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reziume 

dasabuTebulia samuSaos aqtualoba, gansazRvrulia mizani da 
formulirebulia disertaciaSi ganxiluli gadasawyveti 
samecniero-teqnikuri amocanebi.   

Catarebulia kontrolisa da gazomvis teqnikis arsebuli prin-
cipebis, saSualebebis, xerxebis da meTodebis SedarebiTi anali-
zi. dadgenilia eleqtromagnituri pirveladi gardamqmnelebis 
gamoyenebis perspeqtiuloba.  

moyvanilia eleqtromagnituri pirveladi gardamqmnelebis kla-
sifikacia da maTi Rirseba-naklovanebebis analizi.  

analizis Sedegad dadginda, rom siCqareebis gardamsaxebSi 
mudmivi magnitis energiis gamoyeneba magnituri gamtaris gareSe 
perspeqtiulia. 

moyvanilia induqciuri pirveladi gardamqmnelebis (ipg) klasi-
fikacia konstruqciuli niSnis mixedviT. Sedgenilia cdomilebe-
bis wyaroebis klasifikacia im SemTxvevisTvis, roca aRmgznebi 
gragnilis rols asrulebs mudmivi magniti. 

Sefasebulia induqciuri gardamqmnlebis metrologiuri maxasi-

aTeblebi. dadgenilia, rom 5⋅10-4 tl induqciis magnituri velis 
gavlenas Semoaqvs cdomileba araumetes 0,2%.  

ganxilulia kuTxuri gadaadgilebis da siCqaris samkoordina-
tuli pirveladi gardamqmnelis Teoriuli safuZvlebi da agebis 
principebi. dasabuTebulia, rom sferuli formis mudmivi magni-
tis velis kvazikosinusoidaloba iZleva imis saSualebas, rom 
misi umniSvnelo  mobrunebis SemTxvevaSic ki Caketil konturSi 
aRZras emZ, vinaidan iwvevs nakadSebmulobis cvlilebas.  

damuSavebulia samkuTxedis farTobis povnis ganzogadebuli 
koordinatuli meTodi im SemTxvevisaTvis, rodesac R radusian 
sferoze ganTavsebuli gragnilebisgan Semdgari konturi ar 
miekuTvneba sferos did wres, rac iZleva saSualebas sferoze 
sami koordinatis codnis SemTxvevaSi gamoviangariSoT farTobis 
sidide, romelic emZ pirdapirproporciulia..  

kerZo SemTxvevisaTvis, igive amocana gadaWrilia urTierTindu-
qciurobis cvlilebis dadgenis gziT, roca sferuli formis mag-
niti Canacvlebulia wriuli formis mudmiv deniani konturiT.  

eqsperimentis Sedegad dadginda, rom Rru naxevarsferos or 
gamzom konturSi damatebiTi seqciebis SemotaniT, perimetrze 
ganTavsebuli gamzomi konturis garda, gardamqmnelis maqsimalu-
ri mgZnobiaroba gaizarda saSualod 1,5-jer da Seadgina 27 [mv/0]. 

ganixileba orxeduri indikatorebis agebis fizikuri safuZvl-
ebi, principebi da xeduri informaciis Secvlis marTvis Tavise-
burebani.  

damuSavebulia orxeduri indikatori mwkrivSi ganlagebuli 
Rru cilindruli formis mqone da radialurad damagnitebuli 
magnitebis gamoyenebiT.  

mwkrivad ganlagebuli monacvle polusebis mqone Rru cilin-
druli formis magnitebi uzrunvelyofen indikatoris elemen-
tebis mdgrad mdgomareobas marTvis impulsis moxsnis Semdeg da 
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amitom saimedod inarCuneben wina informacias maSinac ki, roca 
indikatorze moqmedebs vibracia. 

gamokvleulia aseTi sistemis marTvis Taviseburebani da dadge- 
nilia, rom impulsuri marTvisas adgili aqvs milevad rxevebs, 
romlebic gamowveulia mravalmricxovani parametrebis gavleniT. 

Sedgenilia marTvadi impulsuri zemoqmedebis Sedegad gamowve-
uli moZraobis dazustebuli gantoleba, romelic iTvaliswinebs 
ZiriTad moqmed faqtorebs: brunvis eleqtromagnitur, mSrali 
xaxunis, siblantis da firfitis grexis Zalis momentebs. 

rxevebis ricxvis Sesamcireblad SemoTavazebulia marTvis ram-
denime midgoma.  

moyvanilia mcire simZlavriani, aqsialurad damagnitebuli 
toris formis mudmivi magnitis Semcveli, mravalfenovani genera-
toris agebis principi. dasabuTebulia maTi perspeqtiuloba mZime 
mrewvelobaSi uqmad mbrunavi RerZebis meqanikuri energiis eleqt-
rul energiaSi gardamsaqmnelad.  

generatoris agebis originaluri principi, misi aRmgznebi da 
uZravad ganTavsebuli koWebis momWerebis SeerTeba iZleva saSua-
lebas, rom generatori gamoviyenoT rogorc denis an rogorc 
Zabvis wyaro.  

sadisertacio naSromis ZiriTad Sedegebze gamoqveynebulia 14 
samecniero statia, aprobacia gavlilia 3 saerTaSoriso konfe-
renciaze, miRebulia 3 patenti da Sedgenilia samecniero-
kvleviTi samuSaos 2 angariSi.  
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SUMMARY 
 
The actuality of the work is proved, the aims are determined and the considered 

solvable scientific-technical tasks in the dissertation are formulated. 
The comparative analysis of the existing principals, means and methods of control 

and measuring technique is carried out. The prospect of using electromagnetic initial 
transducers is determined. 

The classification of the electromagnetic initial transducers and the analysis of their 
merits and demerits are given. 

On the basis of the analysis the use of the constant magnetic energy without a mag-
netic conductor in the speed transducer is determined to be perspective. 

The classification of the inductive initial transducers by the design feature is given. 
The classification of the sources of errors for the case when the constant magnet acts 
like an excitation winding is made up. 

The metrological characteristics of inductive transducers are estimated. It is deter-
mined that the influence of the field with the magnetic induction of 5*10-4 Tc gives 
not more than 0,2% of errors. 

Theoretical footings and principles for constructing a three dimensional initial 
transducer of angular movement and velocity are considered. It is proved that the 
quasi-cosinusoidality of the magnetic field of a spherical form makes possible to actu-
ate electromotive force (emf) in the closed circuit in case of its insignificant angular 
rotation, since it causes changes of magnetic linkage. 

Devised is the generalized coordinate method for determining a triangle area for 
the case when on the sphere of R radius is placed the contour made of winding not be-
longing to the big circle of sphere giving the possibility in case when three coordinates 
are known to calculate the value of the area, which is in direct proportion to the emf. 

For the special case the same problem is solved by determining the changes of mu-
tual induction, when a constant magnet is substituted by the contour with direct cur-
rent. 

By the experiment it is determined that by introducing additional sections in two 
measuring contours of hollow semisphere, besides the contour placed along the pe-
rimeter, the maximum sensitivity of the transducer was increased 1.5 times on average 
and made 27 mB/0. 

The physical footings of constructing a two-sided indicator are considered, the 
principles and peculiarities of control are substituted by the visual information. 

The two-position indicator using ranked hollow cylindrical by form and radially 
magnetized magnets is developed. 

Hollow cylindrical by the form and radially magnetized magnets ranked with the 
variable polarity provide  steady state of the indicator elements after cutting off a con-
trol impulse and therefore securely preserve the previous information even when the  
vibracion effects on the indicator. 

The peculiarities of such control  system are investigateded, and it is determined 
that when impulse control damped vibrations stipulated by the influence of numerous 
parameters take place. 

The specified equation of motion caused by the influence of the control impulse, 
which takes into account the principal acting factors: moments of force - electromag-
netic rotation, dry friction, moment of viscosity, torsion, is made. 

Some methods of control are proposed for minimizing a number of vibrations. 
The principle of constructing a multi-layer generator of low power consisting of 

axially magnetized constant magnet of a torus form is given. The prospect of its use  
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in heavy industry for converting the mechanical energy of the idle rotating axle into 
the electrical energy is proved. 

The original principle of  the generator construction, its excitation and connection 
of the ends of fixed coils gives possibility to use the generator as a source of current or 
power. 

The basic results of the dissertation work were published in 14 scientific papers, 
they were approbated on 3 international conferences, 3 patents were taken out and 2 
scientific-research reports were made. 
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 ag   -  aRmgznebi gragnili  

 gg   -  gamzomi gragnili 
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 mm    -  mudmivi magniti  

 ms   -  magnituri sistema 
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 m.q.k. -  margi qmedebis koeficienti 

 upg  -  urTierTinduqciuri pirveladi gardamqneli 

 hrg  -  harmoniuli rxevebis generatori 

 H
r
[a/m]   -  magnituri velis daZabuloba 

 B
r
[tl]   -  magnituri induqcia 

 M [hn]   -  urTierTinduqciuroba 

 L [hn]    -  induqciuroba 

 εT [v]    -  TviTinduqciis emZ 

 f   [hc]    -  kuTxuri sixSire 

 ω [hc]   -  cikluri sixSire     

 W  [cal] -  xviaTa ricxvi     

 K [%]   -  m.q.k.    

 E [v/m]   -  mgrZnobiaroba  

 μ0 = 4π 10−7 [hn/m]  - universaluri magnituri mudmiva 
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Sesavali 

Tanamedrove pirobebSi friad mniSvnelovania mecnierebisa da 

teqnikis iseTi miRwevebis gamoyeneba, rogorebicaa samrewvelo 

danadgarebis swrafi ganaxleba, axali xelsawyoebis, progresuli 

teqnologiebisa da moqnili warmoebebis danergva, vinaidan 

Sedegad miiReba didi ekonomiuri da socialuri efeqti.  

informatikis, avtomatikis, gamoTvliTi teqnikis da xelsa-

wyoTmSeneblobis dargebis ganviTareba warmoudgenelia Taname-

drove maRalefeqturi da saimedo gardamqmnelebis Seqmnis gare-

Se. amitom, perspeqtiulia lokaluri da dinamiuri marTvis obi-

eqtebis aRWurva informaciis ukonta, aseve marTvis saSualebebis 

damuSaveba da warmoebaSi maTi Semdgomi gamoyeneba (danergvis 

saxiT) mkacri teqnologiuri reJimebis SesanarCuneblad.  

am TvalsazrisiT, arsebuli teqnikuri saSualebebis srulyo-

fa da axali gardamqmnelebis damuSaveba, maTi saeqspluatacio 

maxasiaTeblebis gaumjobeseba da eleqtromagnituri (kerZod, in-

duqciuri) gardamqmnelebis axali funqciuri SesaZleblobebis 

gamokvleva da Semdgomi mizanmimarTuli gamoyeneba warmoadgens 

aqtualur amocanas. teqnikis rigi warmoebisaTvis gansakuTrebul 

interess warmoadgenen pirveladi gardamqmnelebi, romlebic sai-

medoobiT, mgrZnobiarobiT, parametris pirdapiri kontrolis me-

TodiT da agebis simartiviT akmayofileben warmoebis mzard moT-

xovnebs. am moTxovnebs garkveuli TvalsazrisiT akmayofilebs 

induqciuri gardamqmnelebi ganawilebuli parametrebiT, romleb-

Sic magnituri energiis wyarod gamoiyeneba  mudmivi magnitebi.  

makontrolebel pirvelad gardamqmnelebSi, mabrunebeli saSua-

lebebis Seqmnasa an meqanikuri energiis gardaqmnaSi mudmivi ener-

giis wyaros gamoyeneba, erTis mxriv, gvaZlevs moxmarebuli ener-

giis mkacrad Semcirebisa, da, meores mxriv, -ukontaqto da amitom 

saimedo gardamqmnelebis da umartivesad marTvadi xelsawyoebis 

damzadebisa da maTi praqtikaSi farTo gamoyenebis saSualebas. 

disertacia eZRvneba kuTxuri siCqaris makontrolebeli axali 

gaumjobesebuli pirveladi gardamqmnelis fizikuri safuZvlebis 
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da agebis principebis damuSavebas, agreTve sxvadasxvanairad 

damagnitebuli toroidaluri formis mudmivi magnitebis mier 

Seqmnili velis gavlenis gamokvlevas mabrunebeli eleqtromag-

nituri saSualebebis da meqanikuri energiis meorad gardaqmne-

lebSi mcire simZlavriani eleqtruli energiis wyaros Sesaqmne-

lad.  

aseTi gardamqmnelebi aigeba principulad axal teqnikur gada-

wyvetaze da gamoirCevian originalobiTa da universalobiT.  

samuSaos mizans Seadgens maRali saeqspluatacio-funqcio-

naluri da metrologiuri maxasiaTeblebis mqone kuTxuri 

gadaadgilebis  induqciuri pirveladi gardamqmnelis agebis 

principebis, konstruqciisa da Teoriuli safuZvlebis damuSaveba 

da toroidaluri formis mudmivi magnitebis mier Seqmnili velis 

gavlenis gamokvleva mabrunebeli eleqtromagnituri saSualebe-

bis da meqanikuri energiis meorad gardaqmnelebSi mcire 

simZlavriani eleqtruli energiis wyaros Sesaqmnelad. 

dasaxuli miznebis misaRwevad gadawyvetilia Semdegi amocanebi: 

1. moyvanilia kuTxuri gadaadgilebis da siCqaris kontrolis 

eleqtromagnituri da aseve induqciur saSualebebis da maTi 

cdomilebebis analizi; eqsperimentalurad da Teoriulad 

dadgenilia induqciuri samkoordinatuli naxevarsferuli gar-

damqmnelebis konstruirebis SesaZlebloba, mizanSewoniloba 

da funqcionirebis principebi; 

2. damuSavebulia sxvadasxva moculobiTi formis mqone gardam-

qmnelebis proeqtirebis Teoriuli safuZvlebi, gamomavali pa-

rametris angariSis meTodebi, algoriTmebi da programebi; 

3. Sedgenilia moZraobis gantoleba, romelic asaxavs mwkrivSi 

monacvle polarobiT ganlagebuli Rru cilindruli formis 

simetriis RerZis garSemo mbrunav magnitebze moqmedi gare mar-

Tvadi impulsebis mier gamowveuli dinamiuri Zalebis zemoqme-

debas;  
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4. Catarebulia gare Zalebis mier gamowveuli rxevebis demfire-

bis saSualebebis analizi  da SemoTavazebulia misi nawilob-

rivi an sruli kompensirebis ramdenime xerxi;  

5. Seswavlilia toroidaluri formis mudmivi magnitebis mier 

Seqmnili velis gadanawileba rTuli konfiguraciis mqone   

meoradi gardaqmnelebis magnitogamtarebSi  da  dadgenilia 

meqanikuri energiis eleqtrulSi gardaqmnis  gamomavali 

simZlavris gazrdis gzebi; 

6. eqsperimentulad gansazRvrulia damuSavebuli gardamqmnelebis 

statikuri maxasiaTeblebi da mgrZnobiaroba, agreTve sxva 

saeqspluatacio maCveneblebi.  

samuSaos Sesrulebis procesSi gamoyenebuli iyo kvlevis 

analizuri, ricxviTi da eqsperimentuli meTodebi. analizuri me-

Todebi damyarebuli iyo eleqtroteqnikis zogadi Teoriisa da 

pirveladi gardamqmnelebis Teoriis debulebebze. ricxviTi me-

Todebi gamoyenebul iqna induqciuri gardamqmnelis ZiriTadi 

saproeqto sidideebis gamoTvlebis Casatareblad egm-ze. eqsperi-

mentuli kvleva Catarda aqtiuri eqsperimentis meTodebis gamo-

yenebiT.  

 disertaciaSi gadmocemuli debulebebis utyuaroba dadas-

turda Teoriuli da eqsperimentuli kvlevebis Sedegebis Tanx-

vdeniT. 

miRebuli Sedegebis samecniero siaxleMmdgomareobs SemdegSi: 

- dadgenilia kuTxuri gadaadgilebis axali induqciuri 

eleqtromagnituri pirveladi gardamqmnelebis Seqmnis 

SesaZlebloba da mizanSewoniloba, xolo originaluri 

sqemoteqnikuri gadawyvetilebis gamoyenebiT miRebulia sami 

erTmaneTisgan damoukidebeli, siCqaris proporciuli, gamo-

mavali signalebi; 

- Sedgenilia mwkrivSi monacvle polarobiT ganlagebuli Rru 

cilindruli formis magnitebis moZraobis gantoleba da 

miRebulia gare moqmedi Zalebis moqmedebis moxsnis Semdegad 

 xv 



gamowveuli milevadi  rxevebis nawilobrivi an sruli  demfi-

rebis ramdenime xerxi;  

- Seswavlilia toroidaluri formis mudmivi magnitebis mier 

Seqmnili velis gadanawileba gardaqmnelebis profilirebul 

magnitogamtarebSi da gamokvleulia meqanikuri energiis eleq-

trulSi gardaqmnis  gamomavali simZlavris gazrdis gzebi; 

- eqsperimentulad gansazRvrulia damuSavebuli gardamqmnele-

bis statikuri maxasiaTeblebi da mgrZnobiaroba.  

- damuSavebulia aRniSnuli pirvedi gardamqmnelis konstru-

qciaTa  ZiriTadi saproeqto parametrebis ricxviT-analizuri 

meTodebi da maTi gamoTvlis algoriTmebi da programebi. 

 Catarebuli kvlevis procesSi dadgenili teqnikuri gadawyve-

tebis siaxle dadasturebulia saqarTvelos patentebiT gamo-

gonebebze: patenti # 1624, saqpatentis sainformacio biuleteni 

#3, 1999w.; patenti # 2609, saqpatentis sainformacio biuleteni 

#21, 2001 w.; patenti # 3220,Gsaqpatentis sainformacio biuleteni 

#17, 2003 w.  

Catarebuli Teoriuli da eqsperimentuli kvlevebis safuZ-

velze damuSavebulia:  

1.  samkoordinatuli induqciuri eleqtromagnituri gardamqmne-

li. mis Rru naxevarsferoze urTierTorTogonalurad ganTavse-

bulia sazom-sakontrolo, specialuri formiT daxveuli, sami 

galvanurad damoukidebeli gamzomi gragnili. TiToeul gamzom 

gragnilSi nakadSebmis cvlilebiT miiRweva signalis cvlileba. 

miRebuli signalis sidide mobrunebis siCqaris proporciulia; 

2.  impulsebiT marTvadi orxeduri indikatori. Mmisi TiToeuli 

elementi Sedgeba Rru cilindruli formis radialurad damag-

nitebuli magnitisagan da masSi  CaSenebuli brtyeli firfite-

bisagan.  mwkrivSi ganTavsebisas elementebi qmnian sibrtyes, 

romlebzec datanilia xeduri informacia. xeduri informaciis 

Secvlas uzrunvelyofs sapirispiro polarobis marTvis im-

pulsi, romlis moxsnis Semdeg sistema myarad inarCunebs axal 

mdgomareobas Sida magnituri velis gavlenis gamo.  
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3.  mudmiv magnitebze agebuli meoradi generatori, romlis mag-

nituri Zalwirebi ikvreba simetriis RerZis gareT mdebare mag-

nitogamtaris samuSao RreCoSi. generatori gankuTvnilia war-

moebaSi uqmad mbrunav RerZebze dasamagreblad da akumu-

lirebuli energiis wyaros Sesavsebad.  generatoris aramagni-

turi da, magaliTad, rolgangis mbrunavi RerZis Sesabamisi 

boloebi SeerTebulia oldgeimis muftis gamoyenebiT.   

damuSavebuli gardamqmnelebis gamoyeneba mrewvelobaSi saSu-

alebas mogvcems: 

•  fiqsirebul diapazonSi marTvis obieqtebis moZravi nawilebis 

gadaadgilebisas movaxdinoT kuTxuri siCqaris pirdapiri kon-

troli da gavzardoT miRebuli signalis saimedooba. DdamuSave-

buli  samkoordinatuli gardamqmneli efeqturad SeiZleba ga-

moviyenoT rogorc maregistrirebeli mowyobilo-ba marTvis, 

regulirebisa da kontrolis sistemebSi;  

•  vawarmooT damuSavebuli orxeduri indikatoris impulsuri 

marTva windawin gansazRvrul drois mokle SualedebSi da amiT 

uzrunvelvyoT rogorc dinamiuri cvalebadi informaciis mi-

wodeba (magaliTad, sagzao-satransporto saSualebebisaTvis), 

aseve elementi sareklamo momsaxureobisaTvis. AaRsaniSnavia, rom 

indikatoris agebis principidan gamomdinare marTvadi impulsis 

moxsnis Semdeg is ara marto cvlis firfitebis or sxvadasxva 

mxares windawin datanil xedur informacias, aramed inarCunebs 

mas sxva polarobis marTvadi impulsis mosvlamde da amitom Su-

aledebSi ar moixmars ZviradRirebul eleqtroenergias.  

•   gamoviyenoT warmoebaSi uqmad mbrunavi RerZebi meoradi 

moxma-rebis eleqtruli energiis Sesaqmnelad (akumulatorebi, 

gasaTbobi mowyobilobebi, dabali energiis momxmarebeli saven-

tilacio kvanZebi da sxva)  

• garda amisa, praqtikuli Rirebuleba gaaCnia pirveladi gar-

damqmnelis eqsperimentuli kvlevis Sedegebs, Teoriuli kvlevis 

Sedegebis safuZvelze damuSavebul mis parametrTa  angariSis 

meTodikas, algoriTmebsa da programebs. 
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 damuSavebuli gardamqmnelebis gamoyenebidan miRebuli eko-

nomikuri efeqti ver daiTvleba Sedarebis bazis uqonlobis gamo 

dacvaze gasatani sakiTxebidan mniSvnelovania: 

-   induqciuri eleqtromagnituri naxevarsferuli samkoordina-

tuli pirveladi gardamqmnelebis fizikuri safuZvlebi da agebis 

principebi; 

-  Rru naxevarsferoze, galvanurad damoukidebeli, gamzomi 

gragnilebis  urTierTganTavsebis sqema da gragnilebis daxvevis 

meTodika; 

-  orxeduri indikatoris funqcionirebis principi;  

-  milevadi rxevebis demfirebis saSualebebis analizi; 

-  meoradi generatoris agebis fizikuri safuZvlebi; 

-  Catarebuli eqsperimentuli gamokvlevis Sedegebis analizi. 

sadisertacio naSromSi warmodgenili ZiriTadi Teoriuli da 

praqtikuli debulebani wardgenil da ganxilul iqna Tezisebis 

saxiT 2004 wels sudakSi Catarebul me-17 samecniero-teqnikur 

konferenciaze “gazomvis, kontrolisa da marTvis sistemebis ga-

damwodebi da informaciis gardamqmnelebi” da moxsenebis saxiT 

saqarTvelos mecnierebaTa akademiis a.eliaSvilis saxelobis 

marTvis sistemebis institutSi saerTaSoriso samecniero kon-

ferenciaze “marTvisa da energetikis problemebi" PCPE-2004 da 

saqarTvelos teqnikur yniverstitetSi Catarebul saerTaSoriso 

samecniero konferenciaze “informaciuli teqnologiebi marTva-

Si" ITC`07. 

sadisertacio naSromis ZiriTad Sedegebze gamoqveynebulia 14 

samecniero statia, 3  patenti gamogonebaze da Sedgenilia samec- 

niero-kvleviTi samuSaos 2 angariSi.  

disertacia Sedgeba Sesavlis, 4 Tavis, daskvnis gamoyenebuli 

literaturuli wyaroebis nusxisa da 4 danarTisagan. naSromis 

ZiriTadi teqsti gadmocemulia 114 gverdze, aqedan 24 gverdze 

moyvanilia 45 sqema da grafiki. gamoyenebuli literaturis nusxa 

Sedgeba 82 literaturuli wyarosagan, xolo danarTs ukavia 28 

gverdi. 
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Tavi I.   samuSaos aqtualoba, mizani da kvlevis amocanebi 

1.1.  samuSaos aqtualoba da mizani 

perspeqtiuli, saeqspluataciod mosaxerxebeli, efeqturi, da-

balfasiani da advilad gasawyobi xelsawyoebis Seqmna da maTi 

warmoebis gafarToeba samecniero-kvleviTi samuSaoebis Casatare-

blad, aseve maTi, rogorc sainformacio wyaros rTul teqnolo-

giur procesebSi gamoyeneba sadReisod warmoadgens metad aqtu-

alur amocanas. 

zemoT CamoTvlili amocanebis gadasaWrelad aucilebelia ma-

Rali sizustis mqone pirveladi gardamqmnelebis damuSaveba, rac 

moiTxovs ara marto maTi fizikuri safuZvlebisa da principebis 

damuSavebas, aramed gardamqmnelebSi warmoebuli movlenebis Rr-

ma Seswavlas, maT maTematikur aRweras, gamomavali maxasiaTeble-

bis gawrfivebas mudmivi magnitis velis sivrculi ganawilebis 

Seswavlis gziT da gamzomi konturebis konfiguraciis gansazRv-

ras empiriuli an fizikuri modelirebis gamoyenebiT. 

1.2.   arsebuli makontrolebeli mowyobilobaTa analizi 

arsebuli pirveladi gardamqmnelebis funqcionirebis princi-

pebis, maTi fizikuri safuZvlebis analizis Catarebam gviCvena, 

rom cnobili gardamqmnelebi gansxvavdebian konstruqciis sir-

TuliT, rTuli kinematikuri kavSirebiT, didi energotevadobiT 

da masa-gabarituli maCveneblebiT. maT Soris eleqtromagnituri 

pirveladi gardamqmnelebi arian advilad gadasawyobi, dabal-

fasiani, eqspluataciaSi moqnili, da amitom, ufro perspeqtiuli. 

eleqtromagnituri pirveladi gardamqmnelebis sistematizaci-

isaTvis, metrologiuri da saeqspluatacio maxasiaTeblebis Se-

fasebis kriteriumebisaTvis iyeneben sxvadasxva saklasifikacio 

niSnebs. 

moyvanili klasifikaciis Sesabamisad (nax. 1.1) pirvelad gar-

damqmnelebs ganasxvaveben moZravi nawiliT, fizikuri parametris 
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cvlilebiT, magnituri energiis wyaros zemoqmedebiT da 

moxsnili sainformacio wyaros mixedviT. 

moZravi wyaros mixedviT  arsebobs pirveladi gardamqmnelebi 

moZravi magnitiT, ekraniT, gragniliT, mokledCarTuli xviiT, 

gulariT da profilirebuli magnitogamtariT. 

fizikuri parametris cvlilebis mixedviT arseboben induqti-

uri, induqciuri da transformatoruli gardamqmnelebi. 

induqtiuri gardamqmnelebi awarmoeben siCqaris gardaqmnas in-

duqtiurobis cvlilebaSi. induqtiuri gardamqmnelebi mravalgva-

ria: cvladi sahaero RreCoTi; gadanawilebuli parametriT; kbi-

lovani gardamqmnelebi; vintis saxis mqone gardamqmnelebi da 

sxvebi [1]. 

induqciur gardamqmnelebs miekuTvneba gardamqmnelebi, romleb-

Sic gamzom gragnilebSi aRZruli eleqtromamoZravebeli Zala war- 

moadgens magnituri nakadis nakadSebmis cvlilebis siCqares [2]. 

informaciis aRricxvis fizikuri xerxebidan perspeqtiulad 

iTvleba magnituri da feromagnituri (barkgauzenis  efeqtis  

safuZvelze)  xerxebi. magnituri  gardamqmnelebi Caketili magni-

turi zolovani furcliT, an magnituri barabniT, romelzec 

datanilia naWdevi, gamoirCevian didi garCevisunarianobiT. 

datanili naWdevis simkvrive erT milimetrze Seadgens ramdenime 

aTeuls. miRweulia naWdevis datana 3 kuTxuri wamis erTeulis 

odenobiT [3]. magnituri gardamqmnelebis naklovaneba gamoixateba 

imaSi, rom mgZnobiare elements gare magnituri velis gavleniT 

Semoaqvs cdomileba. 

zog samuSaoebSi [4,5] SeTavazebulia barkgauzenis naxtomebis 

Tvla, feromagnituri masalebis gadamagnitebis dros (rkina, ni-

keli, pelmaloi).  

gadamagnitebis siCqaris gazrdisas 0.11-dan 1.24-mde naxtomebis 

ricxvi mcirdeba 45%-mde. barkgauzenis efeqtis gamoyenebiT 

SesaZloa aigos gardamqmnelebis ori jgufi: feromagnitis sivr-

culi gadamagnitebiT da feromagnitis gadamagnitebiT droSi 

cvladi magnituri veliT. amgvari gardamqmnelebis cdomileba 
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ganpirobebulia aracalsaxa SedegebiT, gamomavali maxasiaTe-

blebis arawrfivobiT, gaZlierebis arastabilurobiT, magnituri 

velis fluqtuaciiT, gare magnituri velebis da temperaturis 

cvlilebis maRali mgZnobiarobiT. 

kuTxuri gadaadgilebis siCqaris signali, SeiZleba miRebuli 

iyos adgilmdebareobis  gardamqmnelebis [7,8] gamoyenebiT, Tu 

movaxdenT signalis Semdgom daferencirebas. adgilmdebareobis 

ganmsazRvreli gardamqmnelebis cdomileba ganpirobebulia mo-

qmedebis principiT da gardamqmnelebis Semadgeneli elementebiT.  

maRali sizustis TvalsazrisiT SegviZlia avRniSnoT trans-

formatoruli da magnitoeleqtruli gardamqmnelebi [9]. trans-

formatoruls miekuTvneba gardamqmnelebi feromagnitis gareSe 

(induqtosinebi da akupinebi) da eleqtromagnituri kavSirebiT 

(selsinebi, redusinebi da brunviTi transformatorebi), amasTan 

selsinebs ar gaaCniaT gazomvis maRali sizuste. brunviTi 

transformatorebi meqanikuri reduqciiT gamoiyenebian analogur 

sistemebSi. 

kuTxuri siCqaris gardamqmnelebSi SesaZlebelia Cveulebrivi 

mudmivi an cvladi denis gamoyeneba. am gardamqmnelebSi 

eleqtromamoZravebeli Zala aRwevs did mniSvnelobebs siCqaris 

dabali mniSvnelobis dros, rac iZleva sizustis amaRlebis 

saSualebas gazomvisas 0-dan 400 br/wT-mde. unda aRiniSnos, rom 

taxogeneratorebis cdomilebebi dakavSirebulia Ruzis reaqciis 

kbilovan xarvezebTan, inerciulobasTan gaSvebis reJimSi, 

koleqtoris musis gavlenasTan, rTul kinematikur kavSirebTan. 

magnituri energiis wyaros zemoqmedebiT cnobili brunviTi pa-

rametrebis eleqtromagnituri pirveladi gardamqmnelebi pirobi-

Tad SegviZlia davyoT Semdeg zemoqmedebis saxeebad: mudmivi mag-

niti, eleqtromagniti da konturi deniT. 

   eleqtromagnituri pirveladi gardamqmnelebis gamomavali max-

asiaTebeli damokidebulia magnitur siblantesa da histere- 

zisze, kvebis wyaros sixSiresa da temperaturaze. yvela CamoT- 
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vlili xarvezi amcirebs eleqtromagnituri gardamqmnelebis 

efeqturobas magnituri gularis gamoyenebis gamo. 

perspeqtiulad migvaCnia gardamqmnelSi mudmivi magnitis ener-

giis gamoyeneba magnituri velis gamtaris gareSe, rac erTis 

mxriv, gamoricxavs magnituri siblantesa da histereziss da 

meore mxriv, amcirebs masa-gabaritul maCveneblebs. am gar-

damqmnelebis ZiriTad naklovanebad SeiZleba CaiTvalos gamo-

mavali signalis dabali simZlavre, rac advilad gamosaricxia 

maRali sizustis gamaZliereblis gamoyenebiT. 

1.3 induqciuri pirveladi gardamqmnelebis klasifikacia 

konstruqciuli niSnis mixedviT 

meqanikuri parametrebis makontrolebeli gadamwodebis urTie-

rTSedarebam funqcionirebis principis mixedviT gviCvena, rom ga-

momavali maxaiaTeblis stabilurobis, informaciuli signalis 

damuSavebis swrafqmedebis, mgrZnobiarobisa da sxva metrologiu-

ri parametrebis TvalsazrisiT, SedarebiT perspeqtiuls warmoa-

dgenen eleqtromagnituri urTierTinduqciuri pirveladi gardam- 

qmnelebi. 

cnobilia, rom meorad gardamqmnelTa saSualebebis gamoyene-

biT induqtosinebidan informaciuli signalis miReba SesaZlebe-

lia yoveli 2 mkm-is Semdeg, rac warmoadgens pirveladi gardam-

qmnelis bijs. garCevisunarianobis gazrda teqnologiuri sirTu-

leebis gamo jerjerobiT SeuZlebelia. amitom maRali mgrZno-

biarobis mqone saSualo sixSiriani pirveladi gardamqmnelebi, 

saSualebas gvaZlevs mkveTrad gavzardoT garCevisunarianoba. 

aseTi gardamqmnelebi damuSavebulia a.eliaSvilis saxelobis 

marTvis sistemebis institutSi. 

ipg-is klasifikacia konstruqciuli niSnis mixedviT moyva-

nilia nax. 1.2. 

meqanikuri parametrebis kontrolis arsebuli pirveladi gar-

damqmnelebi iyofa gardamqmnelebad profilirebuli da moculo-

biTi formis mqone gragnilebiT, xolo TiToeuli maTgani, Tavis  
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mxriv _ wrfivi da kuTxuri gadaadgilebis makontrolebel saSu-

alebebad. konstruqciuli niSnis mixedviT profilirebuli upg 

iyofa brtyelparalelur, cilindrul da wakveTilkonusur gar-

damqmnelebad, xolo kuTxuri profilirebuliebi _  brtyelpara-

lelur, diskur da naxevarsferul gardamqmnelebad. 

xazovani gadaadgilebis makontrolebeli moculobiTi upg-ebi 

iyofa brtyelparalelur, cilindrul da wakveTilkonusur gar-

damqmnelebad, xolo kuTxuri moculobiTi upg-ebi _ naxevarcil-

indrul, wakveTil naxevarkonusur, naxevar an meoTxedsferul 

gardamqmnelebad. 

gamzomi gragnilebis formis an raodenobis mixedviT upg iyofa 

erT-, or-, sam-, gaormagebul, jvrisebur, nabeWd, orfenovan, mra-

valfenovan da koWur gamzom gragnilebian gardamqmnelebad. 

upg-ebSi SesaZlebelia SemovitanoT galvanurad ganmxoloe-

buli rogorc gamzomi, aseve aRmgznebi damatebiTi gragnilebi 

ukukavSiris organizaciis mizniT mravalbmuli avtomaturi marT-

vis sistemebisaTvis. 

gansaxilveli gardamqmnelebis Rirsebas warmoadgens gawyobisa 

da gadawyobis SesaZlebloba pirveladi gardamqmnelis dauSle-

lad, aseve mxolod meoradi gragnilis profilis konfiguraciis 

an moculobiTi formis cvlilebiT. 

1.4. xazovani da kuTxuri siCqaris induqciuri pirveladi 

gardamqmnelebis cdomilebebis analizi 

induqciuri pirveladi gardamqmnelebis (ipg) klasis cdomi-

lebebis wyaroebis klasifikacia analogiuria  urTierTinduqci-

uri pirveladi gardamqmnelebis klasifikaciisa [10-14] im gansxva-

vebiT, rom amgznebi gragnilis rols asrulebs mudmivi magniti 

an mudmivdeniani koWa.  nax.1.3  moyvanili klasifikaciis mixedviT 

zogadad ganvixiloT TiToeuli maTgani. 

a) cdomilebebis ZiriTadi da damatebiTi wyaroebi. 

ZiriTadi cdomilebebis wyaroebi Tavs iCenen maSin, roca ipg 

funqcionirebs eqspluataciis normalur pirobebSi (stabiluri 
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eleqtruli parametrebi: deni, Zabva, sixSire; ucvleli tempe-

ratura; kvebis sinusoidaluroba; datvirTvis ucvleloba da a.S.). 

ZiriTadi cdomilebebis wyaroebia Teoriuli, teqnologiuri 

da saeqspluatacio cdomilebebi. 

Teoriuli cdomilebebi, rogorc wesi, warmoiqmneba maSin, roca 

arasrulad aisaxeba kanonzomierebebi, romlebic safuZvlad udevs 

fizikur movlenas, ris safuZvelzec aigeba gardamqmnelebi. zog 

SemTxvevaSi Cven gaazrebulad ugulebelvyofT sruli suraTis 

asaxvisaTvis yvela wvrilmani faqtoris gaTvaliswinebas, riTac 

gamoricxulia gardamqmnelis maxasiaTeblis gamoTvlis gadatvir-

Tva, magram Semotanilia umniSvnelo cdomileba. Teoriul cdomi-

lebebs miekuTvneba gawrfivebis aproqsimaciis uzustoba, gamowve-

uli rTuli maTematikuri gamosaxulebebis CanacvlebiT ufro ma-

rtivi gamosaxulebebiT. meoradi gardamqmnelebis gamoyenebisT 

SesaZlebelia iseTi Sesworebis Setana, romlebic gaiTvaliswine-

bs Teoriul cdomilebebis gaTvaliswinebiT uzrunvelyofs gamo-

mavali maxasiaTeblis gawrfivebas. 

teqnologiuri cdomilebebi [15] ganpirobebulia gardamqmnelis 

konstruqciuli parametrebis gadaxriT gamoTvlili mniSvnelobi-

sagan. maT ricxvs miekuTvneba awyobis da gawyobis, regulirebis, 

graduirebis anu daqvantvis da gragnilTa daxvevis uzustobebi, 

gragnilebis sibrtyeebis arasibrtyeoba, TiToeuli gragnilis 

RerZuli arasimetriuloba, gg-ebis gadaxra TanaRerZulobisagan, 

kuTxuri gadaadgilebis upg-Tvis sivrculi araorTogonaloba, 

gragnilTa eqsecentrisiteti da ag-s da gg-is arakoaqsialuroba. 

saeqspluatacio ZiriTadi cdomilebebi gamomJRavndeba gardam-

qmnelis eqspluataciis normalur pirobebSi da maTi zemoqmedeba 

SeuZlebelia gaTvaliswinebuli iyos statikuri da dinamiuri 

maxasiaTeblebis dadgenisas. maT miekuTvneba upg-is moZravi da 

uZravi nawilebis konstruqciul detalebs Soris lufti, me-

qanikuri histerezisi, konstruqciuli detalebis cveTa, gamomava-

li maxasiaTeblis ganmeorebadoba moZravi nawilis pirdapiri da  
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uku gadaadgilebisas, simetriis RerZis gadanacvleba, Cqarosnu-

li uzustoba da centrebis SeTavsebis uzustoba. 

damatebiTi cdomilebebis wyaroebia Sida, gare da reJimuli  

cdomilebebi. 

Sida cdomilebebs miekuTvneba kvebis Zabvis amplitudis rxeve-

bi, kvebis denis sididis cvlileba, kvebis sixSiris arastabilu-

roba, kvebis Zabvis sinusoidalurobis xarisxi, gamzomi gragnil-

ebis urTierTzemoqmedeba da gragnilTa parazituli tevadobebi. 

damatebiTi cdomilebebis gare wyaroebi gamovlindeba maSin, 

roca adgili aqvs gare faqtorebis arastabilurobas. maT Sori-

saa gare eleqtromagnituri velis feromagnituri ekranis da ag-

resiuli garemos gavlena, vibraciiT gamowveuli cdomileba, tem-

peraturis gavlena (gragnilebis winaRobis cvlileba, siTburi 

gafarToeba), wneva, tenianoba da garemos magnituri SeRwevadoba. 

damatebiTi cdomilebebis reJimuli wyaroebi Tavs iCenen gar-

damqmnelebis funqcionirebis dros datvirTul an dinamiur 

reJimSi muSaobisas. reJimuli cdomilebebi iyofa datvirTvis 

aramudmiv da dinamiur cdomilebebad, romelic dagvianebis 

cdomilebis mixedviT iyofa inerciul eleqtrul da generato-

rul cdomilebebad.  

b) ZiriTadi cdomilebebis wyaroebis warmoSobis analizi da 

maTi Semcirebis gzebi. 

makontrolebel da sazom teqnikaSi pg-is gamomavali maxasiaTe-

beli sasurvelia warmoadgendes wrfes. xSirSemTxvevaSi is miax-

loebiT wrfivia. amitom ZiriTadi cdomi-lebebi ganpirobebulia 

xazovani funqciidan gadaxriT. gadaxra SesaZlebelia Sefase-

buli iyos mravali meTodiT [15,16] maT ricxvs miekuTvneba: 

fiqsirebuli wertilebis meTodi, romelSic makontrolebeli 

sididis sawyis da saboloo wertilebze avleben wrfes da an-

gariSoben wrfidan maqsimaluri gadaxris Sefardebas gamomavali 

sididis udides mniSvnelobasTan; kvadratuli gadaxris minimumis 

meTodi, anu determinebuli xazovani funqciis gatareba ise, rom 

misi sawyisi wertili gadiodes nulze, romlis drosac gadaxre-
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bis kvadratebis jami minimaluria; daSvebaTa minimumis meTodi, 

romlis drosac gadaxrebis kvadratebis jami minimaluria, ma-

gram ar moiTxoveba is, rom gamomavali maxasiaTebeli gadiodes 

nul wertilze. 

upg-Si arawrfivobis xarisxi [16] Sefasebulia Semdegnairad 

                   Nn
n

n
∈⎟
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1 θ

δγ arawrf.             (1.1) 

sadac 
M
MΔ

=δ  urTierTinduqciis fardobiTi cvlilebaa, ro-

melic sidideebis 
x
xΔ
  da  22.M

zz
ω

θ amRgaz=  proporciulia. 

am gamosaxulebidan Cans, rom cdomilebis Sesamcireblad au-

cilebelia θ-s gazrda anu gamzomi da aRmgznebi gragnilebis wi-

naRobebis gazrda  da W-isa da M-is Semcireba. 

ZiriTadi cdomilebebis teqnologiuri wyaroebis warmoSobis 

mizezebia ara marto gragnilebis damzadebis [14], sivrculi 

gragnilebis arasibrtyeoba, aramed regulirebis uzustobac. 

awyobis da regulirebis dros brtyeli gragnilebi SesaZloa 

ganTavsdes cerad an dakargon RerZuli simetriuloba. maSin 

urTierTinduqciurobis cvlilebis nazrdi am kuTxiT pirdapir-

proporciuli gaxdeba yvela am SemTxvevaSi.                                    

                    M
M ωεεωδγ ..Δ

=+≡                    (1.2) 

aqedan gamomdinareobs, rom M-is an gragnilebs Soris bmis 

koeficientis gazrdisas Semcirdeba aseTi cdomileba. maSasadame 

gg-is da ag-is xviebis ricxvi unda gaizardos. 

kuTxuri gadaadgilebis erT-, or- da samkoordinatuli 

urTierTinduqciuri pg-is gamomaval maxasiaTebelze moqmedebs 

gragnilTa sivrculi araorTogonaluroba, gragnilTa eqscen-

trisiteti da SesaZlo arakoaqsialuroba. vinaidan gragnilTa 

sivrculi urTierT ukontaqto ganTavseba moiTxovs maRali si-

zustis mqone danadgarebis gamoyenebas. 
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calke gamoyofili graduirebis an daqvantvis uzustoba mie-

kuTvneba sistemur cdomilebas, magram skalis Sedgenisas adgili 

aqvs SemTxveviT faqtors. am cdomilebebis ganawilebis kanoni 

Seesabameba eqsponencialur kanons [17]. 

saeqspluatacio cdomilebebi gamomdinareobs im dauZleveli 

teqnologiuri uzustobidan, romlebic gamoaSkaravdeba pg-is 

konstituciis awyobis dros. maT ricxvs miekuTvneba lufti, rac 

warmoadgens meqanikuri gadaadgilebis makontrolebeli saSuale-

bebis cdomilebis ZiriTad wyaros. ra Tqma unda, lufti 

sxvadasxva saxisaa, magram teqnikur literaturaSi miiCneven, rom 

isini Rebuloben diskretul sapirispiro niSnis mniSvnelobas. 

maTi mniSvnelobebi damokidebulia konkretul konstruqciul 

Sesrulebaze. Tu warmovidgenT mmarTveli RerZidan gadaxras, 

rogorc sivrcul sidides, maSin lufti daiSleba sam mdgenelad: 

grZivi, ganivi, horizontaluri da ganivi vertikaluri. bolo ori 

sidide gacilebiT mcirea, vidre grZivi lufti, vinaidan kali-

brovani RerZi da maTze moZravi konstruqciis nawili maRali 

sizustiT mzaddeba. grZivi lufti ki damokidebulia obieqtis ma-

kontrolebel organosTan kinematikuri kavSi-ris sixisteze. Tu 

grZivi luftis sidides gavyofT gardamqmne-lis gadaadgilebis 

maqsimalur mniSvnelobaze, miviRebT grZivi gadaadgilebis 

cdomilebas. analogiurad gamoiTvleba meqaniku-ri histerezisiT 

gamowveuli cdomileba, vinaidan misi sidide damokidebulia kine-

matikuri kavSiris teqnikur Sesrulebaze da am kavSiris six-

isteze. Ppg-is moZravi nawilis CamorCenis an winswrebis sididis 

Sefardeba maqsimalur kontrolirebad sidi-desTan gansazRvravs 

meqanikuri histerezisiT gamowveul cdomi-lebas. gg-is brtyel-

paraleluri Sesruleba amcirebs meqanikuri luftiT Semotanil 

cdomilebas imitom, rom ag-is wanacvlebisas jamuri gamomavali 

sidide umniSvnelod icvleba [18]. 

moZravi nawilebis urTierTxaxuni iwvevs detalebis cveTas, 

ris Sedegadac izrdeba ganivi luftis sidide. am sididis Sesam-

cireblad ise unda SeirCes konstruqciuli masalebi, rom, erTis 
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mxriv, cveTa davides minimumze da meores mxriv, ar uSlides mag-

nituri velis nakadis gavrcelebas da Sesabamis gadanawilebas. 

kuTxuri gadaadgilebis pg-Si gragnilebis simetriis centris 

gadanacvleba iwvevs ag-is magnituri velis magnituri Zalwirebis 

simkvrivis Secvlas gg-is urTierTsapirispiro ubnebSi. im 

SemTxvevaSi, Tu nakadSebmis gazrda da Semcireba ricxobrivad 

erTmaneTis tolia (rac SeuZlebelia), maSin cdomilebas adgili 

ar eqneba. zogadad cdomilebis gamosaTvleli formulaa: 

                   
maqsψ

ψψ
γ 21

1

Δ−Δ
=→OO  (1.3) 

siCqaris cvlilebaze damokidebul uzustobas adgili aqvs di-

namiur reJimSi momuSave pg-Si. upg-Si fiqsirebuli kuTxuri 

gadaadgilebiT didi siCqareebis ganviTarebas adgili ara aqvs. 

amitom damatebiTi Seqmnili emZ-is sidide umniSvneloa. 

Aag-is da gg-is centrebis SeTavsebis uzustoba ganpirobebulia 

moZravi da uZravi nawilebis sivrculi ganlagebiT. am mizeziT 

gamowveuli cdomileba SesaZlebelia ugulebelvyoT ori nawi-

lis erT platformaze ganTavsebiT da maTi centrebis SeTavsebiT 

aqtiuri eqsperimentis gamoyenebis gziT. 

g) damatebiTi cdomilebebis wyaroebis warmoSobis analizi da 

maTi Semcirebis gzebi. 

damatebiTi cdomilebebi warmoiSoba upg-is muSaobis pirobebis 

nominalurisagan gadaxrisas. 

moyvanil klasifikaciis (nax. 1.3.) mixedviT damatebiTi cdo-

milebebis wyaroebi iyofa Siga, gare da reJimul wyaroebad. 

 Siga cdomilebis wyaroebidan ZiriTadad miviCnevT kvebis 

wyaros parametrebs (deni, Zabva da sixSire). im SemTxvevaSic ki, 

Tu gamoviyenebT Fferorezonansur stabilizatorebs [19], kvebis 

wyaros Zabvis sididis cvlileba SeiZleba Semcirdes ±3%-mde. am 

sididis zemoqmedebis Sesamcireblad unda gavzardoT gar-

damqmnelis mgrZnobiaroba, romlis drosac gamomavali signalis 

erTsa da imave cvlilebas Seesabameba ufro mcire gadaadgileba. 
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gacilebiT meti cdomileba Semoaqvs kvebis Zabvis arasinusoi-

dalurobas. es iwvevs maRali rigis harmonikebis zemoqmedebas ga-

momaval signalze. am mizeziT gamowveuli cdomilebisagan Tavis 

dasaRwevad mizanSewonilia cvladi deni gardavqmnaT mudmivad da 

Semdeg isev gadavideT cvladi denis wyaroze sinusoidis gaum-

jobesebuli xarisxiT. 

aqve unda aRiniSnos, rom kvebis wyaros sixSiris cvalebadobas 

Semoaqvs cdomileba, romelic ganisazRvreba [15, 20] 

                        
aRm

21
1.
ϕω

ωγω +
Δ

= ,          (1.4) 

sadac _ 
a

a
aRm R

Lωϕ =   ag-Si fazaTa wanacvlebaa. 

rogorc Cans (1.4), fardobiTi cdomilebis 
ωγ  Sesamcireblad 

sixSiris ω gazrdasTan erTad SesaZlebelia vimoqmedoT fazaTa 

wanacvlebis sididis gazrdaze, rac miiRweva aRmgznebi grag-

nilis aqtiuri winaRobis SemcirebiT da induqtiuri winaRobis 

gazrdiT. 

gamzomi gragnilis urTierTqmedebiT gamowveuli cdomilebebi 

mcire gavlenas axdens sainformacio signalis formirebaze. es 

faqti gamomdinareobs im mosazrebidan, rom gragnilebSi induci-

rebuli signalebis simZlavre daaxloebiT 10-ze metjer mcirea 

ag-is signalis simZlavreze, xolo Tu gaviTvaliswinebT imas, 

rom magaliTad, brtyelparaleluri gardamqmnelis konstru-

qciisas TviT gg-ebs Soris manZili 2-jer aRemateba ag-sa da gg-s 

Soris manZils, maSin gg-is urTierTzemoqmedeba Semcirdeba 100-ze 

metjer. maSasadame, rac ufro davaSorebT erTmaneTisagan gg-ebs 

cdomileba Semcirdeba. 

parazituli tevadobebi warmoiSoba arsebuli tevaduri 

kavSirebiT. isini warmoadgenen mcire sididis cdomilebebis 

wyaros, vinaidan upg-ebi funqcionireben dabal sixSirul diapa-

zonSi. sixSiris gazrdisas parazituli tevadobebi iCenen Tavs, 

rac specialuri Seswavlis sagania. 
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damatebiTi cdimilebebis gareSe wyaroebis analizi klasifi-

kaciis mixedviT gviCvenebs, rom cdomilebebze gavlenas axdens 

gareSe eleqtromagnituri veli da feromagnituri ekranis meqani-

kuri vibracia da temperatura, atmosferuli parametrebi da ga-

remos magnituri SeRwevadobebi. gareSe eleqtromagnituri velis, 

feromagnituri ekranis da meqanikuri luftebis gavlena SesaZle-

belia nawilobriv gavakompensiroT gg-is Tanamimdevrul–Tanxved-

rili SeerTebiT da orwyvilad daxveuli mavTulis gamoyenebiT. 

[15] angariSSi moyvanili gamokvlevebis mixedviT dadgenilia, rom 

5⋅10-4 tl induqciis magnituri velis gavlenas Semoaqvs cdomile-

ba, romelic ar aRemateba 0,2%. vibraciis da temperaturis cvli-

lebis gavlena SesaZlebelia Sefasdes [17] moyvanili originalu-

ri formulebiT, romelic gansazRvravs temperaturaze damokide-

buli nebismieri parametris fardobiT cdomilebas: 

                      T
T

M
M

Δ
Π

Π
=Π ....1

δ
δ

δ
δ

δ
δε

ε
γ                 (1.5) 

sadac Π simboloSi igulisxmeba ag-is r da gg-is R winaRobebi, 

haeris magnituri gamtarobis q da magnituri ekranis  magnituri 

gamtarobis g an sxva temperaturaze damokidebuli parametri. 

ra Tqma unda, gragnilebis gafarToebis koeficienti 

gansxvavdeba fuZeSris gafarToebis koeficientisagan, rac cvlis 

gragnilebis geometriul formebs da amis gamo warmoadgens 

cdomilebis wyaros. amitom, mavTulis da fuZeSris gafarToebis 

temperaturuli koeficientebi unda iyos miaxloebiT toli. 

temperaturis gavlenam SeiZleba gamomavali maxasiaTeblis mgr-

Znobiaroba an gazardos an Seamciros. es cdomileba [17] monace-

mebiT SeiZleba Seadgendes 0,1÷1%-mde yoveli 1 °k-isaTvis. igive 

mizeziT SesaZlebelia adgili hqondes nulis dreifs, romelic 

igive monacemebiT 0,01÷0,1% Seadgens yovel 10°k-isaTvis. Cveni ga-

mokvleviT) adgili aqvs orive sididis erTdroul cvlilebas. 

rac Seexeba atmosferuli (wnevis da tenianobis cvlileba) da 

garemos magnituri SeRwevadobis gavlenebis zemoqmedebas, unda 
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aRiniSnos, rom maTi wvlili saerTo cdomilebis sidideSi um-

niSvneloa da amitom ar ganvixilavT. 

 reJimuli damatebiTi cdomilebebis wyaroebi. 

maT ricxvs miekuTvneba datvirTvis aramudmivoba, dinamiuri 

dagvianebis cdomilebani (inerciuli da eleqtruli) da genera-

toruli cdomileba. 

pirveladi gardamqmneli itvirTeba meoradi gardamqmneliT, 

romelic Seicavs gamaZliereblebs, gamarTvis elementebs da sxva 

arastabilur gardamqmnelebs, romlebic datvirTvis aramudmivo-

bas gansazRvraven da amitom SemoaqvT cdomileba, romelic SeiZ-

leba Semcirdes aqtiuri elementebis (magaliTad, gamaZlierebl-

is) nulis dreifis da maxasiaTeblis stabilizirebiT. 

d) dinamiuri cdomilebebis warmoSobis wyaroebi. 

zogadad dinamiuri cdomilebebi ganisazRvreba rogorc sxva-

oba dinamiur da statikur reJimSi miRebul gamomavali maxasia-

Teblebis sidideebis Soris [19] da ganisazRvreba gadaxrebis 

saSualo kvadratuli mniSvnelobiT. 

dinamiuri dagvianebis cdomilebebi dakavSirebulia gardamqm-

nelis inerciulobasTan da gardaqmnis eleqtrul sqemebSi gar-

damaval procesebTan. inerciuloba ZiriTadad dakavSirebulia 

magnitogamtaris arsebobasTan, romelsac Semoaqvs magnituri his-

terezisi. upg-Si magnitogamtari gamoricxulia, magram gg-ebis 

arsebobas Semoaqvs induqtiuroba, rac iwvevs signalis gardaqm-

nis drois zrdas. Tu gaviTvaliswinebT, erTis mxriv, rom eleq-

tromagnituri talRa vrceldeba sinaTlis siCqariT, da meores 

mxriv, rom sixSiris gazrdasTan erTad mcirdeba signalis gar-

daqmnis da gajerebis dro, maSin cxadi gaxdeba, rom dinamiuri 

dagvianebis cdomilebebi mcire sidideebs warmoadgenen. 

zogadad Tu magnitur velSi L konturi moZraobs ν siCqariT, ma-

Sin maqsvelis meore gantoleba SeiZleba warmovidginoT Semdegi 

saxiT [21]:                             dJBEL ]).[(
ρρ

νφε +=              (6) 
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sadac EdJLφ - transformatoruli emZ-ia, romelic ganpirobebulia   

droSi magnituri nakadis cvlilebiT; dJBL ].[
ρρ

νφ - generatoruli 

emZ, romelic ganpirobebulia magnitur velSi L konturis moZ-

raobiT  v siCqariT. 

(6)-dan gamomdinareobs, rom rezultirebuli emZ Sedgeba ori 

mdgenelisagan, romlebic erTmaneTis mimarT wanacvlebulia 90°-

iT (es gamowveulia meore mdgenelSi Semavali veqtoruli namra-

vliT). pirveli Sesakrebi gansazRvravs statikur maxasiaTebels, 

meore ki – dinamiurs. dinamiur reJimSi momuSave gardamqmnelebis 

analizisaTvis viyenebT an diferencialuri gantolebebis Sedge-

nis da maTi analizis meTods laplasis gardaqmnis gamoyenebiT 

(iSviaTad), an sixSirul meTods furies gardaqmnis gamoyenebiT, 

romelic xSirad gamoiyeneba gardamqmnelebis da makontrolebel-

sazomi xelsawyoebis analizisaTvis. generatoruli cdomilebebi 

Seswavlilia [17, 21, 22, 23, 25] da amitom avRniSnoT mxolod, rom 

maT Sesamcireblad aucilebelia gardmqmnelis sixSiris gazrda. 

e) gardamqmnelis saerTo cdomileba. 

gadaadgilebis mTel kontrolirebad diapazonSi aditiurad 

(jamurad), multiplikaciuri (gardaqmnis sididis proporciuli) 

da kvadratuli (gardaqmnis sididis kvadratis proporciuli) 

cdomilebebis sidideebi icvleba ise, rom jamuri cdomileba ga-

cilebiT naklebia cal-calke aRebuli cdomilebebis algebrul 

jamze imitom, rom zogi cdomileba urTierTkorelirebulia da 

maTi mniSvneloba sapirispiro niSnisaa. 

cdomilebis zusti mniSvnelobis gansazRvrisaTvis iyeneben η-

meTods, magram praqtikaSi misi gamoyeneba SezRudulia, vinaidan 

parametris cvlilebis sarwmuno sazRvrebis koreqtuli ajamvi-

saTvis aucilebelia integrirebis operaciis Catareba. amitom 

bevri teqnikuri gazomvisaTvis sakmarisia kvadratuli sarwmuno 

sazRvrebis ubralo ajamva [25]. 

albaTobis Teoriidan viciT, rom dispersia warmoadgens Sem-

TxveviTi sidideebis mniSvnelobis gabnevis zomas misi saSualo 
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mniSvnelobisagan. amotom dispersiis Tvisebebi SesaZlebelia 

morgebuli iyos cdomilebebis gamoTvlis dros. ori SemTxveviTi 

sididis jamis dispersia [26, 27, 28, 29] 

                ),cov(2)()()( 212121 ξξξξξξ ++=+ DDD ,              (1.7) 

sadac )(.)(),(),cov( 212121 ξξξξρξξ DD=  - SemTxveviTi sidideebis 

mniSvnelobebis korelaciaa; ),( 21 ξξρ - korelaciis koeficientia. 

vinaidan SemTxveviTi sididis ξ saSualo kvadratuli gadaxra 

σ dispersiis kvadratis tolia, amitom 

              )(.)(),(2)()()( 2121
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sadac ],1[ 1ni ∈  arakorelirebuli sidideebis raodenobaa, 

 - mkacrad xazovani dadebiTad korelirebuli 

sidideebis raodenobaTa numeracia, 

],1[ 21 nni +∈

],1[ 2 nni +∈  - mkacrad xa-

zovani uaryofiTad korelirebuli sidideebis raodenobaTa nu-

meraciaa. 

albaTobis Teoriidan gamomdinare es wesi SeiZleba gamovi-

yenoT ara marto SemTxveviTi, aramed sistematuri cdomilebebis 

dasadgenad. 

ipg-Si mniSvnelovani cdomilebebi ganpirobebulia tempera-

turis cvlilebiT da sixSiruli tevadobiT. maTi kompensacia 

mniSvnelovnad Seamcirebs cdomilebebis ricxviT mniSvnelobebs. 
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1.5 kvlevis amocanebi 

1. Teoriulad da eqsperimentalurad dadgindes induqciuri 

tipis  gardamqmnelebis konstruirebis SesaZlebloba, mi-

zanSewoniloba da funqcionirebis  principebi;  

2. Seswavlil iqnas magnituri velis gadanawileba moculo-

biTi (sferuli, Rru cilindruli da toroidaluri) 

formis  magnitebis zedapirebze da maT  mimdebare areebSi. 

3. Seiqmnas samkoordinatuli induqciuri tipis gardamqmneli, 

romelic uzrunvelyofs samive damoukidebel arxSi e.m.Z. 

aRZvras, romlebic gansazRvraven magnituri veqtoris 

adgilmdebareobis cvlilebis siCqares. 

4. dadgindes moZraobis gantoleba, romelic asaxavs mwkrivSi 

ganlagebuli Rru cilindruli formis simetriis RerZis 

garSemo mbrunav magnitebze moqmedi gare marTvadi impulse-

bis mier gamowveuli dinamiuri Zalebis zemoqmedebiT;    

5. Catardes gare Zalebis mier gamowveuli rxevebis demfire-

bis saSualebebis analizi da dadgindes misi nawilobrivi 

an sruli kompensirebis gzebi;  

6. Sesaswavlil iqnas toroidaluri formis mudmivi magnite-

bis mier Seqmnili velis gadanawileba iseTi topologiis 

mqone magnitogamtarebSi, romelic uzrunvelyofen, erTis 

mxriv, intensiuri velis Seqmnas da meore mxriv, amcireben 

magnituri velis Zalwirebis gafantvas, da amasTan dadg-

indes gardamqmnelis meqanikuri energiis eleqtrulSi gar-

daqmnis  gamomavali simZlavris gazrdis gzebi; 

7. eqsperimentalulad ganisazRvros damuSavebuli gardamqmne-

lebis statikuri maxasiaTeblebi da mgrZnobiaroba, agreTve 

sxva saeqspluatacio maCveneblebi.  
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II Tavi. kuTxuri gadaadgilebis samkoordinatuli pirveladi        

  gardamqmnelis Teoriuli safuZvlebi da agebis principebi 

2.1.  magnituri velis sami orTogonaluri mdgenelis 

 gamoTvlis gamosaxulebebi 

faradeis mier 1831 wels aRmoCenili eleqtromagnituri indu-

qciis movlena mdgomareobs imaSi, rom nebismier Caketil kontur-

Si magnituri nakadis cvlilebisas, im zedapirze, romelic Semo-

sazRvrulia am konturiT, aRiZvreba eleqtromamoZravebeli Zala, 

romlis sodide magnituri nakadis cvlilebis proporciulia                 

                        dt
dk Φ−=ε  

sadac k - proporciulobis koeficientia. SI sistemaSi k=1.  

minusi “-“ lencis wesis mixedviT ganapirobebs e.m.Z.-is gare mag-

nituri nakadis cvlilebis sapirispiro mimarTulebas. 

zogadad, stacionalur magnitur velSi magnituri nakadi 

Φ=( SB
rr

⋅ )cosα ori veqtoris skalaruli namravlis tolia, sadac α 

kuTxe B
r
 veqtorsa da S farTobis normals (an sibrtyis perpendi-

kularuli veqtors) Soris kuTxea. 

im SemTxvevaSi, roca magnitis forma warmoadgens naxevars-

feros, an srul sferos, magnituri velis gadanawileba kosinu-

soidis formas iRebs (nax. 2.1). 

Tu naxevarsferos formis magnitebSi gasagebi mizezebis gamo 

fuZeSi velis mimarTuleba pirobiTad uaryofiTia, sferos 

formis magnitebSi - polusebs Soris diametrul simetriul 

sibrtyis perimetrze magnituri velis potenciali udris nuls 

(nax. 2.2). cxadia, rom magnituri velis TiToeuli mdgeneli pro-

porciuli iqneba Sesabamis koordinatebze proeqciebisa: 
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rogorc vxedavT, orive SemTxvevaSi (nax. 2.1.a da 2.2.a) magnituri 

velis induqcia Tavis maqsimalur mniSvnelobebs (-900-dan 900-mde 

areSi) iRebs im SemTxvevaSi, roca gazomvebs vawarmoebT magnite-

bis zedapirze. zedapiridan dacilebisas magnituri velis indu-

qciis ganawileba mniSvnelovnad mcirdeba. maSasadame, rac ufro 

axlos ganlagdebian gamzomi gragnilebi magnitis zedapirTan, 

miT ufro intensiuri velis areSi aRmoCdebian (nax. 2.3).   

2.2.  samkoordinatuli induqciuri pirveladi gardamqmnelis 

agebis principi 

vinaidan damagnitebis RerZis mimarT sferuli formis mudmivi 

magnitis zedapiris magnituri velis gadanawilebas aqvs simetri-

uli forma, amitom veli araerTgvarovania. es garemoeba iZleva 

saSualebas aRmgznebi sferos umniSvnelo mobrunebis SemTxveva-

Sic ki (pirobiT Caketil) konturSi aRZras induqciis eleqtro 

mamoZravebeli Zala (e.m.Z.), vinaidan iwvevs nakadSebmulobis cvli-

lebas. eqsperimentalurad gamokvleuli iyo gamzom konturebSi 

aRZruli e.m.Z. gazrdis konstruqciuli xerxebi. eWvs ar iwvevs is, 

rom sferoos zedapirze konturebis da maTSi Semavali gragnili 

xviebis ricxvis gazrdiT miiRweva sasurveli Sedegi. Tu cnobil 

samkoordinatul urTierTinduqciul gardamqmnelSi [30] pirveli 

gamzomi konturi ganTavsebulia naxevarsferos fuZis perimetrze, 

xolo ori sxva (formiT identuri konturi) Sesrulebulia piro-

biTi rvianis saxiT, maSin axal gardamqmnelSi icvleba sferul 

zedapirze am ori gamzomi konturebis ganTavsdebis topologia. 

amasTan  pirveli konturis konfiguracia ar icvleba vinaidan 

ganTavsebulia naxevarsferos fuZis perimetrze da misi gamo-

mavali signalis gazrda SesaZlebelia konturSi Semavali xviebis 

ricxvis gazrdiT.  nax. 2.4 da nax. 2.5-ze moyvanilia identuri 

konturebis Sesrulebis sqema. isrebi miuTiTebs gamzomi konture-
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bis daxvevis mimarTulebas. erT SemTxvevaSi (ix. nax. 2.4) gamzomi 

konturis Semadgeneli ori identuri nawili ganTavsebulia 

sferos zedapirze misi simetriis OX RerZis mimarT simetriulad 

Dd manZilze, xolo meore SemTxvevaSi (ix. nax. 2.5) gamzomi kon-

turi Sedgenilia sami nawilisagan  romliTagan erTi centalu-

ria da ganTavsebulia simetriis OX  RerZis gastrviv da meore da 

mrsame identuri nawilebi ganTavsebulia wina naxatze moyvanil 

suraTis anologurad. danarTSi d..2 moyvanilia eqsperimentaluri 

monacemebi da Sesabamisi grafikebi, romlebidan Cans, rom nax. 2.5-

ze moyvanili sqemiT damzadebuli gamzomi konturi 4-jer gazdil 

gamomaval signals iZleva.  

nax. 2.6.-ze naCvenebia e.m.Z.-s mimarTulebebi TiToeul gamzom 

xviaSi aRmgznebi rgolis mobrunebis SemTxvevaSi. Rru naxevars-

feros fuZis perimetrze daxveul 1_2 gragnilSi (ix.nax. 2.7 da 2.8)  

aRZruli e.m.Z. εIII erTi mimarTulebisaa da ara Tu ar kompen-

sirdeba, aramet orjer Zlierdeba. meore 1_3 da mesame 1_4 grag-

nilebSi  signalis sideebi gamoiTvleba konturis TiToeul 

monakveTSi inducirebuli signalebis ariTmetikuli jamis saxiT:  

     εI = 4•(ε/ - ε/) +  2•(ε/* - ε/*) + ε1 + ε3 + ε5 = ε1 + ε3 + ε5 da 

     εII = 4•(ε// - ε//) +  2•(ε//* - ε//*) + ε2 + ε4 + ε6 = ε2 + ε4 + ε6  .

amitom, rogorc vxedavT parazituli signalebi ε/, ε/* da ε//, ε//* 

mTlianad akompensireben erTaneTs, xolo ε1 ; ε2 ; ε3 ; da ε4 ; ε5; ε6 ,  

romlebic aRiZvrebian TiToeul naCveneb ubanze _ Sesabamisad ik-

ribeba.  

SesaZlebelia pirvelad gardamqmnelSi magniti CavanacloT wre-

wiruli toroidaluri formiT damzadebul aRmgznebi konturiT 

da masSi gavatarebT mudmivi deni. am SemTxvevaSi magnituri veli 

ver  SeaRwevs  naxevarsferos SigniT vinaidan  aRZrul  vels ar  

gaaCnia magnituri velis gamtari Tundac TviT magnitis saxiT. 

amitom ver miviRebT nax. 2.1, 2.2 da 2.3 moyvanil magnituri Zal-

wirebis sasurvel gadanawilebas garda im SemTxvevisa roca ga-
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moviyenebT didi sididis dens an SevamcirebT gardamqmnelis 

gabaritul zomebs.   

samkoordinatuli gadamwodis funqcionaluri sqema moyvanilia 

nax.2.8-ze. induqciuri samkoordinatiani gadamwodis [30] pirveladi 

gardamqmnelis aRmgzneb rgols warmoadgens simertriuli geome-

triuli formis mqone da RerZsimetriulad damagnitebuli mud-

mivi magniti (moyvanil SemTxvevaSi R 0 -radiusiani sfero). 

aRmgznebi rgoli Tavisi garsacmiT moTavsebulia Rru naxevars-

feros SigniT, ise rom sferos da Rru naxevarsferos centrebi 

erTmaneTs emTxvevian. gadamwodis pirveladi gardam- qmneli 1  

konstruqciulad Sesrulebulia sferuli formis moZravi mud-

mivi magnitisagan 1_1 da sam urTierTorTogonalurad da uZravad 

ganlagebul (amasTan, erTmaneTisagan damoukidebel) gamzom grag-

nilebisa-gan 1_2, 1_3 da 1_4, romlebic daxveuli arian sxvadasxva 

Rarakebian Rru naxevarsferul zedapirze. pirveli gamzomi grag-

nili 1_2 daxveulia Rru naxevarsferos fuZis perimetrze. meore 

1_3 da mesame 1_4 gamzomi gragnilebi SeiZleba SevasruloT ara 

marto  simetriuli rvianis saxiT, romelic sruladaa aRwerili 

[35], aramet ori an sami koWebis erTobriobisagan Sedgenil grag-

nilebis saxiT (ix. nax. 2.4 da 2.5). maTi simetriis RerZebi erTmane-

Tis mimarT daZrulia 900-iT da ganlagebulia naxevarsferoze pir- 

vel gamzom gragnilTan erTad ise, rom TiToeuli am gragnilis 

yvela ubani urTierTorTogonaluria sxva gragnilis mimarT. 

sqemotexnikurad induqciuri samkoordinatiani gadamwodi Seicavs 

pirvelad gardamqmnels 1 aRmgznebi rgoliT 1_1 Sesrulebuls 

sferuli formis mudmivi magnitisagan. yoveli gamzomi grag-

nilebis 1_2, 1_3 da 1_4 boloebi mierTebuli arian orpoziciuri 

Rilakebis   2_1, 2_2 da 2_3  SesasvlelebTan Sesabamisad, xolo 

meore boloebi gaerTianebuli arian da damiwebuli. orpozici-

uri Rilakebis pirveli gamosasvleli SeerTebulia analoguri 

manqanis 3 Sesabamis SesasvlelebTan (saWiroebis SemTxvevaSi), 

xolo meore gamosasvlelebi analogur-cifruli gardamqmnelebis 

4_1, 4_2 da 4_3 pirvel SesasvlelebTan, romlebis meore  
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nax. 2.4. ori mimdevrobiT SeerTebuli naxevarrkaliT Sedgenili 

identuri gamzomi konturebis Sesrulebis sqema 

 

 

nax. 2.5 sami mimdevrobiT SeerTebuli naxevarrkaliT Sedgenili 

identuri gamzomi konturebis Sesrulebis sqema 
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nax. 2.6 aRmgznebi rgolis mobrunebis SemTxvevaSi e.m.Z.-s mimar-

Tulebebi tiToeul gamzom xviaSi 

 

 

 nax. 2.7 gamzom gragnilis TiToeul naxevar rkalSi e.m.z.-ebis 

zeddebis sqema 
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nax. 2.8 samkoordinatuli gadamwodis funqcionaluri sqema 
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Sesasvlelebi gaerTianebuli da SeerTebuli arian mmarTavi sig-

nalebis maformirebelTan 5, romelic mierTebulia taqturi im-

pulsebis generatorTan 6, romelic SeerTebulia eleqtrul ga-

momTvlel manqnis 7 gamSveb gamosas-vlelTan. analogur-cifruli 

gardamqmnelebis amosasvlelebi mierTebuli arian Sesabamis ope-

ratul-damamaxsovrebeli mowyobilobebis 8_1, 8_2 da 8_3 sain-

formacio SesasvlelebTan, xolo maTi meore Sesas-vlelebi 

gaerTianebuli arian eleqtronuli gamomTvleli manqanis infor-

maciis amokiTxvis gamosas-vlelTan, da 8_1, 8_2 da 8_3 gamo-

sasvlelebi mierTebuli arian eleqtronul gamom-Tvleli manqnis 

7 Sesabamis SesasvlelebTan. 

induqciuri samkoordinatiani gadamwodi muSaobs Semdegnairad: 

aRmgzneb rgolis 1_1 muSaobis dros TiToeul gamzom gragnilSi 

1_1, 1_2 da 1_4 aRiZvreba e.m.Z., romelic miewodeba 2_1, 2_2 da 2_3 

Rilakebis meSveobiT an pirdapir analogur gamomTvlel manqanas 

3, an eleqtronul gamomTvlel manqanas, imis mixedviT, Tu romel 

manqanasTan uwevs muSaoba operators. magnitis moZraobis dros 

informaciuli signali icvleba, xolo gaCerebisas _ ganuldeba, 

amitom eleqtronuli gamomTvleli manqanis 7 gamSvebi gamosas-

vlelidan taqturi impulsebis generatorze 6 miewodeba signali, 

romelic aZlevs impulsebis miwodebis uflebas signalebis ma-

formirebelze 5. es ukanaskneli ki rTavs analogur-cifrul 

gardamqmnelebs 4_1, 4_2 da 4_3. informacia ukve cifruli formiT 

miewodeba operatul-damamaxsovrebel mowyobilobebs 8_1, 8_2 da 

8_3, romlebSic informacia inaxeba eleqtronuli gamomTvleli 

manqanidan informaciis amokiTxvis gamosasvlelidan impulsis 

miRebamde. egm-Si informaciis gadatanis Semdeg operacia meorde-

ba. sivrculi koordinatebis miRwevisas aRmgznebi rgolis iZule-

biTi gadaadgileba Sewydeba. 

gadamwodis sizuste damokidebulia Rru naxevarsferos da sfe-

ruli formis aRmgznebi rgolis damzadebis sizusteze, naxevar-

sferul zedapirze Rarakebis ganlagebis sizusteze da naxevar-

sferos da sferos centrebis SeTavsebaze sivrceSi. 
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informaciuli signalis done ganisazRvreba Seqmnili magnitu-

ri velis sididiT, romelic damokidebulia magnituri fxvnilis 

dispersiaze, TviT masalaze da damagnitebis teqnologiur pro-

cesze. 

damagnitebaze eleqtruli energiis xarjis Semcirebis Tval-

sazrisiT mizanSewonilia sferuli magniti damzaddes ori iden-

turi naxevarsferosagan, romlebic damagnitebulia erTnairad, 

xolo fuZis mimarT sapirispiro mimarTulebiT. 

Zvirad Rirebuli magnituri fxvnilis ekonomiis TvansazrisiT 

naxevarsferoebi unda Sesruldes Rru formis saxiT, xolo zed-

apiruli magnituri velis induqciis ganawilebis SenarCunebisaT-

vis naxevarsferoebis Rru forma warmoadgens simetriul naxe-

varelifsoids, romlis udidesi RerZi ganlagebulia  da emTxveva 

naxevarsferos fuZis simetriis RerZs da naklebia mis diametrze. 

aRmgznebi rgolis Rru naxevarsferos SigniT moTavseba ga-

napirobebs magnituri energiis gafantvis Semcirebas da magnituri 

velis cvlilebis maqsimalur gamoyenebas sainformacio signalis 

formirebisaTvis. 

induqciuri gadamwodi ar Seicvlis gamosasvlel maxasiaTe-

blebs, Tu moZravi elementebi iqnebian naxevarsfero gamzomi 

gragnilebiT, xolo uZravi elementi_aRmgznebi rgoli an/da maSi-

nac ki, roca naxevarsfero da sfero iqneba moZravi. 

induqciuri gadamwodi analogur gamoTvliT manqanebSi gamoi-

yeneba pirdapir, xolo  emg-Si maTi gamoyeneba analogur cifru-

li gardamqmnelis gareSe SeuZlebelia. bolo SemTxvevaSi egm-Si 

periodulad unda modiodes signali romelic aRricxavs acg-Si 

Caweril da damaxsovrebul informacias. 

 

 

 

 47



2.3.  naxevarsferuli formis induqciuri pirveladi 

gardamqmnelebis mgrZnobiarobis gazrdis gzebi 

rogorc avRniSneT, sxvadasxva tipis myisieri wrfivi da kuTxu-

ri siCqareebis pirdapiri kontrolis pirvelad gardamqmnelebi-

sagan [31,32,33] ukontaqtobiT, swrafqmedebiT, maRali mgrZnobiaro-

biT, gamomavali signalis simZlavriT, calsaxa damokidebule-biT 

Semaval da gamomaval sidideebs Soris, gamomavali maxasia-

Tebelis xazovnobiT siCqaris kontrolis did diapazonSi, 

regulirebadobis ganxorcieleblis SesaZleblobiT, konstruq-

ciis simartiviT, avtonomiurobiT (ar esaWiroeba specialuri 

kvebis wyaro), dabali masa-gabarituli maCveneblebiT da maRali 

saimedobiT gamoirCevian eleqtromagnituri pirveladi 

gardamqmnelebi  mudmivi magnitiT.  

Tu gaviTvaliswinebT, rom axali teqnologiebis gamoyenebiT, 

magaliTad, iaponiaSi miRebulia magnitebi iseTi magnituri velis 

induqciiT, romelic mravaljer aRemateba samari-kobaltis Sena-

dnobiT miRebul  maqsimalur induqcias da zemoT CamoTvlil 

magnitis gamoyenebis Rirsebebs, maSin cxadia, rom axlo momaval-

Si Seiqmneba gardamqmnelebi, romlebic farTo gamoyenebas hpo-

vebs ara marto makon-trolebel da sazom teqnikaSi, aramed mre-

wvelobis mZime pirobebSi da realur droSi dinamiuri teqnolo-

giuri procesebis sruli an nawilobrivi avtomatizaciis 

ganxorcielebisaTvis. 

pirveladi gardamqmnelebis gamomavali maxasiaTeblebis 

mgrZnobiarobis gazrdisaTvis garda magnitebis mier mZlavri 

magnituri velis inducirebisa mniSvnelovania mivaRwioT 

maqsimalur nakadSebmis magnituri velis Zalwirebsa da moZrav 

gamzom gragnilebs Soris, rac umetes SemTxvevaSi damokidebilia 

gamzomo gragnilis konfiguraciaze da maT mier gadakveTili 

magnituri Zalwirebis ricxvze. es ricxvi SesaZlebelia 

gaizardos Tu saSualeba gveqneba gamoviyenoT mravalkonturebiT 

Seqmnili iseTi gardamqmnelebi, romlebic uzrunvelyofen gamo-

mavali, informaciis matarebeli, signalis mniSvnelobis gazrdas.  
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Tu magnitur velSi konturi moZraobs ν siCqariT, maSin maqsve-

lis meore gantolebis Tanaxmad konturSi aRZruli eleqtromag-

nituri Zala (emZ)  Sedgeba transformatoruli emZ-isa, romlis 

warmoqmna ganpirobebulia droSi magnituri nakadis cvlilebiT 

da generatoruli emZisagan, romelic ganpirobebulia magnitur 

velSiL konturis v siCqariT moZraobiT [33]. vinaidan mudmivi 

magniti Tanabrad ganawilebuli veliT ver aRZravs transforma-

torul emZ-as, maSin generatoruli emZ-is gamosaTvleli zogadi 

gamosaxuleba SeiZleba warmovidginoT Semdegi saxiT:  

dJBv ][
rr

⋅=
g

ε . 

am gamosaxulebidan gamomdinareobs, rom am mdgenelSi Semavali 

vr da B
r
 sidideebis veqtoruli namravli gansazRvravs dinamiurs 

maxasiaTebels. veqtoruli namravlis gansazRvris Tanaxmad  
g

ε   

ricxobrivad tolia vr da B
r
 veqtorebis sigrZeebis monakveTebi-

sagan Seqmnili paralelogramis farTobisa. generatorul reJimSi 

momuSave gardamqmnelebis zogadi analizisaTvis gamoiyeneba an 

laplasis diferencialuri gantolebebis Sedgenis meTodi an 

sixSirul meTodSi furies gardaqmnis gamoyenebiT, romelic 

simartivis gamo xSirad gamoiyeneba gardamqmnelebis da 

makontrolebel-sazomi saSualebebis analizisaTvis. TiToeuli  

meTodis gamoyeneba dakavSirebulia sirTuleebTan vinaidan 

mxolod kerZo SemTxvevebSi miiReba zogadi amonaxsnis saxe. 

arsebobs analizis Catarebis martivi gza, romlis gamoyeneba 

iZleva xarisxobrivi suraTis gamovlenis saSualebas, rac nawi-

lobriv amartivebs gamokvlevebs pirveladi gardamqmnelis kon-

struqciul Taviseburebebis dadgenaSi.   

 cnobilia, rom magnituri velis nakadSebmis siCqaris cvli-

leba ganapirobebs emZ-is sidides. Tu erTdroulad icvleba gam-

Woli magnituri velis nakadi da ganikveTis farTobi, romelsac 

ganWolavs veli, maSin emZ-is gamosaTvlelad gamoiyeneba cnobili 

gamosaxulebani                                                                  
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( )

⎟
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dt
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S
dt
dB

k
dt

SBd
k

dt
dФ

k
dt

d
rr

Ψ
ε
d  

  cxadia, ismis kiTxva _ rogor vawarmooT orive parametris 

erTdrouli cvlileba, Tu viyenebT mudmiv magnits?N 

  eqsperimentiT dadgenilia, rom nebismieri formis magnits 

gaaCnia mkafiod gamoxatuli polusebi. misi magnituri Zalwirebi 

Sekrulia.Mmagnitis kidurebze magnituri potencialis ganawileba 

sxvadasxvaa. es garemoeba ganapirobebs mis zedapirze magnituri 

potencialis araerTgvarovan ganawilebas, rac moqmedebs ra mag-

nituri velis gadanawilebaze sivrceSi ar iZleva erTgvarovani 

velis Seqmnis saSualebas. am amocanis gadasaWrelad iyeneben 

sxvadasxva formis magnitogamtarebs da feromagnitur masalebs, 

rasac Semoaqvs konstruqciuli sirTuleebi. Tu brtyelparale-

luri formis magnitis kvazierTgvarovnoba miiRweva misi RerZul-

simetriuli centraluri nawilis da magnitis ganapira (kidura) 

areebis gamoricxvis saSualebiT. sxva moculobiTi formis magni-

tebSi es miuRwevadia. magaliTad, radialurad damagnitebul Rru 

cilindruli da sferuli formis magnitebis magnituri velis in-

duqciis maxasiaTebeli warmoadgens kosinusoidis erT da misi sa-

rkiseburi anareklis meore (pirvekis mimarT RerZsimetriul) naxe-

varperiodebs. es garemoeba iZleva saSualebas magnituri velis 

induqcia warmovidginoT ,cos α⋅= BoB 2/2/sadac π α ≤≤ π−  saxiT. 

orive SemTxvevaSi emZ-is mniSvnelobis cvlileba ZiriTadad da-

mokidebulia gragnilebis aqtiuri nawilebisgan Semdgari 

stacionaluri veliT dakavebul garemoSi konturis mier gadaad-

gilebis dros gadafaruli magnituri Zalwirebis raodenobaze. 

anu emZ-is mniSvneloba konturis mier Semofarglul farTobis 

proporciulia.  

ganvixoloT sami R radiusiani naxevarrkaluri formis grag-

nilebisgan 1-1, 1-2 da 1-3 Semdgari (ix. nax. 2.9) gamzomi koturebi 

romlebic ganTavsebulia, magaliTad, naxevarsferul zedapirebze. 

mis geometriul centSi moTavsebulia sferuli formis magniti,  
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nax. 2.9. didi radiusis sami identuri naxevarrkaluri formis 

gragnilebis ganTavseba sferos zedapirze 

 

 
nax. 2.10. mudmivi magnitis ϕ kuTxiT wanacvlebisas naxevar-

rkaluri formis gragnilebis mier magnitiru Zalwirebis gadak-
veTiT miRebuli formebi 
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romelic damagnitebulia radialurad. magnituri induqciis 

veqtori BBn  dekartul koordinatTa RerZebTan ОХ, ОУ da OZ 

Seadges α, β  da� γ �kuTxeebs��Sesabamisad. gare sferoze erT-

maneTis mimarT ucvlelad mdebare identuri da erTi da igive ma-

salisganan damzadebuli R radiusiani naxevarrkaluri formis 

didi wreebis sibrtyeebze ganTavsebuli gragnilebisgan Semdgari  

gamzomi konturebi erTeul droSi wavanacvloT ϕ  kuTxiT (nax2.10) 

es wanacvleba gamoiwvevs TiToeuli konturis mier ΔS farTo-

bis Semofarglas, anu  gadakveTs garkveuli raodenobis magnitur 

Zalwirebs, romlebic Semobrunebis kuTxis proporciulia. am 

kerZo SemTxvevisaTvis TiToeuli ΔS farTobi gamoiTvleba ga-

mosaxulebiT  ΔS = ϕ⋅R2 , 

sadac�ϕ  ori didi wreebis sibrtyeebs Soris orwaxnaga kuTxea. 

Tu gare sferul zedapirze ganTavsdeba n�raodenobis naxevar-

rkaluri xviebi, romlebic Seadgenen gragnils, maSin maT mier 

gadafaruli farTobi gamoiangariSeba  gamosaxulebiT: ΔSΣ= n⋅ϕ⋅ R2.  

cxadia, rom am SemTxvevaSi aRZruli  emZ-is mniSvneloba gaizrde-

ba  n-jer, Tu gamzomi konturebis signalebi ar imoqmedeben erT-

maneTze. 

ganvixiloT zogadi SemTxveva, rodesac R radusian sferoze 

ganTavsebuli gragnielebisgan Semdgari konturi ar miekuTvneba 

did wres, anu konturis ganTavsebis sibrtye ar gadis sferos 

centrze (ix. nax. 2.11). am SemTxvevaSi sferuli zedapiris wanacv-

lebisas Ro radiusis naxevarrkalebis  wveroebi Semoweren r ra-

diusis wreebs, xolo konturis mier Semofargluli farTobi 

iqneba sferul zedapirze ganTavsebuli ABCD mruwiruli oTkuT-

xedis farTobis toli. farTobis gansazRvris amocanis gadasaW-

relad am oTxkuTxedis farTobis gansazRvrisaTvis oTxkuTxedis 

ori nebismieri sapirispirod mdebare wvero SevaerToT erTmaneT-

Tan. miviRebT or sferoze ganTavsebul samkuTxeds.  

Tu am samkuTxedebis rkalebi (gverdebi) warmoadgenen didi wreebis 

nawilebs, mxolod maSin samkuTxeds uwodeben sferul  
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nax. 2.11 R radiusian sferoze ganTavsebuli naxevar rkaluri 
formis konturi sibrtye ar gadis sferos centrze 

 

 

 

 

 

 

 

 

 

nax. 2.12 sferuli samkuTxedis zogadi forma 
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samkuTxeds. aseTi kerZo SemTxvevisaTvis (ix. nax. 2.12) dadgenilia, 

rom farTobi gamoiTvleba Semdegi gamosaxulebiT  

                        )(2 π−++⋅= CBARS = δ • R 2 , 

Tu am samkuTxedebis rkalebi (gverdebi) warmoadgenen didi 

wreebis nawilebs, mxolod maSin samkuTxeds uwodeben sferul 

samkuTxeds. aseTi kerZo SemTxvevisaTvis (ix. nax. 2.12) dadgenilia, 

rom farTobi gamoiTvleba Semdegi gamosaxulebiT  

                        )(2 π−++⋅= CBARS = δ • R 2 , 

sadac  R  samwaxnaga OABC  kuTxis radiusia, δ − sferuli sam-

kuTxedis kuTxeebis siWarbea, xolo Α, Β  da C kuTxeebi am samwax-

naga kuTxis orwaxnaga kuTxeebia da izomeba radianebSi. (es for-

mula pirvelad 1629 wels gamoaqveyna holandielma a.jirarma da 

cnobilia misi saxeliT). yvela sxva SemTxvevisaTvis sferul 

zedapirze ganTavsebuli farTobis povnis koordinatuli meTo-

dis dadgena gaamartivebs sainJinro gamoTvlebs da masTan da-

kavSirebul gamokvlevebs.  

davuSvaT, rom sivrceSi mocemulia sfero  )( ,, ooo zyx  centriT 

da R radiusiT (ix. nax. 2.13), romelic  ganisazRvreba cnobili 

gantolebiT: . 
2222 )()()( Ryyxxzz ooo =−+−+−

am sferoze mdebareobs sami gansxvavebuli wertili: 

).(,)(),( ,,,,,, 333222111 zyxCzyxBzyxA ===  

amocana mdgomareobs imaSi, rom gamovTvaloT aRniSnul wer-

tilebiT SemoWimuli sferuli samkuTxedis  farTobi. cxadia, 

rom ABC  sferuli samkuTxedis proeqcia yx×  sibrtyeze aris 

Cveulebrivi samkuTxedi , romlis wveroebis koordinatebi 

iqneba:         

''' CBA

).,('),,('),(' 332, yxCyxByxA === 211  

'' BA , ' da ' wrfeebi  ganisazRvreba Sesabamis gantolebe-

biT:  

'CB 'CA

),(xxx
yxyx

xxx
yy

y
21

1221

21

21 α=
−
−

+
−
−

=    β(x)
23

3223

23

23 xy =
−
−

+
−
−

=
xx

yxyx

xx

yy
, 

).( xxx
yxyx

xxx
yy

y γ=
−
−

+
−
−

=
31

1331

31

31 . 
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sferos gantolebidan vRebulobT, rom:                                      

,)()( 222
033

yyxxrzz −−−−±=  

amitom samarTliania tolobebi: 

222 )()(

),(

00

0

yyxxr

xx
x

yxz

−−−−

−
±=

∂
∂

,  

.
)()(

),(

222
00

0

yyxxr

yy
x

yxz

−−−−

−
±=

∂
∂

 

Tu   samkuTxedis ares avRniSnavT ''' CBA σ -Ti, maSin cnobili 

damokidebulobis Tanaxmad, saZiebeli  farTobi gamiTvleba 

tolobiT:        

S

σ
σ

d
y

yxz
x

yxzS ∫∫ ⎟
⎠

⎞
⎜
⎝

⎛
∂

∂
+⎟

⎠

⎞
⎜
⎝

⎛
∂

∂
+=

22 ),(),(1 . 

maSin samarTliania toloba: 

dydx
y

yxz
x

yxzS
CBA

∫∫
Δ

⎟
⎠
⎞

⎜
⎝
⎛

∂
∂

+⎟
⎠
⎞

⎜
⎝
⎛

∂
∂

+=
'''

22 ),(),(1 . 

sadac σ  are, anu  gamosaxulia me-2.14 naxazze. ''' CBAΔ

martivad SeiZleba Semowmdes, rom samarTliania toloba: 

=⎟
⎠
⎞

⎜
⎝
⎛

∂
∂

+⎟
⎠
⎞

⎜
⎝
⎛

∂
∂

+
22 ),(),(1

y
yxz

x
yxz

2
0

2
0

2 )()( yyxxr
r

−−−− . 

aqedan gamomdinareobs, rom:       

             
=∫∫

−−−−
=

Δ
dydx

yyxxr
rS

CBA ''' 2
0

2
0

2 )()(  

+
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

−−−−
= ∫ ∫ dxdy

yyxxr
rx

x

x

x

2

1

)(

)(
2

0
2

0
2 )()(

γ

α

dxdy
yyxxr

rx

x

x

x
∫ ∫ ⎟

⎟

⎠

⎞

⎜
⎜

⎝

⎛

−−−−

3

2

)(

)(
2

0
2

0
2 )()(

γ

β

. 

vinaidan , amitom 0)()()( 2
0

2
0

2
0

2 >−+−=−− zzyyxxr x  cladis funqcia 

2
0

2 )()( xxrxq −−=  gansazRvrulia koreqtulad. aRniSnulis gaTval-

iswinebiT, mudmivis sizustiT samarTliania toloba: 

 

 55



 

nax. 2.13 sferuli samkuTxedis farTobis gansazRvris zogadi 

sqema 

 

nax. 2.14. sferuli samkuTxedis farTobis proeqcia X sibrtyeze 
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 bolo tolobidan vRebulobT: 

∫
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sabolood saZiebeli  farTobi Rebulobs saxes: S
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miRebuli tolobidan gasagebia, rom  farTobis realuri ricx-

viTi realizacisaTvis aucilebelia Semdegi saxis gansazRvruli 

integralebis gamoiTvla: 

S

dx
xxr

dcxI
b

a
∫ ⎟⎟

⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛

−−

+
=

2
0

2 )(
arcsin , 

sadac  da  yovel konkretul SemTxvevaSi calsaxad 

ganisazRvrebian mocemuli  da  sidideebiT. 

es kargad Cans 

cba ,, d

321321 ,,,,, yyyxxx 0y

)(),( xx βα  da )(xγ  funqciaTa struqturidan. aR-

niSnu-li mudmivebi ar aris damokidebuli  sidideebze, 

radgan proeqtirebis sibrtyed Cven Tavidanve avirCieT 

0321 ,,, zzzz

yx × . 

cxadia, rom analogiuri Sedegis miReba SeiZleba nebismieri sxva 

proeqtirebis sibrtyis SemTxvevaSic. marTalia, integrali I  

elemetarulia, anu SeiZleba misi gamoTvla analizurad, magram 

misi analizuri saxe sakmaod rTulia. aRniSnulis gaTvaliswine-
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biT, praqtikuli mosazrebebidan gamomdinare, mizanSewonilad 

migvaCnia I   integralis ricxobrivi realizacia. 

    miRebuli Sedegi iZleva saSualebas myisieri siCqaris 

pirveladi gardamqmnelebis agebisas windawin ganvsazRroT Tu ra 

raodenobis da saxis konturTa ricxvi ganlagdeba sferul 

zedapirze da Semdeg ricxobrivi meTodebis gamoyenebiT 

gamovTvaloT ara marto eZm-is ricxobrivi mniSvneloba, aramed 

ganvsazRvroT mocemuli tipis gardamqmnelebis teqnikuri 

maxasiaTeblebi – mgrZnobiaroba, xazovani gardaqmnis diapazoni 

da sxva. cxadia, rom mgrZnobiarobis gazrda pirdapir 

damokidebulia gamoyenebuli mudmivi magnitis magnituri 

Zalwirebis simkvriveze da gamzomi gragnilebis konfiguraciis 

topologiaze, rac uzrunvelyofs maqsimaluri farTobis nazrdis 

miRwevas. 

2.4. urTierTinduqciuroba saerTo centris mqone  wriul da 

sferul zedapirebze brtyelparalelurad ganlagebul 

naxevarwrewirul konturebs Soris 

 moculobiTi formis urTierTinduqciuri pirveladi gardamq-

mnelebis gamomavali signalis da mgrZnobiarobis gazrda ukavSi-

rdeba aRmgzneb da gamzom konturebs Soris urTierTinduqciuro-

bis gazrdas. am mizniT mimarTven konturebis raodenobis 

gazrdas. mas, marTalia, Semoaqvs  damatebiTi cdomileba, magram 

gamomavali signalis ramdenime rigiT gazrda gacilebiT ufro 

mniSvnelovania.  

 ganvixiloT damatebiTi konturis Semotanis SemTxveva 

pirvelad gardamqmnelSi, romlis aRmgzneb da gamzom konturebs 

warmoadgenen Sesabamisad wriuli konturi da masTan saerTo 

centris mqone sferul zedapirze brtyelparalelurad ganla-

gebuli naxevarwrewiruli konturebi (nax. 2.15.)  

aseT  SemTxvevaSi superpoziciis principis Tanaxmad saerTo 

urTierTinduqciuroba anu urTierTinduqciuroba l1  rkalsa da   

l2  da l3  rkalebs Soris toli iqneba ori Sesakrebis jamisa [34-41]:  
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M= M12+ M13, 

sadac M aris saerTo urTierTinduqciuroba, xolo M12 aris 

urTierTinduqciuroba l1  wriul rkalsa da l2  rkals Soris, 

xolo M13  - urTierTinduqciuroba l1  da l3  naxevarrkals Soris. 

 naxevarwrewiruli aRmgzneb da gamzom konturs Soris 

urTierTinduqciuroba gamoiTvleba formuliT [41,42]: 

∫ ∫
= =

∗

∗

⋅
=

π

ϕ

π

ϕ

ϕϕ
π

μ

0 0

210

1 2

21 4 DB
ddArR

M ll   , sadac 

αϕϕϕγϕϕαηϕϕϕ cossin)cos(cossincos)cos()cos(sin 13221321 −++++= ∗∗ EA  

γϕ 2
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2 +−++= ∗∗ EB , 
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22222

γϕμαηλαηταη

γϕμτϕγϕ

−+++−−+−

−++−+++=
∗

∗

drE

rdRErdRD
. 

zemoT moyvanil SemTxvevaSi miRebulia, rom R-radiusiani 

naxevarwrewiruli rkali uZravia, xolo meore r-radiusiani 

naxevarwrewiri ganTavsebulia sferuli formis garsze, romlis 

centri SeTavsebulia R-radiusiani naxevarwrewiruli rkalis 

centrTan da daxrilia γ  kuTxiT O’Z0  RerZis mimarT, romelic 

paraleluria OZ RerZisa. r-radiusiani naxevarwrewiris sibrtye 

da misi centri daSorebulia koordinatTa saTavidan  d  

manZiliT. TviT d monakveTi daxrilia koordinatTa RerZebTan 

τ, λ, μ  kuTxeebiT. R da r radiusis mqone naxevarwrewirebis 

mimdinare koordinatebia Sesabamisad A(x1; y1; z1) da B(x2; y2; z2). am 

wertilebis Tavissave centrebTan SemaerTebeli radiusebi 

Tavissave diametrebTan Seadgenen Sesabamisad ϕ1 da ϕ2 kuTxeebs. l2 

naxevarwrewiris K1L1 diametri daxrilia KL wrfis mimarT ϕ3 

kuTxiT, romelic mdebareobs r-radiusiani naxevarwrewirisa da 

XoO'Yo sibrtyeebis gadakveTaze.  wrfe mobrunebulia  

RerZebis mimarT α kuTxiT. paraleluri gadata-niT OA //O'A' kuTxe 

OXXO //0′
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r da R radiusebs Soris udris β. ϕ3 kuTxis 
2

0 π
÷  cvlilebisas r 

radiusian naxevarwrewirze gamavali sibrtye  X’O’Y’ sibrtyes 

gadakveTs garda im SemTxvevisa, roca ϕ3=0. anu roca 

naxevarwrewiris diametri brunavs X’O’Y’ sibrtyeSi. 

Cven SemTxvevaSi [42] ΨΟΖ  sibrtyis paralulurad Sida 

sferul zedapirze ganlagebulia ori r1 da r2  radiusebis mqone 

naxevarwrewiruli rkalebi, romlebic aRniSnulia Sesabamisad l2 

da l3. maTi centrebis daSoreba naxevarsferoTa saerTo 

centridan udris Sesabamisad d1 da d2’.

cxadia, rom l2  da l3  rkalebis r1 da r2  radiusebi calsaxadaa 

damokidebuli patara naxevarsferos radiussa da d1 da d2  

manZilebze. Aam damokidebulebis gansasazRvravad ganvixiloT 

aRniSnuli rkalebis proeqciebi XOY  sibrtyeze (nax. 2.16): 

2
1

2
1 drr −= ,   2

2
2

2 drr −= . 

maSasadame, Mjamuri urTierTinduqciuroba  

21
22

22
2

0 0 11

110 )(
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1 2

3121
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π
μ π

ϕ

π

ϕ

dd
DB

Ar

DB

ArR
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⋅
+

⋅
=+=

∗

∗

= =
∗

∗

∫ ∫ . 

miRebuli gamosaxulebidan Cans, rom jamuri 

urTierTinduqciuroba  damokidebulia R, d1, d2, α, ϕ1, ϕ2, ,ϕ3, γ, λ, 

 μ   da  τ   parametrebis sidideebze.  

urTierTinduqciurobis gamoTvlis ganxiluli midgomiT 

miRebuli Sedegi saSualebas iZleva sferul zedapirze 

optimalurad ganvalagoT gamzomi konturebi ise, rom miviRoT 

maqsimaluri gamomavali sainformacio signali.��� 

 60



 

nax. 2.15 saerTo centris mqone wrewiruli da sferul zedapirze 
brtyelparalelurad ganlagebuli ori naxevarwrewiruli 

kunturebi 
 
 

 

nax. 2.16 konturebis proeqciebi X sibrtyeze 
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� 2.5. Sedegebi II Tavis mixedviT 

1. moyvanilia stacionaluri magnituri velis induqciis sami 

orTogonaluri mdgenelis gamoTvlis gamosaxulebebi 

sferuli da naxevarsferuli formis magnitebisaTvis.  

2. gamokvleulia magnituri velis induqciis ganawileba magnitis 

zedapirze da mis gareT mdebare sivrceSi.  

3. dasabuTebulia, rom damuSavebuli samkoordinatuli pirve-

ladi gardamqmneli sferuli formis mqone mudmivi magnitiT 

miekuTvneba induqciuri gardamqmnelebis klass. 

4. damuSavebulia kuTxuri siCqaris samkoordinatuli induqci-

uri naxevarsferuli formis pirveladi gardamqmnelis fiziku-

ri safuZvlebi, moqmedebis principi radialurad damagnitebu-

li sferuli formis mudmivi magnitis gamoyenebiT, romelic 

uzrunvelyofs erTdroulad sami galvanurad damoukidebe-li 

signalis miRebas.   

5. ganxilulia gamzom gragnilebSi eleqtromamoZravebeli Zalis 

sididis gansazRvra magnituri Zalwirebis nakadSebmis cvli-

lebis gaangariSebis gziT. am mizniT miRebulia sferos 

zedapirze magnituri Zalwirebis mier gadakveTili farTobis 

gamosaTvleli formula, romelic iZleva saSualebas sferoze 

sami koordinatis codnis SemTxvevaSi gamoviangariSoT 

farTobis sidide, rac pirdapirproporciulia eleqtromamoZ-

ravebeli Zalisa.  

6. miRebulia saerTo centris mqone wrewiruli saxis da sferul 

zedapirze brtyelparalelurad ganlagebuli naxevarwrewiru-

li konturebs Soris urTierTinduqciurobis gamosaTvleli 

ganzogadebuli gamosaxuleba kerZo SemTxvevisaTvis, rac 

gamoiyeneba mgZnobiarobis cvlilebis sididis Sesafaseblad. 

7. eqsperimentalurad dadgenilia, rom damatebiTi xviebis 

SemotaniT gardamqmnelis maqsimaluri mgZnobiaroba gaizarda 

saSualod 1,5-jer da Seadgina 27 [mv/0] . 
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III Tavi.  orxeduri indikatorebis fizikuri safuZvlebisa 

da agebis principebis  damuSaveba 

3.1. ukontaqto orxeduri indikatoris agebis 

fizikuri safuZvlebi 

masobrivi da koleqtiuri sargeblobis informaciis asaxvis 

mravali xerxi arsebobs:   

meqanikuri, eleqtromeqanikuri, optikuri, eleqtruli da 

eleqtromagnituri. yvelaze srulyofilad miiCneva eleqtro-

magnituri movlenebis gamoyenebiT agebuli informaciis wyaroebi 

cvalebadi niSniT, iseTi, rogoricaa indikatori [43,44], ma-

triculi indikatoruli xelsawyo [45], cvladi sainformacio ni-

Sani [46,47], tablo [48], mravalferovani indikaciis xelsawyo [49], 

magnituri velis zemoqmedebis gamoyenebis saSualebiT agebuli 

mbrunavi indikatori [50-57]. 

orxeduri indikatori gamoiyeneba marTvadi sagzao niSnebis 

asagebad, raTa uzrunvelvyoT usafrTxo moZraoba saavtomobilo 

gzaze [58].  

indikatoris elementi Sedgeba Rru cilindruli formis radia- 

lurad damagrebuli erTi mudmivi magnitisgan mainc, romelSic 

CaSenebulia msubuqi aramagnituri masalisagan damzadebuli orm-

xrivi informaciuli elementi (magaliTad: firfita, firfitis 

sistema an Rru cilindri). 

mudmiv magnitebis TiToeuli Rru cilindruli formis mabru-

nebuli elementi Sedgenilia oTxi erTmaneTTan mWidrod SeerTe-

buli  rgolebisagan (magaliTad, weboTi). erTmaneTis mimarT mo-

pirdapired ganlagebuli rgolebi identuri formisaa da damza-

debulia erTi da igive masalisagan, romelTa Soris erTi wyvili 

radialurad damagnitebuli magnitebia meore wyvili Sesrulebu-

lia aramagnituri masalisagan nax. 3.1 a, b, g da d.  

wyvil-wyvilad da mopirdapired ganlagebuli rgolebis simet-

riis RerZebi urTierTmarTobulia. yvela erT mwkrivSi ganlage-

buli Η-sebri formis eleqtromagnitebis magnitogamtaris gverdi-

Ti torsebi Cazneqili formisaa, romlis horizontaluri simet- 
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nax. 3.2. ori sruli naxevarrkalidan Sedgenili Rru cilin-
druli formis magnitebs Soris magnituri velis saxe 

 

 

 
 

nax. 3.3 ori erTmaneTisagan iZulebiT daSorebuli Rru cilin-
druli formis magnitebs Soris magnituri velis saxe 
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riis RerZi marTobulia cilindruli formis mabrunebuli ele-

mentis vertikaluri simetriis RerZisadmi, xolo Cazneqilobis 

radiusi aranaklebia mabrunebuli elementis gare radiusisa. 

aRsaniSnavia, rom TviT gare cilindruli formis Rru 

Sedgenili magnitis Siga konfiguraciis SecvliT miiRweva 

sxvadasxva teqnikuri amocanis gadaWra.  

Tu gvesaWiroeba rxevebis ricxvis Semcireba, maSin Sida nawils 

vaZlevT SekumSuli elifsis formas, romlis vertika-luri didi 

zoma da masze gamavali simetriis RerZi emTxveva magnitebis 

simetriis RerZs, xolo horizontaluri simetriis RerZi emTxveva 

aramagnituri rkalebis simetriis RerZs - miiReba kvaziTanabarga-

nawilebuli veli (nax. 3.1 g). am velis zemoqmedebiT izrdeba da-

muxruWebis periodi da amitom mcirdeba rxevebis ricxvi mmarTavi 

impulsis moxsnis Semdeg. 

Tu gvesaWiroeba swrafi reagireba, indikaciis sibrtyis zusti 

dayeneba da mmarTavi impulsis simZlavris Semcireba, maSin Sida 

nawils vaZlevT gaSlili elifsis formas, romlis vertikaluri 

mcire zoma da masze gamavali simetriis RerZi emTxveva magnite-

bis simetriis RerZs, xolo horizontaluri simetriis RerZi 

emTxveva aramagnituri rkalebis simetriis RerZs. miiReba viwrod 

mimarTuli veli gazrdili magnituri potencialiT (nax. 3.1 d). es 

iwvevs mmarTavi impulsis amplitudis da xangrZlivobis da, maSa-

sadame, moxmarebuli simZlavris Semcirebas, dinamiuri rxevebis 

ricxvis gazrdas, rxevebis swraf milevadobas, xeduri informa-

ciis cvlilebas da sainformacio sibrtyis zust dayenebas. 

calke aRebuli radialurad damagnitebuli Rru cilindruli 

formis magnitebis gare magnituri velis ganawileba moyvanilia 

nax. 3.2, xolo geometriuli formiT identurad damzadebuli ori 

cilindruli formis magnitebs Soris magnuturi velis 

gadanawileba moyvanilia nax. 3.3-ze. 

statikur mdgomareobaSi mwkvrivSi magnitebs Soris mdebare 

yvela Η-sebri gularis eleqtromagnitebi damatebiT asruleben 

ara marto Rru magnitebis mier Seqmnili magnituri velis gamta-
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reblis rols, aramed amcireben gamoyenebuli Rru magnitebis 

raodenobis ricxvs indikatoris informaciuli elementebis fir-

fitebis 5 ganivi zomis orjer gazrdiT.  

indikatoris elementebis samagrebs aqvs identuri zomebi da 

isini damzadebulia aramagnituri masalisagan (magaliTad, eboni-

tisagan). pirveli samagri CaSenebulia Rru cilindruli formis 

magnitSi, meore samagri ki ormxrivi informaciuli elementis 

meore mxarezea ganTavsebuli.  

magnitis brunviTi RerZebis CaSenebiT mis simetriis RerZis 

Tanxvdenili mimarTulebiT iZleva mwkrivad ganlagebuli monac-

vle polusebis mqone Rru cilindruli formis magnitebi fir-

fitebis  xeduri nawilebis erT sibrtyeSi ganTavsebis  saSuale-

bas (nax. 3.4a). 

magnitebi daiwyeben brunvas, roca gare marTvadi magnituri 

velis mimarTuleba Seicvleba sapirispiroze. magnitebis mobrune-  

bis mimarTulebas ganapirobeben kidura magnitebi. magnitebis lu-

wi raodenobis ganTavseba (nax. 3.4a,g) ganpirobebulia imiT, rom 

gare magnituri velis zemoqmedebiT TiToeuli magniti iwyebs mo-

brunebas mezoblad mdebare magnitis sapiris piro mimarTulebiT, 

e.i. mwkrivad ganlagebuli magnitebi kent adgilebze brunaven 

erTi mimarTulebiT, xolo luw adgilebze ganlagebuli magnite-

bi _ sapirispiro mimarTulebiT. seqciebSi kidura magnitebi moZ-

raoben sapirispiro mimarTulebiT, amitom SuaSi ganlagebuli 

magnitis mezobeli magnitebi (roca  kenti magnitebis raodenobaa) 

(nax. 3.4b) ibruneben sxadasxva mimarTulebiT. am SemTxvevaSi, 

seqciis SuaSi ganlagebul magnitze moqmedeben urTierTmakompen-

sirebeli ganmzidi magnituri Zalebi mezobeli magnitebidan. ami-

tom, SuaSi ganlagebuli magniti ganusazRvrel mdgomareobaSia, 

ar Semotrialdeba da dairRveva informaciis suraTi, rac mizan-

Sewonili ar aris. e.i. seqcias an indikators unda hqondes magni-

tis luwi raodenoba. 
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nax. 3.4 mwkrivSi ganlagebul Rru cilindruli formis mag-
nitebis dinamika gare magnituri velis zemoqmedebis dros 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 3.5 mbrunavi magnitis geometriuli parametrebi 
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gare magnituri velis Seqmna da Sesabamisad indikatoris 

marTva SesaZlebelia eleqtromagnitis gamoyenebiT. cxadia, rom 

TviT eleqtromagniti ar unda aferxebdes indikatoris xedur 

mxares. amitom is ganTavsebulia indikatoris elementebis ukan da 

Sesrulebulia Π-sebri saxiT daxrili bunukebiT. am SemTxvevaSi 

eleqtromagnitis magnituri velis Zalwirebi indikatoris mag-

nitebSi Seva raRac kuTxiT, vinaidan kidura magnitebi avaleben 

maT Soris mdebare magnitebs brunvis mimarTulebas. ganvixiloT 

zogierTi geometriuli Tanafardoba. rac gaTvaliswinebulia in-

dikatoris agebisas davadginoT kidura magnitebSi savaraudo 

gare magnituri velis magnituri  

Zalwirebis Sesvlis kuTxis damokidebuleba geometriul pa-

rametrebze ( ix. nax.3.5 ):       
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am SemTxvevisaTvis nax.3.6 moyvanilia grafiki. 

Tu Π-sebri saxis magnitogamtaris bunukebi adgenen α kuTxes, 

maSin zogadad bunukebis saSualo xazis sigrZe (ix. nax.3.7 ) ga-

moiTvleba gamosaxulebiT: 
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sadac  d-magnitogamtaris sisqea. 
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nax. 3.6 mmarTavi eleqtromagnitis magnitogamtaris bunukebis 
kuTxis gansazRvris meTodis sqema 

 

 

nax. 3.7 magnitogamtaris bunukebis saSualo xazis sigrZis gan-
sazRvris meTodis sqema 
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3.2  indikatoris agebis principi da konstruqciuli Tavisebu-

rebani 

   ganvixiloT indikatoris agebis principi da konstruqciuli 

Taviseburebani. didi an saSualo niSnis an suraTis misaRebad 

mizanSewonilia magnitebi davajgufod seqciebid. amitom marTvis 

kvanZi dayofilia da seqcionirebulia, yovel seqciaSi Semavali 

indikatoris elementebi ganlagebulia mwkrivad monacvle po-

lusebiT (nax. 3.8). TiToeuli seqcia Sesrulebulia eleqtromag-

nitis saxiT Π-sebri magnitogamtariT, romelic Semomwvdomia mag-

nitebis luwi raodenobisa. seqciebis marTvis gragnilebi SeerTe-

bulia erTmaneTTan (magaliTad: paralelurad an mimdevrobiT). 

marTvis eleqtromagnitis saerTo gamosasvlelebi gadamrTveli 

elementebis meSveobiT SeerTebulia  

mudmivi denis wyarosTan, xolo gadamrTveli elementi SeerTe-

bulia marTvis logikur elementTan. amasTan, indikatoris ele-

mentebis Semadgeneli nawili uZravadaa damagrebuli erTmaneTTan 

(magaliTad wiboTi) da Seadgens mTlian konstruqcias, romlis 

torsebis mxridan amoburRulia.  

RerZulsimetriuli da siRrmiT erTnairi Rru naxvretebi. maTi 

meSveobiT indikatoris elementebi Tavsdeba indikatoris korpus-

is mopirdapire gverdze uZravad ganlagebul brunvis RerZze. in-

dikatoris elementebis Semadgeneli nawilebis ganivi zomebi ar 

aRemateba RerZebs Soris manZils, magnitis da meore samagri ele-

mentis grZivi zomebi bevrad naklebia ormxrivi informaciuli 

elementis Sesabamis zomebze, xolo Π-sebri magni-togamtaris 

polusebis sigane ar aRemateba mudmivi magnitis grZiv zomas. 

eleqrtomagnitis mosazRvre seqciebi indikatorSi ganlagebu-

lia korpusis mopirdapire gverdze; seqciebi, maT polusebs Sor-

is ganlagebulia magnitebiT, ganTavsebulia erT sibrtyeSi; seqci-

ebis marTvis gragnilebi SeerTebulia wyvilwyvilad paralelu-

rad, xolo wyvilebi mimdevrobiT; pirveli da meore samagrebis 

zomebi identuria da damzadebulia aramagnituri masalisagan 
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nax. 3.8seqcionirebuli orxeduri indikatoris funqcionaluri 
sqema 

 

 

nax. 3.9orxeduri indikatoris konstruqciuli sqema 

 

nax. 3.10 orxeduri indikatoris dinamiuri marTvis eleqtruli 
sqema 
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(magaliTad: eboniti, teqstoliti, organuli mina). Tu gare magni-

turi velis mimarTuleba emTxveva indikatoris elementebis magni-

tebis velis mimarTulebas, kidura magnitebs garda sxva magnitebi 

ar Semotrialdeba. impulsis gavlis Semdeg kidura magnitebi, 

TviT magnitebis velis zemoqmedebiT, ubrundebian sawyis mdgoma-

reobas, e.i. ganlagdebian wrfis gaswvriv, romelic emTxveva seq-

ciebSi ganlagebuli magnitebis mier Seqmnili magnituri velis 

Zalwirebs. Tu miwodebuli signali sapirispiro polarobisaa, 

maSin, praqtikulad, myisad yvela magniti Semotrialdeba 180 gra-

dusiT, garda seqciebSi kidura magnitebisa, romelTa Semobrune-

bis kuTxe naklebia, vinaidan impulsis moqmedebis dros gare mag-

nituri veli Sedis maTSi garkveuli kuTxiT indikatoris elemen-

tebis simetriis RerZis mimarT. impulsis miwodebis  Sewyvetis 

Semdeg  kidura magnitebs Soris ganlagabuli magnitebi qmnian 

maTi simetriis RerZebze gamaval sibrtyeSi sakuTar vels, rome-

lic Semoabrunebs kidura magnitebs, e.i. kidura magnitebis adgil-

mdebareoba TviTkoreqtirdeba. 

im SemTxvevaSi, Tu seqcia Sedgeba mxolod ori indikato-ruli 

elementisagan, denis impulsis miwodebisas orive elementi Semo-

brundeba, magram maT Soris sxvadasxva saxis pirveli magnituri 

polusebi ganlagebulia erTmanTTan ufro axlos, vidre amave 

magnitebis meore polusebi. amitom marTvadi impulsis moxsnis 

Semdeg axlos mdebare polusebi miizi-debian erTmaneTisken da 

gamosaxulebis suraTi ar Seicvleba. 

mwkrivad ganlagebuli monacvle polusebis mqone Rru cilin-

druli formis magnitebi uzrunvelyofen indikatoris elemente-

bis mdgrad mdgomareobas marTvis impulsis moxsnis Semdeg da 

amitom saimedod inarCuneben wina informacias maSinac ki, roca 

indikatorze moqmedebs vibracia. 

seqciebis erTmaneTze gavlenis da magnitogamtaris polusur 

bunikebSi velis gadanawilebis gamosaricxavad da, rogorc 

Sedegi, indikatoris normaluri funqcionirebis uzrunvensayo-

 73



fad, eleqtromagnitis mosazRvre seqciebi ganTavsebulia indika-

toris korpusis mopirdapire gverdebze (nax. 3.8). 

seqciebis gragnilebis wyvil-wyvilad paralelurad da am wy-

vilebis mimdevrobiT SeerTeba, erTi mxriv, gamoricxavs erT-

droulad ori gragnilis mwyobridan gamosvlas, xolo meore 

mxriv, aCqarebs indikatoris teqnologiur remonts. seqciebis 

kenti raodenobis SemTxvevaSi gragnilebi an paralelurad 

SeerTdebian an kombinirebulad, eleqtruli denis optimaluri 

gadanawilebis gaTvaliswinebiT (nax. 3.10). 

gardamqmnelis funqcionirebaze SesaZlebelia imoqmedos magni-

tis "daZvelebis" movlenam, rac gamowveulia, ZiriTadad, drois 

da meqanikuri vibraciis zemoqmedebis faqtorebiT, magram indika-

toris elementebis magnitebis Semagniteba xdeba gare marTvadi 

impulsebis zemoqmedebiT. transportirebisas an xangrZlivi 

Senaxvisas damagnitebuloba SeiZleba Semcirdes, magram indika-

toris muSaobis unaris aRsadgenad sakmarisia gare mudmivi mag-

nituri velis modeba, rac agvacilebs indikatoris daSlas da 

Rru magnitebis Secvlas. 

3.3.   mwkrivad ganlagebul magnitebze dinamiuri 

Zalebis moqmedebis gamoTvla 

1785 wels frangi mecnieri S.kuloni mivida im daskvnamde, rom 

arsebobs magnituri polusebi da maTi urTierTqmedeba eleq-

truli muxtebis urTierTqmedebis analogiuri formuliT aRi-

wereba da daiwyo calkeuli magnituri polusebis Zebna. magram 

amaod. 

dReisaTvis fizikaSi arsebuli arc erTi Teoria ar ewi-

naaRmdegeba calkeuli magnituri muxtis an rogorc uwodeben 

magnituri monopolis arsebobas. es hipoTeza gamoTqva ingli-

selma mecnierma dirakma (1931). amitom magnitur muxts uwodeben 

dirakis monopols. 

amgvarad, Tu movaTavsebT erTgvarovan magnitur velSi raime 

formis magnits, maSin didi miaxloebiT SeiZleba iTqvas, rom 
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gvaqvs ~dipoli~ (nax. 3.11), romlis polusebze moqmedebs wyvil-

Zala. 

Tu radialurad damagnitebuli Rru cilindris formis mag-

nits ganvaTavsebT erTgvarovan magnitur velSi, maSin ufro ga-

marTlebulia magnitis dipolis saxiT warmodgena (nax. 3.11). gare 

magnituri velis zemoqmedebiT Rru cilindris formis magniti 

(da maTze uZravad damagrebuli RerZebi) iwyebs mobrunebas 

Tavisi RerZis garSemo im SemTxvevaSi, Tu mis mier Seqmnili 

velis mimarTuleba ewinaaRmdegeba gare magnituri velis mimar-

Tulebas da masze naklebia. am SemTxvevaSi magniti moZraobs F 

wyvilZalis moqmedebis meSveobiT. 

Tu ki or erTnair Rru cilindris formis da radialurad 

damagnitebul magnitebze vimoqmedebT gacilebiT meti sididis 

gare magnituri veliT (nax. 3.12), maSin TiToeuli magniti iwyebs 

erTmaneTis mimarT sapirispiro bruniT moZraobas imitom, rom 

erTnairi muxtis mqone polusebi ganizidebian erTmaneTisagan, 

xolo sapirispiro muxtis mqone polusebi - miizidebian. ra Tqma 

unda, TviT magnitsac gaaCnia mizidulobis Zala, romlis sidide 

damokidebulia ara marto magnitis Semadgenel masalasa da misi 

damzadebis teqnologiaze, aramed Semobrunebis kuTxeze. amrigad: 

                               F1r = F-F1(Θ)  da      F2r = F+F2(Θ), 

     sadac    ( )
( )( ) 2

2

2

2

2

2
sin4

cos12
⎟
⎠
⎞

⎜
⎝
⎛ Θ

+

=
Θ−+

=Θ

Rd

mf
Rd

mfF ; 

R _ magnituri cilindris radiusia; 

d _ or magnits Soris daSoreba; 

m _ magnitis muxtia. 

F1(Θ) da F2(Θ) cvlilebis grafikebi moyvanilia nax. 3.13. 
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nax. 3.11 magnitis depolis saxiT warmodgena 

 

 

 

 

 

 

 

 

 

 

 

nax. 3.12 ori Rru cilindruli formis da radialurad damag-
nitebul magnitebze moqmedi Zalebi 
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nax. 3.13 magnitebze Zalebis moqmedebis maxasiaTebeli 

 

 

 

 

 

 

 

 

 

 

nax. 3.14 gare magnuturi zemoqmedebis moxsnisas meqanikuri 
rxevebis xasiaTis saxe 

 

 

 77



cxadia, rom F2r>F1r da amitom cilindruli magnitebi moZrao-

ben TavianTi RerZebis garSemo ara Tanabari kuTxuri siCqariT, 

aramed aCqarebulad. es ki iZleva gare magnituri velis zemoqme-

debis moxsnis saSualebas. maSinac ki, roca  Θ=900, vinaidan maSin 

aCqarebulad moZravi Rru cilindrebi inerciis gavleniT gaagrZe 

leben moZraobas da gacdebian 900-ian zRvars Semdeg ki imoZrave-

ben F2(Θ) > F1(Θ)  Zalis meSveobiT. 

Tu ki gare magnituri Zalis zemoqmedeba gagrZeldeba ufro 

did xans da Sewydeba Θ>900 kuTxis gavlis Semdeg magnitebi da 

masze daSenebuli firfitebi daiwyeben meqanikur milevad rxe-

vebs (ix.nax. 3.13). rac ufro didia gare magnituri velis daZabu-

loba, miT ufro metia gardamavali rxevebis ricxvi (nax. 3.12, 3.13). 

imisaTvis, rom rxevebis ricxvi SevamciroT, an mTlianad 

ugulebelvyoT, saWiroa gare magnituri velis impulsis iseTi 

formireba, rom magnitebi 1800-iT Semobrunebisas erTmaneTs 

miuaxlovden dabali xazovani siCqariT, rac SesaZlebelia ara 

marto sapirispiro polarobis impulsis mokle droSi miwodebiT, 

aramed sxva sqemoteqnikuri xerxebis gamoyenebiT. 

3.4  Rru cilindruli formis magnitebis moZraobis dinamiuri 

gantolebis Sedgena 

Cavatarod mwkrivSi ganlagebuli magnitebis iZulebiTi mobru-

nebiT gamowveuli dinamiuri rxevebis demfirebis saSualebebis 

analizi nax. 3.15.-ze moyvanili mudmivi magnitebiT da eleqtromag-

nitebiT Semdgari samarTavi sistemis saSualebiT [56]. sistemaSi 

Semavali elementebis sibrtyeebi ganlagdebian erT sibrtyeSi im-

is gamo, rom rogorc mmarTavi elmagnitebis gularebi da mbrun-

avi mudmivi magnitebi daSenebuli firfitebiT ganlagebulia er-

Ti wrfis gaswvriv. mbrunav mudmiv magnitebs aqvT Rru cilindru-

li forma. Mmagnitebi damagnitebulia radialurad. Rru nawilSi 

CaSenebulia erTi samagri elementi. erTi da meore samagri eleme-

ntebi mobrunebis RerZebiT SeerTebulia erTmaneTTan msubuqi 

aramagnituri masalisagan damzadebuli firfitiT. magnitebi 
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ganlagebulia mwkrivad monacvle polusebiT. marTvis kvanZi (zog 

SemTxvevaSi kvanZebi) warmoadgens paralelurad SeerTebul iden-

tur eleqtromagnitebs. TiToeuli eleqtromagniti Seicavs Η-sebr 

magnitogamtars, romlis polusur bunikebs  Soris ganlagebulia 

mudmivi magnitebi, eleqtromagnitis magnitogamtaris gularis fu-

Zeze  ganTavsebulia gragnili. marTvis eleqtromagnitis wyvil-

wyvilad da maT Soris mimdevrobiT SeerTebuli seqciebis gragni-

lebis saerTo gamosasvlelebi  gadamrTveli elementis  meSveo-

biT mierTebulia mudmivi denis wyarosTan. rigSi ganlagebul 

magnitebs da identur eleqtromagnitebs Soris kent adgilebze 

moTavsebulia marTvadi eleqtromagnitebi, xolo luwze – eleq-

tromagnitebi mokled CarTuli da damatebiTi gragnilebiT.  

gare Zalebis zemoqmedebamde sistemis elementebi erTmaneTis 

mimarT uZravad arian ganTavsebuli. mmarTveli signalis miwode-

bisas Zabva mudmivi denis wyarodan  (magaliTad, impulsis saxiT) 

miewodeba eleqtromagnitebis  gragnilebs Η-sebri magnitogam-

taris polusebis bunikebiT, iqmneba mimarTuli magnituri veli. 

Tu gare magnituri velis mimarTuleba emTxveva Rru magnitebis 

velis mimarTulebas, magnitebi ar Semotrialdeba. impulsis gav-

lis Semdeg magnitebi, sakuTari magnitebis velis zemoqmedebiT, 

ubrundebian sawyis mdgomareobas, e.i. ganlagdebian wrfis gasw-

vriv, romelic emTxveva magnitebis mier Seqmnili magnituri velis 

Zalwirebs. Tu miwodebuli signali sapirispiro polaro-bisaa, 

maSin praqtikulad myisierad yvela magniti Semotrialde-ba 1800 

gradusiT. impulsis miwodebis Sewyvetis Semdeg magnitebi maTi 

simetriis RerZebze gamaval sibrtyeSi qmnian sakuTar vels, ro-

melic Semoabrunebs yvela arasimetriulad ganlagebul magni-

tebs, e.i. magnitebis adgilmdebareoba TviTkoreqtirdeba. maSasa-

dame mwkrivad ganlagebuli monacvle polusebis mqone Rru ci-

lindruli formis magnitebi da maT Soris ganTavsebuli eleq-

tromagnitebi Η-sebri formis magnitogamtariT uzrunvelyofen 

mbrunavi  
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  nax. 3.15. orxeduri indikatoris sistema Rru cilindruli 
formis magnitebiT 

 
 
 

 
 

nax. 3.16. marTvis impulsebis diagrama 
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elementebis mdgrad mdgomareobas marTvis impulsis moxsnis Sem-

deg da amitom saimedod inarCuneben wina mdgomareobas maSinac ki, 

roca indikatorze moqmedebs vibracia. 

cnobilia, rom nebismieri mbrunavi sistemis statikuri da di-

namiuri mdgomareoba aRiwereba erTi Zabvebis da erTi momentebis 

gantolebebiT [2,3,55]. zusti aRwerisaTvis gasaTvaliswenebilia 

mbrunavi sistemis konstruqciuli Taviseburebani, romlebic 

srulad gansazRvraven maTzeMmoqmedi momentebis bunebas da 

raodenobas. Aam TvalsazrisiT gare mmarTavi impulsuri velis 

zemoqmedebisas erT mwkrivSi monacvle polusebiT ganlagebul 

da mobrunebis RerZis mqone mudmiv magnitebze da maTSi 

simetriulad uclelad CaSenebul da gareT aRmarTul  brtyel 

aramagnitur firfitebis elementebze (nax. 3.9.) moqmedeben ara mar-

to TviT magnitebiT Seqmnili magnituri veliT gamowveuli mag-

nituri ZaliT, aramed damamuxruWebeli dinamiuri Zalebi, rom-

lebic qmnian damatebiT dasaZlev momentebs. Aam Zalebis da Sesa-

bami momentebis gaTvaliswinebiT:  

⎪
⎪
⎩

⎪⎪
⎨

⎧

=⎟
⎠
⎞

⎜
⎝
⎛++++Σ

=+
Ψ

elmgr.sib.mSr. M
dt
dM MM

dt
dD

dt
dI

UIR
dt

d

nsigi

L

βββ )(2

2 ,  (3.1) 

sadac  Ψ _ eleqtromagntis da magnituri sistemis nakadSebmaa, 

  RL – induqciuri koWis aqtiuri winaRobaa, 

 Ii _ moZravi sistemis calkeuli  elementebis inerciis  

            momentebia, 

  β _ mudmivi magnitis mqone moZravi sistemis mo brunebis  

          kuTxea, 

  D _ sahaero xaxunis koeficientia, 

   MmSr. _ mSrali xaxunis momentia, 

   Msib. _ siblantis xaxunis momentia, 

  Mgr. _ firfitis grexis Zalis moqmedebiT gamow- 

            veuli xaxunis momentia, 

  Melm _ eleqtromagnituri brunvis momentia. 
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sistemis meore gantolebaSi Semotanili siblantis da fir-

fitisM grexiTi Zalebis zemoqmedebiT gamowveuli xaxunis momen-

tebi, Tavs iCenen mxolod mbrunavi elementebis mobrunebis dros. 

siblantis xaxunis momentebi ganpirobebulia firfitaze drekadi 

Zalis zemoqmedebiT, rac iwvevs   siblantis xaxunis Zalas, ro-

melic ricxobrivad tolia [59]     

Fs.xax.= ⋅⋅νη l   , 

sadac ][
2m

wm
n ⋅=

v/h
/SFs.xax.η  - siblantis xaxunis koeficientia;  

l da  h _ firfitis sigane da simaRlea, Sesabamisad;          

        ϖ  _ firfitis mobrunebis siCqarea; 

   _ wanacvlebiTi deformacia; v/y

        S  _ firfitis zedapiris farTobia. 

Cven  SemTxvevaSi, roca firfita trialebs mobrunebis verti-

kaluri simetriuli RerZis garSemo, maSin Fs.xax.= ⋅⋅νη l / 2 vinai-

dan Zala xazovnad mcirdeba firfitis napiridan simetriis Rer-

Zamde. siblantis koeficienti damokidebulia garemos tempera-

turaze. siTxis gacxelebisas siblante mcirdeba, xolo airis 

gacxelebisas ki izrdeba, vinaidan imsxreva wyalbaduri kavSire-

biT Seqmnili klastorebi. magaliTad, 20o C airisaTvis  = 

0,018, xolo 40

310−⋅η

o 
  urdis 0,019 ][

2m

wm
n ⋅ . 

firfitisM grexiTi Zalebis zemoqmedebiT gamowveuli xaxunis 

momenti ganpirobebulia samagrebiT, vinaidan pirveli samagri 

CaSenebulia Rru cilindruli formis magnitSi, meore samagri ki 

firfitis meore boloSia ganTavsebuli. amgvarad miviReT kon-

soli, romlis orive sapirispirod ganTavsebuli wveroebi war-

moadgenen brunvis RerZebs, magram mxolod erT boloze (sadac 

ganlagebulia magniti) moqmedebs eleqtromagnituri Zala. amitom 

firfita igrixeba da qmnis damatebiT xaxunis moments. 

hukis kanonis Tanaxmad  moZravi firfitis grexiTi Zalis mier 

gamowveuli xaxunis momenti    
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dz
dGJM p

ϕ
=gr , 

sadac  G – firfitis Zvris modulia, 

     Jp – kveTis inerciis polaruli momentia, 

   dz
dϕ

–  firfitis grexis fardobiTi kuTxea Z RerZis mimarT. 

Tu gaviTvaliswinebT im garemoebas, rom eleqtromagnituri en-

ergia tolia      ββ d
dILI

d
dIM

2
1

2
1

−=Ψ−=elm ,            (3.2) 

da marTva warmoebs mxolod erTi saxis mmarTavi eleqtromag-

nitebiT, maSin eleqtromagniti-magniti sistemis dinamikis gan-

toleba Caiwereba Semdegi saxiT 

∑
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Σ −=⎟
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⎜
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n

i
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dILI
dt
dsignM

dt
dD
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2

2
1

β
βββ

 .      (3.3) 

cxadia, imisaTvis, rom rxevebis ricxvi SevamciroT, an mTlianad  

gamovricxoT , saWiroa gare marTvadi magnituri velis impulsis 

iseTi formireba, rom magnitebi 1800-iT Semobrunebisas erTmaneTs 

miuaxlovden dabali xazovani siCqariT. am amocanis gadaWra Sesa-

Zlebelia ganxorcieldes sxvadasxva xerxis gamoyenebis saSuale-

biT (ix. nax. 3.14). marTvis TvalsazrisiT SesaZlebelia marTva va-

warmooT erTi an ori marTvadi eleqtromagnitebiT da mokled 

CarTuli eleqtrodemferis gamoyenebiT da droSi wanacvlebuli 

moqmedebiT. Tu gamoviyenebT kombinirebul marTvas, maSin mizanSe-

wonili iqneba dinamikis gantoleba Caiwera Semdegi saxiT 

∑
=

Σ

⎪
⎪
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dt
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dt
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2

2
1

,
2
1

   roca ,

   roca

β

ββββ

22

11

. 

moyvanili dinamikis gantolebebi amoixsneba ricxviTi meTode-

bis gamoyenebiT, kerZod runge-kutas meTodiT. 

nax. 3.16 moyvanili impulsuri marTvis xerxebidan Cans, rom 

marTvadi impulsis miwodebisas, roca velebis mimarTuleba ar 
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emTxveva erTmaneTs, erTad Sekruli magniti da firfita, romleb-

sac gaaCniaT inerciis momenti, iwyeben aCqarebul moZraobas, 

vinaidan maTze moqmedebs eleqtromagnituri Zala. marTvadi im-

pulsis moqmedeba wydeba im momentSi, roca elementi mobrunebu-

lia aranakleb 900-iT. Semdeg firfitebi brunaven inerciiT. 

SeZenili mobrunebis impulsi imdenad didia, rom Semdeg moqmedi 

TviT Rru magnitebis mizidulobis Zala veRar uzrunvelyofs 

firfitebis gaCerebas 1800-iT Semobrunebisas. amitom adgili aqvs 

milevad rxevebs. cxadia, rom rac ufro didia gare magnituri 

velis daZabuloba da maSasadame mobrunebaze gadacemuli ener-

gia, miT ufro metia gardamavali rxevebis amplituda da mile-

vadi rxevebis ricxvi. rxevebis ricxvis da dawynarebis drois 

Sesamcireblad gamoyenebulia demferi eleqtromagnitis saxiT, 

mokled CarTuli gragniliT da maTze ganTavsebuli meore marT-

vadi gragniliT. eleqtromagnituri demferi qmnis magnitebis mier 

Η-sebr gularSi aRZruli velis rxevebis sixSiris tol cvale-

badi nakadis sapirispiro nakads. vinaidan lencis wesiT Caketil 

konturSi aRZruli emZ-s mimarTuleba ewinaaRmdegeba gare magni-

turi velis cvlilebas. eleqtromagnituri demferis  gamoyenebiT 

orjer mcirdeba rxevebis raodenoba da amplituda. Tu gamovi-

yenebT damatebiT meore mmarTvad gragnils, romlis daniSnule-

baa eleqtromagnitur demferSi aRZruli emZ-is gaZliereba, maSin 

rxevebis ricxvi mkacrad Semcirdeba da SeiZleba erTi rxevis 

toli gaxdes, rac misaRebia.  

  3.5. prizmuli formis magnitebze agebuli orpoziciuri 

dinamiuri obieqtis ukontaqto marTvis  Taviseburebani 

xeduri informaciis amsaxveli konstruqciis gabaritebis gaz-

rdisas izrdeba Rru cilindruli formis radiusis diametri, 

rac mizanSewonili ar aris, vinaidan mniSvnelovnad izrdeba ara 

marto Zvirad Rirebuli magnituri fxnilis xarji, aramed mbrun-

avi magnitis inerciuloba. amitom mizanSewolia Rru cilin-

druli magnitebi Seicvalos sxva formiT (magaliTad, viwro 
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ganikveTis mqone prizmiT, romelic damagnitebulia zomiT 

udidesi waxnagis paralelur sibrtyeSi mdebare prizmis 

simetriis sibrtyis gaswvriv), xolo mwkrivSi ganlagebul mag-

nitebs Soris moTavsdes identuri formis, zomis da eleqtruli 

parametrebis mqone eleqtromagnitebi ZiriTadi da damatebiTi 

gragnilebiT. ZiriTadi gragnilebi warmoadgenen marTvis sis-

temis mbrunavi magnitebis mamoZravebel elements, xolo damate-

biTni asruleben ZiriTadad mbrunavi konstruqciis adgilmde-

bareobis ganmsazvrel  mgZnobiare elements da zog SemTxvevaSi 

damatebiTi (damxmare) simZlavris mimwodeblis an mcire ampli-

tudis meqanikuri rxevebis demfirebis rols, Sesabamisad. Ti-

Toeuli eleqtromagnitis es ori gamijnuli funqcia xels 

uwyobs dasmuli amocanis gadawyvetas. 

marTvis sistemis funqcionaluri sqema moyvanilia nax.3.17.-ze. 

marTvis ganxorcielebis Semsrulebel elementebs Seadgens 

mwkrivSi ganlagebuli radialurad damagnitebuli prizmis 

formis mudmivi magnitebi (mm) da maT polusebs Soris moTavse-

buli mmarTavi eleqtromagnitebi (em) [69]. adgilmdebareobis 

mixedviT mudmiv magnitebs, iseve rogorc eleqtromagnitebs aqvT 

dafiqsirebuli adgili. am adgilis centrSi vertikalurad 

ganlagebul RerZze xistad damagrebulia mm, romelsac Tavisu-

fali moZraobis ori mimarTuleba gaaCnia da moyvanil 

SemTxvevaSi maT SeuZliaT imoZraon saaTis isris Tanxvdenili an 

sapirispiro mimarTulebiT. mbrunavi magnitis Semcveli kostru-

qcia (SemdgomSi, mbrunavi konstruqcia) Sedgeba ramdenime nawi-

lisagan. xaxunis Semcirebis mizniT erTi, sayrdenis wawvetebuli 

bolos wvero eyrdnoba vertikalur mdgomareobaSi uZravad gan-

Tavsebul damWer mowyobilobaSi moTavsebul saydens, xolo misi 

meore bolos Tavze, romelic amavdroulad meore xaxunis ubans 

warmoadgens, magrdeba moZravi (xeduri informaciis ganTavse-

bisaTvis gankuTvnili) firfitis erTi bolo. amitom mbrunav 

RerZs mis vertikalurad damWer mowyobilobasTan gaaCnia ori 

Sexebis da amitom ori xaxunis ubani. mesame xaxunis ubans qmnis 
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firfitis meore bolo, romlis simetriis RerZis gagZelebaze 

moTavsebulia meore brunvis Rero, riTac es inarCunebs sasurvel 

mdgomareobas gare CarCoSi. em-is gularebi ganlagebulia ra-

dialurad damagnitebuli magnitebis damagnitebis mimarTulebis 

gaswvriv. aseTi saxiT (erT mwkrivSi) ganTavsebuli monacvle po-

larobis mqone magnitebi da eleqtromagnitebi qmnian elementTa 

erTobliobas (sistemas). Mmudmivi magnitebiT Seqmnili veli 

vrceldeba ra eleqtromagnitebis gularebSi, ikvreba sistemis 

gareT, anu sistema warmoadgens pirobiTad erT magnits.Aamitom 

aseTi saxiT Sedgenili sistema ver Seicvlis adgilmdebareobas 

gare Zalebis mizanmimarTuli an SemTxveviTi zemoqmedebis dros 

da statikaSi sistemis TiToeuli elementi erTmaneTis mimarT in-

arCunebs mdgrad uZrav mdgomareobas.  M   

ganvixiloT, Tu rogor imoqmedebs mmarTveli eleqtromagnitis 

mier Seqmnili gare magnituri veli sistemis mbrunavi konstru-

qciis adgilmdebareobaze. cxadia, rom, Tu mmarTavi impulsuri 

signali gaivlis  eleqromagnitisMmarTvis gragnilebSi da Seqm-

nis mudmivi magnitebis mier Seqmnili velis Tanxvdenilad mimar-

Tul vels, sistema SeinarCunebs sawyis mdgomareobas, xolo sa-

pirispiro SemTxvevaSi sistemaSi Semavali mudmivi magnitebi praq-

tikulad myisierad Semobrundebian 180 gradusiT. mmarTavi impul-

sis moxsnis Semdeg sistema SeinarCunebs axal mdgrad mdgomareo-

bas im SemTxvevaSic ki, roca sistemaze moqmedebs vibracia.  

cnobilia, rom Tu eleqtromagniti Seicavs ramdenime damou-

kidebul gragnils nebismieri mbrunavi sistemis statikuri da 

dinamiuri mdgomareoba aRiwereba erTi an ramdenime  Zabvebis da 

erTi momentebis gantolebebiT [55,56,59,60,64,69].   

amitom, sistemis moZraobis dazustebuli moZraobis aRwerisaT-

vis gaTvaliswinebelia mbrunavi kvanZebis eleqtruli, magnituri 

da konstruqciuli Taviseburebani, romlebic srulad gansaz-

Rvraven maTzeMmoqmedi momentebis bunebas da raodenobas. Mma-

galiTad, eleqtromagnitis mmarTavi da damatebiTi gragnilebis 

arseboba iwvevs meore gantolebis Semotanas, xolo jamuri iner-

 86



ciis momentebis sruli aRwera da damamuxruWebeli dinamiuri 

Zalebis aditiuri mdgenelebis ricxvis gazrda da maT mier Seqm-

nili damatebiTi dasaZlevi momentebis gaTvaliswinebiT gan-

tolebaTa sistema (3.1) daiwereba Semdegi dazustebuli saxiT:  

 

 

                                                                                                        ,     (3.4) 

 

 

sadac Ψ1 –  eleqtromagnitis mmarTveli gragnilis da magnitisgan     

             Sedgenili mbrunavi konstruqciis nakadSebmaa, 

       Ψ2 – eleqtromagnitis damatebiTi gragnilis da magnitis-

gan Sedgenili mbrunavi  konstruqciis nakadSebma, 

        
1LR – eleqtromagnitis mmarTveli gragnilis aqtiuri wina-  

          Roba, 

               
2LR  – eleqtromagnitis damatebiTi gragnilis aqtiuri wina- 

          Roba, 

         Ii   _ moZravi konstruqciis Semadgeneli calkeuli i –uri  

          elementis inerciis momenti, 

           β _ mudmivi magnitis mqone moZravi sistemis mobrunebis        

          kuTxe, 

     Um.1 _ eleqtromagnitis marTvis gragnilze miwodebuli  

           Zabvis sidide,  

          Um2 _ eleqtromagnitis damatebiT gragnilze miwodebuli  

           Zabvis sidide,  

           D _ sahaero xaxunis koeficienti, 

     _ moZravi konstruqciis  j-uri ubnis mSrali xaxunis  
j

MmSr.

           momenti, 

         Msib.  _    garemos siblantis xaxunis momenti,  

          Mgr. _ firfitis grexis Zalis moqmedebiT gamowveuli  

           xaxunis momenti, 
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       _ k-uri gragnilis mier Seqmnili eleqtromagnituri  
k

M elm.

           brunvis momenti. 

TiToeuli momentis fizikuri azri moyvanilia § 3.4.-Si. 

Tu gaviTvaliswinebT, rom TiToeuli erTgragniliani elqtro-

magnitis eleqtromagnituri energia Seqmnis eleqtromagnitur mo-

ments, romelic, zogadad gamoiangariSeba gamosaxulebiT (3.2), 

xolo TiToeuli k–uri magnitis 1800-iT Semobrunebis marTva war-

moebs mis polusebTan ganlagebuli ori k–uri da k+1–uri TiTo-

TiTo marTvadi gragnilis Semcveli eleqtromagnitebiT, maSin 

eleqtromagniti-magniti-eleqtromagniti sistemis dinamikis gan-

toleba (3.3)-dan gansxvavebiT  Caiwereba Semdegi saxiT 

       ∑
=
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⎜
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dIILIL
dt
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.   (3.5) 

im SemTxvevaSi, Tu eleqtromagnitebi aRWurvilia damatebiTi 

gragnilebiT, romlebic SesaZloa gamoyenebul iqnen rogorc er-

Tobliv, aseve damoukidebeli marTvis dros, maSin moZraobis kom-

binirebuli marTvis dinamikis gantolebaTa (3.5) sistema miiRebs 

Semdeg (3.6) saxes:  
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Sedgenili dinamikis gantolebebi amoixsneba igive runge-kutas 

ricxviTi meTodiT.  

moyvanili droSi wanacvlebuliDzemoqmedebebis gamoyenebiT Se-

saZloa ganvaxorcieloT xisti marTva TviTkoreqtirebiT. am amo-

canis gadasaWrelad damatebiT viyenebT magnitomgrZnobiare gar-

damqmnels (mg), romelic magnitis mobrunebis 900 kuTxes akon-

trolebs (ix. nax.3.17) da mokled SerTul damatebiT gragnils,  
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nax. 3.17. orxeduri indikatoris adapturi marTvis sistema 

realurad damagnitebuli oTxkuTxa prizmis formis magnitebiT 
 

 

 

 

 

 

 

 

 

 

 

 

 
nax. 3.18. marTvis impulsis diagrama 
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romelsac SeuZlia akontrolos ara marto 1800–ze mobruneba, ara 

med milevadi rxevebis ricxvis maformireblis roli SeiTavsos. 

saWiroebisas  es gragnili gamoiyeneba rxevebis demfirebisas, Tu 

mas mimdevrobiT da Tanxvdenilad SevaerTebT mmarTvel gragnils 

an damokideblad vamuSavebT logikurad gamarTlebuli funqciis 

Sesasruleblad.  

nax. 3.18-ze moyvanili impulsuri marTvis midgomis ganxorcie-

lebis etapebi:  

I  etapi (1-3) – tardeba marTvis obieqtis Seswavla (dgindeba mox- 

marebuli simZlavris sididis zRruli mniSvneloba da mileva-

di rxevebis amplituda, ricxvi da gamyarebis dro); 

II etapi (4-6) – dgindeba marTvis parametrebis misaRebi parametre- 

bi (simZlavris sidide, marTvis impulsis moqmedebis udidesi 

mniSvneloba da xangrZlivoba, marTvadi da damatebiTi gragni-

lebis gadarTvis momentebi da xangZlivoba); 

III etapi (7-8) –marTvis sistemis gawyoba, gaSveba da funqcionireba. 

  moyvanil etapebs Seesabameba nax. .3.19. –ze moyvanili Sesabamisi 

grafikebi. pirveli etapis grafikidan (ix. nax. 3.19., grafiki 1) 

Cans, rom nebismier SemTxvevaSi procesi milevadia, vinaidan Tu 0-

1800-mde sistemis TiToeul brunvis konstruqciaze moqmedebs 

amaCqarebeli ganzid-vis Zala, am kuTxis gadalaxvis Semdeg igive 

Zala moqmedebs sapirispirod, anu amuxruWebs brunvis siCqares, 

vinaidan adgili aqvs mizidulobis Zalis moqmedebas imitom, rom 

magni-tebis polusebma Seicvales adgilmdebareoba. amitom, Tu 

samarTav obieqts mivawodebT nebismieri xangZlivobis mqone im-

pulss,  igi aucileblad Seasrulebs Tavis funqcias – moZrav 

konstruqciebs Seucvlis pozicias, magram daixarjeba didi ode-

nobis eleqtruli ener-gia da dro, amasTan adgili eqneba 

arasasurvel (zog SemTxvevaSi ki miuRebel) didi amplitudis 

mqone rxevebs.  
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nax. 3.15. moZraobis diagrama 

 

meore etapis grafiki (ix. nax. 3.19., grafiki 2) Seesabameba SemT-

xvevas, roca samarTavi mbru-navi konstruqcia mobrunebisas gada-

laxavs 900-ian kuTxes da marTvis gragnili gadairTveba sapiris-

piro polarobaze. amiT polarobaSecvlili eleqtromagnitis mi-

er Seqmnili veli ukve amuxruWebs inerciiT moZrav mbrunav kon-

struqcias.Mmagram, es damuxruWebis drois Sualedi ar unda gada-

scdes 1800-ian kuTxis zRvars, vinaidan sapirispiro SemTxvevaSi 

(gadacdenisas) daiwyeba arasasurveli aCqarebiTi moZraoba. ukeTe-

sia 1800-iani zRvaris gada-laxvis Semdeg sistema isev gadairTos 

da dabrundes isev pirveli impulsis polarobaze. B 

mbrunavi konstruqciis Semcirebul siCqares isev sWirdeba da-

mamuxruWebeli Zala da es mizidulobis Zalaa. aseTi marTviT 

mcirdeba rxevebis ricxvi, magram energiis xarji mainc didia, 

vinaidan moZraobis mmarTavi impulsebi erTmaneTs enacvlebian da 

amitom marTvis xangrZlivoba didia. es ki pirdapir dakavSirebu-

lia energiis xarjis gazrdasTan.      

misaRebia iseTi marTva (nax. 3.17 da nax. 3.19 me-3 grafiki), roca 

uzrunvelsayofia umcires droSi sistemis gadayvana erTi mdo-
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mareobidan meoreSi, moxmarebuli simZlavris xarjis minimumamde 

dayvana da rxevebis ricxvis gamoricxva.  

  mesame etapze viyenebT meore etapze miRebul Sedegebs, rogorc 

marTvis impulsebis sawyisi droebis sidideebs. intervalebis 

cikluri Tanmimdevruli da yovel momdevno cik-lSi iteraciuli 

SemcirebiT (gazrdiT) vaRwevT nax. 3 me-3 moyvanil mmarTavi  

grafikis saxes. marTvis logikuri bloki (mlb) (nax. 1) yovel 

momdevno mmarTavi operaciis Catarebis Semdeg imaxsovrebs drois 

intervalebs, statistikuri meTodebiT amuSavebs maT, sazRvrebis 

intervalis Semcirebis (gazrdis) aucileblobas da marTvis 

ganxorcielebisaTvis avalebs mavaleblebs (mv1 da mv2) moaxdinon 

drois intervalebis Secvla. mas Semdeg, rac moTxovnili pi-

robebi iqneba dakmayo-febuli da misi mdgradobis sazRvrebi, gan-

sazRru-li logikuri bloki wyvets funqcionirebas da marTvis 

procesi gadaecema mavaleblebs im drois dadgomamde, rodesac 

mbrunavi konstruqcia ar mobrundeba 1800-T an ver gadalaxavs 

900-ian zRvars. am SemTxvevaSi dairRveva informaciis miwodebis 

Tanmimdevroba mg magnitomgZnobiare gardamsaxidan da eleqtro-

magnitis mokled SerTuli damatebiTi gragnilidan. es niSnavs 

imas, rom mbrunavma konstruqciam (sxvadasxva mizezebis gamo) ver 

gadalaxa 900-iani Semobrunebis kuTxe da saWiroa sistemis sawyis 

mdgomareobaSi dabruneba da xelaxali marTvis impulsis for-

mireba erTi iteraciuli bijiT gazrdili xangZlivobiT. Tu 

Setanilma cvlilebam ar gamoiRo sasurveli Sedegi, maSin 

pirveli mmarTavi impulsis drois intervalis gazrdis biji mim-

devrobiT oriT, samiT, oTxiT da a.S. izrdeba sasurveli Sedegis  

miRwevamde. xolo Semdeg obieqtis marTvis impulsebis xang-

Zlivoba intervalebi xelaxla dgindeba momdevno masivis saxiT 

dagrovebuli informaciis statistikuri damuSavebis gziT. 
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3.6. indikatoris Sesrulebis konkretuli magaliTi da 

teqnikuri parametrebi 

damuSavebuli marTvis sistemis teqnikuri parametrebia:            

konstruqciuli eleqtruli

- korpusis kedlis sisqe        30 mm 

- indikatoris xeduri   

  informaciis amsaxveli  

  firfitis zomebi      750x40x2,5   mm 

- magnitis zomebi           4x6x12  mm 

- magnitogamtaris gularis 

  diametri                       3 mm 

- indikatoris mbrunavi  

  konstruqciis ricxvi          19 

- eleqtromagnitis raodenoba   18 

- indikatoris gabarituli 

  zomebi                 780x780x50 mm 

- sadenis diametri  0,13 mm 

- eleqtromagnitis  

  gragnilebis xviaTa     

  ricxi                2700 

- denis saSualo   

  mniSvneloba        0,8 a 

- kvebis Zabva         24 v 

- marTvis impulsis   

  simZlavre         400 vt 

 

kombinirebuli ukontaqto marTvis gamoyenebiT  miiRweva rxeve-

bis sruli avtomaturi demfireba, rac uzrunvelyofs ara marto 

gardamavali procesebis Tavidan acilebas da mniSvnelovnad am-

cirebs moxmarebuli eleqtroenergiis xarjs, aramed gazrdis 

aseTi sistemis swrafqmedebas da orxeduri informaciis Secvlis 

saimedobas.   

3.7.  Sedegebi III Tavis mixedvi 

1. damuSavebulia mwkrivSi ganlagebuli da radialurad 

damagnitebuli Rru cilindruli  formis  magnitebis gamo-

yenebis saSualebiT orxeduri indikatoris agebis fizikuri 

safuZvlebi da moqmedebis principi. 
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2. gamokleulia Rru cilindruli formis magnitebidan Sem-

dgari brtyelparaleluri sistemis dinamiuri rxevebis 

demfirebis saSualebebi. moyvanilia mokledCarTuli 

eleqtromagnitiT dakavSirebuli  radialurad damagnite-

buli da brunvis uZravi RerZis mqone magnitebze moqmedi 

Zalebis Taviseburebani da impulsuri marTvis xerxebi. 

3. Sedgenilia marTvadi impulsuri zemoqmedebis Sedegad ga-

mowveuli moZraobis gantoleba, romelic iTvaliswinebs 

ZiriTad moqmed faqtorebs. naCvenebia, rom sistemaSi erT-

droulad damatebiTi mokleCarTuli xviis Semcveli 

eleqtromagnitis Setana da damatebiTi marTvis ganxor-

cieleba ademfirebs gardamavali procesis rxevebs da am-

cirebs rogorc maT ricxvs, aseve maT amplitudas, rac am-

cirebs “damSvidebis” dros marTvis zemoqmedebis moxsnis 

Semdeg. 

4. dasabuTebulia Rru cilindruli magnitebidan Semdgari 

sistemis unari SeinarCunos xeduri informacia  meqanikuri 

zemoqmedebis moqmedebis moxsnis Semdeg. 

5. damuSavebuli indikatoris gamokvlevebi iZleva saSualebas 

davadginoT, rom is: afarToebs funqciur SesaZleblobebs 

gabarituli zomebis mravaljer gazrdis meSveobiT da ori 

naxatis, an feris, an cvalebadi sagzao niSnis indikaciiT; 

amcirebs eleqtroenergiis, magnituri fxvnilis da xviebis 

mavTulis xarjis Sedgenili indikatoruli elementis Seqm-

niT, marTvadi eleqtromagnitis seqciebad daSlis da im-

pulsuri marTvis meSveobiT; uzrunvelyofs pasiuri infor-

maciis Secvlis swrafqmedebas TiToeul seqciaSi ganlage-

buli Rru magnitebis Sebrunebis drois SemcirebiT; amci-

rebs inerciulobas masa-gabarituli maCveneblebis Semcire-

bis gamo mCate ormxrivi informaciuli elementis gamoyene-

biT. 
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IV Tavi.  meoradi gardamqmnelebisaTvis mcire simZlavriani, 

mudmivi magnitis Semcvleli generatoris damuSaveba 

cnobili wyaroebis [60-78] monacemebis Seswavlis safuZvelze 

da adrindelma gamokvlevebma [79-82] gviCvena, rom brtyelparale-

luri (diskuri) formis magnitebis zedapirze (sadac D>h) magni-

turi velis induqciis ganawileba araTanabaria da amitom 

kvazistacionaruli erTgvarovani magnituri velis miReba war-

moadgens rTul teqnikur amocanas. 

magnituri velis intensioba mcirdeba aqsialurad damagnite-

buli magnituri diskos  gare zedapiridan simetriis RerZisaken 

(nax. 4.1). amotom Siga nawilis gamoyeneba magnituri energiis ga-

moyenebis TvalsazrisiT, araefeqturia. am garemoebam diskos 

formis magniti Segvacvlevina toris formis magnitiT. amitom, 

praqtikulad, radio da sayofacxovrebo teqnikaSi iyeneben 

aqsialurad damagnitebul marTkuTxa kveTis mqone toris formis 

magnitebs. 

     cnobilia, rom mrewvelobaSi, magaliTad, saglino, mil-

saglino da sxva saxis dganebSi, sadac dasamuSavebeli masalis 

(bliumebis, sliabebis, milebis) iZulebiT gadaadgilebisas erTi 

wertilidan meoreSi, momdevno teqnologiuri operaciis Catare-

bis mizniT, ixarjeba meqanikuri energia. am energiis Sesamcire-

blad iyeneben rolgangebs, romlebic pasiuri elementis rols 

asruleben masalis gadaadgilebisas, vinaidan araviTar energias 

ar moixmaren, xolo masalis gavlis Semdeg uqmad trialeben. 

aseve uqmad trialeben rkinigzis da manqanis borblebi da bevri 

sxva. maTi meqanikuri energia mxolod zog SemTxvevaSi gardaiqm-

neba eleqtrul energiad. Tu gaviTvaliswinebT am garemoebebs, 

maSin mizanSewonilad miviCnevT mciregabarituli generatoris 

Seqmnas, romelic am danakargs Seavsebs da amasTan ar imoqmedebs 

uaryofiTad mbrunavi nawilebis ZiriTad daniSnulebaze, eqneba 

didi praqtikuli mniSvneloba. amitomac gardamqmnels meoradi 

ganeratoris saxels vuwodebT. 
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4.1. generatoris agebis fizikuri safuZveli da Taviseburebani 

mudmivi magnitis Semcveli generatorebis agebis mravali xerxi 

arsebobs, xolo fizikuri safuZvlebi erTi da igivea. gansxvaveba 

mdgomareobs imaSi, Tu ra xerxiT iqneba aRZruli e.m.Z. cnobilia, 

rom magnituri velis nakadSebmis siCqaris cvlileba ganapi-

robebs e.m.Z.-s sidides (Tavi 2.1). Tu gamWoli magnituri velis na-

kadi da amasTan ganikveTis farTobi, romelsac ganWolavs veli, 

erTdroulad icvleba, maSin e.m.Z.-s gamosaTvlelad gamoiyeneba 

Tavi 2.3-Si moyvanili formula.  

induqciis cvlileba miiRweva magnitogamtaris magnituri gam-

tarobis cvlilebiT. es ki miiReba magnturi polusebisa (nax. 4.2a) 

da aRmgznebi koWebis (nax. 4.2b) Tundac erTnairi an gansxvave-

buli raodenobis gamoyenebiT, polusebis wanacvlebiT erTmaneT-

is mimarT, misi konfiguraciiT da polusebs Soris sahaero Rre-

Cos (Ruzas) arsebobiT, romelic ganapirobebs magnituri potenci-

alis iseT ganawilebas, rom maT Soris veli araerTgvarovani 

xdeba. 

magnitogamtaris konfiguracia WrilSi (nax. 4.3 a da b) war-

moadgens uban-uban (1-2; 2-3-4; da 4-5) wrfivi gantolebebis gamoye-

nebiT optimizirebuli rkinidan damzadebul elementebs, romle- 

bic uzrunvelyofen ara marto gamoyenebuli masalis, aramed mag-

nitis magnituri velis energiis dakargvis  minimizacias, aRmznebi 

koWis ganivkveTis farTobi ganpirobebulia diskuri profilire-

buli (nax. 4.3b)  formis magnitogamtaris polusuri bunukebis 

geometriuli zomebiT (nax. 4.2a).  or mrgval diskuri profili-

rebuli formis polusebs Soris ganTavsebulia  aRmznebi koWebi. 

es koWebi Tavisi magnitogamtariT moTavsebuli arian aramagnitu-

ri (magaliTad, teqstoliti)  diskos formis saTavsoebSi (nax. 

4.2b) da wanacvlebuli arian erTmaneTis mimarT 450 (am kerZo 

SemTxvevaSi). araerTgvarovani magnituri velis gadakveTis dros 

icvleba nakadSebma polusur bunukebs da aRmgzneb koWebs Soris,  

rac dadgenilia samecniero kvlevebiT, romlebic Catarebuli iyo 
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nax. 4.1. toroidaluri formis aqsialurad damagnitebuli mag-

nitis magnituri velis sivrculi ganawileba 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

nax. 4.2 magnitogamtaris polusuri bunukebis geometriuli 
formebi  
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nax. 4.3 magnitogamtaris Wrilis konfiguracia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 4.4                              nax. 4.5 
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saqarTvelos mecnierebaTa akademiis arCil eliaSvilis saxelo-

bis marTvis sistemebis institutSi da moyvanilia [29, 79-81]. 

vinaidan moZravi magnituri veli, drois realur momentSi, ver 

SeaRwevs aRmznebi koWis polusis mTel farTobSi. amitom adgili 

aqvs farTobis cvlilebas. 

maSasadame, Tu aqsialurad damagnitebul toris formis mag-

nits ganvaTavsebT ori identuri profilirebuli konfiguraciis 

mqone magnitogamtars Soris, romlebic ganlagebuli arian erT-

maneTis mimarT sarkiseburad, xolo maT polusur bunikebs So-

ris sahaero RreCoSi movaTavsebT aramagnitur diskos dia-

metralurad ganlagebuli aRmgznebi koWebiT, maSin miviRebT 

cnobil generators [29].  

magnitogamtaris konfiguracia iseTia, rom magnitis magnituri 

Zalwirebi ganTavsebulia magnitogamtarSi da Sekrulia mxolod 

im koWebis meSveobiT, romlebic imyofebian generatoris po-

lusebs Soris. 

generatoris aseT Sesrulebas aqvs Taviseburebani: 

1.  magnituri velis iZulebiT ikvreba magnitis gareSe; 

2.  moqmedebis dros adgili aqvs B da S erTdroul cvlilebas; 

3.  magnitis energias emateba mbrunavi sxeulis energia, vinaidan  

   gamomavali signali damokidebulia brunvis siCqareze. 

cnobili generatoris gamomavali signali mcire simZlavrisaa. 

davadgineT, rom signalis simcire damokidebulia ZiriTadad mag-

nitis magnituri velis sidideze, magnitogamtaris gabaritul 

zomebze, polusuri bunukebis da aRmgzebi koWebis ganTavsebis 

maqsimalurad SesaZlo raodenobaze da magnituri energiis da-

kargvis minimizaciaze.  

am TvalsazrisiT mizanSewonilad miviCnieT gamogvekvlia zem-

oT aRniSnuli tipis generatoris gamomavali signalis simZlav-

ris gazrdis gzebi konstruqciuli siaxlis Semotanis meSveobiT. 

magnitogamtaris bunikebs Soris sahaero RreCoSi SesaZlebelia 

movaTavsoT ori (nax. 4.4 da 4.5), sami (danarTi 3, nax. d3.1 
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nax. 4.6                           nax. 4.7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 4.8 generatorSi gamoZenebuli magnitis zedapiruli poten-
cialis ganawileba 
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da d.3.2. a da b Sesrulebis variantebi) an ramdenime simetriulad 

ganlagebuli aRgmznebi koWebiT Semdgari aramagnituri diskoebi, 

da maT  Soris ganvaTavsoT igive masalisagan damzadebuli magni-

togamtarebi, maSin miviRebT generatorebis  sxvadasxva konstruq-

ciebs. gansxvaveba mdgomareobs ara marto aramagituri diskoebis 

ricxvSi, aramed magnitebis ganTavsebis xerxSic.                               

kerZod, Tu toroidaluri formis magnitebis damagnitebis ve-

li Tanxvdeniladaa mimarTuli (nax. 4.4), maSin orive magnitis 

magnituri Zalwirebi erTmaneTs “ejaxeba” generatoris Sua adgi-

lze mdebare magnitogamtarSi, mxolod gare, bunukebis Semcvel 

magnitogamtarebSi, Tanxvdeniladaa mimarTuli. magnitebis aseTi 

ganTavseba iZleva saSualebas gavzardoT koWebSi gamavali magni-

turi Zalwirebis ricxvi, rac aisaxeba gamomavali signalis sidi-

deze. Tu ki magnitebis damagnitebis veli sawinaaRmdegodaa mimar-

Tuli (nax. 4.5), maSin orive magnitis magnituri Zalwirebi Tan- x-

vdeniladaa mimarTuli generatoris Sua adgilze mdebare magni-

togamtarSi, mxolod gare, bunukebis Semcvel magnitogamtarebSi 

Tanxvdeniladaa mimarTuli.  am SemTxvevaSi orive magnitis mier 

Seqmnili magnituri velebi damoukideblad moqmedeben aRmgzneb 

koWebze, da amitom gamomavali signali izrdeba TiTqmis orjer, 

vinaidan mosalodnelia SuaSi mdebare magnitogamtaris gajereba. 

amas Tu davumatebT imas, rom erTi da igive polusis magnitebis 

torsebis erTmaneTTan ganTavseba erTi RerZis gaswvriv praqtiku-

lad SeuZlebelia, vinaidan ganzidvis Zalebi ar iZleva amis sa-

Sualebas, maSin SeiZleba davaskvnaT, rom aseTi tipis generato-

ris ageba iqneba dakavSirebuli praqtikul sirTuleebTan. 

me-4 danarTSi (nax. d.4.2, d.4.3) moyvanili sami toroidaluri 

formis magnitidan Semdgari generatorebis Sedgenis xerxidan  

gamomdinareobs, rom zemoT moyvanili ori toroidaluri formis 

magnitisagan Semdgar generatorebTan SedarebiT gacilebiT meti 

kombinaciis  SesaZlebloba arsebobs. es garemoeba iZleva 

sxvadasxva gamomavali simZlavreebis miRebis saSualebas.  
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4.2. generatoris maketis moqmedebis funqcionaluri sqema 

nax. 4.6-ze moyvanilia generatoris funqcionaluri sqema.  

uZrav mdgomareobaSi generatori (nax. 4.4) ar gamoimuSavebs 

e.m.Z.-s. misi iZulebiTi moZraoba moxerxdeba gare Zalebis meSveo-

biT. magaliTad, mudmivi denis ZraviT, romlis brunvis siCqare 

Segvi- Zlia vareguliroT kvebis blokiT an mmarTveli mowyo-

bilobiT. vinaidan aRmgznebi koWa axdens gare magnituri velis 

nakadis diferencirebas, xolo nakadi xan izrdeba, xan ki kle-

bulobs, maSin gamomavali signali orpolaruli iqneba. amitom am 

signalis gamarTva aucileblobas warmoadgens, rac Sesrulebu-

lia ornaxevarperioduli gammarTveliT. signalis amplituda 

fiqsirdeba maregistrirebeli mowyobilobiT. 

4.3.  generatoris gamomavali signalis eqsperimentaluri  

gamokvleva 

or mezoblad ganlagebul magnitogamtarebs Soris, romel-

Taganac erT-erTs rva identuri polusuri bunuki aqvs, xolo 

meore warmoadgens ergvarovan disks, movaTavsoT rva aRmznebi 

koWas Semcvleli disko (nax. 4.2). cxadia, rom yvela rva koWaSi 

erTdroulad aRiZvreba erTmaneTisagan damoukidebeli e.m.Z., 

vinaidan polusebi da koWebis raodenoba erTnairia. maSasadame 

jamuri e.m.Z. iqneba erT koWaSi aRZruli e.m.Z.-is namravli rvaze. 

am sistemas davumatoT meore rva aRmgznebi koWas Semcvleli 

disko da meore, pirvelis mimarT identur, magram sarkiseburad 

damzadebul meore rva  polusuri bunukis mqone magnitogamtars. 

miRebuli sistema iZleva saSualebas TiTqmis orjer gavzardoT 

gamomavali signali. 

im SemTxvevaSi, roca diskoebSi ganvaTavsebT aRmgznebi koWebis 

nakleb raodenobas, magaliTad, eqvss, maSin magnitogamtarebi rva 

bunukebs ori sapirispiro polusis qveS Soris aRmoCndeba 

aranakleb  ori aRmgznebi koWa. am SemTxvevaSi magnituri veli 

swrafad gada-nawildeba gare magnitogamtarSi, vinaidan sxva sa-

haero RreCoSi magnitur  Zalwirebs didi winaRoba awydeba. 
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cxadia, rom magnituri sistemis moZraobisas, sapirispirod gan-

Tavsebul koWebSi aRZruli e.m.Z. droSi ar emTxveva erTmaneTs, 

magram gadanawilebuli magnituri Zalwirebis nakadis simkvrive 

polusur bunukebs Soris ganTavsebul  aRmgzneb koWaSi izrdeba 

da amitom TiToeul koWaSi drois erTeulSi meti energia gamo-

muSavdeba. 

generatoris Canacvlebis sqema moyvenilia nax. 4.7-ze. energiis 

wyaro (mudmivi  magniti) Canacvlebulia denis wyaroTi. ori 

identuri magnitogamtaris winaRoba am sqemaze mimdevrobiT aris 

CarTuli, vinaidan warmoadgenen magnituri velis gamtars da ga-

manawilebels, xolo koWebi warmodgenilia rogorc cvladi mag-

nituri winaRoba (R1-R6).  koWebis paraleluri SeerTeba piro-

biTia. SesaZlebelia koWebis mimdevrobiTi da kombinirebuli 

SeerTeba. cilindruli formis gamtarebi (ix. danarTi 3, nax. d. 

3.5.), romelzec daxveulia koWebi liTonisagan aris damzadebu-

li. vinaidan nakadSebmis cvlileba ganapirobebs e.m.Z.-s sidides, 

amitom adgili aqvs cilindruli formis gamtaris magnituri wi-

naRobis cvlilebas (Rmaq-Rmin) nax. 4.7b. eqvs koWian generatorSi, 

roca polusebis ricxvi rvis tolia, ori sapirispiro koWis mag-

nitogamtaris winaRoba erTmaneTis tolia, xolo sxvebi (wyvil-

wyvilad) icvlian Tavis mnoSvnelobas da roca aRweven umcires 

mniSvnelobas, maSin e.m.Z. udidesia. 

generatorSi gamoyenebuli magnitis zedapiruli potencia-lis 

ganawileba Seesabameba nax. 4.8-ze moyvanil grafiks. toris 

formis magnits, romelic damagnitebulia aqsialurad, ar aqvs 

eqvipotenciuri zedapiri. magnitis gareT da toris SigniT magni-

tis magnituri potenciali swrafad klebulobs da toris cil-

indrSi aRwevs 5 militeslas. roca magnits movaTavsebT or mag-

nitogamtars Soris  (nax. 4.5) polusebis bunukebze velis poten-

ciali erTnairia da udris 20 mltl.-s, xolo mezobel bunukebs 

Soris sahaero RreCoSi icvleba 10-dan 15 mltl.-mde (nax. 4.9). Tu 

magnitogamtarebis polusebs vamoZravebT erTmaneTis mimarT, ma-

Sin magnituri velis suraTi Seicvleba (nax. 4.10). veli gaxdeba 
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nax. 4.9. generatoris magnituri gularis bunukebs Soris velis 
gadanawileba roca d=0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 4.10. generatoris gamomavali signalis cvlileba magnituri 
gularis bunukebs Soris manZilis cvlilebisas 
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nax. 4.11 eqsperimentaluri gamomavali maxasiaTebeli eleqtro-
magnitis gamWoli nakadis intensiobis Semcirebisas 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

nax. 4.12 eqsperimentuli gamomavali maxasiaTebeli brunTa 
ricxvis gazrdisas 
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erTgvarovani, xolo magnituri Zalwirebi gadanawildebian me-

zoblad mdebare polusebs Soris. 

im SemTxvevaSi, roca generatori erTi da igive kuTxuri siCqa-

riT brunavs, xolo sarkiseburad ganlagebul or magnitogamtar-

is polusebis centrebs Soris manZils vcvliT d sididiT, maSin 

icvleba koWebSi aRZruli e.m.Z., rac Seesabameba sinamdviles. Cven 

vamcirebT gamWoli nakadis intensivobas e.i. mcirdeba aRZruli 

e.m.Z. (nax. 4.11). igive mizeziT mcirdeba e.m.Z.-is sidide brunTa ric-

xvis Semcirebisas (nax. 4.12). 

4.4.  Sedegi IV Tavis mixedviT 

1. SemoTavazebulia mravalfenovani advilad gadasawyobadi erT-

nairi an gansxvavebuli raodenobis identuri koWebisagan Sed-

genili eleqtruli generatoris agebis principi.  

2. generatoris originaloba mdgomareobs imaSi, rom magnituri 

velis nakadi ikvreba ara toroidalurii formis da aqsialu-

rad damagnitebuli magnitis SigniT, aramed gareT. es iZleva 

didi raodenobis aRmgznebi gragnilebis ganTavsebis saSuale-

bas gareT gatanil magnitur polusebs Soris. 

3. dadgenilia, rom SemoTavazebuli generatoris konstruqcia-  

Si SesaZlebelia gamoyenebul iqnas ramdenime fenovani uZravi 

koWebiT Sedgenili da aramagnituri masalisagan damzadebuli 

diskoebi. aseTi gadawyvetia iZleva saSualebas maqsimalurad 

gamoviyenoT mbrunavi nawilis mier ganviTarebuli kinetikuri 

energia, xolo aRmgznebi koWebis SeerTebis mixedviT genera-

tori CavrToT an rogorc denis an rogorc Zabvis wyaro. 

4. damuSavebuli generatori SeiZleba gamoyenebul iqnas ara 

marto uqmad moZravi nawilebis meqanikuri energiis gardasaq-

mnelad (rolgangebi, qaris agregatebi, rkinigzis da avtomobi-

lis borblebi da sxva), aramed mas SeuZlia Seasrulos spe-

cialuri amocanebi. magaliTad, impulsebis mravalarxiani mi-

wodeba manqanis anTebis an marTvis avtomatizirebul sistemaSi 

komutatoris ukontaqto CarTvisas.   
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დასკვნა 

1. eleqtromagnituri pirveladi gardamqmnelebis klasifikaciis 

safuZvelze dadgenilia, rom magnitogamtaris gareSe damzade-

buli urTierTinduqciuri pg-ebidan ZiriTadad ganixileba gar-

damqmnelebi moZravi profilirebuli koWebiT.Ees gardamqmnele-

bi damzadebis mxriv teqnologiuria, praqtiku-lia, SeuZliaT 

imuSaon warmoebis mZime pirobebSi da teqnikuri da saeqsplua-

tacio maCveneblebiT ar Camouvardebian amave tipis iseT sazR-

vargareTul nimuSebs, rogorebic arian induqtosinebi da aku-

pinebi.  

2. ganxilulia eleqtromagnituri induqciuri pirveladi gardam-

qmnelebis  agebis fizikuri safuZvlebi da konstruirebis zo-

gadi principebi. am principebis gamoyenebiT (urTierTinduqciu-

robis cvlilebaze dayrdnobiT) Catarebulia ipg-ebis klasifi-

kacia konstruqciuli niSnis mixedviT.   

3. cdomilebebis wyaroebis klasifikaciis safuZvelze gaaana-

lizebulia ipg-ebis ZiriTadi da damatebiTi cdomilebebis 

wyaroebis warmoSobis mizezebi da maTi Semcirebis gzebi, da 

dinamiuri cdomilebebis warmoSobis wyaroebi. moyvanilia gar-

damqmnelis saerTo cdomilebis gamosaTvleli gamosaxuleba. 

      gamokvlevebiT dadginda, rom urTierTinduqciurobis mni-

Svnelovani cvlileba da, maSasadame, mgrZnobiarobis gazrda 

miiRweva profilirebuli gragnilebis topologiis an xviaTa 

ricxvis cvlilebiT. 

      xazovani gadaadgilebis brtyelparaleluri formis pro-

filirebuli gragnilebiT aRWurvil ipg-Si mgrZnobiaroba 

Seadgens 30[mv/mm], xolo moculobiTi (kerZoT,sferuli) formis 

ipg-Si (pirobiTi rvianis saxiT daxveul gamzomi gragnilebiT) 

saSualod – 15 [mv/0].  

4. dasabuTebulia, rom magnituri energiis gamoyenebiT mizanSe-

wonilia Seiqmnas sxvadasxva saxis da daniSnulebis gardamqmne-

lebi. sferuli, Rru cilindruli da toroidaluri (marTkuT-
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xa kveTis mqone) formis konfiguraciis magnitebisaTvis Cata-

rebulia magnituri velis induqciis ganawilebis gamokvleva 

magnitis zedapirze da mis garemocvaSi. miRebuli Sedegebis 

gaTvaliswinebiT Camoyalibebulia axali induqciuri pirvela-

di gardamqnelebis agebis fizikuri safuZvlebi.  

5.    moyvanilia urTierTinduqciurobis  gamosaTvleli formu-

lebi. miRebulia moculobiTi formis koaqsialurad ganlage-

bul or Rru sferul zedapirze SeTavsebuli centrebiT Siga 

da gare sferoze ganTavsebuli pirvelis paralelur sibrtye-

ebze erTmaneTis mimarT wanacvlebuli, xolo meoris udidesi 

radi-usis mqone naxevarrkaluri formis konturebs Soris ur-

TierTinduqciurobis gamosaTvleli ganzogadoebuli formula, 

romelic, erTis mxriv, iZleva gardamqmnelis statikuri maxasi-

aTeblis dadgenis saSualebas, xolo meores mxriv saSualod 

1,5 jer zrdis mgZnobiarobas. damatebiTi xviebis SemotaniT 

gardamqmnelis maqsimalurma mgZnobiarobam Seadgina 27 [mv/0] . 

6. damuSavebulia kuTxuri siCqaris samkoordinatuli induqci-

uri naxevarsferuli formis pirveladi gardamqmnelis moqme-

debis principi radialurad damagnitebuli sferuli formis 

mudmivi magnitiT, romelic uzrunvelyofs erTdroulad sami 

galvanurad damoukidebeli signalis miRebas.   

7. mwkrivSi ganlagebuli radialurad damagnitebuli Rru cili-

ndruli da prizmuli formis  magnitebis gamoyenebis saSuale-

biT damuSavebulia orxeduri indikatoris agebis fizikuri 

safuZvlebi da moqnedebis principi. 

8.  ganxilulia am magnitebisagan Semdgari brtyelparaleluri 

sistemis dinamiuri rxevebis demfirebis saSualebebi.   

9. moyvanilia eleqtromagnitis gulariT dakavSirebuli  radia-

lurad damagnitebuli da brunvis uZravi RerZis mqone  Rru 

cilindrul da prizmisebur magnitebze moqmedi Zalebis Tavi-

seburebebi da impulsuri marTvis xerxebi. 

10. Sedgenilia moZraobis gantoleba, romelic iTvaliswinebs Zi-

riTad moqmed faqtorebs. naCvenebia, rom sistemaSi damatebiTi 
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mokledCarTul xviaTa marTvis Setana da damatebiTi marTvis 

ganxorcieleba ademfirebs gardamavali procesis rxevebs da 

amcirebs rogorc rxevebis ricxvs, ise maT amplitudas, xolo, 

aqedan gamomdinare - amcirebs “damSvidebis” dros marTvis 

zemoqmedebis moxsnis Semdeg. 

      dasabuTebulia sistemis unari SeinarCunos xeduri infor-

macia meqanikuri zemoqmedebis moxsnis Semdeg. SemoTavazebulia 

kvebis mcire simZlavris mravalfenovani erTnairi an gansxvave-

buli raodenobis identurad damzadebuli koWebisagan Sedgeni-

li generatoris agebis principebi meoradi eleqtronuli gar-

damqmnelebisaTvis.  

10. dadgenilia, rom ipg SeiZleba gamoyenebul iqnes mrewvelobis 

mZime pirobebSi ara marto teqnologiuri parametrebis kon-

trolisaTvis, aramed teqnologiuri reJimebis gasawyobad amci 

da ukukavSiris arxis Sesaqmnelad. 

11. gardamqmnelebis agebis principebidan gamomdinare damuSave-

bulia realur droSi momuSave moqmedi maketebi:U 

a) ukontaqto naxevarsferuli formis samkoordinatuli makont-

rolebeli gardamqmneli, romelic SeiZleba gamoyenebul iqnes 

adgilmdebareobis, kuTxuri siCqaris, dinamiuri mbrunavi momen-

tis da sxva saxis pirvelad gardamqmnelad;  

b)  ukontaqto orxeduri indikatori gafarToebuli funqciur Se-

saZleblobebiT romelic: amcirebs eleqtroenergiis, magnituri 

fxvnilis da xviebis mavTulis xarjs axali sqemoteqnikuri 

gadawyvetilebis meSveobiT;  

g) mcire simZlavris generatori, romelic SeiZleba gamoyenebul 

iqnas ara marto uqmad moZravi nawilebis meqanikuri energiis 

gardasaqmnelad (rolgangebi, qaris agregatebi da sxva moZravi 

RerZebis), aramed specialuri amocanebis Sesasruleblad. maga-

liTad, impulsebis mravalarxiani miwodebisas avtomobilis 

aTebis sistemaSi an komutatoris ukontaqto CarTvisas marTvis 

avtomatizirebul sistemaSi.  
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urTierTinduqciis gamoTvlis ZiriTadi programebi  
gardaqmnelis gamomavali maxasiaTebelis dasadgenad da  

stacionaluri magnituri velis induqciis gamoTvlis blok-
sqema  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 116



                       
DdanarTi 1.1 

 
urTierTinduqciurobebis gamoTvlis programebi 

                                                      danarTi 1.1.1     
urTierTinduqciurobis gamoTvlisaTvis koaqsialur 

naxevarwrewirul   rkalebs Soris 
 

DECLARE FUNCTION simps2!(a!, b!, n!) 
DECLARE FUNCTION simps1!(fi1!, a!, b!, n!) 
DECLARE FUNCTION f1!( fi1!, fi2!) 
 
DIM SHARED d, R, delt, mu0, alpha, halpha, n, PI 
 
PI = 3.141592 
d = 0 
R = .038 
delt = .73 
mu0 = 1.2566E-06 
alpha = 0 
n = 10 
CLS 
FOR i = alpha TO alpha + PI STEP PI / 18 
   rez = simps2(i, i+ PI, n) * mu0 * delt * R * R / 4 / PI 
   PRINT USING “Alpha=###.### M1=#.###^^^^”; I / 

PI * 180; rez 
NEXT i 
END 
 
FUNCTION f1 (fi1,fi2) 
  f1 = COS(fi2 - fi1) / SQR(d * d + R * R * ((1 + delt * 

delt) – 2 *     
delt * COS(fi2-fi1))) 
END FUNCTION 
 
FUNCTION simps1 (fi1, a, b, n) 
 
s = 0 
s1 = 0 
s2 = 0 
 
s = f1(fi1, a)+ f1(fi1, b) 
h = (b - a) / 2 / n 
 
FOR i = 1 TO 2* n - 1 STEP 2 
  s1 = s1 + f1(fi1, a + h * i) 
NEXT i 
s1=s1 * 4 
 
FOR i = 2 TO 2 * n - 2 STEP 2 
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  s2 = s2 + f1(fi1, a + h * i) 
NEXT i 
s2 = s2 * 2 
 
s = (s + s1 + s2) * h / 3 
 
simps1 = s 
 
FUNCTION simps2 (a, b, n) 
 
END FUNCTION 
s = 0 
s1 = 0 
s2 = 0 
 
s = simps1(a, 0, PI, n) + simps1(b, 0, PI, n) 
h = (b - a) / 2 / n 
 
FOR i = 1 TO 2 * n - 1 STEP 2 
  s1 = s1+simps1(a + h * i, 0, PI, n)) 
NEXT i 
s1 = s1 * 4 
 
FOR i =2 TO 2 * n - 2 STEP 2 
  s2 = s2 + simps1(a + h * i, 0, PI, n)) 
NEXT i 
s2 = s2 * 2 
 
s = (s + s1 + s2) * h / 3 
 
simps2 = s 
 
END FUNCTION 
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danarTi 1.1.2 
 

urTierTinduqciurobis gamoTvlisaTvis simetriis RerZis   
  mimarT mobrunebul naxevarwrewirul rkalebs Soris 

 
DECLARE FUNCTION simps2!(a!, b!, n!) 
DECLARE FUNCTION simps1!(fi1!, a!, b!, n!) 
DECLARE FUNCTION f1!( fi1!, fi2!) 
DIM SHARED d, R, delt, mu0, alpha, n, PI 
DIM SHARED betha 
 
PI = 3.141592 
  
d = 0 
R = .038 
delt = .73 
mu0 = 1.2566E-06 
alpha = 0 
n = 10 
 
CLS 
 
FOR betha = 0 TO PI / 2 STEP PI / 18 
   rez = simps2(0, PI, n) * mu0 * delt * R * R / 4 / PI 
   PRINT USING “Betha =###.### M2=#.###^^^^”; 

betha / PI * 180; rez 
NEXT betha 
END 
 
FUNCTION f1 (fi1,fi2) 
  f1 = COS(fi1) * COS(fi2) + SIN(fi1) * SIN(fi2) * 

COS(betha) / SQR(d * d + R *  
R * (1 + delt * delt – 2 * delt * COS(fi1) * COS(fi2) * 

COS(betha) + SIN(fi1) * 
SIN(fi2)) - 2 * R * d * COS(fi2) * SIN(betha))) 
END FUNCTION 
 
FUNCTION simps1 (fi1, a, b, n) 
 
s = 0 
s1 = 0 
s2 = 0 
 
s = f1(fi1, a)+ f1(fi1, b) 
h = (b - a) / 2 / n 
 
FOR i = 1 TO 2* n - 1 STEP 2 
  s1 = s1 + f1(fi1, a + h * i) 
NEXT i 
s1=s1 * 4 
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FOR i = 2 TO 2 * n - 2 STEP 2 
  s2 = s2 + f1(fi1,a + h * i) 
NEXT i 
s2 = s2 * 2 
 
s = (s + s1 + s2) * h / 3 
 
simps1 = s 
 END FUNCTION 
 
FUNCTION simps2 (a, b, n) 
 
s = 0 
s1 = 0 
s2 = 0 
 
s = simps1(a, 0, PI, n)+simps1(b, 0, PI, n) 
h = (b - a) / 2 / n 
 
FOR i =1 TO 2 * n - 1 STEP 2 
  s1 = s1+simps1(a + h * i, 0, PI, n) 
NEXT i 
s1 = s1 * 4 
FOR i =2 TO 2 * n - 2 STEP 2 
  s2 = s2 + simps1(a + h * i, 0, PI, n) 
NEXT i 
s2 = s2 * 2 
 
s = (s + s1 + s2) * h / 3 
 
simps2 = s 
 
END FUNCTION 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 120



 
danarTi 1.1.3 

urTierTinduqciurobis gamoTvlisaTvis wanacvlebul RerZe-
bian rkalebs Soris 

 
DECLARE FUNCTION simps2!(a!, b!, n!) 
DECLARE FUNCTION simps1!(fi1!, a!, b!, n!) 
DECLARE FUNCTION f1!( fi1!, fi2!) 
DIM SHARED d, R, delt, mu0, alpha, n, PI 
DIM SHARED betha 
 
PI = 3.141592  
d = 0 
R = .038 
delt = .73 
mu0 = 1.2566E-06 
alpha = 0 
n = 10 
 
CLS 

             FOR betha = 0 TO PI * 2 STEP PI / 18 
   rez = simps2(PI / 4, 3 / 4 * PI, n, n) * mu0 * delt * R * 

R / 4 / PI 
   PRINT USING “Gamma =###.### M3=#.###^^^^”; 

betha / PI * 180; rez 
NEXT betha 
END 
 
FUNCTION f1 (fi1,fi2) 
  f1 = COS(fi1) * COS(fi2) * COS(betha) + SIN(fi1) * 

SIN(fi2) / SQR(d * d + R *  
R * (1 + delt * delt – 2 * delt * COS(fi1) * COS(fi2) + 

SIN(fi1) *SIN(fi2)) *  
COS(betha)) - 2 * R * d * COS(fi2) * SIN(betha))) 
END FUNCTION 
 
FUNCTION simps1 (fi1, a, b, n) 
 
s = 0 
s1 = 0 
s2 = 0 
 
s = f1(fi1, a)+ f1(fi1, b) 
h = (b - a) / 2 / n 
 
FOR i = 1 TO 2* n - 1 STEP 2 
  s1 = s1 + f1(fi1, a + h * i) 
NEXT i 
s1=s1 * 4 
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FOR i = 2 TO 2 * n - 2 STEP 2 
  s2 = s2 + f1(fi1,a + h * i) 
NEXT i 
s2 = s2 * 2 
 
s = (s + s1 + s2) * h / 3 
 
simps1 = s 
 
END FUNCTION 
 
FUNCTION simps2 (a, b, n) 
 
s = 0 
s1 = 0 
s2 = 0 
 
s = simps1(a, PI / 4, 3 / 4 * PI,  n)+simps1(b, PI / 4, 3 / 4 

* PI,  n) 
h = (b - a) / 2 / n 
 
FOR i =1 TO 2 * n - 1 STEP 2 
  s1 = s1+simps1(a + h * i, PI / 4, 3 / 4 * PI,  n) 
NEXT i 
s1 = s1 * 4 
 
FOR i =2 TO 2 * n - 2 STEP 2 
  s2 = s2 + simps1(a + h * i, PI / 4, 3 / 4 * PI,  n) 
NEXT i 
s2 = s2 * 2 
s = (s + s1 + s2) * h / 3 
 
simps2 = s 
 
END FUNCTION 
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danarTi 1.1.4 
urTierTinduqciurobis gamoTvlisaTvis brtyelparale-

lur naxevarwriul firfitebs Soris 
 

DECLARE FUNCTION simps2!(a!, b!, n!) 
DECLARE FUNCTION simps1!(fi1!, a!, b!, n!) 
DECLARE FUNCTION f1!( fi1!, fi2!) 
DIM SHARED bg, d, rls, Rbs, mu0, alpha, n, PI 
DIM SHARED p1, p2 
DIM SHARED r1(0 TO 3), Rb(0 TO 3) 
 
PI = 3.141592  
d = .004 
bg= .0015 
rls= .026 
Rbs = .036 
mu0 = 1.2566E-06 
alpha = 0 
n = 3 
 
CLS 
FOR i = 0 TO 3 
  rl(i) = rls + i * bg 
  Rb(i) = Rbs + i * bg 
NEXT I 
FOR alpha = 0 TO PI STEP PI / 18 
rez = 0 
FOR p1 = 0 TO 3 
 FOR p2 = 0 TO 3 
   rez = rez + simps2(0, PI, n) 
  NEXT p2 
NEXT p1 
rez = rez * mu0 / 4 / PI 
PRINT USING “Alpha =###.### M4=#.###^^^^”; al-

pha / PI * 180; rez 
NEXT alpha  
END 
 
FUNCTION f1 (fi1,fi2) 
  f1 = r1(p1) * Rb(p2) * COS(fi1 - fi2) / SQR(d * d + 

r1(p1) * r1(p1) + Rb(p2) *  
Rb(p2) – 2 * r1(p1) * Rb(p2) * COS(fi1 - fi2)) 
END FUNCTION 
 
FUNCTION simps1 (fi1, a, b, n) 
s = 0 
s1 = 0 
s2 = 0 
s = f1(fi1, a)+ f1(fi1, b) 
h = (b - a) / 2 / n 
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FOR i = 1 TO 2* n - 1 STEP 2 
  s1 = s1 + f1(fi1, a + h * i) 
NEXT i 
s1=s1 * 4 
FOR i = 2 TO 2 * n - 2 STEP 2 
  s2 = s2 + f1(fi1, a + h * i) 
NEXT i 
s2 = s2 * 2 
s = (s + s1 + s2) * h / 3 
simps1 = s 
END FUNCTION 
 
FUNCTION simps2 (a, b, n) 
s = 0 
s1 = 0 
s2 = 0 
s = simps1(a, alpha, alpha + PI, n)+simps1(b, alpha, al-

pha + PI, n) 
h = (b - a) / 2 / n 
 
FOR i =1 TO 2 * n - 1 STEP 2 
  s1 = s1+simps1(a + h * i, alpha, alpha + PI, n) 
NEXT i 
s1 = s1 * 4 
FOR i =2 TO 2 * n - 2 STEP 2 
  s2 = s2 + simps1(a + h * i, alpha, alpha + PI, n) 
NEXT i 
s2 = s2 * 2 
s = (s + s1 + s2) * h / 3 
simps2 = s 
 
END FUNCTION 
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danarTi 1.1.5 

urTierTinduqciurobis gamoTvlisaTvis koaqsialur 
 naxevarcilindrul zedapirebs Soris 

 
DECLARE FUNCTION simps2!(a!, b!, n!) 
DECLARE FUNCTION simps1!(fi1!, a!, b!, n!) 
DECLARE FUNCTION f1!( fi1!, fi2!) 
DIM SHARED bg, d, rls, Rbs, mu0, alpha, n, PI 
DIM SHARED p1, p2 
DIM SHARED r1(0 TO 3), Rb(0 TO 3) 
 
PI = 3.141592  
d = .004 
bg= .0015 
r11= .026 
Rbb = .036 
mu0 = 1.2566E-06 
alpha = 0 
n = 3 
 
CLS 
FOR i = 0 TO 3 
  R1(i) =  i * bg 
  Rb(i) =  i * bg 
NEXT i 
FOR alpha = 0 TO PI STEP PI / 18 
rez = 0 
FOR p1 = 0 TO 3 
 FOR p2 = 0 TO 3 
   rez = rez + simps2(0, PI, n) 
  NEXT p2 
NEXT p1 
rez = rez * mu0 / 4 / P 
PRINT USING “Alpha =###.### M5=#.###^^^^”; al-

pha / PI * 180; rez 
NEXT alpha  
 
END 
 
FUNCTION f1 (fi1,fi2) 
  f1 = r11 * Rbb * COS(fi1 - fi2) / SQR((r1(p1) - Rb(p2) 

) * ( r1(p1) -  Rb(p2) + r11 * r11 
 + Rbb * Rbb  - 2 * r11 * Rbb *  COS(fi1 - fi2)) 
END FUNCTION 
FUNCTION simps1 (fi1, a, b, n) 
s = 0 
s1 = 0 
s2 = 0 
s = f1(fi1, a)+ f1(fi1, b) 
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h = (b - a) / 2 / n 
 
FOR i = 1 TO 2* n - 1 STEP 2 
  s1 = s1 + f1(fi1, a + h * i) 
NEXT i 
s1=s1 * 4 
FOR i = 2 TO 2 * n - 2 STEP 2 
  s2 = s2 + f1(fi1, a + h * i) 
NEXT i 
s2 = s2 * 2 
s = (s + s1 + s2) * h / 3 
simps1 = s 
END FUNCTION 
 
FUNCTION simps2 (a, b, n) 
s = 0 
s1 = 0 
s2 = 0 
s = simps1(a, alpha, alpha + PI, n)+simps1(b, alpha, al-

pha + PI, n) 
h = (b - a) / 2 / n 
 
FOR i =1 TO 2 * n - 1 STEP 2 
  s1 = s1+simps1(a + h * i, alpha, alpha + PI, n) 
NEXT i 
s1 = s1 * 4 
FOR i =2 TO 2 * n - 2 STEP 2 
  s2 = s2 + simps1(a + h * i, alpha, alpha + PI, n) 
NEXT i 
s2 = s2 * 2 
s = (s + s1 + s2) * h / 3 
 
simps2 = s 
 
END FUNCTION 
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danarTi 1.1.6 
urTierTinduqciurobis gamoTvlisaTvis  
marTkuTxa kveTis mqone koWebs  Soris 

DECLARE FUNCTION simps2!(a!, b!, n!) 
DECLARE FUNCTION simps1!(fi1!, a!, b!, n!) 
DECLARE FUNCTION f1!( fi1!, fi2!) 
DIM SHARED bg, d, mu0, alpha, n, PI, r11, Rbb 
DIM SHARED p1, p2 
DIM SHARED r1(0 TO 3), Rb(0 TO 3) 
DIM SHARED dk(0 TO 3), cs(0 TO 3) 
PI = 3.141592  
d = .004 
bg= .0015 
r11= .026 
Rbb = .036 
mu0 = 1.2566E-06 
alpha = 0 
n = 3 
CLS 
FOR i = 0 TO 3 
  r1(i) =rls  +  i * bg 
  Rb(i) = Rbs + i * bg 
  dk(i) = i * bg 
  cs(i) = i * bg 
NEXT i 
FOR alpha = 0 TO PI STEP PI / 18 
rez = 0 
FOR p1 = 0 TO 3 
FOR p2 = 0 TO 3 
FOR p3 = 0 TO 3 
FOR p4 = 0 TO 3 
rez = rez + simps2(0, PI, n) 
NEXT p4 
NEXT p3 
NEXT p2 
NEXT p1 
rez = rez * mu0 / 4 / PI 
PRINT USING “Alpha =###.### M0=#.###^^^^”; al-

pha / PI * 180; rez 
NEXT alpha  
END 
FUNCTION f1 (fi1,fi2) 
  f1 = r1(p1)  *  Rb(p2)  * COS(fi1 - fi2) / SQR((dk(p3) - 

cs(p4) ) * (dk(p3) -   cs(p4)) + 
 r1(p1)  * r1(p1) + Rb(p2)  * Rb(p2)  - 2 * r1(p1)  *  

Rb(p2) * COS(fi1 - fi2) 
END FUNCTION 
FUNCTION simps1 (fi1, a, b, n) 
s = 0 
s1 = 0 
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s2 = 0 
s = f1(fi1, a)+ f1(fi1, b) 
h = (b - a) / 2 / n 
FOR i = 1 TO 2* n - 1 STEP 2 
  s1 = s1 + f1(fi1, a + h * i) 
NEXT i 
s1=s1 * 4 
FOR i = 2 TO 2 * n - 2 STEP 2 
  s2 = s2 + f1(fi1, a + h * i) 
NEXT i 
s2 = s2 * 2 
s = (s + s1 + s2) * h / 3 
simps1 = s 
END FUNCTION 
FUNCTION simps2 (a, b, n) 
s = 0 
s1 = 0 
s2 = 0 
s = simps1(a, alpha, alpha + PI, n)+simps1(b, alpha, al-

pha + PI, n) 
h = (b - a) / 2 / n 
FOR i =1 TO 2 * n - 1 STEP 2 
  s1 = s1+simps1(a + h * i, alpha, alpha + PI, n) 
NEXT i 
s1 = s1 * 4 
FOR i =2 TO 2 * n - 2 STEP 2 
  s2 = s2 + simps1(a + h * i, alpha, alpha + PI, n) 
NEXT i 
s2 = s2 * 2 
s = (s + s1 + s2) * h / 3 
simps2 = s 
END FUNCTION 
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danarTi 1.2 
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danarTi 2. 
 

ZiriTadi eqsperientaluri gamokvlevebis cxrilebi 
da miRebuli maxasiateblebi 
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danarTi .2.1  

 
eqsperimentaluri kvlevis Sedegebi 

 
 

aRmgzneb gragnilze modebuli signalis parametrebi: 
Zabva    USes. =  10 [v] 

sixSire  f Ses. = 80 [khc] 
 

0
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erTgragl.
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samgragnilia
ni konturi

orgragliani
konturi

orgraglinia
ni konturi 
200 [khc]

         
 
 
 nax. d. 2.1 erT- , or- da sam- gragliniani konturebis eqsperi    

            eqsperimentaluli kvlevis Sedegebi  
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                                                    danarTi 2..2 
       pirveladi gardamqmnelis kvebis sixSiris gavlenis     
                  eqsperimentaluri gamokvleva 
                                            cxrili d.2.1. 
 
 
 
 

aRmgzneb       

gragnilze    
f1  =80[khc]; U-

Ses=10[v] 

aRmgzneb       
gragnilze    

f2  =200[khc]; U-

Ses=10[v] 
mobrunebis 

kuTxe    [o] gamzom      
gragnilSi    
miRebuli 
U gam.  [v] 

 
 
 
 
 

gamzom      
gragnilSi    
miRebuli     
U gam.  [v] 

 
 
 
 
 

0 0 0  

15 1.2 1.4  

30 1.8 1.8  

45 2.2 2.4  

 60 2.4 2.8  

75 2.6 3  

0
0.5

1
1.5

5
3

3.5

0 50 100

2
2.

Series1

Series2

 
                         

90 2.7 3.1 

                                 U2 

 
 
                                                                                        f1 

 
                                                                                        f2 

 

 

                                                                                                                                      [o] 

 

 
 
 
     
 nax. d..2..2.  kvebis sixSiris gavlena gamomaval signalis   
                              sidideze 
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danarTi 2..3. 

      radialurad damagnitebuli Rru cilindruli formis  

magnitebis mizidulobis Zalis damokidebuloba maT simetriis 

RerZebs Soris manZilze 

                                                   cxrili d.2.2. 

                                         

 
magnitis 

wona     
3,9     
[mlgr] 

magnitis  
wona     
5,5     
[mlgr] 

 

 

0

0.05

0.1

0.15

2

0 1 2 3 4

0.

Series1
Series2

 daSoreba 
magnitebs    

Soris   [sm] 

 zemoq- 
medebis  

Zala F1 [n] 

 

 
 zemoq-  

medebis  
Zala F2 [n] 

 

 

 

0.2 0.11368 0.1617  

1 0.0343 0.0931  

2 0.0147 0.0245  

3 0.00196                                        0.0049 

                                       

                                                       

                                                     

                  

                   F [n]  

                       

                                                                                                 F1

                                              F2  

 

                                                [sm] 

                                                 

 

 

  nax. d.2.3.  magnitebis urTierTzemoqmedebis damokide-       

               buleba maT centrebs Soris manZilze 
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danarTi 3. 

 

damuSavebuli pirveladi gardamqmnelebis 

konstruqciuli Taviseburebani 
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nax. d.3.1.  orfenovani generatoris konstruqcia 
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nax. d.3.2.  samfenovani generatoris konstruqcia 
 (varianti a) 

 
 

 
 
 

nax. d.3.3.  samfenovani generatoris konstruqcia 
 (varianti b) 
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nax. d.3.4.  generatoris fenebs Soris ganTavsebuli magnitogam-
taris konstruqcia 
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nax. d.3.5.  eleqtromagnitis koWis magnitogamtari 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 

 
 
 
 
 

nax. d.3.6.  fenebSi eleqtromagnituri koWebis ganTavseba ara-
magnitur masalaSi (magaliTad, teqstoliti) 
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danarTi 4.  

 

damuSavebuli maketebis fotosuraTebi  
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danarTi 4.1. 

 

induqciuri samkoordinatuli pirveladi gardamqmneli 

 
foto d. 4.1.1. gansxavebuli poliarobis naxevarsferuli 

 formis magnitebi 

 

 

 
foto d. 4.1.2. sferuli formis magniti 

 

 

 140



 

 

 

 
foto d. 4.1.3  gamzomi konturebi 

 

 

 

foto d. 4.1.4  induqciuri pirveladi gardamqmnelis 

maketi 
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 danarTi 4.2. 

 

orpoziciuri indikatoris maketi 

 

 

 

 

 

 

 

 

 

 

 

 

 

foto d. 4.2.1. indikatoris erTi xedi 

 

 

 

 

 

 

 

 

 

 

 

 

 

foto d. 4.2.2. indikatoris meore xedi 
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danarTi d. 4.3. 

 

meoradi generatoris maketi   
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