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Abstract. The kinematic and force analysis of an
invented new mechanical system used to protect
vineyards and other fruit-bearing plants from hail,
which often occurs due to climatic changes, is deter-
mined. The system contains levers that support anti hail
net. The offered mechanical scheme of system is simple
and can be used for all type of vineyards. Moreover, the
mechanical part of the system can be controlled
remotely by a cell phone. In order to determine the
mechanical parameters of the system the calculations are
given based on the use of the principle of possible
displacements, based on what theoretically is deter-
mined the necessary volume of weight of load that leads
in motion of the system.
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Introduction

Georgia is considered to be one of the oldest viticul-
ture and winemaking zones in the world producing high
quality wines. The centuries-old experience of wine
production has shaped and introduced the traditional
technologies of wine making. The vast majority of high
quality Georgian wines made using these technologies
were successfully sold overseas.

In order to protect vineyards and other fruit-bearing
plants from negative atmospheric phenomena, as hail,

which have become much more frequent recently due to
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global warming process, commonly use different fa-
cilities. Among these facilities has to be distinguished
special nets for covering crops during hailing.

There are many schemes of outfits for protection of
vineyards and other fertile trees from hail, which
include hail proof nets stretched over vineyards sup-
ported by poles with different constructions, and ropes
of varying configuration. As the example below in the
Fig.1 is given the scheme of the mechanical system for
protection of vineyards from hail. The mechanical
system contains the tube [1], guide rail [2], piston [3], rod
[4], joints of the levers [5], [6], pulleys for rope [7] and

[8], system of ropes with net [9], joints for fixing of levers
with tube. At the same time tubes are used as pillars for
vineyards. The given mechanical system works due to
acting of the high pressure of air or steam launched at
the bottom (position 11) of the pipe, which drives the
cylinder and hence rode. Depending on the direction of
movement of the rod, the protection net opens when
hail is intending to come and closes accordingly in good
weather. In spite of good work ability of considered
mechanical system the disadvantage of these hail
protection devices are its complication and accordingly

making use of such equipment extremely expensive.

Fig. 1. Example of hail protection device

b3v-ob 3Gm3gdo — Work of GTU — Tpyam I'TY
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In order to avoid above mentioned disadvantages we
offer patented new hail protection system the scheme
which is illustrated in the Fig. 2.

Main part

The essence of the invention is to simplify scheme of
mechanical system for shutting up and folding down hail
proof net. The mentioned system contains pillars with

wires for supporting vine trees, where on the top of

pillars two levers (see Fig. 2, position 2 and 3) pivotally
are mounted. Ends of ropes [5] and [6] are fixed at the
levers’ ends in the joints,

where the edges of the mesh are fixed with the help
of rings [4]. One end of the mentioned ropes is winded
on the pulley [13], by the means of block system [12],
which is equipped with an electromagnetic contactor to

launch the system.

Fig. 2. The net opener in action

In order to spread the net over the vine trees (the
initial position of the system is shown in Fig. 2, a), by
switching on the contactor, the load [11], suspended at
the other end of the jointed ropes, will be moved down,
which forced to rotate levers2 and 3 (see Fig. 2, b) and,
as a result, the mesh will spread out.

As we can see, the scheme of the system is very
simple and does not need special actuators. However, in

ISSN 1512-0996
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order to determine the meaning of weight that would set
in motion the system, billow is given the appropriate
calculations. Calculation of kinematic and dynamic
parameters of the mechanical system.

The main purpose of given calculations is to
determine the magnitude of the weight (see Fig. 2,
pos.11) whose drop moves in motion the above described

anti-hail mechanism.
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Fig. 3. Design diagram of the mechanism of net opener

The planar motion of the BC lever can be reduced the principle of possible displacement, for which we
into two simple movements: forward movement along imagine that the rope as a link BC of the mechanical
the lever BC and rotational movement around the point  system has a variable length, for which we denote the

C. Consequently, in order to solve this problem, let’'suse  possible linear movement of the specified rope by &sl.

3s:

Fig. 4. Design scheme for determination of value of possible displacements

Following the scheme given in Fig.4, it can be seen Using the principle of possible displacements, the
that the motion of the specified rope leads to the rotation ~ equilibrium equation of a mechanical system can be
of the AB link relative to the axes fixed on the written as:
pillar/pillars (see Fig.2, pos 1) of viniard. Let’s denote by
8¢, the possible rotational displacement of the link AB —M, -85¢ — Gyup g cos@ 6o +mg-ds; = 0. (1)
and other simillar links of whole mechanical system.

b3v-ob 3Gm3gdo — Work of GTU — Tpyam I'TY ISSN 1512-0996
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In order to determine constituents of the above given
equation it is necessary to consider and analize the
triangle CBK, which is given in the Fig.4. It can be
determined from this triangle, that

sina = —; )

Where - |BK| = r-sing@; |BC| = /|BK|? + |KC|?

= \/rz sin? ¢ + (d + r cos ¢)?.

In accordance with the relations given here, it can be

written that:

rsin @ ' (3)

sina =
JrZsinZ p+(d+rco )2

The next step is to calculate the angle p, located at the
point B of the triangle CBK. The angle 8 can be defined

as:

L=180"— (180" —p+a)=¢p —a (4)
To determine the possible displacement of §'s,, it is
necessary to find out location of the center of rotation P
of the link BC. For this reason it is necessary to consider
the following relations.

cosB = )
‘Where:
_ 1Bl _ Jr2sin? g+(d+r cos )2
|BP| - cosf - cosf3 (6)
and
|CP| = |BP|-sinf =
=/r2sin? ¢ + (d + r cos 9)? - tgp (7)

If we take into account the ratio of possible
displacements §s, and &5, of points B and C, that is given
in the formula (8).

8sp _ 851,

1P| Icp|’ ®)
where
IRl g B
652 ~ cp| 51 sin g’ (9)

ISSN 1512-0996
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you can then calculate the possible angular
displacement of the AB link using the following formula
below:
5sy 651

b, =—=

r rsing’ (10)
Consequently, there is a displacement of the point D,
located in the middle of the link AB

851

Ss
6SD =—2= - .
2 2r-sin 8

(11)

In order to calculate the work done by the force of
gravity G on the displacement §sj, it is neceessary to

determine the meaning of the angle cos(G, 8sp).

cos(G,8sp) = cos(90° — ¢ +907) =

cos(180° — ) = —cos @ (12)

Taking into account the above relations, the equation
of equlibrium (1) of ABC mechanism in expanded form

can be written as:

Ss
—M,. - —1i

ATP  1.sin B
+mg-ds, =0;
6s1 . 851
r-sin 8 2sin B

+mg - ds, = 0.

+G-62£-(—cos<p)+
(13)
_MATp'

“cos@ +
(14)
For whole mechanical system the equation of

equlibrium will have the following view:

_5s. -y M
051" Li=1 r'sin B
Gj-cos ¢
081" Xy leinB + +mg-6s; = 0. (15)
From this we will obtain:
_on My n Gjcosg
mg = Zi:l r-sin B i=1 25ing ° (16)

In order to move the whole mechanism, it is
necessary to select a mass for the load whose magnitude

satisfies the following inequality:

1 n Mirp 1 n Gjcoso
m>—- Y, — —r =1, (17)
g rsinff g 2sin
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As we can see in the last formula (17) we have the
component M., that represents torque of friction,
which are aroused in the place of junction of the link AB
with frame fixed on the on the pillars of vineyard. For
calculation of the parameter, it is necessary to determine
the forces of reactions acted on the pins of mentioned
kinematic pairs. The calculations of forces of reaction
have to begin from the first pillar, which can be done by
writing equations of equilibrium, which are given

bellow.

ZX,:=OF1+R1X=O;R1X=%'Ctg(p.

ZYL=0R1Y_GI=0; R1Y=Gl' (18)

l
YM; =00G, '%'COSQO + F, -l - sing = 0.

From the given equations it can be obtained the
following forces of reaction that are acting along the
Cartesian coordinate system.

G
Rix = ?1 ctgy Ry = Gy (19)

The same type of equations of equilibrium have to be

written for subsequent and other links of mechanical

system and hence we will have:

LY = 0Ryy — G, = 0;(20)
ZML-=OGZ'%'COSQD+F1"12'Sin(p—F2'lz'
sing = 0.

GZ-%-cosga+F1’-sin(p-l2
= 5+ sing

% cosgo+G— ctgy -sing G,

G,
= Sing =5 ctgp + 5 ctge.

The meaning of forces of reaction can be determined
by bellow given expressions

G
Ryx = f-ctg(p; Ryy = G,. (21)

Based on here given expressions the equations of

equilibrium for third link can be written as:

XY =0Rsy —G3=0; (22)

b3v-ob 3Gm3gdo — Work of GTU — Tpyam I'TY
Ne3 (521), 2021

l
ZMi=063-53-cos<p+F2’-l3-sin(p—F3-l3-sin(p
=0;

G3 -173-cos<p+(%-ctgtp %-ctgtp)-simp-lz
l3'sing

2. ctgp + 2 ctge.

For any other link with number n = i can be written

F3=

=Gz—3-ctg<p+

F =225 . G, (23)
and meaning of forces of reaction acting on these
links would have the following form:
Gi
Rix = 5 - ctgo; Ry = G;.

And hence, the meaning of total forces of reaction

(24)

would be determined by the following formula:

2
R; = Ri2X+Ri2y=,’GTi'Cth‘P+Gi2=
=G, - /Ctg“’+1
M

Based on this expression, it is possible to determine

(25)

the meaning of frictional moments acting in the places
of the movable connection of all links (n = i) with the

supports of the vineyard.

My =G f-r ,’Ctg =L+1.

For the last part of the system the equations of

(26)

equilibrium will be:
Fioy =522 Gy 27)
XX, =0;—F_,+F-cosa+ Ry =0;2Y;, =0;
Riy - G;
ccosQ + F;_; *l; - sing + F; - sina

— F; - sina = 0;
¥M; = 0;G; -
l;-cosp — —F; - cosa ;- sinp = 0.

From here given equations can be obtained:
‘cosg + —Ct‘w e yi-1g, —

Fi sin(p — a) = 0; (28)

G

sin(p-a)

Correspondingly, the forces of reaction acting on the

G;
—‘-cosrp+w;(p

Fizz

link AB from the frame A, can be calculated from the

equations given bellow:

Gi COSQ wi-1
_ Ctg® i1 2605 5 X1 Gi .
Rix = TZl G; — prem— cosa; (29)
Gi COSP i—1
tcosp ——% [
2 2
Ry = G; + prav o - sina . (30)
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From these equations (29) and (30) meaning of the

total force of reaction can be written.

R; = /RiZX + R

COSP i
2 211161'

; i-1
c
gfpz G i

2 - sin(p — a)

i, COSQ -1 .
+ G: + ZCOS(p—ZzlGL - sina
t sin(p—a)

After inserting the expressions of these reaction

Gi
= " Cosp +

rcosa | +

2

31)

forces (16), we obtain in the formula the force of gravity
required to bring the mechanism into motion. In our
case we calculate the force of gravity on the load for ten
positions of the mechanism when the angle ¢ of
inclination of the parallel links changes from 10°to 80°.
As the example of the above scheme calculation of
hail protection system let’s use the parameters of the real

mechanical system, where the length "I" of each bar is

8.636

I 17.929

I S 346
N 3577

taking equal to 80 cm; weight “G” of each bar is 0.363 kg;
number of bars are n=10; specific weight of each bar is
y=1,305 gram/cm? and coefficient of friction — £=0,05.

Tracing the change in the inclination of the levers of
the mechanical system, we calculate the value of the
required force to drive the mechanism in action and the
change in the value of the force as the configuration of
the mechanical system changes. The calculated changes
in these parameters are shown below.

When ¢; = 10° then mg=17. 929kg; ¢, = 20°, then
mg=8.636kg;

@3 =300 -——--- mg=5.346kg;
@4 =400 - mg=3.577kg;
@s =500 -——--- mg=2.432kg;
g =600 -——-—- mg=1.602kg;
@, =700 - mg=0.959g;
g =800 ————- mg=0.436kg.

Force changes depending on the angle of inclination of
the levers in the form of a graph is given below in Fig. 5.

~ W 0.959
o || 0436

o Il 1602

o Il 2432

Fig. 5. The chart of relation to angle inclination variation and the force acting

on the levers of mechanical system
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Conclusion

Based on the use of the principle of possible displa-
cement, the practical problem of determining the design
parameters of a new anti-hail protection scheme for the
vineyard, in which the mechanical system is driven by a
controlled drop in the load associated with the levers

with the help of levers, is solved. cable system. The
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Abstract. Problems in the governance process are often caused by incorrect personnel policy and consist of
different segments. Mobbing — is a tendency that is still neglected and it is not often mentioned. It is very significant
to identify and timely eliminate the causes of mobbing among public servants in Georgian public institutions in order
to administer the institution properly, and also to embark effectively on a career development path.

Negative interactions between co-workers in public institutions and challenges within the team greatly affect
not only the productivity and quality of work, but also the motivation and success of public servants. To make quality
improvement and focus on the enhancement in the labor process is the main factor that is spent on aggression and
dealing with the controversies within employees.

The article depicts the factors that cause mobbing and how this is related to the organizational culture, career
advancement and success of employees in the labour teams of Georgian public institutions. Besides, how the current

situation impacts on the management process.

Key words: career advancement; mobbing; nepotism; public institution; public servant.
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MoG6UHT Kak IIPeNATCTBHE Ha TyTH K 3)PeKTUBHOMY yIPaBIe€HHUIO B TOCYAPCTBEHHBIX
YYpEeXIeHUAX

Haro Karamazze JlemapraMeHT rocyJapCTBEHHOTO YIIPaBIeHUA U DIEKTPOHHOTO Ou3Heca, ['pysuHCKuit
TeXHU4YeCcKuil yHuBepcureT, ['pysus, 0160, Téumucu, ya. M. Kocraga, 77
E-mail: Nato.katamadze41 @gmail.com

Mapune Bepzasenanze JlemapraMeHT COIManpHBIX HAyK, ['pysMHCKuil TexHWYecKWil yHuBepcurerT, ['pysus,
0160, Téunucu, yx. M. Kocrasa, 77

E-mail: mariberdzen@gmail.com

PeriensenTsr:
M. lanaHanrsumm, IpUrIalleHHbIH Ipodeccop daKyabTeTa 6usHec-TexHomorui I'TY
E-mail: m.tsatsanashvili@yahoo.com
. Metpesenu, mpodeccop dakyapreTa SKOHOMUKY, MeZUWHBIX TEXHOJIOTHH M COIUANbHBIX Hayk ['TY

E-mail: metreveli.lia@mail.ru

Amnnorarua. [Ipo6remsr B IIpomeccax ymnpaBieHWs YacTO BBI3BAHBI HENPABUIBHON KafpOBOW NONTUTHKON W
COCTOAT U3 Pa3sHBIX CeTMeHTOB. MOGOUHT — 3TO ABJIE€HUE, KOTOPOE XOTh U JOBOJBHO PACIPOCTPAaHEHO B TPYZLOBBIX
OpraHu3aLMAX, HO KaK-TO TaOyHpOBaHO U He TaK YacTo ymoMuHaeTci. CBOeBpeMeHHOe BBLIBJIECHUE U yCTpaHEeHUe
IpUYHH MOGOMHTa BOXKHO He TOJIBKO /11 HOPMaJIbHOTO QYHKIIMOHUPOBAHUS YIPEXTEHUS, HO U A1 3P PeKTHBHOTO
Pa3BUTHA NIEPCOHATA U UX IPOIBIDKEHU 110 CIyXGe.

HeratusHoe B3anmMopeicTBIe MeX/Ay COTPYLHUKAMH B TOCYJapPCTBEHHBIX yUPEXKIEHUAX, IIPOTHBOIOCTABICHU
BHYTPH II€PCOHAJA BIMAIOT He TOJBKO HAa IIPOM3BOJUTEIBHOCTh M KAa4eCTBO pabOThHI, HO TaK)Ke Ha MOTHMBALIMIO U
yCIIeX TOCyAapCTBEHHBIX CIY>KallMX. DHEPrud, KOTOPYIO0 HeOOXOAMMO 3aTPaTUTh Ha CO3JaHue Ka4eCTBEHHOTO IIPO-
IyKTa B IIpoliecce TPyZa, TPATUTCA HA arpecCHIo, UCIOIb3YyeTCA A1 G0phObI APYT C APYTOM U 3alUTHI APYT OT LpyTa.

B cratse paccmaTpuBatoTcs haKTOPHI, BBI3BIBAONME MOOOMHT; IOKA3aHO, KaK 5TO ABJIE€HUE CBI3aHO C KyJIbTypOi
OpraHM3alMM, KaphepHBIM POCTOM M YCIeXaMU COTPYAHUKOB B pabouMX KOJUIEKTHUBAX TOCYZAapCTBEHHBIX

yupexxgenuii ['pysun; kakoe BIUIHUe OKa3bIBaeT MOOGHHT Ha ITPOIECC YIPaBIeHHUA.

KirrogeBble CI0Ba: roccirykammii; ToCyAapCTBEHHOE yIPeXKAeHIe; KaPbePHbIN POCT; MOGGUHT; HEIIOTU3M.
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Abstract. Assumption of international accounting standards was considerable event in the accounting practice
of Georgia. One of the innovation was the introduction of "accounting policy" and establishment such an element in
the compilation of financial statements as "accrual method". Mentioned method was not used in Soviet accounting.
Based on his explanation, after the introduction of international standards, the definitions have undergone some
changes.

The article analyzes the implemented changes, definitions, given in international standards and conceptual
frameworks, outlook of various authors concerning subject matter and relevant conclusions drawn. Based on
researches have been proven that, the "accrual method" should be used by the enterprise in recognizing / reflecting
income and expenses and not in relation to assets and liabilities. Based on the reconciliation and analysis of different

definitions, the author's designation of the "accrual method" is proposed.

Key words: accounting policy; accrual method; International financial reporting standards; International

accounting standards.
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K monumanmio CymIHOCTH ME€TOZa HAYHNCIEHHNI COOTBETCTBEHHO MEXAYHAPOAHBIM CTaHAAPTaM

Bupsuna JenaprameHT 6M3HeC-afMUHUCTPUPOBAHUS, | Py3HHCKUI TeXHUIECKHI YHUBEPCUTET,
I'puramamsumn I'pysus, 0160, T6unucu, yn. M. Kocrasa, 77

E-mail:grigalashvilibidzina gmail.com

PeriensenTsr:
H. ®aunopze, mpodeccop dakynsrera Gusnec-rexuomoruii I'TY
E-mail: n.failodze@gtu.ge
. Ixamaronua, mpodeccop CyXyMCKOTO rOCyAapCTBEHHOTO YHUBEPCHUTETA

E-mail: Dato.jalagonia@gmail.com

AnnoTranuda. Beezenne MeXIyHApPOAHBIX CTAaHAAPTOB OyXTaJTEPCKOrO ydera CTaj0 BAKHBIM COGBHITHEM B
6yxranrepckoil mpaktuke I'pysuu. OgHUM U3 HOBLIECTB CTAJO BBeZeHUE "yUeTHOH IIONUTUKH' U eé dIeMeHTa -
"MeToZia HauNCIeHUs" IIPU COCTaBIeHUH (PUHAHCOBOM OTYETHOCTU. JJaHHBIH METO, He UCIIOIB30BAICA B COBETCKOM
GyxranarepckoM ydere. C MOMeHTa BBeJeHHSI MeXAYHapONHBIX CTAHAAPTOB OYXTaJTEePCKOTO ydeTa OIpeeleHHs
"MeToza HauMCIeHUA" IIpeTepIe I HEKOTOPble U3MEeHEHU.

B craTee mpoaHaIM3MPOBAaHBI BHECEHHBIE M3MEHEHUA B MEXIYHApPOAHBIX CTAHAAPTAX M KOHIEITYaJIbHBIX
OCHOBAX, B3TJLAABI Pa3IMYHBIX aBTOPOB II0 ZAHHOMY BOIIPOCY U CIeJaHBI COOTBETCTBYIONINE BBIBOABL. Ha ocHOBaHUM
HCCIeIOBAaHUA, YTBEPXKAAETCS, UTO IPeIIPHUATHE JO/DKHO MCIOJIB30BATh 'METOJ HAYHCIEHUA' - [AJIS IIPU3-
HaHW/OTPaXKeHUA JOXOLOB U PACXOZOB, a He aKTUBOB U IaccuBoB. Ha ocHOBe cpaBHeHMS M aHANIM3a Pa3IMIHBIX

OIIPe,Z[eJIeHPIfI U B3IJIAA0B IIpE€AJIaraeTCsA aBTOPCKOE OIIpesieIeHne "METO,II;EI HAYKUCTIEeHUs "

KJIIO‘IeBBIe CJIOBA: MeXZYHapOJHbIe CTaHAAPTHI (bHHaHCOBOfI OTYETHOCTH; MEXAYHAapOAHblE CTAaHAAPThI

6yxraJITepc1<0ro ydeTa; MeTO HaYMCIeHUd; YIeTHaA IIOJINTHKA.

356bogrgob mstomo 24.02.2021
d90mabzerol ovstoeo 12.03.2021
b9emdefigtoemos osbsdg s 29.09.2021
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Abstract. The procedures for pre-processing the data of the electronic call management system is implemented
in the emergency call center. The purpose of the procedures is to process the raw data entered into the system to
obtain statistical data. These procedures, in parallel with data entry, allow data to be converted and stored for later
use. Following the introduction of this method, when receiving a statistical request, it is no longer necessary to re-
perform the procedure, because the data is already stored in the desired form. As a result, the duration of the work
to be performed and the required hardware resources are reduced.

We analyze the advantages and disadvantages of the data pre-processing method. Also the parameters needed to
calculate the average processing time — one of the most important statistical indicators of an electronic system — are
given. The paper presents a table corresponding to the example of calculating the average time of call processing. It
also shows a formula for calculating the full-time processing time, which is based on the use of simple operations

only and does not require much time and hardware resources.

Key words: algorithm; call center; data; data processing; electronic system; procedure.
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AnnoTanud. B KoJI-IleHTpe 9KCTPEHHOTO pearMpoBAaHMs Pealu30BaHbI IPOLEAyPhl IIPe/BapUTeIbHOIM 06pa-
OOTKM JAaHHBIX CUCTEMBI 3JIEKTPOHHOTO YIIPaBIeHUs Bb30BaMU. Llensio pouenyp sBisercs 06paboTKa BBeJeHHBIX
B CHCTEMY HeO6pa60TaHHBIX AAHHBIX NJIS IIOJTYyYeHHNA CTATUCTUIECKHX MaHHBIX. Ot IIpOLEeAYPHI, IMapajIejgbHO C
BBOJOM JAHHBIX, II03BOJIAIOT IIPe0OPa30OBbIBATh U COXPAHATH AAHHbIE [ MOCIELYIOEero ucmoas3osanust. [locie
BHeJPEHUS JTOrO MeTOZA IIPH IOJYyYeHHH CTAaTHCTHYECKOTO 3alpoca GoJblile HeT HeOOXOMMOCTH IOBTOPHO
BBIIIOJIHATH IIPOLELYPY, IIOCKOIBKY JAHHBIE YK€ COXpPaHEeHBI B KeiaeMoil ¢opme. B pesynbrate coxpamarorcs
IIPOZOJDKUTEIBHOCTD BBIMOTHAEMBIX pa0oT U TpebyeMble allapaTHble peCypCHL.

Ms! aHanusupyeM IIpeMMyIIECTBA M HEJOCTAaTKM MeTOZa IIpe[BApUTENbHON OOpabGOTKM MJaHHBIX. Takxe
IIpYBe/ieHbI IapaMeTpbl, HeOOXOAUMBIe AJIS pacyeTa CpeJHero BpeMeHU 06paboTKH, OFHOrO U3 HaubosIee BAXKHBIX
CTaTHCTHYECKHUX [I0Ka3aTe el 37IeKTPOHHON CHUCTEeMBL. B cTaThe IpecTaBieHa TablInIa, COOTBETCTBYIOWIAS IIPIMEPY
pacyera CpefHETO BpeMeHHM 0OpabOTKM 3BOHKOB. A Takxke, IpuBefeHa (opMysa pacyeTa BpeMeHH 0OpabOTKH
IIOJTHOTO IIEPUOZA, KOTOpAas OCHOBAaHA TOJBKO HA HCIIOJB30BAHUU IIPOCTHIX OIEpauuii U He Tpebyer GOIbIINX

BpeMeHHBIX U allllapaTHBIX PeCypCoB.
KiioueBble CJIOBa: alropuT™; JaHHbIE; KOJI-IEHTP; 06paboTKa JaHHbIX; MPOIeAypa; SJIeKTPOHHAS CHCTEMA.
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Abstract. Despite that Georgia has signed an Association Agreement with the European Union, by today its
geological-mining legislation has not been synchronized with European mining codes. Georgian Law on Earth’s
Interior is a calque of the obsolete Soviet law with minimum updates. At the same time, development of the private
mining business is hampered by olden standards of exploration reporting and estimation and approval of reserves,
which also are vestiges of olden Soviet standards. The article analyses in-depth the Russian and the Western reserve
reporting codes and proves that development of mining industry in Georgia calls for immediate legislative approval
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Abstract. At the present stage, economic research on
climate change and its main problem requires in-depth
scientific study and analysis of various factors. An
important source of air pollution is the energy sector,
especially solid and liquid fuels used for technological
purposes in thermal power plants. In Georgia, 1/5 of the
total electricity generated is produced in thermal power
plants. The article analyses Greenhouse gas emissions in
Georgia by sectors and sub-sectors as well the criteria for
estimating fuel combustion, such as net calorific value of
The

formula for calculation of CO2, CHs and N20 emissions

fuel and carbon content standard indicators.
from the transport vehicles is developed in this work.

Key words: fuel combustion; greenhouse gases; po-

wer engineering; transport.

Introduction
At the present stage, economic research on climate
change and its main problem requires in-depth scientific

study and analysis of various factors, without which it is

ISSN 1512-0996
www.shromebi.gtu.ge

impossible to properly understand the essence of eco-
nomic events, identify key factors, identify development
trends and ways of their further improvement. An
important source of air pollution is the energy sector,
especially, solid and liquid fuels used for technological
purposes in thermal power plants. In Georgia, 1/5 of all
generated electricity is produced at thermal power plants
(TPP), while the cooling reservoir causes thermal
pollution of the river. The products of industrial pro-
duction in today’s world provide many greenhouse gases,
such as metals, chemical production and use, cement
production and many other. [1]. Traffic jams and exhaust
on top of cities are notable. Arguably the most visible
source of emissions comes from transport. These are:
aviation, rail and road transport. The share of electric and
hybrid cars in Georgia is growing, but not enough.
Processes such as volatile emissions are important. Before
the fuel burns, it already emits emissions into the
atmosphere, such as emissions from oil refining products
and methane leaks, which are serious and difficult issues
to address [2].

Main part

Greenhouse gas emissions in Georgia by sectors and
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sub-sectors show that the energy sector, including the
transport sub-sector, occupies the first place with 57%,

or almost 60%. In the second place are industrial

production processes with 18% and in the third place is
agriculture with 17% in 2019 (table 1).

Table 1
Greenhouse gas emissions in Georgia by sectors and sub-sectors
1 Energy (including Transport sub sector) 57
2 Industrial Processes 18
3 Solvents and other products Consumption 4
4 Rural industry 17
5 Land use and forestry 3
6 Waste 1
Other 0.0001
Percent, sum 100

The energy sector considers fuel combustion in the
energy industry, transport, manufacturing and building
materials, as well as in segments such as commercial,
public, household and public facilities, agriculture,
fisheries and forestry [3]. In the same sector, volatile

emissions from solid, liquid and gaseous fuels are
considered. Analysis show that GHG emissions among
energy sector, the largest share comes from the transport
subsector 33% in Georgia in 2019 (table 2).

Table 2

Greenhouse gas emissions in the energy sector of Georgia

Because the contribution of transport to climate
change is significant, we examined the quantities of

passenger cars, buses, minibuses, agricultural and freight

-0l 3G™3gdo — Work of GTU — Tpyam I'TY
Ne3 (521), 2021

]

- Energy Industry (Electricity and Heat Generation) 10
- Processing Industry and Construction Materials Industry 21
- Transport 33
- Other Sectors (trade/ household/rural industry/fishing/forestry) 15,7
- Volatile Emissions from Fuel

P solid Fuel 1,1
- QOil and Natural Gas 19,2
- Percent, sum 100

vehicles (figure 1), and passenger and cargo turnover
statistics to determine their impact on the final rate, or

greenhouse gas emissions [4].
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Figure 1. Transport Network in Georgia

The passenger turnover rate for 2019 includes total
data on road, rail, river, sea and air transport [5]. The
growth trend of this indicator is mainly due to the
increase in passenger traffic, for example, in 2019, almost
80% of passengers traveled by road (using non-ecological
fuel), which has a negative impact on climate change. If
we analyze the percentage distribution of vehicles in
Georgia in 2019, the largest share comes from cars, from
which electric cars are only 4-5%. The freight rate for
2019 includes aggregate road, rail, river, sea and air
transport data [6]. The downward trend in this indicator
is mainly due to the decrease in rail shipments [7]. It
should be noted that rail transport accounts for the
largest share in terms of freight transport, for example,
in 2019, 78% of cargo turnover was accounted by rail
transport. One way to reduce greenhouse gases from
transport is to use biofuels as fuel [8]. The most common
types of bio fuels are biodiesel and bioethanol. Biodiesel
creation process takes place in the device, where crops
[9], like rape and sunflower are high pressure conditions
and will be received combined food, in the inner tank
squeezed oil from the reservoir is transferred to the
device in the second section, where added oxide, then
this mixture goes in generator, where in conditions of
high pressure and high temperature is occurred
biochemical reaction and about half an hour being taken

biodiesel, which can be used in any diesel engine [10].

ISSN 1512-0996
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Bioethanol is made from corn or sugar cane, or from high
concentration sugar or starch products such as beet,
potato, Manioc. Ethanol is substance, which is received
by the fermentation, and it usually interferes with
gasoline to increase octane level [11] Increase the fuel
octane level which is necessary to improve the
combustion process, until recently used very high toxic
substance. Thus, bioethanol as well as a carbon neutral
fuel, is considered more environmentally acceptable
alternative [12]. Biofuel use in the transport sector must
be executed by the methodology approved by the
Executive Board of the Clean Development Mechanism
[13].
methodology,

Projects must be performed based on the
approved by Clean Development
Mechanism (CDM) Executive Board. For Georgia is used
Consolidated Methodology of Baseline Level ACMO0017

,,Production of Biodiesel for Use as Fuel”’[14].

Materials and Research Methods

Each type of fuel has a heat of combustion or
calorific value that are represented in special ma-
nuals [15], but if this data is not available, standard
indicators should be used, from the guideline
document - 2006 IPCC Guidelines for National

Greenhouse Gas Inventories [16], (table 3).
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Table 3
Net Calorific Value (NCV) of Fuel
Fuel Type Description Net Calorific Value (NCV), (kJ/kg)
Gasoline 44 300
Diesel 43 000
Natural Gas 48 000
Crude oil 42 300
Liquefied natural gas 44 200
Aviation Gasoline 44300
Kerosene 43 800
Ethan 46 400
Napta 44500
Bitumen 40 200
Anthracite 26 700
Lignite 11 900
Cox 28 200
Firewood 15 600
Other solid biomass 11 600
‘Wood charcoal 29500
Biodiesel 27 000
Other liquid biofuels 27 400
Landfill gas 50 400
Other Biomass Gas 50 400

Each type [17] of fuel has a carbon content data but ~ Guidelines for National Greenhouse Gas Inventories
if this data is not available, should be used standard [18], (table 4).
indicators, from the guideline document - 2006 IPCC

Table 4
Carbon Content Data

Fuel Type Description Carbon, C (Kg/GJ)
Gasoline 18,9

Diesel 20,2

Natural Gas 15,3

Crude oil 20

Liquefied natural gas 17,5

Aviation Gasoline 19,1

Kerosene 19,6

Ethan 18,6

Napta 20

Bitumen 22

Anthracite 26,8

Lignite 27,6

Cox 29,2

Firewood 30,5

Other solid biomass 27,3

Wood charcoal 30,5

Biodiesel 19,3

Other liquid biofuels 21,7

Landfill gas 27,3

Other Biomass Gas 14,9
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Conclusion
Results and Their Discussions

To calculate Carbon dioxide (C20) emissions consu- %), if this data is not available, use standard indicators
med by vehicles, needed the country - specific net ca- [20], from the guideline document - 2006 IPCC Gui-
lorific values are needed (NCV kJ/kg) [19], fuel carbon  delines for National Greenhouse Gas Inventories, (table
content (C/Joule) and oxidation coefficient (Oxide Rate, 5) [21].

Table 5

C20 Emission Coefficient Calculation

Fuel Type Description | Carbon,(kg/GJ) | Oxide Rate, (%) | Emission Coefficient C20, (kg/TJ)
1 2 3 4=(2"3"44/12)*1000
Gasoline 18,9 1 69300
Diesel 20,2 1 74100
Natural Gas 15,3 1 56100
Crude oil 20 1 73300
Liquefied natural gas 17,5 1 64200
Aviation Gasoline 19,1 1 70000
Kerosene 19,6 1 71900
Ethan 18,6 1 61600
Napta 20 1 73300
Bitumen 22 1 80700
Anthracite 26,8 1 98300
Lignite 27,6 1 101000
Cox 29,2 1 107000
Firewood 30,5 1 112000
Other solid biomass 27,3 1 100000
Wood charcoal 30,5 1 112000
Biodiesel 19,3 1 70800
Other liquid biofuels 21,7 1 79600
Landfill gas 27,3 1 100000
Other Biomass Gas 14,9 1 54600

To calculate CHsand N2O emissions using transport I approach from the guideline document - 2006 IPCC
there is needed a particular data of consumed fuel and  Guidelines for National Greenhouse Gas Inventories
fuel carbon content (C/Joule) [22], if this data is not [23], (table 6).

available, the calculations will be performed at the level

Table 6
Calculation of CH4 and N20 emissions from the transport
Fuel type description CHq, kg/T] N20, kg/T]

Gasoline 33 3,2

Diesel 3,9 3,9

Compressed natural gas 92 3

Liquefied natural gas 62 0,2

Ethan 260 41
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CO2-emissions assessment for road transport is

carried out by the following formula [24]:

COzemission= Y, Fuel(a) * Ef(a)

Where - CO: emissions (tons); Fuel(a) - used (con-
sumed) Fuel (TJ]); Ef(a) - the emission coefficient

CO:z (kg/TJ); a - a type of greenhouse gas [25].

Despite the many positive changes that have taken
place in Georgia in recent years, the transport sub-sector
still needs to take steps to ensure a gradual transition to
European fuel standards, renewal of city transport parks,
regulation of second-hand car imports, vehicle inspec-

tions and other transport-related measures for climate
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Dynamic Characteristics of a Multimotor Electric Motor Multichannel Control System, Taking
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Abstract. The study of the dynamic characteristics of two- and three-engine thyristor electric motors with
constant current, in the case of a multi-motor control system, taking into account the elasticity of mechanical shafts
are reviewed in this article. Such multimotor control systems are widely used in metallurgical production. For
example, in sheet rolling mills, where in the mechanical part there are moments of significant dynamic curvature.

The paper also reviews the functional and structural schemes of a cohesive multi-engine system.

In the case of a multi-motor touring electric motor system, the structural scheme of a two-engine drive was
studied in order to determine the correct load distribution. The study was conducted using a computer program -
MATALAB using 150 kW and 300 kW engines.

A Kalman filter-like observation device is used to quench the binding oscillations generated in the system.

The quality indicators obtained from the transient mode studies are close to the optimal parameters, so the

considered system is suitable for multi-motor rolling mills.

Key words: automated; asynchronous; electric motor; excitably regulated; electric drive with flexible

connections; multi-engine; thyristor.
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9JIEKTPOJIBUTATE I C YI€TOM yIPYTOCTH MeXaHUYeCKHUX TlepeJaTINKOB

Hana Bepaase JemapTaMeHT 5HepPTreTUKU U SIEKTPOHHUKH, ['PySMHCKUI TeXHUYECKUH YHUBEPCHUTET,
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Oner Xavanypuzze JlemapTaMeHT SHEPreTUKU ¥ dI€KTPOHUKH, ['PySHHCKHUI TeXHUIeCKUH YHUBEPCUTET,
I'pysus, 0160, Téumicu, M. Kocrasa 75

E-mail: o.khachapuridze@gtu.ge

Penensentsr:
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E-mail: meboniaseava@mail.ru
D. Kopkus, accomuupoBasHsiii mpodeccop dakynbrera SHEpreTHKU U cBsazu ['TY
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Amnnoranua. PaccmaTprBaeTcs nccief0BaHNe AUHAMIYECKHUX XaPAKTEPUCTHK ABYX U TPEXMOTOPHBIX THPUCTOP-
HBIX 5JIEKTPOJBUTATE I}, B CTydae CHCTeMbI MHOTOABUTATEIFHOTO YIIPAaBIE€HHU C YIETOM YIIPYTOCTH MeXaHUIeCKUX
BaJIOB. Takue CHCTEeMbl MHOTOZBHUTATEJIBHOTO YIIPAaBIEHUA IIMPOKO HCIIONB3YIOTCA B META/UIypPIrHYeCKOM IIPOU3-
BozicTBe. Hampumep, B IMCTOIPOKATHBIX CTAaHAX, A€ B MEXaHUYECKOI YaCTH IIPUCYTCTBYIOT MOMEHTHI 3HAUUTEIb-
HOTO AUHAMUYECKOTO KPY4YeHH.

B paboTe Tarcke OOCYXZAIOTCA (YHKIMOHATIBHBIE M CTPYKTyPHbIe CXeMBI CBA3aHHONM MHOTOJABUTATEJIbHOU
CHCTEMBI.

B ciay4ae cucTeMBl THPHUCTOPHOTO SJIEKTPOJBUTATEINA, C LIEJIBI0 OIpefeIeHUs MPaBUIbHOTO pacIpefeleHUs
Harpysku, GbLIa HCCIe[0BaHA KOHCTPYKTHMBHAs CXeMa JABYXMOTOPHOTO Bajia. FlccienoBaHue IIPOBOAUIIOCH C
moMolIpio KoMmnbeiorepHoit nporpaMMmsel — MATALAB, ¢ yuerom asuratesneit momuoctsio B 150 1 300 xBr.

g momaBieHua GeCIOPAZOYHBIX KOJeOaHMI, BO3HUKAIONUX B CHCTEME, HCIIOJIB3YeTCS YCTPOHCTBO MOHMU-
TOpHHTa 110 Ty pribTpa Kanmana.

IloxazaTenn KadecTBa, IIOJy4YeHHble IIPU HCCIEJOBAHUU II€PEXOAHBIX DPEXKUMOB, OMM3KUM K ONTHMATIBHBIM
IapaMeTpaM, II03TOMY, pacCMaTpUBaeMas CHCTeMa MOAXOLUT [JI1 MHOTOABUTAaTeIBHBIX IPOKATHBIX CTAHOB.

KiroueBbie CI0Ba: aBTOMaTH3MPOBAHHbIN; ACHHXPOHHBLI; MHOTOZBATATEIBHBIN; PErylIupyeMoe Bo30yKoeHue;

THPHUCTOP; SJIEKTPOABUTATEIID; dJIEKTPOIIPHUBOJ, C THOKUMU COeIMHEHUAMMU.
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Abstract. The optimal mode of operation of an electric car depends to some extent on the technical condition of
its mechanical parts. Under operating conditions, unbalanced masses, eccentrically located in relation to the axis of
rotation, may occur in the rotor of an electric car, which, in turn, will lead to premature output of machine bearings
and, as a consequence, to a deterioration in dynamic characteristics. In this regard, the paper presents a method of
compensating for the impact of unbalanced masses of the rotor, during which the analysis of the relationship between
the amplitude of the oscillation and the angle of attachment of the compensating load is performed according to the
measurement results. One of the downsides of this method is the multiple launches of the electric car and the use of
concepts such as balancing sensitivity, corrective mass and more.

A relatively flexible method of dynamic balancing of an electric car is shown, based on the measurement of the
vibration speed amplitude and vibration phase of the electric car. Relevant oscillograms and analytical images are
given, the analysis of which achieves complete suppression of electric vehicle vibration by attaching additional

compensating load to the rotor.

Key words: balancing; compensating mass; electric car; optimal modes; vibration amplitude.
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Annorarua. OnTuManbHbIE peXuM paGOTHI SJIEKTPOMAIIMH B OIPEJEICHHON CTEIeHW 3aBUCHT OT TEXHH-
YeCKOTO COCTOSHHSA €T0 MeXaHHYeCKUX JacTeil. B pabouux ycaoBHAX HecOaTaHCHPOBAaHHAA MAacca, SKCLEHTPUYHO
PpacIoyioKeHHas OTHOCUTEIBHO OCH BpallleHMA, MOXKeT BOSHUKHYTE B POTOpE 3JIeKTPOMAIIKH, YTO, B CBOIO OYepesb,
IIpuBesieT K IpeXk/leBpeMeHHOMY BBIXOZy IOAUIMIHMKOB MallMH U, KaK CIe/CTBHe, K yXYJIIeHUIO JUHAMHYeCKHX
XapaKTepUCTUK. B cBA3M C 3TUM B CTaThe IIpeCcTaB/lIeH MeTO KOMIIEHCAIINY BO3ZeliCTBY HeypaBHOBELIIeHHBIX MacC
Ha pOTOp, NpHU KOTOPOM IIO pe3ynbTaTaM H3MEpPeHMH ITPOBOAMTCA aHaIM3 3aBUCHUMOCTH MEXIYy aMIUIMTYOH
KoyebaHWiT M YIJIOM IPHIOXKEHUS KOMIIeHCHpYyoulell Harpysku. OJUH M3 HELOCTATKOB STOTO METOJa — MHOTO-
KpaTHBbIe 3allyCKM 3JI€KTPOMAIIMH M HCIIOJb30BaHME TAaKUX IOHATHI, KaK: 6aJaHCHPOBOYHAA UyBCTBUTEIBHOCTS,
KOPPeKTHPYIOWIUI BEKTOP MacChl M MHOTOe JpyToe.

IToxasaH OTHOCUTEIBHO I'MOKUI METOJ, AUHAMUYECKON 6aJaHCHPOBKM 3JIEKTPOMAIINH, OCHOBAaHHBIN Ha H3Me-
PeHUH aMIUTUTYABI, CKOPOCTH U (a3l BUGPAIUU 5IeKTpoMaIIuH. [[puBeleHbl COOTBETCTBYIONIYE OCIVJIOIPAMMBI
Y aHAJTUTHUYeCKUe H300paskeH s, TPY aHaIu3e KOTOPBIX JOCTUTAeTCs IIOTHOe TOaBIeHre BUGpaliy 5JIeKTPOMAIINH

ITyTeM IPIJIOXKEeHH I K POTOPY AOIOJHUTENIbHON KOMIIEHCHPYIOLIel HaTrpy3KU.

KiroueBsie cyioBa: ammnutyza BuGpanny; GasaHCUPOBKA; KOMIEHCHPYIOWAS MAcCa; ONTHMAJIbHBIE PEXXVMBL;
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Abstract. The article contains the list of alloys with shape memory and given their structural formulations. As
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Amnoranua. CymecTByloT pasiudHBIE BIUSHUS
BUOpauMy Ha SKCIIOATALMOHHYIO HaJeXXHOCTh PaGoThHI
ITOBOPOTHBIX MEXaHW3MOB IIOPTAJIPHBIX U OalIeHHBIX
KpaHoB. MccienmyeTcs KOHCTPYKTHBHAas OCOOEHHOCTB
KMHeMaTUYeCKOH [y IIPUBOJA, BKIIIOYAIOIas 3y0ya-
TYIO Tlepefady C BHYTPEHHUM KPYIIHOMOZYJIBHBIM 3a-
nemaeHueM. A Taxxke o6CyxzgaeTcsi ocoOeHHOCTh Oec-
CEemapaToOpHOTO POJIMKOBOTO IIOJUIMIIHMKA M BO30YXK-
JeHre KPYTHUIBHBIX, M3THOAIOMMUX HU3KOYaCTOTHBIX
K0s1e6aHUi TP SKCIUIOATAIIMY B HOMUHATIBHOM PEXUME
TPY30TIOABEMHOCTH, BIEKYIUIMX BO3HUKHOBEHHE BO3-
pacTaoiero MOMEHTa TPEHHS WU OCTAHOBKY IIOBOPOT-
HOTO MexaHu3Ma. B craTbe IpefiaraioTcsi TeXHOJIOTH-
4YecKHe M KOHCTPYKTHUBHBIE peLIeHUA C IeJIbI0 CHHU-

JKeHHUs BO30Y>XZaeMBIX KoJeOGaHUi, pacCMaTpHUBAIOTCA
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OIIOPpHO-BpalllaTeJIbHbIE 6e3cer[apaTopHLIe IIOAIIUITHW -
KN Ka4Ye€HHA C IIOBBIIIEHHBIMHU TEXHUKO-DKOHOMHNYECKHU -

MU IIOKa3aTeJIAMHU.

KiroueBsie c10Ba: GeccenapaTopHbIE TOAIINTTHIKH
KadyeHUsd; BO3OYXJeHHbIe KPYTUIbHbIE KOJIe6aHus; 3y6-
yaras Iepejayda; U3HOC; U3rubaroue KoaeGaHus; ycTa-

JIOCTHBIE pa3pyIIeHH.

Beepenue

Pazsutue KOHTefIHepHI:IX II€pEBO30K PA3JIMYIHBIX TO-
BapoB IIO CyIlle€ 1 MOPIO IIPEABABIIAIOT IIOBBINIEHHBIE TPE-
OoOBaHUA K HaZeXHOCTH IIOABEMHO-TPAHCIIOPTHBIX Ma-
IIKWH, BBINTOJHAIOIINX QJYHKIII/II/I OCHOBHBIX TE€XHOJIOTH-
YeCKUuXxX onepannﬁ; OTCIOJa N BO3pOCIIMNe TPeGOBaHI/I}I K

ux SKCHﬂyaTaHHOHHOﬁ HaOdeXXHOCTH.
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OpHolt M3 NPUYNH NOABIEHUA HeCcTaOIIBHOH pa-
6OTBI IIOBOPOTHOTO MEXaHM3Ma CTpeJbl IOPTaJbHBIX
KPaHOB, 06eCIIeYHBaIOINX BbIaTy HEOOXOZMMBIX TIapa-
METPOB, ABJISETCA TEXHOJIOINYECKHE U KOHCTPYKTUBHBIE
HegocTaTku. OCHOBHBIM Y3JIOM Me€XaHH3Ma CTPEJIBI SAB-
JIAIOTCA BXOZANIAs B KMHEMAaTUUYeCKYIO LIellb 3yOuaTas
mnepegada C BHYTPEHHUM 3allelVICHHMEM, PeLyKTOp u
OIIOpHO-BpallaTeIbHBIN GeccerapaTOpPHBI POIUKOBBIHI

IIOAINIHUITHUK.

OcHoBHas 9acTs

3yOuaTsle 3allellIeHUI BBIXOAAT U3 CTPOS B OCHOB-
HOM ¥3-32 U3HOCA (KOHTaKTHOH KOpPpo3uu) pabodux mo-
BEPXHOCTel 3yObeB, UTO ABJIAETCA IPUYMHOM IOBBIIIE-
HUA KOHIEHTPAlluY HAIPOKEHUH B OCHOBAaHUAX 3yObeB
U IOC/IeAYIONeTO UX YCTaJOCTHOrO paspyuienus. MHor-
Jla BO3HUKAIOT YCTaJIOCTHBIE IIOJIOMKH 3yObeB C BHYT-
PEeHHUM 3alleIIEHHeM 0 0607y, pa3pylIeHus KOTOPBIX
06yCIOBIEeHBI U3TMOHBIMU PE30HAHCHBIMU KOJIeGaHMA-
MU B paboueM AMamasOHe YACTOTHI BpAlleHUA IPU UX
Koye6aHUAX B PafiMajbHOM HAIPAaBIeHUU, KaK MacChI
o6oza Kojeca Ha YIPYTOoM OCHOBAHUU AuadparMsl KO-
neca (puc. 3). Pesorupyior dopmsr KonebaHuil C yupy-
TMMHM BOJHaMH JedopMaluu, KOTOpble pPacIpoCT-
PaHAIOTCA B OKPY>KHOM HalpaBeHuu Koseca [1,6 ].

Bo36yxzeHre pe30HAHCHBIX M3TUOHBIX BUOpalMii
KOJIeC BBI3BIBAeTCA JWHAMMYECKMMH HarpysKaMu B
3y64uaToM 3aleIIeHIH, HICTOUHUKOM KOTOPBIX ABJIAIOTCS
KpyTUIbHbIe KoleGaHUsA 3yOUaThIX IIPHBOJOB IIPH Bpa-
mennn Kosec. Oco6eHHO OIacHHI MOBBIIIEHHbIE JUHA-
MHYeCKMe Harpy3KH B 3alleIIEHNH, BBI3BIBAIOLILE Pe30-
HaHCHBIE KPYTHJIbHBIE KOJIe6aHWs IPUBOZOB.

BosHuKaioT ABa BUAA KPYTHJIBHBIX BuOpauuii 3y6-
YaTHIX IPUBOZOB — HU3KOYACTOTHBIE X BBICOKOYACTOT-
Hble. HU3KOYaCTOTHBIE BO3HUKAIOT B CHCTEME, B KO-
TOPYIO BXOZAT 3yOdaThle Iepeilaud, pOTOP ABUTATENA U
CBSA3BIBAIOIIVE DIEMEHTH KMHeMaThdecKoi menu. Hau-
Gojlee OMACHBI BBICOKOYACTOTHBIE KPYTUIBHBIE KOJIE-
GaHus c 3yO1oBoit 9acToToif. OCHOBHBIM HCTOYHUKOM
TAKUX KOJIeOaHUI ABJIAETCA pa3lIUdYHasg >KECTKOCTh

3y6beB, KOTOPbIe HAXOAATCA B 3aleluteHuu [1, 2, 5, 6].
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Puc. 1. Cxema KOHTaKTa 3yGEE€B COOCHOTO COEAMHEHNUs (6]

Puc. 2. CxeMa KOHTakTa 3yGheB IIPH PaAHANIBHOM CMEMEHNUH
oceif Basa oceif Basa BTyaKu [6]

BompmIMHCTBO BBICOKOHATPYXEHHBIX 3yOUaTBIX 3a-
LeIJIeHUH MMEIOT IIepeKPHITHeE B 3alleIVIEHUH 1<e, <2,
a cyMMapHasg XeCTKOCTh 3yOheB B 30He ABYXIIaPHOTO 3a-
memsieHua B 1,75 pasa BbIle >KeCTKOCTH OZHOIIAPHOIO
sanemnenus [6]. YkasaHHas ocoGeHHOCTH B pabouem
peXuMe ABIAETCA UCTOYHUKOM BO30YXXIeHHUA KPYTHIIb-
HBIX IIapaMeTpUYeCKUX KoyebGaHuil 3y0daTsIX Kojec, a
IIPY HEKOTOPBIX OOCTOATEIBCTBAX, HA IIPUMepax pabGoThI
IIOPTAJIBHOTO KpaHa B IIpeJleIBHOM PpeXHuMe, IIpH He-
JIOCTATOYHOIH XXEeCTKOCTH, IIPU OIpefeeHHBIX 00CTOs-
TEeJIbCTBAX — BO3HUKHOBEHUEe HauboJee OIACHBIX Iapa-
METPUYECKUX PE30HAHCHBIX KOJIe0aHWHM U 3aKIHMHUB-
aHme MexaHusma [13].

AMIIuTyZa mapaMeTpuYecKUX KoueOaHUil 3aBUCHUT
OT TOYHOCTH M3TOTOBJIEHUS U 3aTPYy3KH 3y0UaThIX KOJIEC
pabouruM MOMEHTOM U OTpaHHWYeHAa BEeIMYMHON CTaTH-

yeckoii medopmariuei 3yObes.
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KpyTtuibHble KomebaHusA KOJIEC YCUIUBAIOTCS BCIE-
ICTBUE IUKIMYECKUX OMMOOK H3TOTOBIEHUS 3yObeB U
cbopku Koimec. JluHamMuyecKue HArpy3ku B 3yGUaToM
3aLIeIUIEHUY, BbI3BAHHbIE KPYTH/IBHBIMU KOJIeGAHUSIMU
KOJIEC YCHJIMBAIOTCS WX IIOIEpPEeYHBIMH KOIeGaHUSIMU
pY HAaJIWYUK [OJATAMBEIX BanoB u omop [5]. ITapa-
MeTpHUYecKre pe30HAaHCHbIe KOJe0aHHA SBISIOTCSI HC-
TOYHHUKOM IIOBBIUIEHHOrO IIyMa B 3yOYaThIX Iepefadax
Y UHTEHCUBHOTO M3HOCA 3yObeB.

CHmKeHMe BO30YyX/IaeMOCTH ITapaMeTpUIeCKUX KoJIe-
GaHuit 3y6YaTHIX KOJIEC IO3BOJIUT IIOBBICUTH HAZEXKHOCTh

U JOITOBEYHOCTH PabOTHI MPUBOZA B LIEJIOM. Y YUTHIBAL,

YTO IapaMeTpHUYecKHe Pe30HAaHCHbIe KOTeOaHUA MMEIOT
TapMOHUKY BO30OYXJEHUS OT 3y0110B0it 9acToTs!I [1,6]:
k=0,51; 1,5; 2;..., (1)
a HanboJIee CUJIbHBIE M3 HUX UMEIOT LieJible Yrcia [4]
k=1:2;3;..

B arom ciryuae
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Puc. 3. I'papmku cOGCTBEHHBIX YaCTOT IMIMHPUIECKOTO 3yGUaTOroO KOIeca:

a — MUINHIpUYIEeCKoe syﬁqa'roe KoJeco; 6 — DKBUBaJIEHTHOE KoJeco;

1 - o6oz; 2 — suadparma [1,2,6]

CpezHssa cOOCTBeHHASA YaCTOTAa KPYTHJIBHBIX Koeba-

HUIi 3y6UaToil mepesauu, pagy/c.

M|@2-e)+|1+5 (e —1)
G

®3)

rae ¢, — yAejabHasa XeCTKOCTb O,Z[HOﬁ IIapbI COIPSAXKEH-
HBIX KOJIEC B HA4YaJI€ WJIX KOHIIE 3alleIIJICHN A, H/Mz; Cy, —

YAeabpHasA JXeCTKOCThb IIapbl 3y6]:eB B Ha4vajie OOHO-
IIapHOIr0 3aleIlIeHnud, H/Mz; IIpuBeAeHHAaA Yy/Ae/JIbHad

Macca 3y6‘IaTBIX KoJec, KI/M
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M=— 42']1]2. —~,
b(]ldbz +J2db1)

TAe j, U j, — MOMEHTHl WHEpUUH KOJNeC, KI'M% d, u

(4)

de — IMaMeTpBl OCHOBHBIX OKPY>KHOCTel Koiec, M; b —

pabouas muprHA 3y6UaTOro Kojeca, M.

IMonuerit Koo HUIMEHT IePeKPHITUL B IPIMO3YOBIX
3y6uaThIX Iepefavax ¢ yueToM AedopManuu 3y6seB Moy,
HarpysKoii, MogubHUKauuy IPOGUIL 3yObeB 110 BBICOTE

¥ OIKOOK U3TOTOBJIEHUS paBeH [6]:
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ay al i (5)
ratgaal

Ife e, — reoMeTpUIecKUi KOdPUIINEeHT IepeKpBITUS;

Vpl ’ Faz > Fal u sz — paanyCbl KPHBH3HBI HpO(l)I/IJIeI/I COII-

PSDKEHHBIX KOJeC B Hadajge M KOHIE 3aleIIeHUs, M;
d = q/c, — nepopmanus 3yGpeB OoT paboueil ymerbHON
HArpysKd B Hadaje OLHOIAPHOTO 3alell/IEHUsd, M; ¢ —

yZenbHasd HOpMajbHad pabouyas Harpyska Ha 3y64aToMm

xoznece, H/m; Da, u Da,, — rny6una mognduxamuu ro-

2

JIOBKU 3yObeB IIeCTEPHHU U KoJeca, M; D, = f;il + oy —

HanOOoJIbIIAsT BEPOATHASA PA3HOCTh OCHOBHBIX IIATOB

2

3yObeB CONpPSIKEHHBIX KOJNeC, M; f, H f,f)z —omrubxa

HOPMaJIBHBIX IIaTOB IIeCTEPHHM M Kojeca, M; 7, — IIar
saueIUIeHus, M; d, ¥ d, — yTOJX IPOQUIIL y BePIIMHBL

3y6a IIeCTePHU U KOJeca, B TPafycax; 3HaK «ILIIOC»-/JII
3yO6uaThIX KOJeC BHEIIHEro 3alell/IeHUs, «MUHYC» —
3y6uaThIX KOJeC BHYTPEeHHETO 3allelIeHNA.

O6:acTu Cy1ecTBOBAHUS PE30HAHCHBIX KPYTHUIBHBIX
IapaMeTpUYeCKUX KoJIeGaHU pacCMOTPEHHI Ha PHC. 4 B
IIpeAIIOI0XeHUH U3TOTOBIEHHS Kojec 6e3 onrnbok, 6e3
y4era geopMHUpPOBaHUA U 3alleIuleHUs Oe3 3a3opa [6].

CpezHssa coOCTBeHHAas 4acTOTa KPYTHUIBHBIX IIapa-
MeTpUYeCKUX KOJIeOaHuil 3y0JaThIX Iepesayd cO CTalb-
HBIMHW CILJIOITHBIMH 3y6‘IaTI>IMI/I KOJieCaMM BHEIIHETO
3aleIUIeHNs C TOIIMHOM AradparMsl, pAaBHOH TOJIIIHE
3y64aToOro BeHIA CJIeLyeT U3 BhIpakeHU: (3) ¢ yueToM

3uaveHus (4), pag/c:

_1,78-104 cosa

mz,

W

2
“u—i‘cz 2-e)+| 1459 e, -n|,  ©)

)
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Puc. 4. O61acTH CymmecTBOBaHA TAPAMeTPHIECKIX
Pe3oHaHCHEIX KomeGamuii [1,2, 6].

TZe m —MOAYJIb 3y69aToro 3aLeIIeHus, M; U =z, /z, —
TlepelaTOYHOe YHCIIO; ¢ — YTOJI IPOGHUIIA IIPOU3BOAAIIE-
r0 KCXOZHOIO KOHTypa , TPaj,.

JpyruM MCTOYHUKOM BO3OY>KI,EHUA KPYTHIBHBIX KO-
neGaHU ABIAETCA HAIWYKMe II€PEMEHHOTO KpPYTAILIETO
MOMeHTa Ha BajJaX Kojec, OOyCIOBJIEHHOTO CHJIAMH
TpeHUA Ha MPOPUIIX 3yObeB, Pa3HOHAIIPABIE€HHBIMU J0
TI0JIIOCA U 32 TIOJTIOCOM 3anerutenus. [Ipexmosaras, uro x
BeAyllel IIecTepHe INPUJIOXKEH ITOCTOSHHBIM Bpallaio-
mwuit pabounit momeHT 7w (H-m), MakcumanasHOe mM3Me-
HEeHHe MOMEHTA Ha BeJOMOM Bajlay KoJieca B 30He OJHO-

IIapHOTO 3aleIIJIEHUA COCTaBUT:

tea, —tea
Jlo momoca DT =K, -T, = &y " 18w
4 I_K(: -tggml
B mosioce DT =0 @)
tga, —tga
sa momocom DT =K T, = M,
1-K, -tga,,

rie 7, — HOMUHAJIBHBIH MOMEHT Ha BeJIOMOM KoOJece,
H-m; K, — K03 puireHT TpeHUA CKONTBKEHUS

@, a, ¥ 4, , a, — COOTBETCTBEHHO YIJBI IPO-

wy
¢uia B Havajse M KOHIIE 30HBI OJHOIIAPHOTO 3aleIlie-
HUA, Tpaj. Takoe mepmogndecKkoe M3MeHEHUe KpPYTs-
Iero MOMEHTAa Ha BaJaX 3yGYaThIX KOJIeC NMPUBOAUT K
yBeJIMYeHWIO HOPMAaJIbHOW CHJIBI B Hadaje M B KOHIe
OJHOIIAPHOTO 3alleIlIeHHA M IOBBIIIEeHUIO KPYTHUIBHBIX
Koyre6aHMit 3y6YaTOrO IPUBOZA CO BTOPO rapMOHUKOM
3y061I0BOI YaCTOTHI 3alleTIIeHNU.

B MexaHM3Max IOBOpOTa CTpesbl INOPTAaIBHOTO U

GallleHHBIX KpaHOB YCTaHOBJIEHHbBIE 3y6anLIe nepenadn

U@vy-ols 3m09d0 — Works of GTU — Tpyas: I'TY

95 Ne3 (521), 2021



Ls0bg0b®m bsgdg — Engineering — Mimxenepnoe meno

C BHYTPEHHUM 3allell/IeHHeM BCJIeJCTBHE HeJOCTaTOY-
HOM >XeCTKOCTH OIIOPHBIX IUIOWAfOK 3y6uaToil Imepe-
Zayy BOSHUKAIOT AUHAMUYEeCKHe HarPY3KU IIOBOPOTHOM
CTpeJIbl, U3HOCA 3yOheB KOJIEC U HAIUYUA KPYTHIBHBIX
napaMeTpuuecKux Kosuebauuii [6,12].

ITomMuMO KpYTHIBHBIX KOJeGaHUIl B 3y0UaThIX Iepe-
JadaxX Hu3-3a JUHAMHUYECKHX HATPy30K B 3allelIeHHH
3y6heB B HeM 00pa3yloTcs BIIepe] U Ha3az Geryuiue yI-
PyTHe BOJHBI U3TUOHBIX ZedopManuii o cOOCTBEHHBIM
dopmam. IIpm coBmaseHMM 4YaCTOTHI 3alelIeHUS C
YaCTOTOM IIPOXOXKEHUA OAHON U3 STUX BOJIH HACTyIIaeT
pe3oHaHC U3ruGHBIX KomebaHui Koneca (MuH. ')

o ®
P feti’
rge f, —coOCTBeHHas YacTOTa M3TUOHBIX KoieOaHui
xoseca, 'y &k =1; 2; 3;...—TapMOHUKa BO30YXKAEHUS U3-
ruGHBIX KOeGaHuii ¢ 3yGLOBOii YaCTOTOR 2z [ — YHCIO
YIPYTUX BOJNH IedopMaliy Ha Kojece (4YUCIO y3IOBBIX
IMaMeTpPOB) IIpU KoeGaHUAX IO COGCTBEHHBIM GopMaM
(3HAaK «ILIIOC» COOTBETCTBYET PE30OHAHCY ¢ Hasaz Oe-
ryuei BOJHOM; 3HAK «MHHYC» - PE30OHAHCy C BIIEpef,
Geryuiei BonHOM) [6].

W3 Beipaxkenus (8) ciemyer, uTo Iy OZHOM cOGCT-
BEHHOI 4YacTOTHI M3THOHBIX KolebaHMil 3y64aToOro KO-
seca f;, ¢ [ —y3/IOBBIMH AUAMETPaMU IIPH €TI0 Bpaluie-
HUU BO3MOXXHBI JIB€ PE30HAHCHBIE YAaCTOTHI BpaIleHHI
KoJIeca ¢ OHOM TapMOHUKOM BO3OYKIEeHNUA.

Haunbonee omacHa mepBas TrapMOHHMKA 3yG61I0BOI
YaCTOTHI, TAK KaK ee aKTUBHOCTH BhIle. Ho mpu HuU3Koi
TOYHOCTH M3TOTOBJIEHUS M COOPKU KOJIeC OIIaCHBI
TapMOHUKH BO3OY KIEeHUA.

ITpu manom 4ucie kz, T.e. kz <i BO3MOXEH BTOPOI
pes3oHaHc ¢ Has3ag, Gerymieit BOTHOM (MuH):

n,= i@—fi . )
(i—kz)

[Tpu BHemHeM BO30YXAEHUHU, He CBA3AHHOM C 4ac-

TOTaMHU 3alleIJIEHUA BPALIAIONIETO KOJIeca, Pe30HAHCHBIE

4aCTOTHI BpallleHuA Koyeca OyAyT, MUH 1!

1y~ s W 1),

(10)
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rge f,, — BHENIHAA dYacToTa BO3OyxaeHud, I'm; 3Hak

f;311> i?

«ILJIFOC»

Jou < Ji-

B 3y6‘-IaTOM 3aleIlIEHNH KpOoMe NUMHAMHNYIECKHUX CHII,

COOTBETCTBYET «MHUHYC»-CIIy4aI0

BOBHHUKAIOWUX IIPU IIEPECONPDKEHUU 3yObeB KOJIEC,
MMeeTCs BCer/ia CTaTh4ecKas CHia, KoTopas Bo3byxaaer
Gerymyio Hasaj BoiHy gedopmaunuu Koieca. Eciu
CKOpPOCTBb BO30YXAEHHOH BOJHBI JedOpMaluy paBHA
CKOpocTH Ha3aZ, Oerymieil BOJHBI JedOpMalUH IIO
coGcTBeHHOM GopMe C [ Y3IOBBIMH HaMeTpPaMH, TO
HACTYIHUT KPUTHYECKOe COCTOSHME Kojeca. B aTom
crydyae kz=0, a KpuTHdUecKas 4YacTOTa BpalleHHUI
KoJeca
ng, =60f;/i. (11)
Wuorpa usrubHble BUOpanuu 3y6UaThIX KOJIEC BO3-
Oy>XAAIOTCA TUHAMUYECKUMU HArpy3KaMH OT HH3KOYaC-
TOTHBIX KPYTUJIBHBIX KOJeOaHUIl Ilepefad, BBI3BAHHBIE
Ha/IMYMeM KHHEeMaTHIeCKHUX OIIMOOK B 3alleIUIEHIH 13-3a
HEYZOBJIETBOPUTEIBFHOTO U3TOTOBIEHUA U COOPKU KOJIeC.
g ompeneneHuA Pe30HAHCHBIX YaCTOT BpalleHUA
Ipu M3TUOHBIX BHOpAaIMAX KOJIeC HeoOXOLUMO 3HATh
YacTOTHI COOCTBEHHBIX KOJeGaHui U ux (GOpMEI B pa-
JIUaJIbHOM HarpaBjieHuu. [Ipu6ImKeHHO MOXKHO 9acTo-
TBI COOCTBEHHBIX KOJIeGaHUI OIIpeIe/IUTh II0 SHEPTreTH-
yeckoMmy MeTozy Puria [6]. HeTrouHocTu onpezeneHus
TeM GOoJIblle, YeM CIOXHeH (popMa Koeca.
Jna nuIMHApUYeCKUX 3yO4aThIX KOJEeC IIPH KO-
ne6aHuM 06073 B pafyuaIbHOM HAIIpaBIeHUM Ha yIIPY-
roM ocHoBaHUH-Auadparme (puc. 4) coOGCTBEHHbIE Yac-

TOTHI OIIpeAEeIAI0TCA 10 Gopmyie [6]

1 Eu’ vt (v -1y
‘O pR, \ 1, (1+m) 64 x(u® +1)(2v —1)*u?
d,+d,+4R,

Ry =0,25(d,+d;)+0,5R,, (12)

rae d, u d,—puameTpsl BepUIMH W BIAJUH 3yGbes
Koseca; £'— MOZyTb IPOJOIBHON YIIPYTOCTH; m — ILUIOT-
HOCTb MaTepHaya Koyeca; m — Koabdumnuent [lyaccona;

R, — Hapy»XHBI graMeTp 060za.

Haiinennsie o popmysie (12) yacToTs COGCTBEHHBIX

KosiebaHUI KoJec MOTyT OBITH HCIIOJIB30BaHBI pIw)S: 8
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IIpeiBAPUTEIBHOTO OIpefieIeHUs Pe30HAHCHBIX YacTOT
BpallleHus KoJec.

YBenudeHne BUOGPALMOHHOM IIPOYHOCTU 3yGUaTHIX
KoJIeC ABJAETCA OFHOI W3 IpoGjeM IOBBINIEHUS Ha-
IeXXHOCTH UX PabOTHl pelyKTOPOB U 3yOUaThIX Iepeady.
Oco6oe 3HaUeHME 5TO UMeEET JJI1 HOLBEMHO-TPAaHCIIOPT-
HBIX MAaIIUH B paboTe C BBICOKOU CTEIeHbIO ONMACHOCTH,
YaCTHOCTU PabOTHI TOPTAIBHBIX U GAlleHHBIX KPAaHOB.

CHmkeHue BO30Y>XZAaeMOCTH H3THOHBIX BHOpaluil
KOJIeC MOXXHO OCYILIECTBUTD 33 CYEeT YMEeHBUIEHUS JUHA-
MUYeCKHX HaTrPy30K OT IIapaMeTPUYECKHX KPYTUIBHBIX
kosieGanuii nepegad. M3 popmyist (1) crepyer, uTo mpu
6OJIBILION CTEeTIeH! 3aLleIUIeHus, Korja k < 0,5 mapamer-
pHYecKue KojaebaHUs Iepefad OTCYTCTBYIOT U JUHAMMU-
YecKHe Harpy3KU HIDKe, YeM BHE Pe30HAHCHOI 06J1acTH
mpu k <0,5. B aTom ciryyas HeoOXOLUMO BBIIIOJHUTH
ycioBue w, > 2w, , T.e. HEOOXOZ MO yBETUIUTD YACTOTY

3alleIVIEHNA W, 3a CHUET YBEJIMYEHHA YHCel 3y6LEB KO-

jleca ¥ yMeHbIIEeHUs MOZYJIA 3allell/IeHus, TOorJa KaK Ha
SKCITyaTUPyeMBIX IIOPTaJbHBIX KpaHaXx B 3y64aToil
Iepefade C BHYTPeHHHUM 3allell/IeHHeM MMeeM IIPSMO-
3y6oe 3aneruieHue pu Moxyte Gonee 10 mm [12].

Jpyroit MeTon CHIDKEHMs ITapaMeTPUYECKUX KoJe-
GaHI#i 5TO yMeHbIIeHIe KPYTUIbHOM KeCTKOCTH 32 CYeT
aMOPTHU3aLUY, YTO KOHCTPYKTHBHO CJIOXKHO [6].

YMeHbllleHVe JUHAMIYECKUX CHJI B 3y0UaToM 3ale-
IUIEHUU OCYIIECTBJIIETCS 32 CYeT CHIDKEHUs Iiapa-
MeTPUYeCKUX KPYTHIBHBIX KOIeGaHni Moguduurposa-
HueM mpoduig 3yba o BeIcoTe. B aTOM Cirydae pasiu-
YHas JKeCTKOCTh OFHOIIAPHOTO M JABYXIIAPHOTO 3alie-
IJIEHUS KOMIIEHCHPY€eTCS MOAU(PUINPOBAHIIEM TOJIOBKI
3y0a COIPSXKEHHBIX KOJeC, Ife IapaMeTpsl Mopudu-
KAy BRIOMPAIOTCS IO OIIpeieIeHHBIM IIpaBuiaMm [6]:

Mogudumnuposanssii nmpoduns 3y6a y TONOBKH
IOJDKEH IUIABHO COIIPSTAThCS C 9BOJIBBEHTON OCHOBHOTO
mpodung 3y6a;

Bricota MopubuKanuyM He [OMKHA BBIXOAUTH 3
IIpeZie Ibl 30HBI JBYXIIAPHOTO 3alleTlIeHNUs, OIpefesIsIioT-
cs o popmyie [ 6 ]

hy <8, —Du» (13)
rge g, — AJMUHA AKTUBHOM JIMHHUM 3aleIuleHus (1o

BBOJIBBeHTOI‘paMME); P, —Uiar 3anervieHus; AOIYCK Ha

ISSN 1512-0996
www.shromebi.gtu.ge

BBICOTY MOAUGUKALNM JOJDKEH YKJIAABIBATBCA B Pas-
mepe hgo.

I'my6una MopuduKanuy IO HOPMaau K IpOdUIIo
JOJDKHA OBITH IPUHATA He OoJtee

Daa <0,76D-D, . (14)

Jlomyck Ha BBICOTY MOZU(PUKAIIUY HEOOXOZUMO IIPHU-
HuMmats +(0,7...1,0) , a momyck Ha rry6uny 0,005 Mm.

YMeHbIIeHVE BO36YXAa€MOCTH KPYTHJIBHBIX U H3-
ruOHBIX BUGPAIY KOJIEC BO3MOXHO 32 CUEeT YBeIUYeHII
KoaddunreHTa IepeKphITUA B 3arenienun. VI3 puc. 3
CyIenyeT, YTO IIPU IE€PEKPHITUU B 3aLleIJIEeHUH, PAaBHOM
LIeJIOMYy YHCIy KPyTHIbHBIE ITapaMeTpUyecKue Koiaeba-
HUA He BO30Y>XKJAIOTCA U YMeHBLIAeTCA BO30YKAAeMOCTh
U3ruOHBIX BUOpAaLUK KOJIeC.

He MmeHee BaXHYIO POJIb UTpaeT B IIPOIeCcCe BO3-
Oy’XIaeMOCTH ITapaMeTPUYeCKUX KOoJIeGaHWH Haiudue
PasHOPOLHOCTH KOHTaKTHPYIOWIMX IIOBepXHOCTeH [6].
g crydasd, Korza KOHTAQKTHUPYIOUIMMM IIOBEPXHOC-
TAMM, Ha IIpEMepe IOPTaJIbHOTO KpaHa, 3y6JaThIii BeHel],
BHYTPeHHETO 3allell/IeHHd, II0 KOTOPOIl BpalaroTCs
ponuKy u3rotosnaeHs u3 cranu 40X, a ponuku U3 craau
ITX15 Teopermyecky, mOMb3ysICh MaTEMAaTUIECKOH TeO-
pueil ynpyrocTH I pelleHMs KOHTAKTHOH 3ajauu
TpeHud u nzHamuBanug H.W. Mycxenumsuiu nogTsep-
IHJI 11e71eCO00PasHOCTh MCIIOIB30BAHUA OZHOPOILHBIX
Mmarepuazios [6, 7, 10]. BeimonHeHHbIE MHOXXECTBO Hay4-
HO-TEOPETUYECKUX U TIPAaKTUYEeCKUX paboT IOATBep-
XKJal0T 3G (}eKTUBHOCTh MCIIONB30BAHMUA OLHOPOJHBIX
MaTepHajJoB U BeJeT K CHIDKEHHMIO BO30YXXZaeMBIX KO-
ne6aHuii [6].

[IpakTudyeckoe NIpuUMeHeHUe Ilepefad C IEepeKpHI-
THEM B 3allellJIeHNuU €, =2 OCYILIeCTBIIeTCA MOAUdU-
IMPOBAHMEM HCXOZHOTO KOHTypa IIO BBICOTe 3yba ¢
a=20° u 18° pi1g MIIMHIPUIECKUX KOJIeC CyILIeCTByeT
TIOJIOXKUTEIBHBIM OIBIT IIOKA3bIBA€T Ha II€PCIEKTUB-
HOCTH UX IIpUMeHeHu [6].

W3BecTHO, 4TO IpUMeHEHNE KOCO3yOBIX M KPYTOBBIX
3y6heB B 3aMeH MCIIOJb30BAHUA IIPAMO3YGBIX KOJIEC
BefleT K IIOBBINIEHUIO IIPOYHOCTH, IPU IEePEKPBHITUU
e, =2 u3rubHOH U KOHTAKTHON IPOYHOCTH.

BricoTy ¥ ry6uHY MOAM(UKAUIUY IPOGUIL BHIOU-
paioT KOHCTPYKTHBHO IIO OIIBITY OSKCILTyaTallUKd U3

yCJIOBUA IIAaBHOTO BXOZIA B 3alleIlIeHue [6].
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BaxxHy10 poJIB UTpaeT yBeIMUYeHNe KMHEMaTUYeCKOH
YU IUKINYECKOH TOYHOCTU M3TOTOBJIEHHA MEXaHH3MOB
TIOPTAIbHBIX M OGalIeHHBIX KPAaHOB IIOBOPOTHBIX MeXa-
HU3MOB, YTO ABJIAETCA d3PPEKTUBHBIM CIIOCOOOM YMEHB-
IIeHuA BO30yKAaeMOCTH BUOpalluy Iepesad.

ITockonpKy B 9KCILTyaTHPYeMBIX IIOPTaJIBHBIX Kpa-
Hax B 6e3cenapaTOpHBIX IOAUIMITHUKAX IePEKPECTHO YC-
TAHOBJIEHB! OIIOpPHbIE LMIMHAPUYECKHE POJIUKYU HEeU3-
6e)XXHO BO3HMKHOBEHUE IIOBBINIEHHOTO KOHTAaKTHOTO
TPEHU PasNINYHBIX IIOBEPXHOCTEH 110 6ETOBOI ZOPOXKKE

nmopmurHuka (puc. 5) [12,13].

Puc. 5. BeccenmaparopHEIii poJIMKOBEI OOPHO-PafHaIBHBIH
TIOZNIUIHNK, C COBMECTHO BHIIOTHEHHEIM KPYITHOMOZAY IEHEIM
3y69aTEIM KOJIECOM IIOPTaTbHOTO kpaHa Moj. KB-572B [12]

ITpoaHamu3UpOBaHbl pas3IUyHblEe KOHCTPYKIUH 6e3-
CenapaTOPHbIX MOAIIUIHIKOB Ka4eHHs, HCIOIb3yeMBIX
KaK B IIOPTAJIBbHBIX KPAHAX, & TAKXKe B BETPOBBIX DJIEKT-
POYCTaHOBKAX, IZie SUAMETP HOAUINIHUKOB COCTABIIET
or 1... 1o 3 M., mpu aTOM GeroBbie HOPOXXKU OCHAILIEHBI
KaK IIAPUKOBBIMM, TaK M POJIUKOBBIMU KOHUYIECKUME
TeraMu KadeHud [15]. B KOHCTPYKIIUM POJIMKOMOZUIK-
IIHUKOB C IIEPEKPECTHO PACIIOIOXKEHHBIX POIUKOB, IZie
CMEXXHOE PACIOIOXEeHHbIe POJUKNA BOCIPUHUMAIOT TO-
YEYHYIO U JIMHEHHYIO HarPy3KH MMEIOT Pa3JIMYHbIA H3-
HOC KOHTaKTUPYIOWKX IMoBepxHOCTed [13].

Ornu4auTe IBHOM 0COGEHHOCTBHIO UCIIOIB3YEeMBIX TYP-
OMHHBIX POJIMKOBBIX OIIOPHO-PAfUAIbHBIX HOAIINIHU-
K0B SKF'HOBOTO OKOJIEH C YTIOBBIM PaCIIOI0KEeHHBIX
II0 BHYTpeHHe#l IOpOXXKe M HapyXXHOe KOJBLO KIIH-
HOOGPa3HOM (OPMBI CO3JAIOT MUHHMATBHBIA MOMEHT
TpeHus Ipu sKciyaTanuu (puc. 6) [15]. Ilpepnararorcs

HOBBIE€ 3aIlaTEHTOBAHHBIE KOHCTPYKIIMHM OIIOpHO-pa-
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JUATBHBIX IOAUTUITHUKOB, KOTOPBIE IIPECTABIAIOT HAau-
GOJIBIINIT MHTEPEC, YTO MOXXHO 3(P(PEKTHUBHO HCIIOIB30-
BaTh UX B IOPTAJIBHBIX U OAlIEHHBIX KPaHAX.

VYcIoBUA SKCIUTyaTalli¥ BETPOBBIX DJIEKTPOTeHe-
PAaTOpHBIX YCTaHOBOK, IZe OeccelapaTOpHBIH OIOPHO-
PaAuaNbHbIM IOJIIUITHUK BOCIIPUHUMAET IIepeMeHHbIe
HaIpSKEeHHU ¢ U3MeHeHHeM IIOTOIHBIX YCIOBUH, XapaK-
TepU3YIOTCA SKCILTyaTallMOHHOM HaJeXHOCThIO. Pac-
IIPOCTpaHeHUe HaXOIUT OeccerapaTOPHBII ABYXPAAHbIH
MOAUIMITHUK C KOHUYecKuMu ponukamu ¢pupmst Nautilis
[15]. YcTaHOBIEHHBIH B MOAIIUITHUKE CEIMEHTUPOBAH-
HBI CcellapaTop ONTHMMU3HPYeT pacIlpefejleHHe Har-
PY3KH MeXJy POJIHKaMM, a H3TOTOBJIEHHBIN U3 CIle-
IMaJbHOTO MaTepuana obecledynBaeT OYeHb HUBKUI

xoadunuent tperus [15].

Puc. 6. a) onmopHO-paZMaNbHELH JBYXPANHELH KOHUIECKO-DOIIKOBBIN
TIOAMUIHYK; §) HOAINUITHUKOBEIE POIMKY, YCTAHOBJICHHEIE B

TBEPAOCM3BIBAIOIMIX cerMeHTax [15]

Iopmumauku Nautilus TPeBOCXOAAT TPagUIIMOH-
Hble ABYXIIOALIMITHUKOBbIE CXEMBI, COKpalllas TIOTePH Ha
TpeHHe, YTO IO3BOJIZET O00eCneYuTdh OOJBIIYIO BbI-
xozHy!0 MomHOCTs [15]. Ha mpakTuke T0 3HAYHT, 4TO
BeTpsiHas TypOMHA MOXeT MCII0Ib30BaTh B IIOIHON Mepe
Jaxe yerkuil Betep. CHIDKeHUe TpeHHe TaKXKe II03BO-
JIA€T IOJIBIIE MCIIOIh30BaTh CMAa30YHbIe MAaTePUAIBI, YTO
Ble4YeT 32 COOOH yBelWdYeHUEe WHTEPBAJIOB BpeMeHH
CMa3K{ ¥ TOBBINIEHYE HAIeXKHOCTH.

Wcnonp3oBanue MOMOOHBIX MOLIIUITHUKOB B KOHCT-
PYKIMAX IIOPTaJIbHBIX KPAaHOB IIOBBICUTH 3KCILTyaTa-

IVOHHBIE XAPAaKTEPHCTHUKH, YUTO TPE6Y€T IIpoBeJEeHMNE
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I/ICCJIEILOBaHI/II;'I B 9aCTH YCTAHOBJIEHHNA X YPOBHSI N3HO-
COCTOMKOCTH K AWHAMHWYE€CKUM HarpyskKaM, BO3HHNKAlO-

IMUX YCJIOBUAX UX DKCILTyaTalluH.

3axroueHue

1. B skcmryaTHpyeMsIX IOPTaJbHBIX KpaHaX yCTaHOB-
JIEHHBIN OHOPHO-Pa,II;HaJII:HBIfI IIOAIIMUITHUK C HaK-
PeCT PaCHOJIO)KeHHI:IMI/I CTaH,II;aPTHI:IMI/I IJ;I/IJII/IH,ILPI/I—
YeCKUMHU POJIMKAMHU U IPAMO3y6as KPYIHOMOZLYIb-
Hadg 3y6ana;1 nepe,uaqa C BHYTPEHHI/IM 3alleIlJIeHrueM
IIPI/I nepeMeHHoﬁ rZ[I/IH.':IMI/I‘-IeCKOIt/'I HarpysKe CO34a10T
IIOBBINIEHHBIA MOMEHT TPeHI/I}I, YTO 3HAYUTEJIBHO
CHUXaeT HOMI/IHaJIBHyIO FPYBOIIO,IL'I)EMHOCTL KPaHa;

2. MHOTOYHMCJIEHHBIE MCCIeAOBAHNA U OIIBIT SKCH.TIyaTa—
LMK KPYTIHBIX pa3MepoB 3y0daThIX Iepemay MCIIOJIb-

30BaHME KOCO3y0OH IVUIMHAPHYECKOH IIlepefaduu C

JIurepatypa

BHYTPEHHHUM 3allell/IeHHEeM He KPYIIHEIM MOAYJIEM, B
npejeax JOIyCKaeMOH BBIHOCJIMBOCTH CHIDKaeT
ypOBeHb BO30OYXAEHUS H3TUOHBIX M KPYTUIBHBIX
BUOpaIuii, YeM IIOBBIMIAETCS H3HOCOCTOMKOCTH H

SKCIUTyaTallMOHHAA HAaNEeXXHOCTh MEXaHN3MOB;

. BBINIOJTHEHWE B IOCJIEAHUE TOLBI B 00JIACTY CO3LaHUS

HOBBIX KOHCTPYKIHMHU OeCccelmapaTOpHBIX IOJIINII-
HUKOB KaueHUA i1 HYXJ OypHO pa3sBUBAIOIIUXCI
TYpOMHHBIX BETPAHBIX DJIEKTPOTeHEpPAaTOpPOB CIle-
IMaJTBHO paspabOTaHHBIE IOIUIMITHUKU, KOTOPBIE
OTIMYAIOTCA BBICOKON HAMeXHOCTBIO, BOCIHPHUHM-
MalOT 3Ha4YMTeJIbHEIe IIepeMeHHbIe Harpy3Kd ycCIIe-
IIHO MOTYT OBITH MCIOJIB30BAHBI B IPaOCTPOUTEIIb-

HOM IIPOMBINIEHHOCTH.
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Abstract. Currently, refrigeration machines (HM) with two temperature regimes are widely used in modern
supermarkets and hypermarkets. Medium temperature refrigerating machines (ST XM) with a boiling point of -10
°C are designed to maintain the air temperature in storage chambers within 0 + -6 °C. Low-temperature refrigerating
machines (NT XM) with a boiling point of -35 °C are designed to maintain an air temperature of -18 + -20°C.

To carry out these processes, one-stage refrigerators were used, the schematic diagrams of which are shown in the
first figure. The article presents an innovative technology which is based on the subcooling of liquid refrigerant NT
XM (Fig. 2). The essence of this scheme is that after the condenser, the liquid refrigerant NT XM is subcooled to
approximately 0 + -5 °C. Subcooling is carried out due to the boiling of the ST XM refrigerant. As a result, the
refrigerating capacity of the low-temperature circuit increases, but at the same time the heat load on the medium-
temperature circuit increases, which leads to an increase in the energy consumption of the medium-temperature
compressor unit. But in the end we get the effect which is a reduction in the total energy consumption of both

systems cold supply.

Key words: energy efficiency; energy consumption; refrigerating machine; subcooler.
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AmnHoTaua. B HacTosmee BpeMsa B COBPEMEHHbIX CyllepMapKeTax ¥ IMIIePMapKeTax MHUPOKO PACIPOCTPAHUIVCH
xonopunpHbele MammHbel (XM) ¢ AByMA TeMIepaTypHbIMU pexkxuMaMmu. CpefHeTeMIlepaTypHBIE XOJOJUIBHEIE
mamussl (CT XM) ¢ Temnepatypoit kunenus —10°C npenHasHaueHs! [ IOALEP>KaHUA TeMIIEPAaTypPhl BO3LyXa B
Kamepax xpaHeHus B npegenax 0 + —6°C. Huskoremneparypusie xonopuasasie Mamuast (HT XM) ¢ Temneparypoit
xunenus —35°C, npesHasHaueHS! A1 OALEPXKAHUI TeMIIEPATypsl Bo3gyxa —18 +~ —20°C.

Jl1 IpoBeieHN s STHX ITPOIIeCCOB UCIOIb30BAIICh OZHOCTYTIEHYATEIE XOIOAWIBHUKY, TPUHIIUIINAIBHbIE CXeMbI
KOTOPBIX IIOKa3aHHbI Ha IIepPBOM PUCYHKe. B cTaThe IpescTaBieHa NHHOBAIIMOHHAS TEXHOJIOTHA, KOTOpas OCHOBAaHA
Ha mepeoxyaxjeHun xuakoro xiaagarenra HT XM (puc. 2). CyTp 5TOH CXeMBI 3aKJIIOYaeTCA B TOM, YTO IIOCTIE
KoHzeHcaropa xuzakuit xmagarenr HT XM mepeoxnmaxzaercs mpumepHo po 0 -+ —5°C. Ilepeoxnaxzpenue
ocymecTpigercs 3a cder kunenus xnagarenta CT XM. B pesynbraTe X0I0Z0IPOU3BOAUTENFHOCTD HU3KOTEMIIEpaA-
TYPHOTO KOHTYpa yBeJIMYMBAETCH, HO IIPX 3TOM YBeJIMYMBAeTCA M TeIUIOBas HArpyska Ha CpeJHeTeMIlepaTypHBIH
KOHTYP, YTO IIPUBOJUT K IIOBBILIEHHIO SHEPro3aTpaT CpeJHeTeMIIepaTy PHOTro KoMIrpeccopHoro arperarta. Ho B utore

mony4yaeM 5¢(deKT — CHIDKeHHe 001LIero SHepPronorpebaeHua 00enx CUCTEM XOJI0L0CHAGKEHNUA.

KJIIO‘IeBBIe CJIOBA: Ie€peOoXJIaJUTEeNb; XOJIOAWJIbHASA MAIllWHA; BHePI‘OS(l)(beKTI/IBHOCTB; 3HepI‘OHOTpe6JIeHI/Ie;
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Carbon Dioxide Recuperation Using a Ranque-Hilsch Vortex Tube for Refrigerated Food

Processing
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E-mail: sulkhansuladze@gmail.com

Abstract. The disadvantage of the technological process of freezing food products using carbon dioxide is the
irrational use of its waste vapors. From the authors’ point of view, it is desirable to use carbon dioxide not only
directly on the line for freezing and cooling food raw materials. Cooling of carbon dioxide vapors after processing on
freezing lines with further use for refrigeration looks promising, for example, for freezing food materials, for which
the freezing temperature according to the technological instructions can be higher than the boiling point of carbon
dioxide -78 °C.

An innovative refrigeration machine based on a Ranque-Hilsch vortex tube has been developed for cooling waste
carbon dioxide for further use in the refrigeration processing of food products. It is based on carbon dioxide recovery

technology.

Key words: carbon dioxide; cooling; freezing; recuperation; refrigerant.
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E-mail: Givi.Gugulashvili@gmail.com

PeriensenTsr:
I'. BepyamBumu, acconuupoBaHHbIN Ipodeccop dakyrbTeTa TpaHCIOpTa ¥ MaurmHOcTpoeHus ['TY
E-mail: Giorgiberual @mail.ru
C. Cymapze, [Jupexrop Llentpa c6opa 1 peluKINPOBAHNA XOIOAUIBHUKOB

E-mail: sulkhansuladze@gmail.com

Annoranua. HezocraTok TeXHOJIOTHYECKOTO IIPOLLECCa 3aMOPaKMBAHMA IHIIEBBIX NIPOAYKTOB C IIOMOLIBIO
IHOKCH/IA YTIepo/ia COCTOUT B HEPAI[MOHAIPHOM IIPUMEHEHUH eTr0 OTPaGOTaHHBIX MapoB. C TOUKM 3peHUA aBTOPOB
JKeJIaTeJIbHO KCIIOIB30BATh NUOKCU], YIIepoZa He TOJIBKO HA JIMHUM 3aMOPAKUBAHUA U OXJIAKIEHUA IHUIIEBOTO
cpIpba. [lepCHeKTUBHBIM BBITLAAUT OXJAKIEHHME IIapoB AHOKCHAA YIJIepoja Iocjae OTpabOTKM HAa JIMHUAX
3aMOpPa)XMBAHUA C JATbHEHIINM HCIOTb30BAHUEM IJIA XOJOLWIBHON 06paboTKH, HATIPUMED, IJIA 3aMOPaKUBAHUA
IUIIEeBBIX MAaTEPUAIOB, I KOTOPBIX TEMIIEpPaTypa 3aMOPaXXMBaHUA 10 TEXHOJIOTHYECKOH HHCTPYKIIUN MOXeET GBITh
BBIIIIe TEMIIepaTy Pl KUTIeHU AUOKcu A yriaepoga — 78°C.

Paspa6oTaHa MHHOBAIIMOHHAS XOJOAVIbHAA MallMHA Ha OCHOBe BUXPeBOi Tpy6s! PaHka-Xuima At oxaaxzie-
HUA OTPabGOTAaHHOTO AUOKCHA YIJIEpOZa C IeJbI0 JajIbHEIIIero HUCIOIb30BAaHUA IPU XOJOJUIBHON 06paboTKe

MIAIIEeBHIX IPOLYKTOB. B OCHOBY IIOJIOXKeHa TeXHOJIOTUA PeKyIllepalluy ZUOKCHAA YIIeposa.

KirrogeBble c10Ba: AroKCcUz, yIiieposia; 3aMOpaKUBaHUe; OXJIAKACHUE; PeKyIIepalyis; XIaJareHT.
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Ol'IPe,Z[eJIeHI/Ie CTEII€HH BIVIAHUA PAa3THIHBIX (I)aKTOPOB Ha BOSHHKHOBEHHE JOPOXKHO-

TPpaHCIIOPTHBIX HPOI/ICHIeCTBI/Iﬁ

Tapudos Anmaxsepau [lemapraMeHT
J>xama orry
I'yceitna [xxaBuza 25
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JIOTUCTUKHN n 6e30ImacHOCTH ABUKEHUA,
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E-mail: sharifov.allahverdi@aztu.edu.az

Peremsent

O. l'emamsunu, npodeccop daxynpreTa TpaHcIOpTa U MamuHOCcTpoeHus ['TY

E-mail: o.gelashvili@gtu.ge

AnHoTanusa. BaxHO 3HaTh CTeleHb BIMUSHUS Pas-
IUIHBIX (AaKTOPOB Ha BOSHUKHOBEHME JOPOXKHO-TPAHC-
MIOPTHBIX IpoucirecTBuii. Hau6osee Bausomum daxTo-
POM Ha TOPMO3HO Iy Th aBTOMOGHIIA ABJIAETCA CKOPOCTh
neroxeHusA. CKOPOCTD JBIDKEHU KBaZPATUIHO IIPOIIOP-
IMOHAIbHA TOPMO3HOMY IIyTH. B cBasu ¢ aTum daxTo-
poM, IIpM aHajJHM3e 3HAUYeHMsA APYTUX IIOKasaTejneii cox-
paHsfeM IOCTOSHHBIMH, a CTeIeHb BO3JeiCTBUA M3Me-
HeHMA 3HAaYeHMA CKOPOCTH B Pa3IHYHBIX MHTepBanax

3a/laHbI B IIPOII€HTAX.

KiriogeBbie ¢10Ba: 10poKHO-TPaHCIIOPTHOE IIPOKC-
IIecTBHe; OCTAHOBKA; MPUYMHA; CKOPOCTH; TPAHCIOPT-

HBIHA MMOTOK.

Beepenue
ABTOMOOGHIBHBIH TPAHCIIOPT HE TOJBKO UIPAeT IIO-

JIOXKHUTEJIBHYIO POJIb B DKOHOMHUKE CTPAHBI, HO M1 CO374a€T

ISSN 1512-0996
www.shromebi.gtu.ge

OTpHLaTeIbHble BIUAHIS, TAKKE KaK 3aTPA3HEHUE OKPY-
JKarolel cpefsl, IIpo6IeMbI TOPOACKOTO CTPOUTEIBCTBA,
COKpalieHue 3anacos Hedtu u Tak gasnee. HeratupHsIMu
(baxropamMu Ipomecca aBTOMOOMIM3ALUN  SBILAIOTCS
IOPO’KHO-TPAHCIIOPTHbIE IIPOUCLIECTBHUS, B pe3yJIbTaTe
KOTODBIX JIOAX TMOHYT, IOJIYyYaiOT TPaBMBI U IIOJBEp-
raloTcsA KPyIHBIM MaTepHaibHbIM yiiepbam. Exerogso B
aBTOMOOMJIBHBIX aBAPUAX HA IIIaHETe ITOrnbaeT B Cpefi-
HeM 1,2 MumnnoHa uesnosek. Beero B XX Beke B pe3yib-
TaTe TAKUX IPOUCIIECTBUII MOrubo 6osee 3 MUIMOHOB
yesoBeK. Takue IIOTEPH MOXKHO CPAaBHHUTh TOJBKO C
BotiHamu. ITo sroil mpuumune Ha ceccuax OOH curya-
LU0 C JOPOXKHO-TPAHCIOPTHBIMH IIPOMCIIECTBUAMU
Ha3BaJIX IJI00AIBHBIM KPU3HUCOM U IIPU3BAJIH BCE CTPAHBI
IIPOSABUTH TBEPAYIO MOTUTHYECKYIO BOJIO [ PeIlleHUs
aToi TMpobaemsl. 3-3a BRICOKOTO YPOBHA aBTOMOOMIN-
3aIMM B PasBUTHIX CTPAHAX MATEPHUAIBHBIA yiiep6 oT
ZDOPOXKHO-TPAHCIOPTHBIX ~IIPOMCLIECTBUN COCTaBIAET

oxo0s10 10% romoBoro HaIMOHAIBHOIO JOXOA.
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OcHoOBHas 4acTh

BrIcTphIil pocT KOTHYeCcTBa aBTOMOOUIEH IIprBeia K
CHUXEHHUIO 6eBOIIaCHOCTI/I ILOPO)KHOI‘O ABHKEHHA. BTO
OCO6€HHO 3aMEeTHO Ha aBTOMaI‘I/ICTPaJI}IX, Bbe3JaxX U
BbI€31aX B KPyHHBIe I‘OPO,Z[EI, a TaK)Xe Ha I‘OPO,D;CKI/IX
yJII/IHaX nu ,U;OPOI‘EIX C MHTeHCHUBHBIM JIBHK€HHWEM.

JOpOXHO-TPaHCIIOPTHBIE

IIPpOMICHIECTBHA MOTyT

IIPOMCXOAUTD II0 HECKOJBKHM IIPUYMHAM. B cpeaHeM Ha

xaxzgsle 100 ZOPOXHO-TPaHCIIOPTHBIX ITPOUCUIECTBHUIL
npuxoautcs 250 npuyuuH 1 haKkTOpOB.

VizaMeHeHe pexxuMa IBIKEHU JI060T0 aBTOMOGHIIS
B TPAaHCIIOPTHOM IIOTOKE IIOBJIEUET 3a COOOH M3MeHeHue
peXuMa ABMKEHH A IPYTUX TPAHCIIOPTHBIX CPEJICTB.

Bo BpeMs IOpOXHO-TPaHCIIOPTHBIX IIPOUCIIECTBUI
OTYeTHI COCTABJIAIOTCA IIyTeM OIpefeIeHUs 3HAYeHHi
($akTOpOB, BIMAIOIIMX HAa OCTAHOBOYHBIH IYyTh, UTO

ABJIAETCS KJIIOYEBBIM ITOKaszaTemem [1].

Puc. 1. ITocnencreue OTII.

B memom pacuer Topmosroro myTu npu JTII ompe-

JiesieTcsl KJIaCCUYeCKUM BhIpaKeHueM [2]:
2
Se = (b + tgp +0560) 34 + i
Tze t,- BpeMs peakIuu BOJSUTENs, KOTOPOe 3aBUCHUT OT
ero ICUXO(PU3MOIOTUYECKOTO COCTOSHUSA, YCIOBHUI
paboTs! u T. I., @ 3sHaueHue Bapsupyercs ot 0,3 mo 2,5
CEeKyH7, B 3aBHCHMOCTU OT Pas3IH4YHBIX (pakTopoB. [l
HOPMaJIBHBIX YCJIOBUH ABMXeHUA nmpuHaro: £,.=0,8...0,9
cex.; to, — BpeMs cpabaThiBaHKA TOPMOSHOTO MeXaHU3Ma
u Mensercs ot 0,2 1o 0,4 cekyHZ B 3aBUCHMOCTH OT KOH-
CTPYKTHUBHBIX OCOOEHHOCTE! TOPMO3HOTO MeXaHHU3Ma,
THIIA ¥ TEXHUYECKOTO COCTOSHHA TPAHCIIOPTHOTO Cpe-
ICTBa; t, — BpeMs HapaCTaHUA YCKOPEHUSI B TOPMO3HOM
MeXaHH3Me, BpeMA OT MOMeHTa BKJIIOYeHH TOPMO3HOTO
MeXaHHM3Ma O MaKCHMaJIBHOTO IOBBIIIEHH JaBI€HUA B

cucreMe, Konebiuerca B npegenax 0,3-0,7 cexynzsy; V, —
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CKOPOCTH aBTOMOOMIIA, KM / 4; 3,6 — IIOCTOAHHBIH KO3d-
(dULKeHT, A1 BEIPAXXEHUA CKOPOCTH B M/c; k, — K0ad-
¢dunueHT 5 PeKTUBHOCTH TOPMOXKEHUA, KOTOPHII U3Me-
Hsercsa B auamasone 1,1-2,0 B saBucumoctu ot tuma TC
U TPY30IOLBEMHOCTH; (p — CLIEIIEHHE MEXY KOJIECOM 1
JIOpOToii; O — TPOAONBHEINA YKJIOH [JOPOTH, «+» Ha
IIOZBEME, «-» Ha CITyCKe, TPaf,.

IlockonbKy H3MeHeHUE CKOPOCTU TPaHCIIOPTHBIX
CPeZACTB B TPAaHCIIOPTHOM IIOTOKE IIPUBOIUT K M3MeHe-
HUIO UX TOPMO3HOTO IIyTH, BAXXHO OIIPEeIeIUTh CTeIIeHb
BIUAHNA (AaKTOPOB HA OCTAaHOBOYHBIM MyTh. B aToM
cilydae IPUHUMAIOTCS Te 3HaueHUs (HaKTOPOB, KOTOPEHIE
YacTo BCTpedaroTcsa. IIpum 5TOM, KpoMe CKOPOCTH,
(bUKCUPYIOTCA TIOCTOSHHBIE 3HaYeHWA APYTHUX IIOKasa-

Temnew, BINAIOIINX Ha TOPMOSHOﬁ IIyThb aBTOM06I/IJI}I, Ta-
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KHUX KaK: BpeMs peakI[iy BOJUTEJsI, BpeMs cpabaThiBa-
HMSA TOPMO3HOTO MeXaHU3Ma, K03 uiueHT sppeKTuB-
HOCTH TOPMOXXEHHU, YTOJI IIPOJOJIBHOTO HAKJIOHA.

Xapakrep BiIMAHHA BceX (AKTOPOB HA TOPMO3HOM
IIyTh QBTOMOOMJIA MOXHO OIpPEeIEIUTh TOJBKO IIyTeM
W3MeHeHWs 3HaYeHMs CKOPOCTH IIPH IIOCTOSHHBIX 3HA-
ueHHAX Apyrux ¢akropos. Ecam stu daxToper mame-
HAIOTCA Ha OOJIBUIMX MHTEPBAJaX, OCTAHOBOYHBIN ITyTh
OyZeT HOJIydyaTh COBEpPIIEHHO Apyrue 3HaueHud. Ham-
pUMep, OCTAaHOBOYHBIN IIYTh aBTOMOOMJIA C BBICOKOH
CKOPOCTBIO JBIDKEHHUSA IIPH HU3KOM 3HAYeHUU BpeMeHU
peakIuy BOgUTeNIA U IIPU BEICOKUM KO3 dUITHEHTe CIie-
IIJIeHUA KOJIeca C ,OPOTOi II0YTH PaBHA OCTAHOBOYHOMY
ITyTH TaKOTO YK€ aBTOMOOMUILA, ABIKYIETOC IO CKOJIB3-
KO IOpore ¢ HU3KON CKOPOCTBIO M YIIPaBILEMOIO BO-
IUTeieM C HU3KOM CTeleHbI0 peakuuu [4].

B pacuerax 3HaueHus IOKasaTenell, BIMUAIOUIUX Ha

OCTaHOBOYHBIH IIYyTh IPUHATHI CJI€AYIOINM 06P330M2

Bpems peaxnuu Bogurens — t, = 0,9 cex;

Bpems Havanma TopMOXKEHUS — tep = 0,5 cek;

Bpems pasroHa B TODMO3HOM MeXaHH3Me — [, =
0,3 cek;

Koadbdunuent apdexrusrocTr TopmoxeHus — k, =
1,2;

Yroin ykioHa goporu — o = 0;

KosdunueHT cuemneHus Kojeca C ZOPOroi — @ =
0,75.

PaccmoTpuMm cydail M3MeHEHHS TOPMO3HOTO IIyTH
CO CTyIIeHYaTHIM yBenrdeHneM ckopoctu oT 20 KkM/4 1o
200 xm/u xaxzsre 20 KM/4, IpU COXpaHEHUU 3HAYEHUH
IIapaMeTpOB, YKa3aHHBIX B IIPHBeIeHHOI BbIe (hopMyIe
OCTaHOBOYHOTO ITyTH IIOCTOSHHBIM.

PacueTHBle 3HaYeHUA TOPMO3HOTO IIyTU B 3aBUCHU-
MOCTH OT U3MeHEeHU 3HaUYeHUA CKOPOCTU NTPUBEZEHBI B

tabiunax Hwke (Tabmumna 1., Ta6auia 2.).

Ta6amia 1.
Orenka THMHEI TOPMO3HOTO ITyTH HAa Pa3HEIX CKOPOCTAX U BIMAHUA OT/IeILHEIX TTOKa3aTeei
(tps Leps tq VA Lyop) HA OCTAHOBOYHETH TTyTH
OcTaHOBOYHBIH IIyTh, M
CkopocTs
Ne ABIDKEHMA ITyrTs, ITyrTs, ITyrTs, T .
OPMO3HOI IIyTh
asromoGus Vg, IIpOMIeHHEIH 32 IIpOMIeHHEIH 32 IIpOiIeHHBIH 32 P (5.0 Y O6ee
s
K/ tp, M tcp, M ty, M ToP
1 20 5,0 2,70 0,83 2,5 11,13
2 40 10,0 5,56 1,67 5,1 27,30
3 60 15,0 8,33 2,55 22,7 48,551
4 80 20,0 11,11 3,33 40,3 74,76
5 100 25,0 13,89 4,17 63,0 106,50
6 120 30,0 16,67 5,00 90,7 142,38
7 140 35,0 19,44 5,83 123,5 183,74
8 160 40,0 22,22 6,67 161,3 230,15
9 180 45,0 25,00 7,50 204,1 281,59
10 200 50,0 27,70 8,33 252,0 338,08
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Tabanma 2.

OHeHKa AJHHBI TOPMO3HOI'O ITYTH Ha PasHBIX CKOPOCTAX M BAUAHUA OTHEIBHBIX oKa3aTesyien

(t,s teps tq VO L) HA OCTAHOBOYHELH ITyTh

OcraHoBouHBIH Iy Th, %
CkopocTs
Ne ABIDKEHUA ITyrTs, ITyrTs, IMyTs, T .
OpMO3HOI1 ITyTh
aromoGua Vo, MpOi/IeHHBIi 32 | IPONIEHHBIN 38 | IPONAEHHBIN 3a P Y O6ee
EM/q o o o (Srop)s %
tps Y% teps Y% ty, %
1 20 449 25,0 75 22,6 100
2 40 36,6 20,3 6,1 36,9 100
3 60 30,9 17,2 5,2 46,7 100
4 80 26,8 14,9 45 53,9 100
5 100 23,6 13,1 3.9 59,4 100
6 120 21,1 11,7 3,5 63,7 100
7 140 19,0 10,6 3,2 67,2 100
8 160 17,4 9,7 29 70,1 100
9 180 16,0 89 2,7 72,5 100
10 200 14,8 82 25 745 100

Amnanusupys Tabnuny 1. u Tabauny 2., MOXHO cze-
JIaTh BBIBOJ, YTO NPHU yBeIMdeHUU ckopocTtu ¢ 20 xm/4
1o 200 xm/4 xaxzgsie 20 KkM/49 3HaUeHHUe NPOHEHHOIO
IMyTH 32 BPeMs peakIuy BOAMTENSL IO CPaBHEHWIO C
OGLIMM TOPMO3HBIM IIyTeM B TeueHue IepBoro pocra 20
kM/4 cHmxaercs ¢ 44,9% gno 36,6% (pasuuma 8,3%).
CooTBeTCTBEHHO, ITpU NocIexytomux ckopoctax 60, 80,
100, 120, 140, 160, 180 um 200 xM/4 3TO CHIDKeHHUE
cocrasiuset ¢ 36,6% no 30,9% (pasuuua 5,7%), 30,9% c
26,8% (pasuuma 4,1%), ¢ 26,8% gno 23,6% (pasuuna
2,1%), ¢ 23,6% mo 21,1% as (pasuuna 2,5%), c 21,1% no
19,0% (pasuuma 2,5%), ¢ 19,0% go 17,4% (pasuuua
1,6%), ¢ 17,4% po 16,0% (pazuuna 1,4%) u ¢ 16,0% no
14,8% (pasuuua 1,2%). AnamoruyHbIM OOpasoM [t
[TOKA3aHHBIX 3HAYEHUM CKOPOCTY BPeMs CpPabaTHIBAHIISL
TOPMO3HOTO MexaHu3Ma cHmxaerca ¢ 25,0% zo 20,3%
(pasuuna 4,7%), ¢ 20,3% zmo 17,2% (pasuuua 3,1).%), ¢
17,2% no 14,9%. (pasuuua 2,3%), ¢ 14,9% mo 13,1%
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(pasuuua 1,8%), ¢ 13,1% mo 11,7% (pasuuna 1,4%), c
11,7% mo 10,6% (pasuuua 1,1%), ¢ 10,6% mo 9,7%
(pasuuua 0,9%), ymensimenue ¢ 9,7% no 8,9% (pasxuna
0,8%), ymensimenue ¢ 8,9% xo 8,2% (pasuuma 0,7%) u
BpeMs yBeJIHYEeHUS YCKOPEHHU B TOPMO3HOM MeXaHU3Me
ymeHnmaercs ¢ 7,5% zmo 6,1% (pasuuna 1,4%), ¢ 6,1% no
5,2% (pasuuna 0,9%), ¢ 5,2% zmo 4,5% (pasuura 0,7%), ¢
4,5% mo 3,9% (pasuuua 0,6%), ¢ 3,9% mo 3, mo 5% (
pasuuna 0,4%), ¢ 3,5% o 3,2% (pasuuna 0,3%), ¢ 3,2%
1o 2,9% (pasuuma 0,3%), ¢ 2,9% gmo 2,7% (pasuuna
0,2%), ¢ 2,7% mo 2,5% (pasuuna 0,2%). Kax BuzgsO, BO
BCEX Tpex CJIydasx yMeHbUIeHWe CTAHOBUTCI Goiee
HEe3HAYHUTEIbHBIM C yBeIMYeHHEeM CKOPOCTH.

Ha xaxzgsie 20 xm/4 yBeIWYeHHSI CKOPOCTH TOP-
MO3HOH myTh yBemmumBaerca c 22,6% zmo 36,9%
(pasuuna 14,3%), ¢ 36,9% no 46,7% (pasuuua 9,8%), ¢
46,7% mo 53,9% (pasuuua 7,2%), ¢ 53,9% mo 59,4%
(pasuuna 5,5%), ¢ 59,4% mo 63,7% (pasuuua 4,3%), ¢
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63,7% mo 67,2% (pasuumna 3,5%), ¢ 67,2% mo 70,1%
(pasuuua 2,9%), c 70,1% mo 72,5% (pasuumna 2,4%) u c
72,5% mno 74,5% (pasuuua 2,0%).

C yBenndyeHMEM CKOPOCTH TEMII YBEJIWYEHHS TOP-
MO3HOTO IyTH HAYUHAET IIOCTEIEHHO YMEHBIIATHCS.
YBemnuenue ckopocru ¢ 20 xm/u mo 40 xm/u yBemu-

yuBaeT TOpPMO3HOHM myTe Ha 14,3% , a yBenuueHue

90

cxopoctu ¢ 40 xm/u mo 60 xm/4u Ha 9,8%, yBenrnueHue
cxopoctu ¢ 180 xm/u 5o 200 xm/gac Ha 2,0%.

Ha puc. 2 mokasaHO M3MeHeHHe 3HauYeHHUsI TOPMO3-
HOTO IIyTH B IPOIEHTaX B 3aBUCHMOCTH OT BpPeMeHH
peakiuy BOZUTES, BpeMeH! CpabaTbIBaHUA TOPMO3HO-
TO MeXaHHM3Ma, BpeMeHU HapacTaHUA YCKOPEHUI B TOP-

MO3HOM ME€XaHH3Me.

Soc, %
80

tp1,6 CEK

70 \
NN
50 \&

40 \
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<
N

30

\Sp+Scp%\<\

\\

20 \

—
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0
0 50 100 150 200 Va’ Kkm/u 250
Puc. 2. Tpa¢wk srusausa Sy, ¢y, Sg 7 Sip

Ha TOPMOBHOfI IIyTh aBTOMOGHIIS B IIpoIleHTaxX

Kak BuzpHO m3 rpadmka, BO Bcex CIydasfx IIO Mepe
yBeJIUYeHUA CKOPOCTH BpEMS peaKIIuH BOJUTEIA, BpeMs
BKJIIOYEHHS TOPMO3a X BpeMs YCKOPEHU IIPU TOPMOXKEe-
HUM, TEMII POCTa BO3JEMCTBHMA HA TOPMO3HOHU IyTh B
TIPOIleHTaX yMeHblnaeTcsa. VI3 HUX HaWMeHbIIee BIIMA-
HY€ Ha OCTAaHOBOYHBIM ITyTh OKAa3bIBAET BpeMs peaKIuu
BOAUTENd, a HaubOJbllee BIMIHHE OKA3bIBA€T TOP-

MO3HOM IIyTh.

3akioueHue
Amnanusupys BauaHue daxropos Ha JITII B moporax,
MOXXHO CZIeJIaTh BBIBOJ, UTO, B OTJIMYHE OT APYIHX IOKa-

3aTesel, BAMAIOIINX HA TOPMO3HOM IIyTh, yBeJIHYCHHE

ISSN 1512-0996
www.shromebi.gtu.ge

119

CKOPOCTH IIPUBOJUT K KBaZPaTUYHOMY YBEJINYEHHIO JAHC-
TaHIIUU MeXAy aBroMoGrIamu. 1o aToit mpuynHe Beeraa
aKTyaJeH BOIIPOC M3Y4YeHHS CKOPOCTH IBIDKEHUA IIPU
JOPOXHO-TPAHCIIOPTHOM IIPOMCLIECTBHH [5].

B menom, ucciesoBaHuS [IOKa3aIy PAZ, IMOJIOKEHUH,
KacaroluXCsi CKOPOCTH IepeiBIDKeHH [6]:

- PHUCK aBapuH B TPAaHCIIOPTHOM IIOTOKE CYILECTBYeT
KaK IJIs CpeJHeCKOPOCTHBIX, TaK M JJI BBICOKOCKOPOCT-
HBIX TPAHCIIOPTHBIX CPE/ICTB;

- pI/ICK TpaBMBI BBIIIIE B aBTOMO6I/IJIHX, ,ZLBI/I)KYH.(I/IXCH co
CKOPOCTEIO BbILIE CPeNHEeN;

- TAXeCTb aBapI/II/I 3aBHCHUT OT M3MEHEHUA CKOPOCTI/I

aBTOMOOUJIA IIPU yZape.
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CorracHO HEKOTOPBIM HCCIeOBaHUAM, IIPeBhIIIeHHe  IIPUYMH CTOJIKHOBEHMH — 3TO ABMXKEHHE CO CKOPOCTHIO,
CKOPOCTH fAB/IAeTCA IpuuuHOil 40% HeCUYacTHBIX CIy4aeB  IIpeBhIIAIONIEN CKOPOCTh, IIPU KOTOPOIl aBTOMOGHIIB

CO CMEpPTENbHBIM MCXOJO0M. O,Z[Ha 13 HauboJjee YacThIX MOXXET OCTAaHOBUTCA 10 CTOJIKHOBEHUA.
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350bsBOHOLOM 9M580Bsbdgfmboros, G530 ol
Jugedo 0393l 9gEH0MMo Loddwsgzmoby s gbg-
23006 OE 65356MgdL. sFoBHMI LsFoMm bEgds
695J3H0o  boddEsz®mol 3md3gblogos Gmymes
bgdomomo dsd30l sb93g LETMOEIM S VIO
35030L Jugargddo.

bEv-ob 3G™3gdo — Works of GTU — Tpyam I'TY
Ne3 (521), 2021

999 BHOMLOLEYIOL  Bodbodogrwy®H s Fobosb
dosbarmgdme 69009030 LobEgdsfatdmdddbgero
Jugeol Bmyoghod 3356d80, Losg JogHmgdwwos
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doM0omsEOo bsfjoeno
596050, 332J3L  28mEoby:  ,03398530 Jugerol  Bmagdnmo  3356d0L @, Bgsgdono  LoddersgHols
330050 35©65foegds Fobmsb Foghomgdwem Asbsffoegdgmo Jugwol s@gzommgols 3356370 dmGob“.
90 59m3960L LoHyoLo Fmbsgdgdos:
v Q,3905565Fowgdgro Hgog@orero Loddwsgmyg, 9p356;
v 3sBsfoemgdgo Jugeol 3356360 LoddwsgEgado Q;, 8335M; i = 1,2,...1n LobEgdsfo®dmaddbgeo
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APy = min;
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*  9Bo©30L X3H20mBs ©OBHI0OM30L 3356d930L dodotron:
0<0Q,;=<-0:(1)
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n

n
1
6

i=1j=1
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3bd0s BoofgMgds dgdgy Labgdo:

APy = %Z Z(Qi + Q) (Q; + Qy)Ry;
651 7=1
35000 Bs500b 356(92¢1985, 8935020bMm® WogMsbigol gmbdsos [3]:
L = APy + AW = min.
L5SE A 9OHOL WM BHOL ZoblsBMgz®gero 50Msg3E0o.

©G30OM30L 339609880 Ldogdgo Q ; LoBIEe36)700 {BOLIBEZMYds Fg8EO 30MHMBOEH [4]:

d 9
— APy +A=—W =0;i=12,..,n

aQJi aQJI:
5byy
n
2 .
—ZZ(Q,- +Q,)R;j+A=0i=12,...,n
Ug 4
j=1
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Optimal Rescheduling of the Additional Reactive Power Source Selected in a Backbone
Network to a Distribution Network

Omar Zivzivadze Department of Energy and Telecommunications, Akaki Tsereteli State University,
Georgia, 4600, Kutaisi, 98 Youth str.
E-mail: omarzivzivadze@yahoo.com

David Japaridze Department of Energy and Telecommunications, Akaki Tsereteli State University, Georgia,
4600, Kutaisi, 98 Youth str.

E-mail: datojaparidze1995@gmail.com

Reviewers:
P. Akhaladze, Associate Professor, Faculty of Technical Engineering, ATSU
E-mail: pridon.akhaladze@atsu.edu.ge
K. Tskhakaia, Associate Professor, Faculty of Technical Engineering, ATSU

E-mail: ketevan.tskhakaia@gmail.com

Abstract. An additional (generation) source of reactive power may be required in a backbone network node
(Up, = 220 kv) which has a heavy reactive load. When solving this problem, in a technical-economic sense, it is
advisable to place this additional source of reactive power not in the mentioned node of a backbone network, but in
the nodes of a distribution network (U,, < 110 kv) connected to this node.

This problem specifically involves: optimal rescheduling of total power of the additional reactive power source
selected according to a voltage criterion in a backbone network node between the distribution network nodes
connected to this node.

The relevant optimization equations created in the article and the obtained mathematical model allow us to solve
this problem effectively and successfully. The condition for optimality here implies the best economic returns, while
the objective function is to minimize active power losses caused by nodal reactive powers. That was why we used

the economic criterion as the main criterion in solving this problem.

Key words: additional source of reactive power; backbone network; distribution network; optimization; reactive

power.

bEv-ob 3G™3gdo — Works of GTU — Tpyam I'TY ISSN 1512-0996
Ne3 (521), 2021 128 www.shromebi.gtu.ge



Ls0bg0b®m bsgdg — Engineering — Mimxenepnoe meno

UDC 621.311
SCOPUS CODE 2208
https://doi.org/10.36073/1512-0996-2021-3-123-129

OnrumanbHOE IIepepaciipesiejienue mOII0OJTHUTEIPHOTO HCTOYHUKA PeaKTHBHOfI MOIITHOCTH,

BRIOPaHHOTO B CHCTEMOOOPa3yIomIeii CeTH, B PacIpefieIMTeIbHYIO CeTh

Owmap 3ussuBazse JlemapraMeHT SHEPTeTUKHU U TeJIeKOMMYHUKaIuii, [ocyZapcTBeHHbIH YHUBEPCUTET UM.
Axakus lleperenu, I'pysus, 4600, Kyraucu, yi. Monozexu, 98
E-mail: omarzivzivadze@yahoo.com

Jasug xanapuzse JlemlapTaMeHT SHEpTeTUKY U TeJIeKOMMYHUKaIuii, ['ocyzapcTBeHHbIH YHUBEPCUTET UM.
Axaxus Leperenu, I'pysus, 4600, Kyraucu, yi. Momozexu, Ne98

E-mail: datojaparidze1995@gmail.com

PeriensenTsr:
®. Axamapase, acconnrpoBaHHbII Mpodeccop HHKeHepHO-TexHuIecKoro dakyabrera ['YAILL
E-mail: pridon.akhaladze@atsu.edu.ge
K. ITxakasd, acconuupoBaHHsI# Ipodeccop HHXeHepHO-TexHUYecKoro (akynprera ['YAIL

E-mail: ketevan.tskhakaia@gmail.com

Anmoramusn. B ysne cucremoobpasyromeit cetn (U, = 220 XKB) , MMeromel GOJBINYI0 PEaKTHBHYIO Harpys3Ky,
nHOTJa TpeOyeTcs yCTaHOBKA MOTIOTHUTEIHHOTO (TEHEPUPYIONIET0) HCTOYHNKA PeaKTHBHOW MOITHOCTH. [Tpu permenue
3TOH 3a7a4M C TEXHUKO-3KOHOMHUYECKON TOUKHU 3PEHUS JOTOJTHUTENbHBIA UCTOYHHUK 33JJaHHON PEaKTHBHON MOIIHOCTH
1enecooOpa3Ho pa3MelaTh He B YKa3aHHOM y3JIe CUCTeM0ooOpa3yollei ceTy, a B y3i1ax pacnpeenurensaoi cetn (U, <
110 KB), MOAKIIOYCHHBIX K 3TOMY Y3I1Iy.

Ora 3amada KOHKPETHO O3HAYaeT: ONTHUMAILHOE paclpeleicHrne CyMMapHOW MOIIHOCTH JOTIOJHUTEIHLHOTO
HCTOYHUKA PEAKTHBHON MOIIHOCTH, BHIOPAHHOTO MO KPHUTCPHIO HAMPSDKCHHUS B CHCTEMOOOPA3YIOIIEM CETEBOM Y3IIe,
MEXIY y3JIaMH PacTIpeAeTUTeIbHON ceTH, IOAKITIOYCHHBIMU K ATOMY Y3ITy.

CocTaBJeHHBIE B CTaTh€ COOTBETCTBYIONIME YPaBHEHHS ONTHUMHU3AIMU W TPHUHATAs MaTeMaTHdeckas MOJeIb,
MO3BOJICT JI(PQPEKTHBHO W YCIHCIIHO pEIIaTh 3TOT BOMPOC. YCIOBHE ONTHUMAIBHOCTH 3[€Ch MOJpa3yMeBacT
MaKCHMAaJTbHBI 9KOHOMUYECKH 2P eKT, a neneBast GyHKIHUS — MUHIMH3UPOBATH MOTEPH aKTHBHOW MOTITHOCTH. Mcxomst

W3 3TOTO, MIPU PEIICHUH MOCTABJICHHOW 33/1a4d, MbI UCTIOJIb30BAIM KPUTEPHUM 3KOHOMHUH KaK OCHOBHOM KpUTEPHUH.

KiioueBble CJIOBA: IOTMOTHUTEBHBIH UCTOYHUK peakTuBHOM Momuoctr (MPM); onTuMusanus; pacnpezenu-

TE€JIbHAA C€Th; pEAKTUBHAA MOILIHOCTB; CHCTeMOO6p33yIOH.IaH CeTh.

8sbboenzol mstowo 10.03.2021
d90mabzerol ovsmoeo 08.03.2021
bgerdmfgeoemos sbsdg s 29.09.2021
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yCTpOfICTBO AJIA TallleHWA THAPABINYECKHUX YAAPOB B HAIIOPHBIX THAPOTPAHCIIOPTHBIX

JemapraMeHT rOpPHOH TeXHOJIOTUH, I'pysMHCKUI TeXHUYeCKUil yHUBepcHUTeT, I'pysus,

yCTaHOBKax
Jleon Maxapap3e
0160, Téumucu, yi1. M. Kocrasa, 75
E-mail: Imakharadze@gtu.ge
PeriensenTsr:

H. Monopunu, mpodeccop ropHo-reosorumdeckoro gaxyaprera I'TY

E-mail: nor_mol@mail.ru

I'. Tabarazase, mpodeccop, samepuT ropHO-reororudeckoro ¢axynasrera I'TY

E-mail: Gordatab@mail.ru

AnHoTanusa. PaccMoTpeHHOe B IaHHOI paGoTe yc-
TpOfICTBO AJIA TallleHUA TUAPaBINYeCKHUX yAapoOB B Ha-
IIOPHBIX THAPOTPAHCIOPTHBIX YCTAHOBKAX, COAEPXKUT
paspyllaeMyIo IpeIOXpaHUTEIbHYIO MEMOPaHY, THOKYIO
nuadparMy, pasjeaiouryio KOpITyC Ha Be COOOIeHHEIe
C MaTUCTPaJIbHBIM TPYOOIIPOBOJOM YacTH, Ha KOTOPOH C
HIDKHeH CTOPOHBI 3aKpeIUIeH IIPOCEYHOH YZapHUK, a C
BepXHel CTOPOHBI IIOCPEACTBOM IITOKA — I'PY3, C LIEJIBI0
yBenudeHUs HaZexXHOCTH U sddekTBHOCTH cpabaTsi-
BAaHUSA NIPH HAIUYUU B )KUAKOI cpefie aGpasuBHBIX TBEP-
IBIX 4acTHI. ['py3 BBIIOJHEH B BUJe IOPIIHA, XeCTKO
CBA3aHHOTO ¢ TUOKO# AuadparMoii U IPOCETHBIM yaap-
HUKOM M OOpasylollero [Be TepMeTHYecKue IIOJIOCTH,
3aIIOJIHEHHbIE BA3KOH JXUAKOCTBIO, IPU 3TOM HIDKHIIL
II0JIOCTH M30IMPOBaHa OT MarUCTPaTbHOTO TPYOOIPOBO-
Zia TIOCPeZCTBOM YIIPYTOTO PasfelnTeIbHOTO 3JIEMEHTa,
PAacCIIOIOXKEHHOTO /[0 O6GpaTHOTO KiallaHa, a BepXHAA
IIOJIOCTH — IIOCPE/ICTBOM TaKyKe YIPYTOTO paszenTelb-
HOTO B3JIeMEHTa, PACIOJIOXEHHOTO IIociae O6GpaTHOTO

KJIaIlaHa.
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KirioueBbie c0Ba: abpasuBHble TBep/ble IaCTHULBL;
rubkas guadparMa; MarMCTPaIbHbIM TPYOOIPOBOJ,; Ha-
IIOPHBIH OGPATHBII KIAllaH; IpefoXpaHUTeIbHAA MeMO-

PaHa; MPOCEYHOU yJapHUK; Pa3fenuTeIbHbIN dJIeMeHT.

Beepenue

Co BTOpOIl IIOJOBHHBI IIPOLIOTO BeKa HAIIOPHBIE
TPyGOIIPOBOAHbIE THUAPOTPAHCIIOPTHBIE CHCTEMSEI, T.€.
TPAHCIOPTHPOBAHKE PA3MUYHBIX TBEPABIX CHITYIUX
MaTepHasoB II0CPeZ,CTBOM ITOTOKA KalleIbHOM KUAKOCTH
(B OCHOBHOM BOZBI) II0 HAIIOPHBIM TPYGOIIPOBOAAM HAalI-
JI0 IMPOKOEe IPUMeHeHHe BO MHOTHUX cdepax IIPOMBIII-
JIEHHOCTH U CeJIBCKOTO XO3fiCTBA. OTO OGYCIOBIEHO
MHOTHUMH IIOJIOXKUTENBHBIMU CBOMCTBAMM IIO OTHO-
IIEeHWIO K TPAAUIMOHHBIM BUIAM TPAHCIOPTA.

ITpu HamopHOM TPyGOIPOBOAHOM TUAPOTPAHCIIOPTE
mo TpybompoBogaM (aKTHIECKH BCErfa TPAHCIOPTHU-
pyercs TpexcdasHas THUAPOAdPOCMeCh (YACTUIBI TBEP-

AbIX, a6pa3I/IBHBIX, CBIITYYNX MaTe€pHaJOB + HeCyIasa

ISSN 1512-0996
www.shromebi.gtu.ge



Ls0bg0b®m bsgdg — Engineering — Mimxenepnoe meno

cpeza - KalleJIbHasA KUIKOCTD + HepaCTBOPEHHBIH B KU -
KOCTU BO3ZYX, KOTOPBIM OGJIOXKEHBI YaCTHUIIBI TBEPJOrO
ceimydero MaTepuana). Oco6eHHO IpIMeYaTeTbHbIM AB-
JeTCa TO 06CTOATENBCTBO, YTO B IIPOIlECCE TPAHCIIOP-
THPOBaHUA (IIepeMelleHNs) 110 AJINHE TPYyGOIpOBOLHOM
MAarucTpajy, B 3aBUCHMOCTU OT PeXUMa IepeMelleHu,
MOTYT B 3HAUMTEJBHOM CTEeNeHHM M3MEHHTHCA OOBeMBI
COCTaBJIAIOIUX DJIEMEHTOB U, COOTBETCTBEHHO, UX KOH-
IeHTpanuu. Bce 5To MOXeT OBITh IPUYMHOI BO3HU-
KHOBEHM HEeyCTAHOBHUBILINXCA IIPOILECCOB, B HEKOTOPHIX
CTydasxX THAPABINYeCKUX YIApoB, KOTJa yBeJndeHHe
3HAYeHUd JaBJI€HUN MOXeT OBITh TOCTUTHYTHh AO 3HA-
YNTEIBHBIX BeJIMYMH, BBI3BABIINX Cephe3Hble aBapuu U
3arpsA3HeHNe OKPY’Kaloleil cpesbL.

W3 BBIMEN3TOXEHHOTO BUAHO, YTO IIPOIECC fAB-
JIA€TCA NOBOJBHO CJIOXKHBIM, AJIA yCTPAaHEHUA KOTOPOTO
0065I3aTeIBHO CIeAyeT OCYIeCTBUTh MEPOIPUATHU, UTO-
Obl He JOIyCTUTh Cepbe3HbIe aBAPUU M 3arpA3HEHUE
OKpYy>Kalolllel cpefisl.

W3 BBIIEM3IOXEHHOIO fACHO BHUIHO, YTO PacCMOT-
peHHBIE IIPOIeCCHl ABIAIOTCA BeChbMa CIOXHBIMH U
OIIAaCHBIMH, IIPOTHB KOTOPHIX HEOOXOZMMO pa3paboTaTh
addexTHBHEIe MepoIpHATHA. Bce 3To mOCTy>XuUI0 TOMY,
YTO CO BTOPOI1 IIOJIOBHHBI ITPOLILIOTO BeKa B 'opHOM HHC-
tutyTe uM. I.A. llynykupze r. T6unucu, I'pysus mapai-
JIePHO MacuITabaM pasBUTHA HAIIOPHOTO TPYOOIIPOBOJ -
HOTO THUIPOTPAHCIOPTa HAYANNCh KPyIMHOMAcCUITaGHBIE
¢dyHIaMeHTa/JIbHBIE HCCIEOBAaHUA HECTAI[MOHAPHBIX
IIPOIeCCOB M TH/PAaBIMYECKHUX yJapoB B HAIIOPHBIX
TPyGOIIPOBOAHBIX TUIAPOTPAHCIOPTHBIX CHUCTEMAaX U C
y4eTOM IOJy4YeHHBIX Pe3yIbTaToB, paspaboTka sddex-
THBHBIX CIIOCOOO0B U CPeZICTB GOPBOBI IIPOTUB STUX HeXKe-
JIaTeJBHBIX SABJIEHHH, YTOOBI 06eCIeYnTh HaJEXHYIO
paboTy aHAJIOTMYHBIX CHCTEM B JIIOOOM CIydYae UX IpHU-
MeHeHH, a TAKKe SKCILTyaTalluu.

Ilo AByM OCHOBHBIM Hay4YHBIM HAIIPaBJI€HUAM B JaH-
HOI 06J1aCTU: IO HEYCTAHOBUBIIMMCS IIPOLieCccaM U 3a-
IKTe OT TUAPABINYECKUX yAAPOB HAIOPHBIX TPY6OIIpo-
BOJHBIX THJPOTPAHCIOPTHBIX CHCTEM, a TakXe THUJ-
poabpasuBHOMY M3HOCY TPYOOIPOBOLHBIX MarucTpaseil
Y CPeACTB TPAaHCIOPTUPOBAHMA II0 HUM Tpex(asHBIX
abpasuBHEIX THApoaspocMeceii (Boja, KaK HecyIas
cpezia + TBepZble YacCTHIIBI a6pasUBHBIX CBHIIYYMX MaTe-

pHaIOB + CBOOOIHBIN, HEPACTBOPEHHBIH BO3LYX B BOJE,

ISSN 1512-0996
www.shromebi.gtu.ge

KaK B HecCyllei cpeie), HA OCHOBe MacuITa6oB U 3Haue-
HUH BBINOJHEHHBIX pabor, 'opmbiii MHCTHUTYT G6BLI
mpusHaH riaaBHsIM B CoBetckom Coiose.

Ilo o6oum HampaBIeHHAM, C YIETOM IOTyYeHHBIX
HCCIIeJOBaHNUM, KaK B TaBOPaTOPHBIX, TaK M Ha KPYIHBIX
IIPOMBINIIEHHBIX YCIOBUAX Pa3JIMYHBIX OTpacieil Ipo-
msrurerHocta Coerckoro Corosa, B ToM uncite ['pysun,
HaMM pa3paboTaHbl M BBIIYIIEHBI OOLIETOCYZapCTBEH-
Hble HopMaTuBHbIe nokyMeHTs: BCH 01-81 1 BCH 01-84
[1, 2], xoTOpBIe B HACTOsIIEe BpeMs SBISIOTCA BOCTpe-
GOBaHHBIMU.

Heo6xoauMo OTMETUTH, YTO B QHAJIOTHYHBIX CHUCTE-
Max IIpH OTKIOHEHU!U PeXXUMa HaIlOPHOM TPy6OIpoBO -
HOM r'uIPOTPaHCIIOPTHOM CHCTEMBI OT YCTAHOBUBIIETO, B
006sI3aTeIFHOM IIOPs/IKE CJIefyeT YCTPaHHUTh PasBHUTHE
HeCTallMOHAPHOTO MpOIecca ¥ BOSHUKHOBEHUS THUPaB-
JIMYeCKUX YZapoB, 0COGEHHO MPAMOTro, KOT/a IPOUCXO-
OUT MaKCHUMaJIbHOe yBeJUdeHHe JABJIeHUA IO CpaBHe-
HUIO C YCTAaHOBUBIIEMCS pexxumoM [3-8].

Wcxona u3 aTOTO, IpU HALIMX MCCIeLOBAaHUAX GOJIb-
Imoe BHUMaHUE YAEJAIOCh HU3YYeHUIO MMEHHO TaKHX
IIPOILLeCCOB U pa3paboTke CpeACTB GOPBHOBI IPOTHB MaK-
CHMasIbHBIX IpeBbINIeHUi naBieHus. [losTomy paspa-
GoTaHHBIE CpenCcTBa GOPBOBI C THIPABIMYECKUMH ya-
paMu TIpeUMyILeCTBEHHO IpefHA3HAYeHbI JJIA TallleHusI
MAaKCHMAJIBHBIX 3HAYeHWH IIPeBBIIEHUA JaBI€HUM.
IMogpo6ro 06 mx paboTe M3NTOXKEHO B HAIIUX paHee
oIy OIMKOBAaHHBIX U3TaHUAX [3-8].

B paHHOI cTaThe PacCMOTPEHO YCTPOMCTBO IJis
ralreHus MOBBINIEHUH JaBIE€HUA NPHU TUIPaBINYECKUX
yZAapax B HaIlOPHBIX THAPOTPAHCIIOPTHBIX YCTAHOBKAaX
IIPY UX BO3HUKHOBEHUH KAaK C BOJIHBI IIOBBIIIEHN, TaK 1
C BOJIHBI IIOHIDKEHUS JaBIeHUs, B 3aBUCMOCTH OT CXe-
MBI ¥ BKJIIOUEHHBIX B OTUX CXeMaX 3JIEMEHTOB, HEOOXO-
IOUMBIX [JIT HOPMaJIbHOM SKCITyaTauu ycTaHOBOK. O6
3TOM NOZPOOHO H3JIOKEHO B paHee OMYyOIMKOBAHHBIX
craThax [1-8]. B mamnoit pabore paccmarprBaercs dpar-
MEHT M3 3TUX uccaemoBauuii [9].

Heo6x0m1M0 OTMETUTH, YTO B aHAJOTUYHBIX CHCTe-
Max IPU OTKJIOHEHUU peXHUMa paboOThl OT yCTAaHOBUB-
merocs, B 00A3aTeJIbHOM IOPAJKEe CIeAyeT yCTPaHHUTh
pasBUTHEe HECTAI[MOHAPHBIX IPOLIECCOB U BO3HUKHO-

BEHUA THAPAaBINYECKHX YZAapoOB, 0CcO06eHHO IIpsamoro,
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KOTJja IIPOMCXOUT MaKCHMaJIbHOE yBeJlHUdeHUe gaBie-
HUA IO CPaBHEHUIO C yCTaHOBUBLIeMcs pexxumoM [1-10].

PaccmorperHoe B maHHON paboTe yCTpOMCTBO AL
raleHusa TUIPaBIWYeCKHX YZAapOB B HAIOPHBIX THUJ-
POTPAHCIIOPTHBIX YCTaHOBKax pa3paboTaHO MMEHHO C
y4eTOM STUX TPeOGOBaHMUIA, T.e. MOXKET YCIIELIHO paboTaTh
10 Ha3HAYEHUIO B JMIOOBIX CIy4asix, KOTOPHIE MOTYT BO3-

HUKHYTH B JTIO0BIX AHAJOTUYHBIX CHCTEMAX.

OcHoBHas 9acTh

Ha puc. 1 gaerca obmuii Buj, B paspese yCTpoHcTBa
JJIs TalleHus THUAPABINYECKHX YAApOB B HAIIOPHBIX
TUPOTPAHCIOPTHEIX ycTaHOBKaXx. OHO OTHOCHUTCA K
YCTPOMCTBAM [IJ1 YCTPAHEHUA PE3KUX IOBBINIEHUH JaB-
JIeHWA ITIPU OTKJIOHEHHU YCTAaHOBHBIIMXCA PEXHMOB
paboTsI CHCTEMBI, BOSHUKHOBEHUM Pe3KUX KoIeOaHui
JlaBJleHNs, BO3HUKIINX B pe3yJbTaTe BHE3aIHOH OCTa-
HOBKM T'PyHTOBOTO HAcOCa, 3aKPBITHUHM OOPAaTHOTO KJa-
IIaHa, 3aKyTOPKU TPyGOIPOBOZA OT TBEPABIX CHIMYYHX
marepuanoB u T.h. [10]. OcHOoBHaf menb yCTpoiCTBa
yCTpaHeHHe HeJOCTaTKOB, HMMeEIOII¥e CYIIeCTBYIOI[re
aHAJIOTWYHBIE YCTPOMCTBA, YIPOIeHNe KOHCTPYKIUU,
yBeIndeHre HafleXXHOCTU U 3PPeKTUBHOCTH IIpU HaIU-
YUY B TPAHCIIOPTUPYIOLIEH XXUIKOH cpefe aGpasHBHBIX
TBepABIX dacTu, [9].

OTa Ieb JOCTUTAETCS TeM, YTO CBA3AHHBIN C IIPO-
CeYHBIM YJApHUKOM 3JIeMeHT BBIIIOJIHEH B BHZE IIOp-
IIHA, pa3fesIAIoler0o BepXHIOI 4YacTh Ha JBe TrepMe-
THYeCKUe IIOJIOCTH, 3aII0JIHeHHBIX BA3KON XXKUIKOCTHIO,
IpudeM HIDKHAA W3 HUX 4Yepe3 pasfeIuTeNbHBIN die-
MEHT coefMHEHa C yYacTKOM 3allMIaeMoro Tpy6oi-
POBOZa IO OOpaTHOrO KJAllaHa, a BEPXHAA — TAaKUM JKe
06pa3oM € y4aCTKOM II0cjIe OGPaTHOTO KJIAIaHa.

Hwxaaa wacte kopmyca 1 Ha 3amumaeMoM Tpy-
6ompoBoie 2 ycTaHABIMBAETCS IIOCPESCTBOM IIATPyOKa 3
Ha KOTOPOM CMOHTHpOBaHa 3aABmxKa 4. Mexzay
maTpy6GKOM M HIDKHEH 4acThio KOpITyca 3aKpellieHa pas-
pyllaeMas IpefOXpaHUTeIbHAas MeMOpaHa 5, a MEXIY
HIDKHeH M BepxHell 6 uyacTAMH KOpITyca 3aKpeIllIeHa
rubkad guadparma 7, K KOTOpPOH C HIDKHEH CTOPOHBI
IIPUKpeIIeH IIPOCeYHOH yapHuK 8, a ¢ BepxHeii yepe3
mrox 9 — mopurens 10, mensmei mosocts Hax guad-

parmoii Ha Be repMerndeckue nonoctu A u b. ITomocts
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A mocpencrBom marpy6ka 11, Ha KOTOPOM CMOHTHPO-
BaHbI 3aBKKM 12 u 13 coolIimeHa ¢ IIOJOCTBIO I[H-
auHApa 14, B KOTOPOM YCTaHOBJIEH pasfeIUTeNbHBIH
3JIeMeHT — YIpYTHi — MeTaynudeckuit cunbdoH 15. ITo-
JIOCTH MOCJIETHETO IIOCPECTBOM IaTpy6Ka 16 coobueHa
C Yy49aCTKOM 3allliI[aeMoro Tpyoonposoza 2 1o o6paTHO-
ro kiamaHa 17 mo xozy ycraHoBuBLIETOCH mOTOKa. ITo-
socTs b 3akpsiTas kpeimkoii 18, mocpencrBom matpy6ka
19, Ha xoTOopoM cmoHTHpOBaHHI 3aABWXKH 20 u 21,
cOoO01IIeHa € IOJIOCTBIO MWINHAPA 22, B KOTOPOH TaKxKe
YCTaHOBJIEH PasfieIUTeNbHbIN SJIeMEHT — yIPYTUi Me-
TaIudeckuit cuiboH 23, MOJIOCTH KOTOPOTO IIOC-
pencrBoM IaTpyOka 24 cooOlieHa C y4acTKOM 3allu-
maeMoro Tpy6ompoBoza 2 Iocje OGpaTHOTO KJallaHa.
IMonoct A u B cHabGXeHBI COOTBETCTBEHHO C TAaTpy6-
Kamu 25 ¥ 26 11 MX 3al0JHEHUS BA3KOM YKUAKOCTHIO,
KOTOphIe 3aKpbIBAIOTCA TE€PMETHYHO KpBIIKamMu 27.
INonocts B mop rubkoit AuadparMoii, IocpeICTBOM IIaT-
pyOxa 28, mpucoeJUHEHHOTO K HIDKHEN YacTU KOpIIyca
1, cooburena ¢ atMochepoii, HIU C COCYLOM AJIA U3JIHBA
paboueii ruppocMecu (Ha ueprexke He IIOKasaH) IpU
pasrpyske TpyOOIpOBOZA OT U3OBITOYHOTO JABIEHHA BO
BpeMs T/ PaBIHMIECKOTO yAapa.

YcrpoticTBo paboTaer crefyoomuM o6pasoM: IIOCIe
3aIlycKa TPYHTOBOTO Hacoca (Ha UepTeXx He IIOKasaH),
ellle 0 TOTO MOMEHTA, KOI/Ja OH Pa30BbeT HOMUHAIbHBIE
IIapaMeTphl X OTKPOEeTCs 0O6paTHbIi KiamaH 17, paboyas
THAPOCMeCh depe3 IaTrpybok 16 HauHeT HOCTyIaTh B
nosocts cuiabdona 15, pasmemensoro B nyinHzApe 14. B
pesysbTare cuIbGOH HaYHEeT PacCILIIOUIUBATECA U OyIeT
IepesaBaTh JaBJIeHME, Pa3BUBaeMOe I'PYHTOBBIM HacoO-
COB, BA3KOH XUIKOCTH, PACIIOJIOKEHHOH B IUINHpe 14.
W3 mociefHero BsA3Kas JKULKOCTD IO, AaBlIeHUeM OyzeT
BBITECHATBCA U depe3 HaTpyOok 11 meperexaTts (mpu
oTOM 3aZABIKKU 12 u 13 OTKpBITBI) B mMOMOCTH A Hag
rubkoii auadparmoit 7. B pesynasraTe mopurens 10
HavHeT TIepeMellaThCA BBEPX U IIOBJIEYET 3a CO60I1 ITOK
9, suadparmy 7 u IpOCevHOH yAapHUK 8.

IMoce pa3BuUTHA HOMUHAIBHBIX TAPaMETPOB TPYHTO-
BBIM HaCOCOM, OTKPOETC: OOpaTHBIi KIanaH 17 u pabouas
THIpOCMech GyZleT TPaHCIIOPTHPOBATHCA IO TPYOOIpPO-
Bozmy 2. V3 mociemHero rugpocMech depes IMaTpyook 24
IOCTYIIUT B IIOJIOCTH CHIb(oHA 23, pacIoyOKeHHOTO B

nuHgpe 22. CuabdoH GyAeT pacIUIIOMIUBATECA U BA3-
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Kas JXKMJKOCTb, PacCIOIOXeHHas B LMIMHIpe 22 depes
matpy6ok 19 (mpu stom orkpsiTel 3azBrkku 20 u 21)
HayHeT IlepeTeKaTh B IoaocTh b Hax mopmHem 10,
pasMelleHHOTO B BepXHell 4acTu Kopiryca 6.

M3-3a Toro, 4TO JaBiieHHe B CeYEHUU IIPHCOEIMHE-
HUA maTpy6Ka 16 sHaYMTeIbHO GOJIbIIe, YeM JaBIeHHe B
CeueHUN IPHUCOeSUHEHUs maTpyOka 24 (B oGparHOM
KJIaIlaHe IIPOMCXOAAT 3HAUUTEIbHbIE IOTEPU JaBICHU,
K 4eMy H00aBJAIOTCA U NOTEPU JaBIEHUS IO IJINHE),
IaBjeHMe B MOJIOCTH A Bcerga Oyzer Gosblle deM AaB-
JleHUe B TOJIOCTH B, uTo U 06ecmevuT ymep:xaHue IIpo-
CEYHOro yJapHUKA 8 B HEHTPaJIbHOM IIOJIOKEHHH, II0-
KasaHHOM Ha 4YepTexe, T.e. OH OyZeT yJaleH Ha OIpe-
ZeJleHHOe PAaCCTOSHME M OT pa3pyllaeMoi IIpefoxpa-
HUTEIBHOM MeMOpaHsI 5.

IToce ycraHOBIEHUA HOMUHAIBHOTO PEXXKKMA B TPY-
GompoBOJie 2, OTKPHIBAIOT 3aABIDKKY 4 u MemOGpaHa 5
HarpyXkaeTcsa Ioj pabouuM JapiaeHueM. llpoceuHoir
yAApHUK 8 ¥ B TaKOM CiIydae JOJDKEH OBITH yaleH OT

HEro Ha HeO6X0,Z[I/IMOM PaCCTOAHUMU.

ABapuilHBINl PEeXXUM B TUIPOTPAHCIIOPTHBIX CHCTe-
MaX, B OCHOBHOM, BO3HHKA€eT B pe3yJIbTaTe BHE3AIIHOTO
BBIKTIOUEHWS TPYyHTOBOTO Hacoca (Ha dYepTexe He
IIOKa3aH) U 3aKPBITUM OOpaTHOTro KiamaHa 17. B takom
Cllydae JaBjieHHUe B CEYeHUU IMPUCOeSUHEHN MaTpybOKa
16, T.e. Ha yuacTke TpybompoBoza 2 4O OGpaTHOTO
KJallaHa II0 XOJy YCTaHOBUBIIETOCS IIOTOKA HavYHeT
Pe3KO IaJiaTh, @ Ha yYacTKe IocIe 06paTHOro KiamaH 17
TaKKe pe3ko mobimaercs. COOTBETCTBEHHO /aBIeHNE B
monocT A GyZeT nazars, a B MoJIOCcTH b moskrmaTsca. B
pesybTate mopureHs 10 6yer omyckaThes BHU3. B aToM
JKe HallpaBJIeHUY HaYHeT llepeMelaThCs MToK 9, rnbkasn
nuadparMa 7 M TIPOCEYHOH yJZapHUK 8, mociaenHuit
BpeXeTcs B IpefOXpaHUTEIbHYIO0 MeMOpaHy 5, KoTopas
pasopBeTcsi M TEM CaMBIM IIPOM3OMZET pasrpyska
Tpy6ompoBoza 2 OT M30GBITOYHOTO JAaBIEHHA, KOTOPOE
6yzeT BBITECHATH pabovyIo THpOCMeCh B IIOJIOCTS B, T.e.
B HIDKHe# gacTu 1 KopIryca, a oTTya depe3 maTpyoox 28
B arMocdepy, WU B CIIeIHaTbHO COOPY>KEHHYIO EMKOCTh

(Ha gepTexe He IMOKA3aHa).
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Puc. 1. YcrpoiicTBo A4 rameHys THAPABINIECKOTO Y/apa B HATIOPHEIX THAPOTPAHCIOPTHEIX YCTaHOBKax: 1 — KOPIyc yCTpo#HCTBa;
2 — HaTOpHBI# TPYGOMPOBO/, MATUCTPAILHOM THAPOTPAHCIOPTHOM YCTaHOBKY; 3 — MATPy6oK; 4 — 3aBIDKKA; 5 — paspylraeMadt
TIpeOXpaHUTeNbHAA MeMGpaHa; 6 — BepXHis TacTh KOPIyca; 7 — rubkas auadparMa; 8 — mpocewroit yAapHuK; 9 — mrok; 10 — mopimens;

11 — marpy6ox; 12 u 13 — sagBwxku; 14 — mwmnzp; 15 — pasmenuTensHbI s1eMeHT — MeTaUIndeckuil cunbhor; 16 — marpy6ox; 17 — oGparHsrit
KJIATIAH HA HAIIOPHOM MATMCTPAJIHEHOM IHAPOTPAHCIOPTHOM TPyGOIpPOBOAe; 18 — KphIIKa racuTe s THAPaBIMIecKoro yAapa; 19 — marpy6oxk;
20 u 21 — 3apBIKKY; 22 — IUIHHAD; 23 — pasAeIUuTeIbHEIH SJIeMEHT — YIIPYTUil MeTa/uIndecKuii cubhon; 24 — maTpy6ok; 25 u 26 — maTpyGxu
JUIS 33TOMHEHMA BASKOM XUAKOCTEI0; 27 — KPBINIKY /LA TEPMETHIECKOTO 3aKPHITHA MATPYOKOR 25 1 26 1Id 3aTI0OTHEHNS BepXHei JacTi
ycrpoiicTsa; 28 — maTpy6oK A M3nuBa paGoueit )UZKOI CPeABl K3 YCTPOICTBA P PasphiBe paspymaeMoil mpe/j0XpaHuTeNbHOM MeMGpaHE! 5
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ITocne pasrpysku cucCTeMBI M 3aTyXaHUA Koieba-
TEeJIPHOTO ITPOIecca, 3aKphIBAIOT 3aJBIDKKY 4 U MEHAIOT
PasopBaHHYIO NpefoXpaHUTeNbHyl0 MeMm6pany 5. [t
ymob6cTBa M OOJerdeHHs 3TOrO IIpoliecca KOPIyC Je-
JIaeTCs pa3beMHBIM, a TaKXKe IpefyCMOTPeHa 3a[BIDKKA
4 Ha maTpyOke 3, 3azBkku 12 u 13 Ha matpy6ke 11 u
sagBwkku 20 u 21 Ha matpyOxe 19. 3amsmkka 4 mpe-
JOTBpAIaeT B IIpOIjecce 3aMeHbI MeMOpaHBI U3IUB Pabo-
Yeif cMecu 13 TPyGOIIPOBOZA 2, a OCTaJbHBIE 3aTBIKKI
W3JIUB BS3KOM KUIKOCTH U3 mmojiocTeit A u B.

B KOHCTPyKIIUK IIpeAyCMOTpeHsI maTpyoku 25 u 26
IJI1 3alOJTHEHHS COOTBETCTBEHHO mojocreii A u b
BSI3KOM JKHAKOCTBIO, KOTOPbIe 3aKPBIBAIOTCA KPBIUIKAMH
27 repmeruyuso. [larpy6xu 25 u 26 mpegHa3sHAYeHBI 1T
3aIIOJIHEHUS MOTHOCTBIO BSASKOM JXHUIKOCTBIO IOJIOCTEH
A u B, marpy6bkos 11 u 19, munmunagpos 14 u 22. Dro
HeoOX0JMMOe yCIOBHe IJI1 MTHOBEHHOM Iepefiadyy UM-
IIyJbCOB W3 TpybompoBoza 2, T.e. I yBeIUYEHUI
s¢deKTHBHOCTH 1 HAIEXKHOCTH paGoThI ycTpoiicTsa. Ha-
JIUYYe BA3KOH JKUIKOCTU OOecIleqnBaeT Takxke Oecipe-
IATCTBEHHO IepeMelreHue nopiHa 10 B BepxHeit yacTu

xopmyca 6.

JIurepaTypa

Hcnonp3oBaHue yIpPyrUX MeTaJUIMYeCKHX CHIbGO-
HOB B KayeCTBe Pa3fefluTeNbHBIX AuadparM o6ycIoB-
JIEHO TeM, 4TO OHU BBIJEP)KUBAIOT GOJBIINE JaBIEHNU,
MMeIOT XOPOWIYI0 YIPYTOCTh M JOCTATOYHO OGOJIBIIOH
XO7I, XOPOIIO pearnpyioT Ha Harpy3Ky M MeHSIOT XapakK-

TEePUCTHUK CPABHUTEJIPHO HE3HAYUTEIIBHO.

3axrroueHue

Apmnanus Macirtaba IpIMeHEHH, 2 TAK)XKe TEXHUKO-JKO-
HOMUYeCKOro 3¢deKTa IpesIoKeHHOTO YCTPOHCTBA AJIT
TralleHuUs THAPABINIECKHUX YAAPOB B HATIOPHBIX TPYyOOIIPO-
BOZHBIX THIPOTPAHCIOPTHBIX YCTAHOBKAX II0 CPABHEHUIO C
CYLIeCTBYIOIIUMY aHAIOTUYHBIMY YCTPOHCTBAMU ITOKA3aJ,
YTO IPU CPAaBHUTEIBPHOM YIIPOLUIEHWM KOHCTPYKIMH B
3HAYUTEIBHON CTEIIeHH YBeIMINBaeTCA S(PEeKTHBHOCT U
HAJIeXHOCTh CpabaThIBaHY B JIOOOM CIydae WX BO3HUK-
HOBEHHA B MaTHCTPAJIbHOM TPyGOIIPOBOE.

OcoGeHHO ciefyeT OTMETHUTh, UYTO YCTPOMCTBO C
OIVHAKOBOH 3((eKTHBHOCTBIO MOXET CpaboTaTh IIpU
BO3HUKHOBEHHUU THPABIMYECKOTO yJapa KaK C BOJHBI
TTOHIDKEHHOTO, TAK Y TOBBIIIEHHOTO [JABI€HUs, T.e. IpU

pasrpyske IHIpOTPaHCIIOPTHOM CHCTEMEI B aTMOChepy.
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Abstract. Newly developed equipment for damping hydraulic shocks in pressure hydrotransport facilities is
reviewed in this article. This equipment includes a discharge, safety diaphragm, as well as a flexible diaphragm,
which is connected to the main pipeline at both different ends of the backpressure valve. A rupture disc is attached
to it from below and load is attached from above by means of a rod, so that it can efficiently act during movement of
hydraulic fluid in the central main pipeline, i.e. when the flow to be transported contains abrasive contaminant of
solid material. The load represents a piston, which is rigidly connected to the flexible diaphragm and the rupture
disc and creates an airproof space filled with viscous fluid. At the same time, the lower space is isolated from the
main pipeline by a flexible separating element before the backpressure valve and the upper space is also isolated by
a flexible separating element located after the back pressure valve.
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Abstract. With the intensive development of industry and population growth, environmental protection and the
correct use of natural resources are of great importance. For a proper assessment, monitoring and management of the
environmental situation, it is necessary to possess cartographic, environmental and other information about all its
components, analyze this information and make the right decisions. There are various ways to solve this problem.
The article provides a brief description of the method that we applied to assess the ecological state in one of the
sections of the Mtkvari (Kura), in particular, the content of heavy metals in the waters of the Mtkvari (Kura) River
in the Zagesi — Red Bridge section. The degree of anthropogenic impact was assessed by methods of mathematical
modeling and modern technologies of the geographic information system. In the mathematical processing of
information, a whole range of mathematical modeling tools were used - starting with mathematical statistics and
ending with a complex model. The main functions of the geographic information system were also used: information
organization, its processing, analysis, verification, visualization, and etc. As a result, thematic maps were created,
that clearly show the degree of pollution of the river section, as well as the dynamics of changes in the concentration
of heavy metals.

This method can be used for environmental assessment of various objects. With its help, it is possible to carry out

environmental monitoring simply and at low cost.

Key words: ecology; environment; GIS; mathematics.

ISSN 1512-0996 b3v-ob 3GM3gdo — Works of GTU — Tpyas: ITY
www.shromebi.gtu.ge 143 Ne3 (521), 2021



35698083mbgmds — Environmental Science — Hayka 06 okpyxaromeit cpezie

UDC 502.7
SCOPUS CODE 2303
https://doi.org/10.36073/1512-0996-2021-3-137-144

OHeHKa 9KOJIOTHYECKOTO COCTOSHUA OKP}OKaIOH.I;eﬁ Cpenbl 1 peneHue HPO6JIeM 9KOJIOTUIECKOM
6€e30I1aCHOCTH C UCIIOIB30BAHHUEM METOA0B MaTeEMaTUYIECKOI SKOJOTHH U IIporpamMmm
I‘GOI/IH(I)OPMal(I/IOHHBIX CHucTeMm

Bepa A63uanunse WHCTHTYT THApPOTEONOTHMM Y WHXKEHEePHOHM reoyoruu, ['pysMHCKHMI TeXHUYeCKHUH
yuusepcuret, I'pysus, 0126, T6unucu, ceno Juromu, yn. Cs. Humsr 1
E-mail: veriko_abz@mail.ru

Jumvurpuit WHCTHTYT THApPOTEONIOTMM Y WHXKeHEePHOHM reosoruu, ['pysMHCKHMI TeXHUYeCKHUU
A6znanupze yuusepcuret, I'pysus, 0126, T6unucu, ceno Juromu, yi. Cs. Humsr 1

E-mail: dimitri.abz@mail.ru
3ypab6 Kakymua WHCTUTYT THApOTEONOTMH M WHKeHepHOW TeosoTHH, ['pysMHCKMII TeXHHYeCKUH

yuusepcuret, I'pysus, 0126, Téunucu, ceno Juromu, yi. Cs. Humsr 1
E-mail: zukakulia@yanhoo.com

Penensentsr:
B. Mxeuase, I'maBHbIif HayuHbIH COTPYAHUK VIHCTUTYTa THAPOreOIOTHY U UHXKeHepHO# reomoruu ['TY
E-mail: m.mardashova@gtu.ge
M. Mapzgamosa, mpodeccop ropao-reosorndeckoro paxyasrera I'TY
E-mail: b.mkhxeidze@gtu.ge

AHHOTaMA. B ycIoBHAX WHTEHCWBHOTO PpasBUTHA WHAYCTPHM W POCTA HACeNeHUs GOJBIIOE 3HAYEHHE
IPUHUMAIOT 3all[UTa OKPYXKAIollei cpefbl M IPaBUIbHOE HCIIOIb30BaHME MIPUPOJHBIX pecypcoB. [lif mpaBHIbHOM
OLIEHKM, MOHMTOPUHTA M VIIpaBJIeHHUs OSKOJOTHYECKOH CHTyaluell HeoOGXOAMMO BJIaZeTh KapTorpadudeckoit,
SKOJIOTUYeCKO! U Apyroi mHdopMaliueil o Bcex eé KOMIIOHEHTAX, aHAIM3UPOBATh 5Ty WHGOPMALIMIO U IPUHUMATh
mpaBuiabHble pemenus. CyllecTBYIOT pasHble ITyTH pelIeHUsA STOM Ipo6iaeMsl. B cTaThe NpHBeZEHO KpaTKoe
onucaHue MeTOZAA, KOTOPOH MBI IIPUMEHMIN [ OLeHKH DKOJIOTUYEeCKOTO COCTOSHUA Ha OJHOM U3 YYaCTKOB PeKU
Kypa, B wacTHOCTH, comep:kaHUe TOKeIBIX MeTaUIOB B Bojax peku Kypa Ha yuactke 3arecu — Kpacuslii mocT.
CremeHb aHTPOIIOT€HHOIO BO3ZeHCTBHA OLIEHHMBAJIACh METOJAMH MAaTeMaTHYeCKOIO MOJEJIUPOBAHUIL U COBpe-
MEHHBIMHU TEXHOJIOTUAMHU TeOMH(OPMALMOHHON cucTeMsbl. [Ipu MareMmaTudeckoit o6paboTke MHpOpMALMK IIpU-
MEeHSJICA LeJIbIH CIIeKTP CPe/CTB MAaTeMAaTHYeCKOTO MOJeIHNpPOBAHMA, HAUMHAS C MaTeMaTUIeCKOH CTaTHCTUKU U
KOHYas CJIOXHON Mofenbio. Takxke GbLIM HCIIOIB30BAHBI OCHOBHBIE (GYHKIUU TeOMHGMOPMAIMOHHOM CHCTEMBI:
opraHuzanys nHbOpMauuy, eé o6paboTKa, aHaNIKU3, IPOBEpPKa, BU3yaausalud U Ap. B pesynasraTe GIIM CO3ZAHBI
TeMaTHYeCKHe KapThl, KOTOPble HATJAAHO IIOKAa3bIBAIOT CTEIIEHb 3arPA3HEHMS Y4acTKa PeKU, a TakKe AMHAMUKY
M3MeHeHM I KOHIIEHTPAIMH TAXKeJIBIX MEeTaIIOB.

JlaHHBII MEeTOJ MOXXHO HCIIOJIB30BAaTh JAJIA DKOJIOTUYECKOH OLeHKU PasHBIX 06BeKTOB. C ero IOMOLIBI0 MOXKHO
IIPOCTO ¥ C MaJIBIMU 3aTpaTaMy IIPOU3BOAUTD SKOJIOTUYECKUII MOHUTOPHHT.

KirrogeBble c10Ba: reonnpopMannoHHas CHCTEMA; MAaTeMATHKA; OKPY>KAIOWAs CPe/ia; SKOIOTHSL.
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Awnnoranus. Borrpoc 06 addexTuBHOCTH TpUMEHE-
HMS MaTeMaTHYeCKHX MEeTOJOB IIPHM aHaJIu3e SKOJIOTH-
YeCKHUX IIPOIIeCCOB aBTOPHI IAHHOM CTaTBM PacCMAaT-
PHUBATIH B Y4eTBEPTOM HOMepe TaHHOTO XypHaia 3a 2018
r. B mpesoxxeHHOH cTaThe aBTOPBI ITPOZ,0/DKAIOT Pa3BH -
BaTh STy HZeEI0, pacCMaTpuMBas HA STOT pa3 B3aMMO-
IeficTBHe 4eloBeKa C OKpyxarouleil cpefoii. OcHOBHOe
BHUMAHHE AaBTOPOB COCPEJOTOYEHO Ha TOM, YTOOBI
IIOKA3aTh BaXXHYIO POJIb MaTEMATHKHU B BBHI/IMO,ZLefICTBI/IPI
4JeJIoBeKa C OKPY>Kalolleli Cpeoi.

H3BecTHO, 4TO aHTPOIIOTEHHbIE OOBEKTHI (HaceIeH-
Hble ITyHKTBI, Pa3jIM4Hble IIPOMBIIICHHBIE IIPeAIIpH-
THI, TPAHCIIOPT U AP.) B pe3yJIbTaTe CBOero QYHKIMOHU-
poBaHMA OKasbIBAIOT HAa YejoBeKa Pa3HOTO poja BO3-

,Z[efICTBPI}I. ,Z[JIFI HN3y4YeHUA 3THUX IIPOIECCOB BO3HHKAET
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HeoOXOJMMOCTh B PasBUTUHU HAyK, YTOOBI IIPOTHO3UPO-
BaTh COCTOAHME OKPY>Kalollei cpe/ibl ¥ YIIPaBIATh IIPO-
IleccaMu 5KOJIOTHYeCKOTO PaBHOBECHS B T€0JIOTHYeCcKOoi
cpeze, MeXIy IPUPOZOH U TeXHOCPepoit (TeXHOreHHOM
IeATeIbHOCTBIO JIIOZelt).

B usydyenuu sTMX IIpoIlecCOB MaTeMaTHKaM OTBO-
JuTcsa pemaromas ponab. OJHAKO, IpeAMeT HCCIes0Ba-
HUA HEU3MEHHO CJIOXKEH, T.K u3ydeHue TpebyeT o6penu-
HEeHUA B3aMMOCBA3aHEIX MeXY c000Ii ITPoIIeccoB caMoi
Pa3HOOGPa3HOM IPUPOLEI.

BHMETI/IM, YTO W OpraHH3anUsd ITUX I/ICCJIe,ILOBaHI/II‘/JI
O4Y€Hb TPYyAHA, T.K. H3yI€HNE aHTPOIIOT€HHOI'O BIIMAHUA
4yeJIOBeKAa HA OKPYXKAIOWIYIO cpefy TpebyeT o6BbenuHe-
HUA OeATeIbHOCTH ILIeJIOr0 PAJA CIEeIMaJMCTOB CaMbIX
pasHbIX chep. CHenuamIucToOM-UHTEPIPETATOPOM, CIIO-
COGHBIM CO3ZaTh OOIIUI A3BIK UCCI€LOBAHUIM B OTUX yC-

JIOBHAX, OKa3bIBA€TCA MAaTEMATHUK.
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Taxum 06pasoMm, MaTeMaTUYeCKUE TEOPUU BO3HUKIN
€CTeCTBeHHEIM ITyTeM B IIpollecce M3YyYeHHUS OKPY>Karo-
I[eT0 MUpa; MaTeMaTUYeCcKue TEOPUH SBISIIOTCI HeOoO-
XOAMMOM COCTaBHOM YaCThIO HAIIETO IPEACTaBICHUI O

Mupe.

KiioueBble c1oBa: mozesnp; OKpyKamomwas Cpena;

Pa3HOCTHAA CXe€Ma; 9KOJIOTHYECKHEe ITPOIEeCCHI.

Beepenue

ITpo6eMsr OKpy:katolleil cpefbl HOCAT CHCTEMHBII
XapaKTep U ABIAIOTCA IJIaBHOM 3aboToil uenoBeka. Cire-
ZOBaTeIbHO, [JIS COXPAHEHUS SKOJOTUYECKOTO PaBHO-
Becus B IIPUPOZE BO3HUKAET HEOOXONUMOCTH IIpHMe-
HeHMs, TaK Ha3bIBA€MOTO, CHCTEMHOrO mogxoza [1].

CucTreMHBII TOAXOA IIpefcTaBiieT coboif BechMa
abdeKTUBHOE pelleHre CIOXHBIX IIPoGieM, OGBIYHO,
HeIOCTaTOYHO YeTKO chOPMYINPOBAHHBIX.

Ha nHavanpHOM STalle MBI MOXKEM HAMETUTh HEKO-
TOpBIE 3aJaYH, UCXOAS U3 OOUIMX IPUHIUIIOB CHCTEM-
HOTO IoAxo0zAa. MBI MOXeM BBISIBUTH U OIIUCATH CHCTEM-
HbI€ XapaKTEPHCTUKHU U CBA3H C COBOKYITHOCTBIO OOBEK-
TOB, B3AUMOZENCTBYIONINX C OKPY>Karole cpesoit, camy
OKPYKalolllyIo CpeZy, yCIOBUS B3aUMOAEHCTBUA OOBeK-
TOB, @ TAK)Ke IIPOTHO3UPOBATH Pa3BUTHA IIPOLIECCOB.

Ha mociemyromux sTamax aHajau3a IIPeJIIOIaraeTcs
U3ydeHUe BO3MOXHOCTU CHIKEHH A OTPUIIATEIbHBIX I10-
CJIeICTBUY B3aMMOJIEUCTBUM 32 CYET YIydlUIeHN TeXHO-
JIOTHII TIPOM3BOACTBA M CO3JAHUA aIbT€PHATHBHBIX
IIPOLIECCOB M YTpPaBIeHMA BCEM KOMILIEKCOM MepoI-
pusruii [2].

Jlx0651e METOABI CUCTEMHOTO IIOAX0/a OTUPAIOTCA Ha
MaTeMaTHJecKoe ONMCAHYE SKOJOTHIECKHUX IPOIeCCOB.

IlocTpoeHne MaTeMaTHYeCKOH MOAENTH ABJIAETCA
OCHOBOM CHCTEMHOTO IIOAXO0a.

MaTemaTyeckoe MOZeIMPOBAHME 3aKTIOYAETCA B
IIepeBojie, TAK Ha3bIBAEMOTO, «PeaybHOTO MUPa» Ha A3BIK
MaTeMaTHKH, YTO II03BOJIUT HaM IIOIYIUTh G0osiee TOUHOe
IIpeficTaBIeHHe O ero HauboJiee CylleCTBeHHBIX CBOMCT-
BaxX U IIpefiCKa3aTh GyAyure cOOBITUA. DTO OOCTOATENb-
CTBO OTpakaeT TEPMHUH «MaTeMaTHYeCKOe MOJEeIHUpPO-

BaHwme» [3].
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IIpakTnyeckumMu 3ajadaMKu  MOJENIMPOBAHUA AB-
JIAIOTCS, BO-TIEPBHIX, aHAIN3 SKOJOIMYeCKIX IIPOIIeCcCOB,
BO-BTOPBIX — 9KOJOTMYecKoe IIPOTHO3SHMPOBAaHHE, B-
TPETBUX — BBIPAOOTKA YIIpaBIeHUYECKUX PelIeHHI.
Mogenu, onucsIBaolie SKOJIOTUIECKHE IIPOLeCCHI,
ABJIAIOTCSA HEeCTaIlMOHAPHBIMHY, T.K. IIApaMeTPhI, BXOZ A~
mye B MOJeib, U3MEHAIOTCA BO BpeMeHHU. UucieHHOe
WHTeTPUPOBAaHME TaKUX MOZeJeHd OCYIIeCTBIIeTCI C

TTOMOII[BI0 KOHEYHBIX Pa3HOCTEH MM METOA CeTOK [4].

OcHoBHas 9acTs

Llens cTaThy — HAYYUTH HKOJIOTOB OOPAIEHUIO C TI0-
TOOHBIMH MOZeNIMM. 3ajava, pellaeMas B CTaTbe, He
ABJIAETCA OCOGEHHO TPYLHOM C TOYKM 3peHUA MaTeMa-
THKH, BO BCAKOM CJIydae, OHAa He IIPeZCTaBJIAET «IIPob6-
sneMy». BakHO, YTOOBI SKOJIOTH IOHATH, KaK UM JeiiCT-
BOBATh B IOJOOHBIX CIyYasdX.

JlIs HarJIAZHOCTM PacCMAaTpPUBAETCHA IIPOCTeHIas
MOJieJIb B3aUMO/IeICTBIA IIPOU3BOACTBA C OKpYXKalolei
cpezoii. OTO OOBACHAETCA TEM, YTO BCAKYIO MOZEIh CO
CJIOXXHOM CTPYKTYPOI1 BCera MOXHO 3aMEHUTS (IIPHU OII-
PelieleHHbIX JOIYIIEeHUAX) YIPOLIeHHON MpHOIIKeH-
HOM Mogmenbio [5].

Mopgens, xapakTepusyiolas 3arpI3HEHHOCTh OKpPY-
JKaIoIIeH Cpebl, MOXKET OBITh 3allKCaHa B BUTE:

x(6) =q@) — o) 1)
rze x(t) — xapaxkrepu3yeT Ka4eCTBO CPeJibl;

@(x) — ecTecTBeHHAs OYMCTKA;

q(t) — sarpsA3HAIOININE OKPYXKalolleil cCpezy BellecTsa.

ITo mauubIM BceMupHO# opraHHU3aIMH 3[paBOOXpa-
HeHUA 370poBbe yenoBeka Ha 18-40% saBucur or coc-
TOSHUSA OKPYXKalolllel Cpeibl.

,ZLJIH IIPOCTOTHI AOIIyCTHUM, 4ITO

p(x) =z-x(t) 2)
rzie z — K03 PUIMEHT TPOIOPIMOHATBHOCTH.
Bennuurna q(t) 3aBUCHMT KakK OT KOJUYECTBA

mpogykuuu (p(t)), BEITyCKaeMOW IIPOU3BOACTBOM, TAK K

OT 3aTpaT MTpPeAIpudATHA Ha COBEPIICHCTBOBAHIE

texuosoruit (v(t)):

q(t) = flp(®), v(0)]
Benuuyuna ( HAaXOOUTCA B HPHMOﬁ 3aBUCHUMOCTH OT

KOJIM49eCcTBa IMPpOAYKI U, BBIHYCKaeMOﬁ IIpOM3BOACTBOM
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u B obparHo#t ot v(t), T.e. ¢ yBenuuenuem v(t), q(t)

YMEHBIIAETCA.

_ap®)
9®) =0 3)

rze, a ¥ b — k03P PULIMEeHTH IPONOPIUOHATFHOCTH.

Hraxk,

KoJmrraecTBo mpoayKiuu, BeIITy CKaeMoe IIPOU3BOACT-
BOM, OIIpeJessfieTcss 0OBeMOM HCIIOIb3yEeMBIX PeCyPCOB
(ocHoBHBIX 1 060poTHBIX GoHZOB D(t)) U KoMHIeCTBOM
paboueii cusI:

p(t) = f[®(V), L]

®yuxmus p(t) HOCUT HasBaHUe IIPOM3BOJCTBEHHOM
¢yukuunu. IlpousBozcrBerHas GYHKIHA — 5TO DKOHO-
MHKO-MaTeMaTHYeCKOe yPaBHEHHE, KOTOPOe CBS3bIBAET
IepeMeHHBbIe BeIUMIHHEI 3aTPpaT (PeCypCoB) C BEIUIUHOMN
MPOAYKIIUY (BBITYCKA).

Hambomee mrmpoxoe pacipocTpaHeHHe IOIydrIa
¢dyuxmus Ko66a-/lyriaca, Koropas Ajs paccMarpuBae-
MOro ciIyd4as umeer Bug, [7]:

p(t) = a® ()L (4)
0<k<l1
rzie @ U k — HeKOTOpBhle XapaKTepPUCTUKHU IIPOU3BOCTBA.

IIpoBeseM HIIIOCTPUPOBAHHBINM pacyeT AJL IIpe-

IeJbHO TPOCTOM cuTyanuwu, Korma k = 1, Torma Ha

ocHoBaHuu (4):

p(t) = a-®(t) (5)
Toacrasnas (2) u (3) B (1) ¢ yuerom (5), moryunm:
X (£) = —zx(t) +y(t) (6)

= 2,20

rue y(t) = > %50

3anumeM guddepeHinatsHOe ypaBHeHue (6) B BUIE

CHMBOJIMYECKOTO PAaBEHCTBA
Lox=f %)

e L(x) =x () + zx(t); f=y(t)

Kaxk yxke 6bLIO CKa3aHO, Ha NPaKTHKe TaKOe ypaB-
HeHHe pellaeTcs YUCIEHHO C IIOMOIIBIO METOZa CEeTOK
WM MeTOZa KOHEUHBIX PasHOCTEH.

Paccunrtaem Mozens Ha mHTepBaje BpemeHu 0 < ¢t <
T. IlpepmonaraeM, 4To MOMeHT BpeMmeHH t=0 — 3To
MOMEHT, KOTZia IIPOM3BOJCTBO HAUYMHAET (QYHKI[MOHU-
poBats, T — BpeMs QyHKITMOHUPOBAHUA.

s npuGnmxeHHoro peireHus (6) ypaBHEHUS pa-
3065éMm orpesok Bpemeru (0, T) mocienoBaTeIbHOCTHIO
touek O=to<ti<...<tn=T Ha N MHTepBaIbI IIUTEIBHOCTHIO
h Ttak, uro6st h mpuHMMan Masble IONOXUTETIHHBIE

3HAaYeHUA. COBOKYHHOCTI) TO4YEK JOeJIeHHMA COCTaBJIdeT
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cerky. Touka menenus ta=nh — y3ns1 ceTku. Pynxkiuio,
OllpefelIeHHYIO B y3jIaX CETKH, Ha3BIBAIOT CETOYHOM
dyHKIMET.

Ha xaxxmom nHTepBasle BpeMeHH (tn-1, tn) ypaBHEHUE
(6) mpenctaBisger coboil muddepeHIHAIPHOE YpaB-
HeHMe C IIOCTOSHHBIMK [IapaMeTpaMy BBHUY MaOCTH
nHTEepBAIOB. Ilo3TOMY, paccMmaTpmBaeMoe ypaBHEHUE
pelaeTcs ¢ IOMOLIBIO TPAAUIIFIOHHEIX TOYHBIX METOOB
[8]. Ero pemenve Ha KaxzoM uHTepBajie (tn-1, tn) C
yderoM HavambHOTo ycmoBust X(t)e—¢, , =x(n—1)

uMeeT BUJ:
x(n) = e—z(tn_tn—1)x(n -1)+ X [1 _ e—Z(tn_tn_l)]
VA

IpUHHUMasi BO BHMMaHue, 910 h = t, — t,,_q, HIOIY-
YUM:

x(m) =sx(n—1)+pA —-ys), (8)
rmes = e " B =3;}

IMons3ysces pekyppeHTHO# bopMyIioii (8), Haxozum:

x(n) = s"x(0) + B(1 —s) X} s/ (9)

Vccnenyem ee cBo#icTBA HAa YCTOMYIHBOCTD M CXO-
IIMOCTb.

O6o3HauuM yepe3

Lyx" = fh (10)

Pa3HOCTHYIO CXeMY AJIs IPUOIMIKEHHOTO BBIYUCIIE-
Hud X auddepernpansHoro ypasenus (6).

Hazosem pasuocrayio cxemy (10) ¢ muHelHBIM OIe-
paropom L, ycroituuBoii, ecnru mpu mobom [ ypas-
mernue (10) uMeeT eMHCTBEHHOe pemreHue X", KoTopoe
yZAOBIETBOpsIET HepaBeHCTBO [9]:

=@ < cllr 1

rae C — HEeKOTOpas MOCTOsSHHASA, He 3aBUCAIas OT h,
[|. || - mopma.

DTO BBITEKAET HEIOCPEICTBEHHO W3 PEKypPPEeHTHOM
dopmys (9).

Tenmeps wucciemyeM Ha yCTOMYMBOCTH HEOZHO-
pozruyio cxemy (8).

A eé yCcTOMYMBOCTH [OCTATOYHO YTOOBI Bce S
yzosnerBopsinu ouesky ||S|| < 1, uro oueBuzHo.

Cxemy (8) HasoBeM paBHOMEPHO YCTOMYHUBOM IO
HAYaJIbHBIM JAHHBIM, €CIH JAJIS PELIeHUs OLHOPOLHOTO
ypasrenus x(n) = Sx(n — 1), Beinonusercs oueHka [9]
)l < o llx (DI,

IIOCTOAHHAA, HE3aBUCANIAA OT h.

gt Bcex 0<j<n, rme co
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Paccmorpum  cxemy  x(n) = Sx(n —1),
llx@)Il < ISI lx(n — DI, =wollSII <1,
llx@)II < llx(n — Dl mmm |lx (@)1 < [lx(0)]l.

Takum o6pasoM, TpeGOBaHME PaBHOMEPHOH YCTOIi-

TOrZa

II03TOMY,

YMBOCTHU BBIIIOTHEHO.

CxeMy (8) HazoBeM YCTOMYHBOI IIO IIPaBOM YacTH,
eciu:

lx(Ml < ¢ 1B =i

W3 paBHOMepHOI YCTOMYMBOCTM IIO HAYaJIBHBIM
JaHHBIM CJIelyeT e€ yCTOMYMBOCTS 10 IIPABOM YaCTH.

IlocTpoenHas  cxeMa  ABiIdeTCE  KOPPEKTHOI
(KOppeKTHO IIOCTaBIEHHOIL), T.K.

IIPH JOCTATOYHO MayoM h:

1. pemenwue 3amarHOrO mUddepeHINaTFPHOTO yPaB-
HEHUA CyLIeCTBYyeT U eJUHCTBEHHOE IIPH JIOOBIX
HAYaJIbHBIX YCJIOBUAX U 3aJaHHBIX IIPaBBIX
4aCcTX;

2. cymecTBYIOT Takue HocTogHHble Mi um M2, He
3aBUCAIIME OT h, HaYaIPHBIX YCIOBU, a TAKKE OT
IIPaBBIX YacTel, YTO IIPU JIOGBIX X CIIpaBeZIuBa
OlleHKa

lx(ml < My [lx(O)]l + M |8 = I (11)

B nepasenctse (11) BbIpakeHa HeIpepHIBHAsA 3aBU-
CHMOCTb PellleHUsA OT BRIXOZHBIX JAHHBIX. JTO CBOHCTBO
HAa3bIBAEeTCS YCTOHIUBOCTS.

PaccmoTpuM Bompoc 06 oleHKe 6IM30CTH PelIeHUs
pasuoctHoO# cxemsl (10) x peurenuio gubdepeHanb-
HOTO ypaBHeHus (7).

BymeMm cumTaTh, YTO pellleHHe Pa3sHOCTHON CXEMBI
(10) paBHOMepHO cxomuTcsi K pemenuio 3azavu (7),
ecru gi_r)g”x(h) —x||=0

W3 xypca MaTeMaTHyecKoro aHaausa ussectHo [10],
uTo s Toro, uro6sr XM paBHOMepHO cxOmMMACH K X,
HeoOxoamMo u goctatouso ||[(n + 1) —x(n)|| - 0

Nmeem:

mﬁaxlx(n +1)—x(n)] <

< max|(S™! — SMx(0)] +

U@vy-obs 3m09d0 — Works of GTU — Tpyas: I'TY
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n+1 n
+ max [B(1S) Z sim1 Zsf—l] <
" =1 =1

< max|S™(S — 1) — x(0)| + max|B(1 — S)S™ Y|
n n

ITpu mocTaTOYHO MasIbIX 3HAYEHUAX h 062 craraeMsIx
CTPEMATCA K HYJLIO.

Ecnu HOpMy ompezenum paserctBoM |lx(n+ 1) —
x|l = max|x(n + 1) — x(n)],

TO IIOJTY4IHM:

llx(n + 1) = x(m)|| - 0

3akiroueHue

B zaxkmrounTesbHOM 4YacTM CTAaThM IIOKAKEM, UYTO
nocesosarexsrocTh XV Moker cxoauThes o h ToTBKO
K OJHOMY 3JIEMEHTY — pellleHUIO ypaBHeHus (6).

HYCTB CYH.LECTBYIOT ABa IIpenejIbHbIX JJIEMEHTA X/ U
X2, X1 # X5, K KXKAOMy 13 KoTophix cxomurca x (W, rax,
4TO

tim ® — x| = lim }x® — x| = 0
ITokaxxem, uTro Xx; = x,. Jna aTOoro paccmMoTpum
PasHOCTh
X — % = (o —x®) + (x® —x,)
Y BOCIIOJIB3Y€eMCs HepaBeHCTBOM TPEYTOIbHIKA
llx; — x|l < ||(x1 - x(h)) +(x® - xz)”

Ilepexonsa x mpemeny mpu h — 0 1 y4UTHIBasA CXOZM-
moctb X M x x7u 30, momywum ||x; — x,|| = 0,T.e.x; = x,.

Taxum 06pa3oM, MBI IIOKa3aaH, YTO TOCIEL0BATEh-

HOCTb x(h) moh CXOOUTCA K OJHOMY 2JIEMEHTY.
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Abstract. The authors of this article considered the question of the effectiveness of the application of
mathematical methods in the analysis of ecological processes in the fourth issue of this journal for 2018.

In the proposed article, the authors continue to develop this idea, considering the interaction of a person with
the environment this time. The authors’ main attention is focused on showing the important role of mathematics in
human interaction with the environment.

It is known that anthropogenic objects (settlements, various industrial enterprises, transport, etc.), as a result of
their functioning, have different kinds of effects on a person. To study these processes, there is a need for the
development of sciences in order to predict the state of the environment and manage the processes of ecological
balance in the geological environment, between nature and the technosphere (technogenic activities of people).

Mathematicians play a decisive role in the study of these processes. However, the subject of research is invariably
difficult, because the study requires the unification of interrelated processes of the most diverse nature. Note that
the organization of these studies is very difficult, because the study of the anthropogenic influence of man on the
environment requires combining the activities of a number of specialists in various fields. A specialist-interpreter,
capable of creating a common language of research in these conditions, turns out to be a mathematician.

Thus, mathematical theories arose naturally in the process of studying the surrounding world; mathematical
theories are an essential part of our understanding of the world.

Key words: difference scheme; environment; ecological processes; model.
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Abstract. Creative activity, which ends with the creation of intellectual property objects, are mostly carried out
by individuals employed in various private sectors or scientists working in higher education/research institutions.

Therefore, the question who is the owner of the intellectual property object (invention), employee/inventor,
whose direct participation with and usage of intellectual labor, the object was created by, or the employer, whose
material technical base, experience and the other resources were used to create the invention, does not lose
relevance.

Georgia belongs to the continental, i.e. Romano-Germanic legal system. Modern Georgian intellectual property
law has undergone a very interesting path of development since the restoration of independence. It should be noted
that Georgia is the first country from the former Soviet republics to establish a national patent agency in 1992
(12,246).

In this article, the authors focus on the basic regulations of Georgian and German patent law that regulate the
ownership of an invention created by employees. As it is known, in Georgia the issue is resolved by the ,Patent Law*,
while in Germany, in addition to the patent law, there is an ,,Employee Inventions Act®.

The scientific article consists of an introduction, a main part and a conclusion. The introduction presents the
urgency of the legal problem. The main part, on the one hand, discusses the legal status of inventions created by
employees, gives the relationship between patent law and labor law on this issue (on the example of Georgian

legislation) and, on the other hand, the authors analyze the German ,,Employee Inventions Act“, which we find a
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detailed arrangement of an issue of interest to us in. The law is structured in such a way that the balance between
the interests of the employee and the employer is maximally maintained, the rule of compensation is provided, a
distinction is made between service and free inventions, and ways of resolving disputes between the parties are
provided. The legal basis for arbitration is in the foreground. There is also a court of law under the jurisdiction of

which these disputes are considered.

Key words: compensation; employee; employer; inventor; patent law; labor law; service invention.
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ITpaBo paboTHUKa Ha M306peTeHNe, CO3ZlaHHOE B IIPOIlecce TPYZOBBIX OTHOIIEHUH

(B COOTBETCTBHUH C TPYBHHO-TePMaHCKOﬁ IIaTEHTHBIM BHKOHOII;aTeJIBCTBOM)

Mupanga I'yprenuznze  JemapTaMeHT 4acTHOTO IpaBa, ['pysMHCKUIl TeXHHYeCKU yHUBepcuTeT, ['pysus, 0160,
T6mnucu, M. Kocrasa 77
E-mail: mirgurgenidze@gmail.com

Tamas YpTmenupze [lemapraMeHT YacTHOrO Ipasa, I'pysuHCcKuil TexHudeckuil yausepcuret, I'pysus, 0160,
T6mnucu, M. Kocrasa 77
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Penensentsr:
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AnHorarua. Tsopueckas [eATeNIbHOCTb, KOTOpas 3aKAHYMBAETCA CO3ZAHWEM OGBEKTOB MHTEIIEKTyaJIbHON
COOGCTBEHHOCTH, B OCHOBHOM OCYILIECTBIAETCA JIUIAMHU, PAOOTAIOIMMK B PAa3IHYHBIX YAaCTHBIX CEKTOpAaX MU
Y4eHBIMU-COTPYAHUKAMHU, paOOTAIOMUMY B BRICUINX yIeOHBIX/UCCIEA0BATENIBCKUX YIPEXKIEHUAX.

Hcxops u3 aTOTO, HE TepsAeT aKTyaJIbHOCTH BOIIPOC O TOM, KTO JKe ABJIAeTCS BIaJeblleM 00beKTa HHTeJIIeKTyalb-

HOI co6GCTBeHHOCTH (H306peTeHNuI), pabOTHUK/U306peTaTenb, IPH HETIOCPECTBEHHOM YYaCTHH U UCIOIb30BaHUU

bEv-ob 3G™3gdo — Works of GTU — Tpyam I'TY ISSN 1512-0996
Ne3 (521), 2021 166 www.shromebi.gtu.ge



bemgoseor®o dg3boghgdgdo — Social Sciences — ConpansHble HayKn

HMHTEJJIEKTYaJIbHOTO TPYAA, C IIOMOIIBI0 KOTOPOTO CO3ZaH OO0BEKT, UM paboTomaTesb, MaTepUaTbHO-TEXHUIeCKas
6a3a, OIBIT U IPyTHe PpecypCchl KOTOPOTO OBLIM MCIIOIB30BAHBI IJIA BOIUIOLIEHU U300peTeHUA B XKU3Hb.

I'pysus nmpuHaAIeXXUT K KOHTUHEHTAJIBHOI, TO €CTh POMaHO-T€PMAHCKOH IIpaBoBOi cucreMe. CoBpeMeHHOe
TPY3MHCKOe IIPaBO HHTEJIEKTyaJabHOH COOCTBEHHOCTH IIPOIUIO OY€Hb HHTEPECHBIH IIyTh PasBUTUA CO [JHA
BOCCTAaHOBJIEHUA He3aBUcHMOCTH. OJHUM U3 IIPUOPUTETHBIX HampaBleHuil [pysusa ompefennna co3gaHHe
HAI[MOHATBHOM CHCTEMBI 3aI[UTHl WHTEIIEKTYaJIbHOM COOCTBEHHOCTH, YTO HAUIIO OTPaKEHHe B KOHCTUTYIUU
CTpPaHbl X COOTBETCTBYIOIIUX 3aKOHOAATENbHBIX akTaX. CleyeT OTMEeTHUTh, UTO 'py3us IepBas cTpaHa U3 OBIBIINX
COBETCKUX PecIyOInK, co3nasuras HanponanrsHoe maTeHTHOE BefoMCTBO B 1992 roxy (12.246).

B mpepncraBieHHOH CTaTbe aBTOPHI OCHOBHOE BHHUMAHUE YZAENAOT OCHOBHBIM PeryJIALNAM TIPY3HHCKOTO U
TepMaHCKOTO IIATEHTHOTO IIpaBa, KOTOpBIE PETYJHUPYIOT IIPaBO COOGCTBEHHOCTH Ha M300peTeHHe, CO3ZaHHOe
paboruukamu. Kak usBectHo, B I'pysun ykaszaHHBIN Bompoc peuraercsa «IlaTeHTHBIM 3aKOHOM», B TO BpeMf KaK B
Tepmanuy, IOMHMO TATEHTHOTO 3aKOHA, AeHCTBYeT akT «O6 M306peTeHUAX PaGOTHUKOB.

Hayunas craThs COCTOUT U3 BBeIEHUA, OCHOBHOM 4YacTH M 3aKiIioueHus. Bo BBefleHNU IIpenCTaBieHa aKTyab-
HOCTb IIPaBOBO IPO6IEeMbI, B OCHOBHOM YaCTH, C OJHOM CTOPOHBI, pACCMAaTPHUBAETCS IIPAaBOBOM CTaTyC U300peTe I,
CO3ZAaHHBIX PAaOOTHUKAMU, PACKPHIBAETCA B3aUMOOTHOIIEHUE MEXAY MaTeHTHBIM U TPYJOBBIM IIPABOM IIO JAHHOMY
BOIIpOCy (Ha IIpUMepe 3aKOHOAaTeabCcTBa ['pysun), u ¢ Apyroil CTOPOHBI — aBTOpPaMU IIPOAaHAIN3UPOBaH akT ['epManuu
«O6 n306peTeHUAX paGOTHHKOB», B KOTOPOM MBI HAXOLUM [leTaIbHOe YIIOpAZOYeHIe NHTePECYIOLIETo HaC BOIPOCa.

YKa3aHHBIN 3aKOH CTPYKTYPHPOBaH TAKMM 00pPasoM, 4YTO MaKCHMAJIbHO COOJIONEH GalaHC MeXAYy WHTepecaMu
paborHuka u paborozaTens, obecledeH IOPALOK BbIJAYM KOMIIEHCALIMY, IIPOBOSUTCA pasiudde MEXIY
CTy’KeOHBIMM U CBOOOZHBIMM M300peTeHUSIMHU, IIPeLyCMOTPEHSI IIyTH paspelleHus cliopa MeXny cropoHamu. Ha
IepBBIH IIaH BBIABATAETCS IIPAaBOBAas OCHOBA apOHTPAKHOIO YPEryIMpOBaHMA. Takke YIOMSHYT CYZ, KOTOPHIH

PpacCMOTPHBAECT YKA3aHHbIE€ CIIOPHIL.

KiioueBbie c0Ba: uso6perarens; KOMIEHCALMs; IATEHTHOE IIPaBO; PaGOTHHK; paGoTOZaTess; CIy:KeGHOe

nsobpeTeHNe; TPYAOBOE IIPABO.

356bogrgob mstomo 10.03.2021
d9dcmbigemol ostGowo 21.06.2021
b9erdefgtoemos osbsdg s 29.09.2021
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bs89609002 fea098s, 3350900960 bsobbo btryemsgo, ger. 3mbhs, bszmbdsgider Ggergimbo)
1

2

3

09396%963900: ([Gorymocmgo bsbgero @s ggsto beGeemso, bsddsm sogoo s bsdypbogber fmmgds, 33509902960
botolbbo beeyers, ger. 3ebBs, bszmbBs95 B3gerggembo)
1

2

M0 dmfiggmeo b3gEgosolidgdo:

1. 659030l gobbogrgs

2 (Bogmomgo gs3eedgdol @sbsbyergds)
LoLHogErM-bs893b0gOM WO EIHIEIOHOL IMYMIMOZ 3ToL0sGo Foblabowrggws 9dmzos
33BMOHOL/53EMMHO0L doge FmIBogdeno badgboghm LEsEos

(6'030)007‘70; bo.)dooll bﬁg(vo @debm&.))

LOLHogEM-Lsdg3EbogMM WO EIH OOl IMHYMIMOZ0 3nIolool JogM sdmymgoos Mg396%gbEJdo:
1
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2.

2. 653Gm3ob Loy sm gsbbowgs

1. 3mobdobgls: 53BMMOL/53EMMYd0L (GoL109009902) 0b6RMGTo305 3oBLabOEIZ s FoMmIm®ygbowo bBs@ool
dqLobgd.

653080l 5b6mahsgos

3. 8mobdobgl:  MgE96BgbEOL/MY396%96¢ oL (Borm0mgm)  SGymAgbBomgdmmo  Fgxnsbgds  bGs@ool
39BHsOHMd0L, Losbrol s gsdmEgdol JoBsbdgfimbowmdol glsbgd.

4. 9mobdobgl: B3 GHIGHOL BaHOLbOL M HHYB3gEYma3ol LEALIHLMOL sL3Zbs-MY3MBgbEsE0s (Foryooogo
Feadbligbgderol 3065028s) LBoGoob godmigdol dglabgd.

sBMo 353modaql:

055¢00b9L:
Bagdo®mggml ¢9dbogn®o 1boggdLodgdol s3nwdgéol

(Bo590200900 B3I GG Pbsbyergds)

Lobfogerm-s9g36096: oM@l sMRMOdM0Z 3MTobosdo dsblsbowggms dgdmgos
93GHMOOL/53BHMMgd0L Foge ImTBsYdwo Lsdgaboghm bEsGos

(6'030)007‘70; IIO.)OOOII bﬁg@o @llébmﬂ.))

93089605305L MHazl bGHsEHOoL Fdmg399bgdol bEvy-ob dBmToms 3MHgddo.

39379 AGEHOL ©EIMMOdM030 3MIoLOOL M3dxXEMISMY

3m0oliools dogsbo

3mdolbool §930gd0: 35379EYEHOL EIMMDdM030 3mIolool 0sg3dxMTsMOl
bgandmfigmol Lobsdgzoagls 350sliG¥IMgd
B9IIWAGIGOL ©g3s6o (bgerdeafigtrs)
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®9696 ool bod~do

1. 6596030l b gds BLOYIES©

2. 533H™MH0L/53GHMM9d0L bsdg3bogmm [mmgds, Lsdwdsm 50w, bo3MbEHJBH™
068335300, gaw. MG

3. 6596™Ido LMo sIMEsboL dmzeg dodmbogngs

4. 259mb59399690o IMIBsYdMo BsdOMIOL 5g@ Yo OMdS

5. 060050 51399900, OMIWYGO0E 29bbOMWos 53EHMMOL Joge

6. ©93039605305 BsdOMIOL 259md399bgdolsmzol (00 9g0mbgzgz5do mvg LaMgizgbbom
BodOM™I0 Lodg3609H™M LEHSE099, 9930 gdgEos LsdY3609MHM FMMboerol sbobgmgdol
30000 9do)

7. ©9396%963 0L 33500 5 Lobgeo LOHYISE, LHFMToM SO0, Bsdg3bogemm frwgds,
bo3mbE OB ™ 0bgMmMTo305, . BMLEAES (LESG00L MyEgbHoMYdOL dgdmbggzsdo
©9396%96E0L 8mbs399900 359tmd39969d99c00 046935 LG oEH0LMD ghm)
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Guidelines for Authors

Collection of Academic Works of Georgian Technical University is a multidisciplinary quarterly refereed

periodical included in Index Copernicus International.

An article (accepted in Georgian, English or Russian) is published in the original language;

The number of authors of an article should not exceed three;

Authors should submit original copies of one or more articles for publication to the publishing house or send
scan versions to sagamomcemlosakhli@yahoo.com along with supporting documentation, but only two articles

from the same author(s) will be published in one edition;

To submit scan versions via email please follow the instructions:
—  In the Subject line indicate the collection of works and the name(s) of author(s).
—  Attach the file(s) properly;

—  Use ZIP or RAR file compressors in case of large files to attach.

The article should be literal, well-structured and apply proper terminology to convey the author’s constructive
arguments relevant to the subject. The authors and reviewers are responsible for the content and quality of an article;
The collection of works of GTU is a non-commercial publication and running the articles of our researchers and
for PhD students is free of charge;

According to the Resolution No.200 of GTU Academic Council (22.01.2010), authors who are not the employees
at the University, should make the preliminary payment by cash or transfer to have their paper published (10
GEL per page). Copy of the payment receipt should be enclosed with the supporting documentation (two reviews
and a reference by the organization’s academic board on publishing the article in GTU collection of scientific

papers). “Cost of article publication” shall appear as subject in the “purpose of payment” field.

GTU bank details: LEPL Georgian Technical University; organization’s identification number 211349192;

beneficiary bank: State Treasury; beneficiary: joint treasury account; bank code: TRESGEZ2; Account number:
treasury code 708977259.

How to form an academic article:

o The text should be presented in print-out form (A4), no less than 5 pages (margins - 2 cm, line spacing - 1,5);
e Only MS Word versions of texts are accepted (doc or docx) presented electronically on any magnetic carrier;
e For Georgian texts: font - Sylfaen, font size - 12 pt;

e For English and Russian texts: font - Sylfaen, font size - 12 pt.

bGvy-ob dGMIYdo — Works of GTU - Tpyas: ITY ISSN 1512-0996
Ne3 (521), 2021 176 www.shromebi.gtu.ge



The accompanying information to the article should include:
e Universal Decimal Classification (UDC)
¢ Information about the author(s) and reviewers in Georgian, English and Russian:
— Full name, academic title, email and phone number of each author;
— Department, full name of organization — place of employment of each author, area/town, country;

— Full name, email, academic title, department or place of employment of each reviewer.

The article should include:

e An abstract in Georgian, English and Russian (100-150 words long). For foreign readers an abstract is the only
source of information about the content of an article and results of the research conveyed by it. An abstract
therefore defines the reader’s interest towards the article and possibility of further outreach to the author for
the full text, etc.

An abstract should be:
—  Informative (free of generalized terms and statements);
—  Original (with quality translations in English and Russian with the proper application of terminology);
—  Specific (conveying the core content of an article);

—  Properly structured (consistent with the research results given in the article).

An abstract should contain:

— The subject, topic and objective of an article (indicated in case if these are not clear from the title);

— Method or methodology of research performed (expected to be described when and if this method or
methodology are new and interesting with reference to the article);

— Research results;

— Area of application of research results;

— Conclusion.

¢ Key words sorted by alphabet (Georgian, English and Russian);
e Sections should be outlined Introduction, Main Part and Conclusion;

e Digital version of drawings or images in any graphic format, resolution 150 dpi;

e Reference
— By the recommendations of Databases of International Scientific Journals the number of references should

be no less than ten.

How to form the reference section in the article:
Name and surname of each author should be given in Latin letter initials, title of the articles — translated in
English, name of the source (journal, collection of works, conference materials) — with transliteration (original

language of the article should be indicated in brackets).
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References (sample)

1. Jacques Sapir. Energy security as a common advantages.
http://www.globalaffairs.ru/rumbler/n_7780 (In Russian).

2. “Official website of the International Energy Agency:
http://www.iea org/topics/energysecurity/” (In English).

3. International Energy Agency “Key World Energy Statistics” 2014 (In English).

4. Energy strategy of France McDoleg_butenko20 May, 2009 (In Russian).

5. Svanidze G.G., Gagua V.P., Sukhishvili E.V. “Rene-wable energy resources of Georgia”, Leningrad,
Hydrometizdat, 1987, pp. 75-76 (In Russian).

6. Revaz Arveladze, Tengiz Kereselidze "The Georgian Full Independence of Electry Power Is Supported By
Hydropower”. Sakartvelos Teqnikuri Universitetis Archil Eliashvilis Saxelobis Martvis sistemebis Institutis

Proceedings. N18 2014. Tbilisi (In Georgian).

Requirements for the submission of articles by the employees and for PhD students of Georgian Technical
University:
e Two reviews (see the sample at)
http://publishhouse.gtu.ge/site_files/recenziis nimushi.docx
e Minutes of the sectoral committee of the faculty publishing (see the sample at)
http://publishhouse.gtu.ge/site_files/aqtis forma.docx

Documents should be verified with the faculty stamp.

Notice to Authors

Authors may consider one of the previous editions of GTU Collection of Academic Works as an example
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K cBemenmio arTOpOB

COOpHMK HAaydYHBIX  TPYZOB I'DY3MHCKOrO TEXHWYECKOTO VHHBEPCUTETa SBISETCS eXKeKBAPTAIbHBIM
MyJIBTUAUCIMIIMHADHBIM  pedepupyeMbIM IE€pUOZMYECKMM M3JaHUEM, KOTOPOe 3aperMCTPUPOBAaHO B
MeX/yHaponHoi 6ase 51eKTpoHHBIX JaHHBIX _ Index Copernicus International.

e Crarbu (IPUHUMAIOTCA Ha TPY3UHCKOM, aHTJIUHCKOM, PYCCKOM f3BIKaX) IIyGIMKYIOTCA Ha A3bIKE OPUTHHAJIA.

¢ KomnuecTBOo aBTOPOB CTaThH HE JOJKHO IIPEBBIIIATSH 3.

e ABTOp MOXET IpefOCTaBIATh IJIA IyOIMKaUUK B VI3maTeIbckoM AOoMe WM IIO 3JIEKTPOHHON IHoduTe (Ha

cremytomuii agpec: sagamomcemlosakhli@yahoo.com) ogay mau HeckoIBKO CTaTel, a TaKXKe B CKAHUPOBAH-
HBIX (daiilax COMYyTCTBYIOIIYIO ZOKYMEHTALIUIO, HO B OJHOM HOMEpPE MOTYT GBITh OIyGINKOBAaHBI TOIBKO JBE

paboTsl.

* Bcayvae craTeH, IpHChLIAEMBIX II0 5]1. ITOYTE, IIPOCE0a MPEAYCMOTPETS CAEAYIOIHE TPEOOBAHHA:
- ykaszars B 271. Subject-e HazBaHHe COOpHHKA (TeMa) H QPaMH/IHIO aBTOpA (ABTOPOB);
- HcrIoIs308aTh Attach (mprroxurs Qan);

- B cIy9ae OoxbIIoro obsema Qariia npuMeHuTs apxuBarop (ZIP, RAR).

¢ Crarba fo/DKHA OBITH COCTAaBIEHA TPAMOTHO, C COOIIOfeHIEeM TEPMUHOIOTUN. ABTOP (aBTOPHI) U PelleH3eHTHI
HECYyT OTBETCTBEHHOCTb 3a CO/lepyKaHIe U KaueCTBO CTAThH.

o TJlockombKy COOPHHK TPYZOB I'PySHHCKOTO TEXHMYECKOTO YHUBEPCHUTETA ABIAETCA HEKOMMeEPYeCKUM
U3JaHUeM, i1 COTPYAHUKOB CTaThH ITyOIMKYIOTCA GeCILIaTHO.

e CoracHo ocTaHOBIeHHIO akazemudeckoro cosera N°200 (22.01.2010 r.), dusudeckoe IUI0, He ABIAIOLIEECS
COTPYAHUKOM YHHMBEPCHUTETa, i NyGIUKAIMH CTaThu B COOPHMKE TPYZOB [O/DKHO 3apaHee BHECTH MU
IePeYUCInuTh HeobxomuMyIo cymmy (1 crpanuna crout 10 ysapu) 3a cTaThio U COOTBETCTBYIONIYIO JOKYMEHTALIUIO
(oBe peueH3uU M HaIpaBIeHMe HAYYHOTO COBETA OPTAaHM3AI[UU O IyOIMKAI[UU CTaThu B cOopHUKe Tpyzos I'TY),

IIPHUJIOXXUB CIIPABKY 006 ortate. B rpa(be «Hasnavuenwue ormiaTei» ciaenyeT 3alliCaTh «CTOMMOCTD I'[y6JII/IKaIJ;I/II/I CTATbU».

banrosckwe persuzursr ITY: IOpuandeckoe xuro mybameroro npasa (FOJIIII); Ipy3sHHCKHE TeXHHYeCKHH
VHHBEPCHTET; HACHTHOHKATHOHHBIH K0Z 211349192; baHk nmprueMa; rocyZapCTBeHHAA Ka3Ha; HA3BAHHE MOy IaTe/IA:

eqHHEIN cYeT KasHEI; ko 6anka: TRESGE22; cver moxydarens: kog xkasHsr 708977259,

ITpeparaem nopamox obOpMIEHHS HAYYHOH CTaThH:
® CTaThA JOJDKHA OBITH IIpe/CTaBIeHa B Halle9aTaHHOM BHZe Ha cTpaHuIe ¢popmara A4, cofiep)XaTh He MeHbIIIe

5 crpanur (mons — 2 cM, nuHTEpBaI — 1,5);
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CTaThs BOJDKHA OBITH BhITIONHEHA B Buje daitna doc miau docx (MS Word) u sanucana Ha 11060M MaTHUTHOM
HOCHTEJIE;
IJI TPY3MHCKOTO TeKCTa IpuMeHATs wpudT Sylfaen, pazmep 12;

mpudT AT aHIIUUCKOTO U PycCKOTo TekcToB Sylfaen, pasmep 12;

CraTbs JOIDKHA CONPOBOXKIATECA CleAyiomei nHbopManmeii:

xog, Y/IK (YHuBepcanpHas gecaTUYHAs KIacCUPUKAIIA).

CBenenus o6 aBTope (aBTOpax) Ha TPY3MHCKOM, aHTJIMMCKOM U PyCCKOM fA3BIKaX:

IIOTHOCTBIO MM U (hamMuius aBropa (aBTopoB), E-mail, HayuHas cTeneHb 1 KOHTaKTHBIH TeledOH;
HasBaHMe JlellapTaMeHTa, II0JTHOe Ha3BaHUe OPTaHU3aIIK — MeCTO PaboTHI KaXXJOTO aBTOpa — CTPaHa, TOpoz;

IIOJITHOCTBIO (1)aMI/IJII/II/I 1 MMEHa PELEH3€HTOB, aapec BHEKTPOHHOﬁ IIOYTBI, HAYYHOE 3BaHHE, Ha3BaHNE JeIlap-

TaME€HTa UJIN MeCTa paGOTBI.

K craTtne AOJDKHBI IIPHJIATATHECA:

AHHOTAanMA Ha IPy3HHCKOM, aHITIUHCKOM U pycckoM a3bikax (100-150 cnos). Jrg #HOCTpaHHEIX YHTaTEMEH

AHHOTaLHd AB/ITE€TCA €JHHCTBEHHBIM HCTOYHHKOM HH¢OPMHIIIIII O pe3yjIpTarax HCC}IB,JOBHHIII?, IIDHBEJE€HHBIX B

COZ€EP>KAHHH CTAaThH. HwmerrO 510 OIIPpEAE/ITET HHTEPEC YIE€HOIO K pa60m H, COOTBETCTBEHHO, >K€JIAHHE Ha4dTh

AHCKYCCHIO C aBTOPDOM, ITO3HAKOMHTBECA C ITOJIHBIM TEKCTOM CTATHH H T.J.

AHHOTAIIHAI ZOIKHA OBITH:

HHQOpMagHOHHOH (He JO/KHA COZEPKaTh OOL[HX CTOB H Ppa3s);

OPHFHHHJIBHOIZ' (HepeBo,q HAa aHTJTHHCKOM H FPY3HHCKOM A3BIKAX JO/DKEH 6bITb Ka YECTBeHHEIIZ, IIpu rmepesojge
CIeAyeT HCIOIB30BaTh CIIeHAIbHY 0 TEPMHHOJIOIHIO);

cogep)KareIbHOH (JO/DKHA OTPAXKATh OCHOBHOE COLEPKAHHE CTATHH H PE3YIBTATE HCC/IELOBAHHA);

CTPYKTYPHPOBAHHOH (CI€Z0BATH B CTATHE JIOTHKE OIIHCAHHA PE3Y/IbTATOB).

Zo/pxHa cozepxars:

IIpeAMET CTAThH, TEMY, LeIb (KOTOPHIE YKA3bIBAIOT B TOM C/Iy4ae, €C/IH 9TO HE ACHO H3 3aI/IABHA CTATBH);
MeT0Z HIIH METOLOJIOTHIO MPOBELEHHOI0 HCCAELOBAHHUA (OIIHCAHHE METOLA HIH MEeTOZO0IOTHH IIPOBEZEHHOH
paboTHI 1je1eco06pasHo B TOM CIyYae, eC/IH OHH BBIAEIAIOTCA HOBH3HOH, HHTEPECHHI C TOIKH 3PEHHA JAHHOH
paboTsr);

DE3YIBTATEI HCCIEZOBAHHA;

apeasr HCIOIb30BAHHA PE3YIbTATOB;

BBIBOJBI;

KJIIO49€BBIE CJIOBA, PACIIOJIOXEHHBIE II0 aJI(baBI/ITy (Ha TPY3HHCKOM, AHTJIUHACKOM U PYCCKOM }IBLIKaX);
B CTAaThe OOJIXKHBI GBITH BBIZICJICHBI IIOA3daTOJIOBKHU: BBE€AEHNE, OCHOBHAA YaCTh U 3aKJIIOYCHUE (BI:IBO,ILBI);

KOMIIBIOTepHbIe BApUaHTHI YepTeXxkei nin ¢pororpaduil FOKHEI GBITH BBIIIOTHEHHI B 1I060M rpaduieckomMm
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e dopmare, paspemerrem — He MeHee 150 dpi.

e Jlurepartypa

Ilo pexomeHzanyuy 6a3bl JaHHBIX MEXAYHAPOLHBIX HAYYHBIX JKypPHAJIOB, YHCJIO MCIIOJb30BAHHOI JIUTEPATyPhI
JKeJIaTeJIbHO JODKHO GBITh He MeHbre 10.

ITpexcraBngem nopAKok odopMIeHHS B MyOINKyeMO# CTaThe MCII0Ib30BaHHOM JINTEPATyPHI:

Qamunusa u WHHUIMAJIBI BCEX aBTOPOB OJI>KHBI GBITH BBIIIOJTHEHBI 6yKBaMI/I JIATUHCKOTO aJI(baBI/ITa, T.€. TPAHCIN-
Tepauneﬁ; Ha3BaHHE CTATHH C IIEPEBOJOM Ha AHTJIUMCKUH A3bIK; Ha3BaHHE UCTOYHUKOB ()KypHaHa, C6OPHI/IK3 TPYyZoOB,

MaTepHaIoB KOHGepeHIIUN) — TpaHCIUTepanuel (I3bIK CTATbU YKa3aH B CKOOKax).

Jlureparypa (O6paser)

1. Jacques Sapir. Energy security as a common advantages.
http://www.globalaffairs.ru/rumbler/n_7780 (In Russian).

2. “Official website of the International Energy Agency:
http://www.iea org/topics/energysecurity/” (In English).

3. International Energy Agency “Key World Energy Statistics” 2014 (In English).

4. Energy strategy of France McDoleg_butenko20 May, 2009 (In Russian)

5. G.G. Svanidze, V.P. Gagua, E.V. Sukhishvili “Rene-wable energy resources of Georgia”, Leningrad,
Hydrometizdat, 1987, pp. 75-76 (In Russian).

6. Revaz Arveladze, Tengiz Kereselidze "The Georgian Full Independence of Electry Power Is Supported By
Hydropower”. Sakartvelos Teqnikuri Universitetis Archil Eliashvilis Saxelobis Martvis sistemebis Institutis

Proceedings. N18 2014. Tbilisi (In Georgian).

,ZLJIH IIpeaCTaBI€HUA CTaThH JOJIDKEH GBITH IIPHUJIOXKEH II€EPEYE€HDb HEO6XO,ILI/IMI>IX AOKYMEHTOB JIJIs1 COTPYAZHUKOB U

AOKTOPAaHTOB FPYBI/IHCKOI'O TEXHWYIECKOT'O YHHBEPCUTETA:

e 1Be penensuu (cM. oGpaser)
http://publishhouse.gtu.ge/site_files/recenziis nimushi.docx

® BBINKCKA M3 IPOTOKOJIA OTPACIEBOM KOMUCCHHY IO U3AATENBCKOMY feiy daxynbrera (cM. oGpasers)
http://publishhouse.gtu.ge/site_files/aqtis forma.docx

AOKYMEHTBI JOJIKHBI OBITH YAOCTOBEPEHDI II€YATHIO Q)aKyHBTeTa.

ABTOp MOXXeT HCITOTB30BaTE B Ka9eCTBe 00pa3a OFHH H3 IOCAEZHAX HOMEDPOB H3AAHHA.
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