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wignze muSaobis pirobiTi niSnebi

kiTxvebis ga moye nebiT xels uwyob 

gakveTilis Temis gagebasa da 

gaazrebas.

klasSi atareb eqsperiments, xsni 

amocanebs jgufTan erTad.

asruleb davalebas saswavlo 

Temis kargad/srulyofilad 

asaTviseblad.  

werilobiYT samuSaoebs Seasruleb 

saSinao davalebis rveulSi.

saxlSi atareb martiv eqsperiments.

mocemul kiTxvaze pasuxis gacemiT 

winare codnas ukavSireb saswavlo 

Temas.

ifiqre da imsjele

 gaazreba  

saSinao davaleba

eqsperimentuli davaleba

eqsperimenti
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Seiswavli:
 materias. materiis saxeebs;

 fizikis mniSvnelobasa da kavSirs sxva mecnierebebTan;

 fizikis miRwevebs;

 bunebis Zalebis  klasifikacias.

SeZleb da daeuflebi:
 msjelobas materiis saxeebis, fizikuri Tvisebebisa da maTi cvlilebis  

mizezebis gasaazreblad;

 msjelobas fizikis, rogorc materialuri samyaros Semswavleli mecnierebis 

Sesaxeb;

 msjelobas bunebaSi mimdinare fizikuri movlenebis kvlevis meTodebis 

Sesaxeb;

 msjelobas  fizikis mniSvnelobaze sxvadasxva mecnierul miRwevebSi;

 msjelobas bunebis Zalebis Sesaxeb.

Tavi1.  fizika da materialuri 
   samyaro

5

Sesavali
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ra aris materia?

ifiqre da imsjele

sur. 1

yvelaferi, rac samyaroSi realurad arsebobs, materiaa. materias, rom­
lisganac Sedgeba fizikuri sxeuli, nivTiereba ewodeba. nivTierebaa: haeri, 
wyali, miwa, liTonebi da sxv. magram bunebaSi ar SeiZleba yvelafers ewodos 
nivTiereba. magaliTad, sinaTle, radiotalRebi, eleqtruli da magnituri 
veli ar warmoadgenen nivTierebas. es aris materiis arsebobis sxva forma. 
mas veli ewodeba. e.i materia arsebobs nivTierebisa da velis saxiT.

fizika aris mecniereba, romelic Seiswavlis garemomcveli materialuri 
samyaros umartives  da fundamentur movlenebsa da kanonebs.

samyaros mravalsaukunovanma Seswavlam mecnierebi miiyvana daskvnamde, 
rom materia ar arsebobs moZraobis gareSe – moZraoba materiis ZiriTadi 
Tvisebaa. samyaro moZravi materiaa. bunebaSi nebismieri moZraoba fizikis 
kanonebiT aixsneba.

fizikis Seswavlis obieqtia rogorc mikro, aseve makro da megasamyaro.

1.1.  fizika, mecniereba bunebis Sesaxeb

 

Txevadi

airovani

plazma

gravitaciuli

eleqtromagnituri

eleqtruli magnituri

nivTiereba

myari

veli

materia
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saukuneebis ganmavlobaSi kacobriobam bunebaze dakvirvebis Sedegad didi cod­
na da gamocdileba daagrova. amitom  bunebaSi mimdinare movlenebis  Semswavleli 
mecniereba _ fizika daiyo sxvadasxva nawilebad: meqanika, eleqtroba, optika, 
Termodinamika, magnetizmi, rxevebi da talRebi, atomis fizika. fizikis TiToeuli 
nawili Seiswavlis materialur samyaros. 

 gaazreba  

1. sqemis gamoyenebiT imsjele fizikis, rogorc sabunebismetyvelo mecnierebis Sesa­

xeb: a. ratom aris fizika sabunebismetyvelo mecniereba? b. ra nawilebisgan Sedgeba 

fizika? g. ra aris fizikis kvlevis sagani (obieqti)? d. ra aris materia? e. kvlevis 

romel meTodebs iyenebs fizika? 

 

molekulebi sxeulebi dedamiwaze

atomebi planetebi

varskvlavebi
elementaruli 

nawilakebi

galaqtikebi

mikrosamyaro makrosamyaro megasamyaro

2. imsjele kvlevis etapebze, romlebsac iyeneben sabunebismetyvelo mecnie re­

bebi. 

saSinao davaleba

    moamzade prezentacia Temaze: ,,fizika _  mecniereba bunebis Sesaxeb“.

mecnieruli 
kvlevis 
etapebi

dakvirveba

Teoria

kanoni

faqtebis 
dagroveba

hipoTezebis 
(varaudebis) 

gamoTqma

eqsperimentuli 
Semowmeba

materialuri samyaro

 

fizikur 
obieqtebs  

cnebebs   meTodebsfizikur  
movlenebs

fizikuri 
sxeulebis  

yvela 
cvlilebas

sxeuli nivTiereba dakvirveba, cda, 
gamoTvlebi, Sedegebi, 

bunebis kanonebis dadgena

sxeulebi 
nebismieri 

sagnebi

veli  
(radio tal ­

Rebi, sinaT le 
da sxv.)

iyenebs  Seiswavlis 

fizika  -  mecniereba bunebis Sesaxeb
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1.2. fizika da sxva mecnierebebi 

risTvis sWirdeba 
fizikis codna 
sxvadasxva profesiis 
adamianebs?

ifiqre da imsjele

sur. 2

fizikas sabunebismetyvelo mecnierebaTa Soris wamyvani ad­
gili uWiravs, radgan yvela es mecniereba eyrdnoba fizikis 
kanonebs. Tumca, garda sabunebismetyvelo mecnierebisa, 
fizikis kanonebsa da miRwevebs iyenebs mecnierebis sxva darge­
bic.

fizika, qimia da biologia bunebaSi mimdinare bevr erTsa da 
imave process mravalmxrivi midgomiT xsnis. fizikis kanonebis 
codnas didi mniSvneloba aqvs organizmebSi biologiuri pro­
cesebis Seswavlisas. magaliTad, sinaTlisa da bgeris Sesaxeb 
Teoriebis codnis gareSe SeuZlebelia adamianis organoebis 

(yuri, Tvali) muSaobis principis axs­
na. fizikuri cnebebi, mag., siTbo, tem­
peratura, tenianoba is sa e r To cnebe­
bia, romlebsac biologiac mudmivad 
iyenebs. 

bolo aTwleulebSi fizikisa da 
bio logiis kavSiri imdenad gafar­
Tovda, rom Seiqmna axali mecnierebe­
bi: biofizika, agrofizika da bionika.

fizikas aseve mWidro kavSiri aqvs 
qi miasTan, rac materiis erT­erTi 
saxis _ nivTierebis Semadgeneli na­
wilakebis molekulebisa da atomebis 
Seswavlisas vlindeba (sur. 3).

 

qimiageografia biologia meteorologia

fizika

astronomia

sur. 3
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 gaazreba  

 moamzade prezentacia Temaze:  `ratom unda viswavloT 
fizika~.

saSinao davaleba

 fizikam, rogorc mecnierebam, didi roli iTamaSa msof­
lio civilizaciis ganviTarebaSi. man Secvala adamianebis 
fundamenturi warmodgenebi sivrceze, drosa da samyaros 
mowyobaze. 

fizikis warmatebebma saSualeba misca sxva dargis specia­
listebs fundamenturi aRmoCenebi gaekeTebinaT.

fizikis codna adamianebs exmareba, rom swori warmod­
genebi Seiqmnan garemomcvel samyaroze.

fizikis Seswavlis Sedegad adamians uviTardeba logi­
kuri azrovnebis, analizisa da daskvnebis gamotanis unari. 

maTematika aris ena, romelsac iyenebs yvela zusti mec­
nireba. fizikis yvela kanoni gamoisaxeba maTematikuri 
formu lebiT. aseve planetebis, varskvlavebisa da galaq­
tikebis moZraobis kanonebs maTematikuri formulebiT 
aRwe ren.

fizikis ganviTarebaSi didi adgili uWiravs astrono­
miul kvlevebs, fizikis gareSe warmoudgenelia samyaros 
srulfasovani Seswavla.

informatikis gamoyenebiT SesaZlebelia sxvadasxva fizi­
kuri movlenebis modelireba, aseve virtualuri cdebis 
Catareba da sxv.

fizikis codna adamianebs sWirdeba rogorc yofa­cxovre­
baSi, aseve  _ momavali profesiis arCevisas. am codnis gar­
eSe SeuZlebelia gaxde garkveuli sferos warmatebuli spe­
cialisti. 

Tumca yvela sferos specialistisaTvis aucilebeli ar 
aris fizikis yvela kanonis safuZvliani codna. mTavaria, 
icodeT fizikis ZiriTadi, fundamenturi kanonebi!

1. imsjele  bunebaSi mimdinare movlenebis Sesaxeb, romlebsac 

Seiswav lis fizikis TiToeuli nawili. daukavSire fizikuri 

movlenebi Sesabamis suraTebs (sur. 4).

1. eleqtruli;  2. optikuri;  3.  siTburi

4. meqanikuri;  5.  magnituri;  6.  atomuri

a b g d e v

1

2

3

4

5

6

sur. 4

a

b

g

d

e

v
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1.3. fizika da teqnikis progresi

risTvis qmnian 
adamianebi teqnikas?

ifiqre da imsjele

fizikasa da teqnikas Soris mWidro kavSiria. teqnikis Se­
qmnisa da ganviTarebis ZiriTadi mecnieruli safuZveli aris 
fizika. Tanamed rove adamianis cxovreba warmoudgenelia te­
qnologiebis gareSe, romlebic fizikis codnis safuZvelze 
iqmneba. Tumca, teqnikis ganviTarebac xels uwyobs fizikis 
ganviTarebas.

 Tanamedrove teqnikiT aRWurvili laboratoriebi sam­
yaros srulyofilad Seswavlis SesaZleblobas iZleva. 
masStaburi samecniero eqsperimentuli kvlevebi moiTxovs 
sxvadasxva qveynis mecnierTa jgufebis gaerTianebas. amitom  
fizikosebi erToblivad  atareben eqsperimentebs. calkeul 
laboratoriebSi, an kvleviT institutebSi, geniosebis mier 
Catarebuli kvlevebi didi problemebis gadasaWrelad sakma­
risi aRaraa. rac ufro masStaburia eqsperimenti, miT ufro  
didi aRmoCenebi elodeba adamianebs!

1954 wels safrangeTisa da Sveicariis sazRvarze daarsda 
msoflioSi yvelaze didi laboratoria „cerni“ _ CERNN _ 
birTvuli kvlevebis evropuli organizacia (sur. 6).

am laboratoriaSi msoflios yvela qveynidan mecnierebi 
ikvleven materiis Semadgenel elementalur nawilakebs da 
maT Soris urTierTqmedebis kanonzomierebebs. es kanonzo­
mierebebi gansazRvraven sxvadsxva sxeulis `,qcevas~ deda­
miwasa da kosmosSi.

cernis laboratoriaSi ganTavsebulia adronuli kolaid­
eri (amaCqarebeli) (sur. 7), romelic miwis qveS 100 metris 
siRrmezea. Mmas wriuli forma aqvs (sur. 8). Ggvirabis sigrZe 
27 kilometria. gvirabSi moTavsebulia oTxi ZiriTadi sx­
vadasxva tipis eqsperimentuli deteqtori (informaciis 
aRmricxveli). deteqtorebis saSualebiT ikvleven rogorc 
materiis Semadgenel nawilakebs, aseve samyaros warmoSobisa 
da ganviTarebis kanonzomierebebs.

kvlevis ZiriTadi mizania, daadginon, Tu rogori iyo sa­
myaro 14 miliardi wlis win, misi warmoqmnis pirvel mik­
rowamebSi, rogor Seiqmna pirveli elementaruli nawilaki, 

sur. 5

sur. 6

sur. 7

sur. 8
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1. CamonaTvalidan SearCie Tema, moiZie informacia da moamzade prezentacia: a. 

cerni _ samyaros kvlevis labortoria; b. fizika da cifruli teqnika; g. fizikuri 

xelsawyoebis roli dmanisis arqeologiur kvlevebSi (zezva da mzias asakis dad­

gena). d. fizikuri xelsawyoebi, romlebic adgenen freskebisa da naxatebis asaksa da 

maTi dazianebis xarisxs; e. fizikis miRwevebis gamoyeneba kosmosis kvlevaSi; v. sad 

da rogor iyeneben adamianebi robotebs; z. rogor gamoiyeneba fizika samedicino 

teqnikis Seqmnis, diagnozis dasmisa da mkurnalobis procesebSi.

saSinao davaleba

atomi, molekula, Semdgom ki varskvlavebi, planetebi da galaqtikebi, ra aris 
Savi xvreli, antimateria da samyaroSi arsebuli sxva saintereso obieqtebi. gan­
viTarebis ra gza gaiara samyarom da ra movlenebi moxdeba momavalSi.

cernis eqsperimentebSi sxvadasxva dros monawileobdnen qarTveli fizikose­
bi.  amJamad isini cernSi monawileoben or centralur eqsperimentSi: atlassa da 
siemesSi (ATLAS, CMS), romelTa saSualebiT 2012 wels aRmoaCines Teoriulad 
nawinaswarmetyvelebi nawilaki, higsis bozoni. am nawilakis arseboba ivaraudes 
britanelma fizikosma piter higsma da belgielma fizikosma fransua englerma, 
risTvisac maT nobelis premia mieniWaT. 

cernis laboratoriaSi, garda konkretuli samecniero kvlevebisa, iqmneba ax­
ali cifruli teqnologiebi. mag., aq Seiqmna interneti, WWW­sistema, romelsac 
fizikosebi iyenebdnen msoflioSi sxva mecnierebTan dasakavSireb lad. Semdgom 
igi usasyidlod gadaeca msoflios sayovelTao gamoyenebisTvis. cernis labo­
ratoriaSi aseve Seiqmna DDVD­DDsistemis, tomografiis, samkurnalo da sadiagnos­
tiko aparaturebis teqnologiebi.

cifruli teqnologiebi adamianis yofis ganuyofeli nawili xdeba. Rilakiani 
mobiluri telefoni Caanacvla Tanamedrove sensorulma telefonma, romleb­
mac adamianebs SesaZlebloba misca Seiyvanon informacia ekranTan msubuqi Sexe­
biT.

 cifrulma teqnologiebma gansakuTrebuli mniSvneloba SeiZina onlain swav­
lebis procesSi. mag., onlain Jurnalebis, virtualuri laboratoriebisa da 
eleqtronuli saxelmZRvaneloebis gamoyenebiTa da sxv.

male saqarTveloSi, quTaisis adronuli Terapiis centrSi, ganTavsdeba ori 
ciklotroni (ciklotroni — nawilakebis amaCqareblis erT­erTi tipi) (sur. 9).

erTi ciklotroni srulad daeTmoba samecniero kv­
levebs fizikis dargSi. meore ki gamoiyeneba urTule­
si onkologiuri daavadebebis samkurnalod. pro­
tonebis sxivebs SeuZliaT simsivnuri warmonaqmebis 
atomur doneze daSla. es uaxlesi teqnologiaa, ro­
melic aTiaTasobiT adamianis sicocxles gadaarCens. 
gansakuTrebiT efeqturia is bavSvebis mkurnalo­
bisas! eleqtronebiT dasxivebasTan SedarebiT am 
meTodis upiratesoba imaSia, rom is faqtobrivad ar 
azianebs janmrTel ujredebs.

 gaazreba  

 imsjele fizikis mniSvnelobaze teqnikis ganviTarebaSi: a. rogor iyeneben saswavlo 

procesebSi  cifrul teqnikas;   b.  sad da rogor iyeneben adamianebi robotebs.

sur. 9
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es sainteresoa

 fizika da astrofizika

astrofizika aris mecniereba, romelic iyenebs fizikis 
meTodebsa da principebs astronomiuli obieqtebis Seswav­
lis mizniT.

fizikosebisa da astrofizikosebis azriT, CvenTvis cno­
bili materia (nivTierebisa da velis saxiT) erTiani samyaros 
masis mxolod 5%­s Seadgens. samyaros masis daaxloebiT 95% 
CvenTvis ucnobi bunebisaa, aqedan 25% ucnobi mate riaa. mas 
`bneli materia~ uwodes, radganac vlindeba mxolod „gravi­
taciuli efeqtiT.“ danarCen 70%­s Seadgens bneli energia.

didi afeTqebis Teoriis Tanaxmad, samyaro warmoiSva  
warmoudgenlad mkvrivi da cxeli materiis spontanuri af­
eTqebis Sedegad, romelic koncentrirebuli iyo Zalian 
mci re zomis moculobaSi. am e.w. wertilma afeTqebisas Za­
lian didi energia gamotyorcna. 

didi afeTqebis Teoriis Tanaxmad, galaqtikebi, varskv­
lavebi da planetebi am didi afeTqebis namsxvrevebisgan 
Camo yalibda (sur. 10).

Tanamedrove ingliseli fizikosis stiven hokingis sa­
mecniero moRvaweobis sfero iyo didi afeTqebis fizi­
kuri safuZvlebis axsna  da Savi xvrelebis SigniT sivrcisa 
da drois mniSvnelovani deformaciis gamokvleva. fizikos 
rojer penrouzTan erTad man daaskvna, rom ainStainis 
fardobiTobis zogadi Teoriis mixedviT dro da sivrce 
Seiqmna didi afeTqebisas. am Sedegebma moiTxova fardobi­
Tobis Teoriisa da kvanturi meqanikis sinTezi. hokingi ime­
dovnebda, rom fizikis am ori didi Teoriis gaerTianebiT 
SesaZlebeli iqneba ganxorcieldes XX saukunis fizikosTa 
miswrafeba ­ Seiqmnas bunebis Zalebis didi gaerTianebis 
Teoria.

fizikis miRwevebi kosmosis aTvisebaSi sxvadasxva mimar­
TulebiT gamoiyeneba. magaliTad, kinoxelovnebaSi. mxatv­
ruli filmis `gamoZaxebis~ gadasaRebad kosmosSi 2021 wlis 
bolos kinoreJisori da msaxiobi gafrinda. gadaRebebi 
saerTaSoriso kosmosur sadgurSi 12 dRe mimdinareobda. 

 2021 wlis bolos kosmosSi gauSves teleskopi jeims veberi 
(sur. 11). es aris orbitaluri infrawiTeli observatoria, 
romelic Seavsebs da gaafarToebs kosmosuri teleskopis 
Hubble­s aRmoCenebs. igi gamoirCeva ukeTesi mgrZnobelobiT 
da 24 saaTis ganmavlobaSi miawvdis dedamiwaze informacias. 
mis mier gadmocemuli informacia Seavsebs cernis centrSi 
mopovebul mecnierul aRmoCenebs samyaros Seqmnis Sesaxeb.

 fizika da  medicina

Tanamedrove samedicino aparaturis Seqmnis teqnologia 
fizikis miRwevebs eyrdnoba. am teqnologiuri miRwevebis 

sur. 11

sur. 10

stiven uiliam hokingi

(1942 ­2018)
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Sedegad Seiqmna: sisxlis siCqarisa da mimarTulebis gamzomi;  
sisxlZarRvTa sxvadasxva problemis aRmomCeni; nayofis gu­
liscemaze dasakvirvebeli aparatura.

adamianis garkveuli organoebi,  guli, filtvebi, sisx­
lis mimoqcevis sistema, muSaobisas gamoscemen garkveul 
akustikur talRebs. am talRebis aRqmisaTvis gamoiyeneba 
specialu ri xelsawyo _ stetoskopi (sur. 12).

kompiuteruli tomografiis  aparatSi iyeneben rentge­
nis gamosxivebasa da fotodeteqtorebs. gamomsxivebelsa 
da deteq tors SeuZliaT pacientis garSemo brunva. brun­
visas xdeba uamravi suraTis gadaReba, romlebsac Semdeg 
kompiuteri cifrulad amuSavebs da qmnis 3D gamosaxulebas 
maRali garCevisunarianobiT. 

magnito-rezonansuli tomografia (MRT) _ samedicino 
diag nostikaSi birTvuli magnituri rezonansi gamoiyene­
ba sxeulis anatomiasa da fiziologiur procesebze dasa­
kvirveblad.

pozitronul-emisiuri tomografia (PET) iyenebs γ - 
gamosxi vebas, romelic ufro maRali sixSirisa da energiisaa, 
vidre rentgenis sxi vebi.

 fizika da iurisprudencia

fizika did daxmarebas uwevs iuristebs. eqspert­krimi­
nalistebi danaSaulis gamosavlenad xSirad fizikis kvlevis 
meTodebs iyeneben. am mizniT Seqmnilia Tanamedrove teqni­
kiT aRWurvili specialuri laboratoriebi. mag., damnaSavis 
TvaliT uxilavi kvalis aRmosaCenad gamoiyeneba specialuri 
mowyobilobis mikroskopi. 

 fizika da meteorologia

meteorologia mecnierebaa, romelic Seiswavlis dedami­
wis atmosferos da masSi mimdinare procesebs. zogierT 
qveya naSi mas `atmosferos fizikasac~ uwodeben.

adamianebi uZvelesi droidan akvirdebodnen aminds, rom­
lis prognozireba aucilebelia rogorc yofa­cxovrebaSi, 
aseve soflis meurneobaSi. droTa ganmavlobaSi am sferoSi 
dagrovili codnisa da teqnikis ganviTarebis Sedegad Seiqm­
na mecniereba _ meteorologia. 

amindis zustad prognozirebisaTvis gamoiyeneba kos­
mosuri meteorologiuri sadgurebi (sur. 13). kosmosuri me­
teorologiuri Tanamgzavrebidan SesaZlebelia dakvir veba 
dedamiwis zedapiris temparaturasa da Tovlisa da yinulis 
safarze. aseve es sadgurebi mudmivad gadmoscemen atmos­
feroSi Rrublebis mdebareobasa da maT moZraobas satele­
vizio gadacemis saxiT. miRebuli Sedegebi muSavdeba dedami­
waze specialur sadgurebSi meteorologebis mier. 

qaris siCqares Zvelad adamianebi TviTnakeTi xelsaw­
yoebiT zomavdnen. amJamad meteorologebi qaris siCqares 
zomaven xelsawyoTi _ anemometriT (sur. 14).

sur. 12

sur. 13

sur. 14
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1.4. bunebis Zalebi   

mecnierebis mier Catarebuli mravali eqsperimentuli kvleviT dadg­
inda, rom materiis erT­erTi saxe, nivTiereba Seicavs ganuyofel, umcires 
nawilakebs, romlebsac elementaruli nawilakebi uwodes. elementaruli 
nawilakebia: protonebi, neitronebi, eleqtronebi, kvarkebi da sxv. aseTi 
dReisaTvis TiTqmis 500 nawilakia.

elementarul nawilakebs aqvT umciresi masa, ris gamoc, msoflio mizid­
ulobis kanonis Tanaxmad, axasiaTebT urTierTqmedeba, romelic maT Soris 
manZilis kvadratis ukuproporciulia. elementaruli nawilakebis umravle­
soba, garda gravitaciuli Zalisa, urTierTqmedeben iseTi ZaliT, romelic 
aseve manZilis kvadratis ukuproporciulia da bevrad aRemateba gravitaci­
uli urTierTqmedebis Zalas. nawilakebs, romelTac axasiaTebT aseTi urT­
ierTqmedebis unari, amboben, rom maT aqvT eleqtruli muxti, xolo TviT 
urTierTqmedebas damuxtul nawilakebs Soris eleqtromagnitur urTierT­
qmedebas uwodeben. elementaruli nawilakebi erTmaneTTan urTierTqmede­
ben agreTve susti da Zlieri ZalebiT.

 Zala. 
Zalis moqmedebis Sedegad sxeulebi icvlian siCqares an 

deformirdebian.
Zala veqtoruli sididea. igi sami arsebiTi niSniT xa­

siaTdeba:
1. modebis wertiliT; 2. mimarTulebiT; 3. moduliT.
sxeulze SeiZleba erTdroulad ramdenime Zala moq­

medebdes. Tumca am Zalebis moqmedebisas iseTive Sedegi 
SeiZleba gamoiwvios erTma Zalam (sur. 15, 16).

Zalas, romelic sxeulze iseve moqmedebs, rogorc 

ramdenime Zala erTad, ZalTa tolqmedi ewodeba.

sur. 16

F
1 
- F

2
= R F

1

ba

sur. 15

F
1

F
2

R= F
1 
+ F

2

b

a
 

F
2

 

bunebis Zalebi

gravitaciuli 
Zalebi 

moqmedebs yvela 

sxeuls Soris. 

sxeulebi izidaven 

erTmaneTs                    

moqmedebs yvela 

nawilaks Soris, 

romelTac muxti 

gaaCnia              

 eleqtromagnituri 
Zalebi

urTierTqmedeba, 

romelic elementaruli 

nawilakebis 

urTierTgardaqmnas 

iwvevs

Zlieri 
urTierTqmedeba

birTvuli Zalebis             

gamovlenis 

areali ar cdeba 

atomis birTvs

 susti 
urTierTqmedeba

 

(gavlili masalis gameoreba)
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 niutonis pirveli kanoni. 
Tu sxeulze  Zalebi ar moqmedebs an masze moqmedi Za-

lebi kompensirebulia, sxeuli inarCunebs uZraobis an 

wrfivi Tanabari moZraobis mdgomareobas (sur.17).
sxeulebze SeiZleba moqmedebdes Zalebi, romlebic akom­

pensireben erTmaneTs F1+F2+...+Fn=0,  sxeuli SeiZleba iyos 
uZravi an moZraobdes wrfivad da Tanabrad. 

Ddinamikis kanonebi samarTliania aTvlis inerciuli 

sistemebisTvis, anu sistemebis, romelTa mimarT sxeu-

lebi inarCuneben uZraobis an wrfivi, Tanabari moZrao-

bis mdgomareobas, Tu maTze sxva sxeulebis moqmedeba 

kompensirebulia. 

 niutonis meore kanoni. 
sxeulze moqmedi Zala am sxeuls aniWebs aCqarebas, ro-

melic pirdapirproporciulia sxeulze moqmedi Zalis 

da ukuproporci ulia  sxeulis masis (sur. 18).
  F

ma =        ,
      

aqedan     F = ma

Zalis erTeulia niutoni. 1 n = 1 kg.m/wm2 (SI).
1 n aris Zala, romelic 1 kg masis sxeuls aniWebs 1 m/wm2 

aCqarebas.

 niutonis mesame kanoni.
Zalebi, romliTac ori sxeuli erTmaneTze moqme debs, 

sididiT tolia da erTi wrfis gaswvriv urTierTsapi-

rispirodaa mimarTuli.

        F1 = – F2

mniSvnelovania, rom qmedebisa da ukuqmedebis Zalebi 

sxvadasxva sxeulzea modebuli da amitom ar akompensi-

reben isini erTmaneTs. es Zalebi erTnairi bunebisaa.

 msoflio mizidulobis kanoni.
nebismieri ori sxeuli urTierTmiizideba ZaliT, rom-

lis moduli pirdapirproporciulia am sxeulebis masebis 

namravlisa da uku proporciulia maT Soris manZilis kva-

dratisa.
m

2

r2F = G
m

1  ,

sadac m
1
 da m

2 
sxeulis masebia, r _ maT  centrebs Soris 

manZi li, (sur. 19). Zala mimarTulia sxeulebis SemaerTebeli 
wrfis gaswvriv.

msoflio mizidulobis kanoni samarTliania materi­
aluri wertilebisa da erTgvarovani sferuli formis 
 sxeulebisaTvis.

G-s msoflio mizidulobis, anu gravitaciuli mudmiva 

ewodeba.

m
2

r2

G = m
1

 F
 ,
     

G GG= 6,674•10­11  nm2

 kg2
.

sur. 18

FwevFx

mg

N

mg + Fx
 + N  +Fwev 

= 0

sur. 17

 

 

 

mg

N

F
x

F
wev 

a

m

mg + F
x
 + N + F

wev 
= ma

sur. 19

m1

F1 F2

m2

F1

m1
m2

r

F2

a

b
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gaixsene da imsjele sxeulTa urTierTqmedebis Sesaxeb. azrobrivad daasrule sqema.

sistema, romelic moZraobs 
inerciuli aTvlis sistemebis 
mimarT wrfivad da Tanabrad

Soreuli varskvlavebi.
mze da dedamiwa 

garkveuli miaxloebiT

inerciuli aTvlis sistemebi 

Ftolq = 0,   υ = const

? ? ? ?

N = mg, υ = 0

Zalebi 
kompensi rebulia. 
sxeuli uZravia.

N

mg

N

mg

F1 da F2 sxvadasxva 
sxeulze modebuli 
erTnairi bunebis 

Zalebia

a  =  
F
m

F
a
 = F

s
,   υ = const

Zalebi kompensi-
rebulia. 

sxeuli moZraobs 
wrfivad da 
Tanabrad.

F
s

F
a F

a

F
s

F
x2

F
x1

F1 
= - F2

m
2

r2F = G
m

1

nivTieri
wertilebisTvis

mg

N

F
x

F
wev 

a

m

mg + F
x
 + N + F

wev 
= ma

F = ma

mg + Fx
 + N  +Fwev 

= 0

 gaazreba  

mg

N

F
x F

wev 
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Seiswavli:
E  Meleqtruli muxtebis urTierTqmedebas; kulonis kanons;

 MEelqtruli velis daZabulobas; superpoziciis princips;

 MDdieleqtrikebs daG gamtarebs eleqtrul velSi; eleqtrostatikur induqcias;

 MDdieleqtrikul SeRwevadobas; dieleqtrikis polarizacias;

 Meleqtruli velis muSaobas; muxtebis urTierTqmedebis potencialur 

energias;

 Meleqtruli velis potencials; potencialTa sxvaobas.

 

SeZleb da daeuflebi:
 msjelobas elementaruli muxtisa da  muxtis Senaxvis kanonis 

gasaanalizeblad;

 eleqtrul muxtebs Soris urTierTqmedebis eqsperimentul kvlevas;

 msjelobas muxtis mier eleqtrostatikuri velis warmoqmnisa da velis 

maxasiaTebeli parametrebis (daZabuloba, potenciali) Sesaxeb;

 problemaze orientirebuli amocanebis amoxsnas kulonis kanonze, velis 

daZabulobasa da potencialze;

 msjelobas brtyeli kondensatoris tevadobasa da kondensatorebis 

paraleluri da mimdevrobiTi SeerTebis Sesaxeb.

Tavi 2.  eleqtrostatika
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2.1. eleqtruli muxti

ratom izidavs 
furclebi 
erTmaneTs?

ifiqre da imsjele

sur. 2

sur. 1

Tales mileTeli

(624 Zv.w. _ 546 Zv. w)

berZenma filosofosma Tales mileTelma, jer kidev 
Cvens welTaRricxvamde aRmoaCina, rom qarva Salze xa xunis 
Sedegad izidavda msubuq sxeulebs. SemdgomSi aRmoCnda, 
rom xaxunis Sedegad ara marto qarva, aramed sxva sxeule­
bic iZendnen mizidvis an ganzidvis unars. qarvas berZnu­
lad eleqtroni hqvia. Aamitom xaxunis Sedegad sxe ulebis 
mier mizidvis an ganzidvis unaris SeZenas daeleqtroeba 
uwodes.

sxeuli daeleqtroebulia niSnavs, rom mas miniWebuli 
aqvs Warbi eleqtruli muxti da aqvs unari miizidos an 
ganizidos meore damuxtuli sxeuli. 

arsebobs orgvari eleqtruli muxti: dadebiTi da uar-

yofiTi. Ees cnebebi pirvelad ame rikelma sazogado moR­
vawem da mecnierma Bbenjamin fran klinma Semoitana. 

nebismieri nivTierebis atomi Sedgeba dadebiTad da­
muxtuli birTvisa da uaryofiTi muxtis mqone garsisgan. 
garsi Seicavs garkveuli raodenobis eleqtronebs. Eele­
qtronis muxti uaryofiTia. atomis birTvis Semadgenel 
nawilaks _ protons dadebiTi muxti aqvs. Mmisi muxti mo­
duliT eleqtronis muxtis tolia. atomis birTvi Seicavs 
agreTve eleqtrulad neitralur nawilakebs, neitronebs. 
eleqtruli muxti calke, nawilakis gareSe ar arsebobs, xo­
loN nawilaki SeiZleba iyos muxtis gareSe (mag., neitroni)MAG. 

atomi eleqtrulad neitraluria niSnavs, rom atomSi 
eleq tronebisa da protonebis raodenoba tolia (sur. 2 a). 
Tu atomi kargavs erT an ramdenime eleqtrons, dadebiTad 
imuxteba (sur. 2 b), Eeleqtronebis mierTebisas ki _ uar­
yofiTad (sur. 2 g). 

damuxtul atoms ioni ewodeba.
minis Reroze abreSumis qsovilTan xaxunis Sedegad gaCe­

nil muxts pirobiTad dadebiTi uwodes (am dros abreSumis 
qsovili imave sididis uaryofiT muxts SeiZens),  ebo nitis 
Reroze Salis qsovilis xaxunisas gaCenil muxts uwodes 

a

b

g

atombirTvi

eleqtroni

protoni
neitroni

dadebiTi ioni

uaryofiTi ioni
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uaryofiTi (am dros Salis qsovili imave sididis dadebiT 
muxts SeiZens).

erTnairniSniani muxtebi erTmaneTs ganizidavs (sur. 3 a, b), 
sxvadasxvaniSniani – miizidavs (sur. 3 g).

sxeuli, romelzec aRmoCndeba uaryofiTi muxtebis si­
Warbe, imuxteba uaryofiTad. sxeuli, romelzec uaryo­
fiTi  muxtebis naklebobaa, imuxteba dadebiTad. 

daumuxtav sxeulSi dadebiTi da uaryofiTi muxtebis 
erTnairi raodenobaa.

eleqtruli muxti skalaruli fizikuri sididea. Mmux­
ti axasiaTebs eleqtromagnituri urTierTqmedebis inten­
siurobas (Zalas). is aRiniSneba q _ asoTi. ASI sistemaSi ele-

qtruli muxtis erTeulia kuloni (k). 
bunebaSi uamravi elementaruli nawilakia, romelTac 

muxti gaaCnia. damuxtuli elementaruli nawilakis umci­
resi muxti, elementaruli muxtia  e = 1,6 . 10­19 k.

eleqtronis muxti sididiT elementaruli muxtis to­
lia, Tumca niSani uaryofiTi aqvs. imave sididis dadebiTi 
niSnis muxti gaaCnia protons. umciresi elementaruli mux­
ti ganuyofelia.

sxeulis eleqtruli muxti diskretulia. Ees niSnavs, rom 
damuxtuli sxeulis eleqtruli muxti  jeradia umciresi 
elementaruli muxtis. 

Tu damuxtuli sxeuli Seicavs n raodenobis eleq t­
ronebis siWarbes an naklebobas, maSin  damuxtuli sxeu lis 
muxti iqneba: 

q = ± n . e, 
sadac n naturaluri ricxvia. 
atomis  muxti _  q = e(Np - Ne), sadac NNN

p
 _ protonebis  ric­

xvia, N
e
 _ eleqtronebis. damuxtuli sxeulis an nawilakTa 

sistemis muxti masSi Semavali nawilakebis muxtis algebru­
li jamis tolia. amitom amboben, rom muxti aditiuri sidi­
dea (muxtebi ikribeba).

 gaazreba  

1. liTonis burTulis muxtia q = – 3,2 . 10­9 k. ramdeni Warbi 

eleq tronia masze?

2. liTonis burTulaze 6,0 . 1010 Warbi eleqtronia. ga moTvale 

burTulis muxti.

3. ramdeni eleqtroni moaklda minis Reros xaxunis Sedegad, 

Tu misi muxtia q = 8 . 10–8 k?

saSinao davaleba

ba

sur. 41. imsjele, ra niSnis muxti aqvs TiToeul burTulas (sur. 4)

2. imsjele atomis muxtis Sesaxeb:

 a.  NNN
p 
= N

e 
;
 

b.  NNN
p 
> N

e 
;
 

g.  NNN
p 
< N

e

sur. 3

a

g

b
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I. mocemuli gaqvs: aluminis carieli qila, ha­

eriT gaberili buSti.

msvleloba: aluminis qila moaTavse magida­

ze. miuaxlove buSti da amoZrave marjvniv da 

marcxniv. daakvirdi movlenas. gaaxaxune buS­

ti Salis qsovilze da Mmiuaxlove igi qilas 3­4 

sm­is manZilze. buSti nela aamoZrave marjvniv, 

Semdeg ki _ marcxniv. 

 aRwere da Seadare damzerili movlenebi. 

gamoitane daskvna: ratom amoZravda aluminis 

qila?

II. mocemuli gaqvs: plastmasis Txe li saxazavi, 

qaRaldis nakuwebi.

msvleloba: plastmasis Txeli, elas tikuri saxa­

zavi miuaxlove qaRaldis nakuwebs. Ddaakvirdi 

movlenas. Pplastmasis saxazavi daartyi magidis 

zedapirs ramdenjerme da kvlav miuaxlove qa­

Raldis nakuwebs, aRwere damzerili  movlena.

gamoitane daskvna: ratom miizida plastmasis saxazavma qaRaldis nakuwebi? 

 cda SeiZleba Catardes rezinis SlangiT da Txeli organuli minis saxazaviTac.

2.2.  sxeulebis damuxtvis                   
 eqsperimentuli kvleva

III. mocemuli gaqvs: organuli minis firfita, 

ori wigni, romelTa sisqe daaxloebiT 3 sm­ia, 

qaRaldis furceli, makrateli.

msvleloba: Dferadi furclisagan gamoWeri SenT­

vis sasurveli figurebi. moaTavse organuli 

minis firfita wignebze. dayare figurebi mi­

nis firfitis qveS. daWmuWne qaRaldis furce­

li da ramdenjerme gaaxaxune organuli minis 

firfitaze.  aRwere damzereli movlena.

gamoitane daskvna: ratom `acekvdnen~ figurebi?

IV. mocemuli gaqvs: gaberili buSti, Salis naWeri.

msvleloba: D miuaxlove Zafze dakidebuli gabe­

rili buStebi erTmaneTs. gaa xaxune buStebi Sa­

lis qsovilze da kvlav miuaxlove erTmaneTs.  

aRwere da Seadare damzerili movlenebi erT­

maneTs. 

gamoitane daskvna: ratom ganizida buStebma 

erTmaneTi?
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I. mocemuli gaqvs: gaberili buSti, Salis naWeri.

msvleloba: Dmiuaxlove gaberili buSti wylis wvril 

nakads. daakvirdi movlenas. gaa xaxune buSti Salis 

qsovilze da kvlav  miuax love wylis nakads. aRwe­

re da Seadare damzerili movlenebi erTmaneTs. 

gamoitane daskvna:  ratom miizida wylis nakadi 

buStma?

II. mocemuli gaqvs: folgis gragnili (celofani), 

skoCi, saqsovi xis Cxiri (an koqteilis sawrupavi}, 

plastilini, makrateli, plastmasis saxazavi (an 

savarcxeli), minis wkiri, Salisa da abreSumis  qso­

vili.

msvleloba: daWeri folgis furclebi (20sm sigrZis) 

wvril zolebad da gayavi or  tol nawilad.  maT So­

ris  moaTavse  Cxiri da SuaSi Semoaxvie  skoCi. plas­

tilinisgan gamoZerwe sadgami da daamagre  Cxiris 

Tavisufali bolo. analogiurad daamzade meore 

sulTani, damuxte saxazavi  xaxuniT da miuaxlo­

ve erT­erT sulTans. ratom ganizida sulTanis 

furclebi? damuxte orive sulTani damuxtuli ebonitis joxiT. ratom ganizida  

furclebma erTmaneTi? 

 ivaraude, rogor unda damuxto TiToeuli sulTani rom furclebma miizidon 

erTmaneTi. Seni varaudi Seamowme cdiT. 

gamoitane daskvna:  rodis  miizidavs sulTanis furclebi erTmaneTs da rodis ga­

nizidavs.

eqsperimentuli davaleba  
dakvirveba damuxtuli sxeulis urTierTqmedebaze

sulTanebis damzadeba

saSinao davaleba

V. mocemuli gaqvs: eleqtroforuli manqana.

msvleloba: SearCie manZili eleqtroforuli manqa­

nis liTonis burTulebs Soris. damuxte eleqtro­

foruli manqana (daatriale misi saxeluri). 

 daakvirdi da aRwere eleqtroforuli manqanis 

damuxtva­ganmuxtvis procesi. Seafase warmoSobi­

li naperwklis intesioba. romel bunebriv movlenas 

Sea darebdi eleqtroforuli manqanis ganmuxtvis 

Sedegad warmoSobil naperwkals? gazarde burTu­

lebs Soris manZili da kvlav damuxte manqana, rac damuxtvis drois xangrZliobasa 

da liTonis burTulebze dagrovili muxtis raodenobis zrdas gamoiwvevs.

gamoitane daskvna: rogor icvleba naperwklis intensivoba liTonis burTuleb­

ze muxtis raodenobis gazrdis Sedegad? eqsperimenti Caatare maswavlebelTan 

 erTad.
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Dsxeulebis damuxtvis sxvadasxva xerxi arsebobs: damux­
tva xaxuniT (triboeleqtroba), SexebiT, dartymiT, gavle­
niT. Aaseve, sxeulis damuxtva (daeleqtroeba) SesaZlebelia 
sxeulis radioaqtiuri dasxivebiT an sinaTliT, qimiuri 
urTierTqmedebiT da sxv.

 xaxuniT damuxtva. xaxuniT damuxtvisas ori sxva­
dasxva sxeuli mWidrod exeba erTmaneTs. Oatomis aRnago­
bidan gamomdinare, eleqtronebis kavSiri birTvTan (ker­
Zod, mis Semadgenel protonebTan) iseTia, rom xaxunisas 
eleq tronebs SeuZliaT gadasvla erTidan meore sxeul­
ze. maTi gancalkavebisas sxeuli, romelmac dakarga ele­
qtronebi, imuxteba dadebiTad. meore sxeuli, romelsac 
gauCnda uaryofiTi muxtebis siWarbe, imuxteba uaryofi­
Tad (sur. 6). mag., savarcxlis damuxtvisas mSral Tmaze 
xaxuniT, eleqtronebi Tmidan savarcxelze gadadis da mux­
tavs mas uaryofiTad, Tma ki dadebiTad imuxteba. Aamitom 
miizidavs savarcxeli Tmas, xolo Tmis Rerebi erTmaneTs 
ganizidaven (sur. 7).

Aamgvarad, xaxuniT damuxtvis procesSi aucileblad ori 
sxeuli monawileobs da maT Soris muxtebi gadanawildeba, 
ris Sedegad eleqtrovdeba orive sxeuli. isini iZenen urT­
ierTsawinaaRmdego niSnis da moduliT tol muxtebs.

 dartymiT damuxtva. dartymiT damuxtvisas sxeu­
lebi imuxteba igivenairad, rogorc ori sxeulis xaxunisas. 
magaliTad, rezinis milis myar sxeulze swrafad dartymis 
Sedegad orive sxeuli sapirispiro niSniT imuxteba.

 SexebiT damuxtva. daeleqtroeba SesaZlebelia da­
muxtuli sxeulis SexebiT daumuxtav sxeulTan (sur. 7). D

damuxtuli sxeulis daumuxtavTan Sexebisas daumuxtavi 
sxeuli imuxteba imave niSnis muxtiT, rogoric aqvs damux­

2.3. sxeulebis damuxtva. M  
muxtis mudmivobis kanoni

sur. 7

sur. 6

sur. 5

a

b

rogor imuxteba 
liTonis K firfita?

ifiqre da imsjele

 K
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tul sxeuls. Adamuxtuli sxeuli daumuxtavs gadascems 
muxts, ris Sedegadac damuxtuli sxeulis muxti mcir deba, 
daumuxtavis izrdeba. Tu dadebiTad damuxtul ebonitis 
Reros SevaxebT sadgarze moTavsebul liTonis sferos, 
sferoc dadebiTad daimuxteba (sur. 8).

 gavleniT damuxtva. liToOnis sferoze dadebiTad 
damuxtuli Reros miaxloebisas, sferoze, Reros mxares 
aRmoCndeba uaryofiTi muxti, meore mxa res ki sididiT misi 
toli dadebiTi muxti (sur. 9).

gavleniT damuxtvas eleqtrostatikur induqciasac 

uwodeben. 
sxeulebis daeleqtroebisas erTi sxeulidan muxti gada­

dis meore sxeulze, Tumca muxtebis saerTo raodenobis al­
gebruli jami ar icvleba. erTnairi raodenobis sxvadasxva 
niSniT damuxtuli sxeulebis kontaqtisas dadebiTi da 
uaryofiTi muxtebi aneitraleben erTmaneTs, anu maTi mux­
tebis algebruli jami nulis tolia. Ddaumuxtav, anu ele­
qtrulad neitralur sxeulebSi dadebiTi da uaryofiTi 
muxtebis toli raodenobaa. amitom maTi algebruli jami 
nulis tolia. es bunebis erT­erTi mniSvnelovani, funda­
menturi kanonis gamovlenaa, romelsac muxtis Senaxvis 

(mudmivobis) kanons uwodeben.
Caketil (izolirebul) sistemaSi, anu sistemaSi, ro-

melsac garedan arc gadaecema da arc waerTmeva ele-

qtruli muxtebi, jamuri eleqtruli muxti mudmivia.

muxtis Senaxvis kanoni samarTliania elementaruli 
nawilakebisTvisac. Msamyaros jamuri muxti nulis tolia 
da ar icvleba. es niSnavs rom, Tu sadRac Cndeba dadebiTi 
muxti, iqve Cndeba uaryofiTi ise, rom maTi algebruli jami 
isev nulis toli iqneba.

Tu sxeulebis an nawilakebis muxtis sidideebs aRvniSnavT 

q
1
, q

2
... q

n
, maSin: 

q
1
+ q

2
+...+q

n 
= const.

q muxtiT damuxtuli burTulis (sur. 10 a) iseTive dau­
muxtav burTulasTan Sexebis Sedegad muxtebi gadanawil­
deba (sur. 10 b), burTulebis jamuri muxti ki rCeba ucv­
leli. burTulebis daSorebis Semdeg (sur. 10 g) TiToeul 
maTganze muxtebis Tanabari raodenoba iqneba: 

q'
n
 = 

q
1
+ q

2
+...+q

n

n

formula samarTliania n
 
raodenobis erTnairi burTu­

lebisTvis.
eleqtrobis nawils, romelSic Seiswavleba uZravi eleq­

truli muxtebis urTierTqmedebis kanonzomierebebi, eleq-

trostatika ewodeba.
sur. 10

q
 

2

q
 

2

q
 

a

b

g

sur. 9

sur. 8
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 gaazreba  

saSinao davaleba

1. imsjele, ra niSnis muxtiT imuxteba TiToeuli 

daumuxtavi sfero (sur. 11 a, b)?  

2. suraTze gamosaxulia liTonis firfitidan sinaT­

lis moqmedebiT eleqtronebis amofrqvevis mov­

lena. imsjele, ra niSniT dai muxteba 

firfita (sur. 12)?

3. ori erTnairi burTula, romelTa muxtebia   

+ q
 
da - 3q

 
Seaxes da Semdeg daaSores erTmaneTs. 

imsjele muxtis Senaxvis kanonis gamovlenis 

Sesaxeb  (sur. 13).

4. ori erTnairi zomis liTonis burTula, 

romelTa muxte bi, Sesabamisad, ­1,8 . 10­5 k da  

+1 . 10­5 k­ia, Seaxes erTmaneTs da Semdeg kvlav 

daaSores. gamoTvale TiToeuli burTulis 

muxti.

1.F liTonis firfita, romlis muxti 2e­s tolia, dasxi vebis Sedegad kargavs 4 ele­

qtrons. gamoTvale firfitis muxti.

2. izolirebul sadgamze (sur. 14 a) moTavsebulia A da B liTonis daumuxtavi 

burTulebi, romlebic exebian erTmaneTs. A burTulas miuaxloes dadebiTad 

damuxtuli Rero, ise rom ar Seaxes mas (sur. 14 b). Semdeg, Reros gaunZrevlad, B 

burTula daaSores A burTulas da burTulebs  moaSores damuxtuli Rero. ra 

niSnis muxti eqneba burTulebs (sur. 14 g)?   

+ q                        – q                   + q

a b g

sur. 15

3. me­15 suraTze gamosaxulia grZel izolirebul Reroze damagrebuli dadebi­

Tad damuxtuli liTonis (##a) burTula, romelsac Seaxeben zustad aseTive sxva­

dasxva niSniT damuxtul izolirebul sadgamze damagrebul jer (##b) burTulas 

da Semdeg (g) burTulas. ra niSani eqneba (g) burTulas?

a b

sur. 11

 

 

sur. 12
sur. 13

 

+ q
 

- q
 

- q
 

- 3q
 

sur. 14

A B A B A B

a b g
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milikenis cda                     (es sainteresoa)

 eleqtronis muxtis gazomva

mecnierebs didi dro dasWirdaT qarvis eleqtruli Tvisebe­
bidan eleqtronis aRmoCenamde. nawilaki _ eleqtroni aRmoCe­
nil iqna XIX saukunis bolos ingliseli mecnieris j. j. tomsonis 
mier, risTvisac mas 1906 wels nobelis premia mieniWa.

XX saukunis dasawyisSi eleqtronis muxti didi sizustiT 
gazoma amerikelma mecnierma robert milikenma.  

me­16 suraTze gamosaxulia milikenis cdis sqema. Eeqsperi­
mentebis mimdinareobisas danadgarSi K milis saSualebiT zeTi 
gaifrqveva. Ggafrqveuli zeTis wveTebis nawili uaryofiTad 
imuxteba da isini xvdebian A da B firfitebs Soris areSi. wveTe­
bi simZimis Zalis moqmedebiT moZraoben erTi firfitidan meore firfitamde. 
Ddamuxtuli wveTis vardnis siCqaris Sesamcireblad firfitebs muxtaven sawi­
naaRmdego niSnis muxtebiT. amitom  wveTze moqmedebs eleqtruli Zala da aseve 
simZimis, arqimedesa da haeris winaaRmdegobis Zalebi. Ffirfitebze muxtis cvli­
lebiT  aregulireben maT Soris arsebuli eleqtruli velis cvlilebas ise, rom 
zeTis damuxtulma wveTma Tanabrad imoZraos. niutonis pirveli kanonis Tanax­
mad, Tanabari moZraobisas wveTze moqmedi oTxi Zala erTmaneTs akompensirebs. 
milikeni mikroskopiT akvirdeboda zeTis uaryofiTad damuxtul wveTebs, rom­
lebic zeviT Tanabrad moZraobdnen dadebiTad damuxtuli A firfitisken. 

radgan cnobili iyo, rom  wveTze moqmedi eleqtruli Zala wveTis muxtis 
proporciu lia, milikenma wveTze moqmedi yvela Zalis gaTvaliswinebiT  gamoT­
vala damuxtuli zeTis wveTis muxti. 

ultraiisferi sxivebiT mravaljeradi dasxivebis Sedegad, wveTis muxtic 
mraval jer icvleboda. Meqsperimentebis Sedegad milikenma aRmoaCina, rom yoveli 
gazomvisas wveTis muxti icvleboda raRaca, umciresi muxtis e = ­ 1,6 . 10­19 k. jera­
dad. Ee. i. wveTis muxti q = e . n, sadac  n mTeli ricxvia. Mradgan wveTebi uaryofi­
Tad iyo damuxtuli, anu maT hqondaT eleqtronebis Warbi raodenoba, mecnier­
ma daaskvna, rom es umciresi muxti unda yofiliyo eleqtronis muxti, romlis 
jeradad icv leboda zeTis wveTis muxti. Mmilikenis cdis Sedegad dadginda ara 
marto eleqtronis muxtis sidide, aramed damtkicda eleqtruli muxtis diskre­
tuloba. sxe ulma SeiZleba dakargos an SeiZinos eleqtronis muxtis mxolod 

jeradi raodenoba. 

robert milikeni 

(1868 ­1953)

sur. 16

nawilaki aRniSvna muxti, k masa, kg

eleqtroni e ­1,6 .10­19 9,1.10­31

protoni p 1,6 .10­19 1,7.10­27

neitroni n 0 1,7.10­27

F
el

F
sim

mikroskopi

ultraiisferi  
sxivebis wyaro

liTonis firfitebi

mikroskopSi  
danaxuli damuxtuli 

nawilakiA

B

→

→

zeTis gamfrqveviK
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eqsperimentuli kvlevebiT dadginda, rom sxeulebis 
dasamuxtad aucilebeli ar aris maTi Sexeba. aseve gar kveu­
li manZiliT daSorebuli damuxtuli sxeulebi Sexebis ga­
reSe urTierTqmedeben (miizidaven an ganizidaven erTma­
neTs). rac ufro mcirea manZili damuxtul sxeulebs Soris, 
miT ufro Zlieria urTierTqmedeba. aseT urTierTqmedebas 
Sorsqme debis (manZilze qmedebis) TeoriiT xsnidnen. am Teo­
riis mimdevari iyo andre mari amperi. SemdgomSi Seiqmna ax­
loqmedebis Teoria, ris mixedviTac sxeulebi uSualo Se xe­
bis gareSe urTierTqmedeben im velebiT, romlebic maT gar­
Semo iqmneba. Aam Teoriis Semqmnelad maikl faradei iTvleba.

faradeis ideebis mixedviT, uZravi eleqtruli muxtebi 
uSualod ar moqmedeben erTmaneTze. TiToeuli maTgani 
garemomcvel sivrceSi qmnis eleqtrul vels. erTi muxtis 
veli moqmedebs meoreze da piriqiT. velis siZliere mcird­
eba muxtidan daSorebis mixedviT.

mecnierebma eleqtruli velis kvlevis Sedegad daad­
gines, rom eleqtruli veli materialuria da velis saSu­
alebiT damuxtuli sxeulebi sxva sxeulebze moqme deben 
Sor manZilebze uSualo Sexebis gareSe.

Meleqtruli veli aris materiis forma, romelSic 

mJRavndeba eleqtruli urTierTqmedeba. 

Emaqsvelma Teoriuli kvlevebiT daamtkica, rom eleq t­
ruli veli vrceldeba Zalian didi, magram sasruli siCqa­
riT. eleqtruli velis gavrcelebis siCqarea 300 000 km/wm.

uZravi muxtebis irgvliv arsebul vels eleqtrostati-

kuri veli ewodeba, radgan igi drois ganmavlobaSi ar icv­
leba. arsebobs sxva velebic, romelsac moZravi muxtebi 
qmnis  (magnituri, eleqtromagnituri). 

eleqtruli muxtebi urTierTqmedebs rogorc uhaero 
sivrceSi (vakuumSi), aseve sxvadasxva garemoSi. e.i. raime 
garemoSi moTavsebuli muxti qmnis eleqtrul vels. 

Cveni grZnobaTa organoebi eleqtrul vels ver aRiqvams. 

rogor 
xorcieldeba 
urTierTqmedeba 
damuxtul  
sxeulebs Soris  
Sexebis gareSe? 

ifiqre da imsjele

maikl faradei

(1791­1867)

sur. 18 

2.4. eleqtruli veli

sur. 17

 

liTonis 
RerZi

liTonis burTula

folgis 
furclebi

korpusi

sacobi 
(izolatori)
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misi dadgena SesaZlebelia specialuri xelsawyoebiT. mag., 
eleqtroskopiTa da eleqtrometriT.

saskolo eleqtroskopi aris xelsawyo, romlis gamo­
yenebiT SesaZlebelia  dadgindes damuxtulia Tu ara sxeuli 
da Sefasdes muxtis sidide (sur. 18).

eleqtroskopis burTulas damuxtvisas muxti RerZis 
saSua lebiT folgis (liToOnis) furclebs gadaecema da 
isini ganizidaven erTmaneTs. ganzidvis kuTxe damokidebu­
lia gadacemuli muxtis sidideze. eleqtroskopis burTu­
laze erTi  da imave niSniT damuxtuli sxeulis ramdenjerme 
Sexebis Se degad furclebi kidev ufro metad gaiSleba. Ee. i. 
eleq troskopiT SeiZleba muxtebis  da groveba.

eleqtrometri (sur. 19) eleqtroskopis msgavsi xelsaw­
yoa. masSi furclebis nacvlad liTonis Reroze damagre­
bulia liTonis msubuqi isari. korpusis minaze mocemu­
lia danayofebia ni skala. eleqtrometris burTulaze da­
muxtuli sxeulis Sexebis Sedegad muxti gadaecema RerZs 
da isaric daimuxteba. RerZsa da isars erTi da igive muxti 
aqvT. Aamitom isari RerZisgan ganizideba raime kuTxiT. Kisris 
gadaxris kuTxis mixedviT SeiZleba vimsjeloT masze gadace­
muli muxtis sidideze.

sur. 19

sur. 20

sur. 22

sur. 21

 gaazreba  

saSinao davaleba

korpusi

sadgami
skala

liTonis 
RerZi

liTonis 
isari

 

1. ramdeniT Seicvleba dasxivebiT liTonis firfitis masa, rom lis 

muxtia 10e, Tu igi dakargavs 4 eleqtrons? ra muxti eqneba mas? 

2. rentgenis sxivebis dasxivebiT ­3e muxtis mqone mtvris nawi lakma 

6 eleqtroni dakarga. ra muxti eqneba mtv ris nawilaks?   

 

 

b

a

1. imsjele:,  a. ratom iSleba damuxtvisas   eleqtroskopis fur­

clebi? b. ratom izrdeba eleqtroskopis furclebs Soris kuT­

xe misi erTi da imave niSnis muxtiT ramdenjerme damuxtvi sas?   g. 

rogor SeiZleba eleqtroskopze muxtebis dagroveba?  

2. or daumuxtav masrasTan miitanes ori damuxtuli Rero. erT­

erTi masra damuxtes gavleniT (sur. 20 a), xolo meore SexebiT  

(sur. 20 b). imsjele, rogor gadana wildeba eleqtronebi (a) mas­

raze? ra niSniT daimuxteba (b) masra damuxtul RerosTan Sexe­

bis Semdeg?

3. mcire zomis dadebiTad damuxtuli wveTi vardnisas uaxlovdeba 

mis qveviT moTavsebul damuxtul K firfitas da raRac simaR­

leze Cerdeba (sur. 21).  imsjele K firfitis muxtis niSnis Sesa­

xeb?

4. damuxtuli Rero miuaxloes daumuxtavi eleqtroskopis bur­

Tulas ise, rom ar Seaxes (sur. 22). imsjele ra niSnis muxtia Re­

roze?

K
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2.5. damuxtuli sxeulebis 
urTierTqmedebis eqsperimentuli 
kvleva

mocemuli gaqvs: minisa da ebonitis (plast masis) Reroebi, 

abreSumisa da Salis qsovilebi, eleqtrometri.

msvleloba: abreSumis qsovilze xaxuniT damuxte minis  

Rero. Seaxe daumuxtavi eleqtrometris burTulas. Ddaak­

virdi eleqtrometris Cvenebas. ra niSnis muxtiT daimux­

teba eleqtrometri?

 Salze xaxuniT damuxte ebonitis Rero da Seaxe damuxtu­

li eleqtrometris burTulas.  daakvirdi rogor Seicv­

leba eleqtrometris Cveneba? 

 aRwere damzerili movlena da eqsperimentis Sedegebi 

Seadare erTmaneTs. 

gamoitane daskvna: ratom Semcirda eleqtrometris isris 

gadax ris kuTxe?

I. Ddakvirveba eleqtrometris   damuxtvaze

mocemuli gaqvs: ori eleqtrometri, minis 

da ebonitis Reroebi, abreSumisa da Salis 

qsovilebi, plastmasis saxazavi, qaRaldis 

furceli.

msvleloba: Ddamuxte minis Rero abreSumis 

qsovilze xaxuniT, xolo ebonitis Rero 

Salze xaxuniT. Seaxe damuxtuli minis 

Rero erT­erT eleqtrometrs, ebonitis 

Rero meore eleqtrometrs. ra niSnis mux­

tiT daimuxteba pirveli da meore eleqt­

rometri? Ddaakvirdi eleqtrometrebis 

isrebis gadaxris kuTxes. Pplastmasis 

saxazavis muxtis dasadgenad gaaxaxune igi qaRaldis furcelze. MSeaxe pirvel 

eleqtrometrs. Ddaakvirdi isris Cvenebas. Semdeg Seaxe damuxtuli saxazavi meo­

re eleqtrometrs. daakvirdi eleqtrometris isris Cvenebas. GSeadare eleqtro­

metris isrebis Cvenebebi. 

gamoitane daskvna: ra niSnis muxtiTaa damuxtuli saxazavi?

II. sxeulis muxtis niSnis dadgena

 

I II

+

+

+

-

-
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mocemuli gaqvs: ori eleqtrometri, minis an 

ebonitis Rero, qaRaldis furceli, liTonis 

Rero izolirebuli saxeluriT.

msvleloba: Ddamuxte minis (an ebonitis) 

Rero qaRaldis furcelze xaxuniT. miua­

xlove I eleqtrometrs, daakvirdi eleqt­

rometris Cvenebas. eleqtrometris liTonis 

burTulebi SeaerTe saxeluriani ReroTi. 

daakvirdi eleqtrometrebis isrebis Cvene­

bas. moaSore Rero eleqtrometrebs da TiTis 

midebiT ganmuxte II eleqtrometri. isev Sea­

erTe eleqtrometrebi gamtariT da daakvir­

di eleqtrometrebis Cvenebebs. eqsperimenti 

gaimeore ramdenjerme. 

G Seadare eleqtrometris Cvenebebi yoveli eqs­

perimentis Semdeg erTmaneTs. 

gamoitane daskvna: muxtis diskretulobis Sesaxeb.

III. muxtis diskretulobis kvleva

mocemuli gaqvs: ori eleqtrometri, minis 

Rero, abreSumis qsovili an qaRaldis fur­

celi, liTonis Rero izolirebuli saxe­

luriT.

msvleloba: eleqtrometrebis liTonis dau­

muxtavi burTulebi SeaerTe saxeluriani 

ReroTi. daakvirdi eleqtrometrebis is­

rebis Cvenebas. damuxte minis Rero abre­

Sumze xaxuniT da miuaxlove I eleqtro­

metrs. Ddaakvirdi eleqtrometrebis is­

rebis Cvenebebs. ra muxtiT daimuxta I da II 

eleqtrometri? moaSore eleqtrometrebs 

saxeluriani liTonis Rero da damuxtuli 

minis Rero. daakvirdi eleqtrometrebis 

isrebis Cvenebebs. isev SeaerTe eleqtro­

metrebis liTonis burTulebi saxeluriani ReroTi. daakvirdi eleqtrometre­

bis isrebis Cvenebebs. 

gamoitane daskvna: ra Sesabamisobaa cdis Sedegsa da muxtis Senaxvis kanons Soris?

IV. muxtis Senaxvis eqsperimentuli  kvleva

+

+

+ I II

 

 

I II
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Sarl ogiusten kuloni

(1736 ­1806)

eleqtruli muxtebis urTierTqmedeba 1785 wels eqsperi­
mentulad Seiswavla frangma mecnierma Sarl ogius ten 

kulonma.
muxtebs Soris urTierTqmedebis Zalis gasazomad ku­

loni iyenebda grexiT saswors (sur. 24). grexiTi sasworis 
saSualebiT kulonma daadgina, Tu rogor aris damokide­
buli muxtebs Soris urTierTqmedebis Zala muxtebis mod­
ulsa da maT Soris manZilze.

grexiTi saswori warmoadgens minis WurWels, romelSic  
vercxlis wvril, drekad Zafze dakidebulia minis msubu­
qi Rero. Reros erT boloze moTavsebulia mcire zomis 
liTonis burTula (1), xolo meoreze patara sapirwone (2) 
(sxeuli, romliTac burTula gawonasworebulia). liTo­
nis burTula (1) SeiZleba daimuxtos Reroze uZravad mo­
Tavsebuli iseTive meore liTonis damuxtuli burTuliT 
(3), romelic WurWlis saxuravis xvrelidanaa CaSvebuli. 
(1) burTulis damuxtul (3) burTulasTan Sexebis Sedegad 
muxti burTulebs Soris Tanabrad gadanawildeba da isini 
ganizidaven erTmaneTs.

muxtebs Soris urTierTqmedebis Zalis dadgena SesaZle­
belia Zafis grexis kuTxis mixedviT, romelic skalaze aiT­
vleba. mravali cdis analizis Sedegad kulonma daadgina, 
rom damuxtul burTulebs Soris urTierTqmedebis Zala 
ukuproporciulia muxtebs Soris r manZilis kvadratis: 

F ∼

kuloni uZrav damuxtul 3 burTulaze cvlida muxtis 
sidides. Sesabamisad, icvleboda muxti (1) burTulaze da 
maT Soris urTierTqmedebis Zala. cdis analizis Sedegad 
kulonma daadgina, rom muxtebs Soris urTierTqmedebis 
Zala pirdapirproporciulia q

1
 da q

2
 muxtebis modulis 

namravlisa.

romel sidideebzea 
damokidebuli 
muxtebs Soris
urTierTqmedebis 
Zala?

ifiqre da imsjele

1
r2

sur. 24

2.6. kulonis kanoni

1
23

sapirwone

grexiTi sasworis skala

damuxtuli burTulebi

Rero

Zafi

 

sur. 23

r
12

q
1

q
2

F
21

r
12

q
1

q
2

F
21

F
12

r
12

q
1

q
2

F
21

F
12

→

F
12

→→

→

→ →

b

g

a
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F ∼  q
1 
 q

2

cdebis Sedegebis analizis safuZvelze kulonma Camoa­
yaliba kanoni:

uZrav wertilovan muxtebs Soris urTierTqmede bis Za-

lis moduli vakuumSi pirdapirproporciu lia muxtebis 

sidideebisa da ukuproporciulia maT Soris manZilis 

kvadratisa. 

F = k
r2

q
1 
 q

2

kulonuri Zala mimarTulia muxtebis SemaerTebeli 

wrfis gaswvriv. 

proporciulobis koeficienti k =
4pε0

1 , sadac ε0 eleqt-

ruli mudmivaa.      

 
n.m2

k2

ε0 = 8,85 . 10-12  .        k = 9 . 109 n.m2/ k2.

roca q
1
 = q

2
 = 1 k,  r = 1 m, maSin k ricxobrivad tolia Zalis, 

romliTac vakuumSi urTierTqmedebs ori, TiToO kuloni si­
didis wertilovani muxti, Tu maT Soris manZili erTi me­
tria. e.i. F = 9 . 109  n. es Zalian didi Zalaa, romelic daax­
loebiT egviptis piramidebis wonas utoldeba. am Sefase­
bidan Cans, rom kuloni muxtis didi erTeulia. praqtikaSi 
iyeneben muxtis wilad erTeulebs.

Kkulonis kanoni samarTliania uZravi wertilovani mux-
tebisaTvis.

wertilovani muxti bunebaSi ar arsebobs. igi damuxtu­
li sxeulis modelia. Tu muxtebs Soris manZili gacile­
biT metia damuxtuli sxeulebis zomasTan SedarebiT, maSin 
isini SeiZleba CaiTvalos wertilovan muxtebad. wertilo­
van muxtad miiCneven sferuli formis Tanabrad damuxtul 
sxeuls, romlis zoma gacilebiT naklebia meore damuxtul 
sxeulamde manZilTan SedarebiT.

niutonis mesame kanonis Tanaxmad, wertilovani muxtebi 
erTmaneTze moqmedeben toli da sawinaaRmdegod mimarTu­
li ZalebiT (sur. 23).

kulonis kanoni Zalian hgavs msoflio mizidulobis 
kanons. marTlac, orive kanonis mixedviT, Zala manZilis 
kvad ratis ukuproporciulia. gansxvaveba isaa, rom mux­
tis sididis nacvlad msoflio mizidulobis kanonSi gvaqvs 
masa, xolo k koeficientis nacvlad – gravitaciuli mud­
miva (sur. 25). Tumca msoflio mizidulobis Zala mxolod 
mizidvis Zalaa, xolo kulonuri Zala SeiZleba iyos ro-
gorc mizidvis, aseve _ ganzidvis.

uZravi wertilovani muxtebis urTierTqmedebis kulonu­
ri Zalebi mimarTulia am wertilovani muxtebis SemaerTe­
beli wrfis gaswvriv. aseTi Tvisebis Zalebs centruli Za-
lebi ewodeba. amrigad, kulonuri Zala centruli Zalaa. 
centrulia agreTve gravitaciuli Zalac.

m
2

r2F
g
 = G

m
1

m
2

m
1

q
2

q
1

F
el

 = k
r2

q
1 
 q

2

sur. 25

 

1 mk = 10 -3 k 

1 mkk = 10 -6 k 

1 nk = 10 -9 k

muxtis wiladi 

erTeulebi
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 gaazreba  

saSinao davaleba

1. imsjele niutonis mesame kanonis gamovlenaze eleqtruli 

urTierTqmedebisas da Seadare gravitaciul urTierTq­

medebas (sur. 23).

2. imsjele, rogor Seicvleba kulonuri urTierTqmedebis 

 Zala or wertilovan uZrav muxts Soris, Tu TiToeulis 

muxti, a. orjer gaizrdeba; b. samjer Semcirdeba.

3. imsjele q muxtze moqmedi jamuri kulonuri Zalis veqto­

ris mimar Tulebis Sesaxeb da daadgine, romeli veqtori 

gamosaxavs am Zalis mimarTulebas (sur. 26).

4. imsjele da daadgine tolgverda samkuTxedis wveroSi mo­

Tavsebul ­q muxtze moqmedi kulonuri Zalis  veqtoris 

mimarTuleba (sur. 27). 

1. venis diagramis gamoyenebiT Seadare gravitaciuli 

da kulonis Zalebi erTmaneTs (sur. 28). 

2. ra ZaliT urTierTqmedebs 0,3 m daSorebuli 9 .10­9k 

ori erTnairi wertilovani muxti?

3. ori erTnairi burTula, romelTa muxtebia q da  

­ 5q, jer  Seaxes da Semdeg daaSores erTmaneTs imave  

manZilze. ra Tanafardoba iqneba kulonur Zalebs 

Soris (F1/F2)?

4. 2 m sigrZis abreSumis Zafebze erT wertilSi daki­

debulma damuxtulma burTulebma ganizides erT­

maneTi r = 8 sm manZilze. Zafis daWimulobis Zalaa 

0,1125 n. ga moTvale burTulebis muxtis sidide   

(sur. 29).  

gravitaciuli
Zala

kulonis
Zala

sur. 28

sur. 26

sur. 27

sur. 29

X

Y

a

l

F
da

a
F

k

mg

r
2

amoxsna:

TiToeul muxtze moqmedebs sami Zala: simZimis Zala 

mg, Tokis drekadobis (daWimulobis) Zala FF
d
 da ku­

lonuri Zala FF
k
. niutonis pirveli kanonis Tanaxmad, 

radgan burTulebi uZravia, maTze moqmedi Zalebis 
jami 0­is tolia.  

 

mg +F F
d
 +F F

k
 = 0  

O
          (ox)              – F

d
 sina + FF

k 
= 0  

aqedan,      FF
k 
= FF

d
 sina;   

radgan,         
r
2l sina =    da  

q2

r2F
k
F = k

amitom,  F  
q2

r2k = FF
d
 

r
2l ;

 

2q2q

q

1

2

3

4

 

 

√aqedan, q =                  = 4 . 10­8k.
FF

d
r3

2kl

2
1 3

q

o
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2.7. amocanebis amoxsna

amocana 1.

rogor davmuxtoT gamtari sfero dadebiTad (sur. 30 a) uar yofiTad damuxtuli 
gamtari Reros saSualebiT ise, rom Reros muxti ar Seicvalos?

amoxsna:

Tu uaryofiTad damuxtul Reros (sur. 30 b) mivuaxloebT daumuxtav 
sferos, muxtebi gadanawileba: damuxtuli Reros mxares aRmoCndeba dadeb­
iTi muxti, sferos meore mxares imave sididis uaryofiTi muxti. am mdgo­
mareobaSi sferos damiwebis (sur. 30 g) Semdeg miwaSi gadava is muxti, ro­
melic ganizideba uaryofiTad damuxtuli Rerosgan. amis Semdeg, Tu dami­
webis mavTuls movxsniT da uaryofiTad damuxtul Rerosac movacilebT, 
sferoze darCeba dadebiTi muxti (sur. 30 d, e). igive Sedegi miiReba, Tu 
sferos mcire xniT xels SevaxebT uaryofiTi muxtis dagrovebis mxares.

amocana 2.

abreSumis Zafebze dakidebulia ori erTnairi msubuqi liTonis burTula. 
orive maTgani damuxtes erTnairi niSnis muxtiT, ris gamoc Za febi garkveu­
li kuTxiT gadaixara. ra moxdeba, Tu erT­erT burTulas  ganvmuxtavT (xels 
SevaxebT)?

amoxsna:

miuxedavad imisa, rom ganmuxtvis Semdeg am burTulaze jamuri muxti nulis 
toli aRmoCndeba, masze damuxtuli burTulis gavleniT muxtebi gadanawil­
deba: 

damuxtuli burTulis siaxloves gaCndeba misi sapirispiro niSnis muxti, ris 
gamoc burTulebi erTmaneTs miizidavs. Sexebisas damuxtul burTulaze ar­
sebuli muxti burTulebs Soris Tanabrad ganawildeba, ris gamoc burTulebi 
erTmaneTs kvlav ganizidavs, magram pirvandelTan SedarebiT naklebi kuTxiT.

amocana 3.

ori erTnairi liTonis burTula damuxtulia erTnairi niSnis muxtiT ise, 
rom erTi maTganis muxtis sidide 5­jer metia meoresTan SedarebiT. burTule­
bi Seaxes erTmaneTs da daabrunes sawyis mdebareobaSi. ramdenjer Seicvleba 
muxtebs Soris urTierTqmedebis Zala?

sur. 30

a

d e

b g
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amocana 1.

rogor Seicvleba kulonuri urTierTqmedebis Zala or uZrav wertilovan 

muxts Soris, Tu TiToeulis muxti: a. orjer gaizrdeba, xolo maT Soris manZili 

orjer Semcirdeba; b. orjer Semcirdeba, xolo manZili orjer gaizrdeba.

amocana 2.

ori erTnairi liTonis burTuUla damuxtulia sxvadasxva niSnis muxtiT ise, rom 

erTi maTganis muxtis sididea 1 . 10­9 k, meorisa 4­jer metia pirvelTan Sedare biT. 

gamoTvale manZili burTulebs Soris, Tu urTierTqmedebis Zala 160 mkn­ia. 

amocana 3.

vakuumSi or toli sididis wertilovan  muxts Soris manZili 30 sm­ia, kulon­

uri urTierTqmedebis Zalaa  5 n. gamoTvale muxtis sidide.    

amocana 4.

ramdenjer metia protonsa da eleqtrons Soris kulonuri urTierTqmedebis 

Zala maT Soris gravitaciuli urTierTqmedebis Zalaze (ix. sur. 17, gv. 25)? 

amocana 5.

ori uZravi 5 . 10­8 k da 8 . 10­8 k werilovani muxti vakuumSia  erTma neTisagan 

2 m manZilze, maTi SemaerTebeli monakveTis SuaSi moTavsebulia mesame 1 . 10­9 k 

muxti. gamoTvale mesame muxtze moqmedi Zalis moduli da mimarTuleba.

amoxsna:

Tu burTulebi damuxtulia erTnairi niSnis muxtiT, maSin Sexebamde muxtebs 
Soris urTierTqmedebis Zala kulonis kanonis Tanxmad iqneba:

F
1
 = k            = k          .     

r2 r2

5q
 
. q 5q

 

2

muxtis mudmivobis kanonis Tanaxmad, orive burTulis, rogorc Cake­
tili sistemis, jamuri muxti ar unda Seicvalos, amitom 5q + q = 6q, said­

anac q
1 
= 

2

6q
   = 3q. aq q

1
 aris TiToeuli burTulis muxti daSorebis Sem­

deg. Sexebisas jamuri muxti burTulebze Tanabrad ganawildeba, rad­
gan burTulebi erTnairi zomisaa. daSorebis Semdeg burTulebs Soris  
urTierTqmedebis Zala toli iqneba:

 
F

2
 = k            = k          ,    

r2 r2

3q
 
. 3q 9q

 

2

 =          = 1,8.     
F

1
5

F
2 9

e. i. Sexebis Semdeg muxtebs Soris urTierTqmedebis Zala gaizarda 1,8­jer. 

    amoxseni amocanebi
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amocana 6.

ori erTnairi liTonis burTula, romelTa muxtebia  3 . 10­8  k da 5 . 10­8 k Seaxes 

da imave manZiliT daaSores erTmaneTs. gamoTvale Tanafardoba kulonur Za­

lebs Soris Sexebamde da Sexebis Semdeg.  

amocana 7.

ori wertilovani muxti, q
1 
= 16 . 10–9k da q

2  
=  4 . 10–9k, erTmaneTisgan daSorebu­

lia 15 sm­iT. sad unda movaTavsoT mesame muxti, rom igi wonasworobaSi iyos? 

amocana 8.

ra muxti aqvs pirvel burTulas, Tu 

meore,  q
2 

muxtis mqone burTula wonas­

worobaSia (sur. 31)?

amocana 9.

abreSumis Zafze dakidebul bur­

Tulas, romlis muxtia 5 . 10­8 k da masa  

40 g, qvemodan miuaxloes meore burTula, romlis muxtia ­5 . 10­8 k. Sedegad Zafis 

daWimulobis Zala 2­jer gaizarda. gamoTvale  burTulebs Soris manZili. 

amocana 10.

ra manZilia q
1
 da q

2
 damuxtul  burTu­

lebs Soris, Tu q
3
 damuxtuli burTula 

wonasworobaSia (sur. 32). 

amocana 11.

q
1
 dadebiTi da q

2
 uaryofiTi muxtebs 

Soris SemaerTebeli wrfis SuaSi, moTa­

v sebulia  q
3
 =  5 . 10­8 k muxti.  q

1
= 5 . 10­6 k;  

q
2
 = ­2 . 10­6 k. manZili q

1
 da q

2
 Soris  

6 sm­ia. gamoTvale q
3 
­ze moqmedi kulonu ri Zala. 

amocana 12.

ori erTnairi 20 g masis dadebiTad 

damuxtuli burTula erT wertilSi da­

kidebulia 30 sm­is sigrZis Zafze. bur­

Tulebma ise ganizides erTmaneTi, rom 

maT Soris kuTxe gaxda 90o. gamoTvale  

burTulis muxti (sur. 33).  

R R

q1 = ?                q2 = 3q            q3 = –2q

sur. 31

 

 

R
1 
= 4 sm R

2

q
1
 = 8q                           q

3
          q

2
 = 2q

sur. 32

a

r

 

sur. 33
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eleqtruli movlenebi Cvens cxovrebaSi

 aslis gadamRebi aparati
Ddamuxtvis movlena gamoyenebulia aslis gadamReb da­

nadgarebSi. Uaslis gadamRebi umartivesi xelsawyo gamo­
saxulia 34­e suraTze. 

aslis gadamRebi xelsawyos (sur. 35) erT­erTi umTav­
re si nawilia SuqmgrZnobiare firfita (sur. 35 a), romlis 
zedapiri (1) imuxteba specialuri dammuxtavi mavTuliT 
(2), ris Semdegac firfitaze damWeri rgolebis (3) meSve­
obiT aTavseben furcels (nimuSs), saidanac xdeba aslis 
gadaReba (4).

nimuSi zemodan naTdeba sinaTlis mZlavri nakadiT 
(sur. 35 b), ris Sedegadac damuxtuli rCeba SuqmgrZno­
biare firfitis mxolod is adgilebi, sadac sinaTle 
ver moxvda aslis gadasaReb nimuSze teqstis, suraTis, 
sqemis da sxv. arsebobis gamo (sur. 35 g). mas Semdeg, rac 
nimuSis konturi damuxtuli zolis saxiT firfita­
ze dafiqsirdeba, nimuSi moscildeba mas. firfitaze 
iyreba grafitis fxvni li (sur. 35 d), romelic muxtebs 
Soris mizidulobis Zalis moqmedebiT miewebeba damux­
tul adgilebs (sur. 35 e). amis Semdeg firfitaze Tavs­
deba qaRaldi (5), romelzec unda moxdes aslis gadaReba  
(sur. 35 v). imave dammuxtavi mavTuliT imuxteba axla ukve 
qaRaldi (sur. 35 z), romelzec eleqtruli mizidulo­
bis Zalis moqmedebiT gadadis firfitaze ganlagebuli 
grafitis fxvnili (sur. 35 T). aslis gadaRebis bolo sta­
diaa grafitis myarad damagreba furcelze, romelic 
furclis gacxelebiT miiRweva (sur. 35 i).

Tanamedrove aslis gadamRebi aparatebi gansxvavebuli 
konstruqciisa, magram principiT ar gansxvavdeba aRwer­
ili danadgarisgan.

 eleqtruli movlenebi yofa-cxovrebaSi 
xelovnuri naWrisgan Sekerili tansacmlis gaxdisas 

mSral haerSi SeiZleba gavigoT tkacunis xma. tansacmlis 
tarebisas igi sxeuls exaxuneba, ris DSedegad sxeulica da 
tansacmelic imuxteba. gaxdisas muxtebi urTierTqmede­
ben, naperwkali warmoiqmneba da gvesmis xma. fabrikebSi 
saqsov dazgaze Zafebi xaxunis Sedegad imuxteba, ewe­
beba dazgis nawilebs da Zafi wydeba. amis Tavidan asaci­
leblad specialur zomebs iyeneben. aseve specialur 
zomebs iyeneben benzingasamarT sadgurebSi, magaliTad, 
benzinmzid manqanebze gamobmuli jaWvis meSveobiT, ro­
melic miwas exeba da manqana ganimuxteba.

 Eeleqtruli movlenebi bunebaSi 
Ddedamiwa uzarmazari damuxtuli sferoa, romlis 

muxti daaxloebiT 500000 k­ia. mTlianad dedamiwa ele­
qtrulad neitraluria, radgan atmosferoSi 50 ­ 60km 

 (es sainteresoa)

sur. 34

sur. 35

a
12

34

d

e

v

z

T

i

b

g

5
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simaRleze mdebare Sres ­ ionosferos imave sididis Warbi 
dadebiTi muxti aqvs. es eleqtrostatikuri veli araerT­
gvarovania. misi daZabuloba dedamiwis zedapirze aRwevs 
100v/m sidides. Cven am daZabulobas ver vgrZnobT, radgan 
adamianis sxeuli gamtaria. gamtarSi muxtebi swrafad 
gadanawildeba da akompensirebs gare vels. dedamiwis 
eleqtrul vels qmnis mzis „qari“, mzidan gamosxivebuli 
ultraiisferi da rentgenis gamosxiveba da geofizikuri 
movlenebi. zafxulSi dedamiwis zedapiri Tbilia, magram 
3­4 km simaRle temperatura nul gradusamde mcirdeba. 
amitom, warmoqmnili Rrublis qveda nawili wylis wveTebi­
sagan Sedgeba, zeda ki Tovlis fifqebisagan. dedamiwis 
zedapirsa da ionosferos Soris Rrublebi bunebriv ele­
qtrostatikur velSia, romlis gavleniT RrubelSi wylis 
wveTebis qveda zedapiri dadebiTadaa damuxtuli, zeda 
uaryofiTad. dedamiwis Tbili zedapiridan zeviT mimar­
Tul haeris nakadSi aris rogorc neitraluri molekule­
bi, aseve wylis orive niSnis ionebi. wveTebis dadebiTad 
damuxtuli zedapiri miizidavs da miierTebs uaryofiT 
ionebs. amavdroulad, is ganizidavs da ganiSorebs haeris 
nakadSi wveTTan moaxloebul dadebiT ionebs. amitom da­
debiTi ionebi agrZeleben zeviT svlas haeris konveqciur 
nakadTan erTad. am procesis gamo Rrublis zeda nawilSi 
izrdeba dadebiTi ionebis koncentracia da igi imuxteba 
dadebiTad, uaryofiTad damuxtuli Rrublis qveda kide 
ki dedamiwis zedapirze iwvevs Rrublis qveS dadebiTi mux­
tis inducirebas. e.i. Rrubelsa da dedamiwas Soris iqm­
neba didi sididis potencialTa sxvaoba. am dros haerSi 
warmoiqmneba muxtebis gamtari arxi da wamis meaTiaTas­
edis ganmavlobaSi gaivlis ganmuxtvis kolosaluri mux­
ti didi naperwklis saxiT, romelic xSirad ramdenime ki­
lometris sigrZisaa (sur. 36 a,b). es ukve elvaa! Rrublis 
zeda kideze dagrovil dadebiT muxts gaelvebamde 
awonasworebda Rrublis qveda kideze dagrovili 
uaryofiTi muxti. es uaryofiTi muxti gaelvebi­
sas ganimuxteba. Sedegad, Rrublis zeda kideze 
dagrovili dadebiTi muxti gaityorcneba zeviT, 
ionosferosaken da ionosfero dadebiTi muxtiT 
Seivseba. 

zogjer warmoiqmneba sferuli elvac (sur. 36 g). 
Eelva xSirad warmoiqmneba Rrubelsa da dedamiwaze 
maRal Senoba­nagebobebs, ganmartoebul maRal 
xeebsa da anZebs Soris. am movlenas mexs uwodeben. 

mexma ziani rom ar miayenos adamianebs, Seno­
bebze dgamen anZebs, romelzec damagrebulia wa­
wvetebuli liTonis Rero (mexamridi) (sur. 36 d). 
liTonis RerosTan mierTebulia msxvili gamtari, 
romelic Rrmad aris CaSvebuli miwaSi. Eelvisas 
muxtebi liTonis wawvetebuli Rerodan gamtariT 
miwisken miemarTeba. aseTi mowyobiloba Zalian did 
dens atarebs da icavs Senoba­nagebobebs mexisgan.

a

g

horizontaluri 
mexamridebi

vertikaluri 
mexamridebi

sadenebi

izolatori

damiweba

TuTiiT 
dafaruli 
gamtari

 

sur. 36

b

d
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2.8. Semajamebeli gakveTili

eqsperimenti  

 TviTnakeTi  eleqtroskopis awyoba 

I eqsperimenti  

dakvirveba muxtebis dagrovebaze 

ra kargia gazafxulze bunebaSi seirnoba. Tumca amindi uceb 

SeiZleba Seicvalos da wamovides wvima, romelsac Tan axlavs Tva­

lis momWreli gaelveba da quxilis xma. levani patarobidanve oc­

nebobda rodis gaizrdeboda, rom srulfasovnad gaego am buneb­

rivi movlenis arsi: ras niSnavda, rom Rrubelsac da dedamiwasac 

gaaCnia muxti; ra aris ganmuxtva da ratom warmoiSoba elva.

eleqtrostatikis Seswavlam levans SesaZlebloba misca am da 

sxva mraval kiTxvaze swori pasuxi gaeca. 

muxtebis kvlevis mizniT levanma gadawyvita, daemzadebina ori 

eleqtroskopi. moiZia saWiro masala da martivi eqsperimentis 

gegmis mixedviT daamzada xelsawyo. 

mocemuli gaqvs: folgis gragnili, liTonis mavTuli, gamWvirvale 

minis qila plastmasis xufiT. makrateli, maxaTi (msxvili nemsi).

msvleloba: gaxvrite plastmasis saxuravi. gamoWeri folgisgan ori 

furceli da daamagre mavTulis moxril boloze ise, rom fur­

clebs Tavisuflad SeeZlos moZraoba. mavTulis meore bolo 

gauyare saxuravSi da furclebianad moaTavse qilaSi. saxuravi 

moarge qilas. mavTulis Tavisufal boloze daamagre folgisgan 

gakeTebuli burTula.

Seadare Sen mier damzadebili TviTnakeTi eleqtroskopi qarxnulad 

damzadebul saskolo eleqtroskops (gv. 28, sur. 19).

romel xelsawyos icnob, romlis muSaobis principi eleqtrosko­

pis analogiuria? TviTnakeTi eleqtroskopiT Caatare damuxtu­

li sxulebis kvleva.

mocemuli gaqvs: eleqtroskopi, plastmasis savarcxeli (an saxazavi).

msvleloba: miuaxlove eleqtroskopis burTulas plastmasis savarcxeli (an saxazavi), 

daakvirdi folgis furclebs. ratom ar gaiSala folgis furclebi?

gaaxaxune savarcxeli Tmaze da miuaxlove eleqtroskopis burTulas. daakvirdi fol­

gis furclebs Soris kuTxes. ratom ganizides furclebma erTmaneTi?

Semdeg kvlav gaaxaxune savarcxeli da miuaxlove imave eleqtroskops. daakvirdi, ro­

gor Seicvala folgis furclebs Soris kuTxe. 

ratom izrdeba xelmeored damuxtuli savarcxlis eleqtrosKkKKopTan Sexebisas fur­

clebs Soris kuTxe?

gamoitane daskvna: rogor grovdeba muxti eleqtroskopze?

damuxtuli sxeulebis kvleva. eleqtroskopidamuxtuli sxeulebis kvleva. eleqtroskopi
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II eqsperimenti  

dakvirveba  muxtebis gadanawilebaze eleqtroskopiT

III eqsperimenti  

sxeulis muxtis niSnis dadgena eleqtroskopiT

IV eqsperimenti  

dakvirveba sxeulebis ganmuxtvaze

mocemuli gaqvs: ori eleqtroskopi, Salis qsovili, plastmasis savarcxeli, liTonis 

Rero

msvleloba: plastmasis savarcxeli damuxte Salze xaxuniT 

da Seaxe erT­erTi eleqtroskopis burTulas. daakvirdi 

furclebis gaSlis kuTxes. damuxtuli eleqtroskopis 

burTula  liTonis ReroTi SeaerTe daumuxtav eleqt­

roskopis burTulasTan (Reros Seexe rezinis xelTaT­

mniT, an raime izolatoris daxmarebiT). Seafase orive 

eleqtroskopis furclebis gaSlis kuTxe. ratom daimux­

ta meore eleqtroskopi?

gamoitane daskvna: rogor gadanawilda muxti eleqtros­

kopebze? 

 ratom aris toli orive eleqtroskopis furclebis gaSlis kuTxe? 

mocemuli gaqvs: eleqtroskopi, minis Rero, abreSumis qsovili, 

plastmasis savarcxeli (saxazavi).

msvleloba: damuxte abreSumis qsovilize xaxuniT minis Rero da 

Seaxe eleqtroskopis burTulas. daakvirdi furclebis gaSlis 

kuTxes. ra niSniT daimuxta eleqtroskopi?

 damuxte plastmasis savarcxeli Salze xaxuniT da kvlav Seaxe 

eleqtroskops. daakvirdi furclebis gaSlis kuTxes, rogor 

Seicvala furclebs Soris kuTxe?

gamoitane daskvna: ra niSniT aris damuxtuli savarcxeli?

mocemuli gaqvs: eleqtroskopi, liTonis sadeni (mavTuli), eboni­

tis joxi, Salis qsovili.

msvleloba: damuxtuli eleqtroskopis burTula liTonis  mavTu­

liT daamiwe (meore bolo Rrmad Cafali miwaSi). daakvirdi eleqt­

roskopis furclebis gaSlis kuTxes.

 Seaxe xeli damuxtuli eleqtroskopis burTulas da aRwere dam­

zerili movlena.

gamoitane daskvna: ratom ganimuxta eleqtroskopi?

 ratom imuxteba sinTeTikuri tansacmeli adamianis sxeulze?

ra anlogiaa eleqtroforuli manqanis ganmuxtvisas warmoSobil naperwkals _ `mini 

elvasa~ da  bunebriv elvas Soris?
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 ori erTnairi damuxtuli eleqtroskopi 
SeerTebulia izolirebuli saxeluriani 
ReroTi. imsjele, Rero gamtaria Tu izola­
tori?

 imsjele, ra niSniTaa damuxtuli Rero (wyvetilebiT fur­
clebis sawyisi mdebareobaa aRniSnuli)

 a. dadebiTi
 b. uaryofiTi
 g. daumuxtavi

 ori eleqtroskopi damuxtes Sesabamisad  1,6 mkk  da ­4,8 mkk muxtiT (sur. a) 
da SeaerTes gamtariT (sur. b). imsjele, ra muxti eqneba TiToeul eleqt­
roskops.

b

 daumuxtav eleqtroskops miuaxloes dadebiTad da­
muxtuli minis Rero (sur. ?). imsjele, romeli suraTi 
gamoxatavs sworad eleqtroskopze muxtis gadanawi­
lebas.

a

a b g d

1

2

3

4

Seamowme Seni codna
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a b g d

 imsjele, ra niSnis muxti aqvT burTulebs (sur. 37)?

 suraTze gamosaxulia uZravad damagrebuli uaryofiTad 
damuxtuli burTula (sur. 38). imsjele, ra mimarTule­
biT amoZravdeba burTula, Tu mas miscemen Tavisuflad 
moZraobis saSualebas?

 abreSumis Zafze dakidebul msubuq daumuxtav sxeuls  
uax loeben izolirebul Stativze damagrebul uaryo­
fiTad damuxtul burTulas. imsjele, romeli suraTi ga­
mosaxavs sworad urTierTqmedebas sxeulsa da damuxtul 
burTulas Soris (sur. 39)?

 rogori mimarTuleba eqneba kvadratis centrSi moTavse­
bul 4q dadebiT muxtze moqmed Zalas, Tu kvadratis wve­
roebSi moTavsebulia  +q, +q, –q, –q muxtebi (sur. 40)?

 –q muxti moTavsebulia or sxvadasxva niSniT damuxtul 
burTulas Soris. imsjele da daadgine –q muxtze moqmedi 

Zalis mimarTuleba (sur. 41).

 ori uZravi wertilovani muxti urTierTqmedebs F Za­
liT.  erT­erTi muxtis sidide gaizarda 3­jer, meoresi 
ki 2­jer. maSin muxtebs Soris urTierTqmedebis Zalis mo­
duli iqneba:

 a. 5F                     b. F/5                     g. 6F                     d. F/6

sur. 37

1

2
3

4

 

sur. 38

a b g

sur. 39

1

2
3

4

–q

–q

+q

+q

+4q

sur. 40

 

1

2
3

4
-q 

sur. 41

5

6

7

8

9

10
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2.9. eleqtruli velis daZabuloba

Seadare q muxtis eleqtruli  
velis sxvadasxva wertilSi 
Setanil erTnair muxtebze 
moqmedi eleqtruli Zalebi.

ifiqre da imsjele

uZravi muxtis mier Seqmnili eleqtrostatikuri veli garkveu­
li ZaliT moqmedebs mis nebismier wertilSi Setanil sasinj muxt­
ze (sur 42). sasinj muxtad yovelTvis iyeneben erTeulovani sidi­
dis dadebiT muxts (sur. 43).

muxtebs Soris urTierTqmedebis Zalas eleqtrul Zalas 
uwodeben. eleqtruli urTierTqmedeba q muxtis mier Seqmnil 
velsa da sasinj muxts Soris eleqtruli veliT xorcieldeba. 

eqsperimentuli kvlevebis Sedegad dadginda, rom velis erT­
sa da imave wertilSi mcire damuxtuli sxeulebis rigrigobiT 
Setanisas maTze moqmedi eleqtruli Zala damokidebulia, ro­
gorc velis Semqmneli muxtis sidideze, aseve sasinj muxtze. 
xolo Zalis Sefardeba sasinji muxtis sididesTan ar aris 
damokidebuli sasinj muxtze. es fardoba SeiZleba ganxiluli 
iyos rogorc velis maxasia Tebeli da mas eleq truli velis 

daZa buloba ewodeba. eleqtrostatikuri velis daZabuloba 

veqtoruli sididea.

eleqtrostatikuri velis daZabuloba aris fizikuri si-

dide, romelic tolia velis mocemul wertilSi moTavsebul q0 

dade biT sasinj muxtze moq medi eleqtruli Zalis Sefardebi-

sa am muxtis sidi desTan:

  E = F
→

→

q0

 ,      (1),   aqedan F
→

 = q0 E
→

 

daZabuloba eleqtruli velis Zaluri maxasiaTebelia.
daZabulobis veqtoris mimarTuleba emTxveva velSi Setanil 

dadebiT muxtze moqmedi eleqtruli Zalis mimarTulebas.

Tu eleqtruli velis daZabulobis formulaSi (1) Cav svamT ku­
lonuri F Zalis mniSvnelobas, miviRebT q  wertilovani muxtis 
velis daZabulobis modulis mniSvnelobas muxtisgan r manZilze: 

 
E = k 

q

r2

SI sistemaSi daZabulobis erTeulia n/k. SemdgomSi, poten­
cialis Seswavlisas gaigebT, rom daZabulobis erTeulia 1 v/m 
(volti/metrze).

q

A

B

D

E

C

F

sur. 43

sur. 42

→

  

 

+q

+ q
0

Fr

A
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 velis daZabulobis superpoziciis principi.

sxeulze erTdroulad moqmedi ramdenime  F
→

1
, F

→

2
, ... 

F
→

n
 Zala SeiZ leba erTi _ tolqmedi ZaliT Seicvalos. 

   F
→

 = F
→

1
 + F

→

2
 + ... + F

→

n
.     (2) 

(2) gantolebis sasinji muxtis q
0 

sidideze gayofiT 
miiReba eleqtrostatikuri velebis superpoziciis 
principis piroba:

Tu sivrcis romelime wertilSi sxvadasxva eleq-

truli muxti qmnis eleqtrul vels, romlis daZa-

bulobaaE
→

1
, E

→

2
, ... E

→

n
, maSin am wertilSi eleqtruli 

velis daZabuloba calkeuli muxtis mier Seqmnili velis da-

ZabulobaTa geometriuli jamis tolia:

  E
→

 = E
→

1
 + E

→

2
 + ... + E

→

n
.              (3)

q
1
 da q

2
 dadebiTi muxtebis mier C wertilSi Seqmnili ele­

qtruli  velis daZabulobis dasadgenad jer unda gamoiTvalos 
TiToeuli muxtis mier Seqmnili velis daZabuloba C wertilSi, 

E
→

1 
da E

→

2
, Semdeg Seikribos isini veqtorulad. veqtorebis Sesak­

rebad iyeneben paralelogramis wess (sur. 44).

 imsjele suraTze gamosaxuli ori 

erTnairi uZravi Q1 da Q2 muxtis 
eleqtrostatikuri velis daZabu­
lobis superpoziciis principis Se­
saxeb (sur. 45).

 a. ratom gansxvavdeba daZabulobis 
mimarTuleba velis A da B wertil­
Si? 

 b. Seadare velis daZabuloba A da B 

wertilebSi. 

 gaazreba  

saSinao davaleba

1.  velSi Setanil 5 nk muxtze moqmedi eleqtruli Zala 25 mkn­
ia. gamoTvale velis daZabuloba. 

2. ras udris q = 40 mkk muxtis eleqtruli velis daZabuloba 

A wertilSi? (sur. 46).
3. gamoTvale 5 . 104 n/k daZabulobis velSi 5 mkk muxtze moqme­

di Zalis moduli. 
4. gamoTvale 10 nk muxtidan ra manZilze iqneba eleqtruli 

velis daZabuloba 225 kn/k?
sur. 46

sur. 44

sur. 45

 

E = √ E
1

2 + E
2

2 + 2E
1
E

2
cosa

C

E
1

→

q
1

q
2

E
2

→

E
→

a)

 

20 sm

q 
A

E'
1

→

E
1

→

Q2

E'
2

→

E
2

→

E'
→

 = E'
1
 + E'

2

→→

E
→

 = E
1
 + E2

→→

 

A

B

Q1



44

2.10. eleqtruli velis Zalwirebi

ra niSnisaa 
TiToeuli muxti?

ifiqre da imsjele

sivrceSi eleqtruli velis TvalsaCinod warmodgenis­
Tvis faradeim gamoTqva mosazreba velis daZabulobis Zal­
wirebiT gamosaxvis Sesaxeb. Zalwirebi eleqtruli velis si­
didisa da mimarTu lebis maCvenebeli wirebia (sur. 48).

eleqtruli velis Zalwiri ewodeba warmosaxviT  wirs, 

romlis TiToeul wertilSi gavlebul mxebs am wertilSi 

velis daZabulobis veqtoris mimarTuleba aqvs.

Zalwirebis marTobulad orientirebul farTobis er­
Teulze gamavali Zalwirebis ricxvi am ubanze eleqtrosta­
tikuri velis daZabulobis sididis proporciulia. velis 
daZabuloba maqsimaluria muxtebTan uSualo siaxloveSi, 
rasac am ubanze Zalwirebis maqsimaluri sixSire adasturebs 
(sur. 49).

dadebiTi wertilovani muxtis velis Zalwirebi mi mar Tu­
lia muxtidan gareT (sur. 49 a), xolo uaryofiTi muxtis ve­
lis Zalwirebi mimarTulia uaryofiTi muxtisken (sur. 49 b). 
aRniSnuli mimarTulebebi emTxveva dadebiT sasinj muxt ze 
moqmedi Zalis mimarTulebas. eleqtruli velis Zalwirebi 
iwyeba  dadebiT muxtze da bolovdeba uaryofiTze. 49­e su­
raTze gamosaxulia Zalwirebi, romlebic usasrulobaSi 
midian an modian usasrulobidan. 

50­e a da b suraTze gamosaxulia ori muxtis velis Zalwi­
rebi – rogorc sxvadasxvaniSniani, aseve erT na irniSniani 
muxtebisaTvis. Zalwirebi mrud wirebs warmoadgens, rom­
lis nebismier wertilSi velis da Za buloba orive muxtis 
velebis superpoziciiT miiReba.

vels, romlis yvela wertilSi daZabulobas erTnairi 

sidide da mimarTuleba aqvs, erTgvarovani veli ewodeba.

erTgvarovani veli warmoiqmneba toli da sapirispiro 
niSnis muxtis mqone brtyel, paralelur firfitebs So­
ris (sur. 51). am SemTxve vaSi velis daZabulobis Zalwirebi 
paraleluria da erTmaneTisgan toli manZilebiTaa daSo­

sur. 47

sur. 48

E
3E

2

E
1

 

sur. 49

 

b

a

a b

g d
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rebuli. isini mimarTuli arian dadebiTad damuxtuli 
firfitidan uaryofiTisaken. gamonakliss warmoadgens 
veli firfitebis kideebTan, sadac velis erTgvarovneba 
irRveva.

velis daZabulobis wirebi erTmaneTTan arsad gadai­
kveTeba, radgan velis yovel wertilSi daZabulobas mxo­
lod erTi garkveuli mimarTuleba aqvs.

sur. 50

a

sur. 51

 b

 

 gaazreba  

eleqtruli velis Zalwirebi

iwyeba dadebiT 
muxtze da 
mTavrdeba 
uaryofiT 

muxtze

ar wydebian 
sivrceSi, romelic 

ar Seicavs 
eleqtrul muxtebs

ar gadaikveTebian, 
radgan velis 

yovel wertilSi 
eleqtrul vels aqvs 

erTi konkretuli 
mimarTuleba

wirebis sixSiris 
mixedviT SeiZleba 

msjeloba 
eleqtrostatikuri 
velis daZabulobis 

sididis Sesaxeb 

1.  imsjele sqemis mixedviT eleqtruli velis Zalwirebis Sesaxeb.

warmoidgine, rom WurWelSi, romelSic Ca­
magrebulia sferuli formis eleqtrodebi, 
asxamen abu salaTinis zeTs da yrian masSi mci­
re raodenobiT mananis burRuls (an rkinis naq­
libs). eleqtrodebs aerTeben eleqtroforul 
manqanasTan da muxtaven sxvadasxva niSnis mux­
tiT. damuxtul eleqtrodebTan arsebul sivr­
ceSi mananis burRulis marcvlebis ganlageba iZleva  eleqtruli velis 
maxasiaTebeli Zalwirebis Sesabamis suraTs. 

imsjele eleqtruli Zalwirebis Sesaxeb. rogor Seicvleba burRulis 
marcvlebis ganlageba  eleqtrodebis erTniSniani muxtiT da  mux tvisas? 

gamoitane das kvna: ramdenad miesadageba azrobrivi eqsperimentis Sedegebi 
qvemoT mocemul sqemaze eleqtruli velis Zalwirebis daxasiaTebas.

azrobrivi eqsperimenti

eleqtruli velis Zalwirebis  vizualizacia
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2 imsjele  eleqtrostatikuri velis daZa bulobis veq­
toris  mimarTulebis Sesaxeb A wertilSi: 

 a. romeli muxtebis velis daZabulobis veqtorebia E
1
 

da E
2
? 

  b. imsjele E
1
 da E

2
 daZabulobis veqtorebis paralelo­

gramis wesiT  Sekrebis Sedegad miRebuli jamuri ve­
lis daZabulobis E veqtoris mimarTulebis Sesaxeb  A 
wertilSi. gamoitane daskvna (sur. 53). 

saSinao davaleba

1. 1 g masisa da 1 mkk muxtis burTula dakidebulia uwono ab­
reSumis Zafze erTgvarovan, 1000 n/k daZabulobis eleqt­
rul velSi, romelic mimarTulia dedamiwis zedapiris 
marTobulad zeviT. gamoTvale Zafis daWimulobis Zala.

2. a gverdis mqone kvadratis sam wveroSi moTavsebulia +q 

muxti, meoTxeSi -q muxti. gamoTvale eleqtruli velis da­
Zabuloba kvadratis centrSi.

3. 2,5 .10–8  kg masis naqlibi, romlis muxtia 5,0 .10–12 k, wonaswo­
rul mdgomareobaSia eleqtrul velSi, romlis daZabulo­
bis veqtori mimarTulia vertikalurad zeviT. gamoTvale 
eleqtruli velis daZabulobis moduli. 

B

B

E
1

E
2

b

sur. 52

sur. 54

1

2 3

4

A

A

E
1 E

2

a

2

1 3

 

 
a

b

3. imsjele eleqtruli velis daZabulobis veqtoris mi­
marTulebis Sesaxeb. savaraudo pasuxebidan daadgine, 
romeli veqtori gamosaxavs eleqtruli velis daZabu­
lobis mimarTulebas A da B wertilebSi? (sur. 52 a da b).

4. imsjele suraTze gamosaxul eleqtruli velis Zal­
wirebis eqsperimentULAulad miRebul Sedegsa da Zal­
wirebis sqematurad gamosaxulDi suraTebis analogiis 
Sesaxeb  (sur. 54 a da b).

sur. 53

 

+q

-q

E
2

E

E
1

A
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2.11. amoxseni amocanebi

amocana 1.
 sad iqneba 4 da 16 mkk muxtebis sistemaSi velis da­

Zabuloba nulis toli, Tu r = 3 m (sur. 55)?

amocana 2.
 16 da 25 mkk sididis muxtebs Soris manZili 9 sm­ia. 

mcire muxtidan ra manZilze unda movaTavsoT mesa­
me muxti, rom igi wonasworobaSi iyos?

amocana 3.
 80 kn/k daZabulobis velSi moTavsebulia – 7 nk muxti. ras udris jamuri velis 

daZabuloba AA wertilSi, romelic muxtidan 3 sm­iT aris daSorebuli (sur. 56)?

amocana 4.
 4 sm­iT daSorebuli mcire zomis burTulebi, romelTa muxtebia 20 da 80 nk, Sea­

xes erTmaneTs da kvlav daaSores. ra manZilze unda moTavsdes isini, rom maT So­
ris urTierTqmedebis Zala igive darCes?

amocana 5.

 or wertilovan q
1
 = 8 nk da q

2
 = – 5 nk muxtebs So­

ris  manZili d = 40 sm. gamoTvale eleqtruli ve­

lis E daZa buloba muxtebis SemaerTebeli wrfis 

Sua wertilSi. risi toli iqneba daZabuloba meore 

muxti dadebiTi rom iyos?

amocana 6.

 or wertilovan q
1
 = 10 nk da q

2
 = –20 nk muxtebs Soris man­

Zili d = 20 sm. gamoTvale EE eleqtruli velis daZabuloba 

maTi Sema erTebeli wrfis gaswvriv wertilSi, romelic 

pirveli muxtidan  daSorebulia r
1
 = 30 sm da meoridan  

r
2
 = 50 sm. 

amocana 7.

 or, TiToeul 25 nk muxtis mqone nawilakebs Soris manZili 

24 sm­ia. ra ZaliT moqmedeben isini 2 nk muxtze, romelic 

TiToeuli muxtidan 15 sm­zea moTavsebuli (sur. 57)? 

amocana 8.
 ori uZravi wertilovani muxti  damagrebulia si­

vrceSi ox RerZis gaswvriv. daadgine wertilis  

koordinati ox RerZze, romelSic jamuri velis 
daZabuloba nulis toli iqneba. rogor Seicvleba 
am wertilis koordinati, Tu orive muxti dadebi­
Ti iqneba (sur. 58)? 

amocana 9.
 milikenis cdaSi 16 mg masis zeTis wveTi vardnisgan Sekavebulia E

1 
= 0,2 n/k daZa­

bulobis eleqtruli veliT. ultraiisferi sxivebiT wveTis ionizaciis Semdeg 
zeTis wveTis Sesakaveblad velis daZabulobaa E

2 
= 0,15 n/k. ramdeni eleqtroni 

dakarga zeTis wveTma?   

sur. 55

sur. 56

r

q
1
= 4 mkk q

2
= 16 mkk

 

Aq

 

q
1

q
2

q
3

 

sur. 57

 

0 2 4 6 8 10 12 14

+4q ­q

sur. 58

X
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2.12. gamtarebi eleqtrul velSi

ratom izidavs damuxtuli 
Rero Zafze dakidebul 
daumuxtav burTulas?  
(sur. 59 a); ratom ar izidavs 
damuxtuli Rero Zafze 
dakidebul daumuxtav 
burTulas? (sur. 59 b).

ifiqre da imsjele

sur. 59

eleqtrogamtarobis mixedviT nivTierebebi ZiriTadad 
gamtarebad, naxevargamtarebad da dieleqtrikebad iyo­
fa.

Ggamtari _ iseTi nivTierebaa, romelSic didi raode­
nobiTaa Tavisufali eleqtruli muxti. magaliTad, kargi 
gamtarebia liTonebi, eleqtrolitebi _ fuZeebis, mJa­
vebisa da marilebis wyalxsnarebi. liTonebSi didi ra­
odenobiTaa Tavisufali eleqtronebi, eleqtrolitebSi 
– dadebiTi da uaryofiTi ionebi. dieleqtrikebSi ki Tavi­
sufali muxtebis raodenoba imdenad mcirea, rom maTi ar­
seboba SeiZleba ugulebelvyoT.

eleqtronebs, romlebic mowyvetilia atomebis eleq­
tronuli garsisagan da SeuZliaT kristalur meserSi 
ato mebs Soris Tavisuflad gadaadgileba, Tavisufali 

eleqtronebi ewodeba (sur. 60).
liTonis Rero, Tu igi izolirebuli ar aris, ar imuxte­

ba. liTonis Reros erT­erTi Tavisufali bolos damuxt­
visas masze muxtebi ar grovdeba, radgan Tavisufali eleq­
tronebi gadaadgildeba Reros daumuxtavi nawilisken. 
Reros am nawilis eleqtroobis gamtarTan (mag., adamian­
Tan) Sexebisas muxti gadadis miwaze  da Rero ganimuxteba.

Ddieleqtrikis, magaliTad, plastmasis Reros damuxtvi­
sas muxtebi ver gadaadgildeba, radgan dieleqtrikSi Ta­
visufali muxtebi praqtikulad ar aris. isini warmoqmnis 
adgilze rCebian da Rero imuxteba.

davuSvaT, liTonis daumuxtavi firfita (sur. 61 a) moa­
Tavses erTgvarovan eleqtrostatikur velSi (sur. 61 b). 
am eleq  truli velis daZabuloba mi marTulia dadebiTad 
damuxtuli fir fitidan uaryofiTad damuxtu li firfi­
tisaken. Ta vi sufali ele q   tronebi liTonis firfitebSi 
iwye bs gadaadgilebas dadebiTad damuxtuli firfitisa­
ken.

amrigad, gare velis gavleniT firfitis marcxena nawili 
imuxteba uaryofiTad, marjvena nawili ki dadebiTad. am 

sur. 60

sur. 61

E
0 
= 0

→

 

a

a

Tavisufali eleqtroni
ioni

b
E'
→

 
b
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process eleqtrostatikuri induqciis movlenas uwo­
deben (sur. 62a). 

Eeleqtrostatikur velSi moTavsebul gamtarSi T̂a-

visufali eleqtruli muxtebis gadanawilebas ele-

qtrostatikuri induqciis movlenas uwodeben. 

gamtaris kideebze warmoqmnili muxtebi qmnis eleq t­
rul vels, romlis daZabulobis veqtori 

→
E

0
 gare velis 

→
E'     

sawinaaRmdegod aris mimarTuli. GgamtarSi eleq tronebis 
gadaadgilebisas warmoqmnili eleq tru li veli zed edeba 
gareSe vels da akompensirebs mas. drois Zalze mcire in­
tervalSi muxtebi gamtarSi gadanawildeba ise, rom fir­
fitis SigniT jamuri eleqtruli velis daZabuloba 

→
E nu­

lis toli gaxdeba (sur. 62 b). amis Semdeg muxtebis gadana­
wileba gamtarSi wydeba. 

sferuli formis liTonis birTvze garkveuli sididis 
muxtis gadacemisas (sur. 63 a), erTnairniSniani muxtebi 
urTierTganizideba. Gganzidvis Sedegad maT Soris manZili 
maqsimalurad izrdeba da muxtebi birTvis zedapirze si­
metriulad ganlagdeba (sur. 63 b). birTvis SigniT ki velis 
daZabuloba nulis toli iqneba. 

gamtaris SigniT eleqtruli veli ar aris – Sesabami-

sad, velis daZabuloba nulis tolia. 

damuxtuli wawvetebuli formis liTonis sxeulis ze­
dapirze muxtebi ise nawildeba, rom eleqtruli velis 
daZabuloba yvelaze meti aris wawvetebul ubanze, radgan 
yvelaze meti muxti iq grovdeba (sur. 64). Ees faqti mtkic­
deba eqsperimentuli kvlevebiTac.

Ddamuxtuli sxeulis zedapirze eleqtruli muxtebis ga­
nawileba xasiaTdeba muxtis zedapiruli simkvriviT. Mmux­
tis zedapiruli simkvrive σ (sigma) fizikuri sididea da 

gamoiTvleba formuliT: 

q
s

σ =  . 

Mmuxtis zedapiruli simkvrive tolia gamtaris mux-

tis Sefardebisa zedapiris farTobTan, romelzec mux-

tia ganawilebuli.

davuSvaT, R radiusis damuxtuli liTonis sfero  qmnis 
eleqtrostatikur vels, romlis zedapirze q muxti Ta­
nabradaa ganawilebuli. aseTi damuxtuli sferos eleq­
truli velis Zalwirebi misi radiusis gaswvrivaa mimar­
Tuli (sur. 65) isini sferos gareT sivrceSi isevea ganla­
gebuli, rogori ganlagebac eqneboda sferos centrSi mo­
Tavsebul wertilovan q muxtis Zalwirebs.  

sferos centridan r ≥ R manZilze eleqtruli velis 
daZabuloba imave formuliT gamoiTvleba, romli Tac 
wertilovani muxtisaTvis daZabuloba:

E = k
r2

q

Tu r < R,  maSin E = 0. 
sur. 64

sur. 62

a

b

sur. 63

a

b

 

E0

→

E'
→

E
 
= 0

→

E'
→
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e.i. damuxtuli Rru sferos SigniT eleqtruli veli ar 
vrceldeba. gamtarebis am Tvisebas sxvadasxva danadgarebis, 
biologiuri obieqtebisa da adamianis eleqtruli velisagan 
dasacavad iyeneben. 

eleqtrostatikuri dacvis mizniT xelsawyoebs aTavse­
ben liTonis korpusSi, anu axdenen velis ekranirebas, ris 
Sedegadac korpusis SigniT eleqtruli veli ar vrceldeba  
(sur. 59). magaliTad, mobiluri telefonebis, planSetebisa 
da tabletebis eleqtrostatikuri dacvis mizniT iyeneben 
specialur CanTebs, romlebSic liTonis badea Caqsovili.

 gaazreba  

1. 4 sm radiusis gamtari sfero damuxtes 9 nk sididis muxtiT. ras udris sferos ve­
lis daZabuloba misi centridan 3 da 6 sm manZilebze? 

2. erTnairi masisa da muxtis, 2 sm radiusis mqone ori sfero moTavsebulia manZilze, 
romelzec muxtebs Soris eleqtruli urTierTqmedebis Zala gawonasworebulia 
msoflio mizidulobis ZaliTY. gamoTvale sferoebis masa, Tu maTi muxtis zedapi­
ruli simkvrivea 1,25 nk/m2. 

3. 0,3 kg masis ori damuxtuli erTnairi zomis sfero erTmaneTisgan moTavsebulia 
iseT manZilze, romelzec muxtebs Soris eleqtruli urTierTqmedebis Zala gawo­
nasworebulia gravitaciuli mizidulobis ZaliT. gamoTvale sferoebis radiusi, 
Tu muxtebis zedapiruli simkvrivea 1,25 nk/m2. 

4. moiZie informacia da moamzade prezentacia ionuri qaris Sesaxeb.

saSinao davaleba

sur. 65

r

R

E
0 
= 0

A

mocemuli gaqvs: eleqtrometri, izolirebul 

sadgarze damagrebuli liTonis Rru sfero, 

minis Rero, qaRaldi an abreSumis qsovili, li­

Tonis   burTula izolatoriani saxeluriT.

msvleloba: abreSumze xaxuniT damuxtuli minis 

ReroTi damuxte sadgarze damagrebuli Rru  

sfero. Seaxe izolatorze damagrebuli li­

Tonis burTula damuxtuli Rru sferos gare 

nawils. eleqtrometriT Seamowme misi muxtis 

sidide.  

 ganmuxte burTula da eleqtrometri xelis Se­

xebiT. isev Seaxe burTula izo la toria ni saxe­

luriT Rru sferos Sida nawils da eleqtrometriT Seamowme misi muxtis sidide. 

 aRwere eqsperimenti. imsjele, ratom ar gadaixara eleqtrometris isari burTu­

lis Sexebisas meore SemTxvevaSi.

gamoitane daskvna: damuxtuli  sferos Sida da gare nawilSi muxtis arsebobis Sesa­

xeb.

daeleqtroebuli gamtaris eqsperimentuli kvleva

+++
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2.13. dieleqtrikebi eleqtrul velSi

ratom ar gadaixara 
liTonis burTula a Reros 
miaxloebisas, xolo b Reros 
miaxloebisas ki gadaixara? 
romeli Rero aris liTonis 
da romeli dieleqtrikis?

ifiqre da imsjele

Ddieleqtrikebi, gamtarebisgan gansxvavebiT, praqtiku­
lad ar Seica ven Tavisufal muxts. amis gamo isini `sxva­
da sxva nairad iqcevian~ eleqtrostatikur velSi.

dieleqtrikebi ori saxisaa: arapolaruli da pola-

ruli. arapolarul dieleqtrikis atomSi arsebuli ele­
qtronebisa da dadebiTi muxtebis  ganawilebis centrebi 
TiTqmis erTmaneTs emTxveva (sur. 67 a). aseT atomebs (an 
molekulebs) uwodeben arapolaruls.

nivTierebas, romelic arapolaruli atomebis an mo-

lekulebisgan Sedgeba, uwodeben arapolarul diele-

qtriks. magaliTad, inertuli airebi, Jangbadi, wyalbadi 
da a. S. arapolaruli dieleqtrikebia.

polaruli dieleqtrikis molekulaSi dadebiTi da 
uar yofiTi muxtebis ganawilebis centrebi erTmaneTs ar 
emTxveva (sur. 67 b).

nivTierebas, romelicB polaruli mo lekulebisgan 

Sedgeba, uwodeben polarul dieleqtriks. mag., spirti, 
wyali, sufris marili da a. S. polaruli dieleqtrikebia. 
sqematuri warmodgeniT polaruli dieleqtrikis mole­
kula Sed geba garkveuli manZiliT daSorebuli ori, si­
didiT toli da niSniT sapirispiro wertilovani muxtis­
gan, romlebic qmnian eleqtrulad neitralur sistemas. 
aseT sistemas eleq t ruli dipoli ewodeba (sur. 68).

polarul dieleqtrikSi, dipolebi qaosurad arian 
orientirebuli, rac ganpirobebulia molekulebis qa­
osuri, siTburi moZraobiT. amis gamo polaruli diele­
qtrikis nebismier moculobaSi, romelic molekulebis 
(dipolebis) did raodenobas Seicavs, jamuri eleqtru­
li muxti da eleqtruli velis daZabuloba saSualod 
nulis tolia (sur. 69).

E
0 

daZabulobis erTgvarovan eleqtrul velSi po­
laruli dieleqtrikis moTavsebisas Tavisufal di­
polze moqmedebs eleqtrul ZalTa wyvili, romelic 

sur. 68

sur. 69

sur.66

E
0
 = 0

→

sur.67

a

b

q = 0

 

a b
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cdilobs moatrialos dipolis RerZi eleqtruli velis 
daZabulobis Zalwiris gaswvriv.  

Aamrigad, dadebiTi muxti wainacvlebs velis daZabu­
lobis veqtoris mimarTulebiT, xolo uaryofiTi muxti 
ki – sawinaaRmdego mimarTulebiT (sur. 70). D

dieleqtrikis bmuli, dadebiTi da uaryofiTi mux-

tebis urTierTsapirispiro mimarTulebiT wanacvle-

bas, dieleqtrikis polarizacia ewodeba.

polarizaciis Sedegad eleqtrul velSi moTavsebuli 
dieleqtrikis dipolebi ganlagdebian ise, rom dieleqt­
rikis SigniT warmoqmnili eleqtruli veli E'

→
, gare velis 

sapirispirod iqneba mimarTuli. es veli asustebs gare E0

→

vels, ris gamoc dieleqtrikSi jamuri velis daZabulo­
bis moduli iqneba:  

E = E E E
0 
– E E E'.

eleqtrul velSi arapolaruli dieleqtrikis moTav­
sebisas velis zegavleniT dadebiTi da uaryofiTi mux­
tebi sapirispiro mimarTulebiT wainacvlebs  (sur. 71). 
amitom molekulis (atomis) SigniT arsebuli dadebiTi 
da uaryofiTi muxtebis centrebi aRar daemTxveva erT­
maneTs iseve, rogorc polarul molekulebSi. aseTi 
deformirebuli ato mebi (molekulebi) faqtobrivad 
di polebad gadaiqceva. maT mier Seqmnili eleqtruli 
velic asustebs gare  E

0

→
 vels polaruli dieleqtrikis 

msgavsad (sur. 72).
amgvarad, orive saxis dieleqtrikis eleqtrul vel­

Si moTavsebisas eleqtrostatikuri veli maTSi mcir­
deba vakuumSi velTan SedarebiT. velis Semcireba 
damokidebu lia dieleqtrikis eleqtrul Tvisebeb ze. 
dieleqtrikebis eleqtruli Tvisebebi xasiaTdeba fizi­
kuri sididiT – dieleqtrikuli SeRwevadobiT.

dieleqtrikuli SeRwevadoba gviCvenebs, ramdenjer 

naklebia eleqtrostatikuri velis daZabulobis mod-

uli dieleqtrikis SigniT vakuumSi eleqtrostati-

kuri velis daZabulobis modulTan SedarebiT.

ε = 
E

0

E

ε­is sidide ganyenebuli ricxvia (ganzomileba ar aqvs) 
da ε > 1. vakuumisTvis ε = 1, aseve haerisTvis  ε ≈ 1.

Tu wertilovani muxti moTavsebulia ε dieleqtriku­
li SeRwevadobis dieleqtrikSi, maSin eleqtruli velis 
daZabuloba iqneba:

E =     .     =k
r2 r2ε 4pε0ε
q q

muxtebs Soris urTierTqmedebis (kulonuri) Zala:

    
F =     .            =k

r2ε
q

1 
.
 
q

2 

4pε0εr2

 q
1 
.
 
q

2 

  
.

sur. 70

sur. 71

sur. 72

E
0

→

 

 

 

a

b

E
→

E = 0
→

E'
→

E
→

E = E
0 
+ E'

→ → →

E'
→



53

 gaazreba  

saSinao davaleba

1. ramdenjer Seicvleba muxtebis urTierTqmedebis Zala zeT Si moTavsebisas, maT So­
ris manZilis Seucvlelad?

2. rogor unda Seicvalos ori erTnairad damuxtuli sferodan TiToeulis muxtis 
sidide haeridan wyalSi moTavsebisas, rom maT Soris manZili da urTierTqmedebis 
Zala darCes ucvleli?

3. dieleqtrikSi CaSvebuli 81 nk muxtidan 9 sm manZilze velis daZabuloba 36 kv/m­ia. 
gamoTvale dieleqtrikuli SeRwevadoba.

4. 3 .10 ­9 k da 5 .10­9 k muxtebs Soris manZili haerSi 20 sm­ia. muxtebi Seaxes, Semdeg  
da a Sores erTmaneTs da moaTavses wyalSi  ise, rom maT Soris urTierTqmedebis 
Zala igive darCa, rac haerSi Sexebamde. gamoTvale muxtebs Soris manZili wyalSi. 

1. imsjele NaCl dipolis warmoqmnis Sesaxeb (sur. 73):
 a. rogor aris ganawilebuli muxtebi NaCl molekulaSi?
 b. rogor warmoiqmneba NaCl­is ionebi?  
 g. rogor iqmneba am SenaerTSi dipoli? 
 d. romeli saxis dieleqtriks miekuTvneba NaCl?
2. suraTze gamosaxulia dipolebis ganlageba dieleqtrikis 

eleqtrul velSi moTavsebamde (sur. 74 a). imsjele: 
 a. rogor Seicvleba dipolebis orientacia dieleqtrikis  E0

→

daZabulobis velSi moTavsebisas (sur. 74 b);
 b. rogor icvleba dipolis orientacia eleqtrul velSi 

(sur. 74 g);
 g. Seadare gare E

0

→
 
velisa da dieleqtris mier Seqmni li E′

→

eleqtruli velis daZabulobebis veqtorebis mimarTulebe­
bi (sur. 74 d). gamoitane daskvna jamuri eleqtruli velis si­
didis Sesaxeb. 

sur. 73

 

Na Cl

b

g

 

E
→ F

1
 = +qE

→ →

F
2
 = -qE

→ → sur. 74

b

d

a

g

E′
→

E0

→

a
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2.14. eleqtruli Zalis muSaoba

romelma Zalebma  
Seasrula muSaoba 
sxeulis wonaworobis 
mdebareobidan  gadaxrisas? 
ra Sesabamisobaa am Zalebs 
Soris da  romeli energia 
Seicvala am dros?

ifiqre da imsjele

sur. 76

a

b

sxeulze (an nawilakze) moqmed nebismieri bunebis Za­
las SeuZlia muSaobis Sesruleba.

FTu sxeulze moqmedebs mudmivi 
→
F E Zala, romelic 

→
s  ga­

daadgilebasTan adgens raRac a kuT xes, maSin am Za­
lis mier Sesrulebuli muSaoba toli iqneba Zalisa 
da gadaadgilebis modulebis namravlisa am Zalisa da 
gadaadgilebis veqtorebs Soris kuTxis kosinusze:

  A = Fscosa.                  

h
1
 simaRleze (Ddedamiwis mizidulobis velSi) myofi 

sxeu  lis vardnas h
2 
simaRlemde iwvevs sxeulsa da dedami­

was Soris arsebuli gravitaciuli urTierTqmedebis 

Zala (sur. 76 a). e.i. sxeulze moqmedi m
→
g  simZimis Zala as­

rulebs muSaobas, romelic gamoiTvleba formuliT:

A = – (mgh
2
 – mgh

1
) = Fmgh

1
 – mgh

2 
= mgh.

davuSvaT, eleqtrostatikur velSi moTavsebuli da­
muxtu li nawilakis gadaadgilebas iwvevs mxolod eleq-

truli Zala 
→
Fel = q

→
E E E.

rodesac q dadebiTi muxti erTgvarovan eleqtro­
stati kur velSi 

→
E E  eleqtruli velis daZabulobis veq­

toris gaswvriv gadaadgildeba d = d
1 
– d

2
 manZilze (sur. 

76 b), maSin eleqtruli velis mier Sesrulebuli muSaoba 
gamoiTvleba formuliT:

A Ael = Feld = qEd.

davuSvaT, 
→
E E  EdaZabulobis erTgvarovan eleqtrosta­

tikur velSi dadebiTi q muxti gadadgilda B B­dan DD 

wertilSi Zalwirebisadmi a kuTxiT (sur. 77 a), maSin 
eleq trostatikuri velis mier muxtis gadaadgilebaze 
Sesrulebuli muSaoba iqneba:

A = Fs . cosa = qEs . cosa = qEd, 

sadac d muxtis gadaadgilebaa Zalwirebis gaswvriv, s – 
muxtis gadaadgilebis moduli B­dan D wertilSi.

b

d
1

d
2

→
F E = q

→
EE 

h
1

h
2

→
F E = m

→
g

 

 

a

sur. 75

→
EE 

+ + + + + + +

 



55

davuSvaT, q muxti BCD traeqtoriaze moZ raobisas,  
velis Zalwirebis gaswvriv B wertilidan C wertilSi 
gadaadgilda. radgan muxtze moqmedi Zalisa da gadaadg­
ilebis mimarTuleba erTmaneTs emTxveva, amitom a = 0 da 
cos0o = 1. Sesabamisad, BC = d ubanze eleqtruli Zalis 
mier Sesrulebuli muSaoba iqneba:  

A
1
 = qEd.

CD traeqtoriis gaswvriv, Zalwirebis marTobulad 
gadaadgilebisas muxtze moqmed eleqtrul Zalasa da 
gadaadgilebas Soris kuTxea 90o. cos90o = 0. amgvarad, 
gadaadgilebis marTobuli Zala muSaobas ar asrulebs 
da, Sesabami sad, muSaobac nulis tolia. e.i. BCD traeq­
toriaze moZraobisas jamuri muSaoba iqneba: 

A = A
1
 + A

2
= qE . BCcos0° + qE . CDcos90° = qEd.

erTgvarovan eleqtrostatikur velSi muxtis ga daad­
gilebisas Sesrulebuli muSaobebi BD da BCD traeq­
toriebis gaswvriv moZraobisas erTi da igivea. imave 
Sedegs miviRebT muxtis gadaadgilebisas ne bismieri 
mrudi wiris gaswvriv imave BB­dan D D wertilamde, Tu am 
mruds mcire zomis safexurebad davyofT (sur. 77b).

Tu q muxtis BB­dan D D wertilSi gadaadgilebisas eleq­
truli velis  Zalam Seasrula AA muSaoba, imave Zala D­dan 
BD  wertilSi gadaadgilebisas ­ A muSaobas Seasrulebs. 

nebismier Caketil traeqtoriaze eleqtro sta-

tikuri velis mier muxtis gadaadgilebisas Sesrule-

buli jamuri muSaoba nulis tolia (sur. 77, 78).
vels, romelSic nebismieri Caketili traeqtoriis 

gaswvriv gadaadgilebisas Sesrulebuli muSaoba nu-

lis tolia, potencialuri veli ewodeba.

gravitaciuli da eleqtrostatikuri velebi po ten­
cialuri velebia. rogorc gravitaciulis, aseve eleq­
truli Zalebis mier Sesrulebuli muSaoba potencial­
uri energiis cvlilebis tolia.

eleqtrul velSi moTavsebuli q muxtis eleqtruli 
Zalis moqmedebiT gadaadgilebisas Sesrulebuli muSao­
ba mis sawyis da saboloo mdebareobaSi potencialuri en­
ergiis sxvaobis tolia. 

A
el

 = W
1
 – W

2 
= – (W

2 
–

 
W

1
).

aqedan gamomdinare, erTgvarovan eleqtrostatikur 
velSi muxtis potencialuri energia iqneba: Wel = qEd.

 wertilovan muxtebs Soris urTierTqmedebis poten­
cialuri energiis formulis  gamoyvana scildeba ele­
mentaruli maTematikis kurss, amitom am  formulas Se­
mogTavazebT vakuumisTvis gamoyvanis gareSe:

W =               =k
r

q
1 
.
 
q

2 

4pε0r

q
1 
.
 
q

2 

 

sur. 77

sur. 78

)

E
→

d

B

D

Ca

→
s

→
F

a

b

E
→

d
B

D

C

→
F

r2

r1
Q

q

D

B

I

II

+

F = Eq
→→
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wertilovan q
1
 da q

2
 muxtebs Soris urTierTqmedebis 

potencialuri energia pirdapirproporciulia am 

muxtebis sidideebisa da ukuproporciulia maT So-

ris manZilisa.  
urTierTqmedebis potencialuri energia dadebiTia, 

Tu muxtebi erTnairniSniania (ganzidvis energia). sxva­
dasxvaniSniani muxtebis SemTxvevaSi ki potencialuri 
 energia uaryofiTia (mizidvis energia).

davuSvaT, q
1 wertilovani muxtis velSi misgan r

1
 man­

Zilze C wertilSi moTavsebulia q
2
 muxti (sur. 79). maSin 

q
2
 muxtis B wertilSi gadasatanad, romelic q

1
 muxtidan 

r
2 ma nZiliTaa daSorebuli, Sesrulebuli  mu Saoba tolia 

potencialuri energiis cvlilebisa uaryofiTi niSniT:

A
el

 = – (W
2
 – W

1
),   aqedan

  A
el

 = W
1
 – W

2
 = k

r
1

q
1 
.
 
q

2  – k
r

2

q
1 
.
 
q

2 .           

 gaazreba  

saSinao davaleba

 imsjele  Caketil traeqtoriaze simZimis (gravitaciuli) 
Zalisa da eleqtruli Zalis mier Sesrulebul muSaobas 
Soris analogiis Sesaxeb (sur. 80 a, b).

 a. romeli formulebiT gamoiTvleba sxeulze moqmedi sim­
Zimis Zalis muSaoba h simaRleze asrolisas da vardnisas?

 b. ras udris simZimis Zalis muSaoba sxeulis horizonta­
luri mimarTulebiT moZraobisas?  

 g. romeli formuliT gamoiTvleba eleqtruli Zalebis 
mier Sesrulebuli muSaoba dadebiTi muxtis gadaadgile­
bisas Zalwirebis mimarTulebis Tanxvedrilad?

 d. romeli formuliT gamoiTvleba eleqtruli Zalebis 
mier Sesrulebuli muSaoba dadebiTi muxtis gadaadgile­
bisas Zalwirebis sawinaaRmdego mimarTulebiT?

 e. ras udris eleqtruli velis muSaoba muxtis Zalwirebis 
marTobuli mimarTulebiT gadaadgilebisas (sur. 80, b)?

 v. ras udris eleqtruli da gravitaciuli Zalebis  muSa o­
ba Caketil traeqtoriaze?

1. ramdeniT Seicvleba 10 nk muxtis kinetikuri ener gia, Tu 
is gadaadgildeba 30kn/k daZabulobis erT gvarovan velSi 
eleqtruli velis Zalwirebis gaswvriv 10 sm manZilze. M

2. gamoTvale muSaoba, romelsac asrulebs 150 n/k daZabulo­
bis  erTgvarovani veli 600 da –600 nk wertilovani muxte­
bis 20 sm manZilze gadaadgilebisas (sur. 81).

sur. 79

sur. 81

sur. 80

E
→

CB
q

A D

q
1
 = 600 nk q

2
 = – 600 nk

B C

D

h h

A

q
1

C

B

r2

q2

a

b

 

→
g

r1

+ + + + + +

E
→
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eleqtrostatikur velSi Setanili sasinji muxtis poten­
cialuri energia damokidebulia rogorc velis warmomq mnel, 
aseve sasinji muxt is sididesa da mis mdebareobaze velSi. 

eleqtrostatikuri velis potencialuri energiis Se­
fardeba sasinj muxtTan ar aris damokidebuli sasinji mux­
tis sidideze. Aigi am velis  energetikuli maxasiaTebelia. Mmas 
uwodeben potencials.

eleqtrostatikuri velis mocemuli wertilis poten-

ciali ϕF ewodeba am wertilSi moTavsebuli sasinji dadebi-

Ti muxtis W potencialuri energiis Sefardebas am muxtis 

sididesTan: P                 
     
      q

0

Wϕ = 
 
. 
                   

(1)

potencialis erTeulia volti (SemoklebiT v), romelic ita­
lieli fizikosis alessandro voltas pativsacemad ewoda.

1v = 1j/k.

erTi volti velis im wertilis potencialia, sadac erTi 

kuloni muxtis Setanisas am muxtis potencialu ri energia 

erTi joulis tolia.

eleqtruli velis daZabuloba velis Zaluri maxasiaTebeli 
veqtoruli sididea. Ppotenciali ki skalaruli sididea da ve­
lis energetikuli maxasiaTebelia. igi gansazRvravs velis mo­
cemul wertilSi erTeulovani muxtis potencialur energias. 

(1) formulaSi wertilovan q muxtsa da mis velSi Setanil 
sasinj q

0
 muxts Soris urTierTqmedebis potencialuri ener­

giis formulis
    W = k

r

q
 
.
 
q

0  

Casmis Sedegad wertilovani muxtis potenciali iqneba: 

              r

qϕ = k     
(2)

erTi da imave muxtis gadacemisas meti potenciali eqneba im 
sferos, romlis radiu si mcirea (sur. 83).

(2) formula samarTliania potencialis gamosaTvlelad 

alessandro volta

(1745­1827)

2.15. eleqtruli velis potenciali

sur. 82

rogor icvleba q
0 
muxtis 

potencialuri energia 
damuxtuli sferos velis 
sxvadasxva wertilSi 
moTavsebisas? 

ifiqre da imsjele

q
0

q

A

B

+

+ +
++

+

 

sur. 83

+

+
+

++

+

a

b

Fϕ
2

Fϕ
1

Fϕ
1 
> ϕ

2

q
0

C
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da muxtuli gamtari sferos zedapirze an mis gareT, rode­
sac sferos centridan manZili   r ≥ R, sadac R _ sferos 
radiusia. radgan damuxtuli sferos SigniT eleqtruli 
velis daZabuloba 0­is tolia, potenciali sferos cen­
tridan zedapiramde ar icvleba da zedapiris potencia­
lis tolia, xolo sferos gareT ki mcir deba (sur. 85 a, b).

erTgvarovan eleqtrul velSi (E = const) (sur. 84) dadeb­
iTi q muxtis potencialuri energia A da B wertilSi Sesa­
bamisad iqneba: 

        W1 = qEd1 ,           W2 = qEd2                       (3)

(1) formulaSi (3)­is SetaniT, erTgvarovani eleq truli 
velis potencialebi A da B wertilSi iqneba:

         ϕ
1
 = Ed1,               ϕ2

 = Ed2 ,   F               (4)

sadac d1 da d2 aris manZili eleqtrul velSi winaswar ar­
Ceuli potencialuri energiis nulovani donidan muxtis 
mdebareobamde. maSin Ed = ϕ

1
­ Fϕ

2
, sadac d = d1 ­ d2. 

erTgvarovan velSi nulovan doned miiCneven uaryofi­
Tad damuxtul firfitas (sur. 84). Aamitom mis siaxloves 
myofi muxtis potenciali yovelTvis naklebi iqneba da­
debiTad damuxtul firfitasTan myofi muxtis poten­
cialze. praqtikaSi, rogorc wesi, sxvadasxva wertilis 
potencials ganixilaven dedamiwis mimarT, romlis poten­
ciali miRebulia nulis tolad. usasrulobaSic werti­
lovani muxtis potenciali nulis tolad aris miRebuli. 

Tu veli Seqmnilia ramdenime statikuri muxtis mier, 
maSin maTi jamuri velis potenciali velis mocemul 
wertilSi superpoziciis principis Tanaxmad, tolia 
calkeuli muxtebis mier am wertilSi Seqmnili potencia­
lebis algebruli jamisa:

     Fϕ =  Fϕ
1
+ Fϕ

2 
+ F ϕ

3 
+  Fϕ

4  
... + Fϕ

n 
.             (5)

 gaazreba  

saSinao davaleba

1. suraTze gamosaxuli grafikebis mixedviT imsjele: 

 a. damuxtuli gamtari sferos daZabulobis manZilze damoki­

debulebis Sesaxeb (sur. 85, a); 

 b. damuxtuli gamtari sferos potencialis manZilze damoki­

debulebis Sesaxeb (sur. 85, b). 

2. liTonis ori sfero, romelTa radiusebia R da 2R, damuxtu­

lia erTnairi niSnisa da sididis muxtiT. rogor gadanawil­

deba muxtebi, Tu sferoebs gamtariT SevaerTebT? rodis Sew­

ydeba gadanawileba? rogori iqneba TiToeuli sferos muxti 

maTi gadanawilebis Semdeg?

 1m radiusiani sferos muxti 10– 6 k­ia. gamoTvale eleqtru­

li velis  daZabuloba da potenciali sferos zedapiridan  

60 sm­ze. 

sur. 85

R r

ϕ

b

 

0

a

E

R
r

R r0

d1

d2

sur. 84

A

B

ϕ
1

ϕ
2

ϕ2 
< ϕ1
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mocemuli gaqvs: izolatorian sadgarze damagrebuli 

ori gansxvavebuli zomis liTonis sfero, ebonitis 

Rero, izolatoris Reroze damagrebuli ori mcire 

zomis liTonis burTula, Salis qsovili, eleqtro­

metri, gamtari Rero izolirebuli saxeluriT.

msvleloba: Ddamuxte ebonitis Rero Salis qsovilze xa­

xuniT. Reroze dagrovili muxti SexebiT gadaeci izo­

latorze damagrebul patara burTulas. damuxtuli 

burTula Seaxe meore, aseTive daumuxtav burTulas, 

ris Sedegadac burTulebs Soris muxtebi Tanabrad ga­

danawildeba. gadaeci muxti TiToeul sferos TiTo­

euli burTulis SexebiT. saxeluriani Reros saSuale­

biT TiToeuli sfero rigrigobiT SeaerTe daumuxtav 

eleqtrometrs da daakvirdi eleqtrometris Cvenebas TiToeul SemTxvevaSi.  

Seadare eleqtrometris Cvenebebi TiToeul SemTxvevaSi. romel sferosTan Sexebisas 

gadaixara eleqtrometris isari metad?

gamoitane daskvna: romeli sferos potencialia meti erTi da imave sididis muxtis 

gadacemisas? 

II. damuxtuli sxeulebis eleqtruli velis  

potencialis kvleva

2.16. damuxtuli sxeulebis energiisa da    
 potencialis eqsperimentuli kvleva

mocemuli gaqvs: Stativi, Zafze dakidebuli Txeli alumi­

nis furclis (folgis) burTula, ebonitis (plastmasis) 

Rero, izolatoris sadgamze damagrebuli liTonis sfe­

ro, Salis qsovili.

msvleloba: Ddamuxte ebonitis Rero Salis qsovilze xa­

xuniT. damuxtuli Reros SexebiT damuxte burTula da 

sfero. sfero miuaxlove burTulas daaxloebiT 2 sm man­

Zilze. daakvirdi burTulis gadaxras (horizontaluri 

zedapiridan  awevis simaRlis mixedviT). Seafase burTu­

las potencialuri energiis cvlileba. igive cda gaimeo­

re sferosa da burTulas Soris manZilis gazrdisas. kvlav Seafase burTulis po­

tencialuri energiis cvlileba.

gamoitane daskvna: 

 a. ratom Seicvala burTulis potencialuri energia damuxtul sferosTan 

urTierT qmedebis Sedegad.

 b. romelma Zalam gamoiwvia burTulis gadaxra da Sesabamisad Seasrula muSaoba?

 g. ra kavSiria burTulis energiis cvlilebasa da  sxeulebis eleqtruli urTierT­

qmedebasas Sesrulebul muSaobas Soris?

I. damuxtuli sxeulebis  urTierTqmedebis energiis 

eqsperimentuli kvleva
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Seadare 
eleqtrostatikur 
velSi  A, B da C 

wertilebis 
potencialebi 
(sur. 86 a, b).

ifiqre da imsjele

eleqtrostatikuri velis romelime wertilidan sxva 
wertilSi muxtis gadatanaze veli asrulebs muSaobas, ro­
melic tolia: A = W1 – W2. sadac W1 da W2 velis Sesabamis 
wertilebSi q muxtis potencialuri energiebia (sur. 87).   
W1 = qϕ1, W2 = qϕ2, maSin:  
      A = qϕ1 – qϕ2 = q (ϕ1– ϕ2). (1)

sidides, ϕ1– ϕ2, potencialTa sxvaoba ewodeba. ϕ1 da ϕ2 
velis mocemuli wertilebis potencialebia. potencialTa 
sxvaobas, agreTve, eleqtrul Zabvas uwodeben da U asoTi 
aRniSnaven.

      U = ϕ1 – ϕ2  (2)

 (1) formulaSi (2) formulis CasmiT miiReba:

        A = qU. 

aqedan

          
U = 

q

A

     
(3)

amgvarad, eleqtruli velis or wertils Soris poten-

cialTa sxvaoba (Zabva) tolia am wertilebs Soris mux-

tis gadatanaze velis mier Sesrulebuli muSaobis Se-

fardebisa am muxtis sididesTan.

potencialTa sxvaoba velis or wertils Soris ricxo­
brivad tolia eleqtruli Zalis mier erTeulovani muxtis 
gadatanaze Sesrulebuli muSaobis. E

(2) formulis Tanaxmad, Tu potenciali velis or wertils 
Soris ar icvleba, maSin Zabva nulis tolia. Tu dadebiTi 
niSnis muxtis gadaadgilebis mimarTuleba emTx veva velis 
daZa bulobis veqtoris mimarTulebas, maSin veli asrulebs 
dadebiT muSaobas. Eeleqtruli velis daZabuloba mimarTu­
lia potencialis Semcirebis mimarTulebiT (sur. 87).

potencialTa sxvaoba ar aris damokidebuli potencia­
lis nulovani donis arCevaze.

2.17. potencialTa sxvaoba.        
E  ekvipotencialuri zedapirebi

sur. 88

sur. 87

sur. 86

A
B

C

E
→

b

ϕ2 
< ϕ1

A > 0q

ϕ1 ϕ2

b

ϕ1

ϕ2

ϕ3

E
→

 
a

ϕ1 ϕ2 ϕ3

ϕn

E
→

A

BC

a
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potencialTa sxvaobis, anu Zabvis erTeulia 1 volti.
velis or wertils Soris potencialTa sxvaoba erTi 

voltis tolia, Tu am wertilebs Soris erTi kuloni mux-

tis gadatanaze sruldeba erTi jouli muSaoba.

Tu ϕ
1 
– ϕ

2
 = U = Ed, maSin E = 

d
U  da velis daZabulobis er­

Teuli iqneba 1 v/m.
wertilovani muxtis, damuxtuli gamtari sferos cen­

tridan da damuxtuli firfitebidan erTi da imave manZil­
ze potencialebi erTmaneTis tolia (sur. 88 a, b). zedapirs, 
romlis nebismier wertilSi potenciali erTnairia, ekvi-

potencialuri zedapiri ewodeba. wertilovani muxtisT­
vis ekvipotencialuria im sferoebis zedapirebi, romlis 
centrSic es muxtia moTavsebuli. igive SeiZleba iTqvas 
damuxtuli sferos Sesaxeb (sur. 90). erTgvarovani eleq­
truli velis ekvipotencialuri zedapirebi eleqtruli 
velis Zalwirebis marTobuli sibrtyeebia (sur. 88, b). su­
raTze lurji feris wiriT gamosaxulia wertilovani mux­
tebis eleqtruli velis ekvipotencialuri zedapirebi  
(sur. 89, 91). 

Eekvipotencialuria nebismieri gamtaris zedapiri eleq­
trostatikur velSi. ara marto zedapirze, aramed gamtar­
is SigniT yvela wertils erTnairi potenciali aqvs. Aami­
tom daZabuloba gamtaris SigniT nulis tolia. nulis to­
lia agreTve potencialTa sxvaoba gamtaris nebismier or 
wertils Soris. E(1) formulis Tanaxmad, ekvipotencialur 
zedapirze muxtis gadaadgilebisas eleqtruli veli muS­
aobas ar asrulebs. 

 gaazreba  

sur. 89

sur. 90

sur. 91

A B

1. imsjele da Seadare moduliT toli da sawinaaRmdego niSnis 

mqone: a. dadebiTi muxtis ϕ1 da ϕ2 potencialebi (sur. 91 a). 

 b. uaryofiTi muxtis ϕ3 da ϕ4 potencialebi (sur. 91 b), TiTo­

euli muxtidan toli manZiliT daSorebuli ϕ1 potenciali 

ϕ3­s (sur. 91 a; b).

2. atmosferoSi myofi muxtebi dedamiwis zedapirze qmnis deda­

miwis eleqtrul vels. dedamiwis zedapirze arsebuli uaryo­

fiTi muxtebis mier Seqmnili eleqtruli velis daZabuloba 

saSualod 130v/m­ia. dedamiwidan simaRlis 

zrdis mixedviT velis daZabuloba iklebs. 

zedapiridan ramdenime kilometris simaR­

leze dedamiwas gars akravs dadebiTad da­

muxtuli ionizebuli molekulebis sqeli 

fena, ionosfero. imsjele: a. ratom aris 

dedamiwis zedapirisken mimarTuli eleqt­

ruli velis daZabulobis wirebi? rogor 

kuTxes qmnian dedamiwis eleqtruli velis 

Zalwirebi ekvipotencialur zedapireb­

Tan? b. rogori iqneba dedamiwis eleqtruli  

q

r

E

∆S

→

ϕ2

ϕ1

ϕ4

ϕ3

b

 
a

sur. 92
B

A

V=0

ekvipotencialuri 

zedapirebi

dedamiwis potenciali

100v
200v
300v

­­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­

adamianis Sesvlamde adamianis Sesvlis Semdeg
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E
→

Fel

→

mg
→

E
→

ϕ1ϕ2

a

E
→

A

B

1 2

3

E
→

1

2

3

b

 

 

 

saSinao davaleba

1. ra muSaobas asrulebs eleqtruli veli 50 nk muxtis gadaad­

gilebisas ϕ1=100 v potencialis wertilidan ϕ2 = 300 v poten­
cialis wertilamde (sur. 94)?

2. erTgvarovani velis Zalwirebis gaswvriv erT wrfeze mdebare 
or wertils Soris  potencialTa sxvaoba, anu Zabva,  500 v­ia. 
gamoTvale velis daZabuloba, Tu wertilebs Soris manZili  
2 sm­ia

amocana 3.  or paralelur 3,2 mm daSorebul damuxtul ho­
rizontalur firfitas Soris Setanili  10­6 g masis uaryo­
fiTad damuxtuli mtvris nawilaki wonasworul mdgomareo­
baSia (sur. 95). gamoTvale nawilakis muxtis sidide da masze 
Warbi eleqtronebis raodenoba, Tu firfitebs Soris poten­
cialTa sxvaobaa 200 v.

 nawilakis wonasworobisas mas ze moqme­
di Zalebis tolqmedi nulis tolia. 

mg + Fel = 0
→ →

      (0Y)           mg - Fel = 0   

 mg = qE. viciT, rom 

 E =      ,
d

U
 amitom mg =      

d

qU
. aqedan ki 

     q = 
U

mgd
 = 1,6 . 10­13k.

 Warbi eleqtronebis raode nobis gasa­
gebad muxtis miRebuli mniSvneloba ga­

vyoT eleqtronis muxtis modulze:

      

 

     q, n – ?

     d = 3,2 mm = 3,2 . 10–3 m

     U = 200 v

     m = 10–6 g = 10–9 kg

     e = –1,6 . 10–19 k

amoxsna:

n =      =                = 106 .
q

e

1,6 . 10­13k

1,6 . 10­19 k

sur. 93

sur. 94

sur. 95

velis potencialTa sxvaoba A da B wertilebs Soris (sur. 92).  

g. ratom ar SeigrZnoben adamianebi dedamiwis eleqtruli ve­

lis aseT maRal potencialTa sxvaobas ? 

3. sami erTnairi muxti eleqtruli velis A­dan B wertilSi 

gansxvavebuli (1, 2, 3) traeqtoriiT gadaadgilda. Seadare 

eleqtruli velis muSaoba muxtebis sxvadasxva traeqtoriiT 

gadaadgilebisas. imsjele: a. potencialuri energiis Sesaxeb 

A-dan B wertilSi gadaadgilebisas; b. potencialis cvlile­

bis Sesaxeb velis A da B wertilebs Soris (sur. 93 a).

4. imsjele eleqtrostatikur velSi muxtis wrewirze moZra­

obisas (sur. 93 b): 

a. ra muSaobas Seasrulebs veli, Tu muxti moZraobas iwyebs 1 

wertilidan da brundeba isev 1 wertilSi. rogor icvleba 

potenciali am dros? b. rogor icvleba velis potenciali 

muxtis 2 werilidan 3­Si gadaadgilebisas g. rogor Seicv­

leba velis potenciali 3 wertilidan 1 wertilSi gadaad­

gilebisas?

Y
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 energiis mudmivobis kanonis Tanaxmad, velis erT rome­
lime wertilSi eleqtronis kinetikuri da eleqtrul 
velSi potenciluri energiebis jami toli unda iyos ve­
lis meore wertilSi Se sabamisi energiebis jamisa.

 500 v potencialis wertilSi eleq t ruli velis mimarT 

eleqtronis potenciluri energia tolia W
p1

= q
el

 ϕ1, 

 kinetikuri energia, W
k1 

= 
mυ1

2

2
.

 gaCerebis wertilSi ki – W
p2 

= q
el

ϕ2. Tu gaviTvaliswinebT, 

rom gaCerebuli eleqtronis kinetikuri energia W
k2 

 nu­
lis tolia, miviRebT:

       qel
 ϕ1 +          = q

el
 ϕ2 ,

mυ1
2

2

saidanac

ϕ2 =                         ≈ 216  v.
q

el
 ϕ1 +          

mυ1
2

2

q
el

 

amocana 1.

 eleqtruli velis mocemul wertilSi potenciali 500 v­ia, am wertilSi velis 
Zalwiris gaswvriv moZravi eleqtronis siCqare ki 107 m/wm. gamoTvale im werti­
lis potenciali, romelSic eleqtroni gaCerdeba. 

amoxsna:

     ϕ2 _ ?

      ϕ1 = 500 v
     υ1 = 107  m/wm
     υ2 = 0
      q

el
 = –1,6  . 10–19 k

     m = 9,1 . 10–31 kg

amocana 2.
 
 r = 3 sm radiusis liTonis Rru sferos zedapirze muxti Tanabradaa ganawilebu­

li. ra Tanafardoba iqneba im wertilebis potencialebs Soris, romlebic cent­
ridan r

1 
=1 sm da r

2 
= 4 sm manZilTaa daSorebuli?

sferos SigniT velis daZabuloba nulis tolia. maSin sferos 
SigniT velis mier Sesrulebuli muSaobac nulis toli iqne­
ba. Nnulis toli iqneba potencialTa sxvaoba sferos zedapir­
sa da sferos SigniT nebismieri wertilis potencials Soris. 
Aamitom yvela wertilis potenciali sferos SigniT iseTivea, 
rogoric sferos zedapirze. AmaSin sferos SigniT potencia­
li iqneba:

ϕ1 =
kq
r      

sferos gareT potenciali iqneba:

ϕ2 =
kq
r2         

Ppotencialebis Sefardeba iqneba:

ϕ2 3

ϕ1 4r2

r=     =      .

amoxsna:

     ϕ1 / ϕ2 – ?

     r = 3 sm = 0,03 m

     r
1 

=1 sm = 0,01 m

     r
2 

= 4 sm = 0,04 m

2.18. amocanebis amoxsna
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amocana 1. 
 eEleqtrul velma muxtis erTi wertilidan meoreSi gadaadgilebisas, romelTa 

Soris  potencialTa sxvaobaa 1kv, Seasrula 40 mkj muSaoba. gamoTvale muxtis 
sidide. 

amocana 2.
 gamoTvale 10 m sigrZis zvigenis sxeulis kidura wertilebs Soris potencialTa 

sxvaoba, Tu zvigeni 0, 1 mkv/sm eleqtruli velis daZabulobaze reagirebs. 

amocana 3.
 ra muSaobas asrulebs eleqtruli veli 2,5 mkk muxtis 600 v poten cialis werti­

lidan 200 v potencialis wertilamde gadaadgile bisas? 

amocana 4.
 eleqtruli velis zemoqmedebiT 50 nk muxtis mqone 10 mkg (mikrogrami) masis na­

wilakis siCqare 200 m/wm­dan 300 m/wm­mde gaizarda. ras udris potencialTa sxva­
oba sawyis da saboloo wertilebs Soris? 

amocana 5.
 gamoTvale ra siCqare mianiWa uZrav eleqtrons 300 v potencialTa sxvaobis 

eleqtrulma velma, Tu eleqtronis muxtia 1,6 .10­ 19k,  masa 9,1 . 10­31 kg ­ia.

amocana 6.
 eleqtrostatikur velSi wertilovani  q = 2 

. 10­9 k muxtis A dan B wertilSi 
gadaadgilebisas velma ­ 2 

. 10­7 j muSaoba Seasrula.  B wertilSi potenciali  
400 v­ia. gamoTvale potenciali A wertilSi (sur. 96). 

amocana 7.
 r

1 
= 6 sm radiusis sferos potenciali 300 v­ia, r

2 
= 4 sm 

radiusis sferosi _ 900 v. sferoebi jer Seaxes, Semdeg 
daaSores erTmaneTs. gamoTvale potencialebi am sfe­
roebze.   

amocana 8.
 erTgvarovan eleqtrul velSi protoni, romlis masaa 

1,7 . 10­27kg da muxti 1,6 . 10­19 k, moZraobs 1,6 . 105 m/wm2 aCqa­
rebiT. gamoTvale velis daZabuloba. 

amocana 9.
 3  . 107  m/wm siCqariT moZravi eleqtroni SeiWra eleqtrul velSi. gamoTvale po­

tencialTa sxvaobis is mniSvneloba, romelzec  eleqtronis siCqare Semcirdeba  
107 m/wm­mde.  

amocana 10.
 uZravi wertilovani Q muxtis mier Seqmnil velSi r = 80 sm­ze moTavsebulia  

q = 1,5 nk muxti. am wertilSi velis potencialia ϕ = 0,43 kv. gamoTvale q muxtze 
moqmedi Zala. 

amocana 11.
 eleqtrostatikuri veli 2,4 nk muxtis usasrulobidan velis romeliRac wer­

tilSi gadatanaze asrulebs 72 nj muSaobas. gamoTvale velis am wertilis po­
tenciali. 

 amoxseni amocanebi

d2

d1

B

A

sur. 96
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2.19. Semajamebeli gakveTili

 suraTze gamosaxulia erTgvarovan eleqtrul velSi 
moTavsebuli uaryofiTad damuxtuli zeTis patara 
wveTi. imsjele, ra mimarTuleba eqneba wveTze moqmed 
Zalas (simZimis Zalas nu gaiTvaliswineb) (sur. 98)? 

 imsjele, ratom ar SeigrZnobs liTonis badeSi myo­
fi adamiani gareT arsebul, didi daZabulobis ele­
qtrul vels (sur. 97)?

sur. 97

Ma. masa   m;

b. gravitaciuli mudmiva  GGG;

g. gravitaciuli velis maxasiaTebeli g;

d. simZimis Zala  F = mg;

e. Ggravitaciuli urTierTqmedebis 

 potencialuri energia  W = G
r

m1
.
 
m2.

1. Eeleqruli Zala F = qE;

2. Mmuxti  q;

3. Eeleqtruli velis maxasiaTebeli E;

4. Eeleqtruli urTierTqmedebis  
 potencialuri energia 

r
W = k

q
1 
.
 
q

2 
;

5. proporciulobis koeficienti k.

a b g d e

1

2

3

4

5

2

1

3

imsjele da cxrilSi Seitane fizikuri sidideebis Sesabamisi formulebi. 4

 azrobrivad daukavSire eleqtrostatikuri velis 
maxasiaTebeli fizikuri sidideebi Sesabamis gravita­
ciuli velis maxasiaTebel sidideebs. 

fizikuri sidideebi

formulebi

erTgvarovani 
eleqtruli veli

wertilovani muxtis 
eleqtruli veli

eleqtruli Zala

eleqtruli velis 

daZabuloba

muxtebis potencialuri 

energia

eleqtruli velis muSaoba

potenciali

 

3

4
1

2

E
→

sur. 98
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eleqtruli velis ekranireba

gansakuTrebiT sasiamovnoa, rodesac megobrebTan er­

Tad eswrebi speqtakls cirkSi. badiT garSemotymuli msa­

xiobi uvneblad dgas, gareT ki Zlieri eleqtruli velia, 

ismis tkacanis xma da TvalismomWreli naTebaa. ratom ver 

SeigrZnobs badeSi myofi msaxiobi badis gareT arsebul 

Zlier eleqtrul vels?

amgvari ̀ usafrTxo~ bade 1836 w. daamzada maikl faradeim, romlsac faradeis galia uwodes.

faradeim eleqrostatikuri dacvis movlenis kvlevis mizniT xis galia gaakeTa. man galia­

ze Txeli Tunuqis furclebi aakra da Zlierad damuxta (galia miwisgan izolirebuli iyo). 

faradei Zalian mgrZnobiare eleqtroskopiT moTavsda galiaSi. damiwebuli sxeulebis bade­

ze garedan Sexebisas Zlieri naperwkali warmoiSva, Tumca faradei uvnebeli gadarCa da arc 

eleqtroskopis furclebi gaSlila. ratom ar gaiSala eleqtroskopis furclebi?

 moiZie informacia eleqtrostatikuri dacvis Sesaxeb: sad da rogor iyeneben eleqt­

rostatikur dacvas, daamzade `faradeis galiis~ msgavsi xelsawyo da Caatare eqsperimen­

tebi. 

eleqtruli velis ekranirebis kvlevaeleqtruli velis ekranirebis kvleva

I. mocemuli gaqvs: folgis gragnili, nebismieri 

zomis muyaos Tavsaxuriani yuTi (mag., fexsacm­

lis), mobiluri telefoni, makrateli, webo.

msvleloba: yuTs or fenad Semoakari folgis 

furceli, daawebe kuTxeebSi ise, rom folga 

Tavsaxuris kideebsac faravdes. moaTavse yuT­

Si CarTuli mobiluri da yuTs mWidrod daaxu­

re Tavsaxuri. daSordi yuTs da dareke mobi­

lurze. 

gamoitane daskvna: ratom ar irekeba mobilurze?     

II. mocemuli gaqvs: eleqtrometri, ebonitis Rero, 

Salis qsovili, liTonis bade.

msvleloba: miuaxlove eleqtrometrs Salze xa­

xunis Sedegad damuxtuli ebonitis Rero (sur. 

a). Seafase eleqtrometris isris gadaxris kuT­

xe. ratom gadaixara eleqtrometris isari?

moaTavse eleqtrometrsa da ebonitis Reros 

Soris liTonis bade (sur. b). ratom daeSva eleq­

trometris isari? 

moaSore bade eleqtrometrs, ise rom damuxtu­

li ebonitis Rero adgilze darCes: a. ratom ga­

daixara eleqtrometris isari? b.  ra analogiaa 

faradeis cdasa da Sen mier Catarebul cdebs 

Soris. 

gamoitane daskvna: eleqtruli velis gavrcele­

bis Sesaxeb `faradeis galis~ SigniT da gareT.

b

a
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2.20. eleqtrotevadoba. kondensatori

ratom SeiZleba 
dagrovdes muxtebi 
suraTze gamosaxuli 
mowyobilobis 
saSualebiT?

ifiqre da imsjele

Eeleqtrotevadoba aris nebismieri formis gamtaris maxasi­
aTebeli skalaruli fizikuri sidide. igi gamosaxavs am gamtar­
is unars, daagrovos eleqtruli muxti. gamtarze muxtis mate­
biT potenciali proporciulad izrdeba. eqsperimentuli kv­
levis Sedegad dadginda, rom nebismieri formis gamtaris mux­
tis sididis Sefardeba potencialTan, mocemuli gamtarisTvis 
mudmivi sididea. 

Q ϕ1

q
1

ϕ2

q
2

ϕ
n

q
n=     ...=      = const

gamtaris muxtis sididis Sefardebas amave gamtaris poten-

cialTan,AN gamtaris eleqtrotevadoba ewodeba: 

    ϕ
q

C = 
   

(1)

gamtaris eleqtrotevadoba gansazRvravs mis mier eleq­
truli muxtis dagrovebis unars. 

eleqtrotevadobis erTeulia (SI) faradi (f): 1f = 1k/v. 
eleqtrotevadobas zomaven multimetriT (sur. 101).
erTi faradi aris iseTi gamtaris eleqtrotevadoba, 

romel zec erTi kuloni muxtis gadacema mis potencials 

erTi voltiT zrdis.

(1) formulaSi 
r

qϕ = k  gamosaxulebis SetaniT miiReba:
 

     kq

qr
C = 

     
da     

 k
rC =   ,  (2)

aqedan             r = Ck,     Tu C = 1 f,   
 

    maSin      r = 1 f . 9 . 109 nm/k2 = 9 . 109 m.

1 f Zalian didi tevadobaa. aseTi tevadoba rom hqondes sxva 
gamtarebisgan gancalkevebul sferos, misi radiusi daaxloe­
biT13­jer meti unda iyos mzis radiusze. 

praqtikaSi gamoiyeneba tevadobis wiladi erTeule­
bi: 1 mkf (mikrofaradi) = 10­6 f; 1 nf (nanofaradi) = 10­9 f,  
1 pf (pikofaradi) = 10­12 f.

(2) formulis Tanaxmad, sferos eleqtrotevadoba ar aris 
damokidebuli muxtis sidideze. igi sferos radiusis pirda­
pirproporciulia.

dieleqtriki

Semonafenebi

 

sur. 99

sur. 100

sur. 102

dieleqtriki

gamomyvani

liTonis firfitebi

 

kondensatoris  
sqematuri gamosaxuleba

sur. 101

+ -

C C

a

gb 
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C = 4pε0εR, sadac ε0 = 8,5 . 10­12 k2/nm2 eleqtruli mudmivaa, ε dieleq trikuli SeR­
wevadoba, romelic damokidebulia garemoze.

or gancalkevebul gamtars Soris dieleqtrikis Txeli fenis moTavsebisas, 
miviRebT mowyobilobas, romlis eleq trotevadoba gacilebiT ufro didia 
TiToeuli gamtaris eleqtrotevadobasTan SedarebiT. masSi SeiZleba muxtebis 
dagroveba. aseT mowyo bilobas ewodeba kondensatori (laTinurad `konden­
sare~  niSnavs damgrovebels) (sur. 99). tevadobis mixedviT ganasxvaveben mudmivi  
(sur. 100 b) da cvladi (sur. 100 g) tevadobis kondesatorebs. 

formisa da dieleqtrikis mixedviT arsebobs sxvadasxva tipis kondensa­
torebi, mag., brtyeli, cilindruli da sferuli, keramikuli, qaRaldis, eleq­
trolituri da sxv. yvela kondensatoris agebis principi ZiriTadad erTnairia  
(sur. 103). 

radioeleqtronul mimReb da gadamcem mowyobilobebSi gamoiyeneba cvladi 
tevadobis kondensatorebi, romelTagan zogierTSi dieleqtrikad haeris Su­
aledia. aseTi kondensatori Sedgeba liTonis firfitebis erTMmaneTisgan izoli­
rebuli sistemisagan, romelTagan erT­erTi uZravia, meore ki – moZravi. moZravi 
sistemis brunviT firfitebis urTierTgadamfaravi farTobi da firfitebs So­
ris manZili icvleba. Sesabamisad, icvleba tevadoba (sur. 102).

saSinao davaleba

 gaazreba  

1. kondensatoris tevadobaa 58 mkf. ra muxti dagrovdeba masze, Tu firfitebs 
Soris potencialTa sxvaobaa 50 v? 

2. kondensatoris Semonafenebs (firfitebs) mosdes 50 v Zabva, ris Sedegadac 
maTze gaCnda 200 mkk muxti. ras udris am kondensatoris eleqtrotevadoba?

1. imsjele, ra Tanafardoba iqneba haerSi moTavsebul rkinisa da aluminis sfe­
roebis eleqtrotevadobebs Soris, Tu sferoebis radiusebi tolia?

2. imsjele  qvemoT mocemuli sqemis mixedviT kondesatorebis saxeebis Sesaxeb.

 

kondesatorebi

dieleqtrikis mixedviTformis mixedviT

brtyeli qaRaldiscilindruli

eleqtrolituri

sferuli keramikuli

ε ε

ε

ε
εε

sur. 103



69

mocemuli gaqvs: dieleqtrikis sadgarze damag­

rebuli ori gansxvavebuli radiusis mqone 

liTonis sfero, ebonitis Rero, Salis qsovi­

li, eleqtrometri, gamtari Rero izolire­

buli saxeluriT.

msvleloba: Dqsovilze xaxuniT damuxte ebonitis 

Rero da masze dagrovili muxti erTxel Sexe­

biT gadaeci mcire radiusian sferos. Ggamtari 

Reros saSualebiT sfero SeaerTe eleqtro­

metrTan, isris gadaxris kuTxis mixedviT 

Seafase sferos potenciali. eqsperimenti 

gaimeore didi radiusiani sferosTvis. Rero 

ramdenjerme damuxte da misi muxti kvlav 

did sferos gadaeci, sanam masTan mierTebuli 

eleqtrometris isris gadaxris kuTxe iseTive 

gaxdeba, rogoric mcire sferos SemTxvevaSi. 

Seafase sferoebze erTnairi potencialis SeZenisTvis gadacemuli muxtebis si­

dideebi. 

gamoitane daskvna: rogori damokidebulebaa toli potencialis sferoebis radiu­

sebsa da sferoebze gadacemul muxtebs Soris. romeli sferos eleqtrotevado­

baa meti?

I. sxeulebis eleqtrotevadobebis kvleva

mocemuli gaqvs: brtyeli kondensatori, eleqt­

rometri, SemaerTebeli sadenebi, ebonitis 

Rero, Ddieleqtriki (plastmasis an organuli 

minis firfita), Salis qsovili.

msvleloba: brtyeli kondensatoris erTi Semo­

nafeni sadenis saSualebiT DSeaerTe eleqtro­

metris gamtar burTulasTan, meore ki _ 

eleqtrometris korpusTan (eleqtrometriT 

fasdeba kondensatoris Semonafenebs Soris 

potencialTa sxvaoba). damuxte ebonitis Rero Salze xaxuniT. damuxtuli Rero 

Seaxe kondensatoris erT­erT firfitas (efeqturia kondesatoris damuxtva 

eleqtroforuli manqaniT). Seafase eleqtrometris isris gadaxris kuTxe. gazar­

de kondensatoris firfitebs Soris manZili orjer, samjer. Seafase eleqtromet­

ris Cveneba. MmoaTavse damuxtuli kondensatoris firfitebs Soris dielqtrikis 

firfita. Seafase eleqtrometris isris Cveneba. 

gamoitane daskvna: rogor icvleba brtyeli kondensatoris eleqtrotevadoba: 

 a. firfitebs Soris manZilis cvlilebisas; 

 b. firfitebs Soris dieleqtrikis moTavsebisas. 

II. brtyeli kondensatoris eleqtrotevadobis gamokvleva

2.21. eleqtrotevadobis       
 eqsperimentuli kvleva

 

 - +
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ra analogia SeiZleba 
iyos auzis tevadobasa 
da kondensatoris 
eleqtrotevadobas 
Soris?

ifiqre da imsjele

brtyeli kondesatoris erT­erTi mTavari nawilia ori 
paraleluri gamtari firfita, romelTac kondesatoris 

Semonafenebs uwodeben. Semonafenebs Soris moTavsebulia 
dieleqtrikis Txeli fena, romlis sisqe gacilebiT nakle­
bia paraleluri firfitebis zomaze (sur. 105).

kondensatoris erT­erT Semonafens dadebiTad muxta­
ven, meore Semonafens _ uaryofiTad. maT Soris warmoiqm­
neba erTgvarovani E

0

→
 eleqtruli veli (sur. 106 a, b)

erT­erT Semonafenze arsebuli muxtis moduls konden-

satoris muxts uwodeben. 
calkeuli damuxtuli gamtari brtyeli firfitis ve­

lis daZabuloba gamoiTvleba formuliT (formulas gTa­
vazobT gamoyvanis gareSe):
 

      4pε0

1
2ε0

σE1 = 2pkσ = 2p         σ = , 
     

(1)

sadac σ muxtis zedapiruli simkvrivea _  
S

qσ =  .       

firfitebs Soris sivrcis nebismier wertilSi dadebiTad 
damuxtuli firfitis velis daZabulobas emateba uaryofi­
Ti firfitis velis daZabuloba. orive maTganis mimarTule­
bebi erTmaneTs emTxveva da isini ikribebian (sur. 107). erT­
gvarovani velis daZabuloba erT­erTi firfitis velis daZ­
abulobis E

1

→
 modulis gaorkecebuli sididis tolia. amitom 

kondensatoris eleqtruli velis daZabuloba gamoiTvle­
ba formuliT:

       
ε0

σE0 = 2E1 =      = ε0S

q

  
(2)

TiToeuli firfitis gareT velis daZabulo ba nulis to­
lia, radgan firfitebis velis daZabulobebi urTierTsawi­
naaRmdegodaa mimarTuli da erTmaneTs akompensirebs.

(2) formula samarTliania iseTi kondensatoris Tvis, 
romlis firfitebs Soris haeris fenaa. haeris dieleq­

2.22. brtyeli kondensatoris       
  eleqtrotevadoba

 

sur. 104

kondesatoris 

Semonafenebi

dieleqtriki

 

+

-

b

sur. 106

 

σ

E
0

→

E
1

→

sur. 105

+

d

S

ε

a

d

Vε
el. 

veli
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trikuli SeRwevadoba ε ≈ 1. Tu firfitebs Soris ε SeRweva­
dobis dieleqtrikia moTavsebuli, kondensatoris velis 
daZabuloba ε­jer Semcirdeba (sur. 106. a). velis daZabu­
loba iqneba:

           ε
E0E =      =εε

0
S

q
      

(3)

kondensatoris damuxtvisas firfitebs Soris poten­
cialTa sxvaoba, anu Zabva iqneba:

        
U = Ed,      

εε
0
S

q . d
U =

        
(4)

kondensatoris eleqtrotevadobis formulaSi (4)­is Cas­
miT, brtyeli kondensatoris eleqtrotevadoba iqneba:

 
          C =      =

d

εε
0
S

U

q
     

(5)

amgvarad, kondensatoris eleqtrotevadoba damo ki de­
bulia firfitebis farTobze, maT Soris manZilsa da fir­
fitebs Soris moTavsebul dieleqtrikis dieleqtrikul 
SeRwevadobaze. Semonafenebis farTobi gansazRvravs mux­
tebis raodenobas mis zedapirze. firfitebs Soris manZilis 
SemcirebiT, izrdeba am firfitaze arsebul muxtebs Soris 
mizidulobis Zala. firfitebs Soris dieleqtrikis arse­
boba, misi polarizaciis gamo, iwvevs kondensatoris fir­
fitebze damatebiTi muxtebis mozidvas muxtebis wyarodan. 
Semonafenebze muxtis momateba  zrdis kondensatoris ele­
qtrotevadobas. Aamitom kondensato rebis Semonafenebs So­
ris aTav seben dieleqtriks.

sur.107

 

E
1

→
σ

E
0

→

 gaazreba  

saSinao davaleba

1. ras udris brtyeli kondensatoris eleqtrotevadoba, Tu 
misi 0,1 m2 farTobis firfitebi mTlianad Sevsebulia 1 mm 

sisqis dieleqtrikiT, romlis ε = 2?
2. brtyeli kondensatoris TiToeuli firfitis farTobia 

520 sm2. ra manZilze unda movaTavsoT firfitebi erTmane­
Tisagan haerSi, rom kondensatoris tevadoba 46 pkf iyos?

 damuxtuli kondesatori, romlis firfitebs Soris haeria, 
sadenebiT SeerTebulia eleqtrometrTan (sur. 108 a).  imsje­
le, kondesatoris firfitebs Soris dieleqtrikis moTavse­
bis Semdeg (sur. 108 b): 

 a. ratom icvleba kondensatoris tevadoba? 
 b. ratom Semcirda kuTxe eleqtroskopis furclebs Soris? 

sur.108

 

b

ahaeri

sxva dieleqtriki
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teqnikaSi kondesatorebi muxtisa da, Sesabamisad, eleqtruli energiis dasa­
groveblad gamoiyeneba. 

denis wyarosTan mierTebisas kondensatoris Semona fenebi imuxteba da radgan 
Semonafenebs Soris sivrceSi dieleqtrikia, maTze muxti grovdeba. Kkondensato­
ris raime eleqtrul xelsawyosTan, mag., fotokameris naTurasTan SeerTebisas 
(sur. 109), naTura myisierad inTeba im eleqtruli energiis xarjze, romelic 
dagrovda kondensatoris damuxtvisas da Semdeg qreba. aseve kondesatore­
bi gamoiye neba saxanZ ros, policiisa da saswrafos manqanebis saxuravebze na­
Turebis cimcimisTvis (sur. 110).

C eleqtrotevadobis kondensatoris Semonafenebze +q da –q  muxtebis arse­
bobisas, Semonafenebs Soris Zabva iqneba:

                  U = 
C

q  .
                  

(1)

ganmuxtvis procesSi kondensatoris Semonafenebze muxtis Semcirebisas Zabva 
swrafad mcirdeba U­dan nula mde, ris gamoc kondensatorTan mierTebuli naTu­
ra qreba. ganmuxtvisas kondensatorze Zabvis saSualo mniSvneloba tolia:

      UsaS
 =            =     =      .

2
U + 0

2
U

2C

q
                   

(2)

kondensatoris ganmuxtvisas eleqtruli velis mier Sesrulebuli muSaoba 

iqneba:

      A = qU
saS

 =      .
2C

q2

                
(3)

Tu gaviTvaliswinebT, rom q = CU, maSin: 

          A = 
2

CU2

 .                 
(4)

eleqtruli velis mier Sesrulebuli muSaoba tolia ele­
qtruli velis energiis cvlilebisa. kondensatoris ganmuxt­
visas: 

       A = W
1
 – W

2
 = W

1
 – 0 = W.                

(5)

amitom, kondesatoris eleqtruli velis energia gamoi­
saxeba analogiuri formuliT:

          W = A = 
2

qu
 = 

2C

q2

= 
2

CU2

.                 
(6)

ratom inTeba myisierad 
fotokameris naTura? 
romel xelsawyos 
iyeneben naTuris 
asanTebad?

ifiqre da imsjele

sur. 109

sur. 110

 

2.23. kondesatoris eleqtruli velis    
  energia
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sur. 111

Tu C­s nacvlad SevitanT brtyeli kondensatoris ele­
qtrotevadobis gamosaTvlel formulas:

    
C =

d

εε
0
S

   
(7)

miviRebT: W =          
2d

εε
0
U2 S

, magram, U = Ed, amitom  W =          Sd.
2

εε
0
E2

 

Tu am formulis orive mxares gavyofT kondensatoris 
firfitebs Soris eleqtruli velis mier dakavebul mocu­
lobaze V = Sd, miviRebT eleqtruli velis energiis simkvri­
vis (ω) formulas:

              ω = 
V
W  = 

2

εε
0
E2

.  (8)

energiis simkvrivis erTeulia 1j/m3, e. i., eleqtruli ve-

lis energiis simkvrive am velis daZabulobis kvadratis 

pirdapirproporciulia.

es debuleba samarTliania ara marto erTgvarovani, aramed nebismieri saxis 
eleqtruli velisTvis.

damuxtul kondensatorSi didi energia grovdeba mZlavri impulsuri laze­
rebis kvebisaTvis. dagrovili eleqtruli energiis sinaTled gardaqmna xdeba 
saavdro RrublebSi elvis saxiT. eleqtruli velis sinaTlis da siTbur ener­
giaSi gadasvlis movlenebs ikvleven specialur laboratoriul ganmmuxtvel 
danadgarebSi (sur. 111).

 gaazreba  

Mmocemuli gaqvs: kondensatori, denis wyaro, voltmetri (Zabvis gamzomi xelsawyo).

Mmsvleloba: kondensatori 

imux teba denis wyaros saSu­

alebiT. Sesabamisad, muxte­

bi grovdeba kondensatoris 

Semonafenebze.  Zabva izome­

ba voltmetris saSualebiT. 

suraTze mocemuli xelsaw­

yoebis Cvenebis mixedviT ga­

moTvale ra muxti dagrovda 

kondensatorze.  

gamoitane daskvna: ra eleqtruli energia eqneba kondensators?

azrobrivi eqsperimenti
Kkondensatoris muxtisa da energiis  gazomva

saSinao davaleba

1. ra energia gaaCnia 100 v Zabvamde damuxtul 0,2 mkf  tevadobis kondensatoris 

eleqtrul vels?

2. ra tevadobisaa kondensatori, Tu masze 300 nk muxtis gadacemisas energia  

3 mkj­is tolia?

100 pkf
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teqnikuri miznebisaTvis xSirad saWiroa eleqtrul 
wredSi kondensatorebis tevadobis gazrda an Semcire­
ba. AamisTvis kondensatorebs sxvadasxva xerxiT aerTeben 
erTmaneTTan. mag., paralelurad an mimdevrobiT.

kondesatorebis erTobliobas kondesatorebis bata-

reas uwodeben. 
ori an ramdenime kondensatoris parale luri an mim-

devrobiTi SeerTebisas maTi saerTo tevadoba icvleba. 
aseTi SeerTebiT SesaZlebelia kondensatoris batareis 
saerTOo eleqtruli tevadobis marTva.

n raodenobis kondensatorebis paraleluri Seer­
Tebisas yvela kondensatoris erTnairniS niani firfite­
bi erTmaneTTanaa SeerTebuli (sur. 113), amitom yvela 
kondensatorze potencialTa sxvaoba erTnairia, anu maT 
Semo nafenebze Zabvebi toli iqneba:

          U
1
 = U

2
 = .... = U

n
 = U,    (1)

kondensatorebis sistemaze miwodebuli muxti gadana­
wildeba sistemaSi Semaval yvela kondensatorze maTi 
tevadobebis mixedviT. amitom saerTo muxti Ti Toeul 
konden satorze arsebuli muxtebis jamis tolia:

                   q = q1 + q2 + .... + q
n
 .    (2)

maSin kondensatorebis saerTo tevadoba iqneba:

C =      =                           =      +      + ... +
U

q q1 + q2 + .... + q
n

U U

q1

U

qn

U

q2

          C = C1 + C2 + .... + C
n
. (3)

kondensatorebis paraleluri SeerTebisas bata-

reis saerTo tevadoba TiToeuli maTganis tevadobaTa 

jamis tolia.

kondensatorebis paraleluri SeerTebisas saerTo 
eleq trotevadoba izrdeba.

kondensatorebis mimdevrobiTi SeerTebisas pirveli 

U

q
1

q
2

- q
2- q

1

C
1

C
2

2.24.  kondensatorebis SeerTeba

ratom iyeneben 
eleqtrul 
xelsawyoebSi 
kondensatorebis 
batareas?

ifiqre da imsjele

sur. 112

sur. 113

q

–q

–q

+q

C
1

C
2

U
2U

1

A B D

sur. 114
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kondensatoris meore Semonafens aerTeben meore kondensa­
toris pirvel SemonafenTan, meore Semonafens mesame kon­
densatoris pirvel SemonafenTan da a.S. (sur. 114). mimdev­
robiT SeerTebuli kondensatorebis dasamuxtad muxtebis 
wya ros uSualod aerTeben kondensatorebis batareis mxo­
lod kidura Semonafenebs. maT Soris moqceuli kondensa­
torebis Semonafenebi imuxteba gavleniT. amgvarad, mimdev­
robiT SeerTebisas TiToeuli kondensatoris muxti kon­
densatorebis saerTo muxtis tolia:

    q = q1 = q2                 (4)

Tu Zabva A da B wertilebs Soris aris U1 (sur. 98), xolo, B 

da D Soris _ U2
, maSin Zabva A da D wertilebs Soris  iqneba:

    U = U1 + U2.               (5)

                   U = 
C

q
 ,    U

1
 = 

C
1

q
    da    U

2
 = 

C
2

q
.        amitom  

  =      +      
C

q

C
1

q

C
2

q
;     =      +      

C

1

C
1

1

C
2

1
.      (6)

kondensatorebis mimdevrobiTi SeerTebisas batareis 

saerTo tevadobis Sebrunebuli sidide tolia Ti Toeuli 

kondensatoris tevadobebis Sebrunebuli sidideebis 

jamis. 

kondensatorebis mimdevrobiTi SeerTebisas saerTo te­
vadoba TiToeuli kondensatoris tevadobaze naklebia.

1. imsjele sqemaze gamosaxuli kondensatorebis Sereuli Seer­
Tebis Sesaxeb (sur. 115).

2. imsjele da Seadare sami erTnairi kondensatoris saerTo te­
vadoba mimdevrobiTi da paraleluri  SeerTebisas. 

3. imsjele, kondensatoris maxasiaTebeli sidideebidan (fir­
fitebis farTobi da firfitebs Soris manZili), romeli ga­
napirobebs  maTi paraleluri SeerTebisas saerTo tevadobis 
zrdas, xolo mimdevrobiTi SeerTebisas saerTo tevadobis 
Semcirebas (sur. 113, 114).

saSinao davaleba

 gaazreba  

1. gamoTvale kondensatorebis saerTo tevadoba (sur. 116 a, b)?
2. ori kondensatori, romelTa tevadobebi Sesabamisad aris  

3 da 5 nf, jer SeaerTes mimdevrobiT, Semdeg paralelurad. 
romeli SeerTebisas iqneba saerTo eleqtrotevadoba meti 
da ramdenjer? 

3. gamoTvale kondensatorebis batareis eleqtrotevadoba, 

Tu C1 = C2 = C5  = 4 mkf,  C
3
 =  C

4 
= 2 mkf (sur. 117). 

sur.115

sur. 116

sur. 117

U

C
2

C
3

C
4

C
5

C
1

C
6

 

 

3 mkf

6 mkf

2 nf 6 nf

a

b

 

C4

C3

C1 C2 C5
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2.25.  amocanebis amoxsna

pirveli gamtaris potencialia:

 ϕ
1 
= 

C1

q
, meoris: ϕ

2 
= 

C2

q
.

am gamosaxulebebis SefasebiT davadgenT, rom ϕ
2
 > ϕ

1
,   

 
amitom  

ϕ2 C1

ϕ1 C2

=     = 10­7 : 10­8  = 10 .

amocana 1.

 erTi gamtari sferos tevadoba 0,1 mkf­ia, meoris – 10000 pf. ramdenjer meti unda 
iyos erT­erTi maTganis potenciali meoresTan SedarebiT, rom oriveze erTnai­
ri muxti aRmoCndes?

amoxsna:

amocana 3.

 ramdenjer Seicvleba damuxtuli kondensatoris velis energia, Tu fir­
fitebs Soris sivrces parafiniT SevavsebT?

 ganvixiloT ori SemTxveva:

 a. kondensatori gamorTulia Zabvis wya rodan;

 b. kondensatori mierTebulia mudmivi Zabvis wyarosTan.

amocana 2.

 sami kondensatori mierTebulia erTmaneTTan ise, ro­
gorc sqemazea mocemuli (sur. 118). gamoiangariSe kon­

densatorebis saerToO tevadoba, Tu C1 = 5 mkf, C2 = 14 mkf,  

C3 = 6 mkf.

ϕ
2 
/ ϕ

1
 _ ?

C
1 
= 0,1 mkf = 10­7 f

C
2 
= 10000 pf = 10­8 f

q
1 
= q

2 
= q

 

C2

C1

C3

sur. 118

amoxsna: 

 sqemis mixedviT, C1 kondensatori mimdevrobiTaa SeerTebuli C2 da C3 kon­
densatorebTan, romlebic erTmaneTTan paraleluradaa SeerTebuli. para­
lelurad SeerTebuli kondensatorebis saerTo tevadoba iqneba:

C0 = C2 + C3  = 14 + 6 = 20 mkf

 kondensatorebis saerTo tevadoba,  rogorc C1 da C0 mimdevrobiT SeerTebu­
li kondensatorebis saerTo te vadoba iqneba:

1 1 C0 + C11
C C0 C1

 . C0C1

=     +       =  ,   saidanac   C1
 . C0

C0 + C1

C =              = 4 mkf  .
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amocana 4.

 Oori erTnairi tevadobis damuxtuli da daumuxtavi kondensatori Seaer Tes erT­
maneTTan. rogor Seicvleba kondensatorebis jamuri energia (sur. 119)?

amoxsna:

SeerTebamde kondensatorebis jamuri energia 

tolia pirveli kon densatoris energiis
q2

2C
 W

0 
=          . 

kondensatorebis SeerTebisas maTze muxtebi to­

lad gadanawildeba da TiToeulze iqneba 
q

2
 . 

 
SeerTebis Semdeg TiToeuli kondensatoris ener­
gia iqneba: 

W0

4

q2

4 . 2C
W =              = 

 
. 

OkondesatorTa sistemis jamuri energia iqneba: 

W0

4

W0

2

W0

4
W1 =        +       = .

Aamoxsnis mixedviT, SeerTebis Semdeg kondensa­
torTa sistemis jamuri energia Semcirda sawyis 
energiasTan SedarebiT, rac TiTqos ewinaaRmde­
geba energiis mudmivobis kanons. amis mizezia is, 
rom sistema Caketili ar aris, energiis kargva xde­
ba muxtebis swrafi gadanawilebisas warmoqmnili 
denis Sesabamisi eleqtromagnituri impulsis ga­
mosxivebaze, romelsac mogvianebiT gaecnobiT. 

 
q2

2C1

W1 =              da    
q2

2C2

W2 =          , 

 sadac C2 = εC1, amitom energia ε­jer Semcirdeba. am dros energia xmardeba 
dieleqtrikis polarizacias.

 b. Tu kondensatori SeerTebulia Zabvis wyarosTan, masze muxtebis raodeno­
ba icvleba. mis firfitebs Soris dieleqtrikis SetaniT ar Seicvleba Zabva, 
xolo te vadoba ε­jer gaizrdeba, amitom kondensatoris sawyisi da saboloo 
energiebi mosaxerxebelia gamovsaxoT formulebiT:

C1 U2

2
W1 =            da  C2 U2

2
W2 =          

 sadac C
2
 = εC

1 
amitom energia ε­jer gaizrdeba. energiis gazrda moxdeba de­

nis wyaros mier Sesrulebuli muSaobis xarjze, romelic xmardeba dieleq­
trikis polarizacias.

W1 
_ ?

 C

 q

amoxsna:

 a. Tu damuxtuli kondensatori gamorTulia wyarodan misi muxti mudmivi 
darCeba. mis firfitebs Soris dieleqtrikis SetaniT, tevadoba ε­jer gaizr­
deba, amitom kondensatoris sa w yisi da saboloo energiebi mosaxerxebelia 
gamovsaxoT formulebiT:

 

C

C

sur. 119

­q+q
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amocana 1. 
 kondensatorSi dieleqtrikis Setanisas firfitebs Soris Zabva 60 v­dan 20 v­mde 

Semcirda. ras udris dieleqtrikis dieleqtrikuli SeRwevadoba?

amocana 2.
 brtyeli kondensatoris TiToeuli firfitis farTobia 157 sm2. firfitebs So­

ris arsebuli dieleqtrikis dieleqtrikuli SeRwevadoba 2­is tolia. erTmane­
Tisgan ra manZilze unda movaTavsoT firfitebi, rom kondensatoris tevadoba 
80 pf­s toli iyos?

amocana 3.
 damuxtuli kondensatoris firfitebs Soris manZili 3­jer gazardes. ramden­

jer Seicvleba kondensatoris energia? ganixile ori SemTxveva:
 a. kondensatori gamorTUulia Zabvis wyarodan;
 b. kondensatori mierTebulia mudmivi Zabvis wyarosTan.

amocana 4.
 500 pf tevadobis kondensatorze moTavsebulia 1 nk muxti. ra sididis potenci­

alTa sxvaoba warmoiqmneba firfitebs Soris da rogor Seicvleba igi firfitebs 
Soris manZilis 2­jer gazrdiT?

amocana 5.
 kondensatoris tevadoba 17,7 nf­ia, firfitebis farTobi 500 sm2­ia da am firfi­

tebs Soris manZili 0,1 mm. ras udris dieleqtrikis dieleqtrikuli SeRwevado­
ba, Tu is mTlianad avsebs firfitebs Soris sivrces?

amocana 6.
 ramdenjer Seicvleba kondensatoris tevadoba, Tu firfitebs Soris parafiniT 

gaJRenTili qaRaldis nacvlad movaTavsebT imave sisqis qarsis firfitas (para­

finis ε = 2,1 da qarsis ε = 6)?

amocana 7.
 kondensatorebi, 2 da 6 mkf tevadobiTY, SeerTebulia mimdevrobiT. ras udris am 

sistemis tevadoba?

amocana 8.
 ramdenjer Seicvleba kondensatoris energia, Tu mis firfitebs Soris manZils 

samjer gavzrdiT, xolo gadacemuli muxtis sidides orjer SevamcirebT?

amocana 9.
 16 mkf tevadobis brtyeli kondensatori firfitebis marTobul sibrtyeSi 4 

tol nawilad gaWres. miRebuli kondensatorebi SeaerTes mimdevrobiT. gamoT­
vale kondensatorebis batereis eleqtrotevadoba.  

amocana 10.
 denis wyarodan gamorTul brtyeli kondensatoris Semonafenebs Soris moaTav­

ses dieleqtriki, romlis dieleqtrikuli SeRwevadoba 2­is tolia. dieleqtrikis 
moTavsebamde kondensatoris energia iyo 20 mkj. gamoTvale kondensatoris ener­
gia dieleqtrikis moTavsebisas imave denis wyarosTan SeerTebamde da SeerTebis 
Semdeg. 

amocana 11.
 10 pf tevadobis kondensatoris Semonafenze 0,3 nk muxtia. ra siCqares SeiZens 

eleqtroni kondensatoris erTi Semonafenidan meoremde misvlisas, Tu misi saw­
yisi siCqare 0­is tolia? 

 amoxseni amocanebi
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2.26. Semajamebeli gakveTili

Aimsjele da azrobrivad daukavSire fizikur sidideebs formulebi.

imsjele kondensatorebis SeerTebis saxeobebis Sesaxeb da daasrule sqema1

2

1. ganmxoloebuli gamtaris  eleqtrotevadoba; 
2. gamtari sferos eleqtrotevadoba;
3. kondensatoris tevadoba;
4. brtyeli kondensatoris tevadoba;
5. kondensatoris eleqtruli velis energia;
6. eleqtruli velis energiis simkvrive.

a. C =
d

εε
0
S

b. W = 
2

qU
= 

2C

q2

= 
2

CU2

.

g. 
ϕ
q

C = 

d. ω = 
2

εε
0
E2

e. 
U

q
C = 

v. C = 4pεε0R

a b g d e v

1

2

3

4

5

6

sqema saerTo tevadoba

saerTo tevadoba

Zabva

Zabva

muxti

muxti

paraleluri

mimdevrobiTi

C2

C1

sqema

C2C1
U = ?

q = q1 + q2U = ?

q = q1 = q2 = ?
C

1

C = ?

kondensatori
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eleqtrotevadobis kvleva. kondesatoris modelieleqtrotevadobis kvleva. kondesatoris modeli

I. mocemuli gaqvs: qaRaldis furcelebi, folgis gragnili, webo, makrateli, 20 sm­

is sigrZis liTonis mavTuli, feradi furclebi (sasurvelia webovani), skoCi. 

Mmsvleloba: gamoWeri Tabaxis furcelze odnav mcire zomis folgis sami furce­

li. wausvi webo Tabaxis furcels da zed mWidrod daawebe folgis furceli. 

mis erT­erT kuTxeSi skoCiT daakari izolaciagaclili mavTulis bolo. waus­

vi webo sxva Tabaxis furcels da daawebe folgis furcels (romelzec gamtaria 

damagrebuli). kvlav wausvi webo imave Tabaxis meore gverds da mWidrod daawebe 

folga. folgis meore kuTxeSi (romelic mdebareobs pirveli gamtaris damagre­

bis wertilidan diametrulad) skoCiT daamagre meore mavTulis izolaciagac­

lili bolo. mavTuliani folga dafare webowasmuli TabaxiT da daaxvie ise, rom 

gragnili miiRo.  

 kondensatoris models garedan Semoaxvie feradi qaRaldebi.

 analogiuriad SegiZlia aawyo sxvadasxva zomis ramdenime kondensatori. 

kondensatoris modelis awyoba

a b

d e

g

baTumi. zRvis sanapiro. `ninosa da alis~ qandakeba. mea­

Teklaseli axalgazrdebis jgufi, cifruli fotokameriT, 

qandakebasTan suraTebs iRebdnen. moazrovne axalgazr­

debs Soris erT­erTma metsaxelad `ainStainam~ megobrebs 

kiTxvebiT mimarTa: `romelma Tqvenganma icis, romel xel­

sawyos amsgav seben `ninosa da alis~ qandakebas da romeli 

xelsawyo gamoiyeneba fotokameris naTuris asanTebad~? 

am kiTxvebiT dainteresebulma moazrovneeb­

ma gadawyvites ufro Rrmad SeeswavlaT eleqt­

rostatika, romelic SesaZleblobas miscemda 

srulfasovani pasuxi gaecaT am kiTxvebze. 

fizikis gakveTilze miRebuli codnis ga­

moyenebiT gaixsenes, rom arsebobs qandakebis 

msgav si xelsawyo  _ haeriani cvladi tevadobis 

kondensatori, romelzec SesaZlebelia muxte­

bisa da Sesabamisad energiis dagroveba.

 martivi eqsperimentis gegmis mixedviT  

aawyve kondensatoris modeli.
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 Mmsvleloba: TviTnakeTi daumuxtavi kondensatorebi SeaerTe ise, rom: 

 a. gaizardos saerTo tevadoba, 

 b. Semcirdes saerTo tevadoba.

 TiToeuli SeerTebisaTvis daxaze Sesabamisi sqema (TviTnakeTi damuxtuli kon­

densatoris   gamoyeneba maswavleblis gareSe  mizanSewonili ar aris, saxifaToa).

 aRwere Sen mier Sesrulebuli samuSao da upasuxe kiTxvebs:

 1. kondensatorebis  modelSi, romelia Semonafenebi da dieleqtriki?

 2. kondensatorebis rogor SeerTebas ewodeba mimdevrobiTi da romeli for­

muliT gamoiTvleba saerTo tevadoba?

 3. kondensatorebis rogor SeerTebas ewodeba  paraleluri  da romeli formu­

liT gamoiTvleba saerTo tevadoba?

 4. imsjele kondensatorebis gamoyenebis Sesaxeb.

 eqsperimentebis Catarebis TanmimdevrobisTvis SegiZlia isargeblo videoebiT 

internetidan: 

        https://www.youtube.com/watch?v=n1hP3HKje3k

        https://www.youtube.com/watch?v=JOaVpnG_pQ4

II. mocemuli gaqvs: folgis gragnili, sami erTjeradi TefSi, makrateli, sabavS­

vo zeTi, liTonis mavTuli, skoCi (sur. a).

Mmsvleloba:  gamoWeri folgisagan TefSis sayrdeni farTobis zomis ori  wre  Sve­

riliT. wausvi TefSs fskerze zeTi da mWidrod daakari folgis wre (sur. b).  

Semdeg   meore   TefSis fskers wausvi zeTi da ZiriT moaTavse folgian TefSze.

imave TefSs zedapirze wausvi zeTi da daakari folga  ise,   rom folgis Sveri­

lebs  urTierTsawinaaRmdego mdebareoba hqondeT (sur. g).  wausvi mesame Tef­

Sis Zirs zeTi da moaTavse folgian TefSze. gamtarebis boloebi gaasufTave 

izolatorisagan da skoCiT daamagre folgis Sverilebze (sur. d, e). 

 analogiurad  SegiZlia aawyo ramdenime  kondensatori.   

eqsperimenti
kondensatorebis mimdevrobiTi da paraleluri SeerTeba

a b

d e

g
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q
1
+ q

2
+...+q

n 
= const.

kulonis 
kanoni

muxtis  
Senaxvis kanoni

eleqtuli velis 

daZabuloba eleqtuli 

velis 

daZabulobis 

erTeuli (SI) 
n/k;  v/m

meore Tavis mokle  
daskvnebi

muxtis 
erTeuli

(SI) 

kuloni

eleqtruli 

dipoli

kondensatorebis 
mimdevrobiTi 

SeerTeba

F = k
r2

q
1 
 q

2

E = F
→

→

q0

el. velis 

muSaoba

eleqtuli velis 

daZabuloba

E = k 
q

r2

AAel = qEd

q
0

Wϕ = 

el. velis 

potenciali

Zabvakondensatoris 
tevadoba

el. velis 

potencialis 

erTeuli (SI) 

r

qϕ = k

ϕ = Ed

; ;

1v = 1j/k

U = 
q

A

erTeuli (SI)
volti 

C =      =
d

εε
0
S

U

q

kondensatorebis 
paraleluri 

SeerTeba

C = C1 + C2 + .... + C
n

=      +      
C

1

C
1

1

C
2

1

tevadobis 

erTeuli (SI) 

faradi



83

zogierTi nivTYierebis simkvrive ( ρ) 20°C-ze

nivTiereba ρ, kg/m3 ρ, g/sm3

aguri 1800 1,8

alumini 2 700 2,7

graniti 2 600 2,6

vercxli 10 500 10,5

TiTberi 8 500 8,5

Tuji 7 000 7,0

TuTia 7 100 7,1

kala 7 300 7,3

korpi 240 0,24

mina fanjris 2 500 2,5

nikeli 8 900 8,9

benzini 710 0,71

manqanis zeTi 900 0,90

spirti 800 0,80

glicerini 1260 1,26

rkina, foladi 7800 7.8

rZe 1030 1,03

tyvia 11300 11,3

wyalbadi 0,09 0.00009

mkvdari zRvis 
wyali

1190 1,19

kupri 1016 1,016

nivTiereba ε

haeri 1.0006

navTi 2.1

zeTi 2.2

parafini 2

polieTileni 2.3

eboniti 2.7

organuli mina 3

nivTiereba ε

rezini 4

faifuri 5

mina 5.5

qaRaldi 2,5

qarva 12.8

gamoxdili wyali 81

marmarilo 9

zogierTi nivTierebis dieleqtrikuli SeRwevadoba

nivTiereba ρ, kg/m3 ρ, g/sm3

oqro 19 300 19,3

organuli mina 1 200 1,2

platina 21 500 21,5

rezini 910­1400 0,9­1,4

saweri qaRaldi 1 000 1,0

spilenZi 8 900 8,9

sufris marili 2 160 2,16

faifuri 2 300 2,3

qarva 1 070 1,07

yinuli 900 0,90

carci 2 200 2,2

wyali 1 000 1,0

haeri  (00C­ze) 1,290 0,00129

wylis orTqli (1000C­
ze)

0,590 0,00059

vercxliswyali 13600 13,6

mzesumziris zeTi 930 0,93

zRvis wyali 1030 1,03

Saqari­rafinirebuli 1600 1,6

heliumi 0,18 0,00018

fisi 2023 2,023

Jangbadi 1,430 0,00143
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anihilacia _ fizikuri procesi, rodesac na-
wilaki da misi Sesabamisi antinawilaki ur-
TierTqmedebisas gardaiqmnebian fotonad an 
sxva nawilakad _ sxva bunebis fizikuri velis 
kvantad.

dro — materiis arsebobis erT-erTi ZiriTadi 
formaa, romelic movlenebis kanonzomieri mo-
nacvleobiT gamoixateba. sivrce da dro ganu-
yofladaa erTmaneTTan dakavSirebuli — yve-
laferi sadRac da odesRac xdeba.

ekranireba _ franguli sityvaa _ danadgarebis, 
biologiuri obieqtebis da adamianebis dacva 
eleqtruli, eleqtromagnituri da sxva saxis 
gamosxivebisgan. eleqtromagnituri gamosxive-
bisgan dacvas awarmoeben damiwebuli liToniT 
an liTonis ekraniT (badiT), romelSic aTavse-
ben parazituli (xelSemSleli) velis wyaros, 
an mowyobilobas, romlis dacvac aris saWiro 
mavne gamosxivebisgan.

elementaruli muxti _ minimaluri muxti, 
ro �melic elementarul nawilakebs (eleqt-
rons, protons) gaaCniaT. eleqtronis muxtia  
e = – 1,6 10-19 k, protonis muxtia p = 1,6 10-19 k.

eleqtronis muxti _ eleqtruli muxtis gayo-
fadobis zRvruli sidide, ris gamoc mas uwo-
deben elementarul muxts. 

eleqtruli muxti _ eleqtromagnituri ur-
TierTqmedebis intensivobis (Zalis) ganmsazRv-
reli fizikuri sididea.

eleqtruli muxti diskretulia _ dakvantu-
lia, anu yvela sxeuli Seicavs elementaruli 
muxtis jerad muxts.

eleqtruli Camiweba, damiweba — manqanebis, apa-
ratebis, xelsawyoebisa da misTanebis eleqt-
ruli SeerTeba miwasTan. daniSnulebis mixed-
viT ganasxvaveben damcav Camiwebas (adamianebs 
icavs eleqtruli deniT dazianebisagan, mag., 
eleqtruli manqanebisa da aparatebis korpu-
sebis Camiweba) da muSa Camiwebas (mag., trans-
formatorebis an radioteqnikuri antenebis, 
neitraluri wredebis Camiweba). Camiweba xdeba 
Camamiweblis (foladis milebi, zolebis, mav-
Tulebis da a. S.) daxmarebiT.

elva — giganturi eleqtruli ganmuxtva at-
mosferoSi, romelsac Tan sdevs quxili. elvas 
win uswrebs Rrublis daeleqtroeba, sxvadasx-
va niSniT damuxtuli nawilakebis gancalkeveba 
da mniSvnelovani sididis muxtebis warmoqmna.

vakuumi _ yoveldRiur cxovrebaSi aris rai-
me moculoba sivrceSi, romelSic (TiTqmis) ar 
aris materia. termini momdinareobs laTi nuri 
sityvidan, romelic cariels niSnavs. klasiku-

ri idealuri vakuumis cneba, romelic gulisx-
mobs, rom airis wneva unda iyos nulis toli, 
mxolod abstraqtuli cnebaa da realobaSi 
arasodes realizdeba.

intensiuroba _ daZabuloba, gaZliereba.

kvanti _ fizikaSi uwodeben raRac sididis 
ganuyofel nawils. zogadi saxelia energiis 
garkveuli porciebis. safuZvlad udevs war-
modgena kvantur meqanikaSi, rom zogierT 
fizikur sidideebs SuZliaT miiRon mxolod 
garkveuli sidideebi (amboben, rom fiziku-
ri sidide ikvanteba). calkeul SemTxvevebSi 
es sidide an misi cvlilebis biji SeiZleba 
iyos mxolod jeradi romelime fundamenturi 
mniSvnelobis. am ukanasknels uwodes kvanti. 
magaliTad, fotoni aris eleqtromagnituri 
velis kvanti, gravitoni _ hipoTeturi kvanti 
gravitaciuli velis, qrononi _ drois hipo-
Teturi kvanti.

kolaideri _ nawilakebis mZlavri amaCqareblis 
erT-erTi tipi, romelic agebulia safrange-
Tisa da Sveicariis sazRvarze.

materia _ yvelaferi, rac samyaroSi arsebobs 
Cvengan damoukideblad.

roboti _ manqana, romelsac gansazRvruli 
programis mixedviT SeuZlia sxvadasxva amoca-
nis damoukideblad Sesruleba. termini „robo-
ti“ SemoiRo Cexma mweralma karel Capekma.

sasinji muxti _ erTeulovani dadebiTi werti-
lovani muxti, romelsac iyeneben eleqtros-
tatikuri velis aRmosaCenad da Sesaswavlad. 
aRniSnaven q

0
-iT.

sivrce — samganzomilebiani usazRvro are, ro-
melSic mimdinareobs movlenebi da sxeulebs 
aqvT erTmaneTis mimarT garkveuli mdebareo-
ba.

superpoziciis principi _ mtkicebuleba, rom-
lis Tanaxmadac ramdenime damoukidebeli faq-
toris efeqti calke aRebuli yoveli faqto-
riT gamowveuli efeqtebis jamia.

centruli Zala _ Zala, romlis sidide damo-
kidebulia urTierTqmed sxeulebs Soris man-
Zilze da mimarTulia maT centrebs Soris Se-
maerTebeli wrfis gaswvriv.

ciklotroni — nawilakebis amaCqareblis erT-
erTi tipi, romelic gamoigona amerikelma mec-
nierma ernest lourensma 1932 wels.

wertilovani muxti _ damuxtuli sxeuli, rom-
lis zomebi gacilebiT naklebia im manZilTan 
SedarebiT, romelzec ganixileba sxva muxteb-
Tan urTierTqmedeba.

mcire ganmartebiTi leqsikoni
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amperi  andre mari ­ gv. 26

axloqmedebis Teoria ­ gv. 26

arapolaruli dieleqtriki­ gv. 51

bejamen franklini ­gv.18

gamtari _ gv. 48

grexiTi saswori ­ gv 30

daeleqtroeba­gv 18

damuxtvis xerxebi ­ gv. 22, 23

daZabuloba ­ gv. 42

dieleqtrikis polarizacia ­ gv.52

dieleqtrikuli SeRwevadoba ­ gv. 52

eleqtruli veli ­ gv. 26

eleqtruli Zala ­ gv.42

eleqtrostatika ­ gv. 23

eleqtrostatikuri veli ­ gv.26

eleqtroskopi ­ gv. 27

eleqtruli dipoli ­ gv. 51

eleqtrometri ­ gv. 27

eleqtruli mudmiva ­ gv. 31

eleqtrostatikuri induqcia ­ gv. 49

eleqtroni ­ gv.18

elementaruli muxti ­ gv. 19 

eleqtruli muxti ­ gv. 19

eleqtrotevadoba ­ gv. 67

eleqtruli velis energiis simkvrive ­ gv. 73

erTgvarovani veli ­ gv. 44

energia kondensatoris eleqtruli velis  ­ gv. 72

volti ­ gv. 53

Tales mileTeli ­  gv. 18

Tavisufali eleqtronebi ­ gv. 48 

ioni ­ gv.18

kuloni ­ gv. 30, 31

kulonis kanoni ­ gv. 31

kulonuri Zala ­ gv. 31

kondensatori ­ gv. 68 

kondensatoris Semonafeni ­ gv. 70

kondensatoris muxti ­ gv. 70

kondensatoris eleqtrotevadoba ­ gv. 71

kondensatorebis paraleluri SeerTeba ­ gv. 74

kondensatorebis mimdevrobiTi SeerTeba ­ gv. 75

muSaoba eleqtruli Zalis ­ gv. 54

sagnobrivi saZiebeli



86

muxtebis aditiuroba ­ gv. 19

muxtis zedapiruli simkvrive ­ gv.49, 70 

muxtis Senaxvis kanoni ­ gv. 23

muxtis diskretuloba ­ gv. 19

milikenis cda ­ gv.25

polaruli dieleqtriki ­  gv. 51 

potencialuri veli ­  gv. 55

potencialuri energia ­ gv. 56

potenciali ­ gv. 57

potencialTa sxvaoba ­ gv. 60

sasinji muxti ­ gv. 42

superpoziciis principi ­ gv. 43

faradi ­ gv. 67

faradei maikl  ­ gv 26

centruli Zala ­ gv. 31

Zabva ­ gv. 60 

Zalwiri ­ gv. 44  

wertilovani muxti ­ gv. 31
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saSinao davalebis pasuxebi

Tavi 2

2.1
1. 2 . 1010  eleqtroni

2. ­9,6 . 10­9 k

3. 5 . 1011  eleqtroni

2.3
1. 6e

2. a – uaryofiTi,  

 b – dadebiTi

3. q/2

2.4
1. 3,64 . 10­30 kg; 14e 

2. 3e

2.6
2. 8,1 . 10­6 n

3. 1,25­jer

2.7
1. a_16­jer gaizrdeba,  

 b _16­jer Semcirdeba

2. 1,5 sm

3. 7 . 10­6 k

4. 2,2 . 1039­jer

5. 2,7 . 10­7 n

6. 15/16

7. 10 sm pirveli muxtidan

8. ­2q

9. 7,5 mm

10. 6 sm

11. 1,5 n

12. 2 mkk

2.9
1. 5 . 103 n/k

2. 9 . 106 n/k

3. 0,25 n

4. 2 sm

2.10
1. 9 . 10­3 n

2. 4 kq/a2

3. 50 kn/k

2.11
1. pirveli muxtidan 1 m

2. pirveli muxtidan 4 sm

3. 10 kn/k

4. 5 sm

5. 2925 n/k; 675 n/k

6. 280 n/k

7. 24 mkn

8. 14 erT.; 6 erT.

9. 1,6 . 1015 eleqtroni

2.11
1. 0; 22,5 kn/k

2. 73 g

3. 4 sm

2.12
1. 2,2­jer Semcirdeba

2. 9­jer gaizrdeba

3. 2,5

4. 2,3 sm

2.14
1. 3 . 10­5 j

2. 18 j; 18 j

2.15
≈3,5 kv/m; ≈5,6 kv

2.17
1. – 10 mkj

2. 25 kv/m

2.18
1. 4 . 10­8 k

2. 0,1 mv

3. 10­3 j

4. 5000 v

5. ≈1 . 107 m/wm

6. 300 v

7. 540 v

8. 1,7 . 10­3 n/k

9. 2,275 kv

10. 0,8 mkn

11. –30 v

2.20
1. 2,9 . 10­3 k

2. 4 mkf

2.22
1. 1,8 nf

2. 1 sm

2.23
1. 10­3 j

2. 15 nf

2.24
1. a. 9 mkf;  b. 1,5 nf

2. 4,27­jer metia 

3. 1 mkf

2.25
1. 3

2. 3,5 mm

3. a. 1/3;  b. 3

4. 2v; 2­jer

5. 4

6. 2,86­jer

7. 1,5 mkf

8. 4/3

9. 1 mkf

10. 40 mkj

11. 3,2 . 106 m/wm




