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Confirmation of the vehicle inertial recuperator by Experimental-imitation
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Annotation. As an alternative source of energy, an oscillating inertial recuperative suspension as a harmonic oscillator
of a mass-spring pair and the innovative suspension system testing bench was created, with a stand-alone computer
software that collects data in real-time for storing and comparison purposes for further experimenting. Computer
simulations were carried out, which showed the authenticity of the assessment methods and the efficiency of the research.
Keywords: Recuperative suspension, mathematical model, harmonic oscillator, computer simulation, results
visualization.
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OcobGeHHoCTH BHIOOpA, CPABHUTEJbHBIH aHAJN3 U PacyeT 0CBETUTEIbHBIX CHCTEM TOPTOBBIX
IEHTPOB
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AHHOTAUMA. B cmamve uszyuenvi gonpocvl ocobenHocmeti 0céeujeHus Mopeosvix YeHmpos, eblbopa munos
C8eMUNBHUKOB U pACcYemd 0CEeUjeHHOCMU NPU NOMOWYU Npozpammnozo obecnevenus DIALux. B 3asucumocmu
om muna mopeosol NIOWAOU PACCMOMPEHbl GONPOCHL GIUAHUA KOJOMEMPUUECKol memnepamypuvl U
K03 puyuenma yeemonepedauu Ha 6u3yarbHoe GOCHPUAMUE MOBAPO8 PA3HOU HOMeHKAamypbl. [lokazana porv
KO3 uyuenma nynvcayuu, RPpAmMas c6éa3b 3pUMenbHO20 80CAPUAMUA ¢ POPMOU RYIbCAYUU CBEMOB020 HOMOKA U
B03MOJCHOCHb OSPAHUYEHUSA NYIbCAYULL C8eMO8020 NOMOKA. Paccmompenvl 60npocel pacuema oceeujeHHOCmu 8
Komnviomepuoii npoepamme DIALux u no mexnuueckomy 3a0anuio nposeden pacuem 0c8eweHHOCmu 3a0aHHO
mop2o8oil NIowWaouU.

KuarwueBble ciioBa: Diekmpuueckoli ocgeujenue, paciem ocgewjennocmu, DIALux, mopeosvie yeHmpul

Features of choice, comparative analysis and calculation shopping malls lighting systems

Guram Tskhomelidze, Candidate of Technical Science, associate professor

Georgian Technical University, Thilisi, Georgia, e-mail: guram.65@mail.ru

Revaz Gurgenadze, Doctoral student

Georgian Technical University, Thilisi, Georgia, e-mail: revazgurgenadze@gmail.com
David Turdzeladze, Candidate of Technical Science, associate professor

Georgian Technical University, Thilisi, Georgia, e-mail: turdzeladze59@gmail.com
Nineli Goginashvili, PhD, associate professor

Georgian Technical University, Thbilisi, Georgia, e-mail: n.goginasghvili@gtu.ge

Annotation. The article examines the issues of lighting features of shopping malls, the choice of lamps, and the
calculation of illumination using the DIALux software. Depending on the type of retail space, the issues of the
influence of colourimetric temperature and colour rendering index on the visual perception of goods of different
nomenclature are considered. The role of the pulsation coefficient, the direct connection of visual perception
with the form of light flux pulsation, and the possibility of limiting light flux pulsations are shown. The issues of
calculating the illumination in the DIALux computer program are considered and the calculation of the
illumination of a given retail area is carried out according to the technical task.

Keywords: Electrical lighting, calculation of illumination, DIALux, shopping malls

Hay4HOo-TexHMYECKHII  mporpecc  pa3BUTHSA OcBemnieHne TOProBbIX HEHTPOB OJJTHOBPEMEHHO
CBETOTEXHHYECKOTO O0OpYAOBAaHMS MOCTETIEHHO pelraeT HECKOIbKO Ba)XKHBIX BOIIPOCOB: O0ECTIEICHHE
MIPOHHUKAET BO BCe cPepbl ACSITEIBHOCTH YCIOBEKA B HEO0OXOAMMOTO YPOBHS KOM(POPTHOH OCBEMEHHOCTH
TOM 4YHucie Hu B cdepy TOproeiau. 3amauei IUIS.  TOCeTUTeNed W COTPYIHHKOB TOPTOBBIX
NPEACTABICHHON CTaThbU SABISETCS HCCIEIOBAHUS LHEHTPOB,  CO3/IaHME  BHU3yalbHBIX  3(PQEKTOB
BBIOOpa, CpaBHEHHS M  pacyeTa OCBEIICHUS KIIPHUBJIEKATEIBHOCTU» BHEIIIHETO BHJa
TOPTOBBIX LEHTPOB C YUETOM COBPEMEHHBIX peanu3yeMoro TOBapa, YIpaBleHHE BHUMAaHHEM
pa3paboTok OCBETHTEIBHOTO obopynoBaHus, NOKyIarteyiei, aKIeHTUpPOBAaHHWE BHUMaHHUSI Ha
HOPMAaTUBHBIX TpeboBaHM K OCBEIEHUIO KOHKPETHBIX OOJIaCTAX TOPTOBBIX IUIOLIACH W
pa3siUYHBIX THUIOB TOPTOBBIX  MoIMafed u rpynn TOBApOB, cO3/1aHHNe MHUKPOKIUMATA
paccMOTpeHHsl Ccrnenu(UKH BIUSHUS BHAA U obecrieueHne JIOCTaTOYHOTO YpOBHS
XapaKTepa OCBELIEHHOCTH Ha Pealu3aluio TOBAPOB yIbTpadHOIETOBOTO M3IYUCHUS.

Pa3InYHON HOMEHKJIATYPBHI. OnHUM ¥3 OCHOBHBIX CIIOCOOOB peHICHHS
MTOCTaBICHHBIX BOIIPOCOB obecrieueHne
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ONTUMAIBHOTO  YPOBHS  BBICOKOKAYEeCTBEHHOM
OCBEIEHHOCTH. OCBEIIEHHOCTh, 3TO OTHOILICHHE
CBETOBOTO IIOTOKa K IUIOMIAA{, MHHUMAJbHBIH
YPOBEHBb KOTOPOT'O PEryIHpYyeTcs NEHCTBYIOUIMMHU B
I'py3un CTpOHMTEIbHBIMH NPAaBHIAMH W HOPMaMH
CHull 23-05-95 «EcTecTBeHHOE M MCKYCCTBEHHOE
ocsemtenre [1]. Omexxna, oOyBs U Oenbe TpeOyer
MUHHMMAaJlIbHOTO YpoBHsS ocBemeHHocTu 300 mokc,
npoAyKTOBEIe TOoproBeie mmiomanu 400n1k, a B
MarasuHax HIPYLIEK M KaHITOBAapOB JOIMYyCKACTCs
200nk. Ha camoMm pnene He OJIWH COBpPEMEHHBIN
MarasuH He paboTaeT Ha TaKOM HH3KOM YypOBHE
OCBEIICHHOCTH. B 0ojiee COBPEeMEHHOH pemakiuu

JOKyMEHTa CanlluH 2.2.1/2.1.1.1278-03
[2]ycTaHaBmmBaeT Ooisiee BBICOKHE TpeOOBaHUSA U B
CylepMapKeTax MUHHUMAaJIbHO [ONMYyCTHMas HOpMa
5007k.

OpHako ecTh pa3HUIA MEXIYy MHUHUMAaIbHO
JOIYCTUMBIM W 5KOHOMHYECKH ONTHMAaJIbHBIM
YpPOBHEM OCBELIEHHOCTH. B dYeM 3akmrogaercs
KpUTEpUH ONTHMAaIbHOCTH?

C OonHOH CTOPOHBI TOBBIIIEHHE YPOBHS
OCBEIICHHOCTU 3TO JOIMOJHHUTEIbHbIE PacXolbl Ha
3JIEKTPOIHEPTHIO, a C APYroi yBeIMYEeHHE yPOBHEH
MIPOJIa’k ¥ COOTBETCTBEHHO 0X0A0B. HarmonansHas
obcepBaropust  onrtuueckoit  acrporHomuu (National
Optical Astronomy Observatory (NOAO)) noao.edu [3]
PEKOMEHIYET CpaBHUTEIBHO BBICOKHE YPOBHH TIpHU
IUTAHUPOBAHUU UCKYCCTBEHHOT'O OCBEIICHUS
noMeleHuii. Hanpumep, B 3anax TOProBbIX LEHTPOB
9TOT YpPOBEHb HE [OJDKEH ObITh MeHbuie 750IK.
Bricokuii ypoBeHb OCBELIEHHOCTH B TOPTOBBIX 3aj1aX
BbI3BIBaeT OH(dopuio, yaydmaeT HacTPOCHHE.
Oxnaxo obecrieueHne BBICOKUX YpOBHE#H
OCBEIICHHOCTH HEBO3MOXHO 0€3 JIOMOJHUTEIbHBIX
pacxoloB Ha DSJEKTPOIHEPTHI0O U B TOPIOBBIX

LEHTpax c MECSYHBIM noTpebiIeHnEM
3JIEKTPOIHEPTUHU Gomee 1 MBTu poct
sHepronoTpebnenuss Ha 20-30% cBs3aH  co

SHAYUTCIbHBIMHU MATCPUAJIBHBIMHU 3aTpaTaMu U

Ba)KHOM 3aj1adyen SIBIISICTCS OIpeNIeIIEHue
OIITUMAJBHOI'O 3HAYCHUSA OCBCUHICHHOCTU C y‘{eTOM
MIPEACTABIECHHBIX Tpe6OBaHI/H71 K

3HEeprod¢eKTUBHOCTH.
Ha BocmpusTHe MOKymarejieM KaueCTBEHHOTO

I/I306pa)KeHI/IH TOoBapa CHUJIBHO BIIUAIOT JABC
XApaKTCPUCTUKU OCBCTUTCIBHOTO 060py)103aHI/1>1:
HHACKC aBeTonepeaavuun u OBCTOBAsA

temiepatypa. MHAeKC IBETONepeiadll BhIPaKaeTCs
qucIoBEIM Koddunuentom Ra. OH xapakTepusyer
MpaBaoNog00HOCTh LBeTOIEepeaaun npu
HCKYCCTBEHHOM OCBELIEHHH [0 CPaBHEHHUIO C
eCTeCTBEHHBIM. MakcumanbHblii Ra pasen 100
equHuaMm. Takas uBeTonepenava obOecrnevdnBaETCs
Opyd MPUPOAHOM JAHEBHOM cBeTe. ONTHMAaNbHBIN
YpPOBEHb LBETOIIEpEeauYn ISt TOPrOBOTO
obopynoBanus — 80-90 eamnun. Ra uumxe 80
CWJIBHO MCKa)XXaeT CBETOBOCIPHUSATHE M MeIlaeT
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MMOKYHaTeIsIM 00BEKTHBHO OLICHWBAThH IIBET TOBApa.
[Beronepenaua Beime 90 eTUHUIl TOXKE HE HYXKHA,
TaK Kax OoHa CHUXXAeT 3 dexTnBHOCTH
OCBETUTEIHHOTO O0OpPYAOBAHMSI M 3HAYUTEIHHO
YBEIUYHMBACT 3HEProNnoTpebdIeHue.

IIBeToBas WIIH KOJIOpUMETpHYECKas
Temnepatypa usMepsercs B kenbBuHax (K).
[[BeToBas TeMnepaTypa HCTOYHUKA UCKYCCTBEHHOTO
CBETa BIUSAET HAa BOCHPUATHE LIBETA OKPYKAIOIUX
npeaMertos. [lo mpusHaky LBETOBOH TeMIlepaTyphl
HUCTOYHHMKH CBeTa OOBEOUHSIOTCS B TPU TPYIIIHL:
Tennbie — Huxe 4000 xenbBUHOB, HeliTpanbHbie —
oT 4000 mo 5000 kenpBUHOB, XOJOAHBIE — BBIIIIE
5000 xenbBUHOB.

CBeTUNBHUKM  [UIsl  TOPrOBBIX  IEHTPOB
HEOOXOAMMO BBIOMpATh C YYEeTOM OCOOEHHOCTEH
peanu3yembplx ToBapoB. «Temmpie» saMmel  C
temnepatypoir Hmke 4000 KelIbBHHOB CO3JAIOT
YIOTHYIO aTMocdepy. Takoe OCBeEIlleHHE
UCIIOJB3YeTCS B Mara3pHax HJIM OTAenax TOBapoB
UIsL  oMa, Hampumep, wmebenu. «XOJOIHbBIEY
CBETHJIIBHUKM ¢ Temmeparypoi Beime 5000
KEeJIbBUHOB  BBI3BIBAIOT 3 dexT Bo30ykKICHHS
CTUMYJIIPYIOT paboTOCIIOCOOHOCTh, aKTUBU3UPYIOT
YeJIoBeKa. DTO HACalbHOE pEelIeHHe ISl Mara3nHoOB
CIIOPTTOBapOB n CHOPTHUBHOHN OJICKIBI,
MIPOMBIIIJIEHHOTO  O0OpYAOBAaHMS,  IOBEIMPHBIX
n3aenuil. «<Hetpanbubie» CBETHJIBHUKU —
YHUBEpPCAIbHOE PEIIeHUE IJIs O0IIero OCBEIIeHUS B
CylepMapKeTax M MHOTONPOQHIbHBIX Mara3uHax.
JlaMnbl C KOJIOpUMETPUUECKOH TeEMIIEpaTypod OT
4000 nmo 5000 KenbBMHOB  OOecHeYHBAIOT
00BEKTHBHOE CBETOBOCHPHITHE MPAKTUYECKH sl
JOOBIX I'PYII TOBAPOB.

Jlnst mpumepa paccMOTPHUM TOPTOBBIM  3al
MarasuHa 0JIHOT'O U3 TOPTOBBIX IEHTPOB I'. TOnmmcH.
Pasmeps! marazuna nuHa 10 MeTpoB u mupunHa 6m
BBIcoTa 3M (puc 1).

-

10000

000

Puc. 1. Pa3zmepsl maraszuna

TexHUYECKUM 3aJJaHUEM K PacueTy OCBCIICHUS
NPUHUMAIOTCST JaHHble W3 mporpammbl Dialux. B
TEXHHUYECKOM 3aJaHuu 00s3aTeIbHO JOJDKEH OBITh
yKa3aH OJUH u3 BAXXHBIX rmokasareiei
OCBETHUTEILHOTO 06opyroBaHus YPOBEHb
MyJIbCAIlMK OCBEUICHHOCTU. J[OMyCTHMBIH ypOBEHb
MyJIbCAIUH HUCKYCCTBEHHOTO OCBEILEHUS
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perymupyercs HopMmaTuBHBIMEH aktamu: CHull 23-
05-95 wm CanlluH 2.2.1/2.1.1.1278-03. B =Hux
YKa3aHHO, YTO YPOBEHb IYJIbCAIIHHA HCKYCCTBEHHOTO
OCBeNIeHHsT Ha pabodyeM MecTe He JOJDKEH
MIPEBBIIIATH 20%. ITo COBPEMEHHBIM
HCCIIeIOBaHUAM, pab0TOCIIOCOOHOCTH M HACTPOCHHUE
YeloBeKa  yXYAIIATCs, eciu  KO3(p(UIUEHT
NyJIbCAIIMK OCBETUTEIbHBIX MPUOOPOB NPEBHILIALT 5
%. Bonee neTanbHO BOIPOCH BIWSHUS ITYJbCALIUN
OCBEIIEHHOCTH MPHUBEACHHI B pabote [4] B KOoTOpOi
TaK K€ pacCCMOTPEHBI BOIIPOCH! BEIOOPA 110 Ka4eCTBY
IpaliBepa CBETHJIbHHKA. B TeXHHYECKOM 3aJaHUU
MpHUBEICHA TaKXKe LBETOBas TeMIepaTypa, KoTopas
oInpeenseTcs] 3aKa34uKoM B 3aBHCHMOCTH OT BHJa
peanmusyemoro ToBapa B Hamem cixydae 3000k u
OTHMCAaHHBIN BbIlIEe HHACKC IBeTonepenayn Ra 80.
CrenoBaTellbHO, B PACCMOTPEHHOM ciIydae, 1o

TpeOyeMbIM napamerpam nyJbcaluui
LBETOIlepeAayd W LBETOBOM  TEMIIEpaTyphl,
ONTHMAJIBHBIM  BBIOOPOM OyAeT CBETOAHOIHBIN

ceetunpHuk SPECTRUM 011 ¢ mnapamerpamu

(puc.2 a, 0, B).
a) Bremnuii Bug

P 282W
Pnauna 1566 Im
Praerunennk 1565 Im
n 99.95 %
CeeTooTgada 55.5 ImW
CCT 3000 K
CRI 90

0) OCHOBHEIE MAapaMETPHI

B) CHeKTp U UHJACKC CBETOIICpEaaIn
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Puc. 2. Ceetunsauxk SPECTRUM 011

Jnst  KOHKPETHOTO  THUNAa  CBETHJIBHHMKA
MPUBEACHBl Tpa(UKU TONSIPHBIX KOOPAWUHAT W
KOHYCHas quarpamma (puc.3. a, 0).

B mporpamme DialLux mnpoBemer pacuer
OCBEUICHHOCTH  IpH  3aJaHHBIX  IapameTpax
LBETOBON TEMMIEpaTyphl U MHIEKCA LBETONEPEAAUN
Ra pacueTsr mpou3BoauInuch Ha BeIcOTE OT moua 0.8
M T€ TOPrOBBIX CTEILIAXKaX.

B 3aBucuMocTM OT THma ¥ Ha3HaYeHUs
OCBEIlaeMOr0o IOMEIIEHHS MporpamMma JHAIIOKC
npejjaaraer COOTBETCTBYIOIIECE CTaHJAapTHOE
3Ha4YeHUe OCBEILEHHOCTH u napaMeTpoB
OCBEILIEHHOCTH. HuTennexrtyanbHas 6a3za
MpOrpaMMHOTO0  OoOecledYeHusi  OCHOBaHAa  Ha
eBpoleiickux craHgaprax mo ocBemeHHoctH (EN
12464-1:2011 Light and lighting — Lighting of work
place; EN 12464-1:2014) wu HOPMAaTHBHBIX
JOKYMEHTOB 10 »Heproddoextuaoir - DIN V
18599. C ucnonp3oBaHHEeM yKa3aHHBIX JOKYMEHTOB
BO3MOXHA OIl€HKa HE TOJBKO OCBEIIEHHOCTH U €€
IapaMeTpoB, a TaK K€ MPOJOJDKUTEIBHOCTh PaOOTHI
BHIODAHHBIX CBETHJIBHUKOB B TEUEHUH T0ja,
Mepuoabl TeX OOCIy)XMBaHUS W MOHHTOPHUHTA,
WHTEPBaJbl 3aMEHBI CBETHIILHUKOB H T/I.

1e+02 1e+02

96401 0e+01

8a401 Bas01

60401 Bas01

1200

5e401 1600 5es01

38401 2401 o 20401 36401

cd/kim
C0-C2e002 = CBes01 - Cle02

100%

MonapHble LDC

a)

£0) 3436
ECD) 201" 1455
£0) 1554

£0) 874

559

£0) e
3.0, 22 ECO) 201 162

PaccToanue [m]

[waueTp cowyca [m]
€0 - C26+02 (Mony-yron: 40.2°}

OcseuenHoCTS (Ix]

KoHycHas guarpamma
0)
Puc.3. I'padukn mossspHBIX KOOPAUHAT (a) U
KOHyCHas auarpamma (0)
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B paccMOTpeHHOM HaMu MpHMEpe Mara3uHa
mpejjaraeM — MepeYeHb  BaXHBIX  IapaMeTpPOB
OCBEIICHHOCTH W MapaMeTpPOB  CBETUJIHHUKOB,
KOTOPbIE HEOOXOJUMBI VISl PACUETOB OCBEIICHHOCTH
B nporpamme DIALux:

OcgenieHHOCTh: BusyansHoe 3ananue — 600 nx,
3oHa okpyxeHus — 400 nx, 3oHa 3aj1Hero mjiaHa —
66.7 nx, PapaoMepHOCTH (Emin/Emax) — 0.40

OrpaHuuYeHHE OCJCIUICHUS. BHyTpeHHsS
3oHa (UGR) — 22
Cpok ciyx0s1: Jlenp — 2999 Yacos B rog ~

8.22 Yacos B nenb, Hour — 601 Yacos B rox ~

1.65 Yacos B nenp, Kosaddunuent orcyrerus —

0.00, Koadodunuent ymeHblieHUs padodero

BpEMEHH B 37aHuu ais ocBenieHus — 1.0

TexoOcnyxxuBanue u  mpouee:  MuHuekc
ueronepeaaun (Ra) — 80 Beicota pabouecit
miockoct — 0.80 M, KoadduimeHt ymeHbIICHUS
(cexTop 3purenbHoro 3amanms) — 0.93, WHrepBan
npoBepoK — 1 B roj, YCIoBUS OKPYXKaIOUIEH Cpellbl
— HopmanwHebie, [leprnouaHOCTE TEX00CTy KIUBAHHS
JUTSI CBETUIILHUKOB — 2 B TOJT

[lepuoguyHocTh 3aMeHBI A1 JaM - 1 B rof

Puc. 4. Pe3ynpTaThl CBETOTEXHUYECKHX PACUETOB B
nporpamme DIALux

Ha puc.4 BumHbl pe3ynbTaThl PacdyeToB H
BU3yaJbHast KapTHHA pacmpeaeneHus
OCBEIIIEHHOCTH MOKa3aHus nokcmerpa (puc.5.) 657

JMIOKC Ha TOPTOBOW  TOBEPXHOCTH  KOTOpHIE
MMOATBEPKAAIOT PEIICHNE TOCTABICHHON 3a/1auu.

Puc.5. JIrokcmetp

BrIBOABI M peKOMeHIAMH

1. PaccmoTtpeHsl BOIIPOCHI napaMeTpoB
KayecTBa OCBELICHHUS TOPIOBBIX LIEHTPOB

2. CyderoM cnenupuKu TOBAPOB OIPEIEICHBI
ONTHUMAaNbHbIE YPOBHU OCBEIICHHOCTH, MyJIbCAINH U
KaJIOPUMETPUYECKON TeMIIepaTyphl

3. Ha npuMepe KOHKpPETHOI'O MarasmHa
TOPTOBOTO IIEHTpAa MpPOM3BEACH BBHIOOp THIA
CBETWJIBHHKA H C [OMOWIBIO INPOIPAMMHOTO

obecrieueHust DialLux MPOBENICH pacuer
OCBEIEHHOCTH M pachpeielieHne Ha TOProBBIX
MOBEPXHOCTSX.

4. BbILIEU3IOXKEHHBIE MAaTEPUAbl [HOMOTYT
BJaJeNblaM  Mara3uHoB  TOPrOBBIX  IIEHTPOB
BHIOMpATh THII OCBENIEHHS W €ro mapaMeTphl B
3aBUCHMMOCTH OT HOMEHKIATYPBHl peallu3yeMBIX
TOBapoB/

Jlutepatypa
1. CHulI 23-05-95 «EcTecTBEeHHOE U UCKYCCTBEHHOE
OCBELICHHE

2. CaulluH 2.2.1/2.1.1.1278-03 T'urueHuyeckue
TpeOOBaHUS K E€CTECTBCHHOMY, WCKYCCTBEHHOMY W

COBMEIIICHHOMY OCBEILEHUIO JKAJIBIX u
00LIECTBEHHBIX 31aHUI
3. noao.edu

4. EN 12464-1:2011, EN 12464-1:2014 Light and
lighting - Lighting of work places

5. DIN V 18599 Energy efficiency of buildings -
Calculation of the net, final and primary energy
demand for heating, cooling, ventilation, domestic
hot water and lighting

6. Lixomemunse I'.O fobs 3mbgg@gbiool LGs@os.
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Energy conversion in the generator mode of a reciprocating half-wave
electromagnetic vibration machine

Gela Javakhishvili, Doctor of Science, Professor

Georgian Technical University, Thilisi, Georgia, email: gela_java@yahoo.com
Alexandre Didebulidze, Doctor of Science, Professor

Georgian National Academy of Sciences, email: adidebulidze@yahoo.com

Annotation. The generator modes of operation of a single-cycle reciprocating electromagnetic vibration machine
powered by a half-wave direct voltage are considered. As a result of studies carried out on the example of an
electromagnetic vibrator with a 7/-shaped magnetic core developed with the participation of the authors and patented in
Georgia, 7 possible energy operating modes that differ from each other were identified and studied.

Keywords: Electromagnetic, Vibration Mashine, Reciprocating, Energy, Generator modes.
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Formation of dynamic modes in the subsystem of the optimization design of asynchronous motors
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Annotation. We present an algorithm for solving optimization problems of the dynamics of asynchronous motors, which
implements the method of multicriteria optimization and a mathematical model of an asynchronous motor - a generalized
electromechanical energy converter. We also show the possibility of forming a given dynamic mode.

Keywords: asynchronous motor, mathematical model, multicriteria optimization, dynamic mode.
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Investigation of overheating of a powerful induction motor
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Georgian Technical Unibversity, Thilisi, Georgia, e-mail: k.tsereteli@gtu.ge
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Annotation The reason for overheating of the engine of a powerful pump has been investigated. Under operating
conditions, the engine heated up above the allowable temperature while operating below the rated power. Observation
has shown that the resistance of the winding conductors is greater than what it should have under nominal conditions.
Analysis of the conductor materials showed that the conductive material contained flint (silicon), which increased its
resistance.

Key words: Asynchronous motor, motor heating mode, overheating, winding wires, wire material, material analysis.
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Mathematical model of the power circuit of a direct current electric locomotive for the study of
transient processes
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Annotation. The article presents the mathematical model of the power circuit of an electric locomotive. The model was
created using the application program of the MATLAB package. It is based on a system of differential equations de-
scribing the physical processes arising in the traction electric drive during transient processes.

Keywords: Traction electric motor, contact network, magnetic system, mathematical model, MATLAB
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The Phenomenon of Mutual Convertibility of Electrical and Mechanical Energyes

Boris dagundaridze, Candidate of technical sciences, Associate Professor,
Georgian Technical University, Thilisi, Georgia, e-mail: b.dagundaridze@qgtu.ge

Annotation. Based on the analysis of the knowledge of "electromechanics”, it is concluded that it needs to be improved,;
Mutual convertibility of electrical and mechanical energyes is one of the laws of electromechanics; The phenomenon of
electromagnetic induction is a special case of this law. Introduce a special chapter in physics textbooks entitled: Species,
mutual convertibility and decay of energies.

Keywords: convertibility of energies,electromagnetic induction, the principles of electromechanics, Generator

mode, Motor mode.
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Analysis and adjustment of mode parameters in 6-10 kV open network voltage

Lasha Matchavariani — Doctoral Student
Akaki Tsereteli State University, Kutaisi, Georgia, e-mail: lasha.matchavariani@atsu.edu.ge

Annotation. The paper presents the results of the study of open, electrical network limit modes (maximum and minimum
load) of 6-10 kV voltage distribution network of the city of Kutaisi. Based on the active and reactive power losses defined
in each element of the network, the network flow distribution is determined. As a result of the power distribution, the
voltage drop across a single section of the network was calculated and the quality of voltage supplied to each node of the
network was estimated (the value of the actual voltage and the voltage deviation were determined). The total loss of
apparent power in the network was also determined and the economics of its operation were estimated by calculating the
coefficient of performance. The reports substantiate that at the last (farthest) nodes of the mains, the actual value of the
voltage at the maximum load mode is unsatisfactory and additional measures are required to meet the following
conditions: AUyqy < AUpery. This condition is met by increasing the cross-sectional area of the wires at several
points in the network.

Keywords: distribution network, flow distribution, voltage quality, COP, cross section of wires.
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Short-circuit rotary asynchronous electric actuator of the bridge crane with frequency management

Davit Chichinadze - PhD student,
Georgian Technical University, Thilisi Georgia; e-mail: d.chichinadze@gtu.ge

Annotation. The paper discusses the peculiarities of the kinematic scheme of the electric actuator of the bridge crane. A
computational model of the moving-mechanical part of the electric actuator is compiled. Also, is discussed Modeling of
the Electronic-mechanical system of the crane mechanisms with consideration of the technological stages. The
calculation and structural diagrams of the electronic actuator lifting mechanism are given. The calculated model of the
moving mechanical part is used in the report of the obtained tachogram. The results obtained during the transition process
are shown in the charts.

Keywords: bridge crane, electric actuator, design model, electromechanical system, mathematically model
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Model for experimental research of electrodynamic processes in the power supply network

Dimitri Kharebava, doctoral student
Georgian Technical University, Thilisi, Georgia, e-mail: d.kharebava@qgtu.ge

Annotation. Examination of the existing "physical models of power supply networks™ has been conducted and it is
argued that these models do not allow a complete imitation of current electromagnetic processes in the power supply
network, as they do not provide independent study of current electromagnetic processes in individual phases of
networks. Accordingly, through these models: it is impossible for users to mimic the active and reactive loads generated
in the power supply network, the static and dynamic asymmetric modes. Independent determination of reactive power
factor in separate phases; It is also impossible to independently imitate the electromagnetic processes developed in
separate phases as a result of the operating modes of asymmetric dynamic loads with asymmetric dynamic loads, and to
determine the range and parameters of the high-order harmonics generated in the individual phases of the network.
Keywords: electric arc furnace, electromagnetic interference, control system.
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Structure of electricity losses for JSC ""Telasi' distribution network and analysis of their calkulation
methods
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Annotation. The paper discusses the analysis of the methods of calkulation the losses corresponding to the structure of
electricity losses according to the developed Telasi electricity inflow, utilization and voltage levels. The method and
methodology of electricity loss calculation is selected, the appropriate RTP-3 software complex is selected. A list of
reports performed under the RTP-3 program is presented and the relevant conclusions are presented.

Keywords: Technical losses, structure, methodology, program.
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The use of fast-recovery diodes in odern power converters

Irma Katamadze, Doctor of Energy and Electrical Engineering.
Akaki Tsereteli State University, Kutaisi, Georgia, e-mail: Irma.katamadze34@gmail.com

Abstract. The article discusses the new super-fast recovery diodes and their application in modern power converters.
The essence of working in fast recovery mode is also discussed. The super-fast recovery diodes are characterized by the
best parameters that are achieved using various technological processes. This significantly improves the quality of fast
recovery diodes and their use in high-tech manufacturing.

Keywords: fast recovery diodes, reverse recovery time, Transistor, converter.
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Fast recovery diodes and their operating peculiarities

Irma Katamadze, Doctor of Energy and Electrical Engineering.
Akaki Tsereteli State University, Kutaisi, Georgia, E-mail: Irma.katamadze34@gmail.com

Annotation. The paper discusses the parameters and characteristics of fast recovery diodes and justifies the advantages
of their use when working at high and high frequencies are substantiated. Based on a comparison with general-purpose
diodes, there are discussed their importance and operating peculiarities. The trr-recovery time in fast recovery diodes is
significantly shorter compared to standard diodes, which is achieved due to the use of various technological methods. In
particular, the gold or platinum diffusion method is used in silicon alloy. This makes it possible to reduce the reverse
recovery time, which gives these types of diodes the advantage to be widely used when operating in high frequency mode.
Keywords: fast recovery diodes, reverse recovery time, rectifier.
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One-way connection mode of extra-high voltage transmission lines

Davit Japaridze, doctoral student,
Akaki Tsereteli State University, Kutaisi, Georgia, e-mail: davit.japaridze@atsu.edu.ge

Annotation. One-way power connection mode of extra-high voltage transmission lines is discussed and corresponding
mathematical equations are presented that describe an electrical processes going on during this particular regim . This
issue is investigated on the example of 500 kV extra-high voltage transmission line “Caucasus".The voltage and reactive
power distributions along the line are obtained for two cases of operation. The first is when no reactive power
compensation is provided on the transmission line, and the second is when a reactive power compensation device is
placed on the line in the form of a shunt reactor.

Key words: backbone network , compensating device, extra-high voltage, reactive power, shunt reactor.
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Data Generation, Structure and Retrieval

Petre Gelkviidze, PHD, Associate Professor

Akaki Tsereteli State University, Kutaisi, Georgia, e-mail; petre.gelkhviidze@atsu.edu.ge
Zaza Mardaleishvili, PHD, Assistant Professor.

Akaki Tsereteli State University, Kutaisi, Georgia, e-mail; zaza.mardaleishvili@atsu.edu.ge

Annotation. In multiservice networks, particular importance is needed for the studying of the flow of requests entering
the telecommunication network, according to its results it is possible to discuss and solve network-related problems. But,
when describing pulsed or structural flows and quantitative evaluation the correlation function acquires special
importance, whereas as a function of time delay it is a polynomial and non-exponential function, the real network always
contains a limited number of resources, which means that in the process of obtaining a limited amount of resources non-
linear events will inevitably arise and as a result the relationship between traffic sources will manifest itself. Overloading
causes similar irregularities in control mechanisms such as TCP (Transmission Management Protocol), Ethernet and
etc. The results obtained in the paper are devoted to the problems of design and operation of multi-service communication
networks.

Keywords: Data Generation, Package switching
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The bounds of free Euclidean distance for trellis codes

Teimuraz Mtvralashvili, Candidate of Technical Sciences, Associative professor of Georgian Technical
University, Thilisi, Georgia, e-mail: tmtvralashvili@mail.ru

Abstract. The paper presents the asymptotic lower bounds of free Euclidean distance for trellis codes based on
continuous-phase frequency-shift keying (CPFSK) signals. We have developed an algorithm for building trellis codes
based on the nested CPFSK signal system and signal-code construction, which is a generalized concatenated code, where
the inner level uses CPFSK signals with nested properties, while the outer level uses codes with unit memory containing
different redundancies. For the given construction the dependence of the free Euclidean distance on the transmission rate
is investigated.

Keywords: Trellis codes, Modulation, Euclidean distance, Continuous-phase frequency-shift keying signals.
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Some gas supply issues for high-rise apartment buildings

Shota Mestvirishvili, Professor

Georgian Technical University, Thilisi, Georgia, e-mail: sh.mestvirishvili@gtu.ge
Irina Denisova, Academic Doctor

Georgian Technical University, Thilisi, Georgia

Giorgi Chaghiashvili, PhD Student

Georgian Technical University, Thilisi, Georgia

Abstract: The paper discusses the change in the magnitude of the natural gas pressure during a significant difference in
levels between the gas distribution point and the gas consumer locations. In this case, the value of the pressure may
exceed the safety norms. Supplying gas in front of a gas burner in a building with a value different from the nominal
pressure causes incomplete combustion of the gas and the production of exhaust gas. Leakage of natural gas at pressures
higher than nominal causes a rapid increase in the percentage of gas in the storage air above the lower edge of the
explosion, making the mixture explosive. Due to this, in some countries, according to construction norms, gasification of
buildings higher than 10 floors is not allowed. Due to the absence of such a ban in Georgia, this problem is gaining
urgency, as many high-rise residential buildings have been built in the country and almost 100% of them are gasified.
Keywords: Gas supply, High-rise buildings, Safety norms, Gas distribution point, Explosion limit, Gas burner.
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Virtual practical and laboratory work for the learning process
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Annotation. The article discusses the creation of virtual tools for laboratory and practical work in the learning
process using the modeling program "LabVIEW™. The positive features of this program from an engineering point of
view are also mentioned and relevant virtual tools are built on specific examples.

Keywords: modeling, program, virtual device, telecommunication, modulator, coding.
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Multiprocessor control system of the universal scooter

Sergo Dadunashvili, Doctor of Technical Sciences, Professor
Georgian Technical University, Thilisi, Georgia, dadu@gtu.ge

Annotation. The article describes a scooter control system that can be used as a ground vehicle for people with
disabilities. The features of the described control system are due to the multifunctionality and transformability of the
scooter. The advantages of the hardware implementation based on the PCM-3350 on-board computer in PC/104 format
are shown.

Keywords: scooter; control system; multifunctionality; board computer.
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Microprocessor system of road tests of automobile transmission

Sergo Dadunashvili, Doctor of Technical Sciences, Professor
Georgian Technical University, Thilisi, Georgia, dadu@gtu.ge

Annotation. The article describes the hardware and software of the system for road testing of automobile transmissions.
Primary information is taken from strain gauges installed on rotating semi-axes. The data obtained after amplifying the
signals and converting them into digital form is transmitted via Bluetooth radio channels to the cab of the car, where it
is registered in a flash memory device, and then entered into a laptop.

Keywords: sensor; transmission; control system; bluetooth.
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Oil Level in a Reservoir Measurement by Electrovisual Method
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Annotaion: The paper develops an electrovisual device for measuring oil in a reservoir, which is a hybrid of visual
and electrical measurements. The visual part is built on the principle of operation of a water level. A transparent
pipe is mounted on the side of the oil tank to determine the oil level in the tank. The second (electrical) part of the
device receives digital information corresponding to the oil level with a photoresistor sensor, which is then converted
into a binary-decimal code with an analog-digital converter and is fed to the operator's indicator device.

Keywords: Oil Reservoir, Visual Whater-level, Sensor, Analog-Digital Converters
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Analysis of luminescent lamp control circuits, technical-experimental characteristics and their
research results
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Annotation. Existing control schemes of fluorescent lamps are reviewed, their review analysis is performed and an
alternative version of the modified control scheme is proposed. Studies of the experimental characteristics of management
schemes and comparative analysis of the data obtained from the research have been carried out, on the basis of which
we can conclude that the modified management scheme with its energy and quality parameters is improved compared to
the standard control scheme.

Keywords: control circuit, fluorescent lamp, control generator, resonant circuit, field-effect transistors, power settings.
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Prospects for the introduction of renewable energy and energy efficient technologies
in the private and public sectors

Natia rabidze, Associate Professor

Georgian Technival University, Thilisi, Georgia, e-mail: arabidze.natia@yahoo.com
Soso indiashvili, Masters student

Georgian Technical University, Thilisi, Georgia, e-mail: mindiashvilisoso@gmail.com

Annotation. The statistics of the growing demand for electricity in the world and the growing environmental problems
with it are discussed. The private and public sectors are divided into separate sections, which discuss the prospects,
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Directional drilling using rotary steerable system (RSS)

Vasil Godabrelidze, doctoral student
Georgian Technical University, Georgia, Thilsi, vgodabre@alaska.edu

Annotation. The article discusses the effective use of the RSS (Rotary Steerable System) while drilling the inclined and
horizontal wells. The main advantage of the system compared to its predecessor, mud motor, is that it allows you to
change the direction of drilling in rotary mode; it has a high mechanical speed, easy to use during operation. The system
is equipped with the state-of-the-art electronic equipment and is fully automated. In recent years, hybrid and intelligent
rotary control systems have been developed. They can calibrate and ensure the stability of borehole, drill the wellbore
with predetermined trajectory of any difficulty level while minimizing the tortuosity. Using the RSS system it is possible
to drill a wellbore along the desired trajectory of the well plan in a timely manner and with less financial and material
costs while optimizing the technical and economic performance of drilling.

Keywords: Inclined wells, Steerable system, wellbore trajectory, Calibration.
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Energy Properties of the Stratigraphic Units of Adjara-Trialeti Eastern Dip
(Sartichala-Manavi Section)

Zurab Suramelashvili, doctoral student,
Georgian Technical University, Thilisi, Georgia, e-mail: zurabs@mail.ru

Anootation. Hydrodynamic studies of the wells have determined that the Middle Eocene formations of Sartichala-
Manavi structural section are characterized with abnormally low formation pressure.

Sartichala-Manavi section Middle Eocene is characterized with good permeability and effective water drive regime.
The structures in the named section have large oil-saturated thickness, high rock permeability features enable for fast
hydrocarbon movement at the initial stage and even elevation of oil-and-water contact.

Energy properties of the rocks are used to determine hydrocarbon recovery pace, quantity and location of the wells
within individual prospective structure that ensure high oil and gas recovery.

Keywords: Hydrodynamic, energy property, active water drive regime, piezometric level, formation pressure,
abnormally low pressure, abnormally high pressure.
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Investigation of energy resources of household and production waste subordinated to recycling of
Adjarian region and prospects of their utilization.
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Annotation. A paper examines current state of landfills in the region of Adjara. In the paper is investigated and identified
the energy potential of solid and liquid, recyclable household and industrial waste at landfills. There is substantiated
expediency of transforming the existing energy resources into different types of energy and are proposed perspectives of
utilization of the existing energy resources. It is substantiated that the realization of the mentioned energy resources will
significantly improve ecological and energy condition of the region of Adjara.
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Prospects for the use of solar energy resources in the Kvemo Kartli region
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Annotation. The report evaluates the solar energy potential of Kvemo Kartli region, technical-economic aspects of its

use and prospects for development.

The territory of Kvemo Kartli is characterized by great helioenergy potential. The use of solar as a renewable energy
resource allows to create additional energy capacities in the region, which will ensure the widespread use of this
resource and increase energy security.

The paper emphasizes that the development of a strategy for the protection of the ecosystem and the rational use of
natural resources, the definition of its priorities, the introduction of modern, environmentally friendly technologies, is
one of the necessary conditions for the growth of Georgia's economic potential.

Keywords: solar energy resources, energy saving, total radiation, light duration, heat supply.
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Thermal pumps in the heating system
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Annotation 7here has been elaborated an imitative model of the heating system heat pump machinery by means of
which it is possible to establish an individual objects and manufacturing technology processes in residential localities
of the heating-cooling supply optimal schemes. In the report there is laid out an analysys conducted by us, of the
energy-economical results of the various types of the heatins systems operating on the basis of heating pump
macninery. Based on climate districts there are established heating pumps usage effective zones for various types of
low potential heat sources and for heating stations of various cost.

Keywords: Heating, heat pump, energy saving, heat supply, low potential heat.
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Energy security - the cornerstone of the country's sustainable development

Ketevan Vezirishvili-Nozadze, doctor of technical sciences, professor
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Madona Loria, academic doctor, assistant professor
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Annotation. Today, as never before, the problem of energy security and sustainability is actively posed in terms of energy,
especially in the light of the recently intensified opposition to hydropower. This, in its turn, becomes a precondition for
the fact that electricity imports from Russia and other neighboring countries (Azerbaijan and Turkey) are growing more
and more.

In this article we will try to emphasize the main essence of the problem and give comprehensive answers to all the
questions raised. Our goal is to help the state structures and the population reach an agreement on the construction of
hydropower plants and make a decision solely in the interests of the state, because the country's economic development
and general stability need a sustainable energy system.

Keywords: power system, energy independence, reservoir HPP, generation facility.
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Design of a solar power plant using mathematical model

Giorgi Metreveli, PhD student
Georgian Renewable Power Company, Head of Electrical Engineering Division Thilisi, Georgia,
e-mail: giorgimetreveli88@yahoo.com

Summary. The purpose of this paper is to develop a mathematical model, which produces a design of a solar power
plant on a surface under consideration. Calculations showed, that the amount of electrical energy produced by the solar
power plant is significantly affected by a correctly selected solar panel and central inverter, temperature change of a cell
of the solar panel, efficiency change of the cell of the solar panel and the amount of parallel and series connected modules
of the solar panel. Calculations of the mathematical model have been made in “Microsoft Excel” computer programme
and results have been averaged to monthly values. Comparison showed, that difference between the results of the
“Microsoft Excel” and “PVsyst software” computer programmes were negligible, concluding that the principals of the
mathematical model are relevant and can be used in detailed engineering designs of solar power plants.

Keywords: Solar power plant, Solar panel, central inverter, temperature and efficiency change of the cell of the solar
panel, parallel and series connected modules of the solar panel.
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Assessment of Envorinmental Protection Water Costs for Currently Operating Hydroelectric
Stations

Margalita Mardaleishvili, doctoral student,
Georgian Technical University, Thilisi, Georgia, e-mail: m.mardaleishvili@gtu.ge

Annotation. Calculation are completed for the section of the River “Mtkvari” corresponding to derivational channel
located in Upper Avchala taking into consideration to maintain living conditions for alive organisms in tail-water and
keep allowable concentration of contamination for the river. Based on the study results it has been determined that on
the investigational area, chemical characteristics of water by incurring environmental protection water costs defined
under the existing approaches are within normal limits and living conditions for live organisms are satisfied.

Key words: Environmental protection, water costs, hydroelectric station, river, water pas.
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Polymeric thermoset composition for hybrid integrated circuits
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Summary. The work discusses the step-by-step conduct of the complete process of photolithography for the creation of
hybrid integrated circuits based on polynaphthylene benzimidazoles with two-layer technology, in order to obtain relief
with high thermal resistance at a temperature resistant to 500-520 0 C. The study of intermolecular interactions has also
been conducted using various methods of physico-chemical analysis
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Development and installation of “Borjom-Bakuriani” narrow-gauge locomotive power
supply and electronic components for information purposes

Giorgi Khurtsilava, doctoral student

Georgian Technical University, Thilisi, Georgia, e-mail: gialo2407@yahoo.com
Shota Khurtsilava ,Engineer

,»Georgian railway* , Thilisi, Georgia, e-mail: shota070@yahoo.com

Omar Kighuradze Doctor of Science. Professor

Georgian Technical University, Thilisi, Georgia, e-mail: kiguradzeomar@gmail.com

Annotation. Implementation of events have been carried out at Borjomi-Bakuriani ‘Narrow Standard Railway’ such
as:
Modernization and installation of locomotive power source and electronic componentsproviding information
transfer.
Modernization of traction systems and loops.Based on improvement of safe movement of train is installed four
channel video surveillance system providing front and back view of Locomotive and left and right view of wagons.
As a result of modernization, the annual electricity savings amounted to 270,690 kWh, or 49.2%.
Keywords: Narrow-gauge train. Locomotive. Management. Modernization.
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Modernization of metro train contact rails

Giorgi Khurtsilava, doctoral student

Georgian Technical University, Thilisi, Georgia, e-mail: gialo2407@yahoo.com
Shota Khurtsilava ,Engineer

,,Georgian railway“ , Thilisi, Georgia, e-mail: shota070@yahoo.com

Omar Kighuradze Doctor of Science. Professor

Georgian Technical University, Thilisi, Georgia, e-mail: kiguradzeomar@gmail.com

Annotation. Thilisi Metro is one of the largest consumers of electricity - 15 MW (with an installed capacity of about 140
MW). Therefore, it is important to take energy-saving measures, which at the same time will reduce the emission of carbon
dioxide in the environment and increase the safety of traffic. One of the energy saving measures is discussed - the issue
of modernization of the contact rail of metro trains: Replacement of existing steel contact rail with modern REHAU
bimetallic contact rail. The specific electrical resistance of a bimetallic rail is about 2.8 times less than that of a steel
rail, which will result in a reduction in annual electricity consumption across the metro by 49775634 kWh and a simple
return on investment of 3.3 years.

Keywords. Underground electric transport. Train. Third Rail. Modernization. Contact rail. Bimetallic rail.
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Wind Turbines and effectivity of Installation of an ultrasonic repellent device for birds

Simon Nemsadze, Candidate of Technical Sciences, Professor

Georgian Technical University, Thilisi, Georgia, e-mail: s.nemsadze@yahoo.com
Giorgi Gelashvili, doctoral student

Heidelberg Cement Georgia, engineer-inspector (electrical field). Georgia, Kaspi,

e-mail: georgegelashvili5@gmail.com

Summary. The study discusses the pros and cons of wind turbines, their impact on the environment and the identified
problem that is directly related to birds. It also discusses the preventive measures for this problem as follows: The
efficiency of the installation of an ultrasonic repellent device for birds and the completion of the steps required for its
use.

Keywords: Ultrasonic, Turbine.
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New business models in the energy sector

Archil Samadashvili, Doctor of Science, Professor,

Georgian Technical University, Thilisi, Georgia, e-mail: samadarch@hotmail.com
Ketevan lluridze,, doctoral student, Assistant,

Georgian Technical University, Thilisi, Georgia, e-mail: ke.iluridze@gtu.gen

Annotation. In the future, energy infrastructure will differ from todays for a number of reasons. In particular, with the
widespread release of Industry 4.0 platform new players and new products will appear and user views will change. This
is related to the development of a number of new services in the energy sector and the emergence of supply-related
companies. For that reason, the establishment of an innovative business model EaaS - "Energy as a Service" in small
businesses in Georgia is especially important.

EaasS service providers will receive information on energy supply, demand and prices. This information will be
combined with other types of data (weather forecast, road and building loads) to manage enterprises and smart
neighborhoods within dynamic data.

This report discusses the main activities of EaaS and their role for start-ups. We believe, that in order to develop
and promote start-ups, it is desirable to create a specialized business incubator in GTU, which will provide appropriate
services to new companies engaged in "EaaS".

Keywords: business incubator, energy service, business model
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Business incubator specializing in energy services

Ketevan lluridze,, doctoral student, Assistant,
Georgian Technical University, Thilisi, Georgia, e-mail: ke.iluridze@gtu.gen

Annotation. Companies with experience in owning and operating relevant assets are faced with the need to use more
environmentally friendly digital technologies and energy supplies in their field. They fail to ensure the rapid
implementation of innovations that will contribute to the timely and effective development of the "energy as a service"
direction of the business. To meet this demand, the right step is to establish a specialized small business incubator, the
possible organizational model of which is described in this paper.

The focus is on global digitalization, forcing companies to move from value-added chains to ecosystem business
models that ensure they meet the expectations of a wide range of consumers.
Keywords: business incubator, ecosystem, digitalization.
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Evaluating the efficiency of using energy storages for small capacity hydropower plants in
Georgia and introducing them in the electricity system

David Japaridze, Doctor of Technical Science, Professor

Georgian Technical University, Thilisi, Georgia, e-mail: japaridze.d55@gmail.com
Giorgi Ghudumidze, Doctoral Student

Georgian Technical University, Thilisi, Georgia, e-mail: g.gudumidze95@gmail.com

Annotation. Based on a deep scientific analysis of the world experience in the field of storage systems for electricity in
the electric power industry, the types of the most efficient collectors were selected in accordance with the technical and
economic indicators of the efficiency of implementation at small power plants in Georgia. An econometric model of the
efficiency of the introduction of electricity collectors at small hydroelectric power plants has been developed. The
effectiveness of its implementation at five small hydroelectric power plants owned by the company "Energo-Pro Georgia™
has been established. Based on the analysis of the results obtained, the prospects for the introduction of individual electric
collectors into the power system of Georgia have been determined. Studies have shown that, taking into account world
experience, it is advisable to introduce batteries into the country's electricity. In this direction, a group of well-known
energy scientists has to be created, which will study the loading modes of all stations operating in the country, existing
production reserves and, on the basis of the results obtained, will develop a strategic development plan for the

Keywords: Electricity storage systems, small capacity hydropower plants, efficiency, econometric model, analysis,

implementation, prospects
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Predictive analysis of management efficiency of large electricity companies in Georgia, problems and
solutions

David Japaridze, Doctor of Science, Professor,

Georgian Technical University, Thilisi, Georgia, e-mail:_d.japaridze@qgtu.ge
Giga Jojua, doctoral student,

Georgian Technical University, Thilisi, Georgia, e-mail: giga260780@gmail.com

Annotation. Global practice for assessment of management efficiency of the large power companies is analyzed, a
mathematical model of predictive analysis of management efficiency of large power companies of Georgia is developed
on the basis of in-depth scientific analysis of existing management efficiency methods, this model is formed with a complex
approach to problem solution. Predictive analysis was performed on a multifactorial basis using the Felix-Riggs
transformed method. The medium-zerm forecast of management efficiency of ““Georgian State Electrosystem” (GSE) and
JSC “Telasi” was performed with artificial neural networks in order to ensure high accuracy of forecasting. According
to the obtained results, the problems in management of these companies are identified and the ways of their solution are
shown. The proposed method of predictive analysis is universal in nature and can be used to objectively assess the
management efficiency of a large power company of any scale.

Keywords: Forecasting, efficiency, electricity, management, model.

dglbsgsgmo. ©obdMo 36mdgdols 9d93boghmo  dOMIgdoL  sboewobo  [4,6,8]
d9bogd s dglfogerol s Msbsdgtmmgg 2430639690,  M™I 330939000  JOMHOMOEO
dembmgzgbgdol d9Lodsdolo© 3905%Y39GH0b 293963900 23905@9boos (39390
5G9 ™md0Eb  298m3obsty,  Abmgywoml 30000 9dgool Igbfogers-250sfy39@obg, 96 sGOL
5993560 39360969030 O YMBOELGOL 0TI 395m35olfjobgdmwo  3md3egdumo  doymds.
dbbgo  9wgdBHO™m9bgmagBozm  3md3s609dd0 30016 He00 5bse0Bol Logrdzgu by o6 bogds
doMngzol 9939d&H05bmdOL 99535L905do 9o6H30L 9939dGH056MdOL Ggx35LgdoL MebydgM™may
00650900039  dgom©gdol  ©sbgMagel  [4,5,7] 9900900l o8myqbgds o 3965300
dibgow  9wgdBHmMmabamag@o3nw  3md3s609d3do 9056039 MdOMO  3o®5fY393H0wgdgd0L  dowgds.
domm30L LOMEYMRoLOIo dodpgbowo 50 IbG03g Lagotrmggemdo 89ddboero dymIocmgmds

196


mailto:giga260780@gmail.com
mailto:d.japaridze@gtu.ge
mailto:giga260780@gmail.com

IIT bsg@osdemmole sdgzboghm-@gdbozm®o 3mbxgmgbios "gbgtag@ozol msbsdgpmmgg 3Gmdergdgdo
5 835000 35005%439G0L 3Bgd0", MdOWOLO, bsdstmggum, 2021 ferol 7-10 ogbolo
III International Scientific and Technological Conference "Modern problem of power engineering
and ways of solving them", Tbilisi, Georgia, June 7-10, 2021

LgBombme  89360gH e 3309356 LoFoMmgdl,
390d@qds 009356, H™A 39960l oM ghHho dlbgoen

999 BHOMIbIOIBH03Nw  Lofo@mBmbo o6 sl
569600 FsMmM30L 9539dE0s6MdoL Tgz3sligdol
9600560  3m33wgdb@o LobEGgds s o6 SMOL
569600 30836MHMEo 93mbmdozol gergdgb@gdo.
5055050 9mgddgo Fomm3z0l LobEgdgdo s odwggzs
L59w)oegdsl 309G 8goxkgolm o

396336M0@ ™ Lo8mBsgzerm 2303L5HY39G0
50m356900, 8o 2505B5FMI JooMM LMo s

9%39JSH60 29059393 090980.530¢H ™
296L53MNMGdME 99 BH9omdSl 0dgbl
Lodomoggermdo dbbgogo

999 BHOMIBIOYIBH0IMwo 3835609006 ToH g0l
99%39JGH056md0L  Fgi30bgdolodo  3MmI3¢gdumeo

doamdom,  3OMbMBMYo  sboewobo,  dobo
950995303 9M0  dmgmols 990853905 o
3M3309GHgH o 3OMyMedol  asdmygbgdom
35603500 OGN 3OHMIWIIIOOL godmzegbs
5 b53MTogME om0 PosFMOL dg3b0gMweErs
L0980 ABJOOL ELLEHZS.

3000 Bsfjoemo. dlbgogo
999 BHOMIBIOIBH03Mwo 3083560900l TsH g0l
9%39JGH0obmdoL  Fgx30L9d580 dbemgeromdo
399mygbgd Mo 9900m©9dols Qo 50
900500 gdOm Bo@oMgdweo 33w93900L
39009290006 [4,5,7] 9bscwobol s 3OHMdYIoL
390050939GH0bodo  3mI3wgduvymo  doymIol
Logwydgganbg, 990v9ds390veos  LodoMomgzgeml
dbbgoo 9wgdGHH™mgbgmagdolzmwo 3033560900l
domm30L 99399&H05bmdOL 30abmbBmo
3boeoBol  FomgdsBoldmemo ImEYEro, MHMIYGEOS
0m35¢ol{jobgdl Lozombol GodmEgbodyg 935
3°05(939(L :

I 9393%y  gdu3ghdmmo  dggobgdom
3035600L  FoMHM30L  9R9JBH0BbMdSBY  dmddgo
Log5M9)M 3ogdBHMM9d0L 296L5BO3MY,
3003560900L L. ,,00900L0lL” s Lodomomzgeml
»Bobgandfogm  gwgdG®mmbobEgdol”  Hobs 10
fosbo  dmdomdol  H9dbozmer-93mbmdozmeo
05639690900l dmd0gds-9bseobol s Bgwodu-
Mobol dgmmom, [9] FsOmM30L  9i39JEH0sbMdOL

LogOom  0bgduol  LadsBobm  LooggdoL
©oygbo.
I 9393%y;  Logdobomggermdo  dmddgwo,

3003560900L  Lb.,,009@lLOL s  LodoMomgzgemls
,»Bobgadfogm  gargd@OmbolGgdol”  dw9dsmdols

dmemm 10 ol 39dbozv®m-93mbmdozwm®o
95h39690q00L LBOEHOLEGH03MMO 0bRMMTo300l o

197

o630l 989dGH05bMdOL  LadsHobm  0bogdlol
dobgz00m 3MOHYEo30e0 9bsEobom oBm3zol
95399GH056Md5Bg 8mddgo BogGH™MmYdol ©ogbs
@5 9duBHmsdmesiool  dgmmeom  [1,11]  s3
B9JAHMOIOOL BoFMOEM35©0560 3MMbMmBo, ByEs
Q5 939009 Br3Mgdol hzgbgdom.

IIT 93930 0m35¢ol{Hobgdl 3HMabmboMgdsdo
Foowo  LoBHYLEAEHOL, FoOHM30L  9x9gJEH0bMdSBY
9tg890 BogdBHMEmgd0L s dobo LogHomm 0bpgdbol
LOEOEOL  MBOYYBHWMO  ©I©YJboL  dobboom,
bgarmzgbm®o ByoOmbryemo Jugengdol 4odmygbgdoom
Jomm3z0L  9x9JBH0bMdOL  Loghmem  0bwgdbol
1550953500056 3O MPBMBOMmYDSL.

IV 9353%g; 3m0d3560980L UU.,,009wsbol” s
Lodomoggemls ,Bobgdfoxm  gumgdGHeem-
LobEgdol” FoMmrm30L  9BqJEH006MdOL  Fgxsligdols
36OHMABMBME  sbsewoBol 9509953039960
0mEyom  dogdrwo 3330l F9wYEgdol
39351905, For35d0  sOLYOMWO  FOMdEGIGOOL
50965 @5 8500  gooFMol  dgibogMmma
5009390 ABIOOL EslbZs;

fomdmopqboero 3d900M©O30m,
LbodoGoggemdo  dmgddgo  3m33sbogdol L.
»0JEobol” s LodoMmggwml  ,,babgedfonm
999 BHOMLOLEJIL”  JsO®M30L  9539dE0bMdOL
36OHMbMbMws Jgi3slgdol dobbom  dmdogdmmo
odbs, (2010-2019) §f. 0wdsmdob  BHgdbozw®-
0306303960 0oh39690qd0L GgLobgd
LEHoGHOLE03MOO  0bgm®mTogos [2,3], GmIgwog
sbobmaos 3b6. 1 -Go.

9db3gOGHMWs©  JgMPgMEos  3m33s60900L
L. ,,009@lob” s Lodo®mzgerml ,,bobgerdfogm
993dBHOMLoLEHIOL BsMm30L  9839dBH06MdBY
L53969m©Em dmgdgo BodGHMMgdo oo Fmeob:
999 BHOMYBMo0L  ImEMEmds, fdos Tmagds,
0300000090 gds, 36mIobbogmaogmgdols
DOl $Hgddo, BMbEM3MRJ0s,  9T5OHMNIYEX0
Mol botxgdol Howo bsgOomm botxgddo. o0
35dBHMOO0L gom35¢obfobgdom ggeodumoaliol
39000 [8] oy0bs JoGM30L 9g39JE0sbmdOL
LogMmem  0bgdubol  Lsdsbobm  LowoYdO,
2basM0dol 99gagd0 dg@sbowos 3b6. 2-8o.

3b6. 2-0b  dmbsggdgdol  dobgzom
3MOHJE03099M0 9bsoHom,[1,10] 250mmM3w0w0s
Jomm30L  99839dH05bMdOL  B3BolE  0bgduy
0ddggdol  ©@s  BodGHmMgdol 2393wgbols
o0bobggo  LoOEIYJdO S JMOYSEOEO
35¢®030L Laboo sbsbwyaros be. 3-do.



IIT bsg@osdemmole sdgzboghm-@gdbozm®o 3mbxgmgbios "gbgtag@ozol msbsdgpmmgg 3Gmdergdgdo
5 835000 35005%439G0L 3Bgd0", MdOWOLO, bsdstmggum, 2021 ferol 7-10 ogbolo
III International Scientific and Technological Conference "Modern problem of power engineering
and ways of solving them", Tbilisi, Georgia, June 7-10, 2021

gbMoo 1

LL. ,,00900L0L” s LoJsBMZ9E ML ,,LobgEdFogMm gegdBHOMbOLEYIOL 3Hgdbozwd-93mbmdozmmo dsB3z9bgdgdOL
LEBHOGOLE0ZMMO Tmbs3989d0 (2010-2019)FF.

9936096960 |990mbsgmgdo smsbio [ @sbsbstxgdo smsbo d060005©0 Labgegsber [ §a06os dmpgds [ 0565986mdg |80s60039amd
ob dogryemds 60 500 BmbYdOL  [baixgd0 s005b0 | 9050 W0 [QuN 0000 byt 900
B bz bo bademsom @60 650096005 | s095b0 30
13
3 fiwogto
% Q0MYdYd
% 5025b0 360
[ [} [ [} [ [} [ [} [ [} [ Q [ [} = Q
e RRElr [BF [ [BE e RBEIE BE|E BEIE BEE RE
3 22 |3 2 3 S 2 3 22 |8 22 |8 82 (8 B’ (8 &%
(9 5] G A3 G (] G 5] ch |2 G A |2 GA e IR =] G
3 3 223 0 I 2 8 3 28 2 [3&]F 2212 (& |28
& & 32 |& 3 2 = 3 9 = 32 = 29 |& 3292 | 32 |& 3 2
= S) z cg S z cg S Z og S) el cg S g cg S z cg S Z cg S z og
g
¢ ¢ & ¢ & & ¢ & ¢
O Q Q Q Q Q Q. Q
& & & & & & & &
2010§. 1645 7288 |278634 (62097 212098 |58421 166129 (355927 |42100 (14552 |[48356 |114424 (2210 |1119 [4210 (1168
2011§. 1746 9244 |247782 (54952 202909 |59227 179978 (471750 |49837 (15155 (30119 |19423 (2268 |1090 (4983 [1212
2012§. 1816 9165 269312 (54154 227469 63084 161021 (730389 |52238 (16542 [24958 |-10862 (2248 |1100 (5247 (1328
2013§. 1907 9132 |261753 (61337 295312 |74483 151681 (892805 |51579 (18810 |-37883|-63035 (2076 |1169 |[5146 (1443
2014%. 2115 9717 |287764 (86210 251956 193870 174545 (924463 |56120 (20994 |[27911 |3572 (2082 |1245 |[5612 (1558
2015§. 273 10089 (327918 |104341 311906 |95525 195432 (976004 |52063 (23023 [6571 |-113332(2050 |1315 |[5206 (1674
2016. 2629 10412 (412623 |120159 376158 107844 222036 (1091217 |52687 |24461 |38720 [-79737 |2047 (1356 |5268 |1789
2017§. 2773 11438 (439176 |133370 439445 (361675 252047 (1086266 |56219 [26051 |22187 |-320364|2058 (1368 [5622 |1852
2018§. 2819 13184 (479900 |227050 427618 [171072 234158 (993025 |57711 |27565 |27254 [46743 2066 (1410 |5771 |2099
2019§. 2747 13071 (482817 |235010 461655 (145656 278415 (997502 |58327 |31089 |14286 (30432 |2012 (1469 |5832 |1747
gbMoo 2
LL. ,,009@5L0b” s LEoMMZgEML “Lobgedfozm gegdEMMLOLEHIIOL” FoOMNZoL 9x39dBH0BMBOL Laghmm 0bgduol
Lod5BoLM Fo5Bgz9bgdEgd0
LogdoMmm33emmb LsbymdFoxrzm gemgd&mmbolds L. oxgamoabo
R ] 8% 3 [gg28 223 | §3 R 225 3 EEES
2 2 ° §% &a 3 g7 2 ° §& | €4 2 E
3 S R S PR TY | &%
Es g > 3 2 & T ¥ Boxo5
2010 7288  [114424 038 0.92 017 [0.05 1645 48356 0.128 1.045 1.67 0.02[Gop0A
2011¢ [9244  [19423 0.64 13 011 [0.02 1746 30119 0.116 1.03 137 0.024
2012¢ [9165  [-10862 0.69 0.98 0075 [0.021 1816 24958 0.122 1.07 1.69 0.023
2013¢ [9132  [-63035 0.78 0.93 007 [0.019 1907 -37883 0.154 113 1.72 0.017
2014§ [9717  [3572 0.97 0.99 0.095 [0.016 2115 27911 0.119 1.105 1.64 0.022
2015¢ 10089 |-113332 0.95 0.98 0.107 [0.017 2273 6571 0.137 1.09 1.68 0.016
2016§ [10412  [-79737 1.04 1.01 0.11 [0016 2629 38720 0.143 1.16 185 0.014
2017 [11438 |-320364 3.1 1.01 0.122 [0.005 2773 22187 0.158 1.05 1.74 0.01
2018 [13184 46743 13 112 022 (0012 2819 27254 0.151 1.01 2.05 0.013
2019¢ [13071 [30432 11 0.95 023 0015 2747 14286 0.168 1.001 1.73 0.012
©030B Jowgdo
2010 § 0 9 6 0 7 0 0 9 6 3 2 3
2011 § 3 6 9 9 4 2 1 7 9 2 0 0
2012 § 2 4 8 3 1 1 2 4 7 5 4 1
2013 § 1 3 7 1 0 3 3 0 2 3 5 4
2014 § 4 5 4 5 2 5 4 6 ] 7 1 2
2015 § 5 1 5 3 3 4 5 1 5 6 3 5
2016 § 6 2 3 6 4 5 6 ] 4 9 8 6
2017 § 7 0 0 6 6 9 8 3 1 4 7 9
2018 § 9 3 1 3 3 3 9 5 3 1 9 7
2019 § 8 7 2 2 9 7 7 2 0 0 6 8
Gobgoo | 15 25 20 12 18 10 15 25 20 12 18 10
00 C 9235905 393935
2010 § 0 225 120 ol 126 o a7 0 225 120 36 36 30| 447
2011 § 45 150 180 108 72 20 575 15 175 180 24 0 o 394
2012 § 30 100 160 36 18 10] 354 30 100 140 60 72 10] 412
2013 § 15 75 140 12 0 30| 272 45 0 40 96 90 s0] 311
2014 § 60 125 80 60 36 50| 411 60 150 160 84 18 20 492
2015 § 75 25 100 36 54 40| 330 75 25 100 72 54 50| 376
2016 § 90 50 60 72 72 50| 394 90 200 80 108 144 60| 682
2017 § 105 0 0 72| 108 9| 375 120 75 20 48 126 90| 479
2018 § 135 200 20 96| 144 80| 675 135 125 60 12 162 70| se4
2019 § 120 175 40 24] 162 70| 591 105 50 0 0 108 80| 343




IIT bsg@osdemmole sdgzboghm-@gdbozm®o 3mbxgmgbios "gbgtag@ozol msbsdgpmmgg 3Gmdergdgdo

5 835000 35005%439G0L 3Bgd0", MdOWOLO, bsdstmggum, 2021 ferol 7-10 ogbolo
III International Scientific and Technological Conference "Modern problem of power engineering
and ways of solving them", Tbilisi, Georgia, June 7-10, 2021

BogdBHmmgdol
296bmM 309w gdM0s

gbMowo 3

L. ,,009@0b0L” s Lado@mM3gmb ,,bobgedfoxnm gargd@®mmLobEIAoL” oMm30L 9x39JE0bMdOL LagHmm 0bogdlols s

0560300 98397EH056MdsBY 8mgdg0 BodGHMMGdOL 3nMYEs30veo BoGMoEs

Ll oogemobo™  Lobgmdfoge g addHabobdds

NG

6md  gdudgmEMEo  dgnebgdom  goblobrzMmemo
354 BHMM900@s6 FoOM30L 9839dGH056MdOL LogMomm

0b6yduby  momddol obgbl  go3wgbols

06003600 md5%Y. 3309300 IHMLEJIMO

Lodoo@Mmzo0sbo  3OHmabmbo

9JbAH®s3MEs300l

36 madol
gg:;gz:éz)l;ob Bgé ool 0300006 dpo6d00de 8?;""’33%"0
Je. 95O oo 3o

©ababgmgds e o gwnds 80605 8magds obeagds ?::g:l? 30607373995 bs6xgbob fowwo

o0b@gdlo 59330 3036 bsGxgdI0
989d&H036mdol
LsgH oM 1 0.518476893 0.514526692| -0.52555| 0.547823845( 0.822740796
aw. 96gG ool
dagmwads 0.899542326 1| -0.212698578| 0.436193| 0.140302361| 0.621396051 -0.727530955
§do6@s Bmygds 0.964632378 0.908503575 1| -0.795824| 0.087731493| 0.373611585 0.636983788
»30mP0H9dn
@qbs 0.830386853 0.661568688 0.657762754 1| -0.05831228 0.13593823 -0.514173496
36 mdol
fo@amgdemn®
®dob G ol
9830 0.585919182 0.595882963 0.400954133| 0.7840332 1| 0.039044272 -0.247832786
|3m6n3nagss -0.95197955|  -0.8572819|  -0.84527145| -0.94983| -0.74983264 1 0.0668897
305G mggmwo
G3meol
B3GR 9d0L
oo dmmost
s6Gx9bB0 -0.772816816]  -0.54642731| -0.587283246| -0.949376| -0.82140941| 0.875912315 1

3b®. 3-0b 9mboEgdgdol sbserobBom 0633939, 3M035600 Lodomoggeml ,,Lobgadfogm

999 BHOMLOLEYIOL”FBoMMZ3g0 Mol
bobxqdol fowo Loghomm boxgddo, ©sbsmbgbo
33594 BHMM900 sOLYdOMs© Imddggdgb dob
dgomom  [1,10]  ©s  sbgemodol  9gagd0
de390weos 3b6. 4-8o.

3bOoeo 4

Lb.,,009@sbOL” S LoJoOMZIEML,,Lobgedfogzm gegd@®™LOLEHIFOL” JoHMZ0L 9i39dEOBMdsBY dmgdgo BoJBHMMIdOL

3600bnBo 95B39690gd0.

mababnomass ner. nBpGacoh dmgrmoesois Jenbo 3o Lo
R LL. gensbo LabgenaFnagm
mE3IsBo.s b Loasbe bw Dl L i} L3
bmaatan oo L 55788 r3 Laems Amness e LoadasBabm |dznce.s
2020 %. 2600 za76 z3s52 12547 12301 12055
Z021 G Z2B2T 2EET 2507 13256 AZ8FO 124849
2022 %. zazs 2640 zass 13822 13201 12759
2023 ¥. 2008 z7es 2562 13615 12967 12578
2024 B. =039 2214 2589 A3TF52 12973 12714
FAobms Amands corsbo egnafMmo Gaonofomdo
2020 . -67110 72946 -7B782 A98223 AF507 45132
2021 . -181310 -19473 -20836 -15015 -16321 -17626
2022 . 7279 G933 G586 52383 A0888 A7394
2023 G 8717 8223 7730 3AS089 33103 31116
2024 . 21284 19891 18499 36501 34435 32369
mzoomomadmonads oneMo 330 . bos
2020 . 0.195 0.186 0.176 1.310 1.285 1.259
2021 . 0.193 0.183 0.172 1.577 1.502 1.427
2022 §. 0.198 0.189 0.179 1.753 1.654 1.555
2023 . 0.202 0.192 0.183 1.884 1.745 1.605
2024 . 0.208 0.195 0.186 1.908 1.792 1. 667
Mmool 8Fsmamagdonmmmaob Bool Ba830
2020 . 1.04 0.99 0.94 0.917 0.899 0881
2021 . 1.038 0988 0.093 1.082 1.050 1.010
2022 . 1.045 0.985 0.926 1.355 1.290 1.226
2023 . 1.064 0.994 0.923 1.290 1.217 1.1449
2024 §. 1.062 1.002 0.941 1.299 1.225 1.152
mmbBoemnamnands
2020 . 1.439 1.37 1.302 0.236 0.232 0.227
2021 . 1448 1.366 1.284 0.158 0.150 0.143
2022 . 1.427 1.346 1.265 0.08 0.075 0.071
2023 . 1.408 1.328 1.2a8 0.068 0.065 0.061
2024 . 1.398 1.318 1.239 0.055 0.053 0.051
B8smomaneno Mamenob Labjomasbm BafMmacg®o b Foono oomosb
bBafaenddo

2020 . 0011 0.010 0.009

2021 . 0012 001311 0.0103

2022 . 0.0105 0.010 0.009

2023 . 0.0104 0.009 0.008

zZ024 §. 0.0083 0.008 0.007

199



IIT bsg@osdemmole sdgzboghm-@gdbozm®o 3mbxgmgbios "gbgtag@ozol msbsdgpmmgg 3Gmdergdgdo
5 835000 35005%439G0L 3Bgd0", MdOWOLO, bsdstmggum, 2021 ferol 7-10 ogbolo
III International Scientific and Technological Conference "Modern problem of power engineering
and ways of solving them", Tbilisi, Georgia, June 7-10, 2021

3b®. 4-do dmEgdnwo L. ,,0g9wobol”
Lodomoggeomls 5, Labgandfogm 99d G-
LobLEgdol” Bom30l  gx39gdGH0bMdsBY dmddgoo
B9JGH™MIOOL 3O0pbmbmo  sb3z9bgdegdol
00653035 4059830300 baboo Bshgzgbgdos Bob. 1-by.

dbbgoo ILIIGOMY6IOIGOZIwO
3003560900L o300l 9x39dGH0sbMdOL  LagMHomm
0bydbol  BsdMomgoosbo  3GMbmboMgds
396bmM 309w gdMmos  bymmzbmeo bgotmbmemo
Jugegdoom. [1,12] 96356039030 50mygbgdmaros
3063000  393M(39¢gd0L Jugergdol
56940G9IBMs, GMIgeog dmagdwos bab. 2-%g.

bgmgby®o bgoHmboaemo Jugergdol
59035300L BMbd30gd0L Lobom dsdmygbadwmos:

©MyoLEGH039YO LodMOMOO:
1
X) = — 1
) = — M
30396M0MOH0 BobaqLo :
2
fx = tanh(x)= =" -1 )
Lo@OE X - EMMOL BoJEHMMO0o.
14000 o0 -
I it M U RIC e
1200 Py 2044 2
. = 20402¢ 00
Y= 10444001 dogemds gy | ‘,_,_,ﬁy g
e ws_ o wm M e N0 N1 A AB XM g
200000 -
100000 e V= STRTIN 6609 =i
000 - gn” o ; L o
; ot WM n wm w0
0 o soo— | a0g000 -
m owram wm a o
50000 0w,
’ 0183 095
. W L 018 L -’-mga:@
: i : - ofy
1000 - -O—mgoamw " y= 01806612151 o
- 0of .10 T S S B
= L2gets . @b
000 ‘ ‘ ‘ ‘ Lo wm o um w0
w0 W a3 0 oo g5 doiob
] sty
0 - | e T b
1000 i : o Bstingher 095 ; 0B gl
0500 y=0msse e W a3
bl B
m -
000 ' ' ' ! Lo gy 137 : 1318+=g0bo
00 m 00 03 204 1'27 13886 e -
w o o s oo
0300
(S5 000 oy
010 -
- v R A 3;1“:“0 wl o011 0010 ®
I S — 0053 : 0010 g_ooﬁ 0008 ol
0000 ; . . . , - y=0011%¢°™ byl
el bifgbo
m a2 w3 aw o own own g

Bob. 1. bb. ,,009@0bob” s LogdsMmZzgeml ,,babgadfogm
99dBHHMLoLEGHJIoL” JoMm30L gi39dBH0obmdIBY
9mgd9000 B5JBHMMIdOL 3MrMbmbMwo dsBz969dwgdol
0659035

P —>

P3; —=>

< e g

—= Poutput2

N

Py —> T

wi Wu

——+ Ppoutput3

Bob. 2. 3060053060 93039190l Jugergdols
6300xIOTO>

200

bgemgzbm®o Bgo®mbmaro Jugegdol
3003900 bogargds  [oMdmgdl  dgmdgdol
399393033 gd0L S5EMmMH0mTol JgLodsdolo @
BoB39bgd0s bob. 3-Bg 893MIgdol dewmz-lidgdol
Loboon:

S —
[ ——.
BaeRans

Bob. 3. bgarmgbm®o 6goHmbreo Jugergdols

930mBgoob 13213930 EIo0b bfsgegdol
3OO0l derm3-ldqds

bawmgzbm®o Byommbywo Juggdol
d900amdo  m3GH0dobozos  bgds  dmEgwosb
299035350 (33W5Oob 36033690 mdol
306030530000 Bod@™M®mgdol bbgosolbgs fmbol
239035¢0b{0obgd0m,58  [mbgdol  (335¢gds™dOL
ROHIMsl 593l 99090 Loby:

Awkj =mnek (n) xj (n)  (3)

Loog 77 - dqbimMgdol 3mgx03096¢ 00, Xi-/
RogBHMGO.

gbd. 1,2 s 3-ob 9dmbszgdgdoo s
300bmboMgdol  bgdmom  Bsdmyserodgdeo
bogwmgbymo ByoOmbaymo Jugemgdoom, dsGmzol
9539JG06MdBY dmgddgo dgabogh s
NI TgTo Rt by Tute] 33ogdBHmMqdol
239m35¢0olobgdom, 3MmI309EHIOMWo  3OMAMmTs
Neural Network XL [12] 09939md0m,
F9LEOIMEdME0S 3omM30L 98399B056MdOL
LogMomm 06gJuol bsd eeM3z500sb0 3MMAbmbo.
3G0bHoMgdoL T9gagd0 sLsbeos (3bMogn 5-
do s 3Msx3030L Lobom FoMmdmyqbowos bob. 3-
9.

3b®owo 5
L. ,,0090loL” s LogoBM3gEML ,,LobgEdFonm

993 GOMLOLEGIOL B30l 9539dGH0s6MdOL LygO M
060930l 36:0mbmbrEo 3539690 gd0(2020-2024)FF.

LbagMorm 06cgdlbo
Labgamadfosm
3mB35600 LUL.,,00gamsbo 20mad&MmmLoLEg8s
2020 §§. 276 509
2021 §§. 328 387
2022 §§. 384 555
2023 §§. 399 480
2024 §§. 433 470




IIT bsg@osdemmole sdgzboghm-@gdbozm®o 3mbxgmgbios "gbgtag@ozol msbsdgpmmgg 3Gmdergdgdo
5 835000 35005%439G0L 3Bgd0", MdOWOLO, bsdstmggum, 2021 ferol 7-10 ogbolo
III International Scientific and Technological Conference "Modern problem of power engineering
and ways of solving them", Tbilisi, Georgia, June 7-10, 2021

3b®. 5-do sbobmo dmbs3gdgdol Logmadzgwby
30030@9Mwen0 3OHMAG 535 Excel -000 0009000
LU, ,,00900L0L” s Lado®Mmgzgwml ,,abgedfiogm
999 BHOMLOLEJIOL BoMmNZz0L 99%399&H056mdOL
LogHomnm 0bggdbol L5dwg5EM3z5000560
36MHMABMBoMGOolL §M553039wo godmbobrmemgds s

9509953 0399M0 dmgwo:
600 y=-18.776x3+ 167.55x% - 43?%1953x +781.19
500 509

NN
s)

400 387

384 399

300 3 328

200 y = -5.6203x% + 72.334x + 208.91

100 =0=Uls.,,0095b0

0 Lobgedfonm gangd@®mbol@gds
2020 §f. 2021 G%. 2022 G6. 2023 §F.

Bob. 4. bb.,,009sbob s bodsMHMNZgEMU ,,bobgardfonm
993dBHOMLOLEHITOL” JsHMZ0L 9x39JEH06MdOL Laghomm
06009JLob LsdLoEM3500560 3OMPbMBOL yMsg3030

bgdmo  dmygsbowo  33wg30L 99900l
3033wgdbm@o  sboswobom 0633935,  OH™I

Lodomoggeml ,Lobgandfogm
999 BHOMLOLEYIOL” s Lb.,,009@obol " do0rm35d0
5300 5Jgl g Moy 3OMdEYIgdL.
30035609800 3egdol 3H9bgbioom bsliosmgds
oMm30L 9539JE0obMdOL FobaLBM3MIwo obgmo
RogdBHMEm9d0, OHMAMMdoEss dobos dmyqds ©o
B}mbM3Magds,  Bs8MOEM3oosd  3gMomdo
bMol  3Hgbgbaosl  0b65MPRMbgdL  Fomdmgdol
0300000090Mwgdol  doh396909¢0.506086eo
00wmomgdl  03sby, Mmd  {jdobs  dmygdol,
1mb3Mygdol Qo M300Q0MJIYgdol
o350 56 593L Jozgdwyero bobEHgdwxymo bsbosmo,
Lomsbom  9x39dEH0bMdom 86 BMOEF0YLYDS
L50639LGHOEOM 3MEWOGHO3S.

31336900 s M93magbsgogdo

1. 8bbgogro 9IIOOMIBIORIGOZNLO
3M335600L  FsMM30L  9539dBH05bMBOL  FgnsLigdols
50MLYdMEO 9900m©yd0L Lom®mdolgmwo

d93bogh o oboserobol Lo9319d39 By

300dEgdol  250sfy3g@oLodo  3md3wgdudo
doamdom 3999985390900 doOHn3z0L

99%399EH05b6mdOL 99535L900L 360abmbmwo
3B 0Bl Jomgds@ 03w dmgwo.

2. Lb.  ,o9wobol” @s  Lodo®oggeml
,»Bobgdfogm  gargdGdmbolEgdol” dmerm 10
feol  3domdol, 39960396-93bm30 3960

2024 §§.

201

9539690900l dglobgd L GoGHOLEH03MNMO
0bxm®™dsgool dobgzom  AsbLsbEzmWEos
o630l 9x9dGH0sbMdOL  ggroligdols  LsgMom
0b6@dbol Lsdsbolem LoOWYJOO, JNMIES30vIOHO
sboeobom  dg3bogyems  oagbogos ol
RodBHmemgdo,  OHMIWgdoz  9OLYdOM  Fogengbols
bbb FoMmM30L 9839dEH0sbMdSBY. FqLsdsdobo
99bGH3MWdEo0L IgoMm©Ooo  JguHIEgdEos 53
B354 BHMM900L bHTMOEIM35005b0 3MHMYPbMDO, Bgs
9 939005 D3M9dol B39bgd00.

3. 36Hmabmbomgdol domswo LoHBMLEGom ©s
Jommz0Lb  9x39dB0bmdOL  Fgxsligdol  LsgMorm
0b6@dbol MmdogdBHWOms© gobloBrgzmHol dobbom,

bowmgby®o Byo®Ombyero Juggdoom
d9LOHMEdMos 3nd35609300L, L. ,,0gwslol” s
Lodomoggemls »,Bobgandfogm
993dBHOMLOLEHIOL”  FoMm3oL  9n9dEH0sbMdOL

L59OMM 0bEYLOL BsIMYSEMZ5060 3BrMABMDBo.

4. LogdoOmggeml ,,Labgandfogm
99dBHOMLOLEJIOL” ©s UU.,,009@obol” sO30L
9539JGH056mdOL  Ggx5Lgdol  LogMmmem  0bwgduol

L53oEM3z500560  3OMABbMBoL  Logmdzgwby
©o9bomos, 98 3m3356ogdol  Fomm3zsdo
sMLYIMEO  3OMBEYIgd0,  Loss 3900l
39b9bgoom boliosmgds dsmm30L
9899BH056mdOL 2963LsBEzMgwo olymo
39dBHMOO0  OMAMOGd03ss by Fmygds o
RebM3Magds.  Ls8MeEmzoosb  3gMomdo

bMol  3H9bwgbzosl  0650RM6gdL  FoMdmgdol
03000000907 gd0l Joh39b9gdgwro.

5. 90w0sbmdsdo, Bodmyo0dgdmeos
dibgowo gwgdBHOHmabayg@ozmwo 3mddsbogdol
dsmm30L 98399 BH05b™mdOL 360HmabmbBo
3boserobHol 9600560
0900000035.89000535H900 0900039
Pomdo@gdom  godwrgds  o8mygbgdyero  0dbols
B9d0L3ogMHo FoLIE0L gegdEHM™IbyMagBH03MEo
30035600L Bo6030L 939dGH05BMdOL Fgz3sLgdsdo.

6. bogsMmggemb ,,Labgamdfogem gargd@em-

LbobEgdol” 5 Lb.,,009¢slol” doOHn30L
989dBH05bMdsdo 360HmabmbBero 3b5¢groBob
dg9yo0 39dm3wgbowo 30000 gdgd0l

3900L5(Y39¢O©  9MEOWIdIos 53 3mI3s60gdd0
©50696ml 30x3MWo 93mbmdozol 36063039d%bg
5%3dbgdwyero o nz0L 99%399&H05bmdOL
d9535L900U, 30030v39MHMEo 360HMa65000
MBOHMB39YmRowo,  gOHmosbo  3033wgdumGo
LobEgas, Go Lodwsgdsls BolEgdl MEYBOBEOOL

005639 md0m BEMWJEHMMIOL M39MG0IEXIQ
39530bmb 3MomdOL 9539dEH0bMds, Fodmagerobmls



IIT bsg@osdemmole sdgzboghm-@gdbozm®o 3mbxgmgbios "gbgtag@ozol msbsdgpmmgg 3Gmdergdgdo
5 835000 35005%439G0L 3Bgd0", MdOWOLO, bsdstmggum, 2021 ferol 7-10 ogbolo
III International Scientific and Technological Conference "Modern problem of power engineering
and ways of solving them", Tbilisi, Georgia, June 7-10, 2021

36OMdgdgdoo s doomml  Jdgomo  HBmdgdo
6030396909080 5©0IMbEgbgM M.

WOGHIOSGHOS

1.

Q3000  X9%sM0dY, bobm  yomGyodzowo,
,»B03oMmM39mb 969693030 BoEsblol

L59v)oerM3z5000560 36MHMabmBoMmgds Qo
539309357, mdowobo. 2017.

Lodomozgemls ,Bobgmdfogm
99dBHOMLoLEGHIL”  ferom®o  sMo@ol
3bgo6Mm08900 2010-2019 fargdo
http://www.gse.com.ge/new/?cat=7

L. »OJESLoL”  fewon@o 90 @EH0b
2bsM0dqd0 (2010-2019) fangdo

http://www.telasi.ge/ge/shareholders/accounting
E.A. CoBpemeHnHbIe
pesepBoB

Boprapar
KraccuprKanuu

MOOXOOBI K
IIOBBIIIEHUS
3P PEKTUBHOCTH AeATeJbHOCTH INPeNIPUATHI /
E.A. Boprapa//AsuMyT Hay4HBIX HCCIeIOBAaHUIL:
sxoHomuKa u yupasrerue. 2017. T. 6. Ne 1 (18).
C. 130-134.
Kepnesa  O.IO.
3¢ GbeKTUBHOCTD yIIpaBlIeHHUA IIPON3BOCTBEHHOM
nestensHocteio / O.J0. JKeppesa // Cuneprus
Hayxk. 2017. Ne 15.

sr6aToB B.A. Baxxenuna JI.B. Meromuueckue
MOAXOZbI K aHAIM3y U IIPOTHOSHPOBAHUIO.
PasBUTHUA TOILIMBO-9HEPTETUIECKOTO KOMILTIEKCa
B pernoHe//JKoHOMUKa perroHa. No4. 2014.

Bausauue PHCKOB Ha

202

7.

10.

11.

12.

Patuep, C.B. VYmpapieHue WHHOBAIIMIOHHBIMU

IIPOEKTAMU B OSJIEKTPOCETEBBIX KOMIIAHUIX:
treopernueckue acuekTs!l [Texcr] / C.B. Paruep,
A.A. Canpruxkosa // UasoBanyuu. 2017. Ne 7

Crenanos, A.C. MeTonyuka 1 KpUTEPUH OLIEHKU

3bGdeKTUBHOCTH yIPaBIeHUSA XO3IHCTBEHHOH

eATeTbHOCTHIO TIPOM3BO/ICTBEHHOU
opraumsaumu/ A.C.  CremanoB //BectHuxk
IloBomkcKkoit aKageMuunu roCyAapCTBeHHOMI

cryx6s1. 2015. Ne 3.

Felix G., Riggs ]. Productivity measurement by
Objectives-National Productivity Review, Vol.2
No 4, 1983.Riggs J. Felix G. Productivity by
objectives.- Prentice Hall, 1983.
ITporuosupoBaHue U IIAHUPOBAHKE SKOHOMUKU
I''A.Kangaypos, B. Y. bopuces.Munck. 2005. B.
N 4.

Metops IIPOrHO3HOM SKCTPAIOIALUHL.
[DneKTpOHHBIH pecypc]. URL:
http://www.studfiles.ru/preview/5275512/page:7
/. (mara oopamenus 23.09.2016).
http://neuroxl.com/products/excel-forecasting-
software/neuroxl-predictor.htm.


http://www.gse.com.ge/new/?cat=7
http://www.telasi.ge/ge/shareholders/accounting

IIT bsghosdmmolem bsdgsboghm-@gdbozm®o 3mbxagmgbaos "gbgMagdo 3ol 0sbsdgmmgg 3Hmdergdgdo
©>5 3500 33003§939G0L 3Bgdo", MdOEWOLO, bagsBmggem, 2021 fiemol 7-10 ogbolo
III International Scientific and Technological Conference "Modern problem of power engineering
and ways of solving them", Thbilisi, Georgia, June 7-10, 2021

99dGOMIMfgmdoEmdgdoL 49330990 LsGgdmbEHM Lsdwdsmgdol bstxmsmcogbzol
0906005 5 3M5gdBH03o

@O0 3mFMM030@0, §3mbmdo30l 39360909850 39600, 5350700 MIGHMMO,

Lod. $9gb03wgemo 16039MLoE G0, J.0dowobLO, LadsOmzgerm, e-mail: Lalibochorischvili@yahoo.com.
0505 BOEPO30EOL, 53509F0MM0 OMIBHMOO0, sLOLE. 3OMMRILMGO.

Lod. $9gb03wgeo «bo39MLoGYGH0, J.00d0wwobo, LodsOmggem, t.filippidis@gtu.ge

356565 00mBMH0s, §3mbmdozol I93bogmgdoms 35600, 5350g30vMHO mJEHMMO,

Lod. $9db0396m0 M6039MLoGYGH0, J.0d0wOobO, LodsOmzgerm, e-mail: mananatopurial 9@gmail.com.

3bm@GOE0s.  dmpgdencmos bstgdembder bsd=dscmgbol d0s039¢m8000 s¢0G0o3bz0b, sbsbstyoms dstoz0l
otbo, Jdobsbo s 0s30L9879698980. 3sbbogreycmos bsps®8ml  gengdd®mmfymocrmbol bst9802b¢h
Us829850b 3005090356006 3026699360980, ©@s65b5(X 980l B30, g9 58 Jmdlbsbry980b gt09-9e70l
0930000069829¢980b  35¢1379¢13300l G9000©980, 306303960 ©s BgFb0zs, Bmdgerop bsghorsdm@mobm

3O59H035T0 P563s59600 35920996980.

153356dm Lo@Yzgdo: JEIHAGIMPYIBOPMBs, 0GOSO bsds5em98980, 33907, ©3893035. GgdmbHo,

botacorsmmoibgs.

Theory and practice of electrical equipment repair cost planning
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Annotation. The article gives the essence, purpose and features of management accounting of repair works, cost
management. Concepts of classification of electrical equipment repair work of the enterprise, cost function, as
well as methods, principles and techniques for calculating the cost of this service unit, which are successfully

used in international practice, are discussed.
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The Program for Accounting and Auditing of Fixed Assets of an Energy Enterprise in Accordance
with Modern Requirements
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Annotation. Actuality of the questions in the current work conditioned by the place of energetics in the country's economy,
the close connection of all the participants of the market, the need to improve the accounting and financial control of
enterprises. The article presents a program for auditing the fixed assets of a particular energy enterprise. The program
includes fixed assets recognition, periodic verification and control, storage, movement, depreciation accrual, which is
considered one of the main values of cost accounting, etc. The audit prepared conclusions and recommendations for
management to address irregularities and deficiencies that affect financial results and the reliability and relevance of
financial statements.

Keywords: audit, program, fixed assets, depreciation, energy, financial reporting.
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Analysis of the effectiveness of the introduction of smart grids in large energy consumers,
problems and ways to solve them

Shota Kochadze, doctoral student,
Georgian Technical University, Thilisi, Georgia, e-mail: shota.kochadze@telasi.ge

Annotation. Based on the results of experimental studies, it is argued that the smart grid project is undoubtedly very
interesting, as it allows to save a large amount of electricity, but in Georgia it can be fully implemented in 5 or 10 years.
Currently, the installation of smart meters in Georgia has started by JSC "Telasi" only with three-phase customers
(commercial customers), which records the amount of electricity consumed by the customer, which is already a step
forward for innovation in the field of energy.

Keywords: Smart grid, smart counters, smart distribution, new technologies, pros and cons.

8gbsgsgro. 3330560 Jugero gOm3bY@w  ©d 3330960 Jugwo oMo 93ea3©gds
LSgOMSTIMOOLM  mbyby  9bgmMLoLE9dgdol 999GHOMabgmaool §o6dmgdsdo QOO
AWMBIWNMHO 5 GJJdMmEMmyom®o asbz0maMgdol 9mEMmdol 2sbsbangdso gbgMaool fgsmmgdol
Lobgefmegdss  d394bgdolimzol, Jowrsdgdolimgols 063930530000 (s 965 dbemErm) 25dmfzgme
o 99dBHHMabgMyool (39390 (3300 9090L. LoFo®Mmms GMI 45s93gdo LobEgds
9 dbdoMgdegdolo;mzob. MROHM ©0bggHmL.

3330960 Jowo 9 IHO™IBIOHOL »3330960% Jgargdol 3mbEgBEos 3039w
o6Bmgdol,  aoo3gdolbs s dmbdaMgdol 10 ool ob  ogm  Go@mdmpgbowo s
93¢ 05GHw6 Jugel Homdmoygbl. 299mBgbolmsbogg oo Imfmbgds ©o0dlobwyMs.

3330960  dJugewo  ,,3330960°  Lob@gdss, bsgbol  ¢3gEHglemdsd ©o0bsby, OMI  sboew
O@Igwbsg  9gmderos  z30m00mbo@mMobaol JU9ad0o, d39wmsb Ggsmgdom 360d3bqwmzbsco
30Bbmdi0gwads ©s  Jugerol  Bgdoldog®o 249999x mdYLGOE00S.
dmbsfoeols Abgoglo 965000l Fobagbs, sbgzg 9JL3gM@ 900, 05305600 99935b9d0LsL
9839dGHIOMBOL, ©bs3oMygdoLs s 93mbmdozm®o 500md76, M™I ,333006“ 3H9dbmarmaogdl bs3dsmo
LoM3gO056MdOL 69d0LdogHo 3mombom 396L397EH0E0 ITs350 9g3m. VYL, »F330960°
99dBHmMabgeaool  Fomdmgdols ©s gosEgdol Jbgegdol dsHOMOL 296300050900l 3mEH 6300
F9Lobgd LEo 0bxgMMIs300l dofimegds. 9953590 geos 450 deME. mEstom, 2020

333096 Jugeb 929d@0s 989IANOIQ 033 fiwobogob.

0530 ©5 0935 90EPJL LoLEHIIOL Tod@odwGo bsdvydsml  doBbsbo. Lsdmoml  Jobsbl
3999950005MmdOL 5 5MIPYMOPMIOL, d969dH030 §om8moygbl Albgow  gbgMamdmdbdstgdwmqddo
353U GHOMAGO0LS O 2909 LEROMYJIOIOL EOHMU. 3330960  Jugargdol  sbgmazol  9i39d@0sbmdoL

56@0%o, 3OMBdWIIIBO ©s Mo Fosfiy39E oL

215



IIT LgHMedmGobm bsdgEbogHm-Ggdbogn®mo 3Mbngmgbios "9bgmagE a0l Msbsdgrmmgy 3Mmdagdgdo
5 35000 5005%9393 0L 3Bgd0", MBdoolo, Lsgshmggmm, 2021 ol 7-10 ogbolio
III International Scientific and Technological Conference "Modern problem of power engineering
and ways of solving them", Thbilisi, Georgia, June 7-10, 2021

3bg9%0. 3330060 Jugergdol 3OMgIGHo MEI3ME
doe00b Loob@GgMglics, o506 QOO

6omEgbmdom  gagdBHMmgbgMaool  sbmyzol
L5FMOEgdSL 0335, Boa®d LodsGmzgwmdo dolo

2396bmM309wgds LOHMos 5 96 10 Fogwrofsdo
F9L5dgdg0s. 505005 Lodo®mggermdo 3330560

d6o@bggegdol  dmb@ogo  ©ofygdmeos  LL
»OJESLOL dog® dbmem Lodgabs
00Mb96¢g0msb(3mIgh o dmIbBsMgdgdmsb),
O0Igog  s0Moabogl  ImdbdoMgderol  doge
9mbdsMgde  gangdBHmmgbgmaool Loddseeg®al,
M3 339  §ob  20000admwos  Bsdoxos
96963930306 LEgOMTo 0bmgsgoolomzol. 56
bs 53353009l O™ 3GMgJBHo dow0sb o
bobxgomobss 93530060930, Mog  GHoMoROL
LogMdbMmdWs  A3BOEIL  MBOHYbggwYmRL. s
943900x83MoLm30L  Bz9bo  dmlsbergmds dbs o6
5oL, LyFOOMS OMI  FoEs0EYPIL  AOsHBOYPIMO

Bodoxgdo Q5 390853090 360Hm9dBHgooL
2396bmM309wgdol  agado. 053053003905
dgodegds  Mmd 3330060  Jugol  LobiEgdgdo
9mgfyml o  LofoMmBmgddo,  MHMIGOLSE3

039 gdsm LosMMOM030 BHoM0xgdo. 3330560
Jugeol dmfigmds s® 60dbogl FodGH™  BHomogol
20BOIL s F3305060 IOMb3Wgdol oYygbgodsl,
59 @OHMUL LoFOMMs,MHMI My obgdTs 9g0dobmb oligomo
999 GHOMIMFYNMd0EMdJO0 OHIgdog
333G 31Fomdol Mg:100900 gosBbosm s
053538060909bo 50056 Jugemsb. sligmo @gdbogzs
®300Mmb 030l Mv) MHMEOLYS JBYEPo Y39 By
Bo3mgds®  @IGH300mMo @S LHmGg 95806
ofyodL R[S MOt 1530MHMGOOLSOM. 50
943909x8O00  sLYFNMOZOO OO  MIbbgdos
LoFotMm, MoLEZ0LsE BmbobeErgmds dbs@ 96 sGoL
939996580 99ddboewo  bmEoswM-93mbmdozmmo
B55dGHMMH0b 59mIE0bseY.

B3960 d3994bol mog®mmdol  dmogtglis
s0m3sbs mbgos 0qoL dmbobergmdol
Lsdbobmgdom  MHBOMBggymas s Mg
d90dagds  653wado  2530M390o  4399sbsdo.
MHMEQLSE MbsbeErgmds gobsblmMa dBow 0gbgds
96963m 30335609003 990¢gd9b 2506 olbgmo
Bsdoxgoo, OHMmIwmadoi  Godsmwo  0dbgds
3330960 Jugarol gbsgdbgarsco.

»3330960°  9mfymdoemds
Bofoolpob:  JoMsdot  IMogbgzgmo  ©o
3MmbAHOMEgMmo,  OHMIgwog  35Lvbolidygdgwos
0683mM5300L  gos3gdsby dbmawom Jugerdo.gls
M0 296Lbgze39990 9mfgmdoEMdss.
3MBGHOME9MHOL ©oygbgdol ®s9gbody 35M056E0

9903905 ™GO

216

5MLYOMBL.gMMO FoAB0 5MHOL gosd(39d0 demzol
53mbE)5:905 395 Mo dMoEbggwdo.gl
350056GH0  Logzdom@  dz06M05 s oM3 ol
mlobg®bgdgE0s, 590GMA 080 dog05b 08300m5©
24900m094qbgdos.boddg 085805,  OGm3  Loberdo
dgodgds  ogmlb  Msdmgbodg  dMoibzgwro,
052505, 53MmbGHOHMEMb gurgdBHMmgbgdaool,
Pgol o ool BmbIotgdab.gomg  IMEEHO
Agbobggen  3mbGOMEgOL  Gog  dgqbgds,
39200000 ©9353d0MOM®  g3zges  IHoEbzgeo
006580.9m{igmd0mdgdol  dmoegzsmo  dmmbmgzbs
d990gg00: Mbs  ogmb s FMG300
003996 259mFs35¢0m, MHMIol 9933903
bm®E3ogegds  30oEbgzgaol  30bGHOMEgOH ™Mb
393006 0. dmdbotqdeols Bggbgdgdol dgammazgdols
@5  0gbsbgol  LgMgzgMgdoo  asbogdE0s
dmbsggdms  b3gEosw e  396G®gddo (oG-
395@®90d0). 0mbs3gdms 3905(3990L
3MbEHOMEIM0 250L39aL dMbs3gdgdL Lowybosbo
5 3909  $9dbmermaogdol  asdmygbgdom,
2bg3g  3mBdoboMGdMo  dgmmom. dmbsizgdoms
2390053990l Y39wsBg sbsdgdmgg , sMGH030 s
0530 3Bo 5MHOL 3509 M 3b6BHOMEYM0.3MM39L0
bmOEogmogds d98gao  gho - ghoo
399bmmaool 459mygbgdoom:

1. GPRS - 3538060  bmME0900©qds
B39Mwad@ogo  SIM  BdoMoool  bodwmowgdom,

MHmIgeby3 999000350 Mbs Psosbmom rwwo,
dmdoEMHog300m. o0 dgdmbggzsdo, 0bxm®Isgos

obobo

bgM39ODg  A9IEOL  LsbMPsMIPIM0Z3 B0FMMO
Jugobl LodsEgdom. 53 3gdbmemaool sGbgzol
8900007 Jugerob
M3965GHMM0L bastolbols
239035¢0L{obgds (sbarsg 30 9GOl ol sEyowgdo,

doewosb  96033bqwmgsbos

33Mbo3sgools

15053 8MBdOWMMO JugEro 56 bgrdolsfromos).

2. LPWAN - $9dbmemaos docwosh §ooaogl
GPRS-U, 353650 m36Hm 653amgd 969Gl botrxsgl.
00 B9dbmmmgool  o8mygbgdom  Imbsizgdgdols
3905539950,008(mgdgds 9 Mgaombdo wbws
55496l B3MmM0 B3gEosw Mo 56ds,HMIgEos
3MbBHOME9mHgdOL bgM39M6
Q51535300MgdWS, M53 L30oMmE dZ30605.853650
9L BA9dbmemyos 43593l Ladwoegdsl 10-20 30
o030 1530500 QOO 50mbols
©OB5M39L.25M B39Mwgdcog 50
3996m@Mmaosl  59gbgd9b  domgaro  Loberobmgol,

dgddbocros

530U,



IIT LgHMedmGobm bsdgEbogHm-Ggdbogn®mo 3Mbngmgbios "9bgmagE a0l Msbsdgrmmgy 3Mmdagdgdo
5 35000 5005%9393 0L 3Bgd0", MBdoolo, Lsgshmggmm, 2021 ol 7-10 ogbolio
III International Scientific and Technological Conference "Modern problem of power engineering
and ways of solving them", Thbilisi, Georgia, June 7-10, 2021

053050 53 005 608653L,0Hm3  IMTbIoMgdgEls
9B g3560 506 g469ds.

3. Wi-Fi-gb 39dbmmaos 590:0005690L mMo
fobs  1306M5BHLMdOL  M30MOGILMBIL.  IBIWO
969600l ImbToMgdol  o8m,  3MbEGHOMEYOHIOL
009905mb  dsBMgoL
3o my0s
dmbobgMbgdgeo s Loodgms.

999dosm  MLs3ObmE

969605y  6-12  mg9. 0530,

AucTaHUmMOoHHbIN c60p NOKasaHuiA
C INEKTPOCHETYMKOB

DN |

Wi-Fi poytep

WHepHer-cepsep

[ g

Bob. 1. obBobEowma h39b9dgdOL Smgds
dM03b39wgd0LAH

YMHbI KOHTpOANED

3336980

©OLOdNMMGIM0s,  MmI ,3330560 Jugaro
300000905  35MBJ3900L  4o6qdy, MoEysb ol
dbmbl  yggzgms  s0b@gMglgdmer  dbotgl:
0mfm©gdgee  3m33560938L  Imbfimbor  Jugarols
31bJ30mboMgdolmgzol bsFoMHm bo®xgdol
39930609008 ©s  9bgMAMIMbIsMgdol  FsMrmnzol
0099  93MMmagdL  Mbsm  25bsbargdso
96960900L  0bBHgaMomgds  Jugwdo s sdom
9696395397 GOMdOL LG0T OMmGOS;
0omIMgdgdL Mbsm bgalbsfymgdol 4s94o3s;
™3905GHMMGOL Mbom Hobolfot go0amb bmendg
909dBHOMo  2500033980L  Tglobgd, HMIwgdo3

OO  mbby  Mxgds  Lobgwdfommb. gL
9600D0sBdo oMzl 00 Fo@Ju, O™ SOE gOMNo

0©IMEIMA05 50 5MOL 9339, HMI 93MEMY0sDY 56
LormdOMOdEIL. ©s LHmGgE gl G0l 3OMdgds:
36530l dg9Hbgd0s 0530, FoLoggdsE s9bLBY, HMa
MoGHMmd 5oL gl 439WORIOO 39MHH0 MZOMMIIO
B3063960Lm3z0U.

©O9L-EEIMd0m, 8mdfmEgdgwro 3033560900
39005000050 ,HJo MO OHMOL BMH0RIODY, Mo

Bodbogl 005l GMI  FMTHIsMGIEIOL  Joz0L
Los0gddo, dgBob 230obs derfigz0.
09nO0MWs©E,  dmdbIsmgdewgdl  dgdwwosm

217

50 9fjymdOMBGOL 59300 Fo05¢0 Bobio:dogen
LodoMM3gMlL  253M0EbZ0bMdSL  LFoM©gds
§obobfot aomzgaroo 100-120 d¢rb mes®o;

2MEOWgdgE0s  Imfiymdowmdgdby  fomds
Jmbgl 853mbEGHMMEYdg Fo®sm335¢0R0EOWE
396LMbOL, HMIGO 53mbGHOMEYd96 Tmdgdol
0m85mdILs;

SMBOWIOGE0S  QOEO  BIMOGH™OHOOOL
LGodoEOHO 0b6@9mbg@om QOBIMZS
3MbEHOME9m9d0L Loodgm 3Jomdolomgzol;

oyob  IP-  Fobods®mgdol  Mom@9bmds
3603dbgmgboom 250DMOIdY, L5FOOHMIOL
500096009 9dwsgz® LgM3z9M9dL,OHMI 0bxzm®mdsgos
QIGEME0 O MBIBOMbM 0gmU;

080L gs8m ,mmd dogeo 0bxgm®mTs3gos 0dbgds
9570980,LsFoM™ 3obgds o0

063006853000 335 bo3aM Mo 89393900Lgsb.
M0 LodoMmnzggermdo  dmbobegmdolamgol

on-line

©o0fymlb  ,3330060“  IMOEHL3gEgdOL  ©sygbgds
LoFoMms M59m@bodg 3ommdolb dgltrmargds:

SMBOWIGOIE0S LobBogmm sbowo
»0096M393 030U, NS IOIAORE Yy telol Qo
29b65begdso  gbgMaool® 3obmbol dowmgds, ™I
1999305,  396Mmbosb  As0MmBobsty,  FoowmUL
Bn®3sGHomaro s3390o0.

55949bmb sbogro dmfiymdoEwmdgdo 56 4o8moygbmb
obobo @Ol bbgs dmbszggmdo, TogMsd d93GL
000906 56 543L LodMogds F9dbozol Asbobergdols
Q0 91939 Bomo BbZs MM gsdmygbgdols.
Lododmggwmdo,  Mmam®3  9bgMygEHozol
1530BOLEHOML  HoMmTMTsY)bgeds  2obsiEbos,
»33309060% IM0(3b3ggd0L ©sY)6gds Ix©Ids 100-
120 9¢b. @MwsMo, Moz GMoxndo Bs0©Ids ©S
9lobergmdsl dcmwfiggl Jolo Aosbe.

0530096  IMoEbzgado  ©sdMbESx©gds
0@ LsfomBmgddo, Mo Lodwgowgdsl Jobgdl doom
083MmdEgdl  sdom  25s0FEHBMb  Lsdmdom
Losongdo. gl gfomo  dbGog  Jgsmgdom
Q59053bLdL  Jugenls, Toa®sd TdgmEg  dbMog
0098539  39OLMbSEL  sMdodEgds IO,
oys6 ©sdom mfjggod  MTomds.  LodmEm™
%5000, 200m©OL MMd sMBg3560 330fg3L LobEgdol
dmdbomdslis s B39bL MLsg@Mbmmadsls ImMob.

@OGIOGYGS

1. Lado®mgganmb Labgwdfogm gangd@®mbol@gds

gse.com.ge

2. gb3™m esco.ge

3. What role does the aggregator play in balancing
the grid?


https://fortress.wa.gov/ecy/publications/publications/91br023.pdf
https://fortress.wa.gov/ecy/publications/publications/91br023.pdf
https://fortress.wa.gov/ecy/publications/publications/91br023.pdf
https://fortress.wa.gov/ecy/publications/publications/91br023.pdf
https://fortress.wa.gov/ecy/publications/publications/91br023.pdf
file:///C:/Users/PC/AppData/Local/Temp/Rar$DIa0.762/What%20role%20does%20the%20aggregator%20play%20in%20balancing%20the%20grid%3f%20https:/www.theagilityeffect.com/en/article/role-aggregator-play-balancing-grid/
file:///C:/Users/PC/AppData/Local/Temp/Rar$DIa0.762/What%20role%20does%20the%20aggregator%20play%20in%20balancing%20the%20grid%3f%20https:/www.theagilityeffect.com/en/article/role-aggregator-play-balancing-grid/

IIT LgHMedmGobm bsdgEbogHm-Ggdbogn®mo 3Mbngmgbios "9bgmagE a0l Msbsdgrmmgy 3Mmdagdgdo
5 35000 5005%9393 0L 3Bgd0", MBdoolo, Lsgshmggmm, 2021 ol 7-10 ogbolio
III International Scientific and Technological Conference "Modern problem of power engineering
and ways of solving them", Thbilisi, Georgia, June 7-10, 2021

https://www.theagilityeffect.com/en/article/role-
aggregator-play-balancing-grid/

4. The Value of Aggregators in Electricity Systems.
https://energy.mit.edu/wp-
content/uploads/2016/01/CEEPR_WP_2016-
001.pdf

5. AGGREGATORS INNOVATION LANDSCAPE
BRIEF.

6.https://www.irena.org//media/Files/IRENA/Agency
/Publication/2019/Feb/IRENA_Landscape_Aggreg
ators_2019.pdf?la=en&hash=388 A36E4EB2723D2
324C4B08329055F3121FD534

7. Smart Grid Wide Area Monitoring, Protection and
Control.
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Underground gas storage — a strategic object of the Country
The Approximate method for determining the pressure in the field of underground gas storage

Dimitri Namgaladze Doctor of Science, Professor

Georgian Technical University, Thilisi, Georgia, Email: d.namgaladze@gmail.com
Ketevan Berikashvili, doctoral student,

Georgian Technical University, Thilisi, Georgia Email k.berikashvili@gmail.com

Annotation. Georgia has a plan to construct a gas storage facility on an empty, refined oil field in the southern arch of
municipality near Thilisi, Capital of Georgia. It will be able to store up to 300 million cubic meters of gas. With the
construction of an underground gas reservoir, the country will receive a strategic facility that provides energy security.
The aim of the paper is to determine the pressure in the underground gas storage field and its method close to 0. One of
the parameters of the underground gas reservoir is discussed, namely the gas compression factor and the result obtained
by the approximate calculation method.

Keywords: underground gas storage, natural gas, pressure in the storage field, optimization.
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