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HIGH VOLTAGE DIRECT CURRENT POWER TRANSMISSION AND DEVELOPMENT OF
TECHNOLOGIES FOR CONVERTING NON-TRADITIONAL RENEWABLE ENERGIES INTO
ELECTRICAL ENERGY AND THEIR INTEGRATION INTO THE GRID.

G. Kokhreidze, Z. Gachechiladze, Gocha Kokhreidze, G.Qadagishvili.

“Energy”. Ne2(110). 2024. Thilisi. p. 5-10. geo. sum geo. engl.rus.

This scientific-engineering paper presents the electrical schematic of a bipolar direct current (DC)
transmission line with dual-converter systems containing IGBT-transistor modules [1]. The study
examines the following operational modes: operation without any regulators; operation with an
inverter extinguishing angle regulator; operation with a current control regulator and an inverter
lock angle regulator. The basic scheme involves the sequential connection of two single-converter
transformers and the equalization of linear voltages on the secondary sides of two corresponding
three-phase transformers. The system achieves a highly efficient 12-phase conversion, resulting in a
three-phase voltage system that is offset by 30° relative to each other. Consequently, the applied
voltage exhibits harmonics that are multiples of 12. In each coil’s balanced voltage (2k+1).6, where
k=0,1,2,3,..., the order harmonics are in opposite phases, canceling each other out and thus do not
appear in the total voltage of the two coils. The ground serves as the return path for current in the
scheme. The distribution patterns of DC and alternating current (AC) in the ground differ
significantly. The paper also introduces a hybrid autonomous power system based on non-traditional
and renewable energies (solar, wind) and discusses the development of the theory for the calculation,
management, and optimization of its operational modes during parallel operation with the grid. This
advancement facilitates the effective implementation of technologies for converting and utilizing non-
traditional and renewable energy sources in the fields of power engineering and electrical engineering.
ll. 2, bibl. 4.

NEPEJAYA 3!-’IEPFI/II/I C IOCTOSAHHBIM TOKOM BBICOKOI'O HAIIPSIDKEHUS U PA3PABOIKA
TEXHOJIOTUU TMPEOBPA3OBAHUSA HETPAAULIMOHHBIX BO3OBHOBJISIEMBIX DHEPI'MU B
JEKTPOSHEPI'YMM U ITPUCOEJAUHEHMUSA EE K CETH.

I'.Koxpeuose, 3. I'aueuunaosze, I'oua Koxpeuose, I. Kaoazuwgunuio

“Iueprusn”. Ne 2(110).2024 . Touaucu. c. 5-10. rpys. ped. rpys.anri. pyc.

B pa0oTte mpencrasiieHa 3jieKTpUYecKas cxemMa Mpeo0pa3oBaTeAbHOH CHCTEMBbI ABYXMOCTOBOW
ounoasipHoii nepenamei JuHun nocrosinHoro Toka (IIIT) ¢ IGBT- Tpan3ucTOpHBLIME MOXYJISIMHA
[1]. PaccmoTpeHbl cieaylline peKHMbI. padoTa cxeMbl 0€3 BCeX pPeryJsitopoB; padora ¢
NPHUCYTCTBHEM PeryJsiTopa yrjia yracaHusi HHBepTopa; padoTa peryJsitopa yInpapjiasgeMoro ToKa
peryjasiTopa yrijia yracaHusi MHHBepTopa. B cxeme nmpenycMoTpeHbl mocjief0BaTe/ILHOe CoeTMHEeHHNe
JABYX OJJTHOMOCTOBBIX Mpeo0pa3oBaTe/ieil 1 COOTBETCTBEHHO PABEHCTBA JIMHEHBIX HANPSKEHUU HA
BTOPHYHOI cTOpPOHe IBYX Tpexda3Hbix TpaHnchopmartopoB. Ilonydeno Oosee monaHomeHHoe 12-
(pazHoe mpeodpa3zoBanme U cucTeMa Tpex($ha3HbIX HANPSKEHUH, CABHHYTbIe OTHOCUTEIBHO APYT OT
apyra ma 30°% smrpaaycom. ITo 3TOMy BBINPAMJIEHHOMY HANPSKEHHI0O HMEIOT 12-KpaTHOI
rapMOHHMKH. B BBINPSIMJIEHHBIX HANPSKEHUSIX KaKI0r0 MOCTa rapMoHuku mopsiaka ( 2k+1).6,
k=0,1,2,3,... HaxoafiTCsi B MPOTHBOMOJIOKHBIX (pa3aX, B3aHMHO KOHIEHCHPYIOTCH H MO3TOMY He
CyIIECTBYIOT B CYMAapHOM HAaNpPSKEHMH 000MX MOCTOB. 3eMiid B CXeMe HMCHOJb30BaHA KakK
TOKONPOBoA. B 3emyie kKapTMHa pacnpocTpaHeHUsl NMOCTOSIHHOIO M IEPEeMEHHOr0 TOKAa CHJIbLHO
OTJIMYAKOTCA APYr oT Apyra. Takske mnpeacTaBiaeHO pa3BUTHE TEOPHM pacyeTa, YNpPaBJCHUS H
ONTHUMHU3ANNHU peKUMOB npu napajuieJbHoi padoTte rudpuaHoii ABTOHOMHOM
3JIEKTPOIHEPreTHYECKOH CHCTeMbl K NpPHeMHOHl ceTH. Bce mosy4deHHbIe pe3yJbTaThl AalOT
BO3MOKHOCTh 3 (PeKTHBHOI0 BHEJAPEHHs] TEeXHOJOTMH Mpeo0pa3oBaHUsi M NPHUMEHEHMA
HETPAAULIMOHHBIX ¥ BO300HOBJEHHBIX HMCTOYHHKOB JHEPrud B JJIeKTPOIHEpPreTuke W B
3JIEKTPOTEXHHUKE.

Hnn. 2, num. 4 nasze.
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ANALYSIS OF THE SELECTION AND LOCATION OF BATTERY ENERGY STORAGE SYSTEMS IN
THE DISTRIBUTION NETWORK.

T. Museliani, 1. Vakhtangadze, B.Jintchveleishvili.

“Energy”. Ne2(110). 2024. Thilisi. p. 11-23. geo.sum geo. engl.rus.

The use of electricity collection systems instead of modernization of existing power transmission
networks makes it extremely important to correctly calculate the parameters and determine the
switching point of the given device in the distribution system. Incorrect selection of battery energy
storage systems can lead to economic inefficiency of its use. Improper placement of storage systems
can lead to reduced capacity of the distribution network.

The selection of the energy storage system is mainly based on the determination of the rated
output power, the duration of the regulatory impact on the nominal energy capacity. Very
important are the regulatory, technical, organizational and methodological documents that
determine the requirements for the selection of battery energy storage systems, their location,
performed functions or design.

The analysis of scientific and technical journals devoted to the review and practical application of
the functional possibilities of energy storage systems showed the lack of justified selection methods of
storage subsystems of the electrochemical type of energy storage systems and their locations. The
article proposes a choice of energy storage parameters for optimization of enterprise power supply
systems according to economic parameters.

11l 1, bibl 10.

AHAJIM3 BBIBOPA U PACHOJIOXKEHUSA AKKYMYJSTOPHBIX CHUCTEM HAKOIIVIEHUA
SHEPIT'UHU B PACHPEJEJUTEJBHOMN CETH.

T. Mycenuanu, U. Baxmanczaose, b. /[cunuseneuwieunu.

“Jneprus”. Ne 2(110).2024 . Touaucu. c. 11-23. rpy3. ped. rpy3.anr.i. pyc.

Hcnoab3oBanne cucteM cHopa 3JIeKTPOIHEPIMA BMECTO MOJEPHHM3ALMHU CYHIECTBYIOINIMX ceTeil
3jJIeKTponepeaayu JejiaeT KpaiiHe Ba’KHBIM NPaBHJIBHBIA pacyeT MapaMeTpoOB M ONpeaeleHUe
TOYKHM BKJIKYEHHS JAHHOI0 YCTPOiicTBa B pacnpeaeuTe]bHyl0 ceTb. HenmpaBuibHbI BbIOOP
AKKYMYJISTOPHBIX CHCTEM HAKOIUIEHWS] JSHEPruM MOKeT TMPHUBECTH K 3JKOHOMHUYECKOIi
Hed(ppeKTHBHOCTH ee McHoOJIb30BaHUsA. HempaBuibHoe pa3MellleHHMe AKKYMYJSITOPHBIX CHCTEM
HAKOIJICHUS JHEPIrUHU NPHUBeIeT K CHUKEHUIO MPONMYCKHOI ClIOCOOHOCTH pacnpeaeTuTeJbHOI ceTH.

Bb100op crcTeMBbl HAKOIUICHUS] JHEPTHH B OCHOBHOM 0a3npyeTcs HA onpeAeJeHUH HOMHHAIBHOMN
BBIXOJHOH MOIIHOCTH, [JUTEJbHOCTH PeryjJupyomero BoO3leiicTBUS HAa HOMHMHAJIBHYIO
JHEPreTHYECKY0 €eMKOCTh. boJblnoe 3HaYeHHe HMeEOT HOPMATHBHO-TEXHMYeCKHEe U
OPraHM3AIUOHHO-METOANYECKHe  JOKYMEHTBhI, OIpefeJsiomue TpeOoBaHMA K  BbIOOpY
AKKYMYJISTOPHBIX CHCTEM HAKOIUICHHS] JHEPTHH, UX MeCTOIMOJI0KeHUI0, BHITOJTHIIEMbIM (PyHKIIUSIM
WIN KOHCTPYKIMAMM.

AHAaIM3 HAYYHO-TEXHHYECKUX >KYPHAJIOB, NMOCBAILIEHHBIX PACCMOTPEHHI0 M TMPAKTHYECKOMY
NPUMEHEHNI0 (PYHKIMOHAJBHBIX BO3MOXKHOCTEH CHCTEM HAKOIUICHHSI JHEprud, IMoKa3ajl
OTCYTCTBHE 00OCHOBAHHBIX METOJ0B BHIOOpPA MOACHCTEM HAKOMJIEHHS 3JIEeKTPOXMMHYECKOr0 THUIA
CHCTEeM HAKOIUIEHUSI JHepPrUM MW MecT HX pacnojoxeHus. B craTtbe mnpemnaraercs BbIGOp
NMapaMeTpOB HAKONMMTeJel IHEePruM AJs ONTHMH3AIUM CHCTEM JJIEKTPOCHAOeHUsI NpeanpusTHil
10 IKOHOMHYECKHM MapaMeTpaMm.

Hnn. 1, aum. 10 nase.
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DEVELOPMENT OF UNIVERSAL METHODS FOR MATHEMATICAL AND COMPUTER MODELING
OF PROCESSES IN CONTROLLED RECTIFIER AND INVERTER UNITS FOR RAILWAY POWER
SUPPLY.

G. Kokhreidze, G. Khorbaladze, Gocha Kokhreidze, G.Qadagishvili.

“Energy”. Ne2(110). 2024. Thilisi. p. 24-29. geo. sum geo. engl.rus.

This article presents part of the scientific-engineering work conducted on the development of
universal methods of mathematical and computer modeling for managing the operation processes of
automatically regulated asynchronous short-circuited rotor traction motors in locomotives, based on
direct current (DC) traction substations. The study developed modernized electrical circuits of a
unified converter system and performed comprehensive mathematical and computer modeling of
electromagnetic and electromechanical transients, as well as steady-state processes within this system.
To achieve accurate engineering results in the study of traction motor operation processes, the
following were considered in the mathematical and computer modeling: the high-voltage network
with its primary parameters; active resistances, leakage, and mutual inductances of the power three-
phase transformer; cathode and anode reactors; main three-phase controlled and reverse controlled
units required for reactive power compensation; an inverter unit for three-phase voltage frequency
regulation; three-phase star-connected capacitor banks for excitation of the asynchronous machine
in generator mode; parameters of the contact and track circuits; and high-speed IGBT-insulated gate
bipolar transistor modules, where the commutation angle is negligible and therefore not considered
during phase-to-phase switching. The study determined the waveform diagrams of the phase voltages
in the primary and secondary windings of the receiving network and the traction power transformer
under conditions of traction, and recuperative braking modes of the electric rolling stock; developed
pulse control algorithms for the IGBT-transistor modules; and provided generalized expressions for
n-order harmonics of the relevant commutation functions based on currents and voltages.

Il. 1, bibl.2.

PA3PABOTKA YHUBEPCAJIBHBIX METOAOB MATEMATUYECKOTI'O U KOMIIBIOTEPHOTI'O
MOJAEJHUPOBAHUSA NPOLECCOB B YITPABJISIEMbBIX BBINTPSAMUTEJIBHBIX U HHBEPTOPHBIX
ATPETATAX SJIEKTPOCHABKEHMS )KEJIE3HOM JIOPOT'H

I'.Koxpeuose, I. Xopoanaoze, I oua Koxpeuose, I. Kadazuwieunu

“IJneprus”. Ne 2(110).2024 . Touaucu. c. 24-29. rpy3. ped. rpys.anri. pyc.

B craTtbe mnpeiacTaBiieHbl HAa OCHOBE TSAIOBOH MNOACTAHIMM TOCTOSIHHOIO TOKAa 4YacTh
3aBepUIEHHBIX HAYYHO-HHJKEHEPHBIX padoT mno pa3padoTKe YHHBEPCAJIbHBIX METO/0B
MAaTEMATHYeCKOr0 M KOMIbIOTEPHOT0 MOJeJIMPOBAHUS MPOLECCOB, B Pa3HBIX PeKMMAX PadoThbl
aBTOMATHYeCKH  PperyjupyeMbIX Tpex(asHbIX AacCHMHXPOHHBIX THIOBBIX JBHrartejieii ¢
KOPOTKO03aMKHYTBIM POTOPOM, PacmoJio:KeHHbIEe B JIOKOMOTHBE. PazpaGoTanbl MoiepHH3HPOBAHHbIE
JJIeKTpUYeCKHe CXeMbl €MHOW Tpeo0pa3oBaTe/IbHONi CHCTEMbI M NPOBEIEHO  TMOJHOLIEHHOE
MaTeMaTH4YecKoe U KOMIbIOTepHOEe MOJETUPOBAHUE HIEKTPOMATHUTHBIX H 3JIeKTPOMeXaHHYeCKUX
NMepexoJHbIX M YCTaHOBUBINMXCS mpoueccoB. IIpm mMareMaTHyeckOM H  KOMIBIOTEPHOM
MOJETUPOBAHUM ObLIM YYTEHbI. Ce€Th BBICOKOT0 HANPSLKEHUS] CO CBOMMH TEPBHYHBIMH
napaMeTpamMu; AaKTHBHbI€ CONMPOTHBJIEHMSI; HMHAYKTHBHOCTH paccesiHisl M B3anMMHbIE
HHAYKTHBHOCTH, KATOAHBIA M aHOAHBIH pPeakTopbl; Tpex()asHble OCHOBHBIE yNpaBJjsieMble U IS
KOHIEHCAIIMM PEeaKTHMBHOW MOIIHOCTH YNpaBJisieMble 0O0paTHble BBINPSIMUTEIHBIE arperarsbl,
WHBEPTOPHBI arperat 4YacTOTHOIO PperyJiMpoBaHus Tpex(a3HOro HaNpsiKeHUs; 3Be3THOE
coeHeHHe KOHACHCATOPHOI Tpex(a3Hol YCTAHOBKM, 1JIsl BO30Y:KIeHHS] ACHHXPOHHOW MAIIWHBI,
Haxojsilleiicsi B reHEPaTOPHOM pe:KUMe INPH PeKyNnepaTbIBHOM TopMo:keHuH mo33aoB; IGBT-
TPaH3UCTOPHbIE OUTMOJISIPHBIE MOAYJIU € H30JMPOBAHHBIMH 3aTBOPAMHU, YT0JI KOMMYTAIIMU KOTOPBIii
B pacuere He NPHHUMAETCS BO BHMMAaHHe, B CBSI3U NpeHeOPE:KUTEJBHO MAJBIX MX 3HAYEHMSIM;
BOJIHOBBIE THATPAMMBI BeeX (pa3HbIX HANPSKEHUH B YCJIOBMSIX CABHUTa, TATH U PeKyNepPaTHBHOIO
TOPMOKEHHSI; QJITOPHTMbI HMIYJIbCHOro ynpasieHuss |GBT- TpaH3ucTOpHBIX MoyJIeii;
00001IeHHbIe BbIpaskeHUs] B (YHKIHU BpPeMeHbl FTAPMOHUKOB N-I0 NOPAAKAa KOMMYTAIlHOHHBIX
(pyHKIHEH 10 TOKY M IT0 HATIPSIKEHHSI.

Hnn. 1, rum. 4 nasze.
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THE ORGANIZATION OF THE ELECTRICITY GRID AND CURRENT CHALLENGES.
N. Tinikashvili, G. Khorbaladze, Z. Gachechiladze, 1. Chomakhidze, G. Kokhreidze.
“Energy”. Ne2(110). 2024. Thilisi. p. 30-34. geo. sum geo. engl.rus.

In article examines the legislative framework for organizing the electricity grid. This includes
identifying grid-owning entities and establishing the criteria for grid affiliation. Furthermore, it
focuses on three main challenges within the system that must be successfully resolved for effective
organization of the electricity grid.

Bibl. 5.

OPI'AHU3ALIMSA DJIEKTPHUECKOM CETHU U TEKYIIIUE BbI3OBbI
H. Tunukaweunu, I'. Xopbanaose, 3. I'aueuunaoze, H. Homaxuoze, I'. Koxpeuose
“Oueprusa”. Ne 2(110).2024 . Tonaucu. c. 30-34. rpy3. ped. rpys.anr.. pyc.

PaccmarpuBaeTcsi 3aKoHOAAaTeJIbHAs OCHOBA [IJIsi OPraHU3alMU  JJEKTPUYECKOH CeTH,
BKJIIOYAIOIIAS B ce0sl MIEeHTU(PUKANNIO CYyOHEKTOB, BJIAICIONIUX CETHIO U YCTAHOBJIEHHE KPUTEPUEB
JJ1sl npuHaAIexKkHocTH ceTn. Kpome Toro, akueHT aenaercsi Ha TpeX OCHOBHBIX NMpodjieMax B cCTeMe,
KOTOpbIe HEO0X0AUMO YCIIEIIHO PelIUTh s 3(pPeKTUBHON OPpraHu3anum 3J1eKTPUYeCKO ceTu.
Jlum. 5 nase.
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ASSESSMENT OF GENERATION ADEQUACY USING ANTARES SOFTWARE.
I Vakhtangadze.
“Energy”. Ne2(110). 2024. Thilisi. p. 35-39. . geo. sum geo. engl.rus.

One of the methods for assessing the adequacy of electricity generation used by transmission system
operators in different countries is considered. Various assessment indicators and factors influencing
its process are presented. In addition, both technical and economic information included in the
reporting model is provided and the results obtained are discussed. A similar type of modeling is
usually performed by the transmission system operator, which shows short-term, medium-term and
long-term estimates of the expected energy deficit or surplus in the power system. Such studies are
important because they allow stakeholders to make effective decisions on power system planning.
There are several main adequacy indices (LOLE, LOLP, EENS) commonly used to assess the above
requirement. For the corresponding analysis, deterministic and probabilistic methods have been
developed and. Antares computer software was used. The mentioned program makes it possible to
cover the total load, taking into account the least-cost optimization and the main indicators of the
power system adequacy.

1ll. 4, bibl. 1.
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OLIEHKA AJIEKBATHOCTHU T'EHEPAIIUH C TIOMOIIBIO ITO ANTARES.
HU.Baxmanzaose.
“Jueprusa”. Ne 2(110).2024 . Tounucu. c.35-39. rpys. ped. rpy3.aHri. pyc.

PaccMoTpeH oaviH M3 MeTO0B OLICHKHM JOCTATOYHOCTH TeHepanMu 3JeKTPOIHEePruu, KOTOPLIH
HCIIOJIb3YeTCsl ONeparopaMM IepeJaomnx cucrteM pasHbIx crpaH. IlpencraBieHnbl pasiu4HbIE
N0Ka3aTeJM OULEeHKH M ¢akTopbl, BiusIIHe Ha ee mpouecc. Kpome Toro, mpupoaurces Kak
TeXxHH4ecKasl, TaK M 3JKOHOMHYecKasi HHGopMaulusi, BK/IYEHHass B MojAeslb OTYETHOCTH, M
00Cy:KIa10TCs1 NIOJIy4eHHbIe Pe3y/1bTAThl. AHAJTOTHYHBINA THII MOAEJIMPOBAHUS 00LIYHO BBINOJIHAETCS
OIlepaTopoM CHCTeMbl IlepeJayd, KOTOPbIii IOKa3blBaeT KPaTKOCPOYHbIE, CpPeJHECPOYHbIe U
J0JITOCPOYHBIE OLEHKH 0XMIaeMoro AeuuuTa WM H30BITKA JHepPruu B 3Heprocucreme. Takme
HCCJIEIOBAHNSA BAaXKHbI, NMOCKOJBKY OHM TO3BOJISIOT 3aHHTEPECOBAHHBIM CTOPOHAM NPHHHUMATH
3(ppexTHBHBIC pelIeHHs MO MJAHMPOBAHHWIO 3HeprocucTeMbl. CyliecTByeT HECKOJIbKO OCHOBHBIX
unaexkcoB anexkBatHoctu (LOLE, LOLP, EENS) o00bIY4HO HCHOJIb3YeMbIX [JI1 OUEHKHU
BbILLEYIIOMSIHYTOT'0 TpeOOBaHUSI. s COOTBETCTBYIOLLErO aHa/IM3a pa3padoTaHbl
AeTepMUHHMPOBAHHbIE U BEPOSTHOCTHbIE METOIbI H. HCIIO/Ib30BAJOCH KOMIIbIOTEPHOE NPOrPaAMMHOe
o0ecneyeHue Antares. YIIOMsIHyTasi IPOrpaMMa [1aeT BO3MOKHOCTb IOKPbIBATH OOLIYI0 HATPY3KY,
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IDEOLOGICAL BASIS FOR CONSTRUCTING A NEW GENERATION SUPERCONDUCTING
ELERIC POWER SYSTEM BASED ON DIRECT CURRENT.

T. Kokhreidze.

“Energy”. Ne2(110). 2024. Thilisi. p. 40-44. geo.sum geo. engl.rus.

The ideological foundations of construction of a new generation superconducting electric power system
on direct current are created. The following system is considered: a contactless direct current generator
- a superconducting direct voltage transformer with a rotating magnetic excitation field increasing in
the mode - a superconducting direct current cable - a superconducting direct voltage transformer with
a rotating magnetic excitation field decreasing in the mode - load. A superconducting direct voltage
transformer with a rotating magnetic excitation field is connected to the power take-off system. An elec-
tric circuit of a contactless direct current generator with a controlled semiconductor switch has been
developed. An electric circuit of a superconducting direct voltage transformer with a rotating magnetic
excitation field has been developed. Controlled semiconductor switches are made on the basis of gate
turn-off thyristors - GTO. It is shown that a new generation superconducting direct current electric
power system is characterized by a significant decrease in weight and size parameters, high reliability
and technical and economic indicators.

11, 3, bibl. 1.

NAEOJIOI'MYECKHUE OCHOBBI IOCTPOEHUS HA ITIOCTOAHHOM TOKE CBEPXITPOBO/IA-
IEX SJIEKTPOSHEPTETUYECKON CUCEMBI HOBOI'O ITIOKOJIEHUS.

T. Koxpeuoze.

“Jueprusn”. Ne 2(110).2024 . Tonaucu. c. 40-44. rpys. ped. rpys.anr.a. pyc.

Co3naHbl HIEOJIOTHYECKHE OCHOBBI MOCTPOCHHS HA MTOCTOSTHHOM TOKe CBEPXIPOBOASIIECH 3JIEKTPO-
JHepreTHYecKoii cucTeMbl HOBOT'0 MOKOJIeHUA. PaccMoTpuBaeTces cucTteMa: 0eCKOHTAKTHBIN reHepaTop
MOCTOSIHHOT'0 TOKA - CBePXNPOBOASLIUI TPaHC(HOPMATOP NOCTOSHHOIO HANPSIAKEHHUS C BPALLAIOLIUMCSI
MArHUTHBIM 10JIeM BO030Y:KIeHUs NMOBBILIAIOIIEMCS B PesKUMe - CBEPXIPOBOASIIMIi Kabeab NOCTOSH-
HOT0 TOKA - CBePXNPOBOAALIMII TPaHCcGOPMATOP MOCTOSHHOTO HANPSKEHUS ¢ BPAIAIOIMMS MArHUT-
HBIM 110JIeM BO30Y:KAeHUs] TIOHMIKAIOIIeMcs B pexXuMe - Harpy3ka. B cucreme s oréopa MoHocTH
MOJKJIIOYEH CBepPXNpPOBOAAIMil TpaHcGOpMATOpP MOCTOSTHHOTO HANPSKEHHS ¢ BPAIIAOIIMMCS Mar-
HHUTHBIM 10JIeM B030y:xaeHusi. PazpadoTana snekTprnueckas cxeMa 0eCKOHTAKTHOIO reHepaTopa Io-
CTOSTHHOT0 TOKA ¢ YNPaBJsieMbIM NMOJIYyNPOBOIHNKOBBIM KOMMYyTaTopoM. PazpaGorana snekTpuyeckas
cXeMa CBepXIIPOBOAAIIEro TpaHc(hopMaTOpPa MOCTOSTHHOT0 HANPSKEHHU Sl C BPAIIAIOIIMMCS MATHUTHBIM
1oJieM BO30y:K1eHHs. YIpaBasieMble MOJTYNPOBOIHMKOBbIe KOMMYTATOPHI BBINOJbHEHBI HA 0a3e 3amu-
paembIx TupuctopoB - GTO. [loka3zaHo, 4TO HA MOCTOSIHHOM TOKEe CBEPXMPOBOSIINAN YIeKTPO3IHepre-
THYECKAsA CHCTeMa HOBOI'0 MOKOJIEHUS XapaKTepu3yeTcs 3HAYMTEIbHBIM CHHKEeHHHEM Maccoradapur-
HBIX IAPAMETPOB, BBICOKOH Hae:KHOCTHIO M TEXHUKO-I)KOHOMHUYECKMMH MOKA3ATeJISIMHU.

Hnn. 3, num. 1 nasze.
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MATHEMATICAL MODEL OF THE SKIN EFFECT.

T. Kokhreidze.

“Energy”. Ne2(110). 2024. Thilisi. p.45-49. geo. sum geo. engl.rus.

To obtain a mathematical model of the skin effect, the basic equations of the electromagnetic field are
used. The issue of how the electric current is distributed in the cross section of a cylindrical conductor
when high-frequency alternating current passes through it is discussed. The electric field of the
surface layer of the conductor at high frequency is investigated. It is shown that the phase of the
electric vector and the current density change linearly when moving into the depth of the conductor,
and their amplitudes decrease exponentially. As an example, the skin effect in an asynchronous motor
with a squirrel-cage rotor is considered.

1. 1, bibl. 1.

MATEMATHYECKAS MOJEJIb CKUH-O®®EKTA.

T. Koxpeuoze.

“Oueprus”. Ne 2(110).2024 . Tonaucu. c. 45-49. rpy3. ped. rpys.aHri. pyc.

Juist mostydeHusi MaTeMaTH4eCKOi MoJeau CKHH-3Q(deKkTa MCHOoJb3yI0TCS OCHOBHbIC YpPaBHEHUS
3JIEKTPOMATHUTHOrO mojs. OOcyxkaaercs BOIPOC 0 TOM, KaK pacnpenessieTcsi 3JeKTPOTOK B
NMONEepPeYyHoOM CeYeHMH NWIMHAPUYECKOr0 MPOBOAHMKA MPH MPOXOKIEHUH TepPeMeHHOro ToKa
BbICOKO# YacToThl. Mcciienyercsi 3JieKTpUYeCKoe TOoJe MOBEPXHOCTHOrO €JI0S MPOBOJIHUKA TPH
BbICOKOH 4actoTte. [lokazaHo, 4T0 (a3a 3JIEKTPHYECKOr0 BEKTOpPa M INIOTHOCTH CHJIBI TOKA IPH
nepexoge B TJYOMHY IPOBOJHHUKA W3MEHSIIOTCA JIHHEHO, a MX aMIUINTYAbl YOBIBAIOT
IKCMOHEHIHATbHO. B KauecTBe mpuMepa paccMOTpeH cKMH-3((eKT B aCHHXPOHHOM JABHrarteJje ¢
KOPOTKO3aMKHYTBIM POTOPOM.

Hnn. 1, aum. 1
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THE IMPORTANCE OF THE BLACK SEA SUBMARINE CABLE FOR GEORGIA.
R.Mikautadze, G.Arabidze, M.Arabidze.
“Energy”. Ne2(110). 2024. Thilisi. p. 50-55. geo.sum geo. engl.rus.

The paper discusses the Black Sea underwater cable project and its significance for Georgia.
Georgia's important geopolitical location in the South Caucasus region provides the country with the
opportunity to become a hub for renewable energy sources and ensure the transit of energy produced
by renewable sources from East to West. Since Georgia's eastern partners are focused on utilizing
renewable energy sources, this project will allow them to market renewable electricity in a market
where the demand for green energy sources is constantly growing. The article presents the technical
parameters of the Black Sea underwater cable, its role in diversifying the export and import of
electrical energy. This project will benefit Georgia's economy as well as the energy sector and
strengthen regional cooperation with the European electricity distribution network.

11l 1, bibl 4.

3HAYEHHUE ITOJABOJHOI'O YEPHOMOPCKOI'O KABEJISA AJIA I'PY3UU.
P. Muxymaose, I Apabuoze, M. Apabuose.
“Jueprus”. Ne 2(110).2024 . Tonaucu. c. 50-55. rpys. ped. rpy3s.anri. pyc.

O6cy:k1aeTcs MPOEKT MOJABOTHOI0 YePHOMOPCKOT0 Kadess u ero 3Hadyenue 11 I'py3un. I'py3us
HMeeT Ba)KHOEe TeoNnoJHuTHYecKoe moJiokeHne B permoHe IOskHoro Kapka3a, 4To gaer crpaHe
BO3MOKHOCTh CTaTh LEHTPOM BO300HOBJsIeMbIX HCTOYHHUKOB JHEPrHd H 00ecneYUTb TPAH3UT
JHepruy, NPOM3BOIMMOIi BO30OHOBJIsIEMbIMHU HCTOYHMKAMM, ¢ BOCTOKA Ha 3anajl. B cBs3u ¢ Tem, 4TO
BOCTOYHBIEe NMapTHepbl I'py3un OpHEHTHPOBaHbI HA MCIOJIb30BAHUE BO300OHOBJIAEMbBIX HCTOYHMKOB
JHEpPIruM, 3TOT MPOEKT AACT UM BO3MOKHOCTH NMPOAABATH BO300OHOBJAEMYIO 3JIEKTPOIHEPTHIO HA
pPbIHKe, Tle CNPOC HA IKOJOTMYEeCKH YHMCThble MCTOYHMKH HEPrHU NMOCTOSAHHO pacTeT. B cTaTbe
NpeiCTaBJIeHbl TeXHHYeCKHe IapaMeTpPbl YepPHOMOPCKOIO MOABOAHOI0 Kaleis, ero poJib B
AUBepCH(PUKALMM IKCIOPTA M UMIIOPTA IeKTpuyeckoil 3Hepruu. IIpoekT npuHeceT MoJb3y Kak
rPY3MHCKOI 3KOHOMHKE, TaK M JHEPreTHYeCKOMY CeKTOpPY, a TaK:Ke YKpPemuT peruoHajJbHoe
COTPYAHHYECTBO C €BPONEHCKOIl pacnpee/JuTebHOI CeThIO 3J1eKTPO3HEPIrun.

Hnn. 1. rum. 4.
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THE ROLE OF HYDROGEN IN SYNTHETIC FUEL PRODUCTION STRATEGIES
T.Shubladze, K.Mchedlidze, M.Jikhvadze.
“Energy”. Ne2(110). 2024. Thilisi. p. 56-60. geo. sum geo. engl.rus.

This paper examines the role of hydrogen H», carbon emissions and their global warming and
economics. Furthermore, the article underlines the importance of hydrogen H: production as a basis
in the development of synthetic fuels and future energy development. Hydrogen H, from renewable
sources has the potential to be used with carbon to produce synthetic liquid fuels. Although H;
production technology can be considered with emissions, sustainable H, production techniques can
contribute to low carbon.

ll. 1, Bibl. 3.

POJIb BOAOPOJA B CTPATEI'UAX NIPOU3BOJACTBA CUHTETUYECKOI'O TOIVIMBA

T.lyénaoze, K. Mueonuose, M./[ricuxeaose.
“Oueprusa”. Ne 2(110).2024 . Tonaucu. c. 56-60. rpys. ped. rpys.anr.. pyc.

PaccmarpuBaetrcs poab Bogopona H,, BbIOpocoB yriepoaa m HMX rjio0ajibHOr0 MOTENJAeHUsS] B
sxoHOMHKe. Kpome Toro, moqyepkuBaercsi Ba;KHOCTh MPOM3BOACTBA Boopoaa H, kak oCHOBBI Ais
pa3paGoTKi CHHTETHMYECKOr0 TOIUIMBAa M Oyayulero pa3BuTusi 3Hepretuku. Bomoponx H, wu3
BO300HOBJ/IsIEeMbIX HCTOYHHKOB NOTEHIHAJIBHO MOXKeT ObITh MCI0Jb30BAH BMeCTe C YIJIePOAOM JIsl
NMPOU3BOACTBA CHHTETHYECKOI0 KUAKOr0 TONJIMBA. XOTA TEeXHOJOTWI0 mpou3Boacrea H, MokHO
paccMaTpMBaTh € y4eTOM BbIOpoca, a ycTOlYMBbIe MeTOAbI MPOU3BOACTBA MOTYT CIOCOOCTBOBATD
CHHKEHH IO BHIOPOCOB yriiepoaa.

Hnn. 1, rum. 3 nasze.
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SUPERCONDUCTING INDUCTIVE ENERGY STORAGE OF THE NEW GENERATION
T.Kokhreidze.
“Energy”. Ne2(110). 2024. Thilisi. p. 61-63. geo. sum geo. engl.rus.

Based on a superconducting transformer with a rotating magnetic field, a toroidal superconducting
inductive energy storage (SIES) and a frequency converter are considered. It is shown that SIES can
be used to improve the static and dynamic stability of electric power systems, cover peak loads,
maintain voltage at certain points in networks, and store electrical energy.

Expressions for calculating the inductance of a toroidal winding are obtained. An equivalent electrical
circuit and SIES equations in transient processes are compiled. An analysis is carried out both in
stationary and transient processes.

ll. 2, bibl. 2..

CBEPXITPOBOJIAIINNA UHAYKTUBHBI HAKOINMUTEJIb SHEPTUU HOBOI'O TTOKOJIEHUSA.
T. Koxpeuoze.
“Jueprus”. Ne 2(110).2024 . Tonaucu. c. 61-63. rpy3s. ped. rpys.anri. pyc.

Ha ocHoBe cBepxmpoBoasimero TpaHcgopMaTopa ¢ BpallalOIIMMCH MATHUTHBIM TOJeM
paccMaTpuBaeTcsi CBePXNPOBOASIINIA UHAYKTUBHBIN HakonuTe b dHeprun (CIIMHI) Topouaasin-
HOT0 THIIA M TpeoOpa3oBaTelib 4acToThl. [lokazano, yro CIIMHI MoryT 6bITh NPUMEHEHBI IS yJIyY-
IIEeHUs CTATHYECKON UM JTMHAMHMYECKOH YCTOHYHMBOCTH 3J1€KTPOIHEPreTHYECKHX CHCTEM, MOKPHITHA
NMHUKOBBIX HATPY30K, MOJAePKAHUSA HANPS’KEHUSI B ONpe/ieIeHHBIX TOYKAX B CeTHX, a TAK:Ke [JIsl Xpa-
HEeHHS YJIEKTPUYECKOl JHepIruu.

ITosyueHnsl BhIpaxeHusi AJsl pacdeTa MHAYKTHBHOCTH TOPOMIANBbHON 00MoTkH. CocTaBieHa
3jJIeKTpUYecKas cxeMa 3amelenus u ypapHenuii CIIMHD B nepexoansix npoueccax. Ilposenen ana-
JIN3 KaK B CTAIIMOHAPHBIX, TAK 1 B IIePeX0/IHBIX MpoLeccax.

Hnn.2, num. 2 nas.
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Correlation-regression analysis of energy consumption of an industrial enterprise

*Konstantine Kiguradze - Student
E-mail: konstantine.kiguradze@gmail.com
**Jvane Grdzelidze - 12th grade student
E-mail: vanikogrdzelidze @gmail.com
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**The first experimental public school, Thilisi, Georgia,

Annotation. In order to assess the background technical condition of the enterprise, the raw (unprocessed)
data on the manufactured products and the corresponding consumed energy have been analyzed. The
basic model of electricity consumption has been developed using the one-factor correlation-regression
method of the data. Based on a complete statistical analysis, recommendations were developed, which were
implemented in the enterprise, and data monitoring for the next 6 months of the year was carried out.

Keywords: Correlation, regression, analysis, energy conservation

Introduction

The policy of economy of energy
resources, focused on the energy efficiency of
the production of products, is extremely
important in all branches of the country's
economy. Rational use of energy is achieved by
the following measures: modernization of
outdated and inefficient power plants and
equipment; replacement with modern highly
efficient  equipment; optimization  of
production modes; correct organization of
energy accounting; rational consumption of
energy; Improving the energy audit
methodology and others.

The assessment of the current state of
energy and energy efficiency of industrial
enterprises significantly determines the
planning of the further measures that will
increase the energy characteristics of the
enterprise.

The main characteristics of the energy
efficiency of the industrial enterprise and the
production of products are the specific cost of
energy resources for the released products and
the total costs of energy. The specific cost of
energy resources in the cost structure of
products determines an important
determinant of energy costs. The dynamics of
total costs provide a means of determining the
indicators of real energy consumption
reduction measures under the conditions of
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operation of enterprises with frequently
changing modes.

The main purpose of conducting energy
audits of industrial enterprises is to assess the
current state and forecast of energy efficiency.
In this direction, one- and two-factor physical
models of research according to the specific
and total costs of energy resources (electrical
and thermal energy, heating) are successfully
used [1].

The main product of the enterprise is a
"sandwich panel' of different thicknesses for
construction purposes, which consists of three
layers: an inner heat-insulating layer of
polyurethane of different thicknesses and two
protective aluminum thin (0.3 mm thick)
layers. Electric energy is used as the main
source of energy. There are several production
facilities of different capacities operating in the
country.

The purpose of the energy audit of the
enterprise is to evaluate the current state of
energy consumption of the technological
process, to discover the sources of energy
losses and to develop recommendations for
their elimination.

Main Part
a. Development of the basic model of electricity
consumption


mailto:konstantine.kiguradze@gmail.com
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The main product of the enterprise is a
"sandwich panel' of different thicknesses for
construction purposes, which consists of three
layers: an inner heat-insulating layer of
polyurethane of different thicknesses and two
protective aluminum thin (0.3 mm thick)
layers. Several such productions of different
capacities are operating in the country.
Electricity and natural gas or only electricity

are used as energy sources. The industrial
enterprise (X) mainly consumes electrical
energy for the production of products for
technological purposes. Table 1 shows the data
of produced products (P, m®month) and
consumed energy (E, kWh/month) in base (2)
and monitoring (Z+1) years. In the same years,
the values of specific indicators of electricity
consumption (E/p, kWh/month) are also given

Table 1. Indicators of production and energy consumption in base and monitoring years

Product production and electro energy consumption
Base (Z) year Monitoring (Z+1) year
Manufacture Manufactured Consumed
d products Consumed electro e -
Mont . Specific products by electro Specific
by energy with a . .
h . rate accounting energy with rate
accounting counter .
. E./P, (counting) a counter E2/P2
(counting) E.
PZ E2
P.
m?%Month kWh/Month kwh/Prod m?/Month kwh kWh/Prod
1 2 3 4 5 6 7
1 20459 35502 1.735 24551 35629 1.45
2 5902 31006 5.253 23589 31025 1.32
3 28756 39899 1.388 35945 40125 1.12
4 26890 37999 1.413 31461 41001 1.30
5 10080 33010 3.275 21583 31559 1.46
6 25789 38001 1.474 31463 39856 1.27
7 16540 37010 2.238 168592 219195
8 18460 34121 1.848 28099 36533
9 7458 30999 4.156
10 14125 35111 2.486
11 5247 30998 5.908
12 8525 34041 3.993
188231 417697
The raw (unprocessed) data of the energy consumption—are utilized (see Table

enterprise (Table 1) is checked for the possible
presence of rough type (missing) data using the
student statistic [2] and the homogeneity of the
variance

rows is confirmed. The results of initial
statistical values and data homogeneity testing
for the base and monitoring years are
presented in Table 2.

Determining the current indicators of
energy efficiency in production is crucial for
guiding subsequent steps in energy research.
To develop a fundamental model of energy
consumption, raw data from the base year—
specifically, data on production volumes and
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1). The table shows that production volumes
fluctuate significantly (by a factor of 5.5) from
month to month, due to changes in the market
production program. As a result, both general
and specific energy consumption indicators
vary accordingly.

At the initial stage of the energy audit, it is
effective to develop a simple one-factor
regression model to explore the relationship
between energy consumption (either total or
specific) and production output. Typically, the
corresponding equation takes the form of a
linear relationship [1]:

E=a-P+C (1)
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where E —is monthly energy consumption; P -
the number of products produced in the same
period; a - proportionality coefficient between
product production and energy consumption;
C- non-productive energy, which does not
depend on the amount of production of
products (it is a constant amount). The main

production process is accompanied by other
"additional" processes with energy
consumption, which are non-productive - they
do not directly participate in the creation of
product.

Table 2. Initial statistical values and testing data for homogeneity

Base year (12 months) Monitoring year (6
Name months)
P, E P, E

Total: m*%month and kwWh/month. 188231 417697 168592 219195
average: m3/month; kWh/month. 15686 34808 28099 36533
Minimum: m3/month; kWh/month. 5247 30998 21583 31025
Maximum: m®/month; kwWh/month. 28756 39899 35945 41001
Median: m3/month; kWh/month. 15332 36060 28006 40536
Evaluation of variation row dispersion: (m®month)?;
(KWh/month)?. 71561299 | 9044646 | 31913021 | 19960754
Variation row stan.gad. Estimate: m¥/month and
kWh/month. 8459 3007 5649 4468
Dispersion of arithmetic mean: (m%/month)?;
(KWh/month)?. 5963442 753721 | 26594184 | 16633962
Standard deviation of arithmetic mean: m3/month;
kWh/month. 2442 868 5157 4078
Student statistics 15 1.7 1.39 1.23
1(0.95;k=12-1) and t(0.95;k=6-1) from the table of quantiles
of the Student's distribution 2,2 2,2 2.78 2.78
Conclusion: the variation row does not contain
"raw"" (wrong) data 1.5<2.2 1.7<2.2 | 1.39<2.78 | 1.23<2.78

The ratio of the energy spent directly on the
production of products to the total energy
consumption gives us the energy efficiency of
the production process: ) that is

a-P 7E—C

= =
aP+C E Q)
Based on the data of Table 1 processed by the
method of least squares, the regression models
between the base year of production electricity
consumption and the produced products have
a specific form:
E=fFf(P)Y=03319.- P+ 29602

kWh/month
(&)
Where as it was mentioned, the first
component is the technological cost of energy,
which depends on the amount of produced
products, and then - 29602 is a constant
amount. The coefficient 0.3319 represents the
value of electricity consumed per unit of
production. Graphic representation of the
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basic model (regression equation) is shown in
Fig. 1. The quality of the base model (average
error of approximation) was checked
according to the average value of the relative
deviation from the approximation line of

each base data [3]:
L o~k

#;

—_ 1
A=—x12

i

where n is the number of data; E; - current
data and E - the value obtained by the
regression equation.

A =25%<10% i obtained by calculation,
which indicates a high degree of
approximation of raw data.
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Fig. 1. Dependence between electricity and
manufactured products (base model)

The statistical relationship between the
produced products and the consumed energy
is close (strong), which is indicated by the very
high correlation coefficient between them,

.
(r —VR? =Jossl5 = 0.94]

r=0.94.
According to the high coefficient of
determination R2=0.8815, 88% of the

variation in electricity consumption -var(E)=is
explained by the variation of manufactured
products - var(P), and only 12% is explained
by the influence of other factors not considered
in the model.

On the graph of the model function (Fig. 1)
from the regression line, the lower area of the
data scatter includes the values of electricity
consumption with low indicators: (20459;
35502), (5902; 31006), (26890; 37999), (10080;
33010), (25789; 38001) , (18460,34121),
(7458;30999) and (5247;30998). This can be
related to the operational services of persons
with the specified qualifications of the
technological line. Through appropriate
training and education, the transition to
optimal operation indicators and the
assessment of energy saving potential are
achieved, for which the optimal service
extracts from common data should be
processed by the method of least squares, and
as a result, the regression equation corrected
by optimal operation is obtained:

E,, =0.3283-P+29018
kWh/month  (4)
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Fig. 2 shows the relationship between
electricity and manufactured products in the
form of a corrected basic model.

£ EEE=f1(P)

41000

4000 9000 14000 13000 24000 23000

Fig. 2. Dependence between electricity and
manufactured products (adjusted base model)

In this case, the relationship between
electricity and manufactured products
(adjusted basic model) is characterized by a
stronger  correlation coefficient r=0.98.
Comparing equations (4) and (3) gives us the
energy saving potential (AE):

AE=E—-Eqy =00036-P+584 0

(5)
From the total consumption of 417,697
kWh/year of the enterprise, the potential
saving with optimal operation (calculated by
formula (5)) amounts to 7,686 kWh/year
(1.84%).
Fig. 3 The dependence of the consumed specific
energy on the produced products is shown. As
can be seen from the graph, the specific
consumption of electrical energy decreases
along with the increase in the generated
products, and vice versa - the decrease in the
generated products leads to an increase in the
specific consumption of electricity, which
reduces the energy efficiency indicator of the
enterprise. Increasing the specific cost of
energy in the range E/P=1.39+5.91
KWh/m3.prod. It is due to a significant share of
non-productive energy consumption in the
range of 524728756 m*/month of production.
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Fig. 3. Dependence of specific energy consumption
according to manufactured products

Thus, a background check of the current state
of the enterprise from an energy point of view
showed that the production operates with a
wide range of output fluctuations (caused by
market demand fluctuations) and therefore
with significantly different energy efficiency.
Therefore, in order to increase the energy
efficiency of production, it is important:

In the enterprise, the cost of electricity (for
technological process and lighting) is recorded
by one common electricity meter. To separate
the amount of energy spent on lighting from
the total consumption, an estimation method is
used using data on the number of lamps, type
of lighting devices, power and working hours.
The average value of the lighting load
according to the months was 1940 kWh/month,
which varies from 5% to 6.2% of the total
electricity consumption during the change of
the generated products. By modernizing the
lighting system - replacing the existing
Varvara lamps with LED type lamps, it is
possible to save non-productive energy
consumption of 776 kWh/month and increase
the energy efficiency of the enterprise.

After the modernization of the lighting system,
the adjusted regression equation of electricity
consumption will take the form:
E+=f(P)=0.3319- P + 29602 — 776 =
0,3319 - P + 28826kWh/month

The analysis of the basic model of energy

consumption showed:

1. The specific rate of electricity consumed in
the technological process, kWh/m3prod,
changes in a wide range of the number of
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products produced, which is largely due to the
high rate of the constant value of the free term
of the regression equation;

2. It is possible to reduce the specific cost of
energy consumption by increasing the
production of products of the technological
line, which the technological line of the
enterprise has the means of; The relative size
of the free member is inversely proportional to
the output of the product and is recommended
for high-performance operation;

3. In connection with increasing the
performance of the technological line of the
enterprise (it will be necessary to increase the
existing warehouse space for storing excess
products;

4. The measure to reduce the size of the free
term of the base model of the regression
equation is the modernization of the lighting
system using energy-efficient LED lamps;

5. Reducing the confusion (dispersion) of
experimental data from the regression line of
the base model by filtering the complete data,
obtaining samples with a low specific cost and
processing them using the regression method.
This is possible on the basis of trainings of
service personnel in the enterprise. As a result,
a corrected base model is obtained.

By implementing the listed recommendations,
the enterprise continues its work in the next
year with new improved technological
indicators and continues to monitor with the
correlation-regression method to obtain
quantitative results.

b. Correlation-regression analysis of the
monitoring period

In order to check the results of the
introduction of energy efficient measures, the
observations of 6 months of the monitoring
year are used as initial data. (Fig.3) The data is
processed by the correlation-regression
method [4,5]. The table shows the increased
indicators of production compared to the base
year (paragraph 2 of recommendations). For
example, the average value of production in
the 6 months of the monitoring year is 28,099
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kWh/month,

5 times

higher

than the

corresponding data of the base year (19,646

kWh/month).

Table 3. Raw data for the monitoring year

Year of monitoring - raw (unprocessed) data

manufactured consumed energy
products, Eo kWth/month
Py m*/month
24551 35629
23589 31025
35945 40125
31461 41001
21583 31559
31463 39856
168592 219195
28098.7 36532.5

Table 4. Indicators of energy efficiency (energy saving) of the monitoring year

Note: in the table EO is the actual electricity consumption by months in the monitoring year according to the

table

Monitoring results

I event

Basic modeling function E1=0.3319*P+29602

II event

Model function (lighting modernization)
E»=0.3319%P+28826

Model function (optimal operation)

E3=0.3319%P+29018

Reported saving Cumulative Reported saving Cumulative

energy Eo-E: amount of energy Eo-E2 amount of saving
consumption. | kWh/month saving consumpti | kWh/month kWh/month
kWh/month kWh/month on.

kWh/mont
h

37750 -2121 -2121 36974 -1345 -1345

37431 -6406 -8528 36655 -5630 -6976

41532 -1407 -9935 40756 -631 -7607

40044 957 -8978 39268 1733 -5874

36765 -5206 -14184 35989 -4430 -10304

40044 -188 -14373 39268 588 -9717

233568 -14373 -14373 228912 -9717 9717

III event

total measure
Total savings, kWh/month

Es Eo-E3 Eo-
(E1+E2+E3)
37078 -1449 -1449 -4916 -4916
36762 -5737 -7186 -17774 -22690
40819 -694 -7880 -2732 -25422
39347 1654 -6226 4344 -21077
36104 -4545 -10771 -14181 -35259
39347 509 -10262 908 -34351
229457 -10262 -10262 -34351 -34351

69



196650 ,969M00” Ne2(110). 2024

Conclusion The developed methodology of enterprise
energy consumption analysis can be used in
other enterprises even if the enterprise
consumes electricity along with other types of
energy (for example, organic heating).
Specifically, the analysis is carried out using
the multi-factor correlation-regression

Based on the energy consumption data of the
one-year period of the enterprise's operation,
as a result of processing with the correlation-
regression method, an image of the base model
was obtained. Based on the analysis, the
current background technical condition of the

enterprise's energy consumption is established method.

and a package of energy-efficient measures to

increase the enterprise's competitiveness is Reference

developed. In the next monitoring year, the 1. Mikiashvili T. Energy audit. manual. Tbilisi.:

enterprise operates under the conditions of Publishing house ""Technical University". 2010.

already  implemented  energy  efficient 217p. _ _

measures in the monitoring year. gfagég¥3ékh/?'2|§7§rec'se calorimetry. Publ. of

Cumulative savm_g indicators corresponding to 3. Skhirtladze I, Tughushi T, Osidze A, Civadze

6 months, according to the measures taken, are A, Nadareishvili M. Probability theory and

equal to:  negative 10262 kWh, by increasing mathematical statistics. Thilisi.:Ganatleba, 1999.

the production (Measure I); negative 9717 284 p. _ _ _

kWh, with the modernization of the lighting 4._ Base V.P. Correlation-regression a}naIyS|s
. using Excel program. Textbook Yekaterinburg.

system (Measure II); negative 10262 kWh, 2005,

with optimal operation (measure IlI) and 5. Shanigin S.I. Correlation and regression

negative 34351 kWh, with total measure analysis. Textbook for the University of Yurait.

(measure 1V). 2024.70 p.

Ls9M9fizgerm Laffo®dmL gbgMaool 3mbTsMgdol 3MMYESEowM-MgaMILOMEOo sbseoBo.
330QL®509, 03. 3GII0TY.
»309M05%. Ne2(110). 2024. »d0OoLO. 33. 64-71. 0bym. 6Mm@. JosGom. 0byen. Grmis.

bsPoGIml Bmb®o Ggdbozm®o dymdsmgmdols Fglogslsgdes® gssbsemobgdmeos dolo ghoo
forol  dmBsmdol  dsbsbosmgdgemo  bgmo  (ovydmdsggdgaro)  dmbsgdgdo  HoMBmgdero
36MHMmEYJ300Ls s Fglsdodolo dmbIsmgdmo gbgeaool Tglisbgd.

dmbasigdgdolio 9600xgdBHMM0560 3MMYESE0MO-MgaMglorero dgom©om
05399353909905  9gengdGH®MYbgMaool dmbdsmgdol LsdsBolm dmEawo. LG LGEsEobGozm®o
365¢r0Bols Logmdzgeby d99mTsgzgdymos M93mIgbsE0gd0o, MMIEgdog ©s0bgMys Lafs®dmdo s
Bs@otgdmeros dmdggzbm fenols 6 30l 3mbs3gdgdol dImbo@memobyo.

569600 MboLd0gdJIOL sBbMME0gMmdom Fomgdmeos 96gMao0l KsFMMO IBMAZ0L
9603369emmds --34352 33¢3).bon.
og. 3, gb6. 4, ¢ro.5.

70



196650 ,969M00” Ne2(110). 2024

KOPPEJIALIUOHHO-PETPECCUOHHBIN AHAJIN3 SHEPTONNOTPEBJIEHUAS TPOMBIIIJIEHHOTO
HOPEANPUATHUA.

K.Kuzypaosze, He. I'pozenuosze
“Oueprusa”. Ne2(110). 2024. Touaucu. c. 64-71. anria. ped. rpys.aHri. pyc.

C uelbl0 OUEHKH (POHOBOTO TEXHHYECKOT0 COCTOSIHMS NPeANPUATUS MPOAHAJIUIUPOBAHBI
HCXO/HbIe (HeoOpa0oTaHHbIE) JaHHbIE O BBINYCKAeMOW MNPOAYKIHM U COOTBETCTBYIOLIEil
norpediaennoi 3Hepruu. baszoBass Mogenb moTpedseHUus] JIEKTPOIHepruu ObLIa pa3padoraHa c
HCIOJIb30BAHUEM OJHO(AKTOPHOI0 KOPpeJsiIHOHHO-PErPecCHOHHOro MeToaa AanHbiX. Ha ocHoBe
MOJTHOTO CTATHCTHYECKOI0 aHAJIN3A ObLJIM Pa3padoTaHbl peKOMEeHIANMH, KOTOPbIe ObLIM BHEAPEHBI
HA NpeJNPUSTHH, U NIPOBelecH MOHNTOPHHT JAHHBIX 32 MocJjeAylomue 6 Mecsines roaa.

Hnn. 3, maon.4, aum. 5 nasze.
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USING ENERGY EFFICIENT TECHNOLOGY TO OBTAIN NEON AND HELIUM WITH HIGH
PURITY.

L.Papava, T.Isakadze, M.Razmadze, G.Gugulashvili, G.Kharshiladze

“Energy”. Ne2(110). 2024. Thilisi. p. 72-76. geo.sum geo. engl.rus.

The classical technology for processing neon and helium concentrate is considered and the
possibility of reducing specific energy costs for the production of light inert gases is shown. When
processing a flow of mixed gases of neon and helium, reserves for reducing operating costs were
identified. It is proposed to include a membrane module in the processing scheme, in which the
helium flow is simultaneously separated and the mixture is enriched with helium. The efficiency of
helium and neon production technology is increased by increasing the operating cycle of cryogenic
adsorbents and simultaneously reducing the number of compressors.

11l 2, tabl. 1, bibl 10.

UCIOJb30BAHUE SHEPTOY®®EKTUBHON TEXHOJIOI'MA JJA ITOJYYEHMSI HEOHA H
I'EJIMSI C BBICOKOM YACTOTOJ.

JI.Ilanaea, T.Ucaxaoze, M.Pazmaoze, I .I'yecynawmeunu, I.Xapuwunaose.

“Oueprusa”. Ne 2(110).2024 . Tonaucu. c. 72-76. rpys. ped. rpy3.anr.. pyc.

PaccmoTpena kijiaccuyeckasi TEXHOJIOTHS NMepPepadoTKH KOHIEHTPATA HEOHA M Tejus U A
MOJTy4YeHUs] JIerKHUX HWHEPTHBIX Ta30B MOKAa3aHA BO3MOXKHOCTh YMEHBIIEHUSI YIeJbHBIX
HepreTuyeckux 3arpar. IIpu nepedoTke MOTOKA CMEIIAHHBIX Ia30B HEOHA U TejUsl BHISIBJIEHBI
pe3epBbl YMEHbIIEHHU S IKCITYaTAIIMOHHBIX 3aTpaT. B cxeMy nepepadoTKu NpeaioKeH0 BKIOYEHUE
MeMOPaHHOT0 MOAYJs, B KOTOPOM OCYIIECTBJISIETCS OJHOBPEMEHHO BblJejIeHHE NMOTOKA Teusl H
o0oramenne cmecu rejaueM. IQpPeKTHBHOCTH TEXHOJIOTHH NMOJYUEHHUS reJiusi 1 HEOHA MOBBIIIAETCS
32 CcYeT YBEJUYEHUSI MPOJOLKMTEJILHOCTH PpPadoyero IUKIA KPHUOTEHHBLIX aJACOPOEHTOB U
OTHOBPEMEHHOI0 YMEeHbIIIEHUSI KOJIHYeCTBa KOMIIPECCOPOB.

Hnn. 2, maon. 1, aum. 10.
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COST-EFFECTIVE LOSSLESS CODING OF DATA BASED ON WALSH TRANSFORM
L.Khuntsaria, M.Gogberashvili, J.Khuntsaria.
“Energy”. Ne2(110). 2024. Tbilisi. p. 77-82. geo. sum geo. engl.rus.

In order to use linear orthogonal transformations for lossless economic coding  of data, a
comparative analysis of different types of transformations has been conducted. In particular, on the
basis of mutual comparison of discrete cosine and Walsh transformations, the possibility of using
only Walsh transformation is justified, since it ensures 100% accuracy of the restored data. It is
shown that this circumstance is due to the representation of the elements of the base matrices of the
Walsh transformation with integers (+1 and 1) When using the discrete cosine transform, the data
is recovered with an accuracy of 0.1%, which is unacceptable for lossless coding systems.

Bibl. 6.

9KOHOMMNYHOE KOJANPOBAHUE JAHHbBIX BE3 IIOTEPb HA OCHOBE ITPEOBPA30OBAHUSA
YOJILIA.

JI Xynuyapus, M. I'ozoepaweunu, /[oic Xynuapus.

“Oueprusa”. Ne 2(110).2024 . Tonaucu. c. 77-82. rpy3. ped. rpys.anri. pyc.

C peJpl0 HCHOJIb30BAHUS JIMHEHHBIX OPTOrOHAJIBHBIX NMPeo0pa3oBaHMii 1JI 3KOHOMHUYHOIO
KOJMPOBAHMS JAaHHBIX 0e3 MOTeph ObLI NMPOBeeH CPABHMUTEIbHBIN aHAIW3 Pa3IUYHBIX THIOB
npeodpazoBanuii. B 4yacTHOCTH, Ha OCHOBe B3aMMHOI0 CPaBHEHUSl AUCKPETHBIX KOCHHYCHBIX
npeodpa3oBaHuii U npeodpaszoBaHuil Youma, 000CHOBAHA BO3MOKHOCTb HCIOJIb30BAHUSL TOJIbKO
npeodpa3zoBaHusi YoJa, NOCKOJAbKY OHO o0ecneunBaeT 100% TOYHOCTH BOCCTAHABJIUBAEMBIX
AaHHbIX. [loka3aHo, 4TO 3TO 00CTOATEILCTBO 00YCJIOBJIEHO MpeACTABJICHHEM 3JIeMEHTOB 0a30BbIX
MaTpul npeodpa3zoBanus Youama ueabiMu yuciaamu (+1 u -1). Ilpn ucnoib30BaHUN JUCKPETHOTO
KOCHHYCHOI'0 Npeodpa3oBaHus JaHHbIC BOCCTAHABJIUBAIOTCA ¢ TOYHOCTHIO 0,1%, 4TO HenmpueMIemMo
IJISl CHCTeM KOAUPOBaHUA 0e3 moTepb.

Jum. 6 nasze.
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BLOCKCHAIN AND ITS USE IN THE ENERGY SECTOR.
S. Janelidze.
“Energy”. Ne2(110). 2024. Thilisi. p. 83-89. geo. sum geo. engl.rus.

The article discusses the role and potential of blockchain technology in the energy sector. Based on
the analysis of the key features of the technology, such as decentralization, transparency and data
inviolability, it is shown how blockchain technology can improve energy processes and market
relations. The article reviews potential areas of blockchain use, such as peer-to-peer trading,
microgrids, and renewable energy certification. The article also discusses the challenges associated
with the practical implementation of blockchain and possible benefits for the energy sector.

1ll. 1, bibl. 8.

BJOKYEMH U EI'O HCIIOJIb3OBAHUE B SHEPTETHKE.
C. /Dicanenuose.
“Jueprusa”. Ne 2(110).2024 . Tounucu. c. 83-89. rpys. ped. rpys.anri. pyc.

PaccmaTpuBaloTcsi posib M MOTEHUMAJ TeXHOJOruM 010K4eiiH B 3Hepreruke. Ha ocHoBe anaimn3a
KJIIOYEBBIX OCOOEHHOCTeill TeXHOJNOTMH, TAKHUX KaK, [eleHTpaau3anus, TpPOo3PavyHOCTb W
HENMPUKOCHOBEHHOCTh NAHHBIX, MOKAa3aHO, KaK OJIOKYEHH MOKeT YJIyYIIUTh 3JHepreTHYecKue
npoueccbl M PpPbIHOYHbIEe OTHOWeHHs. Takike paccMaTpuBalOTC NOTEHUHAJIbHbIE c(epbl
HCHOJBb30BAHUS  OJIOKYeilHA: OJHOPAHIOBasi TOPIOBJISI, MHKpPOceTM H  cepruduxkauus
B0300HOBJIsIeMOi 3Hepruu. Ob6cy:kaaoTcs nMpodaeMbl, CBSI3AHHbIE ¢ MPAKTHYECKOH peajn3anuei
0JI0K4YeliHa ¥ BO3MOKHbIE BBITO/IbI /ISl JHEPreTHYECKOI0 CEKTOpa.

Hnn. 1, nrum. 8 nase.
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