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      warmodgenili meToduri miTiTebebis daniSnulebaa, 

daexmaros studens praqtikuli samuSaoebisa da sakurso 

daproeqtebis Sesruleblad samTo manqanebis eleqtrul 

amZravSi, daprogramebis sistema MAT-LAB-is gamoyenebiT. 

ganxilulia mudmivi da cvladi denis Zravebis meqanikuri 

maxasiaTeblebis ageba Zravas orive saxis samuSao reJim-

Si. sakurso daproeqteba iTvaliswinebs samTo manqanebis, 

kerZod saSaxto jalambrisa da qanqarasebri kiduli bag-

irgzis amuSavebis procesis gaangariSebas sawevi bagiris 

sixistis koeficientis gaTvaliswinebiT. mokledaa warmo-

dgenili Teoriuli masala, romelic aucilebelia praqt-

ikuli da sakurso samuSaoebis Sesasruleblad. 

      gankuTvnilia samTo-geologiuri fakultetis, samTo 

teqnologiebis departamentis bakalavrebisa da magistra-

ntebisaTvis. 
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yvela ufleba daculia. am wignis nebismieri nawilis (teqsti, foto, ilustracia 

Tu sxva) gamoyeneba arc erTi formiTa da saSualebiT (eleqtronuli Tu 

meqanikuri) ar SeiZleba gamomcemlis werilobiTi nebarTvis gareSe. saavtoro 

uflebebis darRveva isjeba kanoniT.       
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 praqtikuli da sakurso samuSaoebi 

samTo manqanebis eleqtruli amZravis praqtikul 

mecadineobebze Seiswavleba mudmivi da cvladi den-

is Zravebis meqanikuri maxasiaTeblebis agebis xerxe-

bi. warmodgenili meTodikiT studenti SeZlebs dam-

oukideblad gaiangariSos da aagos mudmivi denis 

damoukidebel-agznebiani Zravas meqanikuri maxasia-

Teblebi rogorc Zravul, ise samuxruWo reJimebSi;  

aseve, samfaza cvladi denis asinqronuli fazur- 

rotoriani Zravas meqanikuri maxasiaTeblebi aagos 

amZravis amuSavebis dros. 

     warmodgenili meTodikiT studenti agreTve ga-

iangariSebs orboloiani saSaxto jalambris amuSav-

ebis periods, sawevi bagiris sixistis koeficientis 

gaTvaliswinebiT. mocemuli mwarmoeblurobis, gamon-

amuSevris daxris kuTxisa da sigrZis mixedviT Seir-

Ceva jalambari da amZravi Zrava. gaiangariSeba amuS-

avebis amsaxvel gantolebaTa sistemaSi Semavali pa-

rametrebi, aigeba jalambris dolis da WurWlis aC-

qarebisa da siCqaris grafikebi. maTi saSualebiT st-

udenti gaanalizebs amuSavebis procesze ra gavlen-

as axdens amwevi bagiris sixistis koeficienti. 

dawvrilebiTaa ganxiluli qanqarasebri, or- da 

erTvagoniani kiduli bagirgzis amuSavebis dinamiku-
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ri reJimi. bagirgzis ZiriTadi parametrebis gaangar-

iSebis Semdeg, amuSavebis aRmweri diferencialur 

gantolebaTa sistemis amoxsniT, gardamavali reJim-

is aRmweri mrudebi aigeba sxvadasxva SemTxvevebisa-

Tvis; kerZod, rodesac samgzavro vagonebi carielia, 

orive datvirTulia da rodesac erT-erTi datvirT-

ulia.    D  

     praqtikuli unaris gamomuSavebisaTvis, meTod-

ur miTiTebebSi moyvanilia sailustracio magaliT-

ebi, romelTa saSualebiT studenti asrulebs indi-

vidualur davalebas. 

    Sromatevadi maTematikuri gamoTvlebis Tavidan 

acilebis mizniT, yvela davaleba gaangariSebulia 

daprogramebis sistema MATLAB-Si. 
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1. mudmivi denis damoukidebel-agznebiani 

Zravas meqanikuri maxasiaTeblebi 

    mudmivi denis damoukidebel (paralelur) agzne-

bian Zravas qselTan mierTebis principuli sqema mo-

cemulia 1.1 naxazze. 

 

nax. 1.1. damoukidebel agznebiani mudmivi denis Zravas 

CarTvis sqema 

LM agznebis gragnilia LMR  aqtiuri winaRobiT; 

R1R  - agznebis gragnilSi denis maregulirebeli re-

ostati; 

M  - Zravas Ruza, 0R  aqtiuri winaRobiT;  

R2R  - Ruzis wredSi denis maregulirebeli reosta-

ti; 

     Zabvis balansis gantolebas Ruzis wredSi aqvs 

saxe 
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                    RU = IR +E .                     (1.1) 

sadac U Zabvaa Zravas momWerebze, v; 

I  - Ruzis wredis nominaluri deni, a; 

RR -Ruzis wredis sruli winaRoba (reostatiT), omi; 

E - RuzaSi aRZruli  em Zalaa, v. 

    Ruzis em Zala ganisazRvreba formuliT 

             
pNE =Φω =KΦω =Cω
2 aπ

, v,          (1.2) 

sadac 
pNK =
2 aπ

 Zravas konstruqciulobis koefici-

entia da mudmivia, Tuki Zrava kompensirebulia; 

p - mTavari polusebis ricxvi;  

N - gamtarebis ricxvi; 

a - Ruzis gragnilis paraleluri gamtarebis ricxvi; 

Φ  - Zravas magnituri nakadi, vb; ω - Ruzis brunvis 

siCqare, rad/wm; C = KΦ  - Zravas koeficienti.       

      Tu E -s mniSvnelobas CavsvamT (1.2) -dan (1.1)-Si, 

miviRebT 

R RU = IR +KΦ ω=IR +Cω .               (1.3) 

      (1.3)- dan ganvsazRvroT ω -s mniSvneloba, mivi-

RebT 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 
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     R R RU - IR U - IR RUω = = = - I
KΦ C C C

.             (1.4) 

     mudmivi denis Zravas eleqtromagnituri momenti 

ganisazRvreba formuliT 

          
pNM =Φ I =KΦ I = CI
2πa

, n.m.               (1.5)  

   Zravas lilvze momenti sididiT gansxvavdeba el-

eqtromagnituri momentisagan, TviT ZravaSi meqaniku-

ri da Zravas foladSi Tburi danakargebis gamo. Zr-

avul reJimSi momenti lilvze yovelTvis naklebia 

eleqtromagniturze, xolo generatorulSi - meti. 

radganac es momentebi mxolod (25) % -iT gansxva-

vvdebian nominalurisagan, miaxloebiT Tvlian, rom 

momenti Zravas lilvze eleqtromagnituris tolia. 

     Ruzis denis mniSvnelobis (1.5)- dan (1.4)- Si Cas-

miT, 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 

         R
0

U R 1ω = - M = ω - M
Cβ C2 ,               (1.6)  

sadac 
2

R

Cβ =
R

 meqanikuri maxasiaTeblis sixistis ko-

eficientia, razecaa damokidebuli TviT maxasiaTeb-

lis daxra. 

    Zabvis, magnituri nakadisa da Ruzis wredis nom- 
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inaluri mniSvnelobebis dros, brunvis siCqarec no-

minaluri iqneba 

              n n 0
n

n

U - I Rω =
KΦ

.                   (1.7)         

     rodesac Zravaze sasargeblo datvirTa da ener-

giis danakargebi ar arsebobs, sistemaSi Ruzis den-

is mniSvneloba nulis tolia da Ruzis brunvis siC-

qare, romelsac aseT SemTxvevaSi idealurs uwodeb-

en 0ω , damokidebulia mxolod Zabvisa da magnituri 

nakadis nominalur mniSvnelobebze 

          n n
0

n

U Uω = =
KΦ C

.                      (1.8)     

aseTi brunvis siCqaris dros, em Zala da qsel-

is Zabva erTmaneTis tolia. 

 (1.7) da (1.8) -is gaTvaliswinebiT, eleqtromeqan-

ikuri maxasiaTebeli SesaZloa warmovadginoT Semde-

gi saxiT 

           n 0 n 0
0 0

I R I Rω =ω - = ω -
KΦ C

,                (1.9)  

xolo meqanikuri maxasiaTebeli 

     0 0
0 02 2 2

R Rω =ω - M = ω - M
KΦ C

.             (1.10)   

     idelur uqmi svlis brunvis siCqaresa da datv- 
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irTvis Sesabamis brunvis siCqares Soris sxvaobas 

( 0ω -ω ), ewodeba statikuri brunvis siCqaris vardna 

Δω . Δω =R I / C0 n  eleqtromeqanikuri maxasiaTeblis-

aTvis, xolo 0Δω =R M / C2  - meqanikuri maxasiaTebl-

isaTvis. 

    am ukanasknelTa gaTvaliswinebiT, damoukidebel- 

agznebiani Zravas meqanikuri maxasiaTebeli zogadi 

saxiT iqneba 

                 0ω =ω - Δω .                     (1.11)       

     radgan brunvis siCqaris vardna (Δω ) momentisa 

da denisa pirdapirproporciulia, meqanikuri da el-

eqtromeqanikuri maxasiaTeblebi warmoadgens wrfes.  

     idealuri uqmi svlis brunvis siCqare, SeiZleba 

ganisazRvros (1.8) -is SefardebiT (1.7)-Tan Semdegi 

formuliT: 

              n
0 n

n n 0

Uω =ω
U - I R⋅

.                 (1.12)  

sadac nU , nω  da nI Sesabamisad, Zravas nominaluri 

sapasporto monacemebia. 

     Tuki cnobili iqneba 0ω , nominaluri momenti 

nM  da aseve misi Sesabamisi brunvis siCqare nω , e.i. 

wrfis ori wertili, SesaZlebelia aigos bunebrivi 
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meqanikuri maxasiaTebeli (nax. 1.2). 

     meqanikuri maxasiaTeblebi samuxruWo reJimebSi.  

xSirad, Tanamedrove eleqtroamZravSi aucilebelia 

rogorc sawarmoo meqanizmis swrafad da zustad ga-

Cereba, ise misi reversi da tvirTis CaSveba. yvela 

SemTxvevaSi, Zrava aucileblad unda gadavides gen-

eratoruli damuxruWebis romelime saxis reJimSi, 

amZravSi dagrovili kinetikuri energia an tvirTis 

CaSvebisas potenciuri energiis nazrdi gardaiqmnas 

eleqtrul energiad da an ukan miawodos qsels, an 

siTbos saxiT gamohyos garemoSi. 

 

nax. 1.2. damoukidebel-agznebiani Zravas bunebrivi 
meqanikuri maxasiaTebli 

 

    eleqtruli damuxruWeba sami saxisaa: a) energiis 

qselSi gadacema (rekuperaciuli); b) dinamikuri dam-

uxruWeba; g) ukuCarTviTi damuxruWeba.  

     a) rekuperaciuli damuxruWeba damuxruWebis es 
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xerxi xorcieldeba maSin, roca Zravas brunvis siCq-

are ω  meti aRmoCndeba idealuri uqmi svlis brunv-

is siCqare 0ω -ze da misi em Zala E  gadaaWarbebs qs-

elis U Zabvas. am SemTxvevaSi, Zrava generatorul 

reJimSi muSaobs qselis paralelurad da awvdis  

eleqtrul energias; denic icvlis mimarTulebas, 

romelic aSkaraa Semdegi tolobidan 

             I = (U - E) / R = -(E - U) / R .             (1.13) 

     Sesabamisad, niSans Seicvlis Zravas momentic, 

anu igi gaxdeba damamuxruWebeli - M = -KΦI . Tuki 

aRvniSnavT samuxruWo moments tM M= − , maSin (1.10) 

gantoleba 0ω =ω -is gaTvaliswinebiT, miiRebs saxes 

0
t2

RUω = + M
C C

.                    (1.14) 

     gantolebis marjvena mxaris pirveli wevri gvi-

Cvenebs, rom damoukidebel-agznebiani Zravas meqanik-

uri maxasiaTebeli am samuxruWo reJimSi M 0= -is 

dros gadis wertilSi, romelic, iseve rogorc Zra-

vul reJimSi, Seesabameba idealuri uqmi svlis brun- 

vis siCqares. meqanikuri maxasiaTeblis daxra (sixis-

te) ganisazRvreba gantolebis meore wevriT 2
0R / C , 

romelic Ruzis wredis mocemuli winaRobis dros, 

mudmivia. Sesabamisad, meqanikuri maxasiaTeblis dax-
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ra am samuxruWo reJimSi igivea, rac iyo Zravul re-

JimSi. amis gamo, rekuperaciuli damuxruWebis reJim-

Si, meqanikuri maxasiaTebeli warmoadgens Zravuli 

reJimis meqanikuri maxasiaTeblis gagrZelebas meore 

kvadrantSi. damuxruWebis es xerxi SesaZlebelia, ma-

galiTad, satransporto da amwe meqnizmebis amZrave-

bebSi tvirTis CaSvebisas an siCqaris regulirebis 

iseTi xerxis dros, roca 0ω>ω . aseTi damuxruWeba 

metad ekonomiuria, radganac xasiaTdeba qselSi ene-

rgiis miwodebiT, magram yovelTvis ar aris SesaZl-

ebeli 0ω>ω  pirobis dacva. 

 

nax. 1.3. damoukidebel-agznebiani Zravas meqanikuri 
maxasisiaTeblebi Zravuli da rekuperaciuli 

damuxruWebis reJimSi 
 

      aucilebelia aRiniSnos, rom rac metia Ruzis 

wredis winaRoba, miT metia brunvis sixSire rekup-
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eraciul samuxruWo reJimSi, erTsa da imave stati-

kuri momentis dros (nax. 1.3).    

     b) dinamikuri damuxruWeba xorcieldeba Ruzis 

wredis qselidan amorTvisas da gare winaRobaze mi-

erTebisas; amitom mas xSirad, reostatul damuxruW-

ebas uwodeben (nax. 1.4).  

 

nax. 1.4. damoukidebel-agznebiani Zravas CarTvis sqema 
dinamikuri damuxruWebis reJimSi 

 
     am dros, agznebis gragnili qselTan CarTuli 

unda darCes. dinamikuri damuxruWebis reJimSic, man-

qana muSaobs rogorc generatori, mxolod im gansx-

vavebiT, rom amZravSi dagrovili kinetikuri an Cama-

vali tvirTis potenciuri energia eleqtrul energi-

ad gardaiqmneba da rekuperaciuli reJimisgan gansx-

vavebiT, gamoiyofa siTbos saxiT Ruzis wredSi. 

    imis gamo, rom em Zala damuxruWebis dros inar-

rCunebs imave niSans, rac hqonda Zravul reJimSi da 

Ruzas garedan Zabva ar miewodeba, Ruzis deni gani- 
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sazRvreba formuliT 

I = (U - E) / R = (0 - E) / R = -E / R ,          (1.15) 

sadac 0 R2R = R R+  Ruzis wredis saerTo winaRobaa.  

    samuxruWe momenti SesaZlebelia warmovadginoT, 

rogorc  

2 2
t

Eω-M = KΦI = -KΦ = -K Φ
R R

.        (1.16)         

    mudmivi magnituri nakadis dros (Φ = const )  

t t2 2 2
R Rω = M = M

KΦ C
.               (1.17) 

   rogorc (1.17)-dan Cans, meqanikuri maxasiaTebeli 

dinamikuri damuxruWebis dros warmoadgens wrfes, 

romelic koordinatTa saTaveze gadis da misi dax-

xris kuTxe R -is mixedviT icvleba. minimaluri dax-

ra (maqsimaluri sixiste) miiReba nulovani reosta-

tuli winaRobis dros anu maSin, rodesac Ruzis wr-

edSi mxolod Ruzis winaRobaa CarTuli (ix. nax. 1.5).  

     radganac maxasiaTebeli koordinatTa saTaveze 

gadis, brunvis siCqaris Semcireba iwvevs samuxruWo 

momentis Semcirebas da gamodis, rom dinamikuri da-

muxruWebiT, meqanikuri muxruWis gareSe, Zravas sru-

li gaCereba SeuZlebelia. esaa dinamikuri damuxruW-

ebis ZiriTadi nakli.Edinamikuri damuxruWeba farT-

od gamoiyeneba amZravis Sesaneleblad, gansakuTreb-
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iT amwev meqanizmebSi tvirTis CaSvebis dros. igi sa-

kmaod ekonomiuria, magram, am mxriv CamorCeba rekup-

eraciuli damuxruWebis reJims. 

 

 

nax. 1.5. damoukidebel-agznebiani Zravas meqanikuri 
maxasiaTeblebi dinamikuri damuxruWebis reJimSi 

     

     g) ukuCarTviT damuxruWeba xorcieldeba im Se-

mTxvevaSi, roca Zravas gragnilebi CarTulia erTi 

mimarTulebiT samoZraod, magram masze iseTi sidid-

is datvirTvaa modebuli, rom Zrava iZulebiT brun-

avs meore mimarTulebiT. es xorcieldeba, magaliT-

ad, amwes amZravSi, roca Zrava CarTulia tvirTis 

awevaze, xolo tvirTis woniT gamowveuli momenti 

iseTia, rom Zravas aiZulebs ibrunos tvirTis CaSv-

ebis mimarTulebiT. aseTive reJimi miiReba, Tuki er-

Ti mimarTulebiT mbrunav Zravas SevucvliT qselis 

polarulobas da amiT SevqmniT moZraobis sawinaaRm- 
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dego mimarTulebis mabrun moments. ganvixiloT es 
reJimi grafikze (nax. 1.6). 

 

nax. 1.6. damoukidebel-agznebiani Zravas meqanikuri 
maxasiaTebeli ukuCarTviTi damuxruWebis reJimSi 

 

    davuSvaT, Zravaze modebulia st1M  datvirTva da 

igi a wertilSi muSaobs Zravul reJimSi. axla davu-

SvaT, rom raRac mizeziT daiwyo statikurma datvi-

rTvam gazrda Zravas lilvze. amas mohyveba brunvis 

siCqaris Semcireba da Sesabamisad, em Zalis Semcir-

ebac. 
U - E U - CωI = =

R R
 Zravas RuzaSi gamavali deni  

daiwyebs gazrdas. roca brunvis siCqare nuls gaut-

oldeba, ZravaSi gaivlis mokled SerTvis (m.S.) deni 

k0I = U / R  ( b wertili) da igi ganaviTarebs m.S.-is mo-

ments k0M . datvirTvis Semdgomi gazrda iwvevs Zrav-
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as brunvis mimarTulebis Secvlas da Sesabamisad, 

ZravaSi gamavali denis gazrdas  ( )I = U+ Cω / R ; de- 

nis gazrdas ki mohyveba momentis gazrda da roca es 

ukanaskneli gautoldeba Camavali tvirTis woniT 

gamowveul st.2M moments, damyardeba Tanabari moZrao-

ba (c  wertili).   

     rogorc  

                
U+ CωI =

R
                     (1.18) 

gamosaxulebidan Cans, garkveul pirobebSi ZravaSi 

gamavalma denma, SeiZleba dasaSvebs gadaaWarbos. am-

is gamo, ukuCarTviT damuxruWebis dros, Ruzis wre-

dSi damatebiT winaRobas CarTaven (amas maxasiaTeb-

lis daxrac gviCvenebs). 

     (1.18) formulis orive mxares Tu gavamravlebT 

IR-ze, miiReba  

          2I R = UI+ CωI =UI+EI ,                 (1.19) 

sadac 2I R  Ruzis wredis gaTbobaze daxarjuli sim-

Zlavrea; UI- qselidan wamoRebuli simZlavre; EI - 
Zravas lilvze Camavali tvirTis meqanikuri simZla-

vris ekvivalenturi eleqtruli simZlavre.   

    ekonomiurobis TvalsazrisiT, ukuCarTviT damu-

xruWebis reJimi, ganxilul reJimebTan SedarebiT, 
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yvelaze araekonomiuria - Camavali tvirTis energia 

da qselidan miRebuli energia, orive Ruzis wredSi  

gamoiyofa siTbos saxiT. dadebiTi mxareebia: am re-

JimiT SesaZlebelia amZravis rogorc Seneleba, ise 

srulad gaCereba da reversic ki.  
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2. asinqronuli Zravas meqanikuri 

maxasiaTeblebi 

     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 

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

als S -s Soris. sriali fizikurad warmoadgens st-

atoris eleqtromagnituri velis brunvis siCqaresa 

(ω )0 da rotoris mimdinare brunvis siCqaresa (ω) 

Soris sxvaobas da gamosaxeba, rogorc       

0

0

ω -ωS =
ω

.                       (2.1) 
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     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
60fn =
p

                        (2.2) 

gamosaxulebiT. radganac Zravas wyvil polusTa ri-

cxvi p  naturaluri ricxvia, samrewvelo qselis st-

andartuli sixSiris dros ( f = 50 hc.) swrafmavali 

Zravebis sinqronuli brunTa ricxvi tolia Semdegi 

sidideebisa: 

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

n0 3000 1500 1000 750 600 500 da a.S. 

 

xolo Sesabamisi brunvis sixSire gamoiTvleba 

Semdegi gamosaxulebiT  

                  0nω =
300
π

.                      (2.3) 

     sinqronuli brunTa ricxvi advilad SeiZleba 

ganisazRvros Zravas nominaluri brunTa ricxvida-

nac, radganac es ukanakneli (2...3)%-iT naklebia sin-

qronulze 0 nn 3000 / round(3000 / n )= .      

    saSualo da didi simZlavris ZravebSi (10-15 kvt 
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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 SM = 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 ganviTareb-

ul maqsimalur moments.  

    (2.4) gamosaxulebidan 

( )mS = S b - b -12
n n .                 (2.5) 

    aq mMb =
M

 maqsimaluri momentis fardobaa aRebu-

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

ides, mMb =
Mn

n
-s  uwodeben Zravas gadatvirTvis unar-

ianobas da (2.4) gamosaxulebidan  

             ( )2
m n n nS = 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 

mniSvnelovan wertilebs warmoadgens: 

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 

(kritikuli) momenti; 

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

    zemoT ganxiluli maxasiaTeblebi bunebrivi max- 

asiaTeblebia da isini aigeba TanmimdevrobiT. Zravas 

sapasporto monacemebia: nominaluri simZlavre nP , 
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kvt; nominaluri brunvaTa ricxvi nn , br/wT; gadat-

virTvis koeficienti n m nb = M / M ; wyvil polusTa 

ricxvi p : 

ganisazRvreba:  

1) Zravas nominaluri sriali n
n

0

ωS = 1-
ω

; 

2) Zravas maqsimaluri sriali ( )2
m n n nS = S b + b -1 ; 

3) Zravas nominaluri momenti  n
n

n

PM = 9550
n

, nm 

4) Zravas maqsimaluri momenti m n nM = 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 iz-

rdeba    

                 2
m 2 2

1 m0

RS = ±
R + X

′
                 (2.7) 

srialis maqsimaluri mniSvneloba.   

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

generatorul (samuxruWe) 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; 

     m0 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 

                2
m0

m0

RS =
X

′
,                       (2.8) 

xolo xelovnurze  

               2
mx

m0

R +rS =
X

0′ ′
.                      (2.9) 

     (2.8) da (2.9) formulebis  erTmaneTze gayofiT, 

miiReba: 

   2 0 2 0 0mx

m0 2 2 2

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

′ ′
′

 ,            (2.10) 

sadac 2R  rotoris wredSi CarTuli reostatis 

winaRobaa 
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    m0
2 0

mx m0

SR r
S S

=
−

.                   (2.11) 

     es damokidebuleba marTebulia srialis neb-

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

 

 
nax. 2.4. reostatuli amuSaveba mudmivi datvirTviT 

        nominaluri siCqaris (wertili d) miRwevisaTvis 

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-

Tarebuli momenti gaizrdeba 1M  mniSvnelobamde da 
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gadava II maxasiaTebelze (wertili 3). amZravi isev 

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   
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  st nM = 0.1...0.5 M -ia, amuSavebis reJimi “msubuqia”; Tu 

 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 safexurebians. am dros, meqanizmebis 

nawilebSi aRiZvreba cikluri xasiaTis damatebiTi 

dinamikuri datvirTva, romelic zrdis manqanis el-

ementebis cveTas. momentis cvalebadoba sagrZnobl-

ad SeiZleba Semcirdes, amamuSavebeli safexurebis 

ricxvis gazrdiT. Tu 1

2

M 1
M

 ,  maSin amuSaveba usaf-

exuro xdeba da Zravas SesaZleblobebi maqsimalur-

ia.  

     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   
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m m
2

2 2 m 2

M M 1b
M k M k

= = = ,                 (2.12) 

xolo misi 2a  koeficienti  

2
2 2 2a b b 1= − − .                     (2.13)          

     amamuSavebeli momentis, M0 -is mniSvnelobad mi-

viRoT  

MM 1.2M 1.2
b

m
0 n

n
= =  nm;               (2.14)    

Sesabamisad,  

n
0

bb
1.2

= ;                      (2.15) 

maSin, pikuri momentis gadatvirTvis koeficienti iq-

neba 

 
2
0

1
2

bb
b

= ;                       (2.16) 

xolo pikuri momentis koeficienti  

2
1 1 1a b b 1= − − ;                   (2.17) 

    amamuSavebeli reostatis safexurebis raodenoba 

1 m0

1

2

1lg
a S

z round
alg
a

  
  

  =   
  
   

.                (2.18) 
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     am damrgvalebuli z -saTvis gamoiTvleba 1a -is 

axali mniSvneloba 

1
z z 1
2

1
m0

aa
S

+ 
=  

 
;                 (2.19) 

b  koeficientis mniSvneloba 

1

2

ab
a

= .                    (2.20) 

    radganac ukve cnobilia 1

2

ab
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
2z 2

m0

2M S bM S
S b S

=
+

.                (2.21) 

roca z = 0 , aigeba bunebrivi maxasiaTebeli, xolo 

roca z = 1...n - Sesabamisi xelovnuri maxasiaTebli.  
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     rotoris erTi fazis nominaluri winaRoba gam-

oiTvleba 2n
n

2n

U
3 I

R = , xolo sakuTriv rotoris wina-

Roba - r = R S0 n n0  formuliT. 2nI - aris rotoris nomi-

nanaluri deni, a; 2nU  - rotoris em Zala, v; maTi si-

dideebi 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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3. orboloiani saSaxto jalambris 

amuSavebis Taviseburebani 

    ganvixiloT orboloiani saSaxto jalambris am-

uSaveba. am amocanis Tavisebureba isaa, rom amuSaveb-

is dros gardamavali procesis xasiaTze moqmedebs 

ara mxolod bagiris (drekadi transmisiis) masa, ara-

med wonac.Ddeformaciis dros icvleba bagiris simZ-

imis centris mdebareoba, potenciuri energia da Se-

sabamisad, ganzogadebuli Zala.  

     radgan Camavali skipi amuSavebis periodSi ax-

losaa damxvev dolTan, saSualeba gveZleva misi ma-

sa davumatoT dolisas, Camavali bagiris sixistis 

koeficienti miviRoT usasrulobis tolad da sabo-

loo jamSi, sinamdvileSi sammasiani sistema warmov-

idginoT rogorc ormasiani. am daSvebiT miRebuli 

saangariSo sqema mocemulia 3.1. a) naxazze.  

 

nax. 3.1. saSaxto jalambris kinematikuri sqema 
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      davuSvaT ganzogadebuli koordinatebia 2m Wu-

rWlis gadaadgileba y  da bagiris zeda bolos ga-

daadgileba dolis zedapirze x , xolo 1m aris Zr-

avas, gadamcemi meqanizmisa da dolis dayvanili masa 

dolis zedapirze; 0L - awevis sigrZe; C - bagiris six-

istis koeficienti. 

    vTqvaT, jalambari damuxruWebulia da amwevi ba-

giris sigrZea L . Zravas CarTvisa da ganmuxruWis Se-

mdeg doli daiwyebs brunvas. bagiris drekadobis ga-

mo, drois garkveul mcire monakveTSi, dolis xda 

WurWlis y ganvlili manZilebi gansxvavebuli iqneba. 

rasakvirvelia, x > y . WurWeli jer CamorCeba dols, 

xolo Semdeg, inerciis Zalebis xarjze daiw-yebs 

rxevas. 

     bagiris masis gasaTvaliswineblad gamoviyenoT 

releis meTodi       

x - yu = x - z
L

,                   (3.1)  

sadac u  bagiris kveTis gadaadgilebaa deformaciis 

dros. igi, bagiris dolze Camagrebis adgilidan z  

manZiliTaa daSorebuli (nax. 3.1. b).   

    bagiris kinetikuri energia gamoiTvleba formu-

liT      
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2L L
2

r 0r 0r
0 0

1 1 x - yT = m u dz = m x - z dz
2 2 L

 
 
 ∫ ∫

 

   ,      (3.2) 

xolo integralis amoRebis Semdeg, iqneba 

          
2 2

r r
1 x + xy + yT = m
2 3

   

,                 (3.3) 

sadac 0rm  erTi metri bagiris masaa, rm - mTliani 

bagiris masa. 

    sistemis sruli kinetikuri energia  

2 2
2 2

1 2 r 1 2 r
1 1 1 x + xy + yT = T + T + T = m x + m y + m
2 2 2 3

   

  .  (3.3) 

    bagiris kveTis gadaadgilebiT gamowveuli 

potenciuri energiis cvalebadobaa  

  
L L

1 r r r
0 0

x - y x + yΠ =m g udz =m g x - z dz =m g
L 2

 
 
 ∫ ∫ .   (3.5) 

    bagiris deformaciiT gamowveuli potenciuri en-

ergiis cvalebadoba  

               2
2 0

1Π = c(x - y + f )
2

,                 (3.6) 

sadac 0f amavali bagiris winaswari statikuri daWim- 

ulobaa. miRebulia, rom winaswar daWimulobas Wur-

Wlis 2m g  wonasTan erTad, qmnis bagiris wonis nax-

evari. ase rom  
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              0 r 2
1 1f m m g
c 2

 = + 
 

.               (3.7)  

    sistemis sruli potenciuri energia, WurWlis 

wonis gaTvaliswinebiT iqneba 

               1 2 2 Π=Π +Π  +m gy .                 (3.8) 

    sistemas aqvs Tavisuflebis ori xarisxi da 

saWiroa lagranJes ori gantolebis Sedgena.    

     ganvsazRvroT gantolebebSi Semavali wevrebi   

( ) ( ) ( )

( ) ( )

1 r r

2 r r

r r 2 r 2

r r 2 2

d T 1 1= m + m x+ m y;
dt x 3 6
d T 1 1= m + m y+ m x;
dt y 3 6
Π 1 1= m g+c x-y + m g+m g= m +m g+c x-y ;
x 2 2
Π 1 1= m g-c x-y - m g-m g+m g=-c x-y ;
y 2 2

 ∂  
  ∂  

 ∂  
  ∂  

 ∂
 ∂
 ∂

∂

 



 



(3.9)  

x motQ F′ =   da  yQ = 0.′  

    motF  Zravas mier jalambris dolze ganviTarebu-

li Zalaa.  

    ukanaskneli sistemidan SeiZleba miviRoT jala-

mbris amuSavebis aRmweri diferencialur gantole-

baTa sistema 
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          11 12 mot

21 22

a x + a y = F - Q - c(x - y);
a x + a y = c(x - y),





 

 

            (3.10) 

sadac 11 1 r
1a = m + m
3

; 12 r
1a = m
6

; 22 2 r
1a = m + m
3

; 

21 12a = a ; ( )r 2Q = m + m g . 

    L[3]- is gaTvaliswinebiT, (3.9) gantolebaTa sist-

ema gadaiwereba Semdegi saxiT  (am SemTxvevaSi 

11 1 r
1a = m + m
2

; 12 21a = a = 0  da 22 2 r
1a = m + m
2

)  

11 mot

21

a x = F - Q - c(x - y);
a x = c(x - y).









               (3.11) 

    (3.10) sistema CavweroT operaciuli formiT da 

cvladebi ganvsazRvroT nulovani sawyisi pirobebi-

saTvis  

      

2
mot 22

3 2 2
11 22

mot
3 2 2

11 22

F - Q a P + cx = ;
a a P (P +ω )

F - Q cy = .
a a P (P +ω )








.               (3.12) 

    CvenTvis ufro sainteresoa aCqarebisa da siCqa-

ris gansazRvra. amisaTvis, (3.11) sistemis orive gant-

olebis orive mxare gavamravloT 2p -ze da ganvsazR-

vroT aCqareba, xolo Semdeg maTi integrirebiT– si-

Cqare. Sedegad, miviRebT: 

    aCqarebebi - 
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( )

2
22

x 0

y 0

aω - ca = a 1+ cosωt
c

a = a 1- cosωt ,

  
  

 



,         (3.13) 

   siCqareebi -  

        

2
22

x 0

y 0

aω - cv = a t + sinωt
cω

1v = a t - sinωt
ω

,

  
    
  

   

          (3.14) 

sadac  2 11 22

11 22

a + aω = c
a a

, 1/wm  sistemis rxevis kuTxuri 

sixSirea, xolo mot mot
0

11 22 1 2 r

F - Q F - Qa = =
a + a m + m + m

 - 

sistemis saSualo aCqarebis sidide.  
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praqtikuli samuSaoebi 

 

amocana #1 

     gamovTvaloT mudmivi denis damoukidebel-agzn-

ebiani Zravas xelovnuri meqanikuri maxasiaTeblebi,  

romlebic Seesabameba:  

a) Zravas agznebis nakadis cvlilebas - fc 0.75 c= ⋅ ; 

b) Zravaze modebul Zabvis cvlilebas - v nU 0.25 U= ⋅ ; 

g) Ruzis wredis winaRobis cvlilebas – r nR 0.8 R= ⋅ ; 

     miRebulia, rom Zravas datvirTva yvela reJimSi 

nominaluria.      

     gamoTvlebisaTvis saWiro monacemebia:  

nP 5.4= kvt; nU 220= v; nn 0001= br/wT; n 27I = a. 

    bunebrivi meqanikuri maxasiaTebeli: 

    Zravas brunvis sixSire 

n
n

n 1000
105

30 30
π π ⋅

ω = = ≈  1/wm; 

    margi qmedebis koeficienti (mqk) 

3 3
n

n
n n

P 10 5.4 10 0.91
U I 220 27

⋅
η = = ≈

⋅
; 

    nominaluri winaRoba 

n
n

n

U 220R 8.15
I 27

= = = omi; 
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    Ruzis winaRoba 

( ) ( )0 n nR 0.5 1 R 0.5 1 0.91 8.15 0.37= − η = − ⋅ = omi; 

    em Zalis koeficienti 

n n 0

n

U I R 220 27 0.37C 2
105

− − ⋅
= = =

ω
vwm; 

    Zravas uqmi svlis brunvis sixSire 

n
0

U 220 110
C 2

ω = = =  1/wm; 

    Zravas nominaluri momenti 

n nM CI 2 27 54= = ⋅ =  nm; 

    bunebrivi meqanikuri maxasiaTeblis sixistis mo-

duli 

2 2

s
0

C 2 10.8
R 0.37

β = = =  nmwm. 

     bunebrivi meqanikuri maxasiaTeblis gantoleba 

ω = f(M)  koordinatebSi 

s 0
s

M M= - = 110 -
10.8

ω ω
β

. 

    M -is cvlilebiT (mag., nM = 0...1.1 M⋅ ) aigeba Zra-

vas bunebrivi meqanikuri maxasiaTebeli. 

a) xelovnuri meqanikuri maxasiaTebeli Zravas 

agznebis nakadis cvlilebisas ( fC C≠ ) 
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     em Zalis koeficienti agznebis nakadis Semcire-

bisas, fC 0.75 C= ⋅ vwm; 

     idealuri uqmi svlis brunTa ricxvi agznebis 

nakadis Semcirebisas 

0
0f

110= = = 146.7
0.75 0.75
ω

ω  1/wm; 

     meqanikuri maxasiaTeblis sixistis moduli agz-

nebis nakadis Semcirebisas 

2 2
f s= 0.75 = 0.75 10.8 6β ⋅β ⋅ ≈ nmwm; 

     meqanikuri maxasiaTeblis gantoleba = f(M)ω  

koordinatebSi 

f 0f
f

M M= - = 146.7 -
6

ω ω
β

. 

     b) xelovnuri maxasiaTebeli (reostatuli, 

r 0R R≠ )  

    reostatuli meqanikuri maxasiaTeblis sixistis 

moduli, rodesac Ruzis wredis jamuri winaRoba  

r nR 0.25 R= ⋅  

2 2 2

r
r n

C C 2 1.96
R 0.25R 0.25 8.15

β = = = =
⋅

 nmwm; 

    reostatuli meqanikuri maxasiaTeblis gantole-

ba = f(M)ω  koordinatebSi 
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r 0
r

M M= - = 110 -
1.96

ω ω
β

. 

    g) xelovnuri maxasiaTebeli ( v nU U≠ ) 

    idealuri uqmi svlis brunvis sixSire, rodesac 

Zravaze modebulia v nU 0.8 U= ⋅  v. Zabva 

0v 00.8 0.8 110 88ω = ⋅ ω = ⋅ =   1/wm. 

    xelovnuri meqanikuri maxasiaTeblis gantoleba 

= f(M)ω  koordinatebSi 

v 0v
s

M M= - = 88 -
10.8

ω ω
β

. 

      

 

     gamoTvlebisa da grafikuli agebis gamartiveb-

is mizniT, gamoviyenoT daprogramebis sistema 

MATLAB-i. 

>> Gv=input('Input name ','s'); sname='   Jg';  
Jg=input('Input # group','s');  
Pn=input('Pn='); Un=input('Un='); In=input('In='); 
Nn=input('Nn='); Pn=5.4; Un=220; In=27; Nn=1000; Wn=pi*Nn/30; 
eta=Pn*10^3/Un/In; Rn=Un/In; R0=(1-eta)*Rn/2; c=(Un-In*R0)/Wn; 
Mn=c*In; W0=Un/c; bs=c^2/R0; cf=.75*c; Rr=.5*Rn; W0f=W0/.75; 
bf=.75^2*bs; br=c^2/Rr; W0v=.8*W0; M=-1.2*Mn:0.001:1.2*Mn; 
Wss=W0-M/bs; Wff=W0f-M/bf; Wvv=W0v-M/bs; 
plot(M,Wss,'k--',M,Wff,'r--',M,Wvv,'b--','LineWidth',2.5); hold on,  
M=0:0.001:1.0*Mn;Wrr=W0-M/br;  
plot(M,Wrr,'g--','LineWidth',2.5);grid; hold on, 
legend('Ws=W0-M/bs','Wf=W0f-M/bf','Wv=W0v-M/bs', 'Wr=W0-
M/br',-1); 
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text(.025*Mn,.03*W0,'0','FontSize',12);  
text(.01,1.05*W0,['W0=',num2str(W0,'%9.2f')],'FontSize',8);  
text(.01,1.05*W0f,['W0f=',num2str(W0f,'%9.2f')],'FontSize',8);  
text(.01,1.05*W0v,['W0v=',num2str(W0v,'%9.2f')],'FontSize',8);  
ylabel('W','FontSize',12); xlabel('M','FontSize',12); 
title([Gv, sname, Jg, '  =amocana  #1=      ', date],'FontSize',11); 
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amocana #2 

     gamovTvaloT mudmivi denis damoukidebel-agzn-

ebiani Zravas bunebrivi da xelovnuri meqanikuri ma-

xasiaTeblebi:   

1. Zravul reJimSi 

a) bunebrivi meqanikuri maxasiaTebeli – Zravas kata-

loguri monacemebiT;  

2. generatorul reJimSi 

a) rekuperaciuli damuxruWeba - rek 0R R= ; 

b) dinamikuri damuxruWeba - din nR 0.75 R= ⋅ ; 

g) ukuCarTviT damuxruWeba - u nR 2 R= ⋅ . 

     miRebulia, rom Zravas datvirTva yvela reJimSi 

nominaluria.      

     gamoTvlebisaTvis saWiro monacemebia:  

nP 5.4= kvt; nU 220= v; nn 1000= br/wT; nI 27= a.  

    1. Zravuli reJimi 

    a) bunebrivi meqanikuri maxasiaTebeli 

    Zravas brunvis sixSire 

n
n

n 1000
105

30 30
π π ⋅

ω = = ≈ 1/wm; 

    margi qmedebis koeficienti (mqk) 

3 3
n

n
n n

P 10 5.4 10 0.91
U I 220 27

⋅
η = = ≈

⋅
; 
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    nominaluri winaRoba 

n
n

n

U 220R 8.15
I 27

= = = omi; 

    Ruzis winaRoba 

( ) ( )0 n nR 0.5 1 R 0.5 1 0.91 8.15 0.37= − η = − ⋅ = omi. 

    em Zalis koeficienti 

n n 0

n

U I R 220 27 0.37C 2
105

− − ⋅
= = =

ω
vwm; 

    Zravas uqmi svlis brunvis sixSire 

n
0

U 220 110
C 2

ω = = =  1/wm; 

    Zravas nominaluri momenti 

n nM cI 2 27 54= = ⋅ = nm; 

    bunebrivi meqanikuri maxasiaTeblis sixistis mo-

duli 

2 2

s
0

C 2 10.8
R 0.37

β = = = nmwm; 

    bunebrivi meqanikuri maxasiaTeblis gantoleba 

ω = f(M)  koordinatebSi 

s 0
s

M M110
10.8

= − = −
β

ω ω . 

    M -is cvlilebiT (mag., nM = 0...1.1 M⋅ ) aigeba Zra-

vas bunebrivi meqanikuri maxasiaTebeli. 
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2. generatoruli reJimi 

     a) rekuperaciuli damuxruWeba   

     rekuperaciuli damuxruWebis meqanikuri maxasi-

aTeblis sixistis moduli, rodesac Ruzis wredis 

jamuri winaRobaa  rek 0R R=  

2 2 2

rek
rek 0

C C 2 10.8
R R 0.37

β = = = = nmwm; 

    rekuperaciuli damuxruWebis meqanikuri maxasia-

Teblis gantoleba ω = f(M)  koordinatebSi 

rek 0
rek

M M108
10.8

 = − = − − β  
ω ω . 

     b) ukuCarTviT damuxruWeba   

     ukuCarTviT damuxruWebis meqanikuri maxasiaTe-

blis sixistis moduli, rodesac Ruzis wredis jam-

uri winaRobaa  u nR 2 R= ⋅  

2 2 2

u
u n

C C 2 0.245
R 2 R 2 8.15

β = = = =
⋅ ⋅

nmwm; 

     ukuCarTviT damuxruWebis meqanikuri maxasiaTeb-

lis gantoleba ω = f(M)  koordinatebSi 

u 0
u

M M
0.245

= − = −
β

ω ω . 

     g) dinamikuri damuxruWeba   
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     dinamikuri damuxruWebis meqanikuri maxasiaTeb-

lis sixistis moduli, rodesac Ruzis wredis jamu-

ri winaRobaa  d nR 0.75 R= ⋅  

2 2

d
d

C 2 10.8
R 0.75 8.15

β = = =
⋅

nmwm; 

     dinamikuri damuxruWebis meqanikuri maxasiaTeb-

lis gantoleba ω = f(M)  koordinatebSi 

d
d

M M
10.8

= − = −
β

ω . 

    

 

 

     gamoTvlebisa da grafikuli agebis gamartiveb-

is mizniT gamoviyenoT daprogramebis sistema 

MATLAB-i  
>> Gv=input('Input name ','s');sname='   Jg';  
Jg=input('Input # group','s'); Pn=input('Pn='); Un=input('Un='); 
In=input('In='); Nn=input('Nn='); % Pn=5.4; Un=220; In=27; 
Nn=1000; Wn=pi*Nn/30; Id=In; Iu=.6*In; Ir=.8*In; Rn=Un/In; 
En=Pn*1000/Un/In; R0=.5*(1-En)*Rn; W0=2*Wn/(1+En); 
C=Un/W0; Mn=C*In; Md=C*Id; Mu=C*Iu; Mr=C*Ir; bs=C^2/R0; 
br=bs; Ru=2*Rn; bu=C^2/Ru; Rd=.75*Rn; bd=C^2/Rd; 
Wr=W0+Mr/br; Wd=Md/bd; Wu=W0-Mu/bu; M=-Mr:.01:0; 
Wrr=W0-M/bs; plot(M,Wrr,'r--','LineWidth',2.5); hold on,  
M=0:.01:Mn; Wss=W0-M/bs;  
plot(M,Wss,'k--','LineWidth',2.5); hold on, M=0:-.01:-Md;  
Wdd=-M/bd;  
plot(M, Wdd,'b','LineWidth',2.5); hold on, M=0:.01:Mu;  Wuu=W0-
M/bu; plot(M, Wuu,'g','LineWidth',2.5); grid;   
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legend('Wr=W0+Mr/bs','Ws=W0-Mn/bs','Wd=-Md/bd','Wu=W0-
Mu/bu',-1); 
text(.025*Mn,.03*W0,'0','FontSize',12); 
text(.01,1.05*W0,['W0=',num2str(W0,'%9.2f')],'FontSize',10);  
text(.4*Mn,.95*Wn,['Wn=',num2str(Wn,'%9.2f'),';  
Mn=',num2str(Mn,'%9.2f')],'FontSize',10); 
text(-Mr,.95*Wr,['Wr=',num2str(Wr,'%9.2f'),'; 
Mr=',num2str(Mr,'%9.2f')],'FontSize',10); 
text(-Md,1.1*Wd,['Wd=',num2str(Wd,'%9.2f'),';  
Md=',num2str(Md,'%9.2f')],'FontSize',10); 
text(Mu/2,.9*Wu,['Wu=',num2str(Wu,'%9.2f'),';  
Mu=',num2str(Mu,'%9.2f')],'FontSize',10); 
ylabel('W','FontSize',12); xlabel('M','FontSize',12); 
title([Gv, sname, Jg, '  =amocana  #2=      ', date],'FontSize',12); 
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amocana #3 

     gamovTvaloT cvladi denis fazur-rotoriani 

Zravas bunebrivi da xelovnuri meqanikuri maxasiaT-

eblebi, romlebic Seesabameba:  

a) rotoris wredis jamur winaRobas– R 2nR 0.025 R= ⋅ ; 

b) Zravaze modebul Zabvas – 1 1nU 0,85 U= ⋅ . 

     gamoTvlebisaTvis saWiro monacemebia:  

Zravas nominaluri simZlavre - nP 30= kvt; 

nominaluri brunTa ricxvi - nn 970= br/wT; 

nominaluri gadatvirTvis koeficienti - nb 2.6= ; 

qselis xazuri Zabva - 1nU 380= v; 

statoris nominaluri deni - 1nI 67= a; 

rotoris nominaluri Zabva - 2nU 225= v;  

rotoris nominaluri deni - 2nI 72= a. 

     nominaluri momentis sidide 

n
n

n

9555 P 9555 30M 1.05 1.05 310
n 970

⋅
= = =

⋅
nm, 

sadac 1.05  iTvaliswinebs ZravaSi momentebis danaka-

rgebs. 

      maqsimaluri momentis mniSvneloba 

m n nM b M 2.6 310 806= = ⋅ = nm; 

nominaluri srialis Sesabamisi mniSvneloba  
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n
n

0

n 970S 1 1 0.03
n 1000

= − = − = , 

sadac 

0 n3000 / round(3000 / n 3000 / round(3000 / 970 1000n ) )= = =   

    maqsimaluri srialis sidide bunebriv maxasiaTe-

belze 

( ) ( )2 2
m0 n n nS S b b 1 0.03 2.6 2.6 1 0.15= + − = + − = . 

    bunebrivi meqanikuri maxasiaTeblis asageb for-

mulas, aqvs aseTi saxe: 

m m
2 2 2 2
m

2M S 2 806 0.15M S S
S S 0.15 S

⋅ ⋅
= =

+ +
. 

      amamuSavebeli momentis mniSvneloba bunebriv 

maxasiaTebelze ( )S 1= , 

m m
0 2 2 2 2

m

2M S 2 806 0.15M 1 1 236.2
S 1 0.15 1

⋅ ⋅
= ⋅ = ⋅ =

+ +
nm. 

     rotoris nominaluri winaRoba 

2n
n

2n

U 225R 1.8
3 I 3 72

= = =
⋅

omi; 

     rotoris gragnilis winaRoba 

0 n nr = R S 1.8 0.03 0.054= ⋅ = omi; 

     rotoris wredSi mierTebuli reostatis 

winaaRmdegoba  
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R 2nR 0.025 R 0.025 1.8 0.045= ⋅ = ⋅ = omi; 

     maqsimaluri srialis mniSvneloba xelovnur ma-

xasiaTebelze, romelic Seesabameba rotoris wredSi 

mierTebul RR winaRobas 

R R
mR m0 m0

20 n

R k 0.025S S 1 S 1 0.15 1 0.275
R S 0.03

     = + = + = + =     
   

. 

     reostatuli meqanikuri maxasiaTeblis asagebi 

formula 

m mR
R 2 2 2 2

mR

2M S 2 806 0.275M S S
S S 0.275 S

⋅ ⋅
= =

+ +
, 

     amamuSavebeli momentis mniSvneloba am maxasia-

Tebelze ( )S 1= , 

R0 2
2 768 0.275M 1 412

0.275 1
⋅ ⋅

= ⋅ ≈
+

nm. 

     xelovnuri meqanikuri maxasiaTeblis asagebad, 

rodesac xazuri Zabvis mniSvneloba Semcirdeba 

1

1n

U 0.85
U

= -jer da maqsimaluri momentis mniSvneloba-  

20.85 -jer, formula miiRebs Semdeg saxes ( )uk 0.85=  

2 2 m m
U 2 2

m

2M SM 0.85 M 0.85 S
S S

= ⋅ = ⋅
+

nm. 

      amamuSavebeli momentis mniSvneloba ( )S 1= , 
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2 2
U0 0M 0.85 M 0.85 236.2 170.7= ⋅ = ⋅ = nm. 

 

  

 

 

    meqanikuri maxasiaTeblebis asagebad, samive Sem-

TxvevaSi gamoviyenoT daprogramebis sistema  

MATLAB-i. 

>> Gv=input('Input name ','s');sname='   Jg';  
Jg=input('Input # group','s');  
Pn=input('Pn='); nn=input('nn='); bn=input('bn='); 
U2n=input('U2n='); I2=input('I2=');  
% Pn=30; nn=970; I1n=67;U2n=225; I2n=72; bn=2.5; 
Mn=1.05*9555*Pn/nn; Mm=bn*Mn; n0=3000/round(3000/nn); 
Sn=1-nn/n0; Sm0=Sn*(bn+(bn^2-1)^0.5); R2n=U2n/1.73/I2n; 
R2=Sn*R2n; RR=.025*R2n; SmR=Sm0*(1+.025/Sn); S=0:.01:1; 
Ms=0.0001; M=2*Mm*Sm0*S./(Sm0.^2+S.^2); Mu=.85^2*M; 
M0=2*Mm*Sm0*1/(Sm0.^2+1); Mum=.85^2*Mm; Mu0=.85^2*M0; 
MR=2*Mm*SmR*S./(SmR.^2+S.^2);  Mm0=Mm+Ms*sin(S); 
MR0=2*Mm*SmR*1/(SmR.^2+1); M00=M0+Ms*sin(S);  
Mum0=Mum+Ms*sin(S); Mu00=Mu0+Ms*sin(S); 
MR00=MR0+Ms*sin(S);  
plot(S,M,'b-
',S,MR,'r:',S,Mu,'g:',S,Mm0,'k:',S,Mum0,'k:','LineWidth',2); grid; 
h=text(1.01,Mm,['Mm=',num2str(Mm,'%9.2f')], 'FontSize',12);  
h=text(1.01,Mum,['Mum=',num2str(Mum,'%9.2f')], 'FontSize',12);  
h=text(1.01,M0,'M0,[M]','FontSize',12); 
h=text(1.01,Mu0,'Mu0,[Mu]','FontSize',12);  
h=text(1.01,MR0,'MR0,[MR]','FontSize',12);  
ylabel('M','FontSize',12); xlabel('S','FontSize',12); 
title([Gv, sname, Jg, '  =amocana  #3=      ', date],'FontSize',12); 
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amocana #4 

      samfaza cvladi denis fazur-rotoriani asinq-

ronuli ZravasaTvis, romlis kataloguri monacemeb-

ia: 

nominaluri simZlavre – nP = 30 kvt; 

nominaluri Zabva – 1nU = 380 v; 

rotoris nominaluri Zabva – 2nU = 255 v; 

rotoris nominaluri deni – 2nI = 72a; 

nominaluri gadatvirTvis koeficienti– m
n

n

Mb = = 2.5
M

; 

nominaluri brunTa ricxvi – nn = 970 br/wT.  

statikuri datvirTva Zravas lilvze - stM = 0.75 Mn⋅ . 

gamoviTvaloT Zravas amamuSavebeli winaRobis sidi-

deebi. 

 

    nominaluri brunTa ricxvis Sesabamisi  standa-

rtuli sinqronuli brunTa ricxvi  

( ) ( )0 nn = 3000 / round 3000 / n = 3000 / round 3000 / 970 = 1000
 srialis nominaluri mniSvneloba 

n
n

0

n 970
S = 1- = 1- = 0.03

n 1000
; 

srialis maqsimaluri mniSvneloba 
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( ) ( )2 2
m0 n n nS = S b + b -1 = 0.03 2.5 + 2.5 -1 = 0.1437 ; 

momentis nominaluri sidide 

P 30
M = 9550 = 9550 296

n 970
n

n
n

≈ nm; 

momentis maqsimaluri sidide 

mM = b M = 2.5 296 = 740n n ⋅ nm; 

miviRoT, rom statikuri momentis sidide 

M = 0.75 M = 0.75 296 = 222st n⋅ ⋅ nm; 

2M  gadarTvis momentis mniSvneloba aiReba statiku-

rze ( )15...20 % - iT meti 

= = 222 255M 1.15 M 1.152 st ⋅ ≈⋅ nm; 

Sesabamisi gadatvirTvis koeficienti  

m
2

2

M 740
b = =

M 255
= 2.9 nm; 

misiMkoeficienti   

2 2
2 2 2a b b 1 2.9 2.9 1 0.178= − − = − − = . 

     amamuSavebeli momentis (M0 ) mniSvnelobad mivi-

RoT  

1.2 1.2 296 355M M0 n= = ⋅ ≈ nm; 

Sesabamisad, 
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m
0

0

M 740 2.085
M 355

b = == . 

     maSin, amamuSavebeli momentis gadatvirTvis ko-

eficienti 

2 2
0

1
2

b 2.085 1.5
b 2.9

b = == ; 

misi koeficienti  

2 2
1 1 1a b b 1 1.5 1.5 1 0.382= − − = − − = . 

    amamuSavebeli safexurebis raodenoba 

1 m0

1

2

1 1lg lga S 0.382 0.1437z round round 4
0.382a lglg 0.178a

          ⋅      = = =     
           

; 

    z -is am mniSvnelobisaTvis 1a iangariSeba 

1 1
z 4z 1 4 1
2

1
m0

a 0.178 0.371
0.1437

a
S

+ +   
= =   

  
= . 

    b  koeficientis mniSvneloba 

1

2

a 0.371 2.0843
a 0.178

b = == . 

   bunebrivi da xelovnuri maxasiaTeblebi aigeba 

formuliT  
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( )
( )

( )
( )

Z Z
m m0

2 2Z 2 Z 2
m0

2M S b 2 740 0.1437 1.2082
M S S

S b S 0.1437 1.2082 S

⋅ ⋅ ⋅
= =

+ ⋅ +
. 

roca z = 0 , aigeba bunebrivi maxasiaTebeli, xolo 

roca z = 1...4 - Sesabamisi xelovnuri maxasiaTebli.  

     rotoris nominaluri winaRoba  

2n
n

2n

U 255 2.047
3 I 3 72

R = = =
⋅

omi, 

    rotoris fazis winaRoba  

0 n nr = R S = 2.047 0.03 = 0.0614 omi, 

    rotoris wredSi yovel safexurze mierTebuli 

winaRoba  

Z
z 0

zr b 0.0614 1.2082R = ⋅ = ⋅ ,G 

    TiToeuli safexuris winaRoba  

Z 1
z z z 1 0

z 1 z 1
R R r (b 1)b

0.0614 (1.2082 1) 1.2082 0.01278 1.2082

r −
−

− −

= − = − =

= ⋅ − ⋅ = ⋅
. 

 

 

 

     meqanikuri maxasiaTeblebis asagebad da winaRo-

baTa gasaangariSeblad gamoviyenoT daprogramebis 

sistema MATLAB-i 

>> Gv=input('Input name ','s');sname='   Jg'; Jg=input('Input # 
group','s');  
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Pn=input('Pn=');U2=input('U2='); I2=input('I2='); bn=input('bn ='); 
nn=input('nn='); 
% Pn=30; U2=255; I2=72; bn =2.5; nn=970; 
n0=3000/round((3000/nn)); Sn=1-nn/n0; Sm0=Sn*(bn+(bn^2-
1)^0.5); Wn=pi*nn/30;  
W0=pi*n0/30; Mn=Pn*1000/Wn; Mst=0.75*Mn; Mm=bn*Mn; 
M2=1.15*Mst; b2=Mm/M2; 
a2=b2-(b2^2-1)^0.5; M0=1.2*Mn; b0=Mm/M0; b1=b0^2/b2; a1=b1-
(b1^2-1)^0.5;  
Z0=log(1/a1/Sm0)/log(a1/a2); Z= ceil(Z0); 
a1=(a2^Z/Sm0)^(1/(Z+1)); b1=(a1^2+1)/2/a1;  
M1=Mm/b1; M0=(M1*M2)^0.5; Rr0=U2*Sn/(3)^.5/I2; b=a1/a2; 
disp(sprintf('Z=%g',Z));  
for n=0:Z; Rr=Rr0*b^n; disp(sprintf('R%g=%g',n,Rr)); end, 
kst=Mst/Mm; kn=Mn/Mm;  
k2=M2/Mm; k0=M0/Mm; k1=M1/Mm; disp([sprintf('    
Z=%g',Z),sprintf('  Mm=%g',Mm)]);  
for n=0:Z; S=0:.01:1; kst0=kst+0.0001*sin(S); 
k20=k2+0.0001*sin(S);  
k10 = k1+0.0001*sin(S); k00=k0+0.0001*sin(S); 
kn0=kn+0.0001*sin(S);  
Sm0ax=Sm0*b^n; k=2*Sm0ax*S./(Sm0ax.^2+S.^2); hold on,  
plot(S,k,'b-',S,kst0,'k:',S,k20,'r:',S,k10,'r:', S,k00,'r-', S,kn0, 'g:', 
'LineWidth', 2); grid;  
ylabel('k=M/Mmas','FontSize',12); xlabel('S','FontSize',12);  
for n=0:Z-1;S10=Sm0*(b1-(b1^2-1)^.5); S1x=S10*b^n; 
x=0:.0001:.0002; 
y00=k1+(k2-k1)/0.0002*x; hold on, plot(S1x+x,y00,'b--
','LineWidth',2); end;end; 
text(1.01,k1,['k1=',num2str(k1,'%9.2f')],'FontSize',12);  
text(1.01,k0,['k0=',num2str(k0,'%9.2f')], 'FontSize',12);  
text(1.01,k2,['k2=',num2str(k2,'%9.2f')], 'FontSize',12);  
text(1.01,kn,['kn=',num2str(kn,'%9.2f')], 'FontSize',12);  
text(1.01,kst,['kst=',num2str(kst,'%9.2f')], 'FontSize',12);  
title([Gv, sname, Jg, '  =amocana  #4=      ', date],'FontSize',12); 
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sakurso samuSao  I 

      orboloiani saSaxto jalambris amuSavebis re-

Jimis gaangariSeba. 

     moZraobis amsaxvel diferencialur gantoleba-

Ta sistemaSi  

11 0

22

a x = F - c(x - y);
a y = c(x - y).









 

Semavali parametrebis gansazRvrisaTvis, CavataroT  

gaangariSeba.         

winaswari saWiro monacemebia: 

1. daxrili gamonamuSevris sigrZe - 0L = 420 m;  
2. gamonamuSevris daxris kuTxe -  oα = 25  ; 

3. saaTobrivi mwarmoebloba - hA = 200 t/sT. 

    1. skipis tonaJis SerCeva 

    orskipiani awevis dros, skipis tvirTis uxelsay-

relesi masa gamoiTvleba formuliT 

0
0 h

4 L +θ 4 420 +12m = A = 200 5221
3.6 3.6

≈ kg, 

sadac θ =10...12  wm pauzis xangrZlivobaa da aiReba 

skipis tonaJis mixedviT: 

     gamonamuSevris daxris kuTxisa da gaangariSeb-

uli masis mixedviT I danarTidan SevarCioT skipi, 

romlis tvirTamweobaa 0m 6000= kg, xolo sakuTari 
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masa - skm = 4322 kg.                                        

    SeniSvna: didi mwarmoeblobis dros SesaZloa 

dagvWirdes ramdenime skipis arCeva  

    2. amwevi bagiris SerCeva 

    erTi metri bagiris masa gamoiTvleba Semdegnai-

rad           

( )
( )

( )
( )

 kg / m,

0 sk
0R

m + m sinα
m = =

L - L sinα + w cosα

6000 + 4322 sin25
2

2487 - 440 sin25 + 0.3cos25

r r′

= ≈

  

sadac rw 0.3≈  bagiris mimmarTvel gorgolaWebze 

moZraobis winaRobis koeficientia; L 2487′ = m – bagi- 

ris mtkice sigrZe; r 0L = L + 20 = 420 + 20 = 440 m – bagi- 

ris sruli sigrZe. 

II danarTidan bagiri SevirCioT Semdegi monacemebis 

mixedviT: 

bagiris erTi metri masa 0rm = 2.13 kg/m; 

bagiris diametri rd = 23.5 mm; 

bagiris kveTis farTobi rs = 216 mm2; 

bagiris gamgleji Zala n knrT = 277000 = 277 ; 

bagiris mTliani masa  r 0r rm = m L = 2.13 440 937⋅ ≈  kg.    

    3. bagiris sixistis koeficienti 

gorgolaWebs Soris maqsimaluri daSoreba imi- 
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saTvis, rom bagiri ar Seexos zedapirs, iangariSeba 

Semdegi saxiT: 

( )

( )

sk r
0

0r

2.4 m + 0.5 m
l = tgα =

m

2.4 4322 + 0.5 937
= tg25 = 50.17

2.13
m;

⋅

⋅
 

gorgolaWebis raodenoba 

0

0

L 420n = round = round = 8
l 50.17

   
     

; 

gorgolaWebs Soris bagiris sixistis koeficientis 

vertikaluri Semdgeni gamoiTvleba 

5
r r

V
0

E s 2.1 10 216C 904126
l 50.17

⋅ ⋅
= = =  n/m; 

xolo horizontaluri   

n / m

3
r

H 2
0 0r 0

3

2 o

12HC =
l (m gl ) cos

12 46631 24350069 
50.17 (2.13 9.81 50.17) cos

.
25

=
α

⋅
= =

⋅ ⋅ ⋅ ⋅

 

aq, 

( )
( ) n;

0 sk r

0

H = m + m + m gsinα =

= 6000 + 4322 + 937 9.8 sin25 = 46631 
r

⋅ ⋅
 

5
rE = 2.1 10⋅  - bagiris drekadobis moduli, n/mm2 ; 

gorgolaWebs Soris bagiris sruli sixistis koefi- 
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cienti 

n / m,V H
0

V H

C C 904126 24350069C = = 871757 
C + C 904126 + 24350069

⋅
≈  

bagiris mTliani sixistis koeficientia 

0C 871757C 108970
n 8

= = =  n/m. 

     4. statikuri daWimuloba amZrav dolze. jalam-

brisa da Zravas SerCeva. 

( )
( )

0 r r r

o o

Q = m + m sinα +m w cosα g =

= 6000 + 937 sin25 + 937 0.3 cos25 9.81 31.26 

  
 ⋅ ⋅ ≈  kn

 

    III danarTidan, awevis simaRlis, bagiris diamet-

risa da statikuri daWimulobis mixedviT SevarCioT 

jalambari  

tipi   2ЛТ ; 

dolebis raodenoba - 2 ; 

dolis diametri - jD = 1.2 m; 

dolis sigane - В =1.0 m; 

udidesi statikuri daWimuloba - stF = 35  kn; 

bagiris awevis sigrZe - 0L = 475m; 

dolze bagiris maqsimaluri siCqare - mV = 2 m/wm; 

jalambris dayvanili masa - jm = 9600  kg. 

amZravi Zravas simZlavre - nP = 80 kvt; 
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amZravi Zravas brunTa ricxvi - nn = 960  br/w. 

     5. amuSavebis procesi 

gantolebaSi Semavali parametrebi:    

1 j skm = m + m = 9600 + 4322 = 13922 kg; 

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

11 1 R
1 1a = m + m = 13922 + 937 14390
2 2

≈ kg; 

22 2 R
1 1a = m + m = 10322 + 937 10790
2 2

≈ kg; 

     sistemis saSualo aCqarebis mniSvnelobad mivi-

RoT 0a = 0.75  m/wm2, maSin motF Zalis mniSvneloba iqn-

eba           

( )
( )

mot 0 11 22F = a a + a + Q =

= 0.75 14390 +10790 + 31260 = 50145 .n
  

     sabolood, 
11 0

22

a x = F - c(x - y);
a y = c(x - y.









 

gantolebaTa sistema ase gadaiwereba:–  

14390 x =18885 -108970(x - y);
10790 y =108970(x - y),

⋅
 ⋅





 

sadac  0 motF = F - Q = 50145 - 31260 =18885 n, sistemaze 

modebuli Zalis dinamikuri Semdgenia.           
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     maTematikuri gamoTvlebisa da grafikuli ageb- 

bis gamartivebis mizniT, gamoviyenoT daprogramebis 

sistema MATLAB-i. 

>> Gv=input('Input name ','s');sname='   Jg'; Jg=input('Input # 
group','s');  
L0=input( 'L0 ='); alfagr=input( 'alfagr ='); A0=input( 'A0 =');  
% L0=420; alfagr=25; A0=200; 
alfa=pi/180*alfagr; g=9.81; m0=(4*(L0)^.5+12)*A0/3.6;  Lr=L0+20; 
Er=2.1*10^5; j=.75;    
m01=[2000, 3000, 4000, 6000]; n=min(find(m01>=m0)); 
m0=m01(n); 
msk1=[2553, 3011, 3086, 4422]; msk=msk1(n); 
Vm=0.32*(j*L0)^.5; 
m0r=(m0+msk)*sin(alfa)/(2487-Lr*(sin(alfa)+0.3*cos(alfa))); 
mr=[.3835,0.513,.6965,.812,1.045,1.245,1.52,1.83,2.13,2.495,2.8,3.
215,3.655,4.155,4.55]; 
n=min(find(mr>=m0r)); m0r=mr(n); 
d0r=[9.7,11.5,13.5,15,16.5,18,20,22,23.5,25.5,27,29,31,33,34.5]; 
dr=d0r(n);  
s0r=[38.82,51.96,70.55,82.16,105.73,125.78,154,185,216,252.5,284
,325.4,370,421,461]; 
sr=s0r(n); mr=m0r*Lr; l0=(2.4*(msk+0.5*mr)*tan(alfa)/m0r)^0.5;  
Hr=(m0+msk+mr)*g*sin(alfa); Cv=Er*sr/l0; 
Ch=12*Hr^3/((m0r*g*l0)^2*l0*cos(alfa)); 
nnn=round(L0/l0); C0=Cv*Ch/(Cv+Ch); C=C0/nnn;Ms=.001; 
Q00=g*((m0+mr)*sin(alfa)+0.3*mr*cos(alfa))/1000; Q0=[25,35,40];  
n=min(find(Q0>=Q00)); Q=Q0(n); mj0=[9200,9600,10450]; 
mj=mj0(n);  
m1=mj+msk; m2=m0+msk; a11=m1+mr/2; a22=m2+mr/2;  
Smm=m1+m2+mr; a0=.75;  
Fm0t=a0*Smm+Q00; w=((a11+a22)*C/(a11*a22))^.5; T0=2*pi/w; 
uu=2; t=0:0.01:uu*T0;  
a00=a0+Ms*sin(t); V0=a0*t; ax=a0*(1+(a22*w^2-C)/C*cos(w*t)); 
ay=a0*(1-cos(w*t));  
Vx=a0*(t+(a22*w^2-C)/C/w*sin(w*t)); Vy=a0*(t-1/w*sin(w*t)); 
plot(t,V0,'k-',t,a00,'k-',t,Vx,'r-',t,Vy,'b:',t,ax,'r-
',t,ay,'b:','LineWidth',2); grid;  
xlabel('t','FontSize',14); ylabel('Vx, Vy, ax, ay','FontSize',12); 
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legend('V0','a0','Vx','Vy','ax','ay',2); 
h=text(1.01*uu*T0,a0,['a0=',num2str(a0,'%9.2f')], 'FontSize',12);  
title([Gv, sname, Jg, '  =sakurso #1=      ', date],'FontSize',12); 
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sakurso samuSao  II 

erTmaliani, orvagoniani qanqarasebri kiduli 

samgzavro bagirgzis amuSavebis reJimis gaangariSeba 

 

    bagirgzis mudmiv sidideebad miRebuli ZiriTadi 

parametrebi da maTi ganzomilebis erTeulebi 

0f 0.06=  - vagonis sarelso bagirze moZraobis wina-

Robis koeficienti; 

0t 200= -sawevi bagiris erTi Stos moZraobis winaRo-

bis mniSvneloba, n; 

5E = (1.6...2.1) 10r ⋅ - foladis mavTulis drekadobis 

moduli, n/mm2;    

Em - carieli vagonis masaa kg;  

C E
2m m
3

≈  - savali urikis (karetis) masa, kg;  

EC E Cm m m= +  - carieli vagonis masa urikiT (karet-

iT), kg;  

N - mgzavrTa raodenoba vagonSi;  

qm 80≈ - erTi mgzavris savaraudo masa vagonSi, kg; 

FC EC qm m N m= + ⋅ - savse vagonis masa urikiT, kg; 

k 12= - e.w. “grZelvadianobis” koeficienti; 
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1q , 2q  - erTi metri sarelso da sawevi bagirebis 

wona, n/m; 

1n 3.3= , 2n 4.5=  - sarelso da sawevi bagirebis mara-

gis koeficientebi; 

α = 0.82...0.91,2 - bagiris mavTulebis datvirTvis uTa-

nabrobis koeficienti; 

1S = 1200...1900 , 2S = 1400...2200 - sarelso da sawevi 

bagirebis simtkicis zRvari gaglejaze, n/mm2; 

1s , 2s - sarelso da sawevi bagirebis liTonis kveTi, 

mm2; 

1
1

1

qg = 0.085
s

≈ , 2

2

qg = 0.095
s2 ≈ - sarelso da sawevi bag-

irebis fiqtobrivi moculobiTi wona, n/m3; 

1 1 1T 0.85 S s= ⋅ ⋅ , 2 2 2T 0.9 S s= ⋅ ⋅  sarelso da sawevi bagi-

rebis gamgleji Zala, n; 

1 1 1
1max 1 1

1 1 1

T 0.85 S qT = = b q
n g n

⋅ ⋅
=

⋅
, 2 2 2

2max 2 2
2 2 2

T 0.9 S qT = = b q
n g n

⋅ ⋅
=  - 

sarelso da sawevi bagirebis daWimulobis dasaSvebi 

maqsimaluri mniSvneloba, n; 

1
1

1 1

0.85 Sb =
g n

⋅
,  2

2
2 2

0.9 Sb =
g n

⋅
- maqsimalur ZalTa koefici-

entebi, m; 
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    saangariSo samgzavro qanqarasebri kiduli bag-

irgza erTmaliania, orvagoniani. saangariSo kinema-

tikur sqemas SesaZloa aseTi Semdegi saxe hqondes: 

 

sadac 1m  aris amZravi Zravas, reduqtorisa da mimm-

arTveli Skivebis masa, dayvanili amZrav Skivze; 2m - 

damWimi da mimmarTveli Skivebis masaTa jami; Gm - 

sawevi bagiris damWimi tvirTi; 3 2 Gm m m  - damWi-

mi Skivisa da tvirTis jami; Rm - sawevi bagiris er-

Ti Stos masa; xm  da ym  bagirgzis samgzavro vago-

nebis masebi; Cm - samgzavro vagonis urikis (karetis) 

masa; Rm  da RC - sawevi bagiris erTi Stos masa da 

sixistis koeficienti;  x , y , z  da s  Sesabamisad 

1m , 2m , xm  da ym -masebis gadaadgileba.  

    rogorc literaturidanaa cnobili, sawevi bagi-

ris damWimi tvirTi 3m  amuSavebis procesSi monawi-
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leobas ar Rebulobs da bagirgzis amuSavebis dif-

gantolebaTa sistemas aseTi saxe aqvs [3]: 

   
   

 
 

11 0 R x

22 R y

x x

y y

a x F 2C x y C x z ;

a y 2C x y C y s ;

m z C x z ;

m s C y s .

             









 

sadac 2x
x x w

w

m gC m w
h

   da 
y 2

y y w
w

m g
C m w

h
   e.w. vago-

nis “sixistis” koeficientia; wh - vagonis Camokideb-

is sigrZe, anu manZili vagonisa da urikis simZimis 

centrebs Soris; w
w

gw
h

 - vagonis rxevis sixSire;  

 0 1 11 22 x yF j a a m m    - sistemaze modebuli Zalis 

dinamikuri Semdgeni;  

11 1 R Ca m m m    kg da 22 2 R Ca m m m    kg - 

masebis koeficientebi.  

    yovelive amis  gaTvaliswinebiT, gantolebaTa 

sistema miiRebs saxes:  

   
   

 
 

2
11 0 R x w

2
22 R y w

2
w

2
w

a x F 2C x y m w x z ;

a y 2C x y m w y s ;

z w x z ;

s w y s .

             








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    gantolebaTa sistemaSi Semavali koeficientebis  

gamosaTvlelad gaviangariSoT bagirgzis parametre-

bi. 

     winaswari monacemebia: 

L 960= - gzis horizontaluri sigrZe, m; 

h 80= - sadgurebs Soris doneTa sxvaoba, m; 

h 80b = arctg arctg 0.083
L 960

   = =   
   

- bagirgzis e.w. savi-

ziro kuTxe; 

Em 600= - carieli vagonis masa, kg; 

N 25= - mgzavrebis raodenoba vagonSi; 

C E
2 2m m 600 400
3 3

≈ = = - vagonis urikis masa, kg; 

wh 2.5= - vagonis Camokidebis sigrZe, m; 

w
w

g 10w 2
h 2.5

= ≈ = - vagonis rxevis sixSire, 1/wm; 

qm 80≈ - erTi mgzavris masa, kg; 

EC E Cm m m 600 400 1000= + = + = - carieli vagonis masa 

urikiT, kg; 

FC q ECm N m m 25 80 1000 3000= ⋅ + = ⋅ + = - savse vagonis 

masa urikiT, kg.  

EC ECQ g m 10 1000 10000= ⋅ ≈ ⋅ = - carieli vagonis wona 

urikiT, n; 
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FC FCQ g m 10 3000 30000= ⋅ ≈ ⋅ = - savse vagonis wona uri-

kiT, n. 

    aCqarebisa da Senelebis sidided miviRoT 

1 3j j 0.6= = m/wm2, maSin maqsimaluri siCqaris saorien-

tacio mniSvneloba iqneba 

1 3
m

1 3

j jV 0.32 2 L 0.32 0.6 960 7.68
j j

= ≈ ⋅ ≈
+

m/wm. 

     iangariSeba erTi metri sarelso bagiris wona 

[3]; mudmivi sidideebis mniSvnelobad miRebulia, rom 

k 12 ; 1S = 1400  n/mm2; 1
1

1

qg = 0.085
s

≈  n/m3; 1n 3.3= ; 

1
1

1 1

0.85 S 0.85 1400b = 4242
g n 0.085 3.3

⋅ ⋅
= ≈

⋅
m, maSin  

2
0

2

h 0.00017202 L 0.0059186 L 21.235

0.00017202 960 0.0059186 960 21.235 174.1

     

      m.
 

      erTi metri sarelso bagiris wona 

FC
1

1

kQ 12 30000q = 86.92
L 960b - - h 4242 - - 80
4k 4 12

⋅
= =

⋅

 n/m; 

SeniSvna: Tuki mocemuli h -is mniSvneloba 0h h≥ , ma-

Sin 1q - is formulaSi nacvlad h -isa, Caismeba 0h . 

   VI danarTidan SeirCeva standartuli bagiri: 

grZivi metris wona - 1q 96  n/m;  
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bagiris diametri - 1d 40.5  mm;  

bagiris liTonis kveTi - 1s 1135  mm2;  

jamuri gamgleji Zala - 1T 1589  kn;  

1b -is realuri mniSvneloba   

1
1

1 1

T 1589000b 5016
n q 3.3 96

  


 m; 

sarelso bagiris damWimi tvirTis wona 

   1 1 1G q b h 96 5016 80 473856      n; 

bagiris daWimulobis horizontaluri Semdgeni 

1 1 1
h 80H q b cosb 96 5016 cos0.083 476052
2 2

                
 n; 

SemovitanoT aRniSvna 

1 / m.

FC1
1

1

Qq1k 2
2H cosb L

1 96 300002 1.6682e-4 
2 476052 cos0.083 960

     

     

 

      sarelso bagiris Cakidulobis mrudis gantoleba 

miiRebs Semdeg saxes 

   1y xtgb x L x k x 0.083 x 960 x 1.6682e-4        ; 

    am gantolebiT aigeba Sesamisi grafiki. 

    sarelso bagirze vagonis asvlis kuTxeebisa da 

amZrav Skivze efeqturi simZlavreebis gansazRvra 



 
73 
 

 
 

     orvagonian qanqarasebr bagirgzaze, vagonis wo-

nis Semdgenisa da moZraobis winaaRmdegobis Zalis 

gamoTvlisaTvis, rac sabolood amZrav Skivze mode-

buli datvirTvebisa da maTi saSualebiT amZravi 

Zravas simZlavris gasaangariSebladaa saWiro, gani-

xilaven or SemTxvevas. 

    bagirgzis amZravi zeda A  sadgurSia moTavsebu-

li ( )kk 1=  an qveda B  sadgurSi ( )kk 0= . meore mxr-

iv, ganixilaven datvirTuli vagonis asvlis kuTxes 

FBa  qveda B  sadgurTan. Tu aRmoCnda, rom FBa 0 , 

gamoiTvleba mxolod datvirTuli vagonebis moZrao-

ba, anu rodesac datvirTuli vagoni moZraobs zemo-

Tken da datvirTuli – qvemoTken. Tuki aRmoCndeba, 

rom FBa 0≥ , maSin gamoiTvleba moZraobis is reJimi, 

rodesac datvirTuli vagoni moZraobs zemoTken da 

carieli qvemoTken. 

      datvirTuli vagonis asvlis kuTxe  

( )F 2Fa arc[tgb L 2 x k ]= + − ⋅ , 

sadac 

1 / m

FC1
2F

1

Qq1k
2H cosb L

1 96 30000 1.34e-4 
2 476052 cos0.083 960

;

     

     
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xolo carielisa - ( )E 2Ea arc[tgb L 2 x k ]= + − ⋅ ,  

sadac 

1 / m;

EC1
2E

1

Qq1k
2H cosb L

1 96 10000 1.1212e-4 
2 476052 cos0.083 960

     

     

 

    miRebulia, rom vagonis moZraobis dasawyisSi 

zeda, A  sadgurTan x=10 m da moZraobis dasasruls, 

qveda B  sadgurTan x L 10= − ; Sesabamisad, datvirT-

uTuli vagonis asvlis kuTxe A  sadgurTan (x=10 m)  

( )FA 2Fa arc[tgb L 2 10 k ]= + − ⋅ ; 

xolo datvirTuli vagonis asvlis kuTxe B  sadgur-

Tan (x=L-10 m)  

( )FB 2Fa arc[tgb L 2 10 k ]= − − ⋅ ; 

carieli vagonis asvlis kuTxe zeda A  sadgurTan 

(x=10 m)  

( )EA 2Ea arc[tgb L 2 10 k ]= + − ⋅ ; 

 xolo carieli vagonis asvlis kuTxe B  sadgurTan 

 (x=L-10 m)   

( )EB 2Ea arc[tgb L 2 10 k ]= − − ⋅ . 

    I. Tu FBa 0  gaangariSeba Catardeba datvirTu-

li vagonebisaTvis:  
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    vagonis wonis Semdgenisa da moZraobis winaRob-

is Zalis jami, rodesac vagoni moZraobs A -dan  B -

saken 

moZraobis dasawyisSi   

( )FAD FC FA 0 FAt Q sina f cosa= − , n; 

moZraobis dasasruls  

( )FBD FC FB 0 FBt Q sina f cosa= − , n. 

rodesac vagoni moZraobs B -dan  A -saken 

moZraobis dasawyisSi   

( )FBU FC FB 0 FBt Q sina f cosa= + , n; 

moZraobis dasasruls  

( )FAU FC FA 0 FAt Q sina f cosa= + , n; 

wevis Zala amZrav Skivze (roca amZravi qveda B  sa-

dgurSia kk 0= , xolo rodesac zeda A sadgurSia 

kk 1= ) 
moZraobis dasawyisSi  

( )kk
F1 FAD FBU 0F ( 1) t t 2t= − ⋅ − + , n; 

moZraobis dasasruls 

( )kk
F2 FBD FAU 0F ( 1) t t 2t= − ⋅ − + , n; 

Zalis efeqturi mniSvneloba amZrav Skivze 

( )2 2
efF F1 F1 F2 F2

1F F F F F
3

= + + , n; 
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amZravi Zravas efeqturi simZlavre 

3efF mr
ef

F VP 10 


kvt, 

sadac 1.05...1.5   sistemis dinamikurobis koefic-

ientia; didi mniSvneloba Seesabameba mokle traseb-

sa da maRal siCqares. 0.9...0.92  , mq koeficientia 

Zravasa da amZrav Skivs Soris. 

    II. Tu FBa 0≥ , gaangariSeba Catardeba datvirTu-

li da carieli vagonebisaTvis: 

    rodesac carieli vagoni moZraobs A -dan B -sa- 

ken   

moZraobis dasawyisSi  

( )EAD EC EA 0 EAt Q sina f cosa= − , n; 

moZraobis dasasruls  

( )EBD EC EB 0 EBt Q sina f cosa= − , n. 

rodesac datvirTuli vagoni moZraobs B -dan A -sa- 

ken 

moZraobis dasawyisSi   

( )FBU FC FB 0 FBt Q sina f cosa= + , n; 

moZraobis dasasruls  

( )FAU FC FA 0 FAt Q sina f cosa= + , n. 

wevis Zala amZrav Skivze  



 
77 
 

 
 

moZraobis dasawyisSi  

( )kk
E1 EAD FBU 0F ( 1) t t 2t= − ⋅ − + , n; 

moZraobis dasasruls  

( )kk
E2 EBD FAU 0F ( 1) t t 2t= − ⋅ − + , n; 

Zalis efeqturi mniSvneloba amZrav Skivze: 

( )2 2
efE E1 E1 E2 E2

1F F F F F
3

= + + , n; 

amZravi Zravas efeqturi simZlavre 

3efE mr
ef

F VP 10 


kvt; 

     Tavidan ganvsazRvroT datvirTuli vagonis as-

vlis kuTxe qveda, B sadgurTan  

( )
( )

FB 2F

-4

a arc[tgb L 2 10 k ]

= arc[tg0.083 - 960 - 2 10 1.34 10 ] = -0.043,

= − − ⋅ =

⋅ ⋅
 

radganac FBa 0  gaangariSeba Catardeba I SemTxvevi-

saTvis. 

   datvirTuli vagonis asvlis kuTxe A  sayrdenTan 

(x=10 m)   

( )
( ) -4

FA 2Fa = arc[tgb + L - 2 10 k ] =

= arc[tg0.083 + 960 - 2 10 1.34 10 ] = 0.209;

⋅

⋅ ⋅
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    vagonis wonis Semdgenisa da moZraobis winaRob-

is Zalis jami, rodesac vagoni moZraobs A dan  B -

saken  

moZraobis dasawyisSi   

( )
( )

FAD FC FA 0 FAt Q sina f cosa

30000 sin0.209 0.06cos0.209 4463.62 ;

= − =

= − = n
  

moZraobis dasasruls  

( )
( )

FBD FC FB 0 FBt Q sina f cosa

30000 sin0.043 0.06cos0.043 3087.94 ;

= − =

= − − = − n
 

rodesac vagoni moZraobs B -dan  A -saken 

moZraobis dasawyisSi  

( )
( )

FBU FC FB 0 FBt Q sina f cosa

30000 sin0.043 0.06cos0.043 508.73 ;

= + =

= − + = n
 

moZraobis dasasruls  

( )
( )

FAU FC FA 0 FAt Q sina f cosa

30000 sin0.209 0.06cos0.209 7985.28 ;

= + =

= + = n
 

    wevis Zala amZrav Skivze. 

    Cvens magaliTSi, amZravi zeda, A sadgurSia - 

kk 1 , maSin   

( )
( ) n

kk
F1 FAD FBU 0F ( 1) t t 2t

( 1) 4463.62 508.73 2 200 -3554. ;89 

= − ⋅ − + =

= − ⋅ − + ⋅ =
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( )
( ) n;

kk
F2 FBD FAU 0F ( 1) t t 2t

( 1) 3087.94 7985.28 2 200 11473.22 

= − ⋅ − + =

= − ⋅ − − + ⋅ =
 

( )

( )
n,

2 2
efF F1 F1 F2 F2

2 2

1F F F F F
3
1 3554.89 3554.89 11473.22 11473.22
3

5873.27 

= + + =

= − ⋅ + =

=

 

3 3efF mr
ef

F V 5873.27 7.68P 10 1.1 10 53.93
0.92

 
   


kvt. 

sawevi bagiris, amZravi Zravasa da reduqtoris 

SerCeva 

sawevi bagiris SerCevisaTvis winaswar angariSoben 

mudmiv sidideebs - 

2
2

2 2

0.9 S 0.9 1900b 4000
g n 0.095 4.5

⋅ ⋅
= = =

⋅
, st

0.2

k 1.75D 2
e 1 e 1µα ⋅π= = ≈

− −
. 

sadac stk 1.75= , xaxunis amZrav Skivze sawevi bagir-

is asrialebis sawinaaRmdego koeficientia; 

0.2µ = da α = π - Sesabamisad, sawevi bagiris xaxunis 

amZrav Skivze xaxunis koeficienti da Semoxvevis ku-

Txe;  

    ganisazRvreba erTi metri sawevi bagiris wona –

rodesac amZravi zeda, A  sadgurSia  kk 1=  da  rod-

esac qveda, B  sadgurSia   kk 0= ) 
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(Tu kk 1=   da  FBa 0≥  an FBa 0  maSin 21Eq  an 21Fq ; 

Tu kk 0=   da  FBa 0≥  an FBa 0   maSin 20Fq  an 21Fq ) 

I. kk 1= , FBa 0≥                     

( )FA EB 0 FA 0
21E

2

D t t 2t t t
q

b h
− + + +

=
−

. 

da  FBa 0                    

( )FA FB 0 FA FB 0
21F

2

2 t t 2t t t t
q

b
− + + − +

=  

II. kk 0= , FBa 0≥ -           

( )FA EB 0 FA EB 0
20E

2

D t t 2t t t t
q

b
− + + − +

=  

da FBa 0 -          

( )FA FB 0 FA FB 0
20F 21F

2

2 t t 2t t t t
q q

b
− + + − +

= = , 

sadac  

( )
( )

FA FC FA 0 FAt Q sina f cosa

30000 sin0.209 0.06cos0.209 7985.28

= + =

= + = n
 

( )
( )

FB FC FB 0 FBt Q sina f cosa

30000 sin0.043 0.06cos0.043 -3087.94

= − =

= − − = n;
 

( )
( )

EB EC EB 0 EBt Q sina f cosa

10000 sin0.0224 0.06 cos0.0224 823.85 .

= − =

= − − ⋅ = − n
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    rodesac FBa 0 , orive SemTxvevaSi erTi formu-

la gamoiyeneba da  amitom  

( )

( )

FA FB 0 FA FB 0
21F

2

2 t t 2t t t t
q

b
2 7985.28 ( 3087.94) 2 200

4000
7985.28 ( 3087.94) 200 8.56 .

4000

− + + − +
= =

− − + ⋅ + →
= =

+ → − − +
= = n

 

   VII danarTidan SeirCeva standartuli bagiri:  

grZivi metris wona - 2q 9.2  n/m;  

bagiris diametri - 2d 16  mm;  

bagiris liTonis kveTi - 2s = 95  mm2;  

jamuri gamgleji Zala - 2T 161 kn;  

2b -is realuri mniSvneloba m;2
2

2 2

T 161000b 3889
n q 4.5 9.2

  


 

sawevi bagiris damWimi tvirTis wona 

   2 2 2G 2 q b h 2 9.2 3889 80 70086       , n; 

sawevi bagiris daWimulobis horizontaluri Semdge-

ni – 

2 2 2H q b cosb 9.2 3889 cos0.083 35656      n; 

sawevi bagiris Cakidulobis maqsimaluri mniSvnelo-

ba  
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2 2
2

2.max
2

q L 9.2 960f 31
8H cosb 8 35656 cos0.083


  

 
m; 

Cakiduli sawevi bagiris mrudis sigrZe  

2 2
3 32max

r
8fL 960 8 31l cos b cos 0.083 963

cosb 3L cos0.083 3 960


    


m; 

sawevi bagiris sixistis vertikaluri Semdgeni 

(foladis mavTulis, 5E = (1.6...2.1) 10⋅ n/mm2 drekado-

bis modulis dros)    

5
2

V
R

Es 2.1 10 95C 20717
l 963

 
   , n/m; 

sawevi bagiris sixistis horizontaluri Semdgeni   

3 3
2

H 2 3 2 3
2 R

12H 12 35656C = 7197
q l cosb 9.2 963 cos0.083

⋅
= ≈

⋅ ⋅ ⋅
n/m; 

sawevi bagiris sixistis koeficienti  

V H
R

V H

C C 20717 7197C = 5341
C C 20717 + 7197

⋅
=

+
≈  n/m. 

xaxunis Skivis diametri   

0 2D 80d 80 0.016 1.28    , m; 

standartuli diametrebidan  0D 1.0; 1.25; 1.6; 2.0; 2.25  

SeirCeva Skivis diametri 0D 1.6 m; amZravi Skivis sa- 

orentacio brunTa ricxvi iqneba  

m
m

0

60V 60 7.68n 91.67
D 1.6


  

 
br/wT; 
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Tuki am ricxvs gavamravlebT PM reduqtoris sta- 

ndartuli gadacemis ricxvebze     

 i 8; 10; 12.5; 16; 20; 22.4; 31.5; 40; 50 , 

miviRebT Zravas SesarCev standartul brunTa ric-

xvebs. SeirCeva is brunTa ricxvi, romelic yvelaze 

axlos aRmoCndeba Zravas standartul brunTa ric-

xvebTan [ ]0n 750;1000;1500= ; Cvens SemTxvevaSi, aiReba 

0n 1500 br/wT; radganac  

0 mn n i 91.67 16 1466.72      br/wT. 

   VII danarTSi SeirCeva standartuli Zrava:  

nominaluri simZlavre  nP 55 kvt; 

nominaluri brunTa ricxvi  nn 1475 br/wT;  

nominaluri gadatvirTvis koeficienti m
n

n

M
b 2.2

M
  ; 

inerciis momenti  motJ 0.5 kgm2. 

reduqtoris momenti nelmaval lilvze 

motn
r n i 1

n 0

J iPM 8bη - 0.003 j i =
n D

55 0.5 16= 8 2.2 0.936 - 0.003 0.6 16 = 9.68
1475 1.6

      
      

knm.

 

   IX danarTSi SeirCeva standartuli reduqtori  

tipi - PM 650  

nominaluri momenti nelmaval lilvze  red.nM 10 knm;  
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gadacemis ricxvi i 16 ; 

Semavali brunTa ricxvi nn 750...1500  br/wT; 

     ZiriTadi parametrebis gamoTvlis Semdeg, ganv-

sazRvroT difgantolebaTa sistemaSi Semavali koe-

ficientebi : 

vagonis sakidis sigrZe - wh 2.5  m; 

sawevi bagiris erTi Stos masa  

2
r r

q 9.2m l 963 903
g 9.81

   kg; 

amZravi Skivis masa   

2 2
1x 0m 200 D 200 1.6 512      kg; 

rotoris dayvanili masa amZrav Skivze   

2 2mot
mot.x 2 2

0

J 0.5m 4 i 4 16 200
D 1.6

   kg; 

reduqtoris dayvanili masa amZrav Skivze   

red.x mot.xm 0.5 m 0.5 200 100     kg; 

mimmarTveli Skivis masa  

2 2 2
2x 2 0m 115 D 115 D 115 1.6 294        kg; 

kg;

1 1x mot.x red.x 2xm m m m 2 m
512 200 100 2 294 1400

     

     
 

2 2xm 3 m 3 294 882     kg; 

11 1 r Ca m m m 1400 903 400 2703       kg; 
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22 2 r Ca m m m 882 903 400 2185        kg. 

sistemaze modebuli Zalis dinamikuri Semdgeni 

   0 1 11 22 x y 1 11 22 E x yF j a a m m j a a 2m 80 N N            , n; 

    ganvixiloT sxvadasxva SemTxveva  

1. rodesac orive vagoni carielia ( xN 0 ; yN 0 )     

x E x q E q Em m N m m 0 m m      ; 

y E y q E q Em m N m m 0 m m      ; 

2. orive vagoni datvirTulia ( xN 0 ; yN 0 )   

x E x qm m N m  ; y E y qm m N m  ; 

3. amZrav SkivTan vagoni datvirTulia, xolo 

damWimTan – carieli ( xN 0 ; yN 0 ) -   

x E x qm m N m  ; y E y q E q Em m N m m 0 m m      ; 

4. amZrav SkivTan vagoni carielia, xolo damWimTan 

– datvirTuli ( xN 0 ; yN 0 )    

x E x q E q Em m N m m 0 m m      ; y E y qm m N m  . 

gamovitanoT grafikulad oTxive SemTxvevisaTvis: 

1. X Y− , X Z−  da Y S− -amZravi da damWimi Skivebis,  

amZravi Skivisa da xm  vagonis, damWimi Skivisa da 

ym  vagonis gadaadgilebaTa sxvaoba; 
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2. Vx Vy− , Vx Vz−  da Vy Vs− - amZravi da damWimi 

Skivebis, amZravi Skivisa da xm  vagonis, damWimi Ski-

visa da ym Avagonis siCqareTa sxvaoba; 

3. ax ay− , ax az−  da ay as− -amZravi da damWimi Ski-

vebis, amZravi Skivisa da xm  vagonis, damWimi Skivisa 

da ym Avagonis aCqarebaTa sxvaoba; 

 

 

 

   

orvagoniani bagirgzis parametrebis gamoTvla da 

diferencialur gantolebaTa sistemis amoxsna 

daprogramebis sistema MATLAB-Si. 
>> h=input('doneta sxvaoba,<m>–h='); L=input('horizontaluri 
sigrze,<m>-L=');  
N=input('mgzavrta raodenoba vagonshi-N='); mE=input('carieli 
vagonis masa,<kg>–mE='); 
kk=input('amzravi zevit – kk=1, amzravi kvevit – kk=0; kk=');  
disp('To kargia - <  return >, to ara - shecvale da shemdeg < return 
>'); keyboard; 
b=atan(h/L); mC=2/3*mE; mEC=mE+mC; mFC=mEC+80*N; 
QEC=10*mEC; QFC=10*mFC; 
E=2.1*10^5; D=2; k=12; n1=3.3; n2=4.5; g1=.085; g2=.095; 
S1=1400;  
S2=1900; f0=0.06; t0=200; b1=.85*S1/n1/g1; b2=.9*S2/n2/g2; j1=.6; 
Fi=1.1; etar=920; 
h0=0.00015085*L^2+0.024566*L+15.976; if h>=h0 q1=k*QFC/(b1-
L/4/k-h0); else 
q1=k*QFC/(b1-L/4/k-h); end;  
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q11=[50,56,63,70,86,96,103,115,125,145,164,173,177,198,237,272]; 
n=min(find(q11>=q1)); q1=q11(n);  
d11=[30.5, 32, 34 ,35.5, 38.5, 40.5, 42.5, 45, 47, 51, 52, 54, 55, 60, 
65, 70]; d1=d11(n); 
s11=[596,660,730,796,1000,1135,1210,1356,1460,1725,1960,2064,
2075,2390,2850,3292]; 
s1=s11(n); T1=S1*s1; T1max=T1/n1; b1=T1max/q1; G1=q1*(b1-h);  
H1=(G1+q1*h/2)*cos(b); k2F=1/2/H1*(q1/cos(b)+QFC/L); 
x0=L/2+tan(b)/2/k2F; 
k2E=1/2/H1*(q1/cos(b)+QEC/L); k1F=1/2/H1*(q1/cos(b)+2*QFC/L);  
for zz=0:.000001:10; k1FF=1/2/H1*(q1*(1+zz^2)^.5+2*QFC/L); 
y=zz/k1FF;  
if y>=L h00=zz*L; break; end; end; tt1=8*QFC*H1/((q1*L)^2-4*H1^2); 
tt2=((q1*L)^2-4*QFC^2)/((q1*L)^2-4*H1^2); ttg=[1,tt1,tt2]; 
tgb0=roots(ttg); 
x=0:L/100:L;  y1=x*tan(b); y2=y1+x.*(L-x)*k1F;  
plot(x, y1, 'b', x, y2, 'r', 'LineWidth',2), axis ('ij'); grid;  
xlabel('L','FontSize',12); ylabel('y','FontSize',12); legend('x*tg(b)', 
'x*tg(b)+x*(L-x)*k1F',1); 
title(['h=',num2str(h),' m;  L=', num2str(L), '  m'], 'FontSize',12 ), 
aFA=atan(tan(b)+(L-20)*k2F);  aFB=atan(tan(b)-(L-20)*k2F); 
aEA=atan(tan(b)+(L-20)*k2E);  aEB=atan(tan(b)-(L-20)*k2E);   
tFBU=QFC*(sin(aFB)+f0*cos(aFB)); 
tFAU=QFC*(sin(aFA)+f0*cos(aFA)); 
tFAD=QFC*(sin(aFA)-f0*cos(aFA)); tFBD=QFC*(sin(aFB)-
f0*cos(aFB)); 
FF1=(-1)^kk*(tFAD-tFBU)+2*t0; FF2=(-1)^kk*(tFBD-tFAU)+2*t0; 
FefF=(1/3*(FF1^2+FF1*FF2+FF2^2))^.5; 
tEAD=QEC*(sin(aEA)-f0*cos(aEA)); tEBD=QEC*(sin(aEB)-
f0*cos(aEB)); 
tFBU=QFC*(sin(aFB)+f0*cos(aFB)); 
tFAU=QFC*(sin(aFA)+f0*cos(aFA)); 
FE1=(-1)^kk*(tEAD-tFBU)+2*t0; FE2=(-1)^kk*(tEBD-tFAU)+2*t0; 
FefE=(1/3*(FE1^2+FE1*FE2+FE2^2))^.5;  
tFA=QFC*(sin(aFA)+f0*cos(aFA)); tFB=QFC*(sin(aFB)-f0*cos(aFB)); 
tEB=QEC*(sin(aEB)-f0*cos(aEB)); 
if kk==1 if aFB>=0  q21E=(2*(tFA-tEB+2*t0)+tFA+t0)/(b2-h); else  
q21F=(2*(tFA-tFB+2*t0)+tFA-tFB+t0)/b2; end; end; 
if kk==0 if aFB>=0 q20E=(2*(tFA-tEB+2*t0)+tFA-tEB+t0)/b2; else  
q20F=q21F; end;end; 



 
88 
 

 
 

if kk==1 if aFB>=0 q2=q21E; else q2=q21F; end; end; 
if kk==0 if aFB>=0 q2=q20E; else q2=q20F; end; end;  
q21=[6.2,7.1,8.1,9.2,9.7,11,13,16,17,21,22,27,33,36]; 
n=min(find(q21>=q2)); q2=q21(n);  
d21=[13.5,14.5,15,16,16.5,17.5,19.5,21,22,24,25,27.5,30.5,32]; 
d2=d21(n); 
s21=[65,74,84,95,105,114,144,175,185,220,239,286,350,386]; 
s2=s21(n);  
T21=[109,124.5,142,161,168.5,184.8,231.5,282.25,297.5,356,385.5,
462.5,564,623]; 
T2=T21(n); T2max=T2*10^3/n2; b2=T2max/q2; G2=2*q2*(b2-h); 
H2=q2*b2*cos(b);  
bn=2; Vm=0.32*(j1*L)^.5; D0=.08*d2; D0r=[1,1.25,1.6, 2, 2.5];  
n=min(find(D0r>=D0)); D0=D0r(n); nm=60*Vm/pi/D0; 
n0=[750,1000,1500]; 
ired=[8,10,12.5,16,20,22.4,31.5,40,50]; nm1=nm*ired; 
[M1,n]=min(nm1/750);  
[M2,n]=min(nm1/1000); [M3,n]=min(nm1/1500); 
[MM,n]=min([M1,M2,M3]);  
nmot=n0(n); dd=nmot/nm; [z,n]=min((abs(ired-dd))); i=ired(n);  
Vmr=pi*D0*nmot/60/i;  
PefF=Fi*FefF*Vmr/etar; PefE=Fi*FefE*Vmr/etar;  if aFB<0 Pef=PefF; 
else Pef=PefE; end; 
if nmot==750 P750=[7.5,11,15,18.5,22,30,37,45,55,75,90]; 
n=min(find(P750>=Pef));  
Pnom=P750(n); J750=[.11,.15,.27,.41,.46,.7,1.2,1.4,3.29,4,5.21]; 
Jmot=J750(n); end; 
if nmot==1000 P1000=[7.5,11,15,18.5,22,30,37,45,55,75,90]; 
n=min(find(P1000>=Pef));  
Pnom=P1000(n); 
J1000=[.067,.11,.15,.27,.41,.46,.65,1.2,1.3,3.04,3.25]; 
Jmot=J1000(n); end; 
if nmot==1500 P1500=[7.5,11,15,18.5,22,30,37,45,55,75,90]; 
n=min(find(P1500>=Pef));  
Pnom=P1500(n); J1500=[.032,.045,.075,.087,.16,.2,.27,.32,.5,1,1.2]; 
Jmot=J1500(n); end; 
Mred=(8*bn*Pnom*.9/nmot-.003*Jmot*j1/D0*i)*i;  
disp(sprintf('sarelso bagiris erti metris cona, N/m-q1=%g',q1));  
disp(sprintf('sarelso bagiris damchimi tvirti, N-G1=%g',G1));  
disp(sprintf('sacevi bagiris erti metris cona, N/m-q2=%g',q2));  
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disp(sprintf('sacevi bagiris damchimi tvirti, N-G2=%g',G2));  
disp(sprintf('amzravi shkivis diametri, m-  D0=%g',D0));   
disp(sprintf('zravas brunvata ricxvi, r/min -  nmot=%g',nmot));  
disp(sprintf('reductoris gadacemis ricxvi, -  i=%g',i)); 
disp(sprintf('reduqtoris momenti, Nm- Mred=%g', Mred)); 
disp(sprintf('bagirgzis sichqare, m/s-  Vmr=%g',Vmr));  
disp(sprintf('bagirgzis amzravi zravas simzlavre, kWt- 
Pnom=%g',Pnom)); 
disp('=============================================='); 
f2m=q2*L^2/8/H2/cos(b); lR=L/cos(b)+8*f2m^2*(cos(b))^3/3/L; 
CV=E*s2/lR;  
CH=12*H2^3/q2^2/lR^3/cos(b); CR=CV*CH/(CV+CH);  
mR=q2*lR/10; hw=2.5;  
mmot=4*Jmot*(i/D0)^2; mred=.5*mmot; m1x=200*D0^2; 
m2x=115*D0^2;  ww=(10/hw)^.5;       
m1=mmot+mred+m1x+2*m2x; m2=3*m2x; a11=m1+mR+mC; 
a22=m2+mR+mC;  
disp([sprintf(' a11=%g',a11), sprintf('    a22=%g',a22), sprintf(' 
CR=%g',CR),]);  
for zz=0:3; if zz==0 Nx=0;Ny=0; end; if zz==1 Nx=25;Ny=25; end; 
if zz==2 Nx=25;Ny=0; end; if zz==3 Nx=0;Ny=25; end;  
mx=mE+80*Nx; my=mE+80*Ny; Cx=mx*ww^2; Cy=my*ww^2; 
F0=.6*(a11+a22+mx+my); 
disp([sprintf('    Cx=%g',Cx),sprintf('   Cy=%g',Cy), sprintf('   
F0=%g',F0)]);        
disp([sprintf(' mx=%g',mx), sprintf('    my=%g',my)]);        
syms p t;  b1=F0/p; b2=0; b3=0; b4=0;   
p11=a11*p^2+2*CR+ww^2*mx; p12=-2*CR; p13=-ww^2*mx; p14=0; 
p21=-2*CR; p22=a22*p^2+2*CR+ww^2*my; p23=0; p24=- ww^2*my;  
 
p31=-ww^2; p32=0; p33=p^2+ww^2; p34=0; p41=0; p42=-ww^2; 
p43=0; p44=p^2+ww^2; D=det([p11,p12,p13,p14; 
p21,p22,p23,p24;p31,p32,p33,p34;p41,p42,p43,p44]); 
D=vpa(collect(D),4); D0=simplify(vpa(D,4)); D0=sym2poly(D0);  
W0=sort(abs(roots(D0)));  W1=W0(3); T0=2*pi/W1;  
p11=b1; p12=-2*CR; p13=- ww^2*mx; p14=0;  
p21=b2; p22=a22*p^2+2*CR+ ww^2*my; p23=0; p24=- ww^2*my;  
p31=b3; p32=0; p33=p^2+ww^2; p34=0; p41=b4; p42=-ww^2; 
p43=0; p44=p^2+ww^2; 
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Dx=det([p11,p12,p13,p14; 
p21,p22,p23,p24;p31,p32,p33,p34;p41,p42,p43,p44]); 
Dx=vpa(collect(Dx),4); X=vpa(ilaplace(Dx/D,p,t),4); Vx=vpa(diff(X),4); 
ax=vpa(diff(Vx),4); 
p11=a11*p^2+2*CR+ww^2*mx; p12=b1; p13=-ww^2*mx; p14=0;  
p21=-2*CR; p22=b2; p23=0; p24=-ww^2*my;  
p31=-ww^2; p32=b3; p33=p^2+ww^2; p34=0; p41=0; p42=b4; 
p43=0; p44=p^2+ww^2; 
Dy=det([p11,p12,p13,p14; 
p21,p22,p23,p24;p31,p32,p33,p34;p41,p42,p43,p44]); 
Dy=vpa(collect(Dy),4); Y=vpa(ilaplace(Dy/D,p,t),4); Vy=vpa(diff(Y),4); 
ay=vpa(diff(Vy),4); 
p11=a11*p^2+2*CR+ ww^2*mx ; p12=-2*CR; p13=b1; p14=0; 
p21=-2*CR; p22=a22*p^2+2*CR+ ww^2*my; p23=b2; p24=- 
ww^2*my;  
p31=-ww^2; p32=0; p33=b3; p34=0; p41=0; p42=-ww^2; p43=b4; 
p44=p^2+ww^2; 
Dz=det([p11,p12,p13,p14; 
p21,p22,p23,p24;p31,p32,p33,p34;p41,p42,p43,p44]); 
Dz=vpa(collect(Dz),4); Z=vpa(ilaplace(Dz/D,p,t),4); Vz=vpa(diff(Z),4); 
az=vpa(diff(Vz),4);  
p11=a11*p^2+2*CR+ww^2*mx; p12=-2*CR; p13=- ww^2*mx; 
p14=b1; 
p21=-2*CR; p22=a22*p^2+2*CR+ ww^2*my; p23=0; p24=b2;  
p31=-ww^2; p32=0; p33=p^2+ww^2; p34=b3; p41=0; p42=-ww^2; 
p43=0; p44=b4;  
Ds=det([p11,p12,p13,p14; 
p21,p22,p23,p24;p31,p32,p33,p34;p41,p42,p43,p44]); 
 
Ds=vpa(collect(Ds),4); S=vpa(ilaplace(Ds/D,p,t),4); Vs=vpa(diff(S),4); 
as=vpa(diff(Vs),4);  
X=vpa(simple(X),4); Y=vpa(simple(Y),4); Z=vpa(simple(Z),4);  
S=vpa(simple(S),4);   
Vx=vpa(simple(Vx),4);Vy=vpa(simple(Vy),4);Vz=vpa(simple(Vz),4);V
s=vpa(simple(Vs),4);   
ax=vpa(simple(ax),4); ay=vpa(simple(ay),4);  az=vpa(simple(az),4); 
as=vpa(simple(as),4);      
t=0:.1:10;  X=subs(X); Y=subs(Y); Z=subs(Z); S=subs(S); 
Vx=subs(Vx); Vy=subs(Vy);  
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Vz=subs(Vz); Vs=subs(Vs); ax=subs(ax); ay=subs(ay); az=subs(az); 
as=subs(as); 
figure; subplot(3,1,1); plot(t,X-Y,'k',t,X-Z,'r',t,Y-S,'b', 'LineWidth',2), 
grid;  
xlabel('t','FontSize',12); ylabel('X, Y,  Z,  S','FontSize',8); 
title(['Nx=',int2str(Nx), ';  Ny=',int2str(Ny)], 'FontSize',12 ); legend('  X-
Y','  X-Z','  Y-S',-1);   
subplot(3,1,2); plot(t,Vx-Vy,'k',t,Vx-Vz,'r',t,Vy-Vs,'b', 
'LineWidth',2),grid, 
xlabel('t','FontSize',12); ylabel('Vx, Vy, Vz,  Vs','FontSize',8); 
legend('Vx-Vy','Vx-Vz','Vy-Vs',-1);   
subplot(3,1,3); plot(t,ax-ay,'k',t,ax-az,'r',t,ay-as,'b', 'LineWidth',2),grid, 
xlabel('t','FontSize',12); ylabel('ax, ay, az,  as','FontSize',8); 
legend('ax-ay','ax-az','ay-as',-1);  end;  
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sakurso samuSao  III 

erTmaliani, erTvagoniani qanqarasebri kiduli 

samgzavro bagirgzis amuSavebis reJimis gaangariSeba 

 

     saangariSo samgzavro qanqarasebri kiduli bag- 

irgzis kinematikur sqemas Semdegi saxe aqvs 

 

      aq, 1m  aris amZravi Zravas, reduqtorisa da mi-

mmarTveli Skivebis masa, dayvanili amZrav Skivze; 

2m - damWimi da mimmarTveli Skivebis masaTa jami; 

Gm - sawevi bagiris damWimi tvirTi; 3 2 Gm m m  - 

damWimi Skivisa da tvirTis jami; Rm - sawevi bagiris 

erTi Stos masa; wm -bagirgzis samgzavro vagonis ma-

sa; Cm - samgzavro vagonis urikis (karetis) masa; Rm  

da RC - sawevi bagiris erTi Stos masa da sixistis 

koeficienti;  x , y  da z  Sesabamisad  - 1m , 2m  da  
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wm  masebis gadaadgileba.  

     rogorc cnobilia, sawevi bagiris damWimi tvir-

Ti 3m  amuSavebis procesSi monawileobas ar Rebul-

obs da bagirgzis amuSavebis difgantolebaTa siste-

mas, rodesac vagoni amZrav SkivTanaa, Semdegi saxe 

aqvs (gaviTvaliswinoT aseve, rom 2w
w w w

w

m gC m w
h

= = , 

sadac ww  vagonis rxevis sixSirea: x 1 R CA m m m= + + ; 

x 2 RB m m= + ; y x CA A m= − ; y x CB B m= + ) [2] : 

( ) ( )
( )

( )

2
x 0 R w w

x R

2
w

A x F 2C x y m w x z ;

B y 2C x y ;

z w x z .

 ⋅ = − − − −
 ⋅ = −


= −







; 

xolo, rodesac damWim SkivTanaa 

( )
( ) ( )

( )

y 0 R

2
y R w w

2
w

A x F 2C x y ;

B y 2C x y m w y z ;

z w y z ,

 ⋅ = − −
 ⋅ = − − −


= −







 

sadac  0 1 x x wF j A B m   sistemaze modebuli Zalis 

dinamikuri Semdgenia, n; 

    gantolebaTa sistemaSi Semavali koeficientebis 

gamosaTvlelad gaviangariSoT bagirgzis parametre-

bi. 

   winaswari monacemebia: 
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L 800= - gzis horizontaluri sigrZe, m; 

h 190= - sadgurebs Soris doneTa sxvaoba, m; 

h 190b = arctg arctg 0.242
L 800

   = =   
   

- bagirgzis e.w. 

saviziro kuTxe; 

tgb = tg(0.242) 0.247= ; cosb = cos(0.242) 0.971= ; 

sinb = sin(0.242) 0.24=  

N 25= - mgzavrebis raodenoba vagonSi; 

Em 600= - carieli vagonis masa, kg;  

C E
2 2m m 600 400
3 3

≈ = = - vagonis urikis masa, kg; 

wh 2.5= - vagonis Camokidebis sigrZe, m; 

w
w

g 10w 2
h 2.5

= ≈ = - vagonis rxevis sixSire, 1/wm;  

qm 80≈ - erTi mgzavris masa, kg; 

EC E Cm m m 600 400 1000= + = + = - carieli vagonis masa 

urikiT, kg; 

FC q ECm N m m 25 80 1000 3000= ⋅ + = ⋅ + = - savse vagonis 

masa urikiT, kg. 

EC ECQ g m 10 1000 10000= ⋅ ≈ ⋅ = - carieli vagonis wona 

urikiT, n; 
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FC FCQ g m 10 3000 30000= ⋅ ≈ ⋅ = -savse vagonis wona ur-

ikiT, n. 

aCqarebisa da Senelebis mniSvnelobebad miviR-od 

1 3j j 0.6= = m/wm2, maSin maqsimaluri siCqaris sao-

rentacio mniSvneloba iqneba:               

1 3
m

1 3

j jV 0.32 2 L 0.32 0.6 800 7
j j

= ≈ ⋅ ≈
+

m/wm. 

     gamoviangariSoT erTi metri sarelso bagiris 

wona; mudmivi sidideebis mniSvnelobad miRebulia, 

rom k 12 ; 1S = 1400  n/mm2; 1g 0.085≈  n/m3; 1n 3.3= ; 

1b 4242≈ m, maSin  

2
0

2

h 0.00017202 L 0.0059186 L 21.235

0.00017202 800 0.0059186 800 21.235 126.6

     

      m.
e

rTi metri sarelso bagiris wona 

FC
1

1 0

kQ 12 30000q = 87.83L 800b - - h 4242 - -126.6
4k 4 12

⋅
= =

⋅

 n/m. 

SeniSvna: Tuki mocemuli h -is mniSvneloba 0h h≥ , 

maSin 1q - is formulaSi h -is nacvlad Caismeba 0h . 

   VI danarTidan SeirCeva standartuli bagiri: 

grZivi metris wona 1q 96  n/m;  

bagiris diametri 1d 40.5  mm;  
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bagiris liTonis kveTi 1s 1135  mm2;  

jamuri gamgleji Zala 1T 1589  kn;  

1b -is realuri mniSvneloba 1
1

1 1

T 1589000b 5016
n q 3.3 96

  


; 

sarelso bagiris damWimi tvirTis wona 

   1 1 1G q b h 96 5016 190 463296      n; 

bagiris daWimulobis horizontaluri Semdgeni 

1 1 1
h 190H q b cosb 96 5016 cos0.242 458716
2 2

                 
n.  

SemovitanoT aRniSvna 

 1 / m

FC1
1

1

4

Qq1k 2
2H cosb L

1 96 300002 1.895 10
2 458716 cos0.242 800



     

      

 

da sarelso bagiris Cakidulobis mrudis gantoleba 

miiRebs saxes 

    4
1y xtgb x L x k x 0.247 x 800 x 1.895 10         . 

 
     am gantolebiT aigeba Sesamisi  grafiki. 
 
sarelso bagirze vagonis asvlis kuTxeebisa da 

amZrav Skivze efeqturi simZlavreebis gansazRvra 

    erTvagonian qanqarasebr bagirgzaze, vagonis wo-

nis Semdgenisa da moZraobis winaRobis Zalis gamoT-

lisaTvis, rac sabolood amZrav Skivze modebuli 
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datvirTvebisa da maTi saSualebiT Zravas simZlavr-

is gamosaTvleladaa saWiro, ganixilaven or SemTxv-

evas - bagirgzis amZravi zeda, A sadgurSia moTavse-

buli ( )kk 1=  an qveda, B  sadgurSia - ( )kk 0= . meore 

mxriv, ganixilaven datvirTuli vagonis moZraobas 

qveda B  sadguridan zeda, A  sadgurisaken.   

     asvlis kuTxeebi iangariSeba orvagoniani bagir-

gzis analogiurad.  

 1 / m

FC1
2F

1

4

Qq1k
2H cosb L

1 96 30000 1.486 10
2 458716 cos0.242 800



     

      

. 

    datvirTuli vagonis asvlis kuTxe A  sayrdenT-

an (x=10 m)   

( )
( ) 4

FA 2Fa arctg[tgb L 2 10 k ]

arctg[0.247 800 2 10 1.486 10 ] 0.348;
−

= + − ⋅ =

= + − ⋅ ⋅ =
 

    datvirTuli vagonis asvlis kuTxe qveda B  sad-

gurTan (x=L-10 m)  

( )
( )

FB 2F

4

a arc[tgb L 2 10 k ]

arc[0.247 800 2 10 1.486 10 ] 0.1304,−

= − − ⋅ =

= − − ⋅ ⋅ =
 

    vagonis wonis Semdgenisa da moZraobis winaRob-

is Zalis jami, rodesac moZraoba mimarTulia B -dan  

A -saken: 



 
100 
 

 
 

moZraobis dasawyisSi   

( )
( ) n.

FBU FC FB 0 FBt Q sina f cosa

30000 sin0.1304 0.06cos0.1304 5685.64

= + =

= + =
 

moZraobis dasasruls  

( )
( ) n

FAU FC FA 0 FAt Q sina f cosa

30000 sin0.348 0.06cos0.348 11922.65 .

= + =

= + =
 

   sawevi Zala amZrav Skivze 

   1. amZravi zeda A sadgurSi kk 1 , maSin 

kk
F1 FBU 0 FBU 0F ( 1) ( t ) t t t= − ⋅ − + = +     da 

                  kk
F2 FAU 0 FAU 0F ( 1) ( t ) t t t= − ⋅ − + = + ; 

  2. amZravi qveda B sadgurSi kk 0 , maSin 

kk
F1 FBU 0 FBU 0F ( 1) ( t ) t t t= − ⋅ − + = − +   da 

          kk
F2 FAU 0 FAU 0F ( 1) ( t ) t t t= − ⋅ − + = − + . 

       Cvens SemTxvevaSi, amZravi zeda A  sadgurSi 

kk 1 . 

nF1 FBU 0F t t 5685.64 200 5885.64= + = + =    da 

       n.F2 FAU 0F t t 11922.65 200 12122.65= + = + =  . 

   Zalis efeqturi mniSvneloba 

( )

( ) n

2 2
efF F1 F1 F2 F2

2 2

1F F F F F
3
1 5885.64 5885.64 12122.65 12122.65 9182.4 .
3

= + + =

= + ⋅ + =
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 efeqturi simZlavre 

3 3efF mr
ef

F V 9182.4 7.0P 10 1.1 10 76.85
0.92

 
   


kvt. 

sawevi bagiris, amZravi Zravasa da  

reduqtoris SerCeva 

    rogorc orvagonian bagirgzaSi sawevi bagiris 

SerCevisas, aqac winaswar miRebulia 2b 4000= m; 

D 2≈ . 

    ganisazRvreba erTi metri sawevi bagiris wona: 

erTvagoniani bagirgzebisaTvis pirvelad gamoiTvl-

eba datvirTuli vagonis asvlis kuTxe FBa  qveda B  

sadgurTan   

Tu  FBa 0≥ , maSin ( ) ( )FAU 0
2E

2

D 1 t t
q

b h
+ +

=
−

; 

xolo, Tu FBa 0 , maSin ( ) ( )FAU 0
21E

2

D 1 t t
q

b
+ +

= . 

    radgan Cvens magaliTSi FBa 0.1304 0= , amitom 

( ) ( ) ( ) ( )FAU 0
21E

2

D 1 t t 2 1 11922.6 200
q 9.55

b h 4000 190
+ + + +

= = =
− −

n/m. 

   VI danarTidan SeirCeva standartuli bagiri: 

grZivi metris wona 2q 9.7  n/m;  

bagiris diametri 2d 16.5  mm;  

bagiris liTonis kveTi 2s 105  mm2;  
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jamuri sagleji Zala 2T 168.5 kn;  

2b -is realuri mniSvneloba 2
2

2 2

T 168500b 3860
n q 4.5 9.7

  


m; 

sawevi bagiris damWimi tvirTis wona  

   2 2 2G 2 q b h 2 9.7 3860 190 71198       n; 

sawevi bagiris daWimulobis horizontaluri Semdge-

ni 

2 2 2H q b cosb 9.7 3860 cos0.242 36356     n; 

sawevi bagiris Cakidulobis maqsimaluri mniSvnelo-

ba   

2 2
2

2.max
2

q L 9.2 800f 22
8H cosb 8 36358 cos0.242


  

 
 m; 

Cakiduli sawevi bagiris mrudis sigrZe  

2 2
3 32max

r
8fL 800 8 22l cos b cos 0.242 825.5

cosb 3L cos0.242 3 800


    


n.  

sawevi bagiris sixistis vertikaluri Semdgeni 

(foladis mavTulis, 5E = (1.6...2.1) 10⋅ n/mm2 drekado-

bis modulis dros)    

5
2

V
R

Es 2.1 10 105C 26719.54
l 825.24

 
   n/m; 

sawevi bagiris sixistis horizontaluri Semdgeni   

3
2

H 2 3 3
2 R

12H 12 36358C = =12486.64
q l cosb 9.2 825.24 cos0.242

3

2
⋅

=
⋅ ⋅ ⋅

n / m , 
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sawevi bagiris sixistis koeficienti 

V H
R

V H

C C 26719.54 12486.64C = 8509.8
C C 26719.54 12486.64

⋅
= =

+ +
n/m. 

xaxunis Skivis saWiro diametri –  

0 2D 80d 80 0.0165 1.32     m; 

standartuli  0D 1.0; 1.25; 1.6; 2.0; 2.25  diametr-

ebidan, SeirCeva Skivis diametri 0D 1.6 ; amZravi 

Skivis saorentacio brunvaTa ricxvi iqneba  

m
m

0

60V 60 7n 83.56
D 1.6


  

 
 br/wT, 

Tuki am ricxvs gavamravlebT PM reduqtoris stan-

dartuli gadacemis ricxvebze  

 i 8; 10; 12.5; 16; 20; 22.4; 31.5; 40; 50 , miviRebT Zravas 

SesarCev standartul brunTa ricxvebs. SeirCeva is 

brunTa ricxvi, romelic yvelaze axlos aRmoCndeba 

Zravas standartul brunTa ricxvebTan 

[ ]0n 750;1000;1500= ; Cvens SemTxvevaSi, 

0 mn n i 83.56 12.5 1336.96      br/wT da aiReba 

0n 1500 br/wT. 

VII danarTidan SeirCeva standartuli Zrava:  

nominaluri simZlavre nP 90 kvt; 
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nominaluri brunTa ricxvi nn 1485 br/wT; 

nominaluri gadatvirTvis koeficienti m
n

n

M
b 2.3

M
  ; 

inerciis momenti motJ 1.2 kgm2. 

reduqtoris momenti nelmaval lilvze iqneba 

motn
r n i 1

n 0

J iP
M 8b 0.003 j i

n D

90 1.2 168 2.3 0.936 0.003 0.6 16 16.3
1485 1.6

        
       

knm.

 

   VIII danarTidan SeirCeva standartuli 

reduqtori  

tipi - PM 750  

nominaluri momenti nelmaval lilvze red.nM 18 knm;  

gadacemis ricxvi i 16 ; 

Semavali brunvaTa ricxvi nn 750...1500 br/wT. 

ZiriTadi parametrebis gamoTvlis Semdeg, ganvsazRv-

roT difgantolebaTa sistemaSi Semavali koeficien-

tebi  

vagonis sakidis sigrZe wh 2.5 m; 2
w

w

g 10w 4
h 2.5

    

1/wm2; sawevi bagiris erTi Stos masa  

2
R r

q 9.7m l 825.5 800.74 801
g 10

    kg; 

amZravi Skivis masa 2 2
1x 0m 200 D 200 1.6 512     kg;  
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rotoris dayvanili masa amZrav Skivze  

2 2mot
mot.x 2 2

0

J 1.2m 4 i 4 16 480
D 1.6

   kg; 

reduqtoris dayvanili masa amZrav Skivze   

red.x mot.xm 0.5 m 0.5 480 240     kg; 

mimmarTveli Skivis masa  

2 2 2
2x 2 0m 115 D 115 D 115 1.6 295        kg; 

1 1x mot.x red.x 2xm m m m 2 m
512 480 240 2 295 1822

     

      kg
 

2 2xm 3 m 3 295 885     kg; 

x 1 r CA m m m 1822 801 400 3023       kg; 

x 2 rB m m 885 801 1686     kg; 

y 1 rA m m 1822 801 2623     kg; 

y 2 r CB m m m 885 801 400 2086        kg. 

sistemaze modebuli Zalis dinamikuri Semdgeni  

   
   

0 1 x x w 1 x x EF j A B m j A B m 80 N

0.6 2723 1686 600 80 N 0.6 5009 80 N

        

       
 

amovxsnaT sxvadasxva SemTxvevisaTvis: 

I. a) rodesac vagoni amZrav SkivTanaa da carielia 

(N 0 )  

w E q qm m Nm 600 0 m 600       kg; 
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b) rodesac vagoni amZrav SkivTanaa da datvirTulia 

(N 25 )  

w E qm m Nm 600 25 80 2600      kg; 

II. a)rodesac vagoni damWim SkivTanaa da carielia 

(N 0 )  

w E q qm m Nm 600 0 m 600       kg; 

b) rodesac vagoni damWim SkivTanaa da datvirTulia 

(N 25 )  

w E qm m Nm 600 25 80 2600      kg. 

     ganvixiloT grafikulad orive SemTxvevisaTvis 

1. X Y− da X Z− - amZravi da damWimi Skivebis gadaa- 

dgilebaTa sxvaoba da amZravi Skivisa da vagonis 

gadaadgilebaTa sxvaoba; 

2. x yV V− da x zV V−  - amZravi da damWimi Skivebis si-

CqareTa sxvaoba da amZravi Skivisa da vagonis siCq-

areTa sxvaoba; 

3. x ya a− da x za a−  - amZravi da damWimi Skivebis aCq-

arebaTa sxvaoba da amZravi Skivisa da vagonis aCqa-

rebaTa sxvaoba. 

 

erTvagoniani bagirgzis parametrebis gamoTvla da 

diferencialur gantolebaTa sistemis amoxsna dap-

rogramebis sistema MATLAB-Si 
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>> h=input('doneta sxvaoba,<m> – h='); L=input('horizontaluri 
sigrze,<m> -L=');  
N=input('mgzavrta raodenoba vagonshi - N='); mE=input('carieli 
vagonis masa,<kg> – mE='); 
kk=input('amzravi zevit – kk=1, amzravi kvevit – kk=0; kk=');  
disp('To kargia - <  return >, to ara - shecvale da shemdeg < return 
>'); keyboard; 
b=atan(h/L); mC=2/3*mE; mEC=mE+mC; mFC=mEC+80*N; 
QEC=10*mEC; QFC=10*mFC; 
E=2.1*10^5; D=2; k=12; n1=3.3; n2=4.5; g1=.085; g2=.095; 
S1=1400;  
S2=1900; f0=0.06; t0=200; b1=.85*S1/n1/g1; b2=.9*S2/n2/g2; j1=.6; 
Fi=1.1; etar=920; 
h0=0.00015085*L^2+0.024566*L+15.976; if h>=h0 q1=k*QFC/(b1-
L/4/k-h0); else 
q1=k*QFC/(b1-L/4/k-h); end;  
q11=[50,56,63,70,86,96,103,115,125,145,164,173,177,198,237,272]; 
n=min(find(q11>=q1)); q1=q11(n);  
d11=[30.5, 32, 34 ,35.5, 38.5, 40.5, 42.5, 45, 47, 51, 52, 54, 55, 60, 
65, 70]; d1=d11(n); 
s11=[596,660,730,796,1000,1135,1210,1356,1460,1725,1960,2064,
2075,2390,2850,3292]; 
s1=s11(n); T1=S1*s1; T1max=T1/n1; b1=T1max/q1; G1=q1*(b1-h);  
H1=(G1+q1*h/2)*cos(b); k2F=1/2/H1*(q1/cos(b)+QFC/L); 
x0=L/2+tan(b)/2/k2F; 
k2E=1/2/H1*(q1/cos(b)+QEC/L); k1F=1/2/H1*(q1/cos(b)+2*QFC/L);  
for zz=0:.000001:10; k1FF=1/2/H1*(q1*(1+zz^2)^.5+2*QFC/L); 
y=zz/k1FF;  
if y>=L h00=zz*L; break; end; end; tt1=8*QFC*H1/((q1*L)^2-4*H1^2); 
tt2=((q1*L)^2-4*QFC^2)/((q1*L)^2-4*H1^2); ttg=[1,tt1,tt2]; 
tgb0=roots(ttg); 
x=0:L/100:L;  y1=x*tan(b); y2=y1+x.*(L-x)*k1F;  
plot(x, y1, 'b', x, y2, 'r', 'LineWidth',2), axis ('ij'); grid;  
xlabel('L','FontSize',12); ylabel('y','FontSize',12); legend('x*tg(b)', 
'x*[tg(b)+(L-x)*k1F',1); 
title(['h=',num2str(h),' m;  L=', num2str(L), '  m'], 'FontSize',12 ), 
aFA=atan(tan(b)+(L-20)*k2F);  aFB=atan(tan(b)-(L-20)*k2F); 
tFBU=QFC*(sin(aFB)+f0*cos(aFB)); 
tFAU=QFC*(sin(aFA)+f0*cos(aFA)); 
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FF1=(-1)^kk*(-tFBU)+t0; FF2=(-1)^kk*(-tFAU)+t0; 
Fef=(1/3*(FF1^2+FF1*FF2+FF2^2))^.5; 
if aFB>=0  q2=(2+1)*(tFAU+t0)/(b2-h); else q2=(2+1)*(tFAU+t0)/b2; 
end; 
q21=[6.2,7.1,8.1,9.2,9.7,11,13,16,17,21,22,27,33,36]; 
n=min(find(q21>=q2)); q2=q21(n);  
d21=[13.5,14.5,15,16,16.5,17.5,19.5,21,22,24,25,27.5,30.5,32]; 
d2=d21(n); 
s21=[65,74,84,95,105,114,144,175,185,220,239,286,350,386]; 
s2=s21(n);  
T21=[109,124.5,142,161,168.5,184.8,231.5,282.25,297.5,356,385.5,
462.5,564,623]; 
T2=T21(n); T2max=T2*10^3/n2; b2=T2max/q2; G2=2*q2*(b2-h); 
H2=q2*b2*cos(b);  
bn=2; Vm=0.32*(j1*L)^.5; D0=.08*d2; D0r=[1,1.25,1.6, 2, 2.5];  
n=min(find(D0r>=D0)); D0=D0r(n); nm=60*Vm/pi/D0; 
n0=[750,1000,1500]; 
ired=[8,10,12.5,16,20,22.4,31.5,40,50]; nm1=nm*ired; 
[M1,n]=min(nm1/750);  
[M2,n]=min(nm1/1000); [M3,n]=min(nm1/1500); 
[MM,n]=min([M1,M2,M3]);  
nmot=n0(n); dd=nmot/nm; [z,n]=min((abs(ired-dd))); i=ired(n);  
Vmr=pi*D0*nmot/60/i;  
Pef=Fi*Fef*Vmr/etar;  
if nmot==750 P750=[7.5,11,15,18.5,22,30,37,45,55,75,90]; 
n=min(find(P750>=Pef));  
Pnom=P750(n); J750=[.11,.15,.27,.41,.46,.7,1.2,1.4,3.29,4,5.21]; 
Jmot=J750(n); end; 
if nmot==1000 P1000=[7.5,11,15,18.5,22,30,37,45,55,75,90]; 
n=min(find(P1000>=Pef));  
Pnom=P1000(n); 
J1000=[.067,.11,.15,.27,.41,.46,.65,1.2,1.3,3.04,3.25]; 
Jmot=J1000(n); end; 
if nmot==1500 P1500=[7.5,11,15,18.5,22,30,37,45,55,75,90]; 
n=min(find(P1500>=Pef));  
Pnom=P1500(n); J1500=[.032,.045,.075,.087,.16,.2,.27,.32,.5,1,1.2]; 
Jmot=J1500(n); end; 
Mred=(8*bn*Pnom*.9/nmot-.003*Jmot*j1/D0*i)*i;  
disp(sprintf('sarelso bagiris erti metris cona, N/m-q1=%g',q1));  
disp(sprintf('sarelso bagiris damchimi tvirti, N-G1=%g',G1));  
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disp(sprintf('sacevi bagiris erti metris cona, N/m-q2=%g',q2));  
disp(sprintf('sacevi bagiris damchimi tvirti, N-G2=%g',G2));  
disp(sprintf('amzravi shkivis diametri, m-  D0=%g',D0));   
disp(sprintf('zravas brunvata ricxvi, r/min -  nmot=%g',nmot));  
disp(sprintf('reductoris gadacemis ricxvi, -  i=%g',i)); 
disp(sprintf('reduqtoris momenti, Nm- Mred=%g', Mred)); 
disp(sprintf('bagirgzis sichqare, m/s-  Vmr=%g',Vmr));  
disp(sprintf('bagirgzis amzravi zravas simzlavre, kWt- 
Pnom=%g',Pnom)); 
disp('=============================================='); 
f2m=q2*L^2/8/H2/cos(b); lR=L/cos(b)+8*f2m^2*(cos(b))^3/3/L; 
CV=E*s2/lR;  
CH=12*H2^3/q2^2/lR^3/cos(b); CR=CV*CH/(CV+CH);  
mR=q2*lR/10; hw=2.5;  
mmot=4*Jmot*(i/D0)^2; mred=.5*mmot; m1x=200*D0^2; 
m2x=115*D0^2;  ww=(10/hw)^.5; 
m1=mmot+mred+m1x+2*m2x; m2=3*m2x; Ax=m1+mR+mC; 
Bx=m2+mR; Ay=Ax-mC; 
By=Bx+mC; disp([sprintf(' Ax=%g',Ax), sprintf('   Bx=%g',Bx)]); 
disp([sprintf(' Ay=%g',Ay), sprintf('   By=%g',By), sprintf('   
CR=%g',CR)]); 
for N=0:25:25; mw=mE+80*N; Cw=mw*ww^2; F0=.6*(Ax+Bx+mw); 
disp([sprintf('  N=%g',N), sprintf(' Cw=%g',Cw),sprintf('  F0=%g',F0), 
sprintf('   mw=%g',mw)]);        
syms p t;  b1=F0/p; b2=0; b3=0;   
p11=Ax*p^2+2*CR+mw*ww^2; p12=-2*CR; p13=-mw*ww^2; 
p21=-2*CR; p22=Bx*p^2+2*CR; p23=0; p31=-ww^2; p32=0; 
p33=p^2+ww^2; 
D=det([p11,p12,p13; p21,p22,p23;p31,p32,p33]); 
D=vpa(collect(D),4); 
p11=b1; p12=-2*CR; p13=-mw*ww^2;  
p21=b2; p22=Bx*p^2+2*CR; p23=0; p31=b3; p32=0; 
p33=p^2+ww^2; 
Dx=det([p11,p12,p13; p21,p22,p23;p31,p32,p33]); 
Dx=vpa(collect(Dx),4); X=vpa(ilaplace(Dx/D,p,t),4); Vx=vpa(diff(X),4); 
ax=vpa(diff(Vx),4); 
p11=Ax*p^2+2*CR+mw*ww^2; p12=b1; p13=-mw*ww^2; 
p21=-2*CR; p22=b2; p23=0; p31=-ww^2; p32=b3; p33=p^2+ww^2; 
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Dy=det([p11,p12,p13; p21,p22,p23;p31,p32,p33]); 
Dy=vpa(collect(Dy),4); Y=vpa(ilaplace(Dy/D,p,t),4); Vy=vpa(diff(Y),4); 
ay=vpa(diff(Vy),4); 
p11=Ax*p^2+2*CR+mw*ww^2; p12=-2*CR; p13=b1; 
p21=-2*CR; p22=Bx*p^2+2*CR; p23=b2; p31=-ww^2; p32=0; 
p33=b3; 
Dz=det([p11,p12,p13; p21,p22,p23;p31,p32,p33]); 
Dz=vpa(collect(Dz),4); Z=vpa(ilaplace(Dz/D,p,t),4); Vz=vpa(diff(Z),4); 
az=vpa(diff(Vz),4);  
X=vpa(simple(X),4); Y=vpa(simple(Y),4); Z=vpa(simple(Z),4);    
Vx=vpa(simple(Vx),4); Vy=vpa(simple(Vy),4); Vz=vpa(simple(Vz),4);   
ax=vpa(simple(ax),4); ay=vpa(simple(ay),4);  az=vpa(simple(az),4);  
t=0:.1:10;  X=subs(X); Y=subs(Y); Z=subs(Z); Vx=subs(Vx); 
Vy=subs(Vy); Vz=subs(Vz);  ax=subs(ax); ay=subs(ay); az=subs(az);  
figure; subplot(3,1,1); plot(t,X-Y,'b',t,X-Z,'r','LineWidth',2), grid;  
xlabel('t','FontSize',12); ylabel('X, Y,  Z','FontSize',8); 
title([' vagoni amzravtanaa','  ------  N=',int2str(N)], 'FontSize',12 ); 
legend('  X-Y','  X-Z',-1);   
subplot(3,1,2); plot(t,Vx-Vy,'b',t,Vx-Vz,'r', 'LineWidth',2),grid, 
xlabel('t','FontSize',12); ylabel('Vx, Vy, Vz','FontSize',8); legend('Vx-
Vy','Vx-Vz',-1);   
subplot(3,1,3); plot(t,ax-ay,'b',t,ax-az,'r', 'LineWidth',2),grid, 
xlabel('t','FontSize',12); ylabel('ax, ay, az','FontSize',8); legend('ax-
ay','ax-az',-1);    
end;  for N=0:25:25; mw=mE+80*N; Cw=mw*ww^2; 
F0=.6*(Ay+By+mw); 
syms p t;  b1=F0/p; b2=0; b3=0;   
p11=Ay*p^2+2*CR; p12=-2*CR; p13=0; 
p21=-2*CR; p22=By*p^2+2*CR+mw*ww^2; p23=-mw*ww^2; 
p31=0; p32=-ww^2;  p33=p^2+ww^2; 
D=det([p11,p12,p13; p21,p22,p23;p31,p32,p33]); 
D=vpa(collect(D),4); 
p11=b1; p12=-2*CR; p13=0; p21=b2; p22=By*p^2+2*CR+mw*ww^2; 
p23=-mw*ww^2; 
p31=b3; p32=-ww^2;  p33=p^2+ww^2; 
Dx=det([p11,p12,p13; p21,p22,p23;p31,p32,p33]); 
Dx=vpa(collect(Dx),4); X=vpa(ilaplace(Dx/D,p,t),4); Vx=vpa(diff(X),4); 
ax=vpa(diff(Vx),4); 
p11=Ay*p^2+2*CR; p12=b1; p13=0; p21=-2*CR; p22=b2; p23=-
mw*ww^2; 
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p31=0; p32=b3;  p33=p^2+ww^2; 
Dy=det([p11,p12,p13; p21,p22,p23;p31,p32,p33]); 
Dy=vpa(collect(Dy),4);  Y=vpa(ilaplace(Dy/D,p,t),4); 
Vy=vpa(diff(Y),4); ay=vpa(diff(Vy),4); 
p11=Ay*p^2+2*CR; p12=-2*CR; p13=b1; 
p21=-2*CR; p22=By*p^2+2*CR+mw*ww^2; p23=b2; p31=0; p32=-
ww^2;  p33=b3; 
Dz=det([p11,p12,p13; p21,p22,p23;p31,p32,p33]); 
Dz=vpa(collect(Dz),4); Z=vpa(ilaplace(Dz/D,p,t),4); Vz=vpa(diff(Z),4); 
az=vpa(diff(Vz),4);  
X=vpa(simple(X),4); Y=vpa(simple(Y),4); Z=vpa(simple(Z),4);    
Vx=vpa(simple(Vx),4); Vy=vpa(simple(Vy),4); Vz=vpa(simple(Vz),4);   
ax=vpa(simple(ax),4); ay=vpa(simple(ay),4);  az=vpa(simple(az),4);  
t=0:.1:10;  X=subs(X); Y=subs(Y); Z=subs(Z); Vx=subs(Vx); 
Vy=subs(Vy); Vz=subs(Vz);  ax=subs(ax); ay=subs(ay); az=subs(az);  
figure; subplot(3,1,1); plot(t, X-Y,'b',t,X-Z,'r','LineWidth',2), grid;  
xlabel('t','FontSize',12); ylabel('X, Y,  Z','FontSize',8); 
title([' vagoni damchim shkivtanaa','  ------  N=',int2str(N)], 
'FontSize',12 ); legend('  X-Y','  X-Z',-1);   
subplot(3,1,2); plot(t,Vx-Vy,'b',t,Vx-Vz,'r', 'LineWidth',2),grid, 
xlabel('t','FontSize',12); ylabel('Vx, Vy, Vz','FontSize',8); legend('Vx-
Vy','Vx-Vz',-1);   
subplot(3,1,3); plot(t,ax-ay,'b',t,ax-az,'r', 'LineWidth',2),grid, 
xlabel('t','FontSize',12); ylabel('ax, ay, az','FontSize',8); legend('ax-
ay','ax-az',-1); end; 
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I danarTi 

 

jalambris skipebi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

# 

# 

skipis 

tvirT- 

amweoba,

0m , kg 

gaclis 

wesi 

 

skipis 

masa, 

skm , 

kg 

1 2000 Ziridan 2500 

2 3000 -“- 3000 

3 4000 -“- 3000 

4 6000 -“- 4500 
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II danarTi 

jalambris bagirebi 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 bagiris bagiris bagiris bagiris 

 1 m-is diametri liTonis gamgleji 

N masa, dr- kveTi Zala 

N mr- mm Sr- Tr- 
 kg/m  mm2 kn 

1 0.3835 9.7 38.82 49.85 
2 0.513 11.5 51.96 66.75 
3 0.6965 13.5 70.55 90.65 
4 0.812 15 82.16 104.5 
5 1.045 16.5 105.73 135.5 
6 1.245 18 125.78 161.5 
7 1.52 20 153.99 197.5 
8 1.83 22 185.1 237.5 
9 2.13 23.5 215.94 277 
10 2.495 25.5 252.46 324 
11 2.8 27 283.79 364.5 
12 3.215 29 325.42 417.5 
13 3.655 31 369.97 475 
14 4.155 33 420.96 540.5 
15 4.55 34.5 461.07 592 
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III danarTi 

jalambrebi 
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d
ia
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t
r
i,
 m
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d
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ax
ve
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ir
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s
ig

r
Ze
, 
m 

ma
qs
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al

u
r
i 
s
iC
qa
r
e,
 

m/
w
m 

Zr
av
as

 b
r
u
nv
aT

a 
r
ic

x
vi
, 
b
r
/w
T
 

 Zr
av
as

 s
im
Zl

av
r
e,
 k
vt

 

j
am
u
r
i 
in
er

c
ii

s
 

mo
me
nt

i,
 k
g
m2
 

2БЛ 1.2/0.8 25 18 380 2 960 35 9200 

2ЛТ 1.2/1.0 35 22 475 2 960 80 9600 

1БЛ 1.6/1.2 40 25 605 3.4 960 150 10450 
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IV danarTi 

asinqronuli fazur-rotoriani Zravebi 

 

 

# 

# 

s
im
Zl

av
r
e,
 

kv
t
 

b
r
u
nT

a 
r
ic

x
vi
, 

b
/w
T
 

g
ad

at
vi
r
T
vi
s
 

ko
ef

c
ie
nt

i 
 r
o
t
o
r
is

 
Za
b
va
, 

vE
 

r
o
t
o
r
is

 
d
en
i,
 a
 

in
er

c
ii

s
 

mo
me
nt

i,
 k
g
m2
 

 
nP  nn  nb  2U  2I  motJ  

1 5.5 1420 2.5 211 15 0.07 

2 7.5 1420 2.5 298 15 0.085 

3 10 1420 2 160 40 0.14 

4 17 1430 2 215 49.3 0.33 

5 22 1430 2 275 50.1 0.4 

6 4 950 2.5 112 21 0.103 

7 5.5 950 2.5 153 21 0.135 

8 7.5 960 1.8 140 35 0.24 

9 10 960 1.8 180 36 0.29 

10 13 960 1.8 195 42.6 0.62 

11 10 715 1.7 150 47.8 0.62 

12 13 715 1.7 185 50 0.55 

13 22 725 1.7 95 150 1.13 

14 30 725 1.7 130 150 1.43 

15 40 720 1.7 120 225 1.6 
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V danarTi 

mudmivi denis Zravebi 
         

   

 

                 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

# 
# 
 

simZ-
lavre 

brun-
vaTa 

ricxvi 
Zabva deni 

Mmq 
koef. 

kvtP br/wTP vU v % 

 Pn Nn U I eta 
1 8.5 800 220 48.0 81 
2 10 750 220 58.0 79 
3 11 800 220 60.0 84 
4 13 1120 220 70.0 85 
5 14 1000 220 78.0 82 
6 16 100 220 85.0 86 
7 18.5 1500 220 97.0 87 
8 22 1500 220 114.0 87.5 
9 25 2120 220 128.0 89 
10 30 1500 220 153.0 88.9 
11 32 3150 440 80.0 90.5 
12 36 2200 220 185.0 88.5 
13 53 2360 440 133.0 90.5 
14 60 3150 440 151.0 90.5 
15 75 3150 440 186.0 91.5 
16 85 1000 440 219.0 88.4 
17 90 1060 220 463.0 88.4 
18 110 1000 220 562.0 89 
19 132 1500 220 662.0 90.6 
20 160 1500 220 808.0 90 
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VI danarTi 

bagirgzis sarelso bagirebi 

 

 

 

 

grZivi 
metris 
wona, 
q1 n/m 

bagiris 
diametri, 

d1 mm 

bagiris 
liTonis 
kveTi, 
s1 mm2 

jamuri gamgleji Zala, T1,kn 

S1, 
1200 
n/mm2 

S1, 
1300 
n/mm2 

S1, 
1400 
n/mm2 

50 30.5 596 715 775 834 

56 32 660 790 858 924 
63 34 730 875 949 1022 
70 35.5 796 955 1035 1114 
86 38.5 1000 1200 1300 1400 
96 40.5 1135 1360 1475 1589 
103 42.5 1210 1450 1573 1694 
115 45 1356 1620 1762 1898 
125 47 1460 1750 1898 2044 
145 51 1725 2070 2242 2415 
164 52 1960 2352 2548 2744 
173 54 2064 2480 2683 2890 
177 55 2075 2490 2697 2905 
198 60 2390 2870 3107 3346 
237 65 2850 3420 3705 3990 
272 70 3292 3950 4280 4609 
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VII danarTi 
 

bagirgzis sawevi bagirebi 

 

grZivi 
metris 
wona, 
q2 n/m 

bagiris 
diametri, 

d2 mm 

bagiris 
liTonis 
kveTi, 
s2 mm2 

jamuri gamgleji Zala, T2 kn 

S2, 
1700 
n/mm2 

S2, 
1800 
n/mm2 

S2, 
1900 
n/mm2 

6.2 13.5 65 97.4 103 109 
7.1 14.5 74 111.5 118 124.5 
8.1 15 84 127.5 134.5 142 
9.2 16 95 144 152.5 161 
9.7 16.5 105 150.5 159.5 168.5 
11 17.5 114 165.35 175.1 184.8 
13 19.5 144 207 219.5 231.5 
16 21 175 252.5 267.4 282.25 
17 22 185 266 282 297.5 
21 24 220 318.5 337.25 356 
22 25 239 345.5 365.5 385.5 
27 27.5 286 413.5 438.5 462.5 
33 30.5 350 504.5 534.5 564 
36 32 386 557.5 590.25 623 
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VIII danarTi 
 

bagirgzis amZravi asinqronuli Zravebi 

 

nomin. 
simZl. 

nomin. 
brun.ric. 

nomin. 
deni 

simZl. 
koef. 

bn= 
Mm/Mn 

mqnevara 
momenti 

Pn,kWt nn,r/min In cosFi  Jmot 
7.5 1450 15.4 0.85 2,8 0,032 
11 1450 22.1 0.85 3,0 0,045 
15 1450 29.6 0.86 2,6 0,075 

18.5 1450 36.3 0.86 2,6 0,087 
22 1465 44 0.84 2,6 0,16 
30 1470 57.5 0.87 2,6 0,20 
37 1470 72 0.85 2,5 0,27 
45 1470 87 0.85 2,8 0,32 
55 1475 105 0.86 2,2 0,50 
75 1485 142 0.85 2,3 1,00 
90 1485 164 0.88 2,3 1,20 
7.5 960 16,7 0,8 2,8 0,067 
11 970 23,4 0,82 2,5 0,11 
15 970 31,0 0,83 2,7 0,15 

18.5 980 37,5 0,84 2,7 0,27 
22 975 44,5 0,83 2,2 0,41 
30 975 60,0 0,84 2,2 0,46 
37 980 73,0 0,84 2,5 0,65 
45 985 87,5 0,84 2,0 1,20 
55 985 108 0,84 2,0 1,30 
75 990 142 0,85 2,0 3,04 
90 990 171 0,85 2,2 3,25 
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bagirgzis amZravi asinqronuli Zravebi 

(VIII danarTis gagrZeleba) 

 

 

 

 

 

 

 

 

 

 

 
IX danarTi 

 
bagirgzis amZravis reduqtorebi 

 

 
reduq. 
tipi 

 

 
gadacemis 
ricxvi 

 

nom. 
gamom. 
momenti 

kn. 

PM-400 8; 10; 12.5; 16; 20; 22.4; 31.5; 40; 50; 2 
PM-500 8; 10; 12.5; 16; 20; 22.4; 31.5; 40; 50; 2.3 
PM-650 8; 10; 12.5; 16; 20; 22.4; 31.5; 40; 50; 10 
PM-750 8; 10; 12.5; 16; 20; 22.4; 31.5; 40; 50; 18 
PM-850 8; 10; 12.5; 16; 20; 22.4; 31.5; 40; 50; 27 

7.5 725 18.4 0,72 2,2 0,11 
11 725 26 0,74 2,2 0,15 
15 730 33 0,78 2,2 0,27 

18.5 735 41,0 0,76 2,7 0,41 
22 735 48,5 0,77 2,6 0,46 
30 735 64,5 0,78 2,2 0,70 
37 740 84,0 0,73 2,6 1,20 
45 740 98,0 0,75 2,6 1,40 
55 740 108 0,83 2,0 3,29 
75 740 148 0,82 2,1 4,00 
90 740 170 0,85 2,1 5,21 
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