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eqsperimenti

wignSi gamoyenebuli pirobiTi niSnebi

asruleb davalebas saswavlo Temis 

srulyofilad asaTviseblad.  

werilobiYT samuSaoebs Seasruleb 

saSinao davalebis rveulSi.

saSinao davaleba

kiTxvebis ga moye nebiT xels uwyob 

gakveTilis Temis gagebasa da 

gaazrebas.

 gaazreba

mocemul kiTxvaze pasuxis gacemiT 

cxovrebiseul gamocdilebas an 

winare codnas ukavSireb saswavlo 

Temas.

ifiqre da imsjele

eqsperimenti, romelsac realurad 

ver Seasruleb da mxolod 

misi gaazrebaa SesaZlebeli 

individualurad an jgufTan 

erTad.

azrobrivi eqsperimenti

atareb eqsperiments 

maswavlebelTan da jgufTan 

erTad.



Seiswavli:
 eleqtrul dens da mis maxasiaTebel fizikur sidideebs;

 omis kanons wredis ubnisaTvis;

 gamtarebis mimdevrobiT da paralelur SeerTebas;

 eleqtruli denis muSaobasa da simZlavres, joul-lencis kanons;

 eleqtromamoZravebel Zalas da omis kanons Caketili wredisaTvis; 

 eleqtrul dens sxvadasxva garemoSi. 

SeZleb da daeuflebi:
 eleqtruli gamtareblobis daxasiaTebas nivTierebis agebulebis mixedviT; 

 msjelobas liTonebSi, airebsa da siTxeebSi denis warmoqmnis meqanizmis 

Sesaxeb;

 wredebis awyobas gamtarebis paraleluri da mimdevrobiTi SeerTebis 

gamoyenebiT; 

 msjelobas denis muSaobisa da simZlavris Sesaxeb; 

 problemaze orientirebuli amocanebis amoxsnas;

 msjelobas zegamtarobis movlenis Sesaxeb;

 msjelobas n da p tipis naxevargamtarebis kontaqtis Sesaxeb misi teqnikaSi 

gamoyenebis TvalsazrisiT.

Tema2.  mudmivi denis kanonebi

5
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sur. 2

sur. 3

me-18 saukunis bolos alessandro voltas mier mudmivi 
denis wyaros Seqmnam kacobriobis yofa radikalurad Secva-
la. es teqnikuri progresis dasawyisi iyo. dedamiwaze sanT-
lis Suqi kaSkaSa eleqtronaTurebiT Seicvala (sur. 2). kos-
mosidan RamiT gadaRebul fotoze kargad Cans naTurebiT 
ganaTebuli dedamiwa (sur. 1). 

droTa ganmavlobaSi adamianebma Seqmnes maRal teq nolo-
giu  ri xelsawyoebi, romlebic eleqtrul energiaze muSao-
ben. eleqtruli veli gamtarSi muxtebis moZraobis dros 
eleqtruli ener giis xarjze asrulebs muSaobas.

eleqtruli deni aris eleqtruli velis gavleniT 
 muxtebis mimarTuli, mowesrigebuli moZraoba.

eleqtruli denis arsebobis aucilebeli pirobebia _ 
garemoSi (myar sxeulSi, siTxeSi, airSi) Tavisufali mux-
tebis arseboba da eleqtruli veli (ix. fizika X kl, I naw. 
gv.48). Tavisu fali muxtebi nivTierebaSi qaosurad moZrao-
ben (siTburi moZraoba) (sur. 3a). eleqtruli velis gavleniT 
Tavisufali muxtebi mimarTul, mowes rigebul moZraobas 
iwyeben da gamtarSi eleqtruli deni warmoiqmneba (sur. 3 b).

eleqtruli deni raodenobravad xasiaTdeba fizikuri si-
didiT _ denis ZaliT.

denis Zala (I) aris fizikuri sidide, romelic ganisazR­
v reba gamtaris ganivkveTSi gamavali (q) muxtis fardobiT 

(∆t) drois im SualedTan, romlis ganmavlobaSic es muxti 

gadioda. 
   

       

q

∆t
I =        

       
(1)

SI-Si denis Zalis erTeulia amperi, rac frangi mecni  e-
ris andre mari amperis pativsacemad ewoda.

erTi amperi (a) aris iseTi denis Zala, rodesac gamtaris 

ganivkveTSi erT wamSi erTi kuloni muxti gadis: 

    
k

wm
1 a = 1        .

davuSvaT, q muxti ∆t drois ganmavlobaSi gadis wrfivi 
gamtaris ∆l monak veTSi, romelic SemosazRvrulia S far-
Tobis mqone ganivkveTebiT (sur. 4). am ubanze q muxtis 
mowes rigebili moZraobis saSualo siCqaris moduli iqneba: 

 

atomis bmuli 
eleqtronebi

a
 

b E = 0
→

E = 0
→

Tavisufali 
eleqtronebi

ifiqre da imsjele

rogor Secvala 

dedamiwaze adamianis 

yofiereba eleqtruli 

energiis wyaros 

Seqmnam (sur. 1)?

eleqtruli deni. denis Zala2.1.

sur. 1
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∆l
∆t

υ =                                               (2)   

Tu muxtis gadamtani nawilakebis raodenobaa moculo-
bis erTeulSi n (koncentracia) da q0 erTi nawilakis muxti, 
maSin moculobis erTeulSi muxtis sidide iqneba nq0, xolo  
V = S∆l moculobaSi muxti iqneba q = q0 nS∆l. amitom denis 
Zala gamoiTvleba formuliT:

 
q q0nS∆l
∆t

I =       =                  .
∆t

   

formula (2)-is gaTvaliswinebiT, miviRebT:

         I = q0nSυ                               (3) 

    J =      = q0nυI

S  
 
      (4)

J sidides ewodeba denis simkvrive. 

SI-Si denis simkvrivis erTeulia _  
a
m2  .

irkveva, rom liTonebSi Tavisufali eleqtronebis mimarTu-
li, mowesrigebuli moZraobis siCqare lokokinas siCqareze 
mcirea. amave dros, gamtarSi eleqtruli veli daaxloebiT   
c = 300 000 km/wm siCqariT vrcel deba. amitom wredSi CamrTve-
lis CarTvisTanave, eleqtruli veli aseTi siswrafiT moq-
medebs mTel wredSi arsebul yvela Tavisufal muxtze, isini 
praqtikulad erTdroulad iwyeben mowesrigebul, mimarTul 
moZraobas da deni momentalurad aRiZvreba. sur. 4

1. ra raodenobis eleqtroni gaivlis eleqtrouToSi 10 wT-Si, 
Tu denis Zala aris 3 a?

2. gamoTvale eleqtronebis mowesrigebuli, mimarTuli moZ-
raobis siCqare gamtarSi, romlis ganivkveTis farTobia 5 mm2, 
denis Zalaa 10 a, Tavisufali eleqtronebis koncentraciaa 
5 .1028 m–3.

3. warmoidgine, everestis mTis mwvervalze (simaRle 8848 m) 
naTuraa, romelic eleqtruli sadenebiTaa dakavSirebuli 
zRvis doneze arsebuli eleqtrosadguris denis wya rosTan. 
gamoTvale: a. CamrTvelis CarTvisas ra droSi ainTeba naTu-
ra mwvervalze; b. ra dro dasWirdeba gamtarSi eleqtronis 

gadaadgilebas denis wyarodan mwvervalamde.

1. imsjele, ratom inTeba naTura CarTvisTanave, roca damux-

tuli nawilakebis mimarTuli, mowesrigebuli moZraobis 

siCqare sakmaod mcirea? 

2. me-5 suraTze gamosaxuli, gamtarSi gamavali muxtis sididis 

droze damokidebulebis grafikebis mixedviT: a. imsjele, 

romel gamtarSia meti denis Zala; b. gamoTvale denis Zala 

TiToeuli gamtarisaTvis; g. Seadare msjelobiT miRebuli 

Sedegi formuliT gamoTvlils.    

andre mari amperi

(1775 -1836)

 

 

sur. 5

0

1

1

2

2

3

3

4

4

I

II

q,k

t,wm

denis Zalis 

jeradi 

erTeulebi:

1 ma = 1•10­3a

1 mka = 1•10­6a

A

B

saSinao davaleba

 gaazreba

­

­

­ ­
S

E

S

­

υ∆t

∆l

+-
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sur. 8

dens, romlis sidide da mimarTuleba droSi ar icvleba, 
mudmivi deni ewodeba.

eleqtruli denis mimarTulebad pirobiTad miCneulia 
gamtarSi dadebiTi muxtebis moZraobis mimarTuleba. anu 
denis mimarTuleba emTxveva eleqtruli Zalis moq medebiT 
dadebiTi muxtebis (mag., dadebiTi ionebis) moZraobis mimar-
Tulebas maRali potencialis mqone ubnidan dabali poten-
cialis mqone ubnisaken. 

mudmiv dens mudmivi denis wyaro qmnis U(sur. 7). arsebobs 
sxvadasxvagvari mudmivi denis wyaro: galvanuri elementi, 
akumulatori, mzis elementi, Termoelementi da sxv. denis 
wyaros ori polusi aqvs: dadebiTi da uaryofiTi. dadebiT 
poluss maRali potenciali aqvs, uaryofiTs ki _ dabali. 

nebismier denis wyaroSi araeleqtruli bunebis, mag., qi-
miuri,  magnituri, sinaTlis, siTburi moqmedebiT aRZruli, 
Zalebis moqmedebiT xorcieldeba muxtebis gancalkeveba da 
maTi dagroveba polusebze. 

eleqtruli denis wyaro da masTan sadenebiT Seer Te buli 
gamtarebi qmnian eleqtrul wreds (sur. 6 a).

eleqtruli wredis elementebi aRiniSneba simboloebiT 
(sur. 8). aseve, SesaZlebelia am simboloebiT eleqtruli wre-
dis sqematurad gamosaxva (sur. 6 b). 

b

(rezistori)

+
­

denis wyaro

winaRoba

naTura

eleqtrozari

CamrTveli SemaerTebeli 
sadenebi

reostati

ampermetri

damcveli

voltmetri koWa gulariT

eleqtroZrava momWerebi

A V

gamtarebis 
gadakveTa

A

sur. 6

a

sur. 7

galvanuri elementi

mzis elementi

Termoelementi

akumulatori

ifiqre da imsjele

ratom gamosaxaven 

eleqtrul wredebs 

sqemebiT (sur. 6)?

eleqtruli wredi 2.2.
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1. me-11 suraTze gamosaxulia  gamtarebis Sereuli SeerTebis wredi  da Sesabamisi 

sqema. imsjele, rogor aris wredSi CarTuli:  a. A nTura;  b. B da C naTurebi; g. A, 

BB da C naTurebi?

eleqtruli wredis elementebi SeiZleba SeerTebuli iyos 
mimdevrobiT an paralelurad. aseve, SeiZleba gamtarebis  
Sereuli SeerTeba.

mimdevrobiT SeerTebisas wredis erTi elementis bolo 
uerTdeba meore elementis dasawyiss (sur. 6 a, b). paralelu-
ri SeerTebisas wredSi CarTuli yvela elementis erTi bolo 
Tavs iyris erT wertilSi (A), xolo meore _ (B) wertilSi  
(sur. 10 a, b).

denis Zalas zomaven xelsawyo ampermetriT (sur. 9), ro-
melic wredSi mimdevrobiT irTveba. idealur ampermetrs 
mci re winaRoba aqvs. igi praqtikulad ar cvlis wredSi gama-
val denis Zalas (sur. 6 a). mudmivi denis ampermetris erT-erT 
mom Werze aRniSnulia `+~ niSani. Ees momWeri wredSi Car Tvisas 
mudmivi denis wyaros dadebiT polusTan unda iyos SeerTe-
buli, raTa xelsawyo ar daziandes. 

2.  imsjele eleqtruli wredis elementebis Sesaxeb da daxaze wredis sqema 
(sur. 12). gamoTvale, ra raodenobis muxti gadis naTuraSi 5 wT-Si.

b
a

sur. 9

sur. 11

sur. 12

 

C

B A

mA

b

sur. 10

A B

A B

B
A

C

a

I1

I2

II

 gaazreba
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3. imsjele, me-13 suraTze gamosaxuli wredebidan romel 

wredSi anTia naTura.  

4. me-14 suraTze gamosaxuli sqemis mixedviT imsjele, rom-

eli naTura anTia wredSi.

sur. 14

 

mA

sur. 16

1. binas aqvs ori Semosasvleli kari. rogori unda iyos 

TiToe ul karze moTavsebuli CamrTvelis (Rilakis) eleq-

trozarTan SeerTebis sqema, rom SesaZlebeli gaxdes ori-

ve Rilakis meSveobiT zaris darekva?

2. eleqtruli sqemebis mixedviT, rogor mdgomareobaSi unda 

iyos k1 da k2 CamrTvelebi, rom: a. naTura inTebodes zaris 

rekvisas; b. naTura inTebodes maSin, roca zari ar rekavs  

(sur.15 a, b).

3. erT naTuraSi denis Zala 0,5 a-ia, meore naTuraSi ki  

10 wT-Si gadis 540 k muxti. ra Tanafardobaa denis Zalebs 

Soris?

4. gamoTvale denis Zala liTonis gamtarSi, romlis ga-
nivkveTis farTobia 1,25 mm2, Tavisufali eleqtronebis 
kon centraciaa 1023 sm–3, xolo eleqtronebis mowes-
rigebuli moZraobis siCqarea 4  .10–5 m/wm.

5. daxaze eleqtruli wredis sqema (sur. 16). xelsawyo ebis 

Cvenebebis mixedviT gamoTvale wredSi gasuli muxtis si-

dide, Tu wredis CarTvisas  wammzomis Cveneba nulis to-

lia.

sur. 13

 
b g da

+ + ++

I
II III

+

sur. 15

a

b

 

k1

k1

k2

k2

saSinao davaleba
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eleqtruli wredis 
eqsperimentuli kvleva 2.3.

I. mocemuli gaqvs: DnaTura sadgariT, 

ori CamrTveli, SemaerTebeli sade-

nebi, mudmivi denis wyaro (akumu-

latori an jibis farnis batarea), 

eleq trozari.

msvleloba: suraTze mocemuli 

xelsaw yoebis mixedviT daxaze sqe-

ma Sesabamisi simboloebis gamoye-

nebiT da aawyve wredi ori SemTx-

vevisaTvis:

 gamoiyene mxolod erTi Cam rT veli. eleqtrozari da naTura ise gana-

lage, rom CamrTvelis  CarTvisas orive maTgani erTdroulad CairTos.

 gamoiyene orive CamrTveli. wredSi eleqtrozari da naTura ise 

 ganalage, rom erTi CamrTvelis CarTvisas ainTos naTura, xolo meores 

CarTvisas darekos zarma.

II. mocemuli gaqvs: Dori naTu-

ra sadgariT, ori CamrTveli, 

SemaerTebe li sadenebi, mudmivi 

denis wyaro  (akumulatori an ji-

bis fanris bata rea).

msvleloba: daxaze wredis sqema, 

romlis mixedviTac erTi CamrTve-

li CarTavs erT naTuras, xolo 

meore – orives erTad da aawyve 

wredi.

III. mocemuli gaqvs: Dori naTura sad-

gariT, ori CamrTveli, eleqtro-

zari, SemaerTebe li sadenebi, mud-

mivi denis wyaro  (akumulatori an 

jibis farnis bata rea,).

msvleloba: daxaze wredis sqema, 

romlis mixedviTac erTi CamrTve-

li CarTavs erT naTuras, xolo 

meore – naTurasa da zars. aawyve 

wredi.

 eleqtruli wredis awyoba
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denis wyaros mier Seqmnili eleqtruli velis gav leniT 
muxtebi gadaadgildeba wredis ubnis erTi wertilidan 
meoreSi (mag., A-dan B-Si, sur. 18). eleqtruli veli muxtis 
gadaadgilebisas asrulebs muSaobas. AmuSaobis Sesasruleb-
lad eleqtrul vels gaaCnia energia. Eeleq truli velis 
energetikuli maxasiaTebelia eleq truli Zabva (poten­

cialTa sxvaoba) an ubralod Zabva. 
Zabva (U) aris fizikuri sidide, romelic gamoiTvleba 

eleqtruli velis mier wredis erTi wertilidan meo­

reSi muxtis gadaadgilebisas Sesrulebuli muSaobis (A) 

SefardebiT am muxtis sididesTan (q).

                                                
U

A
q

=
 
.                                          (1)

SI-Si Zabvis erTeulia 1 volti (v).

Zabva velis or wertils Soris aris erTi volti, Tu 
am wertilebs Soris 1kuloni muxtis gadaadgile baze  
1 jouli muSaoba sruldeba.

eleqtruli denis maxasiaTebeli sidideebis arsis gasaaz-
reblad SesaZlebelia analogiis gatareba eleqtrul densa 
da wylis dinebas Soris. 

sityva deni, warmoiSva sityvidan _ dineba. milebSi sxva-
dasxva siTxe miedineba, mdinareSi _ wyali, xolo gamtareb-
Si _ `eleqtruli muxti~.

mdinaris dinebisas wyalze moqmedebs simZimis Zala, ro-
melic asrulebs A = mgh muSaobas (m wylis masaa, g _ gravi-
taciuli velis maxasiaTebeli sidide (Tavisufali vardnis 
aCqareba), h _ manZili wylis doneebs Soris).

1 kv = 1000 v

1 mv = 0,001 v

Zabvis jeradi da 

wiladi erTeulebi:  

1 kilovolti (1 kv),  

1 milivolti (1 mv).

sur. 18

gravitaciuli 

veli

eleqtruli 

veli

m q

g E

h d

analogia gravitaciuli

da eleqtruli velis zogierT 

maxasiaTebels Soris

A

A B

V

+

wylis nakadi

d
en

i

eleqtroni

wylis 
vardnis 
simaRle

tumbo

Zabvis vardna

denis wyaro

ifiqre da imsjele

ra analogiaa 

eleqtrul densa 

da wylis dinebas 

Soris (sur. 17)?DA 

Zabva2.4.

sur. 17

h
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erTgvarovani Ggravitaciuli da eleqtruli velis fizi-
kuri sidideebis ana logiidan gamomdinare (m → q, g → E, h → 

d), eleqtruli denis mier Sesrulebuli muSaoba iqneba:
A = qU  (2),      sadac        U = Ed.                

 

amrigad, eleqtruli velis mier Sesrulebuli muSaoba 
damokidebulia gamtaris ganivkveTSi gasuli nawilakebis 
jamur  muxtsa da Zabvaze velis or wertils Soris, romel-
Tac gansxvavebuli potencialebi aqvT (U = ϕ

1
 – ϕ

2
).

rac metia wylis doneTa sxvaoba (sxvaoba sawyisi da sabo-
loo wertilebis potencialur energiebs Soris), miT metia 
simZimis Zalis mier Sesrulebuli muSaoba. aseve, rac metia 
Zabva (potencialTa sxvaoba) wredis ubanze, miT metia eleq-
truli velis mier Sesrulebuli muSaoba.

Zabvis gasazomad iyeneben xelsawyo voltmetrs, romelic 
wredis ubanze paralelurad irTveba. is ar cvlis wredSi 
gamaval denis Zalas, radgan idealur voltmetrs Zalian 
didi wi naRoba aqvs. voltmetri praqtikulad ar atarebs dens  
(sur.19). mudmivi denis voltmetris momWeri, romelzec `+~ 
ni Sania aRniSnuli uerTdeba mudmivi denis wya ros dadebiT 
poluss. 

1. wredis ubanze 2 mk muxtis gadaadgilebisas  sru ldeba 80 mj muSaoba. gamoTvale 

Zabva wredis am ubanze.

2. 120 v Zabvisas naTuris varvarebis ZafSi gadis 50 k muxti. gamoTvale eleqtruli 

velis mier Sesrulebuli muSaoba.

1. imsjele da daadgine analogia wredSi gamaval eleqtrul 

densa (sur. 20) da milSi wylis dinebas Soris. azrobrivad 

daakavSire maT Soris Sesabamisoba. Seavse cxrili.

sur. 20

sur. 21

b

deni

Zabva eleqtruli 
wredi

winaRoba

deni

a

 

sur. 19

 
da b

+
+ +

9v

wylis nakadi

wylis nakadi

tumbo

mi
l

is
 S

ev
iw

r
o

ve
b

a

milTa sistematumbo

a b g d

1

2

3

4
a. wylis milebis Caketili sistema;

b. milis SeviwroebiT ga mowveuli winaRoba;

g. wylis dineba;

d. wylis wnevaTa sxvaoba, romelsac qmnis tum bo.

2. imsjele, suraTze gamosaxul romel sqemazea sworad CarTu-

li ampermetri da voltmetri (sur. 21).

1. muxtis dineba;

2. Zabva, romelsac qmnis denis wya ro;

3. naTuris winaRoba;

4. Caketili wredi.

saSinao davaleba

 gaazreba
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2.5. eleqtruli denis maxasiaTebeli fizikuri 
sidideebis eqsperimentuli kvleva

denis Zalis  gazomva wredis sxvadasxva ubanze

I. mocemuli gaqvs: mudmivi denis wyaro,  sxvadasxvanairi, ori, sadgariani naTu-

ra (an rezistori),  ori ampermetri, CamrTveli, SemaerTebeli sadenebi.  

msvleloba: suraTis mixedviT daxaze sqema da aawyve wredi. mimdevrobiT Seaer-

Te naTurebi da ampermetrebi. CarTe CamrTveli. ampermetriT gazome denis 

Zala wredis sxadasxva ubanze. Seadare ampermetris Cvenebebi da gamoitane 

daskvna.

II. mocemuli gaqvs: mudmivi denis wyaro, sxvadasxva winaRobis ori naTura  sad-

gariT (an rezistori),  voltmetri,  CamrTveli, SemaerTebeli sadenebi. 

msvleloba: 

 suraTis mixedviT daxaze sqema da aawyve wredi. CarTe CamrTveli, voltmet-

riT  gazome Zabva  wredis sxvadasxva ubanze (jer I naTuraze, Semdeg II-ze). 

Seadare voltmetris  Cvenebebi da gamoitane daskvna.

 suraTis mixedviT daxaze sqema da aawyve wredi. CarTe CamrTveli, voltmet-

riT gazome  Zabva I da II naTuraze erTad. Seadare voltmetris  Cveneba wina 

eqsperimentSi miRebul Sedegs da gamoitane daskvna.

 

V

I

I

I

II

II

II

Zabvis   gazomva wredis sxvadasxva ubanze 

V
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gamtarebis winaRoba.  
omis kanoni wredis ubnisaTvis

2.6.

sur. 23

georg simon omi

(1789 -1854)

nivTierebebs, romlebSic Tavisufali muxtebis koncen­

tracia maRalia (1022 _ 1023 sm­3) gamtarebi ewodeba. 

eleqtruli denis kargi gamtarebia liTonebi, mag., vercx-
li, spilenZi, alumini, oqro. 

nivTierebebs, romlebSic Tavisufali muxtebis koncen­

t racia Zalian dabalia (105 _ 1011 sm­3), izolatorebi (di­

eleqtriki) ewodeba.

mag., xe, plastmasi, rezini  kargi izolatorebia.
nivTierebebs, romlebSic Tavisufali muxtebis koncen­

tracia Sualeduria gamtarebsa da dieleqtrikebs Soris  

(1010 _ 1019 sm­3) da mniSvnelovnad izrdeba ganaTebiT, gaT­

bobiT an sxva zemoqmedebiT, naxevargamtarebi ewodeba. 

nivTierebas, Tavisi struqturis gamo, aqvs Tviseba winaaR-
mdegoba gauwios masSi gamaval dens. gamtaris am Tvisebas 
eleqtrul winaRobas uwodeben. 

1826 wels germanelma fizikosma georg simon omma eqsperi-
mentulad daadgina liTonis gamtarebSi denis Zalas, Zabvasa 
da wina Robas  Soris damokidebuleba, rac omis kanonis saxe-
liTaa cnobili.

wredis ubanze denis Zala (I) pirdapirproporci ulia 

Zabvisa (U) da ukuproporciulia am ubnis  winaRobisa (R).

    I
U

R
=                         (1)

 
aqedan,         R

U

I
=                   (2) 

radgan wredis mocemul ubanze denis Zala Zabvis pirda-
pirproporciulia, Zabvis denis Zalaze ganayofi mudmivi 
sidide iqneba. am ganayofs wina Roba uwodes, winaRobis er-
Teuls, georg simon omis pativsacemad,  ki _ omi.

erTi omi aris iseTi gamtaris wi naRoba, romlis boloeb­

ze erTi volti Zabvisas  masSi gamavali denis Zala erTi am­

peria.

winaRobas zomaven ommetriT (sur. 23).

 

 

ifiqre da imsjele

ra damokidebulebaa 

denis Zalasa da 

Zabvas Soris wredis 

ubanze (sur. 22)?  

sur. 22
2 4 6 8 U,v0

1

2

3

4

I,a
R = const

I ~ U A

V

R

a b
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1. 24-e suraTze gamosaxuli denis Zalis Zabvaze damokidebu-

lebis grafikis (volt-amperuli maxasiaTebeli) mixedviT 

gamoTvale A, B, C wertilebis Sesabamisi winaRoba. Seadare 

isini da imsjele, ratom miiRe winaRobebis erTi da igive 

mniSvne loba. 

2. imsjele da Seadare ori gamtaris winaRoba 25-e suraTze  

gamosaxuli volt-amperuli maxasiaTeblis mixedviT. rome-

li grafiki Seesabameba meti winaRobis gamtars?

3. imsjele, rogor Seicvleba gamtaris winaRoba Zabvis orjer 

gazrdisas.

nebismieri tipis gamtarisaTvis, miuxedavad misi agrega-
tu li mdgomareobisa (myari, Txevadi, airovani), arsebobs 
garkveuli damokidebuleba denis Zalasa da Zabvas Soris.

am damokidebulebis gamomsaxvel grafiks volt-amperuli 
maxasiaTebeli ewodeba.

volt-amperuli maxasiaTebeli nivTierebisaTvis myar, 
Txe vad da airovan mdgomareobaSi gansxvavebulia erTmane-
Tisgan. liTonebisaTvis garkveul temperaturul inter-
valSi volt-amperuli maxasiaTebeli koordinatTa saTa-
veze gamavali wrfea (sur. 24).  formula (1)-dan, Zabva wredis 

ubanze:

U = IR;

zogjer denis Zalisa da ubnis winaRobis namravls uwode-
ben Zabvis vardnas am ubanze.

sur. 25

sur. 26

1. eleqtruli wredis sqemis mixedviT: a. ra Zabvas uCvenebs 

voltmetri (sur. 26 a)? b. ra denis Zalas uCvenebs ampermet-

ri (sur. 26 b)?

2. varvarebis naTurasTan CarTuli voltmetris Cveneba120 

v-ia, ampermetrisa _ 0, 5 a. gamoTvale naTuris winaRoba.

3. wredis ubanze CarTul rezistorze denis Zalaa 5 a, Zab-

va ki 220 v. gamoTvale denis Zala rezistorSi Zabvis 110 

voltamde Semcirebisas?

4. denis Zala naTuraSi 0,7 a-ia. Mmisi winaRoba 310 omia. gamoT-

vale Zabva, romelic modebulia naTuraze.

5. gamtarSi 35 v Zabvis dros denis Zala 0,7 a-ia. ras udris am 

gamtaris winaRoba?

6. aage denis Zalis Zabvaze damokidebulebis  gra fiki, Tu  

3 v Zabvisas gamtarSi denis Zala 0,5 a-ia. gamoTvale gam-

taris winaRoba.

R = 50 omi

U = 100 v

A

V

I = 0,6 a

R = 20 omi

A

V

+

+

sur. 24

2 4 6 8 10 12 U,v0

1

2

3

4

I,a

A

B

C

a

b

 

 

2 4 6 8 10 12 U,v0

1

2

3

4

I,a

I

II

saSinao davaleba

 gaazrebaA

B
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damokidebuleba  denis Zalasa da    winaRobas Soris 
mudmivi Zabvis dros

damokidebuleba  denis Zalasa da    Zabvas Soris 
ucvleli winaRobis dros

I. mocemuli gaqvs: denis wyaro, sxva-

dasxva wina Robis rezistorebi 

(1 omi, 2 omi, 4 omi),  ampermetri, 

CamrTveli, SemaerTebeli sadenebi.

msvleloba: Daawyve wredi da rig-

rigobiT CarTe sxvadasxva winaRo-

bis rezistori. TiToeul SemTx-

vevaSi ampermetriT gazome denis 

Zala da anaTvlebi Seitane cxril-

Si. 

 cxrilis monacemebis gamoyenebiT 

aage denis Zalis winaRobaze da-

mokidebulebis grafiki.

gamoitane daskvna:  Seadare cdis 

Sedegebi. rogor aris damokidebu-

li denis Zala winaRobaze mudmivi 

Zabvisas?

cdis # winaRoba R (omi) denis Zala I (a)

1

2

3

cdis #
Zabva gamtaris 

boloebze U (v)
denis Zala I (a)

1

2

3

II. mocemuli gaqvs: sxvada-

sxva  denis wyaro (1,5 v, 3 v da  

4,5 v) an kvebis bloki, rezis-

tori,  ampermetri, voltme-

tri, CamrTveli, Se maerTebeli 

sade nebi. 

msvleloba: aawyve wredi.   ga zo-

me  denis Zala da Zabva rezis-

toris boloebze. kvebis blo-

kis gamoyenebiT an sxva denis 

wyaros saSualebiT wred Si cvale 

Zabva da TiToeul SemTxvevaSi gazome 

Zabva da denis Zala mocemul winaRo-

baze. anaT vlebi Seitane cxrilSi. 

 cxrilis monacemebis gamoyene biT 

aage denis Zalis  Zabvaze  da mo kidebulebis grafiki.

gamoitane daskvna:  Seadare cdis Sedegebi. ra damokidebulebaa denis Zalasa  

Zabvas  Soris  ucvleli winaRobis dros?

1 omi

2 omi

4 omi

V

4 omi

 eqsperimentuli kvleva 2.7.
damokidebuleba denis Zalas, Zabvasa da winaRobas Soris 
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eqsperimentebis Sedegad dadginda, rom gamtarebis mim-
devrobiTi SeerTebisas denis Za la wredSi yvelgan erTi da 
igivea (sur. 28). winaaRmdeg SemTxvevaSi, muxtebi dagrovde-
boda wredis romelime ubanze. e. i., 

          I1 = I2 = I         (1)

U Zabva (anu potencialTa sxvaoba) wredis mocemul uban-

ze gamtaris boloebze arsebuli U1 da U2  Zabvebis jamis to-
lia (sur. 29). U

         U = U1 + U2                 (2)

Tu gamtaris winaRobebi TiToeul ubanze Sesaba misad, R1-

isa da R2-is tolia, ubnis sruli winaRoba ki aris R, maSin, 
omis kanonis Tanaxmad, Zabva wredis mocemul ubanze da 
TiToeul gamtarze iqneba:U

  U = IR;  U1 = I1R1; U2 = I2R2. (3)

SevitanoT me-(3) formulebi (2)-Si, maSin (1) formulis 
gaTvaliswinebiT, miiReba: 

              IR = IR1 + IR2,        aqedan        R = R1+R2                   
(4)

mimdevrobiTi SeerTebisas wredis sruli wina Roba 

tolia TiToeuli gamtaris winaRobaTa ja misa.

(3) formulebis mixedviT, Tu U1-s gavyofT UU2-ze, miviRebT:

                                              
U1 R1

U2 R2

=
                                                (5)

Zabva mimdevrobiT SeerTebul gamtarebze maTi 

 winaRobis proporciulad nawildeba.

Tu wredi Sedgeba n raodenobis mimdevrobiT SeerTebuli 

gamtarisagan, romelTa winaRobobebia, Sesa bamisad, R1, R2, ... 

Rn, maSin saerTo winaRoba iqneba (sur. 30):

R = R1 + R2 + ... + Rn

Tu R1 = R2 ... = Rn = r, maSin   R = n . r.

sur. 29

sur. 27

sur. 28

I

II

III

A

sur. 30

R1 R2 Rn

...

R1 R2

V

V1 V2

sur. 31

R1

I1

R2

I2

A

ifiqre da imsjele

rogor aris 

SeerTebuli 

naTurebi? ratom ar 

inTeba I da III naTura 

II naTuris gadawvisas 

(sur. 27)?

gamtarebis mimdevrobiTi SeerTeba2.8.
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1. wredSi mimdevrobiT SeerTebuli 4 rezistoris winaRobaa 

2 omi, 5 omi, 3 omi da 8 omi, denis Zalaa 2 a. gamoTvale Zabva  

wredis ubanze, TiToeul rezistorze da sruli  winaRoba.

2. mimdevrobiT SeerTebuli ori rezistoris saerTo wina-

Robaa 50 omi. erT-erTi maTganis winaRobaa 30 omi. wredis 

ubanze Zabva 100 v-ia. gamoTvale denis Zala wredis ubanze 

da Zabva TiToeul rezistorze.

3. wredis ubnis eleqtruli sqemis mixedviT, V2  voltmetris 

Cvenebaa 18 v. gamoTvale wredSi CarTuli danarCeni gamzo-

mi xelsawyoebis Cve nebebi (sur. 35).

4. wredis ubnis eleqtruli sqemis mixedviT, ras uCvenebs 

TiToeuli voltmetri, Tu ampermetris Cveneba 2 amperia 

(sur. 36)?

5. CamrTvelis 1 kontaqtTan CarTvisas ampermetri uCvenebs 

1 a denis Zalas, 2-Tan SeerTebisas – 4 a-s (sur. 37). gamoT-

vale TiToeuli rezistoris winaRoba, Tu momWerebze Zab-

va 12 v-ia. 

1. imsjele, ratom aris aucilebeli denis Zalis gazomvisas 

wredSi ampermetris mimdevrobiT CarTva. rezistorebis 

wina RobasTan SedarebiT, rogori winaRoba unda hqondes 

ampermetrs, rom wredSi denis Zala praqtikulad ar 

Seicvalos?

2. imsjele mimdevrobiT SeerTebuli naZvis xis  naTurebis 

anawyobis Sesaxeb, romlis TiToeuli naTura1 v Zabva zea 

gaTvaliswinebuli. ramdeni aseTi naTurisagan unda Sedge -

bodes anawyobi, Tu mas 220 v Zabvis qselSi CarTaven (sur. 

31)?

3. mimdevrobiT SeerTebulia 5 rezistori. TiToeulis wina-

Robaa 15 omi. imsjele wredis sruli winaRobis Sesaxeb.

4. imsjele suraTze gamosaxuli wredis Sesaxeb, Seadgine amo-

cana da amoxseni (sur. 32).

5. wredSi CarTulia sami rezistori (sur. 33). TiToeulis 

winaRoba 3 omia. eleqtruli sqemis mixedviT wredis A da 

B wertilebi SemaerTebeli sadeniTaa SeerTebuli (mokle 

CarTva). amitom R2 winaRobis rezistorSi deni ar gaivlis, 

radgan SemaerTebeli sadenis winaRoba gacilebiT naklebia 

rezis toris winaRobaze. imsjele wredis sruli wina Robis 

Sesaxeb da daadgine ampermetris Cveneba. 

6. eleqtruli wredis sqemis mixedviT imsjele: a. rogor aris 

CarTuli wredSi rezistori da kondensatori; b. ratom ar 

gaivlis deni wredSi (sur. 34). 

sur. 32

sur. 35

6 omi 2 omi
A

V1 V2

sur. 36

8 omi 4 omi
A

V

V1 V2

sur. 33

sur. 34

R2

R1

1
2

sur. 37

V

A
2 omi 3 omi 10 a

A B

A

12 v

5 omi

36 v

C

A

saSinao davaleba

 gaazreba

R1 R2 R3
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eqsperimentebis Sedegad dadginda, rom gamtarebis para-

leluri SeerTebisas Zabva wredis ubanze da R1 da R2 winaRo-
bis rezistorebze erTnairia (sur. 39).

    U = U1 = U2

muxtebis Senaxvis kanonis Tanaxmad, denis Zala wredis 
ubanze tolia wredis paralelurad Seer Tebul TiToeul 
gamtarSi gamavali denis Zalebis jamisa (sur. 40).

     I = I1 + I2  
(1)

Tu gamtaris winaRobebia, Sesabamisad, R1 da R2, maSin omis 
kanonis Tanaxmad, mTel ubanze da TiToeul gamtarSi denis 
Zala iqneba:

  
I

U

R
=       ;    

 
I1

U

R1

=       ;   
 

I2
U

R2

=       .   
         

(2)

Tu I1 -is mniSvnelobas gavyofT I2-ze, miviRebT: 
    R2I1

R1I2

=       .   
       
gamtarebis paraleluri SeerTebisas denis Zala 

TiToeul gamtarSi maTi winaRobebis ukuproporciu lia.

Tu me-(2) formulis gaTvaliswinebiT gamovsaxavT (1)-s, mi-
viRebT:

                    
UU U

R1R R2

=       +     anu    
11 1

R1R R2

=       +    
          

 (3)

paraleluri SeerTebisas wredis sruli winaRobis Se­

brunebuli sidide tolia TiToeuli gamtaris winaRo­

bebis Sebrunebuli sidideebis jamisa.

 me-(3)-dan,           R
R1 R2

R1 + R2

=       

Tu wredi Sedgeba n raodenobis paralelurad SeerTebu-
li gamtarisagan (sur. 41), romelTa winaRobebia, Sesa bamisad, 

R1, R2, ... Rn , maSin  Sesabamisad: 11 1

R1R Rn

=       + ... +                (4)              

Tu  R1 = R2 = . . . . . . = Rn = r, maSin saerTo wina Roba iqneba: 
            R

r
n

=       .                 (5)

sur. 38

sur. 39

sur. 40

sur. 41

I

II

III

R2

R1

V

V2

V1

R1

R2

Rn

... ...

R2

R1 I1

I2

I

A2

A1

A

ifiqre da imsjele

rogor aris 

SeerTebuli 

naTurebi? ratom 

inTeba I da III naTura 

II naTuris gadawvisas 

(sur. 38)?

gamtarebis paraleluri  SeerTeba2.9.
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1. imsjele, ratom aris aucilebeli  wredis ubanze   Zabvis 

gazomvisas voltmetris   paralelurad CarTva. rogori 

winaRoba unda hqondes voltmetrs, rom wredSi denis Zala 

ucvleli darCes?

2. imsjele wredis ubnis sruli winaRobis Sesaxeb, Tu  para-

lelurad SeerTebulia sami erTnairi winaRobis gamtari 

da TiToeulis winaRoba 18 omia.

3. eleqtruli sqemis mixedviT imsjele rezistorebis Seer-

Tebis Sesaxeb. gamoTvale wredis AB ubanze denis Zala, Tu 

R winaRobis gamtarSi   denis Zalaa I1 (sur. 42).

4. eleqtruli wredis sqemis mixedviT, imsjele: a. rogor 

aris CarTuli rezistorebi da kondensatori; b. gamoTvale 

wredis ubnis saerTo winaRoba eleq truli denis gavlisas, 

Tu R1 = 2 omi; R2 = 4 omi, R3 =10 omi, xolo kondensatoris 

tevadobaa C =10 mkf (sur. 43).

1. wredis ubanze paralelurad CarTulia ori naTura, ro-

melTa winaRbebia 24 omi da 12 omi. gamoTvale sruli wina-

Roba.

2. wredis ubanze paralelurad SeerTebulia sami rezistori, 

romelTa winaRobebia 2 omi, 4 omi da 5 omi. gamoTvale sru-

li winaRoba.

3. wredis ganuStoebel nawilSi ampermetris Cvenebaa  

1,6 a, xolo voltmetrisa – 120 v. rezistoris winaRoba  

R1 = 100 omi. gamoTvale R2 rezistoris winaRoba. ras aCvenebs 

A1 da A2 ampermetri (sur. 44)?

4. eleqtruli wredis mixedviT Seadgine da amoxseni amocana 

(sur. 45).

5. 1 omi, 2 omi da 3 omi winaRobis gamtarebi jer SearTes mim-

devrobiT, Semdeg _ paralelurad. gamoTvale, ra Tana-

fardobaa srul winaRobebs Soris.

6. suraTze gamosaxulia rezistorebis ramdenime ubnisgan 

Semdgari wredi, romlis saerTo winaRobaa 54 omi. TiToeu-

li rezistoris winaRoba 9 omia. ramdeni ubnisgan Sedgeba 

wredi (sur. 46)?

sur. 42

 

R1

R2 R3

C

sur. 43

sur. 45

A

V

7 omi
6 omi

6 omi

2 a

A B

R

2R

sur. 44

R2

R1

A

A1

A2

V

sur. 46

I
I1

I2

saSinao davaleba

 gaazreba

r r r r

rrrrrrrr

winaRobis Sebrunebul sidides gamtaroba ewodeba da 

aRi niSneba k asoTi.  1

R
k =  .
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gamtarebis mimdevrobiTi SeerTebis kvlevebi

gamtarebis paraleluri SeerTebis kvleva

2.10. eleqtruli wredis  
eqsperimentuli kvleva

I. mocemuli gaqvs: Dori sxvadasxva wina-

Robis naTura sadgariT, denis wyaro 

(akumulatori an bata rea), CamrTveli, 

SemaerTebeli sade nebi, ampermetri, 

voltmetri.

 msvleloba: (a) suraTis mixedviT 

aawyve wredi. wredis sxvadasxva uban-

ze ampermetriT gazome denis Zala. 

Seadare denis Zalis mniSvnelobebi 

wredis sxvadasxva ubanze. 

gamoitane daskvna: ra Tanafardobaa 

wredis sxvadasxva ubanze denis Zalebs 

Soris mimdevrobiTi SeerTebisas? 

 msvleloba: (b) suraTis mixedviT 

aawyve wredi. gazome Zabva  AB, CD da 

AD ubanebze. monacemebi Seitane cxrilSi.

gamoitane daskvna: ra Tanafardobaa Zabvebs Soris TiToeul naTuraze da wre-

dis am ubanze? 

denis Zala I (a) Zabva  U (v) winaRobaOBA  R (omi)

I. A I. B I. C U. AB U. CD U. AD R1 R2 R

V

 B  C  D

a

b A

V

V

II. mocemuli gaqvs: ori sxva dasxva winaRobis rezistori, denis  wyaro (akumula-

tori an batarea), CamrTveli, SemaerTebeli sadenebi, ampermetri, voltme-

tri.

msvleloba: sqemis mixedviT aawyve wredi. ampermetriT gazome denis Zala TiTo-

eul gamtarze da mTlian wredSi. voltmetriT gazome Zabva wredis AB ubanze, Sem-

deg gazome Zabva gamtaris boloebze. monacemebi Seitane cxrilSi. 

gamoitane daskvna: ra Tanafardobaa denis Zalebs Soris TiToeul gamtarsa da 

mTel wredSi? rogoria Zabva gamtaris 

boloebze da paralelurad SeerTebul 

wredis ubanze?

denis Zala I (a) Zabva  U (v)

I1 I2 I U1 U2 U

V

V

V

R1

R2
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amoxsna:

 a.  rodesac CamrTveli gamorTulia, maSin CamrTvelSi 
deni  ar gaivlis da rezistorebi CarTuli iqneba sur. 
48 a-ze gamosaxuli sqemis mixedviT. wredis mimdevrobiT 
SeerTebuli nawilebis winaRoba iqneba:

   r1 = R1 + R2 ;            r2 = R3 + R4.  
 wredis ubnis sruli (ekvivalenturi) winaRoba iqneba:

R
r1 r2

r1 + r2

=              

  maSasadame,

R
(R1 + R2) . (R3 + R4)=                                  = 1200 omi
(R1 + R2) + (R3 + R4)

pasuxi: 1200 omi.

 b. rodesac CamrTveli CarTulia, maSin paralelurad 
SeerTebuli wredis ubnebi, CamrTvelis mcire winaRobis 
gamo, SeiZleba erTmaneTTan mimdevro biT SeerTebulad 
CaiTvalos (sur. 48 b).

 pirveli ubnis sruli (ekvivalenturi) winaRoba iqneba:

r1

R1 R3

R1 + R3

=              = 450 omi

 meore ubnis sruli (ekvivalenturi) winaRoba iqneba:

r2

R2 R4

R2 + R4

=              = 450 omi

 wredis sruli winaRoba iqneba:

R = r1 + r2 = 900 omi

pasuxi: 900 omi.

amocana 2.

 wredSi CarTulia rezistorebi, romelTa  winaRobebia  

R1 = R6 = 3 omi,  R
2 

= R
4
 = 2 omi, R

3 
= 8 omi, R

5 
= 6 omi, a da b 

momWerebs Soris denis Zalaa 3 a. ras udris wredis ubnis 

sruli  winaRoba da Zabva momWerebze (sur. 49)?

amocana 1.

 wredSi CarTuli rezistorebis winaRobaa:    R1 = R4 = 600 omi;  

R2 = R3  = 1,8 komi. gamoTvale wredis ubnis (sur. 47) sruli 
winaRoba:  a. rodesac CamrTveli gamorTulia; b. rodesac 
CamrTveli CarTulia.

R1 R2

R3 R4

sur. 47

R2R1

R3 R4

R1 R2

R3 R4

a

b

 

 

sur. 48

amocanebis amoxsna 2.11.

sur. 49

R1 R2

R5 R3

R6 R4

a

b

c

d
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amocana 1.

 rogor icvleba gamtarSi eleqtruli denis Zala 50-e 

suraTze gamosaxuli grafikis TiToeuli ubnis mixed-

viT.  gamoTvale mudmivi denis dinebisas gamtarSi gasu-

li  muxtis sidide. 

amocana 2.

 eleqtruli sqemis mixedviT (sur. 51) gamoTvale wredis 

ubnis winaRoba, rodesac:  a.  K  CamrTveli CarTulia; b. K 

CamrTveli gamorTulia. 

amocana 3.

 toli winaRobis ori rezistori SeaerTes jer mim-

devrobiT, Semdeg paralelurad. ipove Tanafardoba:  

Rmimd/R par .

amocana 4.

 gamoTYvale wredSi paralelurad CarTuli 15 rezisto-

ris saerTo (ekvivalenturi) winaRoba, Tu TiToeulis 

winaRobaa 30 omi.

sur. 51

sur. 50

t, wm

I, a

20 40 600

2

4

6

 amoxseni amocanebi

R - ? U - ?

R
1 
= R

6
 = 3 omi

R
2 
= R

4
 = 2 omi

R
3 
= 8 omi

R
5 
= 6 omi

I
 
= 3 a

amoxsna:

K

ekvivalenturi sqema

R2

R1

R3 R4

R5

R6

R
2
, R

3  
da  R

4  
winaRobis rezistorebi SeerTebulia mimdevrobiT, 

amitom maTi sruli winaRoba R
234 

iqneba:  R
234 

= R
2 
+ R

3 
+ R

4 
= 12 

omi. 

R
234 

winaRoba SeiZleba Seicvalos 12-omiani ekvivalenturi wina-

Robis rezistoriT, romelic paralelurad iqneba SeerTebuli 

R
5 

winaRobis rezistorTan. maTi sruli winaRoba  R
2345  

iqneba:

R
234 R5

R
234

 + R5

R
2345 

=              = 4 omi.

mTeli wredis sruli winaRoba R iqneba: 

R
 
= R

1 
+ R

2345
+ R

6 
= 10 omi.

Zabva a da b momWerebze:      

U
 
= IR = 30 v.

pasuxi: 10 omi, 30 v.

a b

r r

r
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amocana 5.

 eleqtruli sqemis mixedviT (sur. 52) daadgine, ras 

uCvenebs  ampermetri, Tu denis Zala wredis ganuS-

toebel nawilSi  6 amperia. gamoTvale Zabva wredis 

AB ubanze, Tu r = 2 omi.  

amocana 6.

 gamoTvale wredis ubnis sruli winaRoba, romelic Sedge-

ba _ ori paralelurad da  mimdevrobiT SeerTebuli _  

4 erTnairi R = 12 omi winaRobis rezistorisagan.     

amocana 7.

  gamoTvale 53-e suraTze gamosaxuli wredis ubnis sruli 

winaRoba da denis Zala TiToeul rezistorze, Tu Zabva A 

da B momWerebze 12 v-ia.

amocana 8.

 sami naTura, romelTa winaRobebia 10 om, 25 omi,  

50 omi, SeerTebulia paralelurad da CarTulia  

100 v Zabvis wredSi. gamoTvale wredis sruli wina-

Roba, denis Zala wredSi da TiToeul naTuraSi.

amocana 9.

 wredis eleqtruli sqemis mixedviT (sur. 54) daadgine, 

ras aCvenebs ampermetri, Tu denis Zala wredis ganuStoe-

bel nawilSi 10 a-ia.                               

amocana 10.

 55-e suraTze gamosaxulia xuTi erTnairi, r = 0, 5 omi  

winaRobis rezistoris SeerTebis sqema. daadgine 

voltmetris Cveneba, Tu denis Zala wredis ganuStoe-

bel nawilSi 2 a-ia. 

amocana 11.

 72 omi winaRobis gamtari dayves ramdenime tol nawilad 

da SeaerTes paralelurad. paralelurad SeerTebuli 

wredis ubnis winaRoba 2 omis tolia. ramden nawilad 

dayves gamtari?

amocana 12.

 wredSi CarTuli TiToeuli rezistoris winaRobaa 6 omi 

(sur. 56). denis wyaros momWerebze Zabva 3 v-ia. gamoTvale 

denis Zala TiToeul rezistorze.

sur. 54

A
r

r

r r r

I

sur. 55

V

r

A B

r

r r r

I

sur. 56

r1

r2

r3

r4

2 omi 2 omi

1 omi

2 omi

sur. 53

sur. 52

A
r r r

r

r

A B
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I. gamtaris winaRobis nivTierebis  
gvarovnebaze damokidebu lebis kvleva

II. gamtaris winaRobis  mis sigrZeze  
damokidebulebis kvleva

III. gamtaris winaRobis mis ganivkveTis  
farTobze damokidebu lebis kvleva

mocemuli gaqvs:  sami erTnairi sigrZisa da ga-

nivkveTis farTobis sxvadasxva nivTierebis 

gamtari (magaliTad, spilenZis, niqromis an 

aluminis), Ddenis wya ro, CamrTveli, SemaerTe-

beli sadenebi, ampermetri.

msvleloba: suraTis mixedviT daxaze sqema da 

aawyve wredi. Ddenis wyarosTan rigrigobiT 

Car Te sxva dasxva nivTierebis gamtari. Ddaak-

virdi ampermet ris Cvenebas TiToeul SemTxvevaSi. Seadare erTmaneTs denis 

Zalebi. 

gamoitane daskvna: ratom gaiara gansxvavebuli sididis eleqtrulma denma sxva-

dasxva gvaris gamtarSi? 

mocemuli gaqvs:  sxvadasxva sigrZisa (mag.  

0,5 m da 1 m) da erTnairi ganivkveTis farTo-

bis ori erTgvarovani gamtari, Ddenis wyaro, 

CamrTveli, SemaerTebeli sadenebi, amperme-

tri.

msvleloba: AsuraTis mixedviT daxaze sqema da 

aawyve wredi. wredSi rigrigobiT CarTe jer 

0,5 m, Semdeg 1 m sigrZis gamtari. daakvirdi ampermetris Cvenebas TiTo eul 

SemTxvevaSi. Seadare denis Zalebi erTmaneTs. 

gamoitane daskvna: rogor aris damokidebuli winaRoba gamtaris sigrZeze?

mocemuli gaqvs:  erTnairi sigrZisa da sx-

vadasxva ganivkveTis farTobis ori erT-

gvarovani gamtari, Ddenis wyaro, CamrTveli, 

SemaerTebeli sadenebi, ampermetri.

msvleloba: suraTis mixedviT daxa ze sqema da 

aawyve wredi. rigrigo biT CarTe mocemuli 

gamtarebi. Ddaakvirdi ampermetris Cve nebas 

TiToeul SemTxvevaSi. Seadare denis Zalis 

mniSvne lobebi. G

gamoitane daskvna: rogor aris damokidebuli gamtaris winaRoba ganivkveTis 

farTobze?

2.12. gamtarebis winaRobis 
eqsperimentuli kvleva

mA

mA

mA
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gamtaris winaRoba ganpirobebulia Tavisufali eleq-
tronebis urTierTqmedebiT kristaluri mesris kvanZebSi 
arsebul ionebTan (sur. 58). es urTierTqmedeba damokidebu-
lia nivTierebis struqturaze da ionebis siTbur moZraoba-
ze. ionebTan urTierTqmedebis gamo velis gaswvriv moZravi 
Tavisufali eleqtronebis siCqare mcirdeba. e. i., Tavisufa-
li eleqtronebis moZraobas winaaRmdegoba eqmneba, mcirde-
ba gamtarSi drois erTeulSi denis mimarTulebiT moZravi 
damuxtuli nawilakebis  raodenoba anu mcirdeba eleqtru-
li denis Zala. gamtaris winaRobis nivTierebis gvarobaze  
damokidebuleba xasiaTdeba fizikuri sididiT, romelsac 
kuTri winaRoba (Pρ) ewodeba. eqsperimentebiT dadginda, rom: 

gamtaris winaRoba pirdapirproporciulia gamtaris 

sigrZisa, ukuproporciulia ganivkveTis farTobisa da 

damokidebulia nivTierebis kuTr winaRobaze.

  R
l

S
= ρ      ,                               

sadac l gamtaris sigrZea, S _ ganivkveTis farTobi (sur. 59). 

kuTri winaRoba gamoiTvleba formuliT:    ρ R S

l
=  . 

kuTri winaRobis erTeuli SI-Si aris omi•m, xolo sistemga-

reSe erTeuli ki _  (zogierTi nivTie rebis kuTri 

winaRoba ix. danarTi 2, gv. 68). 

 reostati

reostati, sami momWeriT (A, B, C), iseTi eleqtruli xel-
sawyoa (sur. 60 a da b), romlis gamoyenebiT SesaZlebelia 
wredSi denis Zalisa da Zabvis cvlileba (regulireba). reos-
tatis muSaobis principi emyareba gamtaris sigrZis cvli-
lebiT gamowveul winaRobis cvlilebas, rac, Tavis mxriv 
wredSi denis Zalisa da Zabvis cvlilebas iwvevs. reostats 
iyeneben Zabvis regulirebisaTvis. 

sur. 58

sur. 59

sur. 60

sur. 57

ifiqre da imsjele

ratom iyeneben SenobebSi 

eleqtro gayvanilo bisaTvis 

ZiriTadad spilenZis 

gamtarebs (sur. 57)?

S

l

I

R

+ -

mcocavi kontaqti

cocia momWeri

cilin dri 

a

b

 

kuTri winaRoba 2.13.

A

B C

A

B
C

Rn

+

V

 



28

1. imsjele, rogor Seicvleba spilenZis mavTulis winaRoba, Tu 

mas 2-jer grZeli da 2-jer mcire ganivkveTis farTobis mqone 

spilenZis mavTuliT SevcvliT.

2. erTi da imave nivTierebisagan damzadebuli erTnairi ga-

nivkveTis mqone gamtarebidan erTis sigrZea 10 sm, meorisa – 

0,8  m. Seadare maTi winaRobebi.

3. 62-e suraTze gamosaxulia erTi da imave kuTri winaRobis 

sami gamtaris winaRobis sigrZeze da mokidebulebis grafike-

bi. imsjele, rogori iqneba gamta rebis ganivkveTis farTo-

bebis Tanafardoba.

1. eleqtroquris niqromis Senadnobiani spiralis sigrZe 15 me-

tria,  ganivkveTis farTobi ki – 0,1 mm2. gamoTvale spiralis 

winaRoba.

2. 10 m sigrZisa da 2 mm2 ganivkveTis farTobis rkinis gamtari 

CarTulia 12 mv Zabvis qselSi. gamoTvale denis Zala gamtarSi.

3. 0,1 mm2 ganivkveTis farTobis mqone nikelinis gamtarisagan 

damzadebuli spirali CarTulia 220 v Zabvis qselSi. denis Za-

laa 4 a. ra sigrZisaa gamtari?

4. reostatze daxveuli nikelinis gamtaris ganivkveTis far-

Tobia 1mm2, winaRoba _ 10 omi. gamoTvale nikelinis gamtaris 

masa.

5. aluminis kabelis bolo daSlilia calkeul mavTulebad 

(sur. 63). maTgan erT-erTi mavTuli daxveulia saxazavze. 

gamoTvale erTi kilometri sigrZis aluminis kabelis wina-

Roba.

sur. 62

sur. 61

sur. 63

arsebobs sxvadasxva tipis reostati. magaliTad. sur. 60-
ze gamosaxuli reostati Sedgeba TbogamZle izolatoris-
gan damzadebuli keramikis Rru cilindrisagan, romlis zeda 
mxares damagrebulia liTonis Rero. cilindrze daxveulia 
grZeli liTonis didi winaRobis mavTuli. gamtaris boloe-
bi SeerTebulia momWerebTan (reostats muSaobis procesSi 
gadaxu rebisgan icavs cilindrSi arsebuli siRrue).

reostatis liTonis Reroze damagrebulia mcocavi kon-
taqti _ cocia. misi gadaadgilebisas icvleba wredSi Car-
Tul cilindrze daxveuli gamtaris sigrZe, rac iwvevs wina-
Robis cvlilebas da, omis kanonis Sesabamisad, wredSi denis 
Zalisa da Zabvis cvlilebas.

arsebobs aseve berketiani reos tati, romelic winaRo-
bas naxtomiseburad cvlis (sur. 61). reos tatebi farTod 
gamoiyeneba teqnikaSi. magali Tad, specialu ri reostatebis 
gamoyenebiT SesaZlebelia xmamaRlamolaparakeSi bgeris xma-
maRlo bis cvlileba, televizoris ekranis sikaSkaSis regu-
lireba.

S1

S2

S3

0

1

1

2

2

3

3

4

4

R,om

l, m

sm
saSinao davaleba

 gaazreba
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eleqtruli wredis CamrTvelis CarTvisas muxtis gadamtanebi wredSi gadaad-
gildebian. q muxtis gadaadgilebisas eleqtruli denis mier Sesrulebuli 

muSaoba gamoiTvleba formuliT:

             A = qU,     (1)

sadac U gamtaris boloebze potencialTa sxvaobaa (Zabva), q _ muxtis sidide:  

             q = It       (2) 
(1) formulaSi (2) formulis CasmiT eleqtruli denis muSaoba iqneba:

            A = IUt     (3)

wredSi eleqtruli denis muSaoba tolia denis Zalis namravlisa Zabvasa 

da droze, romlis ganmavlobaSic wredSi deni gadioda.

omis kanonis Tanaxmad:  I
U

R
=            (4)      ⇒       U = IR   (5)

xolo (5) formulis (3)-Si CasmiT miiReba:

         A = UIt = IRIt = I2Rt,        e. i.,        A = I2Rt              (6)

(4) formulis (3)-Si CasmiT miiReba:

   A = UIt = U U

R
 t =  

U2

R
 t,        e. i.,        A = 

U2

R
 t     (7)

erTeulTa SI-Si eleqtruli denis muSaoba izomeba joulebSi.

   1 jouli = 1 volti • amperi • wami;

   1 j = 1 v • a • wm.

eleqtruli denis muSaobis sistemgareSe erTeulad miRebulia  mu Saoba, ro-
melsac asrulebs erTi amperi deni erTi saaTis ganmavlobaSi, rodesac wredSi 
Zabva erTi voltia. am erTeuls uwodes vatsaaTi  (1 vt. sT).

   1 vt.sT = 3600 j = 3,6 kj.

praqtikaSi gamoiyeneba eleqtruli denis muSaobis ufro didi erTeu lebi:
   1 kvt.sT = 1000 vt.sT = 3,6 • 106 j.

   1 mgvt.sT = 1 000 000 vt.sT = 3,6 • 109 j.

eleqtruli denis muSaobis gasazomad saWiroa xelsawyoebi _ voltmetri, 

 

 

 

 

sur. 64

ifiqre da imsjele

romel fizikur sidides zomavs 

eleqtruli mricxveli (sur. 64)?         

eleqtruli denis muSaoba da 
simZlavre

2.14.
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ampermetri an vatmetri. yofa-cxovrebaSi denis muSaobas zomaven mricxveliT 
(sur. 64).

 simZlavre

denis mier Sesrulebuli muSaobis Sefardebas drois SualedTan, romlis 

ganmavlobaSic wredSi deni gadioda, eleqtruli simZlavre ewodeba.

eleqtrobaSi simZlavre aRiniSneba  PP asoTi.

     P
A
t

=                         (8)

Tu (8) formulaSi SevitanT (3), (6), (7) formulebs, Sesabamisad, miviRebT: 

 P = IU       (9),      P = I2 R        (10),  P
U2

R
=          (11)

eleqtruli simZlavris erTeulia erTi vati. simZlavre erTi vatis tolia, 
rodesac gamtarSi, romelzec modebulia 1 volti Zabva, gadis 1 amperi deni  _ 
1 vt = 1a • v.

radgan gamtarebis mimdevrobiTi SeerTebisas gamtarebSi denis Zala erT-
nairia, eleqtruli simZlavris gamosaTvlelad gamoiyeneba formula (10), 
xolo paraleluri SeerTebisas ki _ formula (11), radgan Zabva wredis yvela 
ubanze erTnairia.   

saSinao davaleba

 gaazreba

1. eleqtruli wredis sqemis mixedviT (sur. 65) imsje-

le, ra Tanafardobaa R winaRobisa da 2R winaRobis 

rezisto rebze gamoyofil simZlavreebs Soris, Tu 

R winaRobis rezistorze simZlavre aris P.

2. eleqtruli sqemebis mixedviT imsje le da Seadare 

wredis ubnebze eleq truli denis simZlavreebi 

(sur. 66 a, b).

3. imsjele, rogor Seicvleba eleqtruli denis mier 

gamoyofili simZlavre gamtarSi, Tu misi or tol 

nawilad gaWris Semdeg am nawilebs paralelurad 

SearTeben imave denis wyarosTan.

1. mricxvelis (a) sawyisi da (b) saboloo Cvenebebis mixedviT 

gamoTvale erTi kviris ganmavlobaSi moxmarebuli energia 

da saSualo simZlavre (sur. 67). 

2. ra muSaobas asrulebs eleqtruli deni eleqtroZravaSi  

3 wT-is ganmavlobaSi, Tu denis Zalaa 0,7 a da Zabva Zravis 

mom Werebze 10 v-ia? siTburi danakargebi ugulebelya vi.

3. avtomobilis naTuraze Zabva aris 12 v. ra simZlavrisaa na-

Tura, Tu misi winaRoba 7 omia?

4. rezistorebi, romelTa winaRobebia 120 da 180 omi, SeerTe-

bulia paralelurad. simZlavre pirvel rezistorze aris  

60 mvt. ras udris simZlavre meore rezistorze?

1seqtemberi, 1000

8 seqtemberi, 1000

sur. 67

a

b

 

R

2R

A B

sur. 65

sur. 66

a 

8 v

R

R

8 v

RR

b

kvt.sT.

kvt.sT.
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wredSi eleqtruli energia sxvadasxva saxis energiad gar daiqmneba. 
magaliTad, eleqtroZravaSi eleqtruli energiis ZiriTadi nawili  gar-
daiqmneba meqanikur energiad, eleqtronaTuraSi – siTbur da gamosxi vebis 
energiad, eleqtrouToSi – siTbur energiad, eleqtrolizisa an akumula-
torebis damuxtvisas – qimiur energiad.

davuSvaT, wredSi eleqtruli denis gavlisas gamoiyofa siTbo da denis 
moqmedebis sxva procesebi ar mimdinareobs. liTonSi  eleqtruli velis 
gavleniT Tavisufali eleqtronebis kinetikuri energia izrdeba.  liTo-
nis kristaluri mesris kvanZebSi arsebul ionebTan urTierTqmedebis 
Sedegad eleqtronebi gadascemen maT TavianTi kinetikuri energiis 
nawils. Sedegad kvanZebSi moTavsebuli ionebis  saSualo kinetikuri ener-
gia izrdeba, Sesabamisad, izr deba gamtaris temperatura da gamoiyofa 
siTbo.

energiis mudmivobisa da gardaqmnis kanonis Tanaxmad, denis mier Sesru-
le buli muSao ba da wredSi gamoyofili siTbos raodenoba erTmaneTis to-
lia:

            Q = A  (1),  A = IUt  (2).

omis kanonis gaTvaliswinebiT, denis gavlis Sedegad gamtarSi gamoyo-
fili  siTbos raodenoba gamoiTvleba formulebiT:     

          Q = I2Rt  (3),                  Q = 
U2

R
 t (4).

formula (3)-is Tanaxmad, siTbos raodenoba, romelic gamoiyofa 

gamtarSi denis gavlis  Se degad, pirdapirproporciulia denis Zalis 

kvad ratisa, gamtaris  winaRobisa da droisa, romlis ganmavlobaSic 

masSi deni gadis.

am daskvnamde erTmaneTisagan damoukideblad mivida ori mecnieri: in-
gliseli jeims jouli da rusi emil lenci. amitom mas joul­lencis 

kanoni ewoda.

sur. 68

ifiqre da imsjele

ratom Tbeba 

eleqtroxelsawyoebi 

maTSi denis gavlis 

Sedegad (sur. 68)?         

joul - lencis kanoni 2.15.
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  radgan mimdevrobiTi SeerTebisas (sur. 69) gamtarebSi 
denis Zala tolia: 

        
I
1 
= I

2 
= I                             (5)

 
amitom wredis ubanze gamoyofili siTbos raodenoba ga-

moiTv leba formuliT:   

      Q = I2Rt.                      (6)
  pirvel gamtarSi gamoyofili siTbos raodenoba iqneba: 

          Q1= I1
2R1t                               (7)

meore gamtarSi gamoyofili siTbos raodenoba ki _   Q2= I2
2R2t .    (8)

Tanafardoba gamtarebze gamoyofil siTbos raodenobebs Soris iqneba:

       
Q1

Q2

  = 
 I

1
2R

1
t

 I
2
2R

2
t
            (9)         

 
(5) formulis gaTvaliswinebiT miviRebT:

          
Q1

Q2

 = R1

R2

          (10)

gamtarebis mimdevrobiTi SeerTebisas meti siTbo gamoiyofa im gamtarze, 

romlis winaRobac metia.

magaliTad, varvarebis naTuris  winaRoba asjer metia SemaerTebeli gam-
tarebis winaRobaze. varvarebis ZafSi denis gavlis Sedegad gamoyofili siTbos 
raodenoba asjer meti iqneba, vidre SemaerTebel gamtarebSi gamoyofili siTbos 
raodenoba. Sedegad Zafi varvarebs, xolo SemaerTebeli sadenebi rCeba ,,civi“.

  radgan gamtarebis paraleluri  SeerTebisas (sur. 70) Zabva 
wredis yvela ubanze tolia: 

              U1 = U2 = U     (11)

amitom wredis ubanze denis gavlis Sedegad gamoyofili 
siTbos raodenoba gamoiTvleba formuliT:

            Q = 
U2

R
 t      (12)

pirvel gamtarSi gamoyofili siTbos raodenoba iqneba:

                  Q1 = 
U1

2

R1

 t         (13)

meore gamtarSi gamoyofili siTbos raodenoba ki _   Q
2
 = 

U
2
2

R2

 t            (14)

Tanafardoba gamtarebze gamoyofil siTbos raodenobebs Soris iqneba:

            
Q1

Q2

 =  
 U

1
2R

2
t

 U
2
2R

1
t
           (15)

(11) formulis gaTvaliswinebiT miviRebT:

              
Q1

Q2

 = 
R

2

R1
        (16)

R1

R2

sur. 70

R1 R2

sur. 69

I
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azrobrivi eqsperimenti

saSinao davaleba

gamtarebis paraleluri  SeerTebisas meti siTbo gamoiyofa im gamtarze, 

romlis winaRobac naklebia.

magaliTad, WaRSi varvarebis naTurebi SeerTebulia paralelurad. denis 
gavlisas meti siTbo gamoiyofa im naTuraSi, romlis winaRobac naklebia. aR-
moCnda, rom  gansxvavebuli winaRobis varvarebis naTurebis Zafis Sedarebisas 
mcire  winaRobis naTuris Zafis sisqe metia.

 gaazreba

warmoidgine, rom gaqvs ori sxvadasxva,  R1 da R2 win-

aRobis naTura (R1>R2), romlebic jer SeaerTe para-

lelurad, Semdeg _ mimdevrobiT. imsjele: 

a. paraleluri SeerTebisas ratom kaSkaSebs mci-

re winaRobis naTura ufro metad, vidre misi 

mimdevrobiT CarTvisas? 

b. mimdevrobiTi SeerTebisas ratom kaSkaSebs 

didi winaRobis naTura ufro metad, vidre misi 

paralelurad SeerTebisas? 

1. ramdenjer Seicvleba rezistorze gamoyofili siT-

bos raodenoba, Tu Zabva masze samjer Semcirdeba?

2. eleqtruli wredis sqemis mixedviT imsjele, rome li 

naTura (an naTurebi) ikaSkaSebs metad, Tu maTi winaRo-

bebi erTnairia (sur. 71). 

3. siTbos ra raodenoba gamoiyofa gamtarSi 20 wT-is 

ganmavlobaSi, Tu misi winaRoba 20 omia,  denis Zala ki 

– 4 a?

4. eleqtrosakerav manqanaze miTiTebulia: 220 v da 0,5 a. risi tolia Zravis simZ-

lavre da winaRoOba? ramden kilovatsaaT energias xarjvs manqana 45 wT-Si?

5. WaRze paralelurad SeerTebuli 4 erTnairi varvarebis naTuris eleq truli 

energiis danaxarji 1 sT-Si aris A. rogor Seicvleba eleqtruli energiis dana-

xarji, Tu WaRze  daamateben: a. paralelurad SeerTebul 4 aseTive naTuras? b. 

mimdevrobiT  SeerTebul 4 aseTive naTuras?

6. erTnairi simZlavris ori varvarebis naTura, romlebic gaTvaliswinebulia 220 

da 110 volt Zabvaze, rigrigobiT CarTes  100 v Zabvis qselSi. gamoTvale Tanafar-

doba naTurebSi gamoyofil siTbos raodenobebs Soris.

r1

r2

r3

r4

r5

sur. 71

a

b

1. imsjele, ratom gansxvavdeba erTi da imave winaRobis  naTuris sikaSkaSe (naTeba) 

denis wyarosTan paraleluri da mimdevrobiTi SeerTebisas?
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sxvadasxva niSnis muxtiT damuxtuli, izolirebul sadgareb-
ze moTavsebuli ori sferos gamtariT SeerTebisas gamtarSi 
eleqtruli deni gaivlis, naTura wamierad ainTeba da swrafad 
Caqreba (sur. 72). naTuraSi denis Sewyveta gamowveulia A da B 
sferoebis potencialebis erTmaneTTan gatolebiT. gamtarSi 
denis SesanarCuneblad sferoebs Soris potencialTa sxvao ba 
mudmivad unda arsebobdes. amitom A sfero gamudmebiT unda 
imuxtebodes dadebiTad da B sfero _ uaryofiTad. amitom 
wredSi aTavseben mowyo bilobas, romelSic arakulonuri Za-
lebi A sferos gamudmebiT  moamargebs dadebiTi muxtebiT, B 
sferos ki _ uaryofiTiT. aseT mowyobilobas denis wyaros 
uwodeben. 

davuSvaT, Sekruli wredi Sedgeba denis wyarosa da liTonis 
abc gamtarisgan (sur. 73 a). gamtarSi Tavisufali eleqtronebi 
eleqtruli Zalis moqmedebiT uaryofiTi polusidan dadebiTI 
polusisaken moZraoben wredSi b wertilis gavliT. moZraobis 
SesanarCuneb lad eleqtronebi a wertilidan unda gadaadgil-
dnen c wertilisken. aseTi gadaadgileba eleqtruli Zalis moq-
medebiT SeuZlebelia, radgan eleqtruli Zala am gadaadgi-
lebis sawinaaRmdego mimarTulebiT moqmedebs. eleqtronebis 
moZraoba eleqtruli velis sawinaaRmdego mimarTulebiT 
SesaZlebelia mxolod araeleqtruli bune bis Fgare

→
 Zalis moq-

medebiT. araeleqtruli bunebis Zala damuxtul nawilakebze 
moqmedebs denis wyaros SigniT da asrulebs muSaobas dadebiTi 

da uaryofiTi muxtebis gansacalkeve b lad. polusebze dagrovili muxtebi qmni an 
eleqtrul vels, rome lic  moqmedebs liTonis Tavisufal eleqtronebze. Sede-
gad, isini moZraoben denis wyaros polusebis SemaerTebel gamtarSi da naTura 
inTeba (sur. 73 b). 

denis wyaroeb Si SeiZ leba moqmedebdes sxvadasxva bunebis gare Zala (qimiuri, 
meqanikuri da sxv.).

gare Zalebis mier Sesrulebuli muSaobis Sefardeba muxtTan mocemuli denis 
wyarosTvis mudmivi sididea. am sididiT SeiZleba daxasiaTdes nebismieri denis 
wyaro.

gare Zalebis mier Sesrulebuli muSaobis fardobas im dadebiT muxtTan, 

romelic am Zalebis gavleniT denis wyaros SigniT uaryofiTi polusidan 

sur. 72

ifiqre da imsjele

ratom aRiZvreba eleqtruli 

deni liTonis ReroSi, romliTac 

erTmaneTTan SeerTebulia izolirebul 

sadgarze moTavsebuli ori, sxvadasxva 

niSniT damuxtuli, liTonis sfero? 

ra aucilebeli pirobaa saWiro wredSi 

eleqtruli denis SesanarCuneblad 

(sur. 72)?

denis wyaros 
eleqtromamoZravebeli Zala2.16.

A B

b

a c

b

Fel

→
Fgare

→

gare wredi

I →

Fgare

→

sur. 73

 
a

gare wredi

denis wyaro

a c

b
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dadebiTisaken gadaadgildeba, denis wyaros eleqtromamoZ­

ravebel Zalas uwodeben (SemoklebiT _ emZ).

emZ-s aRniSnaven ε  asoTi.  ε  = 
Agare

q
   

sadac Agare – gare Zalebis mier q dadebiTi muxtis gadasaadgi-
leblad Sesrulebuli muSaobaa.

iseve, rogorc Zabva, emZ, izomeba voltebiT. 
denis wyaroSi gare Zalebis muSaobis Sedegad dagrovili ener-

gia xmardeba im eleqtruli Zalebis mier Sesrulebul muSaobas, 
romelic saWiroa Caketil wredSi muxtebis gadasaadgileblad. 
gare Zalebis muSaoba akompensirebs eleqtruli velis energiis Semcirebas 
wredSi.

denis wyaros eleqtromamoZravebeli Zala ricxobrivad tolia 1 kuloni mux-
tis gadasaadgileblad araeleqtruli Zalis mier Sesrulebuli muSaobis. is 
skalaruli sididea da SeiZleba iyos rogorc dadebiTi, ise uaryofiTi. denis 
wyaros axasiaTeben r winaRobiT, romelsac Sida winaRobas uwodeben.

davuSvaT, ramdenime denis wyaro, romelTa emZ aris ε
1
,  

ε
2
, ε

3
, wredSi CarTulia mimdevrobiT (sur. 74), maSin wredSi sru-

li eleqtromamoZravebeli Zala tolia calkeuli  elementebis 
eleqtromamoZravebeli Zalis algebruli jamisa: 

ε  = ε 1
 + ε 2

 + ε 3
.

aseT SemTxvevaSi unda SeirCes konturis Semovlis dadebiTi 
mimarTuleba. 74-e suraTze Semovlis dadebiT mimarTulebad 
CaTvlilia saaTis isris moZraobis sawinaaRmde go mimarTuleba. 
Tu mocemul pirobebSi dadebiTi muxtebi denis wyaroSi moZrao-
ben dadebiTi polusidan uaryofi Ti saken, emZ iqneba uaryofiTi, 
radgan gare Zalebi aseT SemTxvevaSi wyaros SigniT uaryofiT 
muSaobas asruleben. Ee. i. 

ε  = ε 1
 + ε 2

 + ε 3
 = |ε 1

| – |ε 2
| + |ε 3

|.

denis wyaroebis mimdevrobiTi SeerTebisas am sistemis anu 
batareis jamuri Sida winaRoba iqneba: 

r = r
1
 + r

2
 + r

3 
.

Tu erTnairi emZ-isa da Sida winaRobis mqone mudmivi denis wyaroebi para-
leluradaa Seer Tebuli (sur. 75), batareis em Zala toli iqneba erT-erTi 
 elementis emZ-sa.

saSinao davaleba

 gaazreba

 imsjele ba tareis sruli winaRobis Sesaxeb, Tu wredSi paralelurad SeerTe-

bulia sami erTnairi emZ-isa da r winaRobis denis wyaro  (sur. 75).

galvanuri elementebi, romelTa emZ-ebia ε
1
 = 4,5 v da  

ε
2 

= 1,5 v, SeerTebulia naTurasTan (sur. 76). Eelementebis Sida 

winaRoba r
1
 = 1,5 omi, r

2
 = 0,5 omi. gamoTvale ba tareis em Zala da 

sruli Sida winaRoba.

ε
1

ε
3

ε
2

Semovla

sur. 74

sur. 75

ε

ε

ε

sur. 76

ε
1

ε
2
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Earsebobs sxvadasxvagvari denis wyaroebi. Yyovel 
maTganSi sruldeba muSaoba potencialTa sxvaobis 
Sesaqmnelad dadebiTi da uaryofiTi muxtebis gan-
calkevebisas. gancalkevebuli mux  tebi grovdeba 
wya ros polusebze. amitomD denis wya ros erTi po-
lusi, romlis potencialic maRalia, damuxtu-
lia dadebiTad, meore – uaryofiTad. Ppolusebi 
is adgi lebia, sadac momWerebis saSualebiT xdeba 
gamtarebis  mierTeba.

Ddenis wyaroSi muxtebis gancalkevebisas meqani-
kuri, Sinagani, qimiuri an romeli me sxva saxis ener-
gia eleqtrul energiad gardaiqmneba. mag., ele-
qtroforul manqanaSi meqanikuri energia gardaiq-
mneba eleq trul energiad.

1799 wels alessandro voltam pirvelad isto-
riaSi Seqmna denis qimiuri wyaro. igi Sedgeboda 
vercxlisa da TuTiis firfitebisagan, romlebic 
erTmaneTisagan gamoyofili iyo marilis xsnarSi  
dasvelebuli maudis qsoviliT. TuTiisa da vercx-
lis firfitebi marilis xsnarTan  qimiuri reaq-
ciis Sedegad eleqtrovdebodnen: TuTia uaryofi-
Tad, xolo vercxli _ dadebiTad. firfitebs So-
ris warmoqmnili Zabva, daaxloebiT, erT volts 
aRwevda.

Uufro maRali Zabvis misaRebad imave wels vol tam 
Seqmna batarea, romelic Sedgeboda erTmaneTze 
dalagebuli ramdenime aTeuli TuTiis, spilenZisa 
da marilmJavaSi dasvelebuli amdenive maudis qso-
vilis firfitisagan. moxerxebulobi saTvis vol-
tam mas vertikalu ri svetis forma misca, amitom 
Bbatareas voltas `sveti~ uwodes (sur. 77). vol-
tam mas eleqtruli `orRani~ Searqva. bata reaSi 
elementTa mimdevrobiT SeerTebisas Zabva tolia 
calkeul elementis Zabvebis jamisa. aseTi iyo 
pirveli mudmivi denis  wyaro _ voltas elementi, 
romelic galvanuri elementis erT-erTi saxea.

Ggalvanuri elementi denis iseTi wyaroa, ro mel-
Sic qimiuri reaqciis energia gardaiqmneba eleq t-
rul energiad.

78-e suraTze gamosaxulia Ggalvanuri elementi, 
romelic Sedgeba  TuTiis WurWlisgan. masSi Cad g-
mulia qsovilis tomaraSi moTavsebuli  naxSiris 
Rero. Qqsovilis tomara savsea  manganumis oqsidisa 
da naxSiris  na reviT. Ggalvanuri elementis Wur-
WelSi qsovilis tomarasa da kedlebs Soris sivrce 
savsea sqeli masiT, kleisteriT, romelic miiReba 
fqvilisa da niSaduris spirtis SezelviT.

mudmivi denis wyaroebies 
sainteresoa

TuTia

eleqtroliti

naxSiris 
Rero

manganumis 
oqsidi

fisi

1 galvanuri

elementi

TuTia

spilenZi

sur. 77

sur. 78

sur. 79
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TuTiis WurWeli mTlianad moTavse-
bulia muya os yuTSi da dafarulia fi-
sis Txeli feniT.

niSaduris spirtisa da TuTiis qi-
miuri urTi erTqmedebis Sedegad Tu-
Tia imuxteba uaryofiTad, naxSiri – ki 
dadebiTad. damuxtul naxSiris Rero-
sa da TuTiis WurWels Soris (romleb-
sac eleqtrodebs uwodeben) aRiZvreba 
eleqtruli veli.

naxSiris Rerosa da TuTiis WurW lis 
gamtariT Se er Tebisas wredSi aRiZvre-
ba eleqtruli deni. jibis far nis batarea  ramdenime 
galvanuri elementisagan Sedgeba. batareaSi pirveli 
elementis naxSiris Rero SeerTebulia meore elemen-
tis TuTiis WurWelTan, xolo meore elementis nax-
Siris Rero – mesame ele mentis TuTiis WurWel Tan. 
WurWlebi erTmaneTisagan izo lirebulia. Ppirveli 
ele mentis TuTiis WurWlisa da mesame elementis Re-
rosagan gamotanilia Tu nuqis ori firfita, romle-
bic batareis polusebia – pirveli uaryofiTi, meore 
ki dadebiTi (sur. 79).

denis akumulatoris moqmedebis principi ise-
Tivea, rogoric galvanuri elementis. Uumartive-
si akumulatori Sedgeba gogirdmJavas xsnarSi 
 moTavsebuli tyviisa da tyviis oqsidis ori fir-
fitisagan (eleq t ro disagan) (sur. 80).

Aakumulatori rom denis wyaro gaxdes, unda dai-
muxtos.

Ddasamuxtad akumulatorSi atareben mudmiv dens. 
Daku mulatoris damuxtvis procesSi eleqtroqimiu-
ri reaqciis Sedegad erTi eleqtrodi imuxteba 
dadebiTad, meore ki _ uaryofiTad. Aakumulato ris 
damuxtvis Semdeg is SeiZleba gamoyenebul iqnes, 
rogorc damoukidebeli denis wyaro. aAkumulato-
ris polusebs aweria ̀ +~ da ̀ –~. Aakumulatorebs didi 
praqtikuli gamoyeneba aqvs.

Ffotoelementi aris xelsawyo, romelzec sinaT-
lis sxivebis, magaliTad, mzis sxivebis moqmedebiT 
aRiZvreba eleqtromamoZravebeli Zala _ foto 
emZ. fotoelementebSi generirdeba mudmivi deni. 
standartuli fotoelementis  em Zala daaxloebiT 
0,5 v-ia. Aarsebobs ori saxis fotoelementi _ eleq-
trovakuumuri da naxevargamtaruli (sur. 81 a, b). 
Ffotoelementebis denis wyaros iyeneben rogorc 
yofa-cxovrebaSi, aseve kosmosSi eleqtroenergiis 
misa Rebad. 

arsebobs mravali proeqti kosmosSi mzis eleq-
trosadgurebis Seqmnis Sesaxeb (sur. 82 a, b).

korpusi

Tavsaxuri

dadebiTi momWeri uaryofiTi momWeri

sacobi

erT-erTi akumulatori

Casasxmeli xvreli

akumulatoris

firfitebi

 

sur. 80

 

sur. 81

sur. 82

a

a

b

b
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sruli (Caketili) wredi Sedgeba denis wyarosa (romlis em Zala aris ε) da 
R1 da R2 rezistorebisgan (sur. 83 b). sa denebisa da rezistorebis wi naRobas 
gare (R) winaRobas uwodeben, denis wyaros (r) winaRobas ki – Sida winaRobas.

davuSvaT,  wredSi denis Zalaa I, maSin t droSi gadaadgilebuli muxti iqneba   
q = It.  gare Zalebis  mier Sesrulebuli muSaoba

        A = qε = Itε		 	 	 (1)

Tu wredSi eleqtruli veli ar asrulebs meqanikur muSaobas da misi ener-
gia ixarjeba mxolod siTbos gamoiyofofaze, maSin:

A = Q 

joul-lencis kanonis Tanaxmad,  Q = I2 Rsrt .  wredis sruli winaRoba:  Rsr = R 

+ r  (Cveulebriv, r << R), amitom, (1) formulis Tanaxmad: 

  A = I2 (R + r)t = Itε ,   e. i., ε = I (R + r) ,    aqedan     

     I = 
ε

R + r
    (2) 

amgvarad, omis kanoni Caketili wredisaTvis Semdegnairad Camoyalibdeba: 

Caketil wredSi denis Zala tolia denis wyaros emZ­is  Sefardebisa wre­

dis srul winaRobasTan.

gare winaRobaze Zabvis vardnaa: U = IR, 

Sesabamisad, Zabvis vardna denis wyaroze anu Sida winaRobaze _ u = Ir.

denis wyaros  em Zala wredis Sida da gare ubnebze Zabvis vardnis jamis to-
lia:

ε = U + u,  aqedan  U = ε	­ u = ε	­ Ir .

praqtikulad, denis wyaros emZ SeiZleba gaizomos voltmetriT, Tu R = 0.

Tu wredis gare winaRoba Zalian mcirea (R → 0), maSin wredSi deni sagrZ nob-
lad gaizrdeba. 

             I = 
ε
r  

     (3) 

am movlenas mokle CarTva ewodeba, xolo dens _ mokle CarTvis deni.

e. i., mokle CarTvisas denis Zala ganisazRvreba denis wyaros Siga wina-
RobiT. mokle CarTva iwvevs gamtarebis gadaxurebas, saizolacio masalis 
dadnobasa da aalebas, eleqtruli xelsawyoebi mwyobridan gamodis. mokle 
CarTva aseve xdeba gaSiSvlebuli deniani sadenebis erTmaneTTan kontaqtis 
dros. am SemTxvevaSic mkveTrad mcir deba wredis winaRoba da imatebs deni. 

 omis kanoni sruli wredisaTvis2.17.

ifiqre da imsjele

romeli eleqtruli 

wredisTvis aris 

samarTliani omis 

kanoni _                 

(sur. 83)?   

 I = 
U

R
 

I
R1 R2

a b

Caketili wredi

ε r
I

R1 R2

wredis ubani

sur. 83
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azrobrivi eqsperimenti

 warmoidgine, rom aage surTze gamosaxuli eleqtruli wredi. masSi mocemuli 

xelsawyoebis Cvenebebis mixedviT gamoTvale denis wyaros eleqtromamoZrave-

beli Zala da Siga wi naRoba. reostatze cociis pirvel mdgomareobas Seesaba-

meba ampermetris da voltmetris Cvenebebi uwyveti isriT, meore mdgomareo-

bas ki – wyvetiliT. 

mokle CarTva maSinac xdeba, Tu denis  wyaros momWerebTan mxolod mcire winaRo-
bis gamtars uerTeben.

omis kanonis gaTvaliswinebiT, simZlavre, romelsac denis wyaro aRwevs gare 
wredSi, tolia:

P = I2R = 
ε	2 R

(R + r)2

e. i., wredSi P simZlavre Semcirdeba, Tu R → 0 an R → ∞ .

gare wredis winaRobis umcires da udides mniSvnelobas Soris aris winaRo-
bis iseTi mniSvneloba, romlis drosac denis wyaros simZlavre gare wredSi 
maqsimalu ria. damtkicebulia, rom denis wyaros simZlavre wredSi maqsimaluria, 
rodesac gare wredis winaRoba denis wyaros Siga winaRobis tolia _ R = r. maSin, 

P = 
ε	2
4r

eleqtruli simZlavris nawili gamoiyofa denis wyaros SigniT siTbos saxiT da 
ikargeba. amitom eleqtruli wredi SeiZleba daxasiaTdes margi qmedebis koefi-
cientiT:

  η =        =
Psas 

Psr

I2R

 I2 (R + r)
   ,     aqedan η =        

R

 (R + r)
 . 100%     (4)     

 gaazreba

saSinao davaleba

1. galvanuri elementi, romlis ε tolia 5 v-is, Sida wina Roba ki 

0,2 omia, SeerTebulia 40 om gare winaRobaze. ras udris Zabva gare winaRobaze?

2. rogori iqneba im akumulatoris mokle CarTvis denis Zala, romlis ε = 12 v-s, 

xolo Sida winaRoba _ r = 0,01 oms? 

 imsjele, rogor Seicvleba sruli wredis: a. winaRoba; b. denis 

Zala; g. Zabva denis wyaros momWerebze, Tu erTnairi winaRobis 

rezistorebidan erT-erTs movaSorebT (sur. 84)?

A

V

R

R

rε
sur. 84
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amocanebis amoxsna2.18.
amocana 1.

 R
1
 da R

2 
winaRobis gare wredTan denis wyaros rigrigobiT mierTe bisas, erT-

sa da imave droSi, orive wredSi erTi da imave raodenobis siTbo gamoiyo. 

gamoTvale denis wyaros Siga winaRoba.  

amoxsna:

 mTeli wredisaTvis omis kanonis Tanaxmad, TiToeul wredSi denis Zala to-
lia: ε

R2+ r
I2 =              

ε
R1+ r

I1 =              ,              

 gamoyofili siTbos raodenoba erTsa da imave t droSi TiToeuli  wredisaTvis 
tolia: ε 2

(R1+ r)2
Q1 = I1

2 
R1t =              R1t               

ε 2

(R2+ r)2
Q2 = I2

2 
R2t =              R2t               

radgan Q1 = Q2, amitom

R1t =               
ε 2

(R1+ r)2

ε 2

(R2+ r)2
R2t                ,

aqedan  R1(R2+ r)2  = R2 (R1+ r)2. gantolebis amoxsniT miiReba:

r2 = R1 R2
,   r = √ R1 R2 .

amocana 2.

 r = 1 omi Siga winaRobis denis wyarosTan SeerTebulia R = 6 omi erTnairi wi-
naRobis ori eleqtroqura, romelTagan erT-erTi SeerTebulia CamrTvelis 
saSua lebiT. gamoTvale, ramdenjer metia CamrTvelis CarTvisas am qurebis 
mier gamoyofili siTbos raodenoba im siTbos raodenobaze, romelsac gamo-
yofs pirveli qura CamrTvelis CarTvamde.

amoxsna:

Q
2
 / Q

1 
_ ?

r = 1 om

R
1 
= R

2
 = R = 6 om

1. CamrTveli K _ gamorTulia.

pirveli quris mier gamoyofili siTbos rao-

denoba joul-lencis kanonis Tanaxmad: 

Q
1  

= I
1
2 Rt, omis kanonis Tanaxmad:   I

1
 = 

ε
R + r

 ,

gamoyofili siTbos raodenoba:    
ε2 Rt

(R + r)2
Q

1 
=              .

2. CamrTveli K _ CarTulia.

radgan orive quris winaRoba erTnairia, amitom

I
1  

= I
2 

, deni mTel wredSi ki _  I
sr  

= I
1 
+ I

2 
.

omis kanonis Tanaxmad:                                                      ,   e. i., 
ε ε

R
sr

 + r R 
 I

sr  
=              =

2 + r

2ε
R + 2r

 I
sr  

=              

R
I

I2

I1

R

ε
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 amoxseni amocanebi

amocana 1.

 suraTze gamosaxuli eleqtruli wredis mixedviT azrobrivad daukavSire fiziku-

ri sidideebi da Sesabamisi formulebi: a. denis Zala da Zabvis vardna wredis gare 

ubanze, rodesac k CamrTveli CarTulia; b. denis Zala da Zabvis vardna wredis gare 

ubanze, rodesac k  CamrTveli gamorTulia.

 1. ε R

R + r
 ;  2. 2ε R

2R + r
;

 3.    ε
2R + r

 ;  4.   ε
R + r

 .

amocana 2.

 gamtari, romlis winaRoba 2 omia, SeerTebulia denis wyarosTan, romlis emZ aris  

1,5 v da masSi gadis 0,5 a deni. gamoTvale denis Zala denis wyaros mo kle CarTvisas.

amocana 3.

 80 v emZ-is da 0,2 omi Sida winaRobis generatorTan SeaerTes SesaduRebeli aparati, 

romlis winaRobaa 0,5 omi. SemaerTebeli sadenebis winaRoba 0,1 omia. gamoTvale Zab-

va generatoris momWerebze da gare wredSi gamoyofili simZlavre.

amocana 4.

 gamoTvale 0,2 omi Sida winaRobis denis wyaros emZ, Tu 10 a denis gavlisas simZlavre 

gare wredSi 100 vt-ia.

amocana 5.

 denis wyaros, romlis em Zala 12 v-ia da Sida winaRoba 1 omi, miuerTes 5 omi winaRoba. 

gamoTvale denis Zala da simZlav re gare wredSi.

amocana 6.

 galvanuri elementis batareaze 16 omi winaRobis CarTvisas denis Zala iyo 1 a, xolo 

8 omi winaRobis CarTvisas ki _ 1,8 a. gamoTvale ba tareis emZ da Sida winaRoba.

amocana 7.

 voltmetrma denis wyaros momWerebTan SeerTebisas aCvena 6 v. ro desac imave momWe-

rebs miuerTes rezistori, voltmetrma aCvena 3 v. ras aCvenebs voltmetri, Tu er-

Tis nacvlad mivuerTebT erTmaneTTan mimdevrobiT SeerTebul or aseTive rezis-

tors?

2ε2 Rt

(R + 2r)2

ε I
sr

2 R + 2r
 I

 
=       =              TiToeul quraSi gamavali denis Zala iqneba:

TiToeul quraze gamoyofili siTbos raodenoba _ I2Rt.

mTel wredSi gamoyofili siTbos raodenoba tolia TiToeul ubanze gamoyofili 

siTbos raodenobebis jamisa: Q
2

 = 2I2Rt.  e.i. 

     Q
2

 =                .

                                                                     pasuxi: 1, 53-jer.

(R + r)2

(R + 2r)2 
= 2               .                     

Q2

Q1
 
= 1,53.             

Q2

Q1

2ε2 Rt (R + r)2
 ,                                 

,(R + 2r)2 ε2 Rt 
=              

Q2

Q1

R R

ε r
a b

I UUU I U

K
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germaneli mecnieris k. rikes mier Catarebuli cdebiT 
damtkicda, rom liTonebSi muxtis gadamtani nawilakebia 
Tavisufali eleqtronebi. man am eqsperimentisTvis gamoiye-
na erTmaneTTan mWidrod dakavSirebuli sami cilindris 
formis sxeuli, romelTagan erTi iyo aluminis da ori _ 
spilenZis (sur. 85). cilindrebi SeerTebuli iyo denis wya-
rosTan da masSi mudmivi deni erTi wlis ganmavlobaSi gadio-
da. am droSi gamtarSi daaxloebiT 3,5 . 106 k muxtma gaiara. 
eqsperimentis Catarebis Semdeg rikem cilindrebi awona da 
daadgina, rom cilindrebis masebi ar Secvlila. amiT damt-
kicda, rom liTonSi denis gavlisas qimiuri procesi ar 
xdeba, nivTierebis gadatana ar mimdinareobs da gamtaroba 
xorcieldeba nawilakebiT, romlebic yvela liTonisTvis 
erTnairia. aseTi nawilakia eleqtroni. 

liTonebis gamtaroba rom Tavisufali eleqtronebis moZ-
raobiT aris ganpirobebuli, eqsperimentulad daamtkices 
agreTve mandelStamma da papaleqsim, Semdeg ki _ stiuartma 
da tolmenma. am cdebis sqema gamartivebuli saxiT Semdegia: 
koWze axveven mavTuls, romlis boloebsac mosri ale kon-
taqtebis saSualebiT uer Teben galvanometrs (sur. 86). koWa 
mohyavT swraf brunvaSi, Semdeg ki uceb aCereben. koWas mkveT-
ri gaCerebisas Tavisufali damuxtuli nawilakebi erTxans 
inerciiT imoZraveben gamtaris mimarT – koWaSi aRiZvreba 
eleqtruli deni. es deni male Sewydeba, radgan gamtaris wi-
naRobis gamo damuxtuli nawilakebi damuxruWdeba da denis 
warmomqmneli nawilakebis mowesrigebuli moZraoba Sewyde-
ba. dakvirvebebma aCvena, rom koWas gaCerebis Semdeg wredSi 
deni marTlac arsebobs. misi mimarTuleba miuTiTebs, rom 
is Seqmnilia uaryofiTad damuxtuli nawilakebis anu eleq-
tronebis moZraobiT.

germanelma mecnierma p. drudem Seqmna liTonebis gamtaro-
bis klasikuri Teoria, romlis mixedviT liTonis gamtari 
Sedgeba Tavisufali eleqtronebisa da dadebiTad damuxtu-
li ionebisgan. liTonebSi Tavisufali eleqtronebis mimar-
Tuli moZraoba eleqtrul dens qmnis. 

liToni

atomi

Tavisufali
eleqtronebi

 gaazreba

saSinao davaleba

 imsjele, eleqtruli denis bu nebis Sesaxeb liTonebSi  

(sur. 87).

eleqtruli deni liTonebSi2.19.

sur. 85

sur. 86

sur. 87

 

 

m1

m1
'

m1
' = m1 m2

' = m2 m3
' = m3

Cu

Cu

Cu

m2

m2
'

Al

Al

Al

m3

m3
'

Cu

Cu

Cu

 eleqtronis siCqare eleqtruli velis gavleniT 10-4 m/wm-ia. 

ra droSi miaRwevs eleqtroni denis wyarodan eleq trul 

naTuramde, Tu mimyvani sadenis sigrZe 10 metria? ratom in-

Teba naTura myisierad?
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zogierTi siTxe denis kargi gamtaria, zogierTi ki _ ara. magaliTad, gamoxdil 
wyalSi ar aris Tavisufali eleqtruli muxtebi da amitom is eleqtrul dens ar 
ata rebs. gamoxdil wyalSi marilis gaxsnis Sedegad is denis gamtari xdeba. 

nivTierebis xsnars an nalRobs, romelic atarebs dens, eleqtroliti ewodeba. 
eleqtrolitebia mJavebis, marilebisa da tuteebis nalRobebi an  wyal xsnarebi. 

eleqtrolitebis wyalSi gaxsnisas an gal-
Robisas  maTi kristalebi ionebad iSleba. 
magaliTad, myari sufris marilis (NaCl-
is) kristalSi morigeobiTaa ganlagebuli 
erTmaneTTan ionuri bmiT dakavSirebu-
li  natriumisa da qloris ionebi (sur. 89). 
misi wyalSi moTavsebisas Na+ da Cl- ionebis 
ur TierTqmedeba wylis polarul mole-
kulebTan asustebs am ionebs Soris kav-
Sirs da NaCl-is kristali  ionebad iSleba: 
misi zedapiruli fenidan xsnarSi gadadis 
wylis molekulebiT garSemortymu li, anu 
hidratirebuli ionebi. Semdeg procesi 
grZeldeba da sabolood, marilis xsnarSi 
NaCl-is kristali iSleba ionebad.   

siTxeSi gaxsnisas an galRobisas nivTierebis ionebad daSlas eleqtrolitu­

ri disociacia ewodeba. 
siTburi, qaosuri moZraobis gamo marilis wyalxsnarSi urTierTsawinaaRmdego 

niSnis ionebi uaxlovdeba erTmaneTs, erTiandeba da qmnis NaCl-is neitralur  
nawilaks. am process ewodeba rekombinacia.   

amgvarad, eleqtrolitis wyalSi gaxsnisas mimdinareobs ori procesi: diso-
ciacia da rekombinacia. 

disociaciisas nivTierebebi iSleba dadebiT da uaryofiT ionebad, rekombi-
naciiis dros ki _ piriqiT, sawinaaRmdego niSnis ionebi erTiandeba. sabo lood, 
am procesebs Soris myardeba dinamiuri wonasworoba da ucvlel pirobebSi 
ionebis koncentracia aRar icvleba, mudmivia. temperaturis matebisas siTburi 
moZraoba xdeba ufro intensiuri, ionebis koncentracia izrdeba da dinamikuri 
wonasworoba myardeba ufro meti koncentraciis ionebisTvis.

eleqtruli deni siTxeebSi 2.20.

ifiqre da imsjele

ratom ar ainTeba denis 

wyarosTan SeerTebuli 

naTura eleqtrodebis 

gamoxdil wyalSi 

moTavsebisas (sur. 88)?

sur. 88 gamoxdili 
wyali

sur. 89

Na+
Na+

Na+

Na+

Na+

Na+

Na+Cl-

Cl-

Cl-

Cl-

Cl-
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+
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NaCl ↔ Na+ + Cl-

 wylis polaruli molekulebi
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eleqtrolitebSi muxtebis Tavisufali gadamtanebi aris 
dadebiTi da uaryofiTi ionebi. 

dadebiT ionebs kaTionebs uwodeben, xolo uaryofiT 
ionebs _ anionebs. eleqtrolitSi eleqtruli denis gav-
lisas dadebiTi ionebi amoZravdeba uaryofiTad damuxtuli 
eleqtrodis – kaTodisaken, uaryofiTi ionebi ki – dadebi-
Tad damuxtuli eleqtrodis – anodisaken. 

e. i., siTxeebSi eleqtruli deni aris dadebiTi da 

uaryofiTi ionebis mimarTuli moZraoba. aseT gamtarobas 
ionuri gamtaroba ewodeba. 

siTxes SeiZleba hqondes eleqtronuli gamtarobac. maga-
li Tad, aseTi gamtaroba axasiaTebs Txevad liTonebs. 

ionuri gamtarobisas denis gavla dakavSirebulia niv-
Tierebis gadatanasTan. magaliTad, Sabiamnis (CuSo4) wyalxs-
narSi denis gavlis Sedegad kaTodisaken miemarTeba spilenZis 
dadebiTi ionebi (sur. 90 a). spilenZis (Cu2+) ionebi kaTodTan 
urTierTqmedebisas Seivsebs eleq tronebis danakliss da war-
moiqmneba spilenZis neitralu ri atomebi, romlebic ileqeba 
kaTodze. Sesabami sad, kaTodi daifareba spilenZis Txeli fe-
niT (sur. 90 b).

eleqtrolitSi denis gavlisas eleqtrodebze nivTie­

rebis gamoyofis process eleqtrolizi  ewodeba.

Eeleqtrolizi farTod gamoiyeneba warmoebaSi. ma galiTad, 
reliefuri modelebis liTonis aslis gakeTeba (galvano-
plastika) da nakeTobebze damcveli da dekoraciuli dafenva 
(galvanostegia) eleqtroliziT xdeba. amisaTvis eleqtrol-
itur abazanaSi im eleqtrodis nacvlad, romelzedac liTo-

ni gamoiyofa, aTavseben dasamuSavebel sxeuls. abazanaSi dens atareben. 
TandaTan sxeulis zedapiri liTonis Txeli  feniT ifareba.

eleqtroliziT iReben alumins (hidroeleqtrome talurgia). Aam dros 
eleq trolitis rols metalis gamdnari madani asrulebs. Eeleqtrolizi 
aseve gamo iyeneba sufTa spilenZis, natriumisa da qloris warmoebaSi. 
arsebobs liTonebis damuSavebis Tanamedro ve eleqtroqimiuri meTodi, 
romelSic eleqtrolizia ga moyenebuli. Eeleqtroqimiuri meTodiT Sei-
Zleba zustad da swrafad damuSavdes nakeToba. gaCndes masSi xvrelebi, 
sxvadasxva zomis CaRr mavebebi. Aam meTodiT SeiZleba nebismieri simtkicis 
liTonis damuSaveba. AamasTan, aseTi nakeToba didxans ar cvdeba da mraval-
jeradad gamoiyeneba.

  faradeis kanonebi

eleqtrolizis movlena Seiswavla ingliselma mecnierma maikl farade-
im da daad gina ori kanoni.

faradeis pirveli kanoni:
eleqtruli denis gavlisas eleqtrolitSi eleqtrodebze gamoyo­

fili nivTierebis m masa proporciulia eleqtrolitSi gavlili mux­

tisa.

                         m = kq = kIt    (1)

a

b

 

A K

I

Cu2+
SO4

2 –

A K

sur. 90
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 gaazreba

saSinao davaleba

 warmoidgine, rom  mocemuli gaqvs  oqros xsnadi marili, romelic wyalSi 

gaxsnisas disocirdeba ionebad. kovzis mooqrovebisTvis am marilis wyal-

xsnars asxamen eleqtrolitur abazanaSi, xsnarSi kovzsa da romelime niv-

Tierebis eleqtrods aTav seben  da  uerTeben mudmivi denis wyaros po-

lusebs. imsjele, ra movlena mimdinareobs wredSi denis gavlis Sedegad. 

1. ramden xans grZeldeboda monikeleba, Tu nakeTobaze daileqa 1,8 g nikelis 

Sre? wredSi denis Zala 2 amperia.

2. eleqtrolitur abazanaSi, romelic savsea nikelis mariliT, mimdevrobiT 

miaerTes abazana, romelSic qromis Mmarilia. wredis ganrTvis Semdeg pirvel 

abazanaSi gamoiyo 10 g nikeli. ramdeni qromi gamoiyofa meore abazanaSi?

3. gamoTvale spilenZis eleqtroqimiuri ekvivalenti, Tu eleqtro litur 

abazanaSi denis gavlis dro 20 wuTia. denis Zala 0,5 amperia. kaTodis masa 

denis gatarebamde 70,4 gramia, xolo denis gavlis  Semdeg _ 70,58 grami.

4. eleqtrolituri gziT aluminis misaRebad gamoiyeneba abazana, romelSic  

40 ka deni gadis. ra dro iqneba saWiro 1 t aluminis misaRebad?

sadac proporciulobis k koeficients nivTierebis eleqtroqimiuri 

ekviva lenti ewodeba.
eleqtroqimiuri ekvivalenti tolia eleqtrolizis dros eleqtrodebze 

gamoyofili nivTierebis masis Sefardebisa eleqtrolitSi gasuli muxtis 
raodenobasTan.

     K
k = 

m
q

k-s sazomi erTeulia: 1 kg/k. sxvadasxva nivTierebas sxvadasxva eleqtroqi-
miuri eqvivalenti aqvs (ix. cxrili gv. 68).

faradeis meore kanoni: 
nivTierebis eleqtroqimiuri eqvivalenti k proporciulia misi qimi­

uri ekvivalentis; e. i., nivTierebis A Aatomuri masis Sefardebisa amave 
 ni vTierebis n valentobasTan.

        k =       . 
1 A

F n
                   (2)

FF sidides faradeis ricxvi ewodeba. Fis universaluri mudmivaa da ar aris 
damokidebuli eleqtrolizis damaxasiaTebel raime paramet rze.  (2) formu-
lis (1)-Si CasmiT miiReba faradeis gaerTianebuli kanoni:

   m =       .       It =      .       q .
1 1A A

F Fn n
    (3)

faradeis mudmiva ricxobrivad tolia im muxtisa, romlis eleqtrolitSi 
gavlisas eleqtrodze gamoiyofa nivTierebis qimiuri ekvivalentis ricxob-
rivad toli masa. gazomvebi aCvenebs, rom faradeis ricxvi  tolia F = 96500   
k/moli.
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azrobrivi eqsperimenti

 

mocemuli gaqvs: minis 

Wiqa, gamoxdili wyali, 

sufris marili, ji-

bis farnis batarea an 

akumulatori, naTura 

 sadgarze, naxSiris ori 

eleqtrodi, CamrTveli, 

SemaerTebeli sadenebi.

Mmsvleloba: 1. minis WiqaSi 

Caasxi gamoxdili wyali 

da moaTavse ori eleq-

trodi. Aaawyve wredi su-

raTis mixedviT, CarTe 

CamrTveli. Ddaakvirdi naTuris naTebas. A

 2. Ggamoxdil wyalSi gaxseni sufris marili da Caatare igive cda. daakvirdi 

naTuris naTebas. AAaxseni damzerili movlena. Seadare cdis Sedegebi erTma-

neTs.

gamoitane daskvna: ratom gaiara eleqtrulma denma marilis wyal xsnarSi?

 warmoidgine, berketian sasworze gawonasworebulia spilenZis ori eleq-

trodi, romlebic  CaSvebulia Sabiamnis wyalxsnarSi. wredSi CamrTvelis 

CarTvidan garkveuli drois gasvlis Semdeg sasworis wonasworoba dairR-

va. CamrTvelis gamorTvisas sasworis wonasworobis aRsadgenad sasworis 

marcxe na TefSze moaTavses 200 mg masis sawoni. imsjele: a. ratom dairRva 

sasworis wonasworoba; b. ratom aRdga wonasworoba 200 mg sawonis pinaze mo-

Tavsebisas;  g. gamoTvale, ra drois ganmavlobaSi gadioda wredSi deni.

eleqtruli denis eqsperimentuli 
kvleva  siTxeebSi2.21.

mA

mA

200 mg

denis qimiuri moqmedebis eqsperimentuli kvleva
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eqsperimentuli kvlevebiT dadginda, rom gamtaris wi naRoba damokide-
bulia temperaturaze. temperaturis gazrdisas liTonis winaRoba (iSviaTi 
gamonaklisis garda) izrdeba, Semcirebisas – mcirdeba. liTonebisgan gansxva-
vebiT, eleqtrolitebisa da naxevargamtarebis winaRoba temperaturis gazr-
diT mcirdeba.

Tu gamtaris winaRoba 0°C-ze aris R
0
, xolo raime t temperaturaze – R, 

maSin winaRobis fardobiTi cvlileba 
R0

R - R0  temperaturis proporci uli 
sididea.

          
R0

R - R0 = αt

α proporciulobis koeficients winaRobis temperaturuli koefi cienti 
ewodeba.

          α = 
R0t

R - R0

     (1)

winaRobis temperaturuli koeficienti α gviCvenebs, rogor icvleba gam-
taris fardobiTi winaRoba temperaturis erTi gradusiT Secvlisas. gam-
tarebisaTvis winaRobis temperaturuli koeficienti temperaturis did 
intervalSi umniSvnelod icvleba. (1) formulidan:

 R = R
0
(1 + αt). (2)

gamtaris gaTbobisas misi zomebis fardobiTi cvlileba umniSvneloa.

Tu R
0
 = ρ

0 

l
S

  da R = ρ l
S

, maSin R-isa da R
0
-is mniSvnelobebis CasmiT me-2 

formulaSi, miviRebT: 

     ρ = ρ
0
 (1 + αt).                (3)

temperaturis cvlilebisas gamta ris winaRobis temperaturuli koefici-
enti (α) mcired icvleba. R = ρ . l / S, radgan gamtaris winaRoba am gamtaris 
kuTri winaRobis proporciulia, amitom winaRobac tempera turis cvlile-
biT,  Sesabamisad, wrfivad icvleba (sur. 91).

temperaturis gazrdiT liTonebis kuTri winaRoba izrdeba, radgan  iz  r de  ba 
kris taluri mesris ionebis wonasworobidan gadaxris sidide da, Sesabamisad, 
siTburi moZraobis siCqare. es ki iwvevs Tavisufali eleqtronebis intensiur 
urTierTqmedebas kvanZebis ionebTan, isini ganifantebian. eleq tronebis ga-
fantvis gamo mcirdeba maTi mowesrigebuli moZraobis saSu alo siCqare. e. i., 
izrdeba gamta ris winaRoba anu mcirdeba gamtarSi denis Zala.

gamtaris winaRobis
   damokidebuleba temperaturaze 2.22.

ifiqre da imsjele

ra gavlenas axdens 

temperaturis 

cvlileba gamtaris 

winaRobaze (sur. 91)?

T

R

R
0

0
sur. 91
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winaRobis temperaturaze damokidebulebis gaTvaliswineba aucile belia 
eleqtruli xelsawyoebis damzadebisa da gamoyenebisas. magaliTad, etalo-
nuri winaRobe bisa da gamzomi xelsawyoebis dasamzadeblad iyeneben iseT Se-
nadnobebs, romelTa winaRobis temperaturuli koefi cienti Zalian mcirea. e. 
i., am SemTxvevaSi saWiroa, rom winaRoba sagrZnob lad ar icvlebodes tempera-
turis cvlilebisas.

winaRobis temperaturaze damokidebuleba gamoiyeneba tempera turis gasa-
zomad, radgan xSir SemTxvevaSi SeuZlebelia temperaturis gazomva siTxiani 
TermometriT; am SemTxvevaSi iyeneben Termomet rebs, romelTa moqmedebis 
principi damyarebulia: eleqtruli winaRobis cvli lebaze temperaturis 
mixedviT; TermoeleqtromamoZravebeli Zalis war moqmnaze; an sxeulis in-
frawiTeli gamosxivebis intesivobaze. aseTi TermometrebiT temperaturas 
zomaven did diapazonSi, magaliTad, –50-dan + 1800°C-mde. 

 zegamtaroba

Zalian dabal temperaturaze zogierTi liTonis winaRoba naxtomiseburad, 
swrafad mcirdeba TiTqmis nulamde. pirvelad es 1911 wels aRmoaCina holan-
dielma fizikosma kamerling-onesma. man eqsperimentulad daadgina, rom ver-
cxliswylis wina Roba –268,8°C-ze  mkveTrad ecema nulamde. SemdgomSi  mec-

nierebma aRmoaCines mravali gamtari, romelTa wina Roba 
dabal temperaturaze nuls utoldeba. tempera turas, 
romelzec gamtaris winaRoba nuls utoldeba kriti­
kul temperaturas uwodeben (sur. 92). gamtaris mdgo-
mareobas am temperaturaze zegamtarobas, xolo TviT 
am gamtars zegamtars uwodeben. zegamtaroba ara marto 
liTonebis Tvisebaa. is axasiaTebs Senadnobebsac, naxe-
vargamtarebsa da polimerebsac. zegamtaris denis wya-
rosTan SeerTebisas masSi aRZruli deni SenarCundeba 
didi xnis ganmavlobaSi denis wya ros gamor Tvis Semde-
gac. es karg perspeqtivas qmnis teqnikaSi zegamtarebis 
gamoyenebis TvalsazrisiT. zegamtarebs gamtareb Tan 
SedarebiT is upiratesoba aqvs, rom denis gavlisas maT-
Si siTbo ar gamoiyofa anu eleq truli ener gia siTbur 

danakargebze ar ixarjeba. 
amJamad mecnieruli kvleva-Zieba mimdinareobs oTaxis temperaturaze ze-

gamtari nivTierebebis Sesaqmnelad. aRmoCenilia nivTierebebi, romlebic 
zegamtarul mdgomareobaSi gadadian -135°C temperaturaze normaluri at-
mosferuli wnevisas. aseve miRebulia SenaerTebi, romlebic mxolod Zalian 
maRal wnevaze (188 gpa-ze), gadadian -23°C temperaturaze zegamtarul mdgo-
mareobaSi. mecnierebi cdiloben Seqmnan ufro maRaltempe raturuli zegam-
taruli masalebi, raTa SesaZlebeli gaxdes maTi gamo yeneba yofa-cxovrebaSi 
oTaxis temperAaturazeE.   

zegamtarebi gamoiyeneba mZlavr eleqtrul ZravebSi, generatorebSi, amaC-
qareblebSi da sxv. Seqmnilia integraluri (mikro)  sqemebi, romlebic muSaobs  
zegamtarebis gamoyenebiT. 

zegamtarobis axsna SesaZlebelia mxolod kvanturi Teoriis safuZvelze. 
Tavisufali eleqtronebi Zalian dabal temperaturaze kristalis ionebTan 
ar urTierTqmedeben, radgan ionebi praqtikulad ar moZraoben (ar irxevian). 
zegamtarobis Teoriis SeqmnisaTvis j. bardinma, l. kuperma da j. Sriferma 
1957 wels nobelis premia daimsaxures.

sur. 92

T0 Tkr

ρ
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 gaazreba

saSinao davaleba

1. volframisZafiani varvarebis naTuris CarTvisas (20°C tempe ra turaze) misi wi-

naRoba aris 60 omi. sruli varvarebisas naTuris wina Roba izrdeba 636 omamde. 

rogoria gavarvarebuli Zafis temperatura?

2. eleqtruli Rumelis spirals amzadeben nikelinis  mavTulisagan. aseTi Rumlis 

winaRoba CarTvamde (20°C) 10 omis tolia. rogori iqneba misi winaRoba, roca Ru-

meli gaTbeba 700°C-mde?

3. spilenZis mavTulisagan daxveuli eleqtromagnitis gragnilis  winaRoba 20°C-

ze iyo 2 omi. xangrZlivi muSaobis Semdeg gaxda 2,4 omi. ra temperaturamde ga-

xurda gragnili?

gamtaris winaRobis cvlilebis kvleva  

temperaturis Secvlisas

mocemuli gaqvs:  0,1-0,2 mm diametris 1 an 2 metri sigrZis rkinis an foladis gam-

tari, romelic spiralis saxiTaa daxveuli da damagrebulia izolatoriani 

damWeriT, denis wyaro/kvebis bloki, ampermetri, CamrTveli, SemaerTebeli 

sadenebi, spirtqura.

msvleloba: aawyve wredi suraTis mixedviT. CarTe CamrTveli da CainiSne amper-

metrisa da voltmetris Cvenebebi. miuaxlove anTebuli spirtqura gamtaris 

xveulas da kvlav CainiSne eleqtruli xelsawyoebis Cvenebebi. gamoTvale gam-

taris winaRoba spirtquris 

miaxloebamde da miaxloebis 

Semdeg. 

gamoitane daskvna: rogor 

Seicvala gamtaris winaRoba 

temperaturis gaz rdisas?

azrobrivi eqsperimenti

 warmoidgine, rom eleqtrul wredSi CarTuli spirali jer civ wyalSi CauSves 

(sur. a), Semdeg ki _ cxelSi (sur. b). mocemuli suraTis mixedviT aiRe anaTv-

lebi da gamoTvale spiralis wina Robis temperaturuli koeficienti. 

a b

6 v  

6 v  

1,1a 
0,9a 

mA

V
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Cveulebriv pirobebSi, oTaxis temperaturaze, airi dens ar atarebs. 
 ma ga liTad, haeri kargi dieleqtrikia, radgan masSi praqtikulad ar aris (an 
Zalian mcire raodenobiTaa) muxtis Tavisufali gadamtanebi. gaTbobiT an 
ultraiisferi sxivebis moqmedebiT airis neitraluri ato mebis nawili ioni-
zirdeba, radgan molekulebisa da atomebis energia  izrdeba da maTSi myof-
ma eleqtronma SeiZleba SeiZinos is minimaluri energia, romelic saWiroa 
atomi sagan mis mosawyvetad. am energias ewo deba ionizaciis energia. ioniza-
ciis energiis SeZenis Sedegad eleqtroni Ta visufali xdeba, xolo eleqtru-
lad neitraluri atomis nacvlad warmoiqmneba dadebiTi ioni. Tu Tavisuf-
lad moZravi eleqtroni daejaxa neitralur atoms, SeiZleba am ukanasknelma 
miier Tos es eleqtroni da maSin miiReba uaryofiTi ioni.

maRal temperaturaze eleqtronebisa da dadebiTi ionebis war moqmnis pro-
cess Termuli ionizacia ewodeba.

eleqtruli denis gavlas airSi eleqtrul ganmuxtvas uwodeben.
Termuli ionizaciisas haerSi denis gavlis process araTavisTavadi ai­

rovani ganmuxtva hqvia.
airis gamtarobis meqanizmi eleqtrolitebis xsnarebisa da liTonis nadno-

bis gamtarobis meqanizmis msgavsia. masSi Serwymulia liTonis eleqtronuli 
gamtaroba da eleqtrolitebis wyalxsnarebisa da nadnobebis ionuri gam-
taroba. e. i., airSi muxtis gadamtanebia Tavisufali eleqtronebi, dadebiTi 

da uaryofiTi ionebi.

eleqtronisa da dade biTi ionis urTierTqmedebisas SeiZleba kvlav war-
moiqmnas neitraluri atomi. am process damuxtul nawilakTa rekombinacias 
uwodeben.

rodesac damuxtul nawilakTa axlad warmoqmnili wyvilebis ricxvi tolia 
rekombinaciis Sedegad gamqrali wyvilebis ric xvisa, airSi myardeba e. w. dina­

miuri wonasworoba. am dros denis Zalis sidide ar icvleba. es procesi damaxa-
siaTebelia araTavisTavadi ganmuxtvisaTvis. 

maRali Zabvis eleqtrul velSi norma luri  atmosferuli wnevis dros air-
is ioni zaciisas warmoqmnili damuxtuli nawilakebi airis atomebsa da mole-
kulebTan dajaxebis Sedegad iwveve maTgan eleqtronebis mowyvetas. me oradi 
eleq tronebi sxva molekulebTan da atomebTan dajaxebisas kvlav iwveven 
damuxtuli nawilakebis gaCenas. amrigad, warmoiqmneba damuxtuli nawilakebis 

eleqtruli deni airSi2.23.

ifiqre da imsjele

romel naTurebs 

iyeneben satelevizio 

anZis gasanaTeblad 

(sur. 93?

sur. 93
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zvavi (sur. 94). am movlenas dartymiTi ionizacia 

ewodeba, ganmuxtvas ki – TavisTavadi.
arsebobs TavisTavadi ganmuxtvis sxva dasxva 

saxe: mRvivari ganmuxtva, romelic mimdinareobs 
dabali wnevisas; rkaluri ganmuxtva;  naperwkluri 
da gvirgvinisebri ganmuxtva, romelic damaxa-
siaTebelia airisaTvis normaluri atmosferuli 
wne visas.

mRvivari ganmuxtva _ airebSi mRvivar ganmuxt-
vas Tan axlavs naTeba, rac gamoiyeneba neonis na-
TurebSi.

neonis naTuris minis milSi CarCilulia ori ele-
qtrodi. mili SeiZleba nebismieri formis iyos. is 
savsea dabali wne vis  inertuli airiT, maga liTad,  
neoniT. eleqtrodebze didi Zabvis modebisas maT 
Soris xdeba mRvivari ganmuxtva, rasac Tan ax-
lavs narinjisfer-wiTeli naTeba.  naTebis feri  
damokidebulia milSi Catumbuli inertuli airis gvarobaze. 
magaliTad, argonis airi naTuris momwvano-molurjo naTebas 
iwvevs. miuxedavad imisa, Tu romeli airia milSi Catumbuli, 
mas   mainc neonis naTuras uwodeben (sur. 95 a). 

mRvivari ganmuxtvis naTeba gamoyenebulia agreTve plazmur 
ekranebSi da e. w. dRis sinaTlis naTurebSi. dRis sinaTlis na-
TurebSi  mRvivari ganmuxtva xdeba vercxliswylis orTqlSi. 
warmoqmnili ultraiisferi gamos xiveba STainTqmeba naTuris 
minis kedlebze dafenili specialuri nivTierebebiT, lumino-
foriT. ultraiisferi sxivebis STanTqmis Sedegad nivTiereba 
iwyebs dRis sinaTlis msgavs naTebas. dRis sinaTlis naTurebi 
saWiroebs nakleb eleqtrul  energias da ufro xangrZlivad 
 mu Saobs, vidre varvarebis naTurebi. amJamad, aseTi naTurebis 
nacvlad, farTod gamoiyeneba sinaTlis gamomsxi vebeli dio-
debiani naTurebi. maT ekologiur naTurebsac uwodeben.

95-b suraTze gamosaxulia rkaluri ganmuxtva. rkalu-
ri ganmuxtva miiReba didi simZlavris eleqtrul wyaros-
Tan SeerTebul eleq trodebs Soris myof airSi.  rkaluri 
 gan  muxtva iZleva sinaTlis mZlavr nakads. mas iyeneben 
metalurgia Si  SeduRebisTvis, saproeqcio  aparatebSi, pro-
JeqtorebSi da sxv.

gvirgvinisebri ganmuxtva damaxasiaTebelia gamtarebis im 
ubnebze, romelTac wvetiani boloebi aqvT an iq, sadac didi 
eleqtruli muxti grovdeba, magaliTad, maRali Zabvis gadam-
cemebSi (eleqtruli velis daZabulobaa daaxlo ebiT 30 kv/
sm). eleqtrodis garSemo warmoiqmneba naTeba, romelsac aqvs 
garsis an gvirgvinis saxe. garkveul pirobebSi aseTi naTeba 
SeiZleba warmoiqmnas xeebis wveroebze, gemebis anZebze (sur. 
95 g). aseT naTebas `wminda elmas~ cecxlsac uwodeben.

gvirgvinisebri ganmuxtva gamoyenebulia aslis gadamReb 
aparatebSi (qseroqsSi) da la zerul printerebSi. gvirgvi-
nisebr ganmuxtvas iyeneben agreTve qarxnebis eleqtrofilt-
rebSi mavne nivTierebebisgan gasawmendad.

sur. 94

 

a

b

g

 

sur. 95
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naperwkluri ganmuxtva miiReba eleqtrodebs Soris didi 
Zabvis dros (sur. 96). elva  giganturi naperwkluri ganmuxtvaa 
Rrublebs an Rrubelsa da dedamiwas Soris. naperwkluli gan-
muxtvisas warmoiqmneba ozoni (O3). ozonis maRali koncent-
racia mavnebelia janmrTelobisaTvis.

eleqtruli ganmuxtva mimdinareobs ionizirebul airSi, 
ro melSic dadebiTi da uaryofiTi ionebis koncentracia 

erTmaneTis tolia. ionizirebuli airi eleqtrulad neitralu ria. niv-
Tierebis aseT mdgomareobas plazma ewodeba. plazma iTvleba nivTierebis 

meoTxe mdgomareobad. Tavisi arsiT plazma axlos aris airTan, mag ram maT 
Soris aris gansxvavebac. airSi molekulebi neitraluria, plazmaSi damux-
tuli nawilakebi, eleqtronebi da ionebi Zlierad urTierTqmedeben da es 
urTierT qmedeba airis molekulebis urTierTqmedebasTan Sedare biT bev-
rad metia. plazma samyaroSi nivTierebis yvelaze metad gavrcelebuli 
mdgo mareobaa. maRali temperaturis gamo  mze da varskvlavebi srulad ioni-
zirebuli plazmisgan Sedgeba. varskvlavTSorisi sivrcec plazmisgan Sedge-
ba, mag ram misi simkvrive  Zalian mcirea. aq plazma warmoiqmneba kosmosuri 
gamosxivebiT. varskvlavTaSorisi plazmis temperatura Zalian dabalia. 
plazmiTaa garemoculi dedamiwac. atmosferos zeda fena daaxloebiT 60-
70km simaRleze ionizirebulia da mas ionisferos uwodeben.

airis eleqtrogamtarobis eqsperimentuli kvleva

mocemuli gaqvs: eleqtrometri, liTonis ori 

brtyeli firfita, spirtqura an asanTi, Se-

maerTebeli sadenebi, Salis da abreSumis qso-

vili.

msvleloba: xaxuniT damuxte TiToeuli firfi-

ta, Sesabamisad, erTi _ Salis, meore ki abreSu-

mis qsovilis saSualebiT (firfitebi SegiZlia 

aseve damuxto eleqtroforuli manqaniTac).

 aawyve wredi suraTis mixedviT ise, rom fir-

fitebi mcire manZiliT iyos erTmaneTisagan daSorebuli. da a kvirdi damux-

tuli eleqtrometris isris Cvenebas.

 firfitebs Soris moaTavse anTebuli spirtqura da gaaTbe maT Soris haeri. 

 kvlav daakvirdi eleqtrometris isris Cvenebas. Seadare isris Cvenebebi erT-

maneTs. gaaanalize cdis Sedegi.

gamoitane daskvna: ratom daeSva eleqtrometris isari? ra saxisaa ganmuxtva?

 gaazreba

saSinao davaleba

 moemzade prezentaciisTvis da warmoaCine: ra gansxvavebaa eleqtrolitur diso-

ciaciasa da airis ionizacias Soris; samarTliania Tu ara omis kanoni airis gan-

muxtvisas; ra gansxvavebaa TavisTavad da araTavisTavad ganmuxtvas Soris; sad 

iyeneben mRvivar ganmuxtvas; ratom anaTebs eleqtrodis mxolod wawvetebuli bo-

loebi. ra upiratesoba aqvT neonis naTurebs varvarebis naTurebTan SedarebiT?

sur. 96
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vakuumi (sivrce nawilakebis gareSe) kargi izola toria, 
radgan masSi ar aris muxtis gadamtanebi. vakuumSi eleq-
truli denis bunebis Sesaswavlad iyeneben minis milaks, 
romelSic ori eleqtrodia CarCiluli. milakidan haeris 
nawilobrivi amotumbavisas darCenili molekulebi Tavi-
suflad, erTmaneTTan daujaxeblad imoZraveben milakis 
erTi bolodan meorisaken. airis aseTi mdgomareobac SeiZ-
leba CaiTvalos vakuumad. amgvari airi rom eleqtrogam-
tari gaxdes, masSi SeaqvT damuxtuli nawilakebis wyaro. 
liTonis maRal temperaturamde gaxurebis Sedegad misi 
zedapiridan eleqtronebi amoifrqveva. am process Ter­

moeleqtronuli emisia ewodeba. swored es movlenaa gamo-
yenebuli vakuumur milakSi (sur. 97) Tavisufali muxtebis 
– eleqtronebis misaRebad.

      vakuumuri diodi

vakuumuri milakis erT-erT eleqtrods, romelic uar-
yofiT polusTan aris mierTebuli – kaTods, axureben 
maRal temperaturamde (sur. 98). gaxurebuli kaTodidan 
Termoeleqtruli emisiis gamo eleqtronebi amoifrqveva 
da kaTodis irgvliv warmoiqmneba ̀ eleqtronuli Rrubeli~. 
wredis Sekvrisas eleqtronebis nawili tovebs `Rrubels~ 
da miemar Teba anodisaken – dadebiT polusTan mierTebu-
li eleqtrodisaken. milakSi gaivlis eleqtruli deni. Tu 
anodsa da kaTods sapirispiro niSnis polusebTan SeaerTe-
ben (sur. 99) eleqtruli veli `Rrublis~ eleqtronebs ukan 
daabrunebs dadebiTad damuxtuli eleqtrodisaken. wredi 
ganrTuli aRmoCndeba da deni ar gaivlis. aseTi calmxrivi 

gamtaroba damaxasiaTebelia vakuumuri diodebisTvis.
vakuumuri diodi aris xelsawyo, romlis muSaobis prin-

cipi dafuZnebulia Termoeleqtrul emisiaze. vakuumuri 
diodi Sedgeba minis an metalokeramikis balonisgan, romli-
danac amotumbulia haeri 10-6-10-7 mm. vwy. sv. wnevamde. balon-
Si CarCilulia ori eleqtrodi: anodi da kaTodi (sur. 100). 
kaTodi – liTonis vertika luri cilindria, romelic da-
farulia tutemiwa liTonebis  – bariumis, stronciumis, 
kalciumis oqsidebis SriT. aseT kaTods oqsiduri kaTodi 
ewodeba. gaxu rebisas oqsiduri kaTodis zedapiridan gamoi-
yofa gacilebiT meti eleqtroni, vidre sufTa liTonisa-
gan. kaTodis SigniT kaTodisgan izoli rebuli wvri li vol-
framis spiralad daxveuli Zafia, romelic deniT xurdeba. 
gaxurebuli kaTo di amoafrqvevs eleqtronebs, rom lebic 
mi emarTeba anodisaken, Tu mas kaTodTan Seda rebiT maRali 
potenciali aqvs. milakis anodi cilindruli formisaa, 
romelsac kaTodTan saerTo simetriis RerZi aqvs.

anodi

kaTodi

vakuumiani diodi 

sqematurad

A

K

eleqtruli deni vakuumSi. 
vakuumuri diodi

2.24.

sur. 97

sur. 98

sur. 99
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1. 102-e suraTze mocemuli sqemis mi xedviT imsjele, gaivlis 

Tu ara wredSi deni; Seni mosazreba daasabuTe.

2. imsjele, ratom qmnian vakuums eleqtronul milakebSi.

3. anTebuli sanTeli moaTavses damuxtuli kondensatoris 

firfitebs Soris. sanTlis ali uaryofiTi firfitisaken 

gadaixara. imsjele, ratom gadaixara ali uaryofiTi fir-

fitisken.

101-e suraTze gamosaxulia vakuu-
muri diodis volt-amperuli maxa-
siaTeblis grafiki. vakuumuri diodis 
volt-amperuli maxasiaTebeli, gan-
sxvavebiT liTonis gamtaris volt-
amperuli maxasiaTeb lisagan, ar aris 
wrfivi. amis ZiriTadi mizezi aris is, 
rom diodSi deni warmoiqmneba Ter-
moeleqtronuli emisiis Sedegad amo-
frqveuli Tavisufali eleqtronebiT. 
am eleqtronebis raodenoba SezRudu-
lia. Zabvis zrdisas eleqtronebis sul 
ufro meti raodenoba aRwevs anods da 
deni swrafad izrdeba. roca kaTodidan 
amofrqveuli yvela eleqtroni aRwevs  
anods, Zabvis Semdgomi zrdisas deni 

aRar icvleba – dgeba najeroba (grafikze AB ubani). Tu ka-
Todis temperaturas gavzrdiT, maSin kaTodidan meti ra-
odenobis eleqtroni amoifrqveva da najerobis deni mii-
Reba ufro maRali Zabvisas.

vakuumuri diodebis calmxriv gamtarobas iyenebdnen 
cvla di denis gamarTvisaTvis (Umudmiv denad gardaqmnisa-
Tvis). Tanamedrove mowyobilobebSi vaku u muri diodebi 
Secvlilia naxevargamtaruli diodebiT. 

 gaazreba

saSinao davaleba

1. vakuumur diodSi denis Zalaa 0,2 a. ramdeni eleqtroni 

gaivlis naTuraSi 10 wm-Si?

2. vakuumur diodSi Termoeleqtronuli emisiis Sedegad 

amoglejili eleqtroni amoZravda (sawyisi siCqare υ0 = 0) 

kaTodidan anodisaken. kaTodsa da anods Soris Zabva 285 

voltia. gamoTvale eleqtronis siCqare anodTan miRwevi-

sas (e = 1,6•10–19 k, me = 9,1•10–31 kg).

3. kaTodsa da anods Soris manZili 1 sm-ia. ra droSi miaRwevs 

eleqtroni kaTodidan anodamde 440 v Zabvisas (moZraoba 

TanabaraCqarebulia)?

anodi

fexi

minis

baloni

kaTodi

 

sur. 100

1

G

2

sur. 102

I, ma

U, v

A B

o

sur. 101
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naxevargamtarebi. naxevargamtarebis 
sakuTari gamtaroba 2.25.

nivTierebebi iyofian eleqtruli denis gamtarebad da 
dieleqtrikebad. Tumca aris  nivTierebebi, romlebic ar 
miekuTvnebian arc  gamtarebs arc dieleqtrikebs. maT naxe­

vargamtarebs uwodeben. naxevargamtarebs eleqtruli de-
nis gamtarobis mixedviT Sualeduri adgili uWiravT gam-
tarebsa da dieleqtrikebs Soris. naxevargamtaruli niv-
Tierebebi xasiaTdeba gansakuTrebu li TvisebebiT. kerZod, 
am nivTierebebis kuTri wi naRoba damokidebulia sxvadasxva 
faqtorze, magaliTad, tempe raturasa da si na Tlis moqmede-
baze. Tu tem pera turis momatebiT liTonebis kuTri win­

aRoba matulobs, naxevar gamtarebis winaRoba mcirdeba. 
liTonze sinaTlis moqmedeba maT gamtarobaze ar moqme debs, 
na xevargamtarebis gamtaroba ki sinaTlis moqmede biT izr-
deba (anu winaRoba mcirdeba). 103-e suraTze gamosaxulia 
kuTri winaRobis temperaturaze damokidebu lebis grafikebi 
liTonebisa da na xevargamta rebisaTvis. rogorc grafikebi-
dan Cans, tempe raturis momatebiT liTonebis kuTri winaRoba 
izrdeba, naxevargamta rebisa ki mcirdeba.

kuTri winaROobis aseTi cvlileba dakavSirebulia nivTierebis struq-
turasTan. magaliTad, germaniumis yoveli atomi garemoculia oTxi uax-
loesi mezobeli atomiT (sur. 104). mezobeli atomebis wyvilTa urTierTq-
medeba wyvil eleq tronuli anu e. w. kovalenturi kavSiriT xor cieldeba. 
es kavSiri warmoiqmneba TiToeuli atomidan TiTo savalento eleqtronis 
monawi leobiT (sur. 105 a), romelic atomebs Soris saziaro xdeba.

naxevargamtaris gaTbobisa da ganaTebis Sedegad eleqtronebi iReben 
Warb energias, irRveva cal keuli kavSirebi, zogierTi eleqtroni mowyde-
ba atoms da Tavisufali xdeba (sur. 105 b). suraT ze naCvenebia erTi eleq-
tronis gaTavisufleba. kristalSi ki, rogorc cnobilia, atomebis Zalian 
didi ricxvia, amitom didi raodenobis Tavisufali eleqtronebis war-
moqmna gamoiwvevs eleq truli gamtarobis zrdas. e. i., Semcirdeba naxevar-
gamtaris winaRoba.

gamtarobas, romelic ganpirobebulia naxe var gamtarSi Tavisufali 

eleqtronebis arse bobiT, eleqtronuli gamtaroba ewodeba.

atomidan eleqtronebis amogdebisas warmoiq mneba vakanturi adgili, 
romelsac aklia eleq troni. mas xvrels uwodeben. xvrels Seesabameba 

ifiqre da imsjele

grafikebis mixedviT Seadare 

erTmaneTs liTonebisa da 

naxevargamtarebis kuTri 

winaRobebis damokidebuleba 

temperaturaze (sur. 103).

ρ

o

liToOnebi

T

naxevargamtarebi

sur. 103

sur. 104

 
a

b



56

dade biTi muxti, radgan masSi eleqtronis naklebobaa.
xvrelis mdebareoba kristalur meserSi ucvleli ar aris. 

atomebis SemakavSirebeli eleqtronebi uwyvetad gadainac-
vleben warmoqmnili xvrelis adgilze, aq aRdgeba wyvileleq-
tronuli kavSiri, xolo im adgilas, romelic datova eleq-
tronma, Cndeba axali xvreli. amrigad, xvreli gadaadgil-
deba mTeli kristaluri meseris gaswvriv.

Tu eleqtruli velis daZabuloba naxevargamtarSi nulis 
tolia, maSin xvrelebis gadaadgileba, romelic tolfasia 
dadebiTi muxtis gadaadgi lebisa, qaosuria da ar warmoqmnis 
dens. eleqtruli velis arsebobisas warmoiqmneba xvrelebis 
mowesrige buli moZraoba da Tavisufali eleq tronebis mier 
Seqmnil dens emateba deni, romelic xvrelebis mowesrige-
buli moZraobiT aris aRZru li. xvre lebis moZraoba eleq-
tronebis moZraobis sapi rispiroa (sur. 106).

amrigad, naxevargamtarSi gvaqvs ori tipis muxtis 

matareb lebi: eleqtronebi da xvrelebi.  amitom naxe-
vargamtarebs ara mxolod eleqtro nuli, aramed xvreluri 

gamtarobac axasiaTebs.
aseT gamtarobas naxevargamtaris sakuTari  gamtaroba 

ewodeba.

naxevargamtaruli nivTierebebi uxvadaa bunebaSi. isini 
dedamiwis qerqis Semadgenlobis 4/5-s  Se adgens. martivi naxe-
vargamtaruli nivTiere bebia: germaniumi GGe, siliciumi Si, 
seleni Se da sxv.

Tanamedrove qimiuri teqnologiiT miRebulia rTuli 
naxe vargamtaruli nivTierebebi. magaliTad, orelementiani 
galiumis arsenidi GeAs, indi umis arsenidi InAs da sxv.

samelementiania Semdegi nivTierebebi: AlGaAs, InGaAs da 
sxv.

Seqmnilia oTx da xuTelementiani SenaerTebic, romleb-
sac naxevargamtaruli Tvisebebi aqvT. garda am nivTiere-
bebisa, Seqmnilia agreTve organuli naxevargamtarebi da 
magnituri naxevargamtarebi.

 gaazreba

saSinao davaleba

1. imsjele naxevargamtarebSi wyvileleqtruli kavSiris  

Sesa xeb (sur. 105).

2. imsjele, ra ganapirobebs naxevargamtarebSi eleqtronul 

da xvrelur gamtarobas?

 moipove informacia da aRwere, rogor warmoiqmneba eleq-

trul velSi moaTavsebul naxevargamtarebSi gamtaroba.

e

p

 
a

b

sur. 105

sur. 106

E
→
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I. naxevargamtaris winaRobis temperaturaze  
damo kide bu lebis kvleva

II. naxevargamtaris winaRobis sinaTlis zemoqmedebaze 
damo ki de bulebis kvleva

mocemuli gaqvs:  denis wya-

ro (kvebis wyaro), naxevar-

gamtaruli nivTiereba (Ter-

morezis tori), CamrTve li, 

ampermetri, SemaerTebeli 

sa denebi, spirtqura.

msvleloba: suraTis mixedviT 

aawyve wredi. daakvirdi am-

permetris Cvenebas CamrTve-

lis CarTvisas.

naxevargamtars miuaxlove an-

Tebuli spirtquris ali 

(sanTlis ali an raime siT-

buri wyaro) da daakvirdi 

ampermetris isris Cvenebas. 

moaSore siTbos wyaro, kv-

lav daakvirdi ampermetris Cvenebas. gaaanalize cdis Sedegi. 

gamoitane daskvna: rogor icvleba denis Zala da, Sesabamisad, kuTri winaRoba 

naxevargamtaris gaTbobis Sedegad? 

mocemuli gaqvs:  denis wyaro 

(kvebis wyaro), naxevargamta-

ruli firfita (fotorezis-

tori), CamrTveli, amperme-

tri, SemaerTebeli sadenebi, 

sinaTlis wyaro (mzis sxivebi 

an eleqtrul qselSi CarTu-

li varvarebis naTura).

msvleloba: suraTis mixedviT 

aawyve wredi. CarTe CamrTve-

li da daakvirdi ampermet-

ris Cvenebas. sinaTlis wya-

roTi gaanaTe firfitis 

ze dapiri.  kvlav daakvirdi 

ampermetris Cvenebas. moaSore sinaTlis wyaro naxevargamtars da daakvirdi 

ampermetris Cvenebas. gaaanalize cdis Sedegi.

 gamoitane daskvna: rogor ic vleba denis Zala da, Sesabamisad, naxevargamtaris 

kuTri wina Roba masze sinaTlis zemoqme debiT?

naxevargamtarebis eleqtruli 
Tvisebebis  eqsperimentuli kvleva

2.26.
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naxevargamtarebis sakuTari gamtaroba didi ar 
aris. es gamowveulia imiT, rom Tavisufali eleq-
tronebis ricxvi naxevargamtarebSi, gamta rebTan Se-
darebiT mcirea. magaliTad, germaniumSi, oTaxis tem-
peraturaze Tavisufali eleqtronebis koncentra-
ciaa 3•1013 sm–3. naxevargamtarebis gamtaroba izrdeba 
masSi minarevebis SetaniT. am SemTxvevaSi sakuTar 
gamtarobasTan erTad warmoiqmneba damatebiT mina-
revuli gamta roba. minarevuli gamtaroba ewodeba 

gamtarobas, romelic ganpirobebulia naxevargam­

tarSi mi narevebis SemcvelobiT.

minarevuli centrebi SeiZleba iyos:
1. qimiuri elementis atomebi an ionebi, romlebic 

Canergili arian naxevargamtarebis meserSi;
2. Warbi atomebi an ionebi, romlebic Canergili ari-

an mesris kvanZebs Soris;
3. kristalur meserSi sxvadasxva tipis defeqtebi 

da kristaluri meseris gamrudeba: carieli kvanZebi, 
bzarebi, Zvra, romelic kristalebis deformaciisas 
aris warmoqmnili. 

minarevebis koncentraciis SecvliT SeiZleba mniSv-
nelovnad gaizardos ama Tu im niSnis muxtis matareb-
lebis ricxvi da Seiqmnas naxevargamtarebi upirate-
sad an dadebiTi, an uaryofiTi damuxtuli nawilakebis 
koncentraciiT.

minarevebi SeiZleba iyos donoruli (gamcemi) da aqceptoruli (mim­

Rebi). Tu naxevargamtaruli nivTiereba, magaliTad, Ge, Seicavs minare-
vebs, maSin sakuTar gamtarobasTan erTad arsebobs minarevuli gamtaro-
bac (sur. 107 a, b). amasTan, naxevargamtarSi minarevis, davuSvaT, dariSxanis 
atomebis mcire koncentraciis SemTxvevaSic ki Tavisufali eleqtronebis 
ricxvi mkveTrad izrdeba. dariSxanis, As atoms aqvs 5 savalento eleq-
troni, maTgan oTxi monawileobs naxevargamtaris, mag., germaniumis (Ge) 
atomTan kovalenturi bmis SeqmnaSi, mexuTe eleqtroni ki – Tavisufalia. 
germaniumSi yovel sm3-Si daaxloebiT 1023 atomia. dariS xanis, rogorc mina-
revis, koncentracia milionjer naklebic rom iyos, minarevuli gamtaroba 
mniSvnelovani iqneba. es niSnNavs, rom minarevul gamtareblobas ganapiro-
bebs 1017 minarevis eleqtroni yovel sm3-Si. es ki daaxloebiT 10000-jer me-
tia sufTa germaniumis sakuTar gamtarobaze. minarevs, rome lic advilad 
gascems eleqtrons, donoruli minarevi ewodeba (sur. 107 a), xolo na-
xevargamtari aseTi minareviT – n tipis naxevargamtaria (negative – uaryo-
fiTi). minarevs, romelsac aqvs unari, advilad miierTos eleqtroni, aqcep­

toruli minarevi hqvia. magaliTad, indiumis (In) mina revis atoms aqvs sami 
savalento eleqtroni, amitom germaniumis atomTan kovalenturi bmisa-
Tvis aklia erTi eleqtroni. Sedegad warmoiqmneba imdeni xvreli, ramdeni 
 minarevis atomic aris naxevargamtarSi (sur. 107 b). aseT naxevargamtars   
p tipis naxevargamtars (positive – dadebiTi) uwodeben.

naxevargamtarebis minarevuli 
gamtaroba2.27.

 
a

b

E
→

E
→

In

As

sur. 107
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 n da p tipis naxevargamtarebis  kontaqti

p tipis naxevargamtarSi muxtis ZiriTadi mata-
reblebi xvrelebia, xolo eleqtronebi araZi-
riTadi matareblebi. n tipis naxevargamtarSi 
eleq tronebia muxtis ZiriTadi matareblebi, xo-
lo xvrelebi _ araZiriTadi.

n da p tipis naxevargamtarebis kontaqtisas war-
moiqmneba p­n gadasvla anu eleqtronul-xvre-
luri gadasvlis are, romelSic mimdinareobs 
muxtebis matareblebis gadasvla erTi tipis naxe-
vargamtaridan meoreSi (sur. 108).

n da p tipis naxevargamtarebis kontaqtis are-
Si (Camketi fena) warmoiqmneba difuzuri deni. 
muxtis ZiriTadi matareblebi qaosuri moZrao-
bis gamo im aridan, sadac maTi raodenoba metia, 
gadavlen areSi, sadac maTi raodenoba naklebia. 
Sedegad, sasazRvro are daimuxteba da p tipis 
naxe vargamtaris are, romelic esazRvreba gamyof 
ares, miiRebs damatebiT uaryofiT muxts, ro-
melic moaqvT eleqtronebs, xolo n tipis naxe-
vargamtarSi sasazRvro are miiRebs  da matebiT 
muxts, romelic moaqvT xvrelebs. amrigad, gamyo-
fi are iqneba  SemosazRvruli ori sawinaaRmdego 
niSnis sivrculi muxtiT, romelic  qmnis muxtebis 
ZiriTadi matareblebisagan gaRaribebul Camket 

fenas. Camketi fenis winaRoba danarCeni nawilebis 
winaRobaze gacilebiT metia. amitom is uSlis muxtis ZiriTadi matareblebis 
moZraobas p-n gadasavlelze. 

eleqtruli veli E, romelic iqmneba moculobiTi muxtebis mier war moqmnili 
ariT, iwvevs dreifis dens, romelic difuzuri denis sawinaaR mdego mimarTu-
lebisaa. bolos da bolos, difuzur da dreifis dens Soris damyardeba dina­

mikuri wonasworoba da Sewydeba muxtebis gadasvla.
naxevargamtarebis aseTi kontaqtis gare eleqtrul velSi moTavsebisas 

adgi li aqvs calmxriv gamtarobas. Tu movdebT gareSe velis Zabvas ise, rom 
mis mier Seqmnili eleqtruli veli sawinaaRmdegod iyos mimarTuli sivrculi 

Camketi fena

minarevuli 
gamtaris 
eleqtroni

sakuTari 
gamtarobis 
eleqtronebi 
da xvrelebi

sakuTari 
gamtarobis 

eleqtronebi 
da xvrelebi

minarevuli 
gamtarobis 

xvreli

Ge

Ge

p n

sur. 108

a

b

sur. 109

diodi gaxsnilia

E 

II

+ _

np

diodi Caketilia

E

II

+_

np

 
→

→
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muxtis areebs (anu Camket fenas) Soris arsebuli eleqtru-
li velis mimarT, dinamikuri wonasworoba dairRveva da 
difuzuri deni gadaaWarbebs dreifis dens, romelic Zab-
vis gazr diT swrafad izrdeba. amis gamo Camketi fena pata-
ravdeba. Zabvis aseT modebas p-n  gadasasvlelze ewodeba 
pirdapiri wanacvleba anu pirdapiri gadasvla (sur. 109 a).

Tu gareSe Zabva modebulia ise, rom mis mier Seqmnili 
veli emTxveva sivrculi muxtebis mier Seqmnil vels, maSin 
es kidev ufro gazrdis Camket fenas da deni p-n  gadasasv-
lelze ar gaivlis. Zabvis aseTi  modeba p-n – gadasasv-
lelze aris Seqceuli wanacvleba anu Seqceuli gadasvla  
(sur. 109 b). 

pirdapiri gadasvlisaTvis denis wyaros dade biT poluss 
aerTeben  p tipis naxevargamtarTan, uaryofiTs _  n tipis 
naxevargamtarTan. p-n gadasasvlels axasiaTebs calmxrivi 
gamtaroba da misi volt-amperuli maxasiaTebeli gamosaxu-
lia 110-e suraTze.

 gaazreba

 azrobrivad daukavSire erTmaneTs marTebuli mtkicebulebebi:

1. sakuTari gamtareblobis naxevargamtarebSi muxtis gadamtanebia...

2. naxevargamtarebSi donoruli minareviT muxtis gadamtanebi ZiriTadad aris...

3. naxevargamtarebSi aqceptoruli mina reviT muxtis gadamtanebi ZiriTadad 

aris... 

a b g

1

2

3

 a. xvrelebi;   

 b. eleqtronebi;  

 g. eleqtronebi da xvrelebi.

U U
o

I
I

pir

I
SEeqc

Seqc pir

ma

sur. 110

saSinao davaleba

1.  germaniumSi eleqtronebis saerTo koncentraciaa 4,5 . 1028 m-3, muxtis gadamtani 

eleqtronebis koncentracia 3 . 1019 m-3.  gamoTvale germaniumSi eleqtronebis 

saerTo koncentraciis ra nawils Seadgens muxtis gadamtani eleqtronebis kon-

centracia.

2. 3,2 mm  siganisa da 250 mkm sisqis  Txel  siliciumis firfitaSi, romelic Seicavs 

fosforis minarevs, gamavali denis Zalaa 5,2 ma. fosforis Semcvelobis gamo si-

liciumi n tipisaa da masSi eleqtronebis koncentracia gacilebiT metia sufTa 

siliciumSi arsebuli eleqtronebis koncentraciaze. siliciumis mocemul ni-

muSSi eleqtronebis koncentracia 1,5 . 1023  m-3. gamoTvale eleqtronebis mowes-

rigebuli mimarTuli moZraobis (dreifis) siCqare.

3. gamoTvale naxevargamtaruli diodis winaRoba pirdapiri da ukuCarTvisas, Tu 

pirdapiri CarTvisas 0,5 v Zabvaze denis Zala 5 ma-ia, xolo ukuCarTvisas 10 v Zab-

vaze denis Zalaa 0,1 ma. ra Tanafardobaa winaRobebs Soris?
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naxevargamtarebis gamoyeneba
es 
sainteresoa

Nnaxevargamtaruli xelsawyoebi mniSvnelovan rols as-
ruleben eleqtroteqnikis ganviTarebaSi. 

naxevargamtarebi gamoiyeneba mraval xelsawyoSi.

 naxevargamtaruli diodi

naxevargamtaruli diodi aris oreleqtrodiani eleq-
truli xelsawyo, romelsac aqvs sxvadasxva gamtaroba, eleq-
truli denis mimarTulebis mixedviT.

diodis im eleqtrods, romelic SeerTebulia denis wyaros 
dadebiT polusTan, roca diodi gaxsnilia (e. i., aqvs mcire 
winaRoba), uwodeben anods. uaryofiT polusTan SeerTebul 
eleqtrods uwodeben kaTods.

naxevargamtarul diodebs p-n kontaqtis gamo axasia TebT 
calmxrivi gamtaroba da es damokidebulia imaze, denis wya-
ros romel poluss uerTdeba p – an n – kontaqti (sur. 111 a).

calmxrivi gamtaroba gamoisaxeba diodis volt-amperuli 
maxasiaTebliT (sur. 110). pirdapiri wanacvlebisas p – ti-
pis naxevargamtari SeerTebulia denis wyaros dadebiT po-
lusTan. Zabvis mciredi gazrda denis Zalis mkveTr gazrdas 
iwvevs. Seqceuli (uku) wanac vlebisas p – tipis naxevargam-
tari SeerTebulia denis wyaros uaryofiT polusTan. Zabvis 
momatebiT denis Zala Tumca umniSvnelod izrdeba, magram 
mainc nulTan axlosaa da diodi praqtikulad  dens ar ata-
rebs.

naxevargamtaruli diodebi gamoiyeneba sxvadasxva daniS-
nulebiT: cvladi denis mudmiv denad gardasaq mnelad, laze-
rebad, deteqtorebad, temperaturis gamzomad, fotodio-
debad, Suqdiodebad. Suqdiodi aris sinaTlis miniaturuli 
wyaro (sur. 111 b, g). is gamoiyeneba oTaxebis gasana Tebad 
(sur. 112), indikatorebad, SuqniSnebSi, televizorebSi, avto-
mobilis farebSi, optikur boWkoebSi signalis gadasacemad, 
mobilur telefonebSi ganaTebisaTvis, Txe vadkristaliani 
ekranebis (televizorebSi) ganaTebi saTvis. 

 naxevargamtaruli lazeri

Nnaxevargamtaruli  lazeri aris kvanturi generatori, 
xelsawyo, romelSic denis wyarosTan pirdapiri SeerTebi-
sas  p-n kontaqtSi warmoiqmneba eleqtronul-xvreluri 
wyvilebis didi raodenoba. Mmuxtebis wyvilebis  rekombina-

sur. 112

sur. 111

kaTodianodi

 a

b

g

I

p n

R

anodi kaTodi

sur. 113

naxevargamtarebi

rezistorebi

integraluri mikrosqemebi

naxevargamtaruli 
fotoeleqtruli xelsawyoebi

tranzistorebi

triodebi

diodebi
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ciis Sedegad aRiZvreba Zlieri gamosxiveba, romelic opti-
kuri xelsa wyoebis gamoyenebiT koncentrirebulad, erTi 
mimarTulebiT vrceldeba (sur. 113). Llazerebis gamoyenebis 
sfero Zalian vrcelia. sxivebis energia imdenad didia, rom 
mas SeuZlia liTonis daWra nawilebad. lazerebi gamoiye-
neba printerebSi, romlebic erT wuTSi 14-ze met gverds 
beWdaven. uwyveti gamosxivebis lazeriT ofTalmologiaSi 
mkurnaloben Tvalis sneulebebs, lazeriT atareben umtkiv-
neulo operaciebs (sur. 114). laze rebi gamoiyeneba agreTve 
warmodgenebis gasamarTad, dekoraciebis magivrad da sxv.

 tranzistori

tranzistori Tanamedrove eleqtronuli mowyobilo-
bebis ZiriTadi elementia. gamoyenebis TvalsazrisiT, is 
waagavs cvladi winaRobis rezistors, romlis winaRoba 
icvleba samarTavi eleqtruli signalis zemoqmedebiT. 
tranzistori sameleqtrodiani naxevargamtaruli mowyobi-
lobaa (sur. 115 a, b). 

e.w. bipolaruli tranzistorebi, iseve rogorc naxe-
vargamtaruli diodi naxevargamtaruli kristalia, ro-
melic Seicavs p-n gadasvlebs. diodisgan gansxvavebiT, 
tranzistorSi aseTi gadasvlebi oria. misi struqtura 
SeiZ leba iyos  n-p-n  an  p-n-p.   aseT struqturaSi or kidura 
segments Soris winaRoba mcirdeba, Tu Sua segmentsa da erT-
erT kidura segments Soris dens pirdapiri mimarTulebiT 
gaatareben. Sua segments bazas uwodeben, xolo kidura seg-
mentebidan erT-erTs _ koleqtors da meores – emiters.

emitersa da koleqtors Soris gamavali denis Zalis ricx-
viTi mniSvneloba damokidebulia am or eleqtrods Soris 
modebul Zabvasa da baza-emiteris denze. Tu koleqtor-
emiteris Zabva sakmarisad didia, maSin baza-emiteris de-
nis mcire mniSvnelobisTvisac ki, koleqtor-emiteris win-
aRobis Semcireba gamoiwvevs am eleqtrodebs Soris mniSv-
nelovani sididis denis gavlas. amrigad,  tranzistoris 
gamoyenebiT miiRweva denis gaZliereba.

 Termistori

Termistori yvelaze martivi naxevargamtaruli rezis-
tori (sur. 116 a), romlis eleqtruli winaRoba sagrZnob-
lad aris damokidebuli temperaturaze.  temperatura 
izomeba Termistoris Semcvel wredSi denis Zalis sididis 
mixedviT. Termistoris gamoye nebiT zomaven iseT tempera-
turas, romlis gazomva siTxiani TermometrebiT SeuZle-
belia. temperaturis gasazomad sxvadasxva temperaturul 
intervalSi sxvadasxva Termistors iyeneben. Nnaxevargamta-
ruli TermistorebiT SesaZlebelia temperaturis gazomva 
– 100°C-dan 1 030°C- mde. Aarsebobs Termistorebi, romlebic 
gaTvaliswinebulia – 268,8°C gasazomad.

sur. 116

a

b

 

 

sur. 114

b
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I

n
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ε

 p-n-p tranzistori

n-p-n tranzistori

n
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sur. 115
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Termistorebs iyeneben temperaturis distanciuri gazom-
visaTvis, xanZarsawinaaRmdego signaliza ciisaTvis, tempera-
turis stabilizaciisaTvis. igi mraval sayofacxovrebo 
xelsawyoSic gamoiyeneba, maga liTad, sarecx manqanebSi. 116 b 
suraTze gamosa xulia Termistoris sqematuri aRniSvna. 

 fotorezistori

Ffotorezistori aris naxevargamtaruli xelsawyo, rom-
lis eleqtruli winaRoba damokidebulia sinaTlis zemo-
qmedebaze (sur. 117 a, b). 117-e g suraTze gamosaxulia fo-
torezistoris sqematuri aRniSvna. wredSi, romelSic Car-
Tulia aseTi naxevargamtaruli xelsawyo, ganaTebisas deni 
sagrZnoblad imatebs. Ddenis aseTi zrda gaTbobasTan ar aris 
dakavSirebuli, radgan aseTi efeqti SeiniSneba ucvle li 
temperaturis drosac. Ddenis momateba gamowveulia naxe-
vargamtarSi sinaTlis energiis xarjze damatebiTi Tavi-
sufali eleqtronebisa da xvrelebis gaCeniT. Aam movlenas 
Siga fotoeleqtrul efeqts uwodeben. naxevargamtaruli 
fotorezistorebi gamoirCeva miniaturulobiT da maRa-
li mgrZnobiarobiT sinaTlis nakadis mimarT. MFfotorezis-
torebs ZiriTadad iyeneben avto matikaSi, kompiuterul 
mowyobilobebSi, quCis ganaTebis avtomaturad CarTvisa-
Tvis da sxv. Afotoele mentebis anu mzis batareebis saSua-
lebiT SesaZlebelia mzis energiis energetikuli saWiroe-
bisaTvis gamoyeneba. amJamad arsebobs eleqtrosadgurebi, 
 romlebic fotoelementebidan miRebuli eleqtruli ener-
giiT amarageben mosaxleobas (sur. 117 d).

 integraluri mikrosqemebi

Tanamedrove eleqtronul mowyobilobebSi gamoyene-
bulia integraluri mikrosqemebi, romlebic, garda rezis-
torebisa da kondensatorebisa, Seicaven naxevargamtarul 
diodebsa da tranzistorebs. Aam  elementebis raodenoba erT 
integralur sqemaSi TiTis frCxilis farTobze  miliards 
aRwevs (sur. 118 a, b).

maRalsiCqarul optoeleqtronikaSi gamoiyeneba na      xevar -
gamtaruli heterostruqturebi. hete rostruq tu ra aris 
`safenze gazrdili~ fenovani struqtura, romelic Sedgeba 
sxvadasxva naxevargamtarisagan. suraT 118 g-ze naCvenebia he-
torogadasvlis erT-erTi SesaZlo varianti. or sxvadasxva 
nivTierebas Soris yalibdeba heterogadasvla, romelSic 
SesaZlebelia denis matareblebis didi koncentraciis miRe-
ba. am movlenas iyeneben Cqari  moqmedebis opto- da mikro-
eleqtronuli komponentebis Sesaqmnelad. heterostruq-
turebiT Sesa Zlebelia mikroeleqtronikaSi gamoyenebuli 
xelsawyo ebis damzadeba. aseTi  heterostruqturebis Seqm-
nisaTvis 2000 wels Jores alfiorovs da herbert kriomers 
nobelis premia mieniWaT.

sur. 117
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Semajamebeli gakveTili2.28.

1  eqsperimentuli kvleva

 imsjele, sayofa-

cxovrebo 

eleqtruli 

xelsawyoebis 

SeerTebis 

Sesaxeb da daxaze 

Sesabamisi sqema 

(sayofacxovrebo 

xelsawyoebi wredSi 

aRniSne winaRobis 

simboloTi _  

R  ).

mocemuli gaqvs: 9 volti Zabvis  mudmivi denis wyaro (batarea), an laboratoriu-

li kvebis wyaro. 300 an 400 omi winaRobis rezistori, SemaerTebeli sadenebi, 

Suqdio debi. 

msvleloba: a. Suqdiodebi winaRobasTan erTad SeaerTe sadenebiT mimdevrobiT 

denis wyarosTan. gaiTvaliswine, denis wyaros dadebiT polusTan  unda SeaerTo 

naTuris dadebiTi polusi (grZeli `fexi~), Sesabamisad,  uaryofiTi polusi ki _ 

uar yofiTTan. ratom qreba anawyobis naTurebi Tu erT-erTi naTura gadaiwveba? 

ra msgavsebaa naZvis xis naTurebis  anawyobsa da Sen mier awyobil wreds Soris?

 b. Suqdiodebi SeaerTe  paralelurad denis wyarosTan gamtarebiT mierTebisas 

gaiTvaliswine maTi polusebi (wina cdis analogiurad).  ratom ar qreba anawyobis 

naTurebi, Tu erT-erTi naTura gadaiwva? ra msgavsebaa WaRSi naTurebis SeerTe-

bisa  da Sens anawyobSi naTurebis SeerTebis principebs Soris?

 g. Zabvisa da denis Zalis nominaluri mniSvnelobebis (3v; 20 ma) mixedviT gamoT-

vale naTuris winaRoba da nominaluri simZlavre.  gamoTvale anawyobis simZlav-

re mimdevrobiTi da paraleluri SeerTebisas. Seadare erTmaneTs da gamoitane 

daskv na.

Suqdiodebis mimdevrobiTi da paraleluri SeerTeba

a

b

mimdevrobiT SeerTeba

paraleluri SeerTeba

2
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gamtari nivTierebebi

? ? ? ?

eleqtruli 

muxtebis 

Tavisufali 

matareb lebi

eleqtronebi
dadebiTi da 

uaryofiTi ionebi

eleqtronebi, 
dadebiTi da 

uaryofiTi ionebi

eleqtronebi, 
xvrelebi

volt­

ampe ruli 

maxasiaTebeli

wrfivia arawrfivia arawrfivia arawrfivia

eleqtruli 

denis gamtarSi 

gavli sas

ar xdeba
nivTierebis

gadatana

Tan axlavs
nivTierebis

gadatana

Tan axlavs
nivTierebis

gadatana

ar xdeba
nivTierebis

gadatana

winaRoba 

tempera turis 

gazrdi sas
izrdeba mcirdeba mcirdeba mcirdeba

I,a

U,v

I,a

U,v

I,a

U,v

I,a

U,v
o

 Seavse diagrama eleqtruli denis 

maxasiaTebeli sidideebis Sesabamisi 

formulebiT.

5   imsjele, eleqtruli denis Sesaxeb  sxvadasxva garemoSi da daasrule cxrili.

vati
IP

U R

omi

amperi

volti

?

? ?
?

?

?

?

??

?

?

?

dabali wnevis
pirobebSi

? ? ?

?

normaluri atmosferuli  
wnevis pirobebSi

araTavisTavadi TavisTavadi

eleqtruli ganmuxtva airebSi

3

4  
imsjele, 

eleqtruli denis 

Sesaxeb airebSi da 

daasrule sqema.
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Tanamedrove adamianis cxovreba warmoudgenelia eleq-
trobis gareSe. Tumca eleqtroba SeiZleba saxifaTo gaxdes 
adamianisTvis. 

zogjer maRali Zabvis deniani sadeni wydeba da misi erTi 
bolo miwaze ecema. miwa denis kargi gamtaria. aseTi sadenis 
siaxloves gavla saxifaToa.

maRali Zabvis denis moqmedebisas adamianis TiTebi spaz-
mis gamo SemoeWireba denis wyaros an denian gamtars. amitom 
saWiroa usafr T xoebis wesebis dacva. aucilebelia vicodeT 

da davicvaT usafrTxoebis wesebi eleqtroxelsawyoebis ga-

moyenebisas.

gaiTvaliswine:

 fizikis laboratoriaSi eqsperimentebis Cata-
rebisas ar isargeblo iseTi denis wyaroTi, romlis 
Zabva 36 voltze metia;

 ar gamoiyeno eleqtruli wredis awyobis dros 
gamtari, romlis izolacia dazianebulia;

 ar CarTo denis wyaroSi erTdroulad ram de nime 
xelsawyo;

 Stefselidan sadenis moqaCva misi gamorTvisas 
saxifaToa (sur. a);

 TiTebis an sxva nivTebis Cayofa StefselSi si-
cocxlisaTvis saxifaToa (sur. b);

 ar SeiZleba denSi CarTUuli xelsawyos SekeTeba;

 wylis Casxma mxolod wredidan gamorTul eleq t-
roCaidanSi SeiZleba; 

  denSi CarTul maduRaraSi liTonis kovziT moreva 
sicocxlisaTvis saxifaToa;

  xelsaw yoebi Tavdapirvelad damagrZele belSi 
CarTe da Semdeg SAeaerTe damagrZelebeli denis 
wyarosTan (sur. g);

  gamtari da CamrTveli Tu cxeldeba aucileblad 
gamorTe wredidan; gacxelebis mizezi kontaqtis 
eroziaa

 gamocvale naTura rodesac wredi gamorTulia; 

  deniani gamtarisgan adamianis dasaxsnelad ar 
Seexo mas SiSveli xelebiT. xelze unda gadaixvio 
raime naWeri an Caicva xelTaTmani;

  saxifaToa dazianebuli eleqtruli xelsawyoebis 
gamoyeneba;

  denis CarTva sveli xelebiT saxifaToa, radgan wya-
li atarebs dens (sur. d).

es yvelam unda icodes!

frTxilad! 
maRali Zabvaa!

d

a

b

g
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danarTi 1

zogierTi nivTYierebis simkvrive (ρ) 20°C­ze

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 910-1400 0,9-1,4

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  (00C-ze) 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

Saqari-rafinirebuli 1600 1,6

heliumi 0,18 0,00018

fisi 2023 2,023

Jangbadi 1,430 0,00143
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zogierTi nivTierebis eleqtroqimiuri ekvivalenti, mg/k (10–6 kg/k)

alumini (Al3 +) 0,093 nikeli (Ni2 +) 0,30

Jangbadi (O2 –) 0,083 vercxli (Ag +) 1,12

spilenZi (Cu2 +) 0,33 qromi (Cr3 +) 0,18

kala (Sn2 +) 0,62 TuTia (Zn2 +) 0,34

nivTiereba  α, grad­1

konstantani 0.00004

niqromi 0.0001

tyvia 0.0037

vercxli 0.004

foladi 0.006

vercxliswyali 0.0008

nivTiereba  α, grad­1

alumini 0.0042

volframi 0.0048

TiTberi 0.001

platina 0.039

spilenZi 0.0043

nikelini 0.0003

zogierTi nivTierebis winaRobis temperaturuli koeficienti 
α (0°C­dan 100°C­mde)

nivTiereba
x10­8 omi.m an

x10­2 omi.mm2/m
nivTiereba

x10­8 omi.m an

x10­2 omi.mm2/m

alumini 2,8 nikelini 42

vercxli 1,6 niqromi 110

vercxliswyali 96 platina 10

volframi 5,5 spilenZi 1,7

TiTberi 7,1 tyvia 21

konstantini 50 foladi 12

zogierTi liTonisa da Senadnobis kuTri winaRoba (20oC­ze)

danarTi 2
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sagnobrivi saZiebeli

amperi _ gv. 6, 7

anionebi  _  gv. 44

anodi  _  gv. 44, 53

araeleqtruli Zala  _ gv. 34

araTavisTavadi ganmuxtva  _  gv. 51

aqceptoruli minarevi  _   gv. 58

gvirgvnisebri ganmuxtva  _   gv. 51

denis Zala  _  gv. 6

denis simkvrive  _  gv.7

denis wyaro  _   gv. 31, 36

dinamiuri wonasworoba  _  gv. 43, 50

donoruli minarevi  _   gv. 58

drude  _  gv. 42

eleqtrolizi  _   gv. 44

eleqtruli deni  _   gv. 6

eleqtronuli gamtaroba  _  gv. 55

eleqtrolituri disociacia  _   gv. 43

eleqtroqimiuri ekvivalenti  _   gv. 45

eleqtruli winaRoba  _  gv. 15 

eleqtronul-xvreluri gadasvla  _   

    gv. 59 

vakuumi  _    gv. 53

volt-amperuli maxasiaTebeli  _  gv.16

zegamtari  _   gv. 48

TavisTavadi ganmuxtva  _  gv. 50 

Termostati  _    gv. 62

Termuli ionizacia  _   gv. 50

Termoeleqtronuli emisia  _   gv. 53

ionuri gamtaroba  _  gv. 44

ionizaciis energia  _  gv. 50 

integraluri sqema  _    gv. 63

kaTodi  _    gv. 44, 53

kaTionebi  _  gv. 44

kuTri winaRoba  _  gv. 27

konturi  _   gv. 8

mimdevrobiTi SeerTeba  _   gv. 9, 

18, 32

minarevuli gamtaroba  _   gv. 58

mokle CarTva  _  gv. 38

muSaoba  _   gv. 29 

mudmivi deni  _  gv. 8

mRvivari ganmuxtva  _    gv. 51

naperwkluri ganmuxtva  _   gv. 52

omi  _  gv.15, 38

paraleluri SeerTeba  _  gv. 9, 

20, 33

potenciometri  _  gv. 27

rike  _   gv. 42

rekombinacia  _   gv. 43,50

reostati  _  gv. 27

rkaluri ganmuxtva  _    gv. 51

sakuTari gamtaroba  _   gv. 56

tranzistori  _   gv. 61

faradei  _   gv. 44

fotorezistori  _   gv. 62

Sereuli SeerTeba  _  gv. 9

winaRobis temperaturuli koefi -

cienti  _    gv. 47

joul-lencis kanoni  _  gv. 31

xvreluri gamtaroba  _   gv. 56
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saSinao davalebis pasuxebi

Tema 2

2.1
1. 1,1 1022;

2. 25000 sT;

3. 0,25 mm/wm.

2.2
2. a. CarTulia k1; 

    b.  CarTulia k2

3. 1,8;

4. 0,8 a;

5. 0,2 k.

2.4
1. 40 v;

2. 6 kj.

2.6
1. a. 12 v, b. 2 a;

2. 240 om;

3. 2,5 a;

4. 217 v;

5. 50 om;

6. 6 om.

2.8
1. 18 om; 36 v; 4 v; 10v; 6 v; 16 v;

2. 2a; 60 v; 40 v;

3. 54 v; 9 a;

4. 24 v; 16 v, 8 v;

5. 9 om; 3 om.

2.9
1. 8 om;

2. 20/19  (om);

3. 1,2a; 0,4 a; 300 om;

4. 20 v;

5. 11;

6. 9.

2.11
1. 150 k.;

2. r/2; 1,5 r;

3. 4;

4. 2 omi;

5. 3a; 42 v;

6. 30 om;

7. 4 om; 3 a; 1,5 a;

8. 6,25 om; 16 a; 10 a; 4 a, 2 a;

9. 7,5 a;

10. 1,75 v;

11.  6;

12. 0,3 a; 0,1 a;  0,2 a.

2.13
1. 165 om;

2. 24 ma;

3. 13,75 m;

4. 219 g;

5. 0,74 om.

2.14
1. 1,14 kvt;

2. 0,35 vtsT;

3. 20,6 vt;

4. 40 mvt.

2.15
1. 9-jer Semcirdeba;

2. r
4
; r

5;

3. 384 kj;

4. 82,5 vt.sT.; 440 om; 110 vt;

5. moimatebs 2-jer, 

    Semcirdeba 17-jer.

6. 4.

2.16
1. 3v; 2 om;

2.17
1. 4,8 v;

2. 1200 a;

3. 50 v;1 om.

2.18
2. 1,5 a;

3. 60 v; 6 kvt;

4.12 v;

5. 2 a; 20 vt;

6. 2 om; 18 v;

7. 4 v; 2v.

2.19
1. 27,7 sT;

2.20
1. 50 wT;

2. 6 g;

3. 3 10-7 kg/k;

4. daaxl. 75 sT.

2.22
1. 22000C;

2. 12 om;

3. 70,5 0C;

2. 24
1. 1, 25 1019 eleqtroni;

2. 107 m/ wm;

3. 1,6 nwm.

2.27
1.  6,7 10-10;

2. 0,27 m/wm;

3. 100 om; 100 000 om;  

1000.


