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saxelmZRvanelo `eleqtruli wevis safuZvlebi~ dawerilia 
`eleqtruli transportis~ specialobis bakalavrebis da magistrebi-
saTvis. wignSi popularuli eniT aRwerilia eleqtruli wevis, rogorc 
saxalxo meurneobis erT-erTi mniSvnelovani dargis, warmoSobis da 
ganviTarebis istoria, misi dRevandeli mdgomareoba da perspeqtivebi. 
ganxilulia wevis, samuxruWo da moZraobisadmi winaaRmdegobis Zalebis 
warmoqmnis meqanizmebi da maTi realizaciis sakiTxebi. maTematikuri 
aparatis gamoyenebiT axsnilia matareblis moZraobis dinamikis da wevis 
gaangariSebis grafikuli, grafoanalizuri da analizuri meTodebi. 

gansakuTrebuli yuradReba aqvs daTmobili Tanamedrove naxevar-
gamtaruli teqnikis bazaze Sesrulebul mdovre regulirebis mqone 
statikur gardamqmnelebs da statikuri invertorebis gamoyenebiT 
asinqronuli wevis Zravebis siCqaris regulirebis sistemebs. 

warmodgenil saxelmZRvaneloSi, pirvelad qarTuli teqnikuri 
literaturis istoriaSi, mniSvnelovani yuradReba eTmoba eleqtrom-
obilebs. aRwerilia eleqtromobilebis warmoSobis da ganviTarebis 
istoria, maTi Cavardnis da xelmeored aRorZinebis mizezebi, 
problemebi, romlebic xels uSlis eleqtromobilebis farTod danegvas 
da miTiTebulia maTi gadaWris gzebi. 

aRwerilia sarelso transportze maRali siCqareebis realizaciis 
gzaze warmoqmnili sirTuleebi da maTi gadawyvetis gzebi, uborblo 
(magnituri Camokidebis mqone) satransporto saSualebebis danergvis 
gziT. detaluradaa ganxiluli maTi muSaobis principi. moyvanili da 
aRwerilia dReisaTvis praqtikulad realizebuli maRalsiCqariani 
satransporto saSualebebi da maTi ganviTarebis perspeqtivebi. 

Cveni azriT, dReisaTvis transportis dargSi qarTuli teqnikuri 
azrovnebis sivrceSi, winamdebare saxelmZRvanelo warmoadgens erT-erT 
mniSvnelovan SenaZens maTTvis, vinc dainteresebulia eleqtruli wevis 
sakiTxebiT.   
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iqnas gamomcemlis werilobiTi nebarTvis gareSe. 
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winasityvaoba 
 

winamdebare saxelmZRvanelo “eleqtruli wevis safuZvlebi” Sedgenilia 

eleqtruli transportis specialobis bakalavriatis, magistraturis da 

doqturanturis dRevandeli programebis Sesabamisad. 

wignis ZiriTadi Sinaarsi moicavs sxvadasxva dros eleqtruli trans-

portis kaTedris damaarseblis, profesor levan abeliSvilis, profesor 

levan trapaiZis da am wignis avtorebis mier aTeuli wlebis ganmavlobaSi 

wakiTxul saleqcio kurss. wignSi Sesulia, agreTve, mravali Tanamedrove  

samecniero xasiaTis gamokvleva wevis eleqtruli amZravebis sferodan. 

dRemde qarTul enaze ar gamocemulaEeleqtruli wevis sakiTxebisadmi 

miZRvnili arc erTi saxelmZRvanelo.Yyvela ZiriTadi da damxmare saxelm-

ZRvanelo arsebobs rusul da ucxour enaze. maTSi ZiriTadaT ganxilulia 

eleqtrificirebuli rkinigzebis mudmivi denis 3kv. Zabvis sistema, romelic 

Seqmnilia gasuli saukunis 30-ian wlebSi da SemdgomSi Seqmnili cvladi 

denis sistemebi. 

gasuli saukunis 70-ian wlebSi, yofil sabWoTa kavSirSi da sazRvar-

gareT daiwyo intensiuri muSaoba Cveulebrivi, xelovnuri komutaciis mqone 

tiristorebis bazaze Sesrulebul siCqaris impulsuri regulirebis 

sqemebze, romlebSic gamoyenebuli iyo arsebuli mudmivi denis mimdev-

robiTagznebiani Zravebi. 

Zalovan naxevargamtaruli teqnikis ganviTarebaSi mniSvnelovanma Zvrebma, 

kerZod, aTasobiT volt Zabvaze da amper denze momuSave srulad marTvadi 

GTO, IGCT tiristorebis da IGBT tranzistorebis Seqmnam da danergvam, 

Zirfesvianad Secvala rogorc mudmivi, aseve cvladi denis wevis sistemebis 

momavali. 

gansxvavebiT rusul da ucxour enebze gamocemul eleqtruli wevis 

saxelmZRvaneloebisagan, winamdebare wignSi didi yuradReba eTmoba  rogorc 

cvladi denis sistemebs, aseve asinqronul wevis Zravebis bazaze Sesru-

lebul wevis amZravebs, eleqtromobilebs da maRalsiCqarian sarelso 

transports. 

saxelmZRvaneloSi ganxilulia wevis Zravas eleqtromeqanikuri maxasia-

Teblebis gaangariSebis analizuri meTodi, romelic efuZneba Zravas damag-

nitebis mrudis zust aproqsimirebas. moyvanilia maxasiaTeblebis gaangariSebis 

magaliTebi, personaluri kompiuteruli programebis (Exsel) gamoyenebiT. 

saxelmZRvaneloSi didi yuradreba aqvs daTmobili asinqronul wevis 

ZravebSi mimdinare procesebis Seswavlas, maTi sxvadasxva (motorul, 

generatorul) reJimebSi muSaobisas. sadac ZiriTadaT ganixileba Zravas 

mkvebav invertorebSi Zabvis da sixSiris regulirebis sakiTxebi. ganxilulia 
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arsebuli ganiv impulsuri regulirebis (gir) nacvlad, avtorebis mier 

SemoTavazebuli Zabvis da sixSiris regulirebis orsafexuriani optimaluri 

meTodi. 

wignSi wevis gaangariSebis arsebul grafikul meTodebTan erTad, 

avtorebis mier SemoTavazebulia wevis gaangariSebis analizuri meTodi, 

romelic naklebad Sromatevadi da zustia.   

wignSi pirvelad ganixileba eleqtruli transportis erT-erTi nairsa-

xeoba eleqtromobili. aRwerilia eleqtromobilebis warmoSobis da 

ganviTarebis istoria. is, Tu ram gamoiwvia eleqtromobilebis ganviTarebis 

Cavardna da ram ganapiroba misi xelmeored aRorZineba. detaluradaa 

aRniSnuli im problemebis Sesaxeb, rac xels uSlis eleqtromobilebis 

farTod danergvas, miTiTebulia am problemebis gadaWris gzebi. 

sakmarisia Tvali gadavavloT wignSi ganxilul sakiTxTa nusxas, rom 

Segveqmnas STabeWdileba ganxilul sakiTxebze da maT masStabebze. 

avtorebi did madlierebas gamoTqvamen recenzentis, sruli profesoris 

SoTa aleqsandres-Ze nemsaZis mimarT, am saxelmZRvanelos gamocemis 

mxardaWerisTvis da eleqtruli transportis kaTedris TanamSromlis 

valeria simonis asul glurjiZis mimarT, wignis redaqtirebis da 

gaformebisaTvis gaweuli didi SromisaTvis. 

avtorebi madlierebiT miiReben yvela SeniSvnas da saqmian winadadebas. 
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S e s a v a l i 

 

eleqtruli wevis ganviTarebis mokle  

istoria 
 

 
eleqtruli weva ewodeba wevis iseT saxeobas, rodesac satransporto 

saSualebis moZraobaSi moyvana xdeba eleqtruli Zravebis mier, eleqtruli 

energiis meqanikur muSaobad gardaqmnis gziT. 

eleqtruli wevis Seqmna da misi Semdgomi srulyofa uSualodaa dakav-

Sirebuli eleqtroteqnikis dargis warmoqmnasa da ganviTarebasTan, romelsac, 

Tavis mxriv, safuZveli daudo eleqtrobaze da magnitizmze, xangrZliv 

periodSi, dagrovilma codnam. 

meqanikuri muSaobis gansaxorcieleblad eleqtroenergiis gamoyenebis 

pirveli cdebi ukavSirdeba 1834 wels, rodesac amerikelma tomas 

davenportma galvanuri elementebis da primitiuli magnitoeleqtruli 

Zravas gamoyenebiT scada moZraobaSi moeyvana mcire zomis vagonetka. 

TiTqmis erTdroulad (1838 wels), rusma fizikosma s. iakobim daaxloe-

biT igive meTodebiT Caatara cdebi, eleqtruli ZraviT navis moZraobaSi 

mosayvanad. Aaq uwyveti moZraobis ganmapirobeblad pirvelad gamoiyenes 

brunviTi moZraoba, nacvlad, manamde arsebuli, gadataniTi moZraobisa, 

romelic ver uzrunvelyofda uwyvet moZraobas. Zravas brunviTi moZraoba 

berketuli sistemiT gadaecemoda navis kiCoze ganTavsebul xraxns, mohyavda 

is brunviT moZraobaSi da am gziT axdenda navis xazovan gadaadgilebas. 0.5 

cxenis Zalis simZlavris eleqtruli Zrava ikvebeboda, navze ganTavsebul 

galvanuri elementebisgan.Nnavi moZraobda dinebis sawinaaRmdegod 4km/sT 

siCqariT. s. iakobis mier uSualod satransporto saSualebaze (navze, ekipaJze) 

eleqtruli energiis wyaros ganTavsebam, saTave daudo e.w. avtonomiuri 

eleqtruli wevis saxeobis ganviTarebas. 

e. lencis da b. iakobis mier eleqtruli da magnituri procesebis 

urTierTSeqcevadobis movlenis aRmoCenam, romelic safuZvlad daedo 

Tanamedrove mudmivi denis manqanebis Seqmnas, italieli eleqtromeqanikosis 

paCinotis mier eleqtruli manqanebis konstruqciis ganviTarebaSi Seta-

nilma udidesma wvlilma 1864 wels, o. dolivo _ dobrovolskis mier 1889 

wels samfaza asinqronuli Zravebis Seqmnam, 1875-76 wlebSi inJiner f.pirockis 
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mier eleqtroenergiis Sor manZilze gadacemis warmatebulma cdebma, 

romelmac moxsna satransporto saSualebaze ganTavsebuli eleqtruli 

Zravas eleqtruli energiiT momaragebis problema da eleqtroteqnikis 

dargSi sxva mniSvnelovanma miRwevebma, sagrZnoblad Seuwyo xeli eleqt-

ruli wevis, rogorc dargis ganviTarebas. 

1879 wels firma “Siemens @ Hlske”-m berlinSi gamarTul samrewvelo 

gamofenaze waradgina miniaturuli eleqtromatarebeli, romelic Sedgeboda 

eleqtromavlisagan da sami platformis tipis vagonisagan. Mmatarebeli 

moZraobaSi modioda 3 cxenis Zalis simZlavris mqone eleqtruli wevis 

ZraviT, romelic kvebas iRebda 130 v. Zabvis mqone sarelso gzidan.  igive 

firmamA1881 wels germaniis qalaqebs franfurktsa da ofenbaxs Soris 

arsebul rkinigzaze eleqtromoZravi Semadgenlobis eleqtroenergiiT 

momaragebisTvis, pirvelad gamoiyena zeda sakontaqto sistema.  warmodgenili 

koncefcia, SemdgomSi, safuZvlad daedo eleqtruli wevis Tanamedrove 

struqturas. 

eleqtruli wevis danergvis TvalsazrisiT Zalze mniSvnelovani iyo, 

daniel van-debotes ideis safuZvelze, kanadis qalaq torontoSi tramvais 

xazis gaxsna, romelic Seicavda dReisaTvis arsebul TiTqmis yvela 

komponents; kerZod, moZrav Semadgenlobaze eleqtroenergiis misawodeblad 

sayrdenebze gaWimul sakontaqto sadens, xolo uku sadenebad sarelso 

gzas. aRniSnulma, rogorc amerikaSi, aseve evropaSi safuZveli daudo 

saqalaqo transportis axali saxeobis_tramvais ganviTarebas, romlis 

eqspluataciiT miRebulma praqtikulma gamocdilebam, SemdgomSi, ganapiroba 

miwisqveSa sarelso transportSi_metropolitenSi eleqtruli wevis gamoye-

nebis mizanSewoniloba. 

eleqtruli wevis gamoyenebiT, pirveli miwisqveSa sarkinigzo xazi 

(metropoliteni) gaixsna londonSi 1890 wels da am momentidan yvela 

axlad Seqmnili metropoliteni sruldeba eleqtruli rkinigzis principiT. 

amJamad metropoliteni funqcionirebs msoflios did qalaqebSi da maT 

Soris TbilisSic, sadac pirveli xazi gaixsna 1966 wels. dReisaTvis 

Tbilisis metropolitenis moqmedi xazebis saerTo sigrZea 36 km, xolo 

eqspluataciaSi myofi sadgurebis raodenobaa 23. 

magistralur rkinigzaze, msoflioSi pirvelad, eleqtruli wevis daner-

gva ganxorcielda amerikis SeerTebul StatebSi baltimor-ohaios 115 km-ian 
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monakveTze.E eleqtromoZrav Semadgenlobaze eleqtroenergiis misawodeblad 

gamoyenebuli iyo or saval relss Soris ganTavsebuli mesame relsi. mesame 

relsSi  mudmivi denis Zabva iyo igive, rac wevis Zravas momWerebze - 650 

volti. im droisaTvis arsebuli teqnika ar iZleoda ufro maRali Zabvis 

gamoyenebis SesaZleblobas. SemdgomSi eleqtruli rkinigzebis ganviTareba 

mudmiv denze mimdinareobda, sakontaqto qselSi Zabvis amaRlebis gziT. 

gasuli saukunis 20-ian wlebSi, safrangeTSi da inglisSi rkinigzebi 

eleqtrificirebuli iqna mudmiv denze sakontaqto qselSi 1 500 volt 

Zabvaze. 

SemdgomSi safrangeTSi da evropis mTel rig qveynebSi, maT Soris yofil 

sabWoTa kavSirSi, rkinigzebis eleqtrificireba xorcieldeboda mudmiv 

denze sakontaqto qselSi 3 000v Zabvaze. 

zemoCamoTvlili rkinigzebis eleqtromoZrav Semadgenlobebze gamoyene-

buli iyo mimdevrobiTagznebiani mudmivi denis wevis Zravebi, romlebic 

yvelaze ukeT akmayofilebdnen satransporto amocanebiT wamoyenebul 

pirobebs da gamoirCeodnen saimedoobiT eqspluataciaSi. 

unda aRiniSnos, rom 3 000v Zabva ar warmoadgens Zabvis optimalur 

mniSvnelobas arc wevis ZravebisTvis da arc eleqtromomaragebis sistemisTvis. 

wevis ZravebisTvis optimalurad iTvleba Zabva 750-900 volti, rodesac maT 

gaaCniaT saukeTeso masa-gabarituli da RirebulebiTi maCveneblebi, xolo 

Zabva 3 000v; ra Tqma unda, es maTTvis didia; eleqtromomaragebis sistemisTvis 

ki 3 000v Zabva, ra Tqma, unda cotaa, radgan moiTxovs ZviradRirebuli 

kvebis wyaroebis (wevis qvesadgurebis) axlo-axlo (15-20km) ganTavsebas. im 

droisaTvis arsebuli teqnikuri saSualebebi ar iZleoda wevis Zravebis 

sakontaqto qselidan ganmxoloebis saSualebas da maTi qselidan pirda-

piri kvebis SemTxvevaSi, es Zabva 3 000v iTvleboda optimalur Zabvad.M 

mudmiv denze eleqtrificirebis paralelurad, italiaSi da SveicariaSi 

rkinigzebis eleqtrificireba mimdinareobda cvlad denze, im droisaTvis 

arsebuli cvladi denis samfaza asinqronuli Zravebis bazaze. eleqtro-

energiis miwodeba eleqtromoZrav Semadgenlobaze xdeba samsadeniani sakon-

taqto qseliT an orsadeniani sakontaqto qseliT da mesame sadenad sarelso 

gzis gamoyenebiT. praqtikulma eqspluataciam gamoavlina am sistemis 

mTavari naklovanebebi: 

 wevis TvalsazrisiT – mokledSerTul rotoriani asinqronuli Zravebis 

siCqaris regulirebis sirTule. 
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 eleqtromomaragebis TvalsazrisiT_samfaza sakontaqto qselis sirTule 

da dabali saimedooba (gansakuTrebiT sahaero isrebis SesrulebaSi). 

sarelso gzis gamoyeneba mesame sadenad odnav amartivebs sakontaqto 

qsels da aseve odnav amcirebs mis Rirebulebas. 

zemoTqmulidan gamomdinare, miuxedavad martivi da iafi samfaza asin-

qronuli Zravebis gamoyenebisa, aRniSnulma sistemam ver hpova gavrceleba, 

exla SemorCenilia mxolod CrdiloeT italiis rkinigzaze. 

XX saukunis dasawyisSi safuZveli Caeyara wevis saxeobis kidev erT 

sistemas _ erTfaza cvladi denis sistemas koleqtoriani erTfaza wevis 

ZravebiT. Ees sistema viTardeboda ori mimarTulebiT:  

 dadablebuli sixSiris (162/3 herci) erTfaza cvladi denis koleqtoriani 

wevis Zravebis gamoyenebiT. 

 normaluri sixSiris (samrewvelo -50 herci) erTfaza cvladi denis 

koleqtoriani wevis Zravebis gamoyenebiT. 

dadablebuli sixSiris cvladi denis sistemis gamoyeneba ganapiroba 

cvladi denis koleqtoriani wevis Zravebis komutaciis pirobebis gaumjo-

besebis moTxovnebma. am sistemam farTo gavrceleba ver hpova, radgan 

moiTxovs specialur dabali sixSiris eleqtrosadgurebs an sixSiris 

gardamqmnelebiT aRWurvil, 50 herc sixSireze momuSave, ZviradRirebuli 

wevis qvesadgurebis Seqmnas. 

normaluri sixSiris cvladi denis wevis sistemis SemTxvevaSi, eleqtruli 

rkinigzis eleqtromomaragebis sistema yvelaze martivi da iafia, radgan ar 

moiTxovs eleqtroenergiis Sualedur gardaqmnebs, magram, am SemTxvevaSi, 

eleqtromoZravi Semadgenloba gamodis rTuli da arasaimedod momuSave. 

zogadad unda iTqvas, rom erTfaza normalur sixSireze momuSave koleq-

toriani wevis Zravebi Zviri da eqsplutaciaSi naklebad saimedoa, vidre 

mudmivi denis Zravebi. amitom, upiratesoba unda mieneWos mudmivi denis 

Zravebis gamoyenebas.Ees ki SesaZlebelia, Tu eleqtromoZrav Semadgen-

lobaze moxdeba erTfaza cvladi denis gardaqmna, regulirebadi Zabvis 

mqone mudmiv denad an samfaza regulirebadi sixSiris cvlad denad.  

sabWoTa kavSirSi rkinigzebis eleqtrificireba daiwyo gasuli saukunis 

30-ian wlebSi, im droisaTvis progresul _ 3 000 v. Zabvis mqone mudmivi denis 

sistemaze. sabWoTa kavSiris masStabiT, eleqtrul wevaze pirvelad gadavida 
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zestafoni – xaSuris yvelaze rTuli profilis mqone magistraluri rkinigzis 

monakveTi. SemdgomSi, eleqtruli rkinigzis es monakveTi gamoiyenes, rogorc 

sacdeli poligoni axali teqnikis dasanergad; SemdgomSi, am mimarTulebiT, 

saWiro gaxda maRalkvalificiuri sainJinro da samecniero kadrebis momza-

deba. kerZod, sabWoTa kavSiris masStabiT didi avtoritetiT sargeblobda 

Tbilisis rkinigzis inJinerTa instituti, saqarTvelos mecnierebaTa 

akademiis wevr-korespondentis, prof. levan abeliSvilis xelmZRvanelobiT, 

1954 wels Camoyalibebuli eleqtruli wevis skola, gamoCenili specia-

listebis _ g.sexniaSvilis, m.xevsurianis, iv.TofCiSvilis, a.masxaraSvilis, 

g.lorTqifaniZis, g.kalandariSvilis da sxvaTa SemadgenlobiT. 

yovelive aRniSnulma saqarTveloSi da kerZod, TbilisSi, saTave daudo 

eleqtromavalmSeneblobas. 1958 wlidan dRemde TbilisSi muSaobs eleqtro-

mavalmSenebeli qarxana, romelic uSvebs mudmivi denis mZlavr magist-

ralur da samrewvelo eleqtromavlebs. 

yofil sabWoTa kavSirSi Semaval qveynebidan, saqarTvelo erTaderTi 

respublikaa, romlis rkinigzis yvela mimarTuleba, maT Soris ganStoebebic, 

mTlianadaa eleqtrificirebuli. Emisi saerTo sigrZe dReisaTvis Seadgens 

1545 km-s. es, ra Tqma unda, mniSvnelovnad uwyobs xels qveyanas, evropa-

aziis damakavSirebeli satransporto derefnis strategiuli funqciis Sesru-

lebaSi. 

mudmivi denis 3 000v sistema, romelic Caisaxa gasuli saukunis dasawyisSi 

da dResac muSaobs mTel rig qveynebSi, maT Soris saqarTveloSic, gazrdili 

tvirTnakadebis pirobebSi (safidero zonaSi mZimewoniani matareblebi da 

maTi gazrdili ricxvi) zenormatiuli Zabvis vardnebis gamo, ver uzrun-

velyofs gzis moTxovnil gamtarunarianobas da saWiroebs kardinaluri 

RonisZiebebis gatarebas. aRniSnuli problemis moxsna, rogorc zemoT 

gvqonda aRniSnuli, dReisaTvis SesaZlebelia mudmivi denis sakontaqto 

qselSi Zabvis amaRlebiT  6 000 da 12 000 voltamde. 

gasuli saukunis 50-ian wlebSi mudmivi denis 3 000 voltiani sistemis 

gamtarunarianobis gazrdis mizniT gasatarebeli RonisZiebebis Ziebis 

gzaze, mecnierebi mividnen im daskvnamde, rom wevis qvesadguris funqcia 

nawilobriv gadaetanaT eleqtromoZrav Semadgenlobaze da sakontaqto 

qselSi Zabva gaezardaT optimalur mniSvnelobamde. aRniSnuli koncefcia 

safuZvlad daedo erTfaza samrewvelo sixSiris 25 000 voltian cvladi 
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denis sistemis Seqmnas. am SemTxvevaSi martivdeba da iafdeba eleqtromomara-

gebis sistema, magram rTuldeba da Zvirdeba eleqtromoZravi Semadgenloba, 

radgan Mmasze damatebiT unda ganTavsdes wevis transformatori da gammar-

Tveli mowyobiloba. sawyis etapze, naxevargamtaruli gammarTveli elementebis 

danergvamde, arsebuli ignitronuli da eqsitronuli gammarTvelebi, 

moZravi Semadgenlobis pirobebSi (viwro gabaritebi, vibracia, rTuli 

gardamavali procesebi) muSaobdnen arasaimedod.  

bolo wlebSi eleqtronuli naxevargamtaruli teqnikis ganviTarebaSi 

kolosalurma naxtomma, (Caketvisunariani GTO, IGCT tiristorebis da 

bipolaruli IGBT tranzistorebis danergvam) eleqtrul wevaSi, rogorc 

eleqtromomaragebis, aseve eleqtromoZravi Semadgenlobis kuTxiT, yvelaze 

optimaluri, usafrTxo da saimedo sqemebis (samfaza asinqronuli Zravebis 

da damoukidebel agznebiani mudmivi denis Zravebis bazaze) realizacia 

gaxada SesaZlebeli. es ki saSualebas iZleva, eleqtromoZravi Semadgenlobis 

CaWidebis wonebis ukeT gamoyenebis gziT (aRniSnuli Zravebis xisti 

maxasiaTeblebis wyalobiT) movaxdinoT lokomotivebis didi simZlavreebis 

realizacia (vataroT didwoniani matareblebi didi siCqariT). sainteresoa 

dReisaTvis arsebuli Semdegi statistikuri monacemebi. 

2000 wlisTvis rkinigzebis jamuri sigrZe msoflioSi Seadgenda 955000 

kilometrs. aqedan eleqtrificirebuli iyo 25%, anu daaxloebiT 240000 

kilometri. 

nax. 1-ze mocemulia eleqtruli wevis yofili, dReisaTvis arsebuli da 

perspeqtiuli sistemebis klasifikacia. 

eleqtrul wevas, sxva saxis wevasTan SedarebiT, mniSvnelovan 

upiratesobas aniWebs:  

 energiiT centraluri eleqtromomarageba, praqtikulad usasrulo 

simZlavris  qselidan.   

 lokomotivis erTeul simZlavreze mosuli mcire wona. 

 gzis gamtarunarianobis mniSvnelovani zrda. 

 lokomotivebis mwarmoeblobis zrda. 

 muSaobis saimedoobis amaRleba. 

 saeqspluatacio xarjebis Semcireba. 

 momsaxure personalis muSaobis pirobebis gaumjobeseba. 
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 maRali margi qmedebis koeficienti. 

 ekologiuri usafrTxoeba. 

 rekuperaciuli damuxruWebis SesaZlebloba, rac mniSvnelovnad 

zogavs eleqtroenergiis xarjs, amave dros, amcirebs intensiur 

cveTebs samuxruWo sistemaSi, zrdis usafrTxoebas. 

organul sawvavze gazrdili fasebi da gansakuTrebiT gazrdili 

globaluri ekologiuri safrTxeebi, dRis wesrigSi ayenebs saavtomobilo 

transportze Sigawvis Zravebis Canacvlebas, ufro ekonomiuri da 

ekologiurad usafrTxo eleqtruli amZravebiT (ix. nax. 1). 

winamdebare saxelmZRvaneloSi, zemoT moyvanili da sxva aq ar 

moyvanili mniSvnelovnad aqtualuri teqnikuri sakiTxebi, ufro detalurad 

da safuZvlianad ganxiluli iqneba qvemoT.  
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I Tavi  

 

transportis moZraobis Teoriuli 

safuZvlebi 

 

1.1. transportis daniSnuleba da saxeobebi 
 

kacobriobis ganviTarebis yvela etapze udidesi mniSvneloba eniWeboda 

transports. miwaTmoqmedebis, nedleulis mompovebeli da gadamamuSavebeli 

samrewvelo dargebisagan gansxvavebiT, transporti uSualod ar qmnis axal, 

materialur produqcias. transportis produqcias warmoadgens gadatanili 

tvirTebi da gadayvanili mgzavrebi. dReisaTvis satransporto gadazidvebi 

xdeba, urTierT mWidro kavSirSi myof sxvadasxva satransporto saSualebebiT. 

funqcionaluri daniSnulebis mixedviT Tanamedrove transporti SeiZleba 

davyoT or jgufad:  

a) samrewvelo transporti (ama Tu im sawarmoos teqnologiuri 

saWiroebis   uzrunvelsayofad). 

b) magistraluri transporti, romelic uzrunvelyofs ekonomikur 

kavSirs produqciis mwarmoebelsa da momxmarebels Soris da 

mgzavrTa gadayvanas. 

Tavis mxriv Tanamedrove magistraluri transporti iyofa: 

 sarkinigzo, 

 saavtomobilo, 

 sazRvao (samdinaro), 

 sahaero, 

 samilsadeno, 

transportad. 

zemoCamoTvlil satransporto sistemebSi, tvirTnakadebis da mgzavrT-

nakadebis moculobebis, gadazidvebis TviTRirebulebis sididis mixedviT, 

wamyvani roli uWiravs sarkinigzo transports. 

 

1.2. borbali da misi funqcia 

 
borbali miekuTvneba kacobriobis erT-erT udides da uZveles gamogone-

bas.Bborbali farTod gamoiyeneba transportis yvela saxeobaSi, dawyebuli 
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saWapne (cxenis gamwevi ZaliT) transportidan, damTavrebuli aviaciiT. 

ismis samarTliani kiTxva _ ra ganapirobebs borblis aseT popularobas? 

erTi SexedviT pasuxi martivia – borbali srialis xaxuns cvlis gorvis 

xaxuniT, rac raodenobrivad bevrad naklebia. Mmagram irkveva, rom es araa 

mTavari mizezi. mTavari arsi mdgomareobs imaSi, rom borbali muSaobs 

rogorc berketi, romlis daxmarebiTac tvirTis gadasaadgileblad saWiroa 

gacilebiT naklebi Zala, vidre saWiro iqneboda igive tvirTis TreviT 

gadasaadgileblad. A 

avxsnaT aRniSnuli konkretul magaliTze; vTqvaT zedapirze moiTxoveba 

raimeGG wonis mqone tvirTis gadaadgileba. amisaTvis saWiro iqneba 

daZleuli iqnes xaxunis Zala F, romelic raodenobrivad toli iqneba 

                          xax.GF                                  (1.1) 

sadac,  Ψxax aris tvirTsa da zedapirs Soris srialis xaxunis koeficienti. 

ra moxdeba, Tu igive tvirTs ganvaTavsebT or wyvilTvalze dayrdnobil 

urikaze da wyvilTvlebs davamagrebT yrud, Semobrunebis SesaZleblobis 

gareSe? (nax. 1.1). 

aRmoCndeba, rom tvirTis gadasaadgileblad saWiro iqneba igive F Zala, 

rac iyo tvirTis gaTrevis SemTxvevaSi da Tanabrad ganawildeba wyvil-

Tvalebs Soris. 

Tu gavanTavisuflebT borblebs da mivcemT Semobrunebis saSualebas, 

igive xaxunis koeficientis pirobebSi, igive F Zala warmoiSveba wyvil-

Tvalis RerZis yelsa da r radiusian sakisars Soris. xolo Zala, romelic 

am 

SemT

xveva

Si 

unda 

davZ

lio

T, 

rom 

tvir

Ti 

UA0 
nax. 1.1. xaxunis F Zala, romelic  
warmoiSveba sayrden zedapirze  
tvirTis gadaadgilebisas naxazze  
mocemuli sqemiT, igivea rac  

tvirTis gaTrevisas. 
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gadavaadgiloT, modebuli iqneba borblis zedapirTan sayrden 0 wertilSi, 

anu borblis centridan R manZilze. aRvniSnoT es Zala F1-iT (nax. 1.2) [1].  

berketis wesis Tanaxmad vwerT 

    
R

rF
F


1 .                                  (1.2) 

e.i. borblis gamoyenebiT igive tvirTis gadasaadgileblad saWiro iqneba 

imdenjer naklebi Zala, ramdenjerac wyvilTvalis RerZis yelis radiusi r 

naklebi iqneba borblis R radiusze. swored amaSi mdgomareobs borblis 

gamoyenebis upiratesoba. 

 

1.3. transportis moZraobis Taviseburebebi 
 

rogorc ukve aRvniSneT satransporto moZraoba dakavSirebulia sivrceSi 

tvirTebis an mgzavrebis gadaadgilebasTan. vinaidan gadaadgilebisaTvis 

saWiroa mamoZravebeli Zala, amitom transportirebis dros sruldeba 

meqanikuri muSaoba, romelic ganmartebis Tanaxmad, tolia aRniSnuli Zalis 

da gadaadgilebis namravlis.Aam muSaobis Sesasruleblad ki saWiroa raime 

formis pirveladi energiis daxarjva. 

satransporto moZraoba xasiaTdeba garkveuli TaviseburebebiT, rac 

ganasxvavebs mas sxva saxis moZraobebisagan. 

satransporto saSualebis moZraoba cikluri xasiaTisaa.Yyovel ciklSi 

gvaqvs moZraobis dasawyisi (drois momenti da sivrceSi adgili, saidanac 

iwyeba moZraoba) da moZraobis dasasruli, rodesac moZraobis siCqare 

utoldeba nuls.Ee.i. satransporto saSualeba moZraobis dasawyisSi da 

moZraobis dasrulebis Semdeg uZravia, anu moZraobis yoveli cikli 

xasiaTdeba ganvlili manZiliT da moZraobis xangrZlivobiT (droiT). es 

ori sidide saSualebas gvaZlevs gamovTvaloT moZraobis saSualo siCqare. 

satransporto moZraoba warmoadgens ara stiqiur, aramed mizandasaxuli 

xasiaTis moZraobas, romelic sruldeba konkretul gansazRvrul manZilze, 

SesaZleblobis farglebSi umoklesi (swori xazi) gziT da, rogorc wesi, 

minimalur SesaZlo droSi. 

rogorc cnobilia, or wertils Soris umoklesi manZilia am wertilebis 

SemaerTebeli swori xazis sigrZe. amitom nebismieri transportisTvis 

optimaluria moZraoba swor xazze (umokles manZilze, umokles droSi). Tu 
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miviRebT aseT daSvebas, maSin satransporto moZraoba SeiZleba ganvixiloT, 

rogorc erTganzomilebiani moZraoba, rodesac moZraobis dros icvleba 

erTi geometriuli koordinata – manZili moZraobis sawyis wertilamde. 

radgan satransporto ciklis sawyisSi da boloSi siCqare nulis tolia, 

amitom TviT cikli Sedgeba sami gansxvavebuli fazis (reJimis) moZraobi-

sagan: 

a) gaqaneba (adgilidan daZvra da siCqaris gazrda). 

b) moZraoba siCqaris garkveul diapazonSi. 

g) Seneleba (TviT srul gaCerebamde). 

1.3 naxazze naCvenebia siCqaris cvlilebis grafiki moZraobis erTi 

ciklis ganmavlobaSi, A  punqtidan (gzis koordinata   S1) B punqtamde (gzis 

koordinata S2). ganvixiloT es 

cikli dawvrilebiT. 

Tu amocanas davayenebdiT ise, 

rom manZili AB (S2–S1) gagvevlo 

minimalur droSi, maSin siCqaris 

grafiks eqneboda mxolod ori 

mxare: gaqanebis reJimi maqsima-

lurad dasaSvebi aCqarebiT (A 

wertilidan C wertilamde, ro-

melic Seesabameboda maqsimalur 

siCqares) da mkveTri damuxruWebis 

reJimi - maqsimalurad SesaZlo 

SenelebiT – C wertilidan B wertilamde. aseTi grafiki naCvenebia punqtiriT 

nax. 1.3-ze. 

A da B wertilebs Soris satransporto saSualebis aseTi grafikiT 

moZraobisas, moZraobis saSualo siCqare iqneboda, yvela sxva SesaZlo 

grafikTan SedarebiT, yvelaze maRali. magram, aseTi grafikiT moZraoba 

SeuZlebelia; erTis mxriv satransporto saSualebebis teqnikuri SesaZleb-

lobebis gamo (siCqareebis mniSvneloba SeiZleba  iyos iseTi didi, rom misi 

realizacia iyos teqnikurad SeuZlebeli); xolo meores mxriv mizan-

Seuwonelia energiis xarjis mixedviT, radgan kinetikuri energiis mTeli 

maragi, romelic daagrova moZravma satransporto saSualebam gaqanebis 

nax. 1.3. satransporto moZraobis cikli. 
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reJimSi (razec, ra Tqma unda, daixarja soliduri sididis pirveladi 

energia), unda STainTqas samuxruWo sistemaSi da gaifantos aunazRaureb-

lad atmosferoSi siTbos saxiT. realur pirobebSi Cveulebrivi satran-

sporto saSualebis aseT reJimSi muSaoba miuRebelia; Tumca analogiurad 

(A-C traeqtoria) xorcieldeba raketuli ZravebiT im kosmiuri obieqtebis 

gaSveba gaqaneba, romelTa gaCereba araa saWiro. 

praqtikaSi ar SeiZleba fizikurma sidideebma miiRon usasrulod didi 

mniSvnelobebi. nebismier satransporto saSualebisTvis izRudeba maqsima-

luri siCqare. es SezRudvebi SeiZleba ganpirobebuli iyos sxvadasxva 

mizeziT. magaliTad, gzis an satransporto saSualebis konstruqciis simt-

kiciT, moZraobis usafrTxoebiT, moZraobis organizaciiT, gzis teqnikuri 

mdgomareobiT da a.S. 

maqsimaluri siCqaris SezRudvisas (nax. 1.3), ganxilul samkuTxedis formis 

ACB mruds, cvlis trapeciis formis mrudi ADEFB (msxvili xazi), moZraobis 

igive sami faziT.  

satransporto saSualebis mier dagrovili kinetikuri energiis nawilis 

sasargeblod gamoyenebisTvis, sasurvelia mosalodneli damuxruWebis win 

(nax. 1.3 E wertili) gamovrToT wevis reJimi da darCenili gza EG traeq-

toriiT, satransporto saSualebam gaiaros inerciiT. moZraobis aseT 

reJims uwodeben Tavisufali gorvis reJims. am SemTxvevaSi cikli Sedgeba 

ara sami, aramed oTxi sxvadasxva fazisagan: daZvra – gaqanebaAAD, moZraobaEDE, 

Tavisufali gorva EG, damuxruWeba GB. am reJimiT muSaobs sarelso 

satrnsporto saSualebebi, SedarebiT mokle gadasarbenebis mqone ubnebze 

(metro, sagareubno matareblebi, tramvai). 

daaxloebiT aseTi cikliT muSaobs satransporto TviTmfrinavebi da 

sazRvao gemebi. gaqanebis Semdeg es satransporto saSualebebi moZraoben 

SeuzRudav sahaero da sazRvao sivrceSi, praqtikulad maqsimaluri (kreise-

ruli) siCqariT, energetikuli mowyobilobis mudmiv reJimSi muSaobis 

wyalobiT. 

sxva miwiszeda transportis (saavtomobilo, magistraluri rkinigzis) 

muSaobis reJimi gansxvavdeba imiT, rom ciklSi moZraobis siCqare, miuxe-

davad energetikuli mowyobilobis ucvleli reJimiT muSaobisa, ver iqneba 

mudmivi. es aixsneba imiT, rom miwis zedapiris reliefis cvlileba iwvevs 

gzis grZivi profilis cvlilebas, es ki moZraobisadmi winaaRmdegobis did 

farglebSi cvlilebas. 
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rkinigzis sarelso transportze matareblebi erTi mimarTulebis  sarelso 

gzaze moZraoben erTmaneTis miyolebiT. es ganapirobebs kidev erT dama-

tebiT SezRudvas-SezRudvas minimaluri dasaSvebi siCqariT. is ar SeiZleba 

iyos nebismieri, radgan Zalze dabali siCqare mniSvnelovnad amcirebs 

rkinigzis gamtarunarianobas. 

xangrZliv raJimSi moZraobis minimaluri siCqare ganisazRvreba loko-

motivebis proeqtirebis dros. am siCqares uwodeben “saangariSo” siCqares 

(anu sxvagvarad saangariSo qanobze moZraobis siCqares). es sakiTxi dawvri-

lebiT ganxiluli iqneba qvemoT. 

yovelive aRniSnulis gaTvaliswinebiT, rkinigzis transportisaTvis did 

manZilebze moZraobisas da gzis reliefis cvlilebis gamo, moZraobis 

ciklis grafiki iqneba ara erTmniSvnelovani damokidebuleba siCqaresa da 

manZils Soris, rogorc nax. 1.3-ze DE wrfe, aramed moZraoba minimalur da 

maqsimalur siCqareebs Soris garkveuli zonaSi, cvalebadi siCqariT nax. 

1.4-ze daStrixuli farTi.  

 
nax. 1.4. sarelso transportis cikluri grafiki. 

 

transportis moZraobis es cikli, romelSic mravaljer SeiZleba 

ganmeordes siCqaris da lokomotivis muSaobis reJimis cvlilebis procesi 

(gaqaneba, moZraoba damyarebuli siCqariT, Tavisufali gorva, damuxruWeba) 

warmoadgens gamoyenebiTi satransporto mecnierebis “eleqtruli wevis 

safuZvlebis” praqtikuli da Teoriuli Seswavlis sagans. 

“eleqtruli wevis safuZvlebis” kursi, eleqtrificirebul rkinigzebze 

matarebelTa moZraobis uzrunvelyofisaTvis moicavs Semdeg aucilebel 

ZiriTad sakiTxebs: 

 satranspoto moZraobis meqanikas (kinematika, dinamika), anu Cven 

SemTxvevaSi _ matarebelTa moZraobas. 
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 matarebelTa moZraobis energetikas. 

 eleqtromoZravi Semadgenlobis da vagonebis maxasiaTeblebs da maT 

weviTi Tvisebebs. 

 wevis da damuxruWebis reJimebSi matarebelTa usafrTxo moZraobis 

marTvis elementebs. 

 matareblis moZraobasTan dakavSirebul praqtikuli amocanebis gadaw-

yvetis da parametrebis gaangariSebis meTodebs. 

 eleqtromoZravi Semadgenlobis weviTi-energetikuli gamocdis meTodebs. 

matarebelTa moZraobis Semswavlel mecnierebas aqvs ori mxare _ 

Teoriuli da praqtikuli. 

eleqtruli wevis safuZvlebis, rogorc mecnierebis Teoriuli mxare  

efuZneba Teoriuli meqanikis da Teoriuli eleqtroteqnikis kanonebs da 

xarisxobrivad aanalizebs matarebelTa moZraobas fizikis poziciidan. 

eleqtruli wevis safuZvlebis, rogorc mecnierebis praqtikuli, anu 

raodenobrivi mxare, rogorc matarebelTa moZraobis meqanikis gaangariSebis 

baza, emyareba eqspluataciidan da specialuri gamocdebidan miRebul 

mravalricxovan eqsperimentuli monacemebis ganzogadoebas da sistemati-

zacias. 

matarebelTa eleqtruli wevis Teoria da wevis angariSebi gamoiyeneba: 

 eleqtromoZravi Semadgenlobis proeqtirebis dros. 

 eleqtruli lokomotivebis eqspluataciis organizebis dros. 

 matarebelTa moZraobis organizebis dros. 

 eleqtruli rkinigzebis eleqtromomaragebis sistemebis proeqtirebis 

dros. 

 rkinigzebis proeqtirebis dros. 

am kursis Seswavla aucilebelia moZravi Semadgenlobis, gadazidvebis 

organizaciis da marTvis, rkinigzebis kvlevis da proeqtirebis specialis-

tebisaTvis. magram, upirveles yovlisa, eleqtruli wevis da wevis angari-

Sebis sakiTxebis codna, ra Tqma unda, aucilebelia eleqtromaval-

mSeneblobaSi, eleqtromoZravi Semadgenlobis eqspluataciaSi da eleqtro-

momaragebis sistemaSi dasaqmebuli specialistebisaTvis.  
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1.4. satransporto moZraobis kinematikis da  
    dinamikis safuZvlebi 

1.4.1. matareblis moZraobis meqanikis ZiriTadi cnebebi,  
     sidideebi, aRniSvnebi da ganzomilebebi 

  
matarebelTa moZraobis parametrebis, eleqtromoZravi Semadgenlobis da 

eleqtromomaragebis sistemebis muSaobis reJimebis gansazRvrasTan, dakavSi-

rebulia fizikis ZiriTadi kanonebi, mcnebebi, sidideebi meqanikidan (statika, 

kinematika, dinamika), Termodinamikidan da eleqtroteqnikidan. 

gansaxilveli sakiTxebis da gaangariSebebis ukeT aTvisebis mizniT, 

aucilebelia transportze gamoyenebuli im fizikuri sidideebis, simboluri 

aRniSvnebis, ganzomilebebis da ganmartebebis ganxilva, romlebic SemdgomSi 

farTod iqneba gamoyenebuli saxelmZRvaneloSi. 

 

m e q a n i k a 

nebismier erTganzomilebian xazovan gadaadgilebis dros moZravi 

sxeulis koordinatebia: 

1. gza (moZraobisas ganvlili manZili koordinatTa saTavidan) – S km. 

gzis monakveTi ΔS, romelic ganisazRvreba, rogorc sxvaoba gzis 

sawyis (1) da bolo (2) wertilebs Soris, kerZod: 

ΔS = S2 – S1, km. 

manZili satransporto moZraobebSi, rogorc wesi, iSviaT gamonaklisis 

garda, izomeba kilometrebSi, (km). 

2. moZraobis dro t, wT. (sT) 

drois monakveTi (drois Sualedi) Δt  ganisazRvreba, rogorc 

Δt = t2 – t1, wT. 

angariSebSi, romlebic dakavSirebulia matarebelTa moZraobasTan, 

dro izomeba wuTebSi (wT), an saaTebSi (sT). 

 

k i n e m a t i k a 

gza da dro warmoadgens moZravi sxeulis gadaadgilebis da drois 

koordinatebs. qvemoT moyvanili ori sidide ki uSualod warmoadgens  

moZraobis kinematikur parametrebs. 
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3. moZraobis siCqare V, km/sT 

fizikuri ganmartebis Tanaxmad, siCqare es aris Tanabari siCqariT 

moZraobis dros, drois erTeulSi ganvlili manZili. 

maTematikurad ki, zogadad siCqare aris aRebuli ganvlili manZilis 

warmoebuli droiT. 

dt

ds
V   

es aris e.w. myisuri siCqare (siCqare drois mocemul momentSi). misi 

mniSvnelobis gansasazRvravad unda vicodeT uwyveti funqcia )(tfS  , rom 

SevZloT misi diferencireba. magram matarebelTa moZraobis angariSebSi 

swored es funqciaa ucnobi.  

Tu viciT es funqcia, maSin Vdtds   gantolebis integrirebiT SegviZlia 

miviRoT ganvlili manZilis damokidebuleba droisagan, rac wevis gaanga-

riSebis erT-erT amocanas warmoadgens. 

dasawyisSi es funqcia ucnobia. amitom, transportis moZraobis Sesaswav-

lad myisuri siCqaris mcnebiT sargebloba arasasurvelia da ar aqvs azri. 

siCqaris myisuri mniSvneloba esaa siCqare, romelsac uCvenebs siCqarmzomis 

isari avtomobilis an eleqtromavlis moZraobisas. is metnaklebad ganuwy-

vetliv cvalebadobs maSinac ki, rodesac gvaqvs moZraobis damyarebuli 

reJimi. wevis angariSebSi, Cveulebriv, gamoiyeneba moZraobis saSualo 

siCqaris mcneba VsaS. (moZraoba 12 SSS   manZilze, 12 ttt   droSi) 

)(

)(

12

12

tt

SS

t

S
V









saS. , km/sT.                         (1.3) 

xazovani siCqare izomeba kilometr/saaTebSi (km/sT), amitom (1.3) formulaSi 

drois ganzomileba wuTebidan unda gadaviyvanoT saaTebSi. amisaTvis Semodis 

koeficienti 60 (saaTSi wuTebis raodenoba). aRniSnulis gaTvaliswinebiT 

miviRebT 
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
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
saS. , km/sT.                     (1.4) 

SemdgomSi termin siCqaris qveS yovelTvis vigulisxmebT saSualo 

siCqares. amitom VsaS simbolos nacvlad gamoviyenebT ufro martiv V-s. 

imisaTvis, rom sworad ganvsazRvroT siCqaris saSualo mniSvneloba da 

Tavidan aviciloT, am mimarTebiT, praqtikaSi xSirad daSvebuli Secdomebi, 

ganvixiloT elementaruli magaliTi: 
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matarebelma Tavisi gzis pirveli naxevari gaiara saSualo siCqariT V1=120 km/sT, 

xolo   gzis meore naxevari V2= 80 km/sT siCqariT. saWiroa ganvsazRvroT moZraobis, 

mTel ubanze, saSualo siCqare. 

xSirad am dros saZiebeli sididis gansazRvras axdenen, zemoT moyvanili siCqaris 

ori mniSvnelobis saSualo ariTmetikulis gamoTvliT  

VsaS.= 100
2

)80120(



 km/sT.  

rac, ra Tqma unda, araa swori. 

moyvanili ganmartebis Tanaxmad saSualo siCqare aris mTeli ganvlili manZilis 

fardoba am manZilis gavlaze daxarjul DdrosTan, anu  

VsaS.= 
t

S
. 

Cven SemTxvevaSi  t = t1 + t2;   sadac  t1 = 0.5 
1V

S
 = 0.5 

120

S
 = 

240

S
, xolo  

t2 = 0.5 
2V

S
 =  0.5 

80

S
 = 

160

S
, 

aqedan gamomdinare saSualo siCqare iqneba 

VsaS. = 96
4

284

160

1

240

1

160240















 S

S

SS

S
 km/sT. 

rogorc vrwmundebiT Secdomis fardobiTi mniSvneloba Seadgens  4%-s. 

 

4. aCqareba a. aCqarebis fizikuri arsi SeiZleba gavigoT ase, aCqareba es 

aris siCqaris cvlilebis siCqare. maTematikurad es Caiwereba ase 

a = 
dt

dv
; radgan V = 

dt

ds
, amitom a = 

2

2

dt

sd
. 

ganxiluli saSualo siCqaris ganmartebis msgavsad, saSualo aCqareba 

)(

)(

12

12

tt

VV

t

V
a









saS. .                            (1.5) 

mxedvelobaSi unda miviRoT, rom saSualo aCqarebis mniSvnelobas azri 

eZleva mxolod droSi siCqaris monotonuri cvlilebis procesSi (misi 

gazrdisas an Semcirebisas). 

aCqarebis ganzomilebaa  km/sT2;  an km/sT. wT. 

 

1.4.2. statika  da dinamika 
 

meqanikis es ganyofilebebi ukavSirdebian Zalebis moqmedebebs. amitom 

saWiroa matareblis moZraobis dros, masze moqmedi ZiriTadi Zalebis 

ganxilva da maTi gansazRvra. 
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a) wona (simZimis Zala), kn 

sarkinigzo moZravi Semadgenlobis sxvadasxva obieqtebisaTvis wona, 

romlis ganzomilebaa kilo niutoni (kn) an tona (t) aRiniSneba sxvadasxva 

simbolikiT: 

 lokomotivis wona ............................... P (kn), (t) 

 Semadgenlobis wona ........................... Q (kn), (t) 

 matareblis wona .................................... (P + Q) (kn), (t) 

 vagonis wona .............................................. q (kn), (t) 

 RerZze dawola ....................................... q0 (kn), (t). 

aq naCvenebi erTeulebis wonis ganzomilebaa kiloniutoni (kn.) adre, 

erTeulTa praqtikul sistemaSi gamoiyeneboda ganzomileba kilogrami Zala 

(kgZ). SeiZleba miaxloebiT CaiTvalos  1kgZ  10 n (zustad 1 kgZ = 9.81n, sadac 

g = 9.81 m/wm2 aris simZimis Zalis aCqareba). aRniSnuli damrgvalebis cdomi-

leba ar aRemateba 1,9%-s, rac dasaSvebia. 

radgan wonis da masis ganzomilebebi erTnairia, maTi mcnebebi erTma-

neTSi ar unda aurioT. 

wona – esaa vertikaluri mimarTulebis Zala, simZimis Zala da masze 

SeiZleba vilaparakoT rogorc zemomqmed faqtorze. magaliTad, rodesac 

moZravi Semadgenloba zemoqmedebs sarelso gzaze. is veqtoruli sididea. 

masa _ aris skalaruli sidide, romelic gamoiyeneba rogorc nivTierebis 

raodenobis gamomxatveli mcneba. moZravi Semadgenlobis calkeuli erTeu-

lebis masebs gamoxataven ara kg-Si, aramed ufro did, masStabur erTeulSi 

– tonaSi. 

masisaTvis SemoviRoT Semdegi simboloebi: 

 lokomotivis masa ........................ mp  (t); 

 Semadgenlobis masa .................... mQ (t); 

 matareblis masa ............................. m= (mp + mQ) (t); 

 vagonis masa ........................................ mq. 

b) RerZze (wyvilTvalze) dawola kn 

 lokomotivisTvis ......................... G (kn); 

 vagonisaTvis ....................................... q0 (kn). 

G =
n

P
;     q0 = 

n

q
; 

sadac,  n aris Sesabamisad lokomotivis da vagonis RerZebis ricxvi. 
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g) horizontaluri Zalebi 

Tavisi sididiT erTi TanrigiT naklebia simZimis Zalebze, amitom maTi 

ganzomilebaa niutoni, (n). isini aRiniSnebian Semdegi simboloebiT: 

 wevis Zala .................................................................................  F (n). 

 moZraobisadmi winaaRmdegobis Zala ..............  W  (n). 

 samuxruWo Zala ....................................................................  B (n). 

d) xvedriTi horizontaluri Zalebi warmoadgenen horizontaluri sruli 

Zalebis fardobas matareblis wonasTan. kerZod: 

 xvedriTi wevis Zala ..................................  
QP

F
f


   n/kn; (kg/t). 

 xvedriTi winaaRmdegobis Zala .......  
QP

W
w


  n/kn; (kg/t). 

 xvedriTi samuxruWo Zala .................... 
QP

B
b


  n/kn; (kg/t). 

gansazRvrebis Tanaxmad xvedriT Zalebs ar unda hqondeT ganzomileba, 

radgan Zala iyofa Zalaze, magram, radgan simZimis Zalebi izomeba tonebSi 

an kn-Si, xolo horizontaluri Zalebi kg-Si, an n-Si, amitom xvedriTi 

Zalebis ganzomilebaa kg/t; n/kn; an ‰  (anu promile - meaTasedi nawili). 

e) rkinigzis geometriuli maxasiaTeblebi. CamoTvlili fizikuri sidideebi, 

maTi ganzomilebebi, simboloebi, romlebic dakavSirebulia matareblis 

moZraobis aRwerasTan, saWiroa Seivsos im ubnis geometriuli maxasiaTeblebiT, 

romelzec moZraobs matarebeli. pirvel rigSi esaa elementebis sigrZe: 

 ubnis, gadasarbenis, profilis elementis sigrZe ................. L km. 

 sadgurebis liandagebis sasargeblo sigrZe ............................. Lsadg m. 

 mrudis sigrZe ...................................... Smr. m. 

 mrudis radiusi ................................. Rmr. m. 

 grZivi profilis qanobi .......... i ‰. 

v) moZravi Semadgenlobis xazovani zomebi: 

 lokomotivis sigrZe ..................... Llok. m. 

 vagonis sigrZe ..................................... Lvag. m. 

 matareblis sigrZe .......................... Lmat. m. 

gavixsenoT fizikis kanonebi, romlebic cnobilia rogorc niutonis 

kanonebi: 
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 sxeuli (izolirebuli materialuri wertili), romelzec ar moqmedebs 

gareSe Zala, an moqmedi gareSe ZalTa tolqmedi Zala 0-is tolia, 

inarCunebs uZrav mdgomareobas, an moZraobs sworxazovnad, Tanabari 

siCqariT. 

 materialuri wertilis aCqareba pirdapirproporciulia masze 

moqmedi Zalis da ukuproporciulia misi masis. 

 qmedeba udris ukuqmedebas. 

gavixsenoT paralelogramis kanoni ZalTa Sekrebis Sesaxeb: 

Tu sxeulze moqmedebs ori an meti Zala, maSin am Zalebis moqmedeba 

SeiZleba Seicvalos erTi tolqmedi ZaliT, romelic moqmedi Zalebis 

geometriuli jamis tolia. 

zogadad sivrceSi, transportis moZraoba SegviZlia ganvixiloT rogorc 

samganzomilebiani moZraoba. moZraobis procesSi, drois mixedviT SeiZleba 

Seicvalos satransporto saSualebis moZraobis yvela samive koordinati. 

wyalzeda sazRvao transportisaTvis moZraoba, ra Tqma unda, organ-

zomilebiania (moZraoba wylis zedapiris sibrtyeze). garkveuli daSvebebiT 

miwiszeda transportis moZraobac SeiZleba ganvixiloT, rogorc organzo-

milebiani moZraoba. 

sarkinigzo transportisaTvis, garkveuli pirobiTobis SemoRebiT, romelic 

aadvilebs analizs, moZravi Semadgenlobis moZraoba sarelso gzis RerZis 

gaswvriv, ra Tqma unda, SegviZlia ganvixiloT, rogorc erTganzomilebiani 

moZraoba. 

ganvixiloT erTganzomilebiani sworxazovani moZraobis umartivesi Sem-

Txvevebi: 

 

1.4.3. moZraoba horizontalur zedapirze 

sxeuli (sagani) A devs (nax. 1.5, a) horizontalur sayrden B zedapirze (an 

curavs raime siTxis zedapirze). sxeulis wona P=mg zemoqmedebs sayrden 

zedapirze vertikalurad, zemodan qvemoT. sayrdenis reaqciis Zala (an 

siTxis amomgdebi Zala) N, niutonis mesame kanonis Tanaxmad, tolia simZimis 

Zalis da mimarTulia mis sawinaaRmdego mimarTulebiT zemoT. vertikaluri 

z RerZis gaswvriv moqmedi P da N Zalebis tolqmedi Zala 0-is tolia da 

sxeuli imyofeba uZrav mdgomareobaSi. misi gadaadgileba z RerZis gaswvriv 
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SeuZlebelia. am SemTxvevaSi gadaadgileba SesaZlebelia mxolod X(S) 

RerZis gaswvriv, e.i. erTi ganzomilebiT. 

A sxeuli wonasworobidan SeiZleba gamoviyvanoT da avamoZravoT, masze 

gareSe horizontaluri F Zalis modebiT. gavqaCoT A sxeuli marjvniv F 

Zalis modebiT (nax. 1.5, b). Tu F Zala gaxdeba meti A sxeulsa da sayrden B 

zedapirs Soris arsebul uZravi xaxunis Zalaze, maSin A sxeuli daiwyebs 

moZraobas marjvniv. moZraobis dawyebis Semdeg sxeulis gadaadgilebas 

SeewinaaRmdegeba winaaRmdegobis Zala W0, anu am SemTxvevaSi sxeulsa da 

zedapirs Soris gaCenili srialis xaxunis Zala. kulon-amontonis kanonis 

Tanaxmad srialisas xaxunis Zalis sidide proporciulia vertikalurad 

moqmedi simZimis P Zalis. e.i. PW 0
, sadac   aris xaxunis koeficienti. am 

konkretul SemTxvevaSi   aris srialis xaxunis koeficienti, romelic 

damokidebulia A sxeulis da B sayrdenis masalaze, maTi moxaxune 

zedapirebis mdgomareobaze. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 1.5. sxeulze momqmedi Zalebi: a) uZraobisas   
da b) dinamikaSi moZraobisas. 

 

SemdgomSi Tu F Zala darCeba meti winaaRmdegobis W0 Zalaze, maSin  

ANsxeuli daiwyebs aCqarebul moZraobas. aCqareba proporciuli iqneba 

 

W0 
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sxeulze moqmedi Zalebis tolqmedis 
0WF   da ukuproporciuli iqneba 

sxeulis masis m-is. maTematikurad es ase Caiwereba 

         
m

WF )( 0
 .                                 (1.6)  

gamodis, rom sxeulis horizontaluri moZraoba dakavSirebulia ori 

jgufis Zalebis arsebobasTan. ori vertikaluri Zala P da N erTmaneTs 

awonasworebs. ori horizontaluri Zala, zogadad, erTmaneTs ver awonas-

woreben. 

moZraobisadmi winaaRmdegobis Zala W0 warmoiqmneba moZraobis procesSi, 

stiqiuri bunebisaa da ar emorCileba marTvas. 

F Zalis sidide damokidebulia satransporto saSualebis SesaZleb-

lobebze da misi mniSvneloba emorCileba marTvas. am Zalis mniSvnelobazea 

damokidebuli moZraobis xasiaTi. amitom F Zalas uwodeben mamoZravebel 

Zalas, anu wevis Zalas.  

imisaTvis rom moZraoba gagrZeldes aucilebelia daculi iqnes piroba 

0WF  . ukidures SemTxvevaSi dakmayofildes piroba 
0WF  , rac meqanikis 

pirveli kanonis Tanaxmad, aris Tanabari siCqariT moZraobis piroba. 

Tu 0WF  , maSin PF  . Tu am ukanasknelis orive mxares gavyofT 

sxeulis wonaze P-ze, miviRebT  f
P

F
 e.i. moZraobis aucilebeli pirobaa, 

rom mamoZravebeli Zala meti an ukidures SemTxvevaSi toli iyos 

winaaRmdegobis Zalis. 

F Zalis zemoqmedebiT sxeulis horizontalurad S manZilze gadaadgi-

lebisas sruldeba muSaoba, romelic fizikis kanonis Tanaxmad tolia 

FSA  .                                    (1.7) 

1.4.4. moZraobisadmi winaaRmdegobis Zalebi 

ganxilul magaliTSi moZraobisadmi winaaRmdegobis Zala, esaa sxeulsa 

da sayrden zedapirs Soris srialis xaxunis Zala (nax. 1.5). srialis xaxunis 

Zala damokidebulia srialis xaxunis koeficientze, romelic  Tavis mxriv 

damokidebulia moxaxune zedapiris masalaze, zedapiris mdgomareobaze, 

maTi SezeTvis xarisxze da a.S. 

cnobilia, rom sxeulis horizontalur zedapirze gaTreviT gadasaad-

gileblad saWiroa misi wonis 20% Zala. es bevrad naklebia, vidre am wonis 
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asawevad saWiro Zala. SezeTvis, magaliTad wylis arseboba orjer amcirebs am 

Zalis mniSvnelobas, magram is mainc sakmaod didia. magaliTisTvis, Tu 

Tbomavali masiT 270 tona aviTarebs 800 kn gamwev Zalas, mas SeuZlia 

adgilidan daZras da gaaTrios 400-800 t masis tvirTi. 

tvirTebis gadaadgileba Tvlebze mniSvnelovnad amcirebs moZraobisadmi 

winaaRmdegobis Zalebis mniSvnelobas. gorvis xaxunis Zala aTjer da asjer 

naklebia srialis xaxunis Zalaze. rac ufro xisti da magaria Tvalis da 

relsis masala, miT naklebia xaxuni. amitom, borblis da relsis gamoyenebis 

pirobebSi, zemoT moyvanil imave Tbomavals, SeuZlia adgilidan daZras 

20 000-25 000t masis mqone tvirTi. swored amaSi mdgomareobs sarelso 

transportis upiratesoba sxva saxis miwiszeda transportTan SedarebiT. 

amiT aixsneba is, rom rkinigziT tvirTebis gadazidva iTxovs nakleb 

danaxarjebs, vidre saavtomobilo transportiT gadazidva. 

 

1.4.5. moZraoba daxril zedapirze 
 

miwiszeda satransporto saSualebebis muSaobis Taviseburebas Seadgens is, 

rom miwiszeda savali gzebi mibmulni arian geografiul reliefze da ar 

SeiZleba iyvnen mkacrad horizontalurebi. es ganapirobebs rkinigzaze da 

saavtomobilo gzebze aRmarTebis da TavdaRmarTebis arsebobas. 

Tu satransporto saSualeba imyofeba daxril sibrtyeze (nax. 1.6), maSin 

momqmedi Zalebis xasiaTi ramdenadme icvleba. vinaidan moZraobis RerZis 

mimarTuleba araa horizontaluri, aramed emTxveva daxril zedapirs OA-s, 

romelic horizontalTan daxrilia  kuTxiT. Mmeore RerZi mimarTulia 

daxrili zedapiris marTobulad (N), swored am mimarTulebiT moqmedeben 

erTmaneTze gza da moZravi Semadgenloba.   

upirveles yovlisa simZimis Zala P davSaloT or mdgenelad: erTi, 

mimarTuli relsis gaswvrivPPsin, xolo meore relsis marTobulad  Pcos. 

es ukanaskneli axdens satransporto saSualebis gzaze dawolas da 

gansazRvravs xaxuns maT Soris. Ees Zala naklebia simZimis P Zalaze, radgan 

cos < 1-ze. 

P Zalis pirveli mdgeneli Psin am SemTxvevaSi mimarTulia moZraobis 

sawinaaRmdego mimarTulebiT da Sesabamisad warmoadgens moZraobisadmi 

damatebiTi winaaRmdegobis Zalas.Aamitomacaa, rom aRmarTze (daxril 
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zedapirze) tvirTebis gadaadgileba gacilebiT Znelia, vidre horizontalur 

gzazeDda miT ufro Znelia, rac didia daxris kuTxe . 

 

 

 

 

 

 

 

 

 

 

 
 
 

nax. 1.6. sxeulis moZraoba daxril sibrtyeze. 

zemomoyvanilidan Cans, rom daxril zedapirze moZraobis dros sruli 

winaaRmdegobis Zala W Sedgeba ori mdgenelis _ horizontalur zedapirze 

xaxuniT gamowveuli moZraobisadmi winaaRmdegobis Zalis )(cos0 PW   da  

damatebiTi winaaRmdegobis Zalis (simZimis Zalis mdgenelis) Psinα-s  jamisagan. 

)sincos(sin)(cossin0   PPPPWW .             (1.8) 

Tu gantolebis orive mxares gavyofT  P-ze, gadavalT xvedriT Zalebze  

 sincos w .                                (1.9)  

 daxris kuTxis trigonometriuli funqciebis sidideebi SegviZlia 

ganvsazRvroT daxrili zedapiris geometriuli zomebiT. kerZod, sigrZiT L 

da simaRliT h.   daxris kuTxis simciris gamo 
L

h
tg  sin . 

magistralur rkinigzebze qanobis daxris kuTxe mcirea da ar aRemateba 

1.15-s.Aamitom, aseTi mcire daxrilobis kuTxeebis tangensebi Zalze mcire 

sidideebia (magaliTad 0.0052 – 00087) rigis, anu Seadgenen 1-is meaTased 

nawils.Aamitom, qanobis damaxasiaTebel parametrad iyeneben kuTxis 

tangensis 1 000-jer gazrdil sidides.Mmas uwodeben qanobs, aRniSnaven i 

asoTi da zomaven meaTasedebSi  (promilebSi) ‰. 

L 
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L

h
tgi 10001000   .                          (1.10) 

qanobis gamoTvla meaTasedebSi advilia, Tu aviRebT qanobis sigrZis 

ganzomilebas km-Si, xolo qanobis simaRlis h-is ganzomilebas (1 000-jer 

naklebs), metrebSi, maSin  

i ‰ 
)(  

)(  

km

m

l

h
 . 

magaliTad  qanobi  i = 15‰ niSnavs iseTi daxrilobis aRmarTs, romelzec relsis bolo, 

mis sawyisTan SedarebiT maRldeba yovel kilometrze 15 metriT. 

 daxris kuTxis simciris gamo sin axlosaa 0-Tan, xolo cos SegviZlia 

CavTvaloT 1-is tolad. maSin (1.8) gamosaxuleba qanobze Tanabari siCqariT 

moZraobis SemTxvevaSi miiRebs saxes                           

 sinw .                                (1.11) 

Tu gaviTvaliswinebT, rom qanobze satransporto saSualebis  TavdaR-

marTis mimarTulebiT moZraobisas, Psin mdgeneli, romelic warmoadgens 

qanobiT gamowveul damatebiT winaaRmdegobis Zalas, emTxveva moZraobis 

mimarTulebas, is gadaiqceva e.w. `uaryofiT winaaRmdegobis” Zalad, anu 

amaCqarebel Zalad. Aamis gaTvaliswinebiT (1.11) miiRebs saxes 

           sinw .                               (1.11) 

(1.111) gamosaxulebidan naTlad Cans, rom Tu qanobze dgomisas   sin -ze, 

maSin adgili eqneba TviT daZvras (sxva gare Zalebis moqmedebis gareSe). 

aseT qanobebs mavne qanobebs uwodeben. 

 

1.5. mamoZravebeli Zala da misi Seqmnis safuZvlebi  
    sxvadasxva satransporto saSualebebisaTvis  

 

 
rogorc ukve aRvniSneT, nebismieri sxeulis moZraobaSi mosayvanad 

saWiroa masze imoqmedos gareSe Zalam. sxvadasxva saxis transportSi 

gamoiyeneba sxvadasxva xerxiT Seqmnili gareSe Zala. maTgan umetesoba 

SeiZleba gavaerTianoT principulad gansxvavebul or jgufad: 

pirvel jgufSi Sedis uSualod modebuli gareSe Zalebi (nax. 1.7). am 

jgufis Zalebis yvelaze cxadi gamoxatulebis formaa stacionaluri 

energiis wyarodan gareSe Zalis modeba drekadi bagiris meSveobiT (nax. 1.7,a). 
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praqtikaSi arseboben sxvadasxva saxis satransporto saSualebebi, 

romlebic gadaadgildebian bagirebis meSveobiT: 

 miwis zemoT ganTavsebuli satransporto saSualebebi – samrewvelo, 

samgzavro, samTo-saTxilamuro sabagiro gzebi. 

 miwaze ganTavsebuli satransporto saSualebebi relsebze an 

mimmarTvelebze – eskalatorebi da funikuliorebi. 

 vertikaluri mimarTulebiT miwis zemoT an miwis qvemoT – liftebi. 

 mdinareebze gadasasvleli bornebi. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 1.7. moZraoba mamoZravebeli Zalis uSualo modebiT. 
 

cxadia, rom yvela CamoTvlili satransporto saSualeba gadaadgildeba 

lokalurad SezRudul arealSi.  

gareSe Zalis uSualod gamoyenebis magaliTia qaris dinamikuri dawnevis 

ialqanze zemoqmedeba (nax. 1.7, b). kacobrioba Zalian didi xnis manZilze 

iyenebda am principze momuSave transports, maT Soris dedamiwis garSemo 

mogzaurobisaTvis. 

aseve am tipis magaliTad SegviZlia ganvixiloT samilsadeno, pnevmo, 

hidro da eleqtromagnituri satransporto saSualebebi. 

satransporto miznebisaTvis mamoZravebeli Zalebis Seqmnis meore klasis 

jgufs miekuTvneba – myari savali gzis an satransporto saSualebis garSemo 

arsebuli garemos reaqciis gamoyeneba. 

savali nawilis myari zedapiridan berketebiT mowydoma – am xerxiT 

sargebloben da moZraoben cxovelebi da adamianebi, romelTa sayrden 

berketebs warmoadgenen maTive fexebi. reaqcia warmoiqmneba savali nawilis 

 a) 
b) 
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zedapiridan arekvlisas, fexsa da gzas Soris arsebuli xaxunis wyalo-

biT.Aam xerxiT moZraobis efeqturoba, ra Tqma unda, damokidebulia xaxunis 

Zalis sidideze. cnobilia, rom sadac es xaxunis Zala mcirea, iq moZraoba 

gaZnelebulia (magaliTad moyinul gzaze). 

moZraobis am xerxs aqvs MmTeli rigi naklovaneba. kerZod, mamoZravebeli 

Zalebis araTanabari moqmedeba, cikluroba, sayrdeni berketebis SezRuduli 

raodenoba da a.S. 

miuxedavad aRniSnuli naklovanebebisa am sqemiT inglisSi aagebs 

orTqlmavlis erT-erTi pirveli saxeobaN(nax. 1.8, a). 

               nax. 1.8. garemos reaqciiT Seqmnili mamoZravebeli Zala: 
a) myari zedapiridan berketebiT mowydoma (orTqlmavali); 
b) borbliani orTqlmavali gemi; 
g) myari zedapiridan borbliT uwyveti arekni (avtomobili). 

 
moZravi garemodan berketebiT mowydomis xerxis magaliTebia _ Tevzis 

moZraoba wyalSi, Citis _ haerSi, navis niCbebis moqmedeba wyalSi. am xerxis 

naklovani mxarea mamoZravebeli Zalis warmoqmnis cikluri xasiaTi da 

uTanabroba.Aam naklisagan Tavisufalia borbliani amZravis mqone gemebi, 

borblebze frTebis raodenobis didi ricxvis da wyalTan erTi da igive 

raodenobis frTebis kontaqtis gamoN(nax. 1.8, b).  

borblis uwyveti mowydoma gzis myari zedapiridan nax. 1.8, g. am xerxzea 

dafuZnebuli yvela miwiszeda satransporto saSualebis moZraobis 

principi.Mmabrunebeli momentiT, romelic borbalze unda iyos modebuli 

a) 
  

 

b) 

g) 
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kunTis Zalis (velosipedistis SemTxveva) an energetikuli danadgaris 

(orTqlis, Tburi an eleqtruli Zravas) meSveobiT. borbalsa da gzis saval 

nawils Soris arsebuli xaxunis wyalobiT, xdeba borblis uwyvet reJimSi 

arekvna gzis savali nawilidan, ris Sedegad brunviTi moZraoba gardaiqmneba 

xazovan gadaadgilebad. e.i. borblis uwyveti arekvna gzis savali nawilidan 

ganapirobebs uwyvet reaqcias gzis mxridan, anu uwyvet gareSe mamoZravebel 

Zalas.Ees ki saSualebas iZleva Seiqmnas iseTi teqnikuri satransporto 

saSualebebi, romlebSic gareSe mamoZravebeli Zalebi imoqmedeben mudmivad 

da uwyvetad. 

moZravi garemodan amZravi xraxniT uwyveti mowydoma.Aase SeiZleba 

uwodoT gareSe mamoZravebeli Zalis Seqmnas wyalSi xraxniT (nax. 1.9,a) da 

haerSi propeleriT (nax. 1.9,b). 

Tanamedrove sazRvao, samdinaro, wyalqveSa, wyalzeda, sahaero prope-

leriani satransporto saSualebebis muSaoba dafuZnebulia am principze. 

 
          nax. 1.9. uwyveti mamoZravebeli Zalis Seqmna moZrav garemoSi: 

      a) motorul navze frTebiani xraxniT; 
      b) sahaero xraxniT (propeleriT) aviaciaSi. 

 
transportze gareSe mamoZravebeli Zalis Seqmnis kidev erTi xerxia 

reaqtiuli xasiaTis moZraoba. reaqtiul moZraobaSi igulisxmeba gareSe 

mamoZravebeli Zalis Seqmna, Zravas wvis kameridan didi siCqariT gamotyor-

cnili airebis Sida reaqciiT.Aamis TvalsaCino magaliTia Tofis gasroli-

sas warmoqmnili ukucema, rodesac iaraRi cdilobs gadaadgildes tyviis 

gasrolis sawinaaRmdego mimarTulebiT.Aam principzea damyarebuli reaqtiuli 

TviTmfrinavebis da raketebis moZraoba.  

 

1.6. matareblis moZraobis meqanikis modeli 
 

realuri matarebeli warmoadgens drekadi elementebiT (e.w. avtogadabmu-

lobebiT) erTmaneTTan dakavSirebul calkeuli rgolebisagan (lokomotivi, 

vagonebi) Semdgar rTul sistemas, romelsac aqvs raRac sasrulo sigrZe 

Lmat. mokled, realuri matarebeli warmoadgens Lmat –sigrZis drekad-Wimvad 

Zafs. 
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matarebelze mTlianad da mis Semadgenel calkeul rgolebze moqmedeben 

zemoT ganxiluli horizontaluri Zalebi, kerZod _ mamoZravebeli Zala (wevis 

Zala) F, winaaRmdegobis Zalebi W  , 
nWW 1

 da vertikaluri simZimis Zalebi 

_ lokomotivis P, vagonebis 
nqq 1
. mTeli es rTuli sistema moZraobs 

xazovnad, erTnairi V siCqariT (nax. 1.10,a). aseTi rTuli sistemis moZraobis 

Seswavlis gaiolebis mizniT, mizanSewonilad migvaCnia movaxdinoT garkveuli 

gamartivebebi:  

1. pirobiTad, Semadgenlobis vagonebis MmTeli masa iQ mm  i, romelTa 

jamuri wonaa 
iqQ  , gavaerTianoT erT sxeuladN(nax. 1.10,b). (am dros 

vakeTebT daSvebas, rom vagonebs Soris drekadi elementebi ar arsebobs.Ee.i 

matarebels, romelic realurad warmoadgens drekad-Wimvad Zafs, vcvliT 

xisti sistemiT). amis uflebas gvaZlevs is, rom matarebelSi Sinagani 

Zalebis mier Sesrulebuli muSaobaTa jami 0-is tolia.  

Semadgenlobis moZraobisadmi jamuri winaaRmdegobis Zala toli iqneba 

iWW  . 

matareblis miRebuli modeli warmoadgens or erTmaneTTan dakavSirebul 

sxeuls (lokomotivi, vagonebis Semadgenloba), romelic moZraobs xazovnad, 

erTnairi siCqariT.Ees saSualebas gvaZlevs movaxdinoT Semdegi gamartiveba: 

2. matarebeli warmovadginoT rogorc erTi sxeuli, jamuri woniT QP  , 

romelzec moqmedebs ori horizontaluri Zala, wevis Zala F da moZrao-

bisadmi winaaRmdegobis Zala  WWW   (nax. 1.10, g). 

Tu matareblis Semadgenel nawilebs detalurad gavaanalizebT, vnaxavT, 

rom sakmaod didi masis calkeuli sxeulebi matarebelSi (lokomotivis da 

vagonebis wyvilTvalebi, reduqtorebis kbilanebi, wevis Zravebis Ruzebi) 

monawileoben rTul moZraobaSi. isini brunaven da Tan xazovnad gadaad-

gildebian. e.i. maT brunviT moZraobaSi mosayvanad ixarjeba mamoZravebeli 

F Zalis nawili. aRniSnulis gasaTvaliswineblad vakeTebT Semdeg gamarti-

vebas: 

3. ganxilvidan gamovricxavT mbrunavi sxeulebis masebs da maT pirobiTad 

vcvliT fiqtiuri (ararsebuli) masiT. sxvagvarad matareblis masas vzrdiT 

)1(  -jer, sadac  mbrunavi sxeulebis masebis wilia matareblis srul 

masaSi. Sedegad miviRebT erT xist sxeuls, romlis wonaa )1( P , masaa 

)1( m  da romelic moZraobs xazovnad (nax. 1.10, g). 
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nax. 1.10. moZrav matarebelze momqmedi Zalebis saangariSo sqemebi. 
 

meqanikis kanonis Tanaxmad xisti sxeulis moZraobis Sesaswavlad 

sakmarisia SeviswavloT am sxeulis erTi wertilis – misi simZimis centris 

moZraoba, pirobiT, rom am sxeulis masa mTlianad ganTavsebulia simZimis 

centrSi. 

4. aRniSnuli saSualebas gvaZlevs, matarebeli warmovadginoT, rogorc 

materialuri wertili – simZimis centri C, sadac ganTavsebulia mTeli 

fizikuri masa m da masze moqmedebs ori horizontaluri Zala F da W (nax. 

1.10, d). 

5. ZalTa geometriuli Sekrebis kanonis da tolqmedi Zalis terminis 

SemoRebis Semdeg, sabolood matareblis fizikuri (meqanikuri) modeli 

SegviZlia warmovadginoT, rogorc materialuri wertili C, romelSic 

ganTavsebulia matareblis mTeli fizikuri masa m, da romelzec moqmedebs 

tolqmedi Zala Ft (nax. 1.10, e). 

C 
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swored miRebuli, erTi SexedviT umartivesi fizikuri modeli udevs 

safuZvlad wevis gaangariSebis wesebs, rkinigzebis proeqtirebis da praq-

tikuli eqspluataciis dros. 

 

1.7. sarelso gza da misi Taviseburebani 

rkinigza, romelic ganTavsebulia cvalebadi reliefis mqone miwaze, ar 

SeiZleba iyos mxolod sworxazovani. is SeiZleba swori xazidan gansxvav-

debodes, rogorc gegmaSi (mrudeebis arsebobiT), aseve grZiv profilSi 

(uaryofiTi da dadebiTi qanobebis arsebobiT). 

rkinigzis nebismieri ubani gegmaSi Sedgeba sxvadasxva sigrZis swor-

xazovani da mrudxazovani monakveTebisagan, romelTa arseboba, ra Tqma unda, 

ganpirobebulia miwis reliefiT, razedac dagebulia gza. proeqtirebis da 

mSeneblobis dros sxvadasxva radiusis mqone mrudeebi, aseve mrudeebi da 

gzis swori monakveTebi erTmaneTTan dakavSirebulia cvalebadi radiusis 

mqone gardamavali mrudeebiT. wevis angariSebSi amas ar iTvaliswineben da 

Tvlian, gadasvla swori monakveTidan mrudeze, an piriqiT, an erTi 

radiusis mrudidan meore radiusis mqone mrudeze xdeba myisurad. 

mrude SeiZleba mocemuli iyos Semdegi sami parametridan oriT: 

mrudis sigrZiT – Smr(m), mrudis radiusiT – Rmr (m), mrudis centraluri kuTxiT 

_  . rogorc geometriidan cnobilia, maT Soris aris Semdegi damokide-

buleba 

                             
360

П2 


mr
mr

R
S .                             (1.12) 

rkinigzis grZivi profili xasiaTdeba an swori horizontaluri mona-

kveTebiT, an sxvadasxva kuTxiT daxrili monakveTebiT ± і ‰ qanobebiT. es 

qanobebi sxva elementebs ukavSirdeba gardamavali mrudeebiT, rasac wevis 

angariSebSi aseve ar iTvaliswinebenN(nax. 1.11). 

 

nax. 1.11. rkinigzis ubnis gegmis sqema. 
R1

 
, R2  da  R3  mrude monakveTebis radiusebia. 

 

gzis grZivi profili warmoidgineba, rogorc texili xazi, horizon-

talTan sxvadasxva kuTxiT daxrili monakveTebiT, romelTa boloebis 

1 
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simaRleebi, aTvlis sawyisi wertilis mimarT (mag. zRvis donis mimarT) 

aRiniSneba h-iT metrebSi. 

aseTi gamartivebis Semdeg gzis grZivi profili SeiZleba mocemuli iyos 

cxrilis saxiT (ix. cxr. 1.1) an pirobiTi aRniSvniT, sadac masStabSi 

mocemulia mxolod profilis elementis sigrZeN(nax. 1.12). 

rkinigzis ubnis grZivi profilis pirobiTi warmodgenis magaliTi 
cxrili 1.1 

Eelementebis 
numeracia 

Eelementis 
sigrZe l  m-Si 

     Qqanobis 
 Ddaxra ‰-Si 

   Mmrudis 
radiusi, R-m-Si 

Mmrudis rkalis 
sigrZe m-Si 

1. sadguri  A 1 700 0   

2 2 400 -2,5 650 350 

3 800 -1,5   

4 1 600 0   

5 1 850 +12,5   

6 500 +7,3   

8. sadguri BB 1 600  0   

9 800 -1,5 1 500 500 

     

 - - - - - 

     

     

     

- - - - - 

     

17 sadguri G 1 400  0   

     

     

     

     nax. 1.12. rkinigzis grZivi profili Sedgenili 1.1. cxrilis monacemebiT: 
             a) grZivi profili (organzomilebiani gamosaxuleba), 

 b) grZivi profili (erTganzomilebiani gamosaxuleba, mrudeebi 
datanili araa). 
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II Tavi 

cnobebi eleqtruli wevis saxeobebis Sesaxeb 

 

2.1. sarelso transportis wevis saxeobebi 

 
satransporto gadazidvebis procesSi, lokomotivis mier moxmarebuli 

energiis didi wili ixarjeba moZraobisadmi winaaRmdegobis ZalTa (xaxuni 

borbalsa da saval gzas Soris, xaxuni sakisrebSi, xaxuni haersa da moZravi 

Semadgenlobis korpuss Soris da a.S.) daZlevaze.Bborblian satransporto 

saSualebebSi, moZraobisadmi winaaRmdegobis Zalebis Semcirebis erT-erTi 

efeqturi (aerodinamikuri formebis gaumjobesebasTan erTad) gza aRmoCnda 

borblis dayrdnoba mtkice foladis saval nawilze, relsze, ramac saTave 

daudo sarelso-sarkinigzo transportis Seqmnas.  

Tavdapirvelad sarelso transportze gamwev saSualebad gamoiyeneboda 

cocxali Zala (cxeni).  

orTqlis meqanikuri Zravas gamoyenebam ganapiroba pirveli sarkinigzo 

lokomotivebis (TviTmoZravi satransporto saSualebebis) – orTqlmavlebis 

da Sesabamisad orTqlmavluri wevis Seqmna. wevis am saxeobam saukuneebis 

ganmavlobaSi emsaxura kacobriobas da adgili dauTmo ufro efeqtur 

Tbomavlur wevas, romlis Seqmna, Tavis mxriv, ukavSirdeba lokomotivebze 

Tburi (Sigawvis) Zravebis gamoyenebas.  

eleqtruli manqanebis (eleqtruli Zravebis, generatorebis) danergvam da 

sarkinigzo lokomotivebze gamoyenebam, SesaZlebeli gaxada wevis axali, 

metad efeqturi saxeobis – eleqtruli wevis Seqmna. 

orTqlmavali da Tbomavali warmoadgens e.w. avtonomiur lokomotivebs, 

romlebzec SezRuduli simZlavris pirveladi energiis wyaro ganTavsebulia 

uSualod bortze da gadaadgildeba masTan erTad. rac Seexeba eleqtrul 

lokomotivebs, isini energias iReben praqtikulad usasrulo simZlavris 

gare eleqtromomaragebis sistemidanN(nax. 2.1).  

Tu zemoaRniSnul wevis sam saxeobas Soris movaxdenT teqnikur-

ekonomikuri maxasiaTeblebiT Sedarebas, miviRebT Semdeg suraTs: 

ZiriTadi ekonomikuri maCvenebeli – margi qmedebis koeficienti (mokled 

m.q.k.), gviCvenebs mTlianad daxarjuli muSaobis ra wili midis sasar-

geblod. misi  mniSvneloba: 
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               nax. 2.1. eleqtruli rkinigzis struqturuli sqema. 

1. eleqtrosadguri,                        5. wevis qvesadguri, 
2. Zabvis amamaRlebeli transformatori,  6. sakontaqto qseli, 
3. maRali Zabvis gadamcemi xazi,           7. eleqtromavali, 
4. raionuli qvesadguri,                   8. sarelso gza.  

 

 orTqlmavluri wevisaTvis Seadgens =0.03-0,04, anu procentebSi 3-4%-s, 

rac dRevandeli mdgomareobiT warmoudgenlad dabali maCvenebelia. 

rom avxsnaT am koeficientis fizikuri arsi, ganvixiloT aseTi magaliTi:  

vTqvaT orTqmavlis wvis kameraSi iwvis 100 t. masis pirobiTi sawvavi. Mm.q.k-is 3-4% 

mniSvneloba niSnavs, sasargeblod moixmareba 3 – 4 t. sawvavis dawviT miRebuli 

energia. danarCeni 96-97 t. sawvavidan miRebuli Tburi energia ikargeba 

atmosferoSi aunazRaureblad. 

 Tbomavluri wevisaTvis es maCvenebeli tolia =0.2-0.25, anu procen-

tebSi 20-25 %-s, rac daaxloebiT 8-jer aRemateba orTqlmavluri wevis 

maCvenebels. 

 eleqtruli wevis SemTxvevaSi mTeli sistemis jamuri margi qmedebis 

koeficienti tolia 54321   , sadac:  

1. 1  aris eleqtrosadguris margi qmedebis koeficienti, romelic 

hidrosadgurebisaTvis Seadgens 0,96-0,98, xolo TbosadgurebisaTvis 0,6-

0,75. 

2. 2  aris gadamcemi xazebis margi qmedebis koeficienti, romelic 

erTTan axlos myofi cifria. 

3. 3  aris wevis qvesadguris margi qmedebis koeficienti, romelic aseve 

tolia 0,92-0,95. 

4. 4  aris sakontaqto qselis margi qmedebis koeficienti, romelic aseve 

axlosaa erTTan. 

5. 5  aris eleqtromoZravi Semadgenlobis margi qmedebis koeficientia, 

tolia 0,8-0,85. 
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rogorc aRniSnulidan Cans, sistemisaTvis ganmsazRvrelia eleqtro-

sadguris margi qmedebis koeficienti, kerZod: 

 eleqtruli rkinigzebisTvis, romlebic ikvebebian hidroeleqtrosadgu-

rebSi gamomuSavebuli eleqtroenergiiT, jamuri margi qmedebis koefi-

cienti   =0,6-0,65, anu 60 – 65%-s. 

 eleqtruli rkinigzebisaTvis, romlebic ikvebebian Tbo da atomur 

eleqtrosadgurebSi gamomuSavebuli eleqtroenergiiT, es maCvenebeli 

Seadgens  =0,25-0,27, anu 25 -27%-s. 

gansxvavebiT eleqtruli wevisagan, orTqlmavluri da Tbomavluri wevis 

dros pirveladi energiis wyaro ganTavsebulia uSualod lokomotivze, ris 

gamoc SezRudulia lokomotivis simZlavre, anu SezRudulia matareblebis 

wona da maTi moZraobis siCqare; maSin rodesac eleqtruli wevis SemTxve-

vaSi eleqtruli lokomotivi ikvebeba praqtikulad usasrulo simZlavris 

qselidan da SeuZlia ganaviTaros nebismieri moTxovnili simZlavre. 

Tu gaviTvaliswinebT dRis wesrigSi mdgar mkacr ekologiur moTxov-

nebs, eleqtruli wevis sistema am mxriv absoluturad usafrTxoa.  

mokle analiziTac dasturdeba eleqtruli wevis upiratesoba, wevis sxva 

saxeobebTan SedarebiT. Tumca mas gaaCnia erTi nakli – moiTxovs Zalian 

did kapitaldabandebas. 

 

2.2. wevis Zrava, eleqtromoZravi Semadgenlobis  
    mTavari kvanZi 

saxelmZRvaneloSi eleqtruli wevis Teoriis ZiriTadi sakiTxebis safuZv-

liani ganxilvis da Seswavlis gaiolebis mizniT, avtorebma mizanSewonilad 

CavTvaleT mkiTxvelisaTvis popularuli, martivi eniT agvexsna eleqtro-

moZravi Semadgenlobis da misi ZiriTadi kvanZebis muSaobis principi. 

avtorebis azriT, aseTi midgoma ufro sainteresos da advilad gasagebs 

gaxdis rTuli procesebis Seswavlas. 

gadauWarbeblad SegviZlia vTqvaT, rom wevis Zrava warmoadgens nebis-

mieri saxis eleqtromoZravi Semadgenlobis (eleqtromavali, eleqtromata-

rebeli, metropolitenis eleqtromoZravi Semadgenloba, tramvai da a.S.) 

yvelaze mTavar, ZiriTad kvanZs, radgan moZraobis siCqare da ganviTare-

buli wevis Zala (moZraobis procesis ori mTavari komponenti) ganisazRvreba 

swored wevis Zravas parametrebiT da muSaobis reJimiT. 
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wevis Zravas meSveobiT xdeba sakontaqto qselSi arsebuli eleqtruli 

energiis gardaqmna meqanikur muSaobad (e.w. wevis reJimi), risi wyalobiTac 

moZravi Semadgenloba gadaadgildeba sarelso gzaze. Mmiuxedavad mravali 

cdisa, momxdariyo eleqtruli wevis Zravas, rogorc energiis eleqtro-

meqanikuri gardamqmnelis Canacvleba sxva meqanizmiT, axlo perspeqtivaSi, is 

mainc rCeba eleqtruli wevis umTavres kvanZad da safuZvlad. 

eleqtruli manqanebis unari imuSaon urTierTSeqcevad reJimSi, saSuale-

bas gvaZlevs wevis Zrava warmovadginoT aramarto, rogorc eleqtruli 

energiis meqanikur energiad gardamqmneli saSualeba, aramed misi gadarTviT 

e.w. generatorul reJimSi, moZravi matareblis meqanikuri energiis 

eleqtrul energiad gardamqmneli saSualeba. 

Tu wevis reJimSi, wevis Zrava qselidan moxsnil energias xarjavs mata-

reblis gadaadgilebaze, generatorul reJimSi wevis Zrava gamoimuSavebs ra 

eleqtrul energias, qmnis samuxruWo moments, romelic amcirebs matareb-

lis moZraobis siCqares an aucileblobis SemTxvevaSi SeuZlia gaaCeros is. 

wevis Zravas muSaobis efeqturobas ganapirobebs misi eleqtruli da 

magnituri parametrebi da konstruqcia. rac ufro mZlavria  wevis Zrava, miT 

ufro daZabulad mimdinareobs masSi eleqtromagnituri procesebi, ufro 

rTulia mis calkeul parametrebs Soris eleqtromagnituri kavSirebi. 

radgan Zravas mier ganviTarebuli meqanikuri energia, wyvilTvals 

gadaecema wevis gadacemis (magaliTad kbilana reduqtoris) meSveobiT,  

gardauvalia ZravaSi mimdinare eleqtromagnituri procesebis zegavlena 

wevis gadacemaSi am dros warmoqmnil dinamikur Zalebze da piriqiT, wevis 

gadacemaSi warmoqmnili meqanikuri procesebis gavlena, ZravaSi mimdinare 

eleqtromagnitur procesebze (nax. 2.2). 

arsebuli rTuli procesebis analizisas, gamomdinare energiis 

mudmivobis kanonidan, iTvaliswineben energiis balanss gardaqmnis dros. 

sxvagvarad, energia romelic miewodeba Zravas Sesasvlelze, toli unda 

iyos wyvilTvalis relsze moZraobis dros realizebuli energiis da wevis 

gadacemaSi energiis danakargebis jamis. 

wevis ZravaSi da wevis gadacemaSi, energiis gardaqmnis procesze zegav-

lenas axdens, rogorc winaswar cnobili, kontrolirebadi faqtorebi 

(magaliTad matareblis wona), aseve uSualod moZraobis procesSi warmoqm-

nili SemTxveviTi xasiaTis faqtorebi, kerZod: 



 42 

 sarelso gzis pirapirebis gavlisas wyvilTvalze dartymebi;  

 lokomotivis rxeva moZraobis procesSi ganpirobebuli drekadi ele-

mentebis (resorebi, zambarebi) arsebobiT; 

 wyvilTvalebis gasrialeba relsze; 

 sakontaqto qselSi Zabvis meryeoba; 

 garemos temperaturis cvlileba; 

 moZraobis procesSi savali nawilis zonaSi, uSualod wevis Zravas 

siaxloves mtvris da Tovlis grigaluri nakadebis warmoqmna. 

rogorc vxedavT, wevis Zravas da wevis gadacemis muSaobis pirobebi, 

gacilebiT mZime da daZabulia, vidre stacionaluri eleqtruli manqanebis 

muSaobis pirobebia.  

eleqtromoZravi Semadgenlobis da sarelso gzis urTierTqmedebiT  

gamowveuli dinamikuri datvirTvebi, damangrevel zemoqmedebas axdenen 

wyvilTvalebze, wevis Zravebis kvanZebze, buqsebze, resorul Camokidebaze 

da a.S. 

 

2.3. rogor muSaobs wevis Zrava? 
 

dasawyisSi ganvixiloT mudmivi denis wevis Zravas, xolo Semdeg cvladi 

denis asinqronuli wevis Zravas  muSaobis principi. 

saWiroa gavixsenoT _ mudmivi deni gadis denis wyarodan momxmareblisken 

erTi mimarTulebiT da mis mier Seqmnili magnituri veli ar icvleba 

drois mixedviT. Tu aseT denian sadens movaTavsebT magnitur velSi, maSin 

amperis kanonis Tanaxmad, masze imoqmedebs meqanikuri Zala, romelic 

ecdeba es deniani gamtari gamoagdos magnituri velidan. aRniSnuli Zalis 

mniSvneloba damokidebulia sadenSi gamaval denis Zalis sidideze, sadenis 

sigrZeze da magnituri velis induqciaze, anu magnituri nakadis simkvri-

veze.Aam Zalis mimarTuleba ganisazRvreba marcxena xelis wesiT. 

Tu  amis Semdeg  imave magnitur velSi, diametralurad sapirispirod 

movaTavsebT  meore  denian  sadens, maSin masze imoqmedebs meqanikuri Zala, 

romelsac eqneba pirvel sadenze momqmedi Zalis sapirispiro mimarTuleba, 

radgan es meore sadeni ganTavsebuli iqneba meore (gansxvavebuli) polusis 

qveS. Tu pirveli sadenis bolos miuerTebT meore sadenis dasawyiss, xolo 

meores bolos pirvelis dasawyiss, miRebul CarCos movaTavsebT sakisrebze 
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ise, rom CarCo ganTavsdes magnituri velis Zalxazebis marTobulad, maSin 

CarCos sadenebze sapirispirod momqmedi FF Zalebi Seqmnian mabrunebel 

moments M-s, romlis wyalobiT CarCo daiwyebs Semobrunebas magnituri 

Zalxazebis mimarT.  

 

 

 

 

 

 

 

 

 

 

 

 

nax. 2.2. wevis Zravas, wyvilTvalis da sarelso gzis 
urTierTqmedeba moZraobis procesSi. 

      1 – energia, romelic wevis Zravas miewodeba sakontaqto qselidan. 
      2 – energia, romelic gadaecema wevis Zravadan wyvilTvals. 
      3 – dartymebiT ganpirobebuli energia, romelic gadaecema wyvilTvalidan  
      wevis Zravas. 4 – energia, romelic ixarjeba wyvilTvalis brunviTi  
      moZraobis Sesaqmnelad. 5 – energia, miRebuli sarelso gzis deformaciiT. 
      6 – mbrunavi momenti, romelic warmoiSveba wyvilTvalis dartymis Sedegad. 
 

magnituri Zalxazebis mimarT CarCos Semobrunebis dros, faradeis mier 

aRmoCenil eleqtromagnituri induqciis kanonis Tanaxmad, masSi dainduq-

tirdeba eleqtromamoZravebeli Zala (mokled e.m.Z.), romlis mniSvneloba 

damokidebuli iqneba magnituri nakadis simkvriveze (induqciaze), gamtaris 

aqtiur sigrZeze da magnituri Zalxazebis gadakveTis siCqareze (CarCos 

brunvis sixSireze). Semobrunebisas raRac drois momentSi deniani CarCo 

daiWers magnituri nakadis marTobul mdgomareobas, anu aRmoCndeba 

polusebis nakadebis gamyof xazze, e.w. geometriul neitralze (nax. 2.3). am 

momentSi CarCoSi e.m.Z-is dainduqtireba ar xdeba. CarCos Semdgomi 

Semobrunebisas is iWers magnituri Zalxazebis paralelur mdebareobas 

(vertikaluri mdgomareoba) da masSi dainduqtirdeba e.m.Z-is maqsimaluri 

mniSvneloba. 

 Zrava 
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nax. 2.3. magnitur velSi denian CarCoze moqmedi Zalebi FF  da   

M mabrunebeli momentis warmoqmnis meqanizmi. 
 

amgvarad, CarCos erTi Semobrunebisas, romelic grZeldeba T drois 

ganmavlobaSi, masSi dainduqtirebuli e.m.Z-is mniSvneloba izrdeba 0-dan 

maqsimalur dadebiT mniSvnelobamde, Semdeg mcirdeba 0-van mniSvnelobamde, 

Semdeg 0-dan maqsimalur uaryofiT mniSvnelobamde, Semdeg kvlav 0-mde da 

a.S. CarCos brunvisas masSi cirku-

lirebs sinusoidalurad cvladi 

deni +Imax-dan  -Imax -mde (ix. nax. 2.4). 

Tu movaxdenT CarCodan denis 

moxsnas im momentSi, rodesac is 

icvlis mimarTulebas, maSin gare 

wredSi deni gaivlis erTi da igive 

mimarTulebiT. imisaTvis, rom denis 

cvlileba praqtikulad iyos SeumC-

neveli, erTi CarCos nacvlad sakis-

rebze amagreben aseulobiT CarCos. brunvisas CarCoebis sadenebis ricxvi, 

romelic ganTavsebulia erTi polusis qveS ucvlelia, amitom maTSi 

dainduqtirebuli jamuri e.m.Z-c ucvlelia. 

nax. 2.4. CarCos erTi Semobrunebisas  
(T-dro) deni masSi icvleba 

+Imax -dan  -Imax-mde. 
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CarCoebs calkeuli seqciebis saxiT amagreben Zravas mbrunav nawilze – 

rotorze, romelsac uwodeben Ruzas, xolo seqciebis erTobliobas 

uwodeben Ruzis gragnils. 

Zravas mabrunebeli momenti warmoadgens Ruzis gragnilis seqciebis 

mabrunebeli momentebis jams. brunvis dros gragnilis seqciebi gaivlian 

sxvadasxva polarobis polusebis qveS. imisaTvis, rom mabrunebeli momentis 

mimarTuleba darCes ucvleli, saWiroa magnituri nakadis geometriuli 

neitralis gavlisas, seqciebSi gamavalma denma Seicvalos mimarTuleba.  

Ruzis gragnilis seqciis gadarTvis am process, rodesac masSi deni 

icvlis mimarTulebas, uwodeben komutacias (laTinuri sityvidan “vicvlebi”), 

xolo am procesSi monawile mokled SerTul seqciebs uwodeben makomu-

tirebel seqciebs. 

saWiroa yuradReba mieqces im garemoebas, rom damyarebul reJimSic ki, 

rodesac ar icvleba Zravas momWerebze Zabvis mniSvneloba da Zravas 

datvirTva, anu ZravaSi gamavali deni, komutaciis procesi warmoadgens 

droSi cvlad gardamaval process.  

komutaciuri procesebi, garda zemoT aRniSnuli faqtorebisa, rTuldeba 

sxva mTeli rigi mizezebiT, rac ganpirobebulia ZravaSi mimdinare rTuli 

eleqtromagnituri procesebiT. kerZod: 

pirvel rigSi komutaciis procesSi Ruzis gragnilSi denis mimarTulebis 

Secvla iwvevs Ruzis gragnilis mokled SerTul seqciaSi TviTinduqciis 

e.m.Z-is dainduqtirebas. is warmoiSveba am xviis Ruzis gragnilis mier 

warmoqmnil cvlad magnitur velTan urTierTqmedebis dros da masSi 

ganapirobebs umniSvnelo eleqtruli energiis dagrovebas. lencis aRmoCenis 

Tanaxmad es e.m.Z. ewinaRmdegeba mis warmomqnel mizezs. magaliTad Tu 

konkretul momentSi komutaciis proceSi myof seqciaSi deni mcirdeba, 

maSin TviTinduqciis e.m.Z cdilobs daayovnos am denis Semcireba da piriqiT; 

Tu komutaciis Semdeg momentSi komutaciaSi monawile seqciaSi deni 

izrdeba, maSin warmoqmnili TviTinduqciis e.m.Z. cdilobs SeewinaaRmdegos 

mis zrdas. 

calke unda aRiniSnos is, rom jagrisebis qveS komutaciis procesSi 

monawileobs ara erTi, aramed ramdenime mokled SerTuli seqcia. amitom, 

TviTinduqciis e.m.Z-is msgavsad, maTSi dainduqtirdeba urTierTinduqciis 

e.m.Z, romlis mimarTulebac ganisazRvreba imave lencis kanoniT. 
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aRsaniSnavia isic, rom Ruzis gragnilSi gamavali deni warmoSobs magni-

tur nakads, e.w Ruzis reaqciis nakads, romelic gansxvavebiT ZiriTadi muSa 

nakadisagan (nax. 2.5, a), mimarTulia ZiriTadi muSa nakadis marTobuli mimar-

TulebiT (nax. 2.5, b) da saboloo jamSi iwvevs mis damaxinjebas (nax. 2.5, g). 

aRniSnulis gamo geometriul neitralis zonaSi myof seqciebSi dainduqtir-

deba, Ruzis reaqciiT gamowveuli e.m.Z, romelsac brunvis e.m.Z.-s uwodeben. 

 

 

 

 

 

 

 

 

nax. 2.5. 
 

Tu Ruzis gragnilSi ar gadis deni, maSin ZravaSi arsebobs mxolod 

mTavari polusebis mier Seqmnili simetriuli magnituri nakadi (nax. 2.5, a). 

Ruzis gragnilis deni warmoqmnis Tavis magnitur vels, e.w. Ruzis reaqciis 

nakads, romelic moqmedebs ZiriTadi nakadis marTobi mimarTulebiT (nax. 

2.5, b). aRniSnuli nakadebis zeddeba warmoSobs damaxinjebul rezultirebul 

nakads (nax. 2.5, g), romelsac gaaCnia geometriuli (1-1) da fizikuri (2-2) 

neitralebi.Ggeneratorul reJimSi fizikuri neitrali gadaadgildeba Ruzis 

brunvis mimarTulebiT (isari G), xolo Zravul reJimSi Ruzis brunvis 

sawinaaRmdegod (isari M). 

aRniSnulis gamo, SegviZlia vTqvaT, rom komutaciis procesSi, Ruzis 

gragnilis mokled SerTul seqciaSi cirkulirebs deni, romelic Seqmnilia 

TviTinduqciis, urTierTinduqciis da Bbrunvis eleqtromamoZravebeli Zalebis 

jamuri qmedebiT. Mmanam, sanam zemoCamoTvlili e.m.Z-bi mcire sidideebia, 

komutaciis procesi ZravaSi mimdinareobs metnaklebad normalurad. magram, 

Tu komutaciaSi monawile seqciaSi dagrovili eleqtromagnituri energia 

aRmoCndeba sakmarisi, mezobel koleqtorul firfitebs Soris haeris 

ionizaciisTvis (rodesac haeri xdeba dengamtari), maSin maT Soris 

warmoiqmneba naperwkali, romelic SeiZleba gadaizardos eleqtrul rkalSi 

da wriul cecxlSi, rac ZravasaTvis seriozuli avariaa. 

  
 

a) b) g) 
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mudmivi denis manqanebSi fizikuri procesebi rogorc Zravul, aseve 

generatorul reJimSi mimdinareobs identurad.Ggansxvaveba imaSia, rom Ruzis 

gragnilSi dainduqtirebuli e.m.Z-is mimarTuleba ganisazRvreba marjvena 

xelis wesiT.Ggeneratorul reJimSi momuSave wevis Zravas mier Seqmnili 

eleqtromagnituri momenti, mimarTuli iqneba eleqtromavlis wyvilTvalis 

mier Seqmnili mabrunebeli momentis sawinaaRmdegod da warmoadgens dama-

muxruWebel moments, gansxvavebiT wevis reJimisagan, rodesac Zravul reJimSi 

Zravis mier Seqmnili mabrunebeli momenti, asrulebs sasargeblo meqanikur 

muSaobas da ganapirobebs matareblis sasargeblo gadaadgilebas sarelso 

gzaze. 

 

2.4. mudmivi denis wevis Zravebis ZiriTadi kvanZebi 
 

wevis Zrava Sedgeba uZravi nawilisagan e.w ConCxisagan (statori) da 

moZravi Ruzisagan (rotori). Mmudmivi denis wevis ZravebSi gabaritebis da 

masalebis ukeT gamoyenebis mizniT, statorSi ganTavsebulia mZlavri 

magnituri nakadis Semqneli magnituri sistema (mTavari polusebis gularebi 

maTze ganTavsebuli agznebis gragnilebiT), xolo rotori mbrunavi Ruza 

Sedgeba gularisagan, romlis RrmulebSi ganTavsebulia Ruzis gragnili. 

1. statoris korpusi, anu Zravas ConCxi mudmivi denis eleqtromavlebi-

saTvis warmoadgens Txelkedlian, Rru, dacerebuli yurebis mqone oTxwax-

nagian foladis sxmuls. Zravas korpusi erTis mxriv gverdiT Sverilebis 

da drekadi traversebis saSualebiT eyrdnoba urikis CarCos, xolo 

sapirispiro mxares arsebuli SverilebSi ganTavsebul sriala sakisrebiT 

eyrdnoba wyvilTvalis RerZs. Zravas aseT damagrebas uwodeben Camokidebas 

naxevrad RerZze dayrdnobiT, anu e.w. tramvaisebr Camokidebas (saxelwodeba 

gansazRvra pirvelad am tipis Camokidebis gamoyenebam tramvaize), rac 

mniSvnelovnad amartivebs kbilana reduqtorebis gamoyenebiT, Zravas didi 

mabrunebeli momentis gadacemas wamyvan wyvilTvalze. zemodan Zravas 

korpusze arsebuli milyelebis saSualebiT ZravaSi SehyavT gamagrilebeli 

haeri da axdenen haeris evakuacias.Kkorpusis zeda da qveda nawilSi 

arsebuli lukebis meSveobiT xdeba Zravas SigTavsis daTvaliereba. 

ConCxi warmoadgens wevis Zravas magnituri sistemis nawils. polusis 

Siga mxares arsebul Sverilebze  simetriulad magrdeba mTavari polusis 

gularebi, romlebzec winaswar Camocmulia agznebis gragnilebi. 
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2. mTavari polusis gularebi akrefilia 2-3 mm sisqis, datvifruli 

eleqtroteqnikuri foladis firfitebisagan.Mmasiuri liToniT damzadebuli 

gularis SemTxvevaSi maTSi warmoiSveba grigaluri denebi, romelTa 

arseboba Zalze arasasurvelia, radgan iwveven gularebis gaxurebas da 

energiis damatebiT danakargebs.Ffoladis firfitebisagan akrefili gula-

rebis gamoyenebis SemTxvevaSi ki, izrdeba grigaluri denebis konturis 

winaaRmdegoba, rac am denebis mniSvnelobas amcirebs minimumamde. 

3. mTavari polusebis agznebis gragnilebi Sesrulebulia koWebis saxiT, 

marTkuTxa formis spilenZis sadeniT, sibrtyiT daxveviT or fenad. xviebi 

da fenebi izolirebulia erTmaneTisgan da korpusisgan. 

4. wevis Zravas Ruza, ise rogorc polusebis gularebi, grigaluri 

denebis Semcirebis mizniT, akrefilia saizolacio laqgasmul, eleqtro-

teqnikuri Txeli (0,35 mm sisqis), datvifris gziT miRebuli firfitebisagan. 

gare wresTan axlos, datvifris gziT firfitebs ukeTdeba marTkuTxa 

formis amonaWrebi e.w. Rrmuli. Ffirfitebis agrovebis Semdeg warmoiqmneba 

grZivi Rrmulebi, romlebSic aTavseben Ruzis gragnils. Ruzis gragnili 

Sesrulebulia spilenZis calke izolirebuli seqciisagan (an naxevar-

seqciisagan). maT ganaTavseben RrmulebSi, ukeTeben izolacias da amagreben 

saizolacio masalisagan damzadebul solebiT da artaxebiT. 

5. wevis Zravas Ruza dawnexvis gziT damagrebulia Zravas lilvze, rome-

lic damzadebulia qromonikelis zemtkice foladisagan.Llilvis orTave 

mxares, dawnexvis gziT, dasmulia Ruzis gorvis sakisrebi, romelTa gare 

rgolebi Cawnexilia sakisrebis farebSi. Ees ukanasknelebi ki xraxnebiT 

magrdeba Zravas ConCxis Sublur nawilebSi gaCarxul budeebSi. 

imisaTvis, rom Zravas Ruzam Tavisuflad ibrunos, polusis buniksa da 

Ruzis gare zedapirs Soris, arsebobs ramdenime milimetriani sahaero 

RreCo. Ees sahaero RreCo mniSvnelovnad gansazRvravs Zravas Tvisebebs da 

maxasiaTeblebs. es aixsneba imiT, rom magnito mamoZravebeli Zala (m.m.Z.) 

ZiriTadad ixarjeba am sahaero RreCos magnituri winaaRmdegobis daZlevaze.Aam 

sahaero RreCoSi Tavs iyris ZiriTadi magnituri nakadi, romlis urTierT-

qmedeba Ruzis denTan qmnis Zravas mabrunebel moments. 

6. koleqtor-jagrisebis kvanZi warmoadgens wevis Zravas erT-erT sapasu-

xismgeblo nawils, romelic mniSvnelovnad gansazRvravs mis normalur 

muSaobas.Ees kvanZi Sedgeba koleqtorisagan, jagrisebisa da jagrisebis 

damWeri mowyobilobisagan. 
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7. koleqtori warmoadgens eleqtromeqanikur gardamqmnels, romelic 

Zravul reJimSi, wevis Zravas jagrisebze moyvanil mudmiv dens gardaqmnis 

Ruzis gragnilebSi gamaval cvlad denad, xolo generatorul reJimSi 

piriqiT, Ruzis gragnilis cvlad dens gamarTvis gziT gardaqmnis mudmiv 

denad. jagrisis mier damoklebul Ruzis gragnilis seqciaSi deni mimarTu-

lebas icvlis myisurad.Aam process, rogorc zemoT vnaxeT, komutacia 

ewodeba. wevis Zravas nominaluri brunTa ricxvis dros, denis gadarTvis 

raodenoba Seadgens 15 000-s wamSi.Aanu Ruzis gragnilSi deni praqtikulad 

inarCunebs mudmiv mniSvnelobas. aseTi daZabuli muSaobis pirobebis 

dasakmyofileblad, mis dasamzadeblad saWiroa didi sizuste. 

konstruqciulad koleqtori warmoadgens foladis cilindruli formis 

yuTze radialuri mimarTulebiT akrefil specialuri kadmiumiani mtkice 

spilenZis firfitebs, romlebic erTmaneTisagan izolirebulia siTbosadmi 

da nestisadmi medegi, maRali eleqtruli simtkicis mqone mikanitis 

firfitebiT. cilindrze saimedo damagrebis mizniT, spilenZis firfitebis 

qveda nawils aZleven mercxlis kudis formas. koleqtors dawnexviT 

amagreben Zravas lilvze. koleqtoris yoveli firfitis Sverilze gaakeTeben 

Wrilebs, romelSic aTavseben Ruzis gragnilis seqciebis gamomyvan boloebs 

da saimedod axdenen maT mirCilvas.  

wevis ZravaSi denis Seyvana xdeba jagrisebis saSualebiT. jagrisebs 

ganalageben ZiriTadi magnituri nakadis geometriul neitralze, rac mniSv-

nelovnad amsubuqebs komutacias. komutacia mimdinareobs rTul pirobebSi, 

rac gamowveulia sarelso gzis araTanabari monakveTebis gavlisas 

warmoqmnili SemTxveviTi dinamikuri Zalebis koleqtorze da jagrisebze 

zemoqmedebiT. 

jagrisebs amzadeben specialuri mtkice masalisagan, romelsac aqvs 

didi gardamavali eleqtruli winaRoba, mcire xaxunis koeficienti. isini 

uSveben denis nominalur simkvrives 10-12 amp/sm2. jagrisis sigane erTdroulad 

faravs koleqtoris ramdenime firfitas, ris gamoc erTi jagrisis qveS 

erTdroulad komutacias ganicdis Ruzis gragnilis ramdenime seqcia. 

komutaciis pirobebis gaumjobesebis mizniT gatarebuli konstruqciuli 

RonisZiebebi, pirvel rigSi, mimarTulia Ruzis reaqciiT gamowveul 

ZiriTadi magnituri nakadis damaxinjebis aRmosafxvrelad.Aam mizniT: 

1. zrdian sahaero RreCos polusis centridan periferiis mimarTulebiT; 
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2. mTavar polusebs Soris, geometriuli neitralis zonaSi, aTavseben 

damatebiT polusebs; 

3. mTavar polusebis gularis bunikebSi Wrian specialur Rrmulebs, 

romlebSic aTavseben sakompensacio gragnilebs. 

araTanabari sahaero RreCo, mTavar polusis buniksa da Ruzis gare 

zedapirs Soris, saSualebas gvaZlevs SevqmnaT magnituri nakadis ufro 

Tanabari simkvrive, mTavari polusebis qveS. 

damatebiTi polusebis gragnilebi, romlebic yvelaze efeqturad amcire-

ben Ruzis reaqcias, qmnian magnitur nakads, romelic akompensirebs ZiriTadi 

nakadis damaxinjebas.Aamave mizans emsaxureba sakompensacio gragnilebi. 

es gragnilebi qmnian Ruzis reaqciis nakadis sapirispirod (ganivad) 

mimarTul makompensirebel nakads, ar axdenen zegavlenas Zravas ZiriTad 

muSa nakadze da Sesabamisad Zravas mier ganviTarebul momentze. 

Zravas normalur pirobebSi muSaobisas komutaciis xarisxi fasdeba 

jagrisebis naperwklianobis xarisxiT, sxvagvarad komutaciis klasiT. 

wevis Zravas saimedo muSaobas mniSvnelovnad ganapirobebs gamoyenebuli 

izolacia, romliTac maRali Zabvas qveS myofi Zravas calkeuli kvanZebi 

izolirebulia erTmaneTisgan da korpusisgan (miwisgan). 

Tanamedrove wevis ZravebSi iyeneben izolaciis sam saxes: 

a) xviaTaSoriso izolacias, 

b) korpusul izolacias, 

g) safarvel izolacias, romelic gamoiyeneba ZiriTadi izolaciis 

meqanikuri dazianebisagan dasacavad. 

polimerebis sferoSi mniSvnelovanma garRvevebma safuZveli Cauyares axali 

saizolacio masalebis Seqmnas, romlebic xasiaTdebian maRali eleqtruli 

da meqanikuri simtkiciT da maRali temperaturebisadmi medegobiT. 

 

2.5. mudmivi denis wevis Zravebis parametrebi 
 

wevis Zravebis muSaobis urTulesi pirobebi (vibracia, atmosferuli 

naleqebis zemoqmedeba, datvirTvis cvlileba did farglebSi, mkvebavi 

Zabvis meryeoba da a.S.) da gamoyofil  viwro gabaritebSi didi simZlavris 

Catevisaken swrafva, ganapirobebs maT zRvruli SesaZleblobebiT Sesrulebas. 

maTi simZlavreebis optimalurad gamoyenebis xarisxs ki gansazRvravs gzis 

profili, matareblis moZraobis pirobebi da matareblebis masa.Ggzis 
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profili TiTqmis ar icvleba.Aaqedan gamomdinare gzis gamtarunarianobis 

gazrdisaTvis didi mniSvneloba eniWeba matareblebis masis gazrdas da 

moZraobis swor organizacias. am sakiTxebis saukeTeso gadawyvetaSi did 

rols TamaSobs eleqtromomargebis sistemebis da uSualod eleqtromoZravi 

Semadgenlobis regulirebis Tvisebebis kompleqsuri Sefasebis xarisxi. 

rTuli profilis ubnebis daZlevisTvis xSirad adgili aqvs, rogorc e.m.S-is 

mowyobilobis, aseve eleqtromomaragebis sistemis xanmokled did datvirTvas. 

wevis qvesadguris mkvebav fiderebze ucvleli Zabvis pirobebSi datvirTvis 

gazrda iwvevs moxmarebuli denebis zrdas, es ukanaskneli ki, sakontaqto 

qselSi, eleqtroenergiis danakargebis zrdas. 

wevis Zravebis saproeqto angariSebSi gansazRvraven: 

1. Zravas momWerebze Zabvis nominalur mniSvnelobas; 

2. Zravas nominalur simZlavres; 

3. mabrunebeli momentis nominalur mniSvnelobas; 

4. wyvilTvalze wevis Zalis nominalur mniSvnelobas. 

garda aRniSnulisa gansazRvraven, agreTve, wevis Zravas maqsimalur brunTa 

ricxvs da reduqtoris parametrebis gaTvaliswinebiT e.m.S-s maqsimalur 

siCqares. 

xangrZlivi saeqspluatacio gamocdileba aCvenebs, rom wevis Zravebis 

momWerebze Zabvis optimaluri mniSvnelobaa 750-900 volti. am dros yvelaze 

efeqturadaa gamoyenebuli Zravas gabaritebi, Sesabamisi simZlavreebisaTvis. 

maqsimalur simZlavres Zrava anviTarebs maqsimaluri brunTa ricxvis 

dros, magram gaTvaliswinebuli unda iqnes maqsimaluri brunTa ricxvebis 

SezRudva, komutaciis pirobebis mosalodneli gauaresebis da centridanuli 

Zalebis zrdiT gamowveuli meqanikuri Zalebis SezRudvis aucileblobiT. 

saWiroa vicodeT, rom wevis Zravas ZiriTad gabaritebs: Ruzis diametrs 

da misi gularis sigrZes gansazRvravs ara simZlavre, aramed mabrunebeli 

momenti.EZravas es parametrebi dakavSirebulia mis meqanikur da eleqtrul 

datvirTvebTan. kerZod, sahaero RreCoSi magnituri nakadis simkvrivesTan 

(induqciasTan) da Ruzis brunTa ricxvTan. 

ZravaSi magnituri nakadi ganisazRvreba, eleqtrul wredebSi denis 

gansazRvris msgavsad,             
R

F


 mmZ ,                                (2.1) 
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sadac, IWF mmZ  aris mTavari polusis koWebis mier Seqmnili magnitomamoZravebeli 

Zala (mmZ).                

                  I – koWebSi gamavali denis mniSvneloba. 

                  W – koWebis xviaTa ricxvi. 

         ∑Rμ _ wevis Zravas magnituri wredis ubnebis magnituri winaaRmdegobebis 

jami.  

wevis Zravas magnituri wredi SegviZlia warmovadginoT, rogorc mimdev-

rulad SeerTebuli ubnebi _ mTavari polusis gularebi, sahaero RreCo, 

Ruzis gularis kbilebi, Ruzis gulara, ConCxis uReli.Yyoveli ubnis 

magnituri winaaRmdegoba damokidebulia am ubnis masalaze. gularebSi da 

ConCxSi gamoyenebuli eleqtroteqnikuri foladis magnituri induqcia 

umniSvnelo mmZ-is SemTxvevaSic ki didia. agznebis denis zrdisas dasaw-

yisSi induqcia izrdeba, magram Semdeg magnituri sistemis gaJRenTvis gamo, 

agznebis denis Semdgomi zrda aRar iwvevs induqciis gazrdas. is rCeba 

maqsimaluri da ucvleli. 

gavigebT ra magnituri nakadis mniSvnelobas, eleqtromagnituri induqciis 

kanonis Tanaxmad, ganvsazRvravT Ruzis gragnilSi aRZrul eleqtromamoZ-

ravebel Zalas (emZ)  

nCE e  .                                  (2.2) 

sadac , Ce aris Zravas konstruqciuli mudmiva da tolia 



60

PN
Ce . 

                             P – Zravas wyvil polusTa ricxvi. 

                N – gamtarTa ricxvi. 

                 – Ruzis gragnilis paralelur StoTa ricxvi. 

         n – Zravas lilvis (Ruzis) brunTa ricxvi, br/wT. 

Tu viciT Zravas brunTa ricxvis mniSvneloba da gadamcemi reduqtoris 

parametrebi, SegviZlia ganvsazRvroT emS-s siCqare V km/sT. 



nD
V




188,0
  km/sT,                         (2.3) 

sadac D aris wyvilTvalis diametri metrebSi. 

    _ reduqtoris gadacemis ricxvi, romelic praqtikaSi icvleba 3.5_4.5 

farglebSi.  

        0,188 =
1000

6014.3 
; 3,14 = ; 60-wuTebis saaTebSi gadamyvani koeficienti. 

        1 000 – ki metrebis kilometrebSi gadamyvani koeficienti. 

Zravas muSaobis damyarebul reJimSi arsebobs eleqtruli wonasworoba 

momWerebze modebul Zabvasa – U,  Zravas RuzaSi dainduqtirebul emZ-sa – E-s 
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da Zravas wredSi Zabvis vardnas – IR-s Soris (I – ZravaSi gamavali denia, R 

– Zravas wredis aqtiuri winaaRmdegobaa). e.i. vwerT 

E                            IREU  .                               (2.4) 

Tu E  aRmoCndeba meti Zabvaze U-ze, maSin deni Seicvlis mimarTulebas 

da wava qselSi, anu Zrava daiwyebs muSaobas generatorul reJimSi. 

amuSavebis dasawyisSi, rodesac Zrava ar brunavs 0n , anuE 0 nCE e
,   

miviRebT IRU  , aqedan ZravaSi gamavali deni toli iqneba 
R

U
I   da iqneba 

dasaSvebze gacilebiT  didi, radgan Zravas wredis aqtiuri winaaRmdegoba 

1.0R  omis rigisaa. magaliTad, 500U  volti Zabvis dros, daZvris procesSi, 

ZravaSi gamavali deni toli iqneba 50001,0500   amperis, ramac SeiZleba 

gamoiwvios Zravas rogorc Tburi, aseve meqanikuri dazianeba.Aamis Tavidan 

asacileblad axdenen am denebis SezRudvas, rasac detalurad vnaxavT 

qvemoT. 

gansakuTrebiT unda aRiniSnos is, rom Zravas mier ganviTarebuli 

momenti araa damokidebuli Zravas momWerebze modebuli Zabvis sidideze, 

aramed damokidebulia Zravas RuzaSi gamaval denis sidideze I-ze da 

magnituri nakadis sidideze Ф-ze. es ukanaskneli, rogorc viciT, iqmneba 

agznebis gragnilSi gamavali deniT  Ia. e.i. 

ICM M .                                (2.5) 

sadac, 
a

pN
CM

2
   aris Zravas konstruqciaze damokidebuli koeficienti. 

Zravas mabrunebeli momentis M da Ruzis kuTxuri siCqaris ω-s namravli 

warmoadgens Zravas meqanikur simZlavres, romelic gviCvenebs Tu, ra 

sididis eleqtroenergiis gardaqmna SeuZlia meqanikur energiad mocemul 

Zravas drois erTeulSi.  MP2
wm

kgm
. Zravas simZlavre SegviZlia ganvsaz-

RvroT ori mxridan, wevis Zravas e.w. “Sesasvlelis” mxridan UIP 1  da 

Zravas lilvis (gamosasvlelis) mxridan  MP2 ; es ori simZlavre 

erTmaneTisgan gansxvavdeba ZravaSi simZlavris eleqtruli, magnituri da 

meqanikuri danakargebis arsebobiT.Aam ukanasknelis gaTvaliswineba xdeba 

Zravas margi qmedebis koeficientiT (mqk)  . sabolood SegviZlia davweroT 

                                                  MUI   .                                (2.6) 
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aqedan SegviZlia ganvsazRvroT Zravas mqk-i η 

1

2

P

P

UI

M



 .                               (2.7) 

 

2.6. mudmivi denis wevis Zravebis maxasiaTeblebi 
 

wevis Zravas muSaobisas, erTmaneTTan urTierTkavSirSia eleqtruli da 

meqanikuri sidideebi. Cven gvainteresebs Zravas mier realizebuli momenti 

MZ, brunvis sixSire nZ da masSi energiis danakargebi Z , ganviTarebuli 

simZlavris sxvadasxva mniSvnelobis dros. xolo, Tu gaviTvaliswinebT 

imas, rom Zravas simZlavreze SegviZlia vimsjeloT mis mier moxmarebuli 

deniT I-Ti, maSin maT Soris urTierTdamokidebulebas maTematikurad 

gamosaxaven, rogorc  )( kk IM , )( ZZ In , )( kZ I  da maT Zravas eleqtromeqanikur 

maxasiaTeblebs uwodeben. 

vinaidan eleqtromoZravi Semadgenlobis SesaZleblobebi siCqaris saxiT 

realizdeba wyvilTvalisa da relsis Sexebis zonaSi, amitom mizanSewo-

nilia Zravas eleqtromeqanikuri maxasiaTeblebi gadaTvlili iqnes wyvil-

Tvalis relsTan Sexebis zonis mimarT, ra Tqma unda, reduqtoris gadacemis 

ricxvis da wyvilTvalis diametris gaTvaliswinebiT. amgvarad, gansazR-

vruli damokidebulebebi )( kIV , )( kIF  da )( kel I  (  Zel  red; red aris 

reduqtoris m.q.k.) iwodeba eleqtroweviT maxasiaTeblebad. 

)( kIV , )( kIF  eleqtroweviTi maxasiaTeblebis saSualebiT ageben eleqtro-

moZravi Semadgenlobis wevis maxasiaTebels Fel.(V), romelic mniSvnelovan 

rols TamaSobs matarebelTa moZraobasTan dakavSirebul mraval teqnikur-

ekonomikuri amocanis gadawyvetaSi. 

imisaTvis, rom avagoT e.m.S-s wevis maxasiaTebeli Fel.(V), winaswar cnobili 

eleqtroweviTi maxasiaTeblebis saSualebiT, saWiroa erTi wyvilTvalis 

Sesabamisi wevis Zala gavamravloT e.m.S.-s wevis Zravebis ricxvze. imis 

gaTvaliswinebiT, rom TiToeuli wyvilTvali moZraobaSi modis Tavisi 

wevis ZravaTi. 

eleqtromeqanikuri da eleqtroweviTi maxasiaTeblebis saxe ganisazRvreba, 

pirvel rigSi, wevis Zravas agznebis sistemiT, anu sxvagvarad, agznebis densa 

da Ruzis dens Soris damokidebulebiT. Ees ukanaskneli ki damokidebulia 

agznebis gragnilis, Ruzis gragnilis mimarT CarTvis sqemaze. 



 55 

agznebis gragnili SeiZleba CarTuli iyos Ruzis gragnilis mimdev-

robiT. aseTi tipis Zravas uwodeben mimdevrobiTagznebian Zravas. misi dama-

xasiaTebeli Tvisebaa is, rom Ruzis da agznebis gragnilSi gadis erTi da 

igive deniN(nax. 2.6. a). 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
    nax. 2.6. mimdevrobiT agznebian wevis Zravebs aqvT rbili eleqtromeqanikuri   

      n(I), M(I) maxasiaTeblebi lilvis mimarT. radgan xazovani siCqare 
      V proporciulia brunTa ricxvis n-is, xolo wevis Zala F 

          proporciulia   momentis  M-is, amitom eleqtroweviT maxasiaTeb- 
      lebs V(I), F(I) wyvilTvalis fersos mimarT eqnebaT igive forma,  
        oRond sxva masStabSi (isini gansxvavdebian raodenobrivad).  
 

Tu agznebis gragnils CavrTavT Ruzis gragnilis paralelurad (nax. 2.7. a), 

aseT Zravas uwodeben paralelur agznebian Zravas. misi damaxasiaTebeli Tvi-

sebaa is, rom Zravas RuzaSi gadis Ruzis deni IR, xolo agznebis gragnilSi 

gadis sxva – agznebis deni Iag., Zravas wredSi ki cirkulirebs am ori denis 

jami  agR II  .  

Zravas agznebis gragnili SeiZleba ar mivaerToT Ruzis gragnilTan da 

CavrToT damoukidebel denis wyaroze. aseTi tipis Zravas damoukidebel 

agznebian Zravas uwodeben (nax. 2.8,a). rogorc wesi, aseT Zravebs aqvT xisti 

maxasiaTeblebi (nax. 2.8,b), magram avtomaturi maregulirebeli mowyobilobebis 

gamoyenebiT SegviZlia vcvaloT maxasiaTeblebis sixistis xarisxi da 

Sesabamisad Zravas Tviseba.  

Zravas SeiZleba gaaCndes ori agznebis gragnili. erTi CairTos Ruzis 

gragnilis mimdevrobiT, xolo meore damoukidebel denis wyaroze. aseTi 

tipis Zravas Sereul agznebian Zravas uwodeben. imis mixedviT, Tu calkeuli 

agznebis gragnilebis mier Seqmnili magnituri nakadebi erTmaneTs aZliere-

  a) b) 
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ben, Tu asusteben (anu ra polarobiT arian CarTulni agznebis gragnilebi), 

gvaqvs Sereul Semxvedr agznebiani da Sereul Tanxvedril agznebiani Zravebi. 

G 
 
 
 
 
 
 
 
 
 
 
 
 
 

      nax. 2.7. paralelur agznebian Zravas aqvs xisti eleqtromeqanikuri  
              maxasiaTeblebi n(I), M(I)  lilvis mimarT. aqac eleqtroweviT 

        maxasiaTeblebs V(I), F(I) wyvilTvalis fersos mimarT eqnebaT  
        igive forma, oRond sxva masStabSi. (isini gansxvavdebian  
        raodenobrivad). 

 
      

 
 
 
 
 
 
 
 
 
 
 
 
     nax. 2.8. damoukidebel agznebian Zravas aqvs xisti eleqtromeqanikuri  
              maxasiaTeblebi n(I), M(I) lilvis mimarT, romelTa sixistis  
              xarisxi SegviZlia vareguliroT. aqac eleqtroweviT maxasiaTe- 
              blebs V(I), F(I) wyvilTvalis fersos mimarT eqnebaT igive forma, 

        oRond sxva masStabSi (isini gansxvavdebian raodenobrivad). 

 
mimdevrobiT agznebiani ZravebisTvis ZabvaTa balansis gantolebidan Tu 

ganvsazRvravT siCqares, miviRebT 






C

RIU
V

)( kk
.                              (2.8) 

vinaidan Ruzis deni da agznebis deni aseT ZravebSi erTi da igivea, 

amitom manqanis magnituri gaJRenTvis zonaSi Sesvlamde, magnituri nakadi 

  a) b) 

  a) b) 
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proporciulia Ruzis (rac igive agznebis) denis da izrdeba mis 

proporciulad. e.i. datvirTvis (Zravas denis) zrdisas (2.8) gantolebis 

mricxveli mcirdeba, xolo erTdroulad mniSvneli izrdeba, ris gamoc 

siCqare mkveTrad mcirdeba. Zravas, magnituri gaJRenTvis zonaSi Sesvlisas 

(didi denebis dros), siCqare mcirdeba naklebi intensivobiT. 

Zravas mier ganviTarebuli momentis (wevis Zalis) me-(2.5) formulaSi 

Zravas magnituri sistemis gaJRenTvamde, magnituri nakadi SegviZlia 

warmovadginoT rogorc kI  (nakadi proporciulia Ruzis denis), maSin 

momenti ganisazRvreba rogorc 2IkCM M , e.i daZvris momentSi, mcire 

denebis dros, Zravas magnituri sistemis gaJRenTvamde, ganviTarebuli 

momenti (wevis Zala) denis kvadratis proporciulia. magnituri gaJRenTvis 

zonaSi Sesvlis Semdeg momenti izrdeba wrfivad. 

mimdevrobiT agznebian Zravas aqvs mTeli rigi upiratesobebi: 

 profilis cvlilebisas regulireba xdeba avtomaturad. kerZod, profilis 

mZime qanobze gadasvlisas, siCqare iwyebs klebas, erTdroulad izrdeba 

Zravas deni, wevis Zala da xdeba gazrdili winaaRmdegobis Zalis 

daZleva garedan Caurevlad (avtomaturad). 

 datvirTvis gadanawileba paralelurad momuSave Zravebs Soris ar 

moiTxovs damatebiTi RonisZiebebis gatarebas. 

 konstruqciulad martivi da saimedoa. 

 naklebad mgZnobiarea qselSi Zabvis meryeobis mimarT. 

erTdroulad, am tipis Zravas aqvs seriozuli naklovanebebi: 

 ar SeuZlia avtomaturad gadasvla eleqtruli (generatoruli) damux-

ruWebis reJimSi. 

 rTul profilebze moZraobisas, moZraobisadmi gazrdili winaaRmdegobis 

Zalebis daZlevis mizniT, wevis Zalis gazrda (magnituri sistemis gaJ-

RenTvis gamo) xdeba mxolod Ruzis denis gazrdis xarjze, siCqareebi 

mcirdeba, ris gamoc izrdeba svlis droebi da Zravas gaxurebis 

temperatura. 

 araefeqturad xdeba CaWidebis wonis gamoyeneba (dawvrilebiT ganvixilavT 

qvemoT). 

damoukidebeli agznebis SemTxvevaSi, imis gamo, rom agznebis gragnili, 

romelic qmnis magnitur nakads, ikvebeba damoukidebeli kvebis wyarodan, 
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datvirTvis (Ruzis denis) zrdisas Zravas brunTa ricxvi, anu moZraobis 

siCqare icvleba umniSvnelod. (nax. 2.7, b) V(I) maxasiaTebeli odnav daxrili 

wrfea, rac niSnavs profilis nebismier elementze moZraobisas siCqare 

TiTqmis ar icvleba. aseT maxasiaTebels uwodeben xist maxasiaTebels. 

didi upiratesobaa is, rom xisti maxasiaTeblebis mqone damoukidebel 

agznebiani  wevis  ZravebiT aRWurvil e.m.S-as SeuZlia realizeba gaukeTos 

15-20%-iT met CaWidebis wevis Zalas, vidre e.m.S-s mimdevrobiT agznebiani 

wevis ZravebiT, rac gansakuTrebiT efeqturia rTuli mTagoriani rkinigzis 

ubnebisaTvis. upiratesobaa isic, rom aseTi tipis Zravebs SeuZliaT avtoma-

turi gadasvla eleqtruli damuxruWebis reJimSi da iq mdgradad muSaoba.  

naklia, saWiro damatebiTi RonisZiebebis gatareba, paralelurad 

momuSave Zravebs Soris datvirTvis Tanabari gadanawilebis uzrunvelsayofad. 

xSirad wevis Zravebis damzadebis an SekeTebis dros arsebuli teqnolo-

giuri daSvebebis gamo, gansxvavebaa erTi tipis wevis Zravebis eleqtrome-

qanikur maxasiaTeblebs Soris. aseve, SeiZleba gansxvaveba iyos wyvilTva-

lis artaxebis diametrebs Soris. aseTi gabneuli maxasiaTeblebis mqone 

amZravebis gamoyeneba, erT moZrav, Semadgenlobaze dauSvebelia. amitom, 

praqtikaSi cdiloben wevis Zravebi da wamyvani wyvilTvalebis artaxebi 

SearCion ise, rom dakmayofildes piroba 

constDnDnDn kk  2211 .                         (2.9) 

 

2.7. ukoleqtoro wevis Zravebi da maTi  
    Taviseburebebi 
 

dReisaTvis farTod gamoyenebul mudmivi denis da pulsirebul denze 

momuSave wevis Zravebs aqvT mTeli rigi naklovanebebi. maT Soris 

umTavresia  koleqtoris arseboba, romelic 

 rTul pirobebSi muSaobis gamo MmoiTxovs eqspluataciaSi gansakuTrebul 

momsaxureobas, Zviria da mniSvnelovnad gansazRvravs Zravas saimedoobas; 

 iTvleba Zravas simZlavris da siCqaris (brunTa ricxvis) SemzRudav 

mTavar kvanZad.   

cvladi denis sam fazaze momuSave wevis ZravebiA(e.w. asinqronuli da 

sinqronuli eleqtruli manqanebi) ar saWiroeben koleqtors.Ees manqanebi 

imave gabaritebSi (gabaritebs gansazRvravs sarelso gzis sigane) iZlevian 

gacilebiT met simZlavres (uSveben gacilebiT met brunTa ricxvs), 
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gamoirCevian erTeul simZlavreze naklebi masiT, siiafiT, konstruqciis, 

momsaxureobis simartiviT da eqspluataciaSi maRali saimedoobiT. 

dRemde aRniSnul ukoleqtoro wevis Zravebis farTod gamoyenebas 

zRudavda ori ZiriTadi faqtori: 

1. sakontaqto qselSi arsebuli erTfaza cvladi Ddenis (an mudmivi denis) 

samfaza cvlad denad gardaqmnis sirTule; 

2. regulirebis sistemebis Seqmnis gzaze gansakuTrebuli teqnikuri sirTule. 

 
nax. 2.9. ukoleqtoro wevis Zravebiani e.m.S. tiristoruli 
regulirebiT, saSualebas iZleva weviTi SesaZleblobebi 

srulad gamoviyenoT saeqspluatacio SezRudvebis 
(1 – CaWidebiT, 2 – ZabviT, 3 – maqsimaluri siCqariT) 

SigniT, mTel arialSi. 
 

naxevargamtarul teqnikaSi bolo wlebSi ganxorcielebulma didma Zvrebma, 

SesaZlebeli gaxada aRniSnuli problemebis moxsna.DdReisaTvis sazRvarga-

reTis mTel rig qveynebSi (germania, Sveicaria, CexeTi, iaponia) Seqmnilia 

samfaza asinqronul Zravebis bazaze momuSave aramarto sacdeli, aramed 

seriuli eleqtromavlebi da eleqtromatareblebi, romelTa teqnikuri da 

ekonomikuri maCveneblebi mniSvnelovnad aRemateba dRemde arsebul mudmivi 

da cvladi denis eleqtromoZravi Semadgenlobebis analogiur maCveneblebs. 

srulad marTvadi naxevargamtarebis bazaze Seqmnili regulatorebi 

saSualebas iZlevian mTlianad iyos realizebuli, ukoleqtoro wevis Zra-

vebis bazaze Seqmnili, eleqtromoZravi Semadgenlobis weviTi SesaZleblo-

bebi, maTi muSaobis saeqspluatacio SezRudvebis mTel arealSi (ix.nax.2.9). 

regulirebis amocana ki mdgomareobs sakontaqto qselSi arsebuli Zabva da 

deni, moTxovnili kanonis Sesabamisad, gardavqmnaT ukoleqtoro wevis 

Zravebis gragnilebisaTvis saWiro Zabvad da denad, maRali saimedoobiT da 

minimaluri danakargebiT. 
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2.8. asinqronuli wevis Zravebi da maTi maxasiaTeblebi 
 

eleqtrul ZravebSi konstruqciulad yvelaze martivia erTfaza asinqro-

nuli Zrava, magram misi mTavari naklia ar gaaCnia sawyisi mabrunebeli momenti. 

Ees aixsneba imiT, rom am ZravaSi gamavali deni da mis mier Seqmnili 

magnituri nakadi pulsirebs erTdroulad, erTnairi sixSiriT. brunavi 

momentis Sesaqmnelad ki saWiroa maT Soris iyos faziT wanacvleba. Tu am 

Zravas statorSi ganvaTavsebT or erTmaneTis mimarT 90-iT wanacvlebul 

gragnils da maT mivawvdiT kvebas calkeuli fazidan, maSin warmoiqmneba 

arasimetriuli mbrunavi magnituri veli, romelic rotorSi daainduqtirebs 

dens. am denis qmedeba mbrunav magnitur velTan warmoqmnis mabrunebel 

moments, magram, am dros gveqneba Zalze didi danakargebi.Aamis nacvlad, Tu 

statorSi ganvaTavsebT sam gragnils, romelic geometriulad ganlagebuli 

iqneba 120 kuTxiT, maSin warmoiqmneba simetriuli mbrunavi magnituri veli. 

Tu am velSi movaTavsebT dengamtari masalisagan damzadebul, sakisrebze 

moZrav cilindrs (rotors), masSi dainduqtirdeba eleqtromamoZravebeli 

(e.m.Z) Zala; amis Sedegad deni, romlis urTierTqmedeba mbrunav magnitur 

velTan warmoqmnis mabrunebel moments da rotori daiwyebs brunvas.  

danakargebis Semcirebis mizniT rotori mzaddeba ara masiuri cilind-

ris saxiT, aramed cilindris RrmulebSi Cawyobil izolirebul spilenZis 

Reroebisagan, romlebic TavebSi miduRebulia aseve spilenZisagan damzade-

bul rgolebTan.Aamgvarad miiReba mokled SerTuli rotori e.w. “ciyvis 

borbali”, mravalfaziani gragniliT, romelSic yoveli Rero warmoadgens 

calke fazur gamtars.M 

miuxedavad imisa, rom asinqronuli Zravas rotori garegnulad hgavs 

mudmivi denis mbrunav Ruzas, koleqtoris gareSe, mas ar uwodeben Ruzas 

da uwodeben rotors. gansxvaveba imaSia, rom mudmivi denis manqanis Ruza 

koleqtoris meSveobiT ukavSirdeba mkvebav gare qsels, rac araa mokled-

SerTul rotorian asinqronul ZravaSi. 

asinqronul ZravaSi rotoris brunvis sixSire odnav (1–3)%-iT CamorCeba 

mbrunavi magnituri velis brunvis sixSires (sinqronul sixSires), rac 

ganapirobebs am Zravis saxelwodebas asinqronuli (ara sinqronuli). 

vinaidan (1-3)%-a gansxvaveba sinqronul sixSiresa da mbrunav rotoris 

sixSires Soris, amitom rotorSi dainduqtirebuli denis sixSirec swored 

es (1-3)% iqneba. 
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asinqronuli Zravas damyarebul reJimSi muSaobis erT-erTi ZiriTadi 

parametria rotoris fardobiTi sriali, romelic gamoisaxeba Semdegi saxiT 

                         
1

21 )(

n

nn
S


 ,                               (2.10) 

an sxvagvarad, SegviZlia warmovsaxoT rogorc 

1

21 )(

f

ff
S


                               (2.11) 

sadac, 1n mbrunavi magnituri velis brunTa ricxvia, 

       2n rotoris brunTa ricxvia, 

     1f  aris mbrunavi magnituri velis brunvis sixSire, 

          2f  aris rotoris brunvis sixSire. 

sxvaobas 21 fff   uwodeben rotoris absolutur srials. fardobiTi 

srialisagan gansxvavebiT absoluturi sriali aris Zravas gardamavali 

reJimebis damaxasiaTebeli ZiriTadi parametri. 

Zravas nominalur reJimSi muSaobisas, absoluturi sriali f  ar 

aRemateba 3–4 hercs. swored aseTi sixSire aqvs rotorSi dainduqtirebul 

emZ-as da dens. rac Seexeba statoris gragnilis mkvebavi Zabvis sixSires 1f , 

am reJimSi tolia 130-140 hercis. statoris magnituri velis da rotoris 

brunTa ricxvi sxva sixSireebze, asinqronul ZravaSi energiis kargvebi 

iqneba meti, Sesabamisad m.q.k. iqneba dabali. aseve Semcirdeba simZlavris 

koeficienti cos . 

ucvleli mkvebavi Zabvis 1U   da  sixSiris 1f  dros damokidebulebas )(sM , 

asinqronuli Zravas bunebriv (araregulirebad) maxasiaTebels uwodeben. M 

– aris Zravas mier ganviTarebuli momenti. 

Zravas amuSavebis procesSi fardobiTi sriali icvleba  S=1-dan (roca 

Zravas rotori uZravia), S=0-mde (rodesac rotori brunavs mbrunavi magnituri 

velis sinqronuli brunTa ricxviT, anu rodesac 12 ff  ). am dros rotorSi 

araviTari emZ ar induqtirdeba da is ar anviTarebs araviTar mabrunebel 

moments.  

wevis reJimSi M(S), maxasiaTeblis muSa zonas warmoadgens 0S  

%65kr.S  intervalSi arsebuli wrfivi monakveTi, romlis gareTac Zravas 

muSaoba xdeba aramdgradiN(nax. 2.10). muSa zonaSi nominaluri maxasiaTebeli 

xistia (monakveTi (0-A)). Tu rotoris brunvis sixSire gaxdeba meti 
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sinqronul sixSireze (es moxdeba did qanobebze didi siCqariT moZraobisas), 

maSin asinqronuli Zrava avtomaturad gadadis generatorul reJimSi. 

fardobiTi sriali srulad ar 

gansazRvravs asinqronuli wevis Zravas  

muSaobis reJims, radgan gzis profi-

lis mixedviT memanqanem unda aregu-

liros siCqare, e.i. areguliros sta-

toris magnituri velis brunvis 

sixSire da rotorSi denis sixSire. 

asinqronul Zravebiani emS-s siCqaris 

regulireba SesaZlebelia, agreTve, 

Zravas momWerebze Zabvis regulire-

biTac. amitom, erTi da igive fardo-

biTi srialisas, Zravas muSaobis 

reJimebi SeiZleba iyos sxvadasxva. 

radgan profilis da moZraobis pirobebis mixedviT Zravas datvirTva 

(mabrunebeli momenti) icvleba did farglebSi, saWiroa uzrunvelyofili 

iyos Zravas simZlavris efeqturi gamoyeneba. amisaTvis saWiroa Zravas 

muSaobis yvela reJimSi, simZlavris danakargebi ΔP iyos minimaluri da 

ucvleli. radgan simZlavris es danakargebi tolia 

                               fMP  .                                 (2.12) 

Ddanakargebis minimizacia da ucvleloba miiRweva, roca 

                               constff  min .                             (2.13) 

didi datvirTvebisas, aseve, gaTvaliswinebuli unda iyos Zabvis vardnebi 

statoris gragnilSi. emS-ze am procesebs warmarTavs Zravebis rotorebis 

brunTa ricxvis avtomaturi regulirebis sistemebi. 

asinqronuli wevis Zravas minimaluri danakargebiT muSaobis reJimi 

ganisazRvreba sami sididiT: 

1. mkvebavi ZabviT ....................................... U, 

2. moZraobis siCqariT ........................... V, 

3. ganviTarebuli wevis ZaliT ....... F. 

amgvarad, asinqronuli ZravebiT aRWurvil emS-Tvis regulirebis ZiriTad 

kanons aqvs Semdegi saxe, 

nax. 2.10. asinqronuli Zravas momentis 
damokidebuleba srialze. 

 
a 
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
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


.                              (2.14) 

am gamosaxulebaSi V1 siCqare da F1 wevis Zala Seesabameba statoris 

mkvebav U1 Zabvas da f1 sixSires, xolo 1V   siCqare da 1F   wevis Zala 

Seesabameba statoris mkvebav 1U   Zabvas da 1f  sixSires.  

emS-s muSaobis damaxasiaTebeli reJimebia _ daZvra ucvleli wevis ZaliT 

constF  , moZraoba ucvleli simZlavriT constP   da moZraoba maqsimaluri 

siCqariT 
maxV (nax. 2.11). 

Tu daZvra xdeba ucvleli wevis 

ZaliT, maSin (2.7)-is Tanaxmad 1
1

1 
F

F
 da 

vwerT          
1

1

1

1

V

V

U

U





.                (2.15) 

e.i. daZvris procesSi ucvleli wevis 

Zalis SesanarCuneblad Zabva unda vcva-

loT (vzardoT) sixSiris proporciulad. 

wevis Zravas nominalur maxasiaTe-

belze gasvlis Semdeg (nax. 2.11-ze Va siCqare) eleqtromomaragebis sistemis 

Tanabari datvirTvisaTvis, sasurvelia Zravas simZlavre SevinarCunoT 

ucvleli constFV  . es niSnavs imas, rom 

1
11

11 




VF

VF
, 

Aanu (2.7)-is Tanaxmad 

U                 
1

1

1

1

V

V

U

U





.                                (2.16) 

e.i. moZraobis dros ucvleli simZlavris SesanarCuneblad saWiroa Zabva 

Zravas momWerebze vareguliroT, siCqaris mniSvnelobidan kvadratuli fesvis 

Sesabamisad. 

Tanabari siCqariT moZraobis reJimi 1
1

1 
V

V
 tolfasia mkvebavi Zabvis 

ucvleli sixSiris pirobis 1
1

1 
f

f
. gamomdinare (2.7)-dan vwerT, 

U            
1

1

1

1

F

F

U

U





.                              (2.17) 

nax. 2.11. asinqronuli Zravas 
regulirebis maxasiaTebeli. 



 64 

e.i.  moZravi Semadgenloba rom vataroT Tanabari siCqariT, saWiroa Zabva 

Zravas momWerebze vareguliroT wevis Zalis mniSvnelobidan kvadratuli 

fesvis proporciulad. 

Tu Zravas momWerebze Zabva ucvlelia, e.i. 1
1

1 
U

U
, maSin formula (2.7) 

gamomdinare                           
1

1

2

1

2

1

)(

)(

F

F

V

V





.                           (2.18) 

am dros wevis maxasiaTebeli icvleba kvadratuli hiperbolis kanoniT, 

rogorc gauJRenTav mimdevrobiT agznebian mudmivi denis ZravaSi. 

gamodis rom, Tu Zravas momWerebze Zabva ar icvleba da sixSires 

SevcvliT wevis Zalis ukuproporciulad, miviRebT rbil maxasiaTebels 

minimaluri danakargebiT. 

magaliTad, Tu ucvleli 1U  Zabvis da 501 f  herci sixSiris dros wevis 

Zrava aviTarebs 1F  wevis Zalas da sixSires gavzrdiT 2 -jer, anu 

705041,12 11  ff  herci, maSin formula 2.7-is Tanaxmad wevis Zala 

Semcirdeba 
1

1

F

F


-jer, anu ganaxevrdeba.Aam dros rotoris absoluturi 

sriali darCeba ucvleli. Tu Semdgom sixSire (moZraobis siCqare) gaizarda 

2-jer da gaxda 100 hercis toli, igive formula (2.7)-is Tanaxmad wevis Zala 

Semcirdeba 4-jer. 

Tu erTdroulad vcvliT mkvebav Zabvas da sixSires, formula (2.7)-is 

kanonis Sesabamisad SegviZlia miviRoT nebismieri sixistis wevis maxasia-

Tebeli.  

 

2.9. eleqtromoZravi Semadgenlobis ZiriTadi  
    mowyobilobebi  

 
daniSnulebis da muSaobis principis mixedviT eleqtromoZrav Semad-

gelobaze gamoyenebuli mowyobiloba iyofa sam jgufad: 

1. eleqtruli mowyobiloba, 

2. pnevmaturi mowyobiloba, 

3. meqanikuri mowyobiloba. 

ganvixiloT isini cal-calke. 
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2.9.1. emS-s eleqtruli mowyobiloba 

ZiriTad eleqtrul mowyobilobebs miekuTvneba: 

 denmimRebi, 

 energiis statikuri da mbrunavi gardamqmnelebi (maT Soris wevis 

Zravi), 

 maRali da dabali Zabvis sakomutacio (gadamrTveli) aparatura, 

 mzomi da manaTobeli xelsawyoebi. 

yvela es aparatura Sesrulebulia specialurad wevis pirobebisaTvis. 

maT unda gauZlon meqanikur (rxevebi, dartymebi), atmosferul (nestianoba, 

temperaturis did farglebSi meryeoba, damtverianeba), rTuli gardamavali 

reJimebis zemoqmedebas, SeinarCunon izolaciis saizolacio Tvisebebi 

eqspluataciis rTul pirobebSi. 

denmimRebis daniSnulebaa uzrunvelyos emS-s eleqtruli wredebis saimedo 

eleqtruli kavSiri sakontaqto qselTan, siCqareTa mTel diapazonSi, rac 

sakmaod rTuli da sapasuxismgeblo amocanaa. 

eleqtrul gardamqnelebs, pirvel rigSi, miekuTvneba wevis Zravebi, 

romlebic eleqtrul energias gardaqmnian meqanikur muSaobad (wevis reJimi) 

an moZravi matareblis kinetikur energias gardaqmnian eleqtrul energiad 

(eleqtruli damuxruWebis reJimi). garda wevis Zravebisa, mudmivi denis emS-

ze gamoyenebulia statikuri da mbrunavi gardamqmnelebi, operatiuli 

(marTvis) dabali Zabvis misaRebad da wevis Zravebis agznebis gragnilebis 

sakvebad, eleqtruli damuxruWebis reJimSi.  

cvladi denis emS-ze damatebiT gamoyenebulia wevis transformatorebi, 

wevis Zravebis momWerebze Zabvis saregulireblad da statikuri gammarTve-

lebi mudmivi denis misaRebad. 

mudmivi denis emS-ze wevis Zravebis momWerebze Zabvis saregulireblad 

dReisaTvis gamoyenebulia reostatebi da e.w. impulsuri gardamqmnelebi. 

Zaluri wredebis sakomutacio aparaturas miekuTvneba: 

 individualuri da jgufuri kontaqtorebi (ama Tu im mowyobilobebis 

datvirTvis qveS CarTva-gamorTvisaTvis, risTvisac isini aRWurvilni 

arian rkalmqrobi kamerebiT). 

 reversorebi (emS-s moZraobis mimarTulebis Sesacvlelad). 
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 samuxruWo gadamrTebi (wevis reJimidan damuxruWebis reJimze da piriqiT 

gadarTvisaTvis). 

 sxvadasxva saxis gamTiSavebi da amomrTvelebi (magaliTad dazianebuli 

wevis Zravebis amosarTvelad). 

eleqtromowyobilobebis mokled SerTvisagan, gadatvirTvisagan da 

gadametZabvebisagan damcav aparatebs miekuTvneba: swrafmomqmedi avtomatebi, 

swrafmomqmedi kontaqtorebi, mclelebi, dnobadi mcvelebi, damcavi konden-

satorebi da sxva. 

usafrTxoebis moTxovnebidan gamomdinare, Zaluri sakomutacio aparatura 

imarTeba arapirdapir, distanciurad, dabali Zabvis (50 volti) operatiuli 

wredebiT. 

garda Zaluri eleqtruli wredebisa, emS-ze gamoyofen e.w. damxmare 

wredebs, romlebSic gaerTianebulia _ damxmare agregatebis, marTvis, signa-

lizaciis da ganaTebis wredebi. 

damxmare agregatebs miekuTvneba: motor-ventilatorebi, motor-kompre-

sorebi, marTvis generatorebi. 

 ventilatorebi qmnian gamagrilebeli haeris marags, wevis Zravebis, 

statikuri gardamqnelebis da sxva mowyobilobebis gasagrileblad. 

 kompresorebi qmnian maRali wnevis daWirxnuli haeris marags, meqanikuri 

muxruWebis da sxvadasxva aparaturis pnevmaturi amZravebis samarTavad. 

 tumboebi gamoiyeneba cvladi denis emS-ze wevis transformatorebSi  

gamagrilebeli zeTis nakadis Sesaqmnelad. 

zemoCamoTvlili mowyobilobebis moZraobaSi mosayvanad, mudmivi denis 

emS-ze gamoiyeneba maRali Zabvis mudmivi denis Zravebi, xolo cvladi denis  

emS-ze, mokledSerTul rotoriani, samfaza asinqronuli Zravebi. 

aqve xazgasmiT unda aRiniSnos is, rom emS-s iseT mniSvnelovan agrega-

tebs, rogorebicaa motor-ventilatorebi, motor-kompresorebi, motor-genera-

torebi, motor-tumboebi, arc Tu samarTlianad uwodeben damxmare manqanebs.Ees 

maT TiTqos meorexarisxovan rols aniWebs, magram es ar Seesabameba 

simarTles. magaliTad, wevis Zrava ver imuSavebs gamarTulad da maqsima-

luri simZlavriT, Tu motor-ventilatori ar imuSavebs gamarTulad da ar 

miawvdis mas saWiro raodenobis gamagrilebel haers. emS da misi samuxruWo 

sistema ver amoqmeddeba, Tu ar gveqneba maRali wnevis haeris maragi, anu 

motor kompresori ar imuSavebs gamarTulad da a.S. 
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am manqanebisTvis “damxmare” iarliyis miwebeba ganapiroba iman, rom 

isini, rogorc wevis Zravebi, uSualod ar monawileoben tvirTebis 

gadatanasa da mgzavrebis gadayvanaSi. 

 

2.9.2. pnevmaturi mowyobiloba 

pnevmatur mowyobilobas miekuTvneba: daWirxnuli haeris Semqmneli 

wyaro-kompresori, samarago maRali wnevis sahaero rezervuarebi, samuxruWo 

pnevmaturi sistema, sxvadasxva daniSnulebis milgayvaniloba da sxva. 

 

2.9.3. meqanikuri mowyobiloba 

meqanikur mowyobilobas miekuTvneba: Zara, urikebi, wyvilTvalebi, wevis 

gadacemebi (kbilana reduqtorebi), saresoro Camokideba, avtogadabmulobebi 

da sxva. 

 

2.10. eleqtromoZravi Semadgenlobis marTvis  
    sistemebi 

ganvixiloT mimdevrobiT agznebiani wevis ZravebiT aRWurvili mudmivi 

denis da cvladi denis eleqtromoZravi Semadgenlobis marTvis sistemebis 

muSaobis principi, wevis da eleqtruli damuxruWebis reJimebSi. 

 
a)  wevis reJimi 

rogorc zemoT vnaxeT, mudmivi denis mimdevrobiT agznebiani Zravas 

ZabvaTa balansis gantolebas aqvs saxe 

                          ZrIREU  ,                                  (2.19) 

sadac, VCE v  aris Zravas ukueleqtromamoZravebeli Zala voltebSi, 

        Zravas magnituri nakadi, 

V – xazovani siCqare, km/sT-Si, 

                             I – ZravaSi gamavali denia amperebSi, 

       RZr – Zravas gragnilebis jamuri aqtiuri winaaRmdegoba omebSi. 

CavsvaT E-s mniSvneloba formula 2.19-Si, miviRebT 

                                        ZrIRVCU  .                             (2.20) 

formula (2.20)-dan ganvsazRvroT siCqare V, miviRebT 

     





C

IRU
V

)( Zr .                               (2.21) 
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Tu gaviTvaliswinebT, rom Zabvis vardna ZravaSi IRZr umniSvnelo sididea 

(30–50 v) da SegviZlia ugulebelvyoT, maSin sabolood miviRebT                                           




C

U
V .                                (2.22) 

formula (2.22)-dan gamomdinare gamodis, rom siCqaris regulireba SesaZ-

lebelia ori gziT _ Zravas momWerebze U Zabvis regulirebiT da Zravas  

magnituri nakadis regulirebiT. 

mudmivi denis emS-ze Zabvis regulirebas axorcieleben Zravebis Seer-

Tebis sqemis cvlilebiT (Zravebis gadajgufebiT) da TiToeul dajgufebaze 

asamuSavebeli reostatebis wredSi SeyvaniT. 

magnituri nakadis -is regulireba xdeba safexuriseburad, Zravas 

agznebis gragnilis SuntirebiT, e.w. velis Sesustebis rezistorebiT. 

aRniSnul sakiTxebs dawvrilebiT ganvixilavT qvemoT. 

rac Seexeba cvladi denis emS-as, transformatoris arseboba, aq 

mniSvnelovnad aiolebs Zravas momWerebze Zabvis da m.S. siCqaris regulirebis 

sakiTxs. wevis transformatoris transformaciis koeficientis safexurisebri 

regulirebiT, aseve, safexurisebrivad SegviZlia vcvaloT Zabva Zravas 

momWerebze. 

naxevargamtaruli marTvadi mowyobilobebis tiristorebis gamoyenebiT, 

SesaZlebelia Zravas momWerebze Zabvis mdovre regulireba, rogorc 

cvladi denis emS-ze (e.w. fazuri regulireba), aseve mudmivi denis emS-ze 

(e.w. impulsuri regulireba). aRniSnulis Sesaxeb detaluri ganxilva gveqneba 

qvemoT. 

Eb) eleqtruli damuxruWebis reJimi 

moZrav satransporto saSualebas gaaCnia kinetikuri energia, romelic 

moZravi sxeulis masis da siCqaris kvadratis proporciulia. vinaidan 

matareblebis SemTxvevaSi saqme gvaqvs solidur masasTan da sakmaod did 

siCqareebTan, amitom maTi kinetikuri energia iqneba Zalze didi. maTi 

siCqaris Sesamcireblad an gasaCereblad saWiroa maT wavarTvaT es energia 

da (energiis mudmivobis kanonis Tanaxmad) is gardavqmnaT sxva saxis 

energiad. magaliTad Tbur energiad, rogorc es xdeba friqciul-meqanikur 

muxruWebSi.Eeleqtrul satransporto saSualebebSi arsebobs eleqtruli 

damuxruWebis SesaZlebloba, rac aramarto zrdis moZraobis usafrTxoebas, 

aramed mniSvnelovnad zogavs eleqtroenergiis danaxarjs.  
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eleqtrul manqanebs, sxva tipis manqanebTan SedarebiT, aqvT erTi Zalze 

didi upiratesoba.MmaT SeuZliaT muSaoba urTierTSeqcevad reJimSi. kerZod, 

Tu manqanis momWerebze moviyvanT eleqtroenergias, maSin lilvze SegviZlia 

miviRoT meqanikuri energia an piriqiT, Tu lilvze movdebT meqanikur 

energias da manqanas davabrunebT, maSin momWerebidan SegviZlia movxsnaT 

eleqtruli energia. 

aqedan gamomdinare, Tu mudmivi denis wevis Zravas miuerTebT eleqtro-

momaragebis qsels, is imuSavebs, rogorc eleqtruli Zrava da moZrav 

Semadgenlobas moiyvans moZraobaSi. 

Tu emS moZraobs didi daxrilobis uaryofiTi niSnis qanobze, (TavdaR-

marTze) maSin qanobis potenciuri energia gadadis moZravi Semadgenlobis 

kinetikur energiaSi, romelsac brunviT moZraobaSi mohyavs wevis Zrava, is 

gadadis generatorul reJimSi da gamoimuSavebs eleqtroenergias.Ees eleqt-

roenergia SeiZleba CavaqroT specialur reostatebSi, siTbos gamoyofaze. 

am dros amboben, rom vaxorcielebT eleqtrul reostatul damuxruWebas. 

Tu gamomuSavebul eleqtroenergias specialuri gardamqmnelebiT gardavqmniT 

da mivawodebT ukan eleqtromomaragebis sistemas, maSin is moixmareba sxva 

eleqtromomxmareblis mier da ganxorcieldeba e.w. rekuperaciuli damuxru-

Weba (laTinuri sityva “recuperation” niSnavs aRdgenas, regeneracias, energiis 

dabrunebas ukan mkvebav qselSi). 

eleqtruli wevis saxeobis satransporto saSualebebze SeiZleba gamoye-

nebuli iyos, rogorc reostatuli, aseve rekuperaciuli damuxruWeba. 

calkeul SemTxvevaSi moZrav erTeulze SeiZleba gamoyenebuli iqnes orive 

saxis damuxruWeba. eleqtruli damuxruWebis Sesaxeb ufro detaluri 

ganxilva iqneba qvemoT. 

 

2.11. eleqtruli wevis Tanamedrove da perspeqtiuli  
    saxeobebi 
      

eleqtruli wevis saxeobebs SeiZleba mivakuTnoT sarelso da arasa-

relso moZravi Semadgenloba, romelSic eleqtruli amZravis saSualebiT, 

eleqtruli energia, wyvilTvalisa da gzis Sexebis zonaSi, gardaiqmneba 

meqanikur muSaobad. 

imis  mixedviT,  Tu eleqtromoZrav Semadgenlobas (mokled e.m.S-s) rogor  
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miewodeba pirveladi energia, SeiZleba ganvasxvaoT moZravi Semadgenlobis 

sami jgufi: 

1. eleqtromoZravi Semadgenloba, romelic sakontaqto qselis saSualebiT, 

uwyvetadaa dakavSirebuli gare eleqtromomaragebis sistemasTan. maT 

miekuTvneba _ magistraluri da samrewvelo eleqtromavlebi, eleqtroma-

tareblebi, metropolitenis moZravi Semadgenloba, saqalaqo eleqtruli 

transporti. 

2. eleqtromoZravi Semadgenloba, romelSic pirveladi energiis wyaro 

uSualod ganTavsebulia bortze. MmaT miekuTvneba _ dizel-eleqtromavlebi, 

dizel eleqtromatareblebi da sxva. 

3. eleqtromoZravi Semadgenloba, romlis bortzec ganTavsebulia energiis 

wyaro da romelic energiis Sesavsebad periodulad ukavSirdeba gare 

eleqtromomaragebis sistemas. maT miekuTvneba _ eleqtro da meqanikur 

akumulatorebze momuSave eleqtromobilebi, e.w. avtokarebi da sxva. 

CamoTvlil sami saxeobidan, saxelmZRvaneloSi ZiriTadadDganvixilavT 

pirveli jgufis eleqtromoZrav Semadgenlobas. 

eleqtruli wevis danergvis sawyis etapze, mudmivi denis sistemis 

arCeva ganapiroba satransporto amocanebis moTxovnebis ukeT dakmayofilebis 

im droindelma SesaZleblobam.KkerZod, transportis mimarT wayenebuli 

umTavresi moTxovnaa siCqaris regulirebis SesaZlebloba farTo diapazonSi. 

amasTanave, gaTvaliswinebuli unda iyos muSaobis gansakuTrebiT mZime 

pirobebi _ vibracia, damtverianeba, atmosferuli movlenebi, temperaturis 

did farglebSi meryeoba da sxva.  

eleqtruli wevis gariJraJze, am moTxovnebs metnaklebad srulad 

akmayofilebda mudmivi denis koleqtoriani wevis Zravebi.Aamitom eleqtruli 

lokomotivebi aRWurvili iyo aseTi ZravebiT.  

meore mxriv, mkvebav qselSi eleqtroenergiis danakargebis Semcirebis 

mizniT, sasurveli iyo Zabva yofiliyo rac SeiZleba maRali. magram, wevis 

Zravasa da sakontaqto qsels Soris xisti eleqtruli kavSiri zRudavda am 

ukanasknelis Zabvis mniSvnelobas.Ggamomdinare sarelso gzis gabaritebidan 

da Zravas dasaSvebi Zabvis mniSvnelobidan, sakontaqto qselSi maqsimaluri 

SesaZlo Zabvis mniSvneloba ganisazRvra 3000 voltiT; Sedegad miviReT 

mudmivi denis 3000 voltiani eleqtruli wevis sistema, romelic dResac 

funqcionirebs msoflios mraval qveyanaSi da maT Soris saqarTveloSi (ix. 

nax. 2.12).  
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nax. 2.12. mudmivi denis 3 000 volt Zabvaze momuSave 
eleqtrificirebuli rkinigzis principuli sqema. 

G1 _ eleqtrosadguri, T1 _ Zabvis amamaRlebeli qvesadguri, T2 Zabvis damadablebeli 

qvesadguri, L1 _ eleqtrogadamcemi xazi, G2 _ mudmivi denis wevis qvesadguri, T3 _ wevis 

transformatori, V  statikuri gammarTveli, L2 _  sakontaqto qseli,   M  _ eleqtromoZravi 

Semadgenloba, R _ sarelso gza. 

bunebrivi resursebis mompovebeli da gadamamuSavebeli dargebis axali 

simZlavreebis aTvisebam, ganapiroba calkeul qveynebsa da regionebs Soris 

tvirTbrunvis ganuwyveteli gazrda, romlis dakmayofilebac SesaZlebeli 

gaxda matarebelTa wonis da siCqaris gazrdiT, ramac Tavis mxriv moiTxova 

eleqtruli lokomotivebis simZlavreebis gazrda. sakontaqto qselSi, 3000 

voltis Zabvis pirobebSi moTxovnili simZlavreebis aseTma gazrdam, mniSvne-

lovnad gazarda Zabvis vardna sakontaqto qselSi. eleqtruli lokomoti-

vebis denmimRebze Zabva Semcirda dasaSveb normaze qveviT, ris Sedegad 

Semcirda moZraobis siCqare da praqtikulad SeizRuda sarkinigzo transpor-

tis gamtarunarianoba. aRniSnulis gamo dRis wesrigSi dadga Zabvis 

gazrdis da Sesabamisad arsebuli mudmivi denis 3000 voltiani sistemis 

Secvlis aucilebloba.Aam amocanis gadawyveta moxda wevis qvesadguris funqciis 

nawilobrivi gadataniT lokomotivze. kerZod, eleqtrul lokomotivze 

ganTavsda misi simZlavris ekvivalenti simZlavris wevis transformatori 

da statikuri gammarTveli. aman SesaZlebloba mogvca sakontaqto qselSi 

agverCia Zabvis optimaluri mniSvneloba. Sedegad miviReT 25Kkilovolti 

Zabvis, samrewvelo sixSiris, erTfaza cvladi denis sistema (ix. nax. 2.13), 

sadac T4 warmoadgens qvesadgurSi ganTavsebul Zabvis damadablebel 

transformators. Sesabamisad, T3 da V eleqtromavlis ekvivalenturi 

simZlavris wevis transformators da gammarTvels. 
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nax. 2.13. erTfaza, 25 kv. Zabvis, samrewvelo sixSiris cvlad denze 
        momuSave, eleqtrificirebuli rkinigzis principuli sqema. 

 
Tanamedrove eleqtromavlebis erT RerZze mosuli simZlavre Seadgens 850-

1 000 kvt-s, anu xvedriTi simZlavre mosuli lokomotivis erT tonaze 

saSualod tolia 40-45 kvt/t-ze. RerZze mosuli simZlavre da Sesabamisad 

wevis Zala izRudeba wyvilTvalsa da relss Soris CaWidebiT. CaWidebis 

pirobebis gaumjobeseba SesaZlebelia, rogorc RerZze dawolis gazrdiT 

(lokomotivis CaWidebis wonis gazrdiT), aseve arsebuli CaWidebis wonis 

gamoyenebis efeqturi RonisZiebebis gatarebiT (regulirebadi maxasiaTeblebis 

mqone wevis Zravebis, wyvilTvalebis gantvirTvis sawinaaRmdego sistemebis, 

buqsaobis sawinaaRmdego sistemebis gamoyenebiT). 

dReisaTvis mZlavri naxevargamtaruli teqnikis (asobiT amperze da 

aTasobiT volt Zabvaze momuSave tranzistorebi da srulad marTvadi 

tiristorebi), bazaze statikuri gardamqmnelebis Seqmnam, SesaZlebeli gaxada 

eleqtromoZrav Semadgenlobaze, rTuli konstruqciis da naklebad saimedod 

momuSave koleqtoriani Zravebis nacvlad, gamoviyenoT saimedod momuSave, 

martivi konstruqciis da iafi asinqronuli wevis Zravebi, rac iTvleba 

eleqtruli rkinigzebis ganviTarebis erT-erTi perspeqtiul  mimarTulebad.  

matareblebis siCqaris zrdisas (500 km/sT da meti), mkveTrad mcirdeba 

CaWideba borbalsa da relss Soris da borbali, rogorc transportis 

amZravi saSualeba, wyvets funqcionirebas. aRniSnulis gamo, dRis wesrigSi 

dgeba wevis iseTi axali saxeobis Seqmna, romelic gamoricxavs kontaqts 

borbalsa da relss Soris. wevis aseT axal, perspeqtiul saxeobaa 

magnitur baliSebze moZravi, xazuri ZravebiT aRWurvili eleqtromoZravi 

Semadgenloba. isGganxiluli iqneba qvemoT. 
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2.12. matarebelze momqmedi Zalebi  

realuri matarebeli warmoadgens erTmaneTTan drekadi elementebiT 

dakavSirebul, calkeuli rgolebisagan Semdgar rTul sistemas, romlis 

calkeuli Semadgeneli detalebi, garda sarelso gzaze sasargeblo 

gadaadgilebisa, asruleben brunviT (lokomotivis da vagonebis wyvil-

Tvalebi, wevis Zravebis Ruzebi, reduqtorebis kbilanebi) da parazitul 

rxeviT (resorzeda masebi, grZivi rxevebi, ganpirobebuli avtogadabmulobebiT) 

moZraobebs. Cveni interesis sferos warmoadgens matareblis marTvadi 

xazovani moZraoba (tvirTebis da mgzavrebis gadaadgileba), romelsac 

ganapirobebs relsis gaswvriv mimarTuli sami ZiriTadi Zala;  

1. wevis Zala F, romelsac qmnis lokomotivis wevis Zravebi da romelic 

mimarTulia yovelTvis moZraobis mimarTulebiT (ix. nax. 2.14). 

2. moZraobisadmi winaaRmdegobis Zala W, romelic, warmoadgens stiqiurad 

momqmed, aramarTvad Zalas da, romelic umetes SemTxvevaSi, mimarTulia 

moZraobis sawinaaRmdego mimarTulebiT. (gamonakliss warmoadgens 

SemTxveva, rodesac matarebeli moZraobs didi daxrilobis TavdaRmar-

Tebze, anda, rodesac matarebelze zemoqmedebs moZraobis mimarTulebiT 

mqrolavi Zlieri zurgis qari (ix. nax. 2.14). 

3. samuxruWo Zala B, romelic warmoadgens xelovnurad Seqmnil wina-

aRmdegobis Zalas. is yovelTvis mimarTulia moZraobis mimarTulebis 

sawinaaRmdegod da gankuTvnilia moZraobis siCqaris SesazRudavad an 

matareblis gasaCereblad. 

 

nax. 2.14. matareblis struqturuli sqema. 

 

2.13. matareblis moZraobis reJimebi 
 

imis mixedviT, am sami Zalidan, erTdroulad ra Zalebi moqmedeben 

matarebelze, gvaqvs moZraobis sami reJimi: 

1. wevis reJimi.Aam reJimSiMmatarebelze moqmedebs wevis Zala F da 

moZraobisadmi winaaRmdegobis Zala _ W. es Zalebi mimarTulni arian 
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relsis gaswvriv urTierTsawinaaRmdegod. maTi tolqmedi Zala iqneba  

Ft = F – W. 

aq SeiZleba gvqondes  sami SemTxveva: 

 Ft > 0-ze, anu F > W-ze, matarebeli moZraobs aCqarebulad. 

 Ft = 0, anu F= W, matarebeli moZraobs Tanabari siCqariT. 

 Ft < 0-ze, anu F < W-ze, matarebeli moZraobs Senelebulad. 

2. Tavisufali gorvis reJimi. Mmatarebelze moqmedebs – W Zala.  

am ZalisTvis dadebiT mimarTulebad iTvleba moZraobis sawinaaRmdego 

mimarTuleba. 

aqac SeiZleba gvqondes sami SemTxveva: 

 W > 0-ze, matarebeli moZraobs Senelebulad. 

 W = 0, matarebeli moZraobs Tanabari siCqariT (rac Zalze iSviaTi 

SemTxvevaa, radgan inerciis ZaliT gamowveuli moZraoba gamoricxavs 

damyarebul reJims sazogadod). 

 W<0-ze da is absoluturi mniSvnelobiT aRemateba mavne qanobis 

(ganvmartavT qvemoT) mniSvnelobas, matarebeli moZraobs aCqarebulad. 

3. damuxruWebis reJimi.Mmatarebelze moqmedebs samuxruWo Zala - B da 

moZraobisadmi winaaRmdegobis Zala W; es Zalebi mimarTulni arian 

relsis gaswvriv moZraobis sawinaaRmdego mimarTulebiT. maTi tolqmedi 

Zala iqneba Ft = - (B + W). 

aqac ganvixiloT sami SemTxveva: 

 Ft = - (B + W) > 0-ze, matarebeli moZraobs Senelebulad. 

 Ft = - (B + W) = 0-s, matarebeli moZraobs Tanabari siCqariT. 

 Ft= - (B + W) < 0-ze, matarebeli moZraobs aCqarebulad. Ees is SemTxvevaa, 

rodesac matarebeli moZraobs didi qanobis TavdaRmarTze da 

samuxruWo Zala araa sakmarisi, anu rodesac B < -W-ze. 
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III Tavi 

wevis Zala da misi realizacia 

3.1. borblian transportze wevis Zalis warmoqmnis  
   meqanizmi  

 

rogorc meqanikidanaa cnobili, sistema (sxeuli, matarebeli da a.S.) 

gamodis wonasworobidan (iwyebs moZraobas) an icvlis moZraobis siCqares 

maSin, Tu masze moqmedebs gareSe Zala.A am  sakiTxs  zogadad Cven SevexeT 

pirvel TavSi. Eaxla ki ganvixiloT safuZvlianad. 

gamomdinare aRniSnuli kanonidan, lokomotivis Zravebis mier ganviTa-

rebul wevis Zalebs, TavisTavad ar SeuZliaT misi moZraobaSi moyvana, 

radgan isini sistemis SigniT arsebuli Zalebia.Nnax. 3.1-ze mocemulia wevis 

Zalis warmoqmnis meqanizmis axsna. 

wevis Zravas mier Seqmnili mabrunebeli momenti, kbilana reduqtoriT 

(naxazze ar Cans) gadaecema wyvilTvals,Mmomenti M. es ukanaskneli, meqanikis 

kanonis Tanaxmad, SegviZlia SevcvaloT F1F2 wyvilZaliT, romelTagan erTi 

modebulia wyvilTvalisOO centrSi da mimarTulia moZraobis mimarTulebiT; 

xolo meore wyvilTvalis artaxisa da relsis Sexebis k wertilSi da 

mimarTulia relsis gaswvriv moZraobis sawinaaRmdego mimarTulebiT.Ees 

ukanaskneli F2 Zala cdilobs artaxis sayrdeni k wertili gaacuros 

relsis zedapirze. artaxze vertikalurad momqmedi G simZimis Zalis 

wyalobiT, k wertilSi warmoiqmneba relsis reaqciis Zala FCaW, romelic 

akompensirebs (aneitralebs) F2 Zalis moqmedebas. rCeba gauwonasworebeli F1
 

Zala, romelic Semoabrunebs wyvilTvals droebiTi sayrdeni k wertilis 

mimarT. relsTan SexebaSi mova artaxis axali k wertilebi. wyvilTvali 

daiwyebs relsis zedapirze gorvas, rasac mohyveba lokomotivis xazovani 

gadaadgileba sarelso gzis gaswvriv. FCaW aris swored is gareSe Zala, e.w. 

CaWidebis Zala, romlis wyalobiTac SesaZlebelia satransporto saSualebis 

sarelso gzaze sasargeblo gadaadgileba. 

sazogadod, CaWidebis Zala xaxunis bunebisaa da ganisazRvreba formuliT   

)(VGF CaWCaW  ,                           (3.1) 

sadac, G aris lokomotivis CaWidebis wona, xolo ΨCaW aris CaWidebis (artaxsa da 

relss Soris arsebuli xaxunis) koeficienti. E 
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nax. 3.1. wevis Zalis warmoqmnis meqanizmi. 

 

es ukanaskneli ( koeficienti) damokidebulia mraval faqtorze. kerZod, 

relsisa da artaxis masalaze, maTi zedapirebis mdgomareobaze, sisufTaveze, 

moZraobis siCqareze, atmosferul movlenebze da a.S. misi mniSvneloba 

gaiTvleba e.w. empiriuli (cdebis SedegebiT miRebuli monacemebis gaanalizebis 

safuZvelze gamoyvanili) formuliT. magaliTad, mudmivi denis eleqtromav-

lisaTvis CaWidebis koeficientis saangariSo formulas aqvs saxe 

V20100

8
25.0


CaW .                             (3.2) 

3.1, b naxazze naCvenebia CaWidebis koeficientis damokidebuleba siCqareze 

)(VCaW . 

wevis Zravas mier Seqmnili F2 Zalis sidide damokidebulia Zravas 

muSaobis reJimze da eqvemdebareba regulirebas (marTvas). 

rac Seexeba FCaW Zalas, is xaxunis bunebisaa da gaaCnia zRvari, romlis 

iqeTac is SeiZleba aRmoCndes naklebi F2 Zalaze. am SemTxvevaSi daiwyeba 

wyvilTvalis sriali relsis zedapirze, rasac ewodeba buqsaoba da rac 

metad arasasurveli movlenaa, gansakuTrebiT sarelso transportze (Tu 

ratom, vnaxavT qvemoT). 

imisaTvis, rom buqsaobas ar hqondes adgili, saWiroa daculi iyos 

piroba                            2FF CaW ,                                 (3.3) 

rasac wevis ZiriTadi kanoni ewodeba. 

warmoqmnili buqsaobis aRsakveTad, saWiroa gavzardoT FCaW Zala, 

mobuqsave wyvilTvalis artaxsa da relss Soris mSrali kvarcis qviSis 

 
CaW.(V) a) b) 
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SefrqveviT an marTvis pultidan movaxdinoT zemoqmedeba da SevamciroT F2    

Zalis mniSvneloba, raTa aRdges (3.3) piroba.         

                                                                                                                                                                                       

3.2. wyvilTvalis artaxebis relsTan CaWidebaze  
    momqmedi faqtorebi 
 

artaxis da relsis CaWidebaze zemoqmedebas axdens mravali, maT Soris 

SemTxveviTi xasiaTis faqtori, kerZod, masala, risganacaa damzadebuli 

artaxi da relsi, MmaTi zedapirebis mdgomareoba, atmosferuli movlenebi 

da sxva. ganvixiloT am faqtorebis moqmedeba. 

 

3.2.1. artaxisa da relsis masala da maTi zedapirebis  
     mdgomareoba 
  

rac ufro mtkice masalisganaa damzadebuli artaxi da relsi, sxva 

Tanabar pirobebSi, miT ufro maRalia maT Soris CaWidebis koeficienti. Tu 

relsis zedapiri dabinZurebulia mtveriT, zeTis feniT, dafarulia 

lipyinuliT da a.S., am SemTxvevaSi CaWidebis koeficienti mkveTrad mcirdeba. 

 

3.2.2. borblebis gacureba 
 

rogorc cnobilia, mrudeebSi moZravi Semadgenlobis Caweris gaiolebis 

mizniT, artaxebs aZleven konusur formas (daaxloebiT 7 daxriT) (nax. 3.2).   

dauSvaT artaxi relss eyrdnoba oab siganis 

Sesabamis farTze. gorvisas artaxis sxvadasxva 

wertilebi cdiloben gaiaron sxvadasxva manZili. 

kerZod “oa” monakveTis wertilebi gadian ufro 

mokle manZils, xolo “ob” monakveTis wertilebi 

ufro grZel manZils. vinaidan, Tvali brunvisas 

gadis erTnair manZils; gamodis, rom artaxis 

sxvadasxva wertilebi ganuwyvetliv ganicdian 

gacurebas relsis zedapirze. aseTive suraTi 

SeimCneva im SemTxvevaSic, rodesac wyvilTvalis 

artaxebi araTanabradaa gacveTili. MmagaliTad, 

vTqvaT wyvilTvalis erTi artaxis diametria 

1 200 mm, xolo meoresi 1 197 mm. am SemTxvevaSi, Tu wyvilTvali brunavs 100 

nax. 3.2. artaxis dayrdnoba 
relsis zedapirze. 
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br/wT-Si siCqariT, maSin pirveli artaxis mier ganvlili manZili toli 

iqneba  TnDS 11  8,376100200,114,3  metris, xolo meore artaxis mier 

ganvlili manZili iqneba 8,375100197,114,322  TnDS   metri.Ggamodis, 

wyvilTvalis mier ganvlili manZili rom iyos erTnairi 100 br/wT-Si 

siCqariT moZraobisas, naklebi diametris mqone artaxma relsze unda 

isrialos 1 metr manZilze. 

wyvilTvalis artaxebis damatebiTi sriali warmoiSveba mrudeSi moZrao-

bisas, rodesac isini wyvilTvalis erTi da igive brunvisas gadian sxva-

dasxva manZils. 

 

3.2.3. wevis Zravebis maxasiaTeblebis sixistis gavlena 
  CaWidebis wevis Zalis realizaciaze 

 

sxvadasxva sixistis maxasiaTeblebis mqone eleqtromoZravi Semadgenlobis 

xangrZlivma eqspluataciam aCvena xisti maxasiaTeblebis udao upiratesoba. 

amis sailustraciod ganvixiloT ramdenime magaliTi. magaliTebis ganxilvis 

dros vuSvebT, rom wevis Zravebi ikvebebian usasrulo simZlavris kvebis 

wyarodan, anu wevis Zravebis momWerebze Zabvis sidide araa damokidebuli 

datvirTvis denze da ucvlelia. 

vTqvaT, gvaqvs sxvadasxva sixistis wevis maxasiaTeblis FZr(V) mqone wevis 

Zravebi _ rbili maxasiaTebliT – 1 mrudi (aqvs nax. 3.3, b-ze mocemul 

mimdevrobiT agznebian wevis Zravas) da xisti maxasiaTebliT – 2 wrfe, (aqvs 

nax. 3.3, g-ze mocemul damoukidebel agznebian wevis Zravas). orive tipis 

wevis Zravas maxasiaTebeli mocemulia nax. 3.3, a-ze. aqve mocemuli me-3 mrudi 

warmoadgens CaWidebis wevis Zalis cvlilebas siCqaris mixedviT FZr.CaW(V).  

nominalur reJimSi erTi an meti paralelurad CarTuli wevis Zravebis 

statikuri da dinamikuri maxasiaTeblebi ganisazRvreba 1-mrudiT da 2  

wrfiT.Nnormaluri CaWidebis pirobebSi, maT mdgrad muSaobas Seesabameba A 

wertili. raime SemTxveviTi faqtoriT CaWidebis wevis Zalis ΔF sididiT   

Semcirebis SemTxvevaSi, CaWidebis wevis Zalis cvlilebas Seesabameba wyvetili 

me-4 mrudi.Aam SemTxvevaSi sxvadasxva sixistis mqone maxasiaTeblisaTvis 

wevis Zalis da siCqaris gadaxra iqneba sxvadasxva da maT Soris iqneba 

mniSvnelovani gansxvaveba (SevadaroT erTmaneTs 1V , 2V  da  ΔF1, ΔF2).  

rbili maxasiaTeblis mqone Zravas SemTxvevaSi (1-mrudi), mdgradi 

buqsaobis  reJims  Seesabameba a-wertili, xolo xisti maxasiaTeblis mqone 
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nax. 3.3. buqsaobis procesi rbili (1 mrudi) da xisti 
 (2 – wrfe) maxasiaTeblis dros. 

 
Zravas SemTxvevaSi (me-2 wrfe) b wertili. rogorc naxazidan garkveviT Cans, 

rbili maxasiaTeblis SemTxvevaSi, srialis siCqare, romelic tolia 

nb1b1 VVV   gacilebiT didia, vidre xisti maxasiaTeblis SemTxvevaSi 

nb2b2 VVV  . Sesabamisad CaWidebis wevis Zalebis gadaxraSic iqneba 

gansxvaveba, 21 FF  . xisti maxasiaTeblis SemTxvevaSi umniSvnelo wabuq-

savebebi SeiZleba TavisTavad aRmoifxvras an maT aRmofxvras dasWirdes 

mcire Zalisxmeva. aRniSnulis gamo, am SemTxvevaSi lokomotivis CaWidebis 

SesaZleblobebis gamoyeneba ufro maRalia. rac Seexeba buqsaobas, rbili 

maxasiaTeblebis mqone amZravis SemTxvevaSi, rogorc saeqspluatacio 

gamocdilebam aCvena, SemTxveviTi umniSvnelo wabuqsaveba SeiZleba gadavides 

zebrun srialSi.Mmis aRsakveTad saWiroa mobuqsave wyvilTvalis qveS qviSis 

miwodeba an Zravas mier ganviTarebuli wevis Zalis swrafad Semcireba.  

 

3.2.4. wevis Zravebis SeerTebis sqemis gavlena 

 
ganxilulTan dakavSirebiT, garkveul interess warmoadgens sakiTxi, Tu 

rogoraa damokidebuli wevis maxasiaTeblis sixiste, wevis Zravebis Seer-

Tebis sqemaze. Tu damoukidebel an mimdevrobiT aRgznebiani wevis Zravebi 

imave mZlavr wredSi CarTulni arian paralelurad, maSin maTi statikuri 

Vb2 

Vb1 

a) 

b) 

g) 
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maxasiaTeblebi emTxvevian dinamikur maxasiaTeblebs. magram Tu wevis 

Zravebi irTvebian mimdevrobiT, maSin suraTi icvleba. am SemTxvevaSi mimdev-

rulad CarTuli Zravebis ricxvis mixedviT, mniSvnelovania gansxvaveba 

statikur da dinamikur maxasiaTeblebs Soris. 

marTlac, Tu gveqneba mimdevrobiT CarTuli Zravebis raodenoba m da 

simciris gamo ugulvebelyofT Zabvis vardnebs Ruzis gragnilebSi (maTi 

mniSvnelobebi ar aRemateba 3%-s), SegviZlia davweroT 

 0mCVU ,                                 (3.4) 

sadac,  m – mimdevrulad CarTuli Zravebis ricxvi, 

  C – Zravas da gadamcemi reduqtoris cnobili mudmiva, 

   V0 – lokomotivis siCqare. 

  Ф – magnituri nakadia. 

Tu buqsaobas adgili ar aqvs an Tu buqsaobs yvela wyvilTvali, maSin 

erTi da igive Ruzis denis mniSvnelobis dros, Zabva Tanabrad ganawildeba 

mimdevrulad CarTul Zravebs Soris da toli iqneba mU . yovel wevis 

Zravas maxasiaTebels Seesabameba mrudi 1 (nax. 3.4). 

 

Tu mimdevrulad CarTul m Zravadan, buqsaobs erT ZravTan dakavSi-

rebuli wyvilTvali (magaliTad es wyvilTvali moxvda zeTis feniT 

dabinZurebul relsze da dakarga CaWideba), maSin (3.4) gantoleba SegviZlia 

CavweroT ase  

 )()1(0 b00 VVCCVmmCV ,                     (3.5) 

sadac, 0V  aris 1 mrudidan gansazRvruli sawyisi siCqare, 

   bV asrialebis siCqare. 

nax. 3.4. buqsaobis procesi sxvadasxva  
sixistis maxasiaTeblis mqone  
wevis Zravebis, mimdevrobiT  

SeerTebis dros. 
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(3.5) gantolebidan asrialebis siCqare 

   )( 0bb VVmV  .                             (3.6) 

mobuqsave wyvilTvalis siCqare iqneba 

      )( 0b0b VVmVV  .                           (3.7) 

nax. 3.4-ze am reJims Seesabameba a1 wertili ori Zravas SemTxvevaSi, a2 

wertili sami Zravas SemTxvevaSi da a.S. am reJimebs Seesabameba Sesabamisi 

mrudeebi 1, 1 da a.S. rogorc naxazidan Cans dinamikuri maxasiaTeblebi 

(mrudeebi 1, 1 da a.S.), mniSvnelovnad gansxvavdebian normaluri 1 – mrudidan. 

amave dros, maxasiaTeblis sixiste mimdevrulad CarTuli wevis Zravebis 

ricxvis ukuproporciulia. 

imave naxazze naCvenebia buqsaobis igive procesi xisti maxasiaTeblis 

SemTxvevaSi (2-wrfe). b1b2 VV   da, am SemTxvevaSi, buqsaobis aRkveTa ufro 

advilia.Aam mizeziT yvela sxva Tanabar pirobebSi, mimdevrobiT aRgznebiani 

Zravebis gamoyeneba araa mizanSewonili. swored am mizeziT aixsneba is, rom 

CaWidebis wonis gamoyeneba cvladi denis eleqtromavlebSi (sadac wevis 

Zravebi CarTulia ucvleli paraleluri sqemiT) gacilebiT maRalia, vidre 

mudmivi denis eleqtromavlebSi. 

 

3.3. eleqtromavlis weviTi Tvisebebis amamaRlebeli  
    RonisZiebebi 
 

   a) CaWidebis wonis gamoyenebis amaRleba 

vinaidan lokomotivis wevis Zala da moZraobisadmi winaaRmdegobis Zala 

moqmedebs sxvadasxva sibrtyeSi da sxvadasxva mimarTulebiT, amitom 

moZraobis procesSi adgili aqvs vertikaluri datvirTvis gadanawilebas 

wyvilTvalebze. amave dros lokomotivis wona, romelic tolia wyvil-

Tvalebze mosuli wonebis jamis, ar icvleba. 

vTqvaT eleqtromavali SemadgenlobasTan erTad, moZraobs Tanabari 

siCqariT.Aam dros eleqtromavlis wevis Zala Fel. tolia moZraobisadmi 

winaaRmdegobis Zalis W. e.i.  WF el. . 

wevis Zala Zrel. FF   modebulia artaxis da relsis Sexebis zonaSi, 

xolo moZraobisadmi winaaRmdegobis Zala W, relsidan h simaRlezeN(nax. 

3.5). Sedegad warmoiqmneba e.w. amayiravebeli momenti, romelic cdilobs 
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wamoswios Zaris wina nawili (moZraobis mimarTulebis mixedviT) da 

daswios ukana.Aamis gamo wina urikis RerZebi ganitvirTeba 1G  da 2G  

sididiT, xolo ukana RerZebi damatebiT daitvirTeba 
3G  da 4G sididiT.  

 
 
 
 
 
 
 
 

 
 

nax. 3.5. wyvilTvalebze datvirTvebis gadanawileba 
wevis reJimSi. 

 
RerZebze vertikaluri datvirTvis aseTi araTanabari gadanawileba 

 00 )( GGFZr.CaW formulis Tanaxmad gamoiwvevs CaWidebis wevis Zalis 

Semcirebas wina RerZebze, rac Tavis mxriv gazrdis buqsaobis albaTobis 

SesaZleblobas ukana RerZebTan SedarebiT. aRniSnulis gamo lokomotivis 

CaWidebis wona srulad ar gamoiyeneba da Sesabamisad mcirdeba lokomo-

tivis CaWidebis wevis Zala. 

CaWidebis wonis srulad gamoyenebis mizniT, mSeneblobis procesSi 

cdiloben mowyobilobebi ganalagon ise, rom calkeul RerZze datvirTva 

ar gansxvavdebodes saSualo mniSvnelobidan + 2% -iT.  

Tanamedrove lokomotivebi aRWurvilia gantvirTvis sawinaaRmdego mow-

yobilobebiT. 

 

b) wevis Zravebis da wyvilTvalebis SerCeva 
 

CaWidebis wonis efeqtur gamoyenebas mniSvnelovnad ganapirobebs motor-

RerZebis swori SerCeva, rac metnaklebad unda akmayofilebdes pirobas 

332211 nDnDnD   

sadac, D1, D2, D3 aris wyvilTvalebis diametrebi, xolo 321 ,, nnn maTTan dakavSirebuli 

Zravebis brunTa ricxvebi. 

aRniSnulis gamo, motorRerZuli blokebis agrovebis dros maRal-

siCqariani maxasiaTeblebis mqone wevis Zravebs ayeneben im RerZebze, 

romelTac aqvT borblebis artaxebis naklebi diametri. 

G1 G2 G3 G4 
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g) matareblis tarebis reJimi 

 
lokomotivis CaWidebis wonis gamoyenebis efeqturobas mniSvnelovnad 

ganapirobebs gzis profilis Sesabamisad, matareblis tarebis reJimis 

swori SerCeva da CaWidebis koeficientis amamaRlebeli RonisZiebebis drouli 

gamoyeneba. rTul aRmarTebTan mZimewoniani matareblebiT miaxloebisas, 

memanqanem unda gazardos siCqare maqsimalur dasaSveb mniSvnelobamde, 

velis Sesustebis safexurebis drouli gamoyenebiT. didi daxrilobis 

aRmarTze moZraobisas, unda gamoiyenon kvarcis mSrali qviSa xSirad, mcire 

proporciebiT, raTa Tavidan aviciloT moZraobisadmi winaaRmdegobis Zalis 

gaumarTlebeli gazrda. 

unda gvaxsovdes, rom Zravebis erTi dajgufebidan meoreze gadasvlis 

dros an velis safexurebze gadasvlisas ar dauSvaT denis didi naxtomebi, 

radgan es gamoiwvevs calkeuli wyvilTvalebis buqsaobas, maT wevis 

Zalebis dakargvas da m.S. siCqaris Semcirebas. 
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UIV Tavi 

matareblis moZraobisadmi winaaRmdegobis 

Zalebi 

 

4.1. moZraobisadmi winaaRmdegobis ZalTa klasifikacia 
 

wyvilTvalis artaxisa da relsis Sexebis zonaSi warmoqmnili gareSe 

mamoZravebeli Zalis (SemdgomSi mas martivad vuwodebT wevis Zalas) mier 

Sesrulebuli muSaobis umetesi wili, ixarjeba matareblis gadaadgilebis 

sawinaaRmdegod warmoqmnili gareSe e.w. winaaRmdegobis Zalebis daZlevaze, 

anu sxvagvarad, moZraobisadmi winaRmdegobis Zala ewodeba moZraobis 

sawinaRmdegod mimarTul ZalTa ekvivalentur Zalas, romlis daZlevazec 

ixarjeba lokomotivis mier ganviTarebuli wevis Zalis mniSvnelovani nawili. 

moZravi Semadgenlobis moZraobisadmi warmoqmnil winaaRmdegobis Zalebs, 

rogorc viciT, aRniSnaven laTinuri W (germanuli sityvis der  Wiederstand – 

winaaRmdegoba, ukumoqmedeba) asoTi. 

winaaRmdegobis ZalTa klasifikacia xdeba Semdegi niSnebis mixedviT: 

1. winaaRmdegobis ZalTa klasifikacia moZravi Semadgenlobis wonis mixedviT: 

 sruli winaaRmdegoba ............ W n, (kg) matareblis, rogorc erTi mTliani 

erTeulis  moZraobisadmi winaaRmdegobis Zala. 

 xvedriTi winaaRmdegoba ...... w (n/kn),  (kg/t) matareblis erTeuli wonis 

moZraobisadmi winaaRmdegobis Zala. 

aRniSnul Zalebs Soris arsebobs Semdegi urTierTkavSiri 

                  













QP

W
w

QPwW ),(

                              (4.1) 

sadac, )( QP   aris matareblis sruli wona kn-Si, an (tonebSi). 

2. winaaRmdegobis ZalTa klasifikacia eqspluataciis pirobebiT: 

  ZiriTadi winaaRmdegobis Zala ............ W0;  w0, 

 damatebiTi winaaRmdegobis Zala ...... Wdam; wdam, 

 daZvris winaaRmdegobis Zala ................ WdaZ; wdaZ, 

 saerTo (sruli) winaaRmdegobis Zala ...... W; w. 

moZraobisadmi winaaRmdegobis Zalebs pirobiTad hyofen or jgufad: 

an 
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a) pirvel jgufSi Sedis winaaRmdegobis Zalebi, romlebic damokidebulia 

moZravi Semadgenlobis tipze da moZraobis siCqareze. maT uwodeben moZrao-

bisadmi ZiriTad winaaRmdegobis Zalebs da aRniSnaven W0 simboloTi. 

matarebelSi Semavali yvela erTeuli, maT Soris lokomotivebis 

moZraoba aRiwereba, erTi da igive urikis moZraobis gantolebiT.Mmagram 

lokomotivebSi, kerZod eleqtromavlebSi vagonebTan SedarebiT wevis 

Zravebis da kbilana reduqtorebis arseboba, ganapirobebs moZraobisadmi 

ZiriTadi winaaRmdegobis Zalebs Soris gansxvavebas.Aaseve, moZraobisadmi 

ZiriTadi winaaRmdegobis Zalebis sidideze, mniSvnelovnad moqmedebs 

lokomotivis muSaobis reJimebi. 

aRniSnulis gamo, moZraobisadmi ZiriTadi winaaRmdegobis Zalebs 

damatebiT ganasxvaveben lokomotivis muSaobis reJimis mixedviT:  

 moZraobisadmi ZiriTadi winaaRmdegobis Zalebi wevis reJimSi .... W0; w0, 

 moZraobisadmi ZiriTadi winaaRmdegobis Zalebi Tavisufali gorvis 

reJimSi .... Wx; wx. 

b)Mmeore jgufSi aerTianeben e.w. damatebiT winaaRmdegobis Zalebs, romlebic 

ZiriTadad ganpirobebulia gzis profiliT, gegmiT, (qanobi, mrudeebi), 

qariT, gvirabebiT. 

gendaZgvqmrd WWWWWWW i  ,                  (4.2) 

sadac, iW , mrW , qW , gvW , daZW , genW  Sesabamisad aris _ qanobiT, mrudeebiT, qariT, 

gvirabiT, daZvriT da vagonqveSa generatorebis muSaobiT gamowveuli 

winaaRmdegobis Zalebi. 

moZravi Semadgenlobis (matareblis) moZraobisadmi sruli winaaRmdegobis 

Zala, aris ZiriTadi da damatebiTi winaaRmdegobis ZalTa algebruli jami.  

 










.

,

d0

d0

www

WWW
,                               (4.3) 

3. winaaRmdegobis ZalTa klasifikacia moZravi Semadgenlobis tipis mixedviT: 

 lokomotivis moZraobisadmi winaaRmdegobis Zala ........ W  ; w , 

 Semadgenlobis moZraobisadmi winaaRmdegobis Zala ...... W  ; w  , 

 matareblis moZraobisadmi winaaRmdegobis Zala ................ W ; w . 

 
 
 
 

an xvedriT formaSi. 
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4.2. matareblis moZraobisadmi ZiriTadi winaaRmdegobis  
   Zalebi     
 

matareblis moZraobisadmi ZiriTadi winaaRmdegobis Zalebi  ganpirobe-

bulia xaxuniT  moZravi Semadgenlobis calkeul kvanZebSi, garemo haersa da 

moZravi Semadgenlobis garsacms Soris. sxvagvarad, moZraobisadmi ZiriTad 

winaaRmdegobis Zalebs miekuTvnebaT is Zalebi, romlebic ewinaaRmdegebian 

matareblis gadaadgilebas, swor, horizontalur ubanze, uqaro amindSi 

moZraobisas. Ees Zalebi warmoiqmnebian moZraobis procesSi, yvelgan da 

yovelTvis. moZraobisadmi ZiriTadi winaaRmdegobis Zalebi ganpirobebulia: 

xaxuniT: 

 buqsebis sakisrebSi, 

 gorvis xaxuniT artaxsa da relss Soris, 

 srialis xaxuniT artaxsa da relss Soris, 

 xaxuniT garemo haersa da moZravi Semadgenlobis korpuss Soris.  

energiis gabneviT: 

 borbalsa da relss Soris,  

 moZrav Semdgenlobasa da garemos Soris. 

qvemoT ganvixiloT xaxunis Zalebi cal-calke. 

a) buqsebis sakisrebSi xaxuni damokidebulia RerZze mosul vertikalur 

dawolis Zalaze da, ra Tqma unda, buqsebSi xaxunis koeficientze. es 

ukanaskneli Tavis mxriv damokidebulia RerZis vertikalur datvirTvaze, 

buqsis sakisris tipze da moZraobis siCqareze. daZvris momentSi, imis gamo, 

rom araa zeTis fena, moZraoba iwyeba mSrali xaxuniT, Sesabamisad xaxunis 

koeficienti didia da siCqaris zrdasTan erTad (30-50 km/sT siCqaris dros) 

mcirdeba minimumamde. siCqaris Semdgomi zrdisas, imis gamo, rom zeTis 

temperatura izrdeba da Sesabamisad mcirdeba misi siblante, izrdeba xaxu-

nis koeficienti da Sesabamisad buqsebSi xaxuniT gamowveuli moZraobisadmi 

winaaRmdegobis Zala.  

b) artaxsa da relss Soris  gorvis xaxuni. 

wyvilTvalis gorvas, relsis zedapirze, Tan axlavs gorvis xaxuni, 

romlis daZlevaze ixarjeba lokomotivis mier moxmarebuli energiis 

nawili.Ggorvis xaxunis fizikuri arsi mdgomareobs SemdegSi; wyvilTvalis 
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relsze vertikaluri dawolis 2G-s zemoqmedebiT warmoiqmneba relsis da 

artaxis drekadi deformacia. am deformaciis Sedegad wyvilTvalis Tvlebi, 

relsSi eSveba Δ manZilze da mis sawyis mdgomareobaSi dasabruneblad 

saWiroa garkveuli energiis daxarjva. meores mxriv artaxi relsis sayrden 

zonaSi qmnis e.w. “naplivs” (qarTulad iTargmneba, rogorc relsis Tia, anu 

relsis metalis garkveuli siWarbe). misi analogi SeiZleba iyos gemis 

moZraoba wyalSi (rodesac gemis cxviri devnis win wylis garkveul nakads.  

g) artaxsa da relss Soris srialis xaxuni. 

wyvilTvalis relsze moZraobas yovelTvis Tan axlavs artaxis gacureba 

relsze. amas ki mohyveba srialis xaxunis Zalis warmoqmna da Sesabamisad 

moZraobisadmi winaaRmdegobis Zalis gazrda.Aamis ganmapirobebeli faqtorebia: 

 wyvilTvalis artaxebis konusuri forma, 

 relsebs Soris wyvilTvalis mimoqneviTi moZraoba, 

 wyvilTvalis Tvlebs Soris gansxvaveba diametrebSi, 

 wyvilTvalis araswori Camagreba urikaSi. 

 

d) xaxuni garemo haersa da moZravi Semadgenlobis korpuss Soris. 

Ria sivrceSi moZraobis dros matarebels uxdeba garemo haeris aerodi-

namikuri winaaRmdegobis gadalaxva.Aam saxis moZraobisadmi winaaRmdegobis 

Zalis fizikuri arsi SeiZleba aixsnas hidrodinamikis kanonebiT. 

Tu miviRebT moZrav matarebelsa da garemo haers Soris urTierTqmedebis 

gamartivebul sqemas, maSin aerodinamikis ZiriTadi principebis gamoyenebiT 

SegviZlia miaxloebiT ganvsazRvroT aerodinamikuri winaaRmdegoba.  

garemo haeris winaaRmdegobis Zalis warmoqmnis ZiriTadi mizezebia: 

 lokomotivis Sublur nawilze momqmedi haeris nakadis dinamikuri 

dawola. 

 matareblis bolo vagonis ukan Zlieri grigaluri nakadis warmoqmna, 

rac ganapirobebs am zonaSi garkveuli vakuumis Seqmnas. 

 vagonTaSoris sivrceSi haeris nakadis turbulenturoba (mZvinvare 

nakadi); 

 matareblis garsacmsa da haers Soris xaxuni. 

 gansakuTrebiT Zalian didi turbulenturoba vagonqveSa sivrceSi, 

rasac xels uwyobs wyvilTvalebis, rogorc ventilatorebis Tvlebis 

msgavsi muSaoba.   
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moZraobisadmi winaaRmdegobis Zalis am mdgenelis Semcireba SesaZlebelia 

moZravi Semadgenlobis garsacmis aerodinamikuri formis gaumjobesebiT da 

matareblis swori formirebiT. 

eqsperimentebiT dasturdeba, rom mcire siCqareebis dros (40 km/sT-ze 

naklebi), ganmsazRvrelia xaxuni buqsis sakisrebSi, gorvis da srialis 

xaxuni wyvilTvalsa da relss Soris. 60 km/sT siCqaris zemoT, ganmsaz-

Rvreli xdeba garemo haeriT ganpirobebuli winaaRmdegobis Zala. 

yovelive aRniSnuli saSualebas gvaZlevs davaskvnaT: moZraobisadmi 

ZiriTadi winaaRmdegobis Zalebis ganmsazRvreli ZiriTadi faqtoria 

siCqare. ZiriTadi winaaRmdegobis Zala siCqaris kvadratis proporciulia. 

)( 2VfW 0 .                                 (4.4) 

moZraobisadmi ZiriTadi winaaRmdegobis Zalebze mniSvnelovan zegavlenas 

axdens vagonebis datvirTva (RerZze mosuli dawola 0q ) 













0

1

q
fW0 .                                 (4.5) 

moZraobisadmi ZiriTadi xvedriTi winaaRmdegobis Zala w0 damokidebulia 

moZravi Semadgenlobis tipze. 

lokomotivebis da samgzavro vagonebisaTvis (romlebSic constq 0 ) saan-

gariSo formulas aqvs saxe     2cVbVaW 0  
kn

n
; 






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.                 (4.6) 

satvirTo vagonebisaTvis       
0
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dVcVba
W


0  

kn

n
; 














t

kg
.             (4.7) 

sadac, a,b,c,d  empiriuli koeficientebia.  

 

4.3. moZravi Semadgenlobis moZraobisadmi ZiriTadi  
    winaaRmdegobis Zalebis gaangariSeba 

 
moZravi Semadgenlobis moZraobisadmi ZiriTad winaaRmdegobis Zalaze 

mravali, maT Soris, SemTxveviTi xasiaTis faqtori axdens zemoqmedebas. 

amitom, misi analizuri (Cveulebrivad formulis saSualebiT) gziT 

gaangariSeba SeuZlebelia. aRniSnulis gamo gaangariSebas axdenen eqsperi-

mentulad miRebuli Sedegebis analizis safuZvelze. 

calkeuli tipis moZravi SemadgenlobisaTvis eqsperimentebiT miRebuli 

monacemebis damuSaveba xdeba statistikuri da albaTobis Teoriaze dayrd-
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nobili meTodebis gamoyenebiT. miRebuli Sedegebis safuZvelze miiReba 

empiriuli saangariSo formulebi, romlebic gansazRvraven WZ-is saSualo 

mniSvnelobebs. gaangariSebis dros sami ZiriTadi saeqspluatacio faqtoria 

gamokveTili, romelic gansazRvravs W0-s _ siCqare, moZravi Semadgenlobis 

tipi da RerZze saSualo dawola.  

xazgasmiT unda aRiniSnos, rom ZiriTadi winaaRmdegobis Zalis mniSvne-

loba lokomotivebisaTvis damokidebulia maT muSaobis reJimze da cal-

calke ganisazRvreba wevis da Tavisufali gorvis reJimebisaTvis.  

magaliTad, matareblis moZraobisadmi xvedriT winaaRmdegobis Zala 

lokomotivis wevis reJimSi muSaobis dros, ganisazRvreba formuliT, 

QP

QwPw
w






)( Zk

Z  
kn

n
; 














t

kg
,                       (4.8) 

sadac, P – lokomotivis wona, kn-Si; Q – Semadgenlobis wona kn-Si. 

matareblis moZraobisadmi xvedriT winaaRmdegobis Zala, lokomotivis 

Tavisufali gorvis reJimSi muSaobis dros, ganisazRvreba formuliT, 

QP

QwPw
w






)( ZRT

ZT  
kn

n
; 














t

kg
.                       (4.9) 

Tu  vagonebis woniTi wili SemadgenlobaSi da maTi sakisrebis tipi 

mocemulia koeficientebiT: 

 s4 –srialis sakisrebiani, oTxRerZiani, 

 g4 – gorvis sakisrebiani, oTxRerZiani, 

 s6 – srialis sakisrebiani, eqvsRerZiani,   

 g6 -- gorvis sakisrebiani,  eqvsRerZiani, 

 s8 – srialis sakisrebiani, rvaRerZiani,  

 g8 – gorvis sakisrebiani,  rvaRerZiani. 

am SemTxvevaSi Semadgenlobis moZraobisadmi ZiriTad winaaRmdegobis 

Zala gaiTvleba formuliT, 

08g808s806g606s604g404s40 wwwwwww   .            (4.10) 

ra Tqma unda 

                           1 g8s8g6s6g4s4  .                        (4.11) 
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4.4. matareblis moZraobisadmi damatebiTi  
    winaaRmdegobis Zalebi 
 

eqspluataciaSi moZrav Semadgenlobaze garkveul konkretul pirobebSi 

moqmedeben Semdegi damatebiTi winaaRmdegobis Zalebi: 

 qanobiT gamowveuli winaaRmdegobis Zala, 

 mrudeebiT gamowveuli winaaRmdegobis Zala, 

 qariT gamowveuli winaaRmdegobis Zala, 

 gvirabiT gamowveuli winaaRmdegobis Zala, 

 samgzavro vagonebSi vagonqveSa generatorebis muSaobiT gamowveuli 

winaaRmdegobis Zala. 

ganvixiloT isini detalurad. 
 

4.4.1. qanobiT gamowveuli moZraobisadmi damatebiTi  
     winaaRmdegobis Zala 

 
qanobze moZrav matarebelze damatebiT moqmedebs simZimis Zalis mdgeneli 

sin)( QP   Zala, romelic yovelTvis mimarTulia TavdaRmarTis mimarTu-

lebiT. Aam mdgenelis fizikuri arsi ganxiluli iyo zemoT. 

sanam Zalebs ganvixilavdeT ganvmartoT qanobis mcneba. 

qanobs aRniSnaven i simboloTi da gamosaxaven meaTasedebSi (‰).Mmas 

warmoadgenen, rogorc profilis elementis horizontalTan daxris kuTxis 

-s tangenss gamravlebuls 1 000-ze. e.i. tgi 1000  (nax. 4.1). 

samkuTxed ABC-dan SegviZlia davweroT 

    
S

H

AC

BC
tg  ,                               (4.12) 

 Tu gzis monakveTs aviRebT 1 000 metrs, e.i 1000 ACS m, maSin H
H

i 
1000

1000
. 

e.i. qanobis mniSvneloba gviCvenebs, ramdeni metriT maRldeba gzis bolo 

mis sawyisTan SedarebiT, gzis yovel kilometrze. 

ganvixiloT samkuTxedi abc da ganvsazRvroT  kuTxis sin-si, maSin 

iw
QP

W

ab

bc



 1sin . Tu gaviTvaliswinebT, rom rkinigzis profilisTvis  

mcire kuTxea, maSin  tgsin , e.i.           iwi  .                        (4.13) 

e.i. qanobiT gamowveuli xvedriTi winaaRmdegobis Zala, TviT am qanobis 

tolia. 
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nax. 4.1. qanobze moZrav matarebelze momqmedi Zalebi. 

 
miRebulidan SegviZlia davaskvnaT, rom qanobze moZraobisas matarebelze 

momqmedi jamuri xvedriTi winaaRmdegobis Zala tolia 

iwww  0                                            (4.14) 

niSani “+” Seesabameba aRmarTebs, xolo “ – “ niSani TavdaRmarTebs. 

aqve aRvniSnavT, rom wevis angariSebis gaiolebis mizniT axdenen e.w 

profilis  gasworebas profilSi (rodesac erTnairi niSnis aRmarTebs an 

TavdaRmarTebs cvlian erTi gasaSualoebuli erTi elementiT da aRniSnaven 

gi -iT) da gegmaSi (rodesac realurad arsebul mrudeebs cvlian fiqtiuri 

aRmarTebiT da aRniSnaven gi  ), Tu gasworebul qanobze aris mrude, maSin 

sabolood gasworebuli qanobi mrudeebis gaTvaliswinebiT iqneba   

ggg iii  .                               (4.15) 

aRniSnuls detalurad ganvixilavT qvemoT. 

 

4.4.2. mrudeebiT gamowveuli damatebiTi winaaRmdegobis Zala 
 

mrudeSi moZraobis dros moZraobisadmi damatebiTi winaaRmdegobis 

Zalis warmoqmna aixsneba Semdegi garemoebebiT: 

1. erTi da igive diametris wyvilTvalis Tvlebi, erTi da igive brunTa 

ricxvis pirobebSi gadian sxvadasxva manZils, rac iwvevs Tvlebis relsze 

gacurebis gazrdas,Ees ukanaskneli ki iwvevs moZravi Semadgenlobis 

energiis damatebiT danakargs. 
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wevis angariSebSi miRebulia _ mrudeSi moZraobisas wyvilTvalebi gadian 

gzis RerZis radiusis R Sesabamis manZils S-s (nax. 4.2).   

RS 2 .                                 (4.16) 

sinamdvileSi mrudeSi moZraobisas wyvilTvalis marcxena Tvali (nax. 

4.2), moZraobs gare relsze, romlis radiusi RR g -ze da tolia 

2

b
RR g .                                (4.17) 

 
nax. 4.2. R radiusian mrudeSi wyvilTvalis moZraoba. 

 
wyvilTvalis marjvena Tvali moZraobs Siga relsze, romlis radius  RS 

tolia                          
2

b
RR S ,                              (4.18) 

sadac, b aris liandis sigane. 

Sesabamisad  gare relsze ganvlili manZili iqneba meti, vidre Sida 

relsze ganvlili manZili. aRniSnulis gamo adgili eqneba wyvilTvalis 

srials da srialis xaxunis winaRobis Zalis warmoqmnas. 

2. mrudeSi moZraobisas centridanuli Zalis 
2

2MV
-is moqmedebiT marcxena 

borblis artaxis qimi ebjineba gare relsis Sida gverds. izrdeba 

relsisa da artaxis Sexebis farTi, gverdiTi srialis xaxuni da 

Sesabamisad winaaRmdegobis Zala. 

3. mrudeSi moZraobisas lokomotivebis da vagonebis urikebi Semobrundebian 

Zaris mimarT, ris Sedegad saqusleebis sayrdenebSi da buqsebSi izrdeba 

srialis xaxuni, rac, ra Tqma unda, zrdis winaaRmdegobis Zalas. 



 93 

yvela faqtoris gaTvaliswinebis sirTulis gamo, mrudeebiT gamowveul 

damatebiTi winaaRmdegobis Zalas gansazRvraven empiriuli formuliT                    

R

A
w mr   

kn

n
; 














t

kg
.                          (4.19) 

sadac, R aris mrudis radiusi metrebSi, xolo A empiriuli koeficientia, 

romelic sabWoTa kavSiris rkinigzebisTvis miRebuli iyo toli 700-is (am 

koeficientis mniSvneloba sxvadasxva qveynebis rkinigzebisTvis sxvdasxvaa. 

magaliTad: aSS-Si A = 446, inglisSi da iaponiaSi A = 600, italiaSi da 

poloneTSi A = 800). e.i. Cveni rkinigzisaTvis 

R
w

700
mr  

kn

n
; 














t

kg
.                           (4.20) 

Tu mrudis radiusis nacvlad mocemuli gveqneba centraluri kuTxe  

 da mrudis rkalis sigrZe Smr, maSin rkalis sigrZesa da centralur 

kuTxes Soris, cnobili damokidebulebisFTanaxmad  

    
360

2 


R
Smr .                             (4.21) 

aqedan ganvsazRvroT mrudis radiusi R. miviRebT 

       



2

360 mrS
R .                           (4.22)  

SevitanoT R -is mniSvneloba (4.20) formulaSi. miviRebT 

mr

mr
S

w



2.12

.                               (4.23) 

 

 

 

 

 

 

 

 

 

nax. 4.3. matareblis mier mrudeebis gavlis sqemebi: 
                         a) Lmat. < Lmr.         b) Lmat. > Lmr. 

 

a) b) 
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(4.20) da (4.23) formula gamoiyeneba, rodesac matarebeli mTlianad 

Tavsdeba mrudeSiN(nax. 4.3, a). Tu matareblis sigrZe Lmat aRemateba mrudis 

rkalis sigrZes Smr-s (nax. 4.3, b), maSin (4.20), (4.23) formulebs amravleben 

1
mat

mr

L

S
 sidideze.Ee.i. damatebiT winaaRmdegobis Zalas angariSoben matareblis 

mrudeSi arsebul nawilze. 

mat

mr
mr

L

S

R
W 

700
.                             (4.24) 

 

4.4.3. qariT gamowveuli damatebiTi winaaRmdegobis Zala 

nax. 4.4-ze warmodgenili sqemis mixedviT, moZravi matareblis mimarT 

qari SeiZleba mimarTuli iyos Semxvedri mimarTulebiT, Tanmxvedri mimar-

TulebiT an gverdiTi mimarTulebiT.  

qaris zemoqmedeba zrdis moZravi Semadgenlobis moZraobisadmi aerodi-

namikur winaaRmdegobas. Tu qari moqmedebs matareblis Semxvedri mimarTu-

lebiT Vq1, maSin izrdeba Subluri winaaRmdegoba. am dros haeris rezul-

tirebuli siCqare tolia moZravi Semadgenlobis V da qaris siCqaris Vq1 

jamis, q1VV  . Tanxvedrili mimarTulebis qaris Vq2 SemTxvevaSi, haeris 

rezultirebuli nakadis siCqare iqneba q1VV  . matareblis moZraobisadmi 

Semxvedri an Tanxvedrili qariT gamowveuli damatebiTi winaaRmdegobis 

Zala gamoiTvleba formuliT 

2)8.0( qq VVCSW  ,                           (4.25) 

sadac, C aris lokomotivis Subluri nawilis garSemovlis koeficienti. 

       S –Subluri nawilis ganikveTis farTi m2. 

       V – moZravi Semadgenlobis siCqare m/wm. 

 Vq – qaris siCqare m/wm. 

       0.8 _ qaris zemoqmedebis uTanabrobis koeficienti. magaliTad ganpirobebuli 

Zarasa da gzis saval nawils Soris arsebuli sicarieliT. 

“+” niSani aiReba Semxvedri qaris dros, xolo “_“ niSani Tanxvedrili 

qaris dros. 

gverdiTi qaris dros xdeba moZravi Semadgenlobis savali ekipaJis 

gadaadgileba sarelso gzis ganivi mimarTulebiT. artaxis qimebi garkveuli 

ZaliT ebjineba gare relsis Sida gverds, rac zrdis srialis xaxuns da 
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m.S. moZraobisadmi winaaRmdegobis Zalas. gansakuTrebiT Zlier zemoqmedebas 

axdens 30 kuTxiT moqmedi gverdiTi qari. 

 
 
 
 
 
 
 
 

 

nax. 4.4. qaris mimarTuleba moZravi matareblis mimarT. 
 

4.4.4. gvirabebiT gamowveuli moZraobisadmi damatebiTi  
     winaaRmdegobis Zala 

 
am Zalis warmoqmnas ganapirobebs garemo haeris winaaRmdegobis Zalis 

gazrda. Mmatarebeli gvirabSi moZraobs, rogorc dguSi cilindrSi, ris 

gamoc matareblis TavSi iqmneba Warbi dawneva, xolo boloSi gaiSviaTeba. 

aseTnairad miRebuli wnevaTa sxvaoba, ganapirobebs didi raodenobiT haeris 

nakads moZrav Semadgenlobis gverdiT kedlebsa da gvirabis kedlebs 

Soris, moZraobis sawinaaRmdego mimarTulebiT. haeris am nakadiT 

ganpirobebuli matareblis moZraobisadmi damatebiTi winaaRmdegobis Zala 

Whgv, SeiZleba warmovadginoT rogorc 

hhgv WW  ,                                          (4.26) 

sadac, hW  aris haeriT gamowveuli damatebiTi winaaRmdegobis Zala gvirabs 

gareT, xolo  aris matareblis gare formaze da gvirabis gabaritebze 

damokidebuli koeficienti.  

magaliTad, eqsperimentulad dadasturda, rom  erTliandagian gvirabSi 

50km/sT siCqariT moZraobis dros, haeris nakadiT gamowveuli moZraobisadmi 

damatebiTi winaaRmdegobis Zala orjer metia, vidre gvirabs gareT, anu am 

SemTxvevisTvis koeficienti 2 -s. 

 

4.4.5. samgzavro matareblebSi vagonqveSa generatorebis  
     muSaobiT warmoqmnili damatebiTi winaaRmdegobis Zala 
  

vagonqveSa generatorebi warmoadgenen eleqtroenergiis wyaroebs da 

uzrunvelyofen vagonebis ganaTebis, kondicirebis, sayofacxovrebo mowyo-

bilobebis da saakumulatoro batareiebis damuxtvis wredebis muSaobas. 
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vagonqveSa generatorebis muSaobiT warmoqmnili moZraobisadmi damatebiTi 

winaaRmdegobis Zala ganisazRvreba formuliT  

                               
Vq

P
W

0

1360 
vg ,                              (4.27) 

sadac, V  aris matareblis moZraobis siCqarea km/sT-Si. 

       P erTi vagonis generatoris saSualo simZlavre kvt-Si. 

       0q vagonis RerZze dawola kn-Si. 

P -is mniSvneloba SeiZleba ganvsazRvroT Semdegi gamosaxulebiT: 

  
n

nPPnP
P

kkgukg )( 
 ,                           (4.28) 

sadac, Pg aris vagonqveSa generatoris simZlavre, romelic ixarjeba samosamsaxuro 

saWiroebaze kvt-Si. 

       nuk – ukondincionero vagonebis raodenoba. 

             Pk – haeris kondicirebaze daxarjuli simZlavre kvt-Si. 

       nk – kondicionerebiT aRWurvili vagonebis raodenoba. 

              n – matarebelSi vagonebis raodenoba. 

 

4.4.6. matareblis daZvriT gamowveuli damatebiTi  
     winaaRmdegobis Zala 
 

gaCerebis punqtebSi xangrZlivi (20 wT da meti) dgomis dros, vinaidan 

wyvilTvalis RerZis yelsa da buqsis sakisars Soris zeTis Txeli fena 

iSleba, amasTanave zamTris periodSi izrdeba zeTis siblante, daZvris 

momentSi buqsis sakisrebSi adgili aqvs mSral xaxuns, ris gamoc 

mniSvnelovnad izrdeba daZvris winaaRmdegobis Zala.Aam Zalis sidideze 

mniSvnelovan gavlenas axdens _ vagonebis datvirTva (q0), matareblis sigrZe, 

moZravi Semadgenlobis savali nawilis mdgomareoba da buqsis sakisris 

tipi. burTula sakisrebiT aRWurvili moZravi Semadgenlobis daZvris 

winaaRmdegobis Zala, daaxloebiT 5-jer naklebia, vidre sriala sakisrebiani 

buqsebis gamoyenebis SemTxvevaSi. 

sriala sakisrebiT aRWurvili moZravi Semadgenlobis daZvris winaaRm-

degobis Zala gamoiTvleba Semdegi empiriuli formuliT 

70

1420

0 


q
wsr

daZ  
kn

n
; 














t

kg
.                           (4.29) 

burTula sakisrebiT aRWurvili moZravi Semadgenlobis daZvris winaaRm-

degobis Zala ki formuliT 
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70

280

0 


q
wb

daZ  
kn

n
; 














t

kg
,                         (4.30) 

sadac, 
0q  aris vagonis RerZze dawola kn-Si, an t-Si. 

 

4.5. matareblis moZraobisadmi sruli  
    winaaRmdegobis Zala 
 

matareblis moZraobisadmi sruli winaaRmdegobis Zala warmoadgens 

ZiriTadi, damatebiTi da daZvris winaaRmdegobis ZalTa algebrul jams. 

zogadad, moZraobisadmi damatebiTi winaaRmdegobis Zala, rogorc zemoT 

gvqonda aRniSnuli, SegviZlia warmovadginoT rogorc jami 

daZgengvqd WWWWWWW Ri  .                   (4.31) 

lokalur SemTxvevebSi aRniSnul jamSi rCeba is wevrebi, romlebic 

eqspluataciis pirobebSi realurad arseboben. magaliTad, Tu satvirTo 

matareblis daZvra xdeba swor horizontalur ubanze, uqaro amindSi, 

gvirabs gareT, maSin damatebiTi winaaRmdegobis Zala toli iqneba 

daZd WW  .  

praqtikaSi moZraobisadmi saerTo (sruli) winaaRmdegobis Zala wevis 

reJimSi  

                                mr0 WWWW i  ,                               (4.32) 

sadac, 0W  aris matareblis moZraobisadmi ZiriTadi winaaRmdegobis Zala,  

QwPwW 000
  Q                            (4.33) 

Wi  aris qanobiT gamowveuli damatebiTi winaaRmdegobis Zala n-Si, 

Wmr aris mrudeebiT gamowveuli damatebiTi winaaRmdegobis Zala 

)()( QPiQPwW  gmrmr ,                     (4.34) 

sadac, gi   aris dayvanili fiqtiuri qanobi, romliTac vcvliT realur mrudiT 

gamowveul winaaRmdegobis Zalas  mrw -s. anu mrg wi  . 

Tu SevitanT mniSvnelobebs (4.21) formulaSi, miviRebT 

)()( QPiQPiQwPwW  gg00 . 

aRniSnuli formulis gardaqmnis Semdeg gveqneba 

)( QPiQwPwW  g00 ,                       (4.35) 

sadac, ggg iii  . 

saerTo xvedriTi winaaRmdegobis Zala wevis reJimSi n/kn-Si 
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g0 iww  ,                            (4.36) 

w0 – matareblis moZraobisadmi xvedriTi ZiriTadi winaaRmdegobis Zala 

wevis reJimSi n/kn-Si ganisazRvreba formuliT 

QP

QwPw
w




 00

0 .                             (4.37) 

lokomotivis Tavisufali gorvis reJimSi muSaobisas, Sesabamisad gveqneba: 

sruli winaaRmdegobis Zala n-Si 

)( QwPwW xx 0
 .                            (4.38) 

Sesabamisad sruli xvedriTi winaaRmdegobis Zala n/kn-Si 

QP

QwPw
w x

x



 0 .                             (4.39) 

matareblis moZraobisadmi winaaRmdegobis Zalebis daZlevaze, 

lokomotivis meqanikuri muSaobis 100 % wilidan ixarjeba: 

 ZiriTadi winaaRmdegobis daZlevaze – 60%. 

 profilis qanobebis daZlevaze – 35%. 

 mrudeebiT ganpirobebul winaRobis daZlevaze – 5%. 

 

4.6. RonisZiebebi moZraobisadmi winaaRmdegobis  
   Zalebis Sesamcireblad 
 

rogorc cnobilia, rkinigzis transporti warmoadgens saTbob-energeti-

kuli resursebis erT-erT msxvil momxmarebels.Aam resursebis mniSvnelo-

vani nawili ixarjeba moZraobisadmi winaaRmdegobis Zalebis daZlevaze. 

amitom, winaaRmdegobis Zalebis Semcireba didwilad ganapirobebs rkinigzis 

muSaobis efeqturobis gazrdas. 

RonisZiebebi, romlebic mimarTulia matareblebis moZraobisadmi winaaR-

mdegobis Zalebis Sesamcireblad, SeiZleba davyoT sam jgufad: 

a) organizaciul – teqnikuri RonisZiebebi, 

b) teqnikuri (konstruqciuli) RonisZiebebi, 

g) organizaciuli RonisZiebebi. 

a) organizaciul _ teqnikuri RonisZiebebi: 

1. satvirTo vagonebis statikuri datvirTvis  _ 0q -is gazrda. 

ZiriTadi winaaRmdegobis Zalebis saangariSo formulebidan (ix.zemoT) 

Cans, rom 0q -is gazrdiT xvedriTi winaaRmdegobis Zala mcirdeba. 
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2. carieli vagonebis garbenis Semcireba. 

rkinigzis muSaobis xarisxis da moZravi Semadgenlobis efeqturi gamo-

yenebis universalur maCvenebels warmoadgens vagonis brunva (dro vagonis 

datvirTvidan datvirTvamde). vagonis brunvis Semcireba eqspluataciaSi 

amcirebs ara marto moTxovnili vagonebis raodenobas, aramed mniSvne-

lovnad aCqarebs tvirTebis gadazidvas. 

b) teqnikuri (konstruqciuli) RonisZiebebi: 

1. vagonebis taris Semcireba, Tanamedrove msubuqi masalebis da 

SeduRebis teqnologiis gamoyenebiT. 

2. sriala sakisrebiani buqsebis Secvla burTula sakisrebiani buqsebiT. 

3. gzis profilis gaioleba. kerZod mrudeebis radiusebis gazrda da e.w. 

mavne qanobebis daxrilobis Semcireba. 

4. gzis konstruqciis modernizacia da gaZliereba. kerZod, mZime tipis 

relsebis gamoyeneba da gzis yovel km-ze Spalebis raodenobis gazrda. 

5. moZravi Semadgenlobis aerodinamikuri winaaRmdegobis Semcireba. 

6. vagonebis Tvlebis diametris gazrda 950 mm-dan, 1 050 mm-mde. 

7. mrudeebSi moZraobisas artaxebis qimebis da relsis Sida gverdiTi 

zedapiris SezeTva. 

8. qarsafari da Tovlis namqerebisagan damcavi zonebis mowyoba. 

9. satvirTo matareblebis swori formireba. erTi tipis vagonebis 

dajgufebiT, matareblis Subluri winaaRmdegobis ganmapirobebeli 

farTis Semcireba. 

g) organizaciuli RonisZiebebi: 

1. moZravi Semadgenlobis da savali gzis gamarTul teqnikur mdgoma-

reobaSi Senaxva. 

2. xarisxiani sazeT-sacxi masalebis gamoyeneba. 

3. samuxruWo sistemebis gamarTul mdgomareobaSi movla-patronoba. 

4. satvirTo matareblebis gaCerebebis ricxvis da dgomis xangrZlivobebis 

Semcireba, gansakuTrebiT, haeris dabali temperaturis dros.  
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V Tavi 

samuxruWo Zala da matarebelTa damuxruWeba 

 

5.1. zogadi cnobebi damuxruWebis sistemebis Sesaxeb 

 

wevis reJimSi eleqtruli lokomotivis wevis Zravebis mier sakontaqto 

qselidan moxmarebuli eleqtruli energia, wyvilTvalisa da relsis 

Sexebis zonaSi gardaiqmneba meqanikur muSaobad. nawili am meqanikuri 

muSobisa ixarjeba matareblis moZraobisadmi warmoqmnili winaaRmdegobis 

Zalebis daZlevaze, xolo darCenili nawili axdens matareblis gaqanebas 

da gadadis mis kinetikur energiaSi 
2

2mV
. zogadad, bunebriv profilze 

moZravi matareblis sruli energia SegviZlia gamovsaxoT formuliT 

Hmg
mV

A 
2

2

,H                             (5.1)   

sadac, )( Qp mmm   aris matareblis sruli fizikuri masa kn-Si, an t-Si. 

 V – moZraobis siCqarea km/sT-Si 

 g – simZimis Zalis aCqareba m/wm2;  

      gs HHH   aris im qanobis simaRleTa sxvaoba, razec moZraobs matarebeli. 

(5.1) formulis pirveli mdgeneli 
2

2mV
 aris moZravi matareblis kineti-

kuri energia, xolo meore mdgeneli Hmg  aris qanobis simaRleTa sxvaobiT 

ΔH-iT ganpirobebuli potencialuri energia. Tu matarebeli moZraobs 

horizontalur profilze (nulovan qanobze), maSin 0H -s da matarebels 

gaaCnia mxolod kinetikuri energia. 

damuxruWebis fizika gulisxmobsMmoZrav matareblisgan energiis Camor-

Tmevas da (energiis mudmivobis kanonis Tanaxmad) mis gardaqmnas sxva saxis 

energiad. matarebelTa moZraobis usafrTxoebisaTvis aucilebelia, SesaZle-

beli iyos misi siCqaris regulireba an gaCereba moZraobis grafikiT gansaz-

Rvrul adgilebSi, amkrZalavi signalis dros, avariul situaciebSi.  

matareblis gaCerebisaTvis (misi kinetikuri energiis STanTqmisaTvis), 

mudmivad moqmedi bunebrivi winaaRmdegobis Zalebi sakmarisi ar aris. 

moviyvanT aseT magaliTs: eqsperimentulad dadgenilia, rom gzis swor, 

horizontalur ubanze 72 km/sT (20 m/wm) siCqariT moZravi 3500 t masis mqone 
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matarebeli, wevis Zravebis amorTvis Semdeg, moZraobas agrZelebs 22 wT-sa 

da 39wm-is ganmavlobaSi gaCerebamde gaivlis 13,6km manZils, rac absoluturad 

miuRebelia moZraobis usafrTxoebis uzrunvelyofis TvalsazrisiT. 

aRniSnulidan gamomdinare, aucilebelia moZravi Semadgenlobis yvela 

erTeulze (lokomotivebi da vagonebi) dayenebuli iyos damatebiTi xelsaw-

yoebi (mowyobiloba), romelic marTuli iqneba, memanqanis kabinidan, romlis 

saSualebiTac SesaZlebeli iqneba, saWiroebis dros, moZraobisadmi xelov-

nuri winaaRmdegobis Zalebis Seqmna. aseT mowyobilobas samuxruWo mowyo-

biloba (muxruWi) ewodeba. 

amrigad, sarkinigzo moZravi Semadgenlobis muxruWi ewodeba mowyobi-

lobaTa kompleqss, romelic ganlagebulia moZravi Semadgenlobis yvela 

erTeulze da qmnis matareblis moZraobisadmi regulirebad xelovnur 

winaaRmdegobis Zalas; moZraobis siCqaris Semcirebis an moZraobis grafikiT 

gaTvaliswinebul adgilebSi da avariul situaciebSi, winaswardasaxul 

samuxruWo Sd manZilis farglebSi gaCerebas. 

aRniSnul, xelovnurad Seqmnil regulirebad winaaRmdegobis Zalas 

samuxruWo Zala, xolo am Zalis moqmedebiT matareblis moZraobis  

process, damuxruWebis reJimi ewodeba. 

Tu matarebeli aRWurvilia samuxruWo saSualebebiT da moZraobs ΔH 

simaRleTa sxvaobis mqone qanobze V siCqariT, mis gasaCereblad saWiroa 

dakmayofildes piroba 

Hmg
mV

SWB 
2

)(
2

dd.saSd.saS ,B                     (5.2) 

sadac, d.saSB  aris siCqaris )0( V  diapazonSi samuxruWo Zalis saSualo mniSvneloba. 

       d.saSW matareblis moZraobisadmi sruli winaaRmdegobis Zalis mniSvneloba 

siCqaris )0( V  diapazonSi. 

       dS  e.w. samuxruWo manZili, anu manZili romlis farglebSi  Cerdeba 

matarebeli. 

moyvanil gantolebidan Cans, rom matareblis minimalur samuxruWo man-

ZilSi dS -Si gasaCereblad (rac praqtikaSi Cveulebrivi moTxovnaa), saWiroa 

samuxruWo Zalis Bd.saS sidide iyos rac SeiZleba didi. rogorc wesi, 

eqspluataciaSi matarebelTa usafrTxo moZraobis moTxovnebis uzrunvel-

sayofad, matareblis samuxruWo saSualebebiT Seqmnili samuxruWo Zala 
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Bd.saS, ramdenjerme aRemateba lokomotivis wevis Zalas, rac uzrunvelyofs, 

Sesabamisi wonis matareblis, winaswar dasaxul samuxruWo manZilSi garan-

tirebul gaCerebas.  

 

5.2. samuxruWo sistemebis klasifikacia 

Tanamedrove eleqtromoZrav Semadgenlobaze, ZiriTadad, gamoiyeneba damux-

ruWebis ori sistema _ meqanikuri (friqciuli, xaxunis principze momuSave) 

da eleqtruli.  

meqanikur samuxruWo sistemebSi, moZravi matareblis kinetikuri energia 

gardaiqmneba xaxunis ZalTa muSaobad da ixarjeba moxaxune zedapirebis 

(artaxi-xundi, doli-xundi, disko-ferado) cveTaze da gaxurebaze. Aam 

SemTxvevaSi es energia ikargeba aunazRaureblad. 

Tavis mxriv eleqtruli muxruWebi iyofa or jgufad: 

1. eleqtrodinamikuri muxruWebi. 

2. eleqtromagnituri-sarelso muxruWebi. 

eleqtrodinamikuri damuxruWebis principi emyareba eleqtruli manqanebis 

Seqcevad reJimSi muSaobis unars.Eeleqtruli damuxruWebis dros, eleqtruli 

moZravi Semadgenlobis wevis Zravebi gadadian generatorul reJimSi. 

Mmatareblis kinetikuri energia gardaiqmneba eleqtrul energiad, romelic 

STainTqmeba specialur samuxruWo reostatebSi da gamoiyofa siTbos saxiT. 

aseTi tipis eleqtrul damuxruWebas uwodeben e.w. reostatul damuxruWebas. 

Tu eleqtruli damuxruWebis reJimSi gamomuSavebul eleqtroenergia 

gadaecema ukan mkvebav qselSi da moixmareba sxva momxmareblis mier, aseTi 

tipis eleqtrul damuxruWebas uwodeben e.w. rekuperaciul damuxruWebas. 

eleqtrodinamikuri muxruWebi detalurad ganxiluli iqneba qvemoT. E 

eleqtromagnituri-sarelso damuxruWebis dros samuxruWo xundebi, 

eleqtromagnituri velis zemoqmedebiT miizideba relsis mier da samux-

ruWo Zalis warmoqmnas ganapirobebs maT Soris srialis xaxuni. am sakiTxs 

detalurad ganvixilavT qvemoT.  

perspeqtivaSi, e.w. magnituri Camokidebis mqone matareblebSi, SeiZleba 

gamoyenebuli iyos damuxruWebis eleqtromagnituri sistema. am sistemis 

muxruWebSi samuxruWo Zala warmoiSveba, moZravi matareblis da uZravi 

sarelso gzis magnituri nakadebis urTierTqmedebiT. 



 103 

ganxiluli samuxruWo sistemebidan, dRes sarkinigzo transportisaTvis 

yvelaze saimedo da efeqturi saxis muxruWad iTvleba meqanikuri damuxru-

Webis sistema, romliTac aRWurvilia moZravi Semadgenlobis yvela erTeuli. 

 

5.3.Mmeqanikuri damuxruWeba 
 

samuxruWo Zalis Seqmnis xerxebis mixedviT gvaqvs meqanikuri damuxru-

Webis Tval-xundebiani, doluri da diskuri sistemebi. 

Tval-xundebiani sistemebiT damuxruWebis dros, samuxruWo Zala 

warmoiqmneba samuxruWo xundebis wyvilTvalis artaxebze dawoliT. 

samuxruWo xundebis dawola SeiZleba iyos calmxrivi, an ormxrivi (nax. 5.1). 

vinaidan aseTi sistema iTvleba sarkinigzo transportze ZiriTad samuxruWo 

sistemad, amitom mas detalurad ganvixilavT qvemoT. 

 
 

 

 

 

 

 

 
 

nax. 5.1. Tval-xundebiani muxruWis sqema: a) calmxrivi, b) ormxrivi.  
 

doluri muxruWebis principuli gansxvavebaa is, rom gamoiyeneba wyvil-

Tvalis RerZze an Tvalze damagrebuli specialuri samuxruWo dolebi, 

romlebzec samuxruWo xundebi aWers radialurad garedan (nax. 5.2, a, b) an 

Signidan (nax. 5.2, g). Aam tipis muxruWebis gamoyenebis dros ar xdeba arta-

xebis profilebis zedapiris gaxureba da zedmeti cveTa, rac zrdis wyvil-

Tvalebis remontTaSoris garbenebs.Nnakls miekuTvneba is, rom rTuldeba 

konstruqcia da Sesabamisad mcirdeba maTi muSaobis saimedooba.  

diskuri muxruWebis muSaobis principi naCvenebia nax. 5.3-ze. lokomotivis 

Tvlebis centrze damagrebulia samuxruWo diskebi, romlebsac orive mxridan, 

specialuri berketuli sistemebis meSveobiT, aWers friqciuli zesadebebi 

(ferado), romlebic qmnian xaxunis Zalas da, Sesabamisad, samuxruWo moments.Ees 

momenti ramdenadme naklebia, vidre Tval-xundian muxruWebSi, radgan diskebis 

a) b) 
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nax. 5.2. doluri muxruWis sqema: a) samuxruWo doli 
   ganTavsebulia RerZze, b) samuxruWo doli moTavsebulia 

                Tvalis centrze, g) samuxruWo xundebis dawola SigniT. 

 

nax. 5.3. diskuri muxruWis sqema. 

 
diametri bevrad naklebia Tvlis artaxis diametrze. diskuri muxruWebi 

gansakuTrebiT efeqturia maRali siCqareebis (200 km/sT da meti) dros.Mmisi 

gamoyeneba, agreTve, zrdis wyvilTvalebis remontTaSoris garbenebs.Nnaklia 

is, rom eqspluataciaSi moiTxovs xSir momsaxureobas da SedarebiT 

naklebsaimedoa. 

a) b) 

g) 
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meqanikuri muxruWebi gansxvavdebian amZravebis tipis mixedviT. ganasxva-

veben: pnevmatikur, eleqtopnevmatikur, xelis da hidravlikur muxruWebs. 

meqanikuri damuxruWebis pnevmatikur sistemebSi, samuxruWo magistralSi 

wnevis dacemisas, samuxruWo cilindrebSi haeri Sedis samarage rezervuare-

bidan. dguSebs moZraobaSi mohyavs berketuli sistema, romlis meSveobiT 

samuxruWo xundi awveba wyvilTvalis artaxs. e.i. pnevmatikuri muxruWis muSa 

sxeuls warmoadgens daWirxnuli haeri. eqspluataciaSi maRali saimedoobis 

gamo, is warmoadgens meqanikuri muxruWebis amZrav ZiriTad sistemas. 

damuxruWebis eleqtropnevmatikur sistemebSi, haerTan erTad, gamoiyeneba 

eleqtruli deni. specialuri eleqtro haergamanawileblebiEeleqtruli 

signalebis mixedviT aregulireben wnevas samuxruWo cilindrebSi, xundebis 

dawolas artaxebze da, Sesabamisad, samuxruWo Zalas. eleqtropnevmaturi 

muxruWebis gamoyeneba mniSvnelovnad aCqarebs muxruWebis amoqmedebas. aseTi 

muxruWebiT aRWurvilia samgzavro vagonebi, eleqtromatareblebi da 

calkeuli lokomotivebi. 

xelis muxruWebiT aRWurvilia lokomotivebi, eleqtromatareblebi, samg-

zavro vagonebi da satvirTo vagonebis nawili. EaseTi muxruWebi gamoiyeneba 

moZravi Semadgenlobis adgilze dasamagreblad. 

hidravlikur muxruWebSi, samuxruWo saSualebebis moZraobaSi mosayvanad, 

gamoyenebulia specialuri samuxruWo siTxe. Aam tipis muxruWebi farTod 

gamoiyeneba avtotransportze. 

 

5.4. samuxruWo Zalis warmoqmnis meqanizmi 
 

ganvixiloT samuxruWo Zalis warmoqmnis meqanizmi friqciuli (xaxunis 

principze momuSave) muxruWebis SemTxvevaSiN(nax. 5.4). 

friqciuli (meqanikuri) damuxruWebis dros, samuxruWe cilindridan 

gamosuli 4 Woki, 1-samuxruWo xunds awveba K ZaliT. 1 xundisa da 2-artaxis 

Sexebis zonaSi warmoiSveba mxebi mimarTulebiT mimarTuli xaxunis Zala 

kKB  , sadac k  aris artaxsa da xunds Soris xaxunis koeficienti. 

warmoqmnili xaxunis Zala qmnis damamuxruWebel moments damM . es momenti, 

meqanikis kanonebis Tanaxmad, SegviZlia warmovadginoT B1B2 wyvilZalis 

saxiT. B2 Zala, romelic modebulia artaxis da relsis Sexebis gamrben T 

wertilSi, cdilobs daiWiros es ukanaskneli, magram B2 Zalis moqmedebas 
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aneitralebs misi toli da sawinaaRmdegod mimarTuli relsis reaqciis 

Zala BCaW. gauwonasworebeli rCeba O 

wertilSi modebuli da moZraobis 

sawinaaRmdegod mimarTuli B1 Zala, 

romelic warmoadgens samuxruWo 

Zalas (nax. 5.4). 

erT xundze Seqmnili samuxruWo 

Zala tolia 

kKB xx 1000  n, (kg).      (5.3) 

mTeli matareblis samuxruWo Zala 

    kKB xm 1000  n, (kg).     (5.4) 

xvedriTi samuxruWo Zala tolia 

QP

K

QP

B
b k









xm
m

1000
 
kn

n
, 














t

kg
.                      (5.5) 

sadac, P da Q Sesabamisad aris lokomotivis da Semadgenlobis wona kn-Si.  

xaxunis koeficienti k  damokidebulia artaxis da xundis masalaze, maTi 

zedapirebis mdgomareobaze, temperaturaze, moZraobis siCqareze, xundis 

dawolis Kx Zalaze. 

dReisaTvis rkinigzis transportze gamoiyeneba standartuli Tujis, 

fosforis maRali Semcvelobis mqone Tujis da kompoziciuri xundebi. 

xaxunis koeficienti k  CamoTvlili xundebisaTvis siCqaris V da dawolis 

Zalis Kx zrdisas mcirdeba.Ees aixsneba imiT, rom borbalsa da xunds 

Soris xaxuniT gamoyofili siTbos raodenoba izrdeba, kontaqtSi myofi 

zedapirebi rbildebian, ufro plastikuri xdebian, rac iwvevs samuxruWo 

efeqtis Semcirebas. 

k  xaxunis koeficientis gansazRvra xdeba calkeuli tipis xundebisaTvis 

Sesabamisi empiriuli (cdebis SedegebiT miRebuli) formulis saSualebiT. 

kerZod: 

 standartuli Tujis xundebisaTvis  

    
1005

100

10080

10016
6.0











V

V

K

K
k .                         (5.6)  

 fosforiani Tujis xundebisaTvis 

      
1005

100

10052

10016
5.0











V

V

K

K
k .                         (5.7)  

nax. 5.4. samuxruWo Zalis warmoqmnis 
meqanizmi. 
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 kompoziciuri xundebisaTvis 

       
1502

150

204

20
44.0











V

V

K

K
k .                          (5.8)  

rogorc (5.6) formulidan Cans siCqaris zrdis dros standartuli 

Tujis xundebisaTvis xaxunis koeficienti mniSvnelovnad mcirdeba. aseTi 

tipis xundebis nakls miekuTvneba, agreTve, maTi cveTis didi intensivoba, 

gansakuTrebiT maRali siCqareebis dros. 

kompoziciur xundebs amzadeben azbest-kauCukis Semcvel masalisagan. 

maT, Tujis xundebTan SedarebiT, aqvT ramdenjerme maRali xaxunis 

koeficienti (gansakuTrebiT maRali siCqareebis zonaSi), maTi cveTamedegoba 

3-4 jer maRalia Tujisaze. magram, gaaCniaT seriozuli naklovani mxareebi, 

romlebic zRudaven maT farTo gamoyenebas moZrav Semadgenlobaze.  kerZod, 

maTi dabali Tbogamtaroba iwvevs xundisa da artaxis Sexebis zonaSi 

temperaturis mniSvnelovan zrdas (300-mde), ramac SeiZleba gamoiwvios 

artaxis moSveba Tvalze an Termuli mikrobzarebis warmoqmna. zamTris 

periodSi mosalodnelia aseTi xundebis zedapirebis dafarva lipyinuliT, 

rac iwvevs samuxruWo efeqtis mkveTr Semcirebas.Aam da sxva naklovanebebis 

gamo am tipis xundebi gamoiyeneba mxolod samgzavro vagonebze. 

matarebelTa usafrTxo moZraoba mniSvnelovnadaa damokidebuli samuxruWo 

Zalis sidideze. Ddidi sididis samuxruWo Zalas ki ZiriTadad ganapirobebs 

samuxruWo xundebis jamuri dawola ΣK. magram jamur dawolas da m.S. 

matareblis samuxruWo Zalas zRudavs CaWideba artaxsa da relss Soris. 

 

5.5. wevis ZiriTadi kanoni damuxruWebis reJimisaTvis. 
    Tvalis Casolva 

 
damuxruWebis reJimSiAartaxsa da relss Soris CaWidebis Zala ganisaz-

Rvreba  formuliT 

CaWCaW  GB 1000 , n (kg),                         (5.9) 

sadac, CaW  aris artaxsa da relss Soris CaWidebis koeficienti.M 

misi mniSvneloba damokidebulia _ moZraobis siCqareze; relsis da 

artaxis masalaze, maTi zedapirebis mdgomareobaze, atmosferul movlenebze, 

wyvilTvalis relsze dawolis Zalis G mniSvnelobaze da gaiTvleba 

empiriuli formulebiT, romelsac zogadad SeiZleba hqondes Semdegi saxe 
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Vdc

b
a


CaW ,                             (5.10) 

sadac, a, b, c, d aris koeficientebi, romlebic konkretuli mniSvnelobebs iZenen 

konkretuli SemadgenlobisTvis da ganisazRvrebian cdebis Sedegad 

miRebuli monacemebiT. 

  V aris moZraobis siCqare, km/sT-Si. 

imisaTvis rom, damuxruWebis reJimSi SenarCunebuli iqnes wyvilTvalis 

normaluri gorva relsis zedapirze, saWiroa Sesruldes piroba 

          2BB CaW .                                (5.11) 

(5.11) gamosaxulebas wevis ZiriTadi kanoni ewodeba. Tu es piroba 

dairRva, e.i. Tu CaWBB 2 , maSin moxdeba wyvilTvalis Casolva. Tvali Sewyvets 

gorvas da daiwyebs relsis zedapirze srials. es movlena sarelso trans-

portis eqspluataciaSi Zalze arasasurvelia, radgan erTi mxriv iwvevs 

artaxisa da relsis zedapirebis intensiur cveTas da meore mxriv amcirebs 

damuxruWebis efeqts (radgan gorvis xaxuns enacvleba srialis xaxuni, 

romlis koeficienti raodenobrivad naklebia gorvis xaxunis koeficientze), 

es ki amcirebs samuxruWo Zalis sidides da zrdis samuxruWo manZils. 

wevis ZiriTadi kanoni Tvalis mimarT SeiZleba CavweroT ase  

TvTvYTvTvTv  GKB k 10001000                      (5.12) 

                    anu 

TvTvYTvTv  GK k  . 

Tvalis normaluri gorvis zRvruli piroba iqneba 

TvTvYTvTv GK k ,   aqedan 

Tv

Tv

Tv

Tv

kG

K




 .                                 (5.13) 

fardobas 
Tv

Tv

G

K
 da uwodeben xundebis dawolis koeficients. Sinaarsob-

rivad es koeficienti gviCvenebs matareblis wonis ra procents Seadgens 

xundebze dawolis jamuri Zala. (5.13) gamosaxulebidan Cans, rom xundebis 

dawolis koeficienti damokidebulia 
YTv

Tv

k


 fardobaze. Aam koeficientebis 

mniSvneloba ki, Tavis mxriv, damokidebulia moZraobis siCqareze, xundebis 

masalaze da amindze. 
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rogorc kvlevebma aCvena, siCqaris 

zrdis dros CaWidebis koeficienti 

k  mcirdeba ufro nela [mrudi 

)(Vfk  ], vidre xaxunis koeficienti 

k  [mrudi )(Vfk  ] (nax. 5.5). rogorc 

naxazidan Cans  Casolvis (iuzis) yve-

laze didi saSiSroebaa dabali siC-

qareebis AVV   dros.   

imisTvis, rom Casolvis albaToba 

iyos minimaluri, dawolis koefi-

cients zRudaven qvemoT moyvanil 

farglebSi: 

 
satvirTo matareblebisaTvis 60.0 ,  

samgzavro matareblebisaTvis  =0.7-0,75,    

lokomotivebisaTvis   = 0.5-0.6. 

 

5.6. matareblis samuxruWo Zalis gaangariSeba 
 

matareblis sruli samuxruWo Zala gaiTvleba formuliT 

kKB xm 1000  n, (kg),                                      (5.14) 

sadac, Kx aris RerZze samuxruWo xundebis dawola kn-Si. 

Tu miviRebT, xaxunis koeficientis saSualo mniSvneloba matarebelSi 

arsebuli yvela RerZisaTvis erTnairia, maSinN (5.14) SegviZlia CavweroT 

rogorc                   xm KB k  1000   n, (kg).                         (5.15) 

praqtikaSi xSirad sargebloben matareblis xvedriTi samuxruWo Zalis 

mniSvnelobiT,  romelic miiReba (5.15) formulis gayofiT matareblis srul 

wonaze                   
QP

K
b k




 x

m

1000
 
kn

n
, 














t

kg
,                        (5.16) 

sidides 




QP

Kx  uwodeben namdvil samuxruWo koeficients. 

aRniSnulis gaTvaliswinebiT (5.15) gantoleba miiRebs saxes 

    kb 1000 .                              (5.16)  

nax. 5.5. CaWidebis k da xundis xaxunis 

     k koeficientebis damokidebuleba 
                siCqareze. 
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Sinaarsobrivad samuxruWo koeficienti gviCvenebs samuxruWo xundebze 

dawolis ra Zala modis matareblis erTeul wonaze. is yovelTvis 1-ze 

naklebi sididea da araa damokidebuli siCqareze. Tu matarebelSi arse-

buli yvela RerZi aRWurvilia muxruWebiT, maSin samuxruWo koeficienti 

tolia xundebis dawolis koeficientis. Ee.i. 

 = δ. 

(5.15) da (5.16) formulebiT gaiTvleba samuxruWo Zalis mniSvneloba, 

matarebelSi arsebul calkeuli jgufis vagonebisaTvis cal-calke da 

Semdeg xdeba maTi Sekreba mTeli matareblisaTvis.  

samuxruWo Zalis zemoganxiluli meTodi misaRebia praqtikuli gaangari-

Sebebis dros, Tu matarebeli Sedgeba erTnairi tipis, daaxloebiT erT-

nairi wonis vagonebisagan (magaliTad samgzavro matareblebisTvis). 

Tu matarebeli Sedgeba sxvadasxva dawolis koeficientebis mqone vago-

nebisagan, maSin gaangariSeba unda Catardes calke calkeuli xunde-

bisaTvis, rac arTulebs gaangariSebas da zrdis mis moculobas. 

aseT SemTxvevebSi, angariSis gaiolebis mizniT, mimarTaven e.w. dayvanis 

(gaerTmniSvnelianebis) meTods. am meTodis arsi mdgomareobs imaSi, rom 

namdvil xaxunis koeficients k  da namdvil dawolis Zalas K-s cvlian 

maTi saangariSo mniSvnelobebiT saan.k  da Ksaan. 

imisaTvis, rom am dros SevinarCunoT namdvili samuxruWo Zalis 

mniSvneloba, saWiroa daculi iqnes piroba 

saansaan.x KK kk   10001000  

                      anu 

                           saan.saan kk KK                                       (5.17) 

xaxunis saangariSo koeficients Sesabamisi tipis xundebisaTvis 

gansazRvraven (5.6), (5.7), (5.8) formulebidan Sesabamisi formuliT, romelSic 

magaliTad, Tujis xundebis mqone yvela tipis vagonisaTvis, dawolis Zalis 

saSualo mniSvneloba aiReba erTnairi da toli 5.26K  kn. aRniSnulis 

gaTvaliswinebiT (5.6) formula miiRebs saxes 

   
1005

)100(
27.0






V

V
ksaan .                          (5.18) 

(5.17) formulidan ganvsazRvroT  Ksaan. 

                
saan

saang

k

kK
K




 .                                (5.19)   
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Tu (5.19) formulaSi SevitanT 
k  da saank  mniSvnelobebs miviRebT 

10080

10016
22.2






K

K
KKsaang .                      (5.20) 

fosforSemcveli Tujis xundebisaTvis  analogiurad miviRebT 

10052

10016
67,1






K

K
KKsaang .                        (5.21) 

kompoziciuri xundebisaTvis 

204

20
22.1






K

K
KKsaang .                          (5.22) 

yovelive zemod aRniSnulis gaTvaliswinebiT, matareblis samuxruWo 

Zala (5.15) da (5.16) formulis nacvlad iangariSeba formulebiT: 

sruli samuxruWo Zala 

                       saangsaanm KB k  1000 .                         (5.23)    

xvedriTi samuxruWoPZala 

QP

K
b

k






saangsaan1000
 
kn

n
, 














t

kg
.                 (5.24) 

fardobas 
QP

K



 saang -s uwodeben saangariSo samuxruWo koeficients. 

sabolood matareblis xvedriTi samuxruWo Zala tolia 

   saansaankb 1000  
kn

n
, 














t

kg
.                    (5.25) 
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VI Tavi 

mudmivi denis eleqtromoZravis Semadgenlobis 

wevis maxasiaTeblebi 

 

eleqtromavlis wevis maxasiaTeblebi warmoadgenen funqcionalur 

damokidebulebas lokomotivis wevis ZalasaFF da siCqares V Soris F(V), 

regulirebis sxvadasxva safexurisaTvis. wevis maxasiaTeblebis saSualebiT  

ganisazRvreba eleqtromavlis SesaZleblobebi, romlebic SemdgomSi safuZ-

vlad udevs wevis angariSebis Catarebas (matareblebis wonis, moZraobis 

siCqareebis, svlis droebis, energiis xarjis da a.S. gansazRvras). wevis 

maxasiaTeblebis ageba warmoebs eleqtruli wevis Zravebis eleqtromeqa-

nikuri maxasiaTeblebis safuZvelze. 

 

6.1. mudmivi denis wevis Zravebis klasifikacia da  
    eleqtromeqanikuri maxasiaTeblebis ageba 
 

Zravas eleqtromeqanikuri maxasiaTeblebi warmoadgenen funqcionalur 

damokidebulebebs _ Zravas brunTa ricxvs n da moxmarebul dens I Soris 

n(I), romelsac ewodeba siCqaris maxasiaTebeli. Zravas mier ganviTarebul 

moments M da dens I Soris M(I), romelsac ewodeba momentis (wevis Zalis) 

maxasiaTebeli. Zravas margi qmedebis koeficientsa (mokled m.q.k η) da dens I 

Soris, η(I), romelsac uwodeben Zravas  m.q.k-is maxasiaTebels.   

wevis Zravas eleqtromeqanikuri maxasiaTeblebis forma da raodenobrivi 

mxare damokidebulia Zravas tipze, romelic Tavis mxriv damokidebulia 

Zravas Ruzis densa da mis magnitur (agznebis) sistemas Soris arsebul kav-

Sirze. aRniSnulis mixedviT ganasxvaveben 4 tipis mudmivi denis wevis Zravas:  

1. mimdevrobiT agznebiani wevis Zrava (nax. 6.1, a), romelSic agznebis 

gragniliA(ag) eleqtrulad CarTulia Ruzis gragnilis (Rg-is) mimdevrobiT.  

2. paralelur agznebiani wevis Zrava (nax. 6.1, b), romelSic agznebis 

gragnili (ag) CarTulia Ruzis gragnilis (Rg-is) paralelurad. 

3. damoukidebel agznebiani Zrava (nax. 6.1, g), sadac agznebis da Ruzis 

gragnils Soris aris mxolod magnituri kavSiri. 

4. Sereul agznebiani Zrava (nax. 6.1, d), sadac gvaqvs agznebis ori 

gragnili: mimdevrobiTi  ag-1 Dda paraleluri ag-2. 
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nax. 6.1. a) mimdevrobiT agznebiani,   b) paralelur agznebiani, 
       g) damoukidebel agznebiani,   d) Sereul agznebiani. 

 
CamoTvlil Zravas tipebidan dReisaTvis eleqtrul wevaSi farTod 

gamoiyeneba mimdevrobiT agznebiani (96%) da damoukidebel agznebiani (4%) 

wevis Zrava.Aamitom, eleqtromeqanikuri maxasiaTeblebis agebas dawvrilebiT 

ganvixilavT mxolod am ZravebisaTvis. 

dRemde, yvela saswavlo saxelmZRvaneloSi mimdevrobiT agznebiani wevis 

Zravebis eleqtromeqanikuri maxasiaTeblebs ageben praqtikuli angariSe-

bisaTvis sakmarisi sizustis mqone grafo-analizuri meTodiT.AerTdroulad 

SesaZlebelia ganvixiloT aseTive sakmarisi sizustis mqone gaangariSebis 

kidev ori meTodi _ analizuri meTodi da Tanamedrove personalur 

kompiuterze specialuri programiT gaTvlis meTodi. 

wevis Zravas eleqtromeqanikuri maxasiaTeblebis ageba SesaZlebelia, 

rogorc eqsperimentalurad, aRebuli Zravas stendze gamocdis gziT (Zravas 

miaerTeben qselTan, cvlian datvirTvis dens da xelsawyoebis CvenebiT 

aiReben Sesabamisi sidideebis mniSvnelobebs), aseve Teoriuli gaTvlebis 

gziT, Tu winaswar mocemuli gveqneba Zravas damagnitebis mrudi )(ICe   

(ix.Nnax. 6.2, a). 

 

6.2. mimdevrobiT agznebiani wevis Zravas  
   eleqtromeqanikuri maxasiaTeblebis ageba  
   grafo-analizuri meTodiT 

 
a) siCqaris maxasiaTebeli n(I) 
   

mimdevrobiT agznebiani ZravasaTvis ZabvaTa balansis gantolebas aqvs 

saxe                              IREU  ,                                (6.1) 

sadac, E  aris Zravas ukueleqtromamoZravebeli Zala da tolia 

                                  nCE e  

       I  – ZravaSi gamavali deni, amperebSi. 

a) b) g) d) 
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       R – Zravas gragnilebis jamuri aqtiuri winaRoba, omebSi. 

M      U – Zravaze modebuli Zabva, voltebSi. 

      60pNCe   _ Zravas konstruqciuli mudmiva. 

       p – Zravas wyvil polusTa ricxvi. 

 N – Ruzis gamtarTa ricxvi. 

  _ paralelur StoTa ricxvi. 

        _ Zravas agznebis sistemis mier Seqmnili magnituri nakadi. 

             n – Zravas brunvis sixSire br/wT-Si. 

Tu (6.1) formulaSi SevitanT E-s mniSvnelobas da ganvsazRvravT n-s, 

miviRebT                      





eC

IRU
n  

wT

br
.                               (6.2) 

(6.2) formuliT SegviZlia avagoT siCqaris maxasiaTebeli Zravas lilvis 

mimarT, mocemuli damagnitebis mrudisaTvis )(ICe , Semdegi Tanmimdev-

robiT; 

vuSvebT Zravas denis mniSvnelobas I1-s. nax. 6.2, a-dan vsazRvravT am denis 

Sesabamis magnitur nakads 
1eC -s da (6.2) formuliT vsazRvravT aRebuli 

denis Sesabamis brunTa ricxvs n1-s. 

1

1

1





e
C

RIU
n . 

vpoulobT saZiebeli maxasiaTeblis 1 wertils (nax. 6.2, b). Zabva U da 

winaRoba R winaswar cnobilia. Semdeg vuSvebT denis mniSvnelobas I2-s. nax. 

6.2, a-dan vsazRvravT mis Sesabamis magnitur nakads 2eC -s da (6.2) for-

muliT ganvsazRvravT brunTa ricxvs n2-s. 

2

2
2






eC

RIU
n . 

viRebT saZiebeli maxasiaTeblis 2 wertils da a.S. miRebuli monacemebiT 

vagebT saZiebel siCqaris maxasiaTebels )(In  (nax. 6.2, b). 

xazuri siCqare wyvilTvalis artaxisa da relsis Sexebis zonaSi 

ganisazRvreba formuliT 

60

TT nD
V





 
wm

m
-Si,                            (6.3) 

sadac TD  aris Tvalis diametri, metrebSi; 
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  Tn Tvalis brunTa ricxvi br/wT-Si, romelic ganisazRvreba, rogorc nn T , 

sadac  _ kbilana reduqtoris gadacemis ricxvia, n _ Zravas brunTa ricxvi 

wuTSi. 

  14.3 . 

   60 – wuTebis wamebSi gadamyvani koeficienti. 

Tu gaviTvaliswinebT imas, rom xazuri siCqare Cven gvWirdeba praqtikul 

km/sT ganzomilebaSi, maSin unda SemoviRoT m/wm-idan km/sT-Si gadamyvani 

koeficienti 6,310003600   (erT saaTSi 3600 wamia, xolo 1 km-Si 1000 metria). 

aRniSnulis gaTvaliswinebiT (6.3) formulis gamosaxuleba miiRebs aseT 

saxes 

60

14,36,3 nD
V T




nDT188,0
  

sT

km
.                      (6.4) 

wevis Zravas wyvilTvalis fersos mimarT siCqaris maxasiaTeblis V(I) 

gasaTvleli formulis misaRebad (6.4) gamosaxulebaSi CavsvaT (6.2) gamo-

saxuleba. miviRebT 

                           





eC

RIUD
V



)(188,0 ZZT .                           (6.5) 

Tu mocemuli tipis eleqtromoZravi SemadgenlobisTvis mudmiv paramet-

rebs aRvniSnavT 

                          
TD

C
C e

188,0


 ,                               (6.6) 

miviRebT siCqaris maxasiaTeblis gantolebas 

         





eC

RIU
V ZZ .                                (6.7) 

b) momentis maxasiaTebeli M(I). 

Zravas mabrunebeli momenti ganisazRvreba formuliT   

ICM M ,                              (6.8) 

2

pN
CM  ; 55,9

60

2 




pN

pN

C

C

e

M , 

aqedan                          55,9 eM CC .                               (6.8)1 

vuSvebT Zravas denis mniSvnelobas I1-s. Zravas damagnitebis mrudidan 

(nax. 6.2, a), vsazRvravT 1eC -s da (6.8)1 formuliT gamoviTvliT MC , Semdeg 

ki (6.8) formuliT mabrunebel moments 111 ICM M -s. viRebT saZiebeli 
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maxasiaTeblis 11 wertils. denis I2 mniSvnelobisTvis 2MC -s, 222 ICM M -s, 

vagebT saZiebeli maxasiaTeblis 12 wertils da a.S. miRebuli koordinatebiT 

vagebT saZiebel momentis maxasiaTebels M(I) (nax. 6.2, b). 

nax. 6.2. mudmivi denis wevis Zravas eleqtromeqanikur 
   maxasiaTeblebis agebis Tanmimdevroba. 

 

g) margi qmedebis koeficientis (mqk) maxasiaTebeli )(I . 

am maxasiaTeblis arsis gasagebad, gavixsenoT m.q.k-is cneba, romelic 

wevis ZravasaTvis SeiZleba CamovayaliboT Semdegnairad:  

wevis Zravas m.q.k aris sasargeblod daxarjuli muSaobis fardoba, 

Zravas mier mTlianad Sesrulebul muSaobasTan, rac Caiwereba ase  

mT

sas

A

A
 .                                 (6.9) 

gamovsaxoT muSaoba simZlavris da drois namravliT tPA  . maSin 

miviRebT                    
mT

mT

mT

sas

P

PP

tP

tP 
 ,                           (6.10.) 

sadac, sasP  aris Zravas mier ganviTarebuli sasargeblo simZlavre. 

      mTP – Zravas mier ganviTarebuli sruli simZlavre. 

       P simZlavris jamuri  danakargebi ZravaSi. 

eleqt,magn.meq PPPP   

      meqP ZravaSi simZlavris meqanikuri kargvebi. ganpirobebulia xaxuniT sakisrebSi, 

haersa da mbrunav Ruzas Soris. 

a) b) 
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 magn.P ZravaSi simZlavris magnituri kargvebi. ganpirobebulia danakargebiT 

foladSi, grigalur denebze da histerezisze. 

 eleqt,P ZravaSi simZlavris eleqtruli kargvebi.Gganpirobebulia kargvebiT Zravas 

gragnilebis aqtiur winaaRmdegobebSi. 

ZrZreleqt, RIIIRP 2 . 

Zravas denis I1 mniSvnelobebisaTvis ganvsazRvravT danakargebs 1meq.P , 

1magn.P , 1eleqt,P , Semdeg gavTvliT maT jams.  

1eleqt,1magn.1meq PPPP  1  

da (6.10)-e formuliT  vangariSobT 

Sesabamis m.q.k.-is mniSvnelobas 

mT

11mT

P

PP 
1  

da vagebT saZiebel m.q.k.-is 

maxasiaTeblis 21 wertils (nax. 

6.2, b). analogiurad vaxdenT 

gaangariSebas І2; І3 da a.S. denis 

mniSvnelobebisaTvis. (22, 23 da a.S 

wertilebi). 21, 22, 23 wertilebis 

mdovre mrudiT SeerTeba mogvcems 

saZiebel )(I  maxasiaTebels 

(nax. 6.2, b). 

analogiuri midgomiT SegviZlia gavTvaloT da avagoT eleqtromeqa-

nikuri maxasiaTeblebi paraleluri agznebis mqone ZravasaTvis Tu davwerT, 

rom 

  
0

0

000 













eeee C

RI
n

C

RI

C

U

C

RIU
n ZZZZZZ                     (6.11) 

(nax. 6.3). 
 

6.3. eleqtromeqanikuri maxasiaTeblebis  
    gaangariSebis analizuri meTodi 

 

Tu davukvirdebiT zemomoyvanil (6.2) gamosaxulebas, vnaxavT, rom Zravas 

brunTa ricxvis denisagan damokidebulebis analizuri gaangariSebisTvis 

saWiroa gvqondes Zravas damagnitebis mrudis Ф(I)-is aRmweri maTematikuri 

nax. 6.3. paralelur agznebiani Zravas 
eleqtromeqanikuri maxasiaTeblebis 

ageba. 
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gamosaxuleba. dReisaTvis arsebobs maTematikuri formulebi, romlebic sxva-

dasxva sizustiT aRweren Zravas damagnitebis mruds. formulaTa simravli-

dan gamovyofT or formulas, romelmac farTo gamoyeneba hpova eleqtrul 

wevaSi. 

pirveli esaa wiladur-wrfivi funqcia 

baI

I


 ; 






a

b
I

1
.                          (6.12) 

meore formulas aqvs Semdegi saxe 

3 baI .                             (6.13) 

(6.12) formulis mniSvnelovani Tvisebaa is, rom cvladebi I da Ф wrfivad 

ganisazRvrebian erTmaneTis saSualebiT. 

(6.13) formulis dadebiT mxared iTvleba is, rom SeiZleba gamoyenebuli 

iqnes cvladi denis SemTxvevebSic. 

Semdgom gaangariSebebSi Cven mier gamoyenebuli iqneba mxolod (6.12) 

formula.Ddamakmayofilebeli Sedegebis misaRwevad (6.12) formulisaTvis a 

da b koeficientebi SeiZleba ganisazRvros ori sacdeli wertilis I1, Ф1 da 

I2, Ф2-is mkacri SerCeviT da Semdegi gamosaxulebebis gamoyenebiT 

3

12

3

21

2112










II
a ; 

3

12

3

21

3

12

3

21










II
b .                      (6.14) 

a da b koeficientebis mniSvnelobebis gansazRvris procesi SegviZlia 

mniSvnelovnad gavamartivoT, Tu gamoviyenebT e.w. SeuRlebis meTods, 

risTvisac (6.12) gamosaxuleba gadavweroT Semdegi formiT 

     z
I

baI 


                               (6.15) 

miRebuli wrfis daxras gansazRvravs a koeficienti, xolo ordinatTa 

RerZze moniSnul monakveTs b koeficienti. M 

maTematikaSi arsebuli wesebis mixedviT a da b koeficients gansazRvra-

ven TvaldaTval, ise rom ba   wrfe iyos axlos (6.15) damokidebule-

basTan. Cven SemTxvevaSi (6.15) damokidebuleba warmoadgens or urTierT-

gadamkveT wrfes; erTi paraleluria abcisTa RerZis da misi ordinataa b0, 

xolo meores gadaRunvis   wertilis Semdeg aqvs daxra 

                                                                  
12

02

II

bZ
K




 , 

sadac, Z2 da I2  aris cvladebis maqsimaluri gadaxra. 
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Tu gamoviyenebT umciresi kvadratebis meTods, 20 II   da 21 III   

intervalebisaTvis SegviZlia davweroT 

 
1

0

1

2

0 )]([
i

dibaib  ,    
2

0

2

2

10 )])(([
i

dibaiiiKb  ,               (6.16) 

sadac, 1  da 2  aris aRebul intervalebSi SeuTanxmebloba. 

aRniSnul intervalebSi a da b koeficientebis optimizaciisTvis saWiroa 

aviRoT maTi warmoebulebi da gautoloT nuls. Sedegad miviRebT ganto-

lebaTa sistemas 

01
3

2
bbaI  ; )( 10 IAKbbaA  ; 

2

21 II
A


 .                (6.17) 

Tu (6.17) sistemas amovxsniT a da b-s mimarT, miviRebT maTi optimaluri 

mniSvnelobebis gansasazRvrel formulebs 














1

1

3

2

)(

iA

iAK
a ,      















1

110

3

2

)(
3

2

iA

iAKib

b .                (6.18) 

amgvarad, (6.2) formulis nacvlad, sazogadod, SegviZlia gamoviyenoT 

formula 

I

bIaRIu
n



 ))(( 
 ZZ ,                           (6.19) 

sadac,   aris velis Sesustebis koeficienti. 

qvemoT, magaliTis saxiT ganvixiloT TЛ-3Б wevis Zravas eleqtromeqa-

nikuri maxasiaTeblebis analizuri gaangariSeba. 

rogorc cnobilia, wevis ZravebisaTvis damagnitebis mrudi (magnituri 

nakadis damokidebuleba agznebis denze) )(ICe  SeiZleba avagoT analizuri 

gaangariSebis gziT an eqsperimentulad. 6.4Nnaxazze mocemuli damagnitebis 

mrudisaTvis (6.15) gantolebis safuZvelze miRebuli gvaqvs ori urTierT-

gadamkveTi wrfe 1 da 2, ordinatiT b0 da daxriT K.  

a da b koeficientebis (6.15) formuliT gaangariSebuli optimaluri 

mniSvnelobebi iqneba 2875,0a  da 152b . sacdeli wertilebisaTvis 2001 I a,    

5002 I I2, 93191 eC , 706,12 eC  (6.9) formuliT gaTvlili igive koeficien-

tebis mniSvnelobebi Sesabamisad iqneba 2615.0a ; 3,162b . 

6.5 naxazze arsebuli grafoanalizuri meTodiT agebulia brunTa ricxvis 

(mrudeebi 1, 2)  da momentis (mrudi 3)  damokidebuleba datvirTvis denze I, 
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sruli 1  da Sesustebuli 75,0  velisaTvis. ixileT mrudeebi 6.5 

naxazze, sadac naCvenebia analizuri gaTvlebiT miRebuli koordinatebi, 

(jvrebiT aRniSnuli wreebi mrudeebis garSemo). rogorc vrwmundebiT 

cdomileba umniSvneloa. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
nax. 6.4. 

mabrunebeli momentis damokidebuleba datvirTvis denze, analizurad 

gaiTvleba formuliT 

152
2875,0

2


I

IC
ICM M

M



,                       (6.20) 

sadac, CeCM  554,9 . 

(6.19) da (6.20) formulebis mniSvnelovan upiratesobas, grafo-analiti-

kuri gaangariSebis meTodTan SedarebiT, warmoadgens is, rom nebismier 

kompiuterSi formulebis martivi SeyvaniT, maxasiaTeblebis gaangariSeba da 

maTi grafiuli ageba xdeba ramdenime wamSi. 

 

(   )  

 
 aI + b 
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nax. 6.5. 

 

6.4. wevis Zravas eleqtromeqanikuri maxasiaTeblebis  
    gaangariSeba kompiuteruli programiT 

 
wevis Zravas eleqtromeqanikuri maxasiaTeblebis asagebad viyenebT 

saofise kompiuterul progamas MS  EXCEL-s. 

a) siCqaris maxasiaTebeli n(I) 

damokidebuleba Zravas brunTa ricxvs da dens Soris, rogorc zemoT 

vnaxeT,  gamoisaxeba (6.2) formuliT  






eC

IRU
n  

wT

br
. 

 aRniSnul formulas gavSliT EXCEL-is cxrilSi. cxrili 6.1.  

 

(   ) 

(   )   (vt.wm)   
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cxrili 6.1. 

 

cxrilis me-2-e grafaSi Segvaqvs Zravas denis IZr. (argumentis) mniSv-

neloba amperebSi (a). cxrilis me-3-e grafaSi Segvaqvs Zabvis mniSvneloba 

Zravas momWerebze UZr, romlisTvisac vagebT siCqaris maxasiaTebels, 

voltebSi (v). konkretuli maxasiaTeblisTvis is mudmivi sididea constU Zr . 

cxrilis me-4-e grafaSi Segvaqvs Zravas gragnilebis jamuri aqtiuri 

winaRoba R omebSi (omi), romelic aseve mudmivi sididea. cxrilis me-5-e 

grafa ivseba saangariSo formuliT RIZr, romelic warmoadgens Zabvis 

vardnas Zravas gragnilebis aqtiur winaaRmdegobaSi voltebSi (v). cxrilis 

me-6-e grafaSi Zravas damagnitebis mrudidan eC  )(  )( ZrZr InEI  Segvaqvs nE  

v.wT/br. mniSvneloba. cxrilis me-7-e grafa ivseba saangariSo formuliT 

( ZrZr RIU  ) voltebSi (v). cxrilis me-8-e grafa ivseba saangariSo formuliT 






eC

IRU
n  

wT

br
. cxrilis me-2 da me-8 grafis monacemebiT vagebT saZiebel 

siCqaris n(I) maxasiaTebels. 

 

b) momentis maxasiaTebeli M(I)   

rogorc zemoT vnaxeT, Zravas densa da moments Soris, damokidebuleba 

gamoisaxeba (6.8) formuliT 

ICM M  kn.m. 
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aRniSnul formulas gavSliT EXCEL-is cxrilSi. cxrili 6.2. 
cxrili 6.2 

 
 

cxrilis me-2-e grafaSi, ise rogorc pirvel SemTxvevaSi Segvaqvs Zravas 

denis IZr.  (argumentis) mniSvneloba amperebSi (a). cxrilis me-3-e grafaSi 

gadmogvaqvs eC  mniSvnelobebi (6.1) cxrilidan.Nme-4-e grafa ivseba saanga-

riSo formuliTY ELOBEB 

55.9  eM CC . 

cxrilis me-5-e grafa ivseba saangariSo formuliT ICM M . cxrili 

6.2-is me-2 da me-5 grafebis monacemebiT vagebT saZiebel momentis M(I)  

maxasiaTebels. 

 
g) margi qmedebis koeficientis (mqk) maxasiaTebeli )(I . 

rogorc cnobilia margi qmedebis koeficienti warmoadgens sasargeblo 

simZlavris Sefardebas mTlianad moxmarebul simZlavresTan  

                    
11

1

1

2 1

P

P

P

PP

P

P 



 ,   

sadac, P   aris simZlavris jamuri danakargebi. 

       2P  sasargeblo simZlavrea, romelic tolia 

 IUP2 . 
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Zravas momenti ganisazRvreba formuliT 




 IU
n

P
M 974,0

974.0 2 . 

aqedan ganvsazRvroT margi qmedebis koeficienti 

UI

nM

974,0


 . 

aRniSnul formulas gavSliT EXCEL-is cxrilSi 6.3.  

cxrili 6.3. 

 

cxrili 6.3-is pirveli da me-7 grafis monacemebiT vagebT mqk-is saZiebel 

maxasiaTebels )(I . 

 

6.5. mimdevrobiT agznebiani wevis Zravas Taviseburebebi 
 

mimdevrobiT agznebiani Zravas Taviseburebaa is, rom RuzaSi gamavali 

deni da agznebis deni erTi da igivea (ix. nax. 6.1, a). amitom, datvirTvis 

denis zrdisas izrdeba ra Ruzis deni, erTdroulad izrdeba magnituri 

nakadi. (6.2) formulaSi mcirdeba mricxveli, amave dros izrdeba mniSvneli; 

amitom, denis zrdisas Zravas brunTa ricxvi mkveTrad ecema. ix. siCqaris 

maxasiaTeblis 1-2 monakveTiN(nax. 6.2, b). 

didi denebis mniSvnelobisas Zravas magnituri sistema iJRinTeba 

(magnituri maxasiaTeblis 2-3 monakveTi) (nax. 62, a), ris gamoc magnituri 
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nakadi TiTqmis ar izrdeba da Zravas brunTa ricxvi mcirdeba Zalian nela. 

siCqaris maxasiaTeblis 2-3 monakveTi, (nax. 6.2, b).  

mcire denebisas (magnituri sistemis gaJRenTvamde) magnituri nakadi 

izrdeba Zravas denis proporciulad. ItgCM   (ix. nax. 6.2, a). e.i. (6.8) 

formulaSi Tu SevitanT ItgCM   mniSvnelobas, miviRebT   

 tgICM M

2 .                            (6.21)   

e.i. Zravas mier ganviTarebuli momenti denis kvadratis proporciulia. 

monakveTi 0-11; (nax. 6.2, b). 

didi denebis dros magnituri nakadi TiTqmis ar icvleba  da Zravas 

momenti denis proporciulia. monakveTi 11-12 (nax. 6.2, b). 

mcire denebis (datvirTvebis) dros simZlavris danakargebi ZiriTadad 

modis xaxunze sakisrebSi (brunvis maRali siCqareebis gamo, didia meqani-

kuri kargva), ix. maxasiaTeblis monakveTi 21-22 (nax. 6.2, b) xolo didi 

denebis (datvirTvebis) dros ZiriTadia (ganmsazRvrelia) magnituri kargva 

foladSi da eleqtruli kargva gragnilebSi. monakveTi 23-24, (nax. 6.2, b). 

rac Seexeba paraleluragznebiani Zravas eleqtromeqanikur maxasia-

Teblebs, rogorc vxedavT, aseTi Zravebis siCqaris maxasiaTebeli xistia. 

datvirTvis (denis) cvlilebisas siCqare icvleba umniSvnelod. (Δn-farglebSi) 

(nax. 6.3). vinaidan, datvirTvis denis cvlileba praqtikulad ar cvlis 

magnitur nakads, amitom ICM M  formulis Tanaxmad, momenti icvleba 

wrfivad, denis proporciuladN(nax. 6.3). 

mqk-is maxasiaTebeli paraleluragznebian ZravebSi TiTqmis igivea, rac 

mimdevrobiTagznebian ZravebSi (nax. 6.3). 

 

6.6. mudmivi denis Zravas eleqtromeqanikuri  
    maxasiaTeblebis gadaTvla wyvilTvalis fersos  
    mimarT 
 

vTqvaT mocemulia konkretuli wevis Zravas maxasiaTeblebi Zravas 

lilvis mimarT: n(I); M(I); η(I) (nax. 6.2). saWiroa am maxasiaTeblebis gadaTvla 

wyvilTvalis artaxisa da relsis Sexebis zonaSi, sadac isini realizdeba 

xazovani siCqaris V (km/sT) da wevis Zalis F (n) – saxiT. Zravadan 

wyvilTvalze momentis gadacemis kinematikuri sqema mocemulia nax. 6.6-ze, 

sadac: 1-wevis Zravaa, 2-kbilana reduqtori, 3-wyvilTvali, 4-relsi. xazovani 

siCqare artaxisa da relsis Sexebis zonaSi ganisazRvreba formuliT: 
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r

TT



 nD
V  ,                              (6.22) 

sadac, TD  aris wyvilTvalis diametri,Mm-Si. 

       Tn wyvilTvalis brunTa ricxvi, br/wT-Si. 

       r reduqtoris gadacemis ricxvi. 

imisaTvis, rom siCqare miviRoT km/sT-Si, saWiroa (6.22) formulis mric-

xveli gavamravloT^60-ze, xolo mniSvneli 1000-ze. miviRebT 

r

TT

r

TT



 NDnD
V

188.0

1000

60





  

sT

km
, 

1000

6014,3
188,0


 .               (6.23) 

wevis Zravadan wyvilTvalze momen-

tis gadacema xdeba µr gadacemis 

ricxvis mqone kbilana 2 reduqtoriT 

(nax. 6.6). Tvalze modebuli momenti 

gaiTvleba formuliT 

rT MM  .         (6.24) 

Tu Zravas lilvis mimarT ganviTa-

rebuli momentis M-is mniSvnelobas 

SevitanT (6.8) formulidan, miviRebT 

 rT ICM M  nm.      (6.25) 

wevis Zala artaxisa da relsis Sexebis zonaSi (nax. 6.6). ganisazRvreba 

formuliT 

T

r

T

T

T

T

D

IC

D

M

D

M
F M 


22

2

 n, (kg).                (6.26) 

Tu konkretuli eleqtromoZravi SemadgenlobisTvis aRvniSnavT  mudmivaTi, 

miviRebT               C
D

C
D

C
D

CM 


TTT 8,1  
3,5

55,9
 

ICF  367.0  n. (kg).                          (6.27) 

wyvilTvalis fersos mimarT margi qmedebis koeficienti gaiangariSeba 

formuliT                                            rZ  ,                                (6.28) 

sadac, ηZ aris Zravas m.q.k, r aris reduqtoris m.q.k-ti.  

Tu visargeblebT (6.23), (6.27) da (6.28) formulebiT SegviZlia gadavTvaloT 

maxasiaTeblebi wyvilTvalis fersos mimarT V(I), F(I), (I). 

nax. 6.6. momentis gadacema Zravadan  
           wyvilTvalze. 



 127 

6.7. wevis Zravas maxasiaTeblebis gadaTvla  
    reduqtoris gadacemis ricxvis da wyvilTvalis  
    diametris cvlilebisas 
 

mocemuli gvaqvs eleqtromeqanikuri maxasiaTeblebi wyvilTvalis fersos 

mimarT, romlebic Seesabamebian µ1 gadacemis ricxvs da borblis D1 

diametrs (nax. 6.7) (uwyveti xazebi). vTqvaT, SevcvaleT reduqtori da wyvil-

Tvali, romelTa parametrebia µ2 da D2. am SemTxvevaSi, cxadia Seicvleba 

maxasiaTeblebi da maTi gadaTvla moxdeba Semdegnairad: 

 
nax. 6.7. eleqtromeqanikuri maxasiaTeblebis gadaTvla 
       reduqtoris gadacemis ricxvis da wyvilTvlis 

diametris cvlilebisas. 

µ1 da DT1 parametrebis SemTxvevaSi siCqare (6.23) formulis Tanaxmad iqneba 

1

1
1

188,0



nD
V


 T .                               (6.29) 

µ2 da DT2 parametrebis SemTxvevaSi ki iqneba 

2

2
2

188,0



nD
V


 T .                              (6.30) 

gavyoT (6.30)-(6.29)-ze da ganvsazRvroT V2. miviRebT  





 1

21

12
12 V

D

D
VV

T

T ,                           (6.31) 

sadac  
21

12






T

T

D

D
 . 

F1 wevis Zala µ1 da D1 parametrebis SemTxvevaSi (6.26) formulis 

Tanaxmad iqneba 
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1

1
1

2

TD

M
F


 ,                                (6.32)  

µ2 da D2 parametrebisaTvis     

2

2
2

2

TD

M
F


 .                                  (6.33) 

Tu gavyofT (6.33)-s (6.32) formulaze da ganvsazRvravT F2-s miviRebT  



 1
1

12

21
12  F

D

D
FF

T

T ,                          (6.34) 

sadac, 
12

211





 D

D
 . 

margi qmedebis koeficientis maxasiaTebeli praqtikulad iqneba igive. 

(6.31) da (6.34) formulebiT gadaTvlili maxasiaTeblebi mocemulia nax. 6.7-ze 

(wyvetili xazebi). 

 

6.8. eleqtromavlis wevis maxasiaTeblebi da maTi ageba 
 

eleqtromavlis wevis maxasiaTebeli Fel(V) aigeba wevis Zravas eleqtro-

meqanikuri maxasiaTeblebis safuZvelze, regulirebis sxvadasxva safexuri-

saTvis. vTqvaT, mocemulia wevis Zravas eleqtromeqanikuri maxasiaTeblebi 

reduqtoris gadacemis ricxvis μ da wyvilTvalis diametris D konkretuli 

mniSvnelobebisaTvis (nax. 6.8, a). A 

nax. 6.8. eleqtromavlis wevis maxasiaTeblis F(v)  agebis 
Tanmimdevroba. 

 

( ( 

( 

) ) 

) 

( ) 
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agebas vaxdenT Semdegi TanmimdevrobiT: vuSvebT Zravas denis mniSvne-

lobas I1 da maxasiaTebelze vpoulobT mis Sesabamis siCqares V1, romelic 

igivea, rac eleqtromavlis siCqare V1=Vel.1, imave denisaTvis vsazRvravT 

Zravas wevis Zalas F1 (nax. 6.8, a). eleqtromavlis wevis Zalas sazRvravT 

formuliT  

1FkF el.1 ,       (6.35) 

sadac, k aris eleqtromavalze Zravebis 

ricxvi. 4k , 6k , 8k , 12k . 

miRebuli Vel1 da Fel1 koor-

dinatebiT vagebT wevis maxasia-

Teblis 1 wertilsN(nax. 6.8, b). 

Semdeg vuSvebT denis I2 mniSvne-

lobas, vsazRvravT Sesabamis 

siCqares Vel2 da wevis Zalas 

Fel2, vagebT saZiebeli wevis maxa-

siaTeblis 2 wertils da a.S. Tu 

miRebul wertilebs SevaerTebT 

lekalos daxmarebiT, miviRebT 

konkretuli regulirebis safexuris 

(Zravas momWerebze Zabvis konkretuli mniSvnelobis) wevis maxasiaTebels 

F(V) (nax. 6.8, b). Tu analogiurad gavTvliT koordinatebs regulirebis 

sxvadasxva safexurisaTvis (sxvadasxva ZabvisaTvis da velis Sesustebis 

sxvadasxva koeficientisaTvis), miviRebT wevis maxasiaTebelTa ojaxs.  

nax. 6.9-ze 1 mrudi Seesabameba wevis Zravebis mimdevrobiTi Seer-Tebis 

(seriesuli “S“ SeerTebis) sruli velis (sr.v) wevis maxasiaTebels. 2 mrudi 

mimdevrobiT paraleluri (series-paraleluri SP) SeerTebis sruli velis 

maxasiaTebels. 3 mrudi paraleluri SeerTebis (P) sruli velis  wevis 

maxasiaTebels. 4-5-6 da 7-8-9 mrudeebi Sesabamisad warmoadgenen magnituri 

velis Sesustebis pirveli da meore safexurebis wevis maxasiaTeblebs 

Sesabamisad S, SP, P SeerTebebze. 

       
 
 
                                                                                                                                                                                                                                                                                                                                                                                        

nax. 6.9. wevis maxasiTeblebi regulirebis 
           sxvadasxva safexurisTvis. 

( ) 

( ) 
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6.9. SezRudvebi wevis maxasiaTeblebze U 

 
eqspluataciaSi gamoiyeneba wevis maxasiaTeblebis ara sruli are, aramed 

misi garkveuli Semofargluli nawili. Ees ganpirobebulia garkveuli saeqs-

pluatacio SezRudvebiT.Ggvaqvs wevis maxasiaTeblebis Semdegi SezRudvebi: 

1. wevis Zravas maqsimaluri deniT, 

2. CaWidebiT, 

3. velis Sesustebis maqsimaluri dasaSvebi sididiT, 

4. konstruqciuli siCqariT. 

ganvixiloT aRniSnuli SezRudvebi cal-calke. 

1. SezRudva Zravas maqsimaluri deniT. 

wevis Zravas aqvs maqsimaluri dasaSvebi deni IZ.maq., romlis gadaWarbebis 

SemTxvevaSi wevis Zrava SeiZleba eleqtrulad daziandes. Zravas maqsimalur 

dens Seesabameba maqsimaluri wevis Zala FZ.maq (nax. 6.8, a). Sesabamisad 

eleqtromavlis wevis Zalis maqsimaluri mniSvneloba Zravas dasaSvebi 

denis mixedviT iqneba    

maxmax Z.el. mFF i  ,                              (6.36) 

sadac, m aris eleqtromavlis Zravebis ricxvi. 

       i – simbolo niSnavs wevis Zalis SezRudvas deniT.  

aRniSnul wevis Zalis mniSvnelobas gadavzomavT koordinatTa RerZze 

da gavavlebT abcisTa RerZis paralelur 1-wrfesN(nax. 6.10). 

 

2. SezRudva CaWidebiT. 

rogorc CvenTvis ukve cnobilia, Tu artaxisa da relsis Sexebis zonaSi 

Zravas mier ganviTarebuli wevis Zala gadaaWarbebs CaWidebis Zalis 

maqsimalur SesaZlo mniSvnelobas, maSin adgili eqneba buqsaobas. Tavidan 

rom aviciloT buqsaoba, saWiroa daculi iyos piroba 

CaWvl. FF  . 

amisaTvis ki saWiroa gavTvaloT FCaW sxvadasxva siCqarisaTvis. rogorc 

zemoT vnaxeT, CaWidebis wevis Zala ganisazRvreba formuliT 

  CaWCaW  GF 1000 ,                            (6.37) 

sadac, G aris eleqtromavlis CaWidebis wona, kn-Si.  G = kq. 

       k – lokomotivis RerZebis ricxvi. 

       q – lokomotivis RerZze dawola, kn-Si, (t). 
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ΨCaW aris CaWidebis koeficienti, romelic mudmivi denis eleqtro-

mavlebisaTvis ganisazRvreba Semdegi empiruli formuliT 

V
V

0007.0
2050

3
28.0 


CaW                    (6.38) 

sadac, V  aris siCqare. 

gaangariSebas vaxdenT cxrilis saxiT. sxvadasxva siCqarisaTvis vsazR-

vravT ΨCaW da (6.37) formuliT Sesabamis wevis Zalas FCaW.; miRebuli sidideebi 

Segvaqvs cxrilSi da vagebT CaWidebiT SezRudvis mruds.Mmrudi 2 (nax. 6.10). 

V km/sT 0 10 20 30 

ΨCaW 0.34 0.292 0.273 0.264 

FCaW (n) 625 600 537 280 502 320 485 760 

 

3. SezRudva velis SesustebiT. 

magnituri velis Rrma Sesustebis dros, Ruzis reaqciis zemoqmedebiT 

maxinjdeba jamuri magnituri nakadi, rac iwvevs Zravas geometriuli neit-

ralis gadaadgilebas. aRniSnulis Sedegad Zravas koleqtorze warmoqmni-

li naperwklianoba SeiZleba gadaizardos wriul cecxlSi, rac gamoiwvevs 

wevis Zravas dazianebas. Aamis Tavidan asacileblad aweseben SezRudvas 

velis maqsimalurad dasaSvebi SesustebiT. mrudi 3 (nax. 6.10). 

 
4. SezRudva konstruqciuli siCqariT. 

eleqtromavals sapasporto monacemebiT aqvs konstruqciis simtkiciT 

dasaSvebi maqsimaluri siCqare, romlis gadaWarbebis SemTxvevaSi konstruqcia 

SeiZleba daiSalos.Kkonstruqciuli siCqaris SezRudvas Seesabameba 4-wrfe 

(nax. 6.10). 

nax. 6.10-dan Cans, rom miviReT ABCDE texiliT Semofargluli are, 

romlis farglebis darRveva iwvevs: 

AB – zonis gareT - Zravas Tbur dazianebas; 

BC – zonis gareT - CaWidebis darRvevas; 

CD – zonis gareT - naperwklianobis gazrdas koleqtorze. sxvagvarad 

ZravasPkomutaciis gauaresebas; 

DE  – zonis gareT - konstruqciis daSlas. 

e.i. normaluri eqspluataciisTvis, wevis SesaZleblobebi SeiZleba gamo-

yenebuli iqnes ABCDE texiliT Semofarglul  farglebs SigniT. 



 132 

 

 
    
 

 

 

 
 

 

 
 
 
 
 

 
nax. 6.10. SezRudvebis datana wevis maxasiaTeblebze. 

 

agebul wevis maxasiaTeblidan, maqsimaluri simZlavris gamoyenebis 

kuTxiT, irCeven saangariSo wevis Zalas Fsaang. da siCqares Vsaang. (nax. 6.10),  

romlebic Semdgom gamoiyeneba matareblis wonis gansasazRvravad. 
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VII Tavi 

mudmivi denis kontaqtorul-reostatuli 

marTvis mqone eleqtromoZravi Semadgenlobis 

amuSaveba da siCqaris regulireba 

 
dReisaTvis msoflioSi arsebuli rkinigzebi ZiriTadad eleqtrifici-

rebulia mudmiv denze (sakontaqto qselSi 3 000 v. Zabvaze) da erTfaza 

cvlad denze (sakontaqto qselSi 25 kv. Zabvaze). Sesabamisad gvaqvs mudmiv 

denze da cvlad denze momuSave eleqtromoZravi Semadgenlobis (eleqtro-

mavlebi, eleqtromatareblebi) parki. es lokomotivebi eleqtruli sqemebis, 

gamoyenebuli mowyobilobis da konstruqciis mixedviT erTmaneTisgan 

gansxvavebulia. Sesabamisad gansxvavebulia maTi amuSavebis da siCqaris 

regulirebis principebi. ganvixiloT es principebi calkeuli sistemebisaTvis.  

 

7.1. mudmivi denis wevis Zravas amuSavebis procesi 
 

matareblis moZraoba iwyeba gadasarbenze matareblis daZvriT, rodesac 

0V , Zravas brunTa ricxvi 0n . wevis ZravaSi gamavali deni (romelic 

hqmnis daZvrisTvis aucilebel wevis Zalas) ganisazRvreba Zravas momWerebze 

modebuli Zabvis da Zaluri wredis winaRobis fardobiT. nulovan siCqareze 

wevis Zravas CarTva qselis nominalur Zabvaze dauSvebelia, vinaidan Zravas 

gragnilebis Zalian mcire aqtiuri winaRobis gamo, ZravaSi gaivlis Zalian 

didi deni. wevis Zrava eleqtrulad da SesaZlebelia meqanikuradac da-

ziandes. 

sakiTxis ukeT gagebisa da ZravaSi mimdinare procesebis analizis simar-

tivisaTvis, ganvixiloT amuSavebis procesi erTi Zravas magaliTze. 

rogorc eleqtruli manqanebis kursidanaa cnobili, mudmivi denis manqanis 

Zravuli reJimis ZabvaTa balansis gantolebas, muSaobis procesSi, aqvs 

Semdegi saxe 

ZrZr IREU  ,                              (7.1) 

sadac, E  aris Zravas ukueleqtromamoZravebeli Zala (emZ) voltebSi. 

nCE e                                  (7.2)      

           Ce – Zravas konstruqciuli mudmiva. 

             Ф – Zravas magnituri nakadi, veberebSi. 

           n – Zravas Ruzis brunTa ricxvi, br/wT-Si. 
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       IZr – ZravaSi gamavali deni, amperebSi. 

             RZr – Zravas gragnilebis (Ruzis, agznebis, damatebiTi polusis, sakompensacio) 

jamuri aqtiuri winaaRmdegoba, omebSi. 

SevitanoT (7.2) formulis mniSvneloba (7.1) formulaSi, miviRebT 

ZrZr IRnCU e  .                            (7.3) 

(7.3) formula SegviZlia wavikiTxoT ase: 

wevis Zravas momWerebze modebuli Zabva tolia, TviTinduqciis (uku) 

eleqtromamoZravebeli Zalis CeФn da Zravas gragnilebis aqtiur winaRo-

baSi Zabvis vardnis IRZr jamis. 

(7.3) formulidan ganvsazRvroT Zravas deni  

 
Zr

Zr
Zr

R

nCU
I e

                               (7.4) 

daZvris momentSi, radgan 0Zrn , amitom 0nCe  da denis saangariSo 

formula miiRebs saxes 

Zr

Zr

R

U
I  . 

vinaidan RZr Zalze mcire sididea (daaxloebiT 0,1-0,15 omi), amitom Zravas 

deni aRwevs dauSveblad did mniSvnelobas. 

Tavidan, rom aviciloT Zravas dazianeba, saWiroa SevzRudoT Zravas 

amuSavebis deni dasaSveb mniSvnelobamde. amisTvis saWiroa SevamciroT 

Zravas momWerebze Zabvis mniSvneloba, risTvisac mudmivi denis eleqtro-

moZrav SemadgenlobebSi, Zravas mimdevrobiT irTveba damatebiTi winaRobebi, 

e.w. asamuSavebeli reostatebi, romlebSic STainTqmeba Zabvis mniSvnelovani 

nawili (ix.Nnax. 7.1).      

aRwerili SemTxvevisTvis (7.4) gan-

toleba miiRebs Semdeg saxes 

rZr

ZrZr
Zr

RR

nCU
I e




 .        (7.5) 

matareblis daZvrisas wevis Zravebis 

Ruzebi iwyeben brunvas. warmoiqmneba 

uku emZ nCE e , ris gamoc Zravas 

deni da, Sesabamisad, wevis Zala 

)367,0( ICF eZr , daiwyebs Semcirebas. imisaTvis, rom wevis Zala da Sesabami-

nax. 7.1. asamuSavebeli reostati Rr 

    CarTulia Zravas mimdevrobiT. 

  

E=Cen 
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sad matareblis aCqareba SevinarCunoT ucvlelad, saWiroa Zravas amuSavebis 

deni SevinarCunoT maqsimalur dasaSveb farglebSi ucvlelad (an vcvaloT 

winaswar gansazRvruli kanoniT).AamisTvis ki saWiroa siCqaris zrdisas 

SevamciroT asamuSavebeli reostatis winaRoba Rr. es procesi gagrZeldeba 

manam, sanam asamuSavebeli reostati mTlianad ar amoirTveba wredidan,Aanu 

sanam matareblis siCqare ar miaRwevs Zravas avtomatur maxasiaTebelze 

(ureostato poziciis siCqare) gasvlis siCqares.AamiT amuSavebis procesi 

damTavrebulia. SemdgomSi, moZraobis siCqaris cvlilebisas avtomaturad 

icvleba Zravas deni da Sesabamisad Zravas mier ganviTarebuli wevis Zala. 

imisaTvis, rom ganaxorcielon mdovre daZvra da Tavidan aicilon 

dartymebi kbilana reduqtorebSi, sawyis etapze Zravas dens amcireben 

Sesabamis minimalur mniSvnelobamde (asamuSavebel reostatze e.w. samanevro 

safexurebis winaRobebis damatebiT), Semdeg ki zrdian Zravas maqsimalurad 

dasaSvebi denis mniSvnelamde. (Zravas maqsimaluri denis mniSvneloba aiReba 

TviT Zravas dasaSvebi denis CaWidebis maqsimaluri wevis Zalis Sesabamisi 

denis, an maqsimaluri dasaSvebi aCqarebis Sesabamisi denis mixedviT). 

 

7.2. wevis Zravas mdovre reostatuli amuSaveba 
 

rogorc vnaxeT, reostatuli amuSavebis dros ZravaSi gamavali denis 

sidide ganisazRvreba formuliT 

rZr

ZrZr
am

RR

nCU
I e




   

daZvris momentisTvis es formula miiRebs Semdeg saxes 

rZr

Zr
am

RR

U
I


 .                               (7.6) 

Tu (7.6) formulas amovxsniT )( rZr RR  -is mimarT, miviRebT          

Zr

Zr
rZr

I

U
RR  )( .                             (7.7)  

miRebuli gamosaxulebidan Cans, rom amuSavebis denis (Sesabamisad wevis 

Zalis), mudmivi mniSvnelobis SesanarCuneblad, saWiroa asamuSavebeli 

reostatis winaRoba SevamciroT siCqaris zrdis ukuproporciulad (nax. 7.2 a) 

(naxazis marcxena mxare). Cans, rom amuSavebis procesSi reostatis winaRoba 

icvleba ab wrfis mixedviT. b wertilSi reostatis winaRoba 0-is tolia.Kk 

wertili Seesabameba avtomatur maxasiaTebelze gasvlis siCqares Va-s. 
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nax. 7.2. wevis Zravas mdovre reostatuli amuSaveba. 
 

7.2 b naxazze naCvenebia Zabvis da eleqtromamoZravebeli Zalis cvlileba 

erTi Zravas SemTxvevaSi. gamartivebis mizniT, amuSavebis procesSi, meqanikur 

da magnitur kargvebs ZravaSi ar viTvaliswinebT. amave dros vuSvebT, rom 

siCqaris zrdisas matareblis moZraobisadmi winaaRmdegobis Zala ar 

icvleba, anu matareblis aCqareba mudmivi sididea. 

Tu Zravas ukueleqtromamoZravebel Zalas (1 wrfe), davumatebT Zabvis 

vardnas Zravas aqtiur winaRobaSi IRZr, miviRebT Zabvis mniSvnelobas Zravas 

momWerebze (2 wrfe). Qqselis Zabva ucvlelia da gamosaxulia 3 wrfiT.  

Tu 7.2 b naxazze mocemul wrfeebis ordinatebs gavamravlebT Zravas 

amuSavebis denze Iam., maSin miviRebT simZlavreebis ganawilebas amuSavebis 

procesSiN(nax. 7.3). 

7.3 naxazze 3 wrfe Seesabameba qselidan moTxovnil simZlavres Uqs.I. 3 da 

2 wrfeebis ordinatTa sxvaoba Seesabameba simZlavris danakargebs asamuSa-

vebel reostatebSi r,
2RI  (samkuTxedi ced). 2 da 1 wrfeebis ordinatTa sxvaoba 

simZlavris danakargebs Zravas aqtiur winaRobaSi Zr,
2RI  1, 2 da 3 wrfeebiT 

Semofargluli farTebi, Sesabamisad Seesabameba energiis ganawilebas 

amuSavebis procesSi. kerZod, 

oedb – marTkuTxedis farTi Seesabameba qselidan miRebul energias, 

aamqs.qs tIUA   

     ocda – farTi Seesabameba energiis danakargebs ZravaSi, 

RZr+Rr IZr 

UZr/IZr 
Rr IZr 

O 

Va k b 

V 

a 
ta 

Uqs 

O 

1 

2 

3 

E=CV 

E=CV; IRZr IRr 

IRr 

IRZr 

t 

a a) 
b) 
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aamZrqs tIUA   

     ced – horizontalurad daStrixuli farTi Seesabameba energiis dana-

kargebs asamuSavebel reostatebSi, 

ar
2
amr tRIA  . 

rogorc 7.3 naxazidan Cans, amuSavebis procesSi, qselidan miRebuli 

energiis TiTqmis naxevari fuWad ikargeba asamuSavebel reostatebSi. 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 7.3. simZlavris ganawileba erTi Zravas amuSavebis procesSi. 
 

ganvixiloT SemTxveva, rodesac gvaqvs ori wevis Zrava, jer mimdevrobiT 

(nax. 7.4 a), xolo Semdgom paralelurad CarTuli (nax. 7.4 b). reostatis 

gareSe mimdevrobiT SeerTebisas erTi Zravas momWerebze Zabva qselis Zabvis 

naxevris tolia, xolo paraleluri SeerTebis dros qselis Zabvis toli. 

amuSavebis procesSi Zabva icvleba Oabcd texilis mixedviTN(nax. 7.5). b wer-

tilSi wevis Zravas Zabva utoldeba qselis Zabvis naxevars da reostati 

mTlianadaa gamoyvanili wredidan. amave wertilSi xdeba gadarTva parale-

lur SeerTebaze da asamuSavebeli reostati xelmeored irTveba wredSi. 

amuSaveba mTavrdeba d wertilSi, rodesac asamuSavebeli reostatis winaRoba 

utoldeba 0-s da Zravaze moedeba qselis Zabva. rogorc 7.5 naxazidan Cans, 

ganxiluli variantis SemTxvevaSi amuSavebaze energiis danakargebi TiTqmis 

orjer mcirdeba. ode-samkuTxedis farTi mcirdeba aecb-marTkuTxedis toli 

farTiT.  

c 

d 

b 

P 

e 

ta 

Uqs 

O 

1 

2 

3 

CenIa

m 

I2
amRr 

t 

a 

I2
amRZ

r 
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nax. 7.4. wevis Zravebis CarTva: a) mimdevrobiT da b) paralelurad. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 7.5. amuSavebis procesi ori Zravas dajgufebis SemTxvevaSi. 
 

eqvsZraviani lokomotivis SemTxvevaSi SeiZleba ganxorcieldes Zravebis 

SeerTebis sami varianti: mimdevrobiTi SeerTeba _ Zravas momWerebze 500 v 

ZabviT, mimdevrobiT-paraleluri SeerTeba – Zravas momWerebze 1 000v ZabviT 

da paraleluri SeerTeba – Zravas momWerebze 1 500 v ZabviT. am variantisaTvis 

amuSavebis diagrama mocemulia 7.6 naxazze. 

2-texili gviCvenebs Zabvis cvlilebas Zravas momWerebze, xolo daStri-

xuli samkuTxedebi _ energiis danakargebs asamuSavebel reostatebSi. rogorc 

naxazidan Cans, am SemTxvevaSi energiis danakargebi reostatebSi mcirdeba 

samjer, imasTan SedarebiT, rac gveqneboda wevis Zravebis erTi, (parale-

luri) dajgufebis SemTxvevaSi. 

 

e 

a) b) 
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nax. 7.6. amuSavebis procesi Zravebis sami dajgufebis SemTxvevaSi. 
 

7.3 safexurisebrivi reostatuli amuSaveba 
 

mudmivi denis eleqtromavlebze, asamuSavebel reostatebs asruleben  

calkeuli seqciebis saxiT (nax. 7.7 a). amuSavebis procesSi reostatis 

seqciebs garkveuli TanmimdevrobiT gamorTaven sakomutacio aparatebis-

individualuri kontaqtorebis saSualebiT.GganvixiloT es procesi 7.7 a 

naxazze mocemuli sqemis magaliTze. 

asamuSavebeli reostatebis seqciebis ricxvis SerCevisas cdiloben maTi 

minimaluri raodenobiT miiRon poziciebis maqsimaluri raodenoba da amiT 

uzrunvelyon denis, da Sesabamisad, wevis Zalis naklebi ryeva. amis miRweva 

SesaZlebelia seqciebis SeerTebis sxvadasxva kombinaciebiT.  

7.7 a naxazze Tu CavketavT 1 kontaqtors da danarCeni iqneba Ria, maSin 

a,b da c seqciebi CairTvebian mimdevrobiT. 2-kontaqtoris CarTviT amoir-

Tveba a seqcia. 3 kontaqtoris CarTviT wredSi CarTuli darCeba mxolod c 

seqcia. Tu gamovrTavT 1, 2 kontaqtorebs da CavrTavT 4 kontaqtors, maSin a 

da b seqciebi CairTvebian c seqciis paralelurad. Tu CavrTavT 2, 3, 4 kon-

taqtorebs, paralelurad CairTvebian a da c seqciebi. Dda bolos Tu Cavr-

TavT yvela oTxive kontaqtors, asamuSavebel reostats mTlianad amovrTavT 
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wredidan (gavalT e.w. avtomatur maxasiaTebelze). imisaTvis, rom vicodeT 

romel poziciaze romeli kontaqtorebia CarTuli da seqciebi rogoraa 

CarTuli, adgenen kontaqtorebis CarTvis cxrils (nax. 7.7, b). 

 

 

 

 

 
 
 
 

 
nax. 7.7. a – safexurisebrivi reostatuli regulirebis sqema da 

b) kontaqtorebis cxrili. 
 

7.4. siCqaris regulireba 
 
sazogadod cnobilia, rom mudmivi denis koleqtoriani wevis Zravebi 

proeqtirdeba 1500 volt Zabvaze.Ees ganpirobebulia imiT, rom ufro maRali 

muSa Zabvis dros rTuldeba Zravas konstruqcia da dauSveblad izrdeba 

Zravas gabaritebi (rac limitirebulia sarelso gzis liandis siganiT). 

1500 volt Zabvaze dabali muSa Zabvis SemTxvevaSi, (rodesac sakontaqto 

qselSi SenarCunebulia 3 000v Zabva), Zalze rTuldeba wevis Zravas 

momWerebze Zabvis da, Sesabamisad, siCqaris regulireba. 

zemoT moyvanili ZabvaTa balansis gantolebidan (formula 7.4) 

ganvsazRvroT Zravas brunTa ricxvi n, miviRebT   






eC

IRU
n ZrZr .                              (7.8) 

Tu gaviTvaliswinebT, rom ZravaSi Zabvis vardna I.RZr, U-Tan SedarebiT, 

Zalze mcire sididea (ar aRemateba 4%-s), maSin is SeiZleba ugulvebelyoT 

da (7.8) gantoleba miiRebs Semdeg saxes                            




eC

U
n Zr .                                 (7.9) 

miRebuli (7.9) gantolebis Tanaxmad, Zravas brunTa ricxvis n da, 

Sesabamisad, eleqtromavlis siCqaris regulireba, SesaZlebelia Zravas 

momWerebze Zabvis U an Zravas magnituri nakadis  regulirebiT. 
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7.4.1. siCqaris regulireba Zabvis cvlilebiT 
 

amuSavebis procesis ganxilvis dros vnaxeT (nax. 7.7), asamuSavebeli 

reostatis safexurebis mTliani amorTvis Semdeg, TiToeul Zravaze gveqneba 

1 500 volti Zabva (ori Zrava mimdevrobiT 1500
2

3000
  v.). sinamdvileSi, 

rogorc viciT, eleqtromavlis Zravebis (RerZebis) ricxvi SeiZleba iyos 4, 

6, 8 da maTi mimdevrobiT SeerTebisas TiToeulze Zabva Sesabamisad iqneba: 

4 RerZiani eleqtromavlisTvis 750
4

3000
  volti; 

6 RerZiani eleqtromavlisTvis 500
6

3000
  volti; 

8 RerZiani eleqtromavlisTvis  375
8

3000
 volti. 

(nax. 7.8). 

siCqaris Semdgomi gazrdisTvis saWiroa gavagrZeloT Zravas momWerebze 

Zabvis gazrda.Aam mizniT wevis Zravebs mimdevrobiTi (e.w. seriesuli) Seer-

Tebidan, gadarTaven mimdevrobiT-paralelur (series-paralelur) SeerTe-

baze. e.i. gveqneba: 

4 RerZian eleqtromavlebSi ori paraleluri Sto, TiToeulSi or-ori 

mimdevrobiT CarTuli ZravaTi da ZabviT – 1500
2

3000
  v (nax. 7.9, a); 

6 RerZian eleqtromavlebSi ori paraleluri Sto, TiToeulSi sam-sami 

mimdevrobiT CarTuli ZravaTi, ZabviT 1000
3

3000
  v (nax. 7.9, b);  

8 RerZian eleqtromavlebSi ori paraleluri Sto. TiToeulSi oTx-oTxi 

mimdevrobiT CarTuli wevis ZravaTi 750
4

3000
  v ZabviT (nax. 7.9, g). 

 
nax. 7.8. wevis Zravebis mimdevrobiTi SeerTeba: a) 4 RerZiani, 

b) 6 RerZiani da g) 8 RerZiani eleqtromavlebisTvis. 
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nax. 7.9. wevis Zravebis series_paraleluri SeerTeba: a) 4 RerZiani, 
b) 6 RerZiani da g) 8 RerZiani eleqtromavlebisTvis. 

 
siCqaris Semdgomi zrdisaTvis wevis Zravebs gadarTaven paralelur 

SeerTebazeN(nax. 7.10). 

SeniSvna: oTxRerZian eleqtromavlebSi Zravebis Semdgomi gadajgufeba SeuZlebelia, 

radgan maTTvis nominaluri Zabvis mniSvneloba – 1 500 v ukve miRweulia.  

6 da 8 RerZiani eleqtromavlebisTvis gveqneba: 

6 RerZian eleqtromavlebSi sami paraleluri Sto, TiToeulSi or-ori  

mimdevrulad CarTuli ZravaTi, ZabviT 750
2

3000
  v (nax. 7.10, a); 

8 RerZian eleqtromavlebSi oTxi paraleluri Sto, TiToeulSi or-ori 

mimdevrulad CarTuli ZravaTi, ZabviT 750
2

3000
  v (nax. 7.10, b). 

 
nax. 7.10. wevis Zravebis paraleluri SeerTeba: b) 6 RerZiani 

da g) 8 RerZiani eleqtromavlebisaTvis. 
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7.4.2. siCqaris regulireba magnituri nakadis regulirebiT 
 

rogorc zemoT gvqonda aRniSnuli (formula 7.9), siCqaris regulireba 

SeiZleba magnituri nakadis  cvlilebiT, Zravas momWerebze ucvleli 

Zabvis dros. 

mimdevrobiT agznebian ZravebSi, sadac Ruzis deni gadis agznebis grag-

nilSi, magnituri nakadis mxolod Semcireba SeiZleba.Aamitom, am moqmedebam 

miiRo velis Sesustebis saxelwodeba.Aam dros izrdeba Ruzis deni da 

Sesabamisad qselidan moTxovnili simZlavre. 

eleqtruli manqanebis kursidan cnobilia, rom magnituri nakadis sidide 

proporciulia amper xviebis.Ees formulis saxiT SegviZlia CavweroT ase        

aWI ,                                 (7.10) 

sadac, W aris agznebis gragnilis xviaTa ricxvi. 

        Iag – agznebis gragnilSi gamavali deni. 

e.i. gamodis rom magnituri nakadi SeiZleba vareguliroT ori gziT: 

1 _ agznebis gragnilis xviaTa ricxvis W cvlilebiT; 

2 _ agznebis gragnilSi gamavali denis Iag cvlilebiT. 

pirveli xerxi praqtikaSi ar gamoiyeneba, radgan agznebis gragnilis 

gamomyvanebis ricxvis gazrdis gamo, arTulebs Zravas konstruqcias da 

amcirebs misi muSaobis saimedoobas. 

meore xerxis gamoyenebis dros, wevis Zravas 

agznebis gragnils aSunteben regulirebadi wina-

Robis mqone rezistoriT (reostatiT). maSunti-

rebeli rezistori dayofilia seqciebad, romelTa 

CarTva-gamorTva xdeba individualuri eleqt-

ropnevmaturi  kontaqtorebiT  (nax. 7.11). 1-kon-

taqtoris CarTvisas, agznebis gragnilis para-

lelurad irTveba velis Sesustebis rezistoris 

sruli winaaRmdegoba 321 rrrR  . am dros agz-

nebis denis didi nawili (vTqvaT 80%) gaivlis 

agznebis gragnilSi, xolo danarCeni 20% gaiv-

lis maSuntirebel wredSi. Sedegad miviRebT 

velis Sesustebis pirvel 80%-ian safexurs. nax. 7.11. velis Sesustebis 
    principuli sqema. 
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Semdeg CarTaven 2 kontaqtors. maSuntirebeli wredis winaRoba Semcirdeba 

r1 sididiT. (vTqvaT sruli winaaRmdegobis R-is 10%-iT), miviRebT velis 

Sesustebis 70%-ian meore safexurs da a.S. 

magnituri nakadis Semcireba SesaZlebelia raRac minimalur zRvramde. 

ufro Rrmad velis Sesustebis SemTxvevaSi, Ruzis reaqciis nakadis 

zemoqmedebiT maxinjdeba rezultirebuli nakadi, geometriuli neitrali 

(romelzec ganTavsebulia musebi) icvlis adgils (musdamWerebi ki rCebian 

damagrebuli adgilze), ris gamoc Zrava iwyebs naperwklianobas, rac 

SeiZleba koleqtorze gadaizardos wriul cecxlSi. 

7.11 naxazze velis Sesustebis rezistorebis mimdevrobiT CarTulia didi 

induqtivobis mqone elementi e.w. induqtiuri Sunti iS. misi gamoyenebis 

aucilebloba aixsneba Semdegnairad: 

moZraobis dros xanmokle vadiT SeiZleba gamoirTos wevis qvesadguri, an 

denmimRebi mowydes sakontaqto sadens. Zabvis (kontaqtis) aRdgenis momentSi 

ZravaSi gaivlis didi deni (radgan gamorTvis gamo, Zravas e.m.Z. iyo 

Semcirebuli). vinaidan agznebis gragnils aqvs gacilebiT didi induqtiuri 

winaaRmdegoba, vidre velis Sesustebis maSuntirebel wreds, amitom am 

denis udidesi nawili gaivlis maSuntirebeli wredis gavliT. Zrava 

darCeba agznebis gareSe. Ruzis reaqciis nakadi mkveTrad daamaxinjebs muSa 

nakads, rasac mohyveba geometriuli neitralis gadaxra da Zravas komuta-

ciis mkveTri gauareseba. es rom aviciloT Tavidan, maSuntirebel wredSi, 

velis Sesustebis rezistorebis mimdevrobiT rTaven didi induqtivobis 

mqone induqtiur Sunts – iS -s. 

Tu magaliTisTvis ganvixilavT ВЛ-10 seriis eleqtromavals, vnaxavT, 

rom Zabvis regulirebiT miiReba sami savali (xangrZliv reJimSi muSaobis-

Tvis) safexuri. Tu TiToeul am safexurze gamoviyenebT velis Sesustebis  

4 safexurs, sul miviRebT  3 + 34 = 15 saval safexurs. 

Zaluri naxevargamtaruli teqnikis ganviTarebis dRevandeli done SesaZ-

leblobas iZleva, e.w. reostatuli amuSavebis da magnituri nakadis regu-

lirebis reostatuli sistemebis nacvlad mudmivi denis eleqtromavlebSi 

gamoviyenoT e.w. mdovre regulirebis sqemebi, praqtikulad usasrulo saval 

safexurTa raodenobiT. 
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7.5. Zravas eleqtromeqanikuri maxasiaTeblebis  
    gadaTvla Zravas momWerebze Zabvis cvlilebisas 

                           

Tu cnobilia Zravas eleqtromeqanikuri an wevis maxasiaTeblebi rome-

lime U1 Zabvaze da saWiroa maxasiaTeblebis ageba sxva 1U   Zabvaze, es 

SeiZleba gavakeToT ori gziT: 

1. zemoT aRwerili meTodikiT (ix. me-6 Tavis me-2 da me-3 paragrafebi) 

movaxdinoT maxasiaTeblebis gaTvla 1U   Zabvaze da maTi Semdgomi ageba; 

2. movaxdinoT U1 Zabvaze gaTvlili da agebuli eleqtromeqanikuri maxa-

siaTeblebis gadaTvla gansxvavebul 1U   Zabvaze. 

pirveli gza CvenTvis cnobilia, ganvixiloT meore. 

a) siCqaris maxasiaTebelis V(I)   gadaTvla.  
 
(6.7) formulis Tanaxmad Zravas momWerebze U1UZabvis da Zravas IZ denis 

dros, siCqare iqneba 

   





C

RIU
V Z1

1 .                                (7.11) 

analogiurad 1U   Zabvis da igive IZ denis dros, siCqare iqneba 






C

RIU
V Z1

1 .                                (7.12)                       

Tu gavyofT (7.12)-s (7.11)-ze da ganvsazRvravT  siCqares 1V  , miviRebT 

Z

Z

RIU

RIUV
V






1

11
1

)(
.                              (7.13) 

Tu gaviTvaliswinebT, rom Zabvis vardna ZravaSi IRZ, Zravaze modebul 

ZabvasTan SedarebiT mcire sididea da SegviZlia ugulvebelyoT, maSin 

SegviZlia davaskvnaT, rom erTi da igive datvirTvis (denis) dros, siCqare 

Zravas momWerebze modebuli Zabvis proporciulia, anu sxva, gansxvavebul 

Zabvaze siCqaris maxasiaTeblis agebas vaxdenT Semdegi TanmimdevrobiT: 

1

1
11
U

U
VV


 .                                (7.14)  

U1 Zabvis Sesabamis arsebul siCqaris maxasiaTebelze vuSvebT Zravas 

denis mniSvnelobas IZ1 da vsazRvravT Sesabamis siCqares V1-s. Semdeg (7.14) 

formuliT gamovTvliT siCqares 1V  . IZ1 da 1V   koordinatebiT vagebT saZie-

beli maxasiaTeblis 1 wertils (nax. 7.12). Semdeg vuSvebT Zravas denis 
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meore, IZ2-is mniSvnelobas, arsebuli maxasiaTeblidan vsazRvravT siCqares 

V2-s, (7.14) formuliT gamovTvliT siCqares 2V  -s. IZ2 da 2V   koordinatebiT 

vagebT saZiebeli maxasiaTeblis 2 wertils da a.S. (1, 2, 3,...) miRebuli 

wertilebis SeerTeba mrudi wiriT mogvcemsU 1U   Zabvis Sesabamis siCqaris 

maxasiaTebels (nax. 7.12 wyvetili mrudi). 

 
nax. 7.12. siCqaris maxasiaTeblis gadaTvla Zabvis cvlilebisas. 

 

b) wevis Zalis maxasiaTeblis F(I) gadaTvla. 

rogorc zemoT moyvanil (6.27) formulidan Cans, artaxis da relsis 

Sexebis zonaSi ganviTarebuli wevis Zala Zabvaze araa damokidebuli. amitom 

is rCeba ucvleli da gadaTvlas ar saWiroebs. 

 

g) margi qmedebis koeficientis maxasiaTeblis ηT(I) gadaTvla. 
 

Tvalis mimarT margi qmedebis koeficienti wevis Zravas da kbilana 

reduqtoris margi qmedebis koeficientTa namravlis tolia. redZT    

reduqtoris margi qmedebis koeficienti, reduqtorSi danakargebis ucvle-

lobis gamo, mudmivi sididea constred . Zabvis gazrdisas, vinaidan izrdeba 

Zravas brunvis siCqare, gaizrdeba meqanikuri kargvebi ZravaSi da Sesaba-

misad Semcirdeba Zravas mqk. Zravas momWerebze Zabvis Semcirebisas, 
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mcirdeba Zravas brunTa ricxvi, mcirdeba meqanikuri kargvebi da Sesabamisad 

izrdeba Zravas mqk. aRniSnulis gaTvaliswinebiT SegviZlia avagoT mqk-is 

maxasiaTebeli wyvilTvalis fersos mimarT Zabvis cvlilebisas )(IT . 

 

d) Zravas wevis maxasiaTeblis )(VF  gadaTvla. 

rac Seexeba Zravas wevis maxasiaTeblis )(VF  gadaTvlas sxva Zabvaze, is 

warmoebs eleqtromeqanikuri maxasiaTeblebis gadaTvlis analogiurad.  

vTqvaT mocemulia Zravas wevis maxasiaTebeliUU1 Zabvaze, (nax. 7.13, uwyveti 

mrudi) da saWiroa gadavTvaloT es maxasiaTebeli U2 Zabvaze. viRebT siCqa-

ris mniSvnelobas V1 da mocemuli wevis maxasiaTeblidan vsazRvravT mis 

Sesabamis wevis Zalas F1-s vinaidan wevis Zalis sidide araa damokidebuli 

Zabvaze, is rCeba ucvleli; xolo siCqare, am SemTxvevaSi, gaizrdeba Zabvis 

proporciulad da gaxdeba 1V  -is toli.Aam ori F1 da 1V   koordinatiT avagebT 

saZiebeli maxasiaTeblis 1 wertils (nax. 7.13). Semdeg vuSvebT siCqaris V2 

mniSvnelobas, vsazRvravT mocemuli wevis maxasiaTeblidan wevis Zalas F2-s, 

xolo vangariSobT 2V  -s. miRebuli ori koordinatiT vagebT saZiebeli 

maxasiaTeblis 2 wertils da a.S. wertilebis SeerTeba mrudi wiriT 

mogvcems U2 Zabvis Sesabamis wevis saZiebel maxasiaTebels (wyvetili mrudi, 

nax. 7.13). 

 

 

 

 

 

 

 

 

 

 

 
 

nax. 7.13. wevis maxasiaTeblis gadaTvla Zabvis 
cvlilebisas. 

 

( ) 

( ) 
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7.6. eleqtromeqanikuri maxasiaTeblebis gadaTvla  
    magnituri nakadis (magnituri velis) Sesustebisas 

 
rogorc zemoT gvqonda aRniSnuli (ix. me-7 Tavis 7.4.2 paragrafi) siCqaris 

regulireba SesaZlebelia magnituri nakadis regulirebiT, eleqtruli 

manqanebis kursidan cnobilia, rom magnituri nakadi 

agz.agz.WI .                               (7.15) 

aseve me-7 Tavis 7.4.2 paragrafidan cnobilia, rom praqtikaSi magnituri 

nakadis saregulireblad (am SemTxvevaSi arsebobs mxolod misi Semcirebis 

gza) aregulireben agznebis dens Iagz., rasac velis Sesustebas uwodeben. 

zogadad nax. 7.14 a-ze mocemuli sqemis Sesabamisad, mimdevrobiT agzne-

biani mudmivi denis ZravebisaTvis SegviZlia davweroT 

)(

)(
)(

IC

IRRU
IV










agzR
,                         (7.16) 

sadac RR  aris Ruzis jamuri aqtiuri winaaRmdegoba, omebSi. 

      agzR agznebis gragnilis aqtiuri winaaRmdegoba, amperebSi. 

      I _ ZravaSi gamavali deni, amperebSi. 

       _ magnituri velis koeficienti, romelic, Tavis mxriv, ganisazRvreba, rogorc 

1
)(





agz.S.

S

RR

R
 , 

    SR agznebis gragnilis maSuntirebeli wredis aqtiuri winaRoba omebSi. 

     agzII agznebis deni. 

 

    

 

 

 

 

 

 

 

 

nax. 7.14. mimdevrobiTagznebiani wevis Zravas eleqtruli 
sqema: a) Sesustebuli, b) sruli magnituri velis dro. 

I 

Iagz= I Ragz 

I 
RR 

I 

IS 

a) b) 
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Tu cnobili iqneba Zravas damagnitebis mrudi )()( II  agz , maSin velis 

Sesustebis koeficientis -s nebismieri mniSvnelobisaTvis, (7.16) formuliT 

SegviZlia gavTvaloT da avagoT velis Sesustebis Sesabamisi maxasiaTe-

beli. 

velis Sesustebis maxasiaTeblebi SegviZlia avagoT damagnitebis mrudis 

gamoyenebis gareSec, sruli velis maxasiaTeblebis gadaTvlis gziT. 
 

a) siCqaris maxasiaTeblis gadaTvla. 

Tu yuradRebiT davakvirdebiT (7.16) formulas, vnaxavT, rom Ruzis 

wredSi gadis I sididis deni, xolo agznebis gragnilSi II agz  sididis 

deni. Tu davuSvebT, rom, rogorc RuzaSi, aseve agznebis gragnilSi gadis 

erTi da igive I sididis denis, maSin (7.16) formulis nacvlad gveqneba 

)(

)(
)(

IC

IRRU
IV











agzR
.                         (7.17) 

rogorc (7.16) da (7.17) gamosaxulebidan Cans, erTi da igive agznebis 

denis I  dros, naCvenebia magnituri nakadebi )( I  da )( I . sinamdvileSi 

Ruzis reaqciis idealuri kompensirebisas (Ruzis sxvadasxva denebisaTvis) 

magnituri nakadebi praqtikulad iqneba erTnairi. Tu amis gaTvaliswinebiT 

(7.17) formulas gavyofT (7.16) formulaze, miviRebT 

IRRU

IRRU

IV

IV

)(

)(

)(

)(

agzR

agzR








 .                        (7.18) 

Tu yuradRebiT davakvirdebiT (7.18) gamosaxulebas, davinaxavT, rom is 

miiswrafvis erTisaken, radgan IRR )( agz.R   da IRR )( agz.R   gamosaxuleba 

Seadgens 3-4%-s. garda amisa, gasaTvaliswinebelia is, rom agz.R RR   da 

1 . am SemTxvevaSi SegviZlia davweroT 

)()( IVIV  .                              (7.19) 

zemoaRniSnulidan gamomdinare, siCqaris maxasiaTebeli magnituri velis 

Sesustebisas, SegviZlia gadavTvaloT sruli velis Sesabamisi siCqaris 

maxasiaTeblidan Semdegnairad: 

vTqvaT mocemulia sruli velis ( )1  siCqaris maxasiaTebeli (uwyveti 

mrudi nax. 7.15). velis Sesustebis siCqaris maxasiaTeblis asagebad vuSvebT 

Zravas denis mniSvnelobas I1-s, romelsac sruli velis siCqaris maxasia-

Tebelze Seesabameba 1 wertili. Semdeg ganvsazRvravT denis mniSvnelobas 

1)( I -s. gadavdebT mas abscisTa RerZze da avRmarTavT vertikals sruli 
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velis siCqaris maxasiaTeblis gadakveTamde, 11 wertili. miRebuli werti-

lidan vavlebT horizontals 1I  denis Sesabamisi vertikalis gadakveTamde. 

gadakveTis 111 wertili warmoadgens velis Sesustebis saZiebeli maxasiaTeb-

lis pirvel wertils. Semdeg vuSvebT denis mniSvnelobas 2I -s, romelsac 

sruli velis siCqaris maxasiaTebelze Seesabameba 2 wertili. vangariSobT 

2)( I -s mniSvnelobas, gadavdebT abscisTa RerZze da miRebuli wertilidan 

avRmarTavT vertikals sruli velis maxasiaTeblis gadakveTamde 21 wertili. 

am wertilidan vavlebT horizontals 2I  denis Sesabamisi vertikalis 

gadakveTamde. miRebuli 211 wertili warmoadgens velis Sesustebis saZiebeli 

maxasiaTeblis meore wertils da a.S. 111, 211, 311 da a.S. wertilebis SeerTeba 

mrudi wiriT mogvcems velis Sesustebis saZiebel siCqaris maxasiaTebels 

(wyvetili mrudi nax. 7.15). 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 

 
 

 
nax. 7.15. siCqaris maxasiaTeblis gadaTvla 

magnituri velis Sesustebisas. 
 

b) wevis Zalis maxasiaTeblis gadaTvla. 

wevis Zalis sruli velis maxasiaTeblis miaxloebiTi gadaTvla velis 

Sesustebis  koeficientis nebismier mniSvnelobaze, warmoebs siCqaris 

maxasiaTeblis gadaTvlis analogiurad. Ruzis denis I da agznebis denis 

I  mniSvnelobisaTvis Zravas wevis Zala ganisazRvreba, rogorc 

IICIF )(367,0)(  .                          (7.20) 

( ) 

( 
( 

) 
) 
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sruli velis maxasiaTebelze )1(   I  denis mniSvnelobas Seesabameba 

wevis Zalis mniSvneloba 

IICIF  )(367,0)(  .                         (7.21) 

Tu (7.20) gavyofT (7.21)-ze miviRebT 



1

)(

)(


IF

IF
.                              (7.22) 

                    aqedan 



 )(
)(

IF
IF  .                             (7.23) 

radgan )(IF  da )( IF   wevis Zalebis dros siCqare erTnairia, amitom wevis 

maxasiaTeblis gadaTvlas vaxdenT (7.23) formuliT Semdegnairad: 

sruli velis wevis maxasiaTebelze viRebT 1 wertils, romelsac Seesa-

bameba siCqaris koordinata 1V  da wevis Zalis koordinata 1)( IF   gadaTvlis 

Semdeg 11 wertils koordinatebiT 1V  da 


 1
1

)(
)(

IF
IF  , romelic warmoad-

gens (nax. 7.16). Semdeg sruli velis maxasiaTebelze vuSvebT 2 wertils, 

koordinatebiT 2V  da 2)( IF  , gadaTvlis Semdeg miviRebT 21 wertils koor-

dinatebiT 2V  da 


 2
2

)(
)(

IF
IF  da a.S. Tu miRebul 11, 21, 31... wertilebs 

SevaerTebT mrudis wiriT, miviRebT saZiebel velis Sesustebis maxasiaTe-

bels (nax. 7.16. wyvetili wiri). 

 

nax. 7.16. wevis Zravas eleqtromeqanikuri maxasiaTeblis  
gadaTvla velis Sesustebisas. 
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g) margi qmedebis koeficientis maxasiaTeblis η(I) gadaTvla 

margi qmedebis koeficientis maxasiaTebeli )(I  magnituri velis 

Sesustebisas umniSvnelod icvleba, amitom mis raodenobriv gadaTvlas ar 

vakeTebT. ganvmartavT, rom misi mniSvneloba velis Sesustebis dros, Zravas 

didi datvirTebis (denebis) zonaSi ufro maRalia, vidre sruli velis 

dros. es aixsneba simZlavris eleqtruli kargvebis SemcirebiT. mcire 

denebis zonaSi ki sruli velis Sesabamis mniSvnelobaze ufro dabalia. es 

aixsneba, brunvis siCqaris gazrdis gamo, ZravaSi da kbilana reduqtorSi 

meqanikuri kargvebis gazrdiT. 

 

7.7. siCqaris cvlilebis procesi Zravas momWerebze  
    Zabvis cvlilebisas da magnituri velis  
    Sesustebisas 
 

Zravas momWerebze Zabvis matebis an Semcirebis dros, aseve Zravas 

magnituri velis Sesustebisas siCqare ar SeiZleba Seicvalos myisive. Ees 

aixsneba matareblis didi masiT gamowveul inerciulobiT.  

qvemoT cal-calke ganvixilavT siCqaris cvlilebas mkvebavi Zabvis da 

magnituri velis cvlilebisas. 

 

a) siCqaris (Zravas muSaobis reJimis) cvlileba mkvebavi  
   Zabvis cvlilebisas 

vnaxoT, Tu rogor icvleba siCqare matareblis ucvlel profilze 

moZraobis dros mkvebavi Zabvis gazrdisas. 

vTqvaT, Zravas momWerebze U1 Zabvas Seesabameba siCqaris maxasiaTebeli 1 

(nax. 7.17 a). Zravas muSaobis damyarebul reJims Seesabameba V1 siCqare, deni 

IZ1 da wevis Zala FZ1. maxasiaTeblebze am reJims Seesabamebian a da b 

wertilebi (nax. 7.17 a). meqanikis kanonis Tanaxmad damyarebuli (ucvleli, 

Tanabari) siCqariT moZraobis reJims adgili eqneba mxolod maSin, rodesac 

sxeulze momqmedi Zalebis tolqmedi Zala iqneba nulis toli. anu Cven 

SemTxvevaSi, maSin, rodesac lokomotivis wevis Zala toli iqneba mata-

reblis moZraobisadmi winaaRmdegobis Zalis. e.i.  

                               WkFF  Zl ,                             (7.24) 

sadac, k aris lokomotivis wevis Zravebis ricxvi. 
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amavdroulad (6.1) formulis Tanaxmad, Zravaze modebuli Zabva wonaswor-

deba ukueleqtromamoZravebeli Zalis da Zravas gragnilebSi Zabvis vardnaTa 

jamiT. Zabvis gazrdisas U1 mniSvnelobidan U2 mniSvnelobamde (am ukanas-

knels nax. 7.17 a-ze Seesabameba siCqaris 2 maxasiaTebeli), irRveva balansi 

Zravaze modebul Zabvasa, uku emZ-sa da Zravas gragnilebSi Zabvis vardnebs 

Soris. Zabvis myisi gazrdisas, sawyis momentSi Zravas uku emZ ar icvleba 

(radgan siCqare da magnituri nakadi praqtikulad rCeba igive) Zabvis 

myisuri gazrdiT U1 mniSvnelobidan U2 mniSvnelobamde, Zabvasa da uku emZ-s 

Soris gaCndeba disbalansi, rac  

      
Z

Z
R

VCU
I


 .                             (7.25) 

formulis Tanaxmad gamoiwvevs denis mkveTr, naxtomisebr gazrdas IZ1 

mniSvnelobidan IZ2 mniSvnelobamde, praqtikulad ucvleli V1 siCqaris dros  

(nax. 7.17 a-ze ixile monakveTi aa1).Ddenis gazrdas (6.27) formulis Tanaxmad 

mohyveba Zravas (Sesabamisad lokomotivis) wevis Zalis gazrda FZ1 mniSvne-

lobidan FZ2 mniSvnelobamde. es ki gamoiwvevs matarebelze momqmed Zalebs 

Soris wonasworobis darRvevas. wevis Zala gaxdeba meti winaaRmdegobis 

Zalaze da daiwyeba aCqarebuli moZraoba. siCqare daiwyebs zrdas 2 

maxasiaTebelze arsebuli a1a2 monakveTis Sesabamisad (nax. 17.7 a); moZraobis 

siCqaris zrdisas deni daiwyebs Semcirebas, Sesabamisad Semcirebas daiwyebs 

wevis Zalac b1b2  mrudis Sesabamisad. 

siCqaris zrdis da wevis Zalis Semcirebis procesi gagrZeldeba manam, 

sanam ar damyardeba axali wonasworoba lokomotivis wevis Zalasa da 

matareblis moZraobisadmi winaaRmdegobis Zalas Soris. aseTi wonasworoba 

dadgeba FZ1 wevis Zalaze odnav met wevis Zalisas, radgan gazrdili 

siCqaris dros ufro meti iqneba moZraobisadmi winaaRmdegobis Zala. axal 

damyarebul reJims Seesabameba Zravas wevis Zala Z1Z3 FF   (wertili b2). am 

dros damyardeba Zravas deni IZ3, xolo siCqare V2. (nax. 17.7, a) gansxvaveba 

FZ3, FZ1 da Sesabamisad IZ3, IZ1 denebs Soris umniSvneloa da praqtikulad 

Tvlian, rom Zabvis gazrda iwvevs moZraobis siCqaris gazrdas, xolo deni 

da wevis Zala rCeba ucvleli da Zabvis gazrdamde arsebuli mniSvnelobis 

toli. 
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Zravas momWerebze Zabvis Semcirebisas procesi mimdinareobs aRwerilis 

analogiurad, oRond mcirdeba siCqare, xolo deni da wevis Zala rCeba 

ucvleli. 

 
b) siCqaris (Zravas muSaobis reJimis) cvlileba agznebis  
   (velis) Sesustebis CarTvis dros 

agznebis Sesustebisas Zravas muSaobis reJimis cvlileba naCvenebia nax. 

7.17 b-ze. sruli velis dros Zravas muSaoba mimdinareobs siCqaris 1 da 

wevis Zalis 3 maxasiaTeblebze. damyarebuli siCqaris reJims Seesabameba a 

da b wertilebi (siCqare V1, deni IZ1, wevis Zala FZ1). velis Sesustebisas 

irRveva balansi Zravaze modebul Zabvasa (romelic am SemTxvevaSi ucvle-

lia), Zravas uku emZ-sa da Zravas gragnilebSi Zabvis vardnebs Soris. amis 

mizezia Zravas uku egm-s Semcireba, agznebis gragnilis velis Sesustebis 

rezistoriT daSuntebis gamo, ris Sedegad (6.1) formulis Tanaxmad deni 

naxtomiseburad izrdeba IZ1 mniSvnelobidan IZ2 mniSvnelobamde. amas Seesaba-

meba gadasvla sruli velis maxasiaTeblis a wertilidan, Sesustebuli 

velis maxasiaTeblis a1 wertilSi. Zravas wevis Zala izrdeba FZ1 mniSvne-

lobidan FZ2 mniSvnelobamde (Sesustebuli velis 3 maxasiaTebelze b1 wertili). 

 
nax. 7.17. wevis Zravas muSaobis reJimis cvlilebis Tanmimdevroba: 

                a) Zabvis naxtomisebri cvlilebisas, b) agznebis Sesustebis 
CarTvisas. 

U1 

U2 

1 

2 a) b) 
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gazrdili wevis Zala aRmoCndeba meti moZraobisadmi winaaRmdegobis Zalaze 

da siCqare daiwyebs zrdas. siCqaris zrdisas Zravas deni, magnituri nakadi 

da Sesabamisad wevis Zala Semcirdeba 4-e maxasiaTeblis mixedviT (nax. 7.17 b). 

axali wonasworoba aRdgeba b2 wertilSi. am dros wevis Zalas awonaswo-

rebs gazrdili (siCqaris gazrdis gamo) moZraobisadmi winaaRmdegobis Zala. 

wevis Zalas da axal da damyarebul reJims Seesabameba Zravas deni IZ3, 

siCqare V2 siCqaris  velis Sesustebis  maxasiaTebelze a2  wertili (2-mrudi 

nax. 7.17, b). 
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VIII Tavi 

mudmivi Zabvis mdovre regulireba 
 

8.1. Zabvis mdovre regulireba eleqtromanqanuri  
    gardamqmnelebiT 

 
gardamqmneli teqnikis Tanamedrove done SesaZleblobas iZleva rogorc 

mudmivi, aseve cvladi denis sistemebSi gamoviyenoT Zabvis regulirebis 

sxvadasxva sqemebi. gasul saukuneSi, rodesac Sesabamisi xelsawyoebi (naxe-

vargamtaruli diodebi, tranzistorebi, tiristorebi daAa.S.) ar iyo, mudmivi 

denis sistemebSi Zabvis regulireba problemas warmoadgenda. am mizniT, 

ZiriTadad iyenebdnen mbrunav samanqano agregatebs. 

8.1 naxazze mocemulia wevis sinqronuli generatoris da aramarTvadi 

ventilebis gamoyenebiT mudmivi Zabvis mdovre regulirebis erT-erTi varianti. 

 
nax. 8.1. Zabvis mdovre regulirebis erT-erTi varianti, 

mbrunavi manqanebis gamoyenebiT. 

gasuli saukunis ormocdaaTian wlebamde, rodesac naxevargamtaruli 

ventilebi jer kidev ar iyo, sinqronuli generatoris nacvlad iyenebdnen 

mudmivi denis generatorebs. 

rogorc 8.1 naxazidan Cans, wevis sinqronuli generatori G brunviT 

moZraobaSi mohyavs saerTo lilvze dasmul, 1 500 volt Zabvaze momuSave, 
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or pirvelad Zravas M1 da M2-s. am Zravebis asamuSaveblad gamoiyeneba ori  

K2, K3 kontaqtori  da mcire gabaritebis R1 reostati (amuSavebis procesis 

xangrZlivoba Zalze mcirea). amZravebad gamoyenebulia damoukidebel aRgz-

nebiani mudmivi denis Zravebi, romelTa siCqaris maxasiaTebeli n(I) moce-

mulia 8.2 naxazze (swori xazi). 

 
nax. 8.2. generatoris brunTa ricxvis da Zravebis 

   siCqaris maxasiaTeblebi n(I). 

sakontato qselSi Zabvis ucvleli 3 000v mniSvnelobisas, M1 da M2 Zravebis 

brunTa ricxvi TiTqmis ucvlelia. 

praqtikul realur sqemebSi, sakontaqto qselSi Zabvis mniSvneloba 

ganuwyvetliv icvleba, amitom M1 da M2 Zravebis  ucvleli brunTa ricxvis 

SesanarCuneblad gamoiyeneba brunTa ricxvis stabilizaciis Caketili 

sistema, romelic qselSi, Zabvis meryeobis mixedviT, aregulirebs Zravebis 

magnitur nakads da am gziT axdens brunTa ricxvis stabilizirebas. Tu 

Zravebis da m.S. sinqronuli generatoris brunTa ricxvi ucvlelia, maSin 

sinqronuli generatoris agznebis denis cvlilebiT (R2 reostatiT), SegviZ-

lia mdovred vcvaloT generatoris Zabva, Sesabamisad lokomotivis M3, M4, 

M5 da M6 mimdevrobiT agznebiani wevis Zravebis brunTa ricxvi da 

Sesabamisad lokomotivis siCqare. wevis Zravebis siCqaris maxasiaTeblebi 

V(I), Zabvis sxvadasxva mniSvnelobebisaTvis ( 41 UU  ) mocemulia 8.2 naxazze. 

mudmivi denis mimdevrobiT agznebiani wevis Zravebis gamoyeneba ganapi-

roba paralelur reJimSi maTma ukeTesma muSaobis unarma. 

mudmivi  denis generatoris nacvlad, maRalsixSiriani wevis sinqronuli  
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generatoris gamoyeneba, mniSvnelovnad amcirebs gardamqneli agregatis 

masa-gabaritul maCveneblebs. 

aRsaniSnavia is, rom gasul saukuneSi msgavsi sistemebi farTod gamoiye-

neboda amerikaSi da evropaSi. dReisTvis SedarebiT didi masa-gabaritebis 

da rTuli saeqspluatacio pirobebis gamo, isini eleqtrul lokomotivebSi 

ar gamoiyeneba, Tumca warmatebiT muSaoben Tanamedrove TbomavlebSi. 

 

8.2. mudmivi Zabvis mdovre impulsuri regulireba  

 

impulsuri regulirebis dros wevis Zravebs energia miewodeba calkeuli 

impulsebis saxiT. impulsuri regulirebis arsi mdgomareobs imaSi, rom Tu 

Cven SevZlebT vareguliroT ucvleli energiis mqone impulsebis miwodebis 

sixSire ZravaSi, an ucvleli sixSiriT miwodebuli impulsebis energia, an 

orive kombinirebulad, maSin Cven SegviZlia vareguliroT wevis Zravas 

momWerebze Zabvis saSualo mniSvnelobis sidide da Sesabamisad moZraobis 

siCqare. 8.3 naxazze mocemulia mimdevrobiT agznebian Zravas momWerebze 

Zabvis impulsuri regulirebis umartivesi sqema. sqemaze naxevargamtaruli 

xelsawyoebis nacvlad, pirobiTad gamoyenebulia ubralo “K” mwyvetara. 

maRal Zabvebze da did denebze ( 4500U  v, 4000I  a) momuSave mTlianad 

marTvadi GTO, IGCT tiristorebis da ( 6500U  v; 500 a; 3300U  v; 1200I a) 

parametrebis mqone IGBT tranzistorebis gamoCenamde, gasuli saukunis 

samocian wlebSi, gamoiyeneboda arasrulad marTvadi (xelovnuri komutaciis 

sqemebis mqone) Cveulebrivi tiristorebis bazaze Seqmnili gardamqmnelebi. 

nax. 8.5, a daNnax. 8.5 b-ze mocemulia im droisaTvis gavrcelebuli impul-

suri regulirebis sqemuri variantebi. mTeli rigi naklovanebebis gamo, 

aRniSnulma sqemebma praqtikaSi ver hpoves gavrceleba. orive sqemis mTavari 

naklia e.w. rbili formis Ug(Id) gare maxasiaTebeli da wevis Zravebis momWe-

rebze qselis Zabvis ormagi mniSvneloba. es ukanaskneli garemoeba moiT-

xovda wevis Zravebis Ruzebis mimdevrobiT, didi sididis induqtivobebis 

CarTvas, rac zrdida masa-gabaritul maCveneblebs da aZvirebda maT.  

8.4 naxazze naCvenebia yvela samive tipis regulatoris gare maxasiaTebeli 

(1, 2, da 3), xolo 8.5 naxazis e da v-ze gardamqnelebis gamosasvlelze Zabvis 

formebis mrudeebi. rogorc mrudeebidan Cans, pirveli ori sqemis gamoyenebis 

SemTxvevaSi,  wevis  Zravebis  momWerebze  Zabvis mniSvneloba qselis Zabvis 
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nax. 8.3. mudmivi denis emS-is siCqaris impulsuri 

regulirebis muSaobis principi. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

nax. 8.4. damokidebuleba gamosasvlelze Zabvasa da 
datvirTvis dens Soris. 

 

gaormagebuli mniSvnelobis 2U-s tolia. drois garkveul momentebSi (maga-

liTad 21 tt  ), datvirTvis deni gadis sakomutacio kondensatoris gavliT, 

rac ganapirobebs maxasiaTeblebis sirbiles (mrudeebi 1, 2). es mimdevrobiT 

(v) 

(a) 

Ug(Id) 
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aRgznebiani Zravas gamoyenebis SemTxvevaSi kidev ufro arbilebs am 

ukanasknelis isedac rbil maxasiaTebels, rac seriozul dabrkolebas 

warmoadgens CaWidebis wevis Zalis gamoyenebisTvis (xSiri buqsaobis gamo). 

8.5 naxazis g-ze mocemulia sqema, romelSic datvirTvis deni ar gadis 

sakomutacio kondensatorSi. amiT aixsneba gare maxasiaTeblis sixiste (nax. 

8.4-ze 3 wrfe). rogorc 8.5 naxazis z diagramidan Cans, am SemTxvvaSi Zravaze 

modebulia qselis Zabva. sixSirul-impulsuri regulirebis es sqema daner-

gilia saqarTvelos rkinigzaze, wlebis ganmavlobaSi momuSave ЭР2 seriis 

modernizirebul eleqtromatareblebSi.Aam sqemis Taviseburebas, msgavs 

sqemebTan SedarebiT, Seadgens VD ukudiodis mimdevrobiT R rezistoris 

gamoyeneba, rac uzrunvelyofs VT1 tiristoris saimedod CaketvisTvis sakmao 

sididis  ukuZabvas (100 v). 

garkveul interess iwvevs 8.5 naxaz d-ze mocemuli sqema, romelic 

saSualebas iZleva movaxdinoT Zabvis ganiv impulsuri regulireba. am sqemis 

gare maxasiaTebeli msgavsia 8.5 naxaz g-ze mocemuli sqemis maxasiaTeblis 

(3 wrfe. Nnax. 8.4).  

8.5 naxaz k, l-ze mocemulia regulatorebi, romlebic Sesrulebulia 

mTlianad marTvad GTO da IGCT – tiristorebze (nax. 8.5, k) da JGBT – tran-

zistorebze (nax. 8.5, l). aqve 8.5 naxaz m, n-ze mocemulia datvirTvaze Sesa-

bamisi Zabvis mrudeebi. 

sixSirul impulsuri regulirebisaTvis SegviZlia davweroT 

TUtU d 0 ,                                   (8.1) 
sadacUU aris kvebis wyaros Zabva. 

       t0 – impulsis sigane, romelic am SemTxvevaSi ucvlelia. 

       Ud – Zravas momWerebze Zabvis saSualo mniSvneloba. 

       T – impulsebs Soris periodi, romelic am SemTxvevaSi icvleba. 

(8.1) formulidan ganvsazRvroT Ud. miviRebT 

ftU
T

t
UU d  0

0
0 ,                              (8.2) 

sadac, 
T

f
1

  aris impulsebis sixSire. 

rogorc (8.2) gamosaxulebidan Cans, Tu constU  , constt 0  da sixSires 

mdovred SevcvliT, SegviZlia Zabva Zravas momWerebze mdovred vareguli-

roT. 

ganiv-impulsuri  regulirebis  dros analogiurad SegviZlia davweroT 
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nax. 8.5. naxevargamtaruli mwyvetarebis sqemebi da datvirTvaze Zabvis  
mrudeebi: a), b), g), d) xelovnuri komutaciis Cveulebriv  

tiristorebze, e) mTlianad marTvad tiristorebze,  
v) bipolarul tranzistorebze. 

 

  

 

 

i) k) 

l) 

m) 
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0TUtU d .                                 (8.3) 

qvemoT detalurad ganvixilavT gardamqmnelebSi Zabvis sixSirul da 

ganiv impulsuri regulirebis procesebs, Sesabamisi analiziT.  

8.6 naxazze mocemulia sixSirul impulsuri (a) da ganiv-impulsuri (b) 

regulirebis Sesabamisi Zabvebis da denebis diagramebi. 

am dros impulsebs Soris periodi T0 an misi Sebrunebuli sidide sixSire 

f0 – ucvlelia, xolo impulsis sigane t icvleba.Aam SemTxvevaSi Zabvis saSualo 

mniSvneloba iqneba 

0

0

ftU
T

tU
U

d



 ,                             (8.4) 

constU   da constT 0
-is dros, Tu mdovred SevcvliT impulsis siganes t-s 

SegviZlia Zabva Zravas momWerebze vareguliroT mdovred. 

8.3 naxazze naCvenebia praqtikuli sqema, romelzec: 

LfCf aris safiltro mowyobiloba, romlis daniSnulebaa qselSi denis 

pulsaciis Semcireba; 

Ld droselis daniSnulebaa ZravaSi denis pulsaciis Semcireba; 

V0 – uku diodia, romelic uzrunvelyofs ZravaSi gamavali denis uwyvetobas 

da “K” mwyvetaraze gadametZabvis moxsnas. 

 
nax. 8.6. Zabvis da denis diagramebi sixSirul a) da ganiv-impulsur  

b) regulirebis  dros. 
 

rogorc 8.6 naxazze mocemuli denis mrudeebidan Cans, regulirebis 

orive SemTxvevaSi Zravas deni ganicdis pulsacias, romelic Cveulebrivi 

Sesrulebis ZravebisTvis ar unda aRematebodes 5-7%-s. 
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8.3. mudmivi denis wevis perspeqtiuli eleqtromoZravi 
    Semadgenloba 

 
mudmivi denis 3 000v Zabvis sistemaSi mimdevrobiT agznebiani wevis 

Zravebis gamoyeneba ganapiroba am Zravebis paralelur reJimSi uproblemo 

muSaobam, rac ar moiTxovs damatebiTi RonisZiebebis da mowyobilobebis ga-

moyenebis aucileblobas, romlebic saWiro iqneboda damoukidebel agznebiani 

mudmivi denis Zravebis an asinqronuli Zravebis gamoyenebis SemTxvevaSi. 

im droisaTvis 3 000 v. Zabvis mqone mudmivi denis misaRebad, wevis 

qvesadgurebSi gamoiyeneboda vercxliswyliani gammarTvelebi, romlebic 

stacionalur pirobebSi muSaobdnen damakmayofileblad. 

rkinigzebze tvirTnakadebis da, Sesabamisad, eleqtromomaragebis siste-

mebis datvirTvebis gazrdam, tvirTdaZabul ubnebze gamoiwvia sakontaqto 

qselSi Zabvis Zalian didi vardnebi da Tavi iCina mudmivi denis 3 000 

voltiani sistemis naklovanma mxareebma. dReisaTvis mravali gamokvleviT 

dadgenilia _ imisaTvis rom mudmivi denis sistemam konkurencia gauwios 

cvladi denis 25 kv Zabvis sistemas, aucilebelia Zabva sakontaqto qselSi 

gaizardos 6 000-12 000 voltamde.Mmagram dReisaTvis arsebuli naxevargamta-

ruli teqnika, maRal Zabvaze da did denebze ( 4500U v, 4000I  a) momuSave 

mTlianad marTvadi GTO, IGCT tiristorebis da ( 6500U v, 600 a, 3300U v, 

1200I a) IGBT tranzistorebis bazaze, ar iZleva maTi damoukidebel erTeu-

lebad muSaobis SesaZleblobas; xolo mimdevrobiT SeerTebisas isini an 

saerTod ver muSaoben (IGBT tranzistorebi), an muSaoben Zalze cudad 

(IGCT tiristorebi). Mmravalmxrivma eqsperimentalurma gamokvlevebma aCvena, 

rom 3 000 v Zabvaze muSaobisas, xelsawyos saerTo Zabva unda iyos 8000-9000 

voltis farglebSi. Aamis gamo zogierTi specialisti mimarTavs sxvadasxva 

sqemur kombinacias. magaliTad mkvebav Zabvas filtris kondensatorebis 

saSualebiT yofen nawilebad. aseTi gardamqmnelebis simZlavre SezRudulia 

da ar aRemateba 300 kvt-s. sakontaqto qselSi 6 000v Zabvis dros, SeiZleba 

rekomendebuli iqnes 8.7 naxazze mocemuli sqema. am SemTxvevaSi VT1 da VT2  

ventilebze jdeba qselis Zabvis naxevari da SeiZleba gamoyenebuli iqnes 

Tanamedrove IGBT tranzistorebi 6 500 volt Zabvaze da 500 amper denze. 

rogorc cnobilia nebismieri raodenobis paralelurad CarTuli tranzis-

torebi normalurad muSaoben. sakontaqto qselSi 12 000 v Zabvis arsebobis 
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SemTxvevaSi, VT1 da VT2 xelsawyoebad SeiZleba warmatebiT gamoviyenoT 

mimdevrulad CarTuli sami IGCT tiristori 5 000 volt Zabvaze da 4 000 

amper denze. IGBT tranzistorebis gamoyenebis SemTxvevaSi (isini muSaoben 

10-15 khrc sixSireze) LfCf daLL1,C1  filtrebis masa-gabaritebi minimaluria, 

rac ar iTqmis IGCT tiristorebis gamoyenebis  SemTxvevaSi (muSa sixSire 

1 300 herci).  

 
nax. 8.7. mudmiv denze wevis perspeqtiuli amZravi. 

8.7 naxazze mocemul sqemaze, VT1, VT2 tranzistorebis muSaobis reJimebis 

SerCeviT, meore safiltro L1C1 kaskadze SegviZlia miviRoT nebismieri 

dadablebuli, stabiluri Zabva. siCqaris Semdgomi regulireba xdeba A 

invertoris saSualebiT. aqve mocemulia optimaluri orsafexuriani Zabvis 

mrudi. 

sakontaqto qselSi amaRlebuli 6 000–12 000v. Zabvis SemTxvevaSi, loko-

motivis CaWidebis wonis ukeT gamoyenebis mizniT, mizanSewonilia 

gamoviyenoT xist maxasiaTeblebiani damoukidebel agznebiani mudmivi denis, 

an asinqronuli wevis Zravebi. 8.7 naxazze moyvanilia asinqronul wevis 

Zravebiani sqema. aseTi sistemis gamoyenebis SemTxvevaSi maRalia muSaobis 

saimedooba da mniSvnelovnad dabalia saeqspluatacio xarjebi, vidre 

damoukidebel agznebiani mudmivi denis Zravebis gamoyenebis dros. 
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vinaidan asinqronul Zravebs maxasiaTeblebis sixistis gamo ar SeuZliaT 

paraleluri sqemiT muSaoba, amitom maTi normaluri muSaobisTvis sasurve-

lia yoveli asinqronuli Zrava ikvebebodes Tavisi invertoridan. Aam SemTx-

vevaSi Zravebis paralelur reJimSi muSaobas (RerZebze datvirTvis Tanabar 

gadanawilebas) uzrunvelyofs datvirTvis gamaTanabrebeli mowyobilobis 

gamoyeneba, romelic zemoqmedebs invertorebze. 

 

8.4. damoukidebel agznebiani wevis Zravebis mqone  
    mudmivi denis eleqtromoZrav Semadgenlobaze  
    siCqaris impulsuri regulireba 

 
mudmivi denis mimdevrobiT agznebian wevis ZravebiT aRWurvil emS-ze, 

siCqaris regulirebis xelovnuri komutaciis mqone impulsuri sistemebis 

gamoyenebis xangrZlivma eqsperimentebma aCvena, rogorc mravali dadebiTi, 

aseve mravali uaryofiTi mxare. 

dadebiTad SeiZleba CaiTvalos is, rom specialistebma miiRes gamocdi-

leba principulad axali eleqtromowyobilobebis proeqtirebis da eqsp-

luataciis xaziT. 

uaryofiTia is, rom gasuli saukunis 60-90-wlebSi sabWoTa kavSirSi 

naxevargamtaruli da kondensatoruli teqnikis masa-gabarituli maCveneblebi 

mniSvnelovnad CamorCeboda msoflio standartebs. aRniSnulis gamo stati-

kuri gardamqmnelebis masa-gabarituli maCveneblebi iyo Zalze didi, xolo 

axali eleqtromowyobilobis dabali xarisxis gamo, saqme sacdeli erTeu-

lebis saeqspluatacio gamocdebs ver gascda. MmaSin ar iyo eleqtromavali 

an eleqtromatarebeli, romelic imuSavebda erT welze meti xnis ganmav-

lobaSi. Aamave dros mudmivi denis MmimdevrobiT agznebiani wevis Zravebis 

eleqtruli damuxruWebis reJimSi aramdgradi muSaoba, arTulebda situacias 

da sacdeli nimuSebis danergvas. 

rogorc cnobilia, mimdevrobiT agznebian generatorebs mdgradad muSaoba 

SeuZliaT mxolod dauSvebeli sididis, didi datvirTvis denis dros.Aamis 

gamo (denebis SesazRudad) iZulebulni iyvnen Ruzis wredSi CaerToT 

mniSvnelovani sididis aqtiuri winaaRmdegoba, romelic auaresebda mTeli 

sistemis energetikul maCveneblebs. wevis reJimidan rekuperaciul reJimze 

da piriqiT gadasvla mimdinareobda kontaqtorul-reostatuli marTvis 

sistemis msgavsad, sqemis daSliT (cikluri sqema da a.S.). yovelive amisgan 
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SeiZleba ganvTavisufldeT, Tu gamoviyenebT siCqaris impulsuri regulirebis 

sistemas da damoukidebel agznebian wevis Zravebs. am SemTxvevaSi SesaZlebe-

lia Zaluri sqemis daSlis gareSe mdovre gadasvla wevis reJimidan 

rekuperaciuli damuxruWebis reJimze da piriqiT. rac mTavaria, am dros 

rekuperaciuli damuxruWebis reJimi mdgradia siCqaris mTel diapazonSi, 

3_5 km/sT  minimalur siCqaremde. 

dReisaTvis kondesatorebis da naxevargamtaruli teqnikis teqnologiaSi 

miRweulia uzarmazari progresi, rac ukavSirdeba aTasobiT volt Zabvaze 

da aTasobiT amper denze momuSave, sruliad marTvadi GTO IGCT tiristo-

rebis da IGBT tranzistorebis danergvas. aman SesaZlebeli gaxada eleqtrul 

wevaSi danergiliyo asinqronuli eleqtruli amZravi, romelic motorul 

reJimSi sxva tipis eleqtroamZravebTan SedarebiT, xasiaTdeba Zalze didi 

upiratesobiT kerZod: siiafiT, konstruqciis simartiviT, maRali saimedoobiT, 

samsaxuris xangrZlivi vadiT da a.S. rekuperaciuli damuxruWebis reJimSi 

is muSaobs Zalze cudad. rogorc cnobilia [10] generatorul reJimSi 

muSaobisas asinqronuli manqana moixmars damagnitebis dens, romelmac 

SeiZleba Seadginos nominaluri denis 50%, rac misi Zalze uaryofiTi 

mxarea. SedarebisTvis agznebis sistemisTvis moTxovnili simZlavre sinqro-

nuli generatorebisTvis da mudmivi denis ТЛ2К da ТЛ3Б wevis manqanebis-

Tvis Seadgens daaxloebiT 1%-s. rekuperaciuli damuxruWebis reJimSi, 

damoukidebelagznebiani generatorebi impulsuri regulirebiT, realuri 

danakargebis gaTvaliswinebiT mTel simZlavres gadascemen qselSi. warmod-

genili sistema CaWidebis wonis maqsimaluri gamoyenebis, maxasiaTebelTa 

sixistis, Zaluri da marTvis sistemebis simartivis gamo, SeiZleba CaiTvalos 

wevis asinqronuli amZravebis srulfasovan alternativad. 

8.8 naxazze naCvenebia warmodgenili sistemis umartivesi sqema, romelic 

erTnairi warmatebiT SegviZlia gamoviyenoT eleqtromavlebze, eleqtroma-

tareblebze da metropolitenis eleqtromoZrav Semadgenlobaze. am sqemaSi 

gamoyenebulia IJBT tranzistorebis modulebi 6 500 volt Zabvaze da 600 

amper denze. datvirTvis simZlavris mixedviT V1, V2, V3 modulebi SeiZleba 

warmoadgendnen nebismieri raodenobis paralelurad CarTul tranzistors 

an nebismieri raodenobis fazebs, romlebic muSaoben erTmaneTisgan gark-

veuli wanacvlebuli kuTxiT.  
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a) 

 
Bb)                                    g) 

 
nax. 8.8. a) mudmivi denis damoukidebel agznebiani wevis Zravebis  

siCqaris impulsuri regulirebis sqema, b), g) amgznebi  
statikuri gardamqnelis Zabvebis da denebis diagrama. 

 

Zravul reJimSi, V2  moduli awarmoebs ganiv-impulsur modulacias da 

mdovred aregulirebs Zabvas Zravebis momWerebze. 

generatorul reJimSi muSaobisas V2 moduli gamorTulia, muSaobs V3 

moduli rogorc mwyvetara (garkveuli periodulobiT amoklebs da axdens 

Ruzis wredis gawyvetas), risi wyalobiTac rekuperacia mimdinareobs 

R 

 

 

BIag. 

BIR. 
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eleqtromoZravi Semadgenlobis gaCerebamde. aq gansakuTrebiT aRsaniSnavia 

is faqti, rom Ruzis wredis perioduli gawyvetiT sakontaqto qselis 

Zabvas dardeba 
dt

di
LEd d  sidide da ara Zravas ukueleqtromamoZravebeli 

Zala Ed, rogorc klasikur releur-kontaqtorul sqemebSi, romelTa gamo-

yenebisas rekuperaciis minimaluri siCqare iyo 25-30 km/sT-Si. aRniSnulidan 

gamomdinareobs, rom rac metia datvirTvis (Ruzis) wredis induqtivoba Ld, 

miT ufro naklebi iqneba rekuperaciuli damuxruWebis minimaluri siCqare. 

sakontaqto qselSi rekuperirebuli eleqtroenergiis momxmareblis ar 

arsebobisas an Zabvis 4 000 voltze gadametebisas, V1 modulis CarTviT 

xdeba mdovre gadasvla rekuperaciuli damuxruWebis reJimidan reostatuli 

damuxruWebis reJimze. 

gansakuTrebiT aRsaniSnavia is, rom miuxedavad damoukidebeli agznebis 

mqone Zravebisa, moZravi Semadgenlobis avtomatur maxasiaTebelze gasvlamde, 

Zravas agznebis deni icvleba Ruzis denis proporciulad (avtomaturi 

regulirebis sistemis wyalobiT), ris gamoc statikaSi miiReba iseTive 

rbili maxasiaTeblebi, rogorc mimdevrobiT agznebian ZravebSi. dinamikaSi 

ki maxasiaTeblebi xisti formisaa. magaliTad buqsaobis dros agznebis 

deni ar icvleba.Mmsgavsi sqema SeiZleba gamoyenebuli iqnes nebismier 

simZlavreze. sakmarisi iqneba mxolod UZ1 gardamqnelebis raodenobis 

gazrda (ix. punqtiriT Semofargluli sqema). 

wevis Zravebis paralelur StoTa ricxvis Sesabamisad, agznebis gragni-

lebi SeiZleba CairTos yvela mimdevrobiT an paralelurad erT swrafmom-

qmed kvebis wyaroze UZ 2-ze (ixileT punqtiriT Semofargluli sqema). wevis 

Zravebis calkeul Stoebs Soris   denebis gaTanabreba xdeba Stoebis V2 

modulebis da denis BI gadamwodebebis saSualebiT. 

muSaobis orive reJimSi (wevis, eleqtruli damuxruWebis) mokled 

SerTvisas, Ruzis wredebis denebi kontroldeba Sesabamisi denis BI da 

Zabvis BU gadamwodebiT erTdroulad, xolo maTgan mosuli signalis 

safuZvelze xdeba forsirebuli Zabvis reversi, raTa ganxorcieldes  wevis 

Zravebis swrafi ganmagniteba (forsirebisTvis rogorc [12]-Si moyvanilma 

gaTvlebma aCvena sakmarisia Zabvis 5 jeradi maragi). 

rogorc 8.8 naxazidan Cans, wevis Zravebis agznebis gragnilebis kveba 

xdeba UZ 2 gardamqmneliT, romelic Tavis mxriv ikvebeba ZiriTadi Lf Cf 

filtridan. Cf tevadobis sididem unda uzrunvelyos ganmamagnitebeli 
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denis gavlis drois xangrZlivoba ara naklebi 100 mwm. Mmkvebavi Zabva 

stabilizirdeba 500 voltis doneze V8 moduliT. es Zabva miewodeba V4, V5, 

V6 da V7 modulebs, romlebic qmnian bogirul sqemas.Aaucileblobis 

SemTxvevaSi SesaZlebelia denis mimarTulebis Secvla da Zravas swrafi 

ganmagniteba. V10 diodis daniSnulebaa mokled SerTvis dros aRkveTos 

filtris kondensatoris gadamuxtva. 

reversirebadi Zabvis saSualo mniSvneloba tolia 









 1

2
1

T

t
UU d

imp
ag ,                               (8.5) 

sadac timp aris impulsis xangrZlivoba. 

      U1 – mkvebavi Zabva, romelic tolia   

ag.nom.fUKU 1  

sadac )54( fK  forsirebis koeficienti. 

       T – Zabvis ganmeorebis periodi.  

  ag.nom.U yvela Zravas agznebis gragnilebis nominaluri ZabvaTa jami. 

8.8 b, g naxazze naCvenebia UZ2 gardamqmnelis Zabvebis da denebis formebi 

damyarebul reJimSi da agznebis denis reversirebis reJimSi. 
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IX Tavi 

erTfaza cvladi-mudmivi denis eleqtromoZravi  

Semadgenlobis wevis reJimi 
 

9.1. wevis Zravebis momWerebze Zabvis regulirebis  
        xerxebi  
      

Tu gavixsenebT, rom metwil SemTxvevebSi eleqtroenergiis generacia 

(miReba) da gadacema xdeba cvlad denze, cxadi gaxdeba cvlad denze 

eleqtrificirebuli rkinigzebis upiratesoba, mudmiv denis sistemasTan 

SedarebiT. miT umetes imis gaTvaliswinebiT, rom cvladi denis wevis 

qvesadgurebi da sakontaqto qseli gacilebiT martivi da iafia, vidre 3 000 

v. Zabvis mudmivi denis qvesadgurebi da sakontaqto qseli. 

aucilebelia aRiniSnos isic, rom dRemde erTfaza-mudmivi denis eleq-

tromoZrav Semadgenlobebze gamoyenebulia mudmiv (pulsirebul) denze 

momuSave mimdevrobiT agznebiani wevis Zravebi.Ees Zravebi mudmivi denis 

eleqtromoZrav Semadgenlobaze gamoyenebul Zravebisagan konstruqciulad 

gansxvavdebian imiT, rom maT masiur foladis korpusSi Camagrebulia 

eleqtromagnituri foladis firfitebisagan awyobili CanarTebi, xolo 

mTavari polusebis magnitogamtarebi akrefilia eleqtromagnituri foladis 

izolirebuli firfitebiT.Aam sistemaze momuSave pirveli eleqtromavlebi 

da eleqtromatareblebi aRWurvilni iyvnen ignitronuli gammarTvelebiT, 

romlebic arsebuli vibraciis da ryevebis pirobebSi muSaobdnen didi 

xarvezebiT (njRrevebis Sedegad xSirad irRveoda vakuumis hermetuloba). 

pirveli naxevargamtaruli diodebis (ВЛ-200-12) gamoCenam mZlavri biZgi 

misca ufro iafi da eqspluataciaSi saimedod momuSave cvladi denis 

eleqtromoZravi Semadgenlobis Seqmnas. 

9.1 naxazze mocemulia dRemde saimedod momuSave cvladi denis ВЛ-60,  

ВЛ-80
к eleqtromavlebis gamartivebuli principuli sqema. rogorc sqemidan 

Cans, wevis T transformatoris meoradi gragnilidan, 1-7 kontaqtorebis 

saSualebiT, safexurebisamebr regulirebadi Zabva miewodeba 62 VV   naxevar-

gamtaruli diodebisagan Semdgar gammarTvels.Yyoveli safexuris Zabva 

4030U  voltia. erTi safexuridan meoreze gadasvla mimdinareobs Zravas 

denis wyvetis gareSe.Ppirvel eleqtromavlebze es xdeba L1, L2  droselebis 

daxmarebiT. SemdgomSi es funqcia daekisra V1 da V4 diodebs. 
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nax. 9.1. ВЛ-60 eleqtromavlis Zabvis (siCqaris) 

safexurisebri regulirebis sqema. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
nax. 9.2. ВЛ-60 eleqtromavlis wevis maxasiaTeblebi. 

5 9 13 17 21 25 29 

0 10 20 30 40 50 60 70 80 90 
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mocemuli sqema uzrunvelyofs wevis Zravebis mudmiv paralelur SeerTe-

bas, rac mas CaWidebis wonis ukeT gamoyenebis TvalsazrisiT, mudmivi denis 

eleqtromavlebTan SedarebiT, garkveul upiratesobas aniWebs. rogorc 

viciT, am ukanasknelSi daZvris procesSi wevis Zravebi SeerTebulia mimdev-

robiT, rac auaresebs CaWidebis pirobebs. 

am sqemis kidev erT upiratesobas Seadgens is, rom TiTqmis mTel diapa-

zonSi simZlavris koeficienti ucvlelia, rac sxva cnobil sqemebTan Seda-

rebiT amaRlebs Zabvis gamoyenebis efeqturobas, radgan qselSi gamaval 

dens aqvs harmonikebis TiTqmis ucvleli speqtri. realurad denis komutaciis 

kuTxis Secvlis gamo, misi forma odnav maxinjdeba. 9.2 da 9.3 naxazze 

mocemulia ВЛ-60 da ВЛ-80
К eleqtromavlebis wevis maxasiaTeblebi. 

 

    nax. 9.3. ВЛ-80К eleqtromavlis wevis maxasiaTeblebi.K 
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9.2. gamarTuli denis pulsacia 
 

wevis Zravas erTfaza gammarTvelidan miRebuli ZabviT kvebis SemTxve-

vaSi, deni ganicdis pulsacias.Ggarkveul interess warmoadgens denis 

pulsaciis dasaSvebi sazRvrebis dadgena. 

9.4 a naxazze mocemulia gamarTuli Zabvis ud idializirebuli forma, 

denis da ukueleqtromamoZravebeli Zalis ed-s realuri formebi. Tu ugule-

belyofT Zabvis aqtiur vardnebs maTi simciris gamo (3-5%), am SemTxvevaSi 

SegviZlia davweroT 

d

dI
Xeu d

ddd  ,                                (9.1) 

sadac,  ud aris gamarTuli Zabvis myisuri mniSvneloba. 

      ed – uku emZ-is myisuri mniSvneloba da rogorc naxazidan Cans isic pulsirebs. 

      id  – gamarTuli denis myisuri mniSvneloba. 

      Xd – wredis jamuri induqtiuri winaaRmdegoba (wevis Zravasa da datvirTvis 

droselis CaTvliT). 

 

 

 

 

 

 

 

 
 

nax. 9.4. a) da b) aramarTvadi gammarTvelis Zabvebis da denebis 
wrfivi diagramebi, g) datvirTvis droselis maxasiaTeblebi. 

 

Tu ed-s SevcvliT misi saSualo mniSvnelobiT Ed-Ti (nax. 9.4 b) da Semo-

viRebT aRniSvnebs 
m

d

U

E
 , 

m

d
U

I
X n1 , d

d i
I

I


n

,  t -s, maSin (9.1) formulis 

nacvlad 21    intervalisTvis SegviZlia davweroT 




d

dI d
1sin  .                               (9.2) 

(9.2) gamosaxulebidan denis pulsaciisTvis SegviZlia davweroT 









  1

2
cos

2
)(sin

1
)(sin

1
11

1

'

1

'

1

minmax 











diii ddd .        (9.3)      

a) b) g) 
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θ1  kuTxe SegviZlia ganvsazRvroT tolobebidan:  

dm EU 1sin ,  
m

d

U

E
1sin ,  arcsin1  .  

am SemTxvevSi (9.3) formulidan SegviZlia davweroT 









 1arcsin

2
1

2 2

1







di .                         (9.4) 

denis pulsaciis Sesafaseblad iyeneben pulsaciis koeficients, romelic 

tolia                         
minmax

minmax

dd

dd

ii

ii
K




p .                              (9.5) 

mTel diapazonSi wevis Zravas normaluri muSaobisaTvis es koeficienti 

unda iyos 0,2–0,4-is farglebSi. 

rogorc cnobilia, datvirTvis cvlilebisas Δid-s mniSvneloba icv-

leba.Ppulsaciis koeficientis Kh-s ucvlelad SenarCunebisaTvis saWiroa 

damanelebel drosels hqondes hiperboluri maxasiaTebeli. 

 

9.3. aramarTvadi gammarTvelis gare maxasiaTebeli 
 

denis pulsaciis gansazRvris dros gamoyenebuli iyo gamarTuli Zabvis 

idealizirebuli forma. sinamdvileSi sakontaqto qselis da wevis trans-

formatoris induqtivobis gamo, deni erTi ventilidan meoreze gadadis ara 

myisurad, aramed raRac  drois dayovnebiT. 9.5Na naxazze mocemulia 

erTfaza gammarTvelis umartivesi sqema, romelzec naCvenebia kvebis wyaros 

X induqtivoba, romelic SeiZleba gamovsaxoT rogorc         

qstr. XXX  , 

sadac, trX  aris transformatoris  mokled SerTvis winaaRmdegoba. 

       qsX qselis dayvanili induqtiuri winaaRmdegoba. 

9.5 b naxazze warmodgenilia gamarTuli Zabvis mrudi, romelic  

intervalis ganmavlobaSi 0-is tolia. amave drois ganmavlobaSi datvirTvis 

deni In, 41 VV   ventilebidan gadadis 32 VV   ventilebze. 

am drois ganmavlobaSi qseli da transformatori mokledaa SerTuli.Aam 

intervalisTvis vwerT 




d

di
XU m sin ,                             (9.6) 

sadac, t  ; )( trqs LLX  . 
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nax. 9.5. aramarTvadi gammarTvelis denebis da Zabvebis 
myisuri mniSvnelobebis mrudeebi. 

 
i aris transformatoris meoradi gragnilis deni. (9.6) gantolebis am 

intervalSi amonaxsni iqneba       )cos1( 
X

U
i m .                         (9.7) 

Tu gaviTvaliswinebT, rom am intervalis ganmavlobaSi transformatoris 

meorad gragnilSi deni icvlis mimarTulebas _In-dan +In-mde, maSin (9.7) 

formulidan SegviZlia davweroT 

X
U

l

m

n2
1cos  .                              (9.8) 

am intervalSi Zabvis danakargi iqneba 

2
sin)cos1(sin

1 2

0

0











 d

m

m U
U

dUU   ,            (9.9)  

sadac, 


m

d

U
U

2
0   aris gammarTvelis uqmi svlis Zabva.   

(9.9) formulidan Cans, rom datvirTvis denis gazrdisas, Zabvis danakargi, 

romelic proporciulia komutaciis γ kuTxis naxevris sinusis kvadratis, 

izrdeba. (9.7) da (9.8) formulidan gamodis, rom  

a) b) 
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


nXI
U  .            (9.10) 

unda aRiniSnos, rom (9.10) formulaSi 

unda Sesuliyo danakargebi trans-

formatoris aqtiur winaRobaSi, magram 

es danakargebi induqtiur winaRobaSi 

danakargebTan SedarebiT umniSvneloa 

da SegviZlia maTi ugulebelyofa.  

cnobilia, rom transformatoris 

induqtiuri winaRoba nominaluri 

datvirTvis denis dros, xasiaTdeba 

sididiT Um.S.%.A Um.S. – (mokle SerTvis 

Zabvaa), amitom SegviZlia davweroT 

n

nm.S.
qstr.qs

I

UU
XXXX

100

% 
 .   

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

nax. 9.7. ВЛ-60 eleqtromavlis  НБ-412К wevis Zravas eleqtro- 
meqanikuri maxasiaTeblebi da UZr(IZr) damokidebuleba, 

mTavari kontroleris 33-e poziciaze. 

nax. 9.6. ВЛ-80К da ВЛ-80Т eleqtromav- 
 lebis gardamqneli mowyobilobebis  

gare maxasiaTeblebi. 
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am SemTxvevaSi gare maxasiaTeblisTvis SegviZlia davweroT 




nXI
UUUU mdd 

2
0

.                       (9.11) 

9.5 d naxazidan Cans Tu rogor moqmedebs komutaciis kuTxis sidide 

ventilebis ukuZabvis sidideze (γ intervalis bolos ventilebze moedeba 

uku Uuku Zabvis naxtomiN(nax. 9.5, e). 

9.6 naxazze mocemulia ВЛ-80
Т da ВЛ-80

К eleqtromavlebis gardamqmnelebis 

gare maxasiaTeblebi, xolo 9.7 da 9.8 naxazze Sesabamisad НБ-412К da НБ-418К 

wevis Zravebis eleqtromeqanikuri maxasiaTeblebi. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
nax. 9.8. ВЛ-80К da   ВЛ-80Т eleqtromavlebis  НБ-418К wevis Zravas 
eleqtromeqanikuri maxasiaTeblebi da UZr(IZr) damokidebuleba, 

mTavari kontroleris  33-e poziciaze. 

 

 

 

 

 

 

 

 v 
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X Tavi 

erTfaza-mudmivi denis eleqtromoZravi 

Semadgenlobis wevis Zravebis momWerebze  

Zabvis mdovre regulireba 

 

10.1. sqemebis klasifikacia da maTi analizi 
 

Tanamedrove cvladi denis eleqtrul wevaSi farTo gavrceleba hpova 

naxevargamtaruli xelsawyoebis-tiristorebis da diodebis bazaze Seqmnilma 

gammarTvelebis sqemebma. 10.1 a naxazze naCvenebia e.w. arasimetriuli gamarTvis 

sqema. am sqemaSi denis gamarTvis procesSi monawileobs ori tiristori 

VT1, VT3 da ori diodi VD2, VD4. 10.1, b naxazze ki mocemulia simetriuli 

gammarTvelis sqema, romelSic oTxive elementad gamoyenebulia tiristo-

rebi VT1; VT2; VT3; VT4. 

warmodgenil orive sqemaSi mimdinare eleqtruli procesebis aRmweri 

analizuri gamosaxulebebis gamartivebis mizniT, vakeTebT garkveul daSve-

bebs. kerZod: 

 vTvliT, rom naxevargamtarul ventilebze denis komutacia xdeba 

myisurad, anu sxvagvarad rom vTqvaT,  vTvliT, rom sakontaqto qselis 

da wevis transformatoris induqtivoba nulis tolia. 

 aseve vTvliT, rom datvirTvis wredis induqtivoba usasrulod didia, 

anu, sxvagvarad rom vTqvaT, ventilebis gamtar intervalSi datvirTvaSi 

gamavali denebi drois mixedviT ar icvleba, aRniSnuli daSvebebis 

gaTvaliswinebiT, orive sqemisaTvis, 10.1, g, d naxazze mocemulia denebis 

da Zabvebis Sesabamisi mrudeebi. 

rogorc 10.1 g naxazis diagramidan Cans, marTvis kuTxis -s mniSvnelobis 

mixedviT, pirveladi denis impulsis sigane icvleba da Sesabamisad icvleba 

pirveli harmonikis amplituda da faza. 

meore SemTxvevaSi (10.1 d naxazi) pirveladi denis forma ar icvleba da 

denis mrudis harmonikebis Semadgenloba rCeba mudmivi. 

rogorc sazogadod cnobilia, gammarTvel sqemebSi cvladi Zabvis gamo-

yenebis ZiriTad maCvenebels warmoadgens simZlavris koeficienti. amitom 

sainteresoa orive sqemisTvis ganvsazRvroT sruli simZlavris aqtiuri da 

reaqtiuli mdgenelebi. 
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orive sqemisTvis aqtiuri simZlavre Sesabamisad iqneba: 

2

cos12
 sin

1 0

011













 

IU
dIUP m

m ,                 (10.1)  











cos
2

 sin
1 0

012

IU
dIUP m

m  


.                    (10.2) 

reaqtiul simZlavreebs ganvsazRvravT [12] literaturaSi mocemuli 

integraluri gamosaxulebebis safuZvelze 

2

sin2
cos

1 00

0

11

















 
IU

d
IU

id
d

dU
Q mm ,            (10.3) 
















sin
2

cos
1 00

0

12 



IU

d
IU

id
d

dU
Q mm .         (10.4) 

nax. 10.1. a) asimetriuli da b) simetriuli gammarTvelebis 
principuli sqemebi da denebis da Zabvebis diagramebi. 

 
rogorc es (10.3)_(10.4) gamosaxulebebidan Cans 10.1, b sqemis SemTxvevaSi, 

moxmarebuli reaqtiuli simZlavre orjer metia. 

denebis efeqturi mniSvnelobebi iqneba: 
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


 10IIef.1 ;  0II ef.2 .                      (10.5) 

gamarTuli Zabvebi Sesabamisad iqneba: 

2

cos12
 sin

1
1













 

m

md

U
dUU ,                    (10.6) 











cos
2

 sin
1

2

m

md

U
dUU  



.                       (10.7) 

Tu gamarTuli Zabvis maqsimalur mniSvnelobas, 0 -is dros aRvniSnavT 

0dU -iT, maSin regulirebis xarisxi orive SemTxvevisaTvis gamoisaxeba gamo-

saxulebebiT:  

2

)cos1(

0

1

1




d

d

U

U
C ,    cos

0

2

2 
d

d

U

U
C .               (10.8) 

Sesabamisad simZlavris koeficientebi iqneba: 

K




















,cos
22

,
cos12

12
2

11
1










ef2

ef1

UI

P
K

UI

P
K

M

M

                         (10.9) 

sadac, P11 da P12 _ pirveli harmonikebis simZlavreebi. 

        U, Ief1, Ief2 – mkvebavi Zabvis da arasinusoidaluri denebis efeqturi mniSvne-

lobebi. 

 Q11; Q12 – pirveli harmonikebis reaqtiuli simZlavreebi. 

simZlavris koeficientebis damokidebuleba regulirebis xarisxze, orive 

sqemisaTvis mocemulia 10.2 naxazze 1-mrudiT da 2-wrfiT. 

aseve, orive sqemisaTvis mniSvnelovan maxasiaTebels warmoadgens reaq-

tiuli simZlavris moxmareba.AaRniSnuli sakiTxis garkvevis mizniT, Q11 da 

Q22 reaqtiuli simZlavreebi gavyoT 


02 IUm -ze da ganayofebi Sesabamisad 

aRvniSnoT q11 da q12-iT 

0

11
11

2 IU

Q
q

m


  da  

0

11
12

2 IU

Q
q

m


 ; 

q11 da q12-is damokidebulebebi regulirebis xarisxze mocemulia 10.2 naxazze, 

4 da 5 mrudeebis saxiT. 1, 2 da 4, 5 mrudeebis SedarebiT vrwmundebiT, rom 

simZlavris koeficienti KM1 regulirebis mTel diapazonSi, buferuli 

diodebian sqemaSi ufro maRalia, xolo reaqtiuli simZlavris moxmareba 
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orjer naklebia; miuxedavad imisa, rom denis forma mkveTradaa damaxinje-

buli. Oorive sqemis SemTxvevaSi qselidan moxmarebuli deni arasinusoida-

luria, faziT CamorCeba Zabvas, iwvevs Zabvis did vardnebs da misi formis 

damaxinjebas.Aaseve, 2 mrudis da 1 wrfis SedarebiT irkveva, rom 10.1 a naxazis 

sqemis SemTxvevaSi simZlavris koeficienti daaxloebiT 20%-iT maRalia. orive 

SemTxvevaSi simZlavris koeficienti izrdeba nulovani mniSvnelobidan, 

maqsimalur 0.9 mniSvnelobamde. 

[12] literaturaSi  erTfaza gamarTuli Zabvis regulirebis yvela SesaZ-

lo variantis gaanalizebis safuZvelze, rekomendebulia regulirebis 

sistema denis simetriuli formis SenarCunebiT π/2-is mimarT. aseTi sqema 

mocemulia 10.3 naxazze. aqvea Zabvis da denis diagramebi. 

rogorc sqemidan Cans, ventilebi 

VT1 da VT3 warmoadgenen mTlianad 

marTvad tiristorebs. sqema muSaobs 

Semdegnairad: 

pirvel naxevarperiodSi α1 momen-

tSi marTvis sistemidan marTvis im-

pulsi eZleva VT3 tiristors. tiris-

toris gaRebis Semdeg, deni gadis 

Semdegi konturiT: VT3 – Xd  - Ed – VD2. 

α2 – momentSi VT3-tiristors eZleva 

Camketi (uaryofiTi) marTvis impulsi 

da is iketeba. VT3-tiristoris Caketvis 

Semdeg, datvirTvis deni gadis VD2, 

VD4 diodebis gziT. Semdeg naxevarperiodSi marTvis impulsi eZleva VT1 

tiristors da aRwerili procesi meordeba. E 

es sqema erT-erTi avtoris mier gamocdili iqna gasuli saukunis 60-ian 

wlebSi, xelovnuri komutaciis (arasrulad marTvadi) tiristorebis bazaze, 

100kvt simZlavris maketze, moskovis energetikis institutis eleqtruli 

transportis kaTedraze. 

rogorc qselis denis diagramidan Cans (nax. 10.3 g), denis pirveli harmo-

niki faziT emTxveva qselis Zabvas, rac gamoricxavs reaqtiuli simZlavris 

moxmarebas.Ees, ra Tqma unda, Zabvis regulirebis aRwerili xerxis mniSvne-

nax. 10.2. simZlavris koeficientebis 
da  reaqtiuli simZlavreebis 

damokidebuleba regulirebis xarisxze, 
Zabvis erTrgoliani (mrudeebi 1;2;3;4;5) 

da or rgoliani (mrudeebi 6;7) 
regulirebis dros. 
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lovani dadebiTi mxarea. Zabvis formis damaxinjeba da Zabvis vardnebi am 

dros, agreTve, iqneba minimaluri. regulirebis aseTi xerxis gamoyenebisas 

sakmarisia mxolod ori safexuri, rac fazuri regulirebis Cveulebriv 

sqemebis oTxi safexuris tolfasi iqneboda. rac mTavaria, ar moiTxoveba 

reaqtiuli simZlavris mZlavri wyaro, romlis gareSec Cveulebrivi fazuri 

regulirebis mqone sqemebi ver muSaoben. 

 
nax. 10.3. fazuri regulirebis sqema b, g) Zabvis da e) denis diagrama. 

 
xangrZliv reJimSi qselis denis orsafexuriani formis SemTxvevaSi, 

simZlavris koeficienti aRwevs 0,975 mniSvnelobas, nacvlad denis marT-

kuTxa formis SemTxvevaSi arsebuli 0,9-mniSvnelobisa.  

regulirebis ganxiluli xerxis SemTxvevaSi, ZiriTad parametrebs Soris 

urTierTkavSiris damamyarebel gantolebebs eqnebaT Semdegi saxe: 

2
sin

2 0
13





IU
P m , 

2
sin

2
3




m

d

U
U  ,  




0II efv , 







 2
sin

  
22

3 MK ,    
2

sin
0

3
3



d

d
p

U

U
C  .                 (10.10) 

(10.10) formulis safuZvelze gaangariSebuli da agebulia simZlavris   

koeficientis mrudi (ix. nax. 10.2 mrudi 3). rogorc SedarebiT Cans, reguli-

rebis aseTi xerxis gamoyenebisas simZlavris koeficienti yovelTvis metia 
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wina or sqemasTan SedarebiT da maqsimalur mniSvnelobas 0,96096-s aRwevs, 

rodesac regulirebis kuTxe )5,133(33,2  -s 

 

10.2. datvirTvis denis pulsacia 
 

10.1 naxazze mocemuli sqemebis analizis gamartivebis mizniT Cven 

davuSviT, rom datvirTvis wredis induqtivoba usasruloa, datvirTvaSi da 

naxevargamtarul ventilebSi gamavali denebi, garkveul intervalebSi ucv-

lelia. realur praqtikul sqemebSi es, ra Tqma unda, ase ar aris, radgan 

datvirTvis wredis induqtioba araa usasrulo. is sasrulo sididea, ris 

gamoc datvirTvaSi da ventilebSi gamavali denebi pulsirebs. aRniSnulis 

gamo, sasurvelia fazuri regulirebis dros, ganvsazRvroT denis pulsa-

ciis sidide  orive sqemisaTvis. 

igive daSvebebisas Tu ugulebelyofT Zabvis vardnebs datvirTvaSi, 10.1, a 

naxazis sqemisaTvis,   10  intervalisaTvis SegviZlia davweroT: 

d
d

dm E
d

dI
XU 


sin ,                           (10.11) 

sadac, dX  aris datvirTvis wredis jamuri induqtiuri winaaRmdegoba. 

Ed aris ukueleqtromamoZravebeli Zala, romelic garkveul droSi 

ucvlelia da tolia gamarTuli Zabvis saSualo mniSvnelobis, 

)cos1(
2




 m
d

U
U .                                   (10.12) 

(10.11) gamosaxulebidan, datvirTvis denis pulsacia ΔId (nax. 10.1, z) SeiZleba 

gamovsaxoT rogorc 

d

d
X

I
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  
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
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dm EU
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)]cos([cos
1

]sin[ 1
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,     (10.13) 

θ1-intervalis xangrZlioba ganisazRvreba Tanafardobidan, 

2

cos1
 

2

2
)sin( 1







 m

dm

U
EU , 

saidanac  θ1-sTvis SegviZlia davweroT: 





 




)cos1arcsin(
1 .                                          (10.14) 

θ1-is cvlilebis diapazonia   10 . nax. 10.1, b-ze mocemuli sqemisaTvis 

(10.11.) gantoleba rCeba ZalaSi, oRond am SemTxvevaSi 

d
m E

U



cos

2
. 
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θ1-is xangrZlivoba ganisazRvreba pirobidan 




 cos
2

)sin( 1
m

dm

U
EU  ; 

          aqedan  vwerT 




  cos
2

arcsin1 .                          (10.15) 

am SemTxvevaSi θ1-is cvlilebis diapazonia 
2

0 1


   (10.13) gantolebac am 

SemTxvevaSi rCeba ZalaSi, oRond θ1 unda ganisazRvros (10.15) gantolebiT.  

orive sqemisaTvis datvirTvis denebis cvlileba naCvenebia 10.1 z da 10.1, k 

naxazze. 

                

10.3. mmarTvadi gammarTvelis gare maxasiaTebeli 
 

Tu gaviTvaliswinebT mkvebavi qselis da wevis transformatoris induq-

tiur winaaRmdegobebs, xolo datvirTvis wredis induqtivobas CavTvliT 

usasrulod dids, maSin denebis da Zabvebis formebs eqnebaT nax. 10.4-ze 

mocemuli saxe. 

rogorc diagramebidan Cans, gammarTveli bogirebis calkeul mxrebSi 

gamavali denebi Tavisi formiT gansxvavdebian 10.1 naxazze mocemuli 

denebisagan. denebis gadasvla gammarTvelis erTi mxridan meoreze ar xdeba 

myisve.Aam SemTxvevaSi gammarTvelis erT mxarSi denebi mdovred mcirdeba, 

xolo meoreSi mdovred izrdeba;Aanu garkveul γ da γ1 intervalebSi  

gammarTveli bogirebis yvela ventili erTdroulad atarebs dens, rac 

kvebis wyarosaTvis mokled SerTvaa. 

nax. 10.4, a sqemis  0  intervalisaTvis SegviZlia davweroT: 




d

dI
XU m sin ,                            (10.16) 

sadac, X aris qselis da wevis transformatoris jamuri induqtiuri winaaRmdegoba. 

Tu movaxdenT (10.16) gantolebis integrirebas, miviRebT 

1

cos
C

X

U
I m 

 .                                     (10.17) 

ganvsazRvroT integrirebis mudmiva C1, sawyisi pirobidan: roca 0 , 

0II  . maSin sabolood gveqneba  

                   0)cos1( I
X

U
I m   .                                 (10.18) 

(10.18) formulidan komutaciis kuTxisaTvis    da 0I ; gveqneba 
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mU

XI 
 0)cos1(  .                             (10.19) 

rogorc (10.19) formulidan Cans, denis da induqtiobis gazrdisas γ 

kuTxe izrdeba, xolo kvebis Zabvis gazrdisas mcirdeba.  

marTvis kuTxis    mniSvnelobisas, Tu mivcemT marTvis impulss, 

magaliTad VT3 tiristors, maSin qselis deni daiwyebs zrdas nulovani 

mniSvnelobidan da gautoldeba I0  mniSvnelobas. 

 
nax. 10.4. a) da b) sqemisTvis denebis da Zabvebis diagramebi, qselis da wevis 

transformatoris induqtiuri winaaRmdegobebis gaTvaliswinebiT. 

 

γ1 drois ganmavlobaSi, aseve ganmeordeba mokled SerTvis reJimi. am 

intervalisaTvis, rodesac 1   SegviZlia davweroT: 

                               



d

dI
XU m sin .                             (10.20) 

Tu am gantolebas nulovani sawyisi pirobebis gaTvaliswinebiT amovxsniT, 

miviRebT 

              )cos(cos  
X

U
I m .                          (10.21) 
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(10.21) formulidan γ1 komutaciis kuTxisaTvis gveqneba  

mU

XI0)cos(cos   .                              (10.22) 

(10.22) formulidan Cans, rom γ1-is xangrZlivoba damokidebulia marTvis 

 kuTxeze. (10.22) formulis Tanaxmad π/2-mde is dasawyisSi mcirdeba, xolo 

Semdeg iwyebs zrdas.Kkomutaciis kuTxe γ, rodesac constI 0
, constUm   da 

constX  . mudmivi sididea. gamarTuli saSualo Zabvis mniSvneloba iqneba: 
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sabolood SegviZlia davweroT 


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





m

dm
d

U

XIU
U 2)cos1( 


.                       (10.24) 

(10.24) formulis gamosaxulebiT SegviZlia gavTvaloT da avagoT gare 

maxasiaTeblebis )( dd IU  ojaxi, -s sxvadasxva mniSvnelobebisaTvis. 

simetriuli gammarTvelisTvis (nax. 10.4, b), rogorc es Cans 10.4 z,T naxazis 

diagramebidan, komutacia xdeba erTjeradad, γ intervalis farglebSi. am 

SemTxvevaSi rezultirebuli saSualo Zabvis mniSvneloba iqneba 









 

 






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

dUdUU mmd sinsin
1

.                  (10.25) 

   intervalSi, (10.16) da (10.17) gantolebebis da sxva sawyisi 

mniSvnelobebisaTvis, kerZod, rodesac   , 0II  , xolo rodesac   , 

0II  , gveqneba:  

m

d

U

XI2
)cos(cos   .                       (10.26) 

(10.26) formulis gaTvaliswinebiT sabolood gamarTuli Zabvis saSualo 

mniSvnelobaBiqneba 



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




 


m

dm
d

U

IXU
U 


cos

2
.                        (10.27) 

Tu vixelmZRvanelebT (10.27) formulis gamosaxulebiT, martivad SegviZlia 

avagoT gare maxasiaTebelTa )( dd IU  ojaxi, sxvadasxva marTvis kuTxis  

mniSvnelobisaTvis. 

sabolood SegviZlia davaskvnaT: 
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(10.22) da (10.27) formulis gamosaxulebebi, romliTac vagebT gare maxasia-

Teblebs gamarTvis orive sqemisaTvis, warmoadgenen swori xazis gantole-

bebs. Ees SesaZleblobas gvaZlevs gammarTveli warmovadginoT, rogorc 

mudmivi Zabvis generatori, 







U

X

I

U
r

2

0

ek. ekvivalenturi Siga winaaRmdegobiT. 

gamodis, rom qselis induqtivoba da wevis transformatoris fantvis 

nakadi, mniSvnelovnad zemoqmedebs gammarTvelis gare maxasiaTebelze. 

 

10.4. kombinirebuli regulireba 
 

fazuri regulireba, miuxedavad simartivisa, mxolod, denis formis 

damaxinjebisa da simZlavris koeficientis dabali mniSvnelobis gamo, 

praqtikul sqemebSi ar gamoiyeneba. orive sqemaSi, denis zrdis siswrafe 
d

dI
, 

marTvis kuTxis 
2


 mniSvnelobis farglebSi, aRwevs Zalian did mniSvnelo-

bebs. Ddenis cvlilebis aseTma didma siCqarem, SeiZleba uaryofiTi zegavlena 

moaxdinos qselze da kavSirgabmulobis xazebze. amis Tavidan acileba 

SesaZlebelia, Tu gamoviyenebT Zabvis e.w. kombinirebul (daseqciebul) regu-

lirebasN(nax. 10.5, a). amave naxazze mocemulia ori safexurisTvis gamarTuli, 

qselis Zabvebis da denebis diagramebi (nax. 10.5, b).Ddenis aseTi formis 

SemTxvevaSi, orsafexuriani sqemisaTvis 
d

dI
 mcirdeba orjer. Sesabamisad, Tu 

safexurTa ricxvs gavzrdiT 4-jer an metad, is sidide kidev ufro mniSv-

nelovnad Semcirdeba. 

10.2 naxazze naCvenebia simZlavris koeficientis damokidebuleba reguli-

rebis xarisxze C-ze, ori safexurisaTvis (mrudi 7), sam safexurisTvis (mrudi 

6). cxadia safexurTa ricxvis gazrdiT, SesaZlebelia simZlavris koeficien-

tis mniSvnelovani gazrda. aseTi kombinirebuli regulirebis saerTo naklia, 

transformatoris seqciebis gadasarTvelad kontaqtoruli elementebis 

arseboba sqemaSi. 

bolo dros zemoganxiluli sqemebis nacvlad gavrcelda  kombinirebuli 

regulirebis ukontaqto sqemebi, romlebic praqtikulad gamoyenebuli iqna 

ВЛ-80Р,   ВЛ-85 eleqtromavlebSi. 
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nax. 10.5. Zabvis kombinirebuli regulirebis sqema da denebis 
da Zabvebis diagramebi. 

 
regulirebis aseTi sqema naCvenebia nax. 10.6-ze. sqemaSi, dasawyisSi mdovre 

regulireba warmoebs pirveli bogiris meSveobiT. Semdeg morigeobiT mim-

devrobiT irTveba meore da mesame bogiri. rogorc Cans, am sqemaSi trans-

formatoris meoradi gragnilis seqciebi erTmaneTisgan izolirebulia. 

meore sqemaSi (nax. 10.6, b), yvela naxevargamtaruli xelsawyo marTvadi 

tiristorebia.Aam sqemaSi transformatoris meoradi gragnilis seqciebi 

erTmaneTTan galvanuradaa dakavSirebuli. 

10.6, a naxazze mocemuli sqemis upiratesobas (nax. 10.6, b) mocemul sqemas-

Tan Seadgens is, rom simZlavris koeficienti regulirebis mTel diapa-

zonSi ufro metia.Nnaklia is, rom maxinjdeba qselis denis forma da 

SeuZlebelia rekuperaciuli damuxruWeba.  

10.6, b naxazze mocemul sqemaSi, VT7,VT8 tiristorebis marTvis garkveuli 

kombinaciiT, SesaZlebelia transformatoris meoradi sami gragniliT 

mivaRwioT oTxzonian regulirebas.Kkonkretulad, pirvel zonaSi gamarTva 

da regulireba mimdinareobs VT1, VT2 da VT3, VT4 mxrebiT. meore zonaSi 

aRniSnuli mxrebi rCeba muSaobaSi da emateba VT5,VT6 mxari. aRniSnul 

mxrebze muSaobis dasrulebis Semdeg xdeba gadasvla VT5-VT8. am dros 

ixsneba marTvis impulsebi VT1-VT6 tiristorebze. Semdeg, regulirebis 
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mesame safexurze impulsebi miewodeba VT3-VT4 mxars. regulirebis meoTxe 

zonaSi irTveba VT1,VT2. rodesac regulireba mTavrdeba, muSaobaSi CarTuli 

rCeba mxolod VT1,VT2 da VT7, VT8. 

 

 

nax. 10.6. gamarTuli Zabvis mdovre kombinirebuli 
regulirebis praqtikuli sqemebi. 

  

orive sqemaze sqemis gadatvirTvis Tavidan acilebis mizniT, araa naCve-

nebi reaqtiuli simZlavris mZlavri wyaroebi da harmonikebis safiltro 

mowyobiloba, romelTa gareSe aRniSnuli sqemebi ar muSaoben. 
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10.5. cvladi denis perspeqtiuli eleqtromoZravi  
    Semadgenloba 

 
rogorc praqtikam aCvena, cvladi denis eleqtromoZrav Semadgenlobaze, 

Zabvis rogorc kontaqtorul safexurebriv, aseve mdovre regulirebis 

sqemebSi, Zlier maxinjdeba qselidan moxmarebuli deni, rac mavned zemoqme-

debs kavSirgabmulobis xazebze da TviT eleqtomomaragebis qselze. 

Tu Zabvis safexurebrivi regulirebisas, simZlavris koeficienti da 

moxmarebuli reaqtiuli simZlavre icvleba mcire farglebSi, amas ver 

vityviT mdovre regulirebis sqemebisTvis, romlebSic simZlavris koefi-

cienti icvleba 0-vani mniSvnelobidan maqsimalur _0,9 mniSvnelobamde; xolo 

rac Seexeba reaqtiul simZlavres, is igive rigisaa, rac aqtiuri simZlavre. 

yovelive aRniSnuli, eqspluataciis realur pirobebSi iwvevs sakontaqto 

qselis Zabvis formis mkveTr damaxinjebas da Semcirebas 27 000 voltidan 

16 000 voltamde, rac Tavis mxriv  amcirebs ubnebze moZraobis siCqares.  

dReisaTvis mZlavri GTO da IGCT tiristorebis da IGBT tranzistorebis 

arsebobis SemTxvevaSi, romlebic muSaoben aTasobiT volt Zabvaze da 

aTasobiT amper denze, SesaZlebeli da aucilebelia uari vTqvaT klasikur 

fazuri regulirebis principze da gadavideT regulirebis axal, Tana-

medrove xerxebze. 

[3,4] SromebSi SemoTavazebulia Zabvis mdovre regulirebis sxvadasxva 

sqema, romlebSic qselis dens aqvs TiTqmis sinusoidaluri forma da faziT 

emTxveva Zabvas. ra Tqma unda, am SemTxvevaSi simZlavris koeficienti maqsi-

maluri da ucvlelia, xolo cvladi Zabva gamoiyeneba maqsimalurad. nax. 

10.7-ze mocemulia Zabvis regulirebis erT-erTi aseTi sqema, romelSic 

wevis Zravebad gamoyenebulia asinqronuli manqanebi.  

rogorc 10.7, a naxazis sqemidan Cans, wevis transformatoris meoradi 

gragnili Sedgeba erTmaneTisgan izolirebuli (denis samsafexuriani forma) 

sami seqciisagan U1, U2, U3 ZabvebiT, romlebic kvebaven V1, V2 da V3  gammar-

Tvel bogirebs. Ppirveli bogiri V1 aris aramarTvadi da iZleva I1 denis 

pirvel safexurs. Semdegi ori bogiri V2 da V3 marTvadia da iZleva Semdeg 

safexurebs.Ppirveladi I1 denis forma L1,C1 da L2, C2 filtrebis gareSe 

naCvenebia 10.7, b naxazze. denis aseTi samsafexuriani formisas harmonikebis 

filtrebis L1, C1 da L2, C2 gamoyenebis SemTxvevaSi, realur dens praqtiku-
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lad aqvs sinusoidaluri forma da faziT emTxveva Zabvas.Aam dros simZlav-

ris koeficienti iqneba ucvleli, maqsimaluri da toli 0,99-is. L1,C1 da L2, C2 

filtrebze arsebuli gamarTuli Zabva VT tranzistoris saSualebiT regu-

lirdeba, stabilizirdeba da miewodeba A,B saltes. saltidan stabiluri 

Zabva in-1 da in-2 invertorebiT miewodeba calkeul M1 da M2 asinqronul 

wevis Zravebs. is, rom yoveli asinqronuli Zrava ikvebeba calke inver-

toridan ganpirobebulia imiT, rom asinqronul Zravebs, damoukidebel 

agznebiani mudmivi denis Zravebis msgavsad, aqvT xisti maxasiaTebeli, rac 

arTulebs maT paralelur muSaobas. 

 

nax. 10.7. a) cvladi denis perspeqtiuli eleqtromoZravi 
Semadgelobis principuli sqema; b) qselis denis samsafexuriani 
Ddiagrama, g) asinqronuli Zravas momWerebze Zabvis optimaluri 

orsafexuriani diagrama. 
 

nax. 10.8, a-ze mocemulia teqnikur literaturaSi “4-kvadrantian” (4q-S) 

sqemad wodebuli  Zabvis  regulirebis gamartivebuli sqema [5]. pirobiTad 

“K” mwyvetaras (tiristoruli an tranzistoruli) cikluri gadarTvis 

meSveobiT, dioduri V gammarTvelis Sesasvlelze formirdeba t2sin -is 
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proporciuli deni.Aam SemTxvevaSi dens eqneba mudmivi mdgeneli, romlis 

sixSire orjer aRemateba kvebis wyaros sixSires. nax. 10.8, a sqemaze C2L2 

filtri gawyobilia gamarTuli denis meore harmonikaze, gansxvavebiT nax. 

10.7, a sqemisagan, sadac is gawyobilia safexurisebri denis harmonikebze.N 

 
nax. 10.8. cvladi denis perspeqtiuli eleqtromoZravi 

Semadgenlobis: a)  e.w. “4-kvadrantuli” sqema da  
b) qselis denis  diagrama 

 

nax. 10.8, a-ze warmodgenili sqema wevis transformators uyenebs specia-

lur moTxovnas. kerZod, transformators unda hqondes fantvis didi 

induqtivoba, rom SeZlos mokled SerTvis denis SezRudva. 

nax. 10.8, a-ze warmodgenili sqemis nakls nax. 10.7, a. sqemasTan SedarebiT 

warmoadgens naxevargamtarul xelsawyoebSi gazrdili sixSiris (500-1 000 

herci) gamo didi danakargebi. naklad unda CaiTvalos aseve, sakontaqto 

qselis mokled SerTva wevis transformatoris gavliT. transfrmatoris 

pirvelad gragnilis denis forma mocemuliaNnax. 10.8, b-ze. 
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XI Tavi 

eleqtromoZravi Semadgenloba asinqronuli  

wevis ZravebiT 

11.1. zogadi cnobebi  

mudmivi da pulsirebuli denis mimdevrobiT agznebiani wevis Zravebis, 

mudmivi da erTfaza cvladi denis eleqtromoZrav Semadgenlobebze xangr-

Zlivma gamoyenebam, daadastura maTi sakmaod kargi saeqspluatacio monace-

mebi. gansakuTrebiT aRsaniSnavia maTi kargi da saimedo muSaoba paralelur 

reJimSi (nebismieri raodenobis Zravebis SemTxvevaSi), datvirTvis gamaTanab-

rebeli yovelgvari damatebiTi mowyobilobebis gamoyenebis gareSe, romlis 

gareSec sxva tipis wevis Zravebs, (xisti maxasiaTeblebis gamo) ar SeuZliaT 

muSaoba.Aunda aRiniSnos sakontaqto qselSi Zabvis meryeobis naklebi zegav-

lenas am tipis Zravebis muSaobis reJimze. aRsaniSnavia am Zravebis konstruq-

ciis sirTule, Sesabamisad siZvire da dabali saimedooba; didi saeqsplua-

tacio xarjebi da sxva. Zaluri eleqtronikis seriozulma miRwevebma, 

mniSvnelovnad gazarda eleqtromoZrav Semadgenlobaze mokledSerTul 

rotoriani asinqronuli wevis Zravebis gamoyenebisadmi interesi.  siCqaris 

eleqtronuli regulirebis sistemebiT aRWurvil asinqronuli Zravebis 

ZiriTad upiratesobas miekuTvneba: 

 TviT asinqronuli Zravas konstruqciuli simartive da saimedooba. 

 sixSiris gardamqnelis da marTvis sistemis maRali saimedooba. 

 xisti meqanikuri maxasiaTeblebis gamo, eleqtromoZravi Semadgenlobis 

weviTi Tvisebebis mniSvnelovani gaumjobeseba. 

 spilenZis soliduri ekonomia (2,5-3-jer naklebi), mudmiv da pulsi-

rebul denze momuSave ZravebTan SedarebiT. 

 didi gadatvirTvis unari (SezRudvis gareSe). 

nakls miekuTvneba _ paralelurad momuSave StoebSi datvirTvis gamaTa-

nabrebeli, damatebiTi zusti sistemebis gareSe muSaobis SeuZlebloba, 

generatorul reJimSi muSaobis araekonomiuroba. 

dReisaTvis mZlavri (aTasobiT amper denze da volt Zabvaze), srulad 

marTvadiGGTO da IGCT seriis  tiristorebis da, aseve, didi simZlavris IGBT 

tranzistorebis arseboba SesaZlebels xdis Seiqmnas saimedod momuSave 
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sixSiris gardamqmnelebi, asinqronuli Zravebis siCqaris mdovre regulire-

bisaTvis, rac satransporto saSualebisadmi erT-erTi umTavresi moTxovnaa.   

zemoaRniSnuli naxevargamtaruli xelsawyoebis Seqmnamde, 50-60 wlis 

ganmavlobaSi, iyo cdebi arasrulad marTvadi, xelovnuri komutaciis mqone 

swrafmomqmedi tiristorebis bazaze aeTvisebinaT asinqronuli wevis Zravebi. 

damzadda da gamoicada eleqtromavlebis da eleqtromatareblebis sacdeli 

nimuSebi, magram maT gavrceleba ver hpoves. qvemoT ganvixilavT asinqro-

nuli Zravebis muSaobis princips da ZiriTad maxasiaTeblebs. 

 

11.2. asinqronuli Zravas muSaobis principi da  
    ZiriTadi maxasiaTeblebi 

 
asinqronuli manqanis muSaobis principis ukeT gagebis mizniT miviRoT, 

rom misi mbrunavi magnituri veli iqmneba ori polusis (mudmivi magnitebis, 

an eleqtromagnitebis) brunvis Sedegad, rogorc naCvenebia 11.1, a naxazze. 

rotoris mokled SerTul gragnilSi dainduqtirdeba eleqtromamoZravebeli 

Zala da gaivlis deni. denis mimarTuleba ganisazRvreba marjvena xelis 

wesiT.Mmarcxena xelis wesiT ganisazRvreba momentis mimarTuleba, romelic 

abrunebs rotors.Mmagnituri velis brunvis siCqare aRvniSnoT n0-iT. mas 

sinqronuli siCqare ewodeba. rotoris brunvis siCqare aRvniSnoT n-iT. 

sxvaobas )( 0 nn   uwodeben srialis siCqares, xolo sidides 
0

0

n

nn
s


 sriali 

ewodeba. aRniSnulidan Cans, rom rotori moZraobaSi modis mbrunavi 

magnituri velis da rotoris gragnilis mier Seqmnili magnituri velis 

urTierTqmedebiT.Aaq msgavsebaa mudmivi denis manqanasTan.Ggansxvaveba mdgo-

mareobs imaSi, rom orive magnituri veli cvladia. realur asinqronul 

manqanaSi  mbrunavi magnituri veli iqmneba sam, erTmaneTisgan 120 kuTxiT 

wanacvlebul gragnilebSi gamaval samfaza deniT. maTematikurad es 

SeiZleba dadasturdes Semdegi gamosaxulebiT: 



















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2
cos
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2
sincossin












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





































x
tB

x
tB mm sin

3

2

3

4
cos

3

4
sin ,                 (11.1) 

sadac, BA, BB, BC aris statoris magnitogamtarSi induqciebi. 

      
P

D

2


 sapoluse danayofi; 2p wyvilpolusTa ricxvi. 

       Х – koordinatTa sistemis koordinata. 
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es magnituri veli, romelic brunavs n0 siCqariT, rotorSi warmoqmnis n 

siCqariT mbrunav magnitur vels. am ori mbrunavi magnituri velis urTi-

erTqmedeba warmoqmnis mabrunebel moments.Ees ar SeiZleba iTqvas samfaza 

transformatorze, sadac, marTalia, arsebobs 120 kuTxiT wanacvlebuli 

samfaza deni, magram gragnilebi, romlebSic es deni gadis, ganlagebulia 

erT sibrtyeSi. transformatorebSi drois nebismier momentSi adgili aqvs 

tolobas: 

0
3

4
sin

3

2
sin sin 

















  tBtBtB mmm .                (11.2) 

nax. 11.1. asinqronuli Zravas Canacvlebis sqemebi. 

 

11.3. asinqronuli Zravas eqvivalenturi  
     Canacvlebis sqema 

 
asinqronuli Zrava uZravi rotoriT warmoadgens igive transformators, 

romelic Cveulebrivi transformatorisgan gansxvavdeba gragnilebis gan-

lagebis konstruqciuli SesrulebiT (statorze, rotorze) da sahaero RreCos 

arsebobiT. arsebiTi gansxvaveba maT Soris araa, radgan urTierTqmedeba 

S

S
rr




1
2d  

S

S
rr




1
2d  

S

r
r 2d  

Rd 
Rd 

a) b) g) 

d) e) 

v) z) 
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statorsa da rotors Soris igivea, rac urTierTqmedeba sahaero RreCoTi 

Sesrulebul transformatoris pirvelad da meorad gragnilebs Soris. 

11.1, b naxazze naCvenebia transformatoris sqema Tavisi damamagnitebeli   

Ф da fantvis Ф1s, Ф2s nakadebiT. 11.1, g naxazze naCvenebia igive sqema, oRond 

sahaero δ RreCoTi.Aam Tvalsazrisidan gamomdinare asinqronuli Zravas 

Seswavla mizanSewonilia daviwyoT iseve, rogorc transformatoris Seswavla. 

sruli analogiisaTvis ganvixiloT fazur rotoriani asinqronuli Zrava. 

rogorc es 11.1, g naxazze naCvenebi sqemidan Cans, statorsa da rotors Soris 

eleqtromagnituri kavSiri xdeba mbrunavi velis ZiriTadi Ф nakadiT.UuZravi 

rotoris SemTxvevaSi mis fazebSi induqtirdeba E2 eleqtromamoZravebeli 

Zala, xolo moZravi rotoris SemTxvevaSi induqtirdebaEE2s = E2S eleqtro-

mamoZravebeli Zala. Χ1 da Χ2 induqtiuri winaRobebi ganpirobebulia Ф1s da 

Ф2s fantvis nakadebiT. rotoris denis sixSire ganisazRvreba rotoris 

brunTa ricxviT statoris magnituri velis mimarT da tolia Sff 02  . 

transformatoris msgavsad 11.1, e naxazze mocemuli Canacvlebis sqema SeiZleba 

Seicvalos 11.1, v naxazze mocemuli sqemiT, romelic ufro srulad aRwers 

asinqronul ZravaSi mimdinare process. 

rotoris meoradi wredis deni brunvisas (nax. 11.1, d) iqneba 

2

2

2

2

2
2

)( SXr

SE
I


 .                              (11.3) 

es gamosaxuleba SegviZlia CavweroT sxvagvarad 

 

2

2

2

2

2
2

X
S

r

E
I










 .                              (11.4) 

(11.4) formulis gamosaxuleba ara Tu gansxvavdeba (11.3) formulis gamo-

saxulebidan, aramed mas aqvs sul sxva fizikuri arsi.  

kerZod, (11.4) formulis gamosaxulebis Tanaxmad, mbrunavi manqanis nacvlad 

SegviZlia ganvixiloT uZravi rotori, romelSic induqtirdeba E2 emZ. am 

dros induqtiuri winaRoba tolia  Χ2-is, xolo aqtiuri winaRoba gaizarda  

S

Sr
r

)1(2 
d , radgan 

S

Sr
r

S

r )1(2
2

2 
 . pirveladi da meoradi wredis I1 da I2 

denebi rCeba ucvleli. am dros Zravas mier mbrunav lilvze ganviTarebuli 

simZlavre, toli iqneba 
S

Sr
r

)1(2 
d  damatebiTi winaRobis mier qselidan 
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moTxovnili simZlavris.Aamrigad 11.1, d naxazze mocemuli induqciuri Zravas 

ekvivalenturi sqema, SegviZlia SevcvaloT meorad wredSi damatebiTi 

winaRobis 
S

Sr
r

)1(2 
d  Semcvel 11.1, e naxazze mocemuli sqemiT.  

dayvanili Zabva                
2

1
212
W

W
EEE   

E2S-isagan gansxvavebiT, E2-s aqvs mkvebavi qselis sixSire. 2r   da 2X   warmoad-

genen pirvelad mxares dayvanil winaaRmdegobebs da Sesabamisad utoldebian: 

22 rKr   ;  2022 LKXKX   ;  
101 LX  , 

K – transformaciis koeficienti. 

aqve aRvniSnavT, rom asinqronuli manqanis reJimebis aRmwer maTematikuri 

gamosaxulebebis gamartivebis mizniT, SegviZlia ugulebelvyoT damagnitebis 

denis da pirvelad gragnilSi I1r1 Zabvis vardnis cvlilebebi da visar-

gebloT 11.1, z naxazze mocemuli Canacvlebis sqemiT. 

 

11.4. meqanikuri maxasiaTeblis gantoleba 
 

11.1, e naxazze mocemuli Canacvlebis sqemis mixedviT, meoradi denis 

gamosaxulebas eqneba Semdegi saxe 
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cnobilia, rom rotoris lilvze simZlavre tolia SMP 0 ; meores 

mxriv es simZlavre tolia 
2

2

2 )(3 rIP  ; Tu maT gautolebT erTmaneTs da 

ganvsazRvravT moments M-s, miviRebT 
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;                            (11.6) 

Tu 2I  -is nacvlad SevitanT mis mniSvnelobebs (11.5) formulidan (11.6) 

formulaSi, miviRebT 
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Tu aucilebelia momenti gavzomoT n.m-Si, (11.7) formulis gamosaxuleba 

unda gavyoT 9.81-ze. 

cnobilia agreTve, rom mudmivi denis Zravebis msgavsad momenti tolia 
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221 cos IKM ,                              (11.8) 

sadac, K1 – aris Zravas konstruqciuli mudmivi koeficienti. 

       22cos E  Zabvasa da dens Soris kuTxis kosinusi. 

              Cveulebriv 2cos  miaxloebiT erTis tolia. 

(11.7) formulis rTuli gamosaxuleba SegviZlia ramdenadme gavamartivoT, 

Tu (11.7) formulidan ganvsazRvravT dSdM  warmoebuls da gautolebT 0-s. 

cnobili maTematikuri gardaqmnebis Semdeg, miviRebT Semdeg gamosaxule-

bebs: 

][ 22

110

2

1

2

3

k

k

Xrr
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,                            (11.9) 

      
22

1

2

k

k

Xr

r
S




 .                                (11.10)    

miRebul gamosaxulebebSi niSani “+” Seesabameba Zravul reJims, xolo 

niSani “-“generatorul reJims. 

sadac, Mk aris momentis maqsimaluri mniSvneloba. 

       Sk – srialis is mniSvneloba, rodesac momenti aRwevs maqsimalur mniSvnelobas. 

       
21 XXX k
   mokled SerTvis induqtiuri winaRobaa. 

gavyoT (11.7) formula (11.9) formulaze, rac saSualebas gvaZlevs davweroT 

k
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 ,                              (11.11) 

sadac 
2

1

r

r
a


 . 

metwil SemTxvevebSi (es gansakuTrebiT exeba didi simZlavris asinqro-

nul Zravebs), gaangariSebis sizustis SenarCunebiT SegviZlia ugulebelvyoT 

statoris gragnilis aqtiuri winaRoba r1 simciris gamo, rac saSualebas 

mogvcems (11.9), (11.10) da (11.11) formulis gamosaxulebebi CavweroT ase 

k

k
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U
M
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2
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 ,                               (11.12) 

k
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
 ,                                 (11.13) 
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(11.14) formulis gamosaxulebis Semdgomi gamartiveba SegviZlia vawarmooT 

S srialis mcire mniSvnelobebis dros, 
kS

S
-is ugulebelyofiT. am SemTx-

vevaSi (11.14) formulis nacvlad, gveqneba 

S
S

M
M

k

k 
2

.                               (11.15) 

miRebuli (11.15) formula aRwers e.w. maxasiaTeblis wrfiv ubans, romelic 

analogiuria damoukidebel agznebiani mudmivi denis Zravas maxasiaTeblis.  

Zravas momentsa da siCqares Soris damokidebulebis ufro zusti formula 

SegviZlia miviRoT (11.14) formulis gamosaxulebidan, Tu masSi S-s nacvlad 

CavsvamT 
0

0

n

nn
s


 mniSvnelobas.Aam SemTxvevaSi miviRebT 

nn

Sn

Sn

nn

M
M

k

k

k







0

0

0

0

2
.                          (11.16) 

nominaluri Zabvis pirobebSi (11.14) da (11.16) formulis gamosaxulebebiT 

SegviZlia gavTvaloT nax. 11.2, a da nax. 11.2, b-ze  naCvenebi  maxasiaTeblebi. 

(msxvili xazebiT gamosaxuli 1-mrudeebi). 

 

11.5. asinqronuli Zravebis brunTa ricxvis  
    regulirebis xerxebi 

wevis Zravas tipis miuxedavad, rodesac statikuri momenti constM st. , 

misi SesaZleblobebis maqsimalurad gamoyenebisTvis, momenti (wevis Zala) 

da simZlavre unda icvlebodes 11.2, g naxazze msxvili da punqtiriT naCvenebi 

xazebis Sesabamisad. siCqaris aseTi regulirebis SemTxvevaSi xdeba wevis 

Zravas SesaZleblobebis maqsimaluri gamoyeneba. mudmivi denis mimdevrobiT 

da damoukidebel agznebiani Zravebis SemTxvevaSi, aseTi formis maxasiaTeb-

lebi SedarebiT advilad miiReba. rac Seexeba asinqronul Zravebs, aseTi 

maxasiaTeblebis miReba SesaZlebelia rTuli damatebiTi mowyobilobebis, 

e.w. ganiv impulsuri modulaciis mqone invertorebis gamoyenebiT, romlebic 

gacilebiT rTuli da Zviria, Cveulebriv gammarTvelebTan SedarebiT. Tu 

gavixsenebT (11.7) formulas da gaviTvaliswinebT siCqaris formulas 

P

Sf
n

)1(60 0 
 ,                             (11.17) 
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maSin cxadi xdeba, Tu rogor unda vareguliroT asinqronuli Zravas 

brunvis siCqare: 

 wyvil polusTa ricxvis p-s cvlilebiT; 

 srialis S-is cvlilebiT; 

 Zabvis U-is cvlilebiT; 

 sixSiris f-is cvlilebiT; 

 erTdroulad Zabvis U-is da sixSiris f-is cvlilebiT. 

qvemoT mokled mimovixilavT siCqaris regulirebis CamoTvlil xerxebs. 

1. siCqaris regulireba wyvilpolusTa ricxvis p cvlilebiT, gamoiyeneba 

im SemTxvevaSi, rodesac ar moiTxoveba siCqaris regulireba did farglebSi. 

2. siCqaris regulireba S srialis cvlilebiT farTod gamoiyeneba 

samrewvelo obieqtebSi (amwe manqanebi), sadac siCqaris regulirebisas ar 

ainteresebT ZiriTadi energetikuli maxasiaTeblebi. regulirebis es xerxi 

xdeba rotoris wredSi regulirebadi rezistoris CarTviT, romlis regu-

lirebiT icvleba siCqare. regulirebis es xerxi Tanamedrove SesrulebiT 

naCvenebia 11.3, b naxazze mocemul sqemaze. rogorc sqemidan Cans asinqronuli 

Zravas rotori mierTebulia samfaza gammarTvel “VD“ bogirze, romelic 

kvebavs “K” mwyvetaraTi Suntirebul R rezistors. “K” mwyvetaras CarTva – 

gamorTviT regulirdeba R rezistoris winaaRmdegoba da Sesabamisad 

rotoris brunvis sixSire. “K” mwyvetarad dReisaTvis gamoiyeneba GTO, IGCT 

tipis marTvadi tiristorebi, an IGBT tipis tranzistorebi.AaseTi 

regulirebis dros asinqronuli Zravas siCqaris maxasiaTebeli msgavsia 

damoukidebel agznebiani mudmivi denis Zravas siCqaris maxasiaTeblis. 

swori xazebis formis siCqaris maxasiaTeblebi, romlebic Seesabameba 

regulirebis am xerxs, naCvenebia 11.2, b naxazze (4, 5, 6 xazebi). 

3. mkvebavi Zabvis regulirebiT siCqaris regulirebis dros mcirdeba 

momenti (radgan momenti (11.7) formulis Tanaxmad Zabvis kvadratis propor-

ciulia). Sesabamisi mrudeebi naCvenebia nax. 11.2, a,b, 2, 3,-s saxiT. siCqaris 

regulirebis es xerxi farTod gamoiyeneba samrewvelo iseT obieqtebSi, 

sadac amuSavebis momentebs ar waeyenebaT didi moTxovnebi. teqnikurad 

aseTi regulireba xdeba martivad, statoris wredSi Cveulebrivi tiristo-

rebis CarTviTN(nax. 11.3 a).  
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nax. 11.2. asinqronuli Zravas maxasiaTeblebi. 

 

nax. 11.3. siCqaris regulirebis sxvadasxva sqemebi. 

P 

a) b) 

g) 
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4. siCqaris regulireba mkvebavi Zabvis mxolod sixSiris regulirebiT, 

SesaZlebelia gamoviyenoT mxolod nominalur brunTa ricxvs zemoT. dabal 

brunTa ricxvebze am meTodis gamoyeneba ar SeiZleba, radgan moxdeba 

statoris magnituri sistemis gaJRenTva da rotoris denis sididis miuxe-

davad masSi gaivlis didi deni. Amis safuZvlad aiReba Tanafardoba 
f

U
 , 

saidanac Cans, rom rodesac constU   sixSire umniSvneloa, nakadi mkveTrad 

izrdeba, rac iwvevs swored statoris magnituri sistemis Zlier gaJRenTvas. 

rogorc mravalricxovani SromebiT dasturdeba, asinqronuli Zravas 

SesaZleblobebis maqsimalurad gamoyenebisTvis, maRali energetikuli maCve-

neblebis: simZlavris koeficientis, margi qmedebis koeficientis gadatvirTvis 

unaris misaRwevad aucilebelia sixSiris regulirebasTan erTad vcvaloT 

mkvebavi Zabvis sidide. Zabvis sididis cvlilebis xasiaTi ki damokidebulia 

statikuri momentis da siCqaris urTierTdamokidebulebis xasiaTze. 

teqnikur literaturaSi maqsimaluri SesaZleblobebis gamoyenebis piroba 

cnobilia m.p. kostenkos  [10] formulis saxiT 

000 M

M

f

f

U

U
 ,                              (11.18) 

sadac,UU, U0 aris momqmedi da nominaluri Zabvebis mniSvnelobebi. 

       f, f0 – momqmedi da nominaluri sixSireebi. 

       M, M0 – momqmedi da nominaluri mbrunavi momentebi. 

ucvleli statikuri momentis constM st.  dros, 1
st.M

M
 da (11.18) formu-

lidan miviRebT                const
f

U

f

U


0

0                              (11.19) 

datvirTvis ventilatoruli xasiaTis SemTxvevaSi, (11.18) formulidan 

miviRebT pirobas              
2

0

0

2 f

U

f

U
 .                                  (11.20) 

Cven SemTxvevaSi, rogorc nax. 11.2 g Cans, xvedriTi winaRobis Zala 

icvleba cnobili kanoniT da naCvenebia w(V) mrudis saxiT. rogorc 

naxazidan Cans, nominalur siCqaremde w xvedriTi Zala TiTqmis ar icvleba 

da is SegviZlia CavTvalod ucvlelad da w1-is tolad. am SemTxvevaSi (11.18) 

formulis piroba martivdeba da utoldeba (11.19) formulas. 

amgvarad nominalur siCqaremde regulireba unda moxdes (11.19) formulis 

pirobis dacviT (momentis ucvleloba), xolo nominaluri siCqaris zemoT, 
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regulireba unda vawarmooT sixSiris cvlilebiT, radgan am dros 

simZlavre SenarCundeba ucvlelad. marTlac (11.12) forulis Tanaxmad, 

maqsimaluri momenti sixSiris ukuproporciulia 

p

f0
0

2
  . 

aseTi regulirebis dros siCqarem SeiZleba miaRwios 
05,2 n  mniSvne-

lobas.AamaCqarebel Zalebsa da siCqares Soris damokidebulebaTa mrudeebi 

nax. 11.2 g naCvenebia 1,2,3,,9 wvrili xazebiT. 

 

11.6. asinqronuli manqanebis samuxruWo reJimebi 
  

asinqronul manqanas, rogorc yvela eleqtruli manqanas, aqvs unari 

imuSaos Seqcevad reJimSi. Tu asinqronuli manqanis lilvze movdebT 

statikur samuxruWo moments, manqana ganagrZobs muSaobas rogorc Zrava, 

romelic gadalaxavs ra garedan modebul moments, moixmars simZlavres 

qselidan. Aam pirobebSi, Tu moixsneba gareSe statikuri momenti Zravas 

RerZze, maSin  Zravas rotori ibrunebs sinqronuli siCqaris miaxloebuli 

siCqariT.Aam dros qselidan moixmareba eleqtruli energia, romelic 

saWiroa danakargebis dasafaravad. Tu gareSe damxmare ZravaTi am dros 

rotors davabrunebT sinqronuli siCqariT, anu davfaravT mxolod 

danakargebs statorSi, maSin danakargebi rotorSi (meqanikuri kargvebi),  

daifareba pirveladi ZravaTi, anu qanobze moZravi garkveuli masis 

matareblis kinetikuri energiis xarjze. 

Cveulebriv asinqronuli manqanebis damuxruWebaSi ganasxvaveben sam reJims: 

a) rekuperaciuli damuxruWebis reJimi, rodesac asinqronuli manqana 

muSaobs rogorc generatori sinqronul siCqareze meti siCqariT qselze da 

gardamqmnelis meSveobiT reostatze.  

b) dinamiuri damuxruWebis reJimi, rodesac manqana muSaobs, rogorc 

cvalebadi sixSiris sinqronuli generatori calke samuxruWe rezistorze (am 

SemTxvevaSi statori ikvebeba damoukidebeli regulirebadi denis wyarodan, 

xolo rotorSi SeiZleba CairTos winaRoba, an iyos mokled SerTuli). 

g) damuxruWebis reJimi urTierT Semxvedri CarTviT. 

bolo ori saxis damuxruWebis reJimi [a) da b)], ZiriTadad gamoiyeneba 

samrewvelo daniSnulebis eleqtroamZravebSi. 
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11.4 a naxazze naCvenebia siCqaris Semcirebis (damuxruWebis) SemTxveva, 

wyvilpolusTa ricxvis gadarTviT  (P da 2P) da sixSiris cvlileba (f; 0.5f) 

(1, 2 maxasiaTebelze a da a1 wertilebi). rogorc naxazidan TvalnaTliv Cans, 

am SemTxvevebSic siCqaris Semcireba xdeba generatorul reJimSi gadasvliT, 

ise rogorc es xdeba mudmivi denis damoukidebelagznebian manqanaSi, rac 

imave naxazze naCvenebia wyvetili xazebiT 1, 2. siCqaris gazrdisas xdeba 

mdovre gadasvla Zravuli reJimidan generatorul reJimSi. rac Seexeba 

generatorul reJimSi gadasvlas magnituri nakadis gazrdiT, am SemTxvevaSi 

saWiroa gamoviCinoT garkveuli sifrTxile, radgan magnituri nakadis 

mniSvnelovan zrdas SeiZleba mohyves manqanis magnituri sistemis gaJRenTva 

da Ruzis denis gazrda. 

nax. 11.4. generatorul da Zravul reJimebSi momuSave asinqronuli 
manqanis marTvis sqema (sixSiris gardamqmneli), 

                   veqtoruli diagramebi da meqanikuri maxasiaTeblebi. 
 

damuxruWebis es saxe SeiZleba realizebuli iyos sixSiris gardamq-

mneli-Zravas sistemiT, asinqronuli Zravas gaCerebisas, an maxasiaTeblidan 

maxasiaTebelze gadasvlisas. amisaTvis warmoebs gardamqmnelis gamomavali 

a1 

a 

a2 

a) 
b) 

g) 
d) 

O 
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Zabvis sixSiris freg. da am gziT sinqronuli siCqaris 
P

freg.


2
0  -is Semci-

reba.Mmatareblis meqanikuri inerciis wyalobiT, asinqronuli Zravas rotoris 

mimdinare brunTa ricxvi n an misi Sesabamisi kuTxuri siCqare ω, ver 

aswrebs myisve Secvlas, icvleba gacilebiT nela, vidre Zravas magnituri 

nakadis brunvis siCqare ω0 da yovelTvis iqneba masze meti, rac iZleva 

rekuperaciuli damuxruWebis reJimis da m.S. qselSi energiis miwodebis 

saSualebas. 

detalurad ganvixiloT generatoruli reJimi, rodesac rotoris brunvis 

siCqare aWarbebs sinqronuls.Aam SemTxvevaSi sawyisi a – wertili gadadis a2  

mdebareobaSi, sadac gadis sawinaaRmdego niSnis deni, romelic qmnis 

samuxruWe moments M2. am reJimSi sriali S iqneba uaryofiTi, rotoris e.m.Z. 

aseve Seicvlis mimarTulebas.Aam SemTxvevaSi magnituri nakadic, ra Tqma 

unda, icvlis mimarTulebas, motoruli reJimis Sesabamisi mimarTulebis 

sawinaaRmdegod. 

am reJimisaTvis SegviZlia davweroT:  

222 )( ESESE S
 .                         (11.21) 

Aam SemTxvevaSi rotoris deni toli iqneba: 

             




















2
2

2

2
2

2

22

2
2

)(
Xj

S

r

E

Xj
S

r

E

SXjr

ES
I  

   )(

)()( 2

2

2

2

2

2

2

2

2

2
2

raq jII

X
S

r

XE
J

X
S

r

S

r
E






























 











 




 ,           (11.22)  

sadac 2r  da 2X   aris rotoris wredis aqtiuri da induqtiuri winaaRmdegobebi. 

      12 EE   rotoris emZ-is dayvanili mniSvnelobebi uZrav mdgomareobaSi. 

(11.22) gamosaxulebis safuZvelze agebulia asinqronuli manqanis genera-

toruli reJimis veqtoruli diagrama (nax. 11.4 b). generatoruli reJimis 

ukeT SeswavlisaTvis, iqve moyvanilia motoruli reJimis Sesabamisi 

veqtoruli diagrama (nax. 11.5 g), romelic agebulia Semdegi gamosaxulebiT:  










 



















2

2

2

2

2
2

2
2

2

22

2
2

)(X
S

r

S

r
E

Xj
S

r

E

Xjr

ES
I )(

)( 2

2

2

2

2
raq jII

X
S

r

XE









 


 .    (11.23) 



 206 

rogorc motoruli reJimis veqtoruli diagramidan (nax. 11.4 g) cxadad 

Cans, pirveladi deni І1 Zabvas CamorCeba  φ1 kuTxiT, romelic Tavisi sididiT 

naklebia 2 . denis aqtiuri mdgeneli Іaq uaryofiTia, rac cxadyofs 

qselidan aqtiuri simZlavris moxmarebas. 

(11.22) formulidan da nax. 11.4 b-ze mocemuli veqtoruli diagramidan 

naTlad Cans, rom generatorul reJimSi gadasvlis dros mimarTulebas 

icvlis denis aqtiuri mdgeneli, xolo reaqtiuli mdgeneli rCeba ucvleli. 

rotoris denis aqtiuri mdgeneli mimarTulebas icvlis imis gamo, rom 

lilvze momenti icvlis mimarTulebas. 

veqtoruli diagrama, aseve, uCvenebs, rom U Zabvasa da І1 dens Soris 

wanacvlebis kuTxe 
2

1


  , rac aixsneba imiT, rom І1 denis warmoqmnas 

ganapirobebs araUU Zabva, aramed E2 emZ. amis gamo statoris gragnili 

muSaobs generatorul reJimSi da gadascems energias qselSi.Mmagram, aseTi 

reJimi araa xelsayreli, radgan manqana muSaobs didi brunTa ricxviT. 

igive efeqti, generatorul reJimSi, SegviZlia miviRoT siCqaris (brunTa 

ricxvis) gazrdis gareSe, Tu SevcvliT sixSires (1 da 2 mrudeebi). 

IGBT tipis tranzistorebi da GTO, IGCT tipis srulad marTvadi tiris-

torebi saSualebas iZleva damzaddes gardamqmnelebi, romlebic uzrun-

velyofen Zabvis da sixSiris dasaxuli kanoniT cvlilebas. ufro metic, 

maT bazaze SesaZlebelia wevis nebismieri eleqtruli amZravis Seqmna. nax. 

11.4 d-ze naCvenebia Zabvis da sixSiris gardamqmnelis gamartivebuli sqema, 

sadac naxevargamtaruli xelsawyoebi Canacvlebulia ubralo denmkveTebiT 

1,2,...5,6, romlebic iZlevian nebismieri reJimis realizaciis saSualebas. 

sqema saSualebas iZleva Zravam imuSaos  qselze (Zravul reJimSi) da 

samuxruWo reostatze (eleqtruli damuxruWebis reJimSi). gansakuTrebiT 

unda aRiniSnos asinqronuli Zravebis udidesi nakli generatorul (rekupe-

raciuli damuxruWebis dros) reJimSi muSaobisas, rodesac isini moixmaren 

nominaluri denis Inom-is 25-50%-mde damagnitebis dens.Aam SemTxvevaSi genera-

torul reJimSi momuSave asinqronuli Zravas agznebaze ixarjeba sruli 

simZlavris 25-50%. sxva sityvebiT rom vTqvaT, Tu eleqtrosadgurSi ganTav-

sebulia erTnairi simZlavris asinqronuli generatorebi, maSin  aRsagzneb-

lad saWiro xdeba maTi ekvivalenturi simZlavris sinqronuli generatoris 

gamoyeneba. saWiroa aRiniSnos, rom didi simZlavris sinqronuli generatoris 



 207 

agznebisTvis moTxovnili simZlavre ar aRemateba 1%-s.AagznebisTvis moT-

xovnil simZlavreebs Soris aseTi didi gansxvaveba mianiSnebs asinqronuli 

generatorebis udides naklze. generatorul reJimSi deni Zabvas CamorCeba 

90-ze meti kuTxiT, ris gamoc asinqronuli generatorebis sinqronul genera-

torebTan paraleluri muSaoba mniSvnelovnad amcirebs simZlavris koefi-

cients cos -s, maSinac ki, rodesac datvirTva sufTa aqtiuri xasiaTisaa. 

unda aRiniSnos mcire simZlavreebis dros asinqronuli generatorebis 

simartive da garkveuli upiratesoba sinqronul generatorebTan SedarebiT, 

rac miiRweva generatoris TviTagznebis mizniT statoris wredSi kondensa-

torebis CarTviT. aseTi sqema gacilebiT iafia sinqronul generatorebisa 

da maTi agznebis sistemebis Rirebulebaze.  

 

11.7. samfaza invertoris Zabvis da sixSiris  
     regulirebis optimaluri meTodi 

 

11.5 a naxazze naCvenebia IGBT tranzistorebis bazaze Sesrulebuli samfaza 

invertoris realuri sqema, or variantad: rodesac datvirTva SeerTebulia 

varskvlavurad da rodesac datvirTva SeerTebulia samkuTxedad. 

11.5 b, g, d naxazze naCvenebia fazuri Zabvebis mrudeebis formebi, Zabvis 

naxevarperiodis 180 gradusisaTvis, datvirTvis varskvlavuri SeerTebisas. 

datvirTvis samkuTxa SeerTebisas, naxevarperiodis 120 gradusisaTvis, xazuri 

Zabvebis forma iqneba igive, rac 11.5 b, g, d Nnaxazze, im gansxvavebiT, rom 

Zabvis safexurebi iqneba sxva. dE
3

1
 da dE

3

2
-s nacvlad iqneba 

2

dE
 da Ed. 11.5 v 

naxazze mocemulia tranzistorebis gadarTvis yoveli intervalisaTvis, 

fazuri winaRobebis sqemebi. 

dReisaTvis gavrcelebuli azri imis Sesaxeb, rom 3-e da misi jeradi 

harmonikebis gamoricxvisaTvis, saWiroa  kuTxe aRebuli iqnas 60-is 

toli.Mmagram, rogorc gaTvlebi aCvenebs, am dros mniSvnelovnad mcirdeba 

pirveli harmonika.Aamitom, mizanSewonilia safexurebis Zabva U da kuTxe  

gaTvlili iqnen optimaluri meTodebiT, magaliTad, umciresi kvadratebis 

meTodis safuZvelze.Aam gziT Catarebuli gaTvlebiT Zabvis erTnairi 

mniSvnelobebisas (nax. 11.5 a, b) aRmoCnda, rom kuTxe  =1,7693, (gradusebSi 

101), xolo safexurebis Zabva erTnairia da tolia dE
3

1
 da Ed-si. 
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a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
v) 

 
nax. 11.5. a) samfaza invertoris sqema, b) marTvis algoriTmi, 

g), d), e) fazuri Zabvebis diagramebi, v) datvirTvis 
winaRobebis CarTvis sqemebi, sxvadasxva intervalisaTvis. 

 

K1  

K2 

K3 

K5 

K6 

K1 

 

 

 

 

UB0 

 

dE
3

2
 

dE
3

1
 

b) 

g) 

d) 

e) 

K4 

 
2 3 
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 kuTxis da safexurebis Zabvebis aseTi optimaluri mniSvnelobisas, 

ZiriTadi (pirveli) harmonika iqneba mniSvnelovnad didi, xolo danarCeni 

harmonikebi iqnebian minimaluri sididis. 

zemoT moyvanilidan gamomdinare, mizanSewonilia uari vTqvaT Zabvis 

regulirebis dRemde farTod gamoyenebul ganiv-impulsuri regulirebis 

(gir) meTodze, romlis drosac yvelaze optimalur reJimSic ki  harmoni-

kebis koeficientebi maRalia. 

rogorc cnobilia [15]-dan, harmonikebis koeficienti, romelic warmoad-

gens nebismieri arasinusoidaluri perioduli funqciis sinusoidTan 

miaxloebis maCvenebels, ganisazRvreba rogorc 

 
d

2
d

h
K

K
K




1
;  

ef.

d
U

U
K 1 ,                          (11.24) 

sadac, dK  aris damaxinjebis koeficienti; 

       U1 da Uef. – pirveli harmonikis da mTeli mrudis efeqturi mniSvneloba. 

MmagaliTad, sinusoidisaTvis 0hK . 

Tu (11.24) formuliT gamovTvliT harmonikebis koeficients, magaliTad 

optimaluri gir-Tvis, is aRmoCndeba gacilebiT didi, vidre orsafexuriani 

Zabvis da  60  kuTxis dros.  

magaliTad, optimaluri gir-Tvis 7708,0hK , xolo orsafexuriani 

 60 -Tvis 2986,0hK . es koeficienti orsafexuriani Zabvis optimaluri 

mrudisaTvis 7693,1  (gradusebSi 101) dros toli iqneba 2132,0hK . 

koeficientebis miRebuli ricxviTi mniSvnelobebis Sedareba cxadyofs 

optimaluri variantis upiratesobas gir-Tan SedarebiT. 

orsafexuriani optimaluri formis cvladi Zabvis invertoris meore 

TvalsaCino upiratesobas gir-Tan SedarebiT warmoadgens am mrudeebis 

daSla furies mwkrivad. 

zogadad, Zabvis orsafexuriani mrudisaTvis k-uri harmonikis amplitudas 

(nax. 11.6 a) eqneba Semdegi saxe 

              











2
sin

2
sin

2
sin

2
sin

8 22221111 ab
k

ba
k

ab
k

ba
k

k

E
U d

mk


       







2
sin

2
sin 3333 ab

k
ba

k ,                               (11.25) 
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nax. 11.6 asinqronuli Zravas gim-is da optimaluri formis 
Zabvebis formirebis diagramebi. 

 

Tu (11.25) formulaSi CavsvaT a1, a2, a3, b1, b2, b3-is ricxviT mniSvnelobebs 

(nax. 11.6) garkveuli gardaqmnebis Semdeg optimaluri gir-isaTvis SegviZlia 

davweroT:  

        



  7sin

7

1368,0
5sin

5

04229,0
3sin

3

2363,0
sin808,0)( dEU  

   



  17sin

17

78,0
15sin

15

68,2
13sin

13

0,5
11

11

2543,4
9sin

9

5,1
.    (11.26) 

a) 

b) 

1,7693 

opt 

a1 

O  

 

 

 

 

 

O 

O 

b1 

a2 

b2 

a3 

b3 

U 

f() 

dE44,0  

dE44,0  

a1=0,213;   b1 =0,3314 

a2=0,654;   b2 =0,9594 

a3=1,1164; b3 =1,1176 
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orsafexuriani Zabvis mrudisaTvis (nax. 11.6, b) zogadad k-uri harmoniki 

iqneba 











2
sin

2
sin

2
sin

4 2 


kkk

k

U
Umk ,                      (11.27) 

sadac, dEU 44,0  Zabvis pirveli safexuris sididea. 

Tu (11.27) formulaSi CavsvamT mniSvnelobebs 
dEU 44,0  da 7693,1d  

sabolood miviRebT: 

      



  7sin

7

6973,0
5sin

5

02658,0
3sin

3

3398,0
sin9963,0)( dEU  

   



  17sin

17

262,1
15sin

15

226,2
13sin

13

0793,0
11

11

8317,0
9sin

9

2744,1
. (11.28) 

(11.28) da (11.26) formulis mwkrivebis Sedarebidan Cans, rom pirvel 

SemTxvevaSi ZiriTadi harmonika gacilebiT didia, xolo me-11-e, me-13-e, me-15-e 

da me-17-e harmonikebi umniSvneloa gir-Tan SedarebiT. rac Seexeba me-3, me-5, 

me-7 da me-9 harmonikebis mniSvnelobebs, isini TiTqmis erTnairia orive 

SemTxvevisaTvis. 

Tu invertoris Zabvis ganiv impulsuri regulirebis xerxi misaRebi 

iyo Cveulebrivi tiristorebiT aRWurvil xelovnuri komutaciis sqemebSi, 

sadac sakomutacio kondensatorebis dasamuxtad moiTxoveboda mudmivad 

ucvleli Zabva, sruliad marTvadi GTO, IGCT tiristorebisTvis da IGBT 

tranzistorebisTvis aseTi moTxovnebis saWiroeba araa.Aaqedan gamomdinare, 

sazogadod, xdeba Zabvis da sixSiris regulirebis ordoniani sqemis 

SemoTavazeba, romelic mocemulia nax. 11.7-ze. rogorc sqemidan Cans, inver-

toris Semavali Zabva regulirdeba IGBT (V5) tranzistoriT, romelic L, C 

filtris gabaritebis Semcirebis mizniT, muSaobsMmaRal sixSireebze 10-20 

kilohercze.Aam dros, invertoris Zabvis forma optimaluria da ucvlelia, 

regulirebis mTel diapazonSi (nax. 11.7 b). gansakuTrebiT aRsaniSnavia is 

faqti, rom miuxedavad ordoniani sqemisa, saerTo m.q.k-ti da simZlavris 

koeficienti iqneba ufro maRali, vidre erTdoniani sqemis SemTxvevaSi, gir-is 

gamoyenebisas;AamasTanave, marTvis sistema iqneba gacilebiT martivi.Nnax. 11.7 

d, e, v-ze naCvenebia qselis denebis mrudeebis formebi. aramarTvadi ( )41 VV   

erTfaza gamarTvis SemTxvevisTvis (nax. 11.7 d), rogorc cnobilia, simZlav-

ris koeficienti 9,0cos  . nax. 11.7, e-ze naCvenebia SemTxveva, rodesac V1 da V2  
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a) 

 

b) 

 
g) 

                
 
 
 
 
 
 
 
 
 
 
 

nax. 11.7. 3-faza invertoris Zabvis da sixSiris ekonomikuri  
regulirebis SesaZlo sqemebis variantebi. 

d)   e) v) 
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xelsawyoebi warmoadgenen marTvad tiristorebs. maTi wyalobiT qselis 

denis forma optimaluria. am SemTxvevisTvis 323,2  (133), xolo simZlav-

ris koeficienti 96,0cos  . 

samfaza gammarTvelisTvis, rodesac 32  , simZlavris koeficienti 

9594,0cos  (nax. 11.7, v). 

11.7, g naxazze mocemulia 3 000 voltian sakontaqto qselidan kvebis 

varianti. rogorc naxazidan naTlad Cans, qselis Zabva Uqs, nebismieri 

erTtranzistoriani (IJBT, 6 500 v, 600 amp.) UZ1 gardamqmneliT gardaiqmneba 

moTxovnili sididis dabal U2 Zabvad, romelic Semdeg dabali klasis igive 

(IJBT) V1 tranzistoriT, sixSiresTan erTad, mdovred regulirdeba da miewo-

deba LC filtrs, Semdeg ki UZ invertors. 

11.6, b naxazze naCvenebia orsafexuriani Zabvis optimaluri forma, romelic 

regulirebis procesSi rCeba ucvleli. aseve ucvleli rCeba Semavali 

invertorSi regulirebuli kuTxe . icvleba mxolod marTkuTxedebis 

simaRle da sixSire.  
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XII Tavi 

eleqtruli damuxruWeba 
 

12.1. zogadi cnobebi eleqtruli damuxruWebis Sesaxeb 

 
gvaqvs eleqtruli damuxruWebis ori sistema: 

 eleqtrodinamikuri, 

 eleqtromagnituri. 

eleqtrodinamikuri eleqtruli damuxruWebis principi efuZneba eleqtruli 

manqanis unars, imuSaos urTierTSeqcevad reJimSi; Tu mis momWerebze movi-

yvanT eleqtroenergias, maSin lilvze miviRebT meqanikur energias.Aam dros 

amboben, rom eleqtruli manqana muSaobs Zravul reJimSi.  Tu igive manqanis 

lilvs moviyvanT brunviT moZraobaSi raime sxva ZravaTi (magaliTad Siga-

wvis, qaris, wylis da a.S.), maSin manqanis momWerebidan SegviZlia movxsnaT 

eleqtruli energia.Aam dros amboben, rom eleqtruli manqana muSaobs 

generatorul reJimSi.  

eleqtruli lokomotivebis SemTxvevaSi, pirvelad energias (romelic iwvevs 

eleqtruli manqanebis, am SemTxvevaSi wevis Zravebis brunviT moZraobaSi 

moyvanas da maT generatorul reJimSi muSaobas), warmoadgens moZravi mata-

reblis kinetikuri energia. gamomuSavebuli eleqtruli energia (energiis 

mudmivobis kanonis Tanaxmad) ixarjeba specialur reostatebSi siTbos 

gamoyofaze, an gadaicema qselSi da moixmareba sxva momxmareblebis 

mier.Ee.i. moZravPmatarebels CamoerTmeva misi masis da siCqaris kvadratis 

proporciuli kinetikuri energia; radgan matareblis fizikuri masa ar 

SeiZleba Seicvalos; am energiis CamorTmeva gamoiwvevs moZraobis siCqaris 

Semcirebas;Ee.i ganxorcieldeba damuxruWebis efeqti.Ppirvel SemTxvevaSi 

gveqneba e.w. reostatuli eleqtruli damuxruWeba, xolo meore SemTxvevaSi 

rekuperaciuli eleqtruli damuxruWeba. 

rac Seexeba eleqtromagnitur-sarelso damuxruWebas, am dros samux-

ruWo efeqts ganapirobebs specialur foladis xundebs da relss Soris 

xaxuni. warmoqmnili samuxruWo Zala ar izRudeba borbalsa da relss Soris 

CaWidebiT, rac warmoadgens aseTi tipis muxruWis Taviseburebas. 

eleqtruli damuxruWebis ganxorcielebis SesaZlebloba warmoadgens 

eleqtruli lokomotivebis erT-erT mTavar upiratesobas, wevis sxva saxeo-

bebTan SedarebiT da saSualebas gvaZlevs: 
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 SevamciroT samuxruWo xundebis da wyvilTvalis artaxebis intensiuri 

cveTa; 

 saimedod momuSave damatebiTi eleqtruli samuxruWo sistemis wyalo-

biT, avamaRloT matarebelTa moZraobis usafrTxoeba; 

 gavzardoT moZraobis siCqareebi, didi daxrilobis TavdaRmarTebze 

moZraobisas; 

 SevamciroT xarjebi ZiriTadi meqanikuri muxruWebis movla patro-

nobaze; 

 gamoviyenoT damuxruWebis reJimebis avtomaturi regulirebis sistemebi, 

rac gansakuTrebuli efeqtis momcemia metropolitenebis, sagareubno 

matareblebis da Cqarosnuli moZraobis pirobebSi. 

eleqtrodinamikuri muxruWebis nakls SeiZleba mivakuTnoT: 

 samuxruWo efeqtis realizacia mxolod moZraobis procesSi,Aanu ver 

gamoiyeneba gaCerebuli matareblebis dasamagreblad; 

 wevis Zravebis da sxva eleqtromowyobilobis gaxurebis temperaturis 

amaRleba muSaobis intensivobis gazrdis gamo. 

ganvixiloT eleqtruli damuxruWebis saxeobebi dawvrilebiT.  

 

12.2. mudmivi denis eleqtromoZravi Semadgenlobis  
     reostatuli damuxruWeba 

 

reostatuli damuxruWebis dros lokomotivis wevis Zravebi gamoirTveba 

sakontaqto qselidan, gadairTveba generatorul reJimSi da CairTveba 

specialur samuxruWo reostatebze. moZravi matareblis meqanikuri energia, 

rogorc zemoT aRvniSneT, gardaiqmneba eleqtrul energiad da ixarjeba 

samuxruWo reostatebSi siTbos gamoyofaze. rekuperaciuli damuxruWebis 

reJimisagan gansxvavebiT (rasac gavecnobiT qvemoT), wevis reJimSi gamoye-

nebuli mimdevrobiT agznebiani wevis Zravebi, reostatuli damuxruWebis 

reJimSi muSaoben mdgradad. es SesaZleblobas gvaZlevs damuxruWebis 

reJimSi gamoviyenoT mimdevrobiT agznebiani wevis Zravebis martivi TviT-

agznebis sqemebi an wevis Zravebi gadaviyvanoT damoukidebel agznebaze. 
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12.2.1. reostatuli damuxruWeba wevis Zravebis TviTagznebiT 
 

simartivisTvis ganvixiloT mimdevrobiT agznebiani erTi wevis Zravas 

muSaoba reostatuli damuxruWebis dros, TviTagznebis reJimSi (nax. 12.1). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 12.1. a)  wevis Zravas wevis reJimis principuli sqema, 
    b) reostatuli damuxruWebis reJimSi, gragnilebis gadarTvis 

             gareSe,  g)  agznebis gragnilis momWerebis gadarTviT, 
d) Ruzis gragnilis momWerebis gadarTviT. 

  
 

Tu wevis reJimis Semdeg (nax. 12.1, a), gadarTva moxdeba reostatul 

damuxruWebis reJimze sqemis Seucvlelad (nax. 12.1, b), narCeni magnituri 

nakadis wyalobiT warmoqmnili emZ, samuxruWo reostatSi uzrunvelyofs 

reostatul damuxruWebis dens Ir. es deni Zravas agznebis gragnilSi 

gaivlis Zravuli reJimis denis sapirispiro mimarTulebiT, (naCvenebia 

wyvetili isriT nax. 12.1, b-ze), Sedegad Zrava ganmagnitdeba da samuxruWo 

efeqti gaqreba. TviTagznebis procesis sworad warmarTvisaTvis, saWiroa 

gadairTos agznebis gragnili an Ruzis gragnili (nax. 12.1, g, d). praqtikaSi 

miRebulia agznebis gragnilis gadarTva. 

 a)   TviTagznebis procesi. 

ganvixiloT TviTagznebis procesi. vTqvaT moZraobis raime ucvlel 

siCqareze wevis reJimidan gadavediT reostatuli damuxruWebis reJimze 

(nax. 12.1, g). narCeni magnituri nakadis wyalobiT RuzaSi aRiZvreba emZEE0 da 

reostatis wredSi gaivlis deni Ir. am denis moqmedebiT gaizrdeba agznebis 

gragnilis mier Seqmnili magnitomamoZravebeli Zala, Sesabamisad magnituri 

 

 

IZr 

IZr  IZr 

a) b) g) d) 
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nakadi. Ees gazrdis Zravas emZ-s, es ukanaskneli dens da a.S. es procesi 

gagrZeldeba zvaviseburad A wertilamde, rodesac Zravas emZ gautoldeba 

wredSi Zabvis vardnebs (nax. 12.2). TviTagzrebis procesi naCvenebia isrebiani 

texiliT.  

reostatuli damuxruWebis dros, rogorc aRvniSneT, icvleba denis 

mimarTuleba mxolod RuzaSi (agznebis 

gragnilSi rCeba ucvleli), amitom momenti 

icvlis mimarTulebas (mimarTuli xdeba 

Ruzis brunvis sawinaaRmdegod) da iwvevs 

matareblis damuxruWebas. 

ganvixiloT mimdevrobiT agznebiani 

wevis Zravas wevis reJimidan (nax. 12.1, a) 

generatorul reJimSi gadarTvisas mimdi-

nare gardamavali procesi. analizis 

gamartivebis mizniT grigaluri denebis 

gavlenas gardamaval procesze ugulve-

belvyofT, xolo moZraobisas, matareblis 

didi inerciulobis gamo, vTvliT, rom siCqare gardamaval procesSi 

ucvlelia. aRniSnulis gaTvaliswinebiT SegviZlia davweroT 

dt

Ldi
rRiVC  )(   

                    an 

)( rRiVC
dt

Ldi
 ,                           (12.1) 

sadac, r aris Zravas gragnilebis aqtiuri winaRoba. 

       R – reostatis erT Zravaze dayvanili winaRoba. 

       L – reostatuli damuxruWebis wredis induqtioba. 

  V – siCqare, romelzec xorcieldeba damuxruWeba. 

(12.1) gantolebis mdgenelebi 12.2 naxazze warmodgenilia grafikulad denis 

funqciaSi. damokidebuleba CФV(i) warmodgenilia 1 – mrudis saxiT, imis 

gaTvaliswinebiT, rom sawyis stadiaSi, rodesac 0i , VCEE 00  . aq Ф0 

narCeni magnituri nakadia. Zabvis vardnaTa jami ZravaSi da samuxruWo 

reostatSi )( rRi  , warmodgenilia  koordinatTa saTaveSi gamavali 2 wrfiT. 

    nax. 12.2. TviTagznebis dros 
wredSi emZ-is da Zabvis vardnebis 
    damokidebuleba denze. 
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dt

Ldi
 – emZ 12.2 naxazze warmoadgens 1 mrudis da 2 wrfis oordinatTa 

sxvaobas. 

rogorc 12.2 naxazidan Cans, E0 emZ-is arseboba damuxruWebis reJimze 

gadasvlis momentSi, ganapirobebs 
dt

Ldi
 sididis dadebiT niSans.Ddenis 

zrdisas dasawyisSi 
dt

Ldi
 sidide izrdeba, Semdgom iwyebs klebas da A 

wertilSi, rodesac )( rRiVC  , xdeba 0-is toli. Ee.i myardeba eleqtruli 

wonasworoba, Zravas emZ utoldeba wredSi ZabvaTa vardnas da mTavrdeba 

gardamavali procesi (TviTagznebis procesi). 

A wertilSi eleqtruli wonasworoba aris mdgradi. marTlac, Tu raime 

mizeziT reostatuli damuxruWebis deni gaxdeba Ir0-ze meti, maSin Zabvis 

vardnebi VCrRi  )( , 0
dt

Ldi
-ze iqneba uaryofiTi, deni daiwyebs Semci-

rebas da gautoldeba – Ir0-s. Tu raime mizeziT deni gaxdeba naklebi Ir0 

damyarebul mniSvnelobaze, maSin )( rRiVC  , 0
dt

Ldi
 deni daiwyebs zrdas 

da daubrundeba pirvandel mniSvnelobas Ir0-s. mdgradobis kriteriumi 

SeiZleba maTematikurad Caiweros Semdegnairad 

)( rR
dt

VdC



.                             (12.2) 

e.i. reostatuli damuxruWeba eleqtrulad mdgradia, mxolod im SemTxve-

vaSi, Tu denis zrdisas emZ-is VCE   zrdis siswrafe naklebia Zabvis 

vardnebis )( rRi  , zrdis siswrafeze.  

mocemuli siCqaris V-s dros A wertilis mdebareobas gansazRvravs 2   

wrfis )]([ rRi  -is, daxris kuTxe abcisTa RerZTan. am ukanasknels ki R 

reostatis winaaRmdegobis sidide. rac didia reostatis winaaRmdegoba, 2 

wrfis daxris kuTxe, miT marcxniv gadaadgildeba A wertili.Aanu sxvagvarad, 

miT ufro naklebia reostatuli damuxruWebis denis damyarebuli mniSvneloba.  

 

b) maxasiaTeblebi 

reostatuli damuxruWebis damyarebuli reJimis ( 0
dt

Ldi
, A wertili) 

dros (12.1) gantoleba miiRebs saxes 
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                          )( rRIVCE  r .                         (12.3) 

(12.3) gantolebidan SegviZlia ganvsazRvroT siCqare 






C

rRI
V

)(r .                               (12.4) 

eleqtromavlis sqemaSi SeiZleba iyos wevis Zravebis p paralelur StoTa 

ricxvi, TiToeul StoSi mimdevrulad CarTul n ZravaTi. maSin Zravebis emZ 

toli iqneba 

rnIRIpVCn ZrZr  . 

aqedan siCqare 



















C

rR
n

p
I

C

rnIRpI
V

)(Zr
ZrZr .                      (12.5) 

reostatuli damuxruWebis dros samuxruWo Zalis fizikuri arsi igivea, 

rac wevis Zalis. Ggansxvaveba mdgomareobs imaSi, rom danakargebi ZravaSi 

da reduqtorSi zrdis samuxruWo efeqts.Aamis gaTvaliswinebiT erTi Zravas 

mier Seqmnili samuxruWo Zala tolia 

BICB  ZrZr 367,0 .  

Tu lokomotivis Zravebis ricxvi Seadgens k-s ( pnk  ), maSin reostatuli 

damuxruWebis dros lokomotivis samuxruWo Zala iqneba 

)367,0( BICkB  Zrlok .                         (12.6) 

ΔB aris meqanikuri da magnituri kargvebiT ganpirobebuli Zala, romelic 

tolia 

V

PPP
B

)(6.3 meq.red.magn.meq.Zr 
 ,                       (12.7) 

sadac, meq.ZrP  aris meqanikuri danakargebi Zravas sakisrebSi. 

        magn.P magnituri danakargebi ZravaSi. 

   meq.red.P meqanikuri  danakargebi kbilana reduqtorebSi. 

       V – matareblis siCqare, romelzec xorcieldeba damuxruWeba. 

Tu visargeblebT (12.5) da (12.7) formulebiT, SegviZlia avagoT funqcio-

naluri damokidebulebebi Ir(V) daBB(Ir), (nax. 12.3, nax. 12.4), xolo maTi 

MmeSveobiT samuxruWo maxasiaTeblebiBB(V) (nax. 12.5). 
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nax. 12.3. reostatuli damuxruWebis denis     nax. 12.4. samuxruWo Zalis B da wevis 
maxasiaTeblebi TviTagznebis dros              Zalis F-is damokidebuleba denze. 
Semdegi SezRudvebiT: 1 – CaWidebiT,  
2 – maqsimaluri deniT, 3 – dasaSvebi  
ZabviT, 4 – maqsimaluri siCqariT. 

 

denis Ir(V) da samuxruWo maxasiaTeblebi B(V) mocemulia samuxruWo 

reostatis sxvadasxva )( 61 RR   

winaRobebis mniSvnelobebisTvis.  

(12.5) formulidan Cans, rom mim-

devrobiT agznebiani ZravebiT reos-

tatuli damuxruWebis SemTxvevaSi, 

siCqaris regulireba yvelaze efeq-

turad SeiZleba ganvaxorcieloT 

samuxruWo reostatis winaaRmdegobis 

cvlilebiT. rac metia es winaaRm-

degoba, mocemuli denisaTvis da m.S. 

samuxruWo ZalisaTvis, miT ufro 

meti SeiZleba iyos siCqare. reos-

tatis winaRobis gazrda nebismier 

siCqareze, amcirebs dens da Sesa-

bamisad samuxruWo Zalas. 

samuxruWo  maxasiaTeblebze (nax. 12.5)  datanilia Semdegi SezRudvebi: 

1 – CaWidebiT. Mam SezRudvis gareT mosalodnelia Tvlebis Casolva. 

( 

( 

( 

( 

) 
) 

) ) 

nax. 12.5. reostatuli damuxruWebis  
  samuxruWo maxasiaTeblebi, Semdegi  
  SezRudvebiT: 1 – CaWidebiT,  
  2 – maqsimaluri deniT, 3-dasaSvebi 
  ZabviT, 4-maqsimaluri siCqariT. 

) ( 

( ) 
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2 – wevis Zravas an reostatis dasaSvebi deniT, romlis gadaWarbebisas 

mosalodnelia maTi Tburi dazianeba. 

3 – wevis Zravaze maqsimaluri dasaSvebi  ZabviT. 

reostatuli damuxruWebis dros gadametZabvebis safrTxes ganapirobebs, 

didi siCqareebis dros, didi samuxruWo Zalebis realizaciis survili.Aam 

SemTxvevaSi Zravas emZ-is mniSvneloba didia, radgan is muSaobs maRal 

siCqareze didi magnituri nakadiT (gansxvavebiT wevis reJimisagan, rodesac 

did nakads Seesabameba SedarebiT mcire siCqareebi). dasaSvebze meti 

siCqaris pirobebSi Zabvam Zravas momWerebze SeiZleba mis nominalur 

mniSvnelobas gadaaWarbos 1,5-2-jer, rasac SeiZleba mohyves Zravas komuta-

ciis gauareseba da koleqtorze wriuli cecxli. 

4 – maqsimaluri dasaSvebi siCqariT. 

maRal siCqareebze damuxruWebis intensivoba izRudeba maqsimalurad 

dasaSvebi ZabviT, xolo dabal siCqareebze maqsimalurad dasaSvebi deniT. 

siCqareebis Semcirebisas, daaxloebiT erTnairi samuxruWo Zalis Sesanar-

Cuneblad saWiroa samuxruWo reostatis winaRobis Semcireba reostatis 

calkeuli seqciebis safexurebis amorTviT. reostatis bolo safexuris 

amorTvis Semdeg, samuxruWo denis da Sesabamisad samuxruWo Zalis mniSvne-

loba mkveTrad mcirdeba. Zalian mcire siCqaris dros praqtikulad qreba 

Zravas emZ, deni da Sesabamisad samuxruWo Zala. amitom mxolod reosta-

tuli muxruWiT SeuZlebelia matareblis gaCereba, an misi damagreba 

gaCerebul mdgomareobaSi e.w. mavne qanobebze. 
 

g) reostatuli reJimis damuxruWebis sqemebi. 

erTi Zravas SemTxvevaSi wevis reJimidan reostatul reJimze gadasvlis 

sqema Cven moyvanili gvqonda nax. 12.1-ze. 

Tu wevis reJimSi gveqneboda paralelurad CarTuli ori Zrava, maSin 

maTi gadayvana reostatuli damuxruWebis reJimSi, yvelaze martivad SeiZ-

leboda, Tu am or Zravas SevaerTebdiT mimdevrobiT da CavrTavdiT erT 

saerTo samuxruWo reostatze. Mmagram, rogorc zemoT vnaxeT, reostatuli 

damuxruWebis dros, gansakuTrebiT maRal siCqareebze, TiToeul Zravaze 

Zabvam SeiZleba miaRwios nominalurze orjer met mniSvnelobas. Ees ki 

niSnavs or mimdevrobiT CarTul Zravaze Zabvis 4-jer gadaWarbebas, rac 

miuRebelia. amitom reostatuli damuxruWebis dros cdiloben SeinarCunon 

Zravebis wevis reJimis Sesabamisi paraleluri SeerTebis sqemebi. 
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magram mimdevrobiT agznebiani Zravebis paralelurad CarTvis SemTxve-

vaSi (nax. 12.6, a) saWiro xdeba specialuri RonisZiebebis gatareba, maTi  

mdgradi muSaobis uzrunvelsayofad.  

 

 

 

 

 

 

 

 

 

 

 

 

nax. 12.6. 

 
Tu reostatul damuxruWebis reJimSi davtovebT Cveulebriv paralelur 

SeerTebas (nax. 12.6, b), maSin sqema iqneba aramdgradi, wevis Zravebis da 

wyvilTvalebis damzadebisas teqnologiuri daSvebebiT ganpirobebuli 

parametrebis (maxasiaTeblebis) gabnevis gamo. magaliTad, Tu M1 Zrava 

aRmoCndeboda M2 Zravaze Cqarmavali, maSin misi e.mZ nCE e  formulis 

Tanaxmad, iqneboda meti M2 ZravasEemZ-ze. es gamoiwvevda M1 Zravas agznebis 

gragnilSi denis gazrdas. es ukanaskneli agznebis nakadis -is gazrdas. is 

ki Tavis mxriv M1 Zravas e.m.Z-is E gazrdas da M2 Zravas emZ-is Semci-

rebas.Ees gamoiwvevda Zravebs Soris e.w. gamaTanabrebel dens, romelic 

kidev ufro datvirTavda M1 Zravas da gantvirTavda M2 Zravas. es procesi 

gagrZeldeboda manam, sanam mTlianad ar gadaitvirTeboda (mokled SerT-

vamde) M1 Zrava da mTlianad ar ganitvirTeboda (srul ganmagnitebamde)  M2 

Zrava. Semdeg deni Seicvlida mimarTulebas, rac gamoiwvevda M2 Zravas 

gadamagnitebas da M1 Zravas ganmagnitebas. sabolood es migviyvanda ori 

mimdevrulad CarTul generatoris mokled SerTvamde. 

1 2 1 2 1 2 1 2 
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reostatuli damuxruWebis reJimSi ori generatoris eleqtrulad mdgradi 

muSaobis uzrunvelsayofad, SegviZlia gamoviyenoT sqema gamaTanabrebeli 

sadeniT (nax. 12.6, g). es sqema uzrunvelyofs mdgrad muSaobas imitom, rom 

gamaTanabrebeli denebi gadian ara paralelurad momuSave manqanebis 

agznebis gragnilebSi, aramed mokle gziT gamaTanabrebel sadenSi.Ees sqema 

marTalia uzrunvelyofs mdgradobas, magram ver uzrunvelyofs datvirTvis 

Tanabar gadanawilebas M1 da M2 Zravebs Soris. 

mdgradobas da datvirTvebis Tanabar gadanawilebas uzrunvelyofs e.w. 

agznebis gragnilebis jvaredini CarTvis sqema, rodesac M1 Zravas agznebis 

gragnili CarTulia M2 Zravas Ruzis mimdevrobiT da piriqiT, M2 Zravas 

aRgznebis gragnili CarTulia M1 Zravas Ruzis mimdevrobiT (nax. 12.6, d). 

ori Zravadan erT-erTSi Ruzis denis gazrda iwvevs meore ZravaSi 

agznebis gazrdas, mis emZ-is da Sesabamisad Ruzis denis gazrdas, rac 

uzrunvelyofs ara marto eleqtrul mdgradobas, aramed datvirTvis 

Tanabar gadanawilebas paralelurad momuSave generatorebs Soris. 

eqvsRerZiani eleqtromavlis SemTxvevaSi, reostatuli damuxruWebis dros, 

paralelur reJimSi momuSave generatorebis sami jgufi (1-2, 3-4 da 5-6 wevis 

Zravebi) CarTulia saerTo samuxruWo R reostatzeNe.w. cikluri sqemiT (nax. 

12.7). 

 

 

 

 

 

 

 
 

 

 

cikluri sqemis SemTxvevaSi 1-2 Zravas gazrdili e.m.Z. E gamoiwvevs 

agznebis nakadebis  da Sesabamisad e.m.Z-is gazrdas sxva ZravebSi da isini 

daitvirTebian erTnairad. paralelurad oTxi da meti jgufis Zravebis 

SemTxvevaSi reostatuli damuxruWeba cikluri sqemiT aramdgradi xdeba. 

erT-erTi mizezi, ramac ganapiroba ori wevis Zravas mudmivad mimdevrobiT 

nax. 12.7. reostatuli damuxruWebis 
cikluri sqema. 
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SeerTeba, rogorc wevis, aseve reostatuli damuxruWebis reJimSi, swored 

es iyo. Aam SemTxvevaSi viRebT or paralelur Stos, rac saSualebas 

gvaZlevs gamoviyenoT zemoT aRwerili jvaredini sqema (nax. 12.6, d). amis 

sailustraciod moviyvanoT metropolitenis vagonis Zaluri principuli 

sqema wevis reJimSi (nax. 12.8, a) da reostatuli damuxruWebis reJimSi (nax. 

12.8, b). gansxvavebiT (nax. 12.6, d)-ze moyvanili sqemidan, aq ar aris gragni-

lebis gadarTvis aucilebloba. samuxruWo reJimze gadasvlisTvis sakmarisia 

wevis Zravebi gamovrToT qselidan da ab wertilebs Soris CavrToT 

samuxruWo reostati R (nax. 10.8, b), romelSic gaivlis wevis Zravebis orive 

jgufis jamuri deni 21 II  , radgan pirveli jgufis Zravebis deni I1 gadis 

meore jgufis Zravebis agznebis gragnilebSi, xolo meore jgufis Zravebis 

deni I2, pirveli jgufis agznebis gragnilebSi. amitom gansaxilvel sqemas 

aqvs jvaredini sqemis Tviseba.Mmiwis mimarT potencialis Sesamcireblad 

sqema damiwebulia samuxruWo gadamrTis K1 kontaqtoriT da K2 damiwebis 

releTi (nax. 12.8, b). 

 
nax. 12.8. metropolitenis moZravi Semadgenlobis principuli sqema: 

 a) wevis reJimSi; b) reostatuli damuxruWebis reJimSi. 

 
samuxruWo Zala damokidebulia Zravas denis mniSvnelobaze. misi regu-

lireba ki SesaZlebelia samuxruWo reostatis winaaRmdegobis R-is reguli-

rebiT. 

 

12.2.2. reostatuli damuxruWeba wevis Zravebis  
      damoukidebeli agznebiT 

 

TviTagznebiani reostatuli damuxruWeba, erTis mxriv, martivia da 

Sesabamisad muSaobaSi saimedo. Mman farTo gavrceleba hpova mudmivi denis 

emS-ze, magram xasiaTdeba garkveuli nakliT. kerZod, TviTagznebis procesis 



 225 

garkveuli inerciulobis (neli tempis) gamo gviandeba samuxruWo efeqtis 

gaCena.Ees ganpirobebulia mcire sididis narCeni nakadiT da Sesabamisad  

mcire sididis E0-iT. 

TviTagznebis procesis dasaCqareblad SeiZleba gamoyenebuli iqnes wevis 

Zravas agznebis gragnilis Tankveba damoukidebeli kvebis wyarodan, an 

wevis Zravas gadayvana damoukidebel agznebaze. 

arsebobs wevis Zravebis damoukidebeli agznebiT reostatuli damuxru-

Webis sxvadasxva sqema, romlebic analogiuria rekuperaciuli damuxruWebis 

sqemebis (ganxilul iqneba qvemoT).  

12.9 naxazze mocemulia sqema, romelzec Zravas agznebis gragnili damux-

ruWebis reJimSi kvebas iRebs, stabiluri brunTa ricxvis mqone, damouki-

debel agznebiani mbrunavi manqanidan. 

vinaidan am sqemaSi agznebis deni araa 

eleqtrulad dakavSirebuli Ruzis den-

Tan, xolo Ruzis reaqciis zegavlena 

magnitur nakadze umniSvneloa, amitom (12.5) 

formulis Tanaxmad SegviZlia miviRoT 

samuxruWo maxasiaTebelTa ojaxi, romle-

bic warmoadgenen abcisTa RerZTan daxril 

wrfeebs. maxasiaTeblebis daxris kuTxe 

damokidebulia samuxruWo reostatis wi-

naRobis sidideze da agznebis nakadze. 

Sesabamisad damuxruWebis aseT sistemebSi samuxruWo Zalis regulireba 

SeiZleba, rogorc reostatis winaRobis regulirebiT, aseve magnituri 

nakadis cvlilebiT. 

12.9 naxazze mocemuli sqemis naklia is, rom cudad xdeba datvirTvis 

gadanawileba, saerTo samuxruWo reostatze paralelurad momuSave wevis 

Zravebs Soris. amitom, mizanSewonilia paralelurad momuSave wevis 

Zravebis TiToeuli jgufi CairTos calke samuxruWo reostatze. 

 

12.3. erTfaza-mudmivi denis eleqtromoZravi  
    Semadgenlobis reostatuli damuxruWeba 

aseTi sqema ganvixiloT erTfaza cvladi denis eleqtromavlis maga-

liTze, sadac iyeneben reostatuli damuxruWebis sqemebs wevis Zravebis 

nax. 12.9. reostatuli damuxruWebis  
principuli sqema, damoukidebeli  

agznebis mbrunavi manqaniT. 

W
g
 

W
Zr
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damoukidebeli agznebiT. 12.10 naxazze mocemulia aseTi tipis reostatuli 

damuxruWebis principuli sqema. wevis Zravas Ruzebi CarTulia TavTavis 

samuxruWo reostatze R1, R2. agznebis gragnilebi SeerTebulia mimdevrobiT 

da ikvebeba kvebis wyarodan (kv.w.) samuxruWo Zalas aregulireben agznebis 

denis Ia-s cvlilebiT. denis maxasiaTebels angariSoben (12.4) formuliT. 

agznebis denis ucvleli mniSvnelobisas magnituri nakadi TiTqmis ar 

icvleba. amitom damuxruWebis deni Ir – siCqaris proporciulia. TiToeuli 

maxasiaTebeli Seesabameba garkveul agznebis dens Ia-s. samuxruWo Zalas 

angariSoben (12.7) formuliT. denis da samuxruWo Zalis maxasiaTeblebi  

mocemulia Sesabamisad nax. 12.11 da nax. 12.12-ze. 

 

 
 
 
 
 
 
 
 
 
 
 

 

 
 

nax. 12.10. reostatuli damuxruWebis sqema 
wevis Zravebis damoukidebeli agznebiT. 

 

denis da samuxruWo maxasiaTeblebze datanilia Semdegi SezRudvebi: 

agznebis denis maqsimaluri mniSvnelobiT _ 1, 

CaWidebiT _ 2, 

Zravas komutaciiT – 3, 

maqsimaluri siCqariT – 4, 

samuxruWo reostatis simZlavriT – 5, 

Ruzis da agznebis denebis TanafardobiT – 6. 

cvladi denis eleqtromoZrav Semadgenlobaze reostatuli damuxruWebis 

reJimSi Tavs iCens igive sirTuleebi, rac wevis reJimSi. kerZod, datvirTvis 

Tanabari gadanawileba paralelurad momuSave manqanebs Soris da CaWidebis 

gauaresebis saSiSroeba.Aam problemebis mogvareba SedarebiT martivad 

 kv.w. 
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TiTqos SesaZlebelia wevis Zravebis calkeuli jgufebis individualuri 

agznebiT, calke statikuri gardamqmnelidan Zabvis mdovre avtomaturi 

regulirebiT. es SesaZleblobas mogvcemda gagveTanabrebina datvirTva 

paralelurad momuSave wevis Zravebis jgufebs Soris (naklebad datvirTu-

lisTvis agznebis gazrdiT da gadatvirTulisTvis agznebis SemcirebiT). 

amasTanave, Casolvis safrTxis SemTxvevaSi Segvemcirebina agzneba Sesabamisi 

ZravasaTvis. Mmagram am variantma ver hpova gavrceleba sqemis sirTulis gamo. 

 
nax. 12.11. reostatuli damuxruWebis       nax. 12.12. samuxruWo maxasiaTeblebi 
  maxasiaTeblebi, damoukidebeli               damoukidebeli agznebis dros. 
       agznebis dros. 
  

sxvadasxva SemoTavazebuli sqemuri variantebidan sayuradReboa 12.13 

naxazze mocemuli sqema, romelic saSualebas iZleva CaWideba darRveul 

wyvilTvalTan kavSirSi myofi Zravas Ruzis deni Semcirdes nulamde ufro 

swrafad, vidre maTi (Zravas Ruzis da wyvilTvalis) kuTxuri siCqare 

gautoldeba nuls (anu moxdeba Casolva). Aamas iwvevs is, rom am manqanis 

emZ-ze da denze Semxvedrad moqmedebs Zabvis vardna R0 rezistorze _ I0R0 

(nax. 12.13). 

reostatuli damuxruWebis dros sasurvelia damuxruWeba mimdinareobdes 

qselidan damoukideblad. zemoT ganxilul sqemebSi (sadac amgznebi 

generatorebi an statikuri gardamqmnelebia gamoyenebuli), Tu sakontaqto 

qselidan moixsneba Zabva, damuxruWeba gaxdeba SeuZlebeli.Aam dros 

principulad SesaZlebelia sqema gadavrToT: 

1. TviTagznebaze, rac Zalze arTulebs sqemas da zrdis mowyobilobis 

gabaritebs, romlis ganTavsebac bortze SeuZlebelia; 

( 

( 

( 

( 

) 

) 

) 

) 
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2. samuxruWo reostatze Zabvis vardnis nawiliT kvebaze (risTvisac agz-

nebis gragnilebi samuxruWo reostats uerTdeba statikuri gardamq-

mnelis meSveobiT); 

3. amgzneb manqanad gamoviyenoT erT-erTi wevis Zrava, xolo misi agzneba 

movaxdinoT saakumulatoro batareidan. 

 
nax. 12.13. genetatorebis paraleluri muSaoba saerTo 
       datvirTvaze reostatuli damuxruWebis dros. 

 

12.4. mudmivi denis kontaqtorul-reostatuli  
        eleqtromoZravi Semadgenlobis rekuperaciuli  
        damuxruWeba 
 

12.4.1. zogadi cnobebi rekuperaciuli damuxruWebis Sesaxeb 
 

rogorc am Tavis dasawyisSi aRvniSneT rekuperaciuli damuxruWebis 

dros (recuperation – laTinuri sityvaa da niSnavs aRdgenas, qselSi ukan dab-

runebas) wevis Zravebis mier gamomuSavebuli eleqtruli energia brundeba 

ukan qselSi da moixmareba (aucileblad moixmareba) sxva momxmareblis 

mier. 

gansxvavebiT meqanikuri muxruWebisagan, eleqtruli damuxruWebis dros, 

eleqtruli sqemebis da maTSi Semavali parametrebis SerCeviT SegviZlia 

miviRoT sasurveli formis samuxruWo maxasiaTebeli. 

Tu eleqtruli damuxruWeba gankuTvnilia grZel, didi daxrilobis 

daRmarTebze siCqaris SesazRudavad, maSin SegviZlia miviRoT meqanikurad 
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mdgradi xisti samuxruWo maxasiaTeblebi, rodesac siCqaris zrdisas 

mkveTrad izrdeba Semanelebeli B + W0  Zalis mniSvneloba. 

Tu eleqtruli damuxruWeba gankuTvnilia matareblebis gasaCereblad, 

(metropolitenis moZravi Semadgenloba, sagareubno eleqtromatareblebi), 

maSin sasurvelia ucvleli samuxruWo Zala SevinarCunoT siCqareTa mTel 

diapazonSi. 

rekuperaciuli damuxruWebis gamoyeneba, gansakuTrebiT intensiuri moZ-

raobis mqone sauReltexilo ubnebze, iZleva did ekonomiur efeqts. kerZod: 

 wevaze daxarjuli eleqtroenergiis 20%-mde ekonomias; 

 didi daxrilobis TavdaRmarTebze moZraobis siCqareebis amaRlebis 

SesaZleblobas; 

 sakontaqto qselSi Zabvis stabilizaciis xelSewyobas; 

 samuxruWo xundebis da wyvilTvalis artaxebis cveTis Semcirebas; 

 kidev erTi saimedod momuSave muxruWis gamoyenebis gziT moZraobis 

usafrTxoebis amaRlebas. 

kontaqtorul-reostatuli marTvis mqone emS-is rekuperaciuli damuxru-

Webis ganxorcielebisTvis pirveli da aucilebeli pirobaa wevis manqanis 

emZ-am, anu mimdevrulad CarTul wevis Zravebis jamurma emZ-am, gadaaWarbos 

sakontaqto qselis Zabvas. rekuperaciuli damuxruWebis dros ZabvaTa 

balansis gantolebas  aqvs Semdegi saxe 

IrUVCE  .                             (12.8) 

aqedan denis mniSvneloba iqneba 

r

UVC
I


 .                                (12.9) 

matareblis siCqare rekuperaciuli damuxruWebis dros   






C

IrU
V .                                 (12.10) 

Tu mimdevrobiT CarTuli iqneba nm raodenobis wevis Zrava, maSin  






Cn

IrU
V

qs
,                             (12.11) 

sadac, ∑Ir aris Zalur wredSi jamuri Zabvis vardna. 

samuxruWo Zala gamoiTvleba igive formuliT (ix. formula 12.6), 

rogorc reostatuli damuxruWebisas 

B )367,0( BICkB  Zrlok .                       (12.12)   
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rekuperaciuli damuxruWebis mqk warmoadgens qselSi miwodebuli simZ-

lavris Ffardobas damuxruWebis meqanikur simZlavresTan 

BV

PUI )(367 a
rek


 ,                           (12.13) 

sadac, aP  aris agznebis wredis mier moxmarebuli simZlavre. 

(12.11), (12.12) da (12.13) formulebis gamoyenebiT, SegviZlia avagoT rekupe-

raciuli damuxruWebis maxasiaTeblebi, Tu gvecodineba magnituri nakadis 

damokidebuleba rekuperaciis denze Ф(Ir). generatorul reJimSi muSaobisas 

mudmivi denis wevis Zravebs aqvT Ф(Ir) damokidebulebis 4 saxe, romlebic 

Seesabamebian: mimdevrobiT, damoukidebel, Sereul-Tanxvedr da Sereul 

Semxvedr agznebis sistemebs. 

mimdevrobiT agznebiani da Sereul-Tanxvedr agznebiani generatorebi 

rekuperaciuli damuxruWebis reJimisTvis qselTan muSaobis aramdgradobis 

gamo gamouyeneblebi arian. 12.14 naxazze 1 _ mrudi Seesabameba aseTi gene-

ratoris emZ-is damokidebulebas reku-

peraciis denze, rodesac constV  , xolo 

2 _ wrfe qselis Zabvis da generatorSi 

Zabvis vardnis jams rIU r .  gardamava-

li procesi aRiwereba procesis ganto-

lebiT  

dt

di
LrIUVC  r .       (12.14) 

   aqedan 

)( rIUVC
dt

di
L r .      (12.15) 

1 da 2 xazebis gadakveTis A wertili 

warmoadgens eleqtruli wonasworobis wertils, rodesac rIUVC r . 

magram is aramdgradia. marTlac, Tu SemTxveviT moxdeba rekuperaciis denis 

Semcireba Ir1 qvemoT, maSin emZ aRmoCndeba naklebi qselis Zabvis da 

manqanaSi Zabvis vardnis jamze, rIU r -ze, 
dt

di
L  gaxdeba naklebi 0-ze, rac 

kidev ufro Seamcirebs emZ-s. es procesi gagrZeldeba manam, sanam manqana 

mTlianad ar ganmagnitdeba da piriqiT, Tu rekuperaciis deni SemTxveviT 

gaizrdeba, maSin emZ gaxdeba meti rIU r  jamze, 0
dt

di
L -ze da es procesi 

nax. 12.14. 
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gagrZeldeba axali wonasworobisBB wertilamde.Ees wertili ki iqneba 

mdgradi, magram misi Sesabamisi deni Ir0 iseTi didia, rom misi praqtikulad 

rekuperireba SeuZlebeli iqneba. 

mudmivi denis eleqtromavlebze, rekuperaciul reJimSi mdgradi muSao-

bis uzrunvelsayofad, wevis Zravebi mimdevrobiTi agznebidan gadahyavT 

damoukidebel agznebaze. agznebis gragnilebis sakvebad gamoiyeneba mbrunavi 

dabali Zabvis generatori (amgznebi manqana), romelic brunviT moZraobaSi 

mohyavs sakontaqto qselze mierTebul maRali Zabvis Zravas an statikur 

gardamqmnels. 

damoukidebel agznebian wevis Zravebs generatorul reJimSi aqvT nakle-

bad cicabo gare maxasiaTebeli (1,2 wrfeebi), ris gamoc paraleluri 

muSaobis reJimSi isini araTanabrad arian datvirTulniN(nax. 12.15, a). (Ir1 da 

Ir2 datvirTvis denebs Soris sxvaoba gacilebiT didia damoukidebelagzne-

bian generatorebisTvis, vidre Sereul Semxvedragznebian generatorebisTvis) 

(nax. 12.15, b). 

 
nax. 12.15. gare maxasiaTeblebi da datvirTvis gadanawileba 
a) paralelur agznebian  da b) Sereul Semxvedragznebian 

generatorebs Soris. 
 

konstruqciuli sirTulis da Sesabamisad nakleb saimedoobis gamo, 

sarkinigzo magistralur transportze, Sereul Semxvedragznebiani Zravebi 

ar gamoiyeneba. imisaTvis, rom damoukidebel agznebian Zravas (generatoris) 

gare maxasiaTebels miscen cicabo forma rekuperaciis denis gazrdisas 

mkveTrad Semcirdes emZ, adgenen specialur sqemebs. ganvixiloT ori maTgani.  
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12.4.2. rekuperaciuli damuxruWebis sistema  
      mastabilizirebeli rezistoriT 

 
aseTi sistemis gamoyenebisas, M1 wevis Zravas agznebis wreds, “miwis” 

mxridan uerTeben amgzneb generators G-s, romlis Ruza moZraobaSi mohyavs 

maRal Zabvaze momuSave M2 eleqtroZravas. wevis Zravas Ruzis wredSi, aseve  

“miwis” mxridan, rTaven mastabilizirebel rezistors R-s, romelic uzrun-

velyofs gare maxasiaTeblis vardnis gazrdas. 

agznebis deni gadis mastabi-

lizirebeli rezistoris R-is da 

wevis Zravas agznebis gragnilis 

ag gavliT. rekuperaciis deni 

wevis Zravas Ruzis plus momWe-

ridan midis sakontaqto qselSi, 

iqedan momxmarebelSi, sarelso 

wredSi da mastabilizirebel R 

rezistoris gavliT Zravas Ruzis 

minus momWerSi. 

wevis Zravas datvirTvis sare-

gulireblad Ra reostatis saSu-

alebiT cvlian amgznebi genera-

toris damoukidebel agznebis 

gragnilSi Waa-Si denis mniSvnelobas, Sesabamisad magnitur nakads, am gziT 

amgznebi generatoris G-s Zabvas da wevis Zravas agznebis dens. 

amgznebi generatoris Zabva UG balansirdeba Zabvis vardniT mastabi-

lizirebel reostatSi RII )( ar   da agznebis gragnilSi Iara. e.i. 

arar rIRIIUG  )( .                           (12.16) 

sadac, Ir da Ia aris wevis Zravas rekuperaciis  da aRgznebis denebi. 

       ra _ agznebis gragnilis winaRoba.  

(12.16) formulidan SegviZlia ganvsazRvroT agznebis deni. miviRebT 

a

ar
a

rR

RII
I




  

                        an 

a

r

a

a
rR

RI

rR

U
I G





 .                            (12.17) 

nax. 12.16. rekuperaciuli damuxruWebis sqema 
mastabilizirebeli rezistoriT. 
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rogorc (2.17) formulidan Cans, rekuperaciis denis Ir zrdisas mcirdeba 

wevis Zravas agznebis deni Ia, Zravas magnituri nakadi da Sesabamisad Zabva 

U. rekuperaciis denis Semcirebisas piriqiT, Zabva gaizrdeba.F fizikurad es 

SegviZlia warmovadginoT ase: rekuperaciis 

denis gazrdisas izrdeba Zabvis vardna 

mastabilizirebel R rezistorze, rac 

tolfasia amgznebi generatoris wredSi 

winaRobis gazrdis da Sesabamisad wevis 

Zravas agznebis denis Semcirebis. rogorc 

(12.17) formulidan Cans, funqcionaluri 

damokidebuleba Ia(Ir) warmoadgens daxril 

wrfes.Ggeneratoris sxvadasxva ZabvisaTvis 

gvaqvs aseTi wrfeebis ojaxi (nax. 12.17).  

Tu SevcvliT mastabilizirebeli rezistoris sidides, Sesabamisad Sevc-

vliT Ia(Ir) wrfeebis daxris kuTxes.Mmagram mastabilizirebel rezistorSi 

ikargeba eleqtroenergia da misi gazrda sasurveli araa. (mastabilizi-

rebeli rezistoris winaRoba 0,05 omis tolia yoveli ZravasaTvis). radgan 

mastabilizirebeli rezistoris gamoyenebis SemTxvevaSi amgznebma generatorma 

unda daabalansos Zabvis vardna ara marto agznebis gragnilSi, aramed 

mastabilizirebel rezistorSic, amitom misi simZlavre da Sesabamisad 

masa-gabarituli maCveneblebi didia, ris gamoc Tanamedrove eleqtromav-

lebze ganxiluli sistemis nacvlad gamoiyeneba rekuperaciuli sistemis 

axali varianti, e.w. amgznebi manqanis uku agznebis sistema. 

 

12.4.3. rekuperaciuli damuxruWebis sistema amgznebi  
      manqanis uku agznebiT 

 

rogorc cnobilia, mimdevrobiT agznebian Zravas ar SeuZlia avtomaturad 

gadavides generatorul reJimSi. es aixsneba imiT, rom magnituri nakadis 

sidide da Sesabamisad e.m.Z-is sidide damokidebulia datvirTvis denze da 

misi Semcirebisas mkveTrad ecema, e.i. ar sruldeba rekuperaciuli damuxru-

Webis ganxorcielebis pirveli ZiriTadi moTxovna, Zabva Zravas momWerebze 

ar gaxdeba sakontaqto qselis Zabvaze meti. imisaTvis, rom SesaZlebeli 

gaxdes rekuperaciuli damuxruWeba, saWiroa mimdevrobiTi agznebiani Zrava 

nax. 12.17 
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gadaviyvanoT damoukidebel agznebaze. Aam mizniT saWiroa agznebis gragni-

lebi gamovrToT Ruzis gragnilebidan da CavrToT damoukidebel kvebis 

wyaroze e.w. amgzneb manqanazeN(nax.…12.18 a).…am SemTxvevaSi Zravas agznebis 

gragnilSi agznebis deni Ia SeiZleba gavzardoT ise, rom Zravebis e.m.Z. 

gaxdes qselis Zabvaze meti. Tu matareblis moZraobis siCqare Semcirdeba, 

Sesabamisad Semcirdeba e.m.Z. am dros samuxruWo momentis SesanarCuneblad 

saWiroa gavzardoT agznebis deni Ia da Sesabamisad e.m.Z. moTxovnil mniSv-

nelobamde. am mizniT varegulirebT amgznebi manqanis agznebis dens Iaa-s, r 

reostatis saSualebiT. Aamgznebi manqana moZraobaSi mohyavs mudmivi denis 

Zravas Zr, romelic K kontaqtoris saSualebiT irTveba qselSi.  

a)                                       b) 

 
          nax. 12.18. rekuperaciuli damuxruWebis  principuli sqema: 
                     a) wevis Zravebis damoukidebeli agznebiT; 
                     b) amgznebi manqanis uku agznebiT. 
 

12.18 a naxazze mocemuli sqema arapraqtikulia, radgan is metad mgrZno-

biarea qselSi Zabvis cvlilebaze. Tu sakontaqto qselSi Zabva raime mizeziT 

gaizrdeba, maSin is meti gaxdeba Zravebis Zabvaze. am ukanasknelSi deni 

Seicvlis mimarTulebas, Zrava gadava wevis reJimSi da imis nacvlad rom 

matarebeli daamuxruWos, piriqiT gaaqanebs mas. Tu sakontaqto qselSi Zabva 

raime mizeziT Semcirdeba, mkveTrad gaizrdeba rekuperaciis deni, 

Sesabamisad samuxruWo momenti da matarebelSi warmoiSveba biZgebi. unda 

aRvniSnoT, rom matareblis denmimRebze (sakontaqto qselSi) Zabvis sidide 

ganuwyvetliv icvleba, safidero zonaSi myofi matareblebis raodenobis 

da maTi muSaobis reJimebis cvlilebis gamo (zogi matarebeli iZvris, zogi 
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amuxruWebs, zogi gadis safidero zonidan, zogi Semodis safidero zonaSi 

da a.S.). am pirobebSi matareblis memanqanis mier dayenebuli samuxruWo Zala 

(igive samuxruWo momenti) da m.S. misi Semqmneli rekuperaciis deni unda 

iyos ucvleli.Aam moTxovnis dacva SesaZlebelia nax. 12.18 b-ze mocemuli 

rekuperaciuli damuxruWebis principuli sqemiT, sadac realizdeba rbili 

maxasiaTebeli. Sesabamisad is araa mgrZnobiare qselSi Zabvis meryeobis 

mimarT. es sqema realizebulia ВЛ-10, ВЛ-11 eleqtromavalebze. 

rogorc sqemidan Cans, wevis  Zravas  agznebis gragnili mierTebulia a – 

amgznebTan, romelsac Tavad aqvs ori agznebis gragnili. erTi mierTebulia 

wevis Zravas RuzasTan da masSi gadis rekuperaciis deni Ir, xolo meore 

gragnili ikvebeba damoukidebeli denis wyarodan, r reostatis gavliT. es 

gragnilebi CarTulia urTierTSemxvedrad da maT mier Seqmnili magnituri 

nakadebi erTmaneTs akldeba. Tu sakontaqto qselis Zabvis Semcirebis gamo 

gaizrdeba rekuperaciis deni, gaizrdeba mis mier Seqmnili magnituri nakadi 

amgznebis 1 gragnilSi. Aamgznebi  manqanis a-s rezultirebuli magnituri 

nakadi Semcirdeba, Sesabamisad Semcirdeba amgznebis Zabva da m.S. wevis 

Zravas agznebis deni Ia.Aamas mohyveba Zravebis Zabvis da Sesabamisad 

rekuperaciis denis Ir-is Semcireba. Tu Zabva gaizrdeba sakontaqto qselSi, 

Semcirdeba rekuperaciis deni Ir. es gamoiwvevs amgznebi manqanis magnituri 

nakadis da m.S. Zabvis gazrdas. es ki Tavis mxriv gazrdis wevis Zravas (am 

SemTxvevaSi generatoris) agznebis dens, Zravebis Zabvas da Sesabamisad 

rekuperaciis denis Ir-is gazrdas. 

mdgradobis uzrunvelyofis mizniT rekuperaciuli damuxruWebis dros, 

wevis Zravebis agznebis gragnilebs rTaven cikluri sqemiT, rogorc reo-

statuli damuxruWebis dros. 

generatoris agznebis dens da m.S. samuxruWo moments aregulireben 

amgznebis agznebis denis Iaa-sa regulirebiT, memanqanis kontroleris 

eleqtruli muxruWis saxeluris gadarTviT.  

wevis reJimidan rekuperaciul reJimze Zaluri wredis gadarTva da piri-

qiT, rekuperaciuli damuxruWebis reJimidan wevis reJimze wredis gadarTva, 

xdeba samuxruWe gadamrTvelis saSualebiT, romelic konstruqciulad 

igive aparatia, rac reversori. 

rekuperaciuli damuxruWebis diapazonis gafarToebis mizniT cvlian wevis 

Zravebis dajgufebis sqemebs, moZraobis siCqaris mixedviT. magaliTad, ВЛ-10 
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seriis eleqtromavlebSi 25–30 km/sT siCqareTa diapazonSi wevis Zravebi Seer-

Tebulia mimdevrobiT (seriesulad `S~); 30–55 km/sT siCqareTa diapazonSi series-

paralelurad (`SP~); 55–100 km/sT siCqareTa diapazonSi paralelurad (`P~).  

 

12.5. mudmivi denis eleqtromavlebis rekuperaciuli  
     damuxruWebis praqtikuli sqemebi 

 

Cven dawvrilebiT ganvixileT mudmivi denis eleqtromoZravi Semadgen-

lobis rekuperaciuli damuxruWebis sqemis agebis ZiriTadi principebi. 

ganvixilavT ВЛ10; ВЛ11 da ВЛ15 eleqtromavlebze gamoyenebul rekupera-

ciuli damuxruWebis konkretul sqemebs. 

12.19 naxazze mocemulia  ВЛ10 da ВЛ11 eleqtromavlebis rekuperaciuli 

damuxruWebis principuli Zaluri sqemebi, wevis Zravebis paraleluri  (nax. 

12.19 a) da mimdevrobiTiN(nax. 12.19 b) SeerTebis reJimebisaTvis. rogorc naxa-

zidan Cans, rekuperaciis reJimSi aikrifeba e.w. “cikluri” sqema, romelzec 

erTi seqciis wevis Zravas Ruzebi specialuri gadamrTvelebis saSualebiT 

gancalkevdebian agznebis gragnilebisagan.  wevis Zravebis ag-1, ag-2, ag-3 da 

ag-4 agznebis gragnilebi kvebas iReben specialuri mudmivi denis “G” 

generatoridan, romelic Sedis НБ-436B. gardamqnelSiAam generatoris Zabva 

regulirdeba marTvis denis cvlilebiT, romelic Tavis mxriv regulir-

deba, memanqanis kontroleris samuxruWo saxelurTan dakavSirebul reos-

tatis winaRobis cvlilebiT. rogorc sqemidan Cans, “G” generators damou-

kidebeli agznebis Wdam, gragnilis garda, gaaCnia denuri gragnili Wden., 

romelSic gadis erTi Stos rekuperaciis deni da iwvevs antikompaun-

direbas (generatoris agznebis nakadis sawinaaRmdego moqmedeba). Sedegad 

miiReba rbili maxasiaTebeli.  

RST balasturi rezistorebi, romelTa TiToeulis simZlavrea 50 kvt, 

gamoiyenebian paralelur Stoebs Soris denebis gasaTanabreblad. 

muSaobis normalur reJimSi, rodesac paralelur Stoebs Soris denebi 

erTnairia, ag-1  ag-4 agznebis gragnilebSi gadis “G” generatoriT ganpiro-

bebuli denebi (naxazze naCvenebia uwyveti isrebiT). am SemTxvevaSi A da B 

wertilebis potencialebi iqneba erTnairi. paralelur Stoebs Soris 

disbalansis (denebis uTanabrobis) SemTxvevaSi, A da B wertilebs Soris 

potencialebi gansxvavdebian. magaliTad, Tu 1 da 2 Zravebis deni metia 3 da 
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4 Zravebis denze, maSin B wertilis potenciali meti xdeba A wertilis 

potencialze.Aam SemTxvevaSi B wertilidan A wertilis mimarTulebiT 

gaivlis gamaTanabrebeli deni ΔIg (nax. 10.19-ze naCvenebia wyvetil xazebiani 

isriT). es deni toli iqneba )(5.0 21 III  g . rogorc naxazidan vrwmundebiT, 

am SemTxvevaSi generatorul reJimSi momuSave 1 da 2 wevis Zravebis Stos 

deni Semcirdeba, xolo 3 da 4 wevis Stos Zravebis deni gaizrdeba.Aamgvarad 

aRdgeba Tanasworoba. piriqiT, Tu 3 da 4 wevis Zravebis Stoebis deni gaiz-

rdeba, maSin A wertilis potenciali gaxdeba meti B wertilis potencialze 

da ganviTardeba uku procesi. L1  da L2 induqtiuri Suntebis daniSnulebaa 

SezRudon denis mniSvnelobebi mokled SerTvisas da sakontaqto qselSi 

Zabvis naxtomisebri cvlilebis dros.  

nax. 12.19. ВЛ10  da  ВЛ11  eleqtromavlebis erTi seqciis rekuperaciuli 
damuxruWebis Zaluri sqema, wevis Zravebis a) paraleluri  (“P”)  

da b) seriesuli (“S“) dajgufebebisaTvis. 
 

rekuperaciis reJimi iwyeba memanqanis mier amgznebi “G” generatoris 

marTvis denis regulirebiT, samuxruWo saxeluris meSveobiT. rodesac 

wevis Zravebis agznebis denebi 0-is tolia, maSin  rekuperaciis orive rele 

KR CarTulia, ris Sedegad K1 da K2 xazuri kontaqtorebi gamorTulia.MmarTvis 

denis ImarT. gazrdiT, izrdeba agznebis deni da Sesabamisad wevis Zravebis 

A A 
B B     

 

 

 
 

 
  

a) b) 
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eleqtromamoZravebeli Zala. rodesac sxvaoba sakontaqto qselis Zabvasa 

da Zravebis ukueleqtromamoZravebel Zalebs Soris miaRwevs 50-100 volts, 

gamoirTveba rekuperaciis rele KR, romelic Tavis mxriv rTavs K1 da K2 

saxazo kontaqtorebs. 

SemdgomSi rekuperaciis reJimis mimdinareobaMmTlianad damokidebulia 

memanqaneze (samuxruWo saxeluris mdebareobaze). 

rekuperaciis reJimidan gamosvlas, agreTve, axorcielebs memanqane gene-

ratoris agznebis denis SemcirebiT. 

 

12.5.1. sqemis dacva avariul reJimebSi 
 

rekuperaciuli damuxruWebis avariul reJimSi mokled SerTvis denebi-

sagan dacvas, gansxvavebiT motoruli reJimisagan, swrafmomqmedi avtomati 

ver axorcielebs.Aamitom mokled SerTvis denebisagan dacva xorcieldeba 

specialuri swrafmomqmedi KF kontaqtoriT, romelTa koWebi CarTulia L1 

da L2 induqtiuri Suntebis paralelurad.Mmokled SerTvis SemTxvevaSi KF-is 

kontaqtebi, romlebic CarTulia agznebis gragnilebis wredSi, gawydeba da 

wevis Zravebi ganmagnitdeba.Aamis Semdeg K1 da K2 saxazo kontaqtorebi  

gawyveten wevis Zravebis wreds. 

rekuperaciuli damuxruWebis aRniSnuli sistemis udidesi naklia is, rom 

icvleba rekuperaciis maxasiaTeblebis sixiste. magaliTad, Tu rekupera-

ciuli damuxruWeba iwyeba maRal siCqareebze, rodesac maxasiaTeblebi 

Zalze rbilia da procesis marTva Zalze martivia; siCqaris Semcirebisas 

da marTvis denis ImarT gazrdisas, maxasiaTeblebi xistdeba, rac arTulebs 

procesis xeliT marTvas.Aam dros sakontaqto qselSi Zabvis odnavi Secvla, 

iwvevs wevis Zravebis RuzebSi denis did farglebSi cvlilebas. 

rogorc cnobilia, motorul reJimSi Zravebis rbili maxasiaTeblebi, 

eleqtromavlis marTvisaTvis araviTar sirTules ar qmnis.Uamgznebi genera-

toris orxviiani denis gragnili mniSvnelovnad zrdis amgznebi generato-

ris inerciulobas. am mizeziT, Zabvis (simZlavris) mixedviT maragis ar 

arsebobis gamo, romelic aucilebelia forsirebisTvis (gardamavali 

procesebis xangrZlivobis Sesamcireblad), Zalze rTulia rekuperaciuli 

damuxruWebis avtomaturi marTva.Mmiuxedavad amisa gakeTda ВЛ10 da ВЛ11 

eleqtromavlebis garkveuli partia, moskovis rkinigzis transportis 
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institutis mier SemuSavebuli rekuperaciuli damuxruWebis avtomaturi 

marTvis sistemiT. 

aRniSnul sistemaSi damoukidebeli agznebis wredis marTva xdeba ganiv-

impulsur reJimSi momuSave tranzistoruli mwyvetaras saSualebiT. marTvis 

gragnilis paralelurad CarTulia diodi, romelic damatebiT zrdis 

amgznebi generatoris inerciulobas. aseT sistemebSi sakontaqto qselis 

Zabvis naxtomisebri Semcirebisas (_ΔU) adgili hqonda dacvis xSir moqme-

debas. aseTi avtomaturi regulirebis sistemebiT aRWurvilma eleqtromav-

lebis eqspluataciam aCvena gacilebiT dabali saimedooba, vidre xeliT 

marTvis sistemas hqonda. 

 

12.5.2. mbrunav gardamqmneliani mudmivi denis eleqtromavlebis 
    rekuperaciuli maxasiaTebelebis analizuri 
    gamosaxulebebi 

 

dRemde ar arsebobs analizuri gamosaxulebebi, romelTa saSualebiT 

SesaZlebeli iqneba rekuperaciuli maxasiaTeblebis gaangariSeba.Aaqamde sar-

gebloben grafo-analizuri meTodiT, an eqsperimentuli monacemebiT. 

analizuri gamosaxulebebi, maxasiaTeblebis agebis garda, saWiroa reku-

peraciuli damuxruWebis procesze wredis sxvadasxva parametrebis zegav-

lenis dasadgenad. 

damagnitebis mrudisTvis SemoTavazebuli analizuri gamosaxulebebiT 

SesaZlebelia sakmarisi sizustiT avagoT rekuperaciuli damuxruWebis 

maxasiaTeblebi. winamdebare wignSi SemoTavazebuli damagnitebis mrudis 

aproqsimaciis meTodi sakmarisi sizustiT akeTebs ТЛ-2К da ТЛ3Б wevis 

Zravebis eleqtromeqanikuri maxasiaTeblebis aproqsimacias. 

rekuperaciuli reJimisTvis analizuri gamosaxulebebis misaRebad vwerT  

 IRUVCE  ,                            (12.18) 

sadac, TDCC 3,5  aris Zravas da gadacemis mudmiva. 

        Tnn reduqtoris gadacemis ricxvi. 

        n _ Zravas brunTa ricxvi. 

  nT – wyvilTvalis brunTa ricxvi. 

  DT – wyvilTvalis diametri. 

        aPNCe 60 Zravas mudmiva. 

(10.18) gamosaxulebis orive mxare gavyoT nominalur emZ-ze nnn VCE  -ze da 

SemoviRoT Semdegi aRniSvnebi: 
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n


 ;   

nV

V
v  ;  

nnVC

IR


 ; 

nI

I
i  ; 

nnVC

U
u


 , 

ris Semdeg (10.18) gamosaxuleba fardobiT erTeulebSi SegviZlia CavweroT 

ase:                            iuv   .                                 (12.19) 

agznebis wredisaTvis SegviZlia davweroT 

ag

ddammarTam

ag

ag

ag

R

IWWIK
I

R

U )( 
 ,                      (12.20) 

sadac, amK  aris amgznebi manqanis gaZlierebis koeficienti. 

       agR wevis Zravas agznebis gragnilis aqtiuri winaaRmdegoba. 

       dammarTWI amgznebis damoukidebeli agznebis gragnilis amperxveulebi. 

       dIW denuri gragnilis amperxveulebi. 

analogiurad SegviZlia CavweroT (12.20) gantoleba fardobiT erTeulebSi. 

miviRebT: 

0

0

1 













ii

WIwI

IWWI

I

I
i

nnn

marT

ddammarT

ddammarT

a

a
ag ,                    (12.21)                                      

sadac, іag aris agznebis denis fardobiTi mniSvneloba. 

  іmarT – amgznebis marTvis denis fardobiTi mniSvneloba. 

 
sam

d

marT

n

w

W

I

I

n

0 kompaundirebis koeficientia. 

Tu gaviTvaliswinebT funqcionalur damokidebulebas fardobiT nakads 

 da fardobiT agznebis dens іag. Soris, SegviZlia davweroT 

bia

i




ag

ag
 . 

(12.20) da (12.21) gamosaxulebebidan  sabolood miviRebT 















ii

b
aiuv

0

0 )1(
)(






marT.

.                         (12.22)  

(12.22) formulis safuZvelze gaiTvleba da aigeba rekuperaciuli damux-

ruWebis maxasiaTeblebi agznebis denis sxvadasxva fardobiTi mniSvnelobe-

bisaTvis  іag = 0.3, 0.4, 0.5, 0.6, 0.7  da kompaundirebis koeficientisaTvis. 

2898,00  . 

rekuperaciuli damuxruWebis maxasiaTeblebis Sesabamisi mrudeebi moce-

mulia 10.20 naxazze. 
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nax. 12.20. mbrunavi gardamqmnelebiT aRWurvili ВЛ-10, ВЛ-11 eleqtromav- 

      lebis rekuperaciuli maxasiaTeblebis saangariSo mrudeebi. 
  

rogorc maxasiaTeblebidan Cans, siCqaris Semcirebisas maTi sixiste 

mniSvnelovnad icvleba.  

12.20 naxazze mocemuli maxasiaTeblebi da (12.21) formula asaxaven 

realur eqsperimentul mrudeebs. 

aucileblobis SemTxvevaSi, (12.21) formuliT SegviZlia gavTvaloT 

damokidebuleba agznebis denis fardobiT mniSvnelobasa da Ruzis denis 

fardobiT mniSvnelobas Soris. 

 

12.5.3. ВЛ-15 eleqtromavlis rekuperaciuli damuxruWebis sqema 

 
12.21 naxazze mocemulia ВЛ-15 eleqtromavlis erTi seqciis rekuperaciuli 

damuxruWebis sqema, wevis Zravebis paraleluri “P” SeerTebisaTvis. gansxva-

vebiT zemoganxilul sqemidan (nax. 12.19), aRniSnuli sqema ar Seicavs masta-

bilizirebel rezistorebs, xolo rekuperaciis reles nacvlad gamoyenebu-
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lia VD1,  VD2 da VD3 diodebi. rogorc zemoT vnaxeT, ВЛ10 da ВЛ11 eleqt-

romavlebze rekuperaciis reJimSi Sesvla xdeba rekuperaciis reles KR-is 

saSualebiT, romlis dros adgili aqvs denebis naxtomisebr cvlilebas 

did farglebSi 5002502.0)10050( rek.I  amp, rasac moyveba wevis (samux-

ruWo) Zalis didi biZgebi. VD1, VD2 da VD3 diodebis gamoyenebis SemTxve-

vaSi ki wevis reJimidan rekuperaciis reJimSi gadasvla xdeba mdovred, yovel-

gvari biZgebis gareSe, Zravebis jamur emZ-sa da sakontaqto qselis Zabvas 

Soris 2-3 voltiT gansxvavebis pirobebSi, nacvlad 50-100 voltisa. diodebis 

CarTva, amave dros, uzrunvelyofs paraleluri Stoebis stabilur muSaobas, 

rac gamoricxavs paralelur Stoebis muSaobaze urTierT zegavlenas. 

 
nax. 12.21. ВЛ-15 eleqtromavlis erTi seqciis rekuperaciuli 
damuxruWebis sqema wevis Zravebis paraleluri SeerTebisas. 

 

sqemidan aseve cxadad Cans, rom agznebis gragnilebis yoveli wyvili 

ikvebeba Tavisi swrafmomqmedi amgznebiT (gammarTveliT), rac maTi cvladi 

polarobis, uinercio ZabviT kvebis saSualebas iZleva. 

UZ4, UZ5 da UZ6 amgznebebSi punqtiriT naCvenebia VD0 nulovani diodebi, 

romlebic, erTis mxriv, aumjobeseben gardamqmnelebis energetikul maxasia-
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Teblebs, magram, meores mxriv, mniSvnelovnad zrdian maT inerciulobas. Aam 

mizeziT isini aRar gamoiyenebian. 

Zaluri wredis dacva mokled SerTvis denebisagan xdebaKKF1, KF2 da KF3 

swrafmomqmedi kontaqtorebiT iseve, rogorc mbrunav gardamqmnelebian 

sqemebSi. VS1-VS2, VS3-VS4 da VS5-VS6 tiristorebis dacva wevis Zravebis 

generatoruli reJimis gamrRvevi Zabvisagan xdeba specialuri VS31, VS32 da 

VS33 dacvis tiristorebiT, romelTa marTvis wredebSi CarTulia 300v 

zRurbluri Zabvis mqone stabilitronebi. ase, rom normalur reJimSi es 

tiristorebi Caketilia da iRebian rodesac Zabva gadaaWarbebs 300 volts. 

12.22 a naxazze mocemulia statikuri gardamqmnelis sqema, romelic 3000v 

Zabvis mudmiv dens gardaqmnis 300 herci sixSiris, marTkuTxa formis cvlad 

denad da kvebavs UZ4, UZ5 da UZ6 amgznebebs. TiToeuli amgznebi, urTierT 

zegavlenis gamosaricxad ikvebeba calke T1, T2 da T3 transformatoriT, 

romelTa pirveladi gragnilebi CarTulia paralelurad.  

12.22 b, g naxazze naCvenebia amgznebebis Zabvis formebi, gammarTvel 

(dadebiTi Zabva) da invertorul (uaryofiTi Zabva) reJimebSi, romlebic 

warmoadgenen UZ4, UZ5 da UZ6 amgznebebis  polarobis cvlilebis imitacias. 

 

nax. 12.22. a) amgznebebis mkvebavi statikuri gardamqmnelis sqema; 
amgznebebis Zabvis formebi _ b) invertorul da g) gammarTvel reJimebSi. 

 
gaTvaliswinebulia ra mbrunav gardamqmnelebian sqemebSi forsirebis 

SeuZlebloba (Zabva 37 volti), gansaxilvel sqemaSi amgznebis maqsimaluri 

Zabva 90 voltia. Zabvis mixedviT aseTma maragma da amgznebebis arainerciu-

lobam, realuri ВЛ-15 eleqtromavlis gamocdisas aCvena Zabvebis naxtomi-

sebri vardna qvemoT 30%-iT (1200v); amave dros Ruzis denebis amplituda ar 

aRemateboda (2-2,5) Inom. mniSvnelobas, xolo xangrZlivoba 100-150 miliwams. 

12.23 naxazze naCvenebia rekuperaciuli damuxruWebis avtomaturi marTvis 

sistemiT (rdams) aRWurvili eleqtromavlis rekuperaciuli damuxruWebis 
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maxasiaTeblebi. rogorc naxazidan Cans, maxasiaTeblebs aqvT erTnairi 

daxra da is SeiZleba vareguliroT did farglebSi, rac miiRweva damsaxavi 

Zabvis da ukukompaundirebis koeficientis erTdrouli cvlilebiT. 

am gardamqmnelis Seqmnisas (1985w) arsebuli sagardamqmnelo da konden-

satoruli teqnika ar iZleoda did SesaZleblobebs. kerZod, invertorul 

nawilSi VS1-VS4 tiristorebis nacv-

lad gamoyenebuli iyo erTmaneTis 

mimdevrobiT CarTuli 8 tiristori da 

diodi; filtris kondensatorebad 

gamoyenebuli iyo ФСТ-150 tipis kon-

densatorebi; sakomutacio kondensa-

torebad РСТ-240 tipis kondensato-

rebi. gardamqmnelis saerTo wona 

Seadgenda 1 000 kg-ze mets. 

naxevargamtaruli da kondensato-

ruli teqnikis dRevandeli done 

(T553-800-40 seriis tiristorebi, 

ДЛ353-800-40 seriis diodebi; germa-

nuli B25650-350-2 600-2x16 tipis safiltro kondensatorebi, B25855y2675K-

3x6.7 MkF-3 400 v-10kg tipis sakomutacio kondensatorebi) saSualebas iZleva, 

igive simZlavris (100 kvt) gardamqmnelis wona ar aRematebodes 500 kg-s. 

dReisaTvis evropaSi mzaddeba igive tipis gardamqmnelebi, IGBT tipis 

tranzistorebis bazaze. Ddabali Zabvis da Sesabamisad iafi tranzistorebis 

gamoyenebis mizniT, mkvebavi Zabva filtris kondensatorebis gamoyenebiT 

iyofa Suaze. 

am tipis gardamqmnelebis udidesi naklia is, rom maTi amgznebebi (gammar-

Tvelebi) warmoadgenen paralelurad CarTul, aramarTvad ventilebze agebul, 

erTfaza gammarTvelebs, romelTa swrafmoqmedeba mbrunav gardamqmnelebze 

gacilebiT uaresia. Nnaklia, agreTve, maTi siZvire. dadebiT mxared unda 

CaiTvalos maTi dabali wona (350 kg). 

 
 
 
 
 
 

nax. 12.23. rdams-iT aRWurvili  
 eleqtromavlis rekuperaciuli  
damuxruWebis maxasiaTeblebi. 
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12.5.4. ВЛ-15  eleqtromavlis rekuperaciuli damuxruWebis  
     avtomaturi marTvis sistema (rdams) 

ВЛ-10 da ВЛ-11 eleqtromavlebis xangrZlivma eqspluataciam, aCvena 

mbrunavi gardamqmnelebiT aRWurvili, xelis marTvis mqone rekuperaciuli 

damuxruWebis sistemis sirTule da dabali saimedooba, rac Tavis mxriv 

ganpirobebuli iyo realur pirobebSi arakontrolirebadi gardamavali 

procesebiT. aRniSnulis gamo, ВЛ-15 eleqtromavlis rekuperaciuli damux-

ruWebis sistemis damuSavebis dros, miRebuli iqna gadawyvetileba rekupe-

raciuli damuxruWebis reJimis sruli avtomatizaciis Sesaxeb. 

12.24 naxazze mocemulia ВЛ-15 eleqtromavlis rekuperaciuli damuxruWe-

bis avtomaturi marTvis sistemis funqcionaluri sqema. rogorc sqemidan 

Cans, TiToeul amgznebs (gammarTvels) aqvs Tavisi fazoregulatori B1, B2, B3, 

romelic awyobilia vertikaluri principiT. aq xdeba Sedareba xerxispiris-

magvar Zabvas da agznebis da Ruzis denebis regulatorebis gamosasvlelebze 

arsebuli mudmiv Zabvas Soris. sqemidan Cans, rom gamoyenebulia e.w. 

“daqvemdebarebuli regulirebis” principi. kerZod, agznebis denis regula-

toris (DIag.) gamosasvleli Zabva warmoadgens Ruzis denis regulatoris 

(DIR.) Semaval Zabvas. rogorc agznebis, aseve Ruzis samive Stos denebis 

proporciuli signalebi Sedian specialurDDD1 da DD2 Semdarebel mowyo-

bilobebSi, romlebSic xdeba sami Semavali denis mniSvnelobidan udidesi 

IaRg.max. da IRmax signalebis gamovlena. Semdeg es maqsimaluri signalebi 

miewodeba TavTavis regulators.Aamave dros, am mowyobilobebSi maqsimaluri 

denebis proporciuli signalebi dardeba Sesabamisi denebis namdvil 

mniSvnelobebs. denebs Soris sxvaobis Sesabamisi signalebi, UV1, UV2, UV3  

gamaZliereblebis gavliT miewodeba Sesabamis B1, B2, B3 fazoregulatorebs. 

amgvarad xdeba agznebis da Ruzis denebis gaTanabreba samive StoSi. 

sqemaSi rekuperaciuli reJimi mimdinareobs K1, K2 da K3 xazuri kontaq-

torebis CarTviT da intensivobis damsaxav DD blokze Semavali Zabvis 

miwodebiT.Aam dros muSaobas iwyebs agznebis denis regulatori DIag., 

romelic garkveuli intensiobiT, mdovred zrdis agznebis dens samive 

StoSi. Sedegad xdeba mdovre Sesvla rekuperaciul reJimSi. rodesac 

Ruzis deni miaRwevs dayenebis mniSvnelobas, muSaobas iwyebs Ruzis denis 

regulatori DIR, romelic inarCunebs aRniSnuli denis da m.S. mis pro-

porciul samuxruWo Zalis ucvlel mniSvnelobas. 
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nax. 12.24. ВЛ-15 eleqtromavlis rekuperaciuli damuxruWebis 

avtomaturi marTvis funqcionaluri sqema. 
 

rogorc 12.21 naxazze mocemuli Zaluri sqemidan Cans, agznebis da Ruzis 

denebis proporciuli signalebi miiReba specialuri BIag1, BIag2, BIag3, BIR1, BIR2 

da BIR3 gadamwodebidan, romlebic im periodisaTvis warmoadgendnen denis 

da Zabvis gadamwodebad gamoyenebul magnitur gamaZliereblebs. 

dReisaTvis SesaZlebelia gamoyenebuli iqnes sazRvargareTuli firmebis 

Tanamedrove reversiuli gadamwodebi. kerZod SegviZlia gamoviyenoT firma 

LEM.SA-as denis da Zabvis gadamwodebi, romelTa monacemebia: 

1. denis gadamwodi LT-1 000-S1± 1 000 A; 

2. Zabvis gadamwodi LV 100 /SPS1. 

garda imisa, rom avtomaturi marTvis sistema rekuperaciuli denis 

sxvadasxva dasaxul mniSvnelobebs inarCunebs ucvlelad, amasTanave 

uzrunvelyofs maqsimaluri Zabvis SezRudvas 4 000 voltis farglebSi. es 

xorcieldeba 12.21 naxazze naCvenebi Zabvis gadamwodis BU-s meSveobiT. am 

gadamwodidan signali miewodeba Ruzis denis DIR regulators. 

 

 

 

 
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12.6. erTfaza-mudmivi denis eleqtromoZravi  
         Semadgenlobis rekuperaciuli damuxruWeba 
 

mudmivi denis sistemaSi rekuperaciuli damuxruWebis mTavar nakls, erTis 

mxriv, warmoadgens wevis Zravebis momWerebze mudmivi Zabvis sakontaqto 

qselis ZabvasTan Sedarebis klasikuri sqema; xolo meores mxriv wevis 

Zravebis magnituri sistemis gajereba, rac ar iZleva saSualebas gavzar-

doT Zravas eleqtromamoZravebeli Zala generatorul reJimSi. aqve unda 

aRvniSnoT, rom Ruzis wredis induqtivoba am procesSi araviTar rols ar 

TamaSobs, garda imisa rom zRudavs denis mniSvnelobas mokled SerTvis 

SemTxvevaSi, an Zabvis naxtomisebri cvlilebis dros. 

sxva suraTia cvlad denze rekuperaciis SemTxvevaSi. aq xdeba wevis 

Zravas momWerebze arsebuli mudmivi Zabvis Sedareba sakontaqto qselis 

sinusoidaluri formis ZabvasTan an Zabvis naxtomisebri cvlilebis dros. 

am SemTxvevaSi wevis Zravebis wredSi sakmarisi induqtivobis arsebobis 

dros, rekuperacia SesaZlebelia TiTqmis gaCerebamde, gansxvavebiT mudmivi 

denisagan, sadac 8 wevis Zravas mimdevrobiT SeerTebisas rekuperacia SeuZ-

lebelia 25 km/sT siCqaris qvemoT. 

cnobilia, rom dRemde cvladi denis eleqtromavlebze gamoiyeneba mim-

devrobiT agznebiani pulsirebul denze momuSave wevis Zravebi. wevis 

reJimSi wevis Zravebi SeerTebulia paralelurad da mierTebulia saerTo 

gammarTvelze. rekuperaciul reJimze gadasvlisas, aqac iseve, rogorc mudmiv 

denze, xdeba gadarTvebi Zalur wredSi. kerZod: wevis Zravebis agznebis 

gragnilebi ganirTvebian TavianTi Ruzebidan da irTvebian calke damouki-

debel regulirebad kvebis wyaroze, individualurad an erTdebian mimdev-

robiT da ikvebebian erTi saerTo regulirebad kvebis wyarodan. pirvel 

SemTxvevaSi paralelurad, mdgradi muSaobis uzrunvelyofis mizniT, 

Ruzebis wredSi irTveba balasturi rezistorebi. meore SemTxvevaSi wevis 

Zravebis paralelurad mdgradi muSaoba miiRweva agznebis denis regulire-

biT da, aseve, sakmarisi xarisxis ukuagznebis miRebiT.GgamarTvis reJimidan 

invertirebis reJimze gadasvlis dros, saWiroa regulirebis kuTxe gav-

zardoT π/2-ze zemoT da SevcvaloT wevis Zravebis polaroba. 

sanam ganvixilavT invertoruli reJimis eleqtromagnitur procesebs, 

sakiTxis Seswavlis gaiolebis mizniT, paralelurad ganvixiloT gamarTvis 

reJimi. 
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gamarTvis reJimSi energiis wyaros (generators) warmoadgens sakontaqto 

qseli.Aamitom, rodesac 0 , denis mrudi faziT emTxveva qselis Zabvis 

mruds. rodesac Xd Zalze didia da 0 , denis forma axlosaa marTkuTxedTan 

(nax. 12.25 a). am SemTxvevaSi wevis Zrava muSaobs Zravul reJimSi da 

qselidan moixmars energias. invertorul reJimSi muSaobis dros wevis Zrava 

aris energiis wyaro (generatori), xolo sakontaqto qseli warmoadgens 

momxmarebels, (nax. 12.25 b). 12.25 a da b naxazze naCvenebia denis idealizirebuli 

formebi zRvruli reJimebisaTvis, rodesac 0  (gamarTvis reJimi) da 

180  (invertoruli reJimi). 

12.25 g da d naxazze naCvenebia denis mrudeebi, rodesac 6   da 6  . 

rogorc 12.25 a da b naxazidan Cans, Tu gardamqmnelebi muSaoben erTdrou-

lad zRvrul reJimebze, maSin qselidan moxmarebuli da miwodebuli denebis 

jami I nulis tolia, 12.25 e naxazze. 6   da 6   kuTxeebis dros, 

qselidan moxmarebul rezultirebul dens eqneba 12.25, v naxazze naCvenebi 

forma. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 12.25. Zabvebis da denebis idializirebuli mrudeebi 
a), g) gammarTvel da b), d) invertorul reJimebSi. 
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tiristorebis gamoyeneba saSualebas gvaZlevs vareguliroT Zabva gamar-

Tvis reJimSi, xolo rekuperaciul reJimSi movaxdinoT invertireba da 

gadavceT energia cvladi denis pirvelad wredSi. 

imisaTvis, rom ukeT gaverkveT fizikur procesebSi, ganvixiloT orive 

(gammarTvel da invertorul) reJimSi marTva impulsebis miwodebis  kuTxis 

cvlilebiT. 

nax. 12.26-ze mocemulia denebis da Zabvebis realuri diagramebi orive 

reJimisaTvis.Aaqve aRvniSnavT, rom datvirTvis denis forma naCvenebia 

datvirTvis wredis sasrulo induqtivobis gaTvaliswinebiT (diagrama a da 

g), xolo qselis deni (diagramebi b da d) usasrulo induqtivobisaTvis. 

 

nax. 12.26. a), b) gammarTveli da g), d) invertoruli   
reJimebis denebis da Zabvebis diagramebi. 

 

12.26 a naxazze msxvili konturiT naCvenebia  kuTxis Sesabamisi gamar-

Tuli Zabvis forma. rogorc a) da b) diagramebidan Cans,   , interva-

lisTvis mkvebavi Zabva tUm sin  da qselis deni mimarTulebiT erTmaneTs 
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emTxveva, rac imaze metyvelebs, rom qselidan moixmareba energia (Zravuli 

reJimi).    intervalisaTvis Zabva icvlis niSans, xdeba uaryofiTi, 

xolo deni inarCunebs dadebiT mimarTulebas.Ees ki imas niSnavs, rom deni 

mudmivi denis wredidan gadadis cvladi denis wredSi (nax. 12.26 d).  

1   intervalSi izrdeba datvirTvis deni minimaluri mniSvnelo-

bidan Imin, maqsimalur mniSvnelobamde Imax. am intervalSi mkvebavi Zabva 

metia uku emZ-ze. Tu wredSi induqtivoba ar iqneboda sakmarisi sididis, 

maSin dens eqneboda naxevarsinusoidis forma (nax. 12.26 b diagramaze naCve-

nebia wyvetiliT). induqtivobis arsebobis gamo dens aqvs marTkuTxedis 

forma, am intervalisaTvis SegviZlia davweroT: 

 



d

dI
XEtU d

ddm sin .                           (12.23) 

  211  intervalSi datvirTvis deni mcirdeba maqsimalur 

Imax mniSvnelobidan minimalur Imin mniSvnelobamde, radgan am intervalSi 

uku emZ metia mkvebav Zabvaze cxadia, rom daStrixuli farTobi S1 da S2 

iqnebian toli.Aam SemTxvevSi SegviZlia davweroT 
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sadac, 


cos2 m
d

U
E   gamarTuli Zabvaa komutaciis  kuTxis gauTvaliswineblad.  

 kuTxis gazrdiT 
2


-mde, gamarTuli Zabva gautoldeba 0-s.  kuTxis 

Semdgomi zrdisas, Tu SevcvliT uku emZ-s niSans, daiwyeba invertireba.Aam 

reJimisaTvis uaryofiTi Zabvis, datvirTvis da qselis denebis diagramebi 

mocemulia 12.26 g naxazze. 

rogorc g diagramidan Cans, θ1-intervalSi mkvebavi Zabva metia uku emZ-ze. 

am mizeziT datvirTvis deni mcirdeba maqsimaluri Imax mniSvnelobidan 

minimalur Imin mniSvnelobamde.Aaqac cxadia, rom S1 da S2 daStrixuli farTobi 

iqneba erTnairi. Tu (12.24) formulaSi -as nacvlad CavsvamT   -as, maSin 

miviRebT gammarTveli reJimisaTvis: 
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

m

m
U

XI
U 02

cos
2




.          (12.25)      

(12.25) gantolebiT gaTvlilia da agebulia gammarTveli da invertoruli 

reJimebis gare maxasiaTeblebiN(nax. 12.27 a). aqve naCvenebia gardamqmnelis 
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muSaobis reJimis damokidebuleba marTvis  kuTxis sididezeN(nax. 12.27 b). 

invertirebis reJimisTvis SegviZlia davweroT: 




d

dI
XUU d

dmd  sin .                           (12.26) 

Tu (12.26) gamosaxulebaSi ar iqneboda 
d

dI
X d

d  wevri, maSin deni gaivlida 

mxolod im intervalebSi, romlebSic uku emZ iqneboda  meti qselis Zabvis 

myisur mniSvnelobaze. 
d

dI
X d

d -is wyalobiT deni gadis im intervalebSic, 

romlebSic uku emZ naklebia Zabvis myisur mniSvnelobaze. gansxvavebiT 

gammarTvel reJimidan, invertorul reJims gaaCnia garkveuli SezRudvebi, 

romelsac ganvixilavT qvemoT. 

12.26 a da g naxazze daStrixuli farTebiT, orive reJimisaTvis mocemulia 

komutaciis  intervalebi, romlis ganmavlobaSi gamarTuli da invertire-

buli Zabvebi 0-is tolia. invertorul reJimSi, Tu  intervali (dro), 

romelic gankuTvnilia tiristoris ventiluri Tvisebebis aRsadgenad 

(mocemulia tiristoris pasportSi), ar iqneba sakmarisi, maSin invertori 

`amoyiravdeba” (aseTi teqnikuri terminia miRebuli) da moxdeba mokle 

SerTva. Aam mizeziT marTvis kuTxe    mkacrad kontroldeba. 

rac Seexeba simZlavris aqtiur P da reaqtiul Q mdgenelebs; am 

SemTxvevaSic isini iangariSeba (12.2), (12.4) formulebiT.Mmxolod im gansxva-

vebiT, rom qselis denis pirveli harmoniki win waaswrebs mkvebav Zabvas, 

rogorc naCvenebia 12.27 g naxazze.  

simZlavris koeficientic gamoiTvleba (12.9) formuliT (KM2-Tvis) da 

gamoisaxeba 2 wrfiT (nax. 12.2). rac Seexeba reaqtiul simZlavres, isic 

gamoiTvleba (12.4) formuliT da gamoisaxeba 4 mrudiT (nax. 12.2). gansxvaveba 

iqneba imaSi, rom am SemTxvevaSi is miewodeba qselSi. 

12.27 g naxazze mocemulia mkvebavi Zabvis tUm sin -is mrudi, denis mrudi 

(msxvili marTkuTxa formis) da, aseve, am denis pirveli harmonika. rogorc 

naxazidan Cans, pirveli harmonika win uswrebs Zabvas  kuTxiT. 12.27 d 

naxazze marjvniv naCvenebia veqtoruli diagrama orive reJimisaTvis. 

imisaTvis, rom invertirebis reJimSi SevinarCunoT simZlavris koeficientis 

didi mniSvneloba, aqac gamoiyeneba kombinirebuli regulireba. 
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  da -s erTnairi mniSvnelobis dros,  2,74,5  (300-400 mkwm) kuTxis 

arsebobis gamo, simZlavris koeficienti invertorul reJimSi yovelTvis 

iqneba naklebi gammarTvel reJimze.  

 
nax. 12.27. gardamqmnelis gare maxasiaTeblebi: a, b gamarTvis da 

       invertirebis reJimebSi da g, d denebis da Zabvebis diagramebi. 
 

12.7. rekuperaciul-reostatuli damuxruWeba 
 

Tu eleqtruli damuxuWeba gvsurs gamoviyenoT matareblis gasaCereblad, 

maSin sasurvelia maRal siCqareebze rekuperaciuli damuxruWeba SevuTav-

soT dabal siCqareebze reostatul damuxruWebas. sxvagvarad, ganvaxorcieloT 

rekuperaciul-reosatuli damuxruWeba. reostatuli damuxruWeba, aseve, 

SeiZleba gamoviyenoT, rogorc sarezervo damuxruWeba, rekuperaciis CaSlis 

SemTxvevaSi (rodesac qselSi gagzavnili energiis moxmareba ar xdeba, an 
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siCqareebi Semcirdeba). magaliTisaTvis ganvixiloT 12.28 naxazze mocemuli 

rekuperaciul-reostatuli damuxruWebis principuli sqema. 

mocemuli sqemiT damuxruWeba xdeba Semdegnairad: 

dasawyisSi K2 da K3 kontaqtorebis CarTviT ikrifeba reostatuli damuxru-

Webis sqema, damoukidebeli agznebiT: mimdevrulad CarTuli 4 wevis Zravas 

Ruzebis +, samuxruWo reostati Rd,KK2 kontaqtori, R rezistori, 1-4 wevis 

Zravebis agznebis gragnilebi, K3 

kontaqtori, amgznebi generatoris 

Ruza G, amgznebis  mimdevrobiTi 

agznebis gragnili ma, 1-4 wevis 

Zravas Ruza, + momWeri. amgznebi 

manqanis Zabvis gazrdiT (Ra reos-

tatiT) izrdeba 1-4 wevis Zravebis 

emZ. rodesac maTi jami gautoldeba 

sakontaqto qselis Zabvas, specia-

luri ZabvaTa balansis rele 

CarTavs K1 kontaqtors, Semdeg 

gamoirTveba K2 kontaqtori da 

daiwyeba rekuperacia. 

siCqaris Semcirebisas, rodesac 

wevis Zravebis jamuri emZ gaxdeba 

qselis Zabvaze naklebi an energiis 

moxmarebis Sewyvetis dros, rekuperaciis reJimi wydeba da specialuri mini-

maluri Zabvis rele, akrefs reostatuli damuxruWebis sqemas. 

amgznebi manqanis gantvirTvisTvis, dabali siCqareebis dros CairTveba 

K4 kontaqtori, sqema gadava TviTagznebis reJimSi (wevis Zravebis +, samux-

ruWo reostati Rd, kontaqtori K2, kontaqtori K4, wevis Zravebis 1-4 

agznebis gragnilebi, amgznebis mimdevrobiTi agznebis gragnili ma, 1-4 wevis 

Zravas Ruza, + momWeri) amis Semdeg amgznebi manqana K3 kontaqtoriT wre-

didan amoirTveba. 

 
 
 
 
 

nax. 12.28. rekuperaciul-reostatuli  
damuxruWebis principuli sqema. 
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12.8. eleqtruli damuxruWeba mdovre impulsuri  
     regulirebiT 

 
impulsuri marTvis sistema saSualebas iZleva siCqaris mdovre reguli-

reba movaxdinoT ara marto wevis reJimSi, aramed eleqtruli damuxruWebis 

reJimSic. Eeleqtruli damuxruWeba am SemTxvevaSi SegviZlia ganvaxorcieloT 

SedarebiT martivad da siCqareTa gacilebiT did diapazonSi, vidre kon-

taqtorul-reostatuli marTvis dros. ganvixiloT dawvrilebiT rekupera-

ciuli da reostatuli damuxruWebis muSaobis principebi, mdovre impul-

suri regulirebis  SemTxvevaSi. 

  

12.8.1. rekuperaciuli damuxruWeba 
 

kontaqtorul reostatuli marTvis mqone emS-s SemTxvevaSi, rekupera-

ciuli damuxruWebis ganxorcielebisTvis daculi unda iyos ori aucile-

beli piroba:  

1. wevis Zravebi gadayvanili unda iyos damoukidebel agznebaze. 

2. generatorul reJimSi momuSave wevis Zravebis jamuri emZ-a unda 

gautoldes, an meti gaxdes qselis Zabvaze. 

impulsuri regulireba ki saSualebas iZleva SevinarCunoT wevis Zrava 

mimdevrobiT agznebiT (wevis reJimis Sesabamisad) da damuxruWeba ganvaxor-

cieloT iseT siCqareebze, rodesac emZ-is jamuri mniSvneloba naklebia 

qselis Zabvaze.  

ganvixiloT impulsuri gardamqmnelis muSaobis principi rekuperaciuli 

damuxruWebis reJimSi, 12.29 naxazze mocemuli gamartivebuli sqemis maga-

liTze.Aam sqemaSi gamoyenebulia yvela is elementi, romelic gvqonda 

impulsuri regulirebis wevis reJimis sqemaSi (nax. 8.3) im gansxvavebiT, rom 

Secvlilia maTi CarTvis suraTi. kerZod, LfCf safiltro mowyobilobas 

akisria igive funqcia, rac mas hqonda wevis reJimSi. V0 – diodi ewinaaR-

mdegeba qselidan denis gavlas generatorul reJimSi momuSave wevis 

ZravaSi drois im SualedSi, rodesac Zabva Zravebze naklebia qselis 

Zabvaze. Ld – reaqtori axdens Zravas wredSi denis pulsaciis danelebas da 

anxorcielebs eleqtromagnituri energiis dagrovebas im SualedebSi, 

rodesac V0 Caketilia (sxvagvarad, roca qselis Zabva aRemateba Zravebis 

momWerebze Zabvas). 
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nax. 12.29. rekuperaciuli damuxruWebis principuli 
     sqema, impulsuri regulirebis dros. 

 
nax. 12.30-ze mocemulia denebis da Zabvebis cvlilebis diagramebi 

rekuperaciuli damuxruWebis dros. 

T periodis nawil tC drois ganmav-

lobaSi K-mwyvetara CarTulia, xolo 

Cg tTt   drois ganmavlobaSi, K-mwyve-

tara gamorTulia. rodesac K-mwyve-

ara CairTveba, Seikvreba eleqtruli 

wredi:  Zravas Ruzis +, Ld-reaqtori, 

K-mwyvetara, Zravas agznebis gragnili 

ag, Zravas Ruzis wredis mcire winaaR-

mdegobis gamo, generatoruli deni i 

izrdeba is sawyisi mniSvnelobidan ib 

bolo mniSvnelobamde, ris gamoc 

izrdeba konturis induqtivobebSi 

(Ld-reaqtori, wevis Zravas gragnilebi) 

eleqtromagnituri energiis maragi. am 

intervalis ganmavlobaSi rekupera-

nax. 12.30. denebis da Zabvebis cvlilebis 
diagramebi rekuperaciuli damuxruWebis 
                dros. 
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ciis deni nulis tolia, 01 i . 

Semdeg, rodesac K-mwyvetara gamoirTveba, konturSi gamavali Zravas deni 

daiwyebs Semcirebas ib-dan, is-mde.Aamis gamo wredis induqtivobebSi (Ld 

reaqtori, wevis Zravas gragnilebi) dainduqtirebuli TviTinduqciis emZ 

ikribeba Zravas emZ-Tan. maTi jami meti aRmoCndeba sakontaqto qselis 

Zabvaze da gaCndeba rekuperaciis deni i1. 

wevis Zravas momWerebze Zabvis saSualo mniSvneloba, periodis ganmav-

lobaSi, balansirdeba Uqs ZabviT.Ddiagramebis Sesabamisad Zabvis saSualo 

mniSvnelobisTvis SegviZlia davweroT  

T

t
UU C


1

1 .                              (12.27) 

Tu gaviTvaliswinebT simZlavreTa daaxloebiT balanss 

11IUUI  .  

aqedan SegviZlia ganvsazRvroT Zravas saSualo deni 

                         
CtT

T
II


 1 ,                              (12.28)  

sadac, I1 aris qselSi rekuperirebuli denis saSualo mniSvneloba. 

rogorc (12.27) da (12.28.) gamosaxulebebidan Cans U Zabvis, I denis da 

Sesabamisad samuxruWo Zalis da, ra Tqma unda, siCqaris regulireba impul-

suri marTviT rekuperaciuli damuxruWebisas, SegviZlia 
T

tC  sididis 

cvlilebiT. sxvagvarad, impulsuri gardamqmnelis 
T

f
1

  sixSiris cvlilebiT 

(sixSirul-impulsuri gardamqmnelis gamoyenebiT) an, rodesac constf  , anu  

const
f

T 
1

, 
T

tC  impulsebis Sevsebis koeficientis regulirebiT (ganiv-

impulsuri gardamqmnelis gamoyenebiT). 

 

12.8.2. reostatuli damuxruWeba 

 
impulsuri marTviT rekuperaciuli damuxruWebis msgavsad, SegviZlia 

ganvaxorcieloT reostatuli damuxruWeba siCqaris farTo diapazonSi, 

samuxruWo reostatis winaRobis regulirebis gareSe.Ees SesaZlebelia 

ganxorcieldes igive sqemiT, rac ganvixileT rekuperaciuli damuxruWebis 

dros.Ggansxvaveba mdgomareobs imaSi, rom impulsuri gardamqmneli uerTdeba 
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ara sakontaqto qsels, aramed irTveba samuxruWo R reostatze, 12.29 naxazze 

wyvetili konturi. Sesabamisad is muSaobs ara sakontaqto qselis ZabvasTan 

paralelur reJimSi, rogorc rekuperaciuli damuxruWebisas, aramed samux-

ruWo reostatze, romelzec Zabva reostatuli damuxruWebis denis propor-

ciulia. aseTi sqemiT muSaoba SesaZlebelia nebismieri agznebis mqone (maT 

Soris mimdevrobiT agznebiani) ZravaTi. ra Tqma unda wevis Zravebis ram-

denime paraleluri jgufis SemTxvevaSi, eleqtruli mdgradobis SenarCunebis 

mizniT, unda gamoviyenoT kontaqtorul-reostatuli marTvisas gamoyene-

buli analogiuri sqemebi. 

reostatuli damuxruWebis gansaxorcieleblad saWiroa gardamqmneli K1 

kontaqtoris meSveobiT, gamovrToT qselidan da K2 kontaqtoris meSveobiT 

miuerToT R samuxruWo reostats, sqemis a da b wertilebs Soris (12.29 

naxazze wyvetili konturi). sqemas Seesabameba igive diagramebi (nax. 12.30), 

romelic ganvixileT rekuperaciuli damuxruWebisas, im gansxvavebiT, rom 

qselis U1 Zabvis nacvlad, unda gaviTvaliswinoT Zabvis vardna samuxruWo 

reostatze I1R. 

 

nax. 12.31. rekuperaciul-reostatuli damuxruWebis 
principuli sqema. 

 
K mwyvetaras CarTul mdgomareobas Seesabameba drois intervali tC, xolo 

K mwyvetaras gamorTul mdgomareobas drois intervali Cg tTt  . K mwyve-
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taras CarTul mdgomareobaSi Seikvreba Zalian mcire winaRobis mqone 

wredi: Zravas Ruza, Ld-reaqtori, K mwyvetara, Zravas agznebis gragnili ag, 

Zravas Ruza.Ddaiwyeba generatorul reJimSi momuSave wevis Zravas forsire-

buli TviTagzneba. Ddaiwyebs deni zrdas da Sesabamisad daiwyeba eleqtro-

magnituri energiis dagroveba wredis induqtivobebSi.Aam intervalSi, samux-

ruWo reostatSi gamavali deni nulis tolia 01 I . 

K mwyvetaras gamorTvis Semdeg wredi gawydeba da ZravaSi deni daiwyebs 

klebas, ris gamoc Zravas emZ-s da Ld-reaqtorSi dainduqtirebuli, TviT-

induqciis emZ-is jami uzrunvelyofs denis gavlas samuxruWo reostatSi 

da Sesabamisad samuxruWo Zalas. (12.22) formulis Tanaxmad reostatSi 

gamavali deni I1, romelic qmnis samuxruWo Zalas iqneba 

           )1(1 


 I
T

tT
II C ,                            (12.29) 

sadac I  aris Zravas saSualo deni. 

mZlavri LfCf filtri uzrunvelyofs samuxruWo reostatSi gamavali 

denis ucvlel mniSvnelobas periodis ganmavlobaSi. 

Zabvis mniSvneloba samuxruWo R reostatze iqneba 

U               )1(11 


 IR
T

tT
IRRIU C .                      (12.30) 

tC intervalSi Zravas momWerebze Zabva iqneba nulis toli, xolo Cg tTt   

intervalSi, Zabva reostatze iqneba U1. wevis Zravas momWerebze Zabvis 

saSualo mniSvneloba      2

1 )1( 





 IR
T

tT
IR

T

tT
UU CC .                (12.31) 

(12.31) formulidan Cans, rom ucvleli denis da m.S. ucvleli samuxruWo 

Zalis SesanarCuneblad, saWiroa 1  sidide vcvaloT V - proporciulad. 

impulsuri marTvis SemTxvevaSi sasurvelia reostatuli damuxruWeba 

gamoviyenoT, rogorc sarezervo damuxruWeba, rekuperaciuli damuxruWebis 

CamoSlis SemTxvevaSi (magaliTad, rodesac qselSi momxmarebeli araa an 

rekuperirebuli energiis mcire moxmarebaa da ver miiReba sasurveli samux-

ruWo efeqti). 

12.31 naxazze naCvenebia impulsuri marTvis dros rekuperaciul-reosta-

tuli damuxruWebis erT-erTi SesaZlo sqemiTi varianti, romelic muSaobs 

Semdegnairad: rodesac qselSi rekuperirebuli energiis moxmareba mcirea, 
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maSin filtris kondensatorze Zabva izrdeba. Tu Zabvis sidide miaRwevs 

winaswar dasaxul zRurblur mniSvnelobas, imoqmedebs samuxruWo VT 

tiristoris gaRebis sistema da impulsuri gardamqmneli CairTveba R samux-

ruWo reostatze.KK mwyvetaras Semdgomi CarTvisas VT tiristors moedeba 

uku Zabva da is Caiketeba. Tu erT-erTi aseTi ciklis dros aRdgeba qselSi 

normaluri moxmareba, maSin filtris kondensatorze Zabva ar gaizrdeba, 

samuxruWo tiristori VT ar gaixsneba da aRsdgeba rekuperaciuli damuxru-

Weba. gansxvavebiT 10.29 naxazze mocemuli sqemidan, sadac samuxruWo 

reostati CarTulia filtris gamosasvlelze, 12.31 naxazis sqemaze samuxruWo 

reostati CarTulia K mwyvetarasa da filtrs Soris (ix. a da b wertilebis 

axali mdebareoba). amitom, samuxruWo reostatSi gamavali deni ganicdis 

wyvetas. Cg tTt  -drois ganmavlobaSi reostatSi gamavali deni I1, Zravas 

denis I-s tolia, xolo tC drois ganmavlobaSi reostatSi gamavali deni 

nulis tolia 01 I , xolo Zabva Cg tTt   intervalSi IR-is tolia, xolo tC 

intervalis ganmavlobaSi nulis tolia. Sesabamisad denebis da Zabvebis 

saSualo mniSvnelobebi tolia: 

)1(1 


 I
T

tT
II C ,                           (12.32)  

)1(
1

1 


 IR
T

t
IRUU C .                      (12.33) 

gansxvavebiT 12.29 naxazze mocemuli sqemisagan, sadac Zabvis saSualo 

mniSvneloba iyo 2)1( IR , gansaxilvel sqemaze Zabvis saSualo mniSvneloba 

tolia )1( IR . Sesabamisad impulsebis Sevsebis koeficienti unda vcvaloT  

V siCqaris proporciulad.   

 

12.9. eleqtromagnituri sarelso damuxruWeba 
 

sarelso damuxruWebis dros samuxruWo Zala iqmneba samuxruWo xundis 

da relsis zedapirebs Soris, meqanikuri xaxunis meSveobiT. 

rogorc zemoT gvqonda aRniSnuli, am SemTxvevaSi samuxruWo Zala ar 

izRudeba CaWidebiT artaxsa da relss Soris.  

samuxruWo xundebi zambarebiT Camokidebulia urikis CarCos gverdiT 

Zelebze, specialuri mimmarTvelebis da urikaze ganTavsebuli pnevmaturi 

cilindrebis saSualebiT gadaadgildebian vertikalurad 15-20 mm manZilze. 
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samuxruWo xundebis agznebis gragnilebze operatiuli Zabvis miwodebisas, 

warmoiqmneba magnituri nakadi, romelic ikvris xundis gularis da relsis 

meSveobiT. samuxruWo xundi miizideba relsis mier da warmoiqmneba 

samuxruWo Zala B. Tanamedrove eleqtromagnitur sarelso muxruWebSi, 

samuxruWo xundis dawolis xvedriTi Zala relsze Seadgens 50 kn/1 metrze. 

 

nax. 12.32. sarelso muxruWis sqema. 

mTeli lokomotivis samuxruWo Zala SeiZleba gavTvaloT formuliT 

                   xKB 1000 ,                          (12.34) 

sadac, xK  aris xundebis jamuri dawolis Zala relsze. 

 Φ_ samuxruWo xundsa da relss Soris xaxunis koeficienti. 

xundis relsze dawolis Zala kn-Si ganisazRvreba formuliT 

01000

SB
K F x ,                                      (12.35) 

sadac, BF aris magnituri induqcia teslebSi. 

       S – erTi xundis kveTis farTi, m2. 

       μ0 – sahaero RreCos magnituri SeRwevadoba 
66

0 102,1104,0     
metri

henri
. 

relssa da xunds Soris xaxunis koeficienti  damokidebulia moZraobis 

siCqareze, atmosferul movlenebze, masalaze da moxaxune zedapirebis 

mdgomareobze. is gaiangariSeba empiriuli formulebiT. kerZod: 

mSrali relsebisaTvis                              

1006.21

)1008.10(19,0






V

V
 .                          (2.36) 

sveli relsebisaTvis         
10018

)1002.7(19,0






V

V
 .                          (12.37)    
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V _ damuxruWebis siCqarea km/sT-Si; 

xvedriTi samuxruWo Zala       1000b  
kn

n
,                       (12.38) 

sadac,  aris xundebis dawo-

lis koeficienti   

QP

K




 x .       (12.39) 

maRali siCqareebis SemTxvevaSi 

(200 km/sT da meti), sasurvelia 

eleqtromagnituri sarelso mux-

ruWis moqmedeba SeuTavsoT sxva, 

magaliTad diskuri muxruWebis 

moqmedebas. 10.33 naxazze naCve-

nebia samuxruWo manZilis damo-

kidebuleba siCqareze: diskuri-1; 

eleqtromagnituri sarelso-2 da 

erToblivi (kombinirebuli) – 3 

damuxruWebis SemTxvevaSi, ЭР-

200 eleqtromatareblisaTvis. 

rogorc mrudeebidan Cans, 160 

km/sT siCqariT moZraobisas, 

mux-ruWebis kombinirebuli (erTdroulad diskuri da eleqtromagnituri – 

sarelso) gamoyenebis SemTxvevaSi, samuxruWo manZili eleqtromagnitur – 

sarelso muxruWebis gamoyenebasTan SedarebiT mcirdeba daaxloebiT 2-jer, 

xolo diskuri muxruWebis gamoyenebasTan SedarebiT 1,3 jer. 

 

 

 

 

 

 

 

 

 

nax. 12.33. ЭР-200 eleqtromatareblis samuxruWo 
           manZilis damokidebuleba siCqareze: 
diskuri muxruWebisaTvis ---------------------------------- 1 
eleqtromagnituri sarelso muxruWebisaTvis .. 2 
kombinirebuli muxruWebisaTvis----------------------_ 3. 
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XIII Tavi 

matareblis moZraobis diferencialuri gantoleba 

 

13.1. matareblis moZraobis diferencialuri  
    gantolebis zogadi saxe 

 

rogorc zemoT vnaxeT (ix. Tavi 1,Pparagrafi 1.5) moZraobis Seswavlis 

gaiolebis mizniT, realur matarebels cvlian fizikuri modeliT, simZimis 

centris mdebareobis materialuri wertiliT, romelSic ganTavsebulia 

mTeli matareblis fizikuri masa mf da romelzec moqmedebs relsis 

gaswvriv mimarTuli tolqmedi ZalaFFt. (nax. 13.1.). 

matareblis fizikuri modelis aRweras maTematikurad uwodeben maTe-

matikur models. M 

matareblis moZraobis maTematikuri modeli, 

niutonis meore kanonze dayrdnobiT, erTma-

neTTan akavSirebs matareblis kinematikur 

parametrebs: siCqares V, dros t, matarebelze moqmed tolqmed Ft Zalas da 

matareblis fizikur masas mf-s. 

dauSvaT Ft. tolqmedi Zalis zemoqmedebiT, mf masis mqone matarebeli 

gadaadgilda elementarul dS manZilzeN(nax. 13.2). am dros Sesruldeba 

elementaruli muSaoba dAkin, romelic tolia: 

   dSFdA tkin  .               (13.1) 

moZrav matarebelSi sakmaod didi masis 

mqone calkeuli kvanZebi (lokomotivebis 

wamyvani wyvilTvalebi, kbilana reduqtorebis 

CaTvliT, vagonebis mimyoli wyvilTvlebi, wevis Zravebis Ruzebi), garda 

xazovani gadaadgilebisa asruleben brunviT moZraobas.Ee.i. wevis reJimSi 

matareblis mamoZravebeli Zalis muSaoba ixarjeba moZraobisadmi winaaRm-

degobis Zalis daZlevaze, matareblis fizikuri masis kinetikuri energiis 

Seqmnaze (matareblisTvis garkveuli siCqaris miniWebaze) da zemoCamoT-

vlili mbrunavi sxeulebis brunviT moZraobaSi moyvanaze.  

meqanikis kanonebis Tanaxmad, moZravMmatarebelze daxarjuli sruli 

kinetikuri energia tolia 

nax. 13.1. matareblis fizikuri 
       (meqanikuri) modeli. 

nax. 13.2 
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22

22
JVm

A






f

kin ,                      (13.2) 

sadac, 
2

2Vmf
 aris matareblis xazovani siCqaris Sesabamisi kinetikuri energia. 

       


2

2J
yvela mbrunavi sxeulebis jamuri kinetikuri energia. 

        J _ mbrunavi sxeulebis inerciis momenti. 

         mbrunavi sxeulebis kuTxuri siCqare. 

Tu wamyvani wyvilTvalebis, mimyoli wyvilTvalebis da wevis Zravas 

Ruzebis inerciis momentebs Sesabamisad aRvniSnavT: Јw, Jm, JR, xolo kuTxur 

siCqareebs Sesabamisad: w , m , R  da maT gamovsaxavT xazovani siCqareebiT 

da radiusebiT 
R

V
 , maSin (13.2) formula miiRebs Semdeg saxes 

22

22
V

R

J

R

J

R

JVm
A
















2
R

R

2
m

m
2
w

wf

kin .                     (13.3) 

gavitanoT frCxilebs gareT 
2

2Vmf
-ze. miviRebT 





































f

2
R

R

2
m

m
2
w

w

f

kin
m

R

J

R

J

R

J

Vm
A 1

2

2

.                     (13.4) 

aRvniSnoT ekv.2
R

R

2
m

m
2
w

w
m

R

J

R

J

R

J















  da mas vuwodoT mbrunavi sxeulebis 

ekvivalenturi masa, maSin miviRebT 

  













f

ekv.f

kin
m

mVm
A 1

2

2

                        (13..5) 

fardoba 
f

ekv.

m

m
 aRniSnaven γ asoTi, maSin 

)1(
2

2


Vm

A
f

kin                           (13.6) 

)1(  -s uwodeben mbrunavi sxeulebis inerciis koeficients. (13.6) formulas 

Tu SevitanT (13.1) formulaSi, miviRebT 

dSF
Vm

d t

f













 )1(

2

2

 .                       (13.7) 
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Tu gaviTvaliswinebT, rom 
dt

dS
V   da movaxdenT (13.7) gantolebis 

diferencirebas, miviRebT 

VdtFVdVm tf  )1(   

               aqedan 

ft m
dt

dV
F )1(  .                             (13.8) 

(13.8) gamosaxuleba warmoadgens matareblis moZraobis diferencialur 

gantolebas Cawerils srul pirvel formaSi, romelic amyarebs urTierT 

kavSirs diferencialuri saxiT: matarebelze momqmed Ft tolqmed Zalasa, 

matareblis  (1 + γ)mf  dayvanil masasa da 
dt

dV
 aCqarebas Soris. 

Tu gaviTvaliswinebT, rom siCqare 

dt

dS
V  , aqedan  

V

dS
dt    

da dt-s mniSvnelobas SevitanT (13.8) formulaSi, miviRebT matareblis 

moZraobis diferencialur gantolebas, Cawerils srul meore formaSi 

ds

dV
VmF  ft )1(  .                           (13.9) 

gavixsenoT, rom matareblis fizikuri masa 
g

QP
m

)(1000 
f , xolo wevis 

reJimSi )( wf
QP

WF

QP

F









t
; maSin aRniSnulis gaTvaliswinebiT SegviZlia 

davweroT 

)1(1000

)(






gwf

dt

dV
 

)(1000 QP

g


 sidide warmoadgens xvedriT aCqarebas, anu matareblis erTeuli 

wonis aCqarebas, masze erTeuli Zalis moqmedebisas da mas aRniSnaven ξ 

(berZnuli Zeta) asoTi. sabolood 

)( wf
dt

dV
                                (13.10) 

)( wf
ds

dV
V   .                            (13.10)1            

(13.10) da (13.10)1 gantolebebi warmoadgenen matareblis moZraobis dife-

rencialur gantolebebs wevis reJimisaTvis, Cawerils xvedriT formaSi. 
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analogiurad SegviZlia gamoviyvanoT moZraobis diferencialuri ganto-

lebebi Tavisufali gorvis reJimisaTvis 

)( xw
dt

dV
                                  (13.11) 

)( xw
dS

dV
V                                (13.11)1 

sadac 
xw  moZraobisadmi xvedriT winaaRmdegobis Zala Tavisufali gorvis 

reJimisTvis. damuxruWebis reJimisaTvis SegviZlia davweroT 

)5.0( xwb
dt

dV
                            (13.12) 

)5.0( xwb
dS

dV
V   .                        (13.12)1 

sadac, b aris xvedriTi samuxruWo Zala. 

miRebuli gantolebebi zogadi xasiaTisaa, radgan araa damokidebuli 

eleqtromavlis da vagonebis tipze, matareblis saxeobaze, mis wonaze, 

lokomotivis simZlavreze da a.S. 

radgan xvedriT wevis da winaaRmdegobis Zalebs, fizikis TvalsazrisiT 

ganzomileba ara aqvT, amitom ξ  da   mudmivebs aqvT aCqarebis ganzomileba 

da,  rogorc vTqviT, warmoadgenen xvedriT aCqarebas (anu matareblis 1 kn 

wonis aCqarebas, rodesac masze moqmedebs erTeuli xvedriTi Zala 1 

niutoni). 

ξ da   mudmivebis ricxobrivi mniSvneloba damokidebulia Zalis, 

siCqaris, drois da manZilis ganzomilebebze. kerZod 
)1(1000 





g

, 

gamosaxulebaSi 81,9g  m/wm2 aris simZimis Zalis aCqareba. Cven ki miRebuli 

gvaqvs siCqaris ganzomileba m/wm-is nacvlad km/sT-Si. ganzomilebis 

gadayvanis Semdeg miviRebT 81,9g  m/wm2=
1000

360081.9 2
=127 000 km/sT2.. maSin 

)1(1000 





g
-is gaTvaliswinebiT miviRebT 







1

127
.                                (13.13) 

ξ da   mudmivebis ricxobrivi mniSvnelobebi mocemulia cnobarebSi, 

damokidebulia manZilis ganzomilebebze. 
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mbrunavi masebis inerciis koeficients )1(  , sxvadasxva tipis moZravi 

SemadgenlobisTvis aqvs sxvadasxva mniSvneloba.Mmisi ricxviTi mniSvneloba 

tolia: 

 eleqtromavlebisaTvis – 1,24 – 1,28, 

 TbomavlebisaTvis – 1,11 – 1,12, 

 satvirTo vagonebisaTvis, datvirTul mdgomareobaSi – 1,03 – 1,04m, 

 satvirTo vagonebisaTvis, cariel mdgomareobaSi – 1,08 – 1,09, 

 samgzavro vagonebisaTvis – 1,04 – 1,05.   

  

13.2. matareblis moZraobis diferencialuri  
    gantolebis analizi 

 

konkretuli matareblisTvis mbrunavi masebis inerciis koeficientis 

mniSvneloba damokidebulia lokomotivis da vagonebis tipze, maTi datvir-

Tvis xarisxze da a.S. amitom praqtikaSi misi zusti gansazRvra mTel rig 

sirTuleebTanaa dakavSirebuli.Aamitom sargebloben gaangariSebis ganzoga-

doebuli xerxebiT. kerZod iReben mbrunavi masebis inerciis koeficientis 

saSualo Sewonil mniSvnelobas mTeli matareblisTvis. magaliTad 

06,1)1(   -s da gansazRvraven xvedriTi aCqarebis saSualo mniSvnelobas 

            120
06.1

127

1

127






   

2sT

km

kn

n
.                    (13.14) 

zemoaRniSnuli saSualebas gvaZlevs, aCqarebis CvenTvis misaRebi ganzo-

milebisTvis, wevis reJimisTvis miviRoT diferencialuri gantolebis sami 

forma: 

)(120 wf
dt

dV
 ; 

2sT

km
, 

)(2 wf
dt

dV
 ;  wT

sT

km
,                               (13.15) 

 )(120 wf
dt

dV
 . wm

sT

km
. 

gantolebis pirveli forma mouxerxebelia, aCqarebis ganzomilebis sir-

Tulis gamo.Mmesame formis gamoyeneba SeiZleba mxolod swrafad mimdinare 

procesebis analizisaTvis. magaliTad, saswrafo damuxruWebis SemTxvevis-

Tvis.Ppraqtikul wevis angariSebSi, matareblis moZraobis analizisTvis 
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mosaxerxebelia diferencialuri gantolebis meore forma, sadac siCqaris 

cvlilebis drois erTeulad aRebulia wuTi.  

imis mixedviT, Tu erTdroulad ra Zalebi moqmedeben matarebelze, 

ganasxvaveben moZraobis sam reJims: 

wevis, Tavisufali gorvis da damuxruWebis reJims. 

TiToeul reJimSi, moqmed Zalebs Soris Tanafardobis mixedviT, SeiZleba 

gvqondes moZraobis gansxvavebuli sami SemTxveva.GganvixiloT es SemTxve-

vebi moZraobis calkeuli reJimisaTvis: 

a) wevis reJimi 

moZraobis diferencialur gantolebas aqvs Semdegi saxe 

)( 0 iwwff
dt

dV
  t ,                        (13.16)  

sadac,  )( 0 iwwff t . 

aq gvaqvs sami SemTxveva: 

1. 0tf  anu 0)( 0  iwwf ; maSin  0
dt

dV
;  aCqareba dadebiTia, matarebeli 

moZraobs aCqarebulad. 

2. 0tf  anu 0)( 0  iwwf ; maSin 0
dt

dV
; aCqareba uaryofiTia, matarebeli 

moZraobs Senelebulad. 

3. 0tf  anu 0)( 0  iwwf ; maSin 0
dt

dV
; aCqareba 0-ia. matarebeli moZraobs 

Tanabari siCqariT. 

b) Tavisufali gorvis reJimi 

moZraobis diferencialur gantolebas aqvs Semdegi saxe 

)( ix ww
dt

dV
  ,                            (13.17) 

sadac, )( iwwf t . 

aqac gvaqvs sami SemTxveva: 

1. 0 ix ww ; 0
dt

dV
; aCqareba dadebiTia, matarebeli moZraobs aCqarebulad. 

2. 0 ix ww ; 0
dt

dV
; aCqareba uaryofiTia, matarebeli moZraobs Senele-

bulad. 
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3. 0 ix ww ; 0
dt

dV
; aCqareba 0-ia. matarebeli moZraobs Tanabari siCqariT. 

g) damuxruWebis reJimi 

moZraobis diferencialur gantolebas aqvs Semdegi saxe 

)( ix wwbf
dt

dV
  t ,                         (13.18) 

sadac, )( ix wwbf t . 

aqac gvaqvs sami SemTxveva: 

1. 0)(  ix wwb ; 0
dt

dV
; aCqareba dadebiTia, matarebeli moZrobs aCqarebulad. 

2. 0)(  ix wwb ; 0
dt

dV
; aCqareba uaryofiTia, matarebeli moZraobs Senele-

bulad.                         

3. 0)(  ix wwb ; 0
dt

dV
; aCqareba 0-ia. matarebeli moZraobs Tanabari siCqariT. 

gamodis rom, Tu matarebelze momqmedi Zalebis tolqmedi 0-is tolia, 

matarebeli uZravia, an moZraobs Tanabari siCqariT.Yyvela sxva SemTxvevaSi 

matarebeli moZraobs aCqarebulad ( 0tf ), an Senelebulad ( 0tf ). 

 

13.3. moZraobis diferencialuri gantolebis  
         amoxsnis mizani da xerxebi 
 

matareblis moZraobis diferencialuri gantoleba, matarebelze momqmedi 

tolqmedi Zalis sididis mixedviT, gansazRvravs matareblis aCqarebas 

(Senelebas) da Sesabamisad moZraobis xasiaTs, moZraobis calkeuli reJime-

bisaTvis.  

moZraobis diferencialuri gantolebis amoxsnis Sedegad ganisazRvreba 

moZraobis siCqare, ganvlili manZili da svlis droebi gadasarbenebis 

mixedviT. 

moZraobis diferencialuri gantolebis amoxsnas arTulebs is, rom 

matarebelze momqmedi tolqmedi Zala sxvadasxva reJimSi funqciaa siCqaris 

(damokidebulia siCqareze), romelic warmoadgens saZiebel sidides.Ee.i. 

SeiZleba iTqvas, rom gvaqvs erTi gantoleba ori ucnobiT, rac maTematikurad 

amouxsnadia. aRniSnulis gamo aucilebelia winaswar gavTvaloT moZraobis 

TiToeuli reJimisaTvis matarebelze momqmedi tolqmedi Zalis damokide-

buleba siCqareze, cxrilebis an diagramebis saxiT, kerZod:  
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1. wevis reJimisaTvis V(f – w0), romelsac vuwodebT xvedriT amaCqarebel 

ZalTa diagramas; 

2. Tavisufali gorvis reJimisaTvis V(wx); 

3. damuxruWebis reJimisaTvis V(b + wx). 

am ukanasknelebs vuwodebT xvedriT Semanelebel ZalTa diagramebs 

(nax. 13.3). 

nax. 13.3-ze wyvetili xazebiT naCvenebia:  

xvedriTi wevis Zala ............................................. f; 

xvedriTi winaaRmdegobis Zala .................. w0, wx; 

xvedriTi samuxruWo Zala .............................. b; 

xolo uwyveti xazebiT: 

xvedriT amaCqarebel ZalTa diagrama )( 0wfV  ; 

xvedriT Semanelebeli ZalTa diagrama )( xwbV  . 

 
 
 
 
 
 
 
 

 
 
 
 
 

nax. 13.3. xvedriT ZalTa damokidebuleba siCqareze. 
 

amaCqarebel da Semanelebel ZalTa diagramebis Sesabamisad 13.4 a naxazze 

mocemulia matareblis siCqaris cvlileba gzis horizontalur ubanze 

moZraobisas. dasawyisSi xdeba matareblis daZvra da gaqaneba Va siCqaremde 

TiTqmis Tanabari aCqarebiT (radgan xvedriTi amaCqarebeli Zala ( 0wf  ) 

icvleba mcire farglebSi. ix. monakveTi 1-2 (nax. 13.3). Semdeg grZeldeba 

siCqaris zrda naklebi aCqarebiT (radgan 0wf   amaCqarebeli Zala mcirdeba. 

ix. monakveTi 2-3, (nax. 13.3) TanV  Tanabar siCqaremde. Tavisufal gorvaze 

gadasvlis Semdeg siCqare mcirdeba dV  mniSvnelobamde. dV  siCqareze irTveba 

samuxruWo saSualebebi da tb drois ganmavlobaSi siCqare ecema 0 mniSv-

nelobamdeN(nax. 13.4 a). 

f 
f0 f0 – w0 b0 b0 + w0x 

2 

 

 
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nax. 13.4. moZraobis siCqareebis damokidebuleba droze, 
sxvadasxva reJimis dros. 

 
13.4 b naxazze oab mrudi gviCvenebs siCqaris cvlilebas damuxruWebis 

gareSe. a wertilSi xdeba gadasvla Tavisufali gorvis reJimze, siCqare 

mcirdeba da b wertilSi matarebeli Cerdeba. vinaidan ganvlili manZili 

siCqaris da drois proporciulia, amitom oab mrudiT SemosazRvruli farTi  

ganvlili manZilis tolia.  

OABC mrudi gviCvenebs moZraobas meqanikuri damuxruWebis gamoyenebiT. am 

mrudiT SemosazRvruli farTic ganvlili manZilis proporciulia. orive 

SemTxvevaSi ganvlili manZili erTnairia OABCoab SS  . magram dro, romelic 

dasWirda mis gavlas Tavisufali gorvis SemTxvevaSi cb –sididiT metia, 

vidre damuxruWebis gamoyenebis SemTxvevaSi. 

sazogadod svlis droze mniSvnelovan zegavlenas axdens, rogorc 

damuxruWebis intensivoba, aseve daZvrisas matareblis gaqanebis intensivoba. 

(nax. 13.5 a, b).   

rom ganvsazRvroT matareblis aCqareba, Seneleba, svlis dro da a.S. 

saWiroa moZraobis diferencialuri gantolebis amoxsna (integrireba), rac, 

garkveul sirTuleebTanaa dakavSirebuli. kerZod, saWiroa amaCqarebel da 

Semanelebel ZalTa damokidebuleba siCqareze mocemuli gvqondes analizuri 
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nax. 13.5. a) damuxruWebis  da b) gaqanebis – intensivobis 
gavlena svlis droze. 

 

formiT. sxvagvarad, 13.3 naxazze uwyveti mrudeebi mocemuli unda iyos 

analizurad, rac dReisaTvis ar arsebobs. Ees gamowveulia imiT, rom wevis 

Zravas siCqare, wevis Zala da deni erTmaneTTan dakavSirebulia Zravas 

magnituri nakadiT, romlis damokidebuleba Zravas denze arawrfivia da 

dRemde ar aqvs analizuri aRwera. Aamitom Zravas damagnitebis mrudi, wevis 

maxasiaTeblebi da Sesabamisad amaCqarebeli mrudeebi mocemulia grafikulad. 

radgan gantolebis zusti amoxsna dakavSirebulia did sirTuleebTan, 

amitom, praqtikul angariSebSi iyeneben amoxsnis miaxloebiT meTodebs, 

romlebic dafuZnebulia siCqaris 

raime intervalSi 12 VVV   rea-

lurad momqmedi amaCqarebeli Zalis 

t2t1 ff  -is CanacvlebiT, amaCqare-

beli Zalis ucvleli saSualo 

mniSvnelobiT saS.f -Ti. (realuri 

21 VV   intervalis Sesabamisi 1-2 

mrudi icvleba ab saSualo mniSv-

nelobiT, anu realuri mrudi 

)( 0wfV   icvleba safexurisebri 

texiliT (nax. 13.6)). 

matareblis moZraobis diferencialuri gantolebis miaxloebiTi amoxsna 

SesaZlebelia analizurad, grafoanalizurad da grafikulad. 

 
 

nax. 13.6. xvedriT amaCqarebeli realuri  
mrudis Canacvleba, safexurisebri  

mrudiT. 
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13.4. moZraobis siCqaris grafoanalizuri gaangariSeba 

vTqvaT, matarebeli moZraobs Tanabari aCqarebiT da t1 momentSi misi 

siCqare iyo V1. t2 momentSi matareblis siCqare iqneba V2 da gaiTvleba 

formuliT  

)( 1212 ttaVV  ,                             (13.19) 

sadac a aris matareblis aCqareba. 

)( 12 tt   sidide aRvniSnoT Δt-Ti da gavixsenoT, rom tf
dt

dV
a  , maSin 

SegviZlia davweroT          
tf

VV
at




 2 .                               (13.20) 

Tu dros gadaviyvanT wuTebSi gveqneba  
tf

V
t






60
.                   (13.21) 

TanabaraCqarebuli moZraobis dros, ganvlili manZili ganisazRvreba 

rogorc                   saS.saS. tVVttSSS  )( 1212  

sadac, VsaS.  aris moZraobis saSualo siCqare  da ganisazRvreba rogorc 

2

21 VV
V


saS. .  

Tu gaviTvaliswinebT, rom       
t.f

VV
t


12  , 

maSin miviRebT          
t.t. f

VV

f

VV
S



)(500

2

)(1000 2

1

2

2

2

1

2

2 



                    (13.22) 

gaangariSebas vaxdenT siCqaris calkeuli ΔV intervalebisaTvis. vsaz-

RvravT Δt-s da Sesabamisad ΔS. maTi SekrebiT miviRebT sruli svlis dros 

tt   da jamur ganvlil manZils SS  . 

 

13.5. moZraobis mrudeebis gaangariSeba grafikuli  
         meTodiT 

 
sanam uSualod sakiTxs SevexebodeT, siamayiT gvsurs aRvniSnoT, 

romGgrafikuli gaangariSebis meTodebis SemuSavebaSi da danergvaSi cnobil 

rus specilistebTan g.v. lebedevTan, i.v.lomonosovTan, v.a.SevalinTan 

erTad didi wvlili miuZRvis gamoCenil qarTvel mecniers, eleqtruli 

wevis qarTuli skolis damfuZnebels, eleqtruli transportis kaTedris 
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Camomyalibebels, saqarTvelos mecnierebaTa akademiis wevr-korespodents, 

t.m.d-s, prof. levan abeliSvils. 

dRemde praqtikaSi farTod gavrcelebuli, diferencialuri gantolebis 

amoxsnis grafikuli meTodi, SedarebiT martivia da iZleva sakmaod zust 

Sedegebs. siCqaris mrudis grafikuli agebis dros gamoiyeneba kavSiri 

matarebelze momqmed amaCqarebel (Semanelebel) Zalebsa da siCqares Soris, 

anu viyenebT winaswar specialur masStabSi agebul amaCqarebel da 

Semanelebel ZalTa diagramebs )( 0wfV  , )( xwV , )( xwbV  .  

grafikuli gaangariSebisTvis mizanSewonilia gamoviyenoT Semdegi masS-

tabebi: 

drois _ tm , 

siCqaris _ m , 

manZilis _ 
sm . 

rogorc zemoT vnaxeT, grafikuli integrirebis dros aiReba siCqaris 

calkeuli intervalebi da keTdeba daSveba, rom siCqaris cvlilebisas V1-dan 

V2-mde matarebelze momqmedi xvedriTi amaCqarebeli (Semanelebeli) Zala ar 

icvleba da tolia saSualo mniSvnelobis saS.)( 0wf   (nax. 13.6).  

vTqvaT, romelime tipis lokomotivisaTvis da raRac wonis matareblis-

Tvis agebuli gvaqvs amaCqarebel ZalTa diagrama )( 0wfV   miRebul masS-

tabebSiN(nax. 13.3). aseve vTqvaT elementarul ΔS manZilze siCqare icvleba 

ΔV farglebSi ab kanoniT (nax. 13.7).Aam dros matarebelze moqmedi xvedriTi 

Zala realurad icvleba 1)( 0wf  -dan 2)( 0wf  -mde.Mmagram vTvliT, rom is ar 

icvleba da aris saSualo mniSvnelobis toli saS.)( 0wf  N(AC wrfe nax. 13.7). 

am Zalas Seesabameba saSualo siCqare OCV saS . samkuTxed abd-dan ganvsaz-

RvroT tgβ, miviRebT 

ad

bd
tg   

smSad  , xolo VmVbd   radgan ts tmmVSm  saS. , maSin miviRebT 

s

V

mtV

mV
tg






saS

 .                            (13.23) 

samkuTxed OAC-dan tg  tolia 

OC

AC
tg  . 
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nax. 13.7. siCqaris mrudis grafikuli agebis principi. 

 

AC tolia fmwf  saS.)( 0 , xolo mVOC saS. . e.i. 

V

f

mV

mwf
tg

saS.

saS.)( 0
 .  

diferencialuri gantolebidan   


a
wf  saS.)( 0  . 

Tu gaviTvaliswinebT, rom aCqareba tolia 
t

V
a




 , maSin 

V

f

mVt

mV
tg






saS.
 .                             (13.24) 

Tu kuTxeebi  da  tolia maSin ab marTobia AO-si. 

gavutoloT tg da tg erTmaneTs. miviRebT 

t

V

V

f

mtV

Vm

mVt

mV










saS.saS.
. 

gamartivebis Semdeg (erTnairi sidideebis Sekvecis Semdeg) miviRebT 

s

V

V

f

m

m

m

m



, 

saidanac manZilis masStabi       
f

V
s

m

m
m

2

 .                            (13.25) 


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Tu sworad SevirCevT siCqaris mV, manZilis ms, xvedriTi Zalebis fm  

masStabebs, maSin kuTxeebi  da  iqneba toli. Cveulebriv uSveben samidan 

or masStabs, xolo mesames gaiangariSeben. 

Tu moZraoba xdeba nulovan qanobze, maSin agebis polusi p emTxveva 

koordinatTa saTaves 0 wertils. aRmarTebisTvis polusi gadaadgildeba 

marcxniv imden danayofze, ramdenicaa qanobi xolo TavdaRmarTebisaTvis  

polusi gadaadgildeba Sesabamisad marjvniv imden danayofze, ramdenicaa 

qanobi.  

 

13.5.1. siCqaris mrudis agebis Tanmimdevroba 
 

1. pirvel etapze mocemuli tipis eleqtromavlisaTvis da gansazRvruli 

wonis matareblisaTvis, vangariSobT da saTanado masStabSi vagebT 

amaCqarebel )( 0wfV   da Semanelebel )( xwV ; )( xwbV   ZalTa diagramebs 

nulovani qanobisaTvis. 

2. meore etapze vawarmoebT profilis gasworebas da saTanado masStabSi 

gamovxazavT milimetrebian formatze. 

milimetrebian formatze siCqares gadazomaven ordinatTa RerZze  

saTanado siCqaris masStabSi. amaCqarebel da Semanelebel ZalTa diagramebs 

vuTavsebT siCqaris RerZs. 

siCqaris intervalebs viRebT Semdeg farglebSi: 

avtomatur  maxasiaTebelze gasvlamde 10 km/sT, avtomatur maxasiaTebelze  

5 km/sT, Tavisufali gorvis reJimisaTvis 10 km/sT, damuxruWebis reJimSi  

maqsimaluridan 50 km/sT siCqaremde – 10 km/sT; 50 km/sT siCqaris qvemoT 5 km/sT. 

 

a) wevis reJimi 

siCqaris mrudis V(S) agebas viwyebT sadguris centridan, romelic 

rogorc wesi, mdebareobs nulovan qanobze.Aamave dros ar unda dagvaviwydes, 

rom matareblis moZraoba ganixileba, rogorc erTi wertilis, misi 

simZimis centris moZraoba. agebisTvis viyenebT amaCqarebel ZalTa 

diagramas )( 0wfV  . 

vuSvebT siCqaris cvlilebis pirvel intervals 100)( 1 V  km/sT (nax. 

13.8). am intervalis saSualo siCqarisaTvis (5 km/sT) vsazRvravT amaCqarebeli 

Zalis saSualo  mniSvnelobas (a  wertili). am wertils, grZeli saxazavis 
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nax. 13.8. siCqaris mrudis ageba matareblis daZvris 
dros. 

 
saSualebiT, vaerTebT agebis p polusTan, romelic nulovani qanobisTvis 

emTxveva O wertils da O wertilidan vavlebT aO-s marTobs pirveli inter-

valis sazRvramde a wertili; e.i pirvel intervalSi siCqare icvleba aO   

wrfis Sesabamisad. Semdeg viRebT siCqaris meore intervals 2010)( 2 V  km/sT, 

vsazRvravT saSualo siCqares 15 km/sT, mis Sesabamis saSualo amaCqarebel 

Zalas (b-wertili) b wertils vaerTebT saxazaviT O wertilTan da a 

wertilidan vavlebT marTobs ba   meore intervalis sazRvramde da a.S. Tu 

nulovani qanobi icvleba aRmarTiT, es niSnavs, rom am qanobis mniSvne-

lobiT mcirdeba amaCqarebeli Zala.Aamis gaTvaliswineba xdeba agebis 

polusis p gadataniT marcxniv O wertilidan imden danayofze, ramdenicaa 

qanobi. Tu qanobi uaryofiTia, Sesabamisad izrdeba amaCqarebeli Zala da 

polusi gadaadgildeba marjvniv, imden danayofze ramdenicaa qanobi. 

 
b) damuxruWebis reJimi 
 

damuxruWebis reJimSi siCqaris mrudis asagebad viyenebT Semanelebel 

ZalTa diagramas samosamsaxuro damuxruWebisTvis )5,0( xwbV   an saswrafo 

damuxruWebisTvis )( xwbV   siCqaris mruds vagebT ukumimarTulebiT. vTvliT, 

rom matarebeli gaCerebulia sadguris centrSi (O wertili) (ix. nax. 13.9). 

viRebT siCqaris pirvel intervals 0-10 km/sT. vsazRvravT saSualo 5 km/sT 

siCqarisTvis Semanelebeli Zalis saSualo mniSvnelobas (a-wertilis Sesa-

(kg) 
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bamisi). a wertils saxazaviT vaerTebT agebis polusTan (p wertili, 

romelic nulovani qanobisTvis emTxveva koordinatTa saTavis o wertils) da 

O wertilidan vavlebT oa-s marTob aO   monakveTs pirveli intervalis 

sazRvramde. Semdeg viRebT siCqaris meore intervals 10-20 km/sT. siCqaris 

saSualo mniSvnelobisTvis 15-km/sT, vsazRvravT Semanelebel Zalas (b wertili); 

b-wertils saxazaviT vaerTebT O wertilTan da a wertilidan vavlebT 

marTobs ba   meore intervalis sazRvramde, b wertiliDda a.S. agebas 

vagrZelebT manam, sanam ar moxdeba gadakveTa wevis reJimis Sesabamis 

siCqaris mrudTan (Vd wertili).Ees iqneba damuxruWebis siCqare, romelsac 

gzaze Seesabameba T simboloTi aRniSnuli damuxruWebis adgili. TO 

monakveTi Seesabameba samuxruWe manZils Sd. (nax. 13.9). 

 

 

 

 

 

 

 

 

 

nax. 13.9. siCqaris mrudis ageba damuxruWebis reJimSi. 

 
g) siCqaris mrudis ageba Tavisufali gorvis reJimSi 

Tavisufali gorvis reJimSi siCqaris mrudis asagebad viyenebT Semanele-

bel ZalTa diagramas )( xwV  (nax. 13.10). agebas vaxdenT analogiurad, siCqaris 

intervalebis mixedviT. intervalebs viRebT siCqaris klebis an zrdis 

tendenciis mixedviT (qvemoT an zemoT). viRebT pirvel intervals siCqaris 

mixedviT  90-80 km/sT. 

saSualo siCqarisaTvis 85 km/sT, vsazRvravT wx  saSualo  mniSvnelobas 

(a-wertili). a wertils saxazaviT vaerTebT agebis polusTan (p-wertili), 

romelic nulovani qanobisaTvis emTxveva koordinatTa saTaves O wertili. 

a-wertilidan vavlebT ap-s marTobs intervalis sazRvris gadakveTamde b 

wertili. Semdeg viRebT siCqaris meore intervals 80-70 km/sT da a.S. siCqare 

(km/sT) (km/sT) 

(n/kn) (m) 
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nax. 13.10. siCqaris mrudis ageba Tavisufali gorvis reJimSi. 
 

am reJimSi Seicvleba edcba   texiliT. siCqaris mrudis agebisas, agebis 

polusi P profilis gardatexis zonebSi gadaadgildeba: dadebiTi 

qanobebisaTvis koordinatTa saTavidan marcxniv, uaryofiTi qanobebisaTvis 

marjvniv imden danayofze ramdenicaa qanobi. 

 

13.5.2. matareblis svlis drois grafikuli gaangariSeba 
 

svlis drois mrudis t(s) grafikuli ageba xdeba siCqaris mrudis v(s) 

gamoyenebiT. gavarkvioT rogori SeiZleba iyos geometriuli kavSiri siCqaris 

mrudsa da drois mruds Soris. vTqvaT gzis AB monakveTze siCqare icvleba 

1-2 mrudiT, xolo svlis dro ab mrudiT (nax. 13.11). am dros ganvlili 

manZili Seadgens Δsms-s.  

samkuTxed abc-dan vwerT     
t

s

tm

sm

bc

ac
tg




 ,                          (13.26) 

sadac, mV, mt, ms Sesabamisad warmoadgenen siCqaris, drois da manZilis masStabebs.  

radgan saSV
t

s





, amitom        

t

s

m

mV
tg saS ,                           (13.27)  

e.i.  kuTxis tangensi pirdapirproporciulia AB monakveTze saSualo 

siCqaris VsaS mniSvnelobis. gadavzomoT koordinatTa saTavis O wertili-

dan marcxniv nebismieri sididis monakveTi Δ da mis bolodan aRvmarToT 

vertikali BA  . d wertilidan, romelic Seesabameba AB monakveTze 

ganviTarebul saSualo siCqares; gavavloT horizontali, romelic BA   

V(s) 
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vertikals gadakveTs d  wertilSi. es wertili SevaerToT koordinatTa 

saTavis O wertilTan. Od  -wrfe Δ monakveTTan qmnis  kuTxes, romlis 

tangensi tolia              






 V

mV

BO

dB
tg saS .                          (13.28) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 13.11. drois mrudis agebis principi. 
 

 da  kuTxeebis tolobis SemTxvevaSi, maTi tangensebi tolia 

 tgtg  .                              (13.29) 

Tu gautolebT erTmaneTs (13.27) da (13.28) gamosaxulebebis marjvena 

mxareebs, miviRebT   






 V

t

s mV

m

mV saSsaS . 

miRebul tolobaSi CavsvaT sm -is mniSvneloba (13.25) formulidan: 

f

V

m

m
ms

2

  . miviRebT           







V

t

f

V
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m

m

m
V

saS

saS

2



. 

                      aqedan    

s

tV

m

mm 
 .                               (13.30) 

masStabebis aseTi SerCevis pirobebSi ab iqneba Od  -s marTobi. miRebuli 

bc monakveTi Sesabamis mt masStabSi Seesabameba Δt dros, romelic 

(km) 
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dasWirdeba matarebels AB manZilis gasavlelad VsaS siCqariT moZraobisas 

(nax. 13.11.) 

praqtikulad drois mrudis ageba warmoebs Semdegnairad: 

agebul siCqaris mruds V(S) (0-1-2-3-4 texils) vyofT pirobiT ubnebad 0-1, 1-2, 

2-3, 3-4 da a.S. (nax. 13.12). TiToeuli ubnisaTvis vsazRvravT saSualo siCqaris 

mniSvnelobebs da vagegmarebT AB vertikalze (1, 2 da a.S.). 1 wertils 

vaerTebT saxazaviT koordinatTa saTavis O wertilTan da vavlebT  1-O-s 

marTobs, pirveli ubnis ΔS1 sazRvramde Oa-s. a wertilis ordinati iqneba 

dro Δt1, romelic dasWirdeba matarebels ΔS1 ubnis gasavlelad. Semdeg 

viRebT momdevno ubans ΔS2, vsazRvravT saSualo siCqares V2-s, vagegmarebT 

AB vertikalze. 2 wertils vaerTebT O wertilTan saxazaviT da vavlebT 

mis marTobs a wertilidan ab-s, momdevno ubnis sazRvramde da a.S.  a  da b  

wertilebis  ordinatTa  sxvaoba mogvcems dros Δt2, romelic saWiro iqneba 

V2 saSualo siCqariT moZraobisas ΔS2 ubnis gasavlelad. Tu SevkrebT Δti 

droebs mTeli gadasarbenis farglebSi Δti, miviRebT svlis jamur dros 

(nax. 13.12). 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

diferencialuri gantolebebis grafikuli amoxsnis masStabebi 

moyvanili aris [13].  

nax. 13.12. drois mrudis ageba 
siCqaris mrudis gamoyenebiT. 

S 
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13.6. moZraobis diferencialuri gantolebis  
         integrirebis analizuri meTodi 
 

wevis angariSebs safuZvlad udevs moZraobis arawrfivi diferencialuri 

gantolebis integrireba. dReisaTvis cnobilia gantolebis amoxsnis ramde-

nime meTodi. 

matarebelTa wevis safuZvlebis, rogorc mecnierebis Camoyalibebis 

sawyis etapze, did interess iwvevda moZraobis arawrfivi diferencialuri 

gantolebis amoxsnasTan dakavSirebuli sakiTxebi. kerZod, diferencialuri 

gantolebis amoxsna saSualebas iZleva ganvsazRvroT matarebelTa moZraobis 

siCqareebi da svlis droebi, rac Tavis mxriv warmoadgens amosaval 

monacemebs orTqmavluri da Tbomavluri wevisaTvis sawvavis xarjis, xolo 

eleqtruli wevisaTvis eleqtroenergiis xarjis gansasazRvravad. 

imis gamo, rom moZraobis aRmweri diferencialuri gantoleba arawrfivia 

da DdRemde ar arsebobda misi amoxsnis analizuri meTodi, rogorc wrfivi 

diferencialuri gantolebebisTvis, amitom specialistTa umravlesoba 

iyenebda da iyenebs amoxsnis miaxloebiT (asimptotur) meTodebs.Ggarda 

aRniSnulisa lokomotivis wevis maxasiaTeblebze arsebuli mTeli rigi 

SezRudvebi (CaWidebiT, wevis Zravebis magnituri velis SesustebiT, siC-

qariT) ganapirobebs wevis maxasiaTeblis arawrfivobas, rac qmnis damatebiT 

sirTuleebs am amocanis gadawyvetaSi. aRniSnulis gamo, samwuxarod, dRemde 

moZraobis aRmweri arawrfivi diferencialuri gantolebis amoxsnisTvis 

iyeneben grafo-analizur an grafikul meTodebs. dRemde saswavlo saxelmZ-

RvaneloebSi da samecniero literaturaSi, ZiriTadad rogorc erTaderTi,  

es meTodebiaD gamoyenebuli. 

dReisaTvis kompiuteruli teqnikis arnaxuli ganviTareba da misi didi 

SesaZleblobebi, moZraobis arawrfivi diferencialuri gantolebis amoxsnis 

axali meTodebis gamoyenebis saSualebas iZleva.  

kerZod, sawyis diferencialur gantolebebSi: drois, siCqaris, aCqarebis 

ganzomilebis Sesabamisad icvlebian gadamyvani koeficientebi, romlebis-

Tvisac xdeba specialuri cxrilebis Sedgena. 

amave mizeziT mniSvnelovnad rTuldeba grafikuli da grafo-analizuri 

gaangariSebebi, radgan isini, agreTve, moiTxoven specialuri masStabebis 

SerCevas, romlebic rekomendebulia specialuri cxrilebis saxiT. 
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amocanis analizuri gadawyvetisaTvis aucilebeli xdeba martivi 

funqciis SerCeva, romelic kargad axdens texil-arawrfivi damokidebulebis 

)()( wfVQ   aproqsimirebas, amavdroulad, SesaZleblobas iZleva advilad 

movaxdinoT integrireba da miviRoT ararTuli formulebi, romlebiTac, 

Tavis mxriv, advilad Catardeba Sesabamisi gamoTvlebi. 

sxvadasxva dros sxvadasxva avtorebis mier SemoTavazebuli iyo sxvada-

sxva funqciebi, romlebic mTlianad, an calkeul ubnebze axdendnen )(VQ  

damokidebulebis aproqsimirebas. magaliTad, erTiani wrfis saxiT, samwevra 

parabolis saxiT da a.S. yvela es meTodi, uzustobis da saangariSo formu-

lebis sirTulis gamo, dRemde praqtikaSi ar gamoiyeneba. 

Cven mier qvemoT SemoTavazebulia axali wilad-wrfivi funqciis gamoye-

neba, romelic gansxvavebiT sxva cnobili funqciebidan, ukeTesad axdens 

)(VQ  damokidebulebis aproqsimirebas minimaluri cdomilebiT da gaangari-

SebisTvis miRebuli martivi gamosaxulebebis gamoyenebiT, SesaZleblobas 

iZleva gaangariSebebi CavataroT gamoTvliTi teqnikis saSualebiT. aRniSnul 

funqcias aqvs Semdegi saxe: 

bV

aVf
wfVQ






1

)1(
)()( 0 ,                       (13.31) 

sadac, a da b koeficientebia, romlebic ganisazRvrebian Semdegi gamosaxulebebiT: 

1

11 ]1)1([

V

bVA
a


 ;  

)(

])1()1[(

2121

1221

AAVV

VAVA
b




 ,             (13.32) 

sadac, 
0

1
1

)(

f

VQ
A  , 

0

2
2

)(

f

VQ
A  . 

        1V  da V2 arCeuli sacdeli wertilebis koordinatebi. 

       0)( fOQ   – funqciis maqsimaluri mniSvneloba, rodesac 0V . 

qanobebis gaTvaliswineba xdeba qvemoT moyvanili gamosaxulebebis safuZ-

velze                       i
bV

aVf
iVQ 














1

)1(
)( 0 .                       (13.33)  

Tu movaxdenT (13.33) gamosaxulebis martiv gardaqmnas miviRebT: 

bV

Vaf
iVQ ii






1

)1(
)( 0 ,                          (13.34) 

sadac, iff i  00 ; 

if

ibaf
ai






0

0 .                               (13.35) 
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(13.34) formulidan Cans, rom qanobebis arsebobis SemTxvevaSi, (13.35) 

formulis Tanaxmad unda vcvaloT mxolod f0 da a.  

 

a) wevis reJimis gaangariSeba 

(13.31) formulis gaTvaliswinebiT ZiriTad diferencialur gantolebebs 

eqnebaT Semdegi saxe:        
bV

aV
f

dt

dV









1

1

1

127
0


,                           (13.36) 

bV

aV
f

dS

dV
V









1

1

1

127
0


.                          (13.37) 

(13.36) da (13.37) gantolebebSi siCqare V-izomeba km/sT-Si; manZili S –km-Si. 

xvedriTi Zala f0 – 
t

kg
-Si an 














kn

n
-Si. 

sawyisi pirobebis gaTvaliswinebiT, rodesac 
0tt  , maSin 

0VV  . (13.36) da 

(13.37) gantolebebis integrirebis da garkveuli gardaqmnebis Semdeg sabolood  

miviRebT            












 )(

1

1
ln)(

1
0

00

20 aVaVb
aV

aV
ab

Fa
tt ,                (13.38) 

 












 2

0

2

0

00

30 )()(
2

))((
1

1
ln)(

1
aVaV

b
aVaVab

aV

aV
ab

Fa
ss ,      (13.39)                                                     

sadac, 



1

127 0
0

f
F . 

(13.38) da (13.39) gamosaxulebebiT SegviZlia gavTvaloT drois damokide-

buleba siCqareze t(V) da ganvlili manZilis damokidebuleba siCqareze s(V), 

t(V) da s(V) damokidebulebebis saangariSo cxrilebis safuZvelze, erTi da 

imave  Vi siCqareebisTvis viRebT drois ti da manZilis si mniSvnelobebs da 

advilad gavTvliT damokidebulebas t(s). 

aq xazgasmiT unda aRiniSnis, rom (13.38) da (13.39) gamosaxulebebis Tanaxmad, 

drois, siCqaris da manZilis ganzomileba SeiZleba iyos nebismier 

erTeulSi,Aanu ar arsebobs cvladebis specialur erTeulebSi ganzomile-

bebis moTxovnebis dacvis aucilebloba. 

 

b) damuxruWebis reJimis gaangariSeba 

am SemTxvevaSi samuxruWe amocanebis saerTo gadawyveta SeiZleba miviRoT 

damuxruWebis reJimis Sesabamisi diferencialuri gantolebebis integrire-

biT. samuxruWe amocanis gadawyvetisas  gamoiyeneba funqcia 
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xwbVQ  dd 5.0)( .                             (13.40) 

es damokidebuleba, iseve rogorc wevis reJimSi, mocemulia cxrilis 

saxiT. rogorc mravalricxovanma gaTvlebma aCvena es damokidebuleba, aseve, 

kargad SeiZleba iyos aproqsimirebuli Semdegi saxis wilad-wrfivi funqciiT 

nV

mVf
VQ m






1

)1(
)(d ,                            (13.41) 

sadac,  m da n mudmivi koeficientebia, romlebic ganisazRvreba cnobili 

meTodiT Qd(V) mrudidan, Semdegi Tanafardobidan 

)(

)1()1(

1221

1221

AAVV

VAVA
n




 ;  1)1(

1
11

1

 nVA
V

m ,                  (13.42) 

sadac, 1
)0(


m

m

m f

f

f

Qd
, 

mf

VQ
A

)( 1

1

d
 ,   

mf

VQ
A

)( 2

2

d
 . 

Q    Qd(V1) daQQd(V2) aris xvedriTi samuxruWe Zalebis mniSvnelobebi V1 da V2 

siCqareebze. 

  fm – maqsimaluri xvedriTi samuxruWe Zala, rodesac V =0. 

zemoTganxilulis msgavsad qanobebis arsebobis SemTxvevaSi gveqneba 

i
nV

mV
fiVQ m 






1

1
)(d .                        (13.43)  

Aaqedan  SegviZlia davweroT 

nV

Vm
fVQ i

mii





1

1
)(d ,                            (13.44) 

sadac, )( iff mmi  ;   

if

inmf
m

m

m
i




 .                                 (13.45) 

rogorc vrwmundebiT (13.44) da (13.45) gamosaxulebebi msgavsia (13.33) gamo-

saxulebis. 

damuxruWebis reJimis Sesabamis diferencialur gantolebebs eqnebaT 

Semdegi saxe:               
nV

mV
f

dt

dV
m









1

1

1

127


,                          (13.46)                          

nV

mV
f

dS

dV
V m









1

1

1

127


.                         (13.47) 

sawyisi pirobebis gaTvaliswinebiT, rodesac 0t , maSin 0VV   (13.44)  da 

(13.45) gantolebebis integrirebiT sabolood miviRebT 















mV

mV
mnmVmVn

Fm
tt

m 1

1
ln)()(

1 0
020 ;               (13.48) 

 












 22

0
0

030 )()(
21

1
ln)())((

1
mVmV

n

mV

mV
nmmVmVnm

Fm
SS

m

,    (13.49) 
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sadac, 



1

127 m
m

f
F . 

(13.48) da (13.49) gamosaxulebebiT SegviZlia gamovTvaloT  damokidebule-

bebi 

)(Vftm  ,  )(VfSm  . 

wevis reJimis msgavsad SegviZlia ganvsazRvroT )(Sftm  . 

 
g) Tavisufali gorvis reJimis gaangariSeba 

am reJimSi moZraobisadmi xvedriTi winaaRmdegobis Zala iqneba 

iwx   

damokidebuleba )(Vwx
 mocemulia cxrilis da Sesabamisi diagramis saxiT. 

misi aproqsimaciisTvis, aseve, warmatebiT SeiZleba gamoviyenoT gamosaxuleba 

Vn

Vm
wVQ

1

1
0

1

1
)(




g ,                           (13.50) 

sadac, w0  aris xvedriTi winaaRmdegobis Zala, rodesac 0V . 

m1 da n1 ganisazRvreba Qg(V)  mrudidan aRebuli sacdeli wertilebis 

SerCeviT, Semdegi gamosaxulebebiT: 

)(

)1()1(

2121

1221
1

AAVV

VAVA
n




 ,  ]1)1([

1
111

1

1  VnA
V

m ,           (13.51) 

sadac, 
0

1

1

)(

w

VQ
A

Tg
 ,   

0

2

2

)(

w

VQ
A

Tg
 . 

qanobebis arsebobis SemTxvevaSi gveqneba iVQ )(T  da saboloo gantolebas 

eqneba saxe                      
Vn

Vm
wVQ i

ii

1

1
0

1

1
)(




g ,                                        (13.52) 

sadac, iww i  00 ,   
iw

inwm
m i






0

101
1 . 

Tu (13.52) gantolebas CavsvamT ZiriTad diferencialur gantolebebSi 

miviRebT: 

Vn

Vm
w

dt

dV

1

1
0

1

1

1

127









,                          (13.53) 

                
Vn

Vm
w

dS

dV
V

1

1
0

1

1

1

127









.                        (13.54) 

integrirebis Semdeg, sawyisi pirobebis gaTvaliswinebiT (rodesac 0tt  , 

0VV  ), sabolood  SegviZlia davweroT: 



 286 














 )(

1

1
ln)(

1
1011

1

01
112

1

0 VmVmn
Vm

Vm
nm

Fm
tt

g

,               (13.55)             














 ])()[(

21

1
ln)())((

1 2

1

2

01
1

1

01
11101113

1

0 VmVm
n

Vm

Vm
nmVmVmnm

Fm
SS

g

,  (13.56) 

sadac, 



1

127 0w
Fg . 

amgvarad, SesaZlebelia praqtikuli angariSebisaTvis sakmarisi sizustiT 

gaviangariSoT Tavisufali gorvis reJimi. 

wevis gaangariSebis warmodgenili analizuri meTodis sizustis ilust-

rirebisTvis, ganvixiloT konkretuli magaliTebi wevis (daZvra da gaqanebi), 

damuxruWebis da Tavisufali gorvis reJimebisaTvis, gzis horizontalur 

monakveTebze (qanobebis gauTvaliswineblad). 

 

13.7. wevis gaangariSebis analizuri meTodis  
         magaliTebi  
 

1. wevis reJimi  

13.13 a naxazze 1 mrudis saxiT (msxvili xazi), mocemuliaDВЛ80
к  eleqt-

romavlis wevis maxasiaTebeli xvedriT formaSi, aRebuli [1].  cxrilidan, 

e.w. amaCqarebel ZalTa diagrama )( 0wfV  . sacdeli ori wertilis koordi-

natebisTvis [ 601 V
sT

km
, 8)( 10 wf  

t

kg
 da 902 V km/sT; 1)( 20 wf  

t

kg
], (13.30) 

gamosaxulebis Tanaxmad vsazRvravT koeficientebs 1075,0a , 005952,0b . 

(13.31) gamosaxulebis safuZvelze vsazRvravT maproqsimirebel 2 mruds 

(nax. 13.13-ze wvrili jvrebiani xazi). am dros 5,140 f  kg/t. 

rogorc naxazidan Cans, maproqsimirebeli mrudi 2 sakmaod axlosaa 

sawyis 1 mrudTan. (13.38) da (13.39) gamosaxulebebiT gavTvliT damokidebulebebs 

t(V) da S(V). am mrudeebis cxrilebis monacemebiT vagebT drois damokide-

bulebas ganvlil manZilze t(s). es damokidebuleba t(s) SeiZleba avagoT ukve 

arsebuli ori mrudis t(V) da S(V) saSualebiT, romlebidanac erTi da igive 

siCqaris Vi mniSvnelobisaTvis davadgenT ti da Si mniSvnelobebs.Ffunqcionaluri 

damokidebulebebi t(V), S(V), t(s) mocemulia 13.13 b naxazze.  

Cven mier SemoTavazebuli analizuri da arsebuli grafikuli meTodiT 

miRebuli gaangariSebebi mocemulia 13.1 cxrilSi. 
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nax. 13.13 

                                                   cxrili 13.1 

V  20 30 40 50 60 70 80 

S graf. 124 291 562,4 916,5 1396,6 2187,5 3750 

Sanal. 137 291 547,7 915,8 1482 2213 3615 

  

rogorc cxrilidan Cans gansxvaveba miRebul Sedegebs Soris praqtikuli 

gaangariSebebisaTvis umniSvneloa. gaangariSebis arsebuli grafikuli meTodi, 

miuxedavad garkveuli uxerxulobebisa, xasiaTdeba sakmao sizustiT. amis 

dasamtkiceblad qvemoT ganvixilavT konkretul magaliTs, rodesac wevis 

reJimis gantolebas aqvs analizuri amoxsna. Aam mizniT ganvixiloT wevis 

(gaqanebis) reJimi, rodesac xvedriTi amaCqarebeli Zala icvleba kanoniT 

 bVawf  .                            (13.57) 

Tu wevis reJimis Sesabamis diferencialur gantolebaSi CavsvamT (13.57) 

gamosaxulebas, integrirebis Semdeg miviRebT 












 bV

bVa

a
a

b
S ln

1

120

1000
2

                         (13.58) 

koeficientebis cnobili konkretuli mniSvnelobebisaTvis 15a kg/t; 1363,0b   

gaangariSebiT miRebuli konkretuli mniSvnelobebi mocemulia 13.2 cxrilSi. 

SedarebisTvis aqve mocemulia grafikuli meTodiT miRebuli gaangariSebis 

Sedegebi. 

                                                                                        cxrili 13.2 

V 10 20 30 40 50 60 70 
S graf 31,22 145,8 354 687,5 1208,33 2043,3 3437,5 
S anal 29,58 126,72 307,34 593,8 1018,7 1632,9 2521,26 

a) b) 
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2. damuxruWebis reJimi 

am reJimisaTvis funqcionaluri damokidebuleba xvedriT samuxruWo 

Zalasa da siCqaris Soris )5,0( 0wbV T  , e.w. Semanelebel ZalTa diagrama 

mocemulia 13.13 a naxazze, (mrudi 3). sacdeli wertilebis mniSvnelobebisaTvis 

251 V  km/sT, 4,26)( 1 VQd  kg/t; 802 V  km/sT, 6,18)( 2 VQd  kg/t; (13.42) formule-

bis gamoyenebiT gamovTvliT koeficientebis mniSvnelobebs 01152.0m , 

04888.0n  da (13.41) formuliT gavTvliT damokidebulebas )(VQd . samuxruWo 

Zalis aproqsimaciis sakmarisi sizustis Sesafaseblad, gaangariSebiT 

miRebuli Sedegebi warmodgenilia cxrili 13.3 saxiT. 

                                                              cxrili 13.3 

V 0 10 20 30 40 50 60 70 80 90 100 
real. 
mrudi 

45.8 34.0 28.1 24.6 22.6 21.0 19.9 19.2 18.7 18.3 18.2 

aproqs. 
mrudi 

45.8 33.86 28.22 24.94 22.79 21.28 20.1 19.2 18.59 18.0 17.56 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 13.14 
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rogorc (13.3) cxrilidan Cans, zemomoyvanili meTodiT aproqsimireba 

sakmaod zustia. Tu CavsvamT ricxviT mniSvnelobebs 01152.0m  da 04888.0n  

(13.55) da (13.56) formulebSi, SegviZlia gamovTvaloT t(V) da S(V) samuxruWo 

reJimisaTvis. gaangariSebiT miRebuli funqcionaluri damokidebulebebi 

mrudeebis saxiT warmodgenilia 13.14 naxazze. 

am SemTxvevaSi ar aris aucilebeli grafikuli gaangariSebiT miRebuli 

sidideebis moyvana, radgan analizuri gaangariSebis meTodi gacilebiT 

zustia grafikulze. 

 

3. Tavisufali gorvis reJimi 

am reJimisaTvis moZraobisadmi winaaRmdegobis Zalis damokidebuleba 

siCqareze )(Vwx  mocemulia 13.13 a naxazze. (mrudi 4). sacdeli wertilebis 

mniSvnelobebisaTvis 401 V  
sT

km
, 4,3xw  

t

kg
 da 4,32 V  

t

kg
, 0,6xw  

t

kg
, (13.51) 

formulebiT ganvsazRvravT koeficientebis mniSvnelobebs 000959.01 m  da 

006675.01 n .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 13.15 

( ( 

( 

( ) 

 

  
) ) 

) 
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cnobili m1 da n1 mniSvnelobebisTvis (13.50) formuliT gamovTvliT 

maproqsimirebel funqcias Qg(V) da igive mosazrebebiT, rogorc damuxruWebis 

reJimisTvis, monacemebs SevitanT  cxrilSi (cxrili 13.4). 

                                                                 cxrili 13.4 

V 0 10 20 30 40 50 60 70 80 90 100 
real. 
mrudi 

2.4 2.55 2.76 3.40 3.65 3.83 4.32 4.89 5.52 6.23 7.00 

aproq. 
mrudi 

2.4 2.59 2.8 3.086 3.4 3.774 4.232 4.82 5.54 6.52 7.20 

 

(13.55)-(13.56) gamosaxulebebiT viTvliT funqcionalur damokidebulebebs 

t(V), S(V) da maTi saSualebiT t(S). aRniSnuli funqcionaluri damokidebu-

lebebi mocemulia 13.15 naxazze. 

 

13.8. matareblis moZraobis diferencialuri  
         gantolebis ricxviTi integrireba 
 

akademikosma a.n.krilovma erTmaneTisgan ganacalkava diferencialuri 

gantolebebis miaxloebiTi amoxsnis  Semdegi jgufebi: 

1. saerTo integralis daSla mwkrivebad. 

2. Tanmimdevruli miaxloebis xerxis gamoyeneba, 

3. miaxloebiTi ricxviTi integrireba. 

wevis gaangariSebis dros ar aris aucilebeli matareblis moZraobis 

aRmweri diferencialuri gantolebis zogadi amoxsnis povna. sakmarisia 

kerZo amonaxsnis povna, romelic akmayofilebs sawyis pirobebs. amasTanave 

araa aucilebeli saZiebeli amonaxsni warmodgenili iqnes analizurad an 

funqciis saxiT. sakmarisia is warmovadginoT Sesabamisi mrudeebis saxiT, 

romlebic warmoadgenen moZraobis diferencialuri gantolebis amonaxsns. 

qvemoT ganvixilavT am meTodTagan erT-erTs, eileris meTods.   

vTqvaT saZiebeli funqcia ganisazRvreba diferencialuri gantolebiT 

),( yx
dx

dy
                                  (13.59) 

sawyisi pirobiT 00 )( yxy  . 

Tu SevirCevT mcire bijs h da miviRebT, rom sanam  x imyofeba x0 da 

hx 0  Soris, maSin y mcired gansxvavdeba y0-gan, warmoebuli 
dx

dy
 inarCunebs 
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mudmiv mniSvnelobas ),( 00 yx  da Sesabamisad gansaxilvel intervalSi     

SegviZlia davweroT 

),()( 0000 yxxxyy  .                          (13.60) 

rodesac hxx  0
, maSin 

1000 ),( yyxhyy   . 

meore intervalisTvis, rodesac hxx 21    

2111 ),( yyxhyy     da a.S. 

amgvarad viRebT xi, yi wertilebs, romlebic texili xazis mwvervalebia da 

romelic Tavis mxriv warmoadgens (13.59) diferencialuri gantolebis 

amonaxsns. zogadad nebismieri yi-is Tvis SegviZlia davweroT 

),(1 iiii yxhyy 
 )3,2,1,0( i .                     (13.61) 

rac naklebia biji h, miT ufro axlosaa miRebuli texili saZiebel 

integralur )(xyy   mrudTan. 

 
magaliTi: 

 
eileris meTodiT vipovoT damokidebuleba V(S) matareblis gaqanebisas 

19km/sT siCqaridan 40km/sT siCqaremde. 

gavixsenoT matareblis moZraobis diferencialuri gantoleba Cawerili 

meore formaSi 

tf
dS

dV
V  .                               (13.62) 

Tu SevadarebT erTmaneTs (13.62)-s da (13.59)-s vnaxavT, rom  y-s Seesabameba 

V, x-s Seesabameba s, xolo ),( ii yx -s Seesabameba 
V

tf
. maSin, Tu miviRebT, rom  

190 V km/sT-s; aRniSnul siCqareze (amaCqarebel diagramidan) 82,5tf  
kn

n
-s 

da SevirCevT bijs 1.0h  km-s, miviRebT: 

7,22
19

82.5
1201.0192 V  

sT

km
. 

mesame intervalisTvis 

3.25
7.22

94.4
1201.07,223 V  

sT

km
. 
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Semdgom angariSs vakeTebT cxrilis saxiT (ix. cxrili 13.5). 

cxrili 13.5 

S   m V  km/sT ft   n/kn Δv  km/sT 

0 19,0 5,82 3,7 

100 22,7 4,94 2,6 

200 25,3 4,29 2,0 

300 27,3 3,91 1,7 

400 29,1 3,60 1,5 

500 30,6 3,39 1,3 

600 31,9 3,21 1,2 

700 33,1 3,04 1,1 

800 34,2 2,89 1,0 

900 35,2 2,75 0,9 

1 000 36,2 2,65 0,9 

1 100 37,1 2,55 0,8 

1 200 37,9 2,46 0,8 

1 300 38,7 2,37 0,7 

1 400 39,4 2,29 0,7 

1 500 40,1 2,21 0,7 

 

rogorc cxrili (13.5)-dan Cans matarebeli 19km/sT siCqaridan 40,1km/sT 

siCqaremde gaqandeba 1 500 m manZilze. 

rogorc eileris meTodi amtkicebs, rac mcire sididisa biji h, miT 

ufro didia gaTvlis sizuste. Mmagram irkveva, rom didi masStabis gaTvle-

bisas, iseTi didia cdomilebaTa raodenoba, rom maTma jamma SeiZleba 

miaRwios mniSvnelovan sidides.Ees cdomilebebi gamowveulia imiT, rom 

gansaxilvel intervalebSi x da y sidideebi aiReba, rogorc ucvleli da 

intervalis sawyisSi aRebuli mniSvnelobebis toli, rac sinamdvileSi ase 

ar aris. 
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XIV Tavi 

wevis gaangariSeba 

14.1. wevis gaangariSebis mizani 
 

wevis gaangariSebis mizans Seadgens matareblebis wonebis, saubno svlis 

droebis, moZraobis dasaSvebi siCqareebis dadgena, lokomotivebis simZlav-

ris da matareblebis kinetikuri energiis maqsimaluri mniSvnelobebis gamoye-

nebis pirobebSi.AamasTanave, wevis gaangariSebebiT dgindeba matareblebis 

racionaluri tarebis reJimebi, eleqtroenergiis minimaluri xarji. warmoebs 

samuxruWo amocanebis gadawyveta. 

wevis gaangariSebis Tanmimdevroba Semdegia: 

1. profilis gasworeba. 

2. eleqtromavlebis da vagonebis mocemuli tipisaTvis matareblebis 

wonebis dadgena. 

3. xvedriT amaCqarebel da xvedriT Semanelebel ZalTa diagramebis ageba 

(moZraobis Sesabamisi reJimebisaTvis). 

4. matareblebis wonebis dazusteba, eleqtromavlis eleqtromowyobilo-

bebis gaxurebis mixedviT. 

5. moxmarebuli eleqtroenergiis xarjis gansazRvra. 

6. eleqtromomaragebis sistemis reJimebis dadgena. 

grafikuli gaangariSebis SemTxvevaSi vsargeblobT wevis gaangariSebis 

wesebiT [13] rekomendebul masStabebiT. 

maCveneblebs vsazRvravT Semdegi sizustiT: 

 qanobebi – mZimis Semdeg erTi niSani, 0.1‰-mde. 

 manZils – 0.1 km-mde. 

 Zalas – 50 n-is farglebSi damrgvalebiT. 

 xvedriTi Zalas – 0.01 n/kn sizustiT. 

 siCqares – 0.1 km/sT sizustiT. 

 Semadgenlobis wonas – 50 kn-is sizustiT. 

 svlis dros – 0.1 wT-is sizustiT. 

 eleqtroenergiis xvedriT xarjs – 0.1 kvt.sT /t km-is sizustiT. 

 eleqtroenergiis srul xarjs – 10 kvt.sT-is sizustiT. 

 gaxurebis temperaturas – 1C-s sizustiT. 
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14.2. profilis gasworeba 
 

rkinigzis profili Sedgeba calkeuli elementebisagan, romlebisTvisac 

damaxasiaTebelia garkveuli sigrZe da daxriloba (qanobi). gegmaSi rkini-

gzis xazi, garda sworxazovani ubnebisa, moicavs mrudxazovan ubnebs (mru-

deebs), romlebisTvisac damaxasiaTebelia mrudis radiusi an centraluri 

kuTxe da rkalis sigrZe. Qqanobebis da mrudeebis arseboba, rogorc viciT, 

dakavSirebulia moZraobisadmi damatebiTi winaaRmdegobis Zalebis gaCenasTan. 

amitom erTi tipis elementidan meoreze gadasvlisas icvleba matareblis 

moZraobisadmi winaaRmdegobis Zalis mniSvneloba da Sesabamisad moZraobis 

siCqare. rogorc zemoT vnaxeT, matareblis fizikuri modelis mixedviT, 

moZravi matarebeli warmogvidgeba, rogorc  materialuri wertili. yovelive 

aRniSnulis gamo gaangariSebebi unda vawarmooT profilis yvela elementi-

saTvis, rac ganuzomlad zrdis gaangariSebis moculobebs.Aamave dros vTvliT, 

rom erTi elementidan meoreze gadasvlisas matareblis moZraobisadmi 

winaaRmdegobis Zala icvleba myisve. sinamdvileSi realur matarebels 

gaaCnia garkveuli sigrZe da is SeiZleba erTdroulad iyos ganTavsebuli 

ramdenime elementze, magaliTad ise, rogorc naCvenebia 14.1 naxazze. amitom, 

mizanSewonilia angariSebSi, erTi mxriv erTmaneTis mijriT ganTavsebuli, 

raodenobrivad mcired gansxvavebuli, erTnairi niSnis elementebi (aRmar-

Tebi, an TavdaRmarTebi) Seicvalos erTi elementiT; xolo meore mxriv 

realurad arsebuli mrudeebi, Seicvalos fiqtiuri qanobebiT (aRmarTebiT). 

aRniSnul process ewodeba profilis gasworeba. 

zogadi ganmarteba: gasworeba gulisxmobs realuri profilis iseTi 

fiqtiuri profiliT Secvlas, romlis daZlevazec daixarjeba igive 

energia, rac daixarjeboda realuri profilis SemTxvevaSi. 

gasworeba tardeba or etapad: profilSi da gegmaSi. 

 

14.2.1. gasworeba profilSi 

vTqvaT gvaqvs sami erTnairi niSnis qanobi (qanobis mcneba ix. me-2 TavSi), 

romelTa mniSvnelobebia і1‰, і2‰ da і3 ‰, xolo Sesabamisi sigrZeebia S1, S2 

da S3 (nax. 14.1). 

Tu matarebeli moZraobs realur abcd profilze, maSin winaaRmdegobis 

Zalebis daZlevaze Sesrulebuli realuri muSaoba Ar toli iqneba 
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nax. 14.1.  profilis gasworeba. 

 

330220110 ))(())(())(( SwwQPSwwQPSwwQPA r ,        (14.1) 

sadac w0 aris matareblis moZraobisadmi ZiriTadi xvedriTi winaaRmdegoba n/kn. 

       1w , 2w , 3w Sesabamis elementze qanobiT gamowveuli damatebiTi xvedriTi 

winaaRmdegoba, n/kn. 

        S1, S2, S3 – Sesabamisi elementebis sigrZeebi, metrebSi.  

Tu gaviTvaliswinebT, rom 11 iw  , 22 iw  , 33 iw   (qanobiT gamowveuli 

xvedriTi winaaRmdegobis Zala TviT am qanobis tolia), maSin (14.1)-is 

nacvlad SegviZlia davweroT 

  330220110 ))(())(())(( SiwQPSiwQPSiwQPA r .           (14.2) 

Tu mocemuli sami elementis nacvlad aviRebT erT elements ad-s, 

romlis qanobis mniSvnelobas aRvniSnavT gi ‰, xolo sigrZe iqneba kSS g , 

maSin am elementis daZlevaze daxarjuli muSaoba (energia) Ag toli iqneba 

ggg SiwQPA ))(( 0
 .                          (14.3) 

zogadi ganmartebis Tanaxmad es ori muSaoba unda iyos erTmaneTis 

toli rg AA  . gavutoloT (14.2)-is da (14.3) formulis marjvena mxareebi 

erTmaneTs, miviRebT: 
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gg SiwQPSiwQP kk ))(())(( 00
 .              (14.4) 

orive mxares SevkvecavT )( QP  -ze da gavxsnaT frCxilebi, miviRebT    

ggg SiSwSiSw kkk
 00 . 

Tu gavitanT jams gareT w0 da gaviTvaliswinebT rom gSSk  , maSin 

SegviZlia davweroT        gggg SiSwSiSw kk
 00  

                   anu           ggSiSi kk
  

                   aqedan          
g

g
S

Si
i kk
 .                              (14.5) 

zemoT msjelobisas daSvebuli gvqonda, rom calkeul elementebze 

moZraobisadmi ZiriTadi xvedriTi winaaRmdegobis Zalebi iyo erTnairi, 

rac, ra Tqma unda, niSnavs am elementebze siCqareTa tolobas; es ki ar 

Seesabameba sinamdviles. cxadia, cdomileba iqneba miT ufro didi, rac 

ufro didi iqneba gansxvaveba elementebis qanobebs Soris. amitom, gasworeba 

SeiZleba mxolod iseTi elementebis, romelTac aqvT erTnairi niSani da 

daaxloebiT erTnairi daxrilobis qanobi.Qqanobis gasworebis SesaZleblobis 

kriteriumi SegviZlia CamovayaliboT ase: 

2000 kk Siig ,   

                    an 

ik

k
ii

S






2000

||

2000

g

,                            (14.6) 

sadac , kiii  g . 

fizikurad aRniSnuli niSnavs, rom gasworebul da realur profilze, 

qanobiT gamowveul damatebiTi winaaRmdegobis daZlevaze daxarjul muSao-

bebs (energiebs) Soris, gansxvaveba ar unda aRematebodes 2 000 jouls. 

 

14.2.2. gasworeba gegmaSi 

matareblis moZraobis siCqaris gansazRvrisas, rom gaviTvaliswinoT 

mrudeebiT gamowveuli damatebiTi winaaRmdegobis Zalebis zegavlena siCqa-

reze, realur mrudeebs cvlian fiqtiuri qanobebiT (aRmarTebiT), im mosaz-

rebiT, rom am fiqtiuri aRmarTebis daZlevaze daixarjeba igive muSaoba, 

rac realuri mrudeebiT gamowveul winaaRmdegobis ZalTa daZlevaze. 

Aaqedan gamomdinare vwerT: 
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nn SQPwSQPwSQPwA mr.mr.mr.2mr.2mr.1mr.1mr )()()(   .        (14.7) 

Tu gaviTvaliswinebT, rom mrudiT gamowveuli winaaRmdegobis Zala (ix. 

Tavi 2)                           
mr

mr
R

w
700

 , 

                 maSin 

 k

k

SQP
R

SQP
R

SQP
R

A mr.

mr,

mr.2

mr.2

mr.1

mr.1

mr )(
700

)(
700

)(
700

  

k

k

R

S
QP

mr,

mr,
)(700                              (14.8) 

gasworebul fiqtiur qanobze daxarjuli muSaoba 

ggfiqt. SQPiA )(  .                          (14.9) 

Tu gavutolebT erTmaneTs (14.8) da (14.9) gantolebebis marjvena mxareebs, 

miviRebT                  gg

mr,

mr
SQPi

R

S
QP

k

k
)()(700

,
 . 

aqedan ganvsazRvroT        
k

k

R

S

S
i

mr,

mr

g

g


700
.                            (14.10) 

sabolood gasworebuli qanobi, mrudeebis gaTvaliswinebiT iqneba 

ggg iii  .                                (14.11) 

profilis gasworebisTvis angariSebi sakmaod Sromatevadia. samuSao 

mniSvnelovnad gamartivdeba Tu gaangariSebisTvis gamoviyenebT personalur 

kompiuteris “Mikrosoft  Excel”-is programas. 

 

14.3. matareblis wonis gansazRvra 

14.3.1. zogadi cnobebi 
 

rkinigzebis mwarmoebloba da rentabeloba mniSvnelovnadaa damokidebuli 

satvirTo matareblebis Semadgenlobis wonaze. matarebelTa wonis gazrdiT 

izrdeba rkinigzebis gamtarunarianoba, mcirdeba moTxovnebi lokomotivebze 

da Sesabamisad salokomotivo brigadebze, mcirdeba wevaze daxarjuli 

eleqtroenergiis xarji. yovelive zemoaRniSnuli, mniSvnelovnad amcirebs 

gadazidvebis TviTRirebulebas. 

amave dros Semadgenlobis wonis mniSvnelovnad gazrdam, SeiZleba gamo-

iwvios e.m.S.-is wevis Zravebis da sxva eleqtromowyobilobis izolaciis 

naadrevi dabereba da mwyobridan gamosvla. 
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satvirTo matareblebis Semadgenlobis wonas gansazRvraven gzis profi-

lis mixedviT, emS-s wevis Zalis da simZlavris sruli gamoyenebis pirobidan, 

matareblis mier dagrovili kinetikuri energiis gamoyenebis SesaZleblo-

bis gamoyenebiT. 

gzis profilis mixedviT, satvirTo Semadgenlobis wonas gansazRvraven 

moZraobis Semdegi ori pirobidan: 

1. saangariSo qanobze damyarebuli (Tanabari) siCqariT moZraobis pirobiT. 

2. rTul qanobebze araTanabari siCqariT moZraobis da dagrovili kinetik-

uri energiis maqsimaluri gamoyenebis pirobiT. 

 

14.3.2. Semadgenlobis wonis gansazRvra saangariSo  
      qanobze damyarebuli siCqaris pirobiT 

 
saangariSo (saxelmZRvanelo) qanobi warmoadgens mocemul (gansaxilvel) 

ubanze, mocemuli mimarTulebiT yvelaze didi daxrilobis qanobs (ra Tqma 

unda aRmarTs), romlis sigrZe iseTia, rom masze moZraobisas aucileblad 

damyardeba siCqare. siCqaris damyarebis moTxovna niSnavs, rom lokomotivi 

eweva mxolod Tavis SesaZleblobebiT (inerciis Zalebis daxmarebis gareSe). 

Tu mocemuli lokomotivi am yvelaze rTul, saangariSod wodebul 

qanobze, gadaadgilebs saZiebel maqsimaluri wonis mqone Semadgenlobas, 

misTvis dasaSvebi minimaluri (saangariSo) siCqariT, maSin arsebobs sruli 

garantia imisa, rom is am wonis Semadgenlobas warmatebiT gaatarebs 

mocemuli ubnis nebismier sxva qanobze. minimalurad dasaSvebi (saangariSo) 

siCqaris piroba moTxovnilia imitom, rom am siCqareze naklebi siCqariT 

xangrZliv reJimSi moZraobam SeiZleba gamoiwvios lokomotivis wevis 

Zravebis gadatvirTva da maTi Tburi dazianeba.  

rogorc zemoT vnaxeT, wevis reJimisaTvis matareblis moZraobis dife-

rencialur gantolebas xvedriT formaSi aqvs Semdegi saxe; 

)( wf
dt

dV
  .                            (14.12) 

igive gantoleba Cawerili srul formaSi iqneba  

      )()( WF
dt

dV
QP   ,                          (14.13) 

sadac, F aris eleqtromavlis mier saangariSo qanobze ganviTarebuli  sruli 

wevis Zalis mniSvneloba, n-Si. aRvniSnoT sFF   (saangariSo).  
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      W _ saangariSo qanobze matareblis moZraobisadmi sruli winaaRmde-

gobis Zala, n-Si.      WWW  ,                             (14.14) 

W am SemTxvevaSi aris eleqtruli lokomotivis moZraobisadmi sruli 

winaaRmdegobis Zala saangariSo qanobze da tolia 

)( s0 iwPW   n.                          (14.15) 

W   aris Semadgenlobis moZraobisadmi sruli winaaRmdegobis Zala saanga-

riSo qanobze da tolia        )( s0 iwQW   n.                         (14.16) 

0w  da 0w   Sesabamisad lokomotivis da Semadgenlobis ZiriTadi xvedriTi 

winaaRmdegobis Zalebia n/kn-Si. 

si saangariSo qanobi ‰-Si. 

SevitanoT aRniSnuli mniSvnelobebi (14.14) formulaSi, miviRebT 

)()( s0s0 iwQiwPW  .                     (14.17) 

sFF   da W-s mniSvnelobebi SevitanoT (14.13) gamosaxulebaSi. miviRebT 

)]()([ s0s0s iwQiwPF
dt

dV
  .                  (14.18) 

damyarebuli (Tanabari) siCqariT moZraoba niSnavs, rom aCqareba 0-is 

tolia. 0
dt

dV
;Ee.i. (14.18) gamosaxulebis marjvena mxare 0-is tolia. 

ξ _konkretuli ricxvia da ar udris 0-s. gamodis rom 

0)()(  s0s0s iwQiwPF .                    (14.19) 

(14.19) gamosaxulebidan ganvsazRvroT Semadgenlobis saZiebeli wona QQ. 

miviRebT; 

s0

s0s

iw

iwPF
Q






)(
.                           (14.20) 

0w  da 0w Sesabamisad eleqtruli lokomotivis da Semadgenlobis moZrao-

bisadmi xvedriTi ZiriTadi winaaRmdegobis Zalebia. n/kn-Si. ganisazRvreba 

saangariSo qanobze damyarebuli saangariSo Vs-siCqarisTvis, wevis gaan-

gariSebis wesebSi mocemuli, Sesabamisi empiriuli formulebiT. 

Fs da Vs – sidideebi mocemuli eleqtromavlisTvis aiReba cnobarebidan. 

іs – saangariSo qanobia ‰-Si. 

saangariSo qanobze damyarebuli siCqariT gaangariSebuli wona aRvniS-

noT simboloTi _ Qs (saangariSo). 
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14.3.3. Semadgenlobis wonis gansazRvra matareblis  
           kinetikuri energiis gaTvaliswinebiT 

 
Tu mocemuli mimarTulebis profilze SeuZlebelia erTmniSvnelovnad 

avirCioT saangariSo qanobi, maSin Semadgenlobis wona SegviZlia davadginoT 

SerCevis meTodiT.Aam SemTxvevaSi saangariSo qanobad SegviZlia avirCioT 

SedarebiT naklebi sididis qanobi da misTvis gavTvaloT wona. Semdeg ki 

SevamowmoT, mocemuli lokomotivi miRebuli wonis Semadgenlobas gaiyvans 

Tu ara ufro didi daxrilobis qanobze, saangariSo siCqariT. Semowmeba 

mdgomareobs yvela saangariSod miRebul qanobze meti qanobisTvis siCqaris 

gansazRvraSi.GgaangariSeba SegviZlia vawarmooT grafikulad, analizurad, 

an matareblis moZraobis diferencialuri gantolebis ricxviTi integrirebis 

meTodiT. Tu aRmoCndeba, rom Sesamowmebel qanobze gaangariSebiT miRebuli 

siCqare meti an tolia mocemuli lokomotivis saangariSo siCqareze, maSin 

wona SegviZlia davtovoT ucvleli, xolo Tu gaangariSebiT miRebuli 

siCqare aRmoCndeba mocemuli lokomotivis saangariSo siCqareze naklebi, 

maSin Semadgenlobis wona unda SevamciroT da SemowmebiTi angariSi 

CavataroT ganmeorebiT.Aase viqceviT manam, sanam ar davadgenT wonas, 

romlis drosac siCqare gautoldeba lokomotivis saangariSo siCqares. 

saangariSod viRebT miRebul wonas. 

 

14.4. Semadgenlobis wonis Semowmeba adgilidan  
         daZvraze 
 

Semadgenlobis wona unda iyos iseTi, rom lokomotivma SeZlos misi 

adgilidan daZvra, sxva lokomotivebis dauxmareblad, SuqniSnebTan an 

sadgurebSi gaCerebis Semdeg. imisaTvis, rom wevis reJimSi moxdes mata-

reblis daZvra, saWiroa aCqareba iyos dadebiTi,Eanu amaCqarebeli Zala  

0 daZdaZ WF , anu           0))((  daZdaZdaZdaZ iwQPF ,  

               aqedan       P
iw

F
Q 




daZdaZ

daZ

daZ ,                            (14.21) 

sadac, daZF  aris eleqtromavlis daZvris wevis Zala, n-Si. aiReba cnobaridan. 

       daZw Semadgenlobis daZvris xvedriTi winaaRmdegobis Zala, n/kn-Si. 

       daZi qanobi, romelzec xorcieldeba daZvra, ‰-Si. 

       P – eleqtromavlis wona, kn-Si. 
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Tu saangariSo qanobiT gansazRvruli wona Qs aRmoCndeba naklebi 

daZvris pirobiT gansazRvrul wonaze daZQ , maSin mocemuli eleqtromavali am 

wonas adgilidan daZravs. 

 

     14.5. Semadgenlobis wonis Semowmeba sasadgure   
          liandagebSi matareblis ganTavsebaze 
 

saangariSo qanobiT gansazRvruli wona Qs adgilidan daZvris pirobebis 

dakmayofilebis SemTxvevaSi, unda Semowmdes sasadgure liandagebis 

sasargeblo sigrZeSi  Catevaze (ganTavsebaze) (nax. 14.2). 

imisaTvis, rom sadgurebSi matarebelTa gegmiuri gaCerebis dros ar 

moxdes moZraobis paralizeba wina an momdevno blok ubnebze, saWiroa 

dakmayofildes piroba         10 sadg.mat LL .                           (14.22) 

 

nax. 14.2. matareblis ganTavseba sadguris liandagSi. 

 
sadac, Lmat aris saangariSo wonis mqone matareblis sigrZe, m-Si. 

       Lsadg –sadguris liandagis sasargeblo sigrZe, m-Si. mocemuli. 

       10 m – aris matareblis Cayenebis uzustobaze manZilis rezervi. 

Mmatareblis sigrZe          ii LnLILL  lokSlok.mat ,                        (14.23) 

sadac, lokL  aris eleqtromavlis sigrZe, m-Si. aiReba cnobarebidan. 

        ii LnIS Semadgenlobis jamuri sigrZe, m-Si. 

       ii Ln  , Sesabamisi tipis vagonebis ricxvi da sigrZe, m-Si. 

SemadgenlobaSi erTi tipis vagonebis raodenoba ganisazRvreba formuliT 

i

i
i

q

Q
n

s ,                                (14.24)  

sadac, i aris matarebelSi erTi tipis vagonebis woniTi wilis koeficienti/ 

       qi _ aRebuli tipis vagonis wona, kn-Si. 
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Tu (14.23) formuliT naangariSebi matareblis sigrZe daakmayofilebs   

(14.22) formulis pirobas, maSin matarebeli eteva sadguris liandagis 

sasargeblo sigrZeSi. 

vTqvaT Semadgenlobis sigrZe aRmoCnda ΔL metriT dasaSvebze grZeli 

(nax. 14.2, wyvetili konturi), maSin es sigrZe Semadgenlobas unda Camo-

vaWraT. vagonebis raodenoba, romlebic unda CavxsnaT iqneba 

vag

Cax.
L

L
n


 . 

miRebuli ricxvi mrgvaldeba uaxloes mTel ricxvamde. 

mTlianad Caxsnili wona       vagCax.qnQ   kn. 

arsebobs gaangariSebis meore gzac, kerZod: 

gamovTvaloT erT grZiv metrze mosuli Semadgenlobis wina 

S

s

L

Q
q   kn/m. 

ΔL CamosaWreli sigrZis Sesabamisi wona iqneba qLQ  kn.   

Casaxsneli vagonebis raodenoba   
vag

Cax
q

Q
n


 .  

miRebuli ricxvi unda damrgvaldes uaxloes mTel ricxvamde 

 

14.6. satvirTo matareblebis unificirebuli wonebis  
         dadgena 
 

Tu matarebeli gadaadgildeba sakmaod Sor manZilze (mravalferovani 

profiliT), maSin mosalodnelia momsaxureobis aRebul mimarTulebaze, 

saangariSo wonebi gadasarbenebis mixedviT gansxvavdebodes erTmaneTisagan. 

movaxdinoT lokomotivebis Secvla raTa erTi wona gavataroT mTel mimar-

Tulebaze, umravles SemTxvevaSi mizanSeuwonelia.Aamitom aseT SemTxvevebSi, 

mocemuli lokomotivisaTvis mTel mimarTulebaze, aweseben unificirebul 

wonas. rogorc wesi, mas adgenen yvelaze rTulad dasaZlevi ubnis mixedviT. 

imisaTvis, rom SevafasoT unificirebuli wonis gazrdis SesaZlebloba 

mocemul mimarTulebaze, mizanSewonilia avagoT tona-kilometriani diagrama 

(nax. 14.3). zemoT ganxiluli meTodiT gzis calkeuli ubnebisaTvis adgenen 

saangariSo wonebs, Semdeg maT cvlian Sesabamisi masebiT da warmoadgenen 

14.3 naxazze naCvenebi grafikis saxiT. abcisTa RerZze gadazomaven gansa-

xilveli ubnebis sigrZes km-Si.Yyovel ubanze uTiTeben saangariSo qanobis 
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sidides ‰-Si da ubnis sigrZes. ordinatTa RerZze yoveli ubnisaTvis 

gadazomaven matareblis saangariSo masas.  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

nax. 14.3. tona – kilometriani diagramis ageba. 

agebuli diagramidan Cans, rom meore gadasarbenisTvis gansazRvruli 

matareblis masa 3 400t (gansazRvrulia mocemul mimarTulebaze yvelaze 

rTuli 12,7‰ qanobiT), mocemulma lokomotivma SeiZleba ataros mTel 

mimarTulebaze, magram am SemTxvevaSi danarCen ubnebze lokomotivis 

simZlavre srulad ar iqneba gamoyenebuli.AaseT SemTxvevaSi, Tu meore 

ubanze gamoviyenebT e.w. mimwol meore lokomotivs, maSin matareblis 

unificirebuli masa SegveZlo gagvezarda 4 300 tonamde.Ddiagramis Semdgomi 

analiziT, SeiZleba unificirebuli masa gagvezarda 4 650 tonamde. 

romelime aRebul mimarTulebaze woniTi normebis gazrdisTvis, SeiZleba 

gatardes Semdegi SesaZlo RonisZiebebi: 

1. SemzRudavi rTuli saangariSo qanobis rekonstruqcia misi gaiolebis 

mizniT. 

2. SemzRudavi gadasarbenis mosazRvre gamyof punqtebSi gaCerebebis gauqmeba. 

3. gamyof punqtebis farglebSi mimwoli lokomotivebis gamoyeneba. 

4. ormagi wevis gamoyeneba. 

5. mocemuli lokomotivis Secvla ufro mZlavriT. 

mocemuli konkretuli pirobebisTvis SeiZleba gamoyenebuli iyos 

CamoTvlilidan erT-erTi RonisZieba. 

‰ 

 mQ , 

S ,(km) 
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XV Tavi 

samuxruWo gaangariSebebi 

15.1. samuxruWo gaangariSebebis principi da  
         normatiuli monacemebi 
 

sarelso transportze ZiriTadad gamoyenebulia meqanikuri (xaxunis prin-

cipze momuSave) samuxruWo saSualebebi.Eeleqtruli lokomotivebis gamoyenebis 

SemTxvevaSi, damuxruWebis damxmare saSualebebad gamoiyeneba eleqtruli (reo-

statuli, rekuperaciuli) damuxruWeba. 

arsebobs sami saxis damuxruWeba: 

 samosamsaxuro damuxruWeba _ moZravi Semadgenlobis gasaCereblad, 

gaCerebis punqtebSi (sadgurebSi) da SuqniSnebTan. 

 regulirebadi damuxruWeba – uaryofiT qanobebze moZraobis siCqaris 

SesazRudavad. 

 saswrafo (eqsternuli) damuxruWeba – avariul situaciebSi, moZravi 

Semadgenlobis uswrafesad gasaCereblad. 

sxvadasxva saxis moZravi Semadgenlobis samosamsaxuro damuxruWebis 

dros, Senelebis (uaryofiTi aCqarebis) m/wm2-Si rekomendebuli sidide 

Seadgens [13]: 

 satvirTo moZravi SemadgenlobisaTvis ............................... 0.1 – 0.4 
2wm

m
; 

 samgzavro moZravi SemadgenlobisaTvis .............................. 0.3 – 0.6 
2wm

m
; 

 sagareubno eleqtromatareblebisaTvis ..............................  0.6 – 0.8 
2wm

m
; 

 metropolitenis moZravi SemadgenlobisaTvis ............. 0.6 – 1.0 
2wm

m
; 

 tramvai, troleibusisaTvis ............................................................. 0.8 – 1.2 
2wm

m
. 

matareblis gaCerebisas, muxruWebis mier STanTqmuli kinetikuri energia, 

SeiZleba gamovsaxoT formuliT  

dsaS.dsaS.

dm

2
SWB

Vm
)(

2

 ,                          (15.1) 

sadac, saS.B  da saS.dW  aris Sesabamisad samuxruWo Zalis da moZraobisadmi winaaRm-

degobis Zalis saSualo mniSvnelobebi, n-Si; 

       dS damuxruWebis (samuxruWo) manZili, m-Si. 
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(15.1.) gamosaxulebidan Cans, rom mocemuli samuxruWo ZalisaTvis, samux-

ruWo manZili iqneba miT ufro grZeli, rac ufro didia matareblis masa mm 

da gansakuTrebiT misi moZraobis siCqare V. 

damuxruWebis procesi xasiaTdeba oTxi ZiriTadi parametriT: 

1. samuxruWo manZiliT _ Sd, m-Si; 

2. damuxruWebis sawyisi siCqariT _ Vd, km/sT-Si; 

3. samuxruWo saSualebebiT _ (mocemulia samuxruWo koeficientis  saxiT); 

4. qanobiT, romelzec xdeba damuxruWeba _ і‰-Si. 

aRniSnuli oTxi parametridan winaswar cnobilia samiDda vsazRvravT 

meoTxes. Sesabamisad gvaqvs 4 amocana:P 

1. samuxruWo manZilis Sd gansazRvra, rodesac mocemulia siCqare Vd, 

samuxruWo saSualebebi θ  da qanobi і‰. 

2. moZraobis dasaSvebi siCqareebis Vd gansazRvra, rodesac mocemulia 

samuxruWo manZili Sd, samuxruWo saSualebebi  da qanobi і‰. 

3. samuxruWo saSualebebis θ gansazRvra, rodesac mocemulia samuxruWo 

manZili Sd, moZraobis siCqare Vd, qanobi і‰. 

4. qanobis і‰ gansazRvra, rodesac mocemulia samuxruWo manZili Sd, 

moZraobis siCqare Vd da samuxruWo saSualebebi θ.  

praqtikaSi ZiriTadaT gvxvdeba 1 da 2 tipis samuxruWo amocanebi. ganvi-

xiloT isini detalurad. 

 

15.2. samuxruWo manZilis gansazRvra 
 

sruli samuxruWo manZili Sd, esaa manZili, romelsac gaivlis matare-

beli damuxruWebis gadawyvetilebis miRebidan (samuxruWo onkanis gaReba) 

matareblis srul gaCerebamde.Ees manZili Sedgeba ori mdgenelisagan  

nmd SSS  ,                                 (15.2) 

sadac, Sm aris mosamzadebeli manZili, m-Si. 

       Sn _ namdvili samuxruWo manZili, m-Si. 

mosamzadebeli manZili Sm, esaa manZili, romelsac matarebeli gaivlis 

samuxruWo onkanis gadarTvis momentidan, samuxruWo xundis artaxze sruli 

ZaliT dawolamde.Ees manZili damokidebulia muxruWebis mosamzadebel 

droze tm (dro, romelic sWirdeba magistralSi haeris talRis garbenas, 

haergamanawileblebis amoqmedebas, berketuli gadacemebis gadaadgilebas, 
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samuxruWo cilindrebSi haeris wnevis awevas) da damuxruWebis sawyis siCqa-

reze Vd, romelic matareblis inerciis gaTvaliswinebiT aiReba ucvleli. 

mosamzadebeli manZili gaiTvleba formuliT: 

dmm VtS 278,0 ,                             (15.3) 

sadac, 0.278 aris ganzomilebis gadamyvani koeficienti, 0.278= 1000/3600. 

       1000 – km-is metrebSi gadamyvani koeficienti. 

       3600 – saaTSi wamebis raodenoba. 

mosamzadebeli dro damokidebulia matareblis sigrZeze da muxruWebis 

tipze.Aam drois gansazRvra xdeba empiriuli formulebiT, romlebic moce-

mulia wevis gaangariSebis wesebSi. magaliTad matareblebisaTvis, romelTa 

RerZebis ricxvi (RerZebis ricxviT vmsjelobT matareblis sigrZeze) naklebia 

200-ze, saangariSo formulas aqvs aseTi saxe  

                                           
ss

m


i
t

10
7    wm.                             (15.4) 

sadac і aris qanobi, romelzec xdeba damuxruWeba (Tavisi niSniT). 

      s – saangariSo samuxruWo koeficienti. 

      s – xaxunis saangariSo koeficienti. 

sxva sigrZis (RerZebis sxva ricxvis) matareblebisaTvis, saangariSo 

formulaSi icvleba koeficientebi. magaliTad, Tu RerZebis ricxvi 200-dan 

300-mdea, maSin saangariSo formulas aqvs saxe 

ss

m
1000

15
10

i
t   wm.                         (15.5) 

xolo Tu RerZebis ricxvi metia 300-ze 

ss

m
1000

18
12

i
t   wm.                          (15.6) 

pnevmaturi muxruWebiT aRWurvil samgzavro matareblebisaTvis: 

ss

m
1000

5
4

i
t     wm.                        (15.7) 

eleqtropnevmaturi muxruWebiT aRWurvil samgzavro matareblebisTvis: 

ss

m
1000

3
2

i
t    wm.                         (15.8) 

namdvili samuxruWo manZili Sn, esaa manZili, romelsac gadis matare-

beli samuxruWo xundis artaxze dawolis momentidan, srul gaCerebamde. 

namdvili samuxruWo manZili ganisazRvreba formuliT: 

)1000(

)(500

iW

VV
S

x 




ss

2
b

2
s

n


 m,                     (15.9)  
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sadac, ξ aris koeficienti, romelic, rogorc zemoT gvqonda aRniSnuli, matareblis 

Senelebaa km/sT2, 1 n/kn Semanelebeli Zalis moqmedebis dros (satvirTo da 

samgzavro matareblebisaTvis 120  
n/kn

km/sT
).        

      Vs da Vb aRebuli intervalebisTvis damuxruWebis sawyisi da bolo siCqareebia 

sT

km
-Si;  

      1000ss _ aRebuli intervalis saSualo siCqarisaTvis 
2

gs

saS

VV
V


   xvedriTi 

samuxruWo Zala 








sT

km
-Si;    

     wx aRebuli VsaS. siCqarisaTvis, moZraobisadmi xvedriTi winaRobis Zala, uqmi 

svlis dros 
kn

n
-Si.    

zemomoyvanili formulebiT SesaZlebelia analizurad gamovTvaloT 

saZiebeli samuxruWo manZili. 

aRniSnuli amocana SegviZlia gadavwyvitoT SedarebiT martivi da sakma-

risi sizustis grafikuli meTodiT. 

winaswar specialur masStabSi mocemuli θs samuxruWo koeficientisa-

Tvis vagebT Semanelebel ZalTa diagramas )( xwbV   (nax. 15.1, a). 

nax. 15.1. namdvili samuxruWo manZilis gansazRvra 
grafikuli meTodiT. 

mocemuli sawyisi siCqarisaTvis Vd, grafikuli integrirebis meTodiT 

(calkeul intervalebis mixedviT) vagebT siCqaris mruds V(S) abcisTa 

RerZis gadakveTamde rekomendebul masStabSi (a, b, c, d, e, fk texili)N(nax. 

15.1, b) miRebuli monakveTi o1k Seesabameba saZiebel namdvil Sn samuxruWo 

( 
( 

( 

( ) 

) 

) 
) 

 (b+wx)(n/kn) 

 V(b+wx) 
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manZils. (15.9) formuliT vsazRvravT mosamzadebel manZils Sm. jami 

gvaZlevs srul samuxruWo manZils   

nm SSS  . 

 

15.3. moZraobis dasaSvebi siCqaris gansazRvra 
 

moZraobis dasaSvebi siCqaris gansazRvra gulisxmobs siCqaris im mniSvne-

lobis dadgenas, romlis dros SesaZlebeli iqneba mocemul samuxruWo 

saSualebebiT aRWurvili matareblis gaCereba, mocemul samuxruWo manZilis 

farglebSi. aRniSnuli amocanis gadawveta, praqtikulad misaRebi sizustiT, 

umjobesia SevasruloT grafikuli meTodiT. 

mocemuli samuxruWo θ saSualebebisaTvis, vagebT Semanelebel ZalTa 

diagramas )( xwbV   (nax. 15.2 a). O1 wertilidan masStabSi gadavzomavT mocemul  

samuxruWo  manZils  Sd. vTvliT, rom matarebeli gaCerebulia k wertilSi 

da grafikuli integrirebis meTodiT vagebT siCqaris mruds V(S), (k, a, b, c, d, 

e, f texili). siCqaris raime mniSvnelobisaTvis (vTqvaT V=100 km/sT) ganvsaz-

RvravT mosamzadebel manZils Sm da A wertilidan masStabSi gadavzomavT 

abcisTa RerZis paralelurad. monakveTi ABN(nax. 15.2 b). koordinatTa saTaves 

O1 vaerTebT B wertilTan. O1B wrfis da k, a, b, c, d, e, f texilis gadakveTis C 

wertilis ordinata DC Seesabameba saZiebel siCqares Vd-s, O1D monakveTi 

mosamzadebel manZils Sm, xolo Dk monakveTi namdvil samuxruWo manZils Sn.  

nax. 15.2. moZraobis dasaSvebi siCqareebis grafikuli 
gansazRvra. 

( 

( 

( ) 

) 

) 
) 

 (b+wx)(n/kn) 

 V(b+wx) 

 
( V 
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Tu zemoaRwerili meTodiT gavTvliT moZraobis dasaSveb siCqareebs sami 

sxvadasxva 0i , saS.ii  a, maqs.ii   qanobebisaTvis Vd1, Vd2 da Vd3 (nax. 15.3.), maSin 

SegviZlia avagoT damokidebuleba Vd(_і) (nax. 15.4), romlis daxmarebiTac 

gavigebT mocemuli matareblisaTvis mocemul mimarTulebaze moZraobis 

dasaSveb siCqareebs Vn-s, nebismier qanobi –іn-ze. 

 

 

 

 

 

 

 

 
 
 
 
 

   nax. 15.3. moZraobis dasaSvebi siCqareebis      nax. 15.4. damokidebuleba qanobsa 
           gansazRvra sami qanobisaTvis.           da dasaSveb siCqareebs Soris.   
 

15.4 matareblis samuxruWo saSualebebis gansazRvra 
 

am amocanis gadawyvetisas vmoqmedebT Semdegnairad: vuSvebT saangariSo 

samuxruWo koeficientis sam mniSvnelobas, magaliTad 34,01s , 4,02s  da 

5,03s . maTTvis viTvliT Semanelebel ZalTa Sesabamis )( xwb   mniSvnelobebs 

da vagebT Semanelebel ZalTa diagramebs )( xwbV  , rekomendebul masStabSi 

(nax. 15.5 a). am diagramebiT, zemoganxiluli grafikuli meTodiT, vagebT 

mrudeebs V(Sd), maTi meSveobiT ki vsazRvravT Sesabamis namdvil samuxruWo 

manZilebs S1n, S2n da S3n (nax. 15.5 b). Semdeg cnobili (15.5)–(15.8) formulebiT 

viTvliT Sesabamis mosamzadebel manZilebs S1m, S2m da S3m. mosamzadebeli da 

namdvili samuxruWo manZilebis SekrebiT viRebT srul samuxruWo 

manZilebs, Sesabamisi saangariSo samuxruWo koeficientisaTvis 

1n1m1d SSS  ,     2n2m2d SSS  ,   3n3m3d SSS  . 

sabolood vagebT funqcionalur damokidebulebas θs(Sd), romlis meSveo-

biT mocemuli samuxruWo manZilisaTvis vsazRvravT saangariSo samuxruWo 

koeficientis Sesabamis mniSvnelobas (nax. 15.6). 

( 
( 

( ) 

) 
) 
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nax. 15.5. V(Sd) mrudeebis ageba θs-s sxvadasxva mniSvnelobisaTvis 

grafikuli meTodiT. 

 
 

 

 

 

 

 

 

nax. 15.6. samuxruWo koeficientis grafikuli gansazRvra. 

 

 

 

 

 

 

 

 

 

( 
( 

) 
) 

 
 

V(b+Wx) 

( ) 

( ) 
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XVI Tavi 

eleqtromoZravi Semadgenlobis denis 

maxasiaTeblebi da moxmarebuli  

denis mrudeebi 
 

16.1. mudmivi denis eleqtromoZravi Semadgenlobis  
     denis maxasiaTeblebi 

 
eleqtromoZravi Semadgenlobis mier qselidan moxmarebuli eleqtro-

energiis xarjis gansasazRvravad, aucilebelia vicodeT qselidan moxmare-

buli simZlavre da am simZlavris moxmarebis dro. wevis angariSebSi, gaan-

gariSebebis gamartivebis mizniT, pirobiTad sakontaqto qselis Zabva aiReba 

ucvleli da saSualo sididis toli UsaS.Ees saSualebas gvaZlevs simZlavris 

formulis Tanaxmad,               P elsaSIUP   

rkinigzis ubanze matareblis momsaxureobis dros mudmivi denis emS-is mier 

qselidan moxmarebul simZlavreze da Sesabamisad energiaze vimsjeloT, 

moxmarebuli denis sididiT da misi moxmarebis xangrZlivobiT. 

wevis Zrava, Drogorc cnobilia, eleqtrul energias artaxisa da relsis 

Sexebis zonaSi gardaqmnis meqanikur muSaobad.Eenergiis am gardaqmnas Tan 

axlavs eleqtruli  da magnituri danakargebi ZravaSi,  rac iwvevs wevis 

Zravas gaxurebas. Zravas gaxurebis temperatura damokidebulia qselidan 

moxmarebuli simZlavris (denis) sidideze da misi moxmarebis xangrZli-

vobaze. 

e.i. imisaTvis rom ganvsazRvroT matareblebis wevaze daxarjuli eleqt-

roenergiis xarji da ganvsazRvroT SeuZlia Tu ara mocemul eleqtroma-

vals, mocemul profilze, moemsaxuros, wevis angariSebiT miRebul matareb-

lis wonas, wevis Zravebis gadaxurebis gareSe, saWiroa vicodeT qselidan 

moxmarebuli deni da moxmarebis xangrZlivoba. 

aRniSnuli amocanebis gadasawyvetad praqtikaSi ageben eleqtromoZravi 

Semadgenlobis mier moxmarebuli denis mruds Iel(s), xolo ZravaSi gamaval 

dens gamoiTvlian formuliT 
p

I
I

el

Zr  , sadac, p aris wevis Zravebis parale-

lur StoTa ricxvi, romelic tolia: 

1. rvaRerZiani eleqtromavlebisaTvis:  

wevis Zravebis mimdevrobiTi “S”SeerTebisas 1p ,  1elIp ZrZr II  . 
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wevis Zravebis mimdevrobiT-paraleluri “SP”SeerTebisas 2p , 2elI ZrI . 

wevis Zravebis paraleluri “P“ SeerTebisas 4p , 4elI ZrI . 

2. eqvsRerZiani eleqtromavlebisaTvis:  

wevis Zravebis mimdevrobiTi “S”SeerTebisas 1p ,  pIel ZrZrZr III 1 . 

wevis Zravebis mimdevrobiT-paraleluri “SP” SeerTebisas 2p , 2elI ZrI . 

wevis Zravebis paraleluri “P“ SeerTebisas 3p , 3elI ZrI . 

Iel(s) denis mrudis ageba xdeba eleqtromoZravi Semadgenlobis denis 

maxasiaTeblis (romelic warmoadgens eleqtromoZravi Semadgenlobis densa 

da siCqares Soris damokidebulebas) Iel(V) saSualebiT, regulirebis sxva-

dasxva safexurisaTvis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 
nax. 16.1. ТЛ-2К wevis Zravas eleqtromeqanikuri maxasiaTeblebi. 

Tavis mxriv eleqtromavlis denis maxasiaTeblebs Iel(V) ageben wevis 

Zravas siCqaris maxasiaTeblebis V(IZr) saSualebiT, regulirebis sxvadasxva 

safexurisaTvis (nax. 16.1). 

( 

( ) 

) 
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denis maxasiaTeblebis agebis Tanmimdevroba ganvixiloT ВЛ-10  eleqtro-

mavlis magaliTze: 

vuSvebT Zravas eleqtromeqanikur maxasiaTebelze (nax. 16.1) siCqaris 

mniSvnelobas 101 V km/sT. am siCqareze vavlebT horizontals da mimdevro-

biTi “S” SeerTebis sruli velis (sr.v) siCqaris maxasiaTebelze vpoulobT 

gadakveTis 1 wertils, romelsac Seesabameba Zravas deni 570el.1I a. eleqt-

romavlis dens vangariSobT formuliT: 

5705701  Zr1el.1 pII  a. 

e.i. Cven gvaqvs saZiebeli denis maxasiaTeblis 1-wertilis ori koordinata: 

101 V km/sT da 570el.1I a. SevirCevT masStabs da koordinatTa sistemaSi 

avagebT denis maxasiaTeblis 1 wertilsN(nax. 16.3). aseve avagebT mimdevrobiTi 

SeerTebis denis maxasiaTeblis 2 da 3 wertilebs. Tu 1, 2 da 3 wertils 

SevaerTebT mrudi wiriT, miviRebT mimdevrobiTi SeerTebis sruli velis 

saZiebel denis maxasiaTebels Iel(V). analogiurad avagebT denis maxasia-

Teblebs wevis Zravebis sxvadasxva dajgufebis da velis Sesustebis sxva-

dasxva safexurisaTvis. magaliTad avagoT paraleluri SeerTebis velis 

Sesustebis meore safexuris deni maxasiaTeblis erTi k wertili. Zravas 

eleqtromeqanikur maxasiaTeblebze (nax. 16.1) viRebT siCqares 75V  km/sT, 

vavlebT horizontals paraleluri SeerTebis velis Sesustebis meore 

safexuris gadakveTamde; k1 wertili, romlis abcisTa RerZis koordinata 

iqneba Zravas deni 3301 kIel.   amperi. Eeleqtromavlis deni toli iqneba 

1320330411  kk pII el.el.  a. 

Semdeg, 75V  km/sT da 13201 kIel.  a koordinatebiT vagebT saZiebeli 

maxasiaTeblis k wertilsN(nax. 16.3). 

regulirebis yvela safexurze denis maxasiaTeblebis agebis Semdeg, 

masze unda davitanoT eleqtromavlis denis SemzRudavi xazebi, romlebic 

Seesabamebian maqsimalur dasaSveb wevis Zalas, gansazRvruls Zravas 

dasaSvebi deniT an wyvilTvalis relsTan CaWidebiT. 

ganvixiloT aRniSnuli sakiTxi ВЛ-10 eleqtromavlis agebuli denis maxa-

siaTeblebis magaliTze (nax. 16.3). aRniSnul eleqtromavalSi maqsimaluri 

wevis Zala SezRudulia CaWidebiT.Aamitom saWiroa eleqtromavlis wevis 

maxasiaTeblebze (nax. 16.2) ganvsazRvroT CaWidebis wevis Zalis mniSvnelobebi 
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nax. 16.2. ВЛ-10  eleqtromavlis wevis maxasiaTeblebi. 

) ( 

) ( 
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sxvadasxva siCqareze, gavyoT isini wevis Zravebis ricxvze da miviRebT 

CaWidebis wevis Zalis mniSvnelobas erTi ZravasaTvis FZr.CaW. am ukanaskneliT, 

Zravas eleqtromeqanikuri maxasiaTeblidan vipoviT Zravas dasaSvebi denis 

mniSvnelobas CaWidebiT IZr.CaW, Tu mas gavamravlebT Zravebis paralelur 

StoTa ricxvze p-ze, miviRebT eleqtromavlis Sesabamis dens Zr.CaWel.CaW IpI  . 

vnaxoT rogor xdeba es praqtikulad:    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 16.3. ВЛ-10   eleqtromavlis denis maxasiaTeblebi. 
 

nulovan siCqareze V=0, eleqtromavlis CaWidebis wevis Zala tolia 62 600kg-is 

(nax. 16.2). Sesabamisad erTi Zravas wevis Zala iqneba 7825
8

62600
  62kg. aRniS-

nul wevis Zalas Zravas eleqtromeqanikur maxasiaTebelze Seesabameba amuSa-

vebis denis mniSvneloba 685Zr.aI a (nax. 16.1). vinaidan daZvra xdeba wevis 

Zravebis mimdevrobiT SeerTebaze, 1p , amitom, eleqtromavlis amuSavebis 

deni iqneba pI el.CaW. . 6856851 Zr.CaW.I a. aRniSnul dens gadavdebT ordinatTa 

) ( 

) ( 

 
1 
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RerZze V=0 siCqareze. miviRebT A wertils (nax. 16.3). analogiurad ganvsaz-

RvravT dens 5V km/sT siCqareze, 615el.aI a. denis maxasiaTebelze 5V km/sT 

siCqareze gadavdebT 615a-s, miviRebT B wertils da 10V km/sT siCqareze, 

Sesabamisad 595el.aI a-s, C wertili (nax. 16.3). 10km/sT siCqareze eleqtroma-

vali gadis mimdevrobiTi SeerTebis sruli velis maxasiaTebelze; memanqane 

gadarTavs wevis Zravebs mimdevrobiT-paralelur SeerTebaze da Zalur 

wredSi kvlav Sehyavs reostatebi. imave wevis Zalis realizaciisaTvis wevis 

ZravebSi kvlav gadis deni 595 amperi, magram am dros wevis Zravebis 

paralelur StoTa ricxvi 2p -s, amitom eleqtromavlis deni iqneba 

11905952 el.aI a. denis maxasiaTebelze Seesabameba D wertili (nax. 16.3). 

15V km/sT-ze eleqtromavlis CaWidebis wevis Zala tolia 51 200 kg (nax. 

16.2). Sesabamisad, erTi Zravis wevis Zala iqneba 6400
8

51200
  kg, rasac Zravas 

eleqtromeqanikur maxasiaTeblebze Seesabameba Zravis deni 580a (nax. 16.1). 

eleqtromavlis deni iqneba 11605802  a (nax. 16.3-ze E wertili). 22V km/sT 

siCqareze eleqtromavali gadis mimdevrobiT-paraleluri SeerTebis sruli 

velis avtomatur maxasiaTebelze da memanqane kvlav gadarTavs wevis Zravebs, 

amJamad paralelur SeerTebaze. am siCqareze eleqtromavlis wevis Zala 

toli iqneba 49 850kg-is, erTi Zravas wevis Zala 6230
8

49850
 kg-s, rasac Zravas 

eleqtromeqanikur maxasiaTebelze Seesabameba deni 575a, xolo eleqtro-

mavlis deni toli iqneba mimdevrobiT-paralelur SeerTebis sruli velis 

safexurze gasvlisas 11505752 el.aI a-is F wertili (nax. 16.3). paralelur 

SeerTebaze gadasvlisas 23005754 el.aI a-is. denis maxasiaTebelze G wer-

tili (nax. 16.3). Semdeg denebs vsazRvravT analogiurad siCqareebisaTvis 30, 

40km/sT. miviRebT wertilebs H da i. K wertilSi 7,46V km/sT siCqaris dros 

(eleqtromavlis deni tolia 2 140a-is) eleqtromavali gadis paraleluri 

SeerTebis sruli velis avtomatur maxasiaTebelze da masze muSaobs L 

wertilamde. siCqaris Semdgomi gazrdisaTvis memanqane L wertilis Sesa-

bamis 5,48V km/sT siCqareze rTavs velis Sesustebis pirvel safexurs da 

eleqtromavlis deni icvleba naxtomiseburad,MLM wyvetili xazis Sesabami-

sad 1 980 amperidan 2 480 amperamde. M wertils vpoulobT Semdegnairad; 
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wevis maxasiaTebelze vS-1 safexurze gadasvlis Semdeg eleqtromavlis 

wevis Zala xdeba 52300 kg (nax. 16.2). Sesabamisad, Zravas wevis Zala iqneba 

6540
8

52300
 kg. wevis Zravas paraleluri SeerTebis vS-1 eleqtromeqanikuri 

maxasiaTeblidan (nax. 16.1), vpoulobT am wevis Zalis Sesabamis dens 620a. 

Sesabamisad, eleqtromavlis deni iqneba 6204=2 480a, rasac Seesabameba M 

wertili.Aanalogiurad vpoulobT denis mniSvnelobebs velis Sesustebis 

vS-2 da vS-3 safexurze gadasvlisas. velis Sesustebis mesame safexuri vS-3, 

aRebuli eleqtromavlisaTvis iTvleba saangariSo avtomatur safexurad. 

siCqaris cvlilebisas avtomaturad icvleba eleqtromavlis deni da Sesa-

bamisad wevis Zala.  

 

16.2 cvladi denis eleqtromoZravi Semadgenlobis  
         denis maxasiaTeblebi 
 

cvladi denis eleqtromoZrav Semadgenlobaze, gansxvavebiT mudmivi 

denis eleqtromoZravi Semadgenlobisagan, arsebobs gardamqmneli mowyobiloba 

(wevis transformatori da gammarTveli) da, amave dros, icvleba simZlavris 

koeficienti. aRniSnulis gamo saWiro xdeba avagoT Semdegi denis mrudeebi: 

1.  IZr(S) – Zravas gaxurebis gasaangariSeblad; 

2. Ida(S) – transformatoris pirvelad gragnilze aqtiuri denis momqmedi 

mniSvneloba-eleqtroenergiis xarjis gansasazRvravad; 

3. Id(S) – gamarTuli denis dayvanili mniSvneloba eleqtromomaragebis 

sistemis gasaangariSeblad. 

imisaTvis, rom avagoT aRniSnuli mrudeebi, saWiroa mocemuli gvqondes 

Zravas siCqaris maxasiaTebeli V(IZr) gardamqmneli agregatis gare maxa-

siaTeblis )( ZrZr IU gaTvaliswinebiT.Aam maxasiaTebelze datanili unda iyos 

SezRudvebi Zravas dasaSvebi deniT (nax. 16.4 a) da CaWidebiT (nax. 16.4 b). 

deniT SezRudvisas (nax. 16.4 a) daZvris da gaqanebis periodSi viyenebT AS 

vertikalis Sesabamis amuSavebis dens IZr.a, velis Sesustebis safexurebze 

gadasvlisas dasaSvebia denis naxtomebi IZr.max-mniSvnelobamde (C, D, E werti-

lebi). 

CaWidebiT SezRudvisas unda avagoT AS mrudi (nax. 16.4, b), romelic gviC-

venebs erTi Zravas CaWidebis wevis Zalis Sesabamisi denis damokidebulebas 

siCqareze.Aam mruds vagebT zemoT ganxilulis msgavsad: 
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nax. 16.4. Zravis siCqaris mrudeebi V(IZr) da SezRudvebi:  
a)  deniT, b) CaWidebiT. 

 

eleqtromavlis wevis maxasiaTeblidan 0, 5, 10, 20, 30, 40 da a.S. siCqareebisaTvis 

vsazRvravT CaWidebis wevis Zalis mniSvnelobebs. maTi gayofiT eleqtromavlis 

Zravebis ricxvze viRebT CaWidebis wevis Zalebis mniSvnelobebs erTi Zrava-

saTvis, romelTa mixedviT wevis Zravas wevis Zalis normaluri velis maxa-

siaTeblebidan vsazRvravT Zravas denis mniSvnelobas IZr.CaW. analogiurad 

vsazRvravT Zravas denis mniSvnelobebs velis Sesustebis safexurebisaTvis 

(C, D, E wertilebi). 

16.5 naxazze mocemulia НБ-418К wevis Zravas (eleqtromavlebi ВЛ-80
т; ВЛ-80

к) 

savali safexurebis denis maxasiaTeblebi, CaWidebiT SezRudvis SemTxvevaSi. 

eleqtromavlis denis momqmedi mniSvneloba SegviZlia ganvsazRvroT IZr(V)-s 

safuZvelze, gardamqmneli agregatis parametrebis gaTvaliswinebiT. wevis 

transformatoris pirveladi gragnilis denis mniSvneloba bogiruli 

sqemis SemTxvevaSi (sakuTar moxmarebaze energiis gauTvaliswineblad) 

gaiTvleba formuliT 

tk

I
I 2

1  ,                                  (16.1) 

sadac, I2 aris transformatoris meoradi gragnilis denis momqmedi mniSvneloba. 

             kt – transformatoris transformaciis koeficienti. 

( ( 

( ) 

) ) 

) ( 
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nax. 16.5. ВЛ-80
к  da    

ВЛ-80
т 
 eleqtromavlebis   

НБ-418К  wevis 

Zravas,  denis maxasiaTeblebi V(IZr). 
 

Tu eleqtromoZravi Semadgenloba Sedgeba identuri n seqciisagan, maSin 

sruli denis mniSvneloba iqneba: 

nIId 1 .                                   (16.2) 

radgan bogiruli sqemis dros gef. IkI 2 , amitom SegviZlia davweroT 

t

gef.

k

Ink
I d  .                                 (16.3) 

transformatoris transformaciis koeficienti ganisazRvreba Semdegi 

gamosaxulebiT: 

                  
g0

qs

t
U

U
k

9,0
 ,                                (16.4) 

sadac,  Ug0 aris uqmi svlis gamarTuli Zabva. 

      Uqs _ sakontaqto qselis Zabva. 

gamarTuli deni pII Zrg  , sadac p-eleqtromavlis erT seqciaze parale-

lur StoTa ricxvia. Tu SevitanT mniSvnelobebs (16.2) formulis gamosaxu-

lebaSi, sabolood miviRebT 

qs

gef.g0

U

IKpnU
I d

9.0
 .                                        (16.5)            

(16.5) formulis gamoyenebiT Cven SegviZlia Zravas denis IZr yoveli moce-

muli mniSvnelobisaTvis ganvsazRvroT eleqtromoZravi Semadgenlobis deni 

 IZr.(a) 
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Id. Ug0-is mniSvneloba aiReba mocemuli safexurisaTvis gardamqmnelis gare 

maxasiaTeblidan. cvladi denis efeqturobis koeficienti kef Cveulebriv 

tolia 0.97. 

denis maxasiaTeblebs Id(V) avagebT Zravas denis maxasiaTeblis IZr(V) 

saSualebiT da (16.5) formulis gamoyenebiT. agebas vaxdenT Semdegi Tanmim-

devrobiT: datvirTvis mTeli diapazonisaTvis vuSvebT Zravas denis IZr 

ramdenime mniSvnelobas da yvela savali safexurisaTvis vpoulobT Sesaba-

mis siCqaris mniSvnelobas (pirveli koordinata). Semdeg, igive denebisaTvis 

(16.5) formuliT gamovTvliT Sesabamis Id mniSvnelobebs. (meore koordinata) 

miRebuli koordinatebiT vagebT saZiebel Id(V) maxasiTebels yvela savali 

da velis Sesustebis safexurisaTvis (nax. 16.6). maxasiaTeblebze datanilia Id 

denis SemzRudavi As xazi, romelic Seesabameba Zravas amuSavebis denebis 

mniSvnelobebs, regulirebis yvela saval safexurze, miRebuls CaWidebis 

SezRudviT (ix. AS mrudi nax. 16.5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 16.6. ВЛ-80
т   da  

ВЛ-80
к eleqtromavlebis denis Id(V) maxasiaTeblebi. 

( 

( ) 

) 
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imisaTvis, rom ganvsazRvroT eleqtroenergiis xarji, rogorc zemoT 

aRvniSneT, unda avagoT denis aqtiuri mdgenelis maxasiaTebeli Ida(V). denis 

aqtiuri mdgeneli SegviZlia ganvsazRvroT gamosaxulebiT: 

cosdd II a ,                              (16.6) 

sadac, cos  eleqtromoZravi Semadgenlobis simZlavris koeficientia 

efg0

gukventggg

KU

IRUU

UI

P

S

P






)(9.0
cos ,                     (16.7) 

sadac, ΔUvent aris gammarTvel ventilebSi Zabvis vardna. 

Ruk _ ventilebis aqtiuri winaRoba aragamtari mimarTulebiT. 

aqtiuri deni Ida SegviZlia gavTvaloT uSualod Zravas deniT. amisaTvis 

(16.6) formulaSi SevitanoT Id-s mniSvnelobas (16.5) formulidan da cos-s 

mniSvneloba (16.7) formulidan.Ggamartivebis Semdeg miviRebT 

qs

ZrZrukeqg0

a
U

IIpRzUpn
I d

])([ 
 ,                             (16.8) 

sadac, zeq aris statikuri gardamqmnelis ekvivalenturi winaRoba.  

Zravas denis maxasiaTebliT V(IZr) da (16.8) formuliT SegviZlia 

gavTvaloT aqtiuri denis mniSvneloba da avagoT eleqtromavlis aqtiuri 

denis maxasiaTeblebi Ida(V) savali safexurebisaTvis (nax. 16.7).  

am maxasiaTeblebze datanilia SezRudvis xazi AS da velis Sesustebis 

safexurebze gadasvlis xazebi (wyvetili xazebi). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

nax. 16.7. ВЛ-80
т da ВЛ-80

к eleqtromavlebis aqtiuri denis 
Ida(V) maxasiaTeblebi. 

( ) 

( ) 
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16.3. eleqtromoZravi Semadgenlobis mier  
     moxmarebuli denis mrudeebi 

 
mudmivi denis eleqtromoZravi SemadgenlobisaTvis denis mruds Iel(s) 

ageben siCqaris mrudis V(s) da eleqtromavlis denis maxasiaTeblebis Iel(V) 

safuZvelze. denis mrudis ageba xdeba or etapad: 

pirvel etapze (daZvris da avtomatur maxasiaTebelze gasvlis procesi), 

denis mrudis ageba xdeba muSaobis reJimebis cvlilebis gaTvaliswinebiT, 

e.w. maxasiaTebeli wertilebis mixedviT. 

meore etapze agebas vaxdenT siCqaris mrudze siCqaris nazrdis ΔV saz-

Rvrebis mixedviT.Ddenis mrudis agebis maxasiaTebel wertilebs miekuTvneba 

wertilebi, romlebSic icvleba Zravebis muSaobis reJimi. ganvixiloT denis 

mrudis agebis konkretuli magaliTi.  

magaliTi: avagoT denis mrudi Iel(s) ВЛ-10 eleqtromavlisaTvis, Tu 

mocemulia siCqaris mrudi V(s) (nax. 16.8) da ВЛ-10 eleqtromavlis denis 

maxasiaTeblebi Iel(V) (nax. 16.3). 

 
nax. 16.8. mudmivi denis eleqtromoZravi Semadgenlobis 

denis mrudis   Iel(s) ageba. 
  
ВЛ-10 eleqtromavlis denis maxasiaTeblebis mixedviT siCqareebi, romlebzec 

eleqtromavlebi muSaoben sxvadasxva SeerTebze da velis Sesustebis 

sxvadasxva safexurze (e.w. maxasiaTebeli wertilebi) Semdegia: 
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siCqare – km/sT                        dajgufeba, velis Sesusteba 

0  .................... 10                          seriesuli `S~ 

10 .................... 22                          series-paraleluri `SP~ 

22 .................... 46,7                         paraleluri, CarTuli reostatebiT 

46,7 ................ 48,5                         paraleluri. sruli veli `P~ 

48,5 ................. 52                                vS1 

52 ..................... 56                                vS2 

56   da zemoT                               vS3 

eleqtromavlis denis maxasiaTeblebidan Cans, rom rodesac 0V , 685elI a. 

A wertili (nax. 16.3).Aam dens gadavzomavT masStabSi sadguris centris O 

wertilidan, 0S -Tvis (wertili O nax. 16.8). 10V km/sT siCqareze deni tolia 

595 amperis (c wertili, nax. 16.3). am dens gadavzomavT siCqaris mrudis 

wertilis vertikalze, romelic Seesabameba siCqares 10km/sT (wertili 1 nax. 

16.8). am siCqareze xdeba wevis Zravebis gadarTva series-paralelur SeerTe-

baze (nax. 16.3) da deni ormagdeba, (1190a) denis am mniSvnelobas gadavzomavT 

imave vertikalze. miviRebT 1 wertils (nax. 16.8.). 22V km/sT siCqareze deni 

tolia 1150a-is (wertili 2). amave siCqareze xdeba wevis Zravebis gadarTva 

paralelur dajgufebaze.Ddeni izrdeba orjer (2 wertili, 2 300a (nax. 16.8). 

30V  km/sT siCqareze deni tolia 2 230a-is (3 wertili). 40V km/sT siCqa-

reze deni tolia 2 170a-is (4 wertili). 7,46V km/sT siCqareze eleqtroma-

vali gadis paraleluri SeerTebis sruli velis ureostato poziciaze.Ddeni 

tolia 2 140a-is (5 wertili) am saval safexurze moZraoba mimdinareobs 

5,48V km/sT siCqaremde, romelsac sruli velis maxasiaTebelze Seesabameba 

deni 1 970a (6 wertili).Aamave siCqareze xdeba gadasvla velis Sesustebis 

pirvel safexur-vS1-ze.Ddeni izrdeba 2 480 amperamde (6 wertili) am maxa-

siaTebelze moZraobisas 52km/sT siCqaremde deni mcirdeba 2 060 amperamde. 

(7 wertili) Semdeg vS2-ze gadasvla iwvevs denis gazrdas 2670 amperamde (7 

wertili). vS2 – maxasiaTebelze moZraoba 56km/sT siCqaremde iwvevs denis 

Semcirebas 2 270 amperamde (8 wertili). vS3-ze gadasvla iwvevs denis gazrdas 

2 780 amperamde (8 wertili). siCqaris 60km/sT-mde gazrdisas eleqtromavlis 

mier moxmarebuli deni mcirdeba 2 420 amperamde (9 wertili). 65km/sT 

siCqareze deni tolia 2 090 amperis (10 wertili). 70km/sT siCqareze 1870 



 324 

amperis (11 wertili) 72km/sT siCqareze 1 800 amperis (12 wertili). Semdeg 

matarebeli iwyebs moZraobas aRmarTze da siCqare iwyebs klebas, Sesabamisad 

izrdeba denis mniSvneloba. 16 wertilSi (siCqaris mrudze), siCqare mcirdeba 

56 km/sT-mde, xolo deni izrdeba 2 780 amperamde (16 wertili) am siCqareze 

xdeba uku gadasvla velis Sesustebis mesame safexuridan, meore safexurze, 

ris gamoc deni sawyisSi mcirdeba 2 270 amperamde (16 wertili), xolo 

siCqaris Semdgomi Semcirebisas aRwevs maqsimalur mniSvnelobas 2 670a. am 

siCqareze xdeba gadasvla vS1 safexurze. deni mcirdeba 2 600 amperamde da 

a.S. siCqaris mrudis 18-19 wertilebs Soris siCqare ucvlelia da tolia 

49km/sT. ra Tqma unda, denic ucvlelia da tolia 2 420a-is. 24 wertilSi 

wevis reJimi gamoirTveba da mimdinareobs Tavisufali gorva. Sesabamisad 

denis moxmareba wydeba da utoldeba 0-s. 

Tu miRebul 1, 2, 3 da a.S. wertilebs SevaerTebT swori xazebiT miviRebT 

texils, romelic gviCvenebs saZiebel denis mruds Iel(s) (nax. 16.8). 

Tu gamoviyenebT denis maxasiaTeblebs IZr(V); Ida(V) da Id(V)Dda siCqaris 

winaswar agebul mruds V(s), SegviZlia imave meTodiT avagoT denis mrudeebi 

IZr(S); Ida(S); Id(S) - erTfaza cvladi denis eleqtromoZravi SemadgenlobisaTvis 

(nax. 16.9). 

 
nax. 16.9. erTfaza cvladi denis eleqtromoZravi SemadgenlobisaTvis 

 IZr(S), Ida(S), Id(S) – denis mrudeebis ageba. 
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XVII Tavi  
wevis Zravebis gaxureba 

17.1. zogadi cnobebi eleqtruli manqanebis  
     gaxurebis Sesaxeb 

  
zogadad, eleqtruli manqanebi da kerZod, eleqtromoZravi Semadgenlobis 

wevis Zravebi eleqtrul energias gardaqmnian meqanikur muSaobad, rasac 

Tan sdevs energiis danakargebi ZravaSi; es ki iwvevs misi calkeuli kvan-

Zebis da detalebis gaxurebas. wevis Zravebis gaxurebis temperatura damoki-

debulia maTSi simZlavris danakargebis raodenobaze, maT xangrZlivobaze da 

gagrilebis intensivobaze. qselSi ucvleli Zabvis pirobebSi, simZlavris  

danakargebi ZravaSi damokidebulia Zravas datvirTvaze, anu igive datvir-

Tvis denze.Ee.i. rac metadaa datvirTuli Zrava, miT met dens moixmars, miT 

metia masSi danakargebi da, Sesabamisad, miT metad xurdeba misi nawilebi, 

pirvel rigSi gragnilebi da koleqtori. 

wevis Zravebis gragnilebis gaxurebis Semcirebis mizniT, maT agrile-

ben.Ee.w. iZulebiTi gagrilebis sqemis dros, specialuri motor-ventilato-

rebi qmnian gamagrilebeli haeris nakads, romelic mimarTulia manqanis 

SigniT da arTmevs siTbos garkveul nawils. aseTi gagrilebis sistemebSi 

adgenen gamagrilebeli haeris raodenobriv normebs Qh. TviTgagrilebis 

mqone eleqtroZravebSi, sadac ventilatoris frTa dasmulia Zravas RerZze; 

ventilaciis xarisxi damokidebulia Zravas brunTa ricxvze, anu moZrobis 

siCqareze. 

wevis Zravebis gaxurebis temperatura izRudeba masSi gamoyenebuli 

saizolacio masalebis dasaSvebi temperaturiT. didi datvirTvebisas, maRali 

temperaturebis gamoyofis gamo, intensiurad berdeba saizolacio masalebi 

da kargaven saizolacio Tvisebebs. 

dReisaTvis wevis ZravebSi gamoyenebulia sxvadasxva klasis saizolacio 

masalebi, ris gamoc isini uSveben sxvadasxva gaxurebis temperaturas. maga-

liTad, B klasis saizolacio masalebi, romlebic damzadebulia sxvadasxva 

navTobbiTumis da sinTetikuri laqebis bazaze, naklebad siTbomedegia. maRali 

siTbomedegobiT xasiaTdeba F klasis saizolacio masalebi, romlebic 

damzadebulia axali sinTetikuri da minaqsovilebis bazaze. kidev ufro 

Tbomedegia H klasis saizolacio masalebi, romlebic damzadebulia kaJ-
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badorganuli da minaqsovilis narevebis bazaze.QqvemoT mogvyavs gaxurebis 

dasaSvebi temperaturebis izolaciis klasze damokidebulebis cxrili.  

izolaciis klasi .................................................................  B           F          H 

Ruzis gragnilis izolacia ..................................... 145C      165C       185C 

polusebis gragnilebis temperatura ............. 155C      180C       205C 

didi denebis dros wevis Zravebi maqsimalur dasaSveb temperaturamde 

swrafad xurdeba, xolo mcire denebis dros (danakargebis simciris gamo) 

nela. gamoyofen wevis Zravebis muSaobis or reJims:  

 xangrZlivs, 

 saaTurs. 

xangrZliv reJims (dens) Seesabameba wevis Zravebis datvirTvis iseTi reJimi 

(deni), rodesac nominaluri Zabvis da normalurad momuSave ventilaciis 

pirobebSi, xangrZliv reJimSi muSaobisas gaxurebis temperatura ar gadaaWar-

bebs dasaSveb mniSvnelobas. 

saaTur reJims (dens) Seesabameba wevis Zravebis datvirTvis iseTi reJimi 

(deni), rodesac nominaluri Zabvis da normalurad momuSave ventilaciis 

pirobebSi, erTi saaTis ganmavlobaSi muSaobisas gaxurebis temperatura ar 

gadaaWarbebs dasaSveb mniSvnelobas. 

siTbomedegi saizolacio masalebis gamoyenebas unda mieqces didi yurad-

Reba, radgan maTi gamoyeneba mniSvnelovnad amcirebs manqanis gabaritebs, an 

igive gabaritebis SemTxvevaSi iZleva didi simZlavreebis (15-20%-iT meti) 

realizaciis SesaZleblobas. 

 

17.2. wevis Zravebis gaxurebis gaangariSebis  
    analizuri meTodi 

 
wevis eleqtruli manqanebis gaxurebis gaangariSebisas gansazRvraven 

manqanis yvelaze gaxurebuli nawilis (Cveulebriv, rogorc wesi, Ruzis an 

mTavari polusebis koWebis) temperaturis gadametebas garemo haeris tempe-

raturaze. 

stendebze araerTma gamocdam aCvena, rom Zravebis gaxureba mimdinareobs 

fizikis kursidan cnobili erTgvarovani sxeulis gaxurebis kanonis 

Sesabamisad. 

erTgvarovani sxeulis gaxurebis Teoriis Tanaxmad, gaxurebis procesSi 

gamoyofili Tburi energiis nawili, sxeulis siTbotevadobis gamo, rCeba 
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masSi da iwvevs misi temperturis amaRlebas, xolo am energiis nawili 

sxeulis siTbogacemis unaris gamo gadaecema garemos. 

ganvixiloT wevis Zravas gragnilis 

gaxurebis temperaturis cvlileba t 

drois ganmavlobaSi, ucvleli dat-

virTvis da siTbogacemis pirobebSi. 

procesis dasawyisSi, rodesac 

Zravas temperatura axlosaa garemos 

temperaturasTan, gaxurebis procesi 

midis intensiurad, radgan mTeli ga-

moyofili siTbo Zravas didi siTbo-

tevadobis gamo rCeba ZravaSi da 

iwvevs misi temperaturis intensiur 

zrdas. temperaturis zrdisas, siTbogacemis unaris gamo, ganuwyvetliv 

izrdeba garemoze gadacemuli siTbos wili da dgeba iseTi momenti, 

rodesac gamoyofili siTbo mTlianad gadaecema garemos.Ees niSnavs imas, 

rom gaxurebis temperatura damyarda. siTbogacemis ararsebobis SemTxvevaSi 

gaxurebis procesi wavidoda OA xazis mixedviT (nax. 17.1). 

Zravas gaxurebis procesis analizis gaiolebis mizniT SemoviRoT Semdegi 

aRniSvnebi: 

C _ Zravas siTbotevadoba, anu siTbos raodenoba, romelic saWiroa misi 

temperaturis 1C-iT asamaRleblad; 

A _ Zravas siTbogacema, anu siTbos raodenoba, romelic gadaecema Zravadan 

garemos drois erTeulSi, temperaturis 1C-iT sxvaobisas;  

 _ Zravas temperaturis gadameteba garemomcveli haeris temperaturaze 

gradusebSi; 

  _ drois erTeulebSi Zravas mier gamoyofili siTbos saerTo raodenoba. 

Tu siTbos raodenoba gaizomeba kilokaloriebSi, maSin zemoT moyvanil 

sidideebis ganzomilebebi iqneba:  _ kkal/wm; C _ kkal/C; A _ kkal/wmC. 

Zravas mier gamoyofili siTbos saerTo raodenoba 

P 24,0  kkal/wm,                           (17.1) 

 sadac, P  aris ZravaSi jamuri danakargebi kvt-Si. 

Zravas ucvleli datvirTviT muSaobisas Tburi balansis gantolebas 

eqneba Semdegi saxe 

nax. 17.1. wevis Zravas temperaturis  
   cvlileba drois mixedviT, 
   ucvleli datvirTvis dros. 
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 CddtAdt   kkal.                           (17.2) 

gaxurebis procesi xasiaTdeba damokidebulebiT gaxurebis temperaturisa 

da dros Soris )(t . (17.2) gantolebis safuZvelze vipovoT es damokidebuleba. 

amisaTvis pirvel rigSi ganvacalkevoT cvladebi, miviRebT 

 CddtA  )(  

              aqedan vwerT      
)( 



A

Cd
dt


 . 

integrirebis Semdeg miviRebT   K
A

AC
t 




)ln( 
.                      (17.3) 

ganvsazRvroT integrirebis mudmiva K sawyisi pirobidan, rodesac 0t , 

gaxurebis temperatura 
0   da )ln( 0 ACK  . Tu K-s mniSvnelobas 

CavsvamT (17.3) formulaSi miviRebT: 


















)(

)ln()ln()[ln(

0

0





A

A

A

C

A

AAC
t .             (17.4) 

amovxsnaT (17.4) gantoleba -s mimarT. 

Tu movaxdenT miRebuli gantolebis orive mxaris integrirebas, miviRebT: 

)(

)(

0



A

A
e

t
C

A








. 

               aqedan          C

tA

C

tA

ee
A

















 01 


 .                        (17.5) 

(17.5) tolobaSi SemoviRebT aRniSvnebs T
A

C
 ;  



A
, sabolood miviRebT: 

T

t

T

t

ee


  0)1(  ,                         (17.6) 

sadac, e aris naturaluri logariTmis fuZe. 

       T - drois Tburi mudmiva.Eesaa pirobiTi dro, romlis ganmavlobaSi Zrava 

gaxurdeba damyarebul temperaturamde siTbogacemis ararsebobis pirobebSi. 

       τ0 – saangariSo periodSi gaxurebis sawyisi temperatura,
o
C. 

Zravas gamorTvis SemTxvevaSi, roca 0l , Sesabamisad 0 , siTbos 

gamoyofa wydeba da mimdinareobs Zravas gagrileba: 

T

t

e


 0 .                                (17.7) 

(17.6) da (17.7) formuliT gaxurebis temperaturebis gaangariSeba garkveul 

sirTuleebTan iyo dakavSirebuli (dReisaTvis kompiuterebis masobrivi 
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gamoyenebis xanaSi es sirTuleebi araa).Aamitom, praqtikaSi iyeneben gamar-

tivebul formulebs, romlebic 1,0


T

t
 pirobis dacvisas iZleva sakmaris 

sizustes. kerZod, gaxurebis reJimisTvis 








 



 

T

t

T

t
10 .                           (17.8) 

  gagrilebis reJimisTvis       






 


T

t
10 ,                             (17.9) 

  sadac, Δt  drois intervalia, romelSic vangariSobT gaxurebas (gagrilebas), aiReba 

1,0 Tt  pirobis dacviT. 

        ,T  aris mocemuli Zravas Tburi parametrebi, romlebic dgindeba stendze 

gamocdis Sedegad da mocemulia pasportiT. 

Zravas gaxurebis saboloo temperatura garemos temperaturis gaTva-

liswinebiT iqneba: 

haerigax, tT  . 

garemo haeris temperatura saangariSod aiReba 25C-is toli.  

Tu eleqtromoZravi Semadgenloba muSaobas iwyebs xangrZlivi dgomis 

Semdeg, sawyis temperaturad iReben +15C. 

,T  Tburi parametrebi stendze gadaRebulia nominaluri ventilaciis 

pirobebSi. Tu ventilatori gamorTulia, maSin T aiReba 3-jer meti, radgan 

siTbogadacema iqneba gacilebiT naklebi. 

Zravas denis mniSvnelobebi aiReba cvladi denis eleqtromoZravi Semad-

genlobisaTvis IZr(s), xolo mudmivi denis eleqtromoZravi Semadgenlobisa-

Tvis Iel(s) mrudeebidan.Aam ukanasknelis SemTxvevaSi Zravas deni iangariSeba 

formuliT: 

                                 
p

I
I

el

Zr  , 

sadac,   p  aris Zravebis paralelur StoTa ricxvi.  

Tu aRebuli Δt intervalis farglebSi deni icvleba Zr2Zr1 II   farglebSi, 

aiReba saSualo mniSvnelobis toli 

2

Zr2Zr1
Zr.saS.

II
I


 . 

Zravas denis miRebuli mniSvnelobisTvis vsazRvravT Tbur parametrebs 

,T  (nax. 17.2) da (17.8) formuliT vangariSobT gaxurebas, pirveli interva-
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lisaTvis. Semdegi intervalisaTvis sawyis temperaturad viRebT wina 

intervalis bolo temperaturas da ase vagrZelebT angariSs. iq sadac 

wydeba denis moxmareba, iwyeba gagrileba da viyenebT (17.9) formulas.  

rekuperaciuli an reostatuli damuxruWebis pirobebSi angariSs vawar-

moebT iseve, rogorc wevis reJimSi. 

ganvixiloT gaangariSebis konk-

retuli magaliTi. gaangariSebas vax-

denT cxrilis saxiT. (ix. cxrili 

17.1) cxrilis me-2 grafas vavsebT 

siCqaris mrudis V(S) gaanalizebiT. 

me-3 grafis monacemebs viRebT denis 

IZr(s) mrudidan. me-4 grafis monace-

mebs viRebT drois t(s)  mrudidan. 

me-5 da me-6 grafis monacemebs viRebT 

Tburi parametrebis mrudidan. 

magaliTi: gaviangariSoT ВЛ-80
т 

eleqtromavlis НБ-418 К Zravas ga-

xureba. cxrilis pirvel – me-4-ebs 

grafa vavsebT wevis mrudeebis analiziT.Ggaremos temperaturas viRebT +25C. 

cxrili 17.1 

 

nax. 17.2. ТЛ-2К  wevis Zravas sakompensacio 
 gragnilis Tburi parametrebi Q=95 m3/wT 

       gamagrilebeli haeris pirobebSi. 

 
_~_ 
_~_ 
_~_ 

_~_ 

_~_ 

_~_ 

_~_ 
 

 
_~_ 
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eleqtromavlis daZvra xdeba Zravas deniT 1 020a. es deni ZravaSi gadis 

1.6 wT-is ganmavlobaSi. aRniSnuli denisaTvis vsazRvravT Tbur parametrebs 

23T  wT, C 182 . Tu CavsvamT mniSvnelobebs (17.3) formulaSi, miviRebT: 

















 



 

23

6,1
125

23

6,1
18210

T

t

T

t
 C 3692,3566,2366,12 . 

analogiurad vakeTebT angariSs meore intervalisaTvis, oRond sawyis 

temperaturad viRebT 0 36C da a.S. me-8 intervalze eleqtromavali wyvets 

denis moxmarebas (Tavisufali gorvis reJimi) da gaangariSebas vaxdenT 

gagrilebis (17.4) formuliT. 

cxrilis me-11-e grafis analizi gviCvenebs, rom temperaturis yvelaze 

didi gadameteba Seadgens 61,1C. gaxurebis maqsimaluri temperatura tolia  

Ct  1,86251,61haerigax.  . 

 

17.3. wevis Zravebis gaxurebis gaangariSebis  
     grafikuli meTodi, temperaturuli mrudeebis   
     badis gamoyenebiT 

 
yoveli seriuli ZravasaTvis gamosacdel stendze gansazRvraven gaxurebis 

da gagrilebis temperaturas datvirTvis denebis da maTi moxmarebis 

xangrZlivobis sxvadasxva mniSvnelobisaTvis da miRebuli monacemebiT 

ageben gaxurebis da gagrilebis mrudeebs e.w. temperaturul badeebs τ(t) 

(nax. 17.3).  

temperaturuli badis gamoyenebis asaxsnelad, simartivisaTvis ganvixiloT 

17.4 naxazze mocemuli τ(t) mrudeebi, romlebic agebulia Zravas raRac 

konkretuli denis mniSvnelobisaTvis. naxazze pirveli mrudi Seesabameba 

gaxurebis process, xolo me-2 mrudi gagrilebis process. pirveli mrudi-

dan Cans, rom dasawyisSi 01 ttt   drois ganmavlobaSi Zravas temperatura 

mkveTrad izrdeba τ0 mniSvnelobidan τ1 mniSvnelobamde (ab traeqtoria). 

Semdeg gaxurebis intensivoba mcirdeba da c wertilSi misi mateba wydeba. am 

momentSi gaxurebis temperatura utoldeba damyarebuli temperaturis mniSv-

nelobas   .  

gagrilebis me-2 mrudidan Cans, rom sawyis etapze temperatura mkveTrad 

ecema τ2-dan τ1-mde (traeqtoria cd) da roca   , temperaturis dacema 

wydeba. 
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nax. 17.3 

ganvixiloT gaangariSebis Tanmimde-

vroba nax. 17.5-ze mocemuli temperatu-

ruli badis magaliTze. winaswar vaana-

lizebT wevis angariSebiT miRebul 

denis Iel.(s) da drois t(s) mrudeebs da 

vsazRvravT Zravas denis saSualo mniSv-

nelobebs nIIII Zr.Zr.3Zr.2Zr.1 ,,,,   da maTi mox-

marebis xangrZlivobebs ntttt  ,,,, 321 . 

 

nax. 17.4 

,C 

  = 
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nax. 17.5 

IZr.1 Zravas denis mniSvnelobisTvis badeze (nax. 17.5) vpoulobT Sesabamis 

mruds, vTqvaT 4Zr.1 II   (me-4 mruds). am mrudze Zravas sawyis temperaturas 

τ0-s Seesabameba a wertili, romlisganac horizontalurad gadavdebT am denis 

moxmarebis xangrZlivobas Δt1-s da vpoulobT b wertils, romelic 

Seesabameba gaxurebis τ1 temperaturas. e.i. ZravaSi IZr.1 denis Δt1 drois 

ganmavlobaSi gavlisas, Zravas temperatura gaizrdeba τ0-dan τ1-mde (ab 

traeqtoriiT). Tu meore intervalisTvis Zravas denis saSualo mniSvneloba 

gaxda  I1-is toli (1 mrudi), xolo misi moxmarebis xangrZlivoba Δt2, maSin 

am intervalisTvis sawyisi temperatura iqneba τ1, rasac pirvel mrudze 

Seesabameba c wertili, saidanac gadavdebT Δt2 dros da vipoviT d wertils. 

e.i. ZravaSi  IZr.2 denis Δt2 drois ganmavlobaSi gavlisas, Zrava gaxurdeba τ1-dan 

τ2-mde (cd traeqtoriiT). Tu mesame intervalSi Zravas mier moxmarebuli 

saSualo deni IZr.3 iqneba toli I6-is da aRmoCndeba IZr.2-ze naklebi, maSin 

Zrava daiwyebs gagrilebas 6 mrudis Sesabamisad. amisTvis, d wertili gada-

gvaqvs 6 mrudze e wertilSi, saidanac gadavdebT am denis moxmarebis dros 

Δt3-s da vpoulobT f wertils, romelsac Seesabameba temperatura τ3. e.i. 

C 

(wT) 

O 
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Semcirebuli IZr.3 denis gavlis dros Zrava Δt3 drois ganmavlobaSi gagrilda 

τ2-dan τ3-mde (ef traeqtoriiT). aRwerili meTodiT vagrZelebT gaTvlebs. Tu 

Zravas denis raime k saSualo mniSvnelobisaTvis IZrk, Sesabamisi mrudi ar 

aRmoCndeba badeze, mivmarTavT interpolaciis xerxs, ise rogorc es 

naCvenebia 17.5 naxazze Δt5 intervalisaTvis. 

miuxedavad imisa, rom winamdebare meTodi iyenebs eqsperimentulad 

gadaRebul mrudeebs, is mainc ar iZleva gaangariSebis sakmaris sizustes, 

radgan ar iTvaliswinebs temperaturis faqtiur gadanawilebas Zravis 

calkeul kvanZebs Soris. 
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XVIII Tavi 

eleqtroenergiis xarjis gaangariSeba 
 

18.1. matarebelTa wevaze daxarjuli eleqtroenergiis  
   grafoanalizuri gaangariSeba 

 
eleqtromoZravi Semadgenlobis mier moxmarebuli eleqtroenergia ixar-

jeba: matareblis gadaadgilebaze (wevaze), eleqtromoZravi Semadgenlobis 

gadaadgilebaze deposa da sadguris xazebze manevrirebisas da sakuTar 

moxmarebaze. Eeleqtroenergiis nawili ixarjeba danakargebze TviT eleqt-

romoZrav SemadgenlobaSi da moZraobis dros warmoqmnili danakargebis 

dafarvaze. 

matarebelTa wevaze eleqtroenergiis xarji SeiZleba ganisazRvros ramde-

nime xerxiT. maT Soris erT-erTiPpopularuli grafoanalizuri  meTodi 

emyareba moZraobis (siCqaris, drois da denis) mrudeebis gamoyenebas. 

eleqtruli rkinigzebis mudmivi denis sistemebSi, matarebelTa wevaze 

eleqtroenergiis xarji damokidebulia sakontaqto qselSi Zabvis Uqs 

sidideze, eleqtromoZravi Semadgenlobis mier moxmarebul I denze da am 

denis moxmarebis xangrZlivobaze Δt-ze. 

18.1 naxazze naCvenebia moZraobis siCqaris da moxmarebuli denis cvli-

leba drois mixedviT. amuSavebis procesSi 0-dan Vam siCqaremde deni ucvle-

lia da tolia I1-is.Aam denis moxmareba xdeba mTeli amuSavebis procesis 

xangrZlivobis 011  tt  ganmavlobaSi.Aam dros matareblis wevaze energiis 

xarji iqneba                    11 tIUA  qsw1 .                                  (18.1) 

122 ttt   drois ganmavlobaSi moxmarebuli denis mniSvneloba icvleba I1-dan 

I2-mde. is SegviZlia SevcvaloT saSualo mniSvnelobiT 
2

21 II
I


2saS.  da 

energiis xarji iqneba          22 tIUA  saSqsw2 .  

Tu CavatarebT analogiur gaTvlebs, Cven miviRebT energiis xarjs wevaze 

T drois ganmavlobaSi, vt.sT-Si. 

)( 21 iii tItItIUAAAA  saS2saS1qsww2w1w                   (18.2) 

            anu               )( ii tIUA  saSqsw .                           (18.3) 

Tu gaviTvliswinebT imas, rom Zabva gvaqvs voltebSi, deni amperebSi, 

dro wuTebSi da eleqtroenergia unda gavzomoT kilovat-saaTebSi, amitom 
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(18.3) formula unda gavyoT 60-ze (wuTebis saaTebSi gadasayvanad da kidev 

unda gavyoT 1 000-ze, vatebis kilovatebSi gadasayvanad). sabolood wevaze 

eleqtroenergiis gasaangariSebel formulas eqneba Semdegi saxe 

31060

)(






ii tIU
A

saSqs

w .                             (18.4) 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

nax. 18.1. siCqaris V(t) da denis I(t) damokidebuleba 
svlis t droze. 

 
wevis angariSebSi denis, siCqaris da drois mrudeebs ageben manZilTan 

funqciaSi. teqnikurad gaangariSeba xdeba Semdegi TanmimdevrobiT: siCqaris 

mrudze (nax. 16.8) iReben gardatexis wertilebs (magaliTad 22 da 23   werti-

lebs).Aam wertilebis Sesabamisad denis mrudidan vsazRvravT Sesabamis denebs 

I22 da I23-s da vangariSobT maT saSualo mniSvnelobas 
2

2322 II
I


saS . drois 

mrudidan viRebT Δt intervals, miRebul sidideebs vsvamT (18.4) formulaSi 

da vangariSobT am intervalSi energiis xarjs ΔA-s. 

cvladi denis eleqtificirebuli ubnebisaTvis, wevaze energiis xarjis 

gasaTvlelad, vsargeblobT winaswar agebul denis aqtiuri mdgenelis 

mrudiT Ida(S) (nax. 16.9). am SemTxvevaSi saangariSo formulas eqneba Semdegi 

saxe: 

31060

)(






tIU
A

d saSaqs

w .                             (18.5) 

Tu matareblis moZraobisas gamoiyeneba rekuperaciuli damuxruWeba, 

maSin qselSi dabrunebul energias akleben wevaze daxarjul energiis xarjs. 

(a) 

(wT) 

 V 








sT

km
 

t1 t2 t3 ti 
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18.2. wevaze daxarjuli eleqtroenergiis xarjis  
         grafikuli gaangariSeba 
 

eleqtroenergiis xarji SeiZleba ganisazRvros moxmarebuli denis mrudis 

agebis gareSe grafikulad, eleqtromavlis denis maxasiaTeblebis  Iel(V), 

Ida(V) da siCqaris mrudis V(S) gamoyenebiT. ganvixiloT gaangariSebis aRniS-

nuli principi. 

18.2 a naxazze mocemulia eleqtromavlis denis maxasiaTebeli Iel(V), xolo 

18.2 b naxazze matareblis moZraobis siCqaris mrudi V(S). ΔS monakveTze, 

romelzec matarebeli moZraobs VsaS siCqariT (18.3) formuliT gavTvaloT 

energiis xarji ΔAw, energiis miRebuli xarji ΔAw gadavdoT rekomendebul 

Am  mm/(kvt.sT) masStabSi c wertilidan, monakveTi bc. aRebuli elementis ΔS 

farglebSi, eleqtroenergiis xarji Seicvleba wrfivad – ab kanoniT. 

 
nax. 18.2. eleqtroenergiis grafikuli gaangariSebis principi. 

exla vnaxoT, Tu ra pirobebSi SegveZlo agvego ab xazi geometriulad 

ΔAw energiis winaswar gaTvlis gareSe.Aam mizniT, pirvel rigSi, ganvsazRvroT 

ab xazis abscisTa RerZTan daxris kuTxis β-s tangensi, 

s

A

ms

mA

ac

bc
tg






w
 ,                              (18.6) 

sadac, mA aris energiis masStabi, mm/kvt.sT. 

       mS – manZilis masStabi, mm/km. 










sT

km
 

(km) (a) 










sT

kvt
 

a) b)  
mi 

 
mV 

 mA 

 
mS 

 
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meore mxriv tVs  saS , maSin    
f

A

mtV

mA
tg






saS

w
 ,                        (18.7) 

VsaS siCqaris dros eleqtromavali moixmars saSualo dens imI saSel,  (CB mona-

kveTi). OBC samkuTxedidan SegviZlia davweroT: 

V

i

mV

mI

OB

CB
tg

saS

el.saS
 ,                           (18.8) 

sadac, 
im  aris denis masStabi, mm/a. 

       
Vm  –siCqaris masStabi, mm/km/sT. 

(18.8) formulis mricxveli da mniSvneli gavamravloT Uqs da Δt-ze, miviRebT: 

tUmV

mA

tUmV

tUmI
tg

V

i

V

i











qssaS

w

qssaS

qsel.saS
 .                     (18.9) 

tg  da  tg  gamosaxulebebSi Sedis energiis xarji ΔAw, Tu tg  da  tg  

gautolebT erTmaneTs, maSin ab iqneba marTobuli BC-si, 

tUmV

mA

mtV

mA
tgtg

V

i

S

A











qssaS

w

saS

w
 .          

gamartivebis Semdeg gveqneba 

qsUm

m

m

m

V

i

S

A


 .                               (18.10) 

am gamosaxulebaSi mA, mS, mi da mV masStabebia, romlebic SeirCeva, xolo 

Uqs mudmivi sididea. moZraobis mrudeebidan siCqaris mV da drois mt 

masStabebi cnobilia. Tu denis maxasiaTeblebi ukve agebulia mi masStabSi, 

maSin energiis masStabi mA ganisazRvreba gantolebiT: 

qsUm

mm
m

V

iS
A




 .                              (18.11) 

18.3 naxazze naCvenebia energiis xarjis ΔAw(S) grafikuli gaangariSebis 

magaliTi, mocemuli denis maxasiaTeblebis Iel(V) da siCqaris mrudis V(S)  

gamoyenebiT. 

aq aRebulia Semdegi masStabebi: 40Sm  mm/km; 2Vm mm/km/sT,L 05.0im  mm/a. 

3000qsU v, maSin energiis masStabi (18.6) formulis Tanaxmad iqneba 

00033.03000
2

05,0
40 Am   mm/vt.sT. 

pirvel intervalSi 0-10 km/sT, saSualo siCqarea 51saSV  km/sT; moxmarebuli 

deni 400elI amp. aRniSnuls Seesabameba a1 wertili.  a1  wertili SevaerToT O 
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nax. 18.3. energiis xarjis mrudis Aw(S) ageba. 

 
wertilTan da amave wertilidan saidanac iwyeba moZraoba, gavavloT Oa1 

sxivis marTobi, V1 siCqaris Sesabamis manZilis koordinatis s1-dan aRmar-

Tuli vertikalis gadakveTamde. miviRebT 1a   wertils, romlis oordinata 

1a  s1 warmoadgens eleqtroenergiis xarjs Os1 manZilis daZlevaze  ΔA1w. 

Semdeg viRebT meore intervals, romelsac Seesabameba saSualo siCqares   

152 V km/sT; deni 800elI amp. vaerTebT am wertils O wertilTan da vavlebT 

Oa2 sxivis marTobs 1a  wertilidan V2 siCqaris manZilis koordinatis s2 

wertilidan aRmarTuli vertikalis gadakveTamde. miviRebT 2a   wertils. 2a   

da 1a  wertilebis ordinatTa sxvaoba iqneba energiis xarji s1s2 monakveTis 

daZlevaze ΔA2w da a.S. Os5 manZilis gavlis Sesabamisi jamuri energiis 

xarji ( 5a  wertilis koordinatas Seesabameba 53 mm). Sesabamisad energiis 

xarji iqneba 

160600000333.053   vt.sT = 160.6 kvt.sT. 

rogorc vrwmundebiT, denis moxmarebisas, eleqtroenergiis xarji 

ganuwyvetliv izrdeba. rodesac denis moxmareba araa (Tavisufali gorva, 

meqanikuri damuxruWeba) Aw(S) xazi abcisTa RerZis paraleluri rCeba. Tu 

xdeba rekuperaciuli damuxruWeba, am SemTxvevaSi denis maxasiaTebeli unda 

aigos siCqaris V RerZis marjvniv (arsebulis sarkiseburad). Sesabamisad 

agebisas energiis mrudi mimarTuli iqneba qvemoT, rac mianiSnebs 

eleqtroenergiis xarjis klebas. 

 

( ( 

( 

) ) 

) (a) 
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18.3. matarebelTa wevaze eleqtroenergiis xarjis  
    analizuri gaangariSeba 

 

18.3.1. zogadi cnobebi 

eleqtroenergiis xarjis gansazRvris zemoT ganxiluli grafoanalizuri 

da grafikuli xerxebi, moiTxovs drois did danaxarjebs siCqaris, drois 

da denis mrudebis agebaze. eleqtroenergiis miaxloebiTi (saorientacio) 

gaangariSebisaTvis ufro xelsayrelia gamoviyenoT gaangariSebis analizuri 

xerxi, romelic efuZneba matarebelTa wevaze eleqtroenergiis xarjis 

calkeuli mdgenelebis cal-calke gansazRvras.M 

matareblis gadasarbenze moZraobisas, gzis nawils is gadis wevis 

reJimSi, darCenil nawils ki Tavisufali gorviT da damuxruWebiT. 18.4 

naxazze naCvenebia matareblis moZraobis siCqaris umartivesi mrudi. O 

wertilSi (sadguris centrSi) iwyeba da OS1 monakveTze xdeba amuSaveba, S1S2 

monakveTze moZraoba warmoebs wevis reJimSi, S2S3 monakveTze matarebeli 

moZraobs Tavisufali gorvis reJimSi, xolo S3 wertilSi (Vd siCqareze) 

iwyeba damuxruWeba da O wertilSi matarebeli Cerdeba.  

 
 

 

 

 

 

 
 

 

 

nax. 18.4. moZraobis siCqaris  damokidebuleba manZilze. 
 

amuSavebis periodSi eleqtruli energia ixarjeba moZraobis winaaRmde-

gobis Zalebis daZlevaze (OS1 monakveTi) da matareblis masisTvis kineti-

kuri energiis miniWebaze.Eeleqtroenergiis nawili ikargeba asamuSavebel 

reostatebSi. Semdeg monakveTze (S1S2), eleqtruli energia ixarjeba moZraobis 

winaaRmdegobis Zalebis daZlevaze da matareblis masisTvis kinetikuri 

energiis Semdgom gazrdaze. S2 wertilSi wevis reJimi wydeba (deni utol-










sT

km
 









sT

km
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deba O-s) da moZravi matareblis kinetikuri energia ixarjeba moZraobi-

sadmi winaaRmdegobis Zalebis daZlevaze. S3 wertilSi iwyeba damuxruWeba 

da kinetikuri energiis didi wili ixarjeba xaxunze muxruWebSi, nawili ki 

moZraobisadmi winaaRmdegobis daZlevaze. O wertilSi matarebeli Cerdeba 

da misi kinetikuri energia utoldeba 0-s. 

gamodis rom amuSavebis da gaqanebis procesSi daxarjuli eleqtruli 

energia, romelic gadavida moZravi matareblis kinetikur energiaSi, damux-

ruWebis dros daixarja meqanikur muxruWebSi, aunazRaureblad siTbos 

gamoyofaze. 

wevis reJimSi energiis nawili mudmivi denis eleqtromoZrav Semadgen-

lobaze ikargeba wevis ZravebSi da kbilana reduqtorebSi, xolo cvladi 

denis eleqtromoZrav Semadgenlobaze, damatebiT statikur gardamqmnelebSi. 

zemonaTqvamidan vaskvniT, rom matarebelTa wevaze sakontaqto qselidan 

miRebuli eleqtruli energia ixarjeba: moZraobisadmi ZiriTadi da damate-

biTi winaaRmdegobis Zalebis daZlevaze, danakargebis dafarvaze muxruWebSi, 

wevis ZravebSi, kbilana reduqtorebSi, statikur gardamqmnelebSi, asamuSavebel 

reostatebSi da cvladi denis eleqtromavlebSi, damatebiT amuSavebisas 

dabali m.q.k-is gamo. ganvsazRvroT aRniSnuli mdgenelebi analizurad. 

 

18.3.2. moZraobisadmi winaaRmdegobis Zalebis daZlevaze 
           daxarjuli energia 
 

es energia, romelsac aRvniSnavT Aw-Ti, tolia meqanikuri muSaobisa, 

romelsac gansazRvraven, rogorc Zalas gamravlebuls gadaadgilebaze 

(ganvlil gzaze). 

gzis profilis yovel elementze, ZiriTadi da damatebiTi winaaRmde-

gobis Zala tolia:            ))(( 0 iwQP  .                              (18.12) 

romelime gadasarbenze muSaoba tolia profilis TiToeul elementze 

Sesrulebuli muSaobaTa jamis: 

iw SiwQPA )()(1000 0  ,                       (18.13) 

sadac, 1 000 aris km-is metrebSi gadamyvani koeficienti. 

              i‰ – gasworebuli qanobi. 

        Si _ yoveli elementis sigrZe, km-Si. 

w0 sidide siCqaris cvlilebisas icvleba mcire farglebSi da saorien-

tacio gaangariSebisas SegviZlia aviRoT ucvleli da saSualo mniSvnelobis 

w0saS toli. 
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realuri profili SegviZlia SevcvaloT ekvivalenturi qanobiT, pirobiT, 

rom masze Sesruldeba igive muSaoba, rac realur profilze. am mosazrebis 

gaTvaliswinebiTEekvivalenturi qanobi ganisazRvreba formuliT: 

S

SwSwiHH
i

mrmrmavn.0saSmavn.db

ekv




)()(1000
,             (18.14) 

sadac, db HH   aris bolo da sawyisi punqtebis, zRvis donidan, simaRleTa sxvaoba, 

m-Si. 

       іmavn – mavne qanobebi ‰-Si, romlebzec xwi   (mavne hqvia imitom, rom aseT 

qanobebze Tavisufali gorvis reJimSi siCqare izrdeba da saWiro 

xdeba damuxruWeba). 

       Smavn – mavne qanobis sigrZe, m-S. 

       wmr – mrudiT gamowveuli damatebiTi xvedriTi winaaRmdegobis Zala, 
kn

n
-Si. 

       Smr – mrudis sigrZe, m-Si. 

      S  _ ubnis sigrZe, m-Si. 

(18.14) formulis gaTvaliswinebiT (18.13) formula miiRebs Semdeg saxes 

SiwQPAw ))((1000 ekv0saS  .                      (18.15) 

 

18.3.3. energiis danakargebi muxruWebSi 
 

muxruWebis CarTvamde moZrav matarebelSi dagrovili energia toli 

iqneba:                          
2

)1( 2

dVm 
.                                (18.16) 

am energiis didi wili, rogorc aRvniSneT, ikargeba muxruWebSi. yoveli 

damuxruWebisas dakarguli energia toli iqneba: 

ddd

d

d SiwQP
Vm

A ))((
6,32

)1(

2

2








,                   (18.17) 

sadac 
g

QP
m

)1)((1000 
  matareblis masaa kn-Si. 

       Vd – aris damuxruWebis sawyisi siCqare, km/sT-Si. 

      3.6 – km/sT2-dan m/wm2-Si gadamyvani koeficienti; 

       wd – damuxruWebis reJimSi ZiriTadi xvedriTi winaaRmdegobis Zala, 
kn

n
-Si. 

       Sd – samuxruWo manZili, m-Si. 

       іd – qanobi ‰-Si, romelzec xdeba damuxruWeba. 

S (m/wm2)-SenelebiT, TanabarSenelebuli damuxruWebisas ganvlili manZili 

iqneba:                          
2

2

6,32 


S

d

d


V
S . 
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Tu gaviTvaliswinebT aRniSnuls da matareblis masas CavanacvlebT 

woniT, maSin (18.17) formula miiRebs Semdeg saxes: 








 









S

ddd

d


 iwVQP
A

81.9

)1(1000

6,32

)(

2

2

.                 (18.18) 

ra Tqma unda, winaaRmdegobis Zalebis daZlevaze daxarjuli da muxruWebSi 

dakarguli energiaTa jami, wevis Zravebis mier Sesrulebuli meqanikuri 

muSaobis tolia:              dmeq. AAwA  .                             (18.19) 

 
18.3.4. energiis danakargebi ZravaSi da gardamqmnelebSi 

 
Tu wevis Zravebis mier sruldeba meqanikuri muSaoba Ameq., maSin qselidan 

moxmarebuli energia iqneba 
saS

meq.



A
, sadac, saS  aris eleqtromoZravi 

Semadgenlobis margi qmedebis koeficientis saSualo mniSvneloba, romelic 

iTvaliswinebs danakargebs ZravebSi, reduqtorebSi, gardamqmne-lebSi. 

energiisEes jamuri danakargebi gaiTvleba formuliT: 














 meq

saS

meq.

el. A
A

A


.                            (18.20) 

 

18.3.5. energiis danakargebi asamuSavebel reostatebSi 
 

asamuSavebel reostatebSi danakargebi SeiZleba ganvsazRvroT, Tu wevis 

Zravebis eleqtromagnitur simZlavres gavamravlebT amuSavebis danakargebis 

koeficientze kamuS. (ix. 7-Tavi). Tu ugulebelyofT danakargebs ZravSi da 

reduqtorebSi, maSin Zravebis eleqtromagnituri simZlavre SegviZlia 

gautoloT wyvilTvalisa da relsis Sexebis zonaSi realizebul meqanikur 

simZlavres. amuSavebis periodSi daxarjuli energia AamuS. ixarjeba moZrao-

bisadmi winaaRmdegobis Zalebis daZlevaze da kinetikuri energiis maragis 

Seqmnaze.           amuSamuSamuS

amuS.

amuS SiwQP
Vm

A ))((
6,32

)1(

2

2








.               (18.21) 

Tanabar aCqarebuli amuSavebis dros ganvlili manZili iqneba: 

2

2

6,32 


amuS.

amuS.

d


V
S .                            (18.22) 

Tu gaviTvaliswinebT (18.22) formulas da matareblis masas gamovsaxavT 

woniT, yoveli amuSavebisaTvis miviRebT energiis danakargs: 
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









 









amuS.

amuS.amuS.amuS.amuS.

amuS


 iwKVQP
A

81,9

)1(1000

6,32

)(

2

2

.             (18.23)  

sabolood energiis jamuri danakargebis vat.saaTebSi misaRebad, saWiroa 

(18.15), (18.18), (18,20) da (18.23) formuliT miRebuli mniSvnelobebi SevkriboT. 

maTi ganzomileba iqneba kgZ.m-Si. vat.sT-Si gadasayvanad is unda gavamravloT 

gadamyvan koeficientze (radgan 1kgm = 9.81vt.wm; amitom 
1000

725,2


10003,6

vt.wm 9,71
. e.i. 

vamravlebT 
1000

725,2
-ze). 

Tu dauSvebT:  

 amuSavebis da damuxruWebis dros, aCqarebis da Senelebis saSualo 

mniSvnelobebs;   

 amuSavebisa wamuS, damuxruWebis wd da w0saS., winaaRmdegobis Zalebis 

saSualo mniSvnelobebs;  

 amuSavebis da damuxruWebis siCqareebis saSualo mniSvnelobebs;  

 eleqtromoZravi Semadgenlobis margi qmedebis koeficientis saSualo 

mniSvnelobas, 

maSin cnobili ekvivalenturi qanobis mniSvnelobisas, SegviZlia mocemuli 

)( QP   wonis matareblisaTvis gavTvaloT eleqtroenergiis saorientacio 

xarji, moZraobis mrudeebis augeblad da mniSvnelovnad davzogoT dro. 

 

18.4. eleqtruli energiis sruli xarjis gaangariSeba 
 

matarebelTa momsaxureobaze eleqtroenergiis sruli xarji Sedgeba 

ramdenime mdgenelisagan. kerZod: eleqtroenergiis xarji uSualod matare-

belTa wevaze wA , energiis xarji gadaadgilebaze depoebSi da sadgurebSi 

(manevrebze) manA  da energiis xarji sakuTar moxmarebaze smA ,Aanu energiis 

sruli xarji:               smman.wsr AAAA  .                           (18.24) 

wevaze elqtroenergiis xarjis Aw gansazRvris meTodebi Cven ukve 

ganvixileT.  

sakuTar moxmarebaze eleqtroenergiis xarjis Asm (eleqtromoZravi Semad-

genlobis damxmare manqanebis, operatiuli marTvis wredebis da ganaTebis 

muSaobaze) gansazRvrisaTvis saWiroa vicodeT am mowyobilobebis jamuri 

simZlavre da am simZlavreebis muSaobis xangrZlivoba. 
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wevis gaangariSebebis wesebiT mocemulia TiToeuli tipis eleqtromoZravi 

SemadgenlobisaTvis, sakuTari moxmarebaze eleqtroenergiis xarji erTi 

saaTis ganmavlobaSi, kvt.sT-Si. magaliTad, ВЛ10 eleqtomavlebisaTvis es 

sidide Seadgens 70 kvt.sT-s. eleqtromatareblebisaTvis sakuTar moxmarebaze 

eleqtroenergiis xarji iangariSeba maTi sruli muSaobis xangrZlivobis 

da sakuTari moxmarebis saSualo simZlavris mixedviT. magaliTad 9-vago-

niani eleqtromatarebel ЭР2-isaTvis, damxmare manqanebis simZlavre Seadgens 

35 kvt-s, xolo gaTbobis da ganaTebis wredebis simZlavre Sesabamisad 175 

da 18 kvt-s. 

depoebis xazebze manevrirebisaTvis, wevis gaangariSebis wesebiT, reko-

mendebulia energiis xarji emS-s tipis mixedviT. magaliTad, ВЛ10 seriis 

eleqtromavlebisaTvis igi Seadgens 20-25 kvt.sT-s 

sadgurebSi gadaadgilebaze da manevrebze eleqtroenergiis xarji ianga-

riSeba mudmivi denis eleqtromavlebisTvis 100kvt, saSualo simZlavriT 

muSaobis da manevrebis drois xangrZlivobis gaTvaliswinebiT. 

energiis sruli xarji wevis qvesadguris cvladi denis mxares iqneba       

w.qsq

sr



A
A  , 

sadac, sq  aris sakontaqto qselis m.q.k-i. is saSualod udris 0.92. 

       w.q wevis qvesadguris m.q.k-i da saSualod tolia 0.92-0.95. 

matarebelTa wevaze energiis xvedriTi xarji ewodeba 1 tona tvirTis 

1km manZilze gadatanisTvis saWiro energiis xarjs.Mmisi ganzomilebaa 

vt.sT/t.km;                   
QS

Aw

w

1000
 ,  vt.sT/t.km                    (18.25) 

sadac, Aw aris wevaze daxarjuli sruli energia, kvt.sT-Si. 

       Q – Semadgenlobis wona tonebSi. 

       S _ matareblis mier ganvlili manZili, km-Si. 

sakuTari moxmarebis gaTvaliswinebiT, eleqtroenergiis xvedriTi xarji 

iqneba;                  
QS

A

QS

tIU
smsaS.qs

w

1000

60

)(



  vt.sT/t.km.             (18.26) 

 

18.5. eleqtroenergiis ekonomia 
  

eleqtruli rkinigzebi iTvleba eleqtroenergiis erT-erT umsxviles 

momxmareblad.Aamitom, eleqtroenergiis ekonomia Zalian mniSvnelovania da 

mas unda mieqces didi yuradReba. 
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matarebelTa wevaze energiis xarjis mdgenelebis analizidan, pirdapir 

Cans eleqtroenergiis dazogvis gzebi. Eeleqtroenergiis xarjis Semcirebi-

saTvis saWiroa moZravi Semadgenlobis moZraobisadmi ZiriTadi winaaRmde-

gobis Zalebis Semcireba. Tu rogor gavakeToT es, amaze saubari gvqonda me-4 

TavSi. 

eleqtroenergiis xarji matarebelTa wevaze izrdeba siCqaris kvadratis 

proporciulad. imisaTvis, rom gadasarbenebze matareblebi vataroT maRali 

siCqariT da naklebi eleqtroenergiis xarjiT, saWiroa efeqturad gamovi-

yenoT gzis profilis TavdaRmarTebi da masze matareblebi vataroT maqsi-

maluri dasaSvebi siCqariT.Aam gziT moZrav matarebelSi davagrovoT 

maqsimaluri kinetikuri energia, romelsac Semdeg gamoviyenebT gzis 

profilis sxva elementebze moZraobisas. aRniSnulis Sesruleba moiTxovs 

salokomotivo brigadis maRal kvalifikacias. 

marTalia moZraobis saSualo siCqareebis gazrdiT izrdeba winaRmdego-

bis Zalebi da Sesabamisad eleqtroenergiis xarji, magram amave dros 

viRebT damatebiT efeqts imiT, rom Cqardeba mgzavrebis da tvirTebis 

gadaadgileba, izrdeba moZravi Semadgenlobis  brunvis siCqare da a.S., rac 

jamSi iZleva mniSvnelovan ekonomikur efeqts. 

vagonebis tvirTamweobis da matarebelTa wonis gazrda mniSvnelovnad 

amcirebs moZraobisadmi xvedriT winaaRmdegobis Zalebs da erTeuli tvirTis 

gadatanaze eleqtroenergiis xarjs. 

im ubnebze, romlebic gamoirCevian rTuli profiliT (didi sididis 

qanobebi da didi raodenobis mcire radiusiani mrudeebi), ra Tqma unda, 

sxva Tanabar pirobebSi eleqtroenergiis xarji didia. 

Zalze did efeqts iZleva rekuperaciuli damuxruWebis gamoyeneba. garda 

imisa, rom am dros qselSi brundeba 25-30%-mde eleqtroenergia, izrdeba 

moZraobis saSualo siCqare, moZraobis usafrTxoeba da mniSvnelovnad 

mcirdeba samuxruWo xundebze da wyvilTvalebis artaxebze gaweuli xarji.  

rogorc vTqviT, mniSvnelovania eleqtroenergiis danakargebi amuSavebis 

da damuxruWebis dros.Aamitom, moZraobis grafiki unda SeirCes sworad, 

gaCerebebis da, Sesabamisad, amuSavebis SesaZlo minimaluri ricxviT. 

amuSavebis dros energiis danakargebi asamuSavebel reostatebSi SegviZlia 

SevamciroT didi aCqarebebis (Zravis didi denebis) realizaciiT, rodesac 

ureostato (avtomatur) maxasiaTebelze gasvla xdeba dabal siCqareebze.  



 347 

magaliTad, IZr1 deniT amuSave-

bis dros, asamuSavebeli reosta-

tebi wredidan gamoyvanili iqneba 

V1 siCqareze (nax. 18.5), xolo Tu 

amuSavebas ganvaxorcielebT IZr2 

gazrdili deniT, maSin reostatebi 

amoirTveba ufro dabal V2 siCqa-

reze.Aanu amiT miiRweva reosta-

tebis CarTuli mdgomareobis 

xangrZlivobis Semcireba (amuSave-

bis drois Semcireba) da, ra Tqma 

unda, eleqtroenergiis xarjis 

dazogva.  

garda aRniSnulisa, sagadasarbeno drois ucvlelad SenarCunebiT, didi 

aCqarebebis realizeba saSualebas iZleva matarebeli Tavisufali gorvis 

reJimiT vataroT ufro xangrZliv droSi, damuxruWeba daviwyoT ufro 

dabal siCqareze (Vd2 siCqareze Vd1-is nacvlad) (nax. 18.6). 

 

 

 

 

 

 

 

 

 

 
 

 
nax. 18.6. matareblis aCqarebis gavlena eleqtroenergiis 

xarjze. 
 
gansakuTrebiT unda aRiniSnos is, rom Tanamedrove, maRalefeqturi 

naxevargamtaruli teqnikis bazaze Sesrulebuli statikuri gardamqmnelebiT 

aRWurvili regulirebis sistemebis gamoyeneba, saSualebas iZleva minimu-

mamde daviyvanoT energiis danakargebi amuSavebis da damuxruWebis dros. 

nax. 18.5. ureostato maxasiaTebelze  
gasvlis siCqaris damokidebuleba  

denze. 

(a) 
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XIX Tavi 

eleqtromobili 
 

19.1. zogadi cnobebi eleqtromobilebis Sesaxeb 
 

termini eleqtromobilis qveS igulisxmeba avtomobili, romlis wamyvani 

Tvlebis moZraobaSi mosayvanad gamoiyeneba denis wyarodan miRebuli eleq-

truli energia (magaliTad, saakumulatoro batareidan). eleqtromobilSi 

SeiZleba gamovyoT sami ZiriTadi kvanZi: denis wyaro, eleqtruli Zrava da 

Zabvis regulatori.Ggamartivebuli struqturuli sqema mocemuliaN19.1 naxazze. 

nax. 19.1. eleqtromobilis gamartivebuli struqturuli sqema. 
 

19.1.1. Zrava-regulatori 
 

eleqtromobilze SeiZleba gamoyenebuli iyos, rogorc mudmivi denis, 

aseve cvladi denis eleqtruli Zrava.  

mudmivi denis Zravas gamoyenebis SemTxvevaSi, Zravas brunTa ricxvis da 

Sesabamisad eleqtromobilis siCqaris regulireba xdeba SedarebiT martivad, 

Zravas momWerebze Zabvis mdovre regulirebiT. es ukanaskneli SeiZleba 

ganxorcieldes, magaliTad, statikuri ganiv-impulsuri gardamqmnelis meS-

veobiT. 

rac Seexeba cvladi denis Zravas (magaliTad samfaza asinqronuli Zravas) 

gamoyenebis dros, regulatori warmoadgens ramdenime kvanZisagan Semdgar 

 Zrava 
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rTul eleqtronul mowyobilobas, romlis Rirebulebam SeiZleba gadafa-

ros Zravas siiafiT dazogili xarjebi. Tumca, Tanamedrove naxevargamta-

ruli teqnikis baza saSualebas iZleva Seiqmnas kompaqturi, SedarebiT iafi 

da saimedod momuSave statikuri samfaza regulatorebi.   

 

19.1.2. saakumulatoro batarea 
 

eleqtromobilze denis wyarod SeiZleba gamoyenebuli iyos nebismieri 

mowyobiloba, romelic iZleva eleqtroenergias. kerZod: akumulatorebi, 

motor-generatorebi, wyalbadis gazze momuSave elementebi, mzis batareebi 

da sxva. dReisaTvis yvelaze praqtikulad iTvleba eleqtroqimiuri moqme-

debis principze momuSave saakumulatoro batareebi, romlebic gvxvdeba 

sxvadasxva tipis. kerZod: tyvia-gogirdmJaviani, nikel-kadmiumiani, liTium-

ionuri, rkina-nikelis da a.S. CamoTvlilTagan yvelaze iafia tyvia-gogird-

mJaviani akumulatorebi, magram maTi samsaxuris vada mcirea. es ganpirobe-

bulia Edamuxtvis procesSi eleqtrolitis “duRiliT” (rasac ganapirobebs 

damuxtvis denis da Zabvis didi mniSvnelobebi). “duRilis” dros warmoqmnili 

buStulebi “arRveven” (Slian) firfitebs da akumulatori gamohyavT mwyob-

ridan. seriulad gamomaval akumulatorebSi yvelaze ZviradRirebulia 

liTium-ionuri akumulatorebi. maT aqvT arsebul akumulatorebSi yvelaze 

dabali xvedriTi masa da uSveben damuxtvis denis SedarebiT maRal 

mniSvnelobebs; kerZod, uSveben damuxtvis dens 3C-s tols. (C akumulatoris 

tevadobaa amper-saaTebSi). 

amerikuli warmoebis mSrali rulonuri tipis akumulatorebs “optima”. 

SeuZliaT muSaoba did denebze, starterul-wevis reJimSi, uSveben damuxt-

vis denis did mniSvnelobebs. 

 

19.2. istoria 
 

rac ar unda paradoqsulad JRerdes, eleqtromobili Seiqmna ufro adre, 

vidre SidawvisZraviani avtomobili.Ppirveli eleqtromobili (urika eleqtro-

ZraviT) Seiqmna 1841 wels.Prusi gamomgoneblis ipolite romanovis orad-

gilian eleqtromobils hqonda 10 gradaciis siCqare. minimaluri 1,6 km/sT, 

maqsimaluri 37,4 km/sT. 

sawyis etapze svlis maragi da moZraobis siCqareebi SigawvisZravian 

avtomobilebs da eleqtromobilebs hqondaT erTnairi. eleqtromobilebis 
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mTavar naklad warmoCnda saakumulatoro batareebis damuxtvis rTuli 

sistema. dasawyisSi es xdeboda mbrunavi motor-generatorebis saSualebiT. 

1906 wels dainerga mudmivi denis misaRebad pirveli statikuri gardamq-

mneli, magram aman mdgomareoba ver gamoaswora. 

1899 wels “La Jamais Contente eleqtromobilma daamyara xmeleTze siCqaris 

rekordi 105,882km/sT. xolo “borland eleqtrikis” firmis eleqtromobilma 

erTi damuxtviT gaiara manZili Cikagodan – miloukamde 167km, saSualo 

siCqariT 55 km/sT. 

1 900-ian wlebSi amerikis SeerTebul StatebSi niu-iorkSi muSaobda 70 000 

eleqtromobili, ufro meti, vidre avtomobili. SemdgomSi avtomobilebis 

siCqaris mkveTrma zrdam da benziniT gawyobis simartivem ganapiroba 

avtomobilebis ricxvis zrdis tendencia. 

eleqtromobilebis mimarT interesi msoflioSi ganaxlda gasuli sauku-

nis 60-ian wlebSi, rodesac avtomobilebma warmoSva ekologiuri proble-

mebi da, amasTanave, warmoqmnilma energetikulma krizisma gamoiwvia organul 

sawvavze fasebis mniSvnelovani zrda. 

 

19.3. eleqtromobilebis upiratesoba 
 

eleqtromobili avtomobilTan SedarebiT gamoirCeva dabali saeqsplua-

tacio xarjebiT. magaliTad iaponuri avtomobili RAV-4 erT kilometr 

manZilis gavlaze xarjavs 0,19 kvt.sT energias. saSualo 20 000km wliuri 

garbenis SemTxvevaSi, Tu 1 kvt.sT energiis Rirebuleba 12 centia, maSin 

wliuri xarji saSualod iqneba 550 dolari. 

Tu es avtomobili imuSavebda organul sawvavze, maSin wliuri xarji 

iqneboda daaxloebiT 3 500 dolari, anu yvela sxva Tanabar pirobebSi^6-7-jer 

meti. 

garda aRniSnulisa, eleqtromobilebSi wevis eleqtruli Zravebis da 

eleqtruli transmisiis jamuri margi qmedebis koeficienti 2,5 jer maRalia 

avtomobilebis Tburi Zravas da meqanikuri transmisiis jamur m.q.k-ze, rac 

mianiSnebs imaze, rom energiis gardaqmnis procesi avtomobilebSi  mimdi-

nareobs 2,5 jer meti danakargebiT. 

unda aRiniSnos eleqtromobilis Semdegi upiratesobebi avtomobilTan 

SedarebiT:  
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 mavne gamonabolqvis ararseboba. 

 maRali ekologiuroba imis gamo, rom ar xmarobs organul sawvavs, 

antifrizebs, zeTebs da maT filtrebs. 

 teqmomsaxureobis simartive da servisul momsaxureobebs Soris mniSvne-

lovani garbena. 

 avariisas dabali xanZar da feTqebadi saSiSroeba. 

 konstruqciis simartiviT maRali saimedoba da savali nawilis didi 

gamZleoba. 

 saakumulatoro batareebis sayofacxovrebo qselidan damuxtvis SesaZleb-

loba. 

 iafi eleqtroenergiis (hidro da atomur sadgurebSi miRebuli) gamoye-

nebis SesaZlebloba. 

 Ramis saaTebSi saakumulatoro batareebis damuxtvis gziT e.w. ”ener-

getikuli pikebis” moxsnis SesaZlebloba. 

 mniSvnelovnad dabali xmauris done. 

 siCqareTa mTel diapazonSi svlis maRali simdovre. 

 akumulatorebis Tandamuxtva rekuperaciuli damuxruWebis reJimSi. 

 eleqtrodinamiuri damuxruWebis SesaZlebloba, rac ganapirobebs meqani-

kuri friqciuli (xaxunis principze momuSave) muxruWebis xSir ar gamo-

yenebas, Sesabamisad maTi cveTis Semcirebas da damuxruWebis procesis 

saimedoobis gazrdas. 

 e.w. ”motor-Tvali”-is meSveobiT yvela Tvalze sruli amZravis gamoye-

nebiT, gamavlobis da manevrulobis gazrda. 

 

N19.4. eleqtromobilebis nakli 
 

 miuxedavad akumulatorebis konstruqciis mniSvnelovani gaumjobesebisa, 

saukune naxevris ganmavlobaSi eleqtromobilma ver SeZlo konkurencia 

gaewia avtomobilisaTvis ori parametris: erTi gawyobiT ganvlili 

manZilis da Rirebulebis mixedviT. 

 akumulatorebi, rogorc pirveladi energiis wyaro, kargad muSaoben 

eleqtromobilebis mdovre da ucvleli (Tanabari) siCqariT moZraobisas. 

mkveTri daZvris da gaqanebis pirobebSi maTSi energiis danakargebi 

didia, rac amcirebs garbenebs.Aam ukanasknelis gazrdis mizniT unda 
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gamoviyenoT specialuri sastarto sistemebi da rekuperaciuli damuxru-

Weba (es ukanaskneli saSualebas iZleva aRvadginoT dakarguli energiis 

25%-mde). 

 garkveul problemas warmoadgens momwamlavi komponentebis (tyvia, liTiumi, 

gogirdmJava) Semcveli akumulatorebis warmoeba da utilizacia. 

 saakumulatoro batareis energiis nawili ixarjeba eleqtromobilis 

damxmare saborto sistemebis (gaTboba, kondicireba, ganaTeba, sahaero 

kompresorebi da a.S.) kvebaze, rac, ra Tqma unda, amcirebs garbenas. 

 eleqtromobilebis masiuri eqspluataciis pirobebSi aucilebeli xdeba 

saakumulatoro batareis dammuxtavi infrastruqturis (e.i. avtodammuxtavi 

sadgurebis) Seqmna. 

 eleqtromobilebis masiuri danergvis SemTxvevaSi, batareis sayofacxov-

rebo qselidan damuxtvis pirobebSi, mniSvnelovnad gaizrdeba energe-

tikuli sistemis gadatvirTva, rac aucileblad moaxdens zegavlenas 

eleqtromomaragebis xarisxze (Zabvis danakargebis gazrda, sixSireebis 

vardna, lokaluri gamorTvebi). 

 saakumulatoro batareis damuxtvisaTvis gacilebiT xangrZlivi droa 

saWiro (ramdenime saaTi), vidre avtomobilis organuli sawvaviT gawyobis 

dros (ramdenime wuTi). 

 erTjeradi damuxtviT gacilebiT naklebia garbeni, vidre gamoyenebuli 

SigawvisZraviani avtomobiliT, erTi gawyobis sawvaviT. 

magaliTad: 24kvt.sT tevadobis mqone liTiumis saakumulatoro batareiT, 

moZraobis saSualo parametrebiT (siCqare-60-90km/sT-Si, axlo ganaTebis 

maSuqebiT, salonis gaTbobis da kondicirebis gareSe) garbena Seadgens 

160km-s. 

Tu iqneba salonis kondicireba an gaTboba, xSiri daZvra gaCerebebiT, 

siCqare 100 km/sT-ze meti, maSin garbena TiTqmis orjer mcirdeba da Seadgens 

80 km-s. 

liTiumis akumulatorebis maRali Rirebuleba (magaliTad 24 kvt.sT 

energotevadobis saakumulatoro batareis Rirebuleba Seadgens 6 000-9 000 

aSS dolars). 

dabali Rirebulebis tyvia gogirdmJavas Semcveli batarea, woniT 400 kg, 

uzrunvelyofs 80 km garbenas. 

zemonaTqvamidan  Cans,  rom  pirvel  SemTxvevaSi mniSvnelovnad izrdeba  
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eleqtromobilis Rirebuleba, xolo meore SemTxvevaSi aseve mniSvnelovnad 

izrdeba misi masa. 

 garemos dabali temperaturis uaryofiTi zegavlena akumulatoris 

maxasiaTebelze (tevadobis Semcireba). 

 saakumulatoro batareis tevadobis mniSvnelovani Semcireba asakis 

zrdasTan erTad. 

 

19.5. Tanamedrove miRwevebi 
 

2010 wlis maisis TveSi eleqtrul wevaze gadayvanilma iaponurma avto-

mobilma “Daihatsu Miva EV”-m erTi damuxtviT gaiara 1 003 km. amave wlis 

agvistoSi eleqtromobilma “Venturi jamais Contente”-m liTium-ionuri akumula-

torebiT, aSS-s iutas StatSi mariliani tbis fskerze daamyara siCqaris 

rekordi 515 km/sT-Si. 

2010 wlis oqtomberSi, “audi A-2“-is bazaze Seqmnilma eleqtromobilma, 

realuri moZraobis pirobebSi (sazogadoebrivi moxmarebis magistralze, 

yvela damxmare mowyobilobis, maT Soris gaTbobis muSaobis pirobebSi) 

manZili miunxenidan-berlinamde (605 km) gaiara 55 kvt simZlavris ZravaTi da 

115 kvt.sT. tevadobis liTium-polimeruli (“kalibri-s) tipis saakumulatoro 

batareis erTjeradi damuxtviT, saSualo siCqariT 90 km/sT. finiSis Semdeg 

batareaSi SenarCunebuli iyo sawyisi energiis 18%, anu 21 kvt.sT. aRsaniSnavia, 

rom “kalibri-is tipis akumulatorebis resursi 500 000 km-s Seadgens. 

 

19.6. perspeqtiva 

eleqtromobilebis sferoSi Catarebulma kvlevebma aCvena, rom 2 005 

wlisTvis eleqtrotransportis gayidvebis industriam, e.w. hibriduli 

manqanebis CaTvliT, Seadgina 31,1 miliardi dolari. dRevandeli prognoziT 

es cifri 2 015 wlisTvis gaizrdeba 227 miliard dolaramde, anu 7-jer. 

seriozuli muSaoba midis iseTi saakumulatoro batareis Seqmnaze, 

romelsac eqneba mcire damuxtvis dro (15 wuTamde). ukanasknel wlebSi war-

matebiT gamoicada saakumulatoro batareebi Li4Ti5Q12 _ eleqtrodebis  bazaze, 

romelTa damuxtvis dro 10-15 wuTia.  

mravalmxrivi muSaoba midis kvebis wyaroebad akumulatorebis nacvlad 

kondensatorebis gamoyenebis mizniT. kondensatorebi imuxtebian didi denebiT 
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mcire droSi, aqvT maRali (95%-ze meti) energoefeqturoba da Zalze didi 

damuxtva ganmuxtvis resursi (aseulobiT aTasi). aRniSnuli superkonden-

satorebis sacdeli nimuSebis xvedriTi energotevadobaa 32 vt.sT/kg. Seda-

rebisTvis tyvia-gogirdmJaviani akumulatorebisaTvis xvedriTi energoteva-

doba 30-40 vt.sT/kg-ia.   

 

19.7. wevis Zravebi 

eleqtromobilebze, xangrZlivi drois ganmavlobaSi, gamoiyeneboda mxolod 

mudmivi denis mimdevrobiTagznebiani wevis Zravebi.Ees ganpirobebuli iyo am 

Zravebis mniSvnelovani RirsebebiT. kerZod: 

 bunebrivi regulirebadi maxasiaTebliT es Zrava yvelaze kargad pasu-

xobs satransporto amocanebs. moZraobis dros datvirTvis gazrdisas 

(magaliTad, rTul profilze gadasvlisas) mcirdeba siCqare, rac 

avtomaturad iwvevs denis da Sesabamisad wevis Zalis gazrdas. 

 daZvris momentSi es Zravebi anviTareben did mabrunebel moments. 

marTlac momenti ICM  ; Tavis mxriv daZvrisas magnituri nakadi 

proporciulia agznebis gragnilSi gamavali denis, romelic igive 

Ruzis denia.Aanu KIC  , e.i. mabrunebeli momenti 2KIM   denis 

kvadratis proporciulia. 

 am tipis Zravebs aqvT konstruqciulad ufro ukeTesi masa-gabarituli 

maCveneblebi. 

 am tipis Zravebs axasiaTebT ufro maRali komutaciuri mdgradoba,  

radgan agznebis gragnilis magnitomamoZravebeli Zalis cvlilebisas, 

praqtikulad erTdroulad icvleba Ruzis reaqciis magnitomamoZrave-

beli Zala, ris gamoc kompensirdeba Ruzis gragnilSi reaqtiuli 

e.m.Z., stabilizirdeba naperwklianoba koleqtorze. 

 sxva tipis ZravebTan SedarebiT maRali saimedooba. 

 sxva ZravebTan paralelur reJimSi muSaobisas, datvirTvis gadanawilebis 

unari xelovnuri RonisZiebebis gareSe. 

wevis ZravaSi da mTlianad sistemaSi danakargebis Semcirebis mizniT 

Catarebulma gamokvlevebma aCvena, rom ufro xelsayrelia damoukidebel 

agznebiani mudmivi denis Zravas gamoyeneba.Ees SesaZlebeli gaxda damouki-

debeli agznebis gragnilebis sakvebad efeqturi naxevargamtaruli regula-
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torebis SeqmniT.Eenergetikuli maCveneblebis gaumjobesebasTan erTad, 

aseTi Zravebis gamoyenebam SesaZlebeli gaxada mTeli rigi funqcionaluri 

upiratesobebis warmoCena. kerZod: 

 umjobesdeba eleqtromobilebis marTva, gansakuTrebiT eleqtruli 

damuxruWebis reJimSi. 

 farTovdeba siCqaris regulirebis diapazoni. miiRweva damyarebuli 

siCqaris ufro maRali stabiluroba, daZvris da gaqanebis ukeTesi 

dinamika.   

energiis danakargebis mniSvnelovani Semcireba miiRweva Ruzis momWerebze 

Zabvis impulsuri regulatoris da agznebis denis regulatoris  SeTanx-

mebuli muSaobiT. siCqaris regulirebis diapazonis 
3

2
 zonaSi, regulireba 

xdeba agznebis denis regulirebiT.Aam dros Ruzis momWerebze Zabva maqsima-

luria, Zabvis regulatori muSaobs gaJRenTvis zonaSi da misi m.q.k-i  

aRwevs 0.95-0.97. 

mudmivi denis Zravebis ZiriTadi naklia:  

 koleqtori-jagrisebis kvanZis arseboba, rac aZvirebs Zravas Rirebu-

lebas da zrdis mis saeqspluatacio xarjebs. 

 cvladi denis ZravebTan SedarebiT didi masa-gabarituli maCveneblebi.     

 

19.8. hibriduli avtomobilebi 
 

dReisaTvis eleqtromobilebis farTod danergvas, ZiriTadad, zRudavs 

ori faqtori: 

a) saakumulatoro batareis damuxtvis procesis xangrZlivobiT gamowveuli 

sirTule. sxvagvarad, saakumulatoro batareaSi energiis ganTavsebisaTvis 

saWiroa gacilebiT xangrZlivi dro (yvelaze karg SemTxvevaSi, ramdenime 

saaTi), nacvlad organuli sawvaviT avtomobilis gawyobisTvis saWiro 

ramdenime wuTisa. 

b) saakumulatoro batareaSi erTjeradi damuxtviT ganTavsebuli energiiT 

mniSvnelovnad naklebi garbeni, igive monacemebis mqone avtomobilis gar-

benTan SedarebiT. 

Seqmnili mdgomareobidan saSualedo gamosavalia e.w. “hibriduli” (avto-

mobilis da eleqtromobilis sinTezi) avtomobilis Seqmna, kombinirebuli 

energetikuli mowyobilobiT.  
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19.9. eleqtromobilebis eleqtruli amZravebis  
       konstruqciuli Sesrulebis SesaZlo variantebi 

eleqtromobilebis eleqtroamZravebis konstruqciuli Sesrulebis 

ramdenime varianti mocemulia 19.2 naxazze. 

 

 

 
nax. 19.2. wevis eleqtroamZravis variantebi. 

 
19.2 a naxazze naCvenebia wevis eleqtruli amZravi, romelic Sedgeba 

eleqtruli Zravasagan eZ, gadabmulobisagan, siCqareTa kolofisagan sk da 

diferencialisagan d. gadabmuleba gamoiyeneba eleqtroZravas da wamyvani 

Tvlebis droebiTi gancalkavebisaTvis. siCqareTa kolofi sk uzrunvelyofs 

gadacemis sxvadasxva ricxvs, Tvlebze mbrunavi momentis regulirebisaTvis. 

diferenciali d meqanikuri mowyobilobaa, romelic planetaruli meqanizmis 

gamoyenebiT uzrunvelyofs eleqtromobilis moZraobas mrudeebSi. 

19.2 b naxazze naCvenebia eleqtromobilis eleqtroamZravi, eleqtro Zravas 

siCqaris didi diapazoniT.Ees sqema araTu amsubuqebs da amartivebs meqa-

nikur gadacemas, aramed ar moiTxovs  gadacemis safexurebis gadarTvas. 

19.2 g naxazze mocemulia wevis eleqtruli amZravi, romelSic eleqtruli 

wevis Zrava, gadamcemi reduqtori da diferenciali ganTavsebuli da gaer-

Tianebulia erT korpusSi. 
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19.2 d naxazze mocemulia sqema, sadac meqanikuri gadacema ar gvaqvs da 

is Secvlilia cal-calkeBborbalTan dakavSirebuli ori eleqtruli ZravaTi. 

192 e naxazze mocemulia wevis eleqtroamZravi, sadac wevis Zrava Casmulia 

TvalSi. 

19.2 v naxazze mocemulia sqema, sadac eleqtro wevis Zravasa da Tvals 

Soris ar arsebobs Sualeduri meqanikuri meqanizmi da wamyvani Tvali das-

mulia uSualod wevis Zravas rotoris RerZze. aseTi sqema moiTxovs, rom 

wevis Zravas hqondes didi mabruni momenti da misi masa iyos garesorebuli. 

 

19.10. eleqtomobilis wevis eleqtroamZravis  
      funqcionaluri sqema 

eleqtromobilis wevis eleqtroamZravis funqcionaluri sqemis safuZvlad 

SeiZleba miviRoT 19.3 naxazze mocemuli sqema, romelic Seicavs sam 

ZiriTad kvanZs: wevis eleqtroamZravis Zalur nawils, energetikul bloks 

da damxmare mowyobilobis bloks. eleqtroamZravis Zaluri nawili Seicavs 

eleqtronuli marTvis bloks, Zalur eleqtronul bloks, eleqtrul 

manqanas, meqanikur transmisias  da wyvilTvals. 

nax. 19.3. eleqtromobilis wevis eleqtruli amZravis funqcionaluri sqema: 
1- wevis eleqtruli amZravis Zaluri wredi,  2- energetikuli bloki, 

3- damxmare mowyobilobis bloki. 
A  
energetikuli bloki Seicavs energiis ZiriTad wyaros, energiis damate-

biT wyaros da energiis marTvis bloks. 

 
a 

- 
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damxmare mowyobilobis blokSi Sedis eleqtruli kvebis bloki, marTvis 

(saWis) gamaZlierebeli bloki da klimaturi pirobebis marTvis bloki. 

 

19.11. kombinirebuli energetikuli mowyobilobiT  
          aRWurvili wevis eleqtruli amZravis  
          funqcionirebis zogadi principebi 
 

kombinirebuli energetikuli wyaroebiT aRWurvil satransporto saSua-

lebaSi, Zaluri gadacema energias iRebs ara umetes ori wyarodan. ix. 

struqturuli sqema (nax. 19.4). 

 
     nax. 19.4. kombinirebuli energetikuli mowyobilobiT 

aRWurvili avtomobilis struqturuli sqema. 
 

warmodgenili struqturuli sqemis mixedviT datvirTva energias iRebs 

sxvadasxva kombinaciiT; kerZod: 

1. datvirTva kvebas iRebs mxolod energiis pirvel wyarodan (Tburi Zrava), 

rac sakmarisia satransporto saSualebis moZraobaSi mosayvanad; am 

dros saakumulatoro batarea [energiis me-2 wyaro] ganmuxtulia an 

damuxtulia da gamorTuli.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

2. datvirTva kvebas iRebs mxolod energiis me-2 wyarodan (saakumulatoro 

batarea).Aam dros Tburi Zrava pirvel gamorTulia.Ees reJimi gamoiyeneba 

iseT adgilebSi, sadac mavne gamonabolqvebis arseboba mkacradaa limiti-

rebuli (magaliTad dasaxlebuli adgilebi). 

3. datvirTva energias iRebs pirvel da me-2 wyarodan. es xerxi warmoadgens 

momxmareblis simZlavriT kvebis hibridul xerxs da gamoiyeneba, rodesac 

momxmarebeli moiTxovs did simZlavres (magaliTad, mkveTri daZvrisas, 

an rTul profilze moZraobis dros). 
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4. rekuperaciuli damuxruWebis reJimi, rodesac moZrav satransporto 

saSualebis kinetikuri energiis xarjze gamomuSavdeba eleqtruli 

energia da dagrovdeba saakumulatoro batareaSi. 

5. energiis pirveli wyaro amoZravebs satranspoto saSualebas da erTdro-

ulad muxtavs saakumulatoro batareas (2). 

6. energiis pirveli wyaro muxtavs saakumulatoro batareas da es ukanask-

neli kvebavs wevis Zravebs. 

 

19.12. kombinirebuli energetikuli mowyobilobiT  
          aRWurvili wevis eleqtruli amZravis  
          klasifikacia 
 

tradiciulad, kombinirebuli energetikuli mowyobilobiT aRWurvili 

wevis eleqtruli amZravi klasificirdeba or ZiriTad struqturul sqemad: 

mimdevrobiTi da paraleluri. 

 

19.12.1. kombinirebuli energetikuli mowyobilobiT 
      aRWurvili mimdevrobiTi struqturuli sqema 
 

mimdevrobiTi struqturuli sqemis ZiriTadi principia energiis wyarosa 

(Tburi Zrava) da wamyvan Tvlebs Soris meqanikuri kavSiris ararseboba.Aam 

dros Tburi Zravas mier Seqmnili meqanikuri energia gardaiqmneba eleqtrul 

energiad (generatoris meSveobiT). Semdeg es eleqtruli energia wevis 

eleqtruli Zravas meSveobiT kvlav gardaiqmneba meqanikur energiad. sqema 

Seicavs energiis or wyaros _ Tburs (Sigawvis Zrava-generatori) da eleqt-

ruls (saakumulatoro batarea).  

Tbur Zravas moZraobaSi mohyavs mudmivi denis eleqtro generatori (nax. 

19.5) an samfaza cvladi denis sinqronuli generatori (nax. 19.6). aRniSnuli 

generatorebi calke an kvebis meore wyarosTan (saakumulatoro batareasTan) 

erTad kvebaven wevis eleqtrul Zravs. pirvel SemTxvevSi mudmivi denis 

wevis Zravas (nax. 19.5), xolo meore SemTxvevaSi samfaza asinqronul wevis 

Zravas (nax. 19.6). sistema Tburi Zrava-generatori warmoadgens erTmimarTu-

lebian energiis wyaros. wevis eleqtruli Zrava damuxruWebis reJimSi 

muSaobs, rogorc generatori (moZravi satransporto saSualebis kinetikuri 

energiis xarjze) da gamomuSavebuli eleqtroenergiiT kvebavs energiis 

meore wyaros (saakumulatoro batareas) (nax. 19.5, nax. 19.6). 
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nax. 19.5. kombinirebuli energetikuli mowyobilobiT aRWurvili 
    mimdevrobiTi sqema, mudmivi denis wevis eleqtruli amZraviT. 

nax. 19.6. kombinirebuli energetikuli mowyobilobiT 
aRWurvili mimdevrobiTi sqema, samfaza cvladi denis 

wevis eleqtruli amZraviT. 
 

eleqtruli generatori G wevis eleqtul Zravas (wZr) ukavSirdeba ori 

eleqtronuli U1 da U2  gardamqmnelis saSualebiT.Mmeore kvebis wyaro GB 

(saakumulatoro batarea) ormimarTulebiania da wevis eleqtrul Zravas 

ukavSirdeba U3 eleqtronuli gardamqmneliT. 

 
a 

 
a 
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eleqtromobilebis wevis eleqtruli amZravis mimdevrobiTi sqemis Ziri-

Tadi upiratesobebia: 

1. Tburi Zrava meqanikurad ganmxoloebulia wamyvani Tvlebisagan da SeuZlia 

imuSaos maqsimaluri efeqturobis (optimalur) reJimSi. 

2. SesaZlebels xdis maRalsiCqariani (mciregabaritiani) Sigawvis Zravebis 

Ggamoyenebas. 

3. mniSvnelovnad amartivebs transmisiis kinematikur sqemas. 

4. ganapirobebs marTvis kanonebis (moTxovnebis) realizaciis simartives. 

mimdevrobiTi sqemis nakls SeiZleba mivakuTvnoT energiis ormagi garda-

qmna, Sesabamisad maRali danakargebi da eleqtromowyobilobis didi masa-

gabarituli maCveneblebi. 

 

19.12.1.1.Kkombinirebuli energetikuli danadgariT aRWurvili  
            mimdevrobiTi struqturis wevis eleqtruli amZravis  
           funqcionaluri sqema 
 

kombinirebuli energetikuli danadgariT aRWurvili mimdevrobiTi struq-

turis wevis eleqtruli amZravis funqcionaluri sqema mocemulia 19.7 naxazze. 

nax. 19.7. kombinirebuli energetikuli danadgariT aRWurvili, mimdevrobiTi    
   struqturis wevis eleqtruli amZravis funqcionaluri sqema. 

 
garda Zaluri nawilisa, funqcionaluri sqema Seicavs eleqtromobilis 

marTvis da kontrolis bloks, Tburi da eleqtruli wevis Zravebis marTvis 

blokebs da  sqemis calkeuli elementebis kontrolis blokebs. 
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eleqtromobilis marTvis da kontrolis bloki warmoadgens mTeli 

sistemis mTavar, centralur bloks, romelzec miewodeba mZRolis mier 

gacemuli marTvis signalebi, Tburi Zravas da eleqtruli wevis Zravas 

muSaobis makontrolebeli signalebi, saakumulatoro batareiis damuxtvis 

da eleqtromobilis siCqaris Sesatyvisi signalebi. centraluri blokidan 

marTvis signalebi miewodeba Tburi Zravas, marTvis da Zaluri statikuri 

gardamqmnelis marTvis blokebs. 

imis gamo, rom Tburi Zrava ganmxoloebulia wamyvani Tvlebisagan da 

misi brunTa ricxvi da mabruni momenti uSualod araa damokidebuli datvi-

rTvis reJimze, amitom marTvis sistemis saSualebiT airCeva Tburi Zravas 

muSaobis optimaluri reJimi, sawvavis minimaluri xarjis da mavne gamona-

bolqvebis minimaluri moculobis mixedviT. 

1. hibridul reJimSi muSaobisas, Tburi Zrava-generatori da saakumula-

toro batarea AB uzrunvelyofen eleqtruli wvis Zravas erTobliv kvebas.Aam 

dros Tburi Zravas da saakumulatoro batareis simZlavreebi ikribeba,                                             

WABM PPPP  , 

sadac, P aris mZRolis mier moTxovnili simZlavre. 

       PM – Tburi Zravas mier gacemuli simZlavre. 

       PAB – saakumulatoro batareis mier gacemuli simZlavre. 

      PW – moZraobis winaaRmdegobis Zalebis dasaZlevad saWiro simZlavre. 

2. normalur sagzao pirobebSi Tburi Zravadan muSaobis reJimSi, saaku-

mulatoro batarea gamorTulia da eleqtromobilis marTva mdgomareobs Tburi 

Zrava-generatoris simZlavris iseT marTvaSi, rom daculi iyos piroba: 

WM PPP  . 

3. Tu Tburi Zravadan muSaobis reJimSi, erTdroulad xdeba saakumu-

latoro batareis damuxtva, maSin Tburi Zravas mier gacemuli simZlavre 

ABM PPP  ,    wPP  , 

sadac, ABP  aris simZlavre, romelic miaqvs saakumulatoro batareis damuxtvas. 

4. eleqtruli damuxruWebis (rekuperaciis) reJimSi, wevis Zrava muSaobs 

generatorul reJimSi da moZravi eleqtromobilis kinetikuri energiis 

nawili ixarjeba saakumulatoro batareis damuxtvaze. 

5. Tu moZraoba mimdinareobs dasaxlebul punqtSi, sadac ar daiSveba 

gamonabolqvi airebi, maSin gamoirTveba Sigawvis Zrava da moZraoba grZel-

deba saakumulatoro batareidan gacemuli simZlavris xarjze, 

WAB PPP  . 
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19.12.2. kombinirebuli energetikuli mowyobilobiT 
       aRWurvili paraleluri struqturuli sqema 
 

paraleluri struqturuli sqemisaTvis damaxasiaTebelia ori damoukide-

beli wredis arseboba: erTi wrediT energia Tburi Zravadan wamyvan Tvlebs 

gadaecema meqanikurad ise, rogorc Cveulebriv avtomobilSi. meore parale-

luri wredi dafuZnebulia eleqtroamZravis gamoyenebaze, rodesac eleqtruli 

wevis Zrava (wZr) Semkrebi mowyobilobis (Sm) saSualebiT exmareba Tbur 

Zravas da damatebiT energias awvdis datvirTvas (nax. 19.8).  

paraleluri sqemis ZiriTadi upiratesobebia: 

1. generatoris uqonloba. 

2. wevis Zravas SedarebiT mcire simZlavre. 

3. Tburi Zravas simZlavris mravaljeradi gardaqmnebis Tavidan acileba.  

yovelive zemoCamoTvlili zrdis amZravis efeqturobas, magram meqani-

kuri kavSiri Tbur Zravasa da Tvlebs Soris mimdevrobiT sqemasTan Seda-

rebiT. mTlianobaSi mniSvnelovnad arTulebs amZravis marTvas. 

 
nax. 19.8. kombinirebuli energetikuli mowyobilobiT 
aRWurvili wevis eleqtruli amZravis paraleluri 

sqema. 
 

 
a 
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19.12.2.1. kombinirebuli energetikuli mowyobilobiT  
           aRWurvili paraleluri struqturis wevis  
           eleqtruli amZravis funqcionaluri sqema 
 

19.9 naxazze mocemulia eleqtromobilis eleqtruli amZravis paraleluri 

struqturis funqcionaluri sqema, romelic Zaluri nawilis elementebis 

(Tburi Zrava, eleqtruli wevis Zrava, transmisia, Tburi Zravas da 

eleqtruli Zravas simZlavreebis gamaerTianebeli mowyobiloba Sm) garda, 

Seicavs marTvis sistemis calkeul blokebs. kerZod: Tburi da eleqtruli 

wevis Zravebs marTvis blokebs, maqsimaluri simZlavris wyaros.  

gansxvavebiT mimdevrobiTi struqturuli – funqcionaluri sqemidan,  para-

leluri sqema Seicavs Semkreb mowyobilobas Sm-s, romelic axdens transmi-

siidan da wevis eleqtruli Zravadan gamomaval simZlavreebis Sekrebas. 

 

nax. 19.9. kombinirebuli energetikuli mowyobilobiT aRWurvili,  
   paraleluri struqturis wevis eleqtruli amZravis  

funqcionaluri sqema. 
 
19.10 naxazze mocemulia kombinirebuli energetikuli mowyobilobiT aRWur-

vili paraleluri struqturis wevis eleqtruli amZravis marTvis sqema. 

sistema Seicavs marTvis blokebis or dones.MmaRali done (pirveli done) 

Seicavs eleqtromobilis marTvis da kontrolis centralur bloks, romelSic 

xdeba dabali donis marTvisaTvis signalebis formireba da gagzavna. 
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nax. 19.10. kombinirebuli energetikuli mowyobilobiT aRWurvili  

wevis eleqtruli amZravis marTvis sistema 
 

dabali (meore) donis blokebs miekuTvneba Tburi Zravas da eleqtruli 

wevis Zravas marTvis blokebi, agreTve meqanikuri damuxruWebis bloki. 

centralur blokSi marTvis signalebis formireba xdeba mZRolis 

brZanebebis da dabali donis blokebidan miRebuli ukukavSiris signalebis 

safuZvelze. 
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XX Tavi  

maRalsiCqariani miwiszeda satransporto 

sistemebi 

 

20.1. maRalsiCqariani miwiszeda transportis Seqmnis  
         problemebi 
 

maRalsiCqarian satransporto sistemebs miakuTvneben satransporto saSua-

lebebs, romelTa siCqare aRemateba 300-400 km/sT-s. imisaTvis, rom gadailaxos 

moZravi Semadgenlobis moZraobisadmi mkveTrad gazrdili winaaRmdegobis 

Zalebi da realizebuli iqnes aseTi siCqareebi, saWiroa gacilebiT didi 

simZlavreebi da wevis Zalebi, vidre dReisaTvis arsebul moZrav Semadgen-

lobebs gaaCniaT. bgeris siCqaremde moZrav saxmeleTo satransporto 

saSualebebisaTvis gaiTvaliswineba mxolod garemomcveli haeriT ganpiro-

bebuli moZraobisadmi winaaRmdegobis Zala Wh. rac Seexeba sakisrebSi gorvis 

xaxuniT ganpirobebul winaaRmdegobis Zalas, simciris gamo is SegviZlia 

ugulvebelyoT. Tavis mxriv, garemomcveli haeriT gamowveuli moZraobi-

sadmi winaaRmdegobis Zala ganisazRvreba rogorc 

2SVW h ,                                 (20.1) 

sadac,   aris garSemovlis koeficienti. 

       S – moZravi Semadgenlobis ganivi kveTis farTi, m2 –Si. 

       V – moZraobis siCqare, km/sT-Si. 

am pirobebSi, CaWidebis wevis Zalis sruli gamoyenebis SemTxvevaSi, 

damyarebuli siCqarisaTvis,MmoZraobisadmi xvedriTi winaaRmdegobis Zala 

toli iqneba CaWidebis xvedriTi Zalis, 

hCaW. wf  , anu  2SVf CaW. .                        (20.2) 

aqedan gamomdinare maRali siCqareebis realizaciisTvis saWiro xvedriTi 

simZlavre toli iqneba  

32 SVVSVVfp   CaW.  vt/t.                     (20.3) 

gamodis, rom  siCqaris orjer gazrdisaTvis, saWiroa simZlavre gaizardos 

8-jer. im SemTxvevaSic ki, Tu CaWidebis koeficienti siCqaris zrdisas 

mniSvnelovnad Semcirdeba, moTxovnili simZlavre unda gaizardos daaxloebiT 

6-jer. magaliTad, Tu ЭР 200 eleqtromatareblis konstruqciuli siCqarisaTvis 

200 km/sT, realizdeba xvedriTi simZlavre 12 kvt/t-ze, maSin siCqaris 

400km/sT-mde gazrdisaTvis saWiroa xvedriTi simZlavre gaizardos 
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72612  kvt/t-mde 

sruli simZlavre ki iqneboda 62 000 kvt. 

20.1 naxazze mocemulia 14 vagoniani ЭР 200 eleqtromatareblisaTvis 

moZraobisadmi xvedriTi winaaRmdegobis Zalis damokidebuleba siCqareze  

(1-mrudi) da  moTxovnili xvedriTi simZlavris damokidebuleba siCqareze 

(2-mrudi). aseTi simZlavreebis realizeba rkinigzis tradiciuli wevis 

saxeobebiT Zalze rTulia, radgan siCqareebis zrdisas mkveTrad ecema  

borbalsa da relss Soris CaWidebis wevis Zala. amitom warmoiSva wevis 

iseTi axali saxeobis Seqmnis idea, romelic gamoricxavs uSualo kontaqts 

borbalsa da relss Soris. 

 
nax. 20.1 

ZiriTadi sirTule mdgomareobs wevis metnaklebad saimedo da ekonomiuri 

saxeobis SerCevaSi, romelic uzrunvelyofda moZraobis usafrTxoebas. 

aseT SemTxvevaSi  ganmsazRvrelia ori faqtori:  

1. ramdenadaa gadaWrili uborblo ekipaJis “Camokidebis” problema, anu 

sxvagvarad ekipaJis SenarCuneba “motivtive” mdgomareobaSi, moZraobis nulo-

vani siCqarisDdros. moZraobis procesSi es iwodeba “levitaciad”, anu sxva-

gvarad “livlivad” (magaliTad, rogorc didi frinveli livlivebs caSi). 

2. rogor gadaiWreba wevis Zalis Seqmnis da regulirebis problema. 

aRniSnuli problemis erT-erT mimarTulebad iTvleba sahaero baliSze 

moZravi ekipaJis Seqmna (aSS, inglisi, safrangeTi). rogorc aseTi ekipaJebis 

gamocdebma aCvena, isini xasiaTdebian: 
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 “Camokidebul” mdgomareobis ganmsazRvreli amwevi Zalis, Subluri 

winaaRmdegobis ZalasTan Tanafardobis Zalian dabali mniSvnelobiT. 

 sasargeblo datvirTvis dabali koeficientiT. 

 ventilatorebis xmauris maRali doniT. 

 Zaluri danadgaridan simZlavris moxsnis sirTuliT. 

zemoCamoTvlilis gamo, matareblebi sahaero baliSebze aRar ganixileba, 

rogorc maRalsiCqariani miwiszeda transportis perspeqtiuli saxeoba. 

sahaero baliSebze Sesrulebuli ekipaJebis zemoCamoTvlili naklovane-

bisagan Tavisufalia magnituri CamokidebiT da wevis Zalis Sesaqmnelad 

xazuri Sesrulebis wevis ZravebiT aRWurvili ekipaJebi. 

magnituri Camokidebis mqone ekipaJebSi, SesaZlebelia Camokidebis sami 

varianti: mudmivi magnitebis gamoyenebiT, eleqtromagnituri CamokidebiT da 

eleqtrodinamiuri CamokidebiT. 

 
nax. 20.2 

mudmivi magnitebis gamoyenebiT ekipaJis Camokideba efuZneba erTnairpo-

lusiani magnitebis urTierTganzidvis princips, romelTagan erTi ganTav-

sebulia saval gzaze, xolo meore moZrav ekipaJze (nax. 20.2 a, nax. 20.3 a). 

dReisaTvis ar arsebobs iseTi simZlavris mudmivi magnitebi, romlebsac 

SeuZliaT awion da gzidan 20-30 mm simaRleze aweul mdgomareobaSi daiWiron 

mravaltoniani ekipaJi. 

eleqtromagnitebis gamoyenebis SemTxvevaSi (nax. 20.2 b, nax. 20.3 b.) SeiZleba 

gamoyenebuli iqnas rogorc mizidvis, aseve ganzidvis principebi ekipaJze 
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damagrebuli eleqtromagnitur sistemasa (gulara 1, koWi @2) da foladis 

saval nawilze ganTavsebul eleqtromagnitur sistemas (foladis zoli 3, 

koWi 4) Soris. mizidvis principis gamoyeneba xasiaTdeba aramdgradobiT, 

radgan eleqtromagnitebs Soris RreCos cvlilebisas, am RreCos kvadratis 

ukuproporciulad mcirdeba mizidulobis Zala. aseT SemTxvevaSi mdgrado-

bis SesanarCuneblad aucilebeli xdeba, Camokidebis simaRlis da gverdiTi 

gadaadgilebis kompensaciisTvis avtomaturi regulirebis sistemis gamoyeneba, 

rac arTulebs da arasaimedos xdis mis muSaobas. 

nax. 20.3 

dinamiuri Camokidebis SemTxvevaSi gamoiyeneba ganmzidi Zalebis urTierT-

qmedeba, romlebic warmoiSveba konturebSi gamavali denebis urTierTSemx-

vedri mimarTulebiT gavlisas. erTi konturi ganTavsebulia moZrav ekipaJze, 

xolo meore warmoadgens savali gzis seqcias, romelic am aRebul momentSi 

imyofeba ekipaJis qveS (nax. 20.3 g). moZravi Semadgenlobis ekipaJze ganTav-

sebul konturSi gamavali denis zemoqmedebiT saval nawilze ganTavsebul 

konturSi dainduqtirdeba deni, romelic konturis mier Seqmnil magnitur 

velTan urTierTqmedebisas warmoqmnis ganmzid Zalas, romelic ganapiro-

bebs ekipaJis awevas gzis saval nawils zemoT. 

gzis horizontalur konturebSi warmoiSveba denebi, romlebic warmoqm-

nian amwev Zalas yovelTvis, rodesac maT Tavze gaivlis ekipaJze ganTavse-
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buli konturi.Ggzis saval nawilze ganTavsebuli vertikaluri konturebi 

hqmnian damabrunebel Zalebs, yovelTvis, rodesac ekipaJi gadaixreba gzis 

RerZis mimarT.Ee.i. eleqtrodinamiuri Camokidebis sistema mdgradia, rogorc 

vertikaluri, aseve horizontaluri mimarTulebiT (am sakiTxs dawvrilebiT 

ganvixilavT qvemoT). 

rac ufro maRalia moZraobis siCqare, miT ufro didi sididis deni 

dainduqtirdeba saval gzaze ganlagebul konturebSi da miT ufro didi 

iqneba amwevi Zala (amwevi Zala konturebSi gamavali denebis namravlis 

proporciulia). magram mcire siCqareebis dros, denebis simciris gamo 

amwevi Zala ar iqneba sakmarisi ekipaJis asawevad. Camokidebis aseTi sistemis 

mniSvnelovan naklad iTvleba is, rom saWiro xdeba arsebuli tradiciuli 

saSualebebiT ekipaJis daZvra da gaqaneba im siCqaremde, romelzec xdeba 

ekipaJis mowyveta gzis saval nawilidan (arsebuli sistemebisaTvis aRniS-

nuli siCqare 60-150 km/sT-ia). 

amwevi Zalis warmoqmnasTan, erTdroulad, warmoiqmneba grigaluri denebiT 

ganpirobebuli moZraobisadmi winaaRmdegobis magnituri Zala. arsebul 

sistemebSi winaaRmdegobis es Zala 0–20 km/sT siCqaris diapazonSi izrdeba 

siCqaris proporciulad, xolo siCqaris Semdgomi zrdisas mcirdeba mis 

ukuproporciulad.Aamwevi magnituri Zalis fardobas moZraobisadmi winaaR-

mdegobis magnitur ZalasTan uwodeben magnituri Camokidebis xarisxis koefi-

cients, xolo magnituri amwevi Zalis fardobas moZraobisadmi winaaRmde-

gobis magnitur da aerodinamikur ZalebTan, uwodeben Camokidebis xarisxis 

srul koeficients. 

magnituri Camokidebis arsebuli sistemebisaTvis, Camokidebis xarisxis 

sruli koeficientis mniSvneloba Seadgens@20-40-s. es maCvenebeli warmoadgens 

sistemis erT-erT mniSvnelovan parametrs. rac maRalia misi mniSvneloba, 

miT ufro srulyofilia sistema da miT ufro ukeTesia misi teqnikur 

ekonomikuri maCveneblebi.  

imisaTvis, rom eleqtrodinamikur sistemaSi gvqondes rac SeiZleba didi 

amwevi Zala, saWiroa ekipaJze ganTavsebul konturSi gvqondes rac SeiZleba 

didi deni (aseulobiT kiloamperi). dReisaTvis, teqnikis Tanamedrove 

donisaTvis es SeuZlebelia zegamtarebis gamoyenebis gareSe, anu e.w. “krios-

tatebis“ gamoyenebis gareSe, romlebic iZlevian SesaZleblobas miviRoT 

dabali temperaturebi (4-15K) da e.w. “gayinuli” magnituri veli, romelic 
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ar moiTxovs mudmiv Tankvebas da gamoricxavs zegamtarebSi  danakargebis 

arsebobas. “gayinuli” magnituri veli miiReba zegamtari magnitis agznebis 

gragnilis damoklebiT. aseTi eleqtromagniti Tavisi TvisebiT mudmivi 

magnitis msgavsia. Ees ki saSualebas iZleva ar gamoviyenoT eleqtroteqnikuri 

foladisagan damzadebuli gulara da miviRoT maqsimaluri magnitomamoZra-

vebeli Zala, romelic ar iqneba SezRuduli foladis magnituri gajere-

biT.Aam mizniT moZrav ekipaJze ganaTavseben konturebs zegamtari magni-

tebiT, xolo saval Ggzaze ganaTavseben Cveulebriv pasiur konturebs. 

eleqtrodinamikuri Camokidebis dros, Camokidebis simaRlis regulireba 

xdeba zegamtari magnitebis denis sidideze zemoqmedebiT, rac ufro marti-

via, vidre eleqtromagnitur Camokidebis SemTxvevaSi. 

arsebobs magnituri Camokidebis  e.w. “nulovani nakadis” varianti. anu am 

SemTxvevaSi gzis nebismieri seqciis rezultirebuli (jamuri) nakadi 0-is 

tolia. 20.4 naxazze: 1-vagonis samgzavro salonia; 2-Rrma gaciebis sistema; 

3-eleqtrodinamikuri Camokidebis zeda zegamtari magniti; 4-magnituri 

Camokidebis sistemis “nulovani” magnituri nakadis aluminis konturi; 5- mag-

nituri Camokidebis sistemis qveda zegamtari magniti; 6-savali gzis funda-

menti; 7-sagzao pasiuri konturis koWi; 8-xazuri sinqronuli Zravis zegam-

tari magniti. 

 
nax. 20.4 
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Tu aseT sistemaSi ekipaJi gadaiweva simetriis RerZidan raime gareSe 

SemaSfoTebeli faqtoris (magaliTad, Zlieri qaris) zemoqmedebiT, maSin 

warmoiqmneba gaukompensirebeli magnituri nakadi da deni, romlebic ganapi-

robeben magnitur Zalas, romelic sistemas daabrunebs sawyis mdgomareo-

baSi.Aam sistemis nakli mdgomareobs ekipaJis magnituri sistemis sirTu-

leSi (dawvrilebiT ganvixilavT qvemoT). 

sakmaod perspeqtiuli Cans magnituri Camokidebis is sistemebi, romlebSic  

erTi da igive zegamtari magnitebi qmnian rogorc amwev, aseve wevis Zalas. 

aseTi sistemebis naklia levitaciis sistemis grigaluri denebiT Seqmnili 

magnito mamoZravebeli Zalebis zegavlena wevis Zalis Semqmnel gragnilze. 

magnituri Camokidebis pirvel sistemebSi wevis Zalebis Sesaqmnelad 

gamoyenebuli iyo xazuri asinqronuli Zravebi. aseTi Zrava SegviZlia war-

movidginoT, rogorc msaxvelze gaWrili da gaSlili asinqronuli Zravas 

statori da rotori. masSi warmoiSveba ara mbrunavi, aramed ganmrbeni 

magnituri veli, xolo mbrunavi momentis nacvlad wevis Zala. xazuri Zrava 

SegviZlia warmovidginoT, rogorc usasrulo sididis radiusis mqone 

Cveulebrivi samfaza ZravaN(nax. 20.5). statoris gragnils 1-Cveulebriv gana-

Tavseben moZrav ekipaJze, xolo rotors warmoadgens sagzao salte _ 2, romelic 

sruldeba, rogorc marTkuTxa formis salte, romelic ganTavsebulia gzis 

RerZis gaswvriv. statoris magnituri nakadis da rotorSi dainduqti-

rebuli denis urTierTqmedebiT, ekipaJi ganuwyvetliv gadaadgildeba gzis 

gaswvriv. 

imis gamo, rom statoris gragnili, 

romelic ganTavsebulia ekipaJze araa 

uwyveti da aqvs sasrulo zomebi, 

Cveulebrivi asinqronuli Zravasagan 

gansxvavebiT magnituri nakadis gana-

wileba xazuri Zravas Sesasvlelze da 

gamosasvlelze araa erTgvarovani. 

amis mizezia magnituri wredis erTi 

naxevridan (statori) meoreSi (rotorSi) RreCos gareSe magnituri Zalxa-

zebis gavla.Aam movlenas, romelic qmnis pulsirebul ganapira nakadebs, 

uwodeben “kidura efeqts”.Kkidura efeqtis arseboba auaresebs xazuri Zravas 

teqnikur-ekonomikur maCveneblebs. kerZod, amcirebs Zravas m.q.k-is da simZ-

lavris koeficientis cos -s mniSvnelobebs. 

nax. 20.5 
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moZraobis reJimis Secvla, anu moZraobis siCqaris da wevis Zalis regu-

lireba, SeiZleba ganxorcieldes an e.w. “xisti” programiT, romlis dasax-

vac xdeba saxazo salteebis ganivkveTebis specialuri SerCeviT, an e.w. 

”drekadi” programiT, rodesac icvleba xazuri Zravas statorze modebuli 

Zabva, an sixSire, (Cveulebrivi asinqronuli Zravebis msgavsad).Aam programebis 

praqtikuli gamoyeneba rTuldeba imiT, rom rTuldeba xazuri asinqronuli 

Zravas absoluturi srialis Cazomva. amitom, praqtikisaTvis dasaSveb 

kriteriumad SegviZlia aviRoT moZraobisadmi magnituri winaaRmdegobis 

Zalis minimaluri mniSvneloba an misi vertikaluri mdgeneli. 

erT-erT perspeqtiul mimarTulebad iTvleba asinqronuli Zravebis iseTi 

sistema, rodesac rotoris wredSi gamoyenebulia energiis damagrovebeli 

(kondensatorebi). aseTi sistemis eleqtromagnituri maxasiaTeblebi princi-

pulad gansxvavdeba Cveulebrivi asinqronuli Zravas maxasiaTeblebidan. 

rotoris wredSi CarTuli kondensatoris tevadobis SerCeviT maxasiaTe-

bels SegviZlia mivceT sasurveli forma.                  

xazuri asinqronuli ZravaTi aRWurvil sistemaSi SedarebiT advilia 

rekuperaciuli damuxruWebis ganxorcieleba. am dros energiis ekonomiis 

efeqturoba izrdeba siCqaris zrdasTan erTad.Mmagram amavdroulad serio-

zuli sirTuleebi iqmneba statoris da rotoris gragnilebs Soris 

arsebuli mcire RreCos gamo.  Tu gavzrdiT sahaero RreCos, mkveTrad ecema 

sistemis m.q.k da simZlavris koeficienti cos . meore mxriv mrudeebSi 

moZraobisas warmoqmnili rxevebis pirobebSi moZraobis usafrTxoebis 

uzrunvelsayofad, aucilebelia saWiro sididis RreCos arseboba. 

sinqronuli Zravebis gamoyenebis SemTxvevaSi, gansakuTrebiT rTul 

problemas warmoadgens maRali siCqareebis dros, moZravi Semadgenlobis 

didi simZlavris eleqtroenergiiT momarageba. uSualod matarebelze 

avtonomiuri energiis wyaros ganTavseba sazogadod cnobili naklulovane-

bebis gamo mizanSeuwonelia.Ggamosavlad rCeba samsadeniani sakontaqto 

qselis, an samfaza sakontaqto relsebis gamoyeneba, rac, ra Tqma unda, 

mniSvnelovnad arTulebs da aZvirebs sistemas. 

aRniSnuli naklulovanebisagan Tavisufalia sinqronuli xazuri ZraviT 

aRWurvili sistema. aseT sistemaSi, romlis kveba xdeba gardamqmnelebiT 

aRWurvil 1 – wevis qvesadguridan (nax. 20.6). Camokidebas uzrunvelyofs 

moZrav ekipaJze ganTavsebuli mZlavri zegamtarebiT Seqmnil magnitur 
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velsa da sagzao zolis orive mxares ganTavsebul pasiur konturebSi 

dainduqtirebul denebs Soris urTierTqmedeba. 

 
                                 nax. 20.6 

wevis Zala warmoiqmneba moZrav ekipaJze ganTavsebul, mZlavri zegamtari 

magnitebiT Seqmnil, magnitur velsa da gzis gaswvriv ganlagebul@2–samfaza 

wevis gragnilSi gamaval denebs Soris warmoqmnili urTierTqmedebiT. wevis 

gragnili ikvebeba 1–qvesadgurebidan da dayofilia 5-10 km sigrZis ubnebad, 

romlebic kvebas iReben mxolod masze ekipaJis gadavlis SemTxvevaSi, rac 

mniSvnelovnad amaRlebs sistemis m.q.k-s. wevis gragnils asruleben igive 

bijiT, rogorc ekipaJze ganTavsebul zegamtari magnitebis konturebs. Aamis 

Sedegad ekipaJi moZraobs wevis gragnilis ganmrbed magnito mamoZravebeli 

Zalis fazaSi, rac iZleva matarebelTa sinqronuli moZraobis SesaZleb-

lobas. Ees ki Tavis mxriv, aiolebs matarebelTa moZraobis avtomatizaciis 

sakiTxebs, romelic mniSvnelovania moZraobis usafrTxoebisaTvis. 

xazuri sinqronuli Zravebis gamoyenebis SemTxvevaSi zemoT naxsenebi 

“kiduri efeqti” umniSvneloa, radgan ekipaJze ganTavsebuli zegamtari 

magnitebis konturebis  da sagzao konturebis  gragnilebis grZivi zomebi 

gacilebiT didia maT ganivkveTebze. gaSlili wevis gragnili, romelic 

ganlagebulia usasrulo sigrZis gzis gaswvriv, aseve ar iwvevs “kiduri 

efeqtis” warmoqmnas. aseTi sistemis mniSvnelovani upiratesobaa is, rom  

ekipaJze ganTavsebuli zegamtari magnitebi monawileoben, rogorc amwevi 

Zalis, aseve wevis Zalis SeqmnaSi. 

xazuri sinqronuli Zravebis gamoyeneba, amavdroulad, xsnis maRali 

siCqariT moZravi ekipaJis eleqtro energiiT momaragebis problemas. gzis 
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gaswvriv ganlagebuli samfaza wevis gragnilis kveba xdeba wevis qvesadgu-

ridan yovelgvari problemebis gareSe (nax. 20.6) 

 

20.2. ekipaJis zegamtari magnitebi 
 

maRalsiCqariani magnituri Camokidebis mqone satransporto saSualebis 

praqtikuli realizacia SesaZlebelia mxolod zegamtari magnitebis gamoye-

nebiT, romlebic Rrma gaciebis pirobebSi qmnian Zlier magnitur vels 

(induqciiT 1,5-3 tesla).Ggamaciebel agentad gamoiyeneba heliumi. mowyobi-

lobas, romelic uzrunvelyofs zegaciebas (daaxloebiT 4,2 kelvinamde) 

kriostati ewodeba. kriostatebi, romlebic ganTavsebulia moZrav ekipaJze, 

qmnian amwev Zalas, romelic daaxloebiT 4K temperaturis mqone magnitidan 

usafrTxod gadaecema 300K temperaturis mqone ekipaJs. imisaTvis, rom 

xangrZlivad iqnes SenarCunebuli e.w. “gayinuli” magnituri veli, aucile-

belia kriostatebs hqondeT umniSvnelo Tburi danakargebi. 

saorientaciod Tvlian, rom Tburi danakargebi wyvil Semomyvanebze 

Seadgens  2 vt/1000 amp.Aam pirobebSi 120 mgzavrian tevadobis ekipaJisaTvis, 

zegamtari magnitebis gaciebisaTvis ixarjeba daaxloebiT 1 400 – 1 500vt 

simZlavre. radgan 1vt simZlavre 4K temperturaze ekvivalenturia oTaxis 

temperaturaze 1 000vt simZlavris, amitom mTeli matareblis zegamtarebis 

gasacieblad saWiro iqneba simZlavre 1,4–1,5mvt, rac Seadgens moZraobisadmi 

winaaRmdegobis Zalis daZlevaze daxarjuli simZlavris 20-30%-s. 

zegamtari magnitebis gragnilebis masalad SeiZleba gamoyenebuli iyos 

naiobia-titanis (NbTi), naiobia-cirkoniis (NbZr), naiobia-titan-cirkoniis 

Senadnobi. magnitebis iZulebiT gaciebis sistemaSi, gamoyenebulia Rru 

magnito gamtarebi, romlebSic cirkulirebs 4.2K  temperaturis  da 0.2 mpa 

wnevis mqone heliumi. 

magnituri Camokidebis satransporto sistemebSi, erT-erT mTavar prob-

lemas warmoadgens samgzavro salonis ekranireba mZlavri magnituri fantvis 

nakadebis zemoqmedebisagan da, aseve, TviT zegamtari magnitebis mier 

Seqmnil magnitur velebis ekranireba, sxva damxmare mowyobilobebis muSaobis 

mier Seqmnili magnituri nakadebis zemoqmedebisagan. 

Cveulebriv Tvlian, rom samgzavro salonSi induqciis done ar unda 

aRematebodes 0.005 teslas. sinamdvileSi dReisaTvis ganxorcielebul 
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proeqtebSi induqciis donem SeiZleba Seadginos  gacilebiT meti (0.03 – 0.05 

tesla) mniSvneloba. aRniSnulis gamo magnituri velebis mavne zemoqmedebis 

Sesamcireblad, gaTvaliswinebuli unda iyos samgzavro ganakveTebis ekra-

nireba. 

mZlavri magnituri velebis mavne zemoqmedebis Semcirebis mizniT, 

iyeneben pasiur da aqtiur ekranirebas. 

pasiuri ekrani warmoadgens samgzavro salonis iatakze ganTavsebul 2sm 

sisqis, zegamtar masalisagan damzadebul metalis filas, romelic samgzavro 

salonis masas zrdis 10 toniT, ris gamoc misi gamoyeneba mizanSeuwonelia. 

ufro mizanSewonilia aqtiuri ekranireba, romlis principi efuZneba 

ZiriTadi nakadis kompensirebis princips, risTvisac specialurad Sesrulebul 

zegamtar magnits aTavseben ZiriTadi magnitis qveS. Uunda aRiniSnos, rom 

makompensirebeli magniti, garda samgzavro salonisa, amave dros magnitur 

vels amcirebs Tavisi moqmedebis mTel sivrceSi. amitom aucilebeli xdeba 

ZiriTadi zegamtari magnitebis magnituri nakadebis gaZliereba. Aamis gakeTeba 

SesaZlebelia zegamtarebis raodenobis 30%-iT gazrdiT, ris gamoc ekipaJis 

masa izrdeba 2-3 toniT, rac misaRebia. 

satransporto saSualebebis aRniSnuli sistemebis Semdgomi ganviTareba 

mdgomareobs msubuqi eleqtromagnitebis SeqmnaSi, eleqtroenergiis xarjis 

SemcirebaSi da usafrTxo moZraobis  marTvis saimedoobis amaRlebaSi. 

 

20.3. praqtikulad realizebuli magnituri  
         Camokidebis mqone sistemebi 
       

dReisaTvis msoflioSi praqtikulad danergilia magnituri Camokidebis 

ori tipis sistema: iaponuri sistema Magle (ML) – inglisuri sityvebis Magnetic 

Levitation (magnituri levitacia) abreviatura da germanuli sistema Transrapid-

i. orive sistemisaTvis saerToa is, rom Semadgenlobis moZraobas uzrun-

velyofs grZivi sinqronuli eleqtruli wevis Zravebi. rac Seexeba amwevi 

Zalebis da stabilizaciis (mdgradobis) ganmapirobebeli Zalebis warmoqmnis 

sakiTxebs, isini principulad gansxvavdeba erTmaneTisagan. germanul siste-

maSi, am mizniT, gamoyenebulia eleqtromagnituri Camokideba, xolo iaponurSi 

_ Camokidebis eleqtrodinamikuri sistema.Aam sistemebis praqtikuli reali-

zebis saSualebas iZleva Tanamedrove sagardamqmnelo da mikroproceso-
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ruli teqnikis maRali done, rac mTavaria zegamtarobis efeqtis gamoyeneba, 

romlis gareSec SeuZlebeli iqneboda eleqtrodinamikuri Camokidebis para-

metrebis realizeba. 

 

20.3.1.Eeleqtrodinamikuri levitaciis mowyobiloba da  
      muSaobis principi 

 
maRalsiCqariani magnituri Camokidebis mqone satransporto sistemisaTvis 

eleqtrodinamikuri levitaciis teqnologia pirvelad SemoTavazebuli iyo 

j.pauelis da g.denbis (aSS) mier da mas safuZvlad daedo lencis 

eleqtromagnituri induqciis principi. kerZod: 

Tu mudmivi magnituri velis wyaros gadavaadgilebT masiuri plastinis 

an aramagnituri dengamtari masalisagan damzadebul mokled SerTul 

konturebis mimarT, maSin maTSi dainduqtirdebian denebi, romlebic maT 

warmomqmnel magnitur velTan urTierTqmedebiT warmoqmnian Zalebs, 

romlebic cdiloben SeewinaaRmdegon konturebSi aRniSnuli magnituri 

velis mier denebis dainduqtirebas.  

erTi jgufi aRniSnuli Zalebisa cdilobs@”gamoaZevos” magnituri velis 

Semqmneli wyaro (pirobiTad vTqvaT vagoni, romelzec ganTavsebulia 

eleqtromagniti) dengamtari konturebis zonidan da amgvarad uzrunvelyos  

misi Camokideba.AmaTi tolqmedi aRiniSneba FL simboloTi (inglisuri termi-

nidan Levitation force).  M 

Zalebis meore jgufi ewinaaRmdegeba magnituri velis wyaros (am 

SemTxvevaSi vagonis) gadaadgilebas, aRiqmeba, rogorc eleqtrodinamikuri 

samuxruWo Zala da aRiniSneba FD-Ti (aseve inglisuri terminis Dra force) 

simboloTi. 

j.pauelis da g.denbis mier SemoTavazebuli winadadebis arsi mdgoma-

reobda imaSi, rom mudmivi magnituri velis wyarod gamoyenebuli yofiliyo 

zegamtari magnitebi, romlebic ganTavsdeboda moZrav matarebelze, romelTa 

meSveobiT gzis gaswvriv ganlagebul aluminisagan damzadebul mokled 

SerTul konturebSi dainduqtirdeboda denebi. 

20.7 naxazze mocemulia aseTi eleqtrodinamikuri Camokidebis da gverdiTi 

gadaadgilebis stabilizaciis sistemiT aRWurvili orvagoniani matareblis 

gamosaxuleba. 
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1–matareblis daZvras da dasaxul siCqaremde (70-130 km/sT) xazovan 

gadaadgilebas uzrunvelyofs turboxraxnuli 2 Zrava. uZrav mdgomareobaSi an 

dabal siCqareebze (siCqare naklebia 70 km/sT-ze) manam, sanam ar muSaobs 

eleqtrodinamikuri Camokideba, matarebeli gzis vakiss eyrdnoba 3 TvliT. 

matareblis orTave mxares (4) kriostatebSi ganTavsebulia zegamtari (5) 

eleqtromagnitebi. 70 km/sT siCqaris gadaWarbebisas, (7) gzis vakisSi ganTav-

sebul 6–mokledSerTul konturebSi dainduqtirdeba grigaluri denebi, 

romlebic (5) zegamtari magnitebis denebTan urTierTqmedebiT qmnian  amwev 

(Camokidebis) Zalas, romelic vagons iWers gzis mimarT aweul, fiqsirebul, 

gawonasworebul mdgomareobSi. zegamtari magnitebi damzadebulia II 

saxeobis (NbTi; Nb1Sn) zegamtarebisagan. isini civdebian (8) refreJeratoridan 

(9) milebis saSualebiT 5,6K temperaturamde.AaseTi magnitebi 33-700 kilo 

amper denis gavlisas, qmnian iseT magnitur vels, romelic sakmarisia 30 

toniani vagonis  0,3 metr simaRleze Camosakideblad. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 20.7. orvagoniani matarebeli eleqtrodinamikuri  
CamokidebiT. 

 
20.8 naxazze mocemulia eleqtrodinamikuri Camokidebis da gverdiTi 

stabilizaciis erT-erTi pirveli konceptualuri sqema. 1-matarebelze, 

orTave mxares, ganTavsebulia or-ori wyvili zegamtari magnitebi (samata-

reblo konturebi) 2-samatareblo da  sagzao konturebs Soris induqtiuri  

2 
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a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
b) 

 
nax. 20.8. eleqtrodinamikuri Camokidebis da stabilizaciis 

erT-erTi variantis koncefcia. 
 

kavSiris gazrdis mizniT, Sereul zegamtar magnitebs aqvT urTierTsawi-

naaRmdego polaroba. V-mimarTulebiT matareblis moZraobisas, zegamtari 

magnitebi gzis orTave mxares, or-or mwkrivad horizontalurad ganlage-

bul sagzao mokledSerTul 3-konturebSi, ainduqtireben denebs. sagzao 
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konturebis grZivi zomebi naklebia samatareblo konturebis grZiv zomebze, 

xolo orTave konturebis ganivi zomebi erTnairia. sagzao konturebSi 

dainduqtirebuli denebi warmoqmnian magnitur vels, romlis urTierTqme-

deba samatareblo konturebis denebTan qmnis amwev Zalas, romelic 

uzrunvelyofs aweul mdgomareobaSi ”Camokidebas”. 

sagzao konturebSi denebis dainduqtireba xdeba mxolod drois im 

monakveTSi, rodesac matarebeli imyofeba am konturebis Tavze. Mmatareblis 

win da ukan mdebare konturebSi denebi araa. amwevi Zalis sidide damoki-

debulia sam ZiriTad faqtorze: 1–zegamtari magnitebis magnitomamoZra-

vebel Zalaze; 2–sagzao konturebSi dainduqtirebuli denebis sidideze; 

3_samatareblo da sagzao konturebs Soris manZilze. 

samatareblo da sagzao konturebs Soris eleqtrodinamikuri kavSiri 

ganapirobebs Camokidebas, romelic uzrunvelyofs matareblis gawonaswore-

bul mdgomareobaSi mdgradobas vertikalur sibrtyeSi, rodesac amwevi 

Zala gawonasworebulia matareblis woniT. Tu wonasworobis mdgomareobidan 

raime mizeziT matarebeli daiwevs qvemoT gzis mimarTulebiT, maSin Semcir-

deba manZili (RreCo) samatareblo da sagzao konturebs Soris, gaZlier-

deba magnituri kavSiri maT Soris, Sesabamisad gaizrdeba sagzao konturSi 

dainduqtirebuli denis sidide, amwevi Zala da Mmatarebeli daubrundeba 

gawonasworebul pirvandel mdgomareobas. analogiuri msjelobiT SegviZlia 

davaskvnaT, rom konturebs Soris SemTxveviT manZilis (RreCos) gazrdisas, 

Camokidebis Zala Semcirdeba da matarebeli dabrundeba pirvandel wonas-

worul mdgomareobaSi. Camokidebis aseT sistemas uwodeben normalur-

nakadur sistemas. sagzao konturebSi denebis dainduqtireba xdeba mxolod 

drois im monakveTSi, rodesac matarebeli imyofeba am konturebis Tavze. 

rogorc zemoT aRvniSneT matareblis win da ukan mdebare konturebSi 

denebi araa. horizontalur sibrtyeSi mdgradobas uzrunvelyofs matare-

belze ganTavsebul zegamtar magnitebsa da gzis gaswvriv ormwkrivad 

ganlagebul 4–vertikalur sagzao konturebs Soris urTierTqmedeba. gver-

diTi stabilizaciis sagzao konturebs aqvs igive sigrZe, rac Camokidebis 

sagzao konturebs da ganlagebulni arian am ukanasknelis Sua zonaSi, gzis 

gaswvriv (ix. nax. 20.8 b). 

sanam matareblis da gzis grZivi RerZebi emTxveva erTmaneTs, manam nakad-

Sebma samatareblo konturebsa da vertikalur sagzao konturebs Soris 
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iqneba 0-is toli.Mme-4-e konturebSi denebi ar dainduqtirdeba da Sesaba-

misad gverdiTi mastabilizirebeli Zala ar warmoiqmneba. 

Tu raime mizeziT matarebeli horizontalur sibrtyeSi, sagzao RerZis 

mimarT gadaadgildeba romelime ganivi mimarTulebiT, MmaSin gverdiTi 

stabilizaciis sagzao vertikalur konturebSi dainduqtirdeba e.m.Z, Sesaba-

misad denebi da warmoiqmneba magnituri velebi, romlebic samatareblo 

konturebis magnitur velebTan urTierTqmedebiT warmoqmnis marTul Zalas 

FG (guidance force), romelic matarebels daabrunebs pirvandel wonasworo-

baSi.Aamgvarad horizontaluri damabrunebeli Zala uzrunvelyofs matareblis 

daWeras gzis RerZze, misi am mdgomareobidan nebismieri SemaSfoTebeli 

zemoqmedebiT (qari, mrude da a.S.) ganpirobebuli gadaadgilebis SemTx-

vevaSi. 

gansxvavebiT “Camokidebis” sagzao konturebidan, romlebSic denebi 

induqtirdeba ganuwyvetliv, horizontaluri stabilizaciis konturebSi 

denebis dainduqtireba xdeba mxolod matareblis da gzis simetriis 

RerZebis erTmaneTisgan wanacvlebis SemTxvevaSi. 

20.8 naxazze moyvanilia Camokidebis da stabilizaciis aRniSnuli sistemis 

parametrebi, matareblisaTvis, romlis sigrZea 30,5 m; masaa 27,3 t, moZraobs 

gzidan 0,15 m simaRleze. samatareblo zegamtar konturis magnito mamoZra-

vebeli Zala tolia 3 000 amperis.Mmatareblis wanacvlebisas gzis simetriis 

RerZis mimarT 7,5 sm-iT, wonasworobaSi damabrunebeli warmoqmnili Zalis 

sidide daaxloebiT misi masis, anu 27 tonis tolia. 

20.9 naxazze da 20.10 naxazze mocemulia eleqtrodinamikuri Camokidebis 

da gverdiTi stabilizaciis ufro detaluri sqemebi.Aaq “Camokidebas” 

uzrunvelyofs (1) matarebelze horizontalurad ganTavsebuli samatareblo 

zegamtari@(2) konturebis da vertikalurad ganTavsebuli (3) sagzao konturebis 

urTierTqmedeba.Aamwevi (Camokidebis) Zalis warmoqmnis procesi zemoT aRwe-

rili gverdiTi mastabilizirebeli Zalis warmoqmnis analogiuria. 

Tu samatareblo zegamtari magnitebi ganTavsebulia vertikaluri sagzao 

magnitebis centralur horizontalur xazze, maSin am ukanasknelSi 

(vertikalur sagzao konturebSi) gadis nulovani nakadi da maTSi denebi ar 

dainduqtirdeba. Sesabamisad samatareblo da sagzao vertikaluri konture-

bis urTierTqmedebiT warmoqmnili eleqtrodinamikuri Zala nulis toli 

iqneba. im SemTxvevaSi Tu konturebi gadaadgildeba centraluri horizon- 
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nax. 20.9. samatareblo da sagzao magnitebis orTogonaluri 

orientaciiT eleqtrodinamikuri Camokidebis sqema. 

 

nax. 20.10. gverdiTi stabilizaciis nul-nakaduri sqema. 
 
taluri xazis mimarT, maSin sagzao konturebSi dainduqtirdeba denebi, 

romlebic samatareblo zegamtar magnitebTan urTierTqmedebiT qmnian amwev 

(Camokidebis) Zalas.Mmatareblis gverdiTi stabilizaciisTvis aq gamoiyeneba 

nul-nakadiani sistema.M(1) matareblis orive mxares, samatareblo zegamtari 

magnitebis 2-is zemoT da qvemoT ganTavsdeba sagzao konturebi 3 zed. da 3 

qved. (nax. 20.10) yoveli konturi Sesrulebulia ori marTkuTxa maryuJis 

msgavsad,  romlebic SeerTebulia “8” cifris msgavsad. (nax. 20.10, 20.11.) Tu 

samatareblo konturebis grZivi simetriis RerZi gadis sagzao konturebis 
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simetriis RerZis vertikalur sibrtyeze, maSin sagzao konturebis orive 

maryuJSi dainduqtirdeba erTi sididis da sxvadasxva niSnis (mimarTule-

bis) eleqtro mamoZravebeli Zala. m.S. sanam matareblis ganivi mdebareobis 

simetriis RerZi, emTxveva gzis simetriis RerZs, manam sagzao konturebSi 

denebi ar induqtirdeba. Tu matarebeli raime mizeziT wanacvldeba (gada-

adgildeba) horizontalur sibrtyeSi romelime mimarTulebiT, maSin hori-

zontaluri mastabilizirebeli konturi, romlis mxaresac moxda gadaadgi-

leba, miiRebs mZlavr magnitur kavSirs, vidre misi sapirispiro konturi.Ee.i. 

sagzao konturebSi moxdeba eleqtromamoZravebeli Zalis disbalansi, rac 

gamoiwvevs sagzao konturebSi denis gavlas. Aam denis mier Seqmnili magni-

turi nakadi, samatareblo zegamtar magnitebTan urTierTqmedebiT warmoq-

mnis Zalas, romelic matarebels daabrunebs sawyis mdebareobaSi. 20.11Nnaxazze 

mocemulia nul-nakadiani sistemis gansxvavebuli varianti. 1-matareblis 

orTave mxares, gzis gaswvriv, horizontalur sibrtyeSi, ganTavsebuli 

sagzao konturebi Sedgeba ori: zeda (3 zed.) Dda qveda (3 qved.) naxevre-

bisagan, romlebic erTmaneTTan SeerTebulia ise, rom dainduqtirebuli 

denebis mimarTuleba urTierTsawinaaRmdegoa.Ee.i. Tu samatareblo konturi 

ganTavsebulia horizontalur sibrtyeSi sagzao konturis naxevrebs, Soris 

SuaSi, maSin maT Soris nakadSebma nulis tolia.  

Tu raime mizeziT Semcirdeba amwevi (Camokidebis) Zala, maSin matarebeli 

simZimis Zalis wyalobiT gadaadgildeba qvemoT, Sesabamisad Seicvleba 

sagzao konturebis zeda da qveda naxevrebSi nakadSebma, rac gamoiwvevs 

sagzao konturebSi denis dainduqtirebas, romelic samatareblo konture-

bis magnitur velTan urTierTqmedebiT uzrunvelyofs matareblis Camoki-

debas samatareblo konturebis simetriis RerZis odnav qvemoT. 

Tu samatareblo zegamtari konturi gadaadgildeba horizontalur simet-

riis sibrtyis zemoT, maSinN sagzao konturebSi dainduqtirebuli denis 

mimarTuleba iseTia, rom samatareblo konturze moedeba qvemoT mimarTuli 

Zala da matarebels gadaadgilebs qvemoT, pirvandel mdgomareobaSi.  

gamodis, rom  samatareblo konturze yovelTvis moqmedebs simetriis 

sibrtyeze damabrunebeli Zala. 

swored aseT sistemasTan Sexamebuli muSaobis SesaZleblobiT iyo 

wamoyenebuli xazuri sinqronuli Zrava matareblis xazovani gadaadgi-

lebisaTvis, j.pauelis da g.denbis mier. 
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nax. 20.11. eleqtodinamikuri Camokidebis nol-nakadiani varianti 

 
xazuri sinqronuli Zravas gamoyenebis pirveli sqemuri varianti moce-

mulia 20.12 naxazze. rogorc zemoT vnaxeT, samatareblo zegamatari magnitebi 

emsaxureba matareblis eleqtrodinamikuri Camokidebis da stabilizaciis 

procesebs. maT, agreTve, SeuZliaT xazovani sinqronuli Zravas induqtoris 

(rotoris) rolis Sesruleba. 

Tu nul-nakadiani Camokidebis sistemaSi sagzao konturebis zemoT da 

qvemoT ganvaTavsebT garkveuli wesiT Sesrulebul damatebiT gragnilebs, 

maSin maT SeiZleba vuwodoT xazuri sinqronuli Zravas Ruzis gragnili, 

sxvagvarad wevis konturi.Ggansaxilvel variantSi gamoyenebulia ormagi 

talRuri gragnili, romlis pirdapiri da ukuseqciebi Sesrulebulia 

samatareblo zegamtari konturebis sapoluso danayofis -s toli bijiT. 

Tu wevis konturs mivawvdiT f sixSiris cvlad dens, maSin es deni 

samatareblo zegamtar magnitebTan urTierTqmedebiT, warmoqmnis wevis 

(mamoZravebel) Zalas Fp (propulsion force), romelic induqtoris magnituri 

velis  da Ruzis  gragnilis denis garkveuli intensivobisas, ganapirobebs 
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nax. 20.12. xazuri sinqronuli Zravis sqemuri gamosaxva. 
 
matareblis gadaadgilebas fV 2  siCqariT.Mmiuxedavad imisa, rom wevis 

konturi da Camokidebis konturebi erTmaneTs exebian, isini isea Sesrulebuli, 

rom maT Soris urTierTinduqtiuroba 0-is tolia.Aamitom, Camokidebis 

amwevi Zalis Semqmnel konturebSi, wevis Zalis Semqmnel konturebidan ar 

induqtirdeba araviTari denebi. aRwerili sistema ganapirobebs xazuri 

sinqronuli Zravebis gamoyenebis did upiratesobas. kerZod: erTi mxriv 
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wevis Zalis Sesaqmnelad, matarebelze garedan energiis miwodeba saWiro 

araa. meore mxriv wevis konturebi ikvebeba SedarebiT mcire denebiT, rac 

amcirebs kargvebs da amaRlebs Zravis margi qmedebis koeficients. 

 

P20.3.2. proeqtebi, sacdeli nimuSebi 
 

j.pauelis da g.denbis ideebi pirvelad realizebuli iqna “Magneplan~-s 

proeqtSiN(nax. 20.13).Aam proeqtis arsi mdgomareobs SemdegSi: cilindruli 

formis vagoni, romelzec mudmivi (ucvleli) bijiT, monacvleobiTi 

polarobiT ganTavsebulia elifsuri formis zegamtari magnitebi, drekadadaa 

Camokidebuli cilindruli formis rkinabetonis mimmarTvelebze da 

gadaadgildeba eleqtrodinamikuri gziT.  

 
nax. 20.13. “Magneplane-s” proeqti: 

1-fiuzelaJi, 2- zegamtari magniti,  3- gzis struqtura, 4- saloni, 
5-kriostati,  6-weva; 7- ‘Camokidebis” da mimarTulebis furceli, 

8- xazuri sinqronuli Zravas Ruza. 
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vagonad gamoyenebulia “boing 707”-TviTmfrinavis fiuzelaJi.Mmisi sigrZea 

50 metria, tevadoba – 140 mgzavri, masa 44,8 t, vagonis iatakis qvemoT 120 gra-

dusiani seqtoris gaswvriv, 2,75m bijiT ganTavsebulia 16 cali elifsuri 

formis brtyeli koWi.Yyoveli koWi dayenebulia masiur aluminis gularaze, 

romelic akompensirebs fiuzelaJis vakuumur nakveTurSi tixrebis karkasebze 

damagrebul wevarebis eleqtrodinamikuri ganmrjenebis Zalebs (2.106 n). 

rekomendebulia erTfeniani gragnilebi Sesruldes Rru sadenebiT. sadeni 

damzadebulia aluminiT, stabilizirebul da uJangavi foladiT armirebul 

niobia-titanis SenadnobiT. sadens aqvs marTkuTxa kveTi 2,51.25sm, 1sm diamet-

ris xvreliT, romelSic cirkulirebs zekritikuli temperaturis heliumi. 

koWis 18 000amperi muSa deniT agznebisas 1,25106 amper magnitomamoZravebel 

Zalis mniSvnelobamde; dagrovili energia miaxloebiT toli iqneba 106 

joulis. 100 m/wm (360 km/sT) siCqaris da gzasa da koWebs Soris 25 santi-

metriani RreCos SemTxvevaSi, amwevi Zala toli iqneba 5.105 n = 50 000 kg=50 t-is. 

savali gza warmoadgens 4 m diametris, 120 seqtoris formis cilindrul 

sxeuls,  romlis  centrSi  gakeTebulia  45 kuTxis mqone Wrili.  Wrilis 

orive mxares ganTavsebulia Camokidebis da stabilizaciis furcvlovani 

sagzao Rarebi. seqtoris WrilSi, centris gaswvriv ganTavsebulia xazuri 

sinqronuli Zravis Ruzis ormag talRur gragniliani mravalfaza sistema. 

Reroebi gaTvlilia TiToeul fazaze 1 600 amper saSualokvadratul denis 

mniSvnelobaze. Ggragnilis biji airCeva 100 m/wm sinqronuli siCqaris da 

mkvebavi Zabvis (60 hercis) sixSiris Sesabamisad. 

zegamtari eleqtromagnitis elifsuri forma ganapirobebs vagonis 

RerZis qveS magnituri velis mkveTrad gamoxatul maqsimums e.w. “magnitur 

kils”. wevis gragnilis mravalfaza cvladi denis wyarodan kvebisas 

warmoiSveba ganmrbedi magnituri velis talRa, romelic urTierTqmedebs 

ra vagonis “magnitur kilTan”, warmoqmnis wevis Zalas.  

sinqronulobis misaRwevad, vagonis mdgomareobis Sesaxeb informacia 

miewodeba energiis maregulirebel organos, romelic aucileblobis 

SemTxvevaSi cvlis wevis denis sixSires, fazas an amplitudas (imis 

mixedviT regulirebis ra saxeoba gamoiyeneba). 

erTdroulad xazuri sinqronuli Zrava warmoqmnis cvalebadi sididis 

vertikalur Zalas, romelic SeiZleba gamoyenebuli iyos vagonis rxeviTi 

moZraobis Casaqrobad. 
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nax. 20.14 proeqti Maglev-canada-pirveli varianti: 
   1 – vagoni, 2 – Camokidebis borbali, 3 – Camokidebis sagzao furceli,  
   4 – sinqronuli Zravas da mimarTulebis zegamtari magniti, 5 – refriJe- 
   ratori, 6 – stabilizaciis konturi, 7 – sinqronul Zravas Ruzis gragnili, 
   8 – Camokidebis zegamtari magniti, 9 – heliumis konteineri, 10 – meoradi 
   Camokideba, 11 – xazuri sinqronuli Zravas zegamtari magnitebis bloki. 
                       

garda aRniSnulisa, “magnituri kili” ganapirobebs centriskenul Zalis 

warmoqmnas da am gziT uzrunvelyofs mdgradobis garantias. vagonis grZivi 

RerZis gaswvriv drekadi Semobrunebis SesaZlebloba, saSualebas iZleva 

trasis arawrfiv monakveTebze mdgradi moZraoba ganvaxorcieloT 

minimaluri radiusis mqone mrudeebSi. amisaTvis saWiroa ganivi daxris 

mqone mimmarTveli Rari ganvaTavsoT vagonis daxris kuTxis toli kuTxiT, 

mrudis radiusis Sesabamisad. 

“Magneplane”-s proeqtis mixedviT, wuTSi orvagoniani matareblis 100 m/wm-Si 

siCqariT moZraobisaTvis, mkvebavi mowyobilobidan moxsnili simZlavre 

Seadgens aranakleb 6 megavats. 

germanuli sawarmos Siemens AG,ThyssenKrupp Svilobilma kompaniam Transrapid-ma 

CineTis mTavrobis SekveTiT Sanxai-pudun-is aeroportis ubanze (sigrZe 30km) 

Seasrula Cqarosnuli magistralis mSenebloba (saeqspluatacio siCqare 
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450km/sT), germanuli warmoebis magnituri Camokidebis mqone sam vagoniani 

matareblebisaTvis (nax. 20.14, 20.15). 

 

nax. 20.14 

 

 
nax. 20.15 
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samuSaoebi dasrulda da ubani eqspluataciaSi Sevida 2002 wels. is 

dResac warmatebiT funqcionirebs. Uufro metic, dagegmilia magistralis 

sigrZis gazrda 176 km-mde, qalaq xanCJoumde. 

 

nax. 20.16 

 

 

 

nax. 20.17 

iaponiaSi iamansis prefeqturaSi Seqmnil sacdel magistralze, Chubu 

HSST Development Corpor.Kkompaniis mier  Seqmnilma magnituri Camokidebis mqone 

MLX01-901 seriis matarebelma, 2003 wels mgzavrebiT dasaxlebulma, aCvena 

siCqare 581 km/sT-SiN(nax. 20.17). 
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sergo ivanes Ze karipidisi daibada 1935 wels (saqarTvelo, 
walkis raioni, sofeli beSTaSeni). teqnikis mecnierebaTa doqtori, 
saqarTvelos teqnikuri universitetis sruli profesori, eleqtruli 
transportis kaTedris gamge, saxelmwifo premiis laureati. gamoqvey-
nebuli aqvs 100-ze meti samecniero statia, saqarTvelos da yofil 
sabWoTa kavSiris cnobil teqnikur JurnalebSi.Aaris ori monografiis 
da erTi saxelmZRvanelos avtori. uSualod s.karipidisis xelmZRvane-
lobiT 1977 wels damuSavda da warmoebaSi dainerga msoflioSi 
pirveli koqsmqrobi eleqtromavali ЭК-14, tiristoruli marTviT da 
siCqaris avtomaturi regulirebis sistemiT. 

1985-1989 wlebSi misi xelmZRvanelobiT ВЛ-10, ВЛ-11 da ВЛ-15 
magistralur eleqtromavlebze mbrunavi НБ-436А gardamqnelis nacvlad, 
Seiqmna da dainerga rekuperaciuli damuxruWebis reJimis avtomaturi 

regulirebis sistema, statikuri tiristoruli gardamqnelis bazaze. 
2000 wels  s.karipidisis xelmZRvanelobiT modernizacia gaukeTda mudmivi denis ЭР-2 

seriis eleqtomatareblebs. siCqaris kontaqtorul-reostatuli regulirebis sistema 
Seicvala impulsuri regulirebis sistemiT (12 eleqtromatarebeli), romlebic dResac 
warmatebiT muSaoben saqarTvelos rkinigzaze. 

 

 

 
 

jondo kalistrates-Ze sanikiZe daibada 1945 wels (saqarTvelo, 
vanis raioni sof. miqelefoni). 1969 wels warCinebiT daamTavra 
saqarTvelosPpoliteqnikuri institutis satransporto fakulteti 
“eleqtruli weva da wevis  danadgarebis avtomatizaciis” specialobiT, 
xolo 1974 wels saqarTvelos politeqnikuri institutis aspirantura. 
aris teqnikis mecnierebaTa kandidati, akademiuri doqtori, saqarTvelos 
teqnikuri universitetis sarkinigzo transportis departamentis 
asocirebuli profesori. 

teqnikur universitetSi 45 welze meti xnis muSaobis ganmavlobaSi 
gamoqveynebuli aqvs 50-mde samecniero naSromi, aris 7 dapantetebuli 
gamogonebis da erTi saxelmZRvanelos avtori. wlebis ganmavlobaSi 
warmatebiT mihyavs saleqcio kursebi sabakalavro da samagistro 

programebiT gaTvaliswinebul iseT specialur disciplinebSi, rogorebicaa: eleqtruli 
wevis safuZvlebi, rkinigzis eleqtromomaragebis sistemebi da maTi avtomatizacia, 
eleqtromoZravi Semadgenloba da matarebelTa weva, eleqtruli transporti da sxva. 

2000-2002 wlebSi serbiis dedaqalaq belgradSi da mis SemogarenSi xelmZRvanelobda 
amerikelebis mier dabombili energetikuli obieqtebis aRdgeniT samuSaoebs. 

2004-2007 wlebSi misi uSualo monawileobiT da xelmZRvanelobiT saqarTvelos 
rkinigzis Tbilisis samgzavro salokomotivo depoSi Camoyalibda impulsuri teqnikis 
laboratoria, romelmac mniSvnelovani roli Seasrula saqarTvelos rkinigzaze 
Tanamedrove impulsuri marTvis mqone eleqtromatareblebis danergvis saqmeSi.  

dReisaTvis warmatebiT ganagrZobs pedagogiur saqmianobas, saqarTvelos teqnikuri 
universitetis sarkinigzo transportis departamentSi asocirebuli profesoris 
Tanamdebobaze. 
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