0. 39bgmoasbo, 3. Jmdsmos

92 9JBOMIFYmdommdsmns
39J5049M0 osabmliGogs

(I 6sFoano)

99&85606‘860 .3603861’0&8&0”



LSISSHMN3IRML &ITFEN03IH0 'I603IHLOGSIS0

0. d9bgmosbo, 3. Jmdsmos

9 9O MInFgmdommdsms
33J603900 ©osabmbEogs

90 9J@HMImFymdommdsms gagdgbBgools @
s@obgol 3gobdgdol osabealiogs

(I 6sFoano)

@3t goigbamos bihg-b
Ladgsd(30m-lagsdmd(3gdemm
Lsdgml dogé

odogmalio
2009



Lobgmddmgsbgmmls  3odggem  bsfoemBo  §edmeggbomoas  gmgddGrmmo
F6909001  dotromseo (3698980 8 396336%98930; ©asgbmbBozol dodomswa
3406303980, dgomegdo ©s bsgodm Bgbogn®o LeBmemagdgdo; gmgddGa-
@o @ gegfhembymo FHgegdols @ Bsmo gegdabigdol, gegddEamo
3356158980k, smtoibzal  3396dgd0L  mbBegols s ©asabmbBogols Lsgom-
bgd0.  d060d7ds3gs  Esyzsbamo  mgmeogmo  dbxgmmdgdo s doGomsro
gaooeegds  gersdsboros  gegdhOmdgfeogels s gegdtOmdnGgmso-
@@dsms  ©0sabmligozol  3Gmdmdgdols  geesfy3gdol  Bggzgdol  aedmdey-
Fs390%y.

6586m30  [oMdmawagbl 3GsJBognm  Labgmaddmgsbgmml ©s g6 mm-
gbogos, Gmame3  dofomso  Labgmddmagsbgme,  “gemndidGmdnymdome-
dsms  ©asgbmligozol” L3gosmemdols dsmeglo  3Gmagglogmo  gsbsmemg-
dobs s ds35emszc0sol b mogbdgdobs s dsgoligMsb@gdalsmgol. ogo

o ©sbdsdgosh aoafiasl %0003y 9maddOmbaeag@goel, gyt dly-
mgdols s Lsdtgfggmm  sFalgdnmagdgdol  0bgobg@-Bgdbogn® 39O lm-
bognls  gemgddOmeEsbagsdgdol  9Jbdmmsdsool, Ggdmbdobs ©s ©osgbml-
30gol Lszombadols asesfyzgdol edmb.

6930669680 3OMg. ©. msmIzamo

bobgmddmgebgemme  go8mogs 3L ,,30330bmb  gemgdBBeBadggBol”  gobsb-
b0 dbotrsggtron.

© Lsgs8md3gme Labeo ,,89d603760 m6ogzg@Loggo”, 2009

ISBN 978-9941-14-572-8 (y3qems 6s§oma)
ISBN 978-9941-14-573-5 (306390 65§ogmo) S D
http://www.gtu.ge/publishinghouse/ petbavolant,

scripta manent

93900 Rmgds  Edgamos. 83 {ogbol s ghmo bsfomo  (odbgds b Bgdbdo, BeBe,
ogralBGsios oy bbgs) sGsbsotio gm@don s bsdgsmgdon (0gbgds gb gmgd@Ombamo o
39ds603nc0), 86 Bgodmgds  asdmygbadyer  0gbsls  asdmdgdmols  FgMommdomo  bgdstimzgols
356939

LosgBmerm mgmgdgdol ©sdmggzs obxgds gsbmboo.



Sinaarsi

WENASTEYVAODA ....coovvrrrrr s 6
SESAVA T T oo 7
Tavi |. eBeqtrull i wredebi da

e leqtrotegnikuri mowyobi B ODEDT ... 15
11. eBeqtrotegnikis ZiriTadi cnebebi

da ganmMarTebeDT ... 15

1.2. mowyobi B obebisa da danadgarebis gamosaxvis
ZiriTadi saSuallebani. eBeqtrulli sgema. eBeqtrulli

sgemis Tipebi da SAXEeD ... 27
13. eleqtrull sgemebSi gamoyenebu Bi pirobiTi

graFiku B 1T aRNESVNEDT c.ooocvccscsssseessisssssssssssesssenns
14. ZaBovani da marTVIS WEedebi ...
15 principulli eleqtrulli sgema
1.6. e Beqtru i Sgemebis WaKiTXVA ...rrrireesssssesssssssns
1.7. sadenebisa da k B emebis NUMEKACTA ... 37
18. raze unda gavamaxvi 1 OoT yuradReba

SAEMEDTS WAKT TXVESAS oo 40
1.9. sgemebis waki TXVis maga B ITEDH .crvvineccveveesis 42
Tavi Il. diagnostikis ZiriTadi principebi

Aa METOAEDT ... 49
2.1 diagnostikis SaFUZV B eDI ... 49
2.2. tegnikuri diagnostikis zogierTi

SAWYTST CNEDA .ooovvvvvvvvvviiiiiiiissssseieees 57
2.3. e Imowyobi B obis diagnostikis zogadi

P ANCEPEDH s 61
24. diagnostikis meTodika da meTodebi ... 65
25. diagnostikis magaBiTi
2.6. dazianebis ana Bl IZT ...
2.7. dazianebis niSani da MIZEZT ... 80
2.8. diagnostikaSi FarTod gamnoyenebu I i

DGl IET= Uy =] o OIS 82
29. el egtrotegnikuri gazomvebi

ATAgNOSTIKIS A0S ... 104
Tavi 3. eleqtrull i wredebisa da

eleqgtronikis e B ementebis diagnostika ... 129
31 eleqtrull wredebSi yve Baze xSirad

Semxvedri dazianebebi ... 129



32. eleqtronikis e Bementebis dazianebis ZiriTadi

saxeebi, maTi aRmoCenis xerxebi da diagnostika...... 133
33. elegqtrulli wredebis Semowmeba gamorTu i
ZADVES A OS ..o 153
34. eleqtrull i wredebis Semowmeba
ZAOVES VS ..o 156
35. Secdomebi eleqtrulli wredis Semowmebisas ... 159
3.6. meoradi komutaciis sgemebis Semowmeba
ZADVES QUES ... 163
Tavi IV. EeReqtrull i aparatebi da maTi
ATAGNOSTIKA ..o 167
41 elegtrulli aparatebis kBasifikacia... .. 167
42. xe BT marTVis aparatebl ... 170
4.3. distanciuri marTvis Zal ovani aparatebi ... 180
4.4Ddacvis ZaBovani aparatebi ..., 185
A5, FeHEEDT oo 193
46. eleqtrulli aparatebis koWebi da maTi
ATAGNOSTRKA ..o 206
4.7. rogor movaxdinoT eleqtrulli aparatebis koWebis
gadaxveva erTi saxeobidan MEOKEZE ... eeeeiiiennnns 209
48 eleqtrulli aparatebis kontagtebi ... 210
Tavi V. aRricxvis kvanZebis montali da
ATAGNOSTRKA ..o 218
51 elegtrulli mricxve Bebi, maTi mogmedebis
principi da diagnNOSTIKA ..o,
52. mricxve Bebis dayeneba da CarTva
53. agtiuri energiis erTFfaza mricxve b is Semowmeba. ... 228
54. daball'i Zabvis pirdapiri CarTvis aqtiuri
energiis sanfaza mricxveli...
55. gazomvis zRvaris gafarToeba....
5.6. denis sazomi transformatori

5.6. Zabvis sazomi transSTOrmatorT ..., 239
5.7. daball i Zabvis arapirdapiri mierTebis agtiuri
energiis sanfaza mricxve Bis montali

Aa SEMOWNEDA ..o 244
58. daball'i Zabvis reagtiull i energiis sanfaza
mricxve Bis montali da Semowmeba ... 249

2495.9. maRa Bl i Zabvis aqtiuri da reagtiulli energiis

samfaza mricxve Bis montali da Semowmeba ...
5.10. maRa B i Zabvis aRricxvis kvanZis Semowmeba
5.11. specialuri daniSnullebis mricxve Bebi ...,
5.12. aRricxvis kvanZebis e B ementebis uwesivrobani ... 269
5.13. mricxve Bebis diagnostika gamorTu i Zabvis
SEMTXVEVASHT oo ssssissssssssissssss st ssssssssssssssssssssssssssssssssssssssons 275
5.14. mricxve b is CarTvis sisworis Semowmeba
mogmed MIEFrTEDEDZE ... 283
5.15. e leqtroenergiis gazomvis cdomi Beba da
moTxovnebi sazomi transFormatorebisadmi ... 288
5.16. e Beqtronu b1 mricxve Bebis Tanamedrove
MAGOMANEODA ....oovvvvvvvvvvervirirrrrrrrirrssssssresresssrsssseseeessssseseeeee
517. eBeqtronu b i mricxve B is Semowmeba
5.18. mricxve B is Cvenebis sisworis Semowmeba

sayoTacxXovrebo pIrobebST ..., 294
5.19. ra SeiZl eba ganisazRvros mricxve 1 iT garda
e B eqtroenergiisS Xar J ISa .. 298
LI T sy U] g L 301
danarTi L pirobiTi grafFiku i aRniSvnebi ..., 304
danarTi 2. trigonometriuli Funqciebis
MNISVNE B ODEDT ... 326

danarTi 3. sadenebisa da kabe Bebis standartulli
kveTebi da xangrZl ivad dasaSvebi

AATEVEFTVEDT oo 327



winasityvaoba

e leqgtromowyobi B obis teqgnikuri mdgomareobis
swor diagnostikaze damyarebu B ia xarisxiani remon-
ti da egspBuataciis Tanamedrove meTodebis gamoy-
eneba, rac uzrunve lyofs saxall xo meurneobis yvella
dargis uwyvet muSaobas, el eqtromowyobi I obis egs-
pBuataciisa da remontis xar jebis Semcirebas, muSao-
bis xangrZl ivobis gazrdas.

ukanaskne I xanebSi moxda e Beqtromowyobi I obis
diagnostikis, kontro B isa da gamocdisaTvis gankuTv-
nili aparaturis arsebiTi cvililebani.

winamdebare saxe BmZRvane B os mizania diagnos-
tikis progresuli meTodebis, Tanamedrove e Beqtro-
mowyobi B obebisa da marTvis wredebis uwesivrobis
moZebnis ZiriTadi probBemebis Rrmad Seswavla

naSromi warmoadgens profesiulli donis prag-
tiku I masall as damwyebi e B eqtrotegnikosebisa da im
speciall istebisaTvis, romBebsac esaWiroebaT arse-
bulli specializaciis mixedviT axali sTeroebis
aTviseba an Tavisi codnis gaRrmaveba da ganmtkiceba,
rac saSuallebas miscemT swrafad gamoasworon
e Begtromowyobi B obis momsaxureobisa da eqsp B uat-
aciis dros warmoSobi Bi prob Nemebi.

masa B is ukeT aTvisebis mizniT sasargebl oa mini-
maBuri codnis dagroveba eleqtrulli wredebis Teo-
riaSi, risTvisac saxe ImZRvane B o pirvel TavSi moy-
vani Bia Teoriulli sakiTxebi, xoBo danarTSi war-
modgeni Bia ZiriTadi pirobiTi aRniSvnebi, romell Ta

codna auci Bebelia e legtromowyobi I obis diagnos-
tikis dros.

saxe I mZRvane 1 os momzadebis sagmeSi mniSvne I o-
vani daxmarebis gawevisaTvis uRrmes mad B obas vuxdiT
inJinrebs: mixei I gadagiSvills, Temur gvencaZes
(sagarTve B os tegnikuri universiteti), gia musell ian-
sa da vaJa nozaZes (s/s “Telasi”).

aRniSnulli saxeImZRvaneB o pirvel sawyisia
e leqgtromowyobi B obis diagnostikis sferoSi da
dazRveu i ara varT mcire Secdomebisagan. avtorebi
didi mad BierebiT miiReben mkiTxve I Ta yove B SeniS-
vnas, rac gaTvalBiswinebulli igneba Semdgom gamoce-
mebSi.



Sesavali

e Begtromowyobi B obis tegnikuri diagnostika Se-
darebiT axal i mecnierebaa, romell ic aRmocenda gasu-
Bi saukunis meore naxevarSi tegnikis moTxovnebTan
dakavSirebiT.

tegnikuri diagnostika — es aris mecniereba e Beqt-
romowyobi B obis mdgomareobis garCevis Sesaxeb,
romelic moicavs probBemebis FarTo wres dakav-
Sirebulls diagnostikuri informaciis miRebasa da
SefasebasTan.

nebismieri samecniero disciplinis warmoCena mi-
Rebu B 1a dawyebu B ignas am discip B inis zogadi daxa-
siaTebiT anu kv Bevis sagnisa da ZiriTadi amocanebis
dasmiT. tegnikur diagnostikaSi aseTi winaswari aR-
wera garTullebulia rigi garemoebebis gamo, radgan
saubaria codnis axall sferoze, romelic imyofeba
Tavisi Formirebis stadiaSi. erTis mxriv aq SeiZlle-
ba movniSnoT da gamovyoT amocanebis sakmaod FarTo
wre, romBebic eqvemdebarebian gamokv B evebs; meores
mxriv maTi umniSvne Bo nawi B i moicavs sakvBev sam-
uSaoebs da warmodgeni Bia konkretulli SedegebiT.
Aamitom tegnikuri diagnostikis zogad winaswar aR-
weras agvs dadgeni BebiTi xasiaTi.

e Imowyobi Bobis tegnikuri diagnostikis kvle-
vis obieqti SeiZBeba iyos nebismieri Zalovani da
marTvis sistema. sistemis qveS igu B isxmeba nebismieri
tegnikuri mowyobi Boba, rome B ic asru Bebs garkveu il
Tungcias. TiToeulli sistema SeiZleba daxasiaTdes
rigi parametrebiT, rome B Tagan erT-erTi ZiriTadia,
xo B o danarCenebi — meorexarisxovani.
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tegnikuri diagnostikis specifika mdgomareobs
imaSi, rom is ganixi Bavs tegnikur sistemas mogmedeba-
Si, rombis amocanaa dazianebulli elementis Zieba,
sadac mniSvne Bovania dazianebulli elementis Ziebi-
sa da gamov B enis meTodebi. elBegqtromowyobi I obis
dazianebis mizezi SeiZleba iyos erTi an ramdenime
eBementis dazianeba an elBementebs Soris kavSiris
darRveva, xoBo TviT elementis dazianeba SeiZ leba
gamowveu B'i1 iyos elementis TviTdazianebiT, gareSe
zemogmedebiT, araswori eqspBuataciiTa da sxva

e Begtromowyobi B obis e Bementebis mdgomareobis
gansazRvris dros Semowmebis Tanamimdevroba swar-
moebs winaswar Sedgeni Bi diagnostikuri progranis
mixedviT.

Semowmebebis erTobBioba, romelic sakmarisia
mowyobi B obis mdgomareobis SefasebisaTvis warmoad-
gens diagnostikuri testirebas, romell ic defeqtebis
gamov Benis ZiriTadi saxea. diagnostikuri testireb-
is meTodebs miekuTvneba: izoBaciis winaRobis, ga-
Jonvis denebis, Sinagani winaRobis, gragni Bebis di-
eleqgtrikuli danakargebis kuTxis tangensis gazomva
da sxva.

e Begtromowyobi B obebisa da konstrugciebis diag-
nostikis mizania maTi narCeni saeqsp B uatacio maxasia-
Teb B ebis mixedviT dalagebaAmaxasiaTeb l ebis mixed-
viT el@mowyobi Bobebi iyofa sam jgufad: pirvel
JouTSi Sedian resursebis gagrZe I ebis mowyobi I obe-
bi, anu rome B Tac miuxedavad maTi muSaobis vadis
gasvlisa kidev gaaCniaT sakmarisi saeqsp Bl uatacio
maxasiaTeb Bebis resursi.



meore JgufSi Sedian is e Imowyobi B obebi, romell -
Ta narCeni saeqsp B uatacio maxasiaTebBebi SeiZleba
aRdgeni I ignan mimdinare an kapitalBluri remontiT.

mesame JguFSi Sedian is e Imowyobi B obebi, romell -
Ta narCeni saeqsp B uatacio maxasiaTeb Bebi remontis
Sedegad aRar eqvemdebarebian aRdgenas.

tegnikurad dasabuTebuli diagnozis dasma Sesa-
ZBebelia mxolod srullyofilli informaciis pirobe-
bis statistikuri monacemebis Sekrebis, gare daTva-
Bierebisa da specialuri xell sawyoebis saSuallebiT
Catarebulli egsperimentuli gamokv Bevebis Sedegad.

Tanamedrove pirobebSi sagarTve BoSi e Bmomar-
agebis sistemis erT-erTi umniSvne B ovanesi mowyobi-
I obebis - ZaBovani transformatorebis mniSvne l o-
vanma nawi B ma anowura Tavisi muSaobis resursi. gvey-
nis ekonomiuri situacia, agreTve transformatoreb-
is saerTo raodenobis didi ricxvi ar iZlBleva uax-
Bes xanSi maTi Secvlis saSuallebas. amitom trans-
Tormatorebis egsp Buataciis saimedobis SesanarCune-
bBad mniSvne Bovani roli eniWeba maT diagnostikur
kontrols.

dReisaTvis ZaBovani transformatorebis, av-
totransformatorebis, maSuntirebulli reaqtorebisa
da sxva e Begtromowyobi B obebis saeqsp Buatacio ma-
xasiaTeb Bebis gansazRvrisa da sistemebis defeqtebis
ganviTarebis donis mdgomareobis SefasebisaTvis, sul
ufro farTod mimarTaven komp Beqsur diagnostikur
gamokv Bevas. aseTi gamokv B evebi saSuall ebas gvaZ l ev-
en ara marto gamovav B inoT ganviTarebadi defeqtebi,
SevafasoT maTi saSiSroebis done, aramed davasabu-

10

ToT kapitaBuri remontis saliroeba, mocu l oba da
vadebi.

ukanaskne I xanebSi FarTo gavrceleba hpova ell-
eqtroapartebis, rogorc eleqgtromowyobi I obis Zvi-
radRirebulli da sapasuxismgeb B o e Bementebis diag-
nostikis sxvadasxva meTodebma.

msof B io masStabiT ganuwyvet Biv muSavdeba da
pragtikaSi inergeba gvesadgurebis, transformatore-
bis, el eqtro generatorebisa da Zravebis, maRall 1 Zab-
vis amomrTve Bebis, sahaero xazebis, Camiwebis winaRo-
bis, kabe Bebis, kontagqturi SeerTebebis, izolaciis,
sare Beo dacvis, marTvis wredebisa da sxvaTa diag-
nostikuri meTodebi.

damuSavebu B ia Tanamedrove vibrodiagnostikis,
Thovizorulli kontrolis, gromatografiulli anali-
zis da sxva meTodebi, romBebic saSuall ebas gvaZ l ev-
en gselidan gamorTvis gareSe davinaxoT Zall ovan
transformatorSi BokaBuri gacxe Bebebi da SeerTe-
bis gardamaval i winaRobebi.

ukanaskne I xanebSi energetikaSi gamoyeneba hpova
infFrawiTel i tegnikis xe I sawyoebma, gansakuTrebiT
e Begtromowyobi B obisa da misi dengamtari nawi leb-
is Thuri mdgomareobis Sefasebisas. inFrawiTel i me-
Todi diagnostikis, rogorc aramrRvevi da maRall efeg-
turi saSualleba, aris elegqtromowyobi I obis teqni-
kuri eqspBuataciis kontroll is saerTo sistenis Ziri-
Tadi Semadgene i nawi Bi. inFrawiTe B 1 diagnostikis
Sedegi, romelic axasiaTebs sakontroB o obieqtis
Tbur mdgomareobas, bevrad aris damokidebuli nmis
konstrugciaze, Thogamomyo¥i wyaros gan B agebis ker-
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aze, mis intensivobasa da gare zemogmedebaze. miRebu-
B i Sedegebi unda Sedardes sxva FazebSi an identur
mowyobi BobaSi miRebul SedegebTan.

miRebu B ia, rom zeTiT Sevsebulli e BImowyobi ll o-
bis kompBegsuri diagnostika yove B Tvis dawyebu l'i
unda ignas zeTis gqromatografiulli analiziT, rad-
ganac zeTis gamocda tardeba yve laze ufro regu-
Blarullad da saSuallebas gvaZBevs Tvallyuri vadevnoT
aseT mowyobi B obebSi mimdinare procesebs.

nebismieri obieqtis mdgomareobis Sefaseba eyrd-
noba Sesabamis kBasifikaciis da maT Soris gamonak-
Bisi arc Zalovani transformatoria romBisTvisac
SemoTavazebu Bia amgvari kBasiFfikaciis sxvadasxva
midgomebi. magaliTad T/ M (transFormatoris diag-
nostikis monitoringi) sistemis daniSnu Bebaa maRa-
Bi Zabvis Zal ovani transformatorebis uwyveti kon-
troli da tegnikuri mdgomareobis analizi. igi gam-
oiyeneba uwyveti monitoringisa da kontrolis re-
JimSi informaciis registraciisa da SedarebisaTvis.
igi saSualebas gvazlevs gavaanal izoT transfornma-
toris ZiriTadi gvesistemebis parametrebis mdgomar-
eoba da Camovayal iboT transformatoris mdgomare-
obis Sesaxeb komp Beqsuri daskvna.

cvBladi denis elleqtrulli Zravebi elleqtrulli
energiis udidesi momxmareb Bebi arian. ukanasknel i
gamokv BevebiT dadgeni Bia, rom evropis masStabiT ga-
momuSavebu B 1 energiis 80%-ze meti moixmareba swored
an tipis eleqtrulli Zravebis mier. amasTanave sxva-
dasxva mizeziT gamowveu B'i avariu ll oba Seadgens 25%-
ze mets. Zravas mwyobridan gamosv Bas mivyavarT did
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materialur zaralamde, rac dakavSirebullia te-
gno B ogiuri danadgaris mocdenasa an produgciis
wunTan. zarall s damatebiT emateba e Beqtro da saxan-
Zro usafrTxoebis moTxovnebis daweva, rome I ic dakav-
Sirebullia elleqtroZravas statoris an rotoris
gragni BSi momxdar mokBed SerTvasTan.

sayove B Taod miRebu B'i1 dacvis saSua l ebebi yove il -
Tvis ver uzrunveBlyofen Zravas dacvas. saWiroeba
moiTxovs e BeqtroZravas diagnostikas misi muSaobis
procesSi. muSa ZravaSi adreull stadiaze defeqtis
ganviTarebis aRmoCena ara marto amcirebs remontis
xar jebs, aramed axangrZ B ivebs misi muSaobis vadasac.
Tanamedrove pirobebSi e leqtroZravebis diagnostiki-
saTvis gamoiyeneba vibroakustikuri; moTxovni li
denis speqtralluri anallizisa da “xe B ovnuri neironu-
Bi gselebis~ safuzve B ze agebulli kompBegsuri di-
agnostikis meTodebi. es ukanaskne Bi warmoadgens
programu B -aparaturull komp Begss, rome 1 ic Sesdge-
ba kompiuterisagan da cifrulli mowyobi B obisagan.
cifrulli mowyobi Boba awarmoebs saWiro gazomvebs
da gadascems maT kompiuters Semdgomi damu-
SavebisaTvis.

e Bmomaragebis sistemaSi mniSvne Bovani adgi bi
uWiravT agreTve maRall i Zabvis amomrTve Bebs, romell -
Ta mtyunebaTa 80% modis meganikur deFfeqtebze, ro-
me Bnic saWiroeben agreTve droull aRmoCenasa da
aRmofxvras. sistenis normaluri muSaobis warmarTvi-
saTvis.

mxedve B obaSi viRebT ra zemoTTgmu Bs SeiZleba
davaskvnaT, rom tegnikuri diagnostika es aris samecnie-
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ro disciphlinag romelic ikvBevs elmowyobi Il obis
dazianebis gamov Benis Formebs, amuSavebs maTi aR-
moCenis meTodebs da diagnostikuri sistemebis konst-
ruirebis principebs.
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Tavi |. eleqtrulli wredebi da
elegtroteqnikuri mowyobi I obebi

11. elBegtroteqgnikis ZiriTadi cnebebi da
ganmartebebi

e Beqtromowyobi Bobis efeqturi diagnostiki-
saTvis auci Bebe 1 ia gvgondes sakmarisi codna e leg-
troteqgnikaSi.

agedan gamomdinare, pirvel rigSi, Cven ganvixi BavT
el eqgtrotegnikis ZiriTad cnebebsa da ganmartebebs,
eleqtrull sgemebSi gamoyenebul ZiriTad aRniSvnebs.
TiToeuli Tavis dasawyisSi moviyvanT sadiagnosti-
ko e @ mowyobi Bobis aRweras, mogmedebis princips,
eqsp Buataciisa da momsaxureobis wesebsa da diag-
nostikis Catarebis Tanmimdevrobas.

nebismier samrewve 1 o mowyobi B obaSi sxvadasxva
kvanZebisa da meganizmebis gadaadgi B eba xdeba e B eqt-
roZravas muSaobis Sedegad. e BeqtroZravebi kvebas
iReben el eqtromomaragebis gselidan an warmoebis
sakuTari elegtrogeneratoridan. moTxovni ki1 Zab-
vis donis misaRebad gamoiyeneba transformatorebi.

eleqtroteqgnikur danadgarTa erTobliobas, ro-
me B Ta daniSnu Bebaa Segmnas Sekruli gza eleqtru-
Bi denisaTvis, eleqtrulli wredi ewodeba.

elleqgtrulli energiis saxeobidan damoukidebllad
eleqgtrulli wredi TRobs sam ZiriTad mdgene I s: Zab-
va, deni da winaRoba.

Zabva ewodeba or wertills Soris potencial Ta
sxvaobas. igi aRiniSneboda y da u asoebiT, amJamad
aRiniSneba v da v asoebiT. Zabva izomeba vo I tebSi



(v). gamoiyeneba jeradi erTeullebic: ki BovoRti (kv)
= 10 vollts; milivolti (mv) = 10° volts; mikro-
volti (mkv) = 10° voll ts.

deni ewodeba damuxtuli nawi Bakebis mimarTull
mowesrigebu I moZraobas. denis raodenobrivi maxas-
iaTebe B ia denis Zala denis Zala es aris gamtaris
ganivkveTS1 drois erTeu B Si gamava l 1 muxtebis raode-
noba. igi aRiniSneba | an | asoTi da gamoisaxeba
formulliT:

q .9
I_T an |—T, (1.1)
sadac ( muxtebis raodenobaa da izomeba ku B onebSi
(kW), xoBo t aris dro da izomeba wamebSi (wm).
denis Zalis erTeullia amperi (a). pragtikaSi gam-
oiyeneba denis Zalis jJeradi erTeullebic: kil oan-
peri (ka) = 10° a; mi Biamperi (ma) = 10% a; mikroamperi
(mka) = 10° a.
nebismieri eleqtrotegnikuri mowyobi N oba mu-
Saobs cvlad an mudmiv densa da Zabvaze. cvBadi deni
(ingRisuri aRniSvniT AC) da Zabva (ing B isuri aRniS-
vniT Av ) droSi icvlebian, rogorc sididiT, aseve
mimarTu BebiT, xo B o mudmivi deni (ingBisuri aRniS-
vniT pDC) da Zabva (ingBisuri aRniSvniT pv) droSi
ucvileli sidideebia
pragtikaSi umetesad gamoyenebulia is cvBladi
denebi da Zabvebi, romBebic icvBebian sinusis kano-
niT:
i=1,sin(wt+y,) da v=V,sin(et+v,), (12)
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sadac i da v denisa da Zabvis myisi mniSvne B obebia
anu maTi mniSvne B obebi drois nebismier momentSi;

I, da V_  denisa da Zabvis magsimaBuri anu ampli-
tuduri mniSvne B obebia;

(ot+y,)da (wt+y,) maTi Fazebia;

w, da y, sawyisi Fazebia 1isini izomebian gra-
dusebSi an radianebSi da gviCveneben myisi sididis
mniSvne B obas dakvirvebis dawyebis (t=0) momentSi;
rad}

w=2rf - aris kuTxuri sixSire {W :

f aris sixSire anu erT wamSi Sesrullebulli rx-
evaTa ricxvi; misi erTeulia herci (hc).

sanrewve B o sixSire Cvens qveyanaSi miRebu Bia 50
hc, xoB o amerikasa da iaponiaSi - 60hc. sixSiris Se-

1

brunebull sidides periodi ewodeba T= f misi er-

Teull ia wami [wm]. periodi is umciresi drois Suale-
dia, roca myisi sidideebi iwyeben TavianTi mniSvne I o-
bis ganmeorebas.

garda myisa da ampBituduri mniSvne Bobisa cv-
B adi denis wredebSi gvagvs agreTve mogmedi anu efeg-
turi mniSvne Boba, romelic amp B itudur mniSvne ll o-
baze nak Bebia /2 -jJer da denisa da ZabvisaTvis gva-
qus:

I V

T”é; \Y, =Tm2.

sazomi xe B sawyoebi zomaven mogmed mniSvne B obebs.
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mowyobi B obas, rome l ic saSua l ebas gvaZ B evs, mivi-
RoOT gamtaris bo B oebze potenciall Ta sxvaoba ell-
eqtrulli energiis wyaro ewodeba aseT wyaroebad
gvev Bineba galvanuri e Bementebi, akumu Batorebi da
generatorebi. aseTi wyaroebi xasiaTdebian e Bleqtro-
mamoZravebe i ZaBiT (emZ).

emZ ewodeba im muSaobas, romel@sac asrullebs
eleqtrulli energiis wyaro wredSi erTeull ovani da-
debiTi muxtis gadasatanad. igi aRiniSneba E an e aso-
Ti da i1zomeba Zabvis erTeu BebSi anu vo I tebSi.

winaRoba aris gamtaris Tviseba xeBi1 SeuSall os
masSi gamavaBi Tavisufalli eleqtronebis gadaadgi-
Bebas. igi aRiniSneba R an r asoebiT. winaRobis
erTeullia omi (om). pragtikaSi gamoiyeneba Jeradi
erTeullebic: ki Boomi (kom)=10° omi; megaomi (mom)=10°
omi.

winaRobis Sebrunebu l sidides ewodeba gamtar-
oba. gamtaroba aris nivTierebis Tviseba gaataros
masSi eBeqtrulli deni. gantaroba aRiniSneba G an ¢

1
asoTi [G(Q)ZWJ gantarobis erTeu l ia simensi [sim].

winaRobas cvBadi denis wredSi agtiuri wina-
Roba ewodeba. gamtaris winaRoba damokidebu Bia im
masa B aze, rombBisganac is aris damzadebu B i. amitom
gantaris winaRobas axasiaTeben kuTri winaRobIT.
kuTri winaRoba aRiniSneba p asoTi da igi warmoad-
gens Im sigrZisa da 1lmm?* ganivkveTis gamtaris winaR-

onmi -mm ?
obas. kuTri winaRobis erTeullia Tn | an
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[omi -m]. misi mniSvne B obebi gamtaris masallis mixed-

viT mocemu B ia specialur cxri BebSi.

gamtaris winaRoba damokidebulia temper-
aturaze. temperaturis 1°-iT gazrdisas metaluri
gantaris winaRoba saSuallod 0,4%-iT izrdeba, xollo
Semcirebisas igive sididiT mcirdeba

Zabva, deni da winaRoba eBeqtrull wredSi erT-
maneTTan dakavSirebullia omis kanoniT:

== (13)

sadac Vv - Zabvaa, |- denis Zalla;, R - winaRoba.
winaRobaSi denis gavlis dros joull-Bencis kano-

nis Tanaxmad (Q:Ith) elleqgtrulli energia gardai-

gnneba siTbur energiad. aseT elementebs rezis-
torulli elementebi ewodebaT, isini grafikullad
aRiniSnebian RO an R()
I VA VA W

garda winaRobisa elleqtrull wredSi gvxvdeba
induqciuri elementi — indugciurobis koWa da teva-
duri elementi — kondensatori.

indugciurobis koWa aris wredis elementi,
rome Bic agrovebs magnituri velis energias. elleqt-
rull sgemaze igi aRiniSneba | asoTi, xol o graFiku-

Bad niSniT. L
— Y Y Y

misi erTeulia henri [hn]. pragtikaSi gamoiyeneba
misi jeradi erTeulebi: mi Bihenri (mhn)=102 hn; mikro-
henri (mkhn)=10° hn.
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indugciurobis koWi xasiaTdeba sixSiris pirda-
pirproporciulli sididiT - indugciurobis reaqtiu-
ri winaRobiT, romelic gamoisaxeba FormuliT:
X, =oL=27fL [omni] (1.4)
garda am winaRobisa indugciurobis koWas gaaCnia
xviebis agtiuri winaRobac R,.
kondensatori aris wredis elementi, romelic
agrovebs eleqtrulli velis energias. eleqtrull sgema-
ze igi aRiniSneba ¢ asoTi, xoBo grafikulad niS-

niT. _ICI_

misi erTeulia farada (f). farada ZalBlian didi
erTeu B ia da amitom pragtikaSi gamoiyeneba misi _jera-
di mcire erTeullebi: mikrofarada (mk¥)= 10% F, nano-
farada (nF)=10° ¥, pikofarada (pF)=102 F

kondensatori xasiaTdeba sixSiris ukupropor-
ciulli sididiT - tevadobis reaqtiulli winaRobiT,
rome lic gamoisaxeba formuliT:

1 1

X, ==
¢ wc 2rxfc

(15)

Tu wredSi (nax. 11) mimdevrobiT CarTulia agti-
uri (R), Indugciuri (X ) da tevaduri (X.) winaR-

_ Y _|X|_

nax. 11. MmimdevroboT SeerTebulllt R, X ,X. wredi
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| v v !
— | | L VE
a) b) g9)

nax. 1.2. Zvris kuTxeebi denebsa da Zabvebs SorisM

obebi maSin iangariSeba wredis srulli winaRoba for-
muliT:

2 =R +(X, —Xc) (16)

a) agtiur winaRobaSi deni da Zabva FaziT erTmaneTs
emTxveva (nax. 1.2. a)
b) indugciurobaSi Zabva uswrebs dens 9g°-iT (nax. 1.2. b)
g) tevadobaSi deni uswrebs Zabvas 90°-iT (nax. 12. g)

eleqtro da radioteqgnikaSi garda gamtari masa-
B ebisa gamoyenebulia dieleqtrikebi anu izola-
torebi, es i1s masallebia (mina, rezina, faifuri, garsi
da sxva), rome 1 Tac ar gaaCniaT Tavisufall i e Beqtrone-
bi. magram Tu maTze movdebT maRall Zabvas, maSin Sei-
ZBeba moxdes dielegtrikis garRveva da igi gar-
daigmneba gamtarad. pragtikaSi amis gamo adgi Bi aqgvs
kondensatorisa da transformatoris gragni Bebs
Soris moTavsebulli 1zoRaciis garRvevas.

eleqtrulli denis mier muSaobis Sesrullebis un-
ars energia ewodeba. igi ricxobrivad tolia Zabvis,
denisa da denis dinebis drois namrav Bl isa da gamoi-
saxeba formuliT:

W =VIt. (L.7)

energiis erTeullia [vewn] anu Joulli [J] energi-
is es erTeulli Zalian mcirea da amitom pragtikaSi
gamoiyeneba didi erTeulli ki BovatsaaTi [kvtsT]
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1 kvt.sT =1000 vt - 3600 wm =3 6-10°vE -wm =

= 36-10°jJouli.

drois erTeu I Si moxmarebull energias simZBavre
ewodeba da mudmivi denis SemTxvevaSi gamoisaxeba
formuliT:

o W _Vi
t

=Tt=VI. (1.8)

amn simZBavris erTeullia vati [vt] vati mcire er-
Teulia da amitom pragtikaSi gamoiyeneba didi er-
Teu Bebi:

ki Bovati [kvt] = 103vt ; megavati [mvt] = 10° vt

Tformulla (18) samarT Biania agreTve cvBadi de-
nis im wredebisaTvis, rom B ebic Seicaven mxo B od rez-
istorull elementebs.

zogad SemTxvevaSi simZBavre ar warmoadgens
ubrallod Zabvisa da denis namravls. cvBladi denis
wredSi gvagvs Semdegi saxis simZBavreebi:
srulli simZBavre - s=Vv| [voltamperi (va)];
agtiuri simZBavre - P=Vlcose [vati (vt)];
reaqgtiulli simZBavre - Q=VIsing [vo Nl tamperreag-
tiulli (var))

simZBavris koeFficienti warmoadgens aqtiuri
simZBavris fardobas srull simZBavresTan

K =003¢=E=£, (1.9)
P S Vi
misi magsimaBuri mniSvne Boba 1-is tolia
gamosaval i Zabvis arastabi Buroba datvirTvis

denis mixedviT

Zabva datvirTvis gareSe-Zabvasrull i datvirTvisas
Zabvasrulli datvirTvisas

arastabi Buroba =

daxarjulli elenergiis raodenoba gani-
sazRvreba 1 saaTis ganmav B obaSi moxmarebuli simZ-
BavriT. an raodenobas gansazRvraven ki BovatsaaTiT
[kvt.sT.].

arsebobs el eqtruli wredebis SeerTebis sami saxe:
mimdevrobiTi, paraleBuri da Sereulli.

mimdevrobiTi SeerTebis dros (nax. 13) erTi
el ementis boBo uerTdeba meoris sawyiss, meoris
bo B 0 mesamis sawyiss da aS. aseTi1 SeerTebisas yvella
eBementSi gadis erTi da igive deni, xol o Zabvebi
damokidebu B ia am e Bementebis winaRobebze.

V=V +V,+V,+...+V, = (R +R,+R,+...+R,)=1-R, (110)

| R R> Rs Rn
I R =
—
Vl V2 V3 Vl’l

 <-—
<

nax.1.3. mimdevrobiT SeerTebulli wredi

sadac R=R +R,+R,+...+R,. (1.11)

paraleBuri SeerTebis dros (nax. 14) element-
ebis sawyisebi erT kvanZad aris Sekrulli, xol o bo-
B oebi - meore kvanZad. am dros yvela elementze
mogmedebs erTi da igive Zabva, xo B0 denebi damokide-
bullia an elBementTa winaRobebze.

I=L+L+L+. +l =—=+—+—+ +i—_
1 2 3 n RZ R3 R R , (112)

n
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nax. 14. paraleBurad SeerTebulli wredi

i 1. .1
anu G=G, +G, +G;. (1.14)

Sereu b1 SeerTebis dros (nax. 15) gvagvs rogorc
mimdevrobiTi, aseve paraleluri SeerTeba
Sereulli SeerTebis dros wredis saerTo winaRoba

R -R
R=R1+R23=R1+R22+R33, (1.15)
vV V. V.
I :E;Vl =1-R; Vi =1 -Ryi 1, :R_Zj; I ZR_ZS' (1.16)

iseT elegqtrull wreds, romell Sic mogmedebs erTi da
igive anp B itudisa da sixSiris da erTmaneTisagan sivrce-
Si 120°-1T daZrul'i emZ-ebi, sanfaza wredi ewodeba

nax. 15 Sereulad SeerTebulli wredi
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sanfaza sistemaSi Fazebis sawyisebi aRiniSneba A,
B, CasoebiT, xol o boloebi Sesabamisad _ X,Y,Z-iT.

gamanawi Bebel mowyobi B obebSi A Fazis
salte SeRebilia yviTeli, B fazis _ mwvane, C
fazis _ wiTeli FferiT.

e BeqtromamoZravebe B 1 ZaBebisa da Zabvebis siste-
ma Caiwereba Semdegi saxiT:

e, =E,sinot v, =V, sinot
e, = E, sin(wt-120°) an 1% =Va sin(wt —120°) (117)
e. =E, sin(wt +120°) Ve =V, sin (ot +120°)

sanfFaza wredebis SemTxvevaSi arsebobs SeerTebis
ori saxe: varskvBlavad da samkuTxedad.

varskv Bava SeerTeba naCvenebia nax. 1.6-ze.

varskv Bavad SeerTebis dros xazuri da fazuri

denebi tolia I, =Il. xolo xazuri Zabva ./3-jer me-
tia Fazur Zabvaze.

A _a, A

Va Ra
<> Ea ) ve. ( l |j Vas
0 N 0

Ec
Ee VC/ Rs
B Rc \’/k
C generatori C ~ Vec - B

Ic le mimRebi

nax. 1.6. varskBavad SeerTebulli samfaza wredi
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V, =3V, Fazuri Zabvebia V,.Vs, V., xolo xazuri

Zabvebia V,;,V

samkuTxedad SeerTeba naCvenebia nax. 1.7-ze.
sankuTxedad SeerTebis dros xazuri da fazuri

BC’V%A'

Zabvebi erTmaneTis tolia V,=V¢; xolo xazuri deni

J3-Jer metia Fazur denze. | =+3l;xazuri denebia

1,1 fazuri denebia I,.,1..,1

B'IC; AB? "BC?!' CA"
sanfaza wredSi aqtiuri, reaqtiulli da srulli

simZBavreebi tolia

A

P=V,l,cosp, +V;l; cose, +V 1. coSq.,

Q=V,l,sing, +Vglgsingg +Vc 1. sing.,

S =4P?+Q?%.

Tu datvirTva simetriullia anu yvela Tfazis
datvirTva erTnairia, maSin:

A Ia
Eca Eas
¢ - B\
EBCU
Vec
Is
Ic mimRebi
generatori

nax. 1.7. samkuTxedad SeerTebulli samfaza wredi
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P =3V I, cospp =~/3V,1, cosg,,

Q=3 l¢sing, =3V, 1, cosg,,

S=,P*+Q°.

nax. 1.6-ze mocemu Bi SeerTebas pirobiTad aRniS-

naven A/A- iT, xolo nax. 17-ze mocenulls A /A.
garda amisa arsebobs Semdegi saxis SeerTebebi: var-

skv Bavi — sankuTxedze (A /A), sankuTxedi — varskv-

Bavze (ON/A)

1.2. mowyobi B obebisa da danadgarebis
gamosaxvis ZiriTadi saSuallebani. eleqtrulli
sgema. elBeqtrulli sgemis tipebi da saxeebi

mowyobi B obebisa da danadgarebis sxvadasxva wre-
debis gamosaxvis saSuall ebad, agreTve maTi montaldisa
da egspBuataciis gasacnobad gamoiyeneba speciall-
uri naxazebi — sgemebi. mowyobi B obaSi Semavalli ell-
ementebis saxeebis mixedviT arsebobs kinematikuri,
hidrav B ikuri, pnevmaturi, elBeqtrulli da sxva saxis
sgemebi. arsebobs agreTve kombinirebu Bi sgemebi, rom-
Bebic Sedgebian sxvadasxva saxis e lementebisagan.
magaliTad elBeqgtrohidravlikuri sgemebi Seicaven
rogorc elleqtrull, aseve hidravl ikur e Bementebs.

eleqtrulli sgema ewodeba eleqtrulli wredis
pirobiT grafiku ll gamosaxu 0 ebas. Tavisi daniSnu ll eb-
is mixedviT eleqtrulli sgemebi iyofa Semdeg saxee-
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bad: struqturulli, Funqcionaluri, principuli,
SeerTebebis, CarTvebis, saerTo da gan Bagebis.

strugturulli sgema gviCvenebs mowyobi B obis
ZiriTad funqcionalBlur nawi Bebs, maT daniSnu Bl ebas
da maT Soris urTierTkavSirs. aseTi sgemebi Ziri-
Tadad srulldeba sxva tipis sgemebis winaswari da-
muSavebis stadiaze da gamoiyeneba mowyobi B obis gasac-
nobad.

Tfunqcionaluri sgemebi gviCveneben mowyobi N o-
bis an danadgaris wredebSi mimdinare callkeull pro-
cesebs da gamoiyeneba maTi mogmedebis zogadi prin-
cipis Sesaswavllad.

principulli sgemebi warmoadgenen sakonstrug-
toro dokumentaciis damuSavebis safuZvels. aseT
sgemebSi mocemuBia yvelBla elementi da maT Soris
kavSiri. isini iZBevian mowyobi Bobis mogmedebis
principze detalur warmodgenas.

SeerTebis sqgemebi gviCveneben mowyobi l obis
e B ementebs Soris kavSirs. am kavSiris ganxorcie b ebis
saSua B ebebs (sadenebi, Call iCebi, (“?aoo0 ”) mi B sadenebi
da sxva), agreTve SeerTebebisa da Semyvanebis adgi B ebs.
es sgemebi gamoiyeneba sakonstrugtoro dokumentaci-
is damuSavebis dros, gansakuTrebiT sakonstrugtoro
naxazebis damuSavebisas, romBebic gansazRvraven
sadenebis, Call iCebis, kabe Bebis, mi B sadenebis, aparate-
bisa da sxvaTa gan Bagebisa da damagrebis sakiTxebs.

CarTvis sgemebi gviCveneben mowyobi B obis gare
CarTvis adgi Bebs.

saerTo sgemebi gviCveneben kompNegsebis Semad-
gene B nawi Bebs da eqsp Buataciis adgi B ze maT Soris
SeerTebebs.

gan B agebis sgemebi gviCveneben mowyobi B obaTa
Semadgene B'1 nawi Bebis gan B agebas.

sgemebi SeiZBeba iyos SeTavsebuli. magaliTad,
SeerTebis sgemaze SeiZBeba naCvenebi iyos mowyobi-
I obis gare CarTva, strugturulli sgema SeiZleba
SeTavsebulli iyos fungcionalur sgemasTan da asS.

rogorc cnobillia, eleqtroenergiis miRebis,
gardagmnis, gadacenis, ganawi B ebisa da moxmarebis pro-
cesebi xdeba e B eqtromowyobi I obisa da e Beqtrodan-
adgarebis eleqtrull wredebSi. amitom e leqtromow-
yobi B obisa da danadgarebis gamosaxvis ZiriTad sa-
Sua B ebad gamoiyeneba iseTi sgemebi, romBebic saSu-
allebas gvazlevs gavigoT elegqtrodanadgaris yvela
e Bementebs Soris urTierTgmedeba. aseT sgemebs war-
moadgenen principulli eleqtrulli sgemebi.

1.3. eleqtrull sgemebSi gamoyenebull i
pirobiTi grafikulli aRniSvnebi

nebismieri el eqtrulli sgema warmoadgens e B eqtru-
B sistenis an wredis modell's, rome lic saSuall ebas
aZlevs adamians swrafad gaerkves sgemis struqtura-
Si, rac metad mniSvne B ovania diagnostikis Catarebis
dros.

aTasobiT adamiani adgens elBeqtrodanadgaris
sgemebs, xo 1o mi B ionobiT adaniani muSaobs am sgemebze.
amitom sgemebi Sedgeni 01 unda ignas kargad cnobi Bi
pirobiTi aRniSvnebiT; sxvagvarad adamianebi erTma-
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neTs ver gaugeben, ver waikiTxaven sgemebs an waikiTx-
aven SecdonmiT, rac migviyvans araswor mogmedebamde.
amitom pirobiTi aRniSvnebi da eleqtrulli sgeme-
bis Sesrullebis wesebi ganisazRvreba saxe Imwifo
standartebiT.
eleqtrull sgemaze yveBaze metad gavrcelebulli
zogierTi aRniSvnebi mocemu B ia danarTSi L

1.4, ZaBlovani da marTvis wredebi

eleqgtrulli wredebi Cveullebriv iyofian Zall o-
van da marTvis wredebad. ZaBlovani wredi Seicavs
mTavar Zall ovan mowyobi B obebs (transformatorebi,
eleqtrulli Zravebi, generatorebi da sxva) mZBavri
gantarebiT, kontagtorebiTa da mcve BebiT.

ZalB ovani wredebi gadascemen did simZBavreebs
mZBavr el eqtromowyobi B obebs. isini izoBatoreb-
is, anomrTve Bebisa da denmkveTebis daxmarebiT gan-
amxo B oeben; kontagtorebis, gadanrTve Bebis da sxva-
Ta daxmarebiT marTaven, xo B0 gadatvirTvis Thuri
re Beebis, eleqtromagnituri releebis, avtomaturi
amomrTve Bebis, gadasaxsne Bebis mcve Bebisa da sxva-
Ta daxmarebiT gadatvirTvisa da mok Bed SerTvisagan
icaven elleqtrull wredebs.

marTvis wredebi emsaxurebian mowyobi B obisa
da damcavi b B okirebis marTvas; adgenen mowyobi Il o-
bisa an manganis operaciis Sesrull ebis Tanmimdevrobas.

marTvis wredebi Sesdgebian gadamrTve Bebis, mom-
Werebis sxvadasxva daniSnu Bebis releebis, maTi kon-
taqtebis, koWebis, mricxve Bebisa da SemaerTebeli
sadenebisagan. isini warmoadgenen Sesavall kontaqtebs,

0

roml ebic asaxaven sxvadasxva mdgomareobas. am mdgo-
mareobidan gamomdinare gamosavall gragni Bebze
miewodeba an ar miewodeba kveba.

Sesavali kontagtebi asaxaven or mdgomareobas
“CarTullia~ an “gamorTul ia~. amis gamo arsebobs ori
tipis kontagtebi: normalurad Caketi i (nC) da nor-
maBuri Ria (n.R) kontagtebi.

Sesavalli kontagtebia: releebis, kontaqtorebis,
taimerebis, mricxve Bebis, magnituri da RiBakiani
gadamrTve Bebis, sabo B oo amomrTve Bebis da sxvaTa
kontagtebi.

gamosava l i gragni Bebi SeiZl eba imyofebodnen or
mdgomareobaSi — CarTull an gamorTu B Si. ganosaval
gragni Bebi SeiZBeba mivakuTvnoT mTavar an damate-
biT kontagtors.

15. principulli eleqtrulll sgema

principulli elleqgtrulli sgema es aris gaSHili
saxiT Sesrullebulli eleqtrulli SeerTebebis sgema
igi warmoadgens sawarmoo meganizmebis e leqtromow-
yobi B obis proeqgtis ZiriTad sgemas da gvaZ 1l evs zogad
warmodgenas mocemu Bi meganizmis e legtromowyobi-
B obis Sesaxeb; asaxavs meganizmis avtomaturi mar-
Tvis sistemis muSaobas da gamoiyeneba SeerTebebisa
da CarTvis sgemebis Sedgenis, konstrugciuli kvanZe-
bis daproeqtebisa da e Bementebis CamonaTvalis ga-
formebis wyarod.

Tavisi daniSnu Bebis mixedviT principulli sgeme-
bi iyofa marTvis, tegnoBogiuri kontrolisa da
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signall izaciis, avtomaturi regulirebisa da kvebis
sgemebad.

principulli sgemis ZiriTadi daniSnu B ebaa sakma-
risi sizustiTa da TvalsaCinoebiT asaxos urTierT-
kavSiri avtomatizaciis sistemebis funqcionalur
kvanZebSi Semava l xe B sawyoebs, avtomatizaciis saSua-
0 ebebsa da damxmare aparaturas Soris maTi muSao-
bisa da mogmedebis principis Tanmimdevrobis mxed-
ve B obaSi miRebiT.

principull i sgemis mixedviT xorciell deba elleqt-
romowyobi B obis montalJisa da gawyobis dros e leqt-
rulli SeerTebis sisworis Semowmeba. am sgemebis da-
muSavebis xarisxzea damokidebu B i sawarmoo meganizme-
bis muSaobis mkaFiooba, misi mwarmoeb B oba da egs-
pBuataciaSi saimedooba.

principuli sgemebi warmoadgenen proeqtis da-
muSavebis sxva dokumentebis, samontaJo sgemebisa da
pull tebisa da Farebis cxrilebis, gareSe sadenebis
SeerTebis sgemebis da sxvaTa safuZvels.

zogadad principulli sgema Seicavs:

1) avtomatizaciis sistemis ama Tu im Fungciona-
Buri kvanZis mogmedebis principis pirobiT gamosax-
vas;

2) ganmartebiT warwerebs;

3) mocemu i sgemis callkeulli elementebis (xel-
sawyoebis, e Beqtru i aparatebis) nawi Bebs, romBebic
gamoyenebu B ia sxva sgemaSi, agreTve sxva sgemebis mow-
yobi B obebis e 0 ementebs.

4) mrava B poziciani mowyobi B obebis kontagtebis
gadarTvis diagramas.

5) mocemull sgemaSi gamoyenebu Bi xe B sawyoebisa
da aparaturis CamonaTvals.

6) im CamonaTvalls, romelic ekuTvnis mocemul
sgemas, Tavisi ganmartebebiTa da SeniSvnebiT.

16. eleqtrulli sgemebis wakiTxva

eleqtru i sgemis wakiTxva niSnavs, rom misgan mivi-
RoT 1is magsimaBuri informacia, romelBic saWiroa
gansazRvruli samuSaos SesasrullebBad. saangariSo
sgemebis wakiTxvisas miviROT monacemebi Canacv ll ebis
sgemis SedgenisaTvis. Canacv B ebis sgemis wakiTxviT
ganisazRvreba is sidideebi, romBebic unda Caisvas
gaangariSebis sabo B oo Sedegis misaReb Formu BebSi.

principull i sgemebis dazepirebis mcde I oba usar-
geb o mecadineobaa da imisaTvis, rom wavikiTxoT
sgema saWiroa raRac sakiTxebis damaxsovreba, iseve
rogorc unda gvaxsovdes ganrav Bebis tabu ll a an Semok-
Bebuli gamravBebis Formulebi.

1. unda gvaxsovdes yve Blaze ufro gavrcellebulli
pirobiTi aRniSvnebi; magall iTad, gragni Bebis, kontagte-
bis, transFormatorebis, Zravebis, gammarTve B ebis, na-
Turebis da aS.

2. unda gvaxsovdes profesiidan gamomdinare xSi-
rad gamoyenebuBi pirobiTi aRniSvnebi.

3. yvelaze ufro gavrcellebulli elegtrodanad-
garebis kvanZebis, Zravas, gammarTve B is, ganaTebis gse-
B is da sxvaTa sqemebi.

4. unda vicodeT mimdevrobiT da paraleBurad
CarTulli kontagtebis, gragni Bebis, winaRobebis, in-
dugciurobebisa da tevadobebis Tvisebebi.
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5. yoveli konkretulli SemTxvevisaTvis unda
vF B obdeT el teqgnikis Sesabamis codnas da agreTve
unda vicodeT sgemis wakiTxvis Tanmimdevroba.

6. sgemis wakiTxvis procesSi unda SevamownoT ga-
keTebu 1 varaudis siswore.

eleqtrulli sgemebis wakiTxvis Tanmimdevroba ase-
Tia

1. eleqtrulli sgemebis wakiTxvisas yoveB Tvis
iwyeben misi da CamonaTvall i e Bementebis zogadi gac-
nobiT. pou B oben sgemaze TiToeull elements, ecnobi-
an yve Bla SeniSvnasa da ganmartebas;

2. gansazRvraven elleqtrulli Zravebis, magnituri
gamSvebis gragni Bebis, releebis, e Bleqgtromagnitebis,
xe B sawyoTa komp Beqtebis, regu Batorebisa da sxvaTa
kvebis sistemebs. amisaTvis sgemaze pou B oben yvella
kvebis wyaros, gamoavBenen TiToeulli1 maTganisaTvis
denis saxeobas, nominaBur Zabvas, fazirebas cv B adi
denis wredebSi da po Barobas mudmivi denis wredeb-
Si da miRebul Sedegebs Seapirebireben gamoyenebu-
Bi aparaturis nominaBur monacemebTan.

sgemis mixedviT gamoav Benen saerTo sakomunika-
cio aparatebs, agreTve dacvis aparatebs: avtomatur
amomrTve B ebs, mcve Bebs, magsimaBuri denisa da mini-
maBuri Zabvis releebs da sxva. warwerebis, cxri leb-
is an SeniSvnebis mixedviT gansazRvraven aparatebis
dayenebas da afaseben TiToeu i maTganis dacvis zonas.

3. swavBoben TiToeulli eleqtromimRebis: el eqt-
roZravas, magnituri amamuSavebe Bs. gragni bis, relles,
xe B sawyos da sxva yvela SesazBo wreds. sgemaSi
e BegtromimRebebis didi raodenobaa da sull erTi

A

ar aris saidan daviwyoT sgemis wakiTxva. es gan-
isazRvreba dasmuBi amocanis mixedviT. Tu sgemis
mixedviT unda ganisazRvros e BmimRebis muSaobis
pirobebi, maSin wakiTxvas iwyeben ZiriTadi eleqtro-
mimRebidan da Semdegi e BeqtromimRebi TviTon gamoCn-
deba.

magall iTad, e B eqtroZravas gaSvebisaTvis unda Cavr-
ToT magnituri amamuSavebe B'i. saTanadod Zravas Sem-
degi e @mimRebi unda iyos magnituri amamuSavebe B is
gragni bi. Tu wredi Seicavs saSualledo relles kon-
tagts, maSin unda ganvixi BoT misi gragni Bis wredi
da aS. magram SeiZlBeba iyos meore amocana: wredis
raRac e Bementi magall iTad, sasignallo naTura ar ain-
To, maSin pirveli e ImimRebi igneba swored igi.

unda aRiniSnos, rom Tu sgemis wakiTxvisas ar
gagvaCnia gansazRvru B i mizanmimarTu 0 eba, maSin Sei-
ZMleba ise davxar JoT bevri dro, rom veraferic ver
gadavwyvitoT.

amgvarad, vswav B obT ra arCeull el mimRebs, unda
mivyveT mis yvela wreds poBRusidan po Busamnde
(Fazidan Fazamde an Fazidan nu B amde kvebis sistenmi-
dan gamomdinare). an dros pirvel rigSi unda gam-
ovav B inOT wredSi Semavalli yve Ba kontagti, diodi,
rezistori da sxva el ementebi.

unda aRiniSnos, rom ar SeiZlleba erTdroullad
ganxi Bull ignes ramdenime wredi. saWiroa pirve lad
Seviswav B OoT maga B iTad, “win~ magnituri amamuSavebe-
Bis gragniBis CarTvis wredi adgi Bobrivi marTvis
dros. davadginoT am SemTxvevaSi ra mdgomareobaSi
unda iyos am wredSi Semavalli e Bementebi (reJimebis
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gadamrTve Bi unda iyos mdgomareobaSi ~adgi B obrivi
marTva”, xo 1o magnituriA amamuSavebe B i ~ukan”_ gam-
orTuli) imisaTvis, rom CavrToT magnituriamamuSave-
beli (davaWiroT TiTi RiBaks ~win”) da aS. amis
Semdeg azrobrivad gamovrToOT magnituri amamuSave-
beli ~win” da isev azrobrivad gadaviyvanoT reJime-
bis gadamrTve B i mdgomareobaSi ~avtomaturi marTva”
da Seviswav BOT Semdegi wredi.

eleqgtrulli sgemis TiToeulli wredis gacnobas
agvs mizani:

1. ganvsazRvroT mogmedebis piroba, romell sac
akmayoFi Bebs sgema;

2. gamovav BinoT Secdomebi: magall iTad, wredSi
mimdevrobiT SeiZBeba SeerTebulli ignes kontaqtebi,
romBebic erTdroullad arasdros ar igneba CarTull i;

3. ganvsazRvroT mtyunebis yve la mizezi;

4, davadginoT wredis eBementebi, romBebSic
SeiZleba darRveulli ignas droiTi damokidebu Beba
araswori regullirebis an damproeqteblis mier egs-
pRuataciis pirobebis araswori SefasebiT. risi ti-
piuri magalliTia Zalian mcire an Zalian didi xangr-
ZNbivobis impu ll sebi;

5. gamovav B inOoT aparatebi, rome B Tac SeiZleba
mieces araswori dayeneba; amis tipiuri magaliTia
denuri relles araswori dayeneba marTvis wredSi;

6. gamovavB inoT yove Bgvari cru wredi, rogorc
normaBlur aseve gardamavall reJimebSi. magall iTad,
kondesatorebis gadamuxtva cru wredebi SeiZleba
Camoya B ibdes mkvebavi Zabvis miwodebis rigiTobis

darRvevis dros, rac gviCvenebs proeqtirebis dabal
Xarisxs;

7. SevafasoT sgemis TiToeull wertillSi izolaci-
is darRvevis gamo mosall odne i1 Sedegi;

8. davadginoT sgemis mogmedeba kvebis nawi I O-
brivi gamorTvis dros.

sgemis analizis dros did daxmarebas gviweven
urTierTmogmedebis droiTi diagramebi, romBebic
asaxaven sgemis muSaobis dinamikas.

1.7. sadenebisa da kBemebis numeracia

nebismieri marTvis eleqtrull sistemaSi aris sa-
denebi, romBiTac erTmaneTTan SeerTebu B ia sxvadasxva
e Bementebi. saWiroa rom es elBementebi erTmaneTTan
SeerTebuli ignas Sesabamisi sadenebiTa da swori
po BarobiT. darwmunebu Bi rom viyoT sadenebis CarT-
vis sisworeSi, elementebsa da maT k Bemebs eniWebaT
ew. unikaBuri nomrebi. aseTi pragtika gamoyenebu l ia
damuSavebis, montaJisa da momsaxureobis dros. es nu-
meracia gvexmareba agreTve dignostikis procesSi
e Bementebis, sadenebisa da k B emebis identifikciaSi.

k B emebi emsaxureba sadenebis SeerTebas eleqtrul
pane BSi. isini Cveullebriv gaerTianebullia JgufSi,
ew. “kBemis kaBapotSi~ isini jgufdebian an Fung-
cionaluri daniSnu B ebis an mowyobi B obis raime kuT-
vni Bebis mixedviT. TiToeulli kBenmis kall apots mini-
WebuBi aqvs Tavisi unikaBuri nomeri. Cveullebriv
kBemis erTi mxare emsaxureba Siga e Bementebis CarT-
vas, xo 1o meore mxare — gare e Bementebis CarTvas.
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eleqtrull pane BebSi gamoiyeneba sadenebi da
mrava B ZarRva kabe B is ZarRvebi. sadenebi da ZarRvebi
CarTullia mowyobi Bobis kBemebTan da kWBemis kall-
apotebTan. yve Ba isini danomri B ia amisaTvis sadenebi
markirebull ia asoebiTa da cifrebiT.

sadenebis numeracia unda Seicavdes:

- kabe R is nomers;

- sadenis an mravall ZarRva kabe B is ZarRvis nomers;

- kNemis kaBlapotis nomers;

- kNemis nomers, rome l zec unda CairTos sadeni.

radganac sadeni irTveba ori mxariT, anitom Zalian
moxerxebu B ia ganoviyenoT sadenebis numeraciis jvare-
dini meTodi. sadenis an kabe Bis ZarRvis jvaredini

sadeni 1 mn’

2
+ 3CX1,5mm
0000 1 OOOOTBllg 1 TB1-C12-1-JB2-1 1 1
— — , PO
0001 | 2 2 O 2
— — 5 s —
0002 3 3 3
| 1 TB1-C12-3-JB2-3 JB2-C12-3-TB1-3 | __|
0003-TB1-4
0003 4 4 4
5
6
7
8
TB-1
nax.1.9. sadenebis jvaredini numeracia da kHNemebis
numeracia

3B

JB1-1-0001-LS1

0000-TB1-1 TB1-1-JB1-1-0000

0000-TB1-2 TB1-1-JB1-1-0001

JB1-2-0001-LS2

1
2

+
24BDC{

—
w
i

nax. 1.10. sadenebis numeracia programull-Nogikuri
kontroleris (pBk) panelze damatebiTi elemente-
biT pBk misamarTebis saxiT

nomeri Seicavs informacias imaze, Tu sad aris CarTulli
meore boBo. agreTve SeiZBeba Seicavdes iseT in-
formacias, rogoricaa “pane b is nomeri~, “k Bemis kall-
apotis nomeri~ da “kBemis nomeri-.

nax. 1.9-ze naCvenebia sadenebisa da k Bemebis tipi-
uri jvaredini numeracia. SeiZleba pragtikaSi gamoy-
enebulli ignas mravall ricxovani wesebi da meTodebi.

Jvaredini numeracia warmoadgens kabe Bebis Cade-
bisa da CarTvis, “garekvisa~ da diagnostikis dros
gamoyenebu B erT-erT meTods.

rogorc nax. 19-zea naCvenebi C12 kabelis ZarRv-
isTvis 11 da JB2 kNemebis kall apotebs Soris gamoy-
enebulia jJvaredini markireba. Tp1 kHWNemebis kall-
apotze markireba gviCvenebs, Tu sad aris CarTulli
kabe B is ZarRvis meore bolo.



maga B iTad, nax. 1.10-ze naCveneb sgemaze pBk-s pan-
el ze sadenebis jJvaredin markirebas emateba kidev
erTi samisamarTo informacia misamarTi sadenis
markirebaSi kabe B is, ZarRvisa da kBemis nomerTan
erTad Zalian sasargeb B oa diagnostikis dros.

nax. 1.10-ze naCvenebi jvaredini markireba gamoyene-
bu Bl ia save Be xe I sawyoebisa da k Bemebis kall apoteb-
is SesaerTebBad; agreTve kBemaTa Soris SeerTebi-
saTvis. miuxedavad imisa, rom markirebis aseT saxes
mivyavarT grZel nomrebTan, mainc praqtikaSi aseTi
markireba Zall ian gamarT Bebu lia

1.8. raze unda gavamaxvi BoT yuradReba
sgemebis wakiTxvisas

1. elementebis aRniSvna sgemaze gviCvenebs mis ga-
morTu l mdgomareobas, anu roca elleqtrulli kveba ar
miewodeba. es SeiZ B eba iyos taimeris an relles nor-
maBurad Ria (nR) an normaBurad CaketiBi (nC) kon-
tagtebi. garda amisa amomrTve Bebi da kontagtorebi
momaragebu B 1a damatebiTi nR da nC kontagtebiT, raTa
asaxos mowyobi B obis mdgomareoba sasignall o da mab-
B okirebel wredebSi.

2. eleqtrull sgemas gaaCnia Furclis nomeri, xollo
TiToeulli furcelli iyofal, 2, 3, 4.. da aS. striqone-
bad da A, B,C,D .. da aS. svetebad. aseTi matriculli
saxe gvexmareba swrafad movZebnoT Furcellze gan-
sazRvrulli elementi an kontaqti. amgvari wesi gam-
Oiyeneba kontaqtebis jvaredini aRniSvnisaTvis.

3. gragni Bisa da misi kontagtis erTmaneTisagan
gansxvavebis mizniT pirobiTi aRniSvnis gverdiT iw-
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ereba asoebi da cifrebi. magaliTad: K1, K2 an C1, C2.
kontagtoris kontaqtebi aRiniSneba igive asoebiT,
rogorc TviT kontagtoris gragnili.

4, erTi da igive relles sxvadasxva kontaqtebi
SeiZlBeba gamoyenebu Bi ignes sxvadasxva wredebSi.
gaugebrobis Tavidan aci Bebis mizniT TiToeull kon-
taqts aqvs jvaredini nomeri, romelic gviCvenebs
Tfurchlisa da mis matricull nomers.

5. msxviB1 xazebi gviCvenebs mZBavri denebis
sadenebs (kvebis xazebi, e BeqtroZravas gamomyvanebi
da sxva), xo Bo wwri Bi xazebi ganosaxaven susti denebis
sadenebs (marTvis wredebi).

6. marTvis wredebSi kvebis xazebi aRiniSneba L1
da L2 asoebiT,; datvirTva (re Bes gragni Bi) mimdevro-
biT CairTveba gadamrTve B Tan, mcve BebTan da aS.

7. erTmaneTis gadamkveT sadenebs ara agvs erTma-
neTs Soris eleqtrulli kontagti Tu gadakveTis adg-
illas ar aris wertilli da pirigiT, Tu arsebobs
werti 01, maSin gvaqvs gadamkveT gamtarebs Soris
ellegtrulli kontagti.

8. eleqtrull sgemaze wyvetiBi xazi gviCvenebs
meganikur Seer Tebas. umTavresad es miekuTvneba Ri B ake-
bs an gadamrTve Bebs. zogjer aseTi xazebi gviCveneben
or an met elements Soris meganikur urTierTkav-
Sirs; magaliTad, kontagtorebsa da amomrTvellebs
Soris.

9. pungtiri xaziT aRiniSneba agreTve xe ll sawyo-
Ta gare korpusebi.
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10. SeerTebis el eqtrull i sgema gviCvenebs sxvadasxva
e Bementebis TFizikur ganBagebasa da maT Soris
eleqtrull kavSirs.

11. sadenebi elBeqtrull sgemaze markirebulia iri-
bi xazebiT da gverdiT naCvenebia maTi zomebi.

gvemoT yveBaferi es ganmartebulia ramdenime
eleqtrulli sgemis magaBiTiT.

1.9. sqgemebis wakiTxvis magal iTebi

magaBiTi 1. nax. 11l-ze naCvenebia e BeqtroZravas
Zalovani wredi. naxazidan Cans, rom samfaza wredi
(L1, L2, L3) eleqtroZravasTan CarTulia kontagtoris
gavliT. elegtroZravas kveba miewodeba mxo B od kon-
tagtoris kontagqtebis (1-2, 3-4, 5-6) Caketvis dros. e 1 Zra-
vas muSaobis dros avariulli situaciebis Tavidan

aci Bebis mizniT el Zra-
vas mimdevrobiT Car- l
Tulia dacvis mowyobi-  ~“f—"f- > é7/ kontagtori
I obebi, rogorebicaa
mcve Bebi da gadatvir-
Tvis rele

magaBiTi 2. nax. 112-
ze warmodgeni Bia sanm-
Taza el eqtroZravas mag-

o—

mcve ki

gadatvirTvis
relles

—gg kontagti

E; gadatvirTvis
relle

nituri gamSvebiT pirda- TL|T2 T3

piri gaSvebis Zal ovani

(nax.1.12-a) da marTvis eleqtroZrava
(nax.1.12-b) wredebis tip-

turi eleqtrulli sqema nax.1.11. elegqtroZravas

ZaBl ovani wredis sgema
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nax. 1.12. samfaza eleqtrulli Zravas maghituri
gamSvebiT pirdapiri gaSvebis ZaBovani da marTvis
wredebis tipiuri elleqtrulli sgema
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ZaBlovani wredi iwyeba samfaza kvebis (L1,L2,L3)
gse B idan mcve Bebis nakrebTan erTad. Semdeg CarTu-
lia Zalovani kontagtoris kontagtebi. kontaqtoris
gamosavall kWBemebTan CarTullia gadatvirTvis relle
da boBos relles gamosasvlell ze CarTullia elleqt-
roZravas gamomyvanebi.

eleqtroZravas marTvis wredi muSaobs 110v sidi-
dis erTFfaza cvladi deniT. kvebis wyaros faza CarTu-
Bia gadatvirTvis relles nC kontagtebTan. (0/L) am
re Bl edan sadeni midis “avtomaturi/xeliT~ reJimebis
gadamrTve I Tan.

avtomatur relimSi eleqtroZrava iRebs “gaSveba/
gaCerebis~ brZanebas relles ew. “mSralli~ (anu gallva-
nurad ganmxo Boebuli) kontagtebis gavBiT (835-836
k B emebi).

relle imarTeba programull-Bogikuri kontrol-
eris (pBk) gamosasvleBiT (romelic naxazze naCvene-
bi ar aris), xe0iT marTvis relJinSi eleqtroZravas
gaSveba xdeba “gaSveba~ Ri B akis daxmarebiT. an Ri B akze
xe B is daWeriT marTvis wredi CairTveba da amnuSavde-
ba Cl1 kontagtoris gragniBi. ris Sedegad Caiketeba
am kontagtoris ‘mSrall i~ C1 nR kontaqtebi da Ri B akze
xe B is aSvebis Semdeg kveba miewodeba C1 gragnills.
CarTulli kontagtoris dros eleqtroZravas kvebis
wredi CarTullia da is imuSavebs manam, sanam Cl1 kon-
tagtori ar gamoirTveba da ar gaTiSavs wreds.

xeBiT marTvis redinSi muSaobis dros X3.1 da X32
k B emebs Soris SeiZleba CarTull i ignes e BeqtroZravas
b B okirebis sxvadasxva mowyobi B obebi (magall iTad, sab-

ol oo amomrTve Bebi). eleqtroZravas gaCereba swar-
moebs “sdeq~ RilBakze xelBis daWeriT. an RiBakis nC
kontagtebi gaiTiSeba da e B eqgtrokveba Seuwydeba kon-
tagtoris — gragni b's, rac Tavis mxriv gaTiSavs Tavis
Zal ovan kontagtebs da e Benergiis miwodebas Seuwyvi-
tavs eleqtroZravas da Zrava gaCerdeba.

marTvis wredis saerTo wertilli CarTullia nei-
traluri (nulovani) xazis N/L kBemasTan. eleqt-
roZravas CarTvis indikaciisaTvis kontaqtors paralle-
Burad CarTull ia sasignallo naTura nl, rome R ic ain-
Teba kontagtoris CarTvis dros.

eleqtroZravas gaCerebis indikacias ukeTebs n2
naTura, romelic CarTull ia gadatvirTvis relles nor-
maBurad Ria kontagtebTan. es kontaqtebi Caiketeba

A '_]'l.f"_II'L ke _"-l-.fh_n'; b

faa” ~F
nax. 1.13. e@momaragebis radialuri sgema
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Zravas gadatvirTvis dros da naTura anTia manam san-
am gadatvirTvis relle ar Camoiyreba.

X33 - X34; X35 - X3:6; 80-191 da X2:3 - X2:4 k M emebis
wyvi BebTan CarTull ia Cl1 kontagtoris ori wyvi li nC
da ori wyvilli nR ~mSralli” kontagtebi.

nR kontagtebi gamoyenebuBia CarTull mdgomare-
obaSi kontaqtoris TFigsaciisaTvis. es kontagtebi
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S =633 —1e S =20093:
Uafa 11% = 20033:
o Uy~ 10% S =20083 UDEIUga

=2 - =
lU 20y L.l 12023 L7

L4= 20 53
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I( 5 33

nax. 114, eleqtrulli sistemis saangariSo sgema

X1 X2 X3 Xg X5
E
ol | X6 Xg Xg X10
X7
X1
Eg

nax. 1.15. elBeqtrulli sistemis CanacvBebis sgema
fardobiT erTeullebSi Catarebulli gamoTvlebiT
miiReba, rom:
X1=0,33; X2=0,158; X3=0,09; X4=0,055; X5=0,15; X6=0,012;
X7=0,143; X8=0,072; X9=0,24; X10=0,3; X11=0,73
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CairTveba X23 da X24 kWBemebTan gamSvi Ri Bakis nR
kontagtebis paraleBurad. es kargad Cans 9F8 da 9F9
aRniSvnebiT, romBebic gviCveneben kontagtebis mdgo-
mareobas sgemaze.

magaBiTi 3. nax. 113-ze moyvani Bia e B eqtromonma-
ragebis radialuri sgema

am sgemidan Cans, rom mTavar damwev gvesadgursSi
(ndg) transformatoris saSuallebiT xdeba 110kv Zabvis
daweva 10kv Zabvamde. mdg-Si dgas ori ZalBovani trans-
formatori Tavisi seqciebiT (I seqcia, Il seqcia) se-
gqciebs Soris gaTval iswinebu l ia rezervis avtomaturi
CarTva (raC), rogorc 10kv, ise 0,4kv Zabvis mxares.

ortransformatorian gvesadgurebSi (sql . . . sq2)
TiToeulli transformatori kvebas i1Rebs sxvadasxva
seqciidan damoukidebeBi xaziT. ag gamoyenebu lia
rogorc erTi, ise orsafexuriani sgema saSualledo
(sr) relleTi.

sq 4 da sq 5 qvesadgurebSi dgas TiTo transforma-
tori, magram maT SeuZBiaT erTmaneTTan damakavSire-
beBi dabali (0,4kv) Zabvis kabe BiT saWiroebis SemTx-
vevaSi Tavis Tavze aiRos meore transformatoris
datvirTva. sq 6-Si dgas erTi transformatori, magram
gaaCnia ori mkvebavi kabeli.

magaBiTi 4. nax.l1ll14-ze K werti 1 Si mok BedSerTvis
denebis saangariSod mocemulia eleqtrulli siste-
mis sgema, rome B Sic gvagqvs OoTxi Zabva. generatoris
nominaBuri Zabva 10 kv-ia, tl, €2 da t3 transforma-
torebis Zabva 220kv-ia. t-4 transformatoris t-3 trans-
TformatorTan SemaerTebe B i xazis Zabva 110 kv, xol o
datvirTvisa da misi mkvebavi xazis Zabva-35 kv.
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vkiTxu BobT sqgemas. pirvel rigSi vsazRvravT Tu
ra saxis winaRobebiT (agtiuri, induqciuri, tevaduri)
unda SevcvaloT saangariSo sgemis e Bementebi.
mocemu B SemTxvevaSi yvelBla elementi unda Seicva-
B os misi Sesabamisi induqciuri winaRobiT. meore
rigSi vsazRvravT rogor unda SeerTdes es winaR-
obebi erTmaneTTan. anis Semdeg monacemebis mixedviT
vangariSobT CanacvBebis sgemis winaRobebs da bo-
§ os vxazavT Canacv Bebis sqgemas, romelsac agvs nax.
1.15-ze naCvenebi saxe da vatarebT sabo B 00 gaangariSe-
bas.

Tavi Il. diaghostikis ZiriTadi principebi
da meTodebi

2.1 diagnostikis safuZvlebi

nebismieri elleqtrulli wredi, romelic Seicavs
kvebis wyarosa da datvirTvas gamarTull mdgomare-
obaSi unda iyos Caketili ise,rogorc naCvenebia nax.
2.1-ze.

deni gadis Caketi B wredSi sxvadasxva potencia-
Bis mgone or wertills Soris Ada Baris werti Bebi
rome B Ta Soris i1zomeba Zabva. sadeni gmnis garkveu il
winaRobas elBegtrulli denis anu muxtebis moZraobis
mimarT, romBis sidide damokidebu N ia sadenis
masa B aze.

eleqgtrulli uwesivrobani SeiZBleba davyoT or
Jgufad:

1. ar aris SeerTeba ig, sadac unda iyos. am uwe-
sivrobas ewodeba wredis gawyveta da igi SeiZleba
aRmoCeni B ignas testeriT. es uwesivroba naCvenebia
nax. 2.2-ze.

2. arsebobs SeerTeba ig, sadac is ar unda iyos. am
uwesivrobas ewodeba mokBed SerTva man SeiZlleba
migviyvanos denis gazrdamde da amasTanave wredis

amomrTvell i

Kkvebis wyaro
deni 4

— N
I
nax. 2.1 Caketilli eleqtrulli wredi
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sadenis gaxurebamde. amgvari uwesivroba SeiZlleba
ganowveu B'i iyos izo Baciis darRveviT, rome B ic gan-
isazRvreba izolBaciis winaRobis sazomiT.

uwesivrobis gansazRvris process da wredis dab-
runebas normaBur muSa mdgomareobaSi tegnikuri
diagnostika ewodeba.

ganvixi BoT wredis gawyveta:

deni gaedineba sxvadasxva potenciall is mgone or
wertills Soris Tu es werti Bebi erTmaneTTan SeerTe-
bullia sadeniT.

wredis diagnostikis dros unda Semowmdes:

_ sadenis mT Bianoba (izomeba winaRoba);

_ wredis ubnis or wertills Soris elleqtrulli
potencialli (izomeba Zabva);

_wredis ubanze eleqtronebis nakadis arseboba
(izomeba eleqtrulli deni).

eleqtrulli wredi Sedgeba sxvadasxva Zabvis mgone
ubnebisagan. amgvarad Cven SegviZBia ganvsazRvroT
wredis ubnis mT Bianoba da Tu wredis ubani gaw-
yveti Bia, SegviZlia ganvsazRvroT gawyvetis mizezi.

Semowmeba “gawyvetaze” swarmoebs udeno wredze
misi mT Bianobis aRdgenis mizniT. amisaTvis SeiZle-

gawyveta

2 —| datvirTva 2o
amomrTvell i
A deni Kkvebis wyaro B
— N

il

nax. 2.2 tipiuri uwesivroba wredis gawyveta

0

datvirTva Q mcve b i
&{\ testeri
_ ~ o
Rl

[

L1 L2
Kkvebis wyaro 1

nax.2.3.Semowmeba “gawyvetaze” testeris daxmarebiT

ba gamoviyenoT testeri xmovani signalizaciiT. tes-
teris daxmarebiT Semowmebis magaBi1Ti moyvani lia
nax. 2.3-ze.

am testeriT mowndeba eBeqtrulli wredis mT B iano-
ba, anu mtkicdeba, rom wredis es ubani Caketi lia

Tu wredi Caketi Bia, maSin ismis xmovani signali,
rac amtkicebs wredis mT Bianobas. zogierT xell saw-
yoSi xmovani signall is magier gamoyenebu B ia Sugdio-
di an sxva vizualuri indikacia

wredis “gawyvetaze” Sesamowmeb B ad SeiZ l eba aseve
gamoyenebu i ignes ommetri an mu bl timetri. ommetri
(mu B timetri) Seicavs kvebis wyaros batareas da win-
aRobis sazoms. ommetriT wredis Semowmebis sgema
mocemu B ia nax. 24-ze.

ommetris winaRobebis skala dagraduirebullia
nulidan winaRobis did (praqtikulad usasrullo)
mniSvne B obamde. Tu sazomis Cveneba nullis tolia, es
niSnavs, rom wredis ubanze gawyveta ara gvagvs. gawyve-
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ta rom yofiliyo, maSin winaRobis sazomis Cveneba
igneboda usasrullod didi.

“gawyvetaze” SemowmebiT dgindeba:

_ kabe Bebis, eleqtrulli wredebisa da damiwebis
sistemebis mT Bianoba;

_ ZalBovani da marTvis wredebis Sesabamis kle-
mebTan CarTvis siswore;

_ mowyobi BobasTan CarTvis win aqtiuri da nei-
traluri sadenebis ganmxo B oeba.

__Zalovani da marTvis wredebs Soris SecdomiT
SeerTebis SesaZBleb B oba da mokBed SerTulli ubneb-
is arseboba.

__gadamrTve Bebis, mcve Bebisa da sxva e B ementebis
wesivru ll oba.

yuradsaRebia, rom paraleBuri wredebis arsebo-
bis dros “gawyvetaze” Semowmebam SeiZ B eba mogvces
cru Sedegebi, anitom koreqtu i Sedegebis misaRebad
umjobesia gamovrToOT Sesabamisi k lemebi.

A

datvirTva 4% mcve b i
B
K K ommetri

[

L1 L2
Kkvebis wyaro |

nax.2.4wredis “gawyvetaze” Semowmeba ommetriT

2

Zal ovan wredebs SeuZliaT SemogvTavazon siur-
prizebi. xSirad wredebis Semowmebis dros, romel-
Sic aris gawyveta, mcire simZBavris testeri an om-
metri gviCvenebs wredis mT B 1anobas. magram muSa Zab-
vis miwodebis dros deni ar gadis. amis mizezi aris
wredis nawi B obrivi gamtaroba, rome B ic Figsirdeba
sazomi xe BsawyoTi. amasTanave didi eleqtrulli Zab-
vis dros, Tavs iCens misi maRali winaRoba amis ma-
galiTad SeiZleba ganvixi B OoT gamwvari kabeli, rom-
Bis ZarRvebs gaaCniaT unari Segmnan maRal omiani
kontagti.

uwesivrobis aseTi saxe ganisazRvreba datvirTvis
qveS testirebiT, Zabvis gazomviT.

izolBaciis Semowmeba ZiriTadad gamoiyeneba ma-
Rallvo I tiani Zal ovani kabe Bebis miwaSi Cadebisa da
CarTvis dros. aseTi Semowmebis mizania dadgindes
Zal ovani wredisa da kabelis izoRaciis mT Nianoba.

nax. 2.5-ze naCvenebia e B eqtroZravas amomrTve B Tan,
mcve BebTan da gadatvirTvis rellesTan CarTvis sgema

wredis izo B aciis Sesamowneb Bad (garda e Beqtro-
Zravasi) amomrTvelis daxmarebiT amovrToT wredi
kvebis wyarodan. Semdeg T1, T2da T3k B emebidan gamovr-
ToT TviT elegtroZrava dasawyisSi SevamownoT izo-
B aciis winaRoba miwasa da T1, Semdeg miwasa da T2 da
bo B os miwasa da T3 kBemebs Soris.

Tu romelime Fazis izolBaciis winaRoba nullis
tolia an gaaCnia Zalian mcire mniSvne B oba, maSin
adgi Bi1 agvs 1zolBaciis darRvevas.



es testi gamoiyeneba agreTve damiwebu Bi e Beqtro-
Zravebis an kabe Bebis SesamowmebBad da sadenebis
izoBaciis darRvevis gamosav B enad.

sanfaza eleqtroZravas TiToeulli fazis izola-
cia SeiZlBeba SemowmebuBi ignes mxoBod im SemTx-
vevaSi, Tu gamoyvani B ia gragni Bebis eqvsive gamomy-
vani. satestirebeli gragnilli unda mierTdes test-
eris gamosasv el Tan, xo B o danarCeni ori gragni i
SevaerToT erTad da davamiwoT Zravas korpusTan. iq
sadac gamoyvani B ia mxo B od sami gamomyvani, gragni I eb-
is izolacia SeiZleba Semowmebuli ignas mxolod
eleqtroZravas damiwebull korpusTan mimarTebaSi.

izoBaciis winaRobebis sazomebs megaommetrebs
uwodeben. isini Seicaven kvebis wyaros (mudmivi de-
nis generators an batareas), romelic gazomvisaTvis
gvaZBevs 500 v da met mudmiv Zabvas.
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nax. 25 1izolaciis Semowmeba megaommetriT

A

eleqgtrulli wredebis Semowmebis dros gamoiy-
eneben sxvadasxva sididis Zabvebs. maga B iTad, maRall i
Zabvis kabe Bebis izoBaciis winaRobis gasazomad
iyeneben aranak Beb 1000 v Zabvas, maSin roca martivi
wredebis SemowmebisaTvis sakmarisia 500 v Zabva.

Zabvis qveS testireba moiTxovs gansakuTrebul
sifrTxiles da aseTi testireba unda Catardes mx-
ollod daball1 Zabvis gse BebSi.

dengantar nawi BebTan SemTxveviTi Sexebis Tavidan
aci Bebis mizniT saWiroa davicvaT sifrTxillis zomebi.

xe B sawyoebsa da instrumentebs unda hgondeT
SiSvel 1 gantari nawi Bebis minimumi, rac amcirebs
sxvadasxva potenciall is mqone werti Bebis SemTxvevi-
Ti CarTvis allbaTobas.

wredis mT Bianobis Semowmeba Zabvis qveS. Se-
saZleb B obis mixedviT diagnostika unda vawarmooT
gamorTu B kvebis wyaros dros, magram zogierT SemTXx-
vevaSi dazianebis moZebna SesaZ Bebe l 1a mxo B od Zab-
vis qveS myof wredebSi. an dros Sesamowmebe Bi wre-
di rCeba CarTull1 kvebis wyaroze, rome B ic unda gam-
oviyenoT testirebis procesSi. testirebis es saxe
unda CavataroT gansakuTrebu i yuradRebiT, usafrTx-
oebis zomebis dacviT.

nax. 2.6.-ze naCvenebia rogor unda Semowmdes kveb-
is wyaros an wredis ubnis wesivroba sakontrollo
naTurebis gamoyenebiT. es naTurebi irTveba Fazebs
Soris. wredis gawyvetis martivi testirebisaTvis
SeiZl eba gamoviyenoT vizualuri indikatori
eleqgtrulli naTurebiT. sadenebis mT Bianobis Sesa-



mowmeb Bad da Zabvebis gasazomad SeiZBeba gamoviy-
enoT vo B tmetrebi an mu B timetrebi.

samfaza sistemaSi Zabvebis Sesamowmeb Bad gamoiy-
eneba ara erTi, aramed mimdevrobiT SeerTebulli ori
naTura. amJamad mraval i mwarmoebe Bi iZBeva Zabvebis
mniSvne B obas sakontro B o werti BebSi, rac gvexmareba
SevamowmoT wredis gansazRvrulli ubnis wesivroba.
aseTi pragtika ZiriTadad gamoyenebu B ia iseT mowyo-
bi B obebSi, romBebic Seicaven platebs.

sakontrolo wertiBebSi Zabvebis Semowmebisas
sazomma instrumentebma unda uzrunve Byon sakmarisi
sizuste, maSin am Zabvebis SedarebiT SeiZ B eba gavake-
ToT Sesabamisi daskvnebi.

vizualuri indikatorebiT SesaZlebellia sanfaza
el eqtroZravebis diagnostireba. amisaTvis saWiroa
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nax. 2.6. gawyvetaze Semowmeba Zabvis qveS
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wredisa da sadenebis ganawi Bebis safuzviliani cod-
na, raTa zustad ganvsazRvroT uwesivroba.

rekomendirebull ia, rom yove I Tvis Semowndes Zab-
vebi Fazebs Soris da ara fazasa da miwas Soris,
radgan aseTma Semowmebam SeiZ B eba SecdomaSi Segviy-
vanos.

testirebis dros mkacrad unda ignes daculli
usafrTxoebis zomebi.

2.2. tegnikuri diagnostikis zogierTi
sawyisi cneba

e legtromowyobi Bobis muSa unaris aRdgena
mtyunebis cnobiBi mizezebis dros. aseTi nmize-
zebis kB asifTikacia SeiZleba movaxdinoT sxvadasxva
niSnebis mixedviT. SeiZl eba ganvasxvavoT gare da Siga,
uSuallo da iribi zemogmedebis mgone.

Tu elegtromowyobi B obam muSaoba Sewyvita im
garemos parametris mwyobridan gamosvll is gano, romell -
Sic igi Fungcionirebs, maSin sagme gvagvs mtyunebis
gareSe mizezebTan. Tu mowyobi B obis mwyobridan ga-
mosv Ba ganpirobebulia elBementis mtyunebiT, maSin
sagme gvaqvs Siga mizezTan.

cxadia, rom mizezTa aseTi dayofa pirobiTia da
damokidebu B ia imaze, Tu rogor aris gansazRvrulli
e Begtromowyobi B oba.

e Beqgtromowyobi B obis mwyobridan gamosvlis
mizezi SeiZlBeba iyos erTi an ramdenime e Bementis
mtyuneba an kavSiris darRveva e B ementebs Soris. Ti-
Toeu Bi el ementis mtyuneba SeiZ B eba ganowveu B'i iyos
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bunebrivi daZveBebiT, garemos zemogmedebiT, mowyo-
bi Bobis araswori eqspBuataciiTa da sxva

tegnikuri diagnostikis TvallsazrisiT ara agvs
mniSvne B oba riT moxda e B eqtromowyobi B obis mwyob-
ridan gamosv la, e Bementis mtyunebiT Tu el ementebs
Soris kavSiris darRveviT, radganac kavSiri ganix-
i Beba rogorc elementi.

SesaZ B ebe B 1a agreTve e Emowyobi Bobis e lement-
ebad danawi Bebis principi. tegnikuri diagnostiki-
saTvis e lementi warmoadgens ori mdgomareobis mata-
rebe Bs: muSa unarianobisa da mtyunebis, amitom e B eqt-
romowyobi B obis el ementebad danawi Beba Fagtiurad
emTxveva mravali SesaZl o mtyunebis gamoyoTas.

e Imowyobi Bobis elementebis mdgomareoba gan-
isazRvreba diagnostikis programaSi Semavalli Semow-
mebebis garkveu B i1 mimdevrobiT Sesrulebis gziT.
Semowmeba warmoadgens diagnostikis obieqtze war-
moebu B i operaciebis erTobl iobas raime Sedegis miRe-
bis mizniT, romBis mixedviTac SeiZleba vinsjeloT
ukidures SemTxvevaSi e Emowyobi B obis erTi ellemen-
tis Sesaxeb mainc.

Semowmebebis erTobBiobas, romelic sakmarisia
sistemis mdgomareobis Sesafaseb Bad, diagnostikuri
testi ewodeba.

gvemoT moyvani Bia testebi, romell sac atareben
e Begtromowyobi B obis egspBuataciaSi Seyvanis an
diagnostikis dros.

1. izolaciis testi. es aris erT-erTi yvelaze
ufro mniSvne B obani testi nebismieri el egtromowy-
obi B obisaTvis. Zabva romBis drosac zomaven izo-

8

Baciis winaRobas sadensa da miwas Soris, damokide-
bulia konkretull elmowyobi lobaze.

2. Camiwebis mT Bianobis testi. mowmdeba kon-
tagti e @ mowyobi Bobis gaSiSvlebull nawi Bebsa da
miwas Soris. an SemTxvevaSi winaRoba unda iyos mcire.
Tu winaRoba didia, maSin gvagvs cudi Camiweba.

3. eleqtrulli simtkicis testi. rom Sevamow-
moT kabeBebis i1zoBaciis simtkice, saWiroa maTze
movdoT maRall 1 Zabva, iseve rogorc izolBaciis win-
aRobis Semowmebis dros. amiT ganisazRvreba kabe B is
izoBaciis simtkice garRvevaze.

4, eleqtronu i Camiwebis testi. mikroproce-
sorebisaTvis an mgrZnobiare eBlegtronull i mowyobi-
0l obebisaTvis Cveu Bebriv keTdeba cal ke Camiweba. am
Camiwebas ewodeba elBegqtronulli. eleqtronull da
ZalB ovan Camiwebas Soris Zabva ar unda aRematebodes
2 volts.

nax. 2.7-ze moyvani B ia e Bmowyobi Bobis magaliTi,
rome Bic gamoyenebu Bia diagnostikis obieqtad.

sgema Sedgeba oTxi e Bementisagan, romBebic gan-
sazRvrulli saxiT reagireben S, da S, pirve Bad zemo-
gmedebebze. e Bementebi aRniSnullia patara asoebiT,
xolo boBlo maTi reaqciebi didi asoebiT. obieqti
muSaunariania, Tu S, da S, Sesavall zemoqgmedebaze mas
ganosasvilell ze gaaCnia g da p signalebi, winaaRm-
deg SemTxvevaSi e Bmowyobi Boba uwesivro mdgomar-
obaSia.

analogiurad TiToeulli eBementi iTvBeba muSau-
narianad Tu igi reagirebs mocemull zemogmedebaze.
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e Emowyobi Bobis mtyuneba mT Bianad SeiZlleba
ganpirobebu Bi iyos misi erTi an ramdenime e lemen-
tis mtyunebiT. SeiZl eba gamovyoT Semowmebis ramden-
ime saxe.

e Bementobrivi Semowmeba. amn dros mowmdeba Ti-
Toeulli elementi call-calke mag. 27-ze  eBementze
A da Cc zemogmedebis miwodebiT misi reagciis mixed-
viT dgindeba am e Bementis mdgomareoba.

Semowmeba modu Bebis mixedviT. am dros mown-
deba e Emowyobi Bobis callkeuli bl okebi, romell Ta-
gan TiToeulli Sedgeba mTeli rigi elementebisagan.
magaBiTad Tu nax. 2.7-ze davuSvebT, rom patara asoe-
biT aRniSnulia ara e Bementebi, aramed bl okebi, ma-
Sin elementobrivi Semowmeba gardaigmneba Semowme-
bad modu B ebis mixedviT. dazianebulli b N okis gam-
ovBlena an SemTxvevaSi jer kidev ar niSnavs Semowme-
bis proceduris damTavrebas.

Semowmeba e Bementebis jJgufebis mixedviT. am
SemTxvevaSi dgindeba e BementTa im garkveu Bi jgufis
muSaunarianoba romBebic ar gmnian e Bmowyobi B obis
Semadgen B obaSi Fungcionalur erTeullebs, anu ar qn-

nian b Boks. magal iTad, nax. 27-ze S, da S, zemoqgmede-

S1 A B
S a b —O
S2 C D
Z c ¢ —0

nax.2.7.diagnostikis obieqtis magaliTi.
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bis miwodebiT da B reaqciis daFigsirebiT SeiZleba
SevamownmoT a,b da c elementebis muSaunarianoba.

diagnostikis obieqtis reaqciis gansazRvra swar-
moebs gamosavalli parametris mimdinare mniSvne ll O-
bis mocemul mniSvne B obasTan Sedarebis gziT. am
mizniT gamoiyeneba sazomi an kontroBis mowyobi-
I obebi.

Secvlis an remontis meTodi. am meTodis arsi
mdgomareobs dazianebuli elBementis an bl okis mu-
Saunariani elementiT an bBokiT Secvlis SesaZlle-
b B obaSi da mxoBlod am operaciis Sesrullebis Sen-
deg miewodeba e B mowyobi B obas zemogmedebani da
mowndeba Sesabamisi reaqciebi. Semowmebis aseT saxes
gaaCnia gansazRvrulli upiratesoba.

2.3. elmowyobi Bobis diagnostikis zogadi
principebi

e leqtromowyobi Boba Tavisi nomenk BaturiT Za-
I ian mrava l ferovania, magram mas aqvs Tavisi daniSnu-
B ebis mixedviT saerTo kvanZebi: korpusi, magnitoganm-
tari, izolacia statori, rotori, ko Begtorti, sakisrebi,
sakontaqto SeerTebebi, aparatebisa da amZravebis
moZravi sistenmis kinematika da sxva, agreTve daniSnu-
Bebis mixedviT identuri marTvisa da signallizaci-
is, kontrolisa da dacvis mowyobi B obebi.

saerTo konstruqciulli kvanZebi gansazRvraven
mowyobi B obebis saerTo defeqtebs, romBebic ga-
momJRavndebian umetes SemTxvevaSi diagnostikis pro-
cesSi. magaliTis saxiT SeiZBeba moviyvanoT diag-
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nostikis dros yve Baze xSirad aRmoCeni B'i1 elegtro-
mowyobi B obebis deTfeqtebi:

korpusebTan _ dazianebebi e Emowyobi B obis trans-
portirebisa da montalis dros, SeduRebiTa da Wan-
WikebiT SeerTebis defeqtebi, arasimWidrove Sepira-
pirebaSi, SemWidrovebebis defeqti da sxva.

gragni BebTan _ izo B aciis danestianeba, roml eb-
sac yve laze xSirad adgi b1 aqvs e B eqgtromowyobi  o-
bebis xangrZbBivi da araswori Senaxvis dros, megani-
kuri dazianeba, xviaTaSorisi izolBaciis darRveva,
SeerTebebi gragni BebSi, denmimyvanebsa da gamomyva-
nebSi, Seusabamoba gamomyvanebis markirebaSi standar-
TtiT moTxovni Bsa da sagarxno sgemebis pasportebsa
da Tanmx Beb dokumentacias Soris.

Zal ovani transformatoris gragni lebis gadanrTvel
mowyobi B obebTan meganikuri dazianeba, araswori mir-
CiBviT SeerTeba an gadamrTvelis araswori muSaoba

magnitogantarebTan _ FolBadis callkeuli Ffurc-
Bebis erTmaneTTan SeerTeba, momVeri WanWikebis izo-
Baciis darRveva, foladis Furc Bebis korozia, saven-
tiBacio arxebis gaWuWyianeba, WanWikebis susti moWera.

mudmivi denis manganebis ko BeqtorebTan _ “bibi-
B oebiT” mirCi Bvis defeqtebi, Firfitebs Soris Su-
aledebis danagvianeba.

sinqronu i generatoris sakisrebTan _ maTi Ffun-
damentis FilasTan izolaciis darRveva

sakomutacio aparatebTan — sawevaris, anZravisa da
sakontagto sistenis aradamakmayofiBebeli regullire-
ba, hermetu Bobis darRveva, sakontaqto zedapirebis
aradamakmayofi Bebe B i mdgomareoba.
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Tfaifuris izolaciasTan _ gare zedapiris dazia-
neba, Sinagani defeqtebi. sa l teebis sakontagto
SeerTebasTan _ dawnexvis mirCi Bvis da WanWikebiT
SeerTebis aradamakmayofi Bebeli Xxarisxi.

Zall ovan kabe BebTan _ dabo 0 oebebis an SemaerTebe-
1i bo N oebis defeqtebi, ZarRvebis gawyveta, garsac-
mis dazianeba.

damiwebis mowyobi BobebTan _ eBmowyobi B obis
korpusTan calkeull damamiwebe B mowyobi B obebs So-
ris damiwebis gamtaris SeerTebis defeqti damiwebis
konturis dasaSvebi winaRobis Seusabamoba usafrTx-
oebis tegnikis moTxovnebTan.

e leqgtromowyobi B obis saimedo muSaobis uzrun-
ve ByoTfisaTvis misi yve Ba defeqti da agreTve monta-
Jis defeqtebi droullad unda ignes aRmofxvrili.

am defeqtebis aRmoCena warmoadgens diagnostikis
ZiriTad amocanas. meore amocanas warmoadgens e B eqt-
romowyobi B obis Seusabamoba tegnikis moTxovnebTan
da proeqtTan, e Emowyobi Bobis muSaobaSi CarTvis
SesaZz B eb B obis Sefaseba, misi marTvis mowyobi B obis,
sare Beo dacvisa da avtomatikis gawyoba.

mowyobi B obis saerTo defeqtebi da maT mier way-
enebu B i moTxovnebi gansazRvraven maTi gamov Benis,
Semowmebis, gazomvis da gamocdis zogad meTodebs,
romBebic SeiZleba gaerTianebulli iyvnen Semdeg
Jgufebad:

1) meTodebi, romBebic gansazRvraven eleqtro-
mowyobi B obis meganikuri nawi Bis mdgomareobas;

2) e leqtromowyobi B obis magnituri sistemnis mdgo-
mareobis gazomva da gamocda;
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3) elegtromowyobi B obis dengantari nawi Bebisa
da sakontaqto SeerTebebis mdgomareobis gazomva da
gamocda;

4) e legtromowyobi B obis dengamtari nawi Bebis
izo B aciis mdgomareobis gazomva da gamocda;

5) eleqtrulli SeerTebis sgemebis Semowmebis me-
Todebi;

6) sarelleo dacvis, avtomatikis, marTvis signall-
izaciis da sxva meoreulli mowyobi N obebis gawyo-
bisa da gamocdis Semowmebis meTodebi:

7) e Beqgtromowyobi B obis eqsp BuataciisaTvis var-
gisianobis saboB oo Sefasebis meTodebi (eBeqtro-
mowyobi B obis gasinjva).

yveBa zemoTCamoTvRi 0 JgufebSi gamoiyeneba sx-
vadasxva saxis mowyobi B obebisaTvis saerTo meTode-
bi da gazomvis saSuall ebebi. energetikull i obieqteb-
is saswrafod mowesrigebis amocanebi, sanontaJo sam-
uSaoebis tegno B ogiuri Tanmimdevroba da defeqteb-
is droullad gamosworeba mowyobi Bobis montalis
procesSi mis srull damTavrebamde moiTxoven magsi-
maBuri raodenobis Semowmebasa da gamocdis Catare-
bas, rac gaTvall iswinebu B 1 unda ignes diagnostikuri
samuSaoebis organizaciisas. aseT samuSaoebs miekuTv-
neba: e B egtromowyobi B obis revizia, sxvadasxva gazom-
vebi, romBebic gansazRvraven gragni Bebsa da e B man-
ganebisa da aparatebis sxva dengamtari nawi Bebis
izoBaciis mdgomareobas, aweu 1 ZabviT i1zolBaciis
gamocdas, ZalBovani transformatorebis ugmi svlis
danakargebis gazomvas mudmivi deniT; gragni Bebis
po Blarobis gansazRvras, damagnitebis maxasiaTeb B is

&4

gadaRebas, ZaBlovani da mzomi transformatorebis
transftormaciis koeficientis gansazRvras, Zall ovani,
marTvis, sarelleo dacvisa da avtomatikis sxvadasxva
mowyobi B obebis eleqtrulli sgemebis Semowmebas da
gawyobas.

e Begtromowyobi B obebis gazomvasa da gamocdas
miekuTvneba agreTve e Beqtru B i manganebis maxasiaTe-
bBebis gadaReba da ZiriTadi tegnikuri parametreb-
IS gazomva.

2.4. diagnostikis meTodika da meTodebi

winaswari rekomendaciebi. marTvis wredebis
diagnostikis meTodika Seicavs mTell rig debu ll ebebs:

1. diagnostikis dros xelT unda gvgondes mar-
Tvis wredebis sgema, e Bementebis aRwera da maT Soris
urTierTkavSiri. eleqtromowyobi B obaSi uwesivro-
bis Ziebis dros ukeTesi igneba vasargebBoT “egs-
pRuataciis saxe ImZRvaneB o~-Ti agreTve “uwesivro-
bis gamosworebis instrugciiT-~

2. diagnostikis procesSi unda visargebBoT
b B okebisa da mowyobi B obisa an manganis marTvis mim-
devrobis sgemiT.

3. uwesivrobis ZiriTadi principis gansazRvri-
saTvis saWiroa gvgondes mowyobi B obis an manganis
Zall ovani wredis, marTvis mowyobi B obebis, kontagtore-
bis, drois relles, mricxve lebis, dacvis mowyobi B obe-
bis da sxvaTa aRwera da sgemebi.

4. mowyobi Bobis ZaBovani da marTvis sgemebis
SemowmebisaTvis saxeze unda gvqondes Sesabamisi sa-
zomi instrumentebi.



5. marTvis wredebis diagnostikis procesSi mowy-
obi B obis uecari gaSvebis gamo avariis an ubeduri
SemTxvevis Tavidan aciBebis mizniT kvebis wyaros
ZiriTadi amomrTveli unda iyos mdgomareobaSi ‘gam-
orTulia-~

6. radganac marTvis wredebi erTmaneTisagan gan-
sxvavdebian mowyobi B obidan mowyobi B obamde, man-
ganidan manganamde, amitom SeuZ B ebe N ia Camoya ll ibdes
maTi diagnostikis erTiani saerTo meTodika. amasTanave
diagnostikis dros unda mivyveT standartull teqni-
kas da sawarmoo instruqciebs.

diagnostikisaTvis saWiro ZiriTadi doku-
mentebis sia unda Sedgebodes:

- marTvis wredebis sgemebisagan;

- uwesivrobis aRmofxvris instrugciisa da egs-
pRBuataciis saxe ImZRvane I osagan;

- bl okebis SeerTebisa da manganis an mowyobi Il o-
bis marTvis Tanmimdevrobis sgemebisagan;

- manganis an mowyobi Bobis ZaBovani wredis aR-
werisa da sgemebisagan;

- marTvis e Bementebis, kontagtorebis, drois re-
B es, mricxve Bebis, dacvis e B ementebis mowyobi B obis
aRwerisagan.

diagnostikis meTodebi. rogorc ki gamovBeni-
Bi igneba dazianebis niSani, Semdeg unda ganisazRvros
misi gamomwvevi mizezi. gamosayenebe Bi meTodis arCe-
va damokidebu B ia sgemis sirTu B eze, ganov Beni B niSan-
ze da speciallistis personallur alRoze.

gvemoT moyvani B 1a diagnostikis ZiriTadi zogad-
samomxmareb B o meTodebi:

kvebis Semowmeba. muSaobis dakargvis unari XSir-
ad xdeba ubrallod mcvellis gadawva an damjdari ba-
tarea amitom pirvelad unda davrwmundeT rom kveb-
is zonari CarTull ia da mcve Bebi mwyobrSia. Tu sgema
ikvebeba batareidan, maSin unda SevamowmoT, rom bata-
reis Zabvis sidide misaRebia. Tu kvebis wyaros war-
moadgens gammarTve Bi, maSin unda Semowmdes Zabvis
sidide gammarTve Bs gamosasvlell ze da misi CarTvis
po B aroba.

vizualuri daTvaliereba. es meTodi miekuTvneba
ew. sensonuri Semowmebis meTods. SesaZll O uwesivro-
bis gansazRvrisaTvis sensonuri Semowmeba dafuZneb-
u lia adamianis grZnobis organoebze.

dengamtari bi BikebiT nabeWdi TFirfitis vi-
zualluri daTvaliereba diagnostikis yveBlaze mar-
tivi (amavdrou B ad umrav Bes SemTxvevaSi Zall ian efeq-
turi) meTodia aseT Firfitebze unda davaTvalieroT
gadamwvari komponentebi. zogjer gadamwvari kompo-
nentebi FirFfitaze toveben yavisFer kvalls. an kompo-
nentebs SeuZ B i1aT diagnostikis procesSi gamgzavni
pungtis roli. saWiroa mxoBod ganvsazRvroT maTi
gadaxurebis mizezi. ar aris rekomendebu Bi am gada-
mwvari komponentebis ubrallod Secvla manam, sanam
ar davadgenT maTi gadaxurebis mizezs. umrav Bes SemTx-
vevaSi komponentis mwyobridan gamosvlis mizezi
imaleba mis gverdiT mdebare dazianebull komponen-
€tSi. aniton isic aucileblad unda Seicvall os.

Sexeba. warmoadgens kidev erT sensorull Semow-
mebas. gadaxurebu Bi komponenti SeiZBeba ganvsazRv-
roT ubralo SexebiT. anavdroulad am dros saWiroa
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davicvaT didi sifrTxile sgema saWiroa ganovrToT
da didi tevadobis kondensatorebs mivceT dro gan-
muxtvisaTvis. komponents yove B Tvis unda SevexoT
mxo Bod marjvena xelBiT. es saWiroa imisaTvis, rom
nak Bebi iyos denis gulliT gavBiT SesaZlBebl obis
allbaToba SesaZlebl obis mixedviT unda gvecvas 1zo-
Birebulli fexsacmeli. Sexebis meTodi Zalian efeq-
turia iseTi sgemebis diagnostikis dros, romlebic
garkveu i drois ganmav B obaSi muSaobdnen normall u-
rad, xoBlo Semdeg Sewyvites TFungcionireba gan-
sazRvru i komponentis gadaxurebis gamo.

am komponentis povna gvexmareba ganvsazRvroT
uwesivrobis SesaZBl o mizezi. arsebobs specialluri
gamacivebe B 1 aerozo Bebi, romBebic saSuall ebas gva-
ZBeven gavacioT konkretulli komponenti. Tu amis
Semdeg sgema daiwyebs normalurad muSaobas, maSin es
komponenti aris uwesivrobis mizezi. komponentis
Secv lis win saWiroa CavataroT Semdgomi gamokv l eva,
raTa ganvsazRvroT gadaxurebis pirveli mizezi.

SegrZneba. Tu gansazRvrulli1 komponenti gamovi-
da mwyobridan gadaxurebis gano. maSin umrav Bes SemTx-
vevaSi SeiZlBeba SevigrZznoT kvamB is suni, magram es
moxdeba maSin, Tu speciall isti imyofeba iqve ax B os.
winaaRmdeg SemTxvevaSi uwesivro komponenti SeiZlle-
ba vipovoT vizualBurad.

komponentis SecvBla. diagnostikis es meTodi
dafuZnebulia ZiriTadad operatoris Cvevebsa da
gamocdi Bebaze. gansazRvrulli niSnebi cxadad
uCveneben konkretu Bi komponentebis uwesivrobas. es
mtkiceba samarT Biania eBeqtronikaSi gamocdili
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speciall istebisaTvis. magalliTad, teletegnikis mom-
saxure speciallists ganocdi Bebis safuZve l ze Seu-
Zlia televizoris gaxsnis gareSe uSecdomod gan-
sazRvris dazianebu B'i komponenti. komponentis Secv-
Bis meTodi kargia gamocdi Bi speciall istebisTvis,
radgan zogavs drosa da Ffu l's. nebismier SemTxvevaSi
es meTodi iZBeva warmatebuli remontis garantias,
radganac sakmarisi raodenobis komponentebis Secv-
I isas saboB oo angariSSi icvleba uwesivro kompo-
nentic. anasTanave rekomendirebull 1a, rom araspeciall -
istma dasawyisSi B ogikurad moifigros diagnostikis
procesi.

signalis gavlis Semowmeba. diagnostikis es
meTodi nak B ebad gavrce Bebu l ia, magram Semogmedebi-
Tad Zalian sasargebBoa, radgan specialistisagan
moiTxovs gamWriaxobasa da B ogikur azrovnebas. me-
Todi dafuZnebu Bia sgemis sxvadasxva sakontrollo
werti B Si signallis gazomvaze. sakontrollo wertilli
sgemaze aris adgi b i, sadac operatorisTvis cnobill-
ia Zabvis Forma da sidide (Tu gamoyenebu B ia osci -
ografi). Semdeg eZeben wertills, romeBSic signalli
gansxvavdeba mosa l odne B isagan. amgvarad, operatori
gansazRvravs sgemis uwesivro ubans. sxva sityvebiT
rom vTqvaT, operatori mudnmivad amcirebs Zebnis ares,
sanam ar moZebnis uwesivrobis mizezs.

arsebobs gav B is Semowmebis ori midgoma. pirvel
SemTxvevaSi Semowmeba iwyeba Sesava B idan da mimdevro-
biT mowmdeba yve Ba werti B i manam, sanam ar ipovian
wertills arakoreqtulli signaBiT. meore midgomis
dros sakontroBlo wertilebis Semowmeba iwyeba ga-
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mosav B e B idan da gagrZe B deba manam, sanam ar gamoCn-
deba wertilli koreqgtulli signalliT.

Sua wertilis meTodi. Aam meTodis gamoyenebis
dros sakvBevi obiegti an misi nawi Bi1 gaiyofa orad.
erT nawi BSi defeqti arsebobs xol o meoreSi — ara.
Tu Semowmebis Semdeg SeuZBebelia konkretullad
vuCvenoT dazianebu Bi e Bementi, maSin Zieba grZe 1 deba
Aam dros yove 1 Tvis ganixi Beba obieqtis is nawi I i,
rome B Sic arsebobs defeqti. imis gamo rom obieqti
an misi nawi Bi iyofa or jgufad, romBebic daax-
B oebiT Seicaven e B ementebis Tanabar raodenobas, am
meTods sxvanairad naxevrad danawi Bebis meTodi
ewodeba.

Aam meTodis sai Bustraciod ganvixi BoT nax. 2.8-
ze moyvani Bi naTurebis gir 1 iandebis sgema

rogorc naxazidan Cans gir Bianda Sedgeba 20 na-
Turisagan. nuSaobis garkveu i drois Semdeg davusS-
vaT rom giriBlanda mwyobridan gamovida anu Caqra,
mwyobridan gamosvl is ufro savaraudo mizezia erT-
erTi naTuris gadawva. imisaTvis rom gavigoT rome-
Bi naTura gadaiwva saWiroa SevamowmoT TiToeuli
naTura da naTurebs Soris kavSiri. Aam xerxiT mizezis
Zieba Sromatevadia, amitom Ziebis procesisi gamar-
tivebis mizniT virCevT magaliTad n, naTuras da va-
mowmebT gamomavall signalls. Tu gamomavaBi signalli

ni n2 n3 N4 ng nio nig Nn20
1

Nnax. 2.8. naTurebis gir Biandebis sgema
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arsebobs, maSin dazianeba gvagqvs darCeni B naxevarSi.
DdarCeni B naxevars kidev vyoFT Suaze da AaS. vipo-
viT dazianebull naTuras.

Kkombinaciuri meTodi. Ddefeqtebis kombinaci-
uri meTodis arsi mdgomareobs imaSi rom defeqtebis
Taqtis dadgenis Semdeg keTdeba tegqno B ogiuri gada-
sv il ebi, romBis mizania danadgaris an misi rome B ime
e Bementis maxasiaTeb B is gansazRvra. Aam dros wina
tegno B ogiuri gadasvl is Sedegi gavBlenas ar axdens
Semdegze.

Ggadasv b is Sesrullebis Sedegebis anabizisaTvis
saWiroa gvgondes winaswari informacia obieqtis
gamarTu B 1 an dazianebu B 1 mdgomareobis Sesaxeb. Aamis
Semdeg vaanal izebT Sesrullebulli gadasv Bebis
winaswar Sedegebs, vadarebT mas yve Ba gadasv il is Sen-
deg miRebu @ informaciasTan da vsazRvravT dazianeb-
is mizezs.

Bb B okur-mimdevrobiTi meTodi. BbBoki war-
moadgens Cvens mier arCeu Bi raime mowyobi Bobis an
sgemis ubans, TiToeull bl oks gaaCnia ew. “Sesasv il e-
Bi” da “gamosasvBeli” signallebis gadasacemad da
Sesasvleli “kveba”. bBokebis saxiT SeiZBeba war-
modgeni Bi1 ignes nebismieri mowyobi B oba. Aam meTo-
dis gamoyenebis dros vaanaBizebT TiToeulli te-
gno B ogiuri gadasvlis Sedegs da vIvERiT rom de-
Tfeqti an napovnia an viRebT gadawyveti I ebas Semdgo-
mi tegno Bogiuri gadasvlis SesasrullebBad. te-
gno B ogiuri gadasvl is rigiToba windawin unda i1yos
dadgeni B i.
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2.5. diagnostikis magaliTi

imisaTvis, rom CavataroT mowyobi B obis diagnhos-
tika saWiroa pirvel rigSi vicodeT am mowyobi I o-
bis muSaobis principi. magall iTad nax. 29-ze mocemu l ia
sanfaza e BeqtroZravas magnituri gamSvebiT pirdapi-
ri gaSvebis sgema. ZaBlovani (nax. 2.9, a) sgema Seicavs
samfaza kvebis wyaros (L1;L2;L3), mTavar mcve Bebs (F1),
mTavar kontagtorsa (K1) da gadatvirTvisagan dacvis
relles (F2).

marTvis sgema (nax. 2.9, b) Sedgeba F2 gadatvirTvis
relles, SO gaCerebis RiBakis normaBurad Caketilli

L1 L2 L3
FifjFilljF1 €3
113 |5 Lt
K1 S0
s L
1 03 05 51 {1 H1(
FZiF2]| F2 E
2
U F2
F2
K1l
,|5'_'.',;|I{|':|l.'l'.-l M ) L2 |:IN:|

nax. 2.9. asingronuli Zravis Zalovani (a)
da marTvis sgema (b)
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(nC) da S1 gamSvi Ri Bakis normaBurad Ria (nR) kon-
tagtebisagan, romBebic mimdevrobiT arian CarTulli
Kl mTavar kontaqtoris koWasTan. wredis kveba xor-
cieldeba F3mcve Bis gavliT. mTavari K1 kontagtoris
koWa L1 Ffazaze CairTveba mxo B od im SemTxvevaSi, roca
marTvis wredis yve Ba kontaqti Caketi Bia Mmocemull
SemTxvevaSi, roca TiTs davalerT S1Ri Baks, marTvis
wredi Caiketeba da mTavar kontagtors miewodeba kve-
ba. an kontagtoris nR kontaqtebi parale Burad SeerTe-
bu B iaS1Ri BakTan. rogorc ki kontaqtori CairTveba,
maSinve misi K1 kontaqtebi Caiketeba da dab B okavs S1
Ri Baks, ris gamoc am Ri Bakze TiTis moSorebis Sen-
deg kontagtori darCeba CarTulli da el Zrava gaagr-
Ze Bebs muSaobas manam, sanam TiTs ar davaWerT SO
gaCerebis Rilaks an gadatvirTvis relle ar gamor-
Tavs F2kontagts.

SesaZ 1l o dazianebebi,romBebic aRiZvreba el eqtro-
Zravas gaSvebis an muSaobis procesSi:

I SemTxveva. S1 gaSvebis Ri Bakze daWeris dros

e leqtroZrava gaiSvebs, magram an Ri Bakze TiTis aSve-
bisas el egqtroZrava Cerdeba.

movaxdinoT situaciis analizi (CavTvaBloT ronm
wredis F1 mcvelebi ar aris dazianebull i). radganac
S1 gaSvebis RilBakze TiTis daWeriT eleqtroZrava
iwyebs muSaobas, e.i. e Beqtrokveba an Ri BakiT Sekru-
Bi wrediT miewodeba K1 mTavari kontagtoris koWas.
rogorc ki CairTveba mTavari kontagtori maSinve unda
CairTos misi nR K1 kontaqtebi, dab B okos S1Ri Baki
da marTvis wredi, daiWiros CarTull mdgomareobaSi

73



manam, sanam TiTs ar davaWerT SO gaCerebis Ri Baks an
gadatvirTvis relles nC kontagtebi ar gaixsneba

imisaTvis rom vipovOoT dazianeba saWiroa Cava-
taroT Semowmeba Semdegi TanmimdevrobiT:

1. SevamowmoT marTvis wredis kveba, gavzomoT Zab-
va L1 sadensa daNsadens Soris, Tu kontagtoris koWa
gaTvililia 220 v Zabvaze, dalLl da L2 sadenebs Soris,
Tu kontagtoris koWa gaTvli lia 380 v Zabvaze.

2. mu B timetris saSuallebiT SevamowmoT marTvis
wredis F3 mcve i, Tu igi gadamwvaria maSin Sevcval -
oT 1igi da gavuSvaT elegtroZrava. Tu probBema mx-
ol od amaSia, maSin elleqtro Zrava normalurad dai-
wyebs muSaobas.

3. Tu marTvis wredis mcvelBi1 wesrigSia, maSin
SevamowmoT xom ar muSaobs gadatvirTvis rele. es
SeiZlBeba Semowmdes mu Bl timetriT. SevamowmoT Zabva
neitrall sa da gadatvirTis relles ganosavall kontaqts
Soris, romelic CarTulia gaCerebis RilakTan. Tu
gadatvirTvis relle ar muSaobs da mul timetri
gviCvenebs normaBur Zabvas am or wertills Soris,
maSin gadavdivarT Semowmebis Semdeg punqtze

4. SevamowmoT Zabva gaCerebis Ri Bakis bo l oebze.
Tu Zabva arsebobs gadavideT Semdeg pungtze.

5 Tu elegtroZrava muSaobs mxo Bl od S1Ri lakze
TiTis daWeriT, maSin SevamowmoT am Ri Bakis paralle-
Burad CarTulli Kl kontagtoris K1 nR kontagtebi.
SesazB oa es kontagtebi dazianebu B ia amis Ddasamt-
kicebBad aviROT izoBRirebulli sadenis naleri da
CavketoT K1 kontagtebi. Tu ek BeqtroZrava gaiSvebs,

74

maSin es kontaqtebi sinandvi BeSi dazianebulia da
Sevcval oT mTavari kontaqtebis sakontagto jgufi.

Il SemTxveva. eBegtroZrava iwyebs muSaobas ma-
gram gaSvebidan ori wuTis Semdeg Zrava Cerdeba. Aam
SemTxvevaSi diagnostikisaTvis unda Sevasru B oT wina
SemTxvevis pirveli sami punqti da Tu yveBaferi
wesrigSia, anis Semdeg vamowmebT gadatvirTvis relles.
Tu relle anuSavda, maSin unda veZioT mizezi, ris ganoc
SeiZleba eleqtroZrava gadaitvirTos.

2.6. dazianebis analizi

Ddazianebis anaBlizi moiTxovs karg Teoriul
codnas da analizur azrovnebas. igi ar SeiZleba
viswav B OT wignebidan. igi unda aviTvisoT diagnos-
tikis mudmivi mecadineobiTa da eqsperimentebis gziT.
Aaseve arsebobs gansazRvru B'i wesebi, rome I sac unda
daveqgvemdebaroT diagnostikis procesSi. magaliTis
saxiT moviyvanoT dazianebulli bogirull i gammarTve-
Bi, rombis bBok-sgema mocemu Bia nax. 2.10-ze. igi
Sedgeba transformatoris, ganmarTve Bisa da Fi B tris
b @ okebisagan. TiToeull sakontroBlo wertillSi
naCvenebia oscilografiT gadaRebulli signallebi.
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nax. 2.11. bogiruli gammarTvelis principulli sgema

amave gammar Tve Bebis principu i1 sgema mocemnu B ia
nax. 2.11-ze. signa B ebis Semowmeba iwyeba gamosasvilell -
idan da swarmoebs mimdevrobiT Sesasv el is mxarisak-
en. qvemoT moyvani Bia am sgemis yvelBla SesaZBl o uwe-
sivrobis analizi.

Ddazianebu Bi kondesatori C. ag SesaZlebe-
I ia dazianebis sami saxe. Kkondesatori SeiZleba iyos
garRveu B i, hgondes gawyveta an gaJonva.

garRveulli kondesatori amokBebs datvirTvis
winaRobis gamomyvanebs da amitom gamosasv B el ze Zabva
nullis tolia, rac i bustrirebullia nax. 212, a-ze. Tu
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nax. 2.12. kondesatoris dazianebs niSnebi
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kondesatori gawyveti Bia, maSin igi ar Fill travs gam-
marTve Bis gamosasvBell Zabvas da gamosasvilell ze
signallis forma rCeba igive rac gammarTve Bis gamo-
sasvilell ze, anu signallis forma C da D werti BebSi
erTnairia (nax. 212, b). erTaderTi gansxvaveba aris is
rom D wertilSi Zabvis ampBituda nakBebia R,
winaRobaze Zabvis vardnis gamo da boBos Tu konde-
sators agvs gaJonva, maSin gamosasvBell Zabvas agvs
pu B saciebi (hax. 2.12, g). gaJonva SeiZ 0l eba warmovidgi-
noT rezistoris saxiT, rome B ic paralle Burad CarTu-
I ia kondesatorTan. Ees rezistori amcirebs ganmux-
tvis dros, anitom gamosasvilell ze pull sacia izrdeba.

Ddazianebu Bia rezistori R, aq SeiZlleba
dazianebis mxoBod erTi saxe. Aam rezistoris gada-
wva (gawyveta). Ees SesaZBebe B ia im SemTxvevaSi, roca
am rezistorsSi gaivlis dasaSvebze didi deni. aseTi
deni SeiZleba aRiZvras im SemTxvevaSi Tu mokNed
SeirTveba gamosasvleli boBoebi (R,=0) an gairRve-

va kondesatori. Oorive SemTxvevaSi gadamwvari R,

-\-:—ll-le 5 - r "'_"_""i .
A hmanddeFmd AT
w3y [P0 o N oo "
ey == T
-
. L
AERI lII.r

ernn
nax. 2.13. diodis garRvevis niSnebi
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rezistori gawyvets wreds da gamosasvilell ze Zabva
nullis toli gaxdeba. am winaRobis Secvl is win unda
davrwmundeT, rom kondesatori an gamosasvileli ar
aris mokled SerTulli.

garRveulia diodi. garRveulli diodi SeiZle-
ba warmovidginoT rogorc zRudari, romelic dens
atarebs orive mimarTuBebiT. Nnax. 2.13-ze naCvenebia
denis gza D, diodis garRvevis SemTxvevaSi deni dadeb-
iTi naxevarperiodis ganmav B obaSi Cveu B ebriv gaedine-
ba D, da D,diodebis gavliT, garRveull diodebs gaaC-
nia nu B ovani winaRoba orive mimarTuBebiT, amitom
dadebiTi naxevarperiodi C wertillSi normaluria
uaryoFfiTi naxevarperiodis ganmavB obaSi suraTi
icvBeba denis gza Seikvreba D1 da D4 diodebis gav-
BiT, radganac es diodebi SeerTebu Nl ia mimdevrobiT
da uzrunvelyofen mcire winaRobian gzas. trans-
Tformatoris meoreulli gragni i mokBed SeirTveba
da masSi gaivlis didi deni. aniton D1 diodi gadax-
urebis gamo swrafad gamovides mwyobridan. trans-
Tformatoris meoreull gragni B Si denis gazrda iwvevs
denis gazrdas pirvelad gragniBSi. Tu pirve Badi
gragni Bis wredSi dayenebu B ia Sesabamisi nominallis
mcve Bi, maSin es mcveli unda gadaiwvas da daicvas
transformatori da D1 diodi dazianebisagan. Tu
mcve Bi ar gadaiwva maSin D1 diodi gadaxurdeba (an
gadaiwveba) da Zabva Cwerti B Si miiRebs nax. 213 naCveneb
formas.

AanaBogiuri analizi SeiZBleba CavataroT sxva
diodebis garRvevis SemTxvevaSi.
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fiebloreiitgmio
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nax. 2.14. diodis gawyvetis niSnebi

Ddiodis gawyveta. davuSvaT nax. 2.13-ze mocemu i
wredSi gawyda igive D4 diodi, maSin am diodis gav-
BiT deni arc erT mxares ar gaivlis. uvaryofiTi
naxevarperiodis ganmav B obaSi es diodi ar axdens
gav Benas gamosasv el Zabvaze, xo B o dadebiTi naxe-
varperiodis ganmav B obaSi denis gza gadaketi lia da
gamosasv B el ze Zabva ar arsebobs. sxva sityvebiT rom
vTqgvaT sgema muSaobs rogorc naxevarperiodiani gam-
marTve B i. Ees SeiZBeba ganvsazRvroT gamosasvileli
Zabvis didi pullsaciebiT, amasTanave pull saciis six-
Sire 100 hc-is nacv Bad Seadgens 50 hc-s. es SemTxveva
gamosaxu B ia nax. 2.14-ze

transformatoris dazianeba. aseTi tipis da-
zianeba Zal ian xSirad ar gvxvdeba, magram Tu danar-
Ceni sgema gamoiyureba wesivru B ad, maSin unda Semow-
mdes transformatori. transformatoris Sesazlo
dazianebis saxeebia pirveBadi an meoreulli grag-
ni Bebi SeiZBeba i1yos gawyvetiBi an nawi Bobriv
mokBed SerTulli. Tu gawyveti Bia romelime gragni-
Bi, maSin mTel sgemaze Zabva ar arsebobs da amas
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mivyavarT gamosasv Bel ze null ovan Zabvamde. Tu nawi-
Bobriv damokBebulia pirveBladi gragni Bi, maSin
izrdeba transformaciis koeficienti. Aam dros izrde-
ba Zabva meoreull gragni Bze da Sesabamisad sgemis
gamosasv Be B zec. Nnawi B obriv damok Bebu i meoreu-
Bi gragnili ancirebs transformaciiis koeficients
da Zabva gammarTve I ze mcirdeba da Sesabamisad mcir-
deba gamosasvileli Zabvac.

Mmcve B is gadawva. rogorc adre avRniSneT, mcve-
I is gadawva xdeba diodis garRvevis SemTxvevaSi. ami-
tom sanam mcve Bs Sevcv B ideT saWiroa winaswar Seva-
mownmoT diodebic. transformatoris pirveladi da
meoreu li gragni Bebis nawi Bobrivi mokBled SerT-
vas mivyavarT denis gazrdasTan, rac agreTve SeiZlle-
ba iyos mcve b is gadawvis mizezi.amitom mcve b is Secv-
Bis win unda SevamowmoT transformatori.

2.7. dazianebis niSani da mizezi

EeBeqtrulli sgemis diagnostika srulldeba sam
etapad. Ppirvell etapze ganisazRvreba sgemis daziane-
ba. Mmeore etapze xdeba dazianebis analizi da am
dazianebis SesazB o mizezebis gansazRvra. Mmesame
etapze xdeba dazianebis aRmofxvra.

Ppirvel rigSi saWiroa ganisazRvros dazianeba.
amisaTvis saWiroa gavarCioT misi niSnebi. Ddaziane-
bad iTvEleba iseTi sgema, roml is gamosasv Be bi parame-
trebi arakoreqtull ia, miuxedavad imisa, rom Sesavall i
parametrebi wesrigSia.

magal iTad, nax. 215-ze gamosaxu li gamaZliereb-
Bis Sesavalli signalli koreqtu  ia, magram gamaZ B iere-
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bBis gamosasvBlell ze signali ar gvagvs. Aam SemTx-
vevaSi dazianebis niSnad iTvBeba gamaZBiereblis
gamosasv B el ze Zabvis ar arseboba

es konkretulli niSani iZBeva sakmaris informa-
cias dazianebis SesaZl o mizezebze. Ddazianeba erTsa
da igive niSanTan (gamosasvBellze null ovani Zabva)
SeiZ B eba migviyvanos sgemis sxvadasxva komponentebis
dazianebam. sxva SemTxvevaSi niSanma SeiZ Beba pirda-
pir migviTiTos gansazRvrull areze, sadac dazianebis
gamnov Benis albaToba ufro metia magall iTad, gamo-
sasv Bel ze mudmivi Zabva, rome Bic to lia kvebis Zab-
visa gviCvenebs, rom tranzistori imyofeba wakveTis
reJimSi (nax. 215, b). Semowmebas viwyebT gamosasv Bell Tan
mdebare uax B oesi kaskadiT da vmoZraobT ukumima-
rTullebiT. unda SevamowmoT yvela tranzistori ga-
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dasasv B el is gawyvetaze, agreTve saWiroa SevamowmoT
mirCi Bvis adgiBebi da emiterulli rezistorebis
winaRobebi.

Tu gamaZBierebeli gamarTulad muSaobs, maSin
gamosasv Be B ze unda gamoCndes gaZBierebulli signa-
Bi. ganosasvleli signallis amplituda daax B oebiT
tolia kvebis wyaros gamorTuli Zabvis mniSvne l O-
bisa. Ggamosasvleli signallis forma zustad unda
iyos Sesavalli signalis formis yove Bgvari damaxin-
Jebis gareSe (nax 2.15.9.).

2.8. diagnostikaSi TfarTod gamoyenebulli
xe B sawyoebi
a) xeBsawyo indikatorebi (Zabvis maCveneb lebi).
Zabvis maCveneb Bebi gamoiyeneba Zabvis arsebobis
SemowmebisaTvis marTvis, dacvis, avtomatikis, daball i
da maRa 0 i Zabvis mowyobi B obebis sxvadasxva werti I -
Si. mrewve B obis mier Zabvis maCveneb Bebi mzaddeba
sxvadasxva saxiT, rogorc dabali, ise maRali Zab-
visTvis. nax. 28-ze mocemu B ia sxvadasxva saxis daba-
Bi da maRali Zabvis maCveneb ll ebi.
orpo Busiani (nax. 2.8, a) Zabvis maCveneb B ebiT
erTdroullad exebian dengamtari nawi Bis orive SiS-
vel poluss, riTac ikvreba uSualod indikatoris
eleqtrulli wredi da Zabvis arsebobis SemTxvevaSi
ainTeba indikatorSi CamontaJebu B i neonis naTura.
saxraxnisi-maCveneb B is gamoyenebis SemTxvevaSi
Sesamowmebe B dengamtar nawi B Tan maCveneb B is sace-
cis Sexebis dros, Tu erTi xeBiT SevexebiT maCveneb-
Bis metallis dabo B oebas, xol o meoreTi — Camiwebis
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konstrugcias, maSin Seikvreba eleqtrulli wredi
maCveneb B is, adamianis winaRobas, maCvenebe B Si Camon-
talebu li kondensatorisa da miwis gavBiT. Sesamow-
mebe B po Busze Zabvis arsebobis SemTxvevaSi ainTeba
maCvenebe B Si Camontalebu Bi neonis naTura

mudmivi Zabvis Semowmebis dros inTeba neonis na-
Turis an erTi an meore mxare da amn dros cvliBebis
xasiaTi gviCvenebs Sesamowmebe Bi Zabvis niSans.

maRa B i Zabvis Sesamowmeb B ad gamoiyeneba sxvadasxva
tipis maCveneb Bebi. nax. 2.16, b-ze mocemu B ia YBH 80 -
3M tipis maCveneb Bebi, roml is Semowmebis diapazonia

2,2+10 kv, anTebis zRurb B i 550 v. mas aqvs mkveTrad

mocimcime sinaT Bis indikacia, romelic naTebas iw-
yebs Zabvis arsebobis dros.

) psa— 9) ‘ d) T

b) " \ J‘
I | T

nax. 2.16. Zabvis maCveneb N ebi:
a) orpoRusiani YHM-1 tipis;
b) saxraxnisi — maCvenebe B i YH-453 tipis;
9)
)

L

maRal i Zabvis maCvenebe B'i YBH80 -3M tipis;
Zabvis maCvenebe Bi FazirebisTvis YBHcT®-¢6 10 tipis
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xSirad salWiro xdeba 6-:-10kv da 35kv kabe B ebis,
sahaero xazebisa da transformatorebis TFTazireba,
risTvisac gamoiyeneba nax. 2.16, d-ze naCvenebi oOrpo-
B usiani maCveneb Bebi. Zabvis arseboba mowmdeba mo-
matebu i sikaSkaSis Sugdiodebis daxmarebiT.

b) naTuriani indikatori inJiner-eBeqtriko-
sis erT-erTi mTavari instrumentia diagnostikisaTvis
da cnobi Bia, rogorc Zabvis indikatori. igi Sesdge-
ba mimdevrobiT SeerTebuli ori naTurisagan TiToeu-
Bi nominaBuri ZabviT 240v. am indikatoris (nax. 2.9)
muSa wreds Seadgens ori mimdevrobiT SeerTebuli
naTura, mcveli da sacecebi. TiToeulli naTuris sin-
ZBavre unda iyos toli da ara umetes 25 vatisa ori
naTuris aReba saWiroa imisaTvis, rom xandaxan es
indikatori SeiZleba CairTos 380 volti da meti
Zabvis gse B Si, ris gamoc erTi naTura SeiZll eba gada-
iwvas da SecdomiT gviCvenos wredis gawyveta meti
saimedoobisTvis aseTi indikatorebi gamoyenebis win
da Semdeg unda Semowmdes wesier mdgomareobaSi myoT
wyaroze.
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nax. 2.17. or naTuriani indikatoris sgema
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12 an 36 v Zabvaze SemowmebisTvis SeiZ 0 eba gamovi-
yoT erT naTuriani indikatori.

naTuriani indikatori SeiZlBeba gamoyenebu i 1ig-
nas:

-Zabvis arsebobis gansazRvrisaTvis;

-kvebis wyaros po Barobis gansazRvrisTvis anu
agtiuri da neitraluri wertilebis, kvebisa da Cami-
wmebis k Bemebis gansazRvrisaTvVis;

-ori daparalleBebulli wyaros “fazirebisas~ fTa-
zebis Sesabamisobis Sesamowmeb B ad;

-e leqtroZravas Camiwebis Sesamowmeb Bad. indika-
toris erTi gamomyvani uerTdeba erTF¥aza kvebis wyaros
‘Fazis~ klBemas, xo B o meore — gragni Bis klemas. Tu
naTura ainTo, maSin gragni B i Camiwebu Bia, winaaRm-
deg SemTxvevaSi — arg;

-sanfaza wyaros Sesamowmeb B ad. indikatoris ga-
momyvanebs CarTaven or fazas Soris. am dros Sesa-
ZNBebelia samidan erTi SemTxveva:

-Tu kveba gamorTull ia, maSin naTurebi ar ainTeba

-Tu erT-erTi Ffaza gaTiSulia, maSin naTurebi
ainTeba naxevari varvarebiT.

-Tu orive Faza wesrigSia, maSin naTurebi ainTeba
mTeli varvarebiT.

g) maRall impendansiani ___
testeri. Zabvis indikatoris '
erT-erTi saxeobaa (nax. 2.18) |
Zabvis arsebobis dros xell- _”-

sawyo gamoscems vizualur-

xmovan signall's nax. 2.18. maRal impen-
dansiani testeri



nax. 2.19. vo I tmetrebi:
a) Faris; b) isriani;
g) cifruli; d) BNBaboratoriuli

d) voltmetrebi. (nax. 219) or wertills Soris
Zabvis (potenciall Ta sxvaobis) gasazomad gamoiyeneben
xe B sawyos, rome I sac vo I tmetri ewodeba. igi gamoiy-
eneba i1seTi wredebis testirebis dros, romlebic
CarTullni arian kvebis wyarosTan. voltmetri gan-
oiyeneba rogorc mudmivi, aseve cvBladi Zabvis gasa-
zomad did sazRvrebSi. vo I tmetri yove B Tvis CairTve-
ba sakontroBlo wertillebs Soris parallelurad.

gazonmvis dawyebis win darwmunebu i unda viyoT
Seesabameba Tu ara xe B sawyoze arCeuli diapazoni
gasazom Zabvas, radganac xe Bsawyo gaTv il i Bia Zabvis
gansazRvruli mniSvne B obis gasazomad.
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Tu moiTxoveba gazomvebi maRalli Zabvis wredebSi,
maSin vo B tmetris gazomvis zRvari unda gavafarTo-
voT., wredSi damwevi Zabvis transformatoris CarTviT
(CarTvis sgema ganxi Buli igneba SemdegSi). an SemTx-
vevaSi vo I tmetris skall aze naCvenebi Zabvis mniSvne I o-
ba unda gavamrav B OoT Sesabamis koeFicientze. nax.2.19.-
ze mocemu B ia Faris, isriani cifrulli da BNabora-
toriulli voltmetrebi.

vo B tmetrebi gamoiyeneba eleqtrull wredSi en-
ergiis gadacenis; erTfaza da sanfaza kvebis; e I emen-
tebis (mag. relle, taimetri da aS.) vargisianobis; Cam-
iwebis mT B ianobis SemowmebisaTvis da aS.

a)

nax. 2.20. ampermetrebis saerTo xedi:
a) isriani; b) cifrulli; g) Baboratoriulli
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e) ampermetrebiT sargebBoben dabali Zabvis
Caketill eleqtrull wredSi gamavali donis gasazo-
mad. igi gamoiyeneba Zabvis qveS myofi elBeqtrulli
wredebis dros da yovel Tvis wredSi irTveba mim-
devrobiT. mimdevrobiT CarTu B i ampermetri gviCvenebs
datvirTvis mier moxmarebu l dens. ampermetriT uSu-
alod izomeba rogorc mudmivi, aseve cvBadi deni
TarTo sazRvrebSi daballi Zabvis dros. ampermetrebi
arsebobs sxvadasxva modifikaciis. nax. 2.20-ze moce-
mullia Faris, cifrulli da Baboratoriulli amperme-
trebi.

ampermetrebis gazomvis diapazonis zRvris gasa-
dideblad, mas rTaven denis transformatoris gav-
BiT (romBis CarTvis sgema naCvenebi igneba Semdeg-
Si). an dros ampermetris Cveneba mravBdeba denis
transformaciis koeficientze.
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nax. 2.21. martiv wredSi ampermetrisa da voll tme-
tris CarTvis sgema
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nax. 2.21-ze naCvenebia diagnostikisaTvis eleqtrull
wredSi ampermetrisa da voltmetris CarTvis sgema.
rogorc am sgemidan Cans, ampermetri wredSi CarTu-
Bia mimdevrobiT wredis ubanze, xolo voll tmetri —
paralelurad sakontroBlo wertillebs Soris.

v) vatmetrebi da varmetrebi. cvBadi denis
samfaza wredebSi aqtiuri simZBavreebis gasazomad
gamoiyeneben vatmetrebs, xol o reagtiulli simZBavris
gasazomad — varmetrebs.

nax. 2.22, a-ze naCvenebia D5061 tipis vatmetri, romel -
ic gamoyenebu B i1a agtiuri simZBavris gasazomad erT-
Taza cvBadi da mudnmivi denis wredebSi; nax. 222, b-ze

a) b)

d)

nax. 2.22. vatmetrebi da varmetrebi:
a) - D5061 tipis vatmetri; b) - D5070 tipis vatvarmetri;E
g) - 0301/1 tipis vatmetr-varmetri; d) - OA02Btipis
vatmetr-varmetrikE
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moyvani B1a D5070 tipis vatvarmetri, romelic ganm-
Oiyeneba agtiuri simZBavris gasazomad. samfaza sam-
sadenian cvBadi denis wredebSi Ffazebis rogorc
simetriulli, aseve arasimetriulli datvirTvis dros
da reagtiulli simZBavris gasazomad samfaza samsad-
enian cv Bl adi denis wredSi simetriulli Zabvebis dros,
roca Tazebis datvirTvis arasimetriulloba ar
aRemateba 5%-s; xo Bl 0 nax. 222, g-ze mocemu Bia Faris
0301/1 tipis vatmetr-varmetri, romell ic dagraduire-
bullia kiBovatebSi (ki BovarebSi). nax.2.22, d-ze
naCvenebia OAO02 tipis cifrulli vatmetr-varmetri.
z) Fazometrebi. rogorc erTTaza, ise sanfaza cv-

Badi denis wredebSi sinZBavris koeFicientis (cosg)
gasazomad gamoiyeneba sxvadasxva tipis TFazometrebi.

a) b)

nax. 2.23. fazometrebi: a) — erTfaza wredisTvis
C302M1 tipis; b) — samfFaza wredisTvis C43205 tipis;
g) — Baboratoriulli D5782 tipis

D

nax. 223, a-ze moyvani B1aN302I1 tipis Fazometri, romelic
gamoiyeneba erTfaza cvBadi denis wredSi 0 _ 10000
herci sixSiris diapazonSi; nax. 223, b-ze moyvani lia
Taris N42305 tipis Fazometri, romelic gamoiyeneba
sanfaza cv Badi denis 50 herci sixSiris wredSi; xollo
nax. 2.23, g-ze naCvenebia D5782 tipis MBaboratoriulli
Tazometri.

T) vo l tamperfazometri (vafi). diagnostikis
sTeroSi didi gamoyeneba aqvs universalur xe Nl sawy-
os — vo I tamperfazometrs, romelic arsebobs sxva-
dasxva modifikaciisa da Sesabamisad sxvadasxva tipis.
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a)

9) d)

nax. 2.24. vol tamperfazometrebi (vafi):
a) — IA?IA AAO-A-2 tipis; b) — AAO-I1 tipis; Q)
— 14185RS  tipis; d) - retometri
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nax. 2.24, a-ze moyvani Bia IA?2IA AAO-O-2 tipis
vo I tamperfazometri (ori marwuxiT), mT Bianad av-
tomatizirebuli universaluri xelsawyo, rombis
daniSnu Bebaa warmoebis mTavari energetikosis, av-
tomatikisa da sarelleo dacvis samsaxuris, ener-
gozedamxedve B obisa da energogasaRebis muSaobis
uzrunve Byofa mas SeuZll ia mudmivi Zabvis; samrewve-
Bo sixSiris cvBladi denisa da Zabvis; Zabvasa da
Zabvas; densa da dens; densa da Zabvas Soris Zvris
kuTxisa da erTdroullad wredis srulli simZBavris;
sixSiris gazomva;, samfaza sistemaSi FfazaTa Tanmim-
devrobis gansazRvra.

generatorebis, transformatorebis, denisa da Zab-
vis transformatorebis wredebSi dacvebis komp leg-
suri gamocdebisaTvis gamoiyeneba nax. 2.24, b-ze mocemu-
BIi AAO-I1 tipis xelsawyo. mas SeuZBia agreTve
relBeuri dacvis FazomgrZnobiare sgemebis Semowmeba
da gawyoba. igi gamoiyeneba agreTve samfaza e Beqtru-
Bi mricxvelebis CarTvis sisworis Sesamowmeb Bad.

nax. 2.24, g-ze mocemu Bia uaxBesi 14185RS tipis
xe Bsawyo, romBis daniSnullebaa orfaza da samfaza
eleqtrulli denis wredebis parametrebis gazomva. mas
gaaCnia gazomvis FarTo diapazoni. kerZod, mas agvs
muSaobis Semdegi reJimebi: Zabvis; denis; sixSiris;
Zabva-Zabva, deni-deni, Zabva-deni Soris Zvris kuTxis
gazonmva; aqtiuri, reagtiulli da srulli simZBavreebis
ganoTv il a; drois arCeull periodSi yvella parametris
minimaBuri, magsimaBuri da saSualBlo mniSvne I obis
gaangariSeba; drois mocemull periodSi moxmarebu N i
energiisa da simZBavris koeficientis gamoTvila;

R

denisa da Zabvis sazomi transformatorebis dat-
virTvis kontroli.

mocemu B i, gazomi B'i da ganoTv R i B i1 mniSvne I obe-
bi indicirdeba grafikuli displeis ekranze. indi-
cirebulli mniSvne B obebi Seinaxeba gare an Siga mex-
sierebaSi. am xe B sawyos SeuZ B ia imuSaos personallur
kompiuterTan erTad da uzrunvelyos drois mixed-
viT periodulli gazomvebi da miRebuli Sedegebis
mixedviT Seadginos cxriBebi da grafFikebi, agreTve
gamosaxos ekranze drois reallur masStabSi gselis
muSaobis veqtorulli diagrama. saWiroebis SemTxveva-
Si igi SeiZbleba gamoyenebuli ignes informaciulli
marTvis sistemebis Semadgen I obaSi.

misi kvebis ZiriTad wyaros warmoadgens akumu N a-
toris batarea garda amisa SesaZBebelia misi kveba
220v Zabvisa da avtomobi Bis gsell idan.

did interess iwvevs nax. 2.24, d-ze warmodgeni Bi
xe Bsawyo retometri. igi axali Taobis mravall fun-
gciuri da mT Bianad avtomatizirebuli sertificir-
ebulia xelsawyoa, romelic Tavisi sizustiTa da
woniTi gabaritulli maCveneb BebiT bevrad uswrebs
amJamad gamoSvebu l vaf-ebs. xe B sawyos Zalian mox-
erxebu lia da martivia eqspBuataciaSi. mas SeuZll ia
xangrZBivi drois ganmavB obaSi imuSaos avtononmi-
ur reJimSi CaSenebu Bi akumu Batorebidan. igi saSu-
allebas gvazlevs CavataroT gazomvebi WNaboratori-
ull da savelle pirobebSi temperaturis cvililebis
FfarTo diapazonSi da susti ganaTebis SemTxvevaSi.
igi Tavisuflad Tavsdeba jibeSi.
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nax. 2.25. sixSiris mzomebi:
a) — vibraciulli sistenmis; b) - cifruli

misi gansakuTrebuli ganmasxvavebe B i SesaZle-
b @ obebia. gazomvis mT Biani avtomatizacia; indika-
toris mkveTrad ganaTebuli msxvilli simbo B oebi
saSuall ebas 1ZBeva muSaoba vawarmooT bnel Senobeb-
Si; SeuZl i1a gazomos wredis eleqtrulli winaRoba da
agvs “garekvis~ (“I?icaiiea ~) reJimi; Cal iTaSi Cakerebu-
Bi magnitebis daxmarebiT xdeba xe l sawyos damagreba
nebismier metalis zedapirze.

b)

nax. 2.26. cifrulli densazomi marwuxebi:
a — dabali Zabvis; b - maRali Zabvis

A

i) sixSiris mzomi. sixSire elleqgtrulli wredis
erT-erTi umniSvne Bovanesi parametria amitom mis
gakontro Bebas gansakuTrebuli mniSvne B oba eniWe-
ba. eBeqtrull wredebSi sixSiris gasazomad gamoy-
enebu B ia vibraciulli da cifrulli xelsawyoebi. nax.
2.25,0a-ze mocemu B ia vibraviulli sistemnis xe lsawyo,
rome B ic gamoiyeneba sixSiris gasazomad cv Badi denis
wredebSi moZrav da stacionalur obieqtebze, xolo
nax. 2.25, b-ze naCvenebia mravalli tipis cifrulli six-
Sirmzomidan erT-erTi, kerZod, Tananedrove uax Besi
CN-90XL60ITLY, tipis,

rombBis sixSiris gazomvis diapazonia 0,00lhc —
60ghc.

k) densazomi marwuxi. (nax. 2.26) es xelsawyo
saSuallebas gvaZlevs maRalli sizustiTa da ukotag-
toT gavzomoT wredSi gamavalli denis Zalla, ise rom
ar SevwyvitoT wredSi elenergiis miwodeba momx-
marebe B ze. denis Zall is gazomvis dros marwuxis sace-
cebi, romeBSic Camontalebulia Feritis gularebi,
Semoexveva dengamtar sadens. sadenSi gamavalli deni
aRZravs magnitur induqcias, romBis mniSvne l oba
pirdapirproporciullia sadenSi gamavalli denisa

indugciis es mniSvne Boba marwuxis denis gadanm-
wodebiT registrirdeba denis mniSvne B obad, romel -
ic gamonaTdeba marwuxis dispBeize. densazom mar-
wuxs agqvs unari, daimaxsovros an Seinaxos gazomili
sididis mniSvneB oba. es xel@sawyo SeiZlBeba gamoy-
enebu Bi ignes vo I tmetrad, risTvisac mas gaaCnia spe-
cialluri sacecebi da maTi SeerTebis adgi Bi. anitom
igi iTvBeba universalur sazom xe lsawyod. es xell-
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sawyo gamoiyeneba iseT adg-
i BebSi, sadac gvagvs Tazebis
ganca B kevebis SesaZlebll oba
da ar SeiZlBeba gamoyenebu i
ignes mravallZarRva Zall ovan
kabe B ebSi, sadac erT kabe B Si
moTavsebu B ia yveBla samive
nax. 2.27. 43800 tipis TFazis sadeni. am xe @ sawyos

testeri gamoyenebis dros saliroa yura-

dReba mivagcioT imas, rom marwuxis sacecebi erTma-
neTTan mVidrod unda ignes moWeri B i1 RreCos gareSe.
winaaRmdeg SemTxvevaSi gazomvis mniSvne B oba igneba
mcdari. densazomi marwuxebi muSaoben rogorc mudmiv,
ise cvlad denze gasazomi sididis did diapazonSi.

B) testeri. farTod gamoiyeneba diagnostikis
procesSi kombinirebulli e Beqtrosazomi xel sawyo —
testeri, romelic arsebobs sxvadasxva modifikaciiT.
erT-erTi modifikaciis testeri mocemu lia nax.2.27-ze.

L
mi coM  wisff

nax. 2.28. mull timetrebi:
a) — 04342-11 tipis analogiuri mull timetri; b) -
cifrulli mull timetri

%

m) mu B timetrebi. mull timetrebs didi gamoyeneba
agvT mudmivi da cvBadi denebisa da Zabvebis, winaRobe-
bis, sixSiris, wredis mT B 1anobis, e B ementebis wesivru-
I obis Sesamowmeb Bad. damamzadeb Bebis mier gamoSve-
bullia aseTi xe Bl sawyoebi sxvadasxvagvari FungviebiT.
mu B timetrebi arsebobs analogiuri (nax. 220, a) da
cifrulli (nax. 2.20, b).

Cveullebriv mull timetrebi Seicavs ampermetrs,
vo B tmetrs da ommetrs. Sesabamisi Fungciebis gadanm-
rTve BliT. ommetri arsebiTad warmoadgens denis sa-
zom xe B sawyos, rom B is skala dagraduirebu I ia omeb-
Si. aseTi ampermetr-vo I tmetr-ommetri ZiriTadi di-
agnostikuri xe Bsawyoa. am xe I sawyos sworad gamoy-
eneba amaR Bebs ara marto gazomvis sizustes, aramed
axangrZ B ivebs misi momsaxureobis vadasac.

mu B timetris gamoyenebis procesSi unda davic-
vaT sifrTxibis qvemoT moyvani B i1 zomebi:

-xe I sawyos dazianebis Tavidan asacileblad
salWiroa Semowmeba daviwyoT gazomvis yve laze maRa-
Bi zRvaridan da TandaTanobiT SevamciroT.

-ufro zusti Sedegis masaRebad gazomvis diapa-
zoni unda SevarCioT ise, rom xe I sawyos Cveneba iyos
xe B sawyos skallis zeda naxevarSi.

-gazomvis win (gansakuTrebiT mudmivi denisa da
Zabvis SemTxvevaSi) ganvsazRvroT wredis po Baroba

-winaRobis gazomvis win es winaRoba unda gam-
ovrToT kvebis wyarodan, winaaRmdeg SemTxvevaSi sa-
zomi xe Isawyo gamova mwyobridan.
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-winaRobis gazomvis sizustis uzrunve ByoTis
mizniT mu B timetrSi periodullad unda Seicvall os
kvebis batarea.

-xe B sawyo unda davicvaT mtvris, nestis, kvam B isa
da maRalli temperaturisagan.

anaBogiur mull timetrTansDSedarebiT cifrulli
mu B timetri FHlobs mnTel rig dadebiT Tvisebebs, rac
mas xdis mosaxerxebel da efeqtur xelsawyod. mas
gaaCnia Fungcionaluri simartive, mraval fungciona-
I oba (Zabvis, denis, winaRobis gazomvis relJimebi) ga-
zomvis diapazonis avtomaturi arCevis Tviseba, ga-
zomvis Sedegis Senaxvis, diodebis, tranzistorebis,
kondensatorebisa da sxva parametrebis Semowmebis
SesaZlebl oba.

n) megometri. Cveulebrivi mull timetrebi ver
uzrunve Byofen gazomvis sizustis 10 megaomze meti
winaRobis gazomvis dros, radgan maTSi gamoyenebu-
Bia dabali Zabvis kvebis wyaro. amitom 0 _ 1000 mega-
om diapazonSi winaRobis gazomvisas gamoiyeneben mega-
ommetrebs (Semok BebiT megeri) anu 1zoBaciis win-
aRobis sazomebs. Tavisi mogmedebis principiT isini
warmoadgenen ommetrebs, rom B ebSic kvebisaTvis gamoy-
enebu B ia maRal i1 Zabvis wyaro. es xe Bsawyoebi Ziri-
Tadad gamoiyeneba kabeBis izolaciis, eleqtroZra-
vas an transformatoris xviebs Soris winaRobis gasa-
zomad da aS.

megaommetridan Sesamowmebe B wredze moedeba ma-
Ralli Zabva da Tu wredSi arsebobs mcire eleqtru-
B i gaJonvac ki, es Zabva iwvevs SesamCnev dens, rac am
xe Bsawyos xdis i1zo Baciis winaRobis gamzomad.
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nax. 2.29. megaommetrebi:
a) — eleqtromeganikuri generatoriT (YN 0202/1A;
b) — cifrulli (AM2002)

zogierT HBaboratoriull sazom xe I sawyos gaaC-

nia CaSenebulli maRali Zabvis wyaro, romell ic saSu-
allebas gvazlevs didi sizustiT gaizomos didi win-
aRobebi. amasTanave aseTi xe B sawyoebi ar aris mobi-
Buri.

megaommetri aris portatulli ommetri maRalvoll-
tiani kvebis wyaroTi. es kvebis wyaro SeiZleba iyos
e Begtromagnituri mudmivi denis generatori an ba-
tarea. megaommetrsSi, rome B sac gaaCnia generatori
gamoyenebu B ia saxe Buri generatoris Ruzis dasa-
bruneb B ad. generatori Tavisi mode I idan ganomdinare
gamoimuSavebs 500, 1000 da 2500 vo B t Zabvas. warmoebis
mier gamoSvebu B ia sxvadasxva tipis megaometrebis
didi raodenoba. magaBiTisaTvis Cven ganvixiBavT
mxo Bod or maTgans.

nax. 2.29, a-ze naCvenebia YN 0202/1A tipis megaonm-
metri, romelic cvlis dRemde arsebull MA4100/1;
M4100/2; M4100/3 da M4101 tipis megamommetrebs. igi
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nax. 2.30. izolBaciis winaRobis sazomebi:
a) — analogiuri (MA-2060); b) — cifrulli (4102MF)

ikvebeba masSi Camontalebe Bi1 e Beqtromeganikuri gen-
eratoriT, rac gamoricxavs misi wredSi CarTvis
saWiroebas. misi gazomvis diapazoni 0 - 1000 momi-a.
gamosacde B'i Zabvebia 500, 1000 da 2500 vo I ti.

nax 229, b-ze naCvenebia AM2002 tipis cifrulli
megometri, romelic uzrunve Blyofs gazomvis maRal
sisuztes (1-2%) 0,1-1000 m omi winaRobis diapazonSi.
gamoimuSavebs 100, 250, 500 da 1000 v sacdell Zabvebvs.
ikvebeba 9 v ZabviT. amitom es ukanaskne B i didi popu-
BarobiT sargebB obs inJiner-e leqtrikosebs Soris,
radgan msubuqgi da kompagturia.

o) izolaciis winaRobis sazomi. ZaBlian didi
winaRobebis gasazomad gamoiyeneba izoBaciis win-
aRobis sazomebi. nax. 2.30, a-ze naCvenebia MA-2060 ti-
pis xe Bsawyo, roml is gazomvis zRvaria 500 komidan -
500 gomamde. es xe B sawyo gamomuSavebs 500, 1000, 2000 da
5000 v Zabvebs. am xe BsawyoTi SeiZlBeba CavataroT
danadgaris ganocda e Beqtrull simtkiceze, radganac
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nax. 2.31. 1151 IN - ti- nax. 2.32. CA 6115-N tipis
pis mravall Fungciuri komp Beqsuri Semowmebis
cifrulli avtotesteri xe B sawyo

SesaZ B ebe B 1a sacde bi Zabvis SenarCuneba garkveu i
drois ganmav B obaSi. xelBsawyo uzrunve Byofilia
testirebis damTavrebis Semdeg avtomaturi ganmux-
tvis mowyobi BobiT.

nax. 2.30, b-ze naCvenebia 4102MF tipis cifrulli
izoBaciis winaRobis sazomi, romellsac SeuZlia
izoBaciis winaRobis, wredis winaRobis, mudnmivi da
cviladi Zabvis gazomva da mowyobi BobaTa testireba.
winaRobis gasazomad am xe B sawyos testirebisaTvis
gamoiyeneba mudmivi Zabvis sami mniSvne B oba: 250, 500
da 1000 v. xe B sawyos gazomvis zRvaria 2 komidan - 8
gomamde. ikvebeba 12 v mudmivi ZabviT.

p) mravall Funqciuri testerebi. ukanasknel
xanebSi did gamoyenebas pou B obs agreTve mraval-
Ffungciuri 1151 IN tipis cifrulli avtotestirebi
(nax. 2.31) da e Beqtrodanadgarebis komp Begsuri Semow-
mebis xe Bsawyo, romelic mocemullia nax. 2.32-ze. es
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nax. 2.33. MI 2150 tipis nax. 2.34. IEE-57 tipis
e leqtrosadenis mrava l Fungciuri xel-
testirebis xellsawyo sawyo

xe B sawyo efeqturad gamoiyeneba sayofacxovrebo, ko-
merciull da samrewve 1 0 seqtorSi. e legqtrotegniko-
sebi mas iyeneben axalli mowyobi Bobis miRebis dros
an mowyobi Bobis rekonstrugciis Semdeg Semowmebi-
saTvis. xel sawyos daxmarebiT advilBlad da riskis
gareSe srulldeba eleqtrodanadgarebis standartiT
rekomendirebu i1 gazomvebi. xe Bsawyo Seesabameba
saerTaSoriso standartebs. kompiuterulli programa
CA 6115-N -NsaSuallebas iZBeva xe Bsawyos mexsiere-
bidan miviROT gazomvis Sedegebi cxrilis saxiT. ko-
mpiuterull i programa saSuall ebas iZBeva agreTve yvella
Sedegi amoibeWdos printerze A6 FormatiT.

e Beqtrosadenebis mT B ianobis, izoBaciis winaR-
obis, Sexebis Zabvis, damiwebis sadenze Zabvis arsebo-
bis Semowmebisa da sadenis vargisianobis daskvni-
saTvis gamoiyeneba nax. 2.33-ze mocemu Bi MI 2150 tipis
portatulli xelsawyo.

eBegtroenergiis xarisxis SemowmebisaTvis gamoy-
enebu B ia IEE-57 tipis kompBeqsuri kontrolis xe-
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I sawyo-e Beqtroenergiis
xarisxis anal izatori (nax.
2.34), rom is daxmarebiaTac
SegviZlia gazomvebi Cava-
taroT rogorc erTfaza, ise
samfaza denis gse B ebSi. misi
saSuallebiT ganisazRvreba
denis, Zabvis, aqtiuri, reag-
nax. 2.35. oscilBlografi tTiuli da srulli sin-

Zbavris, simZBavris koeficientis, aqtiuri da reag-
tiulli energiis, damcavi mowyobi B obis, wredis sru-
Bi winaRobis, izoBaciisa da Camiwebis winaRobis,
gruntis gamtarobis mniSvne B obebi, FfazaTa Tanmim-
devroba, sixSiris gadaxra, Zabvisa da denis arasinu-
soiduroba 49-e harmonikamde da sxva.

misi Sinagani mexsiereba Seadgens 2 megabaits.

J) osci Bografebi. oscibografi farTod gamoy-
enebu Bi xe B sawyoa. sakvBevi signall i gamoisaxeba mis
ekranze, roml is mixedviTac vmsje B obT mis sixSireze,
Tormaze da impu Bsebis xangrZl ivobaze. igi SeiZle-
ba gamoyenebu Bi ignes rogorc mudmivi, aseve cv ladi
Zabvis gasazomad.

ekranze gamosaxu i signallis mixedviT SeiZleba
ganisazRvros misi amp B ituda da periodi. nax. 2.35-ze

mocemu B 1a GOS-7630 tipis orsxiviani osci B ografi.

orsxiviani osci blografi saSuallebas iZBeva dav-
inaxoT da erTmaneTs SevadaroT or sxvadasxva arxSi
gamavali signalli. gadamrTveBebis ori jgufi iZle-
va SesaZleb B obas SevadaroT maTi periodebi, ampli-
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tudebi, Formebi. damamaxsovrebeBi oscilografiT
SeiZleba SevinaxoT signalis Forma misi Semdgomi
analizis Catarebis mizniT.

yve Ba zemoTmoyvani B i xe I sawyos gamoyenebis dros
unda visargebBoT xe B sawyoze TandarTulli instru-
qciiT.

2.9. eleqtrotegnikuri gazomvebi diagnostikis
dros

a) erTeulTa sistemebi. Nnebismieri mecnierebis
dargs gaaCnia Tavisi sakuTari unikaBuri ena da am
mxriv e Beqgtrotegnika gamonak B iss ar warmoadgens.

izomeba yve B aFeri, yve B gan da yove B Tvis; gazom-
vis auci Beb B obas moiTxovs nebismieri tegno B ogiuri
procesis mimdinareobis gakontro Beba, mangana-dan-
adgarebis muSaobis reJimebis SeswavBla, gamomuSave-
bull da daxar jull energiebs Soris Ffardobis dadge-
na, usafrTxoebis pirobebis dacva, marTvis avtoma-
turi relimebis SesazBebBoba da mravall 1 sxva.

meti sicxadisa da moxerxebu B obisaTvis saerTa-
Soriso SeTanxmebiT miRebulia, rom erTi Fizikuri
sididis aRniSvna yvelgan iyos erTnairi, yvelgan
izomebodes erTnair erTeulebSi da daculli iyos anm
erTeullis standarti. an mizniT SemoRebuliaerTeul-
Ta sistenmebi, rome I Tagan yve Baze gavrce Bebull ia ew.
Sl (System International) sistema, SedarebiT naklebad
CGSE sistenma.

cxrili 21-Si naCvenebia zogierTi Fizikuri sidi-
dis saerTaSoriso aRniSvna da erTeulli am sistemaSi.
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cxrilli 21

sidide S'd.'d's sazomi erTeulli erT_e bis
aRniSvna aRni Svna

Ddenis Zalla | Aamperi Aa
Zabva V vol ti v
Mmuxtie Beqgtro _
bis raodenoba Q Kku B oni Kk 8
Eenergia W JoulivatisT JyvtsT
simZ Bavre .
agtiuri P vati vt
simZ Bavre i i
reagtiu B Q vo I tamperreagtiulli var
simZ Bavre i
srulli S vo I tamperi va
winaRoba R omi omi
kuT ri winaRoba P Oomi.metri Oomi.m
regqtiulli - _
winaRoba X Oom Oom
srulli _ ,
winaRoba z om Oom
Ggarqtarjoba G simensi sim
aqtiuri
Ggamta}rob_a B simensi sim
reagtiu i
Ggamta_roba Y simensi sim
srulli
indugciuroba L Hhenri hn
tevadoba C FFaradi FF
sixSire f Hherci hc
kuTxuri - ;
sixSire ”n radiani/wami rad/wm
dro t wami wm
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b) eBegtromzomi xe N sawyoebis kHBasifikacia

sxvadasxva saxis gazomvebi warmoadgenen diagnos-
tikuri sanuSaoebis arsebiT nawi Bs. ganzomi xe B saw-
yoebisa da gazomvis meTodis swor arCevazea damok-
idebulli e leqgtromowyobi B obis mdgomareobis Sefase-
bis xarisxi.

sazomi tegnikis sxva saxeebTan SedarebiT e leqtru-
Bi gazomvebi gamoirCeva didi sizustiT, simartiviT
da saimedoobiT. amis gamo e Beqtromzomi xe I sawyoe-
bis meganizmebi ixmareba ara marto uSuallod e Beqtru-
BIi sidideebis gasazomad, aramed sxva, bevri
araeleqgtrulli sididis gasazomadac. gasazomi sid-
ideebis nairgvarobis gamo gamzomi meganizmebic nair-
gvaria da maTi kBasiFfikacia xdeba mTeli rigi Ffag-
torebiT. ase magall iTad: gasazomi sididis mixedviT
arsebobs denis, Zabvis, simZBavris daxar julli energiis,
sixSiris, Zvris kuTxis da simZBavris koeFficientis
sazomi xe B sawyoebi; gasazomi denis saxis mixedviT
eleqtromzomi xe B sawyoebia: mudmivi denis, erTfaza
cvBladi denis da samfaza denis; gasazomi sizustis
mixedviT isriani mzomi xe B sawyoebi dayofilia rva
k Basad: 0,05; 0,1; 0,2; 1,0; 1,5; 2,5 da 4,0 k Basis nomeri da
dsaSvebi cdomi Bebis mniSvne Boba amotani Bia xell-
sawyos skall is pane I ze. 1,5 kB asis xe I sawyoebis cdonm-
i Bebis dasaSvebi mniSvne B obaa 15% da aS. xe ll sawy-
oebi ,romel Ta cdomi Beba 4%-s aRemateba k BasebiT
k Basifikacias ar eqvemdebareba, esenia, umetesad Faris
xe B sawyoebi, rome I Ta mTavar daniSnu B ebad gasazomi
sididis indikacia iTvBeba 0,05 _ 05 Fasis xe I sawy-
oebis daniSnullebaa gazomvis didi sizuste da gam-
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oiyeneba rogorc sxva mzomi xe I sawyoebis makontro  e-
beli xelsawyoebi da HNaboratoriulli kvHBevebis
dros. gazomvis zRvris gazrdis mizniT standartis
mixedviT gamoiyeneba 0,02; 0,05; 0,1 0,2 0,5 da 1,0 kBasis
Suntebi da damatebiTi winaRobebi.

pragtikaSi diagnostikuri samuSaoebis Sesru B ebis
dros yveBlaze xSirad gamoiyeneba gazomvis uSuall o
Sefasebis meTodi winaswar dagraduirebulli xe I saw-
yos saSuallebiT (denis gazomva ampermetriT, Zabvis _
vol tmetriT, simZBavris _ voltmetriT da aS.). ma-
gram sakmaod xSirad gamoiyeneba agreTve Sedarebis
meTodebi (winaRobis gazomva bogiriT, Zabvis _ poten-

cxrilli 22

. garTulli | saerTaSoriso
mamrav I i dasaxell eba aRniSvna aRNiSVNa

1018 eqsa e E
105 peta p n
1012 tera t T

109 giga g G

109 mega mg M

103 killo k K

102 heqto h h

10! deka dk da
101 deci dc d

102 santi s c

103 mi B m m
10 mikro mk mk(u)
109 nano n n
1012 piko p p
105 fento T f
10718 ato a a
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ciometriT). orive meTodi miekuTvneba pirdapiri ga-
zomvis meTods.

garda amisa, gamoiyeneba agreTve gazomvis iribi
meTodebi, romBis drosac CvenTvis saintereso sid-
ide ganisazRvreba angariSis gziT (simZBavris ga-
zomva ampermetrisa da vol tmetris CvenebiT) ufro
zust meTodad miCneu l 1a pirdapiri gazomvis meTodi
da pirvel rigSi Sedarebis meTodi.

g) jeradi erTeullebi _ gazomvis Sedegebis Caw-
eris gamartivebisa da moxerxebu B obis mizniT SemoRe-
bulia Fizikur sidideTa jeradi erTeullebi. xSir
SemTxvevaSi es jeradoba gamoisaxeba 10-is xarisxebiT

cxrilli #23

gasazomi sidide xe I savyos dasaxell. pirobiTi
aRniSvna
deni ampermetri A
mi B iampermetri A
mikroampermetri m
LA
Zabva vo I tmetri V
mi Bivo B tmetri mv
ki Bovol tmetri
kV
sinzallvre vatmetri W
ki B ovatmetri KW
energia mricxve Bi kWh
Zvris kuTxe da | Fazometri %
s!mZ. _koef. o ] cos g
sixSire sixSirmzomi
Hz
winaRoba ommetri Q
megaommetri MO
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cxrilli #24

xe I sawyos sistem aRniSvna
mgnitoe Beqtrulli

el eqtromagnituri
Bogometri

el egtrodinamiuri, induqciuri

(O Fe'

cxrilli #25
aRniSvna denis saxeebi
mudmivi deni
mudmivi da cv Badi

erTfaza cviladi

samfaza cv Badi

sizustis klasi

izolaciis xarisxi
Tkv -ze

S 22 ]

Semdegi dasaxe BebebiT: mi Bionjer meti _ mega, aTasjer
meti _ kilBo, aTasjer nakBebi _ milli, milionjer
nak Bebi _ mikro da aS. cxrill #22-Si mocemnulia
mamrav B ebi, maTi dasaxe B ebebi da saerTaSoriso aRniS-
vnebi.

d) skalBlaze datanilli aRniSvnebi _ eleqgtronm-
zomi xe Bsawyoebis skall is upirve Besi daniSnu l ebaa
ciferblatze isris mdgomareobiT wavikiTxoT gasa-
zomi sididis raodenobrivi mniSvne l oba. xSirad
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isris qveS datani Bia sarke, romBis daniSnu ll ebaa
gazardos aTvlis sizuste. amisaTvis skalas davxe-
davT zemodan im kuTxiT, rom isris mdgomareoba
daemTxves mis sarku ll anarek B's. dakvirvebis am kuTx-
iT waikiTxeba isris zusti Cveneba.

garda amisa e Beqtromzomi xe B sawyoebis arCevis
mizniT mis skaBaze gamotani Bia mTeli rigi aRniS-
vnebi, rome Bic miuTiTebs gasazom sidides, mis zeda
zRvars da xasiaTs, xe I sawyos sistemas, kB ass da aS.

es aRniSvnebi moyvani B ia #24 da #25 cxrilebis
saxiT.

e) danayofis Tasis dadgena isrian xell sawy-
oebze

xSir SemTxvevaSi e Beqtromzomi xe I sawyoebi gano-
dis gasazomi sididis sxvadasxva mniSvne B obis zeda
zRvariT. zRvaris arCeva xdeba damatebiTi momWeriT,
kBaviSIiT, Stefseburi tipis RrmuliT da sxva

skala dagraduirebulia garkveull diapazonSi,
magaBiTad 0 _ 150; 0 _ 100 da sxva diapazonebSi.

gasazomi sididis zeda zRvaris arCevis Semdeg
danayofis Tasi SeiZleba ganisazRvros proporci-
idan, aRvniSnoT: isris magsimaBuri gadaxra (a) _ ga-
zomvis zeda zRvari (b); isris gadaxra gazomvis pro-
cesSi (¢) anu gazomi Bi danayofebis ricxvi _ gasa-
zomi sidide (x). a-s Seesabameba b; c-s x.

a b

- c-b b
saidanac X=—— danayofis fasia —.
c___ X a a
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ganvixi BoT magaBiTi: vTgqvaT vo Bl tmetris pan-
ell ze anotani Bia kBaviSebi gazomvis zeda zRvrebis
Cvenebi T, 150v, 300v, 600v.

skala dagraduirebullia (0 _ 150) diapazonSi.
vo B tmetris gazomvis wredSi CarTvis Semdeg Tu

150
avirCevT kRBaviSs 150v, danayofis fasi igneba ﬁﬂ.
e.l. Isris gadaxra pirdapir uCvenebs gasazomi Zabvis

sidides. Tu avirCevT kBaviSs 300v, maSin danayoTfis

300
Tasi igneba ﬁ=2, anu isris Cveneba unda gavamrav-

BOT 2-ze da aS. gazomvis sizustis gazrdis mizniT
sasurve bl 1a gazomvis zeda zRvari xe B sawyoze avir-
CioT iseTi, rom meti iyos gasazomi sididis mniS-
vne B obaze, magram rac SeiZ B eba masTan miax B oebu 1.
magaliTad, Tu zemoT moyvani I magaB iTSi gasazomia
daax B oebiT 100v rigis Zabva, umjobesia avirCioT zeda
zRvari 150v da ara 300 da miTumetes 600.

v) cneba gazomvis cdomi Bebis Sesaxeb.

arcerTi gazomvis Sedegi ar aris ideallurad
zusti. gazomvis Sedegebi yove B Tvis met-nak Bebi si-
zustiT uax Bovdeba gasazomi sididis namdvi I mniS-
vne B obas da im mizniT, rom ganvsazRvroT ramdenia
maT Soris sxvaoba, Semogvaqvs cneba gazomvis cdom-
i Bebis Sesaxeb.

gazomi Bi (A) da gasazonmi sididis nandvi B mniS-

vne Bobas (A)) Soris sxvaobas absoButuri cdom-
i Beba ewodeba.

11



AA=A-A.
absoButuri cdomiBebiT ver vimsjelebT gazom-
vis cdoni Bebaze, ramdenadac igi gasazomi sididis
diapazonzea damokidebu B i. ase magal iTad, Tu izomeba
deni, rombis sidide 1 amperis rigisaa da abso lu-
turi cdomi Beba 0,3 amperia, im denebis gazomvisa, rom-
Bis rigi 1000 amperia da abso Buturi cdonmileba 5
amperia, gazomvebi ufro zustia, vidre wina SeTxvevaSi.
anitom gazomvis cdonmi Beba Fasdeba FardobiTi
erTeullebiT da gamoisaxeba procentebiT.

AA
gazomvis FardobiTi cdomi Beba VZE‘loo%.

$2.8-S1 moyvani Bia diagnostikis dros gamoyenebu-
Bi farTod gavrcelebe Bi xe B sawyoebi, maTi maxasi-
aTebBebi. qvemoT dawvriBebiT SevexebiT eleqtru-
i sidideebis gazomvis sgemebs, processa da gazom-
vis Taviseburebebs.

z) denisa da Zabvis gazomva. denisa da Zabvis
gasazomad mudmivi denis wredebSi ZiriTadad gamoiy-
eneba magnitoeleqtrulli sistemis ampermetrebi da
vo I tmetrebi, romBebic xasiaTdebian maRali1 si-
zustiT, mgrZnobiarobiTa da gadatvirTvis unariano-
biT. Tanamedrove pirobebSi didi gamoyeneba aqvT
agreTve wina paragrafSi dasaxelBebull cifrull sa-
zom xe B sawyoebs. calkeul SemTxvevebSi gamoiyeneba
agreTve eleqtromagnituri sistemis xe l sawyoebi.

cvladi denis wredebSi denebisa da Zabvebis gasa-
zomad gamoiyeneba e Beqtromagnituri, eleqtrodina-
miuri da cifrulli sistemnis xeBsawyoebi. am uka-
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v R
O
nax. 2.36 denisa da Zabvis gazomvis sgema

naskne B T didi gamoyeneba agqvT maRaBsixSirull ga-
zomvebSi.

xe B sawyos arCevis dros ama Tu Im gazomvis Casa-
tarebBad mxedve B obaSi unda miviROT Semdegi: ga-
zomvebisaTvis, romBebic ar moiTxoven did sizustes
SeiZlBeba gamoyenebu B 1 ignes 1-15 sizustis kBasis
xe B sawyoebi, xo B o didi sizustis SemTxvevaSi 0,2-0,5
kBasis xe D sawyoebi. sareleo dacvis gawyobisaTvis
gamoiyeneba 0,5 k Basis xe B sawyoebi da aS.

denisa da Zabvis erTdroull i gazomvis dros xell -
sawyoTa stacionalurad damagrebis SemTxvevaSi ar-
Ceu B i unda iyos xe BIsawyoTa gan 0 agebis adgi B1i sge-
maSi. Tu vo B tmetris Sinagani winaRoba Tanazomadia
ampermetris Sinagani winaRobisa, maSin ar SeiZleba
ampermetri dadges vo I tmetrande, radgan vo l tmetr-
Si gamava i deni ar Sevides gazomvaSi da xe I sawyoe-
bi unda CairTos Semdegi sgemiT (nax. 2.36). amave dros
ampermetris Sinagani winaRoba unda iyos rac Sei-
Z Nl eba daball i, radgan masSi Zabvis vardnam gav lena ar
igonios gazomvis Sedegze.

Tu denisa da Zabvis gasazomi mniSvne I oba aRemateba
xe B sawyos gazomvis zRvars, maSin pirve B SemTxvevaSi
gamoiyeneba denis mzomi transformatorebi (cvladi
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denisaTvis) da gareSe Suntebi (mudmivi denisaTvis),
xo B o meore SemTxvevaSi Zabvis mzomi transfornma-
torebi (cvBadi denisaTvis) da damatebiTi winaR-
obebi (mudmivi da cvBadi denis SemTxvevaSi). denis
an Zabvis transformatorebis gamoyenebis SemTxveva-
Si denisa da Zabvis gazomi Bi mniSvne B obebi gan-
isazRvrebian FormulebiT:

Igaz = Ixels. : KI1
Vgaz =Vxels.'KV'

sadac — K, da K, — Sesabamisad denisa da Zabvis trans-

Tformatorebis transformaciis koeFicientebia
Suntebis gamoyenebis dros denis gazomi Bi mniS-

vne B oba ganisazRvreba mi Bivo R tmetris CvenebiT

_Vxels.

| - .
gaz Sn.?
AVS‘n‘

sadac Vs, — mi Bivo I tmetris Cvenebaa, AV, — Zabvis

vardna Suntze | denis dros.

S.n.
damatebiTi winaRobis gamoyenebis dros Zabvis
gazomi Bi mniSvne Boba ganisazRvreba formuliT:
F% + Rdm

gaz _Vxels. Fg !

sadac, R, da Ry - Sesabamisad xe B sawyos (vo l tme-

tris) Sinagani da damatebiTi winaRobebia.

T) simZBavris gazomva. cvBladi denis wredebSi
simZBavris gasazomad gamoiyeneba e Beqtrodinamiuri
da Fferodinamiuri sistenis xe I sawyoebi 0,2-0,5 sizus-
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o
AR
/

l V Rvat Rdat

\ ldat
A

l V Rvat Rdat

)
N

Ivat Vdat

O

nax. 2.37 simZBavris gazomva vatmetriT mudmivi
denis wredebSi

tis kBasiT da indugqciuri sistemis xell sawyoebi,
moZravi diskoTi sizustis kBasiT 15-25.

am xe B sawyoebis sgemebis CarTva xorcie ldeba
gragni Bebis poBarobis dacviT. elegtrodinamiuri
vatmetriT sargebBobis dros mxedve B obaSi unda
miviROT am xe B sawyos Cvenebis Z N ieri damokidebu 0 eba
datvirTvis simZBavris koeFicientze cose. xe l sawy-
os Cveneba SeiZBeba iyos zusti im SemTxvevaSi, Tu
datvirTvis cose axBoa xeBsawyos cosg-sTan. daba-
Bi cosp-s SemTxvevaSi sargebBoben specialuri
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vatmetrebiT, romBebic iZBevian swor Sedegebs
cosp=0,1+0,3 Farg B ebSi. mudmivi denis wredebSi sin-
ZBavres gansazRvraven magnitoeleqtrulli sistenis
ampermetrisa da vo B tmetris Cvenebis safuzve I ze, for-
muliT:
P=V-I.

umetes SemTxvevaSi mudmivi denis wredebSi sin-
ZBlavris gasazomad gamoiyeneben e Begqtrodinamiuri
an magnitoe Beqtrulli sistemis vatmetrebs. am SemTx-
vevaSi 1isini wredSi CairTvebian gvemoT moyvani Bi
sgemebis mixedviT.

nax. 2.37 a-ze moyvani B 1 sgema gamoiyeneba im SemTx-
vevaSi, roca SeiZleba ugulvebe BvyoT danakargebi
vatmetris gragni BebSi. am SemTxvevaSi simZBavris
gasazomi mniSvne I oba tolia

Pas =V -1 = Rdat (Vd.g. +Vdat- ) = Idat_ .Vd-g- + Pdat"

gas

o= ;\ boly (N

W w\l/

Z1 B 73 Z1
o— 1
B c 22
O—  —
— |
Z3 Z2
Cc R3 R1 R2
0—

nax. 2.38. erT¥aza vatmetris CarTvis sgemebi
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sadac, Vy, — aris Zabvis vardna vatmetris denis grag-
ni BebSi; V4. — Zabvaa datvirTvaze, | . — datvirTva-

Si gamavali deni; P, — datvirTvis simZBavre.

nax. 2.37, b-ze moyvani Bi sgema gamoiyeneba im SemTx-
vevaSi, roca saliroa simnZBavris zusti gazomva, rad-
ganac vatmetris gragni BSi danakargebis Sesworeba
am SemTxvevaSi ufro martivad xdeba, amis garda es
Sesworeba ucvilelli rCeba denis nebismieri mniSvne I o-
bis dros. simZBavris gasazomi mniSvne I oba gan-
isazRvreba formuliT:

VZ

R _V(Idat + Ivat)_ Pdat +P_'

gas
vat

sadac, lg.— vatmetris Zabvis gragni BSi gamavali

denia; P,.— vatmetris Zabvis wredis winaRobaa.

sanfaza wredebSi agtiuri simZBavris gasazomad
diagnostikuri samuSaoebis pragtikaSi gamoiyeneba

* *

w %

A x A * Wi
O (e O
\(%/ ] \%/
% B
B * O O
O O O—
w

C C
O (@]

*; W\ 2
a) b)

nax. 2.39. vatmetrebis samfaza wredSi
CarTvis sqgemebi
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JI JI2
Ao—o—o o
m ¢ ﬂim JI2
Bo O—O o
70 78 K1 Jh JI2
Co o0—o o——
I w | K1

TTAITAIT A
Wﬁfu Wz\iV W\gl

nax. 2.40. samfaza oTxsadenian sistemaSi denis
transformatorebiT simZBavris gazomvis sgema

erTfaza vatmetrebi, romBebic wredebis konfiguraci-
is mixedviT SeiZBeba CairTos sxvadasxva sgemiT. nax.
2.38-ze naCvenebia vatmetris CarTvis sgema samsadenian
simetriulli datvirTvis wredSi

orive SemTxvevaSi vatmetri zomavs erTi Tazis
simZ Bavres, magram radganac datvirTva simetriullia
(Tanabaria), amitom jgamuri simZBavre gamoiTvleba

FformuliT;
—. —J’W
A * /\ A N 1
© W’ ° ()
B *
[e;
B
O %
W2
(O:—o o= o1

O—‘_I

a) b)
nax. 241, reaqtiulli simZBavris gazomvis sgemebi
sanfaza sistemis simetriulli (a) da arasimetriulli
(b) datvirTvis SemTxvevaSi
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P =3P =3V 1 cose.

nax. 2.39-ze naCvenebia vatmetris CarTvis ufro gavr-
cellebulli sgemebi:

samfaza wredis jJanuri simZBavre ganisazRvreba
orive vatmetris Cvenebis gamiT

P=R,, +P,,.

nax. 2.40-ze naCvenebia sami erTfaza vatmetris oTx-
gantarian sistemaSi CarTvis sgema, sadac gazomvis
zRvaris gasadidebBad gamoyenebu B ia denis trans-
Tormatorebi. am sgemis mixedviT samfFaza wredis ja-
muri simZBavre tolia

P=(Ry,+PRy,+PRy) K,
sadac, K,— denis transformatoris koeFficientia

reaqtiulli simZBavre sanfaza sistemaSi SeiZleba
gaizomos, nax. 241, a-ze moyvani B i1 sqgemebiT.

nax. 241, a-ze moyvani Bi sqgemiT reagtiulli sin-
ZBavre ganisazRvreba formuliT:

Q=3P

5606 | ’*
@é/@)(@\cj\s

nax. 2.42. U517 tipis nax. 2.43. FazTa Tanmimdevro-
bis ganmsazRvruli wredi da
misi vektorulli diagrama

FazamaCvneb B is xedi
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xo B 0 nax. 241 b-ze moyvani B'i sgemisaTvis, FormuBiT:
Q=+3(R,, +Py,)-

ukanaskne I SemTxvevaSi wredSi CarTulli winaRo-
ba toli unda iyos vatmetris Zabvis gragni Bis wina-
Robisa.

i) FazaTa Tanmimdevrobis gansazRvra eleqt-
romowyobi B obis swori CarTvis, eqsp 1 oataciis, sare-
Beo dacvisa da avtomatikis muSaobis uzrunvely-
ofis mizniT, dadgeni Bia dengamtari nawi Bebis SeRe-
bva gamanawi Bebe I mowyobi B obebSi,sadac mxedve I o-
baSi miiReba FazaTa Tanmimdevroba. wesis mixedviT A
faza SeRebilia yviTlad, g-mwvaned da cC -wiT Bad.
fazaTa aseTi, anu pirdapiri Tanmimdevroba gan-
isazRvreba zemoT moyvani Bi py4¢ tipis xel sawyoe-
biT. am xe Bsawyoebis argonis SemTxvevaSi TazaTa
Tanmimdevroba martivad mowmdeba ys17 tipis faza-
maCveneb B iT (hax. 2.42). Sesamowmebe B'i sistemis Zabvebi
mier Tdeba FazamaCveneb B is Sesabamisi markirebis mo-

mWerebTan. pirdapiri Tanmimdevrobis (A-B-C) dros

K Rilakze TiTis daWeriT disko iwyebs brunvas is-
riT naCvenebi mimarTulebiT, xol o ukuTanmimdevro-
bis SemTxvevaSi _ sawinaaRmdego mxares. Ri Bakis daW-
eris xangrZl ivoba ar unda aRematebodes 3 wnm-s.
kidev ufro martivad fazaTa Tanmimdevroba Sei-
ZMBeba ganisazRvros nax. 243 a-ze mocemu li arasim-
etriulli datvirTvis varskv Bavad SeerTebu i wrediT,
sadac naTurebis simZBavre erTnairia da kondensa-

toris winaRoba (1/wC) naTuris winaRobis tolia
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nax. 2.44. RLC-s sazomi xellsawyo

wredis veqtorulli analiziT (nax. 243, b) SeiZlBeba
davadginoT, rom nax. 243, a-ze naCvenebi CarTvis dros
B FazaSi CarTulli naTura metad kaSkaSebs, vidre C
TazaSi CarTulli. naTurebi da kondensatori gaTv-
Bili unda iyos sanfaza wredis fazur Zabvebze.

v) tevadobisa da indugciurobis gazomva. man-
ganebisa da transformatorebis gragni Bebis teva-
dobis gasazomad gamoiyeneba sxvadasxva tipis xe I saw-
yoebi. Cvens SemTxvevaSi warmodgeni Bia A4KHIT-6101
— tipis (nax. 244) xe B sawyo, rombis ZiriTadi maxas-
iaTebBebia

_srulli da agtiuri winaRoba gazomva _ 1 gomamde;

_ tevadobis gazomva _ 10 mF-mde;

_ iInduqciebis gazomva _ 10 khn-mde;

|-

O P~

lv
o
nax. 2.45. tevadobisa da indugciurobis sazomi sgema
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__vargisobis gazomva _ 0,0001 _ 9999;

_ danakargebis kuTxis tangensi _ 0,0001 _ 9999;
_ bazuri cdomileba _ 0,3%;

__gazomvis siCgare 3 gazomva/wm.

tevadobisa da indugciurobis gazomva SeiZleba
ampermetr-vo I tmetris meTodiT cvBad denze. kon-
densatoris tevadoba am SemTxvevaSi ganisazRvreba
formulliT:

C, = ! :
V2rf
amave meTodiT SeiZBleba ganisazRvros indugci-
uroba

LY
27 fl
tevadobisa da indugciurobis ufro zusti ga-
zomvisaTvis SeiZl eba ganoyenebu B'i ignes Semdegi sgema
(nax. 2.45).
am SemTxvevaSi pirvel rigSi ganisazRvreba wre-
dis srulli winaRoba:
Y P V?
VA =T da agtiuri winaRoba R=|—2=?;
amis Semdeg ganisazRvreba reaqtiulli winaRoba
X =~Z% -R%.
reagtiulli winaRobis gansazRvris Semdeg gan-
isazRvreba tevadoba da induqciuroba, Sesabamisad:

C = L
2rf X

X
’LX_Zﬂf’
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sadac f sixSirea

z) 1zolaciis mdgomareobis Semowmeba.
elegqtrull manganebsa da aparatebSi gamoyenebu i
nebismieri izolBacia (dieleqtriki) arsebiTad war-
moadgens kondensators, romBis Semanafenebis erT
mxares warmoadgens aparatis konstrugciis e lement-
ebi (korpusi, gullara), xo 1 0 meore mxares dengamtari
nawi Bebi (kabe Bis ZarRvebi, sadenebi, sall teebi). maT
Soris moTavsebu B ia saizo Bacio masall ebi, romell Ta
struqtura ganisazRvreba ara marto gamoyenebulli
masa B ebiT (garsi, gaRal di, satransformatoro zeTi,
boWko), aramed misi mdgomarebiTac _ defeqtebis, sax-
el dobr, danestianebis arsebobiT. izo BaciaSi mim-
dinare Fizikuri procesebi masze modebulli Zabvis
dros anal ogiuria kondesatorsSi mimdinare Fizikuri
procesebisa. izoBaciis mdgomareobis SemowmebaSi
mTavari adgiBi uWiravs izolBaciis winaRobisa da
absorbciis koeficientis gazomvas.

T) izolaciis winaRoba (R ,,) EelBegqtromowyo-
bi Bobis izolaciis mdgomareobis ZiriTadi maxasi-
aTebe B ia, radganac e Emowyobi B obis garegani da Si-
nagani defeqtebi (dazianeba, danestianeba, zedapiris
gaWuWyianeba) amcirebs winaRobas. Aamitom izo Baciis
Semowmebis yve Ba etapze xdeba izoBaciis winaRobis
gazomva. izo Baciis winaRoba rogorc wina paragrafSi
avRniSneT izomeba megaommetriT.

megaommetris tipis arCeva xdeba obieqtis nomi-
naBluri winaRobis (ZaBovani kabe Bebi 1-1000; sakomu-
tacio aparatebi 1000-5000; Za B ovani transformator-
ebi 10-20000; e B manganebi 0.2-1000; Faifuris izo Batorebi
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100-10000 momi), misi parametrebisa da Zabvis mixedviT.
rogorc wesi mowyobi Bobis izoBaciis winaRobis
gasazomad 1000v Zabvamde (meoradi komutaciis wrede-
bi, e BeqtroZravebi da sxva) gamoiyeneba megaommetrebi
100, 250,500 da 1000 v nominaBuri ZabviT, xo B o 1000 v-ze
meti Zabvis danadgarebSi -1000 da 2500 v ZabviT megaom-
metriT winaRobis gazomvisaTvis rekomendirebullia
operaciebis Semdegi Tanmimdevroba:

1. gavzomoT megaommetriT gamosacdell aparatTan
misaerTebe B 1 sadenebis 1zolBaciis winaRoba, rom-
Bis mniSvne B oba ar unda iyos megaommetris gazom-
vis zeda zRvarze nak l ebi.

2. Mmegaommetris gamoyenebis win unda CavataroT
misi sakontrol o Semowmeba, rac gamoixateba skallis
CvenebiT gaxsnilli da mokBed SerTulli sadenebis
dros. pirvel SemTxvevaSi isari unda iyos skalis
niSanTan “«”, X0 O meore SemTxvevaSi - “0”.

3. davrwmundeT rom Sesamowmebe Bi obieqti ar
aris Zabvis qveS.

4, gamovrToT da davamokBoT yvela detali,
rome B sac gaaCnia daballi izoBacia an daball i gamo-
sacde l'i1 Zabva (kondesatorebi, naxevargamtaru i Xxe-
I sawyoebi da sxva)

5. xe Bsawyos CarTvis dros davamiwoT Sesamowme-
beli wredi.

6. xe Bsawyoze davaWiroT xelBi Rilaks “maRali
Zabva” Tu xe B sawyo ikvebeba gse Bidan, an vabrunoT
megaommetris indugciuri generatoris saxe Buri daax-
B oebiT 120 br/wT siCgariT da 60 wn-is Semdeg davaFfig-
siroT xe B sawyos skaBaze winaRobis mniSvne I oba.

124

7. Didi tevadobis mgone obieqtebis izoNaciis
winaRobis gazomvis dros xe I sawyos Cveneba aviROT
isris mT Biani dawynarebis Semdeg.

8. Ggazomvis damTavrebis Semdeg, gansakuTrebiT
didi tevadobis mgone mowyobi B obebSi (mag. didi
sigrZis kabe BebSi, sanam gamovrTavT xe B sawyos bo-
I oebs, saWiroa movxsnaT dagrovi Bi muxti Camiwebis
dadebis gziT.

izoBaciis winaRobis gazomvis Sedegi SesaZ ll ebe-
I ia damaxingebu B i iyos zedapiru i gaJonvis denebiT
(mag. danadgaris izoBRirebull1 nawi B is danestianeb-
is Sedegad.), maSin obieqtis i1zo Baciaze adeben de-
namrTmev e Begqtrods, rome B ic SeerTebu Bi unda iyos
negaommet ris u‘Q” (akpaH) momWer Tan.

Mmiwisgan 1izoBirebulli kabeBis izoBaciis win-
aRobis Semowmebisas u momWeri unda mierTdes kabe-
Bis metalur garsacmTan. Ee Beqtru i manganebis grag-
ni Bebs Soris izolaciis gazomvisas u momWeri mi-
erTebull i unda iyos gamomyvani izo Baciis kall TasTan.

Zal ovani da ganaTebis sadenebis izoBaciis win-
aRobis gazomva, unda vawarmooT CarTu Bi amomrTve 0 eb-
is, moxsni Bi mcve Bebis, ganorTu li e BeqtromimRebe-
bis, aparatebis, moxsni Bi naTurebis dros.

Kkategoriulad akrZaBlulia gaizomos izolaci-
is winaRoba xazze, Tu misi mcire ubanic ki gadis
Zabvis qveS myoF¥i xazis siax B oves da sahaero xazebze
Wega-quxi Bis dros.

i)Aabsorbciis koeficienti aris Zabvis mode-
bidan 60 wm-is gavBis Semdeg izoBaciis winaRobis
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fardoba (R,) 15 wamis gavBis Semdeg arsebuli

R
izolaciis winaRobasTan (R,) anu Kas =%.
5

Tu izolacia mSrallia, maSin absorbciis koeFici-
enti mniSvne Bovnad aRemateba erTeulls, xoB O nes-
tiani izolaciis SemTxvevaSi axBoa erTTan. Ees
ganowveu Bia imiT, rom mSrali izolBaciis SemTxveva-
Si dro didia, danuxtvis deni icvleba nella da 15 da
60 wamis Semdeg gazomi Bi winaRobebi erTmanTisgan
ZNBier gansxvavdebian. Nnestiani izoBaciis SemTx-
vevaSi damuxtvis deni swrafad icvBleba da 15 wanmis
gav l is Semdeg aRwevs damyarebul mdgomareobas, ami-
tom 25 da 60 wm-is gav B is Semdeg gazomi i winaRobe-
bi erTmaneTisgan TiTgos ar gansxvavdebian.

Aabsorbciis koeFficienti aris manganebisa da trans-
Tormatorebis izolaciis mdgomareobis meore Zir-
iTadi maCvenebeBi. R, daR_ _ Zalian aris damokide-
buli temperaturaze. am sidideebis gazomva xdeba
+10°C -ze meti temperaturis dros, radganac nak Beb
temperaturaze nestis arsebobis dros gazomvis Sede-
gebi arastabi Buria

izoBaciis absorbciis koeFicientis gasazomad
gamoiyeneba megaommetri. zusti gazonmvis Casatareblad
saWiroa winaswar uzrunve BlyoT megaommetrze nor-
maBuri Zabva da mere swrafad davadoT “sacecebi”
gasazomi obieqtis winaswar gasufTavebu I dengamtar
nawi Bs da daviwyoT drois aTvBla xell sawyos pirve-
B i Cveneba davaFigsiroT 15 wm-is gavll is Semdeg, xoll 0
meore 60 wm —is gavBlis Semdeg. maTi Fardoba igneba
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gazomvis Sedegi.Aam gazomvis dros mkacrad unda dav-
icvaT sifrTxille da usafrTxoebis wesebi, radgan
megaommetris Zabva saSiSia adamianis sicocx b isaTvis.
Ggazomvis Semdeg saWiroa ganvmuxtoT gazomvis obieqti.

k) dieleqtrikulli danakargis kuTxis tange-
si da misi gazomva

e Begtromowyobi Bobis izoBaciis mdgomareobis
gansazRvris gavrcelebull meTods warmoadgens di-

eleqtrikulli danakargebis kuTxis tangensi (tgé)igi
warmoadgens izoWBaciaSi gamavali denis aqtiuri
mdgene Bis (I,) Fardobis reagtiull mdgeneB Tan (I )

masze modebuli cvBadi Zabvis dros. Ftgs=1,/l_ Aag-
tiuri mdgeneBi ganpirobebullia gaxurebiT da ion-
izaciaze danakargebiT, xolo reaqtiull i- Zabvis cv-
Billebis TiToeull periodSi kondesatoris damuxt-
va-ganmuxtviT.

tgo damokidebu B ia tenianobaze, mowyobi B obis
zomaze, temperaturaze, Zabvaze. tenianobis gazrda
zrdis denis agtiur mdgene l's; temperaturis gazrda
amcirebs 1zoBaciis winaRobas da zrdis denis aqti-
ur mdgene B's da Sesabamisad danakargebs; Zabvis gazr-
da zrdis ionizaciis xarisxs.

amis gamno tgo-s gazomva FarTod gamoiyeneba trans-
Tormatorebisa da maRall i Zabvis Semyvanebis izo Baciis
mdgomareobis Sesafaseb I ad. Ggazomva unda vawarmooT
10 — 40°C temperaturis diapazonSi.

dieleqtrikuli danakargebis kuTxis gasazomad
gamoiyeneba Tanamedrove cvBadi denis bogirebi
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rogorc Cveullebrivi P5026M, Bektop-2.0M, Bektop-C,
aseve programu i uzrunve ByoFiT TanreHc-2000, MEI-
4CA maRali Zabvis bogirebi.
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Tavi 3 elleqtrulli wredebisa da
elleqgtronikis ellementebis diagnostika

31 eleqtrull wredebSi yveBlaze xSirad
Semxvedri dazianebebi

Eeleqtrull wredebSi yveBaze xSirad gvxvdeba
Semdegi saxis dazianebebi:

1. wredis gawyveta, rodesac elleqtrulli wredis
winaRoba usasrullod didia

2. winaRobis mniSvne B ovani gazrda;

3. winaRobis mniSvne B ovani Semcireba;

4, mokled SerTva, rodesac elleqtrulli wredis
winaRoba nullis tolia an null Tan ax 1 osaa.

wredis gawyveta xdeba wredis elementebis daz-
ve B ebiT, didi denebis gavliT, dartymebiT, vibracii-
Ta da koroziiT.

winaRobis mniSvne Bovani gazrda nominallur
mniSvne B obasTan SedarebiT gamowveu B ia el ementeb-
is daZve BebiT kontaqtebisa da sakontagto SeerTe-
bebis gauaresebiT, calkeuli el ementebis parametre-
bis gadaxriT.

winaRobis mniSvne Bovani Semcireba nominalur
mniSvne B obasTan SedarebiT gamowveu B ia el ementeb-
is daZvelebiTa da zedapirulli gaJonvebis gazrdiT.

mok Bed SerTva gamowveu Bia i1izoBaciis gar-
RveviT, araizolirebull i gantarebisa da e B ementebis
SexebiT korpusTan da erTmaneTTan (sxvadasxva po-
Barobisa da Fazebis dros).

Ddazianebis moZebnis dros unda vicodeT da unda
SegveZB os gamoviyenoT ama Tu im eBegtromowyobi-
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§ obis gamarTu B i1 muSaobis niSnebi. Ees niSnebi iyo-
fa or jgufad: agtiuri da pasiuri anu meoreulli.

agtiuri niSnebia xmovani signallebisa da sig-
nall izatorebis, sasignall 0 naTurebis Cvenebebi; dacvis
mowyobi B obis amuSaveba, agreTve xelsawyoebiT ga-
zomvis dros gamomJRavnebu Bi niSnebi.

pasiuri niSnebi mJRavndeba el eqtromowyobi I o-
bis gare daTvalierebis dros.

xmovani signallebi, signalizatorebi, sasignallo
naTurebi saSualebas gvaZzBeven Tvalyuri vadevnoT
e B egtromowyobi B obis mdgomareobas.

Ddacvis saSual ebebi (mcve Bebi, magsimaBuri an
minimaBuri releebi, avtomaturi amomrTvelebi da
sxva) eleqtrull wreds amorTaven kvebis wyarodan
gaJonvis, gadatvirTvis denebisa da mokBed SerTvis
arsebobis dros.

wredis gawyvetis SemTxvevaSi dacva Cveu lebriv
ar amuSavdeba, magram misi normaBuri mdgomareoba
eleqtrull wredSi dazianebis arsebobis dros irib-
ad imis maniSnebe B ia, rom dazianebas aqvs gawyvetis
xasiaTl.

Ddazianebis Zieba swarmoebs eleqtrulli wredis
e Bementebis parametrebis gazomviT gadasatani xel-
sawyoebisa da sazomi komp Beqtebis gamoyenebiT.

EeBeqtrull sgemebSi (mag. Bogikur, Zravas da aS))
callkeulli el ementebis parametrebis (winaRoba, Zabva,
deni) gazomvis dros saWiroa visargebBoT am e I mow-
yobi Bobis callkeulli e Bementebisa da bl okebis ga-
mosasv B el ze instruqciaSi moyvani B'i winaRobis, Zab-
vis, denis rukebiT.
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dazianebis moZebnis kerZo xerxebs miekuTvne-
ba Sualeduri gazomvebis Catareba, romelic iZleva
SesaZ B eb B obas Tanmimdevru Bad gavyveT signall is gav-
I as sistemnis sxvadasxva arxebSi; gamoricxvebi, rome I -
ic saSuallebas iZBeva gazomvis Sedegad gamovricxoT
Sesamowmebe B 1 sgemebis dauzanebeBi nawi Bi1 da gam-
ovyoT dazianebull'i elBementi; im b B okebis (detall eb-
is) Secvla, romelSic aRmoCeni Bia dazianeba, imave
tipis vargisi bBokiT. dazianebu B1 sgemis ganocdis
Sedegebis Sedareba imave tipis vargisi sgemebis gamoc-
dis monacemebTan.

eleqgtrulli elementebis dazianebis ZiriTa-
di mizezebia deniT gadatvirTva, gadaZabva, garemo
temperaturis aweva; dauSvebe b1 vibracia da dartyme-
bi.

obieqgtis (sistenis, mowyobi B obis, bl okis, modu-
Bis eleqtronuli Firfita) dazianebis dros da-
zianebu i elegtronikis elementis Zieba rekomen-
direbu lia daviwyoT e Bementebis: sasignallo naTure-
bis, mcve Bebis, anomrTve Bebisa da komutaciis sxva
saSua B ebebis; dacvis mowyobi B obebis vargisianobis
winaswari Semowmebis Semdeg.

kvebis b B okebisa da kvanZebis SesasvBellsa da
gamosasv B el ze unda Semowmdes Zabvebi, Semowmebu I i
unda ignas gare mowyobi B obebi: gadamwodebi, signall i-
zatorebi, sabo 1 0o anomrTve Bebi, monitorebi, kinesko-
pebi da a.S.

amis Semdeg unda Semowmdes Zabvisa da impu B sebis
parametrebis mniSvne Bobebi instrugqciaSi mocemul
sakontrolo werti BebSi.
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dazianebulli elementis Semdgomi Zieba rekomen-
direbullia Sesrulldes Semdegi miTiTebebis gaTvall-
iswinebiT: unda SeswavliBi ignes dazianebu li obieg-
tis mogmedebis principi. Tavdapirve Bad moiZebneba
ufro rTulli dazianebull1 obieqti, xo Bl o Semdgonm -
ufro martivi (principiT sistema-b B oki-kvanZi-ell e-
menti)

anall izi gaukeTdeba dazianebis niSnebs, gamoiTgmeba
dazianebis savaraudo mizezebi da airCeva Semowmebis
meTodi. Aamis Semdeg swarmoebs im ubnebisa da elle-
mentebis arCeviTi Semowmeba, romell Ta dazianebis
allbaToba ufro didia, xoBlo maTi Semowmeba ikavebs
mcire dros.

Tu arCeviTi SemowmebiT dazianebulli e Nementi
ver aRmoaCines, maSin gadadian gamoricxvis meTodze
obieqgtis SesasvBel idan gamosasv el isaken moZrao-
biT an Semdgomi Semowmebis win obieqts hyofen Sro-
matevadobis mixedviT or tol nawi Bad. Tu daziane-
ba obiegtisaTvis damaxasiaTebe B i ar aris, maSin pirda-
pir gadadian gamoricxvis meTodze.

obieqtis garegani daTvalierebis dros sge-
mis gamorTvisTanave yuradReba unda mieqces: izo b aci-
is mdgomareobas: mis Fers; simuges; naprallebis arse-
bobas; damagrebebis, sakontagto zedapirebis, SeerTe-
bebis, mirCi Bvis adgi Bebis wesivrobas; korpusebis,
tranzistorebis, rezistorebis, diodebis, mikrosgeme-
bis eleqtrolituri kondesatorebis temperaturas.

pirvell rigSi Semowmebas eqvemdebareba is el emen-
tebi, rome Il Tac gaaCniaT nakBi. saWiro monacemebis
arsebobis dros Zieba SeiZ 1 eba gagrZe B des garkveu i
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ubnebze gamarTull da dazianebull e Bementebze Zabve-
bis Sedarebis gziT.

dazianebu Bi el ementis aRmoCenis Semdeg mis Secv-
Bande analizi unda gaukeTdes dazianebis mizezebs
da misi dadgenis Semdeg unda Seicvall os e lementi.

3.2. elegtronikis elementebis dazianebis
ZiriTadi saxeebi, maTi aRmoCenis xerxebi da
diagnostika

a) rezistorebis diagnostika. rezistoris nu-
Saunarianobis dakargva SeiZlBeba gamowveulli iyos
Semdegi mizezebiT: 1. gamomyvanebis gawyvetiT an gada-
wviT; 2. cvBladi winaRobis rezistoris dengamtar
Tenasa da moZrav kvanZs Soris kontagtis darRveviT;
3. dasaSvebze metad winaRobis cvlillebiT; 4 Ffo-
torezistorebisaTvis mgrZnobiarobis SemcirebiT an
dakargviT.

mudmivi da cvBadi denis mavTulliani da umavTu-
B0 rezistorebis Sesamowmeb Bad saWiroa gakeTdes
Semdegi: Catardes garegani daTvaliereba; Semowmdes
cvladi rezistoris moZravi meganizmis muSaoba da
misi nawi Bebis mdgomareoba; markirebiTa da zomebis
mixedviT ganvsazRvroT winaRobis nominaBuri mniS-
vne B oba, gabnevis dasaSvebi simZBavre da sizustis
kBasi; ommetriT gavzomoT winaRobis namdvi Bi mniS-
vne B oba da ganvsazRvroT misi gadaxra nominaBur
mniSvne B obidan. cvlad rezistorebSi damatebiT gav-
zomoT cocias moZraobis dros winaRobis cvli Beb-
is simdovre. rezistori wesrigSia, Tu mas ar gaaCnia
meganikuri dazianebebi, misi winaRobis sidide imyo-
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Teba mocemu B sizustis kB asis dasaSveb sazRvrebSi,
xo B o cocias kontaqti dengamtar fenasTan mudmivi
da saimedoa.

b) indugciuri koWebis diagnostika. induqci-
uri koWis dazianebebi SeiZBeba gamowveuli 1iyos:
xviis gawyvetiT; izo Baciis daZve B ebiT; xviebis danok-
B ebiT; gamomyvanebis CawyvetiT.

indugciuri koWebis Semowmeba iwyeba misi gar-
egani daTvalierebiT, romBis drosac vrwmundebiT
karkasis, ekranis, gamomyvanebis wesrigSi yofniT; koW-
is yvela detallis erTmaneTs Soris SeerTebis sis-
woreSi da saimedoobaSi; sadenebis xi Bull1 gawyve-
tis, nokBed SerTvis, izoBaciis dazianebis ar arse-
bobaSi. gansakuTrebulli yuradReba unda miegces im
adgi Bebs, sadac izo B acia da karkasi danaxSirebul i,
gaSavebu Bi1 an gamdnaria.

gawyvetaze Semowmeba xorciel deba indikatoriT.
winaRobis gazrda miuTiTebs erTi an ramdenime
ZarRvis gawyvetaze an cud kontaqtze, xo B o winaRo-
bis Semcireba uCvenebs xviaTa Soris mok Bed SerTvas.
Ggamomyvanebis mokBed SerTvis dros winaRoba nu-
lis tolia

koWis vargisianobaze ufro zusti warmodgeni-
saTvis saliroa gaizomos koWis indugciuroba. reko-
mendirebull ia agreTve koWis muSaunarianobis Semow-
meba iseTive aparatze, rombBisTvisac is aris gaTvall-
iswinebu i,

g) kondensatorebis diagnostika. Kkondensa-
torebis eleqtrull dazianebas miekuTvneba: konden-
satorebis garRveva; SigniT Firfitebis mokBed SerT-
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va, dielleqtrikis daZve Bebis gamo dasaSvebze metad
nominaBuri tevadobis cv i Beba; masSi sinestis mox-
vedra; gadaxureba, deformacia;, izoBaciis gauarese-
bis gamo gaJonvis denebis gazrda; eleqtrolitis
gaSrobis Sedegad eleqtrolituri kondensatorebis
tevadobis nawi Bobrivi an mT Biani dakargva.

kondensatorebis vargisianobis Semowmebis umar-
tives xerxs warmoadgens gare daTvall iereba, romBis
drosac SeiZlBeba aRmovaCinoT meganikuri dazianebe-
bi. Tu meganikuri dazianebebi ar aRmoCnda, maSin iwye-
ben eBeqtrull Semowmebas, rome lic moicavs Semowme-
bas: mokBed SerTvaze, garRvevaze, gamomyvanebis
mT B ianobaze, gaJonvis denze (izo Baciis winaRobaze)
da tevadobis gazomvas.

Semowmebis meTodika SemdgomSi mdgomareobs:

1. kondensatoris erTi gamomyvani unda gan-
ca Bl kevdes danarCeni sgemebisagan;

2. sazomi xe B sawyo aiwyoba aTeull da aseulli
ki Boomis an megaomis diapazonSi;

3. kondensatoris gamomyvanebze miuerTdeba xell-
sawyos sacecebi: am dros didi tevadobis kondensa-
torebisaTvis (randenime aTeu B idan ramdenime aseull
mikrofaradis TargBebSi) damaxasiaTebelia pirvel
sawyis momentSi sazomi xe Bsawyos (ommetris) Isris
gadaxra nu I isaken (damuxtvis magsimaBuri denis gav-
Bis momentSi), xoBlo Semdgom isari TandaTanobiT
gadaixreba “co” niSnull ze

4. kondensatoris die Beqtrikis damakmayofi Bebell
mdgomareobad 1TvBeba, Tu ommetris Cveneba aris
aranak Beb 100 komi
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5. Tu didi tevadobis kondensatorSi (10-100mkf)
adgi 01 agvs gawyvetas, maSin xe B sawyos isari myisve
dadgeba niSnull ze “«”.

6. saSuall o tevadobis kondensatorebs (500h -1 mk)
amowmeben kondensatorebis gamomyvanebTan mimdevro-
biT SeerTebuli denis wyarosa da telefonis dax-
marebiT. vargisi kondensatoris SemTxvevaSi wredis
CarTvis momentSi telefonSi gaismis wkapuni.

7. mcire tevadobis (500hF-mde) kondensatorebs
amowmeben maRalB i1 sixSiris wredSi. Kkondensators
rTaven antenasa da mimRebs Soris, Tu miRebis xmamaR-
Boba ar Semcirda maSin gamomyvanebis gawyveta ar
gvagvs.

8. mcire tevadobis kondensatorebisaTvis omn-
metriT gawyvetis gansazRvra SeuZBebelia, radgan
xe Bsawyo gviCvenebs an mokBed SerTvas, Tu moxda
izolBaciis garRveva, an usasrullod did winaRobas,
Tu kondensatori vargisia an aris gamomyvanis gawyve-
ta. kondensatoris SigniT gawyveta ganisazRvreba uSu-
allod sgemis gazomviT, romeBic Sesdgeba mimdevro-
biT SeerTebuli kondensatoris, cvBladi denis amper-
metrisa da denis SemzRudavi rezistorisagan.

sgema CairTveba cvBadi denis wyaroSi, romell zec
modebu B 1 Zabva ar unda aRematebodes kondensatoris
nominaBuri Zabvis 20 %-s. wredSi ampermetris null o-
vani Cveneba uCvenebs kondesatoris gawyvetas.

gaJonvis denis gazrda (izoBaciis Semcireba) gan-
isazRvreba kondensatoris gamomyvanebTan ommetris
ganmeorebiTi CarTviT.
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pirvel CarTvaze xe l sawyos isari gadaixreba da-
muxtvis denis gamo, xoBo Semdeg brundeba sawyis
mdgomareobaSi. Tu Semdgomi CarTvebisas, romelic
meordeba ramdenime wamis interval 1T, iIsris gadaxra
meordeba, es niSnavs, rom kondensators aqvs gaJonvis
momatebu B i deni.

d) diodi. Ddiodi warmoadgens naxevargamtar
elements, romelic dens atarebs mxoBod erTi mima-
rTullebiT. sxva sityvebiT rom vTqgvaT, diods gaaCnia
Zalian mcire winaRoba erTi mimarTu B ebis denisaTvis
da Zalian didi winaRoba meore mimarTu Bebis deni-
saTvis. winaRobis gazomvisas gasazom e BementTan Car-
Taven ommetrs, rome I sac gaaCnia sakuTari kvebis wya-
ro (batarea). Oommetris k B emebze Zabva Seadgens 1,5 an
3 vo b ts. Ppirdapiri wanacv B ebisaTvis diodi moiTx-
ovs 0,7v Zabvas. amitom Tu ommetrs dadebiT sacecs
mivuerTebT diodis anods (A), xolo uaryofiTs -
kaTods (K), maSin adgi Bebis Secv l is Semdeg wesivru ll
mdgomareobaSi myofi diodis winaRoba unda iyos
Zalian didi. Aamgvarad diodis SemowmebisaTvis Sei-
ZMleba visargebB oT Cveullebrivi ommetriT.

mravall cifrull mull timetrs gaaCnia diodis Semow-
mebis Funqcia xe B sawyos zRvrebis gadamrTve l ze es
Tfungcia aRniSnulia diodis simboBuri gamosax-
ullebiT (—pp}—) nul tinetrs gaaCnia Zabvis saku-
Tari wyaro, romelic sakmarisia diodis orive mx-
aris Sesamowmeb Bad. Nnax. 3.1-ze iBustrirebullia

diodis Semowmebis procesi. Mmu l timetris dadebiTi
saceci (wiTelli Teris) CarTulia diodis anodTan.
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Oxo B o uaryoFfiTi (Savi Feris) -kaTodTan. Tu diodi
vargisia, maSin mu Bl timetrma unda gviCvenos Zabvis
mniSvne Boba 05 dan 09 voltis FfargBebSi ( Cveu-
Bebriv 0.7v). Semdeg sacecebs ucv B ian adgi Bebs da am
SemTxvevaSi diodi mu B timetrisaTvis warmoadgens gaw-
yvetil wreds da mis dispBeize aisaxeba pragtiku-
B ad sakuTari Zabva, rome B ic Cveu lebriv imyofeba 2,5
-3,5 vo b tis farglebSi.

uvargisi diodi warmoadgens gawyvetill an orive
mxridan Caketil wreds. YyveBaze xSirad gvxvdeba
pirve li SemTxveva, rac gamowveu I ia p-ngadasasviiel -
is gadaxurebiT. Aam dros diods gaaCnia Zall ian maRa-
I i winaRoba, rogorc pirdapiri ise ukumimarTu BebiT.
Mmeore SemTxvevaSi, roca diodi garRveu Bia mull ti-
metri gviCvenebs orive mimarTuBebiT Zabvis null o-
van mniSvne B obas. zogierT SemTxvevaSi garRveu B ma
diodma SeiZlBleba arc gviCvenos mT Biani Caketilli
wredi, magram gaaCndes orive mimarTuBebiT winaRo-
bis erTi da igive mniSvne Boba. (magaliTad mu B time-

foogezo
1|;'uu.':11,5-:_'||

|

nax.3.1. vargisi diodi
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nax. 3.2. uvargisi diodi

tri gviCvenebs 15 vol ts). Ees SemTxvevebi mocemnu B ia
nax. 3.2-ze

Tu mull timetrs ar gaaCnia diodis Semowmebis
Tfungcia, maSin diodi SeiZll eba SevamownoT misi orive
mxridan winaRobis gazomviT. xe I sawyos gadamrTve-
BIi davayenoT “OM”(“”) mdgomareobaSi.Ddiodis
“pirdapiri wanacv Bebis” dros xelsawyo gviCvenebs
ramdeni aseuli omidan ramdenime aTaseul omande.
Ddiodis realuri winaRoba Cveu Bebriv ar aRwevs 100
omamdec ki, magram umetesi mzomi xe I sawyoebis Sina-
gani Zabva ar aris sakmarisi p-n gadasasvBlelis mT Hiani
wanacv BebisaTvis. Aam mizeziT naCvenebi mniSvne B oba
momatebu B ia. Ddiodis “ukuwanacv Bebis” dros mull-
timeri gviCvenebs diapazonis sazRvrebidan gamosv-
B as, radganac winaRoba am dros Zall ian maRall ia ga-
zomvisaTvis.

Ggasazomi winaRobis mniSvne B obebi arsebiTi ar
aris. MmTavaria davrwmundeT imaSi, rom diodis pirda-
piri da ukumimarTuBebiT winaRobebs Soris gansx-
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vaveba Zallian didia FFagtiurad es sakmarisia imis-
aTvis rom diodi CavTvaloT vargisad.

e) tiristori. tiristori warmoadgens diods
damatebiTi marTvis elegqtrodiT (G). tiristori de-
nis gatarebas iwyebs maSin, roca ,wanacv B ebu l ia pirda-
piri mimarTu BebiT”. Aam dros marTvis e lBeqtrodze
miewodeba gamRebi impu B si. Aamitom tiristori Sei-
Z M eba SevamowmoT iseTnairad, rogorc mowmdeba Cveu-
Bebrivi diodi. sazomi xeBsawyos dadebiTi (wiTe-
Bi) saceci CairTveba tiristoris anodTan (nax.3.3),
xolo uaryofiTi (Savi) —kaTodTan. vargisi tiris-
toris SemTxvevaSi xe Bsawyom unda uCvenos usasru-
Bod didi winaRoba

tiristoris gaxsnisaTvis gamoiyeneben zRudars,
(“MEPEMBIYKA”), romBiTac tiristoris marTvis ell-
eqtrods SearTeben dadebiT sacecTan; am dros ar
unda gamoirTos sazomi xe B sawyo. sazom xe I sawyoze
tiristoris winaRobis Cveneba mkveTrad unda daeces.

bros6o

nax.3.3. tiristoris Semowmeba
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zRudaris gamorTvis Semdeg tiristori SeiZleba
darCes gaxsni B mdgomareobaSi an daubrundes Caketi il
mdgomareobas. Ees damokidebulia tiristorisa da
sazomi xe B sawyos Tvisebebze. Tu tiristors gaaCnia
daWeris mcire deni, maSin ommetrs SeuZll ia daiWiros
igi gaxsni B mdgomareobaSi. Tu tiristoris daleris
deni didia, maSin zRudis gamorTvisas tiristori
Caiketeba.

zogierT mZBavr tiristors SeiZleba hgondes Si-
nagani rezistori, romelic CarTullia kaTodsa da
marTvis eleqtrods Soris. Ees rezistori gaaRebs
tiristors mcire dabrko BebiT. inJinerma Tu ar icis
am rezistoris arsebobis Sesaxeb, SeiZ0eba SecdomiT
mitRos igi kaTodsa da marTvis elegtrods Soris
gaJonvad. Aam winaRobis gazomva SeiZBeba ommetriT.

v) semistorebi. semistori konstrugciullad Ses-
dgeba ori tiristorisagan, romBebic erTmaneTTan
CarTullia paralerurad da sapirispiro mimarTu-
BebiT. Aamitom semistorebis Semowmebis procesi
Zalian waagavs tiristorebis Semowmebis process.
sazomi xe Bsawyos dadebiTi saceci CairTveba MT2
gamomyvanTan, xo Bo uaryofiTi —MT1 gamomyvanTan.

ganorTulli marTvis eleqtrodis SemTxvevaSi on-
metrma unda uCvenos usasrullod didi winaRoba, Sem-
deg iseve rogorc tiristorebis Semowmebisas mar-
Tvis eleqtrods zRudariT SeaerTeben MT2 gamomy-
vanTan ( miewodeba dadebiTi gamRebi impu B si). xell-
sawyoze naCvenebi semistoris winaRobis mniSvne I oba
mkveTrad unda daeces. Ees niSnavs rom tiristorebis
am wyvi lidan erTi tiristori vargisia
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brosto G bros6o &

nax. 3.4. semistorebis Semowmeba

Semdeg ommetris sacecebs SeucvBian adgi lebs.
isev, Tu marTvis eleqtrodi gamorTull ia, ommetrma
unda gviCvenos usasrullod didi winaRoba. Aamis Sem-
deg marTvis eleqtrods zRudariT SeaerTeben MT2
gamomyvanTan, (niewodeba uaryofiTi gamxsneli impull -
si). semistoris winaRoba mcirdeba, es niSnavs meore
tiristoris vargisianobas. Ees procesi naCvenebia nax.
34-ze.

z) bipoBlarulli tranzistorebi. BbipoBRaru-
Bi tranzistorebi Sedgebian naxevargamtarull i masa-
Bis sami fenisagan da SeiZlBeba iyos p-n-p an n-p-n
tipis. TiToeuli tranzistori SeiZlBeba warmovadg-
inoT ori diodis saxiT, romBebic erTmaneTTan CarTu-
I ia Semxvedrad, rome I Ta SeerTebis werti I idan ganoy-
vani B ia gamomyvani, rac naCvenebia nax. 3.5-ze. p-n-p ti-
pis tranzistoris bazis eqvivallentiT (Bb) erTmaneT-
Tan SeerTebulia ori diodis kaTodebi, xo B0 n-p-n
tipis tranzistoris bazis eqvivallentiT erTmaneT-
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K K Tan SeerTebulia ori di-

odis anodebi. Ddiodebis

B B darCeni I1 ori gamomyvani
warmoadgenen emitersa (3)
da kolegtors (K). tran-
zistoris p-norive gadas-
vBas amowmeben call-call-
nax. 3.5 ori diodiT war- ke, rogorc ori damou-
nodgeni ki tranzistori jdebeli diodi. Tu orive

) 9
p-n-p n-p-n

diodi vargisia, maSin tranzistoric vargisia

diodebis SemowmebisaTvis gankuTvni Bi mu ll timet-
ris Tungqcia SeiZleba gamoviyenoT tranzistoris
SemowmebisaTvis. aviROT SemowmebisaTvis p-n-p tipis
tranzistori. Mnu B timetris “varyofiTi saceci” (Savi)
davadoT jer emiters, xo lo Semdeg ko Beqtors. Mmnu ll -
timetrma orive SemTxvevaSi unda gviCvenos mcire
winaRoba. Semdeg “Savi sacecis” adgi 0 ze SevaerToT
bazasTan “wiTe i saceci” da gavimeoroT procedura
Aam SemTxvevaSi mull timetrma unda gviCvenos orive
SemTxvevaSi didi winaRoba.

G p-n-p tipis tranzistorebis Semowmebis proce-
dura igivea Ggansxvaveba mxo Bod imaSia, rom roca
bazasTan mierTebu B ia “Savi saceci”, maSin mu N time-
tri gviCvenebs didi winaRobas, xolo roca “wiTeli”
— mcire winaRobas.

Tu mu B timetrs ar gaaCnia diodebis Semowmebis
redJimi, maSin tranzistori mowndeba winaRobis gazom-
vis “oM”(* ") redimSi iseve rogorc diodi. isev avRni-
SnavT, rom xe B sawyos Cveneba ramdenime aseuli omi-

143



dan ramdenime aTaseull omamde pirdapiri mima-
rTullebiT ar niSnavs tranzistoris auci Bebell uvar-
gisobas. es SeiZleba niSnavdes mxo Bod imas, rom sa-
zomi xe B sawyoebis Sinagani kvebis wyaro ar yofnis
p-n gadasvlis mT Biani wanacvBebisaTvis. ukumima-
rTullebiT winaRobis usasrullo mniSvne B oba imave
tranzistorisaTvis cxadad gviCvenebs tranzistoris
vargisobas. ag mxedve B obaSi unda miviRoT mxo lod
ori Cvenebis sxvaoba da ara maTi mogmedi mniSvne Il O-
bani.

tranzistori uvargisia, Tu orive p-ngadasasvilells
gaaCniaT orive mimarTullebiT erTnairi winaRobebi.

T) bipoRlarull tranzistorze momuSave sge-
mebis Semowmeba.

zogjer tranzistori vargisia, magram gareSe wred-
Si arsebulli dazianebebis gamo SeiZlBeba imuSaos
arasworad. MmagalBiTad, civi rCi Bvis Sedegad tran-
zistoris baza danarCen sgemebTan ar aris SeerTebu-
Bi. maSin wanacv B ebis Zabva tranzistorze nulis
tolia, rasac mivyavarT mis CaketvasTan. aseTi tran-
zistoris Semowmebis dros nabeWd FirFfitaze igi
gviCvenebs rom vargisia, xo 1o ganosasv Bell ze signa-
i ar gvagvs.

imisaTvis rom ukeTesad gavigoT rogor Cavatar-
OoT diagnostireba bipolarull tranzistorze, ma-
galiTisaTvis ganvixi BOT nax. 3.6-ze warmodgeni i
gamaZ B ierebe B i kaskadi. kaskadi akrefi Bia 2N3946
tipis tranzistorze, sacnobaro monacemebidan cno-
bi B ia, rom am tranzistoris h_aris 50-150 diapazonSi
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davuSvaT am tranzistoris h,=100. wanacv Bebis
Zabvas bazaze da ko Beqtorze virCevT Sesabamisad
Vg =3v da V.. =9v. SevasruBoT gaangariSeba da gan-
vsazRvroT:

Vo Ve 3707 _ 4 g
® Rq 56 o

lo=h., -1,=100-414=41ma,
Vo =V —I.-R. =9-4,1=4,9v.

nax. 3.6-ze naCvenebia Zabvebi da komponentebis parame-
trebi. YyveBla gazomi Bi Zabva warmodgeni Bia miwis
mimarT. Tu sgema sworad muSaobs, maSin unda gvgondes
Semdegi Zabvebi: AwertillSi - 0,7 v;B-Si - 49 v daC-
Si -0 v. dasawyisSi unda Semowmdes tranzistori. Tu
is vargisia, maSin unda davaTvall ieroT nabewdi Fir-
Tita, xom ar aris masze meganikuri dazianebebi, gada-
mwari komponentebi an cudi mirCi Bvis adgi Bebi.
Bbo B 0s 1zomeba Zabva tranzistoris gamomyvanebze..

gare wredis dazianebis gamo SeiZBeba aRiZvras
araswori muSaobis sami reJimi. Ees reJimebi naCvenebia

nax. 3.7-ze. gavzomavT ra
Zabvas tranzistoris ga-
momyvanebze SeiZBeba uf-
ro efeqturad ganvsazRv-
roT es uwesivrobebi.
Tu Zabva A werti I Si
normaBuri 0,7. v-is magi-
er Seadgens ramdenime mik-
rovo B ts, es niSnavs, ronm

VEEt
+33

nax. 3.6. gamaZBiereblis
erTi kaskadis diagnostika
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Nnax.3.7 bipoBarull tranzistorze momuSave sgemis
araswori muSaobis relJimebi: a) bazis gawyveta;, b)
ko Begtoris gawyveta; g) emiteris gawyveta

gawyveti Bia bazis wredi (nax. 3.7, a). unda Semowmdes
tranzistoris bazisa da R, winaRobis mirCi Bva. Sei-
ZBeba agreTve gaizomos R, rezistoris winaRoba.
saWiroa agreTve Semowmdes tranzistoris bazasTan
mimava B 1 yve Ba wredi, savaraudod sadRac aris cudi
mirCi Bva an araSesabamisi maxasiaTebBis mgone ko-
mponentebi.

Tu mu B timetri gviCvenebs ko Beqtorze ramdenime
mi Bvo Bt Zabvas (nax. 3.7, b), es niSnavs, rom ko Beqtori
CarTulll ar aris wredis danarCen nawi l Tan. Zabva
bazaze amave dros unda iyos 0,7 v radgan gadasvla
Zabva-emiteri wanacv B ebu B ia pirdapiri mimarTuBebiT.
Aam dros unda Semowmdes ko Beqtorisa da R_ rezis-
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toris mirCi Bva agreTve gaizomos R, rezistoris win-
aRoba. Ggarda amisa saWiroa Semowmdes ko Begtoris
wredSi rezistorTan CarTulli yvela komponenti.

miwasTan SeerTebis gawyvetis niSnebi Semdegia
+3 v bazis gamomyvanze da +9 v ko Beqtoris gamomyvan-
ze, radgan ar aris koleqtorisa da emiteris deni
(nax.3.7, g). Zabva emiterze Seadgens +2,5 v-da zeviT. is
gamowveu B 1a deniT, rome Bic gadis Semdegi gziT: V-
Rg-baza-emiteris gadasasvBeli- sazomi xellsawyos
sakuTari winaRoba-miwa.

Aamitom vo I tmetri aregistrirebs Zabvis vardnas
p-ngadasasv B el ze. Uunda Semowmdes emiteris mirCi Bva
da masTan CarTulli yvela wredi.

k) savelle tranzistorebi. savelle tranzistore-
bis Semowmeba ufro rTullia vidre bipoBarullis. am
tipis tranzistorebis Semowmebis win unda dadg-
indes es tranzistori aris gadasasvleliT p-n, Tu
aris MOl (MOIT - meTann - okcuA - NoNynpoBogHuK) tran-
zistori, rombis ZiriTadi maxasiaTeb B ebi sxva tran-
zistorebTan SedarebiT aris maRaBi1 Sesavali win-
aRoba. amis Semdeg unda dadgindes tranzistori p-
arxiania Tu n-arxiani.

save Be tranzistori p-n gadasasvleliT SeiZleba
Semowdes Cveu Bebrivi ommetriT.

save le tranzistoris eqgvivalenturi Canacvlleb-
is sgema mocemu B ia nax. 3.8-ze.

is warmoadgens Casadinarsa da saTaves Soris mim-
devrobiT SeerTebull or diods. Ddiodebis po laro-
ba urTierTsawinaaRmdegoa maTi Sua werti l idan gamoy-
vani B ia saketi. narxiani tranzistorebisaTvis sake-
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ti CarTullia diodebis an- C C
odebTan, xoBo p arxiani-

saTvis- kaTodebTan. silli- 7.
ciunis ogsidis maizolire-
- 3o¢ [] 309 ]
beli fena warmoadgens ma-
) . b 4
Rallomian rezistors, ro-

meBic CarTulia Casadinar-

isa da saTaves Soris diode- 4 4

bis paralleBurad. i sioteshe p- o@hosbo
amgvarad tranzistori nax38. savelle tranzis-

Seizleba SevamownoT omme- tOTrip-ngadasasvlelis
marTviT

tris daxmarebiT. gavzomoT p-ngadasasvilellis winaR-
oba saketsa da Casadinars da saketsa da saTaves Soris.
Tu tranzistori vargisia, maSin orive gadasasviel-
is parametrebi unda iyos diodis parametrebis ana-
Bogiuri: erTi mimarTulebiT unda hgondes didi
winaRoba, xo Bl o meore mimarTu BebiT- mcire. Semdeg
zomaven winaRobas Casadinarsa da saTaves Soris. Oom-
metrma unda gviCvenos tranzistoris paranetrze damok-
idebuli raRac winaRoba.

MOl tranzistoris Semowmeba ommetriT Zall zed
rTulli amocanaa. Ees dakavSirebulia imasTan, rom
saketi izolirebulia arxidan siliciumis ogsidis
Zallzed Txel 1 FeniT. aniT ganpirobebu l ia MOl tran-
zistoris Zall zed maRal i Sesavall i winaRoba, rac mas
xdis advi Bad dazianebads mcire statikuri daZabu-
I obis drosac Kki.

Tfagtiurad MOI tranzistorebi advi Bad SeiZle-
ba gamoviyvanoT mwyobridan msubugi SexebiTac. Aam
mizeziT MOIM?- tranzistorebi SefuTulia iseTnair-
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ad, rom misi yveBa gadamyvanebi eleqtrullad aris
SeerTebulli. rac Tavidan aci Bebs e leqtrodebs Soris
statikur daZabu ll obas.

MOTI?- tranzistorebi unda Semowndes daballvo il -
tiani ommetriT gansakuTrebuli sifrTxiBiT. Dday-
enebu l'i unda ignes gazomvis udides zRvarze. vargi-
si MOTI?- tranzistors CaSenebu b1 arxiT gaaCnia saT-
avesa Casadinars Soris raRac gamtaroba. amasTanave
saketsa da saTaves, saketsa da Casadinars Soris win-
aRoba maRall 1a. vargis MOIT - tranzistorSi induqci-
uri arxiT gamomyvanebs Soris e I gantaroba pragtiku-
Bad ar arsebobs.

B) mmarTveBi p-n gadasasvBleliT savele tran-
zistorebiani sgemebis diagnostika. sgemebSi, sa-
dac gamoyenebu B ia save B e tranzistorebi, maTi gamor-
Ci Bva sgemidan rekomendirebullin ar aris. vizualluri
daTval ierebis Semdeg, rome B sac vatarebT dazianeb-
ulli komponentebis an cudi mirCi Bvis gamosayene-
bBad, vzomavT Zabvas Casadinarze da saTaveze miwis
mimarT.

dazianebis tipiuri niSania, Tu Zabva saTaveze daax-
B oebiT tolia kvebis wyaros Zabvisa. es xdeba maSin,
roca saTaveSi gamavali deni nullis tolia da anitonm
ar arsebobs Zabva R winaRobaze (nax.3.9, a). amis mizezi
aris erT-erTi gvemoT CamoTvBili uwesivroba

- ar aris mirCilulli R, winaRoba (R, wredis
gawyveta);

uvargisia R, rezistori an misi winaRoba gamo-
dis dasaSvebi zRvridan;
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- ar aris mirCilulli R, winaRoba (R, wredis

D
gawyveta);

- uvargisia R, rezistori an misi winaRoba gamo-
dis dasaSveb zRvridan;

- ar aris mirCiBulli saTavis gamomyvani;

- ar aris mirCiBulli Casadinaris gamomyvani;

- tranzistorebs SigniT Casadinarsa da saTaves
Soris aris wyveta.

Ddazianebis tipiuri meore niSania saTaveze Zab-
vis normaBur mniSvne Bobaze mcire mniSvne I oba.
(nax.3.9, b) es xdeba maSin, roca saTavis deni aRemateba
normaBur mniSvne Bobas.Aan dros R, winaRobaze ad-
gi b1 agvs Zabvis did vardnas. Ees SeiZ B eba gamowveu-
Bi ignes Semdegi uwesivrobebiT:

- ar aris nirCilulli R _ winaRoba (gawyvetilia
R, wredi);

- uvargisia R, winaRoba an misi mniSvne I oba
ganodis dasaSvebi zRvridan;

>) + Vpp 3) + Vbp
RD’ RD
@ 53 VDD @ VD Em(ﬁﬂag‘g‘a(ﬁ%a
C c 313000 (30
3 " 3 "
Ra Rs Rg Rs

nax. 3.9. p-n gadasasvBelis marTviT savelle tranzis-
torebze momuSave sqemebis tipiuri araswori muSao-
bis reJimi
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- ar aris mirCi Bulli saketis gamomyvani;

- SigniT tranzistorSi Cawyveti lia saketis ga-
momyvani.

zogierTi dazianeba Zne I ia gamovav B inOoT. magall-
iTad SeiZBeba moviyvanoT MOIT - tranzistori nu-
B ovani wanacvBebiT. Mmis SigniT saketis gawyvetis
dros Zabva saket-Casadinoze rCeba igive (0 v). amis
gamo saTavis deni ar icvBleba da wanacvBeba nor-
maBurad gamoiyureba.

zemoTgmu Bidan gamomdinare save Be tranzistoreb-
is diagnostika Znel 1 anocanaa da moiTxovs ufro met
gamocdi Bebas vidre bipoBarulli tranzistorebi.

m) operaciulli gamaZBierebBebis diagnos-
tika. Ooperaciulli gamaZBierebBebi warmoadgenen
rTull mowyobi Bobas, romell sac eqsp Buataciis pro-
cesSi uCndebaT Sinagani dazianebebi. amasTanave, rogorc
aseTi, operaciulli gamaZBierebBebi ar eqvemdebare-
bian Semowmebas. Aamitom Tu operaciulli gamaZliere-
be B i gamovida mwyobridan igi auci lebBad unda Se-
icvall os.

Ooperaciull gamaZbBiereblian sgemaSi Cveu lebriv
monawi Beobs ramdenime gareSe komponenti. tipiuri
sgema Seicavs Sesavall winaRobas, ukukavSiris rezis-
tors da potenciometrs wanacv Bebis Zabvis kompensaci-
isaTvis. Tu sgema gaiTiSa, maSin pirvel rigSi unda
Semowndes gareSe komponentebi. SeiZlBeba iyos miur-
Ci Bavi adgi Bebi, gadamwvari komponentebi an kompo-
nentebi, romel Ta parametrebi gamosull ia dasaSvebi
zRvridan. Tu yve Baferi wesrigSia, maSin unda Semow-
mdes TviT operaciulli gamaZliereblis kontagtebi.
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BboBos Tu yvella gasinjulli elBemeti muSaunari-
ania da sgema ar muSaobs, maSin uvargisia TviT oper-
aciull1 ganaZBierebeli da i1gi unda Seicvall os.

gvemoT moyvani Bia operaciulli gamaZBiereblis
mqone sgemebSi ramdenime €tipiuri uwesivroba

1) kvebis wyaros Zabva. Ees aris pirvell i1, saidan-
ac unda daiwyos Semowmeba. Uunda uzrunve ByoFfili
iyos kvebis wyaros Sesabamisi ZabviTa da CamiwebiT.
Uunda gvaxsovdes, rom mravall 1 integraluri sgemebi-
saTvis kvebis Zabvis sidide kritikullia

2) ukukavSiris wredis gawyveta. Aam dazianebas
mivyavarT gamosavalli signallis ampBitudis SezRud-
vamde, radganac operatiull i gamaZlierebe 1 i muSaobs
Zabvis gaZlierebis magsimaBuri koeFficientiT (anu
sgema warmoadgens gamaZ B ierebe B's ukukavSiris gareSe)

3) Caketi Bi1 ukukavSiri. Aam SemTxvevaSi signa-
Bi gamosasvilell ze imeorebs signalls Sesasvilel ze

4) Sesavalli rezistoris wredis gawyveta.
Mmainventirebe B gamaZBierebe B Si gamosasvilell ze
signalli ar gvegneba, radgan signalli ar gvagvs Sesas-
viell ze. Aanu gamaZ Bierebe Bi ganodis Zabvis gamame-
oreblis rolSi. gamaZBierebeB Si gamaZBiereblis
koeFficienti l-is tolia da signali gamosasviiel ze
imeorebs signalls Sesasvilel ze.

5) potenciometriT arasworad aris daregu-
Birebulli. Aamas mivyavarT signallis SezRudvamde
an mxo Bod zevidan, an mxo 1 od qvevidan.
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33. eleqtrulli wredebis Semowmeba
gamorTu i Zabvis dros

e I samontalJo samuSaoebis damTavrebis Semdeg Ses-
amowmebe I eBeqtrull wredebSi xSirad Tavs iCens
iseTi defeqtebi, rogoricaa SecdoniTi (araswori)
SeerTebebi,romBebmac SeiZleba ganoiwvios e B mowy-
obi B obis mwyobridan gamosvBa an momsaxure per-
sonallis dazianeba eBeqtrulli deniT, agreTve arasa-
survelli movilenebi. anitom axali damontalebuli an
garemontebu i eleqtro danadgari gansakuTrebulli
yuradRebiT unda ignes Semowmebuli da araviTar
SemTxvevaSi ar unda moxdes Seumowmebe B e B eqtrodan-
adgarze Zabvis miwodeba.

Ee Beqtrowredebi SeiZBeba Semowmdes tegno-
B ogiuri aRWurviBobisa da maT gareSe. Semowmeba
teqno B ogiuri aRWurvi Bobis gareSe xorciell deba
vizualuri daTvalierebiT. Aamowmeben e legqtromon-
talis Sesrullebis Sesabamisobas dokumentaciasTan;
kontagturi SeerTebis gare mdgomareobas; koroziisa
da Thuri zemogmedebis kvall s; sall teebis CarTvis sis-
wores e leqgtrogamanawi Bebe I FarebSi; kabe Bebisa da
sadenebis Calagebas. Mmagram eBeqtrulli wredebis
uxi Bavi ubnebis Semowmeba vizuaBuri daTvall iereb-
is gziT SeuZBebelia

Eelegtrulli wredebis Semowmeba teqno Bogiuri
saSua B ebebis gamoyenebiT SeiZBeba ganxorciel des
uSuallo da Camiwebis xerxebiT.

uSual 0 Semowmebas gamoiyeneben im SemTxvevaSi,
roca elleqgtrulli wredebis sawyisebi da bo 0 oebi



mdebareoben erTmaneTTan ise axBos, rom erTdrou-
Bad SeiZlBeba miuerTdes sasinjis sacecebi.

ganvixi BiT magaBiTi. davuSvaT saWiroa Semown-
des eleqtrulli wredis mT Bianoba kabe B Si an Cal iCSi
(“xry1”), romBis bo B oebi ganmxo Boebulia X1 da X2
SemaerTeb Bebze (nax. 3.10)

an dros SeerTebis siswore mowmdeba SemaerTeb-
I is kontaqtebTan datani Bi1 aRniSvnebiT. sasingis Il
erTi saceci CairTveba kabeBis (CaBiCis) X2 Semae-
rTeblis 1 kontagtTan, xoB o sasinjis meore sall te-
Ti kabe Bis (CaBiCis) meore mxares X1 SemaerTebe l ze
eZeben Sesabamis | kontagts. Secdomis Tavidan ac-
i Bebis mizniT saWiroa sasinjis meore saceci ri-
grigobiT mivuerToT X1 SemaerTebBis yvela kon-
tagts, SemaerTeb B is korpussa da E1 kabelis (Cali-

Cis) ekrans.
aRniSnu i Semowmeba

keTdeba im SemTxvevaSic Ki,

X{ Tu saZebni eleqtrulli
/\I /iﬁ[ ,‘}}T ,/"}V /?;} wredi moZebni Bi igna pirv-
ol AT el cdidanve. Aamgvaradve
("’/’é/’_“\vr I eZeben meore, mesame da aS

Ef | wredebs.
| Camiwebis xerxi gam-
v{, \/2, Vv N \,}2 oiyeneba im elBeqtrulli

wredebis Sesamowmeb l ad,
rome I Ta sawyisebi da bo-
I oebi mdebareoben erT-
nax. 310 elBeqtruli maneTisagan sakmaod Sors

wredebis uSuallod an sxvadasxva SenobebSi. Aan
Semowmebis xerxi
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dros Sesamowmebe @B wredebTan erTad sargebl oben
damxmare wredebiT: Camamiwebe B sadenebs, nebismieri
kabe B is ZarRvebs, special urad Cadebu Il sadenebsa da
Camiwebis sall teebs.

magaBiTi: saWiroa Semowmdes kabe Bis ZarRvebze
datani B 1 aRniSvnebis siswore (nax. 3.11). am SemTxveva-
Si Semowmebas axorcielebs ori adamiani, romel Ta
Soris winaswar damyarebulia sateBefono kavSiri.
salaparako mowyobi Boba Bl da B2 CarTulli an Sesa-
mowmebe B i El kabe B is ZarRvebiT an call ke Cadebu i
sadenebiT.

Semowmeba iwyeba droebiTi zRudaris E2 dayenebiT
kabe Bis erT-erTi mxaris nebismier erT ZarRvTan.

sasinjis (M) erTi sa-

ceciT exebian kabe- = —
. ) AAf b,

lis Camiwebu i i

ZarRvs. amowmeben ' l a1 4

damxmare wredis:; mi-

wa-Ri Baki S-ZarRuvi ET T TE Tﬂ’-' T.i’ TELTP'

1 mT B ianobas. Aamas-

Tanave unda Semowm- ¥ ra——‘
des E2 zRudaris Z

. - 4 12013 |1
dayenebis siswore
anisaTvis S2 Ri lak- N vy
iT unda gavwyvitoT ) '“ﬁ}f B2 S0

- - - o
misi wredi da Tva- _[‘EE% ..L k) +

Byuri vadevnoT sas-
injis Cvenebas. i i
nax. 3.11. eleqtrulli wredis

zRudaris E2 da- Semowmeba Camiwebis
yenebis Semdeg kabe- xerxiT
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I is meore mxareze iwyeben Camiwebu Bi ZarRvis Ziebas
sasinjis saceciT. Camiwebulli ZarRvis povnis Semdeg
an CavrToT da gamovrToT S Ri Baki an gamovxsnaT da
ise mivaerToT E2 zRudari raTa davrwmundeT sasin-
Jis Cvenebis sisworeSi da damatebiTi E2 zRudareb-
is ar arsebobaSi. winaaRmdeg SemTxvevaSi SeiZleba
aRmoCndes, rom sasinjis Cveneba gamowveu Il ia kabe B is
rome B ime ZarRvis CamiwebiT E2 zRudarisagan
damoukideb B ad.

Ppirve 1 wredis Semowmebis Semdeg E2 zRudars
daayeneben meore wredze da gaimeoreben aRweril
mogmedebas.

34, eleqtrulli wredebis Semowmeba
Zabvis qveS

EelBeqtrulli wredi SeiZleba Semowndes masze muSa
an sakontro Bl o Zabvis miwodebiT. Nnebismier SemTx-
vevaSi gamoyenebul unda ignes tegnikuri aRWurvi-
0§ obis saSua 0 ebebi: Zabvis maCveneb B ebi, mu l timetre-
bi, marwuxebi da sxva Zabvis maCvenebBad SeiZlleba
gamoyenebu B i1 ignes varvarebis naTura, romBis var-
gisoba winaswar Semowmebu Bi unda ignes Zabvis qveS
myo¥ dengamtar nawi Bebze. naTura moTavsebu B 1 unda
ignes armaturaSi, radgan Semowmebis dros SeiZlleba
gaskdes da momsaxure personallma miiRos travma

ganvixi BoT magaBiTi. saWiroa Semowmdes wre-
di nax. 312-ze mocemu B sgemaSi, romell zec montalis
dasru B ebis Semdeg ar miewodeba Zabva. am SemTxvevaSi
dasawyisSi unda Semowmdes sgemebis kvebis wredi maT-
Si mokBed SerTvis ar arsebobaze. amisaTvis kvebis
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miwodebis win saWiroa erTi poBRusis mimdevrobiT
CavrToT Zabvis maCvenebe B (“n”), xo B o0 Zabvis maCveneb-
Bis meore bolB o SevaerToT gsell Tan.

Tu aRniSnulli xerxiT sgemis Semowmebisas kvebis
wyaros wredSi ar aris mok Bed SerTva, maSin obieqtze
Zabvis miwodebisas masTan mimdevrobiT SeerTebulli
“n” naTura ainTeba arasrull'i varvarebiT da am SemTx-
vevaSi sgemas uSuall od SeiZ l eba mivawodoT Zabva. Mmok-

P Bed SerTvis arsebobis SemTx-
t'fl vevaSi naTura ainTeba srulli
sikaSkaSiT da am SemTxvevaSi ar
SeiZ B eba sgemaze Zabvis miwode-
ba da unda veZeboT mokHled
SerTvis mizezi. Tu elleqtru-
Bi wredebis Semowmebis win
sgema muSaobda datvirTvisa da
mok Bed SerTvis gareSe, maSin
SeiZ B eba Zabva mivawodoT wre-
dis naTuris CaurTve Bad. Kkve-
bis wredSi naTuris mimdevro-
biT CarTvas aqvs Tavisi dadeb-
iTi Tviseba, kerZod wredSi ganm-
avall i deni SezRudull'ia naTur-
is winaRobiT. Uunda aRiniSnos,
rom Zabvis qveS wredebis Semow-
mebis dros gamoyenebu B'i unda
Jlgemn ignes mxo Bod varvara naTura,
radganac Buminescenciuri

nax. 3.12. eleqtru- , . i,
Ii wredebis Semow- hnaTuris naTebis intensivoba
meba Zabvis qveS mok Bed SerTvis dros da mis
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gareSe vizualurad erTmaneTisgan ar gansxvavdeba
SevamowmoT wredis darCeni Bi. nawi Bi Zabvis qveS
wredebis Semowmebis dros gamoiyeneba wredis ele-
mentis iseTi Tviseba, rogoricaa eBlementze Zabvis
vardnis damokidebu B eba mis winaRobaze. kontagte-
bze, mcve D ebze da maTgvar e Bementebze Zabvis vardna
pragtikullad nullis tolia Yyovel SemTxvevaSi ori,
sami rigiT nak Bebia Zabvis vardnaze iseT e lemente-
bze rogoricaa rellesa da kontagtoris koWebi, rez-
istorebi, naTurebi da datvirTvis sxva e lementebi.
agedan gamomdinare SevamowmoT nax. 3.12-ze moyva-
nilli wredis elementebi. Ppirvel rigSi vamowmebT
wredis mT Bianobas: 0 wertili-mcveli Fl-kontagti
KK2:1-kontaqti KK3:1 werti Bi2 amisaTvis indikatoris
erT sacecs mivuerTebY wertills 4, xo 1 0 meore sacecs
werti B Tanl. (pozicia Il). vargisi F1 mcveblis SemTx-
vevaSi naTura ainTeba mT Biani varvarebiT. naTuris
varvareba mowmobs 1 da 4 sakontroBo wertillebs
Soris Zabvis arsebobas. Aamis Semdeg indikatoris
saceci 1 mdgomareobidan gadmovitanoT la mdgomare-
obaSi, xoBo Semdeg 2 mdgomareobaSi. (pozicia Ill).
aniT vamowmebT KK2:1 da KK3:1 kontagtebis wesivrobas.
Mmcve B's SevamowmebT anall ogiurad. DdavrwmundiT ra
Semowmebu B1 wredis vargisobaSi gadavdivarT Sem-
deg wredze: wertilli 4-mcveli F4-kontagti KL1- mas-
Tan paraleBlurad CarTulli Rilaki S2-Rilaki SI-
werti i 3. am SemTxvevaSi indikatoris erTi saceci
unda CavrToT 0 wertill Tan. Tu meore saceciT Sevex-
ebiT wertills 5 maSin 0-5 wertillebs Soris Zabvis
arsebobiT vamowmebT F4 vargisobas. Tu S2 Ri lakze
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TiTs davalWerT da Sesamowmebe B wredSi yvella elle-
menti wesrigSia, wertillSi 3 wertilli 0-is mimarT
unda i1yos Zabva da unda CairTos Kl kontaqti, rom-
Bis CarTva gamoiwvevs K11 b B ok kontagtis CarTvas
da S2 Ri Bakze TiTis aRebis Semdeg Kl kontaqti dar-
Ceba CarTu B i. Aamgvarad or sxvadasxva wertills Soris
CarTull1 naTuriani Zabvis indikatoris saSuallebiT
Semowmebu Bi igna mTelBi wredis wesivrull oba

3.5. Secdomebi eleqtrulli wredis
Semowmebisas

Ee Beqtrodanadgarebis eleqtrull i sgemebis Semow-
meba zogger garTullebulia imiT, rom ama Tu im e Beqt-
rulli wredis Sesaxeb informacia SeiZleba damaxin-
Jdes. zogjer TvHhian, rom damaxinjeba gamowveu ll ia
eleqtrulli sgemebis Semowmebis Xxerxebis SecdomiT
arCeviT (uSual o CamiwebiT). magaBliTad TvHian, rom
momi_gnave qvesadgurebSi Camiwebis magistrallebis po-
tenciallebis gansxvavebu B obis gamo Camiwebis xerxe-
bis gamoyeneba dauSvebe B ia. aseTi azri mcdaria, rad-
gan Tu Sesamowmebe Bi wredi ar imyofeba Zabvis qveS,
maSin masSi ar gadis sxva deni garda sasinjis wyaros
mier Segmni B 1 denisa da Sesamowmebe B i1 wredis bo-
0l oebze ar aRiZvreba potenciall Ta sxvaoba. aseT
pirobebSi TviT gasinjvis xerxebs ar SeuZl iaT daamax-
injos elleqgtrulli wredebis mdgomareobis Sesaxeb
infFormacia. Aamitom Secdomis mizezi SeiZlBeba iyos
an Sesamowmebe Bi1 wredis Suntireba sxva wredebis
mier an damatebiTi eleqtrulli wredebis warmogmna
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magaBiTil damatebiTi

]
A O wredis warmogmna diodis
vz i i ] ) )
o winaRobis gavBiT Ppirda-
piri mimarTulebiT.
4 £ J / davuSvaT saWiroa iseTi
Mo I{ —

‘\‘}_)@_ e Beqgtrodanadgaris gamomy-
' vanebis numeraciis gan-
nax. 3.13 wredis warmo- SazRvra, romelic Seicavs
gmna diodebis gavBiT  payevargamtarull diodebs.

sgemis Fragmenti moyvani Bia nax. 3.13-ze

CavrTOT sasinji I, ise rogorc naCvenebia nax.
3.13-ze SevaxebT ra sasinjis sacecs 2 sxva danarCen
gamomyvanebs, davinaxavT rom yve Ba samive SemTxvevaSi
sasinjis Cveneba erTnairia. Ees miuTiTebs imaze, rom
an arsebobs defeqti TviTon sgemaSi, an Cveni aras-
wori mogmedebiT SevitaneT Secdoma. (vVTvERIT, rom
sasinjis vargisoba winaswar igna Semowmebu B i).

ra unda gavakeToT imisaTvis rom ganvsazRvroT
sasinjis erTnairi Cvenebis mizezi.

CavTval oT rom sgema vargisia, maSin defeqti
gamowveu B ia Cveni araswori mogmedebiT, amitom mis
mosaZebnad ganvixi BOoT wredi, romeBic warmoigmna
sasinjis CarTvis dros.

sasinjis CarTvisas 1-3 gamomyvanebs Soris ikvreba
wredi: sasinjis (-) saceci- wertilil-kontagti K-
wertiBi2-diodil-wertili3-saceci (+).

sasinji gviCvenebs, rom wredi 1-3 Caketillia da
Sesabamisad gamomyvanebi 1 da 3 ar SeiZBeba erTmane-
Tisagan gansxvavdebodnen. yuradReba mivagcioT imas,
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rom wredSi CarTulli diodi, romll is gantaroba damok-
idebu lia masze modebulli Zabvis po Barobaze. gada-
vaadgi B OT sasinjis sacecebi ise, rom gamomyvanebTan
1 CarTulli iyos (-) saceci. Aam SemTxvevaSi sasinjis
Cveneba nu B is tolia, rac Seesabameba gaTiSull wreds.
Aamitom gamomyvanebi 1-3 SeiZBeba ganvasxvavoT erT-
maneTisgan. wredis 1-3 gamomyvanebze naTqvami SeiZle-
ba mivakuTvnoT wredis 1-4 gamomyvanebs.

zemoTgmu B idan gamomdinareobs, rom naxevargam-
tarulli diodebiani wredebis Semowmebis dros yura-
dReba unda mivagcioT sasinjis sacecebis po Barobas.

magaBiTi 2. wredis warmogmna gamomrTve i kon-
tagqtis gavliT.

davuSvaT, reBur-kontagturi sgemis CarTvis win
saWiroa SevmowmoT 1-2 wertillebs Soris CarTulli
paraleluri wredi (nax. 314), romel Ta Soris aris
ori gamomrTveBi kontaqtis Semcveli wredi. saxell-
dobr wredi 5-6; gamomyvanil-kontagti Kl:l-gamomyvani-
2 wredi 1-2 gamomyvani 1- kontagti K2l-kontagti K3:1-
gamomyvani 2.

movxsnaT Zabva sgemidan K41
- == / 2
da sasinji CavrToT 1-2
gamomyvanebTan. sasinji 5 Ki:f 5
gviCvenebs rom am gamomyv- L~
anebs Soris wredi Ca- K2:f K3:f

ketiBlia da gamarTul {1 LA J 4 LA Z
mdgomareobaSia. CavrTavT \@/
danadgaris muSaobaSi. Aam

dros gamomJRavndeba de- nax. 314 wredis Suntire-

feqti, romelic mdgomare- pa gamomrTvelBi kontagtiT
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obs imaSi, rom erT-erT relimSi 1 da 2 wertillebs
Soris wredi ar irTveba, miuxedavad imisa, rom swori
muSaobisaTvis i1gi Caketi Bi unda iyos. Tu davukvird-
ebiT sgemebs SeiZ B eba davinaxoT, rom wredis Caketva
xdeba kontaqtebiT K2 da K3. Aamitom vamowmebT maT
wesivrobas. Mmoxsni Bi Zabvis dros CavrTavT sasinjs
uSuallod K21 kontagtis 1-3 gamomyvanebTan da K31
kontagtis 4-2 gamomyvanebTan. sasinjis Cveneba gveub-
neba, rom kontaqtebi wesrigSia, magram wredi 1 da 2
gamomyvanebs Soris ar ikvreba raSia mizezi?

radganac wredis K2 da K3 kontagtebi wesrigSia,
amitom vamowmebT 1 da 2 wertilebs Soris arsebobs
Tu ara danadgaris muSaobis dros wredi, risTvisac 3
da 4 wertillebs Soris vrTavT sasinjs, romellic gvaty-
obinebs wredis gawyvetis Sesaxeb. AamasTanave Tu Se-
vamowmebT wreds 3 da4 werti Bebs Soris ganorTulli
Zabvis dros, maSin sasinji gviCvenebs Caketi l wreds.
aseTi mov Benis asaxsneBad mivmarToT nax. 3.14-s

1 da 2 gamomyvanebTan mierTebulia sami paralle-
Buri wredi, rome B Tagan ori warmogmni Bia gamTiS-
veli kontaqtebiT da romBebic relles udeno mdgo-
mareobaSi yofnis dros Caketi lia radganac 1-2 da 5-
6 wredebi CarTulia paralelurad, anitom sakmarisia
Caketili iyos erTi maTgani, rom 1-2 gamomyvanebTan
mierTebisas sasingma gviCvenos, rom maT Soris wredi
Caketi Bia sasinjis 3-4 gamomyvanebTan mierTeba ar
iZBleva saSuallebas vipovoT wredis gawyveta radgan
an dros igmneba CaketiBi wredi: sasinjis sace-
ci_gamomyvani3-kontaqti K2-kontagti KIl-ganomyvani2-
kontagti3-sasinjis saceci. Aamgvarad, aRmoCnda, rom
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Catarebu B 1 Semowmeba ar gvaZ Bevs saSuall ebas gavake-
ToT daskvna yvela paralleBuri wredis wesivrobis
Sesaxeb da saWiroa SevamowmoT es wredebi call-callke.
Aamitom saWiroa 1-2 werti Bebs Soris wredi Sevamow-
moT orjer. Ppirvelad gavTiSoT Kl kontagti, maSin
sasinji gvaZBevs saSuall ebas SevamownoT mxo Bod is
wredi, rome B Sic Sedian K2 da K3 kontaqtebi. Mneore
SemTxvevaSi gavTiSoT K2 kontagti (an K3) am SemTx-
vevaSi mowmdeba wredi 1 wertillidan 2 werti lande
K1l kontagtis gavliT.

aRniSnuli xerxiT warmoebulli Semowmeba gviC-
venebs, rom wreds, romell Sic Sedian K2 da K3 kon-
tagtebi gawyveti lia

agedan gamomdinareobs, rom zogierT SemTxvevaSi
eleqtrulli wredebis Semowmebisas saWiroa Sesamow-
mebe B 1 wredis maSuntirebe B i1 kontaqtebis iZu lebi-
Ti gamorTva an gaTiSva

3.6. meoradi komutaciis sgemebis Semowmeba
Zabvis qveS

ganvixi B oT operatiull i wredebis (narTvis, dacvis,
avtomatikis, signalizaciis, bl okirebis) Semowmebis
sakiTxebi Zabvis qveS.

Zabvis qveS sgemebis Semowmeba swarmoebs gamorTu-
Bi ZaBovani wredis dros elleqgtrulli wredebis mon-
talis sisworis Semownmebis, aparaturis gawyobisa da
izoBaciis gamocdis Semdeg. winaswar Semowmebu N i
unda iyos yve Bla sakontagto SeerTebebi k Bemebsa da
aparatebze. agreTve mowodebu B i Zabvis po laroba
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operatiulli Zabvis pirvel i mowodebis dros unda
davrwmundeT, rom sgemaSi ar aris mokBed SerTva
amisaTvis yendeba mxoBod erTi mcvel i, xo B O meores
adgi B ze CairTveba sakontroBl o naTura Tu wredSi
mok Bed SerTva ar aris naTura ar ainTeba an ainTeba
arasrulli varvarebiT. naTuras unda gaaCndes mcire
Sinagani winaRoba (simZBavre unda i1yos 150-200vt)

mcire winaRobis relles koWaze didi winaRobis
naTuris gavBiT Zabvis miwodebis dros naTuris var-
vareba srull'i varvarebisgan mcired gansxvavdeba. Oop-
eratiulli Zabvis miwodebis Semdeg mowmdeba amuSave-
bis mkafioba relesa da sgemis sxva elementebis
callkeuli kontaqtebis muSaobis mimdevroba wredis
muSaobis yve Ba reJimSi.

dacvis, signall izaciis, avtomatikis sgemebis muSaoba
mowndeba mowyobi B obis avariulli da aranormaluri
reJimebis imitaciiT dacvis releebis, teqgno B ogiuri
gadamwodebisa da sxvaTa kontaqtebis xe B iT Caketvis
gziT.

Zabvis qveS sgemis Semowmebis dros SesaZlebelia
sgemis callkeulli elementebisa da kvanZis muSaobaSi
mEyunebis SemTxvevebi, Mmiuxedavad imisa rom dazianebe-
bi da darRvevebi sgemaSi mraval gvaria. isini SeiZlle-
ba mivakuTvnoT dazianebis Sedeg saxeebs: a) wredis
gawyveta b)mok Bed SerTva, g) miwasTan SeerTeba;, d)
Semov B iTi wredis arseboba; e) sgemaSi Semavali
callkeulli parametrebis uwesivroba an parametrebis
Seusabamoba sgemis moTxovnebTan.

yve B a es defeqti maSinve ar SeimCneva da SeiZ B eba
hgondes sgemis Tvisebebidan gamomdinare sxvadasxvag-
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vari gareSe gamovl inebani. Mmxo Bod sgemis dawv-
rillebiTi analizi, Semowmebis moFiqrebuli gegma
iZleva saSuallebas swrafad da efeqturad gamovav-
BinoT da aRmovfxvraT dazianebebi. radganac sqgema-
Si TiToeulli dazianeba moiTxovs specialur ana-
Bizs, dazianebulli e Bementis gansazRvris meTodika
ar SeiZl eba warmovidginoT saerTo saxe ImZRvane I 0os
saxiT, rome B ic gamosayenebe B'i igneboda yve Bl a SesaZz-
B o SemTxvevebisaTvis.

Nnax. 3.15-ze moyvani B ia zambariani amZravis mgone
zeTiani amomrTvelis marTvis principulli sgema

magaB iTis saxiT ganvixi BOT umartivesi dazianeb-
is SemTxveva: darRveullia Q amomrTve B is bl ok-kon-
taqtis wredi. Ddazianebis gareSe niSania-ar inTeba
HLG naTura. Ddazianebis gamosav Benad saWiroa

1. SevamowmoT mcve B is vargisianoba;

2. SevamowmoT Zabva HLG naTuraze 3 ( Tu naTuraze
da damatebiT winaRobaze ar aris, maSin savaraudod
gawyveti Bia amomrTve B is wredi);

3. SevamowmoT sasignalo naTuris Zafi;

4. SevamowmoT wredis mT Bianoba Q da SQM kon-
taqtebze maTze paralelurad vo B tmetris rig-rigo-
biT CarTviT. Tu V, voltmetris Cveneba nullis to-
Bia, maSin SQM kontagtebi Caketi lia.

SQM daQ kontagtebTan paralleBurad CarTulli V,
vo B tmetris Cveneba mowmobs wredis gawyvetas am kon-
tagtebze operatiull i wredebis Semowmebis dros unda
visargebBoT maRaBomiani vo Bl tmetriT, radganac
daba B omianma vo B tmetrma SeiZBeba migviyvanos sge-
mis aparatis mcdar amuSavebasTan.
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nax. 3.15. zambariani zeTiani amomrTvelis
marTvis principulli sgema

ganxi Bull sgemaSi (CarTvis wredis wesivrobis
dros) vol tnetris magier sakontrol o naTuris danm-
atebiT winaRobiani sasignal o HLG naTurasTan paralle-
Burad CarTvam SeiZBeba gamoiwvios YAS CamrTveli
koWis amuSaveba da amomrTve Bis TviTneburad CarTva.
varvaris naTurebi SeiZBeba gamoviyenoT mxo B od im
SemTxvevaSi, rodesac mowmdeba mcve Bebis mT B ianoba
da wredis mokBed SerTva.
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Tavi IV. Eeleqgtrulli aparatebi da maTi
diagnostika

EeBegtrulli aparati warmoadgens mowyobi B obas,
rome B ic gamoiyeneba e Beqtro momxmareb Bebis, kvebis
wyaroebisa da araeleqtrulli procesebis eleqtro
energiiT marTvisaTvis.

zogadi sawarmoo daniSnulebis eleqtrulli apa-
ratebi, e legtro-sayofacxovrebo aparatebi da mowyo-
bi B obebi gamoSvebulBia 1 kv. Zabvamde, xoB o maRal i
Zabvisa-lkv. zemoT. lkv-nde Zabvis aparatebi iyofian: Xe-
1is, distanciur, dacvis aparatebad da gadamwodebad.

41 eleqtrulli aparatebis kBasifikacia

eleqtrulli aparatebis kBasifikacia xdeba sxva-
dasxva niSnis mixedviT: 1. daniSnu B ebis(aparatis Zir-
iTadi Sesasrullebeli Tungcia) 2. mogmedebis prin-
cipis; 3. sanuSao xasiaTis; 4. Ddenis saxeobis (nudmivi
da cvBladi); 5 denis sididis; 6. Zabvis sididis (1 kv-
mde da 1 kv zeviT); 7. Sesru Bebis; 8Ddacvis xarisxis;
9. konstrugqciis.

Tavis mxriv ZiriTadi Sesasrullebeli TFungciis
mixedviT eBeqtrull 1 aparatebi 1yofa marTvis, dacvisa
da makontro Bebell aparatebad.

1. marTvis aparatebis daniSnullebaa eleqtru-
Bi manganebis, Carxebis, meganizmebis gaSveba, rever-
sireba, damuxruWeba, siCgaris, denisa da Zabvis regu-
Bireba, elegtromomaragebis sistemebSi e leqtroen-
ergiis momxmareb Bis gaSveba da parametrebis regu-
Bireba am aparatebis ZiriTad funqcias miekuTvneba
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agreTve e leqtroanZravebisa da eleqtroenergiis sxva
momxmareb Bebis marTva, gansakuTrebiT xSiri CarTva-
ganorTvis dros. marTvis aparatebs miekuTvneba Xxe-
BiT marTvis aparatebi - Camrazebi, universaluri
gadamrTve Bebi,kontro B erebi, komandokontro B erebi,
paketuri amomrTve Bebi da gadamrTve Bebi, reostate-
bi da sxva. distanciuri marTvis aparatebi -
eleqtromagnituri releebi, magnituri gamSvebebi kon-
tagtorebi da sxva

2. dacvis aparatebi gamoiyeneba eleqtrulli
wredebis komutaciis, e leqtrowredebisa da e Beqtro-
mowyobi B obebis gadatvirTvis,pikuri da mokled
SerTvis denebisagan dasacavad.

Ddacvis aparatebs miekuTvneba dnobadi mcve l ebi,
Thburi da denis releebi, avtomaturi amomrTve Bebi
da sxva.

3. makontrolebeli aparatebis daniSnullebaa
mocemuli eleqtrulli an aracleqtrulli aparatebis
kontroli. aparatebis am jguf¥s miekuTvneba gadam-
wodebi. gadamwodebi elBeqtrull an araeleqtrul
sidides gardagmnian da gamoscemen informacias
eleqgtrullil signalis saxiT. Aam saxis aparatebs
miekuTvneba: denis, wnevis, temperaturis, ndgomareobis,
donis da foto gadamwodebi; agreTve denis, Zabvis,
drois, siCgaris releebi.

4. mogmedebis principis mixedviT eleqtru-
01 aparatebi iyofa maTze mogmedi impu B sebis xasia-
Tis mixedviT, gamomdinare im Fizikuri mov Benebidan
rome l zec dafuZnebuBia maTi mogmedebis principi.
yve Baze ufro gavrcelebulia Semdegi kategoriebi:
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a) sakomutacio eleqtrulli aparatebi. Ggamoiy-
eneba kontagtebis saSuallebiT elBeqtrulli wredebis
CarTva-gamorTvis, erTi kontagtidan meore kontaqtze
denis gadasvlisa da elleqtrulli wredebis gawyveti-
saTvis (denmkveTebi, gadamrTve Bebi );

b) ebleqtromagnituri eleqtrull aparatebi.
maTi mogmedebis principi dafuZnebulia aparatis
muSaobis dros aRZrul e Begtromagnitur Zalaze (kon-
taqtorebi, releebi );

g) indugciuri eleqtrulli aparatebi, romel-
Ta mogmedebis principi dafuZnebull ia denis da mag-
nituri velis urTierTgmedebaze (induqciuri rele),

d) induqciurobis koWebi (reagtorebi, gajere-
bis droselebi),

muSaobis xasiaTis mixedviT eBegtroaparatebs
ganasxvaveben im wredis reJimidan gamomdinare romell -
Sic 1igi aris dayenebulli: lxangrZBivad momuSave
aparatebi; 2. muSaobis xanmok Be reJimSi momuSave; 3.
datvirTvis xanmok Be ganmeorebiT reJimSi momuSave.

saerTo moTxovnebi rome B sac unda akmayo¥i B ebdes
e leqtroaparatebi aris: maTi mowyobi B obisa da mom-
saxureobis simartive, ekonomiuroba (ncire gabarite-
bi da wona), ZviradRirebu Bi masalebis Semcve I obis
minimaBuri raodenoba. Tanamedrove e Beqtroteqgni-
kuri mowyobi B obebis sqgemebSi eBeqtro aparatebs
unda gaaCndeT maRali mgrZnobiaroba, swrafgmedeba
da universall oba, maRali meganikuri da eleqtrulli
cveTamedegoba, dengamtari e lementebis temperaturan
ar unda gadaaWarbos dasaSveb zRvars, izo Bacia gaan-
gariSebuli unda ignes SesaZll o gadaZabvebze.
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Ee Beqgtroteqnikuri mowyobi B obebis muSao-
bis reJimebi iyofa nominaBur, normalur da avar-
iull reJimebad.

NnominaBuri relimis dros elleqtrulli wre-
dis e Bementi muSaobs tegnikur pasportSi denis, Zab-
visa da simZBavris naCvenebi mniSvne Bobis dros,
rac ekonomiurobisa da saimedoobis TvalsazrisiT
Seesabameba muSaobis ufro momgebian pirobebs.

NnormaBuri reldimis dros aparatis eqspluata-
cia xdeba nominaBurTan SedarebiT mcired gansx-
vavebu I parametrebiT

Aavariulli redimi iseTi relimia, roca denis, Zab-
vis, simZBavris mniSvne I obebi nominaBurs aRemateba
orjer da metjer. Aam SemTxvevaSi obieqti unda iyos
gaTiSulli. Aavariul reJims miekuTvneba mok B ed
SerTvisa da gadatvirTvis denebis gavla wredSi,
agreTve gse B Si Zabvis daweva

imedianoba - es aris eqspBuataciis nTeli drois
ganmav B obaSi1 aparatis Seuferxebe B 1 muSaoba.

42. xeBiT marTvis aparatebi

a) Camrazebi warmoadgenen xe BiT marTvis umar-
tives aparatebs, romBebic gamoiyeneba cvBadi denis
660 v da mudmivi denis 440 v Zabvamde e leqtrodanad-
garebis CarTva-gamorTvisaTvis.

Ppo B usebis mixedviT Camrazebi iyofa erT,or da
sam po Busianad,marTvis mixedviT: centralluri da
gverdiTi saxeBuriT,xoBo SeerTebis mixedviT: pan-
el ze wina da ukana SeerTebiT. centralur saxeBuri-
ani Camrazebi gamoiyeneba udeno elBeqtrull wredebis
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nax. 4.1. Camrazebi

gasaTiSad,xoBlo gverdiT saxelBuriani Camrazebi -
datvirTvis qveS myofi wredebis gasaTiSad.

zogierTi saxis Camrazi naCvenebia nax. 4.1-ze.

centrallur saxelBuriani Camrazebi gamoSvebu-
Bia rka@mgrobi mowyobi Bobis gareSe, bolo gver-
diT saxeBuriani-rkaBImgrobi mowyobi BobiT.

ganorTvis dros danebis gadnobis Tavidan ac-
i Bebis mizniT Canrazebi mzaddeba naperwkal da rkallm-
gqrobi kontagtebiT. naperwka Emgrobi kontaqgtebi, rom-
I iTac aRWurvi B ia danebi gamorTvis dros tuCebidan
ganodian zambarebis mogmedebiT

nax. 4.2-ze naCvenebia amomrTve B-ganmamxo B oeb B ebi.

nax. 4.2. amomrTve l-ganmamxo B oeb B ebi
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zogierT SemTxvevaSi Camrazebi SeTavsebulia
mcve BebTan da es mcve Bebi gamoyenebu B ia danebad.
aseTi konstrugcia saSuallebas iZBeva Camrazma Seas-
rullos dacvisa da komutaciis fungcia.

b)Ppaketuri amomrTve Bebi da gadamrTvele-
bi. Ppaketuri amomrTve Bebi gamoiyeneba cvBadi 380 v
Zabvamde da 60 a denamde da mudmivi 220v Zabvamde da
100 a denamde. Ppaketuri amomrTve Bebi da gadamrTve B e-
bi CamrazebTan SedarebiT ufro kompagturia isini
montaldeba iseTnairad rom pane I ze gamodis mxo 1 od
saxe Buri, rac uzrunve Byofs momsaxure personallis
usaFrTxoebas. Ppaketuri gadamrTve Bi naCvenebia nax.
4.3-ze.

Ppaketuri gadamrTvelis saxeBuris 90° 1T Semo-
brunebisas SegviZBlia CavrToT an gamovrToT
e B .danadgari. saxeBuris 4 mdgomareobidan ori
Seesabameba CarTull da ori gamorTull mdgomareobas.

nax. 4.3. paketuri amomrTveli
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Ppaketur gadamrTve B Si mxoBod erTi mdebare-
oba Seesabameba e B eqtro danadgaris gamorTull mdgo-
mareobas, xo B o danarCeni sami -sxvadasxva wesiT
CarTulls. Nnax. 44-ze naCvenebia sam siCgariani Zravas
paketuri gadamrTve B1T CarTvis sgema. OoTx pozician
paketur gadamrTve B's agvs eqvsi uZravi kontaqti. erTi
pozicia (0) Seesabameba Zravis gamorTull mdgomare-
obas. Zravis statorSi Callagebullia ori gragnili.
erTi gragnili SeerTebullia varskvBlavad, xolo nme-
ore SeuZlia gadairTos sankuTxedidan ormag varskv-
lavze.

sgemis mixedviT saxe Buris 1 mdgomareobaSi Zrava
SeerTebulia gselis kBemebTan 3C1, 3C2 da 3C3 -

YN Y
012 3

LIIJ 3C3

| 3C2 3C1

2C2

nax. 4.4. sam siCgariani elleqtro Zravas paketuri
gadamrTve BiT CarTvis sgema
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Tan.Zravas statorSi igmneba mbrunavi magnituri veli
sami wyvilli poBRusiT (2P =3). amn dros Zravis sin-
qgronuli brunvis siCgare

nzﬁzwﬂooo br/wT,
2p 3

sadac f =50hc qgselis sixSirea

gadamrTve Bis mar jvena kBemebis marcxenasTan
SeerTebas uCveneben werti Bebi xazebiT, romell Ta ver-
tikall ze naCvenebia gadamrTvelis saxeBuris mdgo-
mareobis Sesabamisi cifrebi.

gadamrTve b is saxeBuris 1 mdgomareobaSi marcx-
ena zeda k B ema SeerTebu B ia Zravas 3C1 k BemasTan, marcx-
ena Sua kBema — 3C2- Tan, xo B 0 marcxena gveda k I ema
-3C3 k BemasTan saxe Buris 3 mdgomareobaSi gadamrTve-
Bis marcxena kBemebis Zravas 1C1, 1C2 da 1C3 k N emas-
Tan SeerTebiT xdeba 2C1, 2C2 da 2C3 k B emebis erT-
maneTTan SeerTeba amiT ganpirobebull ia Zravas grag-
ni Bebis SeerTeba ormag varskvBavad da warmoigmne-
ba poRusebis erTi (2p=1) wyvilli, ris gamoc Zravas
siCgare n=3000br/wT.

saxe Buris 2 mdgomareobaSi marcxena zeda k Bema
uerTdeba Zravas 2C1 k B emas, Sua marcxena k I ema- 2C2-s,
xo B o qveda marcxena- kBema= 2C3-s. am dros Zrava
CairTveba samkuTxedad da igneba po B usebi ori wyvi i
(2p=2) da Zravas siCgare n=1500 br/wT.

samfaza paketuri gadamrTve Bebi Camrazebisa-
gan gansxvavdebian imiT, rom moZrav kontaqgtebs (danebs)
agvT ara erTi aramed ori Caketili mdgomareoba.
Ddanebi SeiZ B eba CairTos sami mar_jvena da sami marcx-
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ena uZravi kontaqtebiT. aseTi gadamrTve B ebi gamoiy-
eneba samfFaza Zravas CarTvisa da brunvis mimarTu Bebis
Secv lisaTvis ( reversirebisaTvis).

g) RiBakebi. RilBakebis daniSnulebaa 660 v Zab-
vande da 50 hc cvBadi denis eleqtrull wredebSi

nax. 4.5. Ri Bakebi

magnituri gamSvebebis, kontagtorebisa da avtomatikis
re B eebis operatiulli marTva

nax. 4.5-ze mocemu l ia sxvadasxva saxis Ri Nakebi.

mocemu B i Ri Bakebi gamoiyeneba amwe-meganizmebis
marTvis wredebSi. Ri Bakebis ZiriTad dazianebad
iTvl eba meganikuri dazianeba, gacveTi Bi kontagtebi
da cudi kontaqti sadenebis mierTebis adgi BebSi.

d) sagzao da saboB oo amomrTve Bebi gamoiye-
neba meganizmebis zusti gaCerebis uzrunve ByoFis
mizniT, radganac zusti gaCereba miiRweva e BeqtroZra-
vas daballi brunvis siCgareze gadayvaniT, anitom sab-
ol oo amomrTvelis arCevis dros upiratesoba eniWe-
ba kontaqtebis momentaBuri gaTiSvis unaris mgone
amomrTve Bebs. Nnax. 4.6-ze WrilBSi moyvani Bia sab-
ol oo amomrTve Bebi kontagtebis momentaBuri gaTiS-
viT (BK-200I" da BK-300I)
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nax. 4.6. BK-200I' da BK-300I' tipis sabo B oo
amomrTvelis Wrili

korpusze damagrebu B ia uZravi kontaqtebi 2, xoll o
moZravi kontagtebi damagrebulia berketze 4. Kkon-
tagtebis gadarTva xorcieldeba amZravi berketis 5
mobrunebiT, rome Bl ic zambaris 6 saSuallebiT SeerTe-
bullia samarTTan 7. amZravi berketebis mobrunebis
dros zambaras 8 mogmedebis Zala gadaecema burTu-
Bas 12 da Tamasas9, romell ic xistad dakavSirebull ia
berketTan 4 myisierad mobrundeba da gaanTavisuf l ebs
sakete B a 10. Aam dros gamomrTve B is kontaqgtebi gada-
irTveba Ggarda zemoT moyvani Bi amomrTve Bebisa nax
4.7-ze mocemu B ia sxva saxis amomrTve I ebi.

BI1K-2110 tipis amomrTve B i xasiaTdeba sawyis mdgo-
mareobaSi TviTdabrunebiT.
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g)
nax. 4.7. sagzao amomrTve Bebi: a) BIMK-15K21;
b) BMK-2110; 2111; 2112; g) BMN-19M21

zemoT aRniSnulma sagzao amomrTve Bebma FarTo
gamoyeneba hpoves. isini xasiaTdebian simartiviTa da
siiaFiT. zogierTi maTgani xasiaTdeba sakmao sizustiT,
magram am aparatebs gaaCniaT rigi uaryofiTi Tvisebe-
bi. maTTvis damaxasiaTebe Bia meganizmis mogmedebis
sakmaod daballi siCgare;, kontagqtebis eroziis gamo
muSaobis SezRudu l'i vada, SezRudu i swrafgmedeba,
moiTxoven periodul regulirebas. Aamitom ukanaskne i

xanebSi am, meganizmebis marTvis sqgemebSi iyeneben
meganizmis mdgomareobis ukontagqto gadamwodebs.

e) meganizmis mdgomareobis ukontagto gada-
mwodebi uzrunve ByoFfen meganizmis maRall swrafgmede-
bas da CarTvaTa did sixSires. maT uvaryoFfiT Tvise-
bad iTvBeba maTi sizustis damokidebu Beba kvebis
Zabvisa da temperaturis cvhlillebaze. moTxovni le-
bidan ganomdinare an mowyobi Bebis gamosavall aparatad
SeiZ B eba gamoyenebu B'i iyos an ukontagto HNogikuri
elBementi an eleqtrulli rele

177



e BeqtroamZravebis zusti gaCerebis sgemebSi ukon-
tagto gadamwodebi SeiZBeba gamoyenebuBi ignes
rogorc daball siCgareze gadasvl isas, aseve gaCereb-
is brZanebis gasacemad.

yve Baze ufro gavrce Bebul ia Semdegi tipis ukon-
tagto gadamwodebi: indugciuri, generatoruli, mag-
nitogerkonulli da fotoelegtronuli. Aam gadam-
wodebs ar agvT meganikuri kontaqti sakontro Beben
moZrav obieqtTan.

indugqciuri gadamwodebis muSaobis principi
dafuZnebu B ia FeromagniturguBariani koWis indu-
gciur winaRobis cvlilebaze magnitur wredSi sa-
haero RreCos cvlilebis dros. Mneganizmis mdgomar-
eobis kontrolisaTvis gamoiyeneba WKB-22 tipis in-
dugciuri gadamwodi, metaBurgiull saanqroebSi N1-5,
BiTonsaWrell garxnebSi gamoiyeneba mcire gabari-
tiani BCI tipis sagzao gadamrTveli Bogikuri ell-
ementiT an BPI tipis eleqtrulli relleTl

BiTonsaWrel i Carxebis avtomatizaciisaTvis ganm-
oiyeneba maRali sizustis?BKbatipis gadamwodebi.

generatorull i gadamwodebis gamoyenebis SemTx-
vevaSi sakontro Bl o sididis cvlilleba gardaigmneba
gamosasvilell ze emZ-is cvililebad. aseT gadamwodeb-
Si gamosasvleli sididis cvlillebisTvis ar moiTx-
oveba call ke kvebis wyaro. Ggeneratorull i gadamwodebi
xasiaTdebian maRalli sizustiTa da kompagqturobiT.
gansakuTrebiT kargad muSaoben KBO-6M; KB[-25; KBIM-8
da KBIM1-16 seriis gadamwodebi.

v) kontroBlerebi kontroBerebi warmoadgenen
mrava Bwredian eleqtrull aparatebs xelis amZraviT,
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roml ebic gamoiyeneba 440v Zabvamde mudmivi denisa da
500 v Zabvamde cvBadi denis Zravebis Zalovani wre-
debis komutaciisaTvis. Kkonstruqciis mixedviT isi-
ni iyofian: muStado Bur, brtyell da magnitur kon-
trolerebad.

cviladi denis Zabvebis marTvisaTvis gamoiyeneba
KKT-61; KKT-61A; KKT-62; KKT-101; KKT-102 tipis kon-
trolerebi, rome I Tac gaaCniaT meganizmis moZraobis
orive mxares simetriull i kontaqtebi 380 v nominalur
Zabvaze.

mudmivi denis Zravebis marTvisaTvis gamoiyeneba
KKM-101 da KKI1-102 tipis kontro Berebi 440 v Zabvam-
de. maT gaaCniaT 12 ZaBovan kontagtebamde da saxe-

a) b)

1118

g) d)

nax. 4.8. magnituri amamuSaveb Nebi
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Buris nulovani mdebareobidan TiToeull mxares 6
poziciande. TiToeull pozicias gaaCnia Figsacia

ufro metad gamoiyeneba magnituri kontrolere-
bi, romBebic Sedgebian komandokontro Berebisa-
gan da kontaqtorebisagan. Kkomandokontroleri
kontagtebis daxmarebiT CarTavs an gamorTavs Zabvas
kontagtoris koWaze, rome B ic Tavisi ZaBovani kon-
tagqtiT CarTavs an gamorTavs eleqtroZravas. Ees
saSuallebas iZBeva avamaR BOT avtomatizaciis xarisxi
elegtroamZravis moZravi meganizmebis marTvis siste-
mebSi.

43 distanciuri marTvis ZalBovani aparatebi

a) magnituri amamuSaveb Bebi mokBedSerTul-
rotoriani asingronulli elegqtroZravebis amuSaveb-
is, gaCerebis, reversirebisa da dacvisaTvis distanci-
uri marTvis ZiriTadi eleqtrulli aparatebia isini
Seicaven kontagtorebs, romblebic axorcie B eben Zall o-
vani eleqtrull wredebis komutacias nominaBuri da
gadatvirTvis denebis dros; marTvis Ri Bakebs; Thur
reBeebs, romBebic icaven Zravebs gadatvirTvisagan

umetesad gavrce Bebu lia amamuSaveb B ebi, romell -
Ta ZaBovani wredis komutacia xdeba el egtromagni-
turi anZraviT.

dRevandel pirobebSi bazarze warmodgeni Bia
rogorc rusulli, aseve evropulli Firmebis mier war-
moebu B'i magnituri amamuSaveb Bebi 690v muSa Zabvamde
da 250 a denis Zalamde.

Nnax. 4.8-ze warmodgeni B ia sxvadasxva seriis mag-
nituri amamuSaveb B ebi.
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b)
nax. 4.9. kontagtorebi
nax. 48 ab —ze warmodgeni Bia KNL seriis magni-

turi amamuSaveb B ebi. maT gaaCniaT marTvis sxvadasxva
varianti, rogorc distanciuri, aseve adgi B obrivi.

Nnax. 4.8. g-ze warmodgeni B 1a [TMA-300 seriis, xollo
nax.4.8.d-ze ?TIME-200 seriis magnituri amamuSaveb lle-
bi. Ees magnituri amamuSaveb Bebi gamoiyenebian sta-
cionalur danadgarebSi samfaza asingronuli Zrave-
bis distanciuri amuSavebisaTvis uSuallod gse l Tan
CarTvis, gaCerebisa da reversirebisaTvis.

b) eleqgtromagnituri kontagtorebi warmoad-
genen distanciuri mogmedeebis aparatebs, romel Ta
daniSnu Bebaa ZaBovani eleqtrulli wredebis komuta-
cia. Kkontagtorebis CarTva-ganorTva xdeba e Beqtro-
magnituri amZravis daxmarebiT. igi Sedgeba ZiriTadi
kvanZebisagan: mTavari kontaqtebi, rka Bmgrobi sisteme-
bi, el egqtromagnituri sistemebi, damxmare kontaqgtebi.

mTavari kontaqgtebi axorcieleben Zall ovani
wredis CarTva- ganorTvas, isini gaTvBili unda iyos
nominaBuri denis xangrZliv gatarebaze da CarTva-
ganorTvis did ricxvze.

rkalBmgrobi sistemebi uzrunveByofen mTavari
kontagtebis gaTiSvis dros wrmodgenili eleqtru-
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Bi rkallis Cagrobas. rkaBmgrobi sistemebis konstru-
gcia ganisazRvreba mTavari wredis denis saxeobiTa
da kontagtoris muSaobis reJimiT.

Kkontagtoris eleqtromagnituri sistema
uzrunve Blyofs kontagtoris distanciur marTvas.
Ee Beqtromagnituri sistema Sedgeba gu Bl aras, Ruzis,
koWisa da samagri detall ebisagan.

Ddamxmare kontaqtebi awarmoeben gadarTvebs
kontagtoris marTvis b B okirebasa da signall izaciis
wredebSi. isini gaTvlilia ara umetes 20a denis xan-
grZl iv gatarebaze da araumetes 5a denis gamorTvaze.
Kkontagtebi srulldeba rogorc nC, ise nR saxiT.

kontagtorebi daniSnullebis mixedviT gvxvdeba
mudmivi da cvBadi denis, ukanasknel xanebSi didi
gamoyeneba aqvT vakuumur kontagtorebs.

nax. 4.9-ze warmodgeni Bia ori tipis kontagtori.

nax. 49, a-ze warmodgeni B ia KT-7100 Y seriis kon-
tagtori, rombis nominaBluri denia 125 a, nominaBuri
Zabva 630 v, xo B0 koWa SeiZBeba gaTvRilli iyos 36, 127,
220, 380, 440, 500 da 600 v cv B ad Zabvaze.

Nnax. 4.9, b-ze Zabvaze warmodgeni Bia KB 1 seriis
vakuumuri kontaqtori, romelic warmoebis mier ga-
moSvebu B i1a 160, 250,400a denze dall40 v Zabvamde.

KkoWa gaTvBili SeiZleba i1yos 24, 36, 75, 110, 220v
mudmiv da 127, 220, 380v cv B ad Zabvaze.

g) magnituri amamuSaveb Bebisa da kontagtore-
bis diagnostika.

magnitur amamuSaveb B ebs da kontagtorebs amownme-
ben Semdegi programis mixedviT: gare daTvall iereba,
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magnituri da kontagturi sistemis regull ireba, den-
gamtari nawi Bebis 1izoBaciis winaRobis Semowmeba.
MmTavari kontaqtebis mdgomareoba. kontagturi
sistema warmoadgens magnituri amamuSaveb Bebisa da
kontagtorebis ZiriTad nawi B's, anitom maTi mdgomar-
eobis Semowmebisas unda gamoCeni B ignes gansakuT re-
buli yuradReba. Semowmebis dros mowmdeba yvela
detall is: aramagnituri safenis, mok Bed SerTull'1 xviis,
rka B mgrobi kameris, damWeri WanWikebisa da ganCebis,
saye Burebis arseboba
kontagtebi unda irTvebodes erTdroulad. ara-
erTdroulloba SeiZleba aRmoifxvras mTavari kon-
tagtebis Rilakze caBluRis (“OIIOO” ) gadaWeriT.
CarTu l mdgomareobaSi kontagtebi erTmaneTs unda
exebodnen qveda nawi BebiT . kontagtebis mTel si-
grZeze ar unda gadiodes sinaT Bis sxivi. Kkontaqte-
bis zrdapirze metallis wveTebis arseboba zrdis
kontagtis winaRobas 10 da metjer, anitom aseTi wveT-
ebis SemCnevis SemTxvevaSi 1isini unda movaci BoT
qBibiT. Kkontaqtebis zedapiris zumfaris gaRaldiT
gawmenda da gapoxva akrZaBulia CarTull i kontaqgte-
bis Semowmeba unda moxdes mikroommetriT.
Mmagnituri sistemebis mdgomareobis Semow-
mebisas pirvel rigSi xelis dawoBiT mowmdeba
kontagtoris svlis simsubuge. Mmagnituri sistenis
svla unda iyos mdore biZgebisa da CaWeqvis gareSe.
cv ladi denis kontagtoris koWaSi denis gavll is dros
unda ismodes susti xmauri. ZRieri guguni miuTiTebs
Ruzis an gu Baris araswor damagrebaze, mok B edSerTu-
Bi xviis dazianebaze an e Beqtromagnitur gu larasTan
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aramWidro mibjenaze. Ggugunis SemcirebisaTvis
saWiroa 1. Ruzisa da gularas damWeri xraxnis daW-
era; 2. Aan dazianebu B'i mokBedSerTull'i xviis ganocv-
B3 amamuSaveb B is elBeqtromagnituri sistemis orive
naxevris Sexebis zedapirebis gasufTaveba da morgeb-
IS sizustis Semowmeba.

Ruzasa da gu B aras Soris Sexebis sizustis Semow-
mebisaTvis maT Soris unda davdoT gaRaBdis TeTri
Turceli da xeBiT davaweT kontagtors, an ama-
muSavebe Bs . Sexebis zedapiri unda 1yos magnitoganm-
taris ganivkveTis aranak Beb 70%.

mcire Sexebis zedapiris dros es defeqti SeiZlle-
ba gamoswordes gularisa da Ruzis swori dayenebiT.
Tu RreCo didia, maSin saWiroa magnituri sistemis
TfurcBlovani foladis gaswvriv zedapiris gaxexva.

Ggarda amisa gansakuTrebiT sapasuxismgeb B o kon-
tagtorebsa da magnitur amamuSaveb B ebSi gansazRvraven
mTavari kontagtebis sawyis da saboBl oo dawolis
Zalas. sawyisi dawolis Zala igmneba kontaqgtebis
Sexebis momentSi sakontro B o zambaris mier. igi ax-
asiaTebs zambaris drekadobas. Ddawo Bis sabo B oo
Zala axasiaTebs mT Bianad CarTull kontagtoris dros
kontagtebis dawo Bas. Ddawo B is sawyisi da sabo B oo
Zalebi ganisazRvreba dinamometris daxmarebiT

Ruzis miwebeba guBlarasTan. Ruzis miwebeba
guBlarasTan xdeba aramagnituri safenis ar arsebo-
bisa an misi arasakmarisi sisgis gamo, amamuSavebe B'i
SeiZleba ar gamoirTos koWidan Zabvis mT B iani mox-
snis SemTxvevaSic ki. Aan dros saWiroa sakmarisi sis-
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qis aramagnituri safenis gamoyeneba an sahaero RreCos
arseboba.

CarTvis dros ar xdeba amamuSavebBis TviT-
b B okireba. Aam dros saWiroa Semowmdes amamuSaveb-
Bis mabBokirebeli kontagtebis mdgomareoba. Kkon-
tagtebi CarTull mdgomareobaSi mWidrod unda iyos
mibgeni Bi erTmaneTs da unda irTvebodnen mTavar
kontagtebTan erTad. Bb B ok-kontaqtebis RreCoebi ar
unda aRematebodes dasaSveb mniSvne B obebs. saWiroa
CavataroT amamuSaveb B is b B ok-kontaqgtebis regullire-
ba. Tu bl ok-kontaqgtebis Cavardna 2mm-ze nak B ebia, ma-
Sin bl ok-kontagtebi unda Seicval os.

Kkontagtorebis da magnituri amamuSaveb Bebis
denganmtari nawi Bebis izoBaciis winaRoba mowmdeba
megaommetriT 500 an 1000 v Zabvaze. koWis izo Baciis
winaRoba ar unda iyos 0.5 momze nak l ebi.

4.4Ddacvis ZalBovani aparatebi

Ddacvis aparatebis daniSnu ll ebaa avtomaturad am-
orTos dasacavi eleqtrulli wredi muSaobis aranor-
maBuri redimis dros.

Ddacvis aparatebs miekuTvneba: dnobadi mcveli,
avtomaturi amomrTve i, denisa da Thuri releebi.

a)Ddnobadi mcveli es aris elleqtrulli aparati,
rome Bic icavs el eqtrodanadgars gadatvirTvisa da
mok Bed SerTvis denebisagan denis gansazRvrulli
mniSvne B obis gadaWarbebis SemTxvevaSi speciall urad
amisaTvis gaTvall iswinebu B i dengamtari nawi Bis gaw-
yvetis gziT.
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xangrZ b ivi eqspBuataciis pirobebSi mcvellebi
icvlian Tavis maxasiaTebBebs — “Zve B debian”. Aamit-
om saWiroa isini periodullad SevcvaloT axHhiT.

Mmcve Bebis momsaxureoba daiyvaneba kontagqturi
SeerTebebis mdgomareobis Semowmebamde da gadamw-
vari mcve Bebis saTadarigo garxnu i wesiT damzade-
bulli mcvelebiT Secvlande.

pragtikaSi xSirad dnobad mcvelBlebs cvlian
spi BenZis sadeniT, rome Bsac amagreben masris gare
zedapirze, rac yovBlad dauSvebe Bia sadenis gada-
wvis SemTxvevaSi SeiZBeba gaCndes xanZari an daTva-
Bierebis dros SeiZleba miviROT Tvalis travma an
xe Bis damwvroba.

Mmcve B ebis Secvl is dros unda davicvaT usafrTx-
oebis wesebi. Mmcve i unda Seicvall os moxsni Bi Zab-
vis dros. Tu Zabvis moxsna SeuZ B ebe Bia, maSin mcve B eb-
is Secvlla unda moxdes dieleqtrulli xel TaTmanebis
an marwuxebis saSuallebiT.

NMH2 tipis (nax. 410) dnobad mcvels usafrTxo
momsaxurebisaTvis gaaCnia T-sebri gamonaSveri, rom-

BiTac specialuri saxeluris
gamoyenebiT advi Bad gamov-
iRebT kontagtebidan.

dnobadi mcve b is gamoy-
enebas gaaCnia mniSvne B ovani
dadebiTi Tviseba, kerZod, rome-
Bime ubnis dazianebis SemTx-
vevaSi gamrTavs mxo Bod am
nax.4.10. MH2 tipis ubans da danarCeni darCeba
dnobadi mcveli muSaobasSi.
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04kv sahaero xazebis datvirTvis dnobadi mceve I eb-
is gamoyenebisas, e Bl eqtrodanadgaris mowyobis weseb-
is Tanaxmad, isini arCeull unda ignas mok Bed SerTvis
denebis mniSvne B obaze 3-Jer nakBebi sididis.

Bb) avtomaturi amomrTve Bebi. avtomaturi amom-
rTve Bebis daniSnu B ebaa daicvas eleqtrulli wrede-
bi gadatvirTvisa da mokBed SerTvis denebisagan.
Aaseve SeiZll eba gamoyenebu B ignes ubnebis operatiu-
Bi marTvis gansaxorciellebBad gadatvirTvisagan
dacva xorcieldeba Thuri an eleqtronulli mowyo-
biBobiT, xolo mokBed SerTvis denebisagan dacva
xorcielldeba elegtromagnituri an eleqtronuli
gamTi1SebiT.

avtomaturi amomrTveBebis Tanamedrove Taobas
miekuTvneba nax. 4.11-ze mocemu B i BA-47-29 seriis amom-
rTve l ebi.

EelBegqtrull wredebSi gadatvirTvisa da mokHBed
SerTvis denebisagan dasacavad, mok BedSerTull ro-
toriani asingronulli Zravebis, gaSvebis, gaCerebisa
da datvirTvis, agreTve 380 vo Bt Zabvande eleqtrul
wredebSi normaBur redimSi komutaciisaTvis zemoTx-
senebu B is garda FarTod ganoiyeneba sxvadasxva seriis

';’.;(1.:-1-?|f*‘"'|

nax. 4.11.7BA-47-29 seriis avtomaturi amorTveli
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a) b)
nax. 4.12. a) AE-2040iseriis samfaza avtomaturi
anomrTve bi; b)aA63 seriis erTfaza avtomaturi
amomrTvel i

avtomaturi amomrTve Bebi. MmagaB iTisaTvis nax. 4.12-
ze moyvani Bia ori maTgani.

miuxedavad avtomaturi amomrTve Bebis tipebis
mrava B ricxovnebisa, yve Ba isini Sesdgebian xuTi Zir-
iTadi nawi B isagan, esenia: korpusi, muSa meganizmi,
kontagtebi da rkalBmgrobebi, dacvis e Bementebi da
SemaerTebe 1 k Nemebi.

Kkorpusi CamosxmuBia poBRimerull an minaboWko-
vani masall isagan, rome B Sic Serwymu ll ia cveTandego-
ba da maRali elegtrulli simtkice korpusSi gan-
Bagebulia amomrTvelis detallebi da rac yveBaze
mTavaria korpusi uzrunve Byofs Zabvis qveS myoTi
detallebs Soris i1zolacias.

muSa meganizmi uzrunve Byofs CarTvasa da ganm-
orTvas saxe Buris saSuallebiT. “ON” mdgomareobidan
“OFF” mdgomareobaSi an (nax. 4.13, a) piriqiT.

muSa meganizmi dacvis meganizmisagan damoukidebe-
Bia anu saxeBuris “ON” mdgomareobaSi daWera xell's
ver SeuSHBis dacvis amogmedebas. Tu amomrTvelis
saxe Buri imyofeba zeda (“ON”) mdgomareobaSi, maSin
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Nnax.4.13. amomrveBis saxeBuris mdgomareoba

avtomaturi amomrTve Bi CarTu lia (nax. 412, a), Tu im-
yofTeba qveda (“OFF”) mdgomareobaSi- gamorTu B ia (hax.
42, b), xol o Tu imyofeba Sua mdgomareobaSi (nax. 4.12,
b),maSin es niSnavs,rom imogmeda dacvam. xeBaxalli
CarTvisaTvis saWiroa jer saxeBurs davawveT Zirs
mdgomareoba “OFF”, xo o Semdeg gadaviyvanoT saxe-
Buri “ON” mdgomareobaSi.

Kkontagtebi da rkalBlmgrobebi. moZravi da
uZravi kontaqtebi gmnian wyvi Bs. anomrTvelis CarT-
va-ganorTvis dros maTze modis didi datvirTva, ami-
tom kontaqtebis masalebi airCeva Semdegi sami krite-
riumidan: minimaBuri winaRoba, magsimaBuri cveTam-
degoba da miwebebisadmi magsimaBuri medegoba. Aamit-
om kontagtebis meganizmi damuSavebu B ia CarTvisa da
ganorTvis adgi Bebis dayofiT. CarTvis adgili Sei-
cavs didi raodenobiT vercxls, xolo gamorTvis
(rkalis warmogmnis) adgi Bi-vo l Frams. (nax. 4.14).

Mmok Bed SerTvis denebis gaTiSvis dros war-
moigmneba saWiroeba gavfantoT rkallisa da gamoyo-
Filli siThos saxiT aRZrulli energiis didi raodeno-
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Nnax. 4.14. ormagi mogmedeba kontagtebi:
a) CarTva, b) gamorTva

ba. amisaTvis gamoiyeneba rkaBmgqrobi meseri (nax 4.15),
rome Bic Sedgeba specialuri Fformis, erTmaneTisagan
izolirebulli Foladis Firfitisagan. roca kontagtebi
gaiTiSeba, maSin warmoigmneba e Beqtrulli rkalli, Fir-
TitaSi aRiZvreba magnituri veli, romelic rkalls
waanacv B ebs meserisaken. EeBeqtrulli rkalli grZe B deba
da iSHBeba mravall mcire rkallad, rome l Ta temperatu-
ra ecema meseris Firfitebis maRali Thogamtarobis
gamo da aRar iwvevs haeris ionizacias.

Ddacvis e Nementebi. Aam e Bementebis Fungciaa
gadatvirTvis an mokBed SerTvis SemTxvevaSi gaTi-
Sos muSa meganizmi.
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Nnax. 4.15. rkalmgrobi
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gadatvirTvis SemTxvevaSi arsebobs gaTiSvis ori
meTodi: bimetaBuri da hidravlikuri. BbimetaBuri
meTodis gamoyenebis dros wreds TiSavs ori sxvada-
sxva gvaris metall isagan Sedgeni Bi bimetaBuri elle-
menti. DAdidi denebis gavlis dros bimetaBuri el emen-
ti moiRuneba imdenad, rom imogmedebs gamTiSav Fir-
Titaze. Ees elementi aiwyoba mxo B od sagarxno pi-
robebSi da ar SeiZBeba davarRvioT maTi mT B ianoba.

hidrav Bl ikuri meTodi dafuZnebulia solenoid-
Si gamava Bi denis mier ganowveu I ZalBlaze. Nnormallur
pirobebSi eBeqtromagnitis Zalla (nax. 4.16) gawonas-
worebu ll ia zambaris wnevis ZaliT. gadatvirTvis dros
elBeqgtromagnitis Zalla i1zrdeba, ris gamoc izrdeba
dawo Ba zambaraze da moZravi rkinis gullari gaTi-
Savs muSa meganizms.

mok Bed SerTvis SemTxvevaSi saWiroa ufro swraf-
mogmedi dacvis mowyobi Boba. Aam mizeziT Termoe le-
mentTan erTad gamoiyeneba magnituri gaTiSvis prin-
cipi.

mok Bed SerTvis SemTxvevaSi mok Bed SerTvis deni
aiZu lebs elegtromagnits miizidos Ruza, romelic

3)

[ —

\ jmm——=

(W)

G

1

nax. 4.16. hidravBlikuri gaTiSvis meTodi:
a) normaluri mogmedebis; b) SeneBebulli mogmedebis;
g) myisieri mogmedebis
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xsnis gamTiSve B meganizms. Ees procesi xdeba Zall ian
swrafad da Seadgens daax B oebiT 20 mwm

SemaerTebe D1 kWBemebis saSuallebiT amomrTveli
uerTdeba kvebis wyarosa da datvirTvas. Aarsebobs
SeerTebis ramdenime meTodi. Mmagal iTad sall teebiT,
WanWikebiT, gasarTebiTa da sxva.

avtomaturi amomrTve Bebis gamocdis dros gasa-
zom sidides warmoadgens denis mocemu Bi sididisas
(romeBic aRemateba avtomaturi amomrTvelis nomi-
naBlur dens) gamorTvis dro.

gamocdis dros avtomaturi anomrTve Bi unda iyos
dayenebu B1 vertikalurad da gamorTulli gselidan.
Aavtomaturi amomrTvelis TiToeull poRusSi Camon-
talJebu B 1a Tavisi Tburi e Bementi, rome B ic mogmedebs
saerTo momxsne l ze.

rom davrwmundeT yve Ba Tburi el ementis mogmede-
bis sisworeSi saWiroa ToToeull1 maTgani Sevamow-
moT callke, radganac TiToeulli amomrTve B is Semow-
mebaze ixar jeba ramdenime saaTi, amitom rekomendire-

nax. 4.17. PT-2048-01 tipis gamosacdeli kompHNeqti

192

bulia gamovcadoT igi ormagi-sammagi nominaBuri
denis sididiT yvela poBusis erTdroulli datvirTvis
dros. Tu Tburi el ementi ar arsebobs , maSin avtonma-
turi anomrTve Bi uvargisia da Semdgom gamocdas aRar
eqvemdebareba. Aavtomaturi amomrTve Bebis gamocdis-
aTvis gamouyenebe B 1a sxadasxva tipis aparatebi. nax.
417-ze moyvani Bia PT-2048-01 tipis gamosacdeli ko-
mp Beqti, rombBis regulirebis diapazonia 10-1000
amperi.N

45 releebi

relle ewodeba mowyobi Bobas, romell Sic gansaz-
Rvrull sazRvrebSi uwyvetad cvall ebadi marTvis (Sesav-
alli) signalis zemogmedebiT xorcie Bl deba gamosava-
Bi signallis cvlilleba (gadarTva).

releebma FarTo gamoyeneba hpoves avtomatikis
sistemebSi, radganac maTi daxmarebiT mcire simZBavris
Sesavalli signaliT SeiZlBeba didi simZBavreebis mar-
Tva; Bogikuri operaciebis SesruBleba, mravall fun-
gciuri sareBeo mowyobi B obebis Segmna; eBeqtrulli
wredis komutacia;, sakontro 1 o parametrebis mocemu-
Bi donidan gadaxris dafigsireba;, damamaxsovrebe-
1i e Bementebis Funqciis Sesrulleba da sxva. Uupirve-
Besi gamoyeneba reBleebma hpoves sareBleo dacvisa
avtomatikis mowyobi B obebSi.

reBeebis kBasifikacia xdeba sxvadasxva niS-
nebis mixedviT. Sesavalli Fizikuri sididis, romell zec
isini reagireben; marTvis sistemebSi Sesrullebulli
Tungciis, rome B sac isini asru Beben; konstrugciisa
da aS. TFizikuri sididis mixedviT ganasxvaveben
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eleqtrull, meganikur, Tbur magnitur da aS. releebs.
amave dros unda aRiniSnos, rom rellem SeiZleba rea-
gireba moaxdinos ara marto konkretulli sididis
mniSvne B obaze aramed mniSvne B obaTa sxvaobaze
(diferencialluri relle); sididis niSanis cvlileba-
ze (polarizebulli relle) an Sesavalli sididis cv-
Bilebis siCgareze.

relles mowyobi Boba. Cveullebriv relle Sedgeba
sami ZiriTadi Ffunqcionaluri elementisagan: mimRe-
bi, Sualeduri da Semsrullebeli. mimRebi (pirvela-
di) e Bementi miiRebs sakontrol o sidides da gardagn-
nis mas sxva Fizikur sidided. Sualleduri elementi
Seadarebs am sididis mniSvne B obas mocemull mniS-
vne B obas da misi gadaWarbebis SemTxvevaSi gadascems
zemogmedebisaTvis Semsrulebell elements. Semsrulle-
beli elementi axorcielebs zemogmedebas reles an
Zravas wredSi.

Semsrulebeli elementis mixedviT releebi iyo-
Tfa kontagtur da ukontagto relleebad.

Kkontagturi relle zemogmedebs Zravas wredze
eleqgtrulli kontagtebis daxmarebiT. Kkontagtebis
CaketiBi an gaxsnili sistema saSuallebas iZBeva
uzrunve ByoT ganosasvil el i wredis Caketva an mT R iani
meganikuri gaxsna.

Uukontagto relle zemogmedebs marTvis wredze
eleqgtrulli wredis gamosasvilell i parametrebis (win-
aRoba, indugciuroba, tevadoba) mkveTri (naxtomise-
buri) an Zabvis (denis) sididis cvlillebis gziT.
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reles ZiriTadi maxasiaTebBebi ganisazRvreba
Sesavalli da gamosavali parametrebs Soris damok-
idebullebiT.

ganasxvaveben re Bes Semdeg ZiriTad maxasiaTeb 0 ebs:

1. reles amuSavebis sidide X  -warmoadgens
Sesavalli sididis parametris mniSvne 1 obas, romBis
drosac relle CairTveba, anuSavebis sidides, rome I zec
daregulirebull ia rell e, ewodeba dayeneba (“ONOAAEAY

2. relles amuSavebis simZBavre P_-minimaBuri
simZBavre, rome Bic saWiroa miviyvanoT mimReb orga-
nosTan mSvidi mdgomareobidan muSa mdgomareobaSi
gadasayvanad.

3. reles mmarTveli simnZBavre P .- romel-
ic marTavs relles makomutirebe l organoebs gadarT-
vis procesSi. marTvis simZBavris mixedviT ganasx-
vaveben mcire (25vt-mde), saSuall o (100vt-mde), da didi
simZBavris (100vt zemoT) reBleebs es ukanasknel i
miekuTvneba ZaB ovan releebs (kontagtorebs).

4. reles amuSavebis dro t -es aris drois Su-
aledi relles Sesavallze X _ signallis miwodebidan
marTvis wredze zemogmedebamde. amuSavebis drois
mixedviT ganasxvaveben norma Bur, swrafmogmed, Sene ll e-
bull da drois relleebs.

CarTvis xerxis mixedviT releebi iyoFian: pirve-
Bad da meoreull releebad. P

pirveBladi relle uSuallod aris CarTulll dasa-
cav elementTan. Aam releebis mTavari Rirsebaa is
rom maTi CarTvisTvis ar moiTxoveba sazomi trans-
Tformatorebi, operatiulli denis wyaro da sakontro-
1o kabelebi.
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Mmeoreuli relle CairTveba denis an Zabvis sa-
zom transformatoris gavliT. Uupiratesi gamoyeneba
hpova meoreu BIma re Beebma sareleo dacvis tegnikaSi.
Aam reBeebis Rirsebad miiCneva is rom izolirebu-
Bia maRali Zabvisagan, gan N agebu ll ia momsaxureobi-
saTvis mosaxerxebel adgilas; srulldeba standart-
ull 5 ()a densa da 100v Zabvazemiuxedavad dasacavi
wredis Zabvisa da denis sididisa.

Sesrullebis mixedviT vreleebi 1iyofa:
e legtromeganikuri an indugciuri_moZravi elle-
mentebiT da statikuri- uZravi elementebiT
(elegtronul i, mikroprocesoruli).

DdaniSnu Bebis mixedviT releebi iyofa:
e Begtromagnituri, sazonmi. Ddenis, Zabvis, drois, siC-
garis, Foto, winaRobebis gerkonu i da sxva.

a) elegqtromagnituri relle (nax. 4.18) warmoad-
gens distanciuri marTvis eleqtrull aparats, rom-
Bis daniSnullebaa eleqtrulli zemogmedebis mocemu-

Bi mniSvnel obis dros
ganaxorciel os marTvis
wredebSi naxtomiseburi
cvlli Beba Tavis mogmede-
bis principis simartiv-
isa da maRalli saimedoo-
bis gamo el eqtromagni-
turma releebma farTo
gamoyeneba hpoves avtoma-
tikis sistemebsa da ell-

nax. 4.18. elBeqtromagnituri eqtrodanadgarebis dac-
reles saerTo xedi
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vis sgemebSi. Ee Beqtromagnituri releebi iyofa mud-
mivi da cvBadi denis reBeebad, mudmivi denis re Beebi
Tavis mxriv iyofa neitralur da polarizebull rellee-
bad. Nneitralluri relle erTnairad reagirebs mudmiv
denze orive mimarTulebiT, xoBlo polRarizebulli relle
reagirebs marTveli signalis po larobaze.

Ee Beqtromagnituri reles mogmedebis principi
dafuZnebu lia el egtromagnituri Zallebis gamoyeneba-
ze, romlBebic aRiZvrebian metalur guBaraSi masze
Camocmu B koWaSi gamaval i denis dros.

reles detallebi damontalebu lia fuZeze da dax-
urullia saxuraviT, el eqtromagnitis gularis Tavze
dayenebu B ia Ruza (Firfita) erTi an ramdenime kon-
taqtiT. an kontaqtebis mopirdapire mxares moTavse-
bullia uZravi kontagtebis Sesabamisi wyvi Bi. sawyis
mdgomareobaSi Ruza daWerillia zambariT.

gavecnoT nax. 4.19-ze moyvani B 1 mudmivi denis re-
I es muSaobas. KCanrTve bis CarTvis Semdeg e Beqtro-

i F=

nax. 4.19. eleqtromagnituri relles sgema
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kveba miewodeba koWas 1 da masSi gaivlis deni, ris
Sedegadac metalur gu BaraSi 2 aRiZvrebian eleqtro-
magnituri Zalebi da miizidaven Ruzas 3, romelic
daZzBevs zambaris 4 drekadobis Zalas da CarTavs
moZrav 5 da uZrav 6 kontagtebs ris Sedegadac winaR-
obaSi 7 gaivlis cvladi (~~") deni.

CamrTvelis gaTiSvis Semdeg zambara daabrunebs
Ruzas sawyiss mdgomareobaSi da 5 da 6 kontaqtebi
gaiTiSeba, ris gamoc kveba Seuwydeba winaRobas 7.

naperwk B ianobis Tavidan aci Bebis mizniT kon-
tagtorebTan paraleBurad rTaven kondensators. sa-
marTavi wredi elBeqtrullad aranairad ar aris dakav-
Sirebulli marTvel wredTan. Uufro metic samarTav
wredSi gamaval i deni SeiZBeba bevrad aRematebodes
marTvel wredSi gamavall s. Ee.l. am SemTxvevaSi relle
arsebiTad asrullebs eleqtrull wredSi denis, Zabvis
da simZBavris gamaZBierebBis Ffungcias.

cv il adi denis relleebi muSaobs koWaze gansazRvru-
i sixSiris Zabvis miwodebis dros, aseTi releebis
konstruqcia msgavsia mudmivi denis releebis kon-
strugciebis. Aam SemTxvevaSi guBara da Ruza mzad-
deba elBegqtrotegnikuri Ffoladis Turclebisagan,
raTa Semcirdes danakargebi histerezisze da griga-
Bur denebze.

b) denis rele. Ddenis relle iseTi rellea rom-
Bis mimRebi organo reagirebs denis cvlilebaze.
mimRebi organo aris aparatis nawi Bi, romellic uSu-
allod iRebs rellesTan moyvani i eleqtrulli sidi-
dis cvlillebas da awarmoebs Sesabamis cvlillebas
reles danarCen organoebSi.
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b
nax. 4.20. denis re Iee)bi

Ddenis reBeebi SeiZleba iyos: pirve Badi, romell -
ic CamontaJebu l 1a amomrTve B is amZravSi; meoreul i,
romelic CarTulia denis transformatorebis gav-
1iT;, elegtromagnituri; indugciuri; Thuri; difer-
encialuri; integralur mikrosgemebze;, denis uku-
Tanmimdevrobis rele-Filtri.

nax. 4.20, a-ze naCvenebia P3B-830 tipis kontrolis
relle. romell ic ganoiyeneba minimaBuri denis relled,
mudmivi denis wredSi. igi mzaddeba nominaBur den-
ze 16-630 amperis TargBebSi, xoBo nax. 420, b-ze
naCvenebia PT-81...PT-86 tipis magsimaBuri denis rele,
rome Bic gamoiyeneba eleqtrulli
manganebis, transformatorebis, gad- =
amcemi xazebis datvirTvis, gada-
tvirTvisa da mokBed SerTvis
dros. PT-81 da PT-82 tipis rellee-
bi  mogmedeben myisierad mokled
SerTvis dros da drois day-
ovnebiT gadatvirTvis dros; PT-85
da PT-86 muSaoben cv Bl ad operati-

nax. 4.21. Zabvis
relle
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ull denze da gaaCniaT
agreTve Camketi sasignallo
kontagti.

g) Zabvis releebi. re-
agireben Zabvis cv il i leba-
ze da denis releebis ms-
gavsad isini aris pirvela-
di, meoreu i, e Beqtromag-
nituri, mikrosgemebze da
Zabvis relle-Filtri. Nnax

nax. 422, PIT-50 tipis 4.21. ?anenebia PH-55 tip_is
transformatoris bazuri Zabvis relle, romelic
dacvis rele muSaobs Zabvebs Soris
Zvris kuTxeze 20%40° Soris.

aRniSnulli relle gamoiyeneba avtomaturi ganmeorebi-
Ti CarTvis sqgemebSi ormxrivi kvebis xazebSi. relle
akontro B ebs xazebze Zabvis arsebobas da Zvris kuTxes
Xazebisa da qvesadguris sall teebis Zabvebis veqtorebs
Soris.

d) maCvenebe @i releebi. Aam releebs sxvagvar-
ad sasignalo releebs uwodeben. isini emsaxurebian
rogorc TviT relles, aseve sxva meoreu i aparatebis
mogmedebis registracias. Nnax. 4.22-ze warmodgeni lia
PI'T-50 tipis transformatoris gazuri dacvis rele.
rome Bsac gaaCnia martivi da saimedo konstruqcia
da moxerxebu B ia eqsp BuataciaSi. an reles sasigna-
§ o kontaqtebi Caiketeba zeTis donis dawevis dros.
masSi gamoyenebu Bia maRali eleqtrulli simtkicis
gerkonebi. relles konstrugcia iZBeva saSualebas

movaxdinoT sakontrol o kvan-
Zis daTvaliereba da Secvla
adgi I ze, reles gaxsnis gareSe.
dayenebis regulirebis
xraxni gamoyvani Bia relles
korpusis saxuravze, ris ganoc
dayeneba SeiZBeba varegu-
BiroT relles gaxsnis gareSe.
nax. 423 drois relle an re les zomebi saSualle-
B-4U bas iZBeva yove Bgvari gada-

keTebis gareSe Sevcval oT eqgsp BuataciaSi myoFi sxva
tipis releebi.

e) drois releebi emsaxurebian dacvis mogmede-
bis Sene Bebas. Nnax. 423-ze warmodgeni B ia BJl-4U ti-
pis relle, roml is daniSnu ll ebaa winaswar gansazRvru-
Bi drois dayovnebiT eleqtrulli wredebis komuta-
cia. igi gamoiyeneba avtomatikis sgemebSi. Nnax. 4.24-ze
warmodgeni Bia YT1-Pic tipis orarxiani realluri
drois universaluri tain-
eri. Mmisi daniSnu lebaa
drois mocemull momentSi
Sesrullebu 1 meganizmebis
avtomaturi CarTva-gamorT-
va da gamoiyeneba ganaTebis
marTvisaTvis quCaSi. saThu-
rebsa da inkubatorebSi,
agreTve tegno Bl ogiur pro-
cesebSi, sadac danadgaris
CarTva-gamorTva dakavSire-

Nnax. 4.24. YT1-PiCtipis
universalluri taimeri
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bullia kallendarull TariR-

Tan an dRe-Ramur drosTan.
v) Sualeduri relee- “ﬁb*
bi emsaxurebian releuri o

dacvis el ementebs Soris
urTierTkavSiris ganxor- nax. 4.25. Sualeduri
cie Bl ebas. Mmisi daniSnull e- releebi

baa sxva re Bedan miRebu Bi signallebis gamrav B eba, am
signallebis gaZzliereba da brZanebis gadacema sxva
aparatebze. Nnax. 4.25-ze warmodgeni Bia Plr21M-B ti-
pis Sualleduri relle, romelic gamoiyeneba mudmivi
denis 220v Zabvamde da 50 hc sixSiris cvBladi denis
380 v Zabvamde wredebSi.

z) Thbhuri releebis daniSnullebaa mokNed
SerTull rotoriani sanfaza asinqronuli Zravebis
dacva xangrZ B ivi gadatvirTvisagan agreTve erTi Fazis
gawyvetis dros warmogmni Bi gadatvirTvisagan.

T) sazomi relBeebi. Aam tipis releebisaTvis
damaxasiaTebe B ia sayrdeni elBementis arseboba zam-
baris, stabi Buri Zabvis, denis wyarosa da sxvaTa sax-
iT. sayrdeni e Bementebi Sedian relles kompBeqtacia-
Si da awarmoeben raime Fizikuri sididis winaswar
dadgeni B'i1 mniSvne B obas (e.w. dayenebas), rome I Tanac
Sedardeba sakontro B o sidide. sazomi relle xasiaT-
deba maRal i mgrZnobiarobiTa da gaaCnia maRall 1 koe-
Ficienti.

i) winaRobis relle reagirebas axdens Zabvisa da
denis Tardobaze
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nax. 4.26. fotorelleebi: a) Z7-LMS; b) ®PP-1M1 da
g) ®P-7M tipis

v) simZBavris relle reagirebs mokBed SerTvis
simZBavris gadinebis mimarTu Bebaze

B) sixSiris relle reagirebs elleqtrull ele-
mentebze Zabvis sixSiris cvlilebaze.

m) cifrulli relle warmoadgens mravall fungci-
ur cifrull mowyobi B obas, romelic erTdroullad
asru Bebs denis, Zabvis, simZBavris da sxva re Beebis
Tfungciebs

n) foto reles daniSnullebaa ganaTebis CarTva-
ganorTva dRis cvlillebis intesivnobis cvlillebiT.
mgrZnobiarobis farTo diapazonSi cvlilleba iZBeva
saSual ebas gamoyenebull ignes quCebSi, vitrinebis,
Suqrek Bamebis ganaTebisaTvis. Nnax.4.26-ze warmodge-
ni B ia sxvadasxva tipis Fotoreleebi.

®P-7M tipis Fotorelle garda zemoTaRniSnu B isa
damatebiT gamoiyeneba samrewve B0 avtomatikis mowy-
obi B obebSi, misi gadamwodis gatana SeiZ l eba 50m man-
Zi b ze.

0) gerkonebi da gerkonulli releebi. Eeleqtro-
magnituri reles nakBebad saimedo kvanZad iTv Beba
kontagturi sistema, arsebiT nakBad iTvBeba agreTve
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moxaxune detalebis arseboba, romel Ta cveTas mivya-
varT relles muSaunarianobis dagveiTebande. CanoTv-
1i Bma varyofiTma mxareebma saWiro gaxada germetu-
Bi, magniturad marTvadi kontaqtebis Segmna, romell -
sac gerkonebi ewodeba

gerkonebis mogmedebis principi dafuzZnebullia
magnitur ve B Si Feromagnitur releebs Soris aRZrul
urTierTgmedebis Zall is ganoyenebaze. es Za B ebi iwveven
deformacias da feromagnituri dengamtarebis elle-
mentebis gadaadgi 0 ebas.

magniturad marTuli kontagti( gerkoni) warmoad-
gens eleqtrull aparats, romeBic magnituri velis
gav B eniT Caketavs an gaxsnis eleqtrulli wredis kon-
tagtebs.

Tanamedrove pirobebSi gerkonebis bazaze Seqm-
ni Bia gerkonuli relBeebis, Ri Bakebis, tumblerebis,
gadamrTve B ebis,signall ebis gamanawi Beb Bebis, gadanm-
wodebisa da regulatorebis didi raodenoba.

obg@E@amo pobo

mehghe

. . ~

— — pomagodgs

Arignds .

nax. 4.27. gerkonulli rele
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mcire gardamavali winaRobis Sesagmne Bad kon-
tagtebis zedapirebi dafarullia Zvirfasi BiTonebiT:
ogroTi, radiumiT, paBadiumiT an vercx BiT.

gerkonull releebSi gragni BSi denis gaTiSvis
Semdeg e Beqtromagnitis Zalla greba da drekadobis
Zalbis mogmedebiT kontagtebi gaiTiSeba

umartivesi gerkonulli relle Camketi kontaqtebiT
Sedgeba maRaBi magnituri SeRwevadobis (permall oi)
ori sakontagto gularisgan, romeBebic moTavsebu-
Bia hermetull minis baBonSi. BbaBloni avsebulia
inertulli airiT, rac xells uSHhis sakontagto gu-
B arebis daJangvas. minis baBoni Cayenebull ia mar-
Tvis gragnilis SigniT, romelic ikvebeba mudmivi
deniT. gragni B Si denis gatarebisas aRiZvreba magni-
turi veli, romelic gmnis wredis eleqtromagnitur
Zalas, es Zala gadasZBevs sakontagto gularebis
drekadobis Zalas da kontagtebs erTmaneTTan Se-
aerTebs. nax. 427-ze warmodgeni Bia gerkonulli relle
da misi Wrilli

gerkonebi i1dealuria miniaturulli eleqtromow-
yobi B obebisaTvis. sakomutacio denisa da simZBavris
gazrdisaTvis gerkonull releebs gaaCniaT damatebi-
Ti rkalmgrobi kontaqtebi. aseT releebs gersikone-
bi ewodebaT. warmoebis mier gamoSvebullia 6.3-dan 18
amperamde denis Zalis gersikonebi. Ggersikonebis
daxmarebiT SeiZBeba ganxorcieldes 3 kvt-nde sim-
ZBavris asinqronulli Zravebis gaSveba



46. eleqtrulli aparatebis koWebi da maTi
diagnostika

koWa ewodeba izo B irebu i sadenisagan karkasze
an ukarkasod daxveull gragnills, romelsac gaaCnia
gamomyvanebi SesaerTeb Bad. Kkarkasi mzaddeba muyaos
gaRa B disa an p Bastmasisagan. koWebi, umetesi e B eqtru-
Bi aparatebis ZiriTadi SemadgeneBi elementia da
emsaxurebian magnituri nakadis Seqmnas, rom B ebic gmnian
el eqgtromagnitur Zallebs aparatebis asamuSaveblad
an indugciuri winaRobis Sesagmne Bad, Tu koWa war-
moadgens drosells

a) koWebis kWBasifikacia. koWebi iyofa or Jg-
ufad: 1) denuri, romelBic Seicavs didi kveTisa da
mcire raodenobis xviebs; 2) Zabvis, rome B ic Seicavs
mcire kveTisa da didi raodenobis xviebs.

koWebi gamoiyeneba e B eqtromagnitur kontagtoreb-
Si, magnitur amamuSaveb B ebSi, rell eebSi, avtomatur amom-
rTvelebSi, eleqgtrull muxruWebSi, eBeqtrosazonm
xe B sawyoebSi.drose Bebis saxiT HBuminescenciuri na-
Turebis gamSveb-maregull irebe B aparatebSi da avtoma-
tikisa da radioteqgnikis aparatebis kvebis bl okebSi.

erTi da igive zomis koWebi SeiZleba damzadebu-
B ignes sxvadasxva Zabvebze, cvBlad - 36; 110; 220; 380
da 669 v Zabvaze. mudmiv — 6; 12; 24; 36; 48; 60; 110; 220; 440
v Zabvaze. amitom axall i aparatebis koWebi unda Semow-
mdes Sesabamis Zabvaze, razec isini aris damzadebu-
Bi. Tu koWas ar gaaCnia etiketi, maSin unda gavzomoT
misi winaRoba da SevadaroT igive tipis aparatis
koWas.

koWebis gadaxureba iwvevs sadenis agtiuri winaR-
obis gazrdas, gamavall i denis Semcirebas da Sesabam-
isad mcirdeba eleqtromagnitis gullaris nmizidvis
Zall a, ramac SeiZll eba gamoiwvios re Bes mcdari mocveTa,
sahaero RreCos gazrda Ruzisa da gularas Soris da
koWas kidev ufro gadaxureba da gragni bis izoBaciis
dawva. Aamitom yuradReba unda mivaqgcioT, rom koWebi
ar gadaxurdes gareSe siThos wyarodan, magalliTad
dayenebu li rezistorebidan

koWis maRalli temperatura SeiZleba ganpirobebu-
Bi iyos SenobaSi arsebulli maRali1 temperaturiT;
mar Tvis karadebSi aparatebis mier gamoyof¥ili maRa-
Bi temperaturiT,; agreTve aparatis xSiri CarTva-gan-
orTviT. maRall i temperatura aCgarebs koWas izo B aci-
is daZve Bebis process. Nnestianobam SeiZBeba SeaR-
wios Tenebs Soris izolaciaSi, rac iwvevs mok Bed
SerTvas da Sesabamisad SeiZBeba moxdes gragnilis
xviis gawyveta an koWas garkveu i nawi Bis daSunteba.

daballi temperaturis dros nesti SeiZleba gaiyi-
nos koWaSi da koWa gamovides mwyobridan. koWaze
gav Bl enas axdens agreTve meganikuri zemogmedebebi,
vibraciisa da ryevis saxiT.

zemoTganxi Bull zemogmedebebis gamo koWaSi Sei-
Z M eba dairRves denis wredi xviis gawyvetis, gamomyvani
momWerebis daJangvis, gamomyvanebis gawyvetis, xviaTa naw-
illis an mT Rianad xviis izolaciis dawis gamo, uka-
naskne I SemTxvevaSi amboben rom koWa gadaiwva.

b) koWebis diagnostika koWebis diagnostika
pirvel rigSi iwyeba maTi daTvalierebiT, radgan
umetes SemTxvevaSi iwvis koWis garegani izo Bacia
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Tu garegani izolacia damwvari ar aris da koWa ar
muSaobs, maSin unda movaxdinoT koWis xviebis Semow-
meba gawyvetaze Zabvis indikatorisa da ommetris sa-
SuallebiT.

Zabvis indikatoris gamoyenebis dros vargi-
si gragni Bis SemTxvevaSi Zabva unda arsebobdes,
rogorc gragniblis erT, ise meore bolBoze. Ees uka-
naskne 1 Secdomis Tavidan aci Bebis mizniT unda
iyos gaTiSulli wredidan.

ommetris gamoyenebis dros misi orive bollo
unda miuerToT wredidan gamorTulli koWas bo N oe-
bze da vargisianobis SemTxvevaSi ommetri gviCvenebs
misi pasportiT naCveneb winaRobas; xoB o xviebis
damok B ebis SemTxvevaSi - nak Beb winaRobas. Tu xvie-
bis mok Bed SerTva xdeba mxo B od Zabvis mogmedebis
qveS, maSin ommetrma SeiZ B eba ar gviCvenos winaRobis
cvhlileba

g) koWebis SecvBa. xviis gawyvetis, mokled
SerTvis an sxva dazianebis SemTxvevaSi unda moxdes
koWebis Secvlla

koWebi unda SeirCes arsebulli koWas, Zabvisa da
gabaritulli zomebis mixedviT. KkoWas damagrebis win
unda Semowmdes xom ar exeba eBegtromagnituri
moZravi detallebi koWis izoBacias; Tu exeba, maSin
koWa unda davayenoT ise, rom ar iyos Sexeba an dava-
reguliroT moZravi nawi Bebis svla da mxoBod amis
Semdeg davamagroT koWa.

yuradReba unda mivagcioT, rom e Begtromagnitis
Ruzisa da gu B aras Sexebis dros maT Soris ar darC-
es sahaero RreCo, radganac sahaero RreCos arseboba
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amcirebs gragni Bis indugqciur winaRobas, am SemTx-
vevaSi izrdeba deni, ris gamoc SeiZleba koWa gadax-
urdes da gamovides mwyobridan.

47. rogor movaxdinoT eleqtrulli aparatebis
koWebis gadaxveva erTi saxeobidan meoreze
e leqtroaparatebis (rele, amamuSavebe I'i, kontag-

tori da sxva) remontis dros zogjer saliro xdeba

mudmivi denis koWidan cvBadi denis koWaze gadasv-

Ba an pirigiT. Aam dros mosaxerxebell ia visarge-

bBoT martivi FormulebiT da ar vawarmooT magni-

turi wredis gaangariSeba.

dauSvaT moiTxoveba mudmivi denis koWidan gada-
videT cvBadi denis koWaze. Aam SemTxvevaSi unda
movaxdinoT koWas gadaxveva. Ggadaxvevamde saWiroa

1. gavzomoT koWas omuri winaRoba (R anR,)

2. gavzomoT gragni Bis srulli1 winaRoba(Z,anz,)

ampermetrisa da vo Bl tmetris meTodiT cvlad denze,
formulliT:

z =VT oni.

3. daviTvalloT (W, an W,) xviaTa ricxvebi

4. ganvsazRvroT sadenis diametrebi d, da d,, mm.
R, Z,, W,, d, mniSvne B obebi miekuTvneba mudmivi denis
koWas anu gadaxvevamde, xolo R,, Z,, W,, d, miekuTvneba
cv Bl adi denis koWas anu gadaxvevis Semdeg.

gragni Bebis gadaxvevis dros saWiroa amper-xvie-
bis toloba el



\Y/

mudm
LW, =1L,W, anu R 1= 2"

1

radganac cvBladi denis dros induqciuri winaR-
oba didia, anitom saWiroa koWis xviaTa ricxvi Sevam-

} _ W,
ciroT n-Jer anu W2=?1.

amperxviebis SenarCunebisaTvis deni unda gaizar-
dos n-jer, anitom sadenis diametric unda gaizardos

d, =d,-v/n.
srull i winaRoba axalli koWas xviebis ricxvis Sem-
cirebis Semdeg toli igneba:

Tu CavsvamT W,Z, mniSvne B obebs gamosaxu B ebebSi
miviRebT:

n= Vmudm é
Y z’

cvilladi 2

sadac Z, - gragni Bis srulli winaRobaa gadaxvevamde,

48. eleqtrulli aparatebis kontagtebi

a) kontaqtebis kBasifikacia da maTi defeqte-
bis daxasiaTeba. kontagtebi warmoadgenen eBeqtrulli
wredis el ementebs, romBebic reall izebu l ia sakontro-
B o kvanZebisa da sakontagqto SeerTebebis saxiT.

sakontagto kvanZi sakomutacio aparatebis Ziri-
Tadi nawi Bia, xo B 0 sakontagto SeerTeba axorcie Bebs
eleqtrulli wredis araganrTvad kontagts.
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kontaqtebSi garda “eBleqtrulli” defeqtebisa (gaw-
yveta) arsebobs specifikuri defeqtebic, romlebic
damokidebu N ia maT mier Sesrullebull fungciaze. Ppirv-
el rigSi yuradReba unda mieqces im defeqtebs, rom-
I ebic iwveven kontaqtebis muSa mdgomareobis maxasi-
aTebeli parametrebidan gadaxras da maTi tempera-
turebis awevas.

sakontagto kvanZebisaTvis damaxasiaTebe Bia de-
Teqtebi, romBebic xeBs uSHian maTi pirdapiri daniS-
nu BebiT gamoyenebas, anu wredis CarTva-ganorTvas.

b) Eeleqtrulli aparatebis sakontagqto kvan-
Zebis Semowmeba. sakontaqto kvanZebis muSaobis
xarisxi pirvel rigSi Ffasdeba iseTi parametrebiT,
rogoricaa RreCo, ganacveTi da kontagtebis dawo R a.

RreCo ewodeba gaTiSull mdgomareobaSi moZrav da
uZrav kontagtebs Soris minimaBur daSorebas, xolo
ganacveTi-daSorebas romell zec gadaadgi Bdeba erTi
kontaqti, Tu movaSorebT meores, rome Bic xeBls uShis
pirve bl is gadaadgi Bebas maTi Sexebis Semdeg. Kkontaqte-
bis ganacveTi SeiZleba gansazRvrulli ignes rogorc
kontagtsalerebis svlasa da kontagtis RreCos Soris
sxvaoba. Kkontagtis konstrugciisa da tipis mixedviT
RreCosa da ganacveTis gansazRvrisaTvis zomaven sxva-
dasxva daSorebebs, xoBlo maTi regulirebisaTvis iy-
eneben sxvadasxva saregu B irebell elementebs.

kontagtis RreCos dasaSvebi mniSvne Boba gan-
sazRvrullia konkretull eleqtrull aparatis konstru-
gciul dokumentaciaSi rkall is saimedo Cagrobis prin-
cipidan gamomdinare.

211



5
4
d
b
2 : 7
! -
A i 8
10

nax. 4.28. KT-6000 tipis kontagtoris e Bementebi:
l-sawyisi dawo Bis SesamowmebBad gaRaldis zolis
dayenebis adgili; 2-kontagtorsa da maregulirebel
xraxns Soris arsebulli RreCo; 3-kontagtebis Sexeb-
is xazi; 4-saboBloo dawolis SesamowmebBad gaRall-
dis zolis dayenebis adgilli; 5-kontagtebs Soris
RreCo gaTiSull mdgomareobaSi; 6-saboBloo dawolis
gansazRvris dros modebulli Zalvis mimarTu leba;
7-modebuli ZalBvis mimarTuleba sawyisi dawolis
dros; 8-maregulirebeli elementi (xraxni-ganCis
wyvili), romelic cvlis zambaris SekumSvas; 9-mar-
egulirebeli elementi(xraxni), romelic cvlis kon-
taqtebis ganakveTs; 10-mabruni HBartya

ganacveTs irCeven imgvarad, rom zesadebis magsi-
maBurad dasaSvebi cveTis SemTxvevaSi kontaqtebiT
uzrunve Byofi Bi ignes wredis saimedo CarTva, rad-
ganac pragtikuBlad ganacveTis mniSvne B obis gan-
sazRvra SeuZ B ebe I 13, anitom anowmeben RreCos, makon-
trolebel ganacveTs da mTavari kontaqtebis mT Hi-
anad CarTvis dros kontagtsaWerisa da moZravi kon-

212

taqtebis wamyvani saxe Buris maregu B irebel Xxraxns
Soris warmogmni B RreCos.

MmTavari kontaqtebis ganacveTs akontro leben
kontagtoris magnituri sistemis Caketi B i1 mdgomare-
obis dros. Kkontagqtebis zedapiris cveTis Sedegad
ganacveTi mcirdeba, rac amcirebs kontagtebis dawo-
B as, ris gamoc izrdeba kontagqtebs Soris gardamava-
Bi winaRoba da kontagtebi gadaxurdeba.

RreCo da makontroBlebeli ganacveTi izomeba
Tirfitovani sall teebiT. RreCos mniSvne B oba tolia
kontagtebs Soris Semavalli Firfitebis jamuri sis-
qis. Sedegis Sesamowmeb Bad jer FTirfitebis nakrebs
Seamcireben erT-erTi yveBlaze Txel 1 sisqis FirfitiT.
Tu gazomva sworad aris Sesrullebull i, maSin darCe-
nili Firfitebis nakrebi TavisufBlad unda Sevides
RreCoSi.. amis Semdeg pirvel sawyiss nakrebs dau-
mateben erT yve Baze Txe b1 sisgis Firfitas. Aam SemTx-
vevaSi Firfitebis nakrebi ar unda Sevides RreCoSi.

nax. 4.29. RreCosa (a) da ganacveTis (b) gazomva
sarqve Buri sistemis kontagtorebSi
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Nnax. 4.30. kontaqtebis dawo Bis gazomva

nax. 4.28-ze naCvenebia KT-6000 tipis kontagtoris
e Bementebi. Nnaxazze ganCi 9 warmoadgens maregu-
Birebel elements, romelsac SeuZlia Secvall os ga-
nacveTi mocemu B i konstrugciis kontaqtebSi. kon-
taqtebis RreCo regulirdeba Ruzis Tavis RerZis
garSemo sabjenamde mobrunebiT, rac gvaZBevs saSu-
alebas vawarmooT am parametris safexurebrivi reg-
ullireba

sarqgve Buri sistenis kontagtorebSi (nax. 4.29) kon-
tagtebis RreCos maregulirebel elBements warmoad-
gens xraxni_ganCis wyvi Bli romelBic sgemaze aRniS-
nullia 1-iT, Tu SevevliT ganCis mdgomareobas xraxn-
ze, maSin Seicv B eba daSoreba A, anu RreCo kontaqtebs
Soris.

kontagtebis ganacveTi B regulirdeba RreCos sv-
BiT da Sesabamisad traversiT 2, rome l zec damagre-
bullia moZravi kontaqti.

kontagtebis dawola izomeba dinamometriT.
amasTanave Zallva unda moedos im mimarTullebiT rac
naCvenebia sakomutacio aparatis konkretull doku-
mentebSi. (hax.4.30, a)
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nax. 4.31. sakontaqto SeerTebis winaRobis gazomva
a) ganCiT SeerTeba, b) SeduRebiT SeerTeba

sabo 1 oo Ddawo Ba izomeba im momentSi, roca Caqre-
ba neonis naTura nl, rome B ic mimdevrobiT aris CarTu-
i kontagtis wredSi. (nax.4.30, b)

g) sakontagto SeerTebebis Semowmeba. WanWike-
biT sakontagto SeerTebebis Semowmeba SeiZ l eba Cava-
taroT vizualuri dakvirvebiT, rombis drosac yura-
dReba unda mieqces WanWikebis raodenobas, zomas, saCe-
ri e Bementebis arsebobas, SemaerTebeBi metallebis
mdgomareobas. gamorTulli Zabvis dros sal teebis
sakontagto zedapirebis momWeris xarisxi mowmdeba
maT Soris RreCos gazomviT. sisqiT 0,02-0,03 mm da
siganiT 10mm ar unda Sevides sall teebs Soris RreCo-
Si sayeburis parametrebiT SezRudulli zonis iqiT.
sakontagto SeerTebis ufro zusti Sefardeba xor-
cie Bl deba winaRobis koeFficientiT (nax. 4.31)

_Recqgn

7

K

R

sadac R, — aris | sigrZis ubnis winaRoba, romelic

Seicavs kontagqtur SeerTebas; R, ,-aris | sigrzis ubnis
winaRoba, romeBic ar Seicavs kontagtur SeerTebas.
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kontaqtebis gacxe B ebas gansazRvraven magsimaBuri
datvirTvis periodSi, magram kontagqtebis metal ebs,
rogorc cnobi Bia agvT mniSvne B ovani Thotevadoba
da Thogamtaroba Aamitom kontagtis defeqtis gan-
sazRvra Znel ia

eqsp Buataciis procesSi kontaqtebis mdgomareo-
bis ufro zusti Sefaseba SesaZlebel ia ara gaxureb-
is aramed: 1) SeerTebis ubanze Zabvis vardnis sidid-
iT, kontagtSi denis gavlis dros; 2) gardamavalli
winaRobis sididis gazomviT miBivoRmetris an am-
permetris (an mikroometris) daxmarebiT.

pirve I SemTxvevaSi gazomvas awarmoeben muSa Zab-
vis qveS sazom Stangaze damagrebuli miBivo Il tme-
tris saSuallebiT ise, rogorc naCvenebia nax.4.32-ze,

T Ry

W
&,

e S H. gy
b

Nnax. 4.32. Zabvis gazomvis dros Stangis Tavis
mdgomareoba: Aa) sakontagto SeerTebaze; b) sadenis
ubanze; l-sazomi Stangis izolRirebulli nawili; 2-
mi Bivo B tmetri;3-sazomi Stangis Tavi; 4- sacecebi,

romBiTac CarTulia milBivoll tmetri
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Nnax.4.33. sakontaqto SeerTebis winaRobis gan-
sazRvra milivol tmetrisa da ampermetris meTodiT

gazomvis meTodi dafuZnebull 1a Zabvis vardnebis
Sedarebaze. Ppirvel rigSi zomaven Zabvis vardnas
ubanze, romelic Seicavs sakontagto SeerTebas, Sem-
deg im ubanze, rome B ic ar Seicavs sakontaqto SeerTe-
bas. Oorive SemTxvevaSi datvirTvis deni unda iyos
ucvieli.

meore SemTxvevaSi wredis gamorTull da damiwe-
bull ubanze CarTaven xe B sawyoebs nax.4.33-ze mocemu-
B 1 sgemiT. xe B sawyos kveba xorcie B deba mudmivi denis
wyaroTi.

xe B sawyoebis Cvenebebis mixedviT ganisazRvreba
gardamavali winaRoba formuliT:

R=".
I
eleqtrulli kontagturi SeerTebis winaRobis ga-
zomva xdeba 20° temperaturis dros, Tu gazomva xdeba
gansxvavebu I temperaturaze, maSin winaRobis miRebu-
Bi mniSvne B oba daiyvaneba saangariSo (20° temper-

aturaze.
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Tavi V. aRricxvis kvanZebis montali da
diagnostika
51. elegtrulli mricxvelebi, maTi mogmedebis
principi da diagnostika

samrewve Bo sixSiris cvBladi denis wredebSi
daxarjull an gamomuSavebull elBeqtro energias aR-
ricxaven elleqtrulli energiis mricxve BebiT. dRei-
saTvis gamoyenebu B ia indugciuri da eleqtronulli
sistemebis mricxve Bebis FarTo speqgtri. Ppirvel rig-
Si ganvixi BavT induqciuri sistemis mricxve Bebs,
romBebic jer kidev FarTod aris gamoyenebulli aR-
ricxvis sistemebSi.

indugciuri sistemebis xe I sawyoebi warmoadgenen
sazomi vatmetrebis sistemas da miekuTvnebian ara
maCvenebe B, aramed maintegrirebe i (majamebe i) siste-
mis xe Bsawyoebs. maTi moZravi nawi Bis mobrunebis
kuTxe ar aris SezRudull'i da is brunavs simZBavris
mniSvne B obis proporciulli sididiT. an SemTxvevaSi
moZravi nawi B is brunvaTa ricxvis raodenobis mixed-
viT izomeba e Beqtroenergia, romelic ganisazRvreba
simZBavris droze namravliT (W = Fi)

e Imomaragebis sqgemis mixedviT ganasxvaveben erT-
Taza da samfaza mricxve Bebs. erTFaza mricxve 0 ebi
gamoiyeneba iseTi momxmareb Bebis mier daxarjulli
el egtroenergiis aRricxvisaTvis, romBebic ikvebe-
bian erTfaza deniT.

nax. 51-ze moyvani Bia agtiuri energiis erTfaza
indugciuri mricxve lis mowyobi B obis sgematuri
gamosaxu Beba. mis ZiriTad kvanZebs warmoadgenen:
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nax. 51 agtiuri energiis erTfaza indugciuri
mricxvellis mowyobi Bobis sgematuri gamosaxu lleba

e leqtromagnituri koWal, rome I zec Camocmu B ia ram-
denime aTasi spillenZis izolRirebulli wvrili
sadenebisagan daxveu b1 Zabvis gragni Bi W, misi win-
aRoba Seadgens aseull onms; e Beqtromagnituri koWa 2,
rome B zec Camocmu B ia ramdenime xviasagan Semdgari
spi BenZis msxvi Bi sadenisagan daxveu i denis grag-
nili W, misi winaRoba TiTgmis nullis tolia MmaT
Soris moTavsebu Bia aBuminis Senadnobisagan damza-
debu l'i disko 3, romeBic TavisufBad brunavs saqu-
sle 4 da sakisar 5 Soris damagrebulli RerZi 6-is
garSemo. RerZze 6 Camocmulia kbilana 7, romelic
Tavis mxriv dakavSirebulia mTvBel meganizmTan 8.
ukumogmedi anu damamuxruWebe B 1 momentis SegmnisaTvis
gamoyenebu B 1a mudmivi magniti 9, romBis po Rusebs
Soris moZraobs aBuminis disko; da ukupo Busi 10.

219



nax. 52-ze mocemu Bl ia agqtiuri energiis erTTfaza
indugciuri mricxve blis mogmedebis principis asaxs-
ne i sgema

rogorc nax. 5l1-dan Cans Zabvis gragnilli W,
gqse B Tan mierTebulia paraleBurad da igi mudmivad
Zabvis qveS imyofeba. am gragni BSi gamavall i deni
|, daZru B ia VZabvisagan FaziT daax BoebiT 90° ( rad-
ganac am gragni Bs gaaCnia didi indugciuri winaRo-
ba). I ,deni e Beqtromagniti 1 Sua guBaraSi gnnis mag-

nituri nakads, romelic iyofa ®,, &, da ®, nakade-
bad. nakadi @, Seikvreba ukupoBusi 10 gavBiT da

gadahkveTs aBuminis diskos 3 erT adgi B ze, xolo ©

Nnax. 5.2. agtiuri energiis erTfaza indugciuri
mricxve B is mogmedebis principis
asaxsne Bi sgema
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nakadi. Seikvreba e Beqtromagniti 1 gverdiTi Reroe-
bis gavliT ise, rom ar gadahkveTs aBuminis diskos 3.
@, Tantvis nakadia i1gi Seikvreba Zabvis gragni-
Bis xviebTan da ar gadahkveTs aBuminis diskos.
@, cvladi nakadi magnitur po Busebs Soris dis-

koSi aRZravs emZ-s. radgan disko warmoadgens Ca-
keti B konturs, amitom emZ diskoze magnitur po-
B usebs Soris warmogmnis e Beqgtromagnitur nakadebs.
Ee Beqtromagnitur nakadebsa da eBeqtromagnitur
po Busebs Soris warmoiSveba miziduBobis F, da F,
Zalla radgan F=F, amitom disko gawonasworebull ia
da igi ar gadaadgi I deba.

Ddiskos qvemoTa mxridan moTavsebu l ia e Begtro-

magniti 2, rome B zec Canmocmu Bia W, denuri gragni i,

rome BSic gadis datvirTvis deni |, es deni gmnis @,

nakads, da radgan magnitogamtars aqvs U-sebri Fornma,
amitom es nakadi or jer gadahkveTs aBuminis diskos
3. Ddiskoze moxdeba magnituri Zall xazebis veqtoru-
Bi Sekreba.

erT mxares magnituri nakadi Semcirdeba da gvegneba

®, —®,, xo B o meore mxares magnituri nakadi gaizrdeba
da gvegneba @, +®, ,

el. ®, -, <D, +D,,

agedan F <F,.

diskoze mogmedi Zal ebis wonasworoba dairRveva
da disko iwyebs brunvas. rac ufro meti deni gaiv-
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Bis denur koWaSi, miT ufro gaizrdeba sxvaoba F

daFF, Soris da disko ufro swrafad iwyebs brunvas.

Cven Tu Zabvis an denur koWas Sevucv B iT po Barobas,
davinaxavT rom disko brunvas daiwyebs sawinaaRm-
dego mimarTulebiT.
diskoze warmogmni B i mabruni momenti momxmare-
blis p agtiuri simZBavris proporciullia
M =CVIlcosp=C-P, (5.)
sadac C - proporciull obis koeFicientig;
cose - simZBavris koeFicienti, misi mniSvne B obe-
bi mocemu B i1a danarTSi 2.
rac ufro metia momxmarebBis p agtiuri sim-
ZBavre miT ufro metia aBuminis diskos brunvis
siCgare da garkveuli drois ganmav B obaSi daxar ju-
Bi W eleqtroenergia ganoiTvleba FormulliT:
W =Vltcose, (5.2)
sadac V — Fazuri Zabvaa (kv);
| — Fazuri deni (a);
t — dro (sT).
mricxve B is konstruqciaSi teqno B ogiurad ganx-
orciellebulia (52) gamosaxu BebaSi Semavalli yvela
parametris fungcia
samfaza denis wredebSi e Beqtroenergiis aRricx-
visaTvis gamoyenebu B ia samfaza mricxve B ebi, romell -
Ta kBasifikacia xdeba Semdegi saxiT:
gasazomi energiis saxeobis mixedviT- agqtiuri
da reagtiulli energiis;
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e Begtromomaragebis sgemis mixedviT — samsade-
niani mricxve Bebi, romBebic muSaoben gse B Si nei-
traluri sadenis gareSe da oTxsadeniani, romBebic
muSaoben neitralur sadenian gse BebSi.

CarTvis wesis mixedviT samfaza mricxve Bebi iyo-
Fian sam jgufad: UsaSuall o anu pirdapiri CarTvis,
romBebic gseBSi irTvebian sazomi transformator-
ebis gareSe. aseTi mricxve Bebi gamoSvebu I ia 0.4/0.23
kv Zabvaze da 100 amperamde denze; naxevrad iribi
CarTviT, aseTi mricxve Bebi denuri gragni BebiT CarTu-
I ia sazomi transformatorebis gavliT, xo B o Zabvis
gragni Bebi CarTullia uSuallod gse B Si. aseTi mricx-
ve B ebi gamoiyeneba lkv Zabvamde; iribi CarTvis mricx-
ve Bebi wredSi CairTvebian denisa da Zabvis sazomi
transformatorebis gavliT, aseTi mricxve Bebi gam-
oiyeneba 0.4 kv zeviT;

transformatorulli mricxvelebi- romlebic
irTvebian gse B Si sazomi transformatorebis gavliT

da gaaCniaT gadasaangariSebe Bi koeFicienti (10-n);

transformatorulli universalluri mricx-
ve Bebi, romBebic irTvebian gse B Si sazomi trans-
Tformatorebis gavliT da gaaCniaT transformaciis
nebismieri koefFicienti. aseTi mrcxve BebisaTvis ga-
dasaangariSebe B 1 koeFicienti ganisazRvreba dadgmu-
Bi sazomi transformatorebis koeficientis mixed-
viT. daniSnu Bebidan gamomdinare mricxve s eniWeba
pirobiTi aRniSvna. aRniSvnebSi cifrebi da asoebi
aRniSnaven: C - mricxvebi; 00- erTfaza, AA- agtiuri
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energiis; pP- reaqtiu-
Bi energiis; vy Y- uni-
versalebi 3 an 4-samsad-
eniani an oTxsadeniani
wredisaTvis.

agtiuri da reaqgti-

g o ulll energiis nricx-

Ao

: I(—*‘—g ve lebi, romlebic aR-
IC%.. Wurvi Bia damatebiTi

mowyobi BobebiT
miekuTvnebian specia-
[ Buri danSnulebis
mricxve Debs, aseTebia:
; ortarifiani
L R 1 mricxve Bebi, ronm-
' " Nebic gamoiyenebian
nax. 53. oreBlementiani

samfaza induqciuri !SeT' _eI e_qtro_energl-
nricxve lis sgematuri ga- 1S aRricxvisalvis, rom
mosaxu B eba Bis tarifi icvlleba

@:ﬂ—i
S,

dRe-Ramisa da datvirTvis magsimumis mixedviT.

te Bl esazomi mricxve Bebi, romBebic aRWurvi Bia
impu B sebis gadanwodebiT da mTvle B 1 meganizmis Cve-
nebas gadascemen distanciurad mudmivi denis impu I se-
bis saxiT.

sanimuSo mricxve Bebi, gamoiyenebian saerTo

daniSnu Bebis mricxve Bebis Sesamowmeb B ad.

nax. 5.3-ze moyvani B ia ore Bementiani sanfaza mricx-
veli. aseT mricxve BebSi gamoyenebu Bia iseTve kon-
strugciulli elementebi (ori an sami), rac gamoyeneb-
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ullia erTfaza mricxve BebSi. Ddiskoebi (ori an sami)
damagrebu Bia saerTo RerZze. Ddiskoebze mogmedi
mbrunavi momentebi 1ijameba da diskoebis brunvis
siCgare damokidebulia jJamur moxmarebull sim-
ZBavreze.

sizustis kBasis mixedviT agtiuri energiis mricx-
ve li mzaddeba: 05; 1,0, 20; 25; xoBo reaqtiulli en-
ergiis mricxve Bebi mzaddeba: 15; 20 da 30 kNMasis

5.2. mricxve Blebis dayeneba da CarTva

moTxovnebi mricxvelblis dasadgmeli saTav-
soebisadmi. Mmricxve Bis Cvenebis sizusteze gavle-
nas axdens gareSe Fagtorebi: temperatura, tenianoba,
haeris gimiuri Semadgen B oba, vibracia da sxva. amit-
om mricxvellis dasadgel@ma adgi BIma unda daakmay-
ofilos rigi moTxovnebi:

saTavso, sadac idgmeba mricxve Bi unda iyos mSra-
i, unda Thebodes da masSi temperatura ar unda
aRematebodes +40°C-s. Hhaeri ar unda Seicavdes agre-
siull minarevebs.

moTxovnebi elBleqtromricxvelis montali-
saTvis gankuTvni Bi1 konstruqciebisadmi. Mmricx-
ve Bebi i1dgmeba karadebSi, pane Bebze, kompBeqturi
gamanawi B ebe Bi1 mowyobi B obebis kamerebSi, ked B ebze,
niSebSi. Kkonstruqcia, romell zec idgmeba mricxve i
unda 1yos sakmaod mtkice, anu ar unda eqvemdebare-
bodes vibracias, deformacias da wanacv ll ebas.

dasaSvebia mricxve Bebis damagreba xis, pBlastna-
sisa da metalis Tarebze. Ddadgmis simaRBe unda
iyos 08+17 m dasaSvebia mricxvelis dadgma ufro
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daba l simaR B eze, magram ara umcires 0,4 m-ze. Mmricx-
veli dadgnulli unda iyos mkacrad vertikalBlur si-
brtyeSi.

dauSvebe I ia mricxve B ebis dadgma KCO-266 da KCO-
272 da sxva amgvari ujredebis karebebze, radganac
gamokv Bevam aCvena, rom am SemTxvevaSi amomr Tve B ebis
muSaobis dros ryevis gamo mricxve Bebi ziandeba.

mricxve B is damagreba unda moxdes iseTnairad, rom
Sesazlebeli iyos misi moxsna da dadgma sibrtyis
waRma mxridan.

mricxve Bebis dadgmis Tanmimdevroba. Mmricx-
ve B ebis dadgmis win saWiroa Sedges samontaJo sgema
an Setani B ignes saWiro cv i Bebebi mocemu Bi SeerTe-
bis meorad wredebSi. dadgmisaTvis momzadebu I mricx-
vells unda Cautardes gare daTvaliereba igi gaw-
mendi Bi unda ignes mtverisa da WuWyisagan; mowmdeba
vargisianoba, misi tipisa da tegnikuri maxasiaTeb Bebis
mixedviT da saxe Emwifo Semowmebis p B ombebis arse-
boba garsacmis damamagrebe I Xxraxnebze.

p Bombebze aRniSnuli unda iyos saxel@mwifo
Semowmebis we Bi da kvartall i, agreTve unda gaaCndes
saxe Imwifo Semowmebis damRa. Mmowmdeba garsacmisa
da sarkmB is minis mT B ianoba, yve Ba xraxnisa da sax-
uravis Siga mxareze sgemis arseboba.

mricxveli daculli unda ignas dartymisagan da
ryevisagan, radgan maT SeuZ B iaT gamoiwvion sayrdeneb-
is dazianeba da RerZebis gaRunva, rac TavisTavad
gamoiwvevs cdomi B ebebs. Aamitom mricxve Bebis trans-
portireba unda moxdes specialuri SefuTviT.
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mricxve i damagrebu B i1 unda ignes sami xraxniT
auci BebBad vertikaBur mdgomareobaSi.

sadenebis mricxve B Tan SeerTebis dros mizanSe-
woni Bia maragis saxiT 6-7 santimetri sigrZis sade-
nis datoveba Ees SesaZBlebBobas iZBeva moxdes ga-
zomvis Catareba e Beqgtrosazomi marwuxebiT,; agreTve
Tu sgema akrefi bia arasworad, advi Bad moxdes sad-
enis gadaadgi Beba. bolos sadenebs unda Camoecvas
niSnsadebi saWde.

TiToeulli sadeni moWeri Bi unda ignes ori Xrax-
niT. Jer msubugad moeWireba zeda xraxni, xoBo Sem-
deg - gqveda. Tu montali srulldeba mravall ZarRviani
sadeniT, maSin misi bo B oebi winaswar unda ignes da-
farulli kaliT.

uSua B o CarTvis mricxve Bebis montalis dros, Tu
mricxve Bis nominaBuri deni 20 amperi da metia, ma-
Sin saimedo kontagtebis uzrunve Blyofis mizniT
sadenebis SemaerTebe B kontagtebs ukeTdeba dabo I oe-
bebi. Ddabo B oeba sadenTan mirCiBulli unda ignes
mZBavri sarCilBaviT. mricxve BebTan axB os sadenis
sigrZe datovebu i unda ignes ara nakBeb 12 sm —isa.

nu B ovani sadenis garsacms unda hgondes ganmasx-
vavebe B'i Fferi. montaJis damTavrebis Semdeg mricxve-
Bi, momWerebis krebu li, gadamyvani ko B ofebi unda
ignes daluqulli.

mricxve Bis meganizmi mT Bianad moTavsebull ia
pBastmasis daxurull yuTSi, mxoBod garedan fan-
JaraSi ikiTxeba mricxvel is sapasporto monacemebi
da Cvenebebi, rogoricaa: mricxve lis tipi, sagarxno
nomeri, nominaBuri Zabva da deni, gadacemaTa ricxvi,
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aRricxulli energiis raodenoba, diskos moZraobis
mimarTu Beba, sizustis kBasi da sxva mricxveli ga-
dis Baboratoriull Semowmebas da korpusi il ugeba,
magram eqsp Buataciis periodSi saWiroeba moiTxovs
mis periodu l Semowmebas adgi B ze, mricxve B is moux-
sne lad muSa mdgomareobaSi.

5.3. agtiuri energiis erTfaza mricxvelis
Semowmeba

Nnax. 54-ze moyvani Bia aqtiuri energiis erTfaza
mricxve lis elleqtrulli sgema

Semowmebas viwyebT mricxvebis vizuaBuri daTva-
BierebiT. mricxve B s garedan ar unda emCneodes raime
Tizikuri Zalis zemogmedebis niSani, anis Semdeg viw-
yebT mricxve B is muSaobis Semowmebas.

Tavdapirve Bad mricxve lis Semowmeba warmoebs
mricxve Bis diskos TviTsvBaze. EamisaTvis saWiroa
mricxve Bs movxsnaT datvirTva anu anovrToT mricx-

o

1 2 3 4

O M

Nnax. 5.4. agtiuri energiis erTFfaza mricxvelis
eleqtrulli SeerTebis sgema

Q

R
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velis gamomavall gsell ze SeerTebulli amomrTve Bi. am
dros disko ane B ebs moZraobas da Cerdeba. Tu disko
ar gaCerda da gaagrZe Ba brunva momdevhno wreze, ma-
Sin aseT mricxvel's gaaCnia TviTsvla da igi uvargi-
sia.

Semdgom mricxve i unda SevamowmoT datvirTvis
qveS. amisaTvis saWiroa CavrToT ammorTve B i da wamm-
zomis saSuallebiT gavigoT diskos brunvis siCgare
da gamovTvaB oT mricxve BSi gamavali agtiuri sim-
ZBlavre mocemul momentSi FormuliT:

3600-n
=y Ve (5.3)

sadac n aris Semowmebis procesSi aTvhlilli diskos
mier Sesrullebulli srulli brunvaTa ricxvi;

t - diskos brunvaTa ricxvis Sesabamisi dro (wm);

N - mricxve bis gadacemaTa ricxvi (br/kvtsT).

amis Semdeg gavzomoT qse B Si gamavalli simZBavre
simZBavris sazomi raime xe BsawyoTi. Tu aseTi xell-
sawyo ar gagvaCnia, maSin mricxve bi datvirToT iseTi
tvirTiT, romeBTa cosp=1. aseTebia, gamaxurebel i
xe B sawyoebi: uTo, eleqtroqura, wy lis gamacxe Hl ebe-
Bi, varvara naTurebi; xol o danarCeni xell sawoebi
gamovrToT gselBidan da mricxve Blis Semowmeba Cava-
taroT wammzomisa da denis marwuxis (nax. 2.26) saSu-
alebiT. Ddenis marwuxis saSuallebiT gavzomoT gse-
Bis Zabva da datvirTvis deni. Semdeg gamovTvaloT
gse B Si1 gamavali simZBavre mocemull momentSi for-
muliT:

Pe=V-1-cosp kvt. (5.4)
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bolos (53) da (5/4) FormulebiT miRebul i Semow-
mebis Sedegebi SevadaroT erTmaneTs:
Pe =Py (55)
gansxvaveba am or sidides Soris ar unda aRemate-
bodes 2%-s

8, = (P, — P, )-100/P,, < 2%.

54. dabali Zabvis pirdapiri CarTvis aqtiuri
energiis samfaza mricxveli

sanrewe B o da samogalBlago e legqtromomarageba,
dabali Zabvis mxares yve Baze xSirad ganxorcielle-
bu B ia nax. 55-ze mocemu B'i samfaza, oTxsadeniani sge-

miT, rome BSic xazuri Zabva (V,;,Vge,Ve,) 380 v-ia, xollo

fazuri (V,,V;,V.) 220 v. aseTi SeerTebis dros gsellis

Januri simZBavre tolia TiTeuli Ffazis aqtiur
simZBavreTa jamisa

F R=P,+P, +P. kvt

A la

Ve

nax. 55. el momaragebis samfaza oTxsadeniani sgema
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rogorc zemoT avRniSneT, samfaza mricxve B Si kon-
strugciullad moTavsebulia sami erTf¥faza mricxve-
B, sami e Bementisagan Semdgari, im gansxvavebiT, rom
mricxve Bis sanive e Bementi zemogmedebas axdens mricx-
velis erT diskoze da Sesabamisad mricxvelis mTv-
Beli axorciellebs elenergiis janur aTvlas.

nax. 5.6-ze mocemu Bia pirdapiri CarTvis samfaza
agtiuri energiis mricxvelis elleqtrulli SeerTebis
sgema. sanfaza sistemis cnebidan ganomdinare, agtiuri
energiis mricxvelis veqtorull diagramas egneba nax.
5.7-ze mocemu B i saxe, sadac ¢,,p, da ¢. warmoadgenen
Zvris kuTxeebs denebsa da Sesabamis Ffazur Zabvebs
Soris.

veqtorulli diagramidan gamomdinare, jamuri sim-
ZBlavre tolia

P.=P,+P,+P.=V,-1,-cosp, +V; -1, -cosg, +V;-1;-C0OS@;.

Tu miviRebT, rom samive fazaSi datvirTvebi to-

Iia, maSin

F P, =+/3V,-1,-C050,, kvt.

| =R
AJI 2 3 4 5 6 7 8 9 10 11 M
e _ANANE
c _NNNAE
0

nax. 56. pirdapiri CarTvis samfFaza aqtiuri
energiis mricxvelis samontalJo sgema
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nax. 57. aqtiuri mricxvelis veqtorulli diagrama

magram pragtikaSi denebi samive FazaSi umetesad gan-
sxvavebu B ia, anitom PP.—is gamosaxu BebaSi unda Sevi-
tanoT samive Fazis denebis saSuallo sidide da PR
miiRebs Semdeg saxes:

Pz :\/§.VS %COSQ& (56)

gamartivebis Sedegad miiReba
P =V (I, +1; + 1 )cose. (5.7)
mricxve B is Semowmebas vawarmoebT igive meTodiT,
rogorc erT¥aza mricxvellis dros romelic aRwer-
i Bia $5.3-Si. im gansxvavebiT, rom mricxve B is Semavall
momWerebze unda davicvaT samfaza denis TFazebis
swori Tanmimdevroba. Semowmebas vawarmoebT
TazamaCveneb BiT. Fazebis pirdapiri Tanmimdevrobis
dros aRniSnulli xeBsawyos disko brunavs saaTis
isris mimarTullebiT, xo B o ukuTanmimdevrobis dros
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- sawinaaRmdego mimarTu B ebiT. uku Tanmimdevrobis
SemTxvevaSi mricxvelis romelime or Tazas unda
Seucval oT adgilebi. pirvel rigSi mricxvels va-
mowmebT TviTsvBaze. Semdeg simZBavris sazomi raime
xe B sawyos arsebobis SemTxvevaSi gavzomoT gselis
TiToeul TazaSi gamavalli simZBavreebi call-callke
da miRebu Bi Sedegebi SevagamoT. jamuri simZBavre
toli igneba
R.=P,+P, + P kvt.

Tu simZBavris sazomi xe B sawyo ar gagvaCniamaSin
wammzomiTa da denis marwuxiT CavataroT gazomvebi
igive meTodiT ,rogorc erTFfaza mricxvellis SemTx-
vevaSi da (5.6) an (5.7) Formu BebiT ganvsazRvroT (gse-
Bis agtiuri simZBavre.

miRebu i sidide SevadaroT (5.3) FormuBiT miRe-
bull P, _sidides.Tu

P.=P,.

maSin mricxve i sworad muSaobs.

pirdapiri CarTvis aqtiuri energiis mricxve Bebi
saSuallebas iZBeva gamoviyenoT iseT qsell Si, sadac
datvirTva ar aRemateba 120 ampers. Uufro mZBavr
gse B Si1 simZBavris aRsaricxavad gamoiyeneba iribi-
SeerTebis mricxve Bebi, romBebic gsell Tan mierTebu-
Bi arian denis transformatoris saSuallebiT.

5.5. gazomvis zRvaris gafarToeba

zemoT ganxi Bull1 mricxve Bebi gse BSi uSuallod
aris CarTulli, amitom aseT mricxvelebs pirdapiri
CarTvis mricxve Bebs uwodeben. Ppirdapiri CarTvis
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mricxve BebiT SeiZBeba aRiricxos gse BSi gamavalli
energia, rombis deni ar aRemateba 120 ampers, xollo
Zabva 400 vo B ts. magram pragtikaSi gvxvdeba SemTx-
vevebi, rodesac saWiroa mricxve BebSi 120 amperze meti
denis gatareba an qse B Si aris 400 v Zabvaze meti. aseT
SemTxvevaSi sazomi xe I sawyoebis gazomvis zRvris
gafarToebis mizniT gamoiyeneben denisa da Zabvis
sazom transformatorebs, romlebic saSual ebas gva-
ZBeven gqseBSi gamavali didi sididis deni an gse-
Bis maRali Zabva davadabB oT mricxve bis nominalur
denamde da Zabvamde.

5.6. denis sazomi transformatori

denis sazomi transformatori (SemokBebiT de-
nis transFormatori) ganoiyeneba iseTi sazomi xell-
sawyoebis zRvris gafarToebisaTvis romell Tac gaaC-
niaT denuri gragnili (ampermetrebi, mricxve lebi,
Tfazometrebi, vatmetrebi da sxva). Ddenis transforma-
tori Sedgeba magnitogamtarisagan, erTi pirve Badi
da erTi an ramdenime meoreul i gragni I isagan.

daba B i Zabvis iribi SeerTebis mricxveBis nomi-
naBur deni standartiT miRebull ia 5 a. Aamitom denis
sazomi transformatorebis meoreu i gragni B is non-
inaBuri deni Cveulebriv 5 amperzea gaTvall iswinebu-
Bi. iSviaTad gvxvdeba denis transformatorebi la da
10 a meoreu 1 deniT. Ppirve Badi deni SeiZleba icv-
B ebodes 5-15000 amperis TargBebSi sazomi trans-
Tormatoris tipis mixedviT.

denis transformatoris eleqtrulli sgema mo-
cemu B ia nax. 58-ze.

pirve Badi gragni Bi1 warmoadgens spi BenZis an
aluminis sall tes, rome b ic gatarebu lia gullaras Sua-
Si da gankuTvni Bia uSualod ZaBovan gselSi
CasarTvelad, xolo meoreulli gragnili, romelic
randenime aTeu B i xviisagan Sedgeba, daxveu  ia aRniS-
null gularaze da gankuTvni Bia ell aparaturaze mis-
aerTeblad. FFagtobrivad denis sazomi transforma-
tori warmoadgens Zabvis amamaR Bebel transforma-
tors, magram radgan meoreulli gragni Bi mierTebu-
Bia iseT xelsawyoebTan rogoricaa mricxvelebis
denis gragni B'i, ampermetri da sxva rome I Tac winaR-
oba TiTgmis ar gaaCnia, meoreull gragni Is mokled
SerTvis reJimSi uwevs muSaoba da amitom mas denis
transformators uwodeben. agedan gamomdinare usa-
TrTxoebis mizniT, gsel Si CarTulli denis transfor-
matoris meoreulli gragnilli, Tu is gamoyenebulli ar
aris an Semowmebis dros moiTxovs wredis gaxsnas,
yove B Tvis unda iyos damok B ebu B i. winaaRmdeg SemTx-
vevaSi meoreull wredSi aRiZvreba didi emZ (1000-
1500v), rome Bic saSiSia adamianis sicocx  isa da meo-
reulli gragnillis izolaciisaTvis.

denis transformatoris pirveli gragni lis sawy-

isi da bolo aRiniSneba A, da A,, xoBo meoreulli
gragni lisa - /4, da 4,. A, da 4, monWerebi erTsax-
e la momWerebia. es niSnavs rom Tu pirve lad wredSi
deni mimarTulia A, -dan A,-saken, maSin meoreu I wred-
Si /4, igneba Semavalli, xoBlo /Z, gamomavali. gam-
anaw Bebe B mowyobi B obebSi denis transformatore-
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bi unda gayendes ise rom A, momWeri mimarTull1 iyos
Semkrebi sall teebis mxares.

denis transformatorSi pirve ladi denis Sefarde-
bas Sesabamis meoreull denTan denis transformatoris
transformaciis koeficienti ewodeba da ganisazRvre-
ba formuliT:

FK, =, (5.8)

sadac | - pirvelBadi denis sidide;
i - meoreulli denis sidide.
transFormaciis koeFicienti transformatoris
pasportSi naCvenebia wi Badis saxiT. mricxve B Si naC-
venebia nominaBuri pirveladi deni, xoB o mniSvnell-
Si _ meoreu i deni. Mmag. 100/5 a, anu K;=20.

aRniSnu b1 wredebSi gamoyenebu i denis transfor-
matorebis sizustis klBasi ar unda aRematebodes 0,5.

A, A, nax. 5.9-ze naCvenebia denis
g W, -_..,W transformatoris sizustis
Sm b5 E ot k Basis datvirTvaze damoy-

" |y, idebullebis grafiki.
A: rogorc grafikull 1 gamo-

" saxu Bebidan Cans, denis
a— transformatoris sizustis
E " kWasi 20%-dan 120%-is
A, Y. datvirTvis FarglebSi akmay-
ofillebs sizustis klasis
nax. 58. denis sazomi pjrobas. danarCen SemTxveva-

transform_atorls Si sizustis kBasi dar-
eleqtrulli sgema
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Rveullia rac ufro mcired da rac ufro zedmetad
aris datvirTulli denis transformatori, miT ufro
izrdeba cdonmi B eba. Aagedan gamomdinare denis trans-
Tormatoris SerCevisas saWiroa gaviTvaliswinoT
zemoT aRniSnulli pirobebi.

denis transformatorze damagrebull 1a misi sapa-
sporto monacemebi: tipi, sagarxno nomeri, dasaSvebi
Zabva, nominaBuri simZBavre, sizustis klasi.

udidesi datvirTva, romlis drosac denis trans-
Tformatoris cdoni Beba ar gamodis sizustis kB asis
sazRvrebidan naCvenebia sapasporto cxri ll Si. Mmag., 0.5
kBasis Tl tipis denis transformatoris gragni-
lis datvirTva ar unda aRematebodes 0,4 oms.

denis transformatoris damontalebisas denis
transformatorebis meoreulli gragnilis erTi bollo
da garsacmi unda ignes Camiwebu Bi da unda gaaCndes
Semowmebis oqmi, sadac daFigsirebuli igneba misi
sapasporto monacemebi da gazomvis Sedegebi, rogori-
caa

Fups

¥

nax. 5.9. sizustis kBasis datvirTvaze damokide-
bu B ebebis grafFiki
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izolacig;
vo I tamperu i maxasiaTeb Nl ebi;
transformaciis koeficienti;
po B aroba.

rac Seexeba maRalBi Zabvis (6/10)kv. Ddenis trans-
Tformatorebs, maT gaaCniaT ori meoreuli gragnili
(nax 5.8, b) aRricxvisa da sazomi xe B sawyoebisaTvis 05
kBasiT da sareleo dacvisaTvis gankuTvni Bi grag-
nilli, rombis klBasi aris 10.

maRa B i Zabvis denis transformatorebis izola-
cia damatebiT unda ignas Semowmebu Bi maRall Zabvaze.

nax. 5.10-ze naCvenebia sxvadasxva tipis denis trans-
Tformatorebi.

> o e

d) V)

nax. 5.10. denis transformatorebi:
a) T-0,66; b) TNON-10-1; g) YTT-5M;
e) TWN; v) T3PN; z) T3JIMi tipis
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denis transformatorebis arCeva unda moxdes
Semdegi monacemebis mixedviT: ajnominaBuri denis: b)
transformatoris koeficientis; g) sizustis kb asis,
rome lic gansazRvravs fardobiTi cdonmi Bebis sid-
ides nominaBuri datvirTvis dros; d) pirveladi
wredis nominaBuri Zabvis mixedviT.

denis transformatorebi mzaddeba 0.66; 6; 10; 15; 20;
24; 27; 35; 110; 150; 220; 330; 500; 750 kv nomina B ur Zabvaze
da 1-40000a nominaBur denze.

denis transformatorebs SemokBebulli aRniS-
vnebi: T -denis transformatori; ry-gamavalli; 0 -erTx-
viani; W -sasall te; K -koWiani; ¢-Faifuris izolaci-
iT, A—izolacia sinTetikuri Fisisagan;, y -gazll iere-
bulli; p-amomrTvel Si CaSenebuli; p-swrafgaJRenT-
vadi; D,3-diferencialuri da mokBed SerTvis dacvis;
A-aBluminis pirvelBladi gragnilliT; p- sarelleo
dacvis; H - gare dayenebis; M i- zeTiani; y?- amaR-
Bebulli sixSiris.

5.6. Zabvis sazomi transformatori

Zabvis sazomi transformatori (SemokBebiT Zab-
vis transformatori) gamoiyeneba avtomatikis, sare-
B eo dacvis, signallizaciis kvebisa da aseTi xe l saw-
yoebis gazomvis zRvaris gafarToebisaTvis, romell T-
ac gaaCniaT Zabvis gragni Bebi ( voll tmetrebi, mricx-
ve B ebi, vatmetrebi, Fazometrebi, sixSirmzomebi da sxva).

maRa B 1 Zabvis qvesadgurebSi Zabvis makontro Be-
be B 1 xe B sawyoebi rogoricaa: ki 1 ovo I tmetri, relleu-
ri dacvis Zabvis gragni Bebi, mricxve bis Zabvis grag-
ni Bebi da sxva standartis mixedviT damzadebull ia
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100v sidids Zabvaze, amitom Cveu B ebriv Zabvis trans-
Tformatoris meoreulli Zabva 100 vo I tia. Zabvis trans-
Tformatori maRall Zabvas (6-10kv) daadab Bebs 100 vo Il -
tis sididemnde, magram Fagtiuri Zabvis mniSvne I obis
misaRebad saWiroa miRebu B i Zabva gavamravB oT Zab-
vis transformatoris koeficientze. Zabvis trans-
Tformatoris koeficienti tolia

Vmal
KV —V . (59)

dan

Tu Cven SemTxvevaSi maRal i1 Zabva 6kv-ia, maSin

~ 6000
100
xolBo Tu maRali Zabva 10 kv-ia, maSin

10000
FK, =00 =100.

Zabvis transformatori SeiZlleba iyos rogorc
erTfaza, ise sanfaza erTTfaza Zabvis transformatoris
pirveBadi gragni Bis (BH) gamomyvanebi aRiniSnebian
A-X-1iT. es gragnili gselis ZabvasTan paralleBurad
aris mierTebulli; meoreul1 gragni Bis (HH) gamomyv-
anebi aRiniSneba a-x-iT. Ees gragnili mierTebulia
vo Bl tmetrTan an ufro rTulli xe I sawyos Zabvis grag-
ni B Tan.

samfaza Zabvis transformatoris pirve ladi grag-
ni B is gamomyvanebi aRiniSneba A, B,C asoebiT, xollo
meoreu Bi gragni Bis gamomyvanebi- a, b, c-Ti. samfFaza
Zabvis transformators damatebiT gaaCnia kidev erTi
gragni Bi. Ria samkuTxedi, rome B ic gamoiyeneba qve-

FK, 60,
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nax. 5.11. Zabvis transformatoris eleqtrulli sgema

sadgurebSi Camiwebis dacvis kontroBlisaTvis. Mmisi
gamomyvanebi aRniSnullia a; da X;-Ti. Zabvis trans-

Tformatorebis nominaBluri simZBavre 200-2000 voll-
tamperia gazomvebis dros Secdomis Tavidan aci 0 eb-
is mizniT Zabvis transformatoris meoreull grag-
ni B Tan unda CairTos xeBsawyoTa iseTi raodenoba,
rome I Ta saerTo momxmareb B is simZBavrem ar gada-
aWarbos am transformatoris nominalur simZBavres.
Nnax. 5.11-ze moyvani Bia erTF¥aza da samfaza Zabvis
transformatoris eleqtrulli sgema

Zabvis transformatoris saSiS relJimad iTvHleba
meoreu li wredis momWerebis mokBed SerTva, radgan
am SemTxvevaSi aRiZvrebian didi zedenebi. zedenebi-
sagan dacvis mizniT Zabvis transformatorebi maRa-
B Zabvis gse I Tan dakavSirebu I 1a mdnobadi mcve B eb-
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nax. 5.12. Ria samkuTxedze CarTulli Zabvis
transformatori
is saSuallebiT, xoB o dabali Zabvis mxare daculia
avtomaturi amomrTve B is saSuallebiT. maRalli Zabvis
mdnobadi mcve i lMNKT-10 specialurad Zabvis trans-
TormatorisaTvis aris damzadebu B i. Mmas gaaCnia 50
omi Siga winaRoba. Zabvis transformatoris korpusi
da meoreulli gragnili aucileblad unda iyos danmi-
webuBi. CvenTvis umjobesia davamiwoT meoreulli
gragni Bis gamomavalli p Taza. Tu samfFaza Zabvis

b) g) d)

nax. 5.13. Zabvis transformatorebi: a) erTfaza =ze-
Tiani; b) samfaza zeTiani HOMWU-10-95; g)erTFaza
mSrall i-OCM!; d) samfFaza mSralli -TC3U
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transformatori CarTulli aris Ria sankuTxedze (nax.
5.12) am SemTxvevaSi p Faza auci BebBad unda davami-
woT

Negsp BuataciaSi Sesvlis win, saWiroa adgill ze
maRa B 1 Zabvis megommetris saSuallebiT gaizomos Zab-
vis transformatoris gragni Bebs da korpuss Soris
izo B acia Aaseve Semowmdes gragni Bebis mT B ianoba.

nax. 5.13-ze warmodgeni B ia sxvadasxva tipis Zabvis
transftormatorebi

Zabvis transformatorebs irCeven Semdegi monace-
mebis mixedviT:

a) pirve Badi gselis nominaBuri Zabvis mixedviT,
rome Bic SeiZleba iyos; 05; 3.0; 6.0; 10; 35 kv da aS.

b)- transformatoris nominaBluri koeFficientis
mixedviT. Ees koeFicienti Cveu Bebriv naCvenebia trans-
Tformatoris pasportze wiladis saxiT. mricxve I Si
naCvenebia pirveBadi gragni Bis Zabva, mniSvne I Si-
meoreu B1 gragni Bis. Mnag 6000/100, anu K =60.

g)-nominaBuri meoreu i Zabvis;

d) sizustis kB asis, romelic ganisazRvreba nonmi-
naluri datvirTvis dros arsebull1 fardobiTi cdom-
i BebiT. Zabvis transformatorebi iyofa sizustis
oTx kNBasad: 0.2; 0.5; 1.0; 3.0;

3 kv Zabvamde Zabvis transformatorebi mzaddeba
haeris (mSrali) gacivebis, xoBo 6kv Zabvis zeviT-
zeTis gacivebiT
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5.7. dabali Zabvis arapirdapiri mierTebis
agtiuri energiis samfFaza mricxvelis montadi
da Semowmeba

naxevrad iribi CarTvis SemTxvevaSi mricxvelis
gse Bl Tan mierTeba ganxorciellebullia denis trans-
formatoris saSuallebiT. denis transformatoris
SerCeva xdeba $ 55-Si moyvani Bi monacemebis mixed-
VviT. nax. 5.14-ze mocemu B ia erTFfaza aqtiuri energiis
mricxve Bis naxevrad iribi CarTvis sgema. am SemTx-
vevaSi mricxvelis Semowmeba mimdinareobs igive me-
TodiT, rogorc pirdapiri CarTvis SemTxvevaSi, im gan-
sxvavebiT, rom aq (5.3) gamosaxu B ebaSi damatebiT Se-
dis denis transformatoris transformaciis koefi-
cientis K-s mniSvne B oba da gamosaTvlel formullas
agvs Semdegi saxe;

3600-n
Pe = Kk (5.10)

naxevrad iribi CarTvis samfaza agqtiuri energiis
mricxve Bl 1 warmoadgens same Bementian mricxvels,
rome Bic gankuTvni B 1a oTxsadenian sistemaSi muSao-
bisTvis yoveli elementis denis gragni Bebi gaTv-
Rillia | =5 a-ze, xo 0o Zabvis gragni Bebi gaTvlilia
V=220 v fazur Zabvebze . Zabvis gragni Bebi erTma-
neTTan SeerTebu I ia varskv Bavad, anitom mricxve bis
Zabvis 2-5-8 momWerebze, erTTmaneTs Soris gvagvs Xa-
zuri Zabvebi 380 v, xoB o igive momWerebsa da nulls
Soris - Ffazuri Zabvebi 220 v. aseTi oTxsadeniani
sistemis mricxve Bebze Zabva aRiniSneba 220/380 v-iT.
MmricxveBis eleqtrulli sgema igivea, rac pirdapiri
CarTvis samfaza mricxveBis N(nax. 5.6) SemTxvevaSi,
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nax. 514. erT¥faza aqtiuri energiis mricxvelis
naxevrad iribi CarTvis sgema

xo Bo samontaJo sgema gansxvavebu Bia imiT, rom aq
Zabvis gragni Bebi 2-5-8 gamoyvani Bia call ke momWere-
bze (nax. 5.15) da zRedarebi gaTiSullia

pragtikaSi gamoyenebu B ia samfaza iribi mricxve-
1 is denis transformatorebTan SeerTebis sami sgema,

1 2 3 4 5 6 7 8 o) 1oi 11 i

=
=
N
=

o 0O W >

nax. 515. samfaza aqtiuri energiis mricxvelis nax-
evrad iribi CarTvis sgemis pirveli varianti
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romB ebic variantebis saxiT mocemu B ia nax. 5.15; nax.
5.16; nax. 5.17-ze.

sadeni, romBis saSuallebiTac aRricxvis kvanZis
meoreu l komutacias vawarmoebT, unda iyos auci le-
bBad spi BenZis da misi kveTi 25 mm*> unda Seadgendes.
Ees im SemTxvevaSi, Tu sadenis sigrZe denis trans-
Tormatorebidan mricxve Bamde ar aRemateba 10 metrs

sadenis sigrZis zrdasTan erTad unda gavzardoT
misi ganivkveTis farTobi.

mricxve Bebis CarTva denis transformatorebTan
moiTxovs mocemu B'i sgemis zust Sesru lebas. winaaRm-
deg SemTxvevaSi aRricxvis kvanZi imuSavebs cdomi-
BebiT. yuradReba unda mivagqcioT 1imas, rom mricCxv-
ells ar gaaCndes TviTsvBa amisaTvis saWiroa pirv-
el rigSi $ 54-Si moyvani Bi pirdapiri CarTvis sam-
Tfaza mricxveblis Semowmebis analogiurad Sevamow-
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nax. 5.16. samfaza arapirdapiri CarTvis aqtiuri
energiis mricxvelis denis transformatorebTan
mierTebis sgemis meore varianti
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nax.5.17. samfaza aqtiuri energiis mricxvelis
naxevrad iribi CarTvis sgemis mesame varianti

moT mricxvelbis Zabvis momWerebze Fazebis swori
Tanmimdevroba.

amis Semdeg SevamowmoT mricxveBis yoveli elle-
menti calcallke mricxve bis diskos brunvis mima-
rTullebaze . anisaTvis saWiroa vigonioT damatebiTi
agtiuri winaRoba simZBavriT 2-dan 5 kvt-mde. aRniS-
nulli winaRobiT unda davtvirToT gseli saTiTaod
Tazebis mixedviT da erTdrouBladv unda davakvird-
eT mricxve bis diskos. disko yove 1 Tvis unda muSaob-
des “ win” mimarTulebiT. Tu romell ime Fazaze disko
brunavs “ukan” mimarTuBebiT, maSin am e Bementze Se-
mava B i denis sadenis wverebi unda gadavaadgi B oT
erTmaneTSi. Tu amanac ar uSve B a, maSin unda vivarau-
doT rom Zabvis sadenebis wverebi sworad ar aris
SerCeuli Tavis Fazaze. Ddisko, rome N ime e Bementis
Semowmebis dros, SeiZleba saerTod ar daiZras, maSin
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unda movZebnoT denis wredSi dazianeba (an sadenia
gawyveti b1, an denis transformatoris meoreuli grag-
ni Bia dazianebu B i) an SeiZBeba am e Bements Zabva ar
miewodeba. sabo B ood unda mivaRwioT imas, rom yove-
Bi elementis Semowmebis dros, mricxve b'i unda mid-
iodes “win” mimarTulebiT.

magram aris iseTi SemTxveva, rodesac mricxve bis
disko TiTeulli elementis Semowmebis dros midis
“win”’mimarTu BebiT, magram gqse B Si gamavall i simZBavre
dasaSvebze metad gansxvavdeba mricxve B is mier naCvene-
bi simZBavrisagan:

P #Pr

es im dros xdeba, rodesac mricxvelis samive
e Bementze denebi miewodeba SebrunebiT da Zabvebi ki
Sesabamisad denebs ar eTanadeba, anu Zabvebi daZzru l ia
denebis mimarT.am SemTxvevaSi, Tu gse B Si gvaqgvs suf-
Ta agtiuri datvirTva mricxve Bi aRricxavs naxevar
simZBavres, xolo Tu gselBSi gvaqvs reagtiulli sim-
ZNBavre, maSin Zabvebis DdazvriT mricxve Bma SeiZ B eba
aRricxos Fagtiur simZBavresTan SedarebiT an Zall ian
mcire (SeiZlBeba mricxvelis diskom sawinaaRmdego
mimarTu B ebiTac imoZraos) anZalBian didi energia

qse B Si arsebulli simZBavris koeFicientis dasa-
dgenad, Tu saWiro xe B sawyoebi ar gagvaCnia dagvex-
mareba aRricxvis wredSi agtiur mricxve B Tan erTad
CarTulli reagtiulli mricxveli.
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5.8. dabali Zabvis reaqtiulli energiis samfaza
mricxvelis montalJi da Semowmeba

Tu agtiuri energiis sameBementian mricxvell Si
CarTvis sgemas SevcevRiT iseTnairad, rom TiToeulli
el ementis densa da Zabvas Soris igneba damatebiTi
gp°-iani Zvris kuTxe, maSin aqtiuri energiis mricxve-
Bi gardaigmneba reagtiulli energiis mricxve lad,
radgan sing=90°-¢, xo 1 0 samfaza wredis reagtiulli
energia gamoiTvleba FormuliT:

Q=+/3V, -1 -sing, kvar, (5.11)
sadac sing-s mniSvne B oba aiReba danarTi 2-Si mocemu-
i cxrilidan

go°-1ani Zvris kuTxis miRebis principi aixsneba

nax. 5.18-ze warmodgeni Bi veqtorulli diagramiTa da
nax. 5.19-ze mocemu B i1 samfaza reaqgtiu i energiis 9p°-

iani Zvris kuTxis mgone
mricxve Bis sgeniT, sadac
Zabvis gragni Bebi Seer-
Tebu B i1a sankuTxedad da
denur gragni BebTan Se-
darebiT gadaadgi I ebu-
Bia am naxazebidan Cans,

rompirvel elementSi |,
deni SeuRBebulia ara

V,; ZabvasTan, rogorc es
xdeba aqtiuri energiis
SemTxvevaSi, aramed V.

nax. 5.18. samfaza reaqtiu- . -
a ZabvasTan. sufTa aqtiuri

Bi energiis 9Q°-iani Zvris i i
kuTxis mgone mricxvelis datvirTvis dros I,
veqtorulli diagrama
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deni umTxveva V, Zabvas da daZrulia V,. Zabvisagan
90°-IT. Tu I, da V,-s Soris Zvris kuTxe aris ¢, maSin

I, deni V.. Zabvis mimarT daZzrulli igneba (90°+¢)

kuTxiT. anaBogiurad gge-iani Zvra miiReba or sxva
danarCen e Bementebze da samfaza janmuri reagtiulli
energia gamoiTvleba FormuliT:

V, .
Q; =Q +Q +Qc Z%IA'SIH¢A+

+VﬁlB -Sinq)3+%|c -sing, . (.2)
Tu miviRebT, rom
Vo =Vea =Vss Ia=lg =lci L0 =2L0s = Lo,
masSin Q=+/3V, - I, -sine. (5.13)

B
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nax. 5.19. samfaza reaqtiulli energiis 9Q°-iani Zvris
kuTxis mgone mricxvelis sgemea

250

reaqtiulli energiis gazomvisaTvis same Bementian
mricxve BebTan erTad sam- da oTxsadenian sistemeb-
Si nulovani sadenis gareSe TfarTod gamoiyeneba
agreTve martivi orelementiani samfaza mricxveli
go°-iani Zvris kuTxiT.aseTi Zvra miiRweva Zabvis wre-
debSi damatebiTi rezistorebis CarTviT. gQc-iani
Zvris KkuTxe iZBeva SesaZlebBlobas miviROT sing-s
proporciulli mbrunavi momenti martivi konstruqgci-
iT. 60--iani Zvris kuTxis mgone mricxve i (nax. 5.20)
ufro moxerxebull ia,radgan misi CarTvis sgema ise-
Tivea rogorc orelementiani aqtiuri energiis
mricxve Bisareaqtiulli energiis mricxve bis. Ddenis
gragni Bebi gaTvlilia5a denze, xol o Zabvis gragni-
Bebi -400 v Zabvaze.

reaqtiulli mricxvelis mier aRricxulli ellener-
gia ganisazRvreba $5.3-Si moyvani Bi aqtiuri energi-
is mricxve Bis Semowmebis analB ogiurad, formuliT:

nax. 5.20. gQ°-iani Zvris kuTxis mgone samfaza
reaqtiulli energiis mricxvelis sgema

251



— — - — —d —d
12 3| 4 6|7 9 10 11 1l 2 3[4 6] 7 9

T r 15 l
T 1—‘ m

Jh

nax. 521. samfaza reaqtiulli energiis mricxvelis
CarTvis sqgemis erT-erTi varianti

3600-n-K
Qur TN
ZiriTadad reaqtiulli mricxvelebi CarTulia
aRricxvis wredSi agtiur mricxve BebTan erTad. Ees
saSuallebas iZBeva advillad gamoiTvalos reaqtiu-
Bi simZBavris koeFicienti mocemull momentSi, fFor-
muliT:

kvar. (5.14)

Qu /P =tgo. (5.15)

Semdeg danarTi 2-Si mocemuli cxrillis saSua-

BebiT vpouBobT cose sididis mniSvne Bobas. Tu

cxri i ar gagvaCnia, maSin tge-s mixedviT vsazRvravT
gselis simZbBavris koeFficients formulliT:

1
s 619
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nax. 522. aqtiuri da reaqtiulli energiis

same Bementiani mricxve Bebis oTxsadenian qsell Si

naxevrad iribi CarTvis sgema Zabvisa da denis
SeTavsebuli wredebiT

xo 0o sing=41-cos’p. (5.17)

nax. 5.22-ze mocemu B ia agtiuri da reagtiulli ener-
giis same Bementiani mricxve Bebis oTxsadenian gse I Si
naxevrad iribi CarTvis sgema Zabvisa da denis SeT-

T T TR
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nax. 5.23. agtiuri da reaqtiulli energiis samellemen-
tiani mricxvelebis oTxsadenian gseB@ Si naxevrad
iribi CarTvis sgema gancalkevebuli wredebiT
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avsebulli wredebiT,xoB o nax. 523-ze -gancall kevebu-
Bi wredebiT.

agtiuri da reagtiulli mricxvelebis nmier aR-
ricxulli elenergiis dRe-Ranuri an Tviuri xar jeb-
is mixedviT (5.15da (5.16) gamosaxu BebebiT SeiZleba
gaangariSebu Bi ignes dRe-Ramuri an Tviuri saSua-
Bo Sewonili agtiuri da reagtiulli simZBavris
koeficientebi.

59. maRali Zabvis aqtiuri da reaqtiuli
energiis samfaza mricxvelis montali da
Semowmeba

maRa B 1 Zabvis (6/10kv) gse i1 warmoadgens samsade-
nian sistemas (sami faza nuBovani sadenis gareSe).
aseT1i sistemis agtiuri energiis aRricxvisaTvis gam-

RN

: . x
FNANS FUAN
LYY Y Y
A X A X
—+4
Llu Yz |
A
B
b u Yz |
[

nax. 524 agtiuri energiis mricxvelis ori erTTfaza
Zabvis transformatoris saSuallebiT maRali Zabvis
gse BSi CarTvis sgema
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nax.5.25.ore B ementiani agtiuri energiis mricxvelis
samfaza Zabvis transformatoriT CarTvis sgema

oiyeneba ore Bementiani mricxve Bebi,romel Ta denis
gragni Bebi Sesrullebulia 5 a denze, xobo Zabvis
gragni Bi Sesrullebulia 100 v Zabvaze. Zabvis grag-
ni Bebi mricxvelBSi CarTulia xazur Zabvaze Ria
samkuTxedis sgemiT. es sgema uzrunve Byofs simetri-
ull samfaza xazur Zabvebs da amitom gamoiyeneba Fa-
zebs Soris CarTulli xe B sawyoebisa da releebis
kvebisaTvis.Nnax. 5.24-ze mocemu B ia agtiuri energiis
mricxveblis ori erTTFfaza Zabvis transformatoris
saSua B ebiT maRal i Zabvis gse B Si CarTvis sgema,xo o
nax.5.25-ze -orelementiani aqtiuri energils mricxve-
I is sanfaza Zabvis transformatoriT CarTvis sgema
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nax. 5.26.0relementiani mricxvelis veqtoruli
diagramebi

nax. 526.a-ze mocemu B ia orelementiani mricxve-
Bis veqgtorulli diagrama. am veqgtorull diagramas
mivceT nax. 526.b-ze warmodgeni B i saxe:

am veqtoru i diagramebidan gamomdinareobs, rom

P=P +P =V, -l,-c05(30°+¢,)+V, -, -cos(30°-¢,).
Tu miviRebT, rom V, . =V,; |, =1;Zp, =Ze¢,,

ab? "a

maSin P=\/§Vb-lf -COS .

agedan gamomdinareobs rom samsadenian sistemaSi,
orelementiani mricxve BiT, sanfaza aqtiuri energi-
is aRricxva SesaZlebelia

rac Seexeba maRal i Zabvis samfaza reaqtiulli en-
ergiis mricxvells, igi warmoadgens same Bementian
mricxve l's, anal ogiurs immricxve bisa romelic adre
gvgonda ganxi Bull'i, mxo Bod im gansxvavebiT, rom aq
Zabvis gragni Bebi 100 v-zea Sesrullebuli.

maRa B 1 Zabvis samfaza agtiuri da reagtiulli en-
ergiis mricxvelebi aRricxvis kvanZSi erT siste-
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nax. 5.27.aqtiuri da reagtiulli energiis
mricxve Bebis samontalJo sgema

maSia gaerTianebu B i. Nnax. 527-ze mocemu Bia agtiuri
da reaqtiulli energiis mricxvelebis gsel Tan ni-
erTebis eleqtrulli sgema.

5.10. maRali Zabvis aRricxvis kvanZis
Semowmeba
maRa B i Zabvis aRricxvis kvanZis Sesamowmeb BadD
gamoiyeneba xe Bsawyo AAO-i. Tavdapirve Bad iwyeba
Zabvebis Semowmeba mricxve B is me-2, me-5 dame-8 momWere-
bze erTmaneTisa da korpusis mimarT. im SemTxvevaSi,
Tu b Faza aris Camiwebu B i,maSin me-2 da me-8 momWereb-
sa da korpuss Soris Zabva toli unda iyos Zabvis
transformatoris meoreulli xazuri Zabvisa (100v
Tfarg BebSi)xoB o me-5 momVersa da korpuss Soris -
nullis toliel.
vV, =V, =V, =V, =V, =100v, xollo
Vv,, =0.
Tu Camiwebu Bia Zabvis transformatoris daballi
mxaris neitrall i, maSin xazuri Zabvebi tolia
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F V, =V, =V, =100v,
xo Bl o Fazuri Zabvebi toli igneba
vV, =V, =V,, =57v.

am SemTxvevaSi auci Beb Bad unda davrwmundeT,rom
b fazis gragni Bis gamomyvani namdvi Bad mierTebu-
Bia me-5 momWerTan.. anisaTvis saWiroa Zabvis trans-
Tformatoris maRall Zabvaze droebiT gavTiSoT a dac
Tazis mcveli. Aam dros Zabvebi V, =V, =57v, xollo
V,,hullis toli gaxdeba, an sull ramdenime voll tis
Tfarg B ebSi igneba. amis Semdeg unda aRvadginoT mcve-
Bi da AAO-is saSuallebiT SevamowmoT TFazebis mim-
devroba mricxve B ze. AAO-is Ninfi unda brunavdes
saaTis isris moZraobis mimarTullebiT. Tu NinFi
datriall da sawinaaRmdego mimarTu B ebiT, maSin mricx-
ve B ze unda gadavaadgi BoT a da c TFazebis grag-
ni Bebis momWerebi erTmaneTis mimarT.

amis Semdeg viwyebT meoreu Bi denebis Semowmebas,
rogorc nax. 527-dan Cans denis transformatorebi
gqse 1 Si mxoBod or fazaSi aris CarTulli arasrulli
varskv Bavis meTodiT, es niSnavs, rom gse I Si simetri-
ullt datvirTvis dros |, =1_Aamn dros denis trans-
Tformatorebis meoreuli gragni Bebis neitralSic
igive sididis deni gadis, romelic sididiT |, -s war-
moadgens. e.i.

L=1,=1.

magram Tu gazomviT miviReT,rom |, deni 173-yer
metia vidre |, an |, denimaSin adgi 01 aqvs erT-erTi
denis transformatoris araswor CarTvas da amitomUun-
da vecadoT, rom yove B Tvis daculli 1yos piroba:

L=, =1.
amis Semdeg ganvsazRvroT agtiuri da reaqtiulli
energiis mricxve Bebis mier dafFigsirebulli agtiuri
da reagtiulli simZBavreebi.
agtiuri energiis mricxvelis mier dafigsirebu-
BisinZBavre P, ganisazRvreba (5.7) formuliT,oRond
am SemTxvevaSi transformaciis koeficienti tolia
K=K, K. (5.20)
sadac K, aris denis transformatoris transfor-
maciis koeFicienti (5.8);
K,- Zabvis transformatoris transformaciis
koefFicienti (59).
imave (5.7) FormuBiT ganisazRvreba reaqtiulli
energiis mricxvellis mier dafFigsirebulli reagtiu-

Bi simZBavre Q, .

sazomi xe B sawyoebis gamoyenebiT gavzomoT meo-
reull wredSi gamavali denebi da modebu Bi Zabvebi
da ganvsazRvroT qgsel Si gamavalli aqtiuri da reag-
tiulli simZBavreebi,formulebiT:

(l,+1,+1,)

FP, =3V, - K -cosg. (5.21)

Q. =3V, L;H)K sin. (5.22)

ag V, aris Zabvis transformatoris meoreulli

Xazuri Zabva, kv.
I, 1,, 1, - denis transFormatoris meoreu i dene-
bi, aK

a’
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tgp,cosp daAsing gansazRvrisaTvis gamoviyenoT
(5.15), (5.!6) da (5.17) gamosaxu 0 ebebi.GAN

Tu mosaxerxebeBia da amis saSuallebas maRal i
Zabvis ujredi iZBeva, unjobesia maRall i Zabvis mar-
wuxis saSuallebiT gavzomoT maRali Zabvis pirvel a-
di denebi, maSin:

| | |

Pe SNES -%KV -COS @, (5.23)
L, +1, +1

Qs =3V, -(A—B?C)KV sing, (5.24)

ag V, aris gselis meoreull 1 Zabva, kv.

l,,1,, 1, aris gsell-
Si pirveladi denebi, a
sabo Bl ood wunda

movaxdinoT Fg da P

mr !

Qs da Q, simZBavree-
bis Sedareba

Pro =P

Qe #Qur .
LR :ﬂ;.r%—mﬁéd?f; JI aRricxvis kvanZis
i g nominaBuri muSaobis
o pl @J suraTis misaRebad ga-
g mogvadgeba AAO-is sa-
! " w2 SuallebiT veqtoruli

Gute Dl diagramis ageba.

veqtoruli diagra-

di nax. .28 ée%tgr“B'AL) g5 Mis gadaReba xdeba Sen-
ragramis Jgadareba - . .
xe B sawyoTi degnairad (nax. 5.28):
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xe Bsawyos A, B, C momWerebi uSuaBlod SeerTebulia
mricxve B is Zabvis gragni Bis momWerebTan Tanmim-
devrobiT marcxnidan mar gvniv. muxruWis aSvebis
Semdeg R imFis brunvis mimarTuBebis mixedviT gan-
isazRvreba fazaTa Tanmimdevroba. BimFis brunva
saaTis isris moZraobis mimarTuBebiT Seesabameba
TazaTa pirdapir Tanmimdevrobas Semdeg N imFi unda
damuxruWdes. xe B sawyoebis gamomyvanebTan (*) da (I)
SemaerTebe B i SHangiT CairTveba e Beqgtrosazomi mar-
wuxi. SemaerTebeB 1 Cang Bebis manWvaBebi unda Sev-
ides marwuxebisa da xe I sawyos erTsaxe Ba aRniSvneb-
is budeebSi.

gadamrTve i Bl unda davayenoT mdgomareobaSi
“U,1”, gadamrTve Bi B2-ndgomareobaSi “BenuumHa”, gad-
amrTve B'i1 B3-mdgomareobaSi “5a an 1A” denis mosa ll od-
nel i mniSvne B obidan gamomdinare. marwuxebiT pirv-
el rigSi moicaven mricxvelis denis gragnills A
Tazis Semavall sadens. Mmarwuxis niSnulli (*) mima-
rTulli unda iyos denis transformatoris mxares.
izomeba denis mniSvne I o-
ba A TazaSi. Semdeg B2
gadamrTve Bi unda davay-
enoT mdgomareobaSi
“®aza”. BimFis brunviT
xe I sawyos isari unda
davayenoT nullze. am
dros isris mobrunebis
mimarTuleba unda iyos

nax. 529. AAO-iT gadaRebu- NimFis brunvis mina-
Bi veqtorulli diagrama rTullebis Tanxvedrili.
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mizanSewoni B ia vabrunoT N inFi saaTis isris moZrao-
bis mimarTu B ebis sawinaaRmdegod. vaFigsirebT am
dros isris null Tan misvlas skalis mar_jvena mxri-
dan. skalis null Tan dayenebis Semdeg HNimFis danay-
ofebis mixedviT aiTvBeba kuTxe, rome I ic SeTavsebu-
B ia nakawrTan. anaBogiurad aiTv Beba sxva Fazebisa
da nu B ovani sadenebis kuTxeebi.

veqtoruli diagramis gadaRebis Semdeg viwyebT
mis agebasa da ana B izs. dasawyisSi vagebT V,,V, da V,
Tfazuri Zabvebis veqtorebs, rombBebic erTmaneTis mi-
marT sivrceSi daZrullni arian 120%iT. Aamis Semdeg
vagebT V, Zabvis veqtors, romelBic V, Zabvis veg-
torisagan gaswrebulia 30%-iT. V, veqtoris mimarT
unda gadavzomoT gazomi B i1 kuTxeebi denis vegqtore-
bis asagebad. kuTxe “L” niSniT unda gadavdoT V,
veqtoridan saaTis isris moZraobis mimarTullebiT,
xo 0o kuTxe “C” niSniT- saaTis isris moZraobis saw-
inaaRmdego mimarTulebiT. Bbo B os ganvsazRvravT
kuTxeebs densa da Fazuri Zabvis erTsaxe Ba veqtorebs
Soris da vakeTebT daskvnas mricxve Bis CarTvis sis-
woris Sesaxeb. MmagaBiTad davuSvaT _A=50°L da
~/C =70°C (nax. 5.29), maSin agebul i diagramidan Cans,
rom A FfazaSi V, Zabvasa da |, dens Soris kuTxe
¢, =50-30=20°; aseve V, Zabvasa da |, dens Soris
kuTxe ¢,=120-(70+30)=20° danarTi 2-is daxmarebiT
vadgenT, rom am SemTxvevaSi simZBavris koeFicienti
cos@ =c0s20°=0,94.

ore B ementiani samfFaza mricxveblis Semowmebis
dros yuradReba unda mivagcioT im garemoebas rom
gqse B Si Tanabari datvirTvis dros mricxvellis orive
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el ementi yove B Tvis erTi da igive ZaBiT ar axdens
zemogmedebas mricxvebis diskoze. Tu mricxvelis
simZBavris gamosaxu 0 ebaSi
P=V,-1,-c0s(30°+¢,)+V, -1 -cos(30°-gp,).

SevitanT kuTxe Zg-is sxvadasxva mniSvne I obebs
miviRebT, rom rodesac kuTxe Z¢, =Z¢p, =0, maSin orive
e Bementis mricxve Bis diskoze Tanabari Zal 1T axdens
zemoqmedebas.

naTqvamis demonstrireba SeiZBleba movaxdinoT
Semdegnairad: jer mricxvelis pirveli elementis
denis gragni Bis 1-3 momWers davamok BebT,xoB o Sem-
deg meore e Bementis gragni Bis 7-9 momWers da orive
SemTxvevaSi davaFigsiroT mricxvelis diskos brun-
vis siCgare. davinaxavT, rom orive SemTxvevaSi diskos
brunvis siCgare erTi da igive igneba.

kuTxeebis Z¢, da Z¢.,-s zrdasTan erTad igive
cdis dros, pirveli elementi nak Bebad zemogmedebs
diskoze, vidre meore e Bementi da Sesabamisad diskos
brunvis siCgqare erTmaneTis mimarT gansxvavebu i
igneba. rodesac kuTxeebi <Z¢, da Z¢, gauto Bdeba
60°%-s, maSin pirve bi e Bementi saerTod ar zemogmedebs
diskoze da ZiriTadi zemogmedebis Zala diskoze modis
meore e Bementis saSuallebiT, xo B0 rodesac kuT xee-
bi Zp, da Z¢, metia 60°%-ze, maSin pirveli elementi
diskos abrunebs ,ukan” mimarTullebiT, xoBo meore
elBementi - ,win” mimarTulebiT.

5.11. specialuri daniSnullebis mricxvelebi

sanrewve o momxmareb Bebis mier elegt-roenergi-
is racionalluri moxmarebisa da sxvadasxva miznebi-
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saTvis gamoyenebian specialuri daniS-nullebis mricx-
ve B ebi.

datvirTvis magsimumis maCvenebe B i mricxve bi .Tan-
amedrove pirobebSi samrewve I o momxmareb B ebisaTvis
gamoiyeneba e Beqtroenergiaze organakveTiani ta-
rifi,romelic Sesdgeba TiToeu-Bi moxmarebulli
kvtsT eleqtroenergiis ganakveTisa da energosiste-
mis magsimaBuri datvirTvis relJimSi muSaobis peri-
odSi moxmarebulli1 TiToeulli kvtesT el eqtroenergi-
is ganakveTebisagan.

gadaxdis aseTi sistema stimulls aZlBevs elleqt-
roenergiis momxmareb B ebs,raTa imuSaon raciona-Bur
reJimSi da amiT Seamciron energosistemis pikuri
datvirTvebi.

aseTi tarifiT gaangariSeba xorcie I deba special -
uri mricxve BebiT, romBebic aRWurvi lia datvirTvis

(= —
| I + i
I 1Y lI
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: K ot
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. =21 i 12 -
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nax.5.30. kontagtebian saaTiani magsimaBuri
datvirTvis maCvenebeli mricxvelis CarTvis sgema
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magsimumis maCveneb B iTa da kontagtebiani saaTiT. saaTi
aRWurvi liaZraviT p daori wyvi Bi kontagtiT K,, da

K, aseTi mricxve Bis CarTvis sgema mocemu B ia nax. 5.
30-ze.

pirve i K, kontaqtebis wyvi Bi imarTeba mbrunavi
diskoTi. an diskos gaaCnia skalla, rome B ic Seesabame-
ba 24 sT-s da akeTebs dRe-RameSi 1 bruns. am kontagte-
bis CarTva-gamorTvis dro dayenebu ll ia energosiste-
mebis di Bisa da saRamos magsimumebis dasawyisis da
dasasrullis Sesabamisad.

kontaqtebis meore, K, wyvili CairTveba drois

mocemul (15 an 30 wT) SuaBedSi. Semdeg xdeba maTi
gaTiSva da drois am Sualedis gasvlis Semdeg myisi-
erad CairTveba es cikBi meordeba uwyvetad.

mricxve blis datvirTvis magsimumis maCveneblis
wamyvani isari, roml is gadaxra proprociullia drois
mocemu l intervall Si (mag.30wT) simZBavris saSuallo
Sewoni Bi mniSvne B obisa, dakavSirebu ll 1a gadamcemi
sistemis brunvis RerZTan. am gadacemis gadaxrasa da
gadabmas awarmoebs p e Begqtromagnituri relle romel-
ic CarTullia Zabvis orive wyvili kontagtebis gav-
BiT. 30 wuTis ganmavB obaSi es relle CarTullia da
isari moZraobs da gadaadgi Bdeba. an drois ganmav-
0l obaSi gadaixreba saSuallo simZBavris proprorci-
ulli kuTxiT. relles gaTiSvisa an ganmeorebiTi CarTvis
dros aRniSnulli isari zambaris mogmedebiT brunde-
ba nul ovan mdgomareobaSi da Tavidan iwyebs gada-
adgi Bebas. es cikli meordeba magsimumis drois gas-
v I amde.
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wamyvan isarTan dakavSirebu B ia sabugsire isari,
rome B ic aFigsirebs wamyvani isris Cvenebas ganvlilli
30 wuTis ganmav B obaSi. Tu drois Semdeg intervall Si
datvirTva ar gaizarda, maSin sabugsire isris mdgo-
mareoba ar SeicvBleba, xoblo datvirTvis gazrdis
SemTxvevaSi wamyvani isari gadaadgi Bebs sabugsire
isars ufro didi kuTxiT. amgvarad, sabugsire isris
mdgomareoba Seesabameba energosistemis magsimalur
reJimSi muSaobis dros momxmareb B is magsimaBuri
simZBavris saSuallo Sewoni B mniSvne B obas naxevari
saaTis intervall Si. naxevarsaaTiani intervalli saliroa
imisaTvis rom magsimumis maCvenebe BSi ar aRniSnos
datvirTvis xanmok Be biZgebi. sabugsire isari Sei-
ZMeba dabrunebulli ignes sawyis mdgomareobaSi
Ri Bakis saSuallebiT.

te lesazomi mricxve Bebi. aseT mricxve Bebs gaaC-
niaT impu B sebis gadamwodi romBebic mTvleli
meganizmis Cvenebas gardagmnian mudmivi denis impu I se-
bad da gadascemen Sors manZi B ze. aseTi mricxvelis
tipis aRniSvnaSi Ffigurirebs aso p, magaliTad
CA3 - Hu670Dp impu B sebis mimRebi SeiZBeba iyos im-

|

|

|

I
r.-‘[\[xf I T+
mhe S |

nax. 5.31. impu B sebis gadamwodebis sgema
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pu B sebis elBegtromagnituri mricxveli an gamomTv-
Beli manganis Semavali mowyobi N oba

Tanamedrove pirobebSi Seigmna saWiroeba avtomat-
urad SevagamoT calkeu B 1 msxvi B i momxmareb Bis mier
moxmarebu i agtiuri da reagtiulli energiebies iZll-
eva saSuallebas vawarmooT angariSebi organakveTiani
tarifiT da miviRoT agreTve srulli informacia mox-
marebu Bi e Beqtroenergiis relimebis Sesaxeb.am mizniT
ganoSvebu Bia eleqtroenergiis aRricxvisa da kon-
trolis avtomatizirebulli sainformacio-sazonmi
sistema pypcH-1-48, rome B Tanac kavSirgabmu B obis
arxebis saSuallebiT SeiZBeba mierTebuli ignas 48-
mde telBesazomi mricxveli.

telesazomi mricxvelis impu B sebis gadamwodi
warmoadgens jg741 tipis tranzistorze akrefil uku-
kavSiriT marTull generators.

sgemis yve Ba e Bementi garda ukukavSiris T, trans-
Tormatorisa ganBagebullia mTvElel i1 meganizmis ax-
B os. mas aqvs Feritis gullara ori(W, da W,) grag-
niliT romBis ganaWerSi brunavs disko ori diame-
tralurad sawinaaRmdego amonaWeriT. brunva gada-
ecema mTv e 01 meganizmis diskos. zogierT modifika-
ciaSi diskos magier brunavs TiTbris alami, romell-
ic damagrebu B ia moZravi sistemis RerZze. roca all-
ami mdebareobs transformatoris RreCos gareT, ma-
Sin generatori agznebu I mdgomareobaSia da kavSiris
xazebSi gadis deni, romBis mudmiv mdgene s agvs 10
ma rigis mniSvne B oba. almis RreCoSi Sesvlis dros
indugciuri cvlillebis gamo xdeba generaciis Sew-
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1331 121

A]Ix 17 1. W, | JI

JIy 17 1. Vo | JI;

nax.5.32. specdaniSnullebis dabali Zabvis
mricxvell is naxevrad iribi CarTvis sgema

yveta da deni mcirdeba 08 ma-mde. amgvarad genera-
tori muSaobs rogorc gasaRebi, romeBic uzrunve-
Byofs 12v mudmivi denis kvebis wyaros wredis komu-
tacias: amasTanave impu Bsebis ricxvi proporciulia
diskos brunTa ricxvisa impullsebis gadamwodis mo-
mWerebTan CarTull ia 3km-nde sigrZis kavSiris orsad-
eniani xazi (ll) araumetes 190 omi/km winaRobiTa da 0.1
mk¥/km tevadobiT. kvebis wyaro mimdevrobiT CairTve-
ba kavSiris imave xazze mimRebis (llI) mxridan.

miwisgveSa an specdaniSnu B ebis el eqtro danad-
garebisaTvis usaFrTxoebis tegnikis wesebidan gamonm-
dinare gamoiyeneba samsadeniani sistema 3X380 v an
3X220 v nu B ovani aseT gvesadgurebSi aRricxvis kvan-
Zi Sesrullebullia ore B ementiani mricxve B iT(nax. 5.32).

aseTi mricxvellis Semowmeba swarmoebs maRall i
Zabvis kvanZis mricxveblis anaBlogiurad. AAO-iT age-
bulli veqtorulli diagramis gamoyenebiT.

5.12. aRricxvis kvanZebis e Bementebis
uwesivrobani

a) mricxvelis uwesivroba. SeiZBeba aRiZvras
uecrad gareSe zemogmedebis gavBeniT. Aam zemogmede-
bas miekuTvneba dartymebi, ryevebi, xangrZll ivi gada-
tvirTvebi, mok Bed SerTva mierTebebze, Wega-quxi B isa
da komutaciis gadaZabvebi. Mmricxve B i1 agreTve Sei-
ZM eba gadavides uwesivro mdgomareobaSi saremonto
vadis gasv B ande. vadaze adre gacveTis Sedegad, romell -
ic ganowveu I ia eqsp BuataciisaTvis miuRebe B'i pirobe-
biT. Cndeba sxvadasxva defeqti: mudmivi magnitis,
e Beqtromagnitebis gularebisa da sxva metaluri
nawi Bebis korozia, sayrdenebis cveTa, im RreCoebis
danagvianeba, sadac brunavs disko; sapoxis gasge  eba;
magnitisa da sxva damagrebebis moSveba;, mricxvelis
yvela am uwesivrobas mivyavarT Semdeg Sedegamde:
moZravi nawi Bis gaCereba, momatebu Bi cdomi leba,
mTvEeli meganizmis araswori muSaoba, TviTsvila

uZravi diskos dros unda Semowmdes mricxvelis
momWerebze yve Ba Fazis arseboba da denis mniSvne I oba
mimdevrobiT CarTull gragni BebSi. Semdeg gadaRebu-
Bi unda ignas veqtoruli diagrama. Tu yvela anm
gazomviT ar gamomJRavnda mizezi, maSin es mizezi imalle-
ba mricxvelis SigniT.

Tu eWvi aris mricxvelis mniSvne Bobis gazr-
dazeMmaSin unda Catardes mricxveBlis sakontrollo
Semowmeba dadgmis adgi 0 ze, magram Tu amis pirobebi
ar aris, maSin mricxve BI'i unda moixsnas da unda Semow-
mdes Baboratoriull pirobebSi.
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b) sazomi transformatorebis uwesivroba.
Ddenis transformatoris dazianebis damaxasiaTeebe-
Bi niSania meoreulli denis Seusabamoba pirve lad-

Il
Tan (Iz SK_ . AamasTanave meoreu Bi denis mniSvne  o-
|

vani Semcireba SeiZBeba moxdes sgemis uwesivrobiT
daSvebu B'i1 Secdomis gamo. Aamitom Semowmebas eqvem-
debareba rogorc transformatori, aseve wredi.

Ddenis transformatoris dazianebis gamov lena
SesaZ Bebe B ia Semdegi damaxasiaTebe Bi niSnebis mixed-
viT: meoreulli deni meoreuli wredebis winaRobebis
dros nullis tolia an nul Tan axBosaa ( an dros
gragni 11 damok Bebu B ia momWerebze); deni mniS-
vne B ovnad metia, vidre unda iyos Tagtiuri winaR-
obebis dros.

Zabvis transftormatoris dazianeba iwvevs maRal i
Zabvis mxares erTi an randenime mcve B is gadawvas, ris
Sedegadac meoreu Bi Zabva ganorTull Fazaze gaqreba
an mniSvne B ovnad Semcirdeba.

g) sazomi transformatorebis gazrdil
datvirTvas, romelic aRemateba mocemu Bi sizustis
k Basis dasaSveb datvirTvas, Seaqvs damatebiTi uary-
ofiTi cdomilleba meoreuli gragnillis datvirTva
SeiZ B eba ganisazRvros angariSis gziT an eqsperimen-
talurad. egsperimentiT datvirTvis gansazRvris dros
meoreull wredebSi erTdroullad zomaven denebsa da
Zabvebs. Ggazomvebi SeiZ B eba Catardes, rogorc muSa
denisa da Zabvis qveS, aseve mierTebebis gamorTvis
Semdeg gareSe kvebis wyarodan Zabvis miwodebiT.
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Ddenis transformatorebis meoreulli gragnillis
datvirTvis Semcireba SeiZlBleba denur wredebSi ka-
be B ebis ZarRvebis kveTis gazrdiTa da am wredebidan
damatebiTi aparatis gamorTviT.

Zabvis transformatoris datvirTvisa da cdom-
i Bebis SemcirebisaTvis datvirTva SesaZlebl obis
Tfarg BebSi unda gavanawi BOT ise, rom yve Ba FazaSi
iyos erTnairi.

Tu Zabvis transfomatoris meoreulli gragnili
SeerTebu B ia Ria samkuTxedad, maSin mizanSewoni I ia

datvirTva gavanawi BOoT iseTnairad, rom V_Zabvaze
datvirTva ar CairTos da SesaZlebl obis Fargll ebSi
Tanabrad gavanawi BOoT V, da V, Zabvebs Soris.

salWiroa Semowmdes datvirTvis Semcirebis Sesa-
Zleb B oba Zabvis wredebidan damatebiTi aparaturis
ganorTvis Sedegad, agreTve unda Semowmdes Zabvis
transformatorisa da mricxvelis SemaerTebel
sadenebze Zabvis vardna.

=
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nax. 533. sakontroBl o kabeB Si Zabvis vardnis ga-
zomva: 1-Zabvis transformatoris momWerebi; 2- aR-
ricxvis wredebis momWerebi; 3- sarezervo ZarRvi
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sadenebSi Zabvis vardnis gazrdas, romBebic
aerTeben Zabvis transformators mricxve I Tan mivya-
varT uaryofiTi cdonmi Bebis gazrdamde. Ppragtiku-
B ad es SeiZ B eba moxdes, Tu sadenis sigrZe aRemateba
15 metrs.

Zabvis vardna sadenebSi SeiZlBeba ganisazRvros
cdiT. an mizniT gamoiyeneba cv Bl adi denis vo ll tmetri,
romBis Sinagani winaRoba 1-10 komia. vo l tmetri
CairTveba kabe Bis ZarRvis bo B oebTan (nax. 5.33).

Zabvis vardnis gazomvam, rogorc kabe lis bo 1 0Si
Xazuri Zabvebis gazomvam ar SeiZBeba mogvces uary-
ofiTi Sedegi. Ddidi Secdoma SeiZ M eba Seitanos voll t-
metrebis cdomi Bebam, aTvlis araerTdroull obam da
sxva mizezebma.

Zabvis vardnis Semcirebis mizniT saWiroa kabe-
Bis ZarRvebis kveTis gazrda callkeul SemTxvevaSi
salWiro xdeba mricxve Bebi vkveboT ara ZabviT saerTo
sal teebidan, aramed gaviyvanoT cal ke kabe Bi. Zabvis
transformatorsa da mricxvelis SemaerTebel
sadenebSi Zabvis vardnis SemcirebisaTvis karg Sede-

woo P Jan
&
'y

Nnax.5.34. Zabvis transformatoris wredSi makompen-
sirebeli kondensatoris CarTvis sgema
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gebs i1ZBeva mricxve b is Zabvis gragni Bis induqgtivo-
bis tevadobiT kompensacia.

tevadobiTi kompensacia gamoiyeneba mricxvelis
Zabvis gragni Bebis mier moxmarebuli energiis Sen-
cirebisaTvis maTi simZBavris koeficientis gazrdis
gziT. Ees miitRweva imiT, rom Zabvis TiToeu i gragni-
Bis paraleBurad CairTveba 1-15 mkv tevadobis konde-
satori (nax. 534). amgvarad gragni Bis induqciuri
winaRoba kompensirdeba kondensatoris tevaduri win-
aRobiIT. Sedegad Zabvis transformatoris cose izrde-
ba 0,8-0,9-nde, xo B o misi datvirTvis srulli simZBavre
mcirdeba 25-3-jJer. Ggazomvis sizuste i1zrdeba Zabvis
transformatoris gragnilisa da SemaerTebel
sadenebSi Zabvis vardnis Semcirebis xar jze. Ggarda
amisa mcirdeba Zabvis transformatoris kuTxuri
cdoni Beba, radganac Cos uax I ovdeba nominaB ur mniS-
vne B obas (0,8-0,9).

Tu mricxve Bebi erTmaneTisagan daSorebull ia, ma-
Sin mizanSewoni B ia kondensatorebi dayendes TiToeu-
Bi mricxvelisaTvis. mricxve Bebis centrall izebu-
Bi ganBagebis dros sakmarisia dayendes kondensa-
torebis batarea

d) mricxvelis CarTvis araswor sgemas Sei-
ZBeba adgi Bi hgondes or SemTxvevaSi

1. Tu pirveBadi Semowmebis dros daSvebull'1 igna
Secdoma.

2. Tu egspRuataciis procesSi sgemaSi Setanili
igna cviliBeba Aamitom yve Ba SemTxvevaSi aRricxvis
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sistemebis darRvevis dros saWiroa Semowmebis Xe-
BaxBa Catareba

e) meoreulli wredebis elementebis uwe-
sivrobas miekuTvneba Zabvis wredis gawyveta, mimdevro-
biTi wredis gawyveta da romelime Fazaze mcvelis
gadawva. Uumetes SemTxvevaSi uwesivrobas mivyavarT
erTi mabruni elementis uwesivrobasTan. Uuwesivro-
ba am dros advilad vHBindeba mricxve blis momWere-
bze Zabvisa da gazomvis gziT.
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5.13. mricxve Bebis diagnostika gamorTuli
Zabvis SemTxvevaSi

diagnostikuri samuSaoebi gamorTulli Zabvis
SemTxvevaSi sruBldeba mimdinare eqspBuataciis sa-
zomi transformatorebis kapitaBluri remontebis
dros da aRricxvis sisworis darRvevis SemTxvevaSi
meoreu Bi wredebis gadakeTebis Semdeg.

diagnostikur samuSaoebs miekuTvneba: gare daTva-
I iereba sadenebis garekva izo Baciis Semownmeba, sazomi
transformatorebis erTsaxe Ba momWerebis Semowmeba.

a).cgare daTvaliereba. Ggare daTvalierebas
eqgvemdebareba yveBa meoreulli wredi sazomi trans-
Tformatorebidan mricxve Bebande. Mnowmdeba meoreu-
Bi wredebis elementebis kompBegtacia da megani-
kuri dazianebebis ar arseboba (momWerebis nakrebi,
gadamyvani ko B ofebi, sacdeli bl okebi da sxva), sa-
kontro B o kabe Bebis dacalkevebis xarisxi; mricx-
ve B ebis damagrebis saimedooba da siswore. sakontag-
to SeerTebebSi Jangis ar arseboba da gamaTbobe N i
mowyobi B obis mdgomareoba.

saWiroa mT B ianad Semowmdes sadenebisa da sakon-
tro o kabe B ebis markireba. Mmricxve B ebis central -
izebuBad gan B agebis dros mowmdeba warwerebis ar-
seboba mierTebebis dasaxeBebiT. YyveBa SemCneulli
darRveva dauyovneb B iv unda gamoswordes.

b) sadenebis garekva. sadenebis garekvis mizania
dadgindes mT Biani Sesabamisoba principulli sgemis
montalsa da samontalo sgemas Soris markirebis Sesa-
bamisobis CaTvliT.
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garekvisaTvis SeiZBeba gamoyenebuli 1ignes om-
metri an megaommetri. Ggamoiyeneba agreTve sakontro-
B o naTura elegtrozari an vo B tmetri. Kkvebis wyarod
SeiZ B eba gamoyenebu Bi ignes batarea 4-6-v ZabviT an
damwevi transformatori 220/12 v.

Ggarekvis dawyebis win saWiroa Semowmdes ZarRvis
arseboba yve 1a momWerze vo I tmetris an Zabvis maCveneb-
B is gamoyenebiT.

Uukuinformaciis Tavidan aci Bebis mizniT Zabvis
transformatori gamorTulli unda iyos orive mxri-
dan. Ggasareki sadeni erTi mxridan mainc unda 1yos
ganorTulli, rac gamoricxavs SesaZzlo SemovRiTi
wredis arsebobas.

Ggarekvis Sedegad dgindeba Semdegi:

sadens ar agvs wyveta, mokBed ar aris CarTulli
sxva sadenebTan; sadenebis boBoebi sworad aris
markirebu li; sadenebis boBoebi CarTulia sgemis
Sesabamisad.

g) izolBaciis Semowmeba moicavs, izolBaciis
gamocdas 1 wuTis ganmav B obaSi 1000 v cv B adi ZabviTa
da izo Baciis winaRobis gazomvas megaommetriT. saeqs-

pBuatacio Semowmebis
dros dasaSvebia gamo-
sacde 11 1000v cv B adi Zab-
vis SecvBla 2500v mudmivi
ZabviT Sesabamisi vo I tme-
tris gamoyenebis dros.

nax.5.35. erTFfaza Zabvis
transfFormatoris erTsaxe- Semowmebis win saWiroa

Ba momWerebis gan- ganovrToT denis trans-
sazRvris sgema
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Tormatoris Camiweba. keTdeba sami gazomva: mimdevro-
biT (denur) wredebsa da “miwas” Soris; parallelur
(Zabvis) wredebsa da miwas Soris; mimdevrobiT da
parallelur wredebs Soris. YyvelBla SemTxvevaSi
izolBaciis winaRoba ar unda iyos 1 mom-ze nak N ebi.
igive TanmimdevrobiT xdeba izoBaciis gamocdac.
Ggamocdis Semdeg sgema unda ignes aRdgeni B i.

d) sazomi transformatorebis erTsaxela mo-
mWerebis gansazRvra. sazomi transformatorebis
erTsaxe Ba momWerebis gansazRvra aucilebelia im
SemTxvevaSi: Tu dazianebu Bia sagarxno aRniSvnebi,
ar gagvaCnia sagarxno sapasporto monacemebi, remon-
tebis Semdeg; FazomgrZnobiare e B ementebiani avtoma-
tikisa da sareleo dacvis mowyobi B obebis gamoy-
enebisas.

nax. 5.36. samfaza Zabvis transformatoris erTsaxe-
Ba momWerebis gansazRvris sqgemebi a) samfaza Y/\(H

SeerTebiT; b) samfFaza Y/D SeerTebiT; g) samfaza
Y /N, SeerTebiT
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Zabvis transformatoris erTsaxela momWere-
bia A-a-a, da X—-x—-X, erTfaza Zabvis transforma-

toris polarobis Semowmebas axdenen mudmivi denis
impu BsebiT nax. 535-ze mocemuBi sgemiT.

batareisa da xe I sawyos (gall vanometris) (+) momW-
eri SeerTebu l ia Sesabamisad Zabvis transformatoris
A da a momWerebTan. Tu es momWerebi erTsaxellaa,
maSin wredis CarTvis SemTxvevaSi xell sawyos isari
gadaixreba mar jvniv, xo 10 gamorTvisas-marcxniv.

zogierTi gansakuTrebuli1 TvisebiT xasiaTdeba
sanfaza Zabvis transformatoris momWerebis po Bar-
obis gansazRvra. Tu Zabvis transformatorebis grag-
ni Bebi SeerTebulia sqemiT ./, (varskvBavi-varskv-
Bavze neitraluri sadenebiT), romelic naCvenebia
nax 536, a-ze, maSin wredis CarTvis dros xel sawyos
isari gadaixreba mar jvniv. xe Bl sawyos (+) momWeris
meoreu li gragni Bebis sxva momWerebTan mierTebis
dros wredis CarTvisas xe I sawyos isari gadaixreba
marcxniv.

nax. 536, b-ze naCvenebia SeerTebis Y/D (varskv-
Bavi-gaxsni B samkuTxedze) dros batareis (+) momW-
eri rig-rigobiT mierTdeba A, B, C momWerebs, xollo

xe B sawyos (+) momWeri mudmivad mierTebu Bia a;,- sTan.

Tu momWerebi erTsaxe Baa, maSin wredis CarTvisas Xxe-
I sawyos isari yove B Tvis gadaixreba mar_jvniv.
Zabvis transformatoris Y/YH SeerTebis dros
rekomendirebu l ia Semowmeba vawarmooT nax. 5.36, g-ze
naCvenebi sqgemiT. rigrigobiT xelsawyos (+) momWeri
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G-B_I_ CairTveba A, B, C momWerebTan,
==
A2

- xolo () momWeri mudmivad
71 & meoreulli gragnillis null-
¢ T Tan.

“e o M1 batarea mimdevrobiT

CairTveba AB, BC da CA momW-

- + erebze, batareis (+) momWeri

) an SemTxvevaSi mierTebullia

nax. 537. denis Trans- gocananjsad A, B, C momerebT-
formatoris polarobis i _

Semowmebis sgema an. wredis CarTvis dros, Tu

gragni lis polaroba sworia
da xe Bsawyos (+) momWeri mierTebulia a momWerTan,

maSin misi isari gadaixreba mar jvniv;, C momWerTan
mierTebisas_ marcxniv. B momWerTan mierTebisas um-
niSvne B od gadaixreba nebismier mxareze an gadaxra
igneba nullis toill.

denis transfornma-
torebis erTsaxela mo-

mWerebia A, da 4, (A, da

1,)Aam momWerebis gan-
sazRvrisaTvis 4-6-v mud-
mivi Zabvis kvebis wyaro
miuerTdeba denis trans-
formatoris pirvellad
gragni s, xol o sazonmi
xe I sawyo (gallva-
nometri) miuerTdeba me-

oreull gragni s, Kkveb- nax. 538. CaSenebuli denis

is wyarosa da xe I sawy- trapsformatoris_ polaro-
bis gansazRvris sgema
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os (+) momWerebi am dros unda mierTebu Bi ignas im
momWerebTan, romBebic miCneu B ia erTsaxelBad (A, da

A, ). wredis CarTvisas xe B sawyos isris mar jvniv gada-
xra amtkicebs aRniSvnis siswores (nax. 5.37)
Camiwebu i denis transformatoris poBarobis
gansazRvris sgema mocemu ll ia (nax.5.38)
CaSenebul1 denis transformatoris A, (“zeviT”)

da A, (“qveviT”) gamomyvanebis gansazRvrisaTvis saWiroa
CamrTve Bebis dayenebis win denis transformatoris
Tanj rebSi gavataroT sadeni, rome Bic asrulebs pirve-
Badi gragnilis rolls. gantarTan CamrTvelis gav-
BiT kvebis wyaros (+) momWeri CairTveba denis trans-
formatoris “zeviT” mxridan. Ggall vanometris (+) mo-

mWeri X, momWerTan, xoBlo () momWeriT muSa gan-

StoebasTan. Tu “zeviT” da /4, erTsaxe Baa, maSin wre-

dis CarTvisas xe Bl sawyos isari gadaixreba
mar jvniv.roca arsebobs eWvi CaSenebu B'i1 denis trans-

formatoris polarobis
gansazRvris sisworeSi, ma-
(357 TAZ Sin mowmdeba meoreuli
TALTAZ gragnilis polaroba ri-
H5 o) grigobiT CairTveba xel-

ﬁf-,’.g b sawyo yve Ba ganStoebasTan
uto+ u -u,, U, -4, daaS xell-

sawyos sworad arCeuli
nax. 5.39. amomrTvel ze ) }
denis transformatoris Mdgomareobis dros did

dayenebis sisworis ganStoebebze gadasv il isas
Semowmebis sgema
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paraleBurad izrde-
ba xe @ sawyos 1isris
gadaxra.

amomrTve B ebis mon-
talis damTavrebis Sen-

nax. 540. denis transforma- deg zeTis Casxmamde
toris volamperulli maxasi- gawiroa gakon-

aTeblis (damagnitebis) gada- i
Rebis sgema trol des denis trans-

Tformatoris dayenebisa da meoreuli wredebis mon-
talis sisworeamisaTvis batareis (+) momleri rig-
rigobiT CairTveba amomrTve B is gare Semyvanebis mo-
mWerebze, xolo (_) momWeri amomrTveBis uZrav kon-
tagtze avzis SigniT, ise rogorc naCvenebia nax. 5.39-

ze. xe Bsawyo CairTve-

ba karadaSi ganBage- .. k-ﬂ""‘_"
bull meoreulli wredis e
momWerebze. ik /
aniT mowmdeba ara . 1’
120

marto denis transfor-
matoris dayenebis ad-
gili da siswore,
aramed gamomyvanebis
iSvni isworec.
aRniSvnis s s_o ec / ‘./{“
personall is usa- 20 o
frTxoebis moTxovne-
bidan gamomdinare )
dauSvebe B ia Semowmeb- &% 5.41. denis transforma-
toris damagnitebis maxasi-

is Catareba CarTuli aT mebebi: | - wesivrullis: Il
- moklBe SeerTulli xviebiT

1) 1 ks LLA
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amomrTvelis dros, misi TviTneburad gamorTvis
Tavidan aci Bebis mizniT.

Tu amomrTve B 1 avsebu Bia zeTiT, maSin denis wya-
ro unda CairTos mxoBl od gare momderebze.

e) voltmetrulli maxasiaTebBis gadaReba.
vol tmetrulli maxasiaTebe Bi warmoadgens meoreull i
gragni bis momWereze arsebull'i Zabvis damokidebu N e-
bas masSi gamaval damamagnitebe B denze. igi warmoad-
gens ZiriTadi maxasiaTebe l's, romell ic gansazRvravs
denis transformatoris wesivrull obas.

vo Il tamperuli maxasiaTebBis gadasaRebi sgema
naCvenebia nax. 5.40-ze.

am maxasiaTeb B is SemcirebiT da misi daxril obis
mixedviT vHBindeba denis transformatoris yve laze
ufro gavrcelebulli da saSiSi uwesivroba- meoreul
gragni BSi xviaTaSorisi mokBedSerTva rig SemTx-
vevaSi maxasiaTebeBi SeiZBeba gamoyenebuli 1ignas
transformatoris cdomi Bebis Sesafaseb lad.

vo I tamperu B i maxasiaTeb B is gadaRebisas ganrTu-
Bi pirveladi gragnilis dros meoreull gragnillSi
Baboratoriulli avtotransforma- toris (Batri)
saSualebiT safexurebrivad vzrdiT Zabvis mniSvne I o-
bas, roml is gasazomad gamoyenebu Bia 05 sizustis kla-
sis eleqtromagnituri sistemnis vo Il tmetri da Zabvis
TiToeu i mniSvne B obisaTvis igive sistemisa da igive
kBasis ampermetriT vzomavT denis mniSvne I obas. Aamg-
varad axalli CarTvis dros viRebT 10-12 wertills da
vagebT vo I tamperull maxasiaTebels (nax. 541)
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gegmiuri Semowmebis dros viRebT 3-4 wertills da
vamowmebT mis damTxvevas adre gadaRebu l maxasiaTe-
be l Tan.

mok Bed SerTulli xviebis arsebobis dros maxasi-
aTebe D1 mkveTrad ecema, rac naCvenebia nax. 54l-ze.
maxasiaTeb B is dacema SeiZBeba SemCneu B i ignes misi
adre gadaRebu Bi maxasiaTeb N idan, an imave tipis de-
nis transformatoris maxasiaTebe I Tan SedarebiT.

5.14. mricxvelis CarTvis sisworis Semowmeba
mogmed mierTebebze

a). mricxveBlebis CarTvis sisworis Semowme-
ba 1000v zeviT danadgarebSi. Mmricxvelis CarTvis
sisworis Semowmebis Sesaxeb SeiZl eba gavakeToT daskv-
na, Tu mis momVerebze gadaRebu Bi veqtorulli diagra-
ma emTxveva nax. 5.29-ze mocemu I normalur diagramas.
amisaTvis saWiro da sakmaris pirobad iTvHEleba 1)
Zabvis transformatoris meoreuli wredebis monta-
Jisa da maTTan mricxveblis Zabvis gragni Bebis nmi-
erTebis siswore; 2) denis transformatoris meoreu-
i wredebis montalisa da maTTan mricxve Bis denis
gragni Bebis mierTebis siswore.

amgvarad, mricxve bis CarTvis sisworis Semowmeba
Sedgeba ori etapisagan: Zabvisa da denis wredebis
Semowmebisagan (veqtorulli diagramis gadaReba).

Zabvis transformatoris meoreulli wredeb-
is Semowmeba. Ees Semowmeba mdgomareobs TFazebis
markirebis sisworesa da Zabvis wredebis wesivrobis
SemowmebaSi. Semowmeba srull deba sxvadasxva Zabvis
qveS. izomeba yve Ba xazuri da TiToeulli1 fazis Zabva
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“miwis” mimarT (Fazuri Zabva), wesivrul wredebSi yve-
Ba xazuri Zabva erTmaneTis tolia da Seadgens 100-
110 vo I ts, xo B o Zabvebis mniSvne B oba Fazasa da “mi-
was” Soris damokidebullia Zabvis transformatoris
CarTvis sgemaze da meoreu i wredebis Sesru ll ebaze.
Tu Zabvis ori erTfaza transformatori SeerTebu-
Bia Ria sankuTxediT an gamoyenebu B ia Zabvis samfa-
za transformatori Camiwebu Bi FaziT, maSin am Fazis
Zabva “miwis” mimarT nullis tolia xoWBo danarCeni
Tfazebis Zabva tolia xazuri Zabvisa

Tu Zabvis samfaza transformatorSi meoreulli
gragni bis neitralli Camiwebu Bl ia, maSin yve Ba Fazis

100
Zabva miwis mimarT Sedgens daax B oebiT 58v (ﬁ}

Tazebis dasaxe Bebis sisworis Semowmebas viwyebT
b FaziT, romelic mierTebulli unda ignas mricxve-
B is Sua momWerTan. Ppirve I SemTxvevaSi igi advi Bad
SeiZ B eba moiZebnos “miwis” mimarT Zabvebis gazomvis
SedegebiT. Mmeore SemTxvevaSi ASeiZ B eba moviqceT Sem-
degnairad: Zabvis transformatori gamovrToT orive
mxridan. Zabvis ar arsebobisa da usafrTxoebis zome-
bis miRebis Semdeg amoviROT maRall 1 Zabvis Sua fazis
mcve bi. CavrToT Zabvis transformatori muSaobaSi.
GgavzomoT meoreuli xazuri Zabvebi. ganorTull Ta-
zaze xazuri Zabva igneba Semcirebuli1 (daax B oebiT
orjer), xolo gamourTvel Tazebze xazuri Zabvebi
ucvilelia Nnapovni Ffaza unda mivuerToT mricxve-
I is Sua momWeris Zabvis wreds, xo o danarCeni ori
mivuerToT Sesabamisi markirebis kidura momWerebs.
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Semdeg xe Bmeored gamovrTavT Zabvis transfor-
mators, miviRebT usafrTxoebis zomebs, mcve B'i Cayen-
deba Tavis adgi 0 ze da Zabvis transformators Cavr-
TavT muSaobaSi. DdanarCeni Fazebi yve Ba SemTxvevaSi
ganisazRvreba fazomaCveneb B is daxmarebiT, romBis
daniSnu Bebaa samfaza wredSi TFazebis Tanmimdevro-
bis dadgena.

SemowmebisaTvis TazomaCveneb B is markirebe i
gamomyvanebi imave TanmimdevrobiT mivuerToT mricx-
ve blis Zabvis gragni Bis gamomyvanebs da davaWiroT
Rilaks TiTi, davakvirdeT fazomaCveneblis diskos
brunvis mimarTu Bebas. diskos brunva isris naCvene-
bi mimarTuBebiT gviCvenebs markirebis siswores da
amasTanave gviCvenebs Zabvis gragni blis CarTvis sis-
wores. winaaRmdeg SemTxvevaSi saWiroa gamovav l inOoT
FfazaTa ukuTanmimdevrobis mizezebi: pirve ladi wre-
debis araswori markireba (Ffazebis SeferiBoba) an
Zabvis transformatoris meoreuli wredebis monta-
Jisas daSvebu 01 Secdomebi;

Tazebis ukuTanmimdevrobiss mizezebis gamov le-
nis mizniT vamowmebT +¥azebis Tanmimdevrobas uax-
0 oesi Zabvis transformatris momderebze da vimeo-
rebT Zabvis wredebis Semowmebas. Secdomis gamoswore-
bis Semdeg Fazebis Tanmimdevrobis Semowmebas vimeo-
rebT.

markirebis sisworis gansazRvra mniSvne B ovnad
martivdeba, Tu am Zabvis transFormatoriT ikvebeba
sxva mricxveli an relBeuri dacvis mowyobi I obebi,
romBebic winaswar arian Semowmebu Bi. Aam SemTx-
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vevaSi sakmarisia movaxdinoT maTTan Sesamowmebe N i
mricxve lis fazireba

ganvixi BOT ramdenime Secdoma da uwesivroba
rome B ic vl indeba Zabvis wredebis Semowmebis dros,
esenia: 1) meoreull wredebSi Zabvis wredebis denis
gragni BebTan SecdomiT CarTvis Sedegad gamowveu-
Bi moklBed CarTviT mcvebis gadawva an avtomaturi
amomrTvelis gaTiSva, 2) xazuri Zabvis Semcireba an
ararseboba, romBebic SeiZ B eba gamowveu i 1yOSs Sx-
vadasxva mizezebiT: sadenis gawyvetiT an mcve I is gada-
wviT, Zabvis transformatoris uwesivrobiT, or momW-
erze erTi da igive Fazis mierTebiT, konkretulli
mizezi gamov B indeba Zabvis transformatoris gsel-
idan gamorTvis Semdeg Catarebu B i1 Semowmebis Sede-
gad.

Tu xazuri Zabvis gazomvis dros erTi maTgani
igneba daax BoebiT 173v, maSin es niSnavs, rom erTi
Zabvis transformatoris meoreulli gragni Bi gadab-
runebulia meoreulli transformatoris meoreuli
gragni Bis mimarT. Secdomis gasworebis Semdeg ga-
zomvebi unda ganmeordes.

denis transformatoris meoreulli wredeb-
is Semowmeba. Tu momWerebis ko B ofze adgillebs
SevucvliT Zabvis wredis or kidura sadens, maSin
simetriulli datvirTvis dros mricxvelis disko
sworad CarTvis SemTxvevaSi unda gaCerdes (SesaZzll oa
mcire svla nebismier mxares). Mmeore xerxiT Semowme-
bis dros 1-3 wn dros SualedSi i1iTvleba agtiuri
energiis mricxvellis diskos brunTa ricxvi, Semdeg
gamorTaven mricxve b is Zabvis wredis Sua fazis saden-
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sa da drois igive SualledSi aiTvhlian brunTa ricx-
vs. Tu mricxveli CarTullia sworad, maSin brunTa
ricxvi unda Semcirdes orjer.

b) mricxve Bebis CarTvis sisworis Semowmeba 1000v
qveviT danadgarebSi

Tu mricxveli CarTull ia sworad, maSin nebismier
SemTxvevaSi uzrunve ByoTi lia denisa da Zabvis erT-
saxe Ba Fazebis SeuRBeba TiToeull mabrun elemen-
tSi.

mricxve lis CarTvis sisworis Semowmebis dros
izomeba Fazuri da xazuri Zabvebi, agreTve ganisazRvre-
ba fazaTa Tanmimdevroba. Tu aris ukuTanmimdevroba,
maSin saWiroa adgi Bebi SevucvaBloT or nebismier
mabrun e Bements da maT mkvebav denis transforma-
torebs. Semdeg rigrigobiT vamowmebT diskos brun-
vis mimarTu B ebis siswores TiToeulli mabruni elle-
mentis moZrav sistemebze call call ke zemogmedebis dros.
Semowmeba swarmoebs momWerebis ko B oFSi zRudareb-
is rigrigobiT moxsnis gziT, an dros muSaobaSi rCe-
ba erTi mabruni e Bementi, xo B o danarCeni ori gamoy-
vani B 1a muSa mdgomareobidan. zRudarebis CarTva-
gamorTva xdeba mxo Bod Zabvis moxsnis Semdeg.

Mmeore xerxis dros mierTebebi ganorTulia Ti-
Toeull fazasTan xanmok Bed rigrigobiT CairTveba
xe Bovnuri erTfaza datvirTva datvirTvad SeiZlle-
ba gamoyenebu B'i ignes 40-50 omi winaRoba simZBavriT
200vt, Tu mricxveli sworad aris CarTull'i, maSin Ti-
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cxrilli 51
SemaerTebe B i sadenebis dasaSvebi kveTebi

gamtaris sigrzZe, m 10-mde 10-15 15-25 25-35 35-40

spi BenZis sadenis
2 25 4 6 8 10

umciresi kveTi, mm

Toeu i elementi daabrunebs diskos mar jvniv. Ddis-
kos brunva sawinaaRmdego mimarTu BebiT gviCvenebs,
rom mricxve bis denis gragni BSi deni gaedineba uku-
mimarTulebiT da am Secdomis gamosasworeblad
salWiroa Sevucval oT adgi Bebi an e BementTan mierTe-
bull sadenebs.

E5.15. eleqtroenergiis gazomvis cdomni Beba da
moTxovnebi sazomi transformatorebisadmi

mricxve Bebis sizustis kBasis arCeva damokide-
bulia mis daniSnu B ebaze, CarTvis wessa da gasazoni
energiis saxeobaze (agtiuri Tu reaqtiulli). DdaniS-
nu Bebis mixedviT mricxveBebi iyofa saangariSo da
tegnikuri aRricxvis kategoriebad, xo B o CarTvis wesis
mixedviT, rogorc zemoT avRniSneT uSuall 0 an pirda-
piri CarTvisa da iribi anu Zabvisa da denis trans-
Tormatorebis saSuallebiT.

pirdapiri CarTvis agtiuri energiis mricxvelis
sizustis kBasi unda iyos 25-s, xoblo reagtiulli
energiisa — 3,0. sazomi transformatorebis saSuallebiT
CarTulli agtiuri da reagtiulli energiis saangariSo
mricxve Bebis sizustis kBasi unda iyos 2,0, xollo
tegnikuri aRricxvis mricxve BebisaTvis- aranakBeb
2,0 da 25-s.

didi simZBavris gazomvis dros rekomendirebu-
I ia gamoyenebu Bi ignes aqtiuri energiis saangariSo
mricxve Bebi aranakBeb 1,0 sizustis kBasisa, xollo
reaqtiulli energiis -aranak Beb 15-s. saangariSo mricx-
veBebis dros denisa da Zabvis transformatorebs
unda hgondes aranak Beb 0,5 sizustis kB asi ( dasaSve-
bia gamoyenebu B i1 ignes 1,0 sizustis kBasis denis
transformatori. im SemTxvevaSi Tu 04 omi winaRo-
biT datvirTvis SemTxvevaSi misi namdvi Bi cdoni le-
ba ar aRemateba 05 kBasis denis transformatoris
dasaSveb cdonmi Bebas); tegnikuri aRricxvis mricx-
ve BebisaTvis saWiroa visargebBoT aranakBeb 1,0
kBasis transformatorebiT. sazomi transformator-
ebis meoreu Bi wredebis datvirTva ar unda aRemate-
bodes sizustis mocemnu Bi k BasisaTvis dasaSveb nom-
inalur datvirTvas. Aagedan gamomdinare saorienta-
ciod miRebullia transformatoris meoreull wredze
mierTebuBi SemaerTebeB i sadenebis winaRoba arau-
metes 0.2 omisa, Aamitom qvemoT cxri BSi 51 moyvani -
ia SemaerTebe i sadenebis dasaSvebi kveTebi.

pirdapiri CarTvis mricxve Bebi Cvenebas iZHBevian
uSua Bl od ki BovatsaaTebSi an ki Bovo ll tampersaaTe-
breagtiu I Si.

sazomi transformatorebis saSuallebiT CarTulli
mricxve Bebis Cveneba mrav B deba koeFicientze

K=K, xK,, sadac K, da K, Sesabamisad denisa da Zab-

vis transformatorebis transformaciis koeficien-
tebia

289



mricxve Bebis transformatorebis saSuallebiT
CarTvis dros kategoriullad akrZaBull ia mcve Bebis
dayeneba sazomi transformatorebis meoreull wre-
debSi. rekomendirebulia denisa da Zabvis transfor-
matorebis meoreuli wredebis erTsaxeBa momWere-
biT Camiweba.

5.16. elegtronulli mricxvelebis Tanamedrove
mdgomareoba

agtiuri energiis indugciuri tipis e legtromegan-
ikuri mricxve i dRevand Bamde iWers wamyvan adgill's
moxmarebu Bi energiis aRricxvis sistemaSi ara marto
sagarTve B OoSi, aramed dsT-s gveynebsa da msof B ioSi.

saukuneze meti xnis ganmav BobaSi aseTi mricx-
ve Bebis uzarmazari masStabebiT warmoebis Sedegad
maTi konstrugcia da warmoebis tegno I ogia damuSave-
bullia uwvri Emanes detall ebande.amJamad am tipis
mricxve Bebi srulliad daxvewi Bia, gaaCnia eqsp B uat-
aciis xangrZblivi vada da SedarebiT daballi Rire-
bu Beba. amasTanave indugciur mricxve Bebs gaaCniaT
rig SemTxvevaSi arasakmarisi sizuste da SezRudu i
Tungcionaluri SesaZ leb I obani, rac mJRavndeba umar-
tivesi ortarifiani sistenis Segmisa da mricxve Bebis
Cvenebebis distanciuri Sekrebis organizaciis dros.

moxmarebuBi eleqt-
roenergiis aRricxvis
avtomatizirebuli
sistemis intensiurma
ganviTarebam, mraval -

Nnax. 542. eleqtronuli
mricxve Bebis saxe

tarifianobis SemoRebam da winaswarma gadaxdebma wina
pBanze wamoswia ufro maRalli sizustis mqone axali
xe B sawyos- eleqtronu i mricxvelis Segnnis amocana.

ellegtronulli mricxve Bebis mogmedebis principi
damyarebu B ia agtiuri simZBavris impullsebis six-
SireSi gardagmnaze,rome B Ta aTvBla mTvEeli
meganizmiT i1ZBeva moxmarebuli eleqtroenergiis
sidides.impu B sebis sixSire ganosasvleli sinZBavris
proporciulia.

mowinave sazRvargareTulli TFirmebis (,SIMENS”,
,ABB” da sxva) gamocdi B ebis Seswav Bam gviCvena rom
el eqgtronu Bma mricxve Bebma myarad daikaves adgi Bi
sabazro seqtorSi, xolo maTi tegnikuri donisa da
xarisxis asamaR Beb Bad samuSaoebi mimdinareobs sak-
maod intensiurad.

Nnax. 5.42-ze warmodgeni I ia koncern "OQHEPITOMEPA™-s
elegqtronuli mricxvelebi. Uunda aRiniSnos, rom
el eqtroenergiis eleqtronuli mricxve B is damuSave-
ba warmoadgens sakmaod rTull samecniero-tegnikur
amocanas, radganac man unda uzrunve Byos denis, Zab-
visa da simZBavris koeFficientis farTo dinaniuri
diapazoni. damatebiTi SezRudvebia Zabvis wredebisa
da el egtromagnituri Tavsebadobis moTxovnebis mi-
marT. Mmkacri moTxovnebia momsaxureobis xangrZ B ivi
vada da Semowmebebs Soris didi inetrvali.

samfaza eBeqtronu i mricxve Bebi gamoSvebu I ia
agtiuri da reaqtiulli energiisa da orive mima-
rTullebiT energiis nakadis gasazomad.
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dReisaTvis SegviZBia gamovyoT eleqtronulli
mrocxve Bebis ganviTarebis Semdegi tendenciebi:

1. specialbizirebulli sazomi saSuall ebebisa da mik-
roprocesorebis gamoyeneba saSuallebas iZBeva erT
mxriv avanaR B oT sizustis kB asi da saimedooba, xo 1o
meore mxriv aparaturis danaxar jebis gazrdis gareSe
arsebiTad gavzardoT mricxvelis Tungcionaluri
Sesazleb B obani. MagalliTad, davaFigsiroT moxmare-
bulli simZBavris magsimumi, SevgmnaT ,eBeqtronuli
arqivi”, vuzrunve lyoT winaswar gadaxdis algoriT-
mi da sxva;

2. indugciuri mricxve Bebis TandaTanobiTi Secv-
Ba elegtronuli saangariSo mowyobi B obebiT;

3. denis transformatoris gularebad, elleqtro-
magnituri foladis nacvlad alternatiulli amor-
Tfulli rkinis gamoyeneba;

4. holis efeqtis safuzvel ze simZBavris gardan-
gmne Bebiani erTfFaza mricxve Bis damzadebis Sesa-
ZNleb Nl oba;

5. kvebis modu Buri bWl okebis Segmna, romeBnic
uzrunve Byofen majamebe B i mowyobi B obis informaci-
is Senaxvas udeno mdgomareobaSi da gse I is gardamavall
procesebSi;

6. kavSirgabmu B obis modu Buri bl okebis Segmna,
rome B ic uzrunve Byofs informaciis gadacemas Zall o-
vani kabe BiT. es saSuallebas gvaZ Bevs moxdes mricx-
ve Bis Cvenebebis distanciurad Sekreba;

7. tegnikuri saSual ebebis Seqgmna, rome Bic saSu-
alebas mogvcems Seigmnas ufro efeqturi gaangariSe-
bis sistema winaswari gadaxdisa da SeRavaTebisaTvis.

292

517. eleqtronuli nmricxvelis Semowmeba

eleqgtronulli mricxvelis Semowmeba induqciuri
mricxve B is msgavsad iwyeba vizuaBuri daTvalierebiT.
mricxve s garedan ar unda emCneodes raime Fiz-
ikuri Zalis zemogmedebis niSani. amis Semdeg viwyebT
mricxve B is Semowmebas TviTsvBazee datvirTvis wre-
dis gaTiSvis dros, roca Zabva tolia 115/, , maSin
mricxve Bis gamosavalli mowyobi Boba At droSi ar
gnnis erT impu B sze mets, sadac At gamoiTvHBeba fFor-
muliT:

6
Atz R0
N-m-V, I

n  'mags

sadac N aris mudmiva (1 kvesT elenergiis Sesabanmi-
si impu B sebis raodenoba),imp/kvt.sT;

m-sazomi e Bementebis ricxvierTFazamricxvelbis
SemTxvevaSi m=1xo 0 o sanfaza mricxve I is SemTxvevaSi
m =3.

V. -nominaBuri Zabva;

laes -mricxve Bis magsimaBuri deni;

R -koeFicienti, rome lic 10 sizustis kBasis mricx-
ve BebisaTvis 600 toliaxolo 20 sizustis klasi-
saTvis-480.

amis Semdeg mricxveli unda SevamowmoT dat-
virTvis qveS $5.3-is mixedviT.mricxve BSi gamaval i
agtiuri simZBavre pirdapiri CarTvis SemTxvevaSi
ganoiTvileba FormuliT,;

P :3600‘nkvt
N -t
293



xo 0o denis transformatoriT CarTvis SemTxvevaSi:
P :3600.n

mr

K,kvt,

sadac n- aris impu B sebis raodenoba;
N - mudmiva,imp/kvt.sT;
t - dro,romelic Seesabameba n impull sebis
raodenobas;
K - denis transformatoris transformaci-
is koeFicienti.
erTi impulsis xangrZBivobis Sesabamisi dro
aiTvleba impullsis or gamonaTebas Soris. magall i-
Tad, Tu n=5, maSin dro unda aviTvaBl oT 6 gamonaTebas
Soris, xoblo Tu n=6, maSin 7 gamonaTebas Soris da
a.S.
denis marwuxis gamoyenebisas gse B Si gamaval i
simZBavre erTTfaza denis SemTxvevaSi gamoiTv Beba
(54) FormuliT, xo 1 o sanfaza denis SemTxvevaSi -(5.6)
an (57) FormullebiT.
Tu gazomvis SedegebiT dakmayofi Bda piroba
Ps Py maSin mricxve Bi sworad muSaobs.

5.18. mricxve b is Cvenebis sisworis Semowmeba
sayofacxovrebo pirobebSi
elBegtromricxve bis Cvenebis mixedviT gamoiTv-
Beba daxar jull'i elBeqgtroenergiis safasuri.Tu gaCnda
eWvi mricxvelis Cvenebis sisworis SesaxebmaSin is
advi Bad SegviZlia SevamowmoT.
amisaTvis saWiroa pirvell rigSi ganovrToT gsell-
idan binaSi arsebulli yvela eleqtroenergiis momx-

marebe Bi xe B sawyo da davrwmundeT imaSi,rom mricx-
vellis dasaTvalierebel fanjaraSi disko ar brunavs.

Tu disko ganagrZobs brunvas es niSnavs, rom sadRac
darCa CarTulli xelsawyo da sanam disko ar gaCerde-
ba manam mricxve Bs ver SevamowmebT. Tu yvelBla xell-
sawyo gamorTulia da disko mainc ganagrZobs brun-
vas, maSin mricxve s agvs TviTsvla da igi aucile-
bl ad eqvemdebareba WNaboratoriull Semowmebas.

TiToeulli mricxvelis farze naCvenebia diskos
ramdeni bruni Seesabameba. 1kvt.sT e Beqtroenergias,
maga l iTad, Farze naCvenebia 400br/kvtsT. es niSnavs,
rom 1 kvtsT eBeqtroenergias Seesabameba diskos 400
bruni. Mmricxve Bis SemowmebisaTvis saWiroa agreTve
vicodeT energiis ra raodenoba Seesabameba diskos
erT bruns. Ees sidide aRiniSneba C asoTi da cxadia.
rom Tu 1 kvtsT-s Seesabameba 400 bruni, maSin erT
bruns Seesabameba

c=-1.

400
SemowmebisaTvis yve Baze kargia visargebBoT ell-
eqtrulli varvara naTurebiT. saWiroa CavrToT qgsell-
Si 1 naTura 100vt simZBavris da magaliTad, 5 wuTis

5
(—j sT ganmav B obaSi daviTvaBloT diskos brunTa

60
ricxvi.

naTurebis mier daxarjulli elenergia gamoiTv-
Beba FformuBiT:

5
W,=—.P
1=5g°P (kvEsT),
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sadac p CarTulli naTuris simZBavrea kvtsT-ebSi.
Cveu B ebriv naTuris simZBavre naCvenebia naTuraze
vatebSi. Aamitom is unda gadaviyvanoT ki B ovatebSi.
100vt=0.1kvt.
Mmricxve Bis mier aRricxulli daxarjulli elleqt-
roenergia gamoiTvleba FormuliT:

W, =C-n (kvtsT),

) ) ) i 5
sadac NN- diskos brunTa ricxvia 5 wuTis 0 sT
ganmav B obaSi.

Tu W, =W,, maSin mricxve I 1 sworad muSaobs.
magaB iTi. gseBSi CarTullia ori naTura saerTo

simZBavriT 150 vt. Mmricxve B is diskom sakontrollo
Semowmebis dros 5 wuTSi gaakeTa N =5 bruni. mricxve-

1
I is Farze naCvenebia, 400 br/kvtsT. Aanu C :4TO kvt.sT.

ganvsazRvroT naTurebis mier moxmarebul 1 ener-
giis Fagtiuri xarji. naTurebis simZBavrePp =150 vt
= 0,15 kvt. 5 wuTis ganmav B obaSi naTurebis mier mox-
marebu li energiis raodenoba toli igneba

5
W, =—-115=0,0125 ,
1550 sT

imave drois ganmav BobaSi mricxvelBis mier aR-
ricxulli elleqtroenergia toli igneba

1
W, =—.5-00125 sT.
2= 200 s
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anu W, =W, .

ed. mricxveli sworad muSaobs.

elenergiis mricxvelis cdonmiBebis gan-
sazRvra. Ee Beqtroenergiis mricxve lis sizuste gan-
isazRvreba sizustis kB asiT. sayofacxovrebo mricx-
ve BebisaTvis dasaSvebia cdomiBeba, romelic ar
aRemateba 4%-s. es niSnavs, rom srulliad wesrigSi
myo¥ mricxvels SeuZlia aRricxos nominaluri sim-
ZBlavris 4%-iT meti an nakBebi eleqtroenergia

Tu W, da W, mniSvne Bobebs Soris gansxvaveba
4% ze metia, maSin mricxve B is Cveneba unda CavTval-
oT arasworad.

magal iTad, ideaBur mricxvells, romellic gankuTv-
ni Bia 220v Zabvaze da 10 a denze muSaobisaTvis erT
saaTSi SeuZlblia aRricxos 220*10=2200vt.sT=2.2 kvtsT.
e B eqtroenergia magram mxedve B obaSi viRebT ramricx-
ve b is sizustis klass, wesivrull mdgomareobaSi Sei-
ZMeba CaiTvalos ismricxve i, romelic imave pirobeb-

Si aRricxavs 2,27{2,2'%}:212+0,088=2,288 kvt. sT..

4
an 2.2—(2,2-EJ=2,2—0,088=2,112 kvt. sT. e leqtroen-

ergias.

wesivrull mdgomareobaSi myofma mricxve Bma si-
zustis klasis sazRvrebSi unda imuSavos dasaSvebi
gadatvirTvebis drosac. Mncire datvirTvebis dros
Cvenebis sizuste mcirdeba, xoBlo Zalian mcire
datvirTvebis dros diskom SeiZleba arc ibrunos.
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519. ra SeiZleba ganisazRvros mricxvelliT garda
el eqtroenergiis xarjisa

1. pirvell rigSi SeiZleba ganisazRvros mocemu i
momentSi binaSi CarTullia Tu ara naTurebi da sxva
e Beqtroxe I sawyoebi. Tu mricxve bis disko brunavs,
maSin CarTuliaxol o Tu uZravia maSin yve la gamor-
Tullia

2. ra januri simZBavris datvirTva aris CarTu-
Bi mricxvell ze. visargebBoT saaTis wammzomiT da
ganvsazRvroT ra droSi gaakeTebs magal iTad 20 bruns
mricxve B is disko. es advi Bad gasakeTebe Bia radgan
diskoze aris raime feris zoli, romelic mkafiod
Cans mricxve b is fanjaraSi. davuSvaT 20 bruni mricx-
ve Ima gaakeTa 50 wm-Si. Semdeg mricxve B ze vkiTxu-
BobT magaliTad 400 br/kvtsT. vadgenT proporcias:

Tu 1kvt.sT=1000vt.3600 wm=3600000 vtwm Sesabamisad
sru B deba 400 bruni, maSin X vtwn-1s Sesabamisad Ses-
rulldeba - 20 bruni. agedan
~3600x40
400

FviciT ra, rom 3600000 vtwn e Beqtroenergia daxar-
Julia 50 wm-Si adviBad SegviZBia ganvsazRvroT
mricxve B ze CarTulli xe l sawyoebis Jamuri simZBave

360000

X =360000 ve.wm.

=7200vt =7,2kvt

3. mricxve BSi gamavali denis sidide. miRebulli
simZBavres (7200vt) gavyof¥T gselis nominaBur Zab-
vaze (mag 220v) da miviRebT

7200:220=32,73a

298

4. viciT ra mricxvellidan gamomavall i sadenebis
kveTi da maTSi gamavaBi denis xangrZll ivad dasaSve-
bi mniSvne B oba (danarTi3) SeiZleba gavigoT gada-
tvirTullia Tu ara gsel 1. Mmaga B iTad,sadenis dasaS-
vebi denia 20 a. maSin 220 v Zabvis dros mas Seesabameba
simZzBavre 20ax220v =4400vt. mivceT dros raRac mniS-
vne B oba. magaliTad, 30 wn da gavamravB oT miRebull
simZ Bavreze 440030=132000. davuSvaT mricxve b is dafaze
aweria 400 br/kvtsT anu 1 kvtsT=3600000 vt.wm energias
Seesabameba 400 bruni, xoB o 132000 vtwm Seesabameba

formulla 132000-49 =15 bruni.
3600000

anu Tu sadenebi gadatvirTulli ar aris, maSin
mricxve Bis disko naxevari wuTis ganmav B obaSi akeTebs
ara umetes 15 brunisa.

5 gadatvirTulia Tu ara TviTon mricxveli.
davuSvaT mricxve I ze daweri Bia 5-15 a 220 v; lkvtsT=1250
bruni. MmagsimaBur dens Seesabameba simZBavre

15X220=3300vt e Beqtroenergiis xarji 30wm-is ganmav-

1250
I obaSi to I ia 3300X30=9900vtwn da 99000——3600000 =34
bruni, ei. Tu 30 wm is ganmav B obaSi disko akeTebs ara
umetes 34 brunsa , maSin mricxve BI'i gadatvirTulli ar
aris.

6. SeiZMleba gaviangariSoT ra raodenobis elleqt-
roenergia daixarja komunaBuri binis saerTo Ffar-
Tobze. davuSvaT komunaBur binaSi aris ori saan-
gariSo mricxveli, romell Ta datvirTva daax B oebiT

Tanabrad aris ganawi Bebulli. Ggarda amisa 5 Ojaxs
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gaaCnia sakontroBlo mricxvelebi. erTi Tvis ganmav-
I obaSi erTma saerTo mricxve Ima aRricxa 300 kvtsT,
xoBo meorem 200kvtsT, anu mT Bianad daixarja
300+200=500 kvtsT. sakontro 1 o mricxve I ma ki aRricxa
60+70+40+30+35=235 kvtsT. agedan ganisazRvreba, rom
saerTo FarTobze daxar jullia 500-235=265 kvtsT.
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samfaza eleqtruli manganebis gragni Bebis
ganl ageba fazaTa Zvris gaTvaliswinebis gareSe

mudmivi denis mimdevrobiT agznebiani mangana

paralelur agznebiani mudmivi denis mangana

Sereull agznebiani mudmivi denis mangana

singronu Bi samfaza elmangana agznebis gragni BiT,
cxadpo Busiani rotoriTa da varskvlavad
Seer Tebulli statoriT

asingronulli samfaza mangana mokled SerTulli
rotoriT da samkuTxedad SeerTebulli statoriT

singronu Bi samfaza mangana mudmivi magnitebis
agznebiT da varskvlavad SeerTebulli statoris
gragniliT

samfaza mabruni avtotransformatori, potencial -
regull atori. wreebis SeerTeba niSnavs statorisa
da rotoris eleqtrull SeerTebas

% @FCE = 10 10 § =FE 9 @0

samfFaza Fazamabruni transformatori,
fazoregul atori

eSS
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danarTi 2. danarTi 3.

trigonometriull i Ffunqgciebis sadenebisa da kabeBebis
mniSvne B obebi standartulli kveTebi da
xangrZ B ivad dasaSvebi datvirTvebi
cxrilli 1
® | cosp | sng | tge ¢ | cosp | snp [ tgp ¢ | CoDp | sne | tgp
grad grad grad - -
cxrilli 1
0 T 1000 | 0.0000 0.0000| 31 | 08572 | 05150 | 06009 | 62 [ 0406 | 0889 L& ras aRniSnavs avtomaturi amomrTvelis tipi
1 [09998|0,0175] 00175 32 [08480] 0529 [ 06249 63 [0,4540| 08910 1,% — -
> [ 0,9994] 0,084 0,0849| 33 | 08387 | 05446 | 06494 | 64 | 0,4384| 0,898 2,06 tipl daniSnu Reba
3 | 09986(00623|00524| 34 |08290|0,55R|06745| 65 |0,4226| 09063 | 2,14 didi sigrZis e Begtrogayvani 1 obis wredebiT gaTiSvisa
4 07610068 00699 35 108192] 0573107002 6 | 04067 09135 2.5 AR da naxevradgamtaru Bi mowyobi Bobebis dacvisaTvis
5 [0962[00872]00875] 36 [08090]0,5878|0,7265| 67 [0,3907|09205] 2,3 '
6 |0945|0,1045| 02051 37 |0,7986|0,6018|0,7536| 68 |0,3746| 09272 2,47 B saerTo daniSnulebis ganaTebis gsel isaTvis.
7 [09925/0,1219| 01228 38 |[07830|0,6157 [ 0,7813| 69 |[0,3584| 09336 | 2,60 . . — _ _
8 0903|0132 01405| 39 [07771] 06293 | 08098 | 70 | 0.3420 | 09397 | 2.7 ganaTebis wredebisa da zomieri gamSvi denebis mgone
9 [09877[0,1564 | 01584 40 [0,7660 | 0,6428(08391| 71 | 0,325 | 0,9455| 2,90 C (Zravebi da transformatorebi) el eqtrodanadgarebis
10 | 0948|0173 | 01763| 41 |07547|0,6561 [ 08693 72 [0,3090| 09511 3,68 . .
11 | 09816]0,1908| 01944| 42 | 07431 0,669 | 09004| 73 | 0,2024 | 09563 | 3,27 gaSvebisaTvis.
12 109781[0,20M | 02126| 43 [0,7314|0,680|09325| 74 |0,275% | 09613 3,499 agtiuri indugciuri dacvisaTvis, wredebisaTvis, agreTve
13 | 09744| 0,250 | 02309 44 |07193|0,6947 [ 09657| 75 |[0,2588| 09659 | 3,73 D . i . N N ) )
14 | 09403] 02419 | 02493| 45 |07071] 07071 | 10000 76 | 02419 | 09703 | 4.0 didi gamSvi denebis mgone Zravebis datvirTvisaTvis.
15 [ 0959|0258 | 02670 46 |[069%7(0,718|10365| 77 [0,250( 09744( 4,33 K indugciuri datvirTvebisarvis.
16 |09%13|0,27%| 02867 47 |[0680]0,7314 | 10724| 78 |[0,2079| 09781 ( 4,70 . . _ .
17 10963 0,2024 (03057 48 |[06691]0,7431 | 11106| 79 [0,1908| 09816 | 5,14 z eleqtronulli mowyobi BobebisaTvis.
18 | 0911|000 | 03249 49 |[06561|0,7547 | 11504 | 80 |0,1736| 09848 | 5,67
19 | 0:55[0,325% | 03443 50 [06428|0,7660 [ 1,1918| 81 |0,1564 | 09877 | 6,31
20 [ 09397[03420[ 03640 51 [06293[0,7771 | 12349| & [0,1392] 09903 7,11
21 0933603584 (03839| 52 [06157]0,7880 [ 12799 | & [0,1219| 0995 | 8,14
22 | 09272[0,3746| 04040 53 |[06018|0,7986 | 13270| 84 |0,1045| 0,995 [ 9,51
2 [ 09205][0,307 ] 04245] 54 [05878]0,809%0 [ 13764 8 [0,0872]09%2[ 114
24 | 09135]| 0,4067 | 04452| 55 |05736|0,8192|14281| 8 |0,069 | 09976 | 14,3
2% | 09063]|042% | 04663| 56 |05592 (0,829 |14826| 8 |0,0523| 0996|191
26 [089838][ 0438 [ 04877| 57 [05446]0,8387[15399] 8 [0,0349 [ 0994 [ 286
27 | 08910]| 04540 | 0,5095| 58 | 05299 |0,8480 | 1,6003| 8 |0,0175 | 09998 | 57,3
28 |08329]|046% | 05317| 59 |05150|0,8572]1,6643| 90 | 0,0000 | 1,0000 | —-
29 |08746]| 04848 | 05543| 60 | 05000 | 0,8660 | 1,7320
0 [ 0866005000 05774 61 |04848]0,8746 | 1.8040
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cxrilli 2
kabe Bebisa da sadenebis kveTis mixedviT
mixedviT denisa da simZBavris xangrZlivad
dasaSvebi sidideebi

cxrilli 3
yoFfa-cxovrebaSi yveBaze xSirad gamoyenebuli
kabe I -sadenisa da avtomaturi amomrTvelis
dasaSvebi datvirTvebi

328

4

cxrili

izoBaciis mgone sadenebis

rezinisa da polivinilgRloridis
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cxrilli 5
metalis damcav garsacmSi moTavsebuli rezinis
izoBaciis mgone sadenebisa da tyviis
,poliviniBgloridis,rezinis garsacmis mgone
JavSniani da arajavSniani kabe Bebis xangrZHlivad
dasaSvebi deni

330

araizolirebuli

cxrilli
sadenebis xangrzZBivad dasaSvebi
denuri

31
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