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         praqtikuli samuSaoebi              

     samTo manqanebis eleqtruli amZravis praqtikul meca-

dineobebze Seiswavleba mudmivi da cvladi denis Zravebis me-

qanikuri maxasiaTeblebis agebis xerxebi. warmodgenili meTo-

dikiT students saSualeba eZleva damoukideblad SeZlos 

gaiangariSos da aagos mudmivi denis damoukidebel agznebiani 

Zravas meqanikuri maxasiaTeblebi rogorc Zravul, ise samux-

ruWo reJimebSi. meToduri miTiTeba agreTve iZleva  saSua-

lebas gaangariSebuli da agebuli iqnas samfaza cvladi de-

nis asinqronuli fazur rotoriani Zravas meqanikuri maxasi-

aTeblebi amZravis amuSavebis dros. praqtikuli unaris gamo-  

muSavebisaTvis, meTodur miTiTebebSi moyvanilia sailustra-

cio magaliTebi, romlis saSualebiTac studenti asrulebs 

individualur davalebas. 
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1. mudmivi denis damoukidebel agznebi-  

  ani Zravas meqanikuri maxasiaTeblebi      

       mudmivi denis damoukidebel (paralelur) agznebian 

 Zravas qselTan mierTebis principuli sqema aseTia (nax. 1.1)  

      

    nax. 1.1 damoukidebel agznebiani mudmivi denis Zravas CarTvis sqema  

     sadac - LM- agznebis gragnilia, RaR aqtiuri winaRo- 

biT; 

          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 

                    U I R E= +R R R             1.1

      sadac  - Zabvaa Zravas momWerebze, v; U

            I  - Ruzis wredis deni, a; R
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            - Ruzis wredis sruli winaRoba (reo-

statis CaTvliT), omi; 

RR

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

    Ruzis e.m.Z. ganisazRvreba formuliT 

             ω=ωΦ=ωΦ
π

= CK
a2

pNER , v,      1.2 

sadac 
a2

pNK
π

= - 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; Φ

       - Ruzis brunvis siCqare, rad/wm. ω

      C - Zravas koeficienti.  

      Tu CavsvavT -s mniSvnelobas 1.2 -dan 1.1-Si, mivi-

RebT 

RE

               ωΦ+= KRIU RR                   1.3 

      1.3- dan ganvsazRvroT ω - 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
UI

K
R

K
U

K
RIU

RR
R RRR

−=
Φ

−
Φ

=
Φ

−
=ω       1.4 
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     mudmivi denis Zravas eleqtromagnituri momenti gani-

sazRvreba formuliT 

          RRR ICIKI
a2

pNM =Φ=Φ
π

= , n.m.        1.5  

     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 (2K 5) 

% -iT gansxvavdebian nominalurisagan, miaxloebiT Tvlian, 

rom momenti Zravas lilvze eleqtromagnituris tolia. 

     Ruzis denis mniSvnelobis CasmiT 1.5- dan 1.4- 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  

          02 2

RU 1M M
K K

ω = − = ω −
Φ Φ β

R
,         1.6 

     sadac 
RR R

C
R

K 222
=

Φ
=β  - meqanikuri maxasiaTeblis si-

xistis koeficientia, razec damokidebulia TviT maxasiaTeb-

lis daxra. 

     Zabvis, magnituri nakadisa da Ruzis wredis  nomina-

luri mniSvnelobebis dros, brunvis siCqarec nominaluri 

iqneba 
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              .
K

RIU

n

Rn
n

R

Φ

−
=ω                1.7         

   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 - 0ω , damokidebulia mxolod 

Zabvisa da magnituri nakadis nominalur mniSvnelobebze 

          n
0

n

U U .
K C

ω = =
Φ

n                    1.8     

aseTi brunvis siCqaris dros e.m.Z. da qselis Zabva 

erTmaneTis tolia. 

eleqtromeqanikuri maxasiaTebeli, 1.8 -is gaTvalis-

winebiT, SesaZloa warmovadginoT 

           
R R R R

0 0

I R I R
,

K C
ω = ω − = ω −

Φ
           1.9  

xolo meqanikuri maxasiaTebeli 

     
R

0 02 2 2

R R
M

K C
ω = ω − = ω −

Φ
R M.         1.10   

sxvaobas, ( 0ω − ω )-s , idelur uqmi svlis brunvis si-

Cqaresa da datvirTvis Sesabamis brunvis siCqares Soris, 

uwodeben statikur brunvis siCqaris vardnas- ωΔ . eleqtro- 

meqanikuri maxasiaTeblisaTvis R I /cΔω = R R , xolo meqani- 
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kuri maxasiaTeblisaTvis - . 
2R M / cΔω = R R

am ukanasknelTa gaTvaliswinebiT, damoukidebel agzne-

biani Zravas meqanikuri maxasiaTebeli zogadi saxiT iqneba 

                 0ω = ω − Δω                     1.11       

    radganac brunvis siCqaris vardna, ωΔ , pirdapirpropor-

ciulia momentisa da denisa, meqanikuri da eleqtromeqaniku- 

 ri maxasiaTeblebi warmoadgenen wrfeebs.  

     idealuri uqmi svlis brunvis siCqare, SeiZleba ganisa-

zRvros (1.8 -is SefardebiT 1.7-Tan) formuliT 

              n
0 n

n R.n R

U
U I R⋅

ω = ω
−

,              1.12 

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

porto monacemebia. 

                  

      nax. 1.2 damoukidebel agznebiani Zravas bunebrivi meqanikuri  

                            maxasiaTebli   

    Tuki cnobili iqneba 0ω , nominaluri momenti  da 

aseve misi Sesabamisi brunvis siCqare 

nM

nω , e.i. wrfis ori 
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wertili, SesaZlebelia aigos bunebrivi meqanikuri maxasia-

Tebeli (nax. 1.2) 

                                       

     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: a) energiis qsel-

Si gadacemiT (rekuperaciuli); b) dinamikuri damuxruWeba; 

g) ukuCarTviTi damuxruWeba. 

    a) rekuperaciuli damuxruWeba. damuxruWebis es xerxi 

xorcieldeba maSin, roca Zravas brunvis siCqare ω  meti 

aRmoCndeba idealuri uqmi svlis brunvis siCqare 0ω -ze da 

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

vevaSi muSaobs generatorul reJimSi qselis paralelurad 

da awvdis eleqtrul energias; denic icvlis mimarTulebas, 

romelic aSkaraa tolobidan 

E
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             R/)UE(R/)EU(I −−=−=  ,          1.13 

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

xdeba damamuxruWebeli - M K I= − Φ . Tuki avRniSnavT samu-

xruWe moments MM −=sam , maSin 1.10 gantoleba  ω> 0ω -is 

gaTvaliswinebiT miiRebs saxes 

                 .M
K

R
K
U

22 sam
R

Φ
+

Φ
=ω           1.14 

     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 siCqares. meqanikuri maxasiaTeblis dax-

ra (sixiste) ganisazRvreba gantolebis meore wevriT 

, romelic Ruzis wredis mocemuli winaRobis 

dros, mudmivia. Sesabamisad, meqanikuri maxasiaTeblis daxra 

am samuxruWe reJimSi igivea, rac iyo Zravul reJimSi. amis 

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 

22K/R ΦR

0ω>ω . 

aseTi damuxruWeba metad ekonomiuria, radganac xasiaTdeba 

 10



qselSi energiis miwodebiT, magram yovelTvis ar aris Sesa-

Zlebeli 0ω>ω  pirobis dacva.  

 

      nax. 1.3 damoukidebel agznebiani Zravas meqanikuri maxasiaTeblebi  

            Zravul da rekuperaciuli damuxruWebis reJimSi 

    aucilebelia aRiniSnos, rom rac metia Ruzis wredis 

winaRoba, miT metia brunvis sixSire rekuperaciul samuxru-

We reJimSi, erTi da igive statikuri momentis dros, (nax. 

1.3)            

    b). dinamikuri damuxruWeba xorcieldeba Ruzis wredis 

qselidan amorTviT da gareSe winaRobaze mierTebiT, amitom 

mas xSirad reostatul damuxruWebas uwodeben (nax. 1.4).  

     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  
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energia gardaiqmneba eleqtrulad da gansxvavebiT 

rekuperaciuli reJimisa, gamoiyofa Ruzis wredSi siTbos 

saxiT. 

 

      

      nax. 1.4 damoukidebel agznebiani Zravas CarTvis sqema 

                  dinamikuri damuxruWebis reJimSi    

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

igive niSans, rac hqonda Zravul reJimSi da Ruzas garedan  

Zabva ar miewodeba, Ruzis deni ganisazRvreba formuliT 

        R/ER/)E0(R/)EU(I −=−=−= ,            1.15       

sadac - Ruzis wredis saerTo winaRobaa.  R

     samuxruWe momenti SesaZlebelia warmovadginoT rog-

orc 

        
R

K
R
EKIKM 22 ω

Φ−=Φ−=Φ=− sam .        1.16 

    mudmivi magnituri nakadis dros ( constΦ = ) iqneba 
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              samsam M
C
RM

K
R

222 =
Φ

=ω .          1.17

    meqanikuri maxasiaTebeli dinamikuri damuxruWebis dros, 

rogorc 1.17-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. 

1.5)  

     radganac maxasiaTebeli koordinatTa saTaveze gadis, 

brunvis siCqaris Semcirebas mohyveba samuxruWe momentis Se-

mcirebac da gamodis, rom dinamikuri damuxruWebiT, meqani-

kuri muxruWis gareSe, Zravas sruli gaCereba SeuZlebelia.  

es dinamikuri damuxruWebis ZiriTadi naklia.  

 

    nax. 1.5 damoukidebel agznebiani Zravas meqanikuri maxasiaTeblebi                

                  dinamikuri damuxruWebis reJimSi 
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     Edinamikuri damuxruWeba farTod gamoiyeneba amZravis 

Sesaneleblad, gansakuTrebiT amwev meqanizmebSi tvirTebis 

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

morCeba rekuperaciuli damuxruWebis reJims. 

   g) 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. 1.6) 

     davuSvaT, Zravze modebulia  datvirTva da igi 

muSaobs  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 

 daiwyebs gazrdas. roca brunvis  

st1M

a

I (U E) /R (U C ) /R= − = − ω

siCqare nuls gautoldeba 0ω = , ZravaSi gaivlis mokled  

SerTvis (m.S) deni  R/UI =m.S  ( wertili) da igi ganavi-           b
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   nax. 1.6 damoukidebel agznebiani Zravas meqanikuri maxasiaTebeli 

           ukuCarTviTi damuxruWebis reJimSi tvirTis CaSvebisas      

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

mohyveba Zravas brunvis mimarTulebis Secvla da Sesabamisad 

ZravaSi gamavali denis gazrda 

mSM

R/)CU(I ω+= , denis gazr-

das ki mohyveba momentis gazrda da roca es ukanaskneli ga-

utoldeba Camavali tvirTvis wonisagan gamowveul moments, 

-s, damyardeba Tanabari moZraoba (  wertili).   st2M c

     rogorc  

                I (U C ) /R= + ω                    1.18 

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). 
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    bolo formulis orive mxares Tu gavamravlebT IR-ze, 

miiReba  

          2I R UI C I UI EI= + ω = +                  1.19 

    sadac  - Ruzis wredis gaTbobaze daxarjuli sim- 
2I R

lavrea; - qselidan wamoRebuli simZlavre; - Zravas 

lilvze, Camavali tvirTis meqanikuri simZlavris eqvivalen-

turi eleqtruli simZlavre.   

UI EI

     ekonomiurobis TvalsazrisiT ukuCarTviT 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.   
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1. asinqronuli Zravas meqanikuri    

          maxasiaTeblebi 

    fazur rotoriani asinqronuli Zravas CarTvis sqema 

mocemulia nax. 2.1-ze.    

                    

       nax. 2.1 asinqronuli fazur rotoriani Zravas CarTvis sqema 

asinqronul ZravebSi, gansxvavebiT mudmivi denis 

Zravebisa, meqanikur maxasiaTeblebs ageben ara Zravas mier 

ganviTarebul momentsa da mis Sesabamis brunvisAsixSires 

Soris, aramed momentsa da e.w. srials,  Soris. sriali 

fizikurad warmoadgens statoris eleqtromanituri velis 

brunvis siCqaresa (

S

0ω ) da rotoris mimdinare brunvis 

siCqares ( ) Soris sxvaobas da gamosaxaven rogorc       ω

           0

0

S ω − ω
=

ω
                 2.1 

sidides. 
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     Tavis mxriv, eleqtromagnituri velis brunvaTa ric-

xvi, romelsac sinqronul brunvaTa ricxvs uwodeben, qselis 

Zabvis sixSirisa da Zravas wyvil polusTa ricxvis funqciaa 

da gamoiTvleba 

                  o
60fn
p

=                    2.2 

gamosaxulebiT. radganac Zravas wyvil polusTa ricxvi p 

naturaluri ricxvia, samrewvelo qselis ( f =50 herci) 

standartuli sixSiris dros swrafmavali Zravebis sinq-

ronuli brunvaTa ricxvi tolia Semdegi sidideebisa,    

p 1 2 3 4 5 

n0 br/wT 3000 1500 1000 750 600

p 6 8 10 12 15 

n0 br/wT 500 375 300 250 200

xolo Sesabamisi brunvis siCqareebi gamoiTvleba 

                  0
o

n
30
π

ω = .                   2.3 

     sinqronuli brunvaTa ricxvi advilad SeiZleba ganisa-

zRvros Zravas nominaluri brunvaTa ricxvidanac, radganac 

es ukanakneli (2...3)%-iT naklebia sinqronulze.      

    saSualo da didi simZlavris ZravebSi (10-15 kvt da 

zemoT), statoris aqtiuri winaRobis sidides ugulebelyo-

fen misi simciris gamo da amis gaTvaliswinebiT, asinqronu-

li Zravas meqanikuri maxasiaTeblis gantolebas aqvs saxe 
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                 m m

m
2 2

2M SM
S S

S⋅
= ⋅

+
                2.4  

     aq  Zravas mier ganviTarebuli kritikuli anu 

maqsimaluri momentia da ganisazRvreba Zravas sapasporto 

monacemebidan. srialis maqsimaluri mniSvnelobaa da 

Seesabameba Zravas mier ganviTarebul maqsimalur moments.  

Mm

Sm

    2.4 gamosaxulebidan 

             ( )2S S 1= λ − λ −m                 2.5 

    aq -
M
M

λ = m  kritikuli momentis fardobaa aRebuli 

momentis mniSvnelobasTan. Tu , maSin M M= n

M
M

λ = m
n

n

  

sidides uwodeben Zravas gadatvirTvis unarianobas da 2.4 

gamosaxulebidan  

             ( )S S 1= λ + λ −2
m n n n .             2.6 

    radikalis win aiReba “+” niSani, radganac yovelTvis 

metia -ze. 

Sm

Sn

    nax. 2.2 a)-ze warmodgenilia asinqronuli Zravas buneb-

rivi meqanikuri maxasiaTebeli f(S)M = funqciis saxiT, xo-

lo nax. 2.2 b) -ze )f(M ω= funqciiT.    N 
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         nax. 2.2 asinqronuli Zravas meqanikuri maxasiaTeblebi 

       asinqronuli Zravas meqanikuri maxasiaTeblis mni-

Svnelovan wertilebs warmoadgenen: 

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

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

    3) ( )m mS S ; ...M M= ω = ω = m  -- Zravas maqsimaluri,  

       (kritikuli) momenti; 

    4) ( ) amS 1; 0 ...M M= ω = = -- Zravas amuSavebis momenti. 

       zemoT ganxiluli maxasiaTeblebi bunebrivi maxasi-

aTeblebia da isini aigebian Semdegi TanmimdevrobiT. Zravas 

sapasporto monacemebia: nominaluri simZlavre -P , kvt; 

nominaluri brunvaTa ricxvi –n , br/wT; gadatvirTvis 

koeficienti - 

n

n

M /Mλ =n
m

n ; wyvil polusTa ricxvi - p ). 

    ganisazRvreba:  ( n/30ω π=  is gaTvaliswinebiT) 

1) Zravas nominaluri sriali- 0S 1 /= − ω ωn n ; 
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2) Zravas kritikuli sriali ( )S S 1= λ + λ −2m n n n  

3) Zravas nominaluri momenti   

3M 9550P /n P 10 /= =n n n n ωn

n

, nm 

4) Zravas maqsimaluri (kritikuli) momenti - m nM M= λ . 

     amis Semdeg srials miscemen sxvadasxva mniSvnelobebs 

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

bunebriv meqanikur maxasiaTebels M=f(s) koordinatebSi. 

    rotoris wredSi aqtiuri winaaRmdegobis CarTviT izr-

deba    

                 2
2 2

1

RS
R X

′
= ±

+
m

m0

              2.7 

maqsimaluri srialis mniSvneloba. 

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

torul (samuxruWe) reJimSi. 

     aq  ,1R 1X - statoris aqtiuri da induqtiuri winaRo-

baa, omi; 

        rotoris fazis aqtiuri da induqtiuri 

winaRoba, miyvanili statorTan, omi; 

22 X,R ′′

      0 1X X X2′= +m --mokled CarTvis induqtiuri wina-

Roba, omi.     
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     ganvixiloT rotoris wredSi CarTuli reostatis wi-

naRobis gavlena maxasiaTeblis formaze. Tu mxedvelobaSi ar 

miviRebT statoris aqtiur winaRobas, maqsimaluri srialis 

mniSvneloba bunebriv maxasiaTebelze iqneba 

                2S R / X′=m 0 m 0 ,                   2.8 

xolo xelovnurze -- 

               ( )2S R R / X′ ′= +m.x r m 0 .             2.9 

     gavyoT bolo formulebi erTmaneTze da gveqneba 

   ( ) ( )2 2 2S S R R /R S R R /R′ ′ ′= + = +m.x m.0 r m.0 r 2 ,    2.10 

sadac - rotoris wredSi CarTuli reostatis winaRo- 2R

baa. es damokidebuleba samarTliania srialis nebismieri mni-

SvnelobisaTvis. 

    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, 2R R+ r ,rotoris 

gragnilis  winaRobaze. es ukanaskneli ki gamoiTvleba 

formuliT      

Rr

                   
E SR

3I
⋅= 2n n

r

2n

 .                2.11     

sadac -I - rotoris nominaluri denia, a; xolo E  -  2n 2n
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rotoris e.m.Z., v. maTi sidideebi ZravebisaTvis mocemulia 

katalogSi. 

       maxasiaTeblebi reostatis sxvadasxva mniSvnelobebis 

dros moyvanilia nax. 2.3-ze. 

          

     nax. 2.3 meqanikuri maxasiaTeblebi rotoris wredSi sxvadasxva  

                    aqtiuri winaaRmdegobebis dros  

     Tuki Zrava ganaviTarebs  moments ( rodesac roto-

ris wredSi mTlianadaa CarTuli ,  da  gamSvebi 

winaRobebi) amZravi aCqardeba III meqanikur maxasiaTebelze 

(nax. 2.4). siCqaris gazrdasTan erTad, gaizrdeba ZravaSi 

eleqtro mamoZravebeli Zala (e.m.Z.) da amis gamo Semcirdeba 

rotorSi gamavali deni. Semcirdeba agreTve Zravas mier gan-

viTarebuli momenti da rodesac es momenti gautoldeba amZ-

ravze modebul statikur moments, aCqareba Sewydeba da Zra-

va imuSavebs Tanabari siCqariT (wertili a ) . 

1M

1R 2R 3R

         nominaluri siCqaris (wertili d) miRwevisaTvis saWi-

roa Zrava gadavides bunebriv maxasiaTebelze. amisaTvis, ro- 
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     nax. 2.4 reostatuli amuSaveba mudmivi datvirTviT  

desac Zravas mier ganviTarebuli momenti III maxasiaTebelze 

gaxdeba -is toli (wertili 2), saWiroa Camokldes (da-

Suntdes) winaRobis pirveli safexuri . amiT gaizrdeba 

Zravas mier ganviTarebuli momenti  mniSvnelobamde da 

gadava II maxasiaTebelze (wertili 3). amZravi isev aCqardeba, 

amJamad II maxasiaTebelze da roca mis mier ganviTarebuli 

momenti Semcirdeba  mniSvnelobamde (wertili 4) , Camo-

kldeba  winaRoba da amZravi isev aCqardeba  momentiT 

I maxasiaTebelze (wertili 5-dan wertil 6-mde). amis Sem-

deg Camokldeba bolo,  winaRoba da Zrava gadava buneb-

riv, 0- meqanikur maxasiaTebelze. igi daiwyebs Tanabari siCq-

ariT muSaobas wertil d-Si.   

2M

3R

1M

2M

2R 1M

1R

     moments uwodeben pikur moments, xolo -s – ga-

darTvis moments. asinqronul ZravebSi pikur moments iReben 

1M 2M
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maqsimaluris (80...85)%-s, anu , , xolo 

gadarTvis moments – statikurze (15...20)%-iT mets, anu 

. 

( m1M 0.8...0.85 M≤ )

( ) st2M 1.15...1.2 M≥

    aseTi meTodiT amuSavebis dros Zravas mier ganviTare-

buli momenti -dan  mniSvnelobamde icvleba, xolo 

gardamavali procesis gaangariSebisas amamuSavebeli momenti 

SeiZleba mudmivad CaiTvalos da misi mniSvneloba gamoi-

Tvalos formuliTD- 

1M 2M

0M

0 1M M M= 2 . 

    miviRoT, rom , maSin Sesabamisi gadat-

virTvis koeficienti iqneba  

st2M 1.2M=

               2
2

M M
M 1.2M

λ = =m m

st

,                 2.12 

xolo misi Sesabamisi koeficienti 

              2
2 2 2a 1= λ − λ −                    2.13  

   sistemis saSualo kuTxuri aCqarebis mniSvnelobad mi-

viRoT  1/wm2, maSin amaCqarebeli momenti iqneba –                0ε 0M

              st0 0M J M= ε +∑  nm.               2.14 

     sadac  - amZravis jamuri inerciis momentia.   J∑

     pikuri momentis Sesabamisi gadatvirTvis 1M 1λ  koe-

ficinti (gaviTvaliswinoT, rom m m
2

2
0 1 22

0 1

M MM M M= = = m

2

M
λ λ λ
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da Sesabamisad 2
0 1 2λ = λ λ ) 

                  m 2
1 2

0

M M
M

λ =  .                   2.15 

       misi koeficienti -               1a

                 2
1 1 1a 1= λ − λ −                 2.16 

    rotoris wredis amamuSavebeli safexurebis raodenoba 

(xelovnuri maxasiaTeblebis ricxvi)-  Z

               
1

1

2

1lg
a S

Z
alg
a

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠=
⎛ ⎞
⎜ ⎟
⎝ ⎠

m 0
 .                  2.17       

     Tu  ricxvi wiladi aRmoCndeba, damrgvaldeba  ua-

xloes mTel ricxvamde da -is am axali mniSvnelobisaTvis 

ganisazRvreba - is sidide            

Z

Z

1a

                  
m 0

1
z z 1
2

1
aa
S

+⎛ ⎞
= ⎜ ⎟⎜ ⎟
⎝ ⎠

,                2.18 

xolo Semdeg 1λ -    

                   
2
1

1
1

a 1
2a
+

λ = .                  2.19 

      am ukanasknelis Sesabamisi pikuri momentis, - is,  

mniSvneloba iqneba  

1M
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                    m
1

1

MM =
λ

.                  2.20 

     sistemis amaCqarebeli  momentis realuri mniSvne-

loba 

0M

                   0 1M M M= 2 ,               2.21 

xolo, sistemis saSualo kuTxuri aCqarebis realuri 

mniSvneloba 

               
st0

0

M M
J

−
ε =

∑
.                 2.22       

    avagoT amuSavebis procesSi Zravas meqanikuri maxasia- 

Teblebi yvela safexurisaTvis (erTi bunebrivi da  xelo-

vnuri ). srialis mniSvnelobebi, sxvadasxva maxasiaTeblebze 

erTmaneTisagan gansxvavdebian mxolod 

z

1

2

ab
a

= sididiT, anu  

. 
z

(z 1) zS S+ = b

   M ,M , , da M mniSvnelobebiT avagoT Zra-

vas bunebrivi da xelovnuri maxasiaTeblebi. winaswar gamov-

TvaloT srialis mniSvnelobebi bunebriv maxasiaTebelze da 

st n 2M 0M 1M m

Semdeg SevavsoT xelovnuri maxasiaTeblebis asagebi cxrili: 

     momentebis Seasabamisi gadatvirTvis koeficientebi - 

M
M

λ = m
st

st

;  
M
M

λ = m
n

n

;  
M
M

λ = m
2

2

;  
M
M

λ = m
0

0

; 
M
M

λ = m
1

1

, 
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maTi Sesabamisi srialebi bunebriv maxasiaTebelze -     

( )S S= λ + λ −2
st0 m0 st st 1 ; ( )S S 1= λ + λ −2

n0 m0 n n ; 

( )S S 1= λ + λ −2
20 m0 2 2 ;   ( )S S 1= λ + λ −2

00 m0 0 0 ; 

( )S S 1= λ + λ −2
10 m0 1 1 . 

     cxrilis pirvel striqonSi, zrdadobis mixedviT, Sevi-

tanoT bunebrivi,  maxasiaTeblis srialebi, meoreSi -  

maxasiaTeblisa da a.S. , sul  raodenobis maxasiaTeblis 

srialebi.  maxasiaTeblis srialebi miiReba  maxasiaT-

eblis Sesabamisi srialebis gamravlebiT bkoeficientze, 

- isa - - isaze da a.S.     

0R 1R

Z

1R 0R

2R 1R

maxasia- 

Tebeli Sst0 Sn0 S20 S00  

 

S10

 

Sm0  

 

Rf  

RO ∗ ∗  ∗ ∗ ∗ ∗  ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗

R1 ∗ ∗  ∗ ∗ ∗ ∗  ∗ ∗  ∗ ∗ ∗ ∗  ∗ ∗

∗ ∗  ∗ ∗  ∗ ∗ ∗ ∗  ∗ ∗  ∗ ∗ ∗ ∗  ∗ ∗

RZ ∗ ∗  ∗ ∗ ∗ ∗  ∗ ∗  ∗ ∗ ∗ ∗  ∗ ∗

  

      winaRobebi fazaSi yovel safexurze ganisazRvreba 

                   Z
Z

E SR
3I
⋅= 2n n

r

2n

, 
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gamosaxulebiT. sadac rotoris Zabva, E  da deni I Zra- 2n 2n

vas kataloguri monacemebia.                

     cxrilis Sevsebis Semdeg avagoT meqanikuri maxasiaTeb-

lebi. ordinatTa RerZze gadavzomoT srialis mniSvnelobebi 

erTidan nulamde. abscisaTa RerZze ki gadavzomoT momentis 

mniSvnelobebi fardobiT erTeulebSi. 

     bazisur sidided aviRoT maqsimaluri momentis mni-

Svneloba da Tan SemovitanoT aRniSvnebi: 

     K M ; K M/M 1/= = λst st m st n n m n/M 1/= = λ

2λ

;    

    ;    2 2 mK M /M 1/= = 0 0 m 0K M /M 1/= = λ ;        

    ;     K M1 1 m 1K M /M 1/= = λ 1/M= =m m m .  
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            praqtikuli samuSaoebi 

                   davaleba #1  

      mudmivi denis, ПН tipis, damoukidebel agznebiani 

ZravasaTvis, romlis sapasporto monacemebia -  

      nominaluri simZlavre –P 46=n kvt; 

      nominaluri Zabva – U 220=n ; 

      nominaluri deni – I 233=n a; 

      nominaluri brunvaTa ricxvi – n 625=n br/wT,  

     1. gamoTvalos da aigos - bunebrivi meqanikuri maxasi-

aTebeli; 

     2. dinamikuri damuxruWebis reJimSi, rodesac Zrava 

brunavs  br/wT da mis Ru-

zaSi gadis I

n 0.5 n 0.5 625 312.5= ⋅ = ⋅ =d n

I 233= =d n a deni, 

      ganisazRvros – Ruzis wredSi CarTuli damatebiTi 

winaRoba da momenti Zravas lilvze; 

      aigos – meqanikuri maxasiaTebeli. 

     3. ukuCarTvis damuxruWebis reJimSi, rodesac Zrava  

brunavs n br/wT da mis RuzaSi 

gadis a deni;            

0.6 n 0.6 625 375= ⋅ = ⋅ =uC n

uC nI 0.6 I 0.6 233 139.8= ⋅ = ⋅ =

     ganisazRvros - Ruzis wredSi CarTuli damatebiTi 

winaRoba da momenti Zravas lilvze; simZlavreebi: qselidan 
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moxmarebuli, Ruzis wredis winaRobebSi STanTqmuli da 

Zravas lilvidan moxsnili; 

      aigos – meqanikuri maxasiaTebeli.        

    4. rekuperaciuli damuxruWebis reJimSi, rodesac Zra- 

vas RuzaSi gadis I 0.8 I 0.8 233 186.4= ⋅ = ⋅ =rek n a deni da 

Ruzis wredSi damatebiTi winaRoba ar aris CarTuli; 

      ganisazRvros – Ruzis brunvis sixSire da  momenti 

Zravas lilvze; 

      aigos – meqanikuri maxasiaTebeli.   

 

     1. bunebrivi meqanikuri maxasiaTebeli 

     nominaluri brunvis sixSire –  

      n
nn 625 65.45

30 30
π× π×

= =ω =   rad/wm; 

     Zravas nominaluri momenti –  

          
3 3P 10 46 10M 7

65.45
⋅ ⋅

= = =
ω

n
n

n

02.83  nm;  

     Zravas nominaluri winaRoba –  

            
U 220R 0
I 233

= = =n
n

n

.944 omi;  

     Zravas nominaluri mqk –  

          
3 3P 10 46 10 0.897

U I 220 233
⋅ ⋅

η = = =
⋅

n
n

n n

; 
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      Zravas Ruzis winaRoba – 

( ) ( )R 0.5 1 R 0.5 1 0.897 0.944 0.0486= − η = − =r n n omi; 

      Zravas idealuri uqmi svlis brunvis sixSire –  

   0
U 65.45 220 68.79

U I R 220 233 0.0486
ω ⋅ ⋅

ω = = =
− ⋅ − ⋅
n n

n n R

rad/wm; 

     bunebrivi meqanikuri maxasiaTebeli warmoadgens wrfes, 

romelic gadis wertilebze: 0 68.79ω = rad/wm ; M 0= da 

65.45ω =n rad/wm;  M M 702.83= =n nm . 

     2. dinamikuri damuxruWebis reJimi 

 
n 312.5 32.73 ; I I 223

30 30
π ⋅⎛ ⎞π ⋅

ω = = = = =⎜ ⎟
⎝ ⎠

d

d d n  

             Zravas e.m.Z. koeficienti –  

           
0

U 220c 3
68.79

= = =
ω

n .2 v.wm/rad; 

     Zravas elmagnituri momenti nominaluri denis dros – 

            M c I 3.2 233 745.6= ⋅ = ⋅ =em n nm; 

     uqmi svlis kargvebis momenti –  

           0M M M 745.6 702.86 42.8= − = − =em n nm; 

     dinamikuri damuxruWebis momenti Zravas lilvze –  

          0M M M 745.6 42.8 788.4= + = + =d em nm; 

     Ruzis wredis saerTo winaRoba –  
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2 2c 3.2 32.73R 0
M 745.6
⋅ ω ⋅

= = =d

d

em

.45  omi; 

      damatebiTi winaRobis sidide –  

       R omi. R R 0.45 0.0486 0.4014= − = − =rd d R

    dinamikuri damuxruWebis meqanikuri maxasiaTebeli 

warmoadgens wrfes, romelic gadis wertilebze: 

0ω = ;  da M 0= 32.73ω =d rad/wm;  M 788.4=d nm . 

     3. ukuCarTvis damuxruWebis reJimi 

      

uC

uC

uC n

rad wm

a

/
n 375 39.27 ;

30 30
I 0.6 I 0.6 223 139.8

π ⋅⎛ ⎞π ⋅
ω = = =⎜ ⎟
⎜ ⎟
⎜ ⎟= ⋅ = ⋅ =⎝ ⎠

 

     Ruzis wredis saerTo winaRoba –  

    
U c 220 3.2 39.27R 2

I 139.8
.473

+ ⋅ ω + ⋅
= = =n uC

uC

uC

omi; 

     damatebiTi winaRobis sidide –  

      R omi. R R 2.473 0.0486 2.4244= − = − =ruC uC R

     Zravas elmagnituri momenti -  

          M c I 3.2 139.8 447.36= ⋅ = ⋅ =emuC uC nm; 

     ukuCarTvis damuxruWebis momenti Zravas lilvze –  

          0M M M 447.36 42.8 490.16= + = + =uC emuC nm;      

     qselidan moxmarebuli simZlavre –  
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     kvt; 
3 3

1P U I 10 220 139.8 10 30.76− −= ⋅ ⋅ = ⋅ ⋅ =uC n uC

     Ruzis wredSi winaRobebze STanTqmuli simZlavre –  

       
uC uC uC uC mT

kvt

2
2 1

2 3

P P P I R

139.8 2.473 10 48.33−

= + = ⋅ =∑

= ⋅ ⋅ =

     Zravas lilvidan moxsnili simZlavre –  

       kvt. uC uC uC2 1P P P 48.33 30.76 17.57= − = − =∑

    ukuCarTvis damuxruWebis meqanikuri maxasiaTebeli 

warmoadgens wrfes, romelic gadis wertilebze: 

0 68.79ω = ; M 0=  da 39.27ω =uC r/wm; M 490.16=uC nm 

    4. rekuperaciuli damuxruWebis reJimSi 

         ( )  rek n aI 0.8 I 0.8 233 186.4= ⋅ = ⋅ =

    Zravas brunvis sixSire rekuperaciuli damuxruWebis 

dros – 

U I R 220 186.4 0.0486 71.58
c 3.2

+ ⋅ + ⋅
ω = = =n rek R

rek r/wm  

    Zravas elmagnituri momenti -  

       M c I 3.2 186.4 596.48= ⋅ = ⋅ =emrek rek nm; 

    rekuperaciuli damuxruWebis momenti Zravas lilvze –  

       0M M M 596.48 42.8 639.28= + = + =rek emrek nm;     

     rekuperaciuli damuxruWebis meqanikuri maxasiaTebeli 

warmoadgens wrfes, romelic gadis wertilebze: 
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0 68.79ω = ; M 0= da 71.58ω =rek  r/wm; M 639.28=rek nm. 

 

 

      

       naxazze naCvenebia damoukidebel agznebiani Zravas 

meqanikuri maxasiaTeblebi muSaobis sxvadasxva reJimSi. 
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               davaleba #2 

     samfaza cvladi denis fazur rotoriani asinqronuli 

ZravasaTvis, romlis kataloguri monacemebia: 

nominaluri simZlavre –P 30=n kvt; 

nominaluri Zabva – U 380=n v; 

rotoris nominaluri Zabva – E 255=2n v; 

rotoris nominaluri deni – I 72=2n a; 

nominaluri gadatvirTvis koeficienti – 
M 2.5
M

λ = =m
n

n

; 

nominaluri brunvaTa ricxvi – n br/wT.  97=n 0

    gaangariSebuli iqnas Zravas amamuSavebeli safexurebis 

ricxvi da amamuSavebeli winaRobebis sidideebi. 

   statikuri momentis sidided miviRoT - M 0.7 M= ⋅st n D 

 

 

            sinqronuli brunvaTa ricxvi 

     uaxloesi standartuli sinqronuli brunvaTa ricxvi  

(ix. 2.2 formula da misi Sesabamisi cxrili) aris 

br/wT, n 1000=0
0

0
n 1000 104.72

30 30
π ⋅ π ⋅⎛ ⎞ω = = =⎜ ⎟

⎝ ⎠
rad/wm .   

     Sesabamisi nominaluri kuTxuri sixSire -       

 36



           
n 970 101.58

30 30
π ⋅ π ⋅

ω = = =n
n rad/wm ; 

        nominaluri srialis mniSvneloba 

        
104.72 101.58S 0

104.72
.03ω − ω −

= = =
ω

0 n
n

0

 ; 

        maqsimaluri srialis mniSvneloba 

  ( ) ( )2S S 1 0.03 2.5 2.5 1 0.144= λ + λ − = ⋅ + − =2
m n n n ; 

          nominaluri momentis sidide 

        
3 3P 10 30 10M 2

101.58
⋅ ⋅

= = ≈
ω

n
n

n

96 nm; 

         statikuri momenti 

        M 0.7 M 0.7 296 207= ⋅ = ⋅ ≈st n  

         maqsimaluri momentis sidide 

          M M 2.5 296 740= λ ⋅ = ⋅ =m n n nm.     

  miviRoT, rom nm, maSin 

Sesabamisi gadatvirTvis koeficienti iqneba  

2M 1.2M 1.2 207 248st= = Ч »

              2
2

M 740 2.98
M 248

λ = = =m , 

   xolo misi Sesabamisi koeficienti 

       2 2
2 2 2a 1 2.98 2.98 1 0.173= λ − λ − = − − = .  

  amaCqarebeli momentis mniSvnelobad miviRoT –                  0M
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               0M 1.2 M 1.2 296 355= ⋅ = ⋅ ≈n nm .                   

     pikuri momentis Sesabamisi gadatvirTvis 1M 1λ  koe-

ficienti  

             
m 2

1 2 2
0

M M 740 248 1.456
M 355

⋅
λ = = = .                      

      misi koeficienti -                     1a

     
2 2

1 1 1a 1 1.456 1.456 1 0.398= λ − λ − = − − =   

    amamuSavebeli safexurebis raodenoba                  

          
1

1

2

1 1lg lga S 0.398 0.144Z 3
0.398a lglg 0.173a

⎛ ⎞ ⎛ ⎞⎜ ⎟⎜ ⎟ ⎜ ⎟⋅⎝ ⎠ ⎝ ⎠= = =
⎛ ⎞ ⎛ ⎞

⎜ ⎟⎜ ⎟ ⎝ ⎠⎝ ⎠

m 0 .43  .              

     davamrgvaloT =4. -is am axali mniSvnelobisaTvis 

- is sidide            

Z Z

1a

         
m0

1 1
z 4z 1 4 1
2

1
a 0.173a 0
S 0.144

+ +⎛ ⎞ ⎛ ⎞= = =⎜ ⎟ ⎜ ⎟
⎝ ⎠⎝ ⎠

.362 ,             

xolo -    1λ

            
2 2
1

1
1

a 1 0.362 1 1.562
2a 2 0.362
+ +

λ = = =
⋅

                  

      am ukanasknelis Sesabamisi pikuri momentis, - is,  

mniSvneloba iqneba  

1M
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                m
1

1

M 740M 474
1.562

= = ≈
λ

nm;      

sistemis amaCqarebeli  momentis realuri mniSvneloba 0M

                  0M 474 248 343= ⋅ ≈ nm,                

     gamovTvaloT gadatvirTvis koeficientebis mniSvnelo-

bebi, mocemuli momentebisaTvis, bunebriv maxasiaTebelze -  

     
M 740 3.75
M 207

λ = = =m
st

st

;   
M 740 2.5
M 296

λ = = =m
n

n

;    

     
M 740 2.98
M 248

λ = = =m
2

2

;   
M 740 2.16
M 343

λ = = =m
0

0

; 

     
M 740 1.56
M 474

λ = = =m
1

1

. 

Sesabamisi srialebi bunebriv maxasiaTebelze -  

( ) ( )2S S 1 0.144 3.75 3.75 1 0.02= λ − λ − = − − =2
st0 m0 st st  

( ) ( )2S S 1 0.144 2.5 - 2.5 - 1 0.03= λ − λ − = =2
n0 m0 n n

( ) ( )2S S 1 0.144 2.98 2.98 1 0.025= λ − λ − = − − =2
20 m0 2 2

( ) ( )2S S 1 0.144 2.16 2.16 1 0.035= λ − λ − = − − =2
00 m0 0 0

( ) ( )2S S 1 0.144 1.56 1.56 1 0.052= λ − λ − = − − =2
10 m0 1 1  

 b koeficientis mniSvneloba - 1

2

a 0.362b 2
a 0.173

= = = .093 ;   
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xolo rotoris winaRoba 

          
E S 255 0.03R 0

3I 3 72
.061⋅ ⋅

⋅
= = =2n n0

r0

2n

omi, 

maxasia- 

Tebeli Sst0 S20 Sn0 S00
    

 

S10  

 

Sm0  

 

Rf  

RO 0.02 0.025 0.03 0.035 0.052 0.144 0.061 

R1 0.042 0.052 0.063 0.073 0.109 0.301 0.128 

R2 0.088 0.11 0.131 0.153 0.228 0.631 0.267

R3 0.183 0.229 0.275 0.321 0.477 1.32 0.56 

R4 0.384 0.48 0.576 0.672 0.998 2.763 1.171 

     

  bazisur sidided aviRoT maqsimaluri momentis mni-

Svneloba da Tan SemovitanoT aRniSvnebi: 

 K ; K 1 ; 1/ 1/ 3.75 0.27= λ = =st st / 1/ 2.5 0.= λ = =n n 4

 K ;   K ; 1/ 1/2.98 0.34= λ = =2 2 1/ 1/ 2.16 0.46= λ = =0 0

 K .    1/ 1/1.56 0.64= λ = =1 1

     29-e gverdze naCvenebi meTodikiT aigeba Zravas amuSa-

vebis meqanikuri maxasiaTeblebi 
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             sakurso proeqtireba 

    sakurso proeqtirebis Sesrulebisas studenti asru-

lebs orboloiani saSaxto jalambris amuSavebis gaangari-

Sebas gamwevi bagiris sixistis koeficientis gaTvaliswine-

biT. mocemuli mwarmoeblurobis, gamonamuSevris daxris ku-

Txisa da sigrZis mixedviT SeirCeva jalambari, amZravi Zrava, 

gaangariSebul da agebul iqneba Zravas meqanikuri maxasiaTeb-

lebi. gaiangariSeba amuSavebis amsaxvel gantolebaTa sistema-

Si Semavali parametrebi da aigeba jalambris dolisa da Wu-

rWlis aCqarebebisa da siCqareebis grafikebi. maTi saSuale-

biT studenti akeTebs analizs, Tu ra gavlenas axdens amu-

Savebis procesze amwevi bagiris sixistis koeficienti. pra-

qtikuli unaris gamomuSavebisaTvis, meTodur miTiTebebSi 

moyvanilia sailustracio magaliTi, romlis saSualebiTac 

studenti asrulebs individualur davalebas. 
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               3. zogadi cnebebi 

                  releis meTodi 

      rogorc cnobilia, rTuli eleqtromeqanikuri sistem-

ebis moZraobis gantolebebis Sedgena da gamokvleva did siZ-

neleebTanaa dakavSirebuli. amisaTvis, rogorc wesi, mimarTa-

ven saangariSo sqemebis gamartivebas. kerZod, gamoyofen yve-

laze did masas trnsmisiaSi da Semdeg masze dahyavT danar-

Ceni elementebis masebi, maT Soris iseTi elementebic, rom-

elTac ganawilebuli masebi gaaCniaT. 

     eqvivalentur lilvze masebis dayvanisas didad dagve-

xmareba meTodi,romelic r e l e i s saxels atarebs. am me-

Todis arsi imaSi mdgomareobs, rom deformaciis xasiaTi 

rogorc statikuri, ise dinamikuri zemoqmedebis dros miRe-

bulia daaxloebiT erTnairad. aseve cnobilia, rom releis 

meTodis gamoyenebisas sxva, ufro srulyofil meTodebTan 

SedarebiT, gaangariSebis sizuste mcirdeba, magram gansxvave-

ba 10%-s ar aRemateba. iseT meqanizmebSi, sadac dinamikuri 

zemoqmedebis Sedegad bagiris sigrZe umniSvnelod icvleba, 

am meTodis gamoyeneba, Tavisi simartivis gamo, did praqti-

kul mniSvnelobas iZens.   

     vaCvenoT am meTodis gamoyenebis magaliTi. ganvixiloT 

uZravboloian drekad bagirze Camokidebuli m masa; bagiris   

grZivi metris wona iyos , xolo sigrZe  (nax. 3.1). 0m b L
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    Teoriuli meqanikidan cnobilia, rom aseTi sistemis 

moZraobis gamokvleva dakavSirebulia kerZowarmoebulian di-

ferencialur gantolebis amoxsnasTan da metad rTul da 

Sromatevad samuSaos warmoadgens. bagiris masis ugulebel-

yofa amartivebs amocanis problemis gadaWras, magram aseTi 

daSveba metad arazust Sedegebamde migviyvanda gansakuTrebiT 

iseT SemTxvevaSi, roca bagiris masa masze Camokidebuli tvi-

rTis masis Tanazomadia.    

      

                      nax. 3.1 

     vTqvaT, bagiris kveTis gadaadgilebaa bagiris Camag-

rebis adgilidan z  manZilze deformaciis dros. maSin, bagi-

ris  sigrZis monakveTis kinetikuri energia toli iqneba  

u

zd

            b bb

2 2
z 0

1 1dT u dm u m dz
2 2

= =& &  

sadac,  bagiris  monakveTis masaa, xolo  - ba-

giris erTi metris masa.  

zdm b zd 0m b

    bagiris sruli kinetikuri energia iqneba 
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L
2

0
0

1T m u d
2

= z∫ &b b  

    bolokidul tvirTze damatebuli bagiris masis kineti-

kuri energia aseve am sididis toli unda iyos 

             

L
2 2

0 0
0

1 1T m u dz m
2 2

= =∫ & &
b b x  

sadac,  tvirTTan bagiris Camagrebis adgilis gadaadgile-

baa, xolo - bolokidul tvirTze damatebuli bagiris 

masa. am bolo gamosaxulebidan  

x

0m

             b

L
20

0 2
0

mm u
x

= dz∫ &&
. 

      Tuki cnobilia u -s cvlilebis kanoni, am integralis 

gamoTvla Zneli ar aris. 

    releis meTodis gaTvaliswinebiT, u -s cvlileba Seesa-

bameba deformaciis xasiaTs statikuri datvirTvis dros.  

     ganxilul SemTxvevaSi, bagiris statikuri deformacia 

icvleba wrfivi kanoniT da SeiZleba daiweros  

              xL
zu=    da  xL

zu && = . 

    Tu am ukanasknels CavsvamT -is  formulaSi, miiReba 0m

        

L L 2
2 20 0 0

0 2 2 2
0 0

m m m Lzm u dz x dz
x x L 3

= = =∫ ∫& &
& &

b b b m
3

= b , 
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sadac  mTliani bagiris masaa. mb

    amrigad, sistemis rxevisas, bagiris masis kinetikuri en-

ergiis gasaTvaliswineblad, sakmarisia bolokidul tvirTis 

masas daematos bagiris masis mesamedi.  

 

    moZraobis diferencialuri gantolebebis   

           Sedgena lagranJes  meTodiT   

   l a g r a n J e s  meTodi dafuZnebulia ganzogadebu-

li koordinatisa da Zalis cnebaze. 

   ganzogadebuli koordinatis cnebaSi igulisxmeba erT-

maneTisagan damoukidebeli calsaxa drois funqciebi, 

romelTa saSualebiTac mTlianad ganisazRvreba sistemis mo-

Zraoba. ganzogadebuli koordinatebis pirveli rigis warmo-

ebuls uwodeben ganzogadebul siCqares da aRniSnaven 

simboloTi. 

)t(xi

)t(xi&

   ganzogadebul koordinatebs miekuTvneba nebismieri damo-

ukidebeli parametri: wertilebs Soris manZili, mobrunebis 

kuTxe, mobrunebis kuTxeebs Soris sxvaoba da sx. 

   lagranJes gantolebas  ganzogadebuli koordinatisa-

Tvis Semdegi saxe aqvs: 

x

                 x
d T T Q
dt x x

∂ ∂
− =

∂ ∂&
. 

   aq cvlad sidides  koordinati warmoadgens. misi war- x

 45



moebuli droiT ( ganzogadebuli siCqare) aRniSnulia -iT, 

sistemis kinetikuri energia -Ti da bolos, -iT aRniS-

nulia ganzogadebuli Zala.  ganisazRvreba rogorc yve-

lanairi Zalis (rogorc Siga, ise gare) mier Sesrulebuli 

usasrulod mcire dA muSaobis fardoba  koordinatis 

usasrulod mcire dx gadaadgilebaze, anu  

x&

T xQ

xQ

x

                   dx
dAQx = . 

    rogorc wesi, moZravi sxeulis kinetikuri energiis ga-

moTvla ar aris Zneli, radgan igi advilad gansazRvreba ga-

nzogadebuli koordinatiT. x&

    cota ufro rTuladaa saqme ganzogadebuli -is Za-

lis gamoTvlisas. saerTod, misi gaangariSebisaTvis saWiroa 

ganisazRvros yvela Zalis mier Sesrulebuli muSaoba usas-

rulod mcire monakveTze.  

xQ

   ganvixiloT martivi magaliTi (nax. 3.2). 

   vTqvaT N  wonis tvirTi  Zalis gavleniT moZraobs P f    

xaxunis koeficientian zedapirze. sxeulze moqmedebs Semdegi 

Zalebi: sakuTari N  wona;  raqciis Zala, romelic N  

Zalas awonasworebs;  gareSe Zala da 

1N

P NfF= xaxunis Zala.  

ganzogadebul koordinatad miviRoT sxeulis gadaadgileba 

zedapirze Zalis moqmedebis mimarTulebiT da igi avRniS- P

noT -iT. maSin, dx manZilze Sesrulebuli dA muSaoba  x

 46



gamoiTvleba 

      

                     nax. 3.2 

                dx)FP(dA −=  

    rasakvirvelia, ganzogadebuli Zala iqneba  

                   FPQx −= . 

    Tuki Zala iqneba iqneba nulis toli ( maSin, rode-

sac sxeuli moZraobs inerciiT) 

P

                  FQx −= .  

    aRsaniSnavia, rom Tu ganzogadebuli Zala iwvevs ganzo-

gadebuli koordinatis gazrdas (am SemTxvevaSi koordina-

tisas), maSin igi aiReba dadebiTi niSniT, winaaRmdeg SemTx-

vevaSi - uaryofiTiT. 

x

    brunviTi moZraobis SemTxvevaSi ganzogadebuli Zala 

igive meTodiT ganisazRvreba. 

    ganzogadebuli Zalebis gamoTvla mniSvnelovnad martiv-

deba, Tuki sitemaze moqmedebs mxolod konservatiuli Zal-

ebi. maTi muSaoba ganisazRvreba mxolod ganvli manZilis sa-

boloo wertilebis koordinatebiT. 
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     konservatoruli Zalebis magaliTebia simZimisa da dre- 

kadobis Zalebi. sistemaze moqmedi konservatiuli Zalebis 

ganzogadebul Zalas warmoadgens sistemis potencialuri en-

ergiis kerZo warmoebuli Sesabamisi ganzogadebuli koordi-

natiT, aRebuls sawinaaRmdego niSniT 

                   i
i

Q
x

∂Π
= −

∂
.   

   zemoT ganxilul magaliTSi (nax. 3.2) sistemas gaaCnia 

mxolod erTi Tavisuflebis xarisxi. zogad SemTxvevaSi si-

stemas SeiZleba hqondes nebismieri raodenobis Tavisufleb-

is xarisxi da misi mdgomareoba ganisazRvreba amave raode-

nobis ganzogadoebuli koordinatebiT. amisaTvis, TiToeuli 

koordinatisaTvis unda Sedges calkeuli lagranJes ganto-

leba da Semdeg igi amoixsnas erTad, mTlianobaSi. 

   amrigad, rogorc cnobilia, lagranJes gantoleba sabo-

lood SesaZlebelia amgvari saxiT daiweros: 

            i x
d T T Q Q
dt x x

∂ ∂ ′− = +
∂ ∂&

, 

sadac - iT ganisazRvreba mxolod arakonservatiuli Za- xQ′

la, xolo konservatiuli Zala Seva 
ix∂

Π∂
 gamosaxulebaSi. 

   ganvixiloT lagranJes meTodis gamoyenebis martivi maga-

liTi. vTqvaT, masis blokze drekadi, uwono ZafiT Camo-2m
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kidebulia masa (nax. 3.3). davuSvaT, rom Zafis sixistis 

koeficientia c . sistemas gaaCnia ori Tavisuflebis xarisxi 

(  da ) da, rogorc avRniSneT, moZraobis aRmweri ganto-

lebebis misaRebad saWiroa lagranJes ori gantolebis gamo-

yeneba 

1m

x y

            

x x

y y

d T T Q Q ,
dt x x
d T T Q Q .
dt y y

∂ ∂⎧
⎪⎪
⎨
⎪
⎪⎩

′− = +
∂ ∂
∂ ∂ ′− = +
∂ ∂

&

&

            3.1 

    

                

                    nax. 3.3 

      

       sistemis kinetikuri energia ase daiwereba 

               2
1

1 1T m x m y
2 2

= +& 2
1&               3.2 

    sistemaze moqmedebs mxolod konservatiuli Zalebi  
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(simZimis Zala da Zafis drekadobis gm1 )yx(c − Zala). 

amis gaTvaliswinebiT .0QQ yx =′=′   

    radgan masa qvemod gadaadgildeba, misi potencia-

luri energia mcirdeba. sistemis mTliani potencialuri ene-

rgia 

1m

               2
1 0

1m gx c(x y f )
2

Π = − + − + ,       3.3 

     sadac 1
0

m gf
c

= , bagiris sawyisi statikuri daWimu-

lobaa. 

    ganvsazRvroT yvela wevri, romelic lagranJes ganto-

lebaSi Sedis 

  1
d T m x
dt x

∂
=

∂
&&

&
;  2

d T m y
dt y

∂
=

∂
&&

&
; 

T 0
dx
∂

= ;  0dy
T
=

∂
; 

 

1 0 1

0 1

m g c(x y f ) m g c(x y) m g
x

c(x y f ) c(x y) m g
y

∂Π
= − + − + = − + − +

∂
∂Π

= − − + = − − −
∂

1

   3.4           

   amrigad, 3.1 gantolebaTa sistema miiRebs saxes 

         

2

1 2

2

2 12

d xm c(x y),
dt
d ym m g c(x y
dt

⎧
= − −⎪

⎪
⎨
⎪ = + −⎪⎩

).
                3.5 
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     miviReT ganxiluli sistemis aRmweri diferencialur 

gantolebaTa sistema, romlis amoxsniTac sruli warmodgena 

gveqneba masebis moZraobis xasiaTze. 

   amovxsnaT es gantoleba. 

   nulovani sawyisi pirobebisaTvis, 3.5 sistema, operaciul 

formaSi Caiwereba 

        

( )
( )

2
1

2 1
2

m P c x cy 0;
m gcx m P c y .
P

⎧ + − =
⎪
⎨
− + + =⎪

⎩

            3.6 

    misi amonaxsnebi ki iqneba 

           

         
( )

( )

3 2 2
2

2
1

1 3 2 2

cg 1x ,
m P P

m P cy m g .
P P

⎧ =⎪ + ω⎪
⎨

+⎪ =
⎪ + ω⎩

                 3.7 

     CvenTvis ufro sainteresoa aCqarebebisa da siCqareebis 

gansazRvra. amisaTvis 3.7 sistemis orive gantolebis orive 

mxare gavamravloT -ze da gamovTvaloT aCqarebebis sidi-

deebi, Semdeg ki maTi integrebiT ganvsazRvravT siCqareebs. 

Sesabamisad,    aCqarebebi - 

2P

        

( )x 0

1
y 0

2

a a 1 cos(ωt) ;

ma a 1 cos(ωt) ,
m

⎧ = −
⎪

⎛⎨
= +⎜ ⎟⎪

⎝ ⎠⎩

⎞              3.8 
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     siCqareebi - 

       

( )

( )

x 0

1
y 0

2

1V a t sin t ;

m 1V a t sin t
m

⎧ ⎛ ⎞= − ω⎜ ⎟⎪ ω⎝ ⎠⎪
⎨ ⎛ ⎞⎪ = + ω⎜ ⎟⎪ ω⎝ ⎠⎩

.
            3.9 

    sadac 2 1 2

1 2

c(m m )
m m

+
ω =  1/wm- sistemis rxevis kuTxuri 

sixSirea, xolo 1
0

1 2

m ga
m m

=
+

 sistemis saSualo aCqarebis 

sidide, anu aCqarebis is mniSvneloba, romliTac aCqardebod-

nen masebi, maTi damakavSirebeli Zafi uWimavi rom yofiliyo.           

     rogorc 3.9 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, 3.5 

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. 
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     4. orboloiani saSaxto jalambris  

        amuSavebis Taviseburebani 

     ganvixiloT orboloiani saSaxto jalambris amuSaveba. 

am amocanis Tavisebureba isaa, rom amuSavebis dros gardama-

vali procesis xasiaTze moqmedebs ara mxolod bagiris 

(drekadi transmisiis) masa, aramed wonac. deformaciis dros 

icvleba bagiris simZimis centris mdebareoba, potencialuri 

energia da Sesabamisad, ganzogadebuli Zala.  

    radgan amuSavebis periodSi, Camavali skipi axlosaa dam-

xvev dolTan, saSualeba gveZleva misi masa davumatoT dol-

isas, Camavali bagiris sixistis koeficienti miviRoT usas-

rulobis tolad da saboloo jamSi, sinamdvileSi sammasiani 

sistema warmovidginod rogorc ormasiani. am daSvebiT, saan-

gariSo sqema SeiZleba amgvarad warmovidginoT (nax. 4.1, a).  

 

        a)                                     b) 

                            nax. 4.1    
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    ganzogadebul koordinatebad miviRoT WurWlis ga-

daadgileba  da bagiris zeda bolos gadaadgileba dolis 

zedapirze . - Zravas, gadamcemi meqanizmisa da dolis 

dayvanili masaa dolis zedapirze; L - awevis sigrZea, xolo 

- bagiris sixistis koeficienti. 

2m

y

x 1m

c
    vTqvaT, jalambari damuxruWebulia da amwevi bagiris 

sigrZea L . Zravas CarTvisa da muxruWis axsnis Semdeg doli 

daiwyebs brunvas. bagiris drekadobis gamo, drois garkveul 

mcire monakveTSi, dolze da WurWlis ganvlili manZile-

bi gansxvavebuli iqneba. rasakvirvelia, rom . WurWeli 

jer CamorCeba dols, xolo Semdeg, inerciis Zalebis xarj-

ze daiwyebs rxevas. 

x y

yx>

   bagiris masis gasaTvaliswineblad gamoviyenoT releis me-

Todi       

                  zL
yxxu −

−= .                    4.1 

sadac  bagiris kveTis gadaadgilebaa deformaciis dros. 

igi bagiris dolze Camagrebis adgilidan  manZiliTaa da-

Sorebuli (nax. 4.1 b).   

u
z

   bagiris kinetikuri energia gamoiTvleba formuliT      

     

2L L
2

0 0
0 0

1 1 x yT m u dz m x z d
2 2 L

−⎛ ⎞= = −⎜
⎝ ⎠∫ ∫

& &
& &

b b b z⎟&       4.2 

   integralis amoRebis Semdeg iqneba 
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2 21 x xy yT m

2 3
+ +

=
& & & &

b b .                 4.3 

     sadac  - erTi metri bagiris masaa, xolo m  - 

mTliani bagiris masa. 

0m b b

     sistemis sruli kinetikuri energia gamoiTvleba 

b b

2 2
2 2

1 2 1 2
1 1 1 x xyT T T T m x m y m
2 2 2 3

+ +
= + + = + +

& & & &
& & y

 4.4 

    bagiris kveTis gadaadgilebis gamo gamowveuli poten-

cialuri energiis cvalebadoba  

  

L L

1
0 0

x y x yΠ m g udz m g x z dz m g
L 2
− +⎛ ⎞= = − =⎜ ⎟

⎝ ⎠∫ ∫b b b .  4.5 

    bagiris deformaciis gamo gamowveuli potencialuri 

energiis cvalebadoba  

               
2

2
1 c(x y f )
2

Π = − + 0                 4.6 

    sadac amavali bagiris winaswari statikuri daWimu-

lobaa. miRebulia, rom winaswar daWimulobas  WurW-

lis wonasTan erTad qmnis bagiris wonis naxevari. ase, rom  

0f

gm2

              gmm2
1

c
1f 2b0 ⎟

⎠
⎞

⎜
⎝
⎛ +=                  4.7  

    sistemis sruli potencialuri energia, WurWlis wonis 

gaTvaliswinebiT iqneba 

               1 2 2m gyΠ = Π +Π +                   4.8 
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    sistemas Tavisuflebis ori xarisxi gaaCnia da saWiroa 

lagranJes ori gantolebis Sedgena. ganvsazRvroT gantole-

bebSi Semavali wevrebi –  

( ) ( ) ( )

( ) ( )

1

2

2 2

2 2

d T 1 1m m x m y;
dt x 3 6
d T 1 1m m y m x;
dt y 3 6

1 1m g c x y m g m g m m g c x y ;
x 2 2

1 1m g c x y m g m g m g c x y ;
y 2 2

⎧ ∂ ⎛ ⎞= + +⎜ ⎟⎪ ∂ ⎝ ⎠⎪
⎪ ∂ ⎛ ⎞= + +⎜ ⎟⎪ ∂ ⎝ ⎠⎪
⎨∂∏⎪ = + − + + = + + −
⎪ ∂
⎪∂∏⎪ = − − − − + =− −
∂⎪⎩

&& &&
&

&& &&
&

b b

b b

b b b

b b

 

   da  0x FQ =′ .0Q y =′  

    - Zravas mier jalambris dolze ganviTarebuli 

Zalaa;  

0F

    ukanaskneli sistemidan SeiZleba miviRoT jalambris am-

uSavebis aRmweri diferencialur gantolebaTa sistema 

                      4.9 
11 12 0

21 22

a x a y F Q c(x y);
a x a y c(x y),

+ = − − −⎧
⎨ + = −⎩

&& &&

&& &&

sadac -- 11 1
1a m m
3

= + b ; 12
1a m
6

= b ; 22 2
1a m m
3

= + b  

        ;  1221 aa = ( )2Q m m g= +b  

    CavweroT 2.9 sistema operaciul formaSi da ganvsaz-

RvroT cvladebi nulovani sawyisi pirobebisaTvis  
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2
0 22

2 3 2 2
11 12 12

2
0 12

2 3 2 2
11 12 12

F Q a P cx ;
a a a P (P )

F Q a P cy .
a a a P (P )

⎧ − +
=⎪ − + ω⎪

⎨
− −⎪ = −⎪ − + ω⎩

              4.10 

    CvenTvis ufro sainteresoa aCqarebebisa da siCqareebis 

gansazRvra. amisaTvis 4.10 sistemis orive gantolebis orive 

mxare gavamravloT -ze da ganvsazRvroT aCqarebebi, xolo   

Semdeg ki maTi integrebiT - siCqareebi. Sedegad, 

2p

    aCqarebebi- 

        

2
22

x 0

2
12

y 0

a ca a 1 cos( t) ;
c

a ca a 1 cos( t) .
c

⎧ ⎛ ⎞ω −
= + ω⎪ ⎜ ⎟

⎪ ⎝ ⎠
⎨

⎛ ⎞ω +⎪ = − ω⎜ ⎟⎪ ⎝ ⎠⎩

 4.11 

 xolo siCqareebi-  

        

2
22

x 0

2
12

y 0

a cv a t sin( t) ;
c

a cv a t sin( t) .
c

⎧ ⎛ ⎞ω −
= + ω⎪ ⎜ ⎟ω⎪ ⎝

⎨
⎛ ⎞ω +⎪ = − ω⎜ ⎟⎪ ω⎝ ⎠⎩

⎠
          4.12 

sadac  2 11 22 12
2

11 22 12

a a 2a c
a a a
+ +

ω =
−

, 1/wm - sistemis rxevis kuT-

xuri sixSirea, xolo 
b

0 0
0

1 2

F Q F Qa
m m m m

− −
= =

+ + Σ
 sistemis 

saSualo aCqarebis sidide.  
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  5. orboloiani saSaxto jalambris          

   amuSavebis periodis gaangariSebis  

                meTodika   

     ganvixiloT orboloiani saSaxto jalambris amuSa-

vebis procesi. gamartivebul kinematikur sqemas aseTi saxe 

eqneba 

              

                   nax. 3.1        

     moZraobis amsaxveli diferencialur gantolebaTa sis-

tema zemoT moyvanilis analogiuri iqneba: 

                     
11 12 0

21 22

a x a y F Q c(x y);
a x a y c(x y),

+ = − − −⎧
⎨ + = −⎩

&& &&

&& &&

    analogiuri iqneba, rasakvirvelia, sistemis amonaxsnebic, 

aCqarebebi da siCqareebi. 
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  gantolebaTa sistemaSi Semavali parametrebis gansazRvri-

saTvis, CavataroT Semdegi saxis gaangariSeba -         

        proeqtirebisaTvis saWiro winaswari monacemebia: 

    1. daxrili gamonamuSevris sigrZe --- =0L 420 m; 

    2. gamonamuSevris daxris kuTxe ---  =α 450 ; 

    3. saaTuri mwarmoebloba ---        sTA = 200  t/sT. 

 

             1. skipis tonaJis SerCeva 

    orskipiani awevis dros, skipis tvirTis uxelsayrelesi 

masa gamoiTvleba formuliT 

  
0

0
4 L

m A
3600

+ θ
=

sT
= 522022.52003600

124204
==

+
kg,   

sadac  - asawevi simaRlea; m, - pauzis xangrZlivobaa da 

aiReba skipis tonaJis mixedviT: θ=(10...12 )wm. 
0L θ

    gamonamuSevris daxris kuTxisa da gaangariSebuli masis 

mixedviT cxr. #1 - dan SevirCioT skipi, romlis tvirTamw-

eobaa =6000 kg, xolo skipis sakuTari masa - m = 

=4322 kg.                                        

0m sk

     SeniSvna: didi mwarmoeblurobis dros SesaZloa ramo- 

denime skipis arCeva dagvWirdes.  

   awevis maqsimaluri siCqare samperiodiani taqogramis 

dros iangariSeba 
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    0V 0.275 L 0.275 420 5.64= = =m   m/wm;          

             2. amwevi bagiris SerCeva. 

             erTi metri bagiris masa              

   

( ) ( )
( )

( ) ( )
( )

0m m sin w cos
m

L L sin w cos
6000 4322 sin45 0.007cos45

3.63
2487 440 sin45 0.3cos45

′+ α + α
= =

′ − α + α

+ +
= =

− +

sk

0b

b b

kg/m

     

sadac skipis moZraobis winaRobis koeficientia, 

=0.005...0.007; - bagiris mimmarTvel gorgolaWebze 

moZraobis winaRobis koeficienti, =0.15...0.35; 

w ′

w ′
bw

bw L′ - bagi-

ris mtkice sigrZe; L′=2487 m , - bagiris sruli sigrZe; 

= +20=420+20=440 m. miviRoT: 

Lb

Lb 0L w ′ =0.007;   =0.3.  wb

    

    cxrili #2- dan SevirCioT bagiri Semdegi monacemebiT 

      ГОСТ - 76699 ( )913.00 =γ  

     bagiris erTi metri masa ---- =3.655 kg/m; 0m b

     bagiris diametri ----- d = 31 mm; b

     bagiris kveTis farTi ----- F = 3.7 sm2 ; b

     bagiris gamgleji Zala --- T =475000 n; b

     bagiris mTliani masa iqneba ----   

      kg.    b b b0m m L 0.655 440 1608= = ⋅ =
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          3. bagiris sixistis koeficienti 

     maqsimaluri daSoreba gorgolaWebs Soris, imisaTvis, 

rom bagiri ar Seexos zedapirs, iangariSeba 

     

( )

( )

sk

b

m

b
0

0

2.4 m 0.5 m
l tg

m

2.4 4322 0.5 1608
tg45 57.53

3.655

+ ⋅
= α =

+ ⋅
= =

               

     gorgolaWebis raodenoba 

                0

0

L 420n
l 57.53

= = = 7.3 ,                            

davamrgvaloT uaxloes mTel ricxvamde metobiT -- n 8= . 

     gorgolaWebs Soris bagiris sixistis koeficienti ga-

moiTvleba 

( )

( )

b b

b b
b

b

n/m,

0
2

0 0 03

7

7 20 0
3

E Fc
E Fl cos 1 m gl cos
12H

2.1 10 3.7
2.1 10 3.757.53cos45 1 3.66 9.8 57.53 cos45
12 77178

478 825.7

= =
⎡ ⎤

α + α⎢ ⎥
⎣ ⎦

⋅ ⋅
= =

⎡ ⎤⋅ ⋅
+ ⋅ ⋅ ⋅⎢ ⎥⋅⎣ ⎦

=

 

     sadac, 

     
( )

( )
b sk sk sk

n0

H m m m gsin

6000 4322 1608 9.8 sin45 77178

= + + α =

= + + ⋅ ⋅ =
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    - bagiris drekadobis moduli; n/sm2 ; b
7E 2.1 10= ⋅

      bagiris mTliani sixistis koeficienti iqneba 

        n/m21.598538
6.478825

n
C

C 0 === .          

            

      

 

 

       4.  statikuri daWimuloba amZrav dolze. 

             jalambrisa da Zravas SerCeva. 

( ) ( )
( ) ( )
( )

b sk b b0 0

o

o

Q m m gsin m 2m w m w gcos

6000 1608 9.8sin45 6000 2 4322 0.007

1608 0.3 9.8cos45 56.63

⎡ ⎤′= + α + + + α⎣ ⎦
⎡= + + + ⋅⎣

⎤+ ⋅ =⎦ kn

=

+          

cxrili #3- dan, awevis simaRlis, bagiris diametris, 

siCqarisa da statikuri daWimulobis mixedviT SevirCioT 

jalambari  

tipi   A31211
2500БМ ; 

dolebis raodenoba --- 2 ; 

dolis diametri --- 5.2Dj = m; 

dolis sigane --- 2.1В= m; 

udidesi statikuri daWimuloba --- F 75=st  kn; 
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awevis sigrZe bagiris or rigad daxvevisas -- 495L0 = m; 

reduqtoris gadacemis ricxvi ---  5.11i=

jalambris dayvanili masa ---  m  kg. 10590=j

      Zravas saWiro brunvaTa ricxvi 

      m
Zr

j

60V 60 5.64n i 11.5 495.5
D 2.5

⋅
= = =
π π ⋅

 br/wT.              

      Zravas saWiro simZlavre 

  
QV 56630 5.64P 1.1 1.1 382

1000 1000 0.92
⋅

= = =
η ⋅
m

Zr

j

kvt , 

sadac  =0.92 jalambris mqk--ia. ηj

     cxrili #4 - dan virCevT fazur rotorian asinqro-

nul Zravas Semdegi monacemebiT: 

tipi ... АКЗ-14-41-12 ; 

nominaluri simZlavre ... P =n 400 kvt; 

nominaluri brunvaTa ricxvi ...  n 4 br/wT; 85=n

nominaluri mqk ... 0.92η =n  

nominaluri simZlavris koeficienti ... 79.0cos =ϕ  

rotoris nominaluri Zabva ... 655U2 = v; 

rotoris nominaluri deni ... 370I2 = a; 

nominaluri gadatvirTvis koeficienti ...
M 2.4
M

λ = =m
n

n
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Zravas inerciis momenti ... J 173.3=Zr  kgm2. 

     Zravas aseTi standartuli brunvaTa ricxvis dros 

jalambris realuri, maqsimaluri siCqare iqneba 

        
D n 2.5 485V 5.52
60i 60 11.5

π π⋅ ⋅
= = =

⋅
j n

m  m/wm;            

                      

         

              5. amuSavebis procesi 

      ganvsazRvroT 2.9 gantolebaSi Semavali parametrebi         

 kg; 1m m m m 10590 14668 4322 29580= + + = + + =j Zr sk

sadac 
2 2

2
4J 4173.3m i 11.5 14668
D 2.5

= = =Zr
Zr 2

j

 kg; 

  kg;      2 0m m m 6000 4322 10322= + = + =sk

 11 1
1 1a m m 29580 1608 301153 3= + = + =b kg;      

 12 21
1 1a a m 1608 2686 6= = = =b kg;   

 22 2
1 1a m m 10322 1608 108583 3= + = + =b kg; 

     SerCeuli Zravas mier ganviTarebuli nominaluri da 

maqsimaluri Zalebi -                 

  
2Pi 11.5 2 400F 9555 9555 72500D n 2.5 485

⋅= = =n
n

j n

 n;     

 64



xolo    F  n.              F 72500 2.4 174000= λ = ⋅ =m n n

     srialis nominaluri da maqsimaluri mniSvneloba 

bunebriv maxasiaTebelze 

         o

o

n n 500 485S n 500
− −= = =n

n 0.03            da         

( ) ( )2
oS S 1 0.03 2.4 2.4 1 0.1375= λ + λ − = + − =2
m n n n          

      gadarTvis Zalis mniSvneloba avRniSnoT -iT 

, xolo pikuri Zalis mniSvneloba -iT 

 .  

2F

( 2F F /= λm )2 1F

( )1 1F F /= λm

      gadarTvis Zalis mniSvnelobad miviRoT -      

          2F 1.2 Q 1.2 56630 67956= ⋅ = ⋅ =  n.            

     Sesabamisi gadatvirTvis koeficienti – 

           m
2

2

F 174000 2.5605
F 67956

λ = = = ,          xolo 

misi koeficienti – 2a

    2 2
2 2 2a 1 2.5605 2.5605 1 0.2034=λ − λ − = − − = .         

    sistemis saSualo aCqarebis mniSvnelobad miviRoT 

0a 0.7= 5  m/wm2, maSin amaCqarebeli Zala iqneba –                  0F

     n.   0 0F a m Q 0.75 41510 56630 87760= ∑ + = ⋅ + ≈

      pikuri Zalis Sesabamisi gadatvirTvis 1F 1λ  koefici-
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enti  

         m 2
1 2 2

0

F F 174000 67956 1.5353
F 87760

⋅
λ = = = .    

     misi koeficienti -               1a

2 2
1 1 1a 1 1.5353 1.5353 1 0.3703= λ − λ − = − − = .     

rotoris wredis amamuSavebeli safexurebis raodenoba  

 
1 0

1

2

1 1lg lga S 0.3703 0.1375Z 4
0.3703a lglg 0.2034a

⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟⋅⎝ ⎠ ⎝ ⎠= = =
⎛ ⎞ ⎛ ⎞

⎜ ⎟⎜ ⎟ ⎝ ⎠⎝ ⎠

m .9696 .          

     davamrgvaloT uaxloes mTel ricxvamde - Z 5= . 

Z -is am mniSvnelobisaTvis ganvsazRvroT - is sidide            1a

          
m

0.3692

1 1
z 5z 1 5 1
2

1
0

a 0.2034a
S 0.1375

+ +⎛ ⎞ ⎛ ⎞= = =⎜ ⎟ ⎜ ⎟
⎝ ⎠⎝ ⎠

 ,       

xolo Semdeg 1λ -    

            
2 2
1

1
1

a 1 0.3692 1 1.5389
2a 2 0.3692
+ +

λ = = =
⋅

.               

      am ukanasknelis Sesabamisi pikuri momentis, - is,  

mniSvneloba iqneba  

1F

           1
1

F 174000F 113068
1.5389

= = =
λ
m  n.                 

      sistemis amaCqarebeli  Zalis mniSvneloba 0F
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     0 1 2F F F 113068 67956 87656= = ⋅ =  n.            

      sistemis saSualo aCqarebis realuri mniSvneloba 

    0
0

F Q 87656 56630a 0
m 41510
− −= = =
Σ

.747   m/wm2 .  

    srialis mniSvnelobebi, sxvadasxva maxasiaTeblebze erT-

maneTisagan gansxvavdebian mxolod  

1

2

a 0.3692b
a 0.2034

= = = 1.8151 b sididiT, anu  . 
z

(z 1) zS S+ =

     Zravas rotoris fazis winaRoba (bunebriv maxasiaTeb-

elze)   

        
E S 255 0.03R 0

3I 3 72
.061⋅ ⋅

⋅
= = =2n n0

r0

2n

omi, 

      winaRobis sidideebi danarCen maxasiaTeblebze miiReba 

wina maxasiaTeblis winaRobis  b koeficientze gamravlebiT 

(analogiurad srialebisa). 

 Q , , , ,  da  mniSvnelobebiT avagoT Zravas 

bunebrivi da xelovnuri maxasiaTeblebi.   

nF 2F 0F 1F mF

F 174000 3.0726
Q 56630

λ = = =m
st ; 

n

F 174000 2.4
F 72500

λ = = =m
n ; 

2
2

F 174000 2.5605
F 67956

λ = = =m ; 0
0

F 174000 1.985
F 87656

λ = = =m ; 

1
1

F 174000 1.5389
F 113068

λ = = =m .                      
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   Sesabamisad – 

( )2
st0 m0 st st

20.1375 3.0726 3.0726 1 0.023S S 1 ⎛ ⎞− − =⎜ ⎟
⎝ ⎠

= λ − λ − =

( )2
n m0 n n

20.1375 2.4- 2.4 -1 0.03S S 1 ⎛ ⎞ =⎜ ⎟
⎝ ⎠

= λ − λ − =

( )m
2

20 o 2 2
20.1375 2.5605 2.5605 1 0.028S S 1 ⎛ ⎞− − =⎜ ⎟

⎝ ⎠
= λ − λ − =

( )m
2

00 o 0 0
20.1375 1.985- 1.985 -1 = 0.0372S S 1 ⎛ ⎞

⎜ ⎟
⎝ ⎠

= λ − λ − =

( )2
10 m0 1 1

20.1375 1.539 1.539 1 0.051S S 1 ⎛ ⎞− − =⎜ ⎟
⎝ ⎠

= λ − λ − =  

max.- 

eli Sst  S2  Sn  S0  S1  Sm  Rf  

RO 0.023 0.028 0.030 0.037 0.051 0.138 0.061

R1 0.042 0.051 0.055 0.068 0.093 0.250 0.111

R2 0.076 0.092 0.099 0.123 0.168 0.453 0.201

R3 0.138 0.167 0.179 0.223 0.305 0.822 0.365

R4 0.250 0.304 0.326 0.404 0.554 1.493 0.662

R5 0.453 0.552 0.591 0.733 1.005 2.709 1.202

     maxasiaTeblebis agebas vaxdenT zemoT moyvanili meTo-

dikiT.   

     meqanikuri maxasiaTeblebis agebis Semdeg avagoT ( 1m da  

  )2m  orive masisaTvis aCqarebebisa da siCqareebis 

grafikebi.        
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2 11 22 12
2

1211 22

2

a a 2a c
a a a

30115 10858 2 268 59853 7.6
30115 10858 268

+ +
ω = =

−
+ + ⋅

= =
⋅ −

 

  da  m/wm2.  0a 0.747=

        aCqarebebi- 

( )
2

22
x 0

a ca a 1 cos( t) 0.747 1 0.38cos(2.76t)
c

⎛ ⎞ω −
= + ω = +⎜ ⎟

⎝ ⎠

( )
2

12
y 0

a ca a 1 cos( t) 0.747 1 1.034cos(2.76t)
c

⎛ ⎞ω +
= − ω = −⎜ ⎟

⎝ ⎠
  

  xolo siCqareebi-      

( )
2

22
x 0

a cv a t sin( t) 0.747 t 0.1377sin(2.76t)
c

⎛ ⎞ω −
= + ω = +⎜ ⎟ω⎝ ⎠

( )
2

22
y 0

a cv a t sin( t) 0.747 t 0.3746sin(2.76t)
c

⎛ ⎞ω −
= − ω = −⎜ ⎟ω⎝ ⎠

 

     grafikebze warmodgenilia  (Savi feris) da  1m 2m

(wiTeli feris) masebis aCqarebebisa da siCqareebis 

droSi cvalebadoba t 0...4ω = π  mniSvnelobisaTvis. aqve 

naCvenebia (lurji feriT) aCqarebisa da siCqaris saSua-

lo mniSvnelobebi, anu is mniSvnelobebi, romelic sis-

temas eqneboda, bagiris sixiste usasrulobis toli  

rom yofiliyo. 
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                danarTi 

             
 
             cxrili #1, skipebi 

 

 

# 

# 

 

skipis 

tvirT- 

amweoba,

0m , 
 kg 

 

 

gac-

lis 

wesi 

 

 

daxris

kuTxe, 
oa  

 

skipis 

masa, 

msk , 
kg 

 

1 2000 Z 20-30 2444 
2 2000 i 30-50 2522 
3 2000 r 40-70 2553 
4 2000 i 40-70 2685 
5 3000 Dd 20-40 2720 
6 3000 Aa 20-30 2680 
7 3000 Nn 30-50 3011 
8 3000  30-50 2784 
9 3000 Gg 40-70 2574 
10 4000 Aa 20-40 3086 
11 4000 c 40-70 2903 
12 6000 Ll 20-40 4422 
13 6000 Aa 40-70 4322 
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               cxrili N#2, bagirebi 

                   
 

 

# 

# 

1 m 

bagiris

masa, 

om b , 

kg/m; 

bagi- 

ris 

diame-

tri, 

db mm; 

bagi- 

ris 

kveTi, 

Fb , 

sm2 

 

bagi- 

ris 

gamg- 

leji 

Zala, 

Tb ; n 

1 0.3835 9.7 0.3882 49850 
2 0.513 11.5 0.5196 66750 
3 0.6965 13.5 0.7055 90650 
4 0.812 15.0 0.8216 104500 
5 1.045 16.5 1.0573 135500 
6 1.245 18.0 1.2578 161500 
7 1.52 20.0 1.5399 197500 
8 1.83 22.0 1.8510 237500 
9 2.13 23.5 2.1594 277000 

10 2.495 25.5 2.5246 324000 
11 2.8 27.0 2.8379 364500 
12 3.215 29.0 3.2542 417500 
13 3.655 31.0 3.6997 475000 
14 4.155 33.0 4.2096 540500 
15 4.55 34.5 4.6107 592000 
16 4.965 36.5 5.0309 646000 
17 6.08 39.5 6.1595 791500 
18 6.75 42.0 6.8368 878500 
19 7.12 43.0 7.1718 919500 
20 7.77 44.5 7.8738 1005000
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             cxrili  #3, jalambrebi    

do-

li 

bagiri jalambari 
 

 

 

# 

# 
dia-

met. 

da  

sig- 

ane, 
D
B

 

 

dia-

met. 

mm 

 

sig- 

rZe, 

m 

 

siC- 

qare

m/wm 

 

maqs. 

sta. 

dat. 

kn 

 

red. 

gad. 

ric. 

i  

 

dayv. 

masa, 

kg 

 

tipi 
2ВЛ  

2ВМ  

 
1 

1.2
0.8

  
18 380 3.0 25 20 6000 1.2..20

 
 
2 

1.2
0.8

 
18 380 2.0 25 30 9450 1.2..30

 
 
3 

1.6
0.8

 
25 390 3.4 40 24 12200 1.6..24

 
 
4 

2.0
1.0

  
25 630 3.3 50 30 14000 2.0..30

 
 
5 

2.0
1.0

 
25 630 5.0 50 20 12300 2.0..20

 
 
6 

2.5
1.2

  
31 780 3.2 75 30 15000 2.5..30

 
 
7 

2.5
1.2

  
31 780 4.7 75 20 12200 2.0..20

 
 
8 

2.5
1.2

 
31 780 6.6 75 11.5 10590 2.5..11

 
 
9 

3.0
1.5

 
37 1005 3.7 100 30 18000 3.0..30

 
 
10 

3.0
1.5

  
37 1005 5.6 100 20 17300 3.0..20

 
 
11 

3.0
1.5

  
37 1005 8.0 100 11.5 16350 3.0..11
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                 cxrili #4,  

   samfaza asinqronuli eleqtruli Zravebi 

         

        
# 
# 

 
Zravas 
 tipi 

simZ
- 
la-
vre  

 
v,E 

 

kvt 
 P

br. 
ric-
xvi, 
 n 
b/wT, 

gad- 
at. 
koe- 
fic. 
λ 

ro-to- 
ris 
Zabv
a 

ro-
to- 
ris 
deni 
a,I 

inerc. 
momen
-ti
kgm2, 
J 

 BAOK-       
1 315S8 75 730 2.2 190 270 4.6 
2 315M8 90 730 2.3 235 260 5.6 
3 355S8 110 735 2.3 235 315 8.2 
4 355SB8 132 735 2.3 250 340 10.2 
5  60 35 .3 00 35 2.5 355В8 1 7 2 3 3 1
 AKЗ-       
6 12-8 200 735 2,3 420 26 38,2 
7 12-8 250 740 2,1 485 320 40,8 
8 12-8 320 740 2,1 585 335 48,4 
9 13-8 400 740 2,0 600 415 84,1 
10 13-8 500 740 2,0 705 440 96,8 
11 13-8 630 740 2,0 865 445 109,1 
12 15-8 800 735 2,5 965 490 119,7 
13 12-10 200 590 2.4 475 400 51.9 
14 12-10 250 590 2.3 560 280 61.2 
15 13-10 320 590 1.9 515 390 91.7 
16 13-10 400 590 1.8 615 410 107 
17 13-10 500 590 1.9 750 410 122.3 
18 15-10 630 590 2.3 850 440 132.5 
19 15-10 800 590 2.3 1025 465 158 
20 13-12 200 490 2.2 455 260 91.7 
21 13-12 250 495 2.1 525 295 107 
22 13-12 320 495 2.2 620 320 122.3 
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23 14-12 400 485 2.4 655 370 173.3 
24 00 0 3 65 5 98.8 16-12 5 49 2. 6 45 1
 AKH -       

25 16-12 630 490 2.3 810 465 229.4 
26 16-12 800 490 2.4 990 480 262.5 
27 17-16 315 365 2.3 480 400 303.3 
28 17-16 400 365 2.3 565 430 331.3 
29 17-16 500 365 2.3 685 440 367 
30 17-16 630 365 2.4 855 440 428.1 
31 18-16 800 370 2.4 950 520 866.5 
32 17-20 315 290 2.3 535 335 377.2 
33 17-20 400 290 2.3 645 370 524.6 
34 18-20 500 290 2.3 720 435 662.6 
35 18-20 630 290 2.3 905 430 815.5 
36 18-20 800 295 2.3 1100 445 892 
37 18-24 315 240 2.3 533 370 1656.5
38 18-24 400 240 2.3 625 400 1784 
39 18-24 500 240 2.4 765 400 1873.1
40 18-24 630 245 2.5 990 490 2140.7
41 18-24 800 245 2.3 880 520 2242.6
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                cxrili #5,  

           П seriis mudmivi denis Zravebis  
      teqnikuri monacemebi 

         

# Zravas 
tipi 

simZlavre 
kvt, 

P 

Zabv

v, 

brunTa 

br/wT, 
n 

deni 
a, 

I 

          

#  

 
a 

 
U 

ricxvi 
 

1 П151-8К 500 420 750 1280 
2 П152-8К 600 420 750 1525 
3 П153-8К 750 520 750 1535 
4 П171-8К 900 550 750 1755 
5 П172-12К 1100 550 750 2150 
6 П173-12К 1300 660 750 2100 
7 П18-33-9К 1600 750 750 2280 
8 П  1950 18-40-9К 900 750 2300 
9 П151-8К 400 420 600 1030 
10 П152-8К 500 420 600 1280 
11 П153-8К 600 420 600 1520 
12 П171-8К 750 460 600 1735 
13 П172-8К 900 550 600 1750 
14 П173-12К 1100 550 600 2140 
15 П18-33-9К 1300 660 600 2105 
16 П18-40-9К 1600 750 600 2270 
17 П  1950 18-50-9К 900 600 2300 
18 П152-8К 400 330 500 1318 
19 П153-8К 500 330 500 1632 
20 П171-8К 600 660 500 975 
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         l i t e r a t u r a 

 

1. m. wereTeli, samTo manqanebis eleqtruli 

amZravi. (leqciebis konspeqti), Tbilisi, stu, 

re saxelmZRvanelo, Tbilisi, 

.   

1998 w.   

2. m. wereTeli, samTo manqanebis eleqtruli 

amZravi. damxma

stu, 2006 w
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