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Tavi VI. UurTierTinduqciurad dakavSirebuli  

wredebis analizi 

6.1. ZiriTadi debulebebi, Tanafardobebi da Tavisebureba-
ni 

 1.  induqciurad Sembul wredebSi urTierTinduqciuroba 
M  aris proporciulobis koeficienti urTierTinduq-
ciis nakadSembulobasa   da mis Semqmnel denTan i : 

1

21

2

12

ii
M


 , 

sadac 2,1 ii  - induqciurad Sembul 1-l da me-2-e koWe 

              bis denebia; 

       12112  W ; 

       21221  W ; 

           21 , NN  - koWebis xviaTa ricxvi; 

          2112 ,  - urTierTinduqciis gaSvaledebuli mag-  

                    nituri nakadebi. 
2.   urTierTinduqciis emZ.  
       eleqtruli wredebi SeiZleba Seicavdnen erTmaneT-

Tan induqciurad dakavSirebul elementebs. aseT ele-
mentebs SeuZliaT erTmaneTTan daakavSiron eleqtru-
lad gancalkevebuli (gayofili) elementebi. aseT 
SemTxvevaSi erT elementSi denis cvlileba meoreSi 
iwvevs emZ-is Seqmnas. aseT SemTxvevaSi amboben, rom 
elementebi Sekrulni arian urTierTinduqciurobis 
emZ ZaliT an M urTierTinduqciiT.  

3.    bmis koeficienti axasiaTebs induqciurad dakavSire-
bul elementebis (koWebis) bmis xarisxs 

   

21LL

M
K                                            (6.1) 

   sadac  M – wredis elementebs Soris urTierTinduqci-

urobaa ( M -is sazomi erTeulia - hn); 1L da 2L - elemen-

tebis sakuTari induqciuroba.  
       unda aRiniSnos, rom K < 1. es garemoeba ganpirobe-

bulia imiT, rom eleqtromagnitur elementebSi adgili 
aqvs gamWoli nakadebis gabnevas. 

4.    mimdevrobiT SeerTebuli koWebiT Seqmnili wredebSi     
   ganasxvaveben koWebis Tanxvedr da Semxvedr SeerTebebs. 
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 5.   koWebis Tanxvedri SeerTebisas denebi orientirebu-
li arian erTnairad maT erTsaxela momWerebis mimarT. 
am SemTxevaSi TviTinduqciis da urTierTinduqciis 
emZ-bi ikribeba (ix. nax. m.6.1 a, )     

tIML
dt

di
M

dt

di
Le m  cos)(  111

tcosIML
dt

di
M

dt

di
Le m  )(  222       (6.3) 

 
                 a                           b 

nax. m.6.1  
6.  Semxvedrad SeerTebisas denebi orientirebuli arian 

gansxvavebulad maTi erTsaxela momWerebis mimarT. am 
SemTxvevaSi TviT- da urTierTinduqciis emZ-ebi aklde-
ba erTmaneTs.  

7. kompleqsuri eqvivalenturi winaRoba da induqciuroba.  
koWebis SeerTebis tipi (Tanxvedri an Semxvedri) gani-
sazRvreba koWebis daxvevis xerxiT da koWebSi denebis 
mimarTulebiT da amitom ganisazRvrebian formulebiT          

           12211221 2ZLLL2ZZZZ  da , 

   sadac 1212 MjZ  . niSani “plusi” Seesabameba Tanxmved-

rad SeerTebul koWebs, xolo niSani “minusi” – Semxve-
drad SeerTebuls. 

8. mimdevrobiT SeerTebuli koWebiT Seqmnili wredebSi     
   kompleqsuri formiT gamoxatuli emZ-ebi da denis saxe  

1M1L111 EEIjXIjXIMjILjE ML
   ;  (6.4) 

     2M2L222 EEIjXIjXIMjILjE ML
   ,  (6.5) 

E  sadac MXM   - urTierTinduqciis winaRobaa (omi).  

     nax. m.6.2 -ze moyvanili wredis denis gansazRvrisaT  
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   vis WeSmaritia tolobebi:  

,)2( IrIMLLjUEEEEUEEU 212M2L1M1L21
    

aqedan deni       
)2( MLLjr

U
I

21 





 . 

9. paralelurad SeerTebuli koWebiT Seqmnili wredis 
ori koWas paraleluri SeerTe-
bisas, roca maTi aqtiuri wina-
Robebi udris nuls (ix. nax. m.6.3) 
kompleqsuri ekvivalenturi wina-
Roba da induqciuroba ganisaz-
Rvreba formulebiT:  
 

          nax. m.6.3  

.,
2MLL

MLL
L

2ZZZ

ZZZ
Z

21

2
21

1221

2
1221

 







 da  

     gantolebebis mniSvnelSi niSani “minusi” Seesabameba 
Tanxvedrad SeerTebul koWebs, xolo niSani “plusi”–
Semxvedrad SeerTebuls. 

10. sahaero (xazovani) transformatori 
 transformatori eleqtruli wredebis erT-erTi mniS- 
vnelovani elementia. 
  transformatoris daniSnulebaa denis da Zabvis   
gardaqmna.  
sahaero transformatori ewodeba umartives eleqtrul   
xelsawyos, romelic Sedgeba ori eleqtrulad daukav-

Sirebeli uZravi koWebisa-
gan feromagnituri gula-
ris gareSe. is xazovani 
elementia.    
  feromagnituli gularis 
arseboba gamoiwvevda tran-
sformatoris arawrfiv  
Tvisebebs. 
nax. m.6.4 moyvanilia aseTi 

                  nax. m.6.4            transformatoris Canacvle-
bis sqema. pirveladi gragnili mierTebulia U1 ZabvasTan, 
xolo meoradi gragnili datvirTulia Zd= r+jXd wi-
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naRobaze. trasformatorSi magnituri velis meSveobiT 
energia pirveladi wredidan gadaecema meorad wreds.  

 
11. sahaero transformatoris gantolebebi. 

     transformatoris pirveladi da meoradi wredebisaT-
vis kirxhofis meore kanoni daiwereba Semdegi saxiT  

2M1L12M1L11111 IjXIjXrIjXIjXIrEIrU   )()( 111  (6.4) 

   sahaero transformatoris gantolebebis saxea: 

2M1L1 IjXIjXrU   )( 11 ;  (6.5) 

222L21M UIjXrIjX   )(0  . (6.6) 

   sadac r1   da     r2 – gragnilebis aqtiuri winaRobebia, 

   xolo dZIU 22
  . 

   Tu winaswar 2U warmovidgenT )(222 ddd jXrIZIU       

   saxiT, xolo drrr  222  da dXXX L  222  da 

amovxsnaT (6.5) da (6.6) gantolebebs 1I
  mimarT, maSin mi-

viRebT 

)()( 11

11
1

SemSem XXjrr

U

Z

U
I

L 



 ,    (6.6) 

   sadac 
2
22

2
22

22
2

2
22

2
22

22
2

Xr

XX
X

Xr

rX
r MM









 Sem.Sem. da  Semotanili aq-

tiuri da reaqtiuli winaRobebia. 
12.  aqtiuri simZlavre gadaicema pirveli koWidan meoreSi. 
amasTan jamuri aqtiuli simZlavre ganpirovnebuli urTi-

erTinduqciiT  udris nuls,  vinaidan  0 M2M1 PP . es ki 

imas niSnavs, rom induqciurad dakavSirebuli elementebi 
ar axdenen gavlenas aqtiur simZlavreebis balansze.  

      jamuri reaqtiuli simZlavre, ganpirobebuli urTier-
TinduqciiT, udris 

1221M2M1M12 cosIMI2QQQ   

maSasadame, induqciurad dakavSirebuli elementebis gaT-
valiswinebiT simZlavreebis balansis saerTo gantolebas 
aqvs saxe:  
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,  
(6.18) 

sadac “+” niSani  gamoiyeneba Tanmxvedrad SeerTebuli ko-
WebisaTvis, xolo “-”  - Semxvedri SeerTebisas. 

6.2. sakontrolo kiTxvebi 

1.  rogor Caiwereba Zabvis formula induqciurad Sembul 
koWaSi gajerebul sinusoidalur reJimis dros? 

   pasuxi:   ;21
11

dt

di
M

dt

di
LuL  an  2111 IMjILjUL

   , 

amasTan 0M  koWebis Tanxvedr SeerTebebs, xolo 
0M  Semxvedri CarTvisas. 

2.  ra aris urTierTinduqciuroba?  
  pasuxi: urTierTinduqciuroba M  aris proporciulobis 

koeficienti urTierTinduqciis nakadSembulobasa   da 

mis Semqmnel denTan 2i : 

1

21

2

12

ii
M


 , 

3.   ra aris induqciurad Sembuli koWebis Tanxvedri 
(Semxvedri) CarTva? 

    pasuxi: induqciurad Sembuli koWebis CarTva ewodeba 
Tanxvedri (Semxvedri), Tu koWebSi denebis dadebiT 
mimarTulebisas koWebis urTierTinduqciurobis 
nakadebi ikrifeba (gamoakldeba).  

4.   rogor ganvsazRoT sqemaze moyvanili induqciurad 
Sembuli koWebis Tanxvedri (Semxvedri) CarTvis saxe? 

     pasuxi: Tu induqciurad Sembuli koWebSi denebis 
mimarTulebebi arCeulia ise, rom isini Tanxvderia 
kioWebis erTpolaruli gamomyvanebis (”varsklavebis”) 
mimarT, maSin is – Tanxvedri CarTvaa, sawinaaRmdego 
SemTxvevaSi – Semxvedri. 

5.    ra Tvisebebi gaaCnia idealur transformators? 
    pasuxi: idealur transformatorSi  nebismier datvir-

TvisTvis da nebismier sixSireze sruldeba pirobebi  

   
2

1

2

1

2

1

W

W

i

i

u

u
 , sadac 1W  da 2W  - pirveladi da meoradi 

koWebis xviaTa ricxvebia. 
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6.    ras axasiateben transformatoris sqemis elementebi? 

   pasuxi: Cveulebriv 1r  da 2r  axasiaTeben aqtiur dana-

kargebs koWebis pirvelad da meorad gragnilSi; 1L  da 

2L  - TviTinduqciis nakadebi; M  - urTierTinduqciis            

  nakadebi. 
7.   ra aris transformatoris Semavali da Semotanili  
  winaRobebi? 
     pasuxi: Semavali winaRoba aris wredis pirveladi 

gragnilis da Semotanili winaRobebis jami, romelic 
iTvaliswinebs meoradi gragnilis gavlenas. 

8.    ra aris srulyopili magnituri kavSiri, gabnevis 
induqciuroba, mbis koeficienti?  

     pasuxi:  srulyopil magnitur kavSirs adgili eqneba  
  gabnevi nakadis ar arsebobis SemTxvevaSi. 
     gabnevis induqciuroba – gabnevis nakadSembulobis     
  Sefardeba im denTan romelmac is Seqvna. 
     mbis koeficienti – urTierTiduqciurobis Sefarde-    
  deba induqciurad dakavSirebuli koWebis induqciuro-  
  bebis saSvalo geometriulTan. 
9.    ra aris transformaciis koeficienti? 
     pasuxi:  transformaciis koeficienti udris trans 
   formatoris koWebis xviebis raodenobis fardobas. 
10. ratom ar muSaobs transformatori nulovan sixSireze 
     pasuxi: meorad gragnilSi Zabvis misaRebad is unda     
   gadaikveTos droSi cvladi magnituri nakadiT. 
11.    rogor miuaxlovod realuri transformatori 

idealurs?  
     pasuxi: aucivlebelia mavTulebis winaRoba da   
   gragnilis gabnevis induqciuroba unda daviyvanoT 

minimumamlur sididemde, xolo gragnilis induqci-
uroba – maqsimaluramde./ 

12.   praqtikulad rogor vipovoT urTierTinduqciuroba?  
     pasuxi: pirveladi koWas cnobili denis dros induq-

ciurad dakavSirebul koWebis garTul meorad gragnil 
ze gavzomavT Zabvas da Semdeg gamovTliT urTierTin-

duqciuroba: 
1

2

I

U
MZ M  . 
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13.   ra Tavisebureba gaaCnia induqciurad dakavSirebul 
wredebis veqtorul diagramas? 

     pasuxi:  veqtorul diagramis agebis dros iTvalis-
winebes, rom induqciurad dakavSirebul koWebs Soris 
Zabva Sedgeba ori Zabvisadgan: TviTinduqciis Zabvidan, 
romelic uswrebs koWas dens 900 gradusiT da urTierT-
induqciurobis Zabvidan romelic wanacvlebulia meore 

koWas denisagan 090 gradusiT  

6.3. urTierTinduqciurad dakavSirebuli  
wredebis gamoTvlis zogadi meTodika 

urTierTinduqciis  arsebobisas ganStoebuli wredebis 
gaangariSeba SesaZlebelia ganxorcieldes kirxhofis kano-
nebis  gamoyenebiT Sedgenili gantolebebis gamoyenebiT an 
konturuli denebis meTodiT.  

kvanZuri potencialebis meTodis gamoyeneba miuRebelia, 
vinaidan am SemTxvevaSi denis mniSvneloba StoSi damoki-
debulia sxva StoebSi gamaval denebze, romlebic aindu-
cireben urTierTinduqciis emZ-s. 

6.4. tipiuri amocanebis amoxsnis magaliTebi 

magaliTi 6.1 

   gansazRvreT eleqtruli wredis ekvivalenturi komple-
qsuri winaRoba (nax. m.6.5), deni da Zabva  a da b, c da d 
wertilebs Soris,  Tu wredis parametrbia: 130U v, 

om21 r  da om32 r , koWa om31 L , om72 L , om1M . 

aageT veqtoruli diagrama           

 
        a                     b                     g 

nax. m.6.5             

 amoxsna 
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  Tu gavayolebT Tvals denis gavlas koWebis xviebSi 
(nax. m.6.5a), maSin davrwmundebiT, rom TiToel madganSi 
TviTinduqciis da urTierTinduqciis magnituri velis 
nakadebi moqmedeben Tanxvedrilad. maSasadame koWebi 
Tanxvedrilad aris SeerTebuli. mocemuli wredi SegviZ-
lia warmovidginoT Canacvlebis sqemiT (nax. m.6.5b). am sqe-
misaTvis, kirghofis me-2 kanonis gamoyenebiT, SevadginoT 
gantoleba 

1211211211 IZIZIZIZU   , 

sadac             om)32(111 jLjrZ   ; 

om)73(222 jLjrZ   ; 

                  om12112 jMjZZ   . 

eleqtruli wredis ekvivalenturi kompleqsuri winaRoba 

ome
0267

1221

0

131252


 jejZZZZZ . 

saZiebeli kompleqsuri deni: 

a
02067

0

13

0267
10

13

130 








jej

j
e

eZ

U
I


 . 

kompleqsuri Zabva  a da b,  c da d wertilebs Soris: 

0530267
121

00

7,44)42(10)(


 jj
ab ejeZZIU  v; 

520267
212

00

5,85)83(10)(


 jj
cd ejeZZIU  v. 

Nnax. m.6.5g warmodgenilia veqtoruli diagrama. namdvili 
RerZis gastvriv gadadebulia Zabva U . Mmisgan CamorCeba 

denis veqtori 02670  , xolo Semdeg gadadebulia Zabvis 
vardnis veqtorebi, Sesabamisad.  

magaliTi 6.2 

   nax. m.6.6a moyvanil wredisaTvis ipoveT deni da Zabva  a 
da b,  c da d wertilebs Soris. 
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   mocemulia: om21 r , om42 r , koWa om61 L , om42 L , 

om1M . wredze modebulia 100U v  Zabva. aageT veqto-

ruli diagrama    
      

 

        a                b                     g  

nax. m.6.6A 

amoxsna 

    koWebis SeerTeba aris Semxvedri. nax. m.6.6b moyvanili 
wredis ekvivalenturi sqemisaTvis CavweroT gantolebebi 
kirghofis meore kanonis gamoyenebiT:  

1211211211 IZIZIZIZU   , 

sadac             om)62(111 jLjrZ   ; 

 om)44(222 jLjrZ   ; 

om12112 jMjZZ   . 

eleqtruli wredis ekvivalenturi kompleqsuri winaRoba 

053 10
1 2 122 6 8 10 jZ Z Z Z Z j e


       e om . 

saZiebeli kompleqsuri deni da Zabvebi: 

053 10

1 2 12

10
2

jU U Z
I e

Z Z Z Z


   

 
a ; 

515
121

0

9,53)(


 j
ab eZZIU  v; 
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.50)( 0216
212

0  j
cd eZZIU  v. 

Nnax. m.6.6g warmodgenilia veqtoruli diagrama.  

magaliTi 6.3 

   wredSi (nax. m.6.7) SerTuli voltmetri da ampermetri 
aCveneben 88U mv, 2,2I ma. ras udris C  tevadoba, Tu 

om5,91 r , om6,141 L , om6,112 r , om172 L , om2,3M ? 

wredis denis sixSirea 50f  khc. 

 
nax. m.6.7  

amoxsna 

   kompleqsuri formiT Cawerili omis kanonis Tanaxmad 

)
1

2()( 2121
C

MLLjrr
I

U
Z


  


. 

   sruli winaRobis moduli gamoviTvaloT xelsawyoebis 
Cvenebis gamoyenebiT, rogorc fardoba  

om40
102,2

1088
3

3











I

U
Z . 

   es winaRoba SesaZlebelia vipovoT gamosaxulebidan 

2

21
2

21

1
2)( 










C
MLLrr

I

U
Z





. 

   ricxviTi mniSvnelobebis Casvis Semdeg, gveqneba 

2
2 1

381,2140 









C
. 

   am gantolebis amonaxsnisas, miviRebT 

4
1


C

om an 72
1


C

om, 

da bolos  796,0C mkf    an   0442,0C mkf 
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magaliTi 6.4 

   ori koWas urTierTinduqciurobis gansazRvrisaTvis  
koWebi SeaerTes mimdevrobiT da Semdeg SeuerTes genera-
tors; ori SemTxvevisTvis (nax. m.6.8 a da b) gazomes Zabva, 
deni da simZlavre: pirvel SemTxvevaSi pirveli koWis 
momWeri 2 SeaerTes meore koWis 3 momWerTan (nax. m.6.8a),  

 
                a                           b 

nax. m.6.8  
xolo  meore SemTxvevaSi – momWeri 2 SeuerTes meore 
koWis 4 momWerTan (nax. m.6.8b). gamzomi xelsawyoebis 

Cvenebebia pirveli cdis Catarebisas: 1201 U v; 121 I a; 

8641 P vt. 

    meore cdis Catarebisas: 1202 U v, 102 I a, 6002 P vt. 

ras udris koWebis urTierTiduqciuroba, Tu cvladi 

denis sixSirea 50f hc? daadgineT romel SeerTebisas 

koWebi SeerTebulia mimdevrobiT 

amoxsna 

 pirveli cdis monacemebiT vipovoT sqemis sruli wi-

naRoba 1z , misi aqtiuri 1r  da reaqtiuli 1x  winaRoba : 

10
1

1 
I

U
zI om;   6

144

864
2
1

1 
I

P
rI om; 822  III rzx om. 

 analogiurad meore cdis monacemebidan 

12
2

2 
I

U
zII om; 6

100

600
2
2

2 
I

P
rII om; 4,1022  IIIIII rzx om. 

 aqtiuri winaRobebis miRebuli erTnairi mniSvneloba 

III rr   miuTiTebs mazzed, rom gazomvebi Catarda uSecdo-

mod. xolo reaqtiuli winaRoba meore cdis dros metia, 

vidre pirvel cdis dros ( III xx  ). es miuTiTebs maszze, 
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rom meore sqema Seesabameba koWebis Tanxvdenil SeerTeba-
ze, xolo pirveli – Semxvedr SeerTebaze. 
 saZiebeli urTierTinduqciuroba moipoveba gantole_ 
bebidan:       

              IIxMLL   221   

           da IxMLL   221 . 

pirveli gantolebidan rom gamovaklod meore, miviRebT 

91,1
5024

84,10

4











III xx

M  mhn . 

magaliTi 6.5 

 mocemulia paralelurad SeerTebuli ori koWa para-

metrebiT  om201 r , om101 L , om202 r , om202 L  da 

urTierTinduqiis winaRobiT om10M  (nax. m.6.9a).  

wredTan miyvanilia Zabva 150U v .  

gansazRvreT  yvela deni da aageT veqtoruli dio-
grama. gansazRvreT  yvela vatmzomis Cveneba  da TiToul 
StoSi simZlavris Tbodanakargebi.  

 
nax. m.6.9a  

amoxsna 

 nax. m.6.9a –dan Cans, rom koWebi SeerTebulia mimde-
vrobiT, vinaidan TviTinduqciis da urTierTinduqciis 
nakadebi ganWolaven koWebs erTi mimarTulebiT. nax. m.6.9b 
moyvanilia wredis Canacvlebis sqema. 
 SemovitanoT aRniSvnebi  

)1020(111 jLjrZ   om; 
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)2020(222 jLjrZ   om; 

10M jjZM   . 

kirhgofis kanonebis gamoyenebiT 

MZIZIU 211
  ;                    (1) 

MZIZIU 122
  ;                   (2) 

21 III   .                        (3) 

 
           b                                 d     

nax. m.6.9  

miviRoT 150UU v. Semdeg erTobrivad amovxsnaT 
gantolebebi (1) da (2). MmiviRebT 

0536

2
21

2
1

0

534





 j

M

M ej
ZZZ

ZZ
UI  a; 

0363

2
21

1
2

0

47,442





 j

M

M ej
ZZZ

ZZ
UI  a; 

5249
21

0

22,976
 jejIII  a. 

 (13) gantolebebis gaTvaliswinebiT nax. m.6.9d –ze age-
bulia veqtoruli diagrama. namdvil RerZze gadadebulia 

U veqtori. gamoTvlebis safuZvelze agebulia 1I
 , 2I  da 

I . Semdeg gantoleba (1)-s safuZvelze agebulia veqtorebi 

11 rI  , 11 LjI  , M2 jI  . am veqtorebis jami udris U .   

   analogurad agebulia veqtorebi gantoleba (2) -s ga-
moyenebiT. 
 gansazRvroT vatmzomebis Cvenebebi: 

     600415034150ReRe *
11  jIUP  vt; 

     300215042150ReRe *
22  jIUP  vt; 

     900615076150ReRe *  jIUP  vt. 
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 siTfuri danakargebi pirvel da meore StoebSi Sesaba-

misad udris    5002052
1

2
11  rIP vt; 

4002047,4 2
2

2
22  rIP vt, 

xolo maTi jami 21 PP   udris P simZlavres, romelic 

miewodeba ganxilul wredSi (900 vt). 

 pirvel koWaSi aqtiuri simZlavre 6001 P vt, romelic 

moixmareba energiis wyarodan, nawilobriv ixarjeba siT-

bur danakargebze am StoSi ( 5001 P vt) xolo danarCeni 

nawili, anu (600 – 500 = 100 vt) miewodeba magnitur vels 
da urTierTinduqciiT gadaecema meore koWas. 
 es advilad SegviZlia davamtkicoT: 
 urTierTinduqciiT gamowveuli Zabva pirvel koWaze 

)2040()42(1021 jjjIZU MM   v, 

xolo simZlavre, romelic gadaecema pirveli koWidan 
meoreSi, tolia 

     100320440]342040Re[*
111  jjIUP MM

  vt 

 analogurad  

)4030()34(1012 jjjIZU MM   v, 

     100440230]424030Re[*
222  jjIUP MM

  vt. 

 rogorc vxedavT, aqtiuri simZlavre romelsac gadas-
cems  pirveli koWa - igive iRenobiT iRebs meore koWa! 
balansi SenarCunebulia! 

magaliTi 6.6 

 nax. m.6.10a -ze moyvanili wredis C tevadobis dros ad-
gili eqneba denebis rezonans, Tu kvebis wyaros sixSire  

hc410f ? wredis parametrebia: ori koWa  mkhc3181 L , 

mkhc1502 L  da mkhc124M .  

gansazRvreT  yvela deni da aageT veqtoruli diogra-
ma, Tu wredTan miyvanilia Zabva 40U mv .  



sakonntrolo sakiTxebi da tipiuri amocanebis amoxsnis meTodebi 
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           a                                b 

nax. m.6.10  

amoxsna 

 avRniSnoT   
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1
11 ;  22 LjZ  ;   MjZ 12 . 

kirhgofis kanonebis Tanaxmad 

12211 ZIZIU     da  12122 ZIZIU   . 

am gantolebebis erTobrivi amoxsnisasMmiviRebT 

                 
 

2
1221

122
1

ZZZ

ZZU
I







 ;                   (1) 

 
2
1221

121
2

ZZZ

ZZU
I







 ;                         (2) 

 
2
1221

1221
21

2
 

ZZZ

ZZZU
III







 .              (3) 

 vinaidan wredi Seicavs mxolod reaqtiul elementebs, 
maSin denebis rezonans piroba daiyvaneba imaze, rom wre-
dis ganuStoebul ubanSi deni unda udrides nuls.  

maSin me-3 gantolebidan mricxveli gautolod nuls 
da gardaqmnis Semdeg miviRebT, rom  

     
mkf1,1

101242159318102

1

2

1

624
21

2








 MLL
C . 

amasTan Sesamowmebelia, rom mniSvneli unda iyos nulis-
gan gansxvavebuli.  
  denebis gamoTvlas vawarmoebT (1) da (2) gantolebebis 
gamoyenebiT: 

maa 6,17106,17 3
1 jjI   ;  maa 6,17106,17 3

2 jjI   . 

denebis da Zavbebis diogramebi moyvanilia nax. m.6.10b     


