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wyalsacaviani hesebis mSeneblobis aucileblobis Sesaxeb 

teqn. mec. doqtori, profesori   gia arabiZe 

akademiuri doqtori, asocirebuli profesori  margalita arabiZe 

 

saqarTvelos teqnikuri universiteti 

 

anotacia. 2010-2019 ww. saqarTvelos eleqtroenergiis balansis monacemebis 

analizis safuZvelze dadgenilia, rom bolo 10 wlis ganmavlobaSi 

eleqtroenergiis saSuali wliuri moxmareba gazrdilia ≈ 51%-iT, xolo 

gamomuSaveba ki - mxolod ≈17,8%-iT, isic importirebul gazze momuSave Tesebis, 

sezonuri da deregulirebuli hesebis xarjze. Semcirebulia maregulirebeli 

hesebis gamomuSaveba. 7-jer aris gazrdili eleqtruli energiis importi. 

eleqtroenergiis moxmarebis tendenciis dazustebis mizniT 2019 w. monacemebi 

Sedarebulia 2010-2018 wlebis saSuali wliur monacemebs. aqac moxmareba 

gazrdilia 24%-iT, xolo gamomuSaveba კი - 11%-iT. importi gazrdilia 116%-iT, 
eqsporti Semcirebulia 65%-iT. eqsport-importis aseTi balansis ZiriTadi mizezi 

maregulirebeli sadgurebis mier gamomuSavebuli eleqtrოenergiis xvedriTi 

wilis Semcirebaa.  
 

sakvanZo sityvebi: balansi, hidroeleqtrosadguri, Tboeleqtrosadguri, 
importi,   gamomuSaveba, eleqtrოenergia. 

 

Sesavali 

 saqarTveloSi damoukidebeli energetikuli bazis Seqmna da, aqedan 

gamomdinare, qveynis energetikuli da erovnuli usafrTxoebis uzrunvelyofa, 

ZiriTadad hidroenergiazea dafuZnebuli. misi wili, generirebuli eleqtrო-

energiis  75-80%-s  Seadgens. 

miuxedavaT imisa, rom saqarTvelo mdidaria wylis resursebiT, obieqturi Tu 

subieqturi mizezebis gamo, 1898 wlidan (rodesac Cven qveyanaSi pirveli 

hidroeleqtrosadguri aSenda) dRemde arsebuli hidroenergოpotencialis  

mxolod  22%-is aTviseba gaxda SesaZlebeli [1]. aqve unda aRiniSnos, rom msoflioSi 

pirveli hidroeleqtrosadguri amuSavda 1878 wels inglisSi, romlis daniSnuleba 

iyo samxatvro galeriis ganaTeba  erTi cali rkaluri naTuriT [2,3]. dReisaTvis 

evropaSi, saSualo hidrologiur wels TiTqmis 650 mlrd. kvt.sT-ze meti eleqtrო-

energia gamomuSavdeba, rac evropaSi, TurqeTis CaTvliT, ekonomikurad efeqturi 

hidroenergოpotencialis  65%-s  Seadgens. 

Cveni energetikuli sistemis yvelaze didi problema iyo da aris zamTris piki. 

sistemis marTvis klasikuri modelis Tanaxmad, sadReRamiso da sezonuri pikebi 

dafaruli unda iqnes maregulirebeli (wyalsacaviani) da sezonuri hesebiT an 
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Tanamedrove kombinirebuli cikliT momuSave  gazturbinuli danadgarebiT. magram 

saqarTveloSi rogorc importirebul organul saTbobze (gazi, navTobi) 

orientirebul qveyanaSi, sadac bazisuri Tboeleqtrosadgurebis wili eleqtro-

energiis saerTo gamomuSavebaSi ar aRemateba 20-25 %-s, iZulebuli varT hesebi 

vamuSaoT bazisur reJimSi. amas emateba isic, rom  Cven wyalsacavian hesebs ar aqvT 

didi potenciali, dagubebis kuTxiT Zlieri SezRudulobis gamo.  

energetikuli sistemis mdgradobis gazrdasTan erTad,  maregulirebeli 

hesebi mniSvnelovan rols asruleben alternatiuli energiis wyaroebiT 

gamomuSavebuli eleqtrოenergiis qselTan mierTebis kuTxiTac.  vinaidan mzisa da 

qaris eleqtrosadgurebi arastabiluria da maT dasabalanseblad aucilebelia 

sarezervo simZlavreebi. Cven SemTxvevaSi es simZlavreebi akumulirebuli unda 

iqnes wyalsacavian  hesebSi [4]. 

yovelive es  gvaZlevs safuZvels ganvacxadoT, rom  Cven qveyanaSi  axali 

energetikuli obieqtebis (maregulirebeli, wyalsacaviani hesebis) swrafi tempiT 

mSenebloba did aucileblobas warmoadgens.  

ra Tqma unda, Cven Sors varT im azrisagan, rom mSenebloba unda vawarmooT 

nebismier adgilze nebismieri konfiguraciiT. mSenebloba unda emyarebodes 

kvlevas, romelic integralurad Seafasebs energogeneraciis ganviTarebis 

teqnikur, ekonomikur, garemos dacviT da socialuri zemoqmedebis sakiTxebs. e.i. 

unda avaSenoT is obieqtebi, romelic energetikulad saWiroa, ekonomikurad 

gamarTlebuli da ekologiurad misaRebi. mSeneblobis dawyebamde, sacicocxlod 

aucilebelia mosaxleobasTan komunikacia, investorze Zlieri socialuri 

pasuxismgeblobis dakisreba da garemos dacviT kuTxiT yvela saerTaSorisi 

standartis  Sesruleba [5]. 

statistikuri  monacemebi  da  analizi  [6,7] 

kovid pandemiis gamo, 2020 wels, rogorc msoflios aseve saqarTvelos 

ekonomikam gadauxvia bunebrivi ganviTarebis gzas. amitom eleqtroenergetikuli 

balansebis gasaanalizeblad saangariSo periodad aRebuli iqna 2010-2019 ww. am 

wlebSi iyo rogorc minimaluri, aseve maqsimaluri  importi, eqsporti da  

gamomuSaveba  (cxr. 1, 2). 
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2010-2019 ww.  saqarTvelos eleqtroenergiis balansis cxrili, mln.  kvt.sT   

                                                                                                                                                     cxrili  1                                             
dasaxeleba 2010 2011 2012 2013 2014 2015 

gamomuSaveba 10057,7 10104,5 9697,6 10059,6 10369,6 10832,6 

Tesi 682,8 2212 2477 1788 2035,9 2378,8 

qaris  eleqtrosadguri 0 0 0 0 0 0 

hesi, maT Soris: 9374,9 7892,4 7220,5 8271,5 8333,7 8453,8 

 maregulirebeli 6525,4 5217,5 4905,6 5385,1 5158,9 5118,5 

 sezonuri 2532,5 2379,3 2047,8 2557,6 2682,7 2817,3 

 deregulirebuli  317 295,7 267 328,8 492,1 518 

importi 222,1 471 614,6 484 793,3 699,2 

eqsporti 1303 930,6 528,1 450 545,1 659,9 

sasadguro danakargebi  da s/m 138,5 192,4 225,7 199 215,9 240 

transportirebis  xarji 175,8 196 179 204,1 231,9 260 

qselSi  miwodeba 10141,2 10383 10086 10344,7 10947 11291,7 

momxmarebelze  miwodeba 8441,1 9256,5 9379,4 9690,2 10170,1 10381,8 

gamomuSaveba 11573,6 11530,4 12135,2 11856,8 10821,8  

Tesi 2235,5 2233,0 2114,9 2840,4 2099,8 19,4 

qaris  eleqtrosadguri 9 87,8 84,3 84,7 26,6 0,2 

hesi,  maT Soris: 9329,2 9209,6 9936,0 8931,8 8695,3 80,4 

 maregulirebeli 5406,2 5347,8 5801,1 4969,5 5383,6 49,7 

 sezonuri 3238,8 3259,7 3456,1 3307,3 2827,9 26,1 

 deregulirebuli  684,2 602,1 678,8 655 483,9 4,5 

importi 478,9 1497,2 1508,8 1626,5 839,6  
eqsporti 559 685,7 588,6 243,4 649,3  

sasadguro danakargebi  da s/m 209 215,3 212,7 236,5 208,5  

transportirebis  xarji 258 251,3 258,1 235,8 225,0  

qselSi  miwodeba 11843,5 12812,3 13444,7 13246,8 11454,1  

momxmarebelze  miwodeba 11026,6 11875,3 12584,5 12767,7 10557,3  
 

2010-2018 ww.  saSualo wliuri monacemebi da 2019 wlis, 

 saqarTvelos eleqtroenergiis  balansi,  mln. kvt.sT 

cxrili 2 
dasaxeleba 2010-2018 ww. saSualo 

wliuri monacemebi 
2019 w. 

gamomuSaveba 10706,7 11856,8 

Tesi 2017,5 2840,4 

qaris  eleqtrosadguri 20,1 84,7 

hesi, maT Soris: 8669,1 8931,8 

 maregulirebeli 5429,6 4969,5 

 sezonuri 2774,6 3307,3 

 deregulirebuli  464,8 655 

importi 752,1 1626,5 

eqsporti 694,4 243,4 

sasadguro danakargebi  da s/m 205,4 236,5 

transportirebis  xarji 223,8 235,8 

qselSi  miwodeba 11254,9 13246,8 

momxmarebelze  miwodeba 10311,7 12767,7 
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rogorc statistikuri monacemebis cxr. 2-dan Cans, 2010-2019 ww. qselSi 

miwodebuli eleqtroenergiis saSualo wliuri raodenoba 5,8%-iT aWarbebs 

gamomuSavebuls. gamomuSavebis struqtura, %,  ki aseTia: Tesebi - 19,4; hesebi - 80,4, 

qari - 0.2. maregulirebel hesebze modis saSualo wliuri gamomuSavebis 49,7%, 

sezonurze - 26,1%, xolo deregulirebulze - 4,5%. hesebis mier wlis ganmavlobaSi 

gamomuSavebuli 8695,3 mln. kvt.sT eleqtroenergiis  62% maregulirebel hesebis 

mier aris gamomuSavebuli, 32,5% - sezonuris, xolo 5,5% ki - deregulirebulis. 

rogorc am monacemebidan Cans, gamomuSavebuli energiis da sistemis mdgradoba 

ZiriTadad damokidebulia maregulirebeli sadgurebis gamomuSavebaze. 

calke SevexoT 2010 wlis monacemebs da SevadaroT 2019 w. 2010 wlidan iwyeba 

yovelwliuri moxmarebis Seuqcevadi zrda. garda amisa, 2010 w. iyo  erT-erTi 

saukeTeso hidrologiuri (wyaluxvi) weli. 2019 w., 2010 welTan SedarebiT, eleqtro-

energiis moxmareba gaizarda ≈51%-iT, xolo gamomuSaveba - ≈17,8%-iT. gamomuSavebis 

gazrda moxda importirebul gazze momuSave Tboeleqtrosadgurebis xarjze (316%). 

hesebis jamuri gamomuSaveba Semcirda 5%-iT, maT Soris maregulirebeli  

sadgurebis - ≈ 24%-iT.  sezonuri hesebis gamomuSaveba gaizarda ≈31%-iT, mcire 

simZlavris hesebis - ≈106%-iT. eleqtroenergiis importi ki gaizarda ≈7-jer. 

miuxedavaT imisa, rom generaciis obieqtebma (garda maregulirebeli sadgurebisa) 

mniSvnelovnad gazardes gamomuSaveba, gazrdili moxmarebis gamo 7-jer gaizarda 

importi. problema  wyalsacavebis arasakmarisi moculobaa.  

2010 da 2019 wlebi hidrologiis kuTxiT ori radikalurad gansxvavebuli 

welia. 2019 weli iyo mZime hidrologiuri  (wyalmcire). eleqtroenergiis moxmarebis 

tendenciis dazustebis mizniT 2019 wlis monacemebi SevadaroT 2010-2018 ww. 

saSualo wliur monacemebs. 

2019 wels moxmareba,  2010-2018 ww. saSualo wliur moxmarebasTan SedarebiT, 

gaizarda ≈ 24%-iT. gamomuSaveba ki - ≈11%-iT. am SemTxvevaSic importirebul gazze 

momuSave Tesebis (≈41%) da hesebis (≈3%)  gamomuSavebis xarjze. maregulirebeli 

hesebis gamomuSaveba Semcirda ≈8,5%-iT, xolo sezonuri da mcire simZlavris 

sadgurebis gamomuSaveba Sesabamisad gaizarda  19 da  41%-iT. eleqtroenergiis 

importi gaizarda 2-jer (≈116%-iT), xolo eqsporti Semcirda ≈ 65%-iT. am 

SemTxvevaSic suraTi igivea, importis aseT mkveTr zrdas iwvevs maregulirebeli 

sadgurebis gamomuSavebis Semcireba, generaciis sxva wyaroebis gamomuSaveba 

zrdadia.  
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gavaanalizoT generaciis obieqtebis xvedriTi wili moxmarebis 

uzrunvelyofaSi. am mxriv, 2010 welTan SedarebiT, 2019 w. Tesebis wili gazrdilia 

≈14%-iT, hesebis ki - Semcirebulia ≈41%-iT. maT Soris, maregulirebeli da 

sezonuri sadgurebis wili Sesabamisad Semcirebulia ≈ 38  da  ≈4% -iT, xolo mcire 

simZlavris hesebis gazrdilia ≈ 1,5%-iT. importi gazrdilia ≈10%-iT. problema 

kvlav maregulirebeli sadgurebia. 

moxmarebis uzrunvelyofaSi, dazustebis mizniT, erTmaneTs SevadaroT 2019 

w. da 2010-2018 ww saSualo wliuri monacemebi. Tesebis wili gazrdilia ≈ 3%-iT, 

hesebis ki - Semcirebulia ≈14%-iT mTlianad maregulirebeli sadgurebis xarjze. 

sezonuri da mcire simZlavris sadgurebis wili praqtikulad ucvlelia. importi 

gazrdilia ≈6%-iT. problema kvlav maregulirebeli sadgurebia. 

saqarTvelos eleqtroenergetikuli balansis analizidan Cans, rom eqsport-

importis dabalansebisaTvis, wyalsacaviani hesebis wili moxmarebis  uzrunvel-

yofaSi  unda iyos ara nakleb 50%-sa. 2010 w.  eqsportze gatanil iqna 1303 mln. kvt.sT 

eleqtroenergia, xolo Semotanili iqna - 222 mln. kvt.sT. maregulirebeli 

sadgurebis wili moxmarebaSi iyo 77%. aseTive situacia iyo 2011- 2014 wlebis 

periodSi. 2019 wels importirebul iqna 1626,5 mln. kvt.sT eleqtruli energia. 

maregulirebeli sadgurebis wili moxmarebis dakmayofilebaSi iyo 39 %. 

Tu  CavTvliT, rom eleqtroenergiis  yovelwliuri moxmareba   saSualod   

2,5%-iT gaizrdeba, maSin 2025 wlisaTvis eleqtroenergiis wliuri moxmareba 

daaxloebiT 15500-16000 mln. kvt.sT-s miaRwevs. eqsport-importis  

dabalansebisaTvis, wyalsacaviani hesebis jamuri wili aRniSnuli moxmarebis 

uzrunvelyofaSi unda iyos aranakleb 7500-8000 mln. kvtsT-sa. bolo 10 wlis 

ganmavlobaSi am tipis hesebis saSualo wliurma gamomuSavebam ≈ 5400 mln. kvtsT 

Seadgina. qveyanas esaWiroeba axali wyalsacaviani hesebi, romelTa wliuri 

gamomuSaveba 2000-2500 mln. kvtsT-ze naklebi ar iqneba. aRniSnuli energia, ara 

marto eqsport-importis dasabalanseblad aris aucilebeli, aramed is sawyis 

etapze mogvcems saSualebas Tamamad avaSenoT da eqspluataciaSi SeviyvanoT 

cvladi reJimebiT momuSave  qarisa da mzis eleqtrosadgurebi. 

da bolos, adgilobrivi ganaxlebadi energiis aTviseba da gamoyeneba qveynis 

damoukideblobis winapirobaa. gansakuTrebiT ki maregulirebeli tipis hesebi qmnis 

am garemos.  aRsaniSnavia is garemoebac, rom evrokavSiris direqtivis mixedviT 

maregulirebeli hesebic ganaxlebadi energiis jgufs ganekuTvneba (hidro-

maakumulirebelis garda). hidroenergetikis ganviTareba xels Seuwyobs 
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evrokavSiris ganaxlebadi energiis Sesaxeb direqtiviT nakisri valdebulebis 

Sesrulebas, romlis mixedviTac qveyanas 2030 wlisTvis konkretuli samizne 

maCveneblis Sesrulebas avaldebulebs. zusti maCvenebeli dadgenili iqneba 2021 w. 

bolos, Tumca“ ganaxlebadi wyaroebidan energiis warmoebisa da gamoyenebis 

waxalisebis Sesaxeb“ kanonis mixedviT,  dRis mdgomareobiT aRniSnuli maCvenebelia 

35%, rac imas niSnavs, rom srul energetikul balansSi ganaxlebadebis wili 35%-s 

unda warmoadgendes 2030 wlisaTvis. 

 

daskvna 

1. sistemis mdgradobisaTvis cvladi reJimebiT momuSave  qarisa da mzis 

eleqtrosadgurebis eqspluataciaSi intensiurad Sesayvanad saWiroa daCqardes 

hidroeleqtrosadgurebis mSenebloba, gansakuTrebiT wyalsacaviani sadgurebis. 

2. eqsport-importis  dabalansebisaTvis 2025 wlisaTvis aucilebelia aSendes 

wyalsacaviani hesebi, romelTa jamuri wliuri gamomuSaveba 2000-2500 mln. kvt.sT 

iqneba. 

3. mSenebloba unda emyarebodes, energogeneraciis ganviTarebis teqnikur, 

ekonomikur, garemosdacviTi da socialuri zemoqmedebis sakiTxebis integralur 

Seafasebs. 

4. mSeneblobis dawyebamde aucilebelia mosaxleobasTan komunikacia, 

investorze Zlieri socialuri pasuxismgeblobis dakisreba da garemos dacviT 

kuTxiT yvela saerTaSorisi standartis  Sesruleba. 
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2. http://engineeringsystems.ru/gidroelektrostancii/pervie-ges.php; 
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5. Turnava n. http://energyplatform.ge/ 

6. www.esco.ge 

7. www.gse.com.ge 

8. https://matsne.gov.ge/ka/document/view/4737753?publication=1  
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https://l.facebook.com/l.php?u=http%3A%2F%2Fenergyplatform.ge%2F%3Ffbclid%3DIwAR0vGgL9GX_F2I9ghnUbUh8X9J40Vh1661TnvYtlfZiPUXFDD__385xd0iI&h=AT0ErzuKAgQ5CYgvZblHn7xtYYPXAeZQtp_GgaIz8cYTJE3HZVHDJ7Ed6seelz4rthDfK40BckvMF0LkZy6RYRHPFfmddcrZTRdv8-Zwdrg84uPDyuEOq8JhfJfcYkPtus5c&__tn__=%2Cd-UC%2CP-R&c%5b0%5d=AT2efwhE_bm1OlSOW5Hj_PFAPL09pzxKZ-RBBuEf0uFWbE0fmTwHSS41cDh1NLRQmcEFkmXOdpOTJtGx_hqrtD4P2v__qSwcOXow73huKqf6Sf5jeZdvJVH7I3WfZlUiJx00t-1a3hHiuawaYsU5z1CMnWXPMkFsIW219ujUVrnO4eg
http://www.gse.com.ge/
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REGARDING NECESSITY OF CONSTRUCTION OF IMPOUNDMENT HYDRO POWER 

PLANTS. 

G.Arabidze, M.Arabidze. "Energy".  №1(97). 2021. Tbilisi. p. 5- 11. geo.  sum geo. engl. rus.   

 

Analysis of the Georgian Electricity balance between 2010-2019 shows that average annual 

electricity consumption during the last 10 years has increased by 51% and generation by only 17.8% 

mostly from thermal power plants operating on imported natural gas, seasonal and deregulated hydro 

power plants. Generation from regulating hydro power plants has decreased. Electricity import has 

grown 7 times. For better defining trend of electricity consumption, 2019 data is compared to average 

between 2010-2018 data. Consumption here has increased by 24% and generation by 11%. Import has 

increased by 116% and export has decreased by 65%. The reason behind this balance is attributed mostly 

to the decrease of share of regulating hydro power plants. 

Tabl. 2, bibl. 8.    

 

 

 
 

О НЕОБХОДИМОСТИ СТРОИТЕЛЬСТВА ВОДОХРАНИЛИЩНЫХ 

ГИДРОЭЛЕКТРОСТАНЦИЙ.  

Г.Арабидзе, М.Арабидзе. "Энергия". №1(97). 2021. Тбилиси. с. 5-11. груз.  реф. груз. англ. рус. 

На основе анализа данных баланса электроэнергии Грузии 2010-2019 гг. было установлено, за 

последние 10 лет, среднегодовое потребление электроэнергии увеличилось на ≈ 51% в то время 

как производство увеличилось всего лишь на ≈17,8%, за счет ТЭС, работающих на импортном 

газе, сезонных и дерегулируемых гидроэлектростанций. Снижена генерация электроэнергии  

регулирующими гидроэлектростанциями. Импорт электроэнергии увеличился в 7 раз. Для 

уточнения динамики потребления электроэнергии данные за 2019 год были сравнены со 

среднегодовыми данными за 2010-2018 гг.. Оказалось, что потребление выросло на 24, а 

генерация - на 11%. Импорт увеличился на 116%, а экспорт снизился на 65%. Основная причина 

такого экспортно-импортного баланса - сокращение доли электроэнергии, вырабатываемой 

регулирующими станциями. 

Табл. 2, лит. 8 назв. 
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saqarTvelos eleqtroenergetikuli sistemis marTvis 

saoperacio RonisZiebebi 

 

doqtori  arCil koxtaSvili 

 doqtoranti  giorgi xorbalaZe 

 

saqarTvelos teqnikuri universiteti 

 
anotacia. statia gamoiyeneba saoperacio RonisZiebebis marTvisTvis. misi 

gamoyenebis mizania nominaciis fizikuri simyaris SenarCuneba. saoperacio 
RonisZiebebi unda Catardes saqarTvelos saxelmwifo eleqtrosistemis mier, 
gansakuTrebiT gadatvirTvis marTvisTvis, romlebic ar aris regularuli 
sabalanso bazris saqmianobis nawili, magram gardauvalia sistemis usafrTxoebis 
uzrunvelsayofad. 
 

sakvanZo sityvebi: saoperacio RonisZiebebi, sistemis marTva, sadispetCero, 
gadatvirTvis marTva, simZlavris SezRudva, generaciis SezRudva, 
moxmarebis gamorTva, saxelmwifo eleqtrosistema, avariuli mdgomareoba. 

 

statia Seexeba eleqtroenergetikuli sistemis saoperacio RonisZiebebs, 

romlebsac gadamcemi sistemis operatori (gso) iyenebs umetesad gadatvirTvis 

marTvisTvis. gadatvirTvis marTva ar warmoadgens normalur sabalanso bazris 

operirebis operacias, Tumca mniSvnelovania sistemis usafrTxoebis 

uzrunvelsayofad.  

gadatvirTvis marTvisa da gamosasworebeli saoperacio RonisZiebebis 

gansaxorcieleblad saWiro komponentebia: grZelvadiani transsasazRvro 

moculobis ganawilebis uflebebis (PTR) SezRudva, Semxvedri vaWroba, 

redispetCireba, eleqtroenergiis warmoebisa da moxmarebis meqanikuri an/da 

avtomaturi fizikuri gamorTva. 

saoperacio RonisZiebebis gamoiyeneba imisaTvis, rom moxdes bazris 

monawileebis nominaciebis fizikuri simyaris SenarCuneba. nominaciis fizikuri 

simyaris SeuZleblobis SemTxvevaSi, gamoyenebuli unda iqnes koreqtirebis 

grafiki, raTa Seamsubuqos dainteresebuli bazris monawileebis finansuri 

gavlena.  

Tu gsos- esaWiroeba PTR-is SezRudva, aucilebelia Sesabamisi periodisTvis 

ori scenaris identificireba: 

scenari 1: incidenti xdeba PTR-is  ganawilebis Semdeg, nominaciebis 

wardgenamde - incidenti sistemaSi xdeba alokaciis procesis Semdeg, nominaciebis 
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wardgenamde da aucilebelia PTR-ebis SezRudva, gso-m axali NTC moculobebis 

dasadgenad xelaxali Sefaseba unda Caataros.Tu ganawilebuli moculobebi 

aWarbebs axal NTC moculobebs, unda ganxorcieldes PTR-ebis specifikuri 

Semcireba. 

scenari 2: incidenti xdeba transsasazRvro moculobis ganawilebis da 

nominaciebis wardgenis Semdeg - incidenti sistemaSi, romelic iwvevs PTR-ebis 

Semcirebas, xdeba moculobebis nominaciebis dadasturebis Semdeg, sadispetCero 

centrma fizikuri simyaris SesanarCuneblad unda gamoiyenos Semxvedri vaWroba 

,romelic aRwerilia qvemoT. 

Semxvedri vaWroba niSnavs regulirebas momatebaze an Semcirebaze, 

ganxorcielebuli erTi an ramdenime gso–s mier, erT an ramdenime satendero zonaSi 

fizikuri gadatvirTvis Sesamcireblad. gamomdinare iqidan, rom saqarTvelo 

ganxilulia rogorc erTi satendero zona, saqarTvelos eleqtroenergetikuli 

bazrisTvis, Semxvedri vaWroba xorcieldeba rogorc  transsasazRvro saoperacio 

RonisZieba.  

redispetCireba niSnavs regulirebas momatebaze an Semcirebaze, romelic 

sruldeba erTi an ramdenime gso–s mier erT an ramdenime satendero zonaSi, raTa 

moxdes fizikuri gadatvirTvis moxsna. 

redispetCirebis gamosayeneblad, Semdeg principebze dayrdnobiT xdeba 

sistemis usafrTxoebis uzrunvelyofa: 

 a) generaciis obieqtis/momxmareblis adgilmdebareobis gansazRvra aris 

mniSvnelovani faqtori;  

b) redispetCirebisTvis xdeba sabalanso eleqtroenergiis gamoyeneba; g) 

sabalanso eleqtroenergiis gaaqtiureba redispetCirebis miznebisTvis yovelTvis 

unda iyos simetriuli droSi da moculobaSi;  

d) qselSi ganxorcielebuli investiciebiT, redispetCirebis aucilebloba 

mcirdeba. 

warmoebisa da moxmarebis meqanikuri / avtomaturi fizikuri gamorTva, rogorc 

erTi gamosasworebeli saoperacio RonisZieba (rogorc ukiduresi RonisZieba), 

SeiZleba Catardes gso-s mier. es RonisZieba aris bolo imedis instruqcia 

eleqtrosadgurebisTvis, romlebic Sesabamisi produqtis periodSi, rodesac 

incidenti moxda, ar aris warmodgenili arc erT tenderSi da, Sesabamisad, ar aris 

xelmisawvdomi maTi winadadebebi. 
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Tu sadispetCero Seafasebs, rom incidentis mogvareba SesaZlebelia mxolod 

warmoebisa da moxmarebis meqanikuri an/da avtomaturi fizikuri de /aqtivaciiT, 

maSin gso saWiroebs am RonisZiebebis Catarebas. 

 

 

 

 

 

 

 

 

 

OPERATIONAL MEASURES FOR MANAGING THE POWER SYSTEM OF GEORGIA. 
OPERATIONAL MEASURES FOR MANAGING THE POWER SYSTEM OF GEORGIA. 

A.Kokhtashvili, G.Khorbaladze. "Energy".  №1(97). 2021. Tbilisi.   p.12-14.  geo.  sum geo. engl. rus.   

 

This article is used for the management of operational measures. The basic main principle of this 

applies that the physical firmness of a nomination shall be sought to be maintained.  Operational 

measures need to be conducted by Georgian State Electrosystem (transmission system operator) ,  i.e. the 

National Control Center in case remedial actions are necessary, in particular for congestion management, 

that are not part of the regular Balancing Service activities but inevitable to ensure the system security. 

 

 

 

ОПЕРАТИВНЫЕ МЕРОПРИЯТИЯ ДЛЯ УПРАВЛЕНИЯ ЭЛЕКТРОЭНЕРГЕТИЧЕСКОЙ 

СИСТЕМОЙ ГРУЗИИ. 

А.Кохташвили,  Г.Хорбаладзе. "Энергия". №1(97). 2021. Тбилиси. с. 12-14.  груз. реф. груз. англ. 

рус. 

В работе рассмотрены оперативные мероитяия для управления электроэнергетической 

системой Грузии, основной принцип которого состоит в необходимости обусловить сохранение 

физической стойкости номинации. 

Показано, что оперативные меры должны быть выполнены Государственной электросистемой 

Грузии (оператор системы передачи), т.е. Национальным центром управления при необходимости 

корректирующих действий, в частности для управления перегрузками, которые не являются 

частью регулярной деятельности службы балансировки, но неизбежны для обеспечения 

безопасности системы. 
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saqarTveloSi miwisqveSa gazsacavis mSeneblobis 

perspeqtiva da sawyis etapze monitoringis aspeqtebi 

  

doqtoranti qeTevan berikaSvili 

 

saqarTvelos energetikisa da wyalmomaragebis maregulirebeli  
erovnuli komisia 

 

anotacia. miwisqveSa gazsacavi yvela im qveynisTvis, romelic moixmars 
bunebriv gazs da gansakuTrebiT iseTi qveynisTvis, romelic qveynis moxmarebis 
TiTqmis 99%-is dasakmayofileblad bunebrivi gazis imports axorcielebs, 
SeiZleba iTqvas, rom sasicocxlod mniSvnelovania. miwisqveSa gazsacavebis 
eqspluataciis teqnologiuri da ekonomikuri efeqturobis zrdis erT-erTi 
wyaroa xelovnuri gazis sabadoebis formirebis dinamikis monitoringi, 
analizi da prognozi. naSromSi moyvanilia aRwerili miwisqveSa gazsacavis 
oTxi procesis kompleqsuri maCveneblebis gaangariSeba.  
     miRebulia miwisqveSa gazsacavis monitoringis kriteriumis dadgena 
eqspluataciis wina etapze. SemdgomSi TiToeuli etapisaTvis, TanmimdevrobiT 
monacemebis aRricxvisas, unda moxdes aRniSnuli monitoringis kriteriumis 
Sefaseba, dadgena da misaRebi scenaris gadawyvetilebis miReba. 
 

sakvanZo sityvebi: miwisqveSa gazsadeni, perspeqtiva, monitoringi. 

miwisqveSa gazsacavi yvela im qveynisTvis, romelic moixmars bunebriv gazs 

da gansakuTrebiT iseTi qveynisTvis, romelic qveynis moxmarebis TiTqmis 99%-is 

dasakmayofileblad bunebrivi gazis imports axorcielebs, SeiZleba iTqvas, 

rom sasicocxlod mniSvnelovania. wlebia, saqarTvelos aqvs interesi qveyanaSi 

ganxorcieldes gazsacavis proeqti, romelic bevri mimarTulebiT gaaZlierebs 

qveynis statuss. amgvarad, naSromis Tematika metad aqtualuria. miwisqveSa 

gazsacavis mSenebloba ganxorcieldeba q. TbilisTan axlos, gardabnis 

municipalitetSi samgoris samxreTi TaRis daclil, damuSavebul navTobis 

sabadoze da masSi 300 mln. m3-mde gazis Senaxva iqneba SesaZlebeli, rac, 

saSualod, qveynis wliuri moxmarebis 15%-s Seadgens. kerZod, teqnikuri 

pirobebis Sesabamisad, gazsacavis sruli moculoba 400-450 mln. m3, xolo 

aqtiuri moculoba ki - 200-300 mln. m3.    

nax. 1-ze naCvenebia momavali miwisqveSa gazsacavis teqnologiuri sqema. 
 

mravali wlis ganmavlobaSi miwisqveSa gazsacavis obieqtebis Seqmnis, 

ganviTarebis da eqspluataciis teqnikur-ekonomikuri aspeqtebi gadaudebeli da 

rTuli gadasaWreli problemaa [1,2]. 

naSromis mizania saqarTveloSi miwisqveSa gazsacavis mSeneblobis 

perspeqtivisa da sawyis etapze monitoringis aspeqtebis analizi. miwisqveSa 

gazsacavebis eqspluataciis teqnologiuri da ekonomikuri efeqturobis zrdis 
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erT-erTi wyaroa xelovnuri gazis sabadoebis formirebis dinamikis 

monitoringi, analizi da prognozi, gamoyenebuli obieqtis rTuli modelis 

safuZvelze. informaciis erTobliobiT. naCvenebia,  rom amave dros ar aris 

saWiro ZviradRirebuli savele an WaburRilis kvlevebis Catareba, vinaidan 

umetes SemTxvevaSi sakmarisia mecnierulad damuSavebuli sadispetCero 

monacemebi da obieqtis teqnologiuri procesebis kompiuteruli modelebis 

Seqmna [3]. 

 

 

nax. 1. momavali miwiსqveSa gazsacavis teqnologiuri sqema 

miwisqveSa gazsacavis eqspluataciisas saWiro da aucilebelia sistemis 

monitoringi. arsebobs ori saxis monitoringi: parametrebisa da 

mdgomareobebis. parametrebis monitoringis Sedegi aris mudmivad, ganuyoflad 

momijnave drois intervalebiT miRebuli parametrebis gazomili 

mniSvnelobebis erToblioba, romlis drosac parametris sidideebi 

mniSvnelovnad ar unda icvlebodes [4]. 

mdgomareobebis monitoringi aris obieqtis mdgomareobis dakvirveba, raTa 

dadgindes da moxdes prognozi, rodis miaRwevs igi zRvrul mdgomareobas. 

obieqtis mdgomareobis monitoringis Sedegia misi Semadgeneli subieqtebis 

diagnozebis erToblioba, miRebuli uwyveti momijnave drois intervalebiT, 

romlis drosac obieqtis mdgomareoba mniSvnelovnad ar icvleba [5-7]. 

principuli gansxvaveba mdgomareobisa da parametrebis monitorings Soris 

aris gazomili parametrebis interpretaciis arseboba mdgomareobis 

TvalsazrisiT - obieqtis mdgomareobis Sesaxeb eqspertebis mier gadawyveti-

lebis miRebis mxardaWera da Semdgomi sistemis marTva. 

monitoringis sistema warmoadgens ZiriTadi kvanZebis maxasiaTeblebis 

(parametrebis) mcire raodenobis registraciis, Segrovebisa da aRricxvis, 

Senaxvisa da analizis sistemis mocemuli obieqtis moqmedebis (mdgomareobis) 

Sesaxeb erTobliobas, romlis mizanicaa Sefasebis gakeTeba Semdgomi 

ganviTarebis prognozirebisTvis. es aris obieqtis Sesaxeb iseTi daskvnebis 
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gakeTeba, romelic axasiaTebs mcire maxasiaTeblebis analizs, mis Tvisebebs - 

diagnostikur parametrebs [8-10]. 

monitoringis sistema aris kompleqsuri, romelic asrulebs dakvirvebis, 

kontrolis, analizis pirobebis Sefasebasa da prognozirebis,  procesebisa da 

sxva movlenebis funqcias. monitoringis sistema ukavSirdeba obieqtebis 

avtomaturi marTvis teqnologiuri procesebis Sedegad warmoqmnil 

monitorings. 

SemoTavazebuli meTodologia saSualebas gvaZlevs kvalimetrologis 

monawileobiT, moiZebnos teqnologiuri procesis kavSirebi, romlebzedac 

yvelaze metad damokidebulia produqciis teqnologiuri xarisxi [11]. 

ganvixiloT ormxrivi da calmxrivi maCvenebeli: 
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sadac iP  aris  i --uri Sesafasebeli obieqtis (procesis) erTeuli maCvenebeli, 

romelic warmoadgens erT-erT Tvisebas (maxasiaTebeli); iP0 - i -uri erTeuli 

nominaluri maCvenebeli (sabazo); iT - i -uri erTeuli maCveneblis daSveba, 

romelic tolia zeda da qveda dasaSvebi zRvruli mniSvnelobebis sxvaobis. 

erTeuli maCveneblis wona (mniSvnelobadoba) mizanSewonilia  daadgindes 

eqspertis mier  
n

ii mm
1

1;10 . Tu saeqsperto meTodis gamoyeneba 

SeuZlebelia, maSin unda gamoviyenoT albaTuri midgomis  formula  




n

i

i
i

q

q
m

1

. 

miwisqveSa gazsacavis obieqtis (procesis) efeqturobis kompleqsuri 

maCvenebeli (kriteriumi), romlisTvisac miuRebelia romelime erTeulovani 

maCveneblis sazRvrebi, sasurvelia gamoiTvalos geometriuli jamiT, 

monawileobis koeficientebis gaTvaliswinebiT [12,13]: 

                                   
n

n

iiyqR

1

1








   .                         (2) 

ase, rom ormxrivi da calmxrivi maCveneblebisTvis saWiroa Sesabamisi 

formulebis gamoyeneba. meTodikis demonstrirebisTvis, ZiriTadi maCveneblebis 

mniSvnelobebis normatiuli parametrebi. monitoringis obieqturi Sedegebis 

misaRebad, aucilebelia Semdegi maCveneblebi. 
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midgomis ganxilvisas, samrewvelo produqciis xarisxis uzrunvelsayofad, 

arsebobs oTxi etapi: SemuSavebis wina etapi, SemuSavebis etapi, momxmareblis 

xarisxis zogierTi maxasiaTeblidan gadasvla, detalebisa da kvanZebis 

sizustis moTxovnebis dadgena, eqspluataciis procesis etapi.  

ZiriTadi faqtorebi, romlebic gavlenas axdens miwisqveSa gazsacavebis 

obieqtebSi monitoringisa da kontrolis sistemis procesebis Sedegebis 

miRwevaze da misi Sesabamisi maxasiaTeblebi: 

1) miwisqveSa gazsacavSi gazis CaWirxvnis monacemebi: CaWirxvnis wneva, 

Setanili odorantis odenoba, gazis siCqare, meqanikuri minarevebis zRvruli 

odenoba, tenianobis zRvruli odenoba; 2) miwisqveSa gazsacavis Senaxvis 

monacemebi: maqsimaluri dRiurad gaangariSebuli gaJonva, maqsimaluri wnevis 

Semcireba;  gazis wneva miwisqveSa gazsacavis siRruveebSi (monacemebi); 3) gazis 

wneva miwisqveSa gazsacavis siRruveebSi namis wertilis temperatura, miwisqveSa 

gazsacavidan gazis aRebis monacemebi: wnevis Semcireba gazis aRebis dros, 

gazis wneva magistralis SesasvlelTan, gazis gamodinebis siCqare, gazis 

kalorioba; 4) zemoqmedoba garemoze: gauxsneli Sewonili marilxsnaris 

amotumbuli narevis zRvruli Semcveloba, wyalSi mavne nivTierebebis 

maqsimaluri koncentracia. wyalSi mavne nivTierebebis maqsimaluri 

koncentracia da a.S. 

naSromSi moyvanilia aRwerili miwisqveSa gazsacavis oTxi procesis 

kompleqsuri maCveneblebis gaangariSebis (2)-is mixedviT, Semdegi maCveneblebis 

gazomili erTeulis mniSvnelobebis Sesabamisad, gveqneba: 781,0K1  ; 811,0K 2  ; 

742,0K 3  ; 651,0K4   (nax. 2). (2)-is Sesabamisad, oTxive ZiriTadi procesis 

kompleqsuri done (efeqturobis kriteriumi) gveqneba: 742,0K  . Tu CavTvliT, 

rom miwisqveSa gazsacavis warmatebuli funqcionirebisTvis, dauSvebelia 

kompleqsuri maCveneblis Semcireba 0.7-ze nakleb maCvenebelze, saWiro iqneba 

iseTi zomebis miReba, romliTac iqneba acilebuli xarisxis donis Semcireba 

0.7-ze naklebi maCvenebliT, eqspluataciis dros oTxive ZiriTadi procesisTvis. 

Sedegebis gamoyenebis sfero warmoadgens saqarTvelos gazis dargSi 

mSenebare miwisqveSa gazsacavis Sedegebis gamoyenebas „saqarTvelos gazisa da 

navTobis korporaciisaTvis“ da mravali Sesabamisi gazis seqtoris 

personalisaTvis.  
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nax. 2. kompleqsuri procesis ZiriTadi procesebis kompleqsuri maCveneblebis 
mniSvnelobebi 

 

amgvarad, miRebulia daskvna eqspluataciis wina etapze. miwisqveSa 

gazsacavis monitoringis kriteriumis dadgenis Sesaxeb. cxadia, rom amis 

SemdgomSi TiToeuli etapisaTvis, TanmimdevrobiT monacemebis aRricxvisas, 

unda moxdes aRniSnuli monitoringis kriteriumis Sefaseba, dadgena da 

misaRebi scenaris gadawyvetilebis miReba. 
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PERSPECTIVE OF CONSTRUCTION OF UNDERGROUND GAS STORAGE IN GEORGIA 

AND ASPECTS OF MONITORING AT THE INITIAL STAGE. 

K.Berikashvili. "Energy".  №1(97). 2021. Tbilisi. p. 15-20.  geo.  sum geo. engl. rus.   
 

For every country which consume natural gas  and especially for the country that imports natural gas 

to satisfy  almost 99% of the country's consumption underground gas storage is a vitally important. One 

of the sources of growth of technological and economic efficiency of underground gas storages is 

monitoring, analysis and forecasting of the dynamics of formation of the gas reservoirs. The work 

describes calculation of the complex parameters of the four underground gas storage processes and 

consists  the criteria for monitoring the underground gas storage at the previous stage of operation. 

Subsequently, for each stage, when sequential data accounting, the mentioned monitoring criterion 

should be evaluated, determined and will be accepted the decision about scenario. 

Ill. 2, bibl. 12. 

 

 

 

 

ПЕРСПЕКТИВА СТРОИТЕЛЬСТВА ПОДЗЕМНОГО ХРАНЕНИЯ ГАЗА В ГРУЗИИ И 

АСПЕКТЫ МОНИТОРИНГА НА РАННЕМ ЭТАПЕ. 

 К.Берикашвили. "Энергия". №1(97). 2021. Тбилиси. с. 15-20. груз.  реф. груз. англ. рус. 

Хранение подземного газа имеет жизненно важное значение для страны, 
потребляющей природный газ, и особенно для страны, импортирующей природный 
газ для удовлетворения почти 99% её потребления, что жизненно важно. Одним из 
источников роста технологической и экономической эффективности подземных 
газовых хранилищ является мониторинг, анализ и прогноз динамики формирования 
искусственных газовых залежей. Представлен расчет комплексных параметров 
четырех описанных процессов подземного хранения газа и приняты критерии 
мониторинга подземного газового хранилища на предыдущем этапе эксплуатации. 
Показано, что для каждого последующего этапа при последовательном учете данных 
необходима оценка указанного критерия мониторинга и принятие приемлемого 
решения сценарния.  

Илл. 2, лит. 12 назв. 
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maRali Zabvis kabelis eleqtroizolaciis gazomvis 

Sedegis ganusazRvrelobis Sefaseba 

 
doqtoranti  giorgi xurcilava 

teqn.mecn.doqtori, profesori  omar kiRuraZe 

 
saqarTvelos teqnikuri universiteti 

          
anotacia. Zalovani kabelis eleqtroizolaciis  parametrebis perioduli Semowmeba 

aqtualuri amocanaa, radgan  izolaciis masala eqspluataciis dros droTa 
ganmavlobaSi kargavs Tavis xarisxs, Zveldeba, meqanikurad ziandeba, rac sabolood 
aisaxeba misi gamrRvevi Zabvis SemcirebaSi. es ki xels uwyobs avariuli reJimebis 
aRZvras , Sesabamis eleqtrul wredebSi da sabolood kabelis izolaciis elqtrul 
garRvevas. am arasasurveli reJimebis Tavidan acileba SesaZlebeli, mudmivi denis 
mimarT izolaciis winaRobis sididis kontroliT. 

Catarebulia viwroliandagiani matareblis elmavalSi gamoyenebuli Zalovani 
kabelebis eleqtroizolaciis winaRobis perioduli kontroli.  

 gazomvis Sedegis utyuarobis (sizustis) Sesafaseblad gamoyenebulia 
ganusazRvrelobis koncefcia, ramac ukanasknel wlebSi ZiriTad ganviTerebul  
qveynebSi, Caanacvla gazomvis sizustis Sefasebis „tradiciuli“ cdomilebebis meTodi.    

gafarToebuli ganusazRvrelobis intervaluri SefasebisaTvis miRebulia  

  0.95 Pmgomi,  P685.1R609.1 . 

sakvanZo sityvebi:  kabelis eleqtroizolacia, viwroliandagiani matarebeli,                                  

                                     gazomvis ganusazRvreloba, Sedegis utyuaroba, korelacia.  

 
eleqtrokabelis izolaciis winaRoba erT-erTi mTavari parametria, romlis 

normebSi SenarCuneba aqtualuri amocanaa.  eqspluataciis dros Zalovani kabelebi 
yovelTvis imyofeba sxvadasxva gare negatiuri zemoqmedebis qveS da kabelis 

izolacia warmoadgens garemos zemoqmedebisagan dacvis saSualeba.  

izolaciis masala eqspluataciis dros kargavs Tavis xarisxs, Zveldeba, 

irRveva izolacia da am arasasurveli cvlilebebis erT-erT maCvenebels 

warmoadgens  mudmivi denis mimarT izolaciis winaRobis dadableba [1]. kabelebis 

izolaciis winaRoba mudmivi denis mimarT normirebulia standartiT. kabelis 
pasportSi miTiTebulia normaluri winaRoba laboratoriuli pirobebSi 

gamocdebis mixedviT 200C   temperaturis dros. gamocdis dros daculi unda iyos  

maRali Zabvaze muSaobis usafrTxoebis wesebi. 

viwroliandagiani matareblis elmavalSi gamoyenebulia 50 m-de sigrZis  

Zalovani kabeli kveTiT 70 kv.mm. mudmivi muSa Zabva tolia 1500 vt-s. kabelis 

izolaciis perioduli kontroli mniSvnelovani saeqspluatacio amocanaa.  

 gazomvis Sedegis utyuarobis (sizustis) Sesafaseblad gamoyenebulia axali 

midgoma -„ganusazRvrelobis“ koncefciis gamoyenebiT, romelic sruldeba 

saxelmZRvanelo dokumentSi [2] da literaturaSi [3]  mocemuli algoriTmis 

analogiurad:  
 

 etapi 1. sawyisi monacemebi  

1. gazomvis obieqti - viwroliandagiani matareblis elmavlis Zalovani kabeli 

ППСРМ1500. 

2. gasazomi sidide-kabelis izolaciis eleqtrowinaRoba. 
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3. gazomvis erTeuli - mgomi. 

4. gamoyenebuli xelsawyo -kabelebis eleqtroizolaciis winaRobis sazomi 

(PEAKMETER PM890 C/D).  

       5. gazomvis meTodi-  iribi meTodi.  

       6. gazomvis pirobebi - Zabvis wyarod gamoyenebulia laboratoriuli 
avtotransformatori da amamaRlebeli transformatori gammarTvelTan da 

filtrTan  erTad.  Zabvisa da denis Zalis gazomva xorcieldeboda PEAKMETER 

PM890 C/D   tipis  multimetrebiT.  garemo haeris temperaturis 25 0C dros da haeris  

fardobiTi tenianobis 60% pirobebSi. 
 

etapi 2. samodelo funqciis Sedgena  

kabelis izolaciis gazomvis samodelo funqcias aqvs saxe 

                                                                               I

V
R    ,                                                                   (1) 

sadac R - izolaciis winaRoba, mgomi;  V - Zabvis  ganmeorebiTi gazomvebis saSualo 

ariTmetikuli mniSvneloba, volti; I -denis Zalis ganmeorebiTi gazomvebis 

saSualo ariTmetikuli mniSvneloba,mikroamperi. 

gazomvis sqemis Sesasvleli sidideebia: gazomvis seriis damuSavebiT 

miRebuli monacemebis saSualo ariTmetikuli mniSvnelobebi V  da I ; 

gamosasvleli sididea - kabelis izolaciis winaRoba R . 
 

etapi 3.  Sesasvleli sidideebis- Zabvis da denis Zalis gazomvebis  Sedegebi  

Zabvis  pirdapiri gazomvebis  12 seriis Sedegi (volti) mocemulia  cxr. 1-Si. 

Zabvis gazomvebis daumuSavebuli seria (nedli monacemebi) 

cxrili 1 
 

1 2 3 4 5 6 7 8 9 10 11 12 

500 465 490 505 515 525 505 495 500 490 510 520 

 

denis Zalis  pirdapiri gazomvebis  12 seriis Sedegi (mka) mocemulia  cxr. 2-Si. 

denis Zalis gazomvebis daumuSavebuli seria (nedli monacemebi) 

cxrili 2 
 

1 2 3 4 5 6 7 8 9 10 11 12 

308 299 303 295 309 310 315 333 311 293 319 310 

 
 

etapi 4.  Zabvis   da denis Zalis ganmeorebiTi gazomvebis saSualo ariTmetikuli   

              mniSvnelobebis pirveladi Sefaseba  V v da  I  mka   

cxr. 1-is mixedviT, V mniSvnelobis Sefaseba gamoTvlilia formuliT:  

                              







12

5004955055255155054904655001

n

V

V

n

i

 

                                                           
67.501

12

520510490





                                                 
(v) 

cxr. 2-is mixedviT, I mniSvnelobis Sefaseba (mka) gamoTvlilia formuliT:  

                            







12

3113333153103092953032993081

n

I

I

n

i
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75.308

12

310319293





                                                       
(mka) 

 

etapi 5.  gazomvis monacemebis Semowmeba uxeSi cdomilebebis SesaZlo   
                 arsebobaze. calkeuli gazomvis standartuli gadaxris Sefaseba 
  

Zabvisa da denis Zalis gazomvis calkeul SedegebSi SesaZlebelia arsebobdes 

iseTebic (iseTi), rac SeiZleba Seicavdes  uxeSi  tipis cdomilebas.  radgan ucnobia 

(ar aris dadgenili)  gazomvis monacemebSi uxeSi Secdomebis SesaZlo arsebobis 

mizezebi, amitom uxeSi Secdomebis aRmosaCenad gamoTvlilia  stiudentis- 

maxt koeficienti formuliT [ 4 ]:  

                                                                    s

AA
t

i max
max




  
,                                                            (2) 

sadac 
max

AAi  - gazomvis calkeul Sedegsa da cdis monacemebiT gaangariSebuli 

saSualo ariTmetikul sididis Soris maqsimaluri sxvaobis absoluturi 

mniSvneloba; s -calkeuli gazomvis standartuli gadaxris Sefaseba.  

cxr. 1-is mixedviT, Zabvis maqsimaluri absoluturi gadaxra saSualo 

mniSvnelobidan (501.67 v) Seadgens 67.36
max

VVi
v. s -calkeuli gazomvis 

standartuli gadaxris Sefaseba :  

      

 
v 

    

           stiudentis statistika (2) formuliT 2914.2max t . stiudentis koeficienti 

cxrilidan [4]  sarwmuno (sando) albaTobiT P=0.95 da Tavisuflebis xarisxiT k=n-

1=12-1=11  tolia 20.2)11;95.0( t . radgan,  2.2)11;95.0(29.2max  tt , amitom gazomvis 

Sedegebidan  unda gamoiricxos cdis monacemi  (465) rogorc uxeSi cdomilebiT 

„damZimebuli“ [ 3 ] da igive algoriTmiT Catardes danarCeni  monacemebis Semowmeba 
SesaZlo uxeSi cdomilebis Semcveli monacemis aRmosaCenad manam, sanam ar 

dakmayofildeba utoloba  );95.0(max ktt  .    

           darCenili 11 Sedegis analogiuri ganxilviT miiReba: 20
max

VVi
; s=10,488; 

tmax=1.907; 26.2)10;95.0( t . radgan, 26.2)11;95.0(907.1max  tt , amitom calkeuli 

gazomvebis (n=11) arc erTi monacemi ar Seicavs uxeSi tipis cdomilebas.  

cxr. 2-is mixedviT, denis Zalis  maqsimaluri absoluturi gadaxra saSualo 

mniSvnelobidan (308.75mka) Seadgens 25.24
max

 II i
mka. s -calkeuli gazomvis 

standartuli gadaxris Sefaseba,  tolia:  

      

 
(mka) 

 

           stiudentis statistika (2) formuliT 225.2max t . stiudentis koeficienti 

cxrilidan [4]  sarwmuno (sando) albaTobiT P=0.95 da Tavisuflebis xarisxiT k=n-

1=12-1=11 tolia 20.2)11;95.0( t . radgan 2.2)11;95.0(225.2max  tt , amitom gazomvis 

Sedegbidan  unda gamoiricxos cdis monacemi  (333), rogorc uxeSi cdomilebiT 

„damZimebuli“ [3] da igive algoriTmiT Catardes danarCeni  monacemebis Semowmeba 

 
00.16

112

2817

1

1

2














n

VV
n

i

i

s

 

n

II
n

i

i

s 897.10
112

1306

1

1

2
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SesaZlo uxeSi cdomilebis Semcveli monacemis aRmosaCenad manam, sanam ar 

dakmayofildeba utoloba );95.0(max ktt  .    

           darCenili 11 Sedegis analogiuri ganxilviT miiReba: 545.13
max

 II i
; s=8,153; 

tmax=1.66; 26.2)10;95.0( t . radgan,  26.2)11;95.0(661.1max  tt , amitom calkeuli 

gazomvebis (n=11) arc  erTi monacemi ar Seicavs uxeSi tipis cdomilebas.  
gazomvebis orive seriis erToblivi ganxilvis safuZvelze radgan Zavbvis 

gazomvis dros monacemi 465 v (meore seria)uxeSi gazomvas miekuTvneba amitom 

Sesabamisi denis gazomvis monacemic 299mka unda gamovricxoT damuSavebis 

cxrilidan, analogiurad amosaRebia wyvili 333 mka da 495 volt (me-8 seria). 

Sesabamisad damuSavebisaTvi rCeba 10 wyvili  seria.   
 

etapi 6.  Sesasvleli sidideebis Zabvis   da denis Zalis ganmeorebiTi gazomvebis 

saSualo ariTmetikuli   mniSvnelobebis dazustebuli  Sefaseba  V v da  I , mka:   

                      
,00.506

10

5205104905005055255155054905001 





n

V

V

n

i

v
     

                       
30.307

10

3103192933113153103092953033081 





n

I

I

n

i

    
(mka)

                                                                              
 

etapi 7.  gamosasvleli sididis R Sefaseba:  

                                             647.1
3,307

00.506


I

V
R

     

mgomi. 

etapi  8.  gazomvaTa cdomilebis wyaroebis analizi 
 

Zabvisa da denis Zalis gazomvebs axasiaTebs gazomvis rogorc SemTxveviTi 

cdomilebis,  aseve sistematuri cdomilebis gamouricxavi mdgenelebi.  

Zabvis gazomvis Sedegis (saSualo ariTmetikulis) SemTxveviTi cdomilebis 

saSualo kvadratuli gadaxris  (skg) Sefaseba da misi fardobiTi maCvenebeli:  

  

 

v   da  %73.0100
506

71184.3
)(ˆ VU A

 

multimetriT (PEAKMETER PM890 C/D) Zabvis gazomvis gamouricxavi 

sistematuri cdomilebis sazRvrebia (kalibrebis monacemebiT)  

53.5)3100/5065.0()3%5.0(  VV v, romelSic ucnobi mniSvneloba SeiZleba 

iyos Tanabari albaTobiT ganawilebuli. aseTi ganawilebisaTvis saSualo 

kvadratuli gadaxra Seesabameba B tipis ganusazRvrelobas - )(VUB : 

 3/)( LVU VB  v. sadac L =1,1 , rodesac P=0.95 , anu   

                                  9059.231.1/53.5)( VUB v   da %57.0100
506

9059.2
)(ˆ VUB

 

        Zabvis   gazomvis  ganusazRvreloba A da B  tipis meTodebiT gansazRvruli: 

              7140.49059.271184.3)(()()( 2222
 VUVUVUVU BABA

 v. 

 

multimetriT (PEAKMETER PM890 C/D) denis Zalis  gazomvis SemTxveviTi 

cdomilebis saSualo kvadratuli gadaxris  (skg) Sefaseba da fardobiTi 

maCvenebeli:  

 
,71184.3

)110(10

1240

1(
)( 1

2













nn

VV

VU

n

i

i

A
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mka       %84.0100
3.307

5863.2
)(ˆ IU A

 

 
  multimetriT denis Zalis gazomvis gamouricxavi sistematuri cdomilebis 

sazRvrebia (kalibrebis monacemebiT)  45.5)3100/3.3078.0()3%8.0(  VI v, 

romelSic ucnobi mniSvneloba SeiZleba iyos Tanabari albaTobiT ganawilebuli. 

aseTi ganawilebisaTvis saSualo kvadratuli gadaxra Seesabameba B tipis  

ganusazRvrelobas- )(IUB


, romelic tolia  3/)( LIU IB  mka. sadac L =1,1 , roca 

P=0.95, anu    

                  8639.231.1/45.5)( IUB   mka   da     %93.0100
3.307

8639.2
)(ˆ IUB

       

denis Zalis  gazomvis  ganusazRvreloba A da B tipis meTodebiT 
gansazRvruli 

                                85887.38639.25863.2)()()()( 2222
 IUIUIUIU BABA

  mka. 

Sesasvleli sidideebis  maxasiaTeblebi mocemulia cxr. 3-Si. 
  
etapi  9. Sesasvleli sidideebis mgrZnobiarobis koeficientebi : 

 

Zabvis mgrZnobiarobis koeficienti 

                                 

3
10254.3

3.307

111 
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denis Zalis mgrZnobiarobis koeficienti   

                              

3
10411.5

3.307

00.506
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 etapi  10.   Sesasvleli sidideebis  krebsiTi maxasiaTeblebi 
                      Sesasvleli sidideebis  krebsiTi maxasiaTeblebi mocemulia cxr. 3-Si. 

cxrili 3 
sidide monacemebi  

 

 

 

Sesasvleli sidide- Zabva 

V, v 

 

 

 

 

ganusazRvrelobis tipi  -                              A 

ganawileba -                                     normaluri 

Sefasebuli mniSvneloba-                            506 

mgrZnobiarobis koeficienti-          0,003254 

standartuli ganusazRvreloba-    3,71184 

ganusazRvrelobis tipi -                              B 

ganawileba -                                         Tanabari 

Sefasebuli mniSvneloba -                         506 

mgrZnobiarobis koeficienti-          3,71184 

standartuli ganusazRvreloba-     2,9059 

 

 

 

Sesasvleli sidide- denis Zala 

I, mka 

 

ganusazRvrelobis tipi -                            A 

ganawileba  -                                  normaluri 

Sefasebuli mniSvneloba -                      307,3 

mgrZnobiarobis koeficienti-       -0,005411      

standartuli ganusazRvreloba-     2,5863 

ganusazRvrelobis tipi-                              B 

ganawileba -                                         Tanabari 

Sefasebuli mniSvneloba -                      307,3 

mgrZnobiarobis koeficienti-       -0,005411      

standartuli ganusazRvreloba-    2,8639 
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etapi  11. gazomvaTa Sedegis cdomilebis wyaroebis analizi 
 

kabelis winaRobis mniSvnelobis standartuli ganusazRvreloba, rac 
ganpirobebulia  mdgeneliT )(VU A

:  

       01208.071184.310254.3)()( 3  





VURU AVA

V

R

    
mgomi. 

kabelis winaRobis mniSvnelobis standartuli ganusazRvreloba, rac 

ganpirobebulia  mdgeneliT    )(IUA :   

              
01399.05863.210411.5)()( 3  





IURU AIA

I

R

    mgomi. 

A tipis mixedviT gamoTvlili jamuri standartuli ganusazRvreloba: 

            
    01849.0)01399.0(01208.0)()()( 2222

 RURURU AIAVA
mgomi. 

kabelis winaRobis mniSvnelobis standartuli ganusazRvreloba, rac 
ganpirobebulia  mdgeneliT )(VUB ,   

00946.09059.210254.3)()( 3  





VURU BVB

V

R

  mgomi. 

kabelis winaRobis mniSvnelobis standartuli ganusazRvreloba, rac 

ganpirobebulia  mdgeneliT    )(IUB ,   

015497.08639.210411.5)()( 3  





IURU AIB

I

R

  mgomi. 

         B tipis mixedviT gamoTvlili jamuri standartuli ganusazRvreloba: 

           
    01815.0)015497.0(00946.0)()()( 2222

 RURURU BIBVB mgomi. 

             kabelis izolaciis  winaRobis mniSvnelobis jamuri ganusazRvreloba  A da   

B tipis  ganusazRvrelobebis gaTvaliswinebiT  toli iqneba: 

                 
0259.001815.001849.0)]([)]([)( 2222  RURURU BAC    

mgomi  

 da fardobiTi ganusazRvreloba : 

                  %57.1100647.1/0259.0100/)()(ˆ  RRURU CC  

          izolaciis winaRobis gazomvis kombinirebuli standartuli ganusazRv-

relobis gamoTvla Catarebuli iyo ori daSvebiT: 1) samodelo funqcia  IVR /   
wrfivi xasiaTisaa da ganvixileT misi gaSla teiloris mwkrivad pirveli rigis 

wevrebis saSualebiT; 2) Sesasvlel sidideebs (prediqtorebs) Soris ar  arsebobs 

niSnadi korelacia (srulad damoukidebeli sidideebia). Sesamowmebelia am 

daSvebebis samarTlianoba. 
 

etapi  12. samodelo funqciis analizi (arawrfivi damokidebulebis  
         gaTvaliswineba) 
         

Sesamowmebelia konkretuli gazomvebis pirobebisaTvis samodelo funqciis 
sagrZnobi arawrfivobis gavlena kombinirebuli standartuli ganusazRvrelobis 

gaansazRvraSi. amisaTvis samodelo funqciis gaSlaSi SevafasoT ufro maRali 

(meore rigis wevrebis) gavlena formuliT [2,3]:    

                               ji

N

i

N

j jiiiji

xUxU
xx

f

x

f

xx

f 22

1 1
2

3
2

2

2

1












































 

    

,

               

(3) 

Cven  SemTxvevisaTvis  (ori cvladis -R=f(V,I  funqcia) formula (3) miiRebs 
saxes:  
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  (4) 

 

           formula (4)-Si Semavali kerZo warmoebulebebisa da maTi Sefasebebis 

VV  da II   gaTvaliswinebiT miviRebT: 

    ;
1

IV

R




  ;0
2
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V

R     ;0
3

3






V

R  ;
2I

V

I

R




  ;
2

32

2

I

V

I
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    ;
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43
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  ;
1

2

22

IIV
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;

2
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3

IIV

R




  

sabolood miiReba  gamosaxuleba, analogiuri gamosaxulebisa [3 ]:   

                                            
2

2
2

4

2
2

2

)(
)(

83

I

IU
IU

I

V
VU

I











                                             (5) 

formula (5 )-Si monacemebis rixcviTi mniSvnelobebis CasmiT miviRebT: 

                        

7

2

2
2

4

2
2

2
10629.5

3.307

85887.3
85887.3

3.307

5068
7140.4

3.307

3 












     

mgomi2. 

maSin izolaciis winaRobis gazomvis kombinirebul standartuli 

ganusazRvrelobis mniSvneloba *)(RUC praqtikulad miiReba igive da samodelo 

funqciis arawrfivoba gavlenas ar axdens saboloo Sedegze:   

   
0259.010629.501815.001849.0)]([)]([)()*( 72222  RURURcURU BAC  
mgomi. 

  

etapi 13 . Zabvisa da denis Zalis gazomvis Sedegebs Soris korelaciis Semowmeba 
 

         izolaciis winaRobis gazomvis kombinirebuli (jamuri) standartuli  

ganusazRvrelobis angariSi Catarebuli iyo im daSvebiT, rom Sesasvlel sidideebs 

(prediqtorebs) Soris ar  arsebobs niSnadi korelacia (srulad damoukidebeli 

sidideebia). SevamowmoT am daSvebis samarTlianoba, risTvisac viangariSoT 
korelaciis koeficienti am sidideebs Soris da niSnadi korelaciis SemTxvevaSi 

SevafasoT mis mier Setanili wvlili jamur ganusazRvrelobaSi.   

SevafasoT prediqtorebs (V da I)Soris korelaciuri xarisxi gamosaxulebiT:  
 

                               

 
   

   

    



 
 



 










n

k

n

k

kk

n

k

kk

n

k

n

k

kk

VI

IIVV

IIVV

IIVV

CP
IVr

1 1

22

1

1 1

22

,

                             (6)                

                                                     

formulebSi (6) Sesabamisi ricxviTi mniSvnelobebis CasmiT korelaciis 

koeficientisaTvis miiReba: 

                                           
  4942.0

1.6021240

427
, 


IVr  .  

eqselis programuli gamoTvlebiT korelaciis koeficientebi  mocemulia cxr. 
4-Si. 

  4942.0, IVr   miuTiTebs saSuali siZlieris  korelaciaze Zabvasa da denis 

Zalas Soris, Sesabamisad igi SeiZleba aRmoCndes  niSnadi izolaciis winaRobis 

gazomvisas. 
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korelaciis koeficientebi r(V,I); r(V,R) da   r(I,R). 
cxrili 4 

  V I R 

V 1 0.494177216  0.392003104 

I 0.494177216 1 -0.60578647  

R 0.392003104 -0.60578647 1 
 

 
prediqtorebis izolaciis winaRobasTan mimarTebaSi korelaciis xarisxi 

Semdegia: saSualo dadebiTi kavSiria r(V,R)=0,39 Zabvasa da winaRobas Soris da  

uaryofiTi Zlieri kavSiria  r(V,I)=-0,6  denis Zalasa da winaRobas Soris.  
Sesamowmebelia prediqtorebs Soris arsebuli korelacia niSnadia, Tu ara 

winaRobis gazomvis arsebuli pirobebisaTvis. 
korelaciis arsebobis dros kombinirebuli ganusazRvrelobis dispersia 

iangariSeba formuliT: 

 
                                      



 


1

1 21

1

22 )()(),(2)()(2
N

i

N

j

jijiji

N

i

i xUxUxxrCCxUCYUc
,                      (7) 

ori V  da  I cvladi sididis SemTxvevaSi  (N =2) formula (7) Caiwereba: 

                                        
)()()(,(2)()()( 22222 IUVUIVrCCIUCVUCRU IVIVc               (8)                              

ricxviTi mniSvelobebis CasmiT miiReba: 

                                     0003547.085887.3714.44942.0)10411.5(10254.32

)85887.3()10411.5()7140.4()10254.3()(

33

2232232







RUc

.

 

kombinirebuli ganusazRvrelobisTvis miviRebT axal dazustebul 
mniSvnelobas:  

                                                    0188.0)( RUC
mgomi, anu 

                                %14.1100*647.1/0188.0100*/)()(ˆ  RRURU CC  
 

etapi 14.  Tavisuflebis xarisxTa efeqturobis ricxvi  da gafarToebuli   
              ganusazRvreloba 
 

Taviuflebis xarisxTa efeqturobis ricxvi iangariSeba velC-satersveitis 

formuliT [2 ], romelic Cveni SemTxvevisTvis Caiwereba  

                                

.
)(

)(
1)110(

2

2

2











RU

RU

A

B
ef                                                            (9) 

formulaSi ricxviTi mniSvnelobebis n=10; 01815.0)( RUB  mgomi da 

01849.0)( RUA  mgomi,    miiReba:  

                                          73.34
01849.0

01815.0
1)110(

2

2

2









ef

 
                                       34ef

   
(damrgvaleba umcires mTel ricxvamde). 

P=0.95 sando albaTobisaTvis mocvis koeficienti k  ganiszRvreba rogorc 

stiudentis ganawilebis koeficienti 03.2)34()( 95.0  ttk p ef ,
 
rasac Seesabameba 

gafarToebuli ganusazRvrelobis Sefaseba U(R)=k·Uc(R) = 0.0188·2.03 = 0.038 mgomi,            

anu    .3.2100/)()(ˆ % RRURU  

intervaluri Sefaseba iqneba   0.95 Pmgomi,  P685.1609.1 R . 
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ESTIMATION OF UNCERTAINTY OF MEASUREMENT RESULT OF HIGH-VOLTAGE CABLE 

INSULATION. 

G. Khurtsilava, O. Kiguradze.."Energy".  №1(97). 2021. Tbilisi. p. 21-29.  geo.  sum geo. engl. rus.   
 

Periodic inspection of the parameters of the power cable insulation is current task, since, as the time 

passes, during exploitation, the insulation material loses its quality, gets old, gets damaged mechanically 

which eventually is reflected in the reduction of its breaking power. This, in return, helps to trigger emergency 

modes in relevant electrical circuits and finally the electric breakthrough of the cable insulation. It is possible 

to avoid such undesirable modes by monitoring the value of the insulation resistance against direct current. 

Insulation resistance of the power cables used in the narrow-gauge train locomotive was periodically 

monitored. 

Uncertainty concept was used for estimating infallibility (accuracy) of the measurement results which 

over the recent years, in the developed countries, has replaced “traditional” error method of the estimation of 

the measurement accuracy. 

  0.95 Pmgomi,  P685.1R609.1  is received for intermediate estimation of the extended 

uncertainty.  

Tabl. 4, bibl. 4. 

 

 

 
ОЦЕНКА НЕОПРЕДЕЛЕННОСТИ РЕЗУЛЬТАТА ИЗМЕРЕНИЙ 

ЭЛЕКТРОСОПРОТИВЛЕНИЯ ИЗОЛЯЦИИ ВЫСОКОВОЛЬТНОГО КАБЕЛЯ. 

Г.Хурцилава, О.Кигурадзе. "Энергия". №1(97). 2021. Тбилиси. с.21-29.  груз.  реф. груз. англ. рус. 

Периодический контроль параметров электроизоляции силового кабеля является актуальной 

задачей, поскольку изоляционный материал в процессе эксплуатации со временем теряет свои 

качества, устаревает, механически повреждается, что в конечном итоге отражается на снижении его 

пробивного напряжения. Это, в свою очередь, способствует возникновению аварийных режимов в 

соответствующих электрических цепях и, в конечном итоге - электрическому пробою изоляции 

кабеля. Избежать этих нежелательных режимов можно, периодически контролируя величину 

сопротивления изоляции.  

       Осуществлен контроль электроизоляции силовых кабелей, используемых в локомотиве 

узкоколейного поезда. Для оценки точности результатов измерений использовалась концепция 

неопределенности, которая в основных развитых странах в последние годы пришла на смену 

«традиционному» методу оценки точности измерений. 

         Для интервальной оценки расширенной неопределенности получено 

   0.95 M  P,M685.1R609.1 . 

Табл. 4, лит.. 4. 
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saqarTvelos eleqtroenergetikuli sistemis avariuli 

mdgomareobis marTva 

 

doqtori  arCil koxtaSvili 
 doqtoranti  giorgi xorbalaZe 

 

saqarTvelos teqnikuri universiteti 

 

anotacia. ganxilulia avariuli mgdomareobis marTvis procedura. kerZod, 
arsebobs ori gansxvavebuli mdgomareoba: sagangebo da avariuli. zogadad, 
mTavrobas ufleba aqvs gamoacxados sagangebo mdgomareoba, xolo sse - rogorc 
gadamcemi sistemis operatori saqarTveloSi - uflebamosilia gamoacxados 
avariuli mdgomareoba. misi gauqmebis Semdeg saWiroa gamoiyenos adekvaturi 
kompensaciis meqanizmebi, agreTve Sesabamisi vadebis gaTvaliswinebiT ubalansobis 
monacemebi unda iqnas Sesworebuli. 
 

sakvanZo sityvebi: avariuli mdgomareoba, sagangebo mdgomareoba, avaria, 

sadispetCero centri, saqarTvelos saxelmwifo eleqtrosistema, 

ubalansobis kalkulacia, energetikuli sistemis marTva, avariuli 
rezervebi. 

 

saqarTvelos saxelmwifo eleqtrosistema (sse) aris gadamcemi sistemis 

operatori (gso). aqedan gamomdinare, mas unda SeeZlos avariuli mdgomareobis 

identificireba,  deklaracia da gauqmeba. statia ganixilavs Semdeg SemTxvevebs, 

rac umniSvnelovanesi faqtoria avariuli mdgomareobis marTvisaTvis: 

 avariuli mdgomareobis gamocxadeba/gauqmeba gso-s mier;  

 ra pirobebSi unda SeeZlos gso-s moiTxovos dabalansebaze pasuxismgebeli 

pirisgan (BRP) , gadauxvion sakuTar nominacias; 

 dazaralebuli mxareebisTvis anazRaurebis kompensacia; 

 ra pirobebSi SeuZlia gso-s aiZulos dabalansebis momsaxurebis 

mimwodebels ( BSP ) gaaqtiuros rezervebi; 

 rogor unda moxdes gso-s mier BSP-is mxridan rezervis iZulebiTi 

gaaqtiurebis moTxovna  da kompensacia; 

 ra pirobebSi  SeuZlia gso-s gaauqmos/SezRudos saeqsporto/ saimporto 

simZlavre.  

Tu ganvixilavT energetikuli seqtoris or umniSvnelovanes dokuments - 

kanons „energetikisa da wyalmomaragebis Sesaxeb“ da qselis wesebs davaskvniT, rom 

sagangebo situaciebis ori mdgomareobaa: sagangebo  da avariuli. 
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energetikisa da wyalmomaragebis Sesaxeb kanonis 136-e muxlis Tanaxmad, 

mTavrobas an mTavrobis mier uflebamosil organos eleqtroenergiis 

organizebul bazrebze SeuZlia gamoacxados sagangebo mdgomareoba: 

1. eleqtroenergetikis seqtorSi sagangebo mdgomareoba SeiZleba gamocxad-

des , Tu eleqtroenergiis warmoeba, gadacema, ganawileba, miwodeba an /da eleqtro-

energiiT vaWroba ferxdeba moulodneli garemoebebis an Sesabamisi eleqtroener-

getikuli sawarmos kontrolis miRma arsebuli garemoebebis gamo,  romlebiTac  

safrTxe eqmneba  eleqtroenergetikuli  sistemis  erTian  usafrTxoebasa  da  

saimedoobas  an  saboloo  momxmareblebis  moTxovnis  dasakmayofileblad  

maTTvis  eleqtroenergiis miwodebas . 

2. eleqtroenergetikis  seqtorSi  sagangebo  mdgomareoba cxaddeba 

saqarTvelos mTavrobis  an  mis  mier  gansazRvruli  organos  gadawyvetilebiT. 

eleqtroenergetikis  seqtorSi  sagangebo  mdgomareobis  gamocxadebis wess  

amtkicebs  saqarTvelos  mTavroba. 

mTavrobas ufleba aqvs gamoacxados sagangebo mdgomareoba, xolo sse 

uflebamosilia gamoacxados avariuli mdgomareoba. 

qselis wesebi ki Semdegnairad ganmartavs avariul mdgomareobas: 

operatiuli mdgomareoba, romelic eqvemdebareba gso-s kontrols 

eleqtroenergetikis sistemaSi arsebuli iseTi mdgomareobis aRmosafxvrelad, 

ramac gamoiwvia an SeiZleba gamoiwvios xarisxobrivi maCveneblebis gauareseba, 

generaciisa da moxmarebis balansis darRveva an misTvis safrTxis Seqmna an/da 

sistemis im avtomaturi mowyobilobebis amoqmedeba, romlebic uzrunvelyofen 

sistemis mdgradobas,  miwodebisa da moxmarebis balansis darRvevis Tavidan 

asacileblad;  

avariuli mdgomareoba aris reJimuli mdgomareoba, romlis dadgomis 

safrTxec arsebobs an ukve damdgaria. rodesac sistema imyofeba avariul 

mdgomareobaSi, an arsebobs safrTxe aRniSnuli reJimis dadgomisa, gso-m unda 

miawodos informacia bazris monawileebs avariuli mdgomareobisa da misi bunebis, 

aseve savaraudo xangrZlivobis Sesaxeb, radganac mniSvnelovania bazris monawilem 

icodes aRniSnuli mdgomareoba. 
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sse-s dispetCerebma unda miiRon finansurad, ekonomikurad da teqnikurad 

gonivruli operaciuli zomebi, raTa aRadginon operaciuli mdgomareoba saavario 

mdgomareobis dawyebamde. aRniSnuli qmedebebi SeiZleba daiyos or nawilad: 

1.  xdomilebamde - dispetCerebi iReben prevenciul damxmare zomebs, romlebic 

Seicavs Semamsubuqebel zomebs, rogoricaa: nominaciebis SezRudva, 

import/eqsportis grafikis cvlileba. 

2.  xdomilebis Semdgom - dispetCerebi iyeneben fizikur deaqtivacias,  

romelic Seicavs Semarbilebel zomebs, rogoricaa: manualuri fizikuri 

deaqtivacia, avtomaturi deaqtivacia 

avariuli mdgomareobis dros, Semamsubuqebeli zomebi SeiZleba daiyos oTx 

nawilad: swrafi da neli saavario rezervis aqtivacia, nominaciebis cvlileba, 

import/eqsportis SezRudva, generacia/moxmarebis gaTiSva. 

swrafi da neli avariuli rezervebis gaaqtiureba emsaxureba sistemaSi 

generacia/moxmarebis dabalansebas.  

swrafi avariuli rezervis momzadebis periodi Seadgens  0-1 sT-s. simZlavris 

awevis dro - 35 wT. minimaluri da maqsimaluri xangrZlivoba aRniSnuli produqtis 

miwodebis periodisa aris Sesabamisad 1 sT  da  araumetes - 24 sT.  

neli avariuli rezervis momzadebis periodi Seadgens 0-24 sT-s. simZlavris 

awevis dro - 12 sT. min. da maqs. xangrZlivoba produqtis miwodebis periodisa aris, 

Sesabamisad, 1 saaTi da araumetes  24 sT.  

dispetCeri akvirdeba sistemis muSaobis teqnikur maCveneblebs da auqmebs 

avariul mdgomareobas saWiroebis SemTxvevaSi. amis Semdgom man unda Seatyobinos  

bazris monawileebs. is aanalizebs avariul mdgomareobas da angariSis saxiT 

ugzavnis bazris moTamaSeebs.  

avariuli mdgomareobis dros mniSvnelovania dazaralebuli mxareebis 

anazRaureba, romelic moiTxovs samarTlian kompensaciis meqanizms. avariuli 

mdgomareobis dros, gadamcemi sistemis operatorma unda uzrunvelyos im mxareebis 

anazRaureba, romlebmac gadauxvies TavianT nominaciebs  gso-s miTiTebiT.  
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MANAGEMENT OF EMERGENCY STATE OF ELECTRIC POWER SYSTEM OF GEORGIA. 

A.Kokhtashvili, G.Khorbаladze. "Energy".  №1(97). 2021. Tbilisi. p. 30-33.  geo.  sum geo. engl. rus.   

 

The article discusses the procedure used for the management of emergency cases. In 

particular, two different states of emergency are in place, i.e. Emergency State and Emergency 

Incident. In general, the Government is eligible to declare an Emergency State, whereas GSE – as 

the Transmission System Operator in Georgia – is empowered to announce an Emergency 

Incident. After the revocation of the emergency, adequate compensation mechanisms need to be 

applied as well as the imbalance data amended for the relevant time-frame. 

 

 

 

УПРАВЛЕНИЕ АВАРИЙНЫМ СОСТОЯНИЕМ ЭЛЕКТРЭНЕРГЕТИЧЕСКОЙ 

СИСТЕМОЙ ГРУЗИИ. 

А.Кохташвили, Г.Хорбаладзе. "Энергия". №1(97). 2021. Тбилиси. с.30-33.  груз. реф. груз. 

англ. рус. 
 

Рассматривается порядок ведения экстренных случаев с целью защиты 

электроэнергетиченской системы Грузии от аварий. В частности, действуют два разных 

чрезвычайных положения: само чрезвычайное положение и аварийная ситуация. Как 

правило, правительство имеет право объявить чрезвычайное положение, в то время как 

Грузинская государственная электросистема - как оператор системы передачи в Грузии - 

имеет право объявить об аварийной ситуации. Показано, что после отмены чрезвычайной 

ситуации необходимо использовать адекватные механизмы компенсации, а также 

скорректировать данные о дисбалансе для соответствующего периода времени. 
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faqtorebi, romlebic ganapirobeben wevis Zravebis 

resurss da eqspluataciis optimalur vadas 

 

teqn. Mmecn. Kkandidati, profesori Tengiz naTenaZe  

teqn. Mmecn. Kkandidati, asist.-profesori arCil zerekiZe 

akademiuri doqtori, asoc. profesori Nnatalia kereseliZe 

 

saqarTvelos teqnikuri universiteti 

 

anotacia. dadgenilia, rom droulad da xarisxianad Catarebuli saqarxno 
remonti da qarxana-damamzadeblis mier SemuSavebuli eqspluataciis  wesebis 
da instruqciebis sworad dacva uzrunvelyofs wevis Zravebis msaxurobis vadis 
gazrdas. 

gamovlenilia, gaanalizebulia da dasabuTebulia garemontebuli wevis 
Zravebis parametrebis gauaresebis mizezebi.  
 

sakvanZo sityvebi: Zravebis resursi, optimaluri vada, eqapluatacia. 

  

sarkinigzo transportis ritmulad da saimedod muSaoba ZiriTadad 

ganpirobebulia wevis eleqtruli manqanebis saimedo muSaobiT.  wevis 

eleqtrul manqanebSi igulisxmeba eleqtromoZravi Semadgenlobis wevis Zravebi 

da damxmare meqanizmebis (haeris kompresorebi, ventilatorebi da sxva) 

moZraobaSi momyvani manqanebi.  wevis eleqtruli manqanebis saimedo muSaoba, 

maTi msaxurobis vadis gazrda gansakuTrebul mniSvnelobas iZens im pirobebSi, 

rodesac gazrdilia wevis eleqtromoZravi Semadgnelobis  siCqareebi, tvirTis 

normebi  da usafrTxoebis moTxovnebi.   

wevis eleqtrul manqanebze mTeli moZravi Semadgenlobis mtyunebebis 

daaxloebiT 19-20% modis.   

normatiuli dokumentebis mixedviT, sxvadasxva tipis elmavlebis 

msaxurobis vada mTlianobaSi 30-40 wels Seadgens. Tumca am vadis gasvlis 

Semdegac SeiZleba Catardes remonti msaxurobis vadis gagrZelebis mizniT 50 

wlamde.  

elmavlebis erT-erTi yvelaze ufro mniSvnelovani kvanZi, romelic, 

rogorc zemoT aRiniSna, ganapirobebs eleqtromoZravi Semadgenlobis 

normalur funqcionirebas, warmoadgens wevis Zrava. wevis Zravebi miekuTvneba 

elmavlebis yvelaze ufro sapasuxismgeblo da ZviradRirebul kvanZebs. maTi 

msaxurobis vada SezRudulia izolaciis daberebiT, eqspluataciis procesSi 

warmoqmnili dinamikuri datvirTvebis maRali doniT da Semadgeneli nawilebis 

cveTiT.  
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Cveulebriv, wevis Zravebis msaxurobis vada damokidebulia eqspluataciis 

pirobebze, konstruqciul  masalebze, moraluri daZvelebis tempebze da aseve 

samuSao praqtikaze, romelic, Tavis mxriv, damyarebulia calkeuli saxis 

manqanebis samuSao gamocdilebiT, anu eqspluataciiT.  

eqspluataciis procesSi gansakuTrebuli mniSvneloba eniWeba wevis 

Zravebis momsaxureobis pirobebis da vadebis dacvas, agreTve profilaqtikur 

(remontTSoris) gamocdebs.  

profilaqtikuri gamocdebi iZleva saSualebas gamovlenil iqnes is 

uwesivrobebi, romelTa gamovlena ver xerxdeba garegani daTvalierebisas, 

imdenad ramdenadac, maT ar gaaCniaT garegani gamovlineba. Aam gamocdebis dros 

xdeba wevis Zravebis izolaciis winaRobis Semowmeba (1000 vT-mde el.manqanebis 

izolaciis winaRobis Semowmeba unda moxdes 1000 v-iani megaommetriT, xolo 

ufro maRali Zabvis manqanebze 2500 vT-iani megaommetriT).  

teqnikuri momsaxureobis samuSaoebis didi sxvadasxvaobis gamo 

mizanSewonilia gamoyenebul iqnes momsaxureobis tipuri moculoba, romelic 

gulisxmobs yoveldRiur zedamxedvelobas qarxana damamzadeblis mier 

SemuSavebuli eqspluataciis wesebsa da instruqciebis Sesrulebaze 

(datvirTvis kontroli,  wevis el.manqanis calkeuli kvanZebis temperaturis 

kontroli, gamacivebeli garemos kontroli, sapoxis raodenobis kontroli 

sakisrebSi, gadametebuli xmauri da vibracia, momatebuli naperwklianoba 

koleqtoris zedapirze) da miReba-Cabarebis gamocdaze remontis Semdeg. garda 

amisa, aucilebelia wevis Zravebis marTvisa da dacvis sistemebis remontic, rac 

wevis Zravebis zRvrul reJimebSi muSaobis SesaZleblobas amcirebs.   

elmanqanebis muSaobaze did gavlenas axdens calkeuli kvanZebis muSa 

temperatura, imdenad ramdenadac el.manqanebi mzaddeba masalebisagan, 

romelTac temperaturuli gafarToebis sxvadasxva koeficientebi aqvT. Aanu 

didi gadaxurebisas saizolacio masalebSi SeiZleba gaCndes didi 

Termodinamikuri daZabulobebi, rac, Tavis mxriv, gamoiwvevs did meqanikur 

deformaciebs gragnilebis izolaciebSi. Ggaxurebisadmi gansakuTrebiT 

mgrZnobiare araorganul fuZeze damzadebuli izolaciebi 1,2.  

magistraluri elmavlebisgan gansxvavebiT, sxvadasxva tipis wevis Zravebis 

savaraudo msaxurobis vada 20-25 wels Seadgens. zemoTqmulidan Cans, rom erTi 

elmavlis msaxurobis vadis (30-40 weli) uzrunvelsayofad saWiro xdeba misi 

wevis Zravebis axliT Canacvleba.  

Tavisi sasicocxlo vadis ganmavlobaSi wevis Zravebi gadian ramdenime 

saSualo da kapitalur SekeTebas. Cveulebriv, wevis Zravebis remontis wesebi 
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dadgenilia wevis Zravebis tipaJis an/da im pirobebis mixedviT, romlisTvisac 

gankuTvnilia elmavlis muSaoba. remontis wesebis mixedviT dadgenilia 

saSualo da kapitaluri remontis Catarebis Sesabamisi garbenebi. saSualo da 

kapitaluri remontis garbenebi Sesabamisad 660 da 1320 aTas km Seadgens E20%-

iani gadaxris gaTvaliswinebiT.  

mTavari ganmasxvavebeli faqtori, romliTac gansxvavdeba saSualo da 

kapitaluri remontebi, aris is, rom saSualo remonti iTvaliswinebs wevis 

Zravas izolaciis Secvlas da saJRenTi samuSaoebis Catarebas, xolo 

kapitaluri remonti – izolaciis da gragnilebis srulad Secvlas Ruzis 

lilvis gamopresviT.  

Tbilisis saaqcio sazogadoeba “elmavalmSenebelSi” SemuSavebuli wevis 

Zravebis remontis wesebis mixedviT, gaTvaliswinebulia wevis Zravebis saqarxno 

remontis Catarebis Semdegi struqtura: Ppirveli remonti – saSualo, meore – 

kapitaluri da Semdgom isini erTmaneTs enacvlebian, anu TiToeul kapitalur 

remonts win uswrebs saSualo remonti. Tumca es struqtura SeiZleba 

dairRves, Tu, magaliTad, wevis Zrava moxvdeba avariaSi. Aan kidev aRmoCndeba, 

rom ukontrolobis gamo wevis Zravas garbeni  mniSvnelovnad gadaaWarbebs 

remontis Catarebis normas. erTi sityviT, eqspluataciaSi saremonto ciklis 

struqtura arc Tu ise iSviaTad SeiZleba dairRves sxvadasxva mizezebis gamo, 

magram  remontis vadebi da moculobebi rCeba ucvleli, rac moqmedebs 

mtyunebebis saerTo raodenobis gazrdaze eqspluataciaSi.  

amgvarad, praqtikaSi SeiZleba adgili qondes sxvadasxva moculobis 

saqarxno remontebis mraval  kombinacias. erT-erTi aseTi magaliTi wevis  

Zravebis Ruzebze mocemulia cxrilSi 3. 

remontebis Catarebis pirveli oTxi SemTxvevisaTvis pirveli saqarxno 

remonti Catarda kapitaluri remontis moculobaSi. es avariuli situaciis 

Seqmnaze miuTiTebs, romlis mizezic  izolaciis garRveva SeiZleba iyos 

elmavlis magistralze moZraobisas.  

cxrilis analizi aCvenebs, rom 13-ve ganxiluli remontis 

TanamimdevrobisTvis, garbenebi mcirdeba wevis Zravebis msaxurobis vadis 

gazrdasTan mimarTebaSi.  

 yoveli axali wevis Zravas Tavisi Rirebuleba aqvs, xolo misi 

Rirebulebis Sefardeba garbenTan warmoqmnis kuTr danaxarjebs wevis Zravas 

damzadebaze (anu, amiT ganisazRvreba ramdeni jdeba garbenis TiToeuli 

kilometri). 
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saSualo remontSorisi garbenebis cvlileba Catarebuli saqarxno remontebis 
raodenobis zrdis mixedviT wevis ZravebisaTvis 

cxrili  

№  saqarxno remontebis 
Catarebis 
Tanamimdevroba 

Oor mimdevrobiT Catarebul 
remonts Soris saSualo 

garbenebi, aT. km. 

remon-
tebis 
opti-
maluri 
raode-
noba 

Ggarbeni, 
wevis 
Zravas 
zRvrul 
mdgoma-
reoba-
mde,  
aT. km  

0-1 1-2 2-3 3-4 4-5 5-6 

1 Н-К-К-Сопт--К-С-С-К 665 586 540 543 _ _                                                                                                    3   2334 

2 Н-К-С-С-Копт--К-К 563 434 474 694 343 _      4   2508 

3 Н-К-С-К-Копт--С-С 539 492 658 443 413 _      4   2545 

4 Н-К-С-Копт--С-К-С-К 632 363 443 408 _ _      3   1846 

5 Н-С-К-Копт--К-С-С 610 631 539 429 _ _      3   2209 

6 Н-С-К-Копт--С-К-К-С-С 579 610 485 409 _                                                                                               _                                                                                                    3   2083 

7 Н-С-К-С-Копт--К-К-С-К 596 542 508 599 329 _      4   2574 

8 Н-С-К- С-Копт--С-К-К 616 562 522 534 474 _      4   2708 

9 Н-С-К-Сопт--К-К-К-С 633 594 474 554 377 _      4   2629 

10 Н-С-С-К-Копт--К-К 520 500 505 578 270 _      4   2373 

11 Н-С-С-К-С-Копт--С-С-К 504 427 594 575 532 525      5   3157 

12 Н-С-С-К-С-Сопт--К-С-К 502 466 557 561 546 461      5   3093 

13 Н-С-С-С-К-Сопт--К-С-К 544 419 511 403 360 393      5   2730 

A 

aq HH – axali Zrava (eqspluataciis dasawyisi); C – wevis Zrava saSualo remontis 

Catarebis Semdeg; K – wevis Zrava kapitaluri remontis Catarebis Semdeg.  

 

 kuTri danaxarjebis sidide wevis Zravis damzadebaze TandaTan mcirdeba 

garbenis kilometraJis zrdasTan damokidebulebiT da saboloo jamSi es 

sidide gansazRvravs wevis Zravas gamoyenebis ekonomikur efeqturobas. Tumca 

praqtikaSi wevis Zravebs aremonteben da remontis TiToeul saxes Tavisi 

Rirebuleba aqvs.  

 am Rirebulebebis fardoba Sesabamis garbenebTan warmoqmnis kuTr 

danajarjebs wevis Zravebis remontze.  

rogorc zemoT aRiniSna, cxrilSi mocemuli monacemebi gviCvenebs, rom 

saSualo remontSorisi garbenebi mcirdeba msaxurobis vadis zrdasTan erTad. 

Aamitom remontze kuTri danaxarjebi izrdeba (im pirobiT, rom remontebis 
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Rirebuleba ganxilul periodSi ar icvleba). radgan kuTri danaxarjebi wevis 

Zravas damzadebaze garbenis zrdasTan erTad mcirdeba, xolo remontze ki 

izrdeba, maSin SeiZleba iTqvas, rom rodesac maT jams eqneba minimaluri 

mniSvneloba, igi Seesabameba wevis Zravas optimalur msaxurobis vadas, romlis 

Semdegac wevis Zravebis Semdgomi eqspluatacia ekonomikurad aramizanSewonili 

xdeba.  

 garemontebuli wevis Zravebis parametrebis gauaresebis mizezebad 

iTvleba: eqspluataciaSi musdamWerebis araswori regulireba, damatebiT 

polusebTan meore RreCos cvlileba, musebis neitralze arasworad dayeneba 

mTavari da damatebiTi polusebis mimarT, koleqtoris gadaCarxva, rac xazuri 

siCqaris cvlilebas iwvevs, rac, Tavis mxriv, amcirebs komutaciis periods, 

koleqtoris firfitebis “gadawyoba” kapitaluri remontis dros, rac iwevevs 

koleqtoris firfitebis araswor ganlagebas Ruzis kilos centris xazis 

mimarT, da, Tavis mxriv, gamoiwvevs naperwklianobas. 

 xarisxiani remonti da eqspluataciis pirobebis sworad dacva ufro 

aqtualuria imis gaTvaliswinebiT, rom mrewvelobaSi el.Zravebze mTeli 

energetikuli simZlavris 70% modis 4.  
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FACTORS THAT DETERMINE THE RESOURCE AND OPTIMAL SERVICE LIFE OF 

TRACTION MOTORS. 

T.Natenadze, A.Zerekidze, N.Kereselidze. "Energy".  №1(97). 2021. Tbilisi. p. 34-39.  geo.  sum geo. 

engl. rus.   

It was found that timely and efficient factory repairs and compliance of the rules and operating 

instructions developed by the manufacturer provides an increase in the service life of traction motors. 

The article identifies, analyzes and substantiates the reasons for the aggravation of the parameters of 

repaired traction motors. 

Tabl. 1, bibl. 4. 

 

 

 

ФАКТОРЫ, УСТАНАВЛИВАЮЩИЕ РЕСУРС И ОПТИМАЛЬНЫЙ СРОК 

ЭКСПЛУАТАЦИИ ТЯГОВЫХ ЭЛЕКТРОДВИГАТЕЛЕЙ. 

 Т.Натенадзе, А.Зерекидзе, Н.Кереселидзе. "Энергия". №1(97). 2021. Тбилиси. с. 34-39. груз.  

реф. груз. англ. рус. 

Установлено, что своевременно и качественно проведенный заводской ремонт и  соблюдение 

правил и инструкций эксплуатации, разработанных заводом-изготовителем, обеспечивает 

увеличение срока службы тяговых двигателей. 

Выявлены, проанализированы и обоснованы причины ухудшения параметров 

отремонтированных тяговых двигателей. 

Табл. 1, лит. 4 назв. 
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relaqsaciuri Sinagani xaxuni Termulad damuSavebul        

n-GaAs:Te  monokristalSi 

 

akad. doqtori  irakli tabataZe 

  akad. doqtori  malxaz bibiluri 

 
saqarTvelos teqnikuri universiteti 

 

anotacia. maRal temperaturebze vakuumSi mowvebis gavleniT monokristalur n - 

GaAs:Te-is [100] orientaciis nimuSebSi gamovlenilia deformaciuli warmoSobis 

maRali intensivobis Sinagani xaxunis maqsimumebi 400 da 5000C temperaturaTa 

areebSi. dadgenilia maTi relaqsaciuri buneba da gansazRvrulia moZraobis 

aqtivaciis energiisa da sixSiris faqtoris mniSvnelobebi. naCvenebia maRal-
temperaturuli fonis da relaqsaciuri maqsimumebis intensivobis mniSvnelovnad 

amaRleba rxeviTi amplituduri deformaciis 10-4–10-3 diapazonSi. 100-1200C 
temperaturul intervalSi gamovlenilia aradeformaciuli warmoSobis dabali 

intensivobis relaqsaciuri procesi. gamoTqmulia mosazreba, rom is ganpirobe-
bulia dariSxanis atomebis poziciebSi formirebuli vakansiebis wyvilebis 

moZraobiT niSancvladi Zabvis velSi. 
 

sakvanZo sityvebi: galiumis arsenidi, relaqsacia, dislokacia, aqtivaciis 

energia, vakansiaTa wyvilebi. 

 

cnobilia [1,2], rom naxevargamtaruli kristalebi, romlebic Seicaven metad 

dabali simkvrivis dislokaciebs (101–102sm-2), dabal temperaturebze ganicdian 

deformacias  msxvreviT. maT struqturaSi dislokaciebis simkvrivis mkveTri 

amaRleba (105–107 sm-2) maRaltemperaturuli Termomeqanikuri zemoqmedebiT 

warmoqmnis pirobebs dabal temperaturul areSi plastikuri deformaciis 

warmosaCenad. aseT pirobebSi SesaZlebelia Seswavlil iqnas dislokacia - minarevi 

atomebis urTierTqmedebis meqanizmebi da aseve, dadgindes korelacia dinamikur- 

meqanikuri da eleqtrofizikuri Tvisebebis maxasiaTeblebs Soris.  

winamdebare naSromSi Seswavlilia monokristaluri n - tipis GaAs:Te - is 

eleqtrofizikuri da fizikur - meqanikuri Tvisebebi sawyis da maRal 

temperaturebze (7000C) momwvar mdgomareobaSi. kerZod, eqsperimentulad 

Seswavlilia holis efeqtis meTodiT denis matarebeli eleqtronebis 

koncentraciis, Zvradobisa, eleqtrogamtarobis cvlilebaTa kanonzomierebani 

vakuumSi 700 da 8000C temperaturebze mowvis pirobebSi. gamokvleulia, agreTve 1hc 

sixSiris diapazonSi. grexeTi rxevebis milevis logariTmuli dekrementisa da 

Zvris dinamikuri modulis proporciuli rxevis sixSiris kvadratis 

temperaturuli da amplituduri damokidebulebebi. aRniSnuli kvlevebi 
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saSualebas iZleva Sefasdes wertilovani defeqtebis (vakansia, O, Te) moZraobis 

aqtivaciuri maxasiaTeblebi da ganisazRvros dislokaciur struqturasTan maTi 

urTierTqmedebis parametrebi. 

         kvlevebi ganxorcielda Coxralskis meTodiT miRebul GaAs:Te mono-

kristalebze, romlebic amozrdili iqna [100] kristalografiuli mimarTulebiT. 

0,3 tesla induqciis mudmiv magnitur velSi holis efeqtis registraciiT 

gansazRvruli eleqtrofizikuri maxasiaTeblebi warmodgenilia cxr. 1-Si. 

GaAs:Te monokristalis eleqtrofizikuri maxasiaTeblebi 

cxrili 1 

n - GaAs:Te kuTri 
eleqtrogamtaroba, 

omi-1sm-1 

eleqtronebis 
koncentracia, 

sm-3 

eleqtronebis 
Zvradoba, 

sm2v-1wm-1 
sawyisi 192 21017 6000 

momwvari, 700C, 3 sT 81,9 81016 6400 

momwvari, 800C, 3 sT 52,8 51016 6600 

 

 cxrilidan naTlad Cans, rom vakumuri (10-5tori) mowvebi avlens denis 

matarebeli eleqtronebis koncentraciisa da kuTri eleqtrowinaRobis Semcirebas. 

Sesabamisad izrdeba eleqtronebis Zvradobis mniSvnelobebi. aRniSnuli xasiaTis 

cvlilebebi ganpirobebulia kristalur meserSi ganxorcielebuli difuzuri 

procesebiT. kerZod, mosalodnelia As-is atomebis ,, aorTqleba,, Canacvlebis 

poziciebidan, maTi Tavmoyra Termul kompleqsebSi. Tanaxmad literaturuli 

monacemebisa [3], SesaZlebelia aseve vakansiebis kompleqsebis formireba. yovelive 

aRniSnuli eleqtruli cvlilebebi GaAs:Te monokristals gadaiyvans 

kompensirebul mdgomareobaSi. amiT SeiZleba aixsnas denis matarebeli 

eleqtronebis koncentraciis Semcireba Termuli mowvebis gavleniT.  

        Termulad momwvar mdgomareobaSi monokristalur GaAs:Te-is struqturaSi 

ganxorcielebuli defeqtebis qvesistemis gardaqmnebi Seswavlilia Sinagani 

xaxunis temperaturuli da amplituduri damokidebulebebis gazomvebiT 

temperaturis 20-5000C  intervalisa da grexiTi deformaciis amplitudebis 10-5– *10-3 

diapazonSi. 

         sawyisi nimuSis Sinagani xaxunis temperaturuli speqtri xasiaTdeba 

eqsponencialurad mzardi foniT, romelzedac zeddebulia ori maqsimumi (naxazi) 
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naxazi.  n – GaAa:Te monokristalis Sinagani xaxunis temperaturuli speqtrebi 

1 - sawyisi, f0=1,4 hc.;  2 - momwvari, 7000C, 3 sT;   3 - momwvari, 8000C, 3 sT 

     

 naxazidan Cans, rom Sinagani xaxunis speqtri ganicdis formis mniSvnelovan 

cvlilebas. kerZod, mowvis gavleniT Zlierdeba maqsimumebis intensivoba, izrdeba 

fonis done, mcirdeba maRal temperaturebze kritikuli temperatura, romelzedac 

iwyeba Sinagani xaxunis fonis mkveTri eqsponencialuri zrda. es miuTiTebs maszed, 

rom Termuli mowvebis gavleniT gamowveulma struqturulma cvlilebebma Seqmnes 

grexiTi rxevebis energiis STanTqmis axali centrebi. isini upiratesad vakansiebis 

simravleebisagan Sedgebian da maTi konfiguraciuli cvlilebebiT iwveven 

relaqsaqciur Sinagan xaxuns Semcirebuli aqtivaciis energiiT. 

          Sinagani xaxunismaqsimumebirelaqsaciuri warmoSobis arian, vinaidan maTi 

gamovlinebis kritikuli temperaturebi icvlebian kristalis sixSiris SecvliT. 

relaqsaciuri procesebis aqtivaciis energiis sidideebi ganisazRvreba ori 

meTodiT - maqsimumis temperaturebis cvlilebiT rxevis sixSiris SecvliT da, 

aseve, maqsimumis damaxasiaTebeli kritikuli temperaturisa da sixSiris meTodiT 

[3]. orive meTodiT miRebuli Sedegebi daaxloebiT erTmaneTs emTxveva, rac 

miuTiTebs rxevaTa energiis gabnevas relaqsaciuri procesebis difuzur 

warmomavlobaze, e.i. orive relaqsaciuri procesi dakavSirebulia relaqsaciaSi 

monawile defeqtebis difuzur gadaadgilebasTan  meqanikuri Zabvis velSi. 

relaqsaciaSi monawile defeqtebis maxasiaTeblebi warmodgenilia cxr. 2-Si. 

maRal temperaturebze mowviT SesaZlebelia As - is atomebis vakansiebis didi 

raodenobiT  warmoqmna. es garemoeba ganapirobebs vakansiebis diskebis formis 

cvlilebebs, riTac Seiqmneba gavrcobili kristalografiuli defeqtebis 

formirebis pirobebi. mocemul pirobebSi defeqtebis qvesistemaSi cvlilebebiT 

yalibdeba wertilovanis defeqtebis simravleebi gansazRvruli kristalo-

grafiuli parametrebis nawilobrivi dislokaciebiT. aseTi, axladformirebuli  
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relaqsaciuri Sinagani xaxunis aqtivaciuri maxasiaTeblebi 

 cxrili 2 

n - GaAs:Te 

dislokaciebis 
simkvrive, 

sm-2 

aqtivaciis 

energia , 
ev 

sixSiris 
faqtori,  

wm-1 

maqsimumis 
temperatura, 

C 

sawyisi 4104 

1,10 11014 100 

1,15 21014 110 

1,15 21014 115 

momwvari, 700C, 3 

sT. 
5104 

1,10 11014 105 

1,10 21014 110 

1,15 21014 110 

momwvari, 800C, 3 

sT. 
5104 

1,15 21014 110 

1,15 21014 115 

1,15 21014 115 

 
dislokaciuri warmoSobis defeqtebi warmoadgenen relaqsaciuri Sinagani xaxunis 

procesebis wyaroebs. maTi arseboba naTlad aris dadasturebuli maRali 

intensivobis Sinagani xaxunis maqsimumebis gamovlinebiT Termulad momwvar n-

GaAs:Te - is monokristalebis temperaturul speqtrSi. relaqsaciur procesebs 400 

da 5000C temperaturebze, agreTve maRali intensivobis eqsponencialur fons 

axasiaTebT Zlieri damokidebuleba meqanikuri rxevebiT ganviTarebul 

deformaciaze. es miuTiTebs maT dislokaciur warmoSobaze [3]. 100-1200C 

temperaturebze gamovlenili relaqsaciuri maqsimumebi SesaZlebelia mivakuTvnoT 

As-is poziciebSi warmoqmnili vakansiuri wyvilebis moZraobas perioduli 

meqanikuri Zabvis velSi. 
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RELAXATION INTERNAL FRICTION IN THERMAL TREATED GAAS:TE 

MONOCRYSTALS 

I.Tabatadze, M. Bibiluri. "Energy".  №1(97). 2021. Tbilisi. p. 40-44.  geo.  sum geo. engl. rus.   

Deformation origin high-intensity internal friction maxima have been revealed in the temperature 

areas of 400 and 500°C under the influence of hightemperature annealing of monocrystalline n-GaAs:Te 

samples with [100] orientation. Their relaxation character is established and the values of activation 

energy and frequency factors are determined. Significant increase of hightemperature background and 

relaxation maxima intensity are shown in a strain amplitude range of 10-4-10-3. Nondeformation origin 

low intensity relaxation process is revealed in a temperature range of 100-120°C.  It is supposed, that it is 

stipulated by the motion of pair of vacancies formed in positions of arsenic atoms in a periodical stress 

field.  

Ill.1, tabl. 2, bibl. 3. 

 

 

 

 

РЕЛАКСАЦИОННОЕ ВНУТРЕННЕЕ  ТРЕНИЕ  В  ТЕРМИЧЕСКИ  ОБРАБОТАННЫХ   

МОНОКРИСТАЛЛАХ    n – GAAS:TE 

И.Табатадзе, М. Бибилури. "Энергия". №1(97). 2021. Тбилиси. с. 40-44. груз.  реф. груз. англ. рус. 

В образцах монокристаллического n–GaAs:Te с ориентацией [100], отожженных в вакууме 

при высоких температурах, выявлены интенсивные максимумы внутреннего трения 

деформационного происхождения при температурах 400 и 5000С. Установлена их релаксационная 

природа и определены значения энергии активации движения и частотного фактора центров 

релаксации. Показано значительное повышение интенсивности высокотемпературного фона и 

релаксационных максимумов в диапазоне 10-4-10-3 колебательной амплитуды деформации. В 

интервале температур 100-1200С  обнаружен  релаксационный процесс с малой интенсивностью 

недеформационного происхождения. Высказано предположение, что процесс обусловлен 

движением в поле знакопеременного напряжения пар вакансий, сформированных в позициях 

атомов мышьяка. 

Илл. 1, табл. 2, лит. 3. 
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НЕУПРУГИЕ СВОЙСТВА ВАНАДИЯ И СПЛАВА V0,95Nb0,05 

Акад. доктор   ИРАКЛИЙ ТАБАТАДЗЕ. 

 

Грузинский  Технический  Университет 

Аннотация. Методом регистрации логарифмического декремента затухания и частоты 

крутильных колебаний изучены температурные зависимости внутреннего трения и 

динамического модуля поликристаллического ванадия и сплава V0,95Nb0,05. В диапазоне частот 

колебаний 0,5 – 5,0 Гц обнаружены релаксационные процессы, обусловленные миграцией атомов 

кислорода и азота. Определены значения энергии активации движения и частотного фактора. 

Оценена энергия миграции границ раздела зёрен. Показана тенденция её повышения вследствие 

легирования ванадия ниобием, обусловливающим возрастание динамического модуля сдвига и 

повышение концентрации O и N  на 10-15%. 

Ключевые слова: ванадий, релаксация, внутреннее трение, микроструктура, энергия 

активации. 

 

Известно, что для термоядерных реакторов основным конструкционным материалом 

считаются ванадиевые сплавы в основном на базе системы V-Ti-Cr. Однако в качестве 

альтернативных материалов разработаны также сплавы на базе системы V-Ga, которые имеют 

более высокую скорость спада наведённой радиоактивности, по сравнению со сплавами  V-Ti-Cr 

[1]. Наряду с разработкой новых материалов для термоядерной энергетики, актуальной являетса 

задача улучшения их поверхностных и объёмных свойств (механических, физико-химических, 

трибологических, коррозионных и др. В работе проведены исследования влияния термической и 

механической обработки на динамические и  механические свойства V и сплава V0,95Nb0,05. 

Было изучено внутреннее трение чистого ванадия и его сплава V0,95Nb0,05 методом 

сверхбыстрой закалки из расплава. Выбор сплава обусловлен тем, что при закалке из жидкого 

состояния образуются термодинамически неравновесные фазы в тонкодисперсном состоянии и 

пересыщенные твердые растворы. Они характеризуются высокой концентрацией дефектов 

решётки и сильно развитой поверхностью межзёренных границ, вызывающих глубокие 

внутренние перестройки структуры, определяющие изменение механических свойств в широких 

пределах. 

Температурная зависимость внутреннего трения была изучена в интервале 20-6500C 

методом регистрации затухания свободных крутильных колебаний на частоте  1 Гц, искусственно 

созданных в образцах  0,15 0,35 10 мм3. Измерения проводились в вакууме 10-5Торр. На кривой 

температурной зависимости внутреннего трения закаленного ванадия выявлены три максимума 

при температурах 190, 225, и 5500C (рисунок  1, кр.1).  
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Рисунок. Температурный спектр внутреннего трения ванадия 

Температуры проявления наблюдаемых максимумов оказываются зависящими от частоты 

колебаний, что свидетельствует о релаксационном характере процессов поглощения 

механических колебаний. Энергия активации релаксационных процессов, определенная по 

смещению максимумов при изменении частоты, оказалась равной для первого - 1,05 эВ, второго - 

1,25 и для третьего - 1,65 эВ. Значения предэкспонециального множителя в соотношении 

Аррениуса для времени релаксации у этих максимумов приблизительно одинаковы - 10-11сек. 

Повторное измерение после охлаждения с 6500C показало, что фон внутреннего трения 

уменьшается, сужается интервал перекрытия максимумов, проявляемых в области 150-3000C. на 

рисунке приведены характерные для чистого ванадия спектры внутреннего трения. Кривая 2 

относится к иодидному ванадию [1], а кривая 3  - к ванадию, полученному электронно - лучевой 

плавкой [2]. 

По своим характристикам максимумы, обнаруженные в ванадии, полученном закалкой из 

жидкого состояния, имеют много общего с релаксационными процессами, известными из 

литературных источников. Сравнительный анализ приводит к выводу, что первые два близко 

расположенные максимума внутреннего трения обусловлены диффузией в поле напряжений 

внедренных атомов кислорода (при 1900C)  и азота (при 2250C), распределённых в решетке в 

октаэдрических положениях. В тонкодисперсном ванадии кислородный и азотный пики затухания  

интенсивно проявлены по сравнению с литературными данными. Это, повидимому, обусловлено 

относительно высокой концентрацией межузельных атомов кислорода и азота, зафиксированных 

в твердом растворе при закалке расплавленного в вакууме ванадия. Максимум внутреннего 

трения в окрестности 5500C характеризуется заметным уширением и большим значением энергии 

активации. К нему со стороны высоких температур примыкает область резкого возрастания фона 

затухания. Учитывая наличие сильно развитых поверхностей межзеренных границ, указанный 

максимум можно отнести к релаксации на границах зерен. Подобное заключение сделано в работе 

[2], в которой обсуждается механизм слабовыраженного максимума внутреннего трения, при 

5500C в крупнокристаллическом иодидном ванадии. 

Изучена температурная зависимость внутреннего трения мелкодисперсного сплава 

V0,95Nb0,05. В процессе его формирования, видимо, сосуществуют условия образования 

многофазной системы, состоящей из чистого ванадия и метастабильных фаз. Наряду с этим, 

следует отметить, что согласно рентгенографическим  исследованиям параметр решетки ванадия 
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увеличен. В такой сложной системе затухание механических колебаний носит чрезвычайно 

сложнный характер. В температурном спектре внутреннего трения почти невозможно отдельно 

выделить какой-либо максимум затухания. Весь спектр представляет собой суперпозицию 

нескольких процессов. Начиная с температуры 6500C, во всех исследуемых образцах наблюдается 

резко восходящий фон внутреннего трения. В этом спектре наблюдаются следы максимумов, 

обычно проявляемых в чистом ванадии. В сплаве  V0,95Nb0,05, по сравнению с чистым ванадием, 

найден новый максимум в области 300-3500C релаксационного происхождения, характеризуемый 

величинами энергии активации - 1,55 эВ и постоянной, имеющей размерность времени 

релаксации - 10-11 сек. Следует отметить, что более интенсивно проявлен в сплаве  

зернограничный максимум в области температур 500-5500C. Форма максимумов и их 

температурное положение зависят от толщины образца. Чем тоньше образец, тем менее 

интенсивны кислородный и азотный максимумы и тем более уширяются и усиливаются два 

других високотемпературных максимума внутреннего трения. 

Наблюдаемые нерегулярности в температурном спектре внутреннего трения, видимо, 

обусловлены нестабильным структурным состоянием сплава. В исследуемом материале 

одновременно сосуществуют чистый ванадий и кластеры V - Nb. Кроме того, в самом ванадии 

образованы сложные, относительно  стабильные кислородные, азотные и углеродные комплексы. 

Следовательно,можно ожидать понижения концентрации в решетке ванадия внедренных атомов 

кислорода, азота и углерода, что является причиной уменьшения релаксационных максимумов 

внутреннего трения, обусловленных их диффузией в механическом поле. 

Мелкодисперсное состояние структуры сплава V0,95Nb0,05 обусловливает сильное 

возрастание и уширение зернограничного максимума, по сравнению сисходным максимумом, 

наблюдаемом в чистом поликристаллическом ванадии. 

Предполагается, что максимум, обнаруженный в интервале 300-3500C, характеризуемый 

энергией активации - 1,55 эВ, связан с миграцией в поле напряжений комплекса, одним из 

составляющих которого являются атомы ниобия. 

Полученные результаты указывают на возможность изменения активационных параметров 

процессов релаксационного рассеяния упругих крутильных колебаний в  V и сплаве V - Nb, что 

весьма важно для управления свойстами конструкционных материалов, используемых в ядерной 

энергетике. 
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INELASTIC PROPERTIES OF VANADIUM AND  V0,95Nb0,05  ALLOY  

I.Tabatadze. "Energy".  №1(97). 2021. Tbilisi. p. 45-48.  rus.  sum geo. engl. rus.   

Temperature dependences of internal friction and dynamic shear modulus in V and V0,95Nb0,05 alloys 

have been studied by registration of logarithmic decrement of damping and frequency of torsion 

oscillations.  Relaxation processes caused by migration of oxygen and nitrogen atoms have been revealed 

in a frequency range of  0,5-5,0 Hz. The values of IF maxima’s activation energy and  frequency factor 

have been determined. Migration energy of grain boundaries has been estimated and its increasing 

tendency in  V0,95Nb0,05 alloys is shown. Doping with Nbstipulates  an increase of dynamic shear 

modulus and  a decrease of concentration of  O and  N impurities by 10-15%. 

Ill. 1, bibl. 2. 

 

 

ვანადიუმისა   და  V0,95Nb0,05    შენადნობის არადრეკადი თვისებები. 

ი. ტაბატაძე.  "energia". #1(97). 2021. Tbilisi. gv. 45-48. rus. anot. qarT. ingl. rus. 
 

გრეხითი რხევების მილევის ლოგარითმული დეკრემენტისა და სიხშირის რეგისტრაციის 

მეთოდით შესწავლილია წვრილმარცვლოვანი სტრუქტურის V და V0,95Nb0,05  შენადნობის 

შინაგანი ხახუნისა და ძვრის დინამიკური მოდულის ტემპერატურული დამოკიდებულებები. 

რხევის სიხშირის 0,5-5,0 ჰც დიაპაზონში გამოვლენილია ჟანგბადისა და აზოტის ატომების 

მიგრაციით გამოწვეული რელაქსაციური პროცესები. განსაზღვრულია რელაქსაციური შინაგანი 

ხახუნის მაქსიმუმების მოძრაობის აქტივაციის ენერგიისა და სიხშირის ფაქტორის სიდიდეები. 

შეფასებულია მარცვლების გამყოფი საზღვრების მიგრაციის ენერგია და ნაჩვენებია მისი 

ამაღლებისადმი მიდრეკილება V0,95Nb0,05 შენადნობში. Nb-ით ლეგირება განაპირობებს ძვრის 

დინამიკური მოდულის ზრდას და O და N მინარევების კონცენტრაციის შემცირებას 10-15%-ით. 

ილ. 1, ლიტ. 2 . 
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askanTixis ioncvlis (Ca- Na) izoTermis eqsperimentuli 

monacemebis erTgvarovnebis SemTxveviTobis  

da droSi stabilurobis dadgena 

 

 doqtoranti  lela bestaeva 1 

  asistent-profeso nino dondolaZe 2 

  sruli profesori  zurab megreliSvili 2 

 
1saqarTvelos teqnikuri universiteti 

2baTumis SoTa rusTavelis saxelmwifo universiteti 

 

anotacia. eqsperimentis Sedegebma gviCvena, rom askanTixis saSualo srulma 
mimocvliTma moculobis sididem 500 mg-ekv/l Seadgina. dadgenilia askanTixis Ca- 
Na ioncvlis koeficienti k = 1,59 m3/m3. 

eqsperimentidan miRebuli monacemebi erTgvarovania,  SemTxveviTia da droSi 
stabiluria. aqedan gamomdinare, eqsperimentidan da formulidan miRebuli 
monacemebis Tanxvedris Semowmeba pirsonis Tanadobis kriteriumiTaa SesaZlebeli. 

 

sakvanZo sityvebi:  pirsonis kriteriumi, gamoyenebis piroba, ioncvla, askanTixa.  

 
Sesavali  

Tixebis warmonaqmnebs Soris gansakuTrebuli adgili uWiravs bentonitur 

Tixebs. maTi Tvisebebidan gamomdinare, cnobilia bentonitis gamoyenebis 200-ze 

meti sfero  [1]. samSeneblo, metalurgiul da samTo mompovebel mrewveloebaSi 

is gamoiyeneba rogorc Semkvreli danamati keramzitis warmoebisas, madnis 

aglomeraciisa da samsxmelo naerTebisas [2,3]. saburRi xsnarebis da 

tamponaJuri cementis warmoebisas is xels uwyobs blanti gelis warmoqmnas [3]. 

qaRaldisa da qimiur warmoebaSi gamoiyeneba rogorc mineralurad aqtiuri 

danamati qaRaldis, rezinis, mastikisa da asafeTqebeli saSualebis warmoebisas. 

Txeli keramikisa da sapnis  warmoebis dros gamoiyeneba rogorc plasifikatori. 

samrewvelo narCenebis gawmendisas gamoiyeneba rogorc adsorbciuli masala, aseve 

stabilizatoris koagulanti da  saWmlis zeTis, Rvinis, ludis, wvenebisa da wylis 

gamaRiavebeli [4]. 

gansakuTrebiT did rols asrulebs bentonituri Tixebi saburT xsnarebSi  

navTobisa da sxva sasargeblo wiaRiseulis Rrma burRvisas. garda amisa, bentoniti 

gamoiyeneba gel-cementis misaRebad, romelic gamoiyeneba sabados tamponaJisTvis. 

bentonitis geli da TviTon bentoniti  aris kargi satamponaJo masala viwro 

bzarebisaTvis [5,6]. 
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sabados mixedviT bentonitis Tvisebebi gansxvavdeba erTamaneTisagan.  

amitomac mis gamoyenebamde ama Tu im sferoSi rekomendebulia gamokvlevebis  

Catareba. 

kvlevis mizani 

pirsonis kriteriumis gamoyenebis pirobebis Semowmeba askanTixis ioncvlis 

eqsperimentuli monacemebisaTvis. 

ZiriTadi nawili 
saburR xsnarebSi ioncvlis procesebis prognozirebisa da burRvis procesis 

efeqturad CatarebisTvis saWiroa miRebuli maTematikuri modelis Tanxvedra 

realur procesebTan. 

maTematikuri modelis adekvaturobis SefasebisaTvis Cveulebriv 

rekomendebulia Tanadobis kriteriumis gamoyeneba. amisaTvis unda dadgindes, ra 

parametrebiT da ris mixedviT unda vawarmooT kriteriumis SerCeva, maTematikuri 

modelisa da eqsperimentebidan miRebuli monacemebis Tanadobis, Tanxvedris 

saimedoobis Sefaseba. 

izoTermis agebis (ioncvlis) procesis dadgenisaTvis saWiro iyo 

damokidebulebis dadgena siTxeSi arsebuli ioncvlebis koncentraciisa da myar 

sxeulze adsorbirebul ionebs Soris. izoTerma aRiwereba eqsperimentebidan 

miRebuli monacemebiT da aproqsimirebulia gantolebiT [7]: 

       
sadac  - ioncvlis koeficienti;  - kalcium ionebis raodenoba Tixaze, g–ekv/m3; 

- kalcium ionebis raodenoba siTxeSi, g–ekv/m3;  - kaTionebis saerTo raodenoba 

siTxeSi, g–ekv/m3; - siTxis sruli mimocvliTi moculoba, g–eqk/m3. 

askanTixis sruli mimocvliTi moculobis dasadgenad 200 ml. qimiur WiqaSi 

movaTavseT 5 g Tixa, davumateT 4 % CaCl2-is distilirebul wyalze  damzadebul 

xsnari. sawyis xsnarSi gavzomeT Ca-is ionebis raodenoba standartuli meTodiT [8], 

romelmac 727 mg-ekv/l Seadgina.  qimiur WiqaSi ramdenjerme arevisa da dayovnebis 

Semdeg xsnarSi davadgineT Ca-is ionebis raodenoba. sxvaobis SemTxvevaSi imave 

Tixas davasxiT axali xsnari da isev davadgineT Ca-is ionebis raodenoba. 

procedura gavimeoreT manam sanam kalciumis raodenoba sawyiss da ukve 

gamoyenebul xsnarebSi ar gatolda. amis Semdeg viangariSeT Tixis mier dakavebuli 

Ca-is ionebis raodenoba. 10 paralelurma cdam aCvena, rom askanTixis mimocvliT 

moculobis saSualo sidide  500 mg-ekv/l tolia. 
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Tu eqsperimentiT da gantolebiT miRebul monacemebs Soris cdomilebebi 

emorCilebian normaluri ganawilebis kanons, maSin arsebuli mdgradobis 

Tanaxmaad adekvaturobis Sefaseba SeiZleba vawarmooT pirsonis kriteriumis 

gamoyenebiT. amisaTvis dakvirvebis monacemebi moiTxoven am realizebis Semowmebas 

erTgvarovnebaze, amonakrebis SemTxveviTobasa (stoqastikurad damoukideblobis 

dasabuTebas) da droSi stabilurobaze  [9]. 

ioncvlis  eqsperimentuli monacemebis damuSaveba 
cxrili  1 

№ 
 

გ–

ეkვ/მ3 

, 

გ–ეkვ/მ3 
 

გ–ეkვ/მ 

ექსპერიმ. 

მონაცემები 

 

ფორმულით 

მიღებული 

 

ცდომი-

ლება 

% 

ვარიაც. 

მწკრივი 

1 300 2,0 18,5 1,28 1,59 -24,21 51,42 

2 310 2,0 18,5 1,47 1,59 -8,16 40,7 

3 350 4,0 18,2 1,29 1,59 -23,25 38,26 

4 376 4,0 18,0 1,98 1,59 19,69 28,0 

5 370 4,0 18,0 1,77 1,59 10,16 26,7 

6 423 8,0 15,0 2,0 1,59 20,50 25,19 

7 400 8,0 15,0 1,13 1,59 -40,71 24,21 

8 410 8,0 15,2 1,46 1,59 -8,90 24,21 

9 441 11,8 13,7 2,02 1,59 21,29 23,25 

10 420 11,8 13,7 1,05 1,59 -51,43 22,8 

11 432 11,8 13,7 1,48 1,59 -7,43 22,3 

12 450 22,0 13,0 1,38 1,59 -15,22 22,3 

13 460 22,0 13,0 2,21 1,59 28,05 20,5 

14 450 22,0 14,1 1,63 1,59 2,45 21,2 

15 465 36,9 12,4 1,58 1,59 -0,63 19,69 

16 470 36,9 12,4 2,17 1,59 26,73 16,3 

17 470 47,3 11,5 1,46 1,59 -8,90 15,2 

18 468 47,3 11,5 1,28 1,59 -24,22 12,1 

19 473 47,3 11,5 1,81 1,59 12,16 12,1 

20 475 74,4 10,6 1,15 1,59 -38,26 10,16 

21 480 74,4 10,6 1,81 1,59 12,16 8,9 

22 475 74,4 11,3 1,30 1,59 -22,31 8,9 

23 480 91,5 12,0 1,90 1,59 16,32 8,16 

24 474 91,5 16,4 2,06 1,59 22,82 7,4 

25 470 91,5 16,4 1,54 1,59 -3,25 4,79 

26 448 21,5 14,1 1,53 1,59 -3,92 3,9  

27 455 34,2 13,9 1,27 1,59 -25,20 3,2 

28 460 40,3 13,5 1,30 1,59 -22,31 2,4 

29 462 40,3 14,5 1,67 1,59 4,79 0,6 

 

eqsperimentebidan miRebuli dakvirvebebis Sedegebidan, mkafiod gansxvavebuli 

dakvirvebebis gamosaricxad viyenebT kriteriums [9,10]: 

                                                 
sadac 
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                           ;                
n - dakvirvebis ricxvi (eqsperimentebidan miRebuli monacemebis raodenoba); x1 - 

dakvirvebebis mniSvnelobebi. 

amonakrebis SemTxveviTobis dasabuTebas vawarmoebT medianaTa meTodis 

meSveobiT. medianad miRebulia variaciuli mwkrivis Sualeduri elementi. 

Tu n kenti ricxvia, 

                                                  ; 

Tu n luwi ricxvia, 

                                                            , 
sadac 

                          ; ;  - dakvirvebis mniSvnelobebis rigiToba. 

amonakrebis SemTxveviToba dasabuTebuli iqneba, Tu Sesruldeba piroba: 

                                                          ; 

                                                          ; 

sadac   – dadebiTi da uaryofiTi seriebis ricxvi;   – yvelaze grZeli seriis 

gaWimuloba. 

                                   . 

                                               
eqsperimentidan miRebuli dakvirvebis Sedegebis droSi stabilurobis 

dasadgenad gamoiyeneba Tanafardoba 

 ; 
sadac 

  
monacemebis gaangariSebis safuZvelze dadgenilia: 

a) erTgvarovneba 

 

 

 

 
amonakrebi erTgvarovania. 

b) droSi stabilurobisaTvis 
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. 

P = 0,001 sarwmunoebis SemTxvevaSi   da  ; 

P = 0,01 sarwmunoebis SemTxvevaSi   da   ; 

P = 0,05 sarwmunoebis SemTxvevaSi   da  . 

amonakrebi droSi stabiluria. 

eqsperimentis Sedegebis damuSaveba 

cxrili 2 

# ix  

ერთგვაროვნებაზე 
დროში 

სტაბილურoბაზე 
შემთხვევითობაზე 



 xxi  

2













xxi  ii xx 1   2

1 ii xx 
 

- თუ ix < medx  

+ თუ ix > medx  

1 

2 

3 

4 

5 

24,21875 

8,163265 

23,25581 

19,69697 

10,16949 
 

6,099901 

-9,95558 

5,136964 

1,57812 

-7,94936 
 

37,20879 

99,11367 

26,3884 

2,490462 

63,1923 
 

-16,0555 

15,09255 

-3,55884 

-9,52748 

10,33051 
 

257,7786 

227,785 

12,66537 

90,77284 

106,7194 
 

+ 

- 

+ 

+ 

- 
 

6 

7 

8 

9 

10 

20,5 

40,70796 

8,90411 

21,28713 

51,42857 
 

2,38115 

22,58911 

-9,21474 

3,168279 

33,30972 
 

5,669875 

510,2681 

84,91144 

10,03799 

1109,538 
 

20,20796 

-31,8039 

12,38302 

30,14144 

-43,9961 
 

408,3618 

1011,485 

153,3392 

908,5066 

1935,66 
 

+ 

+ 

- 

+ 

+ 
 

11 

12 

13 

14 

15 

7,432432 

15,21739 

28,0543 

2,453988 

0,632911 
 

-10,6864 

-2,90146 

9,935449 

-15,6649 

-17,4859 
 

114,1995 

8,418463 

98,71314 

245,3879 

305,758 
 

7,784959 

12,83691 

-25,6003 

-1,82108 

26,0952 
 

60,60558 

164,7862 

655,3759 

3,316319 

680,9594 
 

- 

- 

+ 

- 

- 
 

16 

17 

18 

19 

20 

26,72811 

8,90411 

24,21875 

12,1547 

38,26087 
 

8,609261 

-9,21474 

6,0999 

-5,96415 

20,14202 
 

74,11937 

84,91144 

37,20878 

35,57113 

405,701 
 

-17,824 

15,31464 

-12,0641 

26,10617 

-26,1062 
 

317,695 

234,5382 

145,5414 

681,5323 

681,5323 
 

+ 

- 

+ 

- 

+ 
 

21 

22 

23 

24 

25 

12,1547 

22,30769 

16,31579 

22,81553 

3,246753 
 

-5,96415 

4,188842 

-1,80306 

4,696684 

-14,8721 
 

35,57113 

17,5464 

3,251027 

22,05884 

221,1793 
 

10,153 

-5,9919 

6,499745 

-19,5688 

0,674815 
 

103,0833 

35,9029 

42,24668 

382,9372 

0,455376 
 

- 

+ 

- 

+ 

- 
 

26 

27 

28 

29 

3,921569 

25,19685 

22,30769 

4,790419 
 

-14,1973 

7,078 

4,188842 

-13,3284 
 

201,5628 

50,09809 

17,5464 

177,6471 
 

21,27528 

-2,88916 

-17,5173 

-4,79042 
 

452,6376 

8,347234 

306,8549 

22,94812 
 

- 

+ 

+ 

- 
 

 
            525,4466                               4105,268                               10094,37  

 

v) SemTxveviTobisaTvis 

vinaidan  n = 29, mediana ganisazRvreba formuliT: 
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                                                     ; 

                                            ; 

 

 

 

 
piroba sruldeba. amonakrebi SemTxveviTia, stoqastikurad damoukidebeli. 

gaangariSebis Sedegebi gviCvenebs, rom eqsperimentis monacemebi 

erTgvarovania, SemTxveviTia da droSi stabiluria. 

daskvna 

burRvis procesisaTvis aqtiurad iyeneben bentonitis fuZeze damzadebul 

saburR xsnarebs. amitom saWiroa misi ioncvlis koeficientis dadgena. Cvens mier 

Catarebulma kvlevebma gviCvena, rom bentonituri Tixis koeficienti k = 1,59 m3/m3.  

eqsperimentidan miRebuli monacemebi erTgvarovania,  SemTxveviTia da droSi 

stabiluria. aqedan gamomdinare, eqsperimentidan da formulidan miRebuli 

monacemebis Tanxvedris Semowmeba pirsonis Tanadobis kriteriumiTaa SesaZlebeli. 
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ESTABLISHMENT OF RANDOMNESS AND TIME STABILITY OF THE EXPERIMENTAL 

ISOTHERM DATA ASKANTIHA IONS (CA-NA). 

Bestaeva L., Dondoladze N., Megrelishvili Z.. "Energy".  №1(97). 2021. Tbilisi. p. 49-55.  geo.  sum 

geo. engl. rus.   

 

The experimental results showed that the average total exchange volume of Askantikha made up 500  

mg/eqv/L/ . The coefficient of ion exchange Ca-Na of Askantikha is established  k = 1.59 m3 / m3;  

The data obtained during the experiment are homogeneous, random and stable over the time. Therefore, 

it is possible to check the consistency of the data obtained as a result of the experiment and the formula 

with the Pearson equivalence criterion. 

Tabl. 2, bibl. 10. 

 

 

 

ОПРЕДЕЛЕНИЕ ОДНОРОДНОСТИ, СЛУЧАЙНОСТИ И СТАБИЛЬНОСТИ ВО 

ВРЕМЕНИ ЭКСПЕРИМЕНТАЛЬНЫХ ДАННЫХ ИЗОТЕРМИИ ИОННОГО ОБМЕНА 

(CA-NA) AСКАНИТА  

Л. Бестаева,  Н. Дондоладзе,  З. Мегрелишвили. "Энергия". №1(97). 2021. Тбилиси. с. 49-55. 

груз.  реф. груз. англ. рус. 
 

Экспериментальные данные показали, что величина общего обьема обмена асканита 

составила 500 мг/экв/л,  а общего обьема его обмена - 500 мг/ экв/ л. Установлен коэффициент 

обмена ионов асканита Ca-Na,  k = 1,59 m3/m3. Определены однородность, случайность и 

стабильность во времени экспериментальных данных изотермии ионного обмена (Ca-Na) 

асканита для решения задачи о применении критерия Пирсона для установления соответствия 

между данными, полученными из эксперимента, и рассчитанными по формуле. Приведены 

разработанные таблицы расчетных данных. 

Табл. 2, лит. 10. 
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sakurorto-rekreaciul sistemebSi sazogadoebrivi kvebis 

qselSi sezonuri datvirTvebis daregulirebis efeqturi 

meTodebi 

 
sainJinro mecnierebaTa doqtori, profesori ramaz JRenti 

 

saqarTvelos teqnikuri universiteti 

 
anotacia. Catarebuli kvlevis Sedegebis da siaxlis realizebis pirobebSi 
socialuri efeqti perspeqtivaSi, 2025 wlisTvis, gulisxmobs saqarTvelos 
kurortebze sezonze 5 mln.-mde adamianis sazogadoebrivi kvebis sawarmoTa Ria 
qseliT maRalefeqtur momsaxurebas, rac xels Seuwyobs maT srulfasovan 
dasvenebas da gajansaRebas, gamojanmrTelebas, sicocxlis gaxangrZlivebas; 
sazogadoebrivi kvebis Ria qselis sawarmoebSi iseTi kontrastuli situaciebis 
Seqmnas maRalmxatvruli da arqiteqturuli saSualebebiT, romelic aSkarad 
gansxvavdeba yoveldRiuri viTarebisgan. mTavari ganmasxvavebeli Taviseburebaa 
kvebis funqciisa da rekrosaqmianobis (dasveneba, garToba, TamaSobani da a.S.) 
SeTavseba.  
 

sakvanZo sityvebi: qalaq-kurortebi, qalaqTmSeneblobis struqtura, sazogadoebrivi 
kvebis Ria qseli, sawarmoebis momsaxurebis radiusi, mudmivi da 
droebiTi mosaxleobis raodenobrivi Semadgenloba.  

 

sazogadoebrivi kvebis qselis swori organizebisas mniSvnelovan faqtors 

warmoadgens qalaq-kurortebis mudmivi da droebiTi mosaxleobis raodenobrivi 

Semadgenlobis, yofiTi pirobebis, mosaxleobis sxvadasxva jgufebis erovnuli 

Taviseburebebis, sqesobrivi da asakobrivi Semadgenlobis, profesiuli monacemebis 

da maTi moTxovnaTa monacemebis Seswavla. am faqtorebis srulfasovani aRricxva 

SesaZleblobas gvaZlevs ufro zustad davasabuToT sazogadoebrivi kvebis qselis 

raodenoba, Semadgenloba, simZlavre da ganlageba qalaqTmSeneblobis konkretuli 

warmonaqmnebis pirobebSi.  

sazogadoebrivi kvebis qselis organizebis sakiTxis gadawyvetisas saWiroa 

ganvsazRvroT  dasajdomi adgilebis saerTo saWiro raodenoba, gavakeToT am 

raodenobis diferenciacia qalaqTmSeneblobis struqturis Sesabamisad, 

amovarCioT sawarmoebis optimaluri tipi da racionalurad ganvaTavsoT isini 

konkretuli warmonaqmnis sivrceSi. sawarmoebis momsaxurebis ama Tu im zonis 

SemadgenlobaSi Sedis sacxovrebeli raionebis da kvartlebis  teritoriebi, 

masobrivi dasvenebis adgilebi, magistralTaSua teritoriebi da a.S. 

sazogadoebrivi kvebis Ria qselis sawarmoebis momsaxurebis radiusi, rogorc wesi 

saqveiTo misadgomobis drois mixedviT, klimaturi raionis, reliefisa da sxva 



 

 

 

 

 

 

Jurnali "energia" #1(97), 2021 57 

pirobebis gaTvaliswinebiT dasaSvebia  300-dan  700-m-mde.  

qalaq-kurortisTvis, sakurorto-rekreaciuli warmonaqmnisTvis, sazogadoeb-

rivi kvebis sawarmoebis saerTo tevadoba (adgilebis raodenoba)  ganisazRvreba 

diferencirebuli gaangariSebiT mosaxleobis dagegmili ricxovnobidan 

gamomdinare. sacxovrebel zonaSi ganlagebuli sawarmoebisTvis 1000 kacze 

adgilebis saangariSo maCvenebelia:  pirveli rigis mSeneblobisTvis-12, xolo 

perspeqtivaze-16; saerTosakurorto mniSvnelobis sawarmoebisTvis – Sesabamisad 16 

da 24. sazogadoebrivi kvebis qselis gaangariSeba unda Catardes pirveli rigis da 

perspeqtivaze gaTvlili mSeneblobisTvis 5 wlamde saangariSo vadiT.  sazogado-

ebrivi kvebis sawarmos pirveli rigis mSeneblobis raodenoba damokidebulia 

sakvlevi sakurorto-rekreaciuli warmonaqmnis sidideze da ganisazRvreba 

dadgenili saangariSo maCveneblis gamravlebiT mosaxleobis dagegmarebiT 

ricxovnobaze.  

Ria qselis sawarmoebi unda ganlagdes rogorc calkemdgar, aseve 

sacxovrebel SenobebSi, sastumroebSi, did maRaziebSi, savaWro centrebSi da a.S. 

agreTve, qalaqgareT avtomagistralebze, turistul marSrutebze, masobrivi 

dasvenebis adgilebSi. sazogadoebrivi kvebis  sawarmoebs maTi sadislokacio 

adgilis gaTvaliswinebiT waeyeneba iseTi ZiriTadi moTxovnebi, rogoricaa: 

momxmarebelTan maqsimaluri miaxloeba; ganlageba rekreantebis masobrivi 

nakadebis gzebze da gzajvaredinebze; saWmlis miRebaze drois minimaluri 

danaxarjis uzrunvelyofa; sakvebis mravalferovnebiTa da gemos maRali xarisxiT 

rekreantTa dakmayofileba. amasTan, saerTosakurorto ganaSenianebis sistemaSi 

sazogadoebrivi kvebis sawarmosTvis SeiZleba gamovyoT adgili dasasvenebeli 

zonis perimetrze, mimdebare ubnebze, centrSi, sacxovrebeli ganaSenianebis zonaSi 

an ganaSenianebisgan moSorebiT Tavisufal teritoriaze. 

 sazogadoebrivi kvebis sawarmoebi masobrivi dasvenebis adgilebSi da 

sacxovrebel zonebSi ganlagdeba calke mdgar SenobebSi. SeiZleba CaSenebul iqnen 

pirvel sarTulebSi an Sediodes kulturul-sayofacxovrebo da savaWro 

centrebis SemadgenlobaSi. 

calke mdgar SenobebSi ganlagebuli sawarmoebi ZiriTadad gankuTvnilia 

araorganizebuli damsveneblebis (amr) kategoriis momsaxurebisTvis. maT 

miekuTvneba Tematuri restornebi, atraqcionuli tipis sawarmoebi, sasadiloebi, 

kafeebi, barebi, asawyob-dasaSleli  da konteineruli tipis kvebis sxvadasxva 
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punqtebi, kvebis mobil-blokebi da maTi msgavsi nagebobebi, romlebic awesrigeben 

Ria qselis kvebis sawarmoebis sezonur, gamarTul funqcionirebas kurortebze, 

masobrivi dasvenebisa da turizmis adgilebSi. amasTan, SesaZlebelia 

ganxorcielebul iqnes  CaSenebul-miSenebuli variantic, CaSenebuli sawarmoebis 

arsebiT naklad unda CavTvaloT moculobiT-gegmarebiTi da konstruqciuli 

gadawyvetebis SezRuduli kompoziciuri SesaZleblobebi. CaSenebuli, miSenebuli 

da CaSenebul-miSenebuli gadawyvetebi ganixileba aucileblad Ria sivrceSi 

moednebis mowyobis SesaZleblobiT, romlebic gamoiyeneba zafxulSi sezonuri 

gafarToebis mizniT. amgvari gadawyvetebi aris ara mxolod kvebis dawesebulebis 

racionalur-funqciuri gadawyvetebis tradiciuli meTodi, aramed sazogado-

ebrivi kvebis qselSi sezonuri datvirTvebis daregulirebis efeqturi berketi, 

rogorc saqalaqo ganaSenianebis pirobebSi, aseve sakurorto-rekreaciuli 

warmonaqmnebis sxvadasxva pirobebSi. 

   kvlevis Sedegebis da siaxlis realizebis pirobebSi socialuri efeqti 

perspeqtivaSi 2025 wlisTvis gulisxmobs saqarTvelos kurortebze sezonSi 5 mln.-

mde adamianis sazogadoebrivi kvebis sawarmoTa Ria qseliT maRalefeqtur 

momsaxurebas, rac xels Seuwyobs maT srulfasovan dasvenebasa da gajansaRebas, 

gamojanmrTelebas, sicocxlis gaxangrZlivebas; sazogadoebrivi kvebis Ria qselis 

sawarmoebSi iseTi kontrastuli situaciebis Seqmnas maRalmxatvruli da 

arqiteqturuli saSualebebiT, romelic aSkarad gansxvavdeba yoveldRiuri 

viTarebisgan. mTavari ganmasxvavebeli Taviseburebaa kvebis funqciisa da 

rekrosaqmianobis (dasveneba, garToba, TamaSobani da a.S.) SeTavseba.  

momsaxurebis sferoSi sazogadoebrivi kvebis Ria qselis integrirebuli 

modelis ekonomikuri mizanSewoniloba eWvs ar iwvevs. samamulo da ucxouri 

praqtikis Catarebulma analizma gviCvena, rom iseTi sawarmoebis qselis 

organizacia, romelic iTvaliswinebs  funqciur-teqnologiur integraciasa da 

warmoebis centralizacias, naxevarfabrikatebisa da mza sakvebis centralize-

bulad miwodebas, ekonomikurad mis decentralizebulad warmoebis organizaciaze 

ufro efeqturia. efeqti gamoixateba 7-12%-iT erTdrouli danaxarjebis, da 8-12%-

iT saeqspluatacio xarjebis SemcirebiT. 
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nax. 1. 

saqarTvelos kontinentur-bunebriv pirobebSi (maRalmTiani, SuamTianeTi da dablobi) 
zonaluri rekreaciul-turistuli sistemis arqiteqturul-gegmarebiTi struqturos 

formirebis principuli sqema: 
1 - rekreaciul-turistuli simpleqs sistemebi (rekrotoriis saerTo saangariSo farTobi 
Seadgens  2,5-12,6 kv.km.);  2 - rekreaciuli kompleqsebi (saerTo farTobi - 12.6-78.5 kv.km); 
3 - rekreaciul-turistuli subarealis sazRvrebi (subarealis rekro- sistemis teritoriis 
saerTo saangariSo farTobi meryeobs 78,5-1256,0 kv.km-is farglebSi); 4 - rekreaciul-
turistuli arealebis sazRvrebi (teritoriis saerTo farTobi - 1256,0-3846,5 kv.km); 
5 - zonis rekreaciuli sazRvrebi (saerTo farTobi - 3846,5-17662,5 kv.km.) 6 - momsaxure 
personalis gansaxlebis sistema; 7 - kulturul-sayofacxovrebo momsaxurebis 
sazogadoebrivi centri; 8 - arealebis centrebi; 9 - kulturul-gasarTobi zonis (kgz) 
administraciul-sazogadoebrivi centri; 10 - intensiuri gamoyenebis mwvane nargavebi (safari);  

11 - satransporto-safexmavlo komunikaciebi 

 

fi
s 
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nax. 2. 
kurortebze masobrivi dasvenebisa da turizmis adgilebSi sazogadoebrivi kvebis 
msxvili, centraluri mwarmoebel-damamzadebelisa warmoebis moculobiT-sivrciTi 
gadawyvetis Tanamedrove SesaZlo variantebi 

 
 

რესტორანი 
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                                            pirobiTi niSnebi 

 
nax. 3. 

qalaq-kurort borjomis rekreaciuli momsaxurebis sistemis ganviTarebisa da rekonstruqciis 

saangariSo sqema, gaTvlili 2015-2025 saproeqto wlebis vadebze 

▲ 
 

- ქალაქ კურორტის ტერიტორიის საზღვრები 

- დასახლებული ტერიტორიები 

-  

- საკურორტო-რეკრეაციული არეალი 

- საქალაქო მნიშვნელობის მომსახურე 

ობიექტები 

-  - ადგილობრივი მნიშვნელობის მომსახურე 

ობიექტები 

-  - მომსახურების რადიუსები 

მდ. მტკვარი 



Jurnali "energia" #1(97), 2021 62 

 
nax. 4. 

 

avtomagistralebis Tavze, maTi gadakveTis adgilebSi ganTavsebuli sazogadoebrivi kvebis 

sawarmoTa moculobiT- sivrciTi gadawyvetis SesaZlo variantebi 
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EFFECTIVE METHODS OF SETTLEMENT OF SEASONAL LOADS IN PUBLIC CATERING 

FACILITIES IN RESORT-RECREATIONAL SYSTEMS 

R.Jghenti . "Energy".  №1(97). 2021. Tbilisi. p. 56-63.  geo.  sum geo. engl. rus.   

According to the results of the study and implementation of the novelty, the social effect in the 

future by 2025 means highly efficient maintenance of up to 5 million people at Georgia resorts for the 

season with an open network of catering facilities, which will contribute to their full rest and health, 

recovery and life expectancy;  The creation of such contrasting situations in open-ended enterprises with 

highly artistic and architectural means, which are clearly different from everyday situations.  The main 

distinguishing feature is a combination of nutrition and entertainment activities (recreation, 

entertainment, games, etc.). 

Ill. 4, bibl. 2. 
 

 

 

 

 
ЭФФЕКТИВНЫЕ МЕТОДЫ УРЕГУЛИРОВАНИЯ СЕЗОННЫХ НАГРУЗОК В СЕТИ 

ОБЩЕСТВЕННОГО ПИТАНИЯ В КУРОРТНО-РЕКРЕАЦИОННЫХ СИСТЕМАХ 

Жгенти Р. "Энергия". №1(97). 2021. Тбилиси. с. 56-63. груз.  реф. груз. англ. рус. 

По результатам исследования и реализации новинки социальный эффект в будущем к 2025 

году означает высокоэффективное обслуживание до 5 млн. человек на курортах Грузии за сезон с 

открытой сетью заведений общественного питания, что будет способствовать их полноценному 

отдыху и здоровью, выздоровлению и продолжительности жизни. Такие контрастные ситуации на 

предприятиях открытого питания с привлечением высокохудожественных и архитектурных 

средств, существенно отличаются от таковых повседневно принятых, сочетанием функции 

питания и развлекательных мероприятий (отдых, развлечения, игры и т. д.). 

Илл. 4, лит. 2. 
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saqarTvelos kurortebze sazogadoebrivi kvebis Ria 

qselis obieqtebis qalaqgegmarebiTi   

organizaciis struqtura 

 

sainJinro mecnierebaTa doqtori, profesori  ramaz JRenti 

 

saqarTvelos teqnikuri universiteti 

 
anotacia. rekreaciuli momsaxurebis sferos ganvixilavT rogorc rTul, 
polifunqciur sistemas, romlis ZiriTadi elementebi da qvesistemebi sxvada-
sxvagvaria: socialur-ekonomikuri, demografiuli, ekologiuri, ideologiuri, 
esTetikuri da sxvaTa "Seferilobis" gamo maTi rangiTa da mniSvnelobiT, 
ganviTarebis kanonzomierebiTa da sivrcis  organizaciis unariT.  
        viTvaliswinebT ra sxvadasxva rangis da tipis rekreaciuli warmonaqmnebis 
formirebis koncefcias, mizanSewonilad migvaCnia rekreaciuli struqturebis 
organizaciis dros kulturul-sayofacxovrebo da sazogadoebrivi kvebis Ria 
qselis obieqtebis adgili da roli aRniSnul sistemaSi ganisazRvros 
qalaqgegmarebiT principebze dayrdnobiT da sxvadasxva tipis rekreaciuli 
sivrcis arqiteqturul-gegmarebiTi struqturis formirebis gansakuTrebulobis 
gaTvaliswinebiT. 
 

sakvanZo sityvebi: sezonuroba, pikis periodi, sakurorto-rekreaciuli 

warmonaqmnebi, sazogadoebrivi kveba, obieqtebis dabalsimZlavrianoba 
da daqucmacebuloba. 

 

sazogadoebrivi kvebis organizacias kurortebze, masobrivi dasvenebisa da 

turizmis adgilebSi didi socialur-politikuri mniSvneloba eniWeba. amasTan, 

sazogadoebrivi kvebis sistemis fenqcionirebis xarisxis amaRlebas xels uSlis 

“sezonurobis” problema, romlis gadaWris sirTule ukavSirdeba e.w. “pikis” 

periodis arsebobas da rac, Tavis mxriv, sezonuri datvirTvebis periodSi iTxovs 

Ria qselis droebiT gafarToebas. aRniSnuli problema yvelaze ufro mkveTradaa 

gamoxatuli sazogadoebrivi kvebis Ria qselSi. es problema gansakuTrebiT 

aqtualuria saqarTvelos sakurorto-rekreaciuli warmonaqmnebis specifikur 

pirobebSi, vinaidan aq gansakuTrebiT mkafiod mJRavndeba raodenobrivi 

(mSeneblobis masStabebis zrda, damsvenebelTa raodenobis mkveTri ryevebi da a.S.) 

da Tvisobrivi (ganviTarebuli qselis formireba, teqnikuri aRWurvilobis 

srulyofa, da a.S.) cvlilebebi. 

qalaqi wyaltubo - msoflio mniSvnelobis balneologiuri kurortia igi 

mdebareobs q. Tbilisidan Crdilo-dasavleTiT 235 km-ze da q. quTaisidan 12 km-is 

daSorebiT. es sakurorto qalaqi gamoirCeva balneologiuri wyaroebis siuxviT da 

ganlagebulia Tvalwarmtac xeobaSi, garSemoertymulia  damreci borcvebiT da 
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mdidari mcenareuli safariT. qalaqi ganlagebulia 730 ha teritoriaze, 

romelTagan 10,9% (80 ha) sakurorto parks ukavia. klimati Tbilia, zomierad 

teniani. haeris saSualo wliuri temperatura – 14,70C. Semodgoma-zamTris da 

gazafxulis periodSi Warbobs Crdilo-aRmosavleTis, xolo zafxulis periodSi – 

samxreT-dasavleTis qarebi. ZiriTadi samkurnalo saSualebaa susti radioaqtiuri, 

mineraluri Termuli wyali temperaturiT +32-350C, romelic gamoiyeneba  moZraobis 

organoebis, sisxlZarRvebis mimoqcevis, nervuli sistemis da zogierTi 

ginekologiuri daavadebebis samkurnalod. saWiroa xazi gausvaT im garemoebas, rom 

qalaq-kurort wyaltubos ganviTareba da Camoyalibeba, qveynis mravali sakurorto 

qalaqisgan gansxvavebiT, warmoebs jandacvis, kurortologiuri wesebisa da 

moTxovnebis gansakuTrebuli dacviT, ris gamoc Tavidan iqna acilebuli  

sakurorto-rekreaciuli sivrcisTvis damaxasieTebeli iseTi naklovaneba, 

rogoricaa moWarbebuli mSeneblobebi, rasac ver vityviT borjomsa da baTumze. 

wyaltubos pirobebSi sakurorto zona mkacrad SezRudulia da mocilebulia 

sacxovrebel zonas, rac xels uwyobs sakurorto reJimis mkacr dacvas, romelic 

mkurnalobisas mniSvnelovan faqtors warmoadgens. 

qalaqi borjomi - administraciul-raionuli centri sakurorto rekreaciuli 

zoniT da masSi Tavmoyrili sazogadoebrivi da kulturul-sayofacxovrebo 

dawesebulebebiT.  

borjomi - Cveni qveynis samTo-klimatur da balneologiur sakurorto 

qalaqebs Soris erT-erTi yvelaze popularuli sakurorto qalaqia, Tvalwarmtaci 

mTebiT da maradmwvane wiwvovani tyeebiT.  klimati aq Tbili da zomierad teniania, 

zamTari-rbili, zafxuli-Tbili. saSuali wliuri temperatura +9,20C, saSualo 

wliuri fardobiTi tenianoba – 77%-mde. wliuri naleqebis raodenoba – 595 mm. 

Warbobs  Crdilo-aRmosavleTis da aRmosavleTis qarebi. kurortze ZiriTadi 

samkurnalo (dasalevi, saabazano) saSualebaa vulkanuri warmoSobis mineraluri 

wyali.  

qalaqi baTumi - aWaris dedaqalaqi, qveynis erT-erTi mTavari sazRvao 

navsadguri,  saqarTvelos Savi zRvis sanapiroze baTumi-cixisZiris rekreaciuli 

jgufis klimatur-sakurorto qalaqebs Soris erT-erTi yvelaze popularuli.  

baTumis zRvis subtropikuli klimati Zalian Tbili da teniania. wlis 

naleqebis norma  daaxloebiT 2418 mm-ia, maT Soris wlis Tbil periodSi – 1460 mm. 

naleqebis udidesi raodenoba modis  seqtembris Tveze. gazafxuli aq moklea da 

SedarebiT  civi, Semodgoma - Tbili, magram naleqebis gazrdili raodenobiT; 

zamTari Zalian rbilia, zafxuli-cxeli da xangrZlivi, maqsimaluri temperatura 
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aRwevs +36ºC. saSuali wliuri temperatura +14,50C, xolo fardobiTi tenianoba 

daaxloebiT 80%. 

baTumis ZiriTad rekreaciul potencials da samkurnalo-profilaqtikur 

saSualebas warmoadgens mTisa da zRvis klimati, mzisa da wylis abazanebi. baTums 

gansakuTrebul xibls sZens subtropikuli da dekoratiuli mcenareebis siuxve, 

Tvalwarmtaci zRvispira bulvari, sanapiro zolis gaswvriv ulamazesi plaJi, 

magnoliebi, palmebis xeivnebi da sxva jiSis maradmwvane mcenareebi, citrusebis 

plantaciebi, unikaluri subtropikuli botanikuri baRi. baTumi  gansakuTrebiT 

mimzidvelia damsveneblebisTvis wlis Tbil da cxel periodSi, ris gamoc am 

periodSi qalaqis rekreaciuli sistema rekreantTa garkveuli gadatvirTvebiT 

gamoirCeva. 

          baTumis sakurorto rekreaciuli sivrce, misi qalaqgegmarebiTi struqtura 

momsaxurobis sferos da rekreaciis yvela fenomeniT (biocenizi), darRveulia 

aq mimdinare masStaburi mSeneblobebis gamo. 

     aRniSnul qalaq-kurortebze momsaxurebis sferos sistemis formireba 

mecnieruli kvlevis Sedegebis safuZvelze ki ar mimdinareobs, aramed 

stiqiurad. sazogadoebrivi kvebis Ria qselis da savaWro-sayofacxovrebo 

momsaxurebis sferos sxva obieqtebi am qalaqebis gegmarebaSi arasworad da 

araTanabradaa ganawilebuli. 70-80%-ze meti aRniSnuli dawesebulebebis 

Tavmoyrilia qalaqis centralur nawilSi. am obieqtebis ganlagebis msgavsi 

eqscentrizmi diskomforts uqmnis rogorc adgilobriv (mudmiv mosaxleobas), 

aseve sxvadasxva kategoriis droebiT macxovreblebs. amasTan aRniSnul 

dawesebulebebamde siSore (gadaadgilebis manZili) scildeba dasaSveb 

safexmavlo misawvdomobis normebis sazRvrebs da rig SemTxvevebSi 1.5-3.0 km-s 

Seadgens, rac iwvevs Sidasaqalaqo transportis cnobil gadatvirTvebs da 

adamianTa nakadiT centris gadatvirTvas. es gadatvirTvebi gansakuTrebulad 

aisaxeba momsaxurebis sferos mTel sistemaze da komunikaciebze zafxulis 

periodSi, roca mosaxleobis raodenoba aRniSnul kurortebze Zalian izrdeba. 

aRniSnuli situacia fiqsirdeba saqarTvelos TiTqmis yvela kurortze. 

rekreaciuli sistemis iseTi mankieri mxareebi, rogoricaa saqarTvelos 

kurortebze, masobrivi dasvenebisa da turizmis adgilebSi momsaxurebis 

sferos obieqtebis dabalsimZlavrianoba da daqucmacebuloba zogadad 

sazogadoebrivi kvebis sistemis ganviTarebis da formirebis qaotur process  

ukavSirdeba. aseTi saxiT am procesebis warmarTvas Semdegi faqtorebi 

ganapirobeben:         

1. sakurorto-rekreaciuli teritoriebis raionuli dagegmarebis sqemebis  

ararseboba. 
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2. rekreaciuli momsaxurebis sistemis da zogadad sakurorto-

rekreaciuli sferos ganviTarebis perspeqtiul prognozze gakeTebuli 

arasakmarisi gaTvlebi.                                                                       

 3. arsebuli momsaxurebis sistemis obieqtebis arqiteqturul-gegmarebiTi 

iersaxis mankiereba da teqnologiur sqemebSi sazogadoebrivi kvebis obieqtebis 

funqciuri struqturis organizaciis araswori gaTvlebi. 

saqarTvelos sakurorto-rekreaciuli sistemis pirobebSi kvebis obieqte-

bis daqucmacebulobis tendenciebi ZiriTadad gansazRvra konkretulma 

raionul-gegmarebiTma (geografiuli da bunebriv-klimaturi, reliefis struq-

tura, ekosistema da sxva faqtorebi) da socialur-demografiulma (mxaris 

tradiciebi, aborigenTa cxovrebis wesi, gansaxlebis sistemis struqtura da 

xasiaTi) gansakuTrebulobam. 

samwuxarod, sazogadoebrivi kvebis obieqtebis mSenebloba mimdinareobs 

ZiriTadad "uproeqto meTodis" gamoyenebiT, xolo kvebis sistemis organizacia-

spontanurad, "TviTdinebiT" sabazo mimarTulebebis da mTeli sakurorto-

rekreaciuli sferos momsaxurebis sistemis rgolebs Soris (zona, areali da 

a.S.) arsebuli yovelgvari korelaciuri damokidebulebisa da urTierT-

kavSirebis gaTvaliswinebis gareSe. 

unda aRiniSnos is garemoeba, rom mTel rig gamokvlevebSi, romelic 

sakurorto-rekreaciuli sistemis qalaqgegmarebiTi organizaciis sakiTxs exeba, 

SemoTavazebulia integrirebuli, Sereuli tipis dispersiul-jgufuri arqiteq-

turul-gegmarebiTi struqturis modeli, sadac dasabuTebulia mocemul 

regionSi misi kultivaciis mizanSewoniloba. 

rekreaciuli momsaxurebis sferos ganvixilavT rogorc rTul, poli-

funqciur sistemas, romlis ZiriTadi elementebi da qvesistemebi sxvadasxvagvaria 

socialur-ekonomikuri, demografiuli, ekologiuri, ideologiuri, esTetikuri da 

sxvaTa "Seferilobis" gamo maTi rangiTa da mniSvnelobiT, ganviTarebis 

kanonzomierebiTa da sivrcis organizaciis unariT. viTvaliswinebT ra sxvadasxva 

rangis da tipis rekreaciuli warmonaqmnebis koherentulad formirebis 

koncefcias, mizanSewonilad migvaCnia rekreaciuli struqturebis organizaciis 

dros kulturul-sayofacxovrebo da sazogadoebrivi kvebis Ria qselis obieqtebis 

adgili da roli aRniSnul sistemaSi ganisazRvros qalaqgegmarebiT principebze 

dayrdnobiT da sxvadasxva tipis rekreaciuli sivrcis arqiteqturul-gegmarebiTi  

struqturis formirebis gansakuTrebulobis gaTvaliswinebiT. 
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nax. 1. 
saqarTvelos sarekreacio-turistuli sistemis arealisa da subarealis 

arqiteqturul-gegmarebiTi formirebis principuli sqema: 

1 - dabali da saSualosarTulianobis  ganaSenianebis dispersiuli rekreaciul-

turistuli kompleqsebi; 2 - rekreaciuli  kompleqsebi, maRlivi SenobebiT 

ganaSenianebuli rekrotoriebis struqturaSi; 3 - arealis administraciul-

sazogadoebrivi centri; 4 - subarealis kulturul-sayofacxovrebo  momsaxurebis 

sazogadoebrivi centri; 5 - kompleqsebis centrebi; 6 - momsaxure personalis 

gansaxlebis sistema; 7 - sawarmoo-sameurneo da sasawyobi teritoriebi;  

8 - satransporto-safexmavlo komunikaciebi. 

 

 

ZiriTadi parametrebi: 

 

 

 

 
დისპერსიულ-ჯგუფური 

გეგმარებითი სტრუქტურის 

მოდელი 
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nax. 2. 

saqarTvelos zRvispira rekreaciuli sivrcis rekreaciul- turistuli    kompleqsebis    

arqiteqturul- gegmarebiTi struqturis principuli sqema: 

1 -  kompleqsebis rekreaciul-turistuli centrebi; 2 - mravalsarTuliani korpusebiT 

mWidrod ganaSenianebuli rekros impleqsebi (rekrotoriis saerTo farTobi - 2,5-4,5 kv.km); 

3 - sanapiro  zolis perpendikularulad  saSualo  da mciresarTuliani  (9 sarTulis    

qveviT) ganaSenianeba (rekrotoriis saerTo farTobi - 7,2-dan 12,6 kv.km-mde) SenobaTa 

sarTulianobis zrdisa da Semcirebis gaTvaliswinebiT; 4 - intensiuri aTvisebis    

gamwvanebis   (tye    da    tyeparki) rekrotoriebi; 5 -  akvatoriebi; 6 - momsaxure    personalis    

(avariuli   mdgomareobisTvis) gansaxlebis zona; 7 - sarekreacio sameurneo-sawarmoo da 

sasawyobo teritoriebi; 8 - satransporto da safexmavlo komunikaciebi 

 

 

 

 

 

ხაზობრივ-პოლიცენტრული 

სტრუქტურის მოდელი 
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nax. 3. 
saqarTvelos    samTo-rekreaciuli    sivrcis    rekreaciul-
turistuli kompleqsis arqiteqturul-gegmarebiTi struqturis 

formirebis principuli sqema: 

1 - kompleqsebis sarekreacio-turistuli centrebi; 2 - mravalsarTuliani 
korpusebiT (9-12 sarTuli) mWidrod ganaSenianebuli (rekrotoriis saerTo 
farTobi - 2,5 kv.km.) rekreaciuli simpleqsi: 3 - 3-7-sarTuliani korpusebiT 
saSualo simWidrovis ganaSenianebis (rekrotoriis saerTo farTobi - 4,5 kv.km.) 
rekreaciuli simpleqsebi; 4 - mciresarTuliani (2-3 sarTuli) korpusebiT dabali 
simWidrovis ganaSenianebis (rekrotoriis saerTo farTobi - 7,2 kv.km.) 
rekreaciuli simpleqsebi; 5 - "Sale"-s,"bungalo"-s da sxv. tipis nagebobebi 
(facxebi); 6 - rekreaciuli saqmianobis (ZiriTadi specializebuli saxeobebi 
profilis mixedviT: saTxilamuro teritoriebi, trasebi, solariumebi, plaJebi 
da sxv.) rekrotoriebi; 7 - rekreantTa ZiriTadi nakadis mimarTuleba; 8 - 
momsaxure personalis gansaxlebis teritoriebi; 9 - rekreaciis sawarmoo-
sameurneo da sasawyobo teritoriebi; 10 - intensiuri gamoyenebis mwvane 
nargavebis (safaris) (tye da tyeparkebi) rekrotoriebi; satransporto da 
safexmavlo komunikaciebi 

 
ZiriTadi parametrebi: 

 ამფითეატრალური მონოცენტრული 

სტრუქტურის მოდელი 
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nax. 4. 

sakurorto-rekreaciuli sistemebis pirobebSi kulturul- sayofa-

cxovrebo momsaxurebis tradiciuli modelebis SedarebiTi grafo-

analitikuri daxasiaTeba (retrospeqtiva- perspeqtiva): 

a) -  momsaxurebis  samsafexuriani  organizaciis  modeli; b) - momsaxurebis  

birTvul-qseluri organizaciis modeli; g) - zRvispireTis zonis sakuror-

to-rekreaciuli arealis kulturul-sayofacxovrebo momsaxurebis 

birTvul-qseluri struqtura: 

I   lokaluri  momsaxurebis  jgufebi; II momsaxurebis dispersiuli qseli; 

III sazogadoebrivi centrebi (1 - administraciul-savaWro, 2 - kulturul-

masobrivi, 3 - sportuli, 4 -  sagamofeno, 5 - sabavSvo) 

 

 

 

 

 

 

 

 

 ა ბ
b 

გ 
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a 

 

 

 

 

 

 

arsebuli gansaxlebis sistemebis aglomeracia winaswar gansazRvravs: 

rekreaciul turistuli sistemebis formirebas, koherentuls arsebuli 

dasaxlebuli adgilebis sistemebTan, kulturul-sayofacxovrebo momsaxurebis 

qselTan   da   funqciuri zonebis urTierTganlagebasTan 

 
b 
 

 

 

 

 

 

 

Seqmnili gansaxlebis sistemebis rekreaciul_turistuli qselis aglomeracia winaswar 

gansazRvravs: terotoriis racionaluri gamoyenebis pirobebSi, 
kulturul_sayofacxovrebo momsaxurebis da gansaxlebis optimalur sistemebis 

formirebas, koherentuls arsebuli rekreaciuli sistemebis pirobebTan  

 
 

nax. 5.  
sxvadasxva tipis rekreaciuli sivrcis arqiteqturul-gegmarebiTi  

formirebis Taviseburebani: 

a - arsebuli dasaxlebuli adgilebis da a.S. aglomeraciebis principuli sqema;   

b - gansaxlebis da a.S. aglomeraciebis sarekreacio- turistuli  sistemis 

arsebuli qselis principuli sqema; 

1 - dasaxlebuli  adgilebisa  da  a.S.  aglomeraciebis  sistema; 

2 - sarekreacio-turistuli kompleqsebi (simpleqsebi); 3 - ZiriTadi satransporto 

komunikaciebi 
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STRUCTURE OF URBAN PLANNING ORGANIZATION OF OPEN CATERING NETWORK 

IN RESORTS OF GEORGIA. 

R.Jghenti. "Energy".  №1(97). 2021. Tbilisi. p. 64-74.  geo.  sum geo. engl. rus.   
 

        We consider the sphere of recreational services as a complex, polyfunctional system, the main 

elements and subsystems of which differ in their socio-economic, demographic, environmental, 

ideological, aesthetic and other, colors "" in rank and significance, development patterns and ability to 

organize space. 

        Considering the concept of the consistent formation of different ranks and types of recreational 

formations, we find it advisable to determine the place and role of objects of an open network of cultural 

services and catering in the formation of recreational structures, based on urban planning principles 

taking into account architectural and planning features. 

Ill. 5, bibl. 5. 

 

 

 

 

СТРУКТУРА ГРАДОСТРОИТЕЛЬНОЙ ОРГАНИЗАЦИИ ОТКРЫТОЙ СЕТИ 
ОБЩЕСТВЕННОГО ПИТАНИЯ НА КУРОРТАХ ГРУЗИИ. 
Р. Жгенти. "Энергия". №1(97). 2021. Тбилиси. с.64-74.  груз.  реф. груз. англ. рус. 

Pассматривается сфера рекреационных услуг как сложной, полифункциональной системы, 

основные элементы и подсистемы которой различаются по: социально-экономическим, 

демографическим, экологическим, идеологическим, эстетическим и другим ,,окраскам’’ по рангу 

и значимости,  закономерности  развития  и  умении организовывать пространство.  

Рассматривая концепцию последовательного формирования разных рангов и типов 

рекреационных образований, считаем целесообразным определить место и роль объектов 

открытой сети культурно-бытового обслуживания и общественного питания в формировании 

рекреационных структур, опираясь на градостроительные принципы с учётом архитетурно-

планировачных особенностей. 

Илл. 5., лит. 5. 
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DECREAZE OF ROLLING RESISTANCE OF A RAILWAY WHEEL BY 

PERFECTION OF TRIBOLOGICAL PROPERTIES OF WHEEL AND RAIL 

CONTACT ZONE 
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PHD   Tengiz NADIRADZE 

MSc   Giorgi  TUMANISHVILI 

PHD  Simon BITSADZE 

PHd  Mirian TSOTSKHALASHVILI 

 

Abstract. Improvement of tribological properties of the wheels and rails interacting surfaces, decrease 

of rolling resistance of a railway wheels, the train energy consumption, and wear rate is reached by their 

separation with the third body having due tribological properties. The ecological friction modifiers for 

tread and steering surfaces are developed. Presence of the third body in the contact zone is determined 

experimentally by the change of the friction moment and noise. The reasons of the negative, neutral and 

positive friction, mild, severe and catastrophic wear and types of damage of corresponding surfaces at 

various relative sliding velocities are revealed. 
   

Keywords:  rolling resistance, third body, tribological properties, wheel, rail. 

 1. INTRODUCTION  

Usually, the surfaces are covered with various types of natural and artificial coatings, which 

represent the components of the third body in the contact zone of the interacting surfaces and are 

subjected to heavy power and thermal loads. This causes deformations of these coatings, their 

destruction, activation of the physical and chemical processes proceeding between the coatings and 

surfaces, generation of new coatings. According to observations by Godet [1], dry friction is largely 

determined not by the properties of friction materials of the contacting pair, but by the 

characteristics of the structure and composition of the thin film that is formed on the surfaces of both 

bodies. During the interaction of surfaces, the processes of the third body destruction and restoration 

takes place in the contact zone continuously. When the intensity of destruction of the third body is 

greater than the intensity of their restoration, the amount of the micro-asperities coming into direct 

interaction that leads to the seizure, wear rate and types of surfaces damage increase. The power 

dissipated in the wheel–rail contact accounts for 13.5% [2]. Despite the important role the 

multidisciplinary approach plays in the reveal of parameters  of the third body, there is no 

comprehensive model of the boundary friction that considers them.[3-6]. It is found in the works [7-

9]that the properties of the tribo-film layers also depend on the working conditions and can be in 

some extent adapted to working conditions.  

The adhesive approach to the friction means invasion of micro-asperities into each other in the 

contact zone, their close contact without the third body, and seizure of micro-asperities.  
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The thermal effects accompanying the displacement of the seized places relative to each other 

causes sharp increase of the shear stresses and corresponding deformations, value and instability of 

the friction forces and rupture of the coupled places.  

The experimental researches have shown that at low total and relative sliding velocities of the 

surfaces, stability of the third body and its resistance to scuffing, are high and a main type of damage 

is fatigue wear [13, 14]. With increase of the total and relative sliding velocities of surfaces, thermal 

load of the actual contact zone, destruction intensity of the third body and rolling resistance of 

wheels increase. Variation of tribological properties of the surfaces is a result of various mechanical, 

physical and chemical processes proceeding simultaneously in the contact zone whose essence and 

mechanism of action are not properly studied [11–14].  

For revealing the factors influencing tribological properties of the interacting surfaces, the 

experimental researches were carried out on the twin-disk machine. 

 

1. THE EXPERIMENTAL RESEACHES INTO VARIATION OF TRIBOLOGICAL 

PROPERTIES OF THE INTERACTING SURFACES 

For some heavy loaded interacting surfaces of machines are typical unpredictable change of 

tribological properties and sharp increase of the friction coefficient and wear intensity, so called 

catastrophic wear. As a main cause of the latter is considered the heaviest form of the adhesive wear – 

scuffing [14,15] that is not properly studied yet and whose signs are appearance of pits and scratches on 

the surfaces and transfer of the material from one surface on the other.  

For more detailed study of the properties and state of the third body in the contact zone we 

performed the experimental researches on the twin disk machine MT-1 (Fig. 1) with the use of existing 

lubricants and ecologically friendly friction modifiers, developed by us. 

 

Fig. 1. The twin disk machine MT1 and measuring means:  

1 - twin disk machine; 2 - tribo-elements; 3 - the wear products; 4 - tester;  

5 - personal computer;  6 – vibrometer 

 

The experimental researches were performed at rolling of discs with up to 20% of sliding. The 

rollers had diameters of 40 mm and widths of 10 and 12 mm. The tests were performed at single 

application of the friction modifier on the rolling surfaces of the rollers. After certain number of 
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revolutions, a thin layer of the friction modifier was destroyed that was revealed by appearance the 

initial impulses of friction moment and initial signs of scuffing on the surfaces. The rollers with various 

degree of damage are shown in Fig. 2: a) with initial signs of damage; b) damage in the form of a 

narrow strip; c) damage on the whole contacting area. 

 

                                                         a             b             c 

Fig. 2. The stages of damage of the interacting surfaces:  

a) damage in the separate points; b) damage in the form of the narrow strip;  

c) damage on the whole area of the contacting surfaces 

 

The graphs of dependences of the friction coefficient and number of revolutions of rollers until 

appearance of the first signs of scuffing on the contact stress for initial linear contact of disks are shown 

in Fig. 3. It is seen from these graphs that for the initial linear contact, when the contact stress is in the 

range of 0.65 - 0.77 GPa, increase of the contact stress leads to decrease of the friction coefficient. It can 

also be seen that increase of the contact stress leads to decrease of number of revolutions untill 

destruction of the third body and onset of scuffing.  

 

Fig. 3. Dependences of friction coefficients and numbers of revolutions until appearance of the first signs of 

scuffing on the contact stress for initial linear contact of disks and different anti-frictional friction modifiers 

 

It was revealed experimentally that to negative friction corresponds the continuous or 

discontinuous but restorable third body; to neutral friction – multiple seizures of the interacting 

surfaces and to positive friction – increasing scuffing process that is spread on the whole surface. In 

Fig. 4 is shown variation of the tractive (friction) force with creep [16].  

As it was shown by our experimental researches, at presence of the continuous third body 

increase of the relative sliding velocity leads to increase of the friction power and contact 

temperature; decrease of the lubricant viscosity, film thickness and friction force (Fig. 4, “negative 
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friction”), stable (or smoothly variable) friction torque and low destruction rate of the surfaces. 

Worsening of the working conditions caused by the partial, non-progressive damage of the third 

body in the separate unit places corresponds to the separate small impulses of the friction moment. 

Destruction of the third body in the multiple places leads to the multiple damage of the third body, 

multiple adhesive junctions of micro-asperities, disruption of these junctions, and a bit little 

increased impulse of the friction torque and “neutral friction.”  

 

Fig. 4. Friction/creep relationship 

 

At progressive damage of the third body, the friction torque increases and corresponds to 

positive friction. Our experimental researches have shown that in other equal conditions the 

variation of the friction coefficient mainly depends on degree of destruction of the third body. 

Therefore, preservation of the third body between interacting surfaces and avoidance the scuffing, 

has a crucial importance for decrease of the friction coefficient, wear rate, etc.  

In Fig. 5  are shown dependences of the friction factor and various damage types onrelative 

sliding velocity (a) and of the wear rate (types) on slip (b) [13].  

 

                                                   a                                                 b 

Fig. 5. Dependences of the friction factor and various damage types on relative sliding velocity (a) 

and of the wear rate (types) on slip (b) 

 

Three zones can be distinguished in Fig. 6a. The low relative sliding velocity, full separation 

of the interacting surfaces and continuous third body provide high wear resistance of the interacting 

surfaces and relatively stable friction coefficient (zone 1, Figure 6a) that corresponds to “mild” wear 

rate (Fig. 6b). In such conditions, the main damage types are the fatigue and plastic deformations.  
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Small increase of the sliding velocity leads to appearance of small damage sources in multiple 

places and emergence of small surges of the friction torque (zone two, Fig. 5a). The rise of the third 

body destruction, as well as the magnitude of the friction coefficient and its instability, are clearly 

reflected in the oscillogram of the friction torque and may be predicted on the base of results of the 

experimental researches. The typical damage types of this zone are fatigue, plastic deformation, 

adhesive wear and limited rate of scuffing and correspond to “severe” wear rate (Fig. 6b).  

At further increase of the relative sliding velocity, destruction of the third body becomes 

irreversible and extending and multiple seizures become uninterrupted (causing scuffing) and they 

propagate on the whole width of the interacting surfaces. The typical damage types of this zone are 

scuffing, plastic deformation and fatigue (zone 3, Fig. 6,a, and “catastrophic” wear rate Fig. 6,b). In 

this case, the scuffing can be avalanche in nature that quickly disables the machine.  

5. Conclusions  

• Tribological properties of the interacting surfaces mainly depend on tribological properties of 

the third body, degree of its destruction, disposition of the surfaces to seizure etc. The researches 

have shown that the continuous or discontinuous but restorable third body at the initial stage of 

destruction and progressively destructing third body have quite different properties. In the first case 

the said properties are stable and depend on the properties of the third body and in the second case, 

these properties are instable and worsened that are characterized by increasing friction coefficient, 

catastrophic wear and typical noise.  

• Prediction of destruction of the third body is possible in the laboratory conditions by 

estimation of the friction torque variation.  

• The friction coefficient (negative, neutral and positive), wear rate of the interacting surfaces 

(mild, severe and catastrophic), damage types (scuffing, fatigue, plastic deformation, adhesive wear) 

and vibrations and noise generated in the contact zone depend on tribological properties of the third 

body, its degree of destruction and area of the factual contact zone of the seized places;  

• For improvement of tribological properties of the interacting surfaces, it is necessary to 

provide the contact zone with continuous or restorable third body having due tribological properties 

at the initial stage of destruction. 
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УМЕНЬШЕНИЕ СОПРОТИВЛЕНИЯ ВРАЩЕНИЯ ЖЕЛЕЗНОДОРОЖНОГО КОЛЕСА 

СОВЕРШЕНСТВОВАНИЕМ ТРИБОЛОГИЧЕСКИХ СВОЙСТВ ЗОНЫ КОНТАКТА 

КОЛЕСА И РЕЛЬСА. 

Г.Туманишвили, Т.Надирадзе, Гиорги Туманишвили, С.Бицадзе, М.Цоцхалашвили 

"Энергия". №1(97). 2021. Тбилиси. с. 75-81.  англ.  реф. груз. англ. рус. 
 

Усовершенствование трибологических свойств взаимодействующих поверхностей 

колёс и рельсов, уменьшение сопротивления вращению колёс, потребления энергии и 

интенсивности изнашивания достигаются их разделением третьим телом, имеющим 

соответствующие трибологические свойства. Нами разработаны экологические 

модификаторы трения для поверхностей качения и направления. Наличие третьего тела в 

зоне контакта устанавливалось экспериментально изменением момента трения и шума. Были 

выявлены причины негативного, нейтрального и позитивного трения, лёгкого, тяжёлого и 

катастрофического износа и типы разрушения соответствующих поверхностей при 

различных скоростях относительного скольжения.  

Илл. 5, лит.16. 

 

 

 

matareblis Tvlis gorvis winaRobis Semcireba Tvlisa da relsis 

kontaqtis zonis tribologiuri Tvisebebis srulyofiT. 

g. TumaniSvili, T.nadiraZe, giorgi TumaniSvili, s.biwaZe, m.cocxalaSvili. 
"energia". #1(97). 2021. Tbilisi. gv. 75-81. ingl. anot. qarT. ingl. rus. 
 

Tvlebisa da relsebis moxaxuneze da pirebis srulyofa, Tvlebis gorvis 
winaRobis da matareblis mier moxmarebuli energiis da cveTis intensivobis 
Semcireba miiRweva am zedapirebis gancalkevebiT saTanado tribologiuri 
Tvisebebis mesame sxeuliT. Cvens mier damuSavda ekologiuri xaxunis 
modifikatorebi Tvlebisa da relsebis mimmarTveli da gorvis zedapirebisaTvis. 
kontaqtis zonaSi mesame sxeulis arseboba dgindeboda eqsperimentulad xaxunis 
momentis da xmauris cvlilebiT. gamovlinda negatiuri, neitraluri da 
pozitiuri xaxunis, msubuqi, mZime da katastrofuli cveTis da zedapirebis 
dazianebis Sesabamisi saxeebis xvadasxva fardobiTi srialis pirobebSi. 
il. 5, lit. 16. 
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DAMAGE OF THE WHEEL AND RAIL INTERACTING SURFACES  

AND THE RAIL CORRUGATION 
 

PhD  George TUMANISHVILI 

PhD  Tengiz NADIRADZE 

PhD  Rusudan BITSADZE 

MSc  Giorgi  TUMANISHVILI 

PhD  Bezhan DIDEBASHVILI 

 

Abstract. The characteristic roll-slip phenomena between the wheel and the rail are prone to develop a 

rail corrugation. There are a lot of scientific works and opinions about rail corrugation, but some aspects of 

this phenomenon are still insufficiently studied.  

Studies have shown high sensitivity of the third body to the sliding speed, which for heavy loaded 

interacting surfaces, like wheel and rail, often destroys the third body. This leads to sharp increase in wear 

rate and other undesirable phenomena.  

Was revealed the especially high sensitivity of various types of damage (scuffing, fatigue, plastic 

deformations) proceeding simultaneously in the contact zone to destruction degree of the third body.   

The researches have shown that necessary conditions for the rail corrugation are periodic slipping of 

the interacting surfaces of wheels and rails, destruction of the third body, and seizure of separate places of 

the surfaces. The onset and degree of destruction of the third body were determined in the laboratory 

conditions. In the capacity of sliding sources are considered movement of the wheelset in curves, non-

roundness of the wheel, and wheels of the wheelset with different diameters. 

Keywords: third body, friction force, sliding speed, rail corrugation. 

 

 1. INTRODUCTION 

Typically, surfaces are covered with various types of natural and artificial coatings, which are 

components of the third body in the contact zone of interacting surfaces and they are subjected to high 

power and thermal loads. The thermal effects accompanying the process have direct influence on the 

deformation value, and volume of the deformed material, variation of the surface structure and physical 

and mechanical characteristics.  This causes destruction of these coatings, activation of the physical and 

chemical processes proceeding between them and the surfaces, and generation of new coatings. Thus, 

during the interaction of surfaces, the processes of the third body destruction and restoration take place in 

the contact zone continuously. When continuity of the third body is disrupted in individual places the 

parts of the direct contact are cleansed from various coatings and boundary layers and are approached to 

each other, leading to seizure. Displacement of the coupled places of surfaces relative to each other 

causes disruption of these junctions’ proceeds at the high shearing stresses that increases instability of the 

friction forces, transfer of the pulled-out material from one surface on the other, sharp change of 

roughness of these surfaces, and development of the process of catastrophic wear – scuffing. The shear 

deformation generated on the surface sharply decreases towards the depth and multiple repetitions of 

such processes result in superficial plastic deformations, lamination, and fatigue damage, proceeding 

simultaneously.The damage scales and dominant types of damageproceed with various intensities and a 

dominant type of damage depend on the working conditions and ascertained visually.  
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It should be noted that some aspects of the rail corrugation as well as other types of wear are not 

studied sufficiently yet [1, 2] that hinders prevention of the undesired phenomena caused by it and rises 

heavy economic problems. 

2. THE FEATURES OF THE WHEELSET MOVEMENT ON THE RAIL TRACK  

Movement of wheelset in straight performs a zigzag movement close to the sinusoid which is 

accompanied by creeping. In the curves the inner wheel passes the shorter distance than the outer wheel 

causing deviation of the wheelset axis from the radial position. In such conditions, to return the wheelset 

into initial position it is necessary that one of wheel of the wheelset slide on the rail in the longitudinal 

direction. There are a lot of attempts to maintain more or less radial position of the wheelset [3, 4]. 

At moving of the wagon wheel-set in the curve its outer and inner wheels will travel the different 

distances (at pure rolling of the wheels) but due to the fact that at rotation through the given angle  the 

difference between the lengths of the outer and inner rails is different for the curves  with different radii 

of curvature and inclination of the wheel tread surface (1:20) is constant  here also the wheel-set axle will 

deviate from the radial position and will be twisted at the same time(Fig. 1). 

 

Fig. 1. Movement of the wheel-set in the straight and curve 

 

The intermittent slipping of one of the wheels of the wheelset can cause the torsional vibrations of 

the wheelset shaft and the longitudinal vibrations of the vehicle (that have been identified as the flange 

noise [5]) and the respective wear of wheels and rails, like corrugation. The movement of a wheelset in 

the curve and a corrugated inner rail are shown in Fig. 2 [6]. 

 

Fig. 2. Movement of a wheelset in the curve and a corrugated inner rail 

The similar picture would be at difference of the tread surfaces or at various brake efforts of the 

wheelset. The wheel-rail contact is a simultaneous rolling and sliding contact, which can be divided into 

stick (no slip) and slip contacts. The slip zone of the contact of the tread surface is related to the traction 

force, creep, and geometry of the contact. The slip rate increases at movement in the curves, braking, and 

acceleration. 
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In Figure 3 is shown a rail with a trace left on it after the wheel climbing [7]. 

 

Fig. 3. The trace of the wheel climbing on the rail 

 
The trace starts on the rail lateral surface and then passes on the rail tread surface.The mechanism 

of generation and development of this trace is not studiedsufficiently yet and needs additional researches 

[18]. Besides, according to thispaper, friction coefficient in the contact zone of the wheel and rail reaches 

0.5 andmore at derailments. 

The wheel climbing on the rail is also promoted by decreasing the rail radius ofcurvature and 

deviation of the axle of symmetry of the wheelset from radial position(increased angle of attack) that 

causes advancement of the wheel flange andrailhead lateral surface contact point. 

As it is known, a vertical axis of symmetry of the rail is inclined by 20° accordingto the standard. 

Deflection of the rail in the opposite direction that decreases theangle of inclination of the wheel flange is 

especially dangerous for the wheelclimbing on the rail. 

The tread surface of the wheel is conical which passes gradually into the flange surface through its 

root. Therefore, the difference between diameters of interacting surfaces inside of the contact zone, 

relative sliding, contact stresses, deformations and temperatures towards of the flange are greater. The 

sliding distances for the curves and straights and for elliptic wheels are determined and the numerical 

calculations are given. 

3. MOVEMENT OF THE WAGON WHEELSET IN THE CURVE  

At pure rolling of the free wheelset (without bogie) in the curved rail track with radius of curvature 

R of the internal rail, its axle will be inclined from radial position because both wheels will have passed 

equal distances l. However, in the wagon wheelset rolling with velocity V, the outer wheel is constraint 

to maintain the radial position and pass greater distance l + Δl, rotating relative to the inner wheel in the 

clockwise direction if it is seen from axial direction A (Fig.4). At that, the wheelset axle is twisted 

through angle φ equal to the ratio of the difference Δl of the outer and inner arcs to the radius D/2 of the 

wheel tread surface, supposing that both wheels are rolling on the tread surfaces of equal diameters:  



Jurnali "energia" #1(97), 2021 85 

                                                                      φ=∆l/(D/2)                                                                           (1) 

From the drawing α = l/R=(l+∆l)/(R+∆R)=∆l/∆R, 

from where  

              ∆l = l∆R/R,                                                             (2) 

and therefore  

                   φ = 2l∆R/DR,                                                          (3) 

 

 

Fig. 4. Movement of wagon wheelset in the curve and wheelset shaft slope from the radial position 

 

On the other hand, the maximum angle of twist of the wheelset axle φmax depends on the friction 

force 

                                                                                F = fQ                                                                   (4) 

and is calculated by the known, from the resistance of materials, formula  

                                                                                φmax= ML/IpG,                                                      (5) 

where M is a torque caused by the friction force  

                                                                                 M= FD/2 = fQD/2;                                              (6) 

f - friction coefficient; Q - vertical load (half of the load on the wheelset) of the wheel on the rail; L - 

length of the wheelset axle; Ip, polar moment of inertia of the wheelset axle cross section; and G - 

modulus of rigidity (share modulus) of the axle material.  

We determine distance between the worn-out segments of the rail or path l (at traveling this path, 

the wheels are rolling on the rail without sliding), at rolling of which the axle is twisted on the maximum 

angle φmax, from (3) replacing φ by φmax 

l = DR φmax/2ΔR = MLDR/2IpGΔR              (7) 

and putting the found l into (2) we obtain difference of the paths passed by the outer and inner wheels at 

which the axle is twisted on the maximum angle φmax 

Δl = MLD/2IpG                                                                       (8) 
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3. MOVEMENT OF THE WAGON WHEELSET WITH THE WHEELS OF DIFFERENT 

DIAMETERS IN THE STRAIGHT RAIL TRACK 

At rolling of the free wheelset (without bogie) with the wheels of different diameters D and D + 

ΔD in the straight rail track the distance l, the greater wheel passes a greater distance l + Δl, deflecting 

the wheelset axle from its perpendicular position relative to the rail track (Figure 2a). But in the wagon 

wheelset the axle being constraint to retain perpendicular position, the smaller wheel is forced to pass the 

same distance l + Δl and rotate relative to the greater wheel in the clockwise direction, if it is seen from 

axial direction A. At that, the wheelset axle is twisted through angle φ that is determined by formula (1), 

from where, considering (5), we obtain the value of Δl (see formula (8)) corresponding to the maximum 

angle of twist φmax.  

The following proportion can be written from the drawing: (l + Δl)/l = (D + ΔD)/D or Δl/l = ΔD/D, 

from which we obtain distance l between the worn-out segments at passing of which the wheelset axle 

will be twisted through angle φmax:  

                                                                l =ΔlD/ΔD = MLD2/2IpGΔD                                               (9) 

5. MOVEMENT OF THE WAGON WHEELSET WITH ONE ELIPTICAL WHEEL IN THE 

STRAIGHT RAIL TRACK 

Consider a free wheelset with one wheel of diameter D and other elliptical wheel with the small D 

and bigger D + ΔD diameters moving in the straight rail track (Figure 5, a and b). 

 

                                                      a                                                                  b 

Fig. 5. Movement of the free wheelset in the straight rail track:  

(a) with the wheels of different diameters or with one elliptical wheel; (b) parameters of ellipticity 
 

At one revolution, these wheels will pass the different distances, correspondingly l and l + Δl, 

deflecting the wheelset axle from its perpendicular position relative to the rail track (Fig.4a). However, in 

the wagon wheelset the axle being constraint to retain perpendicular position, the wheel with diameter D 

is forced to pass the same (greater) distance l + Δl and rotate relative to the elliptical wheel in the 

clockwise direction if it is seen from axial direction A. At that, the wheelset axle is twisted through angle 

φ that is determined by formula (1).  

The difference of distances passed by the wheels at one revolution is Δl=L–πD, where the length of 

the elliptical tread surface  
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                                                           L = π[3(a+b) – (3a+b)(a+3b)]                                                     (10) 

or 

                                                              Δl = π[3(a+b) – (3a+b)(a+3b)] – πD .                                  (11) 

The value ΔlI corresponding to maximum angle of twist φmaxis obtained considering formula (5)  

                                                              ΔlI = φmax D/2 = MLD/2IpG .                                              (12) 

The distance l at passing of which the wheelset axle will be twisted on the angle φmax will be then 

                                                                  l = πDΔlI /Δ .                                                                  (13) 

In all the three cases considered above, at removing or decrease of the torque M acting on the wheel 

that takes place at its vertical vibrations when the friction force F decreases, the angle of twist of the axle 

will start to decrease. Suppose φmax falls down to zero during time t. This will take place at rotation of the 

inner wheel in the clockwise direction relative to the outer wheel on the angle φmax since the flange of the 

outer wheel is pressed on the rail and the friction force arisen between the flange and rail additionally 

restricts its movement. Obviously, during this time t the   inner wheel will roll and slide simultaneously 

on the rail and the rolling and sliding distance on the rail will be  

                                                                  Sr = Vt  .                                                                       (14 ) 

We note that the rolling and sliding distance on the wheel tread surface is  

                                                                          Sw = Δl + Sr,                                                               (14’) 

or for the variant of the elliptical wheel  

                                                                             Sw = ΔlI + Sr                                                              (15) 

Here Δl or ΔlI is a sliding friction path and the wavelength of the worn-out rail (Fig. 3)  

                                                                              W =l+Sr.                                                                   (16) 

This value of the wavelength assumes that at release of the inner wheel, the friction force acting on 

it from the rail is zero. When the friction force differs from zero, the wavelength will be less since its 

both components will decrease and its value depends on the friction force magnitude.  

To determine time t, we present the wheelset as a one-mass torsional vibratory system (Fig.6,a), 

where C is a torsional rigidity of the wheelset axle and I, total moment of inertia of the inner wheel. 

Then, angle of twist φmax will fall down to zero in conformity with a law of free vibrations of this 

vibratory system during the period P/4 (Fig. 6,b).  

At that, period of free vibrations 

                                                                    P = 2π                                                                  (17) 

and consequently, time t will be  

                                                                          t = P/4 = π/2                                                         (18) 

The average velocity of the wheel contact point relative to the wheel center (Fig. 7)  

                                                                         Vw = Dφmax/ 2t + Vr ,                                                  (19) 

Where Vr = - V is a velocity of the rail contact point relative to the wheel center. 
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                                                       a                                                                           b  

Fig. 6. (a) One-mass torsional vibratory system; (b) graph of the system free vibrations 

 

Fig. 7. The rolling and sliding distances on the rail and wheel 

We note that maximum velocity of the wheel contact point relative to the wheelcenter. 

                                                                                       (20) 

where A = φmax is an amplitude of the wheelset shaft torsion vibrations and ω =  is cyclic frequency of 

vibrations. 

Sliding velocity 

                                                                          Vsl= Vw–Vr(21) 

Relative sliding velocities 

                                                                                                  (21) 

The depth of the worn-out layer a year of the rail segment Sr. 

                                                                              h = i∆lN,                                                                   (22) 

where i is the wear intensity and N, number of cycles which is determined asfollows: 

                                                                             N = N1N2N3N4                                                                                             (23) 

where N1 is a number of the trains passing by a day; N2, number of wagons inthe train; N3, number of 

wheels on one side of the wagon; and N4, number of daysa year. 
 

6. CONDITIONS OF DERAILMENT 

Possibility of derailment or the wheel’s rolling up on the rail is estimated by thecriterion of the 

wheel flange contact point (point A, Figure 8) slipping down therail lateral surface, based on the 

condition of equilibrium of forces acting on thispoint [8, 9]. Lateral L and vertical V forces determined 

from the condition of equilibriumof these forces are: 

                                                                L = Nsinβ – FI cosβ                                                              (24) 

                                                                 V = Ncosβ – FI sinβ                                                             (25) 

where N is a normal force; FI = fIN, friction forcebetween the wheel flange and rail lateral surface; fI, 

friction coefficient betweenthese surfaces; and β, angle of inclination of the wheel flange. 
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It should be noted that the forces acting on point A are interdependent andequalities (24) and (25) are 

only valid for limited values of forces L and V, since therise of the friction force FI is limited by the 

friction coefficient fI. Therefore, at acertain ratio of forces L and V, the friction force FI can no longer 

balance thecontact point A, which will slip down on the rail lateral surface, and it is consideredon this 

ground that the wheel cannot roll up on the rail. At that, equalities (24) and (25) become inequalities 

from where a criterion of impossibility of the wheel rollingup on the rail or derailment is obtained [9]: 

                                                                                                                 (26) 

However, at sign of equality (=) in (26) and to a certain extent at sign ofinequality (<) also, the 

wheel can rotate about contact point A and roll up on therail if such possibility exists or if moment of the 

force P acting on the wheel axleexceeds the moment of the vertical force V about contact point A (Figure 

10). Inother words, under such condition, two-point (O, A) contact of the wheel passesinto one-point 

contact at A. In the first case (at sign =), the wheel will roll on theimmobile point A with pure rolling, 

and in the second case (at sign <), the wheelwill roll on the mobile point A creeping slowly down the rail 

lateral surface withcombined rolling and sliding. Both cases lead to the wheel climbing the rail 

andderailment. 

 

 
Fig. 8.Forces acting on the contact point A 

 

 
Fig. 9.  Forces acting on the wheel axle 

 

Therefore, it is necessary to provide the criterion (26) with additional conditionof impossibility of the 

wheel rolling on the contact point A, which, on the base of  Fig. 9, can be written as 

                                                                               Vh≥ P(r + d),                                                            (27) 

where h is the value of the climbing advance; r is the radius of the wheel rollingcircle; d is the vertical 

coordinate of the contact point A. 

Force P acting on the wheel axle cannot exceed the sum of the friction forcesbetween the wheel and 

rail tread surfaces and between the wheel flange and raillateral surface: 

                                                                      P≤F + FI= fV +fIN ,                                                        (28) 

where f and fI are friction coefficients between the wheel and rail tread surfacesand the wheel flange and 

rail lateral surfaces correspondingly. 
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Determining N and V correspondingly from (24) and (26), substituting theminto (28) and then 

putting obtained P into (27), from the latter we obtain thefollowing criterion of impossibility of the 

derailment: 

 

                                                                              (29) 

If this criterion is not satisfied, the wheel starts to roll on the contact point Aand the contact between 

the wheel and rail tread surfaces is lost, or two-pointcontact at O and A passes into one-point contact at 

A. For obtaining a criterion ofimpossibility of the wheel rolling on the contact point A, it is necessary to 

put f = 0in (29), which gives. 

                                                                                                                        (30) 

The criteria (29) and (30) provide both, the wheel flange contact point slidingdown the rail lateral 

surface and impossibility of the wheel rolling on this point.Besides, the criterion (30) ensures less value 

(more conservative) of the allowableratio of the lateral and vertical forces L/V than criterion (27), while 

criterion (31),depending on the value of the climbing advance h, gives the ratio L/V less or morethan 

criterion (27). For illustration, consider two variants of numerical data of theparameters: 

a. β = 60o; f = 0.4; fI =0.1; h = 62 mm and r + d = 485 mm; 

b. β = 60o; f = 0.4; fI =0.1; h = 88 mm and r + d = 482 mm. 

Allowable maximum ratios L/V for these variants calculated by the criteria (26),(29), and (30) are given 

in the following table: 

 
 

For analysis of the obtained results, suppose that ratio L/V = 1.3, i.e., criterion (26) is satisfied and 

derailment is not possible. However, it is seen from the tablethat for variant (a) neither criteria (29), nor 

(30) are satisfied and both predictderailment. For variant (b), criterion (30) is not satisfied, or it predicts 

derailment,and criterion (31) is satisfied, i.e., by this criterion, derailment is not possible. Thismeans that 

the wheel starts to roll on the contact point A and two-point (O, A)contact passes into one-point contact 

at A. Then, this contact point slides down therail lateral surface, the two-point contact restores, and so 

on, this process isrepeated. However, at passing from two-point (O, A) contact into one-point contactat 

A, the lateral and vertical forces on the steering surfaces increase. Typical forthese surfaces, increased 

relative sliding increases the power and thermal loads inthe contact of these surfaces, generating the 

convenient conditions for destructionof the third body. This results in sharp increase of the cohesion 

forces, scuffing, andfriction coefficient that promotes climbing of the wheel flange on the rail 

lateralsurface. This is confirmed by the numerous laboratory researches carried out by usas well as the 

trace of the wheel climbing on the railhead lateral surface (Figure 1)that has a form of scuffing. 

Thus, it is expedient to estimate possibility of derailment by criterion (30), sinceit provides both, the 

wheel flange contact point sliding down the rail lateral surfaceand impossibility of the wheel rolling on 
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the same point, and ensures less value(more conservative) of the allowable ratio of the lateral and vertical 

forces L/V thancriteria (30) and (26). 
 

7. CONCLUSION  

Prediction and avoiding of derailment are the most important problems to whichmany scientific 

works are devoted but the desirable results are notobtained yet. The survey of the literature and our 

experience show that the derailmentis especially influenced by the friction coefficient that is not 

predictable, andin contrast to other parameters, it varies in a wide range. 

It is shown that for prediction of the friction coefficient and providing itsstability, it is necessary to 

provide the contact zone with the continuous and restorablethird body of due properties.The main results 

of the paper can be formed as follows: 

• A friction factor as well as other tribological properties of interacting surfacesdepends on the properties 

and degree of destruction of the third body; 

• The sharp increase of the friction factor in the contact zone of steering surfacesindicates a beginning of 

the irreversible (progressive) destruction of the thirdbody that contributes to the wheel climbing on the 

rail; 

• For avoidance of derailment, decreasing the wear rate and ensuring sufficientdurability of the rails, 

wheelsets, and brake shoes, a continuous or reversiblethird body must be provided in the contact zone; 

• Destruction of the third body in the laboratory conditions is proposed todetermine by the flash of the 

friction moment or criterion of destruction of thethird body; 
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"energia". #1(97). 2021. Tbilisi. gv. 82-92. ingl. anot. qarT. ingl. rus. 
 

Tvlisa da relsisaTvis damaxasiaTebeli gorva-srialis movlenebi relsebis 

talRuri cveTisaken midrekilebas ganapirobebs. relsebis talRuri cveTis Sesaxeb 

mravali samecniero Sromaa cnobili, magram am movlenis zogierTi aspeqti jer kidev 

saTanadod Seswavlili ar aris. 

kvlevebma gviCvena mesame sxeulis maRali mgrZnobiaroba srialis siCqaris mimarT, 

ris gamoc mZimed datvirTul moxaxune zedapirebze (rogoricaa Tvali da relsi) 

xSirad mesame sxeulis rRvevas aqvs adgili. 
gamovlinda kontaqtis zonaSi erTdroulad mimdinare sxvadasxva saxis 

dazianebis (CaWdeva, plastikuri deformaciebi, daRlilobiTi dazianeba) maRali 

mgrZnobiaroba mesame sxeulis rRvevis xarisxis mimarT.  

kvlevebma gviCvena, rom relsebis talRuri cveTis aucilebeli pirobaa Tvlisa da 
relsis moxaxune zedapirebis perioduli gasrialebis gamo uSualo kontaqtis 

adgilebSi mesame sxeulis rRveva da SeWiduloba. mesame sxeulis rRvevis dasawyisi da 

rRvevis xarisxi dgindeboda laboratoriul pirobebSi. Tvlis relsze perioduli 

srialis wyarod ganixileba wyvilTvalis moZraoba liandagis mrud monakveTze, 
Tvlebis simrgvalidan gadaxra da wyvilTvalis Tvlebis gansxvavebuli diametrebi. 
il. 9, cxr. 1, lit. 9. 

 
 

 

 

ПОВРЕЖДАЕМОСТЬ ВЗАИМОДЕЙСТВУЮЩИХ ПОВЕРХНОСТЕЙ КОЛЁС И РЕЛЬСОВ 

И ВОЛНОВОЙ ИЗНОС РЕЛЬСОВ. 

Г.Туманишвили, Т.Надирадзе, Р.Бицадзе, Гиорги Туманишвили, Б.Дидебашвили. 

"Энергия". №1(97). 2021. Тбилиси. с. 82-92.  англ.  реф. груз. англ. рус. 

Характерное явление качения со скольжением между колесом и рельсом определяют 

предрасположенность к образованию волнового износа рельсов. Существуeт множество 

мнений и научных работ по волновому износу рельсов, но некоторые аспекты этого 

явления до сих пор изучены недостаточно.  

Исследования показали высокую чувствительность третьего тела к скорости 

скольжения, которая для тяжело нагруженных поверхностей, подобно колесу и рельсу, 

часто разрушает третье тело. Это приводит к повышению интенсивности изнашивания и 

другим нежелательным явлениям.  

Исследования показали, что необходимыми условиями волнового износа являются 

периодическое проскальзывание трущихся поверхностей колёс и рельсов, разрушение 

третьего тела и схватывание отдельных мест поверхностей. Начало и степень разрушения 

третьего тела определялись в лабораторных условиях. В качестве источника скольжения 

рассматривалось движение колёсной пары в кривых, некруглость колёс и разность 

диаметров колёс колёсной пары.   

Илл. 9, табл. 1, лит. 9. 
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v u l o c a v T 

 

mTavari redaqtori  

merab lorTqifaniZe  

75 wlisaa 
 

 

მერაბ ლორთქიფანიძე დაიბადა 1946 წლის 7 თებერვალს 

თბილისში ვერაზე მიხეილ ლორთქიფანიძისა და ელისაბედ 

ჩოლოყაშვილის ოჯახში. 

1962 წელს საშუალო სკოლის დამთავრებისთანავე 

ჩაირიცხა საქ. პოლიტექნიკურ ინსტიტუტში, სამდინარო 

ნაგებობებისა და ჰიდრპოელექტროსადგურების 

ჰიდროტექნიკური მშენებლობის ფაკულტეტზე რომელიც 

წარჩინებით დაამთავრა 1967 წელს.  

2003 w. m.lorTqifaniZe  afuZnebs da dRemde xelmZRvanelobs kavSirs 

"mecniereba da energetika". aris mTavari redaqtori samecniero-teqnikur 

Jurnal "energiis" da eleqtronul sainformacio samecniero-teqnikur Jurnal 

Energyonline.ge.  

   1969 წლიდან მუშაობას იწყებს გრუზნიიექსში - საქართველოს ენერგეტიკისა და 

ენერგეტიკულ ნაგებობათა სამეცნიერო კვლევით ინსტიტუტში. 

  1975 წელს გახდა ტექნ. მეცნ. კანდიდატი და 2003 წელს კი ტექნ. მეცნ. დოქტორი. 

მ.ლორთქიფანიძე  ენერგეტიკისა და ენერგეტიკულ ნაგებობათა სამეცნიერო კვლევით 

ინსტიტუტში მუშაობასთან ერთად ეწეოდა პედაგოგიურ მოღვაწეობას საქართველოს 

ტექნიკური უნივერსიტეტის და ბათუმის რუსთაველის სახელმწიფო უნივერსიტეტებში. 

აგრეთვე სამეცნიერო სამუშაოებს ასრულებდა სამშენებლო მასალებისა და ბეტონის 

ლაბორატორიებში. კერძოდ, საკანდიდატო დისერტაცია ეხება ბეტონისა და 

რკინაბეტონის ფიზიკო-მექანიკური თვისებების შესწავლას. ხოლო სადოქტორო 

დისერტაცია ბეტონისა და სხვა მყარი მასალების ცოცვადობის დეფორმაციის ბუნების 

დადგენას. მის მიერ მიღებულია ახალი მსუბუქი, მაღალი სიმტკიცის, წყალუჟონადი 

პოლიმერ-ლეჩო ბეტონი  და შესწავლილია მისი ფიზიკო-მექანიკური თვისებები. 

მონაწილეობას იღებდა ენგურის კაშხლის ბეტონის ზედამხედველობის შეფასებისა 

და კონტროლის სამუშაოებში. 

1992-2000 წლებში იყო მის მიერ დაფუძნებულ თბილისის არქიტექტურისა და 

მშენებლობის ინსტიტუტის რექტორი. 

მ.ლორთქიფანიძეს გამოცემული აქვს 100-მდე სამეცნიერო ნაშრომი, მათ შორის 11 

საზღვარგარეთ. აქვს 2 მონოგრაფია, 2 სახელმძღვანელო, 4 გამოგონება და პატენტი.  

მონაწილეობდა საერთაშორისო სამეცნიერო ფორუმებში.  მონაწილეობა აქვს 

მიღებული 11 სამეცნიერო გრანტში, მათ შორის  ISTC, USAID და ევროკავშირის 

""BLACK SEA 2007-2013".  

მ.ლორთქიფანიძე არის - საქართველოს ენერგეტიკის აკადემიის და საინჟინრო 

აკადემიის ნამდვილი წევრი; აბრეშუმის გზის საერთაშორისო აკადემიის კომიტეტის  
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წევრი (ჩინეთი), ასევე Сб. "Физико-технические проблемы горного производства" - 

რედკოლეგიის წევრი. 

დაჯილდოებულია ღირსების მედლით 2003 წელს.  

მ.ლორთქიფანიძის ცხოვრების განუყოფელი ნაწილია პოეზიის სიყვარული. თვითონაც 

წერს და თარგმნის ლექსებს:  
 

 

ყველგან დავეძებ სიმართლეს, 

იქაც სადაც არ ითქმის, 

ხანდახან მგონი მიმართლებს, 

მაგრამ ყოველთვის თითქმის. 
 

                                 xxxxxx 

                         
                        ზამთრის ღამე   
                                      ბორის პასტერნაკი 

                                                      (თარგმანი) 
სცრიდა სამყაროს უსასრულოს, 

უსაზღვროდ სცრიდა, 

სანთელი კრთოდა მაგიდაზე, 

სანთელი კრთოდა. 
 

ვით ქინქლის ხროვა გარს ეხვევა 

ზაფხულში ალებს, 

თოვლის ნამქერი ეხეთქება 

ფანჯრების რაფებს. 
 

ქარბუქის მტვერი ეწებება 

ნახატად მინას, 

სანთელი კრთოდა სიბნელეშიa 

სანთელი კრთოდა. 

ოთახს ნათელი მოჰფენია 

ირგვლივ ჩრდილებით, 

ხელის, სხეულის ბედისწერის 

ჯვარედინები. 
 

და ძირს კაკუნით ეცემოდნენ 

ფეხსაცმელები, 

სანთლის ნაღვენთში ექცეოდნენ 

კაბის კალთები. 
 

იკარგებოდა ყველაფერი 

იმ ღამეს თოვდა, 

სანთელი კრთოდა სიბნელეში 

სანთელი კრთოდა. 
 

ქარი სანთელზე მონაქროლი 

ჩემ სულს აგზნებდა, 

ვით ანგელოზის ფრთა აღმართული 

თრთოლვით ჯვარს წერდა. 
 

სცრიდა მთელი თვე თებერვალში, 

თითქოს მაკრთობდა, 

სანთელი კრთოდა მაგიდაზე 

სანთელი კრთოდა. 

                გველი 
ალბათ მოვალეა ის ცის, 

მუდამ ბინადარი მიწის, 

თითქოს ეშინია სივრცის, 

სამოსს ფერწასული იცვლის. 

მესმის, მძრომელობის მესმის, 

მიწის სურნელება აღგზნებს, 

ალბათ მიზეზია გესლის, 

ღვარძლსაც ჩააყოლებს ნაღველს. 

                

                
                      ბლოკი  
                                  (თარგმანი) 
უზომოდ მინდა სიცოცხლე, 

რომ არსებული უკვდავყო, 

უსახო - კაცად გავხადო, 

მივცე არასრულს სისრულე. 

დამახრჩოს ყოფით ზმანებამ, 

თუნდ გავიგუდო სიზმარში, 

ჩემზე მხიარულ ყმაწვილმა, 

მოგვითხროს დამდეგ გრიგალში. 

ვპატიებ უჟმურს - ეს ხომ ტყუილია, 

მისი მშფოთვარე სული ფარული, 

სიკეთისა და ნათლის შვილია, 

თავისუფლების დღესასწაული. 
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              თანაკლასელის  მილოცვა   

ისეთი დრო დაგვიდგა, იმნაირად ვურთიერთობთ, შენ და მე რომ არ გვიყვარს, მაგრამ 

ამ ვირტუალურ კავშირსაც აქვს ერთი უპირატესობა-პირში რომ ვერ ეტყვი, ისეთ რამეს 

მისწერ მეგობარს. ვიცი, ამ სიტყვებსაც გამიტრიზავებ, მაგრამ მაინც უნდა გითხრა:  

ჩემს გულში ყოველთვის იმ ხუჭუჭთმიან 10 წლის ბიჭად დარჩები, პეტრიაშვილზე, 

სკოლის დარბაზის სცენაზე გიტარას რომ ვერ იჭერდა მოხერხებულად, მაგრამ მაინც 

გულით მღეროდა თეთრგვარდიულ რომანსებს... დრო გავიდა და ისეთ ტიპად 

ჩამოყალიბდი, "ჭირშიც, ლხინშიც უმისობა არ იქნებაო", რომ ამბობენ, შენს გარეშე ჩვენი 

თაობა წარმოუდგენელია, რადგან, ნიჭით გამორჩეული, დღემდე უხვად გასცემ სითბოს, 

სიყვარულს, გადამდებ სიხალისეს... ,,ფიცის კაცების" - ლორთქიფანიძეებისა და 

ჩოლოყაშვილების ჩამომავალს სხვა არც არაფერი შეგშვენის... 

ერთი მაკვირვებს მარტო: ღრუბლებში საფრენად დაბადებულ რომანტიკოს კაცს 

ბეტონთან რა გინდოდა? (მაგასაც მივხვდები, ალბათ, როდესმე). 

მოკლედ მოვჭრი: თავს გაუფრთხილდი, მერაბ, საქართველოს სწორედ შენისთანა 

კაცები ალამაზებენ! 

                                                                      

                                                                                                        ლილი თაბორიძე 

 

 

 

                     საქართველოს ტექნიკური უნივერსიტეტი 

                     სამშენებლო და ენერგეტიკის ფაკულტეტი 

                                  სამეცნიერო-ტექნიკური ჟურნალ "ენერგიის" რედაქცია 
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redaqciaSi statiebis Semotanis wesebi 

1. Jurnalis redaqciaSi Semosatani masala unda Seicavdes: 

 sakuTriv statias - 1 egz. (statia da referati unda iyos struqturirebuli 

da Sedgebodes Semdegi nawilebisgan: 

 - mecnierebis dargi: 

 - samuSaos sagani, Tema, mizani; 

 - samuSaos Sesrulebis meTodi an meTodologia; 

 - samuSaos Sedegebi; 

 - Sedegebis gamoyenebis sfero; 

 - daskvnebi. 

 anotacias qarTul enaze - 1 egz. 

 anotacias rusul enaze - 1 egz. 

 anotacias inglisur enaze - 1 egz. 

 disketaze Caweril statiasa da samive anotacias (saTaurebiT qarTul, 

rusul da inglisur enebze). 

2. redaqciaSi Semotanili statiis gverdis moculoba ganisazRvreba erTnaxevari 

intervaliT. Sriftis zomaa 12; gverdis velebi – zevidan, qvevidan, marcxnidan 

da marjvnidan – 25 mm. Sriftebi: qarTuli – AcadNusx, inglisuri da rusuli – 

Times New Roman. 

3. statia SeiZleba warmodgenili iqnas qarTul, rusul an inglisur enaze. misi 

moculoba ar unda iyos 3 gverdze naklebi da 10 gverdze meti. 

4. grafikuli (naxazi, figura, sqema, diagrama, nomograma) da foto masala 

aRiricxeba teqstis SemadgenlobaSi iseve, rogorc citirebuli literaturis 

nusxa da, Tanac aucilebelia uaxlesic. aucilebelia citirebuli literaturis 

rigiTi Tanmimdevrobis numeraciis ganTavseba teqstSi. warmodgenili grafikuli 

an foto masala ibeWdeba Sav-TeTri gamosaxulebiT. ferad gamosaxulebaSi maTi 

Sesrulebis SesaZlebloba yovel konkretul SemTxvevaSi dgindeba gamomcemloba 

"energiis" xelmZRvanelobasTan SeTanxmebiT. yvela grafikul an foto masalas 

unda hqondes dasaxeleba. 

5. statiis qarTuli, rusuli da inglisuri anotacia TiToeuli unda Seicavdes 

500 niSans (daaxloebiT xelnaweri teqstis 8 striqons). qarTuli, rusuli da 

inglisuri teqstebi unda emTxveodes erTmaneTs. 

6. fizikuri sidideebi unda iyos warmodgenili saerTaSoriso SI sistemasTan 

SesabamisobaSi. formulebSi Semavali sidideebi da aRniSvnebi unda gamoisaxos 

qarTuli, berZnuli an laTinuri anbanis Sesabamisad. rogorc gamonaklisi, 

dasaSvebia rusuli anbanis asoebis gamoyeneba ekonomikuri xasiaTis statiis 

warmodgenisas. 

7. aucilebelia statiis avtoris (avtorebis) saxelis, samecniero xarisxis, 

wodebis an specialobis moyvana. avtoris (avtorebis) xelmoweris gareSe statia 

ar miiReba. saWiroa binis an samuSao adgilis telefonis miTiTeba. 

 


