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Sesavali 

     xalxisa da tvirTis transportirebis erT-erTi 

yvelaze iafi saSualeba aris kiduli bagirgza. misi 

mowyobiloba martivi da saimedoa, pirveladi kapita-

luri da saeqspluatacio danaxarjebi ki mcire. igi 

SeiZleba aSendes iseT adgilas, romelic sxva tran-

sportisTvis miudgomelia. magaliTad, mdinare, Wao-

bi, xeoba, gora da sxv. amasTanave, aRniSnuli trans-

porti ekologiurad ufro sufTaa. 

     Tanamedrove eleqtronuli teqnikis ganviTare-

bam, rogorc kidul bagirgzebSi, iseve  mrewvelobis 

sxva dargebSi, ZviradRirebuli da naklebad saimedo 

mudmivi denisa da cvladi denis fazur-rotoriani 

Zravebi Secvala mokled CarTul-rotoriani Zraveb-

iT. asinqronuli Zravas sixSirulma marTvam praqti- 

kulad mTlianad gamoricxa sxva saxis marTvebi.  

     kiduli bagirgzebi or tipad iyofa: orbagiria-

ni da erTbagiriani. 

     orbagirian gzaze gvxvdeba: sarelso bagiri (1), 

romelzec vagonis savali Tvlebi dagoravs da sawe-

vi bagiri (2), romlis saSualebiTac moZraobs vagoni 

(nax. 1,a). erTbagirian gzaze mxolod erTi sawevi ba-

giria (nax. 1,b).  misi daniSnulebaa, rogorc vagonis  

gaweva, aseve misi gadatana. 
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            a)                             b) 
 

nax. 1 

 

     kiduli bagirgzebi (rogorc erTbagiriani, ise 

orbagiriani) moZraobis xasiaTis mixedviT orgvaria:  

1. qanqarasebri, sadac sadgurebi erTmaneTTan dakav-

Sirebulia sarelso bagirebiT da romlebzec vagon-

ebi ukumoqcev-gadataniT (qanqarasebr) moZraobas ax-

orcielebs. 

2. wriuli, sadac vagonebi mudmivad erTi mimarTul-

ebiT moZraobs. am gzebze vagonebs sawev bagirze is-

eTnairad amagreben, rom sadgurebze SesaZlebeli iy-

os maTi moxsna. zogjer, vagoni sawev bagirTan uZra-

vadaa Camagrebuli da masTan erTad Semouvlis yve-

la Skivsa da gorgolaWs. 

    saimedo muSaobis uzrunvelsayofad amZravis kve-

ba ori sxvadasxva wyarodan unda xdebodes (ormagi 

kveba). saWiroa aseve sarezervo wyaros gamoyenebac 

(dizel-generatori an Tanamedrove akumulatoruli 

batarea).   
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   yoveli samgzavro kiduli bagirgzis amZravi Zi-

riTadad Semdegi elementebisagan Sedgeba: 

1) amZravi Zrava (umetesad eleqtruli); 

2) wriuli Zalis gadamcemi xaxunis amZravi Skivi 

(erTi an ramdenime); 

3) gadamcemi meqanizmi amZrav Zravasa da xaxunis amZ-

rav Skivs Soris (umetes SemTxvevaSi reduqtori); 

4) Zravas marTvisa da dacvis aparatura; 

5) samuxruWo mowyobiloba. 

 

 

nax. 2. bagirgzis amZravis saxeebi 



 6 

    ZiriTad amZravs saWiroa ori Zrava hqondes – Zi- 

riTadi da samarago. samarago Zravas, umetes SemTxv-

evaSi ZiriTad Zravaze ufro mcire simZlavre gaaCnia 

da amitom mas dabali siCqariT moZraobisaTvis xmar-

oben. 

    zog SemTxvevaSi, muSaobis saimedoobisaTvis, amZ-

ravSi iyeneben naxevarsimZlavrian or Zravas, romle-

bsac SkivTan calkeulad orsiCqariani reduqtoreb-

iT aerTeben (nax. 2, a). aseTi sistemis gaumjobeseba  

aris ori reduqtoris Secvla diferencialuri erTi 

reduqtoriT (nax. 2, b)  

     rgolur gzebze, vagonebis ukan dasabruneblad,   

energiis yvela wyaros erTdrouli dazianebis SemT-

xvevaSi gamoyenebulia xelis amZravebi [1].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 7 

I. bagirgzis kinematikis elementebi da 
gamtarunarianoba 

 

1.1. bagirgzis kinematikis elementebi 

     bagirgzis siCqaris taqograma umetes SemTxveva-

Si xuTperiodiania 

 

nax. 1.1. siCqaris xuTperiodiani taqograma 

 

     aq 
1t  aCqarebis periodia; 

2t - Tanabari moZraobis 

periodi; 3t - Senelebis periodi; 0t - gawevis (mcoci) 

siCqaris periodi; stt - bagirgzis muSa muxruWiT dam-

uxruWebis periodia mcoci siCqariT moZraobisas, wm. 

     ZiriTadi aCqarebis periodi 

m
1

1

V
t

j
 ,                         (1.1)  

sadac 
mV  moZraobis maqsimaluri siCqarea, m/wm; sao-

rentaciod, am siCqaris mniSvnelobad aiReba [2] 
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1 3
m

1 3

j j
V 0.32 2 L

j j





,                (1.2) 

aq 
1j  ZiriTadi aCqarebis sididea, m/wm

2; 
3j - ZiriTadi 

Senelebis sidide, m/wm2; xSir SemTxvevaSi 
1j  da 3j -s 

aiReben   1 3j j j 0.5...0.75 . L - trasaze vagonis moZra-

obis mTliani manZili, m. 

     aCqarebis periodSi gavlili manZili 


 

2 2

1 1 m
1

1

j t V
L

2 2j
.                     (1.3) 

     Senelebis periodSi gavlili manZili  

2 2

m 0
3

3

V V
L

2j


 .                   (1.4) 

sadac 0V 0.5 - bagirgzis mcoci siCqarea, m/wm. 

    Senelebis periodi 

m
3

3

V V
t

j


 0 .                    (1.5) 

   mcoci siCqariT moZraobis periodi 

0
0

0

L
t

V
 ,                      (1.6) 

sadac 0L 8...10 - bagirgzis mcoci siCqaris periodSi 

gavlili manZili, m. 

     maqsimaluri siCqariT moZraobis manZili 



 9 

 2 1 3 0L L L L L    .                (1.7) 

     maqsimaluri siCqariT moZraobis periodi 

2
2

m

L
t

V
 .                       (1.8) 

     moZraobis sruli dro 

F 1 2 3 0T t t t t    .                 (1.9) 

     ciklis xangrZlivoba  

F pT T t  ,                    (1.10) 

sadac pt pauzis xangrZlivobaa da aiReba vagonis te-

vadobis mixedviT, wm. 

 

1.2 bagirgzis gamtarunarianoba 

1. samgzavro bagirgza 

     gamtarunarianoba xasiaTdeba drois erTeulSi, 

magaliTad, erTi saaTis ganmavlobaSi, erTi mimarT-

ulebiT gadayvanili mgzavrebis raodenobiT. qanqara-

sebri gzebisaTvis gamtarunarianoba ganisazRvreba 

formuliT [1] 

A =nk  kac/sT,                 (1.11) 

sadac n  aris vagonis tevadoba; k - reisTa ricxvi 

erT saaTSi. 

orvagoniani gzebisaTvis 
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2V
m m

p

1 m 3

3600
k =

V VL
+ + + t

j V j

,              (1.12) 

xolo  erTvagonianisaTvis 

   
 

1V
m m

p

1 m 3

3600
k =

V VL
+ 2 + + 2 t

j V j

,           (1.13) 

miviRoT, rom 1 3j j j 0.6    da 
mV 0.32 jL 0.25 L  ; 

formulebi (1.12) da (1.13) ase gadaiwereba 




2V
m m p

p

1 m 3

3600 3600
k = ;

V VL 4.8 L t+ + + t
j V j

         (1.14) 



 
1V

m m p
p

1 m 3

3600 1800
k = ,

V VL 4.4 L + t+ 2 + + 2 t
j V j

       (1.15) 

1 n
m

D n
V

60i


 - realuri maqsimaluri siCqare, m/wm;  

1D - xaxunis amZravi Skivis diametri, m; 

nn  -  Zravas nominaluri brunTa ricxvi, br/wT; 

i - reduqtoris gadacemis ricxvi; 

pt - drois danaxarji mgzavrTa Casxdoma-gadmosxdom-

aze, karis gaReba-daxurvaze.  

    drois danaxarji pt  damokidebulia vagonis te-

vadobasa da karebis ricxvze (erTi an ori). masSi Se- 
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dis agreTve dro, romelic saWiroa sadgurebs Sor-

is gaSvebisaTvis mzadyofnis mauwyebeli signalebis 

gasacvlelad, rac damokidebuli araa vagonebis te- 

vadobasa da konstruqciaze. bagirgzis muSaobis da-

kvirvebis Sedegebis mixedviT, erTi mgzavris Casxdo-

ma-gadmosxdomaze daxarjuli dro Seadgens 2 wams, 

xolo karebis gaReba-daketvasa da signalebis gacv-

laze - saSualod 10 wams. amrigad, dro pt , magali-

Tad, gzisaTvis, romlis vagonis tevadoba aTi kacia, 

Seadgens 2×10+10 =30  wams, xolo oci mgzavris Se-

mTxvevaSi - 2×20+10 =50 wams. [1] 

2. satvirTo bagirgza. 

     orive tipis satvirTo bagirgzisaTvis reisTa 

ricxvi erT saaTSi analogiuri formulebiT gamoiT-

vleba [(1.14) da (1.15)], mxolod am SemTxvevaSi gaiTva-

liswineba moZraobis uTanabrobis rezervis koefi-

cienti  

k 0.8 k satv saxal. . 
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II. bagirgzis asinqronuli amZravi 

     

    kiduli bagirgzis eleqtrul amZravSi, amZrav 

Zravad, yvelaze xSirad cvladi denis asinqronul 

Zravebs gamoiyeneben, rogorc iaf, martivsa da eqsp-

loataciaSi ekonomiurs. 

     yvelaze farTod, asinqronuli Zravas brunvis 

siCqaris regulirebis Semdegi xerxebi gamoiyeneba: 

fazur-rotoriani ZravebisaTvis – 

rotoris wredSi winaRobis CarTviT;  

impulsuri regulirebiT;  

kaskaduri sqemebiT. 

mokled CarTul-rotoriani ZravebisaTvis –  

polusTa ricxvis cvlilebiT;  

mkvebavi Zabvis sixSiris  SecvliT. 

     siCqaris regulirebis mizniT, garda CamoTvli-

lisa, SeiZleba gamoyenebul iqnes eleqtruli Zrave-

bis CarTvis zogierTi specialuri xerxi, magaliTad, 

diferencialuri eleqtruli amZravi mokled Caket-

il-rotoriani ZravebiT.  

      

2.1. fazur-rotoriani Zravas brunvis siCqaris regu-

lireba rotoris wredSi winaRobis CarTviT 

   fazur-rotoriani Zravebis siCqaris regulirebas,  
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rodesac igi kiduli bagirgzebis amZravadaa gamoye-

nebuli, rogorc wesi, rotoris wredSi winaRobis 

cvalebadobiT axorcieleben. 

     regulirebis simdovre damokidebulia CarTuli 

winaRobebis ricxvze. regulireba xorcieldeba Zir-

iriTadi siCqaris qveviT. Zravas gamoyeneba umjobes-

deba, Tuki masze modebuli datvirTvis momenti mud-

mivia. regulirebis diapazoni datvirTvis momentzea 

damokidebuli da masTan erTad icvleba, xolo maxa-

siaTeblis sixiste damokidebulia siCqareze da misi 

pirdapirproporciulia. amiT izRudeba regulirebis 

diapazoni da ara umetes 3:2 –ia. regulirebis naklia 

agreTve energiis mniSvnelovani kargvebi. 

     energiis kargvis TvalsazrisiT araxelsayrel-

ia siCqaris regulireba, romelic xorcieldeba mud-

mivi momentiT da gansakuTrebiT araxelsayrelia mu-

dmivi simZlavriT siCqaris regulireba. zogadad, en-

ergiis kargvebi 2 1 1

m

V
P P S P 1

V

 
     

 
 srialis prop-

orciulia. energiis kargvebi sagrZnoblivad mcirde-

ba ventilatoruli datvirTvis dros. aseT dros V  

siCqaris SemcirebasTan erTad mcirdeba qselidan    

waRebuli 
1P  simZlavre. amis gamo regulirebis am 

xerxs ufro farTod iyeneben ventilatoruli dat-
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virTvis mqone amZravebSi da iseT meqanizmebSi, rom-

lebic muSaobs ganmeorebiT xanmokle reJimSi, maga-

liTad, amwev danadgarebSi, kidul bagirgzebSi, kon-

veierebSi da sxv.      

     fazur-rotoriani asinqronuli Zravas CarTvis 

sqema mocemulia 2.1. naxaze.    

 

nax. 2.1. asinqronuli fazur-rotoriani Zravas 
qselTan CarTvis sqema 

 

     mudmivi denis Zravebisagan gansxvavebiT, asinqr-

onul ZravebSi meqanikur maxasiaTeblebs ageben ara 

Zravas mier ganviTarebul momentsa da mis Sesabamis 

brunvisAsiCqares Soris, aramed momentsa da e.w. sri-

als Soris. sriali fizikurad aris statoris eleq-

tromagnituri velis (ω )0  brunvis siCqares da rot-

oris mimdinare (ω) brunvis siCqares Soris sxvaoba   

da gamoisaxeba, rogorc       
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0

0

ω -ω
S =

ω
.                      (2.1) 

     Tavis mxriv, eleqtromagnituri velis brunTa 

ricxvi, romelsac sinqronul brunTa ricxvs uwo-

deben, qselis Zabvis sixSirisa da Zravas wyvil po-

lusTa ricxvis funqciaa da gamoiTvleba 

                  0

60f
n =

p
                       (2.2) 

gamosaxulebiT. radgan Zravas wyvil polusTa ricx-

vi p  naturaluri ricxvia, samrewvelo qselis stan-

dartuli sixSiris dros ( f = 50 hc.) swrafmavali 

Zravebis sinqronuli brunvaTa ricxvi tolia Semde-

gi sidideebisa: 

p 1 2 3 4 5 6 da a.S. 

no 3000 1500 1000 750 600 500 da a.S. 

 

xolo Sesabamisi brunvis siCqare gamoiTvleba Semde-

gi gamosaxulebiT  

                  0 0n n
ω =

30 9.55
0


 .                (2.3) 

     sinqronuli brunTa ricxvi advilad SeiZleba 

ganisazRvros Zravas nominaluri brunTa ricxvidan-

ac, radganac es ukanakneli (2...3)%-iT naklebia sinq-

ronulze 0 nn 3000 / round(3000 / n ) .      
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     saSualo da didi simZlavris ZravebSi (10-15 kvt 

da zemoT), statoris aqtiuri winaRobis sidides ug- 

ulebelyofen misi simciris gamo da amis gaTvalisw-

inebiT, asinqronuli Zravas meqanikuri maxasiaTebl-

is gantolebas aqvs saxe 

m m
2 2
m

2M S
M = S

S + S


.                  (2.4) 

     aq, mM , Zravas mier ganviTarebuli kritikuli 

anu maqsimaluri momentia da ganisazRvreba Zravas 

sapasporto monacemebidan; mS  srialis maqsimaluri 

mniSvnelobaa da Seesabameba Zravas mier ganviTare-

bul maqsimalur moments.  

    (2.4) gamosaxulebidan 

 mS = S b - b -12
m m .                (2.5) 

    aq mM
b =

M
 maqsimaluri momentis fardobaa aRebu-

li momentis mniSvnelobasTan. Tu nM = M , maSin sid-

ides, m
m

n

M
b =

M
-s  uwodeben Zravas nominalur gadatv-

irTvis unarianobas da (2.4) gamosaxulebidan  

              2
m n m mS = S b + b -1 .                 (2.6)   

     radikalis win aiReba “+” niSani, radganac mS  
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yovelTvis metia nS -ze. 

     2.2, a-naxazze asinqronuli Zravas bunebrivi me-

qanikuri maxasiaTebeli warmodgenilia M = f(S)  fun-

qciiT, xolo 2.2, b – naxazze - M= f(ω) funqciiT.  

 

nax. 2.2. asinqronuli Zravas meqanikuri maxasiaTeblebi 

 

     asinqronuli Zravas meqanikuri maxasiaTeblis 

mniSvnelovani wertilebia: 

1) oS = 0; (ω=ω )...M=0 - uqmi svlis reJimi; 

2)  n n nS = S ; ω=ω ...M=M - nominaluri reJimi; 

3)  m m mS = S ; ω=ω ...M=M - Zravas maqsimaluri (kriti-             

                           kuli) momenti; 

4)   0S =1; ω=0 ...M=M - Zravas amuSavebis momenti. 

    zemoT ganxiluli maxasiaTeblebi bunebrivi max- 

asiaTeblebia da isini aigeba Semdegi Tanamimdevrob-

iT.  
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    Zravas sapasporto monacemebia: nominaluri simZ-

lavre nP , kvt; nominaluri brunvaTa ricxvi nn , ga-

datvirTvis koeficienti m m nb =M / M ; wyvil polusTa  

ricxvi p : 

ganisazRvreba:  

1) Zravas nominaluri sriali n
n

0

ω
S = 1-

ω
; 

2) Zravas maqsimaluri sriali  2

m n m mS = S b + b -1 ; 

3) Zravas nominaluri momenti  n
n

n

P
M = 9550

n
, nm 

4) Zravas maqsimaluri momenti m n mM =M b . 

     amis Semdeg, srials miscemen sxvadasxva mniSvne-

lobebs 1-dan 0-mde da (2.5) formulis mixedviT aageb-

en asinqronuli Zravas bunebriv meqanikur maxasiaTe-

bels M=f(s) koordinatebSi.   

      rotoris wredSi aqtiuri winaRobis CarTviT  

izrdeba    

                 2
m

2 2
1 m

R
S = ±

R + X


                 (2.7) 

srialis maqsimaluri mniSvneloba.   

      niSani “+” aiReba Zravul reJimSi, xolo “-“ – 

generatorul (samuxruWo) reJimSi. 
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     aq 1R , 1X  statoris aqtiuri da induqciuri win- 

aRobaa, omi; 

     R , X 
2 2

- statorze dayvanili rotoris fazis aq- 

tiuri da induqtiuri winaRoba, omi; 

    m 1 2X = X + X - mokled SerTvis induqciuri wina-

Roba, omi.     

     ganvixiloT rotoris wredSi CarTuli reosta-

tis winaRobis gavlena maxasiaTeblis formaze. Tu 

mxedvelobaSi ar miviRebT statoris aqtiur winaRo-

bas, srialis maqsimaluri mniSvneloba bunebriv max-

asiaTebelze iqneba 

                0
m0

m0

r
S =

X


,                      (2.8) 

xolo xelovnurze  

               2
mx

m0

R +r
S =

X
0

 
.                 (2.9) 

     (2.8) da (2.9) formulebis  erTmaneTze gayofiT, 

miiReba: 

   
 


2 0 2 0mx 2

m0 0 0 0

R +r R +rS R
= = =1+

S r r r
 ,          (2.10) 

sadac 
2R  rotoris wredSi CarTuli reostatis win-

aRobaa 
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     mx m0
2 0

m0

S - S
R r

S
.                   (2.11) 

     es damokidebuleba marTebulia srialis nebis-

mieri mniSvnelobisaTvis. 

    amgvarad, SeiZleba aRiniSnos, rom erTsa da im-

ave momentis dros srialis sidide xelovnur maxas-

iaTebelze imdenjer metia bunebrivi maxasiaTeblis 

Sesabamis srialze, ramdenjerac metia rotoris sr-

uli winaRoba 2R +r0 , rotoris gragnilis r0  winaR-

obaze.  

     maxasiaTeblebi reostatis sxvadasxva mniSvnel-

obis dros, moyvanilia nax. 2.3 naxazze. 

     Zravas mier 1M  momentis ganaviTarebisas (rode-

sac rotoris wredSi mTlianadaa CarTuli 1R , R2  

da 3R  gamSvebi winaRobebi), amZravi aCqardeba III meq-

anikur maxasiaTebelze (nax. 2.4). siCqaris gazrdasTan 

erTad, gaizrdeba ZravaSi em Zala da amis gamo, Sem-

cirdeba rotorSi gamavali deni; agreTve Semcirde-

ba Zravas mier ganviTarebuli momenti; rodesac igi 

gautoldeba amZravze modebul statikur moments, aC-

qareba Sewydeba da Zrava imuSavebs Tanabari siCqar-

iT (wertili a ). 

     nominaluri siCqaris (wertili d) miRwevisaTvis 
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saWiroa Zrava gadavides bunebriv maxasiaTebelze. 

amisaTvis, rodesac Zravas mier ganviTarebuli mome-

nti III maxasiaTebelze gaxdeba M2 -is toli (werti-

li 2), saWiroa Camokldes (daSuntdes) winaRobis pi-

rveli safexuri 3R . amis Sedegad Zravas mier ganvi- 

 

nax. 2.3. meqanikuri maxasiaTeblebi rotoris wredSi 
sxvadasxva aqtiuri winaRobis dros 

 
 

 

nax. 2.4. reostatuli amuSaveba mudmivi datvirTviT 

Tarebuli momenti gaizrdeba 1M  mniSvnelobamde da 

gadava II maxasiaTebelze (wertili 3). amZravi isev 
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aCqardeba, amJamad II maxasiaTebelze, da roca mis mi-

er ganviTarebuli momenti Semcirdeba M2  mniSvnel-

obamde (wertili 4), Camokldeba 2R  winaRoba da amZ-

ravi isev 1M  momentiT aCqardeba I maxasiaTebelze 

(wertili 5-dan wertil 6-mde). amis Semdeg, Camokld-

eba bolo 1R  winanaRoba da Zrava gadava bunebriv, 0 

meqanikur maxasiaTebelze. igi daiwyebs Tanabari siC-

qariT muSaobas wertil d-Si.   

     1M  moments uwodeben pikur moments, xolo M2 -

s – gadarTvis moments. asinqronul ZravebSi pikuri 

momenti aiReba maqsimaluris (80...90)%, xolo gada-

rTvis momenti - statikurze (15...20)%-iT meti. anu 

1 mM (0.8...0.9) M  da 2 stM 1.15...1.2 M . 

     aseTi meTodiT amuSavebisas, Zravas mier ganviT-

arebuli momenti 1M -dan M2  mniSvnelobamde icvle-

ba, xolo gardamavali procesis gaangariSebisas ama-

muSavebeli momenti M0 SeiZleba CaiTvalos mudmivad 

da misi mniSvneloba 0 1 2M = M M  formuliT gamoiTv-

leba. 

     Tu statkuri datvirTva amZravze nominaluris  

st nM = 0.1...0.5 M -ia, amuSavebis reJimi “msubuqia”; Tu 
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st nM 0.5...0.9 M= - amuSaveba “normaluria” da Tuki 

st nM M - “mZimea” [1,2]. 

    rodesac momenti icvleba M1 -dan 2M -mde, amuSav- 

ebas uwodeben safexurebrivs. am dros, meqanizmebis 

nawilebSi aRiZvreba cikluri xasiaTis damatebiTi 

dinamikuri datvirTva, romelic zrdis manqanis el-

ementebis cveTas. momentis cvalebadoba sagrZnobl-

ad SeiZleba Semcirdes amuSavebis safexurebis rao-

denobis gazrdiT. Tu 1

2

M
1

M
, maSin amuSaveba usafe-

xuro xdeba da Zravas SesaZleblobebi – maqsimalu-

ri.  

     samTo manqanebSi (kiduli bagirgzebi, saSaxto 

jalambrebi, lenturi konveierebi da sxv.) savsebiT 

misaRebia z = 7 - 8 - is aReba. am dros amamuSavebel 

0M  da pikur M1 momentebs Soris gansxvaveba mxol-

od 12% -ia.  

    rogorc aRiniSna, 2M  gadarTvis momentis mniSvn-

eloba 2 stM 1.15...1.2 M .  

     Sesabamisi gadatvirTvis koeficienti iqneba   

m m
2

2 2 m 2

M M 1
b

M k M k
   ,                 (2.12) 
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xolo misi 2a  koeficienti  

2
2 2 2a b b 1   .                  (2.13)    

   amuSavebis momentis, M0 -is mniSvnelobad miviRoT 

M
M 1.2M 1.2

b
m

0 n

n

   nm;               (2.14)    

Sesabamisad,  

n
0

b
b

1.2
 ;                     (2.15) 

 maSin, pikuri momentis gadatvirTvis koeficienti  

iqneba 

 
2

0
1

2

b
b

b
 ;                     (2.16) 

xolo pikuri momentis koeficienti  

2

1 1 1a b b 1   ;                 (2.17) 

    amuSavebis reostatis safexurebis raodenoba 

1 m0

1

2

1
lg

a S
z round

a
lg

a

  
  

  
  
  
   

.                (2.18) 

     am damrgvalebuli z -saTvis gamoiTvleba 1a -is 

axali mniSvneloba 
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1
z z 1
2

1

m0

a
a

S

 
  
 

;                 (2.19) 

b  koeficientis mniSvneloba 

1

2

a
b

a
 .                    (2.20) 

    radganac ukve cnobilia 1

2

a
b

a
 sidide, SesaZle-

belia amuSavebis meqanikuri maxasiaTeblebis ageba.  

   aseve cnobilia, rom bunebrivi maxasiaTeblis maq-

simaluri srialis saSualebiT advilad aigeba xel-

lovnuri maxasiaTeblebic; kerZod, xelovnuri maxas-

iaTeblebis maqsimaluri sriali erTmaneTisagan gan-

sxvavdeba b  sididiT da gamoiTvleba z
mz m0S = bS -is 

saSualebiT. 

     amis Semdeg, (2.4) formuliT aigeba bunebrivi da 

xelovnuri maxasiaTeblebi 

 

z
m m0

2
z 2

m0

2M S b
M S

S b S



.                (2.21) 

   roca z = 0 , aigeba bunebrivi maxasiaTebeli, xolo 

roca z =1...n - Sesabamisi xelovnuri maxasiaTebli.       

     rotoris erTi fazis nominaluri winaRoba gam-   
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oiTvleba 2n
n

2n

U

3 I
R  , xolo sakuTriv rotoris wina-

Roba - 0 n n0r = R S  formuliT. 2nI - aris rotoris 

nomi-naluri deni, a; 2nU - rotoris em Zala, v; maTi 

sidi- 

deebi ZravebisaTvis mocemulia katalogSi. 

     rotoris wredSi mierTebuli winaRobebi yovel 

safexurze ganisazRvreba z
z 0r bR   GgamosaxulebiT, 

xolo TiToeuli safexuris winaRoba  

z z 1 z 1
z z z 1 0 0R R r (b b ) r (b 1)br  

      ; 

     2.5 naxazze naCvenebi sqemisaTvis 1 0 1R r r  ; 

2 0 1 2 1 2R r r r R r      da 3 0 1 2 3 2 3R r r r r R r      . 

 

 

nax. 2.5. rotoris wredis winaRobebis gansazRvra 
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2.2. mokled CarTul-rotoriani Zravas brunvis siCqa-

ris regulireba 

    Tanamedrove teqnologiebiT aRWurvil bagirgza- 

ze, eqsploataciaSi yvelaze iafi da saimedo, mokl-

ed Caketil-rotoriani asinqronuli Zravebis gamoye-

nebas Zalze didi praqtikuli mniSvneloba eniWeba. 

maT samarTavad mimarTaven Zravas polusebis raode-

nobis Secvlas da sixSirul gardamqmnelebs (sg). 

 

a) siCqaris regulireba polusTa ricxvis cvliT 

     asinqronuli Zravas sinqronuli kuTxuri siCqa-

re damokidebulia mkvebavi Zabvis 
1f  sixSireze da 

wyvil polusTa p  ricxvze 

1
0

2 f
w

p


 . 

    amitom wyvilpolusTa ricxvis cvliT SesaZlebe- 

elia Zravas brunvis siCqaris regulireba. iseT Zr-

avebs, sadac SesaZlebelia polusTa ricxviT siCqa-

ris Secvala, mravalsiCqarian Zravebs uwodeben. as-

eT ZravebSi TiToeuli fazis gragnili ori Tanat-

oli nawilisagan Sedgeba. erT-erT maTganSi cvlian 

denis mimarTulebas gragnilebis mimdevrobiT CarT-

vidan paralelurze gadarTviT. aseT gadarTvas (nax. 

2.6.) mohyveba polusTa ricxvis orjer Semcireba da 
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Sesabamisad Zravas sinqronuli brunvis siCqaris 

orjer gazda.  

     praqtikulad statoris gragnilis gadarTva im 

sqemis mixedviT xdeba, romelic naCvenebia 2.7naxaz-

ze, sadac ganxorcielebulia erTmagi varskvlavidan 

 

nax. 2.6. statoris gragnilis mimdevrulidan paralelurze 
gadarTvis sqema 

  
ormag varskvlavze gadarTva, xolo 2.8 naxazze sam-

kuTxedidan ormag varskvlavze gadarTva.  

 

nax. 2.7. statoris gragnilis varskvlavidan ormag varskvlavze 
gadarTvis sqema da mudmivi momentiT siCqaris regulireba 

 

     statoris gadarTvisas varskvlavidan ormag 

varskvlavze Zravas simZlavre orjer izrdeba, xo-

lo momenti mudmivi rCeba. aseT regulirebas uwo-
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deben mudmivi momentiT siCqaris regulirebas (nax. 

2.7). statoris gadarTvisas samkuTxedidan ormag 

varskvlavze Zravas simZlavre mudmivi rCeba, xolo 

momenti orjer mcirdeba. aseT regulirebas uwod-

eben mudmivi simZlavriT regulirebas (nax. 2.8).  

 

nax. 2.8. statoris gragnilis samkuTxedidan ormag varskvlavze 
gadarTvis sqema da mudmivi simZlavriT siCqaris regulireba 

 

b) sixSiruli gardamqmnelis (sg) gamoyenebis SemT-

xvevaSi Zravas amuSaveba xdeba sixSirisa da Zabvis 

mdovred gazrdiT. amuSavebis mTeli drois ganmavl-

obaSi Zravas deni dasaSvebis farglebSia da ganisa-

zRvreba sg-s sasurveli parametrebiT. sg-s saSuale-

biT Zravas amuSavebis uaryofiTi mxarea SedarebiT 

maRali fasi. 

     mkvebavi Zabvis sixSiris cvlilebiT brunvis si-

Cqaris regulireba asinqronuli ZravasaTvis uzrunv-

elyofs yvelaze saukeTeso maxasiaTeblebs sxva cno-

bil meTodebTan SedarebiT da iZleva yvelaze mart-
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ivi da saimedo mokled CarTul-rotoriani (mCr) 

eleqtruli Zravas gamoyenebis saSualebas.  

    eleqtruli amZravi, sadac Zrava sg-s saSualeb-

iT imarTeba, Sesdgeba asinqronuli (rogorc mCr ise 

fazur-rotoriani) an sinqronuli eleqtruli Zrava- 

sagan da sixSiruli gardamqmnelisagan (nax. 2.9.) 

 
nax. 2.9.  sixSiriT regulirebadi eleqtroamZravi 

 
    sixSiruli gardamqmneli marTavs eleqtrul Zra-

vas da aris eleqtronuli statikuri mowyobiloba. 

gardamqmnelis gamosasvlelze formirdeba eleqtru-

li Zabva cvalebadi amplitudiTa da sixSiriT.  

     asinqronul ZravaSi, rotoris brunvaTa ricxvi 

w , gansxvavdeba statoris magnituri velis 0w  bru-

nvaTa ricxvisagan S srialis mniSvnelobiT. 0w  bru-

nvaTa ricxvi damokidebulia mkvebavi Zabvis f sixSi-

reze, xolo rotoris brunvis siCqare gamoiTvleba 

cnobili formuliT 

   


     0

2 f
1 S 1 S

p
 

sadac p - statoris wyvilpolusTa ricxvia; 
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    Tavis mxriv, sixSiris cvlileba meqanikur maxas-

iaTebelzec moqmedebs. radganac Zravas maqsimaluri 

momenti ukuproporciulia sixSiris kvadratisa - 

2

m 2

u
M A

f
 , 

amitom, sixSiris Semcirebisas igi izrdeba da piriq- 

iT - gazrdisas mcirdeba (nax. 2.3) 

 

nax. 2.10. sixSiris cvlilebis gavlena meqanikur maxasiaTeblebze 

 
    garda amisa, sixSiris SemcirebiT mcirdeba dama-

gnitebis konturis induqtiuri winaRoba da izrdeba 

Sesabamisad deni, rac iwvevs Zravas gadaxurebas. ami-

tom, Zravas srulyofili gamoyenebisaTvis, aucile-

belia sixSiris SecvlasTan erTad Seicvalos sta-

toris mkvebavi Zabvis amplituda - 
U

const
f
 ;      

     ukanasknel periodSi, SeiniSneba sixSiruli ga- 

rdamqmnelebis warmatebuli danergva warmoebis TiT- 



 32 

qmis nebismier sferoSi. es pirvel rigSi gamowveul-

ia imiT, rom gardamqmnelebi iqmneba principulad ax-

al eleqtronul bazaze, kerZod, izolirebul Camke-

tian bipolarul IGBT tipis tranzistorebze.  

     mokled SevexoT sixSiruli gardamqmnelis mar-

Tvis meTodebs. 

     mokled CarTul-rotoriani asinqronuli Zravas 

brunvis siCqaris regulirebisaTvis umTavresad ska-

laruli da veqtoruli sixSiruli marTva gamoiyene-

eba. winaswar gansazRvruli kanoniT, skalaruli ma-

rTvis dros, cvlian Zravaze mimaval Zabvis amplit-

udasa da sixSires. sixSiris cvalebadoba, Tavis mx-

riv iwvevs Zravas maqsimaluri da amuSavebis momente-

bis, margi qmedebisa da simZlavris koeficientebis 

saangariSo mniSvnelobebidan gadaxras. amis gamo, 

Zravas sasurveli maxasiaTeblebis misaRebad, saWir- 

oa Zabvis sixSiris cvalebadobasTan erTad Sesaba-

misad Seicvalos Zabvis amplitudis mniSvnelobac.                                                                                

    skalaruli regulirebis dros, yvelaze xSirad, 

SenarCunebulia Zravas maqsimaluri momentis fardo-

ba datvirTvis momentTan. anu sixSiris SecvlasTan 

erTad ise icvleba Zabvis amplitudis mniSvneloba, 

rom maqsimaluri momentis fardoba datvirTvis mo-

mentTan mudmivia. am fardobas Zravas gadatvirTvis 
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unars uwodeben. Zravas mudmivi gadatvirTvis unaris 

dros margi qk-is da simZlavris koeficientis mniSv-

nelobebi praqtikulad ar icvleba. amasTan, mcire 

sixSireebze, maqsimaluri momentic iwyebs Semcire-

bas. amis sakompensaciod da amamuSavebeli momentis 

gasazrdelad damatebiT aregulireben mkvebav Zabvas. 

skalaruli marTva umetesad gamoiyeneba iseT amZra-

vebSi sadac siCqaris regulirebis diapazoni ar aRe-

mateba 1:40. 

      veqtoruli marTva sagrZnoblad zrdis marTvis 

diapazons, regulirebis sizustes da amZravis sisw-

rafes. es meTodi uzrunvelyofs uSualod Zravas 

mabrunebeli momentis marTvas. mabrunebeli momenti 

ganisazRvreba statoris deniT, romelic qmnis magni-

tur vels. momentis uSualod marTvis dros auci-

lebelia statoris denis rogorc amplitudis, aseve 

fazis anu denis veqtoris Secvla. aqedanaa termini 

“veqtoruli marTva”.  

    denis veqtoris samarTavad, aucilebelia stato- 

ris magnituri nakadis mdebareobis codna mbrunavi 

rotoris mimarT. Tavis mxriv, rotoris mdebareobis 

gageba drois nebismier momentSi SesaZlebelia an 

rotoris mdebareobis gadamwodis gareT gamotaniT, 

an Zravas sxva parametrebis gazomviT, romlebic 
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damokidebulia rotoris mdebareobaze. aseTi parame-

trebia statoris gragnilebis deni da Zabva.  

    ufro advilia veqtoruli marTvis ganxorciele-

ba siCqaris gadamwodis gareSe, magram am SemTxvevaSi 

saWiroa didi moculobisa da maRali siCqariT gamo-

Tvlebi. garda amisa, uSualod Zravas momentis marT-

va mcire siCqareebis dros, siCqaris ukukavSiris ga-

reSe SeuZlebelia. veqtoruli marTva siCqaris uku-

kakavSiriT uzrunvelyofs regulirebis diapazons 

1:1000-mde, siCqaris regulirebis sizustes procentis 

measedebiT da momentis regulirebis sizustes erTe-

uli procentebiT. 

    regulirebad eleqtroamZravSi gamoyenebuli si-

xSiris gardamqmnelebi, struqturuli sqemebisa da 

Zalovani nawilis muSaobis principidan gamomdinare 

or jgufad iyofa: 

1. sixSiruli gardamqmnelebi mudmivi denis cxadad 

gamoxatuli saSualedo rgoliT; 

2. sixSiruli gardamqmnelebi uSualo kavSiriT (mud- 

mivi denis cxadad gamoxatuli saSualedo rgolis 

gareSe); 

     pirvelad, istoriulad, meore jgufis sixSiru-

li gardamqmnelebi gamoCda, sadac Zalovani nawili 

marTvad gammarTvelebze, tiristorebze iyo awyobi-
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li. mmarTveli sistema rigrigobiT aRebda tirist-

orebis jgufs da axdenda gamomavali signalis for-

mirebas. amJamad sixSiruli gardamqmnelebis marTvis 

es meTodi aRar gamoiyeneba. yvela gardamqmneli Sei-

cavs mudmivi denis cxadad gamoxatul rgols (ix. 

2.4) 

 

nax. 2.11. sixSiruli gardamsaxi mudmivi denis cxadad 
gamoxatuli rgoliT 

 
         am jgufis gardamqmnelebSi gamoiyeneba eleqtr-

uli energiis ormagi gardaqmna: mudmivi amplitudisa 

da sixSris Semavali sinusoidaluri Zabva  L1,L2,L3    

gaimarTeba gammarTvel  BR  blokSi da gaifiltreba  
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da gaswordeba filtraciis  BF blokSi. sabolood  

miiReba mudmivi Zabva. am kvanZs mudmivi denis rgoli 

hqvia. regulirebadi sixSiris sinusoidaluri Zabvis 

miRebas emsaxureba gardamsaxi  BD bloki. marTvad 

gardamqmnelebad gamoiyeneba izolirebul Camketiani 

bipolaruli IGBT I tranzistorebi. zemoT CamoTvli-

li blokebi imarTeba winaswar daprogramebuli al-  

goriTmiT mikroprocesoruli modulebiT an logi-

kis  BL  blokiT.B     

 
 

g) mdovred amuSavebis mowyobiloba  

    kiduli bagirgzis usafrTxo eqsploataciis wes-

ebiT daSvebulia, rom Tu bagirgzis maqsimaluri si-

Cqare mV 3 m/wm, amZrav Zravad SesaZlebelia mokled 

CarTul-rotoriani Zravas gamoyeneba, romlis amuSa-

veba qselTan uSualod mierTebiT ganxorcieldeba. 

zog bagirgzaze (sadac didtevadobiani vagonebia da 

Sesabamisad didi masebi) amuSavebis aseTi xerxi sav-

sebiT misaRebia, magram mcire masian bagirgzebze da-

saSvebze meti dinamikuri reJimebi aRiZvreba da auc-

ilebelia damatebiTi RonisZiebebis miReba. 

     mokled CarTul-rotoriani Zravas qselTan mie- 
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rTebisas statorSi gaivlis nominalur denze 5...8–

jer meti e.w. amuSavebis deni, maSin rodesac amamuSa-

vebeli momentis sidide, am SemTxvevaSi, nominaluri 

momentis  50...150 %ia. 2.12 naxazze moyvanilia es 

damokidebulebebi: a) momentis, xolo b) denis. absci-

saze gadazomilia Zravas brunvaTa ricxvebi fardo-

biT erTeulebSi. 

    bevri samrewvelo meqanizmisaTvis, maT Soris ba-

girgzebisaTvis, dauSvebelia aseTi didi amamuSavebe-

li deni da mcire momenti. 

    mokled CarTul-rotoriani Zravas amuSavebis de-

nis SemcirebisaTvis Zalian xSirad mkvebav Zabvas ar-

egulireben. yvelaze Zveli da damuSavebuli meTod-

ia Zravas statoris gadarTva samkuTxedi SeerTebid-

an varskvlavze. amuSavebis dasawyisSi, samkuTxedid-

an varskvlavze statoris SeerTebisas, masze moede-

ba nominalurze 3  naklebi Zabva. radganac Zravas 

mier ganviTarebuli momenti Zabvis kvadratis propo-

rciulia, Sesabamisad amuSavebis momenti 3 -jer Sem-

cirdeba. aRniSnuli meTodi metad ekonomiuri da ma-

rtivi gansaxorcielebelia, magram mas gaaCnia serio-

zuli nakli. kerZod, xSirad araa sakmarisi amamuSa-

vebeli momentis 3 -jer Semcirebuli mniSvneloba. 
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     mdovred amuSavebis mowyobiloba (mam)  tirist-

oruli mowyobilobaa da romlis ZiriTadi amocana 

aris Zravas mdovred amuSaveba da damuxruWeba. sami-

ve fazaSi Zabvis regulirebiT, mam-iT, miiRweva Zra-

vas saimedo da mosaxerxebeli marTva. 

 

 

nax. 2.12. amuSavebis momenti a),  denis cvalebadoba b) 

 

ZabviT marTva. marTvis es meTodi sakmaod xSirad 

gamoiyeneba. amamuSavebeli uzrunvelyofs mdovre am-

uSavebas, magram ar gaaCnia deniTa da momentiT uku-

kavSiri. amamuSavebeli Tanabrad zrdis da amcirebs 

Zabvas nominalur mniSvnelobamde, sakmarisia mxol-

od drois sididis moniSvna.  

      amuSavebis drois mniSvnelobad miRebulia 1...60  

wm, xolo gaCerebisa - 2...120 wm. optimaluri amuSaveb- 

is tipuri saprogramo parametrebia: sawyisi Zabva, am- 

uSavebis dro da aCqarebis mrudis ormagi daxra. 
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deniT marTva. Zabvis cvalebadoba SesaZlebelia gan-

xorcieldes denuri SezRudviT. am SemTxvevaSi Zabv-

is zrda Sewydeba, roca denis mniSvneloba zRvrul 

sidides miaRwevs. Zabvis SezRvudis done amuSavebis 

ZiriTadi parametria da konkretul davalebidan gam-

omdinare, momxmareblisagan dgindeba. es funqcia aq-

tualuria gansakuTrebiT maSin, roca qvesadguris an 

generatoris simZlavre an ubralod, kabelis kveTis 

sidide SezRudulia. 
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momentiT marTva. Zravas amuSavebis es meTodi gansak-

kuTrebiT mosaxerxebelia. Zabvisa da deniT meTodeb-

isagan gansxvavebiT, mam-i aregulirebs momentis im 

saWiro mniSvnelobas, romelic uzrunvelyofs mini-

maluri deniT Zravas amuSavebas. momentiT marTvis 

mTavari upiratesoba tradiciul ZabviT marTul am-

amuSaveblebTan SedarebiT isaa, rom xorcieldeba 

amuSavebisa da gaCerebis ufro srulyofili kontr-

oli, rac Tavis mxriv saSualod dens 20%-iT amci-

rebs. momentiT ukukavSiriani sistema iZleva aCqare-

bis wrfiv grafiks.  
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III. bagirgzis cvladi denis amZravi 
diferencialuri reduqtoriT 

3.1. zogadi cnebebi 

     Tanamedrove teqnologiebiT aRWurvil bagirgz-

aze, rogorc II TavSi aRiniSna, eqspluataciaSi yve-

laze iafi da saimedo, mokled Caketil-rotoriani 

(mCr) asinqronuli Zravebia gamoyenebuli, xolo maT 

samarTavad - sixSiruli gardamqmnelebi.      

   gardamqmnelebi udidesi sizustiT asrulebs maT- 

dakisrebul amocanebs, magram gaaCniaT satranspor-

to meqanizmebis amZravebisTvis damaxasiaTebeli nak-

li – sarevizio (mcoci0.5 m/wm) siCqaris ganxorci-

eleba xangrZlivi drois ganmavlobaSi SeuZlebelia. 

es imiTaa gamowveuli, rom mcire siCqariT moZraobi-

sas, datvirTvis sididis nominaluri mniSvnelobis 

dros, Zrava xurdeba cudi ventilaciis gamo. dRes-

dReobiT, yovel diliT, samgzavro bagirgzebze 

cvlis dawyebisas, mcire simZlavris mCr asinqronu-

li ZravaTi xorcieldeba sarevizio siCqare damate-

biTi reduqtoris saSualebiT.  

   amave dros, sixSiruli gardamqmnelebis gamoyene-

ba jerjerobiT SezRudulia maTi maRali fasis ga-

mo. 
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     bagirgzis muSaobis taqogramidan gamomdinare, 

amZravs moeTxoveba mdovred amuSaveba, stabiluri 

maqsimaluri siCqare, mdovred Seneleba da mdgradi 

mcoci (sarevizio) siCqaris ganviTareba (ix. nax. 1.1) 

     Tanamedrove teqnologiiT aRWurvili mdovred 

amuSavebis mowyobiloba (mam), romelic agreTve cnob-

ilia “Softstarter”-is saxeliT, mTlianad akmayofilebs 

diferencialur reduqtorTan erTad, bagirgzis amZ-

ravze wayenebul moTxovnebs. mam-s SeuZlia asinqro-

nuli Zravas mdovred amuSaveba da damuxruWeba amZ-

rav Skivze modebuli datvirTvis miuxedavad gansaz-

Rvrul droSi, winaswar micemuli programiT. dRes-

dReobiT mam-iT 1600 kvt-mde mCr asinqronuli Zrava 

imarTeba. 

 

 

 

nax. 3.1. konusuri, simetriuli diferencialuri reduqtori 
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     kiduli bagirzis eleqtrul amZravSi gamoyeneb-

ul konusur, simetriul diferencialur reduqtors 

aqvs (3.1.) naxazze naCvenebi saxe: 

mn1 mn1M ,w  da 
mn2 mn2M ,w - M1 da  M2 Zravebis mier ganvi-

Tarebuli nominaluri momentebi da brunvis siCqare-

ebia; 

1 1i ,e  da 
2 2i ,e - gadacemis ricxvebi da gadacemis mq ko-

eficientebi Zravebidan mziur kbilanebamde, Sesaba-

misad; 

1 1M ,w  da 
2 2M ,w - mziur kbilanebze dayvanili moment-

ebi da brunvis siCqareebia, Sesabamisad; 

3w  da stM - gamomavali lilvis brunvis siCqare da 

masze modebuli statikuri datvirTva.   

    mziuri kbilanebi (1-1 da 1-2), romelTac SeuZli-

aT brunva rogorc Semxvedrad, ise Tanmxvedrad, at-

rialeben (3) wamyvaniT SeerTebul or satelitur kb-

ilanas (2), romlebic abrunebs (4) gamomaval lilvs.  

     rodesac gamomavali (4) lilvis brunvis siCqare 

3w , mziuri kbilanebis brunvis siCqareebis naxevarj-

amia- 3max 1 2w 0.5(w w )  , maSin Zravebis brunvas uwode-

ben Tanmxvedrs, xolo roca 3min 1 2w 0.5(w w )  , maSin 

– Semxvedrs. 
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    Tanmxvedri moZraobis dros orive Zrava muSaobs 

Zravul reJimSi da idealurad inawilebs gamomaval 

lilvze modebul statikur datvirTvas - st
mn1

1 1

M
M

2i e
  

da st
mn2

2 2

M
M

2i e
 . 

   Semxvedri moZraobisas, Tu gamomaval lilvze da-

tvirTva dadebiTia da 
2 1i i , M1 Zrava muSaobs Zrav-

ul reJimSi, xolo M2 - rekuperaciulSi. datvirTve-

bi Zravebze iqneba st
mn1

1 1

M
M

2i e
  da st 2

mn2

2

M e
M

2i
 . 

     energetikuli TvalsazrisiT, Tanmxvedri moZra-

obisas orive Zrava muSaobs gamomaval lilvze mod-

ebuli simZlavris naxevari simZlavriT. Tu gavamrav-

lebT 1 2
3

w w
w

2 2
  -s statikur datvirTvaze, iqneba - 

1 2
st 3 st st

w w
M w M M

2 2
   anu  3 1 2 1P P P 2P    da 1 2P P    

3P

2
 . Semxvedri moZraobisas ki, M1 Zravas qselidan 

moaqvs st 1M w  simZlavre, romlis nawili ( st 32M w ), ga-

daecema amZrav Skivs, xolo danarCeni st 2M w , M2  Zra-

vas gavliT, romelic muSaobs rekuperaciuli damux- 

ruWebis reJimSi, ukan ubrundeba qsels. gavamravloT 
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1 2
3

w w
w

2 2
   gamosaxuleba statikur datvirTvaze -  

st 1 st 3 st 2M w 2M w M w   anu  
1 3 2P P P  . 

    Tu mxedvelobaSi ar miiReba momentebis danakar- 

gebi maTi simciris gamo, SeiZleba daiweros (Zraveb-

is mier ganviTarebuli momentebi damyarebul reJim-

Si tolia da mimarTulebiT erTmaneTs emTxveva - 

m1 m2M M ) - 3 1 2M M M  .  

     diferencialuri eleqtroamZravis (dea) analiz-

isas siCqareebi, brunvaTa ricxvebi da inerciis mome-

ntebi mziur kbilanebze dahyavT.  

Zravebis brunvaTa ricxvebi:  

uqmi svlis brunvaTa ricxvebi –  

m10
m10

n
w

30


 , m20

m20

n
w

30


   da  m10

10

1

w
w

i
 , m20

20

2

w
w

i
 ; 

nominaluri brunvaTa ricxvebi –  

m1n
m1n

n
w

30


 , m2n

m2n

n
w

30


  da m1n

1n

1

w
w

i
 , m2n

2n

2

w
w

i
 ; 

a) - Semxvedri brunvisas, b) - Tanmxvedri brunvisas 

Zravebis mier ganviTarebuli momentebi:  

a) 1 mn1 1 1M M i e , 2 mn2 2

2

1
M M i

e
 ; B 

b)B 1 mn1 1 1M M i e , 2 mn2 2 2M M i e ; 

Zravebis inerciis momentebi:  
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a) 2

1 m11 1J J i e , 2

2 m2 2

2

1
J J i

e
 ;  b) 2

1 m11 1J J i e , 2

2 m2 2 2J J i e ; 

maxasiaTeblebis sixisteebi: 

a) 2

1 m1 1B B i ;  b) 2

2 m2 2B B i ; 

sadac mn1
m1

m01 n1

M
B

w S
  da mn2

m2

m02 n2

M
B

w S
 , xolo gamomava-

li lilvis meqanikuri maxasiaTeblis sixiste gamoi-

Tvleba - 1 2
3

1 2

4B B
B

B B



. ( m0w , 

mnM  da 
nS  amZravi Zravas 

uqmi svlis kuTxuri siCqare, nominaluri momenti da 

nominaluri srialia) [3]. 

 

3.2. diferencialuri eleqtruli amZravis ZiriTadi 

parametrebis gansazRvra 

D 
    rogorc zemoT aRiniSna, rodesac Zravebi da Se-

sabamisad mziuri kbilanebi Tanmxvedrad brunavs,  

diferencialuri eleqtroamZravis (dea-s)  gamomava-

li lilvi maqsimaluri siCqariT  brunavs -     

 30max 10 20w 0.5 w w  ,                 (3.1)    

analogiurad, minimaluri (gawevis) siCqaris dros 

 30min 10 20w 0.5 w w  . Y               (3.2) 
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      (3.1)  da (3.2) jer SevkriboT da Semdeg gamovak-

loT erTmaneTs -   

10 30max 30minw w w      da    20 30max 30minw w w  .    (3.3) 

    Tu gaviTvaliswinebT, rom m10
10

1

n
w

30i


 , m20

20

2

n
w

30i


 , 

30max m

0

2
w V

D
  da 

30min 0

0

2
w V

D
 , gveqneba            

0 m1n
1

m 0

D n
i

60 V V





   da   0 m20

2

m 0

D n
i

60 V V





.     (3.4) 

     qvemoT, mcoci siCqaris reJimis gamokvlevisas 

vnaxavT, rom sasurvelia amZravi Zravebi erTnairebi 

iyos. am mosazrebiT m10 m20n n  da  m 02

1 m 0

V Vi

i V V





. miviR-

oT mxedvelobaSi, rom 0V 0.5 m/wm da ganvsazRvrod 

gadacemis ricxvebis fardoba – 

 cxrili 1 

  
cxrilidan sCans, rom bagirgzis siCqaris gazrdasT-

an erTad gadacemis ricxvebis mniSvnelobebi erTman-

eTs uaxlovdeba. 

     amZravi Zravebis simZlavreebi: 

Semxvedri brunvisas – 

Vm, m/wm 3 4 5 6 7 8 9 10 11 12 

i2/i1 1.40 1.29 1.22 1.18 1.15 1.13 1.12 1.11 1.10 1.09 
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st m1
1m

1 1

M n1
P

9550 2i e
 ,  st m2 2

2m

2

M n e1
P

9550 2i
 ;         (3.5) 

Tanmxvedri brunvisas –  

st m1
1m

1 1

M n1
P

9550 2i e
 ,  st m2

2m

2 2

M n1
P

9550 2i e
 .          (3.6) 

     radganac M2 Zravas simZlavre 
2mP , Tanmxvedri 

brunvisas ufro metia vidre Semxvedrisas, aiReba 

didi mniSvneloba.  

      M1Zravas meqanikuri maxasiaTeblis formulas 

aseTi saxe aqvs 

   1 1 10 1M B w w    an  st
1 10

1

M
w w

2B
  .        (3.7)  

    M2  Zravas meqanikuri maxasiaTeblisaTvis   

 2 2 20 2M B w w    an  st
2 20

2

M
w w

2B
  .        (3.8) 

    gamomavali lilvisaTvis 

 3 3 30 3M B w w                   (3.9) 

an  

st 10 20 1 2
3 30 st

3 1 2

M w w B B
w w M

B 2 4B B

 
    ,       (3.10) 
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3.3. bagirgzis samuSao reJimebi diferencialuri 

eleqtruli amZraviT 

     bagirgzis samuSao reJimebi SesaZloa Semdegnai-

rad ganxorcieldes.  

1. amZravis mcoci siCqaris miReba 

qselTan mierTdeba M1 Zrava da H2  muxruWi. igi am-  

uSavdeba uqm svlaze, ganaviTarebs maqsimalur bru- 

nvaTa ricxvs 10w -s da 1 mziuri da 2 satelituri kbi-

lanebis gavliT daatrialebs M2  Zravas sawinaaRmde- 

 

nax. 3.2. bagirgzis diferencialuri elamZravi 

 

go mimarTulebiT, maqsimaluri 2max 10 2w w i   brunvis 

siCqariT (nax. 3.2). Semdeg M2 Zrava miuerTdeba qsels 

H1 muxruWTan erTad da amZravi Skivi daiwyebs brun-

vas mcoci siCqariT 0 1 2
0

D w w
V 0.5

2 2


  m/wm. Zravebi 
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ki brunavs erTmaneTis Semxvedrad 
1w  da 

2w  brunv-

is siCqareebiT. gawevis siCqariT amuSavebis procesis 

meqanikur maxasiaTeblebs aseTi saxe aqvT (ix. nax. 

3.3).  

     amZravi muSaobs mcoci, sarevizio siCqariT.  

2. amZravis amuSaveba nominaluri siCqariT 

am SemTxvevaSi M1MZrava da H1 muxruWi miuerTdeba 

qsels da M1 Zrava programuli mniSvnelobiT aCqar- 

 

 

nax. 3.3. bagirgzis mcoci siCqaris ganxorcieleba 

 

deba 1w  siCqaremde, amZravi Skivi ki 1
3

w
w

2
  siCqar-

iT moZraobs. Tu damakmayofilebelia bagirgzis ase-

Ti siCqare misi mwarmoeblurobidan gamomdinare, am  
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maqsimaluri siCqariT gagrZeldeba moZraoba. sxva  

SemTxvevaSi, CairTveba H2  muxruWi da M2  Zrava mie- 

rTdeba qselTan M1 Zravas Tanmxvedrad da aCqarde- 

ba maqsimalur 
2w  siCqaremde, amZravi Skivi ibrunebs  

1 2
3

w w
w

2


  maqsimaluri siCqariT. 

3. ZiriTadi Seneleba or etapad xorcieldeba –  

M2  Zrava gamoirTveba qselidan da gadadis dinamik-

uri damuxruWebis reJimSi. rodesac misi siCqare nu-

lamde Semcirdeba, gamoirTveba qselidan da damux-

ruWdeba H2  muxruWiT. amis Semdeg, M2  Zrava miuer-

Tdeba qsels M1 Zravas Semxvedrad samuSaod da aCq-

ardeba 
2w siCqaremde. amZravi Skivi ibrunebs mcoci 

 3 1 2w 0.5 w w  siCqariT. ra Tqma unda, SeiZleboda 

ZiriTadi Seneleba erT etapad ganxorcielebuliyo,  

kerZod, Tu ki maqsimaluri siCqariT mbrunavi M2  

Zrava gadava reversis reJimSi 
2w -dan 2w siCqaremde. 

rogorc cnobilia, ZravaSi danakargebi reversiul 

reJimSi daaxloebiT oTxjer metia vidre amuSavebis  

an dinamikuri damuxruWebis reJimSi.  

      Tu romeli tipis ZiriTadi Senelebaa misaRebi, 

ganisazRvreba bagirgzis parametrebidan.L 
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      bagirgzis samuSao reJimebis gansaxilvelad, 

umjobesia gaangariSebebi prqtikul magaliTze Cav-

ataroT.  

    magaliTad, aviRoT samgzavro kiduli bagirgza 

 “vakis parki-kus tba” - 

bagirgzis horizontaluri sigrZe - L 1140 m;  

amZravi Skivis diametri - 0D 1.25 m;  

statikuri datvirTva amZrav Skivze - Mst=2400 n; 

aCqarebis, Senelebisa da mcocis siCqaris sidideeb- 

ad miviRoT - 1 3j j 0.5  m/wm2; 0V 0.5 m/wm; 

bagirgzis maqsimaluri siCqaris optimaluri mniSvne-

lobis miaxloebiTi mniSvneloba –  

1 3
m 1

1 3

j j
V 0.3 2 L 0.3 j L 0.3 0.5 1140 7.16

j j
    


 m/wm; 

amZravi Zravebi: m1n m2nP P 37  kvt;  

nominaluri da sinqronuli brunvaTa ricxvebi - 

mnn 980 br/wT; 
mnw 102.6  1/wm;  

m0n 1000  br/wT; m0w 104.7  1/wm;  

a
i

n

I
k 7

I
  - Zravas amuSavebis denis jeradoba nomina-

lurTan; 

nominaluri da amuSavebis denebi –  

nI 73 a; a i nI k I 7 73 511     a; 
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Zravas amuSavebisa da maqsimaluri momentis jerado-

ba nominalurTan - a
a

n

M
b = = 2

M
; m

m

n

M
b = = 2.2

M
; 

maqsimaluri momentis fardoba amuSavebis momentTan  

m m
a

a a

M b 2.2
k = = = =1.1

M b 2
; 

Zravas nominaluri da inerciis momentebi – 

n
mn

n

P 37
M 9550 9550 360.56

n 980
    nm; mJ 0.74 kgm2; 

Zravas amuSavebisa da maqsimaluri momentebi 

a a nM b M 2 360.56 721    

m m nM b M 2.2 360.56 793      

nominaluri da maqsimaluri sriali – 

mn
n

m0

n 980
S 1 1 0.02

n 1000
     ; 

   2 2

m n m mS S b b 1 0.02 2.2 2.2 1 = 0.0832       

bunebrivi meqanikuri maxasiaTeblis sixiste –  

mn
mn

mn n

M 360.56
B 175.7

w S 102.6 0.02
  


nmwm 

gadacemis ricxvebi -   
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0 m0
1

m 0

D n 1.25 1000
i 8.54

60 V V 60 7.16 0.5

 
  

 
;       

0 m0
2

m 0

D n 1.25 1000
i 9.83

60 V V 60 7.16 0.5

 
  

 
, 

Zravebis mier ganviTarebuli dayvanili siCqareebi – 

mn
1n

1

w 102.6
w 12

i 8.54
    1/wm; m0

10

1

w 104.7
w 12.3

i 8.54
   1/wm; 

mn
2n

2

w 102.6
w 10.4

i 9.83
   1/wm; m0

20

2

w 104.7
w 10.7

i 9.83
   1/wm; 

Zravebis mier ganviTarebuli dayvanili nominaluri 

da maqsimaluri momentebi – 

1n mn 1M M i 360.56 8.54 3079     nm; 

2n mn 2M M i 360.56 9.83 3544     nm. 

1m mm 1M M i 793 8.54 6772     nm; 

2m mm 2M M i 793 9.83 7795     nm. 

     Zravebisa da jamuri dayvanili sixistis koefi-

cientebi – 

2 2

1 mn 1B B i 175.7 8.54 12814    nmwm; 

2 2

2 mn 2B B i 175.7 9.83 16978     nmwm; 

1 2
3

1 2

4B B 4 12814.1 16977.7
B 29210

B B 12814.1 16977.7

 
  

 
nmwm. 

    Zravebis dayvanili inerciis momentebi – 

2 2

1 m 1J 1.3J i 1.3 0.74 8.54 70     kgm2; 
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2 2

2 m 2J 1.3J i 1.3 0.74 9.83 93      kgm2;   

sadac 1.3 – iTvaliswinebs diferencialuri reduqt-

oris kbilanebis inerciis momentebs, Zravadan gamom-

aval lilvamde;  

gamomavali lilvis brunvis siCqare - 

   30max 10 20w 0.5 w w 0.5 12.3 10.7 11.5      1/wm  da  

   30min 10 20w 0.5 w w 0.5 12.3 10.7 0.8      1/wm; 

Sesabamisad 

m 0 30maxV 0.5D w 0.5 1.25 11.5 7.2      m/wm  da 

0 0 30minV 0.5D w 0.5 1.25 0.8 0.5      m/wm. 

    saangariSo samgzavro qanqarasebri kiduli bag-

irgza erTmaliania, orvagoniani. saangariSo kinemat-

ikur sqemas SesaZloa aseTi saxe hqondes:   

 

nax. 3.4. erTmaliani, orvagoniani bagirgzis saangariSo 

kinematikuri sqema 

 

sadac 1m  amZravi da mimmarTveli Skivebis masebis 

jamia; 2m - damWimi da mimmarTveli Skivebis masebis 



 56 

jami; Gm - sawevi bagiris damWimi tvirTia; Rm - sawe-

vi bagiris erTi Stos masa; xm da ym bagirgzis samg- 

zavro vagonebis masebia; Cm - samgzavro vagonis uri- 

kis (karetis) masa; 

     yvela masa amZrav Skivzea dayvanili da aseT Se-

mTxvevaSi jamuri inerciis momenti 3J , gamoiTvleba  

formuliT 

2
0

3

D
J m

4
, 

     es formula miiReba, Tu gavatolebT mbrunavi 

sxeulebis kinetikur energias wrfivad moZravi sxeu-

lebis kinetikur energiasTan  

2 2
3 m

3

w V
J m

2 2
  

da gaviTvaliswinebT, rom  

0
m 3

D
V w

2
, 

sadac 1 2 R C x ym m m 2m 2m m m ; 

amZravi Skivis dayvanili masa:  

2 2

1x 0m 200 D 200 1.25 313     kg; 

damWimi da mimmarTveli Skivis dayvanili masa: 

2 2

2x 0m 115 D 115 1.25 180     kg; 
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amZrav Skivze dayvanili masebis jami: 

1 1x 2xm m 2m 313 2 180 673      kg;  

damWim Skivze dayvanili masebis jami:  

2 2xm 3 m 3 180 540     kg; 

datvirTuli vagonis masa - x ym m 1550  kg; 

vagonis urikis (karetis) masa - Cm 230 kg; 

sawevi bagiris erTi Stos masa - 
Rm 830 kg; 

jamuri dayvanili masa  

1 2 R C x ym m m 2m 2m m m

673 540 2 830 2 230 1550 1550 6433

       

         kg;
 

jamuri inerciis momenti - 

2 2
0

3

D 1.25
J m 6433 2513

4 4
kgm2; 
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IV. dinamikuri reJimebi bagirgzis diferencialur 

eleqtrul amZravSi 

 

   bagirgzis samuSao reJimebidan (taqogramidan) gam- 

omdinare, dinamikuri (gardamavali) reJimebi aRiZvre-

ba: 

a) gawevis siCqaris miRebisas; 

b) ZiriTadi aCqarebis periodSi da 

g) ZiriTadi Senelebis periodSi 

    dinamikuri reJimebis aRmwer diferencialur gan-

tolebaTa sistemas aqvs aseTi saxe [4,5] -  

 

 

1 2st 31
1 1

1 2st 32
2 2

d w wM Jdw
M J ;

dt 2 4 dt

d w wM Jdw
M J .

dt 2 4 dt

 
  





  



      (4.1) 

sadac 
1 1M , J da 

1w - M1Zravas mier ganviTarebuli 

momenti, rotorisa da 1-1 mziuri kbilanas jamuri 

inerciis momenti da brunvis siCqarea 1-1 mziur kbi-

lanaze dayvanili;  

2M , 
2J da 

2w - Sesabamisad, M2 ZravasaTvis; 

stM  da 3J - statikuri datvirTva da datvirTvis ine-  

rciis momenti gamomaval lilvze (nax. 3.1). 

     (4.1) sistema SeiZleba asec gadaiweros 
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st 1 2
1 11 30

st 1 2
2 30 22

M dw dw
M J J ;

2 dt dt

M dw dw
M J J ,

2 dt dt


  


   


          (4.2) 

sadac 3
11 1

J
J J

4
  ; 3

22 2

J
J J

4
  ; 3

30

J
J

4
 ; 

     Tu 
1M  da 

2M Zravebis meqanikuri maxasiaTeblebi 

wrfivia, maSin gantolebaTa sistemaSi nacvlad 
1M da 

2M sidideebisa, Caismeba  

 1 1 10 1M B w w   da  2 2 20 2M B w w        (4.3) 

mniSvnelobebi.  

     amis gaTvaliswinebiT 

1 2
1y 1 31 1

1 2
2y 32 2 2

dw dw
w T T w ;

dt dt

dw dw
w T T w ,

dt dt


  


   


            (4.4) 

sadac st
1y 10

1

M
w w

2B
   da st

2y 20

2

M
w w

2B
  - gardamavali 

periodis dasasrul M1 da M2  Zravebis damyarebuli 

brunvis siCqareebia;  

11
1

1

J
T

B
 , 22

2

2

J
T

B
 , 30

31

1

J
T

B
  da 30

32

2

J
T

B
 - eleqtromeqani- 

kuri drois mudmivebia; 

10w , 1B , 20w  da 2B -dayvanili uqmi svlis siCqareebi da   
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maxasiaTeblis sixisteebi M1da M2  ZravebisaTvis; 

    (4.4) gantolebaTa sistemiT aRiwereba gawevis si-

CqariT moZraobis reJimi, rodesac orive Zrava Semx-

vedrad amuSavdeba wrfiv meqanikur maxasiaTeblebze. 

     diferencialuri amZravis samuSao reJimebidan 

gamomdinare, M2  Zravas meqanikuri maxasiaTebeli is- 

eTi unda iyos rom, gardamaval periodSi misi amamu-

Savebeli momenti ar icvlebodes (Rrma Rrmulebiani 

an ormagi ciyvis borblis, e.w. buSeros tipis; rusu-

li, saSaxto Sesrulebis KO  da sxv. tipis Zravebi). 

am formis meqanikuri maxasiaTebeli ix. nax. 4.1. 

 

nax. 4.1. mokled CarTul-rotoriani Zravas meqanikuri 

mxasiaTebeli, romlis max

a

M
1

M
  

     daprogramebis sistema MATLAB-Si gaviangariS- 

oTOyvela saxis samuSao reJimebis gardamavali peri- 

odebi.  
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4.1 mcoci siCqaris gardamavali periodi 

    rogorc zeviT aRiniSna, gawevis siCqaris aRmwer 

gantolebaTa sistemas aqvs saxe (ix. 4.4) 

1 2
1y 1 31 1

1 2
2y 32 2 2

dw dw
w T T w ;

dt dt

dw dw
w T T w ,

dt dt


  


   


           (4.4)      

amovxsnaT (4.4.) sistema dsolve funqciis daxmarebiT.  

>> syms w1 w2 w3 t; w10=12.26; w20=10.66; w1y=12.05; w2y=-10.818;   
>> T1=0.053; T2=0.041; T31=0.050; T32=0.038; t0=.5; 
>> eq1='T1*Dw1+T31*Dw2+w1=w1y'; eq2='T32*Dw1+T2*Dw2+w2=w2y'; 
>> cond1='w1(0)=w10';cond2='w2(0)=-w20';  
>> S=dsolve(eq1,eq2,cond1,cond2); w1=S.w1; w2=S.w2;  
>> w3=.5*(w1+w2); w1=subs(vpa(w1,4)); w2=vpa(subs(w2),4);  
>> w3=subs(vpa(w3,4)); w1=vpa(simplify(w1),4),  
>> w2=vpa(simplify(w2),4), w3=vpa(simplify(w3),4),  
>> t=0:.001:t0; w1=subs(w1); w2=subs(w2); w3=subs(w3); 
>> hold on; plot(t,w1,'b:',t,w2,'k:', t,w3,'r:','LineWidth',2.5),grid; 
>> legend('w1','w2','w3',0); w3y=(w1y+w2y)/2; 
>> ylabel('w1,  w2,  w3, 1/c','FontSize',12); xlabel(' t, c','FontSize',12); 
>> text(.8*t0, 1.1*w1y,['w1y=',num2str(w1y,'%9.2f')],'FontSize',8);  
>> text(.8*t0, 1.1*w2y,['w2y=-',num2str(w2y,'%9.2f')],'FontSize',8);  
>> text(.8*t0, 3*w3y,['w3y=',num2str(w3y,'%9.2f')],'FontSize',8);  
>> gtext('w2max=w10=-10.66'); gtext('w10=10.66'); 
 

M1, M2  Zravebisa da gamomavali lilvis siCqareebi 

analizurad da grafikulad ase gamoisaxeba      

 

w1=12.05-0.69*exp(-333.3*t)-0.7*exp(-10.99*t) 

w2=0.69*exp(-333.3*t)-0.532*exp(-10.99*t)-10.82 

w3=1.38e-34*exp(-333.3*t)-0.616*exp(-10.99*t)+0.616 
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nax. 4.2. gawevis siCqaris gardamavali reJimis 

mrudebi - t 0.25 wm da t 0.5 wm 

     siCqareebis amsaxveli gamosaxulebebidan Cans,   

rom gardamavali procesi wamis meaTedebSi mimdi-
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nareobs. amisaTvis, gardamavali reJimis amsaxveli 

mrudebis ukeT warmodgenisaTvis, sxvadasxva droSi 

warmovadginoT - t 0.25 wm da t 0.5 wm.  (nax. 4.2.)   

 

 4.2 aCqarebis gardamavali periodi 

      am reJimis ganxilvamde gamovikvlioT (4.2.) gan-

tolebaTa sistema 

st 1 2
1 11 30

st 1 2
2 30 22

M dw dw
M J J ;

2 dt dt

M dw dw
M J J ,

2 dt dt


  


   


         (4.2) 

     rogorc zemoT aRiniSna, bagirgzis difamZrav-

Si gamoyenebuli Zravebis amuSavebis da maqsimaluri 

momentebi daaxloebiT tolia (ix. nax. 4.1). amis gaT-

valiswinebiT 1 st 11M 0.5M M   da 2 st 22M 0.5M M   mud-

mivi sidideebia da gveqneba 

11 22 22 301

2

11 22 30

M J M Jdw

dt J J J





,               (4.5) 

analogiurad 

11 30 22 112

2

30 22 11

M J M Jdw

dt J J J





.               (4.6) 

    amZravi Skivis aCqareba 

   

 
11 22 30 22 11 303 1 2

2

11 22 30

M J J M J Jdw dw dw1

dt 2 dt dt 2 J J J

   
   

 
. (4.7) 
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     erTi SexedviTac Cans, rom Zalze rTuli gansa- 

xorcielebelia 
1M  da 

2M momentebis erTdrouli ma-

rTva amZravi Skivis programuli aCqarebis misaRebad. 

     ufro advili iqneba, Tuki M1 da M2  Zrava Tan-

mimdevrobiT gaiSveba- pirvelad M1 Zrava (damuxru-

Webuli M2 - is lilviT) da Semdeg M2  Zrava. 

     M1Zravas amuSavebis amsaxveli gantoleba iqneba 

1
1 st 11

dw
M 0.5M J

dt
  ,               (4.8) 

1M  momentis mudmivobis dros, 
1w  siCqare gaizrdeba 

wrfivad mudmivi aCqarebiT da gadava meqanikuri max-

asiaTeblis mdgrad Stoze.  

     amis Semdeg unda CairTos M2  Zrava. amuSavebis 

dasawyisSi, M1 Zrava muSaobs maxasiaTeblis mdgrad 

Stoze sistemis amsaxvel gantolebaTa sistemas eqne-

ba saxe: 

1 2
1y 1 31 1

st 1 2
2 30 22

dw dw
w T T w ;

dt dt

M dw dw
M J J .

2 dt dt


  


   


            (4.9) 

     ganvsazRvroT (4.9) -is sistemis meore gantole- 

bidan 2dw

dt
 da SevitanoT pirvelSi. gveqneba 

1
w1 0 1

dw
a T w

dt
  ,                (4.10)   
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sadac 

2 st
w1 1y 31 1y 31

22

M 0.5 M
a w T w T ep2

J

 
      

da  30
0 1 31

22

J
T T T

J

 
  
 

, 

(4.10) gantolebis amoxsna,  1 1yw 0 w  sawyisi piro-

biT, gvaZlevs  

1 w1 1y w1

0

t
w a (w a )exp

T

 
    

 
.       (4.11)  

    0T -is ricxviTi mniSvneloba, ganxiluli magali- 

TisaTvis- 0T 0.007 ; 0t (4 5)T 0.028...0.035   wm-is Sem-

deg gardamavali procesi damTavrdeba. sainJinro ga-

TvlebisaTvis sakmarisia CaiTvalos, rom M1 Zravas 

1w  brunvis siCqare gardamaval procesSi monawile-

obas ar Rebulobs da misi mniSvneloba mudmivi sid-

idea - 1 w1w a . es mosalodnelic iyo, radganac 1w  

siCqaris cvlileba Zravas meqanikuri maxasiaTeblis 

mdgrad Stoze xdeba, xolo eleqtromeqanikuri dro- 

is mudmiva maxasiaTeblis 1B  sixistis ukuproporci- 

ulia.      

    M2  Zravas dasaSvebi aCqarebis sididis mixedviT 

gamoiTvleba 2M momentis saWiro mniSvneloba 
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2
2 22 st

dw
M J 0.5 M

dt
   nm.                (4.12) 

   samgzavro bagirgzebis vagonebis maqsimaluri da-

saSvebi aCqarebis sidide 1 m/wm2-ia. miviRoT, rom 

m
1 3

dV
j j 0.5

dt
   m/wm2. Tu gaviTvaliswinebT amZravi 

Skivis diametrs - 0D 1.25 m da 1dw
0

dt
 , miviRebTA 

32 m

0

dwdw dV2 2 1
ep2 2 2 2 1.6

dt dt D dt 1.25 2
        1/wm2; 

am dasaSvebi kuTxuri aCqarebis mixedviT gamoiTvle- 

ba 
2M momentis mniSvneloba –  

       2 22 stM J ep2 0.5M 721 1.6 0.5 2400 2354  (4.13) 

     analogiurad 
1M  momentisaTvis (ep1 ep2 ) 

1 11 stM J ep1 0.5M 698 1.6 0.5 2400 2317          (4.14) 

    aseve ganisazRvreba Zravebis siCqareebis cvlil-

ebis kanoni uZravi mdgomareobidan maqsimaluri sri-

alis Sesabamis siCqareebamde – 

1 1w ep1 t    da  2 2w ep2 t  , 

xolo maTi sidideebi: 

   1m 10 mw w 1 S 12.26 1 0.0832 11.24      1/wm da 

   2m 20 mw w 1 S 10.66 1 0.0832 9.77     1/wm, 
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maSin, drois mniSvnelobebi, roca Zravebi miaRwevs 

maqsimalur srialebs, iqneba: 

1m
1

w 11.24
t 7.03 7

ep1 1.6
    wm; 2m

2

w 9.77
t 6.11 6

ep2 1.6
     wm. 

     avagoT gardamavali reJimisDSesabamisi mrudebi. 

agebisas gaviTvaliswinoT zemoT moyvanili daSvebe- 

bi: kerZod, M1 da M2  Zravas siCqareebi icvleba 

wrfivad ep1 da ep2  mudmivi aCqarebiT 
1t  da 

2t  

droSi. ar miiReba mxedvelobaSi M2  da M2  Zravas 

gadasvla maxasiaTeblis mdgrad Stoebze da iTvle-

ba, rom Zravebi brunavs nominaluri brunviT nacvl-

ad realurisa, maT Soris Zalze mcire gansxvavebis 

gamo.  

>> w10=12.26; w20=10.66;  w1m=11.24; w2m=9.77; ep1=1.6; ep2=1.6; 
>> Ds=.001; t1=7; t2=6; w3m=.5*(w1m+w2m);  
>> t=0:.01:t1; w1=ep1*t; w3=w1/2; 
>> hold on; plot(t,w1,'b:', t,w3,'r:', 'LineWidth',2.5);  
>> t=t1:.01:t1+t2; w2=ep2*(t-t1); w3=w1m/2+w2/2; w22=w2m+Ds*sin(t);  

>> hold on; plot(t,w2,'k:', t,w3,'r:', 'LineWidth',2.5); 
>> t=t1:.01:3*t1; hold on; plot(t,w1m+Ds*sin(t),'b:', 'LineWidth',2.5); 
>> t=t1+t2:.01:3*t1; w22=w2m+Ds*sin(t); w33=w3m+Ds*sin(t);  
>> hold on; plot(t,w22,'k:', t, w33, 'r:', 'LineWidth',2.5); grid; 
>> ylabel('w1,  w2,  w3,  1/c','FontSize',12); xlabel(' t, c','FontSize',12); 
>> legend('w1','w2','w3',0); 
>> gtext('w1m=11.24'); gtext('w2m=9.77'); gtext('w3m=10.51'); 

    

    M1, M2  Zravebisa da gamomavali lilvis siCqar-

eebi grafikulad ase gamoisaxeba  (ix. nax. 4.3).     
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nax. 4.3.  aCqarebis gardamavali periodis mrudebi 

 

 

 

4.3 Senelebis gardamavali periodi 

     Senelebis  gardamavali periodi daiwyeba maqs-

imaluri siCqaris Semdeg, rodesac samgzavro vago-

nebi miuaxlovdeba mimReb baqnebs . 

     Senelebis dasawyebad, M2  Zrava CairTveba dina-

mikuri damuxruWebis reJimSi da daiwyeba misi brun-

vaTa ricxvis Semcireba. roca misi brunvis siCqare 

nuls miuaxlovdeba, amZravi Skivis brunvis siCqare 
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iqneba 1
3

w
w

2
 . amis Semdeg M2  Zrava CairTveba Zra-

vul reJimSi samuSaod M1 Zravas Semxvedrad. roca 

misi siCqare maqsimalurs miaRwevs, amZravi Skivis si-

Cqare mcocis, 1 2
3

w w
w

2


 - is toli iqneba. amiT da-

mTavrdeba ZiriTadi Senelebis dinamikuri reJimi. 

     Tu gaviTvaliswinebT aCqarebis dros moyvanil 

daSvebebs, M2  Zravas siCqaris cvlilebis kanoni da  

am cvlilebis Sesabamisi dro gamoisaxeba:  

2 2mw w ep2 t    da 2m
0

2w
t

ep2
 ; 

>> w1m=11.24; w2m=9.77; ep1=1.6; ep2=1.6; Ds=.001; t0=2*w2m/ep2; 
>> w3m=.5*(w1m+w2m); t=0:.1:t0; w11=w1m+Ds*sin(t); 
>> w2=w2m-ep2*t; w3=.5*(w1m+w2); 
>> hold on; plot(t,w11,'b:',t,w2,'k:', t,w3,'r:','LineWidth',2.5); 
>> t=t0:.01:1.25*t0; w11=w1m+Ds*sin(t); w22=-w2m+Ds*sin(t);  
>> w33=.5*(w1m-w2m)+Ds*sin(t); legend('w1','w2','w3',0); 
>> hold on; plot(t,w11,'b:', t,w22,'k:', t,w33,'r:', 'LineWidth',2.5),grid; 
>> ylabel('w1,  w2,  w3,  1/c','FontSize',12); xlabel(' t, c','FontSize',12); 
>> gtext('w1m=11.24'); gtext('w2m=9.77'); gtext('w3m=10.51'); 
>> gtext('w1m=11.24'); gtext('w2m=-9.77'); gtext('w3m=0.735'); 

 
     

     M1, M2  Zravebisa da gamomavali lilvis siCqar-

eebs grafikulad aseTi saxe eqnebaT (nax. 4.4) 
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nax. 4.4.  Senelebis gardamavali periodis mrudebi 
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V. bagirgzis diferencialuri eleqtruli amZravis 

muSaobis energetika 

 
5.1 mokled Caketil-rotoriani asinqronuli Zravas 

meqanikuri maxasiaTeblebi 

      mokled SerTul rotoriani asinqronuli Zravas 

meqanikuri maxasiaTeblis asagebi grafikuli da gra-

foanalizuri meTodebi, romlebic saxelmZRvanelo-

ebsa da meTodikur miTiTebebSia mocemuli, Zalze 

rTuli da arasakmaod zustia. maTi gamoyeneba ki im-

itomaa aucilebeli, rom arsebuli meqanikuri maxa-

siaTeblis asagebi (e.w. klosis) formula ar asaxavs 

realur damokidebulebas Zravas momentsa da brunTa 

ricxvebs Soris maxasiaTeblis aramdgrad Stoze. 

kerZod, amuSavebis dasawyisSi, rodesac Zrava aviTa-

rebs amuSavebis moments, es ukanaskneli ar emTxveva 

klosis formuliT gamoTvlil amuSavebis momentis 

mniSvnelobas [6]. 

     mokled SerTul rotoriani asinqronuli Zra-

vas meqanikur maxasiaTebels, rogorc wesi, klosis 

formuliT ageben  

1
m m0

2
kl

m0 1
m0

m0 2

R
2M 1 S

R
M

S RS
2S

S S R

 
 

 


 


,             (5.1) 
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sadac klM aris Zravas mier ganviTarebuli momenti, 

n.m; mM - Zravas maqsimaluri momenti,  n.m; m0S - am mo- 

momentis Sesabamisi maqsimaluri sriali bunebriv me-

qanikur maxasiaTebelze; S 1 0  - srialis mimdinare 

mniSvneloba; 
1R - statoris fazis aqtiuri winaRoba, 

omi; 2R - statoris Zabvasa da sixSireze dayvanili 

rotoris fazis aqtiuri winaRoba, omi. 

     Tuki Zravas simZlavre 10 -15 kvt-s aRemateba, 

statoris fazis aqtiur winaRobas ugulebelyofen 

misi simciris gamo da iyeneben gamartivebul klosis 

formulas, rodesac 1R 0  

m m0
kl 2 2

m0

2M S
M S

S S



.                   (5.2) 

     rodesac sriali S =1, Zrava aviTarebs amuSave-

bis moments  

 m m0
a 2

m0

2M S
M

S 1



.                     (5.3) 

     am formuliT miRebuli aM  sidide iSviaTad em-

Txveva Zravas katalogSi mocemul amuSavebis momen-

tis mniSvnelobas, xolo specialuri tipis ZravebSi 

(Rrma Rrmulebiani, ormagi ciyvis borblis, buSeros 

tipis da sxv.), sadac maqsimaluri da amuSavebis mo-
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mentebi daaxloebiT erTmaneTis tolia  a mM M ,  

saerTod ar emTxveva erTmaneTs. 

     es Seusabamoba gansakuTrebiT Tavs iCens Zravas 

gardamavali reJimebis analizisas.  

     rogorc cnobilia, Rrma Rrmulebian da ormag 

ciyvis borblian mokled SerTul-rotorian asinq-

ronul ZravebSi, rotoris aqtiuri winaRobis xelo-

vnuri gazrdiT, Zravas amuSavebisas izrdeba maqsima-

luri sriali da Sesabamisad amuSavebis momenti.  

     Zravas gaqanebasTan erTad mcirdeba Zravas deni 

da misi sixSire, Sesabamisad rotoris aqtiuri wina-

Roba da maqsimaluri sriali im donemde mcirdeba, 

rom nominaluris toli xdeba.  

    specialuri tipis mokled SerTul rotoriani 

asinqronuli Zravebis meqanikuri maxasiaTeblis asa-

gebi formulis gamoyvanisas aucilebelia im damate-

biTi winaRobis gaTvaliswineba, romelic zemoT iyo 

aRniSnuli. 

     maqsimaluri srialis mniSvneloba, romelic 

uzrunvelyofs Zravas amuSavebis momentis katalo-

gSi mocemul sidides a akM M , advilad gamoiTvle-

ba damokidebulebidan (5.3)  m0 maS = S , rodesac  

2
m a a aS S k k 1    ,                (5.4) 
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sadac m
a

ak

M
k

M
 . 

   aseve, damokidebulebidan (5.2), Tu srialis mni-

Svneloba nominaluris tolia, nS S , maSin kl nM M  

da maqsimaluri sriali bunebriv maxasiaTebelze to-

li iqneba 

 2
m0 n m mS S b b 1   ,            (5.5) 

sadac m
m

n

M
b

M
 , n

n

0

n
S 1

n
  , xolo nn  da 0n - Zravas 

nominaluri da sinqronuli brunTa ricxvia.  

     Sesabamisad, rotoris winaRobasTan damokidebu-

lebiT, amuSavebis dasawyisSi, rodesac S 1  

2 2x
ma

m

R R
S

X

 
 .                   (5.6) 

     Zravas gaqanebis damTavrebis Semdeg, rodesac 

S 0    

2
m0

m

R
S

X


 ,                     (5.7) 

sadac mX  aris mokled SerTvis induqciuri winaRo-

ba, xolo 2xR  im winaRobis sidide, romelic katal-

ogSi mocemul amuSavebis akatM  moments uzrunvel-

yofs.             
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     (5.6) gamosaxulebis gayofiT (5.7)-ze da iqidan 

2xR  gamoTvliT, gveqneba 

ma m0
2x 2

m0

S S
R R

S


  .                (5.8) 

     da imis gaTvaliswinebiT, rom  

2

n n n
2

0 n

S n U
R

1040.4 n P
 


,                (5.9) 

advilad gamoiTvleba damatebiTi winaRobis sidide 

2xR  ( nU - Zravas nominaluri xazuri Zabva (v) da nP , 

Zravas nominaluri simZlavre, kvt). 

     Tu maqsimalur srialis mimdinare mniSvnelobas 

aRvniSnavT mkS -iT da warmovadgenT 

  roca 

roca 

m0
m0 ma m0 m0

m0mk

m0 m0

S S
S S S S 1 S ;

1 SS

S S S 0,


    

 
   

(5.10) 

gamosaxulebiT, miviRebT klosis koreqtirebul  

formulas: 

m mk
k 2 2

mk

2M S
M S,

S S



n.m .                (5.11) 

    vnaxoT magaliTze, klosis koreqtirebuli for-

muliT agebuli meqanikuri maxasiaTebeli da Sevada-

roT klasikurs, rodesac: nM 360.5 n.m; m0S 0.0832 ; 
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m
n

n

M
b 2.2

M
  ; m n nM b M 2.2 360.5 793    n.m; 

akat
a

n

M
m 2.1

M
  ; akat a nM m M 2.1 360.5 757     n.m; 

m n
a

akat a

M b 2.2
k 1.04762

M m 2.1
    ; 

2 2
ma a aS k k 1 1.04762 1.04762 1 0.7354        

klosis formuliT –  

 n.mm m0
kl 2 2 2 2

m0

2M S 2 793 0.0832
M S S,

S S 0.0832 S

 
 

 
; 

klosis koreqtirebuli formuliT –  

n.mm mk mk
k 2 2 2 2

mk mk

2M S 2 793 S
M S S,

S S S S

 
 

 
; 

     meqanikuri maxasiaTeblebis asagebad gamoviyen-

oT daprogramebis sistema “MATLAB”-i. 

     rogorc naxazidan Cans, klosis koreqtirebuli 

formuliT agebuli meqanikuri maxasiaTebelis amu-

Savebis momentis mniSvneloba zustad emTxveva kata-

logSi mocemul amuSavebis moments 

n.mm ma
ak 2 2 2 2

ma

2M S 2 793 0.7354
M 1 1 757

S 1 0.7354 1

 
   

 
, 

xolo klosis formuliT amuSavebis momentis mniS-

vneloba  



 77 

n.mm m0
akl 2 2 2 2

m0

2M S 2 793 0.0832
M 1 1 131

S 1 0.0832 1

 
   

 
. 

 

 

nax. 5.1. klosis (Mkl - wyvetili xazi) da klosis koreqtirebuli 
(Mk - mTliani xazi) formulebiT agebuli Zravas meqanikuri 

maxasiaTeblebi 

 

     ufro meti TvalsaCinoebisaTvis, gaviangariSoT 

klosisa da misi koreqtirebuli formulebiT mok-

led SerTul-rotoriani asinqronuli Zravas amuS-

avebis drois mniSvneloba uqm svlaze: 

klosis formuliT        
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2 2

1 1

2 2 2 2
S S

0 m0 0 m0

S S
m m0 m0

Jw S S T S S
t dS dS

2M S S 2 S S

 
        anu   

2

1

2 2
S

m0
KL

S
0 m0

S S2t
Q dS

T S S


   ; 

klosis koreqtirebuli formuliT 

2

1

2 2
S

0 mk

S
mk

T S S
t dS

2 S S


      anu   

2

1

2 2
S

mk
k

S
0 mk

S S2t
Q dS

T S S


   . 

       orive integralis amoxsniT miiReba, rom klo-

sis formuliT gamoTvlili Zravas uqm svlaze amu-

Savebis drois fardobiTi mniSvneloba daaxloebiT 

3 - jer metia KL

k

Q
3

Q

 
 

 
, vidre realuri. 

  

  

5.2 danakargebi ZravaSi bagirgzis gardamavali 

reJimebis dros   

 

nax. 5.1. siCqaris xuTperiodiani taqograma 
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1t periodis dasawyisSi M1 da M2 Zrava Tanamim-

devrobiT miuerTdeba qsels Tanmxvedr reJimSi samu-

Saod. orive Zrava brunavs maqsimaluri siCqariT, xo-

lo bagirgzis siCqarea - 0 1 2
m

D w w
V

2 2


 . 

2t - Tana-

bari (maqsimaluri) siCqariT moZraobis periodia. 
3t  

periodis dasawyisSi M2  Zrava CairTveba qselTan 

reversiul reJimSi samuSaod. 3t periodis dasasruls 

M2  Zrava brunavs maqsimaluri siCqariT M1 Zravas 

Semxvedrad, xolo bagirgza moZraobs 0V  mcoci siCq-

ariT 0t  drois ganmavlobaSi. am 0t drois gavlis Se- 

mdeg, orive Zrava gamoirTveba qselidan da amZravi 

Skivi stt droSi damuxruWdeba. amZravi Skivis muxruWs 

mxolod Skivze modebuli 
2

3
3

w
J

2
 kinetikuri energiis 

Caqroba uxdeba, radganac qselidan gamorTuli M1 

da M2  Zravebi Tavisufali garbeniT muxruWdeba pt  

pauzis ganmavlobaSi. 

     ganvixiloT amZravis energetika calkeuli peri-

odis mixedviT. energiis xarjvis TvalsazrisiT, gan-

ixileba: 

1t - amuSavebis da 3t - ZiriTadi Senelebis periodebi;   
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2t - maqsimaluri da 0t - mcoci siCqariT muSaobis per-

iodebi;  

     rogorc zemoT aRiniSna, 
1t - amuSavebis period-

Si M1 da M2  Zravebi TanamidevrobiT miuerTdeba 

qsels da energiis jamuri danakargebi iqneba Zrave-

bSi danakargebi.   

     3t periodSi M2  Zrava gadadis reversis reJimSi,  

jer damuxruWdeba an ukudeniT, an dinamikuri damux-

ruWebis reJimSi da Semdeg aCqardeba Zravul reJimSi 

M1 Zravas Semxvedrad samuSaod.  

     gardamaval periodSi Zravas rotorSi danakarg- 

ebi, rodesac masze stM  datvirTvaa modebuli, gamoi- 

Tvleba cnobili gamosaxulebiT [3,6] 

 
2 2

1 1

t t

2 mot 0 mot 0

t t

A M w w dt M w Sdt    ,       (5.14) 

sadac motM  Zravas mier ganviTarebuli momentia;  

dt -s mniSvneloba aiReba moZraobis ZiriTadi ganto-

lebidan 

mot st

dw
dt J

M M



,                (5.15) 

Tavis mxriv 

  0w w 1 S   da 0

dw dS
w

dt dt
  ,   (5.16) 
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maSin rotorSi danakargebi 

St

La

S

2 mot
2 0

mot stS

M S
A Jw dS

M M




 ,           (5.17) 

sadac 
motM da stM -Zravas mier ganviTarebuli da Zra-

avaze modebuli statikuri momentebia; StS  da LaS  - 

srialis sawyisi da bolo mniSvneloba gardamaval 

reJimSi; xolo Jda 0w - Zravaze modebuli sistemis 

inerciis momenti da uqmi svlis brunvaTa ricxvi; 

    rodesac stM 0 , statorSi danakargebi gamoiTv-

leba  

 1
1 2

2

R
A A

R



,                  (5.18) 

sadac 
1R  da 

2R  -Sesabamisad Zravas statorisa da 

statorze dayvanili rotoris winaRobebia; xolo 

 1
0 2

2

R
A A 1

R

 
  

 
,                (5.19) 

mTeli danakargebi ZravaSi. 

     ganvsazRvroT 
1R  da 2R  sidideebi. cnobilia, 

rom saerTo daniSnulebis mokled Caketil-rotor-

ian (mCr) ZravebSi 1 2R R , xolo specialuri konst-

ruciis ZravebSi (magalTad, buSeros tipis ZravebSi), 

rotoris dayvanili winaaRmdegoba damokidebulia  
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srialze da metia statoris aqtiur winaRobaze - 

2 1R R  . es, bunebrivia, gamoiwvevs  danakargebis Sem-

cirebas [3].   

     miRebulia, rom 
nP 15 kvt  simZlavris ZravebSi 

statoris aqtiuri winaRoba  

  1 20R R .                  (5.20) 

    aq 20R - rotoris dayvanili winaRobaa statorze, 

rodesac S 0  da aseT SemTxvevaSi Tavisuflad Sei-

Zleba (5.9.) formuliT sargebloba 

a01 2x

2 2 a0 m0

SR R

R R S S


 

  
                (5.21) 

im mosazrebiT, rom ZravaSi danakagebi 

 2
0 2

2x

R
A A 1

R

 
  

 
,                 (5.22) 

SesaZloa ganisazRvros gamosaxulebiT 

a
0 2 2 2

a m

S 0.6417
A A A 1.15 A

S S 0.6417 0.0832
   

 
.      (5.23) 

      ganvsazRvroT ZravaSi danakargebi ganxiluli 

magaliTisaTvis.  

     M2  Zravas SeuZlia ganaviTaros  

2m mm 2M M i 793 9.83 7795     nm,         (5.24) 

maqsimaluri momenti, xolo amuSavebis momenti masze  
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m

a

b 2.2
1.1

b 2
  -jer naklebia. miviRoT, rom M2  Zrava 

aviTarebs (4.8.) formuliT gaangariSebul, amuSavebi-

saTvis saWiro 2aM 2354 nm moments. maSin, M2  Zravas 

mier ganviTarebuli maqsimaluri momenti toli iqne-

ba - 2m 2aM 1.1 M 1.1 2354 2590      nm.  

     analogiurad M1ZravasaTvis 

1m mm 1M M i 793 8.54 6772      da 1aM 2317 nm, maSin 

1m 1aM 1.1 M 1.1 2317 2549      nm.         (5.25) 

      koreqtirebuli klosis formulaSi M1 Zrava-

saTvis 

               1m k k
K1 2 2 2 2

k k

2M S S 2 2549 S S
M

S S S S

 
 

 
         (5.26) 

M2  ZravasaTvis 

               2m k k
K2 2 2 2 2

k k

2M S S 2 2590 S S
M

S S S S

 
 

 
        (5.27) 

     amuSavebis danakargebi M1 ZravaSi koreqtirebu-

li klosis formulis mixedviT (ix. 5.23 formula)  

1

2

S

2 k1
01 11 '10

k1 stS

M S
A 1.15J w dS

M 0.5M


 ,        (5.28) 

M2  ZravaSi  

1

2

S

2 k2
02 22 20

k2 stS

M S
A 1.15J w dS

M 0.5M


 .        (5.29) 
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     gansazRvroT danakargebi calkeuli reJimebisa-

Tvis)  

a) M1-is amuSaveba aCqarebis reJimSi 

 
syms S; w10=12.26; J11=698; Mst=2400; Sm=.0832; M1m=2549;   
>> S1=1; S2=.05; ka=1.1; Sa=ka-(ka^2-1)^.5;   
>> Sk=Sm+(Sa-Sm)*(S-Sm)/(1-Sm);  
>> Mk1=2*M1m*Sk*S/(Sk^2+S^2); C1=J11*w10^2/1000;  
>> Q1=1.15*C1*Mk1*S/(Mk1-.5*Mst); A01=vpa(-int(Q1,S,S1,S2),3),  

A01=123kj. DP01=A01/t1=123/7≈18 kvt;  

(M1-is amuSavebis dro 1t 7 wm ) 

b) M2 -is amuSaveba aCqarebis reJimSi 

syms S; w20=10.66; J22=721; Mst=2400; Sm=.0832; M2m=2590;   
>> S1=1; S2=.05; ka=1.1; Sa=ka-(ka^2-1)^.5;   
>> Sk=Sm+(Sa-Sm)*(S-Sm)/(1-Sm);  
>> Mk2=2*M2m*Sk*S/(Sk^2+S^2); C2=J22*w20^2/1000;  
>> Q2=1.15*C2*Mk2*S/(Mk2-.5*Mst); A02=vpa(-int(Q2,S,S1,S2),3),  

A02=94.4kj. DP02=A02/t2=94.4/6≈16 kvt;  

(M2 -is amuSavebis dro 2t 6 wm ) 

g) M2 -is Seneleba ukudeniT damuxruWebis reJimiT  

syms S; w20=10.66; J22=721; Mst=2400; Sm=.0832; M2m=2590;   
>> S1=2; S2=1; ka=1.1; Sa=ka-(ka^2-1)^.5;   
>> Sk=Sm+(Sa-Sm)*(S-Sm)/(1-Sm);  
>> Mk2=2*M2m*Sk*S/(Sk^2+S^2); C2=J22*w20^2/1000;  
>> Q2=1.15*C2*Mk2*S/(Mk2-.5*Mst); A02B=vpa(-int(Q2,S,S1,S2),3),  

A02B=290kj; DP02B=A02B/tR=290/6≈48 kvt; 

(Senelebis (amuSavebis) dro 3t 6 wm ) 

d) M2 -is Seneleba dinamikuri damuxruWebis reJimiT  

      dinamikuri damuxruWebis reJimSi ZravaSi dana- 

kargebi daaxloebiT amuSavebis danakargebis tolia, 
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Tu mxedvelobaSi ar miviRevT statorSi danakargebs 

misi simciris gamo.  

maSin A02RD≈A02=71.6 kj da DP02RD≈DP02≈12 kj.  

    M2 -is Senelebis reJimSi, ukudeniT damuxruWebis 

gamoyenebisas  3- jer metia danakargebi, vidre dina-

mikuri damuxruWebisas - A02B/A02D=290/94.4=3.07.A 

        rogorc zemoT aRiniSna, Tanmxvedri, maqsimalu-

ri siCqariT moZraobisas, orive Zrava muSaobs gamom-

aval lilvze modebuli simZlavris naxevari simZla-

vriT.  

 EM M 0 0 0

0

w
DP P P M w w Mw 1 Mw S

w

 
       

 
. 

     ganxilul SemTxvevaSi, orive Zravas jamuri da-

nakargebi 

10 1 20 2
2 st st

st st1 2 1
10 20 10 n

10 20 2

w w w w
DP M M

2 2

M Mw w i
w 1 w 1 w S 1

2 w w 2 i

 
  

      
           

       

 

    Semxvedri moZraobisas ki, M1 Zravas qselidan 

moaqvs st 1M w simZlavre, romlis nawili ( st 32M w ), gad-

aecema amZrav Skivs, xolo danarCeni - st 2M w , rekupe-

raciuli damuxruWebis reJimSi momuSave M2  Zravas 

gavliT qsels ukan ubrundeba - st 1 st 3 st 2M w 2M w M w  .   
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     mTlianad, am reJimSi, amZravSi danakargebi, gam-

oiTvleba  

10 1 20 2
0 st st

st st1 2 1
10 20 10 n

10 20 2

w w w w
DP M M

2 2

M Mw w i
w 1 w 1 w S 1 ,

2 w w 2 i

 
  

      
           

       

 

   amrigad, bagirgzis vagonis moZraobis sruli 

drois ganmavlobaSi ikargeba (kj):  

mcoci siCqariT moZraobisas -   

st 1
0 10 n

2

M i 2400 8.542
DP w S 1 12.26 0.02 1

2 i 2 9.824

39.46 0.04

   
        

  

 vt kvt

 

maqsimaluri siCqariT moZraobisas - 

vt kvt

st 1
2 10 n

2

M i 2400 8.542
DP w S 1 12.26 0.02 1

2 i 2 9.824

550.08 0.55

   
        

  

 

 

 

     ekonomiurobis TvalsazrisiT, sasurvelia rev-

ersis dros dinamikuri damuxruWebis reJimis gamoy-

eneba.  
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