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     naSromSi ganxilulia eleqtroamZravis meqanikis saf-

uZvlebi, moyvanilia moZraobis ZiriTadi gantoleba rogorc 

brunviTi, ise sworxazovani moZraobisaTvis. ganxilulia ko-

nkretuli magaliTebi statikuri datvirTvis sxvadasxva sax-

eebisaTvis samTo manqanebisa da meqanizmebisaTvis. warmodgeni-

lia meqanizmebis statikuri Zalebis, momentebisa da masebis 

dayvana amZravi Zravas lilvze. moyvanilia moZraobis ZiriTa-

di gantolebis Sedgenis meTodika SemTxvevisaTvis, roca ga-

saTvaliswinebelia amwevi bagiris drekadoba da misi sixis-

tis koeficienti.  

     dawvrilebiTaa ganxiluli rogorc mudmivi, ise cvla-

di denis Zravebis eleqtromeqanikuri Tvisebebi. moyvanilia 

meqanikuri maxasiaTeblebis asagebi formulebi, rogorc Zra-

vul, ise samuxruWe reJimebSi. ganxilulia  meqanikuri, Tbu-

ri da eleqtromagnituri gardamavali procesebi. moyvanilia 

Zravas simZlavris angariSis meTodika samTo manqanebis muSa-

obis Taviseburebebis gaTvaliswinebiT. 

     naSromi gankuTvnilia samTo eleqtromeqanikis specia-

lobis studentebisaTvis da agreTve samTo-geologiuri fa-

kultetis sxva specialobebisaTvis. 
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                     Sesavali   

        ganmarteba cnebisa –“ eleqtroamZravi”    

    dResdReobiT, mrewvelobis yvela dargSi, amZravis Zir-

iTad saxes eleqtruli amZravi warmoadgens. man aseve, 

farTo gavrceleba hpova samTo mrewvelobaSi. e l e q t r 

o a m Z r a v a d  iwodeba eleqtromeqanikuri sistema, ro-

melic Sedgeba eleqtruli Zravas, gardamqmneli, gadamcemi 

da mmarTveli mowyobilobebisagan da romlis daniSnulebaa 

moZraobaSi moiyvanos samrewvelo manqanis muSa organoebi da 

marTos es moZraoba. SesaZlebelia, rom sistemaSi gardamq-

mneli da  gadamcemi mowyobilobebi ar arsebobdes. eleqtr-

uli Zrava gardaqmnis eleqtrul energias meqanikurad da sa-

muxruWe (generatorul) reJimSi piriqiT, meqanikurs - eleq-

trulad.  

   eleqtruli amZravi (nax. S.1) warmoadgens eleqtromeqa-

nikur mowyobilobas, romelic Sedgeba g gardamsaxis, Zr 

eleqtruli Zravas, gm  gadamcemi da mm mmarTveli mowyobi-

lobebisagan.   

   eleqtroqselidan muSa organoebamde, energiis miwodebis 

struqturuli sqemebis TvalsazrisiT, eleqtruli amZravi 

iyofa sam tipad: jgufuri, individualuri da urTierTdaka-

vSirebuli.  
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       j g u f u r i  ewodeba iseT eleqtrul amZravs, 

romelic uzrunvelyofs ramodenime momuSave manqanis an er-

Ti da imave manqanis ramodenime muSa organos moZraobas. amZ-

ravis es tipi ar warmoadgens srulyofil saxeobas, radga-

nac SeuZlebelia muSa manqanaTa calcalke marTva. samTo mre-

wvelobaSi jgufuri amZravis magaliTad SeiZleba moviyvanoT 

naxSiris kombaini, sadac erTi Zravas saSualebiT modis moZ-

raobaSi muSa organosa da miwodebis meqanizmebi. 

     i n d i v i d u a l u r i amZravi warmoadgens iseT 

sistemas, romlis drosac TiToeuli sawarmoo manqana moZra- 
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obaSi modis masTan dakavSirebuli eleqtruli ZravaTi. el- 

eqtruli amZravis am saxes ar gaaCnia is uaryofiTi mxare, 

rac aRniSnuli iyo jgufuri tipis amZravSi. individualuri 

amZravi uzrunvelyofs manqanis muSaobis optimalur reJim-

ebs, romelTa drosac miiRweva maqsimaluri mwarmoebloba. 

aseTi amZravebi gaaCniaT saSaxto amweebs, saburR danadgar-

ebs, ventilatorebs, wyalamosaRvrel da konveierul danad-

garebs, metalmWrel Carxebs da sxv.   

    u r T i e r T d a k a v S i r e b u l i  ewodeba 

iseT eleqtrul amZravs, romelic Sedgeba ori an ramdenime 

eleqtrulad an meqanikurad urTierTdakavSirebuli eleqt-

roZravasagan da romelTa muSaobis drosac SeTanxmebuli un-

da iyos maTi siCqareebisa da datvirTvebis, agreTve manqane-

bis muSa organoebis gadaadgileba sivrceSi. urTierTdakav-

Sirebuli amZravebis magaliTebad samTo mrewvelobaSi gvev-

lineba jaWvuri da lenturi sakonveiero xazebi, sarandavi 

danadgarebi, makopirebeli metalmWreli Carxebi da sxva man-

qanebi.    

    moZraobis mixedviT eleqtroamZravebi SeiZleba iyos 

mbrunavi an xazuri, xolo gadamcemi mowyobilobis mixedviT 

– reduqtoriani an ureduqtoro.  

     denis mixedviT elamZravebi ori saxisaa: mudmivi denis, 

romelSic muSa Zrava mudmivi denisaa da cvladi denis, rom-

elSic muSa Zrava cvladi denisaa. M 
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                       Tavi I 

           EeleqtroamZravis meqanikis safeZvlebi 

     1.1 eleqtroamZravis  moZraobis  ZiriTadi  gantoleba      

     eleqtroamZravis ZiriTadi daniSnulebaa gardaqmnas el-

eqtruli energia meqanikurad, moiyvanos moZraobaSi sawar-

moo (muSa) manqana sasargeblo samuSaos Sesasruleblad da 

ganaxorcielos am sistemis, Zrava-meqanizmis, eleqtruli ma-

rTva. amasTan, Zravas lilvidan muSa manqanisaTvis gadacemu-

li mTeli W  energiidan nawili stW - statikuri energia 

ixarjeba winaaRmdegobis daZlevaze, xolo dW - dinamikuri 

energia, sistemis mbrunavi nawilebis kinetikuri energiis 

Secvlaze, anu 

                dst WWW  ,  j                1.1       1.1 

     yvelaze martivi SemTxvevisaTvis, roca muSa manqana uS-

ualod, xistadaa dakavSirebuli Zravas lilvTan da igive 

  (rad/wm) kuTxuri siCqariT brunavs rogorc Zrava, 

sruli kinetikuri energiis maragi iqneba 

                  
2

JW
2

d ,                   1.2     

   sadac 21 JJJ  -sistemis mbrunavi nawilebis jamuri 

inerciis momentia ( 1J Zravasi da 2J , muSa manqanis), kgm2. 

     gavixsenoT, rom inerciis momentis mniSvneloba SesaZ- 
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lebelia gamoiTvalos formuliT 

                  
2mJ  ,  kg.m2                  1.3 

sadac m - mbrunavi nawilebis masaa, kg; 

       - inerciis radiusi, m. 

     Tu gavawarmovebT 1.1 -s drois mixedviT, miviRebT                     

               dst PPP  , vt                    1.4                        

sadac stP,P  da dP  energiebis Sesabamisi simZlavreebia. 

Tuki inerciis momenti cvladi sididea, 1.2 gamosaxulebis 

gaTvaliswinebiT  SesaZloa daiweros 

               
dt

dJ

2dt

d
JP

2



d ; vt            1.5 

     analogiurad, radganac Zravas mier ganviTarebuli mom-

enti da simZlavre dakavSirebuli arian erTmaneTTan mudmivi 

sididiT,  -Ti, iqneba  MP  

         
dt

dJ

2dt

d
JMMMM





 stdst  n.m     1.6 

     miRebul gamosaxulebas uwodeben moZraobis ZiriTad 

gantolebas. 

    samTo manqanebis umetesobis inerciis momenti mudmivi 

sididea (J=const) da 1.6 gamosaxuleba SesaZloa gamarti-

vdes 
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dt

d
JMMMM


 stdst          1.7    

    am gamosaxulebebidan naTlad Cans, rom dinamikuri mo-

mentis daZleva Zravas uxdeba mxolod aCqarebis (Senelebis) 

procesSi, xolo Tanabari moZraobis reJimSi Zravas mier ga-

nviTarebuli momenti  mTlianad xmardeba  mxolod statik-

uri stM  winaaRmdegobis daZlevas.  

    1.7 gamosaxulebidan SesaZlebelia ganisazRvros amZravis 

aCqarebis sidide 

                
J

MM

dt

d
ε

st



 , rad/wm2       1.8 

    aSkaraa, rom Tu  >0 , ( stMM  ), amZravis siCqare 

gaizrdeba, winaaRmdeg SemTxvevaSi ki - Semcirdeba. 

    wrfivad moZravi meqanizmebisaTvis, moZraobis ZiriTadi 

gantoleba, Semdegnairad gamoisaxeba (aqac miRebulia, rom 

moZravi elementebis masa  constm  ) 

             
dt

dV
mFFFF  stdst  , n        1.9        

    sadac  F - mamoZravebeli Zalaa, n; 

          stF - statikuri winaaRmdegobis Zala, n; 

   m - wrfivad moZravi elementebis masa, kg; 

          V -  sistemis wrfivi siCqare, m/wm .                
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     zemoT miRebuli moZraobis ZiriTdi gantolebebi miRe-

bulia im daSvebiT, rom Zravasa da meqanizmis SemaerTebeli 

gadacema iyo absoluturad xisti. sinamdvileSi, yvela meqa-

nikur elements gaaCnia drekadi Tvisebebi. didi siRrmeebidan 

saSaxto amwevebiT tvirTis amotanis dros amwevi bagiris 

sixistis gauTvaliswinebloba, dinamikuri procesebis an-

alizisas, did Secdomamde migviyvanda. aseve, grZeli len-

turi konveieris gaangariSebisas, aucilebelia lentis six-

istis koeficientis gaTvaliswineba, radganac, zogierT Sem-

TxvevaSi, konveieris amuSavebisas amZravi Zrava anviTarebs 

nominalur brunvaTa ricxvs, xolo damWimav borbals, len-

tis drekadobis gamo, jer brunva arc ki dauwyia.         

    ganvixiloT drekadi elementiT SeerTebuli, ormasiani 

sistemis moZraobis amsaxveli gantolebis Sedgena martivi 

amwevis magaliTze (gantolebis Sedgenisas, maTematikuri ga-

rdaqmnebis gamartivebis mizniT, mxedvelobaSi ar aris miRe-

buli bagiris masa. masis gauTvaliswinebuloba imoqmedebs 

mxolod amonaxsnis ricxviTi mniSvnelobis sizusteze, amo-

naxsnis forma ki igive darCeba).  

    Zravas CarTvis Semdeg (nax. 1.1), 1m  masis mqone amZrav 

borbalze moedeba F Zala, romelic imoqmedebs C sixistis 

koeficientis mqone drekad bagirze, es ukanaskneli daiwyebs 

deformirebas da wagrZeldeba YX  sididiT, sadac X - 
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amZravi borblis zedapiris nebismieri wertilis gadaadgi-

lebaa, xolo Y - 2m  masis mqone tvirTisa. 

                     

      nax. 1.1 ormasiani drekadelementiani amwevi meqanizmi 

     

     bagiris wagrZelebis xarjze am ukanasknelSi  aRiZvre-

ba drekadobis Zala da hukis kanonis Tanaxmad, igi toli iq-

neba  CFdr )YX(C  . es Zala winaaRmdegobas uwevs 

amZravi borblis Semobrunebas da SeiZleba ganvixiloT rog-

orc masze modebuli statikuri datvirTva; maSin moZraobis 

gantoleba amZravi borblisaTvis daiwereba 

           )YX(CFFF
dt

Xd
m

2

2

1  st .      1.10     

2m masis tvirTisaTvis drekadobis drF  Zala mamoZravebels 

warmoadgens da analogiurad 1.10 - isa             
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        gm)YX(CFF
dt

Yd
m 22

2

2  stdr       1.11 

sadac g - simZimis Zalis aCqarebaa, m/wm2 . 

    amrigad, SeiZleba daiweros ormasiani, drekadi elemen-

tiT SeerTebuli sistemis aRmweri diferencialur gantole-

baTa sistema zogadi saxiT ( Cven SemTxvevaSi stFgm2  ):  

           

















.F)YX(C
dt

Yd
m

);YX(CF
dt

Xd
m

2

2

2

2

2

1

st

            1.12  

     gavyoT sistemis pirveli gantoleba 1m -ze, meore 

2m -ze da aviRoT sxvaoba YX  , miviRebT 

            
21

2
2

2

m

F

m

F
Δ

dt

Δd st
 ,                1.13    1.13 

sadac 
21

212

mm

)mC(m




 , 1/wm2 sistemis rxevis kuTxuri 

sixSirea. 1.13  gantolebidan Cans, rom ganxiluli eleqtro-

meqanikuri sistema konservatiulia, radganac masze SemaSfo-

Tebeli Zalis zemoqmedebis Semdeg sistemaSi aRiZvreba Cau-

qrobadi   kuTxuri sixSiris (anu  /2T  periodis) 

rxeva. amave gantolebidan advilad ganisazRvreba drekad 

elementSi aRZruli deformaciis Zala -                      
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                )YX(CCF dr .             1.14   

     SevkriboT 1.12 sistemaSi Semavali gantolebebi da gam-

ovTvaloT 
2

2

dt

Yd
. gveqneba                                         

            
2

2

2

1

2
2

2

dt

Xd

m

m

m

FF

dt

Yd





st
.          1.15 

       1.12  sistemis pirveli gantolebidan ganvsazRvroT 

Y da orjer gavawarmooT droiT 

          
2

2

2

2

4

4
1

2

2

dt

Xd

dt

Fd

C

1

dt

Xd

C

m

dt

Yd
 .            1.16    1.16 

     Tu gavutolebT erTmaneTs 1.15 da 1.16, gveqneba                 

2

2
2

2

2

214

4
21

dt

Fd

C

m
FF

dt

Xd
)m(m

dt

Xd

C

mm
 st        1.17 

an 

     
2

2

1
203

3

2 dt

Fd

mω

1
a

dt

x
dV

dt

x
Vd

ω

1
  ,            1.18  

analogiurad iqneba 2m  tvirTvisTvisac    

2

2

1
2

2

214

4
21

dt

Fd

C

m
FF

dt

Yd
)mm(

dt

Yd

C

mm st
st  ,    1.19 

an 

     
2

2

2
20

y

3

y
3

2 dt

Fd

m

1
a

dt

dV

dt

Vd

ω

1 st


            1.20 
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  sadac,  

              
21

0
mm

FF
a






st
, m/wm2,                 1.21   

sistemis saSualo aCqarebis sididea,  anu aCqarebis is sid-

ide, romelic sistemas eqneboda, bagiris sixiste usasrul-

obis toli rom yofiliyo. 

    Tuki Zravas mier ganviTarebuli (F ) Zala (momenti) da 

( stF ) statikuri datvirTva mudmivi sidideebia, maSin 

              



















.0
y

3

y
3

2

0
x

3

x
3

2

a
dt

dV

dt

Vd1

;a
dt

dV

dt

Vd1

              1.22                                                                                                                 

 1.22  sistemis warmoebulebi operaciul formaSi iqneba 

         























(0)VVPV

(0)V(0)VP(0)VPVPV

(0)VVPV

(0)V(0)VP(0)VPVPV

yyy

yyy
2

y
3

y

xxx

xxx
2

x
3

x









     1.23 

   aq  )0(V),0(V),0(V xxx
 da  - pirveli masis sawisi 

siCqare, aCqareba da biZgia (aCqarebis warmoebuli); analo-

giurad meore masisaTvis - 

   )0(V),0(V),0(V yyy
 da - meore masis sawisi siCqare, 

aCqareba da biZgi; 
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    amuSavebis dasawyisSi, sanam moZraoba daiwyebodes, dre-

kadobis Y)C(XF dr  gawonasworebulia stF  ZaliT da 

amitom 1.12 sistemis pirveli gantolebidan  FXm( 1
  

Y))C(X   

        stFFY)C(XF(0)Vm(0)Xm x11   ,  

aqedan 

      
1

x m

FF
(0)V

st
 ,    1.24 

xolo sawyisi siCqarisa da biZgis mniSvneloba unda miviRoT 

nulis tolad. 1.12 sistemis meore gantolebidan ki gamodis, 

rom    stF)YX(CYm2   

         0F)YX(C)0(Vm)0(Ym y22  st
 , 

 aqedan -   

                     .0)0(Vy        

    sawyisi pirobebis gaTvaliswinebiT 1.19 sistemis amona-

xsni operaciul formaSi iqneba                   

          




















.

;

P

a
VPVP

ω

1

P

a
VP(0)VP

ω

1
VP

ω

1

0
yy

3
2

0
xx2x

3
2



    1.24 

   saidanac  
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



















.
)(PP

1
aV

;
)(PP

C/P
(0)VV

222
2

0y

222

22

xx


            1.25    1.26                      

    1.25-is originali 

         

.t)(SIN
1

taV

,t)(SIN
m

m1
taV

y

1

2
x



























0

0

        1.26  

   rogorc 1.26 gamosaxulebebidan Cans, siCqareebi icvle-

bian sworxazobrivi kanoniT, romlebzec sinusoideebia dama-

tebuli da process aqvs Cauqrobadi xasiaTi.  

     realur eleqtromeqanikuri sistemebis drekad elemen-

tebSi (am SemTxvevaSi amwev bagirSi), ueWvelad arseboben di-

sipatiuri (energiis fantvis) Zalebi blanti xaxunis saxiT 

da process yovelTvis qrobadi xasiaTi aqvs. amitomac, 1.12 

gantolebaTa sistemaSi, gaTvaliswinebuli unda yofiliyo es 

Zalebi, magram siCqareebis rxevis pirveli amplituda, rome-

lic yvelaze sainteresoa sistemaSi maqsimaluri gadatvirT-

vis xarisxis Sesafaseblad, mcired gansxvavdeba realuri 

eleqtromeqanikuri sistemis aRmweri gantolebebiT miRebuli 

siCqareebis rxevis pirveli amplitudisagan. 

    1.26 sistemis  amonaxsnebis Sesabamis grafikebs eqnebaT    
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 saxe ( f(t)Vx   da f(t)Vy  )  

           

 nax. 1.2 ormasiani drekadelementebiani sistemis amuSaveba, roca F=const 

     1.12  gantolebaTa sistema, rodesac moZraoba brunvi-

Tia, daiwereba      

               









.M)c(J

);c(MJ

2122

2111

st


      1.27      1.28 

  sadac 1J da 2J - ormasiani sistemis inerciis momentebia; 

        1 da 2 - Sesabamisad, mobrunebis kuTxeebi; 

        M da stM - Zravas mier ganviTarebuli momenti da 

sistemis statikuri  momenti;  

       C - drekadi SeerTebis sixistis koeficienti. 
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            1.2  winaaRmdegobis momentebis saxeebi  

     SeTanxmdnen, rom moments, romelsac qmnis sawarmoo 

meqanizmi eleqtroZravis lilvze, uwodon w i n a a R m d 

e g o b i s  d a y v a n i l i   s t a t i k u r i  m o 

m e n t i ( stM ). imisaTvis, rom Sesruldes mudmivi siCqa-

riT moZraoba, saWiroa eleqtroamZravma ganaviTaros stM -is 

toli sididis momenti. 

     winaaRmdegobis Zalebi warmoiSvebian sasargeblo mu-

Saobis Sesrulebis dros da damokidebulni arian sawarmoo 

processa da manqanis konstruqciaze.  

     yvela winaaRmdegobis moments yofen or kategoriad:  

1) reaqtiulad da 2) aqtiurad anu potencialurad. 

     pirvel kategorias miekuTvnebian is momentebi, romle-

bic xels uSlian moZraobas yvela mimarTulebiT da icvli-

an niSans  moZraobis mimarTulebis SecvlisTan erTad. aseTi 

momentebi iqmneba xaxunis da aradrekadi sxeulebis Wimvis, 

kumSvis da grexvis ZalebiT. meore kategorias miekuTvneba 

momentebi, romlebic warmoiSvebian sxeulis woniT an misi 

mdgeneliT da drekadi sxeulebis Wimvis, kumSvis da grexvis 

ZalebiT. reaqtiuli Zalebis sapirispirod, aqtiuri Zalebi 

inarCuneben TavianTi moqmedebis mimarTulebas moZraobis mima-

rTulebis Secvlis miuxedavad. amis gamo, tvirTis potencia-

luri energiis gazrdisas (anu sxeulis zemoT awevisas), is-
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ini xels uSlian moZraobas (tvirTebis, galebis aweva) da 

piriqiT, exmarebian moZraobas potencialuri energiis Semci-

rebisas (tvrTebis, galebis CaSveba). 

     xaxunze danakargebi SeiZleba miaxloebiT iqnes gaTva-

liswinebuli manqanis m.q.k.-iT. Tuki cnobilia sasargeblo 

muSaobis Sesasruleblad saWiro simZlavre .sasP , maSin el-

eqtroZravas simZlavre xaxunze danakargebis gaTvaliswinebiT 

iqneba - 

                    /PP sas. .                  1.29  

    saSaxto amwev meqanizmebSi, Saxtis WaurSi moZravi Wur-

Wlis xaxunze danakargebs haersa da moZraobis mimmarTveleb-

Si, iTvaliswineben sasargeblo tvirTis gazrdiT raRac dam-

atebiTi fiqtiuri sididiT. satumbe danadgarebis gaangariSe-

bisas, zogierT SemTxvevaSi, siTxis winaaRmdegobis Zalebs 

milsadenebsa da xraxnsacobebSi (ventilebSi), iTvaliswineben 

asawevi siTxis simaRlis garkveuli sididiT gazrdiT.     

     samTo mrewvelobaSi gamoyenebuli yvela manqana, winaaR-

mdegobis momentis Secvlis xasiaTis mixedviT, SeiZleba dai-

yos xuT jgufad. 

     pirvel jgufs miekuTvneba manqanebi, romelTa winaaR-

mdegobis momenti mudmivi sididea an icvleba umniSvnelod. 

aseTebia kudis bagiriT gawonasworebuli saSaxto manqanebi, 

amweebi, Tanabrad datvirTuli konveierebi da sxv.(nax. 1.3 a) 
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            nax. 1.3 datvirTvis momentebis cvlilebis grafikebi 

    meore jgufs miekuTvneba manqanebi, romelTa winaaRmde-

gobis momenti kuTxuri siCqaris proporciulia, e.i. 

)(fM st . es damokidebuleba zogadi saxiT SeiZleba amg-

varad Caiweros 
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           
a

MMMM 













no m
stno m0st       130 

 sadac  0M - moZraobis winaaRmdegobis momentia nulovani 

siCqaris dros; xolo no mM  - winaaRmdegobis momenti nom-

inaluri nom siCqaris dros; a - koeficienti, romelic iT-

valiswinebs stM  momentis cvlilebis xasiaTs siCqaris gaz-

rdis dros. misi mniSvneloba sxvdasxva manqanebisaTvis icv-

leba 2a0  . am jgufis manqanebs ZiriTadad miekuTvneba 

centridanuli moqmedebis meqanizmebi, rogorebicaa: centri-

danuli ventilatorebi da tumboebi, kompresorebi, centro-

fugebi da sxva meqanizmebi, romelTa datvirTvis momenti si-

Cqaris kvadratis proporciulia  (nax. 1.3 b). 

    mesame jgufi moicavs manqanebs, romelTa statikuri da-

tvirTvis momenti damokidebulia Zravis lilvis mobrunebis 

kuTxeze, e.i. )(fM st . maT miekuTvneba yvela saxis mrud-

xarabarbaca da eqscentruli moqmedebis meqanizmebi - dguSi-

ani tumboebi da kompresorebi, merxevi konveierebi, kudis ba-

giriT gauwonasworebuli da cvladradiusiani saSaxto amwe-

vi manqanebi, gadamyiraveblebi da sxv. yvela am manqanis dat-

virTvis momenti damokidebulia gavlil gzaze, anu rac igi-

vea, saboloo jamSi, eleqtroZravas lilvis mobrunebis kuT-

xeze  (nax. 1.3 g da d). 
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     meoTxe jgufs miekuTvneba muSa manqanebi, romelTa da-

tvirTvis momenti erTdrouladaa damokidebuli rogorc si-

Cqareze, ise ganvlil manZilze, e.i. )L,(fM st . aseTi man-

qanebia saSaxto eleqtruli, relsuri, transporti. maTi wi-

naaRmdegobis momenti erTi mxriv proporciulia haeris wina-

aRmdegobis momentisa da meore mriv, gzis profilis aRmarT-

- daRmarTisa da mosaxvevis xasiaTze (nax. 1.3 e).  

     mexuTe jgufs Seadgenen manqanebi, romelTa datvirTvis 

momenti SemTxveviT xasiaTs atarebs. aseT manqanebs miekuTv-

neba samTo kombainebi, eqskavatorebi, saburRi danadgarebi da 

sxv. maTi datvirTvis momentebi damokidebulia memanqanis kva-

lifikaciaze, manqanis mWreli organos muSaobis xasiaTze, 

dasamuSavebeli wiaRiseulis Tvisebasa da struqturaze, ro-

mlebic Zalze did farglebSi icvlebian da sxv. aseTi manq-

anebis datvirTvis momenti ganisazRvreba statistikuri mona-

cemebis gasaSualebuli mniSvnelobebiT (nax. 1.3 v).   
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       1.3  winaaRmdegobis momentebisa da Zalebis, 

           masebisa da inerciis momentebis dayvana 

     muSa manqanebis umetesoba, saWiroebs sakmaod dabal 

brunvaTa ricxvebs - 100-300 br/wT, im dros, rodesac 

eleqtruli Zravebi, ekonomikuri pirobebidan gamomdinare, 

ZiriTadad mzaddeba 750 br/wT-dan 3000 br/wT-mde brunvis 

siCqariT. eleqtruli Zravas nominaluri brunvis siCqaris  

gazrda, mudmivi simZlavris dros, amcirebs Zravas masas, ga-

baritul zomebsa da fass. amave dros swrafbrunian Zravebs 

gaaCniaT ufro maRali m.q.k. da simZlavris koeficienti, vid-

re dabalbrunians. yovelive amis gamo, dabalbruniani muSa 

manqanis dakavSireba eleqtrul ZravebTan xorcieldeba saS-

ualedo gadacemis meSveobiT, romelic xSir SemTxvevaSi, kbi-

lanur reduqtors warmoadgens.  

     amZravis moZraobis gantoleba samarTliania im pirob-

iT, roca yvela momenti moqmedebs erT lilvze da sistemis 

yvela masa moZraobs erTnairi siCqariT. reduqtoris arsebo-

bisas ki, sistemis calkeul elementebs sxvadasxva brunvis 

siCqare gaaCniaT. am SemTxvevaSi, gardamavali procesis anga-

riSisas, saWiro gaxdeboda calkeuli elementebisaTvis Seg-

vedgina moZraobis gantoleba da Semdeg amogvexsna erTad, 

mTeli sistemisaTvis, rac Tavis mxriv, dakavSirebuli iqneb-

oda rTul, Sromatevad samuSaosTan. angariSis gamartivebis 

mizniT, winaaRmdegobis momentebi da Zalebi, inerciis momen-
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tebi da moZravi masebi, agreTve calkeuli elementebis six-

istis koeficientebi, dahyavT romelime elementis brunvis 

an wrfiv moZraobis siCqareze, umetes SemTxvevaSi, Zravas 

brunvis siCqareze. 

     ganvixiloT sistema, romelic Sedgeba eleqtruli Zra-

vas, muSa meqanizmisa da maTi urTierTdamakavSirebeli erTsa-

fexuriani kbilanuri reduqtorisagan (nax. 1.4).  

 

            nax. 1.4 amwevi danadgaris kinematikuri sqema 

     zogadad, lilvebze simZlavreebis tolobis pirobidan 

gamomdinare, SeiZleba daiweros 

               rmmZrst  /MM  ,              1.31 

sadac  stM - winaaRmdegobis statikuri momentia dayvanili 

Zravas lilvze, n.m; xolo mM - winaaRmdegobis momenti meqa-

nizmis lilvze, n.m;  Zr  da m - Zravasa da meqanizmis kuT-

xuri siCqareebi, rad/wm; r - kbilanuri gadacemis m.q.k.  

     1.31- dan gvaqvs              
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r

m




i

M
Mst  ,                    1.32  

sadac   mZr  /i - reduqtoris gadacemis ricxvia.  

     Tu Zravis lilvsa da muSa meqanizms Soris ramodenime 

saSualedo gadacemaa  k21 iii  , Sesabamisi m.q.k.-ebiT 

 krr2r1  , maSin SeiZleba daiweros  

      
rkr2r1

st
m




k21 iii

M
M             1.33 

     1.32 da 1.33 gamosaxulebebi samarTliania mxolod ma-

Sin, roca amZravi muSaobs Zravul reJimSi da danakargebi 

daifareba TviT Zravas mier. samuxruWe reJimSi, roca ener-

gia muSa meqanizmis lilvidan Zravs gadaecema, m.q.k. sidide 

formulaSi mniSvnelidan mricxvelSi gadadis. magaliTad, 

1.32 gamosaxuleba am SemTxvevaSi miiRebs saxes 

               rrmst i/MM  .                   1.34                                 

     yvela tvirTamwe manqanebs, garda mbrunavi nawilebisa  

(Zravas Ruza an rotori, reduqtoris kbilanebi, doli da 

sx.), gaaCniaT winsvliT moZravi elementebi (gali, skipi, 

tvirTi da sxv.). gaangariSisas, maTi dayvana romelime saxis 

moZraobaze xdeba. simZlavreTa tolobidan gamomdinare 

              rmstZrst  /VFM                 1.35 

aqedan 
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rZr

mst
st




VF
M                   1.36 

sadac mV -- meqanizmis siCqarea, m/wm. 

    Tuki Zrava samuxruWe reJimSi muSaobs, iqneba 

               
Zr

rmst
st






VF
M                   1.37 

     sistemebSi, romlebsac gaaCniaT saSualedo gadacemebi, 

winaaRmdegobis momentebis msgavsad xdeba inerciis moment-

ebis dayvana. saerTod, romelime sididis dayvana realuri 

sistemidan sxva sistemaze xdeba im pirobiT, rom realuri 

sistemis kinetikuri energia aucileblad toli iyos dayva-

nili sistemis kinetikuri energiisa. 

     nax. 1.4-ze warmodgenili amwe danadgaris realuri ki-

netikuri energia gamoisaxeba 

    
2

V
m

2
J

2
J

2
JW

2












2
d

d
Zr

Zrre al.

2
1

1

2

,       1.38 

     danadgaris dayvanili kinetikuri energia (Zravis lil-

vze) toli iqneba 

               
2

JW
2
Zr

dayday


  .                 1.39 

      sadac  dayJ  -- dayvanili inerciis momentia. 
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Tu gaviTvaliswinebT, pirobis Tanaxmad, rom .re al
W  

dayW  da miRebul gamosaxulebas gavyofT 2
Zr - ze, 

gveqneba  

   
22

2

2

2
1

1

ZrZr

d
d

Zr

Zrday













2V
mJJJJ       1.40 

ukanasknel gamosaxulebaSi SevcvaloT 1Zr  /  da 

dZr  /  sidideebi Sesabamisi gadacemis ricxvebiT Zravas 

lilvsa da calkeul mbrunav elementebs Soris 1i da di -

iT da sabolood gveqneba 

  
21

Zrd

dZrday



2

22
1

V
m

i

1
J

i

1
JJJ          1.41 

amrigad, Zravis lilvze dayvanili inerciis momentis 

cnebaSi igulisxmeba iseTi eqvivalenturi mqnevaras inerciis 

momenti, romelic brunavs Zravis brunvis sixSiriT da rom-

elsac aqvs realurad mbrunavi sistemis toli kinetikuri 

energia. 
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       1.4  eleqtroamZravebis amuSavebisa da damuxruWebis          

                    drois gansazRvra 

    amuSavebisa da damuxruWebis drois xangrZlivobis 

gansazRvrisaTvis saWiroa moZraobis ZiriTadi gatolebidan 

gamoiTvalos dt  mniSvneloba da Semdeg moxdes misi 

integreba. Tuki Zravis mier ganviTarebuli M momenti, 

inerciis momenti J  da datvirTvis stM  momenti amuSavebis 

drois ganmavlobaSi SeiZleba mudmiv sidideebad CaiTvalos, 

maSin 1.7- danMiqneba 

        
st

st
st

st
am

MM
J

0
MM

d
Jt











 ,           1..42 

sadac  st - statikuri stM  momentis Sesabamisi kuTxuri 

siCqarea, rad/wm; 

       amt  - amuSavebis drois xangrZlivobaa siCqaris 

nulovani mniSvnelobidan st  mniSvnelobamde, wm. roca 

datvirTvis mniSvneloba  stM =0, maSin   

                     
M

Jt 0am  .         1.43 

     meqanizmis damuxruWebis dro ki iqneba 

          
st

st

st
st

dam
MM

J
0

MM

d
Jt










  
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                       Tavi II 

       meqanikuri maxasiaTeblebi da eleqtroamZravis     

                  samuSao reJimebi 

               2.1  meqanikuri maxasiaTeblebi     

     elamZravis muSaoba, rogorc moZraobis ZiriTadi gan-

tolebidan Cans, ganisazRvreba Zravas momentisa da muSa man-

qaniT Seqmnili datvirTvisagan. Zravas muSaobis dasaxasiaTeb-

lad gamoiyeneben e.w. Z r a v a s  m e q a n i k u r   m a 

x a s i a T e b e l s. igi warmoadgens Zravas kuTxuri si-

Cqaris damokidebulebas mis mier ganviTarebuli momentisa-

gan- )M(f ; aseve ganixilaven m e q a n i z m i s  m e q 

a n i k u r   m a x a s i a T e b e l s, romelic adgens 

meqanizmis mier Zravas lilvze Seqmnili winaRobis momentis 

damokidebulebas brunvis siCqarisagan )(M st . radgan, 

rogorc wesi, Zravasa da meqanizmis meqanikuri maxasiaTeble-

bi erTad gansazRvraven muSaobis reJims, ufro mosaxerxebe-

lia warmovadginoT meqanizmis meqanikuri maxasiaTebeli, rog-

orc Zravas siCqaris damokidebuleba mis lilvze dayvanili 

statikuri momentisagan. anu meq1anizmis meqanikuri maxasia-

Tebeli gamoisaxeba funqciiT )M(f st . am damokidebule-

bebs eleqtroamZravebis damyarebuli muSaobis reJimisaTvis 

uwodeben s t a t i k u r  m e q a n i k u r   m a x a s 

i a T e b l e b s. 



 29 

    statikur meqanikur maxasiaTebels uwodeben b u n e b 

r i v s, rodesac Zrava CarTulia nominalur parametrebian 

qselTan da rodesac misi Ruzis (rotoris) wredSi damate-

biTi winaRoba ar aris CarTuli. sxva danarCen pirobebSi, ma-

galiTad nominalurisagan gansxvavebuli Zabvisa da sixSiris, 

Ruzis (rotoris) wredSi winaRobis CarTvis SemTxvevaSi da 

sxva - uwodeben x e l o v n u r  m a x a s i a T e b l 

e b s. 

     Zravas tipisa da CarTvis sqemis mixedviT, misi brunvis 

siCqare, statikuri datvirTvis SecvliT, sxvadasxvanairad 

Seicvleba. siCqaris Secvlis SefasebisaTvis SemoRebulia  

statikuri meqanikuri maxasiaTeblis sixistis cneba, romel-

ic ganisazRvreba   s i x i s t i s   k o e f i c i e n 

t i T . igi warmoadgens momentisa da brunvis siCqaris usa-

srulod mcire nazrdebis fardobas 

                  








M

d

dM
,  n.m.wm             2.1 

    xSir SemTxvevaSi, sixistis koeficienti uaryofiTi sid-

idea da amis gamo, meqanikuri maxasiaTeblis SefasebisaTvis, 

sargebloben misi absoluturi mniSvnelobiT. 

    sixistis mixedviT ansxvaveben Semdegi saxis maxasiaTe-

blebs: 

    a) a b s o l u t u r a d  x i s t i  m a x a s i a 

T e b e l i -  ; (nax 2.1, 1-) . aseTi maxasiaTeblis 
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dros, amZravis brunvis siCqare mudmivia datvirTvis cvale-

badobisas. igi gaaCniaT sinqronul Zravebs.           

          

    nax. 2.1 eleqtroZravas statikuri meqanikuri maxasiaTeblebi 

    b) x i s t i  m a x a s i a T e b e l i ; (nax 2.1, 2-

,3-) datvirTvis Secvlisas umniSvnelod icvleba amZravis 

siCqare. aseTi maxasiaTeblebi gaaCniaT damoukidebel (para-

lelur) agznebian mudmivi denis Zravebs da asinqronul Zra-

vebs maxasiaTeblis muSa Stoze. 

     g) r b i l i  m a x a s i a T e b e l i , aseTi max-

asiaTeblis dros datvirTvis cvalebadoba siCqaris did fa-

rglebSi cvalebadobas iwvevs da gaaCniaT mudmivi denis mim-

devrobiT agznebian Zravebs  (nax. 2.1, 4). 

     eleqtroZravas tipisa da marTvis xerxis swori Ser-

CevisaTvis saWiroa cnobili iyos muSa manqanis aRmasrule-

beli organos meqanikuri maxasiaTebeli )M(f st . 
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     nax. 2.2 - ze mocemulia sxvadasxva tipis manqanis meqa-

nikuri maxasiaTeblebi: 1-- ;constM st  2- mudmivi denis 

generatori; 3- ventilatori. 

       

     nax. 2.2 sxvadasxva saxis muSa manqanis meqanikuri maxasiaTebeli 

    cnobilia, rom yvela eleqtrul manqanas SeuZlia imuS-

avos rogorc Zravul, ise generatorul reJimSi. Zravul re-

JimSi, manqanis lilvze Seiqmneba mabrunebeli momenti, rome-

lsac moZraobaSi mohyavs muSa meqanizmi anu am reJimSi eleq-

truli energia gardaiqmneba meqanikurad. generatorul reJ-

imSi manqanis mier ganviTarebuli momenti mimarTulia moZra-

obis sawinaaRmdegod, uSlis xels moZraobas da moqmedebs 

muSa meqanizmze damamuxruWeblad, anu am reJimSi meqanikuri 

energia gardaiqmneba eleqtrul energiad da qsels ubrun-

deba an ifanteba siTbos saxiT. eleqtruli ZravebiT muSa 

meqanizmebis eleqtrulad damuxruWebas mimarTaven: sawarmoo 
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meqanizmebis swrafi gaCerebisaTvis, amwe danadgarebSi tvirT-

is CaSvebisaTvis, muSa organos zusti gaCerebisaTvis da sxv. 

     eleqtroZravas CarTvis sqemisa da amZravis muSaobis 

pirobebisagan damokidebulebiT eleqtruli (generatoruli) 

damuxruWebis reJimi iyofa r e k u p e r a c i u l,  d i 

n a m i k u r  da  u k u C a r T v i T  damuxruWebis 

reJimebad.        

 

       2.2  eleqtroamZravebis statikuri mdgradoba  

      eleqtromeqanikuri sistema muSaobis dros unda iyos 

statikurad mdgradi. agregatis muSaobis statikur mdgrad-

obaSi igulisxmeba unari, daubrundes igi mdgradi wonaswo-

robis mdgomareobas mas Semdeg, roca igi gamoyvanili iqneba   

am mdgomareobidan gareSe ZaliT (SeSfoTebiT). wonasworo-

bis statikuri piroba ganisazRvreba Zravasa da sawarmoo 

meqanizmis meqanikuri maxasiaTeblis formiT.   

     ganvixiloT SemTxveva, rodesac meqanizmis momenti ar 

aris damokidebuli siCqareze ( nax. 3.3 1-), xolo amZrav 

Zravad gamoyenebulia asinqronuli manqana, romlis meqaniku-

ri maxasiaTebeli 2- mrudiTaa warmodgenili. Zravas mier ga-

nviTarebuli M momentis dros, romelic meqanizmis stati-

kuri datvirTvis momentis stM -is tolia, amZravi muSaobs 

st  damyarebuli siCqariT meqanikuri maxasiaTeblebis gada-
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kveTis a  wertilSi. Tuki raRaca SemaSfoTebeli zemoqmed-

ebiT amZravis siCqare Semcirdeba   sididiT 1  mniSvne-

lobamde, gaizrdeba Zravas mier ganviTarebuli momenti 
1

M  

mniSvnelobamde. radganac meqanizmis momenti isev 
st

M -is 

toli darCa, aRiZvreba dadebiTi dinamikuri momenti 

 1MMd stM , romelic aiZulebs amZravs aCqardes manam, 

sanam siCqare isev ar gautoldeba st -s. Tuki siCqare gai-

zrdeba  -Ti st -is zemoT, warmoiSveba uaryofiTi dina-

mikuri mdgeneli da amZravis siCqare kvlav gaxdeba st -is 

toli. gamodis, rom a  wertilSi muSaobisas procesi stat-

ikurad mdgradia. 

     dinamikuri momentis fardobas, siCqaris vardnis   

sididesTan, uwodeben m d g r a d o b i s  koeficients 

               /M/MK dmd   

      Cvens mier ganxilul a  wertilisaTvis, orive SemT- 

xvevaSi (siCqaris Semcirebisa da momatebis dros), mdgrad- 

obis koeficienti uaryofiTi sididea                   

        0)/()MM(/MK 11  ststdmd . 

     muSaobis damyarebul reJims anu meqanikuri maxasiaTeb-

lebis gadakveTas adgili aqvs b  wertilSic, sadac dacu-
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lia piroba stMM   , magram, gansxvavebiT a wertilisa, 

siCqaris momatebas   sididiT mohyveba dinamikuri momen-

tis gazrda, rac Tavis mxriv, kidev ufro gazrdis amZravis 

siCqares. piriqiT SemTxvevaSi,   sididiT siCqaris Semci-

rebas, mohyveba dinamikuri momentis uaryofiTi mniSvneloba, 

rac kidev ufro Seuwyobs xels siCqaris Semcirebas. b  wer-

tilisaTvis orive SemTxvevaSi  

        0)/()MM(/MK 11  ststdmd           

     

     nax. 2.3 statikuri mdgradobis gansazRvra Zravas meqanikuri 

              maxasiaTebliT 

    amrigad, amZravis muSaobis statikuri mdgradobis 

aucilebel pirobas warmoadgens, rom  

                 0/MK  dmd . 
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    asinqronuli Zravas aramdgrad Stoze statikuri mdgra-

doba SesaZlebelia ganxorcieldes im SemTxvevaSi, Tuki sa-

warmoo meqanizmis statikuri datvirTva ventilatoruli xa-

siaTisaa- )(fM 2st   (nax. 2.4). am SemTxvevaSi statikuri 

mdgradobis koeficienti 

           0//MK  ststdmd    

      aRsaniSnavia, rom Zravas aramdgrad Stoze muSaoba, 

ganxilul SemTxvevaSi, gamoiwvevs Zravas gadaxurebas.  

          

      nax. 2.4 statikuri mdgradobis gansazRvra meqanizmis  

                     meqanikuri maxasiaTebliT 
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2.3  mudmivi denis damoukidebel agznebiani Zravas  

             meqanikuri maxasiaTeblebi  

     mudmivi denis manqanebis muSaobis reJimis aRmwer gant-

olebas, miuxedavad maTi agznebis gragnilis RuzasTan er-

Tad qselTan mierTebis sxvadasxva sqemisa, erTnairi forma 

gaaCnia. agznebis gragnili ki RuzasTan SeiZleba mierTdes 

paralelurad (anu damoukideblad), mimdevrobiT da mimdev-

robiT-paralelurad. am bolo SemTxvevaSi Zravas orive sa-

xis agznebis gragnili gaaCnia. Sesabamisad, Zravas uwodeben 

paralelur (damoukidebel) agznebians, mimdevrobiT - da Se-

reul agznebians. meqanikuri maxasiaTeblis analizuri gamosa-

xuleba damyarebulia Zabvis balansis gantolebaze.      

      

     nax. 2.5 damoukidebel agznebiani mudmivi denis Zravas CarTvis sqema  

        mudmivi denis damoukidebel (paralelur) agznebian 

 Zravas qselTan mierTebis principuli sqema aseTia (nax. 2.5)  

     sadac - LM- agznebis gragnilia, RaR aqtiuri winaRo- 

biT; 
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            Rr1 -agznebis gragnilSi denis saregulirebeli 

reostati; 

             M- Zravas Ruza, RR aqtiuri winaRobiT;  

               Rr2 - Ruzis wredSi denis saregulirebeli 

reostati; 

      Zabvis balansis gantolebas Ruzis wredSi aqvs saxe 

                     RRR ERIU               2.1 2.2 

      sadac U  - Zabvaa Zravas momWerebze, v; 

            RI  - Ruzis wredis deni, a; 

            RR - Ruzis wredis sruli winaRoba (reo-

statis CaTvliT), omi; 

            RE - RuzaSi aRZruli  e.m.Z., v. 

    Ruzis e.m.Z. ganisazRvreba formuliT 

             


 CK
a2

pN
ER , v,      2.2 

sadac 
a2

pN
K


 - Zravas konstruqciulobis koeficientia da 

mudmivia, Tuki Zrava kompensirebulia; p mTavari polusebis 

ricxvia; N gamtarebis ricxvi da a - Ruzis gragnilis 

paraleluri gamtarebis ricxvi; 

        - Zravas magnituri nakadi, vb; 

        - Ruzis brunvis siCqare, rad/wm. 

      C - Zravas koeficienti.  
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      Tu CavsvavT RE -s mniSvnelobas 2.2 -dan 2.1-Si, mivi-

RebT 

                KRIU RR                   2.3 

      2.3- dan ganvsazRvroT  - s mniSvneloba da miviRebT 

e l e q t r o m e q a n i k u r i  m a x a s i a T e b 

l i s  analizur gamosaxulebas 

     .I
C

R

C

U
I

K

R

K

U

K

RIU
RR

R RRR











        2.4 

     mudmivi denis Zravas eleqtromagnituri momenti gani-

sazRvreba formuliT 

          RRR ICIKI
a2

pN
M 


 , n.m.       2.5  

     Zravas lilvze momenti gansxvavdeba sididiT eleqtro-

magnituri momentisagan, TviTon ZravaSi meqanikuri da Zravas 

foladSi Tburi danakargebis gamo. Zravul reJimSi momenti 

lilvze yovelTvis naklebia eleqtromagniturze, xolo ge-

neratorulSi - meti. radganac es momentebi mxolod (25) 

% -iT gansxvavdebian nominalurisagan, miaxloebiT Tvlian, 

rom momenti Zravas lilvze eleqtromagnituris tolia. 

    mabrunebeli momentis niSani, 2.5 gamosaxulebis mixed-

viT, damokidebulia Ruzis denis an magnituri nakadis niSan-

ze, amis gamo, Zravis brunvis mimarTulebis SecvlisaTvis 

(reversirebisaTvis), rasac iwvevs momentis niSnis Secvla, 
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saWiroa Seicvalos magnituri nakadis mimarTuleba, an Ru-

zaze Zabvis polaroba. Ruzis denis mniSvnelobis CasmiT 2.5- 

dan 2.4- Si, miviRebT m e q a n i k u r i  m a x a s i a T 

e b l i s  gamosaxulebas  

            ,M
1

M
K

R

K

U
022 








R
        2.6  2.8 

     sadac 
RR R

C

R

K 222




  - meqanikuri maxasiaTeblis si-

xistis koeficientia, razec damokidebulia TviT maxasiaTeb-

lis daxra. 

     Tu gavamravlebT 2.1 gamosaxulebis orive mxares RI - 

ze, miviRebT 

                RR RR RIIEUI 2 R                  2.7 

an 

                  PPP1  e m ,                   2.8 

      sadac RUIP1  - Zravas mier qselidan moTxovnili   

 simZlavrea; 

           RRIEP e m - Zravas RuzaSi Seqmnili eleqtroma-

gnituri simZlavre;  

   RRRIP 2 - Ruzis wredSi Tburi danakargebis  

simZlavre. 
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2.2- sa da 2.7- is gaTvaliswinebiT elmagnituri 

simZlavre SesaZloa Semdegnairadac daiweros 

         .MICIEP  RRRem            2.9 

Tuki Zravas momenti da brunvis siCqare erTi 

mimarTulebisaa, maSin xdeba eleqtruli energiis gardaqmna 

meqanikurad, anu Zrava muSaobs Zravul reJimSi. Zravas m.q.k. 

meqanikuri da agznebis gragnilSi Tburi danakargebis 

gauTvaliswineblad 

       
R

Re m R

U

R.I
1

P

PP

P

P

1

1

1




          2.10 

aqedan gamomdinareobs, rom Ruzis wredis winaRobis 

gazrdiT, amZravis m.q.k. mcirdeba. 

Zabvis, magnituri nakadisa da Ruzis wredis  nomina-

luri mniSvnelobebis dros, brunvis siCqarec nominaluri 

iqneba 

              .
K

RIU

n

Rn

n

R




               2.11 

Zravze sasargeblo datvirTvisa da energiis danakarge-

bis ar arsebobisas sistemaSi Ruzis denis mniSvneloba nu-

lis tolia da Ruzis brunvis siCqare, romelsac aseT Sem-

TxvevaSi idealurs uwodben - 0 , damokidebulia mxolod 

Zabvisa da magnituri nakadis nominalur mniSvnelobebze 
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            .
C

U

K

U n

n

n
0 


                2.12 

aseTi brunvi siCqaris dros e.m.Z. da qselis Zabva erT-

maneTis tolia. 

eleqtromeqanikuri maxasiaTebeli, 2.12 -is gaTvalis-

winebiT, SesaZloa warmovadginoT 

        ,
C

RI

K

RI R

0

R

0

RR



          2.13 

xolo meqanikuri maxasiaTebeli 

         .M
C

R
M

K

R

222

R
0

R
0 


      2.14 

sxvaobas, ( 0 )-s , idelur uqmi svlis brunvis si-

Cqaresa da datvirTvis Sesabamis brunvis siCqares Soris, 

uwodeben statikur brunvis siCqaris vardnas-  . eleqtro-

meqanikuri maxasiaTeblisaTvis 
C

IR RR
 , xolo meqanikuri 

maxasiaTeblisaTvis 
2C

MR RR
 . 

am ukanasknelTa gaTvaliswinebiT, damoukidebel agzne-

biani Zravas meqanikuri maxasiaTebeli zogadi saxiT iqneba 

                  .0                    2.15 

    radganac brunvis siCqaris vardna,  , pirdapirpropor-

ciulia momentisa da denisa, meqanikuri da eleqtromeqaniku- 

 ri maxasiaTeblebi warmoadgenen wrfeebs.  
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     idealuri uqmi svlis brunvis siCqare, SeiZleba gan-

isazRvros (2.12 -is SefardebiT 2.11 -Tan) formuliT 

                
R

n0
R.nn

n

R.IU

U


            2.16 

sadac nU , R.nI  da nω - Sesabamisad Zravas nominaluri sapas-

porto monacemebia. Tuki cnobili iqneba 0 , nominaluri 

momenti nM  da aseve misi Sesabamisi brunvis siCqare n , 

e.i. wrfis ori wertili, SesaZlebelia aigos bunebrivi 

meqanikuri maxasiaTebeli. 

 

                              

        nax. 2.5 damoukidebel agznebiani Zravas bunebrivi meqanikuri  

                            maxasiaTebli   

     amZravis gaangariSebisas gamoiyeneben e.w. Ruzisa da ro-

toris nominaluri winaRobis cnebas. nominaluri winaRoba 

ewodeba winaRobis iseT sidides, romelic Sedgeba Ruzis  

(rotoris) sakuTari da garedan mierTebuli winaRobebis ja-

misagan da romelic qselis Zabvis nominaluri mniSvnelobisa 
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da gaCerebuli Ruzis (rotoris) dros uzrunvelyofs Zrav- 

as RuzaSi (rotorSi) nominaluri denis gavlas. 

    mudmivi denis ZravaSi  

                 
no m

no m
no m

I

U
R  ,   

xolo cvladi denis ZravaSi  

               

2no m

2no m
2no m2no m

I3

E
ZR  ,  

sadac 2no mE - uZravi rotoris uku e.m.Z.-aa statoris nomi-

naluri Zabvis dros, v;           

      2no mI  - rotoris nominaluri denia, a;  

     xelovnuri maxasiaTeblebis miReba SesaZlebelia Zra-

vze Zabvis cvlilebiT, agznebis nakadis SecvliTa da Ruzis 

wredSi winaRobis damatebiT. bolo SemTxvevas uwodeben 

agreTve r e o s t a t u l   m a x a s i a T e b e l s. 

rogorc 2.12 da 2.14 gamosaxulebebidan Cans, Zravze Zabvis 

SecvliT icvleba mxolod idealuri uqmi svlis brunvis si-

Cqare 0 , xolo maxsiaTeblis daxra, anu sixistis koefic-

ienti, mudmivi rCeba. amis gamo, sxvadasxva Zabvebis Sesabami-

si maxasiaTeblebi, bunebrivi maxasiaTeblis paralelurebi iq-

nebian (nax. 2.6 a)). Tu Ruzis wredSi CairTveba damatebiTi 

winaRoba dR , maSin Zrava imuSavebs reostatul maxasiaTe-

belze. nulovani datvirTvis dros, igi ibrunebs idealuri 
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brunvis siCqariT da damokidebuli ar iqneba Ruzis wredis 

winaRobaze  (ix. formula 2.14) (nax. 2.6 b))     

 

     nax. 2.6 damoukidebel agznebiani Zravas xelovnuri meqanikuri    

            maxasiaTeblebi sxvadasxva Zabvisa da winaRobis dros 

    magnituri nakadis SecvliT icvleba rogorc idealuri 

uqmi svlis brunvis siCqare 0 , aseve maxasiaTeblis daxra. 

nulovani siCqaris dros, Ruzis deni tolia mokled SerT-

vis (m.S.) denisa 
R

n
m . S . R

U
I  , romelic ar aris damokidebuli 

magnitur nakadze, amitom eleqtromeqanikuri maxasiaTeblebi, 

sxvadasxva magnituri nakadis dros, gadaikveTebian erT wer-

tilSi, romelic m.S dens Seesabameba (nax. 2.7 a).  mokled 

SerTvis momenti m .S .m . S IKM  , Ruzis denisagan gansxvave-

biT, damokidebulia magnitur nakadze da amis gamo meqaniku-

ri maxasiaTeblebi momentis RerZs sxvadasxva wertilSi ga-

dakveTen (nax. 2.7 b).   
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nax. 2.7 Zravas xelovnuri meqanikuri maxasiaTeblebi sxvadasxva nakadis  

       dros       

     meqanikuri maxasiaTeblebi samuxruWe reJimebSi. Zalian 

xSirad, Tanmedrove eleqtroamZravSi, aucilebelia rogorc 

sawarmoo meqanizmis swrafad da zustad gaCereba, aseve misi 

reversi da tvirTis CaSveba. yvela am SemTxvevaSi, Zrava auc-

ileblad unda gadavides generatoruli damuxruWebis rome-

lime saxis reJimSi, amZravSi dagrovili kinetikuri energia 

an tvirTis CaSvebisas potenciuri energiis nazrdi gardaqm-

nas eleqtrul energiad da imis mixedviT, Tu romel reJim-

Si muSaobs, an ukan miawodos qsels, an gamohyos siTbos sa-

xiT garemoSi. 

    eleqtruli damuxruWeba sami saxisaa: 1) energiis qsel-

Si gadacemiT (rekuperaciuli); 2) dinamikuri damuxruWeba; 

3) ukuCarTviTi damuxruWeba. 

    ganvixiloT dawvrilebiT meqanikuri maxasiaTeblebis 

Taviseburebani aRniSnuli damuxruWebis reJimebisaTvis. 
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    1. rekuperaciuli damuxruWeba. damuxruWebis es xerxi 

xorcieldeba maSin, roca Zravas brunvis siCqare   meti 

aRmoCndeba idealuri uqmi svlis brunvis siCqare 0 -ze da 

misi e.m.Z. E  gadaaWarbebs qselis Zabva U -s. Zrava am SemTx-

vevaSi muSaobs generatorul reJimSi qselis paralelurad 

da awvdis eleqtrul energias; denic icvlis mimarTulebas, 

romelic aSkaraa tolobidan 

             R/)UE(R/)EU(I   ,         2.17 

da Sesabamisad, niSans Seicvlis Zravas momentic, anu igi ga-

xdeba damamuxruWebeli - IKM  . Tuki avRniSnavT samu-

xruWe moments MM sam , maSin 2.14 gantoleba  > 0 -is 

gaTvaliswinebiT miiRebs saxes 

                 .M
K

R

K

U
22 sam

R





           2.18 

     gantolebis marjvena mxaris pirveli wevri gviCvenebs, 

rom damoukidebel agznebiani Zravas meqanikuri maxasiaTebeli 

am samuxruWe reJimSi, 0M  -is dros, gadis wertilSi, ro-

melic, iseve rogorc Zravul reJimSi, Seesabameba idealuri 

uqmi svlis brunvis sixSires. meqanikuri maxasiaTeblis dax-

ra (sixiste) ganisazRvreba gantolebis meore wevriT 

22K/R R , romelic Ruzis wredis mocemuli winaRobis 

dros, mudmivia. Sesabamisad, meqanikuri maxasiaTeblis daxra 

am samuxruWe reJimSi igivea, rac iyo Zravul reJimSi. amis 
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gamo, rekuperaciuli damuxruWebis reJimSi, meqanikuri maxa-

siaTebeli warmoadgens Zravuli reJimis meqanikuri maxasiaT-

blis gagrZelebas meore kvadrantSi. damuxruWebis es xerxi 

SesaZlebelia, magaliTad, satransporto da amwe meqnizmebis 

amZravebSi tvirTis CaSvebisas an siCqaris regulirebis iseTi 

xerxis dros, roca aRmoCndeba, rom mniSvneloba 0 . 

aseTi damuxruWeba metad ekonomiuria, radganac xasiaTdeba 

qselSi energiis miwodebiT, magram yovelTvis ar aris Sesa-

Zlebeli 0  pirobis dacva. aucilebelia aRiniSnos, rom 

rac metia Ruzis wredis winaRoba, miT metia brunvis siCqa-

re rekuperaciul samuxruWe reJimSi, erTi da igive stati-

kuri momentis dros, nax. 2.9 

 

     nax. 2.9 damoukidebel agznebiani Zravas meqanikuri maxasiaTeblebi  

                    Zravul da samuxruWo reJimebSi 
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    2. dinamikuri damuxruWeba xorcieldeba Ruzis wredis 

qselidan amorTviT da gareSe winaRobaze mierTebiT, amitom 

mas xSirad reostatul damuxruWebas uwodeben (nax. 2.10).  

      

      nax. 2.10 damoukidebel agznebiani Zravas CarTvi sqema 

                  dinamikuri damuxruWebis reJimSi    

    agznebis gragnili am dros qselTan CarTuli unda da-

rCes. dinamikuri damuxruWebis reJimiSic, manqana muSaobs  

rogorc  generatori, mxolod im gansxvavebiT, rom amZravSi 

dagrovili kinetikuri an Camavali tvirTis potencialuri  

energia gardaiqmneba eleqtrulad da gansxvavebiT rekupera-

ciuli reJimisa, gamoiyofa Ruzis wredSi siTbos saxiT. 

     imis gamo, rom e.m.Z. damuxruWebis dros inarCunebs igi-

ve niSans, rac hqonda Zraul reJimSi da Ruzas garedan Zabva 

ar miewodeba, Ruzis deni ganisazRvreba formuliT 

        R/ER/)E0(R/)EU(I  ,            2.19 

       sadac R - Ruzis wredis saerTo winaRobaa.  
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       samuxruWe momenti SesaZlebelia warmovadginoT rog-

orc 

        
R

K
R

E
KIKM 22 

 sam ,         2.20 

magnituri nakadis mudmivobis dros ( const ) iqneba 

              samsam M
C

R
M

K

R
222




 .            2.21         2.23 

    meqanikuri maxasiaTebeli dinamikuri damuxruWebis dros, 

rogorc 2.21-dan Cans, warmoadgens wrfes, romelic sakoor-

dinato saTaveze gadis da misi daxris kuTxe icvleba R -is 

mixedviT. minimaluri daxra (maqsimaluri sixiste) miiReba 

nulovani reostatuli winaRobis dros, anu maSin, rodesac 

Ruzis wredSi mxolod Ruzis winaRobaa CarTuli (ix. nax. 

2.9). radganac maxasiaTebeli koordinatTa saTaveze gadis, 

brunvis siCqaris Semcirebas mohyveba samuxruWe momentis 

Semcirebac da gamodis, rom dinamikuri damuxruWebiT Zravas 

sruli gaCereba SeuZlebelia. amitom, iZulebuli varT 

saboloo gaCerebisaTvis gamoviyenoT meqanikuri muxruWi. es 

dinamikuri damuxruWebis ZiriTadi naklia.   E  

     dinamikuri damuxruWeba farTod gamoiyeneba amZravis 

Sesaneleblad, gansakuTrebiT amwev meqanizmebSi tvirTebis 

CaSvebis dros. igi sakmaod ekonomiuria, magram am mxriv Ca-

morCeba rekuperaciuli damuxruWebis reJims. 
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   3. ukuCarTviT damuxruWeba xorcieldeba im SemTxvevaSi, 

roca Zravas gragnilebi CarTulia erTi mimarTulebiT samo-

Zraod, magram masze iseTi sididis datvirTvaa modebuli, 

rom Zrava iZulebiT brunavs meore mimarTulebiT. es xorci-

eldeba, magaliTad, amwevis amZravSi, roca Zrava CarTulia 

tvirTis awevaze, xolo tvirTis wonisagan gamowveuli mom-

enti iseTia, rom aiZulebs Zravas dabrundes tvirTis CaSve-

bis mimarTulebiT. aseTive reJimi miiReba, Tuki erTi mimarT-

ulebiT mbrunav Zravas SevucvliT qselis polarobas da am-

iT SevqmniT moZraobis sawinaaRmdego mimarTulebis mabrun 

moments. ganvixiloT es reJimi grafikulad. 

                          

                  

        nax. 2.11 damoukidebel agznebiani Zravas meqanikuri maxasiaTebeli 

                ukuCarTviTi damuxruWebis reJimSi tvirTis CaSvebisas      
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     davuSvaT, Zravze modebulia st1M  datvirTva da igi 

muSaobs a  wertilSi Zravul reJimSi. axla davuSvaT, rom 

raRac mizeziT daiwyo statikurma datvirTvam gazrda Zravas 

lilvze. amas mohyveba brunvis siCqaris Semcireba da Sesaba-

misad, e.m.Z.-is Semcirebac. Zravis RuzaSi gamavali deni 

R/)CU(R/)EU(I   daiwyebs gazrdas. roca brunvis 

siCqare nuls gautoldeba 0 , ZravaSi gaivlis mokled 

SerTvis (m.S) deni  R/UI m .S  ( b wertili) da igi ganavi-

Tarebs m.S.-is moments, m SM -s. datvirTvis Semdgom gazrdas 

mohyveba Zravas brunvis mimarTulebis Secvla da Sesabamisad 

ZravaSi gamavali denis gazrda R/)CU(I  , denis 

gazrdas ki mohyveba momentis gazrda da roca es 

ukanaskneli gauto-ldeba Camavali tvirTvis wonisagan 

gamowveul moments, st2M -s, damyardeba Tanabari moZraoba 

(c  wertili). rogorc  

                     R/)CU(I                 2.22 

gamosaxulebidan Cans, ZravaSi gamavalma denma, garkveul pi-

robebSi, SeiZleba gadaaWarbos dasaSvebs. amis gamo, ukuCar-

TviT damuxruWebis dros, Ruzis wredSi damatebiT winaRo-

bas rTaven ( amas maxasiaTeblis daxrac gviCvenebs). 

    bolo formulis orive mxares Tu gavamravlebT IR-ze, 

miiReba  
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                  EIUIωCUIRI2             2.23 

    sadac   RI2 - Ruzis wredis gaTbobaze daxarjuli sim- 

lavrea; UI - qselidan wamoRebuli simZlavre; EI - Zravas 

lilvze, Camavali tvirTis meqanikuri simZlavris eqvivalen-

turi eleqtruli simZlavre.   

     ekonomiurobis TvalsazrisiT ukuCrTviT damuxruWebis 

reJimi, ganxilul reJimebTan SedarebiT, yvelaze araekonomi-

uri reJimia - Camavali tvirTis energia da qselidan wamoRe-

buli energia, orive gamoiyofa Ruzis wredSi siTbos saxiT. 

dadebiTi mxareebia: am reJimiT SesaZlebelia amZravis rog-

orc Seneleba, ise sruliad gaCereba da reversic ki.   

 

 

 

 

 2.4  mudmivi denis mimdevrobiT  agznebiani Zravas  

                meqanikuri maxasiaTeblebi  

    mudmivi denis mimdevrobiT agznebiani Zravas CarTvis 

sqema warmodgenilia nax. 2.14-ze. eleqtromeqanikuri maxasi-

aTeblis gantolebas, msgavsad damoukidebel agznebiani Zrav- 

isa, aqvs saxe 

              



K

RI-U
ω

RR
 ,                   2.24 
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    sadac ragR RRRR  - Ruzis wredis sruli 

winaRobaa da Sedgeba Ruzis, agznebis gragnilisa da 

reostatis winaRobebis jamisagan, omi. 

 

      

     nax. 2.14 mimdevrobiT agznebiani mudmivi deni Zravas qselTan  

                           CarTvis sqema 

      damoukidebel agznebiani Zravasagan gansxvavebiT, am 

SemTxvevaSi, agznebis gragnilis magnituri nakadi iqmneba Ru-

zaSi gamavali deniT. magnituri nakadis damokidebuleba am 

denisagan ganisazRvreba damagnitebis mrudiT, romelic nax. 

2.15-zea warmodgenili. magnituri nakadi SeiZleba Ruzis de-

nis proporciulad CaiTvalos nominaluri denis mxolod 

80%-mde, e.i. sanam magnituri sistema gajerebuli ar aris  

da Zrava muSaobs damagnitebis mrudis sworxazovan ubanze.  

    Aam mosazrebidan gamomdinare SeiZleba daiweros  

                    RIC ,                  2.25    

     sadac   C - proporciulobis koeficientia, omi.wm;                                                                               
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         nax. 2.15  mimdevrobiT agznebiani mudmivi denis Zravas 

                         veber-amperuli maxasiaTebeli 

    magnituri nakadis ΦmniSvnelobis CasmiT 2.25-dan 2.5-Si, 

gveqneba 

                        
2
RKCIM                   2.26 

      saidanac 

                      
KC

M
I R                  2.27 

      SevitanoT 2.25 da 2.27  gamosaxulebebi 2.4-Si da 

gveqneba 

     
KC

R
-

MKC

U

KCI

RI
-

KCI

U

K

RI
-

K

U





R

R

R

R
,  2.28 

anu 

                      B
M

A
                  2.29 

sadac 

                   
KC

R
B    ;

KC

U
A    
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2.29-is Tanaxmad, roca 0,M  kuTxuri siCqare  miiswraf-

is usasrulobisaken, xolo roca  0, maSin  2
B/AM  . 

amis gamo, bunebrivi meqanikuri maxasiaTebeli ar gadaikvve-

Teba siCqaris RerZTan, aris misi asimptota da warmoadgens 

hiperbolas (nax. 2.16 ). mcire datvirTvis momentebis dros, 

kuTxurma siCqarem, SeiZleba dauSvebel sidideebs miaRwios 

da amis gaTvaliwinebiT, SeiZleba davaskvnaT, rom mimdevrob-

iT agznebiani Zravas muSaoba uqm svlaze, dauSvebelia. 

                  

    nax. 2.16 mimdevrobiT agznebiani mudmivi denis Zravas meqanikuri  

             maxasiaTeblebi Ruzis wredis sxvadasxva Zabvis dros 

    2.29 gantoleba iZleva imis saSualebas, rom CavataroT 

mimdevrobiT agznebiani Zravas meqanikuri maxasiaTeblis for-

mis xarisxobrivi analizi. magram es gantoleba, zemoT aRni-

Snuli daSvebebis gamo, iSviaTad gamoiyeneba praqtikuli gam-

oTvlebisaTvis. damamzadebeli qarxana calkeuli seriis Zra-

vebisaTvis iZleva bunebrivi maxasiaTeblebis universalur 

mrudebs. universaluri maxasiaTeblebi warmoadgenen kuTxuri 
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siCqarisa da momentis fardobiTi sidideebis damokidebule-

bas RuzaSi gamaval denis fardobiT sididesTan (nax. 2.17). 

aq -  
nn M

M
M; ** 




  da 

nI

I
I*  . ician ra Zravas nomina-

luri monacemebi, aZleven dens sxvadasxva mniSvnelobas da 

universaluri maxasiaTeblebiT ageben Zravas bunebriv meqani-

kur maxasiaTeblebs. 

    Ruzis mimdevrobiT damatebiTi winaRobis CarTviT meqa-

nikuri maxasiaTebeli mniSvnelovnad rbildeba 

             

          nax. 2.17 mimdevrobiT agznebiani mudmivi denis Zravas  

                       universaluri maxasiaTeblebi 

     xelovnuri (reostatuli) maxasiaTeblebis asagebad Se-

saZlebelia visargebloT bunebrivi meqanikuri maxasiaTeblis 

gantolebiT. 

    Bbunebrivi maxasiaTeblis gantoleba 

             










 




U

)R(RI
-1

K

U agRR

b             2.30 
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     Zravas reostatuli maxasiaTeblis gantoleba 

          










 




U

)RR(RI
-1

K

U ragRR
r          2.31 

     gavyoT 2.31 gamosaxuleba 2.30-ze da ganvsazRvroT 

iqidan r  

          
)R(RI-U

)RR(RI-U

agRR

ragRR
r




 b           2.32 

     sadac  b  da r  - Sesabamisad bunebrivi da reos-

tatuli maxasiaTeblebis kuTuri siCqareebia. 

     2.30 formulis safuZvelze SeiZleba davaskvnaT, rom 

qselis Zabvis SemcirebiT miRebuli xelovnuri maxasiaTeble-

bic ganlagdebian bunebrivis qvemoT (nax. 2.16). 

     mimdevrobiT agznebiani Zravebi, iseve rogorc damou-

kidebel agznebiani Zravebi, denis mixedviT SeiZleba gadai-

tvirTon, mokle xniT, 22.5-jer. 

    mimdevrobiT agznebiani Zravebis momenti izrdeba ara ma-

rto denis xarjze, aramed nakadiTac. magnituri nakadi de-

nis proporciuli rom yofiliyo, denis orjer gazrdiT mo-

menti oTxjer gaizrdeboda, magram, magnituri wredis gaje-

rebis gamo, momenti daaxloebiT samjer izrdeba. damoukide-

bel agznebian ZravebSi ki, sadac momenti denis pirdapirpro-

porciulia, denis orjer gazrdiT, momentic orjer izrdeba. 
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    yovelive amis gamo, mimdevrobiT agznebiani Zravebs far-

Tod gamoiyeneben saSaxto da samrewvelo elmavlebis eleq-

troamZravebSi. mTavari maTi upiratesoba sxva ZravebTan Sed-

arebiT isaa, rom SesaZlebelia sagrZnobi gamSvebi momentis 

miReba gaSvebisa da gadatvirTvis dros. 

        meqanikuri maxasiaTeblebi samuxruWe reJimebSi.   

   mimdevrobiT agznebian Zravebs ori samuxruWe reJimi ga-

aCniaT: dinamikuri da ukuCarTviTi. imis gamo, rom aseTi ti-

pis Zravebis meqanikuri maxasiaTeblebi siCqaris RerZs ar ga-

dakveTen, anu SeuZlebelia momentis niSnis Secvla, rekuper-

aciuli damuxruWeba ver ganxorcieldeba. 

   mimdevrobiT agznebiani Zravebis dinamikuri damuxruWebis 

ori xerxi arsebobs: damoukidebeli agznebiT da TviTagzne-

biT. damoukidebeli agznebiT damuxruWebis sqema mocemulia 

2.18 nax.-ze. damuxruWebisas gaixsnebian 1KM  kontaqtebi da 

Caiketebian 2KM . imisaTvis, rom agznebis gragnilSi deni 

SeizRudos nominalur mniSvnelobamde, mas CarTaven qselSi 

agR -is mimdevrobiT. aseTi sqemiT CarTva savsebiT analogiu-

ria damoukidebel agznebiani Zravis CarTvis sqemisa igive 

reJimSi. damuxruWebis am xerxis ZiriTadi uaryofiTi mxa- 

re, damoukidebel agznebian ZravasTan SedarebiT, aris mni- 

Svnelovani energiis xarji. 
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       nax. 2.18 mimdevrobiT agznebiani mudmivi Zravas CarTvis 

                sqema dinamikuri damuxruWebis reJimSi 

      Tuki damoukidebel agznebian ZravaSi agznebis gragni-

lis simZlavre Zravas mTliani simZlavris (0.5...3) %-ia, mim-

devrobiT agznebianSi saWiro samuxruWo momentis misaRebad 

agznebis gragnilSi unda gaiaros nomnaluri denis tolma 

sididem. ase, rom agznebis wredis simZlavre TiTqmis Zravas 

nominaluri simZlavris tolia. 

    TviTagznebiT damuxruWebas praqtikaSi ar mimarTaven.            

            

 

 

 

 

 

 

 

 

           nax. 2.19 mimdevrobiT agznebiani Zravas meqanikuri  

              maxasiaTeblebi ukuCarTviT damuxreWebis dros 
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    damuxruWebis ukuCarTviTi reJimi mimdevrobiT agznebian 

ZravaSi xorcieldeba damoukidebel agznebiani Zravas msgavs-

ad, anu aqtiuri momentis dros, roca m . S.st MM  . (1-maxasi-

aTebeli nax. 2.19 -ze) anda Ruzis momWerebze Zabvis pola-

robis gadarTviT ( 2- maxasiaTebeli nax. 2.19-ze). rogorc 

damoukidebel agznebian ZravaSi, ukudeniT damuxruWebis 

dros, Ruzis wredSi unda CairTos denis SemzRvudeli wina-

Roba. 

     Sereul agznebian Zravebs Zalze iSviaTad gamoiyeneben 

samTo mrewvelobaSi da amis gamo, isini aq ar ganixileba. 

 

 

 

2.5 asinqronuli Zravas meqanikuri maxasiaTeblebi 

    bunebrivi meqanikuri maxasiaTebeli 

      fazur rotoriani asinqronuli Zravas CarTvis sqema 

mocemulia nax. 2.20-ze. 
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meqanikuri maxasiaTeblis gantolebis misaRebad sar-

gebloben gamartivebuli Canacvlebis sqemiT, romelic nax. 

2.21-zea warmodgenili. 

aq    S -  asinqronuli Zravis srialia;     

        ;)/(S 00                   2.39 

               

   nax. 2.21 asinqronuli Zravas Canacvlebis sqema (


R,I  da 


X Sesa- 

 bamisad damagnitebis konturis deni, aqtiuri da induqtiuri winaRobaa)             

     AaseTi eqvivalenturi sqemisaTvis saerTo winaRoba  

               m . C .
22

21 X/SRRZ 


           2.40 

sadac 1R , 1X  statoris aqtiuri da induqtiuri winaRobaa, 

omi; 

        22 X,R   rotoris fazis aqtiuri da induqtiuri 

winaRobaa, miyvanili statorTan, omi; 

        m . C .X = 1X + 2X --mokled CarTvis induqtiuri wina-

Roba, omi. 
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        ZravaSi gamavali deni, damagnitebis denis gauTval-

iswineblad, tolia statoris gragnilze dayvanili roto-

ris denisa      

      

  m . C .

ff

22

21

21

X/SRR

U

Z

U
II







      2.41 

      Zravis 0ω   kuTxuri siCqariT mbrunavi magnituri ve-

lis mier rotorze gadacemul simZlavres aqvs saxe 

                 0emem ωMP                        2.42 

sadac  e mM  - Zravas eleqtromagnituri momentia, nm. 

     nawili am simZlavrisa ikargeba rotoris gragnilSi, 

xolo danarCeni nawili gardaiqmneba meqanikur simZlavred 

                2
2

2 RI3PP  em                2.43 

Tu CavsvavT 2.43-Si 2.42-s da SevcvliT P -s ωMem -Ti, mi-

viRebT 

   2
2

20 RI3-MM  e me m            2.44 

xolo 2.40-is gaTvaliswinebiT gveqneba 

             
S

RI3
M 2

2
2

0
e m




                     2.45 

    Tuki meqanikur danakargebs, maTi simciris gamo, mxed-

velobaSi ar miviRebT, maSin Zravis mier ganviTarebuli mo-

menti e mMM  . 
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     SevitanoT 2.45-Si formulaSi rotoris denis mniSvne-

loba da miviRebT asinqronuli Zravas meqanikuri maxasiaTeb-

lis gantolebas 

          
  22

21

2
2

X/SRRSω

R3U
M

m C0

f




          2.46 

    ukanaskneli formulis analizi gviCvenebs, rom M=f(S) 

funqcias aqvs ori maqsimumi- erTi Zravul reJimSi, meore 

generatorulSi (rekuperaciulSi). Tu aviRebT dM/dS=0, 

ganvsazRvravT srialis im kritikul mniSvnelobas, romlis 

drosac eleqtroZrava ganaviTarebs maqsimalur (kritikul) 

moments 

             
22

1

2

XR

R
S

m C

kr




                2.47 

    SevitanoT 2.47-dan krS -is mniSvneloba 2.46 formu-

laSi da miviRebT maqsimaluri momentis gamosaxulebas 

         






 


2
m C0

f
kr

XRR2ω

3U
M

2
11

2

        2.48 

dadebiTi niSani aiReba Zravuli da ukuCarTviTi, xolo 

uaryofiTi-rekuperaciuli reJimebis dros. 

     Tu gavyofT 2.46 gamosaxulebas 2.48-ze da gaviTval-

iswinebT 2.47-s, miviRebT meqanikuri maxasiaTeblis formu-

las ufro mosaxerxebeli saxiT  
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krkrkr

kr
kr

αS/SSS/S

αS2
MM




        2.49 

     sadac    21 R/R2α   

     saSualo da didi simZlavris ZravebSi (10-15 kvt da 

zemoT), statoris aqtiuri winaRobis sidide misi simciris 

gamo SeiZleba ugulebelvyoT. maSin 2.49 gamosaxuleba ufro 

mosaxerxebeli da martivi gaxdeba  

                
/SSS/S

2M
M

krkr

kr


             2.50 

     Tu 2.50-Si CavsvavT S =1 (n=0), miviRebT amuSavebis 

momentis mniSvnelobas 

               
krkr

kr
am

S1/S

2M
M


              2.51 

     maqsimaluri momentis fardobiT nominalurTan, Segvi-

Zlia vimsjeloT Zravas gadatvirTvis unarianobaze. am far-

dobas uwodeben maqsimaluri (kritikuli) momentis je-

radobas-  

                 nkrn M/M ,                   2.52 

saSaxto amwev manqanebze gamoyenebul fazur rotorian asi-

nqronul Zravebs aqvT  n 5.23.1  , xolo saSaxto mok-

led SerTul rotorian Zravebs - 5.35.2 n . 



 65 

    Tu SevitanT 2.50-Si  MM da S  mimdinare mniSvnelobe-

bis nacvlad Zravas nominalur sidideebs, nM  da nS  , da 

gamoviyenebT 2.52-s, miviRebT 

            )1λ(λSS  2
nnnkr               2.53 

    nax. 2.22 a)-ze warmodgenilia asinqronuli Zravas 

bunebrivi meqanikuri maxasiaTebeli f(S)M  funqciis saxiT. 

xolo nax. 2.22 b) -ze )f(M  funqciiT.    N 

  

         nax. 2.22 asinqronuli Zravas meqanikuri maxasiaTeblebi 

       asinqronuli Zravas meqanikuri maxasiaTeblis mni-

Svnelovan wertilebs warmoadgenen: 

    1)  0M)( 0;S o    -- uqmi svlis reJimi; 

    2)    nnn MM;SS   -- nominaluri reJimi; 

    3)    krkrkr MM;SS   -- Zravas maqsimaluri  

       (kritikuli) momenti; 

    4)    amMM0;1S   -- Zravas amuSavebis momenti. 
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     rogorc 2.50 gamosaxulebidan Cans, srialis mcire 

sidideebis dros ( )SS
kr

 , momentisa da srialis damo-

kidebuleba SeiZleba wrfivad CaiTvalos ( ab monakveTi) 

                 S
S

2M
M

kr

kr
                   2.54 

      maxasiaTeblis am nawils uwodeben muSa anu mdgrad 

ubans. rodesac krSS  , momentis gamosaxuleba miiRebs 

saxes                             

                  kr

kr
S

S

2M
M   ,              2.55     2.55 

miviReT hiperbolas gantoleba (bc monakveTi). maxasiaTeblis 

am nawils uwodeben aramdgrad (aramuSa) ubans da am ubniT 

muSaobs Zrava mxolod amuSavebis procesSi. 

      zemoT ganxiluli maxasiaTeblebi bunebrivi maxasiaTe-

blebia da isini aigebian Semdegi TanmimdevrobiT. Zravas sapa-

sporto monacemebia: nominaluri simZlavre - nP , kvt; nomina-

luri brunvis sixSire - nn , br/wT; gadatvirTvis koeficien-

ti - nkrn M/Mλ  ; wyvil polusTa ricxvi - p ). 

    ganisazRvreba:    






 


30

n
ω  

    1) Zravas nominaluri sriali- o/1S  nn  
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     sadac f/p20 -statoris eleqtromanituri ve- 

lis brunvis sixSirea, xolo 50f  hr qselis sixSire; 

     2) Zravas kritikuli sriali - )1λ(λSS  2
nnnkr  

3) Zravas nominaluri momenti   

nnnnn /ω10P/nP9550M 3 , nm 

     4) Zravas maqsimaluri (kritikuli) momenti       

     nnkr λMM   

     amis Semdeg srials miscemen sxvadasxva mniSvnelobebs 

1-dan 0-mde da 2.50 formuliT aageben asinqronuli Zravas 

bunebriv meqanikur maxasiaTebels M=f(s) koordinatebSi. 

     mniSvnelovani konstruqciuli parametrebi, romlebi-

Tac xasiaTdebian eleqtroamZravis mokled SerTul roto-

riani Zravebi, aris sawyisi amuSavebis momentisa da denis 

jeradobebi ( nam M/MKm   da nam I/IKi  ). nax. 2.23 – ze 

moyvanilia Zravas bunebrivi eleqtromeqanikuri da meqani-

kuri maxasiaTeblebi. 

    am maxasiaTeblebis Sedarebidan Cans, rom mokled Ser-

Tuli rotoriani Zrava qselidan moiTxovs mniSvnelovan amu-

Savebis dens, im dros, roca amuSavebis momentis sidide Se-

darebiT mcire sididea. es movlena aixsneba imiT, rom amu-

Savebis dros statoris winaRoba TiTqmis mTlianad 
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induqciuria da amis gamo mcirea denis aqtiuri mdgeneli, 

romelic gansazRvravs Zravas momentis sidides.           

         

      nax. 2.23 mokled SerTul rotoriani asinqronuli Zravas meqani- 

                kuri (1) da eleqtromeqanikuri (2) maxasiaTeblebi 

     mokled SerTul rotoriani Zravas sawyisi amuSavebis 

momentis jeradoba  

              21M/MKm  nam              2.56 

xolo sawyisi, amuSavebis denis jeradoba 

              75I/IKi  nam                 2.57 

      imisTvis, rom Seamciron amuSavebis denis mniSvneloba 

da piriqiT, gazardon amuSavebis momenti, amzadeben speci-

aluri Sesrulebis mokled SerTul rotorian Zravebs: 

Rrmad Rrmulebiani rotoriT an ormagi gragniliani rot-

oriT. aseTi tipis Zravebi farTod gamoiyeneba SaxtebSi, 

maTiО  2.51.2Km   da .06.53Ki  .        
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     xelovnuri meqanikuri maxasiaTeblebi. zemoT ganxil-

uli asinqronuli Zravebis bunebrivi meqanikuri maxasiaTebe-

li gaangariSebuli iqna im pirobiT, rom qselis Zabva da si-

xSire nominaluria, xolo statorisa da rotoris wredSi 

ar aris CarTuli damatebiTi winaRoba. sawarmoo pirobebSi 

ki, qselis gadatvirTvis gamo, Zabvisa da sixSiris mniSvne-

lobani xSirad ixrebian nominaluridan, xolo amZravis siC-

qaris regulirebisaTvis an amuSavebis denis SezRudvisaTvis 

Zravas wredSi CarTaven aqtiur an induqciur winaRobebs. 

     ganvixiloT qselis Zabvis gavlena Zravas meqanikur ma-

xasiaTebelze. 

     rogorc 2.46 da 2.48 gamosaxulebebidan Cans, srialis 

nebismieri mniSvnelobisaTvis Zravas mier ganviTarebuli mom-

enti Zabvis kvadratis proporciulia. amis gamo, asinqronu-

li Zrava metad mgZnobiarea Zabvis meryeobis mimarT. radga-

nac Zravas sinqronuli kuTxuri siCqare da srialis kriti-

kuli mniSvneloba (2.40 da 2.47) ar aris damokidebuli qse-

lis Zabvaze, xelovnur maxasiaTeblebs Zabvis sxvadasxva mni-

Svnelobebis dros aqvT nax. 2.24 a)-ze warmodgenili saxe. 

imisaTvis, rom aigos xelovnuri meqanikuri maxasiaTeblebi 

Zabvis sxvadasxva mniSvnelobebisaTvis, saWiroa jer aigos 

bunebrivi maxasiaTebeli da Semdeg  2U/UMM nxnx  damo- 

kidebulebiT aigeba xelovnuri maxasiaTeblebi. 
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       nax. 2.24 asinqronuli Zravas meqanikuri maxasiaTeblebi  

                 sxvadasxva Zabvisa (a) da sixSiris (2) dros 

 

      rogorc 2.40 formulidan Cans, Zravas sinqronuli 

kuTxuri sixSire pirdapirproporciulia Zabvis sixSirisa. 

Tu ar miviRebT mxedvelobaSi statoris aqtiur winaRobas, 

(ix. 2.47), kritikuli srialis mniSvneloba ukuproporci-

ulia Zabvis sixSirisa - xnkr . nkr .x /ff/SS  . rogorc naxazi-

dan Cans, Zravas maqsimaluri momenti icvleba, rogorc Za-

bvis, ise Zabvis sixSiris cvlilebiT. praqtikulad, maqsima-

luri momentis mudmivad SenarCunebaa saWiro. amisaTvis 

cvlian erTdroulad, rogorc qselis Zabvas, aseve Zabvis 
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sixSires iseTi kanoniT, rom fardoba qselis Zabvisa denis 

sixSiresTan iyos mudmivi sidide, anu  

                const/fU f                     2.58  

      aseT SemTxvevaSi maqsimaluri momenti Seicvleba umni-

Svnelod da maxasiaTeblebs eqnebaT saxe (nax.2.25)  

            

     nax. 2.25 asinqronuli Zravas meqanikuri maxasiaTeblebi Zabvisa da  

               sixSiris U/f=const kanoniT regulirebisas 

     ganvixiloT rotoris wredSi CarTuli reostatis wi-

naRobis gavlena maxasiaTeblis formaze. Tu mxedvelobaSi ar 

miviRebT statoris aqtiur winaRobas, kritikuli srialis 

mniSvneloba xelovnur maxasiaTebelze iqneba 

                 krrkr .x X/RRS 2            2.59 

xolo bunebrivze -- 

                  krkr X/RS 2                 2.60 

gavyoT bolo formulebi erTmaneTze da gveqneba 

         2222 R/RRSR/RRSS rkrrkrkr .x  ,   2.61 

sadac 2R - rotoris wredSi CarTuli reostatis winaRo- 
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 baa. es damokidebuleba samarTliania srialis nebismieri 

mniSvnelobisaTvis. 

    amgvarad, SeiZleba aRvniSnoT, rom srialis sidide, er-

Ti da igive momentis dros, xelovnur maxasiaTebelze imden-

jer metia bunebrivi maxasiaTeblis Sesabamis srialze, ramde-

njerac metia rotoris sruli winaRoba ( rRR2  ) rotor-

is gragnilis ( rR ) winaRobaze. es ukanaskneli ki gamoiTv-

leba formuliT 

            )I3/(SER 2nn2nrot .          2.62 

     sadac 2nI -- rotoris nominaluri denia, a; xolo 2nE -  

rotoris e.m.Z. , v. maTi sidideebi ZravebisaTvis mocemulia 

katalogSi. 

      praqtikulad, 2nE  Zabvaa uZravi, gaxsnilwrediani ro-

toris rgolebs Soris, roca statori CarTulia nominalur 

(Un  da fn ) parametrebian qselSi. maxasiaTeblebi reostatis 

sxvadasxva mniSvnelobebis dros moyvanilia nax. 2.26-ze. 

            

     nax. 2.26 meqanikuri maxasiaTeblebi rotoris wredSi sxvadasxva  

                    aqtiuri winaaRmdegobebis dros  
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      meqanikuri maxasiaTeblebi samuxruWe reJimebSi.   

     asinqronul ZravebSi SesaZlebelia ganxorcieldes sa-

mive saxis samuxruWe reJimi: rekuperaciuli, dinamikuri da 

ukuCarTviTi. 

    rekuperaciuli damuxruWeba. rekuperaciuli damuxruWe-

bis reJimi warmoiSveba maSin, roca Zravas rotoris kuTxuri 

siCqare meti aRmoCndeba sinqronulze da ibrunebs imave mima-

rTulebiT, ra mimarTulebiTac brunavs statoris elmagntu-

ri veli. rekuperaciuli damuxruWebis dros rotoris mome-

ntsa da dens aqvT uaryofiTi mniSvneloba, manqana muSaobs 

asinqronuli generatoris reJimSi da agzavnis qselSi elen-

ergias Camavali tvirTis meqanikuri energiis xarjze. Zravas 

momenti, romelsac uaryofiTi mniSvneloba aqvs, damamuxruW-

eblad moqmedebs Camaval tvirTze da rodesac Zravas momen-

ti da Camavali tvirTis woniT gamowveuli momenti erTman-

eTs gautoldeba, tvirTi eSveba Tanabari siCqariT. am reJi-

mis meqanikuri maxasiaTeblebi warmoadgenen Zravuli reJimis 

gagrZelebas da moTavsebulni arian meore kvadrantSi (nax. 

3.27). rogorc 2.48 gantolebidan Cans, kritikuli (maqsima-

luri) momentis mniSvneloba rekuperaciul reJimSi metia 

Zravuli reJimis kritikul momentze. rotoris wredis aq-

tiuri winaRobis gazrdiT, Zravas siCqare rekuperaciul da-

muxruWebis reJimSi izrdeba da SeiZleba dasaSvebs gadaaWar-

bos. amis gamo, rekuperaciuli damuxruWeba mizanSewonilia 



 74 

ganxorcieldes bunebrivi maxasiaTebliT. am reJimSi, srialis 

mniSvneloba, radganac o , yovelTvis uaryofiTi sidi-

dea   

          oooo )/()/(S      

  

        

   nax. 2.27 asinqronuli Zravas meqanikuri maxasiaTeblebi 

     rekuperaciuli damuxruWebis dros: 1. Rr=0 da 2. Rr 0   

    dinamikuri damuxruWeba. damuxruWebis es xerxi SeiZ-

leba ganxorcieldes statoris gragnilis mudmivi denis 

wyarosTan mierTebiT. amisaTvis, asinqronuli Zravas sta-

tors, dinamikuri damuxruWebis rejimis ganxorcielebisaT-

vis, gamorTaven cvladi denis wredidan da miuerTeben mudmi-

vi denis wyaros (nax. 2.28 ). amasTan, rotoris wredSi Car-

Tulia reostati sxvadasxva samuxruWe maxasiaTeblis misa-

Rebad.                          

    statoris gragnilSi gamavali mudmivi deni Seqmnis uZ-

rav eleqtromagnitur vels. rotoris brunvisas mis gragni-
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lebSi dainduqtirdeba e.m.Z., romelic rotorSi warmoSobs 

cvlad dens da romelic, Tavis mxriv, Seqmnis eleqtromag-

nitur vels. es veli statoris mimarT uZravia. jamuri ma-

gnituri nakadis xarjze warmoiqmneba Zravas mamuxruWebeli 

momenti. nax. 2.28-ze warmodgenili statoris CarTvis el-

eqtruli sqema yvelaze martivi, efeqturi da gavrcelebuli 

sqemaa arsebuli dinamikuri damuxruWebis sqemebidan.                       

              

     nax. 2.28 asinqronuli fazur rotoriani Zravas CarTvis sqema 

                    dinamikuri damuxruWebis reJimSi  

 dinamikuri damuxruWebis meqanikuri maxasiaTeblebi msgavsia 

Zravuli reJimis meqanikuri maxasiaTeblebisa. gansxvaveba maT 

Soris isaa, rom damuxruWebis meqanikuri maxasiaTeblebi ga-

dian koordinatTa saTaveSi, radganac siCqareebis nulovani 

mniSvnelobebis dros, samuxruWeE momentic nulis tolia. 

      Zravul da samuxruWe reJimSi meqanikuri maxasiaTe-

blebis msgavsebas amtkicebs samuxruWe maxasiaTeblis gan-

tolebac 
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          nax. 2.29  asinqronuli Zravas meqanikuri maxasiaTeblebiA 

                        dinamikuri damuxruWebis reJimSi  

                   



//

2M
M

krkr

kr .d
.           2.63 

   am formuliT sargebloben, roca surT aagon dinamikuri 

damuxruWebis  meqanikuri maxasiaTebeli. kr .dM  da kr  si-

dideebi ganisazRvreba eleqtroamZravisaTvis wayenebuli 

pirobebiT ( o/ ). 

    dinamikuri damuxruWebis meqanikuri maxasiaTeblebi ro-

toris ori sxvadasxva winaRobisaTvis da statorSi gamavali 

mudmivi denis ori mniSvnelobisaTvi moyvanilia nax. 2.29-ze. 

1 da 2 maxasiaTebeli Seesabameba rotoris erTi da imave wi-

naRobas statoris denis sxvadasxva mniSvnelobisaTvis da 3 

da 4 igive denebis mniSvnelobebisaTvis, rotoris ufro di-

di winaRobebis dros. 
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     ukuCarTviT damuxruWeba. asinqronul ZravebSi uku-

CarTviT damuxruWebis reJimi, msgavsad mudmivi denis Zra-

vebisa, SeiZleba ganxorcieldes :  

       - an Camavali tvirTis datvirTvis momentis xarjze, 

roca amst MM   da rotoris wredSi sakmaod didi 

winaRobaa CarTuli (nax. 2.30, I da IV kvadranti), 

       - an erTi mimarTulebiT inerciiT mbrunav ZravaSi 

momWerebis swrafi gadarTviT sawinaaRmdego brunvis mimar-

Tulebis CarTvaze Zravas srul gaCerebamde(nax. 2.30, II da 

III kvadranti). 

       

     nax. 2.30 asinqronuli Zravas meqanikuri maxasiaTeblebi 

                   ukuCarTviT damuxruWebis reJimSi 

rotoris wredSi, ukuCarTvis damuxruWebis reJimSi, CairT-

veba reostati saWiro momentis misaRebad da denis SesazRu-

dad. deni am reJimSi izrdeba imis gamo, rom statoris el-

magnituri veli da rotori brunaven sapirispiro mimarTu-
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lebiT. srialis mniSvneloba ukuCarTvis reJimSi erTze me-

tia, radganacE           

         oooo )/()]/([S     

 am reJimis dadebiT mxares miekuTvneba sqemis simar-

tive (reversiuli amZravis dros araviTari damatebiTi apa-

ratura saWiro ar aris), sakmao samuxruWo momentis gan-

viTarebis saSualeba siCqaris nebismieri mniSvnelobis dros, 

TviT 0 -is drosac. 

    uaryofiTi mxareebia: 1) energiis didi danakargebi, msga-

vsad mudmivi denis Zravas ukudeniTi damuxruWebis reJimisa; 

2)  arasimdovre erTi maxasiaTeblidan meoreze gadasvlisas 

(reostatiT regulirebisas). 

 

 

          

             2.6 sinqronuli Zravas meqanikuri   

                     maxasiaTeblebi  

    sinqronuli Zravebis kuTxuri siCqare ar aris damo-

kidebuli datvirTvis sidideze. igi damokidebulia mxolod 

qselis sixSiresa da Zravas wyvil polusTa ricxvze. sinqr-

onuli Zrava warmoadgens manqanas, romlis statori ikvebeba 

cvladi denis qselidan, xolo rotoris gragnili - mudmivi 

denis wyarodan (nax. 2.31).       
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    nax. 2.31 sinqronuli Zravas CarTvis sqema 

     sinqronuli Zravebis erT-erTi dadebiTi mxare aris wi-

nswrebiTi simZlavris koeficientis arseboba, xolo uaryo-

fiTi -SedarebiT rTuli amuSavebis reJimi, vidre asinqro-

nuli Zravasi. amis gamo, sinqronul Zravebs gamoiyeneben sa-

Sualo da didi simZlavris meqanizmebisaTvis, sadac saWiro 

ar aris xSiri CarTvebi da brunvaTa ricxvis regulireba. 

samTo mrewvelobaSi sinqronul Zravebs gamoiyeneben wyal-

amosaRvvrel, saventilatoro da sakompresoro danadgarebSi, 

agreTve saSualo da didi mwarmoeblobis eqskavatorebsa da 

didi simZlavris amwev manqanebSi, generatoris amZrav manqa- 

nad da sxv.          

    radganac sinqronul ZravaSi kuTxuri siCqare ar aris 

damokidebuli momentis cvalebadobaze (dasaSvebi denis sidi-

demde), amitom meqanikuri maxasiaTebeli warmoadgens 

absicaTa RerZis paralelur xazs (nax. 2.32). Zravis 

gadatvirTvis koeficienti  Seadgens   =22.5. 
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         nax. 2.32 sinqronuli Zravas meqanikuri maxasiaTebeli 

     sinqronuli Zravas damuxruWeba SesaZlebelia dinami-

kuri damuxruWebiTa da agreTve ukuCarTviTi reJimiT. dina-

mikuri damuxruWebis dros statoris gragnili amoirTveba 

qselidan da mierTdeba  reostatze (nax. 2.33), rotoris ag-

znebis gragnili rCeba mudmivi denis wyarosTan mierTebuli. 

amasTan, manqanis muSaobis reJimi analogiuria asinqronuli 

Zravas dinamikuri damuxruWebisa. sinqronuli Zravas dinami-

kuri damuxruWebis reJims mimarTaven ventilatorebis amZra-

vebSi. ukuCarTviTi damuxruWebis reJims sinqronul Zravebi-

saTvis praqtikulad ar gamoiyeneben.  

            

          nax. 2.33 sinqronuli Zravas dinamikuri damuxruWebis reJimi    

     rekuperaciul damuxruWebas, msgavsad ukudeniTi damux-

ruWebis reJimisa, praqtikulad ar mimarTaven.      
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                     Tavi III 

   gardamavali procesebi eleqtroamZravSi 

3.1   saerTo cnebebi eleqtroamZravebSi mimdinare  

            gardamaval procesebze             

    sawarmoo manqanebis umetesoba muSaobs aRmasrulebeli 

organos cvalebadi datvirTviTa da siCqariT. yoveli manqa- 

nis muSaoba iwyeba misi amuSavebiT, xolo mTavrdeba- damux-

ruWebiT. yvela SemTxvevaSi xdeba muSaobis erTi reJimidan 

meoreSi gadasvla. eleqtromeqanikur sistemebSi arsebuli 

inerciebis gamo es gadasvlebi garkveuli drois ganmavlo-

baSi mimdinareobs. 

    eleqtroamZravis gadasvlis process, erTi damyarebuli 

muSaobis reJimidan meoreSi, g a r d a m a v a l  process 

uwodeben.   

    gardamavali procesis dros icvleba Zravas momenti, si-

Cqare, simZlavre, deni da temperatura, aman ki SeiZleba gam-

oiwvios qselSi  Zabvis vardna. 

    eleqtroamZravis muSaobis dros masSi SeiZleba dagrov-

des da gaices sxvadasxva saxis energia: meqanikuri - amZravis 

yovel moZrav nawilSi; eleqtromagnituri - eleqtromanqane-

bis gragnilebSi; Tburi - marTvis aparaturasa da eleqtro-

manqanebSi. 

amis Sesabamisad, eleqtroamZravSi ganixilaven Semdeg 

saxis gardamaval procesebs: 
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1) meqanikuri - iTvaliswinebs sistemis kinetikuri da 

potencialuri energiebis cvlilebas; 

2) elmagnituri - iTvaliswinebs eleqtromagnituri 

energiis cvlilebas; 

3) Tburi - iTvaliswinebs Tburi energiis maragis 

cvlilebas 

praqtikulad, eleqtroamZravis muSaobis dros, samive 

saxis gardamavali procesi erTdroulad mimdinareobs, mag-

ram maTi xangrZlioba da moqmedebis xasiaTi eleqroamZravze 

saxvadasxvaa. 

gardamavali procesebis analizi daiyvaneba sistemis Zi-

riTadi eleqtruli da meqanikuri sidideebis droSi cvale-

badobis kanonis gansazRvraSi. 

     gardamavali procesis gamokvlevisaTvis, pirvel rigSi, 

aucilebelia diferencialuri gantolebis Sedgena. am gant-

olebis amoxsna, mocemuli sawyisi pirobebisaTvis, aRwers 

sistemis qcevas rogorc gardamaval, ise damyarebul reJim-

Si. rogorc wesi, eleqtroamZravis yvela sistemebi warmoad-

genen arawrfiv sistemebs, romelTa analizi dakavSirebulia 

did siZneleebTan. amJamad, gardamavali procesis kvlevisaT-

vis mimarTaven maTematikur modelirebas gamomTvleli manqa-

nis saSualebiT.    

     qvemoT ganixileba eleqtroamZravebSi mimdinare sxva- 
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dasxva saxis gardamavali procesebis kerZo SemTxvevebi, rom-

elTa analizi, garkveuli daSvebebiT, SesaZlebelia da praq-

tikul interess iwvevs. 

 

 

 

 

       3.2  meqanikuri gardamavali procesebi eleqtro- 

           Zravas wrfivi meqanikuri maxasiaTeblisa da   

           ucvleli datvirTvis dros      

      wrfivi meqanikuri maxasiaTebeli gaaCnia asinqronul 

fazur rotorian Zravas maxasiaTeblis mdgrad Stoze da mu-

dmivi denis damoukidebel (paralelur) agznebian Zravas.  

    amocanis mizania eleqtroamZravis amuSavebisa da damu-

xruWebis procesSi ganisazRvrros siCqaris, momentisa da 

denis cvlilebis kanoni. amisaTvis saWiroa moZraobis amsax-

veli gantolebis Sedgena. 

     moZraobis ZiriTad gantolebaSi  (1.7)  

                stMM
dt

d
J 


 

ganvsazRvroT M  momentis mniSvneloba. 

    nax. 3.1-dan, samkuTxedebis msgavsobidan gamomdinare 
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o

MMM






 m . C .m . C .       

         saidanac -  















o

1MM m . C . ,        3.1       

     sadac -  .m . C
M -- Zravas mier ganviTarebuli momentia 

nulovani siCqaris dros ( =0), n.m;  

      
o

M


 m . C .β - meqanikuri maxasiaTebli sixiste, nm.wm;   

                 

          nax. 3.1 wrfivi meqanikuri maxasiaTebeli 

     Tu CavsvavT momentis mniSvnelobas 3.1 formulidan mo-

Zraobis ZiriTad gantolebaSi, miviRebT  

            stm . C . MMβ
dt

d
J 


    3.2 

    gavyoT gantolebis orive mxare β -ze da gveqneba 

              dam


dt

d
TM                     3.3 
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     sadac m . C .M M/Jβ/JT o -- eleqtroamZravis drois 

mudmivaa, wm;    

           





stm . C .
dam

MM
-kuTxuri siCqaris damyare-

buli mniSvneloba, rad/wm. 

    eleqtroamZravis drois mudmiva aris is dro, romlis 

ganmavlobaSic dautvirTavi eleqtroZrava, gaqandeba uZravi 

mdgomareobidan o kuTxur siCqaremde, roca misi momenti 

ucvlelia da tolia m .C .M  momentisa.                

     3.1 naxazidan ( Tu gaviTvaliswinebT, rom mimdinare ko-

ordinatebi SeiZleba SevcvaloT nominaluri mniSvnelobebiT)  

                 
no m

no m
no m




o

M
                3.4 

     da Tu gaviTvaliswinebT aseve, rom cvladi denis Zra-

vebSi 

               00 )/(S  nomnom             3.5 

     eleqtroamZravis drois meqanikuri mudmiva fazur ro-

toriani asiqronuli ZravasaTvis gamoiTvleba formuliT 

               
no m

no m

M

S
JT o

M


                     3.6 

      3.3 pirveli rigis diferencialuri gantolebis amona-

xsni 
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        )/Ttexp(1)/Ttexp( MM  dam0   3.7      3.7 

      sadac (0) - Zravas sawyisi kuTxuri siCqarea. 

      kerZo SemTxvevaSi, roca (0) =0   

             )/Ttexp(1 M dam ,             3.8 

    damuxruWebis dros ki -  

                )/Ttexp(0 M                3.9 

    rogorc 3.7, 3.8 da 3.9 gamosaxulebebidan Cans, amZravis 

kuTxuri siCqaris cvlileba eqsponencialuri kanoniT mimdi-

nareobs (nax. 3.2)        

         

    nax. 3.2 kuTxuri siCqaris cvlilebis grafiki gardamaval periodSi 

       1-aCqareba, ;0sa w  2- aCqareba, ;0sa w  3- Seneleba  

kuTxueri siCqaris cvlilebis dro, 3.7 formulidan 

            
dam

dam






-

-(0)
LnTt M                3.10 
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      gardamavali procesis xangrZlivoba, rogorc 3.10 

formulidan Cans, Teoriulad usasrulobis tolia, radga-

nac roca dam , maSin t ; praqtikulad garda-

mavali procesi dasrulebulad iTvleba M5)T(4t   -is 

Semdeg, radganac am dros gansxvaveba Zravas realur kuTxur 

siCqaresa da damyarebul brunvis siCqares Soris (0.7--1.8)%-

ia, rac savsebiT dasaSvebia praqtikuli angariSisaTvis. 

    gardamavali procesis dasasruls, roca 
dt

d
0 , Zra-

vas kuTxuri siCqare gautoldeba damyarebuls 

       
β

M

β

MM
o

. ststm . C
dam 


       3.11 

     wrfivi meqanikuri maxasiaTeblis dros, damokidebuleba 

Zravas mier ganviTarebul momentsa da kuTxur siCqares So-

ris gamoisaxeba formuliT 

            





MM .m . C  ;                      3.12 

           





M(0)M
(0) .m . C ;                   313 

           





damm . C .
dam

MM
.                  3.14 

    am ukanasknelTa gaTvaliswinebiT miviRebT Zravas mier 

ganviTarebuli momentis cvlilebis kanons droSi   
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       )/Ttexp(1M)/Ttexp(0MM MM  dam    3.15             

     mudmivi denis damoukidebel agznebian ZravebSi, sadac 

ganviTarebuli momenti Ruzis denis proporciulia, 3.15-is 

gaTvaliwinebiT SeiZleba daiweros 

      )/Ttexp(1I)/Ttexp(0II MM  dam        3.16 

      gardamavali procesis mrudeebsac eqsponencialuri 

saxe eqnebaT. 

      rogorc meqanikuri drois mudmivas ganmsazRvreli 

formulidan Cans, gardamavali procesis xangrZlivoba pir-

dapirproporciulia sistemis dayvanili inerciis momentisa 

da ukuproporciulia Zravis mier ganviTarebuli momentisa. 

amitom, mwarmoeblobis gazrdis mizniT cdiloben, SesaZleb-

lobis farglebSi, Seamciron inerciis momentis mniSvneloba 

da gazardon amamuSavebeli momenti.  

    amrigad, wrfiv maxasiaTebliani amZravis meqanikuri ga-

rdamavali procesis ganmsazRvreli kanoni SeiZleba miviRoT 

analizuri gziT. im SemTxvevaSi, roca meqanikuri maxasiaTe-

beli arawrfivia da winaaRmdegobis momenti ar aris mudmivi, 

mizanSewonilia gamoviyenoT maTematikuri modelireba gamom-

Tvleli manqanis saSualebiT. 
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        3.3 eleqtromagnituri gardamavali procesebi 

     eleqtrul manqanebSi eleqtromagnituri gardamavali 

procesebi ganpirobebulia misi wredebis induqciurobiTa da 

masSi gamavali denis kvadratis proporciuli eleqtromagni-

turi energiis cvlilebiT. radganac eleqtromagnituri gar-

damavali procesebis xangrZlivoba asinqronul ZravebSi mi-

lisekundebiT ganisazRvreba, xolo mudmivi denis ZravebSi 

sekundebiT, amitom, rogorc wesi, eleqtromagnitur garda-

maval procesebs ganixilaven mudmivi denis ZravebisaTvis. 

   bolo wlebis gamokvlevebma aCvena, rom asinqronuli Zra-

vas eleqtromagnituri procesis xangrZlivobis ugulebel-

yofa yovelTvis ar SeiZleba. es damokidebulia eleqtroam-

Zravis parametrebis fardobaze. magaliTad, viwro pirmode-

bian wmendiT kombainebs parametrebis iseTi fardobebi aqvT, 

rom dinamikuri procesebis gamokvlevis dros aucilebelia 

asinqronuli Zravas eleqtromagnituri inerciis mxedveloba-

Si miReba. 

    mudmivi denis Zravas amuSavebis, damuxruWebisa da siC-

qaris regulirebis ZiriTadi saSualebaa mkvebavi denis wya-

ros an Zravas agznebis gragnilze miwodebuli Zabvis regu-

lireba, xolo damoukidebel agznebian Zravebsa da generato-

rebSi agznebis gragnilSi mimdinare eleqtromagnituri pro-

cesebi SeiZleba ganvixiloT calke, sxva procesebisagan izo-

lirebulad. 
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    agznebis wredSi (nax.3.3) gardamavali procesis amsax-

veli diferencialuri gantoleba SeiZleba gamoisaxos 

                
dt

dI
LIRU                      3.17 

    sadac Uda I - agznebis wredis Zabva (v) da denia(a); 

         L  da R - gragnilis induqciuroba (hn) da omuri 

         winaRoba (omi).           

                       

             nax 3.3 eleqtruli manqanis agznebis wredi 

      xSir SemTxvevaSi gragnilis induqciuroba cvalebadi 

sididea da icvleba did farglebSi magnituri wredis gaj-

erebis mixedviT. aseT dros agznebis gragnilSi gamavali de-

nis cvlilebis xasiaTi droSi arawrfivi diferencialuri 

gantolebiT aRiwereba. 

    rodesac SegviZlia davuSvaT, rom L =const, 3.17  gan-

tolebis amonaxsni I(0)  sawyisi pirobis dros iqneba 

         )/Ttexp(1I)/Ttexp(0II EE  dam     3.18 

     sadac U/RI dam -- agznebis wredSi damyarebuli denis  

mniSvnelobaa, a;  L/RTE   - agznebis wredis eleqtromagni-

turi drois mudmiva, wm;  I(0) - agznebis denis sawyisi mni- 
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Svneloba.          

      rogorc 4.18 gamosaxulebidan Cans agznebis gragni-

lze Zabvis modebiT gragnilSi gamavali denis mniSvneloba 

myisurad ar icvleba. aramed moimatebs an iklebs eqsponen-

cialuri kanoniT (nax. 3.4). gardamavali procesis  xangZli-

voba damokidebulia eleqtromagnituri drois mudmivaze. 

praqtikulad, gardamavali procesi mTavrdeba   ET54t   

drois Semdeg.       

        

      nax. 3.4 agznebis wredSi gardamavali procesi 

     1- CarTva, 0I saw ; 2-CarTva, 0I saw ; 3- gamorTva 

       denis aseTi mdore zrda dadebiTad moqmedebs agre-

gatis muSaobaze. generatoris an TviT Zravas agznebis grag-

nilSi denis eqsponencialuri zrda mdored Secvlis denis 

mniSvnelobas Zravas Ruzis wredSi, rac Tavis mxriv aseve 

mdored Secvlis Zravas mier ganviTarebul moments, Semcir-

deba gadatvirTvebi amZravSi da amiT, saboloo jamSi, gaizr- 

deba danadgaris saimedooba da muSaobis xangrZlivoba. 
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     zogierT SemTxvevaSi ki denis aseTi mdore zrda, uar-

yofiTad moqmedebs manqanis mwarmoeblobaze, magaliTad saS-

axto amwe manqanebsa da eqskavatorebSi. aseve, avtomaturi 

regulirebis sistemebian amZravebSi, SesamCnevi dagvianeba iw-

vevs eleqtromeqanikuri sistemis rxeviTi procesebis gaZli-

erebas da saboloo jamSi, muSaobis saimedoobisa da xangrZ-

livobis Semcirebas. amis gamo, xSir ASemTxvevaSi axorciel-

eben agznebis denis zrdis procesis daCqarebis RonisZiebebs. 

    ganvixiloT mudmivi denis manqanebSi aznebis wredSi de-

nis zrdis daCqarebis meTodebi. pirvel SemTxvevaSi agznebis 

gragnilis mimdevrobiT rTaven rezistors, Rr (nax. 3.5). 

amiT eleqtromagnituri drois mudmiva )RL/(RTE1 r  mci-

rdeba. imisaTvis, rom agznebis denis  damyarebuli mniSvnel-

oba darCes U/RI dam - is toli, saWiroa Zabvis sidide gai-

zardos )/RR(R r  - jer. am xerxis erT-erTi uaryofiTi 

mxarea damatebiTi danakargebi rezitoris CarTvis gamo.                                

                  

             nax. 3.5 eleqtruli manqanis agznebis wredi 

                    rezistoris damatebiT 

     meore meTodi, romelic gamoricxavs zemoT moyvanil 

uaryofiT mxares, mdgomareobs agznebis denis cvlilebis 
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forsirebaSi, e.w. "agznebis forsireba". agznebis forsireba 

xorcieldeba agznebis gragnilze gazrdili Zabvis miwodebis 

gziT. davuSvaT, rom agznebaze modebulia Zabva, romelic  

- jer metia im Zabvaze, romelic saWiroa agznebis denis 

damyarebuli mniSvnelobis misaRebad, maSin denis cvlilebis 

kanoni (nulovani sawyisi pirobebisaTvis) iqneba 

               )/Ttexp(1
R

U
I E        

     rodesac denis mniSvneloba miaRwevs U/RI dam  sidi-

des, forsireba unda moixsnas.  

             

         nax. 3.6 agznebis denis cvlileba: 1- forsirebis gareSe; 2-   

         forsireba mudmivi rezistoriT; 3- forsireba damatebiTi  

         rezistoris gamorTviT 

 

      rogorc 3.6 naxazidan Cans, forsirebis xarjze agzne-

bis denis mniSvneloba Tavis damyarebul sidides aRwevs gac-

ilebiT mcire 2t  droSi, vidre nominaluri Zabvis dros. 
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forsirebis gareSe denis zrdis procesis xangrZlivoba daa-

xloebiT E1 5Tt  . gamoTvlilia, rom roca  2α  , maSin 

E
1

2 T
7

5

7

t
t   da amave dros denis zrdis kanoni axlosaa 

wrfivulTan.  

    forsirebis moxsna saWiro momentSi SeiZleba ganvaxor-

cieloT nax. 3.7-ze moyvanili sqemiT.  

               

              nax. 3.7 forsirebis moxsna 

     KM  kontaqtis Caketvis Sedegad agznebis gragnilze 

modebulia αUsididis Zabva, radganac forsirebis fR  re-

zistori daSuntebulia KA  denis reles kontaqtiT. denis 

gazrdisas U/RI dam  mniSvnelobamde, rele imoqmedebs da 

agznebis wredSi CairTveba fR forsirebis rezistori, rome-

lic denis Semdgom gazrdas SezRudavs. 

fR  sidide ganisazRvreba gamosaxulebiT :   

             1)R(αR f  

amrigad, mudmivi denis elamZravis gaangariSebisas, au- 

cilebelia eleqtromagnituri procesis gaTvaliswineba. K           
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          3.4   Tburi gardamavali procesebi 

    eleqtruli Zravebis muSaobis dros xdeba maTi gaxu-

reba energiis danakargebis xarjze. muSaobis dasawyisSi ga-

moyofili siTbos didi nawili midis TviT manqanis tempera-

turis momatebaze, xolo mcire- gadaecema garemos. manqanis 

temperaturis momatebasTan erTad izrdeba garemoze gadace-

muli siTbos raodenoba da romeliRac gansazRvruli tempe-

raturis dros, manqanis Semdgomi gaxureba Sewydeba da mTe-

li gamoyofili siTbo gadaecema garemos.  

     temperaturis yovelgvari cvlileba dakavSirebulia 

elmanqanis Tburi energiis maragis cvlilebebze, ris Sedega-

dac warmoiSveba Tburi gardamavali procesi. 

     radganac eleqtruli manqana warmoadgens sxvadasxva 

siTbos gadacemisa da tevadobis erTobliobas (foladi, spi-

lenZi, saizolacio masalebi), xolo siTbos wyaroebi (gra-

gnilebi, grigaluri denebis zonebi foladSi da sxv.) araTa-

nabradaa manqanaSi ganlagebuli, amitom Zalze garTulebu-

lia Tburi gaangariSebebi da TiTqmis amouxsnadia gadasaW-

reli amocana. amis gamo, praqtikuli Sedegebis misaRebad, 

SemoaqvT garkveuli daSvebebi. kerZod, xSirad iyeneben erT-

safexuriani gaxurebis Teorias, romlis Tanaxmadac elqt-

ruli Zrava warmodgenilia rogorc erTgvarovani sxeuli 

didi siTbogadacemiT da amis xarjze manqanis nebismier wer-

tils, nebismier momentSi, aqvT erTnairi temperatura.  
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radganac eleqtruli manqanis temperatura arc ise 

didia, SeiZleba CaiTvalos, rom manqanis nawilebs Soris  

siTbos gacvla da garemoSi gamoyofa warmoebs konveqciiTa 

da siTbogamtarobiT.  eleqtruli manqanebis gaxurebis pro-

cesis aseTi idealizaciis Sedegad, miiReba martivi diferen-

cialuri gantolebebi, romlebic aRweren Tbur gardamaval 

procesebs. 

    miRebuli daSvebebis Sesabamisad SesaZlebelia daiweros 

Tburi gantoleba: 

                dCdtAQdt  ,              3.19 

    sadac  Q - erTeulovan droSi ZravaSi gamoyofili 

siTboa, kkal/wm;  

           A - Zravas mier garemoSi gadacemuli siTbo 1 

wm-is ganmavlobaSi, temperaturaTa sxvaobis 1o c-is dros,   

kkal/ 01 c wm;  

            - gadaxureba, anu Zravas temperaturis moma-

teba garemos temperaturasTan SedarebiT, co ; 

      C - Zravas siTbotevadoba, anu siTbos raodenoba, ro-

melic saWiroa Zravas temperaturis erTi gradusiT gazrdi-

saTvis, kkal/co .   

     Tu gavyofT gantolebis orive mxares Adt -ze, mivi-

RebT pirveli rigis araerTgvarovan diferencialur ganto-

lebas  
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                damg 


dt

d
T                   3.20 

    sadac A/CT g - gaxurebis drois mudmivaa, wm; 

          A/Qdam  - gadaxurebis damyarebuli mniSvne-

loba, c
o ; 

    4.20 gantolebis amoxsna sawyisi pirobebisaTvis, 

 )0(,0t   iqneba 

        )T/texp()0()T/texp(1 ggdam        3.21 

    Tu sawyis momentSi Zravis temperaturuli nazrdi gare-

mosTan SedarebiT nulis toli iyo   0)0(  , maSin  

                 )T/texp(1 gdam        3.22 

    rogorc zemoT aRvniSneT, am SemTxveveSic unda CaiTva-

los, rom gaxurebis procesi  gT)54(t   drois Semdeg 

mTavrdeba. 

    diferencialur gantolebas, romelic aRwers gaciebis 

process, eqneba igive saxe, rac hqonda gaxurebisas, mxolod 

amoxsnisas unda gaviTvaliswinoT, rom   dam )0( .  

     Tu Zrava gamorTulia qselidan , 0Q   da 0dam , 

Eamonaxsns eqneba saxe        

                )T/texp( gs aw             3.23 
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    gaxurebis mrudebi, romlebic Seesabamebian 3.21 , 3.22 

da 3.23-s, moyvanilia 3.8- ze.  

    Zravas cvalebadi datvirTvis dros gaxurebis mrudi iq-

neba texili xazebi, romlebic Sesdgebian gaxurebisa da ga-

civebis sxvadasxva eqsponencialuri mrudebis monakveTebisa-

gan.    

        

      nax. 3.8 eleqtruli Zravas gaxurebisa (1 da 2) da  

             gaciebis (3) mrudebi 

     gaxurebis drois mudmiva warmoadgens dros, romlis 

ganmavlobaSi Zravas temperatura, garemoSi siTbos gaucem-

lobis SemTxvevaSi, miaRwevda damyarebulis tol mniSvnel-

obas, siTbos gamoyofa sawyisi intensivobiT rom warmarTu-

liyo. 

     gaxurebis drois mudmivas gansazRvraven eqsperimenta-

lurad, radgan analizurad misi miReba metad rTuli da 

arazustia. 
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     siTburi gardamavali procesebi, meqanikur da elmagni-

tur procesebTan SedarebiT, gacilebiT nela mimdinareobs. 

gaxurebis drois mudmivas realuri mniSvnelobebi eleqtrui 

ZravebisaTvis naxevari saaTidan ramodenime saaTamde cvaleba-

dobs. amis gamo, siTburi gardamavali procesebi veraviTar 

gavlenas ver axdens meqanikur da elmagnitur gardamaval 

procesebze. 

 

 

                     Tavi   IV 

        eleqtruli Zravas simZlavris SerCeva 

              4.1   saerTo cnebebi 

        eleqtruli Zravas simZlavris swor SerCevas didi 

ekonomikuri mniSvneloba eniWeba. Zravas simZlavre srulad 

unda Seesabamebodes Sesrulebuli samuSaos reJimsa da dat-

virTvas. arasakmarisi simZlavris Zravas gamoyeneba iwvevs mis 

udrood mwyobridan gamosvlas, avariis warmoSobas, sawar-

moo manqanis gacdenas da saerTo jamSi, mwarmoeblurobis 

Semcirebas. zedmeti simZlavris Zravas dadgma ki iwvevs kapi-

taluri danaxarjebis gazrdas, transformatorebisa da gar-

damsaxi mowyobilobebis simZlavris gadidebas, asinqronul 

ZravebSi simZlavris koeficientis Semcirebas da energiis 

zedmet xarjs. 
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     monacemebi, romlebic  eleqtruli Zravas pasportSia 

mocemuli, miekuTvneba erT, gansazRvrul nominalur reJims 

da maT uwodeben n o m i n a l u r monacemebs. 

     Zravas lilvze meqanikur datvirTvasa da mis gaxurebas 

Soris urTierTkavSiris fizikuri azri imaSi mdgomareobs, 

rom datvirTvis gazrdasTan erTad izrdeba Zravas gragnil-

ebSi gamavali deni. cnobilia, rom siTbos raodenoba, roml-

ebic gragnilebSi gamoiyofa, iseve rogorc yvelanair gamta-

rSi, am gragnilebSi gamavali denis kvadratis proporciu-

lia. Zravas gaxurebas iwvevs sxva mizezic – garemos tempe-

ratura, xaxunze danakargebi da sx. 

     saerTaSoriso klasifikaciiT Zravas nominaluri muSa-

obis rva saxis reJimi arsebobs )8S1S(  . 

     ganvixiloT maTi mokle daxasiaTeba.  

     1. x a n g r Z l i v i  n o m i n a l u r i muSa-

obis reJimi - 1S , ewodeba manqanis muSaobis reJims, rode-

sac Zravas lilvze ucvleli sididis datvirTva iseTi xan-

grZlivobiTaa modebuli, rom Zravas gaxurebis temperatu-

ris nazrdi aRwevs Tavis damyarebul mniSvnelobas. Zravas 

lilvze simZlavrisa (1) da gaxurebis temperaturis (2) da-

mokidebuleba drois mixedviT moyvanilia nax. 4.1 a.    ct  

0tt  C  
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    2. x a n m o k l e  n o m i n a l u r i  muSaobis 

 reJimi - 2S . muSaobis es reJimi xasiaTdeba imiT, rom Zra-

vas muSaobis (CarTvis) periodSi ( Ct ) misi temperatura ver 

aswrebs damyarebuli temperaturis miRwevas, xolo pauza 

( 0t ) imdenad xangrZlivia, rom Zravas temperatura ecema ga-

remos temperaturamde ( nax. 5.1 b) 

     3. g a n m e o r e b i T-x a n m o k l e  n o m i n 

a l u r i  muSaobis reJimi - 3S . am reJimis dros, muSao-

bis arc erT periodSi, Zravas temperatura ver aRwevs dam-

yarebul mniSvnelobas, xolo pauzis dros Zrava ver aswr-

ebs gaciebas garemos temperaturamde. (nax. 4.1 g). 

                    

nax. 4.1 sxvadasxva siTbur reJimSi momuSave Zravas datvirTvis grafikebi 

a) - xangrZlivi, b) - xanmokle, g) - ganmeorebiT-xanmokle  

    ganmeorebiT-xanmokle muSaobis reJimi xasiaTdeba C a r 

T v i s  x a n g r Z l i v o b i T -- (Cx), romelic gam-
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oiTvleba Zravas muSaobis drois ( Ct ) fardobiT ciklis 

( 0ttt  Cc ) drosTan procentebSi: 

        Cx%= Ct / ct 100%= Ct /( 0tt C )100% 

     qarxana Zravebs uSvebs Cx% =15,25,40 da 60 %.                                                              

standartuli mniSvnelobebisaTvis.  

   4. g a n m e o r e b i T-x a n m o k l e  n o m i n a 

l u r i  muSaobis reJimi x S i r i  a m u S a v e b i T- 

4S , 

   5. g a n m e o r e b i T-x a n m o k l e  n o m i n a 

l u r i  muSaobis reJimi x S i r i  a m u S a v e b i T 

a  da e l e q t r u l i  d a m u x r u W e b i T - 5S ,  

     ukanaskneli ori,  ganmeorebiT-xanmokle  nominaluri 

muSaobis reJimis nairsaxeobas warmoadgens.  

   6. S e n a c v l e b i T i  n o m i n a l u r i re-

Jimi- 6S , iseTi reJimia, romlis drosac Zravas xanmokle mu-

Saobis periodebi icvleba uqmi svlis muSaobis periodebiT. 

amave dros, Zravas muSaobis periodSi misma temperaturam 

SeiZleba dasaSvebs miaRwios.  

   7. SenacvlebiTi nominaluri reJimi x S i r i  r e v e 

r s i r e b i T - 7S , 

   8. SenacvlebiTi nominaluri reJimi  o r i  an  m e t i  

b r u n v i s  s i x S i r i T - 8S , 

    es ukanaskneli gaxurebis TvalsazrisiT S7-is msgavsia.  
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         4.2  Zravas simZlavris SerCeva muSaobis  

                   xangrZliv reJimSi  

     manqanebisa da meqanizmebis didi nawili ( ventilatore-

bi, tumboebi, lenturi konveierebi da sxva ) muSaoben mud-

mivi an mcired cvalebadi datvirTviT. amuSavebis procesi 

praqtikulad ar moqmedebs Zravas siTbur reJimze. am SemTx-

vevaSi Zravas simZlavris SerCeva Zalze gamartivebulia. maga-

liTad, ventilatoris Zravas simZlavris gamoTvla warmoebs 

formuliT:  

                  v e ntv e nt  /10QHP 3
 ,      kvt; 

      sadac Q - ventilatoris mwarmoeblurobaa, m3/wm;  

            H - depresia, n/m2; 

            v e nt - ventilatoris m.q.k.  

    amis Semdeg katalogidan SeirCeva uaxloesi standar-

tuli simZlavris Zrava saWiro brunvis sixSiriT. 

    SedarebiT garTulebulia  xangrZliv reJimSi momuSave 

Zravas simZlavris SerCeva, rodesac masze cvalebadi datvi-

rTvaa modebuli. cvalebadi datvirTvis magaliTi moyvanilia 

nax. 4.2 -ze.  

     Tuki SevarCevT Zravas, romlis nominaluri simZlavre 

toli iqneba 1 P maqsimaluri datvirTvisa, maSin igi gaxu-

rebis TvalsazrisiT dautvirTavi aRmoCndeba, radganac didi 

drois ganmavlobaSi igi imuSavebda mcire simZlavris datvi- 
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      nax. 4.2 cvalebadi datvirTviT xangrZliv reJimSi momuSave Zravas 

               datvirTvis diagrama  

 rTvebze. Tuki Zravas simZlavre SeirCeoda  3P minimaluri 

datvirTvis mixedviT, maSin aSkaraa, rom Zrava gadaxurdebo-

da Warbi datvirTvisagan da bolos, Tuki Zravas SevarCevT 

saSualo simZlavris mixedviT, igi mainc SeiZleba gadaxur-

des imis gamo, rom datvirTvis diagramis saSualo mniSvne-

loba ar iTvliswinebs danakargebis kvadratul damokidebu-

lebas Zravas gragnilSi gamaval denTan. 

     Zravas muSaobis nebismier reJimSi, misma temperaturam 

ar unda gadaaWarbos izolaciis gaxurebis dasaSveb tempera-

turas. radganac temperaturis nazrdi danakargebis propor-

ciulia, amitom Zravas simZlavris swori SerCevisaTvis, au-

cilebelia gamoiTvalos ZravaSi Tburi danakargebi mTeli 

ciklis ganmavlobaSi. 

     Tavidan, Zravas saorientacio simZlavred aiReben 

datvirTvis  saSualo simZlavres:  

                saSnom KPP                     4.1 
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    sadac -- 3.11.1K  - maragis koeficientia. 

    amis Semdeg P(f ) damokidebulebiT pouloben Zrava-

Si danakargebs sxvadasxva periodisaTvis: 

                
i

i
ii

1
PP




                  4.2 

    saerTo danakargebi ZravaSi mTeli ciklis ganmavlobaSi 

                
i

ii

t

tP
P




 s aS       4.3 

    sadac -- iP  da it -- simZlavre da droa datvirTvis i-ur 

ubanze.  

    Zrava sworad iqneba SerCeuli, Tuki dakmayofildeba pi-

roba 

                 saSnom PP                   4.4 

     sadac -  

                
nom

nom
nomnom






1
PP             4.5 

      cxadia, sxvaoba saSnom PP   unda iyos SesaZlod 

minimaluri Zravas simZlavris mixedviT. 

    Zravas simZlavris aseTi meTodiT SerCevas uwodeben  

s a S u a l o    d a n a k a r g e b i s  meTods. am me-

Todis uaryofiT mxares warmoadgens is, rom aucilebelia 

gvqondes Zravas m.q.k.-is damokidebuleba datvirTvis sidide-

sTan  )P(f . 
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     amis gamo, praqtikaSi xSir SemTxvevaSi gamoiyeneba e q 

v i v a l e n t u r i  an s a S u a l o  k v a d r a t 

u l i  s i d i d e e b i s  meTodi. ganvixiloT eqvivale-

nturi denis meTodi, romlis arsi SemdegSia: ZravaSi dana-

kargebis gansazRvrisas, namdvili deni icvleba eqvivalen-

turiT, romelic mTeli muSa ciklis ganmavlobaSi ZravaSi 

igive danakargebs iwvevs, rasac realuri deni gamoiwvevda.  

     ZravaSi danakargebi mudmiv da cvalebad nawilad iyofa. 

mudmivi 0P  danakargebi ar aris damokidebuli datvirTvaze 

da ganisazRvreba mxolod Zravas foladSi, sakisrebSi, meqa-

nikuri da gamagrilebeli ventilatoris danakargebisagan. 

cvladi danakargebi ganisazRvreba gragnilebis gadaxurebiT 

da gamoiTvlea RI2  sididiT. Sesabamisad, datvirTvis diagra-

mis calkeul ubanze sruli danakargebi iqneba 

                 RIPP 2
i0i  ,                4.6 

xolo saSualo danakargebi 

                RIPP 0
2
eqs aS  .              4.7 

    Tu SevitanT bolo or gamosaxulebas 4.3-Si, gveqneba 

               
  

i

i
2
i02

0
t

tRIP
RIP




 eq  .     4.8 

    ukanaskneli formulidan gamoiTvleba 
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T

tI

t

tI

t...tt

tI...tItI
I i

2
i

i

i
2
i

n21

n
2
n2

2
21

2
1 










eq ,   4.9 

    sadac -- n21 t...ttT  - muSaobis sufTa droa.                 

     Zravis simZlavris swored SerCevisaTvis aucilebeli 

pirobaa 

                 eqnom. Zr II                       4.10 

    im SemTxvevaSi, roca denis namdvili mniSvneloba moc-

emulia uwyvetad, cvalebadi kanoniT (nax. 4.3), maSin eqviva-

lenturi denis gansazRvrisaTvis sargebloben mocemuli 

mrudis ubanuban wrfivi aproksimaciiT. jamSi miiReba graf-

iki, romelic Sedgeba samkuTxedebis, trapeciebisa da marT-

kuTxedebisagan. 

    samkuTxedebis formis ubnisaTvis 

                   
3

I
I

2
1eq  ; 

    marTkuTxedi formisaTvis 

                   
2
2II eq  ; 

    xolo  trapeciis formisaTvis 

                
3

IIII
I

2
554

2
4 

eq .  

    eqvivalenturi denis mniSvneloba naxazze warmodgenili 

datvirTvis grafikisaTvis iqneba 
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











 
 5

2
554

2
4

4
2
33

2
22

2
11

2
1 t

3

IIII
tItItItI

3

1

T

1
Ieq ,  4.11 

sadac -- 543 tttttT  21 . 

    xSirad, eqvivalenturi denebis nacvlad sargebloben eq-

vivalenturi momentebis mniSvnelobebiT. asinqronul ZravebSi 

  

            nax. 4.3  elamZravis datvirTvis diagrama  

am SemTxvevaSi, garkveul uzustobas aqvs adgili, magram mi-

si gamoyeneba praqtikuli gaangariSebisaTvs mainc mizanSewo-

nilia. formulas eqvivalenturi momentisaTvis aqvs analo-

giuri saxe 

                T/tMM 2
ieq           4.12 

    im SemTxvevaSi, roca SeiZleba CaiTvalos, rom brunvis 

sixSire const  da Tu gaviTvaliswinebT formulas, 



 109 

3-10MP  , simZlavris eqvivalenturi mniSvneloba iqne-

ba 

                T/tPP i
2
ieq                 4.13 

 

 

 

 

 

         4.3  Zravas simZlavris SerCeva xanmokle da  

             ganmeorebiT-xanmokle muSaobis reJimebSi 

     mudmivi datvirTviT momuSave Zravis simZlavris SerCe-

va xanmokle muSaobis reJimSi ar warmoadgens sirTules, Tu 

misi muSaobis Ct  dro tolia im droisa, romlisTvisac Zra-

vas katalogSi mocemulia misi nominaluri simZlavre. am Se-

mTxvevaSi, Zravas simZlavre SeirCeva pirobiT PP nom . 

     xSir SemTxvevaSi, Zravas fardobiTi muSaobis dro ar 

emTxveva im dros, romlisTvisac mocemulia Zravas simZlavre 

katalogSi. davuSvaT, SerCeulia Zrava, romlisTvisac kata-

logSi naCvenebi n . samt  samuSao droisaTvis aqvs nominaluri 

nomP  simZlavre. es niSnavs, rom Tu Zrava muSaobs Tavisi 

nominaluri simZlavriT, misi gadaxurebis temperatura miaR-

wevs 
.d as

  dasaSveb mniSvnelobas nomt  drois ganmavlobaSi.  
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axla davuSvaT, rom Zrava gadaitvirTa, anu mnoPP1  , maSin 

simZlavris danakargebi gaizrdeba da misi gadaxurebis tempe-

ratura 1 miaRwevs d as  dasaSvebs ufro naklebi, 1t  dro- 

is ganmavlobaSi.  

       3.22 gantolebis gamoyenebT, SeiZleba daiweros 

1 da d as  gamosaxulebebisaTvis  

               )T/texp(1 11 gdam . 1  ;    

               )T/texp(1 gnomdam . nomdas   

1 -sa da d as -is gatolebiT miiReba (gaviTvaliswinoT, rom 

A/P1dam . 1  da A/Pnomdam . no m  ) ;  

          
)T/texp(1

T/texp(1

P

P

1 g

gno m

no m

)








 1       4.14 

     4.14 gantoleba gviCvenebs simZlavris sxvadasxva 

datvirTvis danakargebis fardobas simZlavris nominalur 

danakargebTan. rac metia 1P datvirTva, anu rac metia 1P , 

miT ufro mcire unda iyos am datvirTviT momuSave Zravas 

muSaobis xangrZlivoba 1t . amrigad,  4.14 gantoleba SeiZ-

leba gamoviyenoT Zravas im simZlavris gansazRvrisaTvis, 

romelic SeiZleba man ganaviTaros mocemuli, garkveuli 1t  

drois ganmavlobaSi an ganisazRvros 1t  dro, 1P mocemuli 

simZlavrisaTvis. 
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     Zravas simZlavris SerCeva ganmeorebiT-xanmokle muSa-

obis reJimisaTvis ar aris dakavSirebuli did siZneleebTan 

im SemTxvevaSi, Tuki CarTvis fardobiTi xangrZlivoba (Cx) 

tolia erT-erTi standartuli nominaluri mniSvnelobisa-- 

nomCx % =15,25,40 da 60 %. amasTan, Zravas simZlavre Seir-

Ceva PP nom  pirobiT. 

    cotaTi garTulebulia Zravas simZlavris SerCeva im 

SemTxvevaSi, roca CarTvis fardobiTi xangrZlivoba ar emT-

xveva standartuls anu nomCxCx . am SemTxvevaSi Zravas no-

minaluri danakargebi unda akmayofilebdes pirobas           

                nomnom CxCx1 /PP 1 . 
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