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w i n a s i t y v a o b a 

 
 
 
winamdebare naSromi warmoadgens gamomcemloba 

“legas” mier 2008 wels gamocemuli saxelmZRvanelos – 
“mSeneblobis organizacia, meqanizacia, avtomatizacia, 
dagegmva da menejmenti” I wigni – Semadgenel nawils. 
avtorTa Tavdapirveli CanafiqriT aRniSnul naSroms 
kompleqsurad unda moecva erTi wignis moculobaSi 
samSeneblo warmoebis organizaciis safuZvlebi, samSe-
neblo warmoebis materialur-teqnikuri uzrunvelyo-
fis organizacia, samSeneblo warmoebis operatiuli 
dagegmva, mSeneblobis meqanizaciisa da avtomatizaciis, 
sameurneo meqanizmis srulyofisa da mSeneblobis 
marTvis sakiTxebi da sxv. magram, wignis metad didi 
moculobis gamo, avtorebma mizanSewonilad miviCnieT 
“mSeneblobis meqanizaciis da avtomatizaciis” calke 
wignebad gamocema, (mSeneblobis meqanizacia, wigni II da 
mSeneblobis avtomatizacia, wigni III), miTumetes, rom 
materialur-teqnikuri bazis Semdgomi ganmtkicebisa da 
ganviTarebis gadamwyvet pirobas warmoadgens kom-
pleqsuri meqanizacia, avtomatizacia da axali agrega-
tuli unificirebuli sistemebisa da gamomTvleli man-
qanebis farTod danergva. 

SevniSnavT, rom inJiner-mSeneblis, teqnik-teqnolo-
gisa da teqnik-meqanikosis aRWurva saTanado kom-
pleqsuri Teoriuli codniT, avtomatizebuli mowyo-
biloba-danadgarebis swori eqsploataciis, sawarmoo 
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da teqnologiuri procesebis teqnikurad, gamarTulad 
marTvis mizniT, mniSvnelovnad ganapirobebs Taname-
drove etapze Sromis nayofierebis zrdis miRwevas. am 
problemis warmatebiT gadawyvetis mcdelobas emsaxu-
reba, erTi mxriv, mSeneblobis organizaciisa da teqno-
logiis da meore mxriv, mSeneblobis meqanizaciis da 
avtomatizaciis Teoriuli safuZvlebis kompleqsurad 
Seswavlas, rasac miznad isaxavs warmodgenili saxel-
mZRvanelo.  

Tu gaviTvaliswinebT, rom ganxilul sakiTxebze 
qarTul enaze ar moipoveba originaluri naSromi da 
winamdebare saxelmZRvanelo am mxriv pirvel cdas war-
moadgens, albaT, mas eqneba naklovanebebi. avtorebi 
saqmian SeniSvnebs kmayofilebiT miiReben SemdgomSi 
gasaTvaliswineblad. 

aRniSnulis safuZvelze “mSeneblobis meqanizacia 
da avtomatizacia” (“mSeneblobis organizaciis, meqani-
zaciis, avtomatizaciis, dagegmvisa da menejmentTan” 
kompleqsSi), mocemulia ori wignis saxiT: II. mSeneblo-
bis meqanizacia (amwev-satransporto manqanebi), III. mSe-
neblobis avtomatizacia. 

es saxelmZRvanelo gaTvaliswinebulia umaRlesi sas-
wavleblebis studentebisaTvis (gamoadgebaT inJiner-
praqtikosebsac), romlebic Seiswavlian “samSeneblo 
manqanebisa da samSeneblo procesebis avtomatizaciis” 
kurss. masalis damuSaveba da Seswavla mizanSewonilia 
ganxorcieldes saxelmZRvaneloSi mocemuli Tanmim-
devrobiT. saxelmZRvanelo Sedgenilia moqmedi pro-
gramis Sesabamisad. ganxilulia avtomatizaciis Ziri-
Tadi principebi, gamzomi da avtomaturi mowyobilobe-
bis elementebi, eleqtroZravis avtomatizacia da av-
tomaturi regulireba, marTvis teqnika, sainformacio 
da marTvis avtomatizebuli sistemebi, koSkura amwee-
bis, kabel-amweebis, sahaero-sabagiro gzebis avtomati-
zacia da sxv. 

avtorebi madlierebis grZnobiT aRniSnaven mariam 
biWiaSvilis nayofier Sromas, wignis grafikuli nawi-
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lis Semowmebisa da teqstis yuradRebiT koreqtire-
baze. 
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samSeneblo procesebis      
daxasiaTeba da maTi             

avtomatizaciis principebi 
 

$1. mSeneblobis avtomatizacia da perspeq-
tiuli ganviTarebis amocanebi 

 

teqnikuri progresis, organizaciis srulyofa da 
samuSao pirobebis gaumjobeseba ganapirobebs mSeneb-
lobis industrializaciis donisa da unificirebuli 
samSeneblo konstruqciebis da detalebis saqarxno we-
siT damzadebis xarisxis amaRlebas. saxlmSenebeli 
konveieri, masSi Semavali msxvili kombinatebis meSveo-
biT, samSeneblo warmoebas Senobebis montaJis kom-
pleqsur-meqanizebul procesad gardaqmnis. sazogadoe-
bis winaSe dasaxuli amocanebis ganxorcieleba moi-
Txovs farTod dainergos mniSvnelovani teqnologiuri 
procesebis kontrolis, marTvisa da regulirebis av-
tomaturi mowyobilobebi; qarxnebisa da samSeneblo 
obieqtebis avtomaturi marTvis manqanuri sistemebi. 

betonis, rkinabetonisa da asawyobi rkinabetonis 
konstruqciebis damamzadebeli Tanamedrove qarxnebis 
meqanizaciis maRali done, sawarmoo ciklis uwyvetoba 
qmnis xelsayrel pirobebs avtomatizaciis anu meqani-
zaciis umaRlesi safexuris danergvisaTvis. 

Tu miviRebT mxedvelobaSi, rom amJamad dasrule-
bulia mza sarTulebis awevis meTodiT Senobebis age-
bis axali ekonomikuri teqnologia, montaJis procesis 
avtomatizacia mniSvnelovnad aamaRlebs Sromis nay-
ofierebas mSeneblobaSi da gaaiafebs mSeneblobas, 
mSeneblobis warmoebis nebismieri sxva wesis gamoyene-
basTan SedarebiT. 

meqanizaciis mWidro kavSirze avtomatizaciasTan 
miuTiTebda jer kidev k. marqsi “kapitalSi”, romelSic 
man Semdegi ganmarteba misca avtomatur manqanas: 
“rodesac samuSao manqana adamianis dauxmareblad as-
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rulebs yvela im moZraobas, rac aucilebelia nedli 
masalis dasamuSaveblad, da mxolod adamianis mxriv 
kontrols saWiroebs, maSin Cven saqme gvaqvs manqanebis 
avtomatur sistemasTan”*, e.i. teqnologiuri procesis 
meqanizacia warmoadgens avtomatizaciis Seucvlel da 
mniSvnelovan wanamZRvars. maSasadame, meqanizacia war-
moadgens adamianis kunTis Zalis meqanizmebiT Secvlis 
process, xolo avtomatizacia adamianis mier warmoe-
bis samarTavad aucilebeli Sromis Secvlis process 
aparatebisa da manqanebis muSaobiT. mecnierebisa da 
teqnikis im dargs, romelic Seiswavlis avtomaturi 
sistemebisa da masTan dakavSirebuli teqnikuri saSua-
lebebis Teoriasa da meTodebs, ewodeba avtomatika 
(“avtomati” berZnuli warmoSobis sityvaa da niSnavs 
TviTmoZravs). 

obieqtis avtomatur marTvas, Tu es obieqti mo-
Tavsebulia marTvis adgilidan Sor manZilze, ewodeba 
telemeqanika (telemeqanika warmodgeba sityvidan 
“tele”, rac niSnavs manZilze moqmedebas). principuli 
gansxvaveba avtomatikasa da telemeqanikas Soris ar 
arsebobs. avtomatikisa da telemeqanikis rTuli siste-
mebi umetes SemTxvevebSi Sedgeba erTi da imave ele-
mentebisagan. 

uaxloes wlebSi sawarmoo procesis nawilobrivi 
avtomatizaciidan ganxorcieldeba kompleqsur da 
mTlian avtomatizaciaze masobrivad gadasvla. 

sawarmoo procesi nawilobrivadaa avtomatizebuli, 
rodesac avtomatizebulia misi mxolod calkeuli op-
eraciebi. magaliTad, miwis moSandakebis muSaobis dros 
xdeba avtogreideris frTis ganivi daxris avtomaturi 
regulireba. sawarmoo procesis kompleqsuri avtoma-
tizacia ewodeba sawarmoo procesis  marTvas adamianis 
Caurevlad. adamianis roli kompleqsuri avtomati-
zaciis pirobebSi ganisazRvreba procesis mimdinareo-
bisadmi Tvalyuris devnebiT. kompleqsuri meanqizacia 
da avtomatizacia erTmaneTTan mWidrodaa dakavSire-
buli. isini erTmaneTs ganapirobebs da avsebs. 

 
* k. marqsi, kapitali, t. I, 1954, gv. 483. 
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calkeuli sawarmoo procesis kompleqsuri av-
tomatizacia warmoadgens mTlian avtomatizaciaze 
gadasasvlel safexurs. am dros avtomaturi manqanebis 
sistema adamianis uSualod Carevis gareSe asrulebs 
sawarmoo procesTa mTel kompleqss, samuSaoTa iseTi 
reJimebis dadgeniTa da arCeviT, romelic uzrunvely-
ofs konkretul pirobebSi saukeTeso maCveneblebs. ma-
galiTisaTvis SeiZleba moviyvanoT teqnologiuri 
xazebi, saamqroebi da betonis qarxana-avtomatebi, rom-
lebSic warmoebis yvela procesi avtomatizebulia da 
uzrunvelyofs maRal teqnikur-ekonomikur efeqturo-
bas. aseTi betonis qarxana-avtomatebis ricxvs mie-
kuTvneba 60 m3/sT mwarmoeblurobis betonis qarxana-
avtomati q. kaluSi, mTavarmoskovmSenis sistemaSi mo-
muSave duRab-sarevi avtomatizebuli kvanZebi 18-20 m3/sT 
mwarmoeblurobiT eqvsi sxvadasxva markis samSeneblo 
duRabis dasamzadeblad da sxv. avtomatizaciis eko-
nomikuri efeqtianobis dasaxasiaTeblad 1.1 cxrilSi 
mocemulia betonis avtomatizebuli warmoebis zogi-
erTi maCvenebeli. mTliani avtomatizaciisaTvis gankuT-
vnili xelsawyoebis ageba warmoebs agregatuli prin-
cipiT, romlis drosac regulatoris mTavari elemen-
tebis awyoba xdeba calkeuli bloki-xelsawyoebis 
saxiT, romelTa Semavali da gamomavali parametrebi 
cvalebadoben erT da imave sazRvrebSi, rac saSuale-
bas iZleva SedarebiT martivad dakompleqtdes av-
tomaturi regulirebis sakmaod rTuli sqemebic.  

avtomatizacia warmoadgens teqnikur, socialur da 
politikur problemas. igi emsaxureba fizikur da 
gonebriv Sromas Soris arsebiTi gansxvavebis likvi-
dacias; muSaTa kulturul-teqnikuri donis amaRlebas. 
avtomatizacia organulad akavSirebs mecnierebas pra-
qtikasTan. ukanasknel wlebSi avtomaturi xelsawyoebi 
farTod inergeba adamianis gonebrivi moRvaweobis 
sferoSi, samecniero-kvleviTi muSaobis, dagegmarebisa 
da daproeqtebis procesSi. avtomatizacia Tanamedrove 
pirobebSi warmoadgens sazogadoebis ganviTarebis 
teqnikuri politikis safuZvels. 
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samanqano warmoebis ganviTarebis istoria saTaves 

manqana-iaraRebis Seqmnidan iRebs, romelTa saSualebi-
Tac adamianma Seimsubuqa Sroma da mniSvnelovnad gazar-
da Sromis nayofiereba. cnobilia, rom arasamrewvelo 
daniSnulebis avtomatebs iyenebdnen jer kidev pirvel 
saukuneSi Cvens welTaRricxvamde. 
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praqtikuli daniSnulebis avtomatebis ricxvs mie-
kuTvneba qanqariani saaTi, romelic 1657 wels Seqmna 
holandielma q. hiugensma. rusma gamomgonebelma      
i.i. polzunovma 1766 wels daakonstruira da daamzada 
orTqlis qvabSi wylis donis avtomaturi regulatori. 
1784 wels ingliselma meqanikosma j. uaitma daamzada 
brunvis siCqaris centridanuli regulatori orTqlis 
qvabisaTvis. 1877 wels peterburgis teqnologiuri in-
stitutis profesorma i. viSnevgradskim (1831-1895) 
Camoayaliba orTqlis manqanebis regulirebis Teoriis  
safuZvlebi. viSnevgradskis mniSvnelovani damsaxurebaa 
avtomaturi regulirebis sistemebis damuSavebis sa-
kiTxebisadmi sistemuri midgomis damkvidreba, rac 
mdgomareobda regulatorisa da regulirebis obieqtis, 
rogorc erTiani dinamikuri sistemis ganxilvaSi. 
mdgradobis Teoriis safuZvlebi daamuSava akademi-
kosma a. liapunovma (1892 w.). slovakma profesorma     
a. stodolam (1859-1942) gamoikvlia orTqlisa da 
hidravlikuri turbinebis regulirebis mdgradoba, 
xolo germanelma maTematikosma a. gurevicma amoxsna 
avtomaturi regulirebis xazovani sistemebis mdgra-
dobis kriteriumis zogadi amocana. ingliselma mec-
nierma astronomma erim (1801-1892) gamoikvlia meqanizmi, 
romelic uzrunvelyofda teleskopis Tanabari siC-
qariT Sebrunebas ise, rom uwyvetliv emziraT Tana-
brad moZravi ciuri sxeulebisaTvis. aseTi sistema ti-
puri avtomaturi regulirebis sistemaa. ingliselma 
fizikosma d. maqsvelma (1831-1879) mniSvnelovani Sroma 
gaswia, avtomaturi regulirebis sistemis dargSi, 
planeta saturnis rgolis wonasworobis sakiTxis Ses-
wavlasTan dakavSirebiT. 1909 wels profesorma n. Ju-
kovskim gamoaqveyna klasikuri Sromebi manqanebis av-
tomaturi regulirebis dargSi. 

sabWoTa mecnierebma _ i. voznesenskim, akad. l. men-
delStamma, akad. n. papalevskim, akad. a. andrnovma,     
v. kulebakinma,, v. losievskim, m. aizermanma da sxvebma 
TavianT SromebSi mniSvnelovnad ganaviTares avto-
maturi regulirebisa da marTvis saikiTxebi. avto-
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maturi regulirebis TeoriaSi mniSvnelovani wvlili 
Seitana mixailovis naSromma “harmoniuli analizis 
meTodi regulirebis TeoriaSi”, riTac safuZveli Cae-
yara efeqturi sixSiruli meTodis danergvas av-
tomaturi sistemebis gamokvlevis praqtikaSi. magram, 
avtomatika, rogorc mecnierebisa da teqnikis damou-
kidebeli dargi, sistematur ganviTarebas iwyebs me-20 
saukunis 30-iani wlebidan. 

ukanaskneli aTeuli wlebis ganmavlobaSi mec-
nierul disciplinad Camoyalibda marTvis procesebis 
maTematikuri Teoria, romelsac kibernetika ewodeba 
(berZnuli sityvidan “kibernetos”, rac mesaWes niSnavs). 
kibernetikis ganviTareba daiwyo amerikeli mecnieris  
n. vineris Sromis – “kibernetika da sazogadoeba” ga-
mosvlis droidan. 

Tanamedrove kibernetika Sedgeba sami ZiriTadi gan-
yofiloebisagan; esenia: 1. avtomaturi marTvisa da re-
gulirebis Teoria, 2. informaciis Teoria da 3. manqa-
nebis mier logikuri operaciebis Sesrulebis Teoria. 

kibernetikuli sistemebi amJamad marTaven ur-
Tulesi Carxebisa da mTeli sawarmoebis muSaobas, mi-
marTulebas aZleven sazRvao xomaldebis, TviTmfri-
navebisa da kosmosuri xomaldebis moZraobas, elvise-
burad awarmoeben urTules gaangariSebebs da a.S. aR-
saniSnavia, rom teqnikis kibernetizacia umniSvnelo en-
ergiiT uzarmazari simZlavreebis marTvis saSualebas 
iZleva. 

mecnierebas, romelic Seiswavlis eleqtronuli 
xelsawyoebis moqmedebis principebs da maTi gamoyene-
bis teqnikas, ewodeba eleqtronika. eleqtronika war-
moadgens Tanamedrove avtomatikis da telemeqanikis 
safuZvels eleqtronuli aparaturis upiratesobebis 
gamo – zemaRali mgrZnobiaroba, mcire inerciuloba, 
SesaZlebloba gaizomos, rogorc eleqtruli (Zabva, 
denis Zala, sixSire da sxv.), aseve araeleqtruli 
sidideebi (gabaritebi, wneva, temperatura, dro, sinaT-
lis Zala, Zabva da sxv.). eleqtronikis danergva av-
tomatikasa da telemeqanikaSi saSualebas iZleva 
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Seaiqmnas swrafmoqmedi, zusti avtomaturi da tele-
meqanikuri sistemebi. 

mecnierebis sruliad axali dargia bionika. igi 
Seiswavlis cocxal organizmebSi moqmed metad eko-
nomikur avtomatur sistemebs, analogiuri miniatu-
ruli avtomaturi sistemebis Seqmnisa da teqnikaSi 
danergvis sakiTxebs. 

avtomaturi marTvis Teoriasa da praqtikaSi sul 
ufro farTod inergeba eleqtronul-gamomTvleli man-
qanebi, rogorc cifruli, ise analoguri, ramac sawar-
moo procesebis avtomatizaciis done awia axal, ufro 
maRal safexurze. mini da mikro egm-is mikro-
procesoruli teqnikis, robotebisa da manipuliatore-
bis gamoyenebis bazaze SesaZlebeli gaxda TviTamwyobi 
da TviTmoswavle avtomaturi sistemebis danergva, rac 
realizacias ukeTebs marTvis rTul kanonebs. es saSu-
alebas iZleva Seiqmnas avtomaturi marTvis sistemebi 
Zneladsawinaswarmetyvelo da formalizebul aRweras 
dauqvemdebarebeli agznebebis pirobebSi samuSaod. 

avtomatur sistemebTan erTad samSeneblo warmoe-
bis marTvis sferoSi, meoce saukunis samocian wlebSi, 
danergva daiwyo organizaciul-teqnikurma (“adamian-
manqanurma”) sistemebma, romlebic uzrunvelyofen im 
obieqtebis efeqtur funqcionirebas, romlebSic marT-
vis funqciis realizaciisaTvis aucilebeli informa-
ciis Sekreba da gadamuSaveba xorcieldeba avtomati-
zaciisa da gamoTvliTi teqnikis saSualebis gamoyene-
biT. marTvis aseTi sistemebis teqnikur safuZvels 
Seadgenen egm-i, xolo Teoriuls – ekonomikur-maTe-
matikuri meTodebi, romlebic rTuli obieqtebisa da 
procesebis marTvis optimaluri pirobebis gansazRvris 
saSualebas iZlevian. 

amJamad avtomatizaciis umaRlesi formis reali-
zacia xdeba moqnili sawarmoo sistemebis (ГПС) dax-
marebiT, rac qmnis realur wanamZRvrebs adamianis 
Caurevel teqnologiebze gadasasvlelad, Tanamedrove 
samrewvelo warmoebis efeqturobis, arsebiTad, asamaR-
leblad. ГПС mowodebulia uzrunvelyos mTeli sawar-
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moo procesis kompleqsuri avtomatizacia, mniSvnelov-
nad aamaRlos Sromis nayofiereba da warmoebuli 
produqciis xarisxi. struqturulad ГПС warmoadgens 
samdonian ierarqiul sistemas. qveda doneze xor-
cieldeba umartivesi teqnologiuri operaciebis av-
tomatizacia robotebisa da manipuliatorebis gamo-
yenebiT, romlebic asruleben SeduRebas, Wras, saCarxo 
damuSavebas da a.S. avtomatizacia am doneze eyrdnoba 
mikroegm da mikroprocesorebis daxmarebiT robot-
izebuli kompleqsebis marTvas. 

meore doneze xorcieldeba nakeTobebis damuSave-
bis, xarisxis kontrolis, satransporto-dasagrovebeli 
sistemebis modulebis muSaobis koordinacia. meore 
doneze marTva sruldeba avtomatizebuli dispetCeris 
reJimSi centraluri egm-is mier koordinebuli teqni-
kur-ekonomikuri informaciis damuSavebis terminaluri 
sadgurebis bazaze. 

moqnili sawarmoo sistemebis mesame doneze xor-
cieldeba operatiul-sawarmoo marTva, romelic re-
alizacias ukeTebs sakvirao da cvluri sadReRamiso 
dagegmvis, aRricxvisa da kontrolis funqciebs. marT-
vis mesame donis safuZvels Seadgenen mini-egm-is bazaze 
warmoebis teqnologiuri momzadebis avtomatizebuli 
sistemebi, romlebic qmnian centralur egm-Tan da-
kavSirebul erTian marTviT-gamomTvlel kompleqss. 

sawarmoo procesebis avtomatikisa da avtomati-
zaciis sistemebi mowodebulia momcveli garemos dac-
vis saqmeSi mniSvnelovani rolis Sesasruleblad. eko-
logiis problemebis gadawyvetis ZiriTad mimarTrule-
bas warmoadgens unarCeno da mcirenarCeniani teqnolo-
giebis Seqmna da samSeneblo warmoebaSi danergva. 

mSeneblobaSi SeiZleba avtomatizebul iqnes Sem-
degi samSeneblo manqana-meqanizmebi da mSeneblobis 
teqnologiuri procesebi: 1) koSkuri da xiduri amweebi 
(eleqtroZravebis gaSveba, gaCereba da reversireba; 
meqanizmebis siCqaris regulireba; meqanizmebis dacva 
avariebisa da gadatvirTvebis SemTxvevebSi; telexedvis 
danergva amweebis marTvis saqmeSi; tvirTamweobis Sez-
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Rudva, Zvra sawinaRo satacebis CarTva; meqanizmebis 
programuli marTva; amweebis distanciuri marTva; 2) 
uwyveti transportis manqanebi (eleqtroZravebis mar-
Tva; tvirTnakadebis mimarTulebis avtomaturi Secvla; 
konveieris lentis mdebareobis da mTlianobis kon-
troli; konveieris lentze masalis arsebobis kon-
troli; marTvis avtomatizacia); 3) telferebi, kabe-
lamweebi da sahaero-sabagiro gzebi, liftebi; 4) erT-
CamCiani da rotoruli eqskavatorebi, skreperebi, bul-
dozerebi, avtogreiderebi (gruntis damuSavebis siRr-
mis avtomaturi kontroli; Txrilis gaWrisas qanobis 
avtomaturi regulireba; mwarmoeblurobisa da gzis 
profilis avtomaturi regulireba); 5) pnevmotumboebi 
da sakompresoro danadgarebi; 6) hidromonitorebi, mi-
wasawovebi da miwasawovi danadgar-iaraRebi; 7) qva-
samsxvrevi manqanebi (meqanizmebisa da kvanZebis dacva 
gadatvirTvisa da gadametxurebisagan; dacva liTonis 
CanarTebis moxvedrisagan; SezeTvis avtomatizacia; 
muSaobis marTvis avtomatizacia; mwarmoeblurobis av-
tomaturi regulireba; vibrocxavebis muSaobis marTvis 
avtomatizacia); 8) mSeneblobis dispetCeruli marTva; 9) 
sxvadasxva meqanizmebisa da manqanebis muSaobis aR-
ricxva mwarmoeblurobis avtomaturi aRmricxvelebis 
saSualebiT; 10) samontaJo samuSaoebi (saproeqto mdgo-
mareobaSi dasamontaJebeli elementebis avtomaturad 
dayeneba; avtomaturi tvirTsaWerebis gamoyeneba; amwe-
avtomatis marTva msxvilpanelovani Senobis montaJis 
dros); 11) mosapirkeTebeli samuSaoebi; 12) awonvisa da 
dozirebis procesebi;  13) siTburi procesebi (saSrobi 
dolis siTburi reJimis avtomaturi regulireba; Tbo-
tenianobiTi damuSavebis procesis avtomatizacia; xvi-
mirebSi, StabelebSi da Tbo-tenianobiTi damuSavebis 
procesSi temperaturuli reJimis avtomaturi reguli-
reba; armaturis eleqtro-Termuli daWimvis procesis 
avtomaturi marTva; betonis eleqtrogaxurebis avtoma-
tizacia; avtoklavebSi temperaturis programuli 
regulireba); 14) sasawyobo operaciebi, betonebisa da 
duRabebis momzadebis procesebi (arevis procesis av-
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tomatizacia; SesaRebi Sedgenilobebis momzadebis av-
tomatizacia; Semavseblebisa da cementis sawyobebis 
muSaobis avtomatizacia); 15) lamis moculobiTi masis 
regulireba; 16) wisqvilebis CatvirTvis procesebi; 17) 
ximinjebis Casobis procesebi; 18) asawyobi rkina-
betonis nakeTobaTa warmoebis procesebi (nakeTobaTa 
xazovani zomebis avtomaturi kontroli; armaturis 
winaswari daZabvis avtomatizacia, aramrRvevi meTo-
debiT betonisa da rkinabetonis nakeTobaTa xarisxis 
kontrolis avtomatizacia; betonis narevis vibroSem-
kvrivebis avtomatizacia; rkinabetonis nakeTobaSi ar-
maturis adgil-samyofelis gansazRvra); 19) manqanebisa 
da agregatebis kompleqsis, saamqroebis, teqnologiuri 
xazebisa da qarxnebis marTva saangariSo-gamomTvleli 
mowyobilobebis gamoyenebiT; 20) mSeneblobaSi saan-
gariSo samuSaoebis da teqnologiuri procesebis av-
tomatizaciis ekonomikuri efeqturoba (Tu gaviTval-
iswinebT, rom yofil sabWoTa kavSirSi mSeneblebi 
Seadgendnen ramdenime milion kacs, xolo aqedan 
daaxloebiT 3 milioni emsaxureboda aRricxvisa da 
dokumentebis gaformebas, cxadia, sxvadasxva avtoma-
turi gamosaTvleli manqanebis danergvis Sedegad 
miRebuli ekonomikuri efeqti Seadgens mniSvnelovan 
sidides TviT Cveni qveynisTvisac ki). 

mSeneblobis avtomatizaciis perspeqtiuli ganvi-
TarebisaTvis  aucilebelia farTod dainergos mSene-
blobis praqtikaSi samecniero-kvleviT da saswavlo 
institutebSi, saproeqto da sakonstruqtoro organi-
zaciebSi damuSavebuli axali xelsawyoebi, manqanebi, 
avtomatizaciis saSualebani da avtomatizebuli qarx-
nebi; kerZod, ganxorcieldes: koSkura amweebis distan-
ciuri marTva telemeqanikisa da radioeleqtronikis 
saSualebaTa gamoyenebiT; sadispetCero punqtis or-
mxrivi radiokavSiri samSeneblo-samontaJo moedanze 
momuSave amweebTan, eqskavatorebTan, buldozerebTan 
da sxva samSeneblo manqanebTan; erTCamCiani eqskava-
toris samuSao ciklis avtomatizacia; saxlmSenebel 
kombinatebTan erTad aigos betonis qarxana-avtomatebi 
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60m3/sT mwarmoeblurobiT da duRabis damamzadebeli 
avtomatizebuli kvanZebi 18-20 m3/sT mwarmoeblurobiT, 
romlebic gamoirCeva maRali teqnikur-ekonomikuri 
efeqturobiT. 

amJamad muSavdeba (damuSavebulia) da uaxloes pe-
riodSi samSeneblo praqtikaSi dainergeba (inergeba): 

1. rotoruli eqskavatorebis, skreperebisa da bul-
dozerebis moZraobis siCqaris avtomaturi regulireba 
gruntis Wris winaRobis gaTvaliswinebiT, agreTve, am 
manqanebis programuli marTva. 

2. ximinjis Casasobi mowyobilobis muSaobis reJi-
mis avtomaturi regulirebis sistemebi. 

3. erTCamCiani eqskavatorebis nawilobrivi progra-
muli marTva da Rilakuri marTvis sistemebi. 

4. koSkura amweebis mier Sesrulebul samuSaoTa 
da tvirTis masis, eqskavatorebis mier damuSavebuli 
gruntis raodenobis avtomaturi aRmricxvelebi, cik-
lebis ricxvis, muSaobis sufTa drois, eleqtroener-
giisa da sawvavis xarjis mricxvelebi. 

5. miwisqveSa kabelebis, milgayvanilobisa da gaz-
gayvanilobis adgil-samyofelis avtomaturad gan-
msazRvreli mowyobiloba, Sesabamisi signalizaciiT. 

6. samSeneblo manqanebi avtomaturi kontroliTa da 
marTviT _ samRebro, Selesvisa da sxva samSeneblo 
procesebis Sesasruleblad. 

7. samsxvrev-damxarisxebeli warmoeba avtomatize-
buli  teqnologiuri procesiT. 

8. Semavseblebis da cementis avtomatizebuli sa-
wyobebi. 

9. mTlianad avtomatizebuli asfaltbetonis qarx-
nebi, programuli regulirebiT. 

CamoTvlili manqanebisa da samSeneblo procesebis 
avtomatizacia dakavSirebulia did xarjebTan, magram 
avtomatizaciis ekonomikuri efeqturobis gamo, am xar-
jebis anazRaureba ganxorcieldeba (xorcieldeba) mo-
kle droSi. 

1.2. cxrilSi mocemulia procesebis avtomatizaciis 
RonisZiebebze kapitaldabandebaTa gamosyidvis sava-
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raudo vadebi, xolo pirveli Tavis me-3 paragrafSi – 
warmoebis procesebis avtomatizaciis ekonomikuri 
efeqturobis gansazRvris magaliTebi. 

 
cxrili 1.2 

procesTa avtomatizaciis RonisZiebebze kapdabandebaTa gamos-
yidvis vadebi 
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warmoebis nawilobrivi avtomatizacia 
martivi saxis mowyobilobis danergviT, 
xelsawyoebis dayenebiT moqmed agre-
gatebze 
calkeuli operaciisa da procesis av-
tomatizacia, mowyobilobis nawilob-
rivi Secvla da modernizacia 
kompleqsurad meqanizebuli da avtoma-
tizebuli procesebi, avtomaturi xaze-
bisa da saamqroebis Seqmna (teqnolo-
giuri sqemis Seucvlelad) 
sawarmoo procesebis kompleqsuri 
meqanizacia da avtomatizacia, ubnis 
saamqros da warmoebis farglebSi, 
teqnologiuri sqemis SecvliTa da axa-
li mowyobiloba-danadgarebis gamo-
yenebiT 
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SeniSvna: efeqturobis koeficienti ganisazRvreba, rogorc TviT-
Rirebulebaze yovelwliuri ekonomiis Sefardeba damatebiT kapda-
bandebebTan da warmoadgens gamosyidvis vadis Sebrunebul sidides. 
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$2. warmoebis procesebis avtomatizaciis 
teqnikur-ekonomikuri efeqturoba da 
misi gaangariSebis meTodika 

 

warmoebis procesebis avtomatizacia ganapirobebs 
Sromis nayofierebis mniSvnelovnad amaRlebas, produ-
qciis gamoSvebis zrdas da misi xarisxis gaumjobese-
bas; uzrunvelyofs mowyobiloba-danadgarebis muSao-
bis saimedoobas; Sromis pirobebis gaumjobesebas da 
muSebis kulturul-teqnikuri donis amaRlebas. 

avtomatizaciis teqnikur-ekonomikuri efeqturobis 
dasadgenad SeiZleba gamoyenebul iqnes Semdegi Ziri-
Tadi maCveneblebi: 

1. avtomatizaciaze dabandebuli kapitaluri dana-
xarjebis anazRaurebis vada da masTan dakavSirebuli 
efeqturobis  koeficienti; 

2. avtomatizaciisaTvis saWiro kapitaluri danaxarjebi; 
3. Sromis nayofiereba (produqciis gamomuSaveba 

erT momuSaveze); 
4. momsaxure personalis raodenobis Semcireba; 
5. produqciis erTeulis TviTRirebuleba; 
6. nedleulisa da masalebis xarji produqciis 

erTeulze; 
7. eleqtro energiis da saTbobis xarji produ-

qciis erTeulze; 
8. sawarmoo saTavsis 1 m2 farTobidan miRebuli 

produqciis raodenoba: 
9. produqciis gaumjobesebis xarisxi (simtkicis, 

xangamZleobis amaRleba da a.S.); 
10. Sromis pirobebis gaumjobesebis xarisxi; 
11. obieqtis mSeneblobis xangrZlivoba an samSene-

blo-samontaJo samuSaoTa gansazRvruli kompleqsis 
Sesrulebis xangrZlivoba; 

12. samSeneblo-samontaJo samuSaoTa TviTRirebuleba 
da saeqsploatacio danaxarjebi Senobebze, nagebobebze an 
calkeul konstruqciul elementebze da sxv. 

samSeneblo-samontaJo samuSaoTa TviTRirebuleba 
Sedgeba pirdapiri da zednadebi xarjebisagan. 
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pirdapiri xarjebi moicavs: muSebis ZiriTad xel-
fass; masalebze xarjebs da manqanebisa da meqanizmebis 
eqsploataciis xarjebs. 

zednadeb xarjebs miekuTvneba: administraciul-
sameurneo xarjebi, samuSaoTa organizaciisa da war-
moebis xarjebi, maT Soris mcire Rirebulebis da 
swrafcveTad iaraRebze, xanZarsawinaaRmdego da sa-
guSago dacvaze, saproeqto jgufebis Senaxvasa da a.S.; 
muSebis kulturul-sameurneo momsaxurebis da Sromis 
dacvis xarjebi. 

saeqsploatacio xarjebi iTvaliswinebs saamorti-
zacio anaricxebs aRdgenasa da kapitalur remontze, 
mimdinare SekeTebis xarjebs, xarjebs gaTbobaze, lif-
tebis eqsploataciasa da sxv. 

samSeneblo organizaciebis ZiriTadi sawarmoo 
fondebi moicavs: samSeneblo-samontaJo samuSaoTa Ses-
rulebaSi monawile samSeneblo manqanebsa da meqaniz-
mebs, satransporto saSualebebs, sawarmoo Senobebsa 
da nagebobebs, damxmare sawarmoebSi gamoyenebul Za-
lovan sawarmoo mowyobilobebs, (magaliTad, gada-
saadgilebel eleqtrosadgurebs, kompresorebs, dize-
lebs, orTqlis qvabebs da sxv.). 

sabrunavi fondebis SemadgenlobaSi gaiTvalis-
wineba ZiriTadi masalebis, konstruqciebis, detalebis 
maragi; damxmare masalebisa da saTbobis maragi; daum-
Taavrebeli warmoeba samSeneblo-samontaJo samuSaoebis 
mixedviT da a.S. 

Sromatevadoba samSeneblo warmoebaSi, warmoebis 
meqanizaciis da avtomatizaciis efeqturobis gaangari-
Sebisas, ganisazRvreba Sromis danaxarjebiT natura-
lur kac-dReebSi manqanebisa da meqanizmebis uSualo 
momsaxure muSebis, damxmare samuSaoebze, mimdinare re-
montze dakavebuli muSebis CaTvliT. Sesabamisi mona-
cemebi ganisazRvreba manqana-cvlebis sagegmo kalku-
laciebiT gamomuSavebis moqmedi erTiani normebis sa-
fuZvelze. 

TviTRirebulebisa da kapitaluri danaxarjebis 
maCveneblebiT gansxvavebuli axali teqnikis variante-



bis Sedareba warmoebs anazRaurebis vadebis gaTvalis-
winebiT. 

damatebiTi kapitaluri dabandebis anazRaurebis 
vada ganisazRvreba formuliT 

normT
CC
KKT ≤

−
−

=
21

12 ,       (1.1)  

sadac  
T aris gamosyidvis vada, wlebSi; 
K1 da K2 – kapdabandebebi etalonisa da axali 

teqnikis mixedviT, an kapdabandebebi Sesadarebeli 
variantebis mixedviT, man.; 

C1 da C2 – samuSaoTa wliuri moculobis TviTRire-
buleba etalonisa da axali teqnikis mixedviT an 
TviTRirebulebebi Sesadarebeli variantebis mixedviT, 
man./wel. 

efeqturobis koeficienti (gamosyidvis vadis Se-
brunebuli sidide) ganisazRvreba TviTRirebulebaze 
ekonomiis SefardebiT damatebiT kapitalur dabande-
bebTan. 

normE
KK
CC

T
E ≥

−
−

==
12

211
.   (1.2) 

Tnorm da Enorm gamosyidvis vadis da efeqturobis 
koeficientis normatiuli sidideebia. 

Tu gamosyidvis vada normatiulze naklebia T<Tnorm 
(efeqturobis koeficienti normatiulze metia E>Enorm), 
ekonomikuri TvalsazrisiT ufro efeqturia SedarebiT 
mcire TviTRirebulebis varianti. Tu T>Tnorm (anu 
E<Enorm), ekonomikurad   efeqturia varianti, romelic 
xasiaTdeba dabali kapitaluri dabandebebiT. 

dargobrivi instruqciis Tanaxmad, mSeneblobaSi 
efeqturobis normatiuli koeficientis mniSvneloba mi-
iReba Enorm=0,12; Sesabamisad, gamosyidvis vada Seadgens 
Tnorm=8,33 wels. 

ekonomikuri efeqturobis angariSisaTvis gamoi-
yeneba dayvanili xarjebis maCvenebeli, romelic gani-
sazRvreba formuliT 

KEC norm+=Π ,        (1.3) 
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sadac  
П aris dayvanili xarjebi; 
С – produqciis erTeulis TviTRirebuleba; 
К – xvedriTi kapitaluri danaxarjebi (fondteva-

doba), e.i. produqciis wliuri gamoSvebis erTeulze 
kapitaluri danaxarjis sidide. 

wliuri ekonomikuri efeqti Э ganisazRvreba dasan-
ergavi axali teqnikisa da etalonis dayvanili xarje-
bis sxvaobis namravliT warmoebuli produqciis (А) 
wliur moculobaze an samuSaoze RonisZiebis (axali 
teqnikis) danergvis Semdeg, naturalur erTeulebSi: 

)()( 221121 KECKECAППAЭ normnorm −−+=−= ,      (1.4) 
)]()[( 1221 KKECCAЭ −−−= norm .              (1.5) 

aq C1, C2 produqciis an samuSaos erTeulis 
TviTRirebulebaa RonisZiebis danergvamde da dan-
ergvis Semdeg anda Sesadarebel variantebSi, man.; 

K1, K2 – xvedriTi kapdabandebebi produqciis an 
samuSaos erTeulze RonisZiebis danergvamde da daner-
gvis Semdeg, Sesadarebel variantebSi, man. 

moqmedi manqanis avtomatizaciis SemTxvevaSi, rode-
sac axali kapdabandeba emateba ukve arsebul fondebs, 
da rodesac saWiro ar aris moqmedi manqanis maCvene-
blebis gansazRvra axali moculobebis Sesabamisad, 
wliuri ekonomikuri efeqtisaTvis gveqneba  

AKECCЭ ⋅⋅−−= ])[( 21 d.Snorm ,       (1.6) 

sadac Kd.S aris kapitaluri danaxarjebi avtomatiza-
ciis saSualebebze danergvis Semdeg samuSaoTa erTe-
ulze (an produqciis wliuri gamoSvebis erTeulze). 

SeiZleba visargebloT, agreTve, formuliT: 
'

.21 )( d.Snorm. KECCЭ ⋅−−= ,      (1.7) 

aq K’
d.S aris sruli kapitaluri danaxarjebis 

sidide avtomatizaciis saSualebebze. 
im SemTxvevaSi, rodesac avtomatizaciis ganxor-

cieleba amcirebs mSeneblobis xangrZlivobas, damate-
biT gaiTvaliswineba drois faqtoris gavlenis Sede-
gad miRebuli ekonomikuri efeqti. magaliTad, sawar-
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moo obieqtebis amoqmedebis daCqarebiT miRweuli efe-
qti, romelic dakavSirebulia damatebiTi produqciis 
gamoSvebasTan aSenebul an rekonstruirebul sawar-
moSi, ganisazRvreba formuliT 

)( faqtnorm. TTEЭ −= φ ,        (1.8) 

sadac  
Enorm. aris efeqturobis normatiuli koeficienti 

dargisaTvis, romelsac miekuTvneba aSenebuli sawarmo; 
Ф – moqmedebaSi Seyvanili ZiriTadi fondebis saxar-

jTaRricxvo Rirebuleba; 
Т – mSeneblobis normatiuli xangrZlivoba an 

analogiuri obieqtebis mSeneblobis faqtiuri xan-
grZlivoba, Tu igi normatiulze naklebia, wlebSi; 

Тfaqt. – mSeneblobis faqtiuri xangrZlivoba, wlebSi. 
amave formuliT SeiZleba visargebloT mowyo-

bilobis, manqanebis, agregatebis da sxvaTa kapitaluri 
remontis an modernizaciis vadebis Semcirebis dros, 
Tu amis Sedegad ZiriTadi fondebis muSaobis periodi 
izrdeba amosaval donesTan SedarebiT. 

 
 

$3. warmoebis procesebis avtomatizaciis 
ekonomikuri efeqturobis gansazRvris 
magaliTebi 

 

magaliTi. modulirebuli sinaTlis sxivis saSu-
alebiT miwismTxreli manqanis samuSao organos dis-
tanciuri marTvis avtomaturi mowyobilobis danergviT 
miRweuli ekonomikuri efeqturobis gansazRvra Semdegi 
monacemebis mixedviT: manqanis mwarmoebluroba cvlaSi 
350 m3; samuSao cvlebis ricxvi wlis ganmavlobaSi 480; 
miwismTxreli manqaniT (avtomaturi mowyobilobis ga-
reSe) 1 m3 gruntis damuSavebis Rirebuleba – 0,0796 man.; 
avtomaturi mowyobilobiani manqaniT damuSavebisas – 
0,07207 man.; erTi grZivi metris sakontrolo nivelire-
bis Rirebuleba – 0,00753 man.; manqanis Rirebuleba av-
tomaturi mowyobilobis gareSe – 5400 man.; avtomaturi 
mowyobilobiT – 9560 man. (avtomaturi mowyobilobis 
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saeqsploatacio Rirebuleba Sedgeba proJeqtoris, 
Stativis, akumulatoris, mimRebi mowyobilobis, ga-
maZliereblis da maTi montaJis RirebulebaTa jamisa-
gan); manqanis mwarmoebluroba wlis ganmavlobaSi 
185000 m3; ekonomikuri efeqturobis normatiuli dargo-
brivi koeficienti Enorm=0,12. 

SevniSnavT, rom marTvis avtomaturi mowyobilobis 
danergva miwismTxrel manqanaze mniSvnelovnad amaR-
lebs Sesrulebul samuSaoTa xarisxs, gamoricxavs 
Semdgomi damuSavebis aucileblobas, amcirebs samuSa-
oebis TviTRirebulebas. ganxiluli magaliTis Sem-
TxvevaSi marTvis avtomaturi mowyobilobis gamoyene-
bis gamo aRar aris saWiro sakontrolo nivelirebis 
Sesruleba da sxv. 

ekonomikuri efeqtis sidide 

)]()[( 1221 KKECCAЭ −−−= norm. , 

sadac  
A=350.480=168000 m3 samuSaoTa wliuri moculobaa 

erT manqanaze avtomaturi mowyobilobiT; 
C1=0.0796 man/m3 da C2=0.07207 man/m3 – samuSaos er-

Teulis Rirebulebaa manqaniT, avtomaturi mowyobilo-
bis gareSe da avtomaturi mowyobilobiT; 

3m

man0291.0
185000

5400
1 ==K   da 32 0516.0

185000
9560

m

man
==K  _ 

xvedriTi kapdabandebebia produqciis erTeulze man-
qanis avtomaturi mowyobilobiT aRWurvamde da aRWur-
vis Semdeg. 

amrigad, ekonomikuri efeqtis mniSvneloba iqneba  

man.

norm

44.811)]0291.00516.0(12.0)07207.0
0796.0[(168000)]()[( 1221

=−−−
−=−−−= KKECCAЭ
 

magaliTi. ganisazRvros ekonomikuri efeqtis 
sidide, miRebuli 250 000 kvt simZlavris eleqtrosad-
guris mSeneblobis xangrZlivobis SemcirebiT 3 wli-
dan 2,6 wlamde. eleqtrosadguris saxarjTaRricxvo 
Rirebuleba Seadgens 20 milion maneTs. mSeneblobis 
xangrZlivobis Semcireba miRweulia mSeneblobis na-
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kaduri meTodebis danergviT. ekonomikuri efeqturobis 
normatiuli dargobrivi koeficienti Enorm=0.1. 

ekonomikuri efeqtis sidide – 

man. aTasfaqtnorm 800)6.23(200001.0)( =−⋅=−⋅= TTEЭ φ  

 
 

$4. samSeneblo procesebis daxasiaTeba 
 

samSeneblo procesi warmoadgens sawarmoo proce-
sis erT-erT saxes. sawarmoo procesi ewodeba Sromis 
process, romelSic adamiani Sromis iaraRebiT axdens 
zemoqmedebas Sromis saganze (nedleuli, masala, 
naxevarfabrikati) da gadaaqcevs mas mza produqtad. 
TiToeuli sawarmoo procesi Sedgeba sawarmoo opera-
ciebisagan. sawarmoo operacia ewodeba sawarmoo 
procesis nawils, romelic xasiaTdeba samuSaoTa 
teqnologiuri erTgvarovnebiT da organizaciuli 
ganuyoflobiT, SemsrulebelTa mudmivi Semadgenlo-
biT, Sromis iaraRebisa da sagnebis ucvlelobiT. sa-
warmoo operaciebi SeiZleba mimdinareobdes erT-
droulad, e.i. paralelurad; erTmaneTis miyolebiT, e.i. 
Tanmimdevrulad da paralelur-Tanmimdevrulad. 

magaliTad, rkinabetonis nakeTobis damzadebisas 
sruldeba Semdegi ZiriTadi sawarmoo operaciebi: 

1. betonis narevis damzadeba; 
2. armaturis winaswari daZabva da SeduReba (kar-

kasi, bade da sxv.); 
3. betonis narevis Calageba yalibebSi da vibrireba; 
4. betonis gamkvrivebis daCqareba; 
5. ganyalibeba da nakeTobis dayvana saproeqto 

mdgomareobamde. 
CamoTvlil sawarmoo operaciebSi erTdroulia 

betonis narevisa da armaturis damzadeba, xolo Tan-
mimdevrulia narevis Calageba yalibebSi da misi 
gamkvrivebis daCqareba. rkinabetonis nakeTobis warmoe-
bis procesi mTlianad ganekuTvneba paralelur, Tan-
mimdevrul operaciebs. 
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nebismieri sawarmoo procesi Sedgeba sami nawi-
lisagan: 1) martivi samuSao procesebi; 2) marTvis ope-
raciebi da 3) kontrolis operaciebi. 

martivi samuSao procesebi, Cveulebriv, Sedgeba: 
a) sakuTriv samuSao procesebisagan; 
b) sayenebeli procesebisagan; 
g) satransporto procesebisagan; 
d) momsaxurebis operaciebisagan; 

marTvis operacia iyofa or etapad: 
a) procesis normaluri marTva; 
b) gammarTveli marTva. 

kontrolis operacia moicavs: 
a) sakuTriv kontrols; 
b) dacvis operacias. 

swori marTvis safuZvels warmoadgens kontroli, 
xolo kontrolis safuZvels – zusti informaciis 
miReba. maSasadame, kontroli da marTva urTierT-
dakavSirebulia. procesis marTva damokidebulia mis 
kontrolze. 

 
 

$5. sawarmoo procesebis avtomatizaciis Zi-
riTadi principebi da Sinaarsi 

 

arCeven avtomatizaciis Semdeg saxeebs: 
1. avtomatur kontrols; 
2. eleqtroamZravebis avtomatur marTvasa da maT 

dacvas; 
3. avtomatur regulirebas; 
4. samSeneblo procesebis avtomatur marTvas. 

 

avtomaturi kontroli. muSaobis procesSi, ma-
galiTad, rkinabetonis konstruqciebis damzadebisas 
avtomatizebul qarxanaSi, saWiroa sxvadasxva sididee-
bis kontroli, rac mWidrod aris dakavSirebuli am 
sidideebis gazomvasTan. kontrolis operaciisaTvis 
gamoiyeneba gasazomi an specialuri sakontrolo xel-
sawyo, romlis sizustis xarisxi SeirCeva gazomvis si-
zustis mixedviT. 
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sididis gazomva gansxvavdeba sididis kontro-
lisagan. gazomvisas Cven viZleviT parametris raodeno-
briv Sefasebas, xolo kontrolis saSualebiT 
SeiZleba ganvsazRvroT, imyofeba Tu ara gasazomi 
sididis mniSvneloba mocemul farglebSi. 

ase magaliTad, haeris wnevis sakontrolod kompre-
sorebis resiverebSi iyeneben manometrebs. samSeneblo 
nakeTobaTa warmoebaSi farTod iyeneben specialur 
xelsawyos orTqlis wnevis regulirebis, agreTve, rki-
nabetonisa da betonis nakeTobis gaorTqlvis kon-
trolisaTvis. 

amrigad, avtomatizaciis procesebis kontrolis 
dros saWiroa Tvalyuri vadevnoT procesis msvlelo-
bas; Tu procesze kontroli mimdinareobs adamianis 
gareSe, am SemTxvevaSi kontroli avtomaturia. 

avtomaturi kontroli SeiZleba ganxorcieldes 
erTi an ramdenime xelsawyoTi. xelsawyoTa erToblio-
bas, romelTa saSualebiTac warmoebs avtomaturi kon-
trolis romelime konkretuli amocanis gadawyveta, 
ewodeba avtomaturi kontrolis sistema. 

avtomaturi kontrolis sistemas gaaCnia Semdegi 
ZiriTadi elementebi: 

1. gardamsaxi. am elementis saSualebiT erTi saxis 
energia gardaiqmneba meored, romelic mosaxerxebelia 
gasaZliereblad an Semsrulebeli elementisaTvis 
gadasacemad, magaliTad, araeleqtruli sidide 
SeiZleba gardaiqmnas eleqtrulad, rogorc es xdeba, 
magaliTad, koSkura amwis moZraobis avtomaturi 
gaCerebisaTvis. 

2. maZlierebeli elementi. am mowyobilobis dani-
Snulebaa gaaZlieros gardamsaxis susti signali, rom 
SesaZlebeli iyos aamuSaos Semsrulebeli mowyobiloba; 

3. Semsrulebeli elementi. am elementiT warmoebs 
Sesabamisi operaciis Sesruleba. ase magaliTad, beton-
sarevis daxrisaTvis distanciuri marTvis dros gamoi-
yeneba pnevmaturi an hidravlikuri cilindri; betonis 
qarxnebSi dozatorebisaTvis gamoiyeneba pnevmaturi 
cilindri eleqtropnevmaturi marTviT. 



4. kavSirisa da gadacemis elementebi. maTi saSu-
alebiT warmoebs signalebis gadacema pirvel sam ele-
ments Soris. 

garda zemoaRniSnulisa, avtomaturi kontrolis 
sistemaSi Sedis: energiis wyaro, stabilizatori, ko-
reqtori, gadamrTveli, filtri. 

1.1,a naxazze mocemulia avtomaturi kontrolis 
funqciuri sqema. sqemaze pirobiTi niSnebiT aRniSnu-
lia: О – obieqti, П – gardamsaxi, У – maZlierebeli, И 
– energiis wyaro, ИЭ – Semsrulebeli elementi, С – 
signalis momcemi xelsawyo, (signali SeiZleba gamoisa-
xos sxvadasxva feris naTurebiT, bgeriT an kombinire-
bulad), УП – maCvenebeli xelsawyo (skaliT da isriT), 
РП – maregistrirebeli xelsawyo. 
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nax1.1. funqciuri sqemebi: a) avtomaturi kontrolis, b) 

sawarmoo meqanizmebis eleqtroamZravebis avtomaturi marT-
vis, g) avtomaturi regulirebis 

0 П У 

И С

УП

РП

a) 

ИЭ
И

Y 0 ИЭ ЗЭb)

ЗЭЭС П 0 

У И ИЭ

g) 
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eleqtroamZravebis avtomaturi marTva da maTi da-
cva. eleqtroamZravis marTvis amocanas warmoadgens ga-
Svebis procesis, damuxruWebis, siCqaris regulirebis, 
amZravis eleqtroZravebis reversirebis avtomatizacia. 
avtomatizebul eleqtroamZravSi adamians moeTxoveba 
mxolod CarTos pirveli signali, daaWiros xeli Ri-
laks. eleqtroamZravis Semdgomi muSaoba warmoebs av-
tomaturad, mxolod xelsawyoebis monawileobiT. 

1.1,b naxazze mocemulia sawarmoo meqanizmebis ele-
qtroamZravebis avtomaturi marTvis funqciuri sqema. 
pirobiTi niSnebi: О, У, ИЭ, И ganmartebulia zeviT.    
ЗЭ – mmarTveli (damkvirvebeli). avtomaturi dacva 
gankuTvnilia warmoebis saimedo da usafrTxo muSao-
bis uzrunvelsayofad. eleqtruli damcveli xel-
sawyoebi (rogoricaa damcvelebi, maqsimaluri denis 
rele, Tburi rele, Zabvis rele) maRali denisa da Zab-
visagan icaven danadgarebs. 

avtomaturi dacva dabali Zabvisagan warmoebs Sem-
degi xelsawyoebiT: Zabvis releTi, kontaqtorebiTa da 
magnituri gamSvebebiT. ganmeorebiTi CarTvisagan dacva 
xorcieldeba kontaqtorebiTa da magnituri gamSvebebiT. 

avtomatur mcvelebs ganekuTvneba, agreTve, damcve-
li sarqvelebi, romelTa saSualebiT zedmeti haeri 
gadis atmosferoSi (rodesac qvabSi wneva gadametebu-
lia), maqsimaluri siCqaris rele, - gamorTavs danad-
gars, Tu siCqare gadaaWarbebs maqsimalur mniSvnelobas. 

avtomatur dacvas iyeneben iseT danadgarebSic, 
romlebSic warmoebs temperaturis, meqanikuri dat-
virTvisa da sxva ganuwyveteli kontroli. magaliTad, 
Tu sakisrebSi temperatura aRemateba dasaSvebs, manqana 
avtomaturad gamoirTveba an signalis – naTuris ga-
naTebiT memanqane Seityobs manqanis gamorTvis saWiroebas. 

avtomaturi regulireba. avtomaturi regulireba 
ewodeba nebismieri fizikuri sididis garkveuli 
mniSvnelobebis avtomaturad SenarCunebis process wi-
naswar dadgenil pirobebSi. igi Sedgeba avtomaturi 
kontrolisa da amZravis avtomaturi marTvisagan. 
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1.1,g naxazze warmodgenilia avtomaturi regulire-
bis funqciuri sqema. saregulirebeli obieqtidan (О) 
signali gadaecema gardamsaxs (П). aqedan ki Semadare-
bel elements (ЭС). amave elementze midis signali 
mmarTvelidan (ЗЭ). Semadarebel elementSi parametris 
saWiro mniSvneloba Seedareba mis namdvil sidides. 
Sedarebis Sedegad Semdarebel elementSi gamomuSave-
buli zemoqmedeba maZlierebelSi (У) gaZlierdeba da 
gadaecema Semsrulebel elements (ИЭ), romelic axdens 
zemoqmedebas procesis maregulirebel organoze, 
xolo, es ukanaskneli – saregulirebel parametrze. 

avtomaturi regulirebis sistemebi ZiriTadad  war-
moadgenen avtomaturi stabilizaciis sistemebs. aseT sis-
temebSi fizikuri sididis mocemuli mniSvnelobis mudmi-
voba uzrunvelyofilia avtomaturi mowyobilobiT. 

arsebul manqanebSi stabilizebuli sididis miReba 
warmoadgens rTul operacias. sailustraciod moviy-
vanoT sididis stabilizaciis ramdenime magaliTi. 
vTqvaT, orTqlis qvabSi, kompresoris resiverSi gark-
veuli wnevis an rkinabetonisa da betonis nakeTobaTa 
gasaorTql kamerebSi temperaturis mniSvnelobis av-
tomaturi SenarCuneba.  

zogierT SemTxvevaSi saWiroa sididis regulireba 
drois mixedviT minimumidan maqsimumamde da piriqiT, 
magaliTad, rkinabetonisa da betonis konstruqciebis 
uwyvet gasaorTql kamerebSi. 

arCeven programuli da optimaluri regulirebis 
sistemebs, programuli regulireba uzrunvelyofs 
saregulirebeli sididis cvalebadobas droSi gark-
veuli programis mixedviT. optimaluri regulirebis 
dros avtomaturi mowyobiloba ara marto inarCunebs 
saregulirebeli fizikuri sididis garkveul mniSvne-
lobas, aramed gansazRvravs mis iseT sidides, romlis 
drosac saregulirebeli procesis mimdinareoba opti-
maluri iqneba. 

1.1.naxazze warmodgenili avtomatikis sistemebi guli-
sxmoben, rom manZili kontrolisa da regulirebis obi-
eqtsa da marTvis punqts Soris, sadac dayenebulia mmarT-
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veli (damkvirvebeli) da xdeba sakontrolebeli sididis 
aRwarmoeba, SedarebiT didi ar aris. 

Tu es manZili xdeba iseTi didi, rom aucilebelia 
specialuri teqnikuri saSualebebis gamoyeneba mis 
dasaZlevad, maSin aTtomatikis sistemebi gardaiqmneba 
telemeqanikis sistemebad. telemeqanikis sistemebi gan-
sxvavdebian avtomatikis sistemebisagan imiT, rom maTSi 
damatebiT CarTulia kavSirgabmulobis, mimRebi da 
gadamcemi arxebi. gadamcemebi mocemul sidides gar-
daqmnian sidided, romelic mosaxerxebelia kavSirgab-
mulobis arxiT gadasacemad. mimRebis daniSnulebaa 
kavSirgabmulobis arxidan miRebuli sididis gardaqmna 
sidided, romelic mosaxerxebelia Semsrulebel an 
aRmwarmoebel organoze zemoqmedebisaTvis. mimRebebs 
da gadamcemebs SeuZliaT erTdroulad mmarTveli or-
ganos funqciis Sesrulebac. 

telemeqanikis sistemebis gamoyeneba, marTvis erTi 
centraluri punqtidan mravali daSorebuli obieqtis 
kontrolisa da marTvis SesaZleblobas qmnis. amasTan, 
obieqtebis didi ricxvis marTva da kontroli SesaZle-

belia kavSirgabmulobis erTi arxis saSualebiT. 
samSeneblo procesis avtomaturi marTva. avtomaturi 

marTva ewodeba mmarTveli elementis mier mizandasaxuli 
moqmedebebis organizacias. mmarTvel elements miecema 
programa-mmarTveli zemoqmedeba. mmarTveli elementidan 
signali miemarTeba maZliereblisaken, Semdeg Semsrule-
beli elementisa da, bolos, obieqtisaken. avtomaturi 
marTva SeiZleba iyos uwyveti da diskretuli; samarTavi 
obieqtebis ricxvis mixedviT mxolobiTi da mravlobiTi, 
marTvis pultis mimarT samarTavi obieqtis ganlagebis 
mixedviT arCeven lokalur da distanciur avtomatur 
marTvas. distanciuri mravlobiTi avtomaturi marTva 
farTod gamoiyeneba samSeneblo obieqtebis, asfaltbeton-
isa da cementbetonis qarxnebis, qvasamsxvrevi bazebisa da 
danadgarebis samarTavad. 

avtomaturi marTvis mowyobiloba gamoricxavs ada-
mianis monawileobas teqnologiuri (samSeneblo) pro-



cesis marTvis operaciebSi. misi roli gamoixateba 
sawyisi impulsis mocemaSi. 

marTvis elementebi Sedgeba sakomando mowyo-
bilobebisa da avtomaturi regulirebis sistemebisagan. 

avtomaturi marTvis srulyofil Tanamedrove mo-
wyobilobas warmoadgens gamomTvleli manqana. igi 
sxvadasxva gardamsaxebidan Rebulobs samarTavi pro-
cesis msvlelobis irgvliv saTanado informacias. man-
qana didi siCqariT axdens aucilebel gamoTvlebs, ro-
melTa safuZvelzec gamoimuSavebs brZanebebs (komandebs) 
teqnologiuri (samSeneblo) procesis samarTavad. 

 
 

$6. pirobiTi grafikuli aRniSvnebi avto-
matikaSi 

 

eleqtruli sqemebisa da sawarmoo procesebis av-
tomatizaciis sqemebis gamoxazvis dros sargebloben 
Гост-iT dadgenili pirobiTi grafikuli aRniSvnebiT.  

eleqtrul sqemebze eleqtruli manqanebis, aparate-
bis, xelsawyoebisa da maTi Semadgeneli nawilebis pi-
robiTi grafikuli aRniSvnebi Гост-is mixedviT moce-
mulia (cxrilSi 1.3) 

cxrili 1.3 
eleqtrul sqemebSi gamoyenebuli zogierTi eleqtruli man-
qanis, aparatis, xelsawyosa da misi Semadgeneli nawilebis 

pirobiTi grafikuli aRniSvnebi Гост mixedviT 
 

dasaxeleba pirobiTi aRniSvna Гост mixedviT 
mudmivi deni (Zabva)  
cvladi deni (Zabva)  
samfaziani cvladi deni 50 h.c. 3 50гц 
xveulebi: 
a) statoris (cvladi denis man-

qanis TiToeuli fazis) 
b) mudmivi denis manqanis 

paraleluri amgznebi  
mudmivi denis manqanis amgznebi 
xveulebi: 
a) TanmimdevrobiTi; 
b) damatebiTi polusebis.  
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mokled CarTuli rotoriani 
samfaza asinqronuli eleqtroZ-
ravi 

 
mudmivi denis manqana (Ruza 
koleqtoriT da musiT)  
eleqtromanqanuri maZlierebeli 
ganivi nakadiT da marTvis ram-
denime xveuliT  
erTfaziani transformatori 
gulariT  
magnituri maxasiaTebeli ori 
muSa da saerTo mmarTveli 
xveuliT  

erTfaziani asinqronuli Zrava 
 

araregulirebadi winaRoba 
(saerTo aRniSvna)  

induqciuri winaRoba 
 

denis reles xveula 
 

Zabvis reles xveula  
kontaqtoris da magnituri gamS-
vebis xveula  
maqsimaluri denis reles xveula 

 
minimaluri Zabvis reles xveula 

 
polarizebuli rele 

 
reles denis xveula  
reles Zabvis xveula  
Tburi reles kontaqti 

 
SemrTveli kontaqti: a) reles, b) 
reles, kontaqtoris, gamSvebis, 
kontrolioris  

ganmrTveli kontaqti: a) reles, 
b) reles, kontaqtoris, gamSvebis, 
kontrolioris  
SemrTveli kontaqti CaqrobiT 

 

ganmrTveli kontaqti CaqrobiT 
 

ganmrTvelad darCenili kon-
taqti xeliT dabrunebiT  
SemrTveli kontaqti drois day-
ovnebiT SerTvis dros  

cxrili 1.3, gagrZeleba 
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SemrTveli kontaqti drois day-
ovnebiT ganrTvis dros  
ganmrTveli kontaqti drois 
dayovnebiT ganrTvis dros  
ganmrTveli kontaqti drois 
dayovnebiT SerTvis dros  
Rilaki TviTdambrunebeli 
SemrTveli kontaqtiT  
Rilaki TviTdambrunebeli 
ganmrTveli kontaqtiT  

sagzao gamomrTveli an bolo 
gamomrTvel-SemrTveli kon-
taqtiT  
sagzao gamomrTveli an bolo 
gamomrTveli ganmrTveli kon-
taqtiT  

eleqtrozari 
 

sayviri  
sasignalo naTura 

 
dnobadi damcveli 

 

eleqtromagnituri quro 
 

eleqtromagniti:  
a) saerTo aRniSvna; b) paralelu-
ri CarTva  
galvanuri, anda akumulatoruli 
elementi  

naxevradgamtariani diodi 
 

naxevradgamtariani triodi 
(tranzistori): a) P-n-P tipis, 
b)  n-P-n  tipis.  

diodi pirdapiri varvariT  
 

diodi arapirdapiri varvariT 
 

triodi 
 

fotowinaRoba Sinagani fotoe-
feqti  

vakuumis fotoelementi 
 

cxrili 1.3, gagrZeleba 
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sawarmoo procesebis avtomatizaciis sqemebze xel-
sawyoebis pirobiTi gamosaxvisa da ZiriTadi sidide-
ebis aRniSvnisaTvis sargebloben  Гост-ebiT. aRniSvne-
bis nawili moyvanilia cxrilSi 1.4. 

 
cxrili 1.4 

sawarmoo procesebis avtomatizaciis sqemebSi zogierTi 
xelsawyos pirobiTi grafikuli gamosaxva da ZiriTadi 

sidideebis aTniSvnebi Гост-is mixedviT 
 

dasaxeleba pirobiTi aRniSvna da gamosaxva 
Гост-ebis mixedviT 

gamzomi xelsawyo 
 

maregulirebeli xelsawyo (sig-
nalis momcemi)  

 
gamzomi da maregulirebeli 
(signalis momcemi) xelsawyo erT 
korpusSi  

telefoni 

 
eleqtruli gadacema 

 
pnevmatikuri gadacema 

 
hidravlikuri gadacema 

 
meqanikuri gadacema 

 
minis gafarToebis Termometri 

 
eleqtrokontaqturi minis 
gafarToebis Termometri 

 
winaRobis Termometri calmagi 

 
calmagi Termowyvili 

 
manometruli Termometris Ter-
mobaloni 

 
dilatometruli an bimetaluri 
Termometri 

 
radiaciuli, optikuri da foto-
eleqtruli pirometris mimRebi 
mowyobiloba  
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airis, siTxis aRmricxveli 
 

mudmivi vardnilis xarjTmzomi 

 
Semaviwroebeli mowyobiloba 
xarjis gasazomad wnevis vard-
niliT (gamosaxulebis maxvili 
mimarTulia nakadis sawinaaRmde-
god) 

 

tivtiviani mimRebi mowyobiloba 
(donmzomis, simkvrivmzomis) 

 
radiaqtiuri mimRebi mowyo-
biloba (xarjmzomi, donmzomi) 

 
tenmzomis mimRebi mowyobiloba 

 
fotometruli mimRebi mowyo-
biloba 

 
telefonis aparatis saerTo aR-
niSvna  
membranuli Semsrulebeli 
meqanizmi 

 
dguSiani Semsrulebeli 
meqanizmi 

 
eleqtromagnituri Semsrule-
beli meqanizmi (solenoiduri) 

 
Semsrulebeli meqanizmi 
eleqtroZraviT: a) cvladi denis, 
b) mudmivi denis 

 
xelis meqanikuri amZravi  
gasavlis maregulirebeli 
sarqveli  

maregulirebeli farsaketi (Si-
beri) 

 
maregulirebeli safari 

 
batarea elementebisagan 

 
gamyofi an maTanabrebeli Wur-
Weli  
samsvliani maregulirebeli 
sarqveli 

 
sakondensacio WurWeli 

 

cxrili 1.4, gagrZeleba 
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gadamrTveli gazomvis 
eleqtruli wredebisaTvis  
gadamrTveli airebis (sahaero) 
xazebisaTvis 

 
distanciuri marTvis paneli, 
pnevmatikuri an hidravlikuri 
regulirebisaTvis   

gasaRebi an gamomrTveli marTvis 
eleqtruli wredebisaTvis 

 
gamSvebi 

 
reostati 

 
komandokontroliori 

 
marTvis Rilaki (wertilTa 
raodenoba unda eTanadebodes 
RilakTa ricxvs)  

gzis gamomrTveli 
 

selsini 
 

cxrili 1.4, gagrZeleba 
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gardamsaxebi 
 

$1. ZiriTadi gansazRvrebi da klasifikacia 
 

gardamsaxi warmoadgens mgrZnobiare elements, ro-
melic gankuTvnilia sakontrolo an saregulirebeli 
fizikuri sididis gardasaqmnelad sxva saxis sidided, 
romelic metadaa mosaxerxebeli gasaZliereblad, Sor 
manZilze gadasacemad da aRmasrulebel meqanizmze ze-
moqmedebis mosaxdenad. gardamsaxis magaliTs warmo-
adgens Termowyvili. igi gankuTvnilia temperaturis 
gasazomad. Termowyvilis samuSao narCili (cxeli nar-
Cili) imyofeba temperaturis gasazom garemoSi. tem-
peraturis cvalebadoba Termorwyvilis mier ganuwy-
vetliv gardaiqmneba TermoeleqtromamoZravebeli Za-
lis cvalebadobad; TermoeleqtromamoZravebeli Zala 
mosaxerxebelia gasaZliereblad da manZilze gadasacemad. 

gardamsaxebi, romlebSic araeleqtruli sidideebi 
gardaiqmneba eleqtrulad, iyofa or jgufad: pa-
rametrul da generatorul gardamsaxebad. parame-
truli ewodeba gardamsaxs, romelic sakontrolo 
(gasazomi) sididis cvalebadobas gardaqmnis eleqtru-
li wredis parametris – aqtiuri, induqciuri an te-
vaduri winaaRmdegobis cvalebadobad. generatoruli 
ewodeba gardamsaxs, romelic sakontrolo sidides 
gardaqmnis eleqtromamoZravebel Zalad an sixSired. 
parametruli gardamsaxebi saWiroeben  kvebis wyaros, 
generatoruli – metwilad TviTon warmoadgenen denis 
wyaros. 

samSeneblo procesebis avtomatizaciaSi garda-
msaxis daniSnulebaa SeigrZnos da gardaqmnas para-
metri an misi proporciuli sidide, romelic gansa-
zRvravs teqnologiuri procesis msvlelobas. 

sidides, romelsac SeigrZnobs da akontrolebs 
gardamsaxi, ewodeba Semavali sidide, xolo sidides, 



romelsac gardaqmnis da gamoimuSavebs _ gamomavali 
sidide. 

gamomavali sididis cvalebadobis damokidebulebas 
Semavali sididis cvalebadobisagan ewodeba gar-
damsaxis statikuri maxasiaTebeli. Tu aRvniSnavT Se-

mavali sididis mniSvnelobebs x-iT, xolo gamomavali 

sididis mniSvnelobebs y-iT, maSin gardamsaxis stati-
kuri maxasiaTebeli gamoixateba formuliT: 

y=f(x).       (2.1) 
Cveulebriv, statikuri maxasiaTebeli gamoisaxeba 

grafikulad. 
avtomaturi mowyobilobebis elementebi maTi sta-

tikuri maxasiaTeblebis mixedviT SeiZleba daiyos or 
ZiriTad jgufad; esenia: 

1) wrfivi, romelTa statikuri maxasiaTebeli ga-
moisaxeba wrfiT (nax.2.1,a), xolo gamomaval da Semaval 
sidideebs Soris fardoba gamoixateba wrfivi fun-
qciiT. 

y=a+Kx.    (2.2) 

K – gardaqmnis statikuri koeficienti; 

a – mudmivi sidide, nax.2.1,a mixedviT a=0 
xazovan elementebs, romelTa statikuri maxasiaTe-

beli gamoisaxeba swori xaziT (nax.2.1,a), ewodeba sta-
tikuri elementebi. 

2) arawrfivi, romelTa statikuri maxasiaTebeli 
mrudwiruli an texilxazovania (nax.2,1,b). 

a-б – ubnisaTvis, romelzec daaxloebiT wrfivi da-
mokidebulebaa 

'

12

12 K
dx
dy

x
y

xx
yy

=≈
Δ
Δ

=
−
−

.       (2.3) 

K’ – gardaqmnis dinamikuri koeficienti. 
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xSirad elementis gamomavali sidide, Semavali 
sididis garda, damokidebulia datvirTvebze. am Sem-
TxvevaSi statikuri maxasiaTebeli gamoisaxeba ara 
erTi, aramed, ramdenime swori an mrudwiruli xaziT 
(nax.2.2). 

 

 

nax.2.2. elementis statikuri 
maxasiaTebeli gare datvirT-
vis cvalebadobis dros 

 

Tu elementis gamomavali sidide icvleba Semavali 

sididis proporciulad, maSin gardaqmnis  K da 'K  koe-
ficientebi mudmivi sidideebia da urTierTTanatolia 
x-is yvela mniSvnelobis dros, e.i. 

K= 'K =const. 
gardaqmnis K da 'K  koeficientebs gaaCnia gan-

zomileba, romelic damokidebulia Semavali da gamo-
mavali sidideebis ganzomilebaze. 

gamomavali sididis fardobiTi nazrdis Sefarde-
bas Semavali sididis fardobiT nazrdTan ewodeba 
gardaqmnis fardobiTi koeficienti, e.i. 

x
y
x
y

x
x

y
y

Δ
Δ

=
Δ

Δ

Δη .       (2.4) 

Tu gadavalT zRvarze, rodesac 0→Δx , miviRebT: 

x
y

dx
dy

x
dx
y

dy

==η .        (2.5) 
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gardaqmnis koeficientebi  zogadia da 

gamosadegia avtomaturi mowyobilobis nebismieri ele-
mentisaTvis. magaliTad, gardamsaxisaTvis gardaqmnis 
koeficienti iwodeba mgrZnobiarobad (statikuri, di-
namikuri, fardobiTi). 

ηη ,,, '
ΔKK

gardamsaxi xasiaTdeba, agreTve, mgrZnobiarobis 
zRurbliT. mgrZnobiarobis zRurbli gulisxmobs ga-
sazomi sididis minimalur mniSvnelobas (absoluturi 
sididiT), romelsac SeuZlia gamoiwvios xelsawyos 
Cvenebis Secvla an, magaliTad, reles amoqmedeba. 

gardamsaxi inerciuli elementia. gardamsaxis in-
erciuloba axasiaTebs misi dinamikurobis Tvisebas da 

gviCvenebs, Tu gamomavali sidide (y) ramdenad swrafad 
Rebulobs Semavali sididis (x)  Sesabamis mniSvnelobas. 

avtomatizaciis rTul sqemebSi gamoyenebulia 
diferenciuli da kompensaciuri gardamsaxebi. 

diferenciul gardamsaxebSi ori erTnairi tipis 
gardamsaxi CarTulia gamomavali wredebiT imgvarad, 
rom sasargeblo signalebi Tanabrdeba. 

kompensaciuri gardamsaxi, diferenciulisagan gan-
sxvavebiT, uzrunvelyofs gasazomi sididis etalonur 
sididesTan avtomaturad Sedarebas. 

avtomaturi marTvis sistemebSi gamoyenebuli gar-
damsaxebis klasifikacia SeiZleba Sesruldes: dani-
Snulebis, gamomavali signalis da informaciis gada-
cemis wesis mixedviT. 

daniSnulebis mixedviT gardamsaxebi ramdenime saxisaa: 
1. gardamsaxebi amZravi Zravebis parametrebis – 

simZlavris, kuTxuri siCqaris, sawvavis xarjis, ele-
qtroenergiis, gamaciebeli siTxeebisa da zeTis tem-
peraturis gasazomad. 

2. gardamsaxebi manqanis samuSao organoebis pa-
rametrebis – Zalvebis, mbrunavi momentebis, mdebareo-
bis, wiruli da kuTxuri gadaadgilebebis, wriuli da 
kuTxuri siCqaris, aCqarebis gasazomad (masalebis, kon-
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struqciebis, nagebobebis gamocdis dros, amwe-
satransporto da samSeneblo manqanebSi); 

3. gardamsaxebi hidravlikuri da pnevmatikuri  
sistemebis parametrebis – wnevis, temperaturis, xarjis 
gasazomad (bunkerebSi, wyalsacavebSi, silosebSi, qva-
bebSi, gaTbobis sistemebSi); 

4. gardamsaxebi garemomcveli garemos parametrebis 
– temperaturis, qaris siCqaris, daxris kuTxis gasazo-
mad (betonis gasaTbob mowyobilobebSi, gasaorTql 
kamerebSi, koSkura amweebSi da sxv.); 

5. gardamsaxebi dasamuSavebeli masalebis parame-
trebis gasazomad (simkvrivis, tenianobis, temperaturis 
da sxv.). 

gamomavali signalis mixedviT gardamsaxebi iyofa: 
1. gardamsaxebad eleqtruli gamomavali signaliT; 
2. gardamsaxebad hidravlikuri gamomavali sig-

naliT; 
3. gardamsaxebad pnevmatikuri gamomavali signaliT; 
4. gardamsaxebad meqanikuri gamomavali signaliT. 
informaciis gadacemis wesis mixedviT gardamsaxebi  

kvlav ramdenime saxisaa: 
1. gardamsaxebi uwyveti signalebiT, romlebSic ga-

momavali signali (eleqtruli Zabva, denis Zala, six-
Sire da sxv.) dakavSirebulia gasazom sididesTan uwy-
veti funqcionaluri damokidebulebiT; amasTan gasa-
zomi sididis sazoms warmoadgens gamomavali  sig-
nalis sidide. 

2. gardamsaxebi diskretuli signalebiT, romleb-
Sic gasazomi sididis mdovred cvalebadobisas gamo-
mavali signali cvalebadobas ganicdis naxtomisebu-
rad. gasazomi sididis sazoms warmoadgens garkveuli 
drois monakveTSi dagrovebuli impulsebis ricxvi. 

ganvixiloT gardamsaxebis zogierTi tipi, romle-
bic farTodaa gavrcelebuli samSeneblo warmoebis 
procesebis avtomatizaciis praqtikaSi. 

 
 



$2. omuri gardamsaxebi 
 

omur gardamsaxs miekuTvneba aqtiuri winaRobis 
anu reostatuli gardamsaxi. gardamsaxis moZravi kon-
taqtis gadaadgileba cvlis wredSi Seyvanili winaRo-
bis sidides. cocias gadaadgileba warmoadgens Sema-
val sidides, xolo wredSi Seyvanili omuri winaRobis 
sidide – gamomaval sidides. 

reostatuli gardamsaxis ZiriTadi elementebia: 
1 – karkasi; 2 – masze datanili winaRoba daxveuli 

mavTulis an naxevargamtaris saxiT; 3 – moZravi musi, 
romelic srialebs winaRobis zedapirze an masTan 
SeerTebuli kontaqtebis rigze. 

2.3.naxazze warmodgenilia ori tipis omuri gar-
damsaxi: a) usafexuro, mravalbruniani daxveviT; b) 
daseqciebuli daxveviT. 

gardamsaxSi usafexuro, mravalbruniani daxveviT, 
winaaRmdegobis cvalebadoba musis gadaadgilebiT, 
warmoebs mdored, maSin, rodesac gardamsaxSi dase-
qciebuli winaaRmdegobiT igi xorcieldeba safexuro-
vani saxiT. 

daseqciebul winaRobiani gardamsaxis upiratesoba 
mdgomareobs mniSvnelovani sididis denebis marTvis 
SesaZleblobaSi, rac uzrunvelyofilia aRniSnuli 
gardamsaxis kontaqtebis xelsayreli reJimis pirobebSi 
muSaobiT. Tu reostats gaaCnia Tanabari daxveva, rom-

lis erTeuli sigrZis winaRobaa Ω  omi, maSin da-
mokidebuleba mobrunebis kuTxesa da winaRobis cvale-
badobas Soris gamoisaxeba 

Ω= αrR ,       (2.6) 
sadac  

r aris reostatis saxeluris sigrZe; 
α  – mobrunebis kuTxe. 
reostatuli gardamsaxis mgrZnobiaroba ganisaz-

Rvreba gantolebiT 

Ω= r
d
dR
α

 (sm. omi)   (2.7) 
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nax.2.3. reostatuli gardamsaxebis konstruqciuli sqe-

mebi: a) usafexuro; b) daseqciebuli daxveviT 
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wriuli reostatuli gardamsaxis maxasiaTebelia 

x
L
RRx = ,           (2.8) 

sadac  
Rx – wredSi CarTuli winaRoba, omebSi; 
L – daxveavis mTliani sigrZe, sm.; 
R – daxvevis sruli winaRoba, omi; 
x – musis gadaadgileba, sm. 
gardamsaxis mgrZnobiaroba iqneba 

L
R

dx
dRx =  (omi/sm)          (2.9) 

gasazom mowyobilobebsa da xelsawyoebSi reo-
statuli gardamsaxebis CarTva xdeba potenciometris 
sqemiT; maSin mas potenciometruli gardamsaxi ewodeba 
(nax.2.4). 

 

 

nax.2.4. potencio-
metruli gardamsa-
xis sqema 

 

Zabva voltmetrze xazovan damokidebulebaSia po-
tenciometris cocias mdebareobasTan. gamomavali 
sididis (Zabvis) zusti mniSvnelobisaTvis gvaqvs da-
mokidebuleba 

datRR
RRRR

RUU
xx

x
x

⋅
−

+
⋅⋅= )(1

1
.         (2.10) 
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potenciometruli gardamsaxebis angariSis dros 

uSveben, rom ∞≈dat.R . am SemTxvevaSi 

 
l
xU

R
RUU x

x ⋅=⋅= ,          (2.11) 

an zogadi saxiT 

)(xfU x = .             (2.12) 

potenciometruli gardamsaxis mgrZnobiaroba 

l
U

dx
dU x =    

sm

volti
.     (2.13) 

konstruqciulad reostatuli gardamsaxebi 
sruldeba rogorc kuTxuri da xazovani gadaadgile-
bebis gardamsaxebi. reostatuli gardamsaxebi mzaddeba 
konstantanis an platina iridiis 0,03 mm diametris mav-
Tulisagan. 

reostatuli gardamsaxebis Rirsebas warmoadgens 
is garemoeba, rom maTi inerciuloba praqtikulad nu-
lis tolia, gardamsaxi martivi agebulebisaa da 
saimedo; farTod aris gavrcelebuli teqnikaSi (gamoi-
yeneba, rogorc meqanikuri gadaadgilebis eleqtruli 
gardamsaxi, distanciur moTvalTvale amZravSi da 
saangariSo-gamomTvlel xelsawyoebSi). 

omuri gardamsaxebis jgufs miekuTvneba naxSiris 
gardamsaxic. 

naxSiris gardamsaxi gamoiyeneba Zalvebis gasazo-
mad. igi iZleva saSualebas masze moqmedi datvirTva 
gardaqmnas eleqtrul winaRobad. 

gardamsaxi Sedgeba grafitis 5-10 mm diametris 10-15 
cali firfitisagan, romelTa sisqe 1-2 mm-ia. naxSiris 
svetis winaRoba aRwevs ramdenime aTeul oms. meti sta-
bilurobis mizniT sveti winaswar SekumSulia 20 kgZ/sm2 
wnevis moqmedebiT. wnevis gazrdisas maqsimalur samuSao 
sididemde 50-60 kgZ/sm2 svetis winaRoba mcirdeba 20-30%-iT. 
amitom am gardamsaxebs gaaCniaT 5% cdomileba. 

gasazomi datvirTva svetze moqmedebs specialuri 
sabrjenebis saSualebiT. Zabva modebulia sakontaqto 
spilenZis sayelurebze, romlebic svetis boloebzea 
ganlagebuli. TviT grafitebis winaaRmdegoba Rgr. ar 
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aris damokidebuli  datvirTvaze. rac Seexeba gar-
damaval winaRobas Rgar firfitebs Soris, igi da-
mokidebulia mezobeli firfitebis zedapirebis 
urTierTSexebis wertilebis ricxvze. firfitebis Se-
kumSvis dros maTi urTierTSexebis saerTo farTi iz-
rdeba da winaRoba Rgar mcirdeba. naxSiris gardamsaxis 
saerTo winaRoba udris R=Rgr.+Rgar. gardamavali wi-
naRoba ukuproporciulia gasazomi P Zalisa, amitom 

grR
P
KR += , sadac K aris mudmivi koeficienti, ro-

melic damokidebulia gardamsaxis konstruqciasa da 
masalaze. 

naxSiris gardamsaxis saSualebiT SeiZleba mniSvne-
lovani datvirTvis gazomva 10-dan 1000 kgZ anu 98-dan 
98000 n-mde. nax.2.5 naCvenebia naxSiris gardamsaxis sqe-
maturi gamosaxuleba. maxasiaTeblis grafikidan Cans, 
rom naxSiris firfitebis mkumSavi Zalis zrdasTan 
erTad kontaqturi winaRoba mcirdeba. 

 
 
 
 

  nax.2.5. naxSiris gardamsaxi: a) gardamsaxis mowyobilobis 
sqema; b) gardamsaxis maxasiaTebeli 

 47 



$3. tenzogardamsaxebi 
 

tenzogardamsaxi ewodeba gardamsaxs, romelic 
myari sxeulis gasazom deformacias – gaWimvas an 
kumSvas gardaqmnis eleqtrul signalad. tenzogar-
damsaxis muSaoba emyareba gamtaris an naxevargamtaris 
winaRobis cvlilebas misi deformaciis dros. ten-
zogadamwodis gamtaris winaRobis cvalebadoba de-
formaciis gavleniT aixsneba ori mizeziT: 1) ge-
ometriuli zomebis (gamtaris diametris, sigrZis) 
SecvliT; 2) tenzogardamsaxis masalis xvedriTi wi-
naRobis SecvliT. 

tenzogardamsaxis fardobiTi mgrZnobiaroba war-
moadgens gardamsaxis winaRobis fardobiTi cvlilebis 
Sefardebas mis fardobiT deformaciasTan 

  
LL
RR

/
/

Δ
Δ

=η ,       (2.14) 

sadac  
L da R aris gardamsaxis sigrZe da winaRoba 

deformaciamde; 

LΔ  da RΔ  Sesabamisad sigrZisa da winaRobis 
cvalebadoba, gamowveuli madeformirebeli Zalvis mo-
qmedebiT. 

tenzomgrZnobiarobis koeficienti warmoadgens gan-
yenebul sidides da SeiZleba iyos, rogorc dadebiTi, 
aseve uaryofiTi. dadebiTia masalebisaTvis, romelTa 
winaRoba gaWimvis dros izrdeba, xolo uaryofiTi, 
romelTa winaRoba gaWimvis dros mcirdeba. sxvadasxva 
liTonisaTvis η  mniSvneloba cvalebadobs -12,6-dan (ni-

keli), +6-mde (platina-iridia); konstantanisaTvis =η +2,1. 

tenzogardamsaxis nominaluri winaRoba imyofeba  
50-1000 omis farglebSi. 

gamtariani tenzogardamsaxi mzaddeba liTonis (ni-
keli, kopeli, konstantani, platina) mavTulisagan dia-
metriT 0,015+0,05 mm. ori saxis: dasawebebeli da 
aradasawebebeli. aradasawebebeli tenzogardamsaxis 
mgrZnobiare elements warmoadgens wriuli kveTis mav-
Tuli. aradasawebebeli tenzogardamsaxis mTavari Rir-
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seba mdgomareobs nulovani wertilis maRal stabilu-
robaSi. naklad CaiTvleba konstruqciis sirTule, 
damzadebis  siZnele da siZvire. aradasawebebeli ten-
zorezistoris sqema naCvenebia 2.6 naxazze. 

 

 
 

nax.2.6. aradasawebebeli tenzorezistoris sqemebi: 1 – ga-
momyvanebi; 2 – mgrZnobiare elementi; 3 – madeformirebeli 
Zala; 4 – brtyeli zambara; 5 – sayrdenebi; 6 – izolatorebi 

 

2.7 naxazze warmodgenilia ПСТБ – 016 tipis gar-
damsaxi, romelSic gamoyenebulia aradasawebebeli 
tenzorezistorebi. aRniSnuli tipis tenzogardamsaxi 
gamoiyeneba mkumSavi Zalvebis gasazomad bunkerebSi 
Senaxuli masalebis avtomaturi awonvis sistemebSi. 

dasawebebeli tenzogardamsaxi gvxvdeba mavTulisa 
da kilitas saxis. 25-40 mm sigrZis qaRaldis zolze  
ewebeba (webo БФ-2, БФ-4, bakelitis webo da sxv.) 
konstantanis mavTuli zigzagurad. mavTuls ukeTdeba 
rbili spilenZis gamomyvanebi sazom sqemasTan 
misaerTeblad. qaRaldis zoli mavTulTan erTad 
ewebeba gamosacdel detals. detalis gaWimvis an 
SekumSvis Sedegad gardamsaxis winaRoba Sesabamisad 
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izrdeba an mcirdeba. winaRobis Secvlis sidide 
meryeobs 0,5-1%-mde. amitom tenzorezistorebiT 
deformaciis gazomvisaTvis saWiroa gamoviyenoT didi 
mgrZnobiarobis bogirovani an potenciometruli 
sqemebi. rTuli deformaciebis oscilografebze 
registraciis aucileblobisas sazomi bogirebis kveba 
warmorebs maRali sixSiris ZabviT. 

 

 
nax.2.7. ПСТБ-С-016 tipis gardamsaxis konstruqcia: 1 – 

drekadi elementi; 2 – sayrdeni burTulasakisari; 3 – kor-
pusi; 4 – tenzorezistorebis sayrdeni; 5 – sakompensacio 
rezistorebis karkasi; 6 – izolatori; 7 – sakontaqto ele-
menti; 8 – qveda saxuravi; 9 – temperaturuli kompensaciis 
rezistori; 10 – tenzorezistori; 11 – zeda saxuravi 
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mavTulis tenzogardamsaxis garda, tenzometrebi 
mzaddeba, agreTve, wvrili liTonis kilitasagan (sis-
qiT 5-10 mikroni), romelTac metad mcire zoma aqvT. 

dasawebebeli tenzogardamsaxebi da maTi maxasia-
Tebeli naCvenebia 2.8 naxazze. 
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ukanasknel wlebSi farTo gamoyenebas hpova na-
xevargamtariani tenzogardamsaxebma, romelTac gaaC-
niaT gacilebiT maRali mgrZnobiaroba =η 100-dan 

=η +200-mde. tenzogardamsaxis zomebia: sigrZe 5-15 mm, 

kveTi (0,2+0,7)X(0,04+0,2) mm2. tenzogardamsaxis winaRoba 
Seadgens 50-dan 5000 omamde. temperaturis Secvlisas 
100-iT, naxevargamtariani tenzogardamsaxis fardobiTi 
mgrZnobiaroba icvleba 2-4%-iT. naxevargamtariani ten-
zogardamsaxi warmodgenilia 2.9 naxazze. 

 
nax.2.9. naxevargamtariani tenzogardamsaxi 
 

tenzogardamsaxebi muSaoben temperaturul reJi-
mebSi -40-dan +700-mde. 

 
 

$4. induqciuri gardamsaxebi 
 

induqciuri gardamsaxebi muSaoben foladis gu-
lariani koWas mTliani winaRobis cvalebadobis prin-
cipze, rac gamowveulia gardamsaxis moZravi nawilis – 
foladis Ruzas gadaadgilebiT. 

martivi saxis calmagi induqciuri gardamsaxi 
Sedgeba uZravi (1) magnitgamtarisagan (L) koWaTi, ro-
melic ikvebeba cvladi deniT da moZravi Ruzisagan (2) 
(nax.2.10,a). garegani (P) meqanikuri Zalis moqmedebiT 
Ruza gadaadgildeba magnitgamtarisaken da saTanadod 

Seicvleba sahaero RreCos sigrZe (δ ) romelic, Tavis 
mxriv, iwvevs koWas induqciuri winaRobisa da, maSasa-
dame, koWas (Z) mTliani winaRobis Secvlas. mTliani 
winaRobis Secvla ki iwvevs koWas wredSi denis Zalis 
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cvalebadobas, radgan 
Z
UI = , sadac 22 )( LRZ ω+=   

aris gardamsaxis koWas mTliani winaRobis moduli. 
ω  – denis kuTxuri sixSire; 
R - koWas aqtiuri winaRoba; 

8
2

102.0 −⋅
⋅⋅

=
δ

π SnL  – koWas induqciuroba; 

n – xveulebis ricxvi; 
S - magnitgamtaris kveTis farTi; 

δ  - manZili koWasa da Ruzas Soris. 

Tu LR ω<< , maSin 

δ
ωπω

82 102.0 −⋅⋅⋅⋅
≈≈

SnLZ  da 

denis Zala 
ωπ

δ
⋅⋅⋅

⋅⋅
==

Sn
U

Z
UI 2

8

2.0
10

.      (2.15) 

gardamsaxis mgrZnobiaroba ganisazRvreba formuliT  

ωπδ ⋅⋅⋅
⋅

=
Sn

U
d
dI

2

8

2.0
10

.     (2.16) 

amrigad, Ruzas gadaadgileba iwvevs koWas wredSi 
denis Zalis Secvlas, e.i. denis Zalis cvalebadobiT 
SeiZleba ganvsazRvroT gadaadgilebis sidide. 

calmagi induqciuri gardamsaxis muSaoba da-
mokidebulia mkvebavi Zabvis sididesa da sixSireze, 
agreTve, temperaturaze. gardamsaxis nakls Seadgens 
gazomvis Sedegis damokidebuleba Ruzis mizidulobis 
Zalaze, romelic icvleba sahaero RreCos sididis 
cvalebadobiT. Tu saWiroa Ruzis (2) gadaadgilebis 
gazomva orive mimarTulebiT, e.i. marcxniv da marjvniv, 

aucilebelia sawyisi sahaero RreCos 0δ  da datvirT-

vis denis sawyisi sididis Rdat. dadgena, rac, rasak-
virvelia, gamoiwvevs garkveul cdomilebebs. gar-
damsaxis maxasiaTebeli naCvenebia 2.10,b naxazze. 

calmagi induqciuri gardamsaxi SeiZleba gamo-
yenebul iqnes, rogorc ukontaqto sagzao gamomrTveli 
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sabogiro sazom sqemebSi. misi saSualebiT SeiZleba 
gaizomis gadaadgileba mikronis nawilidan – 3-5 mm-mde. 

 
nax.2.10. calmagi induqciuri gardamsaxi (a) da misi max-

asiaTebeli (b) 
 

rogorc 2.11 naxazzea warmodgenili, foladis 
Ruzis (2) magnitgamtarTan (1) miaxloebisas koWas wre-
dis winaRoba izrdeba, denis Zala mcirdeba da reles 
(3) amoqmedebis Sedegad koWas wredi gaiTiSeba. 

 

 

nax.2.11. calmagi in-
duqciuri gardamsaxis 
ukontaqto sagzao ga-
momrTvelad gamoyene-
bis sqema 
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ramdenime sm-is sididis gadaadgilebebis gasazomad 
sargebloben solenoiduri sistemebiT (nax.2.12). sole-
noiduri sistemis calmagi gardamsaxi Sedgeba Ria so-
lenoidisagan (1) da moZravi Ruzisagan (2). koWas Sig-
niT Ruzas Sesvla iwvevs koWas induqciurobis cvli-
lebas, koWaSi Sesuli Ruwis nawilis masis propor-
ciulad. (nax.2.12,b). 

 
nax.2.12. solenoiduri sistemis calmagi gardamsaxi. a) 

gardamsaxis sqema; b) gardamsaxis maxasiaTebeli 
 

koWas induqciuroba henrebSi 

ql
l
nL μ
k

2

= ,          (2.17) 

sadac n – koWas xveulebis ricxvi; 
lk – koWas sigrZe; 
q – koWas ganivi kveTi; 
l -  Ruzis im nawilis sigrZe, romelic koWaSia mo-

Tavsebuli; 
μ  – gularis masalis magnituri SeRwevadoba. 

farTod aris gavrcelebuli praqtikaSi gardamsaxi, 
romelic Sedgeba ori simetriulad ganlagebuli indu-
qciuri koWasagan da pirvelad gamzomTan (ПИ) da-
kavSirebuli Ruzisagan. Ruzis gadaxra Sualedi mdgo-
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mareobidan iwvevs marcxena an marjvena koWas induqci-
uri winaRobis cvlilebas. aseTi tipis induqciuri 
gardamsaxebi gamoiyeneba milimetris meaTedi da 
measedi nawilis gasazomad. gardamsaxis sqema naCvenebia 
2.13 naxazze. aq L1 da L2 Sesabamisad marcxena da mar-

jvena koWas induqciurobaa, xolo 1δ  da 2δ  RreCos 

sidide. induqciuri gardamsaxebis Rirsebas war-
moadgens maTi simartive, saimedooba, moxaxune kon-
taqtebis uqonloba, didi simZlavreebi, efeqturi gamo-
mavali signalebi, samrewvelo sixSiris cvlad denze 
muSaobis SesaZlebloba. 

 

nax.2.13. gardamsaxi 
moZravi RuziT: ПИ – 
pirveladi gamzomi; 1 – 
moZravi Ruza; 2, 2’ – 
induqciuri koWa 

 

induqciuri gardamsaxebis naklia gazomvis Sedege-
bis mniSvnelovnad damokidebuleba mkvebavi qselis 
denis sixSireze. gardamsaxebi muSaoben 3000-5000 herc 
sixSireebze. meti sididis sixSireebis dros mkveTrad 
izrdeba danakargebi foladSi. 

induqciuri gardamsaxebi gamoiyeneba betonis qarx-
nebis avtomatur dozatorebSi, amweebis gadatvirTvis 
SemzRudvelebSi, muSaobismzomebSi, eleqtrul manome-
trebSi, dinamometrebSi, tenzometrebSi, bolo ga-
momrTvelebSi da gazomvisa da avtomatikis sxva mowyo-
bilobebSi Tu xelsawyoebSi. 
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$5. tevaduri gardamsaxebi 
 

tevaduri gardamsaxi warmoadgens Cveulebriv 
brtyel kondensators, romelSic gadaadgilebis gar-
daqmna tevadobis cvalebadobad xorcieldeba finebs 
Soris manZilis SecvliT, finebis farTis an di-
eleqtrikis SecvliT. amasTan, kondensatoris 
eleqtrotevadoba finebs Soris manZilis Secvlis 
mixedviT icvleba hiperboloidurad, xolo ε  da S 
cvlilebis mixedviT – xazovnad. 

brtyeli paraleluri kondensatoris eleqtruli 
tevadoba pikofaradebSi iangariSeba gamosaxulebiT 

δ
ε SC ⋅
⋅= 089.0 ,       (2.18) 

sadac  
S aris kondensatoris finebis (sul ori finia) 

urTierTgadaxurvis farTi, sm2-obiT.  
ε  – garemos fardobiTi dieleqtrikuli SeRweva-

doba; 

δ  – finebs Soris manZili, sm-obiT. 
metad gavrcelebul tevadur gardamsaxebSi gamo-

yenebulia eleqtruli tevadobis damokidebuleba fine-
bis urTierTdaSorebaze (nax.2.14,b). 

tevaduri gardamsaxebi muSaoben cvlad denze. is-
ini Zalze mgrZnobiareni arian. maTi saSualebiT 
SeiZleba mcire sididis gadaadgilebebis gazomva-
laboratoriul pirobebSi  10-3 mikronamde, xolo 
teqnikur mowyobilobebSi – mikronis meaTed nawile-
bamde. 

2.14 naxazze moyvanilia gadaadgilebis tevaduri 
gardamsaxis sqema da misi maxasiaTebeli. gardamsaxis 
moZravi nawilis gadaadgileba P Zalis moqmedebiT 
gardaiqmneba eleqtrul gamomaval sidided (sixSire, 
denis Zala, Zabva), romelic damokidebulia Semaval 
sidideze. 
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nax.2.14. gadaadgilebis tevaduri gardamsaxi: a) sqema;    

b) gardamsaxis maxasiaTebeli 
 

2.15 naxazze warmodgenilia gadaadgilebis te-

vaduri gardamsaxis CarTvis eleqtruli sqema. gar-

damsaxis finis gadaadgileba iwvevs misi tevadobis 

Secvlas. icvleba gamavali denis Zala da Rdat. dat-

virTvis Udat.Zabva, romelic warmoadgens gamomaval 

sidides. aRniSnuli sqema damokidebulia mkvebavi denis 

wyaros an maZliereblis Zabvasa da sixSireze, rac ga-

zomvebis dros garkveul cdomilebebTan aris da-

kavSirebuli. es nakli gamosworebulia sqemaSi 

(nax.2.16), sadac gamoyenebulia tevaduri diferenciuli 

gardamsaxebi, romelTac axasiaTebT meti mgrZnobiar-

oba. am SemTxvevaSi Sualedi moZravi finis gada-

adgileba P Zalis gavleniT iwvevs kondensatoris erTi 

naxevris tevadobis gazrdas, xolo meore naxevris te-

vadobis Semcirebas. aseTi gardamsaxis mgrZnobiaroba 

orjer izrdeba nax. 2.15 moyvanil gardamsaxTan Se-

darebiT. 
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nax.2.15. gardamsaxis CarTvis eleqtruli sqema 

 

nax.2.16. diferencialuri gardamsaxis sqema cvladi RreCoTi 
 

tevaduri gardamsaxebis CarTva, Cveulebriv, xdeba 
bogirovan sqemebSi an rezonansul konturebSi, maZlie-
reblebTan erTad, rac uzrunvelyofs maRal mgrZno-
biarobas gadaadgilebaTa gazomvis dros. 

2.17 naxazze naCvenebia tevaduri gardamsaxebis ga-
moyenebiT sxvadasxva teqnologiuri informaciis miRe-
bis zogierTi magaliTi. 
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tevaduri gardamsaxebi ekonomikuri, mciregabariti-
ani da konstruqciulad martivia; axasiaTebT maRali 
mgrZnobiaroba da finebs Soris mcire mizidulobis 
Zala; saWiroeben umniSvnelo Zalvebs gardamsaxis moZ-
ravi nawilis gadasaadgileblad. arsebiT nakls war-
moadgens didi reaqtiuli winaRoba, rac gamoricxavs 
tevaduri gardamsaxebis gamoyenebas samrewvelo six-
Siris dros. marTlac, gardamsaxis tevadoba saSualod 
Seadgens 10-100 pikofarads (1 pikofaradi =10-12 farads). 
C=100 pf dros gardamsaxis reaqtiuli winaRoba sam-
rewvelo sixSiris f=50 herci SemTxvevaSi Seadgens  

6
4

12

12 1030
1014.3

10
101005014.32

1
2

11
⋅=

⋅
=

⋅⋅⋅⋅
=

⋅⋅
=

⋅
= −CfC

xc πω
omi. 

aqedan gamomdinare, tevaduri gardamsaxebis gasa-
zomi sqemebis kveba warmoebs maRali sixSiris cvladi 
deniT (400 hercidan ramdenime megahercamde). 

 
 

 

$6. Termoeleqtruli gardamsaxebi 
 

Termowyvili warmoadgens generatoruli tipis 
temperaturul gardamsaxs. misi moqmedebis principi em-
yareba zeebekis mier 1821 wels aRmoCenil efeqtis ga-
moyenebas, rac mdgomareobs SemdegSi: Tu sxvadasxva-
gvari liTonisagan damzadebul or eleqtrods A da Б 
davrCilavT an SevaduRebT (nax.2.18) da darCilvis 
adgils gavaxurebT, maSin miRebuli Termoeleqtruli 
gardamsaxis Tavisufal boloebze warmoiSoba eleq-
tromamoZravebeli Zala, romlis sidide proporciulia 
darCiluli da Tavisufali boloebis temperaturaTa 

sxvaobisa. Tu gaviTvaliswinebT, rom )()( 22 tete AББА −= , 

miviRebT:  

  tKttKtftetettE АБАБАБ Δ=−==−== )()()()(),( 212121 ,   (2.19) 

sadac  
t2 aris Termowyvilis Tavisufali bolos tempera-

tura; 
t1 – samuSao bolos temperatura; 
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K - Termoeleqtruli koeficienti, romelic da-

mokidebulia Termowyvilis eleqtrodebis masalis Tvi-
sebebze. ricxobrivad igi tolia Termowyvilis e.m.Z-sa, 
Termoeleqtrodebis temperaturaTa sxvaobis dros 10-iT. 
K imyofeba sazRvrebSi -dan volti/grad-de. 5101 −⋅ 6105 −⋅

E – TermoeleqtromamoZravebeli Zala (TemZ), rom-
lis sidide ar aris damokidebuli eleqtrodebis for-
masa da maT geometriul zomebze. 

 
 

 

Tavisufali bolo
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ori Termowyvilis mimdevrobiT SeerTebis SemTxve-

vaSi saerTo TermoeleqtromamoZravebeli Zala  
E=E1+ E2.      (2.20) 

wredis Termo e.m.Z., romelic Sedgeba n erTnairi 
Termowyvilisagan,  

samuSao bolo

nax.2.18. Termoeleqtru-
li wredi ori gamtarisa-
gan – А, Б : 1,2 – gamtarebis 
boloebi 



E=n.E1(t1
.t0).       (2.21) 

sadac n aris mimdevrobiT SeerTebuli Termowyvilebis 
ricxvi. 

E1(t1
.t0) – erTi Termowyvilis Termo e.m.Z., romlis 

samuSao da Tavisufal boloebze temperatura Sesa-
bamisad udris t1 da t0. 

erTnairi Termowyvilebis paralelurad SeerTebis 
SemTxvevaSi 

n
EEEE n+++

=
...21 .      (2.22) 

Termowyvilis boloebze Termo e.m.Z. warmoSoba 
aixsneba Semdegnairad: nebismieri gamtaris moleku-
laTa Soris sivrce Seicavs Tavisufal eleqtronebs, 
romelTa energia da temperaturaze damokidebuleba 
sxvadasxva masalis gamtarisaTvis gansxvavebulia; ma-
gram temperaturis zrdasTan erTad Tavisufali 
eleqtronebis energia matulobs. amitom Termowyvilis 
samuSao (cxel) boloze  eleqtronebi moZraoben meti 
siCqariT, vidre Tavisufal (civ) boloze, ris Sede-
gadac warmoiSoba eleqtronebis nakadi samuSao 
bolodan Tavisufali bolos mimarTulebiT. Termowy-
vilis Tavisufal boloze adgili aqvs uaryofiTi 
muxtis dagrovebas. es procesi grZeldeba damyarebuli 
reJimis dadgomamde, radgan sxvadasxva masalas gaaCnia 
Tavisufali eleqtronebis araTanabari raodenoba, ami-
tom Termowyvilis Tavisufal boloebze warmoiSoba 
potencialTa sxvaoba. 

Tu Termowyvilis Tavisufal boloebs SevaerTebT, 
rodesac t1>t2, wredSi gaivlis eleqtruli deni, xolo, 
rodesac t1=t2 denis  gavlas adgili ar eqneba. 

Termowyvilis mgrZnobiaroba xasiaTdeba Termo 
e.m.Z. sididiT, romelic Seesabameba gardamsaxis kon-
taqtis temperaturis 10C Secvlas. maSasadame, Termowy-
vilis samuSao bolos saSualebiT temperaturis ga-
zomva SeiZleba daviyvanoT Termo e.m.Z. gazomvamde, ro-
melsac ganaviTarebs Termowyvili Tavisufali bolos 
mudmivi temperaturis SemTxvevaSi. 
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Termowyvilis samuSao bolos temperaturaze 
Termo e.m.Z. damokidebulebis gansazRvras, Tavisufal 
boloze temperaturis mudmivi mniSvnelobis dros Ter-
mowyvilis graduireba ewodeba. Tavisufali bolos 
temperatura Termowyvilis graduirebis dros Cveu-
lebrivad miiReba t0=00C. amis miRweva SeiZleba Termowy-
vilis Tavisufali bolos moTavsebiT SedarebiT mud-
mivtemperaturian garemoSi. temperaturis zusti gazom-
vis dros Termowyvilis Tavisufali bolo Tavsdeba 
TermostatSi an diuaris WurWelSi, romelic avsebu-
lia yinuliani wyliT. 

Termo e.m.Z. da, maSasadame, temperaturis gasazomad 
Termowyvilis wredSi saWiroa eleqtrogamzomi xel-
sawyos CarTva. aseT xelsawyoebs miekuTvneba mili-
voltmetrebi da eleqtronuli avtomaturi poten-
ciometrebi (kompensatorebi). 

milivoltmetri miekuTvneba magnitoeleqtruli 
sistemis xelsawyoebs da gaTvaliswinebulia tempera-
turisa da sxva araeleqtruli sidideebis Cvenebebis, 
Cawerisa da regulirebisaTvis, romlebic gardamsaxe-
bis daxmarebiT gardaiqmneba eleqtrul Zabvad. 

eleqtronuli potenciometrebi warmoadgenen 
maRali sizustis xelsawyoebs, Cveulebriv 0,5 klasisa. 
sxva eleqtronuli xelsawyoebis analogiurad ele-
qtronuli potenciometris ZiriTadi kvanZi – gama-
Zlierebeli damzadebulia eleqtronuli naTurebis 
gamoyenebiT. potenciometrebi gamodis xeliTa da av-
tomaturi marTviT, avtomaturi potenciometrebi far-
Tod gamoiyeneba temperaturis  gasazomad, Cawerisa da 
regulirebisaTvis standartuli dagraduirebis Ter-
mowyvilebTan kompleqtSi. garda amisa, potenciome-
trebi gamoiyeneba, rogorc meoradi xelsawyoebi, rom-
lebic muSaoben mudmivi denisa da Zabvis sxvadasxva 
gardamsaxebTan. 

2.19 naxazze moyvanilia Termowyvilis wredSi 
gasazomi xelsawyoebis CarTvis sqema. 



 
 
nax.2.19. Termowyvilisa da milivoltmetris SeerTebis 

principuli sqema: T – Termowyvili; mV - milivoltmetri; R 
- momrgebeli koWa; a - sakompensacio sadeni; b - spilenZis 
sadeni   

 avtomatikaSi Termoeleqtruli gardamsaxi xSirad 
gamoiyeneba or wertilSi temperaturebis erTmaneTTan 
Sesadareblad. aseT gardamsaxs diferenciuli Termowy-
vili ewodeba (nax.2.20). aseTi Termowyvilis orive bolo 
samuSaoa da Termo e.m.Z. gansxvavdeba nulisagan maSin, 
rodesac Termowyvilis samuSao boloebis temperatura 
sxvadasxvaa, amasTan polaruloba damokidebulia imaze, 
romel bolos aqvs ufro maRali temperatura. 

 
nax.2.20. diferencialuri Termowyvili 
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$7. winaaRmdegobis temperaturuli garda-
msaxebi 

 

winaaRmdegobis temperaturuli gardamsaxebis mo-
qmedeba damyarebulia gamtarebisa da naxevargamtarebis 
winaRobis cvalebadobaze temperaturis mixedviT.  

temperaturuli gardamsaxebis saxiT farTo gamo-
yenebas pouloben winaaRmdegobis liTonis Termome-
trebi da naxevargamtariani TermowinaRobebi (Termis-
torebi). 

TermowinaRobis mgrZnobiaroba (proporciudlia 

sididisa RI , sadac I aris denis Zala Termometris 
wredSi, R – Termometris winaRoba) temperaturis 
cvlilebis mixedviT xasiaTdeba eleqtrowinaRobis 
temperaturuli koeficientiT α , romelic warmoadgens 

winaRobis fardobiTi cvlilebis 
R
RΔ
 Sefardebas, tem-

peraturis namatis erTeulTan tΔ , e.i. 

  
dt
dR

Rt
R

Rt
R
R

⋅≈
Δ
Δ
⋅=

Δ

Δ

=
11α .      (2.23) 

 

a) winaaRmdegobis liTonis Termometrebi.  tem-
peraturis zrdasTan erTad umetesi liTonis winaRoba 
matulobs, magram eleqtrowinaRobis temperaturuli 
koeficienti mudmivia mxolod aRebuli masalis tem-
peraturebis garkveul zRvramde. sxva temperature-
bisaTvis eleqtrowinaRobis temperaturuli koefi-
cienti TviTon aris damokidebuli temperaturaze, e.i. 
cvladi sididea. 

winaaRmdegobis Termometris eleqtruli winaRobis 
cvlileba temperaturebisaTvis – 40-dan +6300-mde ga-
moixateba formuliT [13]. 

)1( 2
0 btatRRt ++= ,      (2.24) 

xolo temperaturebisaTvis minus 1900-dan 00C-mde 
(platina) formuliT [3] 
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])100(1[ 32
0 ttCbtabRRt −+++= .   (2.25) 

spilenZisaTvis sazRvrebSi t=-500C-dan t=+1500C-mde 
winaRobis damokidebuleba temperaturaze miaxloebiT 
gamoisaxeba formuliT 

)1(0 atRRt += .    (2.26) 

moyvanil formulebSi 
R0, Rt Termometris winaRobaa 00C da t0C dros; 
a,b mudmivi koeficientebi, romlebic ganisazRvreba 

graduirebis dros wylisa da gogirdis duRilis wer-
tilebis mixedviT (sufTa platinisaTvis a=3,95.10-3 

grad

1
; b=-5.85.10-7

grad

1
; sufTa spilenZisaTivis a=4,25.10-3 

grad

1
); 

C – mudmivi koeficientia, romelic ganisazRvreba 
Termometris graduirebisas Jangbadis duRilis wer-
tilis mixedviT. 

winaRobis Termometris wredSi dasaSvebi denis 
Zala  

γ
qSI ⋅

=dasaS. ,        (2.27) 

sadac  
S aris Teomrmetris zedapiri; 
q - Termometris daxvevis mavTulis kveTi; 
γ - mavTulis xvedriTi winaRoba. 

Termometris gadaxurebis maCveneblis logariTmi 
xazovan damokidebulebaSia Termometris wredSi dasa-
Svebi denis Zalis sididis logariTmTan [3] 

 

dasaS.IБ lg2lglg +=θ ,     (2.28) 

sadac Б aris proporciulobis koeficienti. 
winaRobis Termometris saSualebiT garemos tem-

peraturis gasazomad vsazRvravT garemos winaRobas. 
maSasadame, gardamsaxis garda, temperaturis gasazomad 
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saWiroa cvladi winaRobis gasazomi mowyobiloba, 
eleqtruli kvebis wyaro da SemaerTebeli sadenebi. 

gardamsaxis masala unda xasiaTdebodes winaRobis 
maRali temperaturuli koeficientiT (α ), didi 
xvedriTi eleqtruli winaRobiT (γ ), raTa mcire 

gabaritebis SemTxvevaSi elements gaaCndes didi wi-
naRoba gazomvis dawyebamde. 

CamoTvlil moTxovnebs kargad akmayofilebs 
platina da spilenZi. amitom winaRobis Termometrebis 
seriulad dasamzadeblad es masalebi gamoiyeneba. 
platinis winaRobis Termometrebi aRiniSnebian ТСП, 
spilenZisa - ТСМ. 

winaRobis TermometrebSi gardamsaxis winaRobis 
sidide dadgenilia ГОСТ-iT, romlis mixedviTac 
platinis winaRobis Termometrebis gardamsaxis nomi-
naluri winaRoba Seadgens 1, 5, 10, (46), 50, 100 da 500 
oms, xolo spilenZis winaRobis Termometrebisa – 10, 
50, (53) da 100 oms (00C temperaturis dros).  

winaRobis eleqtruli Termometrebis Rirsebas 
Seadgens: kargad aRsaqmeli skala meorad xelsawyoeb-
Tan dasaSvebi temperaturis sazRvrebSi, meoradi xel-
sawyos skalis nebismieri temperaturuli intervaliT 
graduirebis SesaZlebloba; siTburi reJimis av-
tomaturi Caweris SesaZlebloba TviTCamweri mowyo-
bilobebis saSualebiT; temperaturis avtomaturi 
regulirebis gamoyeneba da sxva. 

b) naxevargamtaruli TermowinaRobebi (Termis-
torebi). Termistori ewodeba naxevargamtarian Termow-
inaRobas, romlis eleqtruli winaRoba mkveTrad 
mcirdeba temperaturis zrdis dros, e.i. Termistors 
aqvs uaryofiTi temperaturuli koeficienti. 

damokidebuleba winaRobasa da temperaturas Soris 
gamoixateba eqsponencialuri kanoniT. 

)11(
1

1 TT
eRAeR BT

B

T −== ,       (2.29) 

sadac  
RT aris Termistoris winaRoba; 
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R1 – Termistoris winaRoba T1 absoluturi tem-
peraturis dros; 

T – Termistoris absoluturi temperatura – kel-
vinis gradusebSi; 

e – naturaluri logariTmis fuZe; 
A da B mudmivi koeficientebia, romlebic da-

mokidebulni arian Termistoris masalis fizikur 
Tvisebebze. 

2

1

12

21 lg
)(43.0 R

R
TT

TTB ⋅
−

⋅
= ,   [0K]   (2.30) 

sadac R1 da R2 Termistoris winaRobebia (omebSi) 

T1 da T2 temperaturebis dros. 
Termistoris temperaturuli koeficienti 

 

1001
2 ⋅−=⋅=

T
B

dT
dR

R
T

T
tα .  [%/0K]   (2.31) 

2.21,a naxazze warmodgenilia ММТ-1 tipis Termis-
toris temperaturuli maxasiaTebeli. grafikidan Cans, 

rom temperaturis zrdasTan erTad ТС winaRoba mkveT-
rad ecema. 

Termistoris Tvisebebi ganisazRvreba, agreTve, 
volt-amperuli maxasiaTebliT, romelic gamosaxavs 
TermowinaRobaSi gamavali denis Zalis damokidebule-
bas Zabvaze, garemomcveli garemos mudmivi tempera-
turis dros. 

2.21,b naxazze moyvanilia TermowinaRobebis volt-
amperuli maxasiaTeblebi. 

Termistorebis upiratesobas, winaaRmdegobis Ter-
mometrebTan SedarebiT, warmoadgens maTi didi ele-
qtruli winaRoba, rac gansakuTrebiT mniSvnelovania 
Termistorebis gamoyenebisas eleqtronul maZliereb-
lebTan erTad da temperaturebis distanciuri gazom-
vis dros. 
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nax.2.21. TermowinaRobebis maxasiaTeblebi: a) MMT-1 

tipis Termistoris temperaturuli maxasiaTebeli; b) volt-
amperuli maxasiaTeblebi: I – winaRobis, romelic ar aris 
damokidebuli temperaturaze: 2 – liTonis TermowinaRobis; 
3, 4 – Sesabamisad naklebi da meti uaryofiTi temperaturuli 
koeficientis mqone naxevargamtaruli TermowinaRobebis 

 

Termistorebis naklia maxasiaTeblebis naklebi 
stabiluroba da urTierTSenacvlebadobis sirTule, 
radgan winaRoba da temperaturuli koeficienti erTi 
da imave tipis TermowinaRobebis calkeuli egzem-
plarebisac ki sxvadasxvaa. 

 
 

$8. fotoeleqtruli gardamsaxebi 
 

fotoeleqtruli gardamsaxi reagirebas axdens ga-
naTebulobis cvalebadobaze. zogierTi myari sxeulis 
zedapiris ganaTebisas sinaTlis kvantebi, SeaRweven ra 
nivTierebis zedapirul SreebSi, gadascemen ele-
qtronebs energias, ris Sedegadac eleqtronebi toveben 
TavianT orbitebs. am dros SesaZlebelia sami saxis 
fotoefeqtis miRweva. fotoefeqti gulisxmobs niv-
Tierebis Tvisebebis Secvlas nivTierebis ganaTebulo-
bis Secvlisas. aRniSnuli fotoefeqtebia: 
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1. gare fotoefeqti, romlis drosac sinaTlis en-
ergiis moqmedebiT eleqtronuli naTuris kaTodidan 
eleqtronebis amofrqvevas aqvs adgili. emisiis 
(eleqtronebis amofrqveva) denis sidide damokidebulia 
kaTodis ganaTebulobaze; 

2. Sinagani fotoefeqti, romelic mdgomareobs Sem-
degSi: sinaTlis STanTqmis Sedegad naxevargamtarSi 
warmoiSoba damatebiTi Tavisufali eleqtronebi, rom-
lebic zrdis nivTierebis gamtarobas da amcirebs mis 
winaRobas, e.i. naxevargamtaris eleqtrogamtaroba 
(aqtiuri winaRoba) damokidebulia naxevargamtaris ga-
naTebulobaze; 

3. ventiluri fotoefeqti, romlis drosac ganaTe-
buli gamtarisa da gaunaTebeli naxevargamtaris 
Sreebs Soris, romlebic gayofilia Txeli saizola-
cio SriT, Camketi feniT, warmoiSoba e.m.Z., misi sidide 
damokidebulia ganaTebulobaze. 

fotoelementebi gare fotoefeqtiT warmoadgenen 
vakuumis an gazi argoniT avsebul naTuras foto-
mgrZnobiare SriT dafaruli kaTodiT. 

2.22 naxazze mocemulia fotoelementis anodur 
batareasTan CarTvis sqema. minis balonSi, romelSic 
Seqmnilia vakuumi an haeris amotumbvis Semdeg avsebu-
lia gaiSviaTebuli airiT – argoniT, moTavsebulia 
fotoelementis Ф anodi da kaTodi. kaTodze sinaTlis 
nakadis moqmedebis Sedegad adgili aqvs foto-
eleqtronuli emisiis movlenas. emisiis gamoyenebis 
mizniT anodsa da fotokaTods Soris iqmneba ele-
qtruli veli, romelic emisiis Sedegad kaTodidan 
amofrqveul eleqtronebs mimarTavs dadebiTad damux-
tuli anodisaken, e.i. adgili aqvs wredSi denis gav-
las. rodesac sinaTlis nakadis moqmedeba kaTodze  
wydeba, denis gavlas wredSi adgili ara aqvs. 

gare fotoefeqtiT fotoelementebis jgufis ti-
puri warmomadgenelia stibium-ceziumis vakuumis foto-
elementi (tipi СЦВ), Jangbad-ceziumis fotoelementi 
(tipi ЦГ).  

 



 

nax.2.22. fotoele-
mentis eleqtrul 
wredSi CarTvis sqema: 
RH – datvirTvis wi-
naRoba; Г - gasazomi 
xelsawyo; E - e.m.Z. 
wyaro 

fotoelementebis muSaoba ganisazRvreba volt-
amperuli, sinaTlis da speqtruli maxasiaTeblebiT. 

volt-amperuli maxasiaTebeli gamosaxavs foto-
elementis fotodenis damokidebulebas anodis Zabvaze 
(IФ=f(u) rodesac Ф=const ). 

fotoelementis sinaTlis maxasiaTebeli ewodeba 
fotodenis IФ damokidebulebas fotokaTodze moqmedi 
sinaTlis nakadze Ф. (IФ=f(Ф) rodesac U=const.). 

sinaTlis maxasiaTebeli gansazRvravs fotoele-
mentis mgrZnobiarobas. fotoelementis mgrZnobiaroba 
warmoadgens fotodenis sididis (mikroamperebSi) Se-
fardebas mis gamomwvev sinaTlis nakadis sididesTan 
(liumenebSi).  

speqtruli maxasiaTebeli gamosaxavs fotodenis IФ 
damokidebulebas talRis sigrZisagan (ferisagan) _ 

))(( λλ φ fI = , sxva Tanabar pirobebSi. 

vakuumis fotoelementebSi anodis deni warmoiSoba 
mxolod fotokaTodidan amofrqveuli eleqtronebis 
saSualebiT, ris gamoc mas gaaCnia xazovani sinaTlis 
maxasiaTebeli (nax.2.23). argonis gazian fotoelemen-
tebSi deni warmoiSoba, rogorc emisiis Sedegad war-
moqmnili eleqtronebisagan, aseve airis ionizaciis 
Sedegad miRebuli eleqtronebisa da ionebisagan. ami-
tom maTi sinaTlis maxasiaTebeli araxazovania (mru-
debi 3 da 4 nax.2.23a). vakuumisa da airis fotoelemen-
tebis volt-amperuli maxasiaTeblebi naCvenebia 
nax.2.23b. 
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airis fotoelementis mgrZnobiaroba aRemateba va-
kuumis fotoelementisas. ase magaliTad, СЦВ tipis 
fotoelementis mgrZnobiaroba Seadgens 120 mikroam-
per/liumens, xolo airis fotoelementisa – 200 mikro-
amper/liumens. 

avtomatikis sqemebSi fotoelementebis gamoyeneba 
moiTxovs gaZlierebis didi koeficientis mqone 
maZliereblebiT sargeblobas. 

vakuumis fotoelementebi praqtikulad uinercioni 
arian, e.i. dro sinaTlis  nakadis kaTodze dacemidan 
fotodenis warmoqmnamde Seadgens 10-9 sek. airis foto-
elementebs ki garkveuli inerciuloba gaaCniaT, airis 
ionizaciaze garkveuli drois xarjvis gamo. 

fotoelementebi Sinagani fotoefeqtiT (fotowi-
naRoba). fotowinaRoba Sedgeba naxevargamtaris sinaTle-
mgrZnobiare Srisagan (1), sisqiT I mikronamde, romelic 
datanilia minis an kvarcis firfitaze (2). naxevargam-
taris zedapirze damagrebulia oqrosagan damzade-
buli densarTmevi eleqtrodebi (3). sinaTlisadmi 
mgrZnobiare elementi densarTmev eleqtrodebTan er-
Tad montaJdeba plastmasis korpusSi. 

fotowinaRobis CarTva sqemaSi xorcieldeba gamoS-
verili eleqtrodebis saSualebiT. nax.2.24 moyvanilia  
ФС-К1 tipis fotowinaRobis mowyobiloba da saerTo 
xedi gabaritebis aRniSvniT. 

 
nax.2.24. fotowinaRoba: a) saerTo xedi; b) CarTvis sqema 

 

fotowinaRobis muSaoba mdgomareobs SemdegSi: 
naxevargamtarze sinaTlis nakadis moqmedeba iwvevs 
eleqtruli winaRobis mkveTrad dacemas da eleqtro-
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wredSi, romelSic CarTulia fotowinaRoba, denis 
Zalis gazrdas. fotowinaRobis mgrZnobiaroba gani-
sazRvreba sibnelesa da sinaTleSi aRZruli denis 
Zalebis sxvaobis SefardebiT sinaTlis nakadis si-
didesTan, romelic moqmedebs fotowinaRobaze. foto-
winaRobis mgrZnobiaroba ramdenjerme aRemateba foto-
elementis mgrZnobiarobas garegani fotoefeqtiT. 
fotowinaRobis mgrZnobiaroba 5000-6000 mka/liumenis 
farglebSia.  2.25 naxazze naCvenebia fotowinaRobis 
maxasiaTeblebi. 
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fotowinaRobebi SeiZleba gamoyenebul iqnes ga-
zomvisa da avtomatikis sqemebSi eleqtronuli maZlie-
reblebis gareSe. aseTi tipis fotorele warmoadgens 
eleqtrul wreds, romelic Sedgeba fotoelementisa-
gan, relesa da kvebis wyarosagan (nax.2.26). 

fotowinaRobas axasiaTebs inerciuloba. winaaRmde-
gobis sidide damokidebulia garemomcveli garemos 
temperaturasa da tenianobis mniSvnelovan cvalebado-
baze. 

 
nax.2.26. mudmiv denze momuSave fotoreles eleqtruli 

sqema: ФС-К – fotowinaRoba; P – polarizaciuli reles 
gragnili; P1,P2 – reles kontaqtebi; Г – sayviri; Л – sasig-
nalo naTura 

 

ventiluri fotoelementi. ventiluri fotoefeqtis 
movlena aRmoCenil iqna yazanis univiersitetis pro-
fesoris e.i. ulianinis mier 1888 wels, selenze Catare-
buli cdebis Sedegad. ventiluri fotoefeqtis mov-
lenis teqnikuri gamoyeneba fotoelementebSi daiwyo 
me-20 saukunis 30-iani wlebidan. ganxiluli fotoele-
mentebisagan gansxvavebiT, ventiluri fotoefeqtis 
principze momuSave fotoelementebi ar saWiroeben kve-
bis wyaros. isini sinaTlis nakadis moqmedebiT TviTon 
gardaiqmnebian denis wyarod. ventiluri fotoelemen-
tis mowyobiloba da CarTva naCvenebia 2.27 naxazze. igi 
Sedgeba oqros an vercxlis Txeli afskisagan (1), 
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gadasasvleli Srisagan (2), selenis Srisa (3) da 
foladis qvesadebisagan (4). 

 
nax.2.27. ventiluri fotoelementis sqematuri mowyobiloba 

 

fotoelementisaken mimarTuli sinaTlis nakadi 
oqros afskis gavliT STainTqmeba naxevargamtarSi. si-
naTlis kvantebi aTavisufleben selenSi eleqtronebs, 
romlebic muxtaven oqros eleqtrods uaryofiTad, 
xolo selens – dadebiTad. fotoelementis eleqtrode-
bis SerTvisas gare winaRobaze aRiZvreba eleqtrodeni, 
romlis sidide ganaTebulobis proporciulia. 

selenis ventiluri fotoelementebi maRalmgrZno-
biare gardamsaxebia. maTi mgrZnobiaroba aRwevs 500 
mikroamper/lumens. erTi fotoelementis e.m.Z. 1v ar aRe-
mateba.  

gardamsaxis nakls warmoadgens inerciuloba. 
garda amisa, datvirTvis gare winaRobis gazrda iwvevs 
misi mgrZnobiarobis Semcirebas. 

kaJbadis fotoelementebisagan Sedgenil batareebs 
metad didi gamoyeneba aqvT dedamiwis xelovnuri 
Tanamgzavrebis radioaparaturaSi. 
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$9. wnevis, xarjisa da donis gardamsaxebi 
 

wnevis gardamsaxi. zedapiris erTeulze marTobu-
lad moqmedi Zalis (F) sidides ewodeba wneva; igulisx-
meba, rom Zala ganawilebulia Tanabrad sxeulis zed-
apiris mTel farTobze (S). wnevis sidide ganisazRvreba 
formuliT 

S
FP = .      (2.32)  

wnevis gardamsaxebi ZiriTadad wnevas gardaqmnian 
meqanikur gadaadgilebad. meqanikuri sistemebis garda 
wnevis gasazomad gamoiyeneba, agreTve, eleqtruli da 
Tburi sistemebi. 

meqanikuri amTvisebel organoebiani wnevis gar-
damsaxebs miekuTvneba: 1) siTxis wnevis garadamsaxebi 
(U-ebri sistemis); 2) dguSiani  sistemebi; 3) zambariani 
sistemebi: a) membraniani (brtyeli, RvarWnili, rbili), 
b) silfonebi, g) manometruli milovani zambarebi. 

teqnikaSi gansakuTrebiT farTod aris gamo-
yenebuli wnevis zambariani gardamsaxebi. gardamsaxis 
mgrZnobiare elements warmoadgens zambara. gardamsaxi 
moqmedebs zambaris drekadi deformaciis warmoqmnis 
safuZvelze, romelsac iwvevs wnevis cvalebadoba zam-
baris SigniT an gareT.  elementis formis Secvla 
gadaecema xelsawyos moZrav nawils, romlis maCvene-
beli isari gadaadgildeba skalaze. wnevis moqmedebis 
Sewyvetis Semdeg mgrZnobiare elementi Rebulobs 
sawyis formas. 

teqnikur manometrebSi da vakuumetrebSi, Cveu-
lebriv, gamoyenebulia  drekadi zambarebi: erTx-
veuliani, mravalxveuliani, brtyeli membranebi da 
silfonebi. 

2.28 naxazze warmodgenilia wnevis zambariani gar-
damsaxebis saxeebi. 

erTxveuliani milovani zambara (2) (nax.2.28a) mo-
xrilia 2700-mde. zambara WrilSi warmoadgens elifss. 
zambaris Tavisufali bolo darCilulia. meore bolo 
zambarisa (I) uZravia. mas uerTdeba gasazomi wneva (P). 
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wneva iwvevs zambaris deformacias  da misi Tavisu-
fali bolos gadaadgilebas, romelTanac dakavSire-
bulia isari (3). gadaadgilebis sidide proporciulia 
zambaraSi ganviTarebuli wnevisa. gadaadgilebis si-
dide, Cveulebriv, aRwevs 5-7 mm. zambara mzaddeba TiT-
bris an foladisagan (didi wnevis gasazomad). 

gardamsaxebi erTxveuliani milovani zambaris 
saxiT gamoiyeneba maCvenebel xelsawyoebSi. 

mravalxveulianmilovani zambara (nax.2.28,b) Seicavs 
6-9 xveuls (2) diametriT 30 mm-mde. zambaris Tavisufal 
bolos (3) gadaadgileba aRwevs 15 mm-mde. gardamsaxebi 
mravalxveuliani milovani zambaris saxiT gamoiyeneba 
TviTCamwer xelsawyoebSi. 

brtyeli RvarWnili membrana (nax.2.28,g) gamoiyeneba 
damoukideblad erTi firfitas saxiT (2) an ori Rvar-
Wnili membranis saxiT, romlebic moTavsebuli arian 
yuTSi (1). membranTan dakavSirebulia isari (3). 

zemoaRniSulSi gamoiyeneba, agreTve, rbili membra-
na, romelic damzadebulia rezinJRenTili qsovilisa-
gan da mierTebulia brtyel dakalibrebul zambaras-
Tan. 

silfoni (nax.2.28,d) warmoadgens cilindrul yuTs, 
RvarWnili kedlebiT, gasazomi wneva miewodeba silfo-
nis SigniT an garedan. 

silfoniani xelsawyoebi ufro mgrZnobiarea, vidre 
brtyel RvarWnil membraniani. silfonebi gaTvalis-
winebulia Warbi wnevisa da gaiSviaTebis gasazomad da 
Casawerad. garda amisa, isini gamoiyenebian, rogorc, 
meoradi xelsawyoebi. 

wnevis zambariani gardamsaxebi avtomatizaciis sqe-
mebSi meqanikur gadaadgilebas gardaqmnian eleqtrul 
signalad induqciuri, omuri an kontaqturi gar-
damsaxebis daxmarebiT. 



 
nax.2.28. wnevis zambariani gardamsaxebi: a) erTxveuliani 

milovani zambara; b) mravalxveulian milovani zambara 
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nax.2.28. wnevis zambariani gardamsaxebi: g) brtyeli Rvar-

Wnili membrana; d) silfoni 
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2.29 naxazze naCvenebia МЭД tipis wnevis gar-
damsaxis sqema. wneva zambaris (I) mier gardaiqmneba ma-
nometruli milakis bolos gadaadgilebad, romelic 
gadaecema transformatoruli gadamcemis yvinTas (2). 

 
nax.2.29. wnevis gardamsaxis principuli sqema 
 

2.30 naxazze mocemulia manometris Cvenebis Sor 
manZilze gadacemis eleqtruli sqema. sqemaze I da 2-iT 
aRniSnulia induqciuri koWebi, wnevis Secvlis Sem-
TxvevaSi mravalxveuliani milovani zambara gadaad-
gilebs skala 4-is maCvenebel isarsa da (I) induqciur 
koWas gulars. es ukanaskneli gamoiwvevs meoradi xel-
sawyos induqciur koWas (2) gularisa da wnevis maCve-
nebeli isris (3) Sesabamis gadaadgilebas. 

xarjis gardamsaxebi gankuTvnilia nivTierebis 
xarjis gasazomad. nivTierebis xarji ewodeba drois 
erTeulSi milsadenSi gamavali nivTierebis raodeno-
bas. nivTierrebis raodenoba warmoadgens nivTierebis 
jamur moculobas an wonas, romelic gaedineba milsa-
denSi drois nebismier SualedSi. nivTierebis raode-
nobisa da xarjis gazomva aucilebelia calkeuli op-
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eraciebis teqnologiuri reJimis dasacavad, nedle-
ulis, naxevarfabrikatebisa da damxmare masalebis 
garkveuli dozirebis saSualebiT. ase magaliTad, be-
tonis mosamzadeblad saWiroa garkveuli raodenobis, 
cementis, betonis Semvsebebisa da wylis erTmaneTTan 
Sereva. 
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gazis (airis), haerisa da wylis gazomva warmoebs 
moculobiT erTeulebSi – m3/saaT, m3/wuT, l/wuT, l/wm, 
orTqlis xarji ganisazRvreba woniT erTeulebSi – 
kgZ/saaT, tZala/saaT. arsebobs xarjis meqanikuri, Ter-
muli, induqciuri, akustikuri da ionizaciuri gar-
damsaxebi. 

xarjis meqanikuri gardamsaxebi iyofa cvladi da 
mudmivi vardnis gardamsaxebad; agreTve, gardamsaxad 
CamosaSvebi naxvretiT. 

cvladi vardnis gardamsaxi moqmedebs milsadenis 
kveTis Semaviwroebel mowyobilobaSi wnevis vardnis 
warmoqmnis principze. wnevis vardna aq warmoadgens 
nivTierebis xarjis funqcias, Semaviwroebeli mowyo-
biloba ki – gardamsaxis amTvisebel organos. 

xarjis gardamsaxebSi mudmivi vardniT, Semavi-
wroebeli organoebi gamoyenebulia kveTis regulire-
bisaTvis, wnevis mudmivi vardnis sididis SenarCunebis 
mizniT. 

2.31 naxazze naCvenebia rotametris sqema induqci-
uri gardamsaxiT. rotametri (mudmivi vardnis xarjis 
gardamsaxi) Sedgeba konusuri milakisagan (1) da tivti-
vasagan (2). misi mierTeba xdeba milsadenis vertikalur 
ubnebSi. tivtivas mdebareoba konusur milakSi gansaz-
Rvravs xarjis sidides. induqciuri gardamsaxis grag-
nili ganlagebulia milakze zevidan. rkinis tivtiva 
warmoadgens induqciuri gardamsaxis koWas (3) gulars. 
amrigad, xarji gardaiqmneba eleqtrul signalad. 

akustikuri anu simiani gardamsaxis muSaobis prin-
cipi emyareba simis rxevis sixSiris damokidebulebas 
misi daWimulobis Zalaze, e.i.  

ρ
б

L
f

2
1

= ,         (2.33) 

sadac  
f aris simis rxevis sixSire; 
L – simis sigrZe; 
б – simis masalis Zabva, gamowveuli simis daWimvisagan; 
ρ  – simis masalis simkvrive. 
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nax.2.31. rotametris sqema 
 

akustikur gardamsaxSi (vibrotroni) gasazomi de-
formacia iwvevs simis daWimulobis cvlilebas, rac 
iwvevs simis rxevis sakuTari sixSiris Secvlas. amri-
gad, pirveladi gardaqmnis dros gasazomi sidide gar-
daiqmneba simis sakuTari sixSiris cvlilebad, xolo 
meoradi gardaqmnis dros simis sakuTari sixSiris 
Secvla gardaiqmneba cvladi sixSiris eleqtrul sig-
nalad. 

vibrotronis gamartivebuli sqema mocemulia 2.32 
naxazze. vibrotroni Sedgeba fuZisagan (4) da sa-
yrdenisagan (6), zedapirebiT (5), romlebic ganicdis 
datvirTvis moqmedebas. sayrdenis boloebs Soris da-
Wimulia wvrili simi (2), eleqtruli gamomyvanebiT (1). 
simi daWimulia mudmivi magnitis (4) polusebs Soris. 
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nax.2.32. vibrotronis sqema 
 

simiani gardamsaxebi Zalze mosaxerxebelia dis-
tanciuri gadacemebis dros, radgan simiani gar-
damsaxis gazomvis sizuste ar aris damokidebuli kve-
bis wyaros Zabvisa da gamomavali signalis amplitudis 
cvalebadobaze. 
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donis gardamsaxebi. Zalze gavrcelebulia tivtiva 
donis gardamsaxebi. gardamsaxi Sedgeba tivtivasagan, 
meqanikuri kavSirisa da reostatisagan (R). 

donis gardamsaxebi SeiZleba aigos siTxis hidro-
staturi wnevis, wonis, gazomvis, agreTve, siTxis 
eleqtruli Tvisebebis (winaRobis, tevadobis, induqci-
urobis cvalebadobis) gamoyenebis safuZvelze. 

2.33 naxazze naCvenebia tivtiva donis gardamsaxis 
sqema. milivoltmetris CvenebiT ganisazRvreba siTxis 
done (H) WurWelSi. 

 
nax.2.33. tivtiva donis gardamsaxis sqema 
 

donmzomebis Sesaxeb dawvrilebiT ixile meTerT-
mete TavSi. 

 
 

 

$10. siCqaris, aCqarebisa da vibraciis gar-
damsaxebi 

 

siCqaris gardamsaxs miekuTvneba siCqaris centri-
danuli gardamsaxi, romelic lilvis brunvis siCqares 
gardaqmnis quros meqanikur gadaadgilebad. siCqaris 
centridanuli gardamsaxis mowyobiloba naCvenebia 2.34 
naxazze. gardamsaxis Semavali lilvaki (1) modebaSi 
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imyofeba Zravis rotorTan, romlis brunvis siCqarec 
izomeba. centridanuli Zalis moqmedebiT tvirTebi (2) 
da maTTan erTad quroc 3 gadaadgildeba lilvakis (I) 
gaswvriv. centridanuli Zalis gawonasworeba xdeba 
zambariT (4). amitom brunvis garkveul siCqares Seesa-
bameba quros garkveuli mdebareoba. quro SeiZleba 
gadaadgildes agreTve momarTvis organos (5) saSuale-
biTac, romelic cvlis zambaris (4) daWimulobas. 

 
nax.2.34. siCqaris centridanuli gardamsaxi 
 

siCqaris induqciur gardamsaxebSi gamoiyeneba  
eleqtromagnituri induqciis movlena. konstruqciu-
lad isini warmoadgenen mcire eleqtromagnitur gen-
eratorebs, amitom maT uwodeben Cveulebriv taqogene-
ratorebs. 

taqogeneratoris daniSnulebaa meqanikuri brunvis 
gardaqmna eleqtrul signalad. taqogeneratorSi brun-
vis siCqare proporciulia mis gragnilSi aRZruli in-
duqciuri e.m.Z-isa. maSasadame, taqogeneratori SeiZleba 
gamoyenebul iqnes brunvis siCqaris gasazomad an av-
tomaturi regulirebisaTvis. 
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cvladi denis umartives taqogenerators war-
moadgens sinqronuli taqogeneratori. sinqronul 
taqogeneratorSi brunvis siCqaresa da Zabvas Soris 
araxazovani damokidebulebaa, ris gamoc avtomatur 
sqemebSi misi gamoyeneba ar xdeba. avtomatikis sqemebSi 
gamoyenebas poulobs asinqronuli taqogeneratori 
Rru rotoriT. am manqanaSi gamomavali Zabvis sixSire 
ar aris damokidebuli rotoris brunvis siCqareze. as-
inqronuli taqogeneratori warmoadgens ukoleqtoro 
eleqtromanqanas, moZravi mudmivi magnitiTa da uZravi 
statoris gragniliT. statoris gragnili Tanabrad 
aris ganawilebuli statoris Sida zedapiris kilo-
ebSi. taqogeneratorebi gvxvdeba statoris erTfaza da 
samfaza gragnilebiT. 

e.m.Z.-is sidide erTfaza asinqronuli taqogenera-
toris momWerebze proporciulia kuTxuri siCqarisa da 
tolia  

tBKE ωω sin⋅⋅⋅= .   (2.34) 
sadac  

K aris mudmivi koeficienti da damokidebulia 
taqogeneratoris konstruqciasa da mis gragnilebze; 

B – magnituri induqcia RreCoSi statorsa da Ru-
zas Soris; 

ω  – Ruzis brunvis kuTxuri siCqare; 
t – dro. 
2.35 naxazze naCvenebia asinqronuli tipis taqogen-

eratoris sqema. taqogeneratoris agznebis gragnili 
ikvebeba cvladi denis wredidan, xolo gamomaval 
gragnilSi warmoqmnili cvladi denis e.m.Z.-is sixSire 
da amplituda proporciulia siCqaris sididisa. brun-
vis mimarTvlebis Secvlis SemTxvevaSi gamomavali Zab-
vis faza icvleba sapirispirod. 
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nax.2.35. asinqronuli taqogeneratoris CarTvis sqema 
 

cvladi denis taqogeneratorebTan erTad gamoi-
yeneba mudmivi denis taqogeneratorebic, romlebic 
warmoadgenen mudmivi denis mcire generatorebs damou-
kidebeli agznebiT an agznebiT mudmivi magnitebis 
saSualebiT. nax.2.36. 

rotori (Ruza) Sesrulebulia Txelkedliani Wiqis 
(2) saxiT saizolacio masalisagan, romelzedac ganla-
gebulia gragnilis (3) seqciebi, romlis dasawyisi da 
boloebi gamoyvanilia koleqtorze musebiT (4). magni-
turi velis gasaZliereblad rotoris SigniT daye-
nebulia uZravi feromagnituri gulari (5). 

 
nax.2.36. siCqaris induqciuri gardamsaxi (taqogeneratori) 
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e.m.Z. moxsnili koleqtoris musebidan, propor-
ciulia rotoris brunvis siCqarisa. 

e.m.Z., ganviTarebuli, taqogeneratoris momWerebze 
ganisazRvreba gamosaxulebiT: 

  ω⋅⋅= BKE .      (2.35) 
wuTSi brunvaTa ricxvsa (n) da kuTxur siCqares 

Soris (ω ) arsebobs damokidebuleba 

3060
2 nn ⋅

=
⋅

=
ππω .           (2.36) 

kuTxuri siCqare warmoadgens kuTxuri gadaadgi-
lebis (α ) pirvel warmoebuls 

dt
dα

ω = .      (2.37) 

maSasadame,  

dt
dBKnBKE απ
⋅⋅=

⋅
=⋅=

30
.   (2.38) 

ukanasknel wlebSi Seiqmna ukoleqtoro mudmivi 
denis taqogeneratorebi naxevargamtarian triodebze. 

2.37 naxazze naCvenebia taqogeneratorebTan mare-
gistrirebeli xelsawyoebis CarTvis sqema. 

 
nax.2.37. mudmivi (a) da cvladi (b) denis taqogenera-

torebis CarTvis sqemebi 
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aCqarebis gardamsaxi (aqselerometri) warmoadgens 
yuTs (B), romelic mtkiced aris SeerTebuli moZrav 
detalTan (A). yuTSi moTavsebuli sxeulis masis (M) 
inerciis Zala moqmedebs Zalis gardamsaxze (F), rode-

sac moZravi detali (A) ganicdis aCqarebas, e.i. 
2

2

dt
xd . 

(nax.2.38). Cveulebriv, aCqarebis gansazRvris mizniT 
xdeba sami aqselerometris dayeneba. ori sazRvravs aC-
qarebas horizontalur sibrtyeSi, erTi – verti-
kalurSi. aniSnuli saxis mowyobilobebi gamoyenebulia 
marTul raketebSi, TviTmfrinavebSi, agreTve, manqanis 
nawilebis vibraciuli aCqarebis gansasazRvravad. 

 
nax.2.38. aqselerometris gamartivebuli sqema 
 

aCqarebis gardamsaxs warmoadgens, agreTve, mudmivi 
denis taqogeneratori, romlis Ruzis wredSi mimdev-
robiT aris CarTuli transformatoris pirveladi xvia 
an kondensatori. transformatoris CarTvisas siCqaris 
cvlilebis dros, pirvelad transformatoris xviaSi 
Seicvleba denis Zala, ris Sedegadac transforma-
toris pirvelad xviaSi Seicvleba denis Zala, ris 
Sedegadac transformatoris meorad xviaSi warmoqmneba 
aCqarebis proporciuli Zabva. kondensatoris CarTvis  
SemTxvevaSi Ruzis wredSi deni aRiZvreba mxolod siC-
qaris cvalebadobis dros, romlis sididec aCqarebis 
proporciuli iqneba. 

manqanebis muSaobis arastacionaruli procesebis 
gamokvlevebis dros gamoiyeneba vibraciis, siCqarisa da 
amplitudis gardamsaxebi. gardamsaxis moqmedeba efuZ-
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neba korpusze zambarebiT Camokidebuli inerciuli ma-
sis Tvisebas, darCes uZravi vibraciebis dros sixSiri-
sas, romelic aRemateba masis sakuTari  rxevis six-
Sires. gardamsaxis konstruqciuli sqema naCvenebia 
naxazze 2.39. aq inerciul masas warmoadgens magnituri 
sistema (1).  gamzomi gragnili (2) xistad aris Sekruli  
gardamsaxis korpusTan. korpusis vibraciis dros 
gamzom gragnilSi aRiZvreba e.m.Z. romelic propor-
ciulia merxevi obieqtis vibraciis siCqaris sididisa. 
gamosasvleli Zabvis misaRebad, romelic propor-
ciulia gadaadgilebisa, gamzom sqemaSi gaTvalis-
winebulia maintegrirebeli rgoli (avtomaturi regu-
lirebis sistemis rgolebis Sesaxeb dawvrilebiT 
ixile me-9 TavSi). gardamsaxi Sedgeba ori erTi tipis 
elementisagan, romelic aRiqvams rxevebs or urTierT 
perpendikularul mimarTulebaSi. inerciuli masis sa-
kuTari rxevebis demfirebi sruldeba sahaero demp-
feriT.  

 
nax.2.39. vibraciis siCqarisa da amplitudis gardamsaxi 
 
 

$11. radiaqtiuri gardamsaxebi 
 

atomuri energiis mSvidobiani miznebisaTvis gamo-
yenebis samuSaoebTan erTad avtomatur mowyobilobebSi 
daiwyo gamoyeneba nivTierebisa, romelTac gaaCniaT 
radiaqtiuri gamosxivebis Tviseba. aseT nivTierebebs 
miekuTvneba mendeleevis cxrilis sxvadasxva elemente-
bis (magaliTad, kobaltis, ceriumis da sxv.) radiaqti-
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uri izotopebi. radiaqtiuri izotopi warmoadgens niv-
Tierebas, romelic iqmneba xelovnurad, normaluri 
atomebis dabombviT neitronebis kolosaluri nakadiT, 
romlebic miiRebian birTvul reaqtorebSi. rogorc 
cnobilia, radiaqtiuri izotopebis Taviseburebas war-
moadgens maTi daSla, romlis drosac adgili aqvs 
alfa  (Zalian mZime dadebiTad damuxtuli nawilakebi), 
beta (Zalian msubuqi uaryofiTad damuxtuli nawi-
lakebi) da gama sxivebis gamosxivebas. alfa da beta  
sxivebi STainTqmeba magari nivTierebebis mier. ase, ma-
galiTad, alfa sxivebi magar nivTierebaSi gaivlian 
ramdenime aTeul mikrons (haerSi ramdenime milimetrs), 
xolo beta sxivebi – ramdenime milimetrs. gama sxivebs 
gaaCniaT gacilebiT didi SeRwevadoba, ris gamoc isini 
metad gamoiyenebian radiaqtiur gardamsaxebSi, vidre 
alfa da beta sxivebi. radiaqtiuri ukontaqto gar-
damsaxi Sedgeba radiaqtiuri gamosxivebis wyarosa 
(radiaqtiuri izotopi) da mimRebisagan (indikatori). 
indikatorebad gamoyenebulia ionizaciuri kamerebi da 
ionizaciuri mricxvelebi (geiger-miuleris mricx-
velebi), romlebSic gamoyenebulia airis ionizaciis 
movlena, e.i. neitraluri molekulebis gaxleCa 
eleqtronad da dadebiT ionad. 

gaiger-miuleris mricxveli (nax.2.40) warmoadgens 
liTonis cilindrs, romelSic misgan izolirebulad 
daWimulia gamtari Zafi. cilindris kedelTan miyva-
nilia uaryofiTi potenciali, xolo ZafTan – dadeb-
iTi potenciali batareidan. mricxveli avsebulia ai-
riT, argoniT (Ar) an neoniT (Ne) dabali wnevis dros. 
Tu Semavseblad aRebulia halogeni (qlori, bromis 
orTqli), maSin aseT mricxvelebs uwodeben halo-
genurs. mricxvelebze spilenZis da volframis kaTo-
debiT miewodeba Zabva 500-1000v; halogenurze – 300-400v. 
radiaqtiuri sxivebis moqmedebis Sedegad mricxvelSi 
(kameraSi) adgili aqvs ionebis Seqmnas (airis ioni-
zacia) da denis (eleqtruli denis impulsis) warmoSo-
bas, romelic damokidebulia mimRebSi SeRweuli ga-
mosxivebis simZlavreze. 



 
nax.2.40. airganmumxtveli mricxveli (geiger-miuleris 

mricxveli): a) liTonis kaTodiT(CTC-6); b) minisa spilenZis 
kaTodiT (CMC-4); 1 – anodis cokoli; 2 – kaTodis Zafi; 3 – 
kaTodi; 4 – kaTodis cokoli 

 

gama-gamosxiveba misi energiisagan damokidebulebiT 
iyofa sam jgufad: xisti – romlis energiac aRemateba 
1MЭВ (megaeleqtronvolti – energiis erTeuli, romelsac 
iZens eleqtroni eleqtrul velSi potencialTa sxvaobiT 
1 milioni volti gadaadgilebis dros; saSualo – ener-
giiT 0,3-0,7 MЭВ; rbili – energiiT 0,3 MЭВ-ze naklebi). 

xisti gama-gamosxivebis wyarod gamoiyeneba ko-
balti – 60 (Сo60), energiiT 1,25 MЭВ naxevardaSlis 
droiT 5,27 weli (naxevardaSlis dro ewodeba drois 
Sualeds, romlis ganmavlobaSic iSleba atomebis Tav-
dapirvelad mqone raodenobis naxevari); saSualo gama-
gamosxivebis wyaros warmoadgens ceziumi – 137 (Cs137) 
energiiT 0,36 MЭВ da naxevardaSlis droiT 30 weli; 
rbili gama-gamosxivebis wyaros – evropiumi _ 155 (Eu155) 
energiiT 0,087 MЭВ da naxevardaSlis droiT 1,7 weli 
da Tuliumi – 170 (Tm170) energiiT 0,084 MЭВ da naxevar-
daSlis droiT 129 dRe da sxv. 

rac ufro didia naxevardaSlis periodi, miT ufro 
mosaxerxebelia gamosxivebis wyaro eqspluataciaSi da 
miT ufro zustia gazomvis Sedegebi. 

gama-gamosxivebis wyaroebi Tavsdeba liTonis am-
pulebSi diametriT 4,5-dan 26 mm-mde da simaRliT 5-dan 
27 mm-mde (Сo60) an diametriT 7-dan 40 mm-mde da simaR-
liT 14-dan 55 mm-mde (Cs137). 
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droTa ganmavlobaSi gamosxivebis SemcirebasTan 
dakavSirebiT atomebis nawilis daSlis gamo, aucile-
belia Sesworebis Setana wyaros aqtiurobis cvlile-
baze drois Sualedis Semdeg, romelic naxevardaSlis 
periodis 1/10-is tolia. ase, magaliTad, Сo60-Tvis 
naxevardaSlis periodiT 5,27 weli, Sesworeba unda 
iqnes Setanili yoveli 0,5 wlis Semdeg. 

amitom, radiaqtiuri  izotopebis gamoyenebis dros 
radiaqtiuri gamosxivebis wyaroebad aucilebelia ise-
Tebis SerCeva, romelTa naxevardaSlis periodi 1,5-2-jer 
aRemateba xelsawyos gamoyenebis vadas. 

radiaqtiuri gardamsaxis Rirsebas Seadgens: simar-
tive, avtomatikis sistemebSi gamoyenebis moxerxebu-
loba, sizustis maRali xarisxi, sakontrolo garemo-
sTan ara uSualo kontaqti, uwyveti kontrolis 
ganxorcieleba sakontrolo nakeTobis mTlianobis 
daurRvevlad da mcire inerciuloba. 

radiaqtiur gardamsaxebSi, radiaqtiuri gamosxive-
bis gamoyeneba warmoebs sxvadasxva principiT. av-
tomatur mowyobilobaTa erT jgufs safuZvlad udevs 
gabneuli gamosxivebis movlenis gamoyeneba (nax.2.41). 

am SemTxvevaSi radiaqtiuri gamosxivebis nakadi mi-
marTulia sakontrolo obieqtze, xolo gamosxivebis 
indikatori iWers gamosxivebis gabneul nakads. gab-
neuli gamosxivebis intensivoba gansazRvravs obieqtis 
Tvisebebs. am principiT xorcieldeba, magaliTad, fur-
clovani liTonis sisqis calmxrivi kontroli. fur-
clis sisqis zrda iwvevs gabneuli gamosxivebis inten-
sivobis matebas. 

gardamsaxebis meore jgufi damyarebulia ra-
diaqtiuri gamosxivebis SeRwevadobaze da nivTierebis 
mier misi STanTqmis xarisxze. aseTi mowyobilobis 
sqema naCvenebia 2.42 naxazze. aRniSnuli sqemiT xor-
cieldeba nakeTobis sisqis kontroli. nakeTobis (2) 
sisqis mixedviT icvleba gamosxivebis nakadis (1) inten-
sivoba, romelsac iWers gamosxvivebis indikatori (3). 
Sesabamisad icvleba gamaZliereblidan (4) gamomavali 
denis Zala (I), mimarTuli gasazomi xelsawyos an re-
lesaken. 
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gardamsaxebis mesame jgufs safuZvlad udevs ra-
diaqtiuri gamosxivebis ionizaciis unaris  gamoyeneba 
(nax.2.43). WurWeli airiT (2) ganicdis gamosxivebis mo-
qmedebas (gamosxivebis wyaro (1). icvleba ionebis 
raodenoba da warmoiSoba deni. denis kontroli war-
moebs xelsawyoTi an releTi, romelic CarTulia 



maZliereblis (3) gavliT. am principze moqmedeben airis 
wnevis sazomi xelsawyoebi. airis wnevis matebasTan 
erTad izrdeba ionizaciuri deni. analogiurad muSa-
oben airis Semadgenlobis analizatorebi. 
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ntensivobebs Soris, sakontrolo 
masalaSi gavlis win da gavlis Semde m ixat
sponenciuri kanoniT. 

,     (2.39) 

sad intensivobebia, Sesabamisad 
masala

asalis Sris sisqe; 

rivi koefi-
cient

radiaqtiuri gardamsaxebis muSaobis principi em-
yareba nivTierebasTan urTierTmoqmedebis Sedegad ra-
diaqtiuri gamosxivebis nakadis Semcirebis gazomvas. 
kavSiri gamosxivebis i

g, ga o eba eq-

xρx
x eIeII ⋅⋅−− ⋅=⋅=

'

00
μμ

ac I0 da Ix gamosxivebis 
Si gavlamde da gavlis Semdeg; 

x – m
'μ - gama-gamosxivebis Sesustebis masob
i; 

μ  – Sesustebis xazovani koeficienti; 
ρ  – masalis simkvrive. 
samSeneblo masalebisaTvis gama-gamosxivebis Se-

sustebis masobrivi koeficientisaTvis gvaqvs gamosaxu-
leba: 

constбN
≈=

2
'μ ,             (2.40) 

sadac б aris komptonovis ganbnevis mTliani efeqturi 
kveT vleba klein-niSin-
tami

10  – avogadros ricxvi. 
Tu viciT Ix  da I0, SegviZlia ganvsazRvroT masalis 

simkvrive. 

i eleqtronze, romelic gamoiT
s formulebiT; 
N=6,028. 23

x
IIρ x

⋅
−

= '
0 lnln
μ

.       (2.41) 

im SemTxvevaSi, rodesac gamosakvlevi masala Se-
dgeba ori fazisagan (myari da wyali), gama-gamosxivebis 
nakadis Sesustebis eqsponenciuri ni
saxes 

sadac 

 kano  Rebulobs 

xρρ
x

BBTTeII )(
0

'' ⋅+⋅−= μμ ,             (2.42) 

Tρ  d Ba ρ  – 1 sm3 narevSi myari da Txevadi 
fazis wonaa, gamosaxuli gramebSi; 

' '
Tμ  da Bμ  Sesustebis masobrivi koeficientebia 

Sesabamisad myari da Txevadi fazisaTvis. 
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$12. ultrabgeriTi gardamsaxebi 
 

ultrabgeriTi gardamsaxebis saSualebiT xor-
cieldeba gasazom garemoSi drekadi rxevebis milevis 
an gavlis drois gansazRvra. isini farTod gamoiyeneba 
samSeneblo warmoebaSi samSeneblo masalebisa da kon-
struqciebis gamosacdelad aramrRvevi meTodebiT. ma-
salebSi drekadi rxevebis gavrcelebis kanonebiT 
sargeblobisaTvis, masalebis daurRvevlad maTi fizi-
kur-meqanikuri Tvisebebis gamosakvlevad saWiroa 
maRali sixSiris vibraciiT sargebloba. aseT sixSires 
warmoadgens ultrabgeriTi sixSire. samSeneblo ma-
salebSi ultrabgeriTi impulsis gavrcelebis siC-
qarisa da rxevis milevis koeficientis gazomvis saSu-
alebiT, SeiZleba informaciis miReba gamosakvlevi ga-
remos plastikurobis, drekadobis, deformaciis Ses-
axeb. 

vibraciuli meTodebi iZleva saSualebas, masalis 
daurRvevlad gamovikvlioT misi Tvisebebis droSi 
cvalebadoba, davadginoT garkveuli sizustiT masalis 
simtkice. 

samSeneblo warmoebaSi betonis fizikur-meqanikuri 
Tvise ebisb  gansasazRvravad sargebloben Semdegi me-
TodebiT: 

1. rezonansuli meTodi. am meTodis gamoyenebisas 
betonis Tvisebebis Sefaseba warmoebs rezonansis 
zonaSi amplitudis pikis siganisa da sakuTar rxevaTa 
ricxvis mixedviT; 

2. impulsuri meTodi. es meTodi yvelaze metad 
aris gavrcelebuli sagzao-samSeneblo masalebis sim-
tkicis kontrolisa, agreTve, betonis xarisxis kon-
trolisaTvis (simtkicis, erTgvarovnebis xarisxis) 
rkinabetonis nakeTobebSi, konstruqciebsa da nagebo-
bebSi saqarxno da savele pirobebSi haeris tempera-
turis dros –5-dan +350C-mde. fizikur-meqanikuri Tvise-
bebis gansazRvra warmoebs grZivi talRis gavrcelebis 
siCqarisa da misi milevis intensivobis mixedviT; 

3. dartymiTi meTodi. am meTodis gamoyenebis Sem-
TxvevaSi betonis Tvisebebi Seiswavleba drekadi tal-
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is daZ-
vel

materialur garemoSi. 
bger

an gamocemuli bgera. bgeris Zalis erTeulia 
vati

s erTi perio-
dis

maRa

Ris gavrcelebis siCqaris mixedviT, romelic aRiZvreba 
gamosacdel nimuSSi, meqanikuri dartymis momentSi. 
ultrabgeriT impulsur meTodTan SedarebiT, rigi upi-
ratesobebis gamo, dartymiTi meTodi saSualebas iZ-
leva gansazRvruli iqnes sagzao da aerodromebis as-
faltbetonis simkvrivis zrdis kinetika gzis safaris 
dagebis procesSi, Sefasdes rigi klimaturi faqtore-
bis zemoqmedebis kinetika asfalt-betonis safar

ebis procesze eqsploataciis dros da sxv. 
ultrabgeriTi rxevebi da maTi ZiriTadi Tvisebebi. 

bgeriTi talRebi warmoadgenen drekad talRebs, rom-
lebic vrceldeba sxvadasxva 

iT talRas gaaCnia energia. 
energiis raodenobas, romelic 1 wm-Si gadis 

bgeriTi rxevebis gavrcelebis mimarTulebis perpendi-
kularulad moTavsebul 1 sm2 farTobSi, bgeris Zala 
ewodeba. bgeris Zala damokidebulia mbgeri sxeulis 
rxevis amplitudaze. wonasworobis mdebareobidan udi-
des gadaxras ewodeba rxevis amplituda. rac ufro me-
tia mbgeri sxeulis rxevis amplituda, miT ufro Zli-
eria misg

/sm2. 
bgera xasiaTdeba erTi wamis ganmavlobaSi rxevebis 

SesqelebaTa da SeTxelebaTa sixSiriT. Sesqelebis da 
SeTxelebis erToblioba qmnis erT mTlian rxevas. six-
Siris erTeulad miRebulia erTi rxeva erT wamSi. am 
erTeuls ewodeba herci. sixSires 103 hc ewodeba kilo-
herci (khc), 106 hc-megaherci (mhc). rxeviTi moZraobis 
gavrcelebis process garemoSi talRa ewodeba. man-
Zils, romelsac bgeriTi talRa gaivli

 ganmavlobaSi, talRis sigrZe hqvia. 
sxvadasxva sixSiris  rxevebi adamianis yuris mier 

SeigrZnoba, rogorc sxvadasxva simaRlis bgerebi. da-
bal bgerebs Seesabameba 100-300 hc sixSireebi, maRal 
bgerebs – 3000-6000 hc. 30 hc-ze dabadl da 15000 hc 

l bgerebs adamianis yuri saerTod ver SeigrZnobs. 
bgerebi, romelTa sixSire aRemateba 15 khc (kilo-

herci) da aRwevs ramdenime megahercamde, ewodebaT ul-
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-
mokv

Tan . 

trabgerebi. 17 hc naklebi sixSiris bgerebs – infrab-
gerebi. ultrabgeriTi impulsuri meTodiT betonis ga

leva warmoebs 50-200 khc sixSireebis diapazonSi. 
bgeriTi talRebis gavrcelebis siCqare damokide-

bulia garemos Tvisebebze. garemos simkvrivis zrdas-
 erTad talRebis gavrcelebis siCqare klebulobs

bgeriTi talRebis sixSire (f), talRis  sigrZe (λ ) 
da bgeris gavrcelebis siCqare dakavSirebulia erT-
maneTTan 

fC ⋅= λ .       (2.43) 

formulidan Cans, rom mocemuli siCqaris Sem-
TxvevaSi rxevis zrdasTan erTad talRis sigrZe mcir-
deba. magaliTad, 50 khc sixSiris dros ultrabgeriTi 

talRis sigrZe haerSi, t=200

lRis sigrZe betonSi 

mcir

C temperaturis dros, 

Seadgens 6,9 mm; zRvis wyalSi (rodesac t=170C) _ 3 sm, 
xolo betonSi misi simtkicis mixedviT 5-10 sm. six-
Siris gazrdisas f=100 khc-mde ta

deba da Seadgens λ =2,5-5 sm. 
ultrabgeriTi talRebi vrceldeba yvela drekad 

sxeulSi – TxevadSi, myarsa da gazisebrSi, magram ar 
SeiZ

mixedviT, 
arCe

ba 
Sesq

a marTobulia nawilakebis rxevis mimar-
Tul

celdeba mis SigniT, ewodebaT 
zed

 da gazisebr gare-
moS

leba gavrceldes uhaero sivrceSi. 
nawilakebis rxevis mimarTulebis, talRis gavr-

celebis mimarTulebasTan damokidebulebis 
ven grZiv, ganiv da zedapirul talRebs. 
grZivi ewodeba talRas, romlis gavrcelebis mi-

marTuleba emTxveva nawilakebis rxevis mimarTulebas. 
grZivi talRebis gavrcelebisas garemoSi warmoiSo

elebisa da SeTxelebis TanmimdevrobiTi areebi. 
ganivi ewodeba iseT talRas, romlis gavrcelebis 

mimarTuleb
ebisa. 
talRebs, romlebic arsebobs mxolod sxeulis 

zedapiroze da ar vr
apiruli talRebi. 
myar sxeulebSi SeiZleba gavrceldes, rogorc 

grZivi, aseve ganivi talRebi, Txevad
i ki – mxolod grZivi talRebi. 



 104 

2.44 naxazze naCvenebia talRis sxvadasxva saxis 
SemTxvevaSi nawilakebis rxevis mimarTuleba. 

 
nax.2.44. sxvadasxva saxis talRis SemTxvevaSi garemos 

nawilakebis rxevis mimarTuleba: 1 – ganivi talRis Sem-
Txve

remoSi gavrcelebis maqsimaluri siCqare axa-
siaTebs grZiv talRebs, minimaluri – zedapirul tal-
Reb

edap. 

grZiv, ganiv da zedapirul talRebs Soris arse-
bobs Semdegi damokidebule

vaSi; 2 – grZivi talRis SemTxvevaSi; 3 – zedapiruli 
talRis SemTxvevaSi; 4 – rxevis wyaro; 5 – drekadi garemo 

 

ga

s 
CgrZ> Cganiv> Cz

 

bani: 

63.0≈
grZ

ganiv

C
,     

C
9.0≈

gan

zedap

C
. 

ultrabgeriTi talRebis gavrcelebis garemo 
xasiaTdeba 

C

winaaRmdegobiT, romelsac akustikuri wi-
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naaR
. 

akustikuri winaaRmdegoba gan

mdegoba ewodeba. igi damokidebulia garemos 
Tvisebebze

isazRvreba damokide-
bulebiT 

CρR ⋅=ak ,      (2.44) 

ρsadac  aris garemos simkvrive. 

grZivi bgeriTi talRis gavrcelebis siCqare tolia 

ρ
EC = ,        (2.45). 

izmuli 
Reros forma, romlis (l) sigrZesa da ganivkveTis maqsi-
malur zomas (d) Soris arsebobs Tanafardoba 

sadac E aris drekadobis moduli (iungis moduli). 
(2.45) gamosaxulebidan Cans, rom ramdenadac xisti 

da msubuqia masala, miT metia masSi bgeris gavr-
celebis siCqare. (2.45) formula samarTliania sxeu-
lebisaTvis, romelTac aqvT cilindruli da pr

5>l
da d3>

d
λ . 

ganivi bgeriTi talRis gavr s siC re  celebi qa

ρ
sadac G aris Zvris moduli. 

G
,       (2.46) 

akustikuri winaaRmdegobis sidide myari sxeuli-
saTvis (2.45)-is gaTvaliswinebiT 

C =

C
EρE

ρ
CρR ===⋅= ρak .      (2.47) 

E

ultrabgeriTi grZivi talRebis gavrcelebisas 

filaSi, rodesac λ2<d , ultrabgeri  siCq e s ar

)1( μ−ρ
sadac 

2=
EC ,      (2.48) 

μ  aris pu  dinamikuri koeficienti. 

ultrabgeriTi talRebis gavrcelebisas garemoSi, 

romlisiT

asonis

visac λ>>d  talRis gavrcelebis mimar-
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Tulebis perpendikularul sibrtyeSi, ultrabgeris 
siCqare  

)21)(1( μμ −+
=

ρ
C .     (2.49) 

drekadobis moduli warmoadgens koeficients, ro-
melic axasiaTebs masalis winaaRmdegobas drekadi de-
formacii

)1( μ−E

sadmi misi gaWimvis an kumSvis dros. drekado-
bis moduli Sedis, rogorc koeficienti, hukis for-
mulaSi. 

EF
Pll =Δ ,      (2.50) 

sad nazrdi; 

koeficienti) warmoadgens fardobiTi ganivi de-
formaciis Sefardebas fardobiT grZiv deformaci-
asTan: 

ac lΔ  aris Reros sigrZis 
l – Reros sigrZe; 
F – ganivkveTis farTobi; 
P – moqmedi Zala. 
rac metia drekadobis moduli, sxva Tanaswor pi-

robebSi, miT ufro naklebad ikumSeba an iWimeba Rero 
Zalis moqmedebiT. puasonis koeficienti (ganivi defor-
maciis 

ε
εμ = ,       (2.51) 1

sadac 
l
lΔ

=ε  da 
b
bΔ

=1ε      (2.52) 

rdi. 
2.1 cxrilSi moyvanilia ultrabgeris gavrcelebis

siCqare sxvadasxva garemoSi 

 

bΔ aris Reros siganis naz
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cxrili 2.1 
trabgeris ga is siCqare sxvad remoSi 

 
 

aRmoCena xdeba aR-
niSn

 talRebi airekleba. Tu 
ori

ntrolis mowyo-

                           

ul vrceleb asxva ga

ultrabgeriTi talRis sigrZe mcire sididisaa. 
talRa vrceldeba sworxazovnad da ara aqvs unari 
Cveulebrivi zomebis mqone winaaRmdegobaTa Semovlisa. 
garemoSi aseTi winaaRmdegobebis 

uli winaaRmdegobebis mier ultrabgeriTi talRis 
areklviT an Crdilis warmoqmniT. 

rogorc bgeriTi talRebi, ultrabgeriTi talRe-
bic ganicdian arekvlasac da gardatexasac. Tu talRa 
moxvda garemoTa gamyof zedapirze, maSin energiis 
nawili gadadis meore garemoSi da iq gavrceldeba, 
xolo danarCeni ukanve airekleba. energiis ganawileba 
areklil da gardatexil talRebs Soris damokidebu-
lia garemoTa akustikur winaaRmdegobebze. rac ufro 
didia gansxvaveba ori garemos gardatexis maCvene-
belTa Soris, miT meti bgeriTi

ve garemos gardatexis maCvenebeli erTnairia, maSin 
talRa saerTod ar airekleba. 

ultrabgeriTi gardamsaxebi. mowyobilobas, rom-
lis saSualebiTac energiis romelime saxe (Cveulebriv, 
eleqtruli energia)* gardaiqmneba ultrabgeriT tal-
Rebad, ewodeba ultrabgeriTi gardamsaxi. ultrab-
geriT gardamsaxebs miekuTvneba: piezoeleqtruli, mag-
nitostriqciuli da eleqtromagnituri gardamsaxebi. 
betonis simtkicis ultrabgeriTi ko

 

C  garemo , m/wm
mtknari wyali (t=170C) . . . . . . . . 
zRvis wyali (t=170C) . . . . . . . . . . . . . . .  
haeri (t=00C) . . . . . . . . . . . . . . . . . . . . . . . .  
rkina . . . . . . . . . . . . . . . . . . . . . .  
foladi . . . . . . . . . . . . . . . . . . . .  5050 

betoni (simtkicis mixedviT) . . . . .  
 

2000-4500 
 

1430 
1510 
331 
5170 

* ultrabgera SeiZleba miRebuli iqnes meqanikuri xelsawyoebiTac. 
ultrabgeris meqanikuri mamsxivebelis umartives tips miekuTvneba 
sastveni da sirena. 
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bil

talze 
Zabvis modebis SemTxvevaSi kristalSi warmoiSveba Zab-
vis proporciuli deformacia (uk e i). 

iis sidide  

obebSi, Cveulebriv, gamoiyeneba piezoeleqtruli 
da magnitostriiqciuli gardamsaxebi. 

piezoeleqtruli gardamsaxi mzaddeba kvarcisagan, 
segnetis marilisagan (bunebrivi masalebi), bariumis 
titanatisagan, kalciumis titanatisagan an turma-
linisagan (xelovnuri masalebi). piezoeleqtruli 
gardamsaxis moqmedebis principi damyarebulia pir-
dapir da uku piezoeleqtrul efeqtze. cnobilia, rom 
zogierTi kristali gaWimvis an kumSvis SemTxvevaSi 
Tavisive zedapirze warmoqmnis modebuli Zalvis pro-
porciul muxtebs (pirdapiri piezoefeqti); kris

upiezoef qt
piezoeleqtruli elementis deformac

Ux ⋅=Δ α ,      (2.53) 
sadac α  aris piezoeleqtruli moduli; 

U – modebuli Zabvis sidide. 
im SemTxvevaSi, rodesac masalaze (piezoefeqtis 

TvisebiT) moqmedebs cvladi eleqtruli veli, kris-
talSi aRZruli deformaciac cvladi iqneba. cvladi 
deformacia warmoSobs kristalis periodul rxevas. 
Tu eleqtruli velis sixSire ultrabgeriTi talRe-
bis diapazonSia, maSin kristalSi aRZruli rxevebic 
ultrabgeriTi sixSirisa iqneba. piezoeleqtruli efeq-
tis sidide da xasiaTi damokidebulia meqanikuri dat-
virTvis an kristalze eleqtruli velis modebis mi-
marTulebaze*. maqsimalur efeqts adgili aqvs rezo-
nansis momentSi, e.i. rodesac eleqtruli velis cvale-
badobis sixSire emTxveva piezoelementis drekadi 
rxe

uTar sixSires, finis sisqesa 
da masSi bgeris gavrcelebis siCqares Soris arsebobs 
Semdegi damokidebuleba 

                           

vebis sakuTar sixSires. piezoeleqtruli krista-
lebis rxevis sixSirem SeiZleba miaRwios –108 hc-mde. 

kristalis finis sak

 
* kristalebis piezoefeqti damokidebulia agreTve temperaturaze. 
kvarcis kristalebisaTvis piezoefeqti ecema temperaturis awevisas 
2000C-ze zeviT, xolo segnetis marilis kristalebisaTvis –500C-ze 
zeviT. 



λ20
Cf = , )2( l=λ ,     (2.54) 

sadac f0 aris firfitis rxevis sakuTari sixSire, khc. 
praqtikaSi gavrcelebulia naxevartalRuri mamsxi-

vebeli, romelic warmoadgens bariumis titanatisagan 
damzadebul firfitas, talRis naxevari sigrZis toli 
sisqiT. firfita irxeva ZiriTad sixSireze. 

naxevartalRuri mamsxivebelis zusti 
angariSisaTvis sargebloben formuliT 

d
Kf = ,       (2.55) 

sadac f aris firfitis rxevis sixSire, khc; 
d – firfitis sisqe, mm. 
K – mamsxivebeli mudmiva, khc mm (kvarcisaTvis 

K=2280; segnetis marilisaTvis K=1540; bariumis ti-
tanatisaTvis K=2200). 

2.45 naxazze gamosaxulia piezoeleqtruli gar-
damsaxis Wrili. gardamsaxis 40 mm diametris liTonis 
korpusi (I) warmoadgens Wiqas (3) dasaxraxni saxuraviT 
(5). saxuravze epoqsiduri weboTi dawebebulia paketi 
(2) segnetis marilis an bariumis titanatisagan dam-
zadebuli finebiT. Wiqis Sida kedeli izolirebulia 
samxoloebeli SuasadebiT (4). korpusis dasaxraxn sa-
xuravze magrdeba maRali sixSiris gasarTi (6). WiqaSi 
isxmeba salafis zeTi. 

mZlavri ultrabgeriTi impulsebis misaRebad ga-
moiyeneba magnitostriqciuli gardamsaxebi. gardamsaxis 
muSaobas safuZvlad udevs magnitostriqciuli efeqti, 
romelic mdgomareobs SemdegSi: Tu feromagnituri ma-
salisagan damzadebul fins movaTavsebT magnitur 
velSi, magnituri velis gavleniT finis zomebi Seicv-
leba. piriqiT, feromagnituri finis zomebis Secvla 
garegani Zalebis moqmedebiT iwvevs finis magnituri 
Tvisebebis Secvlas. 

kargad gamoxatuli magnitostriqciuli Tvisebebi 
gaaCniaT sufTa nikels, rkinisa da kobaltis Senadnobs. 
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nax.2.45. ultrabgeriTi 
piezoeleqtruli garda-
msaxis konstruqcia 

magnitostriqciuli gardamsaxebi muSaoben maRali 
temperaturebis pirobebSi (kiuris wertilamde), ris 
gamoc maTi gamoyeneba xelsayrelia rkinabetonis nake-
TobaTa Tbo-tenianobiTi damuSavebis kontrolisa da 
marTvis avtomatur mowyobilobebSi. 

cnobilia, rom magnitostriqciuli masalebis mag-
nituri Tvisebebi temperaturis zrdasTan erTad sust-
deba. kiuris wertilSi magnituri Tvisebebi saerTod 
qreba (nikelisaTvis, magaliTad, kiuris wertilis tem-
peratura tolia 3600C-isa). 

Tu cvladi denis mier Seqmnil magnitur velSi 
movaTavsebT nikelis Reros, cvladi magnituri velis 
gavleniT nikelis Reros sigrZe periodulad Seicv-
leba, e.i. Rero daiwyebs rxevas. meqanikuri deforma-
ciebis gazrdis mizniT damatebiT SeyavT mudmivi Se-
magniteba. 

amgznebi velis sixSirisa da Reros drekadi rxevis 
sakuTari sixSiris TanmTxvevisas, e.i. rezonansis Sem-
TxvevaSi rxevis amplituda iqneba maqsimaluri da Re-
ros boloebi daiwyeben bgeriTi rxevebis gamosxivebas. 

Reros rxevis sakuTari sixSire (hc) gamoiTvleba 
formuliT: 
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ρ
E

l
fK 2

1
= ,       (2.56) 

sadac l aris Reros sigrZe, sm-obiT; 
E – drekadobis moduli; 
ρ – Reros masalis simkvrive. 
mocemuli masalisaTvis damaxasiaTebel mudmiv si-

dides warmoadgens namravli . magaliTad, Tu 10 sm 

sigrZis nikelis Reros SemTxvevaSi 

lfK ⋅
lfK ⋅ =252400 hc sm, 

misi rxevis sakuTari sixSire Seadgens 25,24 khc (nike-
lisaTvis , ). 3g/sm88.8=ρ 1110⋅63.22=E

magnitostriqciuli vibratorebis gularebi mzad-
deba sxvadasxva konstruqciisa. gavrcelebulia Reros 
an Caketili formis gulari, romelic Sedgeba 0,1-0,3 mm 
sisqis calkeuli finebisagan (grigalur denebze dana-
kargebis Semcirebis mizniT). gularis Reroebze dax-
veulia gragnili, Sesabamisi sixSiris cvladi denisaTvis. 

2.46 naxazze warmodgenilia magnitostriqciuli 
gardamsaxis sqematuri gamosaxuleba. aRniSnuli gar-
damsaxi gamoiyeneba betonis simtkicis gamosakvlev 
mowyobilobaSi. igi Sedgeba orRerovani paketisagan (I), 
romelic warmoadgens magnitostriqciul elements; 
diafragmisagan (2), gragnilisagan (3), rezinis ekranisa-
gan (4) da cilindris korpusisagan (5). 

 

nax.2.46. magnito-
striqciuli gardam-
saxis konstruqcia 

gamsxiveblis efeqturi gamoyeneba xorcieldeba 70-
80 khc sixSireebis dros. 
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$13. zemaRali sixSiris gardamsaxebi 
 

zemaRali sixSiris radiotalRebi warmoadgenen 
eleqtromagnitur rxevebs talRis sigrZiT 30 sm-dan   

1 sm-mde, sixSiriT 109 hc-dan  hc-mde. zemaRali 
sixSiris gardamsaxebis muSaoba damyarebulia santi-
metruli diapazonis radiotalRebisa da gasazomi 
obieqtis urTierTqmedebaze. 

10103 ⋅

specialuri antenebis saSualebiT radiotalRebis 
dafokuseba warmoebs viwro konebad. radiotalRebis 
generacia xorcieldeba radionaTurebiTa da spe-
cialuri eleqtronuli xelsawyoebis saSualebiT. ze-
maRali sixSiris energiis gadacema xorcieldeba tal-
RasatarebiT, romlebic warmoadgenen talRis sigrZis 
Sesabamisi zomebis mqone mrgvali an sworkuTxa kveTis 
Rru gamtarebs. 

2.47 naxazze naCvenebia zemaRali sixSiris gardam-
saxis muSaobis sqemebi. gardamsaxi Sedgeba zemaRali 
sixSiris generatorisagan (1), gadamcemi (2) da mimRebi 
(3) antenebisagan da maregistrirebeli mowyobilobisa-
gan (5). gadamcem da mimReb antenebs Soris sivrceSi 
Tavsdeba gamosakvlevi nakeToba (4). 

zemaRali sixSiris radiotalRebis mier diskre-
tuli makrostruqturis masalebSi (samSeneblo ma-
salebSi) gavlis Sedegad, warmoebs zms radiotalRebis 
energiis STanTqma, romlis nawilic ixarjeba masalis 
gaxurebaze. masalis araerTgvarovneba iwvevs radio-
talRebis ganbnevas. zms radiotalRebis arekvlisas 
masalis zedapiridan areklili talRis amplituda da-
mokidebulia gamosakvlevi nakeTobis (masalis) stru-
qturul da geometriul maxasiaTeblebze. 

Tu gavzomavT nakeTobaze dacemuli, masSi gavlili 
an areklili radiotalRebis intensivobebs, SeiZleba 
ganvsazRvroT gasazomi obieqtis geometriuli, ele-
qtrofizikuri da struqturuli Tvisebebi. 

zms gardamsaxebis saSualebiT SeiZleba davadgi-
noT samSeneblo masalebis tenianoba. 
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tenianobis gansazRvrisas areklili talRis meTo-
diT, dgeba tarirebuli damokidebuleba areklili 
talRis amplitudasa da masalis tenianobas Soris, 
romelic xasiaTdeba mdgradi korelaciuri kavSiriT. 

2.48,a naxazze warmodgenilia zms energiis STan-
Tqmis damokidebuleba sxvadasxva saSeni masalis te-
nianobaze, xolo 2.48b naxazze – betonis narevis 
simkvrivis damokidebuleba sxvadasxva sididis teniano-

baze (talRis sigrZe λ =3sm). 
 

 
 

  nax.2.48. zms radiotalRebis Sesustebis sididis damokide-
buleba saSeni masalis teqnologiuri parametrebisagan: a) 
qviSis tenianobisagan – 1; betonis tenianobisagan – 2; merqnis 
tenianobisagan – 3. b) sxvadasxva tenianobis mqone betonis 
narevis simkvrivisagan [1] 

 

zms gardamsaxebis saSualebiT SeiZleba ganxor-
cieldes betonis gamkvrivebis procesis avtomaturi 
marTva, cementis hidrataciis dros teniT SekavSirebis 
procesis kontrolis saSualebiT. 
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$14. manZilis gardamsaxebi (distanciuri mar-
Tvis saSualebani) 

 

1. zogadi cnobebi 
manZilis gardamsaxebi SeiZleba iyos wyvetili an 

uwyveti moqmedebis, axlo manZilze da Sor manZilebze 
moqmedi. rodesac saqme gvaqvs aTeul da aseul kilo-
metrze signalebis gadacemis aucileblobasTan, maSin 
manZilis gardamsaxebad gamoiyeneba radarebi. 

avtomatikis eleqtromeqanikur mowyobilobebSi 
farTod gamoiyeneba kuTxuri gadaadgilebis distanci-
uri gadacemis sistemebi da moTvalTvale sistemebi. 

distanciuri gadacemis sistemis ZiriTadi elemen-
tebia: pirveladi xelsawyo (gardamsaxi) – gadasacemi 
kuTxis amTvisebeli kavSirgabmulobis xazi da meo-
reuli xelsawyo (mimRebi) – gadasacemi kuTxis aRmwar-
moebeli. Tu saWiroa gadacemis didi sizustis uzrun-
velyofa an dasaZlevi winaRobis momentis sidide mim-
Rebis RerZze mniSvnelovania, gamoiyeneba kuTxuri 
gadaadgilebis distanciuri gadacemis sistema maZlie-
rebeli elementebiT, anu e.w. moTvalTvale sistema. ma-
galiTad, nebismieri saxis manometri wnevis gazomvis 
adgilidan SeiZleba dayenebul iqnes araumetes 50 m 
manZilze. distanciis Semdgomi gazrda maZlierebeli 
elementebis gamouyeneblad iwvevs gazomvis sizustis 
daqveiTebas xelsawyos Cvenebis dagvianebis gamo, rac 
dauSvebelia swrafad mimdinare procesebis kontrolis 
dros. amitom, manometris Cvenebis gadasacemad 50 m-ze 
met manZilze  gamoiyeneba manometrebi pirveladi xel-
sawyodan meoreul xelsawyoze Cvenebebis gadamcemi 
eleqtruli an pnevmaturi sistemebiT. pirvelad xel-
sawyoSi (gardamsaxi) gasazomi wneva gardaiqmneba wnevis 
proporciul eleqtrul Zabvad, denis Zalad an kum-
Suli haeris wnevad, romelic iwvevs meoreuli xel-
sawyos (mimRebi) isris gadaadgilebas. meoreul xel-
sawyos gaaCnia gardamsaxis skalis analogiuri skala. 

distanciuri marTvis aRniSnuli sistemebi gamoi-
yeneba samSeneblo manqanebisa da samSeneblo warmoebis 
procesebis avtomatizaciisaTvis. 



2. distanciuri gadacemis diferencialur-trans-
formatoruli sistema 

gadacemis diferencialur-transformatoruli sis-
tema Sedgeba mimdevrobiT SeerTebuli ori transfor-
matoruli koWasagan, romelTagan erTi ТKD moTavse-
bulia pirvelad xelsawyoSi, meore ki TKB meoreulSi 
(nax.2.49). 

 
nax.2.49. Cvenebebis gadacemis diferencialur-transfor-

matoruli sistemis sqema 
 

orive transformatoruli koWa momaragebulia 
pirveladi da meoreuli gragnilebiT. pirveladi grag-
nili ganlagebulia koWas mTel sigrZeze, meoreuli 
Sedgeba Tanabari raodenobis xveulebiani ori seqciis-
agan, romlebic CarTulia urTierT Semxvedrad. pirve-
ladi gragnilebis kveba warmoebs cvladi deniT, 
eleqtronuli gamaZliereblis blokSi Semavali Zalo-
vani transformatoridan. TiToeul koWaSi moTavsebu-
lia rbili rkinis gulari (plunJeri), romlis sigrZe 
naklebia koWis sigrZeze. sistemaSi Sedis  eleqtro-
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nuli maZlierebeli (ЭУ), orfaza asinqronuli (rever-
siuli) eleqtroZravi (PD) meoreuli koWas gularis 
gadasaadgileblad (K) muStas saSualebiT da pirve-
ladi xelsawyos sazomi sistema (П). eleqtroZravis 
gamosavali lilvTan dakavSirebulia maCvenebeli isari 
da TviTCamweri mowyobiloba (C). rodesac koWas gu-
lari imyofeba neitralur (Sualed) mdgomareobaSi, 
meoreuli gragnilis TiToeul seqciaSi aRZruli in-
duqciuri em Zalebi e1 da e2 iqneba Tanatoli da 
urTierTsawinaaRmdegod mimarTuli. amitom meoreuli 
gragnilebis seqciebis sawyisebs Soris Zabva iqneba 
nulis toli, e.i. 

e1-e2=0. 
Tu pirveladi koWas gulari gadaadgildeba nei-

traluri mdebareobidan, meoreuli gragnilebis 
seqciebis gamWoli magnituri nakadi sxvadasxva iqneba 
TiToeuli seqciisaTvis, ris gamoc seqciebSi induqci-
rebuli emZ iqnebian gansxvavebulni da seqciebis sawy-

isebs Soris warmoiSoba ПUΔ  Zabva. 

ПUΔ = e1-e2. 
analogiurad, meoreuli koWas gularis 

gadaadgilebisas neitraluri mdebareobidan, seqciebis 
sawyisebs Soris warmoSobili Zabvis sidide  

BUΔ =e3-e4, 

sadac e3 da e4 meoreuli koWas seqciebSi aRZruli emZ-ia. 
Tu orive koWas gularebi gadaadgildeba neitraluri 
mdebareobidan Tanabar manZilebze, maSin sistema mSvid 
mdgomareobaSi iqneba. 

ПUΔ - BUΔ = UΔ =0. 

erT-erTi gularis gadaadgilebisas neitraluri 
mdgomareobidan meoreuli gragnilis TiToeul seqci-
aSi induqcirebuli em Zalebi sididiT gansxvavebulni 
iqnebian, gamomuSavdeba signali, romelic gautoldeba 
Zabvis sxvaobas П gardamsaxsa da meoreul xelsawyos - 
TKB Soris. 

UΔ = ПUΔ - BUΔ . 
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gamomuSavebul signals, gaZlierebuls eleqtro-

nuli maZlierebliT (ЭУ), moyavs moqmedebaSi re-

versmiuli Zravi (PD), romelic abrunebs profilian 

muStas (K), gadaaadgilebs maCvenebel isars (C) da 
frTas (kalams). profiliani muSta berketis saSuale-
biT gadaaadgilebs muSa induqciur koWas (meoreuli 
xelsawyos) gulars manam, vidre is ar daikavebs gar-
damsaxis gularis analogiur mdebareobas. amrigad, 
pirveladi xelsawyos (gardamsaxis) gularis nebismier 
mdebareobas, romelic ganisazRvreba gasazomi sididis 
mniSvnelobiT, Seesabameba meoreuli xelsawyos gu-
laris garkveuli mdebareoba. gasazomi sididis fiq-
sireba warmoebs maCvenebeli isriT, xolo misi Cawera – 
diskosmagvar diagramaze frTiT. diagramas abrunebs 
sinqronuli Zravi. 

 

3. distanciuri gadacemis selsinuri sistema 
kuTxuri gadaadgilebis gadacemis selsinuri sis-

temis moqmedebis principi mdgomareobs gardamsaxis sam 
gragnilSi induqcirebuli cvladi emZ gadanawilebaSi. 

selsini warmoadgens mcire zomis eleqtrul man-

qanas, romelic Sedgeba uZravi (statori (CT) da moZ-
ravi (rotori (P) nawilebisagan. statorSi gvaqvs sami 
gragnili, romelTa fazebic erTmaneTTan adgenen 1200 
kuTxes. gragnilebis SeerTeba SeiZleba Sesruldes 
varskvlavis an samkuTxedis sqemiT (2.50 naxazze naCve-
nebia fazebis SeerTeba varskvlavis sqemiT). rotors 
gaaCnia mxolod erTi gragnili, romelic qmnis ro-
toris RerZis perpendikularul magnitur vels. 
cvladi denis mkvebavi Zabva am gragnilis gamomyvaneb-
Tan mierTebulia ori rgoliT, romlebTanac mWidrod 
aris miWerili ori musi. SesaZlebelia selsinuri wyvi-
lis muSaoba indikatorul da transformatorul 
reJimebze. indikatoruli selsinuri gadacemis sqema 
naCvenebia 2.50 naxazze. 
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selsini muSaobs Semdegnairad: rotoris wredSi 
CarTuli calfaza cvladi deni warmoqmnis masSi 
cvlad magnitur nakads, romelic statoris grag-
nilebis fazebis gadakveTisas aRZravs maTSi cvladi 
denis em Zalebs, romelTa sixSirec tolia mkvebavi 
Zabvis sixSirisa. statoris fazaSi induqcirebuli emZ 



sidide damokidebulia rotoris mdebareobaze da mis 
magnitur nakadze. ase magaliTad, Tu rotoris RerZi 
emTxveva statoris erT-erTi fazuri gragnilis RerZs, 
masSi aRZruli emZ maqsimaluri iqneba. Tu rotors Se-
movabrunebT 900-iT, fazur gragnilSi emZ ar aRiZvreba. 
xolo Tu rotors SemovabrunebT imave miaarTulebiT 
kidev 900-iT, emZ kvlav maqsimaluri gaxdeba, mxolod 
Seicvlis niSans. SeiZleba davuSvaT, rom gardamsaxis 
statoris fazur gragnilebSi aRZruli emZ propor-
ciulia gragnilebisa da rotoris RerZebs Soris Seqm-
nili kuTxeebis kosinusebisa, e.i. 
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emZ gantolebaTa sistema selsin mimRebisaTvis: 
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      (2.58) 

sadac  aris emZ selsin 

gardamsaxisa da selsin mimRebis statorebis fazur 
gragnilebSi; 

,,,,,, 321
'
3

'
2

'
1 ПППППП EEEEEE

Emax – emZ maqsimaluri mniSvneloba fazur grag-
nilSi; 

α  – selsin gardamsaxis RerZis mobrunebis kuTxe; 
β  – selsin mimRebis RerZis mobrunebis kuTxe. 

indikatorul reJimSi selsin gardamsaxisa da 

selsin mimRebisaTvis yovelTvis , amitom, Tu ПП EE ='

βα =

=Δ EE
 (2.57) da (2.58) gantolebaTa sistemis mixedviT 

 amrigad, ro-

desac 

.03 =ПE;0;0 '
32

'
21

'
1 −=−=− ППППП EEEE

βα =  masinqronebeli momentebi ar arsebobs. Tu 

gardamsaxis rotors gadaviyvanT sxva mdgomareobaSi 
(SevcvliT α ) da mas ase davamagrebT (davamuxruWebT), 
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maSin 0≠−= βαθ  da samfaza gragnilebis xazovan 

sadenebSi gaivlis maTanabrebeli denebi, radgan 

. maTanabrebeli denebiT gamowveuli na-

kadebisa da rotoris magnituri nakadis urTierTqmede-
bis Sedegad gardamsaxisa da mimRebis lilvebze war-
moiqmneba masinqronebeli momentebi. masinqronebeli mo-
mentis sidide gamoiTvleba formuliT 

ПП E≠'EE ≠Δ

θsinmax ⋅= MM sinqr .      (2.59) 

masinqronebeli momentis damokidebuleba θ  
kuTxesTan warmodgenilia 2.51 naxazze. grafikis anal-

izi gviCvenebs, rom rodesac θ  icvleba 00-dan 2600-mde, 
sistemas gaaCnia wonasworobis (Msinqr =0) ori mdgo-

mareoba: roca θ =0 da θ =1800. wonasworobis mdgo-

mareoba, rodesac θ =3600, Seesabameba θ =00, vinaidan 
erTi sruli brunvis Semdeg rotori ubrundeba sawyis 

mdgomareobas. θ =1800 Seesabameba sistemis aramdgrad 
mdgomareobas, romelSic selisinis rotors SeCereba 

ar SeuZlia. rogorc ki kuTxe θ  gaxdeba 1800-ze odnav 
meti an naklebi, warmoiqmneba masinqronebeli momenti, 
romelic aiZulebs selsinis rotors dabrundes sawyis 
mdgomareobaSi. vinaidan selsin mimRebis rotori da-
muxruWebuli ar aris, igi Semobrundeba da miiRebs 
selsin gardamsaxis rotoris mdebareobas, romlis 
drosac βαθ −= =0.   

 
nax.2.51. masinqronebeli momentis statikuri maxasiaTebeli 
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(2.57) da (2.58) gantolebaTa sistemidan gamomdi-
nareobs, agreTve, rom gardamsaxis rotoris erTi Se-
mobrunebis farglebSi α  kuTxis nebismier mniSvnelo-
bas Seesabameba selsin mimRebis rotoris erTi gark-
veuli mdebareoba, romlis drosac adgili ar eqneba 
maTanabrebeli denebisa da, maSasadame, masinqronebeli 
momentebis warmoqmnas. am movlenas TviTsinqronizacia 
ewodeba. TviTsinqronizaciis movlenis garda, selsine-
bisaTvis indikatoruli sistemis gamoyenebas is dadeb-
iTi Tviseba gaaCnia, rom masinqronebeli momentis 

sidide damokidebulia mxolod θ  kuTxeze da ar aris 
damokidebuli selsin gardamsaxisa da selsin mimRebis 
rotorebis mdebareobaze sawyisi mdgomareobis mimarT. 

selsin gardamsaxisa da selsin mimRebis garda, 
distanciur gadamcemebSi gamoiyeneba selsin diferen-
cialebi. selsin diferenciali warmoadgens manqanas 
samfaza statoriTa da samfaza rotoriT. misi CarTva 
xdeba selsin gardamsaxsa da selsin mimRebs Soris. 
diferencialuri selsin mimRebis saSualebiT SeiZleba 
gaizomos ori selsin gardamsaxis mobrunebis alge-
bruli jami. 

samamulo mrewveloba uSvebs selsinebs sxvadasxva 
sixSiris mkvebav Zabvaze – 50-dan 500 hercamde. 

ganxiluli saxis selsinebs garda, xSirad gamoi-
yeneba ukontaqto selsinebic, romelTa konstruqciebic 
damuSavebulia cnobili mecnierebis – a.g. iosifiano-
visa da d.v. sverCarnikis mier. ukontaqto selsinis 
rotors ar gaaCnia gragnili da, maSasadame, denmimyvani 
rgolebic, rac zrdis maTi muSaobis saimedoobas. ukon-
taqto selsinebi Seqmnilia specialuri konstruqciis 
rotorisa da statoris safuZvelze. 

masinqronebeli momentisa da simZlavris Tanabari 
mniSvnelobebis dros ukontaqto selsinis zomebi da 
wona meti gamodis kontaqtebian selsinTan SedarebiT. 
ukontaqto selsinebi gamoiyeneba ZiriTadad didi si-
zustis gamzom gadacemebSi. 

distanciuri gadacemis selsinuri sistemebis gamo-
yenebis SemTxvevaSi SeiZleba Sesruldes Semdegi opera-
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ciebi: gadaeces brunvis siiCqare (ganxorcieldes sin-
qronuloba), mobrunebis kuTxe (ganxorcieldes sinfa-
zuroba), brunvis siCqare da mobrunebis kuTxe erT-
droulad. 

 

4. sasignalo mowyobilobani 
samSeneblo procesebis avtomatizacia gamoricxavs 

operatoris mudmiv meTvalyureobas sakontrolo-
sazomi xelsawyoebis Cvenebaze, romlebic koordi-
nacias uweven calkeuli manqanebisa da teqnologiuri 
saamqroebis muSaobas. ZiriTadi gasazomi parametrebis 
regulireba da marTva sruldeba avtomaturad. 
teqnologiuri procesis an samSeneblo manqanis av-
tomaturi regulirebisa da marTvis procesSi 
zogierTi danadgaris an mowyobilobis muSaobis 
reJimis damaxasiaTebelma sididem SeiZleba miaRwios 
avariul mniSvnelobas, romelic moiTxovs operatoris 
dauyovnebliv reagirebas. am mizniT operatoris 
yuradRebis misaqcevad gamoiyeneba sxvadasxva sasig-
nalo mowyobiloba. sasignalo mowyobilobani SeiZleba 
iyos: bgeriTi, Suqis, eleqtromagnituri da kombinire-
buli. bgeriTi signalisaTvis SeiZleba gamoyenebul 
iqnes eleqtruli sirenebi da Cveulebrivi zarebi, Su-
qis signalebisaTvis – eleqtruli naTurebi, romlebic 
moTavsebulia feradi minis vaznebSi. stabiluri mwvane 
feri Cveulebriv miuTiTebs agregatis normalur 
muSaobaze, stabiluri wiTeli feri – Sesabamisi agre-
gatis gaCerebaze. agregatis mdgomareobis Secvlis 
SemTxvevaSi naTura iwyebs cimcims, magram sxivis feri 
ar icvleba. am dros irTveba bgeriTi signalic da a.S. 
eleqtromagnituri signalebisaTvis gamoiyeneba blin-
kerebi. blinkeri warmoadgens diskos, romelsac Seu-
Zlia Semobruneba eleqtromagnitis saSualebiT. Cveu-
lebriv, blinkerebi iRebeba sxvadasxvafrad. 
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gamzomi sqemebi 
 

gardamsaxebidan miRebuli informacia Sesabamisad 
unda iqnas gadamuSavebuli. aseTi gadamuSavebis erT-
erT amocanas warmoadgens miRebuli signalis sididis 
gansazRvra – misi gazomva, e.i. Sedareba etalonTan. 
aseTi elementebis rols asruleben gamzomi sqemebi. 

avtomatur sistemebSi yvelaze farTod gamoiyeneba 
mowyobilobebi gamzomi sqemebis sami saxidan erTerTiT: 
kompensaciuri, xiduri, diferencialuri. sqemis konkre-
tuli saxe ganisazRvreba gamoyenebuli gardamsaxiT 
(pirveladi gardamqmneliT). 

sqemebis samive saxe agebulia Sedarebis meTodiT, 
romelic xasiaTdeba TanmimdevrobiTi gardaqmnebis ori 
jaWviT, romelTagan erTerTSi CarTulia muSa gar-
damqmneli, xolo meoreSi – sanimuSo. Sedarebis rgoli 
(saerTo orive gardamqmnelisaTvis) gamoimuSavebs sig-
nals, romelic Seesabameba etalonisa da faqtiuri 
mniSvnelobebis sxvaobas. 

 
 
$1. gazomvis kompensaciuri sqema 
 

kompensaciuri sqemebi gamoiyeneba gardamsaxebidan 
Zabvis Secvlis saxiT miRebuli signalebis gasazomad. 
kompensaciur sqemebs safuZvlad udevT Sedarebis me-
Todi. am sqemebis damaxasiaTebeli niSania gazomvis 
maRali sizuste. 

avtomatur sistemebSi gamoyenebuli sakompensacio 
mowyobilobebi sruldeba avtomaturi gawonasworebiT. 
am mowyobilobebs ewodeba mudmivi an cvladi denis av-
tomaturi potenciometrebi (kompensatorebi). amrigad, 
gazomvis kompensaciuri anu potenciometruli meTodis 
principi mdgomareobs gansasazRvravi emZ gawonaswore-

 
* mesame Tavi dawerilia radioinJiner ilia biWiaSvilTan erTad. 



baSi winaswar cnobil potencialTa sxvaobiT, romelic 
warmoiqmneba damxmare denis wyaroTi. 3.1 naxazze war-
modgenilia aRniSnuli meTodis gamartivebuli prin-
cipuli sqema. sqemaze aRniSnulia: E–emZ wyaro; R – mud-
mivi winaRoba; Rp= Rаб – reoqordis saerTo winaRoba; Rak 
– reoqordis winaRoba ak ubanze; k – Zvria; In – mkvebavi 
denis Zala; mA miliampermetri; Et – gardamsaxis emZ; It 
– denis Zala gardamsaxidan; P1, P2 – amomrTvelebi. 

 
nax.3.1. emZ gazomvis kompensaciuri meTodis principuli sqema 

 

reqordas gaaCnia winaRobis xazovani ganawileba. 
sityva “reoqorda” niSnavs xazovan winaRobas. igi mzad-
deba erTnairi ganivkveTisa da xvedriTi winaRobis 
mqone erTgvarovani gamtarisagan. amitom, reqordas wi-
naRoba proporciulia misi gamtaris sigrZisa. Tu mos-
riale kontaqts davukavSirebT isars, SeiZleba ga-
moviTvaloT reoqordis erTeul sigrZeze Zabvis vard-
nis sidide milivoltebSi, davitanoT skalaze niSnebi 
milivoltebSi an celsiusis gradusebSi (0C) da reo-
qordis Zvrias mdebareobis mixedviT ganvsazRvroT 
gardamsaxis emZ. aRniSnuli mosazreba udevs safuZvlad 
gazomvis kompensaciur sqemas. 
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davuSvaT wredSi CarTuli gardamsaxi warmoadgens 
Termowyvils, romlis emZ unda ganvsazRvroT. Tu denis 
Zala (E) emZ wyarodan aris (In), Termowyvilidan (It), ma-
Sin winaRobis (ak) ubanze denis ZalisaTvis (Iak) kirx-
hofis pirveli kanonis Tanaxmad, gveqneba 

Iak=In+It..    (3.1) 
Tu gamoviyenebT Et –k-a-P2 konturisaTvis kirxhofis 

meore kanons, miviRebT 
Et=ItRt+ IakRak,      (3.2) 

sadac Rt aris Termowyvilis winaRoba; 
Rak – reoqordis winaRobis CarTuli ubnis winaRoba 

(miliampermetrisa da mimyvani sadenebis winaRobas ugu-
lvebelvyofT, radgan gazomvis aRniSnuli sqemis Sem-
TxvevaSi anaTvalis aReba xdeba sruli kompensaciis 
dros, rodesac gasazom wredSi denis Zala nulis tolia). 

Tu gaviTvaliswinebT (3.2) gamosaxulebaSi Iak mni-
Svnelobas (3.1) tolobidan da ganvsazRvravT It-s, 
gveqneba: 

;)( aknakttaktaknttt RIRRIRIRIRIE ++=++=  

akntaktt RIERRI −=+ )( . 

akt

aknt
t RR

RIEI
+
⋅−

= .       (3.3) 

mosriale K kontaqtis gadaadgilebiT SeiZleba 
mivaRwioT mis iseT mdebareobas reoqordaze, rom Ter-
mowyvilis wredSi gamavali denis Zala iyos nulis 
toli (It=0). 

(3.3) gamosaxulebis Tanaxmad es SesaZlebelia, 
rodesac 

0=− aknt RIE , 

saidanac 

akaknt URIE == .        (3.4) 

maSasadame, Termowyvilis gasazomi emZ tolia a(k) 
reoqordis ubanze Zabvis vardnisa. Tu mkvebavi denis 
Zalis sidides mudmivad SevinarCunebT, e.i. In=const, , maSin 
reoqordidan moxsnili Zabvis sidide (Uak) damokidebuli 
iqneba mxolod reoqordas (ak) ubnis winaRobaze (Rak). 
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emZ gazomvis moyvanili kompensaciuri sqema ver uz-
runvelyofs emZ gazomvis maRal sizustes, vinaidan 
mkvebavi denis Zalis sidideze gavlenas axdens denis 
wyaros emZ cvalebadoba, rac gamowveulia elementis 
Zabvis TandaTanobiTi SemcirebiT. Tu mkvebavi denis 
Zala (In) reoqordis Zvrias fiqsirebuli mdebareobis 
dros ar iqneba mudmivi, cxadia, reoqordidan moxsnili 
Zabvis sidide iqneba cvalebadi, xolo gazomili emZ – 
arazusti. 

gasazom teqnikaSi da avtomatur mowyobilobebSi 
farTod aris gamoyenebuli gazomvis kompensaciuri 
sqema sakontrolo wrediT (nax.3.2). sakontrolo wredis 
saSualebiT periodulad vawarmoebT mSrali elementis 
Zabvis Sedarebas normaluri elementis (НЭ) ZabvasTan 
im mizniT, rom makompensirebel reoqordaze uzrun-
vedlvyoT mkvebavi denis mudmivoba. 

 
 

nax.3.2. kompensaciuri sqema sakontrolo wrediT 
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normaluri elementi warmoadgens denis qimiur 
wyaros, misi emZ 200C temperaturis dros Seadgens 1.0186v 
da normaluri eqsploataciis pirobebSi didi xnis gan-
mavlobaSi ar ganicdis cvalebadobas. normaluri ele-
mentis datvirTva ar SeiZleba 10 mka-ze meti sididis 
denis ZaliT dazianebisagan dacvis mizniT. 

kompensaciur sqemaSi sakontrolo wrediT gaTval-
iswinebulia nulovani xelsawyo (galvanometri) H/P, 
romelic iZleva denis mxolod warmoSobisa da misi 
gaqrobis registrirebis saSualebas (sakompensacio sqe-
mebSi igi denis gasazomad ar gamoiyeneba. nulovani 
xelsawyos mgrZnobiaroba gansazRvravs gazomvis si-
zustes). 

sqemaze gadasarTi Camrazis (P2) daniSnulebaa nu-
lovani xelsawyos CarTva normaluri elementis wredSi 
an Termowyvilis wredSi. И mdgomareoba Seefardeba ga-
zomvas, xolo k mdgomareoba – kontrols. 

sqemaSi CarTulia sami winaRoba: Ra – cvladi, rom-
liTac warmoebs mkvebavi denis Zalis In mudmivobis 
regulireba; Rc – didi sididis Sesadarebeli mudmivi 
winaRoba, romelic gaTvaliswinebulia mkvebavi denis 
Zalis mosamarTavad (asawyobad) normaluri elementis 
mixedviT; Rp= Rбг – reoqordis winaRoba skalis mil-
voltebSi. 

aRvniSnoT: RH/П – nulovani xelsawyos winaRoba; Rt 
– gardamsaxis (Termowyvilis) winaRoba; IH/П denis Zala 

nulovani xelsawyos wredSi; – reoqordis winaRoba bRδ

bδ  ubanze. 
denis Zalis mniSvneloba nulovan xelsawyoSi ga-

moisaxeba elteqnikis kursis cnobili gamosaxulebiT: 

tПH
ap

abpb

bt
ПH

RR
RR

RRRR
UEI

++
+

+−
−

=

/

/ )( δδ

δ ,       (3.5) 
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sadac 
ap

abpb

RR
RRRR

+

+− )( δδ
 warmoadgens ori paralelurad 

CarTuli Stoebis da bRδ abp RRR +− δ winaRobaTa jams. 

rodesac Ut= , denis Zala nulovan xelsawyoSi 

iqneba nulis toli. davuSvaT, Ut=
bUδ

tb UU Δ=δ , rom, maSin 

tПH
ap

abpb

t
ПHПH

RR
RR

RRRR
UII

++
+

+−
Δ

=Δ=

/

// )( δδ
.     (3.6) 

kompensaciuri sqemis mgrZnobiaroba gamoisaxeba 
gantolebiT 

tПH
ap

abpbt

ПH

RR
RR

RRRRU
IS

++
+

+−
=

Δ
Δ

=

/

/

)(
1

δδ
 
v

a
.          (3.7) 

(3.7) gamosaxulebidan Cans, rom kompensaciuri sqemis 
mgrZnobiaroba damokidebulia Zvrias mdebareobaze, anu 

 winaRobaze. udidesi mgrZnobiaroba gveqneba skalis 

dasawyisSi ( =0) da boloSi ( =

bRδ

bRδ bRδ ap RR + ). 

tПH RR
S

+
=

/

1
ud .          (3.8) 

umciresi mgrZnobiaroba kompensaciur sqemas gaaCnia 
im SemTxvevaSi, rodesac 

)(
2
1

apb RRR +=δ .          (3.9) 

kompensaciuri sqema sakontrolo wrediT xasiaT-
deba gazomvis didi sizustiT sxva sqemebTan SedarebiT, 
vinaidan gazomvis momentSi deni gasazom xelsawyoSi ar 
gadis, maSasadame, cdomilebassac ara aqvs adgili. 

kompensaciuri sqemis mixedviT gazomvas vawarmoebT 
Semdegnairad: vrTavT P1 Camrazs da Ra reostatis Zvrias 
gadaadgilebiT vpoulobT mis iseT mdebareobas, rom-
lis drosac wredSi НЭ-Rc-H/П deni ar gadis da nu-
lovani xelsawyos (galvanometri) isari nulze gaCer-
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deba. amas vamowmebT P2 Camrazis dayenebiT k mdgomareo-

baSi. rodesac davrwmundebiT, rom ncHЭ IRE = , anu mkve-

bavi denis Zala SerCeulia sworad, viwyebT Termowy-
vilis emZ gazomvas. P2 Camrazi gadagvyavs И mdgomareo-
baSi da reoqordis Zvrias gadaadgilebiT vayenebT nu-
lovani xelsawyos isars nulovan mdgomareobaSi. reo-

qordidan moxsnili Zabvis sidide -  Seesabameba Ter-

mowyvilis gasazom emZ, romlis mniSvnelobasac vRebu-
lobT skalaze, milivoltobiT, an uSualod 0С. 

bUδ

 
 
 

$2. eleqtruli gamzomi xidebi (bogirebi) 
 

xidurma sqemebma maRali mgrZnobiarobis gamo didi 
gavrceleba poves gamzom xelsawyoebSi. teqnologiuri 
informaciis eleqtruli gardamsaxebis umravlesoba 
(winaaRmdegobis, Termoeleqtruli, tenzo, tevaduri, 
induqciuri da sxv.) farTod gamoiyeneba xidur sqemebSi 
winaRobis, temperaturis, deformaciis da sxva sidideTa 
gasazomad, agreTve, rogorc Sesadarebeli elementi, 
sxvadasxva parametris avtomaturi regulirebis dros. 

arCeven gawonasworebul da gauwonasworebel 
eleqtrul gamzom xidebs. Cveulebriv, xiduri sqema 
Sedgeba oTxi winaRobisagan, romelTac “xidis mxrebi” 
ewodebaT. xidis kveba SeiZleba ganxorcieldes, rogorc 
cvladi, aseve mudmivi deniT. mudmivi denis xidebSi xi-
dis mxrebi warmoadgenen omur winaRobebs – R1, R2, R3, R4, 
cvladi denis xidebSi ki aqtiur, induqciur da te-
vadur winaRobebs – z1, z2, z3, z4. 

xidur sqemebSi gasazomi sidide  gardamsaxis dax-
marebiT gardaiqmneba aqtiuri an reaqtiuli winaRobis 
cvlilebaSi. xiduri sqemebis safuZvelSi devs uitsonis 
xidis sqema (nax.3.3) – winaRobebis SeerTebis wesi. xidis 
moqmedebis principi emyareba imas, rom xidis mxrebSi 

winaRobaTa Sefardebis mudmivobis dros 
tR

R
R
R 2

3

1 =  xidis 

diagonalSi deni ar aris. am principzea damyarebuli 
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xiduri gazomvebi. amasTan, xidis gawonasworeba ar aris 
damokidebuli kvebis wyaros Zabvis ryevebze. 

3.3 naxazze warmodgenilia gamtaris winaRobis ga-
zomvis principuli sqema, eleqtruli gamzomi xidis sa-
SualebiT. xidis gamzom AB diagonalSi CarTulia nulo- 

 

nax.3.3.  winaRo-
bis gazomvis sqe-
ma mudmiv denze 
momuSave gamzomi 
xidiT 

vani xelsawyo (galvanometri), xolo mkvebav БГ diago-
nalSi – em Zalis wyaro E. sqemaSi R1, R3 da Rt, R2 winaR-
obebi CarTulia ori paraleluri Stos saxiT, romelTa 
Soris wonasworobis maCvenebeli nulovapni xelsawyo Г 
qmnis “xids”. R1, R2, R3 winaRobebi SeiZleba SevarCioT 
imgvarad, rom Sekruli P1 da P2 Camrazebis SemTxvevaSi 
xidi aRmoCndes gawonasworebuli, e.i. nulovan xel-
sawyoSi denis gavlas ar hqondes adgili. am 
SemTxvevaSi A da B wertilebis potencialebi iqneba 

erTnairi, xolo Zabva AБбB UU =  da AГГD UU = . magram, 

omis kanonis Tanaxmad, 
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tАГ

ГB

АБ

БB

RIU
RIU
RIU
RIU

2

31

22

11

;
;

;

=
=
=
=

 

anu ., 2312211 tRIRIRIRI ==  

;
2

22

31

11

tRI
RI

RI
RI

=  

,2

3

1

tR
R

R
R

=  

saidanac .
1

3
2 R

RRRt =  

amave Sedegs miviRebT, Tu davuSvebT, rom gamzomi 
diagonalis A da B wertilebs Soris potencialTa 

sxvaoba 0≠ΔU , xolo gamzomi xelsawyos winaRoba 
usasrulod didia. marTlac, omis kanonis Tanaxmad, 

)( 311 RRIU += ; 

)( 22 tRRIU += . 

aqedan 

31
1 RR

UI
+

= ;   
tRR

UI
+

=
2

2 . 

potencialTa sxvaoba 

.
))(())((

)(

312

132

312

1213221

31

1

2

2
1122

RRRR
RRRRU

RRRR
RRRRRRRRU

RR
R

RR
RURIRIU

t

t

t

t

t

++
−

=
++

−−+
=

=
+

−
+

=−=Δ

. 

potencialTa sxvaoba iqneba nulis toli, Tu   
R2R3-R1Rt=0, anu R2R3= R1Rt. 

aqedan 
1

3
2 R

RRRt ⋅= .        (3.10) 

(3.10) gamosaxulebidan Cans, rom R1 da R3 winaRobebis 
mudmivi mniSvnelobebis dros saZiebeli Rt winaRoba da-
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mokidebulia R2 winaRobis sidideze. Rt nebismieri 
mniSvnelobisaTvis SeiZleba SevarCioT R2 winaRobis 
iseTi mniSvneloba, romlis drosac xiduri sqemis wo-
nasworoba ar dairRveva, e.i. denis Zala AB diagonalSi 
iqneba nulis toli. R2 winaRoba SeiZleba ganvsazRvroT 
uZravi skalis mixedviT. viciT ra Rt da misi damokide-
buleba temperaturaze, SesaZlebelia skalis gradui-
reba SevasruloT uSualod 0C-Si. 

saWiroa aRvniSnoT, rom gawonasworoebuli gamzomi  
xidi warmoadgens metad zust xelsawyos. denis wyaros 
Zabva ar axdens gavlenas gazomvis sizusteze. (3.10) ga-
mosaxulebaSi ar Sedis arc Zabva da arc denis Zala. 
gawonasworebul mdgomareobaSi, sul erTia, romeli 
diagonali iqneba gamzomi da romeli – mkvebavi. gamzomi 
xidis mgrZnobiaroba Zabvis mixedviT damokidebulia 
xidis mxrebis winaRobebisa da mkvebavi Zabvis Sefarde-
bis mniSvnelobaze da cvalebadobs did sazRvrebSi. 

Tu emZ E da winaRobebi R1, R2, R3 mudmivi da winas-
war cnobili sidideebia, maSin AB diagonalSi gamavali 
denis Zalis mixedviT SeiZleba ganisazRvros Rt winaR-
oba. am SemTxvevaSi winaRobebis mniSvnelobebi daitaneba 
nulovani xelsawyos skalaze. aseTi gamzomi xidi war-
moadgens gauwonasworebel xids. gauwonasworebeli xi-
dis gamoyenebisas saWiroa periodulad Semowmdes denis 
wyaros Zabva. gauwonasworebeli eleqtruli gamzomi 
xidi SedarebiT naklebi sizustis mowyobilobaa. 
miuxedavad amisa is farTod gamoiyeneba swrafad 
cvladi procesebis gasazomad. 

Tu xiduri sqema ikvebeba cvladi deniT da xidis 
mxrebi Sedgeba kompleqsuri winaRobebisagan z1, z2, z3, z4,  
maSin gawonasworeba xidisa unda moxdes Zabvis, rogorc 
modulis, aseve fazis mixedviT. es gamowveulia imiT, 
rom xidis mxaris winaRoba warmoadgens aqtiuri, te-
vaduri da induqciuri winaRobebis geometriul jams. 
cvlad denze momuSave xiduri sqema naCvenebia 3.4 
naxazze. 



 
nax.3.4. cvlad denze momuSave eleqtruli gamzomi xidis sqema 

 
 

$3. diferencialuri gamzomi sqema 
 

diferencialuri  sqema warmoadgens cvlad denze 
momuSave eleqtrul wreds, romelic Sedgeba ori mo-
sazRvre konturisagan erTi saerTo, diferencialuri 
StoTi. diferencialur StoSi CarTulia gasazomi xel-
sawyo; TiToeul konturSi moqmedebs damoukidebeli emZ 

- E, mkvebavi transformatoris meoradi gragnilidan. 

konturSi aRZruli denis Zalis sidide (I) ganisaz-
Rvreba emZ (E) da winaRobis (z) mniSvnelobebiT. saerTo 
StoSi denis Zala tolia konturebis denebis sxvaobisa, 

e.i. I0= I1-I2. 
rodesac diferencialuri sqema gareSe zemoqmedebas 

ar ganicdis, konturebis em Zalebi da winaRobebi Tana-
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tolia, tolia, agreTve, maTSi aRZruli denis Zalebi 

(I1=I2) da diferencialur StoSi deni ar gadis (I0=0). 
sqemaze gareSe zemoqmedebis SemTxvevaSi SeiZleba 

Seicvalos konturis emZ E, EΔ  sididiT (nax.3,5a), an 

konturis winaRoba - z, zΔ mniSvnelobiT (nax.3.5b). orive 

SemTxvevaSi diferencialur StoSi gaivlis deni (I0). 
gamzomi xelsawyos (z0) isris gadaxra iqneba gasazomi 
gareSe zemoqmedebis proporciuli. 

xidur sqemasTan SedarebiT diferencialuri sqema 
martivia da gaaCnia meti mgrZnobiaroba denis Zalis 
mixekdviT. Tanaswor pirobebSi orive sqemis mgrZno-
biaroba Zabvis mixedviT Tanabaria. 

mgrZnobiarobis sidide denis Zalis mixedviT gani-
sazRvreba formuliT 

02zz
ESI +

=  
omi

amp
,      (3.11) 

xolo Zabvis mixedviT 

    
z

ESU 4
=  

omi

v
.      (3.12). 

 

 
nax.3.5. diferencialuri gamzomi sqema: a) gareSe zemo-

qmedebiT icvleba e.m.Z. b) winaRoba 
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nfpUyf!Ubwj!!

gamaZliereblebi 
 

$1. ZiriTadi gansazRvrebani da maxasiaTeblebi 
 

gamaZlierebeli ewodeba mowyobilobas, romelSic 
warmoebs gadamwodis mier gamomuSavebuli impulsis 
simZlavris gazrda. umetes SemTxvevaSi, gadamwodidan 
miRebuli signalis simZlavre ar aris sakmarisi 
maregulirebeli organos uSualo gadaadgilebisaTvis. 
gamomavali sididis energiis gazrda Semavali sididis 
energiasTan SedarebiT xorcieldeba damatebiTi wyaros 
energiis xarjze. gamaZliereblis principuli saxe mo-
cemulia 4.1 naxazze, sadac x da y-iT aRniSnulia Se-
mavali da gamomavali signalebi, z - gamaZlierebelSi 
Semavali damatebiTi energia, D – gadamwodi, xolo H – 
datvirTvis wredi. 
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 ИП 
 
 
 
 
 
 
nax.4.1. gadamwodTan, datvirTvasTan da kvebis wyarosTan 

gamaZliereblis kavSiris sqema 
 

avtomatizaciis sqemebSi gamaZliereblebs Sualedi 
mdebareoba uWiravs gadamwodebsa da Semsrulebel  
elementebs Soris. avtomatikis sistemebSi gamoiyeneba 
mudmivi da cvladi denis yvela saxis gamaZliereblebi. 

gamoyenebuli damatebiTi energiis saxis mixedviT 
ansxvaveben: hidravlikur, pnevmatikur, eleqtrul da 
kombinirebul gamaZliereblebs (magaliTad hidro-
pnevmatikurs, tranzistorul-magnitur-eleqtromanqanurs, 
ferito-tranzistoruls da sxva). 

У H 

z
y x D 



denis xasiaTis mixedviT arCeven: cvladi denisa da 
mudmivi denis gamaZliereblebs. 

eleqtruli moqmedebis gamaZliereblebi iyofian: 
eleqtronul, magnitur da eleqtromagnitur gama-
Zliereblebad. eleqtruli moqmedebis gamaZliereblebs, 
xSirad proporciulad gamaZliereblebsac uwodeben. 

avtomatikis Tanamedrove sistemebSi gamoyenebulia, 
agreTve, naxevradgamtariani, eleqtromanqanuri da meqa-
nikuri gamaZliereblebi. eleqtromanqanuri 
gamaZlierebeli, Cveulebrivad, gaTvaliswinebulia didi 
simZlavreebis samarTavad. 

gamaZliereblis ZiriTad parametrs warmoadgens 
gaZlierebis koeficienti. igi tolia gamomavali (y) da 
Semavali (x) signalebis sidideebis fardobisa 

x
y

U
U

K ==
Sem

gam
;            (4.1) 

gamaZliereblis daniSnulebisa da moqmedebis 
principis mixedviT ansxvaveben gaZlierebis Semdeg 
koeficientebs: Zabvis mixedviT 

Sem

gam

U
U

K = ,            (4.2) 

denis Zalis mixedviT  

     
Sem

gam

I
I

Ki = ,         (4.3) 

simZlavris mixedviT 

Sem

gam

P
P

K p = .             (4.4) 

gamaZliereblis ZiriTadi maxasiaTeblebia 
statikuri da dinamikuri maxasiaTeblebi. statikuri 

maxasiaTebeli )( Semgam UfU =  ewodeba gamomavali 

signalis sididis damokidebulebas Semavali signalis 
sididesTan damyarebuli reJimis dros. dinamikuri 
maxasiaTebeli  ewodeba gamomavali signalis sididis 
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damokidebulebas Semavali signalis sididesTan, 
gardamavali reJimis dros. 
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yx β

gaZlierebis koeficientis stabilizaciis an misi 
gazrdis mizniT, gamaZlierebel mowyobilobebSi 
gamoyenebulia ukukavSiri. gamaZliereblis struqtura 
ukukavSiriT naCvenebia 4.2 naxazze. ukukavSiri ewodeba 
gamaZliereblis Semaval da gamomaval signalebs Soris   
uSualo, proporciul, urTierTdamokidebulebas. 
ukukavSiri xorcieldeba ukukavSiris (OC) damatebiTi 
elementis saSualebiT, romlidanac gamomavali signalis 
sididea  

= ,        (4.5) uk

β  ukukavSiris koeficientia. sadac 

 
 
 
 
 
 
 
 

nax.4.2. avtomaturi marTvis sistema ukukavSiriT: O-sa-
marTavi obieqti; y-marTvis mowyobiloba; OC – ukukavSiris 
mowyobiloba 

 

ukukavSiris koeficientis niSnis mixedviT, 
ukukavSiri SeiZleba iyos dadebiTi an uaryofiTi. 
dadebiTi ukukavSiris SemTxvevaSi gamaZlierebelSi 
Semavali signalis sidide iqneba 

yxxx β+=+ uk .      (4.6) 

gaZlierebis koeficientisaTvis gveqneba  

)( yky x β+= .        (4.7) 

aqedan ykky x β+= ;  xkky =− )1( β ; 

βk
y x

−
=

1
k

.         (4.8) 

Tu aRvniSnavT gaZlierebis koeficients, 

ukukavSiris SemTxvevaSi , miviRebT ukK

Y O 

OC

x y 

xuk
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βk
kK

x
y

−
==

1uk

yβ

.      (4.9) 

ukanaskneli gamosaxulebidan gamomdinareobs, rom 
dadebiTi ukukavSiris gamoyeneba zrdis gaZlierebis 
koeficients. 

uaryofiTi ukukavSiris SemTxvevaSi 
gamaZlierebelSi Semavali signalis sidide iqneba 

xxx −=− uk

)( yky
;        (4.10) 

x β−= ;         (4.11) 

βk
ky x
+

=
1

;         (4.12) 

βk
kK
+

=
1uk .        (4.13) 

uaryofiTi ukukavSiris gamoyeneba amcirebs 
gaZlierebis koeficients. 

gamaZliereblis maxasiaTeblebis mixedviT 
gaZliereba SeiZleba iyos ori ZiriTadi tipis: 
narnari da releuri moqmedebis. narnari moqmedebis 
gamaZliereblebSi gaZlierebis koeficienti icvleba 
umniSvnelod; releuri moqmedebis gamaZliereblebSi 
narnari moqmedebis gamaZliereblebTan SedarebiT, 
Semavali da gamomavali signalebis sidideebs Soris 
garkveuli funqcionaluri damokidebuleba ar arse-
bobs. gamomavali signali warmoiqmneba Semavali 
signalis sididis garkveul mniSvnelobamde miRwevis 
Semdeg; amitom, rodesac ar arsebobs gamomavali 
signali, gaZlierebis koeficienti nulis tolia, 
xolo misi warmoqmnis Semdeg, gaZlierebis koefi-
cienti inarCunebs mudmiv mniSvnelobas. 

narnari moqmedebis gamaZliereblebidan metad ga-
vrcelebulia eleqtronuli, magnituri, 
eleqtromanqanuri, hidravlikuri da pnevmatikuri 
gamaZliereblebi. releuri moqmedebis 
gamaZliereblebs miekuTvneba rele. narnari da 



releuri moqmedebis gamaZliereblebis 
maxasiaTeblebi naCvenebia 4.3 naxazze. 

 

  nax.4.3. gamaZlie-
reblebis maxasia-
Teblebi: a) narna-
ri moqmedebis; b) 
releuri moqmede-
bis 

 
 
 

 

$2. meqanikuri gamaZliereblebi 
 

meqanikuri gamaZliereblis umartives saxes war-
moadgens berketi. berketis mokle da grZeli boloebis 
vertikaluri gadaadgilebebi Seesabameba meqanikuri ga-

maZliereblis Semaval (x) da gamomaval (y) sidideebs. 
gaZlierebis koeficienti SeiZleba iyos erTze meti an 
naklebi berketis mxrebis sigrZeebis fardobisagan da-
mokidebulebiT. 4.4 naxazze warmodgenilia berketi, 
rogorc gamaZlierebeli. naxazidan Cans, rom 
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yK = ;     (4.14) 
x

 

 
     

nax.4.4. berketuli 
gamaZlierebeli 

meqanikur gamaZliereblebs miekuTvnebian, agreTve, 
meqanikuri reduqtorebi da simZlavris meqanikuri ga-
maZliereblebi. 

simZlavris meqanikuri gamaZliereblis muSaobis 
sqema naCvenebia 4.5 naxazze. gamaZlierebeli Sedgeba: 
TviTmuxruWebadi Wiagadacemisagan _ 1, servo (damxmare) 



Zravasagan _ 2, energiis wyarosagan _ 3. servoZravas 
lilvis uZrav mdgomareobaSi yofnis dros WiaTvalis 
lilvi, romelic gadascems signals sistemis gamo-
savalze, TviTmuxruWebadobis gamo, rCeba uZravi mbrun-
avi momentis sididisagan damoukideblad. Tu servoZ-
ravas rotori brunavs, maSin Wiaxraxni aTavisuflebs 
WiaTvals, romelic gadascems moZraobas energiis 
wyarodan gamaZliereblis gamosavalze. 

 

nax.4.5. simZlav-
ris meqanikuri ga-
maZliereblis sqema 

 

simZlavris meqanikuri gamaZliereblis sqemidan Cans, 
rom gamaZliereblis Semaval da gamomaval rgolebs 
Soris arsebobs mudmivi kinematikuri kavSiri, romelic 
uzrunvelyofs kuTxuri gadaadgilebebis sinqroni-
zacias, servoZravas rotoris brunvisagan damokide-
bulebiT. es garemoeba saSualebas iZleva Tavidan 
aviciloT Secdomebi regulirebis dros. cxadia, rom 
servoZravis rotoris (Wiaxraxnis) brunviT moZraobaSi 
mosayvanad saWiroa umniSvnelo simZlavre, xolo ener-
giis wyarodan gamoTavisuflebuli energiis nakadi 
SeiZleba mniSvnelovani iyos. es principi safuZvlad 
udevs simZlavris meqanikuri gamaZliereblis muSaobas. 

eleqtronul, eleqtrul, hidravlikur da sxva ga-
maZliereblebisagan gansxvavebiT, simZlavris meqanikuri 
gamaZlierebeli ar saWiroebs energiis orjerad gar-
daqmnas sistemis Sesaval da gamosaval rgolebSi, rac 
meqanikuri gamaZliereblis dadebiT mxares miekuTvneba. 
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$3. eleqtronuli gamaZliereblebi 
 

1. eleqtronuli naTura da misi maxasiaTeblebi 

eleqtronuli xelsawyoebi ewodebaT vakuumSi, 
gaiSviaTebul gazebSi an eleqtronul 
naxevradgamtarebSi eleqtruli denis gavlis movlenaze 
damyarebul xelsawyoebs.  

eleqtronuli xelsawyis erT-erTi ZiriTadi 
elementia eleqtronuli naTura. igi warmoadgens minis, 
keramikis an liTonis balons, romlis SigniT 
ganlagebulia liTonis eleqtrodebi. balonSi 
Seqmnilia vakuumi 133,322 (10-7-10-8) n/m2 anu (10-7-10-8) mm 
vercx. wy. svetisa. 

eleqtronuli naTuris umartives konstruqcias war-
moadgens oreleqtrodiani naTura-diodi. diodSi anods 
A warmoadgens liTonis cilindri, romlis RerZis mi-
marTulebiT Tavsdeba varvarebis Zafi – kaTodi K. 
kaTodi eleqtronul naTuraSi qmnis Termoeleqtronul 
emisias, romelic warmoadgens siTbos moqmedebiT 
nivTierebis zedapiridan Tavisufali eleqtronebis amo-
frqvevis movlenas. eleqtronuli naTuras muSaoba 
damyarebulia naTuris balonis vakuumSi 
Termoeleqtronuli emisiis gamoyenebaze. vakuumSi 
eleqtronebi moZraoben ufro Tavisuflad, xolo 
gavarvarebuli kaTodi ar iwvis. kaTodis gavarvareba 
warmoebs mudmivi deniT, romelic miiReba varvaris 
batareidan БH, an cvladi deniT Cveulebriv daqveiTebuli 
Zabvis transformatoridan. 

naTuris anodi gankuTvnilia kaTodidan 
amofrqveuli eleqtronebis misazidad. Tu Zabva anodsa 
da kaTods Soris nulis tolia, maSin kaTodidan amo-
frqveuli eleqtronebi ar miemarTebian anodisaken da 
kaTodis garSemo qmnian eleqtronul Rrubels. kaTodi 
eleqtronebis dakargvis gamo imuxteba dadebiTad da 
ara mxolod aCerebs misgan amofrqveul eleqtronebs, 
aramed kidevac miizidavs maT ukanve. 



Tu anodis wredSi CavrTavT anodis batareas Бa, 
maSin naTuraSi SevqmniT eleqtrul vels, romlis 
gavleniTac eleqtronuli Rrublidan eleqtronebi 
gaemarTebian anodisaken da naTuris anodur wredSi 
gaivlis deni. 

4.6 naxazze naCvenebia oreleqtrodiani naTuris 
CarTvis sqema. sqemaze kaTodis erTi bolo mierTebulia 
anoduri batareis – Бa da varvaris batareis БH 
uaryofiT kontaqtebTan. am wertils saerTo minusi 
ewodeba. igi Cveulebrivad SeerTebulia xelsawyos 
liTonis korpusTan da miwasTan. mas uwodeben, agreTve, 
nulovani potencialis wertils. 

 
 

diodis mniSvnelovan Tvisebas warmoadgens misi 
calmxrivi gamtaroba. masSi eleqtronebi moZraoben ka-
Todidan anodisaken, rac Seesabameba denis mimarTule-
bas anodidan kaTodisaken. diodebi gamoiyeneba cvladi 
denis gamarTvisaTvis, e.i. cvladi denis mudmiv denad 
gardaqmnisaTvis. 

anoduri deni cvalebadobs ramdenime miliamperidan 
ramdenime aTeul miliamperamde. varvaris deni Seadgens 
ramdenime aTeul an aseul miliampers. varvaris Zabva 
Seadgens ramdenime volts, anoduri Zabva – ramdenime 
aseul volts. 

eleqtronuli naTurebis SerCevisas didi mniSv-
neloba aqvs anodur densa Ia da anodur Zabvas Ua Soris 
damokidebulebis codnas. es damokidebuleba gamois-
axeba sami meoredis xarisxis kanoniT: 

nax.4.6. orele-
qtrodiani naTu-
ra (diodi) 

2/3
aa CUI = ,       (4.15) 
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sadac C koeficientis mniSvneloba damokidebulia 
naTuris eleqtrodebis zomebze da formaze. 

mruds, romelic gamoxatavs naTuris anoduri denis 
Zalis damokidebulebas anoduri Zabvisagan, ewodeba 
naTuris voltamperuli maxasiaTebeli. 

diodis voltamperuli maxasiaTebeli, rodesac var-
varis Zabva UH=43 naCvenebia 4.7 naxazze. 

 
 

Tu kaTodis mocemuli varvarebis dros Zafsa da 
anods Soris Zabvas gavadidebT, maSin ufro meti 
raodenobis eleqtronebi imoZraveben anodisaken, e.i. 
deni anodur wredSi moimatebs. kaTodsa da anods So-
ris Zabvis cvalebadobis mizniT maT Soris aTavseben 
mesame eleqtrods, romelsac bade C ewodeba. aseT 
eleqtronul naTuras sameleqtrodian naTuras anu 
triods uwodeben. triodSi bade asrulebs anoduri 
denis marTvis grZnobieri organos rols. badeebi 
sruldeba spiralis saxiT liTonis traversTan midu-
Rebuli xveulebiT. 

badis mmarTveli moqmedeba mdgomareobs, badeze 
modebuli Zabvis cvalebadobiT anoduri denis regu-
lirebaSi. kerZod, uaryofiTi Zabva badeze amcirebs 
anodur dens, xolo dadebiTi Zabva ki zrdis. badeze 
uaryofiTi Zabvis gazrdiT SeiZleba mivaRwioT 
eleqtronebis moZraobis srul Sewyvetas. badur Zabvas, 
romlis SemTxvevaSiac naTuraSi anoduri deni mcirdeba 
nulamde, uwodeben Caketvis (wakveTis) Zabvas. Caketvis 
Zabva miT ufro metia, rac metia Ua. 

nax.4.7. diodis 
voltamperuli 
maxasiaTebeli 
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2/3)( aca DUUCI +=

raodenobiTi kavSiri Ua anodur da Uc badur Zab-
vebsa da anodur Ia dens Soris analizurad gamoisaxeba 
gantolebiT: 

,     (4.16) 

sadac Ia aris anoduri deni; 
Uc – Zabva badesa da kaTods Soris; 
Ua – Zabva anodsa da kaTods Soris; 
D – badis SeRwevadobis ganmsazRvreli ricxviTi 

koeficienti; 
C – koeficientis mniSvneloba ganmartebulia zeviT. 
triodi xasiaTdeba ori ZiriTadi statikuri 

maxasiaTebliT: 1) anoduri, 2) anodur-baduri 
maxasiaTebeli. 

anoduri maxasiaTebeli gamosaxavs triodis 
anoduri denis damokidebulebas anoduri Zabvisagan, 
mudmivi baduri Zabvis dros. 

anodur-baduri maxasiaTebeli warmoadgens anoduri 
denis damokidebulebas badeze Zabvisagan, mudmivi 
anoduri Zabvis dros. 

igulisxmeba, rom orive statikuri maxasiaTeblis 
gadaRebisas kaTodis varvaris Zabva mudmivia. 

nax.4.8,a – naCvenebia triodis wredebis sqema, xolo 
nax. 4.8,b – triodis anodur-baduri maxasiaTebeli. 



 
nax.4.8. sameleqtrodiani naTura (triodi): a) triodis 

wredebis sqema. A – anodi; C - bade; K - kaTodi; БH - varvaras 
batarea; Бa - anodis batarea. b) triodis anodur-baduri maxa-
siaTebeli 

triodis, rogorc gamaZliereblis Tvisebebi xa-
siaTdeba Semdegi parametrebiT: maxasiaTeblis daxri-
loba, naTuris Siga winaRoba da gaZlierebis koeficienti. 
(mudmiv sidideebs, romlebic gansazRvraven eleqtro-
nuli naTuris Tvisebebs, ewodebaT naTuris parame-
trebi).  

maxasiaTeblis daxriloba warmoadgens anoduri 
denis nazrdis Sefardebas baduri Zabvis Sesabamis 
nazrdTan, anoduri Zabvis mudmivi mniSvnelobis dros. 
diferencialur formaSi 
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const
U
IS Ua

c

a =
∂
∂

= )( .     (4.17) 

amrigad, maxasiaTeblis daxriloba gansazRvravs 
baduri Zabvis gavlenas anodur denze. 

daxrilobis erTeulia erTi miliamperi gayofili 
erT voltze (ma/v). rac metia maxasiaTeblis daxriloba, 
miT ukeTesad imuSavebs naTura, rogorc gamaZlierebeli. 



cvladi denisadmi naTuris Sinagani winaaRmdegoba 
ganisazRvreba anoduri Zabvis nazrdis SefardebiT 
Sesabamisi anoduri denis nazrdTan, mudmivi baduri Zab-
vis dros. diferencialur formaSi gamoixateba warmoe-
buliT: 

const
I
UR Uc

a

a
I =

∂
∂

= )( .      (4.18) 

Siga winaRoba axasiaTebs anoduri Zabvis gavlenas 
anodur denze, baduri Zabvis mudmivi mniSvnelobis dros. 

cnobilia, rom anodur denze did gavlenas axdens 
baduri Zabvis cvalebadoba, radgan bade kaTodTan 
ufro axlos aris ganlagebuli, vidre anodTan. 

Tu gavzrdiT badur Zabvas cUΔ  sididiT, Sesa-

bamisad gaizrdeba, agreTve, anoduri denic aIΔ  

mniSvnelobiT; imisaTvis, rom anoduri deni gaizardos 

imave  sididiT, mxolod anoduri Zabvis aIΔ aUΔ  gaz-

rdis xarjze, aUΔ  mniSvneloba unda iyos gacilebiT 

meti, vidre Δ . cU
naTuris gaZlierebis statikuri koeficienti μ  

ganisazRvreba anoduri da baduri Zabvis cvlilebaTa 
fardobiT, romelTa SemTxvevaSi miiRweva anoduri 
denis erTi da igive cvlileba. diferencialur for-
maSi igi udris:  

const
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U Ia
c

=
∂
U a∂

−= )(μ .     (4.19) 

amrigad, naTuris gaZlierebis koeficienti gviCve-
nebs, Tu ramdenjer izrdeba cvladi Zabva, eleqtro-
nuli naTuris moqmedebis Sedegad. warmoebulis win ni-
Sani minusi gapirobebulia imiT, rom baduri da 
anoduri Zabvebis nazrdebi, anoduri denis mudmivi 
mniSvnelobis dros, urTierTsawinaaRmdego niSnebis 
unda iyos. 

gaZlierebis statikur koeficients μ , maxasiaTeb-

lis daxrilobasa S da naTuris Siga winaRobas Ri So-
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SRi

ris arsebobs damokidebuleba, romelsac naTuris Siga 
gantolebas uwodeben. 

=μ .      (4.20) 

(4.20) gamosaxuleba gamomdinareobs (4.19)-dan, Tu 

wiladis mricxvelsa da mniSvnels gavamravlebT aI∂ , 

e.i. 

SR
UI
IU

IU
IU

i
ca

aa

ac

aa =
∂∂
∂∂

=
∂∂

∂ ∂
=μ , 

sadac 
a

a
i I

U
R

∂
∂

= , xolo 
c

a

U
I

S
∂
∂

=  Sesabamisad (4.18) da 

(4.17) gamosaxulebebis mixedviT. 
me-4.1 cxrilSi moyvanilia avtomatikis gavrcele-

bul sqemebSi gamoyenebuli zogierTi triodis ZiriTadi 
nominaluri parametrebi. 

 
 

                  
 
 
 

 cxrili 4.1 
zogierTi triodis ZiriTadi nominaluri parametrebi 
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anodis mier 
zRvruli 
dasaSvebi 
g a nb n e v is  

simZlavre, vt 
 
 
 

6C5C 0.3 250 -8 8  2.2 20 9 2.75 triodi 

6H7C 0.81 300 -6 7  3.2 35 11.3 
    ormagi 
    triodi 

6H9C 0.3 250 -2 2.3  1.6 70 44 
    ormagi  
  triodi 

6.0

  
1.1

6H2П 0.345 250 -1.5 2.3  2 97.5 49 
    ormagi  
    triodi 1
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Tanamedrove mimRebi – gamaZlierebeli naTura pi-
robiTad aRiniSneba oTxi elementiT: 

pirveli elementi aris ricxvi (damrgvalebuli), 
romelic gamosaxavs varvaris Zabvas voltebSi; 

meore elementi – aso gviCvenebs naTuris 
eleqtrodebis sistemas. calmag triodebs aqvs aso C, 
xolo ormagebs – aso H;  

mesame elementi – cifri, romelic aRniSnavs 
naTuris Sesrulebis sawarmoo (rigiT) nomers; 

meoTxe elementi – aso uCvenebs konstruqciul Ses-
rulebas da mis mikuTvnebas gansazRvruli seriisadmi. 
magaliTad, minis garsiani naTura - C, mciregabaritiani 
TiTisebri naTura - П, zeminiaturuli naTura diame-
triT 10 mm - Б; liTonis garsiani naTurebis Sesru-
lebisas bolo aso ar iwereba. 

warmoeba uSvebs, agreTve, kombinirebul naTurebs. 
kombinirebuli naTuris SemTxvevaSi erT balonSi mo-
Tavsebulia eleqtrodebis ori sistema. aseT naTurebs 
miekuTvneba: ormagi triodebi, diod-triodebi, diod-
pentodebi da triod-pentodebi (pentodi ewodeba naTu-
ras, romelSic moTavsebulia sami bade – mmarTveli, 
maekranebeli da dinatronsawinaRo. maekranebeli bade 
moTavsebulia anodTan mmarTvel badeze axlos. masze 
miewodeba dadebiTi Zabva, romelic sididiT anodur 
Zabvaze naklebia. am SemTxvevaSi anoduri Zabvis cvale-
badoba nakleb gavlenas moaxdens anodur denze, radgan 
kaTodsa da anods Soris moTavsebulia damatebiTi 
dadebiTad damuxtuli eleqtrodi, anodis maekranebeli 
kaTodisagan. maekranebel badesa da anods Soris dina-
tronuli efeqtisagan – kaTodidan amofrqveuli 
eleqtronebis mier anodidan da maekranebeli badidan 
amotyorcnili meoradi eleqtronebis amogdeba-dacvis 
mizniT, aTavseben mesame damcvel anu dinatronsawinaRo 
bades da uerTeben kaTods. am SemTxvevaSi anodidan 
amofrqveuli eleqtronebi ubrundebian ukanve anods. 
pentodebSi gaZlierebis koeficienti aRwevs 1500-mde). 

 

2. eleqtronuli gamaZliereblebi 



eleqtronuli gamaZliereblebi farTodaa gamoye-
nebuli avtomatikis sqemebSi. eleqtronuli gamaZli-
erebeli aris aparati, romelic gaZlierebas awarmoebs 
eleqtronuli naTuris meSveobiT. gaZlierebisaTvis ga-
moyenebulia anoduri wredis mkvebavi energiis wyaro. 

sameleqtrodiani naTuris ZiriTadi daniSnulebaa 
cvladi Zabvis gaZliereba. gasaZlierebeli cvladi 
Zabva miewodeba badeze da naTuris kaTodze, xolo 
gaZlierebuli Zabva moixsneba anodur wredSi. 

4.9 naxazze mocemulia gaZlierebis safexuris anu 
kaskadis sqema. igi Sedgeba naTuris, kvebis wyaroebisa 
da anodis wredSi CarTuli damtvirTavi winaRobisagan 
Ra. cvladi Zabva Uc mcire aqtiuri winaaRmdegobis 
transformatoris gragnilidan naTuris badeze miiy-
vaneba gamyofi kondensatoriT Cp. gamyofi kondensatori 
Cp icavs Ec wyaros transformatoris gragnilTan mokle 
CarTvisagan. erTdroulad badeze miiyvaneba mudmivi 
Zabva (gadaadgilebis Zabva) Ec wyarodan. 

mcire simZlavris eleqtruli signali miwodebuli 
naTuris badeze iwvevs analogiur, magram gacilebiT 
mZlavr signals Ra winaRobaze. 

 

 
nax.4.9. gaZlierebis sqema sameleqtrodiani naTuris gamo-

yenebiT 
 

gamaZlierebeli kaskadis muSaobis TvalsaCinoebis 
mizniT ganvixiloT sameleqtrodiani naTuris anodur-
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baduri maxasiaTebeli denisa da Zabvis mrudebis saxiT 
(nax.4.10) 

 
rodesac badeze ar aris cvladi Zabva, anoduri 

deni iwodeba simSvidis denad Ia0, xolo misi Sesabamisi 
A wertili maxasiaTebelze (nax.4.10) – muSa wertilad. 

baduri deniT Seqmnili gaZlierebis misaRebad, 
damaxinjebebis gareSe, aucilebelia, rom maxasiaTeblis 
muSa wertili imyofebodes badeze uaryofiTi Zabvebis 
sworxazovani ubnis areSi. amisaTvis gamaZliereblebSi 
badeze miewodeba mudmivi uaryofiTi Zabva, romelic 
gadaaadgilebs muSa wertils marcxniv. am Zabvas 
ewodeba gadaadgilebis Zabva. maxasiaTeblis ubans, rom-
lis farglebSic icvlebian baduri Zabva da anoduri 
deni, ewodeba muSa ubani. 

muSa wertilis mdebareoba ganisazRvreba gadaadgi-
lebis ZabviT, xolo naTuris anoduri deni gadaad-
gilebis Zabvis da cvladi Zabvis Uc myisi mniSvnelobis 
jamiT. 

Tu badur wredSi ar arsebobs gasaZlierebeli Zabva 
USem, naTuris anodur wredSi gadis mudmivi Ia0 deni, 
romlis sididec ganisazRvreba anoduri ZabviTa da 
mudmivi baduri gadaadgilebis ZabviT Uc0. 

badur wredSi gasaZlierebeli Zabvis USem= Uci warmo-
qmna iwvevs anoduri denis Secvlas, romelSic Cndeba 

nax.4.10. naTurul-
triodiani gamaZlie-
reblis anodur-badu-
ri diagrama 



cvladi mdgeneli Ia1 amplitudiT. maSasadame, anodur 
wredSi gaivlis deni, romelic Seicavs mudmiv mdgenels 
Ia0 da cvlad mdgenels Ia1. amis gamo Ra winaRobis mom-
Werebze  iqmneba Zabva, romelic Seicavs mudmiv mdgen-
els Ia0 Ra da cvlad mdgenels Ia1Ra. 

kondensatoris CarTviT, romelic atarebs cvlad 
dens, magram ar atarebs mudmiv dens, SeiZleba gamovyoT 
cvladi Zabva amplitudiT Ugam= Ia1Ra, romelic war-
moadgens gaZlierebul Zabvas gamaZliereblis gamo-
sasvlelze. 

gaZlierebuli cvladi Zabvis amplituda aRemateba 
badeze miwodebul cvlad Zabvas, damtvirTavi anoduri 
winaRobis Ra sakmaod didi mniSvnelobis SemTxvevaSi. 

ganxiluli saxis gamaZlierebels xSirad uwodeben 
gamaZlierebels winaRobebze an reostatul gamaZliere-
bels. 

naTuruli gamaZliereblis anoduri wredi Sedgeba 
Tanmimdevrulad SeerTebuli triodis Siga winaRobisa 
Ri da anoduri datvirTvisagan Ra, amitom anoduri denis 
Secvla  
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a

a

R
U
+i

a R
I Δ
=Δ .        (4.21) 

ca UU(4.19) formulis Tanaxmad ΔμΔ = . 

aUΔTu CavsvamT -s mniSvnelobas (4.21) miviRebT 

ai
a RR +

cUI Δ
=Δ

μ
;        (4.22) 

gamomavali Zabvis Secvla  

aa RIU Δ=Δ gam

I
;        (4.23) 

ΔgaviTvaliswinoT (4.22) a -s mniSvneloba (4.23), 

miviRebT 

a

a

R
R
+

Δ
i

c R
UU Δ= μgam ;      (4.24) 

gamaZliereblis gaZlierebis koeficienti naklebia 
naTuris gaZlierebis koeficientze. 

gamaZliereblis gaZlierebis koeficienti 
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Sem

gam

U
U

K
Δ

Δ
=

SemU

;        (4.25) 

Tu CavsvamT (4.25) Δ -is nacvlad mis tol 

mniSvnelobas cU gamUΔ , xolo Δ  nacvlad mis mniSvnelo-

bas (4.24), miviRebT: 

ai

aa

a

RR
RR
+

= μ
c

i
c

U
R

RU
K

Δ
+

Δ
=
μ

; 

an 

1

1

+
=

a

i

R
RK μ .      (4.26) 

(4.26) formulidan Cans, rom 

K < μ . 

Tanamedrove gamaZliereblebSi gadaadgilebis Zab-
vis Sesaqmnelad damoukidebeli denis wyaros nacvlad 
gamoiyeneba anoduri wyaros Zabvis nawili (gadaad-
gilebis avtomaturi Zabva). 

gadaadgilebis avtomaturi Zabvis misaRebi sqema 
SesaTbobi kaTodiani naTurisaTvis warmodgenilia 4.11 
naxazze. 

nax.4.11. gadaadgilebis 
avtomaturi Zabvis misa-
Rebi sqema 

 



anodur wredSi mimdevrobiT kaTodsa da anoduri 
wyaros uaryofiT poluss Soris CarTulia Rk winaRoba, 
romelsac gadaadgilebis winaRoba an kaToduri winaRo-
ba ewodeba. anoduri denis mudmivi mdgeneli Rk winaRo-
baSi gavlisas qmnis masze Zabvis vardnas. aseTive 
sididis Zabvis vardnas aqvs adgili, agreTve, badeze. 
anodur wredSi CarTulia, agreTve, didi tevadobis kon-
densatori Ck, romlis winaRoba ramdenjerme naklebia 
kaTodur Rk winaRobaze. 
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1aI

1aRIU

orkaskadiani gamaZliereblis sqema mocemulia 4.12 

naxazze. cvladi Zabva  gasaZliereblad miewodeba 

pirveli kaskadis badeze. amis gamo anoduri deni xdeba 
mpulsavi. anoduri dednis cvladi mdgeneli 

damtvirTav winaRobaze Ra1 qmnis gaZlierebul cvlad 

Zabvas 

Sem1U

⋅= Sem1gam1

Sem2gam1 U

, romelic gadis Cc kondensatoris 

gavliT; es Zabva warmoadgens Semaval signals meore Л2  
naTurisaTvis, e.i. U = . 

nax.4.12. orkas-
kadiani gamaZlie-
reblis sqema 

 
cvladi Zabva USem2 miewodeba Semdeg safexurs 

baduri Cc kondensatoris gavliT; baduri kondensatori 
Л2 naTuris bades amxoloebs anoduri kvebis maRali 
mudmivi Zabvisagan, magram Tavisuflad atarebs cvlad 
Zabvas. 

baduri winaRoba Rc2 xels uwyobs badidan 
eleqtronebis gadinebas, ris gamoc meore naTuris Л2 



badeze ar warmoiqmneba naTuris muSaobaSi xelis Sem-
Sleli uaryofiTi potenciali. gamaZliereblis gamo-
sasvlels Seadgens meore kaskadis RH winaRobidan 
moxsnili Zabva. 

mravalsafexurian gamaZlierebelSi sawyisi safex-
urebi, dawyebuli Sesasvlelidan, Seadgenen Zabvis ga-
maZlierebels an winaswar gamaZlierebels, xolo ga-
maZliereblis ukanaskneli safexuri ki warmoadgens 
simZlavris gamaZlierebels. 

naTurul gamaZliereblebSi gamoiyeneba eleqtro-
nuli naTuris CarTvis sami ZiriTadi sqema (nax.4.13):    
1) damiwebuli kaTodiT; 2) damiwebuli badiTa da 3) 
damiwebuli anodiT.  

naTuris CarTvis sqemam, damiwebuli kaTodiT, didi 
gavrceleba hpova Zabvisa da simZlavris gamaZlie-
reblebSi. kaskadis gaZlierebis koeficienti aRniSnuli 
sqemisaTvis gamoisaxeba formuliT (4.26). 

sqema damiwebuli badiT gamoiyeneba zemaRali six-
Siris signalebisa da mudmivi denis gasaZliereblad. 
aseTi kaskadis gaZlierebis koeficienti saSualo six-
Sireebze tolia 
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ai

a

RR
RK

+
+

=
)1(μ

.      (4.27) 

 



 nax.4.13. naTuris CarT-
vis sqema: 

a) damiwebuli kaTodiT; 
b) damiwebuli badiT; 
g) damiwebuli anodiT. 

 
 
 

sqema damiwebuli anodiT farTod gamoiyeneba 
Tanamedrove gamaZliereblebSi. 

aseTi kaskadis gaZlierebis koeficienti yovelTvis 
erTze naklebia, radgan 

gamSem UUU ck= +  

da 
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1<=
Sem

gam

U
U

K .             (4.28) 

avtomatikaSi gamoyenebuli eleqtronuli gamaZlie-
reblebi warmoadgenen unificirebul kvanZebs, romleb-
sac qarxnebi uSveben awyobili saxiT. gansakuTrebiT 
gavrcelebulia УЭ da УЭМ tipis gamaZliereblebi. 

 
 
 

$4. naxevargamtaruli gamaZliereblebi 

1. naxevargamtarebi da maTi Tvisebebi 

naxevargamtarebi ewodebaT nivTierebebs, romlebic 
Cveulebrivi temperaturis pirobebSi Seicaven Tavisu-
fali eleqtronebis Zalian mcire raodenobas, rac ga-
napirobebs naxevargamtarebis metad did kuTr winaRobas. 



eleqtruli winaRobis TvalsazrisiT naxevargam-
tarebs uWiravT Sualedi mdgomareoba gamtarebsa da 
izolatorebs Soris. marTlac, gamtarebis kuTri wi-
naRoba Seadgens 1,6.10-2÷ 1 omi.mm2/m, izolatorebis kuTri 
winaRoba 1015÷ 1023 omi.mm2/m, xolo naxevargamtarebis ki 
10 1014 omi.mm2/m. ÷

∋I

∋I

liTonebisagan gansxvavebiT naxevargamtarebs wina-
Robis uaryofiTi temperaturuli koeficienti aqvT. es 
niSnavs, rom Tu naxevargamtars, romelSic deni gadis, 
gavaTbobT, masSi deni mniSvnelovnad gaizrdeba, xolo 
Tu gavaTbobT gamtars, romelSic deni gadis, masSi 
deni Semcirdeba. maSasadame, naxevargamtaris gaTbobisas 
Tavisufali eleqtronebis ricxvi mkveTrad izrdeba. 

cnobilia naxevargamtaruli gamtarobis ori saxe: 
eleqtronuli gamtaroba da xvreluri gamtaroba. 

naxevargamtarebs eleqtronuli gamtarobiT gaaCniaT 
e.w. Tavisufali eleqtronebi, romlebic sustad arian 
dakavSirebuli atomebis birTvebTan. Tu aseT naxevar-
gamtars movdebT potencialTa sxvaobas, Tavisufali 
eleqtronebi daiwyeben gadataniT moZraobas garkveuli 
mimarTulebiT, e.i. naxevargamtarSi gaivlis eleqtruli 
deni. vinaidan aRniSnuli tipis naxevargamtarebSi 
eleqtruli deni warmoadgens uaryofiTad damuxtuli 
nawilakebis gadaadgilebas, amitom maT uwodeben n tipis 
naxevargamtarebs (sityvisagan negative – uaryofiTi). 

naxevargamtarebs xvreluri gamtarobiT ar gaaCniaT 
Tavisufali eleqtronebi. maTSi eleqtruli denis  
gavla ganixileba, rogorc dadebiTi muxtebis gadaad-
gileba. naxevargamtarebs xvreluri gamtarobiT ewode-
baT p tipis naxevargamtarebi (sityvisagan positive – 
dadebiTi). 

naxevargamtarSi sruli deni warmoadgens eleqtro-

nuli gamtarobiT ( ) da xvreluri gamtarobiT (ID) ga-

mowveuli denis jams 

I= + ID. 
xvreluri gamtaroba mdgomareobs SemdegSi: Tu 

naxevargamtars movdebT Zabvas, masSi potencialTa 
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sxvaobis gavleniT daiwyeben gadaadgilebas xvrelebi, 
rac tolfasia dadebiTi muxtebis gadaadgilebisa. 
xvrelebis gadaadgilebis mimarTuleba eleqtronebis 
moZraobis sawinaaRmdegoa. Teoria da cda gviCvenebs, 
rom xvrelebi iqcevian ise, rogorc elementaruli 
dadebiTi muxtebi. 

Tu atoms gare orbitaze aklia erTi eleqtroni, 
mas gaaCnia erTi xvreli. potencialTa sxvaobis gav-
leniT, mezobeli neitraluri atomidan, romlis yvela  
eleqtroni Tavis adgilzea, erTi eleqtroni gada-
adgildeba xvreliani atomisaken, ris Sedegadac xvre-
liani atomi gadaiqceva neitralur atomad, xolo 
xvreli gaCndeba atomSi, romelmac erTi eleqtroni da-
karga. aseT process eleqtronebisa da xvrelebis re-
kombinacia ewodeba. 

absoluturad sufTa naxevargamtarebis gamtarobas, 
romlebic minarevebs ar Seicaven, sakuTari gamtaroba 
ewodeba. absoluturad sufTa naxevargamtarebSi sinaT-
lis an siTbos moqmedebiT, eleqtronebi da xvrelebi 
warmoiSobian wyvilwyvilad. amitom sakuTar naxevar-
gamtarebSi eleqtronebisa da xvrelebis ricxvi Tana-
baria. 

didi gamtaroba axasiaTebT minarevian naxevargam-
tarebs. minarevis saxeobis mixedviT maTSi Warbobs 
eleqtronuli an xvreluri gamtaroba. minarevebi Sei-
Zleba iyos donoruli, romlebic zrdian Tavisufali 
eleqtronebis marags da aqceptoruli, romlebic 
zrdian xvrelebis ricxvs. maSasadame, donoruli mina-
reviani naxevargamtaris gamtaroba ZiriTadad eleqtro-
nulia anu xasiaTdeba n-gamtarobiT. am naxevargamta-
rebSi muxtebis ZiriTad matareblebs warmoadgenen 
eleqtronebi, xolo ara ZiriTad matareblebs – xvre-
lebi. aqceptoruli minareviani naxevargamtaris gamtar-
oba ki piriqiT xvreluria, anu xasiaTdeba p-gamtarobiT. 
aq muxtebis ZiriTad matareblebs warmoadgenen xvre-
lebi, ara ZiriTad matareblebs – eleqtronebi. aRsaniS-
navia, rom ZiriTadi da ara ZiriTadi matareblebis kon-



centraciaTa namravli ucvleli sididea, nebismieri 
tipis naxevargamtarisaTvis, e.i. 

pn=pini .      (4.29) 
sadac p da pi aris xvrelebis koncentraciebi Sesa-

bamisad minarevian da araminarevian naxevargamtarebSi. 

n da ni eleqtronebis koncentracia minarevian da 
araminarevian naxevargamtarebSi. 

naxevargamtariani diodebisa da triodebis dasamza-
deblad ZiriTadad gamoiyeneba germaniumi da kaJbadi. 
maTTan SefardebiT donorebs warmoadgenen stibiumi, 
fosfori, dariSxani; aqceptorebs – indiumi, galiumi, 
alumini, bori. 

n gamtarobis minarevian naxevargamtarSi gvaqvs Sem-
degi saxis eleqtruli muxtebi: 

1) moZravi uaryofiTi muxtebi (eleqtronebi), rom-
lebic warmoadgenen ZiriTad matareblebs; 

2) moZravi dadebiTi muxtebi (xvrelebi) – warmoad-
genen ara ZiriTad matareblebs; 

3) uZravi dadebiTi muxtebi – donoruli minarevis 
ionebi. 

p-gamtarobis minarevian naxevargamtarSi gvaqvs Sem-
degi saxis eleqtruli muxtebi: 

1) moZravi dadebiTi muxtebi (xvrelebi) – ZiriTadi 
matareblebi; 

2) moZravi uaryofiTi muxtebi (eleqtronebi) – 
araZiriTadi matareblebi; 

3) uZravi uaryofiTi muxtebi – aqceptoruli minare-
vis ionebi. 

4.14 naxazze naCvenebia p-germaniumis (a) da n-germa-
niumis (b) firfitebi eleqtruli muxtebis ganlagebiT. 

 

 159 



nax.4.14. naxevargamtarSi eleqtruli muxtebis ganlageba: 
a) p-germaniumis firfita; b) n-germaniumis firfita;   -
eleqtronebi;      - xvrelebi; “-” – uZravi uaryofiTi muxtebi; 
“+” – uZravi dadebiTi muxtebi 

 

2. naxevargamtaruli diodebi 

ganvixiloT sxvadasxva tipis gamtarobis ori naxe-
vargamtaris kontaqti. naxevargamtarebis sasazRvro 
ares am SemTxvevaSi ewodeba p-n gadasvla. 

kontaqti or firfitas Soris p-n gadasvliT 
miiReba ara meqanikuri gziT, aramed gamosaval fir-
fitaSi saWiro minarevis SednobiT da difuziiT. 
gadasvlas, romelic miiReba Senarevis SednobiT, 
ewodeba Senadnobi, xolo difuziiT miRebuls ki di-
fuziuri gadasvla. damzadebis teqnologiisagan da-
mokidebulebiT diodebsa da triodebs (tranzistorebs) 
Sesabamisad ewodebaT Senadnobi an difuziuri. 

ori naxevargamtaris kontaqtis winaRoba damokide-
bulia denis mimarTulebaze, e.i. praqtikulad kontaqti 
xasiaTdeba calmxrivi gamtarobiT. ganvixiloT 
naxevargamtariani diodis calmxrivi gamtarobis fizi-
kuri procesi. aviRoT diodi warmoqmnili n da p gam-
tarobis ori naxevargamtaridan, romelTa Soris kon-
taqti xorcieldeba А-Б xaziT (nax.4.15). eleqtronebi  
(n-gamtarobis naxevargamtaridan) da xvrelebi (p-gam-
tarobis naxevargamtaridan) erTi naxevargamtaridan 
meoreSi p-n gadasvlis gavliT difundirebas daiwyeben. 
kerZod n naxevargamtaridan p naxevargamtarSi SeaRweven 
eleqtronebi, xolo  p naxevargamtaridan n naxevargam-
tarSi – xvrelebi. sasazRvro fenaSi moxdeba eleqtro-
nebis xvrelebTan rekombinacia, ris Sedegadac p-n gada-
svlis zonaSi darCebian mxolod uZravi muxtebi: dadeb-
iTi n – aris sazRvarze da uaryofiTi p – aris 
sazRvarze. aRniSnuli muxtebis gavleniT naxevargam-
tarebs Soris aRiZvreba kontaqturi potencialTa 
sxvaoba, rac Seaferxebs eleqtronebisa da xvrelebis 
Semdgom difuzias. amis Sedegad naxevargamtaris sasaz-
Rvro areebi muxtis ZiriTadi matareblebiT gaRarib-
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deba, ris gamoc p-n gadasvlis eleqtruli winaRoba 
Zalian gaizrdeba. p-n gadasvlas amasTan dakavSirebiT 
ewodeba Camketi fena an potencialuri barieri. Camketi 
fenis E0 eleqtrul vels – kontaqturi veli. kon-
taqturi veli xels uwyobs orive naxevargamtarSi 
mcire raodenobiT arsebuli muxtis araZiriTadi mata-
reblebis moZraobas da aferxebs ZiriTadi matareb-
lebis moZraobas. 

 
 

nax.4.15. eleqtruli muxtebis ganawileba p da n gamtar-
obis ori naxevargamtaris kontaqtis dros 

 

movdoT diodze Zabva (nax.4.16,a). p – are SevuerToT 
batareis dadebiT poluss, xolo n – are – uaryofiT 
poluss. modebuli potencialTa sxvaobis gavleniT 
muxtebis ZiriTadi matareblebi daiwyeben moZraobas p-n 
gadasvlisaken: xvrelebi p-areSi, xolo eleqtronebi   
n-areSi. p-n gadasvlaSi eleqtronebi da xvrelebi erT-
maneTs ejaxebian da xdeba maTi rekombinacia. amis gamo 
Camketi fena muxtis ZiriTadi matareblebiT gamdid-
rdeba, xolo p-n gadasvlis winaRoba Zalian Sem-
cirdeba. n naxevargamtarSi eleqtronebis Semcirebis 
kompensacia e.m.Z. wyaros uaryofiT polusTan SemaerTe-
beli gamtaridan gadmosuli eleqtronebiT xdeba, 
xvrelebis naklebobis kompensacia ki p naxevargamtaridan 
batareis dadebiT polusze gadasuli eleqtronebiT. 

 161 



 

 
nax.4.16. diodis CarTva eleqtrul wredSi mudmivi Zabvis 

wyarosTan: a) denis wyaros gamtari mimarTulebiT; b) denis 
wyaros “Camketi” mimarTulebiT 

 

Caketili wredis SemTxvevaSi aRwerili procesi 
ganuwyvetliv mimdinareobs da amitom wredSi denic 
ganuwyvetliv arsebobs, amasTan denis sidide mni-
Svnelovania. am dens pirdapiri deni ewodeba, xolo Zab-
vas, romlis drosac igi aRiZvreba – pirdapiri Zabva. 

amrigad, ori naxevargamtaris erToblioba p-n gada-
svliT atarebs dens mxolod erTi mimarTulebiT da 
amitom SeiZleba gamoviyenoT cvladi denis gasamarTavad. 

Tu SevcvliT naxevargamtarebze modebuli Zabvis 
polarobas, sasazRvro fenaSi gamavali denis sidide 
mkveTrad Seicvleba (nax.4.16,b), radgan xvrelebi p-areSi 
gadaadgildebian uaryofiTi eleqtrodisaken, xolo 
eleqtronebi n-areSi dadebiTi eleqtrodisaken, e.i. mux-
tis ZiriTadi matareblebi mocildebian p-n gadasvlas. 
amis gamo sasazRvro fenis winaRoba Zalian gaizrdeba. 
naxevargamtarebSi siTburi procesebis  gavleniT war-
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moiSoba umniSvnelo ricxvi Tavisufali eleqtronebisa 
da xvrelebisa, romlebic maTSi muxtis ZiriTad ma-
tareblebs ar warmoadgenen; es eleqtronebi da xvre-
lebi qmnian sust arapirdapir dens, romelsac diodis 
ukudeni ewodeba. Zabvas, romlis drosac aRiZvreba 
ukudeni ukuZabva ewodeba. 

nax.4.17 warmodgenilia germaniumis diodis voltam-
peruli maxasiaTebeli. koordinatTa sistemis pirvel 
kvadrantSi moTavsebulia diodSi pirdapiri mimar-
Tulebis Sesabamisi Sto (OA ubani), xolo mesame kvad-
rantSi – diodSi ukumimarTulebis Sesabamisi Sto (OБ 
ubani). 

nax.4.17. germa-
niumis diodis 
voltamperuli 
maxasiaTebeli 

 
 

pirdapiri da ukudenisaTvis, agreTve, ZabvisaTvis 
voltamperul maxasiaTebelze aRebulia sxvadasxva 
masStabi, radgan pirdapiri da ukudenebis mniSvnelo-
bebi erTmaneTisagan gansxvavdeba asjer da metjer. 
rogorc voltamperuli maxasiaTeblidan Cans, 0,6 v Zabva 
qmnis 0,1 amp. sididis pirdapir dens, maSin, rodesac 
0,0001 amp (0,1 mega amp.) ukudenis Sesaqmnelad saWiroa 
400v meti Zabva. 

warmoeba uSvebs germaniumis, kaJbadis,  selenis da 
spilenZqveJanguri tipis naxevargamtarul diodebs. dat-
virTvis yvelaze didi unarianoba axasiaTebs germani-
umisa da kaJbadis diodebs, magram maTi Rirebulebac 
metia. 
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nax.4.18 naCvenebia ДГ-Ц tipis germaniumis firfi-
tovani diodis mowyobiloba. aRniSvnis pirveli aso 
Seesabameba diods - Д; meore aso Г – germaniums, mesame 
Ц – gammarTvels. 

 
nax.4.18. germaniumis diodis mowyobiloba (eleqtrodi 

SeerTebuli indiumis kristalTan warmoadgens anods, xolo 
eleqtrodi SeerTebuli germaniumTan – kaTods) 

 

diodi Sedgeba erTmaneTTan midnobili germaniumisa 
(1) da indiumis (2) kristalisagan, romlebic SeerTebu-
lia (3) da (4) densarTmevTan. densarTmevi (4) liTonis 
korpusiT (5) uerTdeba kontaqtur gamomyvans (7). den-
sarTmevi 3 minis izolatoriT (6) izolirebulia kor-
pusisagan da SeerTebulia kontaqtur gamomyvanTan (8). 
hermetuli korpusi naxevargamtars sinestisagan icavs. 

naxevargamtaruli diodis gamosaxva sqemaze naCvene-
bia 4.19 naxazze. 

 
+

 
 
nax.4.19. naxevargamtaruli diodis gamosaxva sqemaze 

3. naxevargamtaruli triodebi 

naxevargamtaruli triodi (tranzistori) warmo-
adgens germaniumisa da kaJbadisagan Sesrulebul mono-
kristals, romelic Seicavs Senacvlebadi p da n gam-
tarobis sam fenas. ganapira fenebs gaaCniaT erTgvari 
gamtaroba, xolo Sualed fenas maTgan gansxvavebuli 
(sxvagvari gamtaroba). 
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arCeven p-n-p tipisa (pirdapiri gamtarobis) da n-p-n 
tipis (ukugamtarobis) triodebs. p-n-p tipis triodebSi 
gare fenebs aqvs p gamtaroba, xolo Sigas _ n-gamta-
roba (nax.4.20). aseTi triodis pirobiTi aRniSvna sqe-
mebSi naCvenebia nax.4.21. n-p-n tipis triodebis gare 
fenebs aqvs n-gamtaroba, xolo Sigas - p gamtaroba 
(nax.4.22). maTi pirobiTi aRniSvna sqemebSi naCvenebia 
nax.4.23. 

emiteri Э da koleqtori К warmoadgenen 
tranzistoris eleqtrodebs. Sualed fenas, romelic 
atarebs muxtebs emiteridan koleqtorisaken, ewodeba baza 
– Б. 

nax.4.20 naCvenebia triodis CarTva wredSi ele-
qtruli signalis gasaZliereblad. sqemaze 
warmodgenilia ori wredi – Semavali anu marTvis 
wredi da gamomavali anu samarTavi wredi. mkvebavi 
Zabvebis polaroba SerCeulia iseTnairad, rom 
emiteruli gadasvla (p-n gadasvla) muSaobs pirdapiri 
mimarTulebiT, xolo koleqtoruli gadasvla (n-p 
gadasvla) ukumimarTulebiT. 

 
nax.4.20. p-n-p tipis triodis CarTva wredSi eleqtruli 

signalis gasaZliereblad 
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emiteruli gadasvlis winaRoba mcirea. amitom emi-
teris wredSi normraluri denis misaRebad sakmarisia 
emiteris e.m.Z. wyaros Zabva iyos voltis meaTedi 
nawili. rac Seexeba koleqtorul gadasvlas, misi wi-
naRoba metad mniSvnelovania, amitom koleqtoris e.m.Z. 
wyaros Zabva Ek aRemateba emiteris e.m.Z. wyaros Zabvas Eэ 
da Seadgens ramdenime erTeul an aTeul volts. 

eleqtruli signalebis gaZliereba naxevargamtari-
ani triodis saSualebiT emyareba koleqtoris denis 
marTvas, emiteris denis daxmarebiT. 

Tu K1 da K2 Camrazebi gaTiSulia eleqtronebisa da 
xvrelebis difuziis gamo, p-n da n-p gadasvlebze war-
moiqmneba uZravi muxtebi, romelTa polaroba naCvenebia 
4.20 naxazze. 

Tu K1 Camrazs SevkravT, maSin triodis Eэ-K1-Э-Б-О-Е 
Semaval wredSi emiteris batareis p-n gadasvlaze, pir-
dapiri mimarTulebiT CarTvis gamo, wredSi gaivlis 
didi sididis emiteris deni Iэ. 

Tu K1 Camrazs gavTiSavT, xolo K2 SevkravT, maSin 
warmoiqmneba tranzistoris gamomavali wredi, romel-
Sic praqtikulad deni ar gaivlis, radgan koleqtoris 
batarea koleqtoris n-p gadasvlasTan CarTulia ukumi-
marTulebiT. 

K1 da K2 Camrazebis erTdroulad Sekvris Sem-
TxvevaSi p-n gadasvlaze emiteri – baza gaivlis Eэ Zab-
vis proporciuli xvreluri deni. denis xvrelebis 
ZiriTadi nakadi koleqtoris batareis Ek Zabvis mo-

nax.4.21. p-n-p tran-
zistoris pirobiTi 
aRniSvna sqemebSi 

nax.4.22. n-p-n tipis 
triodis struqtu-
ruli sqema 

nax.4.23. n-p-n tipis 
triodis pirobiTi 
aRniSvna sqemebSi 



qmedebiT gaemarTeba emiteri–baza gadasvlisaken da 
xvrelebi gadavlen K koleqtorSi, saidanac RH da-
mtvirTavi winaRobis gavliT gaedinebian Ek batareis 
uaryofiTi polusisaken. rac ufro mcirea bazis sisqe 
(Seadgens 15-50 mikrons), miT meti raodenoba miaRwevs 
emiteridan gadmosuli xvrelebisa koleqtors. Cveuleb-
rivad 92-99% xvrelebisa xvdeba koleqtorSi da war-
moqmnis koleqtoris dens Ik. xvrelebis nawili, romle-
bic ver miaRweven baza-koleqtoris gadasvlas, Seivseba 
emiteris batareidan - Eэ Б-О sadeniT mosuli ele-
qtronebiT. xvrelebis mcire nawili moxvdeba ra n-gam-
tarobis areSi (p gamtarobis aredan gadmosvlis Sem-
deg) rekombinirebs Tavisufal eleqtronebTan da nei-
traldebian. 

amrigad, bazis denis Zala  Zalian mcire sididea, 

uaxlovdeba nuls, maSin, rodesac koleqtoris denis 
Zala utoldeba emiteris denis Zalas  

δI

∋= IIk α ,      (4.30) 

sadac α  aris triodis gaZlierebis koeficienti denis 
Zalis mixedviT 
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99.092.0)( −
∋∂

∂
= ==constU KI

kI
α

∋−

.    (4.31) 

bazuri deni, romelic warmoadgens koleqtoruli 
da emiteruli denis sxvaobas, udris  

= II )1( αδ .      (4.32)  

koleqtoris denis Zala ar aris damokidebuli 
koleqtoris batareis Ek Zabvaze da RH damtvirTav wi-
naRobaze. igi damokidebulia mxolod emiteris denis 
Zalaze Iэ, romelic Tavis mxriv ganisazRvreba emiteris 
batareis Eэ Zabvis sididiT. maSasadame, emitersa da ba-
zas Soris Zabvis Uэ.б cvalebadobiT SeiZleba ganvaxor-
cieloT koleqtoruli denis Zalis regulireba. 

nax.4.24 naCvenebia gamaZlierebel kaskadSi triodis 
CarTvis sqema. rogorc sqemidan Cans, emiteri–bazis 
wredSi Sesasvlel winaRobaze RS miewodeba Sesasvle-
li signalis Zabva US, xolo damtvirTav winaRobaze 



miviRebT Sesasvlel Zabvaze gacilebiT did gamo-
sasvlel Zabvas Ug, romelic warmoadgens signalis 
gaZlierebul Zabvas. sqemebSi saerTo baziTa da saerTo 
emiteriT gaZlierebis koeficientma Zabvis mixedviT 
SeiZleba miaRwios mniSvnelobebs 1000÷ 5000. es aixsneba 
im garemoebiT, rom baza-koleqtoris winaRoba aTasjer 
metia, emiteri–bazis winaRobaze, maSin rodesac emiteris 
denis Zala umniSvnelod aRemateba koleqtorisas. 

 

nax.4.24. gamaZli-
erebel kaskadSi 
triodis CarTvis 
sqema

 
 

Tu SevadarebT naxevargamtarul triodis muSaobas 
sameleqtrodian vakuumis naTuris muSaobas, SeiZleba 
SevamCnioT Semdegi garegani msgavseba (fizikuri arsi 
sxvadasxvaa): emiteri asrulebs eleqtronuli naTuris 
kaTodis funqciebs, koleqtori – anodis funqciebs, 
xolo baza – badis rols. maSasadame, Sesasvleli 
wredi msgavsia baduri wredisa, gamosasvleli wredi ki 
eleqtronuli naTuris anoduri wredisa. 

naxevargamtaruli triodebiani sqemis parametrebis 
gansasazRvravad sargebloben emiteruli da koleqto-
ruli voltamperuli maxasiaTebliT. 

emiteruli maxasiaTebeli warmoadgens emiteris 
denis Iэ damokidebulebas bazasa da emiters Soris Zab-
vaze Uэб, bazasa da koleqtors Soris Zabvis Ukб mudmivi 
mniSvnelobis dros, e.i. 

UfI ∋∋ =
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constKбUб =)( . 

koleqtoruli maxasiaTebeli warmoadgens kole-
qtoris denis Ik damokidebulebas koleqtoris Zabvisa-
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constIKбK UfI =∋

gan Ukб, emiteris denis Iэ raime mudmivi mniSvnelobis 
dros, e.i. 

)(= . 

emiterul maxasiaTeblebs sqemaSi saerTo baziT, 
ewodebaT Sesasvleli, xolo koleqtorul maxasiaTe-
blebs _ gamosasvleli (nax.4.25 a,b) 

 

 
nax.4.25. П13-П15А tipis tranzistoris tipuri maxasiaTe-

blebi sqemaSi saerTo baziT: a) Sesasvleli; b) gamosasvleli 
 

(nax.4.26) naCvenebia brtyeli, Senadnobi germaniumis 
triodis konstruqciuli sqema. triodis germaniumis 
sawyis monokristals aqvs n-gamtaroba, xolo gare 
fenebSi p-gamtaroba miiRweva mis kristalur gisosSi 
samvalentiani indiumis patara naWrebis SednobiT, rom-
lis narCeni moculobebi asruleben p-fenebTan or-
ganulad dakavSirebuli liTonuri eleqtrodebis 
rols, romelTa gamomyvanebi mzaddeba nikelis an moni-
kelebuli spilenZisagan da indiums mierCileba kaliT. 
П-14 tipis dabalsixSiruli triodi gamoiyeneba denis 
winaswari gaZlierebis kaskadebSi, xolo П-207 tipis 
triodi – simZlavris gaZlierebis kaskadebSi. 

nax.4.26 brtyeli 
Senadnobi 
germaniumis 
triodis 

 



nax.4.27 warmodgenilia П401_ П403A tipis germaniumis 
triodis zomebi da eleqrodebis ganlageba. aso П tri-
odis aRniSvnaSi miRebulia brtyeli triodebisaTvis.  

 

nax.4.27. П401- П403A 
tipis germaniumis 
triodis saerTo 
xedi zomebiTa da 
eleqtrodebis gan-
lagebiT 

 
 

4. naxevargamtaruli gamaZliereblebi 

samrewvelo xelsawyoebis gamaZliereblebSi didi 
praqtikuli gavrceleba hpova saerTo emiteriT CarTvis 
sqemam (nax.4.28). naTurul teqnikaSi analogs 
warmoadgens sqema saerTo kaTodiT. 

 
nax.4.28. eleqtruli signalebis gaZliereba saerTo emi-

teriT triodis CarTvis dros 
 

sqema saerTo emiteriT iZleva, rogorc Zabvis, ise 
denisa da simZlavris mniSvnelovnad gaZlierebis Sesa-
Zleblobas (saerTo bazis sqemis dros denis ga-
Zliereba SeuZlebelia, ris gamoc simZlavris gaZliere-
bis koeficienti mcirea, naTurul teqnikaSi saerTo ba-
ziT gamaZliereblis analogs warmoadgens sqema damiwe-
buli badiT). 

cnobilia agreTve sqema saerTo koleqtoriT. am 
SemTxvevaSi Zabvis gaZlierebis koeficienti yovelTvis 
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erTze naklebia. naTurul teqnikaSi analogs war-
moadgens sqema damiwebuli anodiT. 

naxevargamtaruli gamaZliereblis sqemaze, saerTo 
emiteriT tranzistoris CarTvis dros, naCvenebia: US – 
cvladi Zabva gamaZliereblis Sesasvlelze; C1 – kon-
densatori, romelic ar atarebs, triodze US Zabvis 
mudmiv mdgenels; C2 – kondensatori, romelic ar ata-
rebs gamaZliereblis gamosasvlelze Zabvis mudmiv 
mdgenels RH gamosasvleli winaRobidan; C1 da C2 kon-
densatorebs ewodebaT gamyofi. C3 da C4 – kondensato-
rebs, romlebic muxtaven mudmivi Zabvis wyaroebs Uэ da 
Uk, ewodebaT mablokirebeli. 

Zabva emitersa da bazas Soris ganisazRvreba Uэ 
wyaros mudmivi Zabvisa da Sesasvleli denis R2 winaRo-
baze Zabvis cvladi vardnis algebruli jamiT. 

aRniSnuli naxevargamtaruli gamaZlierebeli kaska-
dis sqemis SemTxvevaSi denis Zalis gaZlierebis koefi-
cienti aRwevs sidideebs – (10-100), roca α  icvleba 0,91-
dan 0,99-mde. marTlac, gaZlierebis koeficienti  
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= −(4.32)-is Tanaxmad II б )1( α  (bazuri deni warmo-

adgens koleqtoruli da emiteruli denebis sxvaobas). 
Tu gaviTvaliswinebT Iб-is mniSvnelobas (4.33), miviRebT 

∋−
=

I
I K

)1( α
β .      (4.34) 

α=
∋

K

I
I

gII K

magram (4.30)-is Tanaxmad  warmoadgens denis 

gaZlierebis koeficients, vinaidan SII K = . =  da 

maSasadame,     
)α−1(

α
β = .       (4.35) 

α =0,98, maSin Tu magaliTad, 

49
02.0
98.0

98.01
98.0

==
−

=β . 



Zabvis gaZlierebis koeficienti saerTo emiteriT 
s.e. sqemis SemTxvevaSi aRwevs ramdenime aTass, xolo 
simZlavris gaZlierebis koeficienti aTi aTass. 

naxevargamtaruli gamaZliereblebi gamoiyeneba ro-
gorc gammarTvelebi, generatorebi da sxv. maT gaaCniaT 
didi meqanikuri gamZleoba, mcire zomebi da wona, vidre 
eleqtrovakuumur da eleqtroionur xelsawyoebs, rac 
met upiratesobaze metyvelebs. 

 
 

 

$5. magnituri gamaZliereblebi 
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H

1. feromagnituri masalebis Tvisebebi 

magnituri gamaZliereblebis moqmedeba damyarebu-
lia feromagnituri masalebis Tvisebebis gamoyenebaze. 
kerZod, feromagnituri masalebis magnituri SeRweva-
doba, maTi mudmivi magnitiT Semagnitebis dros mkveT-
rad icvleba. 

magnituri induqcia, rogorc cnobilia, gamoisaxeba 
araxazovani damokidebulebiT 

B μ= , 

sadac B aris magnituri induqcia, tl (1 tesla=1
2m

vb
=104 

gausi); 

H – magnituri velis daZabuloba, 3104a/m
m

amperi
⋅= π1(  

erstedi); 

m

henri
μ  magnituri  SeRwevadoba,  (

m

hn

SB

). 

gularis magnitur induqciasa - B, gularis ganivi 
kveTis farTsa (S) da magnitur nakads - Ф Soris da-
mokidebuleba gamoisaxeba cnobili formuliT 

= ⋅φ . 
magnituri velis daZabuloba Tavis mxriv ganisaz-

Rvreba denis ZaliT – I, magnituri gamtaris sigrZiT - 



ωl  (m) da gragnilis xveulebis ricxviT -  Semdegi ga-
mosaxulebiT 

l

ωI
H = (amp/m). 

rogorc cnobilia, denis Zalis cvalebadoba grag-
nilSi iwvevs masSi TviTinduqciis e.m.Z. - e aRZvras, ro-
melic damokidebulia gragnilis xveulebis ricxvze - 
ω  da magnituri nakadis cvlilebis siCqareze 
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dt
dφ

e ω−= ; 

aq e aRebulia voltebSi; 
Ф veberebSi (1 veberi=108 maqsvels). 
amrigad, magnituri induqciisaTvis gvaqvs Semdegi 

damokidebuleba  

l

ω
μ

I
B = . tl      (4.36) 

radgan (4.36) gamosaxuleba araxazovania, amitom μ -

koeficienti cvalebadia. μ – ganisazRvreba ori Tana-

mamravlis namravliT 

0
μμμ =

0

.       (4.37) 
r

sadac μ aris vakuumis magnituri SeRwevadoba da mas 

magnituri mudmiva ewodeba. 

rμ – fardobiTi magnituri SeRwevadoba (ganyenebuli 

ricxvi). 
magnituri velis daZabulobis gazrda garkveuli 

mniSvnelobis Semdeg iwvevs  magnituri SeRwevadobis 

mkveTrad Semcirebas. maSasadame, )(Hμ ϕ=  funqcias gaaC-

nia maqsimumi, e.i. igi sawyisi sawyμ  mniSvnelobidan iz-

rdeba maqsimumamde da kvlav mcirdeba. )(Hμ ϕ=  fun-

qciis grafikuli gamosaxuleba naCvenebia nax.4.29,b. 
magnituri gamaZliereblis muSaobis dros gamoi-

yeneba )(Hϕμ =  damokidebulebis marjvena nawili, ro-

melic Seesabameba magnituri velis daZabulobis gaz-
rdisas, magnituri SeRwevadobis Semcirebas. 
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nax.4.29. feromagnituri masalebis Tvisebebi: a) B=f(H) 

funqciis grafiki; b) )(Hϕμ =  funqciis grafiki 
 

feromagnituri masalis moqmedi magnituri SeRweva-
dobis sidide cvladi denis SemTxvevaSi SeiZleba gani-
sazRvros nax.4.29,a agebuli mrudis saSualebiT, ro-
melic gamosaxavs B=f(H) damokidebulebas. grafikidan 
Cans, rom B=f(H) mrudi magnituri velis daZabulobis 
saSualo mniSvnelobebis dros izrdeba swrafad, vidre 
mcire da didi mniSvnelobis SemTxvevaSi. swored am Su-
aledSi aRwevs rkinis magnituri SeRwevadoba Tavis 
maqsimalur sidides, romelic tolia haeris magnituri 
SeRwevadobisa. grafikul damokidebulebas magnituri 
induqciisas magnituri velis daZabulobisagan ewodeba 
damagnitebis mrudi. aRniSnuli mrudis araxazovani 
xasiaTi feromagnituri masalebisaTvis aRmoaCina prof. 
a.g. stoletovma. feromagnituri masalis Tvisebebis ga-
mokvlevaSi didi wvlili Seitanes, agreTve, mecnierebma 
– v.k. arkadievma, n.s. akulovma, i.t. dorfmanma, s.v. 
konsovskim da sxvebma. 

nax.4.30 mocemulia sxvadasxva feromagnituri niv-
Tierebis damagnitebis mrudebi 

 

nax.4.30. sxvada-
sxva feromagni-
turi nivTierebis 
damagnitebis 
mrudebi 



2. magnituri gamaZliereblebi 

magnituri gamaZlierebeli MY warmoadgens cvladi 
denis feromagnitur mowyobilobas, romlis induqci-
uroba icvleba farTo sazRvrebSi droselis mudmivi 
deniT Semagnitebis dros.  amrigad, Sesasvleli aris 
mudmivi denis Zabva, gamosasvleli – cvladi denis 
Zabva, Tu gamosasvlelze gaTvaliswinebuli ar aris 
gammarTvelebi. magnituri gamaZliereblebi gamoirCevian 
mowyobilobis simartiviT, gaZlierebis mniSvnelovani 
koeficientiT (erT kaskadSi simZlavris gaZliereba aR-
wevs 1000-10000 da mets), moZravi nawilebis uqonlobiT, 
aramgrZnobiarobiT didi gadatvirTvebisadmi, dartyme-
bisadmi, ryevisadmi da maRali saeqsploatacio saimedo-
biT. eleqtronuli gamaZliereblebisagan gansxvavebiT, 
magnituri gamaZliereblebi ar saWiroeben winaswar 
gaxurebas da mzad arian samoqmedod, kvebis wyaros 
CarTvisTanave. maT gaaCniaT stabiluri maxasiaTeblebi. 
magnituri gamaZlierebeli erTnair reagirebas axdens 
Semagnitebis denis mimarTulebisagan damoukideblad. 

CamoTvlili upiratesobebis gamo magnituri ga-
maZliereblebi farTod gamoiyeneba avtomaturi regu-
lirebis, marTvisa da kontrolis mowyobilobebSi. 

magnituri gamaZliereblebis arsebiT nakls war-
moadgens didi inerciuloba, ganpirobebuli marTvis 
gragnilebis induqciurobiT. 

umartivesi magnituri gamaZlierebeli Sedgeba ori 
feromagnituri gularisagan, romelzec daxveulia mud-
mivi denis marTvis gragnili Wy. ori muSa, cvladi 
denis gragnili Wp daxveulia TiToeuli Tavis gu-
larze da SeerTebulia erTmaneTTan TanmimdevrobiT 
ise, rom maT mier Seqmnili Ф1 da Ф2 nakadidan erT-
erTi emTxveva marTvis gragnilis nakads Фy, xolo 
meore mis sawinaaRmdegod aris mimarTuli. cvladi 
denis gragnils ewodeba marTvadi gragnili. marTvis 
gragnilze ori cvladi magnituri velis moqmedeba erT-
maneTs akompensirebs. arareversiuli magnituri ga-
maZliereblis sqema naCvenebia 4.31 naxazze. 
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nax.4.31. umartivesi 
magnituri gamaZlie-
reblis sqema 
 

 
 

magnituri gamaZliereblis moqmedebis principi 
mdgomareobs SemdegSi: rodesac marTvis gragnilSi 
mudmivi deni ar arsebobs, e.i. Ix=0, nulis toli iqneba, 
agreTve, mudmivi magnituri velis daZabulobac Hx=0. 
maSasadame, gularis Semagnitebas adgili ara aqvs. 

rodesac Hx 0 mcirdeba magnituri SeRwevadoba - , es 

ki iwvevs induqciurobisa  L da induqciuri winaRobis 
XL Semcirebas, rac gamomdinareobs damokidebulebidan  

≠ ~μ
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~
104.0

μLC~μ
S

L =
⋅

=
l

πω 82 −
,       (4.38) 

sadac  
ω  aris muSa gragnilis xveulebis ricxvi; 
S – gularis ganivkveTis farTi, sm2; 

l  – magnituri sadenis saSualo sigrZe, sm.; 
L – droselis induqciuroba (Wp gragnilis); 

const
S

LC =
−⋅

=
l

81024.0 πω
  (mocemuli droselisaTvis). 

induqciurobis Semcireba iwvevs cvladi dednis 
gazrdas, rac gamomdinareobs Semdegi gamosaxulebidan 

22
0 )(

~~
~

rLR

UU
I

fHZ ++
==

ω

~

,     (4.39) 

sadac U  aris Zabva wredSi; 

R0–Wp gragnilisa da ZH datvirTvis aqtiuri wina-
Roba; 
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ff

r- ZH datvirTvis reaqtiuli winaRoba; 

π2=

~μ

~

ω  – wredis wriuli sixSire; f_teqnikuri 
sixSire. 

amrigad, Semagnitebis denis Secvla I==Iy iwvevs  

Secvlas. μ Secvlas, rogorc es gamomdinareobs (4.38) 

da (4.39) formulebidan mivyavarT datvirTvis wredis 

denis Secvlamde. magnituri SeRwevadoba  icvleba 

mniSvneloovnad Semagnitebis denis umniSvnelod cvli-
lebisas. amitom denis mixedviT SegviZlia mcire 
Sesasvleli signalebiT vmarToT mniSvnelovani si-
mZlavreebi datvirTvis wredSi. maSasadame, aRniSnuli 
mowyobiloba warmoadgens gamaZlierebels, romelic 
xasiaTdeba gaZlierebis ori koeficientiT – simZlavris 
mixedviT Kp da Zabvis mixedviT Ku : 

~I ~μ

y

H
p P

PPK 0−
= ;        (4.40) 

y

H
u U

UUK 0−
= ,      (4.41) 

sadac  
Py da Uy aris Sesabamisad simZlavre da Zabva 

Sesasvleli signalisa; 
PH da  UH – simZlavre da Zabva datvirTvaze; 
P0 da  U0 – simZlavre da Zabva, rodesac adgili ara 

aqvs Semagnitebas Iy=0.  
gaZlierebis koeficientis gazrdis mizniT 

gamoiyeneba specialuri magnituri Senadnobebi 
(permaloi rkina-nikelis Senadnobi), maRali sixSiris 
(400-2000 hc) cvladi deni da ukukavSiri. permaloisagan 
damzadebul gulars gaaCnia gacilebiT didi magnituri 
SeRwevadoba, vidre satransformatoro folads. kvebis 
maRali sixSireebi iwveven gaZlierebis koeficientis 
proporciul zrdas da inerciulobis Semcirebas. 
magnituri gamaZliereblebis sqemebSi gansakuTrebuli 
mniSvneloba aqvs ukukavSirs. cvladi denis 
mniSvnelobis zrda iwvevs ukukavSirs gragnilis mier 



Seqmnili damamagnitebeli Zalis gazrdas. maSasadame, 
mcirdeba damagnitebis Zala (amper-xveulebi) da mudmivi 
denis marTvis gragnilebis zomebi. nax.4.32 
warmodgenilia magnituri gamaZliereblis sqema 
dadebiTi ukukavSiriT, romlis ganxorcielebac 
advilia, Tu datvirTvis dens IH mivawodebT ukukavSiris 
dadebiT gragnilSi Woc, romelic isevea SeerTebuli, 
rogorc marTvis gragnili Wy. 

nax.4.32. magnitu-
ri gamaZliereblis 
sqema, ukukavSiris 
da muSa wertilis 
gadasaadgilebeli 
gragnilebiT 

 
sawyisi Semagnitebis an gadaadgilebisaTvis, ro-

melic saSualebas iZleva gamaZliereblis maxasiaTe-
belze gadavaadgiloT muSa wertili, rodesac Iy=0, sqe-
maSi gaTvaliswinebulia myari gammarTveli BCM (kupro-
qsis an selenis), romlisganac cvladi rezistoris RCM 
gavliT ikvebeba gadaadgilebis gragnili WCM, romelic 
xSirad gamoiyeneba sawyisi muSa wertilis gadasaad-
gileblad xazovani ubnis SuaSi. 
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~I

=I

magnituri gamaZliereblis ZiriTadi maxasiaTebelia 

marTvad gragnilSi denis  damokidebuleba denisagan 

 marTvis gragnilSi. 

nax.4.33 naCvenebia magnituri gamaZliereblis max-
asiaTebeli. 

 
nax.4.33. magnituri gamaZliereblis maxasiaTebeli: a) ga-

daadgilebis denis gareSe; b) gadaadgilebis denis Sem-
TxvevaSi 

 
 

 

$6. eleqtromanqanuri gamaZliereblebi 

eleqtronuli da magnituri gamaZliereblebisagan 
gansxvavebiT eleqtromanqanur gamaZliereblebs ЭМУ 
gaaCniaT mbrunavi an moZravi nawilebi. eleqtroman-
qanuri gamaZlierebeli umartivesi saxiT warmoadgens 
mudmivi denis generators, romelic brunavs mudmivi 
siCqariT damxmare Zravas saSualebiT (am mizniT 
Cveulebrivad gamoiyeneba asinqronuli mokled CarTuli 
Zrava). naxazze 4.34,a warmodgenilia umartivesi ele-
qtromanqanuri gamaZliereblis sqema, xolo 4.34,b-ze ga-
mosasvleli Zabvis damokidebuleba marTvis denisagan. 
sqemaze 1 – aris meqanikuri energiis damxmare wyaro; 2 – 
generatoris Ruza; 3 – generatoris marTvis gragnili;  
4 – gamaZlierebeli, romelic kvebavs marTvis gragnils; 



5 – eleqtromanqanuri gamaZliereblis datvirTva damo-
ukidebeli agznebiT (Semsrulebeli Zravas Ruza). 

radganac generatoris gamosasvleli Zabva propor-
ciulia agznebis nakadisa, amitom agznebis gragnilSi 
(marTvis gragnilSi – 3) denis sididisa da mimarTule-
bis cvlilebiT SesaZlebelia generatoris gamosasvle-
li Zabvis marTva. gaZlierebis koeficienti simZlavris 
mixedviT Seadgens 10-100. 

 
nax.4.34. umartivesi eleqtromanqanuri gamaZlierebeli:   

a) sqema; b) maxasiaTebeli 
 

aRwerili umartivesi eleqtromanqanuri gamaZli-
ereblis garda, Tanamedrove teqnikaSi gamoiyeneba ufro 
srulyofili agregatebi, romlebic agznebis sistemis 
mixedviT iyofian grZivi da  ganivi velis eleqtroman-
qanur gamaZliereblebad (ЭМУ). grZivi velis ЭМУ, ag-
znebis ZiriTadi muSa nakadi moqmedebs manqanis grZivi 
RerZis mimarTulebiT polusebis gaswvriv, xolo ganivi 
velis ЭМУ – ganivi RerZis mimarTulebiT. praqtikaSi 
farTo gamoyeneba hpova eleqtromagniturma gamaZlie-
reblebma ganivi veliT, romelTac ampildini ewodebaT. 
ampildinis agznebis wredis mier gamoyenebuli si-
mZlavre Seadgens mcire sidides, generatoris gamo-
sasvlelze ganviTarebul simZlavresTan SedarebiT. ma-
galiTad, eleqtromanqanur gamaZlierebels ЭМУ-25, ro-
melsac uSvebs warmoeba, gaaCnia gamosasvleli sim-
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Zlavre 2,5kvt., xolo Sesasvleli simZlavre ori grag-
nilis SemTxvevaSi 0,5vt.; ЭМУ-110 marTvis ori grag-
nilis SemTxvevaSi aviTarebs 11kvt gamosasvlel sim-
Zlavres, 0,5vt Sesasvleli simZlavris dros. gaZli-
erebis koeficientis sidide cvalebadobs 1000-100000-is 
sazRvrebSi. 
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4.35 naxazze naCvenebia ganivveliani eleqtroman-

qanuri gamaZliereblis sruli sqema. naxazze ω – war-

moadgens marTvis gragnils; kω  – sakompensacio grag-

nils; Rщ – regulirebad winaRobas, CarTuls sakompen-
sacio gragnilis paralelurad, kompensaciis xarisxis 
SesarCevad; щ1 da щ2 – ganiv musebs; щ3 da щ4 – grZiv 
musebs; Iy – marTvis dens; Eq – ganivi wredis e.m.Z.; Ed – 
grZivi wredis e.m.Z. 

nax.4.35. eleqtro-
manqanuri gama-
Zlierebeli gani-
vi veliT (ampil-
dini) 

 
 

Iy yω  magnituri mamoZravebeli Zalis moqmedebis 

Sedegad manqanis grZivi RerZis mimarTulebiT warmoiqm-
neba nakadi. Ruzis ganiv wredSi am nakadis moqmedebiT 
warmoiSoba ganivi wredis e.m.Z. Eq. musebis ganivi wyvili 
щ1 da щ2 Sekrulia mokled, ris gamoc Eq-is gavleniT 
manqanis ganiv wredSi warmoiqmneba didi deni Iq, ro-
melic Ruzis sadenebSi gadinebisas aRZravs ganiv mag-
nitur nakads Фq. Ruzis grZiv wredSi aRiZvreba grZivi 



wredis e.m.Z. Ed, romelic moixsneba grZivi wredis muse-
bidan щ3 da щ4 datvirTvaze. gaZlierebis efeqti mdgo-
mareobs masSi, rom ganivi nakadi Фq gacilebiT didia, 
vidre misi gamomwvevi sawyisi grZivi nakadi Фd. sqemidan 
Cans, rom Ruzis magnituri mamoZravebeli Zala grZiv 
wredSi, romelic iqmneba datvirTvis deniT, moqmedebs 

marTvis magnituri m.Z. Iy yω  sawinaaRmdegod da iwvevs 

manqanis ganmagnitebas. amitom ganivvelian eleqtroman-
qanur gamaZliereblebSi, ZiriTad polusebze, marTvis 
gragnilebis garda, gaTvaliswinebulia sakompensacio 
gragnili msxvili mavTulisagan, romelic CarTulia 
datvirTvis wredSi mimdevrobiT, iseTnairad, rom kom-
pensacia gauwios datvirTvis denis ganmagnitebel mo-
qmedebas. 

nax.4.36 warmodgenilia ampildinis principuli sqema. 
sqemaze OY1, OY2, OK, OД  aRniSnulia Sesabamisad marT-
vis, sakompensacio da damatebiTi polusebis grag-
nilebi. damatebiTi polusebi ganlagebulia grZiv 
RerZze da gankuTvnilia grZivi musebis (romelTa gav-
liTac miedineba datvirTvis deni) komutaciis pirobe-
bis gasaumjobeseblad. damatebiTi polusebis gragnili 
CarTulia sakompensacio gragnilTan mimdevrobiT. 

 
nax.4.36. ampildinis principuli sqema 
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ampildini warmoadgens orsafexurian gamaZliere-
bels. gaZlierebis pirveli safexuri aris marTvis 
wredi – Ruzis mokled CarTuli wredi. gaZlierebis 
meore safexuri – Ruzis mokled CarTuli wredi – dat-
virTvis wredi. 

denis gaZlierebis pirveli safexuris koeficienti  

50201 ÷==
yI

K qI
;       (4.42) 

gaZlierebis meore safexuris koeficienti 
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50202 ÷==
q

d

I
IK ;      (4.43) 

denis mixedviT gaZlierebis saerTo koeficienti 

250040021 ÷==⋅=⋅=
y

d

q

d

y

q

I
I

I
I

I
I

KKK .     (4.44) 

gaZlierebis koeficienti izrdeba agznebis denis Iy 
sididis SemcirebiT, Ruzis Id denTan SedarebiT. 

simZlavris gaZlierebis saerTo koeficienti 

y

d

q

d

y

q
ppp P

P
P
P

P
P

KKK =⋅=⋅= 21

UIP yy

,     (4.45) 

⋅sadac =

qqq EIP ⋅=

ddd EIP ⋅=

aris simZlavre marTvis wredSi; 

– simZlavre ganivi musebis wredSi; 

– simZlavre grZivi musebis wredSi. 

saWiroa aRiniSnos, rom magnituri da naxevargamta-
ruli gamaZliereblebi, didi saimedobis gamo, bolo 
dros, zRudaven eleqtromanqanuri gamaZliereblebis 
gamoyenebas avtomatizebuli eleqtroamZravebis siste-
mebSi. magram, avtomatizebuli eleqtroamZravis mZlavr 
sistemebSi da iq, sadac saWiroa reversireba da gadat-
virTvis didi unarianoba, eleqtromanqanuri gamaZlie-
reblebis upiratesoba udavoa. 

warmoeba uSvebs eleqtromanqanur gamaZliereblebs 
100 kvt-mde simZlavriT. 

 



$7. eleqtruli kontaqtebi da rele, rogorc 
gamaZlierebeli 

 

eleqtruli kontaqtebi SeiZleba ganvixiloT, 
rogorc gamaZlierebeli (nax.4.37). moZravi kontaqtis 
gadasaadgileblad saWiroa mcire Zalva. kontaqtebi 
CarTaven eleqtroZravs, romelsac SeuZlia ganaviTaros 
mniSvnelovani Zalva. 

  nax.4.37. ele-
qtruli kontaq-
tebi, rogorc ga-
maZlierebeli 

 
 

rodesac moZravi kontaqti imyofeba neitralur 
mdgomareobaSi, B da H kontaqtorebis koWebi gaude-
nurebulia da Zrava gamorTulia. Tu moZravi kontaqti 
– 1, gadamwodisagan miRebuli impulsis moqmedebiT 
SeuerTdeba kontaqts – 2, koWa B (win) miiRebs kvebas da 
Tavisi kontaqtebiT CarTavs eleqtroZravs, romelic 
gadaaadgilebs maregulirebel organos. 1-3 kontaqtebis 
Sekvris SemTxvevaSi CairTveba H (ukan) kontaqtoris 
koWas wredi; eleqtroZrava CairTveba ukusvlaze da 
maregulirebeli organo gadaadgildeba sawinaaRmdego 
mimarTulebiT. 

eleqtromagnituri rele warmoadgens umartives ga-
maZlierebels. reles amoqmedebisaTvis saWiroa mcire 
sididis deni (an Zabva), xolo reles kontaqtebi Car-
Taven gacilebiT didi sididis dens. magaliTad, rele 
MKY-48 koWaTi 220 v cvlad denze saWiroebs amoqmede-
bisaTvis muSa dens sididiT 0,012 amp. imave Zabvaze kon-
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taqtebis mier Sekruli denis sidide aRwevs 5 amp. maSa-
sadame, gaZlierebis koeficienti 

416
012.0
5

≈=K . 

naxazze 4.38 naCvenebia eleqtromagnituri reles  
maxasiaTebeli. reles ganmasxvavebel Taviseburebas 
warmoadgens misi maxasiaTeblis wyvetadoba. marTlac, 
Tu Zabva reles koWaze izrdeba nulidan garkveul 
sididemde wredSi, romelSic reles kontaqtebia Car-
Tuli, denis sidide ar Seicvleba. rodesac Zabva 
koWaze miaRwevs reles amoqmedebisaTvis saWiro 
sidides, reles gulari Seizideba da Sekravs kon-
taqtebs. am dros kontaqtebis wredSi deni mkveTrad 

gaizrdeba. maSasadame, rodesac U=U2 Sesruldeba nax-

tomi da gamosasvleli sidide Seicvleba I1-dan I2-mde. 

Sesasvleli U sididis Semdgomi zrda, gamosasvleli I 

sididis cvlilebas ar gamoiwvevs. Sesasvleli zemo-

qmedebis Semcirebisas U1 mniSvnelobamde, gamosasvleli 

sidide rCeba Seucvleli. rodesac U gautoldeba U1, 
kvlav sruldeba naxtomi – gamosasvleli sidide kvlav 

ecema I1-mde da SemdegSi U-s Semcirebis miuxedavad ar 
Seicvleba. 

 

 
 

nax.4.38. reles, rogorc gamaZliereblis maxasiaTebeli 
 

 
 



 

$8. araeleqtruli moqmedebis gamaZliereblebi 

avtomaturi regulirebis araeleqtrul sistemebSi 
gamoyenebulia meqanikuri, hidravlikuri da pnevmaturi 
gamaZliereblebi. samSeneblo warmoebaSi ki ZiriTadad 
pnevmaturi da hidravlikuri gamaZliereblebi gamoi-
yeneba, Sesabamisad pnevmo da hidroamZravebTan. 

 

1. pnevmaturi gamaZliereblebi 

pnevmaturi gamaZlierebeli warmoadgens meqanizms, 
romelSiac energiis sakmaod mZlavri nakadis (gaTval-
iswinebuli maregulirebeli organos moqmedebaSi mo-
sayvanad) marTva warmoebs marTvis elementSi miwode-
buli energiis mcire nakadiT. 

energiis wyarod, regulatorebis moqmedebaSi mosay-
vanad gamoiyeneba kumSuli haeri, wneviT 0,2-1 kgZ/sm2 
(1.96.104 – 9,8.104n/m2). 

pnevmaturi gamaZliereblebis ZiriTad elements 
warmoadgens “saqSen-safari” mowyobiloba, romlis 
muSaobis sqema naCvenebia 4.39 naxazze. sqemaze 1 – aris 
mudmivi kveTis droseli (droseli anu hidravlikuri 
winaaRmdegoba ewodeba mowyobilobas, romelic milsa-
denis sistemaSi CarTvis SemTxvevaSi cvlis milsadenis 
haeris gamtar kveTs da Sesabamisad, – xarjsa da wnevas. 
Cveulebrivad droseli warmoadgens mcire sigrZis mi-
laks mcire diametriT – 0,2 mm-mde); 2 – kamera, romel-
Sic miewodeba kumSuli haeri P1 wneviT. kumSuli haeris 
wneva kameraSi P aris sakomando; 5 – milakis saSuale-
biT sakomando wneva miewodeba Semsrulebeli meqanizmis 
kameraSi – 6. kameras – 2 aqvs kidev erTi xvreti – 
saqSeni 4, saidanac SekumSuli haeri gaedineba atmos-
feroSi; 3 – aris safari (sworkuTxa formis foladis 
firfita), romelsac SeuZlia miuaxlovdes an daSordes 
saqSens – 4. saqSenis gamtari kveTi ramdenimejer aRe-
mateba droselis kveTs. magaliTad, Tu droselis dia-
metri tolia 0,2 mm-is, maSin saqSenis diametri miiReba 
0,5 mm. cxadia, rom saqSeni – 4 mudmivi kveTis Sem-
TxvevaSi haeris xarjis sidide damokidebulia safari – 

 186 



3 mdebareobaze. rac ufro axlosaa ganlagebuli safari 
saqSenTan, miT ufro naklebi iqneba haeris xarji 
“saqSen-safaris” gavliT. amrigad, saqSenisa da safaris 
erToblioba SeiZleba ganvixiloT, rogorc cvladi 
kveTis droseli. maSasadame, cvladi droselis saSu-
alebiT SeiZleba vareguliroT wnevis sidide 2 – kam-
eraSi. Tu safari mTlianad dafaravs saqSens, maSin sa-
komando wneva P gautoldeba mkvebavi wnevis P1 sidides. 
rac metad mocildeba safari saqSens, miT ufro nak-
lebi iqneba sakomando wneva P da bolos, SesaZlebelia 
igi atmosferul wnevas gautoldes. 

 

 
 

radgan safaris gadasaadgileblad saWiro Zalvis 
sidide f, mniSvnelovnad naklebia dguSis Wokze (7) gan-
viTarebul F Zalvis sidideze, ganxiluli mowyobiloba 
warmoadgens gamaZlierebels. 

naxazze 4.40 warmodgenilia grafikuli damokide-
buleba sakomando P wnevasa da safaris h mdebareobas 
Soris. rogorc grafikidan Cans, safaris gadaadgileba 
0,05 mm iwvevs sakomando wnevis Secvlas 80%-iT. maSasa-
dame, parametris umniSvnelo cvlileba iwvevs safaris 
iseT gadaadgilebebs, romelTa drosac saqSeni an daxu-
rulia, an Riaa, e.i. haeris wneva Semsrulebel meqaniz-
mze utoldeba mkvebav P1 wnevas, an ecema atmosferul 
wnevamde. Sualedi mniSvnelobebis miuReblad, cxadia, 
rom aseTi regulatori Tavisi moqmedebiT warmoadgens 
orpoziciurs. 

“saqSen-safari” gardamqmnelis maxasiaTeblis gasaum-
jobeseblad gamoiyeneba gardamqmneli Zalovani uku-

nax.4.39. droselis 
gardamqmneli 
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kavSiriT, romlis moqmedeba agebulia gazomvis kompen-
saciur principze. 

safaris konstruqciad gamoiyeneba, agreTve, madro-
selirebeli burTula, nemsi an mkveTara. 

 

nax.4.40. grafikuli 
damokidebuleba sako-
mando wnevasa da safa-
ris mdebareobas Soris

 
 

2. hidravlikuri gamaZliereblebi 

hidravlikuri gamaZlierebeli warmoadgens mowyo-
bilobas, marTvis hidravlikur wredSi simZlavris 
gasaZliereblad, muSa siTxis daxmarebiT, romelic mie-
wodeba gareSe wyarodan, wnevis qveS. muSa siTxis (tran-
sformatoruli zeTi) wneva P0 =6 8kgZ/sm2(5.9÷ ÷ 7.8bari). 

hidravlikuri gamaZliereblebi iyofian Wavlur, 
mkveTara da droselurad. 

Wavluri gamaZliereblis moqmedebis principi mdgo-
mareobs SemdegSi (nax.4.41): Wavluri milakis (5) satuCe-
dan (satuCes diametri udris 1,8÷ 2mm-s.) gamodenili 
siTxis Wavlis siCqariTi dawneva Wavlis saSualo 
mdgomareobidan gadaxris Sedegad iwvevs wnevis cvale-
badobas gamaZliereblis saqSenebSi (2), ris Sedegadac 
Zalovan cilindrSi iqmneba wnevaTa sxvaoba P1-P2 da 
dguSi iwyebs gadaadgilebas. rodesac Wavluri milaki 
ganlagebulia saSualo mdgomareobaSi, mimRebi saqSene-
bis RerZebidan Tanabar manZilze (1,25 mm-ze), maSin cil-
indrSi dguSis orive mxares siTxis wneva Tanabaria, 
P1=P2. am SemTxvevaSi P1-P2=0 da dguSi (1) iqneba gaCere-
buli. dguSis gadaadgilebis mimarTuleba damokidebu-
lia Wavluri milakis saqSenis gadaxris mimarTulebaze. 
amasTan, siTxe meore saqSenidan brundeba ukanve ga-
maZliereblis korpusSi. amrigad, Wavluri gamaZlie-
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reblis muSaoba emyareba siTxis Wavlis kinetikuri en-
ergiis wnevis potencialur energiad gardaqmnas. 

nax.4.41. Wavluri hidrav-
likuri gamaZliereblis 
moqmedebis sqema. 1 – aRmas-
rulebeli meqanizmis 
dguSi; 2 – mimRebi saqSe-
nebi; 3 – mgrZnobiare ele-
menti, romelic gadascems 
Zalvas Wavlur milaks; 4 – 
poWoWiki; 5 – Wavluri mi-
laki; 6 – zambara, romelic 
agreTve gadascems Zalvas 
Wavlur milaks 

 
nax.4.42 naCvenebia TiToeul saqSenSi P1 da P2 wnevebis 

sidideebis cvalebadobis grafiki, Wavluri milakis 
gadaadgilebisas erTi ganapira mdebareobidan meoreSi; 
garda amisa, wnevaTa sxvaobis P1-P2 damokidebuleba Wav-
luri milakis mdebareobaze. 

 

nax.4.42. wnevis 
cvalebadobis 
grafiki Wavluri 
milakis gadaadgi-
lebisas 
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Wavluri gamaZliereblis gaZlierebis koeficienti 
aRwevs ramdenime aTeul aTass. es aixsneba im garemoe-
biT, rom Wavluri milakis saqSenis gadaadgilebas, 
erTi ganapira mdebareobidan meoreSi sWirdeba ZalvaTa 
sxvaoba – ramdenime aTeuli grami; aRmasrulebeli 
meqanizmis dguSze ganviTarebuli Zalva ki icvleba 
aseuli kilogramebiT. 

warmoeba seriulad uSvebs erTkaskadian da orkas-
kadian Wavlur gamaZliereblebs.  

mkveTarian gamaZlierebelSi (nax.4.43) amTvisebeli 
elementis susti impulsebi gadaaadgileben dguSs (1) da 
didi wnevis qveS (2÷ 6 kgZ/sm2) (3 da 4) milsadenebiT mi-
marTaven mineralur zeTs aRmasrulebeli Zravas cil-
indrSi (5), romlis dguSic (6) Sesabamisad 
gadaadgildeba. vinaidan aRmasrulebeli Zravas dguSis 
Wokze ganviTarebuli F Zalva mniSvnelovnad aRemateba 
mkveTaras gadaadgilebisaTvis aucilebel f Zalvas, 
ganxiluli mowyobiloba warmoadgens gamaZlierebels. 

 

 
nax.4.43. mkveTariani hidravlikuri gamaZliereblis moqmede-

bis sqema 
 

droseluri hidravlikuri gamaZliereblis sqema 
analogiuria zemoT aRwerili “saqSeni-safari” gardam-
qmnelisa. 
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aRmasrulebeli meqanizmebi 
 

$1. aRmasrulebeli meqanizmebis klasifi-
kacia da moqmedebis principi 

 

marTvisa da regulirebis aRmasrulebeli meqanizme-
bis daniSnulebaa moaxdinon zemoqmedeba muSa manqanebsa 
da teqnologiuri procesis msvlelobaze. isini war-
moadgenen maregulirebeli sistemis bolo elementebs, 
romlebic uSualod obieqtze axdenen maregulirebel 
zemoqmedebas. aRmasrulebeli meqanizmebis moqmedebaSi 
mosayvanad gamoiyeneba meqanikuri, hidravlikuri, 
pnevmaturi an eleqtruli energiebis gareSe wyaroebi. 
amitom, aRmasrulebeli meqanizmebi pirobiTad iyofa sam 
jgufad – eleqtrul, pnevmatur da hidravlikurad. ori 
ukanaskneli tipi xSirad gamoiyeneba mSeneblobaSi. is-
ini xasiaTdebian konstruqciis simartiviT, mniSvne-
lovani gamosasvleli momentebiT, saimedobiT da 
maregulirebeli organos gadaadgilebis siCqaris 
cvalebadobis SesaZleblobiT. avtomaturi regulirebis 
sistemebSi gamoyenebuli aRmasrulebeli meqanizmebi 
xSirad iwodebian servomeqanizmebad (inglisuri sityvi-
dan serve -–samsaxuris gaweva, aRsruleba). 

aRmasrulebel meqanizmSi, ise, rogorc avtomatikis 
sxva meqanizmebSi arCeven Sesasvlel da gamosasvlel 
sidideebs. Sesasvleli, e.i. avtomaturi wredis winamde-
bare elementebidan miRebuli zemoqmedeba, SeiZleba 
iyos meqanikuri, pnevmaturi, hidravlikuri an eleq-
truli. 

aRmasrulebeli meqanizmis gamosasvleli, e.i. zemo-
qmedeba, romelsac aRmasrulebeli meqanizmi axdens 
saregulirebel obieqtze an wredze, agreTve, SeiZleba 
iyos meqanikuri, pnevmohidravlikuri an eleqtruli. 

moZraobis siCqaris mixedviT aRmasrulebeli meqa-
nizmebi iyofian: moZraobis mudmivi siCqariTa da gadam-
wodidan miRebuli signalis sididis proporciuli 
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cvladi siCqariT. pirvel jgufs miekuTvnebian ele-
qtruli aRmasrulebeli meqanizmebi, xolo meore jgufs 
– hidravlikuri da pnevmaturi servoZravebi. 

eleqtruli moqmedebis aRmasrulebeli meqanizmebi 
gvxvdeba ori ZiriTadi tipis: eleqtromagnituri sole-
noiduri amZraviT (solenoiduri servoamZravebi) da 
eleqtroZraviani amZraviT (eleqtromanqanuri servo-
Zravebi). servoZravebi arian narnari da releuri mo-
qmedebis. marTvis, regulirebisa da kontrolis sqemebSi 
farTod gamoiyeneba eleqtruli aRmasrulebeli mowyo-
bilobebi eleqtroZraviani amZraviT, romlebic Tavis 
mxriv iyofian aRmasrulebel mowyobilobebad, eleq-
troZravebis kontaqturi da ukontaqto marTviT. 

eleqtruli kontaqturi aRmasrulebeli mowyo-
bilobebis Zravebis CarTva warmoebs relesa da kon-
taqtorebis kontaqtebis daxmarebiT. 

eleqtruli kontaqturi aRmasrulebeli mowyo-
bilobebi iyofian erTbrunian, mravalbrunian da mud-
mivad mbrunvad. erTbrunian aRmasrulebel meqanizmebSi 
gamosasvleli lilvis mobrunebis muSa kuTxe ar aRe-
mateba 3600. es meqanizmebi gamoiyeneba safaris, onkanisa 
da sxva maregulirebeli organoebis moZraobaSi mosay-
vanad. mravalbrunian eleqtrul aRmasrulebel meqaniz-
mebSi gamosasvleli lilvis brunvaTa ricxvi Seadgens 
10-160. es mowyobilobebi gamoiyeneba ventilebis, sak-
valTebis da sxva Camketi maregulirebeli organoebis 
samarTavad. mudmivad mbrunavi eleqtruli kontaqturi 
aRmasrulebeli meqanizmebi ki – im SemTxvevaSi, rode-
sac aRmasrulebeli organos moZraoba ganusazRvravia. 

eleqtruli ukontaqto aRmasrulebeli mowyobilo-
bebis marTva warmoebs xelsawyoebiT eleqtruli kon-
taqtebis SerTvis gareSe. aRmasrulebeli meqanizmebis 
ZiriTadi kvanZebi da eleqtroZravebi igivea, rac kon-
taqtur aRmasrulebel mowyobilobebSi. 

aRmasrulebeli mowyobilobis SerCeva warmoebs 
Semdegi garemoebebis gaTvaliswinebiT: gamosayenebeli 
damxmare energiis saxe; saWiro gamosasvleli signalis 
xasiaTi da sidide;  dasaSvebi inerciuloba; sasurveli 



gabaritebi da wona; muSa maxasiaTeblebis damokide-
buleba gareSe gavlenisagan; simZlavris gaZlierebis 
koeficienti; saimedoba. 

aRmasrulebeli meqanizmis simZlavre cvalebadobs 
ramdenime vatidan aTeul kilovatamde. 

 
 

 

$2. eleqtruli aRmasrulebeli meqanizmebi 
 

1. avtomatur mowyobilobaTa eleqtruli Zravebi 

avtomatur mowyobilobaTa eleqtruli Zravebi 
mzaddeba 0,01-0,1 vt-dan 500-600 vatamde simZlavriT, 
brunvis siCqariT wuTSi, brunvis nawilidan 100000 
br/wT-Si da sixSiriT 50-dan 2000 hercamde. 

avtomatikis sistemebSi eleqtroZravebi muSaoben, 
rogorc aRmasrulebel, aseve damxmare organoebad. 

avtomatur mowyobilobaTa eleqtroZravebi moqmede-
bis principis mixedviT iyofian sam jgufad:  1) asin-
qronuli, 2) sinqronuli da 3) koleqtoruli. 

asinqronuli da sinqronuli Zravebi warmoadgenen 
cvladi denis Zravebs; koleqtoruli Zravebi – mudmivi 
denis, cvladi denis da universalur Zravebs (SeuZliaT 
muSaoba rogorc mudmiv, aseve cvlad denze). 

asinqronuli Zravebi gamoiyeneba amZravebSi, sadac 
saWiroa siCqaris regulireba da, agreTve, dasaSvebia 
siCqaris rxevac. 

sinqronuli Zravebi gamoiyeneba iq, sadac aucile-
belia brunvis siCqaris mudmivad SenarCuneba. 

mudmivi denis koleqtoruli Zravebi SeiZleba ga-
moviyenoT im SemTxvevebSi, rodesac saWiroa siCqaris 
regulireba da, agreTve, im drosac, roca aucilebelia  
siCqaris mudmivoba. cvladi denis koleqtoruli Zrave-
bis gamoyeneba ki SesaZlebelia, rodesac qselis six-
Sire f=50 hercia da saWiroa ganvaviTaroT 3000 br/wT 
meti brunvis siCqare. rogorc cnobilia, cvladi denis 
asinqronuli da sinqronuli Zravebi f=50h sixSiris 
dros 3000 br/wT met brunvis siCqares ver aviTareben. 
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avtomatur mowyobilobaTa asinqronuli Zravebi. as-
inqronuli Zravebi mokled CarTuli rotoriT, gamo-
yenebuli rogorc aRmasrulebeli meqanizmebi, gvxvdeba 
oTxi saxis: 

1) Cveulebrivi mokled CarTuli rotoriT; 
2) Rru aramagnituri rotoriT; 
3) Rru feromagnituri rotoriT; 
4) masiuri feromagnituri rotoriT. 
asinqronuli aRmasrulebeli Zravebi Cveulebrivad 

orfaziania da statorze gaaCniaT ori gragnili – ag-
znebisa da marTvis, romlebic gadaadgilebuli arian 
fazis mixedviT 90 eleqtruli gradusiT. agznebis 
gragnili ikvebeba cvladi denis qselidan, xolo marT-
vis gragnili – Zabvis gamaZliereblidan. 

aRmasrulebeli Zravas marTva SeiZleba ganxor-
cieldes sami wesiT: 1) amplituduri  marTviT, rodesac 
icvleba marTvis Zabvis sidide; 2) fazuri marTviT, 
rodesac Zabvis mudmivi mniSvnelobis dros icvleba 
marTvis Zabvis faza; 3) amplitudur-fazuri marTviT, 
rodesac erTdroulad icvleba marTvis Zabvis faza da 
sidide agznebis ZabvasTan SefardebiT. 

naxazze 5.1 naCvenebia Rru rotoriani orfaza asin-
qronuli induqciuri Zravas wredSi CarTvis sqema. 

 
nax.5.1. Rru rotoriani or-

faza asinqronuli Zravas 

wredSi CarTvis sqema. - 

qselis mudmiv amplitudiani 
Zabva; Uy – samarTi Zabva; Ub – 
agznebis Zabva; P – rotori; Y – 
samarTi gragnili; B – agzne-
bis gragnili; Cb – agznebis 
gragnilTan mimdevrobiT Car-
Tuli kondensatori, ro-
melic uzrunvelyofs fazis 
90 eleqtruli gradusiT ga-
daadgilebas agznebisa da 
marTvis gragnilebis Zabvebs 
Soris 

cU~
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asinqronuli Zravas sinqronuli siCqare anu velis 
brunvis siCqare gamoiTvleba formuliT: 
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p
fn 60

1 = br/wT,        (5.1) 

sadac f aris mkvebavi denis sixSire; 
p – gragnilis polusebis wyvilTa ricxvi. 
nax.5.2 mocemulia asinqronuli Zravas meqanikuri 

maxasiaTebeli da siCqaris cvlilebis diagrama. mrudi 
– 1 Seesabameba mcire siCqares, xolo mrudi – 2 did 
siCqares. 

 
 

nax.5.2. orsiCqariani asinqronuli eleqtroZravis muSaobis 
maxasiaTebeli: a) meqanikuri; b) siCqaris cvlilebis diagrama 

 

diagramaze t1-t2 da t5-t6 ubnebze Zravas brunvaTa 

ricxvi mcirea, xolo t3-t4 ubanze – didi. aRniSnuli ub-
nebi Seesabameba Zravas damyarebul reJimze muSaobas.  

0-t1; t2-t3; t4-t5 da t6-t7  ubnebze siCqare icvleba da es Zravas 
gardamaval reJimebze muSaobaa. 

induqciuri Zravebi gamoiyenebian 50-dan 1000 
hercamde (50, 330, 400, 500, 800, 1000h) sixSiris cvladi 
denis sistemebSi. amasTan dakavSirebiT aRniSnuli 
Zravebis brunvis sinqronuli siCqare cvalebadobs 1500-
dan 3000 br/wT. 

avtomatur mowyobilobaTa sinqronuli Zravebi. 
normaluri konstruqciis sinqronuli Zrava Cveulebriv 
Sedgeba statorisagan, romelSic moTavsebulia samfaza 
an erTfaza cvladi denis gragnili da rotorisagan, 
mudmivi deniT mkvebavi agznebis gragniliT.  



sinqronuli Zravas gasaSvebad aucilebelia 
rotorisaTvis statoris magnituri nakadis siCqaris 
toli brunvis siCqaris miniWeba. am  mizniT gamoiyeneba 
asinqronuli Zrava, romlis polusebis wyvilis ricxvi 
erTiT naklebia, vidre sinqronuli Zravasi. sruli 
siCqaris miRwevisas sinqronuli Zrava aRigzneba, 
sinqronizirdeba da CaerTveba qselSi, ris Semdegac 
damxmare Zrava gamoirTveba. 

sinqronuli Zravas gaSveba SesaZlebelia, agreTve, 
ganxorcieldes asinqronulad. sinqronuli Zravas 
ZiriTad Tvisebas warmoadgens brunvis siCqaris mudmivi 
sidide. 

avtomatikis sistemebSi farTodaa gamoyenebuli 
sinqronuli Zravebi mudmivi magnitebiT, sinqronuli 
reaqtiuli Zravebi da sinqronuli histerezisuli 
Zravebi. 

naxazze 5.3 warmodgenilia sinqronuli Zrava 
mudmivi magnitebiT. statori Sedgeba korpusisagan – 1 
da gragnilisagan 2. rotori – 3 aRWurvilia mudmivi 
magnitebiT – 4 da mokled CarTuli gragniliT, romlis 
daniSnulebaa Zravas gaSveba. rodesac rotoris siCqare 
miaRwevs sinqronul siCqares, ZravaSi asinqronuli 
momentis nacvlad moqmedebs masinqronizebeli momenti, 
e.i. warmoiSoba urTierTqmedeba mbrunav magnitur velsa 
da rotoris mudmivi magnitebis polusebs Soris. 
sinqronul Zravas mudmivi magnitebiT ar gaaCnia 
mcocavi kontaqtebi da muSaobisaTvis ar saWiroebs 
kvebis or wyaros, mudmiv da cvlad dens. aRniSnuli 
Zravebis gamoSveba xdeba rogorc samfaza, aseve 
erTfaza anu kondensatoruli SesrulebiT. 

nax.5.3. sinqro-
nuli Zrava mud-
mivi magnitebiT 
(Wrili) 
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sinqronuli reaqtiuli Zravas statori analogi-
uria asinqronuli Zravas statorisa, xolo rotori 
mokled CarTuli asinqronuli Zravas rotorisagan 
gansxvavdeba rotoris cilindrul zedapirze amonaW-
erebis (Rrmulebis) arsebobiT, romelTa daniSnulebaa 
rotorSi mkveTrad gamosaxuli polusebis warmoqmna 
(nax.5.4). 

 

nax.5.4. sinqronuli 
reaqtiuli Zravis ro-
toris konstruqciuli 
sqema 

 
 

sinqronuli reaqtiuli Zravebi mzaddeba samfaza da 
kondensatoruli SesrulebiT.  

histerezisuli Zravebi Tavisi mowyobilobiT ar 
gansxvavdebian masiuri rotoriani asinqronuli Zrave-
bisagan. mxolod rotori histerezisuli Zravisa mzad-
deba masalisagan, romelic xasiaTdeba mniSvnelovani 
narCeni magnitizmiT. mbrunavi momenti aRniSnul 
ZravebSi iqmneba, rogorc mbrunavi magnituri velis mo-
qmedebiT rotoris grigalur denebTan, aseve rotoris 
foladis gadamagnitebiT aRZruli momentiT. 

 

2. eleqtromagnituri aRmasrulebeli meqanizmebi 

eleqtruli aRmasrulebeli meqanizmebi gamoiyeneba 
sxvadasxva maregulirebeli organos – mkveTara, 
sarqveli, droseluri safari, sakvalTi, onkani, reo-
stati da sxv. – gadasaadgileblad. isini muSaoben kom-
pleqtSi eleqtrul da eleqtronul regulatorebTan. 

ganvixiloT zogierTi maTgani. 
aRmasrulebeli meqanizmi ИМ-2/120 gamoiyeneba 

maregulirebeli organoebis gadasaadgileblad av-
tomaturi regulirebis sistemebSi da, agreTve, xeliT 
distanciuri marTvis sqemebSi. 
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aRmasrulebeli meqanizmi ИМ-2/120 (nax.5.5) Sedgeba 
Semdegi ZiriTadi nawilebisagan: orfaziani reversiuli 
eleqtroZravasagan (1), romelic dakavSirebulia mcire 
da did reduqtorebTan (2), romelTa gadacemis fardoba 
Seadgens 1:5429. gamosasvlel lilvze damagrebulia 
mrudmxara (3), aRmasrulebel organosTan SesaerTeblad. 
korpusis (4) SigniT ganlagebulia bolo gamomrTvelebi 
(5), ukukavSiris reoqorda (6), sakleme xundi (7) da kon-
densatori (8). sxvadasxva gragnilis wredSi kondensa-
toris gadarTviT icvleba eleqtroZravas brunvis mi-
marTuleba. gamosasvleli lilvis mobrunebis muSa 
kuTxe SeiZleba davayenoT nebismieri 1200-is farglebSi. 
nominaluri momenti gamosasvlel lilvze Seadgens 2 
kgZ.m (19,6 n.m.). 1200-ze mrudmxaras moZraobis dro – 40 
wams; simZlavre 26 vats, wona 22 kg-s. 

nax.5.5. ИМ-2/120 
tipis erTbruniani 
aRmasrulebeli 
meqanizmis sqema 

 
 

nax.5.6 naCvenebia aRniSnuli meqanizmis saerTo xedi. 
warmoeba uSvebs, agreTve, aRmasrulebel meqanizmebs 

orfaza reversiuli asinqronuli ZravebiT – ИМT-6/120, 
12/120 da 25/120. meqanizmebis aRniSvnaSi ИМ (muxruWis 
gareSe) da ИМT (muxruWiT) pirveli cifri aRniSnavs 
lilvze mgrexi momentis sidides kgZ.m., meore – svlis 
xangrZlivobas erTi zRvruli mdebareobidan meoreSi, 
wamebSi. 
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nax.5.6. ИМ-2/120 tipis 
aRmasrulebeli meqaniz-
mis saerTo xedi gaba-
rituli zomebiT 

 
meqanizmi ИМ-2/2,5 gaTvaliswinebulia orpoziciani 

regulirebisaTvis lilvis mobrunebiT 1800-ze. 
avtomatikis mowyobilobebSi farTo gamoyenebas  pou-

loben ДР da ПР tipis aRmasrulebeli meqanizmebi. 
eleqtruli aRmasrulebeli meqanizmebi ДР-М da ДР-1М 

gaTvaliswinebulia maregulirebeli organos gadasaad-
gileblad orpoziciani regulirebis sistemaSi da, ag-
reTve, xeliT distanciuri marTvisaTvis. 

ДР tipis aRmasrulebeli meqanizmis konstruqcia da 
saerTo xedi naCvenebia naxazze 5.7.a,b. meqanizmi Sedgeba 
erTfaza asinqronuli eleqtroZravasagan (5) da kbila-
nareduqtorisagan (1). reduqtoris gamosasvlel lilvs 
SeuZlia uzrunvelyos maregulirebeli organos mobru-
neba 1800-iT, xolo Wokis (3) saSualebiT erTdroulad 
ganaxorcielos meore maregulirebeli organos ukumo-
qcev-gadataniTi moZraoba. amomrTvelis (4) saSualebiT 
SeiZleba ganxorcieldes orpoziciani regulireba. 
Zrava brunavs yovelTvis erTi mimarTvlebiT, xolo 
maregulirebeli organos mdebareobis cvalebadoba 
xorcieldeba misi berketebis SewevrebiT aRmasrule-
beli meqanizmis diskosTan. 
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nax.5.7. orpoziciani aRmasrulebeli meqanizmi ДР: a) kon-

struqcia WrilSi; b) saerTo xedi. 1-reduqtori; 2-gamo-
sasvleli lilvi sayeluriT; 3-Woki; 4-gamomrTveli; 5-ele-
qtroZrava 

aRmasrulebeli meqanizmi ZraviT ПР (proporciuli 
regulireba) konstruqciulad uaxlovdeba ДР tipis 
meqanizms (nax.5.8). proporciuli regulirebis miRweva 
xdeba erT lilvze ori eleqtroZravas dayenebiT, ro-
melTagan erTi abrunebs lilvs erTi mimarTulebiT, 
xolo meore sawinaaRmdego mimarTulebiT. naxazze 4 
aris reostati, romelic gamoyenebulia ukukavSirisaT-
vis; 5л – marcxena Zrava; 5п – marjvena Zrava; 1 – redu-
qtori; 2 – sayeluri, romlis saSualebiTac xorciel-
deba reduqtoris gamosasvleli lilviT maregulire-
beli organos mobruneba; 3 – aris Woki. 
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nax.5.8. proporciuli aRmasrulebeli meqanizmi ПР: a) kon-
struqcia WrilSi; b) saerTo xedi 

 

eleqtruli aRmasrulebeli meqanizmi МЭК-25К, ag-
reTve, gaTvaliswinebulia maregulirebeli organos 
gadasaadgileblad. meqanizmSi gamoyenebulia orfaza 
asinqronuli eleqtroZrava Rru rotoriT. eleqtroZ-
ravs aqvs ori gragnili: agznebis da marTvis. 
eleqtroZravadan brunva SemaerTebeli quros saSuale-
biT gadaecema xuTsafexurian reduqtors. 

reduqtoris gamosasvlel lilvs SeuZlia Semo-
brundes 3600-iT. 

warmoeba uSvebs, agreTve, eleqtromeqanikur ser-
voZravebs avtomaturi, distanciuri da xeliT marTvi-
saTvis. isini Sedgebian samfaza asinqronuli Zravasa da 
erTi an ori reduqtorisagan. reduqtoris lilvi 
berketis saSualebiT SeerTebulia maregulirebel or-
ganosTan. aRniSnuli servoZravebis samarTavad gamoi-
yeneba distanciuri marTvis svetebi (КДУ), romlebSic 
damontaJebulia sagzao da bolo gamomrTvelebi da, 
agreTve, reostatuli gadamwodi, romelic aCvenebs 
maregulirebeli organos gaRebis xarisxs. distanciuri 
marTvis svetis kinematikuri sqema naCvenebia naxazze 5.9. 

 

 
 
 

 
 

  nax.5.9. distanciuri marTvis 
svetis (КДУ) kinematikuri 
sqema 

  nax.5.10. eleqtromag-
nituri ventili 



arsebobs eleqtromagnituri aRmasrulebeli meqa-
nizmebis didi mravalsaxeoba. naxazze 5.10 warmo-
dgenilia umartivesi eleqtromagnituri ventili. koWas 
(1) agznebis SemTxvevaSi, Ruza (2) Seizideba koWaSi da 
gaixsneba siTxis an airis misasvleli. denis gamorTvis 
SemTxvevaSi ventili ixureba. aRniSnuli tipis ventilis 
koWas mier moxmarebuli simZlavre Seadgens 15-25 vats. 

warmoeba uSvebs ufro rTuli mowyobilobis ele-
qtromagnitur ventilebs. samSeneblo industriis sa-
warmoebSi TbotenianobiTi damuSavebis procesebis av-
tomatizaciis sistemebSi farTod aris gavrcelebuli 
СВВ da СВМП tipis eleqtromagnituri ventilebi. ven-
tilebi gaTvaliswinebulia 1500 temperaturisa da 
16kgZ/sm2 wnevis orTqlhaerisa da wylis garemos piro-
bebSi samuSaod. 

СВВ tipis ventilis sqema naCvenebia 5.11 naxazze. 
ventilis eleqtromagnituri amZravi muSaobs mudmiv 
denze ZabviT 220 v. sawevi eleqtromagnitis mier mox-
marebuli simZlavre Seadgens daaxloebiT 600 vats, 
xolo sasxletis eleqtromagnitisa – 300 vats. cvladi 
deniT kvebis SemTxvevaSi ventili muSaobs selenur gam-
marTvelTan erTad. wevis koWas winaRoba udris 94,4 
oms, xolo sasxletis koWasi – 189 oms. 
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nax.5.11. CBB tipis ventilis kinematikuri sqema 
 

eleqtromagnituri ventili Sedgeba TviT ventilisa 
da eleqtromagnituri amZravisagan. ventils ekuTvnis 
Semdegi nawilebi: korpusi budiT _ 1, ZiriTadi mkveTara 
_ 2, ganmtvirTavi mkveTara _ 3 ventilis WokiT, ukumo-
qcevis zambara _ 4 xeliT marTvisaTvis, saxeluri _ 5, 
fuZe _ 8, romelzec emagreba eleqtromagniti. 
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eleqtromagnituri amZravi Sedgeba Semdegi Ziri-
Tadi nawilebisagan: TefSi _ 6 ukumoqcevis zambaris _ 
7 misabrjenad, Ruza _ 9, wevis koWa _ 10, Ruzaze dama-
grebuli Woki _ 11, sasxletis eleqtromagnitis gulari 
_ 16, zambara _ 13, TiTi _ 14, burTulebi _ 15, sayrdeni 
rgoli _ 19, xeliT daxurvis Rilaki _ 18, sasxletis 
eleqtromagnitis Ruza _ 17, sasxletis ukumoqcevis zam-
barebi _ 20, sasxletis koWa _ 12, blok-kontaqtebis 
sistema _ 21, svlis bolos koWebSi denis gamosarTavad. 

saregulirebeli garemo, magaliTad orTqli, ven-
tilSi miemarTeba isriT naCvenebi mimarTulebiT. ven-
tilis ZiriTadi naxvreti (misi daxurul mdgomareobaSi 
yofnis dros) ixureba ZiriTadi mkveTariT (2). daxurul 
mdgomareobaSi mkveTaraSi (2) arsebuli patara naxvreti 
ixureba ganmtvirTavi mkveTariT (3). ganmtvirTavi mkve-
Tara xels uwyobs ventilis gasaRebad saWiro Zalvis 
Semcirebas da, maSasadame, iZleva wevis eleqtro-
magnitis simZlavris Semcirebis saSualebas (eleqtro-
magnitis sawyisi wevis Zalvaa 10 kg, (anu 98 n). daxurul 
mdgomareobaSi ventilze moqmedebs TviT saregulire-
beli garemos wneva da ukumoqcevis zambara (7). 

ventili muSaobs Semdegnairad. ventilis gasaRebad 
saWiroa SevrTod gamwevi eleqtromagnitis (10) koWas 
wredi. gamwevi koWas wredis SerTvisas, ZiriTadi     
eleqtromagnitis Ruza (9) iwyebs zeviT moZraobas. erT-
droulad RuzasTan zeviT gadaadgildebian Woki (11) da 
masTan dakavSirebuli zambara (13), TiTi (14) da bur-
Tulebi (15). zambaris (13) moqmedebiT TiTi cdilobs 
burTulebis gverdze gamogdebas. rodesac burTulebi 
mivlen sayrdeni rgolis (19) gafarToebul nawilamde, 
isini naxevrad gamovlen TavianTi budidan da meqanizmi 
daikavebs Ria ventilis mdgomareobas, vinaidan Ruza, 
Woki da mkveTara imyofebian zeda mdgomareobaSi, gverd-
ze gamogdebuli burTulebis saSualebiT. am dros 
amomrTvelis IV, V da VI kontaqtebi ganirTvebian, xo-
lo I, II da III kontaqtebi ki SeerTdebian. kontaqtis – 
IV ganrTvis Semdeg gamwevi eleqtromagnitis koWas 
wredi gawydeba. ventilis gaRebisas, RuzasTan erTad 



zeviT gadaadgildeba ganmtvirTavi mkveTara (3), ris ga-
moc iReba naxvreti ZiriTad mkveTaraSi (2). ganmtvirTavi 
mkveTaras gaRebisas ZiriTadi mkveTaras Tavze warmoiqmneba 
gaiSviaTeba, ris gamoc mcirdeba saregulirebeli garemos 
(orTqlis) wneva ZiriTad mkveTaraze. maSasadame, ventilis 
gaReba warmoebs mkveTaras Tavze gaiSviaTebisa da gamwevi 
eleqtromagnitis erTdrouli moqmedebiT. 

ventilis dasaxuravad saWiroa SevrTod sasxletis 
koWas (12) wredi. am dros sasxletis eleqtromagnitis 
Ruza (17) miizideba gularTan (16), daawveba TiTs (14) da 
daswevs mas dabla. rodesac TiTis yeli miuaxlovdeba 
burTulebis ganlagebis dones, burTulebi simZimis 
Zalis moqmedebiT Segordebian TiTis yelSi. Woki (11), 
Ruza da mkveTara daeSvebian dabla. Woki ganmtvirTavi 
mkveTaras moqmedebiT aiZulebs ZiriTad mkveTaras daeS-
vas dabla da daikavos qveda zRvruli mdgomareoba,  
iTiSeba gadamrTvelis kontaqti, romlis gavliTac sasx-
letis eleqtromagnitis koWas miewodeba mkvebavi deni. 

СВМП tipis (nax.5.12) uCobalo eleqtromagnituri 
ventili Sedgeba Semdegi ZiriTadi nawilebisagan: 
ZiriTadi mkveTara (5), romelic Camokidebulia rezinis 
membranaze; eleqtromagniti (1), romlis mier 
moxmarebuli simZlavre Seadgens daaxloebiT 150 vats; 
ganmtvirTavi mkveTara (6); koWa (2); Ruza (4); TiTberis 
vazna (3); saavario xraxni (7) da xufi (8). 

gaudenurebuli eleqtromagnitis (1) SemTxvevaSi 
ganmtvirTavi mkveTara (6) gadaxuravs ganmtvirTavi 
unagiras naxvrets, xolo ZiriTadi mkveTara xuravs 
mTavar gasasvlels. mkveTarebze moqmedi Warbi wneva maT 
miabrjens unagirebze da uzrunvelyofs saketis 
hermetulobas. 
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nax.5.12. СВМП 
tipis ventilis 
kinematikuri sqema 

 
 

koWaze (2) Zabvis miwodebis Semdeg, Ruza (4) Seizi-
deba eleqtromagnitis SigniT da zeviT gadaaadgilebs 
masTan dakavSirebul ganmtvirTav mkveTaras. ganmtvir-
Tav unagirSi naxvreti ixsneba da mkveTaras qveSa zona-
Si wneva utoldeba mkveTaras zeda zonis wnevas. 
eleqtromagnitis gamorTvis SemTxvevaSi orive mkveTara 
daeSveba dabla da gadaxuraven gasasvlels. eleqtro-
energiis miwodebis Sewyvetis SemTxvevaSi ventilis 
marTva warmoebs xeliT saavario xraxnis (7) daxmarebiT, 
romelic dafarulia xufiT (8). 

 

3. eleqtromagnituri quroebi 

eleqtromagnituri quroebi, rogorc 
aRmasrulebeli meqanizmebi, gaTvaliswinebulia mgrexi 
momentis avtomaturad gadasacemad erTi lilvidan 
(wamyvani, Sesasvleli) meore lilvze (amyoli, 
gamosasvleli). isini iyofian friqciul, srialis da 
blanti Semavseblian (ferofxvnilian) quroebad. 

friqciul quroebSi mgrexi momentis gadacema 
warmoebs xaxunis ZalebiT, srialis quroebSi – 
magnituri da eleqtruli velebis saSualebiT, xolo 
ferofxvnilian quroebSi _ meqanikuri xaxuniTa da 
nawilobriv magnituri kavSiriT. 
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friqciuli eleqtromagnituri quro (nax.5.13,a) 
Sedgeba wamyvani (1) da amyoli (2) naxevarquroebisagan. 
wamyvan naxevarquroze ganlagebulia agznebis gragnili 
(3), romelTanac mkvebavi Zabvis miwodeba warmoebs 
kontaqturi rgolebisa (4) da musebis (5) saSualebiT. 
agznebis gragnili ikvebeba mudmivi deniT. 

 
nax.5.13. eleqtromagnituri quroebis sqemebi: a) fri-

qciuli; b) srialis; g) ferofxvniliani 
 

simZlavis gadacema wamyvani lilvidan amyol lil-
vze xorcieldeba friqciuli diskoebiT (6), romlebic 
muSa mdgomareobaSi mWidrod ebjinebian erTmaneTs. 
friqciuli diskoebisaTvis gamoiyeneba didi xaxunis 
koeficientis mqone cveTamedegi masalebi: foladi, 
Tuji da specialuri masalebi. 

friqciuli eleqtromagnituri quro mzaddeba re-
versiuli da arareversiuli. reversiuli quro Seicavs 
or eleqtromagnits saerTo RuziT. erTi eleqtromag-
nitis CarTvis SemTxvevaSi amyoli lilvi brunavs erTi 
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mimarTulebiT, meore eleqtromagnitis CarTvisas – meo-
re mimarTulebiT. 

aRniSnuli quroebis naklia musebisa da friqciuli 
diskoebis cveTa, dinamiuri datvirTvebi quroebis amo-
qmedebis dros da, agreTve, amyoli lilvis brunvis siC-
qaris regulirebis siZnele wamyvani lilvis mudmivi 
siCqariT brunvisas. 

es naklovanebebi nawilobriv gamosworebulia sri-
alis eleqtromagnitur quroebSi (nax.5.13b). quro 
Sedgeba wamyvan lilvze xistad damagrebulii naxevar-
qurosagan agznebis gragniliT (1). am naxevar quros 
uwodeben induqtors. kvebis miwodebisas agznebis grag-
nilSi (agznebisaTvis gamoiyeneba mudmivi deni), da wamy-
vani naxevarquros (mas xSirad Ruzas uwodeben) brunvis 
SemTxvevaSi warmoiqmneba mbrunavi magnituri veli, ro-
melic ainduqciebs amyol naxevarquroSi (2) grigalur 
denebs. es denebi urTierTqmedeben mbrunav magnitur 
velTan da warmoSoben eleqtromagnitur Zalas, ro-
melic Tavis mxriv warmoqmnis mbrunav moments da 
amyoli naxevarquro (Ruza) iwyebs brunvas asinqronuli 
siCqariT. amyol naxevarquroze modebuli mbrunavi mo-
mentisa da naxevarquros siCqaris mdovre regulireba 
SesaZlebelia agznebis gragnilSi denis Zalisa da 
quros Ruzis wredSi CarTuli winaaRmdegobis regu-
lirebis gziT (rogorc sakontaqto rgolebiani asin-
qronuli Zravas rotoris wredisa). vinaidan amyoli 
lilvi srialebs wamyvan lilvTan SefardebiT, amitom 
quros uwodeben srialis eleqtromagnitur quros an 
asinqronul quros. 

asinqronul ZravaSi mbrunavi magnituri veli war-
moiqmneba qselidan miwodebuli cvladi samfaza deniT; 
srialis eleqtromagnitur quroSi, magnituri nakadis 
agzneba xdeba mudmivi deniT, rogorc sinqronul 
ZravaSi. amasTan quros mbrunavi eleqtromagnituri mo-
menti damokidebulia quros wamyvani da amyoli nawi-
lebis siCqareTa sxvaobaze, e.i. srialze, rogorc asin-
qronul ZravaSi. 
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amrigad, srialis eleqtromagnitur quroSi, rogorc 
aRmasrulebel eleqtrul manqanaSi Sexamebulia, rogorc 
asinqronuli, aseve sinqronuli Zravebis Tvisebebi. 

srialis eleqtromagnitur quros gaaCnia mTeli 
rigi upiratesobani xist (magaliTad reduqtoriT) 
SeerTebasTan SedarebiT. gruntis simagris mkveTrad 
Secvlis SemTxvevaSi (CamCiani eqskavatoriT gruntis da-
muSavebis dros) adgili aqvs reduqtoris kbilanebis 
urTierTdartymas, rac iwvevs kbilanebis dazianebas. 
Zravasa da meqanizmis srialis eleqtromagnituri quro-
Ti SeerTebisas ki quros wamyvani lilvi asrialdeba 
amyol lilvTan SedarebiT ise, rom meqanikur darty-
mebs adgili ar eqneba. 

eleqtromagnituri quro blanti SemavsebliT 
(nax.5.13g) Sedgeba agznebis gragnilisa (1), magnitgam-
taris (2), wamyvani lilvisa (3) da amyoli lilvisagan 
diskoTi (4). 

amyoli lilvis diskosa da wamyvani lilvis mag-
nitgamtaris korpuss Soris arsebobs mudmivi RreCo, 
romelic Sevsebulia mSrali an zeTSi an sxva saizola-
cio SesazeT nivTierebaSi Setivtivebuli feromagni-
turi fxvniliT daaxloebiT 5:1 woniT TanafardobaSi. 
feromagnitur fxvnilad gamoiyeneba karbolinis an 
eleqtrolituri rkina. 

rodesac agznebis gragnilSi deni ar gadis, wamy-
vani lilvidan amyol lilvze gadacemuli momentis 
sidide umniSvneloa, radgan igi ganisazRvreba mxolod 
fxvnilis nawilakebs Soris arsebuli meqanikuri sib-
lantiT. eleqtromagnitis agznebisas rkinis nawilakebi 
damagnitdebian da warmoiSvebian nawilakebsa da 
eleqromagnitis zedapirebs Soris urTierTSeWidulo-
bis Zalebi. denis zrdasTan erTad feromagnituri masa 
TandaTanobiT myardeba, izrdeba xaxunis Zala da quros 
mier gadacemuli momentis sidide. 

amrigad, fxvnilis nawilakebi magnitur velSi war-
moqmnian moqnil kavSirs wamyvan da amyol lilvebs So-
ris. agznebis gragnilSi denis sididis regulirebiT 
SesaZlebelia gadasacemi simZlavris regulireba. 



$3. pnevmaturi amZravi. pnevmaturi aRmasru-
lebeli meqanizmebi 

 

pnevmatur amZravebSi energiis wyaros warmoadgens 
SekumSuli haeri, romlis wneva Cveulebrivad tolia 6-7 
kgZ/sm2 (5,9-6,85 bari). 

pnevmaturi sqemebi mniSvnelovnad martivia ele-
qtrulze. isini gamoiyeneba feTqebadsafrTxo da xan-
ZarsafrTxo saTavsoebSi. pnevmosqemebi ar saWiroeben 
uku milsadenebs, rac warmoadgens maT upiratesobas 
hidravlikur sqemebTan SedarebiT. pnevmoamZravebis sa-
SualebiT komandebis gadacema SeiZleba ganxorcieldes 
500 metramde manZilze. 

pnevmaturi sqemebis uaryofiT mxares warmoadgens 
maRali wnevis kumSuli haeris gamoyenebis SeuZlebloba. 
es aixsneba ori garemoebiT: 1) didi wnevis dros didad 
izrdeba haeris gaparva da 2) haeris mkveTri gafarToe-
bis Sedegad mniSvnelovnad ecema misi temperatura, rac 
iwvevs haerSi arsebuli tenis gadaqcevas yinulad da 
meqanizmis muSaobis aSlilobas. 

moqmedebis principis mixedviT pnevmoamZravebi 
SeiZleba daiyos or jgufad: dguSiani da membranuli 
(diafragmiani). 

dguSiani pnevmoamZravebi SeiZleba  iyos erTmxrivi 
da ormxrivi qmedebis. erTmxrivi qmedebis amZravebi ga-
moiyeneba im SemTxvevebSi, rodesac dguSis ukumoZraoba 
sruldeba dautvirTavad (uqmi svliT). dguSiani 
pnevmoamZravis konstruqciaSi Sedis cilindri, Woki 
dguSiT da samWidroebeli mowyobilobebis sistema. 
pnevmoamZravs gaaCnia marTvis aparatebi: gamanawilebeli 
da sareduqcio sarqvelebi, haeris xarjis regula-
torebi da sxv. 

naxazze 5.14 warmodgenilia erTmxrivi qmedebis pnev-
maturi dguSiani amZravis sqema ukumoqcevi zambariT. 
amZravi Sedgeba cilindris (1), Wokis (2) dguSiT (4), 
ukumoqcevi zambaris (3), samWidroebeli mowyobilobebis, 
saxuravisa da milyelisagan (5). Wokis gare bolo (2) 
uerTdeba aRmasrulebel rgols, romelic naxazze 
naCvenebi ar aris. 
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nax.5.14. ukumoqcevi zambariani erTmxrivi qmedebis 

pnevmaturi dguSiani amZravis sqema 
 

pnevmoamZravi muSaobs Semdegnairad: milyelis (5) 
naxvretiT SekumSuli haeri miewodeba cilindris (I) si-
RrueSi; haeri awveba dguSs (4), romelic marcxniv 
gadaadgilebis dros asrulebs saWiro muSaobas da 
erTdroulad kumSavs zambaras (3). cilindris (II) siR-
rue unda iyos Tavisufali mimosvliT dakavSirebuli 
atmosferosTan; winaaRmdeg SemTxvevaSi dguSis marcxniv 
moZraobiis dros aq SeiZleba warmoiSvas haeris uku-
wneva, xolo marjvniv moZraobis dros – vakuumi. uku-
moZraobis gansaxorcieleblad saWiroa gamanawilebeli 
onkanis (6) saSualebiT Sewydes SekumSuli haeris SeR-
weva cilindris (I) siRrueSi da es siRrue dau-
kavSirdes atmosferos. sawyis mdgomareobaSi dguSi da 
masTan dakavSirebuli aRmasrvlebeli meqanizmis ele-
mentebi brundebian SekumSuli zambaris moqmedebiT. 

rodesac wneva ar arsebobs, Wokze moqmedi amZravis 
Zala gamoiTvleba gamosaxulebiT 

xzatab FFSPPF −
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−− )(= ,     (5.2) 

sadac  
Pab – aris absoluturi wneva cilindris (I) siRrueSi; 
Pat – atmosferuli wneva; 
Fz – ukumoqcevi zambaris Zalva; 
Fx – xaxunis Zala samWidroebel mowyobilobebSi da 

winaaRmdegobis sxva saxeebi; 
S – dguSis farTi. 



naxazze 5.15 moyvanilia ormxrivi qmedebis pnevma-
turi amZravis sqema. haeris miwodeba SeiZleba cilin-
dris orive siRrueSi. 

nax.5.15. ormxrivi qmede-
bis pnevmaturi dguSiani 
amZravis sqema 

 
 

sqema muSaobs Semdegnairad. SekumSuli haeri gama-
nawilebeli sarqvelis naxazze naCveneb mdgomareobaSi 
yofnis SemTxvevaSi miewodeba II siRrueSi, ris Sede-
gadac dguSi gadaadgildeba marjvniv. haeri I siRruedan 
gamanawilebeli sarqvelis gavliT gaedineba atmos-
feroSi. Tu gamanawilebel sarqvels movabrunebT 900, 
maSin SekumSuli haeri moxvdeba cilindris I siRrueSi 
da dguSi Seasrulebs ukumoqcev moZraobas. haeri II 
siRruidan sarqvelis gavliT gaedineba atmosferoSi. 

cilindris II siRruis SekumSuli haeriT avsebis 
SemTxvevaSi amZravis Wokze moqmedi Zala Wokis uZravad 
yofnis dros  

Aab.Iab.Iab.II PSPPF xWat FSP−+−= ()( ) − ,    (5.3) 

sadac  
Pab.I da Pab.II – absoluturi wnevaa Sesabamisad I da 

II siRruebSi; 
SW – Wokis kveTis farTi. 
nax.5.16 warmodgenilia pnevmoamZravis sqema Wavluri 

gamanawilebeli mowyobilobiT, romelic Sedgeba Wav-
luri milakisagan (1), romlidanac wnevis qveS ganuwy-
vetliv gamoedineba haeri, mimRebi blokisagan (2) da 
muSa cilindrisagan (3) moZravi dguSiT (4). rodesac 
Wavluri milaki (1) ganlagebulia simetriulad mimRebi 
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blokis arxebis mimarT, wneva cilindrSi dguSis orive 
mxares Tanabaria da dguSi uZravia. Tu Wavlur milaks 
nulovani mdgomareobidan gadavxriT, wneva cilindris I 
da II siRruebSi gaxdeba sxvadasxva da dguSi gada-
ixreba mcire wnevis mxares. ase magaliTad, Tu gadav-
xriT milaks marcxniv, dguSi cilindrSi gadaadgi-
ldeba marjvniv da piriqiT. 

nax.5.16. Wavluri 
milakiani 
pnevmoamZravis sqema 

 
 

mcire svliT moZraobebis gadasacemad pnevmatur 
sistemebSi iyeneben membranul pnevmoamZravebs (nax.5.17). 
am pnevmoamZravebis diametri Seadgens 125-500 mm-s, Wokis 
svla 6-dan 100 mm-mde. rogorc dguSiani aseve diafrag-
miani (membranuli) amZravebi iyofian erTmxrivi qmede-
bisa da ormxrivi qmedebis pnevmoamZravebad. 

nax.5.17. erTmxrivi 
qmedebis membranuli 
pnevmoamZravis sqema 
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dguSiani pnevmoamZravebisagan gansxvavebiT diafrag-
mian amZravebSi haeris wnevis moqmedebiT warmoebs mem-
branis deformacia. SekumSuli haeri miewodeba siR-
rueSi korpusis saxuravsa (5) da membranas (6) Soris, 
romelzedac mimagrebulia Woki (7). membrana gaizniqeba 
wnevisagan da Woks gadaaadgilebs wnevis proporciuli 
sididiT. Woki Tavis mxriv dakavSirebulia samarTavi 
obieqtis maregulirebel organosTan. membranis ukumo-
qceva sawyis mdgomareobaSi da ukuwnevis Seqmna xor-
cieldeba zambariT (8). 

membranis mier Wokze gadacemuli Zalva ganisaz-
Rvreba P wneviT, romelic moqmedebs membranaze da misi 
aqtiuri farTiT Faqt (sm2) es Zalva toli iqneba 

kgZ.aqtFpP ⋅=         (5.4) 

membranuli amZravis magaliTs warmoadgens mem-
branuli pnevmoamZravi МПП-16, romlis Wokis svla 
Seadgens 30 mm, membranis aqtiuri farTi Faqt=105sm2. mini-
maluri wneva, romelzedac membrana ar reagirebs, war-
moadgens 0,05kgZ/sm2. diafragmis masalad, Cveulebrivad, 
gamoyenebulia garezinuli qsovili. gamoiyeneba, ag-
reTve, maRalxarisxovani zambaruli foladi. 

pnevmaturi membranuli aRmasrulebeli meqanizmebi 
mzaddeba ori saxis: pirdapirsvliani da merxevi. pir-
dapirsvlianebSi gamosasvleli rgoli (Woki) asrulebs 
ukumoqcevgadataniT moZraobas, xolo merxev meqanizmebSi 
gamosasvleli rgoli (berketi) ki rxeviT moZraobas. 

membranuli aRmasrulebeli meqanizmi Wokis ukumo-
qcevgadataniTi moZraobiT gamoiyeneba maregulirebeli 
droseluri sarqvelebis marTvisaTvis. konstruqciulad 
membranuli aRmasrulebeli mowyobiloba da sarqveli 
gaerTianebulia da iwodeba “maregulirebel sarqve-
lad”. arsebobs sami ZiriTadi tipi: МИМ – orpoziciani 
da proporciuli regulirebisaTvis; РКУТ – propor-
ciuli regulirebisaTvis; ПРК – mcire xarjebisaTvis. 

magaliTis saxiT naxazzeY5.18 moyvanilia МИМ tipis 
aRmasrulebeli meqanizmi.  
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nax.5.18. МИМ tipis aRmasrulebeli meqanizmis mare-
gulirebeli sarqvelis sqema. 1 _ bugeli; 2 – membrana; 3 – 
zambara; 4 – sayrdeni disko; 5 – Woki; 6 – Cobali; 7 – sazeTi 
mowyobiloba; 8 – korpusi; 9 – saxuravi; 10 – unagiri; 11 – 
mkveTara; УУ - samarTavi mowyobiloba 

 

membranuli merxevi (berketuli) aRmasrulebeli 
meqanizmebi gaTvaliswinebulia ZiriTadad sabruni sa-
farebis regulirebisaTvis. 

dguSiani aRmasrulebeli meqanizmebi (nax.5.19, nax.5.20) 
gamoiyeneba maregulirebeli droseluri sarqvelebisa 
da safarebis marTvisaTvis. 
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$4. hidravlikuri amZravi 
 

hidravlikuri aRmasrulebeli meqanizmebi 
avtomatur sistemebSi hidravlikuri amZravis farTo 

gamoyeneba aixsneba misi upiratesobebiT sxva saxis amZ-
ravTan SedarebiT. hidravlikuri amZravis upiratesobe-
bia: 

1) meqanizmebis mcire zomebis dros didi Zalebisa 
da simZlavreebis ganxorcielebis siadvile; 

2) mcire xvedriTi wona ganviTarebuli simZlavris 
erTeulze; 

3) siCqaris usafexuro regulirebis miRebis siadvile; 

  nax.5.19. dguSiani aRmas-
rulebeli meqanizmi. 1 – 
dguSi; 2 – Woki; 3 – sa-
Cobalo Semkvriveba

  nax.5.20. dguSiani mrud-
mxara aRmasrulebeli me-
qanizmi. 1 – dguSi; 2 – Wo-
ki; 3 – mrudmxara meqa-
nizmi; 4 – lilvi; 5 – sa-
Cobalo Semkvriveba 



4) mdovre moZraobebis miRebis SesaZlebloba; 
5) sworxazovani moZraobebis ganxorcielebis siad-

vile; 
6) hidravlikuri meqanizmebis muSaobis avtomati-

zaciis simartive; 
7) hidravlikuri meqanizmebis avtomaturi SezeTva 

muSa siTxiT; 
8) swrafmoqmedeba; 
9) siTxis nakadis energiis ukumoqcevgadataniTi da 

brunviTi moZraobebis meqanikur energiad gardaqmnis 
SesaZlebloba Sualedi, kinematikuri kavSiris (redu-
qtoris) gareSe. 

hidravlikuri Zravebis naklovanebebia: 
1) siCqaris momatebisas milsadenebSi muSa siTxis 

xaxunze kargvebis gazrda; es gansazRvravs mil-
sadenebSi nakadis dasaSvebi siCqareebis mniSvnelobebs 
8-15 m/wm-Si, xolo tumboebisa da hidravlikuri Zravebis 
brunvaTa ricxvs – 3500 br/wT-Si; 

2) hidrosistemis muSaobis damokidebuleba muSa 
siTxis temperaturisa da siblantis cvalebadobaze; 

3) siTxis kumSvadoba, rac SesamCnevia hidrosiste-
maSi muSa siTxis didi moculobebis dros; 

4) muSa siTxis Siga da gare gadineba (gaJonva); 
5) hidrosistemebSi gamoyenebuli mineraluri 

zeTebis cecxlsafrTxeoba; 
6) hidrogadacemis wredebis sirTule da 

milgayvanilobis naklebi moqniloba. 
hidroamZravi Sedgeba Semdegi ZiriTadi 

elementebisagan: tumbos, hidroZravas, gadacemis 
sistemis, marTvis mowyobilobebisa da damxmare 
mowyobilobebisagan. 

hidroamZravis tumbo moqmedebaSi modis Cveulebriv 
eleqtroZravisagan. tumbo eleqtrul energias 
gardaqmnis muSa siTxis potencialur da kinetikur 
energiebad. 

hidroamZravebSi muSa garemos warmoadgenen siTxeebi – 
mineraluri zeTi, spirtisa da glicerinis narevi, wyali. 

hidravlikuri tumbo muSa siTxes Wirxnis 
hidroZravaSi; igi siTxis potencialur da kinetikur 
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energias gardaqmnis meqanikur energiad, romelsac 
moqmedebaSi mohyavs muSa meqanizmebi. 

hidroamZravebi iyofian kinetikur anu turbinis da 
statikur anu moculobiT amZravebad. ufro metad 
gavrcelebulia statikuri hidroamZravebi, romlebSic 
gamoyenebulia tumbos mier daWirxnuli siTxis wnevis 
energia. 

gadacemis sistema warmoadgens mowyobilobas 
(milsadenebis) muSa siTxis transportirebisaTvis da 
mowyobilobas hidrosistemis muSaobis marTvisaTvis 
(sarqvelebi, mkveTarebi, onkanebi, akumulatorebi, 
safarebi). isini gaTvaliswinebulia zeTis nakadis 
misawodeblad hidrosistemis sxvadasxva meqanizmebSi, maTi 
moqmedebis mimdevrobis marTvisaTvis da zeTis sarinebad 
rezervuarSi. 

damxmare mowyobiloba Sedgeba rezervuarisa da 
filtrebisagan. rezervuari gankuTvnilia hidrosistemis 
kvebisaTvis muSa siTxiT. 

sworxazovani gadataniTi moZraobebis misaRebad 
farTod gamoiyeneba ararotaciuli dguSebi da 
yvinTebi. yvinTas (nax.5.21,a) sigrZe aRemateba misi svlis 
sidides. dguSs (nax.5.21,b) aqvs mcire sigrZe. igi 
moZraobs cilindrSi, romlis muSa zedapiri 
damuSavebulia. dguSebi iyofian martivi qmedebisa da 
ormagi qmedebis dguSebad. Tu dguSi ganicdis siTxis 
wnevis moqmedebas erTi mxridan, iwodeba martivi 
qmedebis dguSad, xolo Tu muSa siTxis wnevis 
moqmedebiT dguSi gadaadgildeba SenacvlebiT orive 
mimarTulebiT – ormagi qmedebis dguSad. yvinTa da 
martivi qmedebis dguSebi siTxis wnevis moqmedebiT 
moZraoben erTi mimarTulebiT, xolo sawyis 
mdgomareobaSi brundebian sakuTari wonis, zambaris an 
eleqtromagnitis wevis Zalvis gavleniT. 
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nax.5.21. hidravlikuri amZravi: a) yvinTa; b) dguSi 
 

hidravlikur sistemebSi farTod gamoyenebul tum-
boebs SeuZliaT imuSaon, rogorc hidroZravebma. kbi-
lanuri tumboebi da hidroZravebi Sedgebian ori kbi-
lanisagan, romlebic erTmaneTTan imyofebian gare mode-
baSi. kbilanebi brunaven SemWidroebul korpusSi. Rre-
Coebi kbilanebis kbilebsa da korpusis kedlebs Soris 
Zalian mcirea (nax.5.22). kbilanebidan erT-erTi, ro-
melic damagrebulia amZrav lilvze, warmoadgens wamy-
vans, xolo meore amyols. kbilanebis modebaSi Sesvlis 
adgilTan mierTebulia saWirxni milsadeni, xolo 
modebidan gamosvlis adgilTan Semwovi. kbilebis Sver-
ilebi modebaSi Sesvlisas kbilebis Rrmulebidan ga-
modevnian zeTs da qmnian daWirxvnis wnevas. kbilebis 
modebidan gamosvlisas  warmoiqmneba gaiSviaTeba da 
adgili aqvs siTxis Sewovas. 

nax.5.22. kbilanuri 
tumbos sqema 

 
 

 219 



maregulirebeli mowyobilobebi adgenen saWiro 
wnevas, nakadis siCqares, meqanizmebis gadaadgilebis 
sidides, siCqaresa da aCqarebas. hidroamZravis meqaniz-
mebis marTva SesaZlebelia uSualod an damxmare 
(servo) mowyobilobebis saSualebiT. 

hidravlikuri sistema Sedgeba sami ZiriTadi wre-
disagan: 

1) Zaluri, romelSiac Sedis tumbo; 
2) gamanawilebeli, romelic gaTvaliswinebulia 

hidravlikuri meqanizmis moqmedebis siCqarisa da mimar-
Trulebis gansasazRvrad; 

3) muSa, gaTvaliswinebuli muSa siTxis energiis 
gardasaqmnelad moqmedi agregatebis meqanikur energiad 
(Zaluri cilindrebi).  

Zalur cilindrebSi hidravlikuri potencialuri 
energia gardaiqmneba dguSis gadaadgilebis meqanikur 
energiad. maSasadame, Zaluri cilindri warmoadgens 
Zravs sworxazovani an kuTxuri ukumoqcevgadataniTi 
moZraobiT. 

Zaluri cilindrebi, dguSebis analogiurad, iyo-
fian, erTmxrivi, Zaluri moqmedebisa da ormxrivi 
Zaluri moqmedebis cilindrebad (nax.5.23). dguSi (2) 
WokiT (3) cilindrSi (1) muSa siTxis wnevis moqmedebiT, 
SenacvlebiT gadaadgildeba orive mimarTulebiT. cil-
indris I da II siRrueebSi wnevis qveS siTxis miwodebis 
regulireba warmoebs mkveTara mowyobilobiT. 

 
nax.5.23. hidravlikuri cilindrebi: a) ormxrivi qmedebis; 

b) erTmxrivi qmedebis 
 

erTmxrivi qmedebis Zalur cilindrebSi dguSi (2) 
da Woki (3) cilindrSi (1) muSa siTxis wnevis mo-
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qmedebiT gadaadgildeba erT mxares, xolo sawi-
naaRmdego mxares – zambaris (4) ZalviT. 

naxazze 5.24 mocemulia hidrosistemis sqema ukumo-
qcevgadataniTi moZraobisaTvis. muSa siTxe avzidan (1) 
tumboTi (2) SemSvebi sarqveliT (10) reversuli mkveTa-
ras (3) saSualebiT miewodeba Zaluri cilindris (4) 
qveda siRrueSi an zeda siRrueSi. am dros dguSi (5) da 
masTan dakavSirebuli berketi asrulebs moZraobas. 
mkveTaras (3) I mdgomareobaSi yofnis dros siTxe wnevis 
qveS miewodeba cilindris zeda siRrueSi, xolo qveda 
siRruidan siTxe gamoidevneba da mkveTaras gavliT mie-
marTeba avzSi (1). dguSis gadasaadgileblad sawi-
naaRmdego mxares, saWiroa mkveTara (3) gadaviyvanoT II 
mdgomareobaSi, e.i. movabrunoT 900-iT (nax.5.24b). muSa 
siTxis nakadis mimarTuleba Seicvleba. igi am Sem-
TxvevaSi miewodeba qveda siRrueSi, xolo zeda siR-
ruedan siTxe gamanawileblis gavliT dabrundeba avzSi. 

naxazze sarqveli (8) warmoadgens damcvels. Tu 
hidrosistemaSi wneva gadaaWarbebs dadgenil mniSvne-
lobas, sarqveli ixsneba da siTxis nawils gaatarebs 
avzSi dasabruneblad. sarqveli (9) aris Seqceuli. sis-
temaSi wnevis pulsaciis mogluvebisaTvis gamoyenebu-
lia akumulatori (7). 

 

 221 



nax.5.24. hidrosistemis sqema ukumoqcev-gadataniTi moZ-
raobisaTvis 

 

rogorc zeviT iyo aRniSnuli, hidrosistema saSu-
alebas iZleva vareguliroT Zaluri cilindris dguSis 
gadaadgilebis siCqare. dguSis gadaadgilebis siCqaris 
regulireba gamoisaxeba formuliT: 
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F
QV = sm/wT,        (5.5) 

sadac Q aris siTxis xarji, sm3/wT; 
F – dguSis efeqturi farTi, sm2. 
vinaidan dguSis efeqturi farTi warmoadgens mud-

miv sidides, amitom dguSis moZraobis siCqaris regu-
lireba xorcieldeba xarjis SecvliT. aqedan gamomdi-
nareobs siCqaris regulirebis ori wesi – moculobiTi 
da droseluri. 

hidroamZravSi moculobiTi regulirebiT mareguli-
rebel mowyobilobad gamoyenebulia cvladi mwarmoe-
blurobis mqone tumbo. am SemTxvevaSi Sesasvlel sig-
nals warmoadgens tumbos mwarmoebluroba. hidroamZ-
ravis m.q.k. tolia 0,5-0,7. 

droseluri regulirebis dros Sesasvlel signals 
warmoadgens droselis (hidravlikuri winaaRmdegoba) 
gaxsnis sidide an mkveTara wyvilis gadaadgilebis 
sidide (nax.5.25), xolo gamosasvlel signals dguSis 
gadaadgileba hidrocilindrSi. droseluri reguli-
reba gamoiyeneba tumbos mudmivi mwarmoeblurobis 
dros. hidroamZravebis (droseluri regulirebiT) m.q.k. 
Seadgens 0,25-0,30. 
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nax.5.25. hidroamZravi ormxrivi qmedebis Zaluri cilin-

driT. CM1, CM2, CM3, CM4 - servoZravebi; Э1, Э2 - eleqtromag-
nitebi mkveTaras samarTavad; П1 - gadamrTveli eleqtromag-
nitebis distanciurad CasarTavad; Н - tumbo; ПВ - sagzao 
amomrTveli; ДП - sadispetCero punqti. 

hidravlikuri aRmsrulebeli meqanizmebi mzaddeba 
ori tipis: МГК – hidravlikuri mrudmxara meqanizmebi 
(mosabrunebeli lilviT) da МГП – hidravlikuri pir-
dapirsvliani meqanizmebi (Wokis gadataniTi moZraobiT). 

dguSiani aRmasrulebeli meqanizmis moqmedebis 
principi (nax.5.19) emyareba Wokis gadaadgilebas, ro-
melic gamowveulia muSa siTxis wneviT dguSis gada-
adgilebiT. 

ormxrivi Zaluri moqmedebis hidravlikur aRmas-
rulebel meqanizmebSi dguSis moZraoba iwyeba maSin, 
rodesac muSa siTxis dawnevis Zala aRmasrulebeli 
meqanizmis muSa siRrueSi aRemateba jamur Zalas – 
Wokze moqmedi saangariSo Zala, xaxunis Zala da uku-
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wneva siRrueSi, saidanac muSa siTxe gamoedineba Camo-
sasxmelad. am dros 

,      (5.6) 
sadac P aris muSa siTxis wneva aRmasrulebeli meqaniz-

mis muSa siRrueSi; 
S da S’ – dguSis torsebis efeqturi farTi; 
R – saangariSo Zalva Wokze; 
Pu – muSa siTxis ukuwneva Camosxmis mxridan. 
aRmasrulebel meqanizmebSi, romlebSic Woki dgu-

Sis mxolod cal mxaresaa S da S’ farTebi gansxvavde-
bian Wokis ganivkveTis farTis sididiT. 

hidravlikur mrudmxara aRmasrulebel meqanizmSi 
dguSis gadaadgilebiT barbacas da mrudmxaras saSuale-
biT Semobrundeba gamosasvleli lilvi. maregulirebeli 
organo lilvTan SeiZleba SeerTebuli iyos uSualod an 
wamyvani berketis saSualebiT. muSa siTxe wnevis qveS mie-
wodeba regulatoridan milyelebiT (nax.5.20). 

МГК tipis meqanizmis gamosasvleli lilvis mo-
brunebis kuTxe Seadgens 900; МГП tipis meqanizmis Wo-
kis sruli muSa svlis sidide L damokidebulia dguSis 
diametrze D da tolia: 

D=60;80 da 100 mm  D=100,160 da 250 mm; 
D=120 da 160 mm   D=400,630 da 1000 mm. 
hidravlikuri da pnevmaturi wredebis gamanawilebeli 

da maregulirebeli aparaturis pirobiTi grafikuli 
aRniSvnebi mocemulia saTanado saxelmwifo standartSi. 
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eleqtroamZravebis avtomaturi marTvisa 
da dacvis aparatura mSeneblobaSi 

 

$1. zogadi cnobebi 
 

amwe-satransporto da sxva samSeneblo manqanebis 
eleqtroamZravebSi amJamad farTod gamoiyeneba, rogorc 
mudmivi, aseve cvladi denis Zravebi. gansakuTrebiT 
farTod inergeba eleqtroamZravebis sistemebi cvlad 
denze, romlebic uzrunvelyofen didi ekonomikuri   
efeqtis miRebas da misaReb gaSvebisa da saregulirebel 
maxasiaTeblebs. 

samSeneblo manqanebis aparaturis didi 
datvirTvebis qveS xangrZlivi droiT muSaoba 
ganapirobebs gadasvlas marTvis kontaqtorul-releuri 
aparaturidan ukontaqto logikur elementebze, riTac 
izrdeba marTvis sqemebis muSaobis saimedoba, Tumca 
mTel rig SemTxvevebSi rTuldeba sqemebi. 

amJamad tardeba mniSvnelovani kvleviTi samuSaoebi 
amwe meqanizmebisa da uwyveti transportis meqanizmebis 
asinqronuli Zravebis samarTavad tiristoruli 
gardamqmnelebis gamoyenebisaTvis. Zravas marTva war-
moebs statorTan miyvanili Zabvis cvalebadobis Sexame-
biT rotoris wredSi denis regulirebis impulsur 
wesTan. Zravas siCqaris regulireba xdeba rotoris 
wredSi impulsebis moqmedebis xangrZlivobis cvaleba-
dobiT. Zravas muSaobis reJimis SerCeva xorcieldeba 
Zravas statorisa da rotoris wredebSi tiristorebis 
marTvis logikuri sqemiT. 

sruldeba cdebi eleqtroamZravebis unificirebuli 
sistemebis Sesaqmnelad statikuri gardamqmnelebiT. 

sul ufro farTod gamoiyeneba avtomatizebuli 
eleqtroamZravis Tanamedrove sistemebSi gamomTvleli 
mowyobilobebi, romlebic iZlevian rTuli teqnologi-
uri procesebisa da calkeuli danadgarebis avtomati-
zaciis saSualebas. avtomatizaciis ganviTareba ga-
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momTvleli teqnikis bazaze iZleva marTvis kiberneti-
kuli meTodebis gamoyenebis saSualebas. 

mniSvnelovani gavrceleba hpoves programuli marT-
vis kordinatulma sistemebma perfolentebis, perforu-
qebis an komutatorebis gamoyenebiT. 

swrafi tempiT viTardeba telemeqanizacia da ra-
diomarTva. 

amrigad, Tanamedrove avtomatizebul amZravs gaaCnia 
avtomaturi marTva, romelic xorcieldeba: kontaqto-
rul-releuri aparaturis, eleqtromanqanuri avtomati-
kisa da magnituri gamaZliereblebis, ionureleqtro-
nuli aparaturis, naxevargamtarebisa da magnituri ga-
maZliereblebis saSualebiT ganxorcielebuli ukon-
taqto sqemebis, tiristoruli da statikuri gar-
damqmnelebis, programuli marTvis kordinatuli siste-
mebis, tele da radio marTvis daxmarebiT. 

Tanamedrove amwe-satransporto da samSeneblo man-
qanebisaTvis farTod gamoiyeneba releurkontaqtoruli 
marTva. 

 
 

$2. eleqtroamZravebis avtomaturi marTvis 
aparatebis daniSnuleba da klasifikacia 

 

marTvisa da dacvis aparatebi asruleben Semdeg 
funqciebs: 

1) eleqtruli energiis momxmareblebis 
eleqtromimRebebis da eleqtruli wredebis CarTva da 
gamorTva; 

2) eleqtromimRebebis da eleqtruli wredebis ele-
qtruli dacva gadatvirTvisa da mokle SerTvisagan; 
eleqtroZravas dacva Zabvis dawevisa da TviTgaSvebisagan; 

3) eleqtroZravebis brunvis siCqaris regulireba; 
4) eleqtroZravebis  eleqtruli damuxruWeba; 
5) eleqtroZravebis reversireba. 
marTvis aparati SeiZleba axorcielebdes zemoT aR-

niSnuli funqciebidan erTs an ramdenimes. eleqtroZ-
ravebis analogiurad marTvis aparatebi muSaobis reJi-
mis mixedviT iyofian: 
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1) xangrZlivi muSaobis reJimisaTvis; 
2) uwyveti muSaobis reJimisaTvis; 
3) xanmokle muSaobis reJimisaTvis; 
4) ganmeorebiTi-xanmokle muSaobis reJimisaTvis. 
xangrZlivi muSaobis reJimis dros aparati imyofeba 

datvirTvis qveS 8 saaTze naklebi drois ganmavlobaSi. 
uwyveti muSaobis reJimis SemTxvevaSi – 8 saaTze meti 
drois ganmavlobaSi. xanmokle muSaobis reJimis apa-
ratebis CarTva warmoebs xanmokle periodiT, xolo 
gamorTvis dro (pauza) sakmarisia aparatis mTlianad 
gacivebisaTvis. ganmeorebiTi – xanmokle muSaobis 
reJimis dros, aparatebis CarTvis periodebis regula-
rulad monacvleba warmoebs gamorTvis periodebiT. 

konstruqciuli Sesrulebis mixedviT marTvis apa-
ratebi iyofian Ria, daxurul, dacul, mtverSeuRwev da 
sxv. 

avtomatur releur kontaqtoruli marTvis sqemebSi 
gamoyenebuli aparatebi iyofian sam ZiriTad jgufad:   
1) kontaqtorebi; 2) releebi; 3) komandoaparatebi. 

kontaqtorebi gankuTvnilia eleqtruli manqanebis 
mTavar Zalur wredebSi xSiri CarTvebisa da gamorTve-
bisaTvis. maT SeuZliaT moqmedeba avtomaturad marT-
vadi wredis eleqtruli sidideebis (magaliTad, denis 
an Zabvis) cvalebadobisagan an sxva aparatebis zemo-
qmedebisagan damokidebulebiT. 

rele aris mowyobiloba, romelic naxtomiseburad 
cvlis gamosasvlel signals Sesasvleli signalis mo-
qmedebiT, e.i. axorcielebs marTvis “ki-ara” tipis disk-
retul funqcias. rele TviTon ar awarmoebs CarTvasa 
da gamorTvas. igi moqmedebs pirveli jgufis aparatebis 
(kontaqtorebis) marTvis wredze. 

komandoaparatebi saSualebas iZlevian zemoqmedeba 
movaxdinoT kontaqtorebisa da releebis marTvis wred-
ze. 

marTvis aparatebis aRmasrulebel organoebs war-
moadgenen kontaqtebi. kontaqtebis maxasiaTeblebs ki 
kontaqtis gaSla da kontaqtis Caqceva. kontaqtis gaSla 
ewodeba kontaqtebis moZrav da uZrav zedapirebs Soris 



umokles manZils ganrTul mdgomareobaSi. kontaqtis 
Caqceva ewodeba manZils, romelzedac gadaadgildeba 
uZravi da moZravi kontaqtebis Sexebis adgili sakon-
taqto zambarebis SekumSvis dros. 

 
 

 

$3. sakomando aparatebi. marTvis Rilakebi 

sakomando aparatebi gamoiyeneba 500 v-mde Zabvis 
mudmivi da cvladi denis wredebSi. sakomando aparatebs 
miekuTvnebian: marTvis Rilakebi, universaluri gada-
mrTvelebi, komandokontrolerebi (komandoaparatebi 
moqmedebaSi mohyavT xelis an fexis amZraviT) da sagzao 
da bolo amomrTvelebi (sakomando aparatis asamoqmede-
blad gamoyenebulia muSa manqana). komandokontroleri-
saTvis gamoiyeneba agreTve eleqtroamZravi. 

komandoaparatebi pouloben farTo gamoyenebas ele-
qtruli manqanebisa da aparatebis distanciuri marTvi-
saTvis da eleqtroamZravis avtomatizaciis sqemebSi. 

CamrTveli da gadamrTveli kontaqtebis mowyobilo-
bisa da moqmedebisagan damokidebulebiT komando apa-
ratebi iyofian or tipad: 

a) komandoaparatebi knopuri marTviT (gamoiyeneba 
xeliTa da distanciuri marTvis dros); 

b) mbrunavi komandoaparatebi (gamoiyeneba distanci-
uri da avtomaturi marTvis dros). 

marTvis Rilakebi gankuTvnilia sxvadasxva ele-
qtromowyobilobis (kontaqtorebis, magnituri gamSvebe-
bis, relesa da sxv.) distanciuri CarTvisaTvis da 
gamorTvisaTvis. Rilakebi gamoiyeneba mudmivi denis 
wredebSi ZabviT 440 v-mde da cvladi denis wredebSi – 
660 v-mde. 

marTvis Rilakebi Sedgebian erTi an ramdenime 
knopuri elementisagan. knopur elementSi Sedian sakon-
taqto mowyobiloba da Stifti (Rilaki), romelic 
meqanikurad aris dakavSirebuli sakontaqto mowyo-
bilobasTan. 
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Rilakebs moxerxebuli sargeblobis mizniT ukeTde-
baT sxvadasxvafrad SeRebili warwerebi “win”, “ukan”, 
“amuSaveba”, “sdeq” da sxva (Rilaki “sdeq” Cveulebrivad 
iRebeba wiTlad, xolo “amuSaveba” mwvaned). 

КУ tipis knopuri elementi Sedgeba erTi SemrTveli 
da erTi ganmrTveli kontaqtisagan, romlebic erT-
maneTTan eleqtrulad ar arian dakavSirebuli. 

SemrTveli ewodeba eleqtrul kontaqts, romelic 
samarTi koWas wredSi Zabvis an meqanikuri zemoqmedebis 
ararsebobisas rCeba gaTiSuli; ganmrTveli ewodeba 
eleqtrul kontaqts, romelic samarTi koWas wredSi 
Zabvis an meqanikuri zemoqmedebis ararsebobis Sem-
TxvevaSi imyofeba Sekrul mdgomareobaSi. 

Rilakze “sdeq” TiTis daWerisas Rilakis moZraoba 
gadaecema Reros, romelic moZravi kontaqtis saSuale-
biT TiSavs wreds. Rilakis gaTavisuflebisas zambara 
mas abrunebs sawyis mdgomareobaSi. Rilakze “amuSaveba” 
daWerisas ki, moZravi kontaqti SerTavs eleqtruli 
wredis kontaqtebs. 

marTvis Rilakebis SerCevisaTvis saWiroa gani-
sazRvros aucilebeli Sesruleba dacvis wesis mixed-
viT (Ria, daculi, mtverSeuRwevi, feTqebadusafrTxo) 
da Semdeg Stiftebis ricxvis mixedviT (erT, or, sam-
Stiftiani); kontaqtebis SerCeva saWiroa ganxorcieldes 
datvirTvis xangrZlivi denis dasaSvebi sididis mixed-
viT (romelic ar aRemateba 15 amp), dasaSvebi denis 
sididis mixedviT (romelic ar aRemateba 15 amp.), dasaS-
vebi denis sididis mixedviT, romelic wydeba indu-
qciur wredSi (20 amp-mde), dasaSvebi CarTvis denis 
sididis mixedviT (ara umetesi 60 amp.). 

 
 

 

$4. vercxliswylis kontaqtebi 

vercxliswylis kontaqtebi warmoadgenen minis mi-
laks, romelSic CarCilulia ori, an oTxi liTonis 
kontaqti da Casxmulia mcire raodenobiT vercxlis-
wyali; milaki darCilulia orive mxridan (nax.6.1). 
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horizontalur mdgomareobaSi vercxliswyali (3) Ser-
Tavs eleqtrul wreds, romelSic CarTuli arian li-
Tonis eleqtrodebi – kontaqtebi (2). Tu milaks (1) 
davxriT, vercxliswyali gadaisxmeba milakis erT 
mxares da misi done aRar Seexeba meore eleqtrods. am 
SemTxvevaSi eleqtrowredi iqneba ganrTuli. ver-
cxliswylis kontaqtebi mcire simZlavris kontaqtebia. 
isini gamoiyeneba marTvis, signalizaciis wredebSi da, 
agreTve, aparaturaSi. vercxliswylis kontaqti miema-
greba teqnologiuri meqanizmis Sesabamis muSa organos 
iseTnairad, rom normalur mdgomareobaSi vercxlis-
wyali axdendes eleqtruli wredis SerTvas (an gan-
rTvas). muSaobis procesSi muSa organos gadaxra sawy-
isi mdgomareobidan iwvevs, agreTve, vercxliswyliani 
milakis gadaxras da vercxliswyali ganrTavs marTvis 
an signalizaciis wreds. 

nax.6.1. vercxlis-
wylis kontaqti 

 
 

vercxliswylis kontaqtebi dayenebulia avtomatur 
sasworze, avtomatur dozatorze, donis signaliza-
torebze, tivtiva releze da sxva mowyobilobebze.�� 

 
 

 

$5. sagzao (bolo) amomrTvelebi 

sagzao amomrTvelebi  gankuTvnilia manqanebisa da 
meqanizmebis gamosarTavad. maTi amoqmedeba xdeba man-
qanebisa da meqanizmebis moZravi nawilebiT. amomr-
Tvelebi gamoyenebulia, rogorc komandoaparatebi moZ-
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ravi meqanizmebis avtomaturi marTvis dros da, agreTve, 
sxvadasxva manqanis svlis avariuli SezRudvis mizniT. 

naxazze 6.2 warmodgenilia myisi moqmedebis bolo 
amomrTveli, romlis Ria kontaqtis SerTvis dro da 
daxuruli kontaqtis ganrTvis dro ar aRemateba 0,1 wams. 

bolo amomrTvelebs gaaCniaT sakleme xundebi (1), 
romlebzedac damagrebulia uZravi kontaqtebi (2). moZ-
ravi kontaqtebi (3), ganlagebulia plastmasis spe-
cialur lilvakze (4). amomrTvelis kontaqtebi gada-
adgildeba mbiZgavTan (5) dakavSirebuli lilvakis mde-
bareobis SecvlasTan erTad. kontaqtebis ukan dabru-
neba sawyis mdgomareobaSi xorcieldeba zambariT (6). 

nax.6.2. bolo 
amomrTveli 

 
 
 

$6. kontaqtorebi 

kontaqtori ewodeba distanciuri moqmedebis eleqtro-
magnitur aparats, romelic gankuTvnilia eleqtruli 
Zaluri wredis xSiri CarTvisa da gamorTvisaTvis, dat-
virTvis qveS (ZabviT 1000 v-mde da denis ZaliT 600a-mde). 
kontaqtori SeiZleba iyos reversiuli da arareversiuli. 

kontaqtorebi farTod gamoiyeneba mSeneblobaSi 
sxvadasxva manqanisa da meqanizmis: konveierebis, beton-
Semrevi kvanZebis, koSkuri amweebis da sxv. amZravebis 
distanciuri marTvisaTvis, eleqtroZravebis nulovani 
dacvis mizniT (mkvebav qselSi Zabvis gaqrobis Sem-
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TxvevaSi gamorTavs Zravs, xolo ganmeorebiT Zabvis mi-
wodebisas TviTon ar CairTveba). 

nax.6.3 gamosaxulia mudmivi denis kontaqtori Sem-
rTveli kontaqtebiT. 1 aris uZravi kontaqti; 2 – mo-
Zravi kontaqti; 3 – kontaqtis zambara; 4 – moZravi kon-
taqtis suporti; 5 – uReli; 6 – Semzidi koWa; 7 – Ruza; 
8 – rkalCamqrobi kamera. koWaSi denis gavlis dros 
uRelTan miizideba Ruza. RuzasTan dakavSirebuli moZ-
ravi kontaqti ki miebjineba uZrav kontaqts. Tu koWaSi 
deni ar gadis, maSin kontaqtebi sakuTari wonis gav-
leniT ganirTvebian. zambara uzrunvelyofs kontaqtebis 
urTierTdawolis saWiro sidides. 

 
nax.6.3. mudmivi denis kontaqtori 
 

rkalCamqrobi mowyobilobis daniSnulebaa magnituri 
velis Seqmna, romlis gavleniTac kontaqtebis ganrTvisas 
warmoqmnili rkali grZeldeba, wydeba da swrafad qreba. 

nax. 6.4 warmodgenilia cvladi denis sampolusiani 
kontaqtori. marTvis impulsis moqmedebiT deni mie-
wodeba eleqtromagnitis koWaSi (1), romelic miizidavs 
Ruzas (2) da masTan saxsrulad dakavSirebul moZrav 
muSa kontaqts (3). es ukanaskneli miebjineba uZrav muSa 
kontaqts (4) ZaliT, romlis sididis regulireba xor-
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cieldeba zambaris (5) saSualebiT. muSa kontaqtebi 
SeerTebuli arian moqnili sadeniT (6) da gamomyvani 
momWerebiT (7) eleqtroamZravis Zalur wredTan. naxazze  
aRniSnulia normalurad daxuruli (8) da  normalurad 
Ria (9) damxmare kontaqtebi, romelTa daniSnulebaa 
sxva wredebis (signalizaciis, blokirebis) CarTva an 
gamorTva. 

nax.6.4. cvladi 
denis 
kontaqtoris 
sqema

 
 

naxazze 6.5 naCvenebia kontaqtoris CarTvis 
eleqtruli sqema. naxazze moZravi da uZravi kontaqtebi 
aRniSnulia ГК; blokkontaqti - БК; Semzidi koWa - К; 
fazebi – Л1,Л2,Л3 kontaqtoris CarTvis Semdeg SeiZleba 
Rilakis “amuSaveba”-moSveba. wredi ar gawydeba, radgan 
deni gadis Caketil wredSi: faza Л1 – Semzidi koWa К – 
Rilaki “sdeq” – blokkontaqti БК (romelic exla 
SerTulia) da faza Л3.  Rilakze “sdeq” daWeris 
SemTxvevaSi marTvis wredi ganirTveba da Ruzas lilvi 
sakuTari wonis gavleniT gawyvets Zalur wreds. Zabvis 
Semcirebisas garkveul sidideze metad kontaqtori 
avtomaturad gamoirTveba, radgan kontaqtoris moZravi 
nawilebis wona aRemateba Semcirebuli Zabvis dros, 
magnituri sistemis moZrav da uZrav nawilebs Soris 
urTierTqmedebis Zalas. Tu Zabvis arsebobis 
SemTxvevaSi Rilaks “amuSaveba” ar davaWerT, 
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kontaqtori ar amoqmeddeba, vinaidan Semzidi koWas 
wredi ganrTulia. amiT xorcieldeba eleqtroZravas 
nulovani dacvis uzrunvelyofa. 

nax.6.5. konta-
qtoris CarTvis 
eleqtruli 
sqema 

 
 

kontaqtorebi mzaddeba mudmivi denis wredebSi (КП 
tipis) da cvladi denis wredebSi (КТ tipis) samuSaod. 

 
 

$7. eleqtromagnituri rele 

eleqtromagnituri rele warmoadgens avtomatikisa da 
telemeqanikis erT-erT yvelaze metad gavrcelebul 
elements. avtomaturi da telemeqanikuri marTvis danad-
garebSi gamoiyeneba aTeuli da aseuli eleqtromagni-
turi rele. 

eleqtromagnitur releSi wevis Zalva iqmneba magni-
turi velis energiiT, romelic warmoiqmneba eleqtru-
li denis gavliT koWaSi. cnobilia eleqtromagnituri 
reles sami saxesxvaoba: mudmivi denis neitraluri, 
cvladi denis neitraluri da polarizebuli releebi. 

mudmivi an cvladi denis neitraluri rele (nax.6.6) 
ewodeba iseT reles, romlis Ruzaze koWas magnituri 
nakadis mier ganviTarebuli wevis Zalva ar aris da-
mokidebuli koWaSi gamavali denis mimarTulebaze. 
cvladi denis neitralur releSi moqmedebs mfeTqavi 
magnituri nakadi, romelic iwvevs kargvebs his-
terezisze da grigalur denebze, rac Sesabamisad amci-
rebs Ruzis wevis Zalvas. garda amisa, denis cvlilebis 
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erTi periodis ganmavlobaSi wevis Zala orjer 
utoldeba nuls, rac iwvevs Ruzis vibracias. vibracia 
iwvevs xmaurs, aCqarebs cveTas da arTulebs kontaqte-
bis muSaobas. vibraciis Semcirebis mizniT iyeneben 
mokledSerTul xveulian reles (specialuri tipis 
rele) an reles wredSi rTaven 6-8 mikrofaradis teva-
dobis kondensators. am SemTxvevebSi wevis Zala ar 
mcirdeba nulamde. 

 
nax.6.6. eleqtromagnituri rele: a) mudmivi denis nei-

traluri; b) cvladi denis neitraluri 
 

kargvebis Semcirebis mizniT histerezisze da gri-
galur denebze reles gulari mzaddeba furclovani 
eleqtroteqnikuri foladisagan sisqiT 0,3-0,5 mm. 

neitraluri eleqtromagnituri relesagan gansxvave-
biT polarizebul reles gaaCnia mudmivi magniti. po-
larizebuli rele Sedgeba foladis gularisagan (5) 
damamagnitebeli koWaTi (4), foladis moZravi Ruzisagan 
(2), romelsac gaaCnia kontaqtebi marcxniv da marjvniv, 
ori uZravi kontaqtisagan (1) da mudmivi magnitisagan (3) 
(nax.6.7). mudmivi magnitis magnituri nakadi naxazze aR-
niSnulia ФП, xolo eleqtromagnituri koWaTi aRZruli 
muSa nakadi ФЭ. es ukanaskneli foladis moZrav RuzaSi 

gavlis Semdeg iyofa or nakadad 
2
∋φ , romelTagan erTi 

mimarTulebiT emTxveva, xolo meore sapirispiroa mud-
mivi magnitis magnituri nakadisa. 
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rodesac koWaSi (4) Zabva ar arsebobs, neitralur 
(vertikalur) mdgomareobaSi myof Ruzaze (2) macxnidan 
da marjvnidan moqmedebs mudmivi magnitis ori erTnairi 
mizidvis Zala. am SemTxvevaSi cxadia, rom ФЭ=0 

nax.6.7. polarize-
buli reles kon-
struqciis prin-
cipuli sqema 

 
 

Tu reles gragnilSi aRvZravT Zabvas, maSin naxazze 
naCveneb SemTxvevaSi magnitis marjvena ReroSi nakadebi 
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2
∋φ  da ФП dajamdebian, radgan isini mimarTulebiT erT-

maneTs Tanxvdebian, e.i. Π
∋ += φ

φ
φ

2
' . marcxena ReroSi mag-

nituri nakadebi urTierTsawinaaRmdego mimarTulebis 

arian, amitom Π
∋ −= φ

φ
φ

2
''  saerTo nakadi marjvena ReroSi 

aRemateba magnitur nakads marcxena ReroSi (Ф’>Ф’’), ris 
gamoc reles Ruza miizideba marjvniv da Sekravs mar-
jvena kontaqts. Tu SevcvliT marTvis signalis po-
larobas, reles Ruza gadaadgildeba marcxniv da Sek-
ravs marcxena kontaqts. 

neitralur relesTan SedarebiT polarizebuli rele 
metad mgrZnobiarea. misi amoqmedebisaTvis saWiro 
simZlavre Seadgens 0,5X10-3 vatidan 0,5 vatamde. xasiaT-
deba meti gadatvirTvis unariT da amoqmedebis mcire 
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droiT – 10-3 _ wm-dan 1,5.10-2 wm-mde. ZiriTad nakls war-
moadgens marTvadi (gamosasvleli) wredebis mcire 
ricxvi (ara umetes orisa). 

eleqtromagnituri reles ZiriTadi parametrebia: 
1) amoqmedebis deni Iam – minimaluri deni koWaSi, 

romlis drosac kontaqtebi sawyis mdgomareobidan 
gadadian muSa mdgomareobaSi; 2) muSa deni Im – deni, 
romelic uzrunvelyofs reles kontaqtebis saimedo 
muSaobas (Im yovelTvis aRemateba Iam); 3) moSvebis deni 
ImoS – deni, romlis drosac reles kontaqtebi muSa 
mdgomareobidan gadadian sawyis mdgomareobaSi; 4) mara-

gis koeficientebi amoqmedebisa 
am

m
am I

I
K =  da moSvebis 

mixedviT 
moS

moS

I
K m

I
= ; 5) gaZlierebis koeficienti 

mP
P

K kont

m = , romelic gviCvenebs marTvadi simZlavre (kon-

taqtebze) Pkont ramdenjer aRemateba koWas mmarTvel 
simZlavres Pmm; 6) amoqmedebis dro tam – dro, romelic 
saWiroa kontaqtebis SerTvisaTvis koWaze kvebis mi-
wodebis Semdeg; 7) moSvebis dro tmoS – dro, romelic 
saWiroa kontaqtebis sruli ganrTvisaTvis koWaze kve-
bis miwodebis Sewyvetis Semdeg. 

 
 

$8. eleqtronuli rele 

eleqtronul-kontaqturi rele Sedgeba gamaZliere-
beli eleqtronuli naTurisa da eleqtromagnituri 
relesagan (nax.6.8). eleqtromagnituri reles damamag-
nitebeli gragnili CarTulia naTuris anodur wredSi. 
gaparvis mudmivi winaaRmdegobis Rc gavliT naTuris 
badeze miewodeba sawyisi uaryofiTi Zabva - baduri 
wanacvleba Uco (winaRobiT R1). R1 winaaRmdegoba saSu-
alebas iZleva SevirCioT Uco iseTi mniSvneloba, rom-
lis drosac gareSe zemoqmedebis ararsebobis SemTxve-
vaSi (Usign=0) reles gragnilSi gamavali anoduri deni 



Ia iyos naklebi eleqtromagnituri reles amoqmedebis 
denze Iam. am dros reles aRmasrulebeli wredis kon-
taqtebi Sekrulia, rodesac Usign=U da badeze miewodeba 
dadebiTi potenciali, anoduri deni gaizrdeba da aRe-
mateba Ia> Iam (wanacvlebis uaryofiTi baduri Zabva ab-
soluturi sididiT mcirdeba). am SemTxvevaSi rele amo-
qmeddeba, misi kontaqtebi Seikvreba. rodesac signali 
Sewydeba, Ia gaxdeba naklebi Iam da aRmasrulebeli wre-
dis kontaqtebi ganirTveba. eleqtronuli rele Zalze 
mgrZnobiarea (amoqmedebis simZlavre Seadgens 10-12-10-8 

vats), xarjavs umniSvnelo energias da gaaCnia didi wi-
naaRmdegoba. mis nakls Seadgens mgrZnobiaroba ryevis-
admi, dartymebisadmi, eleqtronuli naTuris samsaxuris 
SedarebiT mcire vada (ramdenime aTasi saaTi). eleqtro-
nul reles SeuZlia muSaoba cvlad denzec. 

 
nax.6.8. eleqtronuli rele: 1 – kontaqtebi; P - rele; Rc - 

gaparvis mudmivi winaaRmdegoba; Uco - baduri gadadgileba; R1 
- baduri gadadgilebis winaaRmdegoba 

 
 

$9. drois rele 

teqnologiuri procesebis droSi avtomaturi reguli-
rebisa da meqanizmebis CarTvisaTvis mocemul inter-
valebSi gamoiyeneba drois rele. 

drois releSi SeiZleba gamoiyos sami damaxasiaTe-
beli nawili: mimRebi – romelic uzrunvelyofs reles 
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amoqmedebas mmarTveli signalis miRebis Sedegad, Sem-
nelebeli – romelic uzrunvelyofs drois mocemul 
dayovnebas, da aRmasrulebeli – uzrunvelyofs zemo-
qmedebas aRmasrulebel mowyobilobaze. konstruqciu-
lad es nawilebi xSirad gaerTianebulia. 

dayovneba drois releSi SeiZleba ganxorcieldes 
eleqtruli, magnituri, meqanikuri, eleqtromeqanikuri, 
hidravlikuri da pnevmatikuri wesebiT. 

praqtikaSi farTod aris gavrcelebuli eleqtro-
meqanikuri (Zraviani), hidravlikuri, pnevmatikuri da 
eleqtronuli drois releebi. 

naxazze 6.9 naCvenebia drois Zraviani reles principi-

aluri sqema. K gasaRebis SerTvisas sinqronuli Zrava 

CD reduqtoriT iwyebs brunvas. erTdroulad aRigzneba 

eleqtromagniti ЭМ da modebaSi mohyavs kbilana Tvle-

bi Z1 da Z2.  erT RerZze Z1 kbilanaTvalTan damagrebu-
lia muStebi (erT-erTi maTgani naCvenebia naxazze). Zrava 
abrunebs muStebs isriT naCvenebi mimarTulebiT, Wimavs 

ra erTdroulad F2 zambaras. rodesac S muStas amonaW-

eris safexuri miadgeba C berketis safexurs, berketi F3 

zambaris moqmedebiT Semobrundeba da CD Zravas wredSi 
ganrTavs 1-2 kontaqtebs da SerTavs reles gamosa-

svleli wredis 3-4 kontaqtebs. Z1 kbilanaTvlis RerZze 
damagrebuli sxva muStebi unda iqnan regulirebuli 
drois damoukidebel dayovnebebze da isini Sesabamisad 
SerTaven an ganrTaven gare wredebis kontaqtebs. 

1-2 kontaqtebis ganrTvisas CD Zrava Cerdeba. K 

gasaRebis ganrTvis SemTxvevaSi ЭМ eleqtromagniti 

aTavisuflebs Ruzas da F1 zambaras urTierTmodebidan 

gamohyavs Z1 da Z2 kbilana Tvlebi. muStebi F2 zambaris 

moqmedebiT ukan Semobrundebian A sabrjenamde da kon-
taqtebi ubrundebian sawyis mdgomareobas. drois rele 
mzad aRmoCndeba xelmeored CarTvisaTvis. 

drois Zraviani releebi iZlevian drois dayovnebis 
SesaZleblobas 24 saaTamde. 
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nax.6.9. drois Zravi-
ani reles principuli 
sqema 

 
naxazze 6.10 warmodgenilia drois hidravlikuri 

rele. reles ZiriTadi nawilebia: dguSi 1, cilindri 2, 
Sesasvleli sarqveli 3, gamosasvleli sarqveli 4, zam-
bara 5, Woki kontaqtebiT 6 da droseli 7. muSa garemoa 
samanqano zeTi. 

nax.6.10. drois 
hidravlikuri 
rele 

 
drois dayovnebis sidide ganisazRvreba dguSis muSa 

svlis xangrZlivobiT. 
analogiur principzea damyarebuli pnevmatikuri re-

les muSaoba, romlis muSa garemos warmoadgens haeri. 
drois eleqtronuli reles moqmedebis principi 

mdgomareobs SemdegSi: eleqtronuli naTuris badis 
wredSi irTveba kondensatori, romlis tevadoba C da Rc 
winaaRmdegobis sidide gansazRvravs kondensatoris da-
muxtvisa da ganmuxtvisaTvis saWiro drois xangrZlivo-
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bas (nax.6.11). aRniSnuli rele muSaobs kondensatoris 
ganmuxtvis xarjze. rodesac K gasaRebi Sekrulia, 
naTuris badeze miewodeba wanacvlebis uaryofiTi Zabva 
Uco da naTura Caketilia. C kondensatori am dros da-
muxtulia. Tu K gasaRebs ganvrTavT, kondensatori 
daiwyebs ganmuxtvas Rc winaaRmdegobis gavliT. naTuris 
badis uaryofiTi potenciali Semcirdeba, xolo ano-
duri deni Ia gaizrdeba, sanam igi ar miaRwevs Iam denis 
sidides da rele amoqmeddeba. 

reles dayovnebis drois regulireba warmoebs Rc wi-
naaRmdegobis cvlilebis gziT. eleqtronuli reles 
saSualebiT SeiZleba ganvaxorcieloT drois dayovneba 
milisekundidan 180 sek-mde. 

nax.6.11. drois 
eleqtronuli 
rele 

 
 

eleqtroamZravis avtomatizaciis dros farTod ga-
moiyeneba drois eleqtromagnituri rele РЭ-500, drois 
dayovnebiT 5 sek-mde. rele Sedgeba koWasa, uZravi mag-
nitgamtarisa, Ruzis, saregulirebeli xraxnis, blok-
kontaqtebiani traversisa da damWimavi zambarisagan. 

SevniSnavT, rom РЭ-500 tipis rele gaTvaliswinebulia 
mudmivi denisaTvis. cvladi denis Zravebis marTvis 
wredebSi reles CarTva xdeba gammarTvelebTan erTad. 

drois dayovneba РЭ-511, РЭ-513  da РЭ-515 tipis drois 
releebSi SeiZleba ganxorcieldes ori gziT: 1) koWas 
damoklebiT; 2) reles koWas gamorTviT. 

pirvel SemTxvevaSi reles PB CarTvisas Ruza 
miizideba Zalian swrafad. gamorTvis SemTxvevaSi (rele 
SeiZleba gamoirTos koWas wredis gawyvetiT an misi da-
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moklebiT) iqmneba drois dayovneba. drois dayovneba 
koWas wredis damoklebisas aixsneba Semdegnairad: Tu 
movaxdenT reles koWas daSuntvas romelime Sualedi 
reles РП kontaqtebis paralelurad CarTviT (nax.6.12,a), 
reles koWaTi da РП kontaqtebiT, warmoqmnil konturSi 
TviTinduqciis gavleniT warmoebs denis Sekaveba gark-
veuli droiT. drois amave periodSi magnituri nakadi 
da Ruzis gularTan mizidvis Zala miileva TandaTano-
biT. koWas wredSi gaTvaliswinebuli R winaaRmdegobis 
daniSnulebaa mokle CarTvisagan dacva im SemTxvevaSi, 
rodesac wredSi sxva momxmarebeli ar aris CarTuli. 

meore SemTxvevaSi (nax.6.12,b) reles gularze 
Camoecmeva spilenZis an aluminis vazna, romelic qmnis 
meorad konturs. reles CarTvisa da gamorTvis dros 
vaznaSi warmoiqmneba e.m.Z. da aRiZvreba deni, romelic 
lencis wesis Tanaxmad iwvevs iseTi mimarTulebis mag-
nitur nakads, romelic rezultaturi magnituri na-
kadis cvlilebas daayovnebs. 

nax.6.12. drois ele-
qtromagnitur rele-
ebSi drois dayovne-
bis miRebis sqemebi: 
a) koWas damoklebiT; 
b) reles koWas ga-
morTviT 

 
 
 

 $10. fotoeleqtronuli rele 

fotorele gankuTvnilia eleqtruli wredis CasarTa-
vad an gamosarTavad sinaTlis moqmedebiT. 

fotorele Sedgeba eleqtronuli naTuris, mgrZno-
biare gadamwodisa* (fotoelementi, fotowinaRoba, fo-

                            
* gadamwodebisa da gamzomi sqemebis Sesaxeb ixileT me-2 da me-3 Ta-
vebi. 
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todiodi) da eleqtromagnituri relesagan, romelic 
warmoadgens aRmasrulebel organos*. 

fotorele iyofa pirdapiri moqmedebisa da ukumo-
qmedebis releebad. pirdapiri moqmedebis fotoreleSi 
(nax.6.13,a) ganaTebuli fotoelementis SemTxvevaSi, misi 
winaaRmdegoba mcirdeba, eleqtronuli naTuris badis 
potenciali izrdeba, anodur wredSi gadis deni, ro-
melic iwvevs reles amoqmedebas, ris Sedegadac misi kon-
taqti Seikvreba. ukumoqmedebis fotoreleSi (nax.6.13,b), 
piriqiT, dabnelebuli fotoelementis SemTxvevaSi, re-
les kontaqti Sekrulia, xolo fotoelementis ganaTe-
bisas ki ganrTulia. 

nax.6.13. fotoele-
qtronuli releebi: 
a) pirdapiri moq-
medebis fotorele; 
b) ukumoqmedebis fo-
torele; g) cvladi 
denis fotorele 

 
fotoreles moyvanili sqemebi moiTxoven mudmivi Zab-

vis wyaroebs. cvladi Zabvis wyaroebis SemTxvevaSi ga-
moiyeneba cvladi denis gammarTvelebi. 

                            
* fotowinaRobis gamoyenebis SemTxvevaSi fotorele eleqtronul 
naTuras ar saWiroebs. 
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arseboben fotoreleebi, romlebic muSaoben cvlad 
denze. cvladi denis fotoreles sqema naCvenebia na-
xazze 6.13,g. anodi, bade, gamaZlierebeli naTuris var-
vari da fotoelementi ikvebebian transformatoris 
meoradi gragnilebidan. naTuras SeuZlia denis ga-
tareba mxolod im naxevarperiodis ganmavlobaSi, rode-
sac Zabva naTuris anodze dadebiTia. am dros sawyisi 
gadaadgilebis Zabva uaryofiTia, xolo badis potenciali 
damokidebulia fotoelementis ganaTebulobaze. misi sak-
marisad ganaTebulobis SemTxvevaSi eleqtromagnituri 
reles gragnilis gavliT anodur wredSi gaivlis gamar-
Tuli deni. rele amoqmeddeba da Sekravs kontaqtebs. re-
les vibraciis Tavidan acilebis mizniT warmoebs denis 
cvladi Semadgenlis daSuntva kondensatorTan. aRsaniSna-
via, rom cvladi denis fotorele orjer da metjer nak-
lebad mgrZnobiarea mudmivi denis fotorelesTan Sedare-
biT. miuxedavad amisa, praqtikaSi farTodaa gamoyenebuli 
cvladi denis moxerxebulobis gamo. 

naxazze 6.14 warmodgenilia mudmiv denze momuSave 
fotoreles eleqtruli sqema. fotowinaRobaze ФС-К 
sinaTlis nakadis moqmedebiT misi winaaRmdegoba 
mcirdeba daaxloebiT 100-jer. izrdeba denis Zala im 
sididemde, romelic sakmarisia reles asamoqmedeblad. 
rele CarTavs Tavisi kontaqtebiT avtomatikis mowyo-
bilobas. sqemaze reles amoqmedebis Sedegad Р1 kontaqtiT 
CairTveba sayviri - Г da erTdroulad reles meore kon-
taqtiT - Р2 gamoirTveba sasignalo naTura – Л.  

 
 
 

nax.6.14. mudmiv 
denze momuSave 
fotoreles 
eleqtruli sqema 



$11. trigeri, rogorc ukontaqto eleqtro-
nuli rele 

 

trigeri warmoadgens mudmivi Zabvis orkaskadian ga-
maZlierebels, romlis gamosasvleli damokidebulia 
Sesasvlelze, e.i. ganxorcielebulia dadebiTi uku-
kavSiri. trigeris sqemebi sruldeba rogorc naTurebze, 
aseve naxevargamtarul triodebze. trigerebi farTodaa 
gavrcelebuli avtomatur da eleqtronul cifrul ga-
moTvliT mowyobilobebSi. 

trigeri xasiaTdeba ori mdgradi mdgomareobiT. erTi 
mdgomareobidan meoreSi gadasvla sruldeba naxtomiT, 
garedan gamSvebi impulsis zemoqmedebiT. trigers 
uwodeben, agreTve, sasxlet mowyobilobasac. es saxel-
wodeba man miiRo Sesasvleli impulsis mimarT swrafi 
reaqciis gamo. 

naxazze 6.15 mocemulia naTuruli trigeris sqema. 
rogorc sqemidan Cans, igi ori reostatuli naTuruli 
gamaZliereblisagan Sedgeba, romelic erTmaneTTan da-
kavSirebulia dadebiTi ukukavSiriT. am kavSiris Zabva 
Л2 naTuris anodidan gadaecema Л1 naTuris bades R1 wi-
naRobis gavliT. Cveulebrivad Л1 da Л2 naTurebi erTi 
tipisaa, xolo sqema simetriuli (sqemis orive naxevari 
Sedgeba erTnairi elementebisagan). 

nax.6.15. naTuruli 
trigeris sqema 

 
R1 da R2 winaRobebi aqtiuri winaRobebia. isini qmnian 

Zabvis gamyofs. R1 winaRobaTa paralelurad mierTebuli 

C1 da C2 kondensatorebis daniSnulebaa trigeris erTi 
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mdgradi mdgomareobidan meoreSi gadarTvis siswrafis 
gadideba, agreTve, gamosasvleli viwro impulsebis 

miReba. D1 da D2  diodebi CarTuli badeebTan, ganStoebis 
wredSi, gankuTvnilia naTurebis baduri wredebis erT-

maneTTan mokled SerTvisagan dasacavad. E aris Zabvis 
damoukidebeli wyaro wanacvlebis Zabvis misaRebad. es 
ukanaskneli aucilebelia trigeris mdgradi mdgo-
mareobis SesanarCuneblad. ukukavSiris wredebi uzrun-
velyofen trigerSi denis morigeobiT gatarebas, e.i. 
drois im intervalSi, roca erTi naTura atarebs dens 
(Riaa), meore Caketilia (dens ar atarebs). amrigad, 
sqemis mdgradi mdgomareobis dros erT-erTi triodi 
atarebs dens, xolo meore Caketilia. orive triodi 
rom erTdroulad atarebdes dens, maSin raime mizeziT 
erT-erTi triodis anoduri denis umniSvnelod gazrda 
gamoiwvevda meore triodis badeze potencialis Semci-
rebas. es Tavis mxriv Seamcirebda ukanasknelis anodur 
dens, rac gamoiwvevda potencialis gazrdas pirveli 
triodis badeze, da kidev ufro gazrdida anodur dens. 
amrigad, pirveli triodis anoduri deni gaizrdeboda, 
xolo meore triodis anoduri deni ki Semcirdeboda. 
aRniSnulis Sedegad pirveli triodi mTlianad 
gaixsneboda, xolo meore Caiketeboda. 

aseT mdgomareobaSi trigeri rCeba morigi gamSvebi 
impulsis mosvlamde, romelic aRebs Caketil naTuras 
da ketavs Ria naTuras, rac Seesabameba trigeris sawy-
isi mdgomareobis aRdgenas. amrigad, trigeris gadasay-
vanad erTi mdgradi mdgomareobidan meoreSi, saWiroa 
Caketili triodis badis wredSi SeviyvanoT mcire 
dadebiTi Zabva. am dros sqema naxtomiseburad gadadis 
axal mdgrad mdgomareobaSi. sqemis dasabruneblad 
sawyis mdgomareobaSi ki Ria naTuris badis wredSi xan-
mokled unda mivawodoT mcire uaryofiTi Zabva. 

trigeris daniSnulebis mixedviT SeiZleba gamovi-
yenoT misi marTvis sxvadasxva sqema. ase, magaliTad, 
trigeris mmarTveli impulsebi SeiZleba SeviyvanoT 
TiToeuli naTuris calkeul Sesasvlel wredebSi an 
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saerTo wredSi diodebis meSveobiT calkeul wredebad 
maTi Semdgomi gayofiT. SesaZlebelia trigeris marTva 
ganvaxorcieloT erT-erT badeze sxvadasxva polarobis 
mmarTveli impulsebis miwodebiT. impulsebis po-
larobis Secvla gamoiwvevs trigeris mdgomareobis 
cvlilebas. 

naxazze 6.16 mocemulia or mdgrad mdgomareobiani 
naxevradgamtaruli trigeris sqemis varianti damou-
kidebeli wanacvlebiTa da mmarTveli impulsebisaTvis 
saerTo saangariSo SesasvleliT. moqmedebis principis 
mixedviT es sqema zemoT ganxiluli sqemis analogiuria. 

 
nax.6.16. naxevradgamtaruli trigeris sqema 
 
 

$12. araeleqtruli releebi 

araeleqtrul releebs miekuTvneba Tburi, wnevis, 
donis, siCqaris centridanuli rele, drois qanqara 
rele, bgeriTi dawnevis akustikuri rele. aRniSnuli 
releebis zogierTi sqema ganxilulia saxelmZRvanelos 
Sesabamis ganyofilebebSi. 
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metad gavrcelebuli rele, romelSic gamoyenebulia 
sxeulis Tburi gafarToeba, iwodeba bimetalur reled. 

eleqtroTermuli bimetaluri reles sqema moyvanilia 
naxazze 6.17. bimetalur firfitaze (1) daxveulia grag-
nili (2), romelsac gaaCnia mniSvnelovani omuri wi-
naaRmdegoba. gragnilSi denis gatarebis Sedegad fir-
fita xurdeba, iRuneba da SerTavs muSa kontaqtebs (3). 

 
 

rele mzaddeba orgvarad. saregulirebeli xraxniT 
(garemos temperaturisagan damokidebulebiT kontaqtebs 
Soris RreCos Sesacvlelad) da temperaturuli kompen-
saciiT. kompensacia miRweulia meore bimetaluri fir-
fitis (4) gamoyenebiT, romelic dayenebulia iseTnairad, 
rom igi iRuneba imave mxares, saiTac iRuneba muSa fir-
fita (1). reles amoqmedebis denis sididis cvalebadoba 
SesaZlebelia gragnilis omuri winaaRmdegobis Secv-
liT. 

reles kontaqtebis muSaobis pirobebis Sesamsubuqeblad 
xSirad gamoiyeneba konstruqcia, romoelic uzrunvelyofs 
kontaqtebis naxtomiseburad muSaobas. aRniSnuli reles 
principuli sqema mocemulia naxazze 6.18. 

rele Sedgeba saxurebeli elementisagan (1), bimeta-
luri firfitisagan (2). saxurebeli elementi Zravas 
Zalur wredSi irTveba mimdevrobiT (sqemaze deni I). 
rodesac denis sidide gadaaWarbebs nominalur mni-

nax.6.17. eleqtroTermuli 
bimetaluri reles prin-
cipuli sqema 



Svnelobas, bimetaluri firfita xurdeba, iRuneba da 
firfitis Caumagrebeli bolo aTavisuflebs berkets (3), 
romelic zambaris (4) moqmedebiT Semobrundeba saaTis 
isris moZraobis sawinaaRmdego mimarTulebiT da 
ganrTavs kontaqts (5). kontaqti (5) CarTulia kon-
taqtoris koWas wredSi mimdevrobiT (sqemaze deni i); 
kontaqtis ganrTvis Sedegad warmoebs kontaqtoris 
gamorTva, romelic Tavis mxriv gamorTavs Zravs wredi-
dan. reles amoqmedebis Semdeg misi dabruneba sawyis 
mdgomareobaSi xorcieldeba dabrunebis Rilakis meS-
veobiT. 

nax.6.18. Tburi 
reles CarTvis 
principuli sqema 

 
 

bimetaluri rele farTod gamoiyeneba dacvis Sem-
TxvevebSi, kerZod, rogorc avtomaturi dacvis mowyo-
biloba eleqtroZravebis marTvis sqemebSi. rele icavs 
Zravas arasimetriuli muSaobisagan, erT-erTi sadenis 
gawyvetis SemTxvevaSi (mkvebavi xazis erTi fazis gawy-
vetisas. am SemTxvevaSi dauzianebel or sadenSi denis 
sidide aRemateba nominalur mniSvnelobas) da, agreTve, 
gadatvirTvisagan (rodesac denis sidide aRemateba 
nominalurs 20-30%-iT, reles kontaqtebi ganirTvebian 
da wydeba eleqtroZravis marTvis wredi). 
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$13. magnituri gamSvebi 

magnituri gamSvebi ewodeba eleqtrul aparats, ro-
melic gankuTvnilia eleqtroZravebis gaSvebisaTvis 
denis wredSi amuSavebis winaRobis Seuyvanlad. 
Cveulebrivad magnituri gamSvebebi gamoiyeneba mokled 
CarTuli rotoriani eleqtroZravebis samarTavad da 
asamuSaveblad uSualod eleqtroqselidan ZabviT 500 
voltamde. maTi gamoyeneba SeiZleba, agreTve, fazur-
rotoriani eleqtroZravebis CasarTavadac. 

magnituri gamSvebi farTod aris gamoyenebuli mSene-
blobaSi sxvadasxva manqanisa da meqanizmis (konveierebi, 
betonsarevi kvanZebi, koSkuri amweebi da sxv.) amZravebis 
(Cveulebrivad Zravas simZlavriT 75 kvt-mde. meti 
simZlavris eleqtroZravebis SemTxvevaSi gamoiyeneba 
kontaqtori relesTan kombinaciaSi) distanciuri marT-
visaTvis. 

magnituri gamSvebi Sedgeba kontaqtorisagan, romlis 
marTvac xdeba distanciurad marTvis Rilakebis saSu-
alebiT. 

magnituri gamSvebi axorcielebs eleqtroZravebis 
minimaluri dacvis funqciebs Zabvis Semcirebisas nomi-
naluri Zabvis 50-60%-mde. eleqtroZravebis dacva gadat-
virTvisagan sruldeba magnituri gamSvebis sqemaSi 
Tburi reles SeyvaniT. 

magnituri gamSvebebi mzaddeba ori saxis – rever-
siuli da arareversiuli. reversiuli gamSvebi Sedgeba 
ori sampolusiani kontaqtorisagan damoukidebeli 
CamrTveli koWebiT. kontaqtorebi erTmaneTSi meqaniku-
rad an eleqtrulad arian blokirebuli, orive kon-
taqtoris erTdroulad CarTvis Tavidan acilebis 
mizniT. 

magnituri gamSvebebi saimedod muSaoben, rodesac qselis 
Zabva Seadgens nominaluri mniSvnelobis 85-105%-s. 

cvladi denis magnituri gamSvebis konstruqciuli 
sqema naCvenebia naxazze 6.19. gamSvebis safuZvels war-
moadgens eleqtromagniti da sami wyvili mTavari kon-
taqti (naxazze naCvenebia mTavari kontaqtebis mxolod 
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erTi wyvili). kontaqtebis marTva xorcieldeba ele-
qtromagnitiT. 

gragnilSi (3) denis gavlis Sedegad, Ruza (1) Sei-
zideba koWas SigniT da magnituri gamSvebis mTavari 
kontaqtebis wyvilebi SeerTdebian liTonis xidebiT (5). 
zambara (4) axorcielebs saWiro dawolas kontaqtebs 
Soris. Ruzisa da kontaqtebis ZagZagis Tavidan aci-
lebis mizniT eleqtromagnitis (6) gularis polusebze 
Camocmulia mokled CarTuli xveulebi 2 da 7. koWaSi 
denis miwodebis Sewyvetis SemTxvevaSi Ruza ubrundeba 
sawyis mdgomareobas zambaras (8) saSualebiT. magnituri 
gamSvebis kontaqtebi ganirTvebian. 

 
 

magnituri gamSvebi aRiniSneba cifrebiT. asoebi 
aRniSnaven serias, xolo sami cifridan pirveli 
gviCvenebs magnituri gamSvebis gabarits; meore cifri – 
Sesrulebas garemos zemoqmedebisagan dacvis 
gaTvaliswinebiT (1 – Ria; 2 – daculi; 3 – 
mtverwyalSeuRwevi); mesame  cifri – Sesrulebas 
daniSnulebisa da Tburi dacvis gaTvaliswinebis 
mixedviT (1 – arareversiuli Tburi reles gareSe; 2 – 

nax.6.19. magnituri 
gamSvebis 
konstruqciuli sqema 
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arareversiuli relesTan erTad; 3 – reversiuli 
ureleod; 4 – reversiuli relesTan erTad). magaliTad, 
aRniSvna ПА-324 niSnavs: ПА seriis me-3 sididis 
magnituri gamSvebi (17 kvt. 380 v. Zabvis dros), 
Sesrulebis saxe daculi, reversiuli Tburi dacviT. 

 
 

$14. avtomaturi dacvis mowyobiloba 

avtomaturi dacvis mowyobilobis daniSnulebaa ele-
qtroZravebisa da muSa manqanebis gamorTva, rodesac 
warmoiSoba maTi  dazianebis safrTxe. 

avariul reJimebs miekuTvneba: 
1. fazebis mokle SerTva; 
2. fazis SerTva korpusTan; 
3. teqnologiuri mowyobilobis gadatvirTviT gamow-

veuli denis gazrda qselSi; 
4. Zabvis mniSvnelovnad Semcireba. 
yvela CamoTvlil SemTxvevaSi dacvis mowyobilobam 

unda uzrunvelyos Zravas gragnilebis izolaciis da, 
agreTve, amZravis an muSa manqanis meqanikuri nawilis 
SesaZlo dazianebisagan dacva. garda amisa, avtomaturi 
dacvis mowyobiloba unda iyos gaangariSebuli dat-
virTvis maqsimaluri denis xangrZliv da pikuri denis 
xanmokle moqmedebaze, romelic warmoiqmneba qselSi 
calkeuli mZlavri eleqtroZravebis CarTvis dros. 

arCeven maqsimalur dacvas, dacvas gadatvirTvebisagan 
da minimaluri Zabvis dacvas (anu nulovan dacvas). 

maqsimaluri dacva gulisxmobs eleqtroamZravis 
dacvas mokle SerTvis denebisa da xanmokle didi 
gadatvirTvebisagan. am mizniT gamoiyeneba avtomaturi 
sahaero amomrTvelebis eleqtromagnituri gadas-
axsnelebi, dnobadi mcvelebi, eleqtromagnituri rele 
da sxv. 

nominaluri denis sidideze 30-60%-iT meti mniSvnelo-
bis xangrZlivi denebis gadatvirTvisagan eleqtro-
danadgarebis dacva xorcieldeba Tburi reles an 
maqsimaluri denis reles saSualebiT. 



 253 

minimaluri Zabvis dacvis aparatura gankuTvnilia 
eleqtroZravebis gamosarTavad qselSi Zabvis Sewyvetis 
an mniSvnelovnad Semcirebisas. am SemTxvevebSi gamo-
ricxulia, agreTve, Zravas TviTgaSveba. aRniSnul 
aparatebs miekuTvneba: Zabvis eleqtromagnituri rele, 
magnituri gamSvebi da kontaqtori. 

dacvis mowyobilobis sworad SesarCevad aucilebe-
lia maTi nominaluri monacemebisa da damcavi max-
asiaTeblebis codna. 

damcavi aparatebisa da mowyobilobebis nominalur 
monacemebs miekuTvneba: denis sistema (mudmivi, cvladi); 
udidesi Zabva; normaluri eqsploataciis pirobebSi da 
mokle SerTvebis dros dasaSvebi udidesi deni; muSao-
bis reJimi. 

damcavi maxasiaTeblebi ganisazRvreba drois xan-
grZlivobiT, romlis ganmavlobaSic mowyobiloba gamo-
rTavs sxvadasxva sididis gadatvirTvisa da mokle 
SerTvis denebs. grafikulad maxasiaTebeli warmoadgens 
mruds, romelic miiReba horizontalur RerZze gadat-
virTvis an mokle SerTvis denis dnobadi mcvelis nomi-
nalur denTan SedarebiT jeradobis sididis, xolo 
vertikalur RerZze – gamorTvis drois mniSvnelobis 
gadazomviT. 
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nfTwjef!Ubwj!

eleqtroamZravebis da  
aRmasrulebeli mowyobilobebis 

avtomaturi marTva 
 

$1. eleqtroamZravebis avtomaturi marTvis 
saxeebi 

 

eleqtroamZravi warmoadgens eleqtromeqanikur mowyo-
bilobas, romelsac moZraobaSi mohyavs sawarmoo meqa-
nizmebis muSa organoebi. eleqtroamZravi Sedgeba Sem-
degi nawilebisagan: eleqtroZravas, marTvis aparaturis, 
dacvis aparaturisa da meqanikuri gadacemisagan. 

eleqtroZrava aris mbrunavi manqana, romelic eleq-
trul energias gardaqmnis meqanikur energiad. 

marTvisa da dacvis aparatura gankuTvnilia eleqtro-
Zravasa da masTan dakavSirebuli sawarmoo meqanizmis 
muSaobis reJimebis marTvisaTvis da, agreTve, maTi dac-
visaTvis sxvadasxva avariebidan. 

meqanikuri gadacemis daniSnulebaa meqanikuri ener-
giis gadacema eleqtroZravis lilvidan meqanizmisaTvis 
da, agreTve, erTdroulad brunvis siCqaris Semcireba 
750-3000 br/wT-dan (eleqtroZravas siCqare) 15-200 br/wT-
mde (sawarmoo meqanizmis siCqare). 

eleqtroamZravis marTvis qveS igulisxmeba misi gaS-
vebis, damuxruWebis, reversirebis, siCqaris regulire-
bisa da teqnologiuri procesisaTvis aucilebeli 
muSaobis reJimis dacvis procesi. 

eleqtroamZravebis marTva SeiZleba ganxorcieldes 
xeliT da avtomaturad. 

marTvas xeluri ewodeba, rodesac operatori manqanas 
marTavs CamrazebiT, kontrolerebiTa da reostatebiT, 
e.i. marTvis umartivesi aparatebiT. 

marTvas avtomaturi ewodeba, Tu igi warmoebs ada-
mianis uSualo Carevis gareSe. avtomaturi marTvis 
dros operatori TiTs daaWers mxolod Rilaks, e.i. 
axorcielebs sawyis impulss, xolo Semdeg kontrols 
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uwevs amZravis muSaobis aucilebeli reJimis avtomatur 
Sesrulebas. 

Tanamedrove avtomatizebuli amZravis avtomaturi 
marTva SeiZleba ganxorcieldes Semdegi aparaturis 
saSualebiT: 

1) rele-kontaqtoruli, romlis drosac marTva 
warmoebs releTi da kontaqtoriT. 

2) eleqtromanqanuri avtomatikiT da magnituri 
gamaZliereblebiT. marTvis es sqema saimedoa muSaobaSi 
da amsubuqebs eleqtroamZravis eqsploataciis pirobebs. 

3) ionur-eleqtronuli aparaturiT, romlis drosac 
sqemebSi iyeneben ionur da eleqtronul xelsawyoebs, 
maT Soris gammarTvelebsa da gamaZliereblebs. 

4) naxevargamtarebze da magnitur gamaZliereblebze 
ganxorcielebuli ukontaqto sqemebiT. aRniSnul 
sqemebSi ar aris moZravi nawilebi. maSasadame, 
gamoricxulia vibracia da xmauri. 

ukanasknel xanebSi avtomatur marTvaSi iyeneben pro-
gramul marTvas, romlis drosac operatoris Careva 
samuSao procesSi savsebiT gamoricxulia. 

 
 
 

$2. avtomaturi marTvis eleqtruli sqemebi 

samSeneblo procesebis avtomaturi marTvisaTvis ga-
moiyeneba mravali saxis manqana da mowyobiloba: sam-
faza denis asinqronuli Zravebi, mudmivi denis Zravebi, 
kontaqtorebi, rele, CarTvisa da gadarTvis aparatebi 
da sxv. cxadia, rom yvela manqana da mowyobiloba 
Sedgeba calkeuli nawilebisagan, romlebic mona-
wileoben sqemis muSaobaSi. magaliTad, kontaqtorSi 
Sedis magnituri sistemis koWa, mTavari kontaqtebi, 
sablokirebeli kontaqtebi, rkalis Camqrobi sistema. 
nawilebis umravlesobas aqvT pirobiTi aRniSvnebi (ix. 
cxrilebi 1.3 da 1.4). 

avtomaturi marTvis eleqtromeqanikuri sistema Sed-
geba manqanebisa da mowyobilobebisagan, romelTa nawi-
lebic SeerTebulia erTmaneTTan eleqtrosadenebiT da 



meqanikuri kavSirebiT. marTvis eleqtromeqanikur siste-
mas aqvs Tavisi eleqtruli sqema, romelSic naCvenebia 
manqanebis, aparatebis da maTi nawilebis pirobiTi ga-
mosaxulebebi da maT Soris eleqtruli SeerTebani, 
meqanikuri kavSirebis gareSe. eleqtruli sqema iyofa 
mTavari denisa (Zaluri) da marTvis wredebad. 

mTavari denis wredebs miekuTvneba Zravebis, genera-
torebis, eleqtromagnitebisa da damatebiTi winaRobe-
bis wredebi, agreTve, kontaqtorebis mTavari kontaqtebi 
da Tburi reles saxurebeli elementebi. 

marTvis wredebs miekuTvnebian dacvisa da signali-
zaciis wredebi, kontaqtorebisa da reles koWebi, re-
les kontaqtebi, marTvis aparatebis kontaqtebi, kon-
taqtorebis blok-kontaqtebi da a.S. 

cnobilia eleqtruli sqemebis Sedgenis (daxazvis) 
ori wesi – samontaJo da ganfenili (elementuri). 

daxazvis samontaJo wesis mixedviT eleqtruli man-
qanebi da aparatebi gamoisaxeba awyobil mdgomareobaSi, 
e.i. yvela kontaqti warmodgenilia erT adgilas, ise 
rogorc es Seesabameba maT ganlagebas sinamdvileSi; 
sadenebis SeerTebac naCvenebia ise, rogorc unda Ses-
ruldes montaJis dros. samontaJo sqemebi gamoiyeneba 
danadgaris montaJis samuSaoebis Sesrulebis dros. 

daxazvis elementuri wesis mixedviT sqemis Sedgenisas 
marTvis aparatebisa da eleqtruli manqanebis nawilebi 
gamoisaxeba cal-calke, sxvadasxva adgilas. am sqemis 
mixedviT, magaliTad, kontaqtori SeiZleba gamoisaxos 
ase: kontaqtoris koWa ganlagdeba marTvis wredSi, 
saxazo kontaqtebi  - Zalur wredSi (sxva adgilas), 
xolo blok-kontaqtebi – signalizaciis wredSi (mesame 
adgilas). ganfenili sqemebiT sargebloben marTvis sqe-
mebis Sedgenisas. isini aioleben sqemis wakiTxvas da 
samuSaoebis Tanmimdevrobis warmodgenas. 

ganvixiloT sqemebis Sedgenis ZiriTadi wesebi. 
ganfenili sqemebis Sesadgenad arsebobs garkveuli 

wesebi: 
1. aparatebi aRiniSneba erTi an ori asoTi. pirveli 

aso Seesabameba aparatis dasaxelebas, meore ki dani-
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Snulebas. Tu aparati aRniSnulia erTi asoTi, maSin is 
mxolod aparatis daniSnulebas aRniSnavs. magaliTad, 
КУ aris aCqarebis kontaqtori; В – kontaqtori “win”; Н 
– kontaqtori “ukan”; П – kvebis kontaqtori; РВ – 
drois rele; РН – nulovani rele; 1РП, 2РП – pirveli 
da meore Sualedi rele; РБ – sablokirebeli rele; РТ 
– denis rele; ПМ – magnituri gamSvebi; КУ – marTvis 
Rilaki (knopi); УП – universaluri gadamrTveli; КК – 
komandokontroleri; ПВ – sagzao amomrTveli; КВ – 
bolo amomrTveli. 

2. sqemis wakiTxvis moxerxebulobis mizniT, erTi da 
imave aparatis elementebi ixazeba sqemis sxvadasxva 
ubanze, magram erTi aparatis yvela elementi aRiniSneba 
erTi asoTi. magaliTad, saxazo kontaqtoris koWa, mTa-
vari kontaqtebi da blok-kontaqtebi aRiniSneba erTi 
asoTi В “win”, Н “ukan” an Л (saxazo). 

3. ganfenili sqemis elementebi SeZlebisdlagvarad 
ixazeba aparatebis TanmimdevrobiTi moqmedebis Sesa-
bamisad. 

4. yvela aparatis kontaqtebi sqemaze gamoisaxeba 
“normalur” mdgomareobaSi, e.i. rodesac koWaze ar aris 
modebuli Zabva da meqanikuri sasxleti Tavisufalia; 
Camrazebi da amomrTvelebi aRiniSneba ganrTuli kon-
taqtebiT, reostatebi ki Sua mdgomareobaSi moTavse-
buli cociaTi. 

5. gragnilebi, koWebi da kontaqtebi, ganlagebulni 
mTavar da agznebis wredebSi, unda gamoixazos ufro 
msxvili xazebiT, vidre maTi marTvis wredebSi moTavse-
bis SemTxvevaSi. 

6. samontaJo samuSaoebis Sesrulebis dros, ele-
qtrul aparatebTan sadenebis sworad mierTebis mizniT, 
saxelmwifo standartiT dadgenilia eleqtruli wrede-
bis niSandebis sistema. aRniSnuli sistema vrceldeba 
mudmivi da cvladi denis eleqtruli danadgarebis 
marTvis, kontrolisa da dacvis wredebze. eleqtruli 
wredebis niSandeba gulisxmobs maTTvis ricxvTa Tan-
mimdevrobiTi rigis mikuTvnebas. magaliTad, marTvis 
wredebisaTvis ricxvebis 1-dan 50-mde, signalizaciis 
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wredebisaTvis – 51-dan 80-mde da a.S. amasTan ricxvebi 
aRiniSneba arabuli cifrebiT, xolo asoebi rusuli 
alfabetis didi asoebiT. 

mudmivi denis wredebSi, wredis dadebiTi polarobis 
ubnebis niSandeba sruldeba kenti ricxvebiT, xolo 
uaryofiTi polarobis ubnebi – luwi ricxvebiT. 

samfaza denis wredebSi, wredebis ubnebis niSandeba 
xorcieldeba mimdevrobiTi ricxvebiT. 

erTfaziani denis wredebSi (faza-nuli, faza-faza) ubne-
bis niSandeba warmoebs mudmivi denis wredebis analogi-
urad. amasTan kenti (an luwi) ricxvebi SeiZleba mie-
kuTvnos nebismieri fazis wredis ubans an nuls. 

 
 

$3. cvladi denis eleqtroZravebis marTva 

1. mokledCarTuli rotoriani asinqronuli samfaza 
eleqtroZravas avtomaturi marTva 

ganvixiloT naxazze 7.1 moyvanili marTvis sqema. igi 
Sedgeba Zaluri (mTavari) da marTvis wredebisagan. 
Tavdapirvelad ganvixiloT Zaluri (mTavari) wredebi, 
xolo Semdeg marTvis wredebi. 

 
nax.7.1. asinqronuli mokledCarTuli Zravas marTvis sqema 

arareversiuli magnituri gamSvebis saSualebiT 



Zaluri wredebi. eleqtroZravas (Д) statorTan sam-
faza deni midis sampolusa Camrazis (Р) CarTviT. Cam-
razi saSualebas iZleva gamoirTos eleqtroZrava mag-
nituri gamSvebis SekeTebis an mwyobridan gamosvlis 
SemTxvevaSi. Zalur wredSi dadgmulia, agreTve, dno-
badi mcvelebi 1П, romlebic wredebs icaven mokle 
SerTvisagan. eleqtroZravas statoris gragnilis 
CarTva da gamorTva warmoebs sampolusa saxazo kon-
taqtoris (Л) mTavari kontaqtebiT. moZravi kontaqtebi 
ganlagebulia Zravas mxridan, xolo uZravi (yovelTvis 
Zabvis qveS myofi) – qselis mxridan. Tburi releebi 1РТ 
da 2РТ CarTulia or fazaSi, vinaidan mniSvnelovani 
sididis deni mosalodnelia or sadenSi mainc. maSasa-
dame, Tburi releebi Zravs icaven xangrZlivi gadat-
virTvisagan da or fazaze muSaobisagan. sqemaSi Tbur 
relesTan erTad dnobadi mcvelebis gamoyeneba aixsneba 
imiT, rom magnituri gamSvebebis Zaluri kontaqtebi ar 
aris gankuTvnili mokled CarTuli denis gamosaTiSad. 
Zalur wredSi CarTulia reles saxurebeli elementebi. 

marTvis wredebi. marTvis wredis kveba warmoebs Cam-
razisa da mTavari wredis mcvelebis saSualebiT. garda 
amisa, marTvis  wredi daculia Tavisi erTi dnobadi 
mcveliT 2П mokle SerTvebisagan. marTvis wredi ikve-
beba imave sididis ZabviT, rogorc Zaluri wredi. marT-
vis wredSia Rilakebi: “sdeq” da “amuSaveba”. saxazo 
kontaqtoris (Л) koWa blok-kontaqtiT (Л1) Tavisi mTa-
vari kontaqtebis (Л) saSualebiT Zalur wredSi axor-
cielebs eleqtroZravis (Д) CarTvas da gamorTvas. marT-
vis wredSi CarTulia Tburi releebis 1РТ da 2РТ 
ganrTvis kontaqtebi, romelTa saxurebeli elementebic 
CarTulia mTavar wredSi. 

sqema muSaobs Semdegnairad: Zravas asamuSaveblad, 
Camrazis (Р) CarTvis Semdeg saWiroa Rilakis “amuSave-
bis” daWeriT CairTos (Л) kontaqtoris koWas wredi. 
deni miedineba Semdegi wrediT: faza Л1 – mcveli 2П – 
Rilaki “sdeq” – Rilaki “amuSaveba” – kontaqtoris (Л) 
koWa – Tburi releebis 1РТ da 2РТ ganrTvis kontaqtebi 
– faza Л3. imis gamo, rom kontaqtoris koWas gavliT 
miedineba deni, koWas gulari damagnitebulia, Ruza 
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Seizideba da CairTveba mTavari kontaqtebi. statoris 
gragnilis gamomyvanebi C1, C2, C3 uerTdebian mkvebav 
fazebs Л1, Л2, Л3 da amrigad, Zrava CairTveba. erTdrou-
lad, mTavar kontaqtebTan erTad CairTvebian blok-
kontaqtebic Л1. axla ukve saWiro aRar aris Rilakis 
“amuSaveba” gaCereba daWeril mdgomareobaSi. zambaris 
moqmedebis Sedegad Rilaki brundeba sawyis mdgomareo-
baSi. eleqtroZravas gamosarTavad saWiroa Rilakis 
“sdeq” daWera. am dros kontaqtoris (Л) koWas kveba wy-
deba da mTavari kontaqtebi sakuTari wonis gavleniT an 
zambaris moqmedebiT ganirTvebian da gamorTaven sta-
toris gragnils qselidan. 

ganxiluli sqema axorcielebs nulovan dacvasac. 
rodesac qselis Zabva daecema nominaluri sididis    
35-40%-mde, kontaqtori gamoirTveba da gamorTavs 
eleqtroZravs qselidan. Zabvis aRdgenis Semdeg 
eleqtroZravas TviTgaSveba gamoricxulia, radgan Ri-
laki “amuSaveba”  aSvebulia, xolo blok-kontaqti Л1 
ganrTulia. Cveulebrivad, magnituri gamSvebebi mzad-
deba 75-100 kvt. simZlavris eleqtroZravebis asamuSave-
blad. asinqronuli ZravebisaTvis ZabviT 500 v-mde, 
Cveulebrivad gamoiyeneba КТ seriis cvladi denis sam-
polusiani kontaqtorebi cvladi denis koWaTi. 

eleqtroZravas muSaobisaTvis ori mimarTulebiT – 
win da ukan gamoiyeneba reversiuli magnituri gamSvebi 
an orkontaqtoriani sqema. 

nax.7.2 warmodgenilia asinqronuli mokled CarTuli 
Zravas marTvis sqema reversirebis SesaZleblobiT. 

aRniSnuli sqema distanciuri marTvis saSualebas 
iZleva, vinaidan marTvis Rilakebi “win”, “ukan” da 
“sdeq” SeiZleba moTavsdes garkveul manZilze Zravadan. 
es sqema saSualebas iZleva avamoZraoT Zrava, 
SevcvaloT brunvis mimarTuleba, gavaCeroT igi. garda 
amisa, sqema icavs danadgars mokled CarTvis, gadatvirT-
vis, Zabvis vardnisa (nulovani dacva) da TviTamuSavebisa-
gan. sqemaSi gamoyenebulia ori kontaqtori: kontaqtori 
“win” da kontaqtori “ukan”. kontaqtoris koWa da misi 
sami mTavari kontaqti aRniSnulia Sesabamisad B da H aso-
ebiT, xolo blok-kontaqtebi ki asoebiT B1, B2 da H1, H2. 



 
nax.7.2. asinqronuli mokled CarTuli Zravas marTvis sqema 

reversirebis SesaZleblobiT 
 

kontaqtorebis B da H mTavari kontaqtebi Zalur 
wredSi CarTuli arian iseTnairad, rom, rodesac Seik-
vreba B kontaqtebi (H kontaqtebi am dros gamorTulia) 
statoris gragnilze xdeba qselis sami fazis miwodeba 
garkveuli rigiT, xolo, rodesac H kontaqtebi Seik-
vreba, sami fazidan ori icvlis adgils, ris gamoc, 
Zravas statoris magnituri veli iwyebs brunvas sawi-
naaRmdego mimarTulebiT da Zravac reversiulad 
muSaobs. 

marTlac, B kontaqtebis CarTvis dros qselis Л1 
faza uerTdeba statoris gragnils  C1, faza Л2-C2, faza 
Л3-C3. Tu Seikvreba H kontaqtebi, maSin faza Л1 SeuerT-
deba C3 gragnils, faza Л2-C2 (ar icvleba), faza Л3-C1. 
maSasadame, fazebi Л1 da Л3 icvlian adgilebs. 

nax.7.2. mocemul sqemaSi gamoyenebulia ori saxis 
blokireba – meqanikuri da eleqtruli. maeqanikuri 
blokireba mdgomareobs SemdegSi. Rilakze “win” daW-
eris SemTxvevaSi erTdroulad ganirTveba kontaqti H 
koWas wredSi da, piriqiT, Tu davaWerT Rilaks “ukan”, 
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ganirTveba B koWas kontaqti. garda amisa, erTi koWas 
Ruzis Sezidva gamoricxavs erTdroulad Ruzis Sezid-
vis SesaZleblobas meore koWaSi. sqemis eleqtruli 
blokirebis mizniT koWas “win” wredSi gaTvaliswi-
nebulia kontaqtoris “ukan” gamomrTveli kontaqti da, 
piriqiT, koWas “ukan” wredSi – kontaqtoris “win” ga-
momrTveli kontaqti. magaliTad, davuSvaT davaWireT 
TiTi Rilaks “ukan”. am SemTxvevaSi deni gaivlis kon-
taqtoris koWaSi “ukan”; kontaqtori Sekravs Tavis 
SemrTvel kontaqtebs da ganrTavs Tavis gamomrTvel 
kontaqts H2 B koWas wredSi. amrigad, sanam CarTulia H 

kontaqtoris koWa, B kontaqtoris koWas wredi iqneba 
ganrTuli da B koWas CarTva erTdroulad H koWasTan 
erTad SeuZlebelia. meqanikuri da eleqtruli blo-
kireba Zravas icavs or fazaSi (Cveni sqemis SemTxvevaSi 
Л1 da Л3) mokle CarTvisagan. 

sqemis mixedviT muSaoba mimdinareobs Semdegnairad: 
Zravas CasarTavad “win” mimarTulebiT vaWerT TiTs Ri-

laks “win”, ris Sedegad deni midis fazidan - Л2 wredSi:  

1-3-5-7-6-4-2 faza Л3; B koWa Sekravs Tavis mTavar kon-

taqtebs B da Zrava iwyebs muSaobas “win” mimarTulebiT. 
brunvis mimarTulebis Sesacvlelad CavrTavT Rilaks 
“sdeq”, xolo Semdeg Rilaks “ukan”. am dros deni gaiv-

lis wredSi: faza Л2-1-3-9-11-6-4-2-faza Л3. am SemTxvevaSi 

ukve deni gadis koWaSi H, romelic Sekravs Tavis kon-
taqtebs da Zrava iwyebs brunvas “ukan” mimarTulebiT. 
maSasadame, Zrava reversirdeba. 

 

2. samfaza denis eleqtroZravas ukontaqto marTva 
naxazze 7.3 mocemulia samfaza denis asinqronuli 

Zravas ukontaqto marTvis sqema ori magnituri ga-

maZliereblis MY1 da MY2 saSualebiT. sqema iZleva 
Zravas gaSvebis, brunvis siCqaris regulirebis, da-
muxruWebisa da reversirebis saSualebas Zaluri wre-
dis kontaqtebis ganrTvis gareSe. amasTan, erT-erTi 
magnituri gamaZlierebeli gankuTvnilia eleqtroZravas 
gaSvebisaTvis da marTvisaTvis “win” mimarTulebiT, 



xolo meore – “ukan” mimarTulebiT. amisaTvis MY2 ga-
maZlierebelSi Semavali fazebi – Л1 da Л2 icvlian 

adgilebs MY1 gamaZlierebelTan SedarebiT. 

nax.7.3. asinqronuli ele-
qtroZravas ukontaqto mar-
Tvis sqema magnituri gama-
Zliereblebis daxmarebiT 

 
 

TiToeuli magnituri gamaZlierebeli Seicavs Semag-
nitebis or gragnils OY1, OC1 da OY2, OC2. marTvis 
gragnilebi OY1 da OY2 ikvebebian mudmivi denis damou-
kidebeli wyarodan marTvis potenciometris ПY gavliT; 
gragnilebi OC1 da OC2 ki – asinqronuli Zravas lilvze 
Camagrebuli tixogeneratoridan - ТГ gragnilebi OC1 da 
OC2 warmoadgenen ukukavSiris gragnilebs Zravas siC-
qaris mixedviT. 

eleqtroZravas marTva xorcieldeba marTvis poten-
ciometris ПY saSualebiT. rodesac potenciometris 
Zvria imyofeba neitralur mdgomareobaSi (rogorc sqe-
mazea naCvenebi), marTvis gragnilebis magnitmamoZrave-
beli Zalebi nulis tolia, e.i. wredSi deni ar aris, 
xolo gamaZliereblis mTavari gragnilebis induqciuri 
winaRobebi mniSvnelovania, ris gamoc statoris mom-
Werebze Zabva mcirea da ar aris sakmarisi eleqtroZ-
ravas asamuSaveblad. Tu potenciometris Zvrias gada-
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vaadgilebT, magaliTad qveviT, maSin OY1 gragnilSi 
gaivlis marTvis deni, romelic gamoiwvevs MY1 ga-
maZliereblis magnituri wredis gajerebas, rac Tavis 
mxriv Seamcirebs MY1 mTavari gragnilebis induqciur 
winaaRmdegobas, statoris momWerebze Zabva gaizrdeba 
da Zrava daiwyebs brunvas win. Zravas brunvaTa ricxvis 
TandaTanobiT zrdasTan erTad, TandaTan moimatebs, 
agreTve, Zabva taxogeneratorze ТГ; es ukanaskneli ga-
moiwvevs denis gazrdas OC1 marTvis gragnilSi. OY1 da 
OC1 gragnilebis damamagnitebel Zalebs aqvT Semxvedri 
mimarTuleba, ris gamoc eleqtroZravas siCqare gaiz-
rdeba, vidre taxogeneratoris deniT gapirobebuli mag-
nitmamoZravebeli Zala ar gaawonasworebs marTvis OY1 
gragnilis magnitmamoZravebel Zalas. am wonasworobas 
Seesabameba Zravas garkveuli siCqare. rac meti iqneba 
potenciometridan OY1 da OY2  marTvis gragnilebze mo-
wodebuli Zabvis sidide, miT meti iqneba Zravas 
damyarebuli siCqare. 

aRvniSnavT, rom OC1 da OC2 gragnilebi (ikvebebian 
taxogeneratoriT) axorcieleben uaryofiT ukukavSirs. 
maT gareSe danadgaris muSaoba iqneboda aramdgradi, 
Zravas maxasiaTebeli araxisti. 

ganxiluli sqema uzrunvelyofs damyarebuli siCqaris 
SenarCunebas. marTlac, davuSvaT, rom rotoris lilvze 
datvirTvis gazrdis Sedegad Zravas siCqare ramdenadme 
Semcirda (daeca). es gamoiwvevs taxogeneratoris Zabvis 
Semcirebas da, maSasadame, denisasac, OC1 an OC2 uku-
kavSiris gragnilSi, OY1 da OC1 gragnilebis Semajame-
beli damamagnitebeli Zala  gaizrdeba; gaizrdeba ga-
maZliereblis Semagnitebis deni, ris gamoc Semcirdeba 
misi winaaRmdegoba. Zabvis vardna magnitur gamaZliere-
belze Semcirdeba. es gamoiwvevs Zravas statorze mi-
wodebuli Zabvis gazrdas da, maSasadame, Zravas siC-
qaris amaRlebas sawyis mniSvnelobamde. 

amrigad, potenciometris Zvrias mdebareoba, romelic 
Seesabameba marTvis signals, gansazRvravs Zravas siC-
qares; siCqare rCeba TiTqmis ucvleli lilvze dat-
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virTvis cvalebadobisda miuxedavad, e.i. aRniSnuli 
sqema uzrunvelyofs damyarebuli siCqaris SenarCunebas. 

Zravas reversirebisa an damuxruWebisaTvis, saWiroa 
potenciometris Zvria gadavaadgiloT winamdgomareobis 
sawinaaRmdego mimarTulebiT (nulovani mdgomareo-
bidan), magaliTad, sqemis mixedviT zeviT. am SemTxvevaSi 
potenciometridan moxsnili Zabva miewodeba ukve meore 
gamaZliereblis MY2 marTvis gragnils OY2; misi indu-
qciuri winaaRmdegoba Semcirdeba, xolo Zravas sta-
toris momWerebze Zabva gaizrdeba. 

Zrava ganaviTarebs siCqares, mxolod ukve sawi-
naaRmdego mimarTulebiT. es aixsneba imiT, rom Zabva 
Zravas statorze miewodeba magnituri gamaZlierebliT 
MY2, romelSic fazebi Л1 da Л2 urTierTSenacvlebulia. 
sxva mxriv MY2 magnituri gamaZlierebliT marTva xor-
cieldeba MY1 magnituri gamaZliereblis analogiurad. 

 
 

$4. mudmivi denis eleqtroZravebis marTva 

naxazze 7.4 mocemulia mudmivi denis Zravas konstru-
qcia. mudmivi denis eleqtroZrava Sedgeba Semdegi 
ZiriTadi nawilebisagan: magnituri sistema – 1-2, agzne-
bis gragniliT – 3, Ruza – 4 koleqtoriT – 6, musebi – 
9 da korpusi sakisrebiT – 8, romlebSic brunavs Ruzas 
lilvi – 7. 

 

 
nax.7.4. mudmivi denis Zravas konstruqciuli sqema 
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mudmivi denis Zrava kargad brunavs orive mimarTule-
biT. Zravas brunvis mimarTulebis Sesacvlelad sak-
marisia SevcvaloT denis mimarTuleba RuzaSi da ucv-
leli davtovoT denis mimarTuleba statorSi. 

mudmivi denis Zravebis gaSvebis avtomaturi marTvis 
sxvadasxva sqemidan (brunvis e.m.Z., denis an drois fun-
qciaSi) qvemoT ganxilulia mudmivi ddenis reversiuli 
eleqtroZravas gaSvebis sqema Tanamimdevruli agznebiT 
da mudmivi denis eleqtroZravas gaSvebis sqema 
paraleluri agznebiT. 

 

1. reversiuli Zrava Tanamimdevruli agznebiT 
Zravas gaaCnia agznebis ori gragnili (ix. naxazi 7.5), 

romlebic muSaoben gadamrTvelis K mdebareobisagan da-
mokidebulebiT. gadamrTvels gaaCnia sami mdgomareoba: 
“win”, “gamorTulia”, “ukan”. agznebis nakadis warmoqmna 
xorcieldeba Ruzas deniT, romelsac SeiZleba hqondes 
naxazze isrebiT naCvenebi erTi an meore mimarTuleba. 
aRniSnuli sqemis Rirseba mdgomareobs mis simartiveSi 
da saimedobaSi, radgan gaSvebis dros Zrava anviTarebs 
mniSvnelovan amuSavebis moments. sqemis nakls war-
moadgens Zravas narnari reversirebis SeuZlebloba. 

nax.7.5. reversiuli 
eleqtroZravas CarT-
vis sqema Tanamimdev-
ruli agznebiT 

   

2. eleqtroZrava paraleluri agznebiT 
 

cnobilia, rom amuSavebis deni mudmivi denis ZravaSi 
gacilebiT metia, vidre analogiuri simZlavris cvladi 
denis ZravaSi. amitom, mudmivi denis Zravas gaSvebisaT-
vis Ruzas wredSi, umetes SemTxvevaSi, aucilebelia wi-
naaRmdegobis CarTva, romelic amcirebs amuSavebis 
denis sidides. Ruzis siCqaris zrdasTan erTad izrdeba 
uku e.m.Z., ris gamoc denis mniSvneloba klebulobs da 
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I

amuSavebis momentis garkveuli fiqsirebuli sididis 
SesanarCuneblad saWiroa amuSavebis procesSi nawilo-
briv gamovrToT amuSavebis winaaRmdedgoba, radgan, 
rogorc cnobilia  

MKM φ= ,       (7.1) 
e.i. mudmivi denis Zravas mier ganviTarebuli amuSave-

bis momenti pirdapirproporciulia denisa da nakadis 
namravlisa. moyvanil formulaSi KM aris proporciu-
lobis koeficienti, romelic damokidebulia Ruzis 
konstruqciasa da sqemaze; 
Ф – agznebis nakadi; 
I – Ruzis deni. 
amrigad, amuSavebis periodis damTavrebis Semdeg 

saWiroa amuSavebis winaaRmdegoba mTlianad gamoirTos. 
naxazze 7.6 warmodgenilia mudmivi denis Zravas 

gaSvebis sqema, paraleluri agznebiT. sqemaSi 
gamoyenebulia sami kontaqtori: saxazo kontaqtori Л, 
romelic gankuTvnilia Zravas Ruzas CasarTavad 
qselSi. aCqarebis kontaqtorebi 1Y da 2Y, romelTa 
daniSnulebaa Zravas gaSvebis procesSi gamorTon 
asamuSavebeli winaRoba safexurebiT, pirvelad pirveli 
safexuri 1СП da Semdeg meore 2СП. 

nax.7.6. mudmivi denis 
eleqtroZravas gaSvebis 
sqema paraleluri 
agznebiT 

 



Zravas dasacavad gadatvirTvisagan gamoyenebulia 
maqsimaluri denis rele PM. igi amoqmeddeba, Tu 
uecrad moxdeba gadatvirTva. am SemTxvevaSi reles 
ganmrTveli kontaqtebi, romlebic CarTulia Л 
kontaqtoris koWaSi, gamorTavs Zravas. 1П da 2П 
mcvelebi icaven wreds mokled CarTvebisagan. OB aris 
agznebis gragnili; CP warmoadgens ganmuxtvis 
winaaRmdegobas. sqemis gamorTvisas qselidan 
TviTinduqciis Sedegad OB agznebis gragnilis 
momWerebze warmoiqmneba gadametZabva. am dros 
ganviTarebuli magnituri velis energiis 
STanTqmisaTvis aris gamiznuli wredSi CarTuli CP 
ganmuxtvis winaaRmdegoba. 

amuSavebis procesi mimdinareobs Semdegnairad. P 
Camrazis CarTvis Semdeg deni gadis mxolod OB 
agznebis gragnilSi, vinaidan danarCeni wredi 
ganrTulia. Zravas eleqtromagnitur polusebSi 
warmoiqmneba magnituri nakadi. Semdeg xdeba Rilakis 
“amuSaveba” daWera; deni gadis Л kontaqtoris koWaSi, 
kontaqtori CarTavs Tavis mTavar kontaqts Zravas 
Ruzas wredSi. amiT Zravas Ruzas gragnili aRmoCndeba 
mimdevrobiT CarTuli asamuSavebeli winaaRmdegobebis 
orive 1СП da 2СП safexurTan, ris gamoc asamuSavebeli 
deni gadis yvela asamuSavebel winaaRmdegobaSi da 
denis sidide mcirdeba. kontaqtis Л CarTvis Semdeg 
deni gaivlis, agreTve, 1Y kontaqtoris gavliT wredSi: 
faza Л1 – kontaqtori 1Y – winaaRmdegoba 1CП – faza 
Л2. 

Tu aRvniSnavT Ruzas denis sidides amuSavebis dros 
I1, Zabva 1Y kontaqtoris momWerebze iqneba 
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11
'
1 rIUU Y −=

''
1YU '

1Y

,      (7.2) 

sadac U aris Zabva qselSi; 
r1 – pirveli safexuris 1СП winaaRamdegoba. 
vinaidan kontaqtori 1Y regulirebulia amoqmedebis 

 Zabvaze, romelic aRemateba U  amitom Zravas gaSve-
bis momentSi kontaqtori 1Y ar amoqmeddeba. davuSvaT, 
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''
1YUrom  Zabvas Seesabameba deni I2, romlis sididec 

naklebia I1-ze, maSin 1Y kontaqtoris amoqmedebis Zabva 
iqneba toli 

12
''

1 rIUU Y −= .        (7.3) 

Ruzas siCqaris zrdasTan erTad gaizrdeba, agreTve, 
uku e.m.Z. marTlac 

φωeKE = .        (7.4) 

aq Ke – aris proporciulobis koeficienti, romelic 
damokidebulia Ruzas sqemis konstruqciaze; 
Ф – agznebis gragnilis magnituri nakadi; 
ω  – Ruzas brunvis kuTxuri siCqare. 
uku e.m.Z. gazrda gamoiwvevs Ruzas denis Zalis Sem-

cirebas 

21 rrr
EUI
++

−
=

R

R ,        (7.5) 

sadac rR aris Ruzas gragnilis winaaRmdegoba. 
Tu gaviTvaliswinebT Ruzas denis Zalis mniSvnelo-

bas (7.1) formulaSi, miviRebT  

φ
ωφ

⋅
++
⋅−

= M
e K

rrr
KU

M
21R

0

.      (7.6) 

am formulidan Cans, rom mocemuli Zabvis dros momenti 

maqsimaluria, rodesac =ω  e.i. Zravas amuSavebisas. 
asamuSavebeli momenti proporciulia qselis Zabvisa. 

21 rrr
K

UM m

++
⋅

=
R

asam

φ
      (7.7) 

Zravas brunvis siCqaris zrdasTan erTad momentis 
mniSvneloba mcirdeba da uqmi svlis dros M=0 uqmi 
svlis Sesabamisi kuTxuri siCqare 

φ
ω

eK
U 1

=u.s ,       (7.8) 

e.i. uqmi svlis siCqarec, agreTve, proporciulia qse-
lis Zabvisa. 

amrigad, Ruzas momWerebze Zabvis cvalebadobiT Sei-
Zleba vmarToT Zravas brunvis siCqare. 
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''
1Y

22rIU −=

rodesac Ruzas deni Semcirdeba I2-mde, Zabva kon-

taqtoris koWaze gautoldeba U  anu 1Y kontaqtoris 

amoqmedebis Zabvis sidides. kontaqtori amoqmeddeba da 
CarTavs Tavis SemrTvel 1Y2 kontaqts, romelic 
daaSuntebs asamuSavebeli winaaRmdegobis 1CП pirvel 
safexurs. am dros Ruzas deni kvlav gaizrdeba I1 

sididemde. erTdroulad 2Y kontaqtoris koWas wredSi 
SeirTveba 1Y kontaqtoris 1Y1 blokkontaqti, magram 
Ruzas mocemuli siCqaris dros 2Y kontaqtori jer 
kidev ar CairTveba, radgan igi regulirebulia amo-
qmedebis Zabvaze, romelic aRemateba I1 denis Zalis 
Sesabamis Zabvas I2 denis Zalis Sesatyvisi amoqmedebis 
ZabviT, e.i. 

''
2U Y

''
2Y

,        (7.9) 

sadac U _2Y kontaqtoris amoqmedebis Zabva; 

r2 _ meore safexuris - 2CП winaaRmdegoba. 
rodesac deni Semcirdeba I2 sididemde, 2Y kontaqtori 

amoqmeddeba da daaSuntebs asamuSavebeli winaaRmdego-
bis meore safexurs. am SemTxvevaSi yvela asamuSavebeli 
winaaRmdegoba iqneba gamorTuli da Zrava iwyebs muSao-
bas bunebriv maxasiaTebelze. amiT Zravas gaSvebis 
procesi mTavrdeba. 

 
 

$5. eleqtruli aRmasrulebeli meqanizmebis 
marTva 

 

naxazze 7.7 mocemulia ИМ-2/120 tipis aRmasrulebeli 
meqanizmis eleqtruli sqema (aRmasrulebeli meqanizmis 
aRwera da saerTo xedi ixileT gv. 55). sqemaze C1 da C2 
Zravas gragnilebia; C aris kondensatori; marTvis mo-
wyobilobis reles kontaqtebis saSualebiT Zravas erT-
erTi C1 an C2 gragnili CairTveba cvladi denis qselSi, 
xolo meore gragnili am dros irTveba C kondensa-
toris meSveobiT; KB1 da KB2 bolo gamomrTvelebia, 
romelTa saSualebiTac SeiZleba SeizRudos aRmasru-
lebeli meqanizmis gamosasvleli lilvis svla 1200-is 



sazRvrebSi. ukukavSiri mdebareobis mixedviT xorciel-
deba reostatiT - R, romlis Zvria dakavSirebulia 
meqanizmis gamosasvlel lilvTan. 

nax.7.7. ИМ-2/120 – 
tipis aRmasrule-
beli meqanizmis 
CarTvis sqema 

 
 

reostatidan moxsnili Zabvis sidide damokidebulia 
maregulirebeli organos mdebareobaze. Zravas brunvis 
mimarTuleba ganisazRvreba marTvis mowyobilobidan 
miRebuli signalis niSniT. 

SedarebiT mniSvnelovani simZlavris mqone aRmas-
rulebel meqanizmebSi gamoyenebulia samfaza asinqro-
nuli Zravebi. 

naxazze 7.8 warmodgenilia ДP tipis aRmasrvlebeli 
meqanizmis CarTvis sqema. meqanizmis konstruqcia da 
saerTo xedi naCvenebia naxazze 5.7 a,b. rodesac 
regulirebadi sididis mniSvneloba imyofeba mocemul 
sazRvrebSi, mmarTveli xelsawyos (magaliTad, ЭКТ 
tipis temperaturis reles) 6 da 7 kontaqtebi 
ganrTulia. rodesac Zvria (4) SerTavs Sinagan sakon-
taqto rgols (1), romelTanac mierTebulia statoris 
gragnili da gare sakontaqto rgoli (5), Zrava da Zvria 
brunaven erTi mimarTulebiT. miaRwevs ra bolo ga-
momrTvels (2), Zvria (4) amovardeba gare rgolidan da 
ganrTavs wreds. Zrava (3) Cerdeba. regulirebadi pa-
rametris Secvla iwvevs kontaqtis (7) SerTvas. Zrava 
CairTveba, Zvria mobrundeba da kvlav Sedis kontaqtSi 
gare rgolTan, magram ukve qveda naxevridan. maregu-
lirebeli organo gadaadgildeba, vidre Zvria (4) ar 
miva meore bolo gamomrTvelTan (8), am SemTxvevaSi 
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Zravas CarTva moxdeba mxolod kontaqtis (6) SerTvisas, 
e.i. rodesac parametri miaRwevs Tavis qveda zRvars. am-
rigad, gamosasvleli lilvi asrulebs naxevar bruns 
da Cerdeba, xolo maregulirebeli organo ikavebs ga-
napira mdebareobebs. 

nax.7.8. ДP tipis aRma-
srulebeli meqanizmis 
CarTvis sqema 

 
naxazze 7.9 moyvanilia proporciuli aRmasrulebeli 

meqanizmis - ПР CarTvis sqema. sqemaSi ПР Zravas garda 
gamoyenebulia balansuri rele – БР-2 (koWa 9 da 10 da 
gulari 8 kontaqtebiT 11 da 12), da mmarTveli xel-
sawyo, romelic gadaaadgilebs reoqordaze (7) Zvrias 
(6), regulirebadi parametris Secvlis proporciulad. 

proporciuli regulireba xorcieldeba Semdegnairad. 
sawyis mdgomareobaSi ventili Sualed mdebareobaSia. 
Zvria (3) imyofeba reostatis (4) SuaSi, xolo mmarTvel 
xelsawyos momarTaven regulirebadi parametris moce-
mul mniSvnelobaze. am dros Zvria (6) imyofeba reo-
qordis (7) SuaSi. deni klemidan (1) miemarTeba Zvri-
asaken (6) da ordeba. vinaidan marcxena wredis wi-
naaRmdegoba tolia marjvena wredis winaaRmdegobisa, 
denis Zala 9 da 10 koWebSi erTnairia. gulari (8) 
imyofeba neitralur mdebareobaSi, kontaqtebi 11 da 12 
ganrTulia, Zrava (2) gaCerebulia. 
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nax.7.9. proporciuli aRmas-
rulebeli meqanizmis CarTvis 
sqema 

 
 

regulirebadi parametris Secvlisas Zvria (6) gada-
adgildeba reoqordaze (7) (davuSvaT marjvniv). denis 
Zala koWaSi 10 gaizrdeba, xolo koWaSi 9 Semcirdeba. 
reles gulari SeirTveba marjvena kontaqtze (11) da 
deni a kvanZidan kontaqtis 11 gavliT miewodeba sta-
toris koWas (15) (marjvena Zrava 5п ix. naxazi 5.8). Zravas 
brunviT Seicvleba maregulirebeli organos mdgo-
mareoba da erTdroulad gadaadgildeba ukukavSiris 
reostatis Zvria (3) marcxniv. rodesac reostatis (4) 
marjvena nawilis winaRoba gaizrdeba imdenad, rom kom-
pensirebas gauwevs reoqordis (7) marjvena nawilis wi-
naRobis Semcirebas, deni koWebSi 9 da 10 kvlav gaTa-
nabrdeba, reles gulari (8) gaTiSavs kontaqts (11) da 
daikavebs neitralur mdebareobas. Zrava gaCerdeba, ma-
gram  gamosasvleli lilvi ukve iqneba Semobrunebuli 
garkveuli kuTxiT da maregulirebeli organo dai-
kavebs axal mdgomareobas, romelic Seesabameba regu-
lirebadi sididis proporciul Secvlas. regulirebadi 
sididis gadaxrisas meore mxares (Cven SemTxvevaSi, 
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marcxniv) Zvria (6) gadaadgildeba reoqordaze (7) mar-
cxniv, reles koWa (9) miizidavs gulars (8) da SerTavs 
kontaqts (12). 

deni gaivlis marcxena ZravaSi 5л (ix. naxazi 5.8) da 
lilvi daiwyebs brunvas sawinaaRmdego mimarTulebiT, 
vidre ukukavSiris reostati kvlav ar aRadgens wonas-
worobas. 

lilvis Semobrunebisas Sualedi mdgomareobidan mo-
cemuli kuTxiT (00-dan 1800-mde regulirebisagan da-
mokidebulebiT) bolo gamomrTveli (13) ganrTavs mar-
cxena an marjvena kontaqts (14) da Zrava Cerdeba. 

naxazze 7.10 naCvenebia КДУ-1/П-К tipis distanciuri 
marTvis svetis eleqtruli sqema (kinematikuri sqema ix. 
naxazi 5.9). 

 
 

bolo gamomrTvelebi KB gankuTvnilia gamosasvleli 
lilvis zRvruli mdebareobebis SesazRudavad distan-
ciuri marTvis dros, xolo  sagzao  gamomrTvelebi ПВ 
asruleben imave daniSnulebas avtomaturi regulire-
bisas. mdgomareobis maCvenebeli potenciometriuli 
gadamwodi (Д) gankuTvnilia servoZravas gamosasvleli 
lilvis mdebareobis signalizaciisaTvis. signalizacia 
xorcieldeba УП mowyobilobiT, romelic mierTebulia 
marTvis svetis momWerebze (5 da 6). xelsawyo warmo-

nax.7.10. КДУ-1/П-К 
tipis distanciuri 
marTvis svetis ele-
qtruli sqema 
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adgens voltmetrs, romlis skalac dagraduirebulia 
mobrunebis sruli kuTxis procentebSi. 

Sesakravis (П) daniSnulebaa УП xelsawyos mdebareo-
bis maCveneblis kvanZis kvebis polarobis SeTanxmeba 
potenciometris Zvrias (Д) gadaadgilebis mimarTule-
basTan. 

transformatori Тр 220/2 v-ze da selenuri gammarT-
veli (В) gankuTvnilia potenciometruli gadamwodis 
kvebisaTvis 2v sididis mudmivi ZabviT. cvladi wi-
naaRmdegoba (R) emsaxureba mdebareobis maCveneblis mo-
marTvas. 

 
 

$6. eleqtromagnituri ventilebis avtoma-
turi marTva 

 

naxazze 7.11 moyvanilia solenoiduri ventilis CBВ 
marTvis eleqtruli sqema, romelic iZleva, rogorc 
xeliT, aseve avtomaturad marTvis SesaZleblobas. 
xeliT marTvis dros П gadamrTvelis kontaqtis daye-
neba xdeba P momWerze, avtomaturi marTvis dros –     
A momWerze. 

 
nax.7.11. solenoiduri ventilis CBВ marTvis eleqtruli sqema 
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sqema muSaobs Semdegnairad. xeliT marTvis dros ven-
tilis gasaRebad saWiroa davaWiroT Rilaks KO; am 
dros warmoiqmneba wredi: faza  Л1-П-KO – gammarTveli 
BC – drois reles PB koWa-ganmrTveli kontaqti IV-
faza Л2. rele PB SerTavs Tavis kontaqts (drois dayov-
neba reles gaaCnia mxolod kontaqtis ganrTvisas). amiT 
qsels miuerTdeba gamwevi eleqtromagnitis - ЭТ koWa. 
eleqtromagnitis Ruza aiweva zeviT da ventili gaiReba; 
erTdroulad SeirTvebian I, II, III kontaqtebi da 
ganirTvebian IV, V, VI kontaqtebi (am kontaqtebidan sqe-
maSi gamoyenebulia mxolod I da IV kontaqtebi). kon-
taqtis IV ganrTvisas reles - PB koWas kveba wydeba, 
magram ЭТ-s gamwevi koWa jer kidev ar aris gamorTuli, 
radgan is ikvebeba reles im kontaqtiT, romlis 
gamorTvac warmoebs drois garkveuli dayovnebiT. 
rodesac ventili dadgeba sasxletze, reles kontaqti 
gamoirTveba da gamwevi eleqtromagnitis ЭТ koWas denis 
miwodeba Seuwydeba. 

ventilis dasaketad saWiroa davaWiroT Rilaks КЗ. am 
dros warmoiqmneba wredi: faza Л1-П-KЗ-I – sasxletis 
eleqtromagnitis koWa – ЭЗ-BC - faza Л2. denis gavlis 
Sedegad sasxletis eleqtromagnitis Ruza miizideba 
Tavis gularTan; sasxleti aTavisuflebs gamwevi 
eleqtromagnitis Ruzas da ventili iketeba. 

avtomaturi marTvis dros П gadamrTvelis kontaqti 
unda davayenoT A momWerze. ventilis gaReba an daketva 
warmoebs ЭР reles (eleqtronuli regulatori) kon-
taqtebiT. kontaqtis 1 SerTvisas ventili iReba, kon-
taqtis  2 SerTvisas ki iketeba. 

eleqtroenergiis miwodebis Sewyvetis SemTxvevaSi 
ventilis marTva SeiZleba xeliT. ventilis gasaRebad 
gamoiyeneba saxeluri (5), xolo mis dasaketad saWiroa 
davaWiroT Rilaks (18) (ix. naxazi 5.11). xeliT marTvis 
dros ventilis nawilebis meqanikuri urTierTqmedeba 
igivea, rac eleqtruli marTvis dros. 
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avtomaturi regulirebis sistemebi 
da maTi ZiriTadi elementebi 

 

$1. ZiriTadi cnebebi da gansazRvrebebi 
 

Tanamedrove teqnikaSi avtomatur regulirebas ukavia 
erT-erTi wamyvani adgili. Znelia davasaxeloT teqnikis 
dargi, sadac ama Tu im formiT ar iyos gamoyenebuli 
avtomaturi regulireba. 

TiToeuli samrewvelo danadgaris muSaobis reJimi 
xasiaTdeba fizikuri sidideebis erTobliobiT, romle-
bic gansazRvraven danadgaris muSaobas. aucilebeli 
reJimis uzrunvelsayofad saWiroa, rom zogierTi si-
dide inarCunebdes mudmiv mniSvnelobas an icvlebodes 
garkveuli kanoniT. magaliTad, eleqtroZravas muSaobis 
reJimi xasiaTdeba mis lilvze ganviTiarebuli mbrunavi 
momentis sididiT da rotoris brunvis siCqariT; saqvabe 
mowyobilobis muSaobis reJimi – orTqlis wneviTa da 
temperaturiT; eleqtrosadguris – cvladi denis Zab-
viTa da sixSiriT; rkina-betonis qarxnis gaorTqlis 
kameris – kameraSi temperaturiT, mocemul tempera-
turaze nakeTobis dayovnebis droiT da tenianobiT. sa-
warmoo procesis gansaxorcieleblad saWiroa, rom sa-
warmoo procesis maxasiaTebeli sidideebi akmayo-
filebdnen garkveul pirobebs. 

sidides, romelic axasiaTebs teqnologiuri procesis 
pirobebs, ewodeba parametri. muSa parametri ewodeba 
sidides, romelic miiReba danadgaris an mowyobilobis 
konstruirebisa da teqnologiuri gaangariSebis dros 
da romelic SenarCunebuli unda iqnes mudmivad an 
icvlebodes garkveuli kanoniT. 

sidides, romelic aucilebelia SenarCundes mudmivad, 
an icvlebodes mocemuli programiT, ewodeba 
regulirebadi sidide. 

teqnologiur mowyobilobas, romelSiac mimdinareobs 
regulirebadi procesi, ewodeba regulirebadi obieqti. 



organos, romlis saSualebiTac vaxdenT zemoqmedebas 
regulirebad obieqtze, ewodeba maregulirebeli organo. 

regulirebadi sididis da misi damyarebuli 
mniSvnelobis tolobis SenarCunebis operacias ewodeba 
regulireba. 

regulirebas, romlis drosac maregulirebel or-
ganoze zemoqmedeba xorcieldeba adamianis mier, ewo-
deba xeliT regulireba. 

regulirebas, romlis drosac maregulirebel or-
ganoze zemoqmedeba xorcieldeba xelsawyoTi, adamianis 
Caurevlad, ewodeba avtomaturi regulireba. 

xeliT regulirebis sqema warmoadgens gaxsnil sis-
temas*; xolo avtomaturi regulirebis sqema ki Sekrul 
sistemas. 

programuli regulireba ewodeba iseT regulirebas, 
romlis drosac sistema inarCunebs mocemuli kanonis 
mixedviT cvalebadi regulirebadi sididis mniSvnelobas. 

programis micema xorcieldeba xeliT an avtomaturad 
saprogramo mowyobilobis (mmarTveli, damkvirvebeli) 
saSualebiT. 

regulirebis sistemis “Sesasvlelad” iTvleba is 
sidide, romelic axorcielebs maregulirebel zemo-
qmedebas. sistemis “gamosasvleli” ewodeba sidides, 
romlis regulirebac aris saWiro. 

gaxsnil sistemaSi, sistemis Sesasvlelze mareguli-
rebeli zemoqmedeba ar aris dakavSirebuli sistemis 
muSaobis Sedegze, romelic miiReba am sistemis gamo-
sasvlelze. 

Sekrul sistemaSi Sesasvleli zemoqmedeba uSualod 
aris damokidebuli gamosasvleli sididis mniSvnelobaze. 

uSualo kavSirs sistemis gamosasvlelidan mis 
SesasvlelTan ewodeba ukukavSiri. xeliT regulirebis 
dros ukukavSirs axorcielebs adamiani; avtomaturi 
regulirebis dros ki xelsawyo. 

avtomatur mowyobilobas, romelic gankuTvnilia 
regulirebis amocanis Sesasruleblad, adamianis uSualo 
monawileobis gareSe, ewodeba avtomaturi regulatori. 
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* sinamdvileSi es sistemac Sekrulia. Sekvras axorcielebs 
adamiani. 
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avtomaturi regulatoris SemadgenlobaSi Sedis: 
gadamwodi, romelic gansazRvravs regulirebadi 
sididis mniSvnelobas; Sedarebis elementi, romelic 
regulirebadi sididis gazomil da mocemul mni-
Svnelobebs adarebs erTmaneTs; gamaZlierebeli; aRmas-
rulebeli mowyobiloba da maregulirebeli organo, 
romelic axdens zemoqmedebas regulirebad obieqtze.  

avtomaturi regulirebis sistemebi (CAP) warmoad-
genen elementebis erTobliobas, romlebic erTmaneTs 
Soris dakavSirebuli arian gansazRvruli saxiT da 
asruleben gansazRvrul funqcias. am sistemis Tvise-
bebi, mTlianobaSi, damokidebulia elementebis Tvise-
bebze da maTi SeerTebis wesze. 

avtomaturi regulirebis sistema ganixileba, rogorc 
Sekruli dinamiuri sistema, romelic Sedgeba reguli-
rebis obieqtisagan da avtomaturi regulatoris mowyo-
bilobaTa kompleqsisagan. 

asxvaveben avtomaturi regulirebis erTkonturian da 
mravalkonturian sistemebs. 

avtomaturi regulirebis erTkonturiani sistema 
ewodeba iseT sistemas, romelsac gaaCnia zemoqmedebis 
erTi Sekruli wredi. igi Sedgeba erTi regulirebadi  
obieqtisagan da erTi martivi avtomaturi 
regulatorisagan da gankuTvnilia erTi regulirebadi 
parametris ucvlelad SesanarCuneblad. 

avtomaturi regulirebis mravalkonturiani sistema 
ewodeba iseT sistemas, romelsac gaaCnia erTze meti 
zemoqmedebis Sekruli wredi. sistema Sedgeba erTi 
regulirebadi obieqtisagan da erTi an ramdenime 
avtomaturi regulatorisagan. 

avtomaturi regulirebis sistemebisa, maTi ZiriTadi 
elementebis zemoT moyvanili cnebebisa da 
gansazRvrebebis ukeT gagebis mizniT ganvixiloT 
konkretuli magaliTebi. 

nax.8.1 naCvenebia fxvieri masalis dozatori xeliT 
marTviT. naxazze 1 aris bunkeri; 2 – woniTi 
transporteri; 3 – Semkrebi transporteri; 4 – 
induqciuri gadamwodi; 5 – gamzomi xelsawyo; 6 – 
marTvis reostati; 7 – droseli SemagnitebiT; 8- 



vibratoris eleqtromagnitebi; 9 – Rari; 10 – 
operatori. 

nax.8.1. fxvieri 
masalis 
dozatoris sqema 
xeliT marTviT 

 
masalis xarji (G) ganisazRvreba parametrebiT: 

nawilakebis simsxviliT (ν ), masalis tenianobiT (μ ), 

bunkerSi masalis Sris simaRliT (H), mkvebavis Raris 
vibraciis amplitudiT (A) da a.S, e.i. 

),,,( AHfG = ν μ . 

aRniSnuli paramatrebis gadaxrisas nominaluri 
mniSvnelobebidan HΔ Δ Δ,, μν  sidideebiT, masalis xarji 

Seicvleba GΔ  sididiT, woniTi transporteri 
gadaixreba sawyisi mdgomareobidan, xolo induqciuri 
gadamwodis yvinTa gadaadgildeba hΔ  sididiT. am dros 
gamzomi xelsawyos isari gaCerdeba axal mdgomareobaSi 
a, romelic gansxvavdeba aH mdgomareobidan, romelic 
Seesabameba masalis mocemul xarjs GH. 

Soperatori gadaaadgilebs reostatis Zvrias Δ  
sididiT. amiT igi Secvlis droselis Semagnitebis 
gragnilze Zabvas. operatori cdilobs ise SearCios SΔ  
sidide, rom Raris rxevis amplitudis SecvliT AΔ  
sididiT, moaxdinos μν ,  an H sidideebis Secvlis 

Sedegad gamowveuli nivTierebis xarjis cvlilebis GΔ  
kompensireba. Tu aseTi kompensacia iqneba miRweuli, 
maSin nivTierebis xarji gaxdeba toli mocemuli 
sididisa da xelsawyos isari gaCerdeba aH danayofze. 
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ganxilul magaliTSi mkvebavi, romlis 
mwarmoeblurobasac aregulirebs operatori, warmoadgens 
regulirebis obieqts, xolo mkvebavis mwarmoebluroba 
(fxvieri masalis xarji G), romlis mudmivad SenarCunebas 
cdilobs operatori – regulirebad sidides. mkvebavis 
Rari asrulebs maregulirebeli organos rols, 
vibratori – aRmasrvlebeli meqanizmis daniSnulebas, 
xolo orive erTad warmoadgenen aRmasrulebel elements, 
romelic uSualod axdens zemoqmedebas marTvad sawarmoo 
procesze. 

regulirebis ganxiluli sistema warmoadgens xeliT 
regulirebis sistemas. 

regulirebis sistemis “Sesasvlelia” maregulirebeli 
organo (mkvebavis Rari), “gamosasvlelia” sakontrolo-
gamzomi xelsawyo, xolo adamiani amyarebs sistemis 
gamosasvlelsa da Sesasvlels Soris kavSirs. 

nax.8.2 warmodgenilia gasaorTql kameraSi 
temperaturis xeliT regulirebis funqcionaluri 
sqema. davuSvaT temperaturis gasazomad kameraSi 
dayenebulia Termowyvili. sqemaSi CarTulia 
milivoltmetri, romlis skalac graduirebulia 
uSualod gradusebSi. nakeTobis TbotenianobiTi 
damuSavebis grafikis Tanaxmad, temperatura kameraSi 
SenarCunebuli unda iyos mudmivad, xuTi saaTis 
ganmavlobaSi. operatori, romelic Tvalyurs adevnebs 
milivoltmetris isars, aregulirebs kameraSi cxeli 
orTqlis miwodebas. kameraSi temperaturis 
Semcirebisas nominalurTan SedarebiT, operatori 
aRebs orTqlsaSveb sarqvels, kameraSi Sedis cxeli 
orTqli da masSi temperatura izrdeba. Tu kameraSi 
temperatura gadaaWarbebs dadgenil sidides, 
operatori gadaketavs orTqlsadenis sarqvels; kameraSi 
orTqlis miwodeba Sewydeba da temperatura daiwevs. 
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nax.8.2. gasaorTql ka-
meraSi temperaturis 
xeliT regulirebis 
funqcionaluri sqema 

 
ganxilul magaliTSi maregulirebel organoze 

zemoqmedebas axdens operatori (adamiani) da, maSasadame, 
saqme gvaqvs xeliT regulirebasTan. 

nax.8.3 mocemulia fxvieri masalis avtomaturi 
dozatoris principuli sqema. sqemaze 1 aris bunkeri; 2,3 
– woniTi da Semkrebi transporterebi; 4 – mxreuli; 5 – 
sawoni; 6 – kvadrantuli tvirTi; 7 – induqciuri 
gadamwodi 7a da 7б koWaTi; 8 – eleqtronuli 
gamaZlierebeli; 9 – droseli SemagnitebiT; 10 – 
eleqtromagnitebi;  11 – gammarTveli; 12 – Rari; 13 – 
sakontrolo-sazomi xelsawyo. 

nax.8.3. fxvi-
eri masalis av-
tomaturi do-
zatoris prin-
cipuli sqema 

 
 

aRvniSnavT, rom gamaZlierebeli ar warmoadgens 
avtomaturi regulirebis sistemis aucilebel elements. 
principulad aucilebel elements ar warmoadgens, 
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agreTve, sakontrolo-sazomi xelsawyoc. xeliT 
regulirebis sistemaSi sakontrolo-sazomi xelsawyo 
awarmoebs saregulirebeli parametris mniSvnelobis 
registrirebas mocemul momentSi, xolo sxvaoba 
sididis am mniSvnelobasa da mocemul mniSvnelobas 
Soris (saregulirebeli sididis gadaxras 
mocemulobidan) gamoiTvleba operatoris mier. 
avtomaturi regulirebis sistemaSi am sxvaobis miReba 
xorcieldeba mmarTveli mowyobilobis saSualebiT. nax. 
8.3 warmodgenili sqemis SemTxvevaSi mmarTveli 
mowyobilobis rols asrulebs sawoni (5). mxreulaze 
sawonis mdebareobisda mixedviT woniTi sistema 
wonasworobaSi iqneba transporteris wonis (G) 
sxvadasxva mniSvnelobebis dros. Zabva U1, toli iqneba 
nulis mxolod im SemTxvevaSi, rodesac induqciuri 
gadamwodis yvinTas uWiravs 7a da 7б koWebs Soris 
Sualedi mdebareoba, e.i. rodesac woniTi sistema 
imyofeba wonasworobaSi. woniTi sistemis gadaxrisas 
wonasworobis mdgomareobidan aRiZvreba 
saregulirebeli sididis mocemuli mniSvnelobidan 
gadaxris proporciuli Zabva (U1). 

Zabva U1 sakmarisi ar aris droselis muSa 
gragnilebis induqciuri winaaRmdegobis Sesacvlelad, 
amitom avtomaturi regulirebis sistemaSi 
gaTvaliswinebulia gamaZlierebeli (8) U1 Zabvis 
gardasaqmnelad U2 Zabvad. 

gamaZliereblisa da mmarTveli mowyobilobis rols 
xeliT regulirebis sistemaSi asrulebs operatori, 
romelic gadaaadgilebs reostatis Zvrias (nax.8.1) 
xelsawyos Cvenebebis mocemuli sidididan gadaxrisagan 
damokidebulebiT. 

nax.8.4 mocemulia avtomaturi dozatoris funqciona-
luri sqema. 

 )( xx Δ )( HH Δ
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nax.8.4. avtomaturi dozitoris funqcionaluri sqema 
nax.8.5 naCvenebia gasaorTql kameraSi temperaturis 

avtomaturi regulirebis sqema. xeliT regulirebis 
sqemisagan (nax.8.2) gansxvavebiT avtomaturi regulirebis 
sqema Seicavs damatebiT sam rgols – gamaZlierebels, 
programis momwodebels (mmarTveli, damkvirvebeli) da 
Sedarebis elements. avtomaturi regulirebis sistema 
imuSavebs temperaturis arasasurveli gadaxris likvi-
daciisaTvis. mamoZravebel signals warmoadgens sare-
gulirebeli sididis mocemul mniSvnelobasa da mis 
faqtiur mniSvnelobas Soris warmoqmnili SeuTavseb-
loba. 
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nax.8.5. gasaorTql kameraSi temperaturis avtomaturi 
regulirebis sqema: a) avtomaturi regulirebis sqema ga-
maZlierebliT, Sedarebis elementiTa da mmarTveliT; b) fun-
qcionaluri sqema 

 
naxazze 8.5,b aRniSnulia:  ИУ – aRmasrulebeli mo-

wyobiloba (amZravi); ИЭ – energiis wyaro; У – gama-
Zlierebeli; РО – maregulirebeli organo; О – sare-
gulirebeli obieqti; Д – mgrZnobiare elementi-gada-
mwodi; УП – maCvenebeli xelsawyo; ПУ – saprogramo 
mowyobiloba (mmarTveli); ЭС – Sedarebis elementi. 

 
 
$2. avtomaturi regulirebis sistemebis kla-

sifikacia 
 

avtomaturi regulirebis sistemebis klasifikacias 
safuZvlad udevs sxvadasxva niSan-Tviseba. 

regulirebis miznisagan da mmarTveli zemoqmedebis 
xasiaTisagan damokidebulebiT avtomaturi regulirebis 
sistemebi iyofian oTx jgufad: 1) avtomaturi mastabi-
lizebeli sistemebi; 2) programuli avtomaturi regu-
lirebis sistemebi; 3) moTvalTvale sistemebi; 4) eqs-
tremaluri (optimaluri) regulirebis sistemebi. 

avtomaturi mastabilizebeli sistema warmoadgens 
mowyobilobas, romelic gankuTvnilia saregulirebeli 
sididis mniSvnelobis SesanarCuneblad, eqsploatacii-
saTvis dasaSveb sakmaod viwro sazRvrebSi. magaliTad: 
betonis qarxnis mkvebav bunkerebSi Semavseblisa da ce-
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mentis donis SenarCuneba mudmivad; minis qarxnebis saa-
bazano RumelebSi minis masis donis SenarCuneba moce-
mul mniSvnelobaze minis saxarSavi Rumelis muSaobis 
reJimis nebismierad Secvlis miuxedavad; wylis avzidan 
xarjis cvalebadobis miuxedavad wylis donis mocemul 
doneze SenarCuneba garkveuli sizustiT da sxv. 

programuli avtomaturi regulirebis sistema ewo-
deba mowyobilobas, romelic gaTvaliswinebulia 
saregulirebeli sididis mocemuli sizustiT avtoma-
turad Sesacvlelad droSi an sxva parametrisagan da-
mokidebulebiT winaswar dadgenili programiT. umetes 
SemTxvevaSi Semavali signeli X, anu programa drois 
funqciaa – X=f(t).kerZo SemTxvevaSi, rodesac programa 
mudmivia X=const, avtomaturi regulirebis sistema 
mastabilizirebeli gaxdeba. programuli regulirebis 
sistemis magaliTs warmoadgens rkina-betonis nakeTo-
baTa TbotenianobiTi damuSavebis  reJimi gasaorTql 
kameraSi. cnobilia, rom temperatura kameraSi izrdeba 
TandaTanobiT gansazRvruli grafikiT; Semdeg warmoebs 
misi mudmivad SenarCuneba ramdenime saaTis ganmavlo-
baSi, da, dasasrul, gaorTqlis reJimis  damTavrebisaT-
vis xdeba temperaturis TandaTanobiTi Semcireba. ganxi-
lul SemTxvevaSi regulirebis obieqts warmoadgens 
gamkvrivebis kamera, xolo marTvis sistemis amocanas 
saregulirebeli sididis (temperaturis) Secvla teqno-
logiis Sesabamisad (winaswar dadgenili programiT). 

moTvalTvale sistema ewodeba mowyobilobas, romlis 
moqmedebis programa winaswar cnobili ar aris da igi 
funqcionalur damokidebulebaSia romelime sxva pa-
rametrTan, romelic SesaZlebelia nebismieri iyos. 

moTvalTvale sistemis magaliTia avtomaturi poten-
ciometri. saregulirebel sidides warmoadgens maCvene-
beli isris mdebareoba skalaze (Seesabameba gazomili 
temperaturis sidides), xolo mmarTvel zemoqmedebas – 
temperatura gazomili Termowyvilisa da potenciomet-
ris kompleqtiT. cxadia, rom temperatura gazomili pi-
rometruli kompleqtiT winaswar ar aris cnobili da 
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ganisazRvreba saregulirebel obieqtSi procesis 
msvlelobiT. 

moTvalTvale sistemis magaliTs warmoadgens, ag-
reTve, hidromonitoris saSualebiT qanis damuSaveba da 
misi transportireba. memonitore konkretuli samuSao 
adgilis xasiaTisagan damokidebulebiT mimarTavs wylis 
Wavls, romlis moqmedebis programa winaswar cnobili 
ar aris. am SemTxvevaSi saregulirebel obieqts war-
moadgens monitori, xolo mmarTvel zemoqmedebas – 
qanis damuSaveba. 

moTvalTvale sistemebi, gamoyenebuli detalebis 
dasamuSaveblad modelebis an nimuSebis mixedviT liTon-
saWrel Carxebze, iwodebian makopirebel sistemebad. ma-
kopirebel sistemaSi winaswar dagegmili mmarTveli zemo-
qmedeba (wamyvani signali) warmodgenilia kodis saxiT. 

eqstremaluri (optimaluri) regulirebis sistema 
ewordeba avtomatur sistemas, romelSic regulatori 
inarCunebs cvalebadi garemomcveli pirobebisaTvis 
saregulirebeli sididis eqstremalur mniSvnelobas – 
minimums an maqsimums. eqstremaluri sistema optimaluri 
sistemis kerZo saxeobaa. 

Tu saregulirebeli parametri - y Semavali signalis 
x-is funqciaa - y=f(x) da es funqcia eqstremaluri xasi-
aTisaa, maSin saregulirebeli parametris mier eqstre-
maluri mniSvnelobis miRwevisas ragulatori ar mo-

qmedebs da 
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0=
dx
dy

; sxva SemTxvevebSi 0≠
dx
dy

 da regula-

tori moqmedebaSi Sedis; rodesac 0>
dx
dy

 maregulire-

beli organo erTi mimarTulebiT moqmedebs, xolo, 

rodesac 0<
dx
dy

– meore mimarTulebiT. 

eqstremaluri regulirebis magaliTi mocemulia 
naxazze 8.6,a. saTbobis (Cven SemTxvevaSi mazuTis) yovel 
xarjs Seesabameba haeris xarjis gansazRvruli 
mniSvneloba, romlis drosac temperatura RumelSi 
iqneba maqsimaluri. Tu Semcirdeba RumelSi miwode-



buli haeris raodenoba optimalur mniSvnelobasTan 
SedarebiT, maSin mazuTis dauwvavi nawilis sakvamle 
milSi gadinebis gamo RumelSi temperatura daiwevs. 
haeris xarjis gazrdac iwvevs temperaturis daqveiTe-
bas, vinaidan Warb haers siTbos meti raodenoba miaqvs 
sakvamle milSi. eqstremaluri regulirebis sistema 
axdens haeris  raodenobis regulirebas – farsaketis 
(3) dayenebis kuTxis ϕ -is cvalebadobiT iseTnairad, 

rom sawvavis mocemuli miwodebis dros temperatura 
RumelSi iyos maqsimaluri. naxazze 8.6,a aRniSnulia:    
1 – Rumeli; 2 – ventilatori haeris misawodeblad;     
3 – farsaketi; 4 – Termowyvili; 5 – gamaZlierebeli;    
6 – madiferencirebeli bloki; 7 – logikuri elementi; 
8 – farsaketis Zrava. a,b,I,II – kontaqtebi; A,B – or-
poziciani polarizebuli rele; 9 – taqogeneratori; 10 
– agznebis gragnilebi. sqema muSaobs Semdegnairad. 
Termowyvilis Zabva miewodeba gamaZlierebels, xolo 
ukanasknelidan gamomavali signali madiferencirebeli 
blokis gavliT logikur elements, romelic awarmoebs 
farsaketis Zravas reversirebas, da Sesabamisad Zrava (8) 
muSaobs farsaketis gaRebaze (Tu a da I kontaqtebia 
Sekruli), da farsaketis daketvaze (rodesac a da II 
kontaqtebia Sekruli). naxazze naCveneb mdgomareobaSi 
Zrava (8) muSaobs farsaketis gaRebaze. maSasadame, tem-
peratura RumelSi matulobs. rodesac ϕ  gadaaWarbebs 

Tavis optimalur mniSvnelobas, farsaketis  Zrava far-
saketis daketvis mimarTulebiT iwyebs brunvas (a kon-
taqti marjvniv miizideba da Caiketeba II kontaqti) da 
a.S. saWiro gadarTvebs procesis mimdinareobis mixedviT 
arCevs logikuri elementi (7). 
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nax.8.6. RumelSi temperaturis eqstremaluri regulireba: a) 

sqema; b) Rumelis temperaturis grafiki farsaketis dayenebis 
kuTxisgan damokidebulebiT 

 

naxazze 8.6b warmodgenilia Rumelis temperaturis T-s 
grafiki farsaketis dayenebis kuTxis ϕ -sagan damokide-

bulebiT, sawvavis xarjis garkveuli mniSvnelobisaTvis. 
analogiuri eqstremaluri maxasiaTebeli gaaCnia, 

agreTve, betonmrevs (betonmrev kvanZs). cnobilia, rom 
betonis narevis damzadebis xangrZlivoba damokidebu-
lia mis Semadgenlobaze. sawyis periodSi narevi metad 
araerTgvarovania; garkveuli drois Semdeg narevi Tan-
daTanobiT aRwevs optimalur mniSvnelobas. aRniSnuli 
procesis gagrZeleba iwvevs  betonis narevis ganSreve-
bas fraqciebad. amrigad, reJimis marTvis amocanaa are-
vis Sewyveta drois im momentSi, romelic Seesabameba 
narevis optimalur konsistencias. 

gacilebiT rTul obieqts warmoadgens eqstremaluri 
maxasiaTebliT rkinabetonis nakeTobaTa damamzadebeli 
qarxana. eqstremumis maCvenebels warmoadgens qarxnis 
mwarmoebluroba produqciis minimaluri TviTRire-
bulebisa da misi optimaluri xarisxis dros. 

am obieqtebis regulirebisaTvis, romlebic muSaoben 
Zalian cvalebad garemomcvel pirobebSi, gamoiyeneba 
TviTawyobadi sistemebi, romlebsac teqnikuri kiber-
netikis sistemebi ewodebaT. am sistemebs SeuZliaT didi 
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qarxnebis, msxvili samSeneblo obieqtTa, satransporto 
sistemaTa da sxva sawarmoTa avtomaturi marTva. Tvi-
Tawyobadi sistemis umartivesi magaliTia marTvis 
eqstremaluri sistema, romelic ganvixileT. 

 
 

$3. pirdapiri da arapirdapiri regulireba 
regulatorsa da maregulirebel organos Soris 

kavSirisagan damokidebulebiT asxvaveben pirdapir da 
arapirdapir regulirebas. ganvixiloT magaliTebi. 

nax.8.7 moyvanilia pirdapiri qmedebis avtomaturi 
donis tivtiva regulatori. naxazze Q1-iT aRniSnulia 
siTxis modineba, Q2-iT siTxis moxmareba; H0 aris siTxis 
done WurWelSi. tivtiva uSualod moqmedebs maregu-
lirebel organoze – droselur safarze da amoZravebs 
mas. es SesaZlebelia im SemTxvevaSi, rodesac mgrZno-
biare elementis simZlavre aRemateba aRmasrulebeli 
meqanizmis asamoqmedebel simZlavres, e.i. pirdapiri 
regulireba ganisazRvreba gadamwodis gamosavali sim-
ZlavriT. maregulirebeli organos reaqcia regula-
torze amcirebs mis mgrZnobiarobas, rac auaresebs 
regulirebis xarisxs. 

nax.8.7. pirdapiri 
qmedebis avtomaturi 
donis tivtiva regu-
latoris sqema 

 
ganxiluli sqemis SemTxvevaSi maregulirebeli or-

gano gadaadgildeba saregulirebeli obieqtis energiis 
xarjze, kerZod, siTxis donis cvlilebis xarjze. amas-
Tan donis awevisas tivtivZa gadaadgildeba amomgdebi 
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Zalis moqmedebiT, xolo donis dawevisas tivtivas  
wonis gavleniT. cxadia, rom tivtivas sidide ise unda 
iyos SerCeuli, rom mis mier ganviTarebuli Zalva aRe-
matebodes sarqvelis (droseluri safaris) gadaadgi-
lebis Zalvas. 

nax.8.8 naCvenebia arapirdapiri qmedebis avtomaturi 
donis tivtiva regulatori. arapirdapiri regulirebis 
dros regulatori aRmasrvlebel meqanizmze moqmedebs 
specialuri gamaZliereblis saSualebiT, romelic ikve-
beba damxmare energiis wyarodan. Cven SemTxvevaSi tiv-
tiva berketuli sistemiT dakavSirebulia moZrav 
eleqtrul kontaqtTan (2), romelic SeiZleba Sekruli 

iqnas uZrav kontaqtebTan Б da М. amisgan damokide-
bulebiT eleqtroZravi (3) brunavs erTi an meore mi-
marTulebiT. Wia reduqtoris, berketebisa da mWimebis 
sistemis saSualebiT eleqtroZravi aRebs an ketavs 
droselur safars (4). 

nax.8.8. arapir-
dapiri qmedebis 
avtomaturi donis 
tivtiva regula-
toris sqema 

 
 

aRwerili sqemis SemTxvevaSi maregulirebeli or-
ganos gadaadgileba warmoebs eleqtruli aRmasrule-
beli meqanizmiT, romelic iyenebs gareSe wyaros ener-
gias. 

 
 

$4. statikuri da astatikuri regulireba 

 291 



avtomaturi regulirebis dros miRebuli Sedegebisa-
gan damokidebulebiT asxvaveben avtomaturi regulire-
bis or saxes: statikur anu proporciul regulirebas 
da astatikur anu integralur regulirebas (propor-
ciul regulirebas ewodeba, agreTve, П – regulireba, 
xolo integralurs - И regulireba). 

statikuri regulireba ewodeba iseT regulirebas, 
romlis drosac saregulirebeli sidide regulirebis 
obieqtze sxvadasxva gare zemoqmedebis (magaliTad dat-
virTva) dros gardamavali procesis damTavrebisas Re-
bulobs zemoqmedebis sididisagan damokidebul sxva-
dasxva mniSvnelobas; amasTan, saregulirebeli sididis 
gadaxra saSualo (programul) mniSvnelobidan ar unda 
gamodiodes regulirebis zonis sazRvrebiddan. 

davubrundeT avzSi wylis donis avtomaturi reguli-
rebis magaliTs (ix.nax.8.7). wylis xarjis (Q2) gazrdis 
dros wylis done avzSi daecema, tivtiva daiwevs da 
droseluri safaris gadaadgileba gamoiwvevs avzSi 
siTxis modinebis (Q1) gazrdas. wylis donis axali gark-
veuli mniSvnelobis dros avzSi damyardeba wonas-
woroba, romlis drosac siTxis modineba gautoldeba 
mis moxmarebas (Q1=Q2). rac meti iqneba wylis moxmareba, 
ufro metad iqneba gaRebuli sarqveli wonasworobis 
mdgomareobaSi da, maSasadame, tivtivac da wylis axali 
donec dabla iqneba ganlagebuli. cxadia, rom udidesi 
moxmareba, romelic SeiZleba uzrunvelyos sistemam, 
miiRweva droseluri safaris mTlianad gaxsnis 
SemTxvevaSi; moxmareba iqneba maqsimaluri, xolo wylis 
done avzSi – minimaluri. Tu moxmareba gautoldeba 
nuls (Q2=0), wylis done iqneba maqsimaluri, xolo sar-
qveli iqneba mTlianad daketili (Q1=0). amrigad, sare-
gulirebeli wylis done regulirebis statikur siste-
maSi SesaZlebelia meryeobdes Hmax-dan Hmin-mde. 
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PKS

maregulirebeli organos mdebareobis damokide-
buleba saregulirebeli parametris mniSvnelobisagan, 
ganxiluli magaliTis SemTxvevaSi, maTematikurad Sei-
Zleba gamoisaxos damokidebulebiT  

= ⋅ ,          (8.1) 1



sadac S aris maregulirebeli organos (droseluri sa-
faris) mdebareoba; ganisazRvreba wrfiv an kuTxur 
erTeulebSi raime sawyisi (nulovani) mdebareobidan; 

P – saregulirebeli parametris (wylis done) mniSvne-
loba, romlis aTvlac warmoebs raime sawyisi (nu-
lovani) mniSvnelobidan; 

K1 – proporciulobis koeficienti. 
statikuri regulirebis dros maregulirebeli or-

ganos gadaadgilebis siCqare, saregulirebeli paramet-
ris cvlilebis siCqaris proporciulia, e.i. 
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dt
dpK

dt
ds

1= ;        (8.2) 

aq 
dt
ds

aris maregulirebeli organos gadaadgilebis 

siCqare; 

dt
dp

H

– saregulirebeli parametris cvlilebis siCqare. 

zemoT aRniSnulis safuZvelze SeiZleba davaskvnaT 
Semdegi: 

a) statikuri regulirebis dros sistemis wonas-
woroba SesaZlebelia saregulirebeli sididis 
sxvadasxva mniSvnelobis dros; 

b) saregulirebeli sididis TiToeul mniSvnelobas 
Seesabameba maregulirebeli organos garkveuli mde-
bareoba. 

naxazebze 8.9 da 8.10 mocemulia saregulirebeli pa-
rametris cvlilebis grafiki statikuri regulirebis 
dros da statikuri regulirebis maxasiaTebeli. 

saregulirebeli parametris gadaxras misi progra-
muli mniSvnelobidan ewodeba sistemis absoluturi 
statikuri cdomileba, e.i. 

0HH −Δ = .         (8.3) 
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absoluturi cdomilebis Sefardebas programul 
mniSvnelobasTan ewodeba fardobiTi statikuri cdo-
mileba 

nax.8.9. 
saregulirebeli 
parametris cvli-
lebis grafiki 
statikuri reguli-
r b s ros

nax.8.10. statikuri 
regulirebis maxa-
siaTebeli 
 

0

0

0 H
HH

H
H −

=
Δ

.       (8.4) 

zonis fardobiT siganes 

0

minmax

H
HH −

 

ewodeba regulirebis sistemis uTanabrobis koefi-
cienti, anu sistemis statizmi 

−
  =

0

minmax

H
HHδ

SeSfoTeba

cdomileba
= .            (8.5) 

aq Hmax da Hmin Sesabamisad wylis maqsimaluri da mini-
maluri doneebia avzSi, romelTac SeesabamebaT wylis 
moxmarebis (Q2-is) umciresi da udidesi mniSvnelobebi. 

nax.8.9 Cans, rom datvirTvis naxtomiseburad gadaxri-
sas t1 momentSi saprogramo mniSvnelobidan, saregulire-
beli parametri garkveuli drois gavlis Semdeg t2 mo-
mentSi Rebulobs axal wonasworobis mdgomareobas 
(rodesac siTxis modineba utoldeba mis moxmarebas). es 
SesaZlebelia maregulirebeli organos axali mde-



bareobis dros, e.i. saregulirebeli parametris pro-
gramul mniSvnelobasTan SedarebiT gansxvavebuli 
mniSvnelobis SemTxvevaSi (saregulirebeli parametris 
axali mniSvnelobis dros). am SemTxvevaSi saregulire-

beli parametri gadaixreba PΔ  sididiT (ix. nax.8.7). 
statikuri regulirebis dadebiTi Tvisebaa regulire-

bis siswrafe da mdgradi funqcionaluri damokide-
buleba maregulirebel organosa da saregulirebel 
parametrs Soris, xolo uaryofiTi mxarea statikuri 
cdomilebis arseboba. 

astatikuri regulireba ewodeba iseT regulirebas, 
romlis drosac regulirebis obieqtze sxvadasxva gare 
SemaSfoTebeli zemoqmedebis (magaliTad datvirTva) 
dros gardamavali procesis damTavrebisas sareguli-
rebeli sididis gadaxra programuli mniSvnelobidan 
utoldeba nuls, e.i. aRsdgeba saregulirebeli sididis 
programuli mniSvneloba. 

avzSi wylis donis avtomaturi regulirebis astati-
kuri sistemis principialuri sqema ganmartebulia 
arapirdapiri qmedebis avtomaturi donis tivtiva regu-
latoris (ix. nax. 8.8) magaliTze. avzSi siTxis donis 
cvlilebisagan damokidebulebiT tivtiva gadaaadgi-
lebs moZrav  eleqtrul kontaqts, romelic gauSvebs 
eleqtroZravs Sesabamisad “win” da “ukan” mimarTu-
lebiT. amrigad, ganxorcieldeba droseluri safaris 
mdebareobis marTva. Zravi gamoirTveba maSin, rodesac 
wylis done avzSi miaRwevs programul mniSvnelobas. 

maregulirebeli organos siCqare astatikuri regu-
lirebis dros proporciulia saregulirebeli para-
metris gadaxris sididisa. maTematikurad aRniSnuli 
SeiZleba gamoisaxos Semdegnairad 
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PK
dt
ds

2= ,      (8.6) 

sadac 
dt
ds  aris maregulirebeli organos gadaadgilebis 

siCqare; 
P – saregulirebeli parametris gadaxra programuli 

mniSvnelobidan; 



K2 – proporciulobis koeficienti. 
8.6 gantolebis integrirebis Sedegad miviRebT da-

mokidebulebas maregulirebeli organos mdebareobasa 
da saregulirebeli parametris cvlilebas Soris 

∫ += 02 SpdtKS .        (8.7) 

aq S0 aris droseluri safaris sawyisi mdebareoba 
drois t=0 momentSi. (aRvniSnavT, rom S ganisazRvreba 
nebismieri sawyisi nulovani mdebareobidan, xolo P 
saregulirebeli parametris programuli mniSvnelo-
bidan). 

astatikuri sistemis damaxasiaTebeli Taviseburebebia: 
a) sistemis wonasworoba SesaZlebelia saregulire-

beli sididis mxolod erTi mniSvnelobis dros, ro-
melic Seesabameba mis programul sidides; 

b) maregulirebel organos unda SeeZlos daikavos 
sxvadasxva mdebareoba, saregulirebeli sididis erTi 
da igive mniSvnelobis dros. 

ganvixiloT regulirebis reJimi gardamavali proce-
sis dros (nax.8.11). siTxis moxmarebis naxtomiseburad 
gazrdisas drois t1 momentSi, wylis done avzSi daecema 
da tivtiva daeSveba qveviT, ris Sedegadac moZravi 
eleqtruli kontaqti Seikvreba M kontaqtTan. eleqtro-
Zrava iwyebs brunvas da droseluri safari ixsneba. 
siTxis modineba gaizrdeba da gautoldeba siTxis mox-
marebas. drois t2 momentSi donis dacema Sewydeba, ma-
gram siTxis done avzSi ar iqneba programuli mni-
Svnelobis Sesabamisi (naklebi iqneba). amitom kon-
taqtebi darCeba Sekruli da Zrava ganagrZobs brunvas 
igive mimarTulebiT. siTxis modineba izrdeba, vidre 
wylis done avzSi ar gautoldeba sawyis programul 
mniSvnelobas. drois t3 momentSi moZravi kontaqti (2) 
ikavebs neitralur mdebareobas, kontaqtebi ganirTveba 
da eleqtroZravi gaCerdeba. magram regulirebis pro-

cesi grZeldeba tΔ  drois ganmavlobaSi, rac gapirobe-
bulia eleqtroZravisa da reduqtoris inerciiT. es ga-
moiwvevs droseluri safaris damatebiT gaxsnas da 
wylis donis awevas. wylis done avzSi gautoldeba 
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programuls tn drois Semdeg. astatikuri regulirebis 
maxasiaTebeli (nax.8.12) gviCvenebs, rom saregulirebeli 
parametris sidide (siTxis done avzSi) ar aris da-
mokidebuli datvirTvisagan (siTxis moxmarebisagan). 

 
 

astatikuri regulirebis dadebiTi Tvisebaa saregu-
lirebeli parametris programuli mniSvnelobis Senar-
Cunebis unari (astatikuri regulirebis statizmi Te-
oriulad nulis tolia), xolo uaryofiTi – didi in-
erciuloba gardamaval reJimSi. 

 
 
 

$5. izodromuli regulireba 

izodromuli regulireba (proporciul-integraluri 
regulireba, anu ПИ-regulireba) xasiaTdeba statikuri 
da astatikuri regulirebisaTvis damaxasiaTebeli 
TvisebebiT. maregulirebeli organos gadaadgileba da-
mokidebulia saregulirebeli parametris gadaxris 

nax.8.11. saregulirebeli 
parametris cvlilebis 
grafiki astatikuri regu-
lirebis dros 

nax.8.12. astatikuri re-
gulirebis maxasiaTebeli 



sidideze da siCqareze (gadaxris sididis integralze 
drois mixedviT). 

analizurad es kavSiri SeiZleba warmovadginoT 
gantolebis saxiT: 
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PK
dt

K
dt
ds

21 +=

021 SpdtKPKS ++=

dp
.       (8.8) 

maregulirebeli organos gadaadgileba ganisazRvreba 
gamosaxulebiT 

∫ .      (8.9) 

izodromuli regulireba xorcieldeba Semdegnairad. 
maregulirebeli organo Tavdapirvelad gadaadgildeba 
saregulirebeli parametris programuli 
mniSvnelobidan gadaxris sididisagan damokidebulebiT 
(statikuri regulireba), xolo Semdeg asrulebs 
damatebiT gadaadgilebas statikuri cdomilebis 
acilebisaTvis (astatikuri regulireba). 

izodromuli regulireba iZleva gacilebiT ukeTes 
Sedegebs, vidre statikuri da astatikuri. procesi 
mimdinareobs swrafad, umniSvnelo rxevebiT da 
saregulirebeli parametri gardamavali procesis 
damTavrebisas Rebulobs programul mniSvnelobas. 

$6. saregulirebeli obieqtebis ZiriTadi 
Tvisebebi 

 

saregulirebeli obieqtebis ZiriTad Tvisebebs 
miekuTvneba: 1) obieqtis tevadoba; 2) TviTgaTanabreba; 3) 
gaqanebis dro da obieqtis gaqanebis siCqare; 4) 
dagvianeba. 

obieqtis tevadoba. saregulirebeli obieqtis 
tevadoba anu saakumulacio unari ewodeba regulirebis     
obieqtSi dagrovili energiis an nivTierebis marags 
(siTxis done, airis wneva, siTbos raodenoba, garemos 
tenianoba, xsnarebis koncentracia da sxv.). zogadi 
saxiT obieqtis tevadoba ganisazRvreba nivTierebis an 
energiis dagrovebis xarisxiT. tevadobis sidide 
damokidebulia saregulirebeli obieqtis zomebze. 
saregulirebeli obieqtis mcire tevadobis SemTxevaSi 
swrafad icvleba saregulirebeli parametri muSa 



garemos (siTxis done an temperatura) modinebasa da 
moxmarebas Soris balansis darRvevisas. obieqtis didi 
tevadoba amcirebs saregulirebeli parametris Secvlis 
siCqares. aqedan daskvna – didi tevadobis mqone 
obieqtebi gamoirCevian meti mdgradobiT, e.i. maTi 
regulireba gaadvilebulia. magaliTad, ramdenadac 
didia wylis avzis tevadoba, imdenad nela icvleba 
wylis done; ramdenadac didia orTqlis qvabis 
tevadoba, imdenad nela icvleba orTqlis wneva, qvabSi 
orTqlis moxmarebis cvalebadobis dros. 

asxvaveben erTtevadian da mravaltevadian obieqtebs, 
tevadobas modinebisa da moxmarebis mxareze. 
erTtevadiani obieqtis magaliTs warmoadgens WurWeli, 
romelSic warmoebs siTxis donis regulireba. ori 
WurWeli SeerTebuli mokle miliT, rodesac modineba 
warmoebs erT WurWelSi, xolo moxmareba meore 
WurWlidan, warmoadgens ortevadian obieqts. milis 
mokle ubani, romelSic xdeba xarjis an wnevis 
regulireba, SeiZleba ganvixiloT, rogorc utevado 
obiaeqti. modinebis mxareze tevadobis magaliTs 
warmoadgens TbotenianobiTi damuSavebis reJimis 
kamerebSi siTbos raodenoba, romelsac Seicavs 
kameraSi Sesuli orTqli, xolo tevadoba moxmarebis 
mxareze ganisazRvreba siTbos raodenobiT, romelsac 
Seicavs gasaorTqli rkinabetonis nakeToba gaxurebis 
Semdeg. 

obieqtis tevadoba xasiaTdeba tevadobis 
koeficientiT. tevadobis koeficienti ewodeba energiis 
an nivTierebis im raodenobas, romelic saWiroa 
miyvanili iqnas obieqtSi an arinebuli iqnes misgan, 
raTa saregulirebeli sidide Seicvalos zomis 
erTeuliT. magaliTad, obieqtSi temperaturis 
regulirebis dros, tevadobis koeficienti 
ganisazRvreba siTbos im raodenobiT kaloriebSi, 
romelic saWiroa obieqtSi temperaturis Sesacvlelad 
10C-iT; avzSi siTxis donis regulirebisas – siTxis 
raodenobiT (m3-Si), romelic aucilebelia avzSi donis 
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Sesacvlelad 1 m-iT. umetes SemTxvevebSi tevadobis 
koeficienti cvladi sididea. 

zogadi saxiT tevadobis koeficienti SeiZleba ga-
moiTvalos formuliT  
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R
CKe = ,       (8.10) 

sadac C aris obieqtis tevadoba; 
R – saregulirebeli sidide. 
tevadobis koeficientis Sebrunebul sidides ewodeba 

obieqtis mgrZnobiaroba SemaSfoTebeli zemoqmedebisadmi. 
regulirebis procesis TviTgaTanabreba. regulirebis 

procesis gaTanabreba gulisxmobs operatoris an 
regulatoris moqmedebis Sedegad modinebasa da mox-
marebas Soris balansis damyarebas.  

regulirebis procesis TviTgaTanabreba ewodeba 
saregulirebeli obieqtis Tvisebas, modinebasa da mox-
marebas Soris wonasworobis darRvevis Semdeg, damou-
kideblad daubrundes wonasworobis mdgomareobas op-
eratoris an regulatoris monawileobis gareSe. 

ganvixiloT magaliTi. vTqvaT siTxe iwnexeba tumboTi 
(1) avzSi (2) (nax.8.13). avzidan siTxe amoitumbeba tumboTi 
(4) milis (5) saSualebiT. modinebasa (Q1) da moxmarebas 
(Q2) Soris wonasworobis darRvevisas siTxis done 
avzSi maqsimalurad aiwevs an daiwevs. am SemTxvevaSi 
process ar gaaCnia TviTgaTanabrebis Tviseba. 



nax.8.13. astatikuri obi-
eqtis sqema da datvirTvis 
cvlilebis grafiki 

 
 

nax.8.14-is SemTxvevaSi avzSi siTxe miewodeba tumboTi, 
xolo moxmareba xorcieldeba Tavisuflad, avzis 
fskerTan mierTebuli milis (5) saSualebiT. modinebasa 
da moxmarebas Soris wonasworobis darRvevis 
SemTxvevaSi siTxis done avzSi Seicvleba. Tu Q1>Q2 done 
aiwevs. hidrostatikuri wnevis gazrdis gamo gaizrdeba 
moxmareba (Q2) da garkveuli drois Semdeg damyardeba 
wonasworoba (Q1=Q2). amasTan siTxis donis zrdas 
adgili  aRar eqneba. modinebis Semcirebis SemTxvevaSi 
siTxis done daiwevs, Semcirdeba hidrostatikuri wneva 
da kvlav aRsdgeba wonasworoba avzSi siTxis donis 
axali (naklebi) mniSvnelobis dros. 

nax.8.14. statikuri 
obieqtis sqema da 
datvirTvis cvli-
lebis grafiki 

 
 301 



 

Tu siTxe avzSi (2) moedineba rezervuaridan (1) (nax. 
8.15), romelSiac siTxis done praqtikulad ucvlelia, 
xolo avzidan amoitumbeba tumboTi (4), maSin Q1 da Q2 
Soris wonasworobis darRvevis SemTxvevaSi siTxis 
done (H) Seicvleba, ris gamoc Seicvleba siTxis doneTa 
sxvaoba (h) rezervuarsa da avzs Soris. Tu moxmareba – 
Q2 gaizrdeba, h-ic gaizrdeba da Sesabamisad moimatebs 
modinebac (Q1). ramdenime xnis Semdeg damyardeba 
wonasworobis axali mdgomareoba. modinebis (Q1) 
Semcireba gamoiwvevs h-is Semcirebas; Sesabamisad 
Semcirdeba moxmareba (Q2) da wonasworoba aRdgeba, 
donis Semdgomi mateba Sewydeba. ganxilul magaliTSi 
regulirebis process gaaCnia TviTgaTanabrebis Tviseba. 
nax.8.14-is SemTxvevaSi TviTgaTanabrebas  adgili aqvs 
moxmarebis mxareze, xolo nax. 8.15-is SemTxvevaSi ki 
modinebis mxareze. 

nax.8.15. saregulirebo 
obieqtis sqema TviT-
gaTanabrebiT modinebis 
mxareze da datvirTvis 
cvlilebis grafiki 

 
 

TviTgaTanabreba SeiZleba iyos dadebiTi da 
uaryofiTi. obieqtebi dadebiTi TviTgaTanabrebis 
TvisebiT xasiaTdebian imiT, rom saregulirebeli 
sididis cvlilebisas darRveuli wonasworoba 
aRsdgeba operatorisa da regulatoris monawileobis 
gareSe (mdgradi obieqtebi). 
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obieqtebi, romlebic TviTgaTanabrebiT xasiaTdebian 
da darRveuli wonasworoba miiswrafvis 
TviTmatebisaken, aramdgradi ewodebaT. 

obieqtis TviTgaTanabrebis unari xasiaTdeba 
TviTgaTanabrebis xarisxiT an koeficientiT: 
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dx
dq

dx
qqd

=
−

=
)( 21ν ,      (8.11) 

sadac q1 aris siTbos, siTxis, airis da a.S. fardobiTi 
modineba obieqtSi; 

q2 – siTbos, siTxis, airis da a.S. fardobiTi 
moxmareba obieqtidan; 

q – drois mocemul momentSi obieqtSi modinebisa da 
moxmarebis fardobiTi sxvaoba; 

x – obieqtSi saregulirebeli sididis fardobiTi 
gadaxra. 

TviTgaTanabreba ganapirobebs saregulirebeli 
obieqtis mdgradobas da aadvilebs regulirebis proc-
ess (regulatoris muSaobas). rac metia TviTgaTanabre-
bis xarisxi (ν ), imdenad mdgradia regulirebis procesi 
(swrafad aRsdgeba xanmokle SemaSfoTebeli zemo-
qmedebiT darRveuli wonasworoba). 

amrigad, avtomaturi regulirebis obieqtebi iyofian: 
mdgrad (xasiaTdebian TviTgaTanabrebis TvisebiT), e.w. 
statikur obieqtebad; neitralur (TviTgaTanabrebis 
Tviseba ar gaaCniaT), e.w. astatikur obieqtebad da 
aramdgrad (xasiaTdebian uaryofiTi TviTgaTanabrebis 
TvisebiT) obieqtebad. 

gaqanebis dro da obieqtis gaqanebis siCqare. dro, 
romlis ganmavlobaSic saregulirebeli parametri 
Seicvleba sawyisi mniSvnelobidan (h0) axal mniSvnelo-
bamde (H1), iwodeba regulirebis obieqtis drois mud-
mivad (Ta).  igi axasiaTebs obieqtis inerciulobas da da-
mokidebulia obieqtis tevadobis koeficientze. 

erTtevadiani obieqtis SemTxvevaSi dro (Ta) (nax.8.15) 
ganisazRvreba gaqanebis mrudze aRebul nebismier A 
wertilSi gavlebuli mxebis gadakveTiT saregulire-



beli parametris - H damyarebuli mniSvnelobis Sesa-
bamis xazTan  B wertilSi. 

gaqanebis dro (Tgaq) ewodeba periods, romlis ganmav-
lobaSic saregulirebeli parametri icvleba nulidan 
Tavis maqsimalur mniSvnelobamde myisieri SemaSfoTe-
beli zemoqmedebis Sedegad. miiReba, rom cvlilebis 
siCqare rCeba mudmivi da datvirTva ar arsebobs. 

regulirebis obieqtis drois mudmiva - Ta gansaz-
Rvravs obieqtis gaqanebis dros, rodesac TviTgaTa-
nabrebas adgili ara aqvs. 

ganxilul magaliTSi gaqanebis dro warmoadgens 
dros, romlis ganmavlobaSic avzis tevadoba aRwevs 
minimums an maqsimums modinebasa da moxmarebas Soris 
maqsimaluri sxvaobis arsebobisas. 
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ganxiluli magaliTisaTvis  
max

max

Q
FH

=gaqT ,   (8.12) 

sadac Hmax aris siTxis donis SesaZlo udidesi 
mniSvneloba; 

F – avzis ganivkveTis farTi; 
Qmax – modineba an moxmareba obieqtSi wonasworobis 

maqsimalurad darRvevis dros. 
gaqanebis drois Sebrunebul sidides ewodeba gaqane-

bis siCqare an obieqtis mgrZnobiaroba SemaSfoTebeli 
zemoqmedebisadmi 

gaqT
1

=ε .       (8.13) 

gaqanebis siCqare warmoadgens saregulirebeli pa-
rametris Secvlis siCqares maqsimaluri SemaSfoTebeli 
zemoqmedebisas. 

TviTgaTanabrebis dro miaxloebiT SeiZleba gansaz-
Rvruli iqnes formuliT 

ν
gaqT

t
3

= ,        (8.14) 

sadac ν  obieqtis TviTgaTanabrebis koeficientia. 
dagvianeba. saregulirebeli sididis Secvla xor-

cieldeba SemaSfoTebeli zemoqmedebis warmoqmnis mo-



mentidan garkveuli drois Semdeg, romelsac reguli-
rebis procesis dagvianebis dro ewodeba. 

ortevadian da mravaltevadian obieqtebs gaaCniaT 
gadamcemi da gardamavali dagvianebebi, xolo erTte-
vadian obieqtebs mxolod gadamcemi dagvianeba. 

gadamcemi (satransporto, distanciuri an sufTa) dag-
vianeba aris dro, romlis ganmavlobaSic saregulire-
beli sidide SemaSfoTebeli zemoqmedebis miuxedavad 
ar icvleba. gadamcemi dagvianeba damokidebulia 
obieqtis datvirTvaze. rac metia datvirTva, imdenad 
naklebia gadamcemi dagvianeba, vinaidan mgrZnobiare 
elementi (gadamwodi) SemaSfoTebel zemoqmedebaze 
reagirebas moaxdens adre. gadamcemi dagvianeba da-
mokidebulia, agreTve, obieqtis tevadobaze. rac metia 
tevadoba, imdenad metia gadamcemi dagvianebis dro. 
didi gadamcemi dagvianeba arTulebs regulirebis 
process. 

gardamavali (tevaduri) dagvianeba aris dro, ro-
melic damokidebulia obieqtis tevadobebs Soris 
Tburi, hidravlikuri da sxva winaaRmdegobebisagan, e.i. 
gardamavali dagvianeba praqtikulad xasiaTdeba im 
droiT, romelic saWiroa tevadobebs Soris winaaRmde-
gobebis dasaZlevad. gardamavali dagvianeba uaryofi-
Tad moqmedebs regulirebis xarisxze. 

gadamcemi da gardamavali dagvianebebis jami iwodeba 
mTliani dagvianebis drod: 

21 τττ += .       (8.15) 

rac metia mTliani dagvianebis dro, imdenad Zneli 
saregulirebelia procesi. 

dagvianebis TvisebiT xasiaTdeba ara marto sareguli-
rebeli obieqti, aramed TviTon regulatoric. regula-
toris dagvianeba miekuTvneba gardamaval dagvianebas. 

didi dagvianebiT xasiaTdeba obieqtebi, romlebSic 
warmoebs temperaturis regulireba, xolo mcire dag-
vianebebiT _ obieqtebi, sadac xorcieldeba siTxis mox-
marebis regulireba. 

�������������������������������������������������������
����  
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nfdysf!Ubwj!!

avtomaturi regulirebis Teoriis 
elementebi 

 

$1. avtomaturi regulirebis sistemebis (CAP) 
funqcionaluri sqemebi. sistemebis rgo-
lebis cneba 

 

avtomaturi sistema SesaZloa warmodgenili iqnas 
samgvarad: sistemis fizikuri, anu konstruqciuli, fun-
qcionaluri da struqturuli sqemis saxiT. sqema Sed-
geba calkeuli elementebisagan. avtomaturi mowyobi-
lobis elementi ewodeba mis Semadgenel nawils, ro-
melic asrulebs damoukidebel funqcias. konstruqci-
uli sqemis mixedviT dgeba funqcionaluri sqema, xolo 
am ukanasknelis safuZvelze avtomaturi mowyobilobis 
struqturuli sqema. 

avtomatikis ZiriTad elementebs, romlebic gamoi-
yeneba avtomaturi regulirebis sistemebSi, warmoadge-
nen: gamzomi elementi, mmarTveli (damkvirvebeli) ele-
menti, Semdarebeli elementi, gamaZlierebeli elementi, 
Semsrulebeli (aRmasrulebeli) elementi. 9.1 naxazze 
naCvenebia avtomaturi mowyobilobis elementis piro-
biTi gamosaxva. Semavali da gamomavali sidideebi (sig-
nalebi) naCvenebia isrebiT. naxazze 9.1b mocemulia ele-
mentis pirobiTi gamosaxva, romelsac aqvs ori Semavali 

x, z da erTi gamomavali y sidide. 
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 a) b) 

y x y  x 
 
 
 z
 
 
nax.9.1. avtomaturi mowyobilobebis elementebis gamosaxva: 

a) erTi Semavali da erTi gamomavali signaliT; b) ori Se-
mavali da erTi gamomavali signaliT 



9.2 naxazze warmodgenilia obieqtSi gazis wnevis 
regulatoris konstruqciuli (principialuri) sqema. 
sqemaze 1 aris obieqti; 2 – membranuli mgrZnobiare 
elementi; 3 – Wavluri milaki, gamaZlierebeli; 4 – 
Semsrulebeli (aRmasrvlebeli) mowyobiloba, Zaluri 
cilindri; 5 – maregulirebeli sarqveli. 

sqema muSaobs Semdegnairad, Tu datvirTvis gazrdis 
Sedegad obieqtSi (1) gazis wneva daecema, wnevis Semci-
reba gadaecema mgrZnobiare elementis – gardamsaxis (2) 
marcxena RruSi. membranis wonasworoba dairRveva, igi 
gadmoiweva marcxniv da erTdroulad gadaaadgilebs 
marcxniv Wavlur milaks (3). amasTan, servoZravis qveda 
RruSi wneva gaizrdeba, dguSi aiwevs zeviT da 
maregulirebeli sarqveli gaiReba. obieqtSi (1) miwode-
buli gazis raodenoba gaizrdeba da masSi wneva 
aRdgeba. datvirTvis Semcirebis SemTxvevaSi procesi 
warimarTeba uku mimarTulebiT. 

 

 
 
nax.9.2. obieqtSi gazis wnevis regulatoris konstru-

qciuli sqema 
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9.3 naxazze agebulia funqcionaluri sqema, 9.2 na-
xazze mocemuli konstruqciuli (principialuri) sqemis 
mixedviT. igi sqematurad gamosaxavs avtomatur mowyo-
bilobas, gamoxatavs elementebis Semadgenlobas da maT 
daniSnulebas, agreTve, elementebs Soris urTierT-
qmedebas. amdenad, funqcionalur sqemas xSirad elemen-
tur sqemasac uwodeben. 9.3 naxazze: O aris obieqti; D – 
gardamsaxi – mgrZnobiare elementi-membrana; УЭ – 
maZlierebeli elementi (Wavluri milaki); ИЭ – aRmas-
rulebeli elementi – Zaluri hidravlikuri cilindri; 
РЭ – maregulirebeli elementi-sarqveli. 
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РЭ DО 

 
 

ИЭ УЭ
 
 
nax.9.3. arapirdapiri qmedebis regulatoris funqcio-

naluri sqema 
 

9.4 naxazze mocemulia uwyveti qmedebis avtomaturi 
woniTi dozatoris konstruqciuli (principialuri) 
sqema. naxazze aRniSnulia: 1 – bunkeri masalisaTvis, 2 – 
vibroRari, 3 – woniTi transporteri, 4 – sakrebi 
transporteris lenta, 5 – mxreuli, 6 – mawonaswore-
beli tvirTi, 7 – sawevi, 8 – induqciuri gardamsaxi, 9 – 
avtomatikis xelsawyoebis bloki, 10 – gammarTvelebi, 11 
– eleqtromagnituri vibratori.  

sqema muSaobs Semdegnairad: masala (1) bunkeridan 
miewodeba (2) vibroRarSi, romelic imyofeba vibraciis 
zemoqmedebis qveS. Rari Tanabrad gamoyris masalas (3) 
woniT transportiorze, romelic regulirebulia (6) 
tvirTiT gansazRvrul mwarmoeblurobaze. woniTi 
transportioridan masala uwyveti nakadiT miewodeba (4) 
sakreb transportioris lentze da miemarTeba Semrevi 
manqanis dolSi. dozirebis sizuste uzrunvelyofilia 
woniTi meqanizmis mxreulis mdgomareobasa da (11) 
eleqtromagnituri vibratoris koWebze Zabvas Soris 



kavSiriT, romelic regulirdeba sistemaSi CarTuli (8) 
induqciuri gardamsaxiT. Tu masalis wona, romelic 
imyofeba mocemul momentSi woniT transportiorze, aR-
moCndeba mocemulze meti, maSin berketebis sistema amo-
qmeddeba da (5) mxreulis bolo, romelzedac damagre-
bulia (6) tvirTi, aiweva zeviT da Tan waitacebs (7) 
sawevs, romelic dakavSirebulia (8) induqciuri gar-
damsaxis gularTan. gardamsaxi miawodebs impulss (9) 
avtomatikis xelsawyoebis blokis maZliereblebiT da 
Zabva eleqtromagnituri vibratoris koWebze Sem-
cirdeba. Zabvis Semcireba iwvevs (2) vibroRaris rxeve-
bis amplitudis Semcirebas, ris Sedegadac masala 
woniT transportiorze miewodeba naklebi intensivobiT 

 
nax.9.4. uwyveti qmedebis avtomaturi woniTi dozatoris sqema 
 

da (5) mxreuli kvlav daikavebs horizontalur mdgomareo-
bas. masalis wonis Semcirebisas woniT transportiorze 
avtomatikis sistemis moqmedeba gamoiwvevs vibratoris 
koWebze Zabvis gazrdas, da masalis nakadi gaizrdeba. 
amgvarad, (8) gardamsaxi vibratoris koWebze Zabvis cvli-
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lebiT inarCunebs mudmiv wonasworobas woniT transpor-
tiorsa da (6) tvirTs Soris, riTac uzrunvelyofilia ma-
salis uwyveti nakadis woniTi stabiluroba. 

9.5 naxazze warmodgenilia uwyveti qmedebis av-
tomaturi woniTi dozatoris funqcionaluri sqema, ro-
melic Seesabameba 9.4 naxazze naCveneb konstruqciul 
(principialur) sqemas. sqemaze O-Ti aRniSnulia marTvis 
obieqti – mkvebavi, romelic masalas awodebs kon-
veieris lentze da sakuTriv avtomaturi regulatori, 
romelic Sedgeba lenturi konveierisagan. igi as-
rulebs marTvis sistemis mgrZnobiare elementis rols; 
maZlierebel-gardamqmnelisagan (woniTi meqanizmi da 
induqciuri gardamsaxi D), romelic konveieris lentze 
masalis masis cvlilebas gardaqmnis eleqtrul sig-
nalad; Semsrulebeli elementisagan ИЭ, romelic aya-
libebs marTvis kanons da maregulirebeli elementis 
РЭ saSualebiT moqmedebs mkvebavis mier masalis xarjze. 

 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

nax.9.5. avtomaturi woniTi dozatoris funqcionaluri sqema 

woniTi sazomi sis-
temis mgrZnobiare 

elementi induqciuri 
gardamsaxiT 

У D

sakontrolo 
sazomi xel-

sawyo

УП

vibromkvebavi 

Rari 

vibratori 

eleqtronuli 
gamaZlierebeli 

sawoni 

ИЭ 

О

РЭ 

ЗЭ 

avtomaturi 
regulatori 



funqcionaluri (elementuri) sqemis safuZvelze 
aigeba avtomaturi mowyobilobis struqturuli sqema, 
romelic gamosaxavs avtomaturi mowyobilobis dinami-
kur Tvisebebs da gankuTvnilia am Tvisebebis gamo-
sakvlevad (struqturuli sqemis ageba gadmocemuli 
iqneba $6-Si). 

avtomaturi mowyobilobis struqturuli sqemis 
umartives Semadgenel nawils, romelic gamoxatavs mis 
dinamikur Tvisebebs, ewodeba struqturuli sqemis 
rgoli. regulirebis struqturuli sqemis TiToeuli 
rgoli ganicdis Tavis Tavze, sqemis sxva rgolebis 
mxridan, erT an ramdenime zemoqmedebas an gare agzne-
bebs. Tavis mxriv TiToeuli rgoli, agreTve, axdens 
zemoqmedebas erT an ramdenime rgolze. rgolSi war-
moebs masze moqmedi fizikuri sididis gardaqmna zemo-
qmedebis fizikur sidideT, romliTac mocemuli rgoli 
moqmedebs sxva rgolze. 

fizikur sidides, romelic zemoqmedebs rgolze da 
warmoadgens misi mdgomareobis Secvlis mizezs, 
ewodeba Sesasvleli sidide. fizikur sidides, romelic 
axasiaTebs rgolis mdgomareobis Secvlas da war-
moadgens rgolze zemoqmedebis Sedegs, ewodeba gamo-
sasvleli sidide. 1784 wels jems uatis mier gamogonil 
centridanul regulatoris lilvis brunvis siCqaris 
Secvla (rgolis gamosasvleli sidide) iwvevs quros 
gansazRvrul gadaadgilebas (rgolis gamosasvleli 
sidide) nax. 9.6. 

nax.9.6. centri-
danuli meqanizmi 
 

 311 
 



 

regulirebis sistemis rgolebi xasiaTdebian mo-

qmedebis mimarTulebis TvisebiT, magram ara yoveli 

rgoli. es niSnavs, rom konturis gaswvriv moqmedebis 

gadacema rgolis saSualebiT SeiZleba xorcieldebo-

des yovelTvis erTidaimave mimarTulebiT, e.i. moqmede-

bis mimarTuleba ar SeiZleba Seicvalos sapirispirod, 

an SesaZloa sawinaaRmdego procesic – Semavali sig-

nalis warmoqmna gamomavlis zemoqmedebiT. magaliTad, 

nax. 9.6-ze lilvis brunvis siCqaris Secvla iwvevs 

quros gadaadgilebis Secvlas, magram quros gadaadgi-

leba raime gare ZaliT ar iwvevs lilvis brunvis siC-

qaris Secvlas. 

meore magaliTi – orTqlis qvabi. sawvavis miwode-

bis Secvla sacecxleSi – erTerTi mizezia orTqlis 

wnevis Secvlisa, magram qvabSi orTqlis wnevis Secvla 

ar iwvevs sawvavis miwodebis Semcirebas an gazrdas. 

ormxrivi mimarTulebiT moqmedi rgolis magaliTia 

Sunturi tipis mudmivi denis Zrava, romelSic Semavali 

(Sesasvleli) sididea Ruzis momWerebze miyenebuli 

Zabva, xolo gamomavali (gamosasvleli) sidide – Zravas 

brunvaTa ricxvi. Tu Zravas gareSe energiis xarjze da-

vabrunebT, maSin igi generatorul reJimSi imuSavebs, 

e.i. mis momWerebze Zabva warmoiqmneba. maSasadame, mud-

mivi denis ZravaSi savsebiT SesaZlebelia moqmedebis 

mimarTulebis Secvla. ormxrivi mimarTulebiT moqmed 

rgolSi gamomavali signali gavlenas axdens Semaval 

signalze. ganxilul magaliTSi Zrava brunvis Sedegad 

warmoqmnis sawinaaRmdego eleqtromamoZravebel Zalas, 

romelic Zravaze miyenebuli Zabvis sawinaaRmdegoa. 
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$2. avtomaturi regulirebis rgolebis 

statikuri maxasiaTeblebi 
 

regulirebis procesi Sedgeba ori nawilisagan: 

gardamavali procesisa  (ix. $3) da damyarebuli proce-

sisagan. 

rgolis wonasworobis damyarebuli mdgomareoba 

SeiZleba aRwerili iqnes gantolebiT  

)( Semgam xx f= ,         (9.1) 
sadac 

xSem – rgolis Sesasvleli parametria; 

xgam – rgolis gamosasvleli parametri. 

am gantolebas ewodeba rgolis statikuri maxa-

siaTebeli. statikuri maxasiaTebeli Cveulebriv, ga-

moisaxeba grafikulad. 

avtomaturi regulirebis yvela rgoli maTi stati-

kuri maxasiaTeblebis mixedviT SeiZleba daiyos or 

ZiriTad jgufad: 

1. wrfivi, romelTa statikuri maxasiaTebeli ga-

moixateba swori xaziT (nax.9.7), xolo sidideTa Se-

fardeba gamosasvlelze da Sesasvlelze gamoisaxeba 

wrfivi funqciiT  

kxay += ,         (9.2) 

sadac  

a aris mudmivi sidide, romlis ganzomilebaa xgam; 

k* - mudmiva ganzomilebiT 
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Sem

gam

x
x

                           

. 

wrfivi rgolebi, romelTa statikuri maxasiaTebeli 

gamoisaxeba swori xaziT, iwodeba statikurad.  

 

 
* k-s uwodeben gadacemis anu gardaqmnis koeficients. Tu Semaval 
da gamomaval sidideebs erTnairi ganzomilebebi aqvT, maSin k-s 
uwodeben gaZlierebis koeficients. 
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xSem 
0 

a  

xgam 

 
 
nax.9.7. wrfivi rgolis statikuri maxasiaTebeli 
 

2. arawrfivi, romelTa statikuri maxasiaTebeli ga-
moisaxeba mrudiT an texili xaziT (nax.9.8a). arawrfivi 
damokidebuleba gamoisaxeba Cveulebriv mxolod grafi-
kulad. 

sistemebis analizi, romlebic Seicaven arawrfiv ele-
mentebs, warmoadgens rTul amocanas, amitom miiswrafvian 
arawrfivi maxasiaTebeli Secvalon miaxloebiTi xaziT, 
gamomdinare iqidan, rom bevr SemTxvevaSi elementi muSa-
obs Sesasvleli signalis mcire cvlilebebis dros, misi 

saSualo mniSvnelobis xSem0 mimarT. am SemTxvevaSi miax-

loebiTi wrfivi damokidebuleba ganisazRvreba (xSem) mru-
dis mimarT mxebiT*, gatarebuli xSem0 wertilSi (nax.9.8b). 

arawrfivi maxasiaTeblis Secvla wrfiviT (а-б ubanze) 
iwodeba gawrfivebad. igi SesaZlebelia im SemTxvevebSi, 
rodesac arawrfiv maxasiaTebels ar gaaCnia Tavisebure-

bebi (wyvetebi, naxtomebi). magaliTad, xgam(xSem) maxasiaTeb-
lis gawrfiveba b wertilis midamoebSi ar SeiZleba. 
gawrfivebis Secdoma miT ufro naklebia, rac Sesasvleli 

sididis xSem gadaxra naklebia xSem0-gan, romlis drosac 
Sesrulda gawrfiveba. SevniSnavT, rom gawrfiveba SeiZleba 
ganxorcieldes analizurad an grafikulad. igi erTerTi 
yvelaze efeqturi meTodia modelis gamartivebisa. 

                            
* SeiZleba agreTve gatarebul iqnas ara mxebi, aramed mkveTi. 



 
nax.9.8. arawrfivi rgolis statikuri maxasiaTebeli 
 

analizurad gawrfivebis mizniT arawrfivi difer-
encialuri gantoleba unda warmovadginoT teiloris 
mwkrivis saxiT 
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da mwkrivis meore da ufro meti rigis wevrebi ugule-
belvyoT. miRebuli gantoleba wrfivi iqneba. aseTi we-
siT gawrfiveba dasaSvebia funqciis garkveul zRvrebSi, 
ris dadgenac SesaZlebelia rusi maTematikosis a.m. li-
apunovis mier SemuSavebuli debulebebiT, romelTa Ses-
axeb aRniSnulia meaTe Tavis meTerTmete paragrafSi – 
avtomaturi regulirebis wrfivi sistemebis mdgradobis 
gamokvleva. aq mxolod SevniSnavT, rom avtomaturi 
sistemis gantoleba wrfivia im SemTxvevaSi, Tu wrfivia 
masSi Semavali tipobrivi rgolebis statikis gantole-
bani; amitom, sistemis gantolebis gasawrfiveblad saWi-
roa gavawrfivoT TiToeuli rgolis statikis gan-
toleba. 

yvelaze damaxasiaTebel arawrfiv rgolebs war-
moadgenen releuri rgolebi (eleqtromagnituri rele), 
romelTa gamosasvleli sidide icvleba naxtomisebu-
rad, Sesasvleli sididis uwyvetad cvlilebisas 
(nax.9.9). releuri rgolebi iyofian rgolebad _ aram-
grZnobiarobis zonis gareSe (orpoziciuri) da aram-
grZnobiarobis zoniT (sampoziciuri). releuri rgolis 
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aramgrZnobiarobis zonis gareSe gamomaval sidides 

gaaCnia mxolod ori mniSvneloba xgam1 da xgam2, xolo 
releuri rgolis aramgrZnobiarobis zoniT gamomaval 

sidides ki sami mniSvneloba xgam1, xgam2 da 0. 
 

 
 
 
 
 
 
 
 
nax.9.9. releuri elementebis statikuri maxasiaTeblebi: 

a) aramgrZnobiarobis zonis gareSe; b) aramgrZnobiarobis zo-
niT 

arawrfivi rgolis magaliTis saxiT ganvixiloT 
mudmivi denis generatoris (damoukidebeli agznebiT) 
statistikuri maxasiaTebeli (nax.9.10). am sqemaSi 
Sesasvlel sidides warmoadgens agznebis deni i, ro-
melic miedineba OB eleqtromagnitebis gragnilSi, e.i. 

xSem=i. gamosasvlel sidides generatorSi warmoadgens 

Ruzis Я momWerebze Zabva U, e.i. xgam=U. 

 

a) xgam 

xgam xgam.1 

xgam xgam.2 

xSem xSem.2 

b) 

xSem 
xSem.1 

xgam 

xgam 

xgam 

nax.9.10 mudmivi denis gene-
ratoris sqema damoukidebeli 
agznebiT 



Tu SevcvliT reostatis wonaRobas (R) agznebis 
gragnilis wredSi, Seicvleba agznebis deni (i), ro-
melic Seqmnis sxvadasxva magnitur nakads. vinaidan gen-
eratoris Ruza brunavs mudmivi siCqariT, magnituri na-
kadis Secvla gamoiwvevs RuzaSi induqcirebuli e.m.Z-is 
Sesabamis Secvlas da, agreTve, misi proporciuli Zab-
vis (U) Secvlas. amgvarad, agznebis denis (i) TiToeul 
mniSvnelobas damyarebul mdgomareobaSi Seesabameba 
generatoris momWerebze Zabvis gansazRvruli mniSvne-
loba. aRniSnuli maxasiaTebeli grafikulad war-
modgenilia 9.8 naxazze. aseTi tipis statikuri maxa-
siaTebeli warmoadgens arawrfivi rgolis maxasiaTe-
bels. 

wrfivi rgolis magaliTs warmoadgens zambara. 
rogorc cnobilia, Zalvebis gantolebas, romlebic vi-
Tardeba zambaris mier areSi, romlisTvisac samar-
Tliania hukis kanoni, aqvs saxe: 

)( 0 yycf −=zamb ,         (9.3) 

sadac  
fzamb aris Zalvis sidide; 
y0 - zambaris sigrZe dauZabav mdgomareobaSi; 
y – deformirebuli zambaris sigrZe; 
c - mudmivi sidide. 
(9.3) gantoleba SeiZleba warmovadginoT sxva saxiT: 
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zambzambzamb f
c

yyfcycycycyf 1;; 000 −=−=−= .       (9.4) 

Tu SevadarebT 9.2 da 9.4 formulebs, davadgenT, 

rom y=xgam (gamosasvleli sidide); fzamb=xSem (Sesasvleli 

sidide); y0=a; 
c

k 1
−= . statikuri maxasiaTebeli war-

modgenilia 9.7 naxazze. 
regulirebis rTul obieqtebSi statikuri da di-

namikuri Tvisebebis Seswavla xdeba eqsperimentulad 
gadaRebuli maxasiaTeblebis mixedviT. 

statikuri maxasiaTeblebis eqsperimentalurad gan-
sazRvris dros regulirebis gamosakvlevi sistema 
ganixileba rig damyarebul mdgomareobaSi Sesasvleli 
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sididis sxvadasxva mniSvnelobis dros. grafikze wer-
tilebis saxiT gamoisaxeba gamosasvleli sididis mni-
Svnelobebi Sesasvlelis funqciaSi, romlebic izomeba 
am reJimebSi. amgvarad, agebuli wertilebis SemaerTe-
beli xazi iqneba statikuri maxasiaTebeli. 

 
 

$3. avtomaturi regulirebis rgolebis gar-
damavali maxasiaTeblebi 

 

rgolis gardamavali maxasiaTebeli warmoadgens 
maxasiaTebels, romelic ganisazRvreba daumyarebel-
gardamaval reJimSi. 

gardamavali procesebi SeiZleba warmoiSvas: 
a) avtomaturi regulirebis sistemis CarTvis dros; 
b) sistemis kvlavawyobisas saregulirebeli sidi-

dis axal mniSvnelobaze; 
g) naxtomis saxis SemaSfoTebeli zemoqmedebisas 

(magaliTad, obieqtis datvirTvis naxtomiseburi cvli-
leba), 

d) impulsis saxis SemaSfoTebeli zemoqmedebisas 
(dartymiTi biZgis tipis zemoqmedebisas), 

e) nebismieri saxis SemaSfoTebeli an amgznebi 
zemoqmedebis warmoqmnisas. 

rgolis gardamavali maxasiaTebeli ewodeba 
rgolis gamosasvleli sididis cvlilebis 
damokidebulebas droisagan daumyarebel reJimSi, 
romelic aRiZvreba Sesasvleli sididis moqmedebis 
Sedegad. 

gamosasvleli sididis cvlileba damokidebulia 
ara mxolod rgolis Tvisebebze, aramed Sesasvleli 
sididis saxesa da zemoqmedebis sidideze. praqtikaSi 
xSirad gvxvdeba Semdegi saxis tipuri Sesasvleli 
zemoqmedebebi: erTeuli naxtomi (nax.9.11a) da 
safexurisebrivi (nax.9.11b), (nasxleti an datvirTvis 
modeba, Zabvis CarTva an moxsna da sxv.), erTeuli 
impulsi (nax.9.11g), damxmare funqcia (nax.9.11d), xazovani 
zemoqmedeba (nax.9.11e), sinusoidis tipis perioduli 
zemoqmedeba (nax.9.11v). 



 
nax.9.11. tipuri zemoqmedebebi: a) erTeuli naxtomi; b) sa-

fexurisebri naxtomi; g) erTeuli impulsi; d) damxmare fun-
qcia; e) xazovani zemoqmedeba; v) sinusoidaluri zemoqmedeba. 

h – erTeuli impulsis amplituda; 
t

A
H

Δ
=

t

 - impulsuri zemo-

qmedebis usasrulod didi amplituda; Δ - usasrulod mcire 
xangrZlivoba; A - amplituda; ω - wriuli sixSire 

 

rgolis dinamikuri Tvisebebis gamosavlenad ar 
aris aucilebeli misi reaqciis saxis gansazRvra 
SesaZlo Sesasvleli zemoqmedebebis mTels erToblio-
baze. rgolis fizikuri Taviseburebebi, romlebic gan-
sazRvraven misi dinamikuri procesebis xasiaTs, rCeba 
ucvleli da aris damokidebuli zemoqmedebis tipze, 
Tumca isini sxvadasxvagvarad aisaxeba reaqciis xa-
siaTSi. amitom, rgolis Tvisebebis gansasazRvravad misi 
gamosasvleli sididis cvlileba ganixileba Sesa-
svleli sididis sruliad gansazRvruli cvlilebis 
dros. aseT Sesasvlel sidided xSirad gamoiyeneba 
erTjeradi safexurisebri zemoqmedeba. 
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safexurisebri zemoqmedebis dros Sesasvleli 
sidide naxtomiseburad, myisierad icvlis Tavis mni-
Svnelobas da SemdgomSi mas inarCunebs mudmivad. gamo-
sasvlelis sididis Secvlas droSi gamowveuls 
Sesasvleli sididis safexurisebri cvlilebiT (daum-
yarebeli reJimis dros), ewodeba gaqanebis mrudi an 
droiTi maxasiaTebeli. zogjer mas obieqtis dinamikur 
maxasiaTebelsac uwodeben. gaqanebis mrudi iZleva 
naTel warmodgenas obieqtSi gardamavali procesebis 
mimdinareobis xasiaTis Sesaxeb. 

magaliTis saxiT ganvixiloT gaqanebis mrudis war-
moqmna martiv saregulirebel obieqtSi – WurWelSi, 
romelSic milsadeniT miewodeba wyali (nax.9.12). meore 
miliT wyali gamoedineba WurWlidan. vivaraudoT, rom 
mocemuli modinebisa (Qn) da xarjis (Qp) mniSvnelobis 
dros wylis done (h) rCeba ucvleli. obieqtis mdgo-
mareoba warmoadgens damyarebuls. SevqmnaT Sesasvleli 
sididis (Qn) safexurisebri cvlileba. amisaTvis 
maregulebeli organo (PO) movatrialoT da gavzardoT 
nakadi Qn; wonasworoba modinebasa da xarjs Soris 
dairRveva da damyardeba daumyarebeli procesi, ro-
melic warimarTeba Semdegnairad. modinebis gazrda ga-
moiwvevs wylis donis matebas, rac Tavis mxriv gazrdis 
wylis svetis wnevas. es ukanaskneli gamoiwvevs Wur-
Wlidan misi xarjis gazrdas. amasTan dakavSirebiT 
Seusabamoba modinebasa da xarjs Soris daiwyebs Sem-
cirebas da wylis donis matebis siCqare Semcirebas. 
rodesac wylis xarji Qp gautoldeba mis modinebas Qn, 
donis matebis zrda Sewydeba. gardamavali procesi 
damTavrdeba da aRsdgeba damyarebuli mdgomareoba, e.i. 
axali wonasworobis mdgomareoba. Tu SevadarebT erT-
maneTs wonasworobis mdgomareobas SeSfoTebamde da 
gardamavali procesis Semdeg, davinaxavT, rom axali 
wonasworoba damyarda modinebisa da xarjis gazrdili 
mniSvnelobebis dros da saregulirebeli h sididis 
gazrdili mniSvnelobisas. rogorc adre iyo aR-
niSnuli, regulirebis am process ewodeba TviTgaTa-
nabreba (ix. Tavi 8). 



nax.9.12. obieqti 
regulirebadi 
doniT 

 
 

naxazze 9.13a naCvenebia SemaSfoTebeli Sesasvleli 

zemoqmedeba – modinebis gazrda nQΔ , es aris safex-

urisebri zemoqmedeba. sistemis gamosasvlels war-
moadgens saregulirebeli sidide – wylis done h; 
naxazze 9.13b warmodgenilia obieqtis gaqanebis maxa-
siaTebeli TviTgaTanabrebiT. 

nax.9.13. obieqtSi 
daumyarebeli 
procesis 
grafikuli 
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$4. avtomaturi regulirebis rgolebis ti-
pebi da maTi maxasiaTeblebi 

 

avtomaturi regulirebis sistemebs gaaCniaT 
sxvadasxva fizikuri buneba, sirTule, mowyobiloba da 
Sedgebian erTmaneTTan urTierTdakavSirebuli 
rgolebis simravlisagan. es rgolebi SeiZleba 
klasificirebuli iqnan maT mier Sesasrulebeli 
funqciebis niSnis (magaliTad, saregulirebeli obieqti, 
mmarTveli elementi, Semsrulebeli elementi da a.S.), 
konstruqciuli gaformebis  (magaliTad, generatori, 
eleqtromanqanuri gamaZlierebeli, potenciometri) da 
a.S. mixedviT. magram aseTi klasifikacia 
araracionaluria avtomaturi regulirebis sistemis 
dinamikis Sesaswavlad. yvelaze mizanSewonilia 
rgolebis klasifikacia maTi dinamikuri Tvisebebis 
mixedviT, e.i. gardamavali procesis saxis mixedviT, 
romoelic aRiZvreba rgolSi misi Sesasvleli sididis 
Secvlisas. 

fizikuri bunebisa da mowyobilobisagan 
damoukideblad aseTi rgolebis dinamikuri Tvisebebi 
aRiwereba gantolebebis SezRuduli ricxviT. amitom, 
maT miiRes tipuri dinamikuri rgolebis saxelwodeba. 
umetes SemTxvevebSi avtomaturi regulirebis sistemebi 
SeiZleba warmodgenili iqnes tipuri dinamikuri 
rgolebiT, romlebSic gardamavali procesebi 
aRiwereba algebruli an diferencialuri 
gantolebebiT ara umetes meore rigisa. 

ganvixiloT ZiriTadi tipuri rgolebi, romeloTac 
farTo gavrceleba aqvs teqnologiuri procesebis 
avtomaturi regulirebis sistemebSi samSeneblo 
industriis sawarmoebSi. am rgolebis saxelwodebebia: 
uinercio (proporciuli), aperioduli, rxeviTi, 
madiferencirebeli, maintegrirebeli da dagvianebiT 
moqmedi rgoli. 

Teoriulad rgolebis raodenoba SeiZleba 
warmovidginoT gacilebiT meti, magram isini SeiZleba 
an ver iqnan fizikurad realizebuli, an praqtikulad 
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ar gamoiyeneba aSkarad aradamakmayofilebeli 
dinamikuri Tvisebebis Sedegad. 

1. proporciuli rgoli. proporciulad 
(maZliereblad, idealurad, uinerciod, xisti kavSiriT)  
iwodeba rgoli, romelSic sidide gamosasvlelze 
proporciulia sididisa Sesasvlelze. praqtikulad 
masSi gardamavali procesi ar arsebobs – Semaval 
signals myisierad mohyveba gamomavali signalis 
saboloo mniSvneloba; mas inerciuloba ar gaaCnia. 
gamomavali sidide damaxinjebisa da dagvianebis gareSe 
aRwarmoebs Semaval sidides. 

proporciuli rgolis dinamikis gantolebas aqvs 
saxe: 

xgam= kxSem.            (9.5) 
sadac  

xgam aris gamosasvleli sidide; 

xSem– Sesasvleli sidide; 

k – gaZlierebis koeficienti, mudmivi sidide. 
amrigad, proporciuli rgolis dinamikis gantoleba 

ar aris diferencialuri gantoleba, igi umartivesi 
algebruli damokidebulebaa, romelic emTxveva stati-
kur maxasiaTebels. 

rodesac gamosasvleli sidide idealurad imeorebs 
Sesasvlels, magram drois mudmivi monakveTis τ  toli Ca-
morCeniT (nax.9.14), maSin dinamikis gantolebas aqvs saxe  

)()( = tkxtx Semgam τ− .       (9.6) 
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proporciuli rgolis gardamavali maxasiaTebeli 
da misi pirobiTi gamosaxva mocemulia 9.15 naxazze. 9.15a 
naxazze naCvenebia Sesasvleli safexurisebri zemoqme-
deba; naxazze 9.15b moyvanilia gardamavali maxasiaTe-

τ  

x am g

0 

xgam= kxSem 

t

nax.9.14. gardam
vali maxasi
droSi dagv
 

a-
aTebeli 
ianebiT 



beli, xolo naxazze 9.15g – proporciuli rgolis pi-
robiTi gamosaxva. 

 
nax.9.15. proporciuli rgolis gardamavali maxasiaTe-

beli da misi pirobiTi gamosaxva 
 

proporciuli rgolis magaliTebia: eleqtronuli 
gamaZlierebeli, moTavsebuli regulirebis eleqtro-
meqanikur sistemaSi; meqanikuri gadaadgilebis gar-
daqmna eleqtrul Zabvad potenciometris an reostatis 
daxmarebiT; berketi; kbilana gadacema; reduqtori, 
transformatori da sxv. 

2. aperioduli rgoli. aperiodul rgols ramdenime 
dasaxeleba aqvs: inerciuli, erTtevadobiani, statikuri 
an kidev relaqsaciuri (relaqsacia niSnavs procesis 
gamomwvevi parametris TviTSemcirebas, romelsac proce-
sis mimdinareoba iwvevs*). 

aperioduli ewodeba rgols, romelSic Sesasvlel-
Si sididis naxtomiseburad Secvlisas, sidide gamosas-
vlelSi aperiodulad (eqsponentis** kanoniT) miis-
wrafvis axali damyarebuli mniSvnelobisaken. 

perioduli pirveli rigis rgolis Tvisebebi aiwe-
reba pirveli rigis diferencialuri gantolebiT 
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Semgam

gam kxx
x
dt

d
T =+ ,       (9.7) 

sadac  

                            
* magaliTad, Zravas aCqarebas iwvevs Zravas mier ganviTarebuli mo-
menti, magram Zravas siCqaris gazrda am momentis Semcirebas moas-
wavebs. 
** eqsponenti ewodeba maCveneblian funqcias. 
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k aris gaZlierebis koeficienti (
Sem

gam

x
x

k = ); 

dt – drois diferenciali; 
T - perioduli rgolis drois mudmiva, w. gamosaxavs 

rgolis inerciul Tvisebebs. 
9.7 gantolebis amoxsna iZleva gardamavali proce-

sis maTematikur aRweras: 

)1( T
t

ekxx
−

−= Semgam .         (9.8) 

T ganisazRvreba gardamavali maxasiaTeblis gra-
fikze, rogorc mxebis proeqciis sidide damyarebuli 

mniSvnelobis xazze xgam= xgam.c (nax.9.16b). amasTan, mrudis 
yvela wertilSi igi erTnairia. vinaidan mxebebis zus-

tad gatareba eqsperimentulad miRebuli xgam(t) mrudis-
admi Znelia, amitom, SeiZleba aviRoT mrudis ori-sami 
wertili (ise, rogorc nax.9.16b-ze), vipovoT TiToeuli 
maTganisaTvis T sidide da SevarCioT misi raRac saSu-
alo mniSvneloba. amas garda, am mniSvnelobis dasa-
zusteblad unda gamoviyenoT (9.8) mrudis Semdegi 

Tviseba: t=T wertilSi cvlad xgam–s unda hqondes 

mniSvneloba xgam=0.63 kxcSem. 
amrigad, gvaqvs ra cdis meSveobiT dadgenili 

rgolis gardamavali maxasiaTebeli, Cven SegviZlia gan-
vsazRvroT misi drois mudmiva T da  piriqiT, Tu CvenT-
vis cnobilia rgolis drois mudmiva T, 9.8 formuliT 
SegviZlia avagoT misi gardamavali maxasiaTebeli. 
nax.9.16b-dan Cans, rom rac ufro didia drois T mudmiva, 
miT ufro damreci iqneba mrudi xgam(t), e.i. miT ufro 
xangrZlivi iqneba gamomavali xgam.c-s dadgenis gar-
damavali procesi. amitom amboben, rom aperioduli 
rgolis drois T mudmiva axasiaTebs mis inerciulobas. 

gardamavali procesis xangrZlivoba iqneba t )(3 wTc ≈  

(9.8 formulis Tanaxmad Cveni mrudi xcgam-s asimpto-

turad uaxlovdeba, e.i. xgam= xcgam mxolod roca = ∞t , 
magram praqtikulad ukve t=3T droSi mrudi TiTqmis er-



wymis xgam= xgam.c mruds). rgolis pirobiTi gamosaxuleba 
naCvenebia nax.9.16g. 

 
nax.9.16. aperioduli rgolis gardamavali maxasiaTebeli 

da misi pirobiTi gamosaxva 
 

amrigad, aperioduli rgoli xasiaTdeba ori ricx-
viTi monacemiT: 1) gaZlierebis k koeficientiT, ro-
melic gansazRvravs rgolis statikur Tvisebebs da 2) 
drois mudmivaTi T, romelic gansazRvravs rgolis di-
namikur Tvisebebs. 

∞damyarebuli mniSvnelobis =t  dros 9.8 formu-

lidan vRebulobT xgam=kxSem, e.i. gantoleba arafriT ar 
gansxvavdeba Sesabamisi mniSvnelobidan proporciuli 
rgolisaTvis da, maSasadame, gardamavali procesis 
damTavrebis Semdeg aperioduli rgoli ar gansxvavdeba 
proporciuli rgolisagan. 

aperioduli meore rigis rgolis gardamavali max-
asiaTebeli naCvenebia nax.9.17-ze. gavataroT mxebi moce-
muli mrudisadmi gadaRunvis П wertilSi da aRvniSnoT 
drois sami monakveTi tn, t1, T1. aperioduli meore rgolis 
dinamika aiwereba meore rigis diferencialuri gan-
tolebiT 
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Semgam

gamgam xx
xx

k
dt

d
T

dt
d

T =++ 12

2
2

2    (T ),      (9.9) 21 2T≥

2
2

21 2T≥

amasTan T1 iReba uSualod xgam(t) gardamavali maxa-

siaTeblis grafikidan (nax.9.17), xolo sidide T  gani-

sazRvreba specialuri grafikiT t1 da T1-gan damokide-
bulebiT. rogorc vxedavT, meaore rigis aperioduli 
rgolis dinamika ganisazRvreba drois ori mudmivaTi T1 

da T2 (wm.), amasTan T . 

 
 

nax.9.17. meore rigis aperioduli rgolis gardamavali maxa-
siaTebeli 

 

aperiodul rgolebs SeiZleba mivakuTvnoT magni-

turi gamaZlierebeli, Tburi obieqtebis umetesoba, Ter-

mowyvilebi da winaRobis Termometrebi, damoukidebel-

agznebiani mudmivi denis generatori, eleqtrul wredSi 

mimdevrobiT CarTuli aqtiuri winaRoba da kondensa-

tori C tevadobiT, fazurrotoriani asinqronuli Zra-

va, civi wylis avzSi Cagdebuli raime masalis gacxele-

buli naWris gacivebis procesi, meqanikuri mowyo-

bilobebi, romelTac gaaCniaT masa da xaxunis Zalebi 

(uzambarod) an zambara da xaxunis Zalebi (umasod) da sxv. 

3. rxeviTi rgoli. rxeviTi rgoli ewodeba rgols, 

romelSic sididis naxtomiseburad cvlilebisas Sesa-
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svlelSi, sidide gamosasvlelSi miiswrafvis axali 

damyarebuli mniSvnelobisaken, asrulebs ra mis mimarT 

milevad rxevebs. 

am rgolis Tvisebebi aiwereba meore rigis difer-

encialuri gantolebiT 
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Semgam

gamgam xx
xx

k
dt

d
T

dt
d

T =++ 12

2
2

2 21 2T T < .       (9.10) 

gantoleba imave saxisaa, rac gantoleba 9.9, mxo-

lod im gansxvavebiT, rom aq drois T1 da T2 mudmivebs 

Soris Tanafardoba sxvagvaria, kerZod: T 21 2T< . T1 mud-

miva axasiaTebs rgolis sakuTari rxevebis dempfirebas, 

xolo T2 mudmiva maT gaqanebas. dempfirebis ararsebo-

bisas (T1=0) rxeviTi rgolis diferencialuri gan-

toleba (9.10) Rebulobs saxes 

Semgam

gam xx
x

k
dt

d
T =+2

2
2

2  

da gardamavali maxasiaTebeli gamoisaxeba aramilevadi 

rxevis saxiT mudmivi amplitudiT, romlebic milevadi 

rxevebisagan gansxvavebiT iwodebian periodul rxevebad. 

rxevebis amplituda miileva eqsponentis mixedviT 

(ix. wyvetili mrudebi nax.9.18b. gardamavali maxasia-

Teblis grafikidan xgam(t) Cven SegviZlia ganvsazRvroT 

am eqsponentis drois T mudmiva (es SeiZleba Ses-

ruldes zeda da qveda eqsponentebis ori-sami wertilis 

mixedviT), garda amisa, vzomavT imave grafikze rxevis 

naxevarperiods t1. am ori sididis Sefardebis T/t1 mixed-

viT specialuri grafikis safuZvelze vpoulobT T1 

sidides, rac iZleva rxeviTi rgolis diferencialuri 

gantolebis 9.10-is saxiT Caweris SesaZleblobas. 

rxeviTi rgolis gardamavali maxasiaTebeli da pi-

robiTi gamosaxva moyvanilia 9.18 naxazze. 



 
nax.9.18. rxeviTi rgolis gardamavali maxasiaTebeli:  

a) Semavali zemoqmedeba; b) gardamavali maxasiaTebeli;   
g) rgolis pirobiTi gamosaxva 
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gamx

rxeviT rgolebs miekuTvneba mowyobilobebi, rom-
lebSic gardamavali reJimebi mimdinareoben energiebis 
gacvla-gamocvliT or energetikul tevadobas Soris. 
magaliTad, eleqtruli wredi, romelic Seicavs indu-
qciurobas (L), tevadobas (C) da aqtiur winaRobas (R), 
rodesac aseT rgolSi Semavali sidide wredis 
boloebze miyenebuli Zabvaa, xolo gamomavali sidide – 
Zabva kondensatoris (C) momWerebze (nax.9.19b); meqanikuri 
mowyobiloba, romelsac gaaCnia masa, zambara da 
xaxunis Zalebi (nax.9.19a); damoukidebeli agznebis mudmivi 
denis eleqtruli Zrava, romelsac Seswevs RuzaSi kineti-
kuri energiis da magnitur wredSi eleqtromagnituri en-
ergiis dagrovebis unari, romlisTvisac U=xSem aris 

Ruzaze miyenebuli mudmivi sididis Zabva, xolo =ω  – 

Zravas kuTxuri siCqare (Ruzis brunvis siCqare); tivtiva 
diferencialuri manometri; ziarWurWeli da sxv. 

  
nax.9.19. rxeviTi rgolebi: a) meqanikuri; b) eleqtruli 

tjeAA ω⋅=
•

SemSem
)( ϕω +

•

⋅= tjeAA gamgam

SemA gamA
 - Semavali rxeva;  - 

gamomavali rxeva; - Semavali rxevis amplituda;  - 

gamomavali rxevis amplituda; ω  - rxevis kuTxuri six-
Sire; ϕ  - fazuri Zvra gamomaval da Semaval rxevebs So-

ris; 1−=j - warmosaxviTi erTeuli 



4. maintegrebeli rgoli. maintegrebel rgols, 
agreTve, uwodeben astatikurs an kidev – neitralurs. 
maintegrebeli ewodeba iseT rgols, romlis gamomavali 
sidide Semavalis integralia an romelSic gamo-
sasvlelze sididis cvlilebis siCqare proporciulia 
sididisa Sesasvlelze. 

ansxvaveben idealur da realur maintegrebel 
rgolebs. idealuri maintegrebeli rgolis magaliTia 
damoukidebeli agznebis mudmivi denis Zrava, Tu 
Sesasvlel sidided CavTvliT Ruzis Zabvas UЯ, xolo 
gamosasvlel sidideT – Ruzis mobrunebis kuTxes ,α  im 
pirobiT, rom drois eleqtromeqanikuri da eleqtro-
magnituri mudmivebi SedarebiT mcirea da SeiZleba maTi 
ugulebelyofa (nax.9.20a). 

meore magaliTia rezervuari, romelSic miewodeba 
siTxe, Tu Sesasvlel sidided CavTvliT siTxis nakads 
(Q), xolo gamosasvlel sidided – siTxis dones (h) 
rezervuarSi im pirobiT, rom siTxis siCqare mkvebav 
milsadenSi myisierad aRwevs damyarebul mniSvnelobas 
(nax.9.20b). 

 
nax.9.20. maintegrebeli rgolebis magaliTebi 
 

Zalian xSirad, praqtikuli angariSebisaTvis sak-
marisi sizustiT, SeiZleba realuri maintegrebeli 
rgolebis nacvlad gamoyenebuli iqnas idealuri. 

realuri maintegrebeli rgolis magaliTad SeiZleba 
ganxiluli iqnas damoukidebeli agznebis mudmivi denis 
Zrava didi mqnevara momentiT lilvze, romlis gavlenis 
ugulebelyofa dauSvebelia. rac Seexeba Ruzis wredis 
induqciurobas, SeiZleba ugulebelyofili iqnes. 
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idealuri maintegrebeli rgolis Tvisebebi aiwereba 
gantolebiT  

Sem

gam xk
dt

=
xd

∫=
t

dttk xx
0

)(Semgam

ЯUkn

    (9.11) 

da 

    .      (9.12) 

rogorc zemoT iyo aRniSnuli, idealuri 
maintegrebeli rgolis magaliTia mudmivi denis Zrava. 
Zravas brunvis siCqare SeiZleba ganisazRvros 
gamosaxulebidan 

= ⋅ ,        (9.13) 

sadac k aris gadamcemi koeficienti. 
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CavsvaT 
dt
dn α

=  (9.13) gamosaxulebaSi, miviRebT 

ЯUk
dt

⋅=
dα ,         (9.14) 

α  aris Zravas lilvis mobrunebis kuTxe. sadac 
gavaintegraloT es gamosaxuleba 

∫=
t

ЯdtUk
0

α

SemxЯU

.        (9.15) 

gamxSevcvaloT =  da =α gamdxd (e.i. =α ) (9.14) 

da (9.15) gamosaxulebebSi, miviRebT, rom 

Sem

gam kx
dt

dx
= ∫=

t

dttxkx
0

)(Semgam

tkxx c

 da . 

maSasadame, aseTi rgoli maintegrebelia. 
idealuri maintegrebeli rgolis gardamavali maxa-

siaTebeli 9.12-is Tanaxmad iqneba daxrili swori xgam(t) 
(nax.9.21b). vinaidan integrali geometriulad war-

moadgens farTobs xSem(t) mrudis qveS, xolo mocemul 

SemTxvevaSi (xSem=const=xcSem), es farTobi gaizrdeba t af-
scisis proporciulad: 

= ⋅ .          (9.16) Semgam



 
nax.9.21. idealuri maintegrebeli rgolis gardamavali 

maxasiaTebeli: a) Semavali zemoqmedeba; b) gardamavali maxa-
siaTebeli; g) rgolis pirobiTi gamosaxva 
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realuri (inerciuli) maintegrebeli rgolis Tvise-
bebi aiwereba meore rigis diferencialuri gantolebiT 
(dinamikis gantoleba) 
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Sem

gamgam x
xx

k
dt

d
dt

d
T =+2

2

.      (9.17) 

aseTi rgolis magaliTia damoukidebeli agznebis 
mudmivi denis Zrava lilvze didi mqnevara momentiT, 
romlis gantolebas Cveulebriv aqvs saxe 

ЯkU
dt
d

dt
dT =+

αα
2

2

.            (9.18) 

realuri maintegrebeli rgolis gardamavali max-
asiaTeblis gantoleba miiReba (9.17) gantolebis gadawy-

vetiT (xSem=const da nulovani sawyisi pirobebis dros) 
da aqvs saxe  

)]1([ T
t

ekTktxx c
−

−−=
Semgam .       (9.19) 

grafikulad warmodgenilia 9.22 naxazze. 
maintegrebeli rgolis gardamavali maxasiaTeblebi 

da pirobiTi gamosaxulebebi naCvenebia 9.21 da 9.22 naxa-
zebze. 

maintegrebeli rgolis magaliTebia: mcire simZlav-
ris eleqtroZrava, rezervuari, romelSic miewodeba 
siTxe, eleqtromricxveli, kondensatori damuxtuli 
deniT, idealuri induqciuroba, erTtevadobiani saregu-
lirebeli obieqti TviTgaTanabrebis gareSe, hidrav-
likuri servoZrava, meqanikuri mowyobiloba (Sesa-
svleli sidide – siCqare, gamosasvleli – gadaadgi-
leba) da sxv. 

5. madiferencirebeli rgoli. rgols, romelSic 
sidide gamosasvlelSi proporciulia SesasvlelSi 
sididis cvlilebis siCqarisa, ewodeba madiferencire-
beli rgoli. 

cnobilia idealuri da realuri (inerciuli, izo-
dromuli) madiferencirebeli rgolebi. 

 



 
nax.9.22. realuri maintegrebeli rgolis gardamavali max-

asiaTebeli: a) Semavali zemoqmedeba; b) gardamavali max-
asiaTebeli; g) rgolis pirobiTi gamosaxva 

 

idealuri madiferencirebeli rgoli warmoadgens 
mowyobilobas, romelic gamosasvlelze iZleva “sufTa” 
(damaxinjebebis gareSe) warmoebuls drois mixedviT 
Sesasvleli sidididan, e.i. rgolis dinamikis gantole-
baa  
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dtgam

d
k

x
x Sem= .         (9.20) 

avagoT idealuri madiferencirebeli rgolis gar-
damavali maxasiaTebeli. amisaTvis  Sesasvlelze miva-

wodoT naxtomiseburad mudmivi mniSvneloba xSem=xcSem. 
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mxolod t=0 wertilSi, warmoebuli 
dt

dxSem
 ar iqneba nu-

lis toli. Tu naxtomi myisieria, maSin warmoebuli 

dt
dxSem

 t=0 wertilSi iqneba usasruloba, da gardamaval 

maxasiaTebels eqneba myisieri impulsis saxe (mTliani 

xazebi xgam-is grafikze, nax.9.23), xolo Semdeg gaxdeba 
nulis toli, radgan Semavali sididis cvlilebis siC-
qare yvela Semdgom momentebSi tolia nulisa. vinaidan 
bunebaSi yovelTvis iqneba ara wminda myisieri cvli-

leba (punqtiri xSem-is grafikze), amitomac impulsi ga-

mosasvlelSi iqneba sasruli (punqtiri xgam-is gra-
fikze), Tumca Zalian mokle xniT. 

 
nax.9.23. idealuri madifirencirebeli rgolis gardama-

vali maxasiaTebeli 
 

idealuri madiferencirebeli rgolis gardamavali 
maxasiaTebeli ar aris Zalian TvalsaCino. amitom 9.23d 
naxazze naCvenebia am rgolis gamosasvleli sididis 

xgam(t) grafiki, Semavali sididis xSem(t) nebismierad 

cvlilebis dros (nax.9.23g). 
dt

d
k

x
x Sem

gam = grafiki advili 

asagebia nebismieri xSem-is dros, Tu gavixsenebT war-



moebulis geometriul azrs - xSem(t) mrudis mimarT mxe-

bis daxris kuTxis tangensi. Sedegad xgam(t)-s eqneba 

maqsimumi da minimumi mrudis xSem(t) gadaRunvis П1 da П2 

wertilebSi, radgan iq mruds xSem(t) gaaCnia yvelaze 

didi daxra (nax.9.23g,d). mrudis xSem(t) maqsimumisa M1 da 

minimumis M2 wertilebSi xgam=0, radgan xSem(t) mxebebi M1 
da M2 wertilebSi horizontaluria. 

idealuri madiferencirebeli rgolis magaliTia 
taqogeneratori im SemTxvevaSi, Tu Sesasvlel sidided 

xSem miviRebT lilvis  mobrunebis kuTxes. taqogenera-
tori iZleva Zabvas, romelic proporciulia lilvis 
brunvis kuTxuri siCqarisa 

ω⋅= kU , 
ωmagram kuTxuri siCqare  warmoadgens, rogorc cno-

bilia, lilvis mobrunebis ϕ  kuTxis warmoebuls 

drois mixedviT. Sedegad vRebulobT: 

dt
dkU ϕ
⋅= ,        (9.21) 

rac emTxveva idealuri madiferencirebeli rgolis 9.20 
gantolebas. 

unda SevniSnoT, rom yovelTvis ar aris SesaZle-
beli idealuri madiferencirebeli mowyobilobis gake-
Teba, romelic 9.20-is Tanaxmad iZleodes  warmoebuls 
daumaxinjeblad. yvela realur mowyobilobas gaaCnia 
inerciuloba ama Tu im xarisxiT, romelic gamoixateba 
drois raRac mudmivaTi. amitom 9.7 formulis analogi-
urad, realuri (inerciuli) madiferencirebeli rgoli 
9.20-is nacvlad aiwereba gantolebiT 
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x
x

tt
x

d
d

k
d

d
T Sem

gam

gam =+ .         (9.22) 

zemoT moyvanili taqogeneratoris magaliTSi es 

niSnavs, rom igi gamoimuSavebs ara 
dt
dϕ

kuTxuri siCqaris 

idealurad proporciul U Zabvas, rogorc 9.21 formu-



laSia, aramed damaxinjebiT inerciuli dagvianebis 

saxiT, romelic xasiaTdeba drois T mudmivaTi: 
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dt
dkU

dt
dU ϕT ⋅=+ .        (9.23) 

realuri madiferencirebeli rgolis gardamavali 
maxasiaTebeli naCvenebia naxazze 9.24 da aiwereba for-
muliT 

T
t

c e 
T

kx
x

−
= Sem

gam ,       (9.24) 

romelic warmoadgens (9.22) diferencialuri gantole-

bis gadawyvetas, advili dasanaxia, rom roca T=0 (idea-
luri madiferencirebeli rgoli) grafiki nax.9.24 gada-
gvardeba myisier impulsad (nax.9.23b). 
 

nax.9.24 madife-
rencirebeli rgo-
lis gardamavali 
maxasiaTebeli 

 
realuri madiferencirebeli rgoli Seesabameba 

Tanmimdevrulad SeerTebul aperiodul da idealur 
madiferencirebel rgolebs. 

madiferencirebeli rgolis gardamavali maxasiaTe-
beli da misi pirobiTi gamosaxva moyvanilia 9.25 naxaz-
ze. 



 
nax.9.25. madiferencirebeli rgolis gardamavali maxa-

siaTebeli: a) Semavali zemoqmedeba; b) gardamavali maxasiaTe-
beli; g) rgolis pirobiTi gamosaxva 
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madiferencirebeli rgolebis magaliTebia: hidrav-
likuri mamSvidebeli zambariT (nax.9.26a), transforma-
tori (nax.9.26b), wredi aqtiuri winaRobiT da tevadobiT 
(nax.9.26g), wredi aqtiuri winaRobiT da induqciurobiT 
(nax.9.26d), siCqariTi Termowyvili, romlisTvisac e.m.Z. 
gamosasvlelze proporciulia gasazomi temperaturis 
cvlilebis siCqarisa; mudmivi denis generatori, rom-
lis Semavali sididea misi RerZis mobrunebis kuTxe, 
xolo gamomavali sidide – Zabva, Ruzis momWerebze da 
sxv. 

  
nax.9.26. madiferencirebeli rgolebis magaliTebi 
 

6. dagvianebiT moqmedi rgoli. dagvianebiT moqmedi 
rgoli ewodeba rgols, romelSic gamosasvleli sidide 
aRwarmoebs Sesasvleli sididis cvlilebas daumaxinjeb-
lad, magram garkveuli mudmivi τ  dagvianebiT (nax.9.27). 

rgolis dinamikis gantolebas aqvs saxe 

)()(
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τ= tkxtx Semgam − ,     (9.25) 

sadac τ aris sufTa anu satransporto dagvianebis dro. 



dagvianebiT moqmedi rgolis gardamavali 
maxasiaTebeli da misi pirobiTi gamosaxva naCvenebia 
naxazze 9.27. 

nax.9.27. dagviane-
biT moqmedi rgo-
lis gardamavali 
maxasiaTebeli: a) 
safexurisebri Sema-
vali zemoqmedeba; b) 
gardamavali maxa-
siaTebeli; g) rgo-
lis pirobiTi gamo-
saxva 

 
dagvianebiT moqmedi rgolis magaliTebia konveierebi*, 

mkvebavebi, grZeli milsadenebi**, wisqvilebi*** da sxv. 
                            

* Tu konveieris erT boloze garkveuli doziT dayril sa-
transportirebel masalas CavTvliT Semaval signalad, xolo meore 
bolodan gadmoyrili masalis raodenobas drois erTeulSi gamo-
maval signalad, cxadia, rom Semavali signalis yovelgvar cvale-
badobas, mxolod garkveuli drois Semdeg (τ  drois monakveTis 
Semdeg), mohyveba gamomavali signalis saTanado cvalebadoba. maSa-
sadame, konveieri dagvianebiT moqmedi rgolis magaliTia. 

** Tu CavTvliT, rom milsadenSi Semavali siTxis temperatura 
aris Semavali signali, xolo milsadenidan gamonadeni siTxis tem-
peratura – gamomavali signali, maSin milsadeni iqneba dagvianebiT 
moqmedi rgolis magaliTi. 

*** Tu wisqvilSi dasafqvavi marcvlis miwodebis intensivoba 
Semavali signalia, xolo mudmivi siCqariT mbrunav wisqvilSi 
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dagvianebiT moqmedi rgoli warmoadgens propor-
ciuli rgolis saxes, rodesac gamosasvleli sidide 
drois mudmivi monakveTis CamorCeniT imeorebs 
Sesasvlel sidides (ix. formula 9.6). 
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)()(

Tu 9.25 gamosaxulebaSi davuSvebT, rom gaZlierebis 
koeficienti k=1, maSin rgolis gantoleba iqneba 

τ= txtx Semgam − , 

romlis operaciuli saxe SeiZleba miRebuli iqnas daZ-
vris Teoremis Tanaxmad. 

avtomaturi regulirebis Teoriasa da praqtikaSi 
umetes SemTxvevebSi saqme gvaqvs ufro maRali rigis 
gantolebebTan. Cveulebrivi diferencialuri ganto-
leba mudmivi koeficientebiT, romelic aRwers wrfivi 
sistemis dinamikur Tvisebebs zogadi saxiT aseTia: 

,...

...

011

1

1

011

1

1

Sem

SemSemSem

gam

gamgamgam

xb
dt

dx
b

dt
xd

b
dt

xd
b

xa
dt

dx
a

dt
xd

a
dt
xd

a

m

m

mm

m

m

n

n

nn

n

n

++++=

=++++

−

−

−

−

−

−

     (9.26) 

sadac  

xgam aris gamomavali (saregulirebeli) sidide; 

xSem – Semavali sidide (maregulirebeli an SemaS-
foTebeli zemoqmedeba); 

an, an-1, ..., a0; bm, bm-1,..., b0 – mudmivi koeficientebi; 

n

n

dt
xd
_ n-uri xarisxis warmoebuli drois mixedviT; 

m

m

dt
xd

                                                            

_ m-uri xarisxis warmoebuli drois mixedviT. 

 
 
 

 

 
marcvlis dafqvis xarisxi gamomavali signali, maSin wisqvili dag-
vianebiT moqmed rgolad SeiZleba iqnas warmodgenili. 
 



 
 

 
 
$5. avtomaturi regulirebis sistemebis rgo-

lebis SeerTeba 
 

avtomaturi regulirebis sistemis rgolebi Sei-
Zleba  SeerTdnen paralelurad mimdevrobiT da siste-
mis an ramdenime rgolis SerTviT ukukavSiriT*. 

rgolebis paraleluri SeerTeba ewodeba iseT Seer-
Tebas, romlis drosac Semavali sidide warmoadgens 
saerTos yvela rgolisaTvis, xolo SeerTebis gamo-
mavali sidide tolia rgolebis gamomavali sidideebis 
algebruli jamisa. 

nax.9.28-ze moyvanilia sistemis sami rgolis para-
lelurad SeerTebis sqema. SeerTebis gamomavali sidide 

xgam=x1gam+x2gam+x3gam.          (9.27) 
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* ukukavSiris qveS igulisxmeba mowyobilobebis erToblioba, 

romlebic gamosasvleli (saregulirebeli) sididis cvlilebebs 
gadascemen sistemis Sesasvlelze. 
 



 
nax.9.28. sistemis elementebis paraleluri SeerTeba 
 

rgolebis paralelurad SeerTeba ganvixiloT raime 
garemos temperaturis gazomvis magaliTze, Termowyvi-
lebis daxmarebiT (nax.9.29). ivaraudeba, rom O obieqtSi, 
romelSic warmoebs gazomva, garemos temperatura icv-
leba erTdroulad da erTnairad mTels moculobaSi. 
am magaliTSi samive TermowyvilisaTvis (samive rgoli-

saTvis) Semaval sidides xSem warmoadgens garemos tem-
peratura, xolo gamomaval sidides xgam saerTo Termo 
e.m.Z. batareis momWerebze, romelic Sedgenilia ganx-
iluli magaliTis SemTxvevaSi sami Termowyvilisagan. 
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nax.9.29. obieqtis temperaturis gazomva paralelurad 

SeerTebuli rgolebis daxmarebiT 
 

Semavali sidide yvela rgolisaTvis erTi da igivea, e.i. 

x1Sem= x2Sem= x3Sem= xSem=t0C. 
Termowyvilebis gamosasvlelebi iseTnairadaa 

SeerTebuli, rom batareis Termo e.m.Z. tolia 
TiToeuli Termowyvilis e.m.Z. jamisa, e.i. saerTo 
gamomavali sidide tolia Semadgeneli rgolebis 
gamomavali sidideebis jamisa (garemos saSualo 
temperaturis gansasazRvravad am magaliTSi saWiroa 
xelsawyoze gamomavali sididis Cveneba gavyoT samze). 
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naxazze 9.30 mocemulia sami rgolis 
TanmimdevrobiT SeerTeba. rgolebis TanmimdevrobiT 
SeerTeba ewodeba iseT SeerTebas, romlis drosac 
yovel rgolSi Semavali signali aris wina rgolidan 
gamosuli signali, xolo  gamomavali signali Semdgom 
rgolSi Semavali signalia. 

 

 
 
 I II III 

xgam x

 

1Sem X1 X2 

nax.9.30. rgolebis TanmimdevrobiT SeerTeba 
 

vipovoT statikuri maxasiaTebeli TanmimdevrobiT 
SeerTebuli xazovani (wrfivi) rgolebisa. 

pirveli rgolisaTvis  

x1gam=k1
. x1Sem;           (9.28) 

II rgolisaTvis  

x2gam=k2
. x2Sem;           (9.29) 

III rgolisaTvis   

x3gam=k3
. x3Sem;            (9.30) 

magram TanmimdevrobiT SeerTebis dros  

x1gam= x2Sem=X1;             (9.31) 

e.i. pirveli rgolis gamomavali sidide warmoadgens II 
rgolisaTvis Semavals (nax.9.30-ze aRniSnulia X1-iT). 

analogiurad 
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⎭
⎬= , 

23

gam3gam

Sem2gam

xx
⎫== ;X xx
      (9.32) 

x gam aris rgolebis mTeli jgufis gamomavali sidide. sadac 
maSin  

⎪
⎪

⎪⎪
⎬

⎫

==

==

==

.

;

;

22

11

2Sem2gam

1Sem1gam

xkxX

xkxX

xkxX

      (9.33) 

⎭33 3Sem3gam

magram  

x3gam= x gam,           
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maSasadame 

x gam= k3 x 3Sem.     (9.34) 

magram 9.32 da 9.29 formulebis Tanaxmad 

x 3Sem= X2gam= k2 x 2Sem;       (9.35) 

Tu CavsvamT 9.35 9.34-Si, miviRebT: 

x gam=k3 k2 x 2Sem;           (9.36) 
9.31-sa da 9.34-is Tanaxmad 

X2Sem= x 1gam= k1 x 1Sem;  

Tu CavsvamT am mniSvnelobas 9.36-Si, sabolood 
miviRebT: 

x gam=k3 k2 k1 x 1Sem;            
amrigad, 

x gam= k1 k2 k3 x 1Sem,           (9.37) 

e.i. 

x gam= k x 1Sem, 

sadac k= k1 k2 k3. 
ramdenime TanmimdevrobiT SeerTebuli wrfivi rgo-

lis statikuri maxasiaTebeli warmoadgens swors, rom-
lis gadamcemi (gardaqmnis) koeficienti tolia 
rgolebis gadamcemi koeficientebis namravlisa. 

rgolebis TanmimdevrobiT SeerTebis magaliTi 
mocemulia 9.31 naxazze. Tburi Zravas lilvis brunvis 
sixSiris stabilizacia xorcieldeba ori 
TanmimdedvrobiT SeerTebuli rgolis saSualebiT – 
centridanuli regulatoriTa (I rgoli) da berketiT 
(II). berketi gadaaadgilebs safars, romelic cvlis 
saTbobis xarjs. 



nax.9.31. Tburi 
Zravas lilvis 
brunvis sixSi-
ris stabiliza-
ciis avtomatu-
ri marTvis sis-
tema 

 
sistemis an ramdenime rgolis SerTva ukukavSiriT. 

ZiriTadi cnobebi avtomaturi marTvis sistemaze uku-
kavSiriT mocemulia meoTxe Tavis pirvel paragrafSi. 
aq aRvniSnavT, rom ukukavSiri ukukavSiris koeficien-
tis niSnis mixedviT SeiZleba iyos dadebiTi an uary-
ofiTi. dadebiTi ukukavSiris gamoyeneba zrdis gaZli-
erebis koeficients, xolo uaryofiTi ukukavSiris ga-
moyeneba amcirebs gaZlierebis koeficients. 

sistemis an ramdenime rgolis SerTva ukukavSiriT 
xorcieldeba, rodesac nebismieri wesiT SeerTebuli 
SesarTavi rgolebis Sesasvlelze maTi gamosasvleli-
dan miewodeba signali SemrTveli rgolebis gavliT, 
romlebic imyofebian ukukavSiris wredSi. maSasadame, 
ukukavSiri ewodeba iseT kavSirs, romlis drosac 
rgolis gamomavali signali emateba an akldeba imave 
rgolis an romelime win mdebare rgolis Semaval sig-
nals. amasTan, Tu sistemis ukanaskneli rgolis gamo-
mavali signali emateba an akldeba sistemis pirveli 
rgolis Semaval signals, maSin aseT kavSirs mTavari 
ukukavSiri ewodeba; sxva danarCen ukukavSirs – Siga da 
damatebiTi ukukavSiri (nax.9.32). Tu sqemaze mxolod 
erTi mTavari ukukavSiria, mas erTkonturiani ewodeba, 
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xolo Tu ramdenime ukukavSiria – mravalkonturiani. 
Tu Semadarebel organoSi plus niSania, maSin pirvel 
rgolSi Semavali signali iqneba x Sem + x gam, xolo, Tu 
minusia, maSin x Sem _ x gam. 
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nax.9.32. kavSirebis saxeebi 
 

nax.9.33a-ze moyvanilia SerTuli sistema xisti uku-
kavSiriT, xolo nax.9.33b-ze ukukavSiris rgoliT. 

 
nax.9.33. Caketili sistema ukukavSiriT 
 

amrigad, sistemis an ramdenime rgolis SerTvisas 
uaryofiTi (dadebiTi) ukukavSiriT (nax.9.33b) Caketili 
sistemis gadamcemi funqcia tolia nebismieri wesiT 
SeerTebuli, Casaketi rgolebis gadamcemi funqcia WI(P) 
gayofili erTi plius (minus) Casaketi rgolebis gadam-
cemi funqcia gamravlebuli Camketi rgolebis WOC(P) 
gadamcem funqciaze 

)()(1 PWPW OCI ⋅±sist.
Caket.

Siga ukukavSiri 

)()( PWPW I=

±  
xSem 

.       (9.38) 

am formulis gamoyvana ixile [16]. 

I II III 
xgam x1Sem 

mTavari ukukavSiri 

± IV 
x3gam 



$6. avtomaturi regulirebis sistemebis 
struqturuli sqemebi 

 

avtomaturi regulirebis sistemis struqturuli 
sqema ewodeba sqemas, romelic Sedgenilia tipobrivi 
dinamikuri rgolebisagan, romlebic erTmaneTTan Seer-
Tebuli arian iseTnairad, rom zemoqmedebebi maTi saSu-
alebiT mimdinareobdnen imis analogiurad, rogorc is-
ini mimdinareoben realur (konstruqciul) sqemaSi. 

avtomaturi regulirebis sistemebis diferen-
cialuri gantolebebis Sedgena martivdeba, Tu winaswar 
SevadgenT am sistemis e.w. struqturul sqemas. amrigad, 
avtomaturi regulirebis sistemebis diferencialuri 
gantolebebis Sedgenis amocana daiyvaneba calkeuli 
rgolebis gantolebebis Sedgenaze. amasTan mogeba Sro-
maSi xdeba TvalnaTeli, vinaidan praqtikaSi umetes 
SemTxvevebSi avtomaturi regulirebis sistemebis stru-
qturuli sqemebi warmoadgenen mcire ricxvis tipuri 
rgolebis kombinaciebs, romelTa gadamcemi funqciebi 
cnobilia. (avtomaturi regulirebis rgolebis gadam-
cemi funqciebi ganxilulia mecxre paragrafSi). aq 
mxolod aRvniSnavT, rom rgolis gadamcemi funqcia 
SeiZleba ganxilul iqnas, rogorc gamosasvleli sig-
nalis Sefardeba Sesasvlel signalTan. 

maSasadame, avtomaturi regulirebis sistemis 
realuri konstruqciuli (principialuri) sqemis warmo-
sadgenad dinamikuri struqturuli sqemis saxiT, 
Tavdapirvelad saWiroa dadgindes, Tu romeli tipuri 
elementaruli rgolis ekvivalenturia sistemis kon-
struqciuli elementi da Semdeg rgolebi SeerTdes 
erTmaneTTan Senawevrebuli konstruqciuli elemente-
bis Sesabamisad. 

SevadginoT regulirebis sistemis struqturuli 
sqema, romelic moyvanilia 9.2 naxazze. am sistemis Ti-
Toeuli konstruqciuli elementi SeiZleba Secvlili 
iqnes misi ekvivalenturi dinamikuri rgoliT, rogorc 
naCvenebia 9.34 naxazze. 

daviwyoT saregulirebeli obieqtiT. igi SeiZleba 
warmodgenili iqnas aperioduli rgoliT; sistemis 
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Sesasvlels warmoadgens miwodebuli gazis raodenobis 
cvlileba, xolo gamosasvlels – saregulirebeli wne-
vis cvlileba (nax.9.34a). 

membranuli mgrZnobiare elementi (gardamsaxi) Sei-
Zleba warmodgenili iqnes rogorc proporciuli rgo-
li; Sesasvleli – saregulirebeli wnevis cvlileba, 
gamosasvleli – Wavlur milakTan (gamaZlierebeli) 
xistad dakavSirebuli membranis centris gadaadgileba 
(nax.9.34b). 

Wavluri milaki (gamaZlierebeli) SeiZleba war-
modgenili iqnes, agreTve, rogorc proporciuli 
rgoli (Tu ugulvebelvyofT xaxunis Zalebs da moZravi 
nawilebis masas); Sesasvleli sidide aq iqneba Wavluri 
milakis gadaadgileba, xolo gamosasvleli – samuSao 
(muSa) siTxis wnevis cvlileba (nax.9.34g). 

 
nax.9.34. konstruqciuli sqemis elementebi, tipuri rgo-

lebis pirobiTi gamosaxviT  

 

Semsrulebeli (aRmasrulebeli) mowyobiloba – Za-
luri cilindri SeiZleba warmodgenili iqnes rogorc 
maintegrebeli rgoli; Sesasvleli – samuSao siTxis 
miwodebis cvlileba, xolo gamosasvleli – dguSis 
gadaadgileba (nax.9.34d). 

maregulirebeli sarqveli SeiZleba warmodgenili  
iqnes rogorc proporciuli rgoli (sarqvelis masa ser-
voZravas moZravi dguSis masasTan SedarebiT mxedvelobaSi 
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ar miiReba). aq Sesasvleli sidide iqneba sarqvelis 
gadaadgileba, xolo gamosasvleli – gazis miwodebis 
cvlileba obieqtSi (nax.9.34e). 9.34 naxazis qveda nawilSi 
naCvenebia rgolebis pirobiTi gamosaxvebi. 

9.35 naxazze moyvanilia regulatoris struqturuli 
sqema, romlis konstruqciuli (principialuri) sqemac 
gamosaxulia 9.2 naxazze. sistemis rgolebi SeerTebu-
lia erTmaneTTan TanmimdevrobiT. rogorc 9.35 naxazi-
dan Cans, konstruqciuli sqema Semdgari 5 elementisa-
gan, struqturul sqemaSi warmodgenilia mxolod sami 
tipis tipuri rgoliT: aperioduli rgoliT, sami pro-
porciuli rgoliT da erTi maintegrebeli rgoliT. 

 

 
 
 

nax.9.35. regulatoris struqturuli sqema 
 

meore magaliTi. mudmivi denis Zravas siCqaris av-
tomaturi regulirebis sistemis struqturuli sqemis 
Sedgena (nax.9.36). 

 
nax.9.36. mudmivi denis Zravas siCqaris avtomaturi 

regulirebis statikuri sistema 
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ТГy EUU −=Δ

Д Zravas Ruza ikvebeba eleqtromanqanuri 
gamaZliereblidan ЭМУ. gamaZliereblis Sesasvlelze, 
e.i. misi marTvis gragnilze ОВ ЭМУ, miewodeba marTvadi 
Zabvis Uу da ТГ taqogeneratoris e.m.Z-is EТГ sxvaoba - 

. taqogeneratori brunavs Zravas Д 
lilvisagan. Zravasa da taqogenerators aqvT 
damoukidebeli aRgzneba mudmivi denis gare wyarodan. 

taqogeneratoris e.m.Z. proporciulia Zravas n 
brunvis siCqarisa. amitom Zrava da taqogeneratori 
SeiZleba ganxiluli iqnes rogorc erTi mTliani, 
xolo Zravas brunvis siCqaris regulirebis amocana 
ganxiluli iqnes rogorc taqogeneratoris e.m.Z. EТГ 
regulireba. 

damyarebul reJimSi sxvaoba 

ТГy EUU −=Δ      

warmoadgens ЭМУ-s Semaval Zabvas, romlis drosac 
iqmneba n-isa da EТГ-s mocemuli mniSvnelobebi. 

Zravas lilvze datvirTvis Secvlisas n da EТГ-s 

mniSvnelobebi icvleba, rasac mivyavarT UΔ sxvaobis 
SecvlasTan EТГ-s Semcirebadi gadaxris mimarTulebiT 
Uy -dan. marTveli  Zabvis Uy Secvlisas sxvaobac, 
agreTve, icvleba mimarTulebiT, romelic amcirebs EТГ-s 
gadaxras Uy-dan. 

davanawevroT ganxiluli sistema tipur rgolebad. 
pirveli rgoli. Sesasvleli – wredi, romelic 

Sedgeba mimdevrobiT SeerTebuli eleqtromanqanuri 
gamaZliereblis ЭМУ marTvis gragnilisagan OB, 
taqogeneratoris ТГ Ruzisa da marTveli Zabvis Uy 
wyarosagan. gamosasvleli - ЭМУ mokledCarTuli 
wredis musebi. es rgoli SeiZleba warmodgenili iqnes 
rogorc aperioduli rgoli, radgan igi Seicavs 
mxolod induqciurobasa da aqtiur winaRobas. am 

rgolis SesasvlelSi miewodeba UΔ -s sidide, xolo 
gamosasvlelSi miiReba ЭМУ-s mokledCarTuli wredis 
Eкз e.m.Z. 



meore rgoli. Sesasvleli - ЭМУ-s mokledCarTuli 
wredis musebi, gamosasvleli - ЭМУ-s gamosasvleli 
musebi. es rgolic SeiZleba warmodgenili iqnes 
rogorc aperioduli rgoli, romlis SesasvlelSi 
miewodeba ЭМУ-s mokledCarTuli wredis Eкз e.m.Z., xolo 
gamosasvlelze miiReba eleqtromagnituri 
gamaZliereblis EЭМУ e.m.Z. 

mesame rgoli. mudmivi denis Zrava kompleqsSi 
taqogeneratorTan. Sesasvleli – wredi, romelic 
Sedgeba TanmimdevrobiT SeerTebuli Zravas Ruzisa da 
ЭМУ-is Ruzisagan, gamosasvleli – taqogeneratoris 
Ruzis musebi. es rgoli aris meore rigis (SeiZleba 
iyos rxeviTic). rgolis SesasvlelSi miewodeba ЭМУ-s 
e.m.Z. EЭМУ da datvirTva Zravas lilvze, xolo 
gamosasvlelSi miiReba taqogeneratoris e.m.Z. EТГ. 

amrigad, 9.36 naxazze moyvanili sqema Sedgeba ori 
aperioduli rgolisa da erTi merxevi rgolisagan. 
garda amisa sqemaSi Sedis elementi, romelSic 
swarmoebs taqogeneratoris e.m.Z. EТГ Sedareba marTvel 
ZabvasTan Uy ganxilul sqemaSi Sedareba xorcieldeba 
EТГ da Uy-s Semxvedri CarTviT. 

nax.9.37 gamosaxulia 9.36 naxazze moyvanili 
avtomaturi regulirebis statikuri sistemis 
struqturuli sqema. elementi, romelSic warmoebs 
taqogeneratoris e.m.Z-is Sedareba marTvel ZabvasTan Uy 
gamosaxulia wrexaziT minus niSniT, rac uCvenebs, rom 
masTan miyvanili sidideebi erTmaneTs akldeba. 

 
nax.9.37. naxazze 9.36 moyvanili avtomaturi regulirebis 

statikuri sistemis struqturuli sqema 
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mesame magaliTi. gaorTqlvis kameraSi (nax.9.38) tem-
peraturis saregulirebeli mowyobilobis struqtu-
ruli sqemis Sedgena. sqemaze naCvenebia: gaorTqlvis ka-
mera (1); winaRobis Termometri (2); gamaZlierebeli (3); 
madiferencirebeli mowyobiloba (4); regulatori (5); 
xisti ukukavSiris mowyobiloba (6); maregulirebeli 
organo (7). amocana mdgomareobs rkinabetonis nakeTo-
baTa TbotenianobiTi damuSavebis reJimis kameraSi 
orTqlis temperaturis saregulirebeli mowyobilobis 
struqturuli sqemis SedgenaSi Termowyvilis inerciu-
lobis gauTvaliswineblad. amasTan keTdeba daSveba, 
rom nakeTobis gaxureba Tanabaria, xolo pirobebi 
kameris mTeli moculobis mixedviT erTnairia. 

 
nax.9.38. gaorTqvlis kameraSi temperaturis regulirebis 

mowyobilobis blok-sqema: 1 – gaorTqvlis kamera; 2 – wi-
naaRmdegobis Termometri; 3 – gamaZlierebeli; 4 – madifer-
encirebeli mowyobiloba; 5 – regulatori; 6 – ukukavSiris 
mowyobiloba; 7 – maregulirebeli organo 

 

davanawevroT mowyobiloba Svidi tipis dinamikur 
rgolad. 

pirveli rgoli – gaorTqlvis kamera SeiZleba war-
modgenili iqnas rxeviTi rgolis saxiT. Sesasvleli 
sidide – orTqlsadenis sarqvelis gadaadgileba, gamo-
sasvleli sidide – temperatura. meore rgoli – wina-
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Robis Termometri SeiZleba warmodgenili iqnes ape-
rioduli rgoliT. Sesasvleli – obieqtSi tempera-
turis cvlileba, gamosasvleli – gardamsaxis winaRo-
bis cvlileba. mesame rgoli – gamaZlierebeli. igi 
SeiZleba warmodgenili iqnes proporciuli rgoliT. 
Sesasvleli – gasaZlierebeli signali, gamosasvleli – 
gaZlierebuli signali. meoTxe rgoli – madiferencire-
beli mowyobiloba. gamoisaxeba aperioduli rgoliT. 
mexuTe rgoli – regulatori. gamoisaxeba maintegre-
beli rgoliT. meeqvse rgoli – xisti ukukavSiris 
mowyobiloba. gamoisaxeba proporciuli rgoliT da 
bolos meSvide rgoli – maregulirebeli organo. 
SeiZleba warmodgenili iqnes, agreTve, proporciuli 
rgoliT. 

9.39 naxazze mocemulia gasaorTql kameraSi tem-
peraturis saregulirebeli mowyobilobis struqtu-
ruli sqema, Sedgenili 9.38 naxazis safuZvelze. 

 
nax.9.39. gaorTqvlis kameraSi temperaturis regulirebis 

mowyobilobis struqturuli sqema 
 

moyvanili magaliTebidan Cans, rom sistemis ele-
mentebis Secvlas tipuri dinamikuri rgolebiT miv-
yavarT struqturuli sqemis SeqmnasTan, romelSic ti-
puri rgolebis raodenoba, romlebic gamosaxaven gar-
damavali procesis Tvisebebs, naklebia konstruqciuli 
sqemis elementebis ricxvze. struqturuli sqemis ageba 
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amsubuqebs avtomaturi regulirebis sistemis gantole-
bebis Sedgenas. 

 
 

$7. avtomaturi regulirebis rgolebis six-
Siruli maxasiaTeblebi 

 

avtomaturi regulirebis sistemis TiToeuli 
rgoli xasiaTdeba gardamavali procesis gansazRvruli 
saxiT, romelic aRiZvreba SemaSfoTebeli zemoqmedebis 
modebis Sedegad rgolis SesasvlelSi. rgolis gamo-
mavali sididis droSi cvlilebis xasiaTi ganisaz-
Rvreba rgolis sawyisi mdgomareobiT, misi Sinagani 
TvisebebiT da Semavali sididis cvlilebis xasiaTiT.  

rgolis SesasvlelSi SeiZleba SeSfoTeba miwode-
buli iqnes, rogorc erTeuli biZgis saxiT, ise harmo-
niuli rxevis saxiT. 

Tu xazovani rgolis SesasvlelSi mivawodebT har-
moniul SeSfoTebas, maSin aseTi SeSfoTebis miwodebis 
Semdeg garkveuli drois amowurvisas, rodesac miileva 
yvela moZraoba, gansazRvruli gardamavali procesiT, 
elementaruli rgolis gamosasvlelSi damyardeba aseve 
gamosasvleli sididis harmoniuli cvlileba imave six-
SiriT, rogoric gaaCnia Semaval sidides, mxolod 
gansxvavebuli amplitudiTa da faziT. 

irkveva, rom gamosasvlelSi amplitudisa da fazis 
mixedviT SeiZleba gansja calkeuli ganrTuli rgo-
lebis dinamikuri Tvisebebis Sesaxeb da ufro metic, 
avtomaturi regulirebis rTuli Caketili sistemebis 
Tvisebebis Sesaxeb. 

gamosasvleli sididis rxevis damokidebulebas, 
rgolis SesasvlelSi mocemul sinusoidalur rxeviT 
zemoqmedebaze, sixSiruli maxasiaTebeli ewodeba. 
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tx a ωsin

perioduli SeSfoTeba miwodebuli rgolis 
SesasvlelSi vTqvaT icvleba sinusoidaluri kanoniT 

= ,         (9.39) Sem

sadac  
a aris Semavali zemoqmedebis rxevis amplituda; 



1
ω  – rxevis kuTxuri sixSire, . 

w

maSin xazovani rgolis gamosasvlelSi damyardeba, 
agreTve, iZulebiTi perioduli rxevebi 

xgam )sin( ϕω += tA     (9.40) 

sadac  
A aris gamomavali sididis rxevis amplituda; 
ϕ  – fazis mixedviT CamorCenis kuTxe. 

amplituda da faza damokidebulia rxevis kuTxur 
siCqareze da Seicvlebian ω -s cvlilebasTan erTad (es 
aris kanoni yvela iZulebiTi rxevisaTvis bunebaSi). am-

plitudebis fardoba 
A
a
 da fazis gadaadgileba 

sxvadasxva sixSireebis dros damokidebulia rgolis 
dinamikur Tvisebebze da Tavis mxriv axasiaTeben am 
Tvisebebs. 

ansxvaveben amplitudur-sixSirul, fazur-sixSirul 
da amplitudur-fazur maxasiaTeblebs. 

damokidebulebas, romelic uCvenebs, Tu rogor 
icvleba sixSiresTan erTad rgolis gamosasvlelSi iZu-
lebiTi rxevebis amplituda, Tu SesasvlelSi miewodeba 
harmioniuli rxevebi erTeulis toli amplitudiT, ewo-
deba amplitudur-sixSiruli maxasiaTebeli da aRiniS-

neba 
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a
A

ω ). (

damokidebulebas, romelic uCvenebs, Tu ω sixSiris 
cvlilebebiT, rogor icvleba iZulebiTi rxevebis ϕ  

faza gamosasvlelSi harmoniuli rxevebis fazasTan Se-
fardebiT, romlebic miewodeba rgolis SesasvlelSi, 
ewodeba fazur-sixSiruli maxasiaTebeli da aRiniSneba 
ϕ (ω ). 

amplitudur-fazuri maxasiaTebeli amyarebs kavSirs 
rgolis gamosasvlelSi amplitudasa da SesasvlelSi 
amplitudas Soris, agreTve, gansazRvravs gamosas-
vlelze rxevebis fazis Zvras SesasvlelTan Sefar-
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)(
debiT sxvadasxva sixSireebis dros; amplitudur-
fazuri maxasiaTebeli aRiniSneba k ω -Ti. 

amasTan 

)()()( ωϕωω ⋅=
a
Ak     (9.41) 

amplitudur-fazuri maxasiaTebeli aigeba sixSiris 
cvlilebisas 0-dan ∞ -mde. misi ageba zogjer mar-
tivdeba, Tu mas logariTmebiT warmovadgenT. six-
Siruli maxasiaTeblebis Sesaxeb ixileT $9-Si. 

 
 

$8. avtomaturi regulirebis sistemebis 
rgolebis diferencialuri gantole-
bebis Caweris operatoruli forma 

 

operaciuli aRricxvis fuZemdebelia didi ing-
liseli mecnieri hevisaidi. man Camoayaliba funqciebis 
gardaqmnis wesebi, Tumca maTematikurad igi ar dau-
sabuTebia. mogvianebiT sxva mecnierTa mier gamov-
linebul iqna kavSiri laplasis gardaqmnasa da he-
visaidis simbolur meTods Soris. Tanamedrove lite-
raturaSi operaciuli aRricxva laplasis gardaqmniT 
aris moxseniebuli. 

laplasis gardaqmnis safuZvelze SemoRebulia sim-

bolo-operatori P, rogorc gamartivebuli pirobiTi 
aRniSvna diferencirebis operaciisa. gamoTqma: “movax-

dinoT y funqciis laplasis gardaqmna” niSnavs: “mivceT 

y funqcias operaciuli forma”. am aRniSvnis Tanaxmad 

Py
dt
dy

= ;   ;2
2

2

yP
dt

yd
=     

⎭
⎬
⎫

= yP
dt

yd n
n

n

.     (9.42) 

Sesabamisad, integrirebis operaciisaTvis Semoita-
neba ukuaRniSvna. 

∫ =
P
yydt .       (9.43) 

Caweris aseTi forma iwodeba operatorulad, xolo 
simbolo P – operatorad. aRniSvnis es forma amcirebs 



Canawerebis moculobas, amartivebs Sualedur maTemati-
kur gamoangariSebebs regulirebis sistemebis analizis 
dros*. amgvarad, operaciuli meTodi saSualebas 
gvaZlevs sakmaod rTuli maTematikuri operaciebi – ga-
warmoeba da integrireba – SevcvaloT gacilebiT mar-
tivi operaciebiT: Sesabamisad, gamravlebiTa da gayo-
fiT. amasTan, wrfiv diferencialur gantolebaTa 
gadawyveta algebruli moqmedebebiT sruldeba. 

garda aRniSnulisa, operaciuli aRricxva sa-
fuZvlad udevs sixSiruli analizis meTods. six-
Siruli meTodiT ki SesaZloa davadginoT sistemis 
mdgradoba, ganvsazRvroT sistemis an misi elementis 
dinamikuri Tvisebebi da misi parametrebi, makoreqtire-
bel saSualebaTa saxeoba da sxva. sixSiruli analizis 
meTods metad didi gamoyeneba aqvs avtomaturi 
regulirebis TeoriaSi. 

qvemoT moyvanilia dinamikuri rgolebis diferen-
cialuri gantolebebi Caweris Cveulebrivi formiT da 
operatoruli formiT: 

1. proporciuli rgoli 

Semgam kxx = . 

2. aperioduli rgoli 

Semgam

gam kxx
dt

dx
T =+ .  

Semgamgam kxxTPx =+ . 

Semgam kxxTP + =)1(

                           

.         (9.44) 

3. rxeviTi rgoli 

 
* operaciuli aRricxvis ideaSi gasarkvevad gavixsenoT loga-

riTmuli meTodis arsi, romelic imaSi mdgomareobs, rom maTemati-
kuri operaciebi – gamravleba da gayofa, Secvlili iqnas ufro mar-
tivi operaciebiT – mimatebiTa da gamoklebiT. am mizniT jer moce-
mul sidideebs gamovsaxavT logariTmebSi, ukanasknelebze vawar-
moebT moqmedebebs da miRebul Sedegs isev gamovsaxavT naturaluri 
sididis saxiT. 
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Semgamdtdt 12

gamgamgam xPxTxPT =++ 1
22

2

kxxPTPT =++ )1( 22

gamgam kxx
dx

T
xd

T =++
2

2
2

Semkx

Semgam12

. 

. 

.       (9.45) 

4. maintegrebeli rgoli 

Sem

gam kx
dt

dx
=  

Semgam kxPx = . 

realuri maintegrebeli rgoli 

Sem

gamgam kx
dt

dx
dt
xd

T =+2

2

. 

Semgamgam kxPxxTP =+2

Sem

. 

gam kxxPTP =+ )( 2 .             (9.46) 

5. madiferencirebeli rgoli 

dt
dx

kx Sem

gam = . 

Semgam kPxx = . 

realuri madiferencirebeli rgoli 

dt
kx

dt
T Sem

gam

gam =+

Semgamgam kPxxTPx =

dxdx
. 

+ . 

Semgam kPxxTP + =)1(

)

.        (9.47) 

6. dagvianebiT moqmedi rgoli 

()( τ−= tkxt Semxgam

SemSemSemSem

gamgamgamgam

xbPxbxPbxPb

xaPxaxPaxPa
m

m
m

m

n
n

n
n

01
1

1

01
1

1

...

...

+++=

=++++
−

−

−
−

. 

avtomaturi regulirebis wrfivi sistemis (9.26) 
diferencialuri gantoleba operatoruli formiT ase 
SeiZleba iqnes Cawerili: 

  

an 



Sem

gam

xbPbPbPb

xaPaPaPa
m

m
m

m

n
n

n
n

)...(

)...(

01
1

1

01
1

1

+++=

=++++
−

−

−
−

jbaP

         

saWiroa SevniSnoT, rom zogad SemTxvevaSi P war-
moadgens kompleqsur ricxvs  

(9.48) 

+= , 

sadac  
a aris kompleqsuri ricxvis namdvili nawili; 
b – kompleqsuri ricxvis warmosaxviTi nawili; 

1−j – simbolo, romelic pirobiTad aRniSnavs . 
Tu a=0, maSin kompleqsur ricxvs ewodeba wminda 

warmosaxviTi ricxvi; roca b=0 kompleqsuri ricxvi 
xdeba namdvili ricxvi. 

1−j=  ara aqvs fizikuri azri da warmoadgens pi-
robiT cnebas, xolo kompleqsuri ricxvi – maTematikur 
abstraqcias. magram kompleqsuri ricxvebis Semoyvana 
avtomaturi regulirebis dinamikuri sistemebis Tvise-
bebis gansazRvris saSualebas iZleva. magaliTad, gan-
tolebaSi kompleqsuri fesvebis arseboba warmoadgens 
sistemaSi gardamavali procesebis rxeviTi xasiaTis ni-
Sans. kompleqsuri ricxvebis gamoyeneba saSualebas 
iZleva SedarebiT martivi da TvalsaCino meTodebiT 
iqnes gamokvleuli avtomaturi regulirebis sistemebis 
mdgradoba da xarisxi. 

dasasruls SevniSnavT, rom sxvadasxva wesis gamo-
yenebiT Sesrulebulia aTasze meti saxis funqciis 
laplasis gardaqmna, romlebic cxrilebis saxiT moyva-
nilia specialur literaturaSi. 

 
 

$9. avtomaturi regulirebis sistemebis 
rgolebis gadamcemi funqciebi 

 

rogorc zemoT iyo aRniSnuli, rgolis gaZlierebis 
koeficienti amyarebs damokidebulebas rgolis Semaval 
da gamomaval parametrebs Soris damyarebul reJimebSi; 
kavSirs am parametrebs Soris ufro zogad SemTxve-
vebSi, maT ricxvSi daumyarebel reJimebSi, adgens e.w. 
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rgolis gadamcemi funqcia, romelic SeiZleba ase iqnes 
ganmartebuli _ tipobrivi rgolis gadamcemi funqcia 
es aris gardamavali procesis dros gamomaval da Se-
maval sidideTa Soris damokidebuleba, gamosaxuli sa-
Tanado diferencialuri gantolebiT warmodgenili op-
eraciul formaSi, nulovani sawyisi pirobebisa da Se-
mavali sididis mudmivobis dros. maSasadame, gadamcemi 
funqcia SeiZleba ganxiluli iqnes rogorc gamomavali 
signalis Sefardeba Semaval signalTan: 
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Sem

gam

x
x

W = .        (9.49) 

ganvsazRvroT gadamcemi funqciebi tipuri dinami-
kuri rgolebisaTvis. 

1. proporciuli rgoli 

k
x
kx

x
x

PW ===
Sem

Sem

Sem

gam)( ,        (9.50) 

e.i. proporciuli rgolis gadamcemi funqcia tolia 
misi gaZlierebis koeficientisa. 

2. aperioduli rgoli 

1
1)(

+
=+==

TP
k

x
TP
kx

x
x

PW
Sem

Sem

Sem

gam
.     (9.51) 

3. rxeviTi rgoli 

1
1)(

1
22

2

1
22

2

++
=

++
==

PTPT
k

x
PTPT

kx

x
x

PW
Sem

Sem

Sem

gam
.      (9.52) 

4. maintegrebeli rgoli 

P
k

x
P

kx

x
x

PW ===
Sem

Sem

Sem

gam)( .      (9.53) 

realuri maintegrebeli rgoli 



P
k

kx

+2TPx
TP

x
x

PW =+==
2 1)(
Sem

Sem

Sem

gam
.     (9.54) 

 
 

5. madiferencirebeli rgoli 

kP
x

kPx
x
x

PW ===
Sem

Sem

Sem

gam)( .      (9.55) 

realuri madiferencirebeli rgoli 

1
1)(

+
=+==

TP
kP

x
TP
kPx

x
x

PW
Sem

Sem

Sem

gam
.     (9.56) 

6. dagvianebiT moqmedi rgoli 
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)(
)(

)( τ
τ

−=
−

== tk
x

tkx
x
x

PW
Sem

Sem

Sem

gam

Semgam xPNxPL )()(

.      (9.57) 

9.48 gantolebaSi moyvanil mravalwevrTa nacvlad, 
SeiZleba miviRoT aRniSvnebi 

= , 

sadac L(P) da N(P) operatoruli mravalwevrebia. 
maSin avtomaturi regulirebis wrfivi sistemis 

gadamcemi funqciisaTvis gveqneba 

01
1

1

01
1

1

...
...)(

aPaPaPa
bPbPbPb

x
x

PW n
n

n
n

m
m

m
m

++++
++++

== −
−

−
−

Sem

gam
.     (9.58) 

rgolis gadamcemi funqcia saSualebas iZleva gaan-
gariSebis gziT iqnes miRebuli rgolis sixSiruli maxa-

siaTebeli. am mizniT P unda SevcvaloT ωj -Ti (j da ω  

ganmartebulia zemoT). 
Secvlis Sedegad gveqneba: 
1. proporciuli rgoli 

kjW )( =ω .        (9.59) 

es aris veqtori, romelic emTxveva namdvili RerZis 
dadebiT mimarTulebas (nax.9.40). 



  
nax.9.40. gamaZlierebeli rgolis sixSiruli maxasiaTeblebi 

 

2. aperioduli rgoli 
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1
)(

+
=

ω
ω

Tj
kjW .      (9.60) 

es aris wrexazis gantoleba k diametriT, romelic 
gadis koordinatTa dasawyisSi, romlis centric mde-
bareobs namdvil RerZze (nax.9.41a). 
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3. rxeviTi rgoli 
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1)
)(

+ω
ωjW

()( 1
22

2 +
=

ω jTjT
k

.      (9.61) 

es aris amplitudur-fazur-sixSiruli maxasia-
Teblis gantoleba (nax.9.42,a). 

  
nax.9.42. merxevi rgolis sixSiruli maxasiaTeblebi:      

a) amplitudur-fazuri; b) namdvili da warmosaxviTi;         
g) logariTmuli (amplituduri); d) logariTmuli (fazuri) 
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4. maintegrebeli rgoli 
ω

ω
j

W =) .   (9.62) 
kj(

es aris sworis gantoleba, romelic emTxveva war-
mosaxviTi RerZis uaryofiT mimarTulebas (nax.9.43a). 

 
nax.9.43. idealuri maintegrebeli rgolis sixSiruli maxa-

siaTeblebi: a) amplitudur-fazuri; b) namdvili da warmosax-
viTi; g) logariTmuli 

realuri maintegrebeli rgoli 

ωω
ω

jjT

kjW
+

=
2)(

)( .       (9.63) 

9.63 gamosaxuleba warmoadgens amplitudur-fazuri 
maxasiaTeblis gantolebas realuri maintegrebeli rgo-
lisaTvis. formalurad es rgoli SeiZleba danawevrdes 
idealur maintegrebel da aperiodul rgolebad. realuri 
maintegrebeli rgolis amplitudur-fazuri maxasiaTebeli 
naCvenebia naxazze 9.44g. 

nax.9.44. rea-

rebeli rgolis 

fazuri maxasia-

luri maintegri-

amplitudur-

Tebeli 

 



5. madiferencirebeli rgoli ωω jW kj =) .   (9.64) (
es aris idealuri madiferencirebeli rgolis am-

plitudur-fazuri maxasiaTeblis gantoleba. TviT maxa-

siaTebeli gamoisaxeba sworiT, romelic emTxveva war-

mosaxviTi RerZis dadebiT mimarTulebas (nax.9.45a) 
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realuri madiferencirebeli rgoli 

1+ωTj
es gantoleba warmoadgens amplit

)( =
ωω kjjW .        (9.65) 

udur-fazuri max-
asiaTeblis gamosaxulebas (nax.9.46,a). 
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6. 

aTebl

dagvianebiT moqmedi rgoli 

ωτ−ω jejW =)( .       (9.66) 

es aris amplitudur-fazuri maxasi is gan-

toleba. ω -s cvlilebisas 0-dan ∞ -mde )( ωjW veqtori 

brunavs saaTis isris mimarTulebiT da ar icvlis Ta-
vis sigrZes. amrigad, dagvianebiT moqmedi rgolis am-
plitudur-fazuri maxasiaTebeli warmoadgens wrexazs 
centriT koordinatTa saTaveSi da erTis toli radi-
usiT (nax.9.47a). 

 
nax.9.47. dagvianebiT moqmedi rgolis sixSiruli maxa-

siaTeblebi: a) amplitudur-fazuri; b) logariTmul-ampli-
tuduri da logariTmul-fazuri 

 

rxevis sixSiris cvlilebisas gadamcemi funqciis 
cvlilebis Zalian TvalsaCino suraTs iZleva e.w. 
godografi, e.i. mrudi, romelic warmoadgens gadamcemi 
funqciis (W) Sesatyvisi monakveTebis boloebis wer-
tilebis geometriul adgils, romelic Seesabameba six-
Siris sxvadasxva mniSvnelobebs 0-dan ∞ -mde. xazovani 
rgolebisa da sistemebisaTvis gadamcemi funqcia W ar 
aris damokidebuli Semavali rxev s amplitudaze da 
ganisazRvreba mxolod sixSiriT 

i
ω , maSasadame, godo-

grafis TiToeul wertils Seesabameba sixSiris gansaz-
Rvruli mniSvneloba an rogorc miRebulia gamoTqma 
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“six

ax-
asia

Siruli niSani”. tipuri rgolebis godografebis 
magaliTebi zemoT aris moyvanili. 

zemoT aRniSnuli iyo, rom amplitudur-fazuri m
Teblis ageba sixSiris cvlilebisas 0-dan ∞ -mde 

martivdeba misi logariTmebiT warmodgenis Sedegad. 
proporc i (a) da 

warmosaxviT
bebia: 

k

iuli rgolis SemTxvevaSi namdvil
i (b) sixSiruli maxasiaTeblebis gantole-

a =)(ω  – xazi,  paraleluri sixSireebis RerZisa; 

0)( =ωb – xazi, romelic emTxveva sixSireebis RerZs 

(nax.9.40b). 
amplitudur-sixSiruli maxasiaTebeli  

kkbaA =+ )()()( ωω .    = 222 ω =   (9.67) 

logariTmul-amplitudur-sixSiruli maxasiaTebeli* 

kL lg20)( =ω .    (9.68) 

logariTmul fazur-sixSiruli maxasiaTebeli (nax. 
9.40g) 

0
0

)(
)(

)( ===
ka

b
arctg

ω
ω

ωθ .    (9.69) 

aperioduli rgolis namdvili da warmosaxviTi 
sixSiruli maxasiaTeblebis gantolebebia:  

1
)( 22 +
=

ω
ω

T
ka ;ö    (9.70) 

)( 22 +
−=

ω
ω

1ωT
kTb .    (9.71) 

                            
)(lg ωA* xSirad ordinatTa RerZze daaqvT -is 20-jer gadidebuli 

mniSvneloba, da aseT erTeuls detibeli ewodeba, romelTa raode-
nobac aRiniSneba L-iT. sixSireTa integrals, romelic mdebareobs 
sixSiris nebismier mniSvnelobasa da mis gaorkecebul mniSvnelobas 
Soris, oqtava ewodeba, xolo intervals, moqceuls nebismier six-
Siresa da mis gaaTkecebul mniSvnelobas Soris, dekada ewodeba. 
SevniSnavT, rom logariTmuli maxasiaTeblebi saSualebas iZleva 
ganisazRvros sistemis reaqcia. ufro zogad SemTxvevaSi, roca SeS-
foTeba atarebs ara sinusoidalur, aramed ufro rTul xasiaTs, 
magaliTad gaaCnia safexurisebri zemoqmedebis forma. 
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ampl i maxasiaTe-
blebis gantol

ituduri da fazuri sixSirul
ebebia: 

2T
+ω 2

22

22

11
)()()(

T

k
T

kbaA =
+

=+=
ω

ωωω ;  (9.72) 

ω
ω
ω

ωθ arctgT
a
b

arctg −==
)(
)(

)( .         (9.73) 

9.72 gamosaxulebis galogariTmebiT miviRebT 
logariTmul amplit Sirul maxasiaudur-six Tebels 

2
2 1lg20lg20)( TkL +−= ωω .        (9.74) 

T

rxeviTi rgolis namdvili da warmosaxviTi six-
Siruli maxasiaTeblebis gantolebeb

logariTmul-sixSiruli maxasiaTeblebi warmodge-
nilia naxazze 9.41g. 

ia: 

22
2

22
21 )1(

)(
ωω

ω
TTT

a
+−

= ;       
2

21 )1( ωTTk −
  (9.75) 

22
2

22
21

2

)1(
)(

ωω
ωω

TTT
kTb

+−
= .         (9.76) 

naxazze 9.42b moyvanilia namdvili da warmosaxviTi 
sixS -
tolebebiT. 

l tol

iruli maxasiaTeblebi _ agebuli 9.75 da 9.76 gan

amplitudur-sixSiruli maxasiaTeb is gan ebaa 

2
0

222
0 )2()( ωξωωω +−

2
0)( ωω =

kA        (9.77) 

sadac 

,

21TT0
1

=ω  aris SeuRlebis fardobiTi sixSire; 

1

2T

fazur-sixSiruli maxasiaTeblis gantolebas aqvs 
saxe: 

4T
=ξ – milevadobis fardobiTi koeficienti. 
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2

0

0
22

0

0

)(1

2
2)(

ω
ω
ω
ωξ

ωω
ωξωθ ω

−
−=

−
−= arctgarctg .       (9.78) 

logariTmul amplitudur-sixSiruli maxasiaTebeli 
miiReba (9.77) gamosaxulebis galogariTmebiT 

2
0

222
0

2
0 )2()(lg20lg20lg20)( ωξωωωωω +−−+= kL

0)(

. (9.79) 

logariTmul-sixSiruli maxasiaTeblebi warmodge-
nilia nax.9.42g,d. 

idealuri maintegrebeli rgolis namdvili da war-
mosaxviTi sixSiruli maxasiaTeblebis gantolebebia: 

=ωa ;        (9.80) 

ω
ω

kb −=)( ;      (9.81) 

romelTa mixedviTac agebulia es maxasiaTeblebi 
(nax.9.43b) 

amplituduri da fazur-sixSiruli maxasiaTeblebis 
gantolebebia  

ω
ωωω kbaA =+= )()()( 22 .       (9.82) 

2)(
)()( π

ω
ωθ ω −=∞−== arctg

a
barctg .   (9.83) 

logariTmul-amplitudur-sixSirul maxasiaTeblis 
gantolebas miviRebT (9.82) gamosaxulebis galogariTme-
biT, 

ωω lg20lg20)( −= kL

0)(

.    (9.84) 

es maxasiaTebeli warmodgenilia naxazze 9.43g. 
9.64 gamosaxulebidan uSualod vpoulobT idealuri 

madiferencirebeli rgolis namdvil da warmosaxviT 
sixSirul maxasiaTeblebis gantolebebs 

=ωa ;        (9.85) 

ωω kb =)( .       (9.86) 

am maxasiaTeblebis grafikebi moyvanilia nax.9.45b-ze. 



 375 

amplituduri da fazur-sixSiruli maxasiaTeblebis 
gantolebebia  

ωωωωω kkbaA ==+= 222 )()()()( ;     (9.87) 

20)()(
)()( π

ω
ω

ω
ωθ ω =

→
==

a
karctg

a
barctg .    (9.88) 

logariTmul amplitudur-sixSiruli maxasiaTeblis 
gantolebas miviRebT 9.87 gamosaxulebis 
galogariTmebiT, 

ωω kL lg20)( = .         (9.89) 

idearuli madiferencirebeli rgolis 
logariTmul-fazur-sixSiruli maxasiaTebeli 
warmodgenilia 9.45,g naxazze. 

realuri madiferencirebeli rgolis namdvili da 
warmosaxviTi sixSiruli maxasiaTeblebis gantolebebia: 

1
)( 22

22

+
=

ω
ωω

T
kTa ;         (9.90) 

1
)( 22 +
=

ω
ωω

T
kTb .    (9.91) 

naxazze 9.46a agebulia amplitudur-fazuri 
maxasiaTebeli, romelic warmoadgens naxevarwres, 
centriT namdvil RerZze, romelic ganlagebulia 
pirvel kvadrantSi da romelic gadis koordinatTa 
dasawyisSi. 

9.90 da 9.91 gamosaxulebebis mixedviT agebulia 
namdvili da warmosaxviTi sixSiruli maxasiaTeblebi 
(nax.9.46b). 

amplitudur da fazur-sixSiruli maxasiaTeblebis 
gantolebebia 

2
2

22

1
)()()(

T
T

kTbaA
+

=+=
ω

ωωωω ,     (9.92) 

ωω
ω

ωθ
T

arctg
a
barctg 1

)(
)()( == .    (9.93) 

logariTmul amplitudur-sixSirul maxasiaTebels 
miviRebT 9.92 gamosaxulebis galogariTmebiT, 



2
2 1lg20lg20)(

T
TkTL +−= ωωω

τωτωω ωτ sincos)( jejW j −== −

.        (9.94) 

logariTmul fazur-sixSiruli maxasiaTebeli (nax.9.46 
mrudi 4) agebulia wertilebis mixedviT 9.93 
gamosaxulebis daxmarebiT. 

gamosaxuleba (9.66) trigonometriuli formiT 

.     (9.95) 

namdvili da warmosaxviTi sixSiruli 
maxasiaTeblebis gantolebebia: 

a
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ωω τcos)( = ,        (9.96) 

b ωω τsin)( = − .       (9.97) 

ω -s Secvlisas 0-dan -mde namdvili da 
warmosaxviTi sixSiruli maxasiaTeblebi warmoadgenen 
Sesabamisad kosinisoids da sinusoids erTis toli 
amplitudiT. 

∞

amplituduri-sixSiruli maxasiaTeblis gantolebas 
aqvs saxe  

1sin( 2222 =+= τωτωωa

01lg20)( =

cos)() +ω b)( =ωA .   (9.98) 

logariTmul-amplituduri sixSiruli maxasiaTebeli 

L =ω           (9.99) 

warmoadgens swors, romelic emTxveva abscisaTa RerZs 
anu xazs 0 decibeliT. 

fazur-sixSiruli maxasiaTeblis gantolebaa 

ω
τωω

ω τω
τωθ =

()(
a
barctg −=−=

cos
sin

)(
) arctg .     (9.100) 

∞ω ( )ωθ-s cvlilebisas 0-dan -mde  icvleba 0-dan 

-mde (nax.9.47,b). ∞−
dasasruls ibadeba kiTxva – risTvisaa saWiro zemo-

moyvanili analizi da rad gvinda saerTod 
amplitudur-fazuri maxasiaTeblebis meTodi? pasuxi 
aseTia. rodesac avtomaturi sistemis an misi calkeuli 
elementis gantoleba ucnobia an misi Sedgena garkveul 
siZneleebTan aris dakavSirebuli, aseT SemTxvevaSi 
amplitudur-fazuri maxasiaTeblebis meTodis 
gamosayeneblad eqsperimentulad avagebT am rgolebis 



(elementebis) amplitudur-fazur maxasiaTeblebs, rac 
saSualebas mogvcems ganvsazRvroT sistemis an misi 
elementis dinamikuri Tvisebebi da misi parametrebi. 
garda amisa, sixSiruli meTodi, saSualebas iZleva 
SevafasoT calkeuli rgolebis parametrebis gavlena 
sistemis mdgradobaze. gansakuTrebiT es exeba 
erTkonturian sistemebs, e.i. iseTebs, romlebSic yvela 
rgoli SeerTebulia TanmimdevrobiT, erTi meoris 
miyolebiT da qmnian erTian Caketil wreds (konturs). 
meTodi saSualebas iZleva gadawydes sakiTxi ara 
mxolod sistemis mdgradobis Sesaxeb, aramed Sefasdes 
gardamavali procesis xasiaTi. zogierTi cvlilebiT 
meTodi SeiZleba gamoyenebuli iqnes sistemebis 
mdgradobis analizisaTvis, romlebSic Sedis ara 
mxolod xazovani, aramed  araxazovani (arawrfivi) 
rgolebic da sxv. 

SevniSnavT, rom mesame rigze maRali 
diferencialuri gantolebebis gadawyveta warmoadgens 
mniSvnelovan siZneles. amitom, aseTi gantolebebis 
gadasawyvetad yvelaze xSirad mimarTaven xolme 
gamomTvlel manqanebs, an rogorc zemoT iyo naCvenebi, 
iyeneben gaangariSebis sixSirul meTodebs. Tumca 
sixSiruli gamokvlevebi xelsayrelia im SemTxvevebSi, 
rodesac sistemis zogierTi rgolisaTvis, romelic 
advilad eqvemdebareba maketirebas, ufro advilia 
sixSiruli maxasiaTeblebis eqsperimentalurad 
gansazRvra, vidre dinamikis diferencialuri 
gantolebebis Sedgena. 

 
 

$10. avtomaturi regulirebis wrfivi 
sistemebis diferencialuri gantolebebi 

 

regulirebis an marTvis procesis analizi SeiZleba 
Sesruldes sxvadasxva wesiT: gaangariSebis gziT, 
eqsperimentalurad da gaangariSebis eqsperimentTan 
kombinirebis gziT. regulirebis procesis 
gasaangariSeblad saWiroa sistemis yvela rgolis 
dinamikis gantolebis Sedgena. eqsperimentisaTvis unda 
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gagvaCndes regulatoris konstruqcia naturaSi an 
moqmedi maketis saxiT, da unda gvqondes, agreTve, 
TviTon obieqti. magram, mxolod eqsperimentiT ver 
xerxdeba avtomaturi regulatoris Seqmna. 
gaangariSebis kombinireba eqsperimentTan xSirad xdeba 
xelsayreli, imitom rom sistemis erTi nawilisaTvis 
(magaliTad, sufTa eleqtruli da eleqtronuli) xdeba, 
rom ufro advilia agebuli iqnes moqmedi maketi, vidre 
Sedgenili iqnes  gantoleba, xolo meore nawilisaTvis 
– piriqiT. amasTan didi mniSvneloba aqvs avtomaturi 
marTvis procesebis dinamikis modelirebas 
eleqtronuli maTematikuri manqanebis gamoyenebiT. 

rodesac cnobilia calkeuli rgolebis 
(romlebadac aris danawevrebuli avtomaturi 
regulirebis sistema) diferencialuri gantolebebi da 
gadamcemi funqciebi da agebulia struqturuli sqema, 
romelic gviCvenebs, rogor arian es rgolebi 
erTmaneTTan SeerTebuli, SeiZleba Sedgenili iqnes 
mTlianobaSi avtomaturi regulirebis sistemis 
diferencialuri gantoleba. gamokvlevebis dros 
zogjer warmoiqmneba aucilebloba ganxiluli iqnes 
gaxsnili sistemis qceva. gaxsnili sistemis misaRebad, 
saWiroa kavSiris gawyveta or nebismier mezobel 
rgols Soris. Cveulebriv ganrTva xdeba 
saregulirebeli obieqtis gamosasvlelsa da sakuTriv 
regulatoris Sesasvlels Soris (kveTi A naxazebze 9.36 
da 9.37). 

gaxsnil sistemaSi regulatoris Sesasvlelze 
sididis miwodebisas, romelic Seesabameba namdvili 
sididis gadaxras mocemuli mniSvnelobidan, 
saregulirebeli obieqtis gamosasvlelze miiReba 
saregulirebeli sididis mniSvnelobebi, damokidebuli 
sistemis parametrebisagan da Sesasvlelze sididis 
cvlilebis xasiaTisagan. 

avtomaturi regulirebis sistemis gaxsnili da Se-
kruli mdgomareobebis Sesabamisad SeiZleba Sedgenili 
iqnes gaxsnili da Sekruli sistemebis diferencialuri 
gantolebebi. 
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0

magaliTis saxiT SevadginoT martivi obieqtis – 
donis regulirebis (ix. nax.9.12) diferencialuri gan-
toleba. 

WurWelSi miewodeba wyali Qn m3/w raodenobiT da 
ixarjeba Qp m3/w raodenobiT. rodesac saregulirebeli 
obieqti imyofeba wonasworobaSi, modena tolia xar-
jisa, e.i. 

Qn=Qp,         (9.101) 
xolo,    Qn-Qp=0; 
amasTan h done ar icvleba da, maSasadame, donis 

gadaxra mocemuli mniSvnelobidan =Δh

nnn QQQ

. 
Tu miwodebuli an daxarjuli wylis raodenoba 

Seicvleba, maSin misi done WurWelSi, agreTve, Seicv-
leba. 

vTqvaT axali miwodebaa Qn1, xolo axali xarji Qp1; 
maSin: 

Δ+=1

ppp QQQ Δ
;       (9.102) 

+=1

nQΔ pQ
,        (9.103) 

sadac  da Δ aris Sesabamisad miwodebisa da 

xarjis nazardebi. 
wylis raodenoba wamSi, romelic midis donis ga-

zrdaze, toli iqneba miwodebisa da xarjis sxvaobisa, 
e.i. Qn1-Qp1. es sxvaoba (9.102) da (9.103)-is gaTvaliswinebiT 
iqneba toli 

ppnnpn QQQQQQ Δ−−Δ+=− 11

pnpn QQQQ

. 

magram 9.101-is Tanaxmad Qn=Qp, maSin 

Δ−Δ=− 11 .     (9.104) 

meores mxriv, wylis moculoba, romelic drois 
erTeulSi wavida donis gazrdaze, tolia 

dt
hdSQQ pn

)(
11

Δ
=− ,    (9.105) 

sadac S aris WurWlis fuZis farTobi; 

dt
hd )(Δ

– donis Secvlis siCqare. 
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)(hfQp

Cvens obieqtSi xarji WurWlidan damokidebulia 
wylis donis simaRleze: 

= . 

Tu  mcirea, maSin pirvel miaxloebaSi SeiZleba 
CaiTvalos, rom 

hΔ

hkQp Δ=Δ 1 ,         (9.106) 

sadac 
dh

dQp=1k  aris mudmivi koeficienti. 

gadavweroT 9.104 gantoleba 9.105-is gaTvaliswine-
biT: 

dt
hdSQQQQ pnpn

)(
11

Δ
=Δ−Δ=− , 

saidanac  

np QQ
dt

hdS Δ=Δ+
Δ )(

pQ

. 

Tu CavsvamT ukanasknel tolobaSi Δ -is 

mniSvnelobas 9.106 formulidan, miviRebT: 

nQhk
dt

hdS Δ=Δ+
Δ

1
)(

h

.      (9.107) 

aRvniSnoT saregulirebeli sididis gadaxra Δ mo-
cemuli mniSvnelobidan drois mocemul momentSi xSem-iT. 
maSin 9.107 gantoleba SeiZleba gadawerili iqnes Sem-
degi saxiT: 

Semgam

gam xxk
dt

dx
S =+ 1 . 

gavyoT bolo tolobis yvela wevri k1-ze, miviRebT 

Semgam

gam kxx
dt

dx
T =+ , 

sadac  

1k
ST =  aris drois mudmiva; 

1

1
k

k = – obieqtis gaZlierebis koeficienti. 



miRebuli gantoleba aris aperioduli rgolis 
pirveli rigis diferencialuri gantoleba (ix. gan-
toleba 9.7). am gantolebidan Cans, rom regulirebis 
procesis gamokvlevisaTvis aucilebelia ara mxolod 

saregulirebeli sididis xgam-is codna, aramed misi 

warmoebulisac 
dt

dxgam
, e.i. misi droSi cvlilebis siC-

qare. 
axla gadavideT ufro rTul magaliTze da Sevadgi-

noT rkinabetonis konstruqciebis gasaorTqli kameris 
diferencialuri gantoleba. 

rogorc cnobilia rkinabetonis nakeTobaTa qarx-
nebSi betonis gamagrebis xangrZlivoba ZiriTadad gan-
sazRvravs konstruqciis damzadebis dros. amitom gama-
grebis intensifikacia arsebiTad amcirebs sawarmoo 
procesis xangrZlivobas. damuSavebis Tburi meTodi 
yvelaze efeqturad da farTod gamoiyeneba rkinabet-
onis nakeTobebis damzadebis dros. 

amJamad betonis gamagrebis daCqarebis Semdegi 
Tburi meTodebi gamoiyeneba: TbotenianobiT damuSaveba 
orTqlhaerian garemoSi 60-800C temperaturis dros; ga-
jerebuli orTqlis garemoSi damuSaveba normaluri 
wnevisa da 95-1000C temperaturis dros; nakeTobebis kon-
taqturi gaTboba TbomatarebliT, romelic cirku-
lirebs Caketil sivrceSi, romelic akravs betonis 
nakeTobis zedapirs; betonis damuSaveba cxeli wyliT 
baseinebSi; betonis gaxureba eleqtrodeniT, romlis 
gatarebac xdeba gasamagrebel betonSi; infrawiTeli 
sxivebis daxmarebiT; betonis cxeli vibrodawnexa; 
cxeli formireba da avtoklavebSi damuSaveba gajere-
buli wylis orTqlis garemoSi 0,8-1,5 МПА wnevisa da 
175-2000C temperaturis dros. 

rkinabetonis nakeTobaTa qarxnebi TbotenianobiTi 
damuSavebisaTvis aRWurvilia perioduli da uwyveti 
qmedebis danadgarebiT. perioduli qmedebis danadgarebs 
miekuTvneba iseTebi, romlebSic Tburi damuSavebis 
procesi mimdinareobs periodebiT (ciklebiT), e.i. nake-
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Tobebi xurdeba danadgarebTan erTdroulad gansaz-
Rvruli droiT, ris Semdegac danadgari da nakeToba 
civdeba. aseTi procesebi meordeba, siTbos gadacemis 
principis mixedviT perioduli qmedebis danadgarebi 
iyofa or jgufad: 

1. rodesac dasamuSavebeli nakeTobebi uSualod 
exebian Tbomatarebels da maT Soris swarmoebs siTbos 
masobrivi gacvla; 

2. rodesac nakeTobis gaxureba xorcieldeba ga-
myofi zedapiris gavliT. am SemTxvevaSi iqmneba ufro 
xelsayreli pirobebi betonis struqturis formire-
bisaTvis da damuSavebis dro mcirdeba 10-20%-iT Se-
darebiT Ria forebSi damuSavebasTan. 

pirveli jgufis perioduli qmedebis danadgarebs 
miekuTvneba gasaorTqli kamerebi, stendebi da avtok-
lavebi, xolo meore jgufisas – kasetebi, paketebi, ma-
tricebi, moculobiT-Camomyalibebeli mowyobilobebi. 

uwyveti qmedebis danadgarebi rkinabetonis nakeTo-
baTa qarxnebSi gamoiyeneba konveieruli tipis. konstru-
qciuli niSnis mixedviT maTi dayofa SeiZleba or kate-
goriad: 

horizontaluri – gvirabis tipis; 
vertikaluri – koSkura tipis. 
kamerebis muSaobis ekonomiuroba xasiaTdeba 

orTqlis xarjiT nakeTobis damuSavebaze da SeiZleba 
Seadgendes 420-dan 1000 kg/m3. 

gasaorTqli kamerebis brunvadoba Seadgens erTidan 
or ciklamde, xolo kaseturi danadgarebisa – erTidan 
sam ciklamde dReRameSi. 

gasaorTqli kamera warmoadgens perioduli 
qmedebis yvelaze gavrcelebul agregats, rkinabetonis 
nakeTobaTa TbotenianobiTi damuSavebis reJimis 
gansaxorcieleblad. cnobilia gasaorTqli kameris 
Semdegi tipebi: 

ormos formis gasaorTqli kamera perforirebuli 
orTqlsadenis gaSlis qveda sistemiT; 
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prof. l.a. semionovis udawneo gasaorTqli kamera 
perforirebuli orTqlsadenebis qveda da zeda gaSliT 
da ukumiliT orTqlhaeriani narevis arinebisaTvis. 

prof. a.a. voznesenskis gasaorTqli kamera orTqlis 
miwodebiT lavalis saqSeniT. 

kamerebi aRWurvilia hidravlikuri saketebiT 
saxuravebis hermetizaciisaTvis da gamwovi ventilaciiT 
kamerebis da nakeTobebis gasaciveblad procesis 
damTavrebis Semdeg. 

ormos saxis gasaorTql kamerebSi TbotenianobiTi 
damuSaveba warmoebs orTqlhaerian garemoSi 
atmosferuli wnevisa da 60-900C temperaturis dros. 

l.a. semionovis udawneo gasaorTql kamerebSi 
procesi xorcieldeba normaluri wnevis gajerebuli  
orTqlis garemoSi 95-1000C temperaturis dros. 
procesis dasawyisSi orTqli miewodeba qveda 
perforaciul milebSi, ris Sedegadac kamera da 
nakeToba TandaTanobiT xurdeba. 85-900C temperaturis 
dros qveda milsadenebis sistema iTiSeba da orTqlis 
miwodeba iwyeba zemodan. gamSrali orTqli 
TandaTanobiT kameridan gamoaZevebs gajerebul 
orTqlhaerian narevs ukumilis gavliT. mimdinareobs 
izoTermuli procesi. 

a.a. voznesenskis kameraSi orTqli miewodeba 
amaRlebuli siCqariT. es aTanabrebs temperaturul 
vels da aumjobesebs Tbogadacemas orTqlhaeris 
garemosa da nakeTobas Soris. efeqturobis amaRlebis 
aseTi meTodi orTqlis xarjisa da nakeTobis Tburi 
damuSavebis xangrZlivobis daaxloebiT orjer 
Semcirebis saSualebas iZleva. 

kamerebis avtomatizaciis sistemis SesarCevad 
aucilebelia nakeTobis damuSavebis rekomendebuli 
reJimis codna, romelic xasiaTdeba nakeTobis 
winaswari dayovnebiT Tburi damuSavebis dawyebamde, 
kameraSi temperaturis awevis intensivobiT, 
temperaturiTa da izoTermuli gaxurebis 
xangrZlivobiT, betonis gagrilebis siCqariT gacivebis 
dros. 
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dasaSvebi maqsimaluri siCqare garemos 
temperaturis awevisa kameraSi Seadgens 20-dan 35 
gradusamde saaTSi. gasaorTqli kamerebis Tburi 
procesebis avtomatizacia yvelaze mizanSewonilia 
ganxorcieldes nakeTobis temperaturis mixedviT, 
magram gamzomi aparaturis uqonloba am miznisaTvis 
gvaiZulebs am procesis marTvas orTqlhaeriani garemos 
temperaturis mixedviT, romelSic imyofeba dasa-
muSavebeli nakeToba. 

gasaorTqli kameris dinamikis gantolebis 
Sesadgenad visargebloT energiis mudmivobis kanoniT. 
kameraSi drois erTeulSi Sedis siTbos Q1 raodenoba, 
romelic ixarjeba kameris, formebis da betonis 
nakeTobebis gaxurebaze, wylis aorTqlebas, garemos 
gaxurebasa, agreTve, Q2 danakargebze. SevadginoT Tburi 
balansis gantoleba drois dt intervalisaTvis:  

dtQQdCG nn )( 21 −=θ ,        (9.108) 

sadac  
Gn aris Termoteniani garemos masa; 
Gn – garemos Tbotevadoba. 
(9.108) dinamikis gantolebidan vRebulobT 
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21 QQ
dt
dCG nn −=
θ

. 

statikis gantoleba iqneba 

021 =−QQ .        (9.109) 

9.108 da 9.109 gantolebebidan miviRebT obieqtis 
(gasaorTqli kamera) diferencialur gantolebas naz-
rdebSi 

21 QQ
dt

dCG nn Δ−Δ=
Δθ

.          (9.110) 

1QvsazRvravT, ra faqtorebi axdenen gavlenas Δ  da 

-ze: 2QΔ
),,(11 thfQ θ=Δ , 1. 

sadac h aris maregulirebeli organos gadaadgileba. 



davSaloT es gamosaxuleba teiloris rigad mcire 
nazrdebis mixedviT da ukuvagdoT yvela wevri pirvel 
rigze maRali: 
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h
h

QQ Δ
∂
∂

+Δ
∂
∂

=Δ 11
1

θθ ;       (9.111) 
θ

)(),(22 tQtfQ yT+=Δ θ , 2. 

sadac QyT(t) aris orTqlis gaparvis sidide. 
davSaloT es gamosaxuleba teiloris rigad: 

)(2
2 tQQQ yT+Δ

∂
∂

=Δ θ
θ

.         (9.112) 

CavsvaT 9.111 da 9.112 gantolebebi 9.110 gantolebaSi: 

)()( 211 tQQQh
h
Q

dt
dCG yTnn −Δ

∂
−Δ

∂
+Δ

∂
∂

=
Δ θ

θ
θθ

θ
θθ

; 

gardaqmnis Semdeg miviRebT: 

)()()( 112 tQh
h
QQQ

dt
dCG yTnn −Δ

∂
∂

=Δ
∂
∂

−
∂
∂

+
Δ θ

θθ
θ

.    (9.113) 

gadavideT fardobiT sidideebze: 

ϕ
θ
θ

=
max

Δ
 – saregulirebeli sididis fardobiTi 

mniSvneloba; 

1μ=
Δ
h

h

max

 – maregulirebeli organos fardobiTi 

gadaadgileba; 

1
maxyTQ

λ=
Δ yTQ

gaparvis (SeSfoTebis) fardobiTi 

mniSvneloba. 
CavsvaT 9.113 gamosaxulebaSi es aRniSvnebi: 

1
2

max ( 1max
1

max
1 ) λμϕθϕ

θ
θ −

∂
=
∂∂

∂ − ∂
+ hQQQ

dt
dCG nn h

.      (9.114) 

SemoviRoT Semdegi aRniSvnebi: 

max1Q
maxCGT nn θ

= – obieqtis gaqanebis dro; 



)( 12max

max1 θ∂
∂−∂

=
Q
QA QQ

– regulirebis obieqtis TviTga-

Tanabrebis maxasiaTebeli koeficienti. 
TviTgaTanabreba ganixileba, rogorc gasaorTql 

kameraSi garemos temperaturis unari TviTneburad mivi-
des axal damyarebul mniSvnelobamde avtomaturi regu-
latoris daxmarebis gareSe. TviTgaTanabreba xasiaT-
deba koeficientiT, romelic gasaorTqli kamerisaTvis 
nulze metia (dadebiTia). 

CavsvaT T da A-s gamosaxulebebi 9.114 gantolebaSi: 

ϕ
11 λμϕ
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−=⋅+ A
dt
dT .       (9.115) 

9.115 gantolebis marcxena da marjvena nawilebi 

gavyoT A-ze: 

11
11 λμϕϕ
AAdt

d
A
T

−=+⋅

λμϕϕ −=+ kT '
0

    

anu 

,   (9.116) 

sadac  

T0 aris obieqtis drois mudmiva, w; 

k – obieqtis gadacemis koeficienti. 
9.116 diferencialuri gantolebis amoxsniT nax-

tomiseburi SeSfoTebisa da nulovani sawyisi pirobebis 
dros, miviRebT:  

)1( 0T
t

ek
−

−= μϕ .         (9.117) 

amrigad, Tburi procesi kameraSi, SemaSfoTebeli 
moqmedebis naxtomiseburad Secvlisas mimdinareobs eq-
sponencialurad (nax.9.48). 
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nax.9.49 mocemulia gasaorTql kameraSi orTqlhae-
riani garemos temperaturis avtomaturi regulirebis 
sistemis funqcionaluri sqema, xolo 9.50 naxazze stru-
qturuli sqema. am ukanasknelis mixedviT SevadginoT 
avtomaturi regulirebis sistemis gadamcemi funqcia. 

 

 
 
 
 
 

 

 
 
 
 
 

 
 
 
 
 
 

nax.9.49. gasaorTql kameraSi orTqlhaeriani garemos tem-
peraturis avtomaturi regulirebis sistemis funqcionaluri 
sqema 

 

maregulirebeli 
organo (sarqveli) 

saregulirebeli 
obieqti (gasaorTqli 

(kamera) 

Semsrulebeli meqanizmi 
(eleqtroZrava) 

temperaturis gardamsaxi 
(Termorezistori) 

avtomaturi regulatori 

saprogramo mowyo-
biloba 

μ  

λ

ϕ  

nax.9.48. gardama-
vali procesi ga-
orTqvlis kameraSi 
temperaturis regu-
lirebis dros 



 
nax.9.50. gaorTqvlis kameraSi temperaturis regulirebis 

mowyobilobis struqturuli sqema 
 

calkeuli rgolebis (avtomaturi regulirebis sis-
temis elementebis) gadamcemi funqciebi SeiZleba ase 
iqnan Cawerili: 
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sistemis gadamcemi funqciisaTvis gveqneba: 
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sadac  

  T )( 4435210 TTkkkk= += ; 

544341401 TTkTkTkT = + + + ; 

535443441451314
2

24
2

02 TTTTTTkTTkTTTTkTkT ++++++= ; 

;5314314 TTTTTTk +

5431 TTTT
4

2
245415435
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3
03 TTkTTTTTTTTTTkT +++++=
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2

23
4

04 TTTTTTkTTTT +++=

543
2

2
5

05 TTTTT =

 

; 

. 

maSasadame, gaorTqlvis kameris, rogorc regulire-

bis obieqtis Seswavlisas dgindeba: 

kameras gaaCnia TviTgaTanabrebis dadebiTi koefi-

cienti; 

orTqlhaeriani garemos temperatura orTqlis mi-

wodebis an gadaketvis dros imatebs eqsponencialuri 

kanoniT; 

am eqsponentis drois mudmiva sakmarisad didia. 

amrigad, gasaorTqli kamera avtoregulirebis 

sistemisaTvis warmoadgens aperiodul rgols drois 

didi mudmivaTi. es saSualebas iZleva gamoyenebuli 

iqnes orpoziciani regulireba. analogiuri gan-

tolebebiT aiwereba kaseturi danadgarebi da Termo-

formebi. 

kidev ufro gavarTuloT saregulirebeli obi-

eqti da ganvixiloT Tburi Zravas siCqaris regu-

lirebis (stabilizaciis) avtomaturi sistemis dife-

rencialuri gantolebis da gadamcemi funqciis Sed-

gena. Tburi Zravas konstruqciuli (principialuri) 

da struqturuli sqemebi mocemulia 9.51 naxazze. 
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HCstruqturul sqemaze (nax.9.51b) aRniSnulia: Ω  – ga-

marTulobis dayvanili an eqvivalenturi kuTxuri 

siCqare, gansazRvruli ЦИС-is zambaris SekumSvis 

ZaliT; -safaris y gadaadgilebiT gamowveuli 

kuTxuri siCqaris mdgeneli, xolo 

'Ω
''Ω _ datvirTvis 

momentiT MH gamowveuli amasTan ''' Ω+Ω=Ω  da Sec-

doma anu gadaxra Ω−Ω=ΔΩ HC . mgrZnobiare elements 

(rЭ) warmoadgens siCqaris centridanuli sazomi 

(ЦИС). Semsrulebel elements (ИУ) warmoadgens hid-

ravlikuri Zrava, romelic Sedgeba ЦИС quro 3-Tan 

dakavSirebuli mkveTarisagan (2), da safarTan an 

saregulirebel organosTan (РО) dakavSirebul Za-

luri dguSisagan (1). 



  
nax.9.51. Tburi Zravas siCqaris regulirebis avtomaturi 

sistemis sqemebi: a) principuli; b) struqturuli 
 

1. Zrava warmoadgens obieqts da misi gawrfivebuli 
gantoleba SeiZleba warmovadginoT saxiT: 

HMkykPT 100 )1( Ω = −+ ,    (9.121) 
sadac  

Ω  aris kuTxuri siCqare; 
T0 – drois mudmiva;  
y – safaris gadaadgileba; 
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MH – datvirTvis momenti; 
k0, k1 – gadacemis koeficientebi. 
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ΔΩ=+ 2
22

2 )1( kxPPT

HC

2. siCqaris centridanuli sazomis gantoleba iqneba 

+ 1T ,      (9.122) 

sadac  

x aris quros da mkveTaras gadaadgileba; 
T2, T1 - ЦИС-is drois mudmivebi; 
k2 – gadacemis koeficienti. 
3. hidravlikuri Zrava 

Py=k3x,        (9.123) 
sadac k3 aris gadacemis koeficienti. 

gaxsnili sistemis gadamcemi funqcia mocemuli 

zemoqmedebis Ω  mixedviT: 
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xolo SeSfoTebis (datvirTvis) MH mixedviT: 
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Sekruli sistemis gadamcemi funqcia saregulire-

beli sididis Ω  mixedviT: 
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Sekruli sistemis gadamcemi funqcia Secdomis (gada-

xris)  mixedviT: 
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Sekruli sistemis gadamcemi funqcia SeSfoTebis MH 
mixedviT: 
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kuTxuri siCqaris stabilizaciis avtomaturi sis-

temis moZraobis diferencialuri gantoleba sare-
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1gulirebeli sididis (Ω ) mimarT, Sesabamisad mocemuli 

zemoqmedebis ( HCΩ ) da SeSfoTebis (MH) dros: 
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 (9.129) 

sadac 

   

     (9.130) 

sadac  . 

kuTxuri siCqaris stabilizaciis sistemis moZrao-
bis diferencialuri gantoleba Secdomis (gadaxris) 

( ) mimarT, Sesabamisad mocemuli zemoqmedebis (Ω ) 

da SeSfoTebis (MH) mixedviT: 
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amplitudur-fazuri maxasiaTebeli nebismieri kom-
pleqsuri ricxvis magvarad, SeiZleba warmodgenili iqnas 
grafikulad sworkuTxa koordinatebSi, rogorc ge-
ometriuli jami namdvili a da warmosaxviTi b nawilebisa: 

ωωω jbjajW += .       (9.132) 

Tu CavsvamT am gantolebaSi ω -s mniSvnelobebs 0-dan 
-mde, miviRebT veqtorebs sxvadasxva amplitudebiTa 

da fazebiT. veqtorebis boloebis SeerTebiT narnari 
mrudiT, miviRebT amplitudur-fazuri maxasiaTeblis 
godografs. 

∞



$11. avtomaturi regulirebis wrfivi sis-
temebis mdgradobis gamokvleva 

 

avtomaturi regulirebis sistemebi* muSaobis pro-
cesSi ganicdian sxvadasxvagvar SemaSfoTebel zemoqmede-
bebs, romlebsac sistema gamohyavT damyarebuli reJimi-
dan, wonasworobis mdgomareobidan da saregulirebel 
sidides gadaxrian mocemuli mniSvnelobidan. regula-
tori miiswrafvis saregulirebeli sididis mocemul 
mniSvnelobasTan miyvanas. sistemis gadasvla erTi mdgo-
mareobidan meoreSi masebis, tevadobebis da a.S. arsebo-
bis Sedegad ar SeiZleba moxdes myisierad. SemaSfo-
Tebeli zemoqmedebisa da misi momdevno regulatoris 
aRmdgeni zemoqmedebebis Sedegad sistemaSi aRiZvreba 
gardamavali procesebi. 

amasTan, SeiZleba adgili hqondes gardamavali pro-
cesis sam saxes: 

1. saregulirebeli sidide, romelic SemaSfoTebeli 
zemoqmedebebis Sedegad gadaixara mocemuli mniSvnelo-
bidan, drois ganmavlobaSi regulatoris zemoqmedebis 
Sedegad ubrundeba mocemul mniSvnelobas sizustiT, 
romelic pasuxobs regulatoris statikur cdomilebas. 
aseT gardamaval process ewodeba krebadi, xolo regu-
lirebis sistemas – mdgradi (nax.9.52b). 

2. saregulirebeli sidide, romelic SemaSfoTebeli 
zemoqmedebebis Sedegad gadaixara mocemuli mniSvnelo-
bidan, drois ganmavlobaSi regulatoris zemoqmedebis 
Sedegad ki ar uaxlovdeba, aramed Teoriulad usa-
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* avtomaturi sistema xasiaTdeba Siga da gare parametrebiT. 

Siga parametrebs miekuTvneba sistemaSi Semavali tipuri rgolebis 
drois mudmivebi, gaZlierebis koeficientebi da sxv. Siga parame-
trebi gansazRvravs TviT avtomaturi sistemis Tvisebebs. gare pa-
rametrebs miekuTvneba sistemaSi garedan Seyvanili parametrebi – 
programa, ZiriTadi SeSfoTeba da dabrkolebani (ZiriTadi SeSfo-
Tebis sididis gaTvaliswineba SesaZlebelia, xolo yoveli saxis 
dabrkolebis da, miT umetes, maTi sididis gaTvaliswineba TiTqmis 
SeuZlebelia). gare parametrebi damokidebulni ar arian avtomaturi 
sistemis Siga bunebaze da, amitomac, isini srulebiT ar gamosaxaven 
avtomaturi sistemis Tvisebebs. 
 



zRvrod scildeba mocemul mniSvnelobas aperiodulad 
an rxevebiT, romelTa amplitudac ganuwyvetliv iz-
rdeba. aseT gardamaval process ewodeba ganSladi, 
xolo regulirebis sistemas – aramdgradi (nax.9.52a,d). 

 
nax.9.52. rxeviTi rgolis reaqcia Semavali sididis nax-

tomisebur cvlilebaze: a) aperioduli procesi; b) rxeviTi 
mlivi procesi; g) rxeviTi aramlivi procesi; d) mzardi 
rxevebi (uaryofiTi dawynarebis gipotetiuri SemTxveva); e) 

dawynarebis xarisxsa ξ  da amplitudebis klebis koefi-

cients  Soris kavSiri. 0ω  - aradempfirebuli rxevis sa-

kuTari sixSire, rad/w; ξ  - dempfirebis (dawynarebis) 

xarisxi;  A – amplituda 
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SevniSnavT, rom realur pirobebSi ar SeiZleba 
moxdes raime fizikuri parametris usazRvro gadaxra 
mocemuli mniSvnelobidan, iseve, rogorc SeuZlebelia 
rxevebi usazRvrod zrdadi amplitudiT. 

gadaxrebi SemosazRvrulia elementebis TvisebebiT: 
eleqtruli manqanebis gajerebiT, dguSebis maqsimaluri 
svliT, Zravebis gansazRvruli simZlavriT da a.S. 
Tumca warmoqmnili rxevebi an saregulirebeli sididis 
arakontrolirebadi gadaxrebi SeiZleba iyos dauSve-
beli mowyobilobis daculobis, usafrTxoebis da sxv. 
mosazrebebiT. 

3. saregulirebeli sidide, romelic SemaSfoTebeli 
zemoqmedebis Sedegad gadaixara mocemuli mniSvnelo-
bidan, drois  ganmavlobaSi regulatoris zemoqmedebis 
Sedegad damyarebul sidides ki ar ubrundeba, aramed 
asrulebs aramilevad rxevebs amplitudiT, romelic 
damokidebulia sawyisi pirobebisagan. aseT gardamaval 
process ewodeba rxeviTi, xolo regulirebis wrfiv 
sistemas – mdgradobis sazRvarze myofi (nax.9.52g). 

arawrfiv sistemebSi SeiZleba aRiZvras mdgradi 
rxevebi mudmivi amplitudiT, romlis sididec ar aris 
damokidebuli sawyisi pirobebisagan, romlebiskenac 
sistema brundeba nebismieri SemaSfoTebeli zemoqmede-
bis moxsnis Semdeg. aseTi sistemebi ganixileba, rogorc 
mdgradi rxevebis mqoneni. 

avtomaturi regulirebis aramdgradi sistemebi 
praqtikulad gamousadegaria da, amitom, aucilebelia 
sistemebis mdgradobis gamokvleva. 

raime statikuri sistemis wonasworobis mdgradobis 
gansasazRvravad, unda SeviswavloT am sistemis qceva 
wonasworobis mdgomareobidan mcire gadaxrebis dros. 

magaliTad, imisaTvis, rom gansazRvruli iqnas sfe-
ros mdgradoba A mdgomareobaSi (nax.9.53), amisaTvis mas 
unda mivaniWoT mcire gadaxra da ganvixiloT amisagan 
aRZruli Zalebis moqmedeba. A mdgomareobidan nebis-
mieri mcire sididiT sferos gadaxrisas, aRiZvreba Za-
lebi, romlebic daabruneben mas sawyis mdgomareobaSi, 
da, maSasadame, wonasworobis es mdgomareoba mdgradia. 



nax.9.53. wona-
sworobis sxva-
dasxva saxe 

 
 

sferos mcire gadaxrisas wonasworobis mdgomareo-
bidan B wertilSi, aRiZvreba Zalebi, romlebic ga-
nagrZoben sferos gadaxras wonasworobis mdgomareo-
bidan, romelic mocemul SemTxvevaSi warmoadgens aram-
dgrads. 

sfero, ganlagebuli horizontalur sibrtyeze C 
wertilSi imyofeba ganurCevel wonasworobaSi, radgan 
misi gadaxrisas C wertilidan araviTari damatebiTi 
Zalebi ar aRiZvreba. sfero, ganlagebuli D wertilSi, 
imyofeba naxevradmdgrad wonasworobaSi. 

sistemis mdgradobas usasrulod mcire gadaxrebis 
dros ewodeba mdgradoba mcireSi. xSirad sistemebi, 
romlebic mdgradi arian mcireSi, aRmoCndebian mdgra-
debi sasrulo sakmarisad didi gadaxrebis drosac. e.i. 
sistema aRmoCndeba mdgradi didSi. gvxvdeba sistemebi, 
mdgradi mcireSi, magram aramdgradi didSi. 

9.53 naxazze sfero ganlagebuli A wertilSi, ar 
kargavs wonasworobas iqamde, vidre gadaxrebi ar 
scildeba B wertils. sistema mdgradia mcireSi, magram 
didSi igi mdgradia mxolod gansazRvrul areSi. 

avtomaturi regulirebis sistemebis gamokvlevis 
dros ganixilaven mdgradobas mcireSi, e.i. sistemis 
qcevas saregulirebeli sididis damyarebuli mniSvne-
lobidan mcire gadaxrebis dros. 

wrfiv sistemebSi mdgradoba mcireSi uzrunvelyofs 
mdgradobas didSic. 

arawrfivi sistema, mdgradi mcireSi, SeiZleba aR-
moCndes aramdgradi didSi da amitom arawrfivi siste-
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mebis mdgradobis gamokvlevis meTodebi arsebiTad gan-
sxvavdeba wrfivi sistemebis gamokvlevis meTodebisagan. 

ganvixiloT wrfivi da gawrfivebuli sistemebi 
(zustad wrfivi sistemebi iSviaTia). rusma maTemati-
kosma a.m. liapunovma uCvena, rom mdgradobis gamokvleva 
mcireSi gawrfivebuli gantolebebis daxmarebiT iZleva 
amocanis zust gadawyvetas. 

avtomaturi regulirebis wrfivi sistemis Tavisu-
fali moZraoba, romelic wonasworobis mdgomareobidan 
gamoyvanilia mcire gadaxriT, aiwereba Sekrulwrediani 
(Caketili) sistemis diferencialuri gantolebiT (Caw-
erili operaciul formaSi) 
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sadac x aris saregulirebeli sididis gadaxra moce-
muli mniSvnelobidan. 

integrirebis daxmarebiT 9.133 gantoleba SeiZleba 
gardaqmnili iqnes Semdeg gantolebad: 

.     (9.134) 

sadac  
c1, c2, ... ,cn integrirebis mudmivebia gansazRvruli 

sawyisi pirobebiT; 

λ λ ,...,, 21 λ  – sistemis maxasiaTebeli gantolebis 

araTanabari fesvebi. 
9.134 gantoleba warmoadgens maxasiaTebel 

gantolebas. 
regulirebis sistema, aRwerili 9.133 gantolebiT, 

a.m. liapunovis mier SemuSavebuli debulebebis 
mixedviT mdgradi iqneba mxolod im SemTxvevaSi, Tu 
maxasiaTebeli gantolebis 9.134 yvela fesvi iqneba 
uaryofiTi. maSin drois dinebiT 9.134 gantolebis yvela 

wevri, romelic Seicavs  mamravls, miiswrafvis 
nulisaken, xolo saregulirebeli x sididis gadaxra 
miiswrafvis A0 mudmivi mniSvnelobisaken an 0-ken. 

iteλ

1λTu erTi fesvi mainc, magaliTad , dadebiTia, 

maSin Sesabamisi wevri  drois dinebiT 

ganusazRvrelad gaizrdeba, ganusazRvrelad gaizrdeba 

tec 1
1

λ



saregulirebeli sididis x gadaxrac. sistema 
aramdgradia. 

kompleqsuri SeuRlebuli fesvebis dros 
uaryofiTi namdvili nawilebis SemTxvevaSi 
saregulirebeli sididis gadaxra modis damyarebuli 
mniSvnelobisaken milevadi harmoniuli rxevebiT. 
sistema mdgradia. 

erTi wyvili fesvebis mudmivi nawilis dadebiTi 
mniSvnelobis drosac ki saregulirebeli sididis 
gadaxra asrulebs rxevebs ganusazRvrelad zrdadi 
amplitudiT. sistema ara mdgradia. 

Tu gawrfivebuli sistemis maxasiaTebel 
gantolebas, romelsac ar gaaCnia dadebiTi fesvebi, 
magram aqvs Tundac erTi nulovani fesvi an wyvili 
sufTa warmosaxviTi SeuRlebuli fesvebi, realuri 
sistemis qceva ar SeiZleba ganisazRvros misi 
gawrfivebuli gantolebiT. am SemTxvevaSi gantolebis 
gawrfivebis dros ukugdebuli wevrebi meore da meti 
warmoebulebiT arsebiTad axdenen gavlenas sistemis 
mdgradobaze. 

amrigad, avtomaturi regulirebis sistemis 
mdgradobis analizi daiyvaneba wminda algebrul 
amocanamde – maxasiaTebeli gantolebis fesvebis 
namdvili nawilebis niSnis gansazRvramde. 

fesvebis namdvili nawilebis niSnebi SeiZleba 
napovni iqnes maxasiaTebeli gantolebis uSualo 
gadawyvetis gziT. magram martivad amoixsneba mxolod 
meore xarisxis gantolebebi. mesame xarisxis 
gantolebebis gadawyveta analizurad metad rTulia. 
ufro maRali xarisxis gantolebebs saerTod ar 
gaaCniaT analizuri gadawyveta da SeiZleba amoxsnili 
iqnes mxolod miaxloebiT. 

mdgradobis gamokvlevis Sesamsubuqeblad 
SemoTavazebuli iqna e.w. mdgradobis kriteriumebi. 

mdgradobis kriteriumi ewodeba maxasiaTebeli 
gantolebis fesvebis namdvili nawilis niSnebis 
gansazRvris irib meTods, romelic ar moiTxovs am 
gantolebis amoxsnas. 
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yvelaze martivia stodolis mdgradobis piroba, 
romelic warmoadgens aucilebels, magram arasakmariss. 
stodolis piroba saSualebas iZleva gantolebis saxis 
mixedviT advilad ganisazRvros aSkarad aramdgradi 
sistema. es piroba yalibdeba Semdegnairad. imisaTvis, 
rom sistema iyos mdgradi, aucilebelia (magram 
arasakmarisia), rom maxasiaTebeli gantolebis yvela 
koeficients hqondes erTnairi niSani. 

Tu koeficientebis niSnebi sxvadasxvaa, es mowmobs 
imis Sesaxeb, rom gantoleba Seicavs dadebiT fesvebs, 
Tumca igi maT SeiZleba Seicavdes koeficientebis win 
erTnairi niSnebis drosac. 

yvela cnobili kriteriumi iyofa or jgufad: 
sistemis diferencialuri gantolebis koeficientebis 
gamokvlevis meTodi, e.w. algebruli da amplitudur-
fazuri maxasiaTeblebis meTodi, e.w. sixSiruli. 

algebruls miekuTvneba viSnegradskis, rautis, 
gurvicis kriteriumebi. 

sixSiruls miekuTvneba mixailovis, naikvistis, 
logariTmuli sixSiruli maxasiaTeblebis meTodis 
kriteriumebi. 

gansakuTrebuli adgili uWiravs mdgradobis are-
ebis gamoyofas. unda gvaxsovdes, rom mdgradobis 
kriteriumebi adgenen erT faqts: maxasiaTebeli 
gantolebis yvela fesvis namdvili nawili uaryofiTia 
Tu ara. ama Tu im kriteriumis gamoyeneba 
damokidebulia konkretul pirobebze. 

algebruli kriteriumebi mosaxerxebelia mexuTe 
rigamde sistemebis mdgradobis Semowmebis dros. ufro 
maRali rigis sistemebisaTvis xelsayrelia sixSiruli 
kriteriumebis gamoyeneba. 

mdgradobis algebrul kriteriums SemuSavebuls 
rausis mier 1877 wels, Sveicarielma maTematikosma 
gurvicma 1895 wels ufro ganzogadebuli xasiaTi misca 
mas. amJamad kriteriumi cnobilia raus-gurvicis 
kriteriumis saxeliT. SevniSnavT, rom raus-gurvicis 
kriteriumi gamoirCeva mniSvnelovani sirTuliT 
praqtikuli gamoyenebis dros avtomaturi regulirebis 
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bevri realuri sistemisaTvis. am meTodiT sargeblobis 
dros aucilebelia: a) gagvaCndes sistemis yvela 
rgolis diferencialuri gantoleba, TviTon 
saregulirebeli obieqtis CaTvliT, rac praqtikulad 
yovelTvis ar aris SesaZlebeli, radgan aris xolme 
SemTxvevebi, rodesac calkeuli rgolebis 
maxasiaTeblebi SeiZleba gadaRebuli iqnes mxolod 
eqsperimentulad da Znelad eqvemdebarebian analizur 
gamosaxvas; b) Sedges diferencialuri gantolebebis 
sistema da amoixsnas igi, sistemis erTi saerTo 
diferencialuri gantolebis miRebis mizniT; g) 
Semowmdes, akmayofilebs Tu ara saerTo 
diferencialuri gantolebis koeficientebi 
gansazRvrul utolobebs. Tu es utolobebi 
kmayofildeba, maSin sistema iqneba mdgradi, xolo Tu 
erTi utolobac ki ar kmayofildeba, sistema ara-
mdgradia. 

Tu avtomaturi regulirebis wrfivi sistemis 
gadamcemi funqciis gamosaxulebaSi 9.58, gavutolebT 
nuls mniSvnelSi mocemul operatorul mravalwevrs 
L(P)=0, miviRebT maxasiaTebel gantolebas 9.134 Semdegi 
formiT: 
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gurvicis kriteriumi Camoyalibdeba Semdegnairad: 
imisaTvis rom avtomaturi regulirebis sistemis 
maxasiaTebeli gantolebis 9.135 fesvebs, rodesac an>0 
hqondeT uaryofiTi namdvili nawilebi, aucilebeli da 
sakmarisia, rom mTavari determinanti da yvela misi 
diagonaluri minorebi iyos dadebiTi. 

mTavari determinantisaTvis gveqneba 
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diagonalur minorebs eqnebaT saxe: 
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e.i. diagonaluri minorebis misaRebad marcxnidan da 
zemodan waiSleba TanmimdevrobiT TiTo sveti da TiTo 
pwkari, ori sveti da ori pwkari da a.S. 

Tu maxasiaTebeli gantolebis yvela koeficienti 
uaryofiTia, maSin 9.135 gantolebis orive nawili mrav-
ldeba -1-ze. 

ganvixiloTa mdgradobis pirobebi kerZo SemTxveve-
bisaTvis gurvicis mixedviT. 

pirveli rigis sistemisaTvis maxasiaTebel gan-
tolebas eqneba saxe  

+ aPa

001 >

. 

gurvicis mdgradobis pirobebi iqneba: 

a 011 >=ΔΔ = ; a

001
2

2 =++ aPaPa

001 >

.  

maSasadame, imisaTvis rom sistema aRwerili pirveli 
rigis diferencialuri gantolebiT, iyos mdgradi,   
aucilebeli da sakmarisia, rom maxasiaTebeli gan-
tolebis yvela koeficienti iyos dadebiTi. 

meore rigis sistemisaTvis maxasiaTebel gantolebas 
aqvs saxe 

. 

gurvicis mdgradobis pirobebi: 

a 011 >a 021 >; a . Δ = Δ = Δ =; 

imisaTvis, rom sistema aRwerili meore rigis 
diferencialuri gantolebiT, iyos mdgradi, aucile-



beli da sakmarisia, rom maxasiaTebeli gantolebis 
yvela koeficienti iyos dadebiTi. 

mesame rigis sistemisaTvis, maxasiaTebel gantole-
bas aqvs saxe: 

001
2

2
3

3 =+++ aPaPaPa

001 >=Δ a 011 >

. 

mdgradobis pirobebi: 

=Δ a 021 >=Δ a 031 >=Δ a; ; ; ; 

00312
13

02
2 >−==Δ aaaa

aa
aa

. 

imisaTvis, rom sistema aRwerili mesame rigis 
diferencialuri gantolebiT, iyos mdgradi, aucile-
beli da sakmarisia, rom maxasiaTebeli gantolebis 

yvela koeficienti da determinanti 2Δ  iyos dadebiTi. 

meoTxe rigis sistemisaTvis, maxasiaTebel gantole-
bas aqvs saxe: 

001
2

2
3

3
4

4 =++++ aPaPaPaPa

001 >=Δ a 011 >

. 

mdgradobis pirobebi: 
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vinaidan diagonaluri minori Δ  Sedis mamravlad 

 determinantis dadebiT nawilSi, es ukanaskneli 

SeiZleba dadebiTi iyos mxolod im pirobis dros, rom 

 dadebiTia. imisaTvis, rom sistema aRwerili meoTxe 

rigis diferencialuri gantolebiT, iyos mdgradi,   
aucilebeli da sakmarisia, rom maxasiaTebeli gan-

tolebis yvela koeficienti da determinanti 

3Δ

2Δ

3Δ  iyos 

dadebiTi. 
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001 >=Δ a 011 >

mexuTe rigis sistemisaTvis, maxasiaTebel gantole-
bas aqvs saxe: 

. 

gurvicis pirobebi 
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determinantebis ganxilvidan gamomdinareobs, rom 

Tu  da Δ , maSin 3Δ  agreTve dadebiTia da 

misi gamoTvla ar aris saWiro. 
imisaTvis, rom sistema aRwerili mexuTe rigis 

diferencialuri gantolebiT, iyos mdgradi, aucile-
beli da sakmarisia, rom maxasiaTebeli gantolebis 

yvela koeficienti da determinantebi 2Δ  da 4Δ iyos 

dadebiTi. 
gurvicis kriteriumiT xelsayrelia sargebloba av-

tomaturi regulirebis sistemis mdgradobis gamo-
sakvlevad araumetesi mexuTe rigisa. ufro maRali 
rigis sistemebisaTvis ufro moxerxebulia rausis 
kriteriumis gamoyeneba. gurvicisa da rausis kriteri-
umebis garda algebruli kriteriumebis ricxvs mie-
kuTvneba, agreTve, i.a. viSnegradskis kriteriumi, ro-
melic avtoris mier damuSavebuli iyo wrfivi sisteme-
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bis mesame rigisaTvis. SevniSnavT, rom i.a. viSnegradskis 
kriteriumSi Cadebulma ideebma didi roli iTamaSes 
avtomaturi regulirebis sistemebis mdgradobis Te-
oriis saerTo ganviTarebaSi. rausisa da viSnegradskis 
kriteriumebs Cven ar ganvixilavT. 

a.v. mixailovis mdgradobis kriteriumi (gamoqveynda 
1938 wels) efuZneba sixSirul meTods da gaTvalis-
winebulia avtomaturi regulirebis wrfivi Sekrul-
wrediani sistemisaTvis. ise rogorc gurvicis kriteri-
umi, a.v. mixailovis kriteriumic ganixilavs Caketili 
sistemis maxasiaTebel gantolebas. 

mixailovis mdgradobis sixSiruli kriteriumi xa-
siaTdeba yvela im naklovanebiT, romelic gaaCnia gur-
vicis kriteriums, romelTa Sesaxebac zemoT iyo aR-
niSnuli. damatebiT naklovanebas warmoadgens is, rom 
sistemis parametrebis gavlenis gansazRvra mis mdgra-
dobaze praqtikulad SeuZlebelia. 

mixailovis kriteriumis Rirsebas warmoadgens Se-
saZlebloba SedarebiT martivad ganisazRvros gaZlie-
rebis kritikuli koeficienti da mdgradobis maragi 
gaZlierebis koeficientis mixedviT. 

mixailovis kriteriumis arsi ganvixiloT av-
tomaturi sistemis magaliTze, romelic aiwereba meo-
Txe rigis gantolebiT, maxasiaTebel gantolebas am 
sistemisaTvis aqvs saxe  

. 

SevcvaloT gantolebis marcxena L(P)-Ti, xolo P ki 
ωj -Ti, maSin 
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gavixsenoT, rom 
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gamovyoT gantolebis namdvili da warmosaxviTi 
nawilebi: 

.   (9.138) 
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)(
aRvniSnoT 9.138 gantolebis namdvili da warmosax-

viTi nawilebi Sesabamisad ωX )( da ωY -Ti e.i. 

0
2

2
4

4)( aaaX +−= ωωω
3

31)( ωωω aaY −=

)()()(

; 

. 

CavsvaT es aRniSvnebi (9.138) formulaSi, miviRebT 

ωωω jYXjL += . 

axla avagoT damokidebuleba jY da X koordinatTa 
RerZebSi, rodesac ω  icvleba 0-dan ∞ -mde. am 
damokidebulebas eqneba mrudis forma, romelsac 
ewodeba maxasiaTebeli funqciis godografi, an 
mixailovis mrudi (nax.9.54a). 

avtomaturi sistemis mdgradobisaTvis moiTxoveba, 
rom mixailovis mrudi gadiodes TanmimdevrobiT imden 
kvadrants, ramdenic aris maxasiaTebeli gantolebis 
xarisxi. amasTan, mixailovis mrudma unda Semouaros 
koordinatTa saTaves saaTis isris svlis sawinaaRmdego 
mimarTulebiT. magaliTad, Cvens mier ganxiluli meoTxe 
rigis sistemisaTvis, rogorc naCvenebia nax.9.54a, mrudi 
gadis TanamimdevrobiT oTx kvadrants. 

naxazze 9.54b naCvenebia mixailovis godografebi 
mdgradi sistemebisaTvis 1-dan me-5 rigamde. meti 
TvalsaCinoebisaTvis yvela xazi gamodis erTi 
wertilidan, e.i. a0 yvela maxasiaTebeli 
gantolebisaTvis aris erTnairi. pirveli rigis 
gantolebas Seesabameba swori, warmosaxviTi RerZis 
paraleluri, romelic imyofeba misgan a0 manZilze; 
maRali rigis gantolebebs Seesabameba Sesabamisi 
mrudebi. naxazze 9.54g naCvenebia mixailovis mrudis 
magaliTi meoTxe rigis aramdgradi sistemisaTvis. OA da 
OB monakveTebis Tanafardobis mixedviT SeiZleba 
vimsjeloT mdgradobis maragis Sesaxeb. Tu OB (nax.9.54a) 
sakmarisad didia OA -Tan (nax.9.54g) SedarebiT, sistemas 
gaaCnia mdgradobis mniSvnelovani maragi. OB monakveTis 
SemcirebasTan erTad mdgradobis maragi mcirdeba. 



 
nax.9.54. mixailovis godografebi: a) maxasiaTebeli fun-

qciis godografi; b) godografebi mdgradi sistemebisaTvis 1-
dan me-5 rigamde; g) mixailovis mrudi meoTxe rigis aram-
dgradi sistemisaTvis 

 

sistemis gaZlierebis saerTo koeficientis gazrdis 
dros mixailovis godografi formis Seucvlelad 
gadaadgildeba marjvniv da gaZlierebis koeficientis 
garkveuli kritikuli  mniSvnelobis dros kkrit. gaiv-
lis koordinatTa saTaveze. sistema am SemTxvevaSi 
imyofeba mdgradobis zRvarze. gaZlierebis koeficien-
tis Semdgomi gazrdisas, godografi gadaadgildeba 
marjvniv da gaivlis kvadrantebis raodenobas, rome-
loTa ricxvi iqneba naklebi diferencialuri gan-
tolebis rigze. sistema gaxdeba aramdgradi. 

avtomaturi regulirebis sistemebis kvlevaSi yve-
laze farTo gamoyeneba hpoves mdgradobis naikvistis* 
                            
* naikvistma 1932 wels daamuSava sixSiruli amplitudur-fazuri 
kriteriumi radioteqnikuri gamaZliereblebis kvlevisaTvis. 1938 
wels a.v. mixailovma igi gaavrcela avtomaturi regulirebis siste-
mebis kvlevaze. 
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amplitudur-fazurma kriteriumma da mdgradobis gan-
sazRvram, logariTmuli sixSiruli maxasiaTeblebis 
mixedviT. es aixsneba imiT, rom sixSiruli maxasiaTe-
blebi, romelTa mixedviTac xdeba mdgradobis analizi, 
SesaZlebelia gamoyenebuli iqnes gardamavali procese-
bis xarisxis gamokvlevis, da makoreqtirebeli mowyo-
bilobebis sinTezis dros. 

naikvistis kriteriumi SeiZleba, agreTve, gamo-
yenebuli iqnes dagvianebis mqone sistemebis mdgradobis 
gamosakvlevad da arawrfivi sistemebis gamokvlevis 
dros harmoniuli gawrfivebis meTodiT. 

mdgradobis kriteriumi miaxloebiTi logariTmuli 
sixSiruli maxasiaTeblebis mixedviT warmoadgens mni-
Svnelovnad naklebad Sromatevads, vidre sxva krite-
riumebi. 

orive kriteriumi SeiZleba gamoyenebuli iqnes im 
SemTxvevaSic, rodesac calkeuli elementebis six-
Siruli maxasiaTeblebi miRebulia eqsperimentalurad 
da ar arsebobs maTi analizuri gamosaxulebebi. am 
kriteriumebis daxmarebiT SeiZleba gansazRvruli iqnes 
gaZlierebis kritikuli koeficienti da mdgradobis 
maragi amplitudisa da fazis mixedviT. 

amrigad, naikvistis kriteriumsa da mdgradobis gan-
sazRvras logariTmuli sixSiruli maxasiaTeblebiT 
gaaCniaT yvelaze farTo SesaZleblobebi. 

sixSirul meTodzea damyarebuli, agreTve, i.i. nei-
markis kriteriumic, romelic gamoqveynda 1947 wels. es 
meTodi literaturaSi cnobilia D gancalkevebis me-
Todis saxelwodebiT. yvela wina kriteriumisagan 
gansxvavebiT neimarkis kriteriumi saSualebas iZleva 
davadginoT nebismieri rigis diferencialuri gantole-
biT aRwerili sistemis nebismieri parametris gavlena 
mdgradobaze. igi iZleva ganwrfivebuli sistemebis 
mdgradobis areebis gamoyofis SesaZleblobas. SevniS-
navT, rom pirvelad mdgradobis areebis gamoyofis sa-
kiTxiT dainteresda i.a. viSnegradski. man gadawyvita 
aRniSnuli amocana mesame rigis diferencialuri gan-
tolebiT aRwerili sistemisaTvis. 
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$12. avtomaturi regulirebis procesis xa-
risxi da xarisxis maCveneblebi 

 

regulirebis procesis xarisxi ewodeba mdgradi 
sistemis gardamavali procesis xasiaTs, romelic da-
mokidebulia regulirebis sistemis parametrebsa da 
mmarTveli da SemaSfoTebeli zemoqmedebebis xasiaTze. 

xarisxis maCveneblebi ewodeba sidideebs, romlebic 
axasiaTeben sistemis qcevas gardamaval procesSi, ga-
mowveuls raime tipuri gare zemoqmedebiT (yvelaze 
xSirad erTeuli safexurisebri zemoqmedebiT). maSasa-
dame, yvelaze sruli warmodgena regulirebis xarisxze 
SeiZleba miRebuli iqnes Tu avagebT da gavaanalizebT 

x(t) funqcias, sadac x aris saregulirebeli sidide. 
regulirebis xarisxis Sefasebebi, miRebuli avtomaturi 
regulirebis sistemebSi gardamavali procesebis gra-
fikebis analizis safuZvelze tipuri urTierTmoqme-
debisas iwodebian pirdapir Sefasebebad. regulirebis 
xarisxis Sefasebebi, romlebic emyareba sxvadasxva Su-
aledi maxasiaTeblebis analizs, magaliTad, gadamcemi 
funqciis analizs, iwodebian irib Sefasebebad. im 
SemTxvevebSi, rodesac xarisxis Sefasebis pirdapiri 
meTodebi miuRebelia raime mosazrebiT, magaliTad ga-
moTvliTi samuSaoebis didi moculobiT, mimarTaven 
irib Sefasebebs. 

Tu gamokvleva xdeba realurad arsebuli reguli-
rebis avtomaturi sistemisa, gardamavali procesebis 
mrudebi yvelaze xelsayrelia miRebuli iqnes eqsperi-
mentaluri gziT, kerZod X(t) oscilogramebis gadaRebiT 
tipuri zemoqmedebebis dros. regulirebis avtomaturi 
sistemis daproeqtebis dros X(t) funqciis misaRebad 
aucilebelia diferencialuri gantolebis gadawyveta, 
romelic akavSirebs saregulirebel sidides da mmarT-
veli an SemaSfoTebeli zemoqmedebis funqcias. rogorc 
cnobilia, maRali rigis (meoTxeze maRali) diferen-
cialuri gantolebebis gadawyveta moiTxovs didi 
moculobis gamoTvlebis Sesrulebas da ar iZleva 
zust Sedegs. swored amitom regulirebis avtomaturi 

 409 



sistemis xarisxis pirdapiri Sefaseba xangrZlivi dro-
is ganmavlobaSi iyo metad Zneli. 

sainJinro praqtikaSi eleqtronuli gamomTvleli 
manqanebis (ЭВМ) farTod danergvam arsebiTad gaamar-
tiva regulirebis xarisxis pirdapiri Sefasebebis 
miReba. 

diferencialuri gantolebebis gadawyveta yvelaze 
advilad xorcieldeba analoguri gamomTvleli man-
qanebis (АВМ) daxmarebiT. magram, gadawyvetis sizuste 
miRebuli АВМ-is daxmarebiT SezRudulia: cdomileba 
aRwevs 10%-sa da mets. АВМ-ze gadawyvetis mniSvnelova-
ni cdomileba gamomdinareobs analoguri manqanebis 
muSaobis principidan. garda amisa, diferencialuri 
gantolebebis rigis amaRlebasTan erTad gadawyveta 
АВМ-ze Zneldeba, gansakuTrebiT, Tu moiTxoveba ram-
denime gamosasvleli cvladis analizi. 

regulirebis avtomaturi sistemis analizi ci-
fruli eleqtronul-gamomTvleli manqanebis (ЭВМ) ba-
zaze xasiaTdeba didi sizustiT, universalurobiT, 
farTo logikuri SesaZleblobebiT. amJamad ЭВМ-is 
standartuli maTematikuri uzrunvelyofis Semadgen-
lobaSi aris sxvadasxva klasis diferencialuri gan-
tolebebis gadawyvetis efeqturi programebi. 

diferencialuri gantolebebis gadawyveta ЭВМ-ze 
xorcieldeba ricxviTi integrirebis meTodebis bazaze. 
pirveli rigis diferencialuri gantolebis ricxviTi 
gadawyvetisaTvis gamoiyeneba eileris da masze zusti 
runge-kutis meTodebi. runge-kutis meTodi gadawyvetis 
sizustis gazrdis saSualebas iZleva, eileris meTod-
Tan SedarebiT integrirebis erTnairi bijis dros. 

ЭВМ-ze n-uri rigis diferencialuri gantolebebis 
gadasawyvetad eileris an runge-kutis meTodebiT, n-uri 
rigis gantolebebi daiyvaneba pirveli rigis gantole-
bebis sistemamde. amasTan, TiToeuli gantoleba gadawy-
vetili unda iqnes masSi Semavali Tavisi funqciis 
pirveli rigis warmoebulis mimarT. 

regulirebis xarisxis iribi meTodebi saSualebas 
iZleva miaxloebiT ganisazRvros regulirebis xarisxis 
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zogierTi maCvenebeli, magaliTad, mdgradobis xarisxi, 
gardamavali procesis dro, gadametregulireba X(t) 
funqciis augeblad. avtomaturi regulirebis TeoriaSi 
farTo gavrceleba hpova regulirebis procesis xa-
risxis iribi Sefasebis samma meTodma: fesvebis ga-
nawilebis meTodi, integralur SefasebaTa meTodi da 
sixSiruli meTodi. 

fesvebiT Sefasebis meTodi emyareba gardamavali 
procesis xasiaTis kavSirs diferencialur gantole-
baTa sistemis fesvebis kompleqsur sibrtyeze ganawi-
lebis xasiaTTan. 

integraluri meTodebis gamoyeneba xelsayrelia 
TvisebebiT axlo mdgomi sistemebis SedarebiTi Sefase-
bebisaTvis. 
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sixSiruli meTodebi emyareba regulirebis av-
tomatur sistemaSi gardamavali procesebis xasiaTsa da 

ωX  funqciis namdvili sixSiruli maxasiaTeblis 

formas Soris kavSirs. 
mas Semdeg, rac iribi meTodis daxmarebiT SeirCeva 

parametrebi, romlebic uzrunvelyofen xarisxis sasur-
vel maCveneblebs, sasargebloa gardamavali procesis 
mrudis ageba pirdapiri meTodiT, raTa davrwmundeT 
imaSi, rom gardamavali procesi pasuxobs mocemul 
moTxovnebs. winaaRmdeg SemTxvevaSi unda Seicvalos pa-
rametrebi aradamakmayofilebeli gardamavali procesis 
gamosasworeblad. 

ganvixiloT gardamaval procesSi regulirebis 
xarisxis Semdegi maCveneblebi: 

a) saregulirebeli sididis maqsimaluri gadaxra 
(mdgradobis xarisxi); 

b) gardamavali procesis milevadobis xasiaTi; 
g) gadametregulirebis sidide; 
d) regulirebis cdomilebebi; 
e) damyarebuli gadaxra; 
v) regulirebis dro; 
z) gardamavali prorcesis rxeviToba. 
 
 



a) saregulirebeli sididis maqsimaluri gadaxra 
(mdgradobis xarisxi), axasiaTebs gardamavali procesis 
milevadobis siCqares. rac ufro naklebia 
saregulirebeli sididis maqsimaluri gadaxra, miT 
ufro maRalia regulirebis xarisxi. 

naxazze 9.55 naCvenebia regulirebis mdgradi 
sistemisaTvis rxeviTi gardamavali procesi. sistemis 
pirveldawyebiT damyarebul mdgomareobaSi 

saregulirebeli sididis mniSvneloba iyo Xmdg.1; Semdeg 
saregulirebeli sididis mocemuli mniSvneloba 

Secvlili iqna Xmdg.2-mde; amis Semdeg dgeba gardamavali 
procesi, romlis  drosac saregulirebeli sidide 
Rebulobs sxvadasxva mniSvnelobas. maqsimaluri 
gadaxra saregulirebeli sididis mocemulobidan 

naxazze 9.55 ganisazRvreba ordinatiT Xmaqs. 

 
nax.9.55. rxeviTi gardamavali procesi regulirebis 

mdgradi sistemisaTvis 
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b) gardamavali procesis milevadobis xasiaTi 
SeiZleba iyos monotonuri, aperioduli an rxeviTi. 

monotonuri ewodeba process, romelSic sareguli-
rebeli sididis gadaxra axali damyarebuli mniSvnelo-
bidan droTa ganmavlobaSi ganuwyvetliv mcirdeba 
gadametregulirebis gareSe (mrudi 1, nax.9.56). axali 
damyarebuli mniSvneloba emTxveva drois RerZs. 

 
 

aperioduli ewodeba process, romelSic sareguli-
rebeli sidide uaxlovdeba damyarebul mniSvnelobas 
erTi, ori an ramdenime rxevis Semdeg. rxevis periodis 
sxvadasxva sididiT da gadametregulirebebiT (mrudebi 
2 da 3 nax.9.56). 

rxeviTi ewodeba process, romelSic saregulire-
beli sidide uaxlovdeba damyarebul mniSvnelobas har-
moniuli rxevebiT (ix. nax.9.55). 

sistemis maRali rigis rxeviTi procesi SeiZleba 
daSlili iqnas calkeul mdgenelebad, romelTa Caqro-
bac xdeba kanonis mixedviT 

)sin( 0ψωα += − tAeX i
ti

i

,      (9.139) 

sadac 

A  aris rxevis sawyisi amplituda; 

α  – kompleqsuri fesvis namdvili nawilis mniSvne-

loba, 
w

1
; 

nax.9.56. gardama-
vali procesebis 
saxeebi: 1 – mono-
tonuri; 2, 3 – ape-
rioduli 
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iω  – kompleqsuri fesvis warmosaxviTi nawilis 

mniSvneloba – rxevis kuTxuri sixSire, 
w

1

0

. 

ψ  – fazis sawyisi Zvra, rad. 

rxevis periodis sidide. 

i

T
ω
π2

= . 

ori mezobeli maqsimaluri gadaxris fardoba (ix. 
nax.9.55) 

i
i

i T

m

m eeq α
α

ω
π

δ
δ

===
2

1

.      (9.140) 

am fardobis naturaluri logariTmi 

i
T

m

m Ted i αα

δ
δ

=== lnln
1

i

iwodeba Caqrobis logariTmul 

dekrementad. 
ukanaskneli gamosaxulebidan Cans, rom gardamavali 

procesis Semadgeneli rxevebis Caqrobis siCqare pir-
dapir damokidebulebaSi imyofeba Caqrobis logariT-
muli dekrementis sididesTan, romelic pirdapirpro-
porciulia wyvili SeuRlebuli kompleqsuri fesvebis 

Sesabamisi namdvili nawilis α  mniSvnelobisa. 

g) gadametregulirebis sidide. erTi damyarebuli 
mdgomareobidan meoreSi gadasvlis dros, e.i. gar-
damaval procesSi, SesaZlebelia saregulirebeli sidi-
dis axal mniSvnelobasTan miaxlovebis ori SemTxveva: 

1. saregulirebeli sidide uaxlovdeba axal mni-
Svnelobas mxolod erTi mxridan, ar gamodis ra saz-
Rvrebidan, romlebic SemosazRvrulia mocemuli axali 
da Zveli mniSvnelobebiT (mrudi 1, nax.9.55); am SemTxve-
vaSi gadametregulirebas ara aqvs adgili; 

2. saregulirebeli sidide uaxlovdeba axal moce-
mul mniSvnelobas, amasTan, misi gadaxrebi ormxrivia da 
scildebian miTiTebul axal zRvars, e.i. warmoebs 
gadametregulireba (mrudi 2, nax.9.55). 



gadametregulirebis sidide ar unda aRematebodes 
maqsimalur dasaSveb mniSvnelobas. naxazze 9.55 maqsi-
maluri gadametregulireba ganisazRvreba monakveTiT 

Xmaqs-Xmdg.2. rac ufro metia gadametregulireba, procesi 
iqneba ufro rxeviTi da xangrZlivi. 

d) regulirebis cdomilebis qveS igulisxmeba sare-
gulirebeli sididis gadaxra mocemuli mniSvnelobidan. 

Cveulebriv regulirebis cdomileba iyofa or mdge-
nelad: gardamaval anu dinamikur cdomilebad da dam-
yarebul anu statikur cdomilebad. dinamikuri cdo-
mileba warmoadgens regulirebis damatebiT Secdomas da 
gardamaval reJimSi igi emateba statikur cdomilebas. 

statikuri cdomileba, agreTve, Sedgeba ori mdgene-
lidan. pirveli mdgeneli ganpirobebulia regulirebis 
sistemis calkeuli rgolebis Sesrulebis sizustiT da 
damokidebulia RreCoebisagan kinematikur wyvilebSi da 
eleqtrul kontaqtebSi, mSrali xaxunis Zalebisagan, e.i. 
mizezebisagan, romlebic iwveven regulatoris ara-
mgrZnobiarobas. 

saregulirebeli parametris SesaZlo gadaxrebis 
zRvars damyarebul reJimebSi ewodeba regulatoris 
aramgrZnobiarobis zona. aramgrZnobiarobis zona gani-
sazRvreba parametris cvlilebis sididiT, romelic 
aucilebelia, raTa daZleuli iqnes xaxunis Zalebi da 
RreCoebi, cvladi gardamavali winaRobebis arseboba 
eleqtrul kontaqtebSi, agreTve, saregulirebeli or-
ganos gadaadgilebis mimarTulebis Sesacvlelad. 
naxazze 9.55 ЗН – aris aramgrZnobiarobis zona.  

aramgrZnobiarobis zonis sidide Cveulebriv miiReba 
teqnikuri pirobebiT avtomaturi regulirebis moce-
muli konkretuli sistemisaTvis. Cveulebriv, aram-
grZnobiarobis zona ar unda aRematebodes +5% moce-

muli saregulirebeli sididisagan Xmdg. 
naxazze 9.57 swori a warmoadgens saregulirebeli 

sididis mocemul mniSvnelobas; mrudi δ  gamosaxavs 
saregulirebeli parametris faqtobriv cvlilebas; ara-
mgrZnobiarobis zona SemosazRvrulia wyvetili xaze-
biT. 
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nax.9.57. saregulirebeli sididis mniSvnelobebi: a – 

sididis mocemuli mniSvneloba; δ  - saregulirebeli para-
metris faqtobrivi cvlileba 

 

statikuri cdomilebis meore mdgeneli es aris sa-
kuTriv statikuri Secdoma, damokidebuli avtomaturi 
regulirebis sistemis konstruqciisa da misi datvirT-
visagan. 

saregulirebeli sididis udidesi gadaxra, ro-
melic warmoiSveba datvirTvis maqsimalurad Secvlis 
Sedegad da rCeba avtomaturi regulirebis sistemaSi 
gardamavali procesis damTavrebis Semdeg, iwodeba 
statikur Secdomad. igi damaxasiaTebelia regulirebis 
statikuri sistemebisaTvis. 

statikuri Secdoma 

mdgmdg.nomin XX= −δ  

ar unda aRematebodes genδ  dasaSveb sidides. re-

gulirebis astatikur sistemaSi statikuri Secdoma ar 
arsebobs. statikuri Secdoma gamoiTvleba procentebSi 
saregulirebeli sididis nominaluri mniSvnelobisadmi 

. .nominmdgX
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100%
mdg.nominX
δδ = .        (9.141) 



e) damyarebuli gadaxra ganisazRvreba saregulire-
beli sididis gadaxris sididiT mocemuli mniSvnelo-
bidan damyarebul procesSi. 

v) regulirebis drois qveS igulisxmeba gar-
damavali procesis drois monakveTi regulirebis sis-
temaze zemoqmedebis modebis momentidan im momentamde, 
rodesac saregulirebeli sidide Sedis aramgrZnobiar-
obis zonaSi. 

z) gardamavali procesis rxeviToba es aris sare-
gulirebeli sididis mis axal damyarebul mniSvne-
lobasTan axlos rxevebis ricxvi gardamavali pro-
cesis drois ganmavlobaSi. igi Cveulebriv ar unda aRe-
matebodes mocemul ricxvs. 

 
 
$13. avtomaturi sistemis regulirebis xa-

risxis koreqtireba 
 

meoTxe Tavis $1-Si ganmartebulia ukukavSiris gamo-
yenebis Sesaxeb gaZlierebis koeficientis stabili-
zaciis an misi gazrdis mizniT, gansazRvrulia dadeb-
iTi da uaryofiTi ukukavSirebi. ganmartebulia, rom 
dadebiTi ukukavSiris gamoyeneba zrdis gaZlierebis 
koeficients, xolo uaryofiTi ukukavSiris gamoyeneba 
amcirebs mas. 

SevniSnavT, rom kavSirebi, romlebic warmoqmnian 
zemoqmedebis gadacemis gzas avtomaturi regulirebis 
sistemis elementebs Soris, iwodebian mTavar kavSire-
bad. erTi romelime mTavari kavSiris darRvevisas 
mTeli sistemis maregulirebeli moqmedeba Sewydeba. 
mTavar kavSirebad Cveulebriv gamoiyeneba berketebi, 
reduqtoruli da kbilana gadacemebi, eleqtruli sa-
denebi da kabelebi, hidravlikuri da pnevmaturi gada-
cemebi. mTavari da damatebiTi ukukavSirebis, agreTve, 
erTkonturiani da mravalkonturiani sqemebis Sesaxeb 
ixileT meaTe Tavis mexuTe paragrafSi. 
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Tu daproeqtebuli avtomaturi regulirebis sis-
tema aRmoCnda aramdgradi, is SeiZleba gadakeTdes 
mdgradad specialuri makoreqtirebeli mowyobilobebis 
sistemaSi SeyvaniT, romlebsac, am SemTxvevaSi, Cveuleb-
riv uwodeben mastabilizebel mowyobilobebs. 

aramdgradi sistemebi iyofian struqturulad 
mdgradad da struqturulad aramdgradad. 

struqturulad mdgradi ewodeba avtomaturi regu-
lirebis sistemebs im SemTxvevaSi, Tu isini SeiZleba 
gakeTdes mdgradad maTi parametrebis (drois mudmive-
bis, gaZlierebis koeficientebis) ricxviTi mniSvnelo-
bebis SecvliT, struqturuli sqemis Seucvlelad. 

struqturulad aramdgradi ewodeba avtomaturi 
regulirebis sistemebs, romlebic maTi parametrebis 
veraviTari SecvliT ar SeiZleba gaxdnen mdgradi. am 
sistemebis mdgradobis miRweva SeiZleba mxolod maTi 
struqturuli sqemis SecvliT. 

sistemis stabilizirebisaTvis SeiZleba gamoyene-
buli iqnes ukukavSiri, romlis ZiriTadi daniSnulebaa 
– calkeuli rgolis an rgolebis jgufis Tvisebebis 
SecvliT regulirebis xarisxis gaumjobeseba da gar-
damavali procesis mdgradobis uzrunvelyofa, e.i. sis-
temis stabilizireba. maSasadame, ukukavSiri asrulebs 
makoreqtirebeli mowyobilobis rols. amrigad, avtoma-
turi regulirebis sistemis koreqcia varaudobs regu-
lirebis sistemis struqturis an calkeuli rgolebis 
parametrebis Secvlas, gamomdinare sistemis mdgradobis 
amaRlebis pirobidan (mdgradobis aucilebeli mara-
gebis miReba), agreTve, gansazRvruli dinamikuri Tvise-
bebis miRebas (sizuste, swrafqmedeba). avtomaturi regu-
lirebis sistemaSi ukukavSiri yvelaze xSirad xor-
cieldeba Semsrulebeli mowyobilobis gamosasvlelsa 
da maZliereblis Sesasvlels Soris (nax.9.58). 
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nax.9.58. avtomaturi regulirebis sistemis funqcionaluri 

sqema uaryofiTi ukukavSiriT 
 

ukukavSirebi maTi mierTebis meTodis mixedviT iyo-
fian dadebiTad da uaryofiTad. dadebiTi ewodeba iseT 
ukukavSirs, romlis signalic Seiyvaneba rgolSi imave 
niSniT, rac ZiriTadi wrediT miwodebuli Sesasvleli 
sidide. uaryofiTi ewodeba iseT ukukavSirs, romlis 
signalic Seiyvaneba rgolSi niSniT, sawinaaRmdego 
Sesasvleli sididis niSnisa, romelic miewodeba Ziri-
Tadi wrediT. 

avtomaturi regulirebis teqnikaSi yvelaze farTo 
gamoyeneba hpova uaryofiTma ukukavSirma, radgan igi 
amcirebs rgolis inerciulobas, aumjobesebs mdgrado-
bas, axSobs rxevebs da cvlis rgolis tips. 

avtomaturi regulirebis sistemebSi gamoyenebuli 
uaryofiTi ukukavSirebi iyofa xistad da moqnilad*. 

                            
* ukukavSirs ewodeba moqnili, Tu damatebiT konturSi CarTulia 
madiferencirebeli rgolebi. konturSi Cveulebrivi proporciuli 
rgolis CarTvis dros ukukavSirs ewodeba xisti. koreqcia xisti 
ukukavSiris daxmarebiT teqnikurad yvelaze martivia. moqnil uku-
kavSirs sxvagvarad izodromuls uwodeben. 
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xisti ukukavSirebi (igi SesaZloa moqmedebdes mud-
mivad – gardamavali procesis dros da maSinac, rode-
sac procesi damyarebulia) maTSi gamoyenebuli mowyo-
bilobebisagan damokidebulebiT, gvxvdeba: 

a) martivi, romelic aiwereba gantolebiT 

gamu.kSem.u.k XkX = ,      (9.142) 

sadac  

Sem.u.k.X  aris ukukavSiris Sesasvleli sidide; 

u.kk

gamX
– ukukavSiris gaZlierebis koeficienti; 

– rgolis gamosasvleli sidide. 

b) inerciuli, romelic aiwereba gantolebiT 

gam.u.kSem.u.k

Sem.u.k

ku xkx
dt

dx
T =+. .      (9.143) 

moqnili ukukavSirebi (moqmedebs mxolod gardama-
val procesSi da ar moqmedebs damyarebuli procesis 
dros) gvxvdeba: 

a) martivi, romelic aiwereba gantolebiT 
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dtu.k

dx
kx .gam

Sem.u.k. = ;          (9.144) 

b) inerciuli (ewodeba agreTve izodromuli), ro-
melic aiwereba gantolebiT 

dt
dx

kx
dt

dx
T gam.

u.kSem.u.k.

Sem.u.k.

u.k. =+ .        (9.145) 

ganvixiloT zogierTi magaliTi xisti ukukavSiris 
gavlenisa mis mier moculi rgolebis dinamikur Tvise-
bebze. 

vTqvaT, Cven mocemuli gvaqvs aperioduli pirveli 
rigis rgoli, romelsac moicavs uaryofiTi ukukavSiri, 
magaliTad proporciuli rgolis saxiT (nax.9.59). pro-
porciuli rgolis gantoleba Cveni SemTxvevisaTvis ai-
wereba gantolebiT 9.142. 
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maTematikurad uaryofiTi ukukavSiris Seyvana ape-

riodul rgolSi gamoixateba Semdegnairad. rogorc 
ukve cnobilia [formula (9.7)], aperioduli pirveli 
rigis rgolis gantolebas aqvs saxe 

Semgam

gam kxx
dt

dx
T =+ . 

uaryofiTi ukukavSiris CasmiT am gantolebaSi, 
miviRebT 

)( Sem.u.kSemgam

gam xxkx
dx

T −=+

Sem.u.k.x

dt
.      (9.146) 

gansazRvris Tanaxmad uaryofiTi ukukavSiri ga-
moakldeba Semavali sididis signals, ix. formula 4.10. 

CavsvaT -is mniSvneloba 9.142-dan 9.146-Si: 

)( gamu.kSemgam

gam xkxkx
dt

dx
T −=+ ; 

gamu.kSemgam

gam xkkkxx
dt

dx
T −=+ ; 

Semgamu.k.

gam kxxkk
dt

dx
T =++ )1(

u.k.kk+1

.      (9.147) 

Tu ukanaskneli tolobis orive nawils gavyofT 

-ze, gveqneba 

Sem

u.k

gam

gam

u.k

x
kk
kx

dt
dx

kk
T

+
=+⋅

+ 11
.   (9.148) 

aRvniSnoT 

rgoli 

uku- 
kavSiri

xSem xgam 

xgam 
xSem u.k 

nax.9.59. avtomaturi 
regulirebis ukukavSi-
riT Semowvdomili rgo-
lis pirobiTi gamosa-
xva 
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11 11
k

kk
kT

kk
T

=
+

=
+ u.k.u.k.

  ; ; 

maSin 9.148 gantoleba miiRebs saxes 

Semgam

gam xkx
dt

dx
T 11 =+    (9.149) 

(9.149) gantoleba warmoadgens, agreTve, aperiodul 
pirveli rigis rgols, magram naklebi drois mudmivaTi 

(T1<T, radgan 
u.k.kk

T
+

=
11T , amasTan, mniSvneli metia 

erTze). maSasadame, rgoli uaryofiTi ukukavSiriT mi-
iReba naklebad inerciuli. mocemuli rgolis ga-
Zlierebis koeficientis k-s sakmarisad didi mniSvnelo-
bisas 9.149 gantolebis pirveli Sesakrebi SeiZleba 
ugulebelvyoT (vinaidan T1 iqneba mcire), xolo 

u.k.u.k.u.k. kkk
k

kk
kk 1

11 =≈
+

=

1>>u.k.kk

, 

vinaidan da maSin 

Sem

u.k.

gam x
k

x 1
≈ .           (9.150) 

9.150 Tanafardobidan Cans, rom aperioduli pirveli 
rigis rgoli, gaZlierebis didi koeficientiT, moce-
muli xisti ukukavSiriT, iqneba axlo proporciul 
rgolTan ukukavSiris koeficientis Sebrunebuli sidi-
dis toli gaZlierebis koeficientiT. 

movicvaT uaryofiTi ukukavSiriT idealuri mainte-
grebeli rgoli, romelic aiwereba gantolebiT 9.11. 

Sem

gam kx
dt

dx
= . 

proporciuli rgolis gantoleba, gamoyenebuli 
ukukavSiris saxiT, aiwereba gantolebiT 9.142; mainte-
grebeli rgolis gantoleba, mocemuli ukukavSiriT, 
gamoixateba gantolebiT 
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)( S.Sem.uk.kavSem

gam xxk
dt

dx
−=

Sem.u.k.x

.        (9.151) 

-s mniSvnelobis CasmiT 9.142-dan 9.151-Si, 

gveqneba  

gamu.k.Sem

gam xkkkx
dt

dx
−= .  

Semgamu.k.

gam kxxkk
dt

dx
=+

u.k.kk

.            (9.152) 

tolobis orive nawilis gayofiT -ze, miviRebT 

Sem

u.k.

gam

gam

u.k.

x
k

x
dt

dx
kk

11
=+⋅ .        (9.153) 

SevcvaloT 1kk
1 T=
u.k.

; 1
1 k

k
= , 

u.k.

maSin 

Semgam

gam xkx
dt

dx
T 11 =+ , 

rac warmoadgens aperioduli pirveli rigis rgolis 
gantolebas. 

maSasadame, idealuri maintegrebeli rgoli, mocu-
li xisti ukukavSiriT, ekvivalenturia aperioduli 
pirveli rigis rgolisa. 

gamu.k.

gam

u.k.Sem.u.k. Pxk
dt

dx
kx ==axla ganvsazRvroT  saxiT 

moqnili ukukavSiris gavlena calkeuli rgolebis 
Tvisebebze gadamcemi funqciebis gamoyenebiT. movicvaT 
aseTi ukukavSiriT aperioduli rgoli (formula 9.7), 
romelic operatoruli formiT gamoixateba (formula 
9.44, nax.9.60) 



nax.9.60. aperio-
duli rgolis Se-
mowvdoma moqnili 
u

Ku.k.P kukavSiriT

 
 

Semgam kxxTP + )1( = . 

ekvivalenturi rgolis gadamcemi funqciisaTvis 9.38 
formulis Tanaxmad gveqneba 
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,
)1(1)(1

11

+
=

++
=

++
=

++

ekvu.k.u.k.

u.k.

TP
k

kkTP
k

PkkTP
k

TPTP
1

11
)()(1

)()( =
++
+=

⋅

+=
⋅+

=
u.k.u.k.

PkkTP
TP

k

Pkk
TP

k

PWPW
PWPW

I

I

 

sadac  

u.k.ekv kkTT += . 

am SemTxvevaSi moqnili ukukavSiris CarTvam ar 
Secvala rgolis xasiaTi. izrdeba mxolod misi drois 
mudmiva, xolo gaZlierebis koeficienti rCeba adrin-
deli. 

Tu movicavT maintegrebel rgols moqnili uary-
ofiTi ukukavSiriT, rgolis tipi isev SenarCunebuli 
iqneba, xolo misi gaZlierebis koeficienti Seicvleba, 
rac Cans Semdegi Tanafardobidan  

PT
k

kkP
k

PkkP
k

Pk
P
k
PPW

⋅
=

+
=

+
=

+
=

ekvu.k.u.k.
u.k.

)1(1
)(

u.k.ekv kkT

k

,   

sadac 

1= + . 



konstruqciulad ukukavSirebad SeiZleba gamoyene-
buli iqnes nebismieri meqanikuri, Tburi, eleqtruli, 
eleqtronuli, pnevmatikuri, hidravlikuri mowyobilo-
bebi, romelTa dinamika miaxloebiT aiwereba zemoT moy-
vanil erT-erTi gantolebiT. 

zemoT aRniSnulis safuZvelze SeiZleba davaskvnaT, 
rom saregulirebeli sididis gadaxra damyarebul re-

JimSi (statikuri Secdoma δ ), mdgradoba da regulire-
bis procesis xarisxi (gardamavali procesis dro, 
gadamatregulireba) bevr SemTxvevaSi urTierTgamom-
ricxavia. kerZod, ganrTuli sistemis gaZlierebis koe-
ficientis gazrda (romelic tolia Caketili konturis 
TanmimdevrobiT CarTuli elementebis gaZlierebis koe-
ficientebis namravlisa) amcirebs statikur Secdomas, 
magram, erTdroulad amcirebs mdgradobis maragsac, 
zrdis saregulirebeli sididis cvlilebis siCqares. 
magram, SeuZlia gamoiwvios Zlieri rxeviTi procesi, 
didi gadametregulireba da gardamavali procesis 
drois gazrda. 

sistemaSi maintegrirebeli rgolis Seyvana sistemas 

xdis astatikurs (δ =0 sistema, romelSic regulireba 
statikaSi xorcieldeba uSecdomod), magram, amcirebs 
mdgradobis marags da anelebs gardamaval process. 
amitom, cdiloben ise SearCion sistemis elementebis 
parametrebi, rom statikuri Secdoma, gadame-
tregulireba, regulirebis dro da mdgradobis maragi 
akmayofilebdes moTxovnebs, romlebic waeyeneba sis-
temis eqsploataciis pirobebs. Tu am amocanis gadawy-
veta ar xerxdeba mxolod sistemis ZiriTadi elemente-
bis paramatrebis Secvlis xarjze, maSin rogorc zemoT 
iyo aRniSnuli, sistemaSi SehyavT makoreqtirebeli ele-
mentebi. kerZod, astatikuri sistemis misaRebad SehyavT 
maintegrirebeli rgoli, xolo astatikuri sistemis 
gardasaqmnelad statikur sistemad, rac aucilebelia, 
xolme, mdgradobis asamaRleblad, maintegrirebel ele-
ments moicaven xisti ukukavSiriT – proporciuli 
rgoliT gadamcemi funqciiT W(P)=k. 
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swrafadmoqmedi sistemis miRebis survilis dros, 
statikur sistemaze gadausvlelad (raTa ar warmoiqm-
nas statikuri Secdoma), maintegrirebel elements moi-
caven ara xisti, aramed moqnili ukukavSiriT. aseTi 
sistema gardamaval procesSi muSaobs rogorc statiku-
ri, xolo gardamavali procesis bolos – rogorc as-
tatikuri. maSasadame, es sistema iqneba astatikuri da 
erTdroulad eqneba mdgradobis didi maragi da ufro 
maRali swrafmoqmedeba, vidre sistemas ukukavSiris ga-
reSe. 

swrafmoqmedebis gasazrdelad, zogierT avtomaturi 
regulirebis sistemaSi, maZliereblis SesasvlelSi ga-

daxris proporciul signalTan δ  erTdroulad 

(nax.9.61,a), SeyavT siCqaris 
dt

d )(δ
proporciuli signali 

(nax.9.61,b). es koreqtireba iwodeba zemoqmedebis Seyvanad 
warmoebulis mixedviT. sistemis swrafmoqmedeba iz-
rdeba imis Sedegad, rom procesis dasawyisSi maZliere-

belze miewodeba didi signali (
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dt
d )(δδδ +=∑ ), xolo 

sistemis wonasworobis mdgomareobasTan miaxlovebis 
kvalobaze es signali mcirdeba (nax.9.61,g). Tu sistema 
daiwyebs Secdomis signalis gamomuSavebas misi 

mniSvnelobis dros, romelic metia Δ -ze, rodesac t=t1 
zemoqmedebis Seyvanisas warmoebulis mixedviT, sig-
nalis gamomuSaveba daiwyeba t2-is dros, romelic nak-
lebia t1-ze. 

 
 

nax.9.61. koreqtireba zemoqmedebis SeyvaniT 



signalis Seyvana warmoebulis mixedviT zrdis 
swrafmoqmedebas da mdgradobis marags da ar axdens 
gavlenas sistemis statikur maxasiaTebelze. 

regulirebis kanonSi regulirebis xarisxis gaum-
jobesebis metad efeqtur saSualebas warmoadgens, 
agreTve, integralis Seyvana regulirebis kanonSi. 
(regulirebis kanonis qveS igulisxmeba regulatoris 
Semaval da gamomaval sidideebs Soris damokidebuleba, 
Sedgenili regulatoris inerciulobis gauTvaliswine-
blad, drois mudmivebis gauTvaliswineblad, e.i. 
regulirebis kanoni aris “idealuri” regulatoris 
gantoleba). gadaxris warmoebulis Sesayvanad regula-
toris sqemas uerTdeba madiferencirebeli mowyo-
biloba, rac iwvevs gardamavali procesis Caqrobis daC-
qarebas (nax.9.62). 
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nax.9.62. warmoebulis Seyvana regulirebis kanonSi 
 

integralis Seyvana regulirebis kanonSi cvlis 
regulatoris moqmedebis princips: statikuri regula-
toridan igi gardaiqmneba astatikurad, romelsac ar 
gaaCnia regulirebis statikuri Secdoma. astatikur 

y 

xSem=f(x) 

x=xgam 

x x1 

x2 

x3 

mwodebeli 

regulatori 
y – maregulire-
beli zemoqmedeba 
obieqtze 

programis mi

x1 

 
 

 
sareguli-
rebeli 
obieqti 

gamzomi 
mowyobi-
loba 

aRmasrule-
beli mowyo-
biloba 

madiferen-
cirebeli 
mowyobi-
loba

gamaZli-
erebel-
gardamq-
mneli 
mowyobi-
loba 
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 xSem=f(x) 

sistemaSi regulireba warmoebs saregulirebeli sidi-
dis gadaxris integralis mixedviT, maSin rodesac sta-
tikur sistemaSi – saregulirebeli sididis gadaxris 
mixedviT. regulirebis astatikur kanons xSirad uwo-
deben siCqariTs, xolo statikurs – poziciurs. 

integrali regulirebis kanonSi SeiZleba Seyvanili 
iqnes eleqtromeqanikuri, meqanikuri, eleqtronuli kon-
struqciebis daxmarebiT. 

warmoebulisa da integralis Seyvana regulirebis 
kanonSi – es aris TanmimdevrobiTi makoreqtirebeli 
mowyobilobebis CarTvis sxvadasxva kerZo SemTxvevebi 
(nax.9.63). TanmimdevrobiTi makoreqtirebeli mowyo-
bilobebis garda, regulirebis procesis gasaumjobese-
blad regulatorSi SeyavT paraleluri makoreqtire-
beli mowyobilobebi. eseni arian e.w. damatebiTi uku-
kavSirebi. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
nax.9.63. makoreqtirebeli mowyobilobis Seyvana reguli-

rebis procesSi 

x3 y 

x=xgam 

x1 x2 

programis mimwodebeli 

x 

y – maregulire-
beli zemoqmedeba 

 
 

 
samarTavi 
obieqti 

gamzomi 
mowyobi-
loba 

aRmasrule-
beli mowyo-
biloba 

makoreqti-
rebeli 
mowyobi-
loba

gamaZli-
erebel-
gardamq-
mneli 
mowyobi-
loba 
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)(

)(

1

1
321

33

2123

1
2

11

dt
dx

k
kxkkky

xky
xxkx

dt
dxkx

xkx

+=

=
+=

=

=

 

damatebiTi ukukavSiri warmoadgens mowyobilobas, 
romelic gadascems zemoqmedebas momdevno rgolidan 
erT-erT wina rgolze. damatebiTi ukukavSiri irTveba 
rgolis an rgolebis jgufis paralelurad da qmnis 
regulatoris SigniT damatebiT Caketil konturebs. 

sworad gaangariSebuli da awyobili avtomaturi 
regulirebis sistema, gamomdinare muSaobis konkretuli 
pirobebidan, SeiZleba aRmoCndes praqtikulad ara-
muSaunariani, Tu elementebis parametrebi da SemaSfo-
Tebeli zemoqmedebebi mniSvnelovnad ixrebian saan-
gariSodan. magaliTad, gruntis temperaturis dak-
lebisas, romelsac amuSavebs miwismTxreli manqana si-
magre SeiZleba mniSvnelovnad amaRldes saangariSosTan 
SedarebiT, rac uaryofiTad imoqmedebs am manqanis 
mwarmoeblurobis maregulirebeli avtomaturi sistemis 
muSaobis xarisxze. aseve samsxvrevelebisa da cxaurebis 
avtomaturi regulirebis sistemis muSaobaze mni-
Svnelovnad imoqmedebs gadasamuSavebeli masalis granu-
lometriuli Semadgenlobis Secvla. amitom gansakuT-
rebiT sapasuxismgeblo SemTxvevebSi gamoiyeneba av-
tomaturi regulirebis sistemebi, romlebic uzrunve-
lyofen regulatoris avtomatur gadawyobas gare pi-
robebis Secvlis dros koeficientebis кп (п – regula-
tori), ки (и – regulatori), кD (D – regulatori) Secv-
liT, romlebic adgenen regulatoris gamomaval sig-
nals. aseT sistemebs ewodeba TviTawyobadi an adapti-
uri.  regulatorebis klasifikacia mocemulia naxazze 
9.64. 
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regulatoris ZiriTad Tvisebas, romelic gansaz-
Rvravs mis klasifikacias, warmoadgens misi moqmedebis 
daxasiaTeba (regulirebis kanoni), e.i. damokidebuleba 
saregulirebeli parametris cvlilebasa (misi moce-
muli mniSvnelobidan gadaxrasa – Semavali sidide) da 
maregulirebeli organos gadaadgilebas (mdgomareobas 
– gamomavali sidide) Soris. 

moqmedebis daxasiaTebis mixedviT regulatorebi 
SeiZleba daiyos eqvs tipad (ix. sqema nax.9.64): 

1. poziciuri; 
2. astatikuri (integraluri) И [gamoiyeneba mxolod 

signali ]; ∫ == )0,0( ДПИ kkdtk δ

0(
3. statikuri (proporciuli) П [gamoiyeneba mxolod 

signali )0, == Дkkk ИПδ ]; 

4. izodromuli (proporciul-integraluri) ПИ [ga-
moiyeneba signalebi δПk  da ∫ = )0( ДИ kdtk δ ]; 

5. proporciul-diferencialuri ПД [gamoiyeneba 

signalebi δПk  da ),0( =Иkk d
dtД

δ ]; 

6. izodromuli pirveli warmoebuliT (propor-
ciul-integralur-diferencialuri) ПИД [gamoiyeneba 

samive signali δПk , dtkИ ∫δ  da 
dt
dk Д

δ  ]. 

poziciur regulatorebSi maregulirebelma or-
ganom SeiZleba daikavos ori an sami gansazRvruli 
mdgomareoba (orpoziciani da sampoziciani regula-
torebi). orpozician regulatorebSi maregulirebeli 
organo SeiZleba iyos or mdgomareobaSi – mTlianad 
gaRebul (gaxsnil) an mTlianad daketil (daxurul) 
mdgomareobaSi. orpoziciani regulatoris maregulire-
beli organos gadanacvleba warmoebs TiTqmis myis-
ierad. sampozician regulatorebSi maregulirebel or-
ganos SeuZlia daikavos sami mdgomareoba – mTlianad 
gaRebuli, saSualo (normaluri) da mTlianad dake-
tili. 
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astatikuri (integraluri) regulatorebi, an Se-
moklebiT И-regulatorebi. am regulatorebs ar gaaC-
niaT ukukavSiri. 

statikuri (proporciuli) regulatorebi, an Se-
moklebiT П-regulatorebi. am regulatorebs gaaCniaT 
xisti ukukavSiri. 

izodromuli (proporciul-integraluri) regula-
torebi, an SemoklebiT ПИ-regulatorebi. es regula-
torebi arian moqnili ukukavSiriT. 

proporciul-diferencialuri regulatorebi, an Se-
moklebiT ПД-regulatorebi. am regulatorebs zogjer 
uwodeben statikurs pirveli warmoebuliT. 

proporciul-integralur-diferencialuri regula-
torebi an SemoklebiT ПИД-regulatorebi. am regula-
torebs uwodeben, agreTve, izodromuls pirveli war-
moebuliT. 

moqmedebis wesis mixedviT regulatorebi iyofian 
pirdapiri da arapirdapiri moqmedebis regulatorebad. 
pirdapiri moqmedebis regulatorebs ar gaaCniaT ga-
maZlierebeli da ar iyeneben gareSe energias. umetes 
SemTxvevebSi maregulirebeli organo moqmedebaSi moiy-
vaneba berketebis sistemiT (donis regulatorebi ix. 
nax.8.7) an siTxis an gazis wneviT, romelic moTavsebu-
lia sakuTriv xelsawyos sistemaSi. 

yvela regulators moZrav sistemebSi xaxunis gamo 
gaaCnia raRac aramgrZnobiaroba. amitom, regulatori 
moqmedebaSi modis saregulirebeli parametris gad-
axris Semdeg wonasworobis mniSvnelobidan gansaz-
Rvrul sasrul sididemde. 

saregulirebeli parametris umciresi cvlilebis 
gaormagebuli sidide, romlis drosac amoqmedda 
maregulirebeli organo, iwodeba regulatoris aram-
grZnobiarobis zonad. magaliTad, Tu wnevis regulirebis 
dros mocemul mniSvnelobas warmoadgens 100 kgZ/sm2, xolo 
regulatoris aramgrZnobiaroba Seadgens 1 kgZ/sm2, wnevis 
gadaxrisas ama Tu im mxares 1kgZ/sm2-ze naklebi sidi-
diT, regulatori iqneba umoqmedo. regulatori amo-
qmeddeba wnevis miRwevisas 101 kgZ/sm2 (wnevis gazrdisas) 
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±
an 99 kgZ/sm2 (wnevis Semcirebisas). 101_99 kgZ/sm2-is areSi, 
e.i. 100 1 kgZ/sm2, regulatori ar moqmedebs. es are war-
moadgens misi aramgrZnobiarobis zonas. 

pirdapiri moqmedebis regulatorebis mgrZno-
biarobis asamaRleblad, e.i. imisaTvis, rom Zravas 
moZravi nawilis moZraoba da, maSasadame, maregulire-
beli organosic daiwyos zemoqmedebis Zalis mini-
maluri Secvlisas, miiswrafvian moxaxune elemente-
bis Semcirebisaken, riTac gantvirTaven maregulire-
bel organos. 

arapirdapiri moqmedebis regulatorebSi, Zalva 
aRZruli mgrZnobiare elementSi, saregulirebeli 
parametris sididis cvlilebisas rTavs muSaobaSi 
mxolod damxmare mowyobilobas – mmarTvel ele-
ments. es mowyobiloba energias awodebs gareSe ener-
giis wyarodan meqanizms, romelic aviTarebs Zalvas 
aucilebels maregulirebeli organos gadanacv-
lebisaTvis. arapirdapiri moqmedebis regulatoris 
mgrZnobiaroba aRemateba pirdapiri moqmedebis regu-
latoris mgrZnobiarobas. 

regulatorebi, agreTve, iyofian: 
gamoyenebuli energiis saxis mixedviT _ pnevmatikur, 

hidravlikur, eleqtrul, kombinirebul regulatorebad; 
maregulirebel organoze zemoqmedebis xasiaTis 

mixedviT _ wyvetili da uwyveti moqmedebis regula-
torebad; 

saregulirebeli parametris saxis mixedviT _ 
temperaturis, wnevis, xarjis, donis da a.S. regula-
torebad. 

qvemoT moyvanil naxazebze 9.65-9.82 mocemulia av-
tomaturi regulatorebis elementebisa da maregulire-
beli organoebis sqemebi. 

nax.9.65 mocemulia zambaruli mavaleblis sqema, 
gaTvaliswinebuli membranian gamzom mowyobilobaze 
dasayeneblad. 



nax.9.65. membranian 
gamzom mowyobiloba-
ze dasayenebeli zam-
baruli mavaleblis 
sqema: 1 – qanCi; 2 – 
zambara; 3 – membrana 

 
 

nax.9.66 – П-16/17 tipis mavaleblis eleqtruli sqema. 
 

nax.9.66. П16/17 tipis 
mavaleblis eleqtruli 
sqema seqcionirebuli mav-
Tulis potenciometriT 

17 mdebareobaze ( 171÷ ) 
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nax.9.67 – pnevmatikuri programuli mavaleblis sqema. 

 
nax.9.67. pnevmatikuri programuli mavaleblis sqema: 1 – 

sinqronuli Zrava; 2 - saprogramo disko; 3 – gorgolaWi; 4 – 
berketi; 5 – zambara; 6 – pnevmogardamqmnelis berketi; 7 – 

Rero; 8 – saqSeni;  k - kamera; P1 - SekumSuli haeris wneva; P2 
- haeris sakomando wneva 
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nax.9.68 – siCqaris avtomaturi regulatori uku-
kavSiris gareSe. 

 
 
nax.9.68. siCqaris avtomaturi regulatori ukukavSiris 

gareSe: О - obieqti (orTqlis manqana); РО - maregulirebeli 
organo; D - gardamsaxi; М - quro; АБВ - berketi; З - mkveTara; 
Т1 - mili; Т2, Т3- servoZravas ИЭ (aRmasrulebeli elementis) 
hidravlikuri aRmasrulebeli meqanizmis milsadenebi; П - 
servoZravas dguSi 
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nax.9.69 – siCqaris avtomaturi regulatori xisti 
ukukavSiriT. 

 
 
nax.9.69. siCqaris avtomaturi regulatori xisti uku-

kavSiriT: АБВ - berketi; М - quro; Д - gamzomi elementi; РО 
- maregulirebeli organo; П - servoZravas dguSi; О – obi-
eqti 
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nax.9.70 – siCqaris avtomaturi regulatori moqnili 
hidromeqanikuri ukukavSiriT. 

 
nax.9.70. siCqaris avtomaturi regulatori moqnili 

hidromeqanikuri ukukavSiriT: Пр - zambara; Г - dempferi; da-
narCeni aRniSvnebis ganmartebebi ixileT nax.6.69-ze 
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nax.9.71 – berketuli pnevmatikuri ukukavSiri. 

 
 

nax.9.71. wnevis regulatori berketuli pnevmatikuri uku-
kavSiriT: 1 – gardamsaxi; 2 – saqSeni; 3 – mkveTara; 4 – 
berketi; 5 – silfoni; 6 – aRmasrulebeli meqanizmi; 7 – ven-
tili; Р - haeris wneva 

 
nax.9.72 – maregulirebeli sarqvelebis tipebi. 

 
 

nax.9.72. maregulirebeli sarqvelebis tipebi: a) TefSa 
sarqveli; b) TefSa sarqveli konusuri sayrdeni zedapiriT; 
g) nemsisebri sarqveli; 1 – plunJeri; 2 – sarqvelis bude; h - 
plunJeris svla 
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nax.9.73 – sabruni droseluri safari (mrgvali, 
furclovani). 

 
nax.9.73. sabruni droseluri safari (mrgvali, furclovani) 

 

nax.9.74 – pirdapiri qmedebis wnevis regulatori. 

 
nax.9.74. pirdapiri qmedebis wnevis regulatori: 1 – Wur-

Weli siTxisaTvis (mineraluri zeTi an wyali); 2 – zarxufi; 
3 – impulsuri milaki; 4 – ventili; 5 – moqnili trosi; 6 – 
Skivi; 7 – mkveTara; 8 – tvirTi 
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nax.9.75 – pnevmatikuri reduqtoris mowyobilobis sqema. 

 
nax.9.75. pnevmatikuri reduqtoris mowyobilobis sqema: 1 – 

mimyvani mili; 2 - reduqtoris kamera; 3 – mkveTaras zambara; 4 
– saqSeni; 5 – membraniani kamera; 6 – membrana; 7 – mavaleblis 
zambara; 8 – reduqtoris Tavi 

 

nax.9.76 - РПД tipis pirdapiri moqmedebis tempera-
turis regulatoris mowyobilobis sqema. 

 nax.9.76. РПD 
tipis pirda-
piri moqmede-
bis temperatu-
ris regula-
toris sqema: 1 
- Termobaloni; 
2 – kapilari;  
3 – silfoni;  
4 – zambara;  
5 – Woki;  
6 – mkveTara;  
7 – maregulire-
beli sarqveli 
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nax.9.77 – pirdapiri qmedebis regulatorebis piro-
biTi gamosaxuleba. 

 
nax.9.77. pirdapiri moqmedebis regulatorebis pirobiTi 

gamosaxuleba: a) temperaturis regulireba; b) wnevis regu-
lireba; g) donis regulireba 
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nax.9.78 – eleqtronuli regulatoris funqciona-
luri sqema. 

 
nax.9.78. eleqtronuli regulatoris funqcionaluri 

sqema: 1 – pirveladi xelsawyo; 2 – maregulirebeli xel-
sawyo; 3 – Zabvis stabilizatori; 4 – mavalebeli; 5 – 
gadamrTveli; 6 – distanciuri marTvis gasaRebi; 7 – magni-
turi kontaqtori; 8 – aRmasrulebeli meqanizmi; 9 – gamo-

sasvleli lilvi; 10 – eleqtruli muxruWi; А - gamzomi 

bloki; Б - eleqtronuli bloki; РО - maregulirebeli organo 
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nax.9.79 – wnevis erTkaskadiani Wavluri regulatori. 

 
 

nax.9.79. wnevis erTkaskadiani Wavluri regulatori: 1 – mil-
sadeni; 2 - maregulirebeli organo; 3 – hidravlikuri aRmas-
rulebeli meqanizmi; 4 – WanWiki; 5 – zambara; 6 – Wavluri mi-
laki; 7 – gamzomi mowyobilobis membrana; 8 – droseli 

nax.9.80 – donis regulirebis principuli sqema 
“saqSeni-safari” gardamqmnelis daxmarebiT. 

 

nax.9.80. donis 
regulirebis 
principuli 
sqema “saqSeni-
safari” gar-
damqmnelis 
daxmarebiT: 1 
– tivtiva; 2 –
mkveTara; 3 – 
saqSeni 
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nax.9.81 – 4РБ-32А tipis pnevmatikuri regulatoris 
principuli sqema. 

 
 

 

 
 
 
nax.9.81. 4РБ-32А tipis pnevmatikuri regulatori: a) prin-

cipuli sqema;  b) garegani saxe; I – meoradi gamaZlierebeli; II – 
gamzomi mowyobiloba; III – ukukavSiri; IV – amomrTveli rele 

a) 

b) 
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nax.9.82 - ПАУС aparaturis daxmarebiT xarjis 
regulirebis struqturuli sqema. 

 

 
 

nax.9.82. ПАУС aparaturis daxmarebiT xarjis regulire-
bis struqturuli sqema: 1 – maregulirebeli organo; 2 – dia-
fragma; 3 – pirveladi xelsawyo – difmanometri pnevmatikuri 
gardamsaxiT (ДМПК-4 tipisa); 4 – maregulirebeli bloki 
(4РБ-32А tipisa); 5 – meoradi maregulirebeli da maCvenebeli 
xelsawyo mavalebliT (ЗРЛ-29В) 

 
 


