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reziume 
Tanamedrove warmoebis ganviTareba da daxvewa, 

teqnologiuri donis amaRleba, gamoSvebuli produqciis xarisxi 
pirdapir dakavSirebulia teqnologiuri procesis kontrolis 
daxvewasTan da teqnologiuri procesebis avtomaturi marTvis 
sistemebTan.  

avtomaturi marTvis sistemebis erT-erTi funqciaa 
warmoebis procesis teqnologiuri parametrebis kontroli da 
gamoSvebuli produqciis xarisxis Sefaseba. ramdenad zustad, 
saimedod da swrafad xorcieldeba es kontroli damokidebulia 
teqnologiuri procesis gadamwodebsa da sazom saSualebebze. 

konduqtometria erT-erTi martivi, universaluri, 
daxvewili  da amave dros kvlevis zusti eleqtroqimiuri 
meTodia  nivTierebis iseTi informaciuli parametris kvlevisa 
da analizis saqmeSi, rogoricaa kuTri eleqtrogamtaroba. misi 
saSualebiT zomaven   binaruli xsnarebis koncentracias, 
sazRvraven Termodinamikur mudmivebs, aseve im  sidideebs, 
romlebic axasiaTeben xsnarebis  Semadgenlobas, difuziis  
koeficients, ionebis  absorbcias eleqtrod _ eleqtrolitis 
sazRvarze, eleqtrolitebis ionur Semadgenlobas  da a.S. 

konduqtometrebi da konduqtometruli gadamwodebi 
laboratoriul da samecniero praqtikis gverdiT ufro da ufro 
farTo gamoyenebas pouloben kvebis, farmacevtul, qimiur, 
mikrobiologiur, energetikul, navTobgazisa da mrewvelobis 
sxva dargebSi. maTi gamoyeneba ZiriTadad dakavSirebulia 
xarisxis gansazRvrasa da kontrolTan. teqnologiuri 
procesebis kinetikisa da stabilizaciis kontrolisaTvis 
gamoiyeneba Txevadi teqnologiuri garemo.  

konduqtometruli meTodis farTod gavrceleba  SeiZleba 
aixsnas misi maRali sizustiT, gazomvis farTo diapazoniT, 
aparaturis simartiviT, teqnologiuri nakadis uwyveti 
kontrolis SesaZleblobiTa da sxva analogiur teqnikasTan 
SedarebiT dabali RirebulebiT. 

konduqtometruli meTodis daxvewa pirdapir 
dakavSirebulia warmoebis, teqnikisa da teqnologiebis 
ganviTarebasTan. Cndeba sul ufro meti warmoebebi, sadac 
xsnarebisa da eleqtrolitebis kuTri eleqtrogamtarobis 
kontroli ara marto sasurveli, aramed aucilebelicaa. axali 
teqnologiebis gamoyeneba iZleva maRali mgrZnobiarobis 
elementebisa da ujredebis axali modelebis Seqmnis saSualebas. 

xsnarebisa  da airis nairsaxeobis Senadnobebis fiziko-
qimiuri Tvisebebis  analizisaTvis universalur meTods 
warmoadgens ukontaqto konduqtometria, romelic xasiaTdeba 
simartiviTa da saimedobiT.  

ukontaqto konduqtometriis  erT-erT saxes warmoadgenen 
transformatoruli konduqtometrebi, romlebic  farTod 
gamoiyeneba navTobqimiur, qimiur, farmacevtul, kvebisa  da 
mrewvelobis dargebSi, rogorc  teqnologiuri  parametrebisa 
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da  gamoSvebuli  produqciis xarisxis makontrolirebeli 
xelsawyoebi. 

mocemuli  xelsawyoebis  moTxovnilebebze metyvelebs is 
faqti, rom yvela msxvil xelsawyoTa mSeneblobis  
organizaciebs Tavis asortimentSi gaaCniaT transformatoruli  
konduqtometrebis  mTeli rigi, romelTa daxvewa ganviTareba  
kvlavac grZeldeba.  

konduqtometruli meTodis daxvewa da ganviTareba 
aqtiurad mimdinareobs mTel rig qveynebSi da dakavSirebulia 

iseTi cnobili mwarmoeblebis saxelTan, rogoricaa `Nappa” 

(germania), WTW (Svecia), samecniero – sawarmoo gaerTianeba 

`Alfabasensi” da sxva. saqarTveloSi axlo warsulSi  am dargSi 
warmatebiT muSaobdnen samecniero-sawarmoo gaerTianebebi `isari” 
da `analizxelsawyo”, magram Seqmnili viTarebis gamo es 
sawarmoebi amJamad am sakiTxebze ar muSaoben. 

konduqtometriis arsebobis ganmavlobaSi dawerili iqna 
mravli wigni, statia da disertacia, magram mravali amocana jer 
kidev aqtualuria. esenia: gazomvis diapazonis gazrda, 
saimedobis amaRleba da Semowmebis gareSe eqspluataciis 
xangrZlivobis gazrda, gadamwodis gabaritebis Semcireba, 
xelsawyos metrologiuri parametrebis gaumjobeseba da sxva. 

naSromis pirvel TavSi warmodgenilia literaturuli 
wyaroebis analizis Sedegebi. ganxilulia eleqtrogamtarobis 
gazomvis xerxebi. moyvanilia kontaqturi da ukontaqto 
konduqtometrebis rogorc dadebiTi, aseve uaryofiTi mxareebi. 
gansakuTrebuli yuradReba aqvs daTmobili konduqtometris 
ZiriTad elements - ujredsa da mis tipebs. ganxilulia 
kontaqturi konduqtometruli or, sam da oTxeleqtrodiani  
ujredebi da ukontaqto tevadobiTi da induqciuri ujredebi 
maTi ekvivalenturi sqemebiTa da maTi TaviseburebebiT. 

amave TavSi ganxilulia aseve, konduqtometriaSi 

gamoyenebuli ZiriTadi sazomi sqemebi: boguri, Z-metruli, QFQ-

metruli, FQ–metruli, Sedarebis, kompensaciuri, pirdapiri 
gazomvis. 

naSromis meore Tavi eZRvneba ukontaqto 
transformatoruli konduqtometrebis gamokvlevasa da 
damuSavebas. SemuSavebulia transformatoruli 
konduqtometrebis arsebuli sqemebis statikuri maxasiaTeblebi, 
Seqmnilia transformatoruli  konduqtometrebis ZiriTadi  
mzomi  sqemebis maTematikuri modelebi, romlebic gamoiyeneben  
gazomvis pirdapir da kompensaciur meTods, Catarebulia maTi 
SedarebiTi analizi, romlis Sedegadac aRmoCnda, rom zogierT 
arsebul maTematikur modelebSi ar aris gaTvaliswinebuli 
induqciurobis, urTierTinduqciurobis, Txevadi xviis tevadobis 
da sxva parametrebi, romelTa gareSec SeuZlebelia Sesruldes 
sruli parametruli optimizacia. garda amisa, mravalgragniliani 
transformatoruli sqemebisaTvis ar SeiZleba gamoviyenoT 
maTematikuri sqemebi, romlebic orgragniliani 
transformatorebisaTvis aris dawerili, radganac am modelze 
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gaTvlil xelsawyoebs gaaCniaT mniSvnelovani cdomilebani. 
yvela, SedarebiT gavrcelebuli transformatoruli 
konduqtometrebis sqemebisaTvis. 

amave TavSi uxvad aris warmodgenili rogorc Zabvis, aseve 
denis aqtiuri da reaqtiuli mdgenelebis eleqtrogamtarobaze 
damokidebulebis grafikebi. 

naSromis mesame Tavi eZRvneba transformatoruli 
konduqtometrebis SedarebiTi analizis sakiTxebs. 

statikuri maxasiaTeblebis miRebuli maTematikuri 
modelebis safuZvelze, gamovlenilia konduqtometruli 
struqturebis raodenobrivi da xarisxobrivi maCveneblebi, 
iseTebi rogorebicaa: mgrZnobiaroba, saSualokvadratuli 
cdomileba.  

gansazRvrulia transformatoruli konduqtometrebis 
mzomi sqemebis statikuri maxasiaTeblebis maTematikuri 
modelebis mgrZnobiarobebi da am sqemebis cdomilebaTa 
modelebi rogorc Zabvis, aseve  denis informaciul parametrebad 
arsebobis dros or,sam da oTxgragniliani transformatorebis 
SemTxvevebSi. 

naSromis meoTxe TavSi moyvanilia Txevadxviiani 
konduqtometrebis  pirveladi gardamqmnelis (ujredis) 
optimaluri eleqtruli da magnituri parametrebis gansazRvris 
sakiTxebi. 

wrfivi eleqtruli wredebis Teoriis safuZvelze 
Sedgenili iqna Txevadxviiani konduqtometris maTematikuri 
modeli, romlis mixedviTac miRebuli iqna gamosavali signalis 
gamosaxuleba. 

gamosavali signalis miRebuli analizuri gamosaxuleba 
gviCvenebs, rom sazomi gardamqmnelis mgrZnobiaroba warmoadgens 
rva damoukidebeli parametris funqcias: modebuli Zabvis moqmedi 
mniSvnelobisU,  kvebis wyaros sixSiris, Semavali da gamomavali 
transformatorebis xviaTa ricxvebis, Semavali da gamomavali 
transformatorebis magnituri gamtarobebis, Semavali 
transformatorisa da sakvlevi siTxis winaRobis omuri 
winaRobebisa. 

gansazRvrulia TiToeul am parametrze gamosavali 
signalis sididis damokidebuleba.  

amave TavSi moyvanilia Txevadxviiani konduqtometris 
mgrZobiarobis magnitur masalaze damokidebulebis gamokvlevis 
Sedegebi. 

kompiuteris gamoyenebiT Zabvis mixedviT 
transformatoruli sazomi bogebis maqsimaluri mgrZnobiarobis 
gansazRvrisaTvis damuSavebuli iqna blok-sqema, romelic 
warmodgenilia amave TavSi. igi saSualebas iZleva damuSavebuli 
iqnes programa kompiuteris nebismier enaze.  
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Abstrakt 

 

Development and improvement of modern manufacture, improvement of 

technological level as well as the quality of produced goods are directly connected 

to improvement of technological process control and automatic control system of 

technological processes. 

 One of the functions of automatic control system is a control of 

technological criteria of manufacturing processes and evaluation of produced 

goods. How accurately, reliably and quickly is this control conducted depends on 

sensors of technological processes and  measuring tools.  

 Conductometry is one of the easiest, universal, improved and at the same 

time exact electro chemical method of research in studying and analysis of such 

informational parameters of substances as specific electrical conductivity. It can 

measure the concentration of binary solutions, defines a constant thermodynamic 

as well as that magnitude, which characterizes the composition of the solutions, 

coefficient of diffusion, adsorption of ions on electrode -electrolyte border, ionic 

composition of electrolytes and etc.  

 Conductometers and conductometric sensors side by side to laboratorial 

scientific research is more and more widely used in supply, pharmaceutical, 

chemical, microbiological, energetic, petrol, gas and other fields of industry. Their 

use is mainly connected to definition and control of quality. Liquid technological 

environment is used for controlling of kinetics and stabilization of technological 

processes.  

 Wide spread   conductometric method may be explained with its high 

accuracy,   wide range of measurement, simplicity the system, continuous control 

of technological capability and lower cost compared to other similar technologies.  

 Improvement of conductometric method is directly connected to 

development of manufacturing, methods and technology.  There are more and 

more productions, where the control of specific electrical conductivity of 
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electrolytes and solutions is not only desirable but very necessary. The use of new 

technologies enables us to create high-sensitivity elements and new models of cell.  

 Universal method for physical-chemical analysis of solutions and gas 

variety is contactless conductometry characterized by simplicity and reliability.  

 One of the kinds of contactless conductometry are transformative  

conductometers which are widely used in  petrochemical, chemical, 

pharmaceutical, supply and manufacturing fields, as technological parameters and 

produced goods quality controlling tools.  

 The fact that  all major utilities builder companies have a number of 

transformative  conductometers in their assortment  speaks on demand of given 

equipments.   

 Development and improvement of conductometric method is actively in 

progress in number of countries and are connected to such well-known 

manufacturers name as Nappa (Germany), WTW (Sweden), scientific-production 

association “Alphabases” and others. In Georgia scientific-manufacturing 

associations “Isari” and “Analizkhelsatsko” successfully worked in this field in 

recent years, but these companies are currently working on this issue because of 

the existing situation.  

 Many books, articles and theses have been written during the existence of 

conductometry but there are a lot of actual questions. These are: increase the 

measurement range, improvement of reliability and increase of  the duration of the 

operation without inspection, decrease of dimensions of sensors, improvement of 

metrological parameters and etc.  

 The first chapter of the thesis deals with the results of analysis of literary 

sources. There are reviewed methods of measurement of contactless 

conductometers there. The thesis gives both  positive and negative sides of 

contactless and contact conductometers. Special attention is focused on major 

elements of conductometers – cell and its types. There are discussed contact 
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conductometric two-three and four-electrode cells and contactless and inductive 

cells with equivalent schemes and peculiarities.  

 The same chapter deals with major measuring schemes used in 

conductometry: Z-metric, Q-metric, F-metric, comparative, compensative, direct 

measurement.  

 The second chapter of the thesis deals with research and processing of 

contactless transformative conductometers. There are designed static features of 

existing schemes of transformative conductometers, mathematical models of major 

measuring schemes of transformative conductometers using direct and 

compensative methods of measurement. There is conducted their comparative 

analysis there, which have found that some existing mathematical models do not  

include inductive, mutual inductive, liquid roll capacity and other parameters, 

without which it is impossible to fulfill complete parametric optimization. In 

addition, we cannot use mathematical schemes designed for double roll for 

multiroll transformative schemes, because tolls designed for this model have 

significant errors. All, for relatively common  transformative conductometer 

schemes.  

 The same chapter presents schedules of both, voltage and active and 

reactive components of the electricity depending on electrical conductivity.  

 The third chapter of the thesis is dedicated to the issues of comparative 

analysis of transformative conductometers.  

 Based on mathematical models of static features there is found out 

quantitative and qualitative indicators of conductometric structures, such as: 

sensitivity, average square errors.  

 There is determined sensitivity of mathematical models of static features of 

transformative conductometers measuring schemes and models of errors of those 

schemes, at time of voltage and informational parameters of electricity, in case of 

two, three and four-roll transformers.  
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 The fourth chapter of the thesis presents the issues of determining optimal 

electric and magnetic parameters of primary transformers (cells) of liquid roll 

conductometers.  

 Based on the theory of linear electric circuits there has been designed a 

mathematical model of liquid roll  conductometer, according to which we have 

received the image of the output signal.  

 The analytical image of the output signal shows that sensitivity of 

measuring transformer represents the function of eight independent parameters of 

the value of the spread voltage, power supply frequency, and number of rolls of 

input and output transformers, magnetic conductivity of input and output 

transformers, impedance of input transformers and investigated liquid resistance.  

 There is defined the dependence of size of the output signal for each such 

parameter.  

 The same chapter provides the results of the research of the dependence of 

sensitivity of liquid roll conductometer  on magnetic material.  

 There has been processed the block-scheme for determining maximal 

sensitivity of transformative measuring tools according to the voltage by using the 

computer which is presented in the same chapter. It enables us to process the 

program by any computer language.  
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cxrili1.1 37 gv.     gv. 32. polarizaciuli winaRobebi eleqtrode-
bis sxvadasxva masalisaTvis. 

cxrili 1.2 gv. 33. polarizaciuli impedansis damokidebu-
leba eleqtrodis zedapiris mdgomareobaze. 

cxrili 1.3 gv. 34. damokidebuleba polarizaciul winaRo-
basa da platinirebis xarisxs Soris. 

cxrili 3.1 gv.102. saSualokvadratuli cdomilebis mniSv-
nelovani gazomvis kompensaciuri sqemebisaT-
vis. 
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ნახაზების ნუსხა 

 

nax.1.1 26 gv. konduqtometruli ujredebi da maTi 
eqvivalenturi sqemebi.  

nax.1.2 27gv. konduqtometruli ujredebis saxeebi: a-CaZiruli, b- 
gamdinare-CaZiruli, g-gamdinare.  

nax.1.3 29 gv.  kontaqturi konduqtometruli ujredis sqemebi:  
a)oreleqtrodiani,b)sameleqtrodiani, 
g)oTxeleqtrodiani 

nax.1.4 30gv. kontaqturi konduqtometruli ujredebis 
Canacvlebis eqvivalenturi eleqtruli sqemebi.                                                  

nax.1.5 35gv.  кл-с-1 tipis konduqtometri.   
nax.1.6 36gv.  кл-с-1 tipis konduqtometris ujredebis kompleqti: 

a- AAtipis, b- BBtipis, g- C tipis, d-Dtipis. 

nax.1.7 38gv. konduqtometruli gadamwodis erT-erTi saxe. 
nax.1.8 39gv. tevaduri konduqtometruli ujredebis Canacvlebis 

eqvivalenturi el.sqemebi 
nax.1.9 45gv.  induqciuri gadamwodis erT-erTi saxe 
nax.1.10 46gv.  induqciuri konduqtometruli ujredebis 

Canacvlebis eqvivalenturi el.sqemebi 

nax.2.1 59 gv.  konduqtometris struqturuli sqema 
nax.2.2 60gv. kvazistatikuri konduqtometruli gazomvis 

principialuri sqema. 
nax.2.3 67 gv.  transformatoruli konduqtometrebis sqemebi 
nax.2.4 76gv.Zabvis aqtiuri mdgenelis kuTr eleqtrogamtarobaze 

damokidebulebis grafikebi erTi transformatoris 
SemTxvevaSi. 

nax.2.5 78gv. kuTr eleqtrogamtarobasTan damokidebulebis gra-
fiki 

nax.2.6 78gv. denis reaqtiuli mdgenelis kuTr eleqtrogamtaro-
basTan damokidebulebis grafiki sxvadasxva diapazonSi. 

nax.2.7 80gv. ortransformatoriani konduqtometrebisTvis a-
denis reaqtiuli mdgenelisa da b-Zabvis aqtiuri 
mdgenelis kuTr  eleqtrogamtarobaze damokidebulebis 
grafiki 0,1-100sim/m diapazonSi. 

nax.2.8 80gv. a- ortransformatoriani konduqtometrebisTvis 
Zabvis reaqtiuli mdgenelisa da b- mravalgragniliani 
konduqtometrebisTvis denis aqtiuri da reaqtiuli 
mdgenelebis kuTr  eleqtrogamtarobaze damoki-
debulebis grafiki 0,1-100sim/m diapazonSi. 

nax.2.9 83gv. mravalgragniliani konduqtometrebisTvis a-Zabvisa 
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da b-denis aqtiuri da reaqtiuli mdgenelebis kuTr  
eleqtrogamtarobaze damokidebulebis grafikebi 0,1-
100sim/m diapazonSi. 

nax.2.10 84gv.  a-saerTo kvanZis mqone induqciurad dakavSirebuli 
elementebi, b-maTi eqvivalenturi sqema. 

nax.2.11 86 gv. a) samgragniliani sazomi transformatoris sqema, 
b) nakadebis mimarTuleba. 

nax.3.1 90gv. erTtransformatoriani konduqtometrisTvis a-
Zabvis aqtiuri da b-Zabvis reaqtiuli mdgenelebis 
mgrZnobiarobis gazomvis diapazonze damokidebulebis 
grafiki 0,1-10sim/m diapazonSi. 

nax.3.2 91gv. erTtransformatoriani konduqtometrisTvis: a-
denis aqtiuri da b-denis reaqtiuli mdgenelebis 
mgrZnobiarobis gazomvis diapazonze damokidebulebis 
grafiki 0,1-10sim/m diapazonSi.                

nax.3.3 92gv. ortransformatoriani konduqtometrisTvis: a- 
denis aqtiuri da b- denis reaqtiuli mdgenelebis 
mgrZnobiarobis gazomvis diapazonze damokidebulebis 
grafiki 0,1-10sim/m diapazonSi.  

nax.3.4 93gv. ortransformatoriani konduqtometrisTvis: a- 
Zabvis aqtiuri da b- Zabvis reaqtiuli mdgenelebis 
mgrZnobiarobis gazomvis diapazonze damokidebulebis 
grafiki 0,1-100sim/m diapazonSi. 

nax.3.5 94gv. ortransformatoriani oTxgragniliani  
konduqtometrisTvis: a-denis aqtiuri da b- Zabvis 
aqtiuri da reaqtiuli mdgenelebis mgrZnobiarobis 
gazomvis diapazonze damokidebulebis grafiki 0,1-100sim/m 
diapazonSi. 

nax.3.6 95gv. ortransformatoriani samgragniliani konduqtomet-
risTvis: a-denisa da b-Zabvis aqtiuri da reaqtiuli 
mdgenelebis mgrZnobiarobis gazomvis diapazonze 
damokidebulebis grafiki 0,1-100sim/m diapazonSi. 

nax.3.7 99gv. konduqtometris saSualo kvadratuli cdomilebis 
damokidebulebis grafiki: a-ortransformatoriani 
konduqtometris kuTri el.gamtarobisa da denis 
reaqtiul mdgenelze, b-mravalgragniliani 
konduqtometris kuTri el.gamtarobisa Zabvis aqtiur da 
reaqtiul mdgenelebze.  
   

nax.3.8 105gv. transformatoruli konduqtometrebis optimaluri 
proeqtirebis algoriTmis blok-sqema.   

nax. 4.1 107gv. sqemis gamosavali signalis mkvebavi denis 
sixSireze damokidebulebis grafiki: 1-
erTtransformatoriani da 2-ortransformatoriani 
sqemebisTvis. 

nax.4.2 109gv. gamosavali Zabvis sixSireze damokidebulebis 
grafiki xviaTa sxvadasxva ricxvisaTvis: a-
erTtransformatoriani sqemisaTvis da b- 
ortransformatoriani sqemis pirvel transformatorze, 
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1-67 xvia, 2-40 xvia, 3-20 xvia. 
nax.4.3 110gv.  gamosavali Zabvis sixSireze damokidebulebis 

grafiki xviaTa sxvadasxva ricxvisaTvis: 
ortransformatoriani sqemis meore transformatorze, 1-
67 xvia, 2-40 xvia, 3-20 xvia. 

nax.4.4 110gv. a-gazomvis ortransformatoriani da b- 
erTtransformato-riani sqemis statikuri 
maxasiaTeblebi: 1- eqsperimentuli; 2- maTematikuri 
modeliT. 

nax.4.5 112gv. Txevadxviiani konduqtometris Canacvlebis sqema. 
nax.4.6 116gv.  e.m.Z. magnitur SeRwevadobaze damokidebulebis 

                     grafikebi. 
nax.4.7 
 

116gv. e.m.Z. magnitur SeRwevadobaze damokidebulebis 
                   grafikebi. 

nax.4.8 116gv. e.m.Z. magnitur SeRwevadobaze damokidebulebis 
                     grafikebi.                      

nax.4.9 121gv.  a-transformatoruli boga, b-wredSi moqmedi erTi 

  
eqv.e.m.Z.                    

nax.4.10 125gv. mgrZnobiarobis damokidebulebis sazomi bogirebis 
eleqtrul da geometriul parametrebze blok-sqema. 

nax.4.11 126gv. mgrZnobiarobis damokidebuleba: a-magnitogamtaris 
magnitur SeRwevadobaze, b-bogas mxrebis gragnilebis 
xviaTa ricxvze.   

nax.4.12 126gv. mgrZnobiarobis damokidebuleba: a-magnitogamtaris 
saSualo sigrZisa da ganivkveTis farTobis fardobaze, 
b-gragnilebis omur winaRobaze. 

nax.4.13 127 gv.  mgrZnobiarobis damokidebuleba sixSireze. 
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Sesavali 
 

samuSaos aqtualuroba. Tanamedrove warmoebis ganviTareba 

da daxvewa, teqnologiuri donis amaRleba, gamoSvebuli 

produqciis xarisxi pirdapir dakavSirebulia teqnologiuri 

procesis kontrolis daxvewasTan da teqnologiuri procesebis 

avtomaturi marTvis sistemebTan.  

avtomaturi marTvis sistemebis erTerTi funqciaa warmoebis 

procesis teqnologiuri parametrebis kontroli da gamoSvebuli 

produqciis sarisxis Sefaseba. ramdenad zustad, saimedod da 

swrafad xorcieldeba es kontroli damokidebulia 

teqnologiuri procesis gadamwodebsa da sazom saSualebebze. 

konduqtometria erT-erTi martivi, universaluri, 

daxvewili  da amave dros kvlevis zusti eleqtroqimiuri 

meTodia  nivTierebis iseTi informaciuli parametris kvlevisa 

da analizix saqmeSi, rogoricaa kuTri eleqtrogamtaroba. misi 

saSualebiT zomaven   binaruli xsnarebis koncentracias, 

sazRvraven Termodinamikur mudmivebs, aseve im  sidideebs, 

romlebic axasiaTeben xsnarebis  Semadgenlobas, difuziis  

koeficients, ionebis adsorbcias eleqtrod_eleqtrolitis 

sazRvarze, eleqtrolitebis ionur Semadgenlobas  da a.S. 

konduqtometrebi da konduqtometruli gadamwodebi 

laboratoriul da samecniero praqtikis gverdiT ufro da ufro 

farTo gamoyenebas pouloben kvebis, farmacevtul, qimiur, 

mikrobiologiur, energetikul, navTobgazisa da mrewvelobis 

sxva dargebSi. maTi gamoyeneba ZiriTadad dakavSirebulia 

xarisxis gansazRvrasa da kontrolTan. teqnologiuri 

procesebis kinetikisa da stabilizaciis kontrolisaTvis 

gamoiyeneba Txevadi teqnologiuri garemo.  

konduqtometruli meTodis farTod gavrceleba  SeiZleba 

aixsnas misi maRali sizustiT, gazomvis farTo diapazoniT, 

aparaturis simartiviT, teqnologiuri nakadis uwyveti 
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kontrolis SesaZleblobiTa da sxva analogiur teqnikasTan 

SedarebiT dabali RirebulebiT. 

konduqtometruli meTodis daxvewa pirdapir 

dakavSirebulia warmoebis, teqnikisa da teqnologiebis 

ganviTarebasTan. Cndeba sul ufro meti warmoebebi, sadac 

xsnarebisa da eleqtrolitebis kuTri eleqtrogamtarobis 

kontroli ara marto sasurveli, aramed aucilebelicaa. axali 

teqnologiebis gamoyeneba iZleva maRali mgrZnobiarobis 

elementebisa da ujredebis axali modelebis Seqmnis saSualebas. 

warmoebis ganviTareba xelsawyoTa damamuSaveblebis winaSe 

ayenebs mkacr moTxovnebs stabilurobis, mgrZnobiarobis, 

sizustis, saimedobisa da sxvaTa mimarT. 

xsnarebisa  da airis nairsaxeobis Senadnobebis fiziko-

qimiuri Tvisebebis  analizisaTvis universalur meTods 

warmoadgens ukontaqto konduqtometria, romelic xasiaTdeba 

simartiviTa da saimedobiT.  

ukontaqto konduqtometriis  erT-erT saxes warmoadgenen 

transformatoruli konduqtometrebi, romlebic  farTod 

gamoiyeneba navTobqimiur, qimiur, farmacevtul, kvebisa  da 

mrewvelobis dargebSi, rogorc  teqnologiuri  parametrebisa 

da  gamoSvebuli  produqciis xarisxis makontrolirebeli 

xelsawyoebi. 

mocemuli  xelsawyoebis  moTxovnilebebze metyvelebs is 

faqti, rom yvela msxvil xelsawyoTa mSeneblobis  

organizaciebs Tavis asortimentSi gaaCniaT transformatoruli  

konduqtometrebis  mTeli rigi, romelTa daxvewa_ganviTareba  

kvlavac grZeldeba. Ees ganisazRvreba imiT, rom msgavs 

xelsawyoebs ar  gaaCniaT kontaqti sakvlev  xsnarTan, amitomac 

isini  SeiZleba iyvnen damontaJebulni  sxvadasxva teqnologiur  

danadgarebSi da milgamtarebSi da SeuZliaT  gazomon rogorc 

neitraluri, aseve agresiuli garemo. 
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samuSaos mizani: eleqtruli wredebis Teoriis safuZvelze 

ormagi  transformatoruli sazomi bogiris   optimaluri 

parametrebis dadgenis mizniT maTematikuri  modelis damuSaveba 

da mis safuZvelze mgrZnobiarobis amaRlebis SesaZleblobis 

gamokvleva. 

ZiriTadi amocanebi: dasaxuli miznis Sesabamisad 

formulirebuli iqna Semdegi amocanebi: 

 

1. Catardes konduqtometruli analizis arsebuli  meTodebis 

  mimoxilva; 

2. gaanalizebuli iqnes   konduqtometrebis  gamoyeneba 

mrewvelobisa da warmoebis  sxvadasxva  dargebSi, aseve  

bunebrivi  garemos, nivTierebebis, nakeTobis  

kontrolisaTvis;  

3. ganxilul iqnes  SedarebiT metad  gavrcelebuli 

konduqtometruli  pirveladi  sazomi  gardamsaxebi; 

4. damuSavebul iqnas konduqtometris pirveladi sazomi 

gardamqmnelis maTematikuri modeli; 

5. damuSavebuli maTematikuri modelis safuZvelze 

ganisazRvros konduqtometruli ujredis maqsimaluri 

mgrZnobiarobis Sesabamisi optimaluri konstruqciuli da 

eleqtromagnituri parametrebi. 

kvlevis meTodebi. sadisertacio samuSaos Sesrulebisas 

gamoyenebuli iqna Teoriuli da empiriuli SemecnebiTi 

meTodebi. Teoriul doneze es meTodebia eleqtruli wredebisa 

da gazomvebis  Teoria. Eempiriul doneze gamoyenebuli iqna 

fizikuri da maTematikuri modelirebis meTodebi. 
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samecniero siaxle: 

1. eleqtruli wredebis Teoriis safuZvelze damuSavebuli 

iqna Txevadxviiani konduqtometruli sazomi gardamqmnelis 

maTematikuri modeli; 

2. damuSavebuli maTematikuri modelis safuZvelze dadgenili 

iqna Tanafardobani gamosasvlel signals (Zabvas), gasazom 

gamtarobasa da konduqtometris gadamwodis eleqtrul da 

magnitur parametrebs Soris;  

3. dadgenilia maRali mgrZnobiarobis konduqtometris 

damzadebisaTvis magnituri parametrebis SerCevis 

kriteriumebi; 

praqtikuli Rirebuleba: sadisertaco samuSaoSi miRebuli 

Sedegebi SeiZleba gamoyenebuli iqnes samecniero-kvleviTi 

samuSaoebis Sesrulebisa da produqciis xarisxis, 

eleqtrolitis xsnarebis koncentraciis gansazRvrisa da  

wyalsatevebis gaWuWyianebis kontrolisaTvis konduqtometruli 

sazomi gardamqmnelebis damuSavebis dros 

publikaciebi. sadisertacio samuSaoebis Sedegebi gamoqveynebuli 

iqna   oTx samecniero statiaSi: 

sadisertacio samuSaos ZiriTadi Sedegebi moxsenebuli iqna 

stu-s studentTa Ria 80-e (2012 w) saerTaSoriso samecniero 

konferenciaze 

disertaciis struqtura da moculoba. Ddisertacia Sedgeba 

Sesavalisa da 4 Tavisagan, romlebic gadmocemulia 134 gverdze. 

Seicavs 42 naxazs, 4 cxrils da 41 dasaxelebis literaturas. 
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literaturuli mimoxilva 
 

Tanamedrove  warmoebaSi produqciis xarisxi, uwyvetliv 

dakavSirebulia kontrolis meTodebis ganviTarebasa da 

daxvewasTan. erT-erT aseT meTods miekuTvneba kontrolis 

konduqtometruli meTodi, romelic amJamad aqtiurad viTardeba 

Dda gamoiyeneba qimiur, kvebis, farmacevtul, gazis, navTobisa da 

warmoebis sxvadasxva dargSi [1,2,3,4,5]. 

XXI saukunis dasawyisSi naTeli gaxda, rom 

eleqtroqimiuri analizi gamovida Tavisi klasikuri Sinaarsis 

farglebidan. Tuki adre eleqtroqimiuri analizis meTodologia 

umeteswilad viTardeboda araorganuli bunebis mqone obieqtebis 

safuZvelze. amJamad eleqtroqimiuri analizi mkveTrad ixreba 

ekologiis problemis gadawyvetis mxares, aseve farTod 

gamoiyeneba samedicino da biologiuri obieqtebis analizisaTvis, 

romelSic organuli nivTiereba sul ufro xSirad gvxvdeba. 

konduqtometriuli  meTodebi  iyofa or did jgufad: 

amplituduri, amplitudur-fazuri da sixSiruli [1,2,3,6,7,8] 

pirvel jgufSi,  amplituda an  amplituda da faza gadian 

signalis konduqtometrul  ujredSi da funqcionalurad arian 

dakavSirebulni eleqtrolitis eleqtrogamtarobasTan. meore 

jgufSi _ eleqtrogamtarebloba gansazRvravs  cvladi  denis 

sixSires.  

gadamwodis samzom wredTan kontaqtis galvanuri kontaqtis 

mixedviT konduqtometrebi iyofa kontaqtur da arakontaqtur 

konduqtmetrebad [4,9,10,11]. 

mkvebavi Zabvis tipis mixedviT konduqtometruli meTodebi 

iyofian mudmivi da cvladi denebis meTodebad, xolo es 

ukanasknelni ki iyofian: dabal da maRalsixSirul meTodebad, 

romelTa pirobiTi zRvari gadis 40-50 khc farglebSi.  
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Tavi I 

1.1  eleqtrogamtarobis gazomvis xerxebi 

 

konduqtometriuli  meTodebi  iyofa or did jgufad: 

amplituduri, amplitudur-fazuri da sixSiruli [1,2,3,6,7,8]. 

pirvel jgufSi,  amplituda an  amplituda da faza gadian 

signalis konduqtometrul  ujredSi da funqcionalurad arian 

dakavSirebulni eleqtrolitis eleqtrogamtarobasTan. meore 

jgufSi _ eleqtrogamtarebloba gansazRvravs  cvladi  denis 

sixSires.  

gadamwodis samzom wredTan kontaqtis galvanuri kontaqtis 

mixedviT konduqtometrebi iyofa kontaqtur da arakontaqtur 

konduqtmetrebad [4,9,10,11]. 

mkvebavi Zabvis tipis mixedviT konduqtometruli meTodebi 

iyofian mudmivi da cvladi denebis meTodebad, xolo es 

ukanasknelni ki iyofian: dabal da maRalsixSirul meTodebad, 

romelTa pirobiTi zRvari gadis 40-50 khc farglebSi. 

konduqtometriis ganviTareba dakavSirebulia kontaqtur 

meTodebTan. es meTodi xasiaTdeba sakvlevi xsnaris pirvelad 

sazom gardamqmnelTan pirdapiri galvanuri kontaqtis arsebobiT 

da maTi meSveobiT ki mzom wredTan. 

kontaqturi meTodebi xasiaTdebian mTeli rigi RirsebebiT, 

kerZod: 

- isini saSualebas iZlevian vawarmooT xsnarebis kuTri 

eleqtrogamtarobis zusti gamoTvlebi; 

- gaaCniaT gazomvebis farTo diapazoni; 

- isini kargad arian Seswavlili da aRwerilia mraval 

literaturul wyaroSi; 

- maTi aparatura sakmaod martivia.  

maTi ZiriTadi xarvezebia: 

- eleqtrod-eleqtrolitis fazaTaSoris sazRvarze 

polarizaciis movlenebis gamo gaaCniaT cdomilebebi; 
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- Txevadi garemos gazomvisas ucxo nawilakebis arsebobis 

gamo  xdeba eleqtrodebis swrafi daWuWyianeba;  

- maRali sizustis gazomvebisaTvis gankuTvnil 

konduqtometrebSi aucilebelia Zvirfasi metalebis 

gamoyeneba. 

amasTanave es meTodebi Tavisi sizustis, Teoriuli 

dasabuTebis,  aparaturis saimedoobis moxerxebulobis gamo 

gansakuTrebul adgils iWeren. kontaqturi da ukontaqto 

kontaqturi meTodebiT gazomvis Sedegebis utyuarobis 

SedarebiTi Sefasebisas, upiratesoba eniWeba pirvels, 

gansakuTrebiT ki, absoluturi gazomvebis dros. 

ukontaqto meTodebis gaCena dakavSirebulia gazomvis 

sizustis gazrdasTan, fazaTaSoris sazRvarze polarizaciuli 

cdomilebebis gamoricxvis xarjze. garda amisa, arsebobs 

ukontaqto  meTodebis mTeli rigi upiratesobebisa 

kontaqturebTan SedarebiT [6, 12,14,15]. saxeldobr: 

 - eleqtrodebidan Zvirfasi liTonebis gamoTavisufleba 

(oqro, platina, vercxli)  da im procedurebis gamoricxva, 

romlebic dakavSirebulia eleqtrodebis  zedapiris  Zvirfasi 

liTonebiT aucilebeli  dafarvisaTvis; 

- eleqtrodebis  dabinZurebasTan da eleqtrodebze mimdinare 

arasasurveli qimiur da eleqtroqimiur procesebTan  

dakavSirebuli  cdomilebebis  aRmofxvra; 

- Zlieri  eleqtrolitebis  koncentrirebuli  xsnarebis  

kontrolis  SesaZlebloba; 

- mcire moculobis mqone  xsnarebis  eleqtrogamtareb-

lobis gazomvis  SesaZlebloba; 

- qimiurad aqtiuri da toqsikuri nivTierebebis  

eleqtrogamtareblobis  gazomva;- 

- ampulebSi moTavsebuli nivTierebebis eleqtrogamtarobis 

gazomvis SesaZlebloba; 

- maRal  temperaturaze  Senadnobebis  eleqtrogamtareb-

lobis  gansazRvris  SesaZlebloba. 
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ukontaqto konduqtometrebis xarvezebia: 

- gaTbobisas, gazomvis  SedarebiT  didi  cdomileba (± 1%), 

romelic  dakavSirebulia  nimuSis  moculobis  

cvlilebis mimarT maRal  mgrZnobiarobasTan; 

- xelsawyos  rTuli  agebuleba  da  meqanikuri  vibraciebis  

mimarT  mgrZnobiaroba; 

- ukontaqto meTodis Teoria, gansakuTrebiT eleqtrod-

eleqtro-litis sazRvarze  naklebadaa  damuSavebuli, 

vidre  kontaqturi konduqtometriis Teoria, amitom zusti 

gazomvebisas upiratesoba eniWeba kontaqtur 

konduqtometrias. 

 

1.2  konduqtometruli  gadamwodebis  saxesxvaobebi 

konduqtometrebi Sedgeba ori ZiriTadi  nawilisagan: 

gadamwodisagan, romelic saWiroa kuTri eleqtrogamtareblobis 

gazomvisaTvis da pirveladi sazomi gardamqmnelis _ impedansis 

sazomi mowyobilobisagan. konduqtometruli xelsawyos erT-erTi 

ZiriTadi elementia ujredi. igi rTuli elementia, romelic 

axdens  mTeli  gazomvis  procesis  sizustis  amaRlebis 

SesaZleblobis limitirebas. Tanamedrove  eleqtrogamtareb-

lobis  gazomvis  praqtikaSi gamoiyeneba  konduqtometruli 

ujredis  Semdegi  tipebi:  

- kontaqturi  konduqtometruli  ujredebi; 

- ukontaqto  tevadobiTi  ujredebi; 

- ukontaqto  induqciuri  ujredebi; 

nax.1.1. warmodgenilia konduqtometruli ujredebi da maTi 

eqvivalenturi sqemebi. 
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a)                     b)                g) 

 
nax.1.1. konduqtometruli ujredebi da maTi eqvivalenturi sqemebi: 

a- kontaqturi ujredi; b- tevaduri ujredi; g- induqciuri ujredi; R –

eleqtrolitis winaRoba; C1- eleqtrod-eleqtrolitis fazaTaSoris 

sazRvarze ormagi eleqtruli fenis tevadoba; C2- xsnaris tevadoba; C3- 
xsnariT, ujredis kedliTa da gare eleqtrodiT Seqmnili 

kondensatoris tevadoba; Zf – faradeis impendansi, romelic 
dakavSirebuliaeleqtrod-eleqtrolitis sazRvarze mimdinare 

eleqtroqimiur reaqciasTan; L1 da L2 – Sesabamisad eleqtrolitisa da 
koWis induqciurobebia.  
 

arsebobs fizikur-qimiur gamokvlevebsa da teqnologiuri 

procesebis kontrolisaTvis gamoyenebuli  kontaqturi  da  

ukontaqto gadamwodebis pirveladi  sazomi  gardamqmnelebis  

konstruqciebis mravali saxesxvaoba. es  ganpirobebulia 

amocanebis  uzarmazari  speqtriT, romelTa  amoxsna  xdeba  

garemos  kuTri  eleqtruli  gamtarobis  daxmarebiT, sadac  

pirveladi  mzomi  gardamqmneli  warmoadgens informaciis  

wyaros  gasazomi  sididis  Sesaxeb  da  amasTan  cdomilebebis  

ZiriTad  wyaros. amitom konduqtometris  daproeqtebisas 

gansakuTrebuli  yuradReba  eTmoba  ujredis  damuSavebas. 

eleqtrodebsSorisi  sivrcis  Sevsebis  mixedviT  ganarCeven   

Semdegi saxis ujredebs: CaZiruli, gamdinare-CaZiruli, gamdinare, 

romelTa zogadi saxe warmodgenilia nax.1.2-ze.  
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b)  g)

  
a)                                                      

nax. 1.2. konduqtometruli ujredebis  saxeebi: a- CaZiruli; b-
gamdinare-CaZiruli; g- gamdinare. 

 
 

CaZiruli  tipis  ujredi  gamoiyeneba  laboratoriul 

pirobebSi  Casatarebeli  gazomvebisaTvis, danarCeni  ori ki, 

sawarmoo  amocanebis gadawyvetisas. 

 

 

1.3.   kontaqturi  konduqtometruli  gadamwodebi 
 

kontaqturi  gadamwodebi (ujredebi)  gamoirCevian  

gacilebiT meti  sizustiT, vidre ukontaqto. isini  gamoiyenebian  

maRali sizustis  gazomvebisaTvis, rogorc laboratoriebSi 

aseve  samrewvelo  praqtikaSi, Tumca TiTqmis yvela kontaqturi  

ujredebisaTvis saerTo  nakls  warmoadgens  faradeis  

procesebi, romlebsac adgili aqvs  eleqtrod-eleqtrolitis 

gamyof  sazRvarze  sakvlevi  siTxis aqtiuri  winaRobis  

gazomvisas. kontaqtur  konduqtometriaSi  cvladi  denis  

gamoyeneba  ar gvazRvevs  polarizaciis movlenisagan. cvladi  

denis  dros Cndeba damatebiTi  cdomilebebi, romlebic  

ujredis  tevadobiTi  Tvisebebis  gaCenasTanaa  dakavSirebuli. 

dasmul  amocanasTan  da  gazomvis  aucilebel  sizustesTan  
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dakavSirebiT  Tanamedrove  konduqtometruli  ujredebi  

mzaddeba  ori,  sami  an  oTxeleqtrodiani.   

pirvelad  damuSavebul iqna  oreleqtrodiani  ujredebi 

(nax. 1.3 a.). maTSi  eleqtrodebs  gaaCniaT  ormagi  datvirTva: 

emsaxurebian moqmedi  denis  gatarebas da  icileben Zabvis  

vardnas, romelic  warmoiqmneba  sakvlev  xsnarSi. am  movlenas  

mivyavarT  eleqtrodebze  polarizaciuli  movlenebis  sruli  

gamoricxvis   SeuZleblobamde  dabali  sixSireebisas  da  

Sesabamisad  gazomvis  sizustis  SemcirebasTan. 

nax.1.3 (b,g)  gamosaxulia  sam da oTxeleqtrodiani  

pirveladi   sazomi gardamqmneli, romlebic  imisaTvis  Seiqmnen,  

rom  Semcirebuliyo  cdomilebebis  wyaroebis  gavlena. isini  

dakavSirebulni  arian  eleqtroqimiur  procesebTan  eleqtrod-

eleqtrolitis  gamyof  sazRvarze.  maTi gamoyeneba  amcirebs  

polarizaciuli  impedansis,    da    mdgenelebis  gavlenas  

gazomvis  Sedegebze. 

oreleqtrodiani ujredisagan gansxvavebiT, oTxeleqtrodian 

ujredSi   eleqtrodebis  funqciebi  dayofilia.  oTxeleqtro-

dian  ujredebis  napirebze  ganlagebulia  ori  denuri  

eleqtrodi, romlebic emsaxurebian  cvladi  denis  miyvanas  

ujredamde, centraluri   eleqtrodebi ki, warmoadgenen  sazom 

eleqtrodebs. 

oTxeleqtrodiani  ujrediT  zusti  gazomvisaTvis  

aucilebelia  davicvaT  Semdegi  pirobebi:  

- stabiluri  unda  iyos  ujredSi  gamavali  deni; 

- denma  ar  unda  gamoiwvios  mniSvnelovani  siTburi  

efeqtebi; 

- eleqtrodebze  mierTebulma  sazomma  mowyobilobam  ar  

unda  gamoiyenos  deni, anu  gazomvebisas  eleqtrodebi  

ar  unda  polarizdebodes. 
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nax.1.3. kontaqturi konduqtometruli ujredis sqemebi: a- 

oreleqtrodiani; b- sameleqtrodiani; g- oTxeleqtrodiani. 
 
eleqtruli  procesebis  ganxilvisas, romlebic  

mimdinareoben  eleqtrolitur  ujredebSi, iyeneben  Canacvlebis  

ekvivalentur  eleqtrul  sqemas.  am   sqemis  mravalnairi  

variantia  SemoTavazebuli.  gavrcelebulia  nax.1.4.a sqemaze  

warmodgenili  Canacvlebis  ekvivalenturi  eleqtruli  sqema  

oreleqtrodiani  ujredisaTvis.  

igi  Seicavs  sazomi  nivTierebis  R –winaRobas, Cof_ 

eleqtrodebis  ormagi  eleqtruli  fenis  tevadobas, Cp− 

parazitul  tevadobebs, Rs- winaRobas, romelic  aris  varburgis 

impedansis (kompleqsuri winaRobis) aqtiuri mdgeneli, Cs _ 

tevadobas, romelic  warmoadgens varburgis impedansis  

reaqtiul  mdgenels, aseve  Cs_ mimyvani  sadenebis  tevadobas. 

varburgis impendansi (impedance-inglisurad, xolo, 

laTinurad impedio_vewinaaRmdegebi), es aris eleqtroqimiuri 

impendansi anu eleqtroqimiuri sistemis kompleqsuri 

winaaRmdegoba, romelsac es sistema uwevs masSi gamaval cvlad 

dens  da  romelic gamoisaxeba formuliT:  

 

Z= Rs+1/jωCs                                                 (1.1)  

sadac ω – mkvebavi Zabvis kuTxuri sixSirea, rad/wm; j –

warmosaxviTi koeficientia. 
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 nax.1.4.  kontaqturi konduqtometruli ujredebis Canacvlebis 
ekvivalenturi eleqtruli sqemebi. R–xsnariani gadamwodis omuri 
winaRoba; Сof–ormagi eleqtruli fenis tevadoba; Сp–parazituli 

tevadoba; Сmim–mimyvani sadenebis tevadoba; Rs,Сs–winaRoba da 
tevadoba,romlebic gansazRvraven,varburgis impedansis aqtiur da 

reaqtiul mdgenels; Rap–aqtivizaciuri polarizaciis winaRoba   
 

yvelaze xSirad sistemis eleqtroqimiur impendanss 

gamosaxaven mimdevrobiT SeerTebul Rs winaRobiTa da Cs 

tevadobiT (nax.1.4.a,b). aqtiuri winaRoba Rs gamosaxavs 

eleqtrolitis eleqtruli winaRobis gavlenas, anu eleqtrod—

eleqtrolitis sazRvarze muxtebis gadatanis Senelebas. 

tevaduri winaRoba 1/jωCs, gamosaxavs ormagi eleqtruli fenis 

tevadobas. 
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varburgis impendansSi Semavali aqtiuri winaRoba da 

reaqtiuli tevadoba gamoisaxebian formulebiT: 

 

Rs=Q+
 

  
    (1.2)  

Cs=
 

   
    (1.3)    

                                                                                      

sadac Rs Q— muxtis  gadatanis  aqtiuri  winaRoba,   —

varburgis  impedansis koeficienti. nax.1.4.a-ze mocemuli 

Canacvlebis ekvivalenturi sqemis sruli  winaRoba  ki  toli  

iqneba:   

Z=R+
 

 ω    
    (1.4)  

sqema SeiZleba mniSvnelovnad gamartivdes Tu  Cof  tevadoba  

sakmarisad   didia,  xolo  sazomi  wredis  kvebis  Zabvis  

sixSire  isea  SerCeuli  rom,  ormagi  eleqtruli  fenis  

tevadobis  winaRobasa  (Rof)  da  (Zs)  varburgis  impedanss  

Soris  myardeba  Semdegi  damokidebuleba: Rof«    ,  maSin  

Canacvlebis  ekvivalenturi  eleqtruli  sqema  miiRebs nax.1.4.g-

ze mocemul saxes. 

pirveladi  sazomi  gardamsaxebis  kvebis  Zabvis  

sixSireze  ganxorcielebuli  cvlilebebisas,  romelTa  

drosac  samarTliania  Rof « R   damokidebuleba, Canacvlebis  

ekvivalentur  sqemas  eqneba  nax1.4d  gamosaxuli  martivi  saxe. 

sameleqtrodiani  kontaqturi  pirveladi  sazomi  

gardamqmnelis Canacvlebis  eqvivalenturi  eleqtruli sqema, 

romelSic ar  aris  gaTvaliswinebuli  pirveladi  sazomi  

gardamqmnelis  eleqtrodebs  Soris  geometriuli  tevadobis  

arseboba,  gamosaxulia nax.1.4-e, 1, 2, 3 _ am  pirveladi  sazomi  

gardamqmnelis eleqtrodebia. sakvlevi  xsnaris   moculobebis  

winaRobebi R1  da R2  ar  aris  erTmaneTis  toli.  

 oTxeleqtrodiani  kontaqturi  pirveladi  sazomi  

gardamqmnelis Canacvlebis  ekvivalenturi  eleqtruli sqema  
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warmodgenilia  nax.1.4-v. sakvlevi  xsnaris  gasazomi  moculobis  

winaRoba, 1 da 4  denur  eleqtrodebs  Soris, Sedgeba  sami  

mimdevrobiT  SeerTebuli  winaRobebisagan  R1, R2, da R3.  

sakvlevi  xsnaris  ubanze  Zabvis  vardna,   romelsac gaaCnia R2 

winaRoba, ixsneba2 da 3 potencialuri  eleqtrodebiT. 

   rogorc  ukve vaxseneT,  kontaqtur  konduqtometriaSi  

pirveladi  sazomi  gardamqmneli warmoadgens  cdomilebebis  

ZiriTad  wyaros, amitom  konduqtometruli ujredebis 

proeqtirebisas, aucilebelia  gaviTvaliswinoT  mTeli  rigi  

parametrebisa, romlebic  gavlenas axdenen  polarizaciuli  

winaRobis  sidideze. am  ujredebis  Sesaqmnelad  gamoiyeneba  

mTeli  rigi  nivTierebebisa, romlebic  gavlenas  

axdenen           sidideze (   —polarizaciuli winaRoba). 

polarizaciuli winaRobebis mniSnelobebi eleqtrodebis 

sxvadasxva masalisaTvis warmodgenilia cxrili 1.1-Si. 

 

cxrili  1.1 polarizaciuli winaRobebi eleqtrodebis sxvadasxva 
masalisaTvis  

 

 

 

 

 

jgufis #        liToni an Senadnobi                ΔRs, omi 
1 Zn, Cd,Hg,Pb, Bi, In, Ag, Au, Ir, Os Zalian didia da 

eleqtrodad ar 
gamoiyeneba 

2 Sn, Mo, Co, W, Cr aseve 

3 IX18H9T markis uJangavi foladi 

 Fe, Ge, Cu, Ni, Al, TiTberi 

2,10 
0,15 

4 gluvi Pt, Pd, Rh, Os-sevadi, Ir-sevadi             0,9 

 Ta, Ru, Nb, Th, V, La,Ce, Zr 

 
 

0,28 zedapiri ifareba 
Jangeulis feniT 0,13 

6 Pt-sevadi; Pd -sevadi praqtikulad 0 
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yvela  gamokvleuli  liTonebi  da Senadnobebi      sididis  

mixedviT  SeiZleba   davyoT  6 jgufad. 

pirveli da meore jgufis metalebi  qmnian  Zalze  did  

polarizaciul winaaRmdegobas da eleqtrodebis saxiT  

konduqtometriaSi  ar  gamoiyenebian. metalebi, romlebic  mie-

kuTvnebian  mesame, meoTxe da mexuTe jgufebs, qmnian SedarebiT  

mcire  polarizaciul  winaRobas  da  SeiZleba  gamoyenebul  

iqnen konduqtometriaSi,  rogorc  eleqtrodis dasamzadebeli 

masala. meeqvse  jgufis  metalebs  polarizaciuli  winaRobis  

sidide  TiTqmis  nulis  toli  aqvT, amitom  isini  gacilebiT  

xSirad  gamoiyenebian  eleqtrodebis  saxiT. 

eleqtrodis  zedapiris  mdgomareoba  mniSvnelovnad  

axdens  gavlenas  impedansis  sidideze. polarizaciuli 

impendansis damokidebuleba eleqtrodis zedapiris 

mdgomareobaze mocemulia cxrili 1.2-Si. 

 
 
 

cxrili  1.2. polarizaciuli impendansis damokidebuleba eleqtrodis 
zedapiris mdgomareobaze. 

 
eleqtrodis 

masala 
zedapiris mdgomareoba Zs fardobiTi 

sidide 
 

platina 
platinirebuli 

msubuqad platinirebuli 
gluvi 

1 
11,3 
990 

 
TiTberi 

platinirebuli 
amoWmuli da 

grafinirebuli 
amoWmuli 

polirebuli 

6,4 
25,8 
54 
54 

 

cxrili 1.2-dan   gamomdinareobs,  rom eleqtrodebisaTvis, 

romlebic  damzadebulni  arian  sxvadasxva  nivTierebebisgan, 

namdvili  zedapiris  ganviTareba  amcirebs  polarizaciul  

movlenebs, radgan  mcirdeba   denis  simkvrive  da  

polarizaciuli  efeqti. 

cxrili1.3_Si mocemulia damokidebuleba polarizaciul 

winaRobasa da platinirebis xarisxs Soris. 
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rogorc cxrili 1.3-is monacemebidan  Cans,  cdomileba, ro-

melsac qmnis  polarizaciuli  winaRoba, eleqtrogamtareblobis  

gazomvebisas  SeiZleba  mniSvnelovnad  SevamciroT, Tu 

gamoviyenebT  platinis  eleqtrodebs. umniSvnelo platinireba, 

romelic  vizualurad  ganisazRvreba  rogorc  platinis  

zedapiris mcire  daburva, amcirebs  polarizaciuli  

cdomilebebis  sidides  60-70-jer. Semdgomi  gazrda  

platinirebisa, ukve  iwvevs bambismagvar  danaleqs, romelic  

cudad  kavdeba  eleqtrodis  zedapirze. 

 
cxrili 1.3. damokidebuleba polarizaciul winaRobasa da 

platinirebis xarisxs Soris 
 
 

sixSire, 
hc 

platinirebis xarisxi, k/sm2 
0 0,42 0,84 1,7 6,0 12,6 63 

cdomilebis sidide ΔRs, omi 
1000 4,285 0,064 0,028 0,016 0,005 0,005 0,007 
2010 3,012 0,046 0,020 0,011 0,004 0,004 0,005 
3070 2,425 0,039 0,017 0,009 0,003 0,003 0,004 

 

A arsebobs  zedapiris  platinirebis  uaryofiTi  mxareebi: 

garda  imisa, rom eleqtrogamtarobis  gazomvisas, sakmaod  

sufTa xsnarebSic ki, RreCoebi  ivseba WuWyiT, romelTa  

garecxvac  rTulia  da  amaxinjebs  gazomvis  Sedegebs. aseve  

ar  SeiZleba platinireba  iq, sadac  arsebobs  safrTxe  imisa  

rom, platinis minanqari  moaxdens xsnarSi  arasasurveli 

reaqciebis  katalizirebas. amitomac, platinirebis  xsnaris  

SerCevisas  aucilebelia  vicodeT is  xsnarebi  da  

nivTierebebi, romelTanac  imuSavebs  mowyobiloba. 

mimyvani  gamtarebis  tevadobis gavlenis  Semcirebis  

mizniT, zrdian  gamomyvan  eleqtrodebs  Soris  manZils, anda  

iyeneben  gamomyvanebis  da  sakvlevi  xsnaris  sazomi  

moculobis  ekvipotencialur  dacvas [16]. 
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1.3.1. kontaqturi  gadamwodebis  Taviseburebebi 
 

kontaqturi  konduqtometria  ikavebs  gazomvaTa  sakmaod  

farTo  diapazons      - 150 sim/m, Tumca erT  ujreds  ar 

SeuZlia  daikavos  gazomvebis  mTeli  diapazoni  mudmivi  

cdomilebis  SenarCunebiT, amitomac  amzadeben  erT ujreds, 

gansazRvruli  diapazonis  kuTri  eleqtrogamtareblobisaTvis, 

an, amzadeben  pirvelad  sazom  gardamqmnelebs, romlebic  

Seicaven  or ujreds, susti  da kargad gamtari  xsnarebis  

kuTri  eleqtrogamtareblobis  gazomvisaTvis. nax.1.5-ze 

gamosaxulia КЛ—С—1 tipis konduqtometri.  

 
Nnax. 1.5. КЛ—С—1 tipis konduqtometri. 

 

nax.1.6-ze warmodgenilia КЛ—С—1 tipis konduqtometris 

gadamwodebis (ujredebis)  kompleqti Sesabamisi ekvivalenturi 

sqemiT. ujredis konstruqcia da masala, romlidanac isini arian 

damzadebuli absoluturad mdgradi arian agresiuli Txevadi 

garemos mimarT, rac iZleva saSualebas gamokvleuli iqnes 

praqtikulad nebismieri xsnari. 

 nax.1.6.a,b-ze – warmodgenilia Casasxmeli tipis 

konduqtometruli ujredebi. nax.1.6.a-ze warmodgenili AA tipis 

ujredis gazomvis diapazonia 10-6-10-1 sim/sm; nax.1.6.b-ze 

warmodgenili BB tipis ujredis gazomvis diapazonia 10-2-100 

sim/sm; nax.1.6.g,d-ze warmodgenilia gamdinare tipis 

konduqtometruli ujredebi. nax.1.6.g-ze warmodgenili C tipis 

ujredis gazomvis diapazonia 10-6-10-1 sim/sm, xolo  nax.1.6d-ze 
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warmodgenili DD tipis ujredis gazomvis diapazonia 10-2-100 

sim/sm. 

a)                    

 g)                                                                                             
A               b)                                                                                             

                                                                                            

 
         d) 
 

nax.1.6 .КЛ—С—1 tipis konduqtometris ujredebis kompleqti: a- 

Atipis; b- BB tipis; g- C tipis; d- Dtipis. 
 

mcire  kuTri  eleqtruli  gamtareblobis  gazomvisaTvis 

gamoyenebul  ujredebs  gaaCniaT  eleqtrodebs Soris  mcire  

manZili da eleqtrodebis didi  zedapiri, amitom yvelaze  

gavrcelebul  eleqtrodebs firfitebis, rgolebis  da 

spiralebis  saxiT amzadeben. ujredebs, kargad  gamtari  

xsnarebis elqtrogamtareblobis  gasazomad, amzadeben gawelils 

da  kontaqtis  gacilebiT  mcire  zedapiriT. aseTi  ujredebis 

eleqtrodebs  gaaCniaT tabletebis  an  rgolebis forma.  

kontaqtur  eleqtrometriaSi  sasurvelia yoveli  gazomvis  

Semdeg,  eleqtrodebi saguldagulod  gairecxos, amitom  

ujredis  konstruqcia  unda  iyos  kargad  “amorecxvadi”. 
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1.3.2 kontaqturi  gadamwodebis  gamoyenebis areebi 

 

kontaqturma konduqtometriam sizustis wyalobiT miiRo 

farTo gamoyeneba wylis, aseve  xsnarebis  Semadgenlobis  

kontrolisaTvis, mrewvelobasa da samecniero kvlevebSi. 

absoluturad sufTa wyals, 25С temperaturaze da  atmosferuli 

wnevisas, unda hqondes kuTri  eleqtruli  gamtaroba  

daaxloebiT      sim/m. mTel rig samrewvelo dargebsa da 

warmoebebSi  arsebobs moTxovna wylis sisufTaveze. wyali 

gamoiyeneba TboeleqtrosadgurebSi, gadis ra ionis gardamqnel  

punqtebs da gaaCnia  kuTri  eleqtrogamtaroba 2     sim/m  

sazRvrebSi. yvelaze  sufTa wyali  warmoebebSi  gamoiyeneba 

reaqtorebis gaciebisaTvis atomur  eleqtrosadgurebSi, kuTri 

eleqtrogamtarobiT        sim/m,  25°С temperaturaze. iaponiaSi 

naxevargamtarebis  warmoebisas, gamoiyeneba wyali   

  —       sim/m kuTri eleqtrogamtarobiT 25°С,  kondensatorebis  

warmoebisas ki —      sim/m  amave  temperaturaze. 

Kkineskopebis  damamzadebel  qarxnebSi, eleqtronul-sxivuri  

milakiT, gamoiyeneba wyali           sim/m, 25°С  temperaturaze. 

kontaqturi  konduqtometruli  ujredebi  aqtiurad gamoiyeneba 

ekologiuri  monitoringisaTvis da sayofacxovrebo da 

samrewvelo gamdinare wylebis marilSemcvelobis  

kontrolisaTvis, sadac kuTri eleqtrogamtaroba  icvleba  

sazRvrebSi —     10 sim/m. 
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1.4. tevaduri  konduqtometruli  gadamwodebi 

 

tevaduri  ujredi  warmoadgens  dieleqtrikuli  

nivTierebis  WurWels, romelsac gaaCnia ori  gare  liTonis  

eleqtrodi. Eeleqtrodebis  forma SeiZleba iyos marTkuTxa, 

mrgvali an rgoluri. WurWeli  savsea sakvlevi  nivTierebiT. 

tevaduri konduqtometruli gadamwodis erTerT saxe mocemulia 

nax.1.7-ze. 

 

nax.1.7. konduqtometruli gadamwodis erT-erTi saxe 
 
 
 
 

tevaduri konduqtometruli gadamwodis eleqtrodebi 

SeerTebulia cvladi Zabvis wyarosTan. gadamwodi  warmoadgens 

kondensators, romlis  tevadoba ganisazRvreba  kuTri 

eleqtruli gamtareblobiT  da  sakvlevi nivTierebis  

dieleqtrikuli  SeRwevadobiT, aseve Semonafenebis 

urTierTganlagebiT da geometriuli zomebiT. Aamrigad, 

tevadobis mixedviT SeiZleba ganvsazRvroT kontrolirebadi 

sididis mniSvneloba, Tu gamovavlenT eqsperimentuli an  

gamoTvliTi gziT, am sididesa da kondensatoris parametrebs 

Soris urTierTkavSirs. 

ganvixiloT tevadobiTi ujredi ufro dawvrilebiT. is 

warmoadgens sam kondensators. Ppirveli ori dkt  

(dieleqtrikuli kedlis tevadoba), warmoqmnilia liTonis 

eleqtrodebiT da asruleben kondensatoris Semonafenebis rols. 

Sida Semonafeni  Seqmnilia eleqtrolitiT, xolo WurWlis 

kedlebi Semonafenebs Soris asruleben dieleqtrikis rols. 

mesame kondensatori warmoqmnilia mxolod Siga SemonafenebiT, 
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romelTa dieleqtriks warmoadgens sakvlevi nivTiereba, igi 

Suntirebulia   winaRobiT, romelic SeiZleba CavTvaloT Csaz 

kondensatoris gaJonvis winaRobad. 

 

 
nax.1.8. tevaduri konduqtometruli ujredebis Canacvlebis 

ekvivalenturi eleqtruli sqemebi: R–xsnariani gadamwodis omuri 
winaRoba; Сmz–mzomi tevadoba; Сdkt–ujredis dieleqtrikuli kedlis 

tevadoba; Сof-ormagi eleqtruli fenis tevadoba; Rof- ormagi 
eleqtruli fenis winaRoba; Сpar-parazituli tevadoba; Сekv-

ekvivalenturi tevadoba; Ga,Ra-namdvili gamtarebloba da winaRoba. 
  

tevadobiTi gadamwodebis Sesaxeb mravali naSromi dawerila, 

magram analizis Sedegad amorCeul iqnen SedarebiT 

gavrcelebuli Canacvlebis ekvivalenturi sqemebi, romlebic 

warmodgenilni arian nax.1.8-ze. amaTgan ufro gavrcelebulia 

nax.1.8.g-ze mocemuli Canacvlebis sqema, romelSic ori tevadoba  

dkt, erTis saxiTaa warmodgenili, magram zomiT orjer mcirea.  

dkt kondensatoris gaJonvis winaRoba, rogorc wesi sakmaod 

maRalia da ar aris damokidebuli sakvlevi xsnaris Tvisebebze, 

amitom mas Cveulebriv ugulvebelyofen.  
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   Cdkt gansazRvra SeiZleba nivTierebis dieleqtrikuli 

SeRwevadobis mixedviT, romliTac damzadebulia ujredi, aseve 

misi kedlebis sisqisa da gare eleqtrodebis zomebis mixedviT: 

 Cdkt   
  

 
                    (1.5)      

sadac,   — nivTierebis dieleqtrikuli mudmivaa,  —ujredis 

kedlebis sisqe, dkt—gadamwodis dieleqtrikuli kedlis 

tevadoba, s—eleqtrodebis farTobi. 

                                                 Cდკტ   
 გას

 
            (1.6)  

sadac,   — vakuumis dieleqtrikuli mudmivaa,  — Semonafenebs 

Soris manZili,  gas —sakvlevi nivTierebis dieleqtrikuli 

mudmivaa.  

Mmocemuli ujredisaTvis sruli winaRoba, mudmivi Zabvis 

kvebis dros, miiRebs Semdeg saxes: 

 

         Z=
         გასაზ  

 გასაზ 

 დკტ
      

  დკტ
 

       გასაზ 
                          (1.7)   

tevadobiTi gadamwodis Canacvlebis ekvivalenturi eleqtruli 

sqemis gamartivebuli modeli SeiZleba warmovidginoT 

tevadobebis mimdevrobis SeerTebis  saxiT (nax.1.8d). Сekv—

ekvivalentur tevadobasa da Raq—aqtiur winaRobas  Soris, roca 

gadamwodi mudmivi deniT ikvebeba da paraleluri SeerTebis 

saxiT (nax.1.8e)—aqtiur Ga gamtarobasa da ekvivalentur 

tevadobas Soris, roca gadamwodi mudmivi ZabviT ikvebeba [2,14,15] 

tevadobiT  gadamwodebs gaaCniaT mTeli rigi Rirsebani; maT 

Soris aRsaniSnavia: 

- maRali mgrZnobiaroba uzrunvelyofilia gadamwodis 

parametrebis SerCeviT, romlebic saSualebas iZlevian 

miviRoT tevadobis mniSvnelovani cvlilebebi, 

kontrolirebadi sididis mocemuli cvlilebisas; 



41 

- mcire masa da mcire gabaritebi miiRweva ganxilvadi 

gadamwodebis konstruqciis simartiviT; 

- mcire inertuloba, swrafad cvalebadi procesebis 

mniSvnelovani Rirseba miiRweva tevadobiTi gadamwodebis 

maRali sixSiris denis kvebiT; 

- kondensatoris Semonafenebs Soris eleqtruli 

urTierTqmedebis mcire Zala, saSualebas gvaZlevs 

gamoviyenoT tevadobiTi gadamwodebi mcire simZlavris 

meqanizmebis detalebis gadanacvlebis kontrolisaTvis. 

es rac Seexeba Rirsebebs amgvari tipis gadamwodebisa. 

Tumca, garda Rirsebebisa maT gaaCniaT naklovanebebic: 

- tevadobiTi gadamwodebis maxasiaTeblebis aramudmivoba, 

maTi muSaobis pirobebis mniSvnelovani cvlilebebisas 

(temperatura, garemos tenianoba, wneva da sxv.); 

- SedarebiT rTuli sazomi sqemebis gamoyenebis 

aucilebloba; 

- gadamwodis zogierTi detalis damzadeba moiTxovs 

specialuri Senadnobebisa da nivTierebis maRal sizustes, 

rac qmnis damatebiT sirTuleebs samewarmeo procesSi. 

 

1.4.1.. tevadobiTi  gadamwodebis Taviseburebani 
 

С ujredis konstruqciisas, mTavar yuradRebas uTmoben 

Сgasaz. tevadobas, radganac pirveladi sazomi gardamqmnelis 

mgrZnobiaroba proporciulia am tevadobis sididisa. Сgasazomi 

tevadobis gazrda SeiZleba eleqtrodebis farTobis xarjze, 

aseve WurWlis Semadgeneli nivTierebis dieleqtrikuli 

SeRwevadobis gazrdis da WurWlis kedlebis sisqis Semcirebis 

xarjze. WurWlis nivTierebad Cveulebriv miRebulia mina, 

romlis dieleqtrikuli SeRwevadoba 5-7 –mdea. Ggazomvis 

mgrZnobiarobis gazrda aseve  SesaZlebelia  keramikuli 

WurWlis gamoyenebiT, romlis   dieleqtrikuli SeRwevadoba 
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aRwevs 100. Tumca, keramikis gamoyeneba dakavSirebulia sasurveli 

formis WurWlis damzadebis siZnelesTan. 

eleqtrodebisaTvis SeiZleba gamoyenebul iqnes nebismieri 

liToni: spilenZi, TiTberi, alumini an vercxli. nivTierebis 

sisqes mniSvneloba ara aqvs. Tuki gazomvis procesSi ar 

moiTxoveba eleqtrodebis gadaadgileba, maSin SeiZleba 

gamoviyenoT folgisagan damzadebuli eleqtrodebi, romelTa 

damagreba webos meSveobiT xdeba.Kkeramikul WurWelze 

eleqtrodebi  (mag. vercxlis), Cveulebriv eleqtroliturad 

moiriyeba Txeli fenis saxiT. gazomvis stabiluri Sedegebis 

misaRwevad, eleqtrodebma mWidrod unda moicvan WurWeli, raTa 

ar darCes haeris naprali momijnave zedapirebs Soris. 

Ggadamwodebis kveba, romelTac gaaCniaT mcire tevadoba, 

xorcieldeba maRali sixSiris Zabvis wyaroebidan.Ees 

gamowveulia imiT, rom mxolod maRali sixSiris denebis 

gadamwodebis kvebisaTvis gamoyenebisas, realizdeba maTi maRali 

mgrZnobiaroba da uzrunvelyofilia maTTan dakavSirebuli 

sazomi sqemebis stabiluri muSaoba. 

tevadobiTi gadamwodebis dabali sixSiris denebiT kvebisas, 

maTi Sida winaRoba sakmaod maRali xdeba, amitomac sakmarisi 

mgrZnobiarobis uzrunvelyofisaTvis da gazomvebis stabiluro-

bisTvis, gadamwodis elementebis izolaciis da mzomi sqemebis 

Sesavali wredebis winaRoba unda iyos sakmarisad didi. 

izolaciis aseTi winaRobis uzrunvelyofa specialuri 

RonisZiebebis gareSe sakmaod rTulia, imdenad ramdenadac, am 

winaRobis sidideze gavlenas axdens izolaciis winaRobis 

cvlileba, garemo pirobebis temperaturisa da tenianobis 

cvlilebisas, qseluri wredebis naTurebis winaRobaTa 

aramudmivoba da sxv.  

tevadobiTi gadamwodebis mkvebavi denis sixSiris gazrda, 

zogierT SemTxvevebSi imitom aris miRebuli, rom swrafad 

mimdinare procesebis gazomvisaTvis aucilebelia 
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ganvaxorcieloT matarebeli sixSiris modulacia, e.i. sixSirisa, 

romelic kvebavs denis gadamwods. 

tevadobiTi gadamwodebis kvebis Zabvis sididis SerCevisas, 

aucilebelia gaviTvaliswinoT sahaero Sualedis an 

dieleqtrikis gataroba, romelic imyofeba mis eleqtrodebs 

Soris. sahaero SualedisTvis, rogorc eqsperimenti gviCvenebs, ar 

egebis gamoviyenoT eleqtruli daZabuloba 103v/mm-ze meti. 

Semonafenebs Soris dieleqtrikis arsebobisas, mag. qarsisa, es 

daZabuloba SeiZleba gavzardoT ramdenjerme. 

gadamwodis eleqtrodebs Soris dieleqtrikis Semonafeni 

ara marto amcirebs gatarebis SesaZleblobas, aramed zrdis 

kidevac gadamwodis tevadobis fardobiT cvlilebas Wrilis 

erTsa da imave cvlilebisas mis eleqtrodebs Soris an, am 

eleqtrodebis moqmedi farTobis cvlilebisas. 

tevadobiTi gadamwodebis maxasiaTeblebi garemo pirobebis 

mciredi cvlilebisas, sakmaod stabilurni arian. Tumca, Tuki es 

pirobebi mniSvnelovnad icvlebian, maTi maxasiaTeblebis 

stabiluroba arsebiTad ecema garemo temperaturis cvlilebisas, 

20-30°С SualedSi, gadamwodebis tevadobiTi maxasiaTeblebi bevr 

SemTxvevebSi SeiZleba CavTvaloT ucvlelad. temperaturis did 

sazRvrebSi cvlilebisas ar SeiZleba ar CavTvaloT maTi 

gavlena, imdenad ramdenadac, gadamwodis eleqtrodebs Soris 

Wrilis cvlilebam, aseve misi dieleqtrikebis, an nivTierebis 

kontrolirebadi nakeTobis dieleqtrikuli SeRwevadobis 

cvlilebam SeiZleba arsobrivad daamaxinjos gazomvis Sedegebi. 

cdomilebebis gamoricxvisaTvis, romlebic dakavSirebulni 

arian garemo pirobebis temperaturis cvlilebasTan, gadamwodis 

detalebs amzadeben invarisagan (Senadnobi, xazobrivi 

gafarToebis mcire koeficientiT), an iyeneben sxvadasxva 

metalebis detalebs iseTi SerCeva-SexamebiT, rom Semonafenebs 

Soris ubanze, nulis toli iyos gafarToebis saerTo 

ekvivalenturi temperaturuli koeficienti. Ees koeficienti 

SeiZleba gamoTvlil iqnas gadamwodis detalebis zomebis 
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mixedviT da maTi Semadgeneli nivTierebebis xazobrivi 

gafarToebis koeficientiT. 

gazomvebis maRali sizustis uzrunvelyofisaTvis, 

tevadobiTi gadamwodebis daxmarebiT, aucilebelia gamovricxoT 

SesaZlebloba eleqtrodebs Soris tenis, zeTis da sxva 

nivTierebebis moxvedrisa. Aaseve aucilebelia, rom nakeTobis 

zedapirze, romelTa dieleqtrikul parametrebs akontroleben 

tevadobiTi gadamwodebis saSualebiT, ar iyos gazomvis 

Sedegebis damamaxinjebeli gamtarebi an dieleqtrikebi. 

Bbevr SemTxvevebSi, tevadobiT gadamwodebs amzadeben 

hermetulad mowyobils, rac gamoricxavs Semonafenebs Soris 

raime nivTierebis moxvedras, romelic gavlenas axdens gazomvis 

Sedegebze. 

 

 

1.4.2. tevadobiTi  gadamwodebis gamoyenebis dargebi 
 

Tavisi Rirsebebis wyalobiT, tevadobiTma gadamwodebma 

sazomi teqnikis mraval dargSi hpova gamoyeneba. gamovyoT maTgan 

mTavari; xSirad ganxiluli gadamwodebi gamoiyeneba sxvadasxva 

araeleqtruli sidideebis kontrolisaTvis. SeiZleba gamovyoT 

maTi gamoyenebis ori ZiriTadi meTodi: 

1.farTobis cvlileba, an Semonafenebis Wrilis muSa 

farTobis  cvlileba, romelic xorcieldeba kontrolirebadi 

araeleqtruli sididis gardaqmniT tevadobad. Aam meTods 

iyeneben: 

- milgamtarSi wnevis gasazomad; 

- vibraciis gansazRvrisaTvis; 

- lilvebis diametris kontrolisaTvis misi gaxexvisas; 

- lilvakebis Zalis gazomvisas gaglinul metalze; 

      - zeTovani apkis sisqis gazomvisas sakisarebze da sxv. 

2.dieleqtrikis dieleqtrikuli SeRwevadobis cvlileba. 

Mmas iyeneben: 

     - dieleqtrikuli lentis sisqis gazomvisas; 
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     - avzSi siTxis donis gazomvisas; 

     - fantvadi nivTierebebis tenianobis gansazRvrisas; 

     - maRalsixSiruli titrirebsas; 

     - qaRaldis tenianobis gansazRvrisas.                                                                   

 

1.5. induqciuri  konduqtometruli  gadamwodebi 

 

induqciuri ujredi warmoadgens induqciurobis koWas, 

daxveuls WurWelze, romelic dieleqtrikuli nivTierebisaa. 

Tuki koWas axlos, romelic ikvebeba cvladi ZabviT, imyofeba 

gamtari sxeuli, maSin cvladi magnituri velis zemoqmedebiT, 

sakvlev garemoSi aRiZvrebian grigaluri denebi, romlebic 

cvlian gragnilis eleqtrul parametrebs. eleqtruli 

parametrebis cvlileba damokidebulia xsnaris 

eleqtrogamtareblobaze, denis sidideebi da sixSireebi koWaSi 

— geometriul zomebze da gamtari sxeulisa da gragnilis 

mdebareobis Tanafardobaze [2,3,5,17]. nax. 1.9-ze warmodgenilia 

induqciuri gadamwodis erT-erTi saxe. 

 

nax.1.9. induqciuri gadamwodis erT-erTi saxe. 

 

grigaluri  denebis veli cvlis koWas aqtiur da reaqtiul 

winaRobas. Aaqtiuri winaRobis cvlileba ganpirobebulia 

danakargebis zrdiT, im energiis danakargis xarjze, romelic 

grigaluri denebis SenarCunebisTvisaa, xolo reaqtiuli 

winaRobis cvlileba dakavSirebulia imasTan, rom grigaluri 

denebis magnituri veli mimarTulia koWas velis sawinaaRmdegod. 

es cvlilebebi vakuumTan mimarTebaSi saxeldebulia Setanil 

aqtiur da reaqtiul winaRobebad. isini damokidebulni arian 

sakvlevi xsnaris sixSireze, eleqtrogamtareblobaze da 

magnitur SeRwevadobaze [12]. 
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koWas gragnilSi, aqtiur da reaqtiul mdgenelebSi 

mimdinare cvlilebebis meSveobiT, SeiZleba gazomil iqnas 

kontrolirebad gamtar sxeulebSi mravalricxovani sxvadasxva 

araeleqtruli sidideebi. 

induqciuri gadamwodis Canacvlebis ekvivalenturi 

eleqtruli sqemebi, romlebic warmodgenilia nax.1.10 –ze  

saSualebas gvaZleven gamovTvaloT gadamwodis sruli 

kompleqsuri winaRoba da misi mdgenelebi, CavataroT gadamwodis 

TaviseburebaTa analizi, ganvsazRvroT misi statikuri 

maxasiaTeblebi, gamosavali parametrebi da gamovTvaloT 

gadamwodis rogorc metrologiuri Taviseburebani, aseve 

mTlianad mowyobilobac [4]. Ggadamwodis ekvivalenturi sqemis 

sworad Sedgenisas, gamoTvlili statikuri maxasiaTebeli, misi 

gansakuTrebuli wertilebi, unda emTxveodes eqsperimentalurad 

miRebul mruds [18]. 

 
nax.1.10  induqciuri  konduqtometruli ujredebis Canacvlebis 

ekvivalenturi eleqtruli sqemebi.: L1-koWas induqciuroba carieli 

ujrediT; L2-sakvlevi xsnaris mier Setanili induqciuroba; RS-sakvlevi 

xsnaris mier Setanili winaRoba; RkoW-koWas gamtaris omuri winaRoba; 

M-urTierTinduqcia; Ra-namdvili winaRoba; Lეკვ  - ekvivalenturi koWa; С-
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ujredis saerTo tevadoba ,romelic SedgebaС1 da С2-gan; С1-koWas 
tevadoba; С2-ujredis WurWlis kedlebis tevadoba; 

 
literaturaSi [2,4,12] xSirad gvxvdeba e.w. “ukavSiro” sqema 

(nax.1.10b). mimdevrobiT SeerTebuli Canacvlebis sqemebis 

sxvadasxva variantebi (nax.1.10 g,d) da transformatoruli sqema 

(nax.1.10 v), magram gamoTvlebisas, mocemuli sqema iwvevs mTel rig 

sirTuleebs, kerZod, induqtivobebs Soris kavSiris koeficientis 

gamoangariSebaSi. 

kombinirebuli Canacvlebis ekvivalenturi eleqtruli sqema 

warmodgenili nax.1.10a-ze da Canacvlebis ekvivalenturi 

eleqtruli sqema warmodgenili nax.1.10d–ze, eqsperimentuli 

Semowmebis sirTulis gamo, mocemuli sqemebis adekvaturobis 

Sefaseba anda moZebna am sqemebis mixedviT daproeqtebuli 

mowyobilobebisa, ar moxerxda. 

Aama Tu im xarisxiT, TiToeuli ekvivalenturi sqema 

gamosaxavs realur procesebs, romlebic mimdinareobs induqciur 

gadamwodSi. met-naklebad gavrcelebuli maT Soris aris nax. 

1.10.v–ze. Ggamosaxuli transformatoruli sqema. calke gamoyofis 

Rirsia induqciuri konduqtometrebi transformatoruli 

pirveladi sazomi gardamqmnelebiT, romlebic ufro da ufro 

xSirad gamoiyeneba qimiur, navTobqimiur, gazisa da sxvadasxva 

mrewvelobaSi. 

transformatoruli Canacvlebis ekvivalenturi eleqtruli 

sqemis induqciuri ujredis srul winaRobas aqvs saxe: 

   კოჭ      შეტ

 შეტ
      

               

 შეტ
      

  
 

 (1.8) 

es dakavSirebulia imasTan, rom msgavsi pirveladi sazomi 

gardamsaxebi mosaxerxebelni arian nivTierebis uwyvet nakadSi 

gamosayeneblad, isini saimedoni arian, maTi konstruqcia 

martivia, gamoiyenebian blant da agresiul garemoTa 

analizisaTvis. miuxedavad induqciuri meTodis  popularobisa, 

rogorc induqtivobis saxesxvaoba, mainc es meTodi sustad 

viTardeba. literaturul wyaroebSi ar arsebobs monacemebi 
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transformatoruli konduqtometrebis sabazo sqemebisa, maTi 

saxesxvaobebisa, Rirsebebisa da naklovanebebisa, mrewvelobaSi 

maTi gamoyenebisa; ar aris Seqmnili maTematikuri modelebi 

statikuri maxasiaTeblebisa, mgrZnobiarobebisa da 

cdomilebebisa, ar aris Catarebuli struqturuli da 

parametruli optimizacia. zemoT Tqmulidan gamomdinare kargad 

Cans, rom ukontaqto transformatoruli konduqtometruli 

analizatoris SemuSavebisaTvis, aucilebelia SevqmnaT 

maTematikuri modelebi transformatoruli konduqtometrebis 

sabazo sqemebisaTvis, am modelebis safuZvelze miviRoT 

statikuri maxasiaTeblebis mgrZnobiarobebisa da cdomilebebis 

maTematikuri modelebi; CavataroT am sqemebisaTvis SedarebiTi 

analizi da parametruli optimizacia, ris mixedviTac amovarCioT 

mowyobilobebis realizaciisaTvis SedarebiT Sesaferisi sqema. 

garda im CamoTvlili Rirsebebisa, romlebic gaaCnia 

arakontaqtur meTodebs, erT-erTi upiratesoba induqciuri 

gadamwodebisa  mdgomareobs maT SesaZleblobaSi, Secvalos 

sixSire, gazardos mgrZnobiaroba kontrolirebadi sididisken da 

Seamciros gavlena arainformaciuli sidideebisa, romlebsac 

SeaqvT cdomileba gazomvis SedegebSi. 

inducirebuli gadamwodebis gamoyenebas aferxebs 

ZiriTadad is, rom eleqtrogamtareblobis gazomvis diapazoni 

icvleba sazRvrebSi—103_102sim/s da zemoT. e.i. isini gamoiyenebian 

kargad gamtari nivTierebebis kontrolisaTvis—marilxsnarebSi 

da eleqtrolitebSi. kidev erTi arsebiTi nakli—cdomilebebi, 

romlebic dakavSirebulni arian garemos temperaturis 

cvlilebasTan.  
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1.5.1. induqciuri  gadamwodebis Taviseburebani 

 

ujredis SeqmnisaTvis, ZiriTadi yuradReba eTmoba e.w. 

zedapirul efeqts, romlis arsi mdgomareobs imaSi, rom cvladi 

magnituri veli da mis mier gamowveuli grigaluri denebi 

miilevian, moxvdebian ra gamtari garemos siRrmeSi.Ees mileva 

dakavSirebulia imasTan, rom grigaluri denebi, ganpirobebulni 

cvladi magnituri veliT, Tavis mxriv qmnian magnitur vels, 

mimarTuls maT mier warmoqmnili velis sawinaaRmdegod; aRZruli 

velis nakadebisa da grigaluri denebis velis nakadebis sxvaoba, 

aRwevs ra gamtari garemos siRrmeSi, mcirdeba, Sesabamisad 

grigaluri denebis intensivobis SemcirebasTan. zedapiruli 

efeqti izrdeba fardobiTi magnituri SeRwevadobis mqone denis 

sixSiris gazrdiT da gamtari garemos kuTri winaRobis 

SemcirebiT. is aseve cvlis ujredSi sakvlevi nivTierebis 

aqtiuri winaRobis sidides da mis intensivobas. Aanu, Zalzed 

maRali sixSireebisas, mTeli deni gadis sakvlevi garemos 

zedapirze. 

Ggrigaluri denebis gavrcelebis kvlevas sakvlev garemoSi 

an nivTierebaSi, aqvs didi mniSvneloba maRalsixSiruli 

induqciuri gadamwodis SemuSavebisaTvis; imdenad ramdenadac 

grigaluri denebis sworad ganawilebisas SeiZleba minimaluri 

cdomilebebiT ganvaxorcieloT aucilebeli gazomvebi. 

Tu nivTiereba, romlisganac mzaddeba gadamwodi, an 

nakeTobis nivTiereba, romelic kontrolirdeba gadamwodis mier, 

aseve misi parametrebi da gabaritebi, Cveulebriv cnobilia, maSin 

damakmayofilebeli muSaobis uzrunvelyofisaTvis rCeba is, rom 

amovirCioT mkvebavi denis saTanado sixSire. 

sixSiris SerCevisas SeRwevis siRrmis garda unda 

gaviTvaliswinoT optimaluri mgrZnobiaroba, mowyobilobis 

skalis wrfivoba, vecadoT SevamciroT gadamwodis gabaritebi, 

aseve sxvadasxva dabrkolebebis gavlena da garemos temperaturis 

cvlileba. 
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induqciuri gadamwodebis  gabaritebis SemcirebisaTvis 

gamoiyeneben feritis gularebs, romelTac gaaCniaT maRali 

magnituri SeRwevadoba. dabal sixSireebze gamoiyeneben 

specialuri furclovani foladis gularebs, romelTac am 

sixSireebze gaaCniaT maRali magnituri SeRwevadoba da 

SedarebiT mcire danakargebi. maRal sixSireebze Cveulebriv 

iyeneben feritebs, romelTa danakargebi mcirea. 

Ggularebiani gadamwodebis stabiluroba ugularoebisagan 

gansxvavebiT, SeiZleba iyos arsebiTad mcire, garemo 

temperaturis cvlilebisas, anda sxva mizezTa gamo; imdenad 

ramdenadac, maT SeiZleba SeecvaloT foladis an feritebis 

magnituri SeRwevadoba. 

 

 

1.5.2. induqciuri  gadamwodebis  gamoyenebis 

dargebi 

maRalsixSirulma induqciurma gadamwodebma, Tavisi 

simartivisa da saimedoobis wyalobiT, gamoyeneba hpoves 

mecnierebisa da teqnikis mraval dargSi. GgansakuTrebiT ki iq, 

sadac moiTxoveba teqnologiuri procesebis ukontaqto 

kontroli. induqciuri gadamwodebi gacilebiT mizanmimarTulad 

gamoiyenebian iseTi xsnarebis gasazomad, romelTac gaaCniaT 

SedarebiT maRali eleqtrogamtarebloba, amitom isini farTod 

gamoiyenebian sxvadasxva sawarmoo procesebis kontrolisaTvis, 

rogorebicaa magaliTad: 

- blanti da agresiuli xsnarebisa da suspenziebis kuTri 

eleqtruli gamtareblobis gazomvisas;                                                                                                       

- binaruli xsnarebis koncentraciis gazomvisas; 

- warmoebuli gamtarebis diametris kontrolisas; 

- folgis sisqis gazomvisas; 

- galvanuri nafenebis sisqis kontrolisas; 

- nakeTobis xarisxis kontrolisa gamtarobis mixedviT; 

- warmoebuli liTonis detalebSi napralebis aRmoCenisaTvis. 
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1.6.KkonduqtometriaSi  gamoyenebuli  ZiriTadi  sazomi  
sqemebis  mimoxilva 

 
Kkonduqtometrebi, rogorc ukve aRvniSneT, Sedgebian ori 

ZiriTadi mowyobilobisagan: ujredis pirveladi gadamwodisagan 

da mzomi mowyobilobisagan.  

kontaqturi gazomvis saSualebebis Ziebisas, farTo 

gamoyeneba hpoves: bogirulma meTodma, kompensaciurma meTodma, 

pirdapiri gazomvis meTodma, Sedarebis meTodma. Ggarda amisa, 

gamoiyeneba Semdegi tipebis rezonansuli mzomi sqemebi: Z-

metruli, romelic reagirebs kompleqsuri winaRobis modulis 

cvlilebaze; Q-metruli, romelic reagirebs upiratesad, 

winaRobis aqtiuri mdgenelis cvlilebaze; F-metruli, romelic 

reagirebs winaRobis reaqtiuli mdgenelis cvlilebaze.  

 

 

1.6.1. boguri sqemebiT gazomvis meTodi 

 

boguri sqemebiT gazomvis meTodi realizebulia ramdenime 

variantad:  

- gawonasworebuli bogebi; 

- gauwonasworebeli bogebi; 

- kvazigawonasworebuli bogebi; 

- naxevradgawonasworebuli bogebi. 

gawonasworebuli bogebis muSaobis principi mdgomareobs 

imaSi, rom gazomvis Sedegebi miiReba bogas wonasworobis miRebis 

Semdeg, romelic miiRweva bogas diagonalSi Zabvis ar arsebobis 

dros[2,6,19]. radgan konduqtometruli ujredis winaRobas gaaCnia 

rogorc aqtiuri, aseve tevaduri xasiaTi, amitom Sedarebis 

mxrebSi wonasworobis misaRwevad aucilebelia icvlebodes 

minimum ori sodide, romelTagan erTi cvlis impendansis aqtiur 

mdgenels, xolo meore _ reaqtiuls. 
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msgavsi bogebi gamoiyeneba rogorc oreleqtrodiani, aseve 

oTxeleqtrodiani. amasTanave kontaqtur konduqtometriaSi 

oreleqtrodiani ujredebis gamoyenebisas arsebiTi cdomileba 

Seaqvs polarizaciuli impendansis aqtiur mdgenels.  

gawonasworebuli bogebis Rirsebad SeiZleba CaiTvalos maTi 

maRali sizuste. amitom maT gamoiyeneben preciziuli 

konduqtometrebisa da sanimuSo mowyobilobebis damuSavebisa da 

damzadebis dros [20, 21]. 

maTi uaryofiTi mxarea sakmaod rTuli konstruqcia [2] da 

wonasworobis mdgomareobis misaRwevad sWirdeba garkveuli dro. 

gauwonasworebeli bogebi gamoiyeneba im SemTxvevaSi, roca 

saWiroa xelsawyos konstruqciis gamartiveba da aseve roca 

saWiro ar aris aqtiuri da reaqtiuli mdgenelebis 

gawonasworeba [2,8,22].  

msgavsi sqemebis uaryofiTi mxarea is, rom moiTxoveba kvebis 

generatoris Zabvis amplitudisa da sixSiris stabiluroba. 

gazomvis Sedegze gavlenas axdens konduqtometruli ujredis 

impendansis reaqtiuli mdgenelis sidide da eleqtrodebis 

polarizaciis winaRobis aqtiuri mdgeneli.  

maT dadebiT mxared iTvleba bogur sqemasTan SedarebiT 

martivi konstruqcia da ar aris sazomi bogas aqtiuri da 

reaqtiuli mdgenelebis gawonasworebis saWiroeba, ris 

wyalobiTac mcirdeba Cvenebis dadgenis dro [16]. 

kvazigasworebuli bogas muSaobis principi mdgomareobs imaSi, 

rom bogas sazom diagonalSi SeirCeva Zabvis fazuri da 

moduluri nawilebis iseTi Tanafardoba, romlis drosac 

miiRweva wonasworoba. magram am dros Zabva bogas diagonalSi 

nulis toli ar aris [10,20,23]. 

aseT bogebs gaaCniaT mTeli rigi dadebiTi Tvisebebi. kerZod: 

gazomvis Sedegze gavlenas ver axdens Zabvis amplituda, 

moiTxoveba sareguliro elementebis mcire raodenoba, rac 

amartivebs xelsawyos konstruqcias. 
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uaryofiTi mxareebidan  SeiZleba aRiniSnos Semdegi: 

wonasworobis maCveneblis mowyobilobis sirTule misi 

maxasiaTeblebisa da stabilurobis mimarT maRali moTxovnebis 

gamo; gazomvis Sedegi damokidebulia konduqtometruli ujredis 

impedansis reaqtiul mdgenelsa da wonasworobis 

diferencialuri  maCveneblis gamosaval winaRobaze [2]. 

naxevradgawonasworebuli bogebi wonasworobis mdgomareobaSi 

imyofebian, Tu sazomi bogas mosazRvre mxrebSi Zabvis 

amplitudebi tolia, romelTa SeerTebis wertili warmoadgens  

bogas kvebis diagonalis erTerT wertils.  

naxevradgawonasworebul bogebSi wonasworobis indikatoria 

diferencialuri maCvenebeli, romlis rols warmoadgens Zabvis 

vardnebis saSualo mniSvnelobebis Sedareba, romelic erT 

mxarSi damokidebulia sazomi gadamwodis impendansis modulze, 

xolo meoreSi –maregulirebel elementze [2.8]. 

naxevradgawonassworebul  bogebSi ar aris sareguliro 

kondensatoris gamoyenebis saWiroeba, rac iTvleba mis Rirsebad. 

uaryofiTi mxareebidan SeiZleba aRiniSnos: xelsawyos 

konstruqcia rTuldeba wonasworobis diferencialuri 

maCveneblis gamoyenebis gamo. garda amisa maCvenebels unda 

hqondes stabilurobis maRali maxasiaTeblebi [24]. 

 

1.6.2 Sedarebis  meTodis  gamoyenebis  sqemebi 

 

Sedarebis  meTodis  arsi  mdgomareobs  imaSi, rom  xdeba  

Sedareba gamtarobis, winaRobis, denis an Zabvis vardnis cnobili 

sididisa, im  mniSvnelobasTan, romelic  miRebulia pirveladi  

sazomi  gardamsaxiT. 

Sedareba SeiZleba iyos  erTdrouli  da gansxvavebuli 

droiT. erTdrouli  Sedarebisas,  Cveulebriv  iyeneben 

operaciul  gamaZliereblebs, romelTa Sesaval  winaRobas 

Seaqvs damatebiTi  cdomileba  gazomvis  SedegebSi; garda amisa,  
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gazomvis  Sedegebze gavlenas axdens  konduqtometruli 

ujredis reaqtiuli  mdgeneli. 

Ggazomvis  gansxvavebul droiTi meTodis  dros, xdeba rig-

rigobiTi  gazomva arxSi,  mzomi  sididiTa da  muSa  sazomiT. 

Kkonduqtometrul  ujredsa da muSa sazoms Soris  

gamtareblobis gansxvavebis gamo, mowyobilobis  Sesavalze  

miewodeba amplitudis  mixedviT  modulirebuli cvladi  Zabva. 

modulirebuli  Zabvis  amplituda  proporciulia  

konduqtometruli  ujredis  gamtareblobisa  da  muSa   

sazomis  gamtareblobis  sxvaobisa. is  gardaiqmneba Sedarebis 

mowyobilobis  meSveobiT mmarTvel  signalSi,  manam sanam  

modulaciis  Zabvis  amplituda ar gautoldeba  nuls. sidide,  

romlis  drosac  miiRweva  sistemis  wonasworoba, aris  

konduqtometruli ujredis  gamtarebloba. 

msgavsi  sqemis  Rirsebad  miiCneva: gazomvis Sedegis 

damoukidebloba generatoris  Zabvis  amplitudaze; Sedarebis 

mowyobilobis  arxebis  gadacemis koeficientebis  gavlenis ar 

arseboba gazomvis  Sedegebze, mmarTvel  signalTan xisti  

funqcionaluri kavSiris aucileblobis  ar arseboba. 

nakli mdgomareobs—muSa  sazomis gamtareblobis  

damatebiTi  gazomvis aucileblobaSi, gazomvis  Sedegebis  

damokidebuleba  pirveladi  sazomi  gardamsaxebis  reaqtiul   

mdgenelebTan [10,16,20].. 

 

1.6.3. sqemebi  gazomvis  kompensaciuri  xerxis  

gamoyenebiT 

 

kompensaciuri  meTodis  arsi  mdgomareobs  imaSi, rom  

mzomi  ujredebis  eleqtrodebze  Zabvis vardna Semxvedri 

ZabviT kompensirdeba  nulamde. sqemaSi  Zabvis  wyarod  

gamoiyeneba  generatori.  Zabvis  sruli  kompensaciisaTvis  

aucilebelia  SevcvaloT  Zabvis  faza  da  amplituda, 

risTvisac  gamoiyeneba  cvladi  tevadoba  da  Zabvis  aqtiuri 
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gamyofi. nakli kompensaciuri  meTodisa  aris, konstruqciis  

sirTule  da gazomvis  Sedegebze  pirveladi  sazomi  

gardamsaxebis  eleqtrodebze  polarizaciuli movlenebis  

gavlena [1,8]. 

 

 

1.6.4. sqemebi  uSualo  Sefasebis  meTodis  

gamoyenebiT 

 

uSualo  Sefasebis  principis  mixedviT, sqemuri  

gadawyvetilebebi  realizebulia  ramdenime  variantad:  

- zomaven   Zabvis vardnas  cnobil  rezistorze, romelic  

mimdevrobiTaa CarTuli  oreleqtrodian  pirvelad  sazom  

gardamqmnelTan, an  cvlian  Zabvis  vardnas pirvelad  

sazom  gardamqmnelTan, romelic  mimdevrobiTaa  CarTuli 

cnobil  rezistorTan. msgavsi  sqemebis  Rirseba  

mdgomareobs  maT simartivesa  da  saimedoobaSi. 

- zomaven  dens  pirveladi  sazomi  gardamqmnelis   gavliT. 

risTvisac gamoiyeneba denis  Zabvad   gardamqmneli, 

romlis  meSveobiTac  denis  amplitudiT  msjeloben  

sakvlevi  xsnaris  gamtarobaze. sqemaSi  Sedarebis 

rezistoris  ar arsebobis  gamo, mowyobilobis  skala 

sworxazovania, rac  warmoadgens am sqemiT realizebuli  

konduqtometrebis ZiriTad  Rirsebas. Ggarda  amisa, mas 

gaaCnia generatoris  Zabvis  amplitudaze  mcire  

damokidebuleba. msgavsi  sqemebis  naklad  SeiZleba  

CaiTvalos  is, rom  gazomvis  Sedegebis  sizusteze  

gavlenas  axdens sayrdeni  Zabvis  stabiluroba  da  

gazomvis  arxebis  damokidebuleba  gadacemis  

koeficientze. 

- zomaven  Zabvis  vardnas  cnobil  rezistorze, inarCuneben 

ra sayrdeni Zabvis  vardnas  oreleqtrodian  pirvelad  

sazom  gardamqmnelze an oTxeleqtrodianis  potencialur  
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eleqtrodebze. cvladi  Zabvis an  denis mmarTveli  

generatorebis  gamoyeneba kontaqtur  konduqtometriaSi  

saSualebas  gvaZlevs  SevamciroT  ormagi  eleqtruli 

fenis  tevadobis  gavlena  gazomvis  Sedegze.  Ees  

miiRweva imis  xarjze, rom  Zabvis  vardna  rCeba  mudmivi  

da toli  sayrdeni  Zabvisa. aRsaniSnavia, rom gazomvis  

Sedegis  damokidebuleba  sayrdeni  Zabvis  sidideze, 

warmoadgens  mocemuli  sqemis  nakls; garda  amisa, 

SeiZleba  aRvniSnoT, rom    aucilebelia  Sesadarebeli  

Zabvebis  maregulirebeli  fazurmabrunebelis gamoyeneba. 

- kvebis  Zabvis  sinqronulad  zomaven gamarTuli Zabvis  

vardnas  oreleqtrodian  pirvelad  sazom  gardamqmnelze. 

sinqronuli meTodi realizebulia mimdevrobiT 

SeerTebuli  pirveladi sazomi  gardamqmnelisa da aqtiuri  

winaRobis  mier, romelnic ikvebebian  cvladi  ZabviT, 

aseve  sinqronulad  kvebavs  im mowyobilobas, romelic 

uzrunvelhyofs  gamarTuli  Zabvis  vardnas  pirvelad  

sazom  gardamqmnelze;  msgavsi  sqemis  Rirsebad  

gvevlineba  pirveladi  sazomi  gardamqmnelis  impedansis  

reaqtiuli  mdgenelis  gavlenis  gamoricxva.  Nnaklad  ki 

SeiZleba  CaiTvalos  gazomvis  Sedegis  damokidebuleba  

kvebis  Zabvis  amplitudaze  da  mimdevrobiT  CarTuli  

rezistoris  winaRobis  sididis gavlena [16, 20]. 
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1.6.5. gazomvis Z,Q,F– metruli  meTodebi 
 

Z–metrul meTodSi, romelic reagirebs kompleqsuri  

winaRobis  modulis  cvlilebaze, aseve  gamyofze, romelic  

Sedgeba rezistorisa da rezonansuli  konturisagan, 

maRalsixSiruli  Zabva  miewodeba generatoridan buferuli  da  

simZlavris  gamaZliereblis  gavliT. konturSi  CarTulia   

pirveladi  sazomi  gardamqmneli. signali maRalsixSiruli 

Zabvis  saxiT, konturze  Zlierdeba, Semdeg  deteqtirdeba  da 

denis mixedviT  gaZlierebis  Semdgom miewodeba gadamTvlel-

registrirebad mowyobilobas. 

Q–metrul  meTodSi, romelic  reagirebs winaRobis 

aqtiuri mdgenelis  cvlilebaze,  maRalsixSiruli Zabva  

miewodeba generatoridan gamaZliereblis  gavliT rezonansul 

konturs, romelic CarTulia pirvelad sazom  gardamqmnelSi. 

pirveladi sazomi  gardamqmnelis  kompleqsuri  winaRobis  

reaqtiuli mdgeneli  ki, kompensirdeba konturis rezonansSi  

momarTviT. signali, romelic  proporciulia konturis  

vargisianobis cvlilebisa, gaZlierebisa da deteqtirebis  Semdeg  

miewodeba denis  gamaZlierebelze  da  Semdeg  gadamTvlel-

registrirebad mowyobilobas. 

F–metruli meTodi  reagirebs  kompleqsuri  winaRobis 

reaqtiuli  mdgenelis  cvlilebaze. gamosavali  signali  

aRiZvreba ori  maRalsixSiruli rxevis  biZgis  Sedegad,  

romlebic  warmoiqmneba  cvladi  sixSiris  generatoris  mier 

da romlis  konturSic  CarTulia mzomi  gardamqmneli  da  

fiqsirebuli sixSiris  generatori. signalebis  es  erToblioba 

miewodeba Semrevze da mis gamosavalze  aRiZvreba kombinaciuri  

mdgenelebis  speqtri, romelTa Sorisac  gvaqvs  sasargeblo  

signalic, gamoyofili  mcire  sixSireebis filtriT. 

gaZlierebis  Semdeg, es signali  miewodeba  impulsur  

gardamqmnel-SemomsazRvrelze, xolo Semdeg ki—sixSirmzomze. 
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Sedegebi da gansja 
 

T a v i    II 
  ukontaqto  transformatoruli  konduqtometrebis  

gamokvleva  da  damuSaveba 
 

ukontaqto   konduqtometria  Tavisi  simartivisa da 

saimedoobis  wyalobiT, warmoadgens  minarevebis, xsnarebisa  da 

Senadnobebis fiziko-qimiuri Tvisebebis  analizis erT-erT 

gavrcelebul da  universalur meTods. 

transformatoruli  konduqtometrebi warmoadgenen  

ukontaqto konduqtometriis erT-erT saxes. isini farTod 

gamoiyeneba navTobqimiur, qimiur, farmacevtul, kvebisa  da 

mrewvelobis dargebSi, rogorc  teqnologiuri  parametrebis 

aseve gamoSvebuli  produqciis xarisxis makontrolebeli. 

mocemuli  xelsawyoebis  moTxovnilebebze metyvelebs is 

faqti, rom yvela msxvil xelsawyoTa mSeneblobis  

organizaciebs gaaCniaT Tavis asortimentSi transformatoruli  

konduqtometrebis  samodelo rigi, romelTa daxvewa ganviTareba  

kvlavac grZeldeba. es ganisazRvreba imiT, rom msgavs 

xelsawyoebs ar  gaaCniaT kontaqti sakvlev  xsnarTan, amitomac 

isini  SeiZleba iyvnen damontaJebulni  sxvadasxva teqnologiur  

danadgarebSi da milgamtarebSi da SeuZliaT  gazomon rogorc 

neitraluri, aseve agresiuli garemo. 

rogorc  ukve aRvniSneT, dRemde ar eTmoboda sakmarisi  

yuradReba transformatoruli konduqtometrebis  mzomi sqemebis 

Sesadarebeli analizis amocanas, Tumca bevri naSromia dawerili 

konduqtometrebze induqciuri gardamqmnelebiT 

[1,2,3,6,7,8,21,23,25,26,27], magram transformatoruli konduqtometrebi, 

rogorc kerZo SemTxveva ukontaqto induqciuri 

konduqtometrebisa, ar ganixileba.  

mocemul TavSi SemuSavebulia transformatoruli 

konduqtometrebis arsebuli sqemebis statikuri maxasiaTeblebi, 

Seqmnilia transformatoruli  konduqtometrebis ZiriTadi  
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mzomi  sqemebis maTematikuri modelebi, romlebic gamoiyeneben  

gazomvis pirdapir da kompensaciur meTods, Catarebulia maTi 

SedarebiTi analizi. 

 

 

2.1 transformatoruli konduqtometrebis  sazomi  
sqemebis  statistikuri analizi 

 

konduqtometrebi, iseve rogorc  sxva analitikuri 

xelsawyoebi, warmoadgenen  gazomvis saSualebebs, e.i. teqnikur 

saSualebas, romelic gaTvlilia gazomvebisaTvis da gaaCnia 

normirebuli metrologiuri  maxasiaTeblebi. isini  warmoqmnian  da 

inaxaven fizikuri  sididis erTeuls, romlis zomas iReben 

ucvlelad (damyarebuli cdomilebis sazRvrebSi) cnobili drois 

intervalis ganmavlobaSi. 

Kkonduqtometris struqturuli sqema mocemulia nax.2.1 - ze. 

 
radganac konduqtometri warmoadgens gazomvis saSualebas, 

xolo gazomva esaa cdiseuli xerxiT fizikuri sididis 

mniSvnelobis povnis procesi specialuri teqnikuri saSualebebis 

daxmarebiT, iseve rogorc gazomvis sxva xerxebi, masac gaaCnia 

cdomileba. 

gazomvis cdomilebas uwodeben  gazomvis Sedegebis gadaxras 

mzomi sididis namdvili mniSvnelobidan, xolo    absolutur 

cdomilebas, romelic gamoisaxeba mzomi sididis erTeulebSi, 

uwodeben sxvaobas xelsawyos Cvenebasa – X* da mzomi sididis 

namdvil mniSvnelobas_X Soris. 

    X*_X     (2.1) 



60 

   - statistikuri cdomileba bevr SemTxvevaSi SeiZleba 

Semdegnairad warmovadginoT:   

  = s_ S  (2.2) 

s_ sistematuri mdgeneli, S_ SemTxveviTi mdgeneli 

X, rogorc jami mudmivi da SemTxveviTi sidideebisa, aris 

SemTxveviTi sidide, amitom metrologiuri maxasiaTeblebis 

Sefasebisas, aucilebelia vi-sargebloT SemTxveviTi sidideebis 

aparatiT. 

SemoviyvanoT cdomilebebis ganawilebis kanonis zogierTi 

aucilebeli ricxobrivi maxasiaTeblebi. 

pirveli momenti _ maTematikuri  lodini M       s, 

gansazRvravs   saS. mniSvnelobas  an (2.2)  gantolebis Tanaxmad 

cdomilebis sistematur mdgenels _ s. 

meore momenti _ dispersia _  2=               ]2}, axasiaTebs 

SemTxveviTi cdomilebis  gafantvis simZlavres s maxloblad. 

Ggarda amisa, gafantvis si-didis naTlad dasaxasiaTeblad, iyeneben 

cdomilebis saSualo kvadratul ga-daxras, romelic tolia 

dispersiidan kvadratuli fesvisa. 

konduqtometruli gazomvis procesSi, mzomi gardamsaxi, 

gardaqmnis mzomi sididis _ X mniSvnelobas konduqtometris 

registrirebul W_ gamosaval signalSi.  nax.2.2- ze warmodgenilia 

kvazistatikuri konduqtometruli gazomvis principialuri sqema. 

 

 

nax. 2.2   kvazistatikuri konduqtometruli gazomvis principialuri 
sqema. 
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cdomilebebis SemcirebisaTvis sasurvelia gamovricxoT 

an maqsimalurad SevamciroT gare faqtorebis gavlena_    (wneva, 

garemo temperatura, tenianoba, kvebis Zabvis sixSire da a.S.), 

mzomi gardamsaxis xmauri    da sakvlevi xelsawyos 

arainformaciuli parametrebi _  ain. zemoTqmulidan gamomdinare 

mzomi gardamsaxis  maTematikur models kvazistatikur reJimSi 

gaaCnia Semdegi saxe: 

                     ain,     )                    (2.3) 

f funqciis saxe ganisazRvreba amorCeuli meTodiT da gazomvis 

sqemiT. saerTo jamSi   ain,   ,    warmoadgenen SemTxveviT 

sidideebs, rac metyvelebs W damajerebel xasiaTze, X-is 

fiqsirebul magram ara cnobil mniSvnelobebzec ki. 

parametrebis _  ain,   ,    nominalur mniSvnelobebze, roca  

                              
ain=<  ain>  

 (ain _ sakvlevi nimuSis arainformaciuli parametrebi,  _ 

simbolo aris sididis nominaluri mniSvneloba, <… > _ Sesabamisi 

parametris maTematikuri gasaSualebis simbolo) 

                          ^=<  > ;  ^= <  >=0 ;   

  .   damokidebuleba gansazRvravs konduqtometris nominalur 

statikur  maxasiaTebels. 

                               ^=f(X,  ^ain,  ^)  (2.4) 

Tu  (2.4) gantolebas gavSliT mwkrivad gadaxris xarisxis 

mixedviT  

   ain=  ain_  ^ain,    =  _  ^da    , X-is fiqsirebuli 

mniSvnelobisas  da Tu SemovisazRvrebiT  am utolobaTa simciris 

gamo,  

   ain=
                     

           
<<1,    = 

           

      <<1 da  
  

       <<1, wrfivi 

miaxloebiT, miviRebT:L 

W = W    ^=  
  

      
  

 
   nom+ 

  

   
  

 
    +

  

   
   

 
   ,  (2.5)                
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sadac,   _W signalis SemTxveviTi gadaxraa misi  

 

 
 nominaluri mniSvnelobidan, rac gamowveulia SemTxveviTi 

gadaxrebiT _    nom,    ,   .   aris konduqtometris  absoluturi 

cdomileba miyvanili mis gamosavalTan;  

S(  nom)= 
  

      
  

 
 , S(  )=

  

   
  

 
, S(   =

  

   
  

 
  konduqtometris 

mgrZnobiaroba  arainformaciuli parametrebis  mimarT _   nom, 

  ,   .  

X-is fiqsirebuli mniSvnelobisaTvis   _cdomileba  

warmoSobs Secdomas  mzomi  sididis SefasebaSi, romelic tolia _ 

  =
  

  
  

 
  , saidanac:    = X*⎻X= 

  

    
, (2.6) 

sadac, S(X)=
  

  
  

 
⎻ konduqtometris nominaluri mgrZnobiarobaa   

X informaciuli parametris mimarT. maSin(2.5)  da (2.6) 

gamosaxulebebidan miviRebT: 

   
  

    
=

 

    
                                    (2.7) 

garda  gazomvaTa  cdomilebebisa,  arsebobs  damatebiTi  

kriteriumebi, romlebic miiswrafvian, analizisa da  

konduqtometruli  saSualebebis proeqtirebisas, aamaRlon gazomvis 

zRvrebi. 

mzomi  gardamsaxis maqsimaluri mgrZnobiarobisa da statikuri  

maxasiaTeblis wrfivobis kriteriumebi  xSirad gamoiyeneba  

gazomvis  saSualebaTa  proeqtirebisa  da  analizis  amocanebSi; 

TumcaRa TiTqmis yovelTvis, swrafva mgrZnobiarobis  

amaRlebisaTvis, iwvevs  metrologiuri  maCveneblebis  gauaresebas, 

rac aRniSnuli maCveneblis yvelaze didi  naklia. 

sizustis klasi _ gazomvis saSualebebis gafarToebuli 

maxasiaTebeli, ganisazRvreba  daSvebadi  ZiriTadi  da  damatebiTi  

cdomilebebis  sazRvrebiT, aseve gazomvis  saSualebebis sxva 

TvisebebiT, romlebic  gavlenas  axdenen  sizusteze. am sazRvrebis 
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mniSvnelobebi  dgindeba  gazomvis  saSualebebis  cal-calke 

saxeebis  standartebze. 

optimalurobis  arcTu nakleb kriteriumad  warmogvidgeba 

      _ ekonomiuri  efeqturoba, rac mrewvelobaSi  xelsawyos 

gamoyenebis kriteriumia. ekonomiuri  efeqti  miiRweva  

metrologiuri, xarisxobrivi maCveneblebis gaumjobesebis xarjze, 

gazomvis  xerxebis  optimaluri  proeqtirebisas  da 

ganisazRvrebian  Semdegnairad: 

       
 
        

  
         

 
       

                       (2.8) 

sadac _   _  
  maCveneblis  fuladi  Rirebulebaa, 

  
    _ analogisa  da  sakvlevi  xelsawyos maCveneblebi  

Sesabamisad. 

  koeficienti ganisazRvreba produqciis  RirebulebiT, 

romlis warmoeba  kontrolirdeba  xelsawyoTi.    kriteriumis 

optimizaciisas ukeTesad miiCneva is  xelsawyo, romelic iZleva  

maqsimalurad damatebiT  efeqts misi mrewvelobaSi  realizaciisas, 

xarisxis  maCveneblebis  gaumjobesebis xarjze, teqnikur 

moTxovnilebebTan SedarebiT. 

konduqtometrebis  proeqtirebisas  yoveli aRwerili 

kriteriumidan sayuradReboa is, romelTa daniSnuleba mdgomareobs 

konkretuli teqnikuri amocanebis amoxsnaSi, amitom maTematikuri 

modelebis Semdgomi analizisas, gamoviyenebT SemTxveviTi 

cdomilebis maCveneblebs, aseve maCveneblebs saSualo kvadratuli 

cdomilebisas, romelTac TavianT Tavs kargi rekomendacia gauwies 

analitikuri xelsawyoebis analizisas, iyenebdnen ra sxvadasxva 

fizikur meTodebs: adsorbcias, fliuorimetriuls, 

konduqtometruls. 

 

 

 

 



64 

2.2. transformatoruli  konduqtometrebis  bazisuri  

sqemebis  statikuri maxasiaTeblebis  ageba 

 
 

mocemul paragrafSi ganvsazRvroT transformatorul 

konduqtometriaSi SedarebiT xSirad gamoyenebadi sqemebi, 

SevadginoT maTTvis maTematikuri modelebi da statikuri 

maxasiaTeblebis maTematikuri modelebi Semdgomi analizisa da 

parametruli optimizaciis CatarebisaTvis. naSromSi [8] 

ormagtransformatoruli  konduqtometrisaTvis maTematikuri 

modeli warmodgenilia Semdegi saxiT: 

Ip 
    

    
   (2.9) 

sadac, Ip⎻aris deni Txevadur xviaSi, U ⎻ generatoris kvebis 

Zabva,   _ Т1 transformatoris pirveladi gragnilis xviaTa 

ricxvi,   _ Т1 transformatoris meoradi gragnilis xviaTa 

ricxvi,   _ ujredis mudmiva,  _siTxis kuTri 

eleqtrogamtarebloba. 

amgvar maTematikur modelebSi ar aris gaTvaliswinebuli 

induqciurobis, urTierTinduqciurobis, Txevadi xviis 

tevadobis da sxva parametrebi, romelTa gareSec SeuZlebelia 

Sesruldes sruli parametruli optimizacia. garda amisa, 

mravalgragniliani transformatoruli sqemebisaTvis (nax. 2.3), 

ar SeiZleba gamoviyenoT maTematikuri sqemebi, romlebic 

orgragniliani transformatorebisaTvis aris dawerili, 

radganac am modelze gaTvlil xelsawyoebs gaaCniaT 

mniSvnelovani cdomilebani. amitomac, SemuSavebuli konduqto-

metrebis xarisxobrivi maxasiaTeblebis amaRlebisaTvis, 

aucilebelia gaviTvaliswinoT cdomilebebis yvela SesaZlo 

wyaro, risTvisac SemuSavebul iqna maTematikuri modelebi 

yvela, SedarebiT gavrcelebuli transformatoruli 

konduqtometrebis sqemebisa-Tvis [28,29]. 
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ZiriTad struqturul sqemebze, romlebic warmodgenilia  

nax.2.3-ze aris Semdegi aRniSvnebi: L1,L2,L3,L4,L5,L6_ transforma-

toris gragnilebis induqciurobebi; M1,2;M1,5;M2,5;M3,4;M3,6;M4,6 _ 

transformatoris gragnilebs Soris urTierTinduqciurobebi; 

ZP_ sakvlevi xsnaris impedansi, romelsac gaaCnia aqtiuri _ RX 

da reaqtiuli _ X mdgenelebi; CP _ Txevadi xviis tevadoba; Rd _ 

meore transformatoris gamosavali gragnilis datvirTvis 

winaRoba; RS _ mzomi rezistori cnobili winaRobiT. 

erTtransformatoriani konduqtometrebis (nax.2.3.a,b)  

gansxvavebul Taviseburebad  gvevlineba is, rom gazomvebs 

awarmoeben transformatoris mkvebav gragnilze. gazomvebi 

SeiZleba CavataroT transformatoris pirvelad gragnilze 

denis gazomviT (nax.2.3.a) an transformatoris pirvelad 

gragnilze Zabvis vardnis gazomviT (nax. 2.3.b). rogorc wesi, 

erTtransformatorian konduqtometrebSi iyeneben uSualo 

Sefasebis meTods, romlis drosac mzomi sidide, mocemul 

SemTxvevaSi eleqtrogamtarebloba, gardaiqmneba mowyobilobis 

gamosaval signalad, Zabva _ U, an deni _ I, gamoiyeneba Semdeg 

sqemebSi (nax. 2.3.a,b,g,d). uSualo Sefasebis meTodis naklad 

CaiTvleba mzomi wredis damokidebuleba kvebis stabilurobaze 

[16]. ZiriTad Rirsebad ki, SeiZleba miviCnioT mowyobilobis 

aparaturuli gaformebis simartive da Sesabamisad 

mowyobilobis saimedooba. 

statikuri maxasiaTeblis maTematikur models, 

erTtransformatoriani konduqtometrebisaTvis, dafuZnebuls 

gazomvis pirdapir meTodze, miviRebT Semdegi gantolebaTa 

sistemis amoxsnisas: 

 
                      

                      
                     (2.10)  

  
nax.2.3a-ze gamosaxuli sqemisaTvis, kuTri 

eleqtrogamtarebloba    induqciurobaze Zabvis vardnis 

mixedviT tolia:  



66 

      
    

                     
     

                       (2.11) 

sadac,    R' 
      

  

                     (2.12) 

                 L' 
      

      

       
             (2.13) 

 
pirveladi gardamqmnelis    impedansis mdgeneli, 

romelic gamosaxulia pirveladi sazomi gardamsaxis mudmivaTi 

_A, sakvlevi siTxis kuTri eleqtrogamtareblobiT _  da misi 

fardobiTi dieleqtrikuli SeRwevadobiT _  , tolia: 

                                
 

          
           (2.14) 

 

X  
    

          
            (2.15) 

 
kuTri eleqtrogamtareblobis Sefasebisas denis mixedviT 

   induqciurobaze da pirobiTi      dros, deni toli iqneba: 

 

               
  

                   
     

                        

(2.16) 
ortransformatoriani konduqtometrebi erTmaneTTan 

dakavSirebulni arian sakvlevi xsnariT, rac maT ganmasxvavebel 

gansakuTrebulobad gvevlineba (nax. 2.3g,d,e,v,z,T). pirveli 

transformatori warmoadgens mkvebavs, ainducirebs magnitur 

vels Txevad xviaze, xolo meore transformatori ki  mzomia, 

romlis mkvebav gragnils warmoadgens Txevadi xviis mili 

sakvlevi xsnariT. 

Oortransformatorian konduqtometrebSi gamoiyeneba 

uSualo Sefasebis meTodi, kompensaciuri da Sedarebis meTodi. 
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nax.2.3 transformatoruli konduqtometrebis sqemebi. 
 

uSualo Sefasebis meTodze dafuZnebuli 

ortransformatoriani konduqtometrebis struqturuli sqemebi 

moyvanilia nax.2.3g,d. aseTi transformatorebis maTematikuri 

modeli miiReba gantolebaTa Semdegi sistemidan: 

 



68 

       

                  

                        

                         

                      (2.17) 

 
sadac,      _ deni da winaRobaa Txevad xviaSi 

                          _ deni da winaRoba meore transformatoris 

meorad gragnilze 

                       _ siTxiani xviis induqtiuroba,          

Tu CavTvliT rom,        
    

 

  
 maSin, 

 

      
                       

                
       

                       
  

   
                       

          

                
       

                       
             

(2.18) 
sadac,   _Zabvaa pirveli transformatoris pirvel 

gragnilSi. Tu informaciul parametrad miRebulia deni 

gamosaval gragnilSi, amasTan       ,maSin 

    
                

        
                  

   
               

        

        
                     

   

 
 (2.19) 
 
Tu informaciul signalad miviRebT gamosaval Zabvas, 

maSin         SemTxvevaSi igi toli iqneba: 

 

                  

      
           

   
            

      
           

    (2.20)     

 
Tu dawvrilebiT  ganvixilavT miRebul gantolebebs da 

davuSvebT, rom    
 

 
      ,maSin (2.20) da (2.21) gantolebebi 

pirvelad sazom gardamqmnelze gamartivdebian: 

 

    
          

     
    

               
        

              (2.21)        

                  

           
          

   
    (2.22)          
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(2.22) da (2.23) gamosaxulebebi SemdgomSi gamoyenebul 

iqnebian statikuri analizisaTvis. gamosaxulebebidan 

gamomdinareobs, rom Tu informaciul parametrad miviRebT 

gamosavali denis aqtiur mdgenels, maSin ar gveqneba gazomvis 

Sedegis damokidebuleba kvebis Zabvis sixSireze, xolo Tu 

informaciul parametrad miviCnevT Zabvas, misi aqtiuri 

mdgeneli damokidebuli iqneba kvebis Zabvis sixSiris kvadratze. 

Mmravalgragniliani transformatorebi warmodgenilia 

nax.2.3.e,v,z,T. isini gamoiyeneben gazomvis kompensaciur meTods, 

gamoirCevian sizustiT da arian stabilurebi, amitom msgavs 

sqemebze dafuZnebuli konduqtometrebi gamoiyenebian agresiuli 

garemos kontrolisaTvis warmoebasa da sxvadasxva 

teqnologiur procesebSi. 

kompensaciuri meTodis arsi mdgomareobs imaSi, rom Zabvis 

vardna an deni, transformatoruli konduqtometris Txevad 

xviaSi, nulamde kompensirdeba Semxvedri ZabviT an deniT. 

arsebuli meTodis nakli isaa, rom aucilebelia ori 

cvladi erTeulis arseboba, rasac mivyavarT drois gazomvis 

zrdasTan, imdenad ramdenadac sruli kompensaciisaTvis 

moiTxoveba cvladi erTeulis araerTi cvlileba [16]. 

nax.2.3.e,v-ze warmodgenil sqemebSi gazomvis Sedegebze 

gavlenas axdenen gardamqmnelis parametrebi, saxeldobr:   -

gardamqmnelis Sesavali winaRoba, k–gardamqmnelis denis 

koeficienti am Sesavali winaRobis gavliT gamosaval Zabvaze, 

  - gamosavali winaRoba. 

Tu gaviTvaliswinebT, rom induqciuri konduqtometrebi 

gamoiyenebian maRali kuTri eleqtrogamtareblobis xsnarebis 

gasazomad, maSin sakvlevi xsnaris gamtareblobis tevadobiTi 

mdgeneli SeiZleba ugulebelvyoT. statikuri maxasiaTebeli nax. 

2.3.e,v warmodgenili sqemebisTvis SeiZleba miviRoT Semdegi 

gantolebaTa sistemis amoxsniT: 
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   j                        

                                                    

                                  

                                  

                                  
                                                    (2.23) 

sadac,                  _denebi Sesabamis induqciuro-

bebze                    ; k –kompensirebadi mowyobilobis gadacemis 

koeficienti; Tu    gamovTvliT pirveli gantolebidan da 

CavsvamT danarCenSi miviRebT: 

 
 

                 
    

 

  
  

 
     

  
       

        

  
                       

                
    

 

  
    

     

  
       

        

  
         

                                   
                                             (2.24) 

 
Aam sistemis amoxsna gaadvildeba, Tu miviRebT rom  

R>>       ) da  
    

 

  
,   >>    , aseve   

    
 

  
,   >>    .  maSin 

miviRebT, rom am denebiT gamowveuli Zabvis vardna ganisazRvreba 

ZiriTadad, mxolod maTi aqtiuri nawiliT, xolo reaqtiuli 

mdgeneli SeiZleba nulis tolad miviC-nioT. maSin sistemas 

eqneba saxe: 

      
     

  
 

                  
     

  
                             (2.25) 

                
                  

                                  
 
saidanac,   

                      
     

   
       

      

      
                  

(2.26) 
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denis gazomvisas, (       konduqtometris maTematikuri 

modeli iqneba:  

       Igam 
         

     
 

          

        
              (2.27) 

am gamosaxulebidan Cans, rom gazomvis Sedegi ar aris 

damokidebuli kvebis Zabvis sixSireze, xolo gamosavali denis 

fazaTa Zvra kvebis ZabvasTan SedarebiT ar arsebobs. 

Gamosavali Zabvis gazomvisas (        ) konduqtometris 

maTematikur models eqneba saxe: 

 

    Ugam   
         

   
 

          

      
                   

(2.28) 
(2.28) gamosaxulebidan gamomdinareobs, rom gamosavali 

Zabva damokidebulia kvebis Zabvis sixSireze, xolo misi faza 

daZrulia 90  kvebis ZabvasTan SedarebiT. 

Kkompensaciuri meTodis dros gazomvis procesis 

dasrulebis kriteriumad gvevlineba pirobebis Sesruleba: 

Igam=0,Ugam=0. imis gaTvaliswinebiT, rom R=
 

 
, miviRebT statikuri 

maxasiaTeblis Semdeg gantolebebs mzomi wredis wonasworobis 

registraciis orive procesisaTvis: 

 
               

           
            (piroba Igam=0)     (2.29) 

               

           
            (pirobaUgam=0)      (2.30) 

 
rogorc (2.29) da (2.30) gamosaxulebebidan Cans, orive 

gantoleba erTnairia orive SemTxvevisaTvis, amasTan mzomi 

gardamqmnelebis realizacia maTTvis gansxvavebulia. Tu 

konduqtometrebisaTvis gaviTvaliswinebT damokidebulebas 

mgrZnobiarobasa da kvebis Zabvis sixSires Soris wonasworobis 

wertilSi, Ugam=0 pirobis dros, da Tu SemoviyvanT damatebiT 

mowyobilobebs disbalansis mimarTulebis gansazRvrisaTvis, 
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realizacia aseT konduqtometrebSi, aseTi pirveladi sazomi 

gardamqmnelebis pirobiT _ Igam=0 _ SedarebiT ufro misaRebia.  

nax.2.3.z,T-ze  mocemul sqemebze gantolebaTa sistemas, 

romelic aRwers konduqtometris muSaobas, eqneba Semdegi saxe: 

 

                       j               
                                                              

                                    
                                

sistemis pirveli gantolebidan ganvsazRvroT     
 

    
 

  
    

  
 ; CavsvaT (2.32) sistemebSi da miviRebT: 

 

                 
    

 

  
                     

     

  
 

                                                       
                                          (2.32) 
 

Tu konduqtometris konstruqciisaTvis SevasrulebT 
pirobas:    

R            
    

 

  
  da R     , miviRebT:  

 
 

      
     

  
                                                      (2.33) 

          
 

                              
 

am sistemis amoxsnisas miviRebT gantolebas, romelic 

akavSirebs konduqtometris gamosaval signals pirveladi 

sazomi gardamqmnelis  parametrebTan da aseve sakvlev xsnarTan: 

                         
     

   
       

  

  
           (2.34)  

        
(2.34) gamosaxuleba SeiZleba gamoviyenoT Semdgomi 

xarisxobrivi analizisas. Tu pirveladi gardamqmnelis 

gamosavali signalis nacvlad gamoiyeneba deni, anu A  =0, 

miviRebT: 
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   (2.35) 

 
Tu gamosaval signalad gvevlineba Zabva, anu sruldeba 

piroba        , miviRebT: 
 

             Ugam   
         

   
 

      

  
                      (2.36) 

 
iseve rogorc wina SemTxvevaSi, gamosavali denis 

gazomvisas, gazomvis Sedegi ar aris damokidebuli pirveladi 

sazomi gardamqmnelis kvebis Zabvis sixSireze. Ggamosavali 

Zabvis registraciisas es damokidebuleba arsebobs. Tu 

gamoviyenebT gazomvis kompensaciur meTods, romlis 

wonasworobis kriteriumad gvevlineba I4=0 da Ugam=0 pirobis 

Sesruleba, orive SemTxvevaSi statikuri maxasiaTeblebi 

erTnairia da aqvT saxe: 

 

           

       
                       (2.37) 

 
Aanalizis Catarebisas  ar iyo gaTvaliswinebuli uqmi 

svlis denis mdgenelebi (gularSi aqtiuri danakargebi) da 

xsnaris winaaRmdegobis reaqtiuli mdgeneli. SeiZleba 

davuSvaT, rom konduqtometrebSi Sedarebis arxebisaTvis 

sayrdeni Zabva, romelic nax.2.3.e,v-is  sqemebis marealizebelia, 

miiReba kvebis transformatoridan, xolo nax.2.3z,T-ze 

warmodgenil konduqtometrebis marealizebel sqemebze, es Zabva 

modis uSualod generatoris gamosavalidan. statikuri 

maxasiaTeblis sakvlevi garemos temperaturis cvlileba 

warmodgenilia nax.2.3.e,v-ze da (2.38) gamosaxulebiT, xolo nax.2.3. 

z,T-ze  _ (2.39) gamosaxulebiT: 

 

k 
                                         

                                     
  (2.38) 
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 k 
                                       

                                 
  (2.39)     

                
Tu CavTvliT, rom induqciurobisa da 

urTierTinduqciurobis cvlileba ZiriTadad damokidebulia 

gularebis magnituri gamtarobis cvlilebaze, maSin 

urTierTinduqciurobis cvlileba xviebs Soris, romlebic erT 

gularzea ganlagebuli, erTnairia, e.i. sruldeba Semdegi 

pirobebi:                                  amasTan, statikuri 

maxasiaTebeli nax.2.3.e,v sqemisaTvis (2.40) gantolebiTaa 

warmodgenili, xolo nax.2.3.z,T sqemisaTvis _ (2.41) gantolebiT: 

k 
             

         
                                   (2.40) 

k 
                         

                   
                          (2.41) 

 
rogorc Cans, miRebuli gamosaxulebebidan, 

konduqtometrebis gamosavali signali, romelic arealizebs 

nax.2.3.e,v gamosaxul sqemas, ar aris damokidebuli pirveladi 

sazomi gardamqmnelis temperaturaze, xolo nax.2.3.z,T sqemaze 

gamosaxuli konduqtometrebi ar aris damokidebuli 

temperaturaze, Tu sruldeba piroba:        . 

 
 
 

2.3. transformatoruli  konduqtometrebis  bazuri  

sqemebis  statikuri maxasiaTeblebis  maTematikuri  

modelebis  gamoTvla 

 

statikuri maxasiaTeblebis maTematikur models (2.12) 

Zabvis mixedviT, nax.2.3 a-ze gamosaxul erTtransformatoriani 

konduqtometris SemTxvevaSi, gaaCnia aqtiuri (2.42) da 

reaqtiuli (2.43) mdgenelebi: 

     W 
    

                                       (2.42) 
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   W 
     

                                        (2.43) 

 
ganvixiloT gantolebebi cal-calke imisaTvis, rom 

ganvsazRvroT romeli mdgeneli axdens met gavlenas gazomvis 

Sedegebze. 

CavsvaT (2.12) (2.13) gantolebebi gantolebis aqtiur mdgenelSi:  

    

 

W 

 
          

       
        

          
    

 

          
        

         
           

    
          

        
       

     
      

   
  

 

        
               

   
          

   
                 (2.44) 

 
(2.44) gamosaxuleba rTulia. gamartivebisaTvis davuSvaT:        

1) radgan msgavsi konduqtometrebi gamoiyenebian kargad 

gamtari xsnarebis kuTri eleqtrogamtareblobis gazomvisaTvis, 

maSin tevadobiTi mdgeneli praqtikulad ugulvebelyofilia, 

amitom 

R 
 

 
                        (2.45) 

 
2) meore da ufro maRali xarisxebis urTierTinduqciurobebi 

CavTvaloT nulis tolad, maSin: 

W 
          

       
 

          
        

         
          

       
     

      
   

    (2.46)      

 
sabolood, gamartivebis Semdeg (2.44) gantoleba miiRebs saxes: 
 

                                          W 
 

       
                   (2.47) 

 
A(2.47) CavsvaT (2.45) da gamartivebis Semdeg miviRebT: 
 

                              W 
  

         
                  (2.48) 

 
(2.48) gamosaxuleba warmoadgens erTtransformatoriani 

konduqtometrebisaTvis statikuri maxasiaTeblebis maTematikur 
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models aqtiuri mdgenelisaTvis Zabvis mixedviT. romlis 

mixedviTac agebulia nax.2.4-ze  warmodgenili grafikebi.  

 

a)                                      b) 

nax.2.4. Zabvis aqtiuri mdgenelis kuTr eleqtrogamtarobaze 
damokidebulebis grafikebi erTi transformatoris SemTxvevaSi: a- 0,1-
100 sim/m diapazonSi; b- 0,1 - 10 sim/m diapazonSi. 

 
am grafikebidan Cans, rom Zabvis mixedviT aqtiuri 

mdgenelis informaciuli parametris saxiT gamoyenebisas, 

sasurvelia konduqtometrebi gamoviyenoT gazomvis am 

diapazonSi: 1 _ 10 sim m, radganac swored am diapazonSi Cans 

wrfivi damokidebuleba Zabvasa da kuTr eleqtrogamtarobas 

Soris gazomvis mTel diapazonSi. 

ganvixiloT (2.43) gantolebis reaqtiuli mdgeneli. CavsvaT 

(2.12) da (2.13) gantolebi (2.43)-Si reaqtiul nawilSi. Casmis 

Semdeg gantolebas eqneba saxe: 

 

W 
              

        
        

            
    

 

          
        

         
           

    
          

        
       

     
      

   
  

 

        
               

   
          

   
                       (2.49) 

 
wina daSvebebis analogiurad miviRebT: 
 

W 
              

        
 

          
        

        
       

     
      

   
          (2.50) 

 
Ggamartivebis  Semdgom ki miviRebT: 
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W 
  

    
                                 (2.51) 

(2.51) gamosaxuleba CavsvaT (2.45), miviRebT: 
 

W 
    

         
                          (2.52) 

 
(2.52) warmoadgens erTtransformatoriani konduqtometris 

statikuri maxasiaTeblis maTematikur models reaqtiuli 

mdgenelisaTvis Zabvis mixedviT.  

reaqtiuli mdgenelis Zabvis mixedviT maTematikuri 

modelis damokidebulebis grafiki kuTr eleqtrogamtarobaze 

gamosaxulia nax.2.5-ze. nax.2.4.a da nax.2.5.a grafikebidan Cans, rom 

sakvlevi xsnaris kuTri eleqtrogamtarobis Sefasebisas, 

pirveladi sazomi gardamqmnelis induqciurobaze Zabvis vardnis 

mixedviT, informaciuli parametris saxiT sasurvelia 

gamoviyenoT reaqtiuli mdgeneli.  

nax.2.3.a sqemisaTvis Catarebuli gamoTvlebis analogiurad, 

gamovTvaloT maTematikuri modelebi danarCeni sqemebisTvisac. 

(2.16) gantolebidan, erTtransformatoriani konduqtometris 

sqemisaTvis, romelic dafuZnebulia gazomvis pirdapir meTodze 

(nax.2.3.b), kuTri eleqtrogamtareblobis Sefasebisas    

induqciurobis mixedviT da   =0 pirobiT, deni tolia: 

 

 

    
  

                 j 
     

                       (2.53) 

 
denis aqtiuri mdgenelis mixedviT maTematikuri modeli 

tolia:  

W       
  

          
            

         
    (2.54)  

                   
kuTr eleqtrogamtareblobaze denis damokidebulebis 

grafiki aqtiuri mdgenelis mixedviT, gamosaxulia nax.2.5.b-ze.  
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                a)                       b) 

nax.2.5. kuTr eleqtrogamtarobasTan damokidebulebis grafiki 0,1-10 
sim/m diapazonSi: a_ Zabvis reaqtiuli mdgenelis: b- denis aqtiuri 
mdgenelis. 
 

denis reaqtiuli mdgenelis mixedviT maTematikuri 

modeli tolia: 

                              

W 
      

            
        

            
            

         
          (2.55) 

 
erTtransformatoriani konduqtometrebisaTvis miRebuli 

maTematikuri modelis safuZvelze agebuli denis reaqtiuli 

mdgenelis kuTr eleqtrogamtareblobasTan damokidebulebis 

grafiki, warmodgenilia nax.2.6.a-ze. 

maSasadame, pirveladi sazomi gardamqmnelis gavliT  

sakvlevi xsnaris kuTri eleqtrogamtareblobis deniT 

Sefasebisas sasurvelia  informaciuli parametris saxiT 

gamoviyenoT am denis aqtiuri mdgeneli.  

          

           a)                                b) 

              
                                         

nax.2.6.a - denis reaqtiuli mdgenelis kuTr eleqtrogamtarobasTan 
damokidebulebis grafiki 0,1-10 sim/m diapazonSi 
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erTtransformatorian konduqtometrebSi; b- denis reaqtiuli 
mdgenelis kuTr eleqtrogamtarobasTan damokidebulebis grafiki 0,1-
100 sim/m diapazonSi ortransformatorian konduqtometrebSi 
 

rogorc wesi, msgavs mowyobilobebs aqvT dabali 

mgrZnobiaroba da gazomvis viwro diapazoni 0,1 _ 10 sim/m, 

amitom maT ZiriTadad gamoiyeneben signalizatorebis saxiT 

xsnarebSi, marilebSi da maRali kuTri eleqtrogamtareblobis 

eleqtrolitebSi. 

mikroprocesoruli teqnikis msgavs mowyobilobebSi 

gamoyeneba saSualebas gvaZlevs gavafarTovoT gazomvis 

diapazoni 100 sim/m – mde, TumcaRa ufro mizanmimarTulia 

gamoviyenoT ortransformatoriani sqemebi, sadac gasazomi da 

mkvebavi xviebi dayofilia, ris gamoc misi statikuri 

maxasiaTebeli wrfivia diapazonSi 0,1_100sim/m. (2.30) 

gamosaxulebidan miviRebT statikuri maxasiaTeblebis 

maTematikur models denis mixedviT, aqtiuri mdgenelisaTvis: 

    W 
            

     
                          (2.56) 

 
nax.2.6.b-ze warmodgenilia densa da kuTr 

eleqtrogamtareblobas Soris, damokidebulebis grafiki 

ortransformatoriani konduqtometrebisaTvis maTematikuri 

modelis aqtiuri mdgenelisaTvis. 

reaqtiuli mdgenelia:  

W 
                 

     
                      (2.57) 

 
 am maTematikuri modelis mixedviT, ortransformatoriani 

konduqtometrebisaTvis denis reaqtiuli mdgenelis kuTr 

eleqtrogamtareblobaze damokidebulebis grafiki  

warmodgenilia nax.2.7.a-ze. 

Tu  informaciuli parametris saxiT gamoviyenebT Zabvis 

aqtiur mdgenels, maSin (2.23) maTematikur modelidan miviRebT: 

W 
                   

   
                          (2.58) 
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                a)                                 b) 

nax.2.7. ortransformatoriani konduqtometrebisaTvis: a- denis 
reaqtiuli mdgenelisa da b- Zabvis aqtiuri mdgenelis  kuTr 
eleqtrogamtarobasTan damokidebulebis grafiki 0,1-100 sim/m 
diapazonSi.  
 

am maTematikuri modelis mixedviT, ortransformatoriani 

konduqtometrebisaTvis Zabvis aqtiuri mdgenelis kuTr 

eleqtrogamtareblobaze damokidebulebis grafiki  

warmodgenilia nax.2.7.b-ze. 

Zabvis reaqtiuli mdgenelisaTvis gveqneba: 

        W 
            

   
                       (2.59) 

am maTematikuri modelis mixedviT, ortransformatoriani 

konduqtometrebisaTvis Zabvis reaqtiuli mdgenelis kuTr 

eleqtrogamtareblobaze damokidebulebis grafiki  

warmodgenilia nax.2.8.a-ze. 

 

                a)                              b)                                      

nax.2.8. a- ortransformatoriani konduqtometrebisaTvis Zabvis 
reaqtiuli mdgenelisa da b-mravalgragniliani 
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konduqtometrebisaTvis denis  aqtiuri da reaqtiuli mdgenelebis  
kuTr eleqtrogamtarobasTan damokidebulebis grafiki 0,1-100 sim/m 
diapazonSi.  
 

(2.56) da (2.57) formulebidan Cans, rom informaciuli 

parametris saxiT gamosavali denis gamoyenebisas, misi aqtiuri 

mdgeneli proporciuli iqneba sakvlevi xsnaris kuTri 

eleqtrogamtareblobisa, xolo reaqtiuli mdgeneli misi kuTri  

eleqtrogamtareblobis kvadratisa. 

Tuki informaciuli parametris saxiT gamoiyeneba 

pirveladi sazomi gardamqmnelis gamosavali Zabva, maSin am 

Zabvis aqtiuri mdgeneli proporciulia sakvlevi xsnaris kuTri  

eleqtrogamtareblobis kvadratisa (2.58), xolo misi reaqtiuli 

mdgeneli am siTxis kuTri  eleqtrogamtareblobisa (2.59). 

Ggrafikebidan Cans, rom uSualo Sefasebis gamoyenebisas, 

ortransformatoriani konduqtometrebi floben gazomvebis 

gacilebiT farTo diapazons erTtransformatorebianebTan 

SedarebiT da saSualebas iZlevian gavzomoT kuTri  

eleqtrogamtarebloba diapazonSi _ 1-100 sim/m. SesaniSnavi 

Sedegebi iqna miRebuli sqemebisTvis _ nax.2.3 e,v,z,T. 

kompensaciuri meTodis gamoyeneba saSualebas gvaZlevs miviRoT 

wrfivi statikuri maxasiaTeblebi gazomvis yvela diapazonze, 

maTematikuri modelebis rogorc aqtiuri ise reaqtiuli 

mdgenelebisaTvis. 

nax.2.3.e-ze gamosaxuli mravalgragniliani  transforma-

toruli konduqtometris denis aqtiuri mdgenelisaTvis 

maTematikuri modeli miiReba (2.27) _ gamosaxulebidan: 

W 
            

     
                    (2.60) 

denis reaqtiuli mdgenelisaTvis ki (2.27) gamisaxulebaSi  

k-s nacvlad CavsvaT (2.30) gamosaxuleba da miviRebT: 

W 
            

     
                    (2.61) 

Mmravalgragniliani konduqtometrebisaTvis denis  

eleqtrogamtarobaze damokidebulebis grafikebi aqtiuri da 
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reaqtiuli mdgenelebis mimarT erTnairia da warmodgenilia 

nax.2.8.b-ze.  

Zabvis aqtiuri mdgenelis informaciuli parametris saxiT 

gamoyenebis SemTxvevaSi  maTematikur models miviRebT (2.28) 

gamosaxulebidan: 

W 
            

   
                      (2.62) 

xolo reaqtiuli mdgenelis misaRebad ki (2.28) 

gamosxulebaSi k–s nacvlad CavsvaT (2.30) gamosaxuleba; 

miviRebT: 

W 
            

   
                         (2.63) 

Mmravalgragniliani konduqtometrebisaTvis Zabvis   

eleqtrogamtarobaze damokidebulebis grafikebi aqtiuri da 

reaqtiuli mdgenelebis mimarT erTnairia da warmodgenilia 

nax.2.9.a-ze.  

 (2.35) gamosaxulebidan miviRebT statikuri 

maxasiaTeblebis maTematikur modelebs denis mixedviT aqtiuri 

mdgenelebisaTvis: 

W 
            

     
                           (2.64) 

 

reaqtiulisaTvis ki, k-s nacvlad (2.35) gamosaxulebaSi  

CavsvaT (2.37) gamosaxuleba da miviRebT: 

W 
            

     
                       (2.65) 

Mmravalgragniliani konduqtometrebisaTvis denis  

eleqtrogamtarobaze damokidebulebis grafikebi aqtiuri da 

reaqtiuli mdgenelebis mimarT erTnairia da warmodgenilia 

nax.2.9.b-ze 
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                 a)                               b) 
nax.2.9. mravalgragniliani konduqtometrebisaTvis: a- Zabvisa da b- 
denis aqtiuri da reaqtiuli mdgenelebis kuTr eleqtrogamtarobaze 
damokidebulebis grafikebi 0,1-100 sim/m diapazonSi. 
 
 
 
 
 

2.4. transformatoruli sazomi bogas ekvivalenturi 

sqema mWidro induqciuri kavSiriT. 

  

Oor induqciur      da     koWas Soris kavSiri, rogorc 

cnobilia, xasiaTdeba koWebis urTierTinduqciurobiT M-iTa da 

kavSiris koeficientiT             , romlis mniSvneloba 

SeiZleba iyos sazRvrebSi       . kavSirs ewodeba mWidro im 

SemTxvevaSi, Tu    koeficientis mniSvneloba Zalian mcired 

gansxvavdeba erTisagan, anu roca SeiZleba miviRo, rom M 

        . koWebs Soris mWidro induqciuri kavSiri miiRweva 

rogorc saerTo magnitur gamtarze maTi daxveviT, ise daxvevis 

specialuri saxeebis gamoyenebiTa da koWebis daxveuli 

gragnilebis specialuri kompensaciuri CarTviT. 

mWidro induqciuri kavSiris mqone elementebiani sqemebi 

yvelaze xSirad gamoiyeneba iseTi boguri sqemebis analizis 

dros, romlebic Seicaven or induqciurad dakavSirebul 

elements da gaaCniaT saerTo kvanZi (mxrebis elementebis 

avtotransformatoruli CarTva) da iSviaTad sami mWidro 
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induqciuri kavSiris mqone elementis dros (mxrebis elementebis 

transformatoruli CarTva). 

literaturaSi [30] moyvanilia, rom ori induqciurad 

dakavSirebuli elementisaTvis, romelTac gaaCniaT saerTo kvanZi 

(nax.2.10.a), ekvivalenturi sqema warmodgenilia winaRobaTa 

samsxiviani varskvlaviT (nax.2.10.b), sadac,             _1-3 

gragnilis kompleqsuri winaRobaa, romlis sakuTari 

induqciurobaa    , xviaTa ricxvi    da aqtiuri winaRoba   ; 

             _2-3 gragnilis kompleqsuri winaRobaa, romlis 

sakuTari induqciurobaa     xviaTa ricxvi    da aqtiuri 

winaRoba   ;             -koWebs Soris urTierTinduqciurobis 

koeficientia, romelTa Soris kavSiris koeficientia   .  

 
                  a)                            b) 

nax.2.10. a- saerTo kvanZis mqone induqciurad dakavSirebuli 
elementebi; b- maTi ekvivalenturi sqema. 

 
 

roca   =  =0 da   =1, maSin samsxiviani varskvlavis 

winaRobebi iReben Semdeg mniSvnelobebs: 

            ;               ;          ;   (2.66)  

sadac,          ;   ,  ,   winaRobebs Soris (2.66)-is SemTxvevaSi 

sruldeba piroba: 

  =                              (2.67) 

Aanu mocemulia orgragnila transformatoruli bogiris 

wonasworobis piroba: 

    +     +     = 0            (2.68) 

realur pirobebSi koWebs gaaCniaT aqtiuri winaRobebi, romlebic 

gansxvavebulia nulisagan    0 da    0. am SemTxvevaSi 
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samsxiviani varskvlavis winaRobebi [41]–is Sesabamisad miiReben 

Semdeg mniSvnelobebs: 

               ;                ;        ;   (2.69)  

am dros (2.68) piroba fizikur azrs moklebulia, radgan Re[    ] 

0, Re[    ]  0; Re[    ] 0. Aam dadebiTi ricxvebis jami ar 

SeiZleba iyos nulis toli. (2.68) gamosaxulebaSi 

gaTvaliswinebuli ar aris mesame mkvebavi gragnilis gavlena 

(romlis gareSec boga ar muSaobs) bogas mxrebis winaRobaze. 

realuri fizikuri procesebis Sesabamisi umartivesi 

transformatoruli sazomi bogiris sqema mocemulia nax.2.11.a. 

sqema agebulia denebis gamoklebis principze. meore 

konturSi gamavali denis sidide ganisazRvreba    gasazomi 

winaRobiT, xolo mesame konturSi gamavali deni ki_   

etalonuri winaRobiT. 

pirveladi gragnili xviaTa ricxviT    aris bogas mxrebis 

mkvebavi gragnili, xolo gragnilebi xviaTa ricxvebiT    da    

arian bogas mxrebis gragnilebi.Ggragnilebis Sesabamisi omuri 

winaRobebia:   ,  da   . muqi wertilebiT moniSnulia gragnilebis 

erTsaxela momWerebi. erTsaxela momWerebi iseTi momWerebia, 

romlebSic denebis erTnairi mimarTulebis dros TviTinduqciisa 

da urTierTinduqciis nakadebi mimarTulebiT erTmaneTs emTxveva. 

transformatoris moqmedebis principidan gamomdinare, Tu 

pirvelad gragnilSi deni mimarTulia erTsaxela momWerisken, 

maSin meoreul gragnilSi (an gragnilebSi) deni (an denebi) 

gamodis (an gamodian) erTsaxela momWeridan, rac damtkicebulia 

eqsperimentiT [35]. 

rogorc cnobilia, koWaSi gamavali deni da mis mier 

Seqmnili magnituri nakadi erTmaneTTan dakavSirebulia marjvena 

burRis wesiT, romelic swori gamtarisaTvis SemdegSi 

mdgomareobs: Tu burRis wveros gadaadgilebis mimarTuleba 

emTxveva denis mimarTulebas, maSin burRis taris moZraobis 

mimarTuleba emTxveva nakadis mimarTulebas; xolo wriuli 
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gamtarisaTvis igi Semdegnairad Camoyalibdeba: Tu wriul 

gamtarSi gamavali denis mimarTuleba emTxveva burRis taris 

moZraobis mimarTulebas, maSin burRis wveros gadaadgilebis 

mimarTuleba emTxveva nakadis mimarTulebas. am wesis 

gaTvaliswinebiT nax.2.11.a-ze mocemuli samgragniliani sazomi 

transformatoris sqemis muSaobas fizikurad Seesabameba nax.2.11.b-

ze warmodgenili nakadebis mimarTuleba. nakadebis mimarTuleba 

gansazRvravs Zabvebis mimarTulebas. 

                    a)          b) 

 

Nnax.2.11 a) samgragniliani sazomi transformatoris sqema; 
         b) nakadebis mimarTuleba.  
 

    nax.2.11.b-ze     =     ;    =     ;    =      _ warmoadgenen 

TviTinduqciis nakadebs, romlebic ganisazRvrebian am 

konturebSi gamavali denebiT. 

gamosaxulebebSi mocemuli             koeficientebi 

ganisazRvrebian gragnilebis xviaTa ricxvebiTa da magnituri 

gamtaris masaliTa da zomebiT Semdegnairad:       
        

  
          

  ; sadac   magnituri gamtaris gamtarobaa da 

ganisazRvreba formuliT:L        , sadac  - magnituri gamtaris 

masalis fardobiTi magnituri SeRwevadobaa da misi mniSvneloba 

aiReba specialuri cxrilebidan;    _ magnituri mudmivaa da 

tolia 4     hn/m, S_magnituri gamtaris ganivkveTia _ m2;  _ 

magnituri gamtaris saSualo sigrZe _ m.  

         ;          ;          ;          ;     

                _warmoadgenen urTierTinduqciis nakadebs, 
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romlebic ganisazRvrebian mezobel konturebSi gamavali denebiT. 

mag:           _ aris pirvel konturSi, meore konturSi 

gamavali denis mier Seqmnili nakadi da a.S. 

M_ mniSvnelobebic ganisazRvrebian xviaTa ricxvebiTa da 

magnituri gamtarobiT:              ;                    

           

koWebSi Zabvebi da nakadebi erTmaneTTan dakavSirebulni 

arian eleqtromagnituri induqciis kanoniT Semdegnairad:  

   
  

  
  

  

  
    

  

  
   

  

  
  

garda nakadebis mimarTulebisa, [36] Tanaxmad unda avirCioT 

aTvlis sistemis mimarTulebac. aTvlis sistemis mimarTulebad 

aviRoT     nakadis mimarTuleba. yovelive zemoTmoyvanilis 

gaTvaliswinebiT, aRniSnuli mimarTulebisaTvis nax.2.11 mocemuli 

sqemis mixedviT, kirxhofis meore kanonis Tanaxmad 

samgragniliani bogiris maTematikuri modeli gamoisaxeba Semdegi 

diferencialuri gantolebaTa sistemiT:  

                                          
   

  
    

   

  
    

   

  
 

                                       
   

  
    

   

  
    

   

  
                         

(2.70) 

                                                   

   

  
    

   

  
    

   

  
 

 
kompleqsuri meTodiT miRebul gantolebaTa sistema 

Semdegnairad Caiwereba: 

                             
         

         
   

                               
      

         
            (2.71) 

         
         

      
  

sadac,   =          ;   =              ;   =               ; 

bogiris wonasworobis mdgomareobaSi galvanometrSi 

gamavali denebi tolia: 

  
    

                    (2.72)   

es denebi ganisazRvrebian Semdegnairad:     
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 =      

 
;     

  =      

 
  (2.73)    

sadac,            

              

             

              

 ;         (2.74)  

 

        
           

        
       ;      

        

           
   (2.75) 

 
(2.72) da (2.73) gamosaxulebebis Sedareba gvaZlevs Semdeg 
tolobas: 

        
Aaqedan gamomdinare, saTanado maTematikuri moqmedebebis 

Catarebis Semdeg miiReba gasazomi winaRobis saangariSo 

formula: 

                     

wrfivi eleqtruli wredebis Teoriis safuZvelze miRebuli 

iqna samgragnilian transformatorul bogirSi mimdinare 

fizikuri procesebis Sesabamisi erTaderTi swori maTematikuri 

modeli. 
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Tavi III. transformatoruli konduqtometrebis sqemebis 

SedarebiTi analizi 

 

wina TavebSi ganxiluli iyo konkurentunariani sqemebi, 

transformatoruli konduqtometrebisaTvis SemuSavebuli 

statikuri maxasiaTeblebi da statikuri maxasiaTeblebis 

maTematikuri modelebi, romlebic dafuZnebulia uSualo 

Sefasebisa da gazomvis kompensaciuri meTodis gamoyenebaze. 

SemuSavebulia ZiriTadi Rirsebebi, naklulovanebani da 

mrewvelobaSi xelsawyoebis gamoyenebis SesaZlo sferoebi, 

romlebic am sqemebis realizebas axdenen. 

Aam TavSi statikuri maxasiaTeblebis miRebuli 

maTematikuri modelebis safuZvelze gamovlenilia 

konduqtometruli struqturebis raodenobrivi da xarisxobrivi 

maCveneblebi, iseTebi rogorebicaa: mgrZnobiaroba, 

saSualokvadratuli cdomileba. garda amisa, Catarebulia 

konduqtometrის struqturuli da parametruli optimizacia, 

xolo SedarebiT perspeqtiuli sqemisaTvis Sesrulebulia 

ganxiluli sqemebis SedarebiTi analizi.  

 

 

3.1. transformatoruli konduqtometrebis mzomi 

sqemebis statikuri maxasiaTeblebis maTematikuri 

modelebis mgrZnobiarobis gansazRvra 

 
 

Tu  (2.44) gantolebidan aviRebT pirveli rigis warmoebuls 

kuTri eleqtrogamtareblobis mixedviT, miviRebT mgrZnobiarobas 

aqtiuri mdgenelis mimarT nax.2.3a sqemaze gamosaxuli erTtrans-

formatoriani konduqtometrisaTvis, sadac informaciul 

parametrad gvevlineba Zabva: 
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Ggamartivebis Semdeg gveqneba: 

     
        

   

          
        

   
                                                    

(3.2) gantoleba warmoadgens erTtransformatoriani 

konduqtometris mgrZnobiarobis maTematikur models Zabvis 

aqtiuri mdgenelis mimarT. im SemTxvevisaTvis, roca 

informaciuli parametria Zabva, maSin Zabvis aqtiuri mdgenelis 

mgrZnobiarobis eleqtrogamtarobis gazomvis diapazonze 

damokidebulebis grafiki warmodgenilia nax.3.1.a-ze.  

(3.2) gamosaxuleba  rTulia da ar iZleva konkretul pasuxs 

kiTxvaze Tu romeli parametria ZiriTadi, amitom maRali 

mgrZnobiaroba araerTmniSvnelovania da damokidebulia 

konkretul gardamqmnelze, romelic DdamkveTisTvisaa saWiro. 

  

                 a)                                 b)                      

nax.3.1. erTtransformatoriani konduqtometrisaTvis: a- Zabvis aqtiuri 
da b- Zabvis reaqtiuli mdgenelebis mgrZnobiarobis gazomvis 
diapazonze damokidebulebis grafiki 0,1- 10 sim/m diapazonSi. 

 

msgavsi meTodiT gamovTvaloT mgrZnobiaroba darCenili 

sqemebisaTvisac. 

mgrZnobiaroba Zabvis reaqtiuli mdgenelisaTvis tolia: 

     
      

        
     

                                                        

xolo, erTtransformatoriani konduqtometris 

mgrZnobiarobis eleqtrogamtarobaze damokidebulebis grafiki 

Zabvis reaqtiul mdgenelisaTvis gamosaxulia nax.3.1.b.-ze. 

rogorc nax.3.1.a-dan  Cans, rom Tu informaciuli parametria 

Zabva, maSin mgrZnobiarobis mixedviT xelsawyos 
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optimizaciisaTvis sasurvelia gamoviyenoT statikuri 

maxasiaTeblis Zabvis aqtiuri mdgenelis  maTematikuri modeli. 

erTtransformatoriani konduqtometrisaTvis aqtiuri 

mdgenelis mixedviT, romlis informaciuli parametria deni, 

mgrZnobiarobas aqvs Semdegi saxe: 

S(   
    

          
            

        

        
            

            
         (3.4) 

erTtransformatoriani konduqtometris mgrZnobiarobis 

eleqtrogamtarobaze damokidebulebis grafiki denis aqtiuri 

mdgenelisaTvis gamosaxulia nax.3.2.a-ze. 

erTtransformatoriani konduqtometris mgrZnobiarobis 

maTematikuri modeli denis reaqtiuli mdgenelisaTvis 

gamoisaxeba Semdegnairad: 

        S(   
       

     

        
            

                          (3.5) 

mgrZnobiarobis damokidebulebis grafiki kuTr 

eleqtrogamtareblobaze warmodgenilia nax.3.2.b-ze 

    

                a)                               b) 

  nax.3.2. erTtransformatoriani konduqtometrisaTvis: a- denis aqtiuri 
da b- denis reaqtiuli mdgenelebis mgrZnobiarobis gazomvis 
diapazonze damokidebulebis grafiki 0,1- 10 sim/m diapazonSi. 
 

rogorc nax.3.2.a-dan Cans, rom Tu informaciuli parametria 

deni,maSin mgrZnobiarobis mixedviT xelsawyos optimizaciisaTvis 
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sasurvelia gamoviyenoT statikuri maxasiaTeblis denis aqtiuri 

mdgenelis  maTematikuri modeli. 

ortransformatoriani konduqtometris SemTxvevaSi, Tu  

informaciuli parametria deni, maSin denis aqtiuri 

mdgenelisaTvis mgrZnobiaroba gamoisaxeba formuliT: 

S(   
          

     
              (3.6) 

sadac   _ Zabvaa pirveli transformatoris  pirvelad 

gragnilSi. denis reaqtiuli  mdgenelisaTvis mgrZnobiaroba 

gamoisaxeba formuliT: 

        S(   
              

      
                 (3.7) 

Tu informaciuli parametria deni, maSin  

ortransformatoriani konduqtometris mgrZnobiarobis 

eletrogamtarobaze damokidebulebis grafiki denis aqtiuri da 

reaqtiul mdgenelisaTvis gamosaxulia nax.3.3..-ze. 

    

               a)                               b) 

nax.3.3.. ortransformatoriani konduqtometrisaTvis: a- denis aqtiuri 
da b- denis reaqtiuli mdgenelebis mgrZnobiarobis gazomvis 
diapazonze damokidebulebis grafiki 0,1- 10 sim/m diapazonSi. 

 

ortransformatoriani konduqtometris SemTxvevaSi, Tu  

informaciuli parametria Zabva, maSin Zabvis aqtiuri 

mdgenelisaTvis mgrZnobiaroba gamoisaxeba formuliT: 

S(   
                

    
                      (3.8) 
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mgrZnobiarobis damokidebulebis grafiki, aqtiuri 

mdgenelis Zabvis mixedviT, kuTr eleqtrogamtareblobaze, 

gamosaxulia nax.3.7 

xolo reaqtiuli mdgenelisaTvis gamoisaxeba  formuliT: 

          S(   
          

   
         (3.9) 

 
roca  informaciuli parametria Zabva, maSin  

ortransformatoriani konduqtometris mgrZnobiarobis 

eletrogamtarobaze damokidebulebis grafiki Zabvis aqtiuri da 

reaqtiul mdgenelisaTvis gamosaxulia nax.3.4.-ze 

    

                a)                                 b)                                     

nax.3.4.. ortransformatoriani konduqtometrisaTvis: a- Zabvis aqtiuri 
da b- Zabvis reaqtiuli mdgenelebis mgrZnobiarobis gazomvis 
diapazonze damokidebulebis grafiki 0,1- 100 sim/m diapazonSi. 
 

rogorc nax.3.3  da nax.3.4-ze warmodgenili grafikebidan 

Cans, ortransformatoriani konduqtometrebisaTvis umjobesia 

gazomvebi CavataroT denis aqtiuri mdgenelis da Zabvis 

reaqtiuli mdgenelis mixedviT, radganac mgrZnobiaroba am 

mdgenelebisaTvis mudmivia da wrfivia konduqtometris 

gazomvebis mTel diapazonze. 

ortransformatoriani oTxgragniliani konduqtometris 

SemTxvevaSi, Tu  informaciuli parametria deni, maSin denis 

aqtiuri da reaqtiuli mdgenelebisaTvis mgrZnobiaroba 

erTnairia da gamoisaxeba formuliT: 

S(   
          

     
           (3.10) 
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Sesabamisi grafiki warmodgenilia nax.3.5.a-ze. 

informaciuli parametria Zabva, maSin Zabvis  aqtiuri da 

reaqtiuli mdgenelebisaTvis mgrZnobiaroba aseve erTnairia da 

gamoisaxeba formuliT: 

S(   
          

   
             (3.11) 

Sesabamisi grafiki warmodgenilia nax.3.5.b-ze. 

    

               a)                             b)                                          

nax.3.5. ortransformatoriani oTxgragniliani konduqtometrisaT-
vis: a- denisa da b-Zabvis aqtiuri da reaqtiuli mdgenelebis 
mgrZnobiarobis gazomvis diapazonze damokidebulebis grafiki 0,1-100 
sim/m diapazonSi. 

 
rogorc nax.3.5.ze warmodgenili grafikebidan Cans, 

ortransformatoriani oTxgragniliani konduqtometrebis 

SemTxvevaSi roca informaciuli parametria deni, maSin 

mgrZnobiaroba ufro maRalia, vidre im SemTxvevaSi, roca 

informaciuli parametria Zabva.Aaqedan SeiZleba gakeTdes 

daskvna, rom maRali mgrZnobiarobis misaRwevad sasurvelia 

gamoviyenoT nax.2.3v–ze warmodgenili sqemebi. 

ortransformatoriani samgragniliani konduqtometris 

SemTxvevaSi, Tu  informaciuli parametria deni, maSin denis 

aqtiuri da reaqtiuli mdgenelebisaTvis mgrZnobiaroba aseve 

erTnairia da gamoisaxeba formuliT 

S(   
          

     
             (3.12) 

 
Sesabamisi grafiki warmodgenilia nax.3.6.a-ze. 
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informaciuli parametria Zabva, maSin Zabvis  aqtiuri da 

reaqtiuli mdgenelebisaTvis mgrZnobiaroba aseve erTnairia da 

gamoisaxeba formuliT: 

S(   
          

   
                (3.13) 

Sesabamisi grafiki warmodgenilia nax.3.6.b-ze. 

 

    

              a)                                  b) 

nax.3.6. ortransformatoriani samgragniliani konduqtometrisaTvis: a- 
denisa da b-Zabvis aqtiuri da reaqtiuli mdgenelebis mgrZnobiarobis 
gazomvis diapazonze damokidebulebis grafiki 0,1- 100 sim/m diapazonSi 

 

rogorc nax.3.6.ze warmodgenili grafikebidan Cans, 

ortransformatoriani samgragniliani konduqtometrebis 

SemTxvevaSi roca informaciuli parametria deni, maSin 

mgrZnobiaroba ufro maRalia, vidre im SemTxvevaSi, roca 

informaciuli parametria Zabva.Aaqedan SeiZleba gakeTdes 

daskvna, rom maRali mgrZnobiarobis misaRwevad sasurvelia 

gamoviyenoT nax.2.3.T–ze warmodgenili sqemebi. 
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3.2. transformatoruli konduqtometrebis sabazo 

sqemebis cdomilebebis modelebi 

 
erTtransformatoriani konduqtometrebi ver uweven 

konkurencias ortransformatorian sqemebs, statikuri maxasiaTeb-

lebisa da cvladi mgrZnobiarobebis gamo.  

erTtransformatoriani konduqtometrebis cdomilebebis 

gamoTvla moyvanili iyo pirvel TavSi, meore TavSi aRwerilia 

ortransformatoriani konduqtometrebis cdomilebebis modelebi 

Zabvis mixedviT aqtiuri mdgenelebisaTvis. 

ganvsazRvroT SemTxveviTi gadaxra W signalis _     
 
 

nominaluridan, maSin 2.5 formulidan miviRebT: 

   
                 

    
   

               

    
    

             

    
     

   

 
             

    
      

              

    
     

                 

  
   

      

 
                  

    
                                                              

 
@(2.6) formulis gamoyenebiT, ganvsazRvroT statikuri 

maxasiaTeblis maTematikuri modelis absoluturi cdomileba: 

   
  

    
 

 

 
   

 

   
    

 

     
      

 

     
      

 

    
    

 
 

   
     

 

  
                                                

 
  absoluturi cdomilebidan X normirebulze gadasvlisas, 

gazomvisAam (             diapazonze, dayvanili    

cdomilebisTvis miviRebT: 

                                                                  

ortransformatoriani  konduqtometris saSualokvadra-

tuli cdomileba, Zabvis mixedviT aqtiuri mdgenelisa, tolia: 

             
     

       

       

      

     

     
        (3.17) 
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msgavsi meTodiT gamovTvaloT cdomilebebis modelebi, 

transformatoruli konduqtometrebis darCenili sqemebisaTvis. 

ortransformatoriani  konduqtometris  reaqtiuli 

mdgenelisaTvis, Zabvis mixedviT informaciuli parametriT, 

SemTxveviTi gadaxra    tolia: 

   
         

   
    

       

   
      

       

   
       

 
           

  
  

    
           

    
                         

statikuri maxasiaTeblis maTematikuri modelis 

absoluturi cdomileba tolia: 

   
 

  
    

 

    
      

 

    
      

 

  
    

 

 
                       

Ggazomvis dayvanili cdomileba tolia: 

                                                   (3.20) 

ortransformatoriani  konduqtometris  saSualo 

kvadratuli cdomileba reaqtiuli mdgenelisaTvis Zabvis 

mixedviT tolia: 

         

       

       

     

    
 )                 (3.21) 

ortransformatoriani  konduqtometris  aqtiuli 

mdgenelisaTvis, denis mixedviT informaciuli parametriT, 

SemTxveviTi gadaxra    tolia: 

   
         

     
    

       

     
      

       

     
       

 
           

  
    

    
           

    
  

      
           

      
                      

statikuri maxasiaTeblis maTematikuri modelis 

absoluturi cdomileba tolia: 

   
 

  
    

 

    
      

 

    
      

 

  
    

 

  
    

 

 
                       

Ggazomvis dayvanili cdomileba tolia: 

                                                 (3.24) 
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ortransformatoriani  konduqtometris  saSualo 

kvadratuli cdomileba aqtiuli mdgenelisaTvis denis mixedviT 

tolia: 

         

       

       

     

     

    
 )        (3.25) 

ortransformatoriani  konduqtometris  reaqtiuli 

mdgenelisaTvis, denis mixedviT informaciuli parametriT, 

SemTxveviTi gadaxra    tolia: 

   
             

      
    

           

      
      

           

      
                       

 
            

      
     

               

  
     

    
               

    
   

   

  
                

      
                                        

statikuri maxasiaTeblis maTematikuri modelis 

absoluturi cdomileba tolia: 

   
 

   
    

 

     
      

 

     
      

 

    
     

 

   
    

 

   
   

 
 

 
                        

      gazomvis dayvanili cdomileba tolia: 

                                                                        

ortransformatoriani  konduqtometris  saSualo 

kvadratuli cdomileba reaqtiuli mdgenelisaTvis denis 

mixedviT tolia: 

             

       

       

      

     

     

     
        (3.29) 

oTxgragniliani transformatoruli konduqtometris 

aqtiuri da reaqtiuli mdgenelebis, informaciuli parametriT 

Zabvis mixedviT, saSualokvadratuli cdomilebis 

damokidebulebis grafiki kuTr eleqtrogamtareblobaze, 

gamosaxulia nax.3.7.a-ze. 

imdenad ramdenadac, oTxgragniliani transformatoruli 

konduqtometris sqemis statikuri maxasiaTebeli, aqtiuri da 

reaqtiuli mdgenelebisa informaciuli parametriT Zabvis 
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mixedviT, erTnairia, maSin cdomilebebis modelebic aseve 

erTnairi iqneba. 

SemTxveviTi gadaxra    tolia: 

   
         

   
    

       

   
      

       

   
       

 
           

  
  

    
           

    
                                                    

    

              a)                                        b)                                      

nax. 3.7. konduqtometris saSualo kvadratuli cdomilebis 
damokidebulebis grafiki: a-ortransformatoriani konduqtometris  
kuTri eleqtrogamtarobisa denis reaqtiul mdgenelze; b- 
mravalgragniliani konduqtometris kuTri eleqtrogamtarobisa Zabvis 
aqtiur da reaqtiul mdgenelebze.  
 

statikuri maxasiaTeblis maTematikuri modelis 

absoluturi cdomileba tolia: 

     
 

  
    

 

    
      

 

    
      

 

  
    

 

 
                      

Ggazomvis dayvanili cdomileba tolia: 

                                    (3.32) 

oTxgragniliani transformatoruli konduqtometris 

saSualokvadratuli cdomileba, aqtiuri da reaqtiuli 

mdgenelebisaTvis Zabvis mixedviT tolia: 

         

       

       

     

    
                          (3.33) 

   SemTxveviTi gadaxra    tolia: 
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statikuri maxasiaTeblis maTematikuri modelis 

absoluturi cdomileba tolia: 

                      
 

  
    

 

    
      

 

    
      

 

  
    

 

  
   

 
 

 
                                                                                                                

Ggazomvis dayvanili cdomileba tolia: 

                                                 (3.36) 

oTxgragniliani transformatoruli konduqtometris 

saSualokvadratuli cdomileba, aqtiuri da reaqtiuli 

mdgenelebisa denis mixedviT tolia: 

         

       

       

     

     

    
                  (3.37) 

radganac, samgragniliani transformatoruli 

konduqtometris statikuri maxasiaTebeli aqtiuri da reaqtiuli 

mdgenelebisaTvis, informaciuli parametriT Zabvis mixedviT 

erTnairia, amitom cdomilebebis modelebic aseve erTnairi 

iqneba. 

SemTxveviTi gadaxra    tolia: 

   
         

   
    

       

   
      

       

   
       

 
           

  
  

    
           

    
                                                    

statikuri maxasiaTeblis maTematikuri modelis 

absoluturi cdomileba tolia: 

                         
 

  
    

 

    
      

 

    
      

 

  
    

 

 
                         

Ggazomvis dayvanili cdomileba tolia: 

                                            (3.40) 

samgragniliani transformatoruli konduqtometris 

saSualokvadratuli cdomileba, aqtiuri da reaqtiuli 

mdgenelebisaTvis Zabvis mixedviT tolia: 

         

       

       

     

    
               (3.41) 
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radganac, samgragniliani transformatoruli 

konduqtometris statikuri maxasiaTebeli aqtiuri da reaqtiuli 

mdgenelebisaTvis, informaciuli parametriT denis mixedviT 

erTnairia, amitom cdomilebaTa modelebic  erTnairi iqneba. 

SemTxveviTi gadaxra    tolia: 

   
         

     
    

       

     
      

       

     
                                         

 
           

  
    

    
           

    
  

      
           

      
              

gazomvis absoluturi cdomileba vipovoT formulidan: 

                        
 

  
    

 

    
      

 

    
      

 

  
    

 

  
   

 
 

 
                                                                                                   

Ggazomvis dayvanili cdomileba tolia: 

                                                                                     

samgragniliani transformatoruli konduqtometris 

saSualokvadratuli cdomileba, aqtiuri da reaqtiuli 

mdgenelebisaTvis denis mixedviT tolia: 

         

       

       

     

     

    
                 (3.45) 

 

 

3.3. transformatoruli konduqtometrebis   
perspeqtiuli sqemebis SedarebiTi analizi, 
struqturuli da parametruli optimizacia. 

 
adre ganxiluli yvela modelidan, realizaciisaTvis 

SedarebiT perspeqtiulad gvevlineba is sqemebi, romlebic 

iyeneben gazomvis kompensaciur meTods. amJamad cnobilia oTxi 

sqema; Sesabamisi realizaciisaTvis maTgan unda airCes erTi. Tu 

CavTvliT, rom Cvens SemTxvevaSi cdomileba warmoadgens 

moqmedebis rezultats didi ricxvfaqtorebiT, amasTan, 

TiToeuli faqtoris roli zusti gazomvebis SemTxvevaSi mcirea. 

mzom xelsawyoebSi xarisxis erT-erT ZiriTad maCveneblad 

gvevlineba cdomileba. rac metad mcirea cdomileba, miT 
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ukeTesia xelsawyo, amitom Sesabamisi sqemis arCevisaTvis 

visargebloT saSualokvadratuli cdomilebis minimaluri mniSv-

nelobis kriteriumiT. aseTi arCevani ar aris SemTxveviTi. jer 

erTi, saSualokvadratuli cdomilebis mixedviT maTematikuri 

modelebis cdomileba SedarebiT xelsayrelia analizisTvis, 

meorec, swored saSualokvadratul cdomilebaSia CarTuli 

xelsawyos yvela mdgenelis cdomileba, mesame, 

saSualokvadratuli cdomileba warmoadgens TvalsaCino 

maxasiaTebels Tavad gafantvis sididisa [32]. 

 
gazomvis praqtikaSi gvxvdeba SemTxveviTi cdomilebebis 

ganawilebis sxvadasxva kanonebi, amasTan, meti mniSvneloba aqvs 

ganawilebis normalur kanons. Nnormaluri kanonis mTavari 

Tavisebureba mdgomareobs imaSi, rom is aris zRvruli, anu mas 

uaxlovdebian ganawilebis sxva kanonebi, gazomvis tipiuri 

pirobebisas. Tu CavTvliT, rom cdomileba warmoadgens didi 

ricxv-faqtorebis moqmedebis Sedegs, amasTan, TiToeuli 

faqtoris roli zusti gazomvebis dros mcirea [8]. 

saSualokvadratuli cdomilebis kriteriumi axasiaTebs 

ganawilebis mrudis formas da asrulebs gafantvis cdomilebis 

mzomis rols. saSualokvadratuli cdomilebis SemcirebiT 

izrdeba albaToba mcire da, mcirdeba albaToba didi 

SemTxveviTi cdomilebebisa, rac zusti analizuri teqnikis 

proeqtirebisas warmoadgens xarisxis Sefasebis optimalur 

kriteriums. 
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Mmzomi sqemis gansazRvrisaTvis, minimaluri cdomilebiT, 

saSualokvadratuli cdomilebis mixedviT, SemovifargloT 

pirobiT, rom yovel mdgenels gaaCnia cdomileba 1% sxva toli 

pirobebisa, Tanac saukeTeso sqema iqneba is, romelsac 

saSualokvadratuli cdomilebis mniSvneloba eqneba minimaluri. 

cxrili3.1. –dan Cans, rom cdomilebis mdgenelebis pirobiTi 

mniSvnelobebis 1%, sqemebi, romlebSic informaciuli parametri 

denia, iZlevian saukeTeso Sedegs. 

CavataroT parametruli optimizacia sqemebisaTvis, denis 

mixedviT informaciuli parametriT. amisaTvis SemovifargloT 

realuri mniSvnelobebiT cdomilebis yvela mdgenelisaTvis: 

U  5   15 (v) 

M  0,0001   0,001 (hn) 

 L  0,001  0,005 (hn) 

       A  0   10 

Tu CavsvamT mocemul mniSvnelobebs (3.35) da (3.45) 

formulebSi, davinaxavT, rom cdomilebis SemcirebisaTvis 

aucilebelia gavzardoT U da M parametrebis da SevamciroT A-sA 

mniSvnelobebi; 

saSualo kvadratuli cdomilebis kriteriumis safuZvelze 

SemuSavebulia transformatoruli konduqtometrebis 

optimaluri proeqtirebis meTodika. misi blok algoriTmi 

mocemulia nax.3.8.-ze. sadac gaTvaliswinebulia: 

1. amorCeva ramdenime konkurentunariani 

transformatoruli konduqtometrebis sqemebisa, 

romelTa daniSnulebaa gazomvis dasmuli amocanis 

amoxsna. 

2. konkurentunariani sqemebis  maTematikuri modelebis 

Seqmna, transformatoruli  konduqtometrebis 

amorCeuli sqemebis eleqtruli wredebis 

gansakuTrebulobebis gaTvaliswinebiT. 
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3. sqemebis, mgrZnobiarobis, gazomvis absoluturi, 

fardobiTi cdomilebebis da saSualokvadratuli 

cdomilebis gamoTvla. 

4. sqemebis struqturuli optimizacia, romelic 

mdgomareobs saSualokvadratuli cdomilebis 

mniSvnelobis ricxvobriv gamoTvlaSi toli 

mniSvnelobebisas, da im sqemebis amorCeva, romelnic 

floben minimalur saSualokvadratul cdomilebas. 

5. sqemis parametruli optimizacia, romlis arsi 

mdgomareobs sqemis iseTi parametrebis povnaSi, 

romelnic am sqemis saSualokvadratuli cdomilebis 

mniSvnelobis minimalizirebas axdenen. 

6. transformatoruli  konduqtometrebis amorCeuli 

sqemis metrologiuri maxasiaTeblebis gamoTvla, 

maTematikuri modelis da sqemis optimaluri 

parametrebis meSveobiT. 

7. amorCeuli transformatoruli  konduqtometruli  

sqemis xelsawyoTa realizacia da SemuSavebuli 

xelsawyos metrologiuri maxasiaTeblebis Semowmeba. 
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nax.3.8. transformatoruli konduqtometrebis optimaluri 
proeqtirebis algoriTmis blok-sqema. 
 

mocemuli meTodika saSualebas iZleva SevadaroT da 

analizi gavukeToT amorCeul sqemebs, damkveTis moTxovnebze da 

xelsawyos muSaobis pirobebze dayrdnobiT. 
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Tavi IV.  
Txevadxviiani konduqtometrebis pirveladi 

gardamqmnelis (ujredis) optimaluri eleqtruli da 
magnituri parametrebis gansazRvra. 

 
4.1. zogadi cnobebi 

 

rogorc zemoT moyvanilma analizma cxadyo, ukontaqto 

transformatoruli konduqtometris meTodi damyarebulia 

el.magn. velis maRalsixSirul urTierTqmedebaze, amitom  

aucilebelia ganisazRvros sakvlevi sqemebisaTvis sixSireebis 

optimaluri diapazoni. nax.4.1-ze  warmodgenilia erT da 

ortransformatoriani sqemebisTvis, Zabvis sixSireze 

damokidebulebis grafiki [33]. rogorc am grafikidan Cans, 

erTtransformatoriani sqemisaTvis sixSireTa samuSao diapazoni 

warmoadgens 50_200khc Sualeds, amasTan, gamosavali signali 

iqneba sakmarisad maRali. Tumca, sixSiris amaRleba 

SesaZlebelia mxolod sixSireTa gansazRvrul diapazonSi, 

radgan maRali sixSireebisas, koWas impedansi mniSvnelovnad 

izrdeba; aseve aucilebelia gamtarebis kargi ekranizireba. 

induqciuri koWas sruli impedansi Sedgeba aqtiuri da 

reaqtiuli mdgenelebisagan da tolia: 

                    
            

                 (4.1)  

Tavis mxriv reaqtiuli mdgeneli aRwers koWas tevadobiT 

da induqciur Tvisebebs da tolia: 

                              
 

   
                     (4.2)     

saerTo sruli impedansi toli iqneba:  

    
               

 

   
 

 

  (4.3)            

ganvixiloT TiToeuli mdgenelis gavlena cal-calke. 

Aaqtiuri winaRobis gavlena simciris gamo SeiZleba 

ugulebelvyoT. reaqtiuli mdgenelis gavlena ganisazRvreba 

ZiriTadad induqciuri mdgeneliT, radgan tevadobiTi mdgeneli 

sixSiris ukuproporciulia da maRalsixSirul gadamwodebSi mas, 
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rogorc wesi ugulebelyofeben. anu, impedansi, zemoT aRwerili 

daSvebebiT gamoisaxeba ase: 

 

  
                   (4.4)   

 

 
nax.4.1. sqemis gamosavali signalis mkvebavi denis sixSireze 

damokidebulebis grafiki: 1-erTtransformatoriani da 2- 
ortransformatoriani sqemebisaTvis  

 

saerTo sruli impedansi toli iqneba:  

 

                
               

 

   
 

 

 (4.5) 

  

ganvixiloT TiToeuli mdgenelis gavlena cal-calke. 

Aaqtiuri winaRobis R 1,2omi gavlena SeiZleba 

ugulebelvyoT. reaqtiuli mdgenelis gavlena ganisazRvreba 

ZiriTadad induqciuri mdgeneliT, radgan tevadobiTi mdgeneli 

sixSiris ukuproporciulia da maRalsixSirul gadamwodebSi mas, 

rogorc wesi ugulebelyofeben. anu, impedansi, zemoT aRwerili 

daSvebebiT gamoisaxeba ase: 

                                           
                   (4.6)   

(4.6 )-dan gamomdinareobs, rom  maRali sixSireebisas, koWas 

impedansi izrdeba, amasTan, mcirdeba gamosavali signalis 

mniSvneloba.literatura [33]-is  mixedviT Oortransformatoriani 
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sqemebisTvis kuTri eleqtrogamtareblobis gazomvebi SeiZleba 

vawarmooT maRalsixSiruli kvebisas, Zabvis sixSiris diapazonSi 

_100khc-200khc.  amasTan, optimaluri diapazoni aris 180khc - 

200khc SualedSi. 

transformatoris pirvelad gragnilSi Seqmnili e.m.Z 

SeiZleba gamoTvlil iqnas faradeis kanonTan mimarTebaSi. igi 

tolia: 

     
  

  
              (4.7)  

  _ pirveladi gragnilis boloze Zabvis myisi mniSvneloba;  

  _pirvelad gragnilSi xviaTa ricxvi; Ф_jamuri magnituri 

nakadi, gragnilis erTi xviis gavliT. 

Mmeore gragnilze Seqmnili e.m.Z tolia: 

     
  

  
                           (4.8)       

sadac,    _ meore gragnilze Zabvaa,   _ meorad gragnilSi 

xviaTa ricxvi; 

(4.7) (4.8) formulebidan gamomdinare Cans, rom gamosavali 

Zabva damokidebulia transformatorze daxveul xviaTa ricxvze. 

amitom, Catarebul iqna kvleva da ganisazRvra xviaTa 

optimaluri raodenoba erT da ortransformatoriani 

gadamwodebisaTvis. 

xviebis sxvadasxva ricxvisas, Zabvis damokidebuleba 

sixSireze, erTtransformatoriani gamzomi sqemisaTvis[33] 

mixedviT warmodgenilia nax.4.2.a-ze. am grafikidan Cans, rom 67 

xviisas gamosavali Zabva metia, xolo statikuri maxasiaTebeli 

wrfivia. Sesabamisad, sasurvelia davaxvioT meti xvia, raTa 

gaumjobesdes magnituri nakadi. 

xviebis sxvadasxva ricxvisas pirvel transformatorze, 

Zabvis sixSireze damokidebulebis grafiki, 

ortransformatoriani gamzomi sqemisaTvis, warmodgenilia 

nax.4.2.b-ze. rogorc am naxazidan Cans, gazomvis ortransforma-

toriani sqemis pirvelad gragnilze xvaTa ricxvis Semcirebas 
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mivyavarT Zabvis gazrdamde meore transformatoris gamosaval 

gragnilze da amave dros gadamwodis statikuri maxasiaTeblis 

gamrudebamde. 

 

              a)                         b) 

nax.4.2. gamosavali Zabvis sixSireze damokidebulebis grafiki 
xviaTa sxvadasxva ricxvisaTvis: a- erTtransformatoriani sqemisaTvis 
da b- ortransformatoriani sqemis pirvel transformatorze. 1-67 xvia; 
2-40 xvia; 3-20 xvia. 

 
gazomvis  ortransformatoriani sqemis  meore 

transformatorze xviaTa sxvadasxva ricxvisas, Zabvis-sixSireze 

damokidebulebis grafiki warmodgenilia nax.4.3-ze. am  naxazidan 

Cans, rom meore transformatorze xviaTa ricxvis Semcirebas 

mivyavarT gamosavali Zabvis da sqemis mgrZnobiarobis 

Semcirebisken. 

Catarebuli kvlevebidan SeiZleba gakeTdes daskvna, rom 

sqemis optimaluri muSaobisaTvis aucilebelia gavzardoT xviaTa 

ricxvi, radgan amiT vzrdiT magnitur nakads; magram xviaTa 

daxvevisas, aucilebelia gaviTvaliswinoT, rom toroidaluri 

gularis Sida diametri mcirdeba, ris gamoc mcirdeba siTxiani 

xviis diametri da dabla vardeba xelsawyos gazomvis diapazoni 

maRali eleqtrogamtareblobis mxares. 

kvlevis miRebulma Sedegebma saSualeba mogvces mogvexdina 

xviaTa ricxvisa da maRalsixSiruli gadamwodis mkvebavi Zabvis 

optimizacia da migveRo wrfivi statikuri maxasiaTebeli. 
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nax.4.3. gamosavali Zabvis sixSireze damokidebulebis grafiki xviaTa 
sxvadasxva ricxvisaTvis: ortransformatoriani sqemis meore 
transformatorze. 1- 67 xvia; 2- 40 xvia; 3- 20 xvia. 

 

sqemis statikuri maxasiaTeblis gansazRvrisaTvis 

gamoyenebulia ΝаСl xsnari, wyalSi sxvadasxva koncentraciiT.  

  

               a)                          b) 

nax.4.4. a- gazomvis ortransformatoriani da b- erTtransformatoriani 
sqemis statikuri maxasiaTeblebi: 1- eqsperimentuli; 2- maTematikuri 
modeliT. 

 

 statikuri maxasiaTeblebis gansazRvra gazomvis ortrans-

formatoriani sqemisaTvis, informaciuli parametriT Zabvis 

mixedviT, mdgomareobs gamosavali maRalsixSiruli Zabvis 

gansazRvraSi(190khc), gadamwodis meore transformatoris 

meoradi gragnilidan, В7-38 voltmetris meSveobiT. 

ortransformatoriani sqemisagan gansxvavebiT, statikuri 

maxasiaTebeli erTtransformatoriani sqemisaTvis ganisazRvreba 

maRalsixSiruli Zabvis vardniT (200khc), cnobil winaRobaze. 
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eqsperimentuli statikuri maxasiaTebeli, erT da 

ortransformatoriani sqemisaTvis da maTi maTematikuri 

modelebi (2.12) da (2.32) warmodgenilia nax.4.4.a da nax.4.4.b, 

saidanac Cans, rom maTematikuri modelis statikuri 

maxasiaTebeli da eqsperimentuli gziT miRebuli Sedegebi 

emTxveva, rac saSualebas gvaZlevs SemuSavebuli modelebi 

gamoviyenoT ukontaqto transformatoruli konduqtometrebis 

proeqtirebisas, romlebic muSaoben Txevadi xviis principiT. 

   

4.2. Txevadxviiani konduqtometris maTematikuri 

modelis damuSaveba optimaluri parametrebis 

gansazRvris mizniT 

 

konduqtometrebiT zusti gazomvebis Catarebis mizniT 

saWiroa xelsawyos mgrZnobiaroba iyos rac SeiZleba maRali. 

cnobilia, rom xelsawyos mgrZnobiaroba ganisazRvreba rogorc 

mis gamosavalze  gamomavali signalis fardoba misi cvlilebis 

gamomwvevi parametris sididesTan. 

boguri sqemebis gamoyenebis dros, maqsimaluri 

mgrZnobiarobis misaRwevad mizanSewonilia bogas kvebis wyaro 

iyos usasrulod mcire Sida winaRobiT (Zabvis wyaro), xolo 

gamosavali signali gaizomos usasrulod didi winaRobis 

voltmetriT (idealuri voltmetri) [34]. am pirobis 

gaTvaliswinebiT Txevadxviiani konduqtometris Canacvlebis 

sqemas eqneba nax.4.5-ze warmodgenili saxe. 
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nax.4.5. Txevadxviiani konduqtometris Canacvlebis sqema. 
  

warmodgenil naxazze T1 da T2  toroidalur gularaze 

daxveuli konduqtometris Semavali da gamomavali 

transformatorebia. rogorc nax.4.5-dan Cans, rom T1 

transformatoris meoreul  gragnils da T2 transformatoris 

pirvelad gragnils warmoadgens erTi mTliani Txevadi xvia, anu 

am transformatorebs Soris kavSiri xorcieldeba Txevad xviaSi 

gamavali denis mier Seqmnili magnituri nakadiT, xolo 

gansaxilveli konduqtometris gamosaval signals warmoadgens T2 

transformatoris meoreul gragnilSi dainduqcirebuli E3 emZ-is 

moqmedi mniSvneloba. 

radganac T2 transformatoris meoreul gragnilSi CarTulia 

usasrulod didi winaRobis voltmetri, amitom am gragnilSi 

deni ar gadis da voltmetri gviCvenebs Txevad xviaSi gamavali 

denis mier Seqmnili nakadis cvlilebiT aRZrul 

urTierTinduqciis emZ-is moqmed mniSvnelobas- E3-s. 

E3 emZ-is moqmedi mniSvnelobis transformatorebis  

magnitur masalaze damokidebulebis  Seswavlis  mizniT, wrfivi 

eleqtruli wredebis Teoriis safuZvelze [35], nax.4.5-ze 

warmodgenili Canacvlebis sqemisaTvis vwerT diferencialur 

GgantolebaTa sistemas: 

           
   

  
    

   

  
;             (4.9) 

0         
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sadac,   _eleqtrolitis gasazomi omuri winaRobaa, romlis 

Sebrunebul sidides warmoadgens eleqtrolitis 

eleqtrogamtaroba; r1 - T1 transformatoris pirveladi gragnilis 

omuri winaRobaa; L11–amave transformatoris pirveladi gragnilis 

TviTinduqciis koeficientia;    _ Txevadi xviis TviTinduqciis 

koeficientia; L12=L21–T1 transformatoris pirvelad gragnilsa da 

Txevadxvias Soris arsebuli urTierTinduqciurobis 

koeficientia;    _T1 transformatoris pirvelad gragnilze 

modebuli Zabvaa. 

Tavis mxriv,        
   , sadac W1 – T1 transformatoris 

pirveladi gragnilis xviaTa ricxvia;       
              , 

radgan Txevad xviaTa ricxvi      ; 

                   _T1 transformatoris pirvelad 

gragnilsa da Txevad xvias Soris urTierTinduqciurobis  

koeficientia;      _T1 da T2 transformatorebis magnituri 

gamtarobebia, romlebic Tavis mxriv tolia:  

   
      

    
 ,    

      
    

 ; sadac,           hn/m _ 

magnituri mudmivaa,      _ magnituri gamtaris ganivkveTis 

farTobebia,      - magnituri gamtaris radiusebia. 

amovxsnaT (4.9) sistema kompleqsuri amplitudebis meTodiT, 

amisaTvis warmovadginoT igi aseTi saxiT: 

  
              

         
        (4.10)  

0                        

sadac,        modebuli Zabvis kuTxuri sixSirea, radiani/wm. 

(4.10)-dan gveqneba: 

  
  

       
 

           
                         

       (4.11)     

Tu CavTvliT, rom   
 =   , (4.11) –dan Sesabamisi gardaqmnebiT 

miviRebT:  

  
  

       

             
                             

      (4.12)    
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Txevad xviaSi induqcirebuli denis myisi mniSvneloba (4.12) 

Tanaxmad, gamoisaxeba Semdegnairad: 

   
                 

             
                             

        (4.13)   

ganvsazRvroT gamomavali signalis (e3) myisi mniSvneloba. 

eleqtromagnituri induqciis kanonisa da [36]-s  Tanaxmad: 

                 
   

  
    

   

  
      (4.14)    

sadac,  L32 = W2W3l2 

(4.14)-dan (4.13)-is gaTvaliswinebiT miviRebT: 

    
                     

             
                             

       (4.15)     

L11, L22, L12 da L23 gamosaxulebebis gaTvaliswinebiTa da 

Sesabamisi gardaqmnebis Sedegad induqcirebuli e.m.Z-is moqmed 

mniSvnelobas eqneba Semdegi saxe: 

   
            

            
   

    
                   

               
          

(4.16)  

gamosavali signalis miRebuli analizuri gamosaxuleba 

(4.16) gviCvenebs, rom sazomi gardamqmnelis mgrZnobiaroba 

warmoadgens rva damoukidebeli parametris funqcias: modebuli 

Zabvis moqmedi mniSvnelobis U, kvebis wyaros f sixSiris, Semavali 

da gamomavali transformatorebis xviaTa ricxvebis W1 da W3; 

Semavali da gamomavali transformatorebis  magnituri 

gamtarobebis λ1 da λ2; Semavali transformatoris omuri 

winaRobis R1, sakvlevi siTxis winaRobis R2. 

(4.16) gamosaxulebidan cxadad Cans, rom gamosavali 

transformatoris xviaTa ricxvis W3 gazrdiTa da kvebis wyaros 

Zabvis gazrdiT gamosavali signalis sidide izrdeba (radgan es 

sidideebi imyofebian mxolod (4.16) gamosaxulebis mricxvelSi), 

xolo Semavali transformatoris omuri winaRobis gazrdiT – 

mcirdeba (es sidide mxolod gamosaxulebis mniSvnelSia). omuri 
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winaRobis Semcireba migviTiTebs, rom Semavali transformatoris 

xviaTa ricxvi unda iyos rac SeiZleba mcire raodenobis an didi 

kveTis (rac Txevadxviiani konduqtometris gadamwodis 

konxtruqciidan da zomebidan gamomdinare SeuZlebelia). 

rogorc zemoT aRvniSneT Txevad xviiani konduqtometrSi 

Semavali transformatoris meoreuli gragnilisa da gamomavali 

transformatoris pirveladi gragnilis rols asrulebs Txevadi 

xvia xviaTa ricxviT 1. Tu magaliTad, Semavali transformatoris 

pirveladi gragnili Seicavs 10 xvias da konduqtometri 

CarTulia 10v Zabvaze, maSin erT xvias Seesabameba 1v Zabva da 

transformatoris transformaciis koeficientidan gamomdinare 

Txevad xviaze modis 1v Zabva. imisaTvis, rom Txevad xvias 

maqsimalurad gadaeces Semavali transformatoris pirvelad 

gragnilze modebuli Zabva, saWiroa Semavali transformatoris 

pirveladi gragnili Sesruldes erTi xviiT, rac arc Tu ise 

advilia, radgan erTi xviis aqtiuri winaRoba TiTqmis nulis 

tolia da es gamoiwvevs kvebis wyaros damoklebas. amis Tavidan 

asacileblad saWiroa movaxdinoT transformatoris gularebis 

SerCeva, romlebic Semavali transformatoris pirveladi 

gragnilis erTi xviis SemTxvevaSi garkveul sixSireze moaxdenen 

induqciuri winaRobis imdenad gazrdas, rom ar moxdeba kvebis 

wyaros damokleba. 

 

 

4.3. Txevadxviiani konduqtometris mgrZnobiarobis  

magnitur masalaze damokidebulebis gamokvleva. 

 
rogorc wina paragrafSi aRvniSneT gamosavali signalis 

moqmedi mniSvnelobis gazrdisaTvis saWiroa moxdes 

transformatoris gularebis masalebis SerCeva.  

transformatorebis magnituri masalis E3 emZ-is moqmedi 

mniSvnelobaze  gavlenis gamokvlevis mizniT T1 da T2 

transformatorebisaTvis aviReT toroidaluri  magnitogamtaris 
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Semdegi zomebi: gare radiusebi          mm, Sida radiusebi 

        mm, sisqiT 5 mm, Sesabamisad maTi saSualo radiusi  

iqneba   RsaS= 13 mm. vigulisxmeT, rom magnitogamtarebad SeiZleba 

rogorc feritebis, aseve amorfuli masalebisagan damzadebuli 

gularebis gamoyeneba da amitom  magnituri SeRwevadoba    

vcvaleT  500_500000 SualedSi. gaangariSebisaTvis aseve  miviReT, 

rom:     v.                 104hc,     ,      Aam monacemebis 

mixedviT magnitogamtarebis fardobiTi magnituri SeRwevadobis 

sxvadasxva  mniSvnelobebisaTvis gaviangariSeT gamosaval T2 

transformatoris meoreul gragnilze dainducirebuli   E3  emZ-

is sidideebi da avageT am emZ-is magnitur SeRwevadobaze 

damokidebulebis grafikebi, romlebic warmodgenilia nax.4.6-ze, 

nax.4.7-ze da  nax.4.8-ze -ze.  

 

 nax.4.6 

 
nax.4.7                                     

 
                 nax.4.8. 
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rogorc nax.4.6-dan Cans, roca      , maSin magnituri 

gamtarobebis erTdroul zrdasTan erTad gamosavali T2 

transformatoris meoreul  gragnilze Sesabamisad izrdeba  

dainduqcirebuli E3 emZ-is moqmedi mniSvnelobebic. E3 emZ-is 

cvlilebas igive xasiaTi aqvs  im drosac, roca          da 

icvleba mxolod λ2.  

Nnax.4.7-is  analizi gviCvenebs, rom roca Semavali T1 

transformatoris magnituri gamtaris gamtaroba  mudmivia 

(λ1=const), maSin gamomavali T2 transformatoris magnituri 

gamtaris gamtarobis zrdis proporciulad izrdeba gamomali 

E3emZ-is moqmedi mniSvnelobac.  

Nnax.4.8-is analizi gviCvenebs, rom roca gamomavali T2 

transformatoris magnituri gamtaris gamtaroba mudmivia 

(λ2=const), maSin Semavali T1 transformatoris magnituri gamtaris 

gamtarobis λ1 cvlilebisas E3emZ-is moqmedi mniSvneloba mudmivi 

sididea.  

konduqtometrebis mgrZnobiarobis magnitur masalaze 

damokidebulebis gamokvlevam gviCvena, rom konduqtometrebis  

mgrZnobiarobis gazrdisaTvis sakmarisia  maRali magnituri 

SeRwevadobis Zvirad Rirebuli amorfuli masalebisagan 

damzadebuli iqnes mxolod gamomavali T2 transformatoris 

gulara, xolo Semavali T1 transformatoris gularad SeiZleba 

gamoyenebuli iqnes iaffasiani feritebi [31]. 
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4.4. Txevadxviiani konduqtometris Semavali 

transformatoris gularas optimaluri fardobiTi 

magnituri SeRwevadobisa da masalis gansazRvra 

 
 

rogorc zemoT aRvniSneT, Txevadi garemo, romelic 

warmoadgens Semavali transformatoris   meoreul gragnils [37], 

warmodgindeba erTi xviis saxiT (W2 =1) da amasTanave saWiroa 

konduqtometris Semavali transformatoris pirvelad gragnilze 

modebuli Zabva transformirebis Semdeg rac SeiZleba 

maqsimaluri sididiT moedos Txevad xviaze. transformatoris 

transformaciis koeficientis gansazRvrebidan gamomdinare es 

moxdeba im SemTxvevaSi, Tu Semavali transformatoris pirveladi 

gragnilis xviaTa ricxvic W1=1. wina paragrafSi moyvanilma 

gamokvlevebma gviCvena, rom mgrZnobiarobis gazrdisaTvis 

Semavali T1 transformatoris gularad SeiZleba gamoyenebuli 

iqnes iaffasiani feritebi, magram feritebis fardobiTi 

magnituri SeRwevadoba ar aRemateba 50 000, rac sakmarisi ar 

aris. aqedan gamomdinare, unda ganisazRvros konduqtometris 

Semavali transformatoris pirveladi gragnilis gularas iseTi 

fardobiTi magnituri SeRwevadoba erTi xviis SemTxvevaSi, 

romelic 10v Semavali Zabvis pirobebSi erT xviaSi 

uzrunvelyofs araumetes 3a denis gavlas. imis gamo, rom 

konduqtometrebi muSaoben dabali Zabvis (araumetes 10v) 

pirobebSi, amitom Txevad xviaze am sididis Zabvis mosadebad 

saWiroa transformaciis koeficienti iyos 1-is  toli ( =1). es 

SesaZlebelia im SemTxvevaSi, Tu Semavali transformatoris 

pirveladi gragnilis xviaTa ricxvi toli iqneba 1; erT xvias 

gaaCnia TiTqmis nulis toli  aqtiuri winaRoba   0 da misi 

mierTeba kvebis wyarosTan gamoiwvevs kvebis wyaros damoklebasa 

da mwyobridan gamosvlas. amis Tavidan acilebisaTvis saWiroa 

SeirCes iseTi magnituri SeRwevadobis gulara, romelic erTi 
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xviis SemTxvevaSi optimalur 10000 hc sixSireze uzrunvelyofs 

reaqtiul winaRobis iseT sidides,rom Semavali 

transformatoris pirvelad gragnilSi gaiaros araumetes 3a 

sididis denma. koWas reaqtiuli winaRobis sididis gamokvleva 

CavatareT Semdegi zomebis magnitogamtarze:   50 10-6m2;   18 10-3m; 

fardobiTi magnituri SeRwevadobis   -s cvlileba vawarmoeT  

500 500000 SualedSi. 

literaturidan [27] cnobilia, rom induqciuri koWas 

reaqtiuli winaRoba gamoiTvleba formuliT: 

          ,                   (4.17)    

sadac, f-sixSirea(hc); L- koWas TviTinduqciis koeficienti(hn); 

romelic Tavis mxriv gamoiTvleba formuliT: 

L=  
  ,                    (4.18)    

sadac,W1 –Semavali transformatoris pirveladi gragnilis 

xviaTa ricxvia da Cvens SemTxvevaSi W1= 1, xolo  -magnituri 

gamtarobaa (hn/m); romelic Tavis mxriv tolia: 

     
 

 
        (4.19)       

sadac, l =2  , magnitogamtaris saSualo sigrZea(m); xolo 

   4  10-7–magnituri mudmivaa (hn/m); am monacemebis mixedviT 

Catarebuli gamokvlevebiT miviReT, rom Semavali 

   transformatoris pirveladi gragnilis reaqtiuli winaRobis 

sidide gularas fardobiTi magnituri SeRwevadobis 500 50000 

farglebSi cvlilebisas  icvleba 0,02 19 omi farglebSi.  

amocanis pirobidan gamomdinare SegviZlia davaskvnaT, rom 

Semavali transformatoris erTxviian pirvelad gragnilSi 

araumetes 3a denis gavlas 10v Zabvis dros, 10000 hc sixSireze, 

gularas mocemuli geometruli zomebis dros, uzrunvelyofs 

100000 fardobiTi magnituri SeRwevadobis mqone gulara. aseTi 

sididis magnituri SeRwevadoba gaaCnia Tanamedrove  amorfuli 

masalebisagan Ddamzadebul gularebs. mocemuli geometruli 

zomebiT am masalebisagan damzadebuli gularebis   SemTxvevaSi 
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pirveladi gragnilis reaqtiuli winaRoba 4 omis tolia, xolo 

gragnilSi gamavali denis  sidide 2,5 amperi, rac savsebiT 

misaRebia maRali mgrZnobiarobisaTvis. Catarebuli gamokvlevebis 

safuZvelze dadgenil iqna, rom konduqtometruli gardamqmnelis 

Semavali transformatoris pirveladi gragnili SesaZlebelia 

Sesruldes erTi xviiT sxvadasxva geometruli zomis amorfuli 

masalisagan damzadebul gularaze, romelic saWiro   sixSireze 

konduqtometrisaTvis dasaSvebi Zabvis pirobebSi uzrunvelyofs 

dasaSvebi  denis gatarebas [37]. 

 

 

 

 

4.5. Zabvis mixedviT transformatoruli sazomi 

bogebis maqsimaluri mgrZnobiarobis gansazRvris 

mizniT  kompiuteruli programis blok-sqemis 

damuSaveba. 

 

eleqtrometriaSi gawonasworebis eleqtrosazomi wredebis 

mgrZnobiarobis analizis problema miekuTvneba aqtualur 

problemaTa ricxvs da mravaljer miuqcevia mkvlevarTa 

yuradReba.Uukanasknel periodSi, am problemis mimarT 

gansakuTrebiT gaizarda interesi, rodesac gamoCnda 

gawonasworebis eleqtrosazomi wredebis mTeli rigi 

saxesxvaobebi [38], magram mTelma rigma wredebma gansakuTrebiT 

mwvaved daayena maTgan optimaluri wredis arCevis sakiTxi, 

saxeldobr, mgrZnobiarobis mixedviT. rogorc cnobilia, aseTi 

amocana Znelad sruldeba mgrZnobiarobis gaangariSebis 

klasikuri meTodis gamoyenebiT. dReisaTvis damuSavebulia 

zogierTi saerTo meTodi, romelic dafuZnebulia 

oTxpolusebisa da mravalpolusebis Teoriaze, magram samwuxa-

rod maTi gamoyeneba SezRudulia    wredebiT, romelTa mzomi 
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mdgomareoba fasdeba TiTo gamosavali parametriT da 

Sesabamisad, gansakuTrebiT wredebis farTo klasi _ 

kvazigawonasworebuli wredebi _ mTlianad darCa yuradRebis 

miRma. amitomac, gasakviri ar unda iyos, rom wonasworuli 

eleqtromzomi wredebis mgrZnobiarobis gansazRvris axali 

meTodebis Ziebani grZeldeba. Cveni mizania  feromagnituri 

gularis Tvisebebis gaTvaliswinebiT, misi kompleqsuri 

magnituri winaRobis safuZvelze, transformatoruli sazomi bo-

gebis Zabvis mixedviT mgrZnobiarobis gamosaxulebis gamoyvana da 

bogebis optimaluri parametrebis gansazRvrisaTvis 

kompiuteruli programis damuSaveba. ganvixiloT trans-

formatoruli boga, romlis sqema naCvenebia nax.4.9.a-ze; 

 

a)                          b) 

nax.4.9. 

 kvebis wyaro   -kvebavs or Stos, romelSic gadian I1 da I2 

denebi. Z1`, Z2’ Sesadarebeli winaRobebia. gularze ganlagebulia 

ori gragnili w1 da w2 xviebiT da indikatoruli gragnili w3 

xviaTa ricxviT, romelTanac nulovani winaRobaa CarTuli Z3 [38]. 

aRvniSnoT koWas sruli winaRobebi Semdegnairad: Zკ1=rკ1+jxკ1, 
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Zკ2=rk2+jxკ2, Zკ3=rკ3+jxკ3.  isini ganpirobebulni arian fantvis 

nakadebisa da spilenZis winaRobis arsebobiT. kvebis wyaros Sida 

winaRoba CavTvaloT nulis tolad, aseve davuSvaT, rom w1, w2, 

w3, xviebis mqone wredebs Soris kavSiri realizdeba gularSi 

mxolod    magnituri nakadiT. Tavdapirvelad ganvixiloT 

wonasworobaSi myofi boga, roca gularSi    magnituri nakadi da 

Sesabamisad, deni   
3 nulindikatorSi nulis tolia.   

1 denisa da 

Z1 winaRobis mniSvnelobebi, romelTa drosac adgili aqvs 

wonasworobas, aRvniSnoT  Sesabamisad:  

  10 da  Z10._ wonasworobisas gveqneba: 

  10W1=  2W2                                               (4.20)       

sadac,       10=  /Z10,    ,  2=  /Z2          (4.21)  

amasTanave  Z10=Z10’+Zკ1     |Zკ1|<<|Z1’|Z2 = Z2’+Zკ2            |Zკ2|<<|Z2’|    (4.22)      

davuSvaT, rom Z10’winaRoba Seicvala mcire ∆Z_ sididiT da 

gautolda Z1′=Z10′+∆Z.  ∆Z  winaRobis Semoyvana eqvivalenturia   ეკვ 

_ e.m.Z-is, romelic |∆Z|<<|Z10|  pirobis dros tolia   ექვ= -  10∆Z._ 

magnituri nakadi gularSi, romelic  aRiZvreba wredis 

wonasworobis darRvevisas, moiZebneba rogorc nakadi, 

gamowveuli   ეკვe.m.Z.-iT [39]. 

roca wredSi moqmedebs mxolod erTi   ეკვ e.m.Z., maSin sqemas 

aqvs nax.4.9.b-ze mocemuli saxe;    nakadis gansazRvrisaTvis 

visargebloT  formuliT: 

  =        
     /Zმაგ.ეკვ.     (4.23)     

sadac, Zმაგ.ეკვ= Zმაგ. +    
 

  
   

 
   

 
      

  iX _ aris deni, romelic gaivlida wredis i-ur gragnilSi e.m.Z. 

zemoqmedebiT, Tu Zმაგ_ gularis magnituri winaRoba iqneboda 

usasrulod didi, winaaRmdeg  SemTxvevaSi, gularSi  moTavsebul 

wi gragnilebSi  ar aRiZvroda e.m.Z. Zi l_  urTierTinduqciurobis  

winaRobaa. 
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1X,  

2X,  
3X denebs vpoulobT gamomdinare im daSvebidan, rom wredSi 

moqmedebs e.m.Z.   ეკვ  da gularSi nakadi nulis tolia (Zმაგ=∞). 

advilia davinaxoT, rom  roca   2X=  
3X=0, maSin 

  
   

  
ეკვ

   
  

  
    

   
    

      sadac,     
  

   
 

maSin,  (4.23) Tanaxmad    
      

 mg eკv
  

      

 mg eკv
 ,  

sadac,  mg eკv   m    
 

  
 

   
   

 
  

 

  
   

 
  

 

  
 

viciT ra   , maSin vipoviT   
 _e.m.Z. romelic aRiZvreba 

indikatorul gragnilSi da   
 _ indikatorSi deni. 

  
     

                

 mg eკv
     

  
   

  
 

     
 

  

  

  

    

 mg eკv
      

  
 mg 

 m eკv
  

  
  ;   

 mg
 
=

   
 

  
_ magnituri winaRobaa, romelic indikatoris wredis 

mieraa Semoyvanili .   
 aris deni    gragnilSi dayvanili 

  xviaTa ricxvze. aqedan, bogiris mgrZnobiaroba denis mixedviT 

tolia: 

   
  

 

 
 

 mg  

 mg ეკვ
  

  
  

 mg  

 mg   mg   mg   mg 
  

  
  

Tu indikatoris wredi gaTiSulia anu     , maSin indikatoruli 

gragnilis momWerebze Zabva tolia: 

      
   

  
      

   

 mg    
 

  
 

   
   

 
  

 

  

  

mgrZnobiaroba Zabvis mimarT toli iqneba: 

   
   

 
  

  
      

   

 mg    
 

  
 

   
   

 
  

 

  

 

  
         

 
 

 mg    
 

  
 

   
   

 
  

 

  

  

Tu gaviTvaliswinebT Semdeg daSvebebs: 

 mg  
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CavTvaloT, rom:        ;              
         

  ;   

          ;      
 

 
     . 

sadac: 

 _transformatoris magnitogamtaris sigrZea, 

 _ magnitogamtarobaa, 

 _omuri winaRobaa, 

 _ magnituri SeRwevadobaa, 

  _ 4      hn/m _ magnituri mudmivaa, 

s_ magnituri  gularis  ganivkveTis  farTobia; 

 Sesabamisi gamoTvlebisa da gardaqmnebis Sedegad 

mgrZnobiarobas Zabvis  mixedviT, eqneba Semdegi saxe: 

 

   
   ეკვ                

                                   
             (4.24) 

gamosaxulebis mricxveli aRvniSnoT: 

    =2  
ეკვ                   (4.25) 

xolo mniSvneli aRvniSnoT: 

    =                                        (4.26) 

Vinaidan xelsawyo zomavs eleqtruli sididis moqmed 

mniSvnelobas, amitom, miviRoT, rom     
     

    
          (4.27) 

(4.25), (4.26) da (4.27) gamosaxulebebis safuZvelze maqsimaluri 

mgrZnobiarobis sapovnelad Sedgenili iqna nax.4.10-ze 

warmodgenili blok-sqema, romlis mixedviTac Sedgenili iqna 

programa.  programis mixedviT gamokvleuli iqna mgrZnobiarobis 

damokidebuleba sazomi bogirebis eleqtrul da geometriul 

parametrebze [40]. nax.4.11.a-ze warmodgenilia mgrZnobiarobis 

damokidebuleba magnitogamtaris magnitur SeRwevadobaze (Mμ). 

nax.4.11.b-ze-mxrebis gragnilebis xviaTa ricxvze (W), nax.4.12.a-ze 

magnitogamtaris saSualo sigrZisa da ganivkveTis 

farTobisFfardobaze (C), nax.4.12.b-ze gragnilebis winaRobaze (R) 

da nax.4.13-ze - sixSireze (F) [41].  
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nax.4.10 
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a)                           b) 

nax.4.11. mgrZnobiarobis damokidebuleba: a-  magnitogamtaris magnitur 
SeRwevadobaze; b-  bogas mxrebis gragnilebis xviaTa ricxvze.  
 

 
a)                                  b) 

 
nax.4.12. mgrZnobiarobis damokidebuleba: a- magnitogamtaris saSualo 
sigrZisa da ganivkveTis farTobisFfardobaze; b-gragnilebis omur  
winaRobaze. 
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nax.4.13. mgrZnobiarobis damokidebuleba sixSireze. 
 

 rogorc am naxazebidan Cans,  magnitogamtaris magnituri 

SeRwevadobis, mxrebis gragnilebis xviaTa ricxvisa da sixSiris 

gazrdiT mgrZnobiaroba izrdeba; gragnilebis winaRobis gazrdiT 

–mcirdeba, xolo magnitogamtaris saSualo sigrZisa da 

ganivkveTis farTobis fardobis 0,05-0,1 sazRvrebSi izrdeba, 

xolo Semdegi gazrdiT TiTqmis mudmivia. 
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d a s k v n e b i 

 

1. ganxilulia transformatoruli konduqtometrebis 

SedarebiT gavrcelebuli sqemebi, gaanalizebulia maTi 

Rirsebebi, naklovanebebi da maTi gamoyenebis SesaZlo 

sferoebi. 

2. Catarebulia  konduqtometruli  analizis arsebuli  

meTodebis  mimoxilva, ganxilulia  kontaqturi, 

arakontaqturi, induqciuri da tevadobiTi pirveladi  

sazomi gardamqmnelebi, aseve maTi  gamoyenebis  dargebi 

3. SemuSavebulia maTematikuri modelebi transformatoruli 

konduqtometrebis bazisuri sqemebisTvis. 

4. miRebulia statikuri maxasiaTeblebis maTematikuri 

modelebi erTtransformatoriani, ortransformatoriani 

da mravalxviiani transformatoruli konduqtometrebisa, 

romelTa muSaoba dafuZnebulia uSualo Sefasebisa da 

kompensaciuri meTodebis gamoyenebaze. 

5. miRebuli maTematikuri modelebis safuZvelze, moyvanilia 

grafikebi transformatoruli konduqtometrebis yvela 

warmodgenili sqemisaTvis. 

6. ganxilulia SedarebiT metad  gavrcelebuli 

konduqtometruli  pirveladi  sazomi  gardamsaxebi, 

gamomJRavnebulia  maTi Rirsebani, naklovanebebic, da 

naCvenebia, rom induqciuri pirveladi  sazomi  

gardamqmnelebi  Tavisi  simartivis, saimedoobis, 

mgrZnobiarobebisa da uwyvet  teqnologiur   procesSi  

maTi gamoyenebis  SesaZleblobebiT popularulni  arian  

warmoebis  sxvadasxva  dargebSi, sadac moiTxoveba  

kargad  gamtari nivTierebebis, marilebisa  da  

eleqtrolitebis kuTri  eleqtrogamtareblobis gazomva; 
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7. transformatoruli konduqtometrebis yvela sqemisaTvis 

gansazRvrulia mgrZnobiarobebis maTematikuri modelebi 

da agebulia grafikebi.; 

8. miRebulia absoluturi, fardobiTi cdomilebebis 

maTematikuri modelebi da transformatoruli 

konduqtometrebis bazisuri sqemebis saSualo kvadratuli 

cdomilebebi; 

9. saSualokvadratuli cdomilebis minimumis kriteriumis 

safuZvelze Catarebulia transformatoruli 

konduqtometruli sqemebis struqturuli optimizacia. 

SedarebiTi analizidan gamomdinare miRebulia, rom 

mravalgragniliani transformatorebis kompensaciuri 

sqemebi, informaciuli parametriT denis mixedviT, iZlevian 

saukeTeso Sedegebs; 

10. Ddamtkicebulia adekvaturoba SemuSavebuli transformato-

ruli konduqtometruli sqemebis maTematikuri modelebisa, 

eqsperimentalur konduqtometrul danadgarze; 

11. gansazRvrulia sixSireTa optimaluri diapazonebi da 

xviaTa ricxvi, erTtransformatoriani da ortransforma-

toriani sqemebisaTvis; 

12. gansazRvrulia, rom sqemis optimaluri muSaobisaTvis 

aucilebelia  xviebis raodenoba gavzardoT, radgan 

izrdeba magnituri nakadi, magram xviebis daxvevisas 

aucilebelia gaviTvaliswinoT, rom toroidaluri gularas 

Sida diametri mcirdeba, ris gamoc mcirdeba Txevadi xviis 

diametri da mcirdeba xelsawyos gazomvis diapazoni, 

maRali kuTri eleqtrogamtareblobis mxares; 

13. damuSavebuli iqna Txevadxviiani konduqtometris 

pirveladi sazomi gardamqmnelis (ujredis) maTematikuri 

modeli; 

14. damuSavebuli maTematikuri modelis safuZvelze Sedgenili 

iqna blok-sqema da programa, ris safuZvelzec    
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ganisazRvra konduqtometruli ujredis maqsimaluri 

mgrZnobiarobis Sesabamisi optimaluri konstruqciuli da 

eleqtromagnituri parametrebi 
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