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                         Sesavali 

 

   Tanamedrove avtomatizebuli eleqtroamZravebiT xor-

cieldeba rTuli teqnologiuri manqanebisa da calke-

uli meqanizmebis marTva. imisda mixedviT, Tu rogori 

moTxovnebi aqvT wayenebuli sizustis, sareguliro dia-

pazonisa da dinamikuri swrafqmedebis TvalsazrisiT 

eleqtroamZravis marTvis sistema SeiZleba Sesrulebul 

iqnas gaxsnilwrediani (rele-kontaqtorebiani) an Sek-

rulwrediani (ukukavSirebiani) principiT. praqtikaSi ise-

Ti teqnologiuri manqanebis amZravebad, romelTac 

esaWiroebaT did diapazonSi siCqaris mdovre reguli-

reba, umTavresad gamoiyeneba tiristoruli gammarTveli- 

ani mudmivi denis eleqtroamZravebi. unda aRvniSnoT 

isic, rom bolo wlebSi, zogierTi eleqtroteqnikuri 

firma am mxriv upiratesobas aniWebs cvladi denis sam-

fazian asinqronulZravian eleqtroamZravs, romelic kve-

bas iRebs naxevargamtaruli sixSiruli gardamqmnelidan. 

es gamarTlebulia imiT, rom asinqronul Zravas saremon-

to xarjebi TiTqmis ar gaaCniaT, maSin roca  mudmivi de-

nis Zravebs eqsploataciis periodSi esaWiroebaT xSiri 

remonti koleqtorisa da musebis dazianebis gamo, Tumca 

ar SeiZleba aqve ar aRvniSnoT sixSirisgardamqmneliani 

asinqronuli eleqtroamZravis naklovanebac, kerZod, asi-

nqronuli Zravas mkvebavi sixSiris gardamqmnelis sqema 

gacilebiT rTulia da marTvis sistemis elementebic mas- 
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Si ufro mravlada gamoyenebuli, rac pirdapir kavSir-

Sia danadgaris muSaobis saimedoobis SemcirebasTan. 

   regulirebadi eleqtroamZravis marTvis sistemis Sem-

dgomi ganviTarebis tendencia iTxovs muSaobis sizus-

tis da swrafqmedebis ganuwyvetel zrdas. am maCveneb-

lebis gasaumjobeseblad mTavar xelSemSlel faqtore-

bad iTvleba SemSfoTi signalebis cvlilebis makompen-

sirebeli mowyobilobebis realizebis sirTule da amZ-

ravTa transmisiebSi arsebuli drekadi elementebi (gr-

Zeli lilvebi), rac xSirad gamowveulia manqanis teq-

nologiuri an konstruqciuli TaviseburebebiT. eleqt-

roamZravTa drekadi elementebis boloebSi ganTavsebu-

li inerciuli masebi dinamikur reJimSi modian Zlier 

rxeviT (grexiT) moZraobaSi, rasac realobaTa gauT-

valiswineblobis SemTxvevaSi SeuZlia gamoiwvios danad-

garis mwyobridan gamosvla vadaze adre. xSirad amave 

mizeziTaa SezRuduli eleqtroamZravis dinamikuri sw-

rafmoqmedebis gazrdis SesaZleblobac. A 

   zemoT aRniSnul problemebTan dakavSirebiT wignSi 

ZiriTadad ganxilulia yvela is mTavari sakiTxi, romle-

bic aucilebelia Tanamedrove avtomatizebuli eleqtro-

amZravebis Sesaswavlad. 
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          I Tavi. eleqtroamZravebis meqanika 

 

$1.1. winaRobis da inerciis momentebis dayvana  

Zravas RerZze 

 

   eleqtroamZravi warmoadgens eleqtromeqanikur siste-

mas, romelic Sedgeba eleqtruli Zravasagan, moZraobis 

gadamcemi mowyobilobisagan da meqanizmis moZravi nawi-

lisagan. imisda mixedviT, Tu rogor miewodeba meqanikuri 

energia Zravadan meqanizmis muSa lilvs, arsebobs sami 

ZiriTadi tipis amZravi_ jgufuri, individualuri da mra-

valZraviani. jgufur amZravSi erTi ZravaTi moZraobaSi 

modis ramdenime muSa lilvi. individualur amZravSi muSa 

manqanis yovel lilvs emsaxureba damoukidebeli eleqt-

roZrava. mravalZravian amZravSi erT muSa lilvs emsaxu-

reba ori an meti Zrava. mravalZravian eleqtroamZravad 

ganixileba msxvili teqnologiuri manqanis eleqtroam-

Zravic, roca mis calkeul seqciebs aqvs individualuri 

amZravebi, magram marTvis sistema saerTo aqvT.                       

E   eleqtroZravas brunviTi moZraobisagan SesaZlebelia, 

moZraobis SedarebiT martivi gadamcemi mowyobolobebis 

(mag., kbilana reduqtorebis an Rveduri gadacemebis) gamo-

yenebiT, miviRoT sxva sididis brunviTi moZraoba an do-

lze daxveuli bagiriT gadataniTi (wrfivi) moZraoba. ar-

sebobs ufro rTuli tipis meqanikuri gadacemebic mag., 

Wiaxraxnuli, mrudmxara-barbaca da sxv. 
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moZraobis gadamcem meqanikur mowyobilobas axasia-

Tebs Semdegi sidideebi: gadacemis ricxvi (reduqtorebsa 

da RvedurSi) _ i; inerciis momenti _J an masa _m; Sema-

erTebeli lilvebis sixistis koeficientebi _Cij; m q koe-

ficienti xaxuniT gamowveuli danakargebis gamo; luftebi 

(sahaero RreWoebi) kinematikur wyvilebSi, mag., reduqto-

ris kbilanebSi, lilvebis SemaerTebel quroebSi da sxv. 

rogorc muSa manqanebs, ise maT amZravebs (Zravas, me-

qanikur gadamcem mowyobilobas da meqanizmis muSa li-

lvs) saerTod muSaoba uxdebaT or ZiriTad reJimSi sta-

tikursa (damyarebul reJimSi) da dinamikurSi (gardama-

val reJimSi). statikur reJimSi amZravs uwevs meqanizmis 

winaRobis statikuri momentis daZleva, xolo dinamikur-

Si amZravma unda dasZlios rogorc statikuri winaRobis 

Zalebi, ise dinamikuri anu inerciis Zalebi. 

meqanizmis winaRobis, e.w. statikuri momentis Zravas 

RerZze dasayvanad unda gamoviyenoT simZlavreTa balan-

sis Semdegi formula: 

,ηmeqst PP =       (1.1) 

sadac aris Zravas RerZze winaRobis simZlavre;  

_meqanizmis simZlavre, romelsac igi ganaviTarebs muSa 

operaciis Sesrulebisas; 

stP meqP

η  _ moZraobis gadamcemi mow-

yobilobis m q koeficienti. 

brunviTi meqanizmebisaTvis cnobilia, rom simZlavre 

,ω⋅= MP            (1.2) 

sadac M  brunvis momentia; ω  _brunvis kuTxuri siCqare. 
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(1.2)-is Tanamaxmad meqanizmis simZlavre meqmeqmeq ω⋅= MP

Zst

 

da misi mniSvneloba Zravas RerZze st ω⋅= MP , amitom 

(1.1)-e  Semdegnairad Caiwereba: 

ηωω /meqmeqZst ⋅= MM .     (1.3) 

(1.3)-dan advilad ganisazRvreba Zravas RerZze dayva-

nili winaRobis statikuri  momenti  

,/ η⋅= iMM meqst         (1.4) 

sadac i  reduqtoris gadacemis ricxvia ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

meq

Z

ω
ωi .  

O  orsafexuriani reduqtoris SemTxvevaSi 

2121/ ηη ⋅⋅⋅= iiMM meqst .       (1.5) 

Tu meqanizmi asrulebs gadataniT (wrfiv) moZraobas, 

maSin  

,/ ηω ⋅⋅= jVFM meqmeqst        (1.6) 

sadac FFmeq meqanizmis Zalaa, romelic saWiroa muSa 

operaciis Sesasruleblad; Vmeq _ meqanizmis wrfivi siCqa-

re. 

manqanisa da amZravis moZravi nawilebis inerciuli 

masebisa da inerciis momentebi Zravas RerZze daiyvaneba 

kinetikur energiaTa balansiT: 

,
1 2

2

1 2

2

2

2

2

2
∑∑
==

++=⋅
v

l
lv

lm
n

q

q
qJJJ
ωωω Z

Z
Z

eqv       (1.7) 
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sadac aris amZravis mTeli meqanikuri sistemis eq-

vivalenturi (jamuri) dayvanili inerciis momenti; _ 

Zravs moZravi nawilis (Ruzis an rotoris )inerciis 

momenti, kgm2;  _ sistemis q-uri rgolis inerciis mo-

menti,  _ calkeuli q-uri rgolis kuTxuri siCqare; ml 

_wrfivad moZravi l _uri rgolis masa, Vl _ Sesabamisi 

rgolis wrfivi siCqare. 

eqvJ

qω

ZJ

qJ

(1.7)-dan advilad vipoviT amZravis RerZze dayvanil 

jamur inerciis moments: 

.
1 2

2
2 ∑∑

=
++=

v

l
lv

lmqiqJJJ
Z

Zeqv
ω

     (1.8) 

eleqtroZravebis katalogebSi zogjer inerciis mo-

mentis (J) nacvlad mocemulia mqnevara momentis (GD2) 

mniSvneloba. maT Soris arsebobs Semdegi damokidebuleba 

42GDJ =  ,  [kg.m2 ]      (1.9) 

mqnevara momentis ganzomilebaa kg.m2 (anu kgZ.m2). 

   Cveulebriv, amZravis mbrunav detalebs aqvs didi 

raodenobis Sverelis mqone cilindris forma. jamuri 

iner-ciis momentis (J) saangariSod aseT detals 

pirobiTad dayofen mudmivi diametris mqone nawilebad. 

detalis ca-lkeuli nawilis J-s gansazRvraven Semdegi 

formuliT: 

,
32

4

g
dlJ ⋅⋅Π

=
γ

][ 2wmsmkg ⋅⋅        (1.10) 
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sadac γ  detalis masalis kuTri wonaa, kg/sm3 (fola-

disaTvis kg/sm3; TujisaTvis  kg/sm3); 3108,7 −⋅=γ 3101,7 −⋅=γ

l da d _ mbrunavi sxeulis sigrZe da diametri, sm; g _ 

simZimis ZaliT gamowveuli aCqareba, sm/wm2. 

inerciis momentis zemoT moyvanili ganzomilebidan 

ufro xSirad gamoyenebul ganzomilebaze gadasasvlelad 

unda gaviTvaliswinoT, rom 1kgZ aris is Zala, romelic 1 

kg masis mqone sxeuls mianiWebs 9,8 m/wm2  aCqarebas.  

zemoT moyvanili formulebis garda zogjer gamoTv-

lebSi gamoiyeneba Semdegi formulebic: 

           ,                            (1.11) 
2ρmJ =

sadac ρ  aris dayvanili inerciis radiusi. 

    cnobilia, rom cilindruli sxeulisaTvis  

     2
22 R=ρ  ,                             (1.12) 

xolo Rru cilindruli sxeulisaTvis                             

    
2

22
2 rR +
=ρ .                            (1.13) 

    Sesabamisad inerciis momenti gamoiTvleba Semdegi 

formulebiT:                                               

            
g

RlJ
2

4 γ⋅⋅Π
=  ;                    (1.14) 

            
g

rRl
J

2

44 γ⎟
⎠
⎞⎜

⎝
⎛ −Π

= .                     (1.15) 
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ise, rogorc inerciuli masebi, SemaerTebeli lil-

vebis sixistis koeficientebic saWiroa dayvanil iqnas 

Zravas RerZze. dayvana xorcieldeba potenciur energiaTa 

balansis safuZvelze. 

cilindruli lilvis sixistis koeficienti iangari-

Seba Semdegi formuliT: 

,
32

4

l
Dc πσ

=         (1.16) 

sadac σ  drekadobis modulia, romelic damokidebulia 

lilvis masalaze; DD _ lilvis diametri, l _ sigrZe. 

   Rru cilindruli lilvisaTvis sixistis koeficienti 

gamoiTvleba Semdegi formuliT: 

     ,1
32

44

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛−=

D
d

l
Dc πσ

                 (1.17) 

sadac d lilvis Siga diametria; DD_ gare diametri. 

zogjer manqanis lilvebi SeerTebulia mimdevrobiT, 

paralelurad an maTi kombinaciiT. am SemTxvevaSi sixis-

tis koeficientebs gansazRvraven Semdegi formulebiT: 

mimdevrobiTi SeerTebisas 

        .
21

21

cc
ccc
+
⋅

=          (1.18) 

paraleluri SeerTebisas 

         .21 ccc +=          (1.19) 

sixistis koeficienti Zravas RerZze daiyvaneba Sem-

degi formuliT: 
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,/ 2
12 icc =day         (1.20) 

sadac i  reduqtoris gadacemis ricxvia. 
drekadrgolebiani swrafmoqmedi meqanikuri sistemis 

mbrunavi nawilebi dinamikur reJimSi ganicdian Zlier 

grexiT rxevebs, romlebic milevadia, vinaidan sistemaSi 

adgili aqvs energiis gafantvas. energia ixarjeba meqani-

kuri lilvebis Sinagani blanti xaxunis Zalebis (Tumca 

isini SedarebiT mcirea) da eleqtruli Zravas madem-

pferirebeli moqmedebis daZlevaze. 

grexiTi rxevebis Caqrobis koeficientis gansazRvra 

Teoriulad SeuZlebelia, amitom iyeneben Semdeg empiri-

ul formulas: 

     ,
21

21
12 JJ

JJ
cb

+
⋅

⋅=
π
ψ

           (1.21) 

sadac 5,01,0 ÷=ψ  koeficients adgenen eqsperimentiT.   

mas Semdeg, rac gvecodineba amZravis meqanikuri sis-

temis saangariSo sqemis ZiriTadi parametrebi inerciis 

masebi, sixistis koeicientebi da a.S. SevadgenT meqaniku-

ri sistemis Senacvlebis sqemas.  

 

      $1.2. amZravis moZraobis gantolebebis Sedgena 

 

   cnobilia amZravis moZraobis gantolebis Sedgenis 

ori meTodi _ dalamberis da lagranJes. 

   dalamberis meTodi dafuZnebulia Semdeg ZiriTad 

pirobaze: sistemis moZraobisas drois nebismier momentSi 
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masebis inerciis Zalebis, gare Zalebisa da kinematikur 

wyvilebSi warmoqmnili reaqciis Zalebis jami unda iyos 

nulis toli. sxvagvarad rom vTqvaT, mTeli sistema unda 

iyos dinamikurad gawonasworebuli. 

Tu amZravi xistlilviania (ar aqvs grZeli SemaerTe-

beli lilvi), moZraobis gantoleba Semdegnairad gamoisa-

xeba: 

,dinst MMM =−         (1.22) 

sadac M aris Zravas mier ganviTarebuli brunvis momenti; 

Mst _winaRobis (statikuri) dayvanili momenti meqanizmis 

mxridan; Mdin _amZravis dinamikuri momenti, romelic 

axasiaTebs sistemis kinetikuri energiis cvlilebas. 

MMdin-is gansazRvris mizniT (1.22)-is analogiurad Cav-

weroT simZlavreTa balansis formula 

,dinst PPP =−         (1.23) 

 Teoriuli meqanikis kursidan viciT, rom  

.
2

2
2

2

dt
dJ

dt
dJ

dt

dJ
P ωωω

ω

+==din        (1.24) 

 (1.24)-is gayofiT ω -ze miviRebT dalamberis princi-

piT Caweril amZravis  moZraobis gantolebas  

.
2 dt

dJ
dt
dJMM ωω

+=− st        (1.25) 

Tu amZravis inerciis momenti constJ = , maSin (1.25)-e 

formula gamartivdeba da gveqneba 

.
dt
dJMM ω

=− st         (1.26) 
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 (1.26)-is Tanaxmad, Tu MM>MMst, e.i. MMdin>0, maSin 

adgili eqneba amZravis aCqarebas. Tu MMdin<0, maSin 

adgili eqneba amZravis Senelebas. Tu MM=MMst (e.i. 

MMdin=0), maSin amZravi muSaobs const=ω  mudmivi 

siCqariT (an amZravi gaCerebulia), aseT reJims uwodeben 

damyarebuls. 

drekadrgoliani erTZraviani amZravis moZraobis gan-

tolebebia:  

( ) (
⎪
⎪
⎪

⎩

⎪
⎪
⎪

⎨

⎧

−+−=

=−

=−

.

;

;

212112

2
2

1
1

ωωϕϕ

ω

ω

bcM
dt

d
JMM

dt
d

JMM

dr

stdr

dr

)

      (1.27) 

sadac 1ϕ  da 2ϕ  Sesabamisad inerciuli masebis mobru-

nebis kuTxeebia ⎟
⎠
⎞

⎜
⎝
⎛ ==

dt
d

dt
d 2

2
1

1 ; ϕωϕω . 

saerTo meqanizmze momuSave orZraviani drekadrgo-

lebiani amZravisaTvis dalamberis principiT Sedgenili 

moZraobis gantolebebi Semdegi saxisaa: 
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( ) (

( ) (⎪
⎪
⎪
⎪
⎪
⎪

⎩

⎪⎪
⎪
⎪
⎪
⎪

⎨

⎧

−+−=

−+−=

=−+

=−

=−

.

;

;

;

;

222232

111121

21

2
222

1
111

mmdr

mmdr

m
mstdrdr

dr

dr

ωωϕϕ

ωωϕϕ

ω

ω

ω

bCM

bCM
dt

dJMMM

dt
dJMM

dt
dJMM

)

)

      (1.28) 

 (1.27)- da (1.28)- gantolebebi marTebulia hukis kano-

nis moqmedebis farglebSi, e.i. SedarebiT mcire defor-

maciis farglebSi (didi deformaciis pirobebSi mosalo-

dnelia lilvis plastikuri_narCeni deformacia, am dros 

hukis kanoni procesis gasaanalizeblad sakmarisi ar 

aris). 

   lagranJes meTodi. es meTodi iTvleba energetikul me-

Todad da efuZneba meqanikuri sistemis ganzogadebuli 

koordinatebis da Zalebis cnebebs. am meTodis gamo-

yenebisas koordinatebis ricxvi tolia sistemis Tavisuf-

lebis xarisxis. ganzogadebul parametrebad SeiZleba mi-

viRoT mobrunebis kuTxeebi, maTi sxvaobebi da a.S. 

amZravis moZraobis gantolebis Sedgena lagranJes me-

TodiT xdeba lagranJes II gvaris gantolebis safuZvel-

ze 

,
1111

i

N

i i

N

i i

N

i i

N

i i

Q
qqq

T
q
T

dt
d

=
∂
Φ∂

+
∂
Π∂

+
∂
∂

−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂ ∑∑∑∑

==== &&
     (1.29) 
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sadac T da П sistemis kinetikuri da potenciuri ener-

giebia, Ф _gafantvis funqcia, Qi _ ganzogadebuli Zala, 

romelic iwvevs i-uri ganzogadebuli koordinatis (qi) 

cvlilebas. unda aRiniSnos, rom T da Ф funqciebi gan-

zogadebuli siCqareebis kvadratuli funqciebia, xolo 

П–ganzogadebuli koordinatebis kvadratuli funqciebi; 

N _ Tavisuflebis xarisxi. 

magaliTad, kinetikuri energia SeiZleba ase gamo-

isaxos 

( ) 22
33

2
22

2
11 ϕϕϕ &&& JJJT ++= ,       (1.30) 

potenciuri energia ki _ase: 

( ) ( )[ ] 22
3223

2
2112 ϕϕϕϕ −+−=Π CC  .     (1.31) 

energiis gafantvis funqcia 

( ) ( )[ ] 22
322

2
211 ϕϕϕϕ −+−=Φ bb && .         (1.32) 

amZravis SemTxvevaSi, (1.29)-Si:  ;1 MQ = stMQ =2 . 

   amis Semdeg vipoviT kerZo warmoebulebs da CavwerT 

moZraobis gantolebebs. moZraobis gantolebebi gamoi-

yeneba amZravTa sistemebis gardamavali reJimebis (dinami-

kuri procesebis) Seswavlisas.  

 

$1.3. sawarmoo meqanizmebis klasifikacia  

 

amZravis racionaluri muSaobisaTvis aucilebelia me-

qanizmis ω =f(M) meqanikuri maxasiaTeblis gaTvaliswineba. 

sxvadasxva meqanizms sxvadasxva meqanikuri maxasiaTebeli 
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aqvs. maTi klasifikaciisaTvis iyeneben Semdeg empiriul 

formulas:  

( ) ,
x

MMMM ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⋅−−= ⋅

nom

st0nomstst0st ω
ω

        (1.33) 

sadac Mst0 aris meqanizmis winaRobis momenti uqmi 

svlisas; Mst.nom _ nominaluri datvirTvis momenti; x _ 

koeficienti, romelic gansazRvravs damokidebulebas 

Mst-sa da ω -s Soris. 

meqanizmebis klasifikacia xdeba x-is mixedviT, Semdeg-

nairad: 

1) Tu x=0, maSin Mst=Mst.nom=const. aseTi datvirTvis 

mqone meqanizmebs uwodeben mudmivstatikurmomentians. maT 

ricxvSi Sedis mag., amweebi, konveierebi, liTonmWrel 

Carxze miwodebis meqanizmebi, qaRaldis damamzadebeli 

manqanebis saSrobi da sawnexi seqciebi, agreTve metalur-

giuli saglini dganebi da sxv. 

2) Tu x=1, maSin Mst-sa da ω -s Soris aris wrfivi 

(pirdapirproporciuli) damokidebuleba. aseTi maxasiaTe-

beli aqvs amZravs, romelic amuSavebs generators (labo-

ratoriaSi). 

3) Tu x=-1, maSin Mst-sa da ω -s Soris aris hi-

perboluri (ukuproporciuli) damokidebuleba. aseTi ma-

xasiaTeblis mqone meqanizmebi muSaoben mudmivi stati-

kuri simZlavriT, Pst=const. aseTi maxasiaTebeli aqvs li-

TonmWrel Carxebze Spindelis meqanizmebs, qaRaldis an 

Zafis damxvev meqanizmebs da sxv. 
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4) Tu x=2, maSin )( 2ωf . aseTi maxasiaTebeli 

aqvT ventilatorebs, tumboebs da kompresorebs. am tipis 

maxasiaTeblis mqone meqanizmebs uwodeben ventilato-

ruls. 

M =st

   SeniSvna: roca  Pst=const,  ganixileba ori SemTxveva:  

1) meqanizmebi, romelTac aqvT simZimis ZaliT gamowveuli 

aqtiuri winaRobis momenti. Mmisi niSani damokidebuli ar 

aris moZraobis mimarTulebaze; 2) meqanizmebi, romelTac 

aqvT xaxunis ZaliT gamowveuli reaqtiuli winaRobis 

momenti da misi niSani icvleba moZraobis mimarTulebis 

SecvlasTan erTad. xolo, roca moZraoba SeCerebulia 

Mst=0. 
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II Tavi. eleqtroZravebis meqanikuri 

maxasiaTeblebi 

 

$2.1. mudmivi denis damoukidebeli (paraleluri)  

agznebis Zravas meqanikuri maxasiaTeblebi 

 

am tipis Zravas eleqtruli CarTvis sqema warmod-

genilia pirvel suraTze, romelzedac dp da kg Zravas 

damatebiTi polusebis da Ruzis reaqciis sakompensacio  

gragnilebia gamosaxuli.  

         

                      N sur.1 

   manam, sanam ganvixilavT uSualod Zravas meqanikur 

maxasiaTeblebs siCqaris mokled avxsnaT misi qselTan 

mierTebis procesi. Zravas agznebis gragnils winaswar an 

Ruzis gragnilTan erTad unda mivawodoT Zabva. agznebis 

gragnilSi denis gavliT manqanaSi Seiqmneba uZravi mag-

nituri veli. xolo mas Semdeg, rac Ruzis gragnilSi 

gaivlis deni, misi urTierTqmedebiT ZravaSi arsebul 

magnitur velTan RerZze Seiqmneba brunvis momenti. Zrava 

daiwyebs muSaobas aCqarebulad da misi siCqare dam-
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yardeba iq, sadac Zravas brunvis momenti gautoldeba 

RerZze modebul datvirTvis moments. qselTan CarTvis 

es procedura sakmarisia mcire simZlavris ZravebisaTvis. 

rac Seexeba saSualo da didi simZlavris Zravebs, maTi 

qselTan mierTeba, rogorc wesi, xorcieldeba Ruzis 

gragnilTan mimdevrobiT CarTuli damatebiTi winaRo-

biT. mis gareSe ZravaSi (RuzaSi) mosalodnelia gaiaros 

nominalurze 10-jer da ufro meti sididis amuSavebis 

(e.w. mokle CarTvis) denma Ruzis gragnilis aqtiuri 

winaRobis simciris gamo. mas SeuZlia gamoiwvios Zravas 

seriozuli dazianeba (dawva).  

gansaxilveli Zravas meqanikuri maxasiaTeblis ω =f(M) 

formulis misaRebad saWiroa CavweroT Zabvebis wonaswo-

robis gantoleba Ruzis wredisaTvis  

 ( ) ,RdamR IRREU ++=        (2.1) 

sadac  aris Zravas Ruzis deni;  _ Ruzis 

gragnilis da mis wredSi CarTuli damatebiTi aqtiuri 

winaRobebi ;EE _RuzaSi induqcirebuli e m Zalaa, rome-

lic Tavis mxriv, tolia 

RI damR  da RR

          .ω⋅Φ⋅= kKE             (2.2) 

Tu Zravas magnituri nakadi const=Φ , maSin  

                  ωcE = ,                          (2.3) 

sadac:               .Φ⋅= kKc          
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a
PNK
π2

=k  aris Zravas konstruqciuli mudmiva; P _wyvil po-

lusTa ricxvi; N _Ruzis gragnilis aqtiur gamtarTa 

ricxvi; a _Ruzis gragnilis paralelur StoTa ricxvi.        

Tu (2.2)-s SevitanT (2.1)-Si da amovxsniT ω -s mimarT mi-

viRebT Zravas siCqaruli maxasiaTeblis ( )RIf=ω  for-

mulas  

  ,R

k

wR

k

I
K
R

K
U

⋅
Φ⋅

−
Φ⋅

= ⋅ω        (2.4) 

sadac 
Φ⋅

=
kK
U

0ω  aris Zravas uqmi svlis idealuri siC-

qare; =wR⋅R damR RR + _Zravas Ruzis wredis sruli wina-

Roba. (2.4)-Si meore mdgeneli warmoadgens Zravas siCqaris 

vardnas datvirTvis  Sesabamis sididemde.  

cnobilia, rom Zravas brunvis momenti  

.RRk IcIKM ⋅=Φ= Z        (2.5) 

misi SetaniT (2.4)-Si miviRebT Zravas meqanikuri maxasi-

aTeblis formulas 

           .
2

ZZ c

MR

c
U ⋅

−= Rwω          (2.6) 

 (2.6)-is Tanaxmad Zravas meqanikuri maxasiaTebeli 

ω =f(M) warmoadgens wrfes, romlis daxrilobas gansaz-

Rvravs misi Ruzis gragnilis RRw-is sidide. (2.6)-is Se-

sabamisi maxasiaTeblebi mocemulia me-2 suraTze. 
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bunebri  

maxasiaTeblis age b

                      sur. 2 

 meqanikuri maxasiaTebeli, romelic miiReba Zravas 

wredSi damatebiTi winaRobis CarTvis gareSe, cnobilia 

vi meqanikuri maxasiaTeblis saxelwodebiT. roca

0≠ , maSin miviRebT e.w. xelovnur maxasiaTebels.   

Zravas bunebrivi siCqaruli ba xde a 

misi sapasporto monacemebis ( R.Zrnomnomnom RnIU ,,,  da 

damR

η ) 

mixedviT. am mizniT sakmarisia maxasiaTeblis ori wer-

tilis povna (gamoTvla). pirvel wertilad iR

 (roca 0

eben 

idealuri uqmi svlis siCqares =RI  ): 

           
Z

Zc  _ Zravas em Zalis proporciulobis koeficients ga

sazRvrav

nom

c
U

=0ω ,                       (2.7) 

n-

en misi sapasporto monacemebiT, Semdegi for-

muliT  
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nom

RnomRnom

Z ω
RIU

c ⋅−
= .             (2.8) 

maxasiaTeblis meore wertilad iReben Zravas nomina-

luri muSaobis reJimis Sesabamis wertils: nomR II = , 

nomωω = , .30/nomnπω =nom  

Tu (2.8)-Si  mocemuli ar aris, maSin unda visargeb-

loT formuliT:  

RR

),1(5.0 η−= nomRRR sadac =nomR
nom

nom

I
U  da 

η  -Zravas m.q. koeficientia. 

 

$2.2. mudmivi denis damoukidebeli (paraleluri)           

agznebis Zravas amuSavebis winaRobebis gamoangariSeba 

 

saSualo da didi simZlavris Zravas qselTan mier-

Tebisas aucilebelia misi Ruzis mimdevrobiT damatebiTi 

winaRobis CarTva ise, rogorc es naCvenebia me-3 suraTze. 
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                         Nsur.3 

 winaaRmdeg SemTxvevaSi ZravaSi gaivlis dasaSvebze 

meti sididis deni, rac gamoiwvevs mis dazianebas. Zravas 

amuSavebis procesSi amuSavebis winaRobis gamorTva SesaZ-

lebelia ganxorcieldes safexurebad, Sesabamisi siCqa-

ruli maxasiaTeblebi naCvenebia me-4 suraTze (Sesabamisi 

kontaqtebis CarTviT, ix. Nsur.3-ze),. 

       

                   N     sur.4 
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Zravas amuSavebis winaRobis saangariSod unda gamo-

viyenoT misi bunebrivi siCqaruli maxasiaTebeli. Tavidan 

unda SevarCioT   amuSavebis da _ gadarTvis denis 

mniSvnelobebi (sur.4). rogorc wesi, 

1I 2I

nomII )5,22(1 ÷=  da 

. nomII ⋅= 2,12

Zravas qselTan mierTebisTanave mis RuzaSi gaivlis I1 

-is toli deni (sur.4), daiwyeba misi aCqareba (am dros 

Ruzis mimdevrobiT CarTulia Ra1 da Ra2 amuSavebis 

winaRobis orive safexuris Sesabamisi winaRoba). rodesac 

Zravas siCqare miaRwevs b wertilis Sesabamis mniSv-

nelobas, e.i. deni gaxdeba I2-is toli moxdeba amuSavebis 

pirveli safexuris winaRobis daSuntva 1a _ aCqarebis 

kontaqtis CaketviT. Ees gamoiwvevs Ruzis denis I1 si-

didemde gazrdas da Zrava kvlav daiwyebs aCqarebas. roca 

misi siCqare miaRwevs d-wertilis Sesabamis sidides, 

moxdeba amuSavebis winaRobis meore safexuris daSuntva 

2a-aCqarebis kontaqtis CaketviT. kvlav gaizrdeba uecrad 

Ruzis deni I2-dan I1-mde da Zrava kvlav ganagrZobs 

aCqarebas jer f-wertilamde, xolo Semdeg g wertilamde, 

sadac Zravas amuSaveba dasruldeba da misi muSaoba 

iqneba damyarebuli reJimis Sesabamisi. 

amuSavebis winaRoba iangariSeba grafikulad, fardo-

biTi erTeulebiT gamosaxuli meqanikuri maxasiaTeblebis 

meSveobiT (sur.5)  
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                    N      sur.5 

 

es maxasiaTeblebi analizurad Semdegnairad gamoisa-

xeba:  

         r⋅−= μν 1 ,              (2.9)         

sadac 
0ω
ων = aris Zravas siCqaris fardobiTi sidide; 

nomM
M

=μ  _ fardobiTi momenti; 
nom

Rw

R
R

r = _Zravas fardo-

biTi winaRoba; 
nom

nom
nom I

U
R =  _ Zravas nominaluri (fiqtob-

rivi) winaRoba. 

   Tu 1=μ , (roca nomMM = ), maSin r=Δν . 

al= rw =1. ad, ac, ab  Sesabamisad Zravas Ruzis wredis 

sruli winaRobebia fardobiTi erTeulebiT safexurebis 
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Sesabamisad. bc – Ra2-is Sesabamisi, xolo cd – Ra1-is 

Sesabamisi winaRobebia fardobiTi erTeulebiT. amrigad,  

nomR
R

rbc 32
32 ==  ⇒     ;32 nomRbcR ⋅=  

nomR
R

rcd 31
31 ==   ⇒    nomRcdR ⋅=31 . 

   Zravas sruli amuSavebis winaRoba toli iqneba  

nomnom RbdRcdbcRR ⋅=+=+ )(a2a1 .         (2.10) 

 

$2.3. damoukidebeli agznebis Zravas samuxruWo reJimebi 

 

Zalian xSirad saWiroa meqanizmebis swrafad da zus- 

tad gaCereba, rac zogjer meqanizmis mwarmoeblurobisa 

da gamoSvebuli produqciis xarisxis ganmsazRvrelia. ga-

Cerebisas an moZraobis mimarTulebis Secvlisas Zrava 

muSaobs samuxruWo reJimSi. 

praqtikaSi gamoiyeneba Zravas sami saxis damuxruWeba: 

a) generatoruli _qselSi eleqtroenergiis gagzavniT; b) 

ukuCarTvis da g) dinamikuri. 

   samive SemTxvevaSi Zravas muSaoba uxdeba genera-

torul reJimSi. gansxvavebulia mxolod Ruzis em Zalis 

orientacia qselis Zabvis mimarT. rekuperatiuli (genera-

toruli) damuxruWebisas E-sa da Uqs-s Semxvedri 

mimarTuleba aqvT, magram vinaidan  E>Uqs, amitom IR deni 

icvlis mimarTulebas, e.i. deni Zravadan miewodeba qsel-

Si. ukuCarTvis reJimSi E da U Tanxvdebian mimarTulebiT 
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da deni ganisazRvreba maTi jamiT. dinamikuri damuxru-

Webisas  da 0=U ( )dinR RREI +−= . ganvixiloT es reJimebi 

cal-calke da ufro dawvrilebiT. 

a) generatoruli damuxruWeba 

Zrava generatorul reJimSi gadadis maSin, roca dat-

virTvis gavleniT Zravas siCqare gadaaWarbebs 0ω uqmis 

svlis siCqares. am dros da Ruzis deni UE > 0<
−

RwR
U

=
EI , 

e.i. deni icvlis mimarTulebas.  

praqtikaSi aseTi damuxruWeba gamoiyeneba mZime tvir- 

Tis 0ω -ze meti siCqariT daSvebisas (sur.6). 

   

 

                 N        sur.6 

 

  am SemTxvevaSi Zravas CarTaven damSvebi mimarTulebiT 

samuSaod. am dros amZravis siCqare gadaaWarbebs 0ω -s, vi-

naidan RerZze moqmedebs Zravasa da tvirTis Tanxvdenili 

momentebi. mas Semdeg rac Zrava gadava samuSaod genera-
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torul reJimSi, igi ganaviTarebs samuxruWo moments, e.i. 

ukve Zravas brunvis momenti sapirispiro gaxdeba dat-

virTvis momentis mimarT. 

 

b)ukuCarTviT damuxruWeba 

aseT damuxruWebas adgili aqvs or SemTxvevaSi: 

1) rodesac tvirTis awevaze momuSave Zravas Ruzis 

wredSi CavrTavT e.w. ukuCarTvis did RuC winaRobas (ix. me-

7 suraTi).  

 

 

 

 

                         sur.7 

 

winaRobis CarTvis Semdeg Zrava a wertilidan sa-

muSaod gadava ufro didi daxris mqone maxasiaTebelze b 

wertilSi. igi daiwyebs Senelebas (vinaidan Semcirdeba 

deni Ruzis wredSi) da procesi damTavrdeba c wertilSi. 

am wertilSi Zrava brunavs ukumimarTulebiT da misi 

deni ganisazRvreba formuliT:  
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       ( ) ( )uCR RREUI cc ++= ,                          (2.11) 

sadac 
Zc

M
Ic

st
= . 

2) rodesac Zravas brunvisas mis Ruzaze miyvanili 

Zabvis polarobas SevcvliT (sur.8,a).  

win brunvis (`w~) Sesabamisi kontaqtebis gaxsnisas da 

`u~(,,ukan” brunvis) kontaqtebis Caketvisas, rom ar moxdes 

Zravas RuzaSi didi ukudenis gavla, Ruzaze Zabvis 

polarobis SecvlasTan erTad mis wredSi unda CairTos 

 

                           Nsur.8                         

 

didi RuC-is winaRoba. Zrava samuSaod gadava a we-

rtilidan b wertilSi. daiwyeba amZravis Seneleba, c 
wertilSi Zrava gaCerdeba. Tu saWiro ar aris Zravas 

amuSaveba ukumimarTulebiT, maSin c wertilis Sesabamis 

momentSi Zravas gamorTaven qselidan da mis RerZs 

daadeben meqanikur muxruWs. 

generatoruli damuxruWebisagan gansxvavebiT, ukuCar-

Tvis reJimSi Zrava energias iRebs qselidanac da me-
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qanizmidanac. orives xarjavs Ruzis wredis winaRobaze 

gamoyofili siTbos saxiT: 

( ).2
uCR RRIIEEUP +=⋅+⋅=           (2.12) 

ukuCarTviT damuxruWeba uzrunvelyofs meqanizmis yve-

laze meyseul gaCerebas. misi naklia ZravaSi da misi Ru-

zis wredSi didi danakargebi. ukuCarTvis winaRoba ga-

nisazRvreba wertilis Sesabamisi sidideebiT: 

.RuC R
I
cU

R
B

B −
⋅+

=
ωZ

      (2.13) 

BI B _aris damuxruWebis dasawyisSi Zravas dasaSvebi 

denis mniSvneloba. 

g) eleqtrodinamikuri damuxruWeba. 

eleqtrodinamikuri damuxruWebis SemTxvevaSi Ruzas 

gamorTaven qselidan da miaerTeben winaRobaze, xolo 

aRgznebis gragnils datoveben qselSi CarTuls (sur.9).  

                         sur.9 

 

am SemTxvevaSi Zrava masSi dagrovili kinetikuri 

energiis xarjze gaCerebamde imuSavebs rogorc genera-
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tori. aRniSnuli energia daixarjeba Ruzis wredis wina-

Robaze gamoyofili siTbos saxiT.  

dinamikuri damuxruWebisas deni RuzaSi  

        .
dinR

sawy.

RR
E

I
+

−=                    (2.14) 

dinamikuri damuxruWeba SeiZleba gamoyenebul iqnas 

tvirTis daSvebis SemTxvevaSic. procesi am dros dam-

Tavrdeba c wertilSi. Rdin-is sidide ganisazRvreba Sem-

degi formuliT: 

      .RZdin R
I

cR
B

B −=
ω

               (1.48) 

am saxis damuxruWeba xasiaTdeba ekonomiurobiT, 

Tumca siCqaris SemcirebasTan erTad mcirdeba samuxruWo 

efeqtic (I-denis Semcirebis gamo). praqtikaSi damuxru-

Webis am xerxs iyeneben arareversul amZravebSi. sqema mar-

tivia, saimedo da zusti. 

 

$2.4. mudmivi denis mimdevrobiTi agznebis         

Zravas meqanikuri maxasiaTeblebi 

 

   am tipis Zravas agznebis gragnili (ag) CarTulia Ru-

zis gragnilTan mimdevrobiT (sur.10).  
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                    sur.10 

aseTi Zravas siCqaruli  maxasiaTeblis  formula ase 

gamoisaxeba:  

   .
Φ

−
Φ

=
k

Rw

k K

IR

K
Uω                    (2.15)     

    

Tu CavTvliT, rom manqanis damagnitebis mrudi wrfi-

via, e.i. I⋅=Φ α , maSin Zravas brunvis  momenti    

21
Φ⋅⋅=⋅Φ⋅=

αkKM k KI , 

saidanac MK0=Φ , sadac 
kK

K α
=0 . 

  SevitanoT Ф-isa da M-is mniSvnelobebi (2.15)-Si miviRebT 

mudmivi denis mimdevrobiTi agznebis Zravas meqanikuri ma-

xasiaTeblis formulas:  

,B
M
A

−=ω         (2.16) 

sadac: .; 2
0

2
0 KKRBKKUA kRwk ==   

   am tipis ZravebisaTvis meqanikuri (an siCqaruli) maxa-

siaTeblebi hiperboluri saxisaa (sur.11). 
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   meqanikuri maxasiaTeblebis saangariSod praqtikaSi 

iyeneben e.w. universalur maxasiaTeblebs, romlebic war-

modgenilia me-12 suraTze,  cvladebi mocemulia fardo-

biTi erTeulebiT ( )ιν 1f=  da ( )ιμ 2f= , sadac 
nomω
ων = , 

nomI
I

=ι , 
nomM

M
=μ . 

 

    

             sur.11                        sur.12 

 

universaluri  maxasiaTeblebi, rogorc wesi, erTi da 

imave seriis ZravebisaTvis saerToa. 

 

$2.5. mimdevrobiTi agznebis Zravas amuSavebis  

winaRobebis gamoangariSeba 

 

Tavdapirvelad ageben Zravas bunebriv siCqarul maxa-

siaTebels _ ω =f(I), rac xorcieldeba universaluri ma-

xasiaTeblebis da mocemuli konkretuli Zravas sapaspor-

to monacemebis gamoyenebiT. 
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   SevarCevT amuSavebis I1 da gadarTvis I2 denebis mniSv-

nelobebs (ix. sur.13). abscisTa RerZze marcxniv gadav-

zomavT 
1

1 I
UR =  da 

2
2 I

UR =  sidideebs. vinaidan Zravas 

amuSaveba iwyeba R1 _ sruli winaRobiT da I1 deniT, mas 

Semdeg rac Zravas deni gaxdeba I2-is toli gamoirTveba 

amuSavebis winaRobis pirveli safexuris Sesabamisi cd-

winaRoba. 

 

 

 

                          sur.13 

 

Zravas deni myis gaizrdeba I1 _is tol sididemde, Zrava 

kvlav ganagrZobs aCqarebas. rodesac deni miaRwevs I2 

_mde, daSuntdeba meore safexuris Sesabamisi winaRoba 

(ef).  Zrava samuSaod gadava bunebriv maxasiaTebelze da 

gaagrZelebs aCqarebas datvirTvis Sesabamis siCqaremde. 

cd da ef _ monakveTebis mixedviT (R_RerZze miRebuli mas-
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Stabis gaTvaliswinebiT) vipoviT Zravas amuSavebis wina-

RobaTa mniSvnelobebs. 

 

$2.6. mimdevrobiTi agznebis Zravas maxasiaTeblebi 

samuxruWo reJimebSi 

 

aseTi ZravasaTvis generatoruli samuxruWo reJimi ar 

ganixileba (vinaidan ar gaaCnia uqmi svlis siCqare). mis-

Tvis ganixilaven mxolod ukuCarTvis da dinamikur da-

muxruWebebs. 

a) ukuCarTviT damuxruWeba. 

am SemTxvevaSi, ise rogorc damoukidebeli agznebis 

ZravasaTvis, ukuCarTviT damuxruWeba SesaZlebelia or-

gvarad: 1)Zravul reJimSi muSaobisas Ruzis mimdevrobiT 

didi damate-biTi winaRobis CarTviT (sur.14); 2) Ruzaze 

miyvanili Zabvis polarobis SecvliT da agznebis grag-

nilSi denis ucvleli mimarTulebis SenarCunebiT 

(sur.15). 
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          sur.14                       Nsur.15   

b) dinamikuri damuxruWeba 

A   am SemTxvevaSi Ruzas gamorTaven qselidan da miaer-              

Teben samuxruWo winaRobasTan,xolo agznebis gragni-ls 

datoveben qselTan CarTuls damatebiTi winaRobiT 

(sur.16). 

 

                         sur.16 
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   zemoT aRniSnuli dinamikuri damuxruWebis garda, ro-

melSic aRgznebis gragnils aqvs damoukidebeli kveba, Se-

saZlebelia damuxruWeba ganvaxorcieloT TviTaRgznebi-

Tac. samuxruWo momentis misaRebad Zravas gamorTaven 

qselidan da Ruzis momWerebs  Secvlili polarobiT Car-

Taven aRgznebis gragnilTan (denis mimarTuleba unda 

darCes ucvleli) damatebiTi winaRobiT (sur.17). 

 

                        Nsur.17  

 

$2.7. Sereuli agznebis Zravas meqanikuri 

maxasiaTeblebi 

 

aseTi tipis ZravebSi gvaqvs ori aRgznebis gragnili 

mimdevrobiTi (mag) da paraleluri (pag), sur.18.  

         

                         nax.18 
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   manqanis magnituri nakadis 70% iqmneba pag-iT, xolo 

30% mag-iT. iseve rogorc mimdevrobiTi agznebis Zrava-

saTvis, Sereuli agznebis Zravas bunebrivi meqanikuri an 

siCqaruli maxasiaTeblebi (sur.19,a) aigeba universaluri 

maxasiaTeblebis ( )μν f=  da ( )μι f=  meSveobiT (sur. 19,b). 

    

a)                            b) 

                          sur.19 

am tipis Zravebs aqvT samive samuxruWo reJimi, ro-

gorc sxva danarCen Zravebs.  

 

a) generatoruli damuxruWeba 

aseTi damuxruWebis dros Zravas mimdevrobiTi agz-

nebis gragnili (mag) _ daiSunteba da generatorul 

reJimSi manqana muSaobs mxolod paraleluri agznebiT 

(pag). 

b) ukuCarTviT damuxruWeba. es reJimi xorcieldeba 

sxva mudmivi denis Zravebis analogiurad. 

g)eleqtrodinamikuri damuxruWeba. aseTi Zravas dina-

mikur damuxruWebas ixilaven mxolod pag-iT, mag-s aSun-

teben. TviTaRgznebiT damuxruWeba naklebefeqturia da  

ar iyeneben. 
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$2.8. cvladi denis samfaziani asinqronuli Zravas 

meqanikuri maxasiaTeblebi 

 

   asinqruli Zravebi mudmivi denis ZravebTan SedarebiT 

konstruqciulad martivia, msubuqia da iafi, muSaobaSi 

saimedo. asinqronuli Zravas eleqtruli Senacvlebis sqe-

mas aqvs me-20 suraTze warmodgenili saxe. mas axasiaTeben 

sqemaze gvaqvs Semdegi sidideebi: fazuri Zabva ( ); 

damagnitebis wredis, statorisa da rotoris denebi ( , 

I1 da I2 ); damagnitebis konturis induqciuri da aqtiuri 

winaRobebi (  da ); rotoris statorze dayvanili 

reaqtiuli da aqtiuri winaRobebi (

fU

μI

μX μR

2X ′  da 2R′ );                  

       

                         Nsur.20 

sqemaze agreTve naCvenebia  e.w. srialis sidide, romelic 

tolia: 

,
0

0

ω
ωω −

=s              (2.17) 

sadac� oω  aris manqanis sinqronuli siCqare. is Tavis 

mxriv tolia: 
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,2 10 Pfπω =         (2.18) 

sadac f1  aris qselis Zabvis sixSire; P _manqanis wyvilpo-

lusTa ricxvi. 

   manam sanam SevudgebiT asinqronuli Zravas meqanikuri 

maxasiaTeblis formulis gamoyvanas mokled aRvweroT 

misi qselTan CarTvis da amuSavebis procesi. miawvdian ra 

Zabvas Zravas statoris samfaza gragnilebs (SeerTebuls 

varsklavad an samkuTxedad) maTSi gaivlis deni, rac 

gamoiwvevs manqanis sahaero RreWoSi mbrunavi magnituri 

velis warmoqmnas. es veli Zravas uZravi rotoris grag-

ni-lebSi daainduqcirebs e.m. Zalebs, romlebsac mohyveba 

maTSi denebis gavla. Amdenebisa da manqanaSi arsebuli 

magnituri velis urTierTqmedeba gamoiwvevs rotoris 

dabrunebas. Aaqac iseve, rogorc mudmivi denis Zravas 

SemTxvevaSi, saSualo da didi simZlavreebis Zravebis 

rotorSi mimdevrobiT aucilebelia e.w. amuSavebis wina-

Robebis CarTva. es gamoricxavs manqanaSi amuSavebis da-

sawyisSi didi sididis (m.C.-is) denis gavlas da mis da-

zianebas (dawvas). 

axla gamoviyvanoT asinqronuli Zravas meqanikuri ma-

xasiaTeblis formula. amisaTvis gamoviyenoT manqanis 

eleqtromagnituri da meqanikuri simZlavreebis balansis 

gamosaxuleba 

elmeqem PPP Δ+= ,        (2.19) 

sadac aris rotoris eleqtruli danakargi. elPΔ

(2.19) asec SeiZleba Caiweros: 
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elPMM Δ+= ωω0          (2.20) 

   aqedan ( )ωω −=Δ 0MPel . Tavis mxriv , 

maSin 

'
2

2'
23 RIP =Δ el

( )ωω −= 0
'
2 M2'

23 RI . aqedan  

S
RI

M
0

'
2

2'
23
ω

=        (2.21) 

  Zravas Г_s magvari eleqtruli Senacvlebis sqemis mixe-

dviT rotoris deni  

,
2

2'
2

1

'
2

KX
s

RR

U
I

+⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

= f
       (2.22) 

sadac  aris manqanis mokle CarTvis 

reaqtiuli winaRoba. SevitanoT (2.22)-e gamosaxuleba (2.21)-

Si, miviRebT 

'
21 XXX K +=

( )[ ]
.

3

22'
210

'
2

2

KXsRRs

RU
M

++

=

ω

f
       (2.23) 

 (2.23)-is analizi cxadhyofs, rom asinqronuli Zravas 

meqanikur maxasiaTebels ( )sfM =  aqvs maqsimumi, ris ga-

moc 0=
ds

dM
 gantolebidan vipoviT manqanis kritikul 

srials  

.
22'

2

'
2

KXR

R
s

+
±=k        (2.24) 
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   (2.24)-is SetaniT (2.23)-Si vipoviT Zravas kritikul 

brunvis moments: 

.
2

3

22
110

2

⎟
⎠

⎞
⎜
⎝

⎛ +±
=

KXRR

U
M

ω

f
k        (2.25) 

niSani ,,+~ Zravas reJimisaa, ,,_~ generatoris. (2.23)-is 

gayofiT (2.25)-ze da R1-is ugulebelyofiT miviRebT asin-

qronuli Zravas meqanikuri maxasiaTeblis gamartivebul 

formulas 

s
s

s
s

2

k

k

k

+
=

M
M .   (2.26) 

   (2.26)-is Sesabamisi meqanikuri maxasiaTeblebi mocemu-

lia 21-e suraTze rotorSi CarTuli damatebiTi winaRo-

bebis Sesabamisad da mis gareSe. 

 

                          sur.21 
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sk sidide Zravas sapasporto monacemebSi mocemuli ar 

aris. mas vipoviT Semdegnairad: jer vipovoT 

nomnomnom ωPM =  da ( ) 00 ωωω nomnom −=s , Semdeg (2.26)-is 

gamoyenebiT vipoviT 

( ).12 −+= λλnomk ss ,     (2.27)    

sadac 
nom

k

M
M

=λ  Zravas gadatvirTvis koeficientia.  roca 

, Zrava muSaobs meqanikuri maxasiaTeblis wrfiv na-

wilze, risTvisac  (2.26)-dan samarTliania 

kss <

.2
k

k s
sMM =  

roca , Zrava muSaobs meqanikuri maxasiaTeblis aram-

dgrad (arawrfiv) ubanze, romlisTvisac samarTliania 

kss >

.
s
s

M k

k2M =  

 

$2.9. samfaziani asinqronuli eleqtroZravas 

amuSavebis winaRobebis gamoangariSeba 

 

samfaziani asinqronuli Zravas amuSavebis winaRobebis 

angariSi dasaSvebi miaxloebiT xdeba mudmivi denis para-

leluri agznebis Zravas analogiurad, vinaidan asinqro-

nuli Zravas meqanikuri maxasiaTeblis muSa nawilic wr-

fivia.  
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saSualo an didi simZlavris asinqronuli Zravas qse-

lTan mierTeba, rogorc wesi, xdeba rotorSi damatebiTi  

e.w. amuSavebis winaRobis CarTviT. mis saangariSod, jer  

unda  avagoT Zravas bunebrivi meqanikuri maxasiaTebeli. 

amisaTvis unda gamoviyenoT Zravas sapasporto monacemebi: 

, Unom, I1, nnom, E2K da I2. Zravas transformaciis koefi-

cients  ganvsazRvravT Semdegi formuliT:  

nomΡ

            .
95,0

22

1

ΚΚ

⋅
≈=

E
U

E
E

k f
 

misi meSveobiT vipoviT sidideebs: 

;2
'
2 RkR ⋅=  

nom

nom

2

2
2 3I

Es
R K=  ;   ;2

2
'
2 kXX ⋅= ;nomMM K λ=  

( )12 −λ±= λnomssK .      

   gvecodineba ra  MK da sкK (2-26) formuliT avagebT Zra-

avas  bunebriv meqanikur maxasiaTebels. im SemTxve-

vaSi, Tu vangariSobT Zravas safexurebian amuSavebis maxa-

siaTeblebs unda gamoviyenoT Zravas amuSavebis momentis 

sidide da gadarTvis momentiT 

( )sfM =

M1 = kM7,0 st2 MM 2,1= . 

 

$2.10. samfaziani asinqronuli Zravas  

samuxruWo reJimebi 

 

   a) generatoruli damuxruWeba 

   kompleqsur saxeSi asinqronuli Zravas rotorSi gama-

vali deni: 
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( ) ( )2'
2

2'
2

2'
2

'
2

2'
2

2'
2

'
2

'
2

'
2

'
2

'
2

'
2

'
2

'
2'

2
sXR

sXEj
sXR

sRE

sjXR

sE

jX
s

R

EI
+

−
+

=
+

=

+

= .   (2.28) 

  generatorul reJimSi s<0, amitom 2I ′  denis mxolod aq-

tiuri (pirveli) mdgeneli icvlis niSans, e.i. mimarTule-

bas. rac Seexeba meore (reaqtiul) mdgenels misi mimarTu-

leba rCeba ucvleli. es miuTiTebs imaze, rom generato-

rul reJimSi manqana qselidan kvlav iTxovs magnituri 

velis Sesaqmneli denis nawils.  

  generatoruli reJimi gamoiyeneba amwe kranebSi mZime 

tvirTis daSvebisas, agreTve orsiCqarian asinqronul Zra-

vebSi, roca siCqaris saregulireblad gamoiyeneba manqa-

nis wyvil-polusTa ricxvis Secvla (sur.22, a,b). 

 

   a)                                   b) 

                             sur. 22 

 

b) ukuCarTviT damuxruWeba 

aseTi damuxruWeba miiReba Zravas rotoris wredSi 

didi e.w. RuC-is winaRobis CarTviT (sur.23)  
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       a)                            b) 

                         sur.23 

an statoris ori fazis gadanacvlebiT da rotorSi  

RuC-is damatebiT (sur.24). 

   

          a)                       b) 

               N      sur.24 

3) eleqtrodinamikuri damuxruWeba 

aseTi damuxruWebis misaRebad Zravas stators gamor-

Taven cvladi denis qselidan da CarTaven mudmivi denis 
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qselSi, rotorSi SeiZleba CairTos damatebiTi Rdin –

winaRobebi (sur.25,a,b). 

 

                          sur.25 

 

dinamikuri damuxruWebis kontaqtebis (kd) CarTuli 

mdgomareobisas (kx-gaxsnilia) statorSi gadis mudmivi 

deni, romelic qmnis uZrav magnitur vels. rotori iner-

ciiT agrZelebs ra brunvas mis gragnilebSi induqcir-

deba em Zalebi da gadis deni. rotoris denisa da uZravi 

magnituri velis urTierTqmedebiT manqanis RerZze moqme-

debs samuxruWo momenti. manqanaSi dagrovili kinetikuri 

energia siTbos saxiT gamoiyofa rotoris gragnilebSi 

da Rdin winaRobebSi.  

   eleqtrodinamikuri damuxruWeba samfaziani ZravasaT-

vis SeiZleba ganxorcieldes e.w. TviTagznebiTac stato-

ris gadarTviT kondensatorebze (sur.26, a,b). 
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                        sur.26 

 

$2.11. sinqronuli Zravas meqanikuri 

 maxasiaTeblebi 

 

sinqronuli Zravas eleqtruli CarTvis sqema mocemu-

lia 27,a suraTze. mis stators, rogorc wesi, CarTaven 

cvlad denis samfaza qselSi, xolo agznebis gragnils, 

romelic ganTavsebulia rotorze, miaerTeben mudmivi de-

nis ZabvasTan.  

                                   

  

                     sur.27 
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   sinqronul Zravas qselis Zabvis mudmivi sixSirisas 

aqvs mudmivi kuTxuri siCqare, maSinac ki roca mis RerZze 

datvirTva ar aRemateba nominaluris ormag mniSvnelobas. 

Tu  Mst>Mdas, maSin Zrava amovardeba sinqronizmidan. ase-

Ti Zravebi gamoiyeneba didi simZlavris meqanizmebisaTvis 

(kompresorebi da tumboebi), romlebsac ar esaWiroebaT 

siCqaris regulireba (sur. 27,b). sinqronuli Zravas dade-

biTi Tvisebaa is, rom SeuZlia imuSaos simZlavris maRa-

li koeficientiT ( )ϕcos  da daexmaros qsels reaqtiuli 

simZlavriT. 

sinqronul Zravas rotorSi garda agznebis (e.w.muSa) 

gragnilisa (romelic ikvebeba mudmivi deniT) aqvs meore  

_ e.w. amuSavebis gragnili (ciyvis borbali). is samfazi-

ania da mokledaa CarTuli. am gragnilis saSualebiT 

xorcieldeba Zravas amuSaveba asinqronuli wesiT qvesin-

qronul 0,95 0ω  siCqaremde. manqanis sinqronizmSi Setacva 

xdeba mas Semdeg, rac Zrava muSaobs qvesinqronuli siCqa-

riT da rotoris muSa (agznebis) gragnilSi miawvdian 

mudmiv dens. 

sinqronuli Zravas amuSavebis gragnilebi (ciyvis 

borbali) gaTvlilia xanmokle (20÷-30wm) muSaobaze. Tu 

sinqronizmSi Setacva gaWianurda amuSavebis gragnili Se-

iZleba gadaxurdes da daiwvas. amitom sinqronuli Zravas 

marTvis sqemaSi gaTvaliswinebul unda iqnas Sesabamisi 

dacva. sinqronuli Zravas mbrunavi momenti  
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,sin3

0

θ
ω

⋅=
CX

UEM      (2.28) 

sadac U aris qselis Zabva; E- statoris gragnilSi in-

duqcirebeli em Zala; Xc -statoris reaqtiuli winaRoba; 

θ  -kuTxe statoris em Zalasa da qselis Zabvas Soris.  

asinqronul ZravTan SedarebiT sinqronuli Zrava 

qselis Zabvis ryevis mimarT naklebad mgrZnobiarea.^es 

kargad Cans (2.28) formulidan. 

sinqronuli Zravas dasamuxruWeblad praqtikaSi gamo-

iyeneba dinamikuri damuxruWeba. am dros stators gamor-

Taven qselidan da miaerTeben winaRobebTan, xolo aR-

gznebis gragnils miawvdian mudmiv dens. 
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 III Tavi. eleqtroZravebis siCqaris regulireba 

 

$3.1. zogadi ganmartebebi  eleqtroZravebis 

siCqaris regulirebis Sesaxeb 

 

   bevri meqanizmisa da teqnologiuri manqanis eleqtro-

amZravebs moeTxoveba siCqaris regulireba sawarmoo (teq-

nologiuri) procesebis racionalurad warmarTvisaTvis. 

mag., saxarato Carxze dasamuSavebeli detalis diametris 

SemcirebasTan erTad Wris  siCqaris mudmivad SesanarCu-

neblad aregulireben Spindelis amZravis kuTxur siCqa-

res, kerZod, siCqares zrdian detalis diametris Semci-

rebasTan erTad. aseTi bevri magaliTis moyvana SeiZleba. 

regulirebadi eleqtroamZravebi gamoiyeneba metalurgi-

ul da sxva samrewvelo danadgarebze (saglin dganebze, 

qaRaldis damamzadebel manqanebze, amwe-satransporto me-

qanizmebze da a.S.). 

manqanebis muSa lilvebis brunvis siCqaris (moZraobis) 

regulireba ZiriTadad SesaZlebelia ori gziT: Zravas 

kuTxuri siCqaris cvliT an meqanikuri gadamcemebis pa-

rametris (gadacemis ricxvis) SecvliT. meore varianti 

didi xania cnobilia. misi teqnikuri gadawyveta dakavSi-

rebulia konstruqciul garTulebebTan (gamoiyeneba siC-

qareTa kolofi, meqanikuri varianti da a.S.). garda amisa, 

am SemTxvevaSi, rogorc wesi, ar xerxdeba siCqaris mdov-

red regulireba. amis gamo Tanamedrove eleqtroamZra-
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vebSi siCqaris regulireba ZiriTadad xorcieldeba TviT 

eleqtroZravas siCqaris regulirebiT. 

sxvadasxva eleqtruli Zravas meqanikuri maxasiaTeb-

lebis analizma dagvanaxa, rom maTi siCqaris cvla SeiZ-

leba misi eleqtruli wredebis parametrebis (winaRobe-

bis) an mkvebavi Zabvis (mudmivi denis ZravebisaTvis), an 

erTdroulad Zabvisa da sixSiris cvlilebiT (cvladi 

denis asinqronuli ZravebisaTvis). Zravas siCqaris sare-

gulireblad saWiroa operatorma zemoqmedeba moaxdinos 

amZravis sistemis parametrebze (miawodos marTvis sig-

nali, Secvalos winaRobis sidide, es Secvla avto-

matizebul sistemaSi SeiZleba moxdes avtomaturad). ma-

Sin roca Zravas siCqare icvleba raime SeSfoTebiT (mag., 

Zravas RerZze winaRobis momentis SecvliT), siCqaris 

aseTi cvlileba ar SeiZleba CavTvaloT sasurvel mov-

lenad (kerZod, siCqaris regulirebad). piriqiT, am dros 

Zravas siCqare gadaixreba winaswar mocemuli (saWiro) 

sidididan da marTvis sistemam unda uzrunvelyos misi 

Tavdapirvel mniSvnelobaze dabruneba. 

eleqtroamZravis siCqaris regulirebis ZiriTadi maC-

venebelia regulirebis diapazoni. es aris amZravis sare-

gulirebeli siCqaris SesaZlo maqsimaluri mniSvnelobis 

fardoba minimalurTan  minmaqs ωω /=D .  

xSirad saWiro xdeba regulirebis zonis (Sesabamisad 

diapazonis) gazrda. magram es gazrda ar SeiZleba iyos 

usazRvro. misi SezRudva zevidan ZiriTadad xdeba Ruzis 

an rotoris meqanikuri simtkiciT. mudmivi denis Zravebi-
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saTvis siCqaris zeda zRvari )( maqsω  zogjer SeizRudeba 

koleqtoris sakomutacio unarianobiT, radganac kuTxuri 

siCqaris zrdisas izrdeba Ruzis gragnilis sakomutacio 

seqciaSi reaqtiuli em Zala. kuTxuri siCqaris qveda zR-

vari, rogorc wesi, SeizRudeba mocemuli siCqaris saWiro 

sizustiT mudmivad SenarCunebis -is SesaZlo far-

glebSi cvlisas) pirobiT. sistemis sizustis Sefaseba, 

rogorc wesi, xdeba e.w. statizmiT, romelic Semde-

gnairad ganisazRvreba 

stΜ

      %.100%100
00

0

ω

ω

ω

ωω damydamy Δ
=⋅

−
=s ,              (3.1) 

sadac 0ω da damyω  aris amZravis sasurveli (davalebis 

Sesabamisi) da realuri (datvirTvis Sesabamisi) siCqare-

ebis damyarebuli mniSvnelobebi. 

   Tanamedrove  avtomatizebuli eleqtroamZravebis sta-

tizmi 1%-s ar aRemateba, xolo amZravebisaTvis ukukav-

Sirebis gareSe igi Seadgens ramdenime aTeul procents. 

regulirebis erT-erTi mTavari maCvenebelia agreTve 

regulirebis simdovre, romelic warmoadgens or mezob-

el siCqareTa Tanafardobas 
1−

=
i

i

ω
ωϕ , sadac 1−> ii ωω . 

regulirebis simdore miT ukeTesia, roca 1→ϕ .  

regulirebis erTi safexuridan meoreze mdovre gada-

svla zogjer gansazRvravs gamomuSavebuli produqciis 

xarisxs. eleqtroamZravebis praqtikaSi  siCqaris reguli-

 55



rebis yvelaze mcire simdovre gaaCniaT orsiCqarian mok-

ledSerTulrotorian asinqronul Zravebs. mniSvnelovani 

simdovre SeiZleba miviRoT mudmivi denis damoukidebeli 

agznebis Zravebis SemTxvevaSi, roca maTi marTva xdeba 

Ruzaze miyvanili Zabvis anaznebis denis cvliT. 

regulirebadi amZravis erT-erTi maCveneblia agreTve 

regulirebis ekonomiuroba, romelic xasiaTdeba amZravis 

danadgaris da eqspluataciis danaxarjebiT. ekonomiurad 

gamarTlebulia iseTi eleqtroamZravi, romelic uzrun-

velyofs muSa meqanizmis mwarmoeblobis  maqsimums prod-

uqciis maRali xarisxiT da SedarebiT male gamoisyidis 

sawyis kapitalur danaxarjebs. regulirebadi eleqtro-

amZravis ekonomiurobis Sefasebisas yuradReba eqceva ag-

reTve eqsploataciisas mis saimedo muSaobas. 

ekonomiurobis Sefasebisas mniSvneloba aqvs agreTve 

regulirebis procesSi energiis danakargebis sidides. 

simZlavris kargvebi gansazRvravs  danadgaris mq koefi-

cients 
PP

P
Δ+

=
2

2η , sadac PΔ  _amZravis danakrgia; P2 _ 

Zravas RerZze meqanikuri simZlavre. 

regulirebadi eleqtroamZravis racionaluri muSaobi-

saTvis saWiroa vicodeT datvirTvis momentis damoki-

debuleba kuTxur siCqareze. mTeli rigi sawarmoo meqa-

nizmi saWiroebs siCqaris regulirebas, roca constM =st . 

aseTi meqanizmebia: amwe-kranebis awevis meqanizmebi, zogi-

erTi saglini dganebis  calkeuli galebi (ujredebi), 

qaRaldismkeTebeli manqanebis seqciebi da a.S. meore 
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mxriv, arseboben iseTi meqanizmebic, romelTac siCqaris 

regulireba moeTxovebaT mudmivi simZlavris pirobebSi -

. aseT meqanizmebs miekuTvneba saxarato Carxi. 

Carxze detalis damuSavebisas saWiroa SevinarCunoT Wris 

(wrfivi) mudmivi siCqare  

constP =st

( )constVFP =⋅= .  

ganvixiloT mudmivi denis damoukidebeli agznebis 

eleqtruli Zravas bazaze, Tu rogor xdeba constM =st  an 

 pirobebis Sesabamisad siCqaris regulireba. 

aseT Zravas aqvs siCqaris regulirebis ori zona. I zona 

Seesabameba regulirebas mudmivi momentiT, xolo II zona 

_ regulirebas mudmivi simZlavriT.  

constP =st

marTlac, Tu Zravas siCqaris regulireba xdeba Ruzis 

wredSi winaRobis CarTviT an Ruzaze miyvanili Zabvis 

cvliT, roca const=Φ , maSin Zravas datvirTva iq-neba 

mudmivi momentiT  

KM .constIΦ= =        nomk              (3.2) 

Zravas RerZze simZlavre I-zonaSi icvleba wrfivad, 

radganac  

       ω⋅= MPI .                        (3.3) 

II-zona Seesabameba regulirebas mudmivi simZlavriT, 

roca igi  xorcieldeba Zravas magnituri nakadis cvli-

lebiT (SemcirebiT). 

;
ω
A

=Φ   ;
'

ω
AIKM ≡Φ= nomk              (3.4)  
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     constAAMPII ==⋅=⋅= '
'

ω
ω

ω .         (3.5) 

 

$3.2. mudmivi denis damoukidebeli agznebis Zravas 

siCqaris regulirebis xerxebi 

 

a) Ruzis wredSi damatebiTi winaRobis cvlileba 

es meTodi uzrunvelyofs eleqtroamZravis muSaobas 

mudmivi statikuri momentiT. Zravas Ruzis wredSi damate-

biTi winaRobebis CarTviT da misi sididis regulirebiT 

SesaZlebelia vareguliroT siCqare.     

   Rdam-is gazrdiT ufro metad daixreba Zravas meqani-

kuri maxasiaTebeli. siCqaris regulirebis diapazoni am 

SemTxvevaSi .1:3=D  Sesabamisi maxasiaTeblebi warmodgeni-

lia 28-e suraTze.  

        

                     

                            sur. 28,a 
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es meTodi ar iTvleba siCqaris regulirebis ekono-

miur saSualebad. siCqaris sareguliro winaRobebi amuSa-

vebis winaRobebisagan gansxvavdeba imiT, rom isini Zravas 

wredSi gaTvaliswinebulia xangrZlivad CarTvisaTvis, 

ris gamoc didia danakargebi (eleqtruli).  

b) agznebis nakadis cvlileba 

   Aam xerxiT Zravas siCqaris regulireba xdeba mcire 

denebis (agznebis) wredidan, amitom igi martivia da 

ekonomiuri. am meTods iyeneben imisaTvis, rom  Zravas 

siCqare gaxadon nominalurze meti. meqanizmebSi, romel-

Tac muSaoba uxdebaT mudmivi statikuri simZlavriT 

( ). agznebis SemcirebiT �constP =st 0ω izrdeba, xolo Zra-

vas mokle CarTvis deni ucvleli rCeba Rwm.S. RUI = . am 

reJimisaTvis damaxasiaTebelia: 

.''''''
nomkm.C.nomkm.C.nomnkm.C. IKMIKMIKM Φ=>Φ=>Φ=  

Ф-s SemcirebasTan erTad hiperbolurad unda Sevamci-

roT Zravas datvirTvis momenti (Mst). aseTi xerxiT regu-

lirebis diapazoni 12÷=D . agznebis nakadis SemcirebiT 

siCqaris regulireba zemodan SezRudulia Zravas sako-

mutacio pirobis gauaresebiT kerZod, siCqaris gazrdas 

mohyveba koleqtoreze naperwklianobis momateba. garda 

amisa, Zravas siCqaris mateba SezRudulia meqanikuri sim-

tkicis TvalsazrisiTac. 

g) Ruzaze miyvanili Zabvis cvla  

siCqaris regulirebis es meTodi yvelaze ufro gavr-

celebulia da xorcieldeba g-Z sistemis (e.w. leonardis) 
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sqemiT, sadac g aris gardamqmneli (cvladi denisa mudmiv 

denad). is SeiZleba iyos an mudmivi denis generatori, 

romelic brunviT moZraobas asrulebs cvladi denis 

qselTan CarTuli asinqronuli eleqtroZravaTi, an Tana-

medrove eleqtroamZravebSi tiristoruli gammarTveliT 

(sur.29). siCqaris regulirebis aseTi xerxi uzrunvelyofs 

siCqaris regulirebis diapazons D1=10 :÷1. 

g-Z sistemiT momuSave Zravas siCqaruli maxasiaTeblis 

formulis misaRebad vwerT Semdeg sawyis gantolebebs: 

;RgRgg RIEU −=         (3.6) 

,RZRZZ RIEU +=          (3.7) 

sadac ggkgg ωΦ= KE  aris generatoris em Zala; 

ZZkZZ ωΦ= KE  _ Zravas em Zala; 

(3.6) da (3.7) gantolebebiT miviRebT 

RZRZRgRg RIERIE +=− ,                             (3.8) 

saidanac:        

              ,RwRgZ RIEE −=                        (3.9)    

sadac RZRgRw RRR +=  aris Zravas Ruzis wredis sruli 

aqtiuri winaRoba.  

  (3.9)-dan advilad miviRebT mudmivi denis Zravas siCqa-

ruli maxasiaTeblis formulas g-Z-is sistemisaTvis   

                  .
Zk

RwR

ZkZ

g
Z Φ

−
Φ

=
K

RI

K

E
ω        (3.10) 

(3.10)-is Sesabamisi maxasiaTeblebi mocemulia sur.28,b-ze. 
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                        sur.28,b 

g-Z-is sistemas ZiriTadad iyeneben mudmivi statikuri 

momentis mqone ( constM =st ) meqanizmebis siCqaris reguli-

rebisaTvis I –zonaSi. II-zonaSi siCqaris regulirebisaT-

vis iyeneben Zravas agznebis nakadis Sesustebas, amasTan 

meqanizmi unda muSaobdes constP =st reJimSi. g-Z-is siste-

mis mq koeficienti Seadgens 0,65-s. 

Zravas siCqaris regulirebis diapazonis gazrdis miz-

niT praqtikaSi farTod gamoiyeneba eleqtroamZravis av-

tomaturi marTvis sistemebi erTi an ramdenime ukukav-
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SiriT, romlebic uzrunvelyofen siCqaris mudmivad Sena-

rCunebas maRali sizustiT. 

bolo aTeuli wlebis periodSi meqanizmebisaTvis, ro-

melTac esaWiroebaT siCqaris did diapazonSi cvla, iye-

neben mudmivi denis damoukidebeli agznebis Zravas, rom-

lis Ruza ikvebeba tiristoruli gammarTvelidan (sur.29).  

       

                      sur.29 

 

tiristoruli eleqtroamZravis dadebiTi Tvisebebia: 

maRali swrafqmedeba, muSaobaSi saimedooba da maRali mq 

koeficienti Seadgens 0,93-s.  

  tiristoruli gammarTvelis gamosavalze miRebuli Zab-

va 

,cossin απ
π m
mUUd maqs=        (3.11) 

sadac Umaqs  aris gammarTvelis mkvebavi qselis xazuri 

Zabvis maqsimumi; m _ gamarTvis sqemis koeficienti, sam-
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faziani ortaqta sqemisaTvis m=6, xolo samfaziani erT-

taqta sqemisaTvis m=3;�α _tiristoris marTvis eleqtrod-

ze miwodebuli impulsebis fazuri Zvris kuTxe, igi icv-

leba 15-dan 90 gradusamde da axasiaTebs tiristorebis 

gaxsnili mdgomareobis xangrZlivobas. 

g-Z sistemis analogiurad tiristoriuli amZravis siC-

qaruli maxasiaTeblis formulas aqvs Semdegi saxe: 

,
Z

RwR

Z

tg

C
RI

C
E

−=ω         (3.12) 

sadac Etg  aris tiristoruli gammarTvelis em Zala; RRw 

_ Zravas Ruzis wredis winaRobaa, romelic Seicavs sa-

kuTriv Zravis Ruzis gragnilis winaRobas da tiris-

toruli gardamqmnelis Zaluri nawilis winaRobas. ti-

ristoruli eleqtroamZravis siCqaruli da meqanikuri ma-

xasiaTeblebi g-Z sistemis analogiuria. 

 

$3.3. samfaziani asinqronuli Zravas siCqaris 

regulirebis xerxebi 

 

cnobilia asinqronuli eleqtroamZravis siCqaris re-

gulirebis sami ZiriTadi xerxi:   

a) rotorSi aqtiuri winaRobebis damateba 

es meTodi gamoiyeneba meqanizmebisaTvis, romelTa sta-

tikuri momenti constM =st . regulirebis diapazoni  D=3:1; 

regulireba xorcieldeba nominaluri siCqaris qvemoT. 
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Sesabamisi sqema da maxasiaTeblebi warmodgenilia 30-e 

suraTze. 

 

                      Nsur.30 

 

b) polusTa ricxvis Secvla  

cnobilia, rom samfaziani asinqronuli Zravas sinqro-

nuli siCqare  

,/2 10 Pfπω =         (3.13) 

sadac  f1 aris mkvebavi qselis sixSire; P _ manqanis wyvil-

polusTa ricxvi. 

orsiCqarian asinqronul ZravaSi calkeuli fazebis 

gragnilebi Sedgeba ori erTnari nawilisagan, romelTa-

gan erTSi cvlian denis mimarTulebas aRniSnuli nawi-

lebis mimdevrobiTidan paralelurze gadarTvaTa meSve-

obiT. aseTi gadarTva gamoiwvevs polusTa ricxvis Semci-

rebas orjer da Sesabamisad manqanis sinqronuli siCqa-

ris orjer gazrdas. statoris gragnilebis gadarTvis 

sqemebi naCvenebia qvemoT: 1)gragnilebis erTmagi varskla-

vuri SeerTebidan ormag varsklavurze da 2)samkuTxa 
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SeerTebidan ormag varsklavurze. Sesabamisi sqemebi da 

maxasiaTeblebi warmodgenilia 31-e suraTze.P 
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       b)                                                    

 

                      sur. 31 

pirveli saxis gadarTva gamoiyeneba meqanizmebisaTvis 

. meore saxis gadarTva mizanSewonilia meqa-

nizmebisaTvis, romlebic muSaoben 

constM =st

constP =st  reJimSi. 

praqtikaSi orsiCqariani Zravebis garda gamoiyeneba 3_ 

da 4-siCqariani asinqronuli Zravebic. yvela Sesrulebu-

lia mokled CarTuli rotoriTimisaTvis  rom saWiro ar 

gaxdes gadarTvebi rotorSic. iTvleba, rom es meTodi 

ekonomiuria. regulirebis diapazoni aRwevs D=6:1. 

g) Zabvis cvla 

   Tanamedrove asinqronul eleqtroamZravSi siCqaris re-

gulirebisaTvis zogjer iyeneben tiristorul gardamqm-

nelian sistemas. Sesabamisi sqema da maxasiaTeblebi 

moyvanilia 32-e suraTze. imis gamo, rom Zabvis Semcireba 

iwvevs Zravas kritikuli momentis kvadratuli funqciiT 
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Semcirebas aseTi amZravis regulirebis diapazoni Zalze 

Sezrudulia D< 3:1. 

 

                          sur.32     

   d) sixSiris cvla 

   vinaidan asinqronuli Zravas sinqronuli siCqaris  

Pf /20 πω =  cvlileba SesaZlebelia f  sixSiris cvliT, 

amitom Tanamedrove praqtikaSi farTod nergaven sixSi-

risgardamqmnelebian asinqronul eleqtroamZravebs. six-

Siris gardamqmneli ZiriTadad Sedgeba ori ujredisagan_ 

naxevargamtarulelementebiani gammarTvelisagan da 

Semdgom sasurveli sididis cvladi denis Zabvisa da 

sixSiris misaRebad invertorisagan. 

magram f sixSiresTan erTad aucilebelia Zabvis cvli-

lebac ( constfU = ), raTa uzrunvelyofil iqnas Zravas mag-

nituri nakadis mudmivad SenarCuneba. Zravas statoris em 

Zala , fcE Φ= Z1 1EU ≈ , amitom fcU Φ= Z . 

   analizis safuZvelze dadgenilia, rom: meqanizmebi- 

saTvis, romlebic muSaoben mudmivi statikuri momentiT 
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( ), rekomendebulia asinqronuli eleqtroamZra-

vis marTva Semdegi  kanoniT  

constM =st

                  .const
f

U
=                            (3.14) 

   (3.14)-is Sesabamisi maxasiaTeblebi mocemulia 33-e su-

raTze. 

        

 

                       

                         Nsur.33     

   meqanizmebisaTvis, romlebic muSaoben mudmivi stati-

kuri simZlavriT ( constP =st ), rekomendebulia asinqro-

nuli eleqtroamZravis marTva Semdegi kanoniT   

             const
f

U
=  .                        (3.15) 

   (3.15)-isSesabamisi maxasiaTeblebi mocemulia 34-e su-

raTze. 
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             sur.34                      sur.35 

 

   cnobilia, rom  ventilatoruli meqanizmebisaTvis 

, ris gamoc rekomendebulia asinqronuli eleqt-

roamZravis marTva   

2fM ≡st

               const
f
U

=2                      (3.16) 

kanoniT. Sesabamisi meqanikuri maxasiaTeblebi mocemulia  

35-e suraTze. 
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IV Tavi. gardamavali procesebi eleqtroZravebSi 

  

                  $4.1. zogadi mimoxilva 

 

   eleqtroZravaSi gardamavali procesi mimdinareobs 

misi muSaobis erTi damyarebuli reJimidan meore damya-

rebul reJimSi gadasvlis periodSi. is SeiZleba gamo-

iwvios Zravas RerZze datvirTvis an mkvebavi Zabvis 

momentalurma Secvlam. gardamaval procesSi icvleba 

Zravas kuTxuri siCqare, Ruzis deni, brunvis momenti 

da maTTan dakavSirebuli sxva cvladebi. gardamavali 

procesebis Seswavlas didi mniSvneloba aqvs amZravis 

elementebis meqanikuri da eleqtruli gadatvirTvebis 

TvalsazrisiT. amZravis gardamaval process adgili 

aqvs agreTve amuSavebis, damuxruWebis da siCqareTa re-

gulirebisas.  

   im SemTxvevaSi, roca iTvaliswineben Zravas Ruzis 

wredis gragnilebis induqciurobas (Sesabamisi eleq-

tromagnituri movleniT)  amZravis meqanikur inerciu-

lobasTan erTad, gardamaval process ganixilaven 

rogorc eleqtromeqanikurs. im SemTxvevaSi, roca Zra-

vas Ruzis induqciurobas ugulebelyofen, maSin amZra-

vis gardamaval process ganixilaven rogorc meqani-

kurs. 
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$4.2. mudmivi  denis damoukidebeli agznebis Zravas 

amuSavebis gardamavali procesi 

 

   mudmivi denis damoukidebeli agznebis Zravas garda- 

mavali reJimebis sawyis gantolebebad iTvleba amZravis 

moZraobis ZiriTadi gantoleba 

dt
dJMM ω

=− st        (4.1) 

 da Zabvebis wonasworobis gantoleba Ruzis wredisaTvis  

R.w.IREU +=  .                (4.2)                     

  davuSvaT, rom Zravas agznebis nakadi ucvlelia 

( ), maSin const=Φ constKc K =Φ=Z  da IcM Z=  da 

ωZcE = M, stst IcZ= .  

(4.2)-dan advilad vwerT, rom Zravas Ruzis deni  

stI
dt
d

c
JI +=

ω

Z

.   (4.3) 

SevitanoT (4.3) gamosaxuleba (4.2)-Si, miviRebT 

R.w.st

R.w. RI
dt
d

c
JR

cU +⋅+=
ωω

Z

Z .  (4.4) 

gavyoT (4.4)-e gantoleba -ze da SemovitanoT aRni-

Svnebi: 

Zc

2
Zc

JR
T R.w.

em =  _ amZravis eleqtromeqanikuri drois 
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mudmiva;  
Zc
RI R.w.st

st =Δω  _ Zravas siCqaris statikuri 

vardna. Aamrigad (4.4)-dan gveqneba: 

ststem ωωωωω
=Δ−=+ 0dt

dT .  (4.5) 

Zravas Ruzis denis diferencialuri gantolebis misa-

Rebad gavawarmooT (4.2) da masSi (4.3)-dan SetanoT 
dt
dω

-s 

mniSvneloba  

      
( )

0
2

=+
−

dt
dIR

J
IIc

R.w.

stZ
,        (4.6) 

saidanac gamartivebiT gveqneba     

     stem II
dt
dIT =+ .                (4.7)   

(4.4)-e da (4.5)-e diferencialuri gantolebebis maxa-

siaTebeli gantolebaa 

,01 =+PTem         (4.8) 

romlis fesvia  

                  .1
1

emT
p −=    (4.9) 

diferencialur gantolebaTa amoxsnis wesis Tanaxmad 

(4.5) da (4.7)-is sruli amonaxsnebi iqneba: 

;em

st

TteA −⋅+= ωω         (4.10) 

   em

st

TteBII −⋅+=  .      (4.11) 
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integrebis mudmivebis sapovnelad davuSvaT, rom t=0 

momentSi sawyωω = da sawyII =  (4.10) da (4.11)-is mixed-

viT vwerT: 

          ;stsawy ωω −=A          (4.12) 

          .stsawy IIB −=              (4.13) 

SevitanoT (4.12) da (4.13) Sesabamisad (4.10)-Si da (4.11)-

Si, gveqneba 

( ) ;1 emem

sawyst

TtTt ee −− +−= ωωω        (4.14) 

( ) .1 emem

sawyst

TtTt eIeII −− +−=        (4.15) 

    (4.14)-iTa da (4.15)-iT aigeba Zravas gardamavali reJimis 

siCqaris da denis mrudebi amZravis gaqanebisas (sur.36), 

roca ω sawy=0 da Isawy=≠0.  

         

                     Nsur.36  

 

   Zravas gardamavali reJimis xangrZlivoba Teoriulad 

-is tolia, praqtikulad ki igi SegviZlia damTavrebu-

lad CavTvaloT 

∞

emgard. Tt ⋅≈ 3  droSi.                               
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$4.3. mudmivi denis Zravas safexurebrivi amuSavebis 

gardamavali procesebi 

 

  ganvixiloT mudmivi denis damoukidebeli agznebis Zra- 

vas meqanikuri gardamavali procesi orsafexuriani amuSa-

vebis Sesabamisi  maxasiaTeblebis mixedviT (sur. 37). 

 

                           sur.37 

   gamoviyenoT wina paragrafSi miRebuli (4.14) da (4.15) 

gamosaxulebebi 

( ) ;1 ii Tt
i

Tt
ii ee emem

sawydamy

−− +−= ωωω   (4.16) 

    ,1 1
iTtiTt

i eIeII emem
st

−−
+⎟

⎠
⎞

⎜
⎝
⎛ −=              (4.17) 

sadac 2
ZC

JR
T i

i
Rw

em =  aris amZravis eleqtromeqanikuri 

drois mudmiva misi muSaobisas  meqanikuri maxasiaTeblis 

i--uri safexuris Sesabamisad; I1 _Zravas maqsimaluri deni 

amuSavebisas; RR.w.i _ Ruzis wredis winaRoba i-uri meqa-

nikuri maxasiaTeblis Sesabamisi. imisaTvis rom vipovoT 

Zravas reostatuli amuSavebisas calkeul safexurebze 
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gaqanebis procesis xangrZlivoba denis cvlilebisas I1-

dan I2-mde unda amovxsnaT (4.16)-e gantoleba, saidanac 

gveqneba: 

,
1

iTti e
II
II

em

st

st −=
−

−
         (4.18) 

aqedan 

.ln
2

1

st

st

ems II
II

Tti −

−
=    (4.19) 

(4.19)-Si Ii Secvlilia I2-iT, radgan gadarTvis deni yve-

la safexurze erTi da igivea. amZravis amuSavebis Sesaba-

misi siCqaris da denis gardamavali procesis mrudebi ai-

geba (4.15) da (4.16) gamosaxulebebiT (sur.38). 

         

 

                   N      sur.38  

 

(4.15) da (4.16)-is analizi gviCvenebs, rom amuSavebis 

pirveli safexuris xangrZlivoba metia meore safexuri-

saze da a.S., e.i. , rac aixsneba eleqtromeqa-321 ttt >>
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nikuri drois mudmivebis Semdegi TanafardobiT:                      

                (4.18) ,21 em.bun.emem TTT >>

sadac Tem.bun. aris amZravis eleqtromeqanikuri drois mu-

dmiva bunebriv maxasiaTebelze muSaobisas. 

 

$4.4. mudmivi denis damoukidebeli agznebis Zravas 

gardamavali procesebi samuxruWo reJimebSi 

 

rogorc viciT, Zravebis swrafi gaCerebisaTvis iyene-

ben ukuCarTvis damuxruWebas. am dros cvlian Zabvis 

polarobas Zravas Ruzaze, xolo Ruzis mimdevrobiT 

CarTaven ukuCarTvis damatebiT winaRobas. amuSavebisgan 

gansxvavebiT damuxruWeba umravles SemTxvevaSi xdeba  

erTsafexurad, sur.39,a. 

  

                           

                            sur.39    
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vinaidan ω⋅= ZcE  (roca const=ΦZ ) samuxruWo reJim-

ze gadarTvis momentSi Zravas em Zala ar icvleba. da-

muxruWebis dasawyisSi Zravas em Zala  

.sawyZRstsawy ωcRIUE =−=       (4.19) 

Zravas siCqaris da brunvis momentis gardamavali pr-

ocesis mrudebi aigeba Semdegi formulebiT:  

( ) ;1 emem

sawydamy

TtTt ee −− +−−= ωωω    (4.20) 

( ) .1 emem

sawyst

TtTt eMeMM −− −−=    (4.21) 

sadac ω damy aris Zravas siCqare, romelic mas aqvs uku-

CarTvis reJimis meqanikuri maxasiaTeblis datvirTvis mo-

mentTan (Mst-Tan) gadakveTis wertilSi. 

    (4.20) da (4.21) formulebis Sesabamisi mrudebi moyvani-

lia 39,b suraTze. damuxruWebis sruli xangrZlivoba am 

Sem-TxvevaSi gamoiTvleba formuliT: 

           ,ln 1

MMemmuxW. st2

st

Μ+Μ

+
=

MMTt      (4.22) 

romelSic Cans, rom Zravas da mis RerZze winaRobis sta-

tikuri momentebis mimarTulebebi Tanxvdenilia. roca 

Zravas siCqare gaxdeba nulis toli igi unda gamoirTos 

qselidan, winaaRmdeg SemTxvevaSi moxdeba Zravas reversi. 

axla ganvixiloT dinamikuri damuxruWebis gardamava-

li procesi. Sesabamisi meqanikuri maxasiaTeblebi moyva-

nilia 40,a suraTze.  
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        a)                              b) 

                    Nsur.40 

   am SemTxvevaSi gardamavali procesis saangariSo for-

mulebia: 

( ) ;1 emem

sawydamy

TtTt ee −− +−−= ωωω         (4.22) 

( ) ,1 emem

sawyst

TtTt eMeMM −− −−=          (4.23) 

sadac ω damy aris Zravas siCqare meqanikuri maxasiaTe-

blis im wertilSi, sadac adgili aqvs datvirTvis momen-

tis Mst-is gadakveTas dinamikur samuxruWo maxasiaTebel-

Tan (ix. sur.40,b –ze IV kvadratSi).   

 

$4.5. mudmivi denis mimdevrobiTi agznebis Zravas 

gardamavali procesebi safexurebrivi amuSavebisas 

 

vinaidan gansaxilveli Zravas meqanikuri maxasiaTeble-

bi arawrfivia (sur.41) gardamavali procesis saangariSod 

iyeneben grafoanalizur meTods.  
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                         Nsur.41 

 

  amZravis moZraobis gantolebas warmoadgenen sasruli 

nazrdebiT, saidanac vipoviT xangrZlivobas  

               ωΔ⋅=Δ
dinM

Jt  .             (4.24) 

Tu, am formulaSi TanmimdevrobiT SevitanT ωΔ -sa da 

( )stZdin MMM −= -s mniSvnelobebs advilad vipoviT siCqa-

reTa nazrdebis Sesabamis drois Sualedebs da bolos, 

sruli gardamavali procesis xangrZlivobas. 

gamoviangariSoT pirveli siCqaris nazrdi  

.011 −=Δ ωω  

dro, romelic saWiroa Zravas gasaqaneblad 1ω  siCqa-

remde  

,11 ωΔ⋅
−

=Δ
stZsaS1

MM
Jt  sadac 

21
1Zmaqs

ZsaS

MM
M

+
= .   

 79



  Semdeg gadavdivarT meore ubanze, sadac siCqaris naz-

rdi 122 ωωω −=Δ .  

D dro, romelic saWiroa Zravas gasaqaneblad 1ω  siCqa-

ridan 2ω  siCqaremde  

22 ωΔ⋅
−

=Δ
stZsaS2 MM

It , sadac     
2

21 ZZ
ZsaS2

MM
M

+
= .    

 

   analogiuri gamoangariSeba unda Catardes yvela da-

narCen ubanze da sabolod avagebT gardamavali procesis 

mrudebs Zravas siCqarisa da brunvis momentisaTvis 

(sur.42). 

          

 

                            sur.42 
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$4.6. mimdevrobiTi agznebis Zravas gardamavali procesebi 

ukuCarTviT damuxruWebis reJimSi 

 

mimdevrobiTi agznebis Zravas gardamavali reJimis 

mrudebs viangariSebT ukuCarTvis Sesabamisi meqanikuri 

maxasiaTeblis a�da b wertilebis  (sur.43) mixedviT,  

 

                        

                        sur. 43 

mudmivi denis damoukidebeli agznebis Zravas ukuCarTvis 

gardamavali reJimis analogiurad. 

 

$4.7. samfaziani asinqronuli Zravas gardamavali  

reJimebi 

 

asinqronuli Zravas amuSavebis da ukuCarTvis damux-

ruWebis reJimebis meqanikuri gardamavali procesebis 

mrudebi iangariSeba mudmivi denis damoukidebeli agz-

nebis Zravas analogiurad. 
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rac Seexeba asinqronuli Zravas dinamikuri damux-

ruWebis gardamavali reJimis Sesabamis mrudebs isini 

iangariSeba Semdegnairad: 

 

                           sur.44 

 

  meqanikuri maxasiaTeblebis mixedviT samuxruWo reJimSi 

(sur.44)  maqsimaluri momenti SeirCeva pirobiT 

KMM <maqs ,                   (4.25) 

xolo  maqsimaluri sriali  

Kss <<maqs .                   (4.26) 

maqsimalur srials ganvsazRvravT formuliT  

'
2

'
2

XX
R

s
+

=
μ

maqs  ,              (4.27) 

sadac μμ IEX '
20= ; . f.nomUE 95,0'

20 =

maqsimalur moments ganvsazRvravT formuliT  

( )'
20

22

2

3

XX

XI
M

+
=

μ

μ

ω
eqv

maqs ,          (4.28) 
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sadac ( ) μII 42 ÷=eqv . dinamikuri damuxruWebisas mudmivi 

denis saangariSo sidide tolia 

                       eqv.mudm II
2
3

=             (4.29) 

   dinamikuri damuxruWebis meqanikuri maxasiaTeblis sa-

angariSo formula Semdegnairad gamoisaxeba:   

      

s
s

s
s

M
M

maqs

maqs

maqs

+
=

2
 .               (4.30) 

   asinqronuli Zravas dinamikuri damuxruWebis gardama-

vali procesis mrudebis (siCqarisa da brunvis momentis) 

asagebad unda gamoviyenoT Sesabamisi meqanikuri maxasi-

aTeblebis monacemebi (sur.45). 

    

 

       a)                        b) 

                     nax.45 

   sakuTriv gardamavali procesis mrudebis gasaangari-

Seblad unda gamoviyenoT Semdegi formulebi: 
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     ( ) emem

sawydamy

TtTt ee −− +−−= ωωω 1 ;        (4.31) 

    emem
sawyst

TtTt eMeMM −−
−⎟

⎠
⎞

⎜
⎝
⎛ −= 1 ,              (4.32) 

sadac     .
sawy

sawy

em M
JT
ω

=  

  asinqronuli Zravas siCqarisa da denis gardamavali 

procesis mrudebi dinamikuri damuxruWebisas warmodgeni-

lia 46-e suraTze. 

       

                          sur.46 

 

am reJimisaTvis rotoris fazebSi damatebiTi aqtiuri wi-

naRobis sidide gamoiTvleba formuliT:                              

2
1

1 R
s

s
R ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−=

b

sawy

din .                               (4.33) 
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