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POSSIBILITIES OF IMPLEMENTING HYDRO-ACCUMULATING POWER PLANTS IN
GEORGIA.

G. Khelidze, B. Pipia, N. Kvirkvelia.

"Energy''. Ne3-4(103-104). 2022. Thilisi. p. 12-19. geo. sum geo. engl. rus.

Hydro-accumulated power plants (HAPP) have long been operating around the world as one of
the best energy-saving technologies. There is no HAPP in Georgia yet, however preliminary
design and research works are being carried out for its implementation which is important for
ensuring that the peak energy demand is met with one's own resources. The dynamics and trends
of HAPP development, operations modes of HAPP in the energy system as well as the role of
HAPPs in terms of integration of unstable renewable energy producers into the energy system are
discussed. In addition, the prospects for the implementation of HAPP considering the target
model of the electric energy market in Georgia are investigated.

1. 2, bibl. 9.

BO3MOXKHOCTHU OCYHWECTBJEHUS TNIPOAKKYMYJIUPYHOIIUX
SJEKTPOCTAHIIUAM B I'PY3HU.

I'Xenuoze, b.Ilunua, H.Keupxeenus.

"Iueprus'. Ne3-4 (103-104). 2022. Touaucu. ¢. 12-19. rpys. ped. rpys. aHr.i. pyc.

I'mapoakkymynupyomue 3iaekrpocranuun (AJ3C) naBHo padoralor B Mupe, fIBJIAACH
OJHMMH H3 JIYYIIMX JHEProoXpaHsiloIIMX TexHoJoruii. B Hacrosimee Bpemsi B I'py3sum He
¢pyaxkomonnpyer I'ADC, ogHako BeayTcs TNpeABapuTeIbHbIe TMPOEKTHO-UCCIEAOBATEIbCKHE
padoThl sl HX CO3JaHHs, YTO HMeeT Ba)KHOe 3HAYeHUe [Js olecreyeHUs] NOKPBITHA
cOOCTBEHHBIMHU CHJIAMH NMOTPEOHOCTH B MMKOBOH 3Hepruii. PaccMoTpeHbI BONMPOCHl AUHAMHKH H
TenaeHuun pasputusas ['ADC, pe:xkumMoB padoThl B JHepreTHYeCKOl cHcTeMe, a TaK/Ke POJH
I'A3C B wuHTerpanum TPOU3BOAHWTENCH HecTAOMIbHOH, BO300HOB/IAEMON JHepruu B
HepreTnyeckylo cucremy. HcciaenoBanbl nepcnekTuBbl BHeApeHust 'ADC B cTpaHe ¢ yuéTrom
1eJIeBoil MO/Ie/IH 3JIeKTPOIHEPreTHYECKOr0 PhIHKA.

Hnn. 2, ium. 9 nase.
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PECULIARITIES OF INSTALLATION OF FIBERGLASS REINFORCED PLASTIC PIPES
(GRP) IN HYDRO POWER PLANT (HPP) PRESSURE SYSTEMS

L. Shatakishvili, N. Kikacheishvili, M. Mardaleishvili, J. Kvachantiradze.

"Energy'. Ne3-4(103-104). 2022. Thilisi. p. 20-27. geo. sum geo. engl. rus.

Use of the fiberglass reinforced plastic (GRP) pipes in the pressure systems of HPPs has been
started for more than two decades worldwide, and even an increasing trend of using these pipes,
including at the hydropower facilities of Georgia, is observed at present. Pressure pipelines are
highly responsible structures therefore it is relevant to study the issues of the use of GRP pipes as
turbine pipelines of HPPs and the peculiarities of the installation of this type of pipes. The issues of
correctly conducting the installation works ensuring a long-term reliable operation of the
mentioned pipes are reviewed.

I1. 10, bibl. 6.

OCOBEHHOCTHU MOHTAXA CTEKJ/IOIINIACTUKOBBIX TPYB B HAITIOPHBIX
CUCTEMAX I'IC.

JI. Hlamaxuweunu, H Kukaueuweunu, M.Mapoaneuwsunu, /[oic.Keauanmupaose.
"Iueprus'. Ne3-4 (103-104). 2022. Tomnucu. c¢. 20-27. rpy3. ped. rpy3. anrJj. pyc.

IIpumenenue cTekI0ILI1acTHKOBBIX TPYO (GRP) B MupoBOoM Maciurade Hayajaoch 6osee 20 jger
Ha3aa. CeroaHsi oTMedaercsi Bce Bo3pacTamomasi TeHAEHIUsI UX MCIOJIb30BaHNs, B TOM YHCJe HA
ruApo3HepreTuyeckux oodnekrax I['py3un. HamopHble TpyOoONpoBOabI O4YeHb OTBETCTBEHHbIE
COOpY:KEeHHsl, MOITOMY AaKTyaJbHO H3y4YeHHE BOMPocoB crnemuduunoctu motaxka GRP Tpyo B
KayecTBe TYPOUHHBIX BogoBoa0B I'DC. PaccMOTpeHbI BONPOCHI KOPPEKTHOTO BelAeHHsI padoT nmpu
monTaxke GRP Tpy0, o0ecneynBaOmIMX UX HAAEKHYIO IKCILTYaTAIUIO HA I0JTOCPOYHBIH MePUOI.
Hnn. 10, ium. 6 nase.
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CALCULATION OF ENVIRONMENTAL HYDROPOWER POTENTIAL ON THE
EXAMPLE OF THE TSKHENISTSKALI RIVER.

B. Pipia, M. Mardaleishvili, G.Tsivkarashvili, N. Kikacheishvili, T. Shoshiashvili.
"Energy''. Ne3-4(103-104). 2022. Thilisi. p. 28-34. geo. sum geo. engl. rus.

When calculating the hydropower potential of rivers, it is important to consider the amount
of ecological flow from the hydropower facilities downstream. This creates opportunity to
determine the actual hydropower potential, which can be used in line with environmental
requirements. For this purpose, according to the method developed by us, the calculation of
environmental water consumption and it’s corresponding ecologically appropriate hydropower
potential at the intersection of river Tskhenistskali Rtskhmeluri HS has been carried out.

11. 1, tabl. 2, bibl. 10.

PACYET NPUPOJOOXPAHHOI'O TNAPOSHEPTETHYECKOI'O IOTEHIIUAJIA HA
INPUMEPE P. HIXEHUCLKAJIN.

b. Iunua, M. Mapoaneuweunu, I'. l{uexapaweunu, H. Kuxaueuweunu, T. Illowmuaweunu.
"Iueprus'. Ne3-4 (103-104). 2022. Touaucu. ¢. 28-34. rpys. ped. rpys. aHri. pyc.

Ilpn pacuere IuIPOIHEPreTHYECKOI0 MOTEHUMATA PEK BAXKHO YUYMTBHIBATH BeJHYHHY
IKOJOTMYeCKOro MOMycKa BOAbI B HWKHMI Obed) M3 THMIpPO3HEPreTHYECKHX O00LEKTOB. JTO
NMO3BOJIAeT ONMpeNeJUTh peajlbHbI THAPOIHEPreTHYECKHil MOTEHIHMAJ, KOTOPBIA MOKeT ObITh
HCIOJb30BAH MPH COOJIIOJEHMH NPUPONOOXPAHHBLIX TpeOoBaHuil. C 3TOil UHeJbI0 1O
pa3padoTaHHOMY HAMM MeTOIYy MpPOBeJeH pacyeT 3KOJOIMYeCKOro pacxoia BoAbl H COOTBETCTBY-
OIIEr0o €My  JKOJOIMYeCKH  IeJIecOOOpa3sHOr0  T'MIPOIHEPreTHYeCKOro  NOTEHIHAJIA
p-Lixenucukaau B cteope Puxmenypu.

Hnn. 1, maon. 2, num. 10 nase.
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AUTOMATED TEST-DIAGNOSTIC SYSTEMS FOR QUALITY AND MANAGEMENT
CONTROL OF ASYNCHRONOUS MOTORS USING COMPUTER EQUIPMENT.

T. Kokhreidze. D. Makandarashvili.

"Energy''. Ne3-4(103-104). 2022. Thilisi. p. 35-41. geo. sum geo. engl. rus.

Automated test-diagnostic systems for quality and management control of asynchronous motors
using computer equipment are reviewed. The following have been processed: block diagram of
the algorithm for controlling the nominal indicators of the asynchronous motors with short-
circuited rotor according to the values of the idle current and losses, short-circuit current and
losses; block diagram of the algorithm for diagnosing the causes of disruptions in the
technological processes of manufacturing asynchronous motors. Tuning and diagnosis of the
asynchronous motors are carried out according to the processed block diagrams by processing
the results of measurement parameters of idle and short-circuit modes.

1. 3, bibl. 3.

ABTOMATHU3NPOBAHHBIE UCIIBITATEJIBHO-IUATHOCTHYECKUE CUCTEMBI JJIS1
KOHTPOJISA M YINPABJEHUSI KAYECTBOM ACHHXPOHHBIX JIBUTATEJEH C
HCIOJIb30BAHUEM KOMITBIOTEPHOM TEXHUKH.

T. Koxpeuose, /I. Maxanoapawieunu.
"Iueprus'. Ne3-4 (103-104). 2022. Touaucu. ¢. 35-41. rpys. ped. rpys. aHri. pyc.

PaccmaTpuBaloTcsi aBTOMATU3HPOBAHHbIE HCMBITATEIHLHO-IUATHOCTHYECKHE CHCTEMbI 115
KOHTPOJII ¥ YyNpaBJeHUsl KayecTBOM AaCHHXPOHHBLIX [BUraTejieil ¢ WCNOJIb30BaHHEM
KOMIBIOTEpPHOH TexHUKH. Pa3padoraHbl: 0JIOK-CXeMa aJropuTMa KOHTPOJISI HOMMHAJIbHBIX
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NPUYUH HAPYIIEHUs] TEXHOJOIMYeCKOro npouecca U3roToBJeHUsl ACHHXPOHHBIX ABUrarteseii. Ha
OCHOBE JIOTMYECKOr0 aHaJu3a BblIeJeHHbIb MO0 3TOMY aJIrOpUTMy MNpHU3HAKaM Opaka
CONMOCTABJISIIOTCH TEXHOJIOTH4YeCKHe MPUYNHbI Opaka.
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dobggom. dgmeMg dbMog, IbgE3gemdsdo wbos dogormm, MM Fomomgdmmwo Bw3zsGO
o6 5oL goMsbBHos 80b0dsero bs3sghm MMIBMLO, o0 BMzsMOL IEyMIsMgMds
©53M300090os 365 FoMGHM Ls3sghm Mmghml Loog®y. sdo@dmd «ddo bgwwol gbols

bmgsMo, 8060dsgmGo  360836gmdols  dobggom (bsbo CA  Bsb. 3) gobgobowmm
HMOE 300HMI0MO.

LO0dIBGSSES TS

L. 3mbégodg . gegdGHHmImfymdogmdgdol a58maEgdols s 3mbGHMMmEOol dgmmEgdo ©s
153v95¢099900. d0Erolo, LsasdmIE3gdeem bobeo ,,Ggdbogzm®o vboggdlodgdo®. 2013,
33-178.

2. Korenenen H.®., AxumoBa H.A. AntoHoB M.B. HUcnbiTaHusl, IKCIJIyaTauuss U PEMOHT
ekTpuuecknx MammH. M.: Axkanemust. 2003.
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DETERMINATION OF COMPLIANCE OF NOMINAL INDICATORS WITH STANDARD
REQUIREMENTS ACCORDING TO THE RESULTS OF THE ACCEPTANCE-TRANSFER
TESTS OF ASYNCHRONOUS MOTORS.

T. Kokhreidze, D. Makandarashvili.

"Energy''. Ne3-4(103-104). 2022. Thilisi. p. 42-51. geo. sum geo. engl. rus.

Determination of the compliance of nominal indicators with standard requirements according to
the results of the acceptance-transfer tests of asynchronous motors is elaborated. Relationship of
the nominal indicators with the acceptance-transfer test parameters is established. The range of
the permissible values for the short-circuit and idle current is defined, which is very important
for diagnosing the violation of technological processes according to the results of asynchronous
motor tests.

11. 4, bibl. 3.
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OIIPEJIEJIEHUE COOTBETCTBHUA HOMMHAJIBHBIX TMMOKA3ATEJEN
ACHUHXPOHHBIX JABUI' ATEJIE TPEBOBAHUSIM CTAHIAPTOB 110 PE3YJbTATAM
MPUEMO-CJIATOYHBIX UCITBITAHUI.

T. Koxpeuose, /I. Maxanoapawieunu.

"Iueprus'. Ne3-4 (103-104). 2022. Tonnucu. ¢. 42-51 rpys. ped. rpys. aHri. pyc.

Pa3paGorano omnpenesieHMe COOTBETCTBMA HOMHUHAJIBLHBIX MoOKAa3aTejeil aCHHXPOHHBIX
ABMraTejiedl TpPeO0OBAHHAM CTAHAAPTOB MO Ppe3yJbTaTaM MPHEMO-CAATOYHBLIX MCHbITAHUM.
YcraHoBieHa CBSI3b ¢ HOMHUHAJIBHBIMHU MOKA3aTeJsIMH € NapaMeTPpaMH MPUEMO-CAATOYHBIX
ucnpiTanuii. OmnpenesieHbl JOMYyCTUMbIE 30HbI JJs TOKOB XOJOCTOI0 X042 H KOPOTKOIO
3aMBbIKAHHUS, KOTOPbIEe OYe€Hb BAMKHBI ISl IMATHOCTHUPOBAHHUS HAPYILIEHUH TEXHOJOIMYECKOro
npoiuecca no pe3yjbTaTaM NpHUeMOo-CAATOUYHBIX HCTILITAHUI ACHHXPOHHBIX ABUTaTe €.

Unn. 4, Tum. 3 nas.

gm0 "9badg 05" Ni3-4(103-104). 2022 51



SLO6IAMEIR IGI3IB0L 35IMBRIBOL JINIBISOL INLIK3ND)
SJI6MMB3INITG0  34-MGILIBOL RIGR3I3IdNL ROSBIEMLENHIdS

0535% 3(M6&ANJI - Bgd. dg3b. mIBHMEMo, 3BMurgmGo
E-mail:kthamaz@gmail.com;

RS0 333S6R5H T30 - omgdBHmMbEo
E-Mail:datomagandarashvili@gmail.com

Lsgds®omggeml ¢gdbogm@o mboggdliodg@o

3bM@(305. gobbogreemos  slobgtmbaero  dtsggdol  3sdmpgBol diogagdol dobgoz000
dobo  Agdbeacmemagonymo  36mpgligdols  sGZ930L  ©0s3bmbHoM9ds.  b5h396980s, GBI
sbobrmbryemo  dMsggdols  gsdmpsd  wbos ss  Gbmenm@  3sdmszerobol
J9IAPIM33900L  Fsb39698¢m980L  dgbsdsdolmbs  Bgfboz:9  Bmobz6980056,  sMsGgco
dgfobsl  bsgrydzgemo  @s8bsgdol  bstobbols  dstozsdo. Gsgsh  domgds-bs8stgdol

350mpol  dgogagbo Rsbogds 58 gsdmp@gdol bsdo fygoemo 3s®sdgdmol  Gokfydoo,
a9bs  BsgsHodmom  Bgdbmagrmgon®o  36Geapglgdol  @shM393900L  Lsm@Gogbdsgom
@038602l5h0985.

1533560m LoBYzgd0; sbobfHmbremo dtsg980, Badberagrmgonho 3Gmpglgdo,
©56O393980U ©053602bH0M9ds, ©@sdYsgBols bstolbo.

B00RsBBMYOOL  godmagdol (L. Ix P ©s  Pr) 3565993 0by  Bmbgdo
2503005 §egdGHO™mIMs3900l  Bmdobserm®  Ashggbgdergd®g  smbodbumo  ©s839d9dol
25m35¢0olfiobgdom, “mImgdog 9ma30{m©9dgb 29635bmME30gEmon 0dg0m{jagds
09dAOMIMs3900  bmdobseom®  BsBggbgdergdby  Fomgds-BsdaMYIOL  39dmEEgdols
99093900 dobggzom.

50 090Bbom  Foegds-BdIMYdOL  gsdm3gdol  8ggagdol  dobggzom,  Mbs
©3304%6m I, —Ix;  EB —Px s Ix—Px 3mm®obsdgddo §o®Gowmgdo, 6mdmgdog
099Lsdsdgds  F0mgds-BsdIMYdOL  gsdm3EYdOL  356539BH MO0l 36083069 MdIRL, Lssg .-
"ddo bE3zwol ©gbo: Ix-0mzmwg GgOmzol ©9bo, F.-sbs35Magdo Brmdobsgrmmo dsdzol
ML, Pr-sbs3sMagdo dmzmg 9gmmgzol dsdzol M. FgmEomgdol dmbgzgs y4zges
3533900  Bmbol  dogbom  FgBYzgeegdls  dglsdsdolmdIBY  gsdmEEoEro  dMs3gdol
bmdobsgom®mo  9sB39bgdegdol  Lobgmdfosm  GHobsdGHol  dobgpgzom,  BHgdbozmdo
306Hmd900L JmmbMgbgdmsb. My MmMbsg ghmo FoHhEGHowo gsdmool 6gdoldoghHo Bmbols
B03M0©b, gb ImfomdL 035Dy, MM gegdBOMIMzsL ghmo bmdobserryMo dsB3zgbgdgwo
396 53059mx8oEgdl Lsbgmdfonm LEbsOEHOL dmmbmgbgdl.

PadOG0omgdol  9gdstgmdols dobgpgzom Bmbgddo (03 Tgdmbggzsdo, vy yzgeEs
obobo 50dmBbEs Bmbol Gogbom) Fgodmgds Fomdmagbs 0300Mmm 350MEEPOEO ML
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6m3obserm@o 356599@M9d0L LoEogby. sdolvmzol Mbs 93dmbogls bmbsdo dgMBgmEo
35193500 bmdobogrMo 3sh39bgdegdol gslisBMBS.

50335650, 3OFgM0o 1533980 bmbol  Lsdmsegdom Tgodegds F9dmfidgl s
3560UsBE3OML  gegdGHMo dMs3gd0L  Brmdobsgrm®mo dsB39bgdgdo  FbmemmE  dowgds-
BodsMgdols gs0m3¢0900L d99agd0l dobgzoo.

sLobgOrmbmmo dMs3gdol aodmEEsd  sMs  FbmmmE MbEs  gsdmsgeobmls
09O MIM33900L  oB3gbgdErgdol  Gglodsdolmds  #Hgdbogm®  dmobmzbgdmsb, sMsdg
09g4absls  Lsgmdzgero  sTBOEIdOL  baolbol  Fsmm3sdo. Mssd  Fomgds-BsdsMmgdOls
3°9m3ol 890092900 %slicegds 90 @odmiaEgdol Lsdo figgowo  3sGdgBHmol  dgefiydom,
Wbs  Bogododmo Ggdbmmmpom®o  3GmEglgdol ©sM®zgzol LamMogb@sgom
©05bmbHOMDS. ™) 9@Bgme  3mmEEobs¢Pdo I, —Ixi B, — Py s Ix—Px
099m{jdgdolomgol  d930BHsbm  FgmGowgdls  Jomgds-Bods®mgdol  sdm3agdol  dggagdol
dobggzom, 85906 ™Moo Ggdbmmmaom®o 3Hm3glgdol ©®mL obobo bmbols dogboom
350mLsbogl  gerogll. dgmeMg dbMo3g, GHgdbmmmaonmo 3MmEgligdol  SmEygbols GmML,
P0OGowgdo  ©s0fggdl  goooROMPBL  33M339Ywo  FodoMomEgdom. 50 O™
800560 gds  2obolaBzmgds  BHYdbmmmaonMo  3oibMYdOL  bslosmom.  MmEgLsg
PoOG0Wgd0 250055000 gds 31533980 Dmbol dogaboom, 35806 FgodErgds smBmRblMSc
©3M03935, GMIgwo3 908obsmgmdl  Ggdbmemaomm 3MmEgldo. sdolsmgzol  LsFoGmms
fobobfot a563LoBOzOM®m s 8mzbodbmo I, —Ix; F, —Px o Ix — Px 3mcm®obs@gddo
80056 gds, Gm3gedos d90degds dggmoml Fgd@EHowgdo Lsfs®dmnm 3OhmEglol 535 0wy
00 33935y [2-4].

slg,  059oms, ULs3sghm  mMgBml  bsdwgseem  LooEol  (33¢0Egdol O™
090degds  Baghighmo  sBsgobMmo  g50mlisboyemgds,  MmIgEog 5353006090l  Jomgds-
BodoMgdols  gs8mEgdol  356M009BMdol  BoMEMBOm  (33¢0grgdsL,  bs3sghm  meMgBmls
B535@m LOEOEOL BHOEMBOMO (3EOEYdOLsEsE (Ad/E):

Al,/1, = Kj,A8/ 8 ¢)

AP,/B, = KpoA8/8; ©)

Alg/Ty = K1xA8/ 5, A3)

APy /Py = KpgA&/8; 4

K, = l,gCs(1 — 1)/ K, ©)
Cs=1—-58[t (K — 1)2/bL + t,(K— 1)2/b%, ] (6)

K, = 2B, Cs(1—1)/BK,; 0)

Ky = L XeColleZi | XiAa1/ A + X3 Aaa/2o(1+ BZ /K, )); ®)

gm0 "9badg 05" Ni3-4(103-104). 2022 53



Koy = 2Xg Cs /Zic | Xida1/A + X3 Aga (1 + Blic /Ky /22)]. ©
3963L5BM3Mz3m  F0YdS-RBIMYBOL  godm3EYdoL 35M0gBHMIOIOL FIMOMIOM
B3ogdsl, ULodsghm OB LsdMowm  LoEOEOL  BIOOMI0O  (33WOEgdOLYSD
0900¢90s 503mb Bmbsdo boBgdo, GMIgdog 330639690l F0s@MYMgdL, MMIgEdos
036905 F9MEH0mgdoL 555000 gds Bbmbsdo G-l (33e0Egdol 3e9bol J3gd (obsko 1,
Bob. 1).

A A A
lo, a bebo lo-lk Pk, vt Ik, a

| N
35 bmbo Po-Pk % berbo Ik-Pr

i 80
5000 "\ 70 / >
\

\ 60 /_ IENRE

3000 50
\

/

~
PaQy

4000

15
7 2000 \ 40

12 » 1000 3 » 30 ‘
> 1
5060 70 80 100 Ik, @ 1000 2000 3000 Po,vt 1000 2000 3000 4000 5000 P, vt

Bob. 1. Bgdbmmmyonmo 3MmEglgdol sG®3930L ©0sabmLiGMYds

Us3596Mm MmgBml 33woegds 990dergds dmbEgl Ubgswslibgs doBgbols 3s0m, dgmyg
dbcmog, MmEgbsg 33943t Logbsmo  Lsdsghm  ®OgBmL  (33¢r0Egdols  Gglsbgd, 3sd0b
LoMomnryemgls 56 §om3msagbl 359mdfjggzo doBgbol swagbs.

3bserma0mMs  890d¢rgds  Bs35¢9MMm  Ggdbmmmyonmo  3Hm3gligdol  sM®3g30L
©032bmlBHoMgds, OGMIgwog 35300000 Mwos  MmEmMol  4Msgbowwol  sgBHomdo
Fobsmmdols asbeEstomsb (Ary'/1;'). ©gbols ©s wgdo Lgwol sbs3semagdols 33wowgds 59
B90mbgggsdo 56  obbm@zogmegds (Al =0; AR, =0), bmmm @gbo ©> dmzmwg
996030 365356900 033Wwgds dgdgao Lsboon:

Mg/ly = Kpphr,' /1y (10)
APy/Py = KppAAry' /135 11
Kige = Igrs rig JIZigs (12)
Kpx =13 1 = 2751/ Zig (13)

dm3gdnmo  gmeIMEgdol  dobgzom  3ob3LsBMZMIZm  BIMPMBOM 33OV
Alp/ly @5 APg/Pg, 8900@mqgds 5353m0 bsbgdo, Gmdwmgdog 9B396989L  §gdEoegdols
396095030 gdol  J0BsMMMgdsL  Bgdbmmaom®o  3BGmEglgdol  EIMM3g30L  EGOMU,
Gm3geog  ©335390609099005 HMEGHMOOL  3Msabowol  sJBomMMmo [0bsmdoL  2sBMmEILME
(0bs®o 2, Bob. 1) obs®o 3, Bob. 1 sBz9690L FadGH0Egdol 25005500 gd0L F0TsHMNMEYdL
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LBo@mMol aMogbodo bgosms GoEbggdol 4sBMEOlL gs3egboom. 9.0. 3oEmgddo OO
®5m9bmdoL H30900L I930MmTo Bsfgmdol godm.

300gd5-B5d5M9d0L  godm3gd0L  FgEIRO®© ghmo ©s 03039 GHo3ol  ggdGHOMm-
d653900L5m30L  3o6MsdgBMdol  obBlsBM3zMs  Lodmogrgdsls odergzs godbxgumo
Bmdobserm@o  dsB39bgdegdol 330 gdsby.  sdolomzol  3bmdoo  Mbs  ogmls
BOIMMgdo, MMIMmgdol LsdMoggdsl 0dgg3zs bsdwgsemm sGomIgBH03MIo ©s Bsdvsem
3390M3GIOo  356M539BHMIO0L  3oEsbEMYOL  dobggzom, domgdmo  Jorgds-BsdsMYdOL
290m3©9o0l Bggas (Io.F.lx @5 Px) 3563bsBmgmo Bmdobserm@o dsB3969dagdol
L5350 5G0MTYGH03MNWO s B5TNMsEIM 3Z9OMIGIO J3EBMYBO.

35009053030 BAsGHoLGH030  m9mEmoosb  3bmdowos, G®mI oy boowggdo
00gmnx39ds  Bbdomborm® 393806030, T58ob sMRMBgBBHIOOL  Lsdmsmrm 5G0MIYEH03IE0
3600369¢mdol  dobgzom dgodErgds 303m3mm  BMbJ3o0l  Lsdmsmm  GHOMTYBH0INMO
3600369¢mds.  sobsmzgol  BMOIMsdo  Mbs  Bsgbgsm  sGdghBol  Lsdwgsenm
5M0mIYBHo3Mero 9609369emmds.

503560l 25sLoPY39GI©  BMETMol  bsboo  Mbs  godmglisbmm  sGlgdmo
Bbdgombscom@o  3sgdoMo  bmdobseom®  BoBgzgbgdergdls @S  B00gds-BdsMgdOL
399m30900L  35M599BHMPL  FmGolL. gl 393806G0 FgodErgds  @s8mzLubmm  dosbermgdoo,
306500056  sbobdMmbmeo Mgl iMoo ©osgMsds,  GMIAEoLBs3  dgodengds
50306l sbodbmmo  3s38oco, sTsbobxgdl  domge Moy BoJBHMOPL.  obobo
390035¢0ffobgdmmos  3mgn03096Ggdom: K, K, Kr Ky, Kr gl 3mg803096¢900 doomgds
990030 dmEgdmmo Go3wGmo BmIgdol y4zgws JegdEMmMAMs3oLsMZ0L.

dmagdmmo  50m3sbols gsslisfiyzgdo  Loglbgdoo  Golsmgdos  BosbErmgdomo
8bdsombscom®mo 3530000, M5ash Gol dobgzom  dsbLsBW3Mszgd M5 bMI0bserM
9583969090l mommgmemo dMs30Lsm30l dolo Joemgds-BsdsMmYdOL sdmEEgdol dgwgagdols
dobggom, M09  bmdobsgr@mo  3sBzgbgdrgdols Lsdmsmm  3(0m3gEoguye
96033690 mdsl.  dglisdsdols, Logligdoo  ©sLsAZ9000  39m33eolfjobgdwye  0dbsl  ygzgems
B5dHMM0 b3IMsErmE, MHMIgeog 5dsbobxgdl §MHoME OsxMsILs.

gbdgombsm®o  3g800gdo I = flg) My =w(lxPr) s 1 =y(F, Py)
2900Lsbeyemo ogm obs Lszombgddo. Jgodwrgds gsdmgoyggbmo> I M; s 1 LoowggdoL
Usdmoe 5H003E03Mwo 3603369@mdols 2slisggdsco:

Iz = UnKrlge/ Uy (14)

My = U395 (Pxk, — 3IgngkZ — B.UZ/UZ) /(UZn,), (15)

bso3 M, 560l 358830 8mBgbEHoL Lsdmsmm sGomdgBogwo 360836gwmds, 6.9;
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n=P/(P+A+P,+BPyg), (16)
bssg A s B - 840803900 3m3gdmeo Godv®o Bmdgdol gergd@®mdmsggdolisomgols:
A =Py + Pr+ Payo+ Payz P/ Prez 5 an
B = Pya/Prua. ©))
dogbodsgoy@o  FsdGMBo  BmdgbBo s  Lboddwsgtol  3MmIBOE0gbGHO  dgodergds
350mgLsbmm Beymeg §6dgos Lsgmb@mmme 350m3EYdolL Lsdo 356509@®mol (,.Ix, Py ).
dgmég dboog I, — Iz  Dbmbol Tgbodsdobo B3Ol  obloBIIMOL O™l  cos @y
3560589%®0G 8009dos 3mM©030; 3SGEs 5805, sFM3oEPPIEgdsdo cosy = fll,.1k)
9900m©s M Lobotagdem LoddErsghy, sMsdgE  ogdbodosErm®o slsdgzgdo ©gbo  Ifias.
500¢md  sMg ©sgboo  BMbJgombsery®o  3s3doco  Jogbodsgryo  ImIghEBHOLs s
Loddwsgzmol  3MmIR0E0g6GHOLsM30L  AmEgdmwo  30mEsbolsmzol  39dmuygbgdgaos.
303m3mm  LsFoMHm  IM3IOEYIdMgds  BogbodogryBo  FmIghBols s  Loddgragols
399803096¢0Ls  F0gds-BodMYdOL  353mEEIdOL  35M3gBHMYdOLS  sLOBIHMbmmo  IMIZgL
POommo ©osgMs80lgob Lodbgergls 56 Fsmdmoagbl.
500Lsm30L  2ob30boErsgm  SLOBMMbMmo  dMsgsls mds  BYg0TgdoLsmMzol Moy
©053M533L  (B3b.2). 3538060 FEHOMWO ©OsMB0EL I:,1; s B LowoEggdbs ©s I,k
©5 Pr 3565093M9dL ol 890demgds g59mobsbml d90ga0 Lbsbom, s@Mg 80000gdMwo
g39es B3gBHMMOL gsm35olfjobgdom, GmIgmog s35bobxgdl oM ©osyMsdsls:

I = UpK I [Ug; (19)
B = UK7KrPy/Ug; (20)
I,=1,/K, 21

bssg Kr s60L  3m9go30g6@o, Gmigmwog  0m3zs¢molffobgdls  dmzmmge  dgPomgol
36535629806 Gg830MgdsL, TmImgE  FgMHomzol  dsdzs s  ©IbL  BmMol  3Mombols
25PMOELMD  ©ITMIoEIPMEgdom, MOMEHMOMOL  MXRMIEOLsYD  ©Ibol  gs8meg3bols
250035¢0Uffobgdom; K - 3m95303096¢L 3963LsBM3Msgm 998mgao BmMAMEol dobgpgom:
K, =ri/ris. @2)
Bsog Tk 9GO0l Bm3mgE 99Mmgol Lssbys®odm sd@ommo Fobswmds GmE®mGIo ©gbols
3599360 5m35eoLFobgdOl 3s09g; Tz - dm3maE Tgmgol Losbas®odm sd@ovGo
Pobommds HmGHm®Io ©gbols 3s0ma3bols gsmzseolifjobgdoo.
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f:} A L Xj_

Bsb. 2. FOHommo ©osa™sdols gs8mygbgdom ©sm30EdWwgdgdol cose = (I,,1x,Px) ©b
My = @15, 15, Pr) 33BlsDogMs, 539dvemo asg0qbmgols @s @gbols gs0maggbols
390035¢20Uffobgdol 39698y (5) s JMMMEObsGHMs LobEGgdsdo Bgdmdmvbgdwmmo 2y
3mombom ()

Usdogdgemo 3530060930l ©sagbol  BmbgyMbgdEmdolsmgols  990mgsdevbmo
3MMOEobsEms LobGgds 2¥ 3mobom, Lssmol ool FodsGmmErgdols Lsfobssmdogyme.
fOommo  oogMmsds  Jgdmdenbgdo  Z¥  3moboo  3mmGEobs@os  Lboligdsdo
250mbobyyos  Bsb. 2.8-Bg, ULoog < @' =< @+ 2y LoboGggdem Loddwsghy ©gbol
ds15d@sddo - CD dmbszzggoo.

P, = P/3U, (23)

DE-bsbo Lsbatggdeom Loddgag@ol, KC//DE

GG‘I = Pl}i = P: — .ir;, gin 2'}”, (24)

EL = Py = [B,/3U —\[IF — (B/3U)*tg2y| cos 2y (25)
303m3000 C(¥:V:) F9OGowol 3mmGEobs@gdo (1.V) 3mmGEobs@os bobdgdsdo.
KC {mMo bsBol 356@megds 3mmMobs@oms Loldgdsdo:
y = Py +tgfix. (26)
6ol 456@megds:
(X-R)*+y?=R?, 27
59mgblbsomn  gMmMdE03s© (26) ©s (27) g3bGHMEMYds, 303Mm3000 T5MO 55339000l
D96G0gdol  3MHE0BsEHYRL. KC boBl 2958605 G0 95000339008 FgdGowo {oomen
©O033M335L0sb.  B3zg6  23506FgMglgdls  HadGomo dgodg BLGoLbom, sdoGHmId 306MmBg3m
8gbgols dgoMg 96009369cmdL
x.=[(R = Potgp) /(1 +tg*MlL —1 - (1 +tg?B)B] /(R — Ptgh)” ; (28)
Y. =P, + tgfix, (29)
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303m3mm {fGoMwo os®sdols MsEoMo. bob. 2,8-0s6 50m30bsMgmdls

R=05[VIZ—B3 —1ta+ P4/ (VIF—BZ —11a)] (30)
Bosg loo =150 @, 31

303m3mm tgp.
Bob. 2,0-056 259mIE0b5MYMBL
t98 = Par/ (VIZ =B —lba)- (32)
gbes  990d¢gds  303m3mo 3930060  1LoddEEzMOL  3MYBOE0IPPAHLS ©s  Fowgds-
Bods69dol 2590300900l 3565993 MYdL mMols.
X",y 30m6@0bs¢ms bobdgdsdo

cosg = V¢'/\xi% + 2", (33)
Losg X&' ©s Y2 - C §gdEowol 3mm®obs@gdos.
39300035¢00LFobMmm  3MmMHEOBsGHMS J9MEsddbols BmOIMEgdo
X" =X, cos2y — vy sin2y; v = x4 5in 2y — vy cos2y
xy=x+Ipg 1 =¥+ Pp.
30300900
cCosg@ = [(xc + ILE}Sin EY + (}?c + Pol} COSEY].I'J\'!(XG + ILE}Z + (}’c + P[lll}:- (34)

30900 mMIMEgdo  gs8mlsbagl  39300ML  Loddsz®mol  3mgBo30gbGLs s
000905-85850900L 250MEEIdL 35M599EHMYAL FmMObs.
99dBHmH@IMoggdolsmgol  dzoMg ¥  Jmmboom gmGImmgdo (24), (25 ©s (34)

990de9ds 2505ME03qU:

Po1 = Po/3U; (35
Phn=HF= 'Ur% KE'H:"PK.I'JU}:{BE; (36)
Cosg = (}"c + Pﬂl}!{\-'f(xc + IEE}Z + (}"c + Pﬂl}z . (37)

boddEs3Mol  3Mgn0E0gbGHOL LsdMmsem  5M0MTgE03Mmo  360dzbgEMdol  gslisggds
BOOHIMNmRTo, GMI9Bdog §sdmbo®sggh 3sgdocdl cose = Iy I, Px), <bos Bsolgsl
99l50530L0  LEFMOEM  5M0MTIYBH03Mwo  960d369mmMdId0  FoMdI-BIVIMYOOL  250MEIOOL
3565993HMgdob. 990d¢gds dogommm» 1MMIME9d0, 6mIgmgdoy 359cmlsbagls
xbJ30mbsem® 353061 BogdlodsEr®  dmBPPEHLS O  FoMYd-BIdIMYIOL  g5BMEEIOOL
3565dgBHMgdl dmGob.
My =1/(c/T+1/(CRZ +1), (38)

bogsg €= 2n/U.
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0dobsmgol, ®mId dogowmoe My Loog (63) 99686930l  bo3ogdol  aBol
3979096m30L  gomzseolifjobgdom, (38)-do mbes dgz093zsbmm A 3mgnogogb@o:
A =955K,3U/n, . 39
35806 dsglodsgry@o dmdgbGo (6.9)
My = A/C(JT+ T/CRE +1). (40)

3939060 (iMoo ©osy®sdols R Goonlls s 30mgds-Bsdamgdol  gsdmEogdols
35M3393M9dL Mol gsdmolisbgds (30) gm®IMwoo.

5033565, BMOHIMW9do (30) ©s (40) 9sdmLobsgls Lsdogdm  EsTIMI0EYdIYEGdYOLs
My = @I, 15, Pg).

35g4b0ds¢yMo  AmIgbEYdol  Lsdsemm  sMOMIgBH0ZMEo 36033690 MdOL 35l ds©
m3gdnee gmEIMmgddo Mbs 9930¢BMm Bomgds-BodsMmgdol gsdmEgdol 356539GMYd0L
U53995¢0m 5HoMIGH0ZMEo dglsdsdolo 360dzbgermdgdo.
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DIAGNOSIS OF VIOLATIONS OF TECHNICAL PROCESSES ACCORDING TO TEST
RESULTS OF ASYNCHRONOUS MOTORS.

T. Kokhreidze. D. Makandarashvili.

"Energy''. Ne3-4(103-104). 2022. Thilisi. p.52-60. geo. sum geo. engl. rus.

Diagnosis of the violation of the technological processes according to the results of asynchronous
motor tests is reviewed. It is shown that the asynchronous motor test should not only reveal the
compliance of the electric motor indicators with technical requirements but should also form the
basis for managing the manufacturing quality. Since the acceptance-transfer test results are
evaluated by combining three pairs of the parameters of these tests, we should conduct an
indicative diagnosis of the violations of the technological process.

Il. 4, bibl. 4.

JJUATHOCTUPOBAHUE HAPYIIEHUM TEXHOJIOT'MYECKOI'O ITPOLIECCA 110
PE3YJIbTATAM IIPUEMO-CIATOYHBIX HCITIBITAHUI ACHHXPOHHBIX
JNBUT' ATEJIEMN.

T. Koxpeuose, /I. Maxanoapawieunu

"Iueprus'. Ne3-4 (103-104). 2022. Tomnucu. ¢. 52-60. rpys. ped. rpys. anrJ. pyc.

PaccmaTtpuBaercsi JUMAarHOCTHPOBAHME HApYLIEHUSI TEXHOJOIMYeCKOro Impomecca 1o
pe3yJbTaTaM NPHEMO-CIATOYHBIX MCHBITAHWN ACHHXPOHHBIX ABurareinei. Iloxkazano, 4yro nmpm
HCNBITAHNU ACHMHXPOHHBIX [BHraTejieili Heo0X0AMMO He TOJBKO BBISIBJAAITH COOTBETCTBHE
NMoKasarejed JJICKTPOABUIaTeJedl TeXHHYeCKMM TpeOoBaHuaAM. OHH SIBJAIOTCS OCHOBHOH
yIpaBJieHHs] KAa4eCTBOM HX H3roTOBJIeHHsA. To 00CTOATENLCTBO, YTO Pe3yJbTAaThl NMPHEMO-
CIATOYHBIX MCHOBITAHMI OLICHMBAIOTCS COYeTAHMEM TpeX MNapaMeTpPoB OJTHX HCHbITAHMIA,
M03BOJIsIET NPOBOAUTH OPUEHTHPOBOYHOE JAMATHOCTHPOBAHHE HAPYLIEHMH TEXHOJOrMYecKOro
npoiuecca.

Hnn. 4, num. 4 nasze.
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993G OMgbaMaool, 515939 30H39¢ LEMBdMBIOL 0T3MOAEL JegdEHMYbyMOOL Folowgds.

Bgdmo dmyzsbogo AxgermdoEsd 2s0mdobstg  Llg(lsgs®mggeml  Lsbgemdfogm
99dAOMLolGHYFs)  9gBHowm®o  IMTsmdl  g3dm3ge  3Mmegagdmsb  0dolomgol, Gmd
353L035¢M3E BNLAIE ©IRJRIZML  30OMLIEYYOIIOL g350mTNTs3905, MIMS 019300
93030M»  MHYLYOLIdOL  oBsbagd o TMgsbobmom  gbgMymlolBgdol M3E0dobgds.
530L5030l BGMBY 3MEgagdmsb ghmo Bsgsdstgom 3obstg Gombol svybols 3oMmemyools
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MORDOR-SD 8mqgero 8903930 890092 9¢gdgb@gol:
1 — P-precipitation - 6sgngdgdo.
2 — T-temperature - $933965¢M6s.
3 - S-snow - 3o OM3EOolL MomEgbmds.
4 — G -glacier - gobyeol bolsgg.
5 — AET - evapotranspiration - 5m®omgegds.
6 — Ground - dofjolsgzgds fgangdo.
Bob. 2-Bg 63B3gbgd0 3MOL ol 35M53gBHMYd0, MMIMgdog 93¢gbsl sbgbgb Fywrols
batxol/8g8mbsgbols gm®doMgdsdo.

=== Observations
s Simulations
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Figure 11 : Daily regime of Rioni river at Namokhvani for model calibration period (1982-1998). In blue run-
off/discharge observations for Namokhvani hydrological station. In red run-off/discharge simulations of the
hydrological model MORDOR-SD Rioni@Namokhvani.

Bsb. 3. 3oMHmEmyools 3BHmabmboMmgdol 9ggagdo

Bob. 3-%Bg 658396900 s60b 3oEMHMEMyo0l 3MMabmBoMmgdol 39gagd0. bssg GoLBIOO
560L B3gBHoHo dmbs393900 bemwm fomgwo BgMol 3Mmabmbomgdols d9wgasw domgdwwo
0mbs3gdgdo. MmymeE 3bgszm GEMdoErgds Ls3dsme IzoMg SMOL ©s 3OMmEgbEMEo
3608369¢mds  10%-bg ©s0seo sMOL yzgmwsby 3w dgdmbggzsdos 3o. 30EMOMEMYOS
0mbdscgdolgsb  2oblbgaggdom 93390000  ©0BITONGMI0M  sdmomBgzs.  Tglodsdols
domadmwo  8ggagdo  5305gmzomgdls  Bzgb  dmmbmgzbsl ©s  8godgrgds  Bsomgsmmls
15496039 ML 306MdJdT0 F505¢ LOBMBE.
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ANALYSIS OF FORECASTING HYDROLOGY ON THE RIVER RIONI.
G.Mirinashvili.
"Energy'. Ne3-4(103-104). 2022. Thilisi. p. 61-64. geo. sum geo. engl. rus.

The article discusses the possibility of forecasting the hydrology of the Rioni river basin. The
mentioned analysis is carried out in the module MORDOR-SD. The elements included in the
prediction model are described. The results obtained are shown. Modeling showed that it is
possible to forecast the inflow of water consumption on the Rioni river basin with high accuracy,
the permissible deviation should not exceed 10% when forecasting day ahead.

Il 3.

AHAJIM3 TIPOTHO3HOM T'MIPOJIOI MY HA PEKE PUOHU.
I' Mupunaweuu.
"Iueprus'. Ne3-4 (103-104). 2022. Touaucu. ¢. 61-64. rpys. ped. rpys. aHr.i. pyc.

PaccmaTpuBaeTcsi BO3MOXKHOCTH NPOTrHO3MPOBAHMA THAPOJIOrHU Oacceiina pexku Puonu.
IIpoBenenHnslii anaau3 BoinoJHsieTcsa B moayjie MOPJTOP-CJI. OnucaHbl 3j1eMeHTbI, BXOAsILIME B
Moje/b npeackasanus. IlpuBenensl noayyeHHble pe3yabTaTbl. MoelupoBaHue I0OKa3ajo0, 4To
NPOrHO3MPOBATh MPUTOK BoAoNOTpPedaeHHss Mo OacceilHy pekd PHOHM MOXKHO ¢ BBICOKOM
TOYHOCTBI0. JlomycTHMOE OTKJIOHEHHE He JOJIKHO npeBblaTh 10% npH MPOrHO3MPOBAHHMHM HA
CYTKM BIlepe[.

Hnn. 3.
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EXPERIMENTAL STUDIES OF THERMOELECTRIC DEVICE FOR INTRACAVITARY
HYPOTHERMIA.

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

"Energy''. Ne3-4(103-104). 2022. Thilisi. p. 65-71. geo. sum geo. engl. rus.

One of the effective methods of treatment of diseases in otorhinolaryngology, gynecology,
proctology, urology anddentistry is intracavitary hypothermia. The implementation of this
technique can be carried out through the use ofthermoelectric device as a source of cold. This
devices are characterized by high efficiency, reliability, environmentalfriendliness, quietness,
accuracy of the dosage of thermal effects, unlimited service life. The design of the
thermoelectricdevice for intracavitary hypothermia, consisting of two thermoelectric batteries
(TEB), interconnected by means of anall-metal heat pipe, equipped with an acting applicator and
a liquid heat exchanger. Full-scale tests of the device on theexperimental stand were carried out.
As a result of experimental studies it was found that without load the temperatureof the
applicator is stabilized after about 44,5 min. At the same time, the increase in the current of the
additional TEB from 5 to 12 A when the main TEB current is 23 A, reduces the temperature from
237 to 224 K. In the process ofcarrying out the necessary procedures reducing the temperature of
the biological object can be achieved at the supplycurrent of the main and additional TEB,
respectively, 23 and 12 A after 2,5 min.

1l. 4, bibl. 8.

IKCIIEPUMEHTAJIBHBIE UCCJIIEJOBAHUS TEPMOJJIEKTPHUECKOI'O
YCTPOMCTBA JJISI BHYTPUIIOJIOCTHOM T'MIIOTEPMUAH.
JI.Ilanasa, T.Ucaxaoze, M.Pazmaose, I .I'yzynameunu

"Ineprus'. Ne3-4 (103-104). 2022. Touaucu. ¢. 65-71. rpys. ped. rpys. anri. pyc.

OaanM M3 3¢ (PeKTUBHBIX METOI0B JiedeHHsl 3a00/ieBaHMi B OTOPHUHOJAPUHIOJIOTHH,
THHEKOJIOTHHM, TNPOKTOJOTMH, YPOJIOTMH W CTOMATOJOTHMU SABJSETCS BHYTPHUIIOJIO0CTHaSI
runorepmus. Peanuzanusi JaHHOW MeTOAMKM MOKeT ObITH OCyllecTBJIeHA 3a c4eT
HCMOJIL30BAHUS TEPMO3JEKTPHYECKOr0 YCTPOHCTBA B KadecTBe HCTOYHHMKA Xo0JoAa. JTH
YCTpOiicTBA XapaKTepu3ylTc BBICOKOH 3((eKTHBHOCTHIO, HA/IEKHOCTBHIO, IKOJOTHYHOCTHIO,
0eCIIyMHOCTbI0, TOYHOCTHIO J03MPOBAHMSA TEIJIOBOT0 BO3/CHCTBUS, HEOTPAHHYECHHBIM CPOKOM
cay:xk0bl. PazpaboTana KOHCTPYKIUS TePMO3JIEKTPUYECKOr0 anmapara JJisi BHYTPHIIOJOCTHOM
THIIOTEPMHH, COCTOSIIIEr0 M3 ABYX TepMmodieKkTpudeckux Oarapeil (TOB), coenmHeHHBIX MeKAy
co00ii  TOCPeaCTBOM  METAJUIMYECKOr0  TeIJIONMPOBOASAIIEr0  3JIeMeHTa, CHA0KeHHBIX
AeHCTBYIOIIMM ANIUIMKATOPOM M KHUJAKOCTHBIM Tem1000MeHHHMKOM. IIpoBeneHbl HCNBITAHUA
YCTPOHCTBA HA IKCIEPHMEHTAJIBHOM cTeHJe. B pe3yibTaTe 3KCHEepUMEHTAIBHBIX HCCIEA0OBAHUM
YCTaHOBJIEHO, YTO 0e3 HATPY3KHM TeMIlepaTypa anmjiMKaTopa cTa0MJIN3MpyeTcsl MPUMeEPHO Yepe3
4-4,5 muH. B TO ke Bpemsi yBeqMueHHe TOKa JonoJHuTeaAbHOro TObB ¢ 5 1o 12 A npu Toke
ocHoBHOr0o TOb 23 A cHmxkaer Temmeparypy ¢ 237 no 224 K. B mpomecce mposeneHust
He00X0AUMBIX MPOLeYP CHUKEHHE TeMIepaTypbl 0H0J0rHYecKoro 00beKTa MOKHO 10CTHYb MPH
TOKe NUTAHUS OCHOBHOI'0 U 1ONOJHUTEJbHOT0 TOb coorBeTrcTBeHHO 23 U 12 A yepe3 2,5 MuH.
Hnn. 4, num. 8 nasze.
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PHYSICS AND ENGINEERING SPECIALITIES.
V. Kvintradze, M. Zhgenti.

"Energy'. Ne3-4(103-104). 2022. Thilisi. p. 72-77. geo. sum geo. engl. rus.

The article is concerned to the link between physics and engineering specialities. There are given
small number of the engineering specialities and their common senses. Also considered some items
of physics as a fundamental science which is necessary for the engineering specialities (new
materials and their properties for applying them of the modern technologies in the field of
engineering business). There are considered the ways of what we have to do for growth the high
level professionals in the field of technical brunches.

Bibl. 3.

OU3BNKA U TH’)KEHEPHBIE CIIEHHIMAJIBHOCTMN.
B. Keunmpaosze, M. Kzenmu.
"Iueprus'. Ne3-4 (103-104). 2022. Touaucu. c. 72-77. rpy3. ped. rpys. anri. pyc.

PaccmoTpensl Bompochl ¢Bsi3u (M3HMKH € WH:KEHEPHbIMH crnenuajgbHocTaMu. IlpuBeneHo
HEKOTOPOe KOJIUYECTBO MH:KEHEPHBIX CeNNAIbHOCTEH ¢ X padounmMu odsi3anHHOCTsIMU. PacemoT-
pPeHbl BOMPOCHI HEOOXO0AUMOCTH (U3NKH, KAK (PYHIAMEHTAJLHON HAyKH VIS HMHKEHEPHbIX
CHEeNHAIBHOCTEN (COBpeMeHHbIe MAaTePHAJIbI, KOTOPbIE MOTYT CTATH OCHOBOIi /1JIs1 COBPEMEHHbIX
TEXHOJIOTHH B HMH:KeHePHOM jeje). PaccMoTpeHbl MyTH BOCNHUTAHUS CHEMHATHCTOB BBICOKOIO
YPOBHSI TEXHUYECKOT0 HATIPABJIEHMSI.

Jum. 3 nase.
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EXAMPLES OF IMPLEMENTATION OF ENERGY MANAGEMENT SYSTEM IN INDUSTRY
M.Pitskhelauri.

"Energy'. Ne3-4(103-104). 2022. Thilisi. p. . 78-85. geo. sum geo. engl. rus.

For industrial development is advisable to increase economic growth by reducing energy
consumption and related environmental and climate change impacts. Industry must substantially
increase energy efficiency and gradually move from carbon-intensive technologies to low-carbon
technologies. Any organization that wants to improve its energy efficiency, can use 1SO 50001: 2018
standard. The standard covers the use of Environmental Indicators (EnPls) and related Energy
Baseline Indicators (EnB). The paper describes the advantages of 1SO 50001 for the introduction of
an energy management system and examines examples of the introduction of an energy management
system in industry. Research has shown that industry can consume annual energy and reduce their
costs through better energy management, often only by making operational changes with minimal
or zero investment.
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HNPUMEPBI BHEAPEHUS CUCTEMbI DHEPTTOMEHE/[’KMEHTA B
HPOMBIIIVIEHHOCTD.

M Iluyxenaypu.
"Iueprus'. Ne3-4 (103-104). 2022. Touaucu. c. 78-85. rpys. ped. rpys. anri. pyc.

JJ1s1 MPOMBINVIEHHOT0 Pa3BUTHA 11€J1€CO00PA3HO YBEJIHYUTh IKOHOMHYECKHH POCT 3a cuer
CHUKEHHUSI MOTPeOIeHUs] IHEPIUU U CBS3aHHBIX € 3TUM BO3JEHCTBUI HA OKPY:KAIOILYI0 cCpeay U
H3MeHeHHe KiIuMaTta. B NpPOMBINLUIEHHOCTH  HeO00XOAUMO  CYUIECTBEHHO  MNOBBICUTH
3HeprodpPeKTUBHOCTL M IMOCTENEHHO TMePeXOAUTh OT YIJIEPOAOEMKHX TeXHOJOruid K
HU3KOYIJIepoaubiM. B measnx mnoBbllienusi JI(PPeKTHBHOCTH JH00asi OpraHu3amusi MOKeT
ucnoab3oBats crangapt ISO 50001:2018, oxBaTrbiBalOMii HMCHOJIb30BAHHE HKOJOTHYECKHX
uHAuKaTopoB (EnPI) n cBsa3anHbIx ¢ HUMH 0a30BbIX Noka3arteseil YHepronotrpedaenus (EnB).
Onucanbl npeumymiecTsa ISO 50001 aist BHeApeHUs1 CHUCTEMbI JHEPreTUYECKOT0 MEHETKMEHTa U
paccMoOTpeHbI IPUMePHI BHEIPEHU 3TOH CHCTeMbI B IPOMBIILJIEHHOCThL. U cciienoBaHus MoKa3ajin,
YTO MPOMBINLIEHHOCTh MOKET €KerolHO MOTPed/IATh JHEPrUI0 U CHUKATH CBOM 3aTPAThI 32 CUET
0oJsiee I(PpPeKTHUBHOTO YNpaBJeHHS IHEPromoTpedIeHHEM 3a4acTyl0 TOJLKO IyTeM BHeCEeHHS
onepanuoOHHBIX U3MEHEHH ¢ MUHMMAJIBLHBIMM UM HYJI€BbIMH UHBECTHIMSAMH.

Jum. 15 nass.
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RESEARCH ON THE SCADA SYSTEM
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Abstract. With the rapid development of information technology, People become more and more
dependent on the automatic technology in some special industries like oil, electricity and chemistry.
As a novel technology, Supervisory Control and Data Acquisition (SCADA) provides core functionality
of Energy Management Systems (EMS) and Distribution Management Systems (DMS) in combination
with base system services, the data engineering system, the user interface, and the front-end.

Keywords: Supervisory control and data acquisition, service oriented architecture, enterprise
service bus (ESB).

Introduction

SCADA (Supervisory Control And Data Acquisition) is a system to automate industrial control
and monitoring. SCADA includes field sensors, Programmable Logic Controllers (PLC) and
Remote Telemetering Units (RTU). SCADA systems are used in all industry sectors where it is
required to provide operator control over technological processes in real time. This software
is installed on computers and uses 1/0O drivers or OPC/DDE servers to communicate with an
object. Program code can be either written in one of the programming languages or generated
in a design environment. Functions of SCADA are: Data Processing, Supervisory Control,
Network Modification (Online), Selection Management, General Summary, Multi Phase,
Display Open Lines, Redundant Data Sources, Topology Analysis and Network Coloring and
Area of Control (AOC).

Review of SCADA
SCADA plays a vital part in providing means for upgrading their operating productivity,

reducing maintenance costs, minimizing the number of outages, helping to avoid problems and
leading to safer operation of the entire infrastructure. GSE reported improved reliability of
supply with stable frequency and voltage because of implementation SCADA system across the
country of Georgia [1]. They reported safe integration of increasing renewable generation
because of implementation of SCADA system.

GSE Georgian State Electricity Transmission System Operator implemented SCADA in 2007,
below I am providing which challenges they had before, and which benefits they gained after

implementation:

Challenges:

e Annual Conceptions Growth.
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e Integration of Renewables into the Grid.

e Maintain power system stability despite increasing grid dynamics through volatile
electricity flows.

e Manage cross-border interconnections.

e Enable inter-area energy exchange with Europe, meet the ENTSO-E requirements.

Solution:
e Network reliability improvement by SCADA/EMS Spectrum 7, Siguard DSA and
other APPs.

e Following approved development plan.

Benefits:

e Improved reliability of supply with Stable frequency and voltage.

e Safe integration of increasing renewable generation.

e Harmonization with the standards of the European Network of Transmission System

Operators (ENTSO-E) .

An important part of most SCADA implementations is alarm handling [2]. The system
monitors whether certain alarm conditions are satisfied, to determine when an alarm event has
occurred. Once an alarm event has been detected, one or more actions are taken (such as the
activation of one or more alarm indicators, and perhaps the generation of email or text
messages so that management or remote SCADA operators are informed). In many cases, a
SCADA operator may have to acknowledge the alarm event; this may deactivate some alarm
indicators, whereas other indicators remain active until the alarm conditions are cleared.
Above review of literature can be summarized as, SCADA (supervisory control and data
acquisition) is a system, which can monitor and control the process remotely. SCADA operates
on signals over communication channels. SCADA system offers variety of advantages over
conventional monitoring and data collection systems. The most important aspect of SCADA is
one can monitor the process from any remote place. Real time data is available for processing.
Quick actions can be taken once the fault is detected. SCADA system can be successfully
implemented in variety of application which includes Industrial applications, Infrastructure
applications, Energy Applications, Defense, Space etc.
Cybersecurity
Typical Cyber Security principles are Confidentiality, Integrity, and Availability (CIA).
Cyber Security for control systems changes the priorities to Availability, Integrity, and
Confidentiality (AIC).
SCADA developers understands the need to ensure that customer systems are secure. The
measures taken to meet this obligation cover a wide range — from background checks on

employees through restricting and digitally recording access to facilities. It includes employee
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training, restricting access to in-house customer systems, documents and data, safeguarding
any remote access capability, and protecting information about security vulnerabilities.

NCC1 Control Center Tbilisi NCC2 Control Center Tbilisi
&
i —T NCCH NCC2
= Kﬁ‘_’: m Data Center Data Center
H -~ 1 i
s ors1 4 SOUARD Y W
ENEETS - =0  asrrwaeres  Cascre e
T TR A Tn T 0 E . 0 0“..‘ . - Sa e e ° Lovel 4/6:
EEIEIE Q ] LCRE B B B Enteprie
I
= - — - i i’"‘ T E DMZ
[ N —r"
e @ T~ 1] F | ! | 6’*
| ——3 [ vwacses_] = ~
o ] ED" s [ 3 | CH- B-— ‘ Spertn
= i : gm & Control
' =] F SEm |
= e
‘% = e e Level 1
Process
1 BEEN BEEE HEEE
MLT@ChﬂOlOgleS @ I|C|I|S|é|o|| a :;_‘EI:; f:;:' @:‘;” L;‘éteelsg

HW Architecture and Cyber Security in GSE [1]

Three Tier 2 Data Centers
e Physical HW: 13 Servers, 10 Switches and 3 Firewalls.
e Virtual: 65 Virtual and 9 Virtual Firewalls.

Main and Reserve Dispatch Centers
e 40 Active workplaces.

Cyber Security
e Segregated Network, Purdue Model.
e There is no route from internet, servers, users.
e or any other networks to SCADA Network.

¢ Any Information exchange between SCADA and IT Network happens through the
DMZ.

e Any routes from SCADA or outside networks terminated in DMZ.
e Privileged Access Management (PAM).

e Web Application Firewall (WAF).

e Integration of SCADA logs in SIEM in progress.
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Conclusion

As SCADA network are more and more popular for the industry, the data fusion and analyzing
problem become more and more prominent. The Intelligent Alarm Processor provides
information about the kind of the fault, the fault location and possibly failures of protective
devices after a network disturbance, as well as an explanation of its consequences. Traditional
method paid much attention on the reliability and security of SCADA network, yet some
factors like convenience and usability are neglected. This paper introduced the concept and

described live example of benefits and solutions SCADA can provide to industry sector.
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Ls06g3MmMIsz0m 3H9dbmemaogdol LGMsxo 9363000509300 bsgbo b wWRG™m s MBROM
593009090 bgds 53¢BMASGMG G9dbmmmyosbg Bmyogho 0bEMLEBM0sd0, GrmymMOEsd
65300md0, 9wgdBHmMgbgMaos s Jodos. MHmamME bswo Ggdbmemyos, LsBgLsdby3gw™m
363MHmmo s dmbs3gdos Bgadmaggds (SCADA) mBOHMBagmymals 9bgtaool dsGmgol
Lolidgdol (EMS) s 39bsfoggdols dsmgol Loli¢gdgdol (DMS) do®omsw 3mbdzombomgdsls
UsdsBm  LobiGgdol bgMzolgdmsb, 9mbsggdoms o0bgobgMools LolGgdstmsb, dmabIsmgderols
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HNCCJIEJOBAHUE CUCTEMBI SCADA.
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B cBsI3M ¢ OBICTPBHIM pa3BUTHEM MH(POPMANMOHHBIX TEXHOJIOTHIi JIIOIM CTAHOBATCS Bee 0oJiee
U 0oJiee 3aBUCHMBIMH OT aBTOMATHYeCKHMX TEXHOJIOTHIl B HEKOTOPBHIX CHelUATbHBIX OTPacsiX
TaKkuX, KaKk He()Th, JJIEKTPHYECTBO U XUMHs. B kadecTBe HOBOIl TexHoJsiorum /Iucneryepckoe
ynpasieHue u coop nanubix (SCADA) o6ecnieunBalOT 0CHOBHbIE (PYHKIIHOHAJIbHBIE BO3MOKHOCTH
CHCTEM ynpaspJieHus JHepronoTpedsenuem (EMS) u cucteMm ynpasJieHus: pacnpeneaeduem (DMS)
B COYeTaHMH ¢ O0a30BBIMH CHCTEeMHBIMH CJOY:K0aMHM, CHCTeMOil 00pa0OTKH JaHHBIX,
M0JIb30BaTeIbCKUM HHTepdelicoM H HHTepdeiicoM moab3oBaTeIsl.
Hnn. 1, ium. 2 nase.
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IN ORDER TO INCREASE THE STABILITY OF THE ELECTRIC POWER
SYSTEM, INSTALLATION OF ENERGY STORAGE NEAR 500 KV
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Annotation. The results of the conducted investigations are obtained based on the day-to-day
observations of the country's electric energy regimes, on the basis of which the need for Energy storage
is substantiated, which is why the real regime images of the energy system are presented, measures
necessary for continuous balancing of the country's consumption and supply and mode aspects of
parallel operation with neighboring energy systems are also outlined.

Key words: energy storage, Hydroelectric power station (Hpps), voltage, electric power system,
installation of energy

Most of the hydro generation of Georgia's energy system is located in Western Georgia, while a
relatively larger share of consumption comes from Eastern Georgia (especially the Thilisi - Rustavi
junction), today’s energy security largely depends on it, meaning the only 500 kV power
transmission line that connects the main source of hydro generation with the eastern part of
Georgia. The 500 kV power transmission lines coming from Zestafoni to the east are insured, which
is why electricity transportation from Zestafoni to the east is safer and more reliable.

During the period of water abundance, approximately from May to August, when thermal plants
are stopped or some are under repair, the energy system works in parallel mode with the
neighboring country and energy flows from west to east, or the energy system of Georgia works in
autonomous mode and at this time exports are carried out with a HVDC (High-voltage direct
current), then the country's maximum consumption is in the morning and evening During peak
times, the 500 KV transmission line in West Georgia may become overloaded or the line load may
approach operating limits.

For example, in the event of an emergency shutdown of the 500 kV power transmission line in the
western part of the country, when there is a total load on the 500 kV power line and the
autotransformers of the 500 kV substations, that the 500 kV power line is the condition for the
operation of the emergency automation system, the operation of the emergency automation system
will shut down the generation and the corresponding customer in the eastern part of the country,
which will avoid a complete blackout, because the connection between western and eastern Georgia
will remain with 220 kV power lines, and the said 220 kV voltage network will not be overloaded.
Also, if we work in autonomous mode in case of frequeny drop, which can be caused by emergency
shutdown of generation or if we work parallel mode with a neighboring country, import is in
progress (>50MW) and emergency shutdown of the interconnection transmission line, at this time
due to malfunction of the emergency automation system, not enougt consumers to disconnect
because automatic frequency unloading is possible to operate, automatic frequency unloading in
summer setting mode will start tripping users from 49.2 Hz and disconnect users when the
frequency drops to 47 Hz, with a step of 0.1 Hz for each step of 40 MW, while in winter setting
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mode it will start tripping users at 49 Hz and disconnect if the frequency drops to 47 Hz, consumers
will receive 40 MW in each step with a range of 0.1 Hz, and if the frequency drops below 47 Hz, the
generators will be protected against falling frequeny and will turn off the generator. Also, due to
the malfunctioning of the emergency automation system, due to the disconnection of unnecessary
consumers, if the frequency in the system exceeds 51 Hz, then the protection against the increase in
frequency will work on the generators and turn off the generators.

During the planned or emergency shutdown of the internal system 500 KV power transmission line,
when there is so much load on the line that the emergency automation system operation condition
is not met, a reactive power deficit is created in the system in proportion to the length of the power
transmission line multiplied by 0.9, for example, if a 500 kV power transmission line The length is
128 km, if it is turned off, the deficit of reactive power is 128x0.9=115 Mvar, at this time the voltages
in the system drop and the country's consumption also decreases, which during parallel operation
during the current import with the neighboring country will reduce the flow of electricity (import)
and increase the electricity during export. The flow (export) is proportional to the change in the
reduction of the country's consumption, then it will be regulated and the export-import schedule
with the neighboring country will be restored by the generator with automatic generation control
(AGC). e.g. In the event of a planned shutdown of the 500 kV transmission line in the western part
of the country, a regime is prepared in advance, which means the active power loading of the
hydroelectric power stations in eastern Georgia and especially in the Zestafon junction, in order to
reduce the load on the 500 kV power line in the eastern direction, and the reactive power of the
generators is maximally loaded in the power stations in order to increase the voltage.

It is also important to note that the 500 kV power transmission line, the length of which is 165 km,
should be turned off along with the 500 kV reactor in case of a planned shutdown of the line,
because the reactive power deficit (165x0.9=149 mvar) caused by the line shutdown should be
compensated by the shutdown of the 500 kV reactor. By turning off the 500 kV reactor, an excess
of reactive energy of 180 mvar will be created in the system, which will compensate for the deficit
of reactive energy obtained by turning off the line.

The shutdown of the 500 kV shunt reactor occurs during the peak of countrys consumption (during
the maximum consumption of electricity in the country), because during the peak of the countrys
demand increases as much as a possible and the user consumes reactive energy along with active
energy, a deficit of reactive energy is created in the system and the voltages drop, because of this it
is also possible to add reactive energy to the generators, then the shunt reactor is turned off or the
shunt reactors that have Tap changer, it is possible to move the Tap changer to increase the voltage.
500 kV shunt reactors have 35 positions of Tap changer. The minimum reactive power consumption
of a 500 kV shunt reactor is 115 mvar and the maximum reactive power consumption is 180 mvar,
therefore it can be adjusted up and down within the range of 65 mvar. In this case, we will move
the Tap changer in such a way that the 500KV shunt reactor consumes the minimum reactive
energy. With the shutdown of the 500 kV shunt reactor, the voltages increase and the countrys
consumption also increases. If the energy system of Georgia works in parallel with the neighboring
country and the import is in progress, by turning off the 500 kV shunt reactor, the current import
will increase by about 50 MW, which will be adjusted by the generator on which automatic
generation control (AGC) is entered and will adjust the import according to the schedule.

gm0 "9badg 05" Ni3-4(103-104). 2022 01



In the autonomous mode, during shutdown of the 500 kV shunt reactor, the mode is prepared in
advance, the frequency must be artificially increased to 50.5 Hz, for this, the active power on the
most powerful generator increases the frequency in the system quickly, and when the frequency
reaches 50.5, we turn off the 500 kV shunt reactor, at this time the reactive energy released by
turning off the shunt reactor is 180 Mvar will increase the voltage, increasing the voltage will
increase the consumption of the country by about 50 MW and the frequency will momentarily
decrease to 49.5 Hz, then the frequency will be adjusted by the frequency regulator, which is fed to
one of the generators.

The 500 kV shunt reactor is turned on at the time of the country's minimum consumption, because
at this time the consumption is reduced as much as possible, along with the reduction of the active
energy consumption, the reactive energy consumption also decreases and an excess of reactive
energy is created in the system and the voltages increase, because of this it is also possible to reduce
the reactive energy on the generators, then the 500 kV shunt reactor is turned on or moving the
Tap changer on the shunt reactor in order to reduce the voltage, in this case we will move the Tap
changer to the position so that the 500 kV shunt reactor consumes the maximum reactive energy.
By turning on the 500 kV shunt reactor, voltages decrease and the country's consumption also
decreases, If the energy system of Georgia works in parallel with the neighboring country and
imports are in progress, by turning on the 500 kV shunt reactor, the current import will decrease
by about 50 MW, which will be regulated by the generator on which automatic generation control
(AGC) is entered and will be corrected Imports according to schedule.

In the autonomous mode, during turned on the 500 kV shunt reactor, the mode is prepared in
advance, the frequency must be artificially lowered to 49.5 Hz, for this, by quickly reducing the
active power on the most powerful generator, the frequency in the system will decrease, and when
the frequency reaches 49.5 Hz, we will turn on the 500 KV shunt reactor, at this time, by turning on
the 500kV shunt reactor by the reactor The absorbed energy (180 mvar) will reduce the voltage,
the reduction of the voltage will reduce the country's consumption by about 50 MW and the
frequency will increase momentarily to 50.5 Hz, then the frequency will be adjusted by the
frequency regulator, which is fed to one of the generators.

According to the regime, large-capacity hydro-generators and thermal power units have the ability
to automatically partially regulate the deficit or excess of reactive power in the power system, this
is immediately effective when the 500 kV shunting reactor and the internal system 500 kV power
transmission line are turned on or off, as well as during parallel operation with other countries, the
change in the flow of reactive power is automatically reflected on the inter-system line .

During the parallel operation of the Georgian energy system with the neighboring country, one of
the generators is equipped with AGC (automatic generation control), which regulates export-
import on the inter-system line according to the pre-approved schedule entered in the SCADA
(supervisory control and data acquisition), and also one of the generators is equipped with a
frequency regulator, which will adjust the frequency in the system in the event of an emergency
shutdown of the inter-system line. For this, the load on the generator, on which the frequency
regulator is inserted, should be approximately half of the nominal one, so that the generator has a
range of regulation both for increasing and decreasing power.
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During the operation of the Georgian energy system in autonomous mode, a frequency regulator is
installed on one of the most powerful generators, which continuously adjusts the frequency in the
system.

The most reliable mode is to operate the Georgian energy system in parallel mode with the
neighboring energy system, from which the internal 500 kV power transmission network in
Western Georgia will not be overloaded during the import, in the case of, at this time exports are
carried out with a HVDC (High-voltage direct current), and the Georgian energy system will be
connected to the neighboring energy system from which the import is carried out by at least two
inter-system lines. . It is desirable that the neighboring power system works in parallel mode with
another neighboring power system in order to improve the frequency quality.

The emergency shutdown of 500 kV autotransformers in substations is also a big threat to the
energy system of Georgia:

1. In 500 kV substations, when there is a consumer of more than 50 MW, i.e. a load of more
than 50 MW from the 500kv voltage network to the 220 kv voltage network arrives at the
autotransformer;

2. In 500 kV substations where the generation of more than 50 MW is included, that is, the
load from the 220 kv voltage network to the 500kv voltage network is more than 50 MW on the
autotransformer.

For example, emergency shutdown of 500 kV autotransformer in a 500 kV substation causes
additional load on autotransformers in adjacent 500 kV substations (which are directly connected
to 500 kV transmission lines). Whatever load was falling on the 500 kV autotransformer in the 500
kV to 220 kV network before the emergency shutdown, a little less load will be distributed and
added to the autotransformers of the adjacent substations. This is especially undesirable during
times of low water inflow into HPPs, when HPPs have small loads in the region of an
autotransformer that has been turned off by accident. It should also be noted that if we are talking
about the 500 kV autotransformers of Eastern Georgia, the same picture is when the thermal
stations are not working, because at that time the load coming from the 500 kV to 220 kV network
will be as large as possible. Also, during the shutdown of the 500 kV autotransformer, the voltages
in the 500kV substation drop a lot in the 220 kV network, for example, before the emergency
shutdown of the 500 kV autotransformer in the 220 kV network, if the voltage was 220 kV, then
after the shutdown the voltage drops to 190 kV, while the voltages in the 500 kV network increase
a lot. For example, if the voltage was 500 kV before turning off the 500 kV autotransformer, after
turning off it even increases to 530 kV.

During the planned shutdown of the 500 kV autotransformer, the following mode is prepared: the
generation sources in the node must be connected to the system and after connecting to the system,
they must take the maximum active and reactive power, also the user must be transferred to the
autotransformers of the neighboring region as much as possible, and all measures must be taken to
reduce the load on the 500 kV autotransformer as much as possible before turning it off., the
aforementioned can be implemented only at night, when the country's consumption is minimal,
precisely during the shutdown of the 500 kV autotransformer, it is important to have an energy
storage in the 500 kV substation, so that the 220 kV voltage network in the node is not overloaded
during the shutdown period of the 500 kV autotransformer, and also at this time in the said node
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Stabilization of the voltages in the 220 kV and 110 kV voltage networks and planned shutdown of
the 500 kV autotransformer should be possible at any time during the day and night.

In order to lower the voltage in the system, it is possible to turn off the 500 kV back-to-back shunt
capacitor, the said shunt capacitor generates about 70 mvar of reactive power.

It is also important to note that the 220 kV voltage network connecting the 500 kV substations to
the 220KV substations and the 220 kV voltage network connecting the 220 kV substations to each
other must not be paralleled with the 110 kV voltage network connecting the same substations, in
the case of paralleling with the 220KV network, if the 220 kV power line is switched off in an
emergency, then the 110 kV power line will be paralleled with the 500 kV power line, which may
cause emergency shutdowns of the 110KV lines as a result of overloading the 110KV network.
The most noteworthy from the point of view of the regime is the moment when there is an
undesirable fact of a complete blackout or partial blackout of the system, when it is not possible to
supply electricity to a part of the countrys consumers due to damage to the power transmission
lines. It will be very important to have an Energy Storage and its role in restoring the power system
from zero in the event of a complete blackout of the power system, because in the case of starting a
hydroelectric power plant from zero, when the hydroelectric power plant does not have voltage
even for its own consumption, the chances of fully restoring the power system and maintaining the
stability of the energy system are fragile, in which the system will be greatly assisted by an Energy
Storage.

The hourly modes of the energy system of Georgia are different from each other and the energy
modes are also different according to seasonality. For example, if the evening peak is fixed at 22:00
in summer, the evening peak is fixed at 18:00 in winter, the energy regime in every hour is different
both in terms of active energy consumption and in terms of reactive energy consumption, and also
the daytime energy regime is different on holidays and working days.

Consider the variation of the countrys consumption during the day, the evening peak lasts for about
2 hours, afters that the consumption starts to decrease and the minimum consumption is fixed at
about 5 am, then the countrys consumption slowly starts to increase again until dawn, when the
outdoor lights of country are turned off, the consumption decreases again for a while and then the
consumption starts the increase to the morning peak, the morning peak lasts from about 12:00 to
14:00, then between the morning peak and the evening peak there is again a process of decreasing
consumption and then increasing it.

During the day, the snow melts in the mountains, and by the evening, the water inflow to some
hydroelectric power stations increases.

Based on the above, the need for energy storage is important, especially during times of water
abudance.
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