga-ob-
B9089M 963090 Mm3Gogy®o dogOmbimdom. 39dd@sbol dm@gmamayos s LEGY]GHY®S
‘dgbFogemogno  0dbs  dolgobo®gdgeno  bmboygdo  dog@mlbzmdom. dgddsbgool  Rm@gdols
bmds o bgg®omo [o@mdopmds gobolsabrog@s 0blGo@y@do sdbowgdym @sdm@s@m-
oy oboas®gdby MTSI-BP-4 ©s MTSI-IM-5. 3maosdopols godblibgans dg@bgano

0dbs  Koobdkggandgsgs, Jodoy®  obsdo@om  [yomo, gm@dsdowo s o53gB™bo.  SMo-

2odblbgemo  godmygbgdygamo o0dbs aodmbogo ©s ™mbgobols (yseno. dg@bgymo  god-
blbgao s Jodoygdo ©obsds@gdo Lodygomgdsl odanggs wodboegl Lbgowslbgs ‘dg-

39bogmdol s  3mbigb@®szools LEsdogy@o blbs®gdo, Goms godmgmobogl ™3 o0-
dognyy@o g gbogmdols  dmanodg@ymo  jmd3mbozos  dogOmPomB@sicoymo  dgdo-
M56960L  obodbo@gdema. Fomghbg wodop®gdyan  dobol 3mao@gdye  BoOBoFGsby
0,1-0,2 33 LolLJol ¢39bols Loboo w@s@sbogno 3mI3mboizool LFm@bsbmgsbo bgosdo®ol
9bOYbggaymas bodEogmgds bgalofyml b3gEosmyg®o bsds®xgom. gsbydo obgg®-
Lools 3@m@Egbo gobbm®dzogmes Fgomblbo®ol Jmpgey®d 60dydgdby Lsgmegyamsiom
565bobodo.  gmogyasiool gogase dowgdygeo dgdd@sbgdols dgs®o bodydgdo dydog-
©gds 60 °C-00bo Fgomblbo@om, @oli dgdymd dodobs®gmodl domo dOHM™bs 0mg@Im-
GoBdo 45 °C-70°C @9d39053 @0l ©00s35bmbdo. dowgdyao dgdd@sbgdols dgoagboenmds
dmzgdgmos 3b®. 1-Jo.

3b®ogro 1. 3m@odgBgeo gmd3mboEool Jodoymo Ygoagbommds

M1 15 80 3 2 - -
M2 15 78 3 4 — _
M3 15 76 3 6 - -
M4 15 80 3 - 2 -
M5 15 78 3 - 4 -
M6 15 76 3 - 6 -
M7 15 80 3 - - 2
M8 15 76 3 - - 4
M9 15 78 3 - - 6

d936@sbols  bodydgdo  Fbopgdms  dmaodgBgmo  30md3mbooosh, @mdgols
‘Jgagbogmdsdo Igool 153sb.% serogs@y@o 3maosdowo (35-66), 3 dob.% Smanogobogn-
3o@m@oembo (333), boam Jodog@o @obsds@gdol Momegbmds oi3gergdmws 2-6 Isbliy@o




102 bS8ISAN3IRIs bSO6IN6HF(D bLOSEI6(, GEORGIAN ENGINEERING NEWS, N2, 2021

30m39bBoL  Foda@gddo.  ©obsdsBgdol  Fymol s gm@dsdowol  2d51.%-0560
3993392000 300mMdgddo 3men0dgByao 3md3mbozoosb domgdygen 39dd@sbgdl (M1,
M4) sbobosmgol dowosmo bggo®omno (o@mdomds, Goi dmigdymos cbe. 2-Jo.

3bGogo 2. Bowgdymo dgdd@Msbgdol bggotomo [s03spmds, gmmgdol bmBs s BM@0sEbMmds

39930565 | bggo. Fo@domds Q)/S‘l Lo Q0@ gdols bmds, 339 ROA056MdS
M1 2500 0,45 34,1
M4 2300 0,53 29,3
M7 2000 0,74 20,6

d99dM5bgdol  bggo@omo  [o@do@mdol aobdes  a0dm{ggymos gma@gdols  Lodgzg®ogol
3obOom, domo bmdgdols d60dgbgenmgsbo (330 gools 3509dy.
3033mb0(305F005b535F0L-Fyamols o oMo odblibgaol-Fymmols  blbsmdol  3oM5dgB@ s
‘ool d0b0dogry@o Lbgomds gobsdo®mmdgdls gobydo 0bgg@dlools 3GmEgbol 989]@9®
d0dobos®gmdsl, @s3 ofggglb dgdd@sbols bggo®omo [o®dsmdbol bOwsL. 3b®. 3-To
dm3gdygmos Jodoyg®o @obsds@gdols blibsmdbol 3s®sdgB®gdo.

3bGogo 3. Jodondo ©s6s3sHgdol blbspmdol 35@sdgd@gdo

Jodoyg@o ©obsdo@o Fygogmo gm®dsdowo | 539 ™bo
blibomdbols 3o®5dgB®o [dag/l)?ﬁ]uz 234 19,2 9,9

565350 L-gmAdsdool s 5o sdblibganol-Fyoml dm@ol blbsmdol 3o@sdgB®godols
dohggbgoegbdols  Lbgomdols LodiEo®ol godm, bsgmeqgems3om  sdsbsbsdo dodobs@gmdls
LY @ox0 geOmog@mndodmigms godblibgal/@sbsds@l/ s@ogsdblibgarls  dm@ol, @o3 0fg93b
Roby@o  0bgg@Lool  3OmEgldo  3maodg@o/yedblibgao/s@eysdblbgano  Loli@gdols
‘dgdogbgero  3md3mbgbBgdol LYooy dg@mggol, @oloi obanogl 3merodg@ols dgolbog®o
JOoagEs3os s [oMmdmodbgds gm@mgsbo 893dMsbgdo, Sdodmd 2 IsL% [ymol ©o
Qm@dsdowols d9dg9eo  JmI3mbozoowsh dowgdgeo 39ddMsbgdo (M1, M4) bobosmwgds
do@ogo Bm@osbmdom ©s bggodomo [o®dsmdom, @o3 dmEgdygeos 3bG. 2-To.

3@ 0dg@ o 3md3mboosdo  sbsds@om  S3g@™Mbol, bmerem  s@oysdblibgansw
Vool godmyggbgds ofgash odmmydgol 36miglols Bggmabgdol o 3(go3g, >Gogm-
Omgobo 3938056950L (o@dmJdbol 300 bmdol gm@gdom, ©odsmo BMA0SbMdom ©
bggo@omo  Fo@dopmdom, gobsowsb 53g@mbols s Fymol blbsmdbol 3oMsdgH®godo
3609gbgermgbo@ goblbgogogds [7].  ©obsds@gdols @omwgbmdols gobdws 6 dobs. %-dwg
0§393L  dgddb@sbols  bggo@omo  Fo@domdols  dgdEo@gdsl, gobsowsh saomo o3l
3m@osdool, Fyaol, gm®dsdool s o53gB™bol dmegsnegdl dndols Tysedswydo
b330l Fo@dmJdbol. Fyomdoygdo 6dol (omdmdbs ©@obodo@gdls ©o 3m@odgdl dm@ols
0{393b gmoagesiools 3GmEglol dga3g@dbgdol, @oi 0(g93L Bm@osbmbdols ws bggo®omo
Foddomdols dgdiodgdsls domgdyen dgdd@sbsdo.

530050, 3md3Mb0305do BTG 53gBMboL, bmenm s@ogsdblibgmsw [yeols
3°dmygbgds 0§393L aodmagdgol 3@mEglol dgymgbgdsl s doowmgds IB303yg, bogmgdoe
ROAOMgebo dgdd@sbgdo d3odg bmdol GmEgoom, ©sdsgro Fo@osbmdom ©s bggodomo
Fo@dopmdom, 53g@™bols ©s Fygmols blbosmdols 3o@sdg@@mgdols dbodgbgamgbo Lbgom-
0l godm. bomam 3md3mbo3osdo ©obsds@olb-Fymol s o@spsdblbgmol-Fyemols blibs-
mdol 35M5dgBH®L  dn@ols dobodsay@o Lbgomds 25bs3060mdgdl Robydo 0bgg@lools
30m3gbol 989d@® d0dobs®gmdsl, @ol gogasmsi doowgds Jos@samo Gm@0sbmdols
©s bggo®omo (s@dswmdbols dJmbg dgdd@sbgdo.

R03IA>DIDS

1. Thomas JL, Olzog M, Drake C, Shih CH and Gryte C. Polyamide membrane precipitation studied by
confocal backscattering microscopy. Polymer 2002; 43:4153-4157.

2. Shih CH, Gryte C and Cheng LP. Morphology of membranes formed by the isothermal precipitation of
polyamide solutions from water/ formic acid systems. Journal of Applied Polymer Science 2005; 96:944-960.

3. Zeni M, Riveros R, Souza JF, Mello K, Meireles C and Rodrigues GF. Morphologic analysis of porous
polyamide membranes prepared by phase inversion. Desalination 2008; 221:294-297.



LSISANEIR I bS06IN63(D bLOSEI6(, GEORGIAN ENGINEERING NEWS, M2, 2021 103

4. Guan R, Dai H, Li C, Liu J and Xu J. Effect of casting solvent on the morphology and performance of
sulfonated polyethersulfone membranes. Journal of Membrane Science 2006; 277:148-156.

5. Chuang W-Y, Young T-H, Chiu W-Y and Lin C-Y. The effect of polymeric additives on the structure and
permeability of poly (vinyl alcohol) asymmetric membranes. Polymer 2000; 41:5633-5641.

6. Mulder M. Basic principles of membrane technology 2th ed. Dordrecht: Kluwer Academic Publishers; 1996.
7. R. Kesting, Synthetic Polymeric Membranes, A Structural Perspective, 2nd ed., John Wiley & Sons, New
York, 1985.

SUMMARY

INVESTIGATION OF THE INFLUENCE OF THE COMPOSITION ON THE CHARACTERISTICS
OF ALIPHATIC POLYAMIDE MEMBRANES

Bibileishvil G.V., Kezherashvili M.G., Ebanoidze L.O. and Kuparadze L.P.

Engineering Institute of Membrane Technologies of Georgian Technical University

Aliphatic Polyamide membranes were prepared with immersion precipitation via phase inversion from mixtures
of polyvinylpirrolidone (PVP) and as constant additives water, formamide and acetone as variable additives.
Addition of additives in the casting solution at system of PA/PVP/formic acid, affects membrane morphology
and performance. The effect depends on solubility parameters and hydrogen bonding with polymer. Water as
additive in the casting solution induced instantaneous demixing, which leads to flux increment. In general, the
addition of water and formamide improves the flux. In the case of acetone, the flow is less, compared to the
addition of water or foramide.

Keyword: polymeric membrane, morphology, pore size, non-solvent, phase inversion.
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SUMMARY

STUDY OF THE INFLUENCE OF VISCOSITY ON THE MORPHOLOGY OF
POLYETHERSULFONE (PES) MEMBRANES

Bibileishvili G.V., Kezherashvili M.G., Gogesashvili N.N. and Mamulashvili M.A.

Engineering Institute of Membrane Technologies of Georgian Technical University

The present work discusses the morphology of PES membrane fabricated from different polymeric system with
constant preparation condition. In this study the mikro- and ultrafiltration membrane was prepared via simple
phase inversion technique. The morphology of the membrane as a function of the viscosity of the spinning
solution were evaluated, where the addition of PVP decreased the viscosity of the solution, favoring the high
speed of precipitation. The maximum water flux of 2500 ml/m?h was observed using 13% of PES concentration
in NMP/DMF cosolvent system.

Keyword: nanomaterial, polyethersulfone, polymeric composition, membrane, productivity.
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SUMMARY

STUDY OF THE EFFECT OF POLYMER ADDITIVE ON THE STRUCTURE OF

MEMBRANES OBTAINED FROM ALIPHATIC AMIDES

Bibileishvili G.V., Gogesashvili N.N., Mamulashvili M.A. and Javashvili Z.D.

Engineering Institute of Membrane technology of Georgian Technical University

The paper discusses the acceptance and research of membranes obtained by addition of different amounts of
polyethylene glycol (1000) in a 12% solution of aliphatic polyamide — PA6. It has been established that a
membrane obtained in a mass ratio of 50/50 from a polymer / PEG composition has a better surface structure and
higher productivity despite a reduction in pore size.

Keywords: membrane, polyethylene glycol, polyamide, microfiltration.
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SUMMARY

REASEARCH OF THE INFLUENCE OF ORGANIC ADDITIVES ON THE

STRUCTURE OF POLYSULFONE MEMBRANES

Bibileishvil G.V., Gogesashvili N.N., Ebanoidze L.O. and Kezherashvili M.G .

Engineering Institute of Membrane technology of Georgian Technical University

In the present study microfiltration polymeric membranes were obtained from 18% polysulfone composition, in
which different percentages of polyethylene glycol (PEG-400) and poloxamer (Pluronic F-127) were used
simultaneously as additives. A correlation is established between the the composites to be poured and the
structure and characteristics of the membranes obtained.

Keywords: polysulfone, pluronic, polyethylene glycol, productivity.
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SUMMARY

MICROBIOLOGICAL STUDY OF FRESH NATURAL WATER TREATED WITH
ULTRAFILTRATION MEMBRANES

Bibileishvili G.V., Mamulashvili M.A., Javashvili Z.D. and Kakabadze E.G.

Engineering Institute of Membrane Technologies of Georgian Technical University

The article deals with the microbiological research of natural fresh water treated with ultrafiltration process. The
number of microorganisms in the treated and disinfected water was found to be much lower than in the original
Mtkvari water samples and corresponded to the norm set by the state standard. It was found that no
microorganisms were detected in Mtkvari water treated with 0.01 pm pore size membranes.

Keyword: Fresh water, microbiological, ultrafiltration, membrane, incubation, bioreactor.



LSISANZIR (I bS506IN6( bLOSELI60, GEORGIAN ENGINEERING NEWS, M2, 2021 115

8030 BR3OL IR0 30360M13OMIRMINIB0 33RIBS RS INBE®SBORBH@SGOO
30000IR0OL 353(MJT6IdS LdOISMHMBIRML LO3IAMHBM HMEOL IZMIRMBNIGSKR LIV
YIR00) Ib®I63IRIMBOLS0)30L

d0d0@g0dgogmo @.g., d53gmsTgogo 8.5, Xog5Tgomo b.o., dgmbybo 0.y,

boJodmggereml @gdbogndo 9boggdlodgdol, dg3ddsbymo Ggdbmeepogdol Loobgobdm
0bL@oB G0

dog0 begs bmgemomn m3gebolasb dgBoe obmero®gdygeo oo bmdol dg@m-
dogdago Tgomlbogagos, bowsg Fgomo dgedogoe bEOsGogogotgdgmos. Tymol byws
Q96> gobydoel  5AIMLBIOMESE  0gdl, bmeom 130-150  IgB@ol  Jggdmom  Fyso
doEs®mos ama®defgsmdswon. (ymols 87-90 % sbmJlboyg@os. dog bwgsdo dmbgm@ols
LOygRowsb dgdmbygemmo  bdgamsdygs bpgol do@omosbo Fysao  ¢ggu@em ddodgs, gowdy
dobs®ggool ©ybsol, w@bglB®0l, Lodbdgmols dgyol, ©bgd®ol, @ombol,  km@mbols
hoobgdols dgwgaoe dogo begosb goobgdyemo 3@ 3boMo Fyseo, Go3 gobsdo®mdgdls
Tyeools  Lodiggdogol 333900 (33580 9do@mdol.  amaod©{ysmdowo 5399390 gdyaos
Jognmgmobols ¢9bol J39d, boarm gobydowo dgobodbgds Fyemol dganan® g9bgddo. 150
— 200 3dg3@ol Jggz0m mao®e{ysmdsmol jmb3gbd®sios 0b®egds (9,5 da/an) 1000
d98®ol  Low®mdgdwyg. amaodE{ysmdsols (o®dmddbgano  do]@g@Mogdo  @osbanmgdom
10000 @Bmbs amao®del FomdmJdbosh ©oli gobdoganmdsTo. obsg@mdym  3GMm3gl'do

b gods@gEy3o®gogmo  bsd@g®ogdols dog® sweaomo o3l Lymas@ol swoygbsl
303000 ysmobosdpg, dgogase 3 dGgdo Lymas@dgdol dgdaggemds dgdo®gdogmos,
bogoem 3o®MoMdmbs@gdols — aob@Eogo.

233007 gs@mbools gods dog bwgsdo gbgogdom sbsg@mdygmo dsd@g@oymo
FomdmTdmdol  gowgg goOm sodl — dgmobl. dgmobo Fo®Imodbgds o@JgdsdBgdogdols

(Archaea) bmggerdmJdgegdol dgogase. dowsmo [bygol s @odsgno {9d3gms@ ymols
b9dmJdgegdols 30Omdgdbdo  dgmsbo [o®dmJdbols oo gdls — soGmdo@s@gdl.  dogo
begol  933OMB0goE0sl odeog®gdl m@o 3amiEgbol mebbggo®s: Sbm®magby®o  ©s
d9b9dM0g0  30m3gLgdol  gOmmdaogo dmJdgogds. ssdosbols  Loddosbmdols dgogaswo
dobs®ggool s begol sdobdymgds slE0IPmo®mgdl ymao®EFysmdsmol s dgmsbols
Fom3mdJdbgeno  doBgmogdol god@dsgamgdsl. Jgegase dos@yemdl dog bwgsdo goby-
300 ©M060, AMA0METYsmdsom dpows®o glogmabam, dggos®o bmbgdo. goby-
b0l bogagdmdols dgogaeo 00y3go0sb m@Ebomo maysbobdgdo, 0ddbgds gowgy dgBo
MOA5b69@0 ©sd0bdyY@Mgds, o3 maodETysmdsmol Fo®dmJdbsl 3Fymdls byanls. [1-3]
o830 begol Tymgdol  dgs®o Isbs dgoiogl ds@oargdls: NaCl, KCI, MgSO,, CaCOs,
Omdgwgdoi Fgodo 0dymagdosh obmEo@gdyge  Jpamds@gmdsdo dgdwgao ombgdols

Loboo: CI7, SOff, HCO,, CO?, Na*, Mg*",Ca*", s K. hsdmmgeogo  ombgdols

30m396Q Y0 msboggs®omds dogo brgols Fymgdbdo aoblbgoggdbymos myzgebols Fyengd-
0ob dgos®gdom. mOASbygmo bogOmgdo dog bwgsdo 0dymygdosh aobliboen, jmermoey®

>  dgfmbogr  Jpamds@gmodsdo. 0d  ¢9bgddo, Lowsi Fywol Lodggdogg dgg9m@sm
0bMEgds, MOASbY bogOmms MomEgbmdoi Jo@ymmdl. [4,5,]

Lodo®mggeml dghodm@ogao (ymgdo @odobdy@gdagmos ggobarolifymon Hg,
@3obom Fe, L3ogrgbdoo Cu, wo®odbsbomn As. mggbgdol Jlmgoargddo obwgbgoiodg-
deos g gdgbBgdo: gmdsa@o Co, @Gygos pb, boggero Ni, L3ogngbdo Cu, mygmos Zn,
dobdyg@o Bi. gowdoydo Cd, Jomdo Cr. dog begsdo 145 Lobol sdodobdy@gdgero bog-
009950056 30 3ogzymgbgds 3gLHoEowgdols Lobgmdsl. bgamgby®o ©sdobdy®gds dogo
begol dmsgdglo  ggm@maoy@o 30mdgdss, @mdgebsi  Jdbol Logmaygsisbmgdgdm,
LsddgF 39800, 5GIMbggOgmo ©s dpobo®ggdol dogd ho@obogro dogby bomhgbgdo [6].

hodwobo®g o Lolidgero Fyamgdol aofdgbool  Loyggomglm  Lodygsmgdss dgdod-
560 GogBAo30s. Igddb@sbymo  Ggdbmemaogbol Lsobgobdem obbEo@gEol dog®
‘dogo begol Lobsdodm bmendo swgdym Lobxgdbg ho@o®dgdymmo ogm dog@mdomenm-
309M0  3gangge, Mods3 ohggbs bumgol ggzomy@o Fymgdom ©obobdy@gds, Iobos®gms



116 bSISANZIRIs bSO6IN6H(D bLOSELI60, GEORGIAN ENGINEERING NEWS, N2, 2021

howobgdols saoagddo. go@ogm@dgmo doJ@gmogool dobodsgrygdo  Goibgo 100 e
bwgol  (godo  swgds@gds  110000-1/1000 den-bg @53 110-xg®d  omgds@gds  bws-U,
bogoe  domo dobodognyg®o Gomgbmds bobsdo®mm bmedo wsxgoJbodws — 360/1000 deo.
H»EYOx0 EOMIoLE bogyg®sm  Fymol bEsbps@Eos: boghmm gm@oxnm@dgdol Gomwg-
bemds <50099x@/100d@-byg, Bggomy®o  jomoxm@dgdol Gsmegbmds <1009y @/100da-by,
N3P0 gbBgmmgzmzol  Momgbmds  <1009x@/100dg0-bg.  s@bodbyemo [y gdols
3o9Lggdmgbgdolomgol 2sdmygbgdyeo odbs g E®ogomA®oGoymo dgddoasbgdbo  gm-
@ol bmdoon 0,01339 — 0,133d. dowgdyeds dgogads ©os3dogmazoms ,mu@x0 ©AMIol™
Loyg@om Fymom paomgogolifobgdygero dmmbmgbgdo [6].

gbGoando dmiEgdygmos IFgbodo Fymol o dogo brgol Logyg®om o>ybols dog-
OME0MEMA0YA0 0bogsBM@gdo dglsdsdolbo LEsbps@Gmo Lobmdo gOmgymgdomn ©s
d99d@byeo e @sxgom@@siools dgogyon dJomgdbymo dshggbgdegdoom.

Bog bgsBo hodpobsdg s Losgydse Fymol doghmdomemmpoyndo jgmggs
WRHG>Go2HG300b gy

g > c ©
: z & b B
£ e £ > =
= )] &= C o
D o > g
c < & 2 e ==
L S = 3 c = 3 =) ;ﬁ
;’O U c c é[ c ) e 7)_,
Z S ¥ = S » o &
s N ) o 2 ) c &
5 S = o< g P o S D
L%( \‘% c € c c
c ) & ) e E{ go
£ c% S D t.é o
£ 3 5 2 F €
% € @ € >
= g 2 5 £
o At o £
Logdhomm d5JBgMogools @ -
O@ogm@dYeo | Homegbmos ; <5005¢®/1009 ‘ 5@ smIoBbos
! ﬁ‘dgaﬁoa‘g? 30§)88Qv Ro0dggde & = ©o0dg9do R R
RO YO0 dodBgmd0gdols & -
O@0gm@dgdols | GomEgbmds ° <100 /1009 < 5@ SmIoBbos
! ﬁmgéafimgo 25(33839(' 0033900 % = ©o0dg9d> R R
d5JBHgMogools
3O NA0 o moBmds Nyl 10015 6/1003 6 oananis
96@ g™ 3mgols 30§)88Qv ©50953930 9X w 50939

odagoMo©, 39dd@sbygmo B gdbmenmyogdols 0blGoGy®do Fgdydoggdygeo IJgmmwg-
b0 9bOYbggarymazgh dogo brgol FTyamoli dmogdmm@gsbobdgdobogeb  gofdgboe-goyl-
bgdmgbgdsl.

330930l dgegaol bogydggem by wodydogos dsgo begol  bmendo Lsgy®m@Em
065@5EOYJBGH0obomgol Logydom sgbgdolis s Labdgaro Ty gdols LEg®omobsigools
YR HO>GoHA>G0YEo  Hfbommyos, Ao bywl Fgufygedl  GyoobHymo obeygby-
@00l 2ox85MmMmgdols s gobgoms@gdsl.

R03IA>DIDS

1. Begum Y.A,, Talukder K.A., Nair G.B., Svennerholm A.M., Sack R.B., Qadri F. Enterotoxigenic Escherichia
coli isolated from surface water in urban and rural Bangladesh. //J. Clin. Microbiol, 2000, v.38, pp. 27-31.

2. Qadri F., Svennerholm A.M., Farugue A.S.G., Bradley R. Enterotoxigenic Escherichia coli in Developing
Countries: Epidemiology, Microbiology, Clinical Features, Treatment and Prevention. // J. Clinical
Microbiology Reviews, 2005,v. 18, No3, pp. 465-483.

3. EU/ UNDP project ,,Improving Enviromental Monitoring in the Black Sea — Selected Measures



LSISANEIR I bS506IN65(M bLOSELI60, GEORGIAN ENGINEERING NEWS, N2, 2021 117

4. 3. dodoangodgoao, 3. 39bg@odgomo, b. gmyglsdgomo,.. dogo begol Fymolb god@ g bsdgdols
3935056 gmo Bgdbmmmaool sdydoggds. //Jodoygdo gy@bogro @.18 Ne(1), 2018, og. 162-165.

5. Boetius, A. et al. A marine microbial consortium apparently mediating anaerobi oxidation of methane.
//Nature 407, 2000, pp. 623-626.

6. Lodotmggerml 3o@amsdgb@o. dogo bmgol ©so0bdyg@gdobogsh ©sigol 3mbggbiool mddo dego
bwgol domemyoy@o dBsgomgmmgbgdols s mobpdsg@ols dgbs@hygbgdols dglobgd (24.09.2009).

SUMMARY

MICROBIOLOGICAL STUDY OF BLACK SEA WATER AND USE OF ULTRAFILTRATION
METHOD TO PROVIDE ECOLOGICALLY CLEAN WATER TO THE RESORT AREA OF
GEORGIA

Bibileishvili G.V., Mamulashvili M.A., Javashvili Z.D. and Butchuzi T.G.

Engineering Institute of Membrane Technologies of Georgian Technical University

The paper discusses the impact of the chemical and microbiological characteristics of the Black Sea on the Black
Sea ecosystem. Microbiological study of wastewater of the Black Sea resort area of Georgia has been conducted
and ultrafiltration method of water treatment was studied. The method of microbiological purification-
decontamination of water with 0.01 um porous membranes as a result of ultrafiltration of Black Sea water has
been established.

Keyword: Black Sea, ecology, pollution, water, microbiology, ultrafiltration.
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15 15 K12 161 0,31 0,95 135
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SUMMARY

INVESTIGATION OF MORPOLOGICAL PROPERTIES OF MEMBRANE FILM FOR
POLYETHERSULFONE UNDER THE INFLUENCE OF ORGANIC ADDITIVES

Bibileishvil G.V., Gogesashvili N.N., Kezherashvili M.G., Mamulashvili M.A. and Ebanoidze L.O.
Engineering Institute of Membrane technology of Georgian Technical University

The paper discusses the effect of the concentration of the organic additive polyvinylpyrrolidone on the
characteristics of polyethersulfone membrane film. The polyvinylpyrrolidone brand and the optimum quantity
(15% K 25 PVP) for the best characteristics of the membrane film have been established under the conditions of
constant polyethersulfone concentration.

Keywords: polysulfone, polyvinylpyrolidone, productivity, pore size.
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SUMMARY

STUDY OF THE EFFECT OF MICROGEL PARTICLE SIZE IN A POLYMER COMPOSITION ON
THE MORPHOLOGY AND CHARACTERISTICS OF MEMBRANES

Bibileishvili G.V., Kezherashvili M.G., Gogesashvili N.N., Mamulashvili M.A. and Ebanoidze L.O.
Engineering Institute of Membrane technology of Georgian Technical University

The article investigates the effect of the size of microgel particles present in a liquid polymer composition on the
permeability of membranes. During the study, it was found that the permeability of the obtained membranes
depends on the size (hydrodynamic radius) of the nanoparticles present in the polymer composition. The smaller
the size of the nanoparticles, the greater the relative performance of the resulting membranes. Membranes with
high permeability are obtained from a polymer composition in which the dimensions of microgel particles are
small and amount to 18.8 nm.

Keywords: polysulfone, polymer composition, membrane, nanoparticles, morphology.
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SUMMARY

PROOXIDANTS AND ANTIOXIDANTS IN BIOLOGICAL SYSTEMS

Gamkrelidze N.M.

Georgian Technical University

Constant metabolic transformations in living organisms are accompanied by oxidation and reduction processes.
Radicals and active form of elements involved in oxidative processes play an important role in the normal
functioning of cells, although in excessive concentracions can lead to cell damage and “oxidative stress” if the
defense mechanisms are not effective. There are many reasons for the accumulation of excessive amounts of
active forms of elements of oxidative stress in living organisms. These include high temperatures, chemical
compounds, radiation and etc. P olyphenolic compounds with antioxidant acivity are prevent the accumulation of
radicals and elements with active forms.

Keywords: prooxidants, antioxidants, phenolic compounds.
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SUMMARY

STUDY OF CHEMICAL INDICATORS OF SOME VARIETIES OF FIGS COMMON IN KAKHETI
FOR THEIR INDUSTRIAL USE

Shildelashvili I.1., Buishvili G.T. and Ghagholishvili M.Sh.

lakob Gogebashvili Telavi State University

We’ve studied the chemical indicators of some varieties of figs common in Kakheti for their industrial use, from
the studied varieties we made a jam in family conditions, with multiple boiled (three times), which has led to the
uniform absorption of the syrup and consequently the high quality of the jam; it is a highly concentrated food
product. According to its organoleptic and commodity quality, the mentioned product fully meets the
requirements of the current standard.

Keywords: lozenge, technical, highly concentrated, blanching, condensation.
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SUMMARY

THE USE OF RYE RAW MATERIAL IN CONFECTIONERY

Dolidze M.V., Sukhishvili N.Z. and Otarashvili N.I.

Georgian Technical University

In the paper the use of rye flour in the production of bakery foods and confectionery is considered. There is a
little tradition in Georgia in consumption of rye flour. The technology, favorable for humans sick by diabetes, is
created. This is attractive and need for this product. By investigations it was established that in dried crust
,»Cake*, manufactured by mentioned technology, the amount of carbohydrate is reduced significantly, the
duration of its storage life and indices of taste are increased.

Keywords: rye flour, confectionery, bakery foods.
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