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   ganxilulia rogorc mudmivi, ise cvladi denis Tanamedrove tiristoru- 
li eleqtroamZravebis ukukavSirebiani sistemebi uwyveti da cifruli mar-
Tvisas. dinamikuri maCveneblebis gaumjobesebis mizniT amZravTa unificire-
buli sistemebi srulyofilia SeSfoTebis makompensirebeli (invariantuli 
marTvis principebis Sesabamisad) damatebiTi ukukavSirebiT. Sedgenilia ele-
qtroamZravebis statikuri da dinamikuri reJimebis aRmweri maTematikuri mo-
delebi, amasTan rig SemTxvevebSi gaTvaliswinebulia meqanikuri lilvis  
drekadi Tvisebebic. gansazRvrulia eleqtroamZravTa invariantobis uzrun-
velmyofeli rgolebis gadamcemi funqciebi. datvirTvis cvlilebis sakompe-
nsacio mowyobiloba Sesrulebulia kalman-biusis filtris analogiuri sq-
emis daxmarebiT. cvladebis mdgomareobis sivrcis da sixSiruli analizis 
safuZvelze mocemulia regulatorebis optimaluri parametrebis gamosaTv-
leli formulebi rogorc xisti, ise drekadlilvini amZravebisaTvis. dreka-
di rxevebis Casaqrobad gamoyenebulia R-L-C elementebisagan Sedgenili fi-
ltri. gansazRvrulia  sistemebis cifruli koreqtorebis optimaluri gada-
mcemi funqciebi da iqve moyvanilia am tipis amZravTa Sesabamisi gardamava-
li procesebis mrudebi. dasasrul,  mocemulia uwyveti da dabali mgrZno-
biarobis invariantuli marTvis mqone eleqtroamZravebis dinamikuri proce-
sebis kompiuteruli kvlevis Sedegebi.                                         
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……                        Sesavali 

 

   Tanamedrove avtomatizebuli eleqtroamZravebis umTa-

vres problemad mecnierebi ganixilaven maTi marTvis si-

stemebis srulyofas sizustisa da swrafqmedebis gazr-

dis TvalsazrisiT. miuxedavad imisa, rom mudmivi denis 

avtomatizebuli tiristoruli eleqtroamZravebi maRali 

energetikuli maCveneblebis gamo farTod gamoiyeneba pr-

aqtikaSi, amasTan bolo wlebSi zogierTi firmebi upi-

ratesobas mainc aniWeben cvladi denis 3-faza asinqro-

nulZravebian eleqtroamZravebs (naxevargamtaruli sixSi-

ruli gardamsaxebiT). es ganpirobebulia imiT, rom mud-

mivi denis Zravs eqsploataciaSi esaWiroeba xSiri rem-

onti koleqtorisa da musebis gamo, xolo asinqronul 

Zravebs saeqsploatacio xarjebi TiTqmis ar gaaCniaT. 

Tumc, ar SeiZleba aqve ar SevniSnoT asinqronuli eleq-

troamZravebis naklovanebac, kerZod -Zravas mkvebavi six-

Siruli gardamsaxis sqemis sirTule da marTvis siste-

mis elementebis simravle, rac pirdapir kavSirSia danad-

garis muSaobis saimedobis SemcirebasTan. 

   regulirebadi eleqtroamZravebis marTvis sistemebis 

ganviTarebis tendencia iTxovs ra muSaobis  sizustis 

da swrafqmedebis ganuwyvetel zrdas, am maCveneblebis 

gasaumjobeseblad mTavar xelSemSlel faqtorebad iTv-

leba SemSfoTi signalebis cvlilebis makompensirebeli 

mowyobilobebis  realizebis sirTule da amZravTa tran-

smisiebSi arsebuli drekadi elementebi (grZeli lilve- 
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bi). xSirad es gamowveulia manqanis teqnologiuri an ko-

nstruqciuli TaviseburebebiT. leqtroamZravTa drekadi 

elementebis (grZeli meqanikuri lilvebis) boloebSi gan-

Tavsebuli inerciuli masebi dinamikaSi modian Zlier 

rxeviT (grexiT) moZraobaSi, rasac realobaTa gauTva-

liswineblobis SemTxvevaSi SeuZlia gamoiwvios danad-

garis mwyobridan gamosvla vadaze adre. Mmisi mizeziTaa 

SezRuduli xSirad eleqtroamZravis dinamikuri swraf-

qmedebis gazrdis SesaZleblobac. A 

   zemoT aRniSnul problemebTan dakavSirebiT da  Tana-

medrove eleqtroamZravebis marTvis sistemebis srulyo-

fis mizniT wignSi mocemulia  SeSfoTebaTa makompensi-

rebeli realizebadi mowyobilobebis analizuri konst-

ruirebis xerxebi, xolo grexiTi rxevebis Casaqrobad 

rekomendebulia  R-L-C elementebiT Sedgenili eleqtru-

li filtrebi. aRniSnuli problemebis gadawyveta aqtua-

luria rogorc uwyveti (analoguri), ise diskretuli 

(cifruli) marTvis mqone eleqtroamZravebisaTvis.  

   wignis I da II TavebSi Sedgenilia eleqtroamZravebis 

sistemebis statikuri da dinamikuri reJimebis aRmweri 

maTematikuri modelebi. gansazRvrulia eleqtroamZravTa 

invariantobis uzrunvelmyofeli (SeSfoTebaTa makompens-

irebeli) rgolebis gadamcemi funqciebi. datvirTvis cv-

lilebis sakompensacio mowyobiloba Sesrulebulia ka-

lman-biusis filtris analogiuri principiT. III TavSi 

sistemebis sixSiruli analizis safuZvelze mocemulia 

regulatorebis optimaluri parametrebis gamosaTvleli 
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formulebi rogorc xisti, ise drekadlilvini amZra-

vebisaTvis. IV TavSi gansazRvrulia sistemebis cifruli 

koreqtorebis optimaluri gadamcemi funqciebi da moyva-

nilia am tipis amZravTa Sesabamisi gardamavali proce-

sebis mrudebi. V TavSi warmodgenilia uwyveti marTvis 

da dabali mgrZnobiarobis mqone invariantuli eleqt-

roamZravebis dinamikuri maxasiaTeblebis kompiuteruli 

kvlevis Sedegebi.  
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Tavi I. mudmivi da cvladi denis avtomatizebuli 

eleqtroamZravebi  

 

$1.1. mudmivi denis eleqtroamZravebis ukukavSi- 

riani marTvis sistemebis statika 

    

   nax.1.1-ze warmodgenilia mudmivi denis siCqaris uar-

yofiT ukukavSiriani tiristoruli eleqtroamZravis sis-

tema, romelic Sedgeba Semdegi elementebisagan: Z – da-

moukidebel agznebiani Zravasagan; tg -tiristoruli gam-

marTvelisagan (igi kvebavs Zravas Ruzis gragnils re-

gulirebadi ZabviT); sr da  sg -siCqaris regulatori da  

gadamwodia (taqogeneratori); f –filtria, romelic Ca-

rTulia taqogeneratoris gamosavalze da uzrunvely-

ofs sg-dan miRebuli Zabvis ( ukU ) gauToebas. garda Zir-

iTadi (siCqaruli) ukukavSirisa, gansaxilvel sqemaze na-

Cvenebia SeSfoTebaTa (qselis Zabvis da Zravas RerZze 

datvirTvis cvlilebis) makompensirebeli ukukavSirebi - 

Sesabamisad Zck da dck  invariantobis uzrunvelmyofe- 

li rgolebiT (ix. nax.1.1-ze wyvetiliT naCvenebi ukukav-

Sirebi). 

   manam, sanam ganvixilavT uSualod siCqaris ukukav-

Siriani mudmivi denis (m.d.)  eleqtroamZravis sistemas, 

mokled avxsnaT m.d. damoukidebel agznebiani Zravas 

qselTan CarTvis procesi. Zravas agznebis gragnils wi-

naswar an Ruzis gragnilTan erTad unda mivawodoT Zab- 
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nax.1.1. mudmivi denis tiristoruli eleqtroamZravis 

uwyveti marTvis erTkonturiani sistema SeS-

foTebaTa makompensirebeli damatebiTi ukukav-

SirebiT 

 

va. gragnilSi gaivlis deni, misi urTierTqmedebiT 

Zravas agznebis gragnilSi denis gavliT manqanaSi Sei-

qmneba uZravi magnituri veli. xolo mas Semdeg, Ruzis 

gragnilSi gaivlis deni, misi urTierTqmedebiT ZravaSi 

arsebul magnitur velTan RerZze warmoiqmneba brunvis 

momenti. Zrava daiwyebs muSaobas aCqarebulad da misi 
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siCqare damyardeba iq, sadac misi brunvis momenti gau-

toldeba RerZze modebul datvirTvis moments. aseTna-

irad warmoebs mcire simZlavris Zravebis qselTan Ca-

rTva. rac Seexeba saSualo da didi simZlavris Zravebs, 

maTi qselTan mierTeba, rogorc wesi, xorcieldeba Ru-

zis gragnilTan mimdevrobiT CarTuli damatebiTi wina-

RobebiT. is gareSe ZravaSi (RuzaSi) mosalodnelia gai-

aros 10-jer da ufro meti sididis gamSvma (mokle 

CarTvis) denma, Ruzis gragnilis mcire aqtiuri wina-

Robis gamo. mas SeuZlia gamoiwvios Zravas dazianeba (da-

wva).  

   exla ganvixiloT siCqaris ukukavSiriani (e.w. erTko-

nturiani)  tiristoruli eleqtroamZravis sistemis muSa-

obis principi. am SemTxvevaSi amZravis gaSvebis dasaw-

yisSi aucilebelia sqemis momzadeba, rac gulisxmobs 

Zravas agznebis gragnilis da tiristoruli gardamsaxis 

mierTebas qselTan. mas Semdeg, rac marTvis sistemas 

mivawvdiT davalebis signals amZravi daiwyebs aCqarebas 

da misi siCqare damyardeba davalebis signalis Sesabamis 

sidideze. Zravas gaSvebis procesi amjerad xorcieldeba 

forsirebulad sistemis ukukavSiris daxmarebiT. fo-

rsirebas iwvevs is, rom Tavidan manam sanam Zrava jer 

kidev uZravia (eleqtrul da meqanikur inerciulobaTa 

gamo) da ukukavSirSi ar arsebobs signali (Zabva), 

davalebis Zabva ki  mTlianad moedeba siCqaris regu-

lators. Zabvis es sidide gacilebiT Warbobs normalu-

rs, amitom procesi warimarTeba forsirebulad, xolo 
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misi moxsna moxdeba umalve, rogorc ki Zrava daiwyebs 

dabrunebas (anu roca gaCndeba Zabva ukukavSirSi).    

   siCqaris ukukavSiriani tiristoruli eleqtroamZ-

ravis sistemis (nax.1.1) siCqaruli maxasiaTeblis for-

mulis misaRebad saWiroa CavweroT misi calkeuli 

elementis statikuri reJimis Sesabamisi gantolebebi:  
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⎪
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       (1-1)                      

sadac srK , tgK  da sgK - Sesabamisad aris siCqaris 

regulatoris, tiristoruli gardamsaxis  da siCqaris 

gadamwodis gadacemis koeficientebi; RZRtg,Z, RIEE ,  da 

tgR -Zravas Ruzis da tg-is e.m. Zalebia, agreTve Ruzis 

deni, Ruzis gragnilis da tg-is aqtiuri winaRobebia; 

Zc -Zravas e.m.-Zalis proporciulobis koeficientia, rome-

lic  ganisazRvreba misi sapasporto  monacemebiT da 

Semdegi formuliT: 

nom

RZnomnom
Z ω

RIU
c

⋅−
= ;             (1-2) 
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tgtg RE , -tiristoruli gardamsaxis e.m. -Zala da aqtiuri 

winaRobaa; tgK -tiristoruli gardamsaxis gadacemis ko-

eficienti, misi gansazRvra warmoebs gare maxasiaTeblis 

muSa wertilSi gavlebuli mxebis daxris kuTxis tanges-

iT anu 

Usr

tg
tg U

E
K

Δ

Δ
= ;                    (1-3) 

   (1-1)-is erToblivi amonaxsni gvaZlevs ukukavSiriani 

amZravis siCqaruli maxasiaTeblis formulas: 

( ),c ukZtgsr1Z

RwR
d

ukZtgsr1

Ztgsr

KKKK

RI
U

KKKK

KKK

+
−⋅

+
=ω      (1-4) 

sadac 
Z

Z c
K 1

=  - aris eleqtroZravas gadacemis koefici-

enti; tgRZRw RRR += -Zravis Ruzis wredis sruli aqtiu-

ri winaRoba.                                                           

Tu, (1-4)-Si RI -s SevcvliT Zravas brunvis momentis ( M ) 

sididiT Semdegi gamosaxulebidan 

             ,RZ IcM ⋅=                     (1-5)            

maSin advilad miviRebT amZravis meqanikuri maxasia-

Teblis formulasac: 

)1(

/

Kc

MR
U

K

KK

+
−

+
=

2
Z

Rw
d

1

uk
ω ,                 (1-6) 

sadac ukZtgsr KKKKK ⋅⋅⋅= -sistemis saerTo gaZliere-

bis koeficientia.  
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   (1-6)-Si pirveli mdgeneli warmoadgens amZravis uqmi 

svlis siCqares )0(ω , xolo meore mdgeneli aris 

amZravis siCqaris vardna ukukavSirian (Sekrul) 

sistemaSi )( SωΔ . vinaidan sistemis saerTo K =200-

dan1000-mde, amitom ukukavSiriT momuSave amZravs 

siCqaris vardna TiTqmis ar gaaCnia anu  

2cZ

RZ
gaxsnS

RM ⋅
=Δ<<Δ ωω .  

   A siCqaris uaryofiTi ukukavSiri iwvevs ra sistemis 

statikuri sizustis gazrdas, imavdroulad uzrun-

velyofs amZravis dinamikuri procesebis forsirebas. Ees 

advilad aixsneba gaSvebis procesis dasawyisSi regula-

toris Sesasvlelze gazrdili Zabvis miwodebiT. aR-

niSnuli gazrdili Zabvis TandaTanobiTi moxsna sw-

rafad xorcieldeba sistemaSi Semavali elementebis ine-

rciulobaTa gaTvaliswinebiT. 

   siCqaris da denis ukukavSirebiani (orkonturiani) 

tiristoruli eleqtroamZravis sistemis funqcionaluri 

sqema warmodgenilia 1.2-e nax-ze, romelzedac  siCqaris 

da denis regulatorebia sr da dr. igi ise, rogorc wina 

ganxiluli sistema, uzrunvelyofs amZravis siCqaris 

stabilizacias maRali sizustiT, xolo dinamikaSi 

saSualebas iZleva gakompensirebul iqnas amZravis 

ZiriTadi (didi) inerciulobebi, rac sabolood saSu-

alebas mogvcems gavzardoT siCqaris regulirebis swra-

fqmedeba.                    
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   invariantuli eleqtroamZravis sistemis Sesaqmnelad 

orive SemTxvevaSi (nax.1.1 da nax.1.2) qselis Zabvis 

cvlilebis makompensirebeli rgolis realizeba Seda-

rebiT advilia, xolo Zravas RerZze statikuri da-

tvirTvis cvlilebis kompensaciis rgolis konstruireba 

ufro Znelia. am mizniT moxerxebul saSualebad migv-

aCnia marTvis sistemebSi kalman-biusis filtris ana-

logiuri damkvirvebeli mowyobilobis gamoyeneba da misi 

        

 

nax.1.2. mudmivi denis tiristoruli eleqtroamZravis uwy-
veti marTvis orkonturiani sistema SeSfoTebaTa 
makompensirebeli damatebiTi ukukavSirebiT   

 
 
daxmarebiT amZravis dinamikuri momentis (denis) Sesa-

bamisi mdgenelis miReba.  
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nax.1.3. mudmivi denis tiristoruli eleqtroamZravis ci-

fruli marTvis sistema  
 

   mudmivi denis cifrul-regulatoriani tiristoruli 

eleqtroamZravis sistema (nax.1.3) garda cifruli regu-

latorisa (1) Seicavs nulovani donis eqstrapoliators 

(2), romelic uzrunvelyofs sistemis impulsuri da uwy-

veti (analoguri) moqmedebis nawilebis urTierTkavSirs. 

sistemaSi siCqaris ukukavSiris sg -gadamwodi, rogorc 

wesi, impulsuri moqmedebisaa da mis wredSi CarTulia 

specialuri cifrul-analoguri gardamsaxi (cag).  

   radiolokaciur antenebze da radioteleskopebze 

gamoiyeneba mudmivi denis  eleqtroamZravis e.w. ,,mimyo-

li” marTvis sistema (nax.1.4). aseTi sistema uzrun-

velyofs Sesavalze miwodebuli gareSe faqtorebiT 

gansazRvruli signalis gameorebas sistemis gamosavalze 

arsebuli signalis saxiT. sistemis Semavali da gamoma-
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vali RerZebis mobrunebis kuTxeTa ( gdaS ΘΘ        ) uTan-

xmoebis gazomva xorcieldeba sg da sm gadamwodi 

(mokarnaxe) da mimRebi selsinebis gamoyenebiT. roca sm-is 

 

        nax.1.4. mimyoli eleqtroamZravis erTkonturiani  
       marTvis sistema 

 

RerZi Semobrundeba raime kuTxiT, maSinve sg-s erTfaza 

gamosasvlelze gaCndeba selsinebis RerZebis uTanxmo-

ebis (cdomilebis) proporciuli δu  Zabva. sistemis 

pirdapir arxSi r -regulatoridan gaivlis signali, 

romelic aamuSavebs sm-is RerZze damagrebul Semsr-

ulebel Zravas. igi imuSavebs manam, sanam ar moispoba 

uTanxmoeba sm-is da sg-s RerZebis mobrunebis kuTxeebs  

Soris. 
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   nax.1.5. modaluri marTvis mqone eleqtroamZravis 
matriculi struqturuli sqema damkvirvebeli 
mowyobilobiT  

                                                        

  1.5-e nax-ze warmodgenilia axali tipis e.w. modaluri 

marTvis mqone eleqtroamZravis matriculi blok-sqema 

damkvirvebeli mowyobilobiT, romelzedac gvaqvs Sem-

degi aRniSvnebi: x–realuri sistemis mdgomareobis 

cvladebia; y-gamomavali signalia; A da  B -mdgomareobis 

cvladebis Sesabamisi difgantolebebis parametrebiT 

gansazRvruli matricebia;   C -matrica gansazRvravs sist-

emis  cvladebidan romelia gamomavali signali ; K- 

damkvirvebeli mowyobilobis ukukavSirebis koeficiente-

bia. damkvirvebel mowyobilobaSi miTiTebuli cvladebi 

realuri cvladebis SefasebiTi sidideebia .  

    1.6-e nax-ze warmodgenilia mudmivi denis orZraviani 

tiristoruli eleqtroamZravis funqcionaluri sqema, 

romelic SemuSavebulia avtoris  mier [10]. sqema unikal-
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uria msoflioSi arsebuli orZraviani eleqtroamZra-

vebis sqemaTa Soris da axorcielebs Zravebs Soris 

datvirTvis proporciul ganawilebas yovelgvari dam-

atebiTi kavSirebisa da elementebis CarTvis gareSe [8]. 

 
    nax.1.6. orZraviani tiristoruli eleqtroamZravi       

 

$1.2. cvladi denis asinqronuli eleqtroam- 

Zravebis ukukavSiriani marTvis sistemebi 

 

   praqtikaSi farTod gamoiyeneba cvladi denis samfaza  
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asinqronuli eleqtroamZravis uwyveti marTvis sistema 

Zabvis tiristoruli gardamqmneliT, romelic uzrunve-

lyofs Zravas siCqaris stabilizacias regulirebis D=3:1 

diapazoniT (nax.1.7).  

   manam, sanam SevexebiT c.d.-is asinqronuli eleqtro-

amZravis ukukavSirian sistemebs mokled aRvweroT 3-faza 

asinqronuli Zravas qselTan CarTvis da gaSvebis pro-

cesi. miawvdian ra Zabvas  Zravas statoris 3-faza gra-

gnilebs (SeerTebuls varskvlavad an samkuTxedad) maTSi 

gaivlis deni, rac gamoiwvevs manqanis sahaero RreWoSi 

mbrunavi magnituri velis warmoqmnas. es veli Zravas 

uZravi rotoris gragnilebSi daainduqcirebs e.m.-Zalebs, 

romlebsac mohyveba agreTve maTSi denebis gavla. am 

denebisa da magnituri velis urTierTqmedeba gamoiwvevs 

rotoris dabrunebas. Aaqac iseve, rogorc mudmivi denis 

ZravaSi, saSualo da didi simZlavreebis SemTxvevaSi 

rotoris gragnilebis mimdevrobiT gaSvebis dasawyisSive 

aucilebelia e.w. gamSvi (damatebiTi) winaRobebis CarTva. 

es gamoricxavs manqanaSi amuSavebis dasawyisSi didi ( 

m.C-is) denis gavlas da mis dazianebas (dawvas). tiris-

torul gardamqmneliani asinqronuli eleqtroamZravis 

regulirebis SezRuduli diapazoni ganpirobebulia Zra-

vas kritikuli (maqsimaluri) brunvis momentis kvadra-

tuli damokidebulebiT statoris gragnilebze miwode-

buli Zabvisagan. EeleqtroamZravis aseTi sistemisaTvis 

ise, rogorc zemoT ganxiluli sistemebisaTvis, agreTve 

aqtualuria invariantobis problemebis gadawyveta. 
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nax.1.7. ZabviT regulirebadi asinqronuli eleqtroamZ-
ravis marTvis sistema SeSfoTebaTa makompensi-
rebeli rgolebiT 

 

 nax.1.8. sixSiriT regulirebadi asinqronuli eleqtro-
amZravis cifruli marTvis sistema 
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   siCqaris regulirebis did diapazons iZleva ZabviT 

da misi sixSiriT marTvadi samfaza asinqronuli eleqt-

roamZravis ukukavSiriani sistema, romlis funqcional-

uri sqema cifruli regulatoriT mocemulia 1.8-e nax-ze. 

garda zemoT aRniSnuli elementebisa igi Seicavs e.w. si-

xSiris avtonomiur invertors, romelic qselis Zabvas 

da mis sixSires  gardaqmnis saWiro sididis da sixSiris 

Zabvad.AamZravis aseTi sistema uzrunvelyofs TiTqmis 

iseTive statikur da dinamikur maxasiaTeblebs, rogoric 

gaaCnia mudmivi denis tiristorul eleqtroamZravs.        

   

$1.3. invariantuli marTvis principebi 

    

  ise, rogorc nebismieri saxis avtomaturi marTvis si-

stemisaTvis, avtomatizebuli eleqtroamZravebisaTvisac 

sizustis gasazrdelad ZiriTadad gamoiyeneba: sistemis 

saerTo gaZlierebis koeficientis an astatizmis rigis 

gazrdis xerxebi. garda amisa, sizustis asamaRleblad, 

agreTve SeiZleba gamoviyenoT sistemis SemSfoTi signa-

lebis kompensaciis meTodebi, e.w. invariantobis prin-

cipebi. Tumc, am meTodebiT sargeblobisas makompens-

irebeli mowyobilobebis praqtikuli realizeba yovelT-

vis advili rodia, zogjer ki saerTod SeuZlebelia. 

   sistemis saerTo gaZlierebis koeficientis gazrdiT 

SesaZlebelia mxolod statikuri sizustis amaRleba. 

dinamikuri reJimebisaTvis sizustis gazrdis es meTodi 

zogjer miuRebelia (p-tipis regulatorebis gamoyenebi-
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sas), vinaidan igi imavdroulad auaresebs sistemis mdg-

radobis marags. aqedan gamomdinare sistemis saerTo 

gaZlierebis  koeficientis gazrdasTan erTad aucilebe-

lia vizrunoT dinamikuri mdgradobis maragis SenarC-

unebaze specialuri makoreqtirebeli mowyobilobebis 

daxmarebiT. 

   sistemis damyarebul reJimSi (statikaSi) cdomilebis 

Sesamcireblad praqtikaSi farTod gamoiyeneba regula-

torebi maintegrebeli tipis mdgenelebiT. aseTi regula-

tori iZleva pirveli rigis astatikur sistemas, romel-

sac axasiaTebs gaxsnili konturisaTvis Semdegi saxis 

gadamcemi funqcia  

)...0(

)...0(0)(
nansas
mbmsbk

sW
++

++
= , nm ≤ .          (1-7) 

sadac s=d/dt -laplasis operatoria; 0k -sistemis saerTo 

gadacemis koeficientia; niia ;0}{ =  da miib ;0}{ =  sistemis 

parametrebiT gansazRvruli koeficientebia. 

   meore rigis astatikuri sistemis gaxsnili konturi-

saTvis gadamcem funqcias aqvs Semdegi saxe: 

)...0(2
)...0(0)(

nansas
mbmsbk

sW
++

++
= , nm ≤ .           (1-8) 

   imis gamo, rom maintegrebeli tipis regulatorebi 

auareseben dinamikuri sistemebis mdgradobas, eleqtro-

amZravebis SemTxvevaSi am tipis regulatorebiT sistemis 

muSaoba saerTod SeuZlebeli xdeba (rogorc struq-

turulad aramdgradi sistemisa). amitom mdgradobis 
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maragis SesanarCuneblad damatebiTi makoreqtirebeli 

mowyobilobebis gareSe Tanamedrove avtomatizebul ele-

qtroamZravebSi regulatorebad iyeneben izodromuli ti-

pis operaciul maZliereblebs, romlis gadamcemi funq-

ciaa: 

                   
s

ssW
τ

τβ 1)( +
⋅= .                    (1-9)  

   izodromul regulatorTan SedarebiT sistemis cdo-

milebis Semcirebis ufro efeqturi saSualebaa pro-

porciul-maintegrebel-madiferencirebeli (pid)-tipis re-

gulatoris gamoyeneba. magram aqve unda aRvniSnoT, rom 

pid -regulatorSi madiferencirebeli wredebi arasasu-

rveli elementebia amZravTa sistemebisaTvis, rogorc 

xelSemSleli signalebisadmi maRalmgrZnobiareni. 

   avtomaturi marTvis sistemebSi maRali sizustis miRe-

bis erT-erTi efeqturi saSualebaa, agreTve e.w. inva-

riantobis principebis gamoyeneba. marTvis sistema inva--

riantulia SemSfoTebeli zemoqmedebebis mimarT Tu, gar-

damavali procesis damTavrebis Semdeg sistemis cdomi-

leba da sareguliro cvladis sidide damokidebuli ar 

arian aRniSnuli zemoqmedebebisagan. rac Seexeba invari-

antobas marTvis signalis mimarT igi Sesrulebul iqneba 

Tu, sareguliro cvladis sidide damokidebuli ar 

iqneba am zemoqmedebisagan (nulovani sawyisi pirobebis 

gaTvaliswinebiT).  

   praqtikuli realizebis gaTvaliwinebiT sruli inva-

riantobis Sesruleba rTulia, amitom Tanamedrove teqni-
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kuri saSualebebis gamoyenebiT SeiZleba nawilobrivi in-

variantobis principebis realizeba.  
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Tavi II. avtomatizebuli eleqtroamZravebis 

ZiriTadi elementebis da SeSfoTebaTa 

makompensirebeli mowyobilobebis gadamcemi 

funqciebis gansazRvra 

 

$2.1. mudmivi denis tiristoruli eleqtroam- 

Zravis dinamikis aRmweri diferencialuri gantolebebi 

da gadamcemi funqciebi  

    

   tiristoruli gardamsaxidan (tg) mkvebavi mudmivi de-

nis damoukidebel agznebiani ZravasaTvis dinamikuri reJ-

imebis gasaanalizeblad saWiroa ganvsazRvroT misi gad-

amcemi funqciebi. am mizniT Tavdapirvelad vwerT amZ-

ravis Semdeg diferencialur gantolebebs: a) Ruzis el-

eqtruli wredisaTvis (Tu CavTvliT, rom Zravas magni-

turi nakadi const=ΦZ ) Zabvebis wonasworobis difere-

ncialur gantolebas   

   
dt

dI
LRIEE

R
RwR.wRZtg ++=             (2-1) 

da amZravis moZraobis ZiriTad gantolebas (Sedgenils 

dalamberis principiT) 

dt
dJMM ω

=− st ,                 (2-2) 

sadac garda zemoT  gamoyenebuli aRniSvnebisa agreTve 

gvaqvs: tgRZRw LLL += -Zravas Ruzis wredis sruli ind-

uqtivoba, romelic Sedgeba sakuTriv Zravas  Ruzis gra-

gnilis da tg-is mkvebavi Zaluri transformatoris gra-
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gnilebis induqtivobebisagan; trdrtg LLL 2+= ; drL -

gardamsaxis gamosasvlelze CarTuli droselis induq-

tivobaa; trL -transformatoris erTi fazis gragnilis 

induqtivobaa, romelic gamoiTvleba Semdegi formuliT 

ffxL ,2/ πtrtr = -qselis Zabvis sixSirea; 

;
100

%

2
2 m.C.

nom

nom
tr

e
I

U
x ⋅=  nom2U  da nom2I -transformator-is 

meoradi Zabvis da denis nominaluri mniSvnelobebia; 

m.C.e -transformatoris m.C.-is Zabvaa; Zravas Ruzis gragni-

lis induqtivobas gansazRvraven e.w. umansk-linvilis fo-

rmuliT:                                                               

⋅= γRZL ,/ nomnomnom ωpIU  hn.  

sadac 25,015,0 −=γ  gakompensirebuli ZravebisaTvis, xo-

lo 6,0=γ  gaukompensirebeli ZravebisaTvis;  p- Zravas 

wyvil-polusTa ricxvia; += RZRw RR tgR -Ruzis wredis 

sruli aqtiuri winaRobaa; vdrtg RRR += drtr RRR ;2 x++  da 

vR -droselis da ventilis (gaxsnil mdgomareobaSi) 

aqtiuri winaRobebia; trR -transformatoris meoradi 

erTi fazis winaRobaa, igi gamoiTvleba formuliT: 

spnsptr pIpR ΔΔ= ,3/ 2
2 -transformatoris spilenZSi 

danakargebis simZlavrea; xR -gardamsaxis winaRobaa ve-

ntilebis komutaciis procesSi (anoduri denebis gada-

rTvisas), igi gamoiTvleba formuliT: 
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mxmR ;2/x πtr⋅= -gammarTvelis feTqadobis ricxvia 

(m =6-samfaza ortaqta gammarTvelebisaTvis, m =3-erT-

taqta gammarTvelebisaTvis); stM -Zravis RerZze dayva-

nili winaRobis statikuri momentia; J -Zravas RerZze 

dayvanili amZravis jamuri inerciis momentia. 

    vinaidan Tanamedrove eleqtroamZravTa marTvis sist-

emebi (masSi gamoyenebuli regulirebis teqnika) saSual-

ebas iZleva amZravis siCqaris regulireba ganvaxorcie-

loT mdovred, amitom mizanSewonilia gantolebebi Seva-

dginoT cvladebiT fardobiT nazrdebSi. Aam SemTxvevaSi 

amZravis  calkeuli elementis muSaoba unda ganvixiloT 

misi statikuri maxasiaTeblis, romelime bazisuri 

damyarebuli reJimis Sesaba-misi (isini qvemoT aRniSnuli 

iqneba ,,b’’ indeqsiani sidideebiT) wertilidan mcire gad-

axris farglebSi.  

  Tu, Tavdapirvelad (2-1)-(2-2)-Si cvladebs gamovsaxavT 

bazisuridan mcire gadaxris Sesabamisi absoluturi 

nazrdebiT, maSin gveqneba 

;
)(

)(
dt

IId
LIIREEEE

RRb
RwRRbR.wZZbtgtgb

Δ+
+Δ++Δ+=Δ+

      (2-3) 

dt
d

JMMIIc
)(

)(
ωω Δ+

=Δ−−Δ+ b
ststbRRbZ ,      (2-4) 

sadac ,,b’’ indeqsebiani sidideebi bazisuri reJimisaa. 

    (2-3) da (2-4)-Si gamovricxoT bazisuri sidideebi, 

miviRebT gantolebebs absolutur nazrdebSi: 
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 ;
dt

Id
LIREE

R
RwRR.wZtg

Δ
+Δ+Δ=Δ            (2-5) 

.
dt

dJMIc ωΔ
=Δ−Δ stRZ                  (2-6)  

   cvladebis fardobiT nazrdebSi gamosaxvis mizniT (2-

5) gavyoT tgbE -ze, xolo (2-6) ki stbM  -ze. Tu, 

imavdroulad visargeblebT diferencirebis operatoriT 

(
dt
ds = ), maSin advilad miviRebT (2-5) da (2-6) 

gantolebebis operatorul gamosaxulebebs cvladebiT 

fardobiT nazrdebSi:  

)1(1
e +Δ+Δ=Δ sT

K
K RRtg ινε

R
;            (2-7) 

νμι Δ⋅=Δ−Δ sTmstR ,                  (2-8) 

sadac ,
.tg.

tg.
tg

bΕ

ΕΔ
=Δε  

b.ω
ων Δ

=Δ , ,
R.b.

R
R Ι

ΙΔ
=Δι  

b.

st.
st M

MΔ
=Δμ -

aris Sesabamisad tiristoruli gardamsaxis emZ-is, Zravas 

kuTxuri siCqaris, Ruzis denis da statikuri momentis 

fardobiTi naz-rdebia; 
bδ+

=
1

1
eK  da 

b

b
R δ

δ+
=

1
K -Zravis 

emZ-is da Ruzis eleqtruli wredis gadacemis koeficien-

tebia; 
b.

b.
b ω

ω
δ

Δ
= -Zravis siCqaris  fardobiTi vardnaa uqmi 

svlidan nominaluri datvirTvis Sesabamis siCqaremde 

(gaxsnilwredian sistemaSi); 
Rw.

Rw.
R R

L
T = - Zravis Ruzis 
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wredis eleqtromagnituri drois mudmivaa; 
st.b.

b.
m M

J
T

ω
= - 

eleqtroamZravis meqanikuri drois mudmivaa, ( mT  amZravis 

TeoriaSi cnobil eleqtromeqanikur drois mudmivas 

ukavSirdeba Semdegi formuliT  ). bemm δTT =   

   (2-8)-dan Tu, CavsvamT RιΔ -denis sidides (2-7)-Si da 

davuSvebT, rom stμΔ =0 (amZravi muSaobs uqm svlaze), ma-

Sin advilad miviRebT Zravis saerTo gadamcem funqcias  

12)(
)()(

+⋅+⋅⋅
=

Δ
Δ

=
sTsTT

K
s

ssW
ememR

Z

tg
Z ε

ν
 ,     (2-9) 

sadac ZK =
eK

1
 - Zravas gadacemis koeficientia. 

   normirebul saxeSi (2-9) Semdegnairad Caiwereba: 

,
1222

)(
+⋅+

=
sTsT

KsW
ZZ

Z
Z

ξ
           (2-10) 

sadac ZT = ;emR TT ⋅   Zem TT 2/=ξ -rxevis dempferirebis 

koeficientia. 

  Tu ,1<ξ maSin Zrava rxeviTi Tvisebebis matarebelia 

(rac ufro mcirea ξ , miT metia dinamikuri rxevis 

amplituda). Tu ,1≥ξ  maSin (2-10) meore rigis aperiodul 

rgolad warmodgindeba: 

           =)(sWZ ,
)1)(1( 21 ++ sTsT

KZ          (2-11)                  
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sadac ).( 12
2,1 −±= ξξZTT  

   imESemTxvevaSi, roca Zrava meqanizmTan dakavSire-

bulia ,,grZeli” SemaerTebeli lilviT (rasac adgili 

aqvs mTeli rigi metalur-giuli saglini dganebis da 

qaRaldis damamzadebeli manqanebis seqciebis amZravebze) 

eleqtroamZravis moZraobis dinamikas aRweren, rogorc 

ormasian drekad sistemas (hukis kanonis gaTvalis-

winebiT) Semdegi gantolebebiT: 

    ;1
1 dt

d
JMM

ω
=− dr               (2-12)            

;2
2 dt

d
JMM

ω
=− stdr                (2-13) 

( ) ,2112 dtcM ∫ −= ωωdr                (2-14) 

sadac 1J -Zravas da mis RerZze myofi masebis inerciis 

momentia; 1ω - Zravis brunvis kuTxuri siCqarea; 2J –meqa-

nizmis da mis RerZze myofi danarCeni masebis inerciis 

momentebia dayvanili Zravas RerZze ))(
2
1

2( danmeq JJ
i

J += ; 

drM - meqanikuri lilvis drekadi momentia; 12c - ,,grZ-

eli” lilvis sixistis koeficientia dayvanili Zravis 

RerZze 
2

12 /( icc grZ.l= , −i Zravis RerZsa da muSa 

lilvs Soris reduqtoris gadacemis ricxvia); sixistis 

koeficienti cilindruli formis lilvebisaTvis ganisa-
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zRvreba formuliT_ ,
32

4

l
Dc
⋅

=
πδ δ -iungis modulia (damoki-

debulia masalis gvarobaze da mocemulia cnobarebSi); 

D - lilvis diametri; l -lilvis sigrZe. 

   erT muSa lilvze momuSave orZraviani amZravisaTvis 

moZraobis gantolebebs gadamcemi lilvebis drekadi 

Tvisebebis gaTvaliswinebisas aqvs Semdegi saxe 

              ;1
1 dt

dJMM ω
=− dr1                   (2-15) 

          ;2
2 dt

dJMM ω
=− dr2                      (2-16)             

;
dt

dJMMM m
mstdr2dr1

ω
=−+                (2-17) 

( ) ,112 dtcM ∫ −= mdr1 ωω                (2-18) 

( ) ,223 dtcM ∫ −= mdr2 ωω             (2-19) 

sadac 21  , JJ  da mJ -Zravebis da meqanizmis inerciis momen-

tebia dayvanili pirveli Zravas RerZze; 12c  da 23c -

gadamcemi lilvebis sixistis koeficientebia dayvanili 

mTavari Zravas RerZze; 21  ,ωω  da mω -Zravebis da meqaniz-

mis kuTxuri siCqareebia; dr1M  da dr2M -gadamcemi lil-

vebis drekadi momentebia.  

   (2-12)-(2-14)-e operatorul saxeSi da cvladebis far-

dobiT nazrdebSi CaweriT miiReebs Semdeg saxes:  

     ;11 νμμ Δ=Δ−Δ sTdr                  (2-20) 

   ;22 νμμ Δ=Δ−Δ sTstdr                (2-21) 
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),21(1 ννμ Δ−Δ⋅=Δ
scTdr               (2-22) 

sadac 
st.b.

dr.
dr M

MΔ
=Δμ -drekadi momentis fardobiTi nazr-

dia; 
b.ω
ω

ν 1
1

Δ
=Δ  da =Δ 2ν

bω
ω2Δ

-inerciuli masebis (Zravas 

da meqanizmis kuTxuri siCqareebis fardobiTi nazrdebia; 

b.

b.
M

J
T

ω1
1 =  da 

b.

b.
M

J
T

ω2
2 = -inerciuli masebis (Zravas da 

meqanizmis) meqanikuri drois mudmivebia; 
b.

b.
ω12C

M
cT = -dre-

kadi rgolis drois mudmivaa, romelic axasiaTebs misi 

drekadobis Tvisebas. 

   orZraviani amZravisaTvis moZraobis gantolebebi (2-15)-

(2-19)-e fardobiT nazrdebSi Caiwereba Semdegnairad: 

;111 νμμ Δ=Δ−Δ sTdr1                  (2-23) 

                  ;222 νμμ Δ=Δ−Δ sTdr2                   (2-24) 

   ;mmstdr2d2dr1d1 νμμμ Δ=Δ−Δ+Δ sTkk                (2-25) 

),(1
1

1
mdr1 ννμ Δ−Δ⋅=Δ

sTc
              (2-26) 

                   ),(1
2

2
mdr2 ννμ Δ−Δ⋅=Δ

sTc
              (2-27) 

sadac 
st

st1
d1 M

M
k =  da 

st

st2
d2 M

M
k = -amZravTa datvirTvis koe-

ficientebia; st2st1st MMM += -amZravis jamuri statikuri 

datvirTvis momentia dayvanili Zravas RerZze; T1, T2  da 
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  Tm  -Sesabamisad aris Zravebis da meqanizmis meqanikuri 

drois mudmivebi. 

   Zravas Ruzis mkvebavi tiristoruli gardamsaxisaTvis 

unda visargebloT gadamcemi funqciiT: 

    
( )
( ) ,

1
)(W

+
=

Δ

Δ
=

sΤ

Κ

s

s
s

tg.

t

sr.

tg.
tg υ

ε
          (2-28) 

sadac 
d.b

sr.
sr U

U
Δ
Δ

=Δυ -aris tg-s Sesasvlelze sr-dan miwo-

debuli Zabva; tgtgt α⋅= KK - tg-s gadacemis koeficien-

tia SeTanxmebis koeficientis gaTvaliswinebiT (fardobi-

Ti nazrdebis gamo); 
Usr

tg.

U

E
K

Δ

Δ
=tg -tiristoruli gardam-

saxis gadacemis koeficientia Zabvis mixedviT, romelic 

ganisazRvreba misi statikuri (gare) maxasiaTeblis mixe-

dviT ( tgK = 10070 ÷ ); d.b.
tg.b.

d.b.
tg U

E

U
;=α -marTvis siste-

mis davalebis signalis bazisuri sididea; 

f.tgtgtg TT +=τ -tg-is eqvivalenturi drois mudmivaa, 

romelic Sedgeba gardamsaxis dagvianebis droisa da mis 

Sesasvlelze CarTuli filtris drois mudmivebisagan 

=tgT( =+= 003,0002,0 wm)005,0 . 

   siCqaris ukukavSiris rgolis (taqogeneratoris) gada-

mcemi funqcia mis gamosavalze CarTuli filtris gaTva-

liswinebiT tolia: 
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( )

( ) ,
1

1)(
+

=
Δ

Δ
=

sTs

s
sW

f.1

uk.1
sg ν

υ
             (2-29) 

sadac wmf1 02,0=T -filtris drois mudmivaa. 

   denis ukukavSirSi CarTuli gadamwodis gadamcemi fu-

nqciaa 

      
( )

( ) ,
1

)(
+

=
Δ

Δ
=

sT
K

s

s
sW

f.2

uk.2
dg

ι
ι

υ
             (2-30) 

sadac dgdg αι ⋅= KK -denis gadamwodis gadacemis koefi-

cientia SeTanxmebis koeficientis gaTvaliswinebiT; 

;
UUR.b.

dg.

I

U
K =dg

d.b.

R.b.
dg U

I
=α ; wmf2 002,0=T . 

    amZravis kuTxuri siCqaris nominalurze zeviT regu-

lirebis procesi praqtikaSi xorcieldeba Zravas agz-

nebis nakadis SesustebiT (dasaSvebia agznebis Sesusteba 

nominaluris 30%-mde) im meqanizmebisaTvis, romlebic mu-

Saoben mudmivi statikuri simZlavriT. 

   ganvsazRvroT exla mudmivi denis damoukidebel agz-

nebiani Zravas gadamcemi funqciebi agznebidan marTvis 

SemTxvevaSi. aseT marTvas rogorc wesi axorcieleben 

agznebis gragnilis mkvebavi  tiristoruli gardamqneli-

dan (e.w. agmznebidan). Tu davuSvebT, rom: a) Zravas Ruza-

ze miwodebuli Zabva ucvlelia (nominaluria); b) Ruzis 

wredis parametrebi (induqtivoba da aqtiuri winaRoba) 

mudmivia; da g) manqanaSi grigaluri denebi umniSvneloa, 

maSin samarTliania Semdegi gantolebebis Cawera:  
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   Zravas agznebis wredisaTvis 

;
dt

dI
LIRU

ag
agagagag +=              (2-31) 

sadac agR da agL -agznebis gragnilis aqtiuri winaRoba 

da induqtivobaa; agI -agznebis denia. 

   Zravas damagnitebis mrudis muSa wertilSi CavT-

valoT, rom agznebis nakadi da deni pirdapirpro-

porciul damokidebulebaSia:  

                          agag I⋅= αφ ,                (2-32) 

sadac α -proporciulobis koeficientia.  

   Ruzis wredisaTvis unda visargebloT Zabvebis  Semde-

gi gantolebiT: 

dt

dI
LIREU

R
RwRR.wZZ ++=  ,             (2-33) 

sadac kagkZ KKE ;ωφ=  - Zravas konstruqciulobis koefi-

cientia.  

   amZravis moZraobis gantoleba  

                     
dt
dJMIK ωφ =− stRagk .            (2-34) 

   (2-32) da (2-33) gantolebebi arawrfivia, vinaidan misi 

pirveli mdgenelebi Seicaven ori cvladis namravlebs. 

am gantolebaTa gadayvana cvladebiT fardobiT nazr-

debze avtomaturad gamoiwvevs maT gawrfivebas (meore 

rigis mcire nazrdebis ugulebelyofis Semdeg).    

   (2-31) - (2-34)-e gantolebebi absolutur nazrdebSi da 

operatorul formaSi Semdegnairad gamoisaxeba:  
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dt

Id
LIRU

ag
agagagag

Δ
+Δ=Δ  ;           (2-35) 

            agag IΔ=Δ αφ ;               (2-36) 

)1()(0 sTIRK RRR.wbagbk +Δ+Δ+Δ= ωφφω ;        (2-37) 

ωφφ Δ=Δ−Δ+Δ JsMIIK stRbagRbk )(   .        (2-38) 

   (2-35)-(2-38)-e gantolebebis fardobiT nazrdebSi Casa-

werad saWiroa maTgan pirveli gantoleba gavyoT ag.bU -

ze, meore gantoleba agbφ -ze, mesame R.bU -ze, xolo 

meoTxe _ st.bM -ze. sabolood gveqneba:  

agagag ιυ Δ+=Δ )1( sT   ;                (2-39)  

;agagag ιϕ Δ=Δ K                     (2-40) 

   ;)1(1)(0 e RRag ινϕ Δ++Δ+Δ= sT
K

K
R

       (2-41)       

νμιϕ Δ⋅=Δ−Δ+Δ sTmstRag ,          (2-42) 

sadac agagag RLT /= - Zravas agznebis gragnilis eleqt-

romagnituri drois mudmivaa; ;βα ⋅=agK  agbagb ϕβ /I= - 

dayvanis koeficientia (fardobiTi nazr-debis gamo).  

      (1-9), (2-7), (2-8) da (2-20)-(2-29) -e gantolebebiT 

advilad SeiZleba SevadginoT mudmivi denis tiristo-

ruli eleqtroamZravebis, maT Soris orZraviani amZravis, 

detalizebuli struqturuli sqemebi rogorc xistlil-

viani, ise drekadlilviani amZravebisaTvis (nax.2.1,a,b da 



 37

nax.2.2).     

 

 

nax.2.1. mudmivi denis eleqtroamZravis struqtu-     
ruli sqemebi: a) ,,xisti” meqanikuri lilviT; b) 
,,drekadi” meqanikuri lilviT da optimizebuli 
denis konturiT 
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nax.2.2. mudmivi denis orZraviani eleqtroamZravis 
struqturuli sqema saerTo siCqaris regulatori-
Ta da individualuri tiristoruli gardamsaxeb-
iT, roca viTvaliswinebT, meqanikuri lilvebis 
,,drekad” Tvisebebs 
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$2.2. cvladi denis asinqronuli eleqtroam- 

Zravis Zaluri nawilebis diferencialuri 

gantolebebi da gadamcemi funqciebi 

    

   ZabviT regulirebadi asinqronuli eleqtroamZravis 

maTematikuri modelis Sesadgenad visargebloT Zravas 

meqanikuri maxasiaTeblis gamartivebuli formuliT 

   kk ssMM 2= ,  roca  kss <              (2-43)            

sadac М da kМ  -Sesabamisad aris Zravas brunvis da 

kritikuli (maqsimaluri) momentebi; s  da ks -Zravas sri-

ali da kritikuli srialia, romlebic Sesabamisad to-

lia: 

 ( ) 00 ωωω −=s ;   m.C.xrsk 2′= ,           (2-44) 

sadac 0ω  da ω  Zravas sinqronuli da rotoris brun-

vis kuTxuri siCqareebia; 2r′ -rotoris erTi fazis gra-

gnilis aqtiuri winaRobaa dayvanili statorze; C.m.x -

asinqronuli Zravis m.C.-is induqciuri winaRobaa; 

pf /20 πω = ; f  da p -mkvebavi Zabvis sixSire da manqanis 

wyvil-polusTa ricxvia: 

   Zravas kritikuli (maqsimaluri) momenti Tavis mxriv 

tolia: 

mCxUк 0223 ωf=Μ ,                      (2-45) 
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sadac −fU statoris fazuri Zabvis moqmedi mniSv-

nelobaa.  

   (2-44)-is gaTvaliswinebiT Zravis brunvis momenti mii-

Rebs Semdeg saxes: 

    ;5=iK .              (2-46) 

(2-46)-is gaTvaliswinebiT asinqronuli eleqtroamZravis 

moZraobis gantolebas cvladebiT absolutur nazrdebSi 

eqneba saxe: 

dt
dJM

r

U

r

UU ω

ω

ω

ω

ωω Δ
=Δ−

′⋅

Δ
−

′⋅

Δ−⋅
st

f.b.f.b.f.b.

2
0

23

2
2
0

)0(23
.   (2-47) 

   (2-46)-is gayofiT 

2
2
0

)0(23

r

U
M

′⋅

−⋅
=

ω

ωω b.f.b.
st.b. -ze miviRebT 

moZraobis gantolebas cvladebiT fardobiT nazrdebSi: 

dt
dΔΤΔμΔν

δ
Δ νυ mst

b
f =−⋅−

12 ,            (2-48) 

sadac garda cnobili aRniSvnebisa gvaqvs: fΔυ -Zravas 

fazuri Zabvis fardobiTi nazrdi; bbb ωωδ Δ= ; 

;crΜΔω
Zstbb 2′=

0bfbZ ωUc = . 

   Tu, asinqronuli Zravas eleqtromagnitur procesebs 

gaviTvaliswinebT saerTo eqvivalenturi eleqtromagni-

turi drois mudmivas ( ksT 0/1 ω=Z ) saxiT, maSin gansaxil-

veli eleqtroamZravis Zaluri eleqtruli da meqanikuri 

nawilebis diferencialuri gantolebebi Semdegnairad 

warmodgindeba: 



 41

                  

⎪
⎪
⎩

⎪⎪
⎨

⎧

=−⋅−′

⋅=′+
′

,1

;2

dt
dΔΤΔμΔν

δ
Δ

ΔΔ
dt

dΔΤ

νμ

υμμ

mst
b

fZ

     (2-49) 

   (2-49)-is mixedviT advilad SeiZleba SevadginoT xist-

lilviani asinqronuli eleqtroamZravis maTematikuri 

modeli (struqturuli sqema). amasTan siCqaris ukukavSi-

riani sistemis struqturuli sqemis Sedgenisas sakmari-

sia visargebloT siCqaris regulatoris (1-9) da siCqaris 

gadamwodis (2-29) gadamcemi funqciebiT. 

   drekadlilviani asinqronuli eleqtroamZravis struq-

turuli sqemis Sedgenisas (2-49)-is meore gantolebis 

nacvlad, unda visargebloT (2-20)-(2-22)-is analogiurad, 

Semdegi gantolebebiT: 

  

⎪
⎪
⎪
⎪
⎪
⎪

⎩

⎪
⎪
⎪
⎪
⎪
⎪

⎨

⎧

∫ Δ−Δ=

=−

=−⋅−′

⋅=′+′

.)(1

;

;1

;2

21

2
2

1
1 1

dt
cT

Δμ
dt

dΔΤΔΔμ
dt

dΔΤΔμΔνδΔ

ΔΔdt
dΔΤ

νν

νμ

νμ

υμμ

dr

dr

dr
b

fZ

st

         (2-50) 

   (2-50)-is gamoyenebiT nax. 2.3 -ze mocemulia ZabviT reg-

ulirebadi drekadlilviani asinqronuli eleqtroamZra-

vis struqturuli sqema. 
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nax. 2.3. ZabviT regulirebadi asinqronuli ,,drekadi” 
eleqtroamZravis struqturuli sqema   

 

   im SemTxvevaSi, roca asinqronuli amZravis siCqaris 

regulirebas vaxorcielebT statoris gragnilebze miwo-

debuli Zabvis da misi sixSiris cvliT, maSin gadamcemi 

funqciebis gansasazRvrad umjobesia visargebloT Zravas 

brunvis momentis Semdegi gamosaxulebiT: 

( )ωπf
frπ

U
Μ −⋅

′
= 2

4

3
2

2
2

2
f

.           (2-51) 

    Tu, asinqronuli Zravas marTva xorcieldeba kanoniT 

const
f

U
=  (roca amZravi gankuTvnilia mudmivmomentian me-

qanizmebze samuSaod), maSin (2-51)-e kidev ufro gamartivd-

eba da miiRebs saxes 

( )ωπfΚΜ −= 20 ,                     (2-52) 

sadac ;43 2
22

0 rсΚ ′= π
nomf.nom fUc = . 
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   (2-52)-is gaTvaliswinebiT amZravis moZraobis ganto-

leba xisti meqanikuri lilvis SemTxvevaSi cvladebiT 

absolutur nazrdebSi Caiwereba Semdegnairad: 

[ ] ( )
,)()()(20 dt

d
JMMffΚ

ωω
ωωπ

Δ+
=Δ+−Δ+−Δ+ b

stbstbb
 (2-53) 

  Tu, (2-53)-s gamovaklebT bazisuri reJimis Sesabamis 

mniSvnelobebs miviRebT: 

( ) .20 dt
ωdJΜωfπΚ Δ

=Δ−Δ−Δ st                 (2-54) 

gavyoT (2-53) ( )bbstb ωπfΚΜ −= 20 , gveqneba 

   
dt
ωd

Μ
J

Μ

Μ

ωπf
ω

ωπf
fπ Δ

⋅=
Δ

−
−

Δ
−

−
Δ

st.bst.b

st

bbbb 22
2

      (2-55) 

   anu 

dt
dΤμν

δ
fΚ νΔ

=Δ−Δ⋅−Δ ∗
mst

b
Z

1
,              (2-56) 

sadac garda zemoT miRebuli aRniSvnebisa gvaqvs: 

( ) −+=
bbZ δδΚ 1 aris asinqronuli Zravis eleqtruli 

nawilis gadacemis koeficienti; bbb ωωδ Δ= ; ∗Δf - Zravis 

kvebis Zabvis sixSiris fardobiTi nazrdia. 

   constfU =
f

pirobis SemTxvevaSi 
f

υΔ=Δ ∗f , maSin (2-

56)-e ase SeiZleba CavweroT:  

dt
dΤμν

δ
Κ νυ Δ

=Δ−Δ⋅−Δ
mst

b

fZ

1
 .            (2-57) 

   Tu, gaviTvaliswinebT asinqronuli Zravis eqvivalen-

tur eleqtromagnitur drois mudmivas ( ZT ), maSin gveq-

neba:  
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            ;fZ υμ
μ

Δ⋅=′Δ+
′Δ

ZK
dt

dΤ              (2-58) 

        
dt

dΤμν
δ

νμ Δ
=Δ−Δ⋅−′Δ

mst

b

1
.             (2-59) 

   (2-59)-is mixedviT advilad SeiZleba avagoT sixSiriT 

(da ZabviT) regulirebadi asinqronuli eleqtroamZravis 

struqturuli sqema xisti meqanikuri lilvis arse-

bobisas. (2-48) da (2-50)-is gaTvaliswinebiT SesaZlebelia 

Sedgenil iqnas drekadlilviani asinqronuli eleqtro-

amZravis struqturuli sqema( nax. 2.4).  

 
 

 

nax. 2.4. sixSiriT regulirebadi asinqronuli ,,drekadi” 
eleqtroamZravis struqturuli sqema 

 

   im mizniT, rom ganvsazRvroT gansaxilveli eleqtro-

amZravis obieqtis saerTo gadamcemi funqcia, roca viT-

valiswinebT Zravis mkvebavi sixSiruli gardamsaxis 

(invertoris) parametrebs ( ii
ΤΚ , ), (2-48) da (2-49)-e 
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gantolebebi um-jobesia warmovadginoT cvladebis 

mdgomare-obis sivrcis meTodis Sesabamisad matricul 

formaSi Semdegnairad: 

⎪⎩

⎪
⎨
⎧

⋅=

+=

,

;

xCy

ВuАx
dt
dx

               (2-60) 

sadac [ ]321 ,, xxxxТ = ; 1x , 2x , 3x -Sesabamisad aris Zravas 

kuTxuri siCqaris, brunvis momentis da statoris Zabvis 

fardobiTi nazrdebi; u - obieqtis Semavali signali; y -

sistemis gamomavali signali; 

( )

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

−

−

= −−

−

i

ZZZ

mmb

Τ
ΤΚΤ

ΤT
Α

00
0

0
11

1δ

; 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

=
−1

0
0

ii
ΤΚ

Β ;            

C=[1 0 0] .                             (2-61) 

iK  da iT -sixSiris avtonomiuri invertoris gadacemis 

koeficienti da drois mudmivaa. 

   (2-60)-dan advilad miiReba gadamcemi funqciis ganms-

azRvreli zogadi formula: 

( ) ( ) ΒΑsCsW 1−−Ε⋅= ,          (2-62) 

Ε -erTeulovani matricaa, zomiT 33× . 

   (2-61)-is CasmiT (2-62)-Si miviRebT xistlilviani sixSi-

riT regulirebadi asinqronuli eleqtroamZravis obieq-

tis saerTo gadamcem funqcias: 

1)(
)(

2
2

1
3

0
0 +++

=
Δ
Δ

=
sasasa

Κ
s
s(s)W о

υ
ν

 .   (2-63) 
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sadac bZi δΚΚΚо = ; mZib ΤΤΤδa ⋅⋅=0 ; )Τ(ΤΤδΤΤa ZimbZi ++=1 ; 

.2 mbZi ΤδΤΤа ++=   

   (2-63)-s gamoviyenebT qvemoT sixSiruli eleqtroamZra-

v-is marTvis sistemis dinamikuri maxasiaTeblebis kvlevi-

sas ($ 4.2-Si).  

 

$2.3. SeSfoTebaTa makompensirebeli mowyobi- 

lobebis gadamcemi funqciebis gansazRvra  

 

  Tavdapirvelad ganvixiloT mudmivi denis tiristo-

ruli eleqtroamZravis sistemis SeSfoTebis signalebis 

( qsυΔ -qselis Zabvis da Zravs datvirTvis statikuri stμΔ -

momentis) cvlilebis makompensirebeli ukukavSirebisa da 

Sesabamisi )(sW
1
k  da )(sW

2
k  gadamcemi funqciebis ana-

lizuri konstruireba.  

  invariantobis principis safuZvelze  da $1.3-Si Cata-

rebuli msjelobis Tanaxmad gansaxilveli amZravisaTvis 

qsυΔ -qselis Zabvis cvlilebis makompensirebeli ukukav-

Siris rgolis gadamcemi funqcia (roca ukukavSiri Ca-

rTuli iqneba denis regulatoris Sesasvlelze) 

Semdegna-irad ganisazRvreba:  

.
)1(

)1(
)(

22

2
+⋅⋅

+⋅⋅
=

sK

sTs
sW

τβ

τ

t

tg
k1

           (2-64) 

    vinaidan (2-63)-is mricxvelis s -operatoris rigi 

aRemateba mniSvnelisas, ris gamoc )(sW
1k

-funqcia 
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ararealizebadia praqtikulad, amitom igi rom gaxdes 

realizebadi SeiZleba mivmarT-oT or xerxs: 

a) tgT -s simciris gamo misi ugulebelyofiT gv-eqneba 

;
)1(

)(
22

2
1
2

+⋅⋅
⋅

==
sK

s
U
UsW

τβ
τ

t
k1

      (2-64) 

b) (2-63)-is mniSvnelSi pirveli rigis Senelebi-Ti 

polinomis damatebiT 

      ,
)11,0)(1(

)1(
)(

22

2

1
2

++⋅⋅

+⋅⋅
==

sTsK

sTs

U
UsW

tgt

tg
k1 τβ

τ
             (2-65) 

sadac 1U  da 2U -makompensirebeli rgolebis Semavali da 

gamomavali signalebia. 

   (2-64)-is mricxvelis da mniSvnelis s -ze, xolo (2-65)-

is 
2s -ze gayofiT miviRebT gamosa-xulebebs, romlebsac 

gamoviyenebT eleqtruli sqemebis Sedgenisas:  

1
10

2
1
2

−+
=

saaU
U τ

;              (2-66) 

            
1
2

U
U
′
′
= ,

2
2

1
10

2
1

1
0

−′+−′+′

−+−

sasaa

sbsb
             (2-67) 

sadac: 

    ;21     ;20     ;21     ;220 ττβτβ ==== bTbKaKa tg.tt

;221,00 ttg. KTa βτ ⋅⋅=′      ttg. KTa 2)1,02(1 βτ +=′ ;  .12 aa =′  

  )(sW
1
k  funqciis mqone makompensirebeli rgolis eleq-

truli sqemebis Sesadgenad integratorebisa da opera-
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ciuli maZliereblebis bazaze unda visargebloT (2-66) 

da (2-67)-dan gansazRvruli Semdegi gantolebebiT: 

);1
112(1

02           ;122)1
10( −−−=⇒=−+ saUaUUUsaa ττ     (2-68) 

( 2
2

1
10

−′+−′+′ sasaa ) 2U ′⋅ =( 2
1

1
0

−+− sbsb ) 1U ′⋅

0/11)2211()2110(1
02        assUaUbUaUbaU −⋅⎥⎦

⎤
⎢⎣
⎡ −′−′+′−′−′=′⇒ (2-69)    

   (2-63)-Si, agreTve (2-68) da (2-69)-Si denis regulatoris 

parametrebi ( 22,τβ ) gansazRvruli iqneba cnobili ,,modu-

lis optimumis’’ formulebiT:  

,    ; 2
2

2 R
dk

R

K2K
T

TK

T
==

∑
τβ              (2-70) 

sadac KdkK = ιKKK Rg -denis konturis saerTo gadacemis 

koeficientia; ∑2T = f2tg TT + -denis konturis mcire (gau-

kompensirebeli) drois mudmivaa.  

   gansaxilveli amZravisaTvis stμΔ -datvirTvis stati-

kuri momentis cvlilebis makompensirebeli ukukavSiris 

rgolis (igi CarTuli iqneba denis regulatoris Sesas-

vlelze) gadamcemi funqcia imis gaTvaliswinebiT, rom 

sistemis denis konturi optimizebulia (2-70)-iT, ganisa-

zRvreba Semdegi gamosaxulebiT:  

 .
1

)12(
)(

21
2

+⋅

+
== ∑

sT

sTK

U
UsW

f

2
k2

ι
            (2-71) 

   (2-71)-is Sesabamisi eleqtruli sqemis (nax.2.5) Sesa-

valze miwodebuli signali ( 1U ), romelic unda gamo-
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saxavdes stμΔ -s rekomendebulia miviRoT sistemis 

Ruzis denis ( ιΔ ) da amZravis dinamikuri momentis 

)(
dt

dT νμ Δ
=Δ mdin  sxvaobis Sesabamisi signaliT. vinaidan 

dinμΔ -signalis realizeba dakavSirebulia Zravis siCqa-

ris warmoebulis sididis miRebasTan, rac Tavis mxriv, 

Tu gamoviyenebT madiferencirebel orpolusa wredebs 

zrdis sistemis xelSemSleli signalebisadmi mgrZno-

biarobas. Aqedan gamomdinare umjobesia am SemTxvevaSi 

visargebloT kalman-biusis filtris analogiuri damk- 

         

 

nax. 2.5. amZravis datvirTvis statikuri momentis mako-
mpensirebeli mowyobilobis struqturuli sqema 
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nax. 2.6. amZravis datvirTvis statikuri momentis Sefa-
sebiTi signalis misaRebi damkvirvebeli mowyo-
bilobis struqturuli sqema 

 

 

virvebeli mowyobilobiT (nax. 2.6). 

   regulirebadi asinqronuli eleqtroamZravebisaTvis 

invariantobis uzrunvelsayofad SeSfoTebaTa makompen-

sirebeli mowyobilobebis SerCeva (gadamcem funqciaTa 

gansazRvra da realizeba) advilad aris SesaZlebeli 

zemoT mudmivi denis amZravisaTvis Catarebuli analizis 

analogiurad. 
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Tavi III. eleqtroamZravebis uwyveti mar- 

Tvis sistemebis regulatorebis optimaluri 

parametrebis SerCeva cvladebis mdgomareobis 

sivrcis da sixSiruli maxasiaTeblebis 

meTodebiT 

 

$3.1. mudmivi denis tiristoruli eleqtroamZravebis 

optimizeba sixSiruli maxasiaTeblebis meTodiT 

 

   mudmivi denis erTkonturiani eleqtroamZravis Sesaba-

misi siCqaris regulatoris optimaluri parametrebis 

dasadgenad, unda visargebloT konturis gaxsnili wre-

didan aRebuli marTvis obieqtis saerTo gadamcemi fu-

nqciiT:  

       
1

1

11
)(

2 +
⋅

++

Κ
⋅

+

Κ
=

sTsTsTTsT
sW

fememR

Z

tg.

t
ob .  (3-1) 

   visargebloT eleqtroamZravis obieqtis parametrebis 

Semdegi ricxviTi mniSvnelobebiT: ;10=tK  wmtg 01,0=T ; 

;08,192,01 ==ZK  wmR 12,0=T ; wm;em 87,0=T  wm;f 02,0=T  .087,0=bδ  

maTi gaTvaliswinebiT (3-1) miiRebs saxes:  

( )
( )( )( )

( )( )( )( ) ,
114,0173,0102,0101,0

8.10
132,036,1232,0102,0101,0

8.10
22

++++
=

=
+⋅⋅+++

=

ssss

ssss
sWob

   (3-2) 

romlis SeuRleebis sixSireebia: 

;4,1
73,0
1 1-

S1 wm==ω     ;50
02,0
1 1-

S2 wm==ω  
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;14,7
14,0
1 1-wmS3 ==ω   ;100

01,0
1 1-wmS4 ==ω       (3-3) 

   (3-3)-is mixedviT vwerT obieqtis modulis da argu-

mentis sixSiruli maxasiaTeblebis gamosaxulebebs lo-

gariTmul saxeSi: 

( ) ( )4-3                                       1010lg201020lg20

1140lg201730lg20810lg20)(

22

22

;ω,ω),(

ω),(ω),(,L

+−+−

+−+−=ωob  

( ) ω,arctg 730−=ωϕob _ ω,arctg 140 _ ω02,0arctg _ .01,0 ωarctg  (3-5)   

   (3-4) da (3-5)-is mixedviT nax.3.1-ze agebulia obieqtis 

logariTmul-amplituduri da fazur-sixSiruli maxasi-

aTeblebi ( )obob,ϕL . iqve sixSiruli analizis safuZvelze 

agebulia pi-tipis siCqaris regulatoris sixSiruli 

maxasiaTeblebi ( )srsr,ϕL  da gaxsnili sistemis ( )gg,ϕL  

optimizebuli sixSiruli maxasiaTeblebic. sinTezirebu-

li regulatoris optimaluri parametrebia: 42,0=β  da 

wm 73,0=τ , romlebic uzrunvelyofen kveTis sixSireze 

( 9=kvω ,wm-1) o40=mϕ -ian fazur marags. sistemis swrafqme-

deba Seadgens s-wmkvg 19)106()32( ÷≈÷=÷≈ ωπt . 
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nax.3.1. m.d. erTkonturiani tiristoruli eleqtroamZravis 

logariTmul-sixSiruli maxasiaTebeli ,,xisti” 
meqanikuri lilvis SemTxvevaSi 
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   imave marTvis sistemis drekadlilviani eleqtro-

amZravis siCqaris regulatoris optimizebisas obieqtis 

saerTo gadamcemi funqciis misaRebad (2-9)-is nacvlad 

unda gamoviyenoT (2-7), (2-15)-(2-17) diferencialuri ganto-

lebebis Sesabamisi gadamcemi funqciebi.     

   parametrebis zemoT gamoyenebuli ricxviTi mniSvnel-

obebisaTvis da agreTve 5,11 =T , wm ; T2=10,  wm ; 

wm  0004,0=cT . drekadi eleqtroamZravis gadamcemi funqci-

is, Semavali tgεΔ  da gamomavali 1νΔ  signalebis mimarT, 

miRebis mizniT visargebloT nax.3.2 da 3.3-ze Catarebuli 

struqturuli gardaqmnebiT, ris Semdegac gveqneba: 

    ( ) ( )
( ) 1

/)1(

3
2

2
3

1
4

2
21

++++

+
=

Δ
Δ

=
sasasasa

ksTT
s

s
sW

o

ec

tg.
Z ε

ν
  ,      (3-6) 

sadac: 

+==⋅= mRR21RR21 TTakkTTTakkTTTTa eceo (          ;/        ;/ 21c )R2 kkTT ec

./          ;/ 3 RmR kkTakk ee =  
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nax.3.2. m.d. drekadi amZravis meqanikuri sistemis struq-

turuli sqemis gardaqmnebi 
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   ricxviTi mniSvnelobebis CasmiT (3-6)-e miiRebs saxes: 

( ) ( )
( )

( )
( )

( ).
135,0

1063,01,1

1124,0103,51036,6
1 063,0087,1

22

22

23445

22
1

+

+
≈

≈
++⋅+⋅

+
=

Δ
Δ

=
−−

s
s

sss
s

s
ssW

tg.
Z ε

ν

               

   zemoT miRebuli gamosaxulebis gaTvaliswinebiT dre-

kadrgoliani eleqtroamZravis marTvis obieqtis gadam-

cemi funqcia toli iqneba:   

             
( )

( )( )( )102,0135,0101,0
1063,011)( 22

22

+++

+
=

sss
ssWob. .         (3-7) 

   sistemis maqsimaluri swrafqmedebis miRebis mizniT 

meqanikuri lilvis drekadi Tvisebis dinamikur pro-

cesebze gavlenis sakompensaciod unda gamoviyenoT pa-

siuri CLR −−  elementebisagan Sedgenili filtri 

(nax.3.4), romlis  gadamcemi funqciaa: 

                ( )
1

1
*
3

2*
2

*
1

*
2

2*
2

*
1

++

++
=

sTsTT

sTsTTsWf ,              (3-8) 

 

sadac  ;1 ff RLT =∗  ;2 ff CRT ⋅=∗   ;2
*
3 )1( TT ⋅+= α  

)( 0201

0201
RRR

RR
+

=
f

α .                          (3-9) 
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nax. 3.3. m.d. erTkonturiani drekadlilviani tiristoru-

li eleqtroamZravis gamartivebuli struqtu-
ruli sqema 

 

 

 
nax. 3.4. drekadlilviani tiristoruli eleqtroamZravis 

grexiTi rxevebis makompensirebeli oTxpolusas 
eleqtruli sqema  

 



 58

   (3-7)-is Sesabamisi drekadi eleqtroamZravis obieqtis 

logariTmul-amplituduri da fazur-sixSiruli maxasi-

aTeblebi ( obob ϕ,L ) agebulia nax.3.5-ze. imave naxazze 

agebulia CLR −−  filtris sixSiruli maxasiaTeblebi 

( ff ϕ,L ), romelic akompensirebs drekadi rgoliT warmoq-

mnil rezonansul piks.  

   sixSiruli analizis safuZvelze dgindeba, rom siC-

qaris regulatoris optimaluri parametrebia-

s-wm1  ;1 == τβ , romlebic uzrunvelyofen gaxsnili 

sistemis amplituduri maxasiaTeblis kveTis sixSires 

-1wm8=ω -s fazuri maragiT °= 40
maragi

ϕ -iT. am SemTxvevaSic 

sistemis dinamikuri swrafqmedeba Seadgens  s.-wmg 1t ≈  P 

   CLR −−  filtri unda CairTos marTvis sistemis 

pirdapir arxSi, siCqaris regulatoris mimdevrobiT. misi 

optimaluri parametrebi unda SeirCes Semdegnairad: 

 *
2

*
1/1 TT ⋅=dr.ω cTT ⋅= 11 ;  dTT =*

3 ;  dTT 5,17*
2 = . (3-10) 
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nax.3.5. m.d. erTkonturiani drekadi amZravis logariTmul-
sixSiruli maxasiaTebeli 
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nax.3.6. m.d. orkonturiani drekadi amZravis logariTmul-
sixSiruli maxasiaTebeli 
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  ganvixiloT axla orkonturiani drekadlilviani tir-

istoruli eleqtroamZravis siCqaris regulatoris para-

metrebis optimizacia. SevasruloT igi denis konturis 

e.w. ,,modulis” optimumis mixedviT optimizebuli gadam-

cemi funqciis  gaTvaliswinebiT.  am SemTxvevaSi siCqaris 

konturis obieqtis gadamcem funqcias eqneba Semdegi sa-

xe: 

)1(1)12(

)1(1
(s)W

221
2

2
2

+⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
++

+
=

Σ sTs
T

TTT
sTsT

sTTk

c

cι

f1
m

m

ob ,       (3-11) 

sadac 21 TTT +=m -amZravis jamuri meqanikuri dro-is 

mudmivaa, miviRoT igi: 5,11=mT wm. 

  (3-11)-is sixSiruli analizis safuZvelze (nax. 3.6) 

dadgenil iqna, rom siCqaris regulatoris optimaluri 

parametrebia: 101 =β ; 2,01 =τ wm. am SemTxvevaSi sistemis 

swrafqmedeba 1,0 wamis farglebSia.    

 

$ 3.2 asinqronuli eleqtroamZravis marTvis sistemebis 

optimizeba cvladebis mdgomareobis sivrcis 

meTodiT   

   

   ZabviT regulirebadi drekadrgoliani  asinqronuli 

eleqtroamZravis  sistemis  optimizebis  mizniT ufro 

moxerxebulia marTvis obieqtis saerTo gadamcemi funq-

cia CavweroT gamomavali signalis - Zravas siCqaris da 

Semavali - davalebis signalis mixedviT. ganvsazRvroT 

igi cvladebis mdgomareobis sivrcis meTodiT, amasTan 
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visargebloT (2-50)-e gantolebaTa sistemis koSis forma-

Si  CaweriT: 

⎪⎩

⎪
⎨
⎧

⋅=

+=

,

;

xCy

ВuАx
dt
dx

                       (3-12) 

sadac [ ]4321 ,,, xxxxxТ = ; 1x , 2x , 3x , 3x -Sesabamisad meqanizmis 

kuTxuri siCqaris, drekadi momentis, Zravis kuTxuri 

siCqaris da brunvis momentis fardobiTi nazrdebia; u - 

Semavali (davalebis) signalia; y -sistemis gamomavali 

signali; 

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

−

−−

−=

−

−−−

−−

−

1

1
1

1
1

1
1

11

1
2

000
0

00
000

Z

Bb

T
TTT

TT
T

Α CC
δ

;

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

−

=

12
0
0
0

ZT

Β ;

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

=

0
1
0
0

TC ;  (3-13) 

   (2-52)-is Tanaxmad (3-13)–iT miviRebT drekadlilviani 

ZabviT regulirebadi asinqronuli eleqtroamZravis 

saerTo gadamcem funqcias Zravas siCqaris mimarT: 

.
)1)(1(

)1(
)(
)(

2
2

3
21

2
21

++++

+
=

Δ
Δ

=
sTsTTsTTTsT

sTTΚ
s
s

(s)W
cc

cо

mBbBbZ
f

Z
δδυ

ν
 (3-14)            

   Tu visargeblebT parametrebis Semdegi ricxviTi mniS-

vnelobebiT: ZT =0,075 wm; 1T  =2wm; 2T =10   wm;  оΚ =0,22; 

cT =0,0004 wm;: tΚ =0,45; tT =0.01 wm, maSin amZravis obieqtis 

gadacemis funqcia toli iqneba: 

×
+++

+
=

Δ
Δ

=
)13,1)(1075,0)(101,0(

)1063,0(1,0
)(

)()(
22

1
0 sss

s
s

ssW
srυ
ν

 

1028,041,02028,0
1

22 +⋅⋅+
×

ss
.            (3-15) 
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  sixSiruli analizis safuZvelze (nax.3.7) ZabviT 

regulirebadi drekadrgoliani  asinqronuli eleqtro-

amZravis sinTezirebuli pi-tipis siCqaris regulatoris 

optimaluri  parametrebia: 3,1,100 == τβ  wm-s. 

   sixSiriT regulirebadi xistlilviani asinqronuli 

eleqtroamZravis siCqaris regulatoris optimizebis miz-

niT visargebloT  (2-53)-e gadamcemi funqciiT. Ppara-

metrebis Semdegi mniSvnelobebisaTvis     ;5=iK 01,0=iT wm; 

1,10=ZK ;  11,0=bδ ;  265,1=emT wm;  12,0=ZT wm;  02,0=fT wm, 

igi toli iqneba : 

14,11657,0001518,0

55,5
)(
)(

230
+++

=
Δ
Δ

=
ssss

s
(s)W

υ
ν

,        (3-16) 

romliTac nax.3.8-ze Catarebulia sistemis sixSiruli 

analizi da ganvsazRvrulia siCqaris regulatoris 

optimaluri parametrebi.      

   drekadlilviani sixSiriT regulirebadi asinqro-

nuli eleqtroamZravis logariTmul-sixSiruli maxasi-

aTeblebiT kvlevisas unda visargebloT  cvladebis Ca-

weris mdgomareobis sivrcis meTodiT, (3-12)-is analo-

giurad, sadac: ],,,,[ 54321 xxxxxxT = ; 21 νΔ=x ; drμΔ=2x ; 

13 νΔ=x ; ;4 μΔ=x ;5 fυΔ=x  
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   nax.3.7. ZabviT regulirebadi drekadi asinqronuli 

eleqtroamZravis logariTmul-sixSiruli maxa-
siaTeblebi 
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nax. 3.8. sixSiriT regulirebadi asinqronuli eleqtro-
amZravis logariTmul-sixSiruli maxasiaTeblebi 
xisti da drekadi (ix. wyvetili wirebiT) meqani-
kuri lilvisas 
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⎥
⎥
⎥
⎥
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⎢
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⎢
⎢
⎢
⎢
⎢

⎣

⎡

=

i

i

T
K

B
0
0
0
0

;.     

C=[0 0 1 0 0] .                                 (3-17)                                        

   am SemTxvevaSic unda visargebloT (2-52)-iT, romelSic 

(3-17)-is Sesabamisi gamosaxulebebis CasmiT miviRebT six-

SiriT regulirebadi asinqronuli eleqtroamZravis 

obieqtis saerTo gadamcem funqcias drekadi meqanikuri 

lilvis SemTxvevisTvis: 

( )
( )

( )
( )( ) ( ) ( )[ ] =+++++++

++
=

=
Δ
Δ

=

111

1

)(

2
2

3
21

2
2

1

sTTsTTTTsTTTsTsT

sTsTTKK

s
s

sW

ddcc

dc

o

mbmbbZt

bZt

δδδ

δ

υ
ν

 

1

)1(

4
2

3
3

2
4

1
5

0

1
2

00

+++++

++
=

sasasasasa

sbsbΚ
,    (3-18)            

sadac: ;5,11 =Т  ;102 cТ =  ;104 4 cТc
−⋅=  .002,0 cТd = ; 

12,0;1,10 == ZZ TK wm.    

5,3=оK 004,00 =b 002,01 =b ;109,3 7
210

−⋅== Ztb TTTTTa cδ

;109,4)()( 5
2d211

−⋅=+++= dcc TTTTTTTTTTTa mbtbZt δδ

;00178,0))(( 2212 =+++= dcc TTTTTTTTTa mbZtb δδ

;092,0))((23 =++++= ddc TTTTTTTTa mZtmb bδδ  
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.1,14 =+++= dTTTTa mbZt δ  

    (3-18)-is Sesabamisad drekadlilviani sixSiriT regu-

lirebadi asinqronuli eleqtroamZravisaTvis (ix. wyveti-

liT naCvenebi maxasiaTeblebi nax. 3.8-ze) dadgenil iqna 

siCqaris regulatoris Semdegi optimaluri parametrebi: 

wm2,1;1,1 == τβ . 
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Tavi IV. eleqtroamZravebis sistemebis siCqaris 

optimaluri cifruli regulatorebis sinTezi  

 

$ 4.1. mudmivi denis tiristoruli eleqtroamZravis 

cifruli regulatoris optimizeba 

 

  ganvixiloT axla cifruli marTvis mqone tiris-

toruli eleqtroamZravis siCqaris regulatoris opti-

maluri parametrebis SerCevis Tanmimdevroba. visargeb-

loT amZravis gare konturis marTvis obieqtis (denis 

optimizebuli konturis gaTvaliswinebiT) uwyvet-opera-

toriani saerTo gadamcemi funqciis Semdegi gamosaxu-

lebiT:  

         .
)12(

1)(
2

*
0 +⋅⋅⋅

=
∑ sTsTK

sW
i m

           (4-1) 

   (4-1)-dan z -diskretul operatorian gadamcem funqci-

aze gadasasvlelad saWiroa davSaloT igi martiv raci-

onalur wiladebad:  

∑
= +

Α
=′

3

1
)(

i i

i
o s

sW
α

 .                  (4-2) 

   marTvis obieqtis diskretuli gadamcemi funqcia nul-

ovani donis eqstrapoliatoris gaTvaliswinebiT toli 

iqneba 

∑
= −

−
=′

3

1

)1(
)(

i i

ii
o dz

dΑ
zW  ,                (4-3) 

sadac 0T
i ied α−= , 3;1=i ,  0Τ - diskretizaciis periodia. 
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   Tu, wmwm;m 01,0    5,11   ;1,0 2 === ∑TTKi  da 0T =0,05wm ( 0T -

diskretulobis periodia) (4-1)-e funqcia z-diskretuli 

operatorebiT Semdegnairad gamoisaxeba:  

082,008,1

0124,00275,0)(
2

*
0

+−

+
=

zz

zzW    ,            (4-4) 

romlis Sesabamisi sixSiruli maxasiaTeblebi agebulia 
nax. 4.1-ze, igi miRebulia kompiuterze Matlab-is pro-
gramiT e.w. bodes diagramebis saxiT.  

 
 

nax.4.1 
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   (4-4)-is analizis safuZvelze gansazRvrul iqna mud-

mivi denis xistlilviani eleqtroamZravis siCqaris 

regulatoris optimaluri diskretul-operatoriani ga-

da-mcemi funqcia  parametrebiT 

                                                 
z

zzDDC
15)(* +

= .             (4-5) 

   (4-4) da (4-5)-is mixedviT advilad miviRebT cifruli 

marTvis mqone tiristoruli eleqtroamZravis Sekruli 

sistemis Semdeg saerTo gadamcem funqcias: 

       .
0124.01715.09425.0

0124.00895.01375.0)( 23

2
*

++−

++
=

zzz
zzzWDC           (4-6) 

 (4-6)-is Sesabamisi maxasiaTebeli gantolebis fesvebia: 

;3487.01 =z 05482.02 −=z ; 6486.03 =z . vinaidan miRebul fesvTa 

modulebi 3;1 ,1 =< iiz , amitom ganxiluli sistema 

dinamikurad mdgradia. (4-6)-is Sesabamisi gardamavali 

procesis mrudi, romelic miRebulia kompiuterze 

naCvenebia nax. 4.2-ze.  

                      

nax. 4.2  
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vinaidan misi xarisxis ZiriTadi maCveneblebi (swrafq-

medeba da rxevaTa ricxvi) damakmayofilebelia (opti-

mizebulia), amitom amZravis muSaoba dinamikaSi iqneba 

racionaluri.  

   mudmivi denis orkonturiani tiristoruli eleqt-

roamZravis obieqtis saerTo gadamcemi funqcia amZravis 

meqanikuri lilvis drekadi Tvisebis gaTvaliswinebis 

SemTxvevaSi da denis optimizebuli konturisas  toli 

iqneba: 

,
)1(

)1(
)(

2
2

1
3

0

1
2

00**
0

+++

++
=

sasasas

sbsbk
sW             (4-7) 

sadac
mm T

TTTT
aTbTTb

TK
K

c
dc

i

212
01200

2
;;;1 ∑==== ; 

;2
21

1 2 d
c TT

T
TTT

a ∑+=
m

  

wm.

wmwmwmm

0004,0

;002,0; 10; 5,1;;2 212122

=

===+=+= ∑
c

dd

T

TTTTTTTTa
    

    (4-7)-Si parametrebis ricxviTi mniSvnelobebis Seta-

niT miviRebT: 

)1022,0000562,000001,0(

)1002,0004,0(87,0
)(

23

2
**

0
+++

++
=

ssss

ss
sW .      (4-8) 

   (4-8)-is Sesabamisi diskretuli marTvis mqone eleq-

troamZravis obieqtis gadamcemi funqcia z -diskretul 

operatorian formaSi toli iqneba: 

57,0579,2373,4364,3

1186,00943,01664,01428,0)(
234

23
**

0
+−+−

+−−
=

zzzz

zzzzW ,      (4-9) 
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romlis Sesabamisi logariTmul-sixSiruli maxasiaTeb-

lebi agebulia nax. 4.3-ze. 

  

      

                        nax.4.3                                       
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   (4-9)-is sixSiruli analizis Sedegad advilad ganvsaz-

RvravT m. d. drekadrgoliani amZravis diskretuli siCqa-

ris regulatoris optimalur gadamcem funqcias 

.
]4868.0)9964.0[(

]59.0)986.0)[(1(10)( 22

22
**

+−

+−−
=

z
zzzDDC           (4-10) 

   (4-9) da (4-10)-is mixedviT advilad miviRebT ,,drekadi” 

tiristoruli eleqtroamZravis Sekruli sistemis diskr-

etul-operatorian saerTo gadamcem funqcias: 

                  .
1672.05564.0

1672.01686.0)( 2
**

+−

+
=

zz
zzWDC            (4-11) 

    (4-11)-is Sesabamisi maxasiaTebeli gantolebis fesvia: 

.3.0278.02;1 ⋅+= iz , rac uzrunvelyofs sistemis muSaobas 

mdgradobis sakmarisi maragiT ( 142.02;1 <=z ). Mm.d. ,,dreka-

di” amZravis Sesabamisi gardamavali procesis mrudi (ko-

mpiuterze miRebuli) naCvenebia nax. 4.4-ze, procesi Tvi-

sobrivi maCveneblebiT damakmayofilebelia.             

                     

                        nax. 4.4. 
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A$4.2.sixSiriT (da ZabviT) regulirebadi asinqronuli 

eleqtroamZravis cifruli regulatoris  

optimizeba 

    

  e.w. sixSiriT regulirebadi asinqronuli eleqtroamZ-

ravis cifruli marTvis sistemis optimizebisas ,,xisti” 

meqanikuri lilvis SemTxvevaSi unda visargebloT (2-53)-e 

gadamcemi funqciiT. misgan z- diskretul operatorian 

gadamcem funqciaze gadasasvlelad saWiroa davSaloT 

igi martiv racionalur wiladebad:  

∑
= +

Α
=′

3

1
)(

i i

i
o s

sW
α

 ,                  (4-12) 

sadac 54,01 =Α ; 35,42 −=Α ; 81,33 =Α ; 1001 =α ; 3,132 =α ; 

995,03 =α . 

   marTvis obieqtis diskretuli gadamcemi funqcia nu-

lovani donis eqstrapoliatoris gaTvaliswinebiT toli 

iqneba 

∑
= −

−
=′

3

1

)1(
)(

i i

ii
o dz

dΑ
zW  ,                (4-13) 

sadac 0T
i ied α−= , 3;1=i ,  0Τ - diskretizaciis periodia, 

0Τ =0,01wm. 37,01 =d ; 87,02 =d ;  99,03 =d . 

   ricxviTi mniSvnelobebis SetaniT (4-13) miiRebs Semdeg 

saxes: 

W0(z)=0,0006(z+2,86)(z+0,2)/(z-0,37)(z-0,87)(z-0,99).  (4-14) 

  (4-14)-is safuZvelze nax. 4.5-ze agebulia gansaxilveli 

sistemis fsevdo-sixSiruli maxasiaTeblebi, romelTa ga-  
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nax. 4.5. cifruli marTvis mqone sixSiriT regulirebadi 
asinqronuli eleqtroamZravis logariTmul-
sixSiruli maxasiaTeblebi xisti da drekadi (ix. 
wyvetili wirebi) meqanikuri lilvisas (a) da 
koreqtoris eleqtruli sqema (b) 
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analizebiT gansazRvrul iqna diskretuli siCqaris re-

gulatoris optimaluri gadamcemi funqcia:                            

.463,52)88,0(3,52)( 1−⋅−=
−

=′ z
z

zzD                      (4-15) 

   miRebuli funqcia madiferencirebeli tipisaa da misi 

realizebisaTvis sqema saWiroebs erT diskretul inte-

grators ( 1−z ) da or operaciul maZlierebels. 

   (4-14) da (4-15)-e gadamcemi funqciebiT advilad miviRe-

bT xistlilviani amZravis Sekrulwrediani marTvis sis-

temis saerTo diskretul gadamcem funqcias, romelsac 

aqvs Semdegi saxe:      

=
′⋅′+

′⋅′
=′

)()(1

)()(
)(

0

0

zWzD

zWzD
zWS 0157,0385,0616,12,2

0157,00665,00684,003138,0 
234

23

−−+−

−−+

zzzz
zzz    

.                (4-16)            

   (4-16)-is Sesabamisi maxasiaTebeli gantolebis fesvebia: 

0353,01 −=z ; 91,02 =z ; iz 22,0663,04;3 ±= ; vinaidan fesvebis 

modulebi ( ,1    ,1 21 << zz  673,0  4;3 =z <1) sakmarisi maragiT 

Tavsdebian erTeulovani radiusis mqone wris SigniT, es 

miuTiTebs ganxiluli diskretuli sistemis mdgrado-

baze.    

   cifruli marTvis mqone asinqronuli eleqtroamZ-

ravis siCqaris gardamavali procesis mrudi, romelic 

miRebulia (4-16)-is mixedviT warmodgenilia nax. 4.6-ze. 

gardamavali procesis xangrZlivoba Seadgens 0,5 wm-s, ga-

dametregulirebis gareSe. 
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                             nax. 4.6. 

   ganvixiloT axla sixSiriT regulirebadi asinqronu-

li eleqtroamZravis diskretuli regulatoris optimi-

zaciuri sinTezi meqanikuri lilvis drekadi Tvisebis 

gaTvaliswinebisas. zemoT moyvanili meTodis gamoyenebiT  

(3-29)-dan miviRebT drekadi amZravis obieqtis diskretul 

gadamcem funqcias z -operatorebiT: 

     
)9,072,1)(9756,0)(89,0)(36,0(

)985,096,1)(2,0)(76,2(0044,0
)(

2

2

0
+−−−−

+−++
=′′

zzzzz

zzzz
zW . (4-17) 

sixSiruli maxasiaTeblebis (ix. wyvetiliT naCvenebi maxa-

siaTeblebi nax.4.5-ze) analizis safuZvelze drekadi asin- 

 



 78

                    nax. 4.7. 

    

qronuli amZravisaTvis regulators SevirCieT pid-tipis 

Semdegi funqciiTa da parametrebiT: 

 
1

21

1

6,12273,14
)1(

)99,0)(89,0(3,14)(
−

−−

−

+−
=

−
−−

=′′
z

zz
zz

zzZD ,  (4-18)  

rac uzrunvelyofs sistemis I-rigis astatizms. misi sqem-

is ageba saWiroebs 3-diskretul integrators da 3- maZl-

ierebels.    

     

                          nax.4.7    

    (4-17) da (4-18)-is mixedviT advilad ganvsazRvravT Se-

kruli sitemis saerTo gadamcem funqcias drekad rgo-

liani asinqronuli amZravisaTvis:  
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 .
0338,0432,0022,2551,39575,2

0338,0117,025,0065,00625,0)(
2345

234

++−+−

++−+
=′′

zzzzz

zzzzzWS (4-19) 

   (4-19)is Sesabamisad drekadi meqanikuri lilviani asin-

qronuli eleqtroamZravis siCqaris gardamavali proces-

is mrudi naCvenebia 4.7-e nax-ze, romlis mixedviTac sist-

emis Tvisobrivi maCveneblebia: %18  5,0 == σ dag  wmt . aseTi  

maCveneblebis mqone amZravis muSaoba iTvleba optimize-

bulad.  
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Tavi V. eleqtroamZravebis dinamikuri procesebis 

modelireba kompiuterze 

 

$ 5.1. mudmivi denis tiristoruli eleqtroamZravebis 

gardamavali procesebi  

   

   nax. 5.1,a-ze warmodgenilia denis daqvemdebarebul-

konturiani tiristoruli eleqtroamZravis detalize-

buli struqturuli sqema, romelic Sedgenilia kompi-

uterze Matlab–is programiT. sakvlevi obieqtis parame-

trebi aRebulia eleqtroamZravisaTvis simZlavriT 

300=nomP kvt., 400=nomU v., 620=nomI a., 1500=nomn br/wT. 

Sesaba-misad: 4,12=Rk -Zravis gadacemis koeficientia; 

1,0=RT -wm-s; 92,0=ek -Zravis Siga e.m.-Zalis ukukavSiris 

gadacemis koeficientia; 10=mT -wm; 10=gk -tiristoruli 

gardamsaxis gaZlierebis koeficientia; 01,0=tT wm; 1,0=ιk -

denis ukukavSiris gadacemis koeficientia; 002,0=f2T wm-

ukukavSirSi CarTuli filtris drois mudmivaa. denis 

regulatoris parametrebi SerCeulia denis konturis 

obieqtis parametrebis safuZvelze e.w. ,,modulis opti-

mumis’’ (2-61)-is mixedviT: 4,02 =β  da 1,02 =τ wm-s. siCqaris 

regulatoris optimaluri parametrebi ki SerCeulia 

gare konturis marTvis obieqtis parametrebiT da e.w. 

,,simetriuli optimumis’’ (3-16)-is mixedviT: 5,111 =β  da 

18,01 =τ wm-s. nax.5.1, b, g, da d-ze warmodgenilia amZravis 
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siCqaris ( νΔ ) da Ruzis denis ( ιΔ ) gardamavali pro-

cesebis mrudebi Sesabamisad: marTvis (davalebis) sig-

nalis, Zravis RerZze datvirTvis da qselis Zabvis erTe-

ulovani naxtomisebri cvlilebisas.  

   sistemis regulirebis xarisxis ZiriTadi maCveneblebi 

Seadgens: gadametregulireba %40=σ -s; siCqaris dinamiku-

ri vardna Zravis RerZze datvirTvis uecari modebisas 

008,0=Δ dinν , xolo qselis Zabvis naxtomisebri cvlilebi- 

 

                      nax. 5.1, a) 
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sas 012,0=Δ dinν ; gardamavali procesis xangrZlivoba 

6,0=gt wm. xarisxis miRebuli maCveneblebiT ganxiluli 

eleqtroamZravis dinamikuri reJimebis maxasiaTeblebi 

optimizebulad CaiTvleba. 

 
                     

             
     nax.5.1  b)             g)                 d) 
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    nax.5.2,a-ze warmodgenilia xistlilviani tiristo-

ruli eleqtroamZravis marTvis sistema damkvirvebeli 

mowyobilobiT, romlis etalonuri modeli Sedgenilia 

denis optimizebuli konturisa da amZravis meqanikuri 

nawilis Sesabamisi struqturuli sqemiT. damkvirvebeli 

mowyobilobis sakuTari ukukavSirebis gadacemis koefi-

cientebis optimaluri mniSvnelobebia: 10001 =k da 12 =k . 

  

 

nax.5.2., a) 
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nax.5.2., b)               g)                   d) 

 

sqemaSi damkvirvebeli mowyobilobis daniSnulebaa sis-

temis mTavari-siCqaris kukavSiris signalis realizeba 

Zravis siCqaris SefasebiTi sididis mixedviT. damkvi-

rvebel-mowyobilobiani eleqtroamZravis gardamavali 

procesebi moyvanilia nax.5.2, b, g, d-ze. gadaRebulia 

amZravis siCqaris ( νΔ ) da etalonuri modelidan miR-

ebuli Zravis siCqaris SefasebiTi ( ν(Δ ) sidideebis 

gardamavali procesebis mrudebi: marTvis signalis 

cvlilebisas (nax.5.2.,b), datvirTvis modebisas (nax.5.2,g) 

da qselis Zabvis ryevisas (nax.5.2.,d). aRniSnul pro-

cesebze νΔ  da ν(Δ  mrudebis Tanxvdena adasturebs 

damkvirvebeli mowyobilobis optimalur gawyobas.  
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   nax.5.3, a-ze warmodgenilia damkvirvebliani sistemis 

kompiuteruli sqema, roca denis regulatoris Sesava-

lze damatebiT CarTulia qselis Zabvis cvlilebis ma-

kompensirebeli (invariantobis mizniT) dadebiTi rbili 

ukukavSiri parameterebiT 025,00=k  da 1,00 =T wm.  

 

 

nax.5.3, a) 
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      nax. 5.3., b)                      g) 

   nax.5.3, b-ze warmodgenilia amZravis siCqaris ( νΔ ) da 

misi SefasebiTi ( ν(Δ ) sidideebis gardamavali procesebi 

Zravas RerZze datvirTvis uecari  Secvlisas. damkvi-

rvebeli mowyobilobis daxmarebiT denis regulatoris 

Sesavalze CarTulia Zravis RerZze datvirTvis cvli-

lebis makompensirebeli dadebiTi ukukavSiri forsirebis 

tipis gadamcemi funqciiT ( 1,00 =k , 002,00 =T wm da 

02,01 =T wm-s. siCqaris dinamikuri vardna am SemTxvevaSi 

Seadgens 0012,0=Δ dinν  ( 0006,0=Δ dinν( ), rac 5,5-jer naklebia 

siCqaris vardnaze analogiur reJimSi amZravis muSaobi-

sas  invariantuli ukukavSiris gareSe. nax.5.3, g-ze naC-
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venebia imave sidideebis procesebi qselis Zabvis uecari 

vardnisas.  invariantobiT Zravis siCqaris vardna Semci-

rebulia 6,6-jer Sesabamis sididesTan SedarebiT siste-

maSi invariantobis gareSe. 

   nax.5.4,a-ze warmodgenilia mudmivi denis drekadlil-

viani tiristoruli eleqtroamZravis kompiuteruli str-          

 

                           nax. 5.4, a 
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uqturuli sqema, romelSic ZiriTadi ukukavSirebisa (si- 

Cqaris da denis)  drekadi (grexiTi) rxevebis Casaqrobad 

gamoyenebulia damatebiTi ukukavSiri amZravis siCqaris 

pirveli rigis warmoebuli mixedviT (e.w. rbili madife-

rencirebeliukukavSiri). 

 

 

                      nax.5.4,b 

  nax.5.4,b-ze moyvanilia drekadi amZravis optimizebuli 

gardamavali procesis mrudebi (Zravisa da meqanizmis si-

Cqareebis, agreTve drekadi momentis) sistemis Sesavalze 

davalebis signalis naxtomisebri Secvlisas. Ggardamava-

li procesis xangrZlivoba ar aRemateba 1 wams, gada-

metregulireba ki 30%-is farglebSia.  

   nax.5.4,g-ze moyvanilia drekadi amZravis gardamavali 

procesis mrudebi, roca sistemaSi makoreqtirebeli rbi-

li ukukavSiri CarTuli ar aris. am SemTxvevaSi mrudebi 
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gviCveneben sistemaSi rxevebis gaZlierebas, rac dauSvebe-

elia amZravTa normaluri funqcionirebisaTvis. 

     

    

                      nax.5.4,g 

   nax.5.4,d-ze moyvanilia drekadi amZravis optimizebuli 

gardamavali procesis mrudebi (Zravisa da meqanizmis si-

Cqareebis, agreTve drekadi momentis) amZravis uecari (na- 

xtomisebri datvirTvisas. amZravis siCqaris dinamikuri 

vardna ar aRemateba 0.17-s. gardamavali procesis xangr-

Zlivoba ki igivea (1 wamia). nax.5.4,e-ze moyvanilia ganxi-

luli drekadi amZravis procesis mrudebi (Zravisa da 

meqanizmis siCqareebis, agreTve drekadi momentis) qselis 

Zabvis naxtomisebri Secvlisas. am SemTxvevaSi amZravis 

Tvisobrivi maCveneblebi TiTqmis igivea, rogoric wina 

SemTxvevaSi (nax.5.4,d-ze).   
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                        nax.5.4,d 

 

     

                          nax.5.4,e 
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$5.2. orZraviani tiristoruli eleqtroamZravebis  

gardamavali procesebi 

 

  msoflios mowinave eleqtroteqnikuri firmebi (Siemens,                         

 

                          nax.5.5,a 
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AEG-telefunken, Harland da sxv.) mTel rig sawarmoo meqanizme-

bze, maT Soris sawnex danadgarebze (metalurgiul da 

qaRaldis mrewvelobaSi) praqtikaSi farTod nergaven 

orZraviani tiristoruli eleqtroamZravebis sistemebs 

sxvadasxva marTvis sqemebiT. 

   Nnax.5.5,a-ze warmodgenilia firma Siemens-sa da AEG-

telefunken-is bazaze am wignis avtoris mier SemuSavebuli  

orZraviani eleqtroamZravis Sesabamisi struqturuli sq-

ema, romelic Seicavs  erTi siCqaris regulators da in-

dividualur tiristorul gardamsaxebs calkeuli Zrav-

ebisaTvis [8]. struqturul sqemaSi amZravis calkeuli 

denuri konturebi warmodgenilia e.w. ,,modulis optimum-  

   

                          nax.5.5,b 
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iT” optimizebuli gadamcemi funqciiT. sqemaSi gaTvali-

swinebulia meqanikuri lilvebis drekadi kavSirebi.  

   nax.5.4,b-ze moyvanilia orZraviani amZravis optimizebu-

li gardamavali procesis mrudebi (Zravebisa da meqaniz-

mis siCqareebis, agreTve drekadi momentebis) sistemis Se-

savalze davalebis signalis naxtomisebri Secvlisas. 

gardamavali procesis xangrZlivoba ar aRemateba 1 wams, 

gadametregulireba ki 5%-is farglebSia. drekadi momen-

tebis mrudebze SeimCneva odnavmomatebuli rxevebi, ris 

gamoc ver vityviT, rom procesebi praqtikisaTvis iyos 

miuRebeli. miRebuli procesebis msvlelobisas sistemaSi 

gamoynebuli iyo rbili makoreqtirebeli ukukavSiri. ko- 

reqciis gareSe gardamavali procesis mrudebi am SemTx-

vevaSic xasiaTdebian Zlieri rxevebiT, ise rogorc es 

gvqonda erTZraviani amZravis SemTxvevaSi (ix. nax.5.4,g). 

   

                        nax.5.5,g 
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   nax.5.4,d-ze moyvanilia orZraviani drekadi amZravis 

optimizebuli gardamavali procesis mrudebi (Zravebisa 

da meqanizmis siCqareebis, agreTve drekadi momentebis) 

amZravis uecari (naxtomisebri) datvirTvisas. amZravis 

siCqaris dinamikuri vardna ar aRemateba 2X0.025=0.05-s. 

gardamavali procesis xangrZlivoba ki igivea (1 wamia). 

Zravebs Soris datvirTvis proporciuli ganawilebis mi-

zniT sakmarisia denebis ukukavSirebis gadacemis koefi-

cientebis tolobis uzrunvelyofa. 

 

    

                         nax.5.5,d 

   nax.5.5,a-ze warmodgenilia inglisuri firma HHarland-is  

mier SemuSavebuli calkeuli ZravebisaTvis individual-

uri siCqaris regulatorebiTa da tiristoruli gardam-

saxebiani  orZraviani eleqtroamZravis Sesabamisi struq-

turuli sqema. struqturul sqemaSi amZravis calkeuli 
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denuri konturebi warmodgenilia e.w. ,,modulis optimu-

miT” optimizebuli gadamcemi funqciebiT (denuri ukuka- 

vSirebis koeficientebis aucilebeli tolobis uzrunv-

elyofis gareSe). gansaxilvel sqemaSi calkeuli Zrava- 

 

                         nax.5.6,a 
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saTvis drekadi meqanikuri lilvebiT gamowveuli grexi-

Ti rxevebis Casaqrobad rbili ukukavSirebi SerCeulia 

gamoyenebulia Sesabamisad calcalke. 

 

 

                     nax.5.6,b 

   nax.5.6,b-ze warmodgenilia firma Harland-is amZravis op-

timizebuli gardamavali procesebis mrudebi (Zravebisa 

da meqanizmis siCqareebis, agreTve drekadi momentebis) 

marTvis signalis uecari cvlilebisas. procesebi Seda-

rebiT gaWianurebulia (2-3 wamamde) da odnav mometebuli 

rxevebiT (daskvna gakeTebulia nax.5.5,b-ze moyvanil mrud-

ebTan SedarebiT). nax.5.6,b-ze warmodgenilia igve amZravis 

optimizebuli gardamavali procesebis mrudebi (Zravebi-

sa da meqanizmis siCqareebis, agreTve drekadi momentebis) 

datvirTvis naxtomisebri cvlilebisas. procesebi Seda-

rebiT aqac gaWianurebulia (2-3 wamamde) , xolo siCqare-
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Ta dinamikuri vardnebi TiTqmis iseTivea rogorc wina 

ganxiluli sqemisaTvis miviReT (daskvna gakeTebulia 

nax.5.5,d-ze moyvanil mrudebTan SedarebiT). 

                           

 

                       nax.5.6,d 

  unda aRiniSnos, rom nax.5.6,a-ze warmodgenil firma Har-

land-is (individualur reglatorebiani) amZravis sistema-

Si Zravebs Soris datvirTvis proporciuli ganawileba 

Sesrulebul iqna calkeul arxebs Soris jvaredini kav-

Siris damatebiT (kerZod,  Zravebis denebis Sedarebis   

Sedegad miRebuli signali 0.1 koeficientiT miwodebul 

iqna pirveli regulatoris Sesavalze).    
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              $5.3.cvladi denis asinqronuli  

        eleqtroamZravebis gardamavali procesebi                     

 

   nax.5.7,a-ze warmodgenilia ZabviT regulirebadi dre-

kadi asinqronuli eleqtroamZravis kompiuteruli stru-

qturuli sqema, romelSic gamoyenebulia parametrebis 

ricxviTi mniSvnelobebi Semdegi nominaluri monacemebis 

mqone Zravas Sesabamisad 50=nomP kvt, 380=nomU v., 

67=nomI a., 1450=nomn  br/wT .     

 

 
 

nax. 5.7, a 
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            nax.5.7,b,g-ze warmodgenilia sakvlevi amZravis garda-

mavali procesebis mrudebi marTvis signalisa da Zravas 

RerZze datvirTvis naxtomisebri Secvlisas. sistemis xa-

risxis maCveneblebi damakmayofilebelia (sqemaSi CarTu-

lia makoreqtirebeli rbili ukukavSiri). nax.5.7,d,e-ze wa-

rmodgenilia sistemis gardamavali procesebi qselis 

Zabvis cvlilebisas: a) roca sqemaSi qselis Zabvis cv-

lilebis makompensirebeli ukukavSiri CarTuli ara gv-

aqvs (nax.5.7,d); 

        
          nax.5.7, b                   g 
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b) roca sistemaSi gamoyenebulia makompensirebeli 

ukukavSiri (nax.5.4,e).  

  

       
         nax.5.7, d                       e 
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   efeqti TvalsaCinoa, Zravas siCqaris dinamikuri vard-

na kompensatoris gamoyenebiT Semcirebulia 10-jer da 

ufro metad. Ggarda amisa, aq ganxiul sistemas axasiaTe-

bs 2 wamiani gardamavali procesebi. 

   nax.5.8,a-ze warmodgenilia ZabviT regulirebadi xis-

tlilviani asinqronuli eleqtroamZravis kompiuteruli 

sqema, xolo nax.5.8,b,g,d-ze  naCvenebia misi gardamavali 

procesebi invariantobaTa ukukavSirebis gareSe. 

 

nax. 5.8, a 



 102

 

       

              nax.5.8, b                      g       
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          nax.5.8, d                     e             
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   aRniSnuli ukukavSirebis CarTvis  efeqtianoba dada-

sturda gardamavali procesebis kvlevebiT rogorc dat-

virTvis, ise qselis Zabvis cvlilebis SemTxvevaSic (aq 

nax. 5.8,e-ze moyvanilia mrudebi mxolod datvirTvis cv-

lilebis SemTxvevisaTvis).    

   nax.5.9,a-ze warmodgenilia sixSiriT regulirebadi dr-

ekadlilviani asinqronuli eleqtroamZravis kompiuteru-

li struqturuli sqema, romelSic drekadi rxevebis Cas-

aqrobad agreTve gamoyenebulia Zravis siCqaris mixedviT 

rbili ukukavSiri. sqemaze Zravis eleqtruli nawilis    

 
 
 

nax.5.9, a 
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parametrebia: 5,12=Zk  da 075,0=ZT wm. xolo Zravis eleq-

tromeqanikuri drois mudmiva A 25,0=emT wm da 087,0=bδ , 

drekadi lilvis sixistis gamomsaxveli drois mudmiva 

0004,0c =T  wm da meqanizmis meqanikuri drois mudmiva 

102 =T wm. siCqaris regulatori pi-tipisaa.  

            nax.5.9,b,g,d-ze warmodgenilia sixSiruli amZravis gar-       

     

                  nax.5.9, b                      g 
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         damavali procesebis mrudebi (Zravas da meqanizmis siCqa-

reebis da drekadi momentis) marTvis signalis, amZravis 

datvirTvis da qselis Zabvis naxtomisebri cvlilebisas. 

maT safuZvelze SeiZleba CavTvaloT, rom sistema opti-

mizebulia: swrafqmedeba 1,5 wamis farglebSia, rxevebi 

minimaluria, amasTan gadametregulireba Seadgens 10%, 

xolo siCqaris dinamikuri  vardna ar aRemateba 0,008-s. 

                        

                nax.5.9, d                   e     
 



 107

     nax.5.9,e-ze naCvenebia sixSiruli asinqronuli eleqt-

roamZravis gardamavali procesebis mrudebi qselis Zab-  

vis naxtomisebri vardnisas, roca sistemaSi damatebu-

lia am cvlilebis  makompensirebeli ukukavSiri. siCqar-

is dinamikuri vardna makompensirebeli ukukavSiris da-

matebiT TiTqmis 10-jer aris Semcirebuli SeSfoTebis 

makompensirebeli ukukavSiris gareSe momuSave sistemas-

Tan SedarebiT. rac Seexeba gardamavali procesis xangr-

Zlivobas igi TiTqmis iseTivea, rogoric axasiaTebs mu-

dmivi denis tiristoruli eleqtroamZravis marTvis sis-

temebs da Seadgens daaxloebiT 1 wams. 
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d a n a r T i -  eleqtroamZravebis Teoriuli safuZvlebis 

ZiriTadi sakiTxebi 

 

d.1.  eleqtroamZravebis meqanika 

 a) winaRobis da inerciis momentebis dayvana  

Zravas  RerZze 

 

muSa manqanis amZravis meqanikuri sistema Sedgeba eleqtruli Zrava-

sagan, moZraobis gadamcemi mowyobilobisagan da meqanizmis moZravi na-

wilisagan. Zravas brunviTi moZraobidan SesaZlebelia, moZraobis Seda-

rebiT martivi gadamcemi mowyobolobebis mag., kbilana reduqtorebis an 

Rveduri gadacemebis gamoyenebiT, miviRoT sxva sididis brunviTi moZr-

aoba an dolze daxveuli bagiriT gadataniTi (wrfivi) moZraoba. ufro 

rTuli tipis meqanikuri gadacemebic arsebobs mag., Wia-xraxnuli, mrud-

mxara-barbaca da sxv.  

moZraobis gadamcem meqanikur mowyobilobebs axasiaTebT Semdegi si-

dideebi: gadacemis ricxvi (reduqtorebsa da RvedurSi) _ i; inerciis mo-

menti _J an masa _m; SemaerTebeli lilvebis sixistis koeficientebi 

_Cij; m.q.k. xaxunze danakargebis gamo;  luftebi (sahaero RreWoebi) kine-

matikur wyvilebSi mag., reduqtoris kbilanebSi, lilvebis SemaerTebel 

quroebSi da sxv. 

rogorc muSa manqanebs, ise maT amZravebs (Zravas -meqanikur gadamcem 

mowyobilobas -meqanizmis muSa lilvs) saerTod muSaoba uxdebaT or 

ZiriTad reJimSi statikaSi (damyarebul reJimSi) da dinamikaSi (ga-

rdamaval reJimSi). statikaSi amZravs uwevs meqanizmis winaRobis sta-

tikuri momentis daZleva, xolo dinamikaSi amZravma unda dasZlios 

rogorc statikuri winaRobis Zalebi, aseve dinamikuri anu inerciis Za-

lebi. 

meqanizmis winaRobis e.w. statikuri momentis RerZze dasayvanad 

unda visargebloT simZlavreTa balansis Semdegi formuliT: 

,ηmeqst PP =         (d-1) 
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sadac stP - aris Zravas RerZze winaRobis  simZlavre; meqP  -meqanizmis 

simZlavrea, romelsac igi anviTarebs muSa operaciis Sesrulebisas; η  

_ moZraobis gadamcemi mowyobilobis mqk. 

brunviTi meqanizmebisaTvis cnobilia, rom simZlavre 

,ω⋅= MP         (d-2) 

sadac M-brunvis momentia; ω -brunvis kuTxuri siCqare. 

(d-2)-is Tanamaxmad meqanizmis simZlavre meqmeqmeq ω⋅= MP  da misi 

mniSvneloba Zravas RerZze Zstst ω⋅= MP , amitom (d-1)-e  Semdegnairad 

Caiwereba 

ηωω /meqmeqZst ⋅= MM .     (d-3) 

(d-3)-dan advilad ganisazRvreba Zravas RerZze dayvanili winaRobis 

statikuri  momenti  

,/ η⋅= iMM meqst         (d-4) 

sadac i _ reduqtoris gadacemis ricxvia ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

meq

Z

ω
ωi .  

O  orsafexuriani reduqtoris SemTxvevaSi 

2121/ ηη ⋅⋅⋅= iiMM meqst .       (d-5) 

Tu, meqanizmi asrulebs gadataniT (wrfiv) moZraobas, maSin  

,/ ηω ⋅⋅= jVFM meqmeqst        (d-6) 

sadac FFmeq _ meqanizmis Zalaa, romelic saWiroa muSa operaciis 

Sesasruleblad; Vmeq _ meqanizmis wrfivi siCqa-rea. 

manqanisa da amZravis moZravi nawilebis inerciuli masebisa da 

inerciis momentebis Zravas RerZze dayvana warmoebs kinetikur energiaTa 

balansiT: 

,
1 2

2

1 2

2

2

2

2

2
∑∑
==

++=⋅
v

l
lv

lm
n

q

q
qJJJ
ωωω Z

Z
Z

eqv       (d-7) 
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sadac eqvJ _aris amZravis mTeli meqanikuri sistemis eqvivalenturi 

(jamuri) dayvanili inerciis momenti; ZJ _ Zravs moZravi nawilis 

(Ruzis an rotoris )inerciis momenti, kgm2; qJ  _ sistemis q-uri 

rgolis inerciis momentia, qω  _ calkeuli q-uri rgolis kuTxuri 

siCqare; ml _wrfivad moZravi l _ uri rgolis masa, Vl _ Sesabamisi 

rgolis wrfivi siCqare. 

(d-7)-dan advilad vipoviT amZravis RerZze dayvanil jamur inerciis 

moments: 

.
1 2

2
2 ∑∑

=
++=

v

l
lv

lmqiqJJJ
Z

Zeqv
ω

       (d-8) 

eleqtroZravebis katalogebSi zogjer inerciis momentis (J) 

nacvlad mocemulia mqnevara momentis (GD2) mniSvneloba. maT Soris 

arsebobs Semdegi damokidebuleba 

42GDJ =  ,  [kg.m2 ]      (d-9) 

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

Cveulebriv amZravis mbrunav detalebs aqvs cilindruli forma 

gamoSverilebis didi raodenobiT. jamuri inerciis momentis (J) sa-

angariSod aseT detals pirobiTad dayofen mudmivi diametris mqone 

nawilebad. detalis calkeuli nawilis J-s gansazRvraven Semdegi 

formuliT: 

,
32

4

g
dlJ ⋅⋅Π

=
γ

][ 2wmsmkg ⋅⋅        (d-10) 

sadac γ -detalis masalis kuTri wonaa, kg/sm3 (foladisaTvis 

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

l da d _ mbrunavi sxeulis sigrZe da diametria, sm; g _ simZimis ZaliT 

gamowveuli aCqarebaa, sm/wm2. 

inerciis momentis zemoT moyvanili ganzomilebidan ufro xSirad 

gamoyenebul ganzomilebaze gadasasvlelad unda gaviTvaliswinoT, rom 
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1kgZ aris is Zala, romelic 1 kg masis mqone sxeuls mianiWebs 9,8 m/wm2  

aCqarebas.  

zemoT moyvanili formulebis garda zogjer gamoTvlebSi 

gamoiyeneba Semdegi formulebic: 

           
2ρmJ = ,                            (d-11) 

sadac ρ - aris dayvanili inerciis radiusi. 

    cilindruli sxeulebisaTvis cnobilia, rom  

2
22 R=ρ  ,                             (d-12) 

xolo Rru cilindruli sxeulebisaTvis                             

2

22
2 rR +
=ρ .                            (d-13) 

    Sesabamisad inerciis momenti gamoiTvleba Semdegi formulebiT:                    

          
g

RlJ
2

4 γ⋅⋅Π
=  ;                    (d-14) 

            
g

rRl
J

2

44 γ⎟
⎠
⎞⎜

⎝
⎛ −Π

= .                     (d-15) 

ise rogorc inerciuli masebi, aseve SemaerTebeli lilvebis 

sixistis koeficientebic saWiroa dayvanil iqnas Zravas RerZze. dayvana 

xorcieldeba potencialur energiaTa balansis safuZvelze. 

cilindruli lilvis sixistis koeficienti iangariSeba formuliT 

,
32

4

l
Dc πσ

=         (d-16) 

sadac σ  - drekadobis modulia, romelic damokidebulia lilvis 

masalaze; DD _ lilvis diametri; l _ sigrZea. 

Rru _cilindruli lilvisaTvis sixistis koefici-enti 

gamoiTvleba formuliT 

,1
32

44

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛−=

D
d

l
Dc πσ

       (d-17) 
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sadac d _ lilvis Siga diametria; DD _ gare diametri. 

zogjer manqanas aqvs lilvebi mimdevrobiT, paralelurad an maTi 

kombinaciiT SeerTebuli. am SemTxvevaSi sixistis koeficientebs 

gansazRvraven Semdegi formulebiT: 

mimdevrobiTi SeerTebisas 

.
21
21
cc
ccc
+
⋅

=         (d-18) 

paraleluri SeerTebisas 

.21 ccc +=          (d-19) 

sixistis koeficientis dayvana Zravs RerZze warmoebs formuliT 

,/ 2
12 icc =day         (d-20) 

sadac i _ reduqtoris gadacemis ricxvia. 

drekadrgolebiani swrafqmedi meqanikuri sistemis brunviTi 

nawilebi dinamikaSi ganicdian Zlier grexiT rxe-vebs. isini milevadi 

xasiTisaa, vinaidan sistemaSi adgili aqvs energiaTa fantvas. fantva 

warmoebs meqanikuri lilvebis Sinagani blanti xaxunis ZalebiT (Tumca 

isini SedarebiT mcirea) da agreTve eleqtruli Zravas madempfe-

rirebeli moqmedebiT. 

grexiTi rxevebis Caqrobis koeficientis gansazRvra Teoriulad 

SeuZlebelia, amitom sargebloben Semdegi empiriuli formuliT 

,
21
21

12 JJ
JJcb

+
⋅

⋅=
π
ψ

       (d-21) 

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

mas Semdeg, rac gvecodineba amZravis meqanikuri sistemis 

saangariSo sqemis ZiriTadi parametrebi inerciis masebi, sixistis 

koeicientebi da a.S. SevadgenT meqanikuri sistemis  Senacvlebis sqemas.  

 

b)amZravis moZraobis gantolebebis  

Sedgena 

 

amZravis moZraobis gantolebis Sedgenis ori meTodia 

gavrcelebuli _ dalamberis da lagranJes. 
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dalamberis meTodi (principi) dafuZnebulia Semdeg ZiriTad 

pirobaze, kerZod drois nebismier momentSi sistemis moZraobisas 

masebis inerciis Zalebis, garedan zemoqmedi Zalebis da kinematikur 

wyvilebSi warmoqmnili reaqciis Zalebis jami unda iyos nulis toli. 

sxvagvarad, rom vTqvaT mTeli sistema unda iyos dinamikur wo-

nasworobaSi. 

Tu, amZravi xistlilviania (ar aqvs grZeli SemaerTebeli lilvi) 

moZraobis gantoleba Semdegnairad gamoisaxeba: 

,dinst MMM =−         (d-22) 

sadac M_aris Zravas mier ganviTarebuli brunvis momenti; Mst _ 

winaRobis (statikuri) dayvanili momentia meqanizmis mxridan; Mdin _ 

amZravis dinamikuri momentia, romelic axasiaTebs sistemis kinetikuri 

energiis cvlilebas. 

MMdin-is gansazRvris mizniT (d-22)-is analogiurad davweroT sim-

ZlavreTa balansis formula. 

,dinst PPP =−         (d-23) 

Teoriuli meqanikis kursidan viciT, rom  

.
2

2
2

2

dt
dJ

dt
dJ

dt

dJ
P ωωω

ω

+==din        (d-24) 

 (d-24)is gayoviT ω -ze miviRebT dalamberis principiT Caweril 

amZravis  moZraobis gantolebas  

.
2 dt

dJ
dt
dJMM ωω

+=− st        (d-25) 

Tu, amZravis inerciis momenti constJ = , maSin (d-25)-e formula 

gamartivdeba da gveqneba 

.
dt
dJMM ω

=− st         (d-26) 

 (d-26)-is Tanaxmad, Tu MM>MMst, e.i. MMdin>0, maSin adgili eqneba 

amZravis aCqarebas. Tu MMdin<0, maSin adgili eqneba amZravis Senelebas. 

Tu MM=MMst (e.i. MMdin=0), maSin amZravi muSaobs const=ω  mudmivi 

siCqariT (anda amZravi gaCerebulia), aseT reJims uwodeben damyarebuls. 
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drekadrgoliani erTZraviani amZravis  moZraobis gantolebebi Sem-

degnairad warmodgindeba: 

( ) ( )
⎪
⎪
⎪

⎩

⎪
⎪
⎪

⎨

⎧

−+−=

=−

=−

.212112

;2
2

;1
1

ωωϕϕ

ω

ω

bCM
dt

d
JMM

dt
d

JMM

dr

stdr

dr

      (d-27) 

sadac 1ϕ  da 2ϕ  Sesabamisad inerciuli masebis mobrunebis kuTxeebia 

⎟
⎠
⎞

⎜
⎝
⎛ ==

dt
d

dt
d 2

2
1

1 ; ϕωϕω . 

saerTo meqanizmze momuSave orZraviani drekadrgolebiani 

amZravisaTvis dalamberis principiT Sedgenil moZraobis gantolebebs 

aqvs Semdegi saxe: 

( ) ( )
( ) ( )

⎪
⎪
⎪
⎪
⎪
⎪

⎩

⎪
⎪
⎪
⎪
⎪
⎪

⎨

⎧

−+−=

−+−=

=−+

=−

=−

.222232

;111121

;21

;2
222

;1
111

mmdr

mmdr

m
mstdrdr

dr

dr

ωωϕϕ

ωωϕϕ

ω

ω

ω

bCM

bCM
dt

d
JMMM

dt
d

JMM

dt
d

JMM

      (d-28) 

 (d-27)- da (d-28)- gantolebebi samarTliania hukis kanonis 

moqmedebis farglebSi, e.i. SedarebiT mcire deformaciis farglebSi 

(didi deformaciis pirobebSi mosalodnelia lilvis plastikuri _ 

narCeni deformacia, am dros hukis kanoni procesis gasaanalizeblad 

sakmarisi ar aris). 

lagranJes meTodi. es meTodi iTvleba energetikul meTodad da 

efuZneba meqanikuri sistemis ganzogadebuli koordinatebis da Zalebis 

cnebebs. am meTodiT sargeblobisas  koordinatebis ricxvi tolia 
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sistemis Tavisuflebis xarisxis. ganzogadebul parametrebad SeiZleba 

miviRoT mobrunebis kuTxeebi, maTi sxvaobebi da a.S. 

amZravis moZraobis gantolebis Sedgena lagranJes meTodiT 

warmoebs lagranJes II gvaris gantolebis safuZ-velze 

,
1111

i
N

i i

N

i i

N

i i

N

i i
Q

qqq
T

q
T

dt
d

=
∂
Φ∂

+
∂
Π∂

+
∂
∂

−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

∂
∂

∑∑∑∑
==== &&

       (d-29) 

sadac T da П sistemis kinetikuri da potencialuri energiebia; Ф - 

fantvis funqciaa, Qi _ ganzogadebuli Zalaa, romelic iwvevs i-uri 

ganzogadebuli koordinatis (qi) cvlilebas. unda aRiniSnos, rom T da 

Ф funqciebi ganzogadebuli siCqareebis kvadratuli funqciebia, xolo 

П–ganzogadebuli koordinatebis kvadratuli funqciebia; N _ 

Tavisuflebis xarisxis rixcvia. 

magaliTisaTvis, kinetikuri energia SeiZleba ase gamo-isaxos 

22
33

2
22

2
11 ⎟

⎠
⎞⎜

⎝
⎛ ++= ϕϕϕ &&& JJJT ,       (d-30) 

potencialuri energia ki ase: 

( ) ( )[ ] 22
3223

2
2112 ϕϕϕϕ −+−=Π CC  .     (d-31) 

energiis fantvis funqcia: 

( ) ( )[ ] 22
322

2
211 ϕϕϕϕ −+−=Φ bb && .         (d-32) 

amZravis SemTxvevaSi, (d-29)-Si: ;1 MQ =  stMQ = . 

   amis Semdeg vipoviT kerZo warmoebulebs da CavwerT moZraobis 

gantolebebs. moZraobis gantolebebi gamoiyeneba amZravTa sistemebis 

gardamavali reJimebis (dinamikuri procesebis) Seswavlisas.  

 

g) sawarmoo meqanizmebis meqanikuri  

maxasiaTeblebis saxeebi 

 

amZravis racionaluri muSaobisaTvis aucilebelia meqanizmis 

ω =f(M) meqanikuri maxasiaTeblis gaTvaliswineba. sxvadasxva meqanizms 

gaaCnia sxvadasxva meqanikuri maxasiaTebeli. maTi klasificirebisaTvis 

sargebloben Semdegi empiriuli formuliT:  
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( ) ,
x

MMMM ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⋅−−= ⋅

nom

st0nomstst0st ω
ω

        (d-33) 

sadac Mst0 aris meqanizmis winaRobis momenti uqmi svlisas; Mst.nom _ 

nominaluri datvirTvis momenti; x _ koeficientia, romelic 

gansazRvravs damokidebulebas Mst-sa da ω -s Soris. 

meqanizmebis klasifikacias awarmoeben x-is mixedviT, kerZod 

Semdegnairad: 

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

meqanizmebs uwodeben mudmiv statikur momentians. mag., amweebi, 

konveierebi, Carxze miwodebis meqanizmebi, qaRaldis manqanebi da 

saglini dganebi da sxv. 

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

(pirdapirproporciuli) damokidebuleba. aseTi max-li aqvs amZravs, 

romelic amuSavebs generators (laboratoriaSi). 

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

(ukuproporciuli) damokidebuleba. aseTi maxasiaTeblis mqone 

meqanizmebi muSaoben mudmivi statikuri simZlavriT, Pst=const. igi 

gaaCniaT liTonmWrel Carxebze Spindelis meqanizmebs, agreTve 

qaRaldis an Zafis damxvev meqanizmebs da sxv. 

4) Tu x=2, maSin )( 2ωfM =st . aseTi maxasiaTebeli gaaCniaT 

ventiliatorebs, tumboebs da kompresorebs. meqanizmebs am tipis 

maxasiaTebliT uwodeben ventiliatoruls. 

   SeniSvna: roca  Pst=const aq ganixileba ori SemTxveva: 1) meqanizmebi 

aqtiuri winaRobis momentiT (gamow-veulia simZimis ZaliT). momentis 

(Mst) niSani damokidebuli ar aris moZraobis mimarTulebaze. 2) 

meqanizmebi reaqtiuli winaRobis momentiT (gamowveulia xaxunis ZaliT). 

Mst-is niSani icvleba moZraobis mimarTulebis SecvlasTan erTad. roca 

moZraoba SeCerebulia Mst=0. 

 

d2. mudmivi denis damoukidebel (paralelur)  

agznebiani Zravas meqanikuri maxasiaTeblebi  
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gansaxilveli Zravas ω =f(M) meqanikuri maxasiaTeblis formulis 

misaRebad Tavdapirvelad saWiroa CavweroT Zabvebis wonasworobis 

gantoleba Zravis Ruzis wredisaTvis  

 ( ) ,RdamR IRREU ++=        (d-34) 

sadac RI -Zravas Ruzis denia; damdaR RR  - Ruzis gragnilis da mis 

wredSi CarTuli damatebiTi aqtiuri winaRobebia ;EE _ aris RuzaSi 

dainduqcirebuli emZ, igi Tavis mxriv tolia 

.ω⋅Φ⋅= kKE         (d-35) 

Tu, Zravas magnituri nakadi const=Φ , maSin ωcE = , sadac:               

.Φ⋅= kKc          (d-36) 

a
PNK
π2

=k _ Zravas konstruqciuli mudmivaa; P _wyvil polusTa ricxvia; 

N _Ruzis gragnilis aqtiur gamtarTa ricxvia; a _Ruzis gragnilis 

paralelur StoTa ricxvia. Tu SevitanT (d-35)-s (d-34)-Si da amovxsniT 

ω -s mimarT miviRebT Zravis Cqaruli maxasiaTeblis ( )RIf=ω  for-

mulas  

,R
k

wR

k
I

K

R

K
U

⋅
Φ⋅

−
Φ⋅

=
⋅ω        (d-37) 

sadac 
Φ⋅

=
kK
U

0ω  _ aris Zravas idealuri uqmi svlis siCqare; 

wR⋅R = damR RR + -Zravas Ruzis wredis sruli winaRobaa. (d-37)-Si 

meore mdgeneli warmoadgens Zravas siCqaris vardnas datvirTvis  

Sesabamis sididemde.  

cnobilia, rom Zravis brunvis momenti  

.RRk IcIKM ⋅=Φ= Z        (d-38) 

misi SetaniT (37)-Si miviRebT Zravis meqanikuri maxasiaTeblis formulas 
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                  .2
ZZ c

MR

c
U ⋅

−=
Rw

ω            (d-39) 

 (d-39)-is Tanaxmad Zravas meqanikuri maxasiaTebeli warmoadgens 

wrfes, romlis daxrilobas gansazRvravs misi Ruzis gragnilis RRw-is 

sidide. 

 meqanikuri maxasiaTebeli, romelic miiReba Zravas wredSi 

damatebiTi winaRobis CarTvis gareSe, cnobilia bunebrivi meqanikuri 

maxasiaTeblis saxelwodebiT. roca 0≠damR , maSin miviRebT e.w 

xelovnur maxasiaTeblebs.   

Zravas bunebrivi Cqaruli maxasiaTeblis ageba xdeba misi 

sapasporto monacemebis mixedviT. am mizniT sakmarisia maxasiaTeblis  

ori wertilis povna (gamoTvla). erT wertilad iReben idealuri uqmi 

svlis siCqares ( roca 0=RI  ): 

Z

nom

c
U

=0ω ,                (d-40) 

Zc  _ Zravas emZ-is proporciulobis koeficients  gansazRvraven misi 

sapasporto monacemebiT, Semdegi formuliT                                             

nom

RnomRnom
Z ω

RIU
c ⋅−

=           (d-41) 

maxasiaTeblis meore wertilad iReben Zravas nomina-luri muSaobis 

reJimis Sesabamis wertils: nomR II = , nomωω = . 

 

d.3. Zravas gamSvi winaRobebis gamoTvla 

 

Zravas gamSi winaRobis saangariSod unda visargebloT misi 

bunebrivi Cqaruli maxasiaTebliT. SevirCevT  1I _ gaSvebis da 2I _ 

gadarTvis denis mniSvnelobebs. rogorc wesi, nomII )5,22(1 ÷=  da 

nomII ⋅= 2,12 . 
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Zravas qselTan mierTebis pirvelive momentSi mis RuzaSi gaivlis 

I1-is toli deni,  daiwyeba misi  aCqareba (am dros Ruzis mimdevrobiT 

CarTulia Rg1 da Rg2 gamSvi winaRobis orive safexuris Sesabamisi 

winaRoba). rodesac Zravas siCqare miaRwevs b wertilis Sesabamis 

mniSvne-lobas, e.i. deni gaxdeba I2-is toli moxdeba gaSvebis I safexuris 

winaRobis daSuntva 1a _ aCqarebis kontaqtis CaketviT. Ees gamoiwvevs 

Ruzis denis I1 sididemde gazrdas da Zravi kvlav daiwyebs aCqarebas. 

roca misi siCqare miaRwevs d-wertilis Sesabamis sidides, moxdeba 

gamSvebi winaRobis II-safexuris daSuntva 2a-aCqarebis kontaqtis 

CaketviT. kvlav gaizrdeba uecrad Ruzis deni I2-dan I1-mde da Zravi 

kvlav ganagrZobs aCqarebas jer f-wertilamde, xolo Semdeg g 

wertilamde, sadac Zravas gaSveba dasruldeba da misi muSaoba iqneba 

damyarebuli reJimis Sesabamisi. 

gamSvi winaRobebis angariSs axorcieleben grafikulad, fardobiT 

erTeulebSi gamosaxuli meqanikuri maxasiaTeblebis Semdegi formuliT:  

r⋅−= μν 1 ,              (d-42)         

sadac 

0ω
ων = -Zravas siCqaris fardobiTi sididea; 

nomM
M

=μ  -

fardobiTi momenti; 
nom

Rw

R

R
r = -Zravas fardobiTi winaRobaa; 

nom

nom
nom I

UR = - 

Zravas nominaluri (fiqtiuri) winaRobaa. 

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

al=rw=1. ad, ac, ab _ Sesabamisad Zravis Ruzis wredis sruli winaRobebia 

fardobiT erTeulebSi safexurebis Sesabamisad. bc – Rg2-is Sesabamisi, 

xolo cd – Rg1-is Sesabamisi winaRobebia fardobiT sidideSi. amrigad  

nomR
R

rbc 32
32 ==  ⇒     ;32 nomRbcR ⋅=  

nomR
R

rcd 31
31 ==   ⇒    nomRcdR ⋅=31 . 

   Zravis sruli gamSvi winaRoba toli iqneba  

nomnom RbdRcdbcRR ⋅=+=+ )(3231 .         (d-43) 
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d.4.^damoukidebel agznebiani Zravas meqanikuri maxasiaTeblebi 

samuxruWo reJimebSi 

 

Zalian xSirad saWiroa meqanizmebis swrafi da zusti gaCereba, rac 

zogjer ganmsazRvrelia meqanizmis mwarmoeblobisa da gamoSvebuli 

produqciis xarisxianobisa. gaCerebisas an moZraobis mimarTulebis 

Secvlisas Zrava muSaobs samuxruWo reJimSi. 

praqtikaSi gamoiyeneba sami saxis damuxruWeba: a) generatoruli -

qselSi eleqtroenergiis gagzavniT; b) ukuCarTvis da g) dinamikuri. 

   samive samuxruWo reJimSi Zravs muSaoba uxdeba generatorul reJimSi. 

gansxvaveba imaSia Tu, rogor aris Ruzis em -Zala orientirebuli 

qselis Zabvis mimarT. rekuperatiuli (generatoruli) damuxruWebisas E 

da Uqs-sa Semxvedradaa mimarTuli, magram E>Uqs ris gamoc IR deni 

icvlis mimarTulebas, e.i. deni Zravidan miewodeba qselSi. ukuCarTvis 

reJimSi E da U Tanxvdebian mimarTulebiT da deni ganisazRvreba maTi 

jamiT. dinamikuri damuxruWebisas 0=U  da ( )dinR RREI +−= . 

ganvixiloT es reJimebi cal-calke ufro dawvrilebiT. 

a) generatoruli damuxruWeba. 

generatorul reJimSi gadasvlas adgili aqvs maSin, roca 

datvirTvis gavleniT Zravis siCqare gadaaWarbebs 0ω _uqmis svlis 

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

=
RwR

EUI , e.i. icvlis 

mimarTulebas.  

praqtikaSi aseTi damuxruWeba gamoiyeneba mZime tvir- 

Tebis CamoSvebisas 0ω -ze meti siCqariT. daSvebisas Zravs CarTaven 

qveda mimarTulebiT samuSaod. am dros amZravis siCqare gadaaWarbebs 

0ω -s, vinaidan RerZze moqmedebs Zravisa da tvirTis Tanxvdenili 

momentebi. mas Semdeg rac Zrava gadava samuSaod generatorul reJimSi, 

igi ganaviTarebs samuxruWo moments, e.i. ukve momenti gaxdeba 

sapirispiro datvirTvis momentis mimarT. 

b) ukuCarTviT damuxruWeba. 
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1) ukuCarTviT damuxruWebis reJims adgili aqvs maSin, rodesac 

tvirTis awevaze momuSave Zravas Ruzis wredSi CavrTavT didi sididis 

e.w. ukuCarTvis winaRobas (RuC). winaRobis CarTvis Semdeg Zrava A 

wertilidan samuSaod gadava ufro didi daxris mqone maxasiaTebelze B 

wertilSi. igi daiwyebs Senelebas (vinaidan Semcirdeba deni Ruzis 

wredSi) da procesi damTavrdeba C wertilSi. am wertilSi Zravi 

brunavs ukumimarTulebiT da misi deni ganisazRvreba formuliT:  

   ( ) ( )uCR RREUI cc ++= ,                            (d-44) 

sadac 
Zc

M
Ic

st
= . 

2) xSirad ukuCarTvis reJims axorcieleben Zravas brunvisas mis 

Ruzaze miyvanili Zabvis polarobis SecvliT. 

`w~(,,win”brunvis) kontaqtebis gaxsnisas da `u~(,,ukan” brunvis) 

kontaqtebis CarTvisas, rom ar moxdes ZravaSi didi sididis ukudenis 

gavla Ruzaze, Zabvis polarobis SecvlasTan erTad mis wredSi unda 

CairTos didi sididis RuC-is winaRoba. Zrava samuSaod gadava A we-

rtilidan B wertilSi. daiwyeba amZravis Seneleba, C wertilSi Zravi 

gaCerdeba. Tu saWiro ar aris Zravis gaSveba uku mimarTulebiT C 

wertilis Sesabamis momentSi Zravs gamorTaven qselidan da mis RerZze 

daadeben meqanikur muxruWs. 

generatoruli damuxruWebisagan gansxvavebiT, ukuCarTvis reJimSi 

Zravi energias iRebs qselidanac da meqanizmis mxridanac. maT orives 

xarjavs Ruzis wredis wina-Robaze: 

( ).2
uCR RRIIEEUP +=⋅+⋅=           (d-45) 

ukuCarTviT damuxruWeba uzrunvelyofs meqanizmis yve-laze 

intensiur gaCerebas. misi naklia ZravSi da misi Ruzis wredSi didi 

danakargebi. ukuCarTvis winaRoba ganisazRvreba wertilis Sesabamisi 

sidideebiT: 

.RuC R
I
cU

R
B

B −
⋅+

=
ωZ       (d-46) 

IB _ aris damuxruWebis dasawyisSi Zravas dasaSvebi denis 

mniSvneloba. 
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g) eleqtrodinamikuri damuxruWeba. 

eleqtrodinamikuri damuxruWebis SemTxvevaSi Ruzas gamorTaven 

qselidan da miaerTeben winaRobaze, xolo agznebis gragnils datoveben 

qselSi CarTuls. am SemT-xvevaSi Zrava masSi dagrovili kinetikuri 

energiis xarj-ze. gaCerebamde imuSavebs rogorc generatori. aRniSnuli 

energia daicleba Ruzis wredis winaRobaze. Ruzis deni toli iqneba  

.
dinR

sawy.

RR

E
I

+
−=                    (d-47) 

dinamikuri damuxruWeba SeiZleba gamoyenebul iqnas tvirTis 

CamoSvebis SemTxvevaSic. procesi am dros damyardeba C wertilSi. Rdin-

is sidide ganisazRvreba formuliT: 

.RZdin R
I

cR
B

B −=
ω

               (d-48) 

damuxruWebis es saxe xasiaTdeba ekonomiurobiT, Tumca siCqaris 

SemcirebasTan erTad mcirdeba samuxruWo efeqtic (I-denis Semcirebis 

gamo). praqtikaSi damuxruWebis am xerxs iyeneben arareversul 

amZravebSi. sqema martivia, saimedo da zusti. 

 

d.5. mudmivi denis mimdevrobiT agznebiani Zravas meqanikuri 

maxasiaTeblebis  

 

am SemTxvevaSi Zravas agznebis gragnili (ag) CarTulia Ruzis 

gragnilis mimdevrobiT. aseTi tipis  ZravebisaTvis siCqaresa da Ruzis 

dens Soris damokidebuleba ganisazRvreba formuliT  

.
Φ

−
Φ

=
k

Rw

k K

IR

K
Uω                         (d-49)         

Tu CavTvliT, rom manqanis damagnitebis mrudi wrfivia, e.i. 

I⋅=Φ α , maSin Zravas brunvis  momenti 21
Φ⋅⋅=⋅Φ⋅=

αkk KIKM , 

aqedan MK0=Φ , 
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sadac 
kK

K α
=0 . 

  SevitanoT (d-49)-Si Ф da M-is mniSvnelobebi.  miviRebT mudmivi denis 

mimdevrobiT agznebiani Zravis meqanikuri maxasiaTeblis formulas:  

,B
M
A

−=ω         (d-50) 

sadac: .; 2
0

2
0 KKRBKKUA kRwk ==   

   am tipis ZravebisaTvis meqanikuri (an siCqaruli) maxasiaTeblebi 

hiperboluri saxisaa. 

meqanikuri maxasiaTeblebis saangariSod praqtikaSi iyeneben e.w. 

universalur maxasiaTeblebs, romlebic warmodgenilia cvladebiT 

fardobiT erTeulebSi ( )ιν 1f=  da ( )ιμ 2f= , sadac 

nomω
ων = , 

nomI
I

=ι , 

nomM
M

=μ . 

universaluri  maxasiaTeblebi rogorc wesi, erTi da imave seriis 

mqone mimdevrobiT agznebiani ZravebisaTvis saerToa. 

 

d.6. mimdevrobiT agznebiani Zravas gamSvi  

winaRobebis angariSi 

 

Tavdapirvelad ageben Zravas bunebriv Cqarul maxa-siaTebels _ 

ω =f(I), rac xorcieldeba universaluri maxasiaTeblebis da mocemuli 

konkretuli Zravas sapasporto monacemebis gamoyenebiT. 

SevirCevT gaSvebis I1 da gadarTvis I2 denebis mniSvnelobebs. 

abscisTa RerZze marcxniv gadavdebT 
1

1 I
UR =  da 

2
2 I

UR =  sidideebs. 

vinaidan Zravis gaSveba iwyeba R1 _ sruli winaRobiT da I1 deniT, mas 

Semdeg rac Zravs deni gaxdeba I2-is toli gamoirTveba gamSvi winaRobis 

I-safexuris Sesabamisi cd-winaRoba. deni myisurad gaizrdeba I1- is tol 

sididemde, Zravi kvlav ganagrZobs aCqarebas. rodesac deni miaRwevs I2-
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mde daSuntdeba II-sa-fexuris Sesabamisi winaRoba (ef _ winaRoba).  Zrava 

samuSaod gadava bunebriv max-ze da gaagrZelebs aCqarebas datvirTvis 

Sesabamis siCqaremde. cd da ef _ monakveTebis mixedviT (R_RerZze 

miRebuli masStabis gaTvaliswinebiT) vipoviT Zravas gamS winaRobaTa 

mniSvnelobebs. 

 

d.7. mimdevrobiT agznebiani Zravas 

maxasiaTeblebi samuxruWo reJimebSi 

 

 

aseTi ZravasaTvis generatoruli samuxruWo reJimi ar ganixileba( 

vinaidan ar gaaCnia uqmi svlis siCqare). misTvis ganixilaven mxolod 

ukuCarTvis da dinamikur damu-xruWebebs. 

a) ukuCarTviT damuxruWeba. 

am SemTxvevaSi, ise rogorc damoukidebel agznebiani ZravasaTvis, 

ukuCarTviT damuxruWeba SesaZlebelia: 1)Zravul reJimSi muSaobisas Ru-

zis mimdevrobiT didi damatebiTi winaRobis CarTviT; 2) Ruzaze miyvani-

li Zabvis  polarobis SecvliT da agznebis gragnilSi denis ucvleli 

mimarTulebis SenarCunebiT.                                                              

b) dinamikuri damuxruWeba. 

Aam SemTxvevaSi Ruzas gamorTaven qselidan da miaerTeben samu-

xruWo winaRobasTan,xolo agznebis gragnils datoveben qselTan 

CarTuls damatebiTi winaRobiT. 

zemoT aRniSnuli dinamikuri damuxruWebis garda, romelSic 

agznebis gragnils aqvs damoukidebeli kveba, Se-saZlebelia damuxruWeba 

ganvaxorcieloT TviTagznebiTac. samuxruWo momentis misaRebad Zravas 

gamorTaven qselidan da Ruzis momWerebs  Secvlili polarobiT 

CarTaven agznebis gragnilTan (denis mimarTuleba unda darCes 

ucvleli) damatebiTi winaRobiT.  

 

d.8. Sereul agznebiani Zravas meqanikuri maxasiaTeblebi 

 

aseTi tipis ZravebSi gvaqvs ori agznebis gragnili mimdevrobiTi 

(mag) da paraleluri (pag).manqanis magnituri nakadis 70% iqmneba pag-iT, 
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xolo 30% mag-iT. iseve ro-gorc mimdevrobiT agznebiani ZravasaTvis, 

Sereul agznebiani Zravas bunebrivi meqanikuri da siCqaruli maxasiaT-

eblebi aigeba universaluri maxasiaTeblebis ( )μν f=  da ( )μfI =  da-

xmarebiT. 

am tipis Zravebs gaaCniaT samive samuxruWo reJimi. 

a) generatoruli damuxruWeba. 

aseTi damuxruWebis dros Zravis mimdevrobiTi agznebis gragnils 

(mag) _ daaSunteben da generatorul reJimSi manqana muSaobs mxolod 

paraleluri agznebiT (pag). 

b) ukuCarTviT damuxruWeba. es reJimi xorcieldeba sxva mudmivi 

denis Zravebis analogiurad. 

g)eleqtrodinamikuri damuxruWeba. aseTi Zravas dinamikur damux-

ruWebas ixilaven mxolod pag-iT, mag-s aSunteben. TviTaRgznebiT dam-

uxruWeba naklebefeqturia da ar iyeneben. 

 

d.9. cvladi denis 3-faza asinqronuli Zravebis meqanikuri 

maxasiaTebelebi 

 

asinqruli Zravebi mudmivi denis ZravebTan SedarebiT 

konstruqciulad martivia, msubuqia da iafi, muSaobaSi saimedo. misi 

parametrebia: fU -fazuri Zabva; μI , I1 da I2 damagnitebis wredis, 

statoris da rotoris denebi; μX  da μR  damagnitebis konturis 

induqciuri da aqtiuri winaRobebi; 2X ′  da 2R′  _ rotoris dayvanili 

(statorze) reaqtiuli da aqtiuri winaRobebia; s  – manqanis srialia 

,
0

0
ω

ωω −
=s              (d-51) 

sadac� oω  _ aris manqanis sinqronuli siCqare 

,2 10 Pfπω =         (d-52) 

f1 _ qselis Zabvis sixSirea; P _ wyvil-polusTa ricxvia. 
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Zravas meqanikuri maxasiaTeblis formulis misaRebad unda 

visargebloT manqanis eleqtromagnituri da meqani-kuri simZlavreebis 

balansis gamosaxulebiT 

elmeqem PPP Δ+=         (d-53) 

sadac elPΔ -aris rotoris eleqtruli kargvebi. 

(d-53)-asec SeiZleba Caiweros 

elPMM Δ+= ωω0          (d-54) 

aqedan ( )ωω −=Δ 0MPel . Tavis mxriv 
'
2

2'
23 RIP =Δ el , maSin 

( )ωω −= 0
'
2

2'
23 MRI . aqedan  

S
RI

M
0

'
2

2'
23
ω

=        (d-55) 

   Zravas Г-magvari eleqtruli Senacvlebis sqemis mixedviT rotoris 

deni tolia  

,

2
2'

2
1

'
2

KX
s

RR

U
I

+
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
+

=
f

       (d-56) 

sadac '
21 XXX K +=  aris manqanis m.C. reaqtiuli wina-Roba. SevitanoT 

(d-56)-e gamosaxculeba (55)-Si, miviRebT 

( )
.

3

22'
210

'
2

2

⎥
⎦

⎤
⎢
⎣

⎡
++

=

KXsRRs

RU
M

ω

f
       (d-57) 

 (d-57)-s analizi cxadhyofs, rom asinqronuli Zravis meqanikur 

maxasiaTebels ( )sfM =  gaaCnia maqsimumi, ris gamoc unda vipovoT 

0=
ds

dM
 gantolebidan sriali (e.w. kritikuli sriali), igi tolia  
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.
22'

2

'
2

KXR

Rs
+

±=k        (d-58) 

 (d-58)-s SetaniT (d-57)-Si vipoviT Zravis kritikul brunvis moments: 

.
2

3

22
110

2

⎟
⎠

⎞
⎜
⎝

⎛ +±
=

KXRR

U
M

ω

f
k        (d-59) 

niSani ~+~ Zravuli reJimisaa, ~_~ generatorulis. (d-57)-is gayofiT 

(d-59)-ze da R1-is ugulebelyofiT miviRebT asinqronuli Zravas 

meqanikuri maxasiaTeblis gamartivebul formulas 

,
2

s

s

s
s

M
M

k

k

k

+

=         (d-60) 

sk-sidide Zravas sapasporto monacemebSi mocemuli  ar aris. mas 

vipoviT Semdegnairad: Tavidan vipovoT nomnomnom ωPM =  da 

( ) 00 ωωω nomnom −=S , Semdeg (d-60)-is gamoyenebiT vipoviT 

( ).12 −+= λλnomk ss ,     (61)    

sadac

nom

k

M
M

=λ .   kss < ( Zrava muSaobs meqanikuri maxasiaTeblis 

wrfiv ubanze), maSin (60)-dan .2
k

k s
sMM =⇒  Tu kss >  (Zrava muSaobs 

meqanikuri maxasiaTeblis arawrfiv ubanze), maSin .2
s

s
MM k

k=  

 

d.10. samfaza asinqronuli eleqtroZravas gamSvi winaRobebis 

angariSi 

 

3-faza asinqronuli Zravas gamSvi winaRobebis angariSi dasaSvebi 
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miaxloebiT warmoebs mudmivi denis paralelur agznebiani Zravas ana-

logiurad, Tu mis meqanikur maxasiaTebels CavTvliT wrfivad. 

asinqronuli Zravas bunebrivi meqanikuri maxasiaTeblis misaRebad 

unda visargebloT sapasporto monacemebiT ( nomΡ , Unom, I1, nnom, E2k da I2). 

Zravas transformaciis koeficienti ganisazRvreba formuliT:  

;
95,0

22
1

KK E

U

E
EK f⋅

≈=  ;2
'
2 RKR ⋅=  

nom

nom

2

2
2

3I
Es

R K=  ;  

;2
2

'
2 KXX ⋅=  ;nomMM K λ=  ⎟

⎠
⎞

⎜
⎝
⎛ −±= 12λλnomssK .      gvecodineba 

ra MK da sкKK me- (d-60) formuliT avagebT Zravas ( )sfM =  meqanikur 

maxasiaTebels. im SemTxvevaSi Tu vangariSobT Zravas safexurebian gamSv 

maxasiaTeblebs unda visargebloT Zravas gamSvi momentis sididiT 

kMM 7,01 = da gadarTvis momentiT st2 MM 2,1= . 

 

d.11. samfaza asinqronuli Zravas  

samuxruWo reJimebi 

 

a) generatoruli damuxruWeba. 

  asinqronuli Zravas rotorSi gamavali deni tolia: 

( ) ( )2'
2

2'
2

2'
2

'
2

2'
2

2'
2

'
2

'
2

'
2

'
2

'
2

'
2

'
2

'
2'

2
sXR

sXEj
sXR

sRE

sjXR

sE

jX
s

R

EI
+

−
+

=
+

=

+

= . (d-62) 

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

aqtiuri (pirveli) mdgeneli icvlis niSans, e.i. mimarTulebas. rac 

Seexeba meore (reaqtiul) mdgenels misi mimarTuleba rCeba ucvleli. es 

miuTiTebs imaze, rom generatorul reJimSi manqana qselidan kvlav 

iTxovs magnituri velis Sesaqmnelad denis nawils. generatoruli 

reJimi gamoiyeneba amwe-kranebSi mZime tvirTis CamoSvebisas agreTve mas 

adgili aqvs orsiCqarian m.S. rotorian asinqronul ZravebSi, roca 

siCqaris Sesacvlelad gamoiyeneba manqanis wyvil-polusTa ricxvis 

Secvla. 
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b) ukuCarTviT damuxruWeba. 

aseTi damuxruReba miiReba Zravis rotoris wredSi didi sididis 

e.w. RuC-is winaRobis CarTviT anda statoris ori fazis gadanacvlebiT 

da rotorSi RuC-is damatebiT.  

3) eleqtrodinamikuri damuxruWeba. 

aseTi damuxruWebis misaRebad Zravis stators gamorTaven cvladi 

denis qselidan da CarTaven mudmivi denis qselSi, rotorSi SeiZleba 

CairTos damatebiTi winaRobebi (Rdin). 

dinamikuri damuxruWebis kontaqtebis (kd) CarTuli mdgomareobisas 

(kx-gaxsnilia) statorSi gadis mudmivi deni, romelic qmnis uZrav 

magnitur vels. rotori inerciiT agrZelebs ra brunvas mis 

gragnilebSi induqcirdeba emZ-ebi da gadis deni. rotoris denisa da 

uZravi magnituri velis urTierTqmedebiT manqanis RerZze moqmedebs 

samuxruWo momenti. manqanaSi dargovili kinetikuri energia siTbos 

saxiT gamoiyofa rotoris gragnilebSi da Rdin-winaRobebSi. 

eleqtrodinamikuri damuxruWeba 3-faza ZravisaTvis SeiZleba 

ganxorcieldes e.w. TviTagznebiTac, 

 

d.12. sinqronuli Zravas meqanikuri 

 maxasiaTeblebi 

 

sinqronul Zravas qselis Zabvis mudmivi sixSirisas gaaCnia mudmivi 

kuTxuri siCqare, maSinac ki roca mis RerZze datvirTva ar aRemateba 

nominaluris ormag mniSvnelobas. Tu Mst>Mdas maSin Zravi amovardeba 

sinqronizmidan. aseTi Zravebi gamoiyeneba im meqanizmebisaTvis, 

romlebsac ar esaWiroebaT siCqaris regulireba. aseTi meqanizmebia 

kompresorebi da tumboebi. sinqronuli Zravis dadebiTi Tvisebaa is, 

rom SeuZlia imuSaos maRali simZlavris koeficientiT ( )ϕcos . 

cnobilia, rom 2000 kvt. simZlavris zeviT sinqronuli Zravi ufro 

iafia vidre asinqronuli.  

sinqronul Zravs rotorSi, garda muSa gragnilisa (romelic 

ikvebeba mudmivi deniT) gaaCnia m.S. 3-faza gamSvi gragnili. am gragnilis 

saSualebiT xorcieldeba Zravis gaSveba asinqronuli meqanikuri 
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maxasiaTebliT qvesinqronul 0,95 0ω -siCqaremde. rotoris agznebis 

gragnilSi ,rogorc wesi awvdian mudmiv dens, romelic manqanaSi Seqmnis 

magnitur  

vels. amis Semdeg ganxorcieldeba manqanis sinqronizmSi Setaceba. 

sinqronuli Zravas gamSvi gragnilebi (ciyvis borbali) gaTvlilia 

xanmokle droiT (20÷30wm) muSaobaze. Tu sinqronizmSi Setacva 

gaWianurda SeiZleba gamSvi grag-nili gadaxurdes da daiwvas. amitom 

sinqronuli Zravis marTvis sqemaSi gaTvaliswinebul unda iqnas 

Sesabamisi dacva. sinqronuli Zravis mbrunavi momenti tolia 

,sin3

0

θ
ω

⋅=
CX

UEM      (d-63) 

sadac U-aris qselis Zabva; E- statoris gragnilSi dain-duqcirebeli emZ; 

Xc -statoris reaqtiuli winaRobaa; θ  -kuTxea statoris emZ-sa da 

qselis Zabvas Soris.  

sinqronuli Zrava qselis Zabvis ryevis mimarT nakleb mgrZnobiarea 

asinqronul ZravTan SedarebiT,^es advilad Cans (d-63)-e formulidan. 

sinqronuli Zravas samuxruWod gamoiyeneba dinamikuri damuxruWeba. 

am dros stators gamorTaven qselidan da miaerTeben winaRobebTan, 

xolo agznebis gragnilSi awv-dian dens .misi Mmeqanikuri 

maxasiaTeblebi analogiuria asinqronuli Zravis dinamikuri 

damuxruWebis maxasiaTeb-lebis. 

 

d.13. eleqtroZravebis siCqaris 

 regulireba 

 

mTeli rigi meqanizmebisa da teqnologiuri manqanebis 

eleqtroamZravebs moeTxoveba siCqaris regulireba sawarmoo 

(teqnologiuri) procesebis racionalurad warmarTvisaTvis. mag., 

saxarato Carxze dasamuSavebeli detalis diametris SemcirebasTan 

erTad Wris  siCqaris mudmivad SenarCunebisaTvis Spindelis amZravis 

kuTxur siCqares aregulireben, kerZod zrdian detalis diametris 

Semci-rebasTan erTad. aseTi bevri magaliTis moyvana SeiZleba. 
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regulirebadi eleqtroamZravebi gamoiyeneba metalurgiul da sxva 

mrewvelobaSi (saglin dganebze, qaRaldis damamzadebel manqanebisaTvis, 

amwe-satransporto meqaniz-mebze da a.S.). 

manqanebis muSa lilvebis brunvis siCqaris (moZraobis) regulireba 

principSi SesaZlebelia ori gziT: Zravis kuTxuri siCqaris SecvliT 

anda meqanikuri gadamcemebis parametris (gadacemis ricxvis) SecvliT. 

meore varianti didi xania cnobilia. misi teqnikuri gadawyveta dakav-

Sirebulia konstruqciul garTulebebTan (gamoiyeneba siCqareTa 

kolofi, meqanikuri varianti da a.S.). garda amisa, am SemTxvevaSi, 

rogorc wesi, ar xerxdeba siCqaris mdore regulireba. am miznebis gamo 

Tanamedrove eleqtroamZravebSi siCqaris regulireba ZiriTadad xorcie-

ldeba TviT eleqtroZravebis siCqaris regulirebiT. 

sxvadasxva eleqtruli Zravebis meqanikuri maxasiaTeblebis 

analizma dagvanaxa, rom maTi siCqaris cvla SeiZleba misi eleqtruli 

wredebis parametrebis (winaRobebis) anda mkvebavi  Zabvis an sixSiris 

cvlilebiT. Zravis siCqaris saregulirod saWiroa operatorma zemoq-

medeba moaxdinos amZravis sistemis parametrebze (miawodos marTvis 

signali, Secvalos winaRobis sidide, es Secvla avtomatizebul 

sistemaSi SeiZleba moxdes avtomaturad). maSin roca Zravis siCqare 

icvleba raime SeSfoTebis zemoqmedebiT (mag., Zravis RerZze winaRobis 

momentis SecvliT), siCqaris aseTi cvlileba ar SeiZleba CavTvaloT 

sasurvel movlenad (kerZod,siCqaris regulirebad). piriqiT, am dros 

Zravis siCqare gadaixreba winaswar mocemuli (saWiro) sidididan da 

marTvis siste-mam unda uzrunvelyos misi Tavdapirvel mniSvnelobamde 

dabruneba. 

eleqtroamZravis siCqaris regulirebis ZiriTadi maC-venebelia 

regulirebis diapazoni, romlis qveSac igulisxmeba amZravis SesaZlo 

maqsimaluri sareguliro siCqaris fardoba minimalurTan  

minmaqs ωω /=D .  

xSirad saWiro xdeba regulirebis zonis (Sesabamisad Ddiapazonis) 

gazrda. magram es gazrda ar SeiZleba iyos usazRvro. misi SezRudva 

zevidan ZiriTadad xdeba Ruzis an rotoris meqanikuri simtkiciT. 

mudmivi denis Zravebi-saTvis siCqaris zeda zRvari )( maqsω  zogjer 
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SeizRudeba koleqtoris sakomutacio unarianobiT, radganac kuTxuri 

siCqaris zrdisas izrdeba Ruzis gragnilis sakomutacio seqciaSi 

reaqtiuli emZ. kuTxuri siCqaris qveda zRvari, rogorc wesi, 

SeizRudeba mocemuli siCqaris saWiro sizustiT mudmivad SenarCunebis 

stΜ -is SesaZlo far-glebSi cvlisas) pirobiT. sistemis sizustis 

Sefaseba rogorc wesi warmoebs e.w. statizmiT. romelic Semde-gnairad 

ganisazRvreba 

            %.100%100
00

0
ω

ω

ω

ωω damydamy Δ
=⋅

−
=s ,              (d-64) 

sadac 0ω da damyω  -aris amZravis sasurveli (davalebis Sesabamisi) 

da realuri (datvirTvis Sesabamisi) siCqareebis damyarebuli 

mniSvnelobebi. 

   Tanamedrove  avtomatizebuli eleqtroamZravebis statizmi 1%-s ar 

aRemateba, xolo amZravebisaTvis ukukavSirebis gareSe igi Seadgens 

ramdenime aTeul procents. 

regulirebis erT-erTi mTavari maCvenebelia agreTve regulirebis 

simdovre, romelic warmoadgens or mezobel siCqareTa Tanafardobas 

1−

=
i

i

ω
ωϕ , sadac 1−> ii ωω . regulirebis simdore miT ukeTesia, roca 

1→ϕ .  

regulirebis erTi safexuridan meoreze mdore gadasvla zogjer 

gansazRvravs gamomuSavebuli produqciis xarisxs. eleqtroamZravebis 

praqtikaSi  siCqaris regulirebis yvelaze mcire simdore gaaCniaT 

orsiCqarian mokledSerTul rotorian asinqronul Zravebs. mniSvnelo-

vani simdore SeiZleba miviRoT mudmivi denis damoukidebel agznebiani 

Zravebis SemTxvevaSi, roca maTi marTva xdeba Ruzaze miyvanili Zabvis 

anda agznebis denis cvliT. 

regulirebadi amZravis erT-erTi maCveneblia agreTve regulirebis 

ekonomiuroba, romelic xasiaTdeba amZravis danadgaris da 

eqspluataciis danaxarjebiT. ekonomiurad gamarTlebulia iseTi 

eleqtroamZravi, romelic uzrunvelyofs muSa meqanizmis mwarmoeblobis  
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maqsimums produqciis maRali xarisxiT da SedarebiT male gamois-yidis 

sawyis kapitalur danaxarjebs. regulirebadi eleqtroamZravis 

ekonomiurobis Sefasebisas yuradReba eqceva agreTve eqsploataciaSi 

mis saimedo muSaobas. 

ekonomiurobis Sefasebisas mniSvneloba aqvs agreTve regulirebis 

procesSi energiis danakargebis sidides. simZlavris kargvebi gansa-

zRvravs  danadgaris mqk-s,   

PP
P
Δ+

=
2

2η , sadac PΔ  _amZravSi danakrgebia; P2 _ Zravas RerZze 

meqanikuri simZlavrea. 

regulirebadi eleqtroamZravis racionaluri muSaobisaTvis 

saWiroa vicodeT datvirTvis momentis damokidebuleba kuTxuri 

siCqarisagan. mTeli rigi sawarmoo meqanizmebi moiTxoven siCqaris 

regulirebas, roca constM =st . aseTi meqanizmebia: amwe-kranebis awevis 

meqanizmebi, zogierTi saglini dganebis  calkeuli galebi (ujredebi), 

qaRaldismkeTebeli manqanebis seqciebi da a.S. meores mxriv, arseboben 

iseTi meqanizmebic, romelTac siCqaris regulireba moeTxovebaT mudmivi 

simZlavris pirobebSi - constP =st . aseT meqanizms miekuTvneba saxa-

rato Carxi. Carxze detalis damuSavebisas saWiroa SevinarCunoT Wris 

(wrfivi) mudmivi siCqare  ( )constVFP =⋅= .  

ganvixiloT mudmivi denis damoukidebel agznebiani eleqtruli 

Zravis bazaze, Tu rogor xdeba constM =st  anda constP =st  

Sesabamisad siCqaris regulireba. aseT Zravas gaaCnia siCqaris 

regulirebis ori zona. I zona Seesabameba regulirebas mudmivi 

momentiT, xolo II zona _ mudmivi simZlavriT.  

marTlac, Tu Zravas siCqaris regulireba warmoebs Ruzis wredSi 

winaRobis CarTviT an Ruzaze miyvanili Zabvis cvliT, roca const=Φ , 

maSin Zravs datvirTva iqneba mudmivi momentiT  

.constIKM =Φ= nomk              (d-65) 

Zravis RerZze simZlavre I-zonaSi icvleba wrfivad, radganac  

ω⋅= MPI .                        (d-66) 
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II-zona Seesabameba regulirebas mudmivi simZlavriT, roca igi  

xorcieldeba Zravis magnituri nakadis cvli-lebiT (SemcirebiT). 

;
ω
A

=Φ   ;
'

ω
AIKM ≡Φ= nomk              (d-67)  

constAAMPII ==⋅=⋅= '
'
ω

ω
ω .              (d-68) 

 

d.14. mudmivi denis damoukidebel agznebiani Zravas  

siCqaris regulirebis xerxebi 

 

1) Ruzis wredSi damatebiTi winaRobis cvlilebiT. 

es meTodi uzrunvelyofs eleqtroamZravis muSaobas mudmivi 

statikuri momentiT. Zravis Ruzis wredSi damatebiTi winaRobebis 

CarTviT da misi sididis regulirebiT SesaZlebelia vareguliroT 

siCqare.     

   Rdam-is gazrdiT rbildeba  Zravis meqanikuri maxasiaTebeli. siCqaris 

regulirebis diapazoni am SemTxvevaSi tolia .1:3=D .  

es meTodi ar iTvleba siCqaris regulirebis ekonomiur saSualebad. 

siCqaris sareguliro winaRobebi gamSvi winaRobebisagan gansxvavdeba 

imiT, rom isini Zravis wredSi gaTvaliswinebulia CairTos xangrZlivi 

droiT, ris gamoc didia danakargebi (eleqtruli).  

2) agznebis nakadis cvlilebiT. 

siCqaris regulirebis es xerxi xasiaTdeba simartiviT da 

ekonomiurobiT, imasTan dakavSirebiT, rom regulireba warmoebs mcire 

denebis (agznebis) wredidan. am meTods iyeneben Zravis siCqaris 

gasazrdelad nominalurze maRla. es meTodi gamoiyeneba 

meqanizmebisaTvis,romelTac muSaoba uxdebaT mudmivi statikuri 

simZlavriT ( constP =st ). agznebis Semcirebisas � 0ω -izrdeba, xolo 

Zravis m.S.-is deni rCeba ucvleli Rwm.S. RUI = . 

.''''''
nomkm.S.nomkm.S.nomnkm.S. IKMIKMIKM Φ=>Φ=>Φ=  
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Ф SemcirebasTan erTad unda SevamciroT datvirTvis momenti (Mst) 

hiperbolurad. aseTi xerxiT regulirebis diapazoni Seadgens 12÷=D . 

Aagznebis nakadis SemcirebiT siCqaris regulireba zemodan SezRudulia 

Zravis sakomutacio pirobis gauaresebiT kerZod, siCqaris gazrdas 

mohyveba koleqtoreze naperwklianobis momateba. garda amisa, Zravis 

siCqaris mateba SezRudulia meqanikuri simtkicis TvalsazrisiTac. 

3) Ruzaze miyvanili Zabvis cvliT. siCqaris regulirebis es meTodi 

ZvelTagan cnobilia e.w. g-Z sistemiT (e.w. leonardis sqemiT), sadac g-

gardamsaxia cvladi denis eleqtroenergiisa mudmiv denad. igi SeiZleba 

iyos: a) mudmivi denis generatori, romelic brunviT moZraobas asr-

ulebs cvladi denis qselTan CarTuli asinqronuli eleqtroZraviT; 

b)tiristoruli gammarTveli. siCqaris regulirebis aseTi xerxi uz-

runvelyofs siCqaris regulirebis  diapazons D1=10 :÷1. 

g-Z sistemiT momuSave ZravasCqaruli maxasiaTeblis formulis 

misaRebad vwerT Semdeg sawyis gantolebebs: 

;RgRgg RIEU −=         (d-69) 

,RZRZZ RIEU +=          (d-70) 

sadac ggkgg ωΦ= KE _ generatoris em Zalaa; 

ZZkZZ ωΦ= KE  _ Zravas em Zalaa; 

(d-69) da (d-70) gantolebebiT miviRebT 

            RZRZRgRg RIERIE +=− ,                             (d-71) 

saidanac:       ,RwRgZ RIEE −=                                     (d-72)    

sadac RZRgRw RRR +=  _ Zravas Ruzis wredis sruli winaRobaa.  

  (d-72)-dan advilad miviRebT mudmivi denis Zravis siCqaruli 

maxasiaTeblebis formulas g-Z-is sistemaSi   

.
Zk

RwR

ZkZ

g
Z Φ

−
Φ

=
K

RI

K

E
ω        (d-73) 



 136

g-Z-is sistema racionaluria gamoviyenoT I -zonaSi meqaniz-

mebisaTvis constM =st , da II-zonaSi meqanizmebisaTvis constP =st . g-

Z-is sistemis mqk Seadgens 0,65-s. 

Zravas siCqaris regulirebis diapazonis gazrdis mizniT praqtikaSi 

farTod gamoiyeneba eleqtroamZravis avtomaturi marTvis sistemebi 

erTi an ramdenime ukukavSiriT, romlebic uzrunvelyofen siCqaris 

mudmivad SenarCunebas maRali sizustiT. 

Bbolo aTeuli wlebis periodSi meqanizmebisaTvis, romelTac 

esaWiroebaT siCqaris did diapazonSi cvla, amasTan mdored iyeneben 

mudmivi denis damoukidebel agznebian Zravs, romlis Ruza ikvebeba 

cvladi denis tiristoruli gammarTvelidan. tiristoruli amZravis 

dadebiTi Tvisebebia: maRali swrafqmedeba, muSaobaSi saimedoa da  mqk 

Seadgens 0,93-s.  

gammarTvelis gamosavalze miRebuli Zabvis mniSvne-loba tolia: 

,cossin απ
π m
mUUd maqs=        (d-74) 

sadac Umaqs _ aris gammarTvelis mkvebavi qselis xazuri Zabvis 

maqsimumi; m _ gamarTvis sqemis koeficientia, samfaza ortaqta 

sqemisaTvis m=6, xolo samfaza erTtaqta sqemisaTvis m=3;�α _ 

tiristoris marTvis eleqtrodze miwodebuli impulsebis fazuri Zvris 

kuTxea, igi icvleba oo 9015 ÷=α da axasiaTebs tiristorebis gaxsnili 

mdgomareobis xangrZlivobas. 

g-Z sistemis analogiurad tiristoriuli amZravis Cqaruli 

maxasiaTeblis formulas aqvs Semdegi saxe: 

,
Z

RwR

Z

tg

C

RI

C

E
−=ω         (d-75) 

sadac Etg _ aris tiristoruli gammarTvelis emZ; RRw _ Zravis Ruzis 

wredis winaRobaa, romelic Seicavs sakuTriv Zravis Ruzis gragnilis 

winaRobas da tiristoruli gardamsaxis Zaluri nawilis winaRobas. 

tiristoruli eleqtroamZravis Cqaruli da meqanikuri maxasiaTeblebi 

g-Z sistemis analogiuria . 
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d.14. samfaza asinqronuli Zravas siCqaris  

regulirebis xerxebi 

 

cnobilia asinqronuli eleqtroamZravis siCqaris regulirebis sami 

ZiriTadi xerxi :   

1) rotorSi winaRobebis damatebiT, es meTodi gamoiyeneba meqanizme-

bisaTvis mudmivi statikuri momentiT constM =st . regulirebis diapa-

zoni  D=3 :÷1; regulireba xorcieldeba nominaluri siCqaris qvemoT. 

2) wyvil -polusTa ricxvis SecvliT.  

 nobilia,  rom 3-faza asinqronuli Zravas sinqronuli siCqare  

,/2 10 Pfπω =         (d-76) 

sadac f1 _mkvebavi qselis sixSirea; P _ manqanis wyvil-polusTa ricxvia. 

orsiCqarian asinqronul ZravebSi wyvil-polusTa ricxvis 

gadarTviT calkeuli fazebis gragnilebi Sedgeba ori erTnari 

nawilisagan, romelTagan erTSi cvlian denis mimarTulebas, amasTan 

maT mimdevrobiTi SeerTebidan gadaiyvanen paralelurze. es iwvevs 

wyvil-polusTa ricxvis 2-jer Semcirebas da sinqronuli siCqaris 2-jer 

gazrdas. statoris gragnilebis gadarTvis sqemebi naCvenebia qvemoT: 1) 

gragnilebis erTmagi varsklava SeerTebidan ormag varsklavze da 2)sam-

kuTxa SeerTebidan ormag varsklavze. Ppirveli saxis gadarTva 

gamoiyeneba meqanizmebisaTvis constM =st .  

meore saxis gadarTva  mizanSewonilia meqanizmebi-saTvis, romlebic 

muSaoben constP =st . 

praqtikaSi orsiCqariani Zravebis garda gamoiyeneba sami da 4-

siCqariani asinqronuli Zravebic. yvela isini Sesrulebulia m.S. 

rotoriT (saWiro rom ar gaxdes gada-rTvebi rotorSic). es meTodi 

iTvleba ekonomiurad, re-gulirebis diapazoni aRwevs D=6:1. 

3) siCqaris regulireba Zabvis cvliT. 

Tanamedrove asinqronul eleqtroamZravebSi iyeneben Zabvis 

tiristorul gardamqmnels. siCqaris ukukavSiris damatebiT amZravi 

uzrunvelyofs siCqaris stabilizacias maRali sizustiT. 
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4) sixSiruli regulireba.  

Tanamedrove asinqronuli amZravebisaTvis praqtikaSi farTod 

nergaven sistemebs e.w. sixSiruli gardamsaxebiT  naxevargamtaruli 

teqnikis gamoyenebiT. aseT gardamsaxs gaaCnia gammarTveli da Semdgom 

sasurveli sididis cvladi Zabvisa da sixSiris misaRebad invertoric. 

vinaidan manqanis sinqronuli siCqare ,/20 Pfπω =  amitom Zravas 

siCqaris cvlileba SesaZlebelia f sixSi-ris cvliT. magram f-

sixSiresTan erTad aucilebelia Zabvis cvlilebac ( constfU = ), raTa 

 uzrunvelyos Zravas magnituri nakadis mudmivad SenarCuneba.  Zravas 

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

analizis safuZvelze dadgenilia, rom: 

meqanizmebisaTvis, romlebic muSaoben mudmivi statikuri momentiT 

( constM =st  ), rekomendebulia asinqronuli eleqtroamZravis marTva 

Sesruldes kanoniT   

        ;const
f

U
=                            (d-77)                                  

meqanizmebisaTvis, romlebic muSaoben mudmivi statikuri simZlavriT 

( constP =st ), rekomendebulia asinqronuli eleqtroamZravis marTva 

Sesruldes kanoniT   

        ;const
f

U
=                          (d-78) 

ventilatoruli meqanizmebisaTvis cnobilia, rom  
2fM ≡st , ris 

gamoc rekomendebulia asinqronuli eleqtroamZravis marTva Sesruldes 

kanoniT   

const
f

U
=

2 .                     (d-79) 
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d.15.gardamavali procesebi mudmivi denis 

damoukidebel agznebian ZravSi 

 

 

   eleqtroamZravis gardamavali procesi  mimdinareobs misi 

muSaobis erTi damyarebuli reJimidan meore damyarebul reJimSi 

gadasvlis periodSi. am dros icvleba Zravis kuTxuri siCqare,  

Ruzis deni, brunvis momenti da maTTan dakavSirebuli sxva 

cvladebi.  gardamavali reJimebis Seswavlas didi mniSvneloba aqvs 

amZravis elementebis meqanikuri da eleqtruli gadatvirTvebis 

TvalsazrisiT. gardamaval process adgili aqvs amZravis gaSvebis, 

damuxruWebis da siCqareTa regulirebisas, meqanizmis mxridan Zravis 

RerZze datvirTvis Secvlisas (modebisas). im SemTxvevaSi, roca 

iTvaliswineben Zravis Ruzis wredis gragnilebis induqtivobas 

(Sesaba-misi eleqtromagnituri movleniT)  amZravis meqanikur inerci-

ulobasTan erTad, gardamaval process ganixilaven rogorc eleq-

tromeqanikurs. im SemTxvevaSi, roca Zravis Ruzis induqtivobas 

ugulebelyofen, maSin amZravis gardamaval process ganixilaven 

rogorc meqanikurs.  

   Tavdapirvelad ganvixiloT ZravSi mimdinare  gardamavali 

reJimiebi mxolod meqanikuri inerciulobis gaTvaliswinebiT.  

   mudmivi denis damoukidebel agznebiani Zravis sawyis gantolebebad 

iTvleba amZravis moZraobis ZiriTadi gantoleba 

dt
dJMM ω

=− st        (d-80) 

 da Zabvebis gantoleba Ruzis wredisaTvis  

R.w.IREU +=  .                (d-81)                     

  davuSvaT, rom Zravis agznebis nakadi ucvlelia ( const=Φ ), maSin 

constKc K =Φ=Z  da IcM Z=  da ωZcE = , stst IcM Z= .  

(80)-dan advilad vwerT ,rom Zravis Ruzis deni  

stI
dt
d

c
JI +=

ω

Z
.   (d-82) 

SevitanoT me-(d-82)gamosaxuleba (d-81)-Si, miviRebT 
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R.w.st
R.w. RI

dt
d

c

JR
cU +⋅+=

ωω
Z

Z .  (d-83) 

gavyoT (d-83)-e gantoleba Zc -ze da SemovitanoT aRni-Svnebi: 

2
Zc

JR
T

R.w.
em =  _ amZravis eleqtromeqanikuri drois mudmivaa;  

Zc

RI R.w.st
st =Δω  _ Zravas siCqaris statikuri vardna. Aamrigad (d-83)-

dan gveqneba: 

ststem ωωωωω
=Δ−=+ 0dt

dT .  (d-84) 

Zravas Ruzis denis diferencialuri gantolebis misa-Rebad 

movaxdinoT (d-81)-is gawarmoeba da masSi (d-82)-dan 
dt
dω

-s mniSvnelobis 

Setana, miviRebT 

      
( )

0
2

=+
−

dt
dIR

J

IIc
R.w.

stZ
,        (d-85) 

saidanac gamartivebiT gveqneba     

     stem II
dt
dIT =+ .                (d-86)   

(d-84)-e da (d-86)-e diferencialuri gantolebebis maxa-siaTebeli 

gantolebaa 

,01=+PTem         (d-87) 

romlis fesvia  

                  .1
1

emT
p −=    (d-88) 

diferencialur gantolebaTa amoxsnis wesis Tanaxmad (d-84) da (d-

86)-is sruli amonaxsnebi toli iqneba: 

;em
st

TteA −
⋅+=ωω         (d-89) 

   em
st

TteBII −
⋅+=  .      (d-90) 
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integrebis mudmivebis sapovnelad davuSvaT, rom t=0 momentSi 

sawyωω = da sawyII =    (d-89) da (d-90)-is mixedviT vwerT: 

          ;stsawy ωω −=A          (d-91) 

 

                  .stsawy IIB −=              (d-92) 

SevitanoT (d-91) da (d-92) Sesabamisad (d-89)-Si da (d-90)-Si, gveqneba 

( ) ;1 emem

sawyst

TtTt ee −− +−= ωωω        (d-93) 

( ) .1 emem

sawyst

TtTt eIeII −− +−=        (d-94) 

 (d-93) da (d-94)-iT aigeba Zravas gardamavali reJimis siCqaris da 

denis mrudebi amZravis gaqanebisas, roca ω sawy=0 da Isawy=≠0. Zravis 

gardamavali reJimis xangrZlivoba Teoriulad ∞ -is tolia, praqtiku-

lad ki igi Segvi-Zlia damTavrebulad CavTvaloT emgard. Tt ⋅≈ 3 droSi.                 

 

d.16.  mudmivi denis Zravas safexurebrivi 

 gaSvebis gardamavali procesebi 

 

   ganvixiloT mudmivi denis damoukidebel agznebiani 

Zravis meqanikuri gardamavali procesi orsafexuriani ga-Svebis 

Sesabamisi  maxasiaTeblebis mixedviT. 

   visargebloT wina paragrafSi miRebuli (d-93)-(d-94) ga-mosaxulebebiT 

( ) ;1 ii Tt
i

Tt
ii ee emem

sawydamy

−− +−= ωωω   (d-95) 

,1 1
iTtiTt

i eIeII emem
st

−−
+⎟

⎠
⎞

⎜
⎝
⎛ −=  (d-96) 

sadac 
2C

JR
T i

i
Rw

em =  _aris amZravis eleqtromeqanikuri dro-is mudmiva 

misi muSaobisas  meqanikuri maxasiaTeblis i--uri safexuris Sesabamisad; 

I1 _ Zravas maqsimaluri denia gaSvebisas; RR.w.i _ aris Ruzis wredis 

winaRoba i-uri meqanikuri maxasiaTeblis Sesabamisad. imisaTvis rom vi-
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povoT Zravis reostatuli gaSvebisas calkeul safexurze gaqanebis 

procesis xangrZlivoba denis cvlilebisas I1-dan I2-mde unda amovxsnaT 

(d-96)-e gantoleba, saidanac gveqneba: 

,
1

iTti e
II

II em

st

st −
=

−

−
 

aqedan 

.ln
2

1

st

st
ems II

II
Tti −

−
=    (d-97) 

(d-97)-Si Ii Secvlilia I2-iT, radgan gadarTvis deni yvela safexurze 

erTi da igivea. amZravis gaSvebis Sesabamisi siCqaris da denis 

gardamavali procesis mrudebi aigeba (d-95) da (d-96) gamosaxulebebiT. 

 

                                

 

 (d-95) da (d-96)is analizi gviCvenebs Cans, rom I safe-xuris gaSvebis 

xangrZlivoba metia II safexurze da a.S., e.i. 321 ttt >> , rac aixsneba 

eleqtromeqanikuri drois mudmivebis Semdegi TanafardobiT:                           

,21 em.bun.emem TTT >>                         (d-98) 

sadac Tem.bun. _aris amZravis eleqtromeqanikuri drois mudmiva bunebriv 

maxasiaTebelze muSaobisas. 

 

d.17. mudmivi denis damoukidebel agznebiani Zravas gardamavali 

procesebi samuxruWo reJimebSi  

 

rogorc viciT Zravebis swrafad gaCerebisaTvis xSi-rad iyeneben 

eleqtrul damuxruWebas, kerZod ukuCarTvis damuxruWebas. am dros 

Zravis Ruzaze Zabvis polarobas Secvlian, xolo Ruzis mimdevrobiT 

CarTaven ukuCarTvis damatebiT winaRobas. gaSvebisagan gansxvavebiT 

damuxru-Weba umravles SemTxvevaSi warmoebs erTsafexurad. 
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vinaidan ω⋅= ZcE  (roca const=ΦZ ) samuxruWo reJimze gadarTvis 

momentSi emZ ar icvleba, amitom damux-ruWebis dasawyisSi Zravis emZ 

tolia:  

.sawyZRstsawy ωcRIUE =−=       (d-99) 

Zravas siCqaris da brunvis momentis gardamavali pr-ocesis mrudebi 

iangariSeba formulebiT  

;1 emem
sawydamy

TtTt ee −−
+⎟

⎠
⎞

⎜
⎝
⎛ −−= ωωω    (d-100) 

.1 emem
sawyst

TtTt eMeMM −−
−⎟

⎠
⎞

⎜
⎝
⎛ −=    (d-101) 

sadac ω damy _ aris Zravis siCqare misi ukuCarTvis reJi-midan 

meqanikuri maxasiaTeblis gadakveTamde Mst-sTan. 

damuxruWebis sruli xangrZlivoba am SemTxvevaSi  gamoiTvleba 

formuliT: 

       ,ln 1

MMemmuxW.
st2

st

Μ+Μ
+

=
MM

Tt      (d-102) 

romelSic Cans, rom Zravas da mis RerZze winaRobis statikuri 

momentebis mimarTulebebi Tanxvdenilia arian. roca Zravs siCqare 

gaxdeba nulis toli igi unda gamo-irTos qselidan, winaaRmdeg 

SemTxvevaSi moxdeba Zravis reversi. 

ganvixiloT exla dinamikuri damuxruWebis garda-mavali procesi. 

Aam SemTxvevaSi saangariSo formulebia: 

;1 emem
sawydamy

TtTt ee −−
+⎟

⎠
⎞

⎜
⎝
⎛ −−= ωωω         (d-103) 

,1 emem
sawyst

TtTt eMeMM −−
−⎟

⎠
⎞

⎜
⎝
⎛ −=          (d-104) 

sadac ω damy _aris Zravas siCqare meqanikuri maxasiaTeblis im 

wertilSi, sadac adgili aqvs datvitTvis momentis Mst-is gadakveTas 

dinamikur samuxruWo maxasiaTebelTan (IV kvadratSi).                                   
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d.18. mudmivi denis mimdevrobiT agznebiani Zravas gardamavali 

procesebi safexurebrivi gaSvebisas 

 

vinaidan gansaxilveli Zravis meqanikuri maxasiaTeblebi arawrfivia 

gardamavali procesis saangariSod sargebloben grafo-analizuri 

meTodiT.  

   amZravis moZraobis gantolebas warmoadgenen sasrul nazrdebSi, 

saidanac vipoviT dros  

               ωΔ⋅=Δ
dinM
Jt               (d-105) 

Tu, am formulaSi SevitanT ωΔ -sa da ( )stZdin MMM −= -is 

mniSvnelobebs TanmimdevrobiT advilad vipoviT drois Sualedebs 

siCqareTa nazrdebis Sesabamisad da bolos sruli gardamavali proce-

sis xangrZlivobas. 

CavataroT angariSi I-li siCqaris nazrdisaTvis  

.011 −=Δ ωω  

dro, romelic saWiroa Zravas gasaqaneblad 1ω siCqar-emde toli 

iqneba 

,11 ωΔ⋅
−

=Δ
st1ZsaS MM

Jt   

sadac 
21

1Zmaqs
ZsaS

MM
M

+
= . Semdeg gadavdivarT meore uba-nze, 

romlisTvisac saSualo momenti tolia:    
2

21 ZZ
ZsaS2

MM
M

+
=  

   dro meore ubanze 22 ωΔ⋅
−

=Δ
stZsaS2 MM

It ,  

sadac 122 ωωω −=Δ . analogiuri angariSebi unda Sesruldes yvela 

danarCen ubanze da sabolod avagebT gardamavali procesis mrudebs 

Zravis siCqarisa da brunvis momentisaTvis. 
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d.19. mimdevrobiT agznebiani Zravas gardamavali procesebi ukuCarTviT 

damuxruWebis reJimSi 

 

mimdevrobiT agznebiani Zravas ukuCarTvis Sesabamisi meqanikuri 

maxasiaTeblis a�da b wertilebze  gavatarebT wrfes  da gardamavali 

reJimis mrudebs viangariSebT am wrfis mixedviT mudmivi denis da-

moukidebel agznebiani Zravis u.C-is gardamavali reJimis analogiurad. 

 

d.20. samfaza asinqronuli Zravas  

gardamavali reJimebi 

 

asinqronuli Zravas gaSvebis da ukuCarTvis damuxruWebis reJimebis 

gardamavali procesebis mrudebi iangariSeba mudmivi denis damou-

kidebel agznebiani Zravs analogiurad. 

rac Seexeba asinqornuli Zravas dinamikuri damuxruWebis 

gardamavali reJimis mrudebi iangariSeba Semdegnairad: 

  meqanikuri maxasiaTeblebis mixedviT samuxruWo reJimSi maqsimaluri 

momenti SeirCeva pirobiT 

KMM <maqs ,                   (d-106) 

xolo  maqsimaluri sriali  

Kss <<maqs .                   (d-107) 

maqsimalur srials ganvsazRvravT formuliT  

'
2

'
2

XX

Rs
+

=
μ

maqs  ,              (d-108) 

sadac μμ IEX '
20= ; f.nomUE 95,0'

20 =  

maqsimalur moments ganvsazRvravT formuliT  

( )'
20

22

2

3

XX

XI
M

+
=

μ

μ

ω

eqv
maqs ,          (d-109) 

  sadac ( ) μII 42 ÷=eqv . Ddinamikuri damuxruWebisas mudmivi denis saa-

ngariSo sidide tolia 
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                          eqv.mudm II
2
3

=             (d-110) 

   dinamikuri damuxruWebis meqanikuri maxasiaTeblis saangariSo for-

mula Semdegnairad gamoisaxeba   

      

s

s

s
s

M
M

maqs

maqs

maqs

+

=
2

 .               (d-111) 

   dinamikuri damuxruWebis gardamavali procesis mrudebi (siCqaris da 

brunvis momentis) iangariSeba  Semdegi FformulebiT: 

      ( ) emem

sawydamy

TtTt ee −− +−−= ωωω 1 ;        (d-112) 

    emem
sawyst

TtTt eMeMM −−
−⎟

⎠
⎞

⎜
⎝
⎛ −= 1 ,              (d-113) 

sadac     .
sawy

sawy
em M

JT
ω

=  

   rotoris fazebSi damatebiTi aqtiuri winaRobis sidide gamoiTvleba 

formuliT 

                  2
1

1 R
s

s
R ⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
−=

b

sawy
dam .                (d-114) 
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ibeWdeba avtorTa mier warmodgenili saxiT.                     

                nabeWdi Tabaxi 7. 
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