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anotacia. naSromSi mocemulia aRmosav-

leT saqarTveloSi moyvanili gogris jiSis - 

“qarTuli TeTris” teqnikur-qimiuri maCve-

neblebis kvlevis Sedegebi. 

Seswavlilia gogris jiSis organolepti-

kuri (garegani saxe, feri, gemo, suni) da 

teqnikuri (saSualo masa, saSualo moculo-

ba, kuTri wona, wrfivi zomebi (simaRle, di-

ametri), formis indeqsi) maCveneblebi da me-

qanikuri Sedgeniloba (nayofis Semadgeneli 

nawilebis, kerZod rbilobis, kanis, apkisa 

da Teslis procentuli Tanafardoba). 

gamokvleulia jiSis qimiuri Sedgenilo-

bac, kerZod Saqrebis (mono- da disaqari-

debi), saxameblis, peqtinovani, azotovani, 

mTrimlavi da mRebavi nivTierebebis, ujre-

danas, aminomJavebis, vitaminebis, mineraluri 

nivTierebebis Semcveloba, mJavianoba. gaan-

gariSebulia misi kvebiTi Rirebuleba. 

dadgenilia, rom nayofi kargi sasaqonlo 

TvisebebiT xasiaTdeba. is Seicavs yvela 

Seucvlel aminomJavas da vitaminebs, romel-

Ta kompleqsuri Semcveloba aZlierebs mis 

fiziologiur moqmedebas.  

  

sakvanZo sityvebi: bioqimiuri Semcvelo-

ba; gogra; meqanikuri Sedgeniloba; teqni-

kuri maCveneblebi.  

 
 

Sesavali 

gogris samSoblod amerika iTvleba. pla-

netaze is XVI saukunidan gavrcelda. mas sa-

Semodgomo bostneulTa ricxvs miakuTvneben 

[1, 2]. bunebaSi gogris mravali nairsaxeoba 

gvxvdeba. isini erTmaneTisagan gansxvavdeba 

rogorc morfologiuri, ise bioqimiuri ni-

San-TvisebebiT. saqarTveloSi gvxvdeba gog-

ris yvela kulturuli saxeoba.  
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qimiuri Sedgenilobisa da samkurnalo 

Tvisebebis wyalobiT gogra adamianis yo-

veldRiuri kvebis racionis erT-erTi Ziri-

Tadi komponentia. kargad SeiTviseba orga-

nizmis mier. misi moxmareba xels uwyobs 

nivTierebaTa cvlas. gogras iyeneben diabe-

tiT, pielonefritiT, gastritiT, kuW-nawla-

vis traqtis qronikuli daavadebebis dros, 

RviZlisa da naRvlis buStis, Tirkmlebis 

funqciis darRvevisas,  

gogra Seicavs vitaminebs, mineralur da 

sxva biologiurad aqtiur nivTierebebs. masSi 

didi raodenobiT gvxvdeba karotini. jiSebze 

damokidebulebiT gograSi karotinis Semcve-

loba 0,05_40•103־ % farglebSi meryeobs. aRmo-

savleT saqarTvelos jiSebi  0,25_ 2,01•103־ % 

karotins Seicavs. karotinis izomerebidan 

adamianis organizmSi warmoiqmneba A vitamini. 

amis gamo, gogras karotinis wyarod miiCneven 

da A vitaminze adamianis organizmis dRiuri 

moTxovnilebis dasakmayofileblad yovel-

dRiuri kvebis racionSi 80g rTaven. 

gogris nayofi mdidaria SaqrebiT (1,9_ 12,0 

%), saxamebliT (0,07_8,5 %), askorbinis mJavaTi 

(1,2–49,0mg %), aucilebeli mineraluri nivTie-

rebebiT (gansakuTrebiT natriumiTa da kaliu-

miT). gogra Seicavs aseve 0,4•103־ % panTotenis 

mJavas, 0,11_0,31•103־ % piridoqsins, 0,014•103־ % 

folacins (B9), 14•103־ % Bc vitamins, 

-ri % 3־Tiamins, (0,02_0,065) •10 % 3־10•(0,05_0,03)

boflavins. am ukanasknelTa Semcveloba Se-

darebiT maRalia saqarTveloSi (gansakuTre-

biT qvemo qarTlSi) moyvanil gogris jiSebSi 

 3־Tiamini da (0,01_ 0,192)•10 % 3־10• (0,903_0,02) _

% riboflavini.  

arsebobs gansxvavebuli mosazreba gogra-

Si askorbinis mJavasa da karotinis Semcve-

lobis Sesaxeb. zogierT avtorTa monacemiT, 

askorbinis mJavaTi yvelaze mdidaria (6_ 

 CeCen-inguSeTSi moyvanili gogris (% 3־10·20

jiSebi. sxva monacemebiT, maTi Semcveloba 

gograSi 37_49·103־ % aRwevs. aRmosavleT 

saqarTvelos jiSebi C vitaminis Semcvelo-

biT Camouvardeba qvemo qarTlisa da da-

savleT saqarTvelos jiSebs [3_7].  

aseTi qimiuri Sedgenilobis miuxeda-

vad,BsaqarTvelos gadamamuSavebel mrewvelo-

baSi gogra praqtikulad gamouyenebeli ned-

leulia. 

   

ZiriTadi nawili 

zemoaRniSnulidan gamomdinare, kvlevis 

mizans warmoadgenda gogris bioqimiuri 

Sedgenilobis Seswavla. 

kvlevis obieqtad SerCeul iqna aRmosav-

leT saqarTveloSi gavrcelebuli gogris 

jiSi „qarTuli TeTri“. am jiSis gogra 

mogrZo formisaa, xorklian zedapirze od-

nav gamoxatuli waxnagebiT (formis indeq-

si _ 0,87, saSualo masa _ 10,47kg, saSualo 

moculoba _ 13,54 sm3, simkvrive _ 0,77 g/sm3, 

saSualo simaRle _ 281,5 mm, saSualo dia-

metri _ 322,5 mm), aqvs monacrisfro-TeTri 

feris kani. 

kvlevis standartuli meTodebiT rbi-

lobSi ganvsazRvreT bioqimiuri Semcvelo-

ba [8_10].  

dasaxuli miznis misaRwevad Seswavlil 

iqna jiSis meqanikuri da qimiuri Sedgeni-

loba. nayofSi rbilobis Semcveloba Sead-

genda nayofis saerTo masis 78,25 %, kani _ 

8,55 %, Tesli _ 2,30 %, xolo apki _ 10,90%. 

qimiuri Sedgenilobis kvlevis Sedegebi 

mocemulia 1-l cxrilSi. 

rogorc cxrilidan Cans, nayofis rbilo-

bis Semcveli mSrali nivTierebis 48% Saq-

rebia, romlebSic sWarbobs monosaqaridebi 

(74%). peqtinovani nivTierebebi warmodgeni-

lia uxsnadi peqtinis saxiT. jiSi dabalm-

Javiania. misi mJavianobaa 0,04% (vaSlmJavaze 

gadaangariSebiT), xolo pH _ 6,62. 
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cxrili 1 

gogris saSualo qimiuri  

Sedgeniloba, % 
 

 maCvenebeli  jiSi 

„qarTuli 

TeTri“ 

xsnadi mSrali nivTiereba 6,78 

Saqrebi,  

saerTo 

monosaqaridebi 

disaqaridi 

 

3,27 

2,43 

0,84 

saxamebeli 2,03 

ujredana 1,52 

peqtinovani nivTierebebi 

saerTo 

xsnadi 

uxsnadi 

 

0,94 

0,30 

0,64 

azotovani nivTierebebi (Nx6,25) 
saerTo 

cilovani 

aracilovani 

 

0,94 

0,44 

0,50 

mJavianoba 

titruli (vaSlmJavaze gadaanga-
riSebiT) 

aqtiuri (pH) 

 

0,04 

6,62 

 

gamokvleulia biologiurad aqtiuri niv-

Tierebebis Semcvelobac (cxrili 2). 

 

cxrili 2 

gograSi biologiurad aqtiuri 

nivTierebebis Semcvelobis kvlevis 

Sedegebi, % 
 

 maCvenebeli  jiSi „qarTuli 

TeTri“ 

mTrimlavi da mRebavi 

nivTierebebi 

0,06 

vitaminebi, •10-3  

karotini 0,06 

askorbinis mJava 2,22 

Tiamini 0,08 

riboflavini 0,04 

panTotenis mJava 0,07 

piridoqsini 0,05 

nikotinis mJava 0,05 

inoziti 0,11 

biotini 0,01 
 

sakveb produqtebSi umniSvnelo raode-

nobiT gvxvdeba biotini (H vitamini, biosi II). 

literaturaSi arsebuli monacemebiT, bio-

tinis Semcveloba maRalia inozitTan Sedare-

biT. literaturaSi mwiria monacemebi gogris 

nayofebSi vitaminebis (biotini da inoziti) 

Semcvelobis Sesaxeb. sakvlevi jiSi met 

inozits Seicavs sxva vitaminebTan SedarebiT. 

gogris nayofebSi dadgenilia aseve nac-

ris elementebis arsebobac (cxrili 3). 

      

  cxrili 3 

gograSi mineraluri nivTierebebis  

Semcvelobis kvlevis Sedegebi, % 

 

 maCvenebeli  jiSi „qarTuli 

TeTri“ 

nacari 0,71 

mineraluri 

nivTierebebi,  

 

 •10-3   

natriumi 3,80 

kaliumi 43,60 

kalciumi 16,73 

magniumi 11,76 

 •10-4  

rkina 1,76 

TuTia 0,43 

spilenZi 0,63 

manganumi 0,52 

bori 0,09 

 

miRebuli Sedegebis literaturulTan Se-

darebam aCvena, rom Cven mier miRebuli mo-

nacemebi literaturulis analogiuria an 

odnav CamorCeba. 

sakvlev jiSSi identificirebulia 15 ami-

nomJava, maT Soris TiTqmis yvela Seucvle-

li aminomJava. misi Semcveli cilis limiti-

rebuli aminomJava leicinia.  

bioqimiuri Sedgenilobis kvlevis Semdeg 

gaangariSebul iqna jiSis energetikuli Ri-

rebuleba. is 99,3 kj/100 g Seadgenda. 
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daskvna 

Seswavlili gogris jiSi “qarTuli TeT-

ri“ xasiaTdeba kargi sasaqonlo TvisebebiT. 

`qarTul TeTrSi~ identificirebulia yvela 

Seucvleli aminomJava; am gogris jiSis 

kvebiTi Rirebulebis ganmsazRvrel umniSvne-

lovanes maCveneblad SeiZleba CaiTvalos mi-

neraluri nivTierebebi (Cu, Mn, Fe da sxva) da 

vitaminebi (karotini, C, B1, B2, И, H). am uka-

nasknelTa kompleqsuri Semcveloba zrdis 

nayofis fiziologiur moqmedebas.  
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ABSTRACT. This work represents the results of the research of technico - chemical indices of the pumpkin sort 

“Kartuli Tetri”, cultivated in the Eastern Georgia. 
We studied organoleptical (the appearance, colour, taste and flavour of the fruit) and technical (the average 

weight, the average volume, compactness, linear size - height, diameter as well as form index) indices and mechanic 
composition (proportion of biomass components, namely soft mass,  skin, albedo and seeds in per cents) of pumpkin. 

Chemical composition of pumpkin is studied as well, including  dry matters, sugars (monosaccharides and 
disaccharides), tanning and colouring matters, starch, cellulose, pectinaceous and nitrogenous substances, amino 
acids, vitamins, mineral substances, total acidity). Energy value of a sort makes 99,3kj/100g. 

Research outcomes indicate that the pumplin is characterized as a good commodity. It is found that the sort 
contains all irreplaceable amino acids and vitamins and such complex content strengthens its physiological effect. 

 Resume:  
KEY WORDS: Biochemical composition; mechanical composition; pumpkin; technical indices.  
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АННОТАЦИЯ. В работе приведены результаты исследования техно-химических показателей плодов тыквы 
сорта «Картули тетри», выращенной в Восточной Грузии.  

Изучены органолептические (внешний вид, цвет, вкус, запах) и технические (средняя масса, средний объем, 
плотность плода, линейные размеры (высота, диаметр), индекс формы) показатели, а также механический 
(процентное соотношение мякоти, кожуры, семян и плаценты) и биохимический состав плодов тыквы. 

Из биохимических показателей определяли содержание растворимых сухих веществ, сахаров (моно- и 
дисахаридов), крахмала, клетчатки, пектиновых, азотистых, дубильных и красящих веществ, аминокислот, 
витаминов, минеральных веществ, кислоты. Рассчитана энергетическая ценность сорта. Она составляет 99,3 
кДж/100г. 

Установлено, что плоды характеризуются хорошими товарными свойствами. В сорте содержатся все 
незаменимые аминокислоты. Данные исследований показали, что тыква характеризуется наличием витаминов, 
комплексное содержание которых усиливает их физиологическое действие.  

 

КЛЮЧЕВЫЕ СЛОВА: биохимический состав; механический состав; технические показатели; тыква.  
 
 
 



biznesi, menejmenti da buRaltruli aRricxva – BUSINESS, MANAGEMENT AND ACCOUNTUNG – 
 БИЗНЕС, МЕНЕДЖМЕНТ И БУХГАЛТЕРСКИЙ УЧЕТ

 

_____________________________________ 
ISSN 1512‐0996   stu-is Sromebi – WORKS OF GTU – ТРУДЫ ГТУ 

www.gtu.ge 17  #2 (504), 2017 

UDC 638.24 uak  

SCOPUS CODE 1407 
 

saqarTveloSi kerZo umaRlesi ganaTlebis saxelmwifo regulirebis 

srulyofis gzebi 
 

 

r. quTaTelaZe biznesis administrirebis departamenti, saqarTvelos teqnikuri univer-

siteti, saqarTvelo, 0175, Tbilisi, m. kostavas 77 

E-mail: r.kutateladze@gtu.ge 
s. maWaraSvili biznesis administrirebis departamenti, saqarTvelos teqnikuri univer-

siteti, saqarTvelo, 0175, Tbilisi, m. kostavas 77 

E-mail: sofima.sm@gmail.com 

T. abralava biznesis administrirebis departamenti, saqarTvelos teqnikuri univer-

siteti, saqarTvelo, 0175, Tbilisi, m. kostavas 77 

E-mail: abralavat@gmail.com 
 

 

recenzentebi: 

z. RuduSauri, stu-is biznesteqnologiebis fakultetis biznesis administrirebis 

departamentis profesori 

E-mail: zaira.gudushauri@mail.ru 

g. yuraSvili, stu-is biznesteqnologiebis fakultetis biznesis administrirebis 

departamentis asocirebuli profesori 

E-mail: guliko-kurashvili@mail.ru  
 

 

 
anotacia. ganxilulia avtorebis mier xu-

Ti kerZo universitetis 25 studentisa da 25 

profesor-maswavleblis sociologiuri gamo-

kiTxvis Sedegebi. maTze dayrdnobiT statiaSi 

SemoTavazebulia kerZo umaRlesi saswavleb-

lebis saxelmwifo regulirebis srulyofa 

oTxi mimarTulebiT: 

 saswavlo sagnebis arCeva da kreditebis 

ganawileba; 

 swavlebis xarisxi, profesor-maswavle-

belTa kompetencia; 

 swavlebisa da akreditacia-avtorizaci-

is fasi; 

 sajaro universitetis privilegiebi ker-

ZosTan SedarebiT.  

sakvanZo sityvebi: kerZo umaRlesi sas-

wavlebeli; maregulirebeli organoebi; sa-

xelmwifo regulireba; umaRlesi ganaTleba.  

 
 

Sesavali 

globalizacis Tanamedrove etapze adami-

anTa saqmianobis yvela sferoSi warmatebis 

winapirobad kreatiuli konkurentunariani 

codna iqca. faqtiurad qveynis konkurentu-

narianobis erT-erTi mTavari kriteriumi mis 

sazRvrebSi dagrovili codnis done, inte-

leqtualuri potenciali gaxda. aRniSnuli 

iqmneba ganaTlebis sistemaSi, ZiriTadad 

umaRles ganaTlebaSi, dagroveba ki mTeli 

istoriis manZilze da Taobidan Taobebs ga-
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daecema. raoden samwuxaroa, rom am fonze 

saqarTveloSi ganaTlebis da mecnierebis 

reforma gardaqmnis dRidanve warsulTan, 

Cveni istoriis radikalur rRvevaze, qve-

yanaSi arsebuli potencialis srul uaryo-

faze, carieli adgilidan dawyebaze dafuZn-

da. ase moxda umaRlesi ganaTlebis siste-

maSic. aseTi midgoma albaT ufro mesame 

samyaros (magaliTad, afrikis) qveynebs Se-

efereboda da ara saqarTvelos, sadac jer 

kidev XII saukuneSi iyo akademiebi. 

swored am mizeziT davinteresdiT Seg-

veswavla da Segvefasebina saqarTvelos ker-

Zo umaRlesi saganmanaTleblo sistema, misi 

saxelmwifo politika da dagvesaxa gadau-

debeli RonisZiebebi.  

  

ZiriTadi nawili 

1. umaRlesi ganaTlebis saxelmwifo regu-

lireba saqarTveloSi 

saqarTveloSi rogorc kerZo, ise sajaro 

umaRles ganaTlebas saxelmwifo aregulir-

debs. am funqcias asrulebs [1, muxli 5–8]: sa-

qarTvelos parlamenti, saqarTvelos mTavro-

ba, saqarTvelos ganaTlebisa da mecnierebis 

saministro, axalgazrdobis da sportis sami-

nistro, Sinagani da Tavdacvis saministroebi, 

sazRvao transportis saagento da saqarTve-

los ekonomikisa da mdgradi ganviTarebis sa-

ministro. 

saqarTvelos parlamenti _ gansazRvravs 

umaRlesi ganaTlebis politikas da marTvis 

ZiriTad mimarTulebebs, iRebs Sesabamis aq-

tebs, periodulad ismens saqarTvelos ganaT-

lebisa da mecnierebis ministris angariSs 

umaRlesi ganaTlebis sferoSi saxelmwifo 

politikis gatarebis, finansuri saqmianobisa 

da saxelmwifo programebis Sesrulebis Se-

saxeb. 

saqarTvelos mTavroba _ axorcielebs 

saxelmwifo politikas umaRlesi ganaTlebis 

sferoSi, amtkicebs saxelmwifo saswavlo 

grantisa da samagistro grantis wliur mo-

culobebs, amtkicebs magistraturis sagan-

manaTleblo programul mimarTulebebs, gan-

sazRvravs akreditebul umaRles saganmanaT-

leblo programebze Caricxul studentTa 

socialuri programis farglebSi saxelm-

wifo saswavlo grantiT dafinansebis ode-

nobasa da pirobebs, afuZnebs sajaro an kerZo 

samarTlis iuridiul pirs _ umaRles sagan-

manaTleblo dawesebulebas, qmnis regentTa 

sabWos da a. S. 

saqarTvelos ganaTlebisa da mecnierebis 

saministro _ atarebs erTian politikas uma-

Rlesi ganaTlebis sferoSi, amtkicebs sa-

ganmanaTleblo dawesebulebebis avtoriza-

ciisa da akreditaciis debulebebs, safasu-

rebs, SeimuSavebs da amtkicebs Sefasebisa da 

gamocdebis erovnuli centris debulebas, 

gansazRvravs umaRlesi saganmanaTleblo 

programebis kreditebiT gaangariSebis wess, 

amtkicebs umaRlesi ganaTlebis kvalifikaci-

is CarCos, aseve bakalavriatis, magistratu-

risa da doqtoranturis saganmanaTleblo 

programebis dafinansebis wessa da pirobebs 

da a. S. 

sportis da axalgazrdobis saqmeTa sa-

ministro – monawileobs saxelmwifos mier 

dafuZnebuli saxelovnebo-SemoqmedebiTi da 

sasporto umaRlesi saganmanaTleblo dawese-

bulebebisTvis statusis mopovebis mizniT 

winadadebebis SedgenaSi, wesdebis SemuSaveba-

damtkicebaSi, maTze kontrolis ganxorciele-

baSi, maTi programuli dafinansebis uzrun-

velyofaSi, avtorizacia-akreditaciis piro-

bebis SemuSavebaSi da a. S. 
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saqarTvelos Tavdacvis saministro – sam-

xedro umaRlesi saganmanaTleblo dawesebu-

lebebs warudgens winadadebebs statusis mo-

povebis mizniT, amtkicebs maT wesdebas, uz-

runvelyofs programul dafinansebas, monawi-

leobs avtorizaciisa da akreditaciis piro-

bebis SemuSavebaSi, axorcielebs maTgan momsa-

xurebis Sesyidvas da sxva. 

saqarTvelos Sinagan saqmeTa saministro – 

sapolicio umaRlesi saganmanaTleblo dawe-

sebulebebisTvis amtkicebs wesdebebs, uzrun-

velyofs maT programul dafinansebas an/da 

axorcielebs maTgan momsaxurebis Sesyidvas, 

monawileobs sapolicio umaRlesi saganma-

naTleblo dawesebulebebis avtorizaciisa 

da akreditaciis pirobebis SemuSavebaSi. 

saqarTvelos ekonomikisa da mdgradi 

ganviTarebis saministro – amtkicebs sazR-

vao umaRlesi saganmanaTleblo dawesebule-

bebis wesdebas, romelTa wardgena xdeba sa-

qarTvelos ganaTlebisa da mecnierebis sami-

nistros mier. 

sazRvao transportis saagento _ saqarT-

velos mTavrobas warudgens winadadebebs sa-

zRvao umaRlesi saganmanaTleblo dawesebu-

lebebis dafuZnebis Sesaxeb, axorcielebs maT 

saxelmwifo kontrols, uflebamosilia gana-

xorcielos maTi programuli dafinanseba, 

monawileobs avtorizaciisa da akreditaciis 

pirobebis SemuSavebaSi da sxva. 

zemoT dasaxelebuli saxelmwifo insti-

tutebi saqarTvelos umaRles ganaTlebis ro-

gorc saxelmwifo, ise kerZo seqtors aregu-

lirebs Semdegi kanonebiT da kanonqvemdebare 

aqtebiT: 

1. saqarTvelos kanoni „umaRlesi ganaTle-

bis Sesaxeb“, 2004; 

2. saqarTvelos kanoni „ganaTlebis xaris-

xis ganviTarebis Sesaxeb“; 

3. saqarTvelos erovnuli sakvalifikacio 

CarCo; 

4. saqarTvelos kanoni „mecnierebis, teqno-

logiebis da maTi ganviTarebis Sesaxeb“; 

5. saqarTvelos sagadasaxado kodeqsi. 

am nusxidan yvelaze ZiriTadi maregulire-

beli dokumentia saqarTvelos kanoni `umaR-

lesi ganaTlebis Sesaxeb~. igi Seiqmna da amu-

Savda 2004 wels. 

saqarTveloSi „umaRlesi ganaTlebis Se-

saxeb“ kanonis miReba da misiT swavlebisa da 

swavlis xarisxis aRiareba umaRlesi ganaT-

lebis sistemis efeqtianobis mTavari krite-

riumi, didi, Zalze didi win gadadgmuli na-

biji iyo. Semdeg amas mohyva lisabonis kon-

venciis wevroba, riTac saqarTvelos umaR-

lesi ganaTleba saerTo evropul sivrceSi 

moeqca, Semdeg (2005 wels) boloniis proces-

Tan SeerTeba, umaRlesi saganmanaTleblo da-

wesebulebaTa akreditacia, kreditebis trans-

feris evropuli sistemis danergva da mra-

vali sxva. es arasruli siaa im reformebisa, 

romlebic am sferoSi ganxorcielda. 

reformis msvlelobisas moxda umaRlesi 

saganmanaTleblo dawesebulebebis avtonomia, 

ganaxlda rogorc kerZo, ise sajaro sagan-

manaTleblo dawesebulebebis materialuri 

baza, Seiqmna informaciul-sakomunikacio inf-

rastruqtura, aseve Seiqmna da ZalaSi Sevida 

axali kanonebi, mowesrigda umaRlesi ganaT-

lebis samarTlebrivi baza. 

saqarTvelos kanoniT „umaRlesi ganaTle-

bis Sesaxeb“ kerZo umaRlesi saganmanaTleb-

lo dawesebuleba, rogorc kerZo samarTlis 

iuridiuli piri, SeiZleba dafuZndes „mewar-

meTa Sesaxeb“ saqarTvelos kanoniT da sa-
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qarTvelos samoqalaqo kodeqsis normebiT. 

igi uflebamosilia ganaxorcielos umaRlesi 

saganmanaTleblo saqmianoba kanonmdeblobiT 

dadgenili wesiT. misi saqmianobis saxelmwi-

fo regulireba, upirveles yovlisa, xdeba 

kanoniT „umaRlesi ganaTlebis Sesaxeb“. ker-

Zo umaRles saswavleblebze ar vrceldeba 

mxolod „umaRlesi ganaTlebis Sesaxeb“ sa-

qarTvelos kanonis me-4, me-5 (garda 32-e _ 35-e 

muxlebisa) da me-14 TavebiT gaTvaliswine-

buli normebi. 

umaRlesi ganaTlebis kerZo samarTlis da-

wesebulebaTa saxelmwifos mxridan admi-

nistraciuli regulireba gamoixateba imiT, 

rom igi „axorcielebs saxelmwifo politikas 

umaRlesi ganaTlebis sferoSi... yovelwli-

urad amtkicebs saganmanaTleblo programul 

mimarTulebebs da grantiT dafinansebis 

wliur moculobas... afuZnebs sajaro samarT-

lis an kerZo samarTlis umaRles saganmanaT-

leblo iuridiul pirs... gansazRvravs umaR-

les saganmanaTleblo programebis kredi-

tebiT gamoangariSebis wess... amtkicebs umaR-

lesi ganaTlebis kvalifikaciaTa CarCos da 

sxva mravali“. 

„umaRlesi ganaTlebis Sesaxeb“ saqarTve-

los kanonis me-4, me-5 da me-14 Tavebi, romle-

bic ar vrceldeba kerZo samarTlis umaRle-

si saganmanaTleblo dawesebulebebze, Sem-

degia: 

 saxelmwifos mier dafuZnebuli umaR-

lesi saganmanaTleblo dawesebulebebis 

struqtura (Tavi IV); 

 umaRlesi saganmanaTleblo dawesebu-

lebis personali (Tavi V); 

 saxelmwifos mier dafuZnebuli umaR-

lesi saganmanaTleblo dawesebulebis qoneba 

da normatiuli aqtebis Sesrulebis kont-

roli (XIV). 

„umaRlesi ganaTlebis Sesaxeb“ saqarTve-

los kanonSi mocemulia SeniSvna, rom gamo-

naklisis wesiT kanonis me-5 Tavidan kerZo 

seqtorzec vrceldeba 32-e muxli _ „umaRle-

si saganmanaTleblo dawesebulebis akade-

miuri personali“ da 35-e muxli _ „akademiur 

Tanamdebobebze arCevisa da daniSvnis pi-

robebi. 

am kanonis yvela danarCeni Tavi, garda-

mavali debulebebis CaTvliT, vrceldeba ker-

Zo seqtoris umaRles saganmanaTleblo dawe-

sebulebebzec. 

rogorc am kanonis, ise sxva mareguli-

rebeli kanonebis da kanonqvemdebare aqtebis 

srulyofis mimarTulebebs SemogTavazebT am 

naSromis mesame nawilSi. Cveni winadadebebi 

eyrdnoba im kvlevas, romelic amorCeviT Cava-

tareT saqarTvelos kerZo umaRles saswav-

leblebSi. 

kerZo umaRlesi ganaTlebis saxelmwifo 

regulirebis sociologiuri kvlevis praq-

tikuli konteqsti 

statiis farglebSi 2016 wels kerZo umaR-

lesi dawesebulebebis saxelmwifo reguli-

rebis optimizaciis mizniT, im meqanizmebis 

misagnebad, romlebic jer ar aris amoqme-

debuli kerZo seqtorSi, Cven davgegmeT da 

damoukideblad CavatareT ori urTierTSemx-

vedri kvleva. man moicva: 

 kerZo universitetebis studentebi; 

 kerZo universitetebis profesor-maswav-

leblebi da damfuZneblebi. 

pirvel jgufSi CarTuli iyo 25 studenti, 

meore jgufSi – 25 TanamSromeli (damfuZneb-

lebis CaTvliT). maTi Semajamebeli pirobebi 

ixileT cxrilSi. 
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saqarTvelos kerZo universitetebis studentebisa da profesor-maswavlebelTa 

sociologiuri gamokiTxvis Sedegebi (%) 

 

# 
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S
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1 xarT Tu ara kmayofili universi-
tetis materialur-teqnikuri baziT? 

 1 xarT Tu ara kmayofili Sromis 
anazRaurebiT? 

 

a) ki 97 a) ara 96 
b) ara 53 b) ki 4 

2 gakmayofilebT Tu ara, rom kerZo 
universitetebs saswavlo sagnebis 
arCevaSi sruli damoukidebloba 
aqvT micemuli? 

 2 gsurT Tu ara, rom Sromis anazRau-
rebis saaTobrivi sididis qveda 
zRvars adgendes saxelmwifo? 

 

a) ara. sagnebi ganaTlebis saminist-
ros mier unda iyos gansazRvruli 

99 a) ki 97,6 

b) nawilobriv 1 b) ara 2,4 
3 fiqrobT Tu ara, rom kerZo univer-

sitetebSi swavlebis fasis zeda da 
qveda zRvars saxelmwifo unda 
adgendes? 

 3 misaRebia avtorizacia-akreditaciis 
safasuri? 

 

a) ki 99,6 a) ara, igi dausabuTeblad didia 95 
b) ara 0,4 b) ki, misaRebia 5 

4 gindaT Tu ara, rom universitets 
hqondes meti avtonomia? 

 4 ramdenad samarTlianad migaCniaT, 
rom zogierT specialobaze saxelm-
wifo grants aZlevs sajaro univer-
sitets da ar aZlevs kerZo univer-
sitets 

 

a) ki 42,6 a) ra Tqma unda, arasamarTliania 98,8 
b) ara 57,4 b) nawilobriv vuWer mxars 1,2 

5 gakmayofilebT Tu ara grantis 
raodenoba? 

 5 ramdenad samarTliania, rom erTi 
universitetis damfuZneblebi eqs-
pertebis rolSi Semowmebaze Sedian 
meore universitetSi? 

94,4 

a) ara. misi raodenoba ar unda ga-
nisazRvros sajaro universitetSi 
swavlis fasiT 

98,6 a) dauSvebelia, 
mikerZoebas eqneba adgili 

5,6 

b) nawilobriv 1,4 b) dasaSvebia  
6 gsurT Tu ara, rom kerZo universi-

tetebSi fakultetebs da maTSi stu-
dentTa raodenobas dakveTis wesiT 
sazRvravdes saxelmwifo da kurs-
damTavrebulebs savaldebulo we-
siT asaqmebdes kidec? 

 6 saxelmwifo kerZo universitetebi-
dan moiTxovs, raTa maTi finansuri 
gegma saitze daidos. rogoria Tqve-
ni azri amis Sesaxeb? 

 

a) ki 100 a) ar SeiZleba, radgan finansuri 
maCveneblebi konfidencialuria 

95 

b) ara - b) nawilobriv SesaZlebelia 5 
7 xarT Tu ara kmayofili swavlebis 

xarisxiT? 
 7 srul profesors saxelmwifo mxo-

lod erT samsaxurSi aZlevs muSa-
obis uflebas. rogoria amis Sesaxeb 
Tqveni azri? 

 

a) ara 92 a) ar aris swori xelfasis simciris 
gamo 

97 

b) nawilobriv 8 b) swori gadawyvetilebaa 3 
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gagrZeleba 
 

8 gsurT Tu ara, rom swavlis pro-
cess akontrolebdes ganaTlebis 
saministros mier Seqmnili specia-
listTa komisiebi? 

 8 Tqveni azriT, ramdenad sworia, rom 
saxelmwifo kerZo universitetebs 
invalidebisTvis Txovs adaptur 
garemos, romelic arc akreditebul 
sajaro universitetebs aqvs da arc 
akreditaciis sabWos? 

 

a) ki 80,4 a) ra Tqma unda, darRvevaa 100 
b) ara 19,6 b) nawilobriv dasaSvebia - 

9 rogor fiqrobT, iseTi ganaTlebis 
misaRebad, romliTac Tqven dasaqm-
debiT, romelic unda mogceT  uni-
versitetebma, aris sakmarisi saxelm-
wifos mxridan misi regulireba? 

 9 roca kerZo universitetSi eqsperti 
Semodis Sesamowmeblad, rogor fiq-
robT, unda iyos Tu ara dadebuli 
akreditaciis sabWos saitze misi 
komptenciis Sesaxeb informacia? 

 

a) ara 98,2 a) ki, unda iyos 99,2 
b) nawilobriv 1,8 b) gvari da saxelic sakmarisia 0,8 

10 rogor fiqrobT, xom ar aris saWi-
ro, rom kerZo universitetis akade-
miuri personali (profesor-maswav-
leblebi) konkursSi monawileobisas 
atarebdes saCvenebel leqcias im 
sagnebSi, romelTa wakiTxvazec aqvs 
pretenzia 

 1
0 

uWerT Tu ara mxars im viTarebas, 
rom eqspertebi Sediodnen saape-
lacio sabWoSi? 

 

a) ki 99,6 a) ara 100 
b) ara 0,4 b) nawilobriv - 

 

amrigad, Cveni gamokvleviT, studentTa um-

ravlesobis (90% da meti) azriT arasworia: 

1. rom saswavlo sagnebis arCevas da kre-

ditebis ganawilebas axdens kerZo univer-

siteti; 

2. rom swavlis fass sazRvravs Tavad ker-

Zo universiteti; 

3. arsebuli saxelmwifo regulireba; 

4. grantis sididis gansazRvris arsebuli 

wesi.  

 

studentTa umravlesobis azriT, saWiroa: 

1. profesor-maswavleblebs konkursSi 

monawileobisas daevaloT saCvenebeli leq-

ciis Catareba; 

2. swavlebis fasis zeda da qveda zRvrebi 

kerZo universitetebSi daawesos saqarTvelos 

mTavrobam; 

3. swavlebis procesi gaakontrolos ga-

naTlebis saministros komisiam; 

4. swavlebaSi dasaqmebisTvis saWiro praq-

tikuli sagnebis CarTva; 

5. kerZo universitetebma fakultetebsa da 

studenTa raodenobaze miiRon saxelmwifo 

dakveTebi. 

kerZo umaRles saswavlebelTa TanamSro-

melTa gamokvlevam aCvena, rom: 

 TanamSromelTa 90%-s ar akmayofilebs 

Sromis anazRaurebis arsebuli wesi; 

 TanamSromelTa 97,6% moiTxovs, rom 

kerZo universitetebSi xelfasebi daadginos 

ganaTlebis saministrom; 

 97% arasamarTlianad Tvlis profeso-

risTvis or adgilze muSaobis akrZalvas; 

 TanamSromelTa 95% Tvlis, rom akre-

ditacia-avtorizaciis safasuri miuReblad 

didia da a. S. 

Catarebuli gamokvlevis Sedegebi saSuale-

bas mogvcems, rom kerZo umaRlesi saganma-

naTleblo biznesis regulirebis saxelmwifo 

organoebs SevTavazoT optimizaciis iseTi 

gzebi, romelic ar iqneba mxolod ganyene-

buli azrovnebis nayofi, aramed daeyrdnoba 
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am sferoSi moRvawe studentebisa da profe-

sor-maswavlebelTa azrsac. 

 kerZo umaRlesi ganaTlebis saxelmwifo 

regulirebis srulyofis gzebi 

kerZo umaRlesi ganaTlebis saxelmwifo 

regulirebis optimizaciis mimarTulebiT Cve-

ni mosazreba oTx sferos exeba: 

1. saswavlo sagnebis arCeva da kreditebis 

ganawileba; 

2. swavlebis xarisxi, swavlebis procesis 

kontroli da profesor-maswavlebelTa da 

eqspertTa kompetencia; 

3. swavlebis fasi, akreditacia-avtoriza-

ciis fasi, grantis sidide da TanamSromelTa 

Sromis anazRaurebis sidide; 

4. sajaro universitetebis privilegiur 

mdgomareobaSi yofna. 

Cveni azri, saqarTvelos kerZo universi-

tetebis profesor-maswavleblebisa da stu-

dentebis azri saxelmwifo regulirebis gaum-

jobesebis mimarTulebiT Semdegia: 

saswavlo sagnebis arCeva da kreditebis 

ganawileba. rogorc cnobilia, kerZo uni-

versitetebs sruli Tavisufleba aqvs mice-

muli saswavlo sagnebis arCevisa da kre-

ditebis ganawilebaSi, avtonomiis micemiT es 

uflebac miiRes (gavixsenoT boloniis ko-

munike). saqarTvelo gardamavali ekonomikis 

mqone postsabWoTa qveynebs Soris yvelaze 

Raribi qveyanaa. mosaxleobis siRaribes umu-

Sevroba ganapirobebs. aqedan gamomdinare, 

kerZo universitetis damfuZneblebs Tavad 

rom ar mouwioT mTeli sanaTesaos, samezob-

los Tu samegobros rCena, amjobineben Ta-

visTan daasaqmon isini (TiTo ojaxidan TiTo 

kaci mainc). xSirad maT asaqmeben administra-

ciul Tanamdebobebze (kancelaria, biblioTe-

ka, dacva da a. S.), magram, roca es adgilebi 

arasakmarisia, akademiur Tanamdebobebzec niS-

naven. ra Tqma unda, es xdeba maTi specialo-

bis gaTvaliswinebiT. magram, roca specialo-

ba ar emTxveva universitetSi arsebul pro-

filebs, maSin xdeba saswavlo sagnebis mor-

geba maT kompetenciebze. Tu es pirovneba is-

torikosia, maSin istoria Cajdeba silabusSi 

saswavlo sagnad, Tu fsiqologia – fsiqo-

logia da a. S. aseve xdeba TanamSromela 

miReba konkursis wesiT, magram kerZo univer-

sitetis damfuZneblebi amasac advilad wyve-

ten, universiteti xom maTia. analogiurad 

xdeba sagnebs Soris kreditebis ganawilebac 

anu sagnis swavlebisas kreditebi Sedegze ga-

sasvlelad ki ar iangariSeba da nawildeba, 

aramed imaze, vin aswavlis da ramdeni xel-

fasi unda miiRos universitetidan. Tu sagnis 

maswavlebeli kerZo universitetis damfuZneb-

lis axlobelia, es saganic uproblemod Caj-

deba saswavlo gegmaSi da kreditebic meti 

gamoeyofa sxvasTan SedarebiT. 

ver vityviT, rom es yvela kerZo univer-

sitetSi xdeba, magram zogierTSi ki namdvi-

lad. Sedegad studentebi ver iReben saWiro 

codnas saWiro Sedegze gasasvlelad, rome-

lic maT daubrkoleblad dasaqmebas dasWir-

deba. amas amboben ara mxolod studentebi, 

aramed damsaqmeblebic. isini daufaravad 

amboben, rom studentebs ara aqvT praqtikuli 

codna, rom isini ZiriTadad Teoriul sagnebs 

swavloben. 

zemonaTqvamidan gamomdinare, saqarTvelos 

kerZo universitetebs, mentalitetisa da mo-

saxleobis materialuri gaWirvebis gamo, ar 

gamoadgeba evropis maRalganviTarebul qvey-

nebSi damkvidrebuli sruli avtonomia. sa-

bazro ekonomikaze gardamaval periodSi sa-

qarTvelos kerZo universitetebs saswavlo 
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sagnebis nusxa da maT Soris kreditebis gana-

wilebac saqarTvelos ganaTlebisa da mecni-

erebis saministrosgan unda eZleodes. 

swavlebis xarisxi, swavlebis procesis 

kontroli, profesor-maswavlebelTa da 

eqspertTa kompetencia. am sakiTxebze Cveni 

azri mTlianad efuZneba zemoganxilul vi-

Tarebas. kerZo universitetebSi arsebuli 

swavlebis dabali xarisxi swored profesor-

maswavlebelTa dabali kvalifikaciiT aris 

gamowveuli. swavlebis procesi xom saerTod 

ar kontroldeba garedan (mxedvelobaSi 

gvaqvs ganaTlebisa da mecnierebis saminis-

tro). rogorc Cans, maregulirebeli organo, 

mocemul SemTxvevaSi ganaTlebisa da mecnie-

rebis saministros da ganaTlebis xarisxis 

ganviTarebis erovnuli centri, endoba mxo-

lod maT mier akreditebul kerZo universi-

tetebis TviTSefasebas da eqspertebis daskv-

nebs. eqspertebs xSirad ar gaaCniaT saWiro 

donis kompetencia im mimarTulebiT, ra mimar-

TulebiTac isini igzavneba kerZo universite-

tebSi. samwuxarod, akreditaciis sabWos sait-

ze maTi gvari da saxeli ideba da ara infor-

macia maTi kompetenciis Sesaxeb. amitom, Cveni 

winadadebaa es sakiTxi ufro mkacrad dare-

gulirdes kerZo universitetebSi, kerZod: 

 saitze daidos informacia eqspertebis 

kompetenciis Sesaxeb; 

 ganaTlebisa da mecnierebis saministros 

specialistTa jgufebma kerZo universitetSi 

aranakleb TveSi erT-orjer Seamowmon swav-

lebis xarisxi (leqciebze daswrebiT); 

 kerZo universitets konkursis Catarebis 

erT-erT moTxovnad dauwesdes konkursantis 

gamocda profilur saganSi (magaliTad, saCve-

nebeli leqciis Catareba). 

swavlebis fasi, akreditacia-avtorizaciis 

Rirebuleba, grantis raodenoba da Tanam-

SromelTa Sromis anazRaureba. saqarTvelos 

kerZo universiteti Tavad awesebs swavlis 

fass. mosaxleobis cxovrebis donidan gamom-

dinare, es fasi maRalia. swored am mizeziT, 

ama Tu im kerZo universitetSi erovnuli ga-

mocdebiT Caricxuli studenti ver regis-

trirdeba studentad da quCaSi rCeba. 

maRalia kerZo universitetis avtorizacia-

akreditaciis Rirebulebac. amasTan, univer-

sitets misi winaswari gadaxdis valdebuleba 

aqvs, ganurCevlad imisa, miiRebs Tu ara  av-

torizacias an akreditacias. universitetma 

ar icis ra xarjebi Sedis RirebulebaSi, ra-

tom aris aseTi maRali. 

saxelmwifo granti, romelsac studenti 

erovnul gamocdebze miRebuli qulebiT imsa-

xurebs, ganisazRvreba ara im universitetis 

swavlis fasiT, aramed sajaro universitetis 

swavlis fasiT. radgan, ZiriTad SemTxvevaSi, 

kerZo universitetSi swavlis fasi maRalia, 

amitom students uxdeba damatebiTi Tanxis 

gadaxda. 

kidev ufro problemuria kerZo univer-

sitetis TanamSromelTa Sromis anazRaureba. 

imis gamo, rom saqarTveloSi ar aris dadge-

nili minimaluri xelfasi, kerZo univer-

sitetis damfuZneblebi meti mogebis miRebis 

mizniT am sferoSi TviTneboben. gasakviria, 

rom am gaWirvebis wlebSi saqarTvelos ganaT-

lebisa da mecnierebis saministro profesors 

(srul profesors) aZlevs mxolod erT uni-

versitetSi muSaobis uflebas da ar inte-

resdeba imiT, raze naklebi ar unda hqondes 

mas am universitetSi xelfasi? es regulacia 

misaRebia, Tu igi muSaobs iv. javaxiSvilis 

saxelobis universitetSi, sadac profesoris 
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xelfasi 3500 laria TveSi, magram Cven mier 

gamokvleul kerZo universitetebSi, sadac 

igi ar scildeba 400 lars, ra Tqma, unda mi-

saRebi ar aris. 

aqedan gamomdinare, gTavazobT Semdeg re-

komendaciebs: 

 kerZo universitetSi swavlebis fasis 

zeda da qveda zRvari saxelmwifom daawesos; 

 avtorizacia-akreditaciis Rirebuleba 

misi Semadgeneli xarjebis muxlobrivi gawe-

riT daidos ganaTlebis xarisxis ganviTa-

rebis eronuli centris saitze; 

 grantis raodenoba ganisazRvros im 

universitetis swavlebis fasis mixedviT, 

sadac studenti Cairicxa; 

 umaRlesi saswavlo dawesebulebebis-

Tvis saxelmwifom daawesos Tanamdebobrivi 

ganakveTebi da igi savaldebulo unda iyos 

yvelasTvis, sajaro iqneba Tu kerZo; 

 mowveuli anu saaTobrivi anazRaurebis 

maswavleblebisTvis ki daawesos erTi saaTis 

anazRaurebis qveda zRvari (daqiravebulis 

kvalifikaciis mixedviT _ xarisxis mqone, 

xarisxis armqone). 

kerZo universitetisgan gansxvavebiT, sa-

jaro universitetis privilegiuri mdgoma-

reoba. es gansakuTrebiT SesamCnevia avtori-

zacia-akreditaciis moTxovnebis wardgenisas. 

magaliTad, kerZo universitets unarSezRudu-

li studentebisTvis sruli adapturi gare-

mos Seqmna moeTxoveba. arc iv. javaxiSvilis 

saxelobis Tbilisis saxelmwifo universi-

tets da arc saqarTvelos teqnikur universi-

tets aseTi garemo ara aqvs Seqmnili. orive 

es universiteti akreditebulia. 

kerZo universitetebs rom TxovT finan-

suri gegmebis saitze dadebas, akreditebul 

Tbilisis saxelmwifo universitets Tu sa-

qarTvelos teqnikur universitets aqvs igi 

saitze dadebuli? 

gana swori midgomaa, rom sajaro univer-

sitetebis TanamSromlebi arian kerZo univer-

sitetebis avtorizacia-akreditaciis eqsper-

tebi? daujerebelia, rom isini miukerZo-

eblebi iqnebian. 

kerZo universitets avtorizacia ar mie-

cema Tu igi ar akmayofilebs avtorizaciis 

Tundac erT standarts. maS, rogor miiRo ak-

reditacia Tbilisis saxelmwifo universi-

tetma da saqarTvelos teqnikurma universi-

tetma, gana maT yvela korpusSi aqvT unarSez-

Rudul studentTa gadaadgilebis pandusi? 

am da sxva urTierTgansxvavebuli midgo-

mebis gamo, ris Sedegadac sajaro universi-

tetebi privilegiur mdgomareobaSi arian, 

kerZo universitetebTan SedarebiT saWiroa: 

 saxelmwifos mier dawesebuli avtori-

zaca-akreditaciis moTxovnebi iyos erTnairi 

da maTi Sesruleba mkacrad gakontrole-

buli; 

 ara mxolod kerZo, aramed sajaro uni-

versitetebsa da ganaTlebisa da mecnierebis 

saministros ganaTlebis xarisxis ganviTa-

rebis erovnul centrsac, romelic awesebs 

avtorizacia-akreditaciis fasebs, moeTxovos 

finansuri gegmis gamWvirvaloba anu saitze 

dadeba; 

 saqarTvelos mTavrobam daiwyos eqsper-

tebis momzadeba umaRlesi ganaTlebis gare 

struqturebidan. maT samsaxurebrivi interesi 

ar unda hqondeT umaRles saganmanaTleblo 

dawesebulebebTan; 

 Tu kerZo universiteti ar akmayofi-

lebs mxolod erT (an or) standarts, mas ua-

ri ar unda eTqvas avtorizaciaze, aramed mie-

ces pirobiTad (gamosworebis vadis CvenebiT). 
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dabolos, axali standartebiT, umaRlesi 

swavlebis saqarTvelos saxelmwifo mare-

gulirebeli organoebi kerZo umaRlesi sas-

wavleblebisgan moiTxoven, rom maT gafor-

mebuli hqondeT xelSekrulebebi Sromis 

bazris mkvlevar saagentoebsa da damsaqmeb-

lebTan (sxvadasxva kompania). orives mizania 

kursdamTavrebulTa dasaqmeba. aqedanve unda 

vicodeT, rom es moTxovna mxolod „qaRald-

ze“ Sesruldeba, radgan damsaqmeblebma ukve 

ician, rom saqarTvelos kerZo universitete-

bis kursdamTavrebulebs maTTvis gamosadegi 

codna ara aqvT (iSviaTi gamonaklisis garda), 

xolo rac Seexeba Sromis bazris Semswav-

lel saagentoebs, maTTan daideba fiqtiuri 

xelSekrulebebi, saagentoebis momsaxurebis 

Zvirad Rirebuli momsaxurebis gamo. 

Cveni azriT, am mdgomareobidan yvelaze 

kargi gamosavalia is, rom Tavad saxelmwifom 

Seqmnas Sromis bazris Semswavleli samsa-

xuri da misi Sedegebis mixedviT dakveTa 

misces rogorc kerZo, ise sajaro universi-

tetebs gaxsnan moTxovnadi specialobebi 

studentTa savaraudo raodenobiT, romelTa 

dasaqmebas, SekveTidan gamomdinare, Tavad 

saxelmwifo uzrunvelyofs. 

  

daskvna 

saqarTvelos kerZo umaRlesi saganmanaT-

leblo biznesis saxelmwifo regulirebis 

gamokvlevam aCvena, rom igi araefeqturia. 

amas iwvevs saqmianobis zogierT sferoSi 

mkacri moTxovnebi (magaliTad, materialur-

teqnikuri baza), zogierTSi ki (magaliTad, 

swavlis procesi, akademiuri personalis 

kompetenciebi da sxva) _ naklebad mkacri. 

zemoTqmulidan gamomdinare, am sferos 

efeqtianobis asamaRleblad viZleviT Sem-

deg winadadebebs: 

1. saswavlo sagnebis nusxa da akreditebis 

ganawileba mieces ganaTlebis saministros 

mier; 

2. ganaTlebisa da mecnierebis saminist-

ros specialistTa jgufebma kerZo universi-

tetSi aranakleb TveSi erT-orjer Seamowmon 

swavlebis xarisxi (leqciebze daswrebiT); 

3. saitze daidos informacia eqspertebis 

kompetenciis Sesaxeb; 

4. kerZo universitetebs konkursis Catare-

bis erT-erT moTxovnad dauwesdeT kon-

kursantis gamocda profilur saganSi (maga-

liTad, saCvenebeli leqciis Catareba); 

5. kerZo universitetebSi swavlebis fasis 

zeda da qveda zRvari saxelmwifom daawesos; 

6. avtorizacia-akreditaciis Rirebuleba 

misi Semadgeneli xarjebis muxlobrivi gawe-

riT daidos ganaTlebis xarisxis ganviTa-

rebis eronuli centris saitze; 

7. grantis raodenoba ganisazRvros im 

universitetis swavlebis fasis mixedviT, 

sadac studenti Cairicxa; 

8. umaRlesi saswavlo dawesebulebebis-

Tvis saxelmwifom daawesos Tanamdebobrivi 

ganakveTebi, romelic savaldebulo iqneba 

yvelasTvis, sajaro iqneba Tu kerZo; 

9. mowveuli anu saaTobrivi anazRaurebis 

maswavleblebisTvis daawesos erTi saaTis 

anazRaurebis qveda zRvari (daqiravebulis 

kvalifikaciis mixedviT _ xarisxis mqone, 

xarisxis armqone); 

10. saxelmwifos mier dawesebuli avto-

rizacia-akreditaciis moTxovnebi iyos erT-

nairi da maTi Sesruleba mkacrad gakontro-

lebuli; 

11. ara mxolod kerZo, aramed sajaro uni-

versitetebsa da ganaTlebisa da mecnierebis 

saministros ganaTlebis xarisxis ganviTa-

rebis erovnul centrsac, romelic awesebs 

avtorizacia-akreditaciis fasebs, moeTxovos 
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finansuri gegmis gamWirvaloba anu saitze 

dadeba; 

12. saqarTvelos mTavrobam daiwyos eqsper-

tebis momzadeba umaRlesi ganaTlebis gare 

struqturebidan. maT samsaxurebrivi interesi 

ar unda hqondeT umaRles saganmanaTleblo 

dawesebulebebTan; 

13. Tu kerZo universiteti ar akmayofi-

lebs mxolod erT (an or) standarts, mas 

uari ar unda eTqvas avtorizaciaze, aramed 

mieces igi pirobiTad (gamosworebis vadis 

CvenebiT); 

14. saxelmwifom Tavad Seqmnas umaRles-

damTavrebulTa Sromis bazris Semswavleli 

samsaxuri da dakveTa misces kerZo univer-

sitets ra specialobiT da ramdeni studenti 

moamzados. 
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ABSTRACT.  
This paper considers an approach to develop effective 

online learning system based on adaptive testing. There 
have been solved the tasks such as formalization of 
adaptive learning stages in online educational systems, 
development of automated organization method of 
educational materials and machine learning method as 
well to improve quality and efficiency of online 
educational systems. Suggested the ways for the 
automation of the learning process components, including 
determination of the level of student's knowledge, 
selection of materials and the creation of individual 
customized training plan. 

Based on the proposed methods and processes was 
developed adaptive learning system with automated 
organization of learning material structure. 

 
KEY WORDS:   Adaptive; automated organization; on-

line learning. 
 

 

INTRODUCTION 

Nowadays most of the existing solutions in online 
learning do not use personalization in the selection of 
materials for the learning of each student. Basic online 
training resources, such as Coursera, Udacity, Udemy, 
Edx offer a significant amount of video content and a 
small number of fixed tests to verify the material in the 
pre-specified structure, which is the same for all 
students. This presentation of the material does not 
allow to implement individual learning plan. 
At the same time, we can see an active development of 
adaptive learning systems and financing of such research 
by the international funds [1].  Most of these adaptive 
learning systems are not open sourced and used in the 
commercial area. Such systems are implemented by the 
world leading universities and are available only to a 
limited number of students. Examples of such systems 
are Knewton, Cerego, SmartSparrow. 

In this paper the personalized learning system is 
proposed with the structure to implement different 
approaches to creating an individual training plan by 
using the methods of artificial intelligence. 
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MAIN PART 

 Characteristics of adaptive learning system 
Intelligent training system should ensure high 

efficiency of student learning by providing personalized 
instruction. Different students need different speed and 
different order of tasks to take in the educational 
material. Intelligent training system must be conti-
nuously adaptable - respond in real time to the actions of 
the students, to find the gaps in knowledge and suggest 
the tasks and materials that will help to reduce gaps. In 
order to create unique optimal curriculum we propose to 
use machine learning algorithms and ontological 
relations in educational materials and students’ answers. 

The  structure  of  educational  material. The edu-
cational material is divided into courses (topics). Topics 
of the courses have no restrictions on any items that are 
studied in universities or specialized training centers. The 
course consists of two types of learning material - rules 
and questions. The goal of the student is to learn these 
rules and his / her knowledge is checked by the cor-
rectness of answers to questions. 

Questions and rules in the course are grouped by 
sections (modules). Sections have a linear sequence and 
reflect the increasing complexity of the material in the 
course. 

Learning  process.  Since a student chooses to study 
the topic, he / she starts with the first section of the co-
urse and answers to the questions in this section. After 
achieving the required progress, a student is invited to 
proceed to the next section. Progress increases after 
every correctly answered question. After each question a 
student is offered an explanation to review a question, 
an explanation for each answer, as well as rules 
concerning the question. 

The approach to learning in the proposed system is 
concentrated on the active references to material that 
occurs in response to questions. Unlike passive references 
that occur during repeated viewing/reading of lectures 
student actively contributes to mention the effect on 
student test [2], which reinforces memorization of 
material [3]. Choosing a sequence of questions for a 
student becomes an important component of training [4]. 

The system should be able to retain and motivate the 
user to learn more and do it on regular basis. For this, we 
have to develop a system of gamification and selected 
algorithms should form the core of the intelligent 

training system. The effectiveness of training depends on 
these components. 

Construction of question sequences.  
1. A_u is the set of answers for the user u. It is ne-

cessary to identify question q which would be asked next 
2. The sequence of questions that would be asked 

next Q_u_n. Need to identify question q_n+1 which 
complement sequence for the user u so that Q_u_n+1 = 
(Q_u_n, q_n+1) 

Last  answers. The user u can answer the same 
question many times. Let’s consider that only his last 
answer is important for us  

ሻࢇሺࢋ࢓࢏࢚ ൌ ࢇ	|	ࢋ࢓࢏࢚ ൌ ሺ࢛, ,ࢗ ,࢈  ሻࢋ࢓࢏࢚
ܽ௟௔௦௧,௤௨ ൌ ሺݑ, ,ݍ ܾ, ௟௔௦௧,௤௨ሻ݁݉݅ݐ ∈ ,	௤௨ܣ ௟௔௦௧,௤௨݁݉݅ݐ	݁ݎ݄݁ݓ

ൌ ݔܽ݉
௔	∈஺೜ೠ	

 ሺܽሻ݁݉݅ݐ

where, u - user identifier, q - question identifier, b ⊂ 

{0,1} - result of answer to question, time - time of the 
answer. 

Then for module x you can choose users’ last set of 
answers to the question: 

 
௟௔௦௧,௫௨ܣ ൌ ሼܽ௟௔௦௧,௤௨|	ݍ ∈ ܳ௫, ሽ 

 
and the last set of right answers 
 

௟௔௦௧,௫௨ାܣ ൌ ሼܽ	 ൌ ሺݑ, ,ݍ ܾ, ܽ	|	ሻ݁݉݅ݐ ∈ ,௟௔௦௧,௫௨ܣ ܾ	 ൌ 	1	ሽ	 
 

In this case the user progress in the module would be 
counted as 

 

ሻݔ௨ሺݏݏ݁ݎ݃݋ݎܲ ൌ
|	௟௔௦௧,௫௨ାܣ|

|ܳ௫|
 

 
Clustering of topics and modules on complexity.  
To create personalized learning system, it is proposed 

to break the set of questions (already marked by tags) on 
modules by categories and complexity. Let’s use 
qualitative and quantitative methods of clustering. The 
task of breaking into clusters by the similarity is the task 
of categorical data clustering. 

Let's consider the problem of clustering for catego-
rical data.  With use of CLOPE [5] algorithm it is possible 
to break into clusters any categorical data, working with 
them as transactional data. 

Transactional data clustering problem is to obtain 
such a partitioning of the entire set of transactions, that 
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similar transactions were in one cluster, and that differ 
from each other - in different clusters. 

The CLOPE clustering algorithm maximizes global 
utility function, which makes closer transactions in 
clusters by increasing parameter of cluster histogram. 

Usage of this algorithm gives ability to create 
automatically the partition of all materials for each topic 
into modules (clusters) by complexity and sameness of 
categories (tags) and to control the size of modules.  
         

Quality criteria for clustering 
CLOPE algorithm does not provide the calculation of 

the distance between the individual objects in the cluster 
and distance between clusters and uses a global utility 
function. Given this, and the fact that the partition must 
have special features to solve a specific problem, to 
assess selected external quality criteria, indexes Rand, 
Jaccard and FM should be used  [6]. 

Suppose we are given some training sample X, for 
which the correct clustering C is known. With some 
clustering algorithm we have received K. We need to 
check how K coincides with C. Calculate the number of 
pairs of elements (xi, xj), for which: 

● elements belonging to the same cluster in С and 
one cluster in К : SS 

● elements belonging to the same cluster in С and 
different cluster in К : SD 

● elements belonging to the same cluster in С and 
one cluster in К : DS 

● elements belonging to the same cluster in К and 
different cluster in С : DD 

Then accordance indices are calculated as: (ss + dd) / 
(ss + sd + ds + dd) 

1. Rand 

	ࡵࡾ  ൌ 	
ࡰࡰ	ା	ࡿࡿ

ࡰࡰାࡿࡰାࡰࡿାࡿࡿ
 

2. Jaccard 

	ࡶ ൌ 	
ࡿࡿ

ࡿࡰାࡰࡿାࡿࡿ
  

3. FM (Folkes and Mallows index)   

	ࡹࡲ  ൌ √
ࡿࡿ

ࡰࡿାࡿࡿ
࢞

ࡰࡰ

|ࡰࡰାࡿࡰ
 

The formalization of the complexity of content. The 
complexity of the question, rule or tag - a number from 0 
to 1 is based on responses. 

Questions difficulty 

ሻࢗሺ࢚࢟࢒࢛ࢉ࢏ࢌࢌ࢏ࡰ  	ൌ 	
|షࢗ_࡭|

|ࢗ_࡭|
 

where A_q - set of answers to the question q, such so 

௤ܣ ⊂ ,ܣ ௤ାܣ ∪ ௤ିܣ ൌ ,௤ܣ ௤ାܣ ∩ ௤ିܣ ൌ Ø	 
A_q- - wrong answers on the question q  
A_q+ - right answers on the question q 
|.| - power of set 
 
Tags difficulty 

ሺ࢚ሻ࢚࢟࢒࢛ࢉ࢏ࢌࢌ࢏ࡰ  	ൌ 	
|ష࢚ࢗ_࡭|

|࢚ࢗ_࡭|
 

where A_tq - set of answers to questions marked 
with a tags t,  

	ொ೟ܣ ൌ 	 ሼܽ	|	ܽ	 ∈	∪ ,௜ݍܣ ௜ݍ 	 ∈ ܳ௧ሽ 
௧௤ܣ ⊂ ,ܣ ௧௤ାܣ ∪ ௧௤ିܣ ൌ ,௧௤ܣ ௧௤ାܣ ∩ ௧௤ିܣ ൌ Ø	 

 
Rules difficulty 

ሺ࢘ሻ	࢚࢟࢒࢛ࢉ࢏ࢌࢌ࢏ࡰ  	ൌ 	
|షࢗ࢘_࡭|

|ࢗ࢘_࡭|
 

where A_rq -  set of answers to questions connected 
to the rule r, 

	ொೝܣ ൌ 	 ሼܽ	|	ܽ	 ∈	∪ ,௜ݍܣ ௜ݍ 	 ∈ ܳ௥ሽ 
௥௤ܣ ⊂ ,ܣ ௥௤ାܣ ∪ ௥௤ିܣ ൌ ,௥௤ܣ ௥௤ାܣ ∩ ௥௤ିܣ ൌ Ø	 

 
Modules difficulty 

ሺ࢞ሻ࢚࢟࢒࢛ࢉ࢏ࢌࢌ࢏ࡰ  ൌ 	
࢞ࡽ∋ࢗ∑ 	ሻࢗሺ࢚࢟࢒࢛ࢉ࢏ࢌࢌ࢏ࡰ

|࢞ࡽ|
 

Modules of each course - ordered set. Modules inside 
of the course organized by complexity 

ሻ࢏ሺ࢚࢞࢟࢒࢛ࢉ࢏ࢌࢌ࢏ࡰ  	൏  ା૚ሻ࢏ሺ࢞ݕݐ݈ݑ݂݂ܿ݅݅ܦ
 
 
Recommendations for future research 
The most difficult problem for the widespread use of 

intelligent tutoring systems is the motivation and 
retention of students [7][8].  One of the main objectives 
in creating the educational system is to provide 
education in the absence of the institution. In this case, 
the problem is palpable, about 90% of students do not 
return to training after the first few lessons [9][10]. 
Therefore appropriate user interface should be created 
that will increase student motivation. It is necessary to 
implement game mechanics and develop other ways of 
promotion.  

It is essential to implement quality assessment 
methods for questions selection algorithms, considering 
both subjective assessments of satisfaction of student 
learning and the effectiveness of the receipt of 
knowledge. 
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CONCLUSION 

This work proposes the structure of personalized 
learning, which allows different approaches to creating 
an individual training plan. The ways of automation of 
the system responsible for the creation of building 

sequence of tasks considering individual student's level 
of knowledge. 

The structure of the system could be used for online 
training and assessment of knowledge in education, 
knowledge assessment testing projects, and standardized 
tests GMAT, IELTS, and others. 
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anotacia.    mocemuli statia asaxavs onlainswavlebis sistemis efeqturi Seqmnisadmi 

midgomas, romelic dafuZnebulia adaptirebad testirebaze. Sesrulebulia Semdegi amoca-

nebi: onlainswavlebis sistemaSi adaptirebadi swavlebis etapebis Camoyalibeba, saswavlo 

masalebis avtomaturi organizebis meTodebis SemuSaveba da onlainswavlebis sistemebis 

sizustisa da xarisxis asamaRleblad manqanuri swavlebis meTodebis ganviTareba. swavle-

bis procesis komponentebis avtomatizaciis mizniT SemoTavazebulia Semdegi gzebi: Semo-

Tavazebuli meTodebis safuZvelze Seiqmnas adaptirebadi onlainswavlebis sistema swav-

lebis masalebis avtomaturi organizebis struqturiT, studentis codnis safexuris gan-

sazRvra, saswavlo masalebis arCeva da individualurad morgebuli saswavlo gegmis Se-

muSaveba. Resume:  

 

sakvanZo sityvebi: adaptirebadi; avtomaturi organizeba; onlainswavleba. 
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anotacia. sarkinigzo avtomatikisa da 

telemeqanikis (sat) mowyobilobebis dazia-

nebis gamomwvevi mizezebis statistikuri mo-

nacemebis analiziT cnobilia, rom saqarT-

velos rkinigzaze dRes arsebuli teqnikuri 

momsaxurebis sareglamento samuSaoebi Se-

adgens momsaxure personalis mTliani 

samuSao drois 60_70%, amasTan momsaxure 

personali drois mniSvnelovan nawils (65%-

mde) xarjavs uwesivrobis lokalizaciasa 

da mtyunebis dadgenaze. statiaSi Tanamim-

devruladaa ganxiluli sat-is mowyobilo-

bebis teqnikuri eqspluataciis sistema da 

masTan dakavSirebuli yvela sawarmoo pro-

cesi, misi ZiriTadi teqnikuri momsaxurebis™ 

(tm) sistema da saremonto samuSaoebi. tm-is 

meTodebis analizis safuZvelze rekomende-

bulia, rom, sat-is mowyobilobebis eqsplua-

taciis procesSi, Sromis warmadobis mTava-

ri mimarTuleba unda iyos sareglamento 

samuSaoebis wilis Semcireba da bevrad 

efeqtur da progresul, “mdgomareobis mi-

xedviT”, tm-is meTodze gadasvla. 

  

 sakvanZo sityvebi: sarkinigzo avtomatika 

da telemeqanika; teqnikuri eqspluatacia; 

teqnikuri momsaxureba mdgomareobis mixedviT.  
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Sesavali 

gadazidvebis procesi sarkinigzo trans-

portis ZiriTadi sawarmoo procesia, rom-

lis efeqturoba da usafrTxoeba ganisazRv-

reba teqnikuri saSualebebis mdgomareobiT 

da am teqnikur saSualebebTan adamianis ur-

TierTqmedebis efeqturobis doniT. matare-

belTa usafrTxo moZraobis uzrunvelyofis 

erT-erTi ZiriTadi teqnikuri saSualeba sar-

kinigzo avtomatikisa da telemeqanikis (sat) 

mowyobilobebia, romelTa teqnikuri mdgoma-

reoba xasiaTdeba daZvelebis maRali xaris-

xiT. standartuli meTodebiT sat-is mowyobi-

lobebis modernizeba did xarjebTanaa dakav-

Sirebuli. aseve garkveul periodSi miviRebT 

momsaxure personalis xarisxobrivi da rao-

denobrivi donis gauaresebas da “adamianis 

faqtoris” rolis zrdas. adamianis araswori 

moqmedeba iwvevs matarebelTa moZraobis 

usafrTxoebis xarisxis da ubnis gamtaruna-

rianobis Semcirebas da, Sesabamisad, gada-

zidvebis procesis destabilizacias.  

  

ZiriTadi nawili 

sat mowyobilobebi ganwertebulia lian-

dagis gaswvriv da momsaxure personali 

drois mniSvnelovan nawils (65%-mde) xar-

javs uwesivrobis lokalizaciaze, defeqtis 

povnaze an mtyunebis mizezze [5]. garda ami-

sa, drois danakargi bevr faqtorzea damoki-

debuli: personalis kvalifikaciaze _ ram-

denad aqvs mas sazomi aparaturis, maragi 

nawilebisa da xelsawyoebis moxmarebis ga-

mocdileba; personalis fsiqologiur mom-

zadebaze _ dazianebis aRmosafxvrelad 

rTul samatareblo situaciaSi ramdenad 

darwmunebulia is Tavis moqmedebebSi. anu 

sat-is mowyobilobis saimedo da mtyunebe-

bis gareSe muSaobisaTvis saWiroa maRalkva-

lificiuri momsaxure personali. faqtia, 

rom dRes saqarTvelos rkinigza ganicdis 

rogorc aseTi specialistebis mniSvnelovan 

deficits, ise eqspluataciisaTvis vargisi 

aparaturis naklebobas. axali aparaturis 

uqonlobis gamo, sammarTvelos sakontro-

lo-sagamomcdelo laboratoria iZulebu-

lia eqspluataciis vada gaugrZelos vadaga-

sul aparaturas.  

rkinigzaze avariebisa da dazianebebis ga-

momwvevi mizezebis analizi gviCvenebs, rom 

dazianebaTa umravlesoba gamowveulia ins-

truqciebis moTxovnebis an teqnikis momsaxu-

rebis wesebis darRveviT: uxarisxod Catare-

buli profilaqtikuri samuSaoebiT, teqniku-

ri saSualebebis daTvalierebisa da Semow-

mebis vadebis ardacviT, saqmis warmoebis 

wesebisa da teqnologiuri disciplinis, inst-

ruqciebis moTxovnebis an teqnikis momsaxu-

rebis darRveviT.  

 

 
 

saeqspluatacio mtyunebebis raodenoba _ 

85%;  

sqemuri da konstruqciuli (saproeqto) – 

12%;  

sawarmoo (qarxnuli) mtyunebebis raode-

noba – 3%. 

 saqarTvelos rkinigzaze sat-is mowyobi-

lobebis efeqturad funqcionirebis erT-er-

Ti xelSemSleli faqtoria agreTve Tana-

3%

12%

85%



mecniereba gadawyvetilebis miRebis Sesaxeb – DECISION SCIENCES – НАУКА О ПРИНЯТИИ РЕШЕНИЙ

 

_____________________________________ 
ISSN 1512‐0996   stu-is Sromebi – WORKS OF GTU – ТРУДЫ ГТУ 

www.gtu.ge 37  #2 (504), 2017 

medrove teqnologiebis bazaze Seqmnili 

sat-is sistemebis danergvis dabali tempi. 

maTi saimedooba mniSvnelovnadaa damokide-

buli imaze, Tu ramdenad droulad da teq-

nikurad marTebulad warmoebs maTi momsa-

xureba da remonti.  

sat-is mowyobilobebis teqnikuri eqsp-

luataciis sistema sawarmoo procesebis, 

teqnikuri momsaxurebisa (tm) da remontis 

kompleqsia moTxovnili xarisxiT funqcio-

nirebis uzrunvelsayofad.  

sat-is mowyobilobebis teqnikuri eqsplu-

ataciis sistema aris aRniSnuli mowyobi-

lobebisa da maTi gamarTuli (muSaobisuna-

riani) mdgomareobis SemanarCunebeli, teqni-

kuri eqspluataciis procesis uzrunvelmyo-

fi, garkveuli kvalifikaciis mqone persona-

lis erToblioba. amgvarad, cneba teqnikuri 

eqspluatacia bevrad farToa, vidre scb-s 

meurneobaSi gavrcelebuli “teqnikuri mom-

saxurebisa da remontis” cneba. teqnikuri 

eqspluataciis procesSi igulisxmeba sxva 

saxis samuSaoebis gaTvaliswineba da regla-

mentireba. sat-is mowyobilobebis teqnikuri 

eqspluataciis sistema unda uzrunvelyof-

des maT movla-Senaxvis maRal xarisxs, teq-

nikuri eqspluataciis procesis samarTleb-

riv, sakadro, normatiul, informaciul, te-

qnikur, teqnologiur da samedicino uzrun-

velyofas, aseve Sromis dacvis wesebis Ses-

rulebas, samuSao drois reJimebisa da das-

venebis saaTebis dacvas,Ppersonalis Sromis 

sanitariul-higienuri pirobebis Seqmnas. teq-

nikur eqspluataciasTan dakavSirebuli yve-

la sawarmoo procesi, teqnologiuri samu-

Saoebi, teqnikuri saSualebebi (sazomi xel-

sawyoebi, stendebi, avtomatizebuli samuSao 

adgilebi da a.S.) reglamentirebulia Sesa-

bamisi normatiuli dokumentebiT.  

sat-is mowyobilobebis remonti aris maTi 

wesivrulobis an muSaobis unaris aRdge-

nisaTvis, aseve sat-is saSualebebis an maTi 

Semadgeneli nawilebis resursebis aRdge-

nisaTvis gamiznuli operaciebis kompleqsi. 

tm-isa da remontis sistema mTlianobaSi mom-

saxurebad sistemaSi Semavali mowyobilobe-

bis xarisxis aRdgenisa da SenarCunebisaTvis 

aucilebeli, urTierTdakavSirebuli doku-

mentaciisa da Semsruleblebis erTobliobaa.  

teqnikuri eqspluataciis ZiriTadi proce-

sia sat-is mowyobilobebis teqnikuri momsa-

xurebis procesi. tm moicavs samuSaoTa komp-

leqss sat-is calkeuli mowyobilobebis ga-

marTuli da samuSao mdgomareobis Sesanar-

Cuneblad eqspluataciis (daniSnulebis mi-

xedviT gamoyenebis), gamoyenebis molodinis, 

Senaxvisa da transportirebis dros, aseve 

maT operatiul aRdgenas dazianebis Semdeg.  

saqarTvelos rkinigzaze dRes arsebuli 

tm-is procesi gulisxmobs sareglamento 

(profilaqtikur momsaxurebas) da mtyunebis 

Semdgom aRdgeniT (avariuli remonti) samu-

Saoebs. tm-is arsebul meTodikas aqvs pro-

filaqtikuri mimarTuleba, romelic emsa-

xureba teqnikuri sistemis muSaobis unaris 

darRvevis anu mtyunebis acilebas, romelic 

iwvevs mowyobilobebis normaluri moqme-

debis nawilobriv an mTlian Sewyvetas. tm 

unda uzrunvelyofdes sat-is mowyobilobe-

bis umtyunebo muSaobas. 

tm-is procesi moicavs oTxi sxvadasxva 

samuSaos:  

sareglamento, damatebiTi, mowyobilobebis 

kompleqsuri Semowmeba da aRdgeniTi samu-

Saoebi dazianebis Semdeg.  



mecniereba gadawyvetilebis miRebis Sesaxeb – DECISION SCIENCES – НАУКА О ПРИНЯТИИ РЕШЕНИЙ

 

_____________________________________ 
stu-is Sromebi – WORKS OF GTU – ТРУДЫ ГТУ   ISSN 1512‐0996 

#2 (504), 2017  38  www.gtu.ge 

sareglamento samuSaoebi sruldeba regu-

larulad, teqnologiuri procesis grafikiT 

dadgenili periodulobiT. maTi mizania mow-

yobilobebs daubrunos eqspluataciis pro-

cesSi dakarguli pirvandeli Tvisebebi re-

montis saSualebiT;  

 damatebiT samuSaoebs miekuTvneba erT-

jeradi samuSaoebi mowyobilobebis arsebu-

li mdgomareobis gasaumjobeseblad da sai-

medoobis donis asamaRleblad; 

 kompleqsuri Semowmeba. mowyobilo-

bebis teqnikuri mdgomareobis seriozuli 

revizia tardeba dadgenili droiTi Suale-

debiT. aRniSnuli Semowmebebis Sedegebis mi-

xedviT ganisazRvreba sareglamento da da-

matebiTi samuSaoebis moculoba. kompleqsu-

ri Semowmeba efeqturad moqmedebs tm-is 

procesis srulyofaze. 

 aRdgeniTi samuSaoebi mimdinare remon-

tis farglebSi warmoebs.  

aRsaniSnavia, rom tm-isa da kapitaluri 

remontis samuSaoebis Sesruleba cal-calke 

warmoebs. tm-is procesis paralelurad war-

moebs gegmuri, kapitaluri da saSualo sa-

remonto samuSaoebi mowyobilobebis sruli 

resursis aRsadgenad. miRebulia sareglamen-

to samuSaoebis dayofa mowyobilobebis teqn-

ikuri mdgomareobis kontrolisa da mimdinare 

remontad. teqnikuri mdgomareobis kontro-

liT xdeba moqmedi mowyobilobebis mdgo-

mareobis Sesabamisobis Sefaseba maT mimarT 

wayenebul moTxovnebTan. Mmimdinare remon-

tiT ki xdeba mowyobilobebis teqnikuri 

mdgomareobis miyvana dadgenil moTxovne-

bamde da maTi muSaobis unaris uzrunvelyo-

fa. mimdinare remonti warmoebs yoveldRiu-

ri tm-is dros. sareglamento samuSaoebis 

moculoba da Sesrulebis perioduloba ga-

nisazRvreba normatiuli dokumentebiT, rom-

lebic jer kidev sabWoTa kavSiris droin-

delia da ar gaaCnia sakmarisi statistiku-

ri da samecniero-kvleviTi dasabuTeba.  

sareglamento samuSao sat-is! mowyobilo-

bebis momsaxure personalis samuSao drois 

60_70% Seadgens, Sesabamisad meurneobaSi 

Sromis warmadobis mTavari mimarTuleba un-

da iyos sareglamento samuSaoebis wilis Se-

mcireba mowyobilobebis eqspluataciis pro-

cesSi. sareglamento samuSaoebis moculobis 

da Sesrulebis periodulobis marTva damoki-

debulia tm-is procesis organizebaze, stra-

tegiaze. gadazidvebis moculobis zrdis pi-

robebSi mniSvnelovani roli eniWeba teq-

nikuri momsaxurebis organizebas. 

maRali saimedoobis mowyobilobebze ori-

entacia da maTTan kompleqsSi CaSenebuli da 

sxva avtomaturi kontrolis sistemebis da-

nergva, mowyobilobebis parametrebis ga-

zomvis avtomatizacia da calkeuli mowyo-

bilobebis rezervireba gamoricxavs, momsa-

xure personalis Secdomebis gamo, mowyobi-

lobebis mtyunebebs da mniSvnelovnad am-

cirebs maTi aRdgenis dros.  
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sat-is mowyobilobebis teqnikuri eqspluataciis sistemis sqema 

 

 
sqemaze naCvenebia sat-is mowyobilobebis 

teqnikuri eqspluataciis sistema, teqnikuri 

momsaxurebis, remontisa da sxva saxis samu-

Saoebis organizebis teqnologiuri speqtri. 

 

daskvna 

rogorc vxedavT, swored avtomaturi kon-

trolis mowyobilobebi iZleva sarkinigzo 

avtomatikisa da telemeqanikis mowyobilobe-

bis uwyveti monitoringis da progresuli, 

“mdgomareobis mixedviT”, tm-is realizebis 

saSualebas. makontrolebeli mowyobilobebi 

avtomaturad afiqsirebs mowyobilobis mtyu-

nebas, ukeTes SemTxvevaSi SeuZlia mowyobi-

lobis dazianebis wina mdgomareobis gamoc-

nobac. “mdgomareobis mixedviT” tm-is SemTxve-

vaSi, eqspluatirebadi mowyobilobebis muSa-

obis unaris uwyvetad kontrolis pirobebSi, 

teqnikuri personali aparaturis movla-

Senaxvis, Semowmebis, gamarTvisa da regu-

lirebis saTanado xarisxs uzrunvelyofs.  
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ABSTRACT. According to the analysis of statistics related to the damage sources of railroad automation and 
telemechanics (RAT) facilities, it’s defined that at present the time of scheduled operations of technical maintenance 
in Georgian Railway makes 60-70% of all working hours of service personnel and considerable part of time (65%) 
comes to the localization of malfunctions and detection of relevant damage sources. 

The article briefly considers RAT technical maintenance system and all related working processes, basically RAT 
technical maintenance system and works on facilities repair. 
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Some recommendations are made based on the methods of  RAT technical maintenance system such as in working 
processes of  RAT the main direction of labor productivity has to be reduction of scheduled operations of technical 
maintenance and increased efficient use of on-condition maintenance method. 
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KEY WORDS: On-condition maintenance; technical maintenance; RAT - railroad automation and telemechanics. 
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АННОТАЦИЯ. По анализу статистических данных причин повреждения устройств железнодорожной авто-
матики и телемеханики (ЖАТ) определено, что время регламентных работ существующего на сегодняшний 
день технического обслуживания на Грузинской железной дороге составляет 60-70% от всего рабочего времени 
обслуживающего персонала, но значительная часть времени (65%) приходится на локализацию неисправ-
ностей и определение причины отказа. Подробно рассмотрена техническая эксплуатационная система ЖАТ и 
составляющие ее все производственные процессы - в основном система технического обслуживания (ТО) ЖАТ 
и работы по ремонту устройств. На основе анализа методов ТО систем ЖАТ сделаны рекомендации: в 
эксплуатационном процессе систем ЖАТ главным направлением производительности труда должно быть 
сокращение доли регламентных работ в ТО и переход на прогрессивный и эффективный метод ТО - 
«обслуживание по состоянию».  

 

КЛЮЧЕВЫЕ СЛОВА: железнодорожная автоматика и телемеханика; техническая эксплуатация; техническое 
обслуживание по состоянию.  
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anotacia. ganxilulia amocana horizon-

tisadmi  kuTxiT daxril brtyel arakl-

dovan ferdoze samTo samuSaoebiT warmoqm-

nili, garkveuli daniSnulebisa da geomet-

riuli zomebis gruntis nayaris Zvris mara-

gis koeficientis gansazRvraze.  

amocanis gadasawyvetad dadgenilia mew-

yer-Camonaqcevi prizmis saSiSi dacurebis 

kritikuli wris mdebareba anu wris minima-

luri maragis koeficienti, romelic damo-

kidebulia nayaris geometriasa da gruntis 

parametrebze. maragis koeficientis gamo-

saTvlelad dadgenilia dacurebis zeda-

piris simtkice Zvraze gruntis Semdegi pa-

rametrebis gamoyenebiT: efeqturi SeWidu-

loba _ K ; efeqturi Siga xaxunis kuTxe _ 

 ; kuTri wona _   da foruli wnevis koe-

ficienti _ ru. nayaris zedapiris aproqsi-

maciiT miviRebT samkuTxedis ganivkveTis 

formis nayari. miRebulia daxril brtyel 

arakldovan ferdoze agebuli miwis nage-

bobis (samkuTxa ganivkveTis nayaris) Zvris 

maragis K f ( , ,D,K ,  Zv 1  u uK , , ,r ,r , )  
1 22 1 2  koe-

ficientis gansazRvris saWiro damokide-

bulebebi. kompiuteris gamoyenebiT samkuTxa 

nayarisaTvis agebulia bunebrivi ferdos, 

nayaris , � daxris kuTxeebis, aseve kriti-

kuli wris CaRrmavebis maCvenebeli da D-s 

sxvadasxva kombinaciisTvis dadgenilia 

mdgradobisa da xaxunis ricxvebis grafi-

kebi. miRebuli amonaxsnebi realur Sedeg-

Tan kargi miaxloebaa, rac dasturdeba sta-

tiaSi ganxiluli testuri magaliTebiT. 

amasTan, D  0  SemTxveva SeiZleba gamoviye-
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noT maragis koeficientis gamosaTvlelad, 

roca bunebrivi ferdo kldovania.  

  

sakvanZo sityvebi: grunti; dacurebis 

zedapiri; kuTri wona; maragis koeficienti; 

mdgradoba; simtkice; ferdo; SeWiduloba.  

 
 

Sesavali 

gruntis masaliT nagebobaTa daproeqte-

bisas rogorc mSeneblobis, ise eqspluata-

ciis periodSi erT-erTi ZiriTadi problema 

ferdoebis mdgradobis uzrunvelyofaa. mra-

val aseT problemur SemTxvevasTan gvaqvs 

saqme miwis kaSxlebis, dambebis, samrewvelo 

narCenebis sacavebis, satransporto nayaris, 

agreTve gaTxriTi samuSaoebis, Ria samTo 

samuSaoebis, arxebis gayvanis, miwis nagebo-

baTa mSeneblobisa da eqspluataciis period-

Si. damrec (cicabo) ferdoebze samTo samu-

Saoebis Sesrulebisas amoRebuli gruntis 

nayarma ferdoze dawyobisas SeiZleba miiRos 

samkuTxa an trapecoiduli ganivkveTis pro-

fili. amoRebuli qanebis qvemoT gadaadgi-

lebas zRudaven, ferdoze awyoben da daz-

vineba izrdeba. faqtiurad nayaris zedapiri 

SeiZleba Zalian uswormasworo iyos, magram 

mdgradobisas gaangariSebis gamartivebis 

mizniT horizontaluri da daxrili wrfe-

ebis monakveTebiT axdenen nayaris formis 

aproqsimacias. gamartivebuli meTodis gamo-

yenebis mizania, rom ferdos mdgradobis ga-

angariSebisas rTuli maTematikuri gantole-

bebis (romelTa amoxsna xSirad SeuZlebe-

lia) nacvlad ganvixiloT gantolebebi, ro-

melTa amoxsna gacilebiT advili iqneba. mi-

Rebuli amonaxsnebi unda iyos realur Sede-

gebTan kargi miaxloeba.  

ZiriTadi nawili 

amocana. vTqvaT, gvaqvs horizontisadmi  

kuTxiT daxril brtyel arakldovan ferdo-

ze samTo samuSaoebiT warmoqmnili, garkve-

uli daniSnulebisa da geometriuli zo-

mebis gruntis nayari. saWiroa ganvsazRvroT 

nayaris mdgradobaze Zvris maragis koe-

ficienti (nax. 1).  

imisaTvis, rom ganvsazRvroT Zvris maragis 

koeficienti, saWiroa davadginoT dacurebis 

zedapirze gruntis daZvris simtkice Semdegi 

parametrebis gamoyenebiT: efeqturi SeWi-

duloba _ K ; efeqturi Siga xaxunis kuTxe _ 

 ; kuTri wona _� da foruli wnevis koefi-

cienti _ ru. visargebloT biSofis gamar-

tivebuli meTodiT [1] da z x tg    da x H  

wrfeebiT movaxdinoT nayaris zedapiris ap-

roqsimacia. Sedegad miviRebT samkuTxedis ga-

nivkveTis formis nayars, romelic zemodan 

SemosazRvrulia z=(x) wiriT, xolo qvemodan 

brtyeli ferdoTi _ z x tg    wrfiT. 

 

 

nax. 1. arakldovan brtyel ferdoze samkuTxa 

ganivkveTis formis nayaris mdgradobaze  

gaangariSebis sqema 

 

ferdos Semadgeneli grunti rom ganvasx-

vaoT nayaris gruntisgan, SemoviRoT aRniSv-

na: ferdos _ grunti 1, nayaris _ grunti 2. 

vigulisxmoT, rom gruntebs 1 da 2 erTnairi 

kuTri wona� aqvs. 
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nayarisaTvis gvaqvs Semdegi monacemebi: 

simaRle _ H; daxris kuTxe _ ; gruntis efeq-

turi SeWiduloba _ 2K , efeqturi xaxunis 

kuTxe _ 2  da foruli wnevis koeficienti _ 

2ur . bunebrivi ferdosaTvis: daxris kuTxe _ 

; efeqturi SeWiduloba _ 1K ; efeqturi xa-

xunis kuTxe _ 1  da foruli wnevis koe-

ficienti _ 
2ur .  

CavTvaloT, rom nayaris fuZe anu ferdo 

Sedgeba erTgvarovani qanebisagan. maSin erT-

gvarovan masivSi mewyer-Camonaqcevis saSiSi 

dacurebis zedapiri iqneba wriul-cilind-

rulTan miaxloebuli, radgan wres masis 

erTeulze aqvs SedarebiT mcire zedapiris 

farTobi.  

1-el naxazze Cans, rom yvelaze saSiSia 

wre, romlis minimaluri maragis koeficien-

ti exeba z xtg DH    wrfes, romelic gadis 

bunebrivi ferdos zedapiris qvemoT DH si-

Rrmeze, sadac D CaRrmavebis maCvenebelia da 

H _ nayaris simaRle. roca D  0 , maSin wre 

exeba bunebrivi ferdos zedapirs anu 

z x tg    wrfes. D-s maqsimaluri dasaSvebi 

sidide ganisazRvreba bunebrivi ferdos 

masivis mtkice qanebis siRrmeSi ganlagebis 

pirobidan. siRrmeSi gruntis parametrebis 

sxvadasxva monacemisaTvis maragis koeficien-

tebis umciresi mniSvnelobebis SedarebiT 

SeiZleba vipovoT kritikuli wre minima-

luri maragis koeficientiT. 

ferdoebis mdgradobis gaangariSebisas 

[2,3,4] literaturaSi mocemulia e.w. Zvris 

wriuli cilindruli zedapirebis meTodi, 

romlis Tanaxmad Zvris zedapiri warmodge-

nilia wris rkalis saxiT, rac globalurad 

naklebadaa mosalodneli. amave dros loka-

luradac, e.i. Zvris  : z z x  wiris (nax. 1) 

fiqsirebuli   P x ,z x0 0 0  
wertilis sakmari-

sad mcire midamoSi maRali rigis usasru-

lod mcire sididis sizustiT (Tu wirs ga-

aCnia uwyvetad cvalebadi simrude) es wiri 

misi simrudis wrewiria, romlis centri 

 c cC x ,z  da R  radiusi moicema Semdegi for-

muliT [5]:  

 
   

 
o o

c o
o

z x z x
x x ,

z x

    


21
 

    
 

 o
c o

o

z x
z z x ,

z x


 


21
 

  
 
 

/
o

o

z x
R .

z x

  


3 2
21

  

(1) 

Sesabamisad,   wiris mcire  oP ,   

 oP R : P P    2   ubanze SegviZlia fer-

dos CamonaqcevisaTvis Zvraze mdgradobis 

koeficienti SevafasoT Semdegi saxiT:  

  o

m m

i, i , i, i ,P ,
i i

K F r / F r ,   
   

 

   
1 2

Zv

1 1
   (2)  

sadac    i , i ,F r 
 da   ( i , ,m 11 );    i , i ,F r 

 da    

( i , ,m 21 ) Sesabamisad  oP ,
 ubanze moqme-

di mZvreli da damWeri Zalebia  c cC x ,z  

wertilis mimarT. es koeficienti  oP ,  

ubanze damWeri Zalebis,  c cC x ,z
 wertilis 

mimarT, momentebis jamis Sefardebaa mZvre-

li Zalebis momentebis jamTan, imave werti-

lis mimarT, igive ubanze. rogorc cnobi-

lia, miRebuli  oP ,K 
Zv

  mniSvnelobebidan mxo-

lod minimaluria ferdos statikuri mdgra-

dobis namdvili sazomi ganxilul ubanze. 

Tu (2)-Si gadavalT zRvarze, rodesac 0 , 
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maSin miviRebT Zvraze mdgradobis koefi-

cients uSualod P0  werilSi [5], e.i.  

  
m m

i, i , i, i ,
i i

K P lim F r / lim F r .   
   

 
 

    
1 2

Zv
0

0 0
1 1

1   (3)  

imisaTvis, rom ganvsazRvroT mdgradoba 

da xaxuni, saWiroa davadginoT kritikuli 

wris mdebareoba, romelic damokidebulia 

ara marto ferdos geometriaze (e.i.DD, H, , 

), aramed gruntis parametrebzedac (e.i. K1 , 

1 , 
1ur , K2 ,2 , ur 2

 da�). maSasadame, gveqneba 

Semdegi funqciuri damokidebuleba [6,7]: .  

u uK f ( , ,D,K ,K , , ,r ,r , )     
1 2Zv 1 2 1 2 . (4)  

Tu gaviTvaliswinebT yvela CamoTvlil 

parametrs, maSin mdgradobis grafikebis age-

ba praqtikulad SeuZlebelia. sabednierod 

mkvlevarebma daadgines, rom geometriis dad-

genas gacilebiT meti efeqti aqvs, vidre 

gruntis parametrebs [6]. amasTan dakavSi-

rebiT, Camonaqcevi prizmis yvelaze saSiSi 

wris sapovnelad SeiZleba ganvixiloT bmu-

li gruntebi, romelTaTvisac   0 , xolo 

xaxuni gamovsaxoT, rogorc�,  da D-s 

funqcia. 

yvelaze kritikuli wrisaTvis dacurebis 

zedapiri warmoadgens wris mxebs (nax. 1). Tu 

cnobilia Z=Z(x) funqcia, maSin kritikuli 

wris centris koordinatebi da radiusi 

gamoiTvleba (4) formuliT. am dros da-

curebis zedapirze ganviTarebuli saSualo 

Zabvebi advilad ganisazRvreba, Tu dacu-

rebis rkalze Tanabrad ganawilebul mxebi 

ZabvebiT ganpirobebuli wris centris mi-

marT Camonaqcevi prizmis simZimis Zalis 

moments nuls gavutolebT. es moqmedi mxebi 

Zabvebi gruntis kuTri wonisa da nayaris 

simaRlis proporciulia da SeiZleba gamov-

saxoT Semdegi saxiT [9]:  

 sH N   ,  (5) 

sadac� moqmedi mxebi Zabvebia; sN  mdgrado-

bis ricxvi, romelic �da� kuTxeebis funq-

ciebia. 

maragis koeficienti gamoiTvleba Semdegi 

formuliT: 

 K s Zv ,  (6) 

sadac s Zvraze simtkicea, romelic sruli 

Zabvebis analizis dros K SeWidulobis 

tolia. 

CavsvaT (8) gamosaxuleba (9)-Si, miviRebT: 

 sKN
K

H


Zv .  (7) 

Tu Camonaqcevi masis zedapiri wriul-ci-

lindrulia, maSin Zvris maragis koeficien-

tis minimaluri mniSvnelobis gansasazRvra-

vad, e.i. dacurebis yvelaze saSiSi zedapiris 

gamosavlenad, saWiroa aigos bevri wre. 1-el 

naxazze mraval wreTagan naCvenebia erT-er-

Ti, romlisTvisac ganisazRvreba mdgradobis 

maragis koeficienti. am meTodiT Zvris mara-

gis koeficientis gansasazRvravad Camonaqcev 

prizmas vertikaluri wrfeebiT n nawilad 

dayofen. i-uri blokis wonaa Gi, dacurebis 

zedapiris sigrZe – Li, wris mxebis daxris 

kuTxe – θi da normaluri Zala – Ni. mor-ku-

lonis pirobis Tanaxmad, i-uri blokis Sem-

kavebeli Zala tolia: tgi iKL N  , romelic 

damokidebulia blokis orive waxnagze moq-

med Zalebze. amocana statikurad ganusazRv-

relia, Tu gamartivebisTvis raime daSveba ar 

iqneba gamoyenebuli. mZvreli Zala, romelic 

dacurebis zedapirze wonis mdgenelia 

sini iG  -is tolia, xolo maragis koeficienti 

ase Caiwereba [8,9]:  
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 1

1

( tg )

( sin )

n

i i
i

n

i i
i

KL N
K

G














Zv . aq cosi i iN G  .  (8)  

miviRoT, rom =0, maSin (7) da (8) ganto-

lebebis SedarebiT miviRebT sN  mdgradobis 

ricxvis gamosaxulebas Semdegi saxiT: 

  

n

i
k

s n

i i
i

H L
N

(G sin )








 




1

1

.  (9) 

 da� kuTxeebis sxvadasxva kombinaci-

isaTvis mdgradobis sN  mniSvnelobebi gamo-

iTvleba kompiuteris saSualebiT da aigeba 

Sesabamisi grafikebi (nax. 2, a), romelic 

Sesrulebulia Semdegi monacemebis safuZ-

velze: H =3.1 m, =15,7 kn/m3 da K=47.9 kpa. 

amasTan, kompiuteruli programiT miRebuli 

maragis koeficienti faqtiurad mdgradobis 

ricxvia, raSic SeiZleba davrwmundeT igive 

monacemebis (7) gantolebaSi CasmiT. prog-

rama aseve saSualebas iZleva ganvsazRvroT 

dacurebis yvelaze saSiSi wris centri da 

Sesabamisi radiusi.  

 
nax. 2. Camonaqcevisa da 

nayaris mdgradobis grafikebi 

efeqturi daZabulobis analiziT sargeb-

lobisas Siga xaxunis kuTxe nulis tolia 

da Zvraze simtkice SeiZleba Semdegnairad 

gamovsaxoT: 

 u

f

( r ) HtgS K
N

  
 

1
,  (10) 

sadac fN  xaxunis ricxvia, romelic  da  

kuTxeebis funqciaa. 

(5) da (10) gantolebebi CavsvaT (6) ganto-

lebaSi, miviRebT maragis koeficientsa da 

mdgradobas Soris damokidebulebas: 

 u
s

f

( r )tgKK N
H N

  
  

  
Zv

1
.  (11) 

(9) gantolebidan sN -is CasmiT (11) ganto-

lebaSi  

  

n

i н i i
i

n

i i
i

( KL ( r )G cos tg ]
K

( G sin )





   







1

Zv

1

1

  (12)  

da (12) gantolebasTan SedarebiT miviRebT: 

 

n

i
i

f n

i i
i

H L
N

( G cos )













1

1

.  (13) 

SevarCioT wre, romelic gamoviyeneT  

sN -is gansasazRvravad, maSin (13) gantole-

biT SeiZleba ganvsazRvroT fN  xaxunis ri-

cxvi  da  sxvadasxva kombinaciisaTvis. ga-

moTvlebis Sedegebi moyvanilia me-2,b na-

xazze. (11) gantolebis safuZvelze gansazR-

vruli maragis koeficientisa da me-2 naxa-

zis grafikebis Sedarebisas SeiZleba misi 

mniSvneloba minimaluri ar aRmoCndes, rad-

gan dacurebis yvelaze saSiS wres adgili 

aqvs, roca =0, rac me-2 naxazze mocemuli 

grafikebis agebisas gamoiyeneba. magram gan-

sxvavebas vRebulobT, roca � gansxvavebu-

lia nulisagan, gansakuTrebiT maSin, roca 
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grunti SeWidulobasTan SedarebiT maRali 

Siga xaxuniT gamoirCeva. maSasadame, am 

dros aucilebelia Semasworebeli koefici-

entis SemoReba [10,11]. 

normaluri meTodisaTvis, (3)-is Tanaxmad, 

maragis koeficienti SeiZleba gamovsaxoT 

Semdegi saxiT: 

 










 n

i
ii

n

i
iiuiu

G

tgGrtgGrLKLK
K

1

1
22112211

sin

cos)1()1(
21




Zv

, (14) 

sadac L1  da L2 , Sesabamisad, aris gruntebSi 

1 da 2 gamavali saSiSi dacurebis wris 

rkalebis sigrZe; iG 1  da iG 2  _ rkalis ze-

moT gruntebis 1 da 2 i-uri nawilis wonebi. 

grunti 2-is wona 

  
n

i
i

sin( )G G H
sin sin

  
  

   2
2 2

1

1

2
.  (15) 

xolo z x tg    wrfiTa da wris rkaliT Se-

mosazRvruli  gruntis 1 segmentis wona:  

  
n

i i
i

LG G H L R sin
R

     
 

 1
1 1

1

1

2
.  (16) 

 (14) gantoleba SeiZleba gardavqmnaT 

Semdegi saxiT: 

K Zv   

s s f u u
f f

K tg tgKN ( L ) L ( r ) ( r )
H H N N

  
         

   
1 2

1 2

2 1 21 1 1 , (17) 

sadac f
LL

L L



2

1 2

 sigrZis faqtoria. 

(14) da (17) gantolebebis SedarebiT marti-

vad SeiZleba davamtkicoT, rom fN  xaxunis 

koeficientis analogiuria (9) formuliT gan-

sazRvruli sN -is gamosaxulebisa da grun-

tebisaTvis 1 da 2 Semdegi saxe eqneba: 

 

n

i
i

f n

j i
i

H L
N

G cos













1

1

1
1

; 

n

i
i

f n

j i
i

H L
N .

G cos













2

1

2
1

  (18) 

sN , fN
1

, fN
2
 da fL  sidideebis dasadgenad 

�,  kuTxeebisa da D-s sxvadasxva mniSvne-

lobisaTvis gamoyenebulia kompiuteruli 

programa „maTematika-5“. gamoTvlebi Catare-

bulia ,  kuTxeebisa da D-s sxvadasxva 

mniSvnelobisaTvis, kerZod nayaris ferdos 

daxris kuTxe  icvleboda (5; 40) inter-

valSi; bunebrivi ferdos daxris kuTxe  

icvleboda (0; 30) intervalSi, xolo D 

CaRrmavebis maCvenebeli _ (0,2;0,8) intervalSi. 

es diapazonebi TiTqmis mTlianad moicavs 

SemTxvevebs, romlebic praqtikaSi gvxdeba. 

gamoTvlebiT miRebuli SedegebiT agebulia 

grafikebi D=0,2,D D=0,4, D=0,6 da D=0,8 mniSvne-

lobebisaTvis, romelTagan D=0,4 mocemulia 

me-3 naxazze. roca  Zalian mcirea da   0 , 

maSin CaRrmavebis maCvenebeli D SeiZleba 

aRmoCndes Zalian didi da grafikebis diapa-

zonis gareT. dasmuli amocanis gadasawy-

vetad saWiro parametrebis miRebuli damo-

kidebulebiT da mdgradobis grafikebis ga-

moyenebiT sailustraciod ganvixiloT mara-

gis koeficientis gamoTvlis ricxviTi maga-

liTebi.  

 

nax. 3. arakldovan fuZeze samkuTxa  

nayarisaTvis mdgradobis grafikebi, roca D=0,4 
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mocemulia:   15 ,   35 ; H  6 m; ,  19 6  

kn/m3; K ,1 4 8  kpa;   1 20 ; K ,2 7 2 kpa da 

  2 30 . ganvsazRvroT maragis koeficienti, 

roca filtracia ara gvaqvs da D CaRrmave-

bis koeficientia: 1. D  0 ; 2. D=0,2; 3. D=0,4; 4. 

D=0,6 da 5. D=0,8. 

amoxsna. gamovTvaloT (17) gantolebaSi Se-

mavali calkeuli wevrebi, gvaqvs: K H 1

, ( , ) ,  4 8 19 6 6 0 04 . K H , ( , ) ,   2 7 2 19 6 6 0 06 , 

tg , 20 0 364  da tg , 30 0 577 . 1. roca D  0 , ma-

Sin me-2 naxazis grafikebidan: sN , 8 9 ; 

fN , 4 1  da (11) gantolebidan: K , ( , Zv 8 9 0 06

, , ) , 0 577 4 1 1 79 . 2. roca D=0,2, maSin grafike-

bidan (aq moyvanili ar aris): sN , 6 8 , 

fN ,
1

3 5 ; fN 
2

26 , xolo (17) gantolebidan: 

K , ( , , , , , , , , )      Zv 6 8 0 04 0 71 0 06 0 29 0 364 3 6 0 557 2 6

, 1 17 . 3. roca D , 0 4 , maSin me-3 naxazis gra-

fikebidan: sN , 6 0 , fN ,
1

2 6 , fN 
2

72  da 

L ,1 0 18 , xolo (17) gantolebidan: K Zv   

, ( , , , , , , , , )      6 0 0 04 0 82 0 06 0 18 0 364 2 6 0 557 7 2  

, 1 15  4. roca D=0,6, maSin grafikebidan (aq mo-

yvanili ar aris): sN , 5 4 , fN ,
1

2 1 ; fN 
2

140  

da L , 0 12 ; xolo (17) gantolebidan: K Zv  

, ( , , , , , , ) ,     5 4 0 04 0 88 0 06 0 12 0 364 2 1140 1 19 . am-

rigad, roca D , 0 4 , maSin maragis koeficien-

tis mniSvneloba minimaluria da 1,15-is toli. 

  

daskvna 

biSofis gamartivebuli meTodiT miRebu-

lia daxril brtyel arakldovan ferdoze 

agebuli miwis nagebobis (samkuTxa ganivkve-

Tis nayaris) Zvris maragis KZv  f ( , ,D,    

u uK ,K , , ,r ,r , )  
1 21 2 1 2  koeficientis gansasazRv-

ravad saWiro damokidebulobebi. kompiute-

ris gamoyenebiT samkuTxa nayarisaTvis , � 

kuTxeebisa da D-s sxvadasxva kombinaci-

isTvis dadgenila kritikuli wris mdeba-

reoba, agebulia mdgradobisa da xaxunis 

grafikebi. am grafikebiT (17) gantolebidan 

advilad gamoiTvleba maragis koeficienti. 

miRebuli amonaxsnebi realur SedegTan 

kargi miaxloebaa, rac dasturdeba statiaSi 

ganxiluli testuri magaliTebiT. amasTan, 

D  0  SemTxveva SeiZleba gamoviyenoT 

ferdos mdgradobis dasadgenad, roca 

nayaris sagebi anu ferdo kldovania.  
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ABSTRACT. The paper considers the problem of assessing the shear reserve coefficient of ground fill of a definite 

designation and geometric sizes originated due to the mining works on a flat non-rocky slope inclined by angle a to 
the horizon.  

In order to solve the problem, the location of the critical circle of hazardous slide of the landslide 
 sliding triangle is identified, with the minimum reserve coefficient of the circle, which depends on the fill 

geometry and ground parameters. In order to calculate the reserve coefficient, the shear strength on the sliding 
surface is identified by means of the following ground parameters: effective adherence, effective internal friction 
angle; specific weight g and pore stress coefficient ru. By approximating the fill surface, we gained the fill with a 
triangle cross-section. The relations necessary to calculate the shear reserve coefficient of a ground structure (fill with 
a triangle cross-section) built on the inclined flat non-rocky slope are obtained.  

By using the computer software, the graphs of stability and friction numbers for different combinations of 
inclination angles a and b of the natural slope and fill and cavity index of a critical circle D are drafted for the triangle 
fill. The obtained solutions represent good approximation to the real results what is proved by the test examples 
considered in the article. In addition, this case may be used to calculate the reserve coefficient for a rocky natural 
slope.  
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АННОТАЦИЯ. Рассматривается упрощенный метод для сдвига насыпи треугольного профиля на грунтовых 
склонах. Установлено, что наиболее опасный круг или круг с минимальным коэффициентом запаса касается 
линии, проходящей на глубине DН ниже поверхности природного склона. 

Получена зависимость для определения коэффициента запаса, а путем сравнения наименьшим 
коэффициентом запаса для различных показателей заглубления D найден наиболее опасный круг с 
минимальным коэффициентом запаса. Зная положение критического круга, которое зависит не только от 
геометрии откоса, но также от параметров грунтов, можно определить числа устойчивости и трения. 

Значения числа устойчивости и трения, вычисленные с помощью ЭВМ и при различных комбинациях угла 
откоса и природного склона, приведены в графиках для различных значений заглубления. Эти графики 
охватывают большую часть встречаемых на практике случаев. Они также применимы для проведения анализа в 
эффективных напряжениях откоса. Применение графиков устойчивости иллюстрируется на численных 
примерах.  
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anotacia. ganxilulia horizontisadmi 

sxvadasxva kuTxiT daxril mTis or brtyel 

kldovan kalTaze mdebare gruntis ferdos 

statikuri mdgradobis amocana. ferdos ge-

ometriuli parametrebis, gruntis ZiriTadi 

maxasiaTeblebis, foruli wnevis koeficien-

tis, damWeri da mZvreli (seismuri datvirT-

vis gaTvaliswinebiT) Zalebis saSualebiT ga-

nisazRvreba trapecoiduli ganivkeTis mqone 

ferdos mdgradobis, Zvris maragis KZv  
koe-

ficienti. gaangariSebisas gamoiyenes fer-

dos bunebrivi zedapiris gamartivebis meTo-

di anu aproqsimacia horizontaluri da dax-

rili wrfeebis monakveTebiT. gamosakvlevad 

gamoiyeneba trapecoiduli ganivkveTis mqone 

ferdo. amocanis statikurad gansazRvri-

saTvis ferdo pirobiTad daiyo or mcurav 

blokad. statikis pirobidan gamomdinare, 

Sedgenilia wonasworobis gantolebaTa sis-

tema, romelic saZiebeli sididis ( KZv -s) mi-

marT dayvanilia erTucnobian kvadratul 

gantolebaze. erT-erTi realuri ferdos ge-

ometriuli parametrebis, gruntis maxasia-

Teblebis, foruli wnevis koeficientisa da 

seismurobis koeficientis ricxviTi monace-

mebiT amoxsnilia testuri magaliTi.
 
 

  

sakvanZo sityvebi: grunti; dacurebis 

zedapiri; kuTri wona; maragis koeficienti; 

mdgradoba; simtkice; ferdo; SeWiduloba.  

 

 

Sesavali 

saqarTveloSi rogorc mTagorian qveya-

naSi, rTuli geografiuli pirobebis miuxe-

davad (xSirad damewyril, cicabo ferdo-
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ebze), mravali masStaburi proeqti xorcie-

leba, rogorebicaa: sarkinigzo da saavto-

mobilo magistralebi; samTo-saTxilamuro 

bazebi; sasargeblo wiaRiseulis mopoveba; 

hidroteqnikuri da sxva. magaliTad, saqar-

TveloSi mdebare (axalqalaq-karwaxi) baqo-

Tbilis-yarsis sarkinigzo magistralis 27km 

sigrZis monakveTze rkinigzis mSenebloba 

warmoebs zRvis donidan 1700_2100 metr 

simaRleze. am monakveTze xSiria mewyer-Ca-

monaqcevebi, rac safrTxes uqmnis sarkinig-

zo magistralis usafrTxo funqcionirebas; 

aseve svaneTSi, TeTnuldis mTis kalTebze, 

zRvis donidan 1900_3200 metrze mimdinare-

obs saerTaSoriso daniSnulebis samTo-saT-

xilamuro bazis mSenebloba [1]. iq misasvle-

li gzebis mSeneblobisas, ferdoze moqmedi 

rTuli bunebrivi faqtorebisa da datvir-

Tvebis (miwisZvrebi da afeTqebebi) zemoqme-

debiT irRveva qanebSi damyarebuli buneb-

rivi reJimi, icvleba daZabulobis veli da 

warmoiSoba deformaciebi. maSasadame, bevr 

adgilas warmoiqmneba ferdos Camonaqcevi 

masis SesaZlo dacurebis zedapirebi. 

amitom, mTis kalTebze satransporto gze-

bis, dambebis, miwis gafarToebiTi samuSaoe-

bis da sxva mravali miwis nagebobis dapro-

eqtebisas farTod gamoiyeneba da metwilad 

aucilebelicaa winaswar SevasruloT nebis-

mieri moxazulobis ferdoebis, mTis kal-

Tebisa da ferdoebze nayaris statikur 

mdgradobaze gaangariSeba [2,3,4].  

zemoT CamoTvlili miwis nagebobis dap-

roeqtebisas upirvelesad saWiroa Catardes 

adgilobrivi, bunebrivi pirobebis gaTvali-

swinebiT, savele gamokvlevebi. savele ga-

mokvlevis kompleqsSi igulisxmeba: topog-

rafia (miwis zedapiris geometria), geolo-

gia (samTo teqnikuri faqtorebis zemoqme-

deba), hidrogeologia (wylis reJimi, klima-

turi pirobebi), mcenareulobis safari, fer-

dos daxrilobis cvlileba da mewyris ti-

pebi (brunviTi da translaciuri). mewyris 

warmoqmnis Semdeg saWiroa aseve ganisazRv-

ros dacurebis zedapiris formebi da mxo-

lod amis Semdeg ganxorcieldes miwis nage-

bobis daproeqteba [4,5].  

Tamamad SeiZleba iTqvas, rom saqarTve-

los masStabiT, aRniSnuli problemebis ga-

dasawyvetad, TiTqmis ar tardeba savele da 

Teoriuli samecniero kvlevebi. swored aR-

niSnuli problemis gadawyveta, mecnierul-

Teoriuli bazis Seqmna, realur geologiur 

pirobebSi ferdoebis statikuri mdgradobis 

gaangariSebis sakmaod zusti da martivad 

gamoyenebadi sainJinro meTodebi Seadgens 

kvlevis obieqts.  

  

ZiriTadi nawili 

ganvixiloT erTgvarovani gruntis fe-

nebisagan Semdgari ferdo (gruntis nayari), 

romelic xasiaTdeba efeqturi Siga xaxunis 

  (gradusi) kuTxiT, �kuTri woniT (kn/m3) 

K  (kpa) efeqturi SeWidulobiT da ru fo-

ruli wnevis koeficientiT. ferdo eyrdnoba 

horizontisadmi� da �kuTxeebiT daxril 

or kldovan brtyel mTis kalTas (saSiSi 

dacurebis zedapirebs). SevarCioT Oxz ko-

ordinatTa sistema ise, rogorc naCvenebia 1-

el naxazze. ferdo zemodan SemosazRv-

rulia nebismieri moxazulobis z=z(x) wiriT, 

romlis analizuri saxiT Cawera sakmaod 

rTulia da zogjer SeuZlebelic. amasTan, 

dadebiTi pasuxis SemTxvevaSi miiReba saZie-

beli ucnobis mimarT rTuli maTematikuri 

gantolebebi. maT amosaxsnelad saWiroa 

rTuli maTematikuri aparatis gamoyeneba, 
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romelic rigiTi damproeqteblisaTvis Zne-

lad gamosayenebelia da srulyofili ana-

lizis saSualebas ar iZleva. maSasadame, 

ferdos mdgradobaze gaangariSebisas mivi-

RoT gantolebebi, romlebic SedarebiT io-

lad amoixsneba, e.i. gamoviyenoT ferdos ga-

nivkveTis gamartivebis meTodi. movaxdinoT 

ferdos zedapiris aproqsimacia: z=0, z=H, 

z x tg    wrfeebis monakveTebiT da mTis 

kalTis ori brtyeli kldovani zedapiriT 

anu saSiSi dacurebis sibrtyeebiT: z=0 da 

z xtg lH   . aproqsimaciis Sedegad miviReT 

trapecoiduli ganivkveTis mqone ferdo (na-

yari). axla ganvixiloT ferdos statikuri 

mdgradobis amocana. 

 ferdos geometriuli parametrebis, grun-

tis ZiriTadi maxasiaTeblebis, foruli koe-

ficientis, damWeri da mZvreli Zalebis sa-

SualebiT ganvsazRvroT trapecoiduli ga-

nivkeTis ferdos Zvraze maragis KZv  koefi-

cienti, roca is eyrdnoba horizontisadmi 

sxvadasxva kuTxiT daxril mTis or brtyel 

kldovan kalTas. gansaxilveli ferdo sta-

tikurad ganusazRvrelia. imisaTvis, rom 

amocana statikurad gansazRvruli iyos da 

SevZloT ferdos maragis koeficientis gan-

sazRvra, saWiroa x= lH  wrfiT nayari piro-

biTad davyoT or mcurav blokad, sadac l  
aris gansaxilveli prizmis fuZis siganis 

fardoba mis H simaRlesTan. am dayofiT 

miviReT ori bloki: qveda marcxena a) sam-

kuTxedis formisaa da zeda marjvena b) 

trapecoiduli. maTi gancalkevebis SemTx-

vevaSi blokebs Soris aRiZvreba urTierTq-

medebis Siga Zalebi. gayofis zedapirebze 

qveda da zeda blokebze moqmedi Siga Za-

lebis nakrebi veqtorebi Sesabamisad aRvniS-

noT: iP P1

 
 da iP P2 1

 
-Ti, amasTan 

| P | | P | P 1 2

 
. davuSvaT, rom es veqtorebi ho-

rizontaluria da mZvrel Zalas aqvs mara-

gis koeficienti KZv.  

blokebze modebuli gare Zalebi _ blo-

kis gruntis moculobis wona, droebiTi 

datvirTva, zedapirze modebuli ganawile-

buli datvirTvis CaTvliT SevcvaloT Sesa-

bamisad qveda da zeda blokebze modebuli 

G1 da G2 tolqmedi ZalebiT (nax. 1). blo-

kebze modebuli aqtiuri gare Zalebis tol-

qmedis garda, dacurebis wriul-cilindruli 

zedapirisgan gansxvavebiT, unda gaviTva-

liswinoT Zvraze seismuri СSG datvirTvis 

gavlena, romlis mimarTuleba naCvenebia 1-

el naxazze. aq G aris ferdos masivis blo-

kis simZimis Zala. literaturaSi arsebobs 

seismurad aqtiur zonebad dayofis rukebi, 

sadac mocemulia TiToeuli zonis Сs seis-

murobis koeficienti [1,4,6]. miwisZvris SemT-

xvevaSi TiToeul blokis simZimis centrSi 

imoqmedebs Sesabamisi seismuri Zalis СsG1 

da СsG2 horizontaluri mdgenelebi. Сs seis-

murobis koeficientis gansazRvrisas sar-

gebloben formuliT, romelic damoki-

debulia imaze, rom miwisZvris epicentridan 

saSualo daSoreba 24 km-s Seadgens [4,6,7]. am 

naSromebis mixedviT seismurobis koefi-

cienti СS ganisazRvreba formuliT:  

1lg [0.267 ( 1)0.308]
980sC

  


mm
,   (1) 

sadac mm modificirebul skalaze intensiu-

robas aRniSnavs. kvlevebiT dadgenilia, rom 

misi sidide icvleba 0.03-dan 0.27-mde farg-

lebSi. 

axla G1 da G2 tolqmedi Zalebi maT mode-

bis wertilSi davSaloT, Sesabamisad, N1 , N2  
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normalur da T G sin 1 1


, T G sin 2 2


 mxeb 

Zalebad, romelTagan aproqsimaciis Sedegad 

T G sin  1 1 0


. garda amisa, bmebisgan gaTavi-

suflebis principis Tanaxmad, blokebze mo-

debuli iqneba dacurebis zedapirebis jamuri 

reaqciebi: i uR R N r G  1 3 1 1

 
 da iR R 2 2

 
 

uN r G cos  2 1


, aseve am zedapirebze modebu-

li Zvraze winaRobis anu damWeri Zalebi: 

F ( KlH N tg ) K  1d 1 Zv


 da F ( KH cos ec  2d


 

N tg ) K 2 Zv . amrigad, gvaqvs oTxi ucnobi si-

dide: PKKZv, N1  da N2 . statikis pirobebidan 

gamomdinare, maT gamosaTvlelad SeiZleba 

SevadginoT oTxi gantoleba (or-ori TiToeu-

li blokisTvis), sadac N1  da N2  Zvris 

sibrtyis mimarT efeqturi normaluri Za-

lebia. Tu davuSvebT, rom PP mimarTulia 

horizontalurad an or bloks Soris xa-

xuns uarvyofT, maSin daSveba yovelTvis 

migviyvans ufro mcire maragis koeficien-

tamde [8,9,10]. 

1-el naxazze gamosaxul qveda da zeda 

blokebze moqmed ZalTa wonasworobis pi-

robidan gvaqvs:  

 uN r G G  1 1 1 0 ,  (2) 

 s( KlH N tg ) K P C G    1 Zv 1 0 ,  (3) 

uN r G cos G cos   2 2 2   

 sC G sin P sin  2 =0,  (4) 

 ( KH cos ec N tg ) K   2 Zv


 

 sG sin C G cos   2 2 0 .  (5)  

amovxsnaT (2)_(5) gantolebebi, risTvisac 

(2) gantolebidan vipovoT  

 uN ( r )G 1 11 .  (6) 

 Semdeg (6) CavsvaT (3) gantolebaSi da 

ganvsazRvroT P , xolo (4)-dan N2 , miviRebT:  

 u sP [ KlH ( r )G tg ] K C G     1 Zv 11 ,  (7) 

 2 2 2sin (1 ) cos sinu sN P + r G C G     .  (8) 

 amasTan, qveda da zeda blokebze moqmedi 

aqtiuri Zalebis tolqmedebi gamovsaxoT 

ferdos gruntis �kuTri woniT: G s 1 1

1

2
, 

G s 2 2

1

2
, sadac ,1s 2s  qveda da zeda blo-

kebis ganivkveTebis farTobebia (maTi mniSv-

nelobebis gamoTvla aq moyvanili ar aris). 

axla G1 da G2-is mniSvnelobebi CavsvaT (5) 

gantolebaSi da amovxsnaT KZv maragis 

koeficientis mimarT, miviRebT Semdeg 

kvadratul gantolebas: 

    ctg ( ltg ) ctg sin         
21  

sC ctg ( ltg ) ctg l tg cos K         
2 2 2

Zv1  

 u s
K ( l cos cos ec ) ( r )cos C sin
H


          

1  

Kctg ( ltg ) l tg tg
          


2 2
Zv1

  

 u
Kl sin tg ( r )ltg tg
H

 
         

2
1 0 .  (9) 

KZv maragis koeficientis ricxviTi mniSv-

nelobebis gamoTvlis moxerxebulobis mizniT 

(9) gantoleba gadavweroT Semdegi saxiT: 

 2
1 2 3 0a K a K a  Zv Zv ,  (10) 

sadac 

 1 4 4 5sin ( ) cossa a C a a    ;  (11) 

ecK ( l cos cos )
H


       

2  

 u s[( r )cos C sin ]( a a )tg ;     4 51  (12) 

 u
aKa l sin tg ( r ) tg

H l
 

        
5

3 1 .  (13) 
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nax. 1. trapecioduli formis nayaris Zvra sibrtyeebze: 

a – qveda bloki; b – zeda bloki 

 
 

Tu ferdos mdgradobis amocanas ganvi-

xilavT aproqsimaciis gareSe, e.i. roca fer-

do zemodan SemosazRvrulia Z=Z(x) wiriT 

anu aqvs araswori formis gare zedapiri, 

maSin ferdos mocemuli G1 da G2-saTvis 

gvaqvs: 

 2
4 2 /a G H  ;  (14) 

 2
5 1 /a G H  .  (15) 

ferdos zedapiris aproqsimaciis SemTxve-

vaSi SeiZleba miviRoT ori tipis swori 

konfiguraciis ferdo (nax. 2). me-2, a na-

xazze gamosaxuli I tipis ferdosaTvis 

 a [ ctg ( ltg ) ctg ]      2
4

1
1

2
,  (16) 

 a l tg  2
5

1

2
;  (17) 

 

 

 
nax. 2. zedapiris aproqsimaciiT miRebuli  

ferdos (nayaris) ori tipi:  
a –I tipi; b –II tipi 

2, b naxazze gamosaxuli II tipis ferdo-

saTvis 

 4
1 ctg
2

a    ;  (18) 

 a l ctg  5

1

2
.  (19)  

aRvniSnoT, rom (14) da (15) gantolebebis 

gamoyenebisas araswori formis mqone zeda-

piris ferdoebisaTvis G1 da G2 sidideebi 

gamoiTvleba ganivkveTis farTobis uSualo 

gazomviT. Tu swori konfiguraciis ferdo 

iseTia, rogoric me-2 naxazzea naCvenebi, 

maSin saWiroa gamoviyenoT (16) da (17) an (18) 

da (19) gantolebebi, miuxedavad imisa nayari 

ekuTvnis I Tu II tips. I tipis nayars, rom-

lis l  maxasiaTebeli akmayofilebs pirobas: 

l ≤ctg, aqvs samkuTxa formis qveda bloki, 

xolo II tipis nayars, romlis l >ctg, tra-

pecoiduli formis qveda bloki. 

saWiroa aRiniSnos, rom gamartivebuli 

ganivkveTis gamoyenebis mizania iseTi ganto-

lebis miReba, romlis gadawyveta SesaZle-

belia xeliT an jibis kalkulatoriT. amas-

Tan, miRebuli Sedegi iqneba realur suraT-

Tan kargi miaxloeba. saerTod es meTodi gaT-

valiswinebulia kompiuteris gamoyenebisaT-

vis, sadac P Zala da fuZeSi Zvris sibrtye 

horizontaluri ar aris an bunebrivi qano-

bis aproqsimacias axdens sami monakveTis sa-

SualebiT.  

axla sailustraciod ganvixiloT Semde-

gi magaliTi. vTqvaT,  =4 da � = 37 kuTxiT 

daxril mTis kalTis or kldovan sibrtyes 

eyrdnoba samTo samuSaoebiT warmoqmnili 

gruntis nayari. saWiroa davadginoT dacu-

rebis zedapiris Zvraze simtkice Semdegi 

ricxviTi parametrebiT: efeqturi SeWidu-

loba _ K =7,7 kpa, efeqturi Siga xaxunis 
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kuTxe _  = 24, kuTri wona _� =19,6 kn/m3, 

foruli wnevis koeficienti _ ru=0,05, naya-

ris fuZis sigane _ lH =140,2 m, nayaris dayva-

nili simaRle _ H =70.1 m, ferdos daxra _ 

=24 da yvelaze saSiSi dacurebis zeda-

piri gadis nayaris fuZeze. Tu foruli wne-

vis koeficientis mniSvneloba 0,05-is tolia, 

maSin igulisxmeba, rom nayaris 10% wyalSia 

moqceuli. seismuri zemoqmedebisas ganv-

sazRvroT maragis koeficienti KZv , Tu se-

ismurobis koeficienti СS =0,1. 

amoxsna. nayaris brtyel zedapirze Zvris 

amocanis Seswavlis mizniT gamoviyenoT fer-

dos ganivkveTis gamartivebis meTodi. amisaT-

vis aucilebelia movaxdinoT nayaris buneb-

rivi zedapiris aproqsimacia horizontalu-

ri da daxrili wrfeebis saSualebiT. ap-

roqsimaciis Semdeg miviRebT ferdos, ro-

melic analogiuria 1-el naxazze naCvenebi 

ferdosi, e.i. aqvs trapecoiduli forma (nax. 

3). martivi meTodi imaSi mdgomareobs, rom 

horizontaluri wrfe ise gavataroT, rogorc 

me-3 naxazze punqtiriTaa naCvenebi, amasTan 

Semkavebeli anu qveda bloki ise unda gada-

adgildes fuZis SigniT, rom mTliani wona 

SeinarCunos. zeda amZravi blokis wonis ga-

zrda unda kompensirdebodes qveda blokis 

ZirSi maragis koeficientis gazrdiT. maSa-

sadame, maragis koeficienti ucvleli unda 

darCes. es aproqsimacia gamoiwvevs nayaris 

76,2 metridan 70,1 metramde Semcirebas. 

 
nax. 3. nayaris sqema 

 

nayari miekuTvneba I tips, vinaidan e.w. 

qveda marcxena bloks aqvs samkuTxedis 

formis ganivkveTi. fuZis sigane Seadgens 

140,2 metrs anu l =140,2/70,1=2. roca �= 24,� 
 =37, maSin (16) da (17) gantolebebidan 

gvaqvs: 

a ctg ( tg ) ,       
2

4

1
37 1 2 24 0 650

2
, 

 a tg ,    2
3

1
2 24 0 890

2
.  

roca K , 7 7  kpa,   24 , ,  19 6  kn/m3; 

ur , 0 05  da sC , 0 1 , maSin (11)_(13) 

gantolebebiT miviRebT: 

a , sin   1 0 650 37  

, ( , , )cos ,  0 1 0 650 0 890 37 0 514 ; 

romelic aproqsimaciis Semdeg Rebulobs 

1-el naxazze naCveneb ferdos analogiur 

trapecoidul formas (nax. 3). 

  

ec,a ( cos cos )
, ,

    


2

7 7
2 37 37

19 6 70 1
 

 [ , )cos  1 0 05 37  

  ,, sin ]( , , )tg

   


0 4970 1 37 0 650 0 890 24 ; 

  

a sin  3 2 37  

, ,tg ( , ) tg ,
, ,

            

7 7 0 890
24 1 0 05 24 0 104

19 6 70 1 2
. 

maSasadame, (10) kvadratuli gantoleba 

miiRebs Semdeg saxes:  

, K , K ,  2
Zv Zv0 514 0 497 0 104 0; 

, ( , ) , ,
K

,
   




2

Zv

0 497 0 97 4 0 514 0 104

2 0 514
, 

saidanac K Zv 1,144  da K  Zv 0,177 . aq uaryo-

fiTi fesvi ar gamogvadgeba, amitom seismu-

ri zemoqmedebis Sedegad maragis koeficien-

ti K Zv 1,144 . 
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daskvna 

ferdos gamartivebuli ganivkveTis gamoye-

nebis mizania, rom am meTodiT miRebuli fer-

dos gruntis statikuri mdgradobis ganto-

leba maragis koeficientis mimarT amovxsnaT 

xeliT an kalkulatoriT, risi naTeli da-

dasturebaa ganxiluli testuri magaliTi. sa-

erTod es meTodi gankuTvnilia kompiuteris 

gamoyenebaze, roca Siga Zalebis iP P1 1

 
, 

iP P  2 2 1

 
 nakrebi veqtorebi da fuZeSi dacu-

rebis zedapiri horizontaluri ar aris. moy-

vanili meTodi saSualebas iZleva winaswar 

davgegmoT iseTi aqtualuri amocanebi, rogo-

rebicaa mewyris stabilizaciis uzrunvel-

yofa da optimaluri sainJinro RonisZiebebis 

SerCeva.  
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ABSTRACT. The problem of static stability of the ground slope located on two rocky mountain slopes inclined to 
the horizon at different angles is considered. The geometric parameters of the slope, principal properties of the 
ground, pore pressure coefficient and retention and shear forces (taking into account the seismic load) were used to 

calculate the shear reserve coefficient of the slope with a trapezoid section ShK . The calculation used the simplifi-

cation method of the natural slope surface, or approximation with the sections of horizontal and sloping lines. Con-
sequently, a slope with a trapezoid cross-section is obtained to study. In order to statistically define the problem, the 
slope was conventionally divided into two sliding blocks. Following the term of statics, a system of the equilibrium 
equations is developed and reduced to the quadratic equation with one unknown quantity to the sought quantity  

( ShK ). A test example was solved by using the quantitative values of the real slope geometric parameters, ground 

characteristics, pore pressure coefficient and factor of seismicity.  
 Resume:  
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АННОТАЦИЯ. Рассмотрена следующая задача статической устойчивости грунтового откоса: как посредством 
геометрических параметров откоса, основных характеристик грунта, коэффициента порового давления, 
держащих сдвигающих (с учетом сейсмической нагрузки) сил, определить коэффициент запаса на сдвиг откоса 
с трапецеидальным поперечным сечением, когда он опирается на два плоских скальных склона, наклоненных к 
горизонту под различными углами. При расчете применен метод упрощения природной поверхности откоса, 
т.е. аппроксимация отрезками горизонтальных и наклонных линий. После этого для исследования получен 
откос с трапецеидальным поперечным сечением. Задача статически определена таким образом, что откос 
условно разделен на два плавающих блока. Исходя из условия статики, составлена система уравнений 
равновесия, которая доведена до квадратного уравнения к искомому неизвестному. Тестовая задача решена 
по числовым значениям геометрических параметров одного из реальных откосов, характеристике грунта, 
коэффициенту порового давления и коэффициенту сейсмичности.  

 
КЛЮЧЕВЫЕ СЛОВА: грунт; коэффициент запаса; откос; поверхность скольжения; сцепление; удельный вес; 

устойчивость.  
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anotacia. statiaSi saSualovadian peri-

odSi energoresursebze moTxovnis optima-

luri dagegmvis saerTaSoriso gamocdile-

bis analizis safuZvelze dasabuTebulia 

dasmuli problemebis Tanamedrove moTxov-

nebis doneze gadawyvetis aqtualuroba. sa-

qarTvelos magaliTze korelaciuri anali-

ziT dadgenilia energoresursebis moTxov-

naze moqmedi faqtorebi. prognozirebis av-

toregresuli modelebis gamoyenebiT saSua-

lovadian periodSi xdeba am faqtorebis 

prognozireba. regresuli analizisa da xe-

lovnuli neironuli qselebis gamoyenebiT 

Catarebulia eleqtroenergiis, SeSis, nax-

Siris, navTobisa da bunebrivi airis mox-

marebis saSualovadiani prognozireba. re-

gulirebadi trendiT, eqsponencialuri ga-

moTanabrebis meTodiT dazustebulia moxma-

rebis parametrebi, Sesabamisad gansazRvru-

lia prognozuli maCveneblebi. saqarTvelo-

Si energoresursebze moTxovnis ganviTare-

bis perspeqtivebis analizis mixedviT Camo-

yalibebulia saSualovadian periodSi ener-

goresursebze moTxovnis optimalurad da-

gegmvis mravalfaqtoriani maTematikuri mo-

deli da SemuSavebulia energoresursebze 

moTxovnis optimaluri dagegmvis erTiani 

meTodika. aRniSnuli meTodika aprobirebu-

lia saqarTvelos magaliTze da gansazRv-
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rulia saSualovadiani periodisTvis ener-

goresursebze moTxovnis mecnierulad da-

sabuTebuli gegmuri parametrebi.  

 

sakvanZo sityvebi: energoresursebis mo-

xmareba; maTematikuri modeli; prognozi-

reba; regresia; faqtori; xelovnuri neiro-

nuli qselebi.  

 
 

Sesavali 

saSualovadian periodSi qveynis energore-

sursebze moTxovnis dagegmvis problemisad-

mi miZRvnil SromebSi [8, 10, 11] mecnierebi 

nakleb yuradRebas uTmoben  problemis ga-

dawyvetis kompleqsurobas, energoresursebis 

gansxvavebul struqturas, energetikuli da-

moukideblobis dones, qveynis socialur-eko-

nomikur mdgomareobas. saqarTveloSi energo-

resursebis moxmarebis analizi gviCvenebs, 

rom saSualovadian periodSi qveynis energo-

resursebze moTxovnis maRali sizustiT 

dagegmvis amocana unda gadaiWras arsebuli 

problemisadmi kompleqsuri midgomiT. imis 

gaTvaliswinebiT, rom prognozireba aris 

grZelvadiani strategiuli dagegmva [15], pir-

vel rigSi uzrunvelyofili unda iyos sa-

Sualovadian periodSi energoresursebze mo-

Txovnis maRali sizustiT prognozireba, 

risTvisac aucilebelia gamoyenebul iqnes 

Tanamedrove maTematikuri da eqspertuli Se-

fasebis hibriduli meTodebi, saprognozo pa-

rametrebis sidide unda dadgindes maTze 

moqmedi yvela SesaZlo faqtoris gaTvalis-

winebiT, Sesabamisad regresuli analizisa 

da xelovnuri neironuli qselebis safuZ-

velze SemuSavdes energoresursebze moT-

xovnis prognozirebis mravalfaqtoriani mo-

deli. problemis gadawyvetis aseTi midgoma 

saSualebas iZleva maRali sizustiT gani-

sazRvros qveyanaSi energoresursebze moT-

xovnis prognozuli parametrebi da saSua-

lovadian periodSi Sesruldes dagegmva. aR-

niSnulidan gamomdinare, saqarTveloSi ener-

goresursebze moTxovnis saSualovadiani da-

gegmva xorcieldeba [5, 6] statiis avtorebis 

mier SemuSavebuli meTodikis safuZvelze. 

  

ZiriTadi nawili 

energoresursebze moTxovnis saSualova-

diani periodisTvis prognozirebis mraval-

faqtoriani maTematikuri modelis SemuSa-

vebis uzrunvelsayofad, eqspertuli Sefa-

sebis safuZvelze, ganxorcielda energore-

sursebis moxmarebaze moqmedi faqtorebis 

garkveuli speqtris winaswari SerCeva. Cata-

rebulma kvlevam aCvena, rom eleqtroenergi-

is, navTobis, SeSisa da bunebrivi airis mox-

marebaze, didi albaTobiT, SesaZlebelia 

gavlena moaxdinos faqtorTa mTelma speq-

trma, maT Sorisaa: 

• eleqtroenergiis samomxmareblo tarifi; 

• eleqtroenergiis eqsporti; 

• SeSis moxmareba; 

• bunebrivi airis sayofacxovrebo moxma-

reba; 

• bunebrivi airis samomxmareblo tarifi; 

• avtomanqanebis raodenoba; 

• airze momuSave avtomanqanebis raode-

noba; 

• benzinis fasi; 

• dizelis fasi; 

• mSp-is realuri zrdis tempi; 

• erovnuli valutis saSualo wliuri 

gacvliTi kursi; 

• urbanizaciis done; 
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• mosaxleobis raodenoba; 

• turistebis raodenoba. 

eleqtroenergiis, navTobis, SeSisa da bu-

nebrivi airis moxmarebaze moqmedi faqtore-

bis dadgenis mizniT Catarda korelaciuri 

analizi [12], romelsac safuZvlad daedo 

zemoT moyvanili faqtorebis 2007_2015 wle-

bis statistikuri monacemebi (cxrili 1, 2). 

 

 

cxrili 1  

saqarTveloSi energetikuli resursebis moxmarebis statistikuri monacemebi  

2007_2015 ww. [1,2,3,4,5,6] 

energoresursi 
zomis 

erTeuli 2007 2008 2009 2010 2011 2012 2013 2014 2015 

eleqtroenergia Mmln.kvt.sT 8,603 8,930 8,533 10,141 10,383 10,087 10,345 11,006 11,292 

navTobi tona 601,822 701,931 753,150 806,697 874,213 942,893 1,046,800 1,100,900 1,214,120 

Bbunebrivi airi mln. m3 1,684 1,463 1,184 1,094 1,750 1,933 1,912 2,094 2,287 

naxSiri tona 69,560 221,730 200,952 320,145 435,363 493,177 449,209 506,900 521,338 

SeSa m3 805,423 818,231 697,461 798,881 595,433 447,479 626,243 595,359 445,020 

 

cxrili 2  

eleqtroenergiis, navTobis, SeSisa da bunebrivi airis moxmarebaze moqmedi  

faqtorebis statistikuri monacemebi 2007_2015 ww. [1,2,3,4,5,6,7] 

energoresursi zomis 
erTeuli 2007 2008 2009 2010 2011 2012 2013 2014 2015 

eleqtro-
energiis 
eqsporti 

Mmln.kvt.sT 626 680 749 1,524 931 528 450 604 660 

SeSis moxmareba kuburi 
metri 805,423 818,231 697,461 798,881 595,433 447,479 626,243 595,359 445,020 

eleqtro-
energiis 

samomxmareblo 
tarifi 

aSS. centi/ 
kvt.sT dRg-s 

CaTvliT 
8.12 8.12 8.12 7.97 7.97 7.58 7.58 8.20 8.62 

saSualo 
wliuri 
gacvliTi 
kursi 

aSS.dolari/
lari 1.6707 1.4902 1.6705 1.7826 1.6860 1.6513 1.6634 1.7659 2.2750 

mSp-s realuri 
zrda 

Pprocen-
tuli cvli-

leba, % 
12.58 2.61 -3.74 6.2 7.19 6.4 3.32 4.62 2.8 

bunebrivi  
sayofacxov-

rebo moxmareba 

mln. kuburi 
metri 980.8 1078.5 886.8 889.2 1086.4 1189.8 1370.7 1579.2 1689.4 

urbanizaciis 
done % 53% 53% 53% 53% 53% 53% 54% 54% 57% 

bunebrivi  
samomxmareblo 

tarifi 

aSS centi/m3 

dRgis 
CaTvliT 

30.38 30.38 30.38 28.25 30.55 30.55 26.59 26.34 27.01 

avtomanqanebis 
raodenoba 

1000 avtoman-
qana 517 603 647 693 751 810 880 965 1,043 

airze momuSave 
avtomanqanebis 
raodenoba 

1000 avtoman-
qana - - - - 32 41 53 61 76 

benzinis fasi 
lari/ 
litri 1.86 1.65 1.57 2.05 2.15 1.68 1.59 1.60 1.43 

dizelis fasi 
lari/ 
litri 2.25 2.06 1.52 2.08 2.27 2.34 2.16 2.18 1.91 

mosaxleobis 
raodenoba 

kaci 4,394,700 4,382,100 4,385,400 4,436,400 4,469,200 4,497,600 4,483,800 4,490,500 3,713,700 

turistebis 
raodenoba 

kaci 1,051,749 1,290,108 1,500,049 2,031,717 2,822,363 4,428,221 5,392,303 5,515,559 5,901,094 

 

korelaciuri analizis Sedegebi asaxulia me-3_6 cxrilebSi.  
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cxrili 3  

eleqtroenergiis moxmarebaze moqmedi faqtorebis  

korelaciuri matrica 
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r
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b
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s
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s
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o
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r
eb
l
o
 

t
ar

if
i 

Eeleqtroenergiis 
moxmareba 

1.000 
         

 

mSp-s realuri 
zrda 

0.053 1.000 
   

faqto-
rebi     

 

eleqtroenergiis 
samomxmareblo 

tarifi 
0.137 -0.157 1.000 

       
 

saSualo wliuri 
gacvliTi kursi 

0.646 -0.075 0.650 1.000 
      

 

SeSis moxmareba -0.698 0.127 -0.002 -0.551 1.000 
     

 

bunebrivi airis 
sayofacxovrebo 

moxmareba 
0.794 -0.077 0.332 0.630 -0.690 1.000 

    
 

mosaxleobis 
raodenoba 

-0.353 0.193 -0.762 -0.876 0.387 -0.522 1.000 
   

 

turistebis 
raodenoba 

0.873 -0.107 0.004 0.564 -0.816 0.908 -0.330 1.000 
  

 

urbanizaciis 
done 

0.652 -0.190 0.614 0.910 -0.580 0.822 -0.894 0.693 1.000 
 

 

eleqtroenergiis 
eqsporti 

0.016 0.090 0.101 0.072 0.413 -0.499 0.070 -0.410 -0.238 1.000  

bunebrivi airis 
samomxmareblo 

tarifi 
-0.724 0.137 -0.192 -0.536 0.284 -0.747 0.292 -0.759 -0.640 0.079 1.000 

 

 

cxrili 4  

navTobis moxmarebaze moqmedi faqtorebis korelaciuri matrica 

faqtorebi 

na
vT

o
b
is

 
mo
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Bb
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z
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 f
as

i 

Dd
iz

el
is

 
f
as

i 

navTobis moxmareba 1.000 
avtomanqanebis raodenoba 0.998 1.000 

Gairze momuSave avtomanqanebis r-oba 0.959 0.958 1.000 
saSualo wliuri gacvliTi kursi 0.678 0.681 0.630 1.000 

mSp-s realuri zrda -0.234 -0.228 -0.060 -0.075 1.000 
benzinis fasi -0.478 -0.475 -0.466 -0.327 0.566 1.000 
dizelis fasi 0.052 0.052 0.210 -0.222 0.829 0.437 1.000 
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cxrili 5  

bunebrivi airis moxmarebaze moqmedi faqtorebis korelaciuri matrica 
 

faqtorebi 

b
u
ne
b
r
iv
i 
ai
r
is

  
mo

x
ma
r
eb
a  

b
u
ne
b
r
iv
i 
ai
r
is

 
s
ay
o
f
ac

x
o
vr

eb
o
 

mo
x
ma
r
eb
a  

u
r
b
an
iz

ac
ii

s
 d

o
ne

 

b
u
ne
b
r
iv
i 
ai
r
is

 
s
am
o
mx

ma
r
eb
l
o
 t

ar
if

i 

el
eq
t
r
o
en
er

g
ii

s
 

s
am
o
mx

ma
r
eb
l
o
 t

ar
if

i  

Ga
ir

z
e 
mo

mu
S
av
e 

av
t
o
ma
nq
an
eb

is
 r

ao
d
en
o
b
a 

s
aS

u
al

o
 w

l
iu

r
i 

g
ac

vl
iT

i 
ku

r
s
i  

mS
p-
s
 r

ea
l
u
r
i 

z
r
d
a 

bunebrivi airis moxmareba  1.000        

bunebrivi airis sayofacx. moxmareba  0.903  1.000        

urbanizaciis done  0.679  0.822   1.000      

bunebrivi airis samomxmareblo tarifi -0.482 -0.747  -0.640  1.000      

eleqtroenergiis samomxmareblo tarifi  0.173  0.332   0.614 -0.192   1.000     

airze momuSave a/m raodenoba  0.906  0.944   0.760 -0.689   0.143   1.000    

saSualo wliuri gacvliTi kursi  0.509  0.630   0.910 -0.536   0.650   0.630   1.000  

mSp-s realuri zrda  0.205 -0.077  -0.190   0.137  -0.157  -0.060  -0.075   1.000  

 

cxrili 6  

SeSis moxmarebaze moqmedi faqtorebis korelaciuri matrica 

 

faqtorebi 

S
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SeSis moxmareba 1.000 

bunebrivi airis sayofacx. moxmareba -0.690 1.000 

urbanizaciis done -0.580 0.134 1.000 

 
 

rogorc cxrilebidan Cans, energoresur-

sebis moxmarebaze moqmedi faqtorebis eqs-

pertuli Sefaseba ZiriTadad emTxveva kore-

laciuri analizis Sedegebs. 

iqidan gamomdinare, rom saqarTveloSi 

moxmarebuli energoresursebidan naxSiris 

moxmarebas umniSvnelo wili ukavia energo-

resursebis mTlian moxmarebaSi, am resur-

sis moxmarebis saSualovadiani prognozi-

reba Catarebulia avtoregresuli meTodiT 

[13], me-2 cxrilSi mocemuli monacemebis sa-

fuZvelze. amave meTodiT aris Catarebuli 

eleqtroenergiis, navTobis, SeSisa da buneb-

rivi airis moxmarebaze moqmedi faqtorebis 

saSualovadiani prognozireba. Sedegebi Se-

tanilia me-7 da me-8 cxrilebSi. 
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cxrili 7  

naxSiris moxmarebis prognozirebis avtoregresuli modeli 
 

energoresursi Pprognozirebis avtoregresuli modeli 

naxSiri Yt=147465.095403193+0.461323460809249Yt-1+0.311721484159898Yt-2 

 

 

cxrili 8  

energetikuli resursebis moxmarebaze moqmedi faqtorebis prognozirebis  

avtoregresuli modelebi 
 

faqtori Pprognozirebis avtoregresuli modeli 

eleqtroenergiis eqsporti Yt=789.975193574696+0.378938100723352Yt-1-0.392634997479875Yt-2 

SeSis moxmareba გამოყენებულია ხელოვნური ნეირონული ქსელების მეთოდი 

eleqtroenergiis samomxmareblo tarifi Yt=9.73086896037924+0.891712900237678Yt-1-1.11067047743373Yt-2 

saSualo wliuri gacvliTi kursi Yt=0.804334990959998+1.04338625746767Yt-1-0.460932583109392Yt-2 

mSp-s realuri zrda Yt=6.56345784436357+0.0347220665215313Yt-1-0.580955204861623Yt-2 

bunebrivi airis sayofacx. moxmareba Yt=-23.7375866716233+1.20956961320583Yt-1-0.122475356147879Yt-2 

urbanizaciis done Yt=0.108+0.8Yt-1+0Yt-2 

bunebrivi airis samomxmareblo tarifi Yt=19.124207773482+0.513965074407091Yt-1+0.186183712198135Yt-2 

avtomanqanebis raodenoba Yt=-21.3995441876303+1.05163132764533Yt-1+0.0639911931725296Yt-2 

Gairze momuSave avtomanqanebis raodenoba Yt=18.7977483490377-0.322027391059717Yt-1+1.45679747898556Yt-2 

benzinis fasi Yt=1.78625332584591+0.532743499034168Yt-1-0.556270189964245Yt-2 

dizelis fasi Yt=2.43917870404202+0.252937596929435Yt-1-0.429813979525421Yt-2 

mosaxleobis raodenoba Yt=1379340.50066834+1.06025543856476Yt-1-0.367911704368631Yt-2 

turistebis raodenoba Yt=671809.205185267+1.40698878111247Yt-1-0.510053506987617Yt-2 
 

 

prognozirebis avtoregresul modelebSi 

Y Yt-1, Yt-2 aris saprognozo faqtorebis wina 2 

wlis maCveneblebi. me-7 da me-8 cxrilebSi 

mocemuli prognozirebis avtoregresuli mo-

delebis gamoyenebiT gamoTvlilia Sesaba-

misi energoresursis moxmarebis da faqto-

rebis saprognozo maCveneblebi. Sedegebi Se-

tanilia me-9 da me-10 cxrilebSi. 

 

cxrili 9  

naxSiris moxmarebis prognozuli maCveneblebi 2016_2020 ww. 
 

energoresursi zomis erTeuli 2016 2017 2018 2019 2020 

naxSiri tona 545,982 561,852 576,855 588,723 598,875 

 



energia – ENERGY – ЭНЕРГИЯ

 

_____________________________________ 
stu-is Sromebi – WORKS OF GTU – ТРУДЫ ГТУ   ISSN 1512‐0996 

#2 (504), 2017  66  www.gtu.ge 

cxrili 10  

eleqtroenergiis, navTobis, SeSisa da bunebrivi airis moxmarebaze moqmedi faqtorebis 

saprognozo maCveneblebi 2016_2020ww. 

faqtori zomis erTeuli 2016 2017 2018 2019 2020 

eleqtroenergiis eqsporti Mmln.kvt.sT 803 835 791 762 768 

SeSis moxmareba kuburi metri 437,871 425,101 412,706 400,699 389,048 

eleqtroenergiis samomxmareblo 
tarifi 

aSS. centi/ kvt.sT dRg-s 
CaTvliT 

8.31 7.57 7.24 7.79 8.63 

saSualo wliuri gacvliTi kursi aSS.dolari/lari 2.3641 2.2224 2.0334 1.9016 1.8512 

mSp-s realuri zrda Pprocentuli 
cvlileba (%) 

4 5.1 4.4 3.8 4.1 

bunebrivi airis sayofacx. mox-
mareba mln. Kkuburi metri 1,826  2,003  2,199  2,415  2,652  

urbanizaciis done % 56% 56% 56% 55% 55% 

bunebrivi airis samomxmareblo ta-
rifi 

aSS centi/m3 dRg-is 
CaTvliT 28.10 28.54 28.56 28.49 28.45 

avtomanqanebis raodenoba 1000 avtomanqana 1,137  1,241  1,357  1,485  1,627  

airze momuSave avtomanqanebis 
raodenoba 

1000 avtomanqana
83  103  106  135  130  

benzinis fasi lari/litri 1.66  1.87  1.86  1.74  1.68  

dizelis fasi lari/litri 1.99  2.12  2.12  2.06  2.05  

mosaxleobis raodenoba kaci 3,664,704 3,898,549 4,164,511  4,360,464 4,470,374 

turistebis raodenoba 
kaci

6,161,352 6,330,889 6,436,679  6,499,053 6,532,853 

 

eleqtroenergiis, navTobis, SeSisa da bu-

nebriv airis moxmarebaze moqmedi faqtore-

bis prognozuli maCveneblebis dadgenis 

Semdeg SesaZlebeli gaxda eleqtroenergiis, 

navTobis, SeSisa da bunebrivi airze moT-

xovnis prognozireba xelovnuri neironuli 

qselebis meTodis saSualebiT [9,14]. me-10 

cxrilSi Setanili monacemebis safuZvelze, 

PredictorXL programuli paketis meSveobiT, 

sxvadasxva aqtivaciis funqciis, neironebis 

arafaruli da faruli Sreebis sxvadasxva 

raodenobis mixedviT eqsperimentiT dad-

ginda prognozuli maCveneblebi. kvlevam 

aCvena, rom prognozirebis yvelaze maRali 

sizustiT ganxorcieleba SesaZlebelia nei-

ronebis faruli Sreebis – 1 da aqtivaciis 

logistikur-sigmoiduri funqciiT. Sesaba-

misad, saSualovadian periodSi eleqtro-

energiaze, navTobze, SeSasa da bunebriv air-

ze moTxovnis prognozirebis xelovnuri 

neironuli qselebis modeli miiRebs suraT-

ze mocemul saxes. energoresursebze moT-

xovnis prognozuli parametrebi asaxulia 

me-11 cxrilSi. 

 

saSualovadian periodSi eleqtroener-

giaze, navTobze, SeSasa da bunebriv airze 

moTxovnis maCveneblebis prognozirebis 

modeli 
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cxrili 11  

energoresursebze moTxovnis prognozuli parametrebi 
 

energoresursi 
zomis 

erTeuli 
2016 2017 2018 2019 2020 

eleqtroenergia Mmln.kvt.sT 11,642 12,026 12,375 12,684 13,078 

SeSa m3 437,871 425,101 412,706 400,699 389,048 

navTobi tona 1,300,780 1,410,838 1,520,654 1,642,598 1,771,509 

Bbunebrivi airi mln. m3 2,473 2,681 2,922 3,202 3,526 

naxSiri tona 545,982 561,852 576,855 588,723 598,875 

 

saSualovadiani periodis saqarTveloSi 

energetikul resursebze moTxovnis gegmis 

Camosayalibeblad aRniSnuli resursebis 

Sesaxeb me-11 cxrilSi mocemuli prognozu-

li maCveneblebis mixedviT Catarda eqsper-

tuli analizi, dadginda eleqtroenergiis, 

SeSis, bunebrivi airis, navTobisa da qvanax-

Siris moxmarebis zrdis tempi. kvlevis Se-

degebi mocemulia me-12 cxrilSi. 

 

cxrili 12  

eleqtroenergiis, SeSis, bunebrivi airis, navTobisa da  

qvanaxSiris moxmarebis zrdis tempi 
 

energoresursi 2016 2017 2018 2019 2020 

eleqtroenergia 3.1% 3.3% 2.9% 2.5% 3.1% 

SeSa -1.6% -2.9% -2.9% -2.9% -2.9% 

navTobi 7.1% 8.5% 7.8% 8.0% 7.8% 

Bbunebrivi airi 8.1% 8.4% 9.0% 9.6% 10.1% 

naxSiri 4.7% 2.9% 2.7% 2.1% 1.7% 

 

zemoT moyvanili kvlevis Sedegebis komp-

leqsurad Sefasebis, mosaxleobis airifika-

ciis Semdgomi gafarToebis efeqtis gaTva-

liswinebiT, regulirebadi trendiT, eqspo-

nencialuri gamoTanabrebis [14] meTodis 

gaTvaliswinebiT, dadginda energoresurse-

bis moxmarebis zeda da qveda zRvrebi. Sesa-

bamisad, saSualovadian periodSi saqarTve-

loSi energoresursebze moTxovnis gegma mi-

iRebs me-13 cxrilSi mocemul saxes. 

 

cxrili 13  

saSualovadian periodSi saqarTveloSi energoresursebze moTxovnis gegma 
 

energoresursi zomis erTeuli zRvari 2016 2017 2018 2019 2020 

eleqtroenergia 
 

Mmln.kvt.sT 
 

zeda 12,224 12,627 12,994 13,318 13,732 
sabaziso 11,642 12,026 12,375 12,684 13,078 
qveda 11,060 11,425 11,756 12,050 12,424 

SeSa m3 
zeda 459,765 446,356 433,341 420,734 408,500 

sabaziso 437,871 425,101 412,706 400,699 389,048 
qveda 415,977 403,846 392,071 380,664 369,596 

navTobi tona 
zeda 1,365,819 1,481,380 1,596,687 1,724,728 1,860,084 

sabaziso 1,300,780 1,410,838 1,520,654 1,642,598 1,771,509 
qveda 1,235,741 1,340,296 1,444,621 1,560,468 1,682,934 

Bbunebrivi airi mln. m3 
zeda 2,597 2,815 3,068 3,362 3,702 

sabaziso 2,473 2,681 2,922 3,202 3,526 
qveda 2,349 2,547 2,776 3,042 3,350 

naxSiri tona 
zeda 573,281 589,945 605,698 618,159 628,819 

sabaziso 545,982 561,852 576,855 588,723 598,875 
qveda 518,683 533,759 548,012 559,287 568,931 
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daskvna 

korelaciuri analiziT dadgenilia saqar-

TveloSi energoresursebis moxmarebaze moq-

medi faqtorebi; prognozirebis avtoreg-

resuli modelebis gamoyenebiT gansazRvru-

lia saSualovadian periodSi am faqtorebis 

prognozuli sidideebi. 

prognozirebis maRali sizustiT ganxor-

cielebis mizniT regresuli analizisa da 

xelovnuri neironuli qselebis meSveobiT 

Sesrulebulia saqarTveloSi eleqtroener-

giaze, SeSaze, naxSirze, navTobsa da buneb-

riv airze moTxovnis saSualovadiani prog-

nozireba, eqsponencialuri gamoTanabrebis 

meTodiT dazustebulia moxmarebis paramet-

rebi, Sesabamisad gansazRvrulia prognozu-

li maCveneblebi. 

saSualovadian periodSi saqarTveloSi 

energoresursebze moTxovnis dagegmvis uz-

runvelsayofad, energoresursebze moTxovnis 

Sesaxeb, mecnieruli kvlevebiT miRebuli pro-

gnozuli parametrebis, qveyanaSi energo-

resursebis moxmarebis ganviTarebis perspeq-

tivebis analizisa da zemoT Camoyalibebuli 

dagegmvis optimalurobis kriteriumiT gan-

sazRvruli moTxovnebis safuZvelze Camoya-

libebulia saSualovadian periodSi energo-

resursebze moTxovnis optimalurad dagegm-

vis mravalfaqtoriani maTematikuri modeli. 

problemebis gadawyvetisadmi kompleqsuri 

midgomiT SemuSavebulia saqarTveloSi sa-

Sualovadian periodSi energoresursebze 

moTxovnis dagegmvis erTiani meTodika, ro-

melic universalur xasiaTs atarebs da misi 

gamoyeneba SesaZlebelia nebismieri dargis 

produqciaze moTxovnis optimalurad da-

gegmvaSi. aRniSnuli meTodika aprobirebulia 

saqarTvelos magaliTze da gansazRvrulia 

energoresursebze moTxovnis optimaluri 

gegmuri parametrebi.  
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anotacia. Teoriulad da eqsperimentu-

lad dasabuTebulia Semkvrelisa da mxur-

valmedegi betonis miRebis SesaZlebloba 

wvrilad dafquli silikatlodis, saRamos 

sabados vulkanuri widis – karatepesa da 

eleqtrodnobadi korundis safuZvelze. sac-

deli nimuSebis SedegebiT dadginda betonis 

optimaluri Sedgeniloba maRaltemperatu-

ruli Rumlebis amonagisaTvis. mxurvalmede-

gi betonis misaRebad gamoyenebul iqna igive 

nedleuli, rac kompoziciuri SemkvrelisaT-

vis. es ganapirobebs betonis mcirekomponen-

tianobas, amartivebs teqnologias, teqnikas, 

amcirebs sawarmos samrewvelo farTobs, sa-

warmos teqnikur-ekonomikur maCveneblebsa 

da, Sesabamisad, aiafebs miRebul produqts. 

garda amisa, gaxurebisas martivdeba betonSi 

mimdinare fizikur-qimiuri procesebi da ga-

xurebul zonaSi miiRweva masalebis erTgva-

rovneba. es dadebiT gavlenas axdens betonis 

Termomdgradobaze, romelic dasturdeba mi-

Rebuli mxurvalmedegi betonis fizikur-

meqanikuri da Tbofizikuri maCveneblebiT: 

simtkice kumSvaze sxvadasxva temperaturul 

intervalSi, Termuli mdgradoba, cecxl-

gamZleoba, deformaciis sawyisi temperatura 

mitvirTvis dros, wrfivi jdena, Termuli 
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wrfivi gafarToebis koeficienti da Tbo-

gamtaroba. zemoaRniSnulidan gamomdinare, 

SemuSavebulia mxurvalmedegi betonis teqno-

logiuri sqema maRaltemperaturuli Rum-

lebisaTvis.  

 

sakvanZo sityvebi: eleqtrodnobadi ko-

rundi; maRaltemperaturuli; mxurvalmedegi 

betoni; silikatlodi.  

 

 

Sesavali 

saxelmwifos samrewvelo damoukideblobis 

xelSewyobis mizniT uaRresad mniSvnelovania 

iseTi teqnologiuri procesis Seqmna, rome-

lic produqciis warmoebisas uzrunvelyofs 

deficitur masalaTa minimalur xarjs, ener-

getikuli resursebis maqsimalur ekonomias 

da satransporto xarjebis mkveTr Semcire-

bas. bolo wlebSi msoflio praqtikaSi far-

To gamoyeneba pova sxvadasxva saxis mxurval-

medegma betonebma.  

cecxlgamZle da mxurvalmedegi masalebisa 

da nakeTobebis gamoyenebas gadamwyveti mniSv-

neloba aqvs metalurgiuli, cementis, minis, 

keramikis mrewvelobisaTvis, aseve mravali 

sxva profilis qarxnisa da komunaluri sam-

saxuris Tburi agregatebis muSaobisaTvis. 

TiTqmis yvela danadgars, romelSic saTbobi 

iwvis, esaWiroeba aRniSnuli masalebi. umete-

sad gavrcelebulia mcire zomis mza cecxl-

gamZle nakeTobebi, magram bolo aTeul wleb-

Si TandaTanobiT met gamoyenebas poulobs 

mxurvalmedegi betoni, romelic saSualebas 

iZleva, msubuqi da mZime cecxlgamZle Semvse-

bebis gamoyenebiT, damzaddes didi zomis, 

Tbosaizolacio da konstruqciuli daniSnu-

lebis nebismieri formis nakeToba.  

cecxlgamZle masalebisa da nakeTobebis 

garedan Semotana sakmaod Zviri jdeba. ami-

tom, metad aqtualuria, adgilobrivi resur-

sebis safuZvelze, energetikuli danaxarjebis 

mkveTri SemcirebiT, mocemuli xarisxis mxur-

valmedegi betonis miReba. teqnologiuri, eko-

nomikuri, sanitariul-higienuri da deficitu-

robis poziciidan gamomdinare, did interess 

iCenen mxurvalmedegi betonebisadmi, romle-

bic damzadebulia silikonatriumian siste-

mebze. Txevadi mina Secvlilia wvrilad daf-

quli silikatlodiT, rac aumjobesebs beto-

nis narevis erTgvarovnebas; gamoricxavs si-

likatlodidan Txevadi minis miRebis energo-

tevad operacias; Semcirebulia saduRabe 

wylis raodenoba, rac uzrunvelyofs simt-

kicis momatebas; naklebia silikatlodis 

xarji, ris gamoc maRalia betonis gamoyene-

bis temperatura. betonis mSrali narevi mzad-

deba centralizebulad, romlis transporti-

reba nebismier manZilzea SesaZlebeli, betoni 

ki uSualod momxmarebelTan damzaddeba.  

aseT betonebs upiratesoba aqvs calobiT 

gamomwvar nakeTobebTan SedarebiT: maTi teq-

nologia ar saWiroebs yvelaze Zvirad Rire-

bul da rTul process _ gamowvas; saeqsplu-

atacio Tvisebebs iZens muSaobis procesSi ma-

Rali temperaturis zemoqmedebiT; misgan SeiZ-

leba damzaddes didgabaritiani fasonuri 

nakeToba, romelsac eqneba nakerebis minima-

luri raodenoba; SesaZlebelia miRebul iq-

nes betonebi, winaswar dagegmili TvisebebiT, 

yvela saxis Tburi agregatisa da calkeuli 

nawilebisaTvis, agresiuli garemos maxasia-

Teblebisa da muSaobis pirobebis gaTvalis-

winebiT.  
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ZiriTadi nawili 

saqarTvelos teqnikuri universitetisa da 

saSeni masalebis kvleviT institutSi Cata-

rebuli eqsperimentebis safuZvelze SeirCa ma-

Raltemperaturuli mxurvalmedegi betonis 

Sedgeniloba da mis simtkiceze moqmedi faq-

torebi: 

 – mxurvalmedegi betonis misaRebad gamo-

yenebul iqna igive nedleuli, rac kompozi-

ciur SemkvrelSi, romelic ganapirobebs 

betonis mcirekomponentianobas, amartivebs 

teqnologias, teqnikas, amcirebs sawarmos 

samrewvelos farTobs, sawarmos teqnikur-

ekonomikur maCveneblebsa da, Sesabamisad, 

aiafebs miRebul produqts; 

– mxurvalmedegi betonis Tvisebebis for-

mireba xdeba SemkvrelSi mimdinare fizikur-

qimiuri procesebis zemoqmedebiT rogorc 

Semkvrelis gamyarebis procesSi, ise beto-

nis saeqspluatacio temperaturaze gaxure-

bisas. Semvsebi SemkvrelTan maRal tempera-

turaze urTierTqmedebisas warmoqmnis beto-

nis saboloo struqturas da mocemul pi-

robebSi ganixileba rogorc qimiurad aq-

tiuri komponentebi; 

– granulometriuli Sedgeniloba arsebiT 

gavlenas axdens cecxlgamZle masalebis Tvi-

sebebze. aregulirebs ara marto jdenas, ara-

med nakeTobis iseT mniSvnelovan Tvisebebsac, 

rogoricaa simtkice da Termomdgradoba. mxu-

rvalmedegi betonis minimaluri forianoba 

miiRweva Semvsebis racionaluri marcvlovani 

Sedgenilobis SerCeviT. dadgenilia, rom er-

Ti fraqciis marcvlebi ar iZleva sakmarisad 

mkvrivad Cawyobis saSualebas, amitom, ro-

gorc wesi, iyeneben mravalfunqciur narevebs 

sxvadasxva zomis marcvlebiT. aseT narevebs 

Teoriuli SesaZlebloba aqvs miRweul iqnes 

betonis minimaluri forianoba, radgan msxvi-

li zomis marcvlebs Soris sivrces Seavsebs 

ufro patara zomis marcvlebi. gamoyenebul 

iqna Semvsebis Semdegi granulometriuli 

Sedgeniloba: msxvili fraqcia – 3–5 mm; saSua-

lo fraqcia – 1–1,25 mm; wvrili fraqcia – 

0,14–0,315 mm. 

SeirCa betonis Semdegi optimaluri Sedge-

niloba: 

1.  silikatlodi xvedriTi zedapiriT Sxv= 

3000 sm2 – 3%; 

2.  vulkanuri wida – „karatepe“ – 12%; 

3.  korundi – 5%; 

4.  Semvsebi (karatepe, korundi) – 80%. 

saduRabe wylis raodenoba ZiriTadi faq-

toria narevis advilCawyobadobis uzrunvel-

sayofad. sasurvelia betonSi iyos imdeni wya-

li, ramdenic uzrunvelyofs saukeTeso piro-

bebs silikatlodis gasaxsnelad. 

saduRabe wylis raodenobis gazrdas, ro-

gorc sxva tipis betonebSi, am SemTxvevaSic 

axlavs jdeniTi deformaciebisa da foria-

nobis momateba, Sesabamisad simtkicis kleba.  

saduRabe wylis optimaluri raodenobis 

dasadgenad wylisa da Semkvrelis sxvadasxva 

TanafardobiT damzadda 10x10x10sm zomis 

betonis nimuSebi, moxda maTi vibrodayali-

beba mitvirTviT, Termuli damuSaveba da 

Semdgom gamocda simtkicis zRvris dasad-

genad kumSvaze.  

naxazze naCvenebia wylisa da Semkvrelis 

Tanafardobebis gavlena betonis Tvisebebze. 
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wyal/Semkvrelis damokidebuleba betonis simtkicesa da 

zogad simkvriveze (1–simtkice kumSvaze;  

2–zogadi simkvrive) 

 

saukeTeso maCvenebeli hqonda nimuSebs, ro-

ca wylisa da Semkvrelis Tanafardoba iyo 

0,32–0,35, rac optimalurad iqna miCneuli. be-

tonis simtkiceze mniSvnelovan gavlenas ax-

dens arevis reJimi da xangrZlivoba. betonis 

erTgvarovneba uaresdeba Tu sworad ar iqna 

dadgenili morevis xangrZlivoba. aqedan ga-

momdinare, mcirdeba misi simtkicec. gansakuT-

rebiT mniSvnelovania mivaRwioT masis erTgva-

rovnebas mxurvalmedeg betonSi, radgan 

struqturis araerTgvarovneba arsebiTad moq-

medebs cecxlgamZleobasa da Termomeqanikur 

Tvisebebze. Semvsebis marcvlebisa da kompo-

ziciuri Semkvrelis Tanabari gadanawileba 

xels uwyobs mwebavi kontaqtebis maqsimaluri 

ricxvis warmoqmnas. 

betonis arevis reJimis SesarCevad Seswav-

lil iqna oTxi sxvadasxva reJimi. gansxvave-

buli reJimiT damzadda 10x10x10sm zomis ni-

muSebi, moxda maTi TermodamuSaveba, ris Sem-

degac ganisazRvra nimuSebis simtkicis zRva-

ri kumSvaze (cxrili 1). 

cxrili 1 

betonis narevis damzadebis reJimis gavlena 

sakontrolo nimuSebis simtkiceze, 200 C0 

temperaturaze Tburi damuSavebis Semdeg 

komponentebis 

arevis reJimi 

sakontrolo nimuSebis 

simtkice 200C0 

TermodamuSavebis 

Semdeg(mgpa) 

reJimi I aranakleb 25

reJimi II aranakleb 28

reJimi III aranakleb 30

reJimi IV aranakleb 35

 

miRebulma Sedegebma aCvena, rom aucile-

belia Semkvreli guldasmiT gadanawildes 

jer wvril fraqciaSi da Semdeg wvrili 

fraqcia gadanawildes saSualo fraqciaSi, 

bolos ki airios wyalTan erTad. amitom, sa-

kontrolo nimuSebis simtkicis maCveneblebis 

mixedviT yvelaze misaRebia betonis narevis 

momzadebis IV reJimi. 

 betonis simtkicis maCveneblebze mniSvne-

lovan gavlenas axdens betonis narevis Sem-

kvrivebis meTodi da dayalibebis parametrebi. 

simtkicis dasadgenad gamoicada erTnairi 

Sedgenilobis, magram gansxvavebuli meTode-

biT dayalibebuli nimuSebi. kvlevebis Se-

degebi mocemulia me-2 cxrilSi. 
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cxrili 2 

betonis nimuSebis simtkicis damokidebuleba  

vibrodayalibebis parametrebze 
 

dayalibebis 

meTodi 

vibrirebis 

parametrebi 

mitvirTvis dadebis 

dro 

simtkice 

mgpa (200 C0) 

gamoSrobis 

Semdeg 

simtkice 

mgpa 

(1850 C0) 

gamowvis Semdeg 

vibrodayalibeba 

mitvirTvis gareSe 

n=50 hc 

A=0,25 mm 

t=120 wm 

 

_ 18 20,2 

vibrodayalibeba 

mitvirTviT 

n=50 hc 
A=0,25 mm 

t=60 wm 
P=0,0015mgpa 

vibraciis 

dawyebisTanave 
25 

 

28,6 

 

vibrodayalibeba 

mitvirTviT 

n=50ჰც 

A=0,25მმ 

t=90 წმ 

P=0,0015მგპა 

vibraciis 

dawyebisTanave 

27,5 

 

33 

 

vibrodayalibeba 

mitvirTviT 

n=50 hc 
A=0,25 mm 

t= 90 wm 
P=0,0015mgpa 

vibraciis 

dawyebisTanave 
31,2 

 

36,5 

 

vibrodayalibeba 

mitvirTviT 

n=50 hc 
A=0,25 mm 

t = 120 wm 
P=0,0015mgpa 

20 wm-is Semdeg 

vibraciis 

dawyebidan 35 

 

40 

 

vibrodayalibeba 

mitvirTviT 

n=50 hc 
A=0,25 mm 

t = 120 wm 
P=0,0015mgpa 

30 wm-is Semdeg 

vibraciis 

dawyebidan 
34,5 39 

 

optimaluradaa miCneuli reJimi, romlis 

mixedviT miiReba simtkicis maRali maCvene-

beli. mocemul SemTxvevaSi 20 wm-iani Tavisu-

fali vibrirebisas kargad iSleba betonSi 

SemTxveviT warmoqmnili struqturebi da Ta-

visuflad amodis masSi arsebuli haeri, xo-

lo Semdgomi mitvirTva xels uwyobs dasa-

yalibebeli narevis efeqtur Semkvrivebas, 

amasTan umjobesdeba kontaqti Semvsebsa da 

silikatlodis marcvlebs Soris. 

kidev ufro izrdeba da myardeba es kon-

taqtebi Tburi damuSavebis dros. SerCeul iq-

na Srobis optimalurad racionaluri reJimi: 

temperaturis aweva 90–95C0-mde .............................1sT 

dayovneba ............................................................................................1sT 

temperaturis aweva 200 C0-mde .................................1sT 

dayovneba ............................................................................................1sT 

miRebuli mxurvalmedegi betonis Termo-

meqanikuri da Tbofizikuri Tvisebebis dasad-

genad gamoyenebulia saxelmwifo standartiT 

reglamentirebuli meTodebi. 
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maRaltemperaturuli mxurvalmedegi beto-

nis teqnologiuri sqema martivia da moicavs 

Semdeg operaciebs: 

1. nedleuli masalebis momzadeba: 

 damsxvreva; 

 Semkvrelis yvela komponentis erTobli-

vi dafqva xvedriTi zedapiris misaRe-

bad, Sxv= 3000±sm2/g; 

 Semvsebis gacra fraqciebis mixedviT: 5–

3 mm; 1,25–1,0 mm; 0,315 mm da naklebi; 

2. nedleuli masalebis dozireba woniTi 

dozatoriT; 

3. betonis narevis momzadeba; 

4. betonis narevis dayalibeba vibrirebiT 

mitvirTvisas; 

5. ganyalibebuli nakeTobebis dabaltem-

peraturuli Tburi¬damuSaveba 200 C0-mde. 

 

sawarmos teqnologiuri sqema 
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daskvna 

SerCeulia maRalcecxlgamZle betonis Se-

dgeniloba. nedleulad gamoyenebulia ad-

gilobrivi saRamos sabados andezit-bazal-

tis saxesxvaobis vulkanuri wida „karatepe“, 

minis warmoebis narCeni – silikatlodi da 

cecxlgamZle advildnobadi korundi. dadge-

nilia damokidebuleba Semvsebis granulomet-

riul Sedgenilobasa da betonis iseT Tvi-

sebebs Soris, rogoricaa simkvrive, simtkice, 

Termomdgradoba da sxva. SerCeulia Semvsebe-

bis granulometriuli Sedgeniloba – msxvi-

li fraqcia 3_5 mm; saSualo fraqcia 1–1,25 mm; 

wvrili fraqcia 0,14–0315 mm. betonis simtkice 

da maRali Termomeqanikuri maCveneblebi mi-

iRweva, rodesac betonSi 20% Semkvrelia. Sem-

kvrelis raodenobis gazrdiT betonSi mcir-

deba rogorc deformaciis sawyisi tem-

peratura, ise deformaciis temperaturuli 

intervali. Semkvrelis raodenobis gazrdiT 

betonSi matulobs iseTi naerTebis raode-

noba, romelsac aqvs dabali dnobis tempe-

ratura, Sesabamisad imatebs Txevadi fazis 

raodenoba marcvlebis zedapirze, rac nake-

Tobis rRvevas uwyobs xels. 

betonis simtkicesa da simkvriveze gavle-

nas axdens arevis reJimi da dayalibebis me-

Todi. saukeTeso maCveneblebi Seesabameba be-

tonis narevs, rodesac wyal-Semkvrelis Tana-

fardobaa – 0,32, dadgenilia aseve dayalibe-

bis parametrebi. 

Seswavlilia miRebuli betonis fizikur-

meqanikuri Tvisebebi: simkvrive, simtkice kumS-

vaze 200C0-ze gamoSrobis da 1850C0-ze gamow-

vis Semdeg, cecxlgamZleoba, Termomdgradoba, 

Termuli wrfivi gafarToebis koeficienti da 

deformaciis sawyisi temperatura 0,2 mgpa 

datvirTvis dros; zemoaRniSnulidan gamom-

dinare, kompoziciur Semkvrelze miRebulia 

mxurvalmedegi betoni maRaltemperaturuli 

Rumlebis amonagisaTvis, romlis gamoyenebis 

temperatura 1950C0-ia. SemuSavebulia aseve 

betonis martivi teqnologiuri sqema. 
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ABSTRACT. Theoretically and experimentally it’s proved that the mortar and heat-resistant concrete may be 

received from finely ground silicate rock, scoria – Karatepe and electromelted corundum. Test results of samples 
showed an optimal composition of concrete.  

For the lining of the high temperature furnace, in which the heat-resistant concrete is received, was used the same 
material, as it was used for composite binder. It provides the low number of components in concrete, simplifies the 
technology, decreases the manufacturing area and respectively reduces the price of the received product.  

Moreover heating simplifies the physical and chemical processes in concrete and physical-chemical homogeneity 
of the material is reached in the heating zone, positively influencing on the thermostability of material. It’s proved by 
physical and mechanical properties of received material as well: compression resistance in different temperature 
intervals, thermal stability, heat resistance, initial temperature of deformation, linear shrinkage, linear coefficient of 
thermal enlargement and heat conductivity.  

Based on above mentioned procedures it is obtained heat-resistant concrete manufacturing scheme for high-
temperature furnace. 
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АННОТАЦИЯ. Теоретически и экспериментально обоснована возможность получения вяжущего и жаростой-
кого бетона на основе тонко молотой силикат-глыбы, на вулканическом шлаке - «Каратепе» (местного проис-
хождения) и на электроплавленном корунде. Оптимальный состав бетона определен на основе результатов 
испытанных образцов. Для жаростойкого бетона, который используют для футеровки в высокотемпературных 
печах, выбрано то же сырье, что и для вяжущего. Состав бетона получается малокомпонентным, а это упрощает 
технологию, технику, уменьшает промышленную площадь производства, его технические и экономические 
показатели и соответственно снижает себестоимость полученного продукта.  

Кроме этого, упрощаются физико-химические процессы, протекающие в бетоне при нагреве, и достигается 
однородность материалов в зоне нагрева, а это, в свою очередь, положительно влияет на термостойкость 
бетона, что и доказывают такие физико-механические показатели полученного бетона как: прочность при 
сжатии в разных температурных интервалах, термостойкость, жаростойкость, начальная температура дефор-
мации при нагрузке, линейная усадка, коэффициент линейного термического расширения и теплопроводность. 
Исходя из вышеуказанного, разработана технологическая схема жаростойкого бетона для высокотем-
пературных печей.  

 

КЛЮЧЕВЫЕ СЛОВА: высокотемпературный; жаростойкий бетон; силикат-глыба; электроплавленный корунд. 
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anotacia. teqnologiuri, ekonomikuri, 

sanitariul-higienuri da deficiturobis po-

ziciidan gamomdinare, did interess iCenen 

mxurvalmedegi betonebisadmi, romlebic dam-

zadebulia silikonatriumian sistemebze. 

cecxlgamZle masalebisa da nakeTobebis 

garedan Semotana sakmaod Zviri jdeba, ami-

tom metad aqtualuria adgilobrivi resur-

sebiT, energetikuli danaxarjebis mkveTri 

SemcirebiT mocemuli xarisxis mxurvalme-

degi betonis miReba. maRaltemperaturuli 

mxurvalmedegi betonisaTvis cecxlgamZle 

kompoziciuri Semkvrelis miRebis mizniT 

SeirCa silikonatriumiani kompozitis Sedge-

niloba „silikatlodi_vulkanuri wida (ka-

ratepe) _ eleqtrodnobadi korundi“. Cata-

rebuli kvlevebiT Semkvrelis simtkiceze 

Seswavlil iqna sxvadasxva faqtoris – dafq-

vis siwmindis, wyal-Semkvrelis damokidebu-

lebisa da Tburi damuSavebis reJimis gavle-

na. Semkvreli Seswavlilia qimiuri, mikrosko-

puli da rentgenostruqturuli analizis me-

TodikiT. miRebuli Semkvrelis simtkice, 

cecxlgamZleoba da sxva fizikur-qimiuri 

Tvisebebi saSualebas iZleva am Semkvrelis 

safuZvelze miviRoT maRaltemperaturuli 

mxurvalmedegi betoni, romlis gamoyenebis 

temperaturuli intervalia 1900C0–1950 C0. 
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sakvanZo sityvebi: eleqtrodnobadi ko-

rundi; vulkanuri wida; mxurvalmedegi; si-

likatlodi.  

 
 

Sesavali 

bolo wlebSi msoflios wamyvani qveyne-

bis samrewvelo praqtikaSi farTo gamoye-

neba pova sxvadasxva saxis mxurvalmedegma 

betonebma. maT Caanacvles Zvirad Rirebuli 

cecxlgamZle masalebi, romlebic intensiu-

rad inergeba metalurgiaSi, navTobgadamamu-

Savebel da navTobqimiur mrewvelobaSi. 

mxurvalmedeg betonebs iyeneben praqtiku-

lad yvela saxis Rumlebis amonagisaTvis. 

სilikonatriumian kompoziciur Semkvrel-

ze damzadebuli mxurvalmedegi betonebis 

Semdgomi gaumjobesebis mizniT, v. kuibiSevis 

saxelobis samSeneblo konstruqciebisa da 

moskovis rkinabetonis samecniero-kvleviTi 

institutebis monawilebiT Catarebulma komp-

leqsurma samecniero samuSaoebma safuZveli 

daudo Txevadi minis Secvlis SesaZleblo-

bis hipoTezas dispersiuli silikatlodiT. 

silikatlodi aumjobesebs betonis narevis 

erTgvarovnebas; gamoricxavs silikatlo-

didan Txevadi minis miRebis energotevad 

operacias; saSualebas iZleva Semcirdes 

saduRabe wylis raodenoba, rac uzrunvel-

yofs simtkicis zrdas; mcirdeba silikat-

lodis xarji, Sesabamisad izrdeba betonis 

gamoyenebis temperatura. betonis mSrali 

narevi mzaddeba centralizebulad da tran-

sportirdeba nebismier manZilze, betoni ki 

mzaddeba uSualod momxmarebelTan. 

aqtualuria, adgilobrivi resursebis sa-

fuZvelze, energetikuli danaxarjebis mkve-

Tri SemcirebiT, mocemuli xarisxis mxur-

valmedegi betonis miReba, teqnologiuri, 

ekonomikuri, sanitariul-higienuri da defi-

citurobis poziciidan gamomdinare. 

   

ZiriTadi nawili 

saqarTvelos teqnikur universitetsa da 

saSeni masalebis kvleviT institutSi Cata-

rebuli eqsperimentebis safuZvelze moxda 

kompoziciuri Semkvrelis Sedgenilobis op-

timizacia da ganisazRvra mis simtkiceze 

moqmedi Semdegi faqtorebi: dafqvis siw-

minde, wyal-Semkvrelis damokidebuleba da 

Tburi damuSavebis reJimi, rac uzrunvel-

yofs silikatlodis gadnobas, gauwyloebas 

da sistemis gamyarebas. silikatlodisa da 

vulkanuri widisagan (karatepe) damzadebul-

ma nimuSebma TermodamuSavebis Semdeg aCvena 

maRali simtkice, magram maRal temperatu-

raze SeiniSneboda maTi gadnoba da Cajdoma, 

rac gamowveuli iyo masalaSi momatebuli 

tutis raodenobiT, romelic narevSi Sehqon-

da silikatlods da nawilobriv vulkanur 

widas. cecxlgamZleobis gazrdis mizniT sa-

Wiro gaxda korundis damateba, romelic da-

debiT gavlenas axdens mxurvalmedegi beto-

nis saeqspluatacio maCveneblebze, rac aRniS-

nulia bevri avtoris naSromSi. korundi 

zrdis simtkices, cecxlgamZleobas da amci-

rebs jdenas. igi warmodgenilia mulitis 

kristaluri faziT da kristobalitiT. ko-

rundis SedgenilobaSi arsebuli aluminsi-

likaturi mina qimiurad aramdgrad mdgomare-

obaSia. igi tute garemoSi aqtiurdeba da mo-

nawileobs Zalian mdgradi aluminsilikaturi 

naerTebis warmoqmnaSi, rac ganapirobebs sis-

temis cecxlgamZleobis matebas. aRsaniSna-

via saRamos sabados vulkanuri widis – ka-

ratepes maRalforianoba, rac, Tavis mxriv, 

aumjobesebs masalis Tbofizikur Tvisebebs, 

xolo komponentebi (CaO; Al2O3; MgO da sxva), 
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romlebic Sedis widaSi, maRal temperatu-

rebze silikatlodis aqtiur kaJmiwasTan 

warmoqmnis iseT cecxlgamZle naerTebs, ro-

gorebicaa: 3Al2O3·2SiO2; CaO·SiO2; MgO·SiO2. 

amitom, cecxlgamZle Semkvrelis misaRe-

bad SeirCa Semdegi nedleuli masalebi: vul-

kanuri wida–karatepe (misi sabadoebi   nino-

wmindidan 21 km-zea), silikatlodi (minis 

warmoebis narCeni), cecxlgamZle danamatad 

ki gamoyenebulia eleqtrodnobadi korundi.  

mrewveloba silikatlods uSvebs 2,6–3,0 

silikaturi moduliT. 

silikatlodis xsnadoba mniSvnelovnad 

damokidebulia mis silikatur modulze, 

SiO2:Na2O procentul Tanafardobaze. sili-

katlodis dabalmoduluri saxeebi (sili-

katuri moduli araumetes 2-isa) advilad 

ixsneba wyalSi da warmoqmnis aramdgrad 

mwebav kontaqtebs. garda amisa, maTSi tute 

komponentis maRali Semcveloba ganapiro-

bebs dabal cecxlmedegobas masalebSi, xo-

lo silikatlodis maRalmodulur saxeebs 

(silikaturi moduli 3-ze meti) axasiaTebs 

dabali xsnadoba maRali teperaturisa da 

wnevis pirobebSic ki. 

Aamitom, silikonatriumiani kompoziciu-

ri Semkvrelis misaRebad, aqtiuri komponen-

tis saxiT, gamoviyeneT silikatlodi 2,85 

silikaturi moduliT.  

kompoziciuri Semkvrelis damuSaveba efuZ-

neba Semdeg garemoebebs: 

 -kompoziciuri Semkvrelis Tvisebebi Zi-

riTadad vlindeba mwebavi kontaqtebis war-

moqmnis xarjze silikatlodis zedapiruli 

fenis gaxsnisas, romelTa simtkice damoki-

debulia maTi warmoqmnis pirobebze; 

-kompoziciuri Semkvrelis ZiriTadi Tvi-

sebebi damokidebulia silikatlodis rao-

denobaze, cecxlgamZle komponentis saxeze, 

dafqvis siwmindesa da „wyal-Semkvrelis“ 

Tanafardobaze; 

-kompoziciur Semkvrelze maRali saeqsp-

luatacio Tvisebebis mqone mxurvalmedegi 

betonis miReba SesaZlebelia im SemTxvevaSi, 

roca samuSao temperaturaze pirveladi ga-

xurebisas masSi warimarTeba sistemis iseTi 

gamamartivebeli procesebi – fizikur-qimiu-

ri movlenebi, romlebic kontaqtur zonebSi 

Tan axlavs cecxlgamZle warmonaqmnebs ma-

salis moculobis arsebiTi cvlilebis 

gareSe. 

sistemaSi „silikatlodi da wvrilad 

dafquli komponenti“ mtkice mwebavi kontaq-

tebis warmosaqmnelad daculi unda iqnes 

Semdegi sayovelTaod cnobili pirobebi: 

wvrilad dafquli silikatlodis nawila-

kebi Tanabarad unda gadanawildes aseve 

wvrilad dafqul cecxlgamZle komponentSi; 

unda moxdes silikatlodis nawilakebis 

dasveleba maT zedapirebze Txeli apkis 

warmosaqmnelad, raTa Seiqmnas pirobebi 

adheziisaTvis; narevis Semkvrivebis Semdeg 

silikatlodis nawilakebis Semdgomi gaxs-

nis, mwebavi kontaqtebis gazrdisa da siste-

mis saboloo gauwyloebis mizniT unda mox-

des misi Tburi damuSaveba.  

Semkvrelis optimaluri Sedgenlobis 

gansazRvrisaTvis sxvadasxva Tanafardobis 

nedleuliT damzadda 5x5x5sm zomis kubebi. 

simtkice kumSvaze (Rkum.) ganisazRvra 200C0 

temperaturaze gamoSrobis da 1650C0-ze ga-

mowvis Semdeg. amasTan ganisazRvra maTi 

cecxlgamZleobac. miRebuli Sedegebis sa-

fuZvelze optimaluria Semdegi procentuli 

Sedgeniloba – silikatlodi:korundi:karate-

pe _ 15:25:60; 200C0-ze gamoSrobis Semdeg nimu-

Sebis samontaJo simtkice R kum. = 40 mgpa, 

xolo 1650C0-ze gamowvis Semdeg R kum. = 43 

mgpa; cecxlgamZleoba – 1850C0, rac sakmarisia 

imisaTvis, rom am Semkvrelis safuZvelze 

miviRoT maRaltemperaturuli mxurvalmedegi 
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betoni, romlis gamoyenebis temperatura 

1950C0 iqneba. 

Semkvrelis simtkiceze mniSvnelovan gav-

lenas axdens dafqvis xarisxi. Semkvrelis 

komponentebs Soris urTierTqmedebis inten-

siurobis asamaRleblad saWiroa gaizardos 

reagirebadi fazebis sakontaqto zedapirebis 

farTobebi. am procesis dasaCqareblad sa-

Wiroa masalebis marcvlebis zedapirebis zo-

mebis Semcireba. xvedriTi zedapirebis gazr-

diT matulobs nimuSebis simtkice. kvlevisas 

simtkicis intensiuri zrda SeiniSneboda, 

roca masalebis Sxv=3000 sm2/g-s, Semdgomi 

dawvrilmaneba umniSvnelod zrdida simtki-

ces, dafqvis xangrZlivobis gazrda ki iwvev-

da zedmeti eleqtroenergiis xarjs, amitom 

marcvlebis xvedriTi zedapiri Sxv=3000 sm2/g 

SeirCa.  

silikatlodis xsnadobis intensiurobaze 

damokidebulia webvadi kontaqtebis warmoqm-

na, razec mniSvnelovan gavlenas axdens 

„wyal-Semkvrelis“ damokidebuleba. simtki-

cis maqsimumi miiReba, roca es Tanafardoba 

0,2 iyo. „wyal-Semkvrelis“ Tanafardobis Sem-

cireba iwvevs Semadgeneli komponentebis ga-

uwyloebas da arasakmarisi webvadi kontaq-

tebis warmoqmnas. 

silikatlodis wyalSi xsnadobaze mniSv-

nelovan gavlenas axdens temperatura da 

wyalTan urTierTqmedebis dro, arsebiTi 

mniSvneloba aqvs Srobis reJimsac. 1-el 

cxrilSi mocemulia TermodamuSavebis sxva-

dasxva reJimis gavlena nimuSebis simtkiceze. 

 

cxrili 1 

TermodamuSavebis reJimebis gavlena Semkvrelis nimuSebis simtkiceze 
 

N TermodamuSavebis reJimi dro (sT) 
simtkice kumSvaze, 

mgpa 

1 
temperaturis aweva 90C0 
dayovneba 

temperaturis aweva 200C0 
dayovneba 

1sT 
0,5sT 
1sT 
0,5sT 

 
 
30 
 

2 

temperaturis aweva 90C0 
dayovneba 

temperaturis aweva 200C0 
dayovneba 

1sT 
1sT 
1sT 
1sT 

 
34.5 
 
 

3 

temperaturis aweva 90C0 
dayovneba 

temperaturis aweva 200C0 
dayovneba 

1sT 
1,5sT 
1sT 
2sT 

 
 
37,7 
 

4 

temperaturis aweva 90C0 
dayovneba 

temperaturis aweva 200C0 
dayovneba 

1,5sT 
2sT 
1,5sT 
2sT 

 
 
40 
 

5 

temperaturis aweva 90C0 
dayovneba 

temperaturis aweva 200C0 
dayovneba 

1,5sT 
2,5sT 
2sT 
2,5sT 

 
 
43,5 
 

6 

temperaturis aweva 90C0 
dayovneba 

temperaturis aweva 200C0 
dayovneba 

1,5sT
3sT 
2sT 
3sT 

 
 
43,8 
 



sainJinro saqme – ENGINEERING – ИНЖЕНЕРНОЕ ДЕЛО

 

_____________________________________ 
stu-is Sromebi – WORKS OF GTU – ТРУДЫ ГТУ   ISSN 1512‐0996 

#2 (504), 2017  84  www.gtu.ge 

unda aRiniSnos, rom 90–95 C0-ze dayovnebis 

xangrZlivobis gazrda (2,5sT-ze meti) praqti-

kulad ar iZleva simtkicis matebas, amitom 

miRebuli Sedegebis mixedviT SeirCa me-5 re-

Jimi. 200 C0-mde temperaturis aweviT da am 

temperaturaze dayovnebiT miiRweva silikat-

lodis praqtikulad mTlianad gauwyloeba, 

webvadi kontaqtebi iRebs koheziur simtkices 

da xdeba mTeli sistemis damonoliTeba. 

nakeTobis simtkiceze mniSvnelovan gavle-

nas axdens narevis gamkvrivebis meTodi da 

dayalibebis reJimi. me-2 cxrilSi mocemulia 

dayalibebis meTodebi da reJimebi. miRebuli 

Sedegebis safuZvelze arCeul iqna me-3 reJimi. 

 

cxrili 2 

dayalibebis meTodebi da reJimi 

dayalibebis 

meTodi 
dayalibebis 

reJimi 

simtkice 
kumSvaze 

mgpa 

vibrireba 
mitvirTvis 
gareSe 

f=50hc 
A=0,2-0,25mm 
t=60wm 

36 

vibrireba 
mitvirTviT 

f=50hc 
A=0,2-0,25mm 
P=0,0015mgpa 
t=60wm 

 
40,5 

vibrireba 
mitvirTviT 

f=50hc 
A=0,2-0,25mm 
P=0,0015mgpa 
t=120wm 

 
44 
 
 

 

imisaTvis, rom gagverkvia temperaturis 

cvlilebis pirobebSi SemkvrelSi mimdinare 

procesebi, Catarda Semkvrelis fizikur-qi-

miuri kvleva.  

Catarebulma fizikur-qimiurma kvlevebma 

aCvena, rom Semkvreli araTu kargavs pir-

velsawyis simtkices, rogorc amas adgili 

aqvs hidravlikur SemkvrelebSi, aramed, 

piriqiT, 20–30 %-iT imatebs.  

  

daskvna 

Catarebulma kvlevebma aCvena, rom sili-

konatriumiani kompozitis „silikatlodi – 

vulkanuri wida (karatepe)_korundi“ simtki-

ceze mniSvnelovan gavlenas axdens Semdegi 

faqtorebi: dafqvis siwminde, wyal-Semkvre-

lis damokidebuleba da Tburi damuSavebis 

reJimi, romelic, Tavis mxriv, uzrunvelyofs 

silikatlodis gadnobas, gauwyloebas da 

sistemis gamyarebas. 

Semkvrelis fizikur-qimiurma, rentgeno-

grafiulma da mikroskopulma kvlevebma da-

adastura, rom miRebuli Semkvrelis safuZ-

velze SesaZlebelia mxurvalmedegi betonis 

miReba maRaltemperaturuli Rumlebis amo-

nagisaTvis.  
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ABSTRACT. From technological, economic, sanitary and critical point of view the industry indicates much interest 

about heat-resistant concrete on silicate sodium systems.  
Refractory materials and products imported from the outside the country are quite expensive. That’s why it 

becomes so important to get the resistant concrete using the local resources - raw materials with considerable 
reduction of energy cost. Composite structure of silicate-rock-scoria (Karatepe)-electromelted corundum was selected 
in order to obtain refractory composite binder for high-temperature heat resistant concrete. The optimization of the 
binder composition was reached during the experiment, and also was established the following factors influencing on 
the strength: fineness of grinding, water-binder ratio and influence of thermal treatment mode. 

The binder is studied by the chemical, microscopic and X-ray analysis methods. The binder hardness, resistance to 
fire and other physical and mechanical properties make it available to get a high-temperature heat resistant concrete 
(the use of temperature interval 1900 C0 -1950 C0) on the basis of this binder. 

 

 Resume:  
KEY WORDS: Electromelted corundum; heat resistant, scoria; silicate rock.  
 



sainJinro saqme – ENGINEERING – ИНЖЕНЕРНОЕ ДЕЛО

 

_____________________________________ 
stu-is Sromebi – WORKS OF GTU – ТРУДЫ ГТУ   ISSN 1512‐0996 

#2 (504), 2017  86  www.gtu.ge 

UDC 691.32 

SCOPUS CODE 2205 

 
СИЛИКАТНАТРИЕВОЕ КОМПОЗИЦИОННОЕ ВЯЖУЩЕЕ ДЛЯ ВЫСОКОТЕМПЕРАТУРНОГО 

ЖАРОСТОЙКОГО БЕТОНА 

 

 
Лежава Х.Д.   Департамент технологий гражданского и промышленного строительства и 

строительных материалов, Грузинский технический университет, Грузия, 0175, 
Тбилиси, ул. М. Костава, 68б  
E-mail: kh.lejava@gtu.ge 

Эсадзе Т.И. Департамент технологий гражданского и промышленного строительства и 
строительных материалов, Грузинский технический университет, Грузия, 0175, 
Тбилиси, ул. М. Костава, 68б  
E-mail: e.tamar@mail.ru 

 
 
Рецензенты: 

М.  Чантурия,  ассоц. профессор Департамента технологий гражданского и промышленного строительства 
им. Агули Сохадзе строительного факультета ГТУ  

E-mail: Chant62@mail.ru 
З.  Карумидзе,  профессор Департамента технологий гражданского и промышленного строительства и 

строительных материалов строительного факультета ГТУ  
E-mail: zkarumidze@yahoo.com 

 
 

АННОТАЦИЯ. Исходя из технологических, экономических, санитарно-гигиенических и дефицитных позиций 
большой интерес проявляют к жаростойким бетонам на силикатнатриевых системах.  

Импорт жаростойких материалов и изделий стоит дорого, поэтому очень актуально на основе местных 
ресурсов, со значительным уменьшением энергетических затрат, получить жаростойкий бетон. 

С целью получения огнеупорного композиционного вяжущего для высокотемпературного жаростойкого 
бетона выбран состав композита: «силикат-глыба-вулканический шлак (Каратепе) – электроплавленный 
корунд». Проведенными исследованиями изучено воздействие разных факторов на прочность вяжущего. 
Такими факторами являются: тонкость помола, соотношение вода/вяжущее и воздействие режима тепловой 
обработки; вяжущее, исследованное химическими, электромикроскопическими и рентгеноструктурными 
методами анализов. Приготовленные образцы из полученного композита после сушки показали монтажную 
прочность на 200 C0-40 мПа, а после обжига на 1650 C0 Rсж = 43 мПа; при этом огнеупорность образцов 1850 C0, 
что вполне достаточно для того, чтобы на основе данного вяжущего изготовить высокотемпературный 
жаростойкий бетон с температурой применения 1950 C0. 

  
 

КЛЮЧЕВЫЕ СЛОВА: вулканический шлак; жаростойкий; силикат-глыба; электроплавленный корунд. 
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UDC 621.311 uak  

SCOPUS CODE 2208 
 

nawilobrivi ganmuxtvebis meTodiT eleqtruli mowyobilobebis 

diagnostikis Sesaxeb  

 

 

S. nemsaZe eleqtroteqnikisa da eleqtronikis departamenti, saqarTvelos teqni-

kuri universiteti, saqarTvelo, 0175, Tbilisi, m. kostavas 75 

E-mail: sh-nemsadze@mail.ru 
 

 

recenzentebi: 

r. CixlaZe, stu-is energetikisa da telekomunikaciis fakultetis eleqtroenergetikisa 

da eleqtromeqanikis departamentis asocirebuli profesori 

E-mail: r.chixladze@gtu.ge 

m. cecxlaZe, stu-is energetikisa da telekomunikaciis fakultetis eleqtroenergetikisa 

da eleqtromeqanikis departamentis asocirebuli profesori  

E-mail: merabi.tsetskhladze@mail.ru 

 

 

 
anotacia. ganxilulia Tanamedrove eleq-

troenergetikuli danadgarebis teqnikuri 

diagnostikis mniSvneloba da ganviTarebis 

Tanamedrove tendenciebi. eleqtroenerge-

tikuli mowyobilobebi Zvirad Rirebuli 

xangrZlivi eqspluataciisaTvis gankuTvnili 

maRali Zabvis danadgarebia da maTi saimedo 

eqspluatacia uzrunvelyofs momxmarebelTa 

maRali xarisxis eleqtruli energiiT sai-

medo, uwyvet momaragebas dabali saeqsplua-

tacio danaxarjebiT. energetikuli danadga-

rebi xasiaTdeba maRali muSa ZabviT da, Sesa-

bamisad, izolaciaSi mniSvnelovani eleqtru-

li velis daZabulobiT, rac agreTve ganpi-

robebulia mowyobilobebis energoefeqtu-

robis, masalatevadobis da Cadebuli konst-

ruqciuli maragebis Semcirebis tendencie-

biT. mocemulia danadgarebis izolaciaSi 

mimdinare nawilobrivi eleqtroganmuxtvebis 

procesebi da Sedgenilia izolaciis eleqt-

ruli saangariSo modeli, romelic Seicavs 

dieleqtrikisa da sahaero CanarTis Sesabamis 

tevadobebs. gamoyenebulia CanarTze rkalis 

anTebisa da qrobis Zabvis cnebebi da aRniS-

nulia, rom CanarTis ganmuxtvis process 

aqvs rxeviTi xasiaTi, romlis periodi damo-

kidebulia CanarTze Zabvis cvlilebis dro-

ze. naCvenebia modelis ZiriTadi parametrebi, 

nawilobrivi ganmuxtvebis damaxasiaTebeli 

sidideebi, Sedgenilia maTi gazomvis sqemebi 

da moyvanilia danadgarebisaTvis moCvenebiTi 

muxtebis SesaZlo varirebis diapazoni, aseve 

moCvenebiTi muxtis gazomviT eleqtruli 

danadgarebis diagnostirebisa da maTi 

saeqspluatacio parametrebis prognozirebis 

SesaZlebloba, rac Cawerilia Sesabamis 

cxrilSi.  
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sakvanZo sityvebi: gamzomi gardamsaxi; 

diagnostika; eleqtroenergetikuli danad-

garebi; eleqtruli izolacia; moCvenebiTi 

muxtis gazomva; nawilobrivi ganmuxtvebi; 

saeqspluatacio parametrebis prognozireba.  

 
 

Sesavali 

eleqtroenergetikuli mowyobilobebi _ 

generatorebi, transformatorebi, sahaero da 

sakabelo xazebi, reaqtorebi, sakomutacio 

saSualebebi Zvirad Rirebuli xangrZlivi 

eqspluataciisaTvis gankuTvnili maRali Zab-

vis danadgarebia. maTi gamarTuli, saimedo, 

uavario eqspluatacia maRali teqnikur-eko-

nomikuri maCveneblebiT, mniSvnelovnad gana-

pirobebs momxmarebelTa maRali xarisxis 

eleqtruli energiiT saimedo uwyvet momara-

gebas dabali saeqspluatacio danaxarjebiT. 

gasuli saukunis Sua periodi xasiaTdebo-

da energetikuli danadgarebis simZlavreTa 

mkveTri zrdiT, muSa Zabvis amaRlebiT da, Se-

sabamisad, izolaciaSi eleqtruli velis da-

Zabulobis zrdiT, rac aseve ganpirobebuli 

iyo mowyobilobebis energoefeqturobis, masa-

latevadobisa da Cadebuli konstruqciuli 

maragebis Semcirebis tendenciebiT.  
 

  

problemis aqtualuroba 

nebismier eleqtromowyobilobaSi aris 

eleqtrosaizolacio garemo, warmodgenili 

ama Tu im saxis dieleqtrikiT, romlis teq-

nikuri kondicia gansazRvravs mowyobilobis 

saimedo muSaobas, darCenil saeqspluatacio 

resurss. eqspluataciis procesSi izolacia-

ze xangrZlivad moqmedebs muSa Zabva, aseve 

mravaljeradi gadaZabvebi, datenianeba, 

Termuli da meqanikuri moqmedeba vibraciis 

an meqanikuri dartymebis saxiT [1]. mniSvne-

lovnad garTulda maTi eqspluatacia da sa-

Wiro gaxda mowyobilobaTa testirebis, di-

agnostikisa da monitoringis axali meTo-

debisa da saSualebebis anu diagnostirebis 

Tanamedrove sistemebis SemuSaveba. teqnikuri 

diagnostikis ganviTarebis Tanamedrove etap-

ze gamoikveTa Semdegi tendenciebi: 

• diagnostirebis obieqtis gamokvleva 

tradiciuli meTodebiT, magaliTad, eleq-

troizolaciis obieqtis gamokvleva gamor-

Tul mdgomareobaSi (OFF LINE reJimSi); 

• eleqtromagnituri, temperaturuli, vi-

braciuli da akustikuri parametrebis moni-

toringi, SesaZlo mniSvnelobaTa progno-

zireba da miRebuli Sedegebis kompleqsuri 

gamoyeneba uaxlesi sainformacio teqnolo-

giebis bazaze; 

• eleqtromowyobilobebis mdgomareobis 

Sesaxeb informaciis axali matareblebis 

moZieba. am TvalsazrisiT diagnostirebisaT-

vis mniSvnelovania mowyobilobis sakuTari 

eleqtromagnituri gamosxivebis gamoyeneba, 

romlis speqtris registracia da analizi 

saSualebas iZleva gamokvleul iqnes obieq-

ti gamourTavad (ON LINEOreJimSi) muSa Zab-

visa da datvirTvis pirobebSi da Sefasdes 

misi teqnikuri mdgomareoba. 

 ZiriTadi kiTxva, romelzec pasuxi unda 

gasces Tanamedrove sadiagnostiko sistemam 

_ SesaZlebelia Tu ara mowyobilobis Semd-

gomi uavario eqspluatacia? erT-erTi aseTi 

meTodia eleqtroizolaciis mdgomareobis 

kontroli nawilobrivi ganmuxtvis (ng) maxa-

siaTeblebiT, romlebic warmoiqmneba izo-

laciis srul garRvevamde gacilebiT adre. 

es meTodi saSualebas iZleva gamomJRavndes 

izolaciis defeqtebi maTi warmoSobis ad-

reul stadiaze, moxdes dakvirveba maT gan-
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viTarebaze, Sefasdes izolaciis arsebuli 

mdgomareoba da mowyobilobis Semdgomi eqs-

pluataciis SesaZlebloba. 

 

problemis arsi 

mbrunavi eleqtruli manqanebi, transfor-

matorebi da sxva eleqtruli danadgarebi 

konstruqciulad dengamtari da saizola-

cio komponentebis erTobliobaa. aq spilen-

Zis (alumini) sadenebi (vuwodoT pirobiTad 

eleqtrodebi) ganmxoloebulia xviaTSorisi, 

koWaTSorisi da fazaTSorisi eleqtruli 

izolaciiT an foladisagan (eleqtroteq-

nikuri, konstruqciuli) fazuri izolaciiT.  

cvladi denis eleqtroenergetikul mowyo-

bilobaTa testirebis, diagnostikis da mo-

nitoringis erT-erTi meTodi damokidebulia 

eleqtrul izolaciaSi warmoSobili ng-iT 

gamowveuli movlenebis analizze. pirveli 

cnobebi ng-ebis Sesaxeb gaCnda gasuli 

saukunis 60-iani wlebSi [2,3], rac eleqtro-

izolaciaSi eleqtruli velis damyarebisas 

warmoSobil mcirerkalur eleqtrul gan-

muxtvebs (naperwklebi) niSnavda. ng-s SeiZleba 

adgili hqondes eleqtroizolaciaSi misi 

damzadebis an eqspluataciis procesSi ga-

Cenili airCanarTebis defeqtebSi.  

perioduli ng yovelTvis aris cvladi de-

nis saSualo da maRali Zabvis mowyobilobe-

bis myar izolaciaSi (qaRaldi, polimerebi 

da sxva), mravalfenian myar saizolacio 

sistemaSi arsebuli zedapirebis gaswvriv, 

Txevadi izolaciis sahaero buStukebSi an 

airCanarTebsa da eleqtrodebis irgvliv 

arsebul garemoSi (gvirgvinuli ganmuxtva). 

ng-s adgili aqvs eqspluataciis adreul sta-

diazec da xdeba intensiuri eqspluataciis 

Semdgom periodSi, izolaciis daberebis 

Sesabamisad. adreul stadiaze gamovlenili 

ng-ebi SeiZleba gamowveuli iyos mowyobilo-

bis arasrulyofili konstruqciiT, Senaxvis, 

transportirebis da dabali kvalifikaciiT 

Sesrulebuli montaJis dros warmoSobili 

defeqtebiT, eleqtruli an Termuli gadaZab-

vebiT da sxva.  

inicirebis Semdeg ng vrceldeba eleq-

truli izolacis SigniT Tu zedapirze 

Zlierdeba da asustebs izolacias, SeiZle-

ba gamoiwvios misi garRveva da gadafarva 

miwaze an fazebs Soris. 

eleqtruli mowyobilobis izolacia Ta-

visi struqturiT nawilobriv araerTgvaro-

vania da SeiZleba Seicavdes sxva masalebis 

CanarTebs, bzarebs myar dieleqtrikebSi, 

eleqtrogamtar da airCanarTebs, gamowve-

uls damzadebis arasrulyofili teqnolo-

giiT. magaliTad, induqciuri koWebis Txeva-

di saizolacio masalebiT gaJRenTisas da, 

saerTod, saizolacio konstruqciis Camosx-

misas avtoklavirebac ki ver uzrunvelyofs 

sahaero CanarTebis (kavernebis) warmoqmnis 

Tavidan acilebas. Sesabamisad, araerTgva-

rovania eleqtruli veli izolaciaSi da 

aqvs gansxvavebuli daZabuloba calkeul 

zonebSi. Sesabamisad, calkeul ubnebSi 

eleqtruli velis daZabuloba SeiZleba me-

ti aRmoCndes am ubnis eleqtrul simtkice-

ze da warmoiqmnas lokaluri ganmuxtva mci-

re zomis eleqtruli rkalis saxiT. ng 

aseTi lokaluri ganmuxtvebis erTobliobaa. 

 

ZiriTadi nawili 

liTonis eleqtrodebs Soris moTavsebuli 

saizolacio konstruqcia warmovadginoT gan-

sxvavebuli Tvisebebis mqone sxvadasxva fenis 

erTobliobad, simartivisaTvis ori saizola-

cio feniT _ sisqe , 1 2  da eleqtruli velis 
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daZabuloba _ E ,E1 2 . aq marTebulia, rom 

E E  1 1 2 2 , sadac , 1 2  saizolacio masala-

Ta fardobiTi dieleqtrikuli SeRwevado-

bebia. pirveli fena ganixileba rogorc 

airCanarTi CC  tevadobiT. airCanarTiani izo-

latoris ekvivalenturi sqemis mixedviT 

(nax.1) CC  tevadoba mimdevrobiT CarTulia C2  

tevadobasTan. es ukanaskneli aris myari 

izolaciis im nawilis tevadoba, romelsac 

airCanarTTan saerTo Zalwirebi aqvs. 

 

CV

2V

 
 

nax. 1. orfeniani izolaciis  

eleqtruli modeli 

 

airCanarTiani tevadobis Semcveli Stos 

ekvivalenturi tevadoba iqneba: 
C C

C C
2 C

2 C

.
 
is 

Zabvis gamyofia, sadac Zabvebi Semdegnairad 

nawildeba:

  

 

CV V Vk
C C

 

2

C
2 C

,

 

CV V .
C C



C

2
2 C   

(1) 

radgan izolaciis dieleqtrikuli SeR-

wevadoba gacilebiT metia airis (haeris) 

dieleqtrikul SeRwevadobaze, eleqtruli 

velis daZabuloba airCanarTSi metia die-

leqtrikis danarCen nawilSi arsebuli ve-

lis daZabulobasTan SedarebiT. amis gamo, 

airCanarTSi warmoiqmneba eleqtruli naper-

wkali, romelic iwvevs airCanarTis Siga ze-

dapiris danaxSirbadianebas. droTa ganmav-

lobaSi, procesis ganmeorebis gamo (nax. 2), 

airCanarTis danaxSirbadianobis xarisxi ma-

tulobs: a suraTs enacvleba b suraTi, Sem-

deg c suraTi da xdeba izolaciis garRveva. 

 

a b c  
 

nax. 2. izolaciis garRvevis procesi  

 

izolaciis brtyeli kondensatoriT mo-

delirebisas C2  da CC  kondensatorebisaTvis 

Sesabamisi farTobebi tolia ( CS
C

= CS
d

) da 

haeris fardobiTi dieleqtrikuli SeRweva-

dobis gaTvaliswinebiT miviRebT: 

 

VV Vk , 



 

C
2

2

1
C

   

(2) 

sadac  2 CanarTis zemoT myari dieleqtri-

kis sisqea;  C _ airCanarTis sisqe. 

am formulis Tanaxmad, eleqtruli izo-

laciis realuri konstruqciisaTvis Zabva 

CanarTze (0.1 – 0.8)V diapazonSi icvleba. 

qselis Zabva (eleqtrodebze modebuli), 

romlis drosac moxdeba nawilobrivi gan-

muxtva, iqneba: 

 

V V
 

    
2

Ca
C 2

1  .   (3) 

 airCanarTSi ganmuxtvisas Zabva vardeba 

VCq Zabvis qrobis mniSvnelobamde. CanarTSi q 

muxtis gavlisas gamosacdeli obieqtis 

Semonafenebs (eleqtrodebs) Soris Zabva 

icvleba XV  sididiT. ng-is (CanarTis garR-

vevis) procesis xangrZlivoba, umetes SemTx-
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vevaSi, xanmokle procesia da (3_10)nwm Sead-

gens. ng-is procesi maSin daiwyeba, rodesac 

ionizaciis procesSi (VC) Zabva gadaaWarbebs 

VCa anTebis Zabvas. CanarTis garRvevisas 

warmoSobili ionebi muxtavs CanarTis zeda-

pirs da qmnis ZiriTadi velis sapirispiro 

vels. CanarTis tevadobis ganmuxtvis Semdeg 

ar warmoiqmneba mdgradi ganmuxtvisaTvis 

sakmarisi deni da ganmuxtvis procesi 

wydeba (qreba). CanarTis zedapirze warmoSo-

bili naxevargamtaruli fena ver uzrunvel-

yofs ganmuxtvis mdgrad process, CanarTis 

mcire tevadobis gamo. CanarTis garRvevisas 

Zabva vardeba ara nulamde, aramed VCq gark-

veul mniSvnelobamde, romlis drosac 

ganmuxtva qreba. qrobis Zabva 10 – 100 mkm 

airCanarTis diapazonSi naklebia Sesabamis 

garRvevis Zabvaze:  

  
V ( . . )V Cq Ca01 09 .

  
(4) 

1-li naxazis mixedviT, rodesac t=-0 

drois momentSi airCanarTze Zabva ioniza-

ciis mniSvnelobas miaRwevs CaV  rkalis 

anTebamde, sawyisi pirobebi Semdegia:  

 V ( ) V ( ) V ;   1 C Ca0 0  

 C C C CV( ) V ( ) V ;
C C
 

   1 C 1 C
1 Ca

2 2

0 0  

 CV ( ) V .
C

  C
2 Ca

2

0   (5) 

CanarTSi naperwklis warmoqmnisas (t=+0), 

rodesac Zabva vardeba VCq  naperwklis qro-

bis mniSvnelobamde, Zabvebis ganawileba 

iqneba:  

 V ( ) V ( ) V ;   1 C Cq0 0  

 C C C CV( ) V ( ) V ;
C C
 

   C 2 C 2
1 Cq

2 2

0 0  

 CV ( ) V .
C

  C
2 Cq

2

0   (6) 

ng-is warmoSobis momentSi SeiZleba iTq-

vas, rom dakvirvebis obieqtis eleqtro-

debze muxti praqtikulad ar icvleba da 

∆VX Zabvis cvlileba xdeba CanarTis Sunti-

rebiT gamowveuli ganmuxtvis Stos ekviva-

lenturi tevadobis zrdis xarjze. CanarTis 

Suntirebisas misi tevadoba  

  
qС

V
 

C
C 0

  (7) 

da Stos ekvivalenturi tevadoba 

izrdeba C2  mniSvnelobamde. marTlac 

  C
С С СC Lim ССС С

С
  

 
2 C

2 C 2
C 2

22 C

C
1

.  (8) 

 ufro moxerxebulia eleqtrodebs Soris 

∆VX Zabvis cvlileba warmovadginoT ara 

obieqtis tevadobis cvlilebiT, aramed 

eleqtrodebze muxtis fiqtiuri cvlilebiT 

e.w. qng =∆VXCX moCvenebiTi muxtis sididiT. 

amgvarad, moCvenebiTi is muxtia, romelic 

myisad Seyvanili obieqtis eleqtrodebze 

iwvevs Zabvis iseTive Semcirebas, rogorsac 

realuri nawilobrivi ganmuxtva [3]: 

  X Xq V C V C .   ng C 2   
(9) 

 moCvenebiTi muxtis gazomvis principuli 

sqema naCvenebia me-3 nax-ze, sadac V  gamo-

sakvlev obieqtze modebuli Zabvaa, KC  _ 

kavSiris kondensatori, R,C  _ sazomi arxis 

parametrebi, f ( t )  _ nawilobrivi ganmuxtvis 

impulsi, pC  _ muxtis sazomi, pkm. 

V

CKC R

K )(tf

 
 

nax. 3. eleqtruli muxtis gazomvis  

principuli sqema  
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amgvarad, moCvenebiTi muxti qნგ, CanarTSi 

anTebisa da qrobis Zabvebi VCa da VCq, ng-is 

raodenoba, denis saSualo mniSvneloba, ag-

reTve eleqtrodebze Zabvis cvlileba ∆VX 

ng-is procesis damaxasiaTebeli ZiriTadi 

eleqtruli sidideebia. maT Soris qng  da 

∆VX izomeba [4], Tumca sakmaod rTulia. 

rodesac CX =1000 pf, moCvenebiTi muxti 

SeiZleba iyos qng =1pk, gasazomi Zabva ∆VX=1 

mv, maSin eleqtrodebze modebuli Zabva 

SeiZleba iyos aTeuli da aseuli kvolti. 

 rodesac obieqtis eleqtruli izolacia 

eleqtrul velSia sinusoidurad cvalebadi 

daZabulobiT, ng-mde CanarTSi naperwklis 

gaCenamde Zabvac sinusoiduria da, Zabvis 

gamyofis formulis (1) Tanaxmad, misi amp-

lituda m mV V kC .  
 

)(tf

0 t
 

  

 

nax. 4. gamosacdel obieqtze da CanarTSi  

moqmedi Zabvebis grafikebi  

 

gamosacdel obieqtze Zabvis pirveli na-

xevarperiodis zemoqmedebisas (nax. 4), Ca-

narTSi t1  drois momentSi iwyeba ganmuxtva, 

rodesac Zabva miaRwevs Va=VCa mniSvnelobas. 

garRvevisas Zabva vardeba Vq=VCq mniSvne-

lobamde, romlis drosac ganmuxtva qreba. 

rkalis anTeba-qrobis procesi aRiwereba 

f ( t )  maRalsixSiruli funqciiT, romelsac 

praqtikulad delta funqciis saxe aqvs. Sem-

deg CanarTSi Zabva kvlav izrdeba obieqtze 

modebuli Zabvis mrudis Sesabamisad, rome-

lic wanacvlebulia horizontalurad. anTe-

bis Zabvis mniSvnelobis xelaxla miRwevisas 

procesi meordeba, e.i. CanarTSi ganmuxtvebs 

aqvs rxeviTi xasiaTi, romelTa periodi (ro-

gorc yvela arawrfivi rxeviTi sistemisaT-

vis) damokidebulia VC=VCa-VCq Zabvis cvli-

lebis saWiro droze. obieqtze modebuli 

sinusoiduri Zabvis maqsimumze gavlis 

Semdeg obieqtze Zabvis cvlilebis siCqare 

uaryofiTia  dv
dt  0 , ris gamoc icvleba 

CanarTis ganmuxtvis denis mimarTuleba (nax. 

4. f ( t )  funciis grafikebi ganlagebulia 

abscisaTa RerZis qvemoT). rodesac CanarTSi 

Zabva miaRwevs Va mniSvnelobas, iwyeba 

obieqtze modebuli Zabvis uaryofiTi 

naxevartalRis Sesabamisi anTeba-qrobis  pro-

cesi. unda aRiniSnos, rom CanarTSi rkalis 

anTeba-qrobis Zabvebis sidide ar aris damo-

kidebuli obieqtis eleqtrodebze modebuli 

Zabis polarobaze, anTeba-qrobis sixSire ki 

damokidebulia obieqtze modebuli Zabvis 

cvlilebis siCqareze, kerZod dv
dt  Semcire-

basTan erTad anTeba-qrobis rxevebis sixSire 

mcirdeba.  

 nawilobrivi ganmuxtvebis dros adgili 

aqvs: impulsuri denis gatarebas, izolaciis 

lokalur gaxurebas, dieleqtrikis moleku-

lur jgufebad daSlas, garemoSi eleqtro-

magnitur, akustikur da sxivur gamosxivebas, 

dartymiTi talRebis warmoSobas, am gamov-

linebaTa aRmoCenas. gazomvasa da analizzea 

agebuli eleqtrul mowyobilobaTa teqnikuri 

diagnostikis meTodebi da saSualebebi, maT 

Sorisaa: eleqtruli, akustikuri, qimiuri, 

optikuri, Termuli da sxva.  
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sazomi gardamsaxi SeiZleba iyos akusti-

kuri sensori, rezistori an maRalsixSiru-

li transformatori. mag., me-5 nax-ze naCvene-

bia samfaza Zaluri kabelis izolaciaSi ng-

is gazomvis principuli sqema, sadac kabe-

lis calkeuli fazebisa da neitralis sig-

nalebi vlindeba oTxi radiosixSiruli 

denis transformatoriT. gansakuTrebiT 

mniSvnelovania neitralis wredSi gamavali 

impulsuri denis sazomi transformatoris 

signali, romelsac gardamavali damiwebis 

Zabvas uwodeben. es parametri imdenad mniSv-

nelovania, rom mis gasazomad firma ea 

technology-ma Seqmna xelsawyo TEV, romelic 

sazRvargareT gamoiyeneba maRali Zabvis 

danadgarebis diagnostikaSi.  

 

 

 

nax. 5. samfaza Zalur kabelSi ng-is  

gazomvis sqema 

  

ng-is sazomi kompleqsi (nax.6) unda Sei-

cavdes magraduirebel generators (g), ro-

melic sazomi gardamsaxis (sg) Sesavalze 

uzrunvelyofs gansazRvruli sididis sig-

nalis miwodebas sazom arxSi gatarebiT da 

Semdeg sazomi sistemiT (ngss) gazomviT an 

eleqtronul oscilografze (eo) dakvir-

vebiT ganisazRvreba sazomi arxis signalis 

gadasaangariSebeli koeficienti. 

 

 

 

nax. 6. ng-is sazomi kompleqsis sqema 

  

maRali Zabvis mowyobilobaTa diagnosti-

rebisaTvis gamoiyeneba dispetCeruli kont-

rolisa da monacemTa mopovebis sistema 

(SCADA), romelic moicavs aRniSnuli mow-

yobilobebis marTvas da ng-is Sesaxeb in-

formaciis dagrovebas. 

literaturaSi [5] aRwerilia ng-is gazom-

viT praqtikuli amocanebis gadawyvetis mra-

vali SemTxveva. magaliTad, eqspluataciis 

pirobebSi zeTiani Zaluri da sazomi trans-

formatorebis, reaqtorebis, kondensato-

rebisa da maRali Zabvis SemyvanebisaTvis ng-

is saxifaTo doneTa saxesxvaoba dadgenilia 

zogierTi izolaciisaTvis (cxrili 1). maT 

safuZvelze xdeba danadgaris diagnostireba 

_ eqspluataciidan gamoyvana an eqsplua-

tacia avariis dasaSvebi an maRali riskiT. 

 

cxrili 1 

moCvenebiTi muxtis maqsimaluri 

mniSvneloba 

ng-is 

saxifaTo 

done 

qaRaldzeTiani 

izolaciisaTvis 

pk 

zeTiani 

izolaci-

isaTvis, pk 

dasaSvebi 100 300 

maRali 1000 3000 

 

kritikuli 10000 30000 
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 cnobilia agreTve informacia Zaluri 

kabelebis ng-is meTodiT diagnostirebis Se-

saxeb. Sedegebi mocemulia me-2 cxrilSi [6] 

da gansazRvrulia kabelebis darCenili re-

sursi. ng gaizoma 6, 10, 20 da 35 kv kabele-

bisaTvis sxvadasxva izolaciiT: gaJRenTili 

qaRaldi, Sekerili polieTileni, polivi-

nilqloridi. 

 

cxrili 2  

diagnostirebuli kabelebis narCi resursebi 

 

kabelis dasaxeleba sadiagnostiko 

parametri 

eqspluatacia 

5 w 

eqspluatacia 

1 w 

remonti eqspluatacias 

ar eqvemde-

bareba 

6 kv kabeli, 

gaJRenTili 

qaRaldiT 

moCvenebiTi 

muxti, pk 

ng-is ricxvi,  

wm-1 

anTebis Zabva, kv 

1200 

 

0.25 

 

8.2 

1200-7500 

 

0.25-0.5 

 

5.9-8.2 

7500-

15000 

0.5-1.5 

 

3.2-5.9 

>15000 

 

>1.5 

 

<3.2 

10 kv kabeli, 

gaJRenTili 

qaRaldiT 

moCvenebiTi 

muxti, pk 

ng-is ricxvi,  

wm-1 

anTebis Zabva, kv 

1200 

 

0.25 

 

12.5 

1200-7500 

 

0.25-0.5 

 

8.5-12.5 

7500-

15000 

0.5-1.5 

 

4.5-8.5 

>15000 

 

>1.5 

 

<4.5 

20 kv kabeli, 

gaJRenTili 

qaRaldiT 

moCvenebiTi 

muxti, pk 

ng-is ricxvi,  

wm-1 

anTebis Zabva, kv 

1200 

 

0.25 

 

28 

1200-7500 

 

0.25-0.5 

 

17-28 

7500-

15000 

0.5-1.5 

 

10-17 

>15000 

 

>1.5 

 

<10 

35 kv kabeli, 

gaJRenTili 

qaRaldiT 

moCvenebiTi 

muxti, pk 

ng-is ricxvi,  

wm-1 

anTebis Zabva, kv 

1200 

 

0.25 

 

49 

1200-7500 

 

0.25-0.5 

 

29-49 

7500-

15000 

0.5-1.5 

 

15-29 

>15000 

 

>1.5 

 

<16 

10 kv kabeli, 

Sekerili 

polieTileniT 

moCvenebiTi 

muxti, pk 

ng-is ricxvi,  

wm-1 

anTebis Zabva, kv 

1200 

 

0066 

 

14 

1200-5000 

 

0066-0.23 

 

8-14 

5000-

10500 

 

0.23-0.7 

5-8 

>10500 

 

>0.7 

 

<5 

20 kv kabeli, 

Sekerili 

polieTileniT 

moCvenebiTi 

muxti, pk 

ng-is ricxvi,  

wm-1 

anTebis Zabva, kv 

1200 

 

0066 

 

28 

1200-5000 

 

0.066-0.23 

 

16-18 

5000-

10500 

 

0.23-0.7 

10-16 

>10500 

 

>0.7 

 

<10 
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gagrZeleba  
 

35 kv kabeli, 

Sekerili 

polieTileniT 

moCvenebiTi 

muxti, pk 

ng-is ricxvi,  

wm-1 

anTebis Zabva, kv 

1200 

 

0066 

 

50 

1200-5000 

 

0.066-0.23 

 

28-49 

5000-

10500 

 

0.23-0.7 

20-28 

>10500 

 

>0.7 

 

<20 

6 kv kabeli, 

polivinilqloridiT 

moCvenebiTi 

muxti, pk 

ng-is ricxvi,  

wm-1 

anTebis Zabva, kv 

1200 

 

0066 

 

8.5 

1200-5000 

 

0.066-0.23 

 

5-8.5 

5000-

10500 

 

0.23-0.7 

3.5-5 

>10500 

 

>0.7 

 

<3.5 

 

rogorc me-2 cxrilis monacemebidan Cans, 

ng-is gazomviT SesaZlebelia Zaluri samfa-

za kabelebis saeqspluatacio resursebis 

prognozireba da eleqtromomaragebis xa-

risxis mniSvnelovani amaRleba. 

  

daskvna 

eleqtruli mowyobilobebis izolaciaSi 

warmoSobili ng-is fizikuri procesebis ma-

Tematikuri aRwera, maTi analizi da inter-

pretacia saimedo safuZvelia ng-is paramet-

rebis gazomvis meTodologis SemuSavebi-

saTvis. am parametrebs Soris umniSvnelova-

nesi informaciatevadi parametria moCvene-

biTi muxti, romlis gasazomad efeqturia 

radiosixSiruli denis transformatorebisa 

da rezistoruli sazomi gardamsaxis gamo-

yeneba. eleqtruli danadgaris parametrebis 

mixedviT ganisazRvreba moCvenebiTi muxtis 

SesaZlo sidideTa 0.1 – 30 nanok diapazoni.  

ng-is gazomva efeqturi ON LINE testire-

bis meTodia, romelic eqspluataciis pro-

cesSi uzrunvelyofs maRali Zabvis danad-

garebis uwyvet monitorings da diagnos-

tikas, maTi saeqspluatacio parametrebis sa-

imedo prognozirebas da, Sesabamisad, miwo-

debuli energiis maRal xarisxs. 
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ABSTRACT. It is noted the importance and modern trends in the development of electrical power installations 
represented by the expensive high-voltage equipment of long-term usage. Their reliable operation will continuously 
provide consumers with high-quality electric energy supply with low operating costs. Electrical power installations are 
characterized by high operating voltage and considerable electric field intensity in isolation resulted from the 
tendency of reduction of materials intensity and structural reserves as well as increased energy efficiency of the 
equipment. The paper considers the processes of partial discharge in isolation of installations and represents 
developed electrical analog of isolation with corresponding dielectric capacity and trapped air. Concepts of striking 
voltage and discharge of spark ignition in trapped air are discussed and it’s noted that partial discharge process in 
trapped air has oscillatory nature with the period depending on the duration of voltage change on inclusion. Key 
parameters of the model and characteristic values of partial discharges are specified, schemes of their measurement 
are made and the range of possible variations of apparent charge of installation are given. The paper considers the 
possibility for diagnostics and prognosis of operating parameters of electrical power installations based on relevant 
tables with experimental data. 

 Resume:  
 

KEY  WORDS: Diagnostics; electrical isolation; electrical power installation; measuring of apparent charge; 
measuring transducer; partial discharges; prognosis of operating parameters. 
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АННОТАЦИЯ.  Отмечены значимость и современные тенденции развития технической диагностики 
современных электроэнергетических установок, которые представляют собой дорогостоящее оборудование 
высокого напряжения, предназначенное для длительной эксплуатации, и их надежная эксплуатация обеспечит 
надежное, бесперебойное снабжение потребителей высококачественной электрической энергией с низкими 
эксплуатационными расходами. Энергетические установки характеризируются высоким рабочим напряжением 
и, следовательно, значительной напряженностью электрического поля в изоляции, что является результатом 
тенденции снижения материалоемкости и конструктивных запасов, а также повышения энергоэффективности 
оборудования. Рассмотрены процессы частичного разряда, протекающие в изоляции установок, и составлена 
электрическая модель изоляции, которая содержит емкость соответствующего диэлектрика и воздушного 
включения. Использованы понятия напряжения зажигания и гашения искры в воздушном включении и 
отмечено, что в воздушном включении частичный разряд имеет колебательный характер, период которого 
зависит от длительности изменения напряжения на включении. Указаны основные параметры модели, 
характеристические величины частичных разрядов, составлены схемы их измерения и приведен диапазон 
возможного варьирования кажущихся зарядов установок. Показана возможность диагностирования и 
прогнозирования эксплуатационных параметров электрических установок, что иллюстрировано с помощью 
соответствующей таблицы, в которой приведены экспериментальные данные.  

 
КЛЮЧЕВЫЕ  СЛОВА:  диагностика; измерение кажущегося заряда; измерительный преобразователь; прог-

нозирование эксплуатационных параметров; частичные разряды; электрическая изоляция; электроэнер-
гетические установки.  
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anotacia. aRwerilia maRali sixSiris in-

duqciur RumelSi foladis dnobis teqnolo-

giis erT-erTi uaryofiTi mxaris (civi da 

naklebad aqtiuri wida) gaumjobesebis mizniT 

Catarebuli eqsperimentebi da Sedegebi. mi-

Rebul iqna gogirdisa da fosforis araume-

tes 0.01_0.015% Semcvelobis specdaniSnulebis 

foladebi. foladSi gogirdisa da fosforis 

raodenobis maqsimalurad Sesamcireblad ga-

moyenebulia sinTezuri wida, romelic zemo-

dan xurdeba foladsadnob abazanaze dafa-

rebuli TefSisebri grafitis sarqvliT, Ta-

vad sarqveli ki _ abazanaSi arsebuli maRa-

li sixSiris cvladi eleqtromagnituri ve-

lis moqmedebiT. statia aseve moicavs miRebu-

li foladebis metalografiuli kvlevis Se-

degebs liTonTa Termuli damuSavebis Semdeg. 

  

sakvanZo sityvebi: dnobis teqnologia; 

induqciuri Rumeli; sinTezuri wida; spec-

daniSnulebis foladebi.  
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Sesavali 

specdaniSnulebis, maRali sisufTavis 

foladebis gamosadnobad gamoiyeneba Tana-

medrove, maRali warmadobis eleqtrorka-

luri Rumlebi maTze mibmuli cicxv-Rum-

liT, sadac xdeba Txevadi foladis Semd-

gomi rafinireba da saTanado qimiur Sedge-

nilobamde dayvana. 

cnobilia, rom induqciur RumelSi Txe-

vadi foladi intensiur cirkulacias ganic-

dis, rac udavod dadebiTad moqmedebs rafi-

nirebis procesze, Tumca uaryofiT mxared 

iTvleba is garemoeba, rom wida xurdeba  

mxolod liTonidan gamoyofili siTburi 

energiis xarjze, ris gamoc miiReba sakmaod 

dabali aqtiurobisa da dabali marafini-

rebeli Tvisebis mqone wida. rafinirebis 

process aseve arTulebs Rumlis mJave amo-

nagic, radgan rTuldeba widis fuZianobis 

SenarCuneba. 

Zalian efeqturia defosforaciis proce-

si fuZeamonagian tigelSi sinTezuri widis 

gamoyenebiT [1, 2]. 

induqciur RumelSi foladis dnobis 

erT-erTi uaryofiTi mxarea civi da nak-

lebad aqtiuri wida. praqtikaSi am movlenis 

Tavidan asacileblad iyeneben grafitisagan 

damzadebul TefSisebr sarqvels, romelic 

abazanaSi arsebuli cvladi eleqtromagni-

turi velis gavleniT xurdeba da xels uw-

yobs widis gadnobas da rafinirebis pro-

cesis daCqarebas [3]. 

dnobis aseTi teqnologia SesaZleblobas 

iZleva movaxdinoT liTonis rogorc de-

fosforacia, ise desulfuracia. aRsaniS-

navia, rom orive procesi eleqtroqimiuria 

da mimdinareobs liTonisa da widis gamyof 

zedapirze. gansxvaveba imaSia, rom fosfo-

ris mosaSoreblad saWiroa dabali tempe-

ratura da rkinis JangeulebiT gajerebuli 

wida, xolo gogirdis mosaSoreblad – pi-

riqiT, maRali temperatura da widaSi Ta-

visufali CaO-s arseboba. aRsaniSnavia, rom 

CaO xels uwyobs rogorc defosforaciis, 

ise desulfuraciis process [4]. 

foladis dnobis pirvel etapze Txevadi 

liTonis zedapirze warmoqmnil widaSi rki-

nis Jangeulebis raodenoba didia, rac ga-

napirobebs Jangbadis Tavisufali anionebis 

arsebobas da fosforisaTvis liTonsa da  

widas Soris eleqtroqimiur reaqcias:  

 ሾPሿ ൅ 4ሺOଶିሻ ൅ 2,5ሺFeଶାሻ ൌ ሺPOସሻଷି ൅ 2,5ሾFeሿ (1) 

widaSi arsebuli Tavisufali CaO fos-

foris anionebTan qmnis myar kavSirs da 

amiT xels uwyobs defosforaciis process. 

gogirdis gadasvla liTonidan widaSi 

aseve SeiZleba warmodgenil iqnes eleqtro-

qimiuri gacvliTi reaqciiT: 

  ሾSሿ ൅ ሺCaଶା ∙ Oଶିሻ ൌ ሺCaଶା ∙ Sଶିሻ ൅ ሾOሿ  (2) 

es reaqcia sasurveli mimarTulebiT rom 

warimarTos (gogirdi liTonidan widaSi 

maqsimaluri raodenobiT rom gadavides) au-

cilebelia foladSi gaxsnili gogirdis aq-

tiuroba iyos maRali, widaSi – dabali; 

Jangbadis aqtiuroba – liTonSi dabali, 

widaSi _ maRali. aqedan gamomdinare, li-

Tonsa da widas Soris gogirdis gadanawi-

lebis wonasworuli koeficienti (L) damo-

kidebulia rogorc liTonis, ise widis qi-

miur Sedgenilobaze. dadgenilia, rom li-

TonSi gaxsnili C, Si da Al zrdis gogirdis 

aqtiurobas liTonSi da aumjobesebs de-

sulfuraciis pirobebs; Mn, Ca, Mg, Cs, pi-

riqiT, amcirebs liTonSi gogirdis aqtiu-

robas da xels uSlis gogirdis difuzur 

gadaadgilebas liTonidan widaSi. 

widis desulfuraciis unarze gavlenas 

axdens agreTve widis siblante, zedapiruli 
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da fazaTSorisi daWimuloba. rac ufro nak-

lebia widis siblante da fazaTSorisi daWi-

muloba liTonsa da widas Soris, miT ufro 

kargad midis desulfuraciis procesi da 

liTonis gawmenda araliTonuri CanarTebis-

gan [2]. 

mxurvalmedegi da maRali simtkicis sa-

konstruqcio foladis misaRebad, garda si-

sufTavisa, aseve aucilebelia misi legire-

ba da miRebuli namzadebis Termuli damuSa-

veba. araerTi samuSaoa Catarebuli legire-

bis gziT foladis maqsimalurad wvril-

marcvlovani struqturis misaRebad. am miz-

niT metad efeqturia molibdenisa da ni-

kelis gamoyeneba. amasTan dadgenilia, rom 

molibdeni nikelTan erTad gacilebiT ufro 

efeqtur gavlenas axdens wvrildispersiuli 

martensitis formirebaze, vidre nikelis 

gareSe [5]. garda amisa, molibdeni aumjobe-

sebs wertilovan koroziamedegobas feri-

tul uJangav foladSi, imis miuxedavad, rom 

molibdenis Semcveloba SesaZloa 0,8 %-s ar 

aRematebodes [6].  

samuSaos mizana standartuli folad 50-

is bazaze axali Sedgenilobis foladis ga-

modnoba aluminiT, boriT, molibdeniT, ni-

keliT da sxva SesaZlo elementebis mikro-

legirebis gziT da dnobebis Catareba 

maRali sixSiris induqciur RumelSi. Cven 

CavatareT oTxi sacdeli dnoba. 

oTxive sapilote foladi gansxvavdeba 

folad 50-is standartuli qimiuri Sedgeni-

lobisgan aluminis danamatiT, romelic 

gamoviyeneT rogorc malegirebeli ele-

menti. misi Semcveloba oTxive foladSi 

icvleba 0,03_0,05 %-is farglebSi. foladSi 

misi mcire raodenobac ki (0,03_0,1 %) mniSv-

nelovani faqtoria austenitizaciis tempe-

raturaze marcvlis gamsxvilebis dasabrko-

leblad [7]. aluminis mcire raodenoba  

(0,05 %-mde) aseve ganapirobebs wvrilmarcv-

lovani feritis formirebas, rac udavod 

dadebiTad moqmedebs foladis meqanikur 

Tvisebebze, radgan erTaderTi meTodi simt-

kicisa da plastikurobis erTdrouli zrdi-

saTvis marcvlis zomis Semcirebaa [8, 9]. 

aluminis ganawileba austenitis marcv-

lis zedapirze gavlenas axdens foladSi 

mimdinare gardaqmnis xasiaTze, kerZod seg-

regantis formireba marcvlis zedapirze am-

cirebs austenitis marcvlis sazRvris Zvra-

dobas da ganapirobebs wvrilmarcvlovani 

austenituri struqturis SenarCunebas [8, 9]. 

dadgenilia, rom bori kargad ixsneba γ 

rkinaSi da warmoqmnis myar xsnars, romelic 

amcirebs feritis gamoyofis siCqares da 

zrdis austenitis mdgradobas da gana-

pirobebs wrTobadobis zrdas [10]. 

   

ZiriTadi nawili 

Txevadi foladis rafinirebisTvis gamo-

viyenT sinTezuri wida, romlis ZiriTadi 

komponentebia CaO (40_45 %), CaF2 (25_30 %) da 

Al2O3 (30_35  %). aseTi widis dnobis temperatu-

raa 1350_14000C. 

liTonis dnobis momentSi zedapirze mcire 

raodenobiT (liTonis masis 0,5%) warmoiqm-

neba pirveladi wida, romlis ZiriTad nawils 

rkinis Jangeulebi warmoadgens. bevrad ufro 

mcirea masSi SiO2, MnO da fuZe amonagidan 

gadasuli MgO. aseTi Sedgenilobis widis ze-

dapirze sinTezuri widis damatebiT (liTo-

nis masis 2_3 %) miiReba maRalrafinirebuli 

Tvisebebis mqone wida. gamoTvlebiT dadgeni-

lia, rom Tu liTonSi gogirdis sawyisi rao-

denoba 0,04 % Seadgens, mza produqtSi misi 

Semcveloba 0,001 %-mde daiyvaneba. 
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sakvlevi foladebis dnoba CavatareT 12 kg 

moculobis, fuZeamonagiani (magneziti), maRa-

li sixSiris induqciur RumelSi. sakazme 

masalebad gamoviyeneT armko-rkina, foladebi 

У-7 da У-8, Cven mier specialurad gamodnobi-

li Tuji (C=3,5 _ 4,0 %) gogirdisa da fos-

foris minimaluri (0.01 %) SemcvelobiT. kvle-

vis procesSi gamoviyeneT aseve foladebi 45, 

50 da 40Х. 

kazmi gaangariSebul iqna 10kg-ian dnoba-

ze, dnobis procesSi malegirebeli elemen-

tebis danakargebis (amowvis) gaTvaliswine-

biT. legirebisaTvis gamoviyeneT sufTa 

eleqtrolituri nikeli (99,9 %), sufTa 

qromi da feroqromi (65 % Cr), feromolib-

deni (60 % Mo), ferosiliciumi (90 % Si da 

75 % Si), sufTa eleqtrolituri manganumi 

da feromanganumi (76 % Mn), ferovanadiumi 

(35 % V), ferobori (30 % B). 

gadnobis Semdeg Txevadi liTonis zeda-

pirze davayareT winaswar 800 0C-mde gaxure-

buli sinTezuri wida, sadnob tigels zemo-

dan davaxureT grafitisagan damzadebuli 

sarqveli da aseT mdgomareobaSi davayovneT 

10_15 wuTi. Txevad foladSi malegirebeli 

elementebi SeviyvaneT rkinis Zelakze damag-

rebuli Txeli Tunuqis paketebiT. liTonis 

Sxefebis Tavidan asacileblad da tenis 

mosacileblad paketebi winaswar gavaxureT 

200_300 0C-mde. gamonakliss warmoadgenda 

FeMo da Ni, romlebic RumelSi kazmTan er-

Tad SevitaneT, radgan es elementebi rki-

nasTan SedarebiT ufro pasiuria da dana-

kargic umniSvnelo (0,5_1,0 %). 

dnobis bolo etapze Txevadi liTonis ze-

dapiri gavaTavisufleT mdnari widisgan spe-

cialuri rkinis kovziT, liTonis ganJangva 

movaxdineT sufTa aluminiT da amis Semdeg 

liToni CamovasxiT vertikalurad gaxsnil 

cilindrul an marTkuTxa formis boyvebSi 

(sur.1, a, b). boyvSi Camosxmul Txevad liTons 

zemodan davayareT Tbosaizolacio fxvnili, 

romelic uzrunvelyofs Cajdomis niJaris 

zodis zemo nawilSi ganTavsebas da jansaRi 

sxmulis miRebas. 

Camosxmuli zodis sruli homogenizacia 

movaxdineT 850_900 0C-ze 2-saaTiani dayovne-

biT, gavaciveT RumelTan erTad. zodebis Ta-

vuri gadaWrisa da qimiuri analizisaTvis 

nimuSebis aRebis Semdeg zodebi movamzadeT 

glinvisTvis. marTkuTxa zodebi gaiglina  

20 mm sisqis furclebad, xolo cilindru-

li – 35 mm diametris mqone mrgval Zelake-

bad. glinvis Sedegad miRebuli furclovani 

naglinidan movamzadeT nimuSebi meqanikuri 

Tvisebebis Sesaswavlad grZivi da ganivi 

kveTis mimarTulebiT, aseve metalografiuli 

kvlevisaTvis. meqanikuri Tvisebebis Sesaswav-

lad da metalografiuli kvlevisaTvis gamo-

viyeneT liTonis mrgvali namzadebidan miRe-

buli nimuSebic. 
 

 
a) cilindruli            b) marTkuTxa 

 

sur. 1. Txevadi foladis Camosasxmeli  

boyvebi 

 

daskvna 

Cven mier gamodnobili foladebis qimiuri 

Sedgenilobebi warmodgenilia 1-el cxrilSi, 

xolo me-2 cxrilSi mocemulia miRebuli ni-

muSebisTvis Termuli damuSavebis reJimebi da 

Sesabamisi meqanikuri Tvisebebi.   
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                                                             cxrili 1   
 

specfoladebis qimiuri Sedgeniloba 
 

№ 

 qimiuri Sedgeniloba, % 

C Si Mn Cr Ni Al B Mo V 
S & 

P 

1 0,52 0,27 0,57 0,29 0,22 0,05 - - - 0,01 

2 0,49 0,27 0,53 0,29 0,25 0,04 0,002 0,19 0,14 0,015 

3 0,48 0,28 0,58 0,30 1,6 0,04 - 0,27 0,14 0,01 

4 0,50 0,25 0,61 0,27 1,5 0,03 0,001 0,29 0,12 0,01 

 

                                                                   cxrili 2 

specfoladebis Termuli damuSavebis reJimebi da  
Sesabamisi meqanikuri Tvisebebi 

 
 

suraTebze (2 da 3) warmodgenilia №1 da 

№2 foladebis mikrostruqturebi Termuli 

damuSavebis Semdeg. №2 foladis dnobisas 

mcire raodenobiT amateben B, Mo da V, rac 

sakmarisia SedarebiT wvrilmarcvlovani 

struqturis Camoyalibebisa da meqanikuri 

Tvisebebis amaRlebisaTvis (cxrili 2). 

suraTebze (4 da 5)  warmodgenilia №3 da 

№4 foladebis mikrostruqturebi Termuli 

damuSavebis Semdeg. am SemTxvevaSic orive 

foladi gamodnobilia erTi da igive fo-

ladis fuZeze, magram №4 foladSi, №2-is 

msgavsad, mcire raodenobiT damatebulia B, 

Mo da V. legirebis efeqti da gavlena mikro-

struqturasa da meqanikur Tvisebebze wina 

SemTxvevis analogiuria. SevniSnoT, rom #3 

da #4 foladebSi nikelis Semcveloba ga-

zrdilia pirvel or foladTan SedarebiT 

(cxr. 1). warmodgenili mikrostruqturebidan 

Cans, rom nikelis danamati molibdenTan 

erTad xels uwyobs wvrildispersiuli mar-

tensituli  struqturis  Camoyalibebas. miu-

xedavad imisa, rom #3 da #4  foladebma 

mogvca siblantis dabali maCvenebeli, Seda-

rebiT dabal temperaturaze moSvebis gamo, 

gazrdili simtkicis maCveneblebi iZleva imis 

garantias, rom moSvebis temperaturis moma-

tebiT miviRoT simtkicisa da plastikurobis 

maxasiaTeblebis  optimaluri mniSvnelobebi. 

 

 

№ 
norma-

lizacia 
t0C 

wrToba 
t0C 

moSveba 
t0C 

σ0,2 
mgpa 

σdr 
mgpa 

δ 
% 

φ() 
% 

KCU  
j/sm2 HRC 

1 850 850/zeTi 600/2sT 876 949 17 45 96 24 

2 850 850/zeTi 600/2sT 909 986 20 49 94 27 

3 850 850/zeTi 450/2sT 1344 1426 15 46 54 34 

4 850 850/zeTi 450/2sT 1484 1600 12 25 42 36 
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sur. 2. #1 foladis mikrostruqtura Termuli  

damuSavebis Semdeg. a-x400; b- x1000 

 

 

sur. 3. #2 foladis mikrostruqtura Termuli  

damuSavebis Semdeg. a-x400; b-x1000 

 

 

sur. 4. #3 foladis mikrostruqtura Termuli  

damuSavebis Semdeg. a-x400; b-x1000 
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sur. 5. #4 foladis mikrostruqtura Termuli  

damuSavebis Semdeg. a-x400; b-x1000 

 
 

aRniSnuli meTodiT gamodnobil fola-

debSi gogirdisa da fosforis Semcveloba, 

rogorc wesi, meryeobda 0,01_0,015 %-is farg-

lebSi da liToni Tavisufali iyo araliTo-

nuri CanarTebisgan – oqsidebisa da sulfi-

debisagan. 

foladis miRebis aseTi teqnologia warma-

tebiT Catarda agreTve 50kg-ian induqciur 

RumelSi, riTac vaskvniT, rom specdaniSnule-

bis foladebze mcire masStabiT moTxovnisas 

sruliad sakmarisia 10_50kg-iani maRali six-

Siris induqciuri Rumlebis gamoyeneba. 
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anotacia. ganxilulia vakuum-doluri am-

Zravis mier lentTan sakontaqto rgolur 

WvriteSi, vakuum-qvezonebis adgilmdebareo-

bisa da raodenobrivi mniSvnelobis mixed-

viT, ganviTarebuli wevis Zalebis saangari-

So maTematikuri gamosaxulebebi da gamoye-

nebis meTodika. Ddepartamentis laboratori-

ul bazaze Seqmnili vakuum-amZravis modelis 

fizikuri parametrebis mixedviT, maTematiku-

ri gamosaxulebebis calkeuli mdgenelebisa 

da mTlianad wevis ZalebisaTvis, Sevasru-

leT kompiuteruli gaTvlebi da SevadgineT 

rva cxrili, romelTa analizma saSualeba 

mogvca wevis Zalebis maqsimaluri mniSvne-

lobisTvis gagvesazRvra rgolur WvriteSi 

vakuum-qvezonebis xelsayreli ganlageba.  

 

sakvanZo sityvebi: drekadi srialis rka-

li; vakuum-doli; vakuum-qvezona; kuTxuri 

biji; lentis swrafobis wertili; rgoluri 

Wvrite; SedarebiTi simSvidis rkali; Camoqa-

nebis wertili; CaWidebis koeficienti; wevis 

faqtori; wevis Zala.  
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Sesavali 

mkvlevarTa [1,2] mier Sesrulebuli samu-

Saoebis mixedviT, maqsimaluri wevis Zala mi-

iReba vakuumis zonis ganlagebiT SedarebiTi 

simSvidis rkalze. drekadi srialis rkalze 

mis ganlagebas uaryofen imis gamo, rom “am 

sakontrolo zonaSi mimdinare drekadi sri-

alis Sedegad isedac didia lentis cveTa”. 

petrov-Jukovskis amocanis Tanaxmad, wevis 

Zalebis realizacia xaxunis amZravebSi dre-

kadi srialis xarjze mimdinareobs. es ana-

lizi miuTiTebs imaze, rom vakuumis zonis 

adgilmdebareobis aseTi pirobiT Secvla 

ver Seamcirebs drekad srialsa da, Sesabami-

sad, lentis cveTas. amitom, amjerad kvlevas 

vawarmoebT mxolod maRali wevis Zalis mi-

saRebad. koleqtoriani vakuum-dolis SemTx-

vevaSi am amocanis eqsperimentiT Semowmebas 

da aseve analizuri wesiT gansazRvras azri 

ara aqvs, vinaidan koleqtoris vakuumuri sa-

kani vakuum-dolis sakontaqto vakuumur ze-

dapirs uerTdeba didi winaRobis recipiente-

biT. amdenad marTebulia kvlevebi Sevasru-

loT iseTi konstruqciis vakuum-dolisaT-

vis, sadac mTeli sakontaqto zedapiris vaku-

umuri zona dayofili iqneba calke momuSave 

vakuum-qvezonebad. am miznisaTvis mizanSewo-

nilia avm (avtonomiur vakuumurmeqanizmebia-

ni) vakuum-dolis kvleva Semdeg daSvebaTa 

gaTvaliswinebiT: 

   

ZiriTadi nawili 

1. amZravi doli _ R-radiusiani idealu-

rad wriuli cilindri; 

2. amZravis yvela elementi ganixileba ro-

gorc absoluturad xisti; 

3. Camoqanebis Stos lentis monakveTis wi-

naRobas gamovricxavT; 

4. amZravze lentis Semoxvevis kuTxis saw-

yisad aiReba Camoqanebis wertili (wertili 

A. nax. 1). 

 
 

nax. 1 

 

moqnili Zafis elementaruli ubnisaTvis, 

rodesac sakontaqto zedapirze vakuumi ar 

iqmneba, wonasworobis gantolebas aqvs saxe: 

dS μSdα .  

vakuumis SemTxvevaSi ki gveqneba: dS   

 μ Sdα pRBdα ,  

saidanac  

 dS/dα Sμ pRBμ  ,  (1)  

sadac S aris sakonveiero lentis daWimu-

loba; μ  _ CaWidulobis (xaxunis) koefici-

enti; p _ vakuumis sidide; B _ sakonveiero 

lentis sigane. 

(1)  gantoleba S-is mimarT pirveli rigis 

wrfivi araerTgvarovani diferencialuri ga-

ntolebaa, romelic zogadad SegviZlia Cav-

weroT:  

      S' A S Q    .  (2) 

Sesabamis erTgvarovan diferencialur 

gantolebas eqneba saxe: 

  S' A α S  anu  S'/S A α . 

imis gaTvaliswinebiT, rom dS/S S'  anu 

S'dα dS , SegviZlia davweroT: 

   dS A αdα c
S

   ; anu  lnS A α)dα c ;   

saidanac 
   α A α dαc

1S e e e c     , 
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sadac  1c f α ,
 romelsac ise virCevT, rom 

dakmayofildes (2) gantoleba. 

   
   A α\ d

1S e c α    (3) 

anu        A α dα A α dα' '
1 'S A α e c α e c α.       (4) 

 (3) da (4) mniSvnelobebi SevitanoT (2) gan-

tolebaSi, miviRebT: 

             A α dα A α d α '
' 'A α e c α e c α      

         Ad α
'A α e c α Q α   . 

aqedan  

        A α dα'
'c α e Q α  

anu  

        A α dα'
'c α Q α e ,


    

xolo  

        A α dα
'c α Q α e dα c


   .  (5) 

Tu SevitanT (5) gamosaxulebas (3)-Si mi-

viRebT: 

  
     A α dα A α dα

S e Q α e dα c
 

  
 

  .
  

(6) 

 

 
 

nax. 1 

 

Tu (6) gamosaxulebas CavwerT Cven mier 

miRebuli aRniSvnebiT:  

 
 μ A α

 
da

 
 pRBμ Q α ,

 

maSin miviRebT (1) gantolebis amonaxsns, 

romelic Semdegnairad Caiwereba: 

   

α

0
0

α μdα

0

S pRBμe dα c
d

.e
 
 

 
 

  
  
 

    
(7)  

CavTvaloT, rom μ const,
 
maSin (7) ganto-

leba miiRebs saxes: 
 

   
 

α
μα μ

0

S e RBμ p α e dα c .
 
  
 
 

   
(8)  

rodesac   0 ;
 

1S c S  C ;
 
rodesac maxα α ;

 

S S ; sw  maSin (8) gantoleba Caiwereba Semdegi 

saxiT: 

 
 

max

max max

α
μα μα

0

S e RBμ p α e dα S .
 
  
 
 

sw C  aqedan 

vakuum-dolis wevis Zala  

 

   
max

max max

α
μα μα

max
0

F e RBμ p α e dα S e 1max .    C
 
(9)  

miRebuli (9) gantoleba, sakontrolo 

rgolur WvriteSi nulovani
 
(P=0) vakuumis 

SemTxvevaSi, gvaZlevs eileris cnobil 

gantolebas:
  

   
 maxμα

maxF S e 1 . C
 

Tu miviRebT, rom sakonveiero lentisa 

da amZravi vakuum-dolis sakontaqto zeda-

pirebis mier Seqmnil rgolur WvriteSi Ta-

nabrad ganawilebuli
 

 (P α const)
 
da maqsi-

maluri mniSvnelobis vakuumi iqmneba, maSin 

(9) gantoleba Caiwereba Semdegnairad:
 

 
 

max

max max

α
μα μαμα

max
0

F e pRBμ e dα S e 1 .   C
 

(10) 

es Sedegi SeiZleba warmovadginoT Semdegna-

iradac:
 

   
   max maxμα μα

maxF P e 1 S e 1 ,   C
  

(11)  

sadac  P pRB   (12) 
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vakuum-amZravis sakontaqto zedapirze sa-

konveiero lentis erTeulovani kuTxis Se-

sabamis rkalze Seqmnili vakuumiT miRebuli 

damatebiTi miWeris Zalaa. 

xolo (11) gamosaxuleba, romelSic gaTva-

liswinebulia (12) iqneba: 

   
   maxμα μα

maxF pRB e 1 S e 1 ,   C
 

 romelic Seesatyviseba a.v. evneviCis [3] 

formulas. 

Tu vakuum-dolis ganxilvisas, romlis 

mTeli sakontaqto zedapiris vakuumuri zona 

dayofilia calkeulad momuSave vakuum-qve-

zonebad, davuSvebT, rom: a) p sididis vakuumi 

iqmneba da vrceldeba mxolod
 
δ centraლuრi 

kuTxiT moWimul vakuum-qvezonaze (nax. 2), xo-

lo sazRvrebs gareT
 

p 0;
 
b) vakuum-qvezo-

naSi vakuumi wydeba amZravidan tvirTmzidi 

lentis Camoqanebis wertilidan misi
 

0α
 
kuT-

xur manZilze ganlagebisas. (10) gamosaxu-

leba SeiZleba gadavweroT Semdegi saxiT: 

 
 

0

max max

0

α δ
μα μαμα

max
α

F e pRBμ e dα S e 1


   C

 

 an  

     0max 0 maxη α δμα -μ μαF e P e e S e 1    C .
 
(13)

 

xolo nm  muSa qvezonebSi vakuumis Seqm-

nisas wevis Zalebis saangariSo formula mi-

iRebs saxes: 

 
       m

00max

n
μ α k 1 β δ δμ α k 1 β δμα

k 1

F e P e e           



        

   maxμαS e 1 ,C   (14) 

sadac k vakuumuri qvezonis nomeria (nax. 2); 

β _
 
vakuum-qvezonebs Sorisi rkalis momWi-

mavi kuTxe.
  

Tu vakuum-qvezonebis kuTxur bijs aRv-

niSnavT
 

t β δ  , maSin  

   0max

n
μ α t k 1μα μδ

k 1

F e 1 e Pe      



  
m

 

   maxμαS e 1C .  (15) 

 (15) gamosaxuleba saSualebas gvaZlevs 

vakuumis zonis nebismier qvezonaSi Seqmni-

li vakuumisas ganvsazRvroT ganviTarebuli 

wevis Zala. 

am gamosaxulebis analizi gviCvenebs, rom 

vakuum-qvezonis adgilmdebareoba vakuum-do-

lis mTel sakontaqto zedapirze mniSvne-

lovan gavlenas axdens mis mier ganviTa-

rebul wevis Zalaze; kerZod, rac ufro ax-

losaa ganlagebuli vakuum-qvezona lentis 

vakuum-dolis Camoqanebis wertilidan (wer-

tili A, nax.1), miT metia wevis Zalis zrdis 

efeqti. 

  

daskvna 

amgvarad, vakuum-dolis sakontaqto zeda-

pirze ganlagebuli erTnairi raodenobis 

vakuum-qvezonebi, imis mixedviT Tu saiT aris 

ganlagebuli _ Camoqanebis Tu swrafobis 

wertilisaken, iZleva mniSvnelovnad gansxva-

vebul wevis Zalebs. wevis Zalebis es gansx-

vaveba SeiZleba gamoiTvalos formuliT: 

 maxF e e    1
 

    
n n n

t kt k

k n k

P e e ,
   

         

 

 
 
  
  00

1 1
11

m m

  (16) 

 sadac 
 
vakuum-dolze lentis swrafobis 

wertilSi ganlagebuli pirveli muSa vaku-

um-qvezonis nomeria da Cawerilia zogadi 

saxiT:
  

n n ;   1s
 

sadac ns vakuum-dolis sakontaqto zeda-

pirze lentis qvemoT ganlagebuli vakuum-

qvezonebis raodenobaa; n – dolidan lentis 
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Camoqanebis mxares pirveli muSa vakuum-qve-

zonis nomeri; nm _ Tanamimdevrulad ganla-

gebuli vakuum-qvezonebis raodenoba. 

aRniSnuli efeqtis raodenobrivi Sefa-

sebiT ganvsazRvravT avm vakuum-dolis op-

timalur parametrebs. 

(15) da (16) gantolebebi amoixsna kompiute-

ruli programis Semdegi monacemebiT (la-

boratoriuli vakuum-dolis diametri, sigane 

da a.S. SeirCa [3,4] samuSaoebis Sesabamisad): 

_ 
vakuum-dolze sakonveiero lentis 

Semoxvevis kuTxe _
 

maxα   ;
  

_ dolis sakontaqto zedapirze lentis 

CaWidebis (xaxunis) koeficienti _
 

 μ 0,1 1,2 ; 
  

_ vakuum-qvezonebis kuTxuri biji _
 

t β   δ 0,33 
 
rad;  

_ vakuum-qvezonis momWimavi centraluri 

kuTxe _
 
β 0,11  rad;  

_ vakuum-qvezonebs Soris segmentis momWi-

mavi centraluri kuTxe _ δ 0,22  rad; 

_ vakuum-dolze lentis damatebiTi miWe-

ris Zala _ P pRB ; 

_ vakuum-dolis radiusi _ R=0,18 m; 

_ sakonveiero lentis sigane _ B=0,50 m. 

gaangariSeba Sesrulda 1-dan 9-mde cal-

keuli vakuumuri qvezonebis da maTi erTob-

livi muSaobisas rogorc raodenobrivi, ise 

vakuumis zonaSi maTi sxvadasxva adgilas 

ganlagebisaTvis. 

(15) formuliT Sesrulebuli gaangariSe-

bis monacemebi warmodgenilia (1_8) cxri-

lebSi, romelTa analizi gviCvenebs: 

cxrili 1. vakuumis dolisa da lentis 

CaWidebis (xaxunis) koeficientis zrdiT 

izrdeba maxμαe  da  μδ1 e  Tanamamravlebi; 

cxrili 2. vakuum-qvezonis raodenoba _ 

erTi; 0α 0;   μt k 1e 
Tanamamravlis sidide 

mcirdeba rogorc CaWidebis koeficientis 

zrdiT, ise vakuum-qvezonis gadaadgilebiT 

amZravis sakonveiero lentis Camoqanebis 

wertilidan swrafobis wertilisaken; aqve 

aRvniSnavT, rom miRebuli daSveba  0 0  mi-

zanSewonilia davicvaT, rodesac K 2 . 

vakuum-dolis wevis Zalaze vakuum-qve-

zonis adgilmdebareobisa da CaWidebis koe-

ficientis mniSvnelobis kompleqsuri anali-

zi gviCvenebs, rom μ 0,9  SemTxvevaSi #9 va-

kuum-qvezonisaTvis  μt k 1e 0,092;    rodesac 

μ 0,1,  #2 vakuum-qvezonisaTvis  μt k 1e    

0,968  anu Tanamamravlis sidide izrdeba 

, ,
,


0 968

11
0 092

 rac safuZvels gvaZlevs davaskv-

naT, rom Tu mTeli Semoxvevis kuTxis rgo-

lur WvriteSi ar iqmneba vakuumi, maSin maqsi-

maluri wevis Zalebis miRebis mizniT umjo-

besia vakuum-zona ganvalagoT vakuum-dolidan 

sakonveiero lentis Camoqanebis mxares. 

cxrili 3. vakuum-qvezonebis raodenoba 

izrdeba Tanamimdevrulad erTidan cxramde, 

swrafobis wertilidan lentis Camoqanebis 

wertilisaken; 

cxrili 4. vakuumis qvezonebis raodenoba 

izrdeba Tanamimdevrulad erTidan cxramde, 

lentis Camoqanebis wertilidan swrafobis 

wertilisaken. 

me-3 da me-4 cxrilebis monacemebis Seda-

reba gviCvenebs, rom rodesac μ 0,1 , vaku-

mis-qvezonebis oridan cxramde gazrdisas 

cxrilebis monacemebi icvleba 1,97/1,56=1,26-

dan 7,92/7,92=1-mde, xolo μ 0,9 , icvleba 

1,74/0,22=7,91-dan 3,62/3,62=1-mde zRvrebSi. 
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miRebuli Sedegebis mixedviT SegviZlia 

gavakeToT daskvna, rac metia CaWidebis koe-

ficientis sidide an mcirea muSa vakuum-

qvezonebis raodenoba, miT ufro aucile-

belia vakuumis zonis ganlageba vakuum-

dolidan lentis Camoqanebis wertilis 

maxloblobaSi. garda aRniSnulisa, yovel 

konkretul SemTxvevaSi, miRebul Sedegebze 

dayrdnobiT SeiZleba vakuum-qvezonebis op-

timaluri raodenobis, maTi ganlagebisa da 

sxva teqnikuri maCveneblebis optimaluri 

parametrebis gansazRvra maRali wevisfaq-

toriani vakuum-dolis miRebis mizniT. 

cxrili 5. mocemulia (15) formulis gaan-

gariSebiT miRebuli vakuum-dolis wevis Za-

lebi, sxvadasxva sawyisi daWimulobisa da 

sxvadasxva raodenobis vakuum-qvezonebisas, 

romlebic ganlagebulia vakuum-dolze sa-

konveiero lentis Semoxvevis kuTxis sxva-

dasxva mxares: WvriteSi mudmivi mniSvnelo-

bis _ vakuumisas p=0,94 bar. da CaWidebis ko-

eficientisas _ μ 0,63  (ganisazRvreba cde-

bis SedegebiT). 

am cxrilis monacemebiT SeiZleba vimsje-

loT sakonveiero lentiT vakuum-dolze Se-

moxvevis kuTxeze rgolur WvriteSi vakuum-

qvezonebis muSa raodenobebisa da ganlage-

bis Sesaxeb. 

(15) formuliTve ganisazRvreba vakuum-do-

lis wevis faqtori. 

gamosaxulebas, rodesac S /P S /pRB,sw sw  

vuwodebT vakuum-dolis sakuTari wevis faq-

tors. 

(15) gantolebis mixedviT sakuTari wevis 

faqtori  

  
nμα

s μt k 1μα
μδ

n 1

S S ee e
P pRB e

; 



 
    

 

m

sw w
  (17)  

xolo vakuum-dolis saerTo (zogadi) wevis 

faqtori, rodesac konveieris konturSi, ama 

Tu im pirobebidan gamomdinare, lentis 

sawyisi daWimuloba iqmneba, maSin 

    
n

μt k 1μα μδ

C k 1

S pRBe 1 e e 1
S S

 



 
   
  


m

sw

C

.  (18) 

am gamosaxulebaSi mocemuli konkretuli 

amZravisaTvis cvladi sidideebiD SeiZleba 

iyos lentis sawyisi S Ssaw C daWimuloba da 

lentis qvemoT, rgolur WvriteSi vakuumis 

mniSvneloba p . 

(18) formulis amonaxsni, rodesac p=0,94 

bar., μ 0,63  (ganisazRvreba cdis SedegebiT) 

da SC =10_3400 dkn dafiqsirebulia me-6 

cxrilSi, romelic saSualebas iZleva 

davaskvnaT, rom vakuum-dolis mocemuli 

tip-zomis gamoyenebis are mizanSewonilia 

ganisazRvros aucilebeli sawyisi daWimu-

lobis SC  mniSvnelobisa da amZravis sakon-

taqto zedapirze sakonveiero lentis dama-

tebiTi miWeriT Seqmnili Zalis mixedviT. 

avm vakuum-dolis racionaluri gamoye-

nebis are ganisazRvreba S pRBC  gamosaxu-

lebidan;  ufro meti sawyisi daWimulobisas 

vakuumis SeqmniT miRebuli sakonveiero len-

tis amZrav dolze damatebiTi miWeris Zalis 

efeqti mcirdeba, Tumca vakuum-dolis efeq-

turad gamoyenebis zonad SeiZleba miviRoT 

S 2pRB.C   

me-7 da me-8 cxrilebSi mocemulia (17) for-

muliT gamoTvlili vakuum-dolis sakuTari 

wevis faqtori lentisa da dolis sakontaqto 

zedapirebis sxvadasxva CaWidebis koeficien-

tisas, vakuum-qvezonis raodenobisa da maTi 

sakontaqto zedapirze Semoxvevis kuTxis 

sxvadasxva mxares ganlagebisas. 
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mocemuli cxrilebis analiziT SeiZleba 

davaskvnaT, rom vakuum-dolis sakuTari we-

vis faqtoris sididis minimalurad Semci-

rebisa da erTdoliani kompaqturi amZravi 

vakuum-dolis daproeqtebis mizniT, lentis 

swrafobis mxares, mTeli Semoxvevis kuTxis 

1/5 nawilze SesaZlebelia vakuum-qvezonebis 

Semcireba. swored es zonaa sakontaqto ze-

dapiris SedarebiTi simSvidis zona anu amZ-

ravi vakuum-dolis wevis Zalebis maragi. 

 

cxrili 1 
 

CaWidebis (xaxunis) 

koeficienti,  0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 

wevis faqtori 
݁ିఓఈ೘ೌೣ 1,369 1,87 2,56 3,51 4,81 6,586 9,01  12,34 16,9 

e- 
0,977 0,955 0,933 0,912 0,893 0,872 0,861 0,838 0,813 

max= 
 = 0,22 rad 

1-e- 
0,023 0,045 0,067 0,088 0,117 0,128 0,139 0,170 0,187 

 

 

cxrili 2 

 

݁ିఓሾఈబାሺ௄ିଵሻሺఉାఋሻሿ t = +  = 0 , 3 3 ;   0 = 0 ;   = 0 , 1 1 ;  = 0 , 2 2  rad 

grZivi Raris 
         nomeri ܭ  

CaWidebis   
koeficienti   

1 2 3 4 5 6 7 8 9 

0,1 1,0 0,968 0,936 0,905 0,876 0,848 0,820 0,793 0,768 

0,2 1,0 0,936 0,876 0,820 0,768 0,719 0,673 0,630 0,590 

0,3 1,0 0,905 0,820 0,743 0,673 0,609 0,552 0,500 0,453 

0,4 1,0 0,876 0,768 0,673 0,590 0,516 0,453 0,396 0,347 

0,5 1,0 0,848 0,719 0,609 0,516 0,438 0,371 0,315 0,267 

0,6 1,0 0,820 0,673 0,552 0,453 0,371 0,304 0,250 0,205 

0,7 1,0 0,793 0,630 0,500 0,396 0,315 0,250 0,198 0,157 

0,8 1,0 0,768 0,590 0,453 0,347 0,267 0,205 0,157 0,121 

0,9 1,0 0,743 0,552 0,410 0,304 0,226 0,168 0,125 0,092 
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cxrili 3 
 

෍݁ିఓሾఈబାሺ௄ିଵሻሺఉାఋሻሿ
ଵ

௄ୀଽ

  0 = 0 ;     = 0 , 1 1 ;    = 0 , 2 2 ;    t = 0 , 3 3  rad 

grZivi Raris   
nomeri 

CaWidebis   
koeficienti    

n=1 
9 

n=2 
9, 8 

n=3 
9, 8, 
7 

n=4 
96 

n=5 
95 

n=6 
94 

n=7 
93 

n=8 
92 

n=9 
91 

0,1 0,7679 1,5617 2,3820 3,2299 4,1063 5,0120 5,9481 6,9157 7,9157 

0,2 0,5897 1,2198 1,8928 2,6117 3,3797 4,2000 5,0764 6,0125 7,0125 

0,3 0,4529 0,9530 1,5051 2,1146 2,7877 3,5307 4,3511 5,2563 6,2568 

0,4 0,3478 0,7447 1,1977 1,7145 2,3043 2,9773 3,7453 4,6216 5,6216 

0,5 0,2671 0,5821 0,9537 1,3920 1,9088 2,5184 3,2373 4,0852 5,0852 

0,6 0,2051 0,4552 0,7600 1,1316 1,5845 2,1366 2,8096 2,6300 4,6300 

0,03 0,0143 0,0298 0,0462 0,0631 0,0799 0,0955 0,1084 0,1164 0,1164 

0,7 0,1575 0,3560 0,6061 0,9211 1,3181 1,8181 2,4482 3,2419 4,2419 

0,8 0,1209 0,2785 0,4837 0,7508 1,0986 1,5516 2,1414 2,9093 3,9093 

0,9 0,0929 0,2129 0,3862 0,6127 0,9176 1,3276 1,8799 2,6230 3,6230 

 

 

cxrili 4 
 

෍݁ିఓሾఈబାሺ௄ିଵሻሺఉାఋሻሿ
ଽ

௄ୀଵ

  0 = 0 ;     = 0 , 1 1 ;    = 0 , 2 2 ;    t = 0 , 3 3  rad 

   grZivi Raris   
nomeri 

CaWidebis  

  koeficienti  

n=1 
1 

n=2 
1, 2 

n=3 
1, 2, 3 

n=4 
14 

n=5 
15 

n=6 
16 

n=7 
17 

n=8 
18 

n=9 
19 

0,1 1,000 1,9675 2,9036 3,8094 4,6857 5,5336 6,3540 7,1477 7,9157 

0,2 1,000 1,9361 2,8124 3,6328 4,4008 5,1197 5,7927 6,4227 7,0125 

0,3 1,000 1,9057 2,7261 3,4691 4,1421 4,7517 5,3038 5,8039 6,2568 

0,4 1,000 1,8763 2,6443 3,3173 3,9071 4,4239 4,8768 5,2738 5,6216 

0,5 1,000 1,8478 2,5668 3,1763 3,6932 4,1314 4,5030 4,8181 5,0852 

0,6 1,000 1,8203 2,4933 3,0454 3,4984 3,8700 4,1748 4,4249 4,6300 

0,03 1,000 0,00825 0,0208 0,0365 0,0533 0,0702 0,0867 0,1022 0,1164 

0,7 1,000 1,7937 2,4237 2,9238 3,3207 3,6358 3,8858 4,0843 4,2419 

0,8 1,000 1,7679 2,3577 2,8106 3,1585 3,4256 3,6308 3,7883 3,9093 

0,9 1,000 1,7430 2,2951 2,7054 3,0102 3,2367 3,4050 3,5300 3,6230 
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cxrili 5 
 

vakuum-dolis Teoriuli wevis Zala, dkn (sveli xaxunis pirobebSi) 

      
         grZivi Raris 

              nomeri 
letis        
daWim. SC, dkn  

n=1 n=2 n=3 n=4 n=5 n=6 n=7 n=8 n=9 

1
9

 
1 െ 2
9 െ 8

 
1 െ 3
9 െ 7

 
1 െ 4
9 െ 6

 
1 െ 5
9 െ 5

 
1 െ 6
9 െ 4

 
1 െ 7
9 െ 3

 
1 െ 8
9 െ 2

 
1 െ 9
9 െ 1

 

50 
1114
465

 
1756
653

 
2292
885

 
2719
1168

 
3076
1519

 
3361
1950

 
3586
2479

 
3778
3131

 
3930
3930

 

200 
2050
1401

 
2692
1589

 
3228
1821

 
3655
2105

 
4012
2455

 
4297
2886

 
4522
3415

 
4714
4067

 
4866
4866

 

400 
3298
2649

 
3940
2837

 
4476
3069

 
4903
3353

 
5260
3703

 
5545
4134

 
5770
4663

 
5962
5315

 
6114
6114

 

500 
3927
3278

 
4569
3466

 
5105
3698

 
5532
3982

 
5889
4332

 
6174
4763

 
6399
5292

 
6591
5944

 
6743
6743

 

 

cxrili 6 

 

N SC, dkn 
Sେ
Sୱ୵

 N SC, dkn 
Sେ
Sୱ୵

 

1 10 326,7 16 1000 9,80 

2 20 166,65 17 1200 9,27 

3 30 113,3 18 1300 9,06 

4 40 86,63 19 1400 8,88 

5 50 78,6 20 1500 8,74 

6 100 38,61 21 1600 8,60 

7 150 27,94 22 1800 9,37 

8 200 24,33 23 2000 8,20 

9 300 17,27 24 2200 8,05 

10 400 15,28 25 2400 7,93 

11 500 13,49 26 2600 7,83 

12 600 11,93 27 2800 7,74 

13 700 11,12 28 3000 7,67 

14 800 10,60 29 3200 7,60 

15 900 10,16 30 3400 7,54 
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cxrili 7 

 

vakuum-dolis sakuTari  wevis faqtori,      0=0 ;   m a x= 

ᇱܨ ௄ܲ⁄ ൌ ቆ݁ఓఈ െ
݁ఓఈ

݁ఓఋ
ቇ෍ ݁ିఓሾఈబାሺ௄ିଵሻሺఉାఋሻሿ

ଵ

௄ୀଽ

 

grZivi Raris  

 nomeri 
CaWid.  
koef-ti   

n=1 
9 

n=2 
9, 8 

n=3 
9, 8, 7 

n=4 
96 

n=5 
95 

n=6 
94 

n=7 
93 

n=8 
92 

n=9 
91 

0,1 0,0242 0,0492 0,0750 0,1017 0,1293 0,1578 0,1873 0,2177 0,2492 

0,2 0,0496 0,1026 0,1593 0,2198 0,2844 0,3534 0,4272 0,5059 0,5901 

0,3 0,0777 0,1638 0,2581 0,3627 0,4781 0,6056 0,7465 0,9016 1,0732 

0,4 0,1074 0,2300 0,3699 0,5296 0,7117 0,9196 1,1568 1,4275 1,7364 

0,5 0,1503 0,3276 0,5367 0,7834 1,0742 1,4173 1,8218 2,2990 2,8618 

0,6 0,1729 0,3837 0,6406 0,9539 1,3357 1,8012 2,3685 3,0601 3,9031 

0,7 0,1972 0,4458 0,7591 1,5381 1,6508 2,2770 3,0661 4,0601 5,3125 

0,8 0,2536 0,5342 1,0147 1,5750 2,3046 3,2549 4,4922 6,1031 8,2009 

0,9 0,2936 0,6886 1,2205 1,9363 2,8999 4,1962 5,9410 8,2895 11,4497 

 

cxrili 8 

 

vakuum-dolis sakuTari wevis faqtori ,      0=0 ;   m a x= 

ᇱܨ ௄ܲ⁄ ൌ ቆ݁ఓఈ െ
݁ఓఈ

݁ఓఋ
ቇ෍ ݁ିఓሾఈబାሺ௄ିଵሻሺఉାఋሻሿ

ଽ

௄ୀଵ

 

 grZivi Raris  

      nomeri  
CaWid.  

koef-ti  

n=1 
1 

n=2 
1, 2 

n=3 
1, 2, 3 

n=4 
14 

n=5 
15 

n=6 
16 

n=7 
17 

n=8 
18 

n=9 
19 

0,1 0,031487 0,0619 0,0914 0,0199 0,1475 0,1742 0,2000 0,2250 0,2492 

0,2 0,08415 0,1629 0,2366 0,3057 0,3703 0,4308 0,4874 0,5404 0,5901 

0,3 0,17520 0,3263 0,4676 0,5950 0,7104 0,8150 0,9097 0,9955 1,0732 

0,4 0,30888 0,5795 0,8168 1,0240 1,2068 1,3664 1,5063 1,6290 1,7364 

0,5 0,56277 1,0399 1,4445 1,7875 2,0784 2,3250 2,5341 2,7115 2,8618 

0,6 0,843008 1,5345 1,1018 2,5673 2,9492 3,2624 3,5194 3,7302 3,9031 

0,7 1,25239 2,2464 3,0354 3,6617 4,1588 4,5534 4,8665 5,1151 5,3123 

0,8 2,0278 3,7087 4,9460 5,8960 6,6259 7,1862 7,8167 7,9471 8,2009 

0,9 3,1603 5,5084 7,2532 8,5499 9,5131 10,2289 10,7608 11,1558 11,4497 
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ABSTRACT. We give a mathematical expression and methods of their application to determine tractive effort of 
vacuum drum on conveyor belt, depending on the number and location of the vacuum zones.  

Computer calculations for specific math expressions and tractive efforts were provided on the basis of the  physical 
parameters of the vacuum drive model developed at the laboratory of department and obtained data are presented in 
eight tables. Appropriate analysis based on these data enables to define most efficient location of vacuum zones for 
maximum value of  tractive efforts. 
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belt; run-off point of the belt; traction coefficient; tractive factor; tractive effort; vacuum drum; vacuum subzone.   
 



sainJinro saqme – ENGINEERING – ИНЖЕНЕРНОЕ ДЕЛО

 

_____________________________________ 
stu-is Sromebi – WORKS OF GTU – ТРУДЫ ГТУ   ISSN 1512‐0996 

#2 (504), 2017  118  www.gtu.ge 

UDC 622.647.2 

SCOPUS CODE 2210 

 
АНАЛИЗ ВЛИЯНИЯ МЕСТОРАСПОЛОЛОЖЕНИЯ ВАКУУМНОЙ ЗОНЫ НА ТЯГОВОЕ УСИЛИЕ 

ВАКУУМ‐БАРАБАНА 

 

 
Молодини Н.Ш. Департамент горных технологий, Грузинский технический университет, Грузия, 0175, 

Тбилиси, ул. М. Костава, 75  
E-mail: nor_mol@mail.ru 

Молодини Р.Н. «Bipi», Грузия 0160, Тбилиси, ул. Цинцадзе 24  
E-mail: revazmolodini@yahoo.com 

Джикия Н.Э.  Департамент нефти и газа, Грузинский технический университет, Грузия, 0175, 
Тбилиси, ул. М. Костава, 75  
E-mail: jikiania@gmail.com 

 
 
Рецензенты: 

Т.  Обгадзе,  профессор Департамента приборостроения, автоматизации и систем управления факультета 
информатики и систем управления ГТУ 

E-mail: tamaz@mail.ru 
И. Гуджабидзе, профессор Департамента горных технологий горно-геологического факультета ГТУ 
E-mail: i.k.gujabidze@gmail.com 

 
 

АННОТАЦИЯ.  Даются математические выражения и методика их применения для определения тягового 
усилия, развиваемого вакуум-барабанным приводом на конвейерной ленте в зависимости от количества и 
местоположения в кольцевой щели вакуум-подзон. Предусмотрением физических параметров модели вакуум-
барабана, созданного на лабораторной базе департамента, совершены компьютерные расчеты для отдельных 
составляющих частей математических выражений и тягового усилия в целом и представлены восемь таблиц, 
анализ которых дает возможность определить наилучшее расположение модели вакуум-подзон в кольцевой 
щели для получения максимального тягового усилия.   

 
 

КЛЮЧЕВЫЕ  СЛОВА:  вакуум-барабан; вакуум-подзоны; дуга упругого скольжения; дуга относительного 
покоя; кольцевая щель; коэффициент сцепления; точка набегания ленты; точка сбегания ленты; тяговое усилие; 
тяговый фактор; угловые приращения (угловой шаг).  
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SCOPUS CODE 2210 
 

kartofilis amRebi manqanebis savele gamocdebis Sedegebi 

 

 

o. TedoraZe agraruli departamenti, saqarTvelos teqnikuri universiteti, saqarTve-
lo, 0192, Tbilisi, guramiSvilis 17 

E-mail: omar.tedoradze@moa.gov.ge 
d. TavxeliZe agraruli departamenti, saqarTvelos teqnikuri universiteti, saqarTve-

lo, 0192, Tbilisi, guramiSvilis 17 

E-mail: d.tavkhelidze@gtu.ge 
 

 

recenzentebi: 

o. qarCava, saqarTvelos soflis meurneobis samecniero-kvleviTi centris mTavari 

specialisti, teqnikis mecnierebaTa doqtori, profesori 

E-mail: o.karchava@mail.ru 

x. goWoSvili, saqarTvelos soflis meurneobis saministros dargobrivi sammarTvelos 

mTavari specialisti, teqnikis mecnierebaTa doqtori  

E-mail: khvicha.gochoshvili@moa.gov.gr 

 

 

 
anotacia. ganxilulia dReisaTvis saqar-

TveloSi Semotanili da praqtikaSi daner-

gili kartofilis amRebi manqanebis sxvada-

sxva modelis SedarebiTi savele saeqsplu-

atacio gamocdis meTodika da gamocdis Se-

degebi. miRebuli Sedegebis analizis safuZ-

velze, saqarTvelos niadagobrivi pirobebis 

gaTvaliswinebiT, belorusis qarxana 

„ГОМСЕЛМАШ“-is specalistebTan erTad Se-

dgenilia axali universaluri tipis karto-

filis amomyrel - damtvirTveli manqanis 

principuli sqema, ris safuZvelzec amave 

qarxanaSi damzadda manqanis sagamocdo 

nimuSi, romlis sawarmoo gamocda mimdinare 

sezonSi daigegma.  

 

sakvanZo sityvebi: amomyreli; gamocda; 

dazianeba; danakargebi; eqspluatacia; kom-

baini; tuberebi.  

 
 

Sesavali 

saqstatis 2015 wlis monacemebiT, saqarT-

veloSi kartofilis naTesebis farTobi 25 

aTas heqtars Seadgens. aRniSnul farTobze 

kartofilis mosavlis asaRebad gamoiyeneba 

ori saxis teqnika _ kartofilis amomyrele-

bi da kartofilis amRebi kombainebi. sof-

lis meurneobis saministros monacemebiT, 

qveyanaSi fiqsirdeba 150 erTeulamde sxvada-

sxva modelis kartofilis amomyreli man-

qana da 10 erTeulamde kartofilis amRebi 

kombaini. rogorc arsebuli mdgomareobis 

Seswavlam aCvena, realurad kartofilis mo-
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savlis aRebis operacia sruldeba amomTx-

relebiT anu mxolod amoyra, danarCeni ope-

raciebi (akrefa, tomrebSi Cayra, datvirTva) 

sruldeba xeliT. rac Seexeba kombainebis 

gamoyenebas, faqtobrivad maTi gamoyeneba 

sxvadasxva mizezis gamo (romelzedac qve-

moT visaubrebT) ver xerxdeba, rac sakmaod 

aZvirebs kartofilis TviTRirebulebas da 

dabalkonkurentunarians xdis eqsportis 

TvalsazrisiT. Tu kartofilis warmoebis 

teqnologiur rukas gavaanalizebT, irkveva, 

rom movla-moyvanis samuSaoebze daxarjuli 

Tanxebidan 40_45 % ixarjeba mosavlis aRe-

bis operaciebze. rogorc praqtika aCvenebs, 

1 heqtarze amomyrelis gamoyenebiT mosav-

lis aReba 400_500 lari jdeba, xolo kom-

bainebiT aRebisas _ orjer mcirdeba. 

kartofilis amRebi kombainebis araefeq-

turobis erT-erTi gamomwvevi mizezia isic, 

rom qveyanaSi Semotanilia 10-mde qveynis 

sxvadasxva modelisa da konstruqciis amom-

yrelebi, rac arTulebs maT servisul mom-

saxurebas da maragnawilebiT momaragebas, 

aseve seriozuli faqtoria isic, rom yvela 

es teqnika gaTvlilia msubuq da saSualo 

tipis niadagebze, gansakuTrebiT unda aRi-

niSnos is garemoeba, rom saqarTveloSi kar-

tofilis moyvanis zonebSi ZiriTadad mZime 

da Warbteniani niadagebia, ris gamoc teqni-

ka xSirad gamodis mwyobridan, rac aisaxeba 

teqnikis dabalmwarmoeblurobaSi, maRalda-

nakargebsa da tuberebis dazianebis maRal-

procentul maCveneblebSi. 

Sesabamisad, kartofilis mwarmoeblebi se-

riozuli problemebis winaSe dganan da mo-

iTxoven maRalefeqtur teqnikas, romelic 

Seasrulebs aRebis yvela operacias, eqneba 

mcire danakargi da saimedod imuSavebs 

mcirekonturian farTobebsa da mZime nia-

dagebSi. 

zemoaRniSnulidan gamomdinare, kvlevis 

mizans Seadgenda gamocda-testirebiT Seg-

veswavla arsebuli kartofilis amRebi kom-

bainebis naklovani mxareebi da miRebuli 

Sedegebis mixedviT SegvemuSavebina arse-

buli teqnikis modernizacisa da racio-

nalurad gamoyenebis efeqturi RonisZiebebi. 
  

  

ZiriTadi nawili 

rogorc aRvniSneT, kartofilis mosav-

lis asaRebad fermerebi iyeneben 10 sxvada-

sxva modelis sxvadasxva qveyanaSi warmoe-

bul kartofilis amReb kombainebs, romelTa 

teqnikuri maxasiaTeblebi mocemulia 1-l 

cxrilSi. 

cxrili 1 

kartofilis mosavlis asaRebad gamoyenebuli kombainebis  

teqnikuri maxasiaTeblebi 

 

  maCveneblebi  GRIMM-SE-140, 

(germania) 

GRIMME_SE-170 

(germania) 

BOLKO  

(poloneTi) 

KKY-1  

(belorusi) 

tipi misabmeli misabmeli misabmeli misabmeli

mwarmoebluroba 

ha/sT 

0,5-0,7 1,2-1,7 0,15 0,35 

aRebuli rigebis 

ra-oba 

1 2 1 1 

samuSao siCqare 

km/sT 

5-7 5-7 1,5-5 4-5 
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gagrZeleba 
 

gabarituli 

zomebi, mm: 

sigrZe 

sigane 

simaRle 

 

 

 

8300 

3000 

3160 

 

 

 

8300 

4500 

3260 

 

 

5950 

2420 

2690 

 

 

 

6400 

2700 

2700 

wona, kg 5000 9000 2970 2750 

  

 

cxrilebSi (1 da 2) mocemuli manqanebis 

muSaobaze mravalwliani dakvirveba gviCve-

nebs, rom isini principuli sqemiT da teqno-

logiuri procesis SesrulebiT Zalian 

hgavs erTmaneTs, gansxvaveba maT dizainSi, 

zogierTi kvanZis konstruqciasa da damate-

biT ofciebSia. rac Seexeba kombainebs, aqac 

igive suraTia (ix.cx.1). rogorc praqtika aC-

venebs, es kombainebi saqarTvelos pirobebSi 

faqtobrivad ver muSaobs. 

 

cxrili 2 

kartofilis amomyreli manqanebis teqnikuri maxasiaTeblebi 

 

maCveneblebi KST-1,4 

(ruseTi) 

KTH-2B 

(belorusi) 

AKPIL-

BULAVA-2 

(poloneTi) 

SPEDO-CPP-

BD130 

(italia) 

AGROMASTE

R-ORS-2 

(TurqeTi) 

GIMME-RL-

1700 

(germania) 
mwarmoeb-
luroba 
h/sT 

0.27-0.86 0.25-0.47 0.3-0.6 0.15-0.35 0.2-0.5 0.25-0.7 

aRebuli 
rigebis ra-
oba 

2 2 2 2 2 2 

samuSao 
siCqare 
km/sT 

1.93-6.5 1.8-3.4 2- 4 1.7-3.5 2-3 2.5-5 

gabarituli 
zomebi, mm: 
sigrZe 
sigane 
simaRle 

 
 
5000 
1830 
1200 

 
 
3220 
1785 
1250 

 
 
5000 
1660 
1200 

 
 
4300 
1420 
1200 

 
 
2500 
1375 
1120 

 
 
2400 
2060 
1500 

wona, kg 1090 810 890 720 616 900 

 

zemoaRniSnuli kartofilis mosavlis am-

Rebi manqanebis efeqturi gamoyenebis mizniT, 

2014_2015 wlebSi CavatareT maT muSaobaze 

dakvirveba, analizi da testireba-gamocda 

axalqalaqis, walkis, ninowmindis, marneu-

lis municipalitetebSi specialurad Ser-

Ceul nakveTebze, sxvadasxva niadagobrivi 

pirobebis gaTvaliswinebiT. testireba-ga-

mocdis mizans Seadgenda im mizezebis dad-

gena, romelTa gamo dRemde ver xerxdeba 

qveyanaSi arsebuli kartofilis amRebi kom-

bainebisa da amomyrelebis efeqturi gamoye-

neba da, Sesabamisad, SegvemuSavebina saqarT-

velos niadagobriv-klimatur pirobebSi kom-

bainebis efeqturi gamoyenebisTvis saWiro 

konkretuli winadadebebi.  

kartofilis amRebi kombainisa da amomy-

reli manqanis testireba-gamocda Catarda 5 
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municipalitetis kartofilis naTes far-

Tobze (1,5 ha-ze) sxvadasxva niadagobriv pi-

robebSi, sadac kartofili CaTesili iyo ba-

zoebze moyvanis teqnologiis gamoyenebiT.  

 

Sefasebis ZiriTadi parametrebi 

gamocda-testirebisaTvis kartofilis am-

Rebi kombainebisa da saTxrelis Sesafaseba 

xdeboda Semdegi ZiriTadi parametrebis mi-

xedviT: 

a) amoRebuli masis sisufTave procenteb-

Si (miwis koStebisa da sxva minarevebis Sem-

cvelobis mixedviT); 

b) amoRebuli kartofilis dazianebisa 

(daWril-daJeJili) da danakargebis (niadag-

Si darCenili) procentuloba; 

g) kombainis marTvisa da regulirebis si-

martive; 

d) samuSao drois danakargebis koefici-

enti; 

e) optimaluri samuSao siCqare, km/sT; 

v) kombainis (amomyrelis) warmadoba, ha/sT; 

z) sawvavis xarji, l/ha; 

i) kombainis savali nawilis gavlena nia-

dagze (igulisxmeba niadagis datkepna da Se-

degad niadagis teqnikuri erozia). 

Catarebuli gamocdebis Sedegebi da tes-

tirebis winapirobebi mocemulia qvemoT 

(cxrili 3). 

 

cxrili 3 

farTobi _ 1.5 ha; mosavlianoba _ 17 t/ha; niadagis tenianoba _ 18_20%;  

saqcevis sigrZe 100 m; mosabruni zolis sigane _ 5 m 
 

kombaini + traqtori 

 

 
       testirebis     

maCveneblebi 

GRIMME 
SE‐140 

MTZ‐1221 

GRIMME 
SE‐170 

MTZ‐1221 

KKU‐1(belorosi) 
MTZ‐90 

BOLKO(polandia)
MTZ‐90 

niadagis tipi mZ. saS. ms. mZ. saS ms. mZ. saS. ms. mZ. saS. ms. 

aRebuli rigebis ra-oba 
1 1 1 2 2 2 1 1 1 1 1 1 

samuSao siCqare, km/sT 
 4  5,5-6  7  4  6  7  5  5  5  3,5  5  5 

mwarmoebluroba, ha/sT 
 0,15  0,4  0,5  0,2  0,4  0,5  0,1  0,15  0,35 0,08   0,1  0,15 

sawvavis xarji, l/ha  
 40  35  30  50  45  40  20  15  15  20  13  13 

aRebuli mosavlis 
sisufTave, %  17  15  13  17  15  13  14  13  12  14  13  12 

dazianeba, % 
 2  1,5  1  2  1,5  1,2  2  1,5  1  2  1,5  1 

danakargebi niadagSi, % 
 0,8  0,5  0,4  0,8  0,5  0,4  1,5  1,2  1  1,5  1,2 1  

drois gamoyenebis 
koeficienti  0,6  0,7  0,7  0,6  0,7  0,7  0,7  0,8  0,8  0,7  0,8  0,8 

niadagis datkepna, m/sm                          
 



sainJinro saqme – ENGINEERING – ИНЖЕНЕРНОЕ ДЕЛО

 

_____________________________________ 
ISSN 1512‐0996   stu-is Sromebi – WORKS OF GTU – ТРУДЫ ГТУ 

www.gtu.ge 123  #2 (504), 2017 

cxrilSi mocemuli monacemebis analizis 

safuZvelze SeiZleba CamovayaliboT Semdegi 

daskvnebi: 

• kombainis bunkerSi gadatanili kartofi-

lis masaSi aRmoCnda 15_20 %-mde sxvadasxva 

minarevi. aseTi moculobis minarevebis arse-

bobis gamo, damxmare muSebi ver aswrebdnen 

maT mocilebas da kartofilis masas mainc 

mihyveboda minarevi, romlis raodenoba 

sagrZnoblad aWarbebda dadgenil normas. 

• maRalia dazianebuli (daJeJili) tube-

rebis raodenoba (1,5_2 %), Tumca tuberebis 

dazianebis ZiriTadi mizezia kombainis saq-

cevis mokle sigrZe (100_120 metri). aseTia 

kartofilis mwarmoebelTa sakuTrebaSi/sar-

geblobaSi arsebuli nakveTebis umravle-

soba da Sesabamisad kombaini ver aviTarebs 

gamarTuli muSaobisaTvis saWiro samuSao 

siCqares, ris gamoc tuberebi Tamasebian 

daxril transportiorze ver moZraobs 

swrafad (ukan gordeba) da Sedegad xdeba 

tuberebis zedapiris dazianeba. kombainis 

gadaadgilebis dabali siCqaris gamo, aseve 

ver xerxdeba miwis msxvili koStebis daSla 

da gacxaveba. 

• kombainebis saeqspluatacio sigrZe 

traqtorTan erTad 15 metrs Seadgens (10+5), 

ris gamoc mobrunebisas sakmaod didi dro 

ikargeba. imis gaTvaliswinebiT, rom mekar-

tofileobis zonaSi arsebuli farTobebis 

umravlesobas faqtiurad ar gaaCnia an gaaC-

nia Zalian mcire zomis mosabruni zoli 

(kombains sWirdeba aranakleb 20_25 metri 

sigrZis mosabruni zoli), kombaini iZule-

bulia mobrundes mezobeli nakveTis teri-

toriaze. es garemoeba ki faqtobrivad zRu-

davs aRniSnuli zomis farTobebSi am kom-

bainebis gamoyenebas. 

 • kombainis samuSao siCqare instruqciis 

mixedviT 8_9 km/sT-s Seadgens, Tumca realu-

rad, arsebul SezRudul pirobebSi, aviTa-

rebs 4_5 km/sT-s, rac sagrZnoblad amcirebs 

mis warmadobas _ 1.8_2ha/cvla (cvlaSi igu-

lisxmeba 8 saaTi). garda amisa, dabali siC-

qarisa da didi wonis (erTrigiani manqanis 

wonaa 9.5 tona, xolo orrigianis _ 13 to-

namde) gamo, esaWiroeba SedarebiT maRali 

simZlavris (110_120 cx.Z.) traqtori, ra 

drosac sawvavis xarji metad maRalia da 

aRwevs 50_60 l/ha-ze. aRwerili reJimebiT 

muSaoba sagrZnoblad amcirebs kombainis ga-

moyenebis efeqturobas da, Sesabamisad, aZvi-

rebs aRebuli mosavlis TviTRirebulebas.  

• aseve sayuradReboa Semdegi garemoeba. 

kartofilis movla-moyvanis dros aucile-

belia Teslbrunvis gamoyeneba, rac gulisx-

mobs imas, rom momdevno wels kartofilis 

naTes farTobze unda daiTesos sxva kul-

tura, marcvleuli an sxvadasxva balaxi. ga-

momdinare iqidan, rom nakartofilari nia-

dagi kargad aris damuSavebuli, meore wels 

ar saWiroebs moxvnas da sakmarisia mxolod 

msubuqi kultivacia 10_15 sm siRrmeze. 

• rodesac kartofilis asaRebad saWiroa 

mZime kombainebis gamoyeneba, rogorc gamoc-

da-testirebis Sedegebi gviCvenebs, karto-

filis aRebis periodSi niadagi ganicdis 

Zlier datkepnas, rasac xels uwyobs nia-

dagis maRali tenianobac, es ki teqnikuri 

eroziis winapirobaa. garda aRniSnulisa, 

datkepnili niadagis damuSavebas sWirdeba 

moxvna da sxva Tanamdevi operaciebi, rac 

sagrZnoblad urTulebs da uZvirebs fer-

merebs saSemodgomo samuSaoebs. 

• dabalia kombainis saeqspluatacio dro-

is gamoyenebis koeficienti, rac gamowveulia 

imiT, rom fermerebis kuTvnili farTobebi 
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mcire zomisaa (0,025-1 ha), aseve mcirea mo-

sabruni zolebis sigane (5_6 m), zustad ar 

aris daculi kartofilis bazoebze dargvis 

teqnologia anu darRveulia rigebis sis-

wore da dabalia bazoebis simaRle, amitom 

(daxloebiT yovel 5_10 wuTSi) saxnisebi 

gadadis rigidan an axdens bazoebis qveS 

daumuSavebeli miwis koStebis amoRebas, ris 

gamoc adgili aqvs tuberebis dazianebas 

(daWras), saWiro xdeba kombainis gaCereba da 

amosaReb rigze gasworeba, rac Sesabamisad 

zrdis rogorc saeqspluatacio dros, aseve 

kartofilis danakargebs. es faqtori migva-

niSnebs, rom aRniSnuli kombainebis muSaoba 

gaTvaliswinebulia mxolod kartofilis 

bazoebze dargvis zustad Sesrulebul teq-

nologiaze, rodesac daculia rigebis sis-

wore da bazos simaRle (30_35 sm) da mob-

runebis zoli (aris aranakleb 10 m), rac sa-

qarTvelos mekartofileobis zonebSi faq-

tiurad ar xdeba. 

• kombainebis gamouyeneblobis erT-erTi 

mizezic is aris, rom winaswar ar Catarda 

kombainebis testireba adgilze, Sesabamisad 

ar moxda daregulireba da samuSao reJime-

bis SerCeva adgilobrivi teqnologiiT daTe-

sili farTobebisa da niadagobrivi piro-

bebis gaTvaliswinebiT. aseve winaswar ar 

iqna momzadebuli kombainis operatorebi, 

romlebsac kargad ecodinebodaT am metad 

rTuli konstruqciis eleqtronuli da avto-

maturi marTvis aparaturiT aRWurvili kom-

bainebis marTvisa da eqspluataciis wesebi.  

• Tu gaviTvaliswinebT zemoT aRniSnuli 

kombainebis gamocda-testirebis Sedegebs da 

Rirebulebas (50_120 aTasi evro), rac Cveni 

fermerebisaTvis faqtobrivad miuwvdomelia 

da aseve mekartofileobis zonis mZime da 

Warbtenian niadagobriv da arastabilur 

klimatur pirobebs, kartofilis sawarmoo 

farTobebis mcire zomas, viwrokonturiano-

bas da ferdobebze ganlagebas (aseTi far-

Tobi mTliani farTobis 60_70%-s Seadgens), 

SesaZlebelia davaskvnaT, rom aRniSnuli 

kombainebis gamoyeneba saqarTvelos piro-

bebSi araefeqturia.  

  

problemis gadaWris gzebi 

kombainebis gamocda-testirebis Sedegebi-

sa da arsebuli pirobebis gaTvaliswinebiT, 

qarxana “ГОМСЕЛЬМАШ“-is mTavari specialis-

tebis mier SemoTavazebulia am qarxanaSi 

warmoebuli kartofilis amReb-damtvirTve-

lis modernizacia, saqarTveloSi Camotanisa 

da gamocdis winadadeba. aRniSnuli manqanis 

saerTo xedi mocemulia me-4 nax-ze. 

adgilobriv specialistebsa da fermereb-

Tan erTad ganvixiloT SemoTavazebuli man-

qanis varianti da gamoikveTa Semdegi mosaz-

reba: SemoTavazebul variants (manqanas) aqvs 

dadebiTi mxareebi: aris konstruqciulad 

martivi, misi marTva ar moiTxovs gansakuT-

rebul codnas, SeuZlia aiRos nebismieri 

teqnologiiT moyvanili kartofilis mosa-

vali, xolo uaryofiTi mxareebidan gamoik-

veTa: didi wona, didi gabarituli zomebi, 

sawmendi elevatoris daxris maRali kuTxe, 

rac amcirebs mis xarisxobriv maCveneblebs 

mZime niadagobriv pirobebSi muSaobisas. 

 

 

 

 



sainJinro saqme – ENGINEERING – ИНЖЕНЕРНОЕ ДЕЛО

 

_____________________________________ 
ISSN 1512‐0996   stu-is Sromebi – WORKS OF GTU – ТРУДЫ ГТУ 

www.gtu.ge 125  #2 (504), 2017 

 

 

 

 

 

nax. 1. modernizebuli kartofilis amomyrelis principuli sqema 

1. sayrdeni sagoravebi, 2. pasiuri vertikalurad mWreli diskebi, 3. orseqciiani  brtyeli saxnisebi, 4. foCebis 

damWimi Tvlebi, 5. sawmendi cxavi, 6. Semrxevi meqanizmi, 7. damWim-damawynarebeli, 8. sayrdeni Tvlebi,  

9. mimmarTveli Rari 

 
 

nax. 2. modernizebuli kartofilis amomyrel-damtvirTvelis sqema (gverdxedi) 

1. sayrdeni sagoravebi, 2. pasiuri vertikalurad mWreli diskebi, 3. orseqciiani brtyeli saxnisebi, 4. foCebis 

damWimi Tvlebi, 5. sawmendi cxavi, 6. Semrxevi meqanizmi, 7. damWim-damawynarebeli, 8. sayrdeni Tvlebi, 9. amoyrili 

kartofilis satransporto saSualebaSi gadamtvirTveli transportiori 
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nax. 3. modernizebuli kartofilis amomyrel-damtvirTvelis 

sqema (ukana xedi) 

 

 

 

nax. 4. qarxnis mier warmoebuli manqanis  

saerTo xedi 

 

aRniSnuli manqanis ufro efeqturi muSao-

bisaTvis statiis avtorebma SemogvTavazes 

amomyreli manqanis modernizaciis winada-

deba (Sesabamisi parametrebiT viwrokontu-

rian, mcire farTobis mqone da mZime niada-

gebSi samuSaod), ris Semdegac manqana gaxde-

ba universaluri da, saWiroebis SemTxvevaSi, 

SeiZleba imuSaos meore variantiT: rogorc 

kartofilis amomyreli da rogorc karto-

filis amomyrel-damtvirTveli. 

aseTi modeli saSualebas mogvcems sru-

lad gamoviyenoT manqana rogorc mcire zo-

mis nakveTebze, aseve did farTobze samu-

Saod. erToblivad SemuSavebuli moderni-

zebuli universaluri kartofilis amRebi 

manqanis teqnologiuri sqema da teqnikuri 

parametrebi warmodgenilia 1-el _ me-2 naxa-

zebsa da me-4 cxrilSi.  
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cxrili 4 

universaluri kartofilis amomyrel-damtvirTvelis  

teqnikuri maxasiaTeblebi 

 

teqnikuri maCveneblebi modernizebuli 

kartofilis amomyreli 

modernizebuli 

kartofilis 

amomyrel- 

damtvirTveli 

SeniSvna 

modebis gani 1.4-1.6 1.4-1.6  

aRebuli rigebis ra-

oba 
2 2 70x70, 90x90 

samuSao siCqare, km/sT 2-6 1.9-6.5  

satransporto siCqare 

km/sT 
aranakle 15 14-15  

mwarmoebluroba, ha/sT 0.25-0.86 0.2-0.6  

saWiro simZlavre, cx.Z. 80-90 82-100 1,4 tona klasis traqtori

  

gabarituli zomebi, mm    

satransporto 

mdgomareobaSi: 
   

sigrZe 6300 6000  

sigane 2500 4000  

simaRle 1500 3000  

samuSao 

mdgomareobaSi: 
   

sigrZe 6300 6000  

sigane 2500 7300  

simaRle 1500 4000  

gadmotvirTvis 

simaRle, mm 
400 2200-3190 regulirebadi 

wona, kg    

Tvlebs Soris manZi-

li, mm 
1300 +_90 2150 +_ 90 

 

regulirebadi 

momsaxure personali 1 2 1-traqtoris operatori 

1--gverdze mimavali traq-

toris operatori 

 

daskvna 

qveyanaSi arsebuli kartofilis amRebi 

kombainebis muSaobaze dakvirvebisa da testi-

reba-gamocdebis Sedegebis analizis safuZv-

elze dadginda kombainebis araefeqturi ga-

moyenebis ZiriTadi naklovani mxareebi, ro-

melTa gaTvaliswinebiT belorusiis qarxana 

„гомселмаш“-is specialistebTan erTad mo-

dernizebul iqna amave qarxnis mier warmoe-

buli kartofilis amomyrel-damtvirTveli 

(sabazo modeli) kombainebi saqarTveloSi 

arsebul mZime da Warbtenian niadagobriv pi-

robebSi samuSaod, Sesabamisad Sedga univer-

saluri tipis kartofilis amomyrel-dam-

tvirTvelis principuli da konstruqciuli 

sqemebi, ris safuZvelzec amave qarxanaSi 

damzadda manqanis sagamocdo nimuSi, romlis 

sawarmoo gamocda 2016 wlis sezonze Ca-

tarda.  
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anotacia. bolo wlebSi, gansakuTrebiT 

sainJinro saqmeebSi mudmivad da Tanamimdev-

rulad SeimCneva dasaSvebi teqnikuri amoxs-

nebidan optimalur gadawyvetamde gadasvlis 

tendenciebi. 

Zelis wonis minimizaciis amocana ganxilu-

lia, rogorc arawrfivi maTematikuri dapro-

gramebis amocana. arawrfivi, mravalparametri-

ani da mravaleqstremumiani miznis funqciis 

globaluri eqstremumis gamosaTvlelad ga-

moyenebulia eqstremumis SemTxveviTi Zebnis 

meTodi.  

damuSavebulia amocanis amoxsnis algo-

riTmi. Zelis optimaluri parametrebis gan-

sazRvrisaTvis Sedgenilia kompiuteruli 

programa VB enaze, agreTve damuSavebulia 

algoriTmi da programa Zelis animaciuri 

modelis Sesaqmnelad. Aamocana dayvanilia 

ricxviT magaliTamde. 

  

sakvanZo sityvebi: optimaluri daproeq-

teba; SemTxveviTi Zebna; cilindruli Zeli. 
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Sesavali 

mSeneblobaSi optimizaciis meTodebis ga-

moyenebam swrafi da mniSvnelovani ganviTa-

reba daiwyo gasuli saukunis 60-iani wlebi-

dan. es ganpirobebuli iyo, erTi mxriv, kom-

piuteruli teqnikisa da programirebis meTo-

debis ganviTarebiT da, meore mxriv, mSeneb-

lobaSi gaCnda msubuqi da ekonomiuri konst-

ruqciebis didi raodenobiT gamoyenebis sa-

Wiroeba.  

istorias Cabarda iseTi konstruqciebis 

gamoyeneba, sadac mTavari yuradReba konst-

ruqciis saimedoobas eqceoda, xolo meore-

xarisxovani _ konstruqciis ekonomiurobas. 

Tanamedrove maTematikuri meTodebi, kom-

piuterul teqnikasTan erTad, saSualebas iZ-

leva amocanebi ise daigegmos, rom minimi-

zacia gakeTdes erTi romelime upiratesi 

kriteriumis mixedviT da amavdroulad da-

akmayofilos sxva kriteriumebic, kerZod 

sxva kriteriumi darCes dasaSveb farglebSi. 

aseTi tipis amocanebis amosaxsnelad yve-

laze mizanSewonilia arawrfivi maTemati-

kuri daprogramebis meTodebis gamoyeneba. 

mocemuli naSromi swored aseTi tipis 

amocanebis amoxsnas isaxavs miznad.  

  

ZiriTadi nawili 

1. amocana 

1-el nax-ze gamosaxulia Zeli, romelsac 

rgolisebri ganivkveTis forma aqvs. moiT-

xoveba, rom Zelma gauZlos masze moqmed PP 

datvirTvas. 

optimizaciis mizania R da t mniSvnelobe-

bis gansazRvra, romelic uzrunvelyofs Ze-

lis minimalur wonas Gmin daZabulobaze, 

mdgradobaze, mdgradobis dakargvis eile-

ris Zalaze, aseve adgilobriv amoburcvaze 

SezRudvebis arsebobisas [1]. 

 

 

 

nax. 1 

 

 ganivkveTis geometriuli parametrebia: 

fuZis farTobi 

A ( R t ) R ( Rt t )      2 2 22 , 

sadac A Zelis fuZis farTobia, R – cilind-

ris Siga diametri, t – cilindris kedlis 

sisqe. 

inerciis momenti I 

I R t  3 , 

xolo mdgradobis dakargvis eileris 

kritikuli Zala Pk 

 

k
E.I ER tP
L L

 
 

2 3 3

2 34 4
, 

sadac L koWis simaRlea, E –iangis moduli. 

Zelis wona 

minG ( Rt t )L g,   22  

sadac g  masalis kuTri wonis koeficientia. 

RerZuli daZabuloba c  

c
P P
A ( R t )

  
  22

. 

mdgradobis dakargvis RerZuli kritiku-

li daZabuloba ck  foladis cilindrul 

garsacmSi tolia: 
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ck kEt / R  , 

sadac k koeficienti foladebisaTvis miax-

loebiT 0,6-is tolia. adgilobriv mdgrado-

baze SezRudva Caiwereba Semdegi utolobis 

saxiT: 

c ck    an P kEt  22 0 . 

amgvarad, mocemuli optimizaciis amocana 

formirdeba rogorc mravalparametriani, 

erTkriteriumiani, arawrfivi maTematikuri 

daprogramebis amocana, romelic sabolood 

SeiZleba CamovayaliboT Semdegnairad: Zel-

ze modebulia P datvirTva. saWiroa Sevar-

CioT R da t ise, rom Zelis wona 

minG ( Rt t )L g   22  

iyos minimaluri da Sesruldes qvemoT 

moyvanili SezRudvebi: 

R R R 1 2 , 

t t t 1 2 , 

ck kEt / R  , 

P kEt  22 0 , 

sadac R1 da R2 cilindris ASiga da gare 

diametris qveda da zeda zRvrebia, xolo t1 

da t2 - cilindris kedlis sisqis qveda da 

zeda zRvrebi. 

 

amocanis amoxsna 

daproeqtebis procedura mizanSewonilia 

ise warimarTos, rom yoveli Catarebuli 

cdis TiToeul etapze informacia konstruq-

ciis Sesaxeb naTeli iyos anu izrdebodes. 

amave dros aucilebelia gamovricxoT arada-

makmayofilebeli variantebi, romelic dapro-

eqtebisas gamovlindeba [2]. 

amgvarad, saWiroa SeTanxmeba, ori tenden-

ciis mravalricxovani variantis generacia da 

gamovlenili arasasurveli simravleebis 

mokveTa. 

daproeqtebis SemoTavazebuli procedura 

TanafardobaSi modis arawrfivi maTematikuri 

daprogramebis amocanasTan, sadac rTuli 

miznis funqciis globaluri eqstremumis ga-

mosaTvlelad gamoyenebulia SemTxveviTi Zeb-

nis meTodi. 

amocanis amoxsnis algoriTmi Semdegnairad 

muSaobs: 

1. dasawyisSive ganisazRvreba yvela sawyisi 

monacemi. aq igulisxmeba ara marto is mona-

cemi, rasac iTvaliswinebs teqnikuri dava-

leba konstruqciis gaangariSebisas, aramed 

isic, rac saWiroa kompiuteruli gamoTvle-

bis Casatareblad. magaliTad, S _ statisti-

kuri cdebis raodenoba, M _ SezRudvaTa da 

N  _ cvladebis raodenoba, Rmin _ sawyis mo-

mentSi miznis funqciis mniSvnelobis Sesa-

darebeli Teoriulad SesaZlo didi ricxvi; 

2. daiwyeba statistikuri cdebis Catarebis 

procesi, romlis drosac SemTxveviTi ricx-

vebis generatori gamoimuSavebs ricxvebs, ro-

mlebic Semdeg Sesabamis SezRudvaTa gaTva-

liswinebiT formirdeba, rogorc saproeqto 

parametrebis mniSvnelobebi; 

3. moxdeba winaswar mocemuli pirobis Ses-

bamisad yvela SezRudvis Semowmeba. Tu yvela 

piroba erTdroulad Sesruldeba, maSin marT-

va gadaecema momdevno, me-4 punqtis Sesrule-

bas, winaaRmdeg SemTxvevaSi _ me-2 punqtis 

Sesrulebas da airCeva saproeqto parametre-

bis axali _ gansxvavebuli mniSvnelobebi;  

4. gamoiTvleba miznis funqciis mniSvnelo-

ba da Sedardeba winaswar arCeul did 

ricxvs. Tu miznis funqciis mniSvneloba nak-

lebi iqneba am ricxvze, maSin mas mieniWeba 

miznis funqciis mimdinare mniSvneloba da 

Seinaxeba saTanado parametrebTan erTad, ra-

Ta gamoyenebul iqnes Semdegi gamoTvlebisaT-

vis, winaaRmdeg SemTxvevaSi marTva gadaecema 
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me-2 punqtis Sesrulebas da gagrZeldeba 

cikluri procesi. es cikluri gamoTvlebi 

gagrZeldeba manam, sanam ar Catardeba yvela 

S  cda. Sedegad miviRebT miznis funqciis mi-

nimalur da parametrebis im mniSvnelobebs, 

romlebic uzrunvelyofs miznis funqciis 

optimalur mniSvnelobas. 

SeniSvna. gamonaklisia, rodesac miznis 

funqcias aqvs erTze meti globaluri eqstre-

mumi. aseT dros viyenebT Rnd SemTxveviTi 

ricxvebis generatoris Tvisebas, romlis 

Tanaxmad funqciis Semdgomi gamoyenebisas ge-

neratori gamoimuSavebs igive ricxvebs, rasac 

misi pirveli gamoyenebisas. Sesabamisad glo-

baluri eqstremumi igive iqneba. programis 

sawyis mniSvnelobad, e.i. Gmin-is didi ricxvis 

nacvlad viRebT im mniSvnelobas, romelic 

miiReba programis pirveli Sesrulebis Sem-

deg. Mprogramis xelaxali gaSvebisas (ukve 

axali pirobebiT) daviTvliT Gmin-is raode-

nobas, Tu aseTi arsebobs. maT Soris ufro 

misaRebi optimaluri mniSvnelobis amorCeva 

damproeqteblis prerogativaa. 

 

2. magaliTi   

y .  33610 funti/diumi2, E=3.107  funti/diumi2, 

kuTri wonis koeficienti g .  0 283 funti/ 

diumi3, foladisaTvis koeficienti _ k=0.6, 

L=144 diumi, P=25.103 funti. 

 

meTodis realizacia Visual Basic algoriT-

mul enaze warmodgenilia qvemoT: 

 

Private Sub Command1_Click() 

Dim L As Single, N As Single, M As Single, c As Single, _ 

Gmin As Single, R1 As Single, R2 As Single, t1 As Single, _ 

t2 As Single, scg1 As Single, scg As Single, E As Single, _ 

q As Single, P As Single, AA(2) As Single, BB(2) As Single, _ 

x(2) As Single, g(6) As Single, scg2 As Single, XM(2) As Single, _ 

k1 As Single, k As Integer, rog As Single, PP As Single 

rog = 0.283 

L = 144 

N = 2 

M = 4 

c = 32000 

Gmin = 30000 

E = 30000000 

k1 = 0.6 

R1 = 4 

R2 = 5 

t1 = 2 

t2 = 3 

scg1 = 36000 

pi = 3.14 
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q1 = 25000 

Open "c:\cilindri.txt" For Output As #2 

AA(1) = R1 

BB(1) = R2 

AA(2) = t1 

BB(2) = t2 

 For J = 1 To c 

For i = 1 To N 

x(i) = AA(i) + (BB(i) - AA(i)) * Rnd 

Next i 

g(1) = x(1) - R1 

g(2) = R2 - x(1) 

g(3) = x(2) - t1 

g(4) = t2 - x(2) 

scg = k1 * E * x(2) / x(1) ^ 2 

g(5) = scg - scg1 

q = 2 * 3.14 * k1 * E * x(2) ^ 2 

g(6) = q - q1 

ii = 0 

For k = 1 To M 

If g(k) >= 0 Then ii = ii + 1 

Next k 

If ii = M Then 

PP = 2 * 3.14 * x(1) * x(2) + x(2) ^ 2 * L * rog 

If PP < Gmin Then 

Gmin = PP 

For i = 1 To N 

XM(i) = x(i) 

Next 

Print "Gmin="; Gmin; "R="; x(1); "t="; x(2) 

Gmin = Gmin: R = x(1): t = x(2) 

Write #2, Gmin, R, t 

Else 

End If 

End If 

Next J 

Print "option" 

Print "Gmin="; Gmin; "R="; R; "t="; t 

End Sub 
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programis muSaobisas miRebuli Sedegebi 

 

 

 

 

Zelis animaciuri modelis algoriTmi 

 

Line (m, n)-(m + t, n - L), vbBlue, B 
Line (m + t + 2 * R, n)-(m + 2 * (t + R), n - L), vbBlue, B 
Line (m + t, n)-(m + t + 2 * R, n) 
Line (m + t, n - L)-(m + t + 2 * R, n - L) 
 

Zelis animaciuri modelis programa  

 

Private Sub Command1_Click() 

Dim m As Single, n As Single, t As Single, R As Single, L As Single, _ 

G As Single, Gopt As Single 

Scale (-144, 30)-(144, -30) 

DrawWidth = 2 

m = 0 

n = 25 

t = 2.533424 

R = 4.705547 

G = 336.4208 

L = 20 

FillStyle = 4 

Line (m, n)-(m + t, n - L), vbBlue, B 

Line (m + t + 2 * R, n)-(m + 2 * (t + R), n - L), vbBlue, B 
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Line (m + t, n)-(m + t + 2 * R, n) 

Line (m + t, n - L)-(m + t + 2 * R, n - L) 

FillStyle = 0 

Circle (m + t + R, -2), R 

FillStyle = 4 

Circle (m + t + R, -2), R + t 

Print " " 

Print " " 

Print " " 

Print " " 

Print " " 

Print "G="; G; "R="; R; "t="; t 

DrawWidth = 2 

m = 25 

n = 25 

t = 2.000565 

R = 4.886845 

Gmin = 213.4343 

L = 20 

FillStyle = 4 

Line (m, n)-(m + t, n - L), vbBlue, B 

Line (m + t + 2 * R, n)-(m + 2 * (t + R), n - L), vbBlue, B 

Line (m + t, n)-(m + t + 2 * R, n) 

Line (m + t, n - L)-(m + t + 2 * R, n - L) 

FillStyle = 0 

Circle (m + t + R, -2), R 

FillStyle = 4 

Circle (m + t + R, -2), R + t 

Print " " 

Print " " 

Print " " 

Print " " 

Print " " 

Print " " 

Print " " 

Print "Gmin="; Gmin; "Ropt="; R; "topt="; t 

End Sub 
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Zelis animaciuri modeli 

 

N 

 

nax. 2 

 

G=336.4208, R=4.705547, R=4.886845, t=2.533424 

Gmin=213.4343, Rmin=4.006377, tmin=2.000565 

  

 

daskvna 

Zelis optimaluri parametrebis gaangari-

Sebis amocana warmodgenilia rogorc mra-

valparametriani, erTkriteriumiani, arawrfi-

vi maTematikuri daprogramebis amocana. naS-

romSi aRwerili meTodis gamoyeneba ganxi-

lulia konkretul magaliTze. damuSavebu-

lia kompiuteruli programebi da miRebulia 

konkretuli Sedegebi. 
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ABSTRACT. The tendency from the satisfactory solution to optimal resolution has become obvious lately, especially 

in engineering field. 
The problem of minimizing the weight of the column is considered as a problem of nonlinear mathematical 

programming. Random-search method of extremum is used to find global minimum of the multi-parameter and multi-
extremum objective function and relevant parameters. 

Appropriate problem algorithm has been developed and the computer program for the specification of optimal 
parameters of column is created in Visual Basic as well. Herewith relevant algorithm and animation software is 
provided. Specific results are obtained based on appropriate calculations.  
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АННОТАЦИЯ.  В последние годы, особенно в инженерных делах, постоянно и последовательно наблю-

даются тенденции перехода от приемлемых решений к оптимальному решению. 
Вопрос о минимизации веса колонны рассматривается как задача нелинейного математического програм-

мирования. Для определения глобального минимума нелинейной, многопараметрической и многоэкстре-
мальной целевой функции и соответствующих параметров используется метод случайного поиска экстремума. 

Разработан алгоритм решения задачи. Составлена компьютерная программа на алгоритмическом языке VB. 
Для определения оптимальных параметров колонны разработаны алгоритм и программа построения 
анимационной модели колонны. Произведены численные расчеты. 
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anotacia. Tbilisis istoriul ubnebSi 

bolo wlebSi momravlebuli axalmSeneblo-

bebisa Tu Catarebuli sarekonstruqcio sa-

muSaoebis fonze sxvadasxva masStabis in-

tervencia ganxorcielda. am TvalsazrisiT, 

aqtualuri gaxda Zveli ubnebis TviTmyofa-

dobis, istoriulad Camoyalibebuli ganaSe-

nianebis dacvis sakiTxi. 

statiaSi ganxilulia sololakis teri-

toriaze intervenciis erT-erTi magaliTi _ 

mimdinare saukuneSi agebuli monumentur na-

gebobaTa kompleqsi. 

kompleqsSi Semavali Sereuli funqciis 

erTi Senobis (amaRlebis q. 12) fsevdoklasi-

kuri xasiaTis fasadebi erTgvarad exmianeba 

mezobeli Senobebis mxatvrul gadawyvetas, 

rac istoriuli stilebis ekleqtikur nazavs 

emyareba, zogan qarTuli sacxovrisisTvis 

damaxasiaTebeli arqiteqturuli elemente-

biT. “fsevdorenesansuli“ da „fsevdoklasi-

cisturi“ fasadebi erTmaneTs modernistuli 

moculobiT ukavSirdeba, aseve gamoyenebulia 

qarTuli sacxovrisisTvis damaxasiaTebeli 

arqiteqturuli Tema: grZivi sakomunikaco 

aivnebi da Siga ezo. misi momijnave monumen-

turi Senoba (kojris q. 1) ki art-nuvos for-

mebiT da dekoriTaa warmodgenili.  

gaanalizebulia zemoxsenebuli Senobebis 

„fsevdoistoriuli“ stilis postmodernis-

tuli ganaSenianebis masStabis Sesabamisoba 

garemosTan, misi dadebiTi da uaryofiTi gav-
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lena istoriuli ubnis sivrciT-moculobiT 

da arqiteqturul-mxatvrul Rirebulebebze.  

 

sakvanZo sityvebi: arqiteqtura; ekleqti-

ka; intervencia; sololaki; stili.  

 

 

Sesavali 

Tbilisis erT-erTi istoriuli ubani so-

lolaki dRemde mecnierulad saTanadod ar 

aris Seswavlili. sololaki da misi mimdeba-

re Suasaukuneobrivi birTvi qvemo kala (ro-

melic…ICOMOS-is mier SemuSavebuli proeq-

tis farglebSi iqna gamokvleuli da daido 

dokumenturi masala am ubnis dRevandeli 

mdgomareobis Sesaxeb) saWiroebs amgvar fun-

damentur kvlevas (sur.1). sololakze yurad-

Reba SevaCereT Semdegi mizezebis gamo:  

1) sololaki esazRvreba Suasaukuneobri-

vი birTvis nawils _ qvemo kalas, sadac qu-

Cebis iregularuli qselia SenarCunebuli; 

2) sololaki saTaves iRebs Tbilisis 

centraluri moednidan (Tavisuflebis moe-

dani); 

3) sololaki pirveli ubania TbilisSi, 

romelic warmoiSva winaswar gaazrebuli 

gegmis safuZvelze da sadac urbanuli qse-

li regularul xasiaTs atarebs; 

4) Tbilisis istoriul ubnebSi ukanask-

nel 20 weliwadSi mravali mcire Tu msxvi-

li masStabis intervencia ganxorcielda, 

rac, xSir SemTxvevaSi, arRvevs ubnebis is-

toriulad Camoyalibebul arqiteqturul-

mxatvrul saxes Tu sivrciT-moculobiT 

struqturas. am TvalsazrisiT sainteresod 

CavTvaleT sololakis analizi (vizualuri 

daTvalierebiT Carevebi sxvadasxva doziT 

Segvxvda, romelic analizs moiTxovda); 

5) aucilebelia Tanamedrove qalaqis 

„cocxal organizmSi“ sololakis sicocx-

lisunarianobis, misi integraciis analizi 

da mniSvnelobis gansazRvra qalaqis Semd-

gomi ganviTarebisaTvis. 

CamoTvlili sakiTxebidan ganvixilavT 

intervenciis zogierT magaliTs sololakis 

ubnis retrospeqtuli daxasiaTebis fonze. 

  

ZiriTadi nawili 

ruseTis xelisuflebis saqarTveloSi Se-

mosvlas Tbilisis urbanuli Tu stilis-

turi cvlileba mohyva (sur. 4). mtkvris mar-

jvena sanapiroze dedaqalaqma zrda Sua sa-

ukuneebis qalaqis mimdebare, CrdiloeT 

(ruseTis gzis gaswvriv) teritoriebze daiw-

yo da administraciulma centrmac swored 

iqiT gadainacvla. axali centris Camoyali-

beba kojris karis win (Tavisuflebis moe-

dani) daiwyo. 

axali etapis dawyebiT qalaqis arqiteq-

tura axal Sinaarss iZens, axal formebs ga-

moimuSavebs, rac axali cxovrebis stils 

pasuxobs. amJamindeli Tavisuflebis moe-

dani (yof. erevanskis moedani) da dRevan-

deli Tbilisis mTavari arteria – rusTave-

lis gamziri (yof. golovinis gamziri) sabo-

lood yalibdeba rogorc qalaqis administ-

raciuli, finansuri da kulturuli centri. 

Sendeba administraciuli Senobebi mmarTve-

li aparatisTvis, axali tipis dawesebule-

bebi da saswavleblebi, specdaniSnulebis 

Senobebi. axali oficialuri mSeneblobis 

sferodan ganidevna qarTuli erovnuli ar-

qiteqturis tradiciebi. sacxovrebeli sax-

lis arqiteqturam ki SeinarCuna Zveli tra-

diciebi da axal formebTan Serwymuli in-

dividualuri xasiaTi SeiZina. 
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swored administraciuli centris mimde-

bared, Suasaukuneobrivi qalaqis mosazRv-

red yalibdeba im drois Tbilisis presti-

Juli sacxovrebeli ubani sololaki, rom-

lis ganaSenianeba Tbilisis erT-erTi mniSv-

nelovani qedis _ sololakis CrdiloeT 

ferdobze me-19 saukuneSi daiwyo batoniS-

vil vaxuStis mier instrumentebis gareSe 

Sedgenili gegmis mixedviT (sur. 2). aq adre 

arsebuli samefo baRebi kalas teritorias 

da dRevandeli Tavisuflebis moedans esaz-

Rvreboda. maT gaswvriv (dRevandeli გ. leo-

niZis quCis xazze) Camoedineboda solola-

kis wyali, romelic kveTda dRevandel Tavi-

suflebis moedans da puSkinisa da baraTaS-

vilis quCebis gavliT mtkvarSi Caedineboda. 

sololakis urbanuli dagegmarebis pirveli 

gegma 1828 wels Sedga (sur. 3). mniSvnelova-

nia, rom es iyo Tbilisis istoriaSi pir-

veli winaswar gaazrebuli gegma (lokaluri 

xasiaTis), pirveli regularuli xasiaTis 

quCaTa qseliT. realurad ki sololakis 

gaSeneba da misi teritoriis intensiuri aT-

viseba, sololakis xevis gadaxurvis Semdeg, 

mTeli me-19 saukunis manZilze da me-20 s-is 

dasawyisSic grZeldeboda, Tumca ganaSenia-

nebis xasiaTi ZiriTadad me-19 s-Si ukve 

gansazRvruli iyo. 

aq, msxvili burJuaziis citadelad qce-

ul ubanSi, Tavs iyris me-19 saukunis Tbi-

lisisTvis damaxasiaTebeli fsevdostilebis 

erToblioba _ ZiriTadad renesansul-baro-

kouli, klasicisturi, aqa-iq goTikuri, is-

lamuri, mavritanuli, gvxvdeba me-19 sauku-

nis bolosa da me-20 saukunis 10-iani wle-

bisTvis moduri evropuli stili _ moderni, 

igive art-nuvo, aseve qarTuli arqiteqtu-

ruli elementebisa (Tbilisuri xis dakide-

buli aivnebis) da zemoxsenebuli stilebis 

fasadebis sinTezi.  

Tumca Seqmnil ekleqtikur, mravalfero-

van suraTSi aris iseTi saerTo niSnebi, rac 

garkveul homogenurobas aniWebs ubnis cal-

keuli quCebis ganaSenianebas. es aris masS-

tabi, romelic adamianurs Seesabameba, Seno-

bebi ZiriTadad or-samsarTuliania, quCaTa 

ganaSenianeba _ grZivi xasiaTis. Senobebi 

mijriTaa ganlagebuli. sacxovrebel sax-

lebs ukana mxares saerTo ezo aqvs. mTavari 

sacxovrebeli fligeli quCas grZivad miuy-

veba, xolo perpendikularuli fligeli, 

umravles SemTxvevaSi, damxmare saTavsebs 

Seicavs. TiTqmis yovelTvis fligelebs aer-

Tianebs Tbilisuri sacxovreblisTvis dama-

xasiaTebeli sakomunikacio xis aivnebi an 

SuSabandebi, xSiria quCidan ezoSi gamavali 

Senobis farglebSi mowyobili gvirabebi. 

amave dros, yoveli saxli individualuria 

sxvadasxva maxasiaTebliT, rac yvelaze me-

tad damokidebulia mflobelTa socialur 

statusze. 

rogorc aRvniSneT, stilisturad ubnis 

ganaSenianeba ekleqtikuria, iseve rogorc am 

periodis sxva evropul qalaqebSi, Tumca 

Tbilisma individualuri xasiaTi gamoimu-

Sava. samwuxarod, dRes TbilisSi momravl-

da, zog SemTxvevaSi, arqiteqturuli Tval-

sazrisiT saintereso, magram garemosa da 

istoriul ganaSenianebasTan SeuTavsebeli 

nagebobebi. amdenad, aqtualuri gaxda qa-

laqis Zveli ubnebis TviTmyofadobis, maTi 

istoriulad Camoyalibebuli saxis Senar-

Cunebis sakiTxi. 

saqarTvelos kulturis, ZeglTa dacvisa 

da sportis ministris 2007 wlis 01.X.#3/181 

brZanebis #1 danarTis safuZvelze, solo-

lakis SenobaTa umravlesoba kulturuli 



sainJinro saqme – ENGINEERING – ИНЖЕНЕРНОЕ ДЕЛО

 

_____________________________________ 
ISSN 1512‐0996   stu-is Sromebi – WORKS OF GTU – ТРУДЫ ГТУ 

www.gtu.ge 143  #2 (504), 2017 

memkvidreobis Zeglis statuss atarebs, xo-

lo teritoria, 2007 wlis mdgomareobiT, 

Tbilisis istoriul-kulturuli sayrdeni 

gegmis mixedviT (saqarTvelos kulturis, 

ZeglTa dacvisa da sportis saministro) is-

toriuli ganaSenianebis dacvis zonaSia. “q. 

Tbilisis istoriuli nawilis saxelmwifo 

dacvis RonisZiebaTa Semdgomi gaumjobe-

sebis Sesaxeb”kanonis Sesabamisad (saqarTve-

los ministrTa sabWos 1985 wlis 29 ianvris 

№76 dadgenileba) dadginda, rom Tbilisi-

saTvis daculi iqneboda kulturuli memk-

vidreobis damcavi sami zogadi zona: 

a. istoriuli ganaSenianebis dacvis; 

b. ganaSenianebis regulirebis; 

g. istoriuli landSaftis dacvis. 

Tumca, am statusma mainc ver daicva is-

toriuli ubnebi met-naklebad uxeSi Carevis-

gan, risi magaliTebic sakmaodaa TbilisSi 

bolo 20 weliwadSi. intervencia yovelTvis 

uaryofiT Carevas ar gulisxmobs, Tumca mig-

vaCnia, rom aucilebelia gaanalizdes isto-

riulad ukve Camoyalibebul ganaSenianebaSi 

arqiteqturuli saxecvlilebis Sesabamisoba 

garemosTan, dadebiTi Tu uaryofiTi gavlena 

ubnis arqiteqturul-mxatvrul Rirebuleba-

ze, gamovlindes is kriteriumebi, rasac unda 

daeyrdnos profesionali yovel konkretul 

ganaSenianebasTan dakavSirebiT, raTa Tavidan 

iqnes acilebuli arasasurveli Sedegebi per-

speqtivaSi. 

vizualuri daTvalierebiT, sololakSi 

gansxvavebuli masStabis intervenciis maga-

liTebi vnaxeT. amjerad SevCerdebiT amaR-

lebisa da kojris (amaRlebis 12, kojris 1) 

quCebis Sesayarze arsebul bolo aTwleu-

lebis sacxovrebel ganaSenianebaze.  

SevecadeT informacia mogvepovebina am 

teritoriaze sacxovrebeli saxlebis agebam-

de arsebuli situaciis Sesaxeb. samwuxarod, 

fotomasalas ver mivakvlieT. rogorc koj-

ris 1 mdebare sacxovrebeli saxlis arqi-

teqtor d. bairamaSvilisgan SevityveT, 

axalmSeneblobamde saproeqto teritoriaze 

avtofarexis tipis usaxuri nageboba mdgara. 

sololakis da kerZod am adgilis mimdeba-

re teritoriis intensiuri ganaSenianebidan 

gamomdinare CavTvaleT, rom aseTi didi 

teritoria me-19 saukuneSive aTvisebuli un-

da yofiliyo. marTlac, saqarTvelos erov-

nuli arqivSi moviZieT aRniSnul teri-

toriaze me-19 saukunis droindeli proeqti.  

rogorc am masalidan irkveva, me-19 sauku-

neSi es teritoria ekuTvnoda erT mflo-

bels – gerasime zurabovs. arqivSi aRmoCnda 

ori proeqti:  

1) erTi proeqti TariRdeba 1865 wliT 

(amJamindeli kojris q. 1). gengegmaze naC-

venebia amJamindeli kojrisa da amaRlebis 

quCebis gadakveTa l. asaTianis quCasTan 

(sur. 5).  

2) meore proeqti, amJamindeli amaRlebis 

quCaze agebuli saxli, me-19 saukuneSi arsebu-

li sacxovrebeli saxlis miSenebisaa (sur. 6). 

1865 wlis proeqtSi Senobis erTi fli-

geli miuyveba amJ. kojris quCas, xolo amaR-

lebis quCaze arsebuli teritoria baRs 

ukavia, sadac mxolod mcire zomis nageboba 

Cans. orsarTulian Senobas im droisTvis 

damaxasiaTebeli dagegmarebis saxe aqvs. 

oTaxebis ganlageba anfiladuria. saxlis 

kuTxe baRis quCisken 450 wakveTili, nakveTis 

formis Sesabamisad. quCis mxares mogrZo 

zomis liTonis aivania, xolo ezos mxares 

xis sakomunikacio aivani perimetrulad mi-

uyveba fasads. damxmare sadgomebi kojris 

quCis mxares ganTavsebul fligelSia da 

aivniT ukavSirdeba danarCen saTavsebs. aiv-
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nis bolos ezodan Sesasvleli kibea damx-

mare sadgomebis win. 

Senoba ori sacxovrebeli da sardafis 

sarTulisgan Sedgeba. quCis mxaris fasadi 

sarkmlebiT (II sarTulze renesansuli Ta-

Rovani Sewyvilebuli sarkmeli da I sar-

Tulze brtyelTaRovani), pilastrisebri 

SverilebiT me-19 s-is 50–60-iani wlebis ti-

puri nimuSia. 

meore proeqti daTariRebulia 1902 wliT. 

es miSenebis nebarTvaa amaRlebis quCaze 

mdebare Senobaze, romlis proeqti arqivSi ar 

aris daculi. amaRlebis quCis sacxovrebeli 

saxli 1865 wlis proeqtis gengegmaze ar iyo 

datanili. am ori proeqtis daTariRebidan da 

gengegmidan gamomdinare unda vivaraudoT, 

rom amaRlebis quCisken mimarTuli ZiriTadi 

nageboba 1865 w-dan 1900 w-mdea aSenebuli. 

proeqtze arqiteqtoris gvaris mxolod xel-

moweraa da ar ikiTxeba. am tipis sacxovreb-

lebi axlac aris aRniSnuli teritoriis mim-

debared. 

CvenTvis ar aris cnobili rodemde iarseba 

am Senobebma, Tumca, rogorc aRvniSneT, aR-

niSnul teritoriaze amJamindeli sacxov-

rebeli saxlebis agebamde avtofarexis tipis 

nageboba yofila. 

amaRlebis quCaze gamavali sacxovrebeli 

saxli ramdenime blokisgan Sedgeba (arq. m. 

CxaiZe, 2011_2012ww.). sololakis viwro quCeb-

Tan SedarebiT, sakmaod farTo gabaritis 

amaRlebis quCaze is ori blokis fasadiT 

gamodis: erTi fsevdorenesansuli xasiaTi-

saa, xolo meore _ fsevdoklasicisturi. 

isini erTmaneTs modernistuli xasiaTis Se-

minuli moculobiT ukavSirdeba (sur.7; 8; 9).  

es fsevdoklasikuri xasiaTis fasadebi 

erTgvarad exmianeba mezobeli Senobebis 

mxatvrul gadawyvetas, rac klasikuri sti-

lis ekleqtikur nazavs emyareba. moculo-

bebi Svidi sarTulis simaRlisaa, Tumca 

aSkaraa avtoris mier realuri sarTulia-

nobis arqiteqturuli xerxebiT dafarvis 

mcdeloba _ oTxi sarTulis Semdeg zeda 

sarTulebi terasulad Seweulia safasado 

sibrtyidan, didi nawili Seminuli msubuqi 

konstruqciebiTaa gadawyvetili da blokebs 

Soris arsebuli modernistuli CanarTis 

nawilia. amave dros oTxi sarTuli klasi-

kurad karniziTaa dasrulebuli, rac Seno-

bis horizontaliT dasrulebis iluzias 

qmnis da erTgvarad amcirebs mis monumentur 

masStabs. asaTianis meore Sesaxvevis mxares 

gamomavali blokis sarTulebi fasadis 

mTel sigrZeze arsebuli grZivi sakomuni-

kacio aivnebiTaa Sekruli. es me-19 s-is qar-

Tuli sacxovrisis damaxasiaTebeli arqiteq-

turuli Temaa. kidev erTi, rac qarTuli 

sacxovrisidanaa nasesxebi Siga ezoa, romlis 

nawili saerToa amaRlebis  12 da kojris 1 

saxlebisTvis.  

kojris quCis mxridan am ekleqtikur nage-

bobas emijneba kidev erTi monumenturi 

nageboba (kojris q. 1, arq. d. bairamaSvili, 

2011_2012), (sur. 10), romlis fasadi solo-

lakSi arsebuli kidev erTi stilis _ art-

nuvos saxasiaTo arqiteqturuli formebiTa 

da dekoriTaa damuSavebuli. amdenad, TiTqos 

am sacxovrebel kompleqsSi gaerTianebulia 

sololakis ubnisTvis damaxasiaTebeli sti-

lebis erToblioba. amaRlebisa da kojris 

quCebs Soris arsebul nakveTze avtorebma 

sololakis istoriuli Senobebis stilTa 

erToblioba warmoadgines, Tumca, miuxe-

davad masStabis monumenturobis Semcirebis 

mcdelobisa sxvadasxva arqiteqturuli xer-

xiT, mainc aSkaraa irgvliv arsebul Seno-

baTa fonze am blokebis monumenturoba. anu 
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miviReT gacilebiT msxvili masStabis, „fsev-

doistoriuli“ stilebis postmodernistuli 

ganaSenianeba, vidre garemocvaa. 

aqve ar SeiZleba ar aRvniSnoT, rom amaR-

lebis quCis gabariti itans aq gamomavali 

sacxovrebeli saxlis simaRles. orive sac-

xovrebeli saxlis SemTxvevaSi istoriuli 

stilebi SedarebiT TavSekavebuladaa gamoye-

nebuli, rac aisaxa fasadTa kompoziciur ga-

dawyvetaSi, RiobTa konfiguraciasa da pro-

porciebSi, klasikuri Tu modernis arqi-

teqturuli elementebis gamoyenebaSi da ara 

uxv dekorSi. amdenad, ufro racionalur 

postmodernistul gadawyvetasTan gvaqvs 

saqme. rac Seexeba qarTuli sacxovrisisTvis 

organul Siga ezos da aivnebs, romlebic 

amaRlebis quCis sacxovrebel saxls gasdevs, 

Sinaarsobrivad maTi arseboba udavod ga-

marTlebulia. aivnebs ormagi kodireba aqvs 

_ miniSneba erovnulobaze da gaxsniloba ga-

remoze, rac Tbilisuri sacxovrebeli sax-

lisTvis Sinaarsobrivad, funqciurad ga-

marTlebulia. Tumca, Cveni azriT, sada, uf-

ro droisTvis Sesaferisi udekoro moder-

nistuli gadawyveta am ganwyobas SeinarCu-

nebda Teatraluri dekoratiulobis gareSe. 

  

daskvna 

zemoTqmulidan gamomdinare, ismis kiTxva 

- ramdenad aris saWiro Tanamedrove Seno-

baSi stilisturi mimsgavseba istoriul ga-

naSenianebasTan, roca saqme gvaqvs ara re-

konstruqciasTan, aramed sruliad axal Ta-

namedrove komfortiT aRWurvil SenobebTan. 

Cveni azriT, gacilebiT mniSvnelovania da-

cul iqnes istoriuli ganaSenianebisTvis 

damaxasiaTebeli saerTo parametrebi _ masS-

tabi, proporciebi, ritmi, xolo garegnuli 

mimsgavseba ar unda gaxdes TviTmizani.   

  

 
 

 

 

sur. 1 

 

 

 

 



sainJinro saqme – ENGINEERING – ИНЖЕНЕРНОЕ ДЕЛО

 

_____________________________________ 
stu-is Sromebi – WORKS OF GTU – ТРУДЫ ГТУ   ISSN 1512‐0996 

#2 (504), 2017  146  www.gtu.ge 

 
 

   sur. 2          sur. 3         sur. 4 

 

    
 

            sur. 5                                   sur. 6 
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me-19 s. amaRlebisa da kojris quCebis gadakveTaze  

mdebare Senobis proeqti 
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ABSTRACT. Recently, interventions at different scales have been implemented in Tbilisi historic districts within 
building of new houses and reconstruction of the old ones. From this point of view the issue of provision of old 
quarters and historically formed settlements identity became of great importance and actual. 

The article considers an example of intervention in Sololaki – complex of monumental architectural developments. 
The pseudo-classical facades of the multifunctional building, which is a constituent part of the complex, somehow 

echoes with the architectural-eclectic mix of historical styles and architectural elements which are characteristic for 
typical Georgian houses. “Pseudo Renaissance” and “Pseudo Classic” facades are connected with the modernistic style 
of the building. The characteristic themes of the Georgian houses are greatly used, including both long balconies and 
courtyards as well. As for the adjoining monumental building (Kojori st.1), it is decorated with Art Nouveau’s elements 
and ornaments.  

The paper analyzes the compliance of post modernistic developments scale with the environment, its positive or 
negative impact on spatial and architectural values of the historic district as well. Resume:  

 

KEY WORDS: Architecture; eclecticism; intervention; Sololaki; style. 
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АННОТАЦИЯ.  В последнее время в исторических районах Тбилиси, на фоне множества новостроек и 
проведенных реконструкционных работ, осуществляется интервенция разного масштабa. С этой точки зрения 
стал актуальным вопрос защиты самобытности старых кварталов и исторически сформированных застроек. 

 В статье рассматривается один из примеров интервенции на территории Сололаки - монументальный 
комплекс, построенный в текущем столетии. 

Псевдоклассические фасады одного здания (Амаглеба №1), входящего в комплекс, однозначно перекли-
каются с художественным решением соседних домов, что основывается на эклектической смеси исторических 
стилей, а также в некоторых местах использованы типичные элементы, характеризующие жилища грузинской 
архитектуры. 

„Псевдоренессансные“ и „псевдоклассические“ фасады связаны модернистическим объемом, также ис-
пользованы темы, характерные для грузинской архитектуры– продольные балконы и внутренние дворы. 

А прилегающее к нему монументальное здание (Коджори №1) представлено формами и декором арт-нуво. 
Проанализировано соответствие масштаба вышеупомянутых зданий с окружающей средой, а также 

положительное и отрицательное влияние на объемно-пространственную и архитектурно-художественную 
ценность данного района.  

 
КЛЮЧЕВЫЕ СЛОВА: архитектура; интервенция; Сололаки; стиль; эклектика.  
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ABSTRACT.  The theory of orthogonal series repre-

sents the important part of mathematical analysis. Many 
well-known scientists have published their works on the 
issues of convergence and summability of series and 
amongst them especially would be mentioned works of 
Aleksich, Steinhause, Menshov, Ulyanov and others.  

 Let’s say that numbers nC , n N  are the coef-

ficients of Haar series. It is well known that  n
n

C




  2

1

 

represents the sufficient condition of convergence of 
Haar series. Thus considering the summability of Haar 
series by any method, actually the coefficients of series 
satisfy the condition   

               n
n

C




  2

1

.                            (1.1) 

Some sets of coefficients are derived from the set of 
coefficients that satisfies the condition (1.1), and the 
summability of Haar series for them is considered by 
different methods. 

The paper defines the set of coefficients *A  and  

method of summability of orthogonal series *T  as well 
as several sufficient conditions of summability are proved 

by the *T  method. Herewith consequences derived from 
the proof of theorem are represented in the article. 

 
KEY WORDS: Fourier series; Haar series; Rademacher 

function; summability. 
 

 
 

INTRODUCTION 

The summability theory of orthogonal series has been 
developed quite completely and has found numerous 
applications in modern mathematical analysis.  

The aim of the present study is to obtain some pro-
perties of the summability of Haar series.. 

 

 
MAIN PART 

NOTATIONS,   DEFINITIONS AND WELL‐KNOWN 
RESULTS  

Let N be the set of all natural numbers, and N  be the 
set of all non-negative integer numbers.  

Denote by *A  the set of all sequences }{ kc  

( k , , ) 1 2  such that for each k{ c }  there exists C  1  

such that  
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m m m mk k
k k

max { c } C min | c |
    

 
1 12 2 2 2

      ( m , , ) 0 1 . 

*M  is the set of all sequences  mk m,kR 
0

 such that  

mkm
lim R


 1      ( k , , ) 0 1 . 

Let ( m )  map N  onto N. If mkR  0  when 

k ( m )  , we say that a sequence  mk m,kR 
0

 is    

finite. 
*M ( )  is the set of    finite sequences from *M . 

Since mkm
lim R


 1 , the set *M ( )  is nonempty if 

and only if 
m
lim ( m )


   . 

Let us consider the series  

   k
k

u





1

,   (2.1) 

and for  a sequence   *
mkR M  define the *T  

means  for series (2.1) as follows: 

m mk k
k

R u




 
1

. 

If mm
lim S


  , we say that series (2.1) is summable  

by the method *T  to the number S. 

i ( t )  ( i , , ) 1 2  is a complete orthonormal system 

on [0; 1] ([1], p. 54), and nr ( t )  is a system of 

Rademacher functions ([1], p. 59). We know that ([1], p. 
59) 

n n

n

( k )
n n mn n

k m

r ( t ) ( t ) ( t )


  

    
12 2

1 2 1

1 1

2 2
. 

For Haar series we have the following Marcinkiewicz 
theorem ([1] ). 

Theorem М. For each p ( , ) 1 , for any sequence 

}{ ka  and each m , , 0 1 , the inequality  

p pm m

p i i i i
i i

A a ( t ) dt a ( t ) dt
 

      
  
  

21 1
2 2

1 10 0

 

pm

i i
i

a ( t ) dt


    
  


21
2 2

10

 

is fulfilled, where pA  and pB  are positive constants 

depending only on p. 
 
 

CONCLUSION 

BASIC RESULTS  

Let  ( s )  be the bijection N N  and for the Haar 

series  

 k k
k

c ( t )





1

      (3.1) 

consider means of the form  

( s ) ( s )
m ms k k ms s

s sk

( t ) R c ( t ) R g ( t )
  

 

  

     
10 02 2

  

       ( m , , ) 0 1 , 

where  

( s ) ( s )
s k k

k

g ( t ) c ( t )
   

 
12 2

. 

Lemma 1. Let *
k{ c } A ,  

 k
k

c




  2

1

,   *
msR M ( )    

and 
( m )

im ms s
s

( t ) R g ( t )




  
1

    ( i,m , , ,i ( m ))  0 1 , 

then for the set of positive measure E there exist 

natural numbers 0n  and 0q , a measurable set *p E , 

*
n nmesp  
0 01

1 1

2 2
, a mapping f : N N , such that 

for each n q1 0  and m f ( n ) 1  the inequalities  

*

*
n m m

p

( t )dt mesp     1

2 2 , 

*

*
n m m

p

( t )dt mesp     1

4 2
1 , 

are fulfilled, where  

( s ) ( s )

( m )

m ms k
s k

R c
  



  

 
  
 
 
 

1

1 2

2 2

0 2 2

 

and 1 ,   are positive constants depending only on 

k{ c }  and mk{ R } . 

Proof.  Let  *
k{ c } A , then 

n n n nk k
k k

max c C min c
    

 
1 1

2 2

2 2 2 2
. 

Since 
m
lim ( m )


   , for each fixed j, there exists 

)(1 jN  such that 2)(  jm   when m N ( j ) 1 . 

Let  j  be fixed and m N ( j ) 1 . Since  
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k
k

c




  2

1

, 

we have  

( s ) ( s )
k

s k

c
  



  

  
1

2

0 2 2

. 

It is clear that  

( s ) ( s )

i

ms k
s k

R c
    

 
1

2 2

0 2 2

 

is bounded, and 
( s ) ( s )

( m )

ms k
s j k

R c
  



   

  
1

2 2

1 2 2

 as 

m  . 
Hence  

( s ) ( s ) ( s ) ( s )

( s ) ( s ) ( s ) ( s )

( m ) j

ms k ms k
s sk k
( m ) ( m )m

ms k ms k
s j s jk k

R c R c

lim
R c R c

     

     



    
 

      

  
   

   
1 1

1 1

2 2 2 2

0 02 2 2 2

2 2 2 2

1 12 2 2 2

1 1

. 
Therefore there exists a function f : N N  such 

that  for m f ( j )  we have ( m ) j   2  and 

( s ) ( s ) ( s ) ( s )

( m ) ( m )

ms k ms k
s s jk k

R c R c
     

 

     

    
1 1

2 2 2 2

0 12 2 2 2

2 . 

Let E [ ; ] 0 1  and mesE  0 . There exists an 

irrational number r E0  which is the density point of 

the set E, i.e.  for 
B c

 
8

4

1

4
 there exist natural numbers 

0n  and 0k  such that  

n n

n n

k kmes E ,

k kmes ,

  
       

 
  

0 0

0 0

0 0

0 0

1

2 2
1

1

2 2


. 

Let us assume n n
k k,     0 0

0 01

2 2
 and *p E  . It is 

obvious that *p   , *p E  and 
*mes( p )

mes
 

 


, 

  
1

1
2

.  Therefore we have  

*mes mesp mes   
1

2
, 

i.е. 

*
n nmesp  
0 0 1

1 1

2 2
. 

Since ( s )  is the bijection of N   onto N , there 

exists q0  such that ( s ) n  0 1  when s q 0 . 

Let us assume n q1 0  and m f ( n ) 1  and consider 

the function  

n m n m( t ) ( t ) X ( t )   
1 1

1 , 

where  X  is the characteristic function of the set .                         

We define the sequence  kc1  as follows  

  if         и     

  for other  

( n ) ( ( m ))
k k

k
c k , ( t ) X ( t )

c
k.

  


       


1 12 2 0

0

 
It is clear that  

( s ) ( s )

( m )

n m ms k k
s n k

( t ) R c ( t )
  



  

    1
1

1 2 2

. 

We have  

( s ) ( s )

( m )

n m ms k k
s n k

( t )dt B R c ( t ) dt
  



  

      
  
  1

1
1

2
1

4 2 2 2
4

2 20

 

( s ) ( s )

( m )

ms k k
s n k

B R c ( t ) dt
  



  

    
  
 

1
1

2

2 2 2
4

2 2

 

( s ) ( s )

( m )
( s )

ms k
ks n

B R max( c ) dt
  


 

 

      
  
 1

1

2

2 1 2
4

2 2

2  

( s ) ( s )

( m )
( s )

ms k
ks n

B c R min( c ) mes
  


 

 

       
  


1

1

2

4 2 1 2
4

2 2

2  

( s ) ( s )

( m )

ms k
s n k

B c R c mes
  



  

     
  
 

1
1

4 2 2
4

2 2

. 

Using Parseval’s equality we obtain  

( s ) ( s )

( m )

n m n m n m ms k k
s n k

( t )dt ( t )dt ( t )dt R c ( t ) dt
  



   

            
  
    1 1 1

1
1

1 1
2 2 2 2 2 2

2 20 0

 

( s ) ( s )

( m )

ms k k
s n k

R c ( t ) dt
  



  

     
  
 

1
1

2 2 2

2 2

 

( s ) ( s )

( m )
( s )

ms k
ks n

R min( c ) mes
  


 

 

     
1

1

2 1 2

2 2

2  

( s ) ( s )

( m )
( s )

ms k
ks n

mes R max( c )
c   


 

 


    

1

1

2 1 2
2

2 2

2  

( s ) ( s )

( m )

ms k
s n k

mes R c
c   



  


   

1
1

2 2
2

2 2

. 
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By means of these estimates we obtain  

n m n m
p* p*

( t )dt ( t )dt
  

        1 1

2 2  

*
n m( t )dt mes( p )



        
  
 1

1 2

2  

( s ) ( s )

( m )

ms k
s n k

mes R c
c   



  


   

1
1

2 2
2

2 2

 

( s ) ( s )

( m )
*

ms k
s n k

B mes mes( p ) c R c
  



  

         
  
 

1
1

2 2 2
4

2 2

 

( s ) ( s )

( m )*

ms k
s n k

B mes( p )mes c R c
mesc   



  

        
  

 
1

1

4 2 24
2

2 2

1  

( s ) ( s )

( m )* *

ms k
s n k

B mes( p ) mespc R c
mes c   



  

       
  

 
1

1

4 2 24
2

2 2

1  

( s ) ( s )

( m )*

ms k
s n k

mespc B R c
B c c   



  

 
      
 
 

 
1

1

4 2 2
4 8 2

4 2 2

1
1

4
 

             

( s ) ( s )

( m )
* *

ms k m
s k

R c mesp mesp
c   



  

        
  
 

1

2 2 2
2

0 2 2

1

2
. 

Let us prove the second inequality  
             

*

n m n m m

p

( t )dt ( t )dt B c mes


         1 1

4 4 4 4
4  

* *
m m

B c mesp mesp       2 4 44
1

2
. 

Lemma 1 is proved.   

Lemma 2. Let   *Ack   and 





1

2

k
kc . Assume 

that   *
mkR M ( )   and 

( s ) ( s )

( m )

m ms k k
s k

( t ) R c ( t )
  



  

   
1

2 2 2

0 2 2

    

                          ( m , , , ) 0 1 2 . 

If m m( t ) max{ , ( t )}  0 , then 

                                         

   m mmes t : ( t ) o( ); t [ ; ]    0 1 0 , 

where  

( s ) ( s )

( m )

m ms k
s k

R c
  



  

     
  
 

1

1 2

2 2

0 2 2

. 

Proof.  Suppose that at every point of the set 
E [ ; ] 0 1 , 0mesE , we have  

m m( t ) o( )         ( m , , ) 0 1 . 

By virtue of Egorov’s theorem there exists a set 
A E  of positive measure, such that  

 m
m m

( t )lim








0   (3.2) 

uniformly with respect to t E . 
According to Lemma 1, there are natural numbers n0  

and q0 , a measurable set *p E , *
n nmesp  
0 01

1 1

2 2
, 

a function  f : N N , such that for any n q1 0  and 

m f ( n ) 1  the following inequalities are fulfilled  

 
*

*
n m m

p

( t )dt mesp     1

2 2 ,  (3.3) 

 
*

*
n m m

p

( t )dt mesp     1

4 4
1 .  (3.4) 

Let k  ( k , , ) 0 1  be the Fourier-Haar coefficients 

of the function *pX ( t )  ( *pX ( t )  is the characteristic 

function of the set *p ). 

It is assumed that 0  and 01 qn   are such that  

( s ) ( s )
k

s n k  



  

   
1

1

2 2

2 2

. 

We fix 1n  and consider the function  

( s ) ( s )

( m )

n m ms k k
s n k

( t ) R c ( t )
  



  

   1
1

1 2 2

, 

where m f ( n ) 1 . 

It is easy to see that for fixed 1n  we have  

  
( s ) ( s )

n

ms k k
t [ ; ] s k

sup R c ( t )
  



   

   
1

1

1

0 1 0 2 2

,   m , , 0 1  

By virtue of (3.2) we obtain that  

n m

m m

( t )
lim









1 0  

uniformly on the set *p ;  here n m( t ) 
1

n mmax{ , ( t )} 
1

0 . Therefore there exists a natural 

number K( n , ) f ( n ) 1 1 , such that for each *t p  and 

any m K( n , ) 1  we have  



maTematika – MATHEMATICS – МАТЕМАТИКА

 

_____________________________________ 
ISSN 1512‐0996    stu-is Sromebi – WORKS OF GTU – ТРУДЫ ГТУ 

www.gtu.ge 153  #2 (504), 2017 

n m m( t )   
1

. 

Then  

 
* *

n m n m m m

p p

( t )dt ( t ) dt          1 1
 

 
* *

*
m n m m n m

p p

( t ) dt mesp ( t )dt            1 1
2 2

*
* *

m n m mpmesp ( t ) X ( t )dt mesp           1

1

0

2 2

( s ) ( s )

( m )
*

ms k k m
s n k

R c mesp
  



  

       
1

1 2 2

2  

( s ) ( s ) ( s ) ( s )

( m ) ( m )

ms k k
s n s nk k

R c
     

 

    

           
      
   

1 1
1 1

1 2 1 2

2 2 2

2 2 2 2

 
*

m mesp    2  

( s ) ( s ) ( s ) ( s )

( m )

ms k k
s s nk k

R c
     

 

    

          
      
   

1 1
1

1 21 2

2 2 2

0 2 2 2 2

              

* *
m m mmesp ( mesp )           2 2 1 . 

i.e. we have obtained that  

 
*

*
n m m

p

( t ) dt ( mesp )      1
2 1 .    (3.5) 

On the other hand, by virtue of Hölder’s inequality we 
have  

* * *

n m n m n m

p p p

( t )dt ( t )dt ( t )dt
   
         
      

  1 1 1

2 3 1 3

2 4  

Hence, using (3.3) and (3.4), we obtain  

 
*

*
n m m

p

( t ) dt mesp
 

      
 
 

 1

1 3

2 2
1 .   (3.6) 

For sufficiently small  ,  (3.5) contradicts (3.6). 

Corollary. Let   *
kc A  and series (3.1) be such that 

on some set of positive measure  
qm

qm k k
m m

k

lim S ( t ) lim c ( t )
 



   
2

2
1

, 

where   kq   is some increasing sequence, 

then we have  

k
k

c




  2

1

. 

Theorem 1. Let   *
kc A  and 







1

2

k
kc . 

Assume that * *
mkT { R } M   and the *T  means of 

series (3.1) 

( s ) ( s )
m ms k k

s k

( t ) R c ( t )
  



  

   
10 2 2

     ( m , , ) 0 1  

exist on the set Е, 0mesE . If m m( t ) max{ , ( t )}  0 , 

then 
 

    m mmes t : ( t ) o(T ); t E    0 , 

where  

( s ) ( s )
m ms k

s k

T R c
  



  

    
  
 

1

1 2

2 2

0 2 2

. 

Proof. Note that on the set E [ ; ] 0 1 , mesE  0  the 

series  

m ms s
s

( t ) R g ( t )




 
0

,       ( m , , ) 0 1  

converge, where  

( s ) ( s )
s k k

k

g ( t ) c ( t )
   

 
12 2

. 

Since   *
ms kR c A , by virtue of the Corollary all 

numbers Tm  are finite and mm
lim T


  . 

Assume that there exists a set B E , mesB  0 , 
such that for any t B  we have  

 m m( t ) o(T )  .       (3.7) 

Then there exist measurable sets mB B , 

m mmesB mesB 
1

1

2
 and  functions : N N  , 

( m )   , as m  , such that the following 

inequalities are fulfilled:  

 
( m )

m ms s
s

( t ) R g ( t )






     
  


0

1    mt B\ B    (3.8) 

( s ) ( s )

( m )

m ms k m
s k

T R c T
m  



  

          
   

 
1

2 2

0 2 2

1
1     

                                         ( m , , ) 0 1 ,                     (3.9) 

where 

( m ) ( m )

ms s ms s
s s

R g ( t ) max , R g ( t )
 

 

         
      
 

0 0

0 . 
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Assume  

  if  
   if  
ms

ms
R s ( m ),

R
s ( m ),

  
   

0

0
 

  
( m )

m ms s
s

( t ) R g ( t )




  
0

    

and   

 
( s ) ( s )

( m )

m ms k
s k

R c
  



  

     
  
 

1

1 2

2 2

0 2 2

. 

It is clear that   *
msR M ( )   and m( t )  are the 

*T  means of the series s s
s

c ( t )





0

. By virtue of (3.8) 

and (3.9) we obtain  

m m( t ) ( t )     1 ,       m
m

t B\ B





0

 ,   (3.10) 

 m m mT T
m

     
 

1
1 .    (3.11) 

From (3.7), (3.10) and (3.11) we have m m( t ) o(T )   

for any m
m

t B\ B





0

 , which contradicts Lemma 2. 

The proven theorem implies  

Theorem  2. Let   *
kc A , k

s

c




  2

0

 and the 

* *T M  means   

m ms s
s

( t ) R g ( t )




 
0

          ( m , , ) 0 1  

of series (3.1) exist on the set E [ ; ] 0 1 , mesE  0 , 

then 

m m
m m
lim ( t ) lim ( t )
 

       for almost all t E , 

 q qm m
m m
lim S ( t ) lim S ( t )
 

   
2 2

 for almost all t E , 

where mq   is any sequence of natural numbers. 

Theorem 3.  Let    *
kc A , *

mk{ R } M  and on the 

set E [ ; ] 0 1 , mesE  0 , there exist expressions  

m ms s
s

( t ) R g ( t )




 
0

               ( m , , ) 0 1 . 

If the condition  

m
m
lim ( t )


    

is fulfilled for each t E , then series (3.1) is the 

Fourier-Haar series of some function f, where pf L  for 

any p [ ; ) 1 .  

Proof. From Theorem 1 we have  

k
k

c




  2

1

, 

i.e. series (3.1) is the Fourier-Haar series of a function 

f L [ ; ] 2 0 1 . By virtue of Haar’s theorem ([1], p. 55), for 

almost all t [ ; ] 0 1  we have  

                                       
m

m k k
m m

k

lim S lim c ( t ) f ( t )
 



  
2

2
1

. 

Applying the Marcinkiewicz theorem, we obtain  
                                  
m mp p

k k p k k
k k

c ( t ) dt B c ( t ) dt
 

 
    
 
 

  
2

1 12 2
2 2

1 10 0

 

            

n n
n n

p pm m
n

p k k p k
kn nk

B c ( t ) dt B max c dt




 


   

   
          
    1

1

2 21 11 1
2 2 1 2

2 2
0 02 20 0

2

 
                                 

n n
n n

ppm m
n

p k p k
kn n k

B c min c B c c




 


    

  
          

  1
1

22
1 1

2 1 2 2 2

2 2
0 0 2 2

2  

                                 
m p p

p
p k p k

k k

B c c B c c
 

 

   
          
 

2 2
2 1

2 2 2

0 1

. 

By Fatou’s theorem, the last relation implies that 
pf L  for any  p ; 1 . 

Remark. As Ulyanov showed [2], the series  

                                 k
k

( t )
k ln k






2

1
 

is the Fourier-Haar series, but its sum is not an 
essentially bounded function. 

It is easy to show that the sequence kc
k ln k


1  

( k , , , ) 2 3 4  belongs to the class *A , i.е. Theorem 3 is 

not valid for p . 
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Steinhouse [3] showed that for any permutations of 

its members the series k k
k

a r ( t )





1

 converges almost 

everywhere on [0; 1] if k
k

a




  2

1

, and diverges almost 

everywhere on [0, 1] if k
k

a




  2

1

. 

As it was later shown by Ulyanov [4], the following 
statements are true.  

Theorem  А. Assume that we are given any *A  
summation method and consider the permutational 
series  

 ( s ) ( s )
s

a r ( t )


 



0

.     (3.12) 

If the *T  means  n( t )  of series (3.12) are meaning-

ful on the set of positive measure E and  

n
n
lim ( t )


     ( t E ) , 

then 







1

2

k
ka . 

Corollary А. If the *T  means n( t )  of series (3.12) 

are meaningful on the set of positive measure E and 

k
k

a




  2

1

, 

then almost everywhere on E 

n n
nn

lim ( t ) lim ( t )


        

Corollary B. If  kk
lim a


 0  and  

k
k

a




  2

1

, 

then for series (3.12) there exists a set A [ ; ] 0 1 , 

mesA  1 , such that for any real number [ ; ]    

and a point t A0  there exists a sequence  kq  such 

that  

qk
k
lim S ( t )


 
2

. 

Let us consider the means m( t )  for the 

Rademacher permutational series        

m ms ( s ) ( s )
s

( t ) R a r ( t )


 


  
0

 

( s )

( s )
ms ( s ) k( s )

s k

R a ( t )
 





 
  

    
12

0 2 1

1

2
 

( s )

( s )

( s )
ms k( s )

s k

a
R ( t )









  

  
2

0 2 1 2
. 

Since  
( s )

( s )

( s )
k ( s )( s )

k s sk

a
c a

 



  



   

    
1 22

2 2

1 0 02 1
2

, 

from the proven results we obtain the validity of  
Ulyanov’s theorem and its corollaries.  
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mentis asoc. profesori 

E-mail: zviadtsiklauri@yahoo.com 
 

 

anotacia. orTogonalur mwkrivTa Teoria maTematikuri analizis erT-erTi mniSvnelo-

vani dargia. orTogonaluri mwkrivebis krebadobisa da Sejamebadobis sakiTxebze mraval 

cnobil mecniers aqvs Sromebi gamoqveynebuli. maT Soris gansakuTrebiT aRsaniSnavia 

aleqsiCis, Steinhauzis, menSovis, ulianovisa da sxvaTa naSromebi. vTqvaT, nC , n N  ricx-

vebi haaris mwkrivis koeficientebia. kargadaa cnobili, rom n
n

C




  2

1

 aris haaris mwkrivis 

krebadobis sakmarisi piroba. amitom, rodesac ixilaven haaris mwkrivis Sejamebadobas 

raime meTodiT, bunebrivia mwkrivis koeficientebi unda akmayofilebdes pirobas:  

 n
n

C




  2

1

.       (1) 

im koeficientTa simravlidan, romlebic (1) pirobas akmayofilebs, gamoyofen koefi-

cientTa garkveul simravleebs da maTTvis Seiswavlian haaris mwkrivis Sejamebadobas 

sxvadasxva meTodiT. 

mocemul naSromSi gansazRvrulia koeficientTa simravle 
*A  da orTogonaluri mwkri-

vebis Sejamebadobis *T  meTodi da haaris mwkrivis *T  meTodiT damtkicebulia Sejame-

badobis ramdenime sakmarisi piroba, aseve moyvanilia damtkicebuli Teoremebidan ga-

momdinare mniSvnelovani Sedegebi. 

 Resume:  

sakvanZo sityvebi:    rademaxeris funqciebi; furies mwkrivebi; Sejamebadoba; haaris 

mwkrivebi. 
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АННОТАЦИЯ. Теория ортогональных рядов _ одно из важнейших направлений математического анализа. 

По вопросам сходимости и суммируемости ортогональных рядов опубликованы  работы многих известных 
математиков. Среди них можно отметить труды Алексича, Штейнгауза, Меньшова, Уланова и других. 

Пусть nC , n N  являются коэффициентами ряда Хаара. Хорошо известно, что n
n

C




  2

1

 является 

достаточным условием сходимости почти всюду рядов Хаара. Поэтому, когда рассматривают суммируемость 
рядов Хаара, коэффициенты ряда должны удовлетворять условию 

 n
n

C




  2

1

.                              (1.1) 

Из множества коэффициентов, удовлетворяющих условию (1.1), выделяют определенное множество 
коэффициентов и для них изучают вопрос суммируемости рядов Хаара разными методами. 

В данной работе определено множество коэффициентов *A  и методом суммируемости ортогональных 

рядов *T  доказаны несколько достаточных условий суммируемости методом *T . А также приведены 
следствия, вытекающие из доказанных теорем. 

 
   
КЛЮЧЕВЫЕ СЛОВА: ряды Фурье; ряды Хаара; суммируемость; функции Радемахера. 
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ABSTRACT.  Determination of properties of spherical 

harmonics in circle and sphere is an important issue of 
harmonic analysis. Famous scientists: Privalov, Fatu, 
Topuria and others should be mentioned in the study of 
this problem.  

It is well known that series of spherical functions 
considered in a point inside a sphere, represents the 
harmonic function. Let’s study the limit of this harmonic 
function when the point inside the sphere tends to the 
point located on surface of the sphere. Two types of the 
tends are considered: when the point inside the sphere 
tends to the point on the surface of the sphere along its 
radius and when it tends in such miner that the point 
inside the sphere constantly remains within the certain 
angle i.e. angular tend. 

The paper defines the condition of existence of limiting 
value of the spherical harmonics in case of angular tend. 

 
KEY WORDS:   Almost everywhere; Poisson-Stieltjes 

integral; spherical harmonic; tending along non-tangent 
paths to a sphere.  
 

 

INTRODUCTION 

The aim of the present paper is to prove a theorem 
on the local boundary properties of a harmonic function 
in the ball. 

 
MAIN PART 

NOTATIONS AND DEFINITIONS  

The following notations are used throughout the paper. 
R
k is a k-dimensional Euclidean space ( k , , , 1 2 3 );

kx ( x ,x , ,x ) 1 2  , ky ( y , y , , y ) 1 2   are points of the 

space Rk; ( , 1 , ),,, 22  k , are the spherical co-

ordinates of the point kx ( x ,x , ,x ) 1 2  ; 
k

i i
i

( x, y ) x y



1

is the scalar product of vectors from Rk; | x | ( x,x )  is the 

length of the vector x; k kS { x : x R ; 1  | x | } 1  is the unit 

sphere and k| S |1  is its area; 
k

k| S |
k

 


  
 

2
1 2

2

; 

k kV { x : x R ;   | x | } 1  is the unit ball and k|V |  is its 
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volume; 
k

k|V |
kk




  
 

22

2

; k kD ( x,h ) { y : y S  1 1 ; 

 ( x, y ) cos h , h }  0 , i.e. kD ( x; y )1  is a spherical 

segment of the surface kS 1  with center at the point x and 

spherical radius h; k| D ( x; y )|1  is its surface area; 
h

k k| D ( x;h ) | S sin d     1 2 2

0

, k  2 2 . 

k kV ( x;h ) { y : y V ;     ( x, y ) cos h ,  h }  0 , 

i.e. kV ( x;h )  is the central sector in the ball Vk 

supported by the segment kD ( x;h )1 . 

We will say that the point 

k k( r,x ) z( r, , , , , ) x ( , , , , , )          0 0 0 0
1 2 2 0 1 2 21   

 k( z V ,  kx S ) 1
0  along the non-tangent paths to 

the sphere and write this fact as ˆz x 0  if the point z tends 

to x0 remaining all the time inside some cone with vertex at 
x0 and angle   2 , with the axis coinciding with ox0 (o is 
the center of the sphere). By geometrical argumentation, 
here, as in the plane case, it is established that the tending 
of z to x0 along the non-tangent paths to the sphere is 
equivalent to the condition 

| zx | C( r ) 0 1 , where C = const; r | oz | . 
 

 
CONCLUSION 

MAIN RESULT 

The paper proves a theorem which is an analogue of 
Theorem 1.13 (see [1], p. 306) and proved by the same 
method as the latter theorem, namely the following 
statement is true. 

Theorem. If the function 

n
n

n

U( z ) U( r,x ) Y ( x )r




 
0

, kx S  1 , 

where yn(x) is a spherical harmonic of order n, is 
harmonic in the sphere V

k and on the segment 
kD ( x ;h )1

0  satisfies the condition 

k

k

D ( x ;h )

|U( r; x )| dS ( x ) L


   
1

0

1 , 

 r 0 1 .                               (1) 
Then 

 U( r,x ) g( r ,x ) ( r ,x )  ,  (2) 

where g(r, x) is the Poisson-Stieltjes integral and (r, 
x) tends uniformly to zero on each segment 

kD ( x ;h )  1
0  ( h )  0  as r  1 . In particular U(r, 

x) has the limit along non-tangent directions almost 

everywhere on kD ( x ;h )1
0 . 

Proof. Let nr n
 

1
1 , n , , . 2 3  Define the func-

tions gn(x) and n( x ) as follows: 

      if 

                 if 

k
n

n k k

U( r ,x ), x D ( x ;h ),
g ( x )

, x S D ( x ;h ),



 

  
 

1
0

1 1
00

 

                    if 

        if 

k

n k k
n

, x D ( x ;h ),
( x )

U( r ,x ), x S D ( x ;h ).



 

   
 

1
0

1 1
0

0
 

Denote by gn(r, x) and  n( r ,x )  the Poisson-

Lebesgue integrals of the functions gn(x) and n( x ) , i.e. 

k

k
n nk

S

k

g ( r,x ) P( r , )g ( y )dS ( y )




  
  
 

1

1
2

2

2
, 

and 

k

k
n nk

S

k

( r ,x ) P( r , ) ( y )dS ( y )




  
    
 

1

1
2

2

2
, 

where 

k
rP( r , )

( r cos r )


 
  

2

2 2

1

1 2
, 

and 
 cos ( x, y )  .     (3) 

Then 
 n n nU( rr ,x ) g ( r ,x ) ( r ,x )  .    (4) 
 

Since by condition (1), 
k

k
n

S

| g ( y )dS ( y ) L


 
1

1 , at 

every ball k
rV  of radius r   1  we will have 

 

k

k
n nk k k k

S

k k L
r| g ( r ,x )| | g ( y ) | dS ( y )

( r cos r )




           
     

1

2
1

2 2 2 2 1

12 2

2 1 2 2

· 
Therefore, by virtue of the well-known theorem on 

the compactness of families of harmonic functions ([2], 
pp. 4647), from gn(r, x) we can pick out a sequence 
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kn{ g ( r,x )}  converging uniformly in each ball k
rV  of 

radius r   1  to the harmonic function g(r, x). 
By virtue of equality (4), the sequence 

kn{ ( r,x )  

also converges to the harmonic function ( r,x ) . We 

have 

n nU( r,x ) g ( r,x ) ( r,x )  . 

Let us show that g(r, x) and ( r,x )  posses the 

required properties. Due to (1), we have 

k k

k k
n nk

S S

k

| g ( r ,x ) |dS ( x ) P( r , ) | g ( y ) | dS ( y )
 

 

  
   
 

1 1

1 1
2

2

2
 

k k

k k
n k

S S

k

| g ( y ) | dS ( y ) P( r , )dS ( x )
 

 

  
   
 

1 1

1 1
2

2

2
 

k

k
n

S

| g ( y )| dS ( y ) L


 
1

1 , 

for 0 < r < 1. Assuming kn n   we obtain 

k

k
n

S

| g ( r,x )| dS ( x ) L


 
1

1 ,  r 0 1 . 

From this inequality, by Theorem 11 ([3], p. 25) we 
assert that g(r, x) is the Poisson-Stieltjes integral. 

Let h h h   . In the sectors kV ( x ;h )0 , kV ( x ;h )0  

and kV ( x ;h )0  we include the extreme radii but exclude 

the points of the sphere kS 1 . Let P( r , )  be the 

Poisson kernel. If we show that for k( r,x ) S ( x ;h ) 1
0  

and sufficiently large A 
 | ( r ,x )| AP( r, )   ,     (5) 

where   is defined from equality (3) and x {( x ,x ) 0  
 cos h } , then (5) will imply that 

r
lim ( r,x )

 

1
0  

for k( r,x ) V ( x ;h ) 0  and thereby the theorem will 

be proved. 
In order to prove (5), it is sufficient to show that (6) 
 n| ( r,x )| AP( r , )     (6) 

for k( r,x ) V ( x ;h ) 0 , where A does not depend on n. 

First we show that if k( r,x ) V ( x ;h ) 0 , then 

 n k( r ,x ) O
( r ) 

 
   

  
1

1

1
   (7) 

uniformly with respect to n. 

We have 

v
n v n

v

g ( r,x ) Y ( g ; x )r







0

, 

where 

v ny ( g ; x )   

k

k
n v

S

( v ) ( ) g ( y )P (cos )dS ( y )


 


   
  

 
1

1
12

 

O( v ) 2 ,  k  2 2 . 

Therefore 

n kg ( r ,x ) O
( r ) 

 
  

  
1

1

1
. 

Now let us show that an analogous relation is fulfilled 
for the function nU( rr ,x ) , too. For this, we multiply (1) 

by 1kr  and integrate with respect to r on the interval 
( , ) 1 2 1 . We obtain 

 
k

k k

D ( x ;h )

|U( r,x )| r dS ( x )dr L


 

 

  
1

0

1 1

1 2

2 .    (8) 

Assume now that kM ( r , y ) V ( x ;h )0 0 0 0  and 

r   0 1 . If   is so small that the ball kV ( M ) 0  with 

center at the point M0 and radius  lies in kV ( x ;h )0 , 

then, after denoting by dVk an element of the volume 
and using (8), we obtain 

k

k
k

V ( M )

|U( r , y )| |U | dV
|V ( M )|




 
0

0 0
0

1  

k k k

kk L
L

( r ) 

     
  2 1 1

0

2

1
. 

Therefore 

n k
L|U( r r , y )|

( r ) 





0 0 1

01
 

for all k( r , y ) V ( x ;h )0 0 0 . Hence it follows that 

n k k
n

L L|U( r r , y )|
( r r ) ( r ) 

 
 

 
0 0 1 1

0 01 1
 

for all k( r , y ) V ( x ;h )0 0 0 . Thus condition (7) is 

proved. 
We are now in the position to prove the theorem. 
Let r 0 1  and the point (r, x) lies on the lateral 

surface of the domain kV ( x ;h )0 . Then ( r,x )  satisfies 

condition (7) and P( r , )  does not at least exceed the 

sum 
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k v
k

v

C v r O
( r )




 


 
  

  
 2

1
1

1

1
. 

Hence it follows that (6) keeps valid for M(r, x) if A is 
sufficiently large. Furthermore, since n( x )  0  for 

kx D ( x ;h ) 1
0 , if M(r, x) approaches from kV ( x ;h )0  

to any point of the segment kD ( x ;h ) 1
0  that bounds 

kV ( x ;h )0 , we will have 

n( r ,x ) z
lim ( r,x )


  0 ,  kz D ( x ;h )  1

0  

and 
lim P( r, )  0 . 

Applying the maximum principle of a harmonic 
function, we obtain the validity of (6). 

The theorem is proved. 

Corollary 1. If U( r,x ) , kx S  1  satisfies the condition 

k

k

r
D ( x ;h )

lim |U( r,x ) U( ,x )| dS ( x )







  
1

0

1

1
1

0 , 

then the function g(r, x) is the Poisson-Lebesgue in-

tegral of a function g(x) vanishing on k kS D ( x ;h ) 1 1
0 . 

Corollary 2. If U(r, x) satisfies the condition 

k

p k

D ( x ;h )

|U( r,x )| dS ( x ) O( )


 
1

0

1 1 ,   r 0 1 ,  p  1 , 

then the function g(r, x) in (2) is the Poisson-Lebesgue 

integral of a function k
pg( x ) L ( S ) 1 , p  1 , vanishing 

on k kS D ( x ;h ) 1 1
0 . 

Corollary 3. If 

|U( r ,x )| O( ) 1 , r 0 1 , kx D ( x ;h ) 1
0  

then g(r, x) is bounded in the ball Vk. 
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anotacia.    wresa da sferoSi harmoniuli funqciebis Tvisebebis dadgena harmoniuli 

analizis erT-erTi umniSvnelovanesi amocanaa. am sakiTxis SeswavlaSi didi wvlili 

miuZRviT mecnierebs: privalovs, fatus, Tofurias da sxvebs.  

kargadaa cnobili, rom sferos SigniT mdebare wertilSi ganxiluli sferuli funq-

ciebisagan Sedgenili mwkrivi harmoniuli funqciaa.  SeviswavloT am harmoniuli funqciis 

zRvari, rodesac sferos SigniT mdebare wertili miiswrafvis sferos zedapirze mdebare 

wertilisken. erTmaneTisgan ganasxvaveben ori saxis miswrafebas: rodesac sferos SigniT 

mdebare wertili miiswrafvis sferos zedapirze mdebare wertilisaken radiusis gaswvriv 

da rodesac es miswrafeba xdeba ise, rom sferos SigniT mdebare wertili mudmivad rCeba 

raime kuTxis SigniT. aseT SemTxvevaSi amboben, rom ganxilulia kuTxuri miswrafeba. 

mocemul naSromSi dadgenilia birTvis SigniT sferul funqciaTa mwkrivis sasazRvro 

mniSvnelobis arsebobis piroba kuTxuri miswrafebis SemTxvevaSi.  Resume:  

 

sakvanZo sityvebi:   TiTqmis yvelgan; miswrafeba sferos zedapirisken aramxebi mimarTu-

lebiT; puason-stiltiesis integrali; sferuli harmoniki. 
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АННОТАЦИЯ. Установление свойств гармонической функции в круге и в среде_одна из важнейших задач 
анализа. Вопросами изучения этих задач занимались Привалов, Фату, Топурия и другие. 

Хорошо известно, что ряд сферических функций, рассмотренных в точке внутри сферы, являются 
гармонической функцией. Нужно изучить предел этой гармонической функции, когда точка, лежащая внутри 
сферы, стремится к точке на поверхности сферы. Рассмотрены два вида стремления: когда точка стремится к 
точке на поверхности сферы вдоль радиуса этой сферы и когда при стремлении точка всегда остается внутри 
некоторого угла. В этом случае говорят, что рассмотрено угловое стремление.  

В данной работе установлено условие существования предельного значения ряда сферических функций при 
угловом стремлении.   

   
КЛЮЧЕВЫЕ  СЛОВА:  интеграл Пуассона-Стилтиеса; почти всюду; стремление по некасательному к сфере 

пути; сферическая гармоника. 
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АННОТАЦИЯ. При искусственном восполнении  за-

пасов подземных вод часто пользуются инфильтра-
ционными сооружениями. Почти все имеющиеся тео-
ретические задачи о фильтрации воды из инфиль-
трационных бассейнов в водозаборы подземных вод 
не учитывают множества факторов (например, формы 
и размеры дрен и др.) и поэтому они нуждаются в 
уточнении. В связи с этим в работе решена задача 
фильтрации воды в совершенную дрену треугольной 
формы. При решении этой задачи используются 
методы теории функций комплексной переменной, в 
частности, методы конформного отображения. Для 
определения расхода воды и других физико-механи-
ческих параметров фильтрационного потока получе-
ны аналитические зависимости, интерпретация неко-
торых осуществлена с помощью программ MathCAD . 

Полученные в работе аналитические решения и 
данные соответствующих расчетов позволяют точно 
определить физико-механические параметры фильт-
рационного потока и провести гидравлический расчет 
водозаборов подземных вод при их искусственном 
восполнении. 

 

КЛЮЧЕВЫЕ  СЛОВА: водозабор; грунтовые воды; 
дренаж; инфильтрация; конформные отображения; 
расход воды; “MathCAD”; фильтрация. 

 

 

ВВЕДЕНИЕ 

С целью охраны от истощения и загрязнения 
пресных подземных вод строят водозаборные со-
оружения (инфильтрационные бассейны и им со-
ответствующие водоприемники) различного типа для 
перевода поверхностных вод в подземные. Одним из 
основных вопросов при проектировании этих сооруж-
ений является их фильтрационный расчет, кроме 
этого, он должен отличаться простотой осуществле-
ния, экономичностью и гарантировать получение вы-
сокого качества подземных вод для целей водос-
набжения [1]. Почти все имеющиеся теоретические 
задачи о фильтрации воды из бассейнов в во-
дозаборы не учитывают некоторые факторы, которые 
существенно влияют на окончательные выводы и 
заключение. Например, размеры дрен, высоту воды в 
водозаборах и другие. Поэтому некоторые заклю-
чения нуждаются в уточнении.  
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Дрена треугольной формы редко встречается на 
практике, но, несмотря на это, ее следует теоретически 
рассмотреть и исследовать. Некоторые заключения 
можно использовать на практике. В этой связи рас-
смотрим задачу теории фильтрации, тесно связанную с 
вышеизложенным предсказанием. Рассмотрим случай, 
когда дрена полностью заполняется водой. 

 
  

ОСНОВНАЯ ЧАСТЬ 

Плоскость фильтрации отнесена к комплексной 
плоскости z x iy  . Вводится приведенный комп-

лексный потенциал ( z ) ( x, y ) i ( x, y )     , где  и 

 _ соответственно потенциал скорости и функция 
тока, деленные на коэффициент фильтрации [2, 3, 4, 
5, 6]. Соответствующие граничные усдовия для  и   
и другие обозначения указаны на рис. 1. 

 

 
 

Рис. 1 

 

Для краткости вводятся обозначения: область 
фильтрации – S( z ) , область комплексного потен-

циала – S( ) . В этом случае область S( )  известна и 

она изображена на рис. 1. Отобразим конформно 
полуплоскость Im( )  0  на область S( z )  и S( )  и 

( )    . Они определяются с помощью формулы 

Кристоффеля-Шварца [2, 7]. 
Функция z( )  определяется формулой 

z( ) iM ( a ) ( ) d Ti


         
1

1 2 2
0

0

1 ,                                   

(1) 
где 

M ( h T ) I ( a )  0 0 1 1 , 

  
a

I ( a, ) ( a ) ( ) d
        

1
1 2 2

1

0

1 .             (2) 

Функция )(z   для отрезка DB имеет вид 

 z( ) ih  0  

 
a

M exp[ i ] ( a ) ( ) d


         
1

1 2 2
0 1 .  (3) 

Из равенства (3), с учетом условия z( ) L1 2 , 

следует  

 L ih M exp[ i ] I ( a, )    0 0 2
2

, (4) 

где 

 
a

I ( a, ) ( a ) ( ) d
        

1 1
1 2 2

2 1 .    (5) 

 В равенстве (4) отделим действительную часть от 
мнимой, получим 

                                                

0
2 1sin( ) ( , ) /[ ( , )

h
I a I a

T
     

 2( , )sin( )]I a   ,    (6) 

                  L h ctg( ) 02 .      (7) 

 Зависимость (6) можно использовать для опреде-
ления параметра a . 

Функция z( )  в интервалах ( , )1  и ( , ) 0  соот-

ветственно определяется следующим образом: 

 Lz( ) M ( a ) ( ) d


         
1

1 2 2
0

1

1
2

,   

   1 ,  (8) 

 z( ) M ( ) ( a ) ( ) d Ti


          
1 1

2 2
0

1

1 .    (9) 

После этого найдем функцию ( )     для 

интервала (0, а), она имеет вид 

( ) M ( a ) ( ) d H iq


  
          

1 1 1

2 2 2
1

0

1 2 ,     (10) 

где 
 M ( H h ) I ( a, )  1 0 3 , 

 
a

I ( a, ) [ ( a )( )] d


       
1

2
3

0

1 .   (11) 

Для интервала ( a, ) , ( )   определяется так  

a

( ) iM [ ( a )( )] d



         

1

2
1 1  



maTematika – MATHEMATICS – МАТЕМАТИКА

 

____________________________________ 
stu-is Sromebi – WORKS OF GTU – ТРУДЫ ГТУ   ISSN 1512‐0996 

#2 (504), 2017  166  www.gtu.ge 

h iq 0 2 .                                 (12) 

Из равенства (12), с учетом условия ( ) h   01 , 

получим 
 q ( H h )I ( a, ) I ( a, )   0 4 32 ,   (13) 

где 

 
a

I ( a, ) [ ( a )( )] d


       
1 1

2
4 1 .  (14) 

Для интервалов ( , )1  и ( , ) 0  функция ( )   

соответственно, принимает вид 

 ( ) h M [ ( a )( )]



         

1

2
0 1

1

1 ,   

   1 ,                                    (15) 

( ) iM [( )( a )( )] d H iq



          

1

2
1

0

1 2  

   0 .                 (16) 

Следовательно, функции z( ) , ( )   определены 

для всех значений  . 

Уравнения (6) и (13) дают возможность опреде-
лить неизвестные параметры a и q. 

Исходя из формулы (6), по оси абсцисс отложим  
a ( a ) 0 1 , а по оси ординат h T0 , вычисленное по 

формуле (6) для различных  (рис. 2). Пользуясь этим 
графиком, при заданном , h T0 , можно определить a, 

а затем, зная a, по формуле (13) можно определить q. 

 

 
 

Рис. 2 
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ЗАКЛЮЧЕНИЕ  

Из-за редкости применения дренажа треугольной 
формы нельзя отказаться от решения такой интерес-
ной фильтрационной задачи с математической точки 
зрения. Результаты вычисления показали правильность 
теоретического алгоритма решения, использование 
которого в инженерной практике покажет будущее. 
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anotacia.  miwisqveSa wylebis xelovnuri gamdidrebisTvis ewyoba sainfiltracio  moed-

nebi. aseTi tipis moednebze arsebuli auzebidan wylis filtraciis saangariSo sqemebSi 

gamoiyeneba sxvadasxva formisa da tipis sadrenaJo mowyobilobebi, romelTaTvisac fil-

traciuli nakadis fizikur-meqanikuri maxasiaTeblebis Seswavla da dazusteba sakmarisad 

rTuli maTematikuri meTodebis gamoyenebas moiTxovs. am mizniT naSromSi Seswavlilia 

filtraciis amocana samkuTxedis formis srulyofili drenaJisaTvis, rodesac is mTli-

anad savsea wyliT. grunti iTvleba erTgvarovnad da izotropulad. wylis moZraoba grun-

tSi darsis kanons emorCileba. am amocanis amosaxsnelad gamoiyeneba kompleqsuri cvladis 

funqciaTa Teoria, kerZod konformuli gadasaxvis meTodebi. filtraciuli nakadis xar-

jisa da sxva fizikur-meqanikuri maxasiaTeblebis gaangariSebisaTvis miRebulia analizuri 

gamosaxulebebi, romelTa ricxviTi algoriTmi gaangariSebul iqna programa „MathCAD“-is 

saSualebiT. 

naSromSi miRebuli analizuri amoxsnebi da Sesabamisi ricxviTi Sedegebi saSualebas 

iZleva zustad ganisazRvros filtraciuli nakadis fizikur-meqanikuri maxasiaTeblebi.   
Resume:  

 

sakvanZo sityvebi:  gruntis wylebi; drenaJi; infiltracia; konformuli gadasaxva; 

“MathCAD”; filtracia; wyalSemkrebi; wylis xarji.  
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ABSTRACT. The infiltration facilities are often used at artificial groundwater recharge. Nearly all theoretical tasks of 

water filtration from groundwater intake don’t consider a set of factors (e.g. shape and size of drains, etc) and 
therefore they are to be specified. In this regard the article considers the issue of water filtration solutions in perfect 
triangular drain using the methods of the theory of functions of a complex variable, in particular, methods of 
conformal mapping. For determination of water discharge and other physical and mechanical parameters of the 
filtration flow are obtained the analytic dependences and some of them are interpreted by “MathCAD” program. 

The analytical solutions and data obtained from the corresponding calculations allow to determine precisely the 
physical and mechanical parameters of the filtration flow and provide hydraulic calculations of groundwater intake at 
artificial groundwater recharge.   

 

 

KEY  WORDS:  Conformal mapping; drain; filtration; infiltration; groundwater; groundwater intake; MathCAD;  
water discharge. 
 
 
 
 



maTematika – MATHEMATICS – МАТЕМАТИКА

 

_____________________________________ 
ISSN 1512‐0996   stu-is Sromebi – WORKS OF GTU – ТРУДЫ ГТУ 

www.gtu.ge 169  #2 (504), 2017 

UDC 008 uak  

SCOPUS CODE 2604 
 

НЕСТАЦИОНАРНОЕ ТЕЧЕНИЕ ПРОВОДЯЩЕЙ ЖИДКОСТИ ВБЛИЗИ ВРАЩАЮЩЕГОСЯ 

ПОРИСТОГО ДИСКА С УЧЕТОМ МАГНИТНОГО ПОЛЯ И ТЕПЛОПЕРЕДАЧИ 

 

 

Л.А. Джикидзе Департамент инженерной механики и технической экспертизы строительства, 
Грузинский технический университет, Грузия, 0175, Тбилиси, ул. М. Костава 68б 

E-mail: z_sabashvili@gtu.ge 
В.Н. Цуцкиридзе  Департамент математики, Грузинский технический университет, Грузия, 0175, 

Тбилиси, ул. М. Костава 77 
E-mail: t.loladze@gtu.ge 

 
 

 

Рецензенты: 

 З.Цицкишвили, профессор Департамента инженерной механики и технической экспертизы строительства 
строительного факультета ГТУ 

E-mail: cicqishvilizura@yahoo.com 
 Э.Элердашвили,  ассоц. профессор Департамента математики факультета информатики и систем 

управления ГТУ 
E-mail: ek.elerdashvili@yahoo.com  
 
 

 

АННОТАЦИЯ. В работе методом осреднения не-

линейных членов изучена задача о нестационарном 

течении вязкой несжимаемой жидкости вблизи вра-

щающегося пористого диска с учетом однородного 

магнитного поля и теплопередачи. 

При решении задачи в соответствующих началь-

ных и граничных условиях в системе уравнений 

Навье-Стокса нестационарного движения жидкости в 

однородном магнитном поле и в уравнении энергии 

пользуемся подстановками Кармана. 

Полученная система уравнений методом осредне-

ния нелинейных членов дает возможность получить 

систему уравнений для определения толщин дина-

мического и теплового пограничных слоев ( t )  и 

T ( t ), возникших при вращении диска. Вместо асимп-

тотических слоев рассматриваются слои конечных 

толщин, которые меняются с течением времени и 

удовлетворяют соответствующим начальным и гра-

ничным условиям. 

Выражения пограничных слоев ищем в виде 
бесконечных рядов по времени t . Ограничиваясь 

четырьмя членами в каждом разложении, получены 

явные выражения для ( t )  и T ( t ) , которые спра-

ведливы в малом промежутке времени. С помощью 

этих величин определены все физические харак-

теристики течения: компоненты скорости течения, 

давление, температура диска, момент сопротивления 

и коэффициент момента сопротивления вращению 

диска, а также коэффициент теплопередачи. 

 
КЛЮЧЕВЫЕ СЛОВА: магнитное поле; метод осред-

нения; пограничный слой; пористость; проводимость; 

скорость отсоса; теплопередача; течение.  
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ВВЕДЕНИЕ 
Решение задач теории пограничного слоя сводится к 

определению закона распределения скоростей в слое, 

удовлетворяющего соответствующим граничным и 

начальным условиям. Проблема эта достаточно сложна, 

так как названные уравнения нелинейны. 

Математические трудности, с которыми прихо-

дится сталкиваться при попытках непосредственно 

интегрировать уравнения течения жидкости в погра-

ничном слое, побуждают применить какие-нибудь 

другие, пусть менее точные, но более простые ме-

тоды решения этой задачи. 

Отметим, что классическая задача о нестацио-

нарном течении вблизи вращающегося в безгранич-

ной жидкости диска, впервые была сформулирована 

и решена Карманом [1]. Позже Тириот [2] рассмотрел 

нестационарное течение над бесконечным диском, 

который в некоторый момент времени начинает 

вращаться с постоянной угловой скоростью, и полу-

чил решение задачи, которое справедливо при малом 

интервале времени. Дальнейшие обобщения реше-

ния этой задачи изложены в статье [3], а также в 

работах различных авторов. 

В работе [4] задача о нестационарном течении 

вязкой жидкости вблизи вращающегося диска ре-

шается с помощью приближенного метода осре-

днения слагаемых от ускорения. В работе [5] анало-

гичная задача решается методом Швеца [6] с учетом 

пористости пластины, действующего магнитного поля 

и теплопередачи. 

 

ОСНОВНАЯ ЧАСТЬ 

В настоящей работе методом осреднения нели-

нейных членов изучена задача о нестационарном 

течении вязкой несжимаемой жидкости вблизи 

пористого диска радиуса R , с учетом однородного 

магнитного поля и теплопередачи. 

 Допустим, что диск вращается с постоянной 
угловой скоростью   и через диск происходит отсос 

той же жидкости со скоростью w . Отметим, что 

отсос жидкости через диск используется для умень-

шения роста неустойчивых возмущений в погра-

ничном слое и затягивания его отрыва. Он может 

также служить эффективным средством интенсифи-

кации процесса теплообмена. 

 Пусть влияние диссипативных эффектов на те-

чение жидкости и на теплообмен пренебрежимо 

мало, интенсивный отсос жидкости приводит к зна-

чительному уменьшению радиальной скорости 

жидкости вблизи диска и различие температуры в 

основном потоке и на диске относительно невелико. 

 С учетом этого для решения задачи воспользуем-

ся системой уравнений Навье-Стокса нестационар-

ного движения жидкости в однородном магнитном 

поле и уравнением энергии: 
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     

  
             

    
     

  
  

      
 

   
        

    
  

  
 
               

2

2
0

2

2
0

2

2

2

1

1

0

,




















 

  (1)  

 

Здесь r ( r ,z,t ) , ( r,z,t ) , z ( r ,z,t ) - компоненты 

скорости жидкости, t - время,  - вязкость, p - давле-

ние,  - коэффициент электропроводности,  - плот-

ность, B0 - магнитное поле, T  - температура, pc - теп-

лоемкость при постоянном давлении,  - коэффи-

циент теплопроводности а 
r rr z

  
   

 

2 2

2 2

1
- опе-

ратор Лапласа. 

 Для интегрирования системы (1) будем иметь 

следующие начальные и граничные условия: 

 

r z w

r z w w

r

t , , T T ( z, ),

t , z , , s r , , T T ( ,t ),
z , , , T T ,





 

        

          

       

0 0 0

0 0 0 0

0 0

 (2) 
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где const  есть угловая скорость вращения диска, 

w const  - скорость отсоса жидкости через диск, s - 

параметр вращения, wT - температура диска и T - 

температура жидкости вдали от диска. 

 Введем следующие безразмерные величины 
 

  w wz, t t,         


 (3)  

 

и, следуя Карману, для компонентов скоростей 

жидкости и давления примем следующие зави-

симости: 
 

  

r

z

( r , z,t ) rf ( ,t ),
( r , z,t ) r q ( ,t ),

( r ,z,t ) g ( ,t ),
p ( z,t ) p ( ,t ).



   
    


   
    

  (4)  

 

 Подставим (3) и (4) в (1) и для простоты восполь-

зуемся величинами без штрихов, получим следую-

щую систему уравнений: 

 

  

r

f f fm f g f q ,
t

q q qm q fq g ,
t

g g g pg ,
t

g f ,

T T TP g ,
t

  
    
 

       
  

      

  


 


           

2
2 2 2

2

2
2

2

2

2

2

2

2

2

  (5)  

 

где 
B

m





2
2 0 0

0

 и p
r

c
P





- число Прандтля. 

 Для определения толщин динамического и тепло-

вого пограничных слоев, возникших при вращении 

диска, вместо асимптотических слоев рассмотрим 

слои конечных толщин, которые будут меняться с 

течением времени. Для их определения имеем 

следующие условия: 

 

 T
q T( t ), , ( t ), . 

       
 

0 0  (6) 

  

Таким образом, систему (5) нужно решать при 

следующих начальных и граничных условиях: 

 

 

w T

w w

T

t , f q g , T T ( , ), ( ) , ( ) ,
t , , f , q s, g , p p , T T ( ,t ),

q( t ), f , q , ,

T( t ), T T , .

         
         
 

     


 
    



0

0 0 0 0 0 0 0

0 0 0 0

0 0 0

0

(7) 

  

Для решения системы (5) используем метод осре-

днения [7] нелинейных членов: 
 

  f fm f g f q d A( t ),
t


  

          2 2 2

0

1  

  q qm q g fq d C( t ),
t


  

         2

0

1
2   (8) 

  
T

r
T

T TP g d D( t ).
t


  

      
0

1
 

 

Тогда получим 
 

  
f q TA( t ), C( t ), D( t ).  
  

  

2 2 2

2 2 2
  (9) 

 

 Разрешив уравнение (9) и использовав условия 

(7), находим 

 

  

 

 

 

   
  

w

T
T

w

w

f ( ,t ) A( t ) ( t ) ,

sq ( ,t ) ( t ) ,
( t )

g ( ,t ) A( t ) ( t ) ,

T( ,t ) ( t ) T ,

p ( ,t ) p A ( t ) ( t )

A ( t ) ( t ) A( t ) ( t )

( t ) ( t ) ,



       

     
   

        
   

 
    




     

          

     

2

2

2

3 2

2

2

4
22

0

3
2

1

2

3 2

2 3
72

2 2
12 6

3 2 6














 (10)  
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где wT T   . Подставив в (8) значения f , q, g

и T  из (10) и проведя интегрирование, получим 

уравнения для определения T( t ), ( t )   и A( t ) : 

 

 

   
w

T T T T

w T
r

A A m A A sA ,

A m ,

A A l n

.
P

          



          
          

   


2 2 2
4 2

2
4 2

4 3 2 2

40 12 4 5

1
2

10 3 3

1

10 4 2
6

3

  (11) 

 

Будем искать решение системы (11) в виде рядов 
по времени t : 

 

 
k

k
k k

k k

A( t ) a t , ( t ) c t ,
 

 

   
1

2

0 0

 

 
k

T k
k

( t ) d t




 
1

2

0

,  (12) 

 

где kk ca , и kd - постоянные. Подставляя ряды (12) в 

систему (11) и приравнивая коэффициенты при оди-
наковых степенях t , получим бесконечную систему 
алгебраических уравнений для определения коэф-
фициентов в разложении (12). Если ограничимся че-
тырьмя членами, то выражения для T( t ), ( t )   и 

A( t ) окончательно запишем в следующем виде: 
 

 w
w

m
( t ) t t t

 
     

2 21 3

2 2
3 6

2 3 2
6

 w w m
t ,

  


2 2

2
18

15
 

T w
r

( t ) t t
P

    
1

23
2 2

 w
r

r

l n
P t

P

    
 
 

32
23

6
 

 w w rPl n t ,
     
  

2
26

5 3
 

 

 w
sA( t ) m t     



2
2 22 1

1 3 4
25 7

 

 w w
s m m t

 
       
  

2
4 2 2 4 216 1

127 34 40
125 630

 

 w
s m


   


2
2 26

103 28
3500

 

 w w wm m m t .
        

6 4 2 2 4 6 31
671 108 1380 560

6720
 

 

Если по полученным выражениям ( t )  и T ( t )  

вычислим окружную составляющую касательного на-

пряжения z , момент сопротивления вращению 

диска M , коэффициент момента сопротивления MC  

и коэффициент теплоотдачи N , будем иметь:  

 а) для окружной составляющей касательного нап-

ряжения  
 

  e
z w

rs R
t t

R


     


12 3

2
3

2
2 3 2  

 
   w w wm m

t t


    
 



1
2 2 2 23

22
3 6 18

6 15
, 

 

б) для момента сопротивления вращению диска  
 

 e wM sR R t t

     


1
2 3 22 3 2  

 
   w w wm m

t t
    
  



2 2 2 23
22

3 6 18
1

6 15
,  

 

в) для коэффициента момента сопротивления  
 

 M w
e

sC t t
R

    


1

24
2 3 2   

 
   w w wm m

t t


    
 



1
2 2 2 23

22
3 6 18

6 15
, 

 

 г) для коэффициента теплоотдачи 
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w
w r

rN t t
T P

     


1

22 3
2 2  

   w w w r
r

r

l n PP t l n t
P

                     

1
32 2

223 6
6 5 3

. 

 

ЗАКЛЮЧЕНИЕ  

Из полученных выше формул, которые справе-

дливы в малом промежутке времени, легко усмотреть 

влияние магнитного поля, скорости отсоса жидкости и 

угловой скорости вращения диска, на физические 

характеристики течения и на теплопередачу.  
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gamtari siTxis arastacionaruli dineba forovani diskos 

maxloblobaSi magnituri velisa da siTbogadacemis gaTvaliswinebiT 
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recenzentebi: 

z. cicqiSvili, stu-is samSeneblo fakultetis sainJinro meqanikisa da mSeneblobis 

teqnikuri eqspertizis departamentis profesori 

E-mail: cicqishvilizura@yahoo.com 
e. elerdaSvili, stu-is informatikisa da marTvis sistemebis fakultetis maTematikis 

departamentis asocirebuli profesori 

E-mail: ek.elerdashvili@yahoo.com 
 

 

anotacia.  naSromSi, arawrfivi wevrebis gasaSualebis meTodiT, Seswavlilia blanti 

ukumSveli siTxis arastacionaruli moZraoba forovani firfitis maxloblobaSi, erTgva-

rovani magnituri velisa da siTbogadacemis gaTvaliswinebiT.  

amocanis amoxsnisas, Sesabamis sawyis da sasazRvro pirobebSi, erTgvarovan magnitur 

velSi siTxis arastacionaruli moZraobis _ navie-stoqsis gantolebaTa sistemasa da ener-

giis gantolebaSi vsargeblobT karmanis CasmebiT. 

miRebuli gantolebaTa sistema, arawrfiv wevrTa gasaSualebis meTodiT, saSualebas gva-

Zlevs miviRoT gantolebaTa sistema diskos brunvisas warmoqmnili ( t )  da T ( t )  di-

namikuri da siTburi sasazRvro fenebis sisqeTa gansasazRvravad. asimptotur fenaTa nacv-

lad ganixileba sasruli sisqis fenebi, romlebic icvleba drois mixedviT da akma-

yofilebs Sesabamis sawyis da sasazRvro pirobebs. 

sasazRvro fenaTa gamosaxulebebs veZebT tdroSi usasrulo mwkrivebis saxiT. Semovi-

farglebiT ra TiToeul gaSlaSi pirveli oTxi wevriT, miviRebT ( t )  da T ( t ) gamosaxule-

bebs, romlebic marTebulia drois mcire SualedSi. maTi meSveobiT ganisazRvreba dinebis 

yvela fizikuri maxasiaTebeli: dinebis siCqaris komponentebi, wneva, diskos temperatura, 

diskos brunvis winaRobis momenti da winaRobis momentis koeficienti, agreTve siTboga-

dacemis koeficienti. 

 Resume:  
sakvanZo sityvebi:  gamoJonvis siCqare; gamtaroba; gasaSualebis meTodi; dineba; Tbo-

gadacema; magnituri veli; sasazRvro fena; forianoba.  
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ABSTRACT. The paper considers the problem of nonstationary flow of viscous incompressible fluid near a rotating 

porous disk taking into account uniform magnetic field and heat transfer by averaging method of nonlinear members. 

Karman substitutions are used for solving the problem within appropriate initial and boundary conditions in the 

Navier-Stokes equations of nonstationary flow of fluid in the uniform magnetic field and energy equation. 

By averaging method of nonlinear members the received system of the equations makes it possible to obtain a 

system of equations for determining the thickness of the dynamic and thermal boundary layers- ( t )  and T ( t )  

occurred at rotation of a disk. Instead of the asymptotic layers are considered the layers of finite thicknesses, which 

vary over the time and meet appropriate initial and boundary conditions. 

Expressions of boundary layers are found in the form of infinite series of time - t . Being limited to four members in 

each decomposition, we obtained explicit expressions for ( t )  and T ( t )  which are valid in a small period of time. 

Using these values are determined all physical characteristics of the flow: components of the flow velocity, pressure, 

temperature of the disk, moment resistance and coefficient of moment resistance to rotation of the disk and heat 

transfer coefficient as well. 

  

KEY WORDS: Averaging method; boundary layer; conductivity; exhaust velocity; flow; heat transfer; magnetic field; 
porosity. 
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anotacia. statiaSi ganxilulia abreSu-

mis ZafiT qsovis procesi. Zafi unda iyos 

elastikuri anu unda hqondes Wimvadobis 

sakmarisi resursi, raTa qsova uwyvetad mim-

dinareobdes. 

Tu TiTistaris diametri Tanabaria, maSin 

daWimulobis gadanawileba ar xdeba da Zafi 

elastikurobas dakargavs.  

naCvenebia, rom gorgolaWisa da mbrunavi 

rgolis saTanado moZraobiT vRebulobT 

TiTistarze ovaluri formiT daxveul Zafs. 

mbrunavi rgoli damagrebulia specialur 

mavTulze, romlis meSveobiT igi trialebs 

TiTistaris garSemo, mis zemoT da qvemoT.  

statiaSi avtomaturi marTvis Teoriidan 

gamoyenebulia fardobiTi wonasworobis gan-

toleba da agebulia Sesabamisi maTematikuri 

modeli. Mmisi meSveobiT aRwerilia Zafis 

daWimulobis Zala, gansazRvrulia forma, 

romelic uzrunvelyofs araTanabari daWi-

mulobis Tanabar gadanawilebas. konusur 

TiTistarze ovalurad daxveuli abreSumis 

Zafi SuaSi amoburculia. Zafis aseTi dax-

vevisas xdeba Zafis Wimvadobis gadanawileba 

sxvadasxva adgilas Tanabrad da Zafi aRar 

wydeba. qsovis procesi uwyvetad warmoebs.  

 

sakvanZo sityvebi: abreSumis Zafi; daWi-

mulobis Zala; kuTxuri siCqare.  

 
 

Sesavali 

abreSumis parkebidan TviTwamRebze axve-

uli 7-wvera kompleqsuri Zafi garkveuli 

drois Semdeg TviTwamRebidan ixsneba. moxs-

nil Zafis masas Sulo ewodeba. 7-wvera komp-

leqsuri Zafis sisqe 90 – 105 mikronia. imis-

Tvis, rom abreSumis Zafi dadges sasurvel 

„nomerze“, saWiroa ramdenime Sulodan moxs-

nili, SegrexiT gaerTianebuli Zafis erT Ti-
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Tistarze daxveva. aqve aRvniSnoT, abreSumis 

Zafi “N1500” niSnavs, rom 1 grami Zafi 1500 

metrs Seadgens.  

TiTistarze daxveul Zafs „sasaqonlo“ sa-

xe aqvs – mosaxerxebelia Sesanaxad, trans-

portirebisaTvis, saqsovi danadgarebi awyobi-

lia TiTistaridan Zafis misaRebad.  

TiTistarze daxveuli abreSumis Zafi unda 

iyos uwyveti, erTi mimarTulebiT daxveuli, 

Zafis daWimuloba normul zRvars ar unda 

aRematebodes _ zedmetad daWimuli Zafi, ab-

reSumis elastikurobis gamo, grZeldeba. Se-

degad Zafi wvrildeba da qsovisas advilad 

wyvetadi xdeba _ daWimulobis Zalebis gada-

sanawileblad TiTistarze daxvevisas abre-

Sumis Zafs unda mieces ovaluri forma.  

  

ZiriTadi nawili 

maTematikuri modelireba da Zafis da-

Wimulobis angariSi 

gavecnoT ufro dawvrilebiT, rogor xdeba 

daWimulobis Zalebis gadanawileba TiTis-

tarze abreSumis Zafis ovalurad daxvevisas. 

rogorc eqsperimentma aCvena, abreSumis 

Zafis TiTistarze daxvevisas Zafis daWimu-

lobis ሬܶԦ Zala ar aris sasurveli nuls gau-

toldes. igi gvexmareba e.w. grexisas ramde-

nime Zafis erT kompleqsur Zafad gardaqmnaSi. 

optimaluria ሬܶԦ Zalis daWimuloba konusuri 

formis TiTistarze ovalurad daxvevisas 

(nax. 1). am dros ሬܶԦ mcire diametrze daxvevi-

sas minimaluria, xolo did diametrze _ 

maqsimaluri. uwyveti Zafis pirobebSi xdeba 

Zalwirebis gadanawileba mcire da didi 

daWimulobis Zalebs Soris. 

 
 

nax. 1. 1-konusuri formis TiTistari; 2-abr. Zafis daxvevis 

zeda min. diametri; 3-abr. Zafis daxvevis Sua maq. 

diametri, 4-abr. Zafis daxvevis qveda min. diametri 

 

Tu gaviTvaliswinebT mimmarTveli rgolis 

brunvas TiTistaris garSemo (3000 br/wT), ad-

vili misaxvedria, ramdenad sagrZnobia Zafis 

daWimulobis Zala. 

ganvixiloT konusur TiTistarze Zafis 

ovalurad daxvevis mTeli procesi:  

A	uZravi wertilidan (gorgolaWidan) ab-

reSumis Zafi miewodeba B	 mbrunav	 rgols, 

romelic „darbis“ TiTistaris garSemo da 

Zafs axvevs. garda imisa, rom	B rgoli asru-

lebs brunviT moZraobas, igi adis da Cadis 

TiTistaris mTel sigrZeze. B gorgolaWis 

aseTi moZraobiT vRebulobT TiTistarze 

Zafis daxvevis ovalur formas (nax.1). 

ganvixiloT abreSumis Zafis daWimuloba 

Zafgamtaris	AB monakveTSi (nax. 2). 

 

nax. 2. 1 – TiTistari, 2 – abreSumis Zafi, A – sawyisi 

wertili, B – mbrunavi rgoli, Z,Y,X – dekartis koord. 

sistema 
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avtomaturi marTvis Teoriidan cnobilia 

fardobiTi wonasworobis gantoleba: 

  
ௗ்ሬሬሬሬሬറ	

ௗ௦
൅ ௘ሬሬሬറܬ ൅ ௖ሬሬറܬ ൅ ௥ሬሬറܬ ൅ ሬܴറ ൅ ߛ റ݃ ൌ 0,	 (1) 

ሬܶԦ abreSumis Zafis daWimulobis Zalaa; ݁ܬሬሬሬԦ– 

inerciis gadamtani Zala; ܿܬ	ሬሬሬሬԦ _ koriolisis 

inerciis Zala; ݎܬሬሬሬԦ – centridanuli Zala; ሬܴԦ–ha-

eris winaaRmdegobis Zala; ߛ–Zafis xvedriTi 

simkvrive; Ԧ݃ –Tavisufali vardnis aCqareba. 

es Zalebi modebulia Zafis mTel sigrZe-

ze AB	monakveTSi. 

inerciis Zalebi gamoisaxeba formulebiT: 

  ଔറ௘ ൌ  ;ଶ߱ݕߛ

  	ଔറ௖ ൌ ߛ2 ሬ߱ሬറ ∙ uሬറ; 

  ଔറ௥ ൌ െ
ఊ௨మ

ఘ
nሬറ, 

sadac ߩ ovalis radiusia mocemul wertil-

Si; ߱	– B rgolis siCqare; u – Zafis konturis 

siCqare; ଓ,̅ ଔ,̅ ത݇  – dekartis koordinatTa siste-

mis ortebi; ሬ݊Ԧ – Zafze modebuli Zalebis 

normali. 

abreSumis Zafsaxvevi danadgaris muSao-

bis reJimis ganxilvam dagvanaxa, rom (1) gan-

tolebaSi ܬ௖ሬሬԦ, ߛ	 ሬሬሬሬԦ da	௥ܬ Ԧ݃ gacilebiT mcire si-

dideebia inerciis gadamtan ݁ܬሬሬሬԦ ZalasTan Se-

darebiT. aqve SeiZleba haeris winaaRmdego-

bis ugulebelyofa, ሬܴറ →0. yovelive amis gaT-

valiswinebiT (1) formula miiRebs saxes: 

  
ௗሬ்Ԧ

ௗ௦
൅ Ԧ௘ܬ ൌ 0. (2) 

samganzomilebian sistemaSi daproeqcie-

bisas miiReba: 

  
ௗ்

ௗ௦
൅ ௘ఛܬ ൌ 0; 

  
்

ఘ
൅ ௘௡ܬ ൌ 0.	 (3) 

aRsaniSnavia, rom S kuTxuri koordinati 

A wertilidan aiTvleba (nax. 2). 

dekartis koordinatTa sistemaSi iner-

ciis gadamtani Zalis mxebsa da normalze 

daproeqciebisas gveqneba: 

௘ఛܬ   ൌ 	ݕଶ߱ߛ
ௗ௬

ௗ௦
 ; 

௘ఛܬ   ൌ 	ݕଶ߱ߛ
ௗ௫

ௗ௦
 .  (4) 

(3) da (4) formulebidan gamomdinare, mivi-

RebT 

  
ௗ்

ௗௌ
ൌ െ	߱ߛଶݕ

ௗ௬	

ௗ௦
 .  (5) 

sasazRvro mniSvnelobebisTvis TiTista-

ris A zeda wertilSi gveqneba: 

  S = 0;  T = T0 .  (6) 

(5) formulis integrirebisas, sasazRvro 

mniSvnelobebis gamoyenebiT, miviRebT 

  ܶ ൌ ଴ܶ െ
ଵ

ଶ
 ଶ.  (7)ݕଶ߱ߛ

eqsperimentiT dadginda, rom Zafis daWi-

muloba TiTistaris A zeda	wertilSi 5% -iT 

aWarbebs Zafis daWimulobas qveda wertilSi. 

aqedan gamomdinare, uganzomilebo sidide 

ߝ	 ൌ ଶ߱ߛ ோ
మ

బ்
	mcire sididea ( ε <<1), romelic sa-

Sualebas gvaZlevs, meore rigis integrirebi-

sas, gamoviyenoT mcire parametrebis Teoria. 

abreSumis Zafis TiTistarze daxvevisas 

masze moqmedi daWimulobis Zalis analizma 

cxadyo, rom ovaluri formiT daxveuli Za-

fis daWimulobis Zalis mrudi Caiwereba 

formuliT: 

  
ଵ

௉
ൌ

|௬”|

ሺଵ	ା	୷’మ	ሻయ/మ
	.	  (8) 

Tu gaviTvaliswinebT, rom TiTistarze 

ovaluri formiT daxveuli abreSumis Zafi 

SuaSi amoburculia (y”< 0), maSin (3) gantole-

baTa sistemis meore gantoleba, (4), (7), (8) 

gantolebaTa gaTvaliswinebiT, miiRebs Sem-

deg saxes: 

  ( ଴ܶ െ
ଵ

ଶ
  ଶy( 1+ y’2). (9)߱ߛ - = ”ଶ) yݕଶ߱ߛ

rodesac sasazRvro mniSvnelobebi tolia, 

maSin 
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  x = 0 ; y = 0 an x = H ; y = R,  (10)  

sadac H TiTistarze ovaluri formiT dax-

veuli Zafis simaRlea. 

Tu cvladebs uganzomilebo mniSvnelo-

bebs mivaniWebT, maSin 

  x = H ݔ෤ , y = R ݕ෤ , T = Toܶ	෩ .  (11) 

(9) gantoleba (romelic ganisazRvreba 

(10) sasazRvro mniSvnelobebiT) (11) 

gantolebaSi gamoyenebuli uganzomilebo 

parametrebiT miiRebs Semdeg saxes: 

  ቀ1 െ
ଵ

ଶ
෤ଶቁݕߝ "෤ݕ ൌ െݕߝ෤൫Ւଶ ൅  ෤ᇱଶ൯,   (12)ݕ

rodesac	ݔ෤ = 0, ݕ෤ = 0 ;  

aseve rodesac  ݔ෤ = 1, ݕ෤ = 1   (13) 

da sadac Ւ = 
ு

ோ
. 

Tu (12) gantolebis amoxsnisas gamoviye-

nebT mcire parametrebis Teorias ε -s mi-

marT, miviRebT: 

 ෤3 +….. (14)ݕଷߝ + ෤2ݕଶߝ + ෤1ݕߝ + ෤oݕ = ෤ݕ 

Tu Y0 0 , (12) formula miiRebs saxes: 

 ෤0 = 0. (15)ݕଶߝ + ”෤ݕ  

aq SenarCunebulia 	ߝଶ	, sadac ଶ = ( 
ுమ

ோ
) >> 1. 

xolo misi warmoebuli	ߝଶ =	߱ߛଶ ு
మ

బ்
 ukve aRar 

aris mcire sidide. (13) formulis gaTvalis-

winebiT (15) gantolebis amonaxsns eqneba 

saxe:  

 = ଴෦ݕ   
ୱ୧୬	௔௫෤

ୱ୧୬	௔
 , (16)  

ܽ ൌ  . y1ߝ√ -is pirveli miaxloeba iqneba: 

ଵ"෪ݕ   ൅ ܽଶݕଵ෦ ൌ
ଵ

ଶ
݃଴
ଶݕ଴" െ ଴ݕ଴෦ݕ

ଶ.  (17) 

(17) gantolebaSi CavsvaT (16) gantolebiT 

gamoTvlili ݕ଴෦: 

  y1“ + ܽ 2ݕ෤1 = - 
ହ

଼
 sin ܽݔ෤ – 

ଵ

଼
sin3 ܽݔ෤.  (18) 

(18) gantoleba amovxsnaT x da y sasazRv-

ro mniSvnelobebisTvis: 

 ෤1 = 0,  (19)ݕ ,෤ = 1ݔ ෤ = 0 anݕ ,෤ = 0ݔ  

	෤1 = - [ ହݕ  
ଵ଺௔

 ctg ܽ + ଵ	

଺ସ௔మ
 + ෤ݔ	ܽ sin [ 3ܽ	݊݅ݏ

  ହ

ଵ଺௔
෤ + ଵݔܽ ෤ cosݔ

଺ସ	௔మ
 sin3 ܽݔ෤  (20) 

 

 
nax. 3. a-koordinatTa saTave, `A~ wertili,  

b-Zafis konusuri forma, g-TiTistari 

  

me-3 nax-ze naCvenebia TiTistarze abreSu-

mis Zafis ovalurad daxvevis mrudi ܽ-s 

sxvadasxva mniSvnelobisaTvis, romelic ga-

moTvlili da agebulia (20) formulis 

mixedviT.  

  

daskvna 

TiTistarze Zafis daxveva damokidebulia 

a-s mniSvnelobebze. realurad, am procesze 

Tvalis midevneba SesaZlebeli iyo Tbili-

sisa da quTaisis Zafsaxvev fabrikebSi.  
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ABSTRACT. In this article we consider the process of knitting using silk thread. The thread has to be elastic or it has 
to have a good stretching resource that process of knitting should be continuous.  

If diameter of a spindle is equal along its perimeter, stretching doesn't occur and thread will lose elasticity 
resources.    

In article it is specified that the relevant movements of a spindle and of rotating ring derive an oval shape thread 
reeled up on a spindle. Rotating ring is placed on a special string which makes it whirl around spindle and also moves it 
up and down. 

The equation of relational balance of automatic control theory is used, and the corresponding mathematical model 
is developed in the article as well. Tension force of thread is described by this equation and defined the shape needed 
for the uniform redistribution of unequal tension. Silk thread reeled on conical spindle is convex in the middle and 
provides tension redistribution in different places so that the silk thread does not break and knitting won’t be 
interrupted.  Resume:  

 

KEY WORDS: Angular speed, silk thread, tension force.  
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АННОТАЦИЯ. Рассматривается процесс вязания с помощью шёлковой нити. Нить должна быть эластичной 
или она должна иметь хороший ресурс растяжения, чтобы процесс вязания происходил непрерывно.  

Если диаметр баллона по всему периметру равный, растяжение не будет происходить и нить потеряет 
ресурс эластичности.  

В статье указано что соответствующими движениями баллона и кружащегося кольца получаем овальной 
формой намотанную на баллон нить. Кружащееся кольцо установлено на специальной верёвке, с помощью 
которой оно крутится вокруг баллона, а также двигается вверх и вниз.  

В статье использовано уравнение относительного равновесия из теории автоматического управления, и 
создана соответствующая математическая модель. С её помощью описана сила растяжения нити. Определена 
форма, которая обеспечивает равномерное перераспределение неравномерной напряжённости. Овально 
намотанная на конусообразный баллон шёлковая нить имеет в середине выпуклую форму. Такая намотка нити 
гарантирует то, что произойдёт перераспределение растяжения в разных местах. Произойдёт уравнивание, 
нить не порвётся. Вязание будет происходить непрерывно.  

  
 

КЛЮЧЕВЫЕ СЛОВА: шелковая нить; сила натяженности; угловая скорость. 
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ავტორთა საყურადღებოდ! 

                                                                                                              
 

საქართველოს ტექნიკური უნივერსიტეტის სამეცნიერო შრომების კრებული არის ყოველკვარტა-

ლური რეფერირებადი პერიოდული გამოცემა, რომელიც რეგისტრირებულია რამდენიმე საერთაშორისო 

მონაცემთა ბაზაში. 

• სტატია (მიიღება ქართულ, ინგლისურ, რუსულ ენებზე) ქვეყნდება ორიგინალის ენაზე. 

• სტატიის ავტორთა რაოდენობა არ უნდა აღემატებოდეს სამს. 

• ავტორს შეუძლია საგამომცემლო სახლში პუბლიკაციისათვის მოგვაწოდოს ან ელექტრონული 

ფოსტით  sagamomcemlosakhli@yahoo.com მისამართზე  გამოგვიგზავნოს ერთი ან რამდენიმე სტა-

ტია, აგრეთვე თანდართული  დოკუმენტაციის დასკანერებული ფაილები, მაგრამ კრებულის ერთ 

ნომერში გამოქვეყნდება მხოლოდ  ორი ნამუშევარი. 

 

ელ. ფოსტით სტატიის გამოგზავნის შემთხვევაში გთხოვთ გაითვალისწინოთ შემდეგი მოთხოვნები: 

  Subject ველში  (თემა) მიუთითეთ კრებულის  დასახელება და ავტორის (ავტორების) გვარი. 

 გამოიყენეთ  ფაილის მიმაგრება ( Attach). 

 დიდი მოცულობის ფაილის შემთხვევაში გამოიყენეთ არქივატორი (ZIP, RAR). 

 

• სტატია შედგენილი უნდა იყოს მართლმეტყველებისა და ტერმინოლოგიის დაცვით. ავტორი 

(ავტორები) და რეცენზენტები პასუხს აგებენ სტატიის შინაარსსა და ხარისხზე. 

• ვინაიდან  საქართველოს ტექნიკური უნივერსიტეტის შრომების  კრებული არის არაკომერციული 

გამოცემა, ჩვენი მეცნიერი თანამშრომლებისა და დოქტორანტებისთვის  სტატიის გამოქვეყნება უფასოა. 

• საქართველოს ტექნიკური უნივერსიტეტის აკადემიური საბჭოს # 200 დადგენილებით 

(22.01.2010წ.),  ფიზიკურმა პირმა, რომელიც არ არის საქართველოს ტექნიკური უნივერსიტეტის 

თანამშრომელი, შრომების კრებულში სტატიის გამოქვეყნებისთვის წინასწარ უნდა შეიტანოს ან 

გადმორიცხოს საჭირო თანხა  (1 გვერდი _ 10 ლარი) და სტატიის დოკუმენტაციას (ორი რეცენზია და 

ორგანიზაციის სამეცნიერო საბჭოს მიმართვა სტატიის სტუ-ის შრომების კრებულში გამოქვეყნების 

შესახებ) დაურთოს გადახდის ქვითარი. გრაფაში „გადახდის დანიშნულება“ უნდა ჩაიწეროს „სტატიის 

გამოქვეყნების ღირებულება“. 

 

სტუ-ის საბანკო რეკვიზიტებია: სსიპ საქართველოს ტექნიკური უნივერსიტეტი; საიდენტიფიკაციო 

კოდი 211349192; მიმღების ბანკი: სახელმწიფო ხაზინა; მიმღების დასახელება: ხაზინის ერთიანი 

ანგარიში; ბანკის კოდი: TRESGE22; მიმღების ანგარიში: სახაზინო კოდი 708977259. 

  

გთავაზობთ სამეცნიერო სტატიის გაფორმების წესს: 

 სტატია წარმოდგენილი უნდა იყოს ნაბეჭდი სახით A4 ფორმატის ფურცელზე, არანაკლებ  

5 გვერდისა (არეები _ 2 სმ, ინტერვალი _ 1,5). 
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 სტატია შესრულებული უნდა იყოს doc ან docx ფაილის სახით (MS Word)  და ჩაწერილი 

_ ნებისმიერ მაგნიტურ მატარებელზე; 

 ქართული ტექსტისთვის გამოიყენეთ  შრიფტი Acadnusx, ზომა 12; 

 ინგლისური და რუსული ტექსტებისთვის _ შრიფტი Times New Roman,  ზომა 12; 

 

სტატიას უნდა ერთვოდეს შემდეგი ინფორმაცია: 

 უაკ (უნივერსალური ათობითი კლასიფიკაცია) კოდი. 

 

 ცნობები ავტორის (ავტორების) და რეცენზენტების შესახებ ქართულ, ინგლისურ და რუსულ 

ენებზე: 

 ყველა ავტორის სახელი და  გვარი სრულად, E-mail-ი, სამეცნიერო წოდება და საკონტაქტო 

ტელეფონი; 

 დეპარტამენტის დასახელება. ორგანიზაციის სრული სახელწოდება – ყოველი ავტორის მუშაობის 

ადგილი, ქვეყანა, ქალაქი. 

 რეცენზენტთა გვარები და სახელები სრულად, ელექტრონული ფოსტის მისამართი, სამეცნიერო 

წოდება, დეპარტამენტის ან სამუშაო ადგილის დასახელება. 

 

სტატია უნდა შეიცავდეს: 

 ანოტაციას  ქართულ, ინგლისურ  და  რუსულ ენებზე (100_150 სიტყვა). უცხოელი მკითხველისათ-

ვის ანოტაცია  არის სტატიის შინაარსისა და მასში გადმოცემული კვლევის შედეგების შესახებ 

ინფორმაციის ერთადერთი წყარო. სწორედ იგი განსაზღვრავს ინტერესს მეცნიერის ნაშრომის მიმართ და, 

მაშასადამე, სურვილს, დაიწყოს დისკუსია ავტორთან, გამოითხოვოს სტატიის სრული ტექსტი და ა.შ. 
 

ანოტაცია უნდა იყოს: 

 ინფორმაციული (არ უნდა შეიცავდეს ზოგად სიტყვებსა და ფრაზებს); 

 ტექსტი ინგლისურ და რუსულ ენებზე უნდა იყოს ორიგინალური; 

 უნდა ასახავდეს სტატიის ძირითად შინაარსსა და კვლევის შედეგებს; 

 სტრუქტურირებული (მიჰყვებოდეს სტატიაში შედეგების აღწერის ლოგიკას). 
 

უნდა შეიცავდეს: 

 სტატიის საგანს, თემას, მიზანს (რომლებსაც უთითებთ იმ შემთხვევაში, თუ ეს არ არის ცხადი 

სტატიის სათაურიდან); 

 კვლევის ჩატარების მეთოდს ან მეთოდოლოგიას (სამუშაოს ჩატარების მეთოდის ან მეთოდო-

ლოგიის აღწერა მიზანშეწონილია იმ შემთხვევაში, თუ იგი გამოირჩევა სიახლით, საინტერესოა 

მოცემული ნაშრომის თვალსაზრისით); 

 კვლევის შედეგებს; 

 შედეგების გამოყენების არეალს; 

 დასკვნას; 
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 საკვანძო სიტყვებს, დალაგებულს ანბანის მიხედვით (ქართულ, ინგლისურ  და  რუსულ ენებზე); 

 სტატიაში ქვესათაურებით გამოკვეთილ შესავალს, ძირითად ნაწილს და დასკვნას; 

 სურათების ან ფოტოების კომპიუტერულ ვარიანტს, შესრულებულს ნებისმიერი გრაფიკული 

ფორმატით, გარჩევადობა _ არანაკლებ 150 dpi-სა. 
 

 ლიტერატურა 

 საერთაშორისო სამეცნიერო  ჟურნალების  მონაცემთა ბაზების რეკომენდაციით, გამოყენებული 

ლიტერატურის რაოდენობა სასურველია იყოს არანაკლებ ათისა. 

  

წარმოგიდგენთ გამოსაქვეყნებელ სტატიაში გამოყენებული ლიტერატურის გაფორმების წესს: 
 

ყველა ავტორის გვარი და ინიციალები მოცემული უნდა იყოს ლათინური ანბანის ასოებით, ე.ი. 

ტრანსლიტერაციით, სტატიის სახელწოდება _ თარგმნილი ინგლისურად, წყაროს (ჟურნალის, შრომების 

კრებულის, კონფერენციის მასალების) სახელწოდება _ ტრანსლიტერაციით; გამოსასვლელი მონაცემები 

_ ინგლისურ ენაზე (სტატიის ენა მიეთითება ფრჩხილებში). 

 

ლიტერატურა  (ნიმუში) 

1. Jacques Sapir. Energy security as a common advantages. 

http://www.globalaffairs.ru/rumbler/n_7780 (In Russian). 

2. “Official website of the International Energy Agency: 

http://www.iea org/topics/energysecurity/” (In English). 

3. International Energy Agency “Key World Energy Statistics” 2014 (In English). 

4. Energy strategy of France McDoleg_butenko20 May, 2009 (In Russian) 

5. G.G. Svanidze, V.P. Gagua, E.V. Sukhishvili “Rene¬wable energy resources of Georgia”, Leningrad, 

Hydrometizdat, 1987, pp. 75-76 (In Russian). 

6. Revaz Arveladze, Tengiz Kereselidze ”The Georgian Full Independence of Electry Power Is Supported By 

Hydropower”. Sakartvelos Teqnikuri Universitetis Archil Eliashvilis Saxelobis Martvis sistemebis Institutis 

Proceedings. N18 2014. Tbilisi (In Georgian). 
 

გთავაზობთ სტატიის წარმოდგენისთვის საჭირო დოკუმენტაციის ჩამონათვალს საქართველოს 

ტექნიკური უნივერსიტეტის თანამშრომლებისა და დოქტორანტებისთვის: 

 

• ორი რეცენზია (იხ. ნიმუში)  

http://publishhouse.gtu.ge/site_files/recenziis nimushi.docx 

• ფაკულტეტის საგამომცემლო საქმის დარგობრივი კომისიის ოქმის ამონაწერი 

(იხ. ნიმუში) http://publishhouse.gtu.ge/site_files/aqtis forma.docx 

დოკუმენტები დამოწმებული უნდა იყოს ფაკულტეტის ბეჭდით. 

ავტორს შეუძლია ნიმუშად გამოიყენოს კრებულის ერთ-ერთი ბოლო ნომერი. 
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აქტის ნიმუში  
 

საქართველოს ტექნიკური უნივერსიტეტის __________________________________________ ფაკულტეტის 

სასწავლო-სამეცნიერო ლიტერატურის _______________________________________ დარგობრივი კომისიის 

 

ა ქ  ტ ი №________ 

,,_____,,_________,, 

სხდომას ესწრებოდნენ:  

დარგობრივი კომისიის წევრები:  

(მიუთითეთ კომისიის შემადგენლობა)  ________________________________________________________________________ 
________________________________________________________________________________________________ 
________________________________________________________________________________________________ 
________________________________________________________________________________________________ 
 

განსახილველი  სტატიის ავტორი/ავტორები: (მიუთითეთ სახელი და გვარი სრულად, სამუშაო ადგილი და 

სამეცნიერო წოდება, აკადემიური ხარისხი სრულად, ელ. ფოსტა, საკონტაქტო ტელეფონი). 

1. ______________________________________________________________________________________________ 
________________________________________________________________________________________________ 
2. ______________________________________________________________________________________________ 
________________________________________________________________________________________________ 
3. ______________________________________________________________________________________________ 
________________________________________________________________________________________________ 
 

რეცენზენტები: (მიუთითეთ სახელი და გვარი სრულად, სამუშაო ადგილი და სამეცნიერო წოდება, აკადემიური 

ხარისხი სრულად, ელ. ფოსტა, საკონტაქტო ტელეფონი). 

1. ______________________________________________________________________________________________ 
________________________________________________________________________________________________ 
2. ______________________________________________________________________________________________ 
________________________________________________________________________________________________ 
 

დარგის მოწვეული სპეციალისტები:  
________________________________________________________________________________________________ 
________________________________________________________________________________________________ 
________________________________________________________________________________________________ 
________________________________________________________________________________________________ 
 
1. ნაშრომის განხილვა 

________________________________________________________________________________________________ 
2. (მიუთითეთ ფაკულტეტის დასახელება) 

 სასწავლო-სამეცნიერო ლიტერატურის დარგობრივ კომისიაში  განსახილველად შემოვიდა 

ავტორის/ავტორების მიერ მომზადებული სამეცნიერო  სტატია 
________________________________________________________________________________________________ 

(მიუთითეთ სტატიის სრული დასახელება) 

სასწავლო-სამეცნიერო ლიტერატურის დარგობრივი კომისიის მიერ გამოყოფილია რეცენზენტები:  
1. ______________________________________________________________________________________________ 

2. ______________________________________________________________________________________________ 
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2. ნაშრომის საჯარო განხილვა 

1. მოისმინეს:  ავტორის/ავტორების (მიუთითეთ)  ინფორმაცია განსახილველად წარმოდგენილი სტატიის  

შესახებ. ________________________________________________________________________________________ 
________________________________________________________________________________________________
________________________________________________________________________________________________ 

 

ნაშრომის ანოტაცია 

________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________ 

 

3. მოისმინეს: რეცენზენტის/რეცენზენტების (მიუთითეთ) არგუმენტირებული შეფასება სტატიის  

აქტუალურობის, სიახლის და გამოცემის მიზანშეწონილობის შესახებ. ________________________________ 

________________________________________________________________________________________________
________________________________________________________________________________________________ 

 

4. მოისმინეს: ფაკულტეტის ხარისხის უზრუნველყოფის სამსახურის დასკვნა-რეკომენდაცია 

(მიუთითეთ მომხსენებლის ვინაობა) _____________________________სტატიის გამოცემის შესახებ.  

 

აზრი გამოთქვეს:  

________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________ 
 
დაადგინეს: 

საქართველოს ტექნიკური უნივერსიტეტის ფაკულტეტის 
________________________________________________________________________________________________ 

(მიუთითეთ ფაკულტეტის დასახელება) 

სასწავლო-სამეცნიერო ლიტერატურის დარგობრივ კომისიაში  განსახილველად შემოვიდა 

ავტორის/ავტორების მიერ მომზადებული სამეცნიერო  სტატია 
________________________________________________________________________________________________ 

(მიუთითეთ სტატიის სრული დასახელება) 

 

რეკომენდაციას უწევს სტატიის გამოქვეყნებას სტუ-ის შრომათა კრებულში.  

ფაკულტეტის დარგობრივი კომისიის თავმჯდომარე                                              

კომისიის მდივანი                                                                       

კომისიის წევრები:                                             ფაკულტეტის დარგობრივი კომისიის თავმჯდომარის  

                   ხელმოწერის სინამდვილეს ვადასტურებ   

                                                         ფაკულტეტის დეკანი                      (ხელმოწერა) 
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რეცენზიის ნიმუში 
 

 

1. ნაშრომის დასახელება სრულად 

 
 

 
2. ავტორის/ავტორების სამეცნიერო წოდება, სამუშაო ადგილი, საკონტაქტო 

ინფორმაცია ელ. ფოსტა 

 
 

 
3. ნაშრომში დასმული ამოცანის მოკლე მიმოხილვა 

 
 

 
4. გამოსაქვეყნებლად მომზადებული ნაშრომის აქტუალურობა 

 
 

 
5. ძირითადი ასპექტები, რომლებიც განხილულია ავტორის მიერ 

 
 

 
6. რეკომენდაცია ნაშრომის გამოქვეყნებისათვის  ( იმ შემთხვევაში თუ სარეცენზიო 

ნაშრომი სამეცნიერო სტატიაა, აუცილებელია  სამეცნიერო ჟურნალის დასახელების 

მითითება) 
 

 

 
7. რეცენზენტის გვარი და სახელი სრულად, სამუშაო ადგილი, სამეცნიერო წოდება, 

საკონტაქტო ინფორმაცია _ ელ. ფოსტა (სტატიის რეცენზირების შემთხვევაში 

რეცენზენტის მონაცემები გამოქვეყნებული იქნება სტატიასთან ერთად)  
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Guidelines for Authors! 

 
 
 
Collection of Academic Works of Georgian Technical University is a quarterly refereed periodical included in 

several international journal lists.  

 An article (accepted in Georgian, English or Russian) is published in the original language; 

 The number of authors of an article should not exceed three; 

 Authors should submit original copies of one or more articles for publication to the publishing house or send scan 

versions to sagamomcemlosakhli@yahoo.com  along with supporting documentation, but only two articles from 

the same author(s) will be published in one edition; 

 

To submit scan versions via email please follow the instructions: 

 In the Subject line indicate the collection of works and the name(s) of author(s). 

 Attach the file(s) properly; 

 Use ZIP or RAR file compressors in case of large files to attach. 

 

 The article should be literal, well-structured and apply proper terminology to convey the author’s constructive 

arguments relevant to the subject. The authors and reviewers are responsible for the content and quality of an article; 

 The collection of works of GTU is a non-commercial publication and running the articles of our researchers and for 

PhD students is free of charge; 

 According to the Resolution No.200 of GTU Academic Council (22.01.2010), authors who are not the employees at 

the University, should make the preliminary payment by cash or transfer to have their paper published (10 GEL 

per page). Copy of the payment receipt should be enclosed with the supporting documentation (two reviews and 

a reference by the organization’s academic board on publishing the article in GTU collection of scientific papers). 

“Cost of article publication” shall appear as subject in the “purpose of payment” field. 

 

GTU  bank  details:  LEPL  Georgian  Technical  University;  organization’s  identification  number  211349192; 

beneficiary  bank:  State  Treasury;  beneficiary:  joint  treasury  account;  bank  code:  TRESGE22;  Account  number: 

treasury code 708977259. 

 

How to form an academic article: 

 The text should be presented in print-out form (A4), no less than 5 pages (margins - 2 cm, line spacing - 1,5); 

 Only MS Word versions of texts are accepted (doc or docx) presented electronically on any magnetic carrier; 

 For Georgian texts: font - Acadnusx, font size - 12 pt; 

 For English and Russian texts: font - Times New Roman, font size - 12 pt. 

 

The accompanying information to the article should include: 

 Universal Decimal Classification (UDC) 
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 Information about the author(s) and reviewers in Georgian, English and Russian: 

 Full name, academic title, email and phone number of each author; 

 Department, full name of organization – place of employment of each author, area/town, country; 

 Full name, email, academic title, department or place of employment of each reviewer. 

 

The article should include: 

 An abstract in Georgian, English and Russian (100-150 words long). For foreign readers an abstract is the only 

source of information about the content of an article and results of the research conveyed by it. An abstract 

therefore defines the reader’s interest towards the article and possibility of further outreach to the author for 

the full text, etc. 

 

An abstract should be: 

 Informative (free of generalized terms and statements); 

 Original (with quality translations in English and Russian with the proper application of terminology); 

 Specific (conveying the core content of an article); 

 Properly structured (consistent with the research results given in the article). 

 

An abstract should contain: 

 The subject, topic and objective of an article (indicated in case if these are not clear from the title); 

 Method  or  methodology  of  research  performed  (expected  to  be  described  when  and  if  this  method  or 

methodology are new and interesting with reference to the article); 

 Research results; 

 Area of application  of research results; 

 Conclusion. 

 

 Key words sorted by alphabet (Georgian, English and Russian); 

 Sections should be outlined Introduction, Main Part and Conclusion; 

 Digital version of drawings or images in any graphic format, resolution 150 dpi; 

 

 Reference 

 By the recommendations of Databases of International Scientific Journals the number of references should be 

no less than ten. 

How to form the reference section in the article: 

Name and surname of each author should be given in Latin letter initials, title of the articles – translated in English, 

name of the source (journal, collection of works, conference materials) – with transliteration (original language of the 

article should be indicated in brackets). 

 

References (sample) 

1. Jacques Sapir. Energy security as a common advantages. 

http://www.globalaffairs.ru/rumbler/n_7780 (In Russian). 

2. “Official website of the International Energy Agency: 
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http://www.iea  org/topics/energysecurity/” (In English). 

3. International Energy Agency “Key World Energy Statistics” 2014 (In English). 

4. Energy strategy of France McDoleg_butenko20 May, 2009 (In Russian). 

5. Svanidze G.G., Gagua V.P., Sukhishvili E.V. “Rene¬wable energy resources of Georgia”, Leningrad, 

Hydrometizdat, 1987, pp. 75-76 (In Russian). 

6. Revaz Arveladze, Tengiz Kereselidze ”The Georgian Full Independence of Electry Power Is Supported By 

Hydropower”. Sakartvelos Teqnikuri Universitetis Archil Eliashvilis Saxelobis Martvis sistemebis Institutis 

Proceedings. N18 2014. Tbilisi (In Georgian). 

 

Requirements for the submission of articles by the employees and for PhD students of Georgian Technical 

University: 

 Two reviews (see the sample at)   

http://publishhouse.gtu.ge/site_files/recenziis nimushi.docx 

 Minutes of the sectoral committee of the faculty publishing  (see the sample at) 

http://publishhouse.gtu.ge/site_files/aqtis forma.docx 

Documents should be verified with the faculty stamp.  

 

Notice to Authors  
 

Authors may consider one of the previous editions of GTU Collection of Academic Works as an example  
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К сведению авторов! 

 

 

 

Сборник научных  трудов Грузинского технического университета является ежеквартальным реферируемым 

периодическим изданием, которое зарегистрировано в нескольких международных базах данных. 

 Статьи (принимаются на грузинском, английском, русском языках) публикуются на языке оригинала. 

 Количество авторов статьи не должно превышать 3. 

 Автор может предоставлять для публикации в Издательском доме или по электронной почте (на 

следующий адрес: sagamomcemlosakhli@yahoo.com) одну или несколько статей, а также в сканирован-

ных файлах сопутствующую документацию, но в одном номере могут быть опубликованы только две 

работы. 

 

 В случае статей, присылаемых по эл. почте, просьба предусмотреть следующие требования: 

‐ указать в эл. Subject‐е название сборника (тема) и фамилию автора (авторов); 

‐ использовать Attach (приложить файл); 

‐ в случае большого объема файла применить архиватор (ZIP, RAR). 

 

 Статья должна быть составлена грамотно, с соблюдением терминологии. Автор (авторы) и рецензенты 

несут ответственность за содержание и качество статьи. 

 Поскольку сборник трудов Грузинского технического университета является некоммерческим изданием, 

для сотрудников статьи публикуются бесплатно. 

 Согласно постановлению академического совета №200 (22.01.2010 г.), физическое лицо, не являющееся 

сотрудником университета, для публикации статьи в сборнике трудов должно заранее внести или перечислить 

необходимую сумму (1 страница стоит 10 лари) за статью и соответствующую документацию (две рецензии и 

направление научного совета организации о публикации статьи в сборнике трудов ГТУ), приложив справку об 

оплате. В графе «Назначение оплаты» следует записать «стоимость публикации статьи».  

 

Банковские  реквизиты  ГТУ:  Юридическое  лицо  публичного  права  (ЮЛПП);  Грузинский  технический 

университет;  идентификационный  код  211349192;  банк  приема;  государственная  казна;  название 

получателя: единый счет казны; код банка: TRESGE22; счет получателя: код казны 708977259. 

 

Предлагаем порядок оформления научной статьи: 

 статья должна быть представлена в напечатанном виде на странице формата А4, содержать не меньше 5 

страниц (поля – 2 см, интервал – 1,5); 

 статья должна быть выполнена в виде файла doc или docx (MS Word) и записана на любом магнитном 

носителе; 

 для грузинского текста применять шрифт Acadnusx, размер 12; 

 шрифт для английского и русского текстов Times New Roman, размер 12; 

 

 



_____________________________________ 
stu-is Sromebi – WORKS OF GTU – ТРУДЫ ГТУ   ISSN 1512‐0996 

#2 (504), 2017  193  www.gtu.ge 
 

Статья должна сопровождаться  следующей информацией: 

 код УДК (Универсальная десятичная классификация). 

 

Сведения об авторе (авторах) на грузинском, английском и русском языках: 

 полностью имя и фамилия автора (авторов), E-mail, научная степень и контактный телефон; 

 название департамента, полное название организации – место работы каждого автора – страна, город; 

 полностью фамилии и имена рецензентов, адрес электронной почты, научное звание, название депар-

тамента или места работы. 

 

К статье должны прилагаться: 

 Аннотация на грузинском, английском и русском языках (100-150 слов). Для иностранных читателей 

аннотация является единственным источником информации о результатах исследований, приведенных 

в содержании статьи. Именно это определяет интерес ученого к работе и,  соответственно, желание 

начать дискуссию с автором, познакомиться с полным текстом статьи и т.д. 

 

Аннотация должна быть: 

 информационной (не должна содержать общих слов и фраз); 
 оригинальной (перевод на английском и грузинском языках должен быть качественный, при переводе 

следует использовать специальную терминологию); 
 содержательной (должна отражать основное содержание статьи и результаты исследования); 
 структурированной (следовать в статье логике описания результатов). 

 

Должна содержать: 

 предмет  статьи,  тему,  цель  (которые  указывают  в  том  случае,  если  это  не  ясно  из  заглавия 

статьи); 

 метод  или  методологию  проведенного  исследования  (описание  метода  или  методологии 

проведенной работы целесообразно в том случае, если они выделяются новизной, интересны с точки 

зрения данной работы); 

 результаты исследования; 

 ареал использования результатов; 

 выводы; 

 

 ключевые слова, расположенные по алфавиту (на грузинском, английском и русском языках); 

 в статье должны быть выделены подзаголовки: введение, основная часть и заключение (выводы); 

 компьютерные варианты чертежей или фотографий должны быть выполнены в любом графическом  

 формате, разрешением – не менее 150 dpi. 

 

 Литература 

По рекомендации базы данных международных научных журналов, число использованной литературы 

желательно должно быть не меньше 10. 

Представляем порядок оформления в публикуемой статье использованной литературы: 



_____________________________________ 
ISSN 1512‐0996   stu-is Sromebi – WORKS OF GTU – ТРУДЫ ГТУ 

www.gtu.ge 194  #2 (504), 2017 

 

 

Фамилия и инициалы всех авторов должны быть выполнены буквами латинского алфавита, т.е. трансли-

терацией; название статьи с переводом на английский язык; название источников (журнала, сборника трудов, 

материалов конференции) – транслитерацией (язык статьи указан в скобках). 

 

 

Литература (Образец) 

1. Jacques Sapir. Energy security as a common advantages. 

http://www.globalaffairs.ru/rumbler/n_7780 (In Russian). 

2. “Official website of the International Energy Agency: 
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