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A SIMULATED MODEL OF CONTROLLING A 100 MW BATTERY ENERGY STORAGE SYSTEM
USING A BIDIRECTIONAL SEMICONDUCTOR CONVERTER USING AN ENERGY
MANAGEMENT SYSTEM.

T.Museliani, I.Vakhtangadze, G.Vakhtangadze, O.burdiashvili, B.Jintchveleishvili, A.Kamarauli,
“Energy”. Ne1(112). 2025. Thilisi. p.. 5-13. geo. sum geo. engl.rus.

In the article, a simulated BESS control model is implemented in the program ,DIGSILENT
PowerFactory“ when the system operates in isolated mode, during which an emergency shutdown of
more than 100 MW of generation occurs, and also when the system operates in synchronous mode
with a neighboring power system, an import of 300 MW to 600 MW is underway and the import is
instantly terminated for various reasons. Let’s consider various cases, including:

1. On the inter-system line on which the import is taking place, the line is discconected at the
other end, meaning at the substation of the neighboring system, while at the head of the line, i.e. at
the substation of the Georgian energy system, the line remains connected, during which the automatic
anti-accident system does not work;

2. The inter-system line on which the import is taking place is shut downat both ends, but due to
a malfunction of the fiber optic cable or a software error, the automatic anti-accident systemdoes not
come into operation;

3. During the system’s autonomous operation, the anti-accident automatics were blocked due to
a technical malfunction and only the “automatic frequency unloading” automatics remain in
operation.

Il 5, tabl. 8, bibl. 15.

12


https://www.atsu.edu.ge/ge/faculty/8-sainzhinroteknikuri-pakulteti/news/1992-i-saertashoriso-kongresi-energetikuli-sistemebis-inzhineriashi-inesec2024%2013
https://www.atsu.edu.ge/ge/faculty/8-sainzhinroteknikuri-pakulteti/news/1992-i-saertashoriso-kongresi-energetikuli-sistemebis-inzhineriashi-inesec2024%2013
https://shromebi.gtu.ge/admin/uploads/4%2C2024/014-museliani.pdf
https://shromebi.gtu.ge/admin/uploads/4%2C2024/014-museliani.pdf

Jm90Bsgro ,9b96ma0s” Nel(112). 2025

NUMUTAIIUOHHASA MOJEJb YIPABJEHUSA CUCTEMOM HAKOILIEHUS SHEPIUA
AKKYMVYJISITOPHON BATAPEU MOIIHOCTBKO 100 MBr C MHMCIHOJb30BAHUEM
JABYHAIIPABJIEHHOI'O MOJYIIPOBOAHUKOBOI'O TIIPEOBPA3OBATEJISI CUCTEMBbI
YIIPABJIEHUSI DHEPTETUKOM.

T.Mycenuanu, HU.Baxmanzaosze, I.Baxmanzaoze, O.Bypouaweunu, b./[rcunugeneuwieunu,
A.Kamapaynu,

“Oueprusa”. Ne 1(112).2025 . Tonaucu. c.5-13 . rpys. ped. rpys.anri. pyc.

B craTbe peaninzoBaHa UMUTAIMOHHASI MoJeb ynpaBienusi BESS B nporpamme « DIGSILENT
PowerFactory» mpu padoTe cucTeMbl B H30JMPOBAHHOM pPeKHMe, Ile NMPOUCXOAUT ABapHiiHOe
oTkiovenue Gojsiee 100 MBT renepanuu, a Tak:ke CHCTeMbl B CHHXPOHHOM PeKUMe € cOceqHeil
JHEProcucTeMoii, B xoae koroporo uaetr umnopt ot 300 MBT 10 600 MBT, B pe3yabTaTe 4ero UMIOPT
MI'HOBEHHO NpeKpamaeTcs Mo pasHbIM npuynHaM. PaccMoTpuM pa3iinyHbie ciiyyau, B TOM 4ucJie:

1. Ha Me:kcHCTeMHOI TUHUH, 10 KOTOPO# MPOMCXOIUT HMIIOPT, THHHUS OTKJII0YAETCS] HA IPYToM
KOHIIe, T. €. HA MOACTAHIMH COCe/IHell CHCTeMBI, a B r0J10Be JIMHUH, T. €. HA NoAcTaHuMu I'py3nHCKoi
JHEProcucTeMbl, JIMHUS OCTAETCH MOAKJIIOYEHHOH, NMPU 3TOM ABTOMATHKA NPOTHBOABAPUITHOM
3alMTHI He padoTaer.

2. MexcucTeMHas1 JINHUS, 10 KOTOPOH MPOMCXOAUT UMIIOPT, OTKJIIOYAETCH HA 000MX KOHLAX, HO
U3-32 HEHCIPABHOCTH ONTOBOJOKOHHOr0 Ka0eass MM OMWUOKHM MNPOrpPaMMHOr0 odecreveHusl,
aBTOMATHKA NPOTUBOABAPUITHOM 3alINTHI He cpadaTbIBaeT.

3. Bo BpeMsi aBTOHOMHOIi pa®oThbl CHCTeMbl ABTOMATHKA NPOTUBOABAPUIIHON 3alIUTHI ObLIA
3a0/10KMpOBaHA W3-32 TEXHUYECKOW HEMCHPABHOCTH, BCJEACTBHM Yero oOCTAJach TOJbKO
aBTOMATHKA «AaBTOMATHYeCKOH Pa3rpy3K 4acTOThI».

Hnn. 5, maon. 8, num. 15 nase.
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STUDY OF THE CHALLENGES ASSOCIATED WITH TRANSITIONING TO LED
LIGHTING IN PUBLIC BUILDINGS

Guram Tskhomelidze - Candidate of Technical Science, Professor,
E-mail: guram.65@mail.ru

Georgian Technical University

Abstract. The article examines the challenges associated with the transition to LED lighting in public
buildings and provides recommendations for addressing them. One of the key issues arises from the
pulsating nature of LED lamp currents, which leads to the summation of distorted currents from
individual phases within a three-phase power supply system. This accumulation results in excessive
current levels in the neutral wire, increasing the risk of overheating and potential fire hazards.
Additionally, the presence of high-order harmonic components contributes to supply voltage
distortion, which can interfere with the operation of voltage-sensitive and smart devices. The study
demonstrates that, despite minimal voltage fluctuations and compliance with standard power factor
requirements, the current in the neutral wire can reach critical levels due to harmonic distortions.
The article presents harmonic spectrum oscillograms of the affected currents and explores potential
solutions to mitigate these issues, ensuring the safe and efficient integration of LED lighting in public
buildings.

Keywords: LED lighting, EMC, Harmonic components, neutral wire, accumulation of current

In the modern stage of technological LEDs boast a significantly extended service
development, the introduction of LED lighting life, reaching up to 60,000 hours, which is 12-
in facilities with high electricity consumption, 20 times longer than fluorescent lighting. This
especially in public buildings, is becoming longevity substantially reduces maintenance
increasingly relevant. This is substantiated by costs;
the fact that the cost of electricity for e LEDs continually improve in terms of
commercial facilities has nearly doubled and light output efficiency, with current levels
now constitutes a significant portion of the reaching 1W producing 200 lumens, resulting
budget for any large energy-consuming in an annual cost reduction of nearly 20%;
establishment. It is well-established that 20- e LEDs emit negligible amounts of
30% of electricity consumption in public infrared radiation, making them safe for use in
buildings is allocated to lighting. According to thermosensitive areas where other types of
data from the Next Generation Lighting lamps could pose a fire hazard;
Industry Alliance (NGLIA), the United States e Unlike fluorescent lamps, LEDs do not
expends $60 billion annually on lighting- emit ultraviolet (UV) light, which can cause
related electricity expenses. Furthermore, paint fading. This makes LEDs indispensable
experts predict that a 50% reduction in costs for use in showcases:
can be achieved by transitioning to LED e LRGB-type LED lamps are -easily
lighting between 2020 and 2025. controllable and can produce millions of
The introduction of LED lighting in public different colors without the need for light
buildings offers several advantages: filters. They can also adapt to various color
e LED light sources emit light in a temperatures and be managed using digital
focused direction, which is especially crucial controllers, demonstrating their high efficiency
for public spaces and, notably, retail facilities; and flexibility;

14



JmMbsero 969605’ Nel(112). 2025

e LED lamps are instantaneous in
operation, requiring no warm-up time, and

their lifespan is unaffected by frequent
switching on and off;
e Unlike fluorescent lamps, which

contain hazardous materials like mercury and
require special disposal procedures, LED
lamps are environmentally safe and do not
pose disposal-related costs or environmental
risks.

While LED technology is relatively new, it has
demonstrated superior performance compared
to traditional lighting devices in terms of
energy efficiency, cost-effectiveness,
environmental friendliness, and, more
recently, light quality. However, as of now, the
issues related to the pulsed nature of the power
supply and lighting flicker, initially observed in
LED lamps, have not been fully addressed. The
majority of lamps lack power factor correction
and current stabilization circuits with modern
drivers. Consequently, many significant
electricity consumers hesitate to adopt LED

lighting, missing out on the opportunity to
reduce their lighting costs by nearly half.

The purpose of this article is to investigate and
provide recommendations for addressing
several issues related to LED lighting. One of
the problems stems from the sharp power
supply pulsations of the lamp leading to
current summation from all three phases
within the neutral wire. This accumulation can
potentially result in overheating of the neutral
wire and the risk of fire. Consequently, there is
a need for the replacement and introduction of
"pollution™ in the supply voltage by high-order
harmonic components. These harmonics can
cause delays in the operation of "smart' or
voltage-quality-sensitive equipment. It is well-
known that in a 3-phase symmetrical feeding
circuit, the current in the neutral wire is nearly
zero. However, when the current is pulsed, as
revealed in Fig. 1,a, currents in the circuit
begin to accumulate. Fig. 1,b illustrates the
values of the harmonic coefficients of the
impulse current.

As previously mentioned, due to the impulsive

current nature, there is an accumulation of
current in the neutral wire, resulting in the
neutral current being approximately 2.3 times
higher than the phase current. Fig. 1 illustrates
the current values in each phase (a, b, c) and
the neutral wire (d).

In this specific scenario, the impact on the
harmonic composition of the voltage is
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negligible since the magnitude of the phase
current does not exceed 2 amperes (A).

In a specific case, three 48W lamps were
connected in each phase. Consequently, with a
phase voltage value of 220V, the power factor
is calculated as Pa/Ul = 144/158.4 = 0.909,
aligning with the international standard
requirements for LED lamps. As per the
standards, lamps with a power rating of 25W
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or higher should exhibit a power factor greater
than 0.9.
However, despite the negligible voltage
variation and the power factor meeting
standard requirements, the current in the
neutral wire reaches unacceptable levels. This
is attributable to the substantial contribution
of high-order harmonic components in the
supply current.

Fig. 3,a illustrates the harmonic spectrum of
this aforementioned current.

Fig. 3 displays the distribution spectrum of
harmonic coefficients of the supply current (a),
as well as the voltage and current waveforms
(b). These phenomena are analyzed within a
single period of the supply voltage.
Additionally, it is noteworthy that there is a 30-

1

Fig. 3.
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40% pulsation in active current and active
power over relatively extended time intervals,
as depicted in Fig. 4.

The initial inconsistency is manifested in the
value required by the standard. Consequently,
it unveils issues associated to the pulsations of
light and current in the diode assembly.

The questions addressed through the single-
lamp superposition principle will have a
significant impact on the electromagnetic
compatibility of objects when replacing more
than 1000 lamps. Fig. 5 illustrates the lighting
arrangement for a section of a 4-level parking
lot in a shopping center.
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In the presented case, the total number of
replaced lamps exceeds 5000 units.
Consequently, it becomes evident how the
contribution of low-quality lamps can impact
the electromagnetic environment of the
facility.

Based on the information provided above, the
following recommendations can be formulated
for the replacement of a substantial quantity of
diverse lamp types with LED lamps in large
shopping centers. Switching to light-emitting
diode (LED) lighting in shopping centers may
present electromagnetic compatibility (EMC)

Fig. 5.
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issues due to the operational characteristics of
these light sources. Below are potential
problems and corresponding solutions:
Electromagnetic Interference (EMI)
can occur.

Solution: Use LED fixtures certified to meet
electromagnetic standards and implement
shielding and filters to reduce noise emissions;
LED lights may interfere with other
electronic devices.

Solution: Carefully select LED lights to
avoid with  other electronic

conflicts
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equipment. Test compatibility with existing
systems and devices;

e LED lighting
communication and

might disrupt
data transmission
systems.

Solution: Design the lighting network to
prevent interference with wireless systems.
Consider using filters or modifying the
network layout if necessary;

e Challenges with phase control and
dimming may arise.

Solution: Choose LED luminaires that are
compatible with your dimming systems and
plan the installation carefully, taking phase
control requirements into account;

e Harmonic distortion and overcurrent
may occur.

Solution: Utilize high-quality electronic
drivers equipped with active harmonic control
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and current limiting to minimize their impact
on the power grid;

e EMC issues may persist without
proper shielding and grounding.
Solution: Pay attention to shield luminaires
effectively and ensure proper grounding to
mitigate potential EMC problems.
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PaccmaTpuBaloTcsi mpooJieMbl, CBA3aHHbIE € MEPEX0J0M HA CBETOAHOJAHOE OCBellleHHe B
001IeCTBEHHBIX 3aHUSAX, U TAIOTCS PEKOMEHAAIUHN M0 UX pelieHuIo. OaHa U3 KJII0YEeBBLIX MPodJieM
BO3HUKAET M3-32 MNYJbCHPYIOLIEr0 XapaKTepa TOKOB CBETOAUOAHBIX JIaMM, 4YTO NPHUBOAUT K
CYMMHPOBAHMI0 HCKA’KEHHBIX TOKOB OTAEJbHBIX (pa3 B Tpex(da3Hoil cucTeMe 3J1eKTPOCHAGKEHUSI.
JT0 HAKOILUIeHHEe NPMBOAUT K H30BITOYHBIM YPOBHSIM TOKa B HEWTPaJbHOM NpoOBoOAe, 4YTO
YBeJIMYHUBAET PUCK NeperpeBa U MOTEHIUAIBLHOI omacHocTH Bo3ropanus. Kpome toro, Haauvue
TAPpMOHUYECKUX COCTABJISIIOIIMX BBICOKOI0 MOPSIAKA CHOCOOCTBYET HCKAKEHUI) HANPSIKEHUS
NUTAHUS, YTO MOKET MeIIATh padoTe YYBCTBUTEJbHBIX K HANPSKEHHUI) M HHTE/LUIEKTYaJbHBIX
ycTpoiicTB. MccienoBanne noka3bIBaeT, YT0, HECMOTPSI HA MUHUMAJIbHbIE KOJIE0AHUS HATIPSIKEHUsI
U c00JII0leHHe HOPMATHBHBLIX TpeOoOBaHMii K K03((PUIHEHTY MOIIHOCTH, TOK B HEHTPaJIbLHOM
NMpoBoie MOKET JOCTUTATh KPUTHYECKHUX YPOBHEHl H3-3a rapMOHHYECKMX HCKa:keHuil. B craTbe
NpeacTaBjeHbl OCHUJIOrPAMMbI TAPMOHUYECKOT0 CHEKTPa 3aTPOHYTHIX TOKOB M HCCJIETYIOTCS
NOTEHIHAJIbHbIE pelleHUus1 [JIsl CMSIrYeHusi 3TUX NpodieM, oOecneunBasi 0e30MacHYI0 U
3¢ (peKTUBHYI0 HHTErPALMIO CBETOAHOJHOI0 OCBEIIEHUsI B 001leCTBEHHbIE 31aHUS.

Hnn. 5, aum. 4 nase.
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EVALUATION OF SYSTEM STABILITY DYNAMICS USING THE Q ANALYSIS METHODY.
M.Akhobadze, E. Kurtsxalia, A.Buzaladze, M.Nijharadze.
“Energy”. Nel1(112). 2025. Thilisi. p. 20-26. geo.sum geo. engl.rus.

To assess the stability of the system structure, it is crucial to study the area and dynamics of the spread
of ""disturbances™ caused by changes in the elements that determine the structure.

Graph theory is often used to analyze the structure of systems, as it clearly reflects the topology of the
system. Other well-known methods for analyzing systems include catastrophe theory, cluster analysis,
and others. It should be noted from the outset that these methods do not account for the properties of
the elements that make up the system.

One of the best methods for studying the structure of a system and its elements is the Q analysis
method, which has a wide range of practical applications. It is used for mathematical modeling and
management of social, economic, technical, and other systems. Q analysis allows us to investigate the
"anomalous' elements of the system and indicates ways to improve the characteristics of the system,
primarily its stability to external influences.

The paper presents algorithms that can be used to assess the intensity of "disturbances,” and
illustrative examples of the results obtained are provided.

Bibl. 5.

OLIEHKA JIMHAMWKH YCTOMYMBOCTHU CHCTEMbBI C HCHOJb30BAHUEM METOJA
Q-AHAJIM3A.

M.Axob6ao3e, 3.Kypuxanua, A.by3anaoze, M. Husxicapao3e.

“Iueprusn”. Ne 1(112).2025 . Tonaucu. ¢.20-26. rpy3. ped. rpys.anri. pyc.

JJ1s1 olleHKM YCTOHYHMBOCTH CTPYKTYPHI CHCTEMbI NIPUHIMIHAIBHO BAaXKHO M3YYUTH 00JaCTh U
AMHAMUKY  PaclpOCTPAHEHMSl  «BO3MYIUEHHUI1», BbI3BAHHBIX M3MEHEHHMSIMH  JJIEMEHTOB,
onpeaesIOIUX CTPYKTYPY.

Teopust rpagoB yacTo UCNOAB3yeTCs VI AHAJIM3a CTPYKTYPhI CHCTEM, TAK KaK OHA HATJISA/THO
oTpa)kaeT TOMOJOTHI0O cHCTeMbl. JIpyruMHM H3BeCTHBIMH MeTOJAMH AHAJIM3a CHCTeM SIBJISIIOTCS
Teopus KaTacTpod, KiacTepHblii aHaau3 u ap. Cieayer 0TMeTHTb, YTO 3TH METOAbI He YYUTHIBAIOT
CBOIICTBA 3JIEMEHTOB, U3 KOTOPBIX COCTOMT cHCTEMA.

OaHuM U3 JYy4YIIMX METOAOB M3yYeHHUS] CTPYKTYPbI CHCTEMbI U €€ 3JIeMEHTOB SIBJSIETCS MeTO/
Q-anaju3a, MMeOLIUI LHUPOKUH CHEKTP NPaKTHYeCKMX NpuJo:keHUil. OH npuMeHsieTcs: ISt
MATeMaTH4ecKOro  MOJeJMPOBAHUSI W  YIOPaBJeHHUS  COUMAJIBHBIMH, JIKOHOMHUYECKHMH,
TeXHUYeCKUMH M JPYrHMH cHcTeMaMH. Q-aHajiM3 MO3BOJIsIeT HCCIe0BATh «AHOMAJIBHBIE»
3JIEeMEHTbI CHCTEMBbI H YKa3bIBaeT NMYTH YJYy4YlIeHHsS ee XapaKTepHCTHK, B NEPBYIO o4epelb, ee
YCTOMYHMBOCTH K BHEIITHUM BO3JeHCTBUAM.

Takske npeacTaBiaeHbl AJITOPUTMBI, KOTOPbIE MOKHO HCIOJIL30BATh VIl OLIEHKH MHTEHCUBHOCTH
«BO3MYUIEHHUIT», U IPUBeAeHbl HATJISIAHbIC IPUMeEPHI NMOJY4YeHHBIX pPe3yJIbTaTOB.

Jum. 5 nase.
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A SIMULATED MODEL OF CONTROLLING A 200 MW BATTERY ENERGY STORAGE SYSTEM
USING A BIDIRECTIONAL SEMICONDUCTOR CONVERTER USING AN ENERGY
MANAGEMENT SYSTEM.

T.Museliani, I.Vakhtangadze, G.Vakhtangadze, O.burdiashvili, B.Jintchveleishvili, A.Kamarauli.

“Energy”. Ne1(112). 2025. Thilisi. p. 27-34. geo.sum geo. engl.rus.

In the article, a simulated BESS control model is implemented in the program ,,DIGSILENT
PowerFactory*“ when the system operates in isolated mode, during which an emergency shutdown of
more than 200 MW of generation occurs, and also when the system operates in synchronous mode
with a neighboring power system, an import of 300 MW to 600 MW is underway and the import is
instantly terminated for various reasons. Let’s consider various cases, including:

1. On the inter-system line on which the import is taking place, the line is discconected at the other
end, meaning at the substation of the neighboring system, while at the head of the line, i.e. at the
substation of the Georgian energy system, the line remains connected, during which the automatic
anti-accident system does not work;

2. The inter-system line on which the import is taking place is shut downat both ends, but due to a
malfunction of the fiber optic cable or a software error, the automatic anti-accident systemdoes not
come into operation;

3. During the system’s autonomous operation, the anti-accident automatics were blocked due to a
technical malfunction and only the “automatic frequency unloading” automatics remain in
operation.

I1l. 5, tabl. 8, bibl. 8.

HUMUTAIIMOHHAA MOJEJIb YIIPABJIEHUSA CUCTEMOM HAKOILJIEHUSI SHEPIUU
AKKYMVYJISITOPHON BATAPEU MOIIHOCTBIO 200 MBT C MHCIIOJbB30OBAHUEM
JABYHAIIPABJIEHHOI'O ITOJIYIIPOBOJHUKOBOI'O IIPEOBPA3OBATEJISI C HCIIOJIB3O-
BAHUEM CUCTEMBI YIIPABJIEHUS DYPHEPT'ETUKOI.

T.Mycenuanu, H.Baxmanzaoze, I.Baxmancaoze, O.Bypouaweunu, b./icunuseneuweunu,
A.Kamapaynu.

“Jneprus”. Ne 1(112).2025 . Touaucu. c. 27-34. rpy3. ped. rpys.anri. pyc.

B craTbe peanu3oBaHa MMHTAIIMOHHAS MoJeb ynpasiaenust BESS B mporpamme «DIGSILENT
PowerFactory» npu pa0oTe cucTeMbl B M30JJMPOBAHHOM peXKMMe, B X0Je KOTOPOI0 NMPOUCXOAUT
aBapuiiHoe oTkJi0o4eHue 6osee 200 MBT renepanuu, a Tak:ke Npu padoTe cucTeMbl B CHHXPOHHOM
peskuMe ¢ coceHeil IHeprocucreMoi, uaer uMnopt ot 300 MBT 10 600 MBT 1 MMIIOPT MTHOBEHHO
NnpeKpamaercs Mo pasHbIM NpuYuHaM. PaccMoTpuM pasjimyHble cJIy4yau, B TOM Yucse:

1. Ha mexcucTeMHON JIMHHMH, 10 KOTOPOW NMPOMCXOAMT MMIIOPT, JHHHUS OTKJIIOYAETCS HA JAPYromM
KOHIIe, T.e. HA NMOACTAHIIUM COCeIHell CHCTeMBbl, 4 B I0JI0Be JIMHUM, T.e. Ha MOACTAHIMH I py3uHCKOi
JHEProCUCTEMbl, OHA OCTaeTCcs MOAKIIOYEHHOH, NMPHM 3TOM AaBTOMATHKa MPOTHBOABAPMITHON
3alIMThI He padoTaer.

2. Me:xxcucTeMHAas JUHUSA, 0 KOTOPOii MPOUCXOAUT UMIIOPT, OTKJII0YAeTCA HA 000MX KOHIAX, HO M3-
3a HEHCIPABHOCTH ONTOBOJIOKOHHOIO Kalejdsi MM OMMUOKH NPOrpaMMHOr0 o0ecrnedeHus,
aBTOMATHKA MPOTHBOABAPUIHOM 3aIlIMTHI He cpadaTbIBaeT.

3. Bo Bpemsi aBTOHOMHO#i padoOTBHI CHCTEMBbl ABTOMATHMKA MPOTHBOABAPHIHON 3amMTHI ObLIa
3a0/10KMpOBaHA W3-32 TEXHHYECKOW HEMCIPABHOCTH W B padoTe ocTajach TOJBKO aBTOMATHKA
«aBTOMaTHYECKOH Pa3rpy3KH 4acTOThI».

Hnn. 5, maon. 8, aum. 8.
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ACTIVE ELECTRICITY LOSSES CAUSED BY REACTIVE POWER, TECHNICAL MEASURES TO
REDUCE THEM AND FINANCIAL IMPACT.

T.Shergelashvili, N. Gozalishvili, G.Sulakvelidze.
“Energy”. Ne1(112). 2025. Thbilisi. p.35-40. geo. sum geo. engl.rus.

The article discusses measures to reduce active electricity losses caused by reactive power. It explores
the improvement of the active power factor through the use of a capacitor bank. A capacitor bank of
appropriate capacity has been selected to enhance the active power factor from 0.85 to 0.95.
Additionally, a financial assessment has been conducted to determine the potential economic benefits
of implementing this measure.

1ll. 3, bibl. 2.

MOTEPU AKTUBHOM JIEKTPOSHEPT' MU, BHI3BAHHBIE PEAKTUBHOM MOUIHOCTBIO,
TEXHUYECKHE MEPBI 110 UX CHUKEHHUIO U UX ®UHAHCOBOE BO3JEUCTBHUE.
T.Hlepzenaweunu, H.I'ozanuwmeunu, I' Cynakeenuoser

“Jneprus”. Ne 1(112).2025 . Tonauncu. c. 35-40. rpy3. ped. rpys.anri. pyc.

B cTraThe paccMaTpuBaOTCs MEPONPHATHS MO0 CHHKEHUIO MOTEPh AKTHBHOW JIEKTPOIHEPTHH,
BbI3BAHHBIX PEAKTUBHON MOIIHOCTHIO0. 3yuaercst yaydinenue ko3¢ @uiiuenTa aKTHBHO MOIITHOCTH
C HCNO0JIb30BaHHEM OaTapen KoHAeHcaTopoB. [lonodpana 6aTapesi KOHIEHCATOPOB COOTBETCTBYIOIIIEH
MOIIIHOCTH, KOTOPas o0ecneyuBaeT NoBbIlIeHUE KO3 unuenTa akruBHoi momHoctu ¢ 0,85 10 0,95.
Taxk:xe npoBenéH PUHAHCOBDBIN PAacYET I OLEHKH YKOHOMUYECKOI BBITOJbI OT Peain3aluu JaHHO
MepBbl.

Hnn. 3, rum. 2 nase.

40



JmMbsero 969605’ Nel(112). 2025

06m3530mM0 36HMbnboMmxdol Bgmmegdo gegddMmgbytaool 8mbls®Mgdsdo: mdoolbols
3mbds6900L 98335

230020 be®dssdg - 535009d0MM0 mEBHMMO

E-mail: giorgi.khorbaladze@gse.com.ge

B3050 3oBghomsdg - 535009300 EMIEBHMMO

E-mail: zviad.gachechiladze@gse.com.ge

amBs 3mbeMgodg - bogstomgzgganml 9bgMag@EH030L 835009300l bsdgowo g3®o
E-mail: gocha.kokhreidze@gse.com.ge

053¢0 335b@BYdg - 535009d0MM0 MIEBHMMO

E-mail: irakli.vakhtangadze@gse.com.ge

Bobm gmBsgrodzomwo - 535¢098019M0 MGHMMO

E-mail: nino.gozalishvili@gse.com.ge

Lsoggom LsBbmysmgds ,,bogoMmgzggeml Lobgedfogm gamgdBMmMLOLEGHYTS“

360H5305. LGS FoMIMdgbl MdoEOLol gergd@MmgbgMaool ImbIsmgdol 3Mmybmbomgdols
3033egdbme 565¢roBl, HmIgeog 98MI6gds 0s6s9gMmmgg 3sbgobrmMo Lfjsgagdols Igomgdls.
333580 58mygbgdmmos 2 8dEsgmo  3MHMabmbocmgdol dmegwo - SARIMA (Seasonal
AutoRegressive Integrated Moving Average) s Prophet, ®HmImgdog Lodmomgdsls odgnggs
39035¢0olfjo69dme 0gbsl M350 RJEHMM0560 go3wgbgdo gugd@®MHmgbytgool dmbdamgdsby.

IG5  3o9bse0bYdMmo  MHmomo  Ifj3Mogzgdol  3608369emds  gbgygE030L
bgdBHm®do, Losg oblogmmGdmmo  ygmMsmgds gomdmds  obGmGmomwo  dmbs3gdgdol
LGsGHOLGH03MO 335390850, dmbIsmgdol Hgbwgbaogdol 0©IbE0xR03E0MgISL ©s BYbBmbmGo
B5gd GO0l go3agbols  Fgx3sligdsl.  33emg30l  BoMmgddo  BoGe®Mgdmos  Low®Mdolgyemo
3MO9E53099M0 365¢00Bo 49M78Mm FogdGHmMYdLs S JegdBHOMYbyMyools AmbTstgdsls JmMobl, Mo
3m0353L ($H9d39M5GHMMOL, BH9gbosbmdol, Jsmol LoBJsMmols, 3Bol MsEosaools s bsemgdosbmdols
293e9bgd0l dglifogersls.

3900mEMEMAOMO0  M35¢LIBOOLOm, 33935 9YMHEbMds AMbs3gdms 30BIODIEOOL
056599006m39 3Hgdbo3gdl, Msg LsdMsegdsl 0dmgls ™m3slshobmE Hs®IMBobogl Moo
bGoGoLG03MM0 356mbBMToghgdgdo ©s BYbgbE0gdo. gobls3Mm®mgdEmo gMIMIYds §00MdS
2024 ferol  53M0Ero-mgdGHmddMol  3ghomol  3MmabmBoMgdsl, Lssy  gsdmygbgdmeros
390mbgg3000 dg®MBg30L dgmmo 3MmabmboMgdmero mggdol ogbEoxozoMgdoliomgols.

33wg3ol 99009990  (oMOmspagbl  360836gemm3sb  3ModBHozmee  oMgdyEngdsls
96903930390 BgdBHm®ol 930305 S BMMZOLMZOL. BAHSGH0S 30935DMBL YGHSME
dgomEmmemaon®  Bs®Bml @S  3MdBHozmer  693mIgbs3gogdl  gbgMamdmbdsmgdols
360abmBoMgdolmzol, Mog bgwml dgnfygmdl 9bgMag@olznwmo bolEgdgdol m3GHo0doBsEosl s
9005 356300056M905.

15335600 bodg3900: gengdBHHmgbgcaool 9mbdscmgds, 3Omabmbomgds, SARIMA, Prophet, o®mol
bgM09d0L 565¢w0B0, 96gMRIG03ME0 BMEYMOMYDS, L BMbMOMBS.

dobsgsemo L9350 dbséro Jognsggdolomgol.

009dGHMM9bgGao0l dmbIs®mgdol Losomm- d0obo, OHme3 LsgommggEmls
3030  3MMabmbBoMgds  oMBmoygbl ©9©3g5emsdo s Mygaombols 36083b6gem3zs60
96963930306  LgdGHmOmol ghm-gho  mdbo- 93Mbmdozmeo 395@ 60, bslosongds

33690mgsbgl 393mf3933L, 23bLs3MMNMYd0c 9999 BHMM9bgMa0sDg IBsMEo Immbmgbom,

41


mailto:giorgi.khorbaladze@gse.com.ge
mailto:zviad.gachechiladze@gse.com.ge
mailto:gocha.kokhreidze@gse.com.ge
mailto:irakli.vakhtangadze@gse.com.ge
mailto:nino.gozalishvili@gse.com.ge

JmMbsero 969605’ Nel(112). 2025

o3 396306HMdYPMEos dmLobangmdols
BOom, MMBBMWo §3b30mMYdoms S
93Mb6mdo3MM0 5gdE03mdol 3deogHgdoo.

3mbdstrgdols bLBHO
300Gognw GOl
050530 gb6gMgBHozmmo  LolbBgdol
989JBHO 3s6mmgz5d0. RIOM U IGTONAY
36bmboMgdsd  dgodergds  gsdmofjzomls
MHmame3 969000l ©IBOE0GO, 1939 FoMdo
dofjmqogds,
360036900356 930m6mBolz®  ©bs3sMgdLs

969600l
360HmabmboMgds

Mog  mogol  dbGog  ofgg3L

5 J9MYMBOD o3egbsl sbbL go69gdmby.
3G0dgrgdols 3905FM
09650g0Mmgg  856456w@o
Lfagangdols 907mggdol 3o8myggbgdsls.
fjob58gds6g 331935 BMITLOMIOTWOS
060 3130 3GmabmBocmgdols Imgeols -
SARIMA s>
d0obol gegdEHOmgbytyool Imbdsdgdol
36Omabmbomgdoliomgzol. gl dmEgErgdo
396Bgme0s Bomo MbsGMoL 350m, 9839JGvIMo©
39960356 3530 Moy ligbmbme IGMEgdLs
©5  3M3ge3506  B9bwgbiogdl,
©535bB050YBY0S 99dGHMmgbgcyools
dmbds®m9dol dmbsigdgdoliomgol.

330935 9g8Mdbgds 0d0Erolol Losorem-
099 BHMMmgbgMaool  Bmbdsmgdols
LosnmdMog 9mbozgdgdl 2015 ferosb, Mg
0dg3s 390m30bgls
3Mdgegs0sbo  Bgbogbgogdo s ULgbm-
B0 m530l90MHgdgd0. 2bls3MMEMdMOo

50bodbmeo
dmombmgl

Prophet-ols  59mygbgdsby

653

3030

1535 gdL

4M5Mgds g00mdd 35M90m BogdEmMmmdol,
3500 ImMob G9339M3¢GwMoL, 3Hgbosbmdol s
bbg.  9gBHomOMmemaon®o  35M599GHMId0L
3939bsls gbgools ImbIsMgdsby.

UEsGool  Bobsbos oMo
0gmOomwo  3mEYEgdol
0M339  $93m39bs30gdol  09moz35Hgds
9993 BHMM9bgMaB03M@o LolGgdol m3gMms-

dbemmm
39095390,

42

M396053MMHgdolmzoL.  33eg30L  dggagd0
090dgmgds  398mygbgdmem  0gdbsl  gbgMag-
303790 0bBOLEHOMIGHMHOL 30l
5 dofimgdol m3EH0dobsigoolbmzob.
39bL53MNOYOMO gMPMIMGdS JoMdS
9009900l LoBMLEOL Fgxsligdsl s Jsmo

365d3H0o3mwo 3b39JGH9dUL.

33wggedo  famdmepgboos  @Bs@wgho
3bsoBo  0dols, M) Omame  9godgrgds

358mygbgdol

29M3x gL 3HMYBbmbBoMgdOL LoblBg
BogdBHmmgd0l
Ompame  Mbs

Lbgoslibgo 39035¢00l-
fobgdom s
3009980l 53BSE0S (335D J9MgIm
3060MddMb.

dmbogl

080¢mobol 9eng9dmm9bgka00b dmbls@gdols
3bsemobo
9mbo3990m

sbosgmoboll 3Gmglido

359m3o0bs  ®53gbodg 9609369emmgsbo

s139dBo.
999 GMM9bgeaool ImbIsMmgds bolinscEYds

30039  Goydo,  ™doEolob
03390005  359mbo@mo  LgBmbmBHmdom,
Lssg  30379M0  ImbTsMgds  godLoMmEYds
Bodnmol 3990do, bemerm dobodsermto -
39Bsgbmls s 9gomEamBsHy.  Lssom-
06030 9mbs399900L 565e0BIs sBg9bs, mD
9mbdsmgdols 353969090
09500996 341 Fy3BH.Lov-  FsgLoDogGo
36038369¢mds smfjg3l 656 3g3E.Lon-Us bemgnm,

L58woeEom

30b6005¢rMH0 3mbIsMmgds IBGOJLoMYDMMOSs
85 3333.Lo-ob  Embyby.

05B39690ge0 (344  Tp3d.Lom)
L53wmoEm 3603369 mdsLmsb,

390560
Sbermbss

653
90009l
LodgBHMOME 3565fowgdsby.

3309350 359m53e0bs 9355300 oMo
303900, Lys3g 303900 goduoMpgds 8-10

9mbs399900L  BgoMgdom

Losoly s 19-21 bssomob 3gM0mgddo. gu
396L53MNOIB0D MZ5ELBRObMS 1553MTom



JmMbsero 969605’ Nel(112). 2025

©®99ddo. 50bs60865300 LgbmbmGo
B5dHmeOdol  360036gemzsbo  aogemgbs -
B58nMmoL 39MHom©do Lamsdml 3030 MMM
033700650055  go0mbdGIEo  g50dMdOL
LobG9dgdol sdGHoweo 3o8mygbgdols aodm.
fegdol dobggzom sbsgrobo sB39693L
dmbdsm9d0ol BOHEOL LEHBOWMO  GH9bgb-
GoSL, Mg 3mOYs30530s  Jogmagdol

lobangmdols BOELMb ©s 93mbmdogme
3963000060905L056.  39BLs3 MMM  sEbsS-
60365305, ®™3 2015 erosb Imymengdmero,
gm3gmfiom®o 8906036905  Lodwoem
3cmbdstgdol 3-5%-0s60 BMEs, omdgs gu
05B39690g@0 56 M0l 0s6sdsMO  Ferols
Lbgsoolbgs 3g@omedo.

9bg6anob dmbdatgds dmms aabdagenmdsda

T T T
—— gbgtaonl dmbdatgds (3a30.bm)

=1
=]

8

9bg6rzonb dmbdatgds (a3d.Lm)
8
[=]

™

[=]

(=]
'

100

2015 2016 2017 2018

2019

2020

2021 2022 2023 2024 2025

MMM o PHM

Bsb. 1. mdoobols Lssmmd®ogz0 gegd@®mmgbgtgools Bmbdstmgds

Bsb. 2. Mdoolol EEY-WsIMNMO JergdEMHMgbgHool FmbIsmgds (fergdol dobgwpzoom

43




JmMbsero 969605’ Nel(112). 2025

1e6 Bemog®o gbg®analb dmbdodgda

i

0 O —

2.5 frere

2.0)

15—

9batgnal dmbdstgds (333¢.bm)

Bgemo

2020

Bsb. 3. mdoolols gergd@Mmgbgyools mbdsmgds fiergdol dobgozom

3MOISG0LIH0 6570 BO

080obol  gegd@Hmgbgcaools dmbds-
69dol 36Hmab6mBoMydols dmgols
9954690 Bo@steoo ©9HOMOHO
369530990 3bsewobo Python
3GmyModmmo gbols gsdmyggbgdom. sbsewobo
08wdbgds 2015 (ewosh 2024 fiewol
mgBHmIdM0©g  SOLYd
dmbs3g0dgdls, MmIgog 9mozsgl Gmym®s
993 GHmMgbgeaools  dmbdsMgdol,  slg3g
39(3HgMOMEMy0© 35M539EHMYOL.

3MM9Eo30M0  FsGHMogol  9BsewoBIs

b550MIM0Z

390mo3w0bs  ®38gbody  96033b6gem3zsbo

3533060:
1. 99390 eols gogwgbs:

e 250m3m0bEs dwogMo wsMHYmaB0mo
369305 (-0.60)  Bgd3gmo@mesls s
9bds®9dsl meob;

¢ 9L 30MmOmMYdL, HMI 3HI3gMEHIMHOL
898g06gds>  ofjigagl  9wgdHO™Ybyeryools
dcmbdsm9dols 9339006 DOEIL;

e 39300600 5bLO3MmMYd00  MFogn-
15B06MS BsTNMOL 39600 d0;

2. 5@0mbggdmmeo Bg30l gogangbs:

¢ ©380JLOMES BYTMOEM EIPIIOMNO
30Ogms3os  (0.42-0.43)  3GIMLRgGHMEn
§b935L5 s BMbTsegdsls FnMols;

e gL 3538060 dg0dagds s0blbSL 0doom,
60 Iseseo 6335 bdoMs 353906 gds

44

303 5806l Bodms®do;

3. 39b056mdol BodEm®o:

¢ $9b0sbMdLMB 95dm3zwobos LG
SMHYMBO00 JMIs30o (-0.12);

e 9b dowmomydl, ®mI GH9b0sbMdOL
29396 3mbdoMgdsby oM Mol
9603369¢mgsbo.

4. J56ob 3565893 MYd0:

e Jo®ol  LoBdoMgliomsb sxodlioMs
LMUGH06 Lodrysemg 3mMgassos (0.20;.

e ob o6 5Bggbgdl  Ib60d3bgxeEr™m356
393906 dmbIstrgdsliosb.

5. ©@HM0m0 Bogdm™Mgdo:

e bosmo s 39 9B39690L LsBmogmm
3MMgeo305L (0.29-0.30);

e 330008 ©®Y00b  sxodloMEs
RO LbGHo 3mMgwsios (0.15-0.20).

by  MmI,  bsgoBol  Fggys©
3%9m3obs, M®mI  gegd@BHemmgbgdgool
dmbdsmgdsby  yz9wedg ©oE  393¢gbsls
sbqgbls:

e $9939M5FH MG (956rgMz3000
3MO300);

o 5¢Imbggdmo {5935  (ogdomo
3mOIWE05);
* ©uob
3MOISE0o.

3960MEo (LSBSEM



JmMbsero 969605’ Nel(112). 2025

3mbamogonb dohGogo gbgGanob dmbdamgdabmab

REACEUGIEIGLEROHEES 1.00 [0:121 0.0 (S0N0S: 0.01 0.03 0.07 0.08 0.10 0.110.01 0.01 0.12 0.37 0.37 0.37 |0.07

(hoddghohna | N D0 SRR ONE: 002N 0.13 RORTIRVEINERR] 0.24 0.43 0.43 0.43 (003

P R N RNy (001 0.99 1.00 0.00 =0.00 NP E %1002 0.08 FOREIMENERY] 0.23 0.42 0.42 0.42 [0.03

Wy 0.01 015 0.18 0.18 0.18 -0.00

e[ s

0:0 F0:04 [0:03 F0i0N 1.00 0.61 |0.26

0.08 0.00 -0.00-0.03 0.01 0.26 0.18 1.00 -0.06-0.06| 0.03 LR iLE

ﬁ-ﬂ.ﬂﬁ 1.00 FORGC

[ ILhNg 0.01 B AR B EY 0,01 0.32 0.04 0.15 0.10 0.08 0.00 0.03 006 -0.00 1.00 |0.03 SEEIEE

Bogb (eabgdg Bbgge [LAeE-0.41 —0.41 0.22 0.01 -0.02 0.05 0.12

bn@aaggmbo 0.12 0.24 0.23 |0.15 0.02 0.04 -0.05 0.03 0.11 0.42 |0.03 0.03 1.00 0.23 |0.23 0.23 0.42 -0.2
LIONLLREGM 0.37 0.43 0.42 0.18 f0.00-0.03 -0.04/-0.05 0.19 0.20 geSEATI b A 00 00 1.00 jROS
NILEHIGEYNY 0.37 0.43 0.42 0.18 f0.00-0.03 -0.04/-0.05 0.19 0.20 geSEATI b A 00 1.00 1.00 jROS

0.4
hlaJoGBUIT ROl 0.37 0.43 0.42 [0.18 -0.00-0.03/-0.04/-0.05 0.19 0.20 FBFASE 0.03

(Rl RIGLECNIRGE(0.07 | 0.03 0.03(-0.00 -0.00/-0.01 0.04 0.09 0.08 |0.06|0.07 -0.01 0.08 0.42 0.03/0.03|/0.03 1.00

& F FF F LS FISTF S SN
@‘-’@9 —é}‘ & @ dip 5 & m':‘q &§l 58 & '!-:‘Q 3‘9-0 & (‘\0@' )
S P S » 3;;‘3 ® %_g{p & i§’$ @S’r‘ & S
S ©® S € JF F & LA
S o & & & » @3@
%,‘? ‘_gf’ é?’ L ?}?@ o @B@ A
& $

Bob. 4. 3mEgesEool FsGHMOES 9ergdBH®mbyMyool dmbdstgdsliorsh

5353 gd0m, 359m30bs, I 999 3MM9bgeaool dmbIscmgdols 36hrmy-
9939053 Mol 1°C-00 (33¢0qgds 153vwgs- BmBoMgdolongol  g@Bgme  odbs  m®o
wmE  ofjgg3l  dmbdsmgdols 2.5%-056 3dsgzo  bAGOLEH03MO  dmEgEwo -
330gdsls BodomMols 3gMommdo s 1.8%- SARIMA > Prophet,  ®Gm3dmgdog
056  (33ogdsl Bogboewdo, Mg 3990m00MBg3056  Jomseo  LOBMLBEGHOMS  ©S
1139300605 25003MBOLS S A93MOEgdOL dmgdbommdom.  mommgmmo  JgoomEo
bobGgdgdol  ao0mygbgdsl. gl Bobgdgdo bsbosmgds  MbogsEmMo  Fsbslioscgd-
3600369035605  3MMbmboMydols  dmey- @900 @5 IgLodErgdEMdgdom, M3 dsom
ol 890953900Lm30L, M356 LBsTsegdIL 396Ls3MMdom 9%393BHOL boools

8399093 bimcms 8935MBomm 356599EHM9d0
©5 3530m35¢molfiobmo dsmo  Iglisdsdolo
{mbgd0 dcmggendo.

3603b602YoM980l  dgoremagogdo: SARIMA s
Prophet

45

969633mbIsM9d0L 3G:mybmBoMmgdolm30L.

SARIMA  {s63m5p96L
93003900l
3dogh  dmEgml, MmIgeog  sblogmm-

©OHMOO

3bsoBol  3EBLO3MG s

69000 989JHWO0s BYIBMbOO Imbszgdgdol



JmMbsero 969605’ Nel(112). 2025

©539853980L030L.  ImEIwol  Mbogogry-

MBS 00035 9MdL dolL mbs®do,
9ONEOMMESE 250035olHobML Gryms
93093500560, olsg 2993500560

5330009098900 dmbs3gdgddo.

SARIMA-l do®omso 3m33mbgb@gdo
dmogogl:

L. o3mMgamgboge fag@gdls (AR) -
3efig®mL Podlbyero 3603369¢mdgdoL
393965 d0dobatyg sB3969d9wbyY.

2. 0b@ga®oMgdols 3m33mbgbBl (I) -

1BOME39ymgl 9mbsggdoms
1BOE0MbBIGEMBSL.

3. 93m3530 Ladmogrml Fgzhgdls (MA) -
sbsbogl  89dmbggzomo 300mBorgdgdols
3939bsb.

0bBafmomydo (1)
LgagnmBatiemmbnal
=bfnb3armymEs

4. Lybmby® 3m33mb6g6BHIAL - >efigdL
3960005 3563900905 35¢3gMbgdL.

dm9gol 033¢ngdgb@ogos dmombmals
65000960389 36033690356 g@o3L:

. 3mbs3gdms  LEGHOEF0MBIOYEMBOL
990mfjdgds s LoFoMmgdol dgdombggzsdo
3500 GHOBLEMOT>30s.

. 933M3mMsgoy®o  (ACF) o
Bofoemmd®mogo s3@m3mdgmsgomeo (PACF)
16430900l s6s¢Erobo.

e dmEowol  3sMsdgBMgdol  (p,d.q)
(P,D,Qs) ™m3@0odsermMo  3603369¢mdgdOL
d9®mBg3o.

¢ dmEyol
©0536mbG03s.

35QP0EIG0d 5

3030 boBgagme (
gomdordgdol
B93mahs

LyombBy@mde (S)

Jg@nm@eeo
B3enrm)ddo

3036mb0G 300 360336 5emmd 00

6sb. 5. SARIMA dm@geols 3m33mbgb@gdo

J399m0 dm3gdweo 3mEo ©s LMoo
3963503l SARIMA-U dcaggenotgdsls
d0obol 3mbs3gdgdby:

from statsmodels.tsa.statespace.sarimax
import SARIMAX;

# SARIMA 9m@geob 355000365 o
360mabmbo;

model = SARIMAX(monthly_data
['Energy_Consumption'], order=(1, 1, 1),
seasonal_order=(1, 1, 1, 24));

results = model.fit(disp=False);

forecast =
results.get_prediction(start=monthly_data.inde
x [0], end=monthly_data.index[-1]);

forecast_df =

forecast.predicted_mean.reset_index ()
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J399m0» 3myggz560e05 3MmEOo s LYMHsmo model.fit(data_for_prophet).
Prophet dmqgol 359myggbgdologols: # 36>mabmboMyds;
from prophet import Prophet; future_dates = model.make_future_
# Prophet 3m@qgol 060gosobs30s; dataframe (periods=30"24, freq="H');
model = Prophet(); forecast = model.predict(future_dates).

Prophet Forecasting Workflow

[ Initialize Prophet Model ]
[ Fit Model to T!’ne Series Data ]
[ Generate Future gates and Forecast ]

Creates time series forecast using Facebook Prophet a
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INNOVATIVE FORECASTING METHODS FOR ELECTRICITY CONSUMPTION: TBILISI
CONSUMPTION PLANNING.

G. Khorbaladze, Z. Gachechiladze, G. Kokhreidze. 1. Vakhtangadze, N.Gozalishvili

“Energy”. Nel1(112). 2025. Thilisi. p.. 41-52. geo.sum geo. engl.rus.

This article presents a comprehensive analysis of electricity consumption forecasting in Thilisi, based
on modern statistical and machine learning methods. The study employs two powerful forecasting
models - SARIMA (Seasonal AutoRegressive Integrated Moving Average) and Meta's Prophet, which
allow for the consideration of multifactorial influences on electricity consumption.

The article provides a detailed analysis of the importance of time series in the energy sector, with a
particular focus on the statistical processing of historical data, the identification of consumption
trends, and the assessment of seasonal factors. The study includes an in-depth correlation analysis
between environmental factors and electricity consumption, covering the impact of temperature,
humidity, wind speed, solar radiation, and precipitation.

From a methodological perspective, the research relies on modern data visualization techniques,
which make it possible to illustrate complex statistical regularities and trends in a clear and accessible
way. Special attention is given to the forecasting of the period from April to October 2024, where a
random selection method is used to identify forecasted days.

The results of the study provide significant practical value for energy sector planning and
management. The article offers a detailed methodological framework and practical recommendations
for energy consumption forecasting, which will contribute to the optimization and sustainable
development of energy systems.

1. 11.

HNHHOBAIIMOHHBIE METO/AbI TIPOI'HO3UPOBAHUWS MOTPEBJEHUS DJIEKTPOSHEPI'NU:
IIJIAHUPOBAHUE NOTPEBJEHUSA B TEBUJINCH.

I. Xopoanaose, 3. I'aueuunaose, I. Koxpeuose. |. Baxmanzaosze, H. I'ozanuwieunu

“Jneprus”. Ne 1(112).2025 . Touaucu. c.41-52. rpys3. ped. rpys.anr.i. pyc.

CraTbs npeacTaB/IsieT KOMIIEKCHBIN aHAJM3 NPOTrHO3MPOBAHNS NOTPeOJIeHHUSI AJIEKTPOIHEPTr Ul
B TOnaMCH HA OCHOBE COBPEMEHHBIX CTATHCTHYECKHUX METOA0B U MeTOA0B MAIIMHHOI0 00y4yeHus. B
HCCJIE/IOBAHUN TPUMEHSIIOTCS JBe MOIIHbIe Mogeau mnporHo3uposanus:. SARIMA (Seasonal
AutoRegressive Integrated Moving Average) u Prophet or komnanun Meta, koTopble MO3BOIAIOT
YYUTHIBATH MHOT0()AKTOPHOE BJIMSIHHE HA MOTPedJIeHue 3JIeKTPOIHEPT M.

Ilogpo0HO MpoaHaIM3MPOBaHA 3HAYMMOCTH BPeMEHHBIX PSIIOB B JHEPreTHYECKOM CeKTOpe ¢
0CcO0bIM BHUMaHUEM K CTATUCTHYECKOH 00padoTKe MCTOPUYECKHUX JAHHBIX, BbISIBJICHUIO TeHIeH UM
norpedjeHHs1 M OleHKe BJUSHUA Ce30HHBIX (pakTopoB. B pamkax uHccjefoBaHUs TNPOBeeH
yIryOJIeHHbIH KOPPeaAUOHHBIH aHATU3 MeXkay GaKkTopaMu OKpy:Kalolei cpeabl U MOTpedIeHHeM
3JIEKTPOIHEPIruH, BKIYAOINA N3yYeHHe BIHSIHUS TeMIepaTyphbl, BJIaKHOCTH, CKOPOCTH BeTpa,
COJITHEYHON pagHAlMH U 0CATKOB.

C MeTo10/10THYeCKOil TOYKM 3peHHs, MCCJIeJOBaHHE ONMMpaeTc HA COBPeMeHHbIe MeTOAbI
BH3YAIN3alMU JAAHHBIX, KOTOpPbIE MO3BOJAIT HALJISIAHO NMPEJCTABUTH CJIO0KHbIE CTATHCTHYECKHE
3aKOHOMEPHOCTH U TpeHabl. Oco0oe BHUMaHNe yAeleHO NPOrHO3UPOBAHNIO HA TEPHOJ ¢ anpes Mo
oKkTsI0ps 2024 roma, rae A MIACHTHQHUKANMH TPOTHO3UPYEMBIX NHEeH NpPHMEHSIeTC MeTON
CIy4aiiHOi BBIOOPKH.

Pe3yabTaThl Hcc/e0BaHUSI UMEIOT BajKHOe NMPaKTHYeCcKoe 3HAYeHMe Il MUIAHMPOBAHUA U
ynpaBjieHUs] B 3HepreTudyeckom cexrtope. Ilpensaraercsi aeTaau3MpoBaHHAsi MeTOHO0JIOTHYeCKasi
OCHOBA W MNpPaKTHYeCKHe PpPeKOMeHAANMH /AJs TNPOTrHO3MPOBAHMS  JHEPromorpedJeHmus,
CMOCOOCTBYIOIME ONTUMHU3ALNH H YCTOHYUBOMY Pa3BUTHIO JHEPTreTHYECKUX CHCTEM.

HUnn. 11.
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CALIBRATION OF A SPRING MANOMETER WITH A PISTON SAMPLE MANOMETER
AND ESTIMATION OF MEASUREMENT UNCERTAINTY.

M.Razmadze, Iv.Grdzelidze.

“Energy”. Ne1(112). 2025. Thilisi. p.53-61. geo.sum geo. engl.rus.

The calibration process of a spring-loaded technical manometer with a sample piston manometer is
discussed and the measurement uncertainty indicators - standard, combined and expanded - are
estimated. The calibration budget of the manometer is compiled. The calibration was carried out in
laboratory conditions using the direct measurement method. The raw (unprocessed) data of the
calibrations obtained by the experimental method were checked for uniformity using Student's
statistics. The calibrated manometer is suitable for the operating pressure range of 46 bar, meets the
required accuracy at the level of expanded uncertainty = 0.130 bar with a probability of 0.95 and a
coverage coefficient equal to k=2.

Tabl. 3, bibl. 6.

KAJIUBPOBKA IIPYKUHHOI'O MAHOMETPA C IIOMOIIBIO TITOPHIHEBOI'O
MAHOMETPA

M OIIEHKA HEOIIPEJEJIEHHOCTHU U3MEPEHMI.

M.Pazmaoze, H. I’ pozenuose.

“Jueprusn”. Ne 1(112).2025 . Touaucu. ¢. 53-61. rpys. ped. rpys.anri. pyc.

OO0cy:xknaercss mpouecc KaJuOPOBKM NPY:KMHHOTO TEXHMYECKOT0 MAHOMETpPa ¢ MNOMOIULIO
00pa3LoBoOro NOPIUIHEBOr0 MAHOMETPA U OLEHUBAKOTCS MOKA3aTe U HeonpeaeleHHOCTH U3MepeHui
— CTaHAapTHbIe, KOMOMHHPOBaHHbI¢ W pacmimpeHHble. CocTaBjieH OMOMKeT Ha KaJIHOPOBKY
MaHoMeTpa. KannGpoBka npoBoamiacs B 1aH0paTOPHBIX YCJAOBUSX METOAOM NMPSAMOro U3MepeHusl.
IMosyyenHble IKCNIEPUMEHTAJIBHBIM METO0M HCXOAHbIE (HeOOpadoTaHHBIE) AaHHbIE KATUOPOBOK
NMPOBEPSTIHChL HA OJHOPOIHOCTH C MCHOJB30BaHHMeM t-craTHcTMKH CTbhiofeHTa. KannOpoBaHHBII
MAaHOMETP MNOAXOAUT /Ui JAUAna3oHa padodero namjeHusi 4+6 0Oap, obecneyuBasi Tpedyemyio
TOYHOCTH TNPH PACHIMPEHHOM YpPOBHe HeompenejgenHoctu = 0,130 6ap c BeposaTHOcThIO 0,95 WM
k03¢ puunentom oxpara k=2.

Taon. 3, tum. 6 nase.
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DEVICE FOR SHOCK FREEZING OF PRODUCTS USING ACOUSTIC WAVES.
L.Papava, M.Razmadze, A.Lazarashvili, G.Gugulashvili
“Energy”. Nel1(112). 2025. Thilisi. p. 62-69. geo.sum geo. engl.rus.

In the current devices for shock freezing by the acoustic method, cooling air and acoustic waves are
supplied separately to the product surfaces. Given that acoustic waves are ordinary sound waves
propagating in airspace, it can be assumed that there is the possibility of these different waves
affecting each other. Accordingly, there is a need for proper selection of the direction of the cooling
air streams to prevent these streams from attenuating acoustic waves. In view of the above, it has
been proposed to carry out freezing of the product by transferring it to a vibration boiling layer
when the working agent (cold air) is supplied to the product in the form of acoustic waves. To
implement this method, a schematic diagram of a device for shock freezing products using acoustic
waves.

11. 3, bibl. 6.

YCTPOMCTBA JIJISI HIOKOBOI'O 3BAMOPAKHUBAHUSA ITPOAYKTOB C HCITIOJIb30BAHUEM
AKYCTHYECKUX BOJIH.

Jl.Ilanaea, M.Pazmaoze, A.Jlazapaweunu, I'.Iyzyraweunu

“Iueprus”. Ne 1(112).2025 . Touaucu. c. 62-69. rpys. ped. rpys.anrii. pyc.

B cymecrByrommx B HacTosillee BpeMsl YCTPOHCTBaxX /Il ILIOKOBOI0 3aMOPaKMBAHUS
AKyCTHYEeCKMM MeTOA0M, I0Ja4ya Ha IO0BEPXHOCTH NPOAYKTA OXJAXKIALIero Bo3AyXa H
AKyCTHYeCKHMX BOJH NMPON3BOAMTCSH pa3deiabHO. YUYHTHIBAs, YTO AKYCTHYECKHE BOJHBI SIBJISIOTCH
O0OBIYHBIMHM 3BYKOBBIMH BOJHAMM, PACIPOCTPAHSAIONIUMHUCH B BO3IYLIHOM NPOCTPAHCTBE, MOKHO
NPEeANoJI0KUTh, YTO CYIECTBYeT BO3MOKHOCTH BO3eHCTBHSI JAHHBIX Pa3JIMYHBIX BOJH JAPYr Ha
apyra. CooTBeTCTBeHHO, MOMABJAETCA HEOOXOAMMOCTH MNPABMJIBHOIO MNoOA0Opa HaNpaBJeHHS
NMOTOKOB OXJIAKAAIONIEr0 BO3AYyXa IS MNpeloTBpPAallleHHsl OCIa0JeHUsA JAHHLIMM NOTOKAMM
aKycTH4ecKHX BOJIH. C y4eTOM BbILIEH3/I0KEHHOI0, TPeIJI0KeHO OCYlLeCTBIEHHe 3aMOPaKMBAHUSI
NPOAYKTA INepeBeleHueM ero B BUOPOKUNSIIUMIA €J10i, Koraa paboumii areHT (XO0JIOAHBIA BO31YX)
noaaeTcs K NPOAYKTY B BHAE aKyCTHUeCKHX BOJIH. Il peaJu3anum JaHHOTO crioco0a mpeaioskeHa
NPUHUMIHAIbHASL cXeMa YyCTpoiicTBa JUI  IIOKOBOIO 3aMOPA’KUBAHUS  NPOAYKTOB ¢
HCII0/Ib30BAHHEM AKYCTHYECKHUX BOJIH.

Hnn. 3, tum. 6 nasze.

69



996650 ,,969M0s” Nel(112). 2025

R0GMLoLEYIIO0 LsgsMmggemBo: 30MmdEgdgdo s 39ML3gdE 03900

*B©50 dgaMgeodzowo - 3gdb. 3936. emgBm®o, 9dgMgBL-3OHMBgLMGO
E-mail: zurab.megrelishvili@bsu.edu.ge

205 3md35dg - d0MEMao0l EMIEHMMO, 305350 893609M0 MsbsTIMMIgemo
E-mail: giabatumi@yahoo.com

05300 Bb¥yd0s60 - md@mmsbGHo

E-mail: datochkhubiani@gmail.com

*050779dols Immd HMLosggErol bsbgwdform Mmbogg®lodgdo
350030l Imms  HMLMggEol  Lobgedfogm  MBoggMloGBoL  BoGM3smMEMyools s
30MIM335¢R9MM36900L 0bLEBOGHWGHO

*b5gdoMmn3ggeml 3gdbolzm®o Mboggdlodgdo

360H5305. BoBHM>3[oghOo LOLEYIPVO - BY30MHMEOo 6 Fofjolgzgds Fywol Eobydom, GmMiwgdos
09969096 mdscmemgls 3396509mdsl s 39639m3b60@0 36056 BsBEOBIMY fiyargdol gslisfidgbosco -
dgm  500fergmengdol 2o6853¢rmd30  5JBHovIM©  5dmoyggbgds Abmemom 3Msd@03sdo. SLgmo
bolBYdgdoL  RJATMYIOL  60zxMLIMo  3MOBE03gd0 5O  sMLYIMIL, sdo@mI  MHgyombob,
HmIgedol 9gdaMgmdl Bsdobstg fymadols gs(dgbo bsggdmds s Bsdobstyg fyargdols
bsdobbol dobgzom, 8godBgzs Bs8obstmg Fymgdol @sdfidgbo 6s53gdmdol 0bogzorysey®o
Godo.  bGo@osdo  gobbommemos  bggmo 6533900900l 39630690l dmzerg  dodmbogngs,
05b59g0Mm3g  Lggmo 6533900900l  BHo3gdo  ©d  gdsdmygbgdmmo  83gbstggdo.  dmyzsbogros
bsgdoMmggermdo  sMLGdMo  sbsermaommo  3gbstggdol  BsIMbsmM3d™O S BMEGHMIMESO.
103™533960 LobGgdgdo dgodmgds sdmygbgdmeo oyml Lagds®mggmmmdo oMy Eslisbergdweo,
5Q030gd0obL, 35¢39 3gdsMY 3GIXJOOLS s LslBNI-MMdOL BsEObIMY Fyugdol gobisfagbwsm.
Us,3356002 bodyz900: B5900b6M] §igegdo, o m-255dgbool Lobgdgdo, 93gbstgos
I535ex390mM369ds.

dogbisgsemo L5gdsMmm39@ml gMm3bmeo BEGsEGHOLEGH0 3oL

39M90ml  ©o33>  Oogew  dbmywomdo  dmbs3gdgdol  dobggzom  LogoMomgzgermdo
SJBHEmmo  bs3gombos. asMgdml, 3gMdm©  Ygm3gmfirow®ms  3sGMEmdl  LEmamgdols
30MHMbBIOHML 5335 Tmombmgls  sbogro,  Gogbzo. dmem  fagddo  3m3MErsmeno
06mz530960 Ggdbmermyogdol sbyMyagsl s  bEgds 93mGMMOBT0, 3©sdosbgdo Lmwogho
393039mgdsl,  0sbsg  obgoml, ®mIgwog  LoddgoEols  FmMLE3M3gdmsE  BooLMIR06
39090mbom30L 530  5EI3H0MJdso  Albgowo  EsLEbYdMWO  5©YYO0EID
0gd6gds. gl Lsgombgdo slgzg sdGHsEMMmos  dmEogdMeo  (35en3g  9gdstyg  Lslidma-
bogoMomggembomgol. Bgsdomnymo fywols  MGmgddo o6 3mBHIXMO  ©@sbobengdsdo [1].
boeobbol  aomdxmdglgdol  3GMdEgdol  LagdoMomggermado 005¢%)5 3GIXMIO0
3%050Y39de  Logohmggermdo  dg@fioms  ILObENgdgdoL s 3MBgdsdo (39en3g 3gdatY
533009005 330 s LodMsem Bmdol  JgoMg  LILEHMIMMdOL Tdgbgdemds. gl 3o
Q©3LObEGd980L Loymxzsgbmaz®gdm Bsdobs®g  dmombmgls dgoty 00099390006
P9egdol  9smoegngddndo  396G®mIoby-  (e®dmdmdogo  LodgmGbgm  gg39EeGo
dmeo 25070960 bsggdmdgdom NMbebggum-  BsBObsMY  fymgdol  aofdgbols  sbsemo
4mg3sby. 39J6mmmaogdol  99dmBsggosl, MMAEgdos

70


mailto:zurab.megrelishvili@bsu.edu.ge
mailto:datochkhubiani@gmail.com

gm@bsero 969605 Nel(112). 2024

domBHogo 0gbgds  gudergodsE3osdo s o
300bM3L O F5BHIM05EM IBsbIMIRJO.

06706690l 5J3m  fiyeob
8°9(89b0 A936mmmyogdols BIOOM
L3g9dBHmo. mMdEs, Ymzgwmzol oM SMOL
dgLodegdgwo ¢339 SOLPYwo  ©d
©ILEHMMIdMEo  Fg0mEadol  d5dmygbgds.
350omoE, 93mbmdozmMs (5939005600,
$996030M5@ ©> M3YHIFOYWIE COYWO ©d
3336534303705 35¢5Md Lrgol b (39¢039
3306y LoffoMdmbsmgol oo  sdfdgbo
Boa90md9d0L b BmMgmeo
©3LObEgdgd0L  sOUYdME figamols @s0(0g6
65390Md70msb dogMmgds [2].

5055050

0096905,

dmmbmgbgdo  fyselisgoggddo Bslsdzgd0
fgmol  bsmolbbg  ©sdobdmMgdols  gzgms

0950m@sb  gMmMbsoMmos. 93mm3sdo  godm-

R0GHMYs9(dgbcoo bolLEgdgdo,
6HmImgdog 05300 BHgdbmermyosdo  sgMmo-

0996905

sbgols 5gMmBH9639d0L, IgmMo@ Logngdstgdol,
J308ol  Bo@GHGYdL, Fobazom-s0agbooo
565009690l Q©d Lo Bobggdgom
bolBgdgdol  xbd3ogdl.  5o3MmMMESE,
30GMYHdgbols LolEgdgdo 3sMmBmbovres
9558905 B9MoEHMMmo0l sbdsxEb.
©M9356gmo  EEgoll  BEamdsgmdom,
L5gdoM39eml GgModmMool dbmemo d30M]
Bsfoanbg (o Jogrsdgddo, dMbogodsgrnmm
3963 ®9030) sMULYdMBL 236y ysesG0bgdol
bobGgdgdo Bsdobsdy  (gergdol  LEHMeEo
390960l dglvdsdolo  Bgdbmermyogdom
(omao9m 9gdmbgggzsdo, ddgbgdermdols 6
36009dBHoMgdol  93H30). J3gybol  sbsMBI6
3900GHMM05Dg  (Lemyergddo,
35hoM>  ILEbEgd9dd0)
Juggdo s doodgdgl 399(dgbwo boggdm-
3900 o6 sMLgdMAL. bgds  {igsems®mobgdols
3063530600 Bs3390s bgsd3omner (jyergddo,
bgmdgdd0, 5O S 5.8. M35 BoIBL 5ggbgdls
Ommeg  39Mdgdm  dygmxgo  Imbsbagmdol

0g09d0do s
Dysams®mobgdols

X96IOMNYEMdL, olig 396M9dmU.

71

ALbmgmmomdo
Pymol  gs(idgbol s  3MmboEo®mgdols
39bsbemgdso  ¥MbgdMogo GMly®@Ligdol
39dmyggbgdom, 39MIm, fywol 9i3gbstrggdols
boGRBY. Fyeol  @58Fd9b
LolBgdgdl ImGolL Ly MBOM BSO0OMZEIOS
LAHOUIGHUOIB0,
OMRMO0ES  d0M3WsGH™M, MHMAWgdoz do0m-

aobobogds  G9bwgbgos

3mbgd®0ogz0

obgmo  dom@gdbozmmo
0ggbgds  LogmBoOEbmzmdMm s  LsdMgfzgerm
Bo3¢0bsMg (igergdol, dmbgddmogo Hywgdols
©5  ©B06INYOHYPMo  bgEsdo@ol  Bsdmbs-
960l goLsfdgboo [3].  doM3EsBHMgdoL
w39 9LmdOL 1v96Jgombotmgdols sMLO
0aMdsMmgmdL 00530, M3 dsmdo figeol
BoGMYHdgbs bgds Hgwol gowEHMsE00m
939bstggdol  gggligors  LobBgdol  gogemolsl,
939bs6ggddo  BMEHMLObmgBOL, s  Fosb-
0Jdolb, 796330l  bsdxbg s  Fobadsol
Lobamgbol  MbserBY bsbIoMmMEMsbaol dom-
©93M5O300L EOMU.
3153199539090
Gadbmewmyogdo,
9m3339396  ®ds3fg30H™M™
©5  ROMYMIOL  ©3330L
Ls3ombgdo  ©s  50530MHMMMsE  dogzommod
3999bomo  Bsdobsty figsero GMBgwrog
dgbsdegdgemo  0gbgds  BsmIgze  Higowlogs-
39080 b @sdmgzoygbmom dgmMgE. LORO6-

9lod5doLsC, ©5

5LObYMY0s 6HmIemgdoy
L5395 gdsls

25M90mULos

29odo,
3mb&0b6963H90%g abmgmomls
39469280, >

©oLObEgd7d0LMZ0L BsMMME SGOL #d3M(3Y-
90O 8979960l g0bmbols¢gdgdo
(Wetland), 250myggbgdols  3Gogdozs  [4]
MEbMMOO  50m30MYd0©s6  258mdobstyg,

560580, 9963560590,

5
bmgegdobomgol

5096030L
Lbgs
dgoty

89230005 5351336500 M BoGmbolgdgdo
ool fjagbeools
989JHMO0 S  93mb0odoMMo  bsBmMOEngdss.
Lsgdomggemdo s 3gMdmE sFoMsdo sbgmo
39J6mmma0gdol ©sbgMa3s
©5353H700000  33¢093900L  BsBHoMgdsl, Moo

B530bsty 960gHMNO

dmombmgly

©5350306mm 3gdbmemmaonm®o 356M539xEMJd0



gm@bsero 969605 Nel(112). 2024

©5 259mboggbgdgero 93965609900, MHMIEgdos
dobomgdo 046905  9YOMMIM0Z  30MHMdgd0-
Lomzob.

dok0050 bsfogro
U390 6533909980 35630056980 dodmbognzs

d0m3go@ml dodligagligdmeo Ggdbmenm-
30900 b3sslbgs  BsoMlabgmdom  3bgwgds
X96 30©g3 393bM939A9 Loryzbol oyl
m@qbsdo (1887 §.), 309300 (1894 §.), dmligmgdo
(1898 §}.). 9ma305690000 gMdsbosdo  Joewsg
©9oRmsb, GMIgwog 00 EOMOLmZOL JHo
90m0 Y39w5%g ©O0EO 04 (BoGOMdO 22 3s;
400 38 bog™dol sGbgdom, 39egdBYy ImEOMES
feommo 19 dewb 33 Bsdpobamy fysero) [5].
03 ©MHMobEgwo @Hgdbmemaogdo doMoms-

©@  3303w0byds
LsBOEMMIOL  39edO S

30wgRo.
LsbOHEMMdOL  ggamgdo  0s30L  dbGog

mMo  Esbobygdoo:

RBOEM5300L

32Iolbdmds Bsdobatyg figamols 39839mdoo
bbgoolibgs bowdmbigbgmwmo M@ megdol
e fiy3sl. 0ggsb gs9mdobsty MGmI Bsdo-
Bodg §yergdo oo Msmgbmdom 89039396
3500my9bm®  d3dBHgMogdl  ©s
3ogdol  339MHbYdL  (0mMmEsE  3MI3WYd06
dmbbgwr  3NwHNMYdDo),  dembBbyawo
30WAOIdoL  dmefiygsdg  srEowgdowo
0ygm Bs30bstg Fywmols fobslifjs® sdmdsggds
0593H9Mm0gdol gsbgdgErymegs.

09039 LAHOMIBHYOS Jmbs BowEMSEOOL
39090l, TogMsd Gso dgdmbggzsdo, 39¢wgddY
3@ HYOOL

39edobomols

50  bpgdms
235Ms [5].
BoBmmzwom 39dbmenmaogdls gs9Bbso
3990930 653¢M35690900: 56 bEgdM©s yrmb-
AOL 259MmE3Ws, BOEHMI300LMZOL 5dmoyg-
Bgdms sMLgdMEo aMmMbGo, 396 byMbg-
dmEs  dgbodsdolbo  BLlGo  BowrEHmI3o0L
3M98030g6G0L gblsBEOZM, MOl 89009895053
bJdMEs 3GHOMM39d0. B3AEObsGY Fywgdo
dobm®do  bsforadmEs  JoMHOMII©

Lbgoslibgs

72

aoblboo sMbgdols 99dzgmdom, bsTnMOL
sGbgddo Pgoeo
09g0bgdm@s, 59gsb gsdmdobsdyg (dgbol
Pygdmes.  Fawoffogol  gbgew
3900m©gddo ogm Lmbol s ©oBIBbGHIMOOL
096 [3].

Bo300bsMg Hyegdol gsbisfidgbsm sFs-
®mdgdmmo  B533gmgdol Hobmlggmwo
(fyawol s Bobgats fgwol dEgbstggdols)
LolBgdgdol  gs9myggbgdol  0gs  sbogo
290mambgds 5B  5MOL. sl FgdEgY,

3960m©do 35906509

36m3gbo

(ORYY
5005005698035 o0figgl  BsBobsMg  figergdol
B3390, Fomdgdo s 3500 GoBMUBIHM 39@)-
Bo3egdo d9abgdvyews@ 358moygbgdmes 53
653500900l FoLsYdSE 5 OLFTI39DS.
Bs80bstg fyargdo, Gmameg Fgbo, Pogoobgds
Pyeol mdogdBHgddo 56, 3060306 56 061085¢.
0y 0of Fomdgdo 56 560, Bs3obsty Fywol
Bo0bgds  doeosh  LGmogs  ofigggl  dsom
$5608mgabsl. omgbsg 30, beyws dgbmgMgdo
IMogse0  3gMdm  Lsbgrols s dgmebgmdol
Bo3¢0bsMg figergdo Bsg0bgds Fomdgddo 6
0d39 Odgdsty  Lbzgs  0bxzomEH®mogomw
LbolBgdgddo, Msg bdoMs  sdarggl 50
53090l 35BHoMs Fomdgdols 0g®L.  dgzgm
Bobgomdo, 933033Ls s Iglm3mEGsdosdo bgs-
©olb3d 3MEGMMs 094gbgd@s Fomdgdl Bsdo-
669 Fyergdol golvobgdes [6].

300390  BmOToeGo  0bgm@Is300
»3MBLEHGMIG0Mmo Fomdgdol* gliobgd gozM-
Gows 1904 §. [7]. g530¢gd00m 33096,
3o6ggmo  bsdggboghm  9dudgModgb@gdo
©0bBM-bBghmmo  bolGgdgdol  gsdmygbgdol
dglsbgd ©5006dMHgdmEo Pyergdols
3oLSH0gbs  Bo@ots  1950-0s60  famgdols
9Jodds  Jsomg  Lgogends
3963560580 [5]. 356 golfogams bgwsdommwo
Dyamgdol  go(dgbols  abgdo,
29X9MYPMo  ogm  BgdgBo  Lsbwmggdoom,
@sdoms  @d Lbgs Bsdobstyg  Hiyergdol
©535306dMMgdEgd0m. 3

Lgogmol gdudg®odgb@gddo gsdmygbgdmeo

©sLsfyolido

6dggdog

099c0amddo



gm@bsero 969605 Nel(112). 2024

0ygm 3396569900l 3oM339w9o Labgmdgdo, ds0
australis  (bL5ABGHYNOL

9580, 93M(39¢gdME0s LogdsMmzge™mdo)
> Schoenoplectus lacustris.

Gm6MoL  Phragmites

50 3gMomedo
©531)353905 d0MOMOEIE dgbEEMWo ogm
80H03NMo ©s JodonMo IgommEgdom (5939
{0obs  dsgBgMommom,
»399JHOMOIPMo  sdol”
H0BMLBIOML 3mbGHOME0MYd0 353cmygbgds

Bo8g0bstmg  fyamgdols

Mo3  S0LabgdS

2980my9690590).

Bo800bsMy Fyargdol gobofjdgbs G ogm
35m35¢oljjobgdymo. omzmgdmes,  GMJ
fPgmol  93gbotggdol  mdgBglmds 396
0656Pb9d@s bmMTsery® BOHEIL ©Id06I-
Mgdmer  39M93mdo s 83gbatggdol Mbsmo

s0mommls &mJbozmmo 6030009690390
0900056, 56 0gm s©0sM9gd Mo [8].
d9m@39 Ls193mbols 3bsfigolosb,

5JBHoveo© ofiym 25630056905 Bs30bsMY
figeogdol ©>  999gp
domEmaom®o dgomEgdom sfjdgbesd [3,4].

b dodefigggeo
domfj930000m  30Q0MH3030L5 5 domenm-

d9dsbozmeo

oym d93b0gMgdols
30960 Lggdmdo [3,4]. 9s0(0gbo boggdmdo
39bos
MLsxagmmbm, 3065006 ©sobggfs M5 BsBEHM
Bo30b56Mg [gergdol a5Hdgbools Ggdbmermyos
5M539©0 35393900 bsgmgdols  g9qs8vy-
353900 39360 emMy05:3. 99L5d500b5©
bormgbmy®mo  Fomdgdol  Bgdbmermyogdds
113965 Bwsby g gosofos.

XX bsmzmbol 70-0s60 (jergdosb dbm-
}aomdo  5JBHoMmI©  30005M©Ids  figarol
399%896olsmzgols 3odmesdfdgboo Loldgdg-
9L Godbmermyogdo Ma®m
3BMdoE0s, Hrmym® 3 Constructed Wetlands (56

d9sMgdom  MBGM  3mI3sdGHdo,

3oL 50mygbgdo.
Treatment wetlands, Reed bed systems) -
LBo@Y3zoboGY30m, bgemgzbrm®mo 6 3mblG®Hmo-
Mgdmwo  Fomdgdo [9]. dmem  fiewggddo
Obegbemgzgsb  bsdggbogdm-@Egdbozn® o-
AIMSEGHMMsdo  990mmz33L9dME0s  GgMdobm-
WMa0d ,B0BHMYsIP09bo  LoEgdgdo“. 0dol

73

25035¢00lfjobgdom, GMI 3mbLEGGYOMYdmwo
Fomdgdol g4gzgmsby 0sbsdgmmgg 6odxdgdo
L5gOOME 3O 33938 FomdgdL Loym3zgmmc©
300900 939000, 33GHMMJO0 MH35BMdI6
15393609MHMm  LEBMYIMYISL  JoPMNYEgbmgzgsb
@0oGM5GHM580
“bggeo 65339m0%, HMIgEog 00335¢oLFobIdL
93965Ggmmo  LogsMol  LOgsErEgdMEMm
253myggb9gdL.
056589039 Uz9¢0 b3533900960

239M90ml o330l 39MdmE  fiysem-
L5393900L ©E5330L Ls300bYdTs, 5Tsb30s
94050090 9306y 999f0gb  bs39dmMdYdOL
3994360l LoFoMmMgdsDY, MMIgdog Y bevb-
30ymBgb 3ow3y 9IBMY  3MAIXIBOW,
LsbiGv0mmgdosb,  d306g  sLEbEIgdME
50300900306  [s®mMImdoo  BsdobsMy
P9egdol gofdgbsl LogoMm 3mbogbiosdog
0d, Losg o6 sMLgdMIL 396G GO
3965€00Bs3go0L Lo@gds.
oMlgdMBL  bbgoslbgs xo®mIgdols  sgomo
3M335gdBHmMo
Sbm®309gd96

39dm30ggbmo  BHgMdobo

Egolsmzol
©iboysMgd0,  MMImgdog
Ibgssllbgs  F907gd00
sbgoo  Bs30bsty (igergdol dgdsbozme s
LOHME domememyon® 8sHdgbost [10]. dsg®sd
0d9dgbs
d90mbgggsdo

sgomo  sbsYIMgdol 396dm
bdo6 565
696@9dYH0s, 306506 Bsmmo  OMmYdY-
wgds  ofjygds  $5000-sb o
Loddsg®ol dobgzoom [6]. 530l 4otEs 3s0o
9Ju3gaBegos  bes
dglsdodolo  335¢0R035300L  b3gEoseolidds.

306M0b>»30L

bg0mo

3965bmME0gEMmL

5do@m3 35000 25dmygbgds Lsgds®mzgeml s
3963 53F5G0oL Mga0mbyddo dgbwwmomEos.
Ompameg  BgdmE  ogm  5©0bodbmero
ALmgzmoml dg3Mds J39996s0 Lmgagdoliomgol
©>  35¢OMd
Ubggmo 65339009008  FmEgMBoBOMYdMEO
396L0gd0b 253mygbgds [2-4,9,11].
94950 M9gdsL 039O mdL
393039gdMwo  30EMOM3mbyMo
BS39BH0O  30Mm3oBMgd0,

Q©3LObEgdgdOLMZ0L  sofym

1530500
Godob
6HmImgddoy



gm@bsero 969605 Nel(112). 2024

fgeols  939botggdol g®glgms  LobGgds

8oduoMEgds BMOM3Bo (bOYdol) Gowd)-
530 Bbo@zommbg s  IMdozso
0M3bgds  fywoom.  figowro  FmIGomBL
30030350 Ms©  Bgimsb  Jzgdmo b
J399m@sb Bg300. 3oL, MMBMwo dobstryg-
3900L, sBMEOLS s FMLBMOOL domygbyMo

980J00@
90mo, figmmols 939bsggdo sliggg 58mExd96

BogMongdol 33090510756
Pgoem8o blibs Fsmogdl. fyaol 30s30bE0L
(Eichornia crassipes) go9myggbgdoliols,  mMyo-
Byemo B0bstgzqd0Logsb BsBobsMy Fymmgdols
397996005056 9075, sB0JLOMGES JermGo-
©900L  dm3oegds  32%-00g, ULYIErgsEYdo
43%-009 [12]. eng®fsdo, BmbogEosbmdOLSL
44 B/35 TIGogr bogmoghHhgdby, dgmAEos
©5530M3mb (55353MmL) 419 33/35 Jsewowmdo,
408 33/35 JaomMogdo, 450 39/35 bs@Mondo.
“Constructed Wetlands“ &odolb  d0mobgobg-
ool Boagdmdgddo,
fgeol 33gbstggdl, Lvyena3s@gdoliysb gsfdgb-
©0b 989dGHOMdSI dosmfos 25-30%-b, bergom
Bo@®ovdol ombgdl 10-15%-0¢og [12].
5650900MH ™39 b3ggeo
396Ub3530g8056  9gMT5bgooligsh  BmymM3

6mdggdog 09969096

bo3z90g00

fyeols obgdols Bodsmommergdol, siggg dolo
30gd5M9gmdol dobggom (dofiols BgsdoMmol
d399, oy dofjoll BgEs306H0L Bgz0m). 999
390m30bstg 4s8mzgmo Lggwo 63390900l

3900930 GHo3g0l:
> Lggmo  65339mgd0  Mz30LYBIEO
Pgeol Bgs3omom  (3mMmoBMbEGO

063800 dofjol Bys3omby).

> L3gwo 65339009080 fiyerol 3mMmODM™b-
Bd®o dofjolidggds obgdoom.

> Lggwo bsgggmgdo  figwob 396 Go-
350 obgdoom.

15doMmm39em8o BoGHMBOLEHJIJOOL gsTm-
496990l 259m30Egds 56 5MOL. E®IoLIMZOL
53500l Lemxegdols  ysendmdsmspagdol o
09006900l 3HMa®5d0m  domzseolfjoby-
dmMros 300390 1B3geo 653390090l 53969ds

74

53560l Mg0mbdo, doMomss dofjoligzgds

306303
@m0 ©obgdom. BmBgdo s IMEEMdgd0

30BMbosgrmo  ©obgdom s

096905 Lbgsolibgs  (BmLobegmdol  Momg-
6mdob dobgzom).

M0 Bodol 56 Mbos ogml Lggwo
Bo3ggmo, ULsgodms dobo  989dGHwWOMdOL
290m33eggs  blbgsggd o  wodsGeo
306mdgd0l, MmMbEOL Ggdsagbanmdols s
399myg699mmo d3gbstggdols gsmzseolifjoby-
dom.

0pgbs(39980L  8mddggds Ubggemo 65339000l
979b3ere95¢35600b Meals

939bstggdo Lggmo 6s33900980L §dgbools
36m3gbgdologzgol ghmgomo d60836g9¢mgsbo
998963 0s.
smbodbmymo  Jggbstgoms  gglizgdo  sbgbgb

OHmamO3 bgdmo oym

Bo3¢0bsty  figoerdo
dm®9d9o
05350 500l  29MES  SLEMMEgAL  CgMTM-
0BmEs300L  OEMEl.  Bsdms@do
0m3@ol  LogsMol  ©EsFgMsl,  Bogbmerdo

0MLIdMEo  ©535d0b-

6030009093980l  530LgdL,
sb9bL

BMmEgdol  bsgsGo BMowol d9dzgmdoo
5839MbYOL BoWGHM300l dsodols gsaMmMdIL,
OmIgmog gbdoMgds dsgd@gogdol obgome-
Mgdsll o
30bg®5e0Bs30sL. Jomol Mmlb 939bstggdol
g3y  PomBmgadbols
©5353H7000  3530oM9dL fymol s 3sgMol

99mfg30Lm30L BomE®mSEo0L

93gbstgoms x9liggdo EsEYdO»
05350md96 BoEEMs3gool 8gbsdo domemem-
309M0  3Mmaglgdols HamBsMmgolbomgol,
@363 Bogrgbeob (989ddnGo gsbadsoL
HMBL3MOEGH0MGds  Bglgol  Bmbsdo, oS
bagwo dgmfiyml 89930Mm90mo  Gmgbozmeo
©@ommbgdols 7396351 Q5 QOO
0BMlGIOHml FbsGsFgMsl) sbgzg 3mdol
3960omdo  (Bgbgms  LobEgdsbg dodsa®g-
dmwo  domxzowE®o, 0933500  ghfdols
ALOEd s BMOMZbo 2sMgdm ofiomso

MmM0bmmo  bogmoghgdgdols

®gbmgdols  Mbggs

1969090.
Oeagols



gm@bsero 969605 Nel(112). 2024

3olgbolidygdgeos  LobEGgdsdo

3036mdmo ©sdwdsggdobmgol).

800obsty

d39bstggdol dgmBg3oL MML  SvyE30eg-
dgwos bmege 9960LsBm3mhml 3eodsdmeo
30600md900, G030,
893900l BseMTs3900L LoM®TY, - 5.0.

domo  3bmzM9gdoL

dbmgmoml  959sdom  Lggwo 65339
0900Lbm30L  98mygbgdmo ogm 150 Lobol

939bstg.  5gdgsb BsmBs  odoE0MgdMeEds
5m©YbMd53 25595M00S.
Lsgds®ongganmbs, 396Mdm sFoMol

39M0GHMMHo00Lm30L, IMdogdols s 33¢g3980L

9900300  393m3wobs
©olbgs  mxsbol o

®50¢0gbodg  Lbgo-
Lobgmdol  dggbaty,

933960Mgdmwo
0gml 5¢00MdG030 30MMBYIBOL Q5035¢0l-

6Omdgog  d90dengds

{obgdoom (3bOoo).

300035 )H0 ©oBIBOL 1Zgwo 6a3ggmg-
dobomgol  dbmyeomdo  y4zgwsdg  HBdoMs
099gbgd9b Phragmites-ols mxsbol 939bs69gdL.
obobo 9390056 0mgdol gggms J3eods@y
3060md9dL. B9139d0 S MOBMIYdo IgbsMBbY-
dMos BsdmsMm8o BMHowwmgm  Jwods@do,
d9Lsds00LsE, TbMErMmE JHMOKIMEO Tmbs-
35¢0 56 3OOl 3OHMEMIGHOE@dol LsBmdo.
bggwo 398mygbgdywwo
doM0mMOEO  dsemabmgsbo  93gbaMggdoliomngols

6533900900Lm30l

d6Mbgol Mmol Tgx3slsgdgdo MmMoEsh Lsd
(ews0gs. Phragmites-ob ggbggdol Logmisb-
ol gogwo Lo
3Mdgegds. 9dgsb go0mIEobamy, Fomdol
dggbotggdol BeOL &gddo
39309d00  Fo@sos, 300009  IbMEMEO
doflolibygs bafoergdologol.

dgodg ULsdo  fgeo

do0sbo

9396509 0mglgds Jg0dol  19bsdo,
9dO639wymgL
{o®3mgabols Bo@®ol  3oMzger  ggbols
B9©33060Dg. BowEBHMoL 300390  B965DY
dbso  gMydgb@gdo M HMb3gmyma39b
390X MdJUGdMEr  B0lMMBIME  goMgdml o
bol  mfigmdgb  ggbol  3oMmigzEozmeo
3959BHOMOMdOL  99bsPBmbgdsl.  dogBHgMogdo,

L

399mlemgsb 1960l

75

6HmImgdoa b 30gmgd9b 796050000
domgodom®mo  dmombmgboegdol  8gd3oMmgdsl
Qo 5M0sb  d0mAsLisdo,

6Omdgdog 0BMHEIds J3odols s begdol

6o3®0-803530s,

3969080, 0500 gMbMEgdBY. gsMEs ToLS,

5305306 SELMMBd30s  FgodeErgds  dmbgl

©5AsLZ3EoLOL  59MMIMMO  EMYDIFOLSL,
M3b53 9m3y390s boBM0K03530s.

653 3096
390053999 735690501 Bgl3gd0L MLsROMbM
35M99mls dgddboliogol, oo LogMmbowgs
Logodm  Lsdgsboghm-3ygdbozn®  odgMs-
AM®s80 dmygzsboo 0bxgm®Isgool 0bEgh-
309BHogosL. Jovbyozs 6mo
156905000l 250053995 bYds ImIMI5EYdMEO
9939000, MomEIbmds, GMBgEo3 goss039ds

dggbgds  9i39gbstrggdol

000b»,

93gbsrgms  Lborggol  Bmombmzboargdgdols
895309000  bs3emgdso
3960339016005, 3M©s 530Ls, 3oBMAz0L dgom-
©9090 (335¢9d50 09gm, Bmao 30 TbMmEmE
L5356G5v)0M.
939bsyggdols
bgds 965 FsGGHM  Bglggdol  Fobadsoom

25Bgd0l

3905 F5MdYdOom,

©9OM9dol  dgdzgmdoo

005653905,  dlggg  Lb3oOlb3s
3993965 19139006 5EGHIMLGgHMT0.

bsgs®ozgenmdo  s6lbgdoemo  Gegbstrggdols

SQPg®s

bggo  6533900900LsM30L  350Mmlssygbg-
890
306OWIBIos  LagoBogyeado 3303wy
3o Bsbgmdgdols gsbbomgs. BoymMmoEMgdMms

d3gbstggdol  My3mdgbszoolsmgols

0b@HmEmEoMgdmmo d3gbs®ggdols sbmemEo-
396@0L 9gMBg3s, GoEysd 30056 s3030-
@M 0635P0mMmo Lobgmdgdo 3580393 gdd0,
o3 Ho®dmdadbols g3mmmyom®o 3GrMdEgdgdUL.
3b®odo dmyzsbogro 93gbsMmggdools dmzang

sefigMs:
Schoenoplectiella juncoides (Roxb.)
(Bobsbo: 1) - HoMmImoagbl Juncaceae-ls mysbl.

Mol AMsz35fiemmgsbo 9i3gbstg, Lodsmeng 50-
250 13. 53913900l LEGHOMJGHOS 5g3l Im3eEg s
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L5gdoMm3gEml 300MdYPOLMZOL 5@s3EH0MYdM d3gbstgms sbmEGHoMmgdmeo oo

ab®ogno
# 5000 MdM030 LsbgmdYdo JoO0ro sbsbymgds x5bo
1 Schoenoplectiella juncoides (Roxb.) (s) A0o0L ggegsdo Juncaceae
2 Scirpus lacustris L. B39 gd6M030 ¢g®fisdo Cyperaceae
3 Schoenoplectiella mucronata (L.) F50md0ob gog®ffodo Cyperaceae
4 Schoenoplectus triqueter (L.) Palla 15330bs Eg®ffodo Cyperaceae
Schoenoplectus tabernaemontani
5 (C.C.Gmel.) Palla QOO 9efjsdo Cyperaceae
Phragmites australis (Cav.) Trin. ex
Steud.(o) LsAbOYNOL EgMfsdo Poaceae
Scirpus palustris L Fomdob ergeffodo Cyperaceae
Scirpus bisumbellatus Forssk. @680 m@Bsoosbo Cyperaceae
10 Scirpus hispidulus Vahl, B3971936030 emgfsdo Cyperaceae
12 Typha angustifolia L. (3) wsdsdo Typhaceae
13 Typha latifolia L. wdgsdo Typhaceae
14 Carex acuta L. obeo Cyperaceae
15 Carex pendula Huds. olemo Cyperaceae
16 Acorus calamus L. (g) 3Mombyyxo Acoraceae
17 Juncus effusus L. Jowo Juncaceae
18 Iris pseudacorus L. (3) f9eoobl Bsddsbo Iridaceae
063MmM©Y306090Mo Lsbgmdgdo
1 Pontederia cordata L. = Pontederiaceae
Cortaderia selloana (Schult. & Schult.f.)
2 Asch. & Graebn. 3503soo Poaceae
3 Eryngium yuccifolium Michx. - Apiaceae
4 Alocasia macrorrhizos (L.) G.Don O™ Araceae
5 | Hydrangea macrophylla (Thunb.) Ser. (o) 3mMEHgbbos Hydrangeaceae
6 Cyperus alterniflorus R.Br. - Cyperaceae
7 Iris japonica Thunb. (co) 053mbvHo BsddSbO Iridaceae
8 Canna indica L. (%) 0b®o 39b6s Cannaceae
9 | Zantedeschia aethiopica (L.) Spreng. (g) 350mS Araceae
dibgomo, gHm  (Fowobp®mmo  Loljoo Scirpus lacustris L. - §o®3msagbl
1,5-2,5 83. ULsdmsemme gglggdo  dgo;3o3L Cyperaceae-ob mxsbl. M0l dMsg3semfermgsbo
40-50% 360sbogl  (MyGem  IgBb 300069 dggboty.  Lodomemg 3,5 OG- ®ghm
3dOnmzowo) 10-24% Gowgdls s 10-20% 30obGMvymo Lolgoom 5-15 dad.

85g56Mb. L339005 3MB3MOEHOLIMZOL (oHZaTpa).
0BMH Y05 30bsMmggdol, BHdYOOL LsbsdomHmby,
©535MOJOMEY 50 gddo.  353M3gEgd0l
5M75e00 - 93MD0d S SBMO30L 3MmbEH0bIbGO,
bagsGorggerm [13].
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39303990l 5MJseo 93MM3s, 5AMLSZEo
3909, 39335L09, Logotmzgem. [14]
Schoenoplectiella  mucronata (L.) -
{o6M3moa9bL
36md00s Lsbgmgdom Fomdosbo ghffsdo,

Cyperaceae-ols xobU.

mbgdo omglemmgzgsbo @gmfsdo, s dMObxol
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Ei 44 i
Bobsbo. L33eg3 06BHMM©YE30MYdME J3gbstgms BMEM©MIMBgDFBHOG0s:
1 - Schoenoplectiella juncoides (Roxb.) Lye; 2 - Iris pseudacorus L; 3 - Acorus calamus L.; 4 - Iris japonica
Thunb.; 5 - Zantedeschia aethiopica (L.) Spreng.; 6 - Typha angustifolia L.; 7 - Canna indica L.; 8 -
Phragmites australis (Cav.) Trin. ex Steud.; 9 - Hydrangea macrophylla (Thunb.) Ser.

d0bgmol gmfjsdo. sl AMsgsenfanmgsbo

dggbotyg. Lodoweng 1 0-00g, ©9MMgdo
1533mmbs. Bglggdo 3m3Erg s 3YsG0. boermdls
Fomd0osb  syowgddo.  35wogm®m-60sdo

30939036905  dM0bxol gsbgdol LaMgzgwrs
doemsbls. 393039 gd0L sMgsewo - 93MsBoY,
5536035 5 33EHME0s, Lagsdamggam [15].

Schoenoplectus triqueter (L.) Palla -
Po®Bmoagbl Cyperaceae-ol mysbl. sGol
dMs35emfiemmgsbo  93gbsty. Lodsmgrom 20 -
100 1s9. ©gGmMgdo Lsdzmmbs, Lobjoo> 2-8 30.
B9Lggdo 3Bdgero s fighowro 33mEIEgdol
Moo - 936305, SBMOIS S 33LAHMIOS
[16].

Schoenoplectus  tabernaemontani  (C.C.
Gmel.) Palla - §s®»3moagbls Cyperaceae-ols
MRBL. 5oL  IMs35¢fiemmgsbo  dggbaty.
bodsmemoo 100-200 13. @gMmgdo EFoob-
©OMmo Lolbjoo 4-833. xgliggdo gMdgero.
0bMHEIds Fomddo, GHdYOoLd s d0bstggdol
Bo30MBg. bsOMBL  B3zol ©mboEs 9GO
wbgBglo 200 3-by. 253M39Egd0L  SMYoEo
930505 BMoEMmgm ©s LsdbMgom 5396039,
Lsgds®onggere [17].
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Phragmites australis (Cav.) Trin. ex Steud.
(Bsb.: 8) - FomBmoggbls Poaceae-ols mysbl.
Mol
3oob®mnymo, Lobgg 15-20 83. Lodsweng 5
39AMo009,  }gbggdo  AMIZoEEHME0sbo.
3093036905 Latg39es 939bstggdL.
393M39mgdolL  36MgoEo 93OS,

dogsfiermgzsbo  93gbsMg. ©gm

386039,
50960035 s 53LGHMs0s [18].
Scirpus palustris L -
Cyperaceae-oll mxsbl. {fo@0moaqbls dzoMg
Bmdols 50 b3 d3BJL 30f M WgMmgdom, s1939
0ygbgdgb MHmam3 ©g3mMs@ome d3gbstmgb.
193900l Bmds 56 s0gdadgds 15 bd-ls [19].
Typha angustifolia L. (Bsb. 1. 6) - fo®3ms-
©96L6 Typhaceae-l mysbl. 560l 96535~
farmgsbo  93gbotyg. mghm  gowobotveo,
bodseang 1-2 3-0g. 8gLzgdo Ldgero 2,5 1D,
BomM3539800 60 1O-0g. boMMdL Fyselis@g-
3900L5 @S Fomdgdol b6530MgdbY, brmzols
B9Lggdo
3mo35396 58%-0¢0g 3M9bdogls, 2% (30¢SL ©s
11,7%-0q0g Fogdo®l. 890dgngds g5dmygbgdomeo

PoM3mo9bls

©mbos 2300 3 Lodswergdy.

oyml 15339080, 3oL BJ300E6 STBIEIdID
3mOL 930609 MomErbmdol 3mGmol Bjzowols
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5353 gd0m, Fglggol 39396, SHoeysBO@
939boggdologsob  53Bs@gdgb  Logscmgdl,
505539096. 090d¢gds  §59mygbgdMmo  oymbl
3b™39wgdol 299mU533905¢.
4m®@gdoms ©s dolbo ggliggdom 03390905

2Ogo  3bmgggdo.  3o3MEIEgdol
3MJoemo  g3MsB0os, sx8xM03d, LsAbMID  ©s

dobomGo

BOommgom 5996035,  93LEGHMom0s,  sbseo
B9b0s s LogdoMmggerem [20].

Typha latifolia L. - Typha angustifolia L.
560l (i3Goymmemgsbo, bmemem Typha
latifolia L. 5ol dbgoggmoemgsbo [20].

Acorus calamus L. (bsb.: 3) - fo@dmoco-

806l  Acoraceae-ll mxsbl. MOl AMSZGS-

faomgsbo ®96™
bodsmerom 10-¢sb 120-dgg bA. Bgligo Lgero
3MH0BMbEsemmEo boldoom 3-0g b, dogbom
090760-0m35GEOLBOM GgMHOL, godmloga0s
33900bom30lL,  9g3L  Labosdmgbm  sGMTsEHo
dbogbo sMOROBOLS 56 JsbEIMOBOLS. Acorus
calamus L

d39bsty. Lsd3mobo,

39300ygbgds bogobuy®
39000306500,  5g35Lgdg6  MMYMOE  ©YIMOs-
Ao 9396s6gl.  bsGMBdL  bgermgbmeo
AOMEMgdols s  dEobatggdols  BsdoMgdby.
50069 353moygbgdms GmymOE  Lsldgero
Pyaols 25§dgbols bodwmoggds. 3s3ME3gegdols
5Mgsemo  0bmgmo,  3gbGHMsmGmo 50y,
LsdbMgon 59gM03d s 93MM3s, LsdsMM3gEm
[21].

Iris pseudacorus L. (bsb.: 2) - Go®Bmogo-
396L
faomgsbo  93gbstg. ®ghm  3owobotvmo,
bodsemeoo 75-160 1s3. ggligo bdgero osdgEH-

Iridaceae-l  mxobl. M0l  IMS35¢n-

6o 2 1s3. gg9lizgdo 890353l 9o BgmgdL 0,1-
0,3%, ®M3omsgsd yzgmobg ®omgdmEos
396mbo @5 oMmbo, GMIwgdos 6039996
Bgmgdl  05Lsdbol  Lvmbl.  ©sdMTs39d9E0
}b39x80  (BGMdOL  F90gy)  3s99moyggbgds
bs3mbo@d®mm  oMmdmgdsdo s 33GBovydg-
60580. 0BMHEIdS ©9F5MBJPM S BHgbosb
50030¢9030. 353M3EJIIOOL 3MYSEO SBMO03S,
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03635
330 D0, Logo®mgzgum [22].

gb®odo sbg3g AmEgdmmos obEHM-
QEOMPOIo  ¢3530em3b  d396s69B
Labgmdgdo (6sb.: 1,4,5,7,9), GmIengdog, 05306
dbmog, guBHIMOoNEG Lowsdsbgl dosboFgdgb
b3 8m@3gBmewos
Bsdmomgeomo 93965699080 s y3930¢m3560
3396569900 BmEBHM 3mogo (bsb. 1). mbeos
500603bml, ™I LsgsMmgzgwmdo dombgs-

(BOommgo  93GM30L  gsMs),

653390090,  J398mon

350 5MBYdMdOLS 9g3Gm3sdo Lgger 6s33909d3%bg
390mygbgdmmo 939bsMgadol Lobgmdgdo o
33gbstgms mxsbgdols, sGE ghomo doysbo
67505 359mygbgdo 56 5MoL. 5Jgwsb
390800656y, GMIgeodg dggbsmgoms mysbol
3°9myggbgdol Mg3mdghsgoolsmgzols ol Mmbs
0ymb 250mE3owo 3m63M9GME 30MHMdYdd0.

»bs
dbsdy o

05653 Ibg39emdsdo

dg9botol  gbBgBHWeo
MLogMNbMYds 35693ml F0dsGM0.

dog00mm
dolbo

©sli3365

dobgs35  BoGMLOLEGHYIYIOL  o3-
MH3E9mgdols dbemggeomls Lbgssbbgs
d30469090 Logobomnggermdo s  3gMdm
oMol  Ggaombdo  gbams  sofigm.
5393005 300390 B3gwo bs3zgomgdols
399690 mds 653 396L399dBH0OME0s
Q©sLsbEgdMO,

3©0Egd0L, o3y 8YBIGY IMGIXIOOLS
©5  LabGImmgdol Bsdobadyg (igwgdol

BoLs§jagbsm.

505300MMMWs©, dobgszs 0dobs
oY) G5 bsbol b GHodol godmbolidgdsl
LbsgoMms  dobo 3393
Bogommzaml  306Hmdgdolsmzol.  S15g39
boFomms 93960099008 Fg@Bg3s 3MMbEHOL
09050099b6@mdOLS s Mga0Mmbol 3eods@ols

Logobomggmls  dgoMg

299m30949690m,

39035¢0Lj0bgdom, Msms 350m3033oma
3o@™MLOLEYIJOIOL  9x8gIBHIOMBs  goMgdml
5330000 15300bgdOL smM35¢olfobgdom.



gm@bsero 969605 Nel(112). 2024

@OGIOGTOS

1. bagodamggermdo 890mdsgzsemo 30DoGHMMdoL
gbMogro. bogsGoggemls 96m3zbmemo
bAHIGHOLAHO0ZOL 390  339Mo.  https:/www.

geostat.ge/ka/modules/ categories/102/utskhoel-
vizitorta-statistika).

. bpemnanu P. ®dutoouncTka Kak HWHHOBAaIU-
OHHBIH MeTox Bomoouuctku//Bectnuxk MI'CY.
2019. T.14. Bem.7. C.885-900. DOI:
10.22227/1997-0935.2019.7.885-900.

. O0ocHOBaHHEe OYMCTKM M (PUTOONPECHEHUS

MHHEPAJIM30BAHHBIX CTOYHBIX BOJA B d)I/IJII)-

TPAIMOHHO - PereHepaluoOHHbIX OHOIJIATO.

https://www.ecvols.ru/info/articles/obosnovanie

-ochistki-i-fitoopresneniya-mineralizovannykh-

stochnykh-vod-v-filtratsionno-regeneratsion/;

Robert H. Kadlec, Scott D. Wallace. Treatment

wetlands. Second edition. CRC Press, Taylor

& Francis Group, 2009, 1016 p.

. SIxoBaeB C. B., Kapenun 5. A., KykoB A. WU.,
Koao6anos C. K. Kanammzauus//A3a. 5-e. M.:
Crpoiinznar. 1975. 632 c.

. Auac B.H., Kpukcynos E.A., IlankoB f.B.,

Mepeasiruna E.H., buzun C.A. Ucnoan3oBa-

HHe pu3ocdepnbl IS OYUCTKH CTOYHBIX Boa/

JlecorexHnueckuii :xkypHaa Ne 3 (19), Tom 5,

2015, ®I'BOY BO «BIJITY», c. 10-21. DOI:

10.12737/14149.

Brix, H. Use of constructed wetlands in water

pollution control: historical development, pre-

sent status, and future perspectives [Text] / H.

Brix // Water science and technology. 1994. Ne

30 (8).

. Seidel, K. Self cleaning of natural waters [Text]
/K. Seidel/Naturwissenschaften. 1976. Ne 63(6).

. IleroabkoBa H.M., Inac B., Kpukcynos
E.A., Poioka K.JO. ®uto-cucremMsl 1J 04HUCT-
KH CTOYHBIX BO/J: COBPEMECHHO€ PCIICHUE KO-
Jorudeckux npoodsaem. B :xypunaiae Hanayumue
AOCTYIIHBIC TEXHOJOTUHN BOI[OCHaﬁ?KeHHH " BO-
moorBegenns, Ne 2. 2015. c. 46-55.

10.Biotal treatment plants - Biological wastewater

treatment. https://biotal.ua/en/
11.Gabriela Dotro, Giinter Langergraber, Pascal
Molle, Jaime Nivala, Jaume Puigagut, Otto
Stein, Marcos von Sperling. Treatment Wet-
lands. Biological Wastewater Treatment Series,
IWA Publishing, London, UK, Volume 7, 2017,
172 p.

12.Bondar, O.1. & Fylypchuk, V. & Kuryliuk, M.
& Krivoshei, P. (2020). Substantiation of
phytodesalination of mineralized waters in
filtration-regeneration bioplato. Ecological

79

Sciences. 153-158.
9716/2020.ec0.1-28.24.
13.""Schoenoplectiella  juncoides (Roxb.)  Lye|
Plants of the World Online|Kew Sci-
ence'. Plants of the World Online. Retrieved 6

July 2020.

14.USDA, NRCS (n.d.). ""Schoenoplectus lacus-
tris”. The PLANTS Database (plants.usda.gov).
Greensboro, North Carolina: National Plant Da-
ta Team. Retrieved 7 November 2015.

15."Plants Profile for Schoenoplectiella mucrona-
ta (bog bulrush)™. plants.usda.gov. Retrieved 5
July 2020.

16."'Schoenoplectus triqueter (L.) Palla in Flora of
North America @ efloras.org" eFlora. Mis-
souri Botanical Garden, St. Louis, MO & Har-
vard University Herbaria, Cambridge, MA.,
2003. Web. Accessed February 2018.

17.Schoenoplectus tabernaemontani (C.C.Gmel.)
Palla in Loomis J (2022). Martha's Vineyard
species checklist. Version 1.4. Vermont Center
for Ecostudies. Checkist dataset
https://doi.org/10.15468/3vk6égc  accessed via
GBIF.org on 2024-09-11.

18. Phragmites australis (Cav.) Trin. ex Steud. //
Plantarium. Plants and lichens of Russia and
neighboring countries: open online galleries
and plant identification guide.
URL.: https://www.plantarium.ru/lang/en/pag
e/view/item/27867.html (accessed on 11 Sep
2024).

10.32846/2306-

19. Scirpus palustrisL.inPage R D M. The
Plant List with literature. Institute of
Biodiversity, Animal Health and

Comparative Medicine, College of Medical,
Veterinary and Life Sciences, University of
Glasgow. Checklist
dtaset https://doi.org/10.15468/btkum?2 access
ed via GBIF.org on 2024-09-11.

Typha angustifolia L. Plantarium. Plants and
lichens of Russia and neighboring countries:
open online galleries and plant identification
guide.

URL.: https://www.plantarium.ru/lang/en/pag
e/view/item/39647.html (accessed on 14 Sep
2024).

Acorus  calamus L. in GBIF  Secretariat
(2023). GBIF Backbone Taxonomy. Checlist
dtaset https://doi.org/10.15468/390mei accesse
d via GBIF.org on 2024-09-14.

Iris  pseudacorus L. in GBIF  Secretariat
(2023). GBIF Backbone Taxonomy. Checlist
dtaset https://doi.org/10.15468/390mei accesse
d via GBIF.org on 2024-09-14.

20.

21.

22.


https://www.ecvols.ru/info/articles/obosnovanie-ochistki-i-fitoopresneniya-mineralizovannykh-stochnykh-vod-v-filtratsionno-regeneratsion/
https://www.ecvols.ru/info/articles/obosnovanie-ochistki-i-fitoopresneniya-mineralizovannykh-stochnykh-vod-v-filtratsionno-regeneratsion/
https://www.ecvols.ru/info/articles/obosnovanie-ochistki-i-fitoopresneniya-mineralizovannykh-stochnykh-vod-v-filtratsionno-regeneratsion/
https://istina.msu.ru/workers/5394826/
https://istina.msu.ru/workers/9571015/
https://istina.msu.ru/workers/556835/
https://istina.msu.ru/workers/556835/
https://istina.msu.ru/workers/8863168/
https://istina.msu.ru/publications/article/9571071/
https://istina.msu.ru/publications/article/9571071/
https://istina.msu.ru/publications/article/9571071/
https://istina.msu.ru/journals/9571070/
https://istina.msu.ru/journals/9571070/
https://istina.msu.ru/journals/9571070/
https://biotal.ua/en/
http://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:60432220-2
http://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:60432220-2
http://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:60432220-2
https://en.wikipedia.org/wiki/Natural_Resources_Conservation_Service
https://plants.sc.egov.usda.gov/home/plantProfile?symbol=SCLA14
https://plants.sc.egov.usda.gov/home/plantProfile?symbol=SCLA14
https://plants.usda.gov/core/profile?symbol=SCMU10
https://plants.usda.gov/core/profile?symbol=SCMU10
http://www.efloras.org/florataxon.aspx?flora_id=1&taxon_id=242101177
http://www.efloras.org/florataxon.aspx?flora_id=1&taxon_id=242101177
http://www.efloras.org/florataxon.aspx?flora_id=1&taxon_id=242101177
http://www.efloras.org/florataxon.aspx?flora_id=1&taxon_id=242101177
http://www.efloras.org/florataxon.aspx?flora_id=1&taxon_id=242101177
https://doi.org/10.15468/3vk6gc
https://www.plantarium.ru/lang/en/page/view/item/27867.html
https://www.plantarium.ru/lang/en/page/view/item/27867.html
https://doi.org/10.15468/btkum2
https://www.plantarium.ru/lang/en/page/view/item/39647.html
https://www.plantarium.ru/lang/en/page/view/item/39647.html
https://doi.org/10.15468/39omei
https://doi.org/10.15468/39omei

gm96bs¢ro ,,969M0s” Nel(112). 2024

PHYTOSYSTEMS IN GEORGIA: PROBLEMS AND PROSPECTS.
Z. Megrelishvili, G.Bolgvadze, D.Chkhubiani.
“Energy”. Nel1(112). 2025. Thilisi. p. 70-80. geo.sum geo. engl.rus.

Phyto purification systems - with surface or underground water flows, which use higher vegeta-
tion and are intended for wastewater treatment - have been actively used in world practice in recent
decades. There are no universal principles for planning such systems, therefore, depending on the
region in which the wastewater treatment plant is located and the quality of the wastewater, an in-
dividual type of wastewater treatment plant is selected. The article provides a brief overview of the
development of wetlands, the types of modern wetlands and the plants used. A list of similar plants
in Georgia and a photo collage are provided. Phyto purification systems can be used in Georgia for
the treatment of wastewater from small settlements, places, detached cottages and hotels
1. 1, tabl. 1., bibl. 22.

PUTOCUCTEMBI B I'PY3UM: ITIPOBJEMBI U ITIEPCIIEKTHUBBI.
3. Mezpenuweunu, I'. bonkeaose, /l. Yxyouanu.
“Iueprus”. Ne 1(112).2025 . Touaucu. c. 70-80. rpys3. ped. rpy3.anrii. pyc.

B wMupoBoii mnpakTHke B mNocjHeAHHEe [IeCATHIETHS] AKTHBHO TPHUMEHSIIOTCH CHCTEMBbI
(pMTOOYHCTKM ¢ TOBEPXHOCTHBIM WJIM MOA3€MHBIM BOJOTOKOM, HCIOJIb3YIOLIHE BbICIIYIO
PACTHTEIbHOCTb, MpeAHA3HAYEHHbIE NJIf OYHUCTKH CTOYHBIX BOJ. YHHBEPCAJbHBIX NPUHIUIOB
IVIAHUPOBAHUS TAKUX CHUCTEM He CYyLIeCTBYeT, 03TOMY B 3aBHCHMOCTH OT PEerHoHa, B KOTOPOM
HAXOAMTCH OYHMCTHOE COOpPY:KeHHe M KadyecTBa CTOYHBLIX BOJAO BhIOMpaeTcs MHIAMBUAYAJIBHBIA THII
OYUCTHOr0 coopyxenusi. B crarbe maercss KpaTtkuii 0030p pa3sBMTHS BOJAHO-00JIOTHBIX YIOAWIA,
COBpeMeHHBIX THIOB BOJAHO-00JIOTHBIX YroAWiA M MCHOJb3yeMbIX pacTeHmii. Takike mpuBoauTCcs
CMHUCOK MOA00HBIX pacTeHuil B I'py3um m dorokoiaaax. CucreMbl (PUTOOYMCTKH MOTYT OBITh
UCNO0/Ib30BaHbl B I'py3un AJ1sl 0YMCTKHM CTOYHBIX BOJ HeOOJILIIMX HAaceJeHHBIX MYHKTOB M MecT,
OT/IeJIbHO CTOAIIUX KOTTeMKel M TOCTUHHUIIL.

Hnn. 1, maon. 1, num. 22 nase.
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SOLAR COLLECTOR.
L.Papava, T.Isakadze, M.Razmadze, G.Gugulashvili
“Energy”. Nel1(112). 2025. Thilisi. p. 81-87. geo.sum geo. engl.rus.

Among energy sources, solar energy stands out for its constancy, cheapness and availability. Its use
is possible in almost all regions of the globe. Solar energy falls abundantly on the surface of the
earth, but the efficiency of using this energy is determined by the operating principle and design of
solar collectors. Despite the existence of many different designs in technology, today there is still no
design that would ensure the use of all the solar energy falling on the surface of the collector.
Accordingly, the improvement of the principles of operation and design of collectors remains the
focus of attention of designers and specialists to this day. In order to solve this issue, a design of a
stationary collector has been developed, the absorbing surface of which is made in the form of a
truncated cone with a spiral channel wound on the outer surface, in which the heated substance
moves freely, and at the focal length of the collector on the north side there is a convex mirror
reflecting the sun's rays.

11. 3, bibl. 8.

COJIHEYHBIHN KOJIJIEKTOP.
JL.Ilanaea, T.Hcaxaoze, M.Pazmaoze, I .I'yeynameunu
“Iueprus”. Ne 1(112).2025 . Tonaucu. c. 81-87. rpy3. ped. rpys.anr.i. pyc.

Cpeau MCTOYHMKOB 3HEPIrHMH COJIHEYHAs JHEPrusi BblIeJsieTcsl MOCTOSTHCTBOM, /IelIeBU3HON M
aocTynHocThI0. Ee ncnmoib3oBanne BO3MOKHO MOYTH BO BCeX perHoHax 3eMHoro mapa. CojHeuHasi
JHeprus OO0MJBLHO MaJaeT HA NMOBEPXHOCTH 3eMJIH, OJHAKO 3(P(PeKTHBHOCTH ee HCMOJb30BAHUSA
ompeaessieTcss MPUHIMIOM padoThl U KOHCTPYKIMelH COJHEYHBIX KOJLIeKTOpoB. Ha cerognsimnmii
deHb, HECMOTPSl Ha CYLIECTBOBAHHE B TeXHHKEe MHOKECTBAa Pa3HOO0Pa3HBIX KOHCTPYKIMH, He
CylIecTBYeT KOHCTPYKIHUsI, KoTopas ofecrne4ymja Obl MCHOJb30BaHUHE BCeil COJTHEYHOH IHEPIHH,
najapmeil Ha NOBEPXHOCTh KOJUIeKTOpa. COOTBETCTBEHHO, COBEPIICHCTBOBAHWE IPHHIHUIIOB
PatoTbl M KOHCTPYKUHUH KOJJIEKTOPOB 10 HACTOSILIEr0 BpeMeHU OCTaeTcsl B LeHTpe BHUMAaHHA
KOHCTPYKTOPOB H cienuaaucToB. C meJibl0 pelieHdsi JAHHOTO0 BONpoca pa3padoTaHa KOHCTPYKIMA
CTAMOHAPHOT0 KOJUIEKTOpPa, MNOIJamapmas IMOBEPXHOCTh KOTOPOro BBINOJHeHa B BHE
yCe4YeHHOro KOHyca ¢ HAMOTAHHBIM HA BHeLIHeH MOBEPXHOCTH CHUPAJIBHBIM KAHAJIOM, B KOTOPOM
CBOOOJHO ABHMKETCS HarpeToe BelIeCcTBO, 4 Ha (POKYCHOM PACCTOAHHUM KOJJIEKTOPAa C ceBepHOI
CTOPOHBI PACIIOJIOKEHO BHIMYKJIOE 3ePKAJI0, 0TPAKAIOLIEe COTHECYHbIE JTy4H.

Hnn. 3, rum. 8 nase.
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THE ADVANTAGE OF THE MODERN DIGITAL SEL-710 RELAY FOR ASYNCHRONOUS MOTOR
PROTECTION OVER THE OLD COMPARED TO ELECTROMECHANICAL RELAY.

G. Khutsishvili, M. Dvalidze.

“Energy”. Nel1(112). 2025. Thilisi. p. 88-93. geo. sum geo. engl.rus.

The article discusses the process and benefits of replacing older electromechanical motor protection
relays with SEL-710 type relays, especially for induction motors. The improved protection, control and
monitoring capabilities of the SEL-710 type relays, which exceed the limited capabilities of older
electromechanical relays, are discussed. The article provides an example of a SEL-710 type relay
configuration, which also emphasizes its practicality, accuracy and ease of integration with existing
systems, as well as technical advantages, such as its improved protection functions, communication
capabilities, which in turn are a prerequisite for obtaining detailed information about what happened
in an emergency situation.

1. 8., bibl. 3.

NPEMUMYIIECTBO COBPEMEHHOI'O [IU®POBOI'O PEJIE SEL-710 OJIs1 3AIINMTHI
ACHHXPOHHOI'O IBUT'ATEJIA IIEPEJ CTAPBIM 3JIEKTPOMEXAHUWYECKHWM PEJIE.

I' Xyyuweunu, M. /leanuose..

“Iueprusn’. Ne 1(112).2025 . Tonaucu. c. 88-93. rpy3. ped. rpys.anri. pyc.

PaccmaTpuBaeTcsi mponecc ¥ MpenMyIecTBa 3aMeHbI CTAPBIX JJIEeKTPOMEXaHUYeCKHX pese 3alHThI
asurateiasi Ha peae tuna SEL-710, oco0eHHO aJisi acMHXPOHHBIX ABUraTteseil. OOcyxaaTCs
YJIy4lleHHbIe BO3MOKHOCTHM 3AaIIMThI, YNIPaBJeHUA W MOHUTOpuHra peiae tuna SEL-710, koropbie
NPEeBbIAIOT OrPAHMYeHHbIe BO3MOKHOCTH CTapPbIX 3J1eKTpoMexaHnyecKux peiie. [IpuBoanTes npumep
KoHurypanuu pese Tuna SEL-710, koTopslii Hog4epKUBaET €ro NPaKTHYHOCTD, TOYHOCTH U MPOCTOTY
HHTEerpaluM ¢ CyLIeCTBYIOIIMMHU CHCTEMaMH, a4 TaKie TeXHHMYecKHe NPeuMYLIecTBa, TAKHe KAaK ero
yiaydllleHHble (YHKIWH 3alIUThl, BO3MOKHOCTH CBSI3M, KOTOpbIe, B CBOI0 oO4Yepelb, SBJISAIOTCS
NMPeANOChUIKOH VI TOJy4YeHUus NoApoOHoii uH(opManuu 0 TOM, YTO NMPOU3ONLIO0 B aBAPUITHON
CUTYyalUH.

Hnn. 8, aum. 3 nas.
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