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winamdebare naSromi warmoadgens saleqcio kurss eleqtrobasa da magnetizmSi 
universitetis arafizikuri mimarTulebis specialobis studentebisaTvis. kursi 
dawerilia im leqciebis safuZvelze, romlebsac erT_erTi avtori wlebis 
ganmavlobaSi kiTxulobda amJamad zust da sabunebismetyvelo mecnierebaTa 
fakultetze arafizikuri mimarTulebis specialobis studentTaTvis. 
   naSromSi ganxilulia mxolod ZiriTadi Teoriuli da seminarebze 
gansaxilveli sakiTxebi. 
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Tavi 1 
eleqtrostatikuri veli vakuumSi 

$ 1. cneba eleqtruli muxtisa da eleqtrostatikuri velis Sesaxeb. 
    1. eleqtrostatikuri veli. skolis fizikis kursidan cnobilia, rom ama Tu im 
xerxiT (magaliTad xaxuniT) daeleqtroebuli sxeulebi urTierTqmedeben 
erTimeoresTan. am urTierTqmedebis aRwerisaTvis Semotanilia cneba eleqtruli 
velis Sesaxeb. mtkicdeba, rom damuxtuli sxeuli sivrceSi qmnis eleqtrul 
vels,romelic moqmedebs am velSi moTavsebul damuxtul sxeulze. sxva sityvebiT 
rom vTqvaT, damuxtul sxeulebs Soris urTierTqmedeba eleqtruli velis 
meSveobiT xorcieldeba. uZravi muxtebis mier Seqmnil vels eleqtrostatikuri 
veli ewodeba. am Tavis ZiriTadi mizania SeviswavloT eleqtrostatikuri velis 
is ZiriTadi Tvisebebi, romlebic ar arin damokidebuli nivTierebis 
gansakuTrebul eleqtrul Tvisebebze. amisaTvis aucilebelia jer erTi 
SemoviRoT eleqtrul velSi damuxtuli nawilakebis damaxasiaTebeli sidideebi 
da meore – davadginoT kanonebi, romlebic akavSireben am sidideebs. 
   2. eleqtruli muxti. eleqtrostatikuri urTierTqmedebis Seswavla 
gvarwmunebs imaSi, rom daeleqtroebuli sxeuli SeiZleba daxasiaTdes 
skalaruli fizikuri sididiT – eleqtruli muxtiT. eleqtruli muxti 
gansazRvravs eleqtromagnituri urTierTqmedebis intensivobas (msgavsad m masisa, 
romelic msoflio mizidulibis kanonSi gansazRvravs gravitaciuli 
urTierTqmedebis intensivobas). amaSi SeiZleba davrwmundeT Semdegi movlenis 
ganxilviT. romelime eleqtrostatikuri velis erTi da imave wertilSi 
rigrigobiT movaTavsoT damuxtuli sxeulebi da ganvsazRvroT velis mxridan 
maTze moqmedi Zalebi. Tu am dros sxeulTa zomebi, romlebic Setanilia velSi, 
bevrad naklebia cxeulTa Soris manZilze, maSin cda gviCvenebs, rom aRZruli 
Zalebi erTi wrfis gaswvriv moqmedeben, erT jguf sxeulebze erTi mimarTulebiT, 
xolo meoreze – sapirispiro mimarTulebiT. amis Sesabamisad yvela damuxtuli 
sxeuli iyofa or jgufad da bunebrivad xasiaTdebian sapirispiro niSnis mqone 
muxtiT. 
   erTeulTa saerTaSoriso sistemaSi (SI) ZiriTad eleqtrul erTeulad 
miRebulia denis Zala 1 amperi, xolo muxtis erTeuli 1 kuloni aris is muxti, 
romelic gadis erT wamSi gamtaris ganivkveTSi, romelSic gadis erTi amperis 
toli denis Zala.  
   amJamad kargad aris cnobili, rom sxeulTa muxti ganpirobebulia atomebSi 
Semavali elementaruli nawilakebis eleqtruli muxtiT: dadebiTad damuxtuli 
protonebiT da uaryofiTad damuxtuli eleqtronebiT. damuxtul elementarul 

nawilakebs gaaCniaT eleqtruli muxti, romlis absoluturi sidide e=1,6. 10_19 k 
aris bunebaSi arsebuli muxtis minimaluri mniSvneloba. sxeulis sruli muxti 

toli iqneba q=eNp+(−e)Ne, sadac Np aris protonebis raodenoba, xolo 

Ne−eleqtronebis raodenoba. protonebisa da eleqtronebis erTi da igive 

raodenobisas q=0. eleqtronTa naklebobisas (Ne< Np) sxeuli damuxtuli iqneba 

dadebiTad, xolo maTi siWarbis dros (Ne> Np) uaryofiTad. amrigad sxeulis muxti 
yovelTvis elementaruli muxtis jeradia anu diskretulia. magram umravles 
amocanebSi makroskopuli sxeulebis muxti iseTi sizustiT ganisazRvreba, 
romelic bevrad aRemateba elementaruli muxtis sidides. ase, rom savsebiT 
SesaZlebelia, rom muxti ganvixiloT, rogorc uwyveti cvladi sidide. 
   3. muxtis simkvrive. imisaTvis, rom aRvweroT muxtis ganawileba sivrceSi 

SemovitanoT muxtis simkvrivis cneba. sivrcis mcire ΔV moculobaSi 

ganawilebuli Δq muxtis ρ simkvrive ewodeba am muxtis Sefardebas moculobasTan 

ρ= Δq/ΔV 

 5



e.i. muxtis simkvrive ricxobrivad udris muxtis sidides moculobis erTeulSi. 
SevniSnoT, rom Tu zemoT moyvanil gamosaxulebaSi gadavalT zRvarze, rodesac 

V→0, miviRebT namdvil anu muxtis mikroskopul simkvrives, romelic sakmaod 
rTuli saxiT icvleba nivTierebis SigniT erTi wertilidan meoreSi gadasvlis 
dros, radganac is unda “grZnobdes” muxtis ganawilebas atomebSi da 
molekulebSi. SemdegSi ganvixilavT mxolod makroskopul simkvrives anu 
simkvrives gasaSualebuls sivrcis iseT nawilSi, romelic makroskopuli zomebiT 
marTalia mcirea, magram Seicavs atomebis sakmaod did raodenobas (sivrcis 

nawilis zoma >>10-10 m; es aris atomebisa da martivi molekulebis maxasiaTebeli 

zoma). saxeldobr aseTi makroskopuli usasrulo mcire moculoba (agreTve ΔS 
zedapiri, Δl monakveTi) gveqneba mxedvelobaSi, rodesac saubari gveqneba 
nivTierebis makroskopuli maxasiaTeblebis Sesaxeb. 
   Tu cnobilia muxtis simkvrive, rogorc koordinatebis funqcia, SeiZleba 
vipovoT nebismier V moculobaSi moTavsebuli muxti. am mizniT sivrcis 
gansaxilveli are davyoT mcire ujredebad. sivrcis x,y,.z  koordinatebis mqone 
wertilis maxloblad SerCeuli ujredis ΔV moculobaSi ganawilebuli muxti Δq 
SeiZleba ganisazRvros ase Δq=ρ(x, y.z) ΔV. aqedan, rodesac ΔV→0 miviRebT: 

                                                       

∑ ρ=ρ= ∫Δ
→Δ i V

ii0V
)1.1(dVVlimq

i

sadac ρi aris muxtis saSualo simkvrive ΔVi moculobis elementSi. 
   mTel rig SemTxvevebSi muxti Tavmoyrilia raime zedapiris mikroskopul Txel 
fenaSi (magaliTad, gamtaris zedapiris axlos eleqtrostatikuri wonasworobis 
mdgomareobis dros). makroskopuli ganxilvis dros aseTi fenis sisqe SeiZleba 
ugulebelvyoT da davuSvaT, rom muxti zedapirzea ganawilebuli. muxtis aseTi 
ganawileba xasiaTdeba muxtis zedapiruli simkvriviT, romelic warmoadgens 

zedapiris makroskopuli usasrulo mcire ubnis Δq muxtis Sefardebas am ubnis 
ΔS farTobTan: σ=Δq/ΔS. amrigad muxtis zedapiruli simkvrive ricxobrivad udris 
zedapiris farTis erTeulze arsebuli muxtis sidides. (1.1)-is analogiurad 
miviRebT 

                                               

)2.1(dSSlimq
i S

ii0S
∑ σ=σ= ∫Δ

→Δ

zogierT amocanaSi, rodesac muxti wagrZelebuli formis sxeulzea (Zafi, 
cilindri) ganawilebuli, mosaxerxebelia gamoviyenoT muxtis wiriTi simkvrive: 

γ=Δq/Δl, sadac  Δq aris mocemuli sxeulis sigrZis mcire Δl ubanze mosuli 
muxti. e.i. 

                                  

)3.1(dq
L
∫ γ= l

   4. kulonis kanoni. eleqtrobis Seqmnisa da Camoyalibebis gamosaval wertilad 
iTvleba pirvelad kulonis mier eqsperimentulad aRmoCenili kanoni ori 
wertilovani muxtis urTierTqmedebis Sesaxeb, anu iseTi damuxtuli sxeulebisa, 
romelTa zomebi gacilebiT naklebia sxeulebs Soris manZilze. am kanonis 
Tanaxmad wertilovan muxtebs Soris urTierTqmedebis Zalebi akmayofileben 
niutonis mesame kanons (es Zalebi muxtebis SemaerTebeli wrfis gaswvriv arian 
mimarTuli, sididiT tolia da sapirispiro mimarTuleba aqvT), xolo maTi sidide 
q1 da q2 muxtebis namravlis pirdapirproporciulia da maT Soris r manZilis 
kvadratis ukuproporciuli: 

)4.1(
12

12
2

12

21 qq
k

rr

r
F ⋅=
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proporciulobis koeficienti k damokidebulia erTeulTa saerTaSoriso 
sistemaze da ganisazRvreba cdiT. SI sistemaSi is Caiwereba Semdegnairad: 

k=1/4πεo                                                                 (1.5) 
k_s fizikuri arsi mdgomareobs SemdegSi: igi ricxobrivad udris vakuumSi or 
wertilovan muxts Soris urTierTqmedebis Zalas rodesac manZili maT Soris 1 

m_is tolia. k=9.109 n.m2/k2. εo sidides ewodeba eleqtruli mudmiva.                            
 

$2. eleqtrostatikuri velis daZabuloba. 
   1. daZabuloba. daZabulobis veqtori aris eleqtruli velis ZiriTadi 
maxasiaTebeli. ganvixiloT uZravi q wertilovani muxtis urTierTqmedeba qo 

sasinj muxtTan, romelic moTavsebulia velis sxvadasxva wertilSi. qo-is 
mdebareoba davaxasiaToT r radius-veqtoriT, romelic gavlebuli iqneba q 
muxtidan. maSin kulonis kanoni (1.4) gadaiwereba Semdegnairad: 

)6.1(
qq

k 2
o

rr
rF ⋅=

 
sasinji muxti unda akmayofilebdes or pirobas: jer erTi misi geometriuli 
zomebi unda iyos sakmaod mcire, radgan gvainteresebs sivrcis gansazRvrul 
wertilSi moqmedi Zala da meore misi modulic agreTve unda iyos mcire, 
vinaidan winaaRmdeg SemTxvevaSi TviTon sasinji muxtis velma SeiZleba 
gamoiwvios q muxtis mier warmoqmnili velis iseTi cvlileba, rom SeuZlebeli 
iqneba velis zusti daxasiaTeba. amisaTvis saWiroa (1.6) gavyoT  qo-ze. miviRebT: 

)7.1(qk
q 2

0 rr
rF

⋅=
 

TviTon F Zala ver iqneba velis maxasiaTebeli, radgan is damokidebulia velSi 
Setanil qo muxtis sidideze. (1.7) tolobis arc marcxena da arc marjvena mxare ar 
aris damokidebuli qo-ze, amitom SegviZlia is miviCnioT velis maxasiaTeblad. (1.7) 
orive mxare aRvniSnoT E-Ti. mas eleqtruli velis daZabulobis veqtori ewodeba. 

              
)8.1(

qO

FE =
 

da 

         
)9.1(qk 2 rr

rE ⋅=
 

(1.8)-dan ganisazRvreba E-s fizikuri Sinaarsi. eleqtruli velis daZabulobis 
veqtori ricxobrivad udris erTeulovan sasinj muxtze moqmed Zalas. garda 
amisa (1.9)-dan naTlad Cans, rom  E veqtori damokidebulia sivrceSi wertilis 
SerCevaze da im muxtebis ganawilebaze sivrceSi, romlebic qmnian vels. SI 
sistemaSi daZabulobis erTeulad miRebulia 1 n/k. 
   mTel rig amocanebSi unda vicodeT Tu rogor unda gamoviangariSoT 
eleqtrostatikuri velis daZabuloba sivrceSi mocemuli muxtebis ganawilebis 
mixedviT. (1.9) formuliT ganisazRvreba wertilovani muxtis mier Seqmnili 

daZabuloba am muxtidan r manZilze. amave gamosaxulebidan Cans, rom roca q>0 
daZabulobis E veqtori mimarTuli iqneba r veqtoris gaswvriv, xolo roca q<0 
daZabulobis E veqtori mimarTuli iqneba r veqtoris sapirispirod anu q 
muxtisken (sur. 1). 

                E       r                                E      r 
q ⊕⎯⎯→⎯→                     q O⎯←⎯→ 

                                                                         (sur. 1) 
muxtTa sxvadasxva sistemebisTvis velis ganawileba me-2 suraTzea mocemuli.  
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(sur. 2) 

 
   2. superpoziciis principi. erT-erT fundamentur cdiseul faqts warmoadgens 
is, rom eleqtrostatikuri velisaTvis adgili aqvs superpoziciis princips anu 
zeddebis princips, romlis mixedviTac muxtebis nebismieri sistemis mier 
Seqmnili velis daZabuloba udris im velebis daZabulobebis veqtorul jams, 
romlebsac qmnian gansaxilvel wertilSi am sistemis TiToeuli muxti cal-calke 

)10.1(
n

1i
i∑

=
= EE

 
aq Ei aris sistemis i-uri muxtis velis daZabuloba. superpoziciis principi 
saSualebas iZleva Teoriulad gamoviangariSoT velis daZabuloba sivrceSi 
muxtis mocemuli nebismieri ganawilebis dros. marTlac damuxtul sxeulTa 
nebismieri sistema SeiZleba warmovidginoT rogorc wertilovani muxtebis 
erToblioba. calkeuli qi-uri muxti (1.9) formulis Tanaxmad qmnis sakuTar vels, 
ase rom superpoziciis principis Tanaxmad: 

                           
)11.1(

r
qk

1i
i3

i

i∑ ⋅=
=

rE
                           

rogorc es  (sur. 3) sami wertilovani muxtTa sistemisTvis aris gamosaxuli 

 
                     sur. 3                            sur. 4 
                
   3. daZabulobis wirebi. rodesac romelime veqtoruli sidide gansazRvrulia 
sivrcis an sivrcis nawilis yovel wertilSi amboben, rom mocemulia veqtoruli 
veli. veqtoruli velis TvalsaCino suraTs miviRebT, Tu velis maxasiaTebel 
wirebs ise gavavlebT, rom veqtoris mimarTuleba yovel wertilSi daemTxves am 
wirebis mimarT gavlebul mxebis mimarTulebas (sur. 4). SevTanxmdeT, veqtoruli 
velis wirebi gavavloT iseTi sixSiriT, rom wirebis simkvrive (anu erTeulovan 
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farTobSi marTobulad gavlili wirebis raodenoba) yovel wertilSi toli 
aRmoCndes, erTi da igive mamravlis sizustiT, am wertilSi gazomili E veqtoris 
absoluturi sididisa. am pirobis Sesruleba saSualebas gvaZlevs suraTis 
mixedviT vimsjeloT veqtoruli velis ara mxolod mimarTulebis Sesaxeb, aramed 
sididis Sesaxebac; iq sadac wirebi ufro xSirad arian ganlagebuli E veqtoris 
sidide metia da piriqiT. 
   eleqtrostatikuri velis daZabulobis veqtoris Zalwirebi Semdegi TvisebiT 
xasiaTdeba: maT ise gavavlebT, rom davicavT simWidrovis pirobas, maSin 
damuxtuli sxeulebis gareT isini uwyvetni iqnebian. wyvetas ganicdian mxolod im 
wertilebSi, sadac muxtebia moTavsebuli, anu “iwyebian” dadebiT muxtebze da 
“mTavrdebian” uaryofiTze. (sur. 2, a, b)-ze gamosaxulia dadebiTi da uaryofiTi 
wertilovani muxtebis, ori sxvadasxva niSnis da ori erTnairi niSnis (sur. 2, g, 
d) erTi da imave sididis wertilovani muxtebis, erTgvarovani velis (sur. 2, e) 
da Tanabrad damuxtuli Txeli diskos   (sur. 2 v) eleqtrostatikuri velebi. 
daZabulobis veqtoris Zalwirebi uwyveti wirebiTaa gamosaxuli. 
   4. daZabulobis nakadi. veqtoruli velebis Tvisebebis dasaxasiaTeblad 
Semotanilia skalaruli sidide – veqtoris nakadi farTobSi. eleqtrostatikaSi 
saqme gvaqvs daZabulobis veqtoris velTan da bunebrivia, rom saubari gveqneba 
daZabulobis veqtoris nakadze. nakadis gansazRvrisaTvis ganvixiloT kerZo 
SemTxveva, rodesac veli erTgvarovania, xolo zedapiri brtyeli. am SemTxvevaSi S 
farTobSi gamavali daZabulobis E veqtoris nakadi N ganisazRvreba 
Semdegnairad: 

                                                      N= ES=EScosα=EnS,                                       (1.12)                                    
sadac α aris kuTxe E veqtorsa da S farTobis mimarT aRmarTul n normals 

Soris, xolo En=Ecosα  aris daZabulobis gegmili normalze (sur. 5). 
   zogad SemTxvevaSi, rodesac arc velia erTgvarovani da arc zedapiria 
brtyeli, zedapirs davyofT iseT mcire ubnebad, rom TiToeuli maTgani brtyel 
zedapirad miviCnioT da aseTi ubnis yovel wertilSi veli iyos erTgvarovani. 
(1.12) formulis Tanaxmad ΔSi elementarul farTobSi gamavali daZabulobis ΔNi 
mcire nakadisTvis miviRebT:          
                                     ΔNi=Ei ΔSi cosαi=Ei

n ΔSi                                                   (1.13)  
sadac  Ei aris velis daZabuloba am ubanze, xolo αi  kuTxe Ei veqtorsa da ubnis 
mimarT aRdgenil ni normals Soris (sur. 5). 
          

                 

 
     S farTobSi gamavali daZabulobis sruli N nakadis misaRebad saWiroa 
SevkriboT mis mcire ubnebze gamavali nakadebi da gadavideT zRvarze, roca  

ΔSi→0: 

                                                                                                     
∑ == ∫Δ

→Δ i S
i

i
n0S

)14.1(dSSlimN
i

EE
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ΔS farTobSi gamavali daZabulobis mcire ΔN nakadis absoluturi sidide 
ricxobrivad udris am farTobis gamWoli daZabulobis Zalwirebis raodenobas. 
marTlac, rogorc me-5 suraTidan Cans ΔS farTobze da daZabulobis 
perpendikularul sibrtyeze ΔS⊥ gegmilSi gadis Zalwirebis erTi da igive 
raodenoba, saxeldobr EΔS⊥, vinaidan zemoT Tqmuli pirobis Tanaxmad ΔS⊥ 

farTobis erTeulovan zedapirSi gadis daZabulobis E 
Zalwiri. radgan ΔS⊥=ΔS  cosα, maSin EΔS⊥= EΔS cosα=ΔN  ris 
damtkicebac gvindoda. nakadis niSani damokidebulia 
kuTxeze daZabulobis veqtorsa da zedapirisadmi 
gavlebul normals Soris. Sekrul zedapirze gamaval 
nakadis gansazRvrisaTvis SeTanxmebiT irCeven 
zedapirisadmi gavlebul gare normals, maSin rogorc es 
me-8 suraTidan Cans nakadi iqneba dadebiTi im ubnebze, 
sadac daZabulobis wirebi gamodian zedapiridan (aq 

α<π/2, ase rom En>0, e.i. ΔN = EnΔS>0), da uaryofiTi iq 

sadac daZabulobis wirebi Sedian Sig (α>π/2, En<0, ΔN<0). amrigad nakadi Sekrul 
zedapirze ricxobrivad udris zedapiridan gamosuli Zalwirebis raodenobas 
gamoklebuli masSi Semavali Zalwirebis raodenoba. 
   5. gausis Teorema. eleqtrostatikuri velisaTvis cnobilia Semdegi 
fundamenturi Teorema nakadis Sesaxeb: daZabulobis veqtoris nakadi nebismier 
Sekrul zedapirze proporciulia am zedapiris SigniT moTavsebuli muxtebis 

algebruli jamisa. SI sistemaSi proporciulobis koeficienti udris 1/εo da 
gausis Teorema Caiwereba Semdegnairad: 

)15.1(q1dS
S i

i
o

n∫ ∑ε
=E

 
sadac integrali rgoliT aRniSnavs imas, rom is Sekrul zedapirzea aRebuli. 
marjvena mxares jamuri muxti SeiZleba gamovsaxoT muxtebis simkvriviT 

        
 (1.16)dV1dS

S Vo
n∫ ∫ρ

ε
=E

 
sadac marjvena nawilSi integrali aRebulia S zedapiriT SemosazRvrul V 
moculobaSi. 
   Teoremis damtkiceba davyoT sam nawilad. 
1. Tavdapirvelad davamtkicoT damxmare debuleba: wertilovani q muxtis velSi 
daZabulobis veqtoris ΔN nakadi ΔS elementarul farTobze ganisazRvreba am 

muxtiT da im sxeulovani ΔΩ kuTxiT, romelSic moCans es farTobi q muxtis 
adgilmdebareobis wertilidan (sur. 8). sxeulovani kuTxe ewodeba sivrcis im 
nawils, romelic SemosazRvrulia konusuri zedapiriT. igi ricxobrivad udris 
im sferos zedapiris farTobs, romlis radiusis kvadrati erTi erTeulis tolia. 
amrigad: 

                         ΔN= ± kq ΔΩ                          (1.17) 
sadac niSani zedapirisadmi gavlebuli normalis SerCevazea damokidebuli. 
simartivisaTvis q muxti CavTvaloT dadebiTad, xolo ΔS farTobis mimarT 

normali ise SevarCioT, rom is maxvil α kuTxes adgendes q muxtidan ΔS 
farTobamde gavlebul r radius-veqtorTan. Tu (1.13)-Si SevitanT wertilovani 
muxtis daZabulobis veqtoris absolutur mniSvnelobas maSin (1.9)-dan miviRebT: 

ΔN=EΔScosα=k(q/r2) ΔScosα. magram ΔScosα=ΔS⊥, sadac ΔS⊥ aris 
ΔS farTobis gegmili r veqtoris marTob sibrtyeSi, 
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xolo ΔS/r2=ΔΩ (sxeulovani kuTxis gansazRvris Tanaxmad). amrigad ΔN=  kqΔΩ. 
normalis mimarTulebis Tavisufali SerCevis         

gaTvaliswinebiTes formula gadadis (1.17)-Si, Tanac “+” 
niSani Seesabameba normalis  mimarTulebas q muxtidan, 
xolo “−” niSani normalis sapirispiro mimarTulebas. 
2. axla davamtkicoT gausis Teorema q wertilovani muxtis velisaTvis, romelic 
am kerZo SemTxvevisTvis gamoiTqmeba Semdegnairad: daZabulobis veqtoris nakadi 

nebismier Sekrul zedapirze udris Sesabamisad q/εo an 0, imisda mixedviT q muxti 
imyofeba zedapiris SigniT, Tu mis gareT. 
   CavTvaloT, rom zedapiri amozneqilia da davyoT is mcire ubnebad, 
romelTagan TiToeuli moqceuli iqneba Sesabamisi sxeulovani kuTxis 
sazRvrebSi, romelTa wveroebi im wertilSia, sadac imyofeba q muxti (sur.1.9). 
daZabulobis veqtoris nakadi zedapiris yovel elementarul ubanze 
ganisazRvreba (1.17) formuliT. Tu zedapiri moicavs muxts (sur.9,a), maSin am 

formulaSi unda aviRoT “+” niSani radganac zedapiris yvela ubanze gare 
normali q muxtidan aris mimarTuli. Tu avjamavT nakadebs yvela ubanze da 

gaviTvaliswinebT, rom sruli sxeulovani kuTxe udris 4π steradians, sruli 
nakadisaTvis miviRebT, rom  

                                         
∫ ∫ ε

=Ω
πε

==
oo

qd
4

qdNN
 

rodesac muxti Sekruli zedapiris gareT imyofeba, maSin zedapiri iyofa wyvil 
Sesabamis ubnebad, romlebic erTidaimave sxeulovani kuTxis sazRvrebSia 
moqceuli (sur. 9, b). aseT wyvil ubnebze ΔN nakads erTi da igive absoluturi 
mniSvneloba aqvs, magram niSniT sapirispiroa, vinaidan erT-erT ubanze normali 
mimarTulia q muxtisaken, xolo meoreze - muxtidan. amotom Sekrebis dros mcire 
nakadebi wyvil-wyilad abaTileben erTimeores da sruli nakadi Sekrul  
zedapirze aRmoCndeba nulis toli. amrigad 

 
ris damtkicebac gvindoda. 
   3. dabolos, davamtkicoT gausis 
Teorema zogad SemTxvevaSi, 
wertilovani muxtebis nebismieri 
sistemisaTvis. superpoziciis 
principidan gamomdinare, 
daZabulobis veqtoris nakadi 
nebismier Sekrul zedapirze iSleba 

TiToeuli wertilovani muxtis mier ganpirobebuli velis N nakadebis jamad: 

∫ ∫ ∫ ∑∑ ∑ ====
i i i

i
i
n

i
nn N)dS(dS)E(dSN EE

 
                                            
wina punqtSi damtkicebulis Tanaxmad S zedapiris gareT ganlagebuli muxtebis 
mier Seqmnili nakadebi Ni nulis tolia, xolo nakadebi, romlebic S zedapiris  
SigniT myofi muxtebiTaa ganpirobebuli, Sesabamisad tolia qi/εo. amrigad                

                                                              
∫ ∑

ε
=

i
i

o
n q1dSE

 
sadac marjvniv mocemulia S zedapiris SigniT moTavsebuli muxtebis algebruli 
jami. 
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   marTalia gausis Teorema akavSirebs muxtebsa da maT mier Seqmnil vels, 
magram sazogadod is ar iZleeva imis saSualebas, rom gamoviangariSoT velis 
daZabuloba muxtis mocemuli ganawilebiT, vinaidan daZabuloba imyofeba 
integralis qveS. gamonakliss warmoadgenen sistemebi simetriulad ganlagebuli 
muxtebiT, rodesac advili xdeba iseTi formis Sekruli zedapiris SerCeva, rom 
daZabulobis veqtori yvelgan misi perpendikularulia da absoluturi sididiT 
yovel wertilSi erTi da igivea (garda im ubnebisa, romlebzec nakadi nulis 

tolia). am SemTxvevaSi daZabulobis sidide E=±En=const gamodis integralis niSnis 
gareT da SeiZleba iyos gansazRvruli. 
   ganvixiloT ori magaliTi. 

   6. TanabradDdamuxtuli usasrulo sibrtyis veli. ganvixiloT σ>0 zedapiruli 
simkvriviT usasrulo Tanabrad damuxtuli sibrtyis veli. gausis Teoremis 
gamoyenebis dros daZabulobis gasagebad, Sekruli zedapiris konkretuli forma 
irCeva velis winaswari daskvnebis safuZvelze, romelic SeiZleba gakeTdes 
gamomdinare muxtis simetriuli ganawilebidan. gansaxilvel amocanaSi velis 
daZabuloba jer erTi, erTi da igivea damuxtuli sibrtyidan erTi da imave 
manZiliT daSorebul wertilebSi da meore – am sibrtyis perpendikularulia da 
mimarTulia misgan. es mosazrebebi gvkarnaxoben, rom zedapiri unda SeirCes swori 
cilindris saxiT, romlis msaxveli daZabulobis Zalwirebis paraleluria, xolo 
fuZeebi sibrtyis orive mxares imyofebian misgan erTnair d manZilze (sur. 10). 
daZabulobis nakadi cilindris gverdiT zedapirze nulis tolia, vinaidan am 
zedapirze En=0, xolo TiToeul fuZeze nakadi iqneba:  

                                                
,SdSdSN ∫∫ === EEEn

sadac S aris fuZis farTobi. cilindris zedapirze sruli nakadi iqneba:    
                     N=Ngv,zed+N1f+N2f=2ES. 
cilindris SigniT muxti (anu damuxtuli sibrtyis daStrixul nawilSi 

ganlagebuli muxti) udris σS, ase rom gausis Teoremis Tanaxmad 2ES=σS/εo, 
saidanac 

           EE=σ/2εo                       (1.18)                               
am formulidan Cans, rom daZabuloba ar aris damokidebuli 
wertilis mdebareobaze da amrigad firfitis orive mxares 
veli erTgvarovania. cxadia, rom uaryofiTad damuxtuli 

sibrtyis veli (σ<0) zemoT ganxilulisagan gansxvavdeba 
mxolod daZabulobis veqtoris mimarTulebiT anu 
firfitisken. realur amocanebSi, rogorc wesi, saqme gvaqvs 
sasruli zomis mqone firfitebTan. aseTi Txeli firfitis 

veli, romelsac kvadratis an diskos forma aqvs, arsebiTad  gansxvavdeba zemoT 
ganxilulisagan (sur,2,v). magram firfitis centris maxloblad veli praqtikulad  
igivea, rac usasrulo sibrtyis SemTxvevaSi. amiT aris gamarTlebuli fizikaSi 
iseTi abstraqtuli obieqtebis ganxilva, rogoric aris “usasrulo” sibrtye.          
    axla gamovsaxoT E velis damokidebuleba manZilze, romelic aTvlilia 
mocemuli sibrtyidan. amisaTvis ganvixiloT xoy koordinatTa sistema, romlis x 
RerZis saTaved avirCioT sibrtyis mdebareoba, xolo y RerZis gaswvriv 
gadavzomoT E veqtoris gegmili, miviRebT (sur.11)_ze gamosaxul grafiks. radgan 
E veli mimarTulia  x RerZis gaswvriv, misi gegmili iqneba dadebiTi, xolo mis 
sapirispirod – uaryofiTi. Ex- is grafiki orive mxares x RerZis paraleluria 
rac niSnavs imas, rom usasrulo sibrtyis veli mis orive mxares erTgvarovania, 
e.i. ar aris damokidebuli sibrtyidan aTvlil manZilze. 
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   7. TanabradDdamuxtuli ori usasrulo paraleluri sibrtyis veli. me_12 
suraTze mocemulia am sibrtyeebis kveTa ori paraleluri xaziT. 

                           
davuSvaT, rom marcxena sibrtye damuxtulia +σ zedapiruli simkvriviT, xolo 

marjvena _σ simkvriviT (sur. 12). suraTze mocemul Zalwirze aRniSnulia 
mimarTulebebi, romlebsac qmnis orive sibrtye sivrcis samive nawilSi. I da III 
nawilebSi sibrtyeebis mier warmoqmnil velebs sxvadasxva mimarTuleba aqvT da 
Tu gaviTvaliswinebT, rom sibrtyeebi usasruloa, maSin am nawilebSi E vels 
erTi da igive mniSvneloba eqneba da amrigad isini gaabaTileben erTmaneTs. II 
nawilSi velebs erTi da igive mimarTuleba aqvT da zemoT ganxiluli magaliTis 
Sedegidan gamomdinare pirdapir SegviZlia CavweroT, rom paralelur sibrtyeebs 
Soris velis daZabuloba orjer meti iqneba, vidre erTi sibrtyis SemTxvevaSi anu 

         E=σ /εo                                                                                                 (1.19) 
am SemTxvevaSi Sesabamisi grafiki iqneba (sur. 13). aq d aris manZili sibrtyeebs 

Soris. rogorc vxedavT am SemTxvevaSic veli 
sibrtyeebs Soris erTgvarovania. 
   8. sferuli simetriiT ganawilebuli muxtis veli. 
davuSvaT, rom q muxti sferuli simetriiT aris 
ganawilebuli R radiusiani sferos SigniT ise, rom 

muxtis simkvrive ρ yvelgan erTnairia. simartivisaTvis 

davuSvaT, rom muxti dadebiTia (ρ>0). amocanis 
simetriidan gamomdinare, SeiZleba davaskvnaT, rom 
velis daZabuloba nebismier wertilSi mimarTulia 
radiusis gaswvriv da sferos centridan erTi da imve 
manZiliT daSorebul yvela wertilSi erTnairi sidide 

aqvs (sur.14). amrigad, En=E=const nebismier r radiusian sferul zedapirze, romlis 
centri 0 wertilSia, xolo daZabulobis nakadi gamoisaxeba Semdegnairad:  

                                                   
∫ ∫∫ π===
S

2

SS
n r4)r(dS)r(dS)r(dS)r( EEEE

 
Tu  gamoviyenebT gausis Teoremas r>R  radiusis sferuli zedapirisaTvis 
(suraTze is meti radiusis wyvetili wrewiriT aris gamosaxuli) da 
gaviTvaliswinebT, rom mis SigniT moqceulia mTeli sistemis q muxti,  miviRebT: 
E(r)4πr2=q/εo   saidanac 

                        E(r>R)=kq/r2
                                                                    (1.20) 

amrigad miviReT, rom veli mocemuli sferos gareT igivea, rac sistemis 
simetriis centrSi moTavsebuli q wertilovani muxtis veli. 
   axla, Tu gamoviyenebT gausis Teoremas r<R radiusis sferuli zedapirisaTvis 
(suraTze is naklebi radiusis wyvetili wrewiriT aris gamosaxuli), miviRebT 
E(r)4πr2=q/(r)/εo ,  sadac q/(r) aris am sferos SigniT myofi muxti. aqedan vRebulobT 

                 E(r<R)=k q/(r)/r2
                                                                                         (1.21) 

amrigad sistemis Sida wertilebSi veli ganisazRvreba im muxtiT, romelic 
ganawilebulia dakvirvebis wertilze gamavali sferos SigniT da amave dros ar 
aris damokidebuli am sferos gareT ganlagebul muxtebze. E(r) funqciis saxe 
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arsebiTad aris damokidebuli muxtis ganawilebaze sistemis SigniT, radgan am 
ganawilebazea damokidebuli q/(r). rogor aris damokidebuli q/(r) sferos q muxtze? 
muxtis moculobiTi simkvrive ρ= q/[(4/3)πR3]. amrigad   q/(r)=ρ.(4/3)πr3 e.i. 
                                                   q/(r)= qr3/R3                                                         (1.22) 
(1.22)-is Casma (1.21)-Si mogvcems 

      
)23.1(qk(r) 3 rE ⋅=

R                                                   
miviReT, rom sferos SigniT veli pirdapirproporciulia 0 
centridan gavlebuli r radius-veqtorisa. mTlianad E velis 
damokidebuleba manZilze sferos SigniT da mis gareT 
SeiZleba gamovsaxoT grafikulad (sur.15). sferos zedapirze  

E=kq/R2. velis mniSvneloba sferos SigniT SeiZleba gamovsaxoT muxtis simkvriviT   

                              E(r<R)=(ρ/3εo)r                                                (1.24) 
       9. gausis Teorema diferencialuri saxiT. integraluri saxiT warmodgenil 
gausis Teoremas (1.16) aralokaluri xasiaTi aqvs, radganac masSi figurireben 
fizikuri sidideebis mniSvnelobebi sivrcis sxvadasxva wertilSi: En–arCeuli 

zedapiris yovel wertilSi, ρ_am zedapiris mier SemosazRvruli moculobis 
yovel wertilSi. wertilSi zRvarze gadasvliT miviRebT gausis Teoremas 
diferencialuri saxiT anu diferencialur gantolebas, romelic daakavSirebs 
sivrcis erTi da imave wertilSi fizikuri sidideebis mniSvnelobebs, saxeldobr 
muxtis simkvrivesa da daZabulobis warmoebulebs koordinatebiT. 
   amisaTvis gamoviyenoT e.w. gaus_ostrogradskis Teorema: raime, Cven SemTxvevaSi, 
E veqtoris nakadi Sekrul zedapirze udris am veqtoris divergencias im 
moculobaSi, romelic SemosazRvrulia mocemuli zedapiriT. anu 
                                                      

                       

)25.1(dVdiv
S V
∫ ∫= EEdS

                           
aq 

                      
EE ∇=

∂
∂

+
∂

∂
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∂
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=
zyx

div zyx EEE

 
sadac 

                                          
kji

zyx ∂
∂

+
∂
∂

+
∂
∂
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aris gradienti anu nabla operatori. E veqtoris gegmilTa koordinatebis jams 
divergencia ewodeba da warmoadgens E veqtoris Sesabamisi Zalwirebis gaSlas 
moculobaSi. meores mxriv divergencia aris nabla operatoris skalaruli 
namravli E veqtorze. ori veqtoris skalaruli namravlis ganmartebidan 

                                             
zyxzzyy EEEEEEE

zyxxx ∂
∂

+
∂
∂

+
∂
∂

=++= ∇∇∇∇
 

axla (1.25) CavsvaT (1.16)_Si miviRebT: 

                                                                   radgan 
integrali nebismieri  moculobisTvis nulis tolia, amitom integralqveSa 
gamosaxulebac nulis toli iqneba. saboolod miviRebT: 

                           
)26.1(div

0ε
ρ

=E
 

amrigad miviReT gausis Teorema Cawerili diferencialuri saxiT. 
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$ 3. potenciali 

   1. eleqtrostatikur velSi muxtis gadatanisas Sesrulebuli muSaoba.  
eleqtrostatikur velSi sasinji muxtis gadatanisas eleqtrostatikuri Zalebi 

asruleben muSaobas. gavixsenoT, rom sxeulze F Zalis moqmedebis Sedegad Δl 
mcire gadaadgilebis dros Sesrulebuli muSaoba ΔA=FΔlcosα=FlΔl, sadac α aris 
kuTxe Zalis mimarTulebasa da gadaadgilebas Soris, xolo Fl= Fcosα aris Zalis 
gegmili gadaadgilebis mimarTulebaze. gzis sasrul ubanze 1_dan 2 wertilamde 
muSaoba warmoadgens elementaruli muSaobebis jams da ganisazRvreba 
integraliT:                                           

lFlF l ddcosA
2

1

2

1
12 ∫∫ =α=

 
viciT, rom sasinj qo muxtze moqmedi Zala F=Eqo, maSin eleqtrostatikuri Zalebis 
muSaobisaTvis sasinji muxtis usasrulo mcire dl gadaadgilebis dros miviRebT: 
dA=Fdl,  e.i 

                                       

(1.27)  dEqdcosEqA
2

1
o

2

1
o12                                      ll l∫∫ =α=

   gamoviangariSoT muSaoba qo sasinji muxtis gadaadgilebis dros q wertilovani 
muxtis velSi (sur. 16). zogad formulaSi (1.27) SevitanoT  (1.9) gamosaxuleba 
velis daZabulobis  sididisaTvis da garda amisa Tu gaviTvaliswinebT, rom 

dlcosα=dr, me_ 16_e suraTis mixedviT miviRebT:    

                              
)28.1()(qkqdqkqd)qk(qdcosqA

2

1 21
o2o

2

1
2o

2

1
o12
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∫∫∫ −==⋅=α=

rrr
rr

r
lE

 
sadac r1 da r2 arian qo muxtis mdebareobis ganmsazRvreli manZilebi  gzis sawyis 

da saboloo wertilebSi. am formulidan gamomdinareobs, 
rom muSaoba damokidebulia gadaadgilebis mxolod 
sawyis da saboloo wertilebis mdebareobaze da ar aris 
damokidebuli gzis formaze, radgan gamoyvanis dros 
ukanaskneli nebismierad iyo SerCeuli. advili 
misaxvedria, rom muSaobis damoukidebloba sasinji 
muxtis traeqtoriis formaze aris nebismieri 
eleqtrostatikuri velis zogadi Tviseba. marTlac, Tu 
gamovalT (1.27) formulidan da gamoviyenebT (1.10) 
superpoziciis princips, miviRebT: 

                                                                                            
e.i. muxtebis nebismieri sistemis mier Seqmnil velSi muSaoba udris im muSaobaTa 
jams, romlebsac asruleben am sistemis TiToeuli wertilovani muxtis veli 
cal_calke. radgan TiToeuli Ai  muSaoba ar aris damokidebuli sasinji muxtis 
traeqtoriis formaze. es ki niSnavs, rom eleqtrostatikuri Zalebi 
konservatiuli Zalebia. 

∫ ∫ ∫∑ ∑ ∑====
i i i

iooo )29.1(A)dq(d)(qdqA lElElE i
l

i
ll

   2. Teorema cirkulaciis Sesaxeb. muSaobis gzis formaze damoukideblobidan 
uSualod gamomdinareobs is faqti, rom Sekrul konturze muxtis gadaadgilebis 
dros Sesulebuli muSaoba nulis tolia. marTlac, Tu Sekrul L konturze 
avirCevT nebismier B da C wertilebs  (sur. 17), maSin am konturis gaswvriv qo 
sasinji muxtis gadaadgilebisas Sesrulebuli muSaoba A SeiZleba gamovsaxoT 

ori Sesakrebis saxiT A=ABC (m)+ ACB(n), sadac (m) da (n) 
aRniSnaven gzas. meore Sesakrebi SeiZleba SevcvaloT {_ABC 
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(n)}_iT. radgan gadaadgilebis mimarTulebis sapirispirod Secvlisas muSaoba 
icvlis niSans da amrigad A=ABC (m)- ABC(n). magram ABC (m)= ABC(n)  muSaobis gzis 
formaze damoukideblobis gamo, saidanac vaskvniT, rom A=0. (1.27) gamosaxulebiT 
mocemuli muSaoba gavyoT qo_ze da miRebuli Sedegi CavweroT Semdegi saxiT:               

)30.1(d,0d ∫∫ =
LL

l lE lE
 

sadac wre integralSi imis niSania, rom integrali aRebulia Sekrul konturze. 
aseTi saxis integrals ewodeba cirkulacia. (1.30) gantoleba gviCvenebs, rom 
eleqtrostatikuri velis daZabulobis cirkulacia  nulis tolia. 
   3. potenciali. eleqtrostatikuri Zalebis konservatiulobis Tvisebidan 
gamomdinareobs, rom eleqtrostatikur velSi moTavsebul muxts gaaCnia 
potenciuri energia. potenciuri energiis zogadi ganmartebidan gamomdinare  
sasinji muxtis potenciuri energia raime 1 wertilSi udris sivrcis romelime 
wertilidan (romelsac energiis nulovan doned miviCnevT) 1 wertilSi muxtis 
gadasaadgileblad velis Zalebis mier Sesrulebul muSaobas. aTvlis wertilad, 
anu nulovan doned Cveulebriv irCeven usasrulod daSorebul wertils. amrigad: 

)31.1(dqAW
1

011 ∫
∞

∞ == lEl

 
magram potenciuri energia ver gamodgeba velis mocemuli wertilis 
maxasiaTeblad, radgan is sasinji muxtis sididezea damokidebuli. amitom 
energiis es mniSvneloba unda gavyoT sasinji muxtis sidideze. potenciuri 
energiis Sefardebas sasinji muxtis sidideze velis mocemul wertilSi ewodeba 
eleqtrostatikuri velis potenciali am wertilSi: 
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aqedan gamomdinareobs, rom potenciali ricxobrivad udris erTeulovani sasinji 
muxtis potenciur energias. potencialis erTeuli SI sistemaSi aris volti. 1v 
=1j/k. 
   4. wertilovani muxtis potenciali. q muxtisa da r manZiliT daSorebul  qo 
sasinji muxtis urTierTqmedebis potenciur energia (1.28)_sa da (1.31)_is Tanaxmad 
tolia: 
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(1.33)_is Sefardeba qo sasinj muxtTan migvcems q muxtis potencials misgan r 
manZiliT daSorebul wertiliSi: 

                      
)34.1(qk)r(

r
=ϕ

                            
iseve, rogorc eleqtrostatikuri velis daZabulobisTvis muxtTa sistemis 
potencialisTvis samarTliania superpoziciis principi. radgan potenciali aris 
velis energetikuli maxasiaTebeli da skalaruli sididea, amitom sistemis 
potenciali raime B wertilSi udris TiToeuli muxtis mier Seqmnil 
potencialTa skalarul jams: 
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sadac ri aris qi muxtis daSoreba im wertilidan, sadac veZebT potencials. 
   5. potencialTa sxvaoba. potencialis codniT advilad gamoviangariSebT velis 
erTi (1) wertilidan meoreSi (2) sasinji muxtis gadaadgilebisas Sesrulebul 
muSaobas      
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A12=W1_W2= _(W2 _W1)= _ΔW                    (1.36) 
muSaoba udris potenciuri energiis cvlilebas Sebrunebuli niSniT. potenciuri 
energiis Semcireba niSnavs dadebiTi muSaobis Sesrulebas da piriqiT misi 
gazrda _ uaryofiTi muSaobis Sesrulebas. (1.32) gamosaxulebis Tanaxmad (1.36) 
SegviZlia gadavweroT Sendegnairad  

                 A12=qo(ϕ1-ϕ2)= _qoΔϕ,  an dA=_qodϕ                (1.37)                          
am gamosaxulebidan gamomdinareobs potencialTa sxvaobis fizikuri Sinaarsi: or 
wertils Soris potencialTa sxvaoba ricxobrivad udris erTeulovani sasinji 
muxtis velis erTi wertilidan meoreSi gadaadgilebisas Sesrulebul muSaobas. 
es muSaoba erTgvarovan velSi, ori paraleluri firfitis SemTxvevaSi, romelTa 
Soris manZili aris d, udris A=qU, sadac 
                           U=Ed                               (1.37/)                  
da mas Zabva ewodeba. 
   6. kavSiri daZabulobis veqtorsa da potencials Soris. usasrulo mcire 
gadaadgilebis SemTxvevaSi (1.27) CavweroT ase 
                                                dA=qoEl dl=qoEdl                                                    (1.38) 
axla (1.37) gautoloT (1.38), miviRebT qoEl dl =_qodϕ, saidanac 

                      
(1.39)

l
El ∂

ϕ∂
−=

                          
dϕ/dl aris potencialis warmoebuli dl mimarTulebiT. misi absoluturi 
mniSvneloba axasiaTebs potencialis cvlilebis siswrafes mocemuli 
mimarTulebiT. gadavweroT (1.39) r radius_veqtoris mimarTulebiT: 

                       
(1.40)

r
E

∂
ϕ∂

−=
                          

am formuliT SegviZlia ganvsazRvroT rogorc E_s moduli, ise misi 
mimarTuleba. modulis gansazRvrisaTvis sakmarisia potencialis cvlileba velis 
or wertils Soris gavyoT am wertilebs Soris manZilze, xolo E veqtori 
mimarTuli iqneba potencialis Semcirebis mimarTulebiT. 
   (1.40)_is marjvena mxare warmoadgens ϕ potencialis warmoebuls r 
radius_veqtoriT da mas gradienti ewodeba 

                    
(1.41)grad ϕ∇=ϕ=

∂
ϕ∂
r  

gradienti aris veqtoruli operatori, misi dagegmileba dekartes koordinatTa 
RerZebze mogvcems 

                     
(1.42)

zyx
kji

∂
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+
∂
ϕ∂

+
∂
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=ϕ∇
                        

   (1.40)_sa da (1.42)_is SedarebT miviRebT, rom 

                                                              
daZabulobis (1.43)_iT gamoangariSeba xSirad ufro martivia, vidre gamoTvla 
superpoziciis principis daxmarebiT. 
   7. kavSiri velis Zalwirebsa da potencials Soris. ekvipotenciuri zedapirebi. 
im wertilTa geometriul adgils, romlebSic potencials erTi da igive 
mniSvneloba aqvs ekvipotenciuri zedapirebi ewodeba. radgan Zalwirebi da 
potencialic velis maxasiaTeblebia, amitom maT Soris unda arsebobdes 
garkveuli kavSiri. am kavSiris dasadgenad sakmarisia (1.37) gautoloT (1.38)-s, 
miviRebT: 

                                              qoEdl = _qodϕ,           qoEdlcosα=_qodϕ         (1.44)  

 17



sasinji muxtis gadaadgilebisas ekvipotenciuri zedapiris gaswvriv muSaoba ar 

sruldeba radgan dϕ=0 da vinaidan (1.44)_is tolobaSi marcxena mxares myofi 

sidideebidan   qo ≠0,  E≠0  da dl ≠0, amitom cosα=0. es ki niSnavs imas, rom 
daZabulobis veqtorsa (Zalwirebs) da ekvipotenciuri zedapiris mimarT gavlebul 
mxebs (dl) Soris kuTxe 900_ia. anu nebismieri Zalwiri marTi kuTxiT gadakveTs 
nebismier ekvipotenciur zedapirs. (sur. 2 a,b,g,d,e)_ze wyvetili xazebiT 
gamosaxulia ekvipotenciuri zedapirebi. 
   8. eleqtrostatikuri velis gantolebebi vakuumSi. Teoremebi 
eleqtrostatikuri velis nakadisa (1.16) da cirkulaciis (1.30) Sesaxeb gamoxataven 
eleqtrostatikuri velis fundamentur Tvisebebs da warmoadgenen 
eleqtrostatikuri velis gantolebaTa sistemas vakuumSi integraluri saxiT: 
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magram praqtikaSi iyeneben gantolebebs diferencialuri saxiT anu (1.26) da (1.43) 
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(1.46)_Si meore striqonidan gansazRvruli E velis gegmilebis Casma pirvel 
striqonSi mogvcems 
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kerZo warmoebulebiT gamosaxul aseT diferncialur gantolebas maTematikaSi 
puasonis gantoleba ewodeba. nebismier wertilSi sadac muxtebi ar arseboben, 

kerZod vakuumSi, ρ=0 da puasonis gantoleba gadadis laplasis gantolebaSi: 
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aseTi diferncialuri gantolebis amoxsna gvixdeba, rodesac veZebT 
eleqtrostatikuri velis potencials vakuumSi. 
 

T a v i II 
eleqtrostatikuri veli da nivTiereba 

 
$ 4.  gamtarebi eleqtrostatikur velSi. 
   1. Sesavali. wina TavSi eleqtrostatikuri velis Seswavlam gviCvena, rom es 
veli ganisazRvreba sivrceSi muxtebis ganawilebiT. amitom eleqtrostatikuri 
velis Teoriis ganviTarebisaTvis aucilebelia gamovarkvioT, rogor 
ganawildebian muxtebi sxeulebze, Tu maT davmuxtavT da Semdeg movaTavsebT 
velSi. am kiTxvaze pasuxi arsebiTad aris damokidebuli nivTierebis Tvisebebze. 
   Tavisi eleqtruli TvisebebiT nivTierebebi iyofa or jgufad: gamtarebad da 
dieleqtrikebad (naxevargamtarebi, im amocanebis farglebSi, romlebsac ixilaven 
eleqtrostatikaSi iqcevian, rogorc gamtarebi). gamtarebSi eleqtruli velis 
moqmedebiT warmoiqmneba eleqtruli deni, dieleqtrikebSi ki _ ara. es garemoeba 
SeiZleba aixsnas maTi struqturis principuli gansxvavebiT. gamtarebSi 
yovelTvis arseboben denis matareblebi anu damuxtuli nawilakebi, romlebsac 
SeuZliaT gadaadgileba velis zemoqmedebiT gamtaris sazRvrebSi. dieleqtrikebSi 
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aseTi Tavisufali muxtebi ar arain. yoveli damuxtuli nawilaki mibmulia 
atomisa da molekulis sazRvrebSi da velis gavleniT isini ganicdian mxolod 
mikroskopiul wanacvlebas. 
   am paragrafSi SeviswavliT gamtarebis yofaqcevas eleqtrostatikur velSi. 
miuxedavad imisa, rom aq moyvanili Teoriis Sedegebi marTebulia nebismieri 
gamtarisaTvis, Cven garkveuli TvalsazrisiT ganvixilavT liTonis gamtarebs. 
cnobilia, rom liTonebs myar mdgomareobaSi gaaCniaT kristaluri struqtura. 
wesieri kristaluri mesris kvanZ wertilebSi ganlageebulia dadebiTi ionebi, 
xolo “ darCenil” eleqtronebs SeuZliaT Tavisufali gadaadgileba gamtaris 
sazRvrebSi. am TavSi Cven gamoviyenebT aseT, winaswar gamartivebul liTonis 
agebulebis klasikur models (Tavisufali eleqtronebis models).  
   2. muxtis wonasworobis pirobebi gamtarze. cdebiT mtkicdeba Semdegi 
fundamenturi debuleba: rodesac gamtars gadavcemT muxts an gamtars 
movaTavsebT gare eleqtrostatikur velSi (an erTdroulad Sesruldes erTic da 
meorec), maSin mcire drois Sualedis Semdeg (relaqsaciis dro) gamtarSi 
damyardeba muxtebis wonasworuli ganawileba. muxtis aseT wonasworul 
ganawilebas Seiswavlis eleqtrostatika. 
   gamtarebze muxtebis wonasworul ganawilebas da maT mier Seqmnil 
eleqtrostatikur vels mTeli rigi Tvisebebi gaaCniaT. upirvelesaT yovlisa, 
vinaidn muxtis damyarebuli ganawilebis dros gamtarSi deni ar gadis, 
Tavisufal eleqtronebze Zalebi ar moqmedeben. amis Sedegad gamtaris SigniT 
veli ar iarsebebs E=0. kerZod, rodesac gamtari damuxtulia da gare veli ar 
arsebobs, muxti gamtarze ise gadanawildeba, rom mis mier Seqmnili veli 
gansxvavebulia nulisagan mxolod gamtaris gareT. Tu neitralur gamtars 
movaTavsebT gare  eleqtrostatikur velSi, maSin gamtarSi muxti gadanawildeba 
(eleqtrostatikuri induqciis movlena) iseTnairad, rom inducirebuli muxtebis 
mier Seqmnili veli gaabaTilebs gare vels gamtaris SigniT. 
   daZabulobis veqtori gamtaris zedapirze am zedapiris marTobulia, 
winaaRmdeg SemTxvevaSi nulisagan gansxvavebuli daZabulobis veqtoris 
mdgenelebi gamtaris zedapirze warnoqmnidnen zedapirul denebs. me_19 suraTze 
uwyveti xazebiT gamosaxulia dadebiTad damuxtuli gamtaris velis daZabulobis 

Zalwirebi. 
   radgan gamtaris SigniT veli ar arsebobs, masSi 
sasinji muxtis gadaadgilebisas Sesrulebuli muSaoba 
nulis tolia da is ar aris damokidebuli sawyisi da 
saboloo wertilebis mdebareobaze. Tu gaviTvaliswinebT, 
rom es muSalba dakavSirebulia potencialTa sxvaobasTan 
(1.37) formuliT, maSin SegviZlia davaskvnaT, rom gamtaris 
yovel wertilSi potencials erTi da igive mniSvneloba 
aqvs. amrigad gamtaris zedapiri warmoadgens ekvipotenciur 
zedapirs. me_18 suraTze ekvipotenciuri zedapirebi 
wyvetili xazebiTaa warmodgenili. im faqtidan, rom 

gamtaris SigniT velis daZabuloba nulis tolia, gamomdinareobs agreTve rom 
yvelgan gamtaris SigniT dadebiTi da uaryofiTi muxtebi erTmaneTs abaTileben 

(ρ=0), ase, rom gaubaTilebeli muxti gadanawildeba gamtaris zedapirze. marTlac, 
radgan E=0, daZabulobis nakadic gamtaris SigniT aRebul nebismier Sekrul 
zedapirze nulis tolia. gausis Teoremis Tanaxmad (1.16) es niSnavs, rom nulis 
toli iqneba am zedapiris SigniT moTavsebuli muxtic. es ki SesaZleblia mxold 

maSin , rodesac ρ=0 gamtaris yovel wertilSi. 
   arsebobs kavSiri gamtaris zedapirze muxtis zedapirul simkvrivesa da velis 
daZabulobas Soris am wertilSi: 

 19



                                                     
gamoviyvanoT es formula gausis Teoremis daxmarebiT. 
ganvixiloT gamtaris zedapiris mcire elementi ΔS, 
romelzec imyofeba Δq muxti. SemovsazRvroT es elementi 
cilindruli zedapiriT, romlis msaxveli gamtaris 
zedapiris perpendi_ kularulia da romlis erT_erTi 
fuZe gamtaris SigniT aris moqceuli, xolo meore _ mis 
gareT, usasrulod axlos gamtaris zedapirTan (sur. 19). 
cilindris “Sida” fuZeze da gverdiT zedapirze 

gamavali daZabulobis nakadi nulis tolia, radgan gamtaris SigniT E=0, xolo 
gamtaris gareT ganlagebul gverdiT zedapirze  En=0, gamtaris zedapirisadmi 
daZabulobis Zalwirebis perpendikularulobis gamo. amrigad, cilindris 
zedapirze gamavali sruli nakadi ganisazRvreba mis “gare” fuZeze gamavali 
nakadiT, romelic udris EΔS. Tuki gausis Teoremis Tanaxmad am nakads 

gautolebT 1/εo_is namravls cilindris SigniT moTavsebul σΔS muxtze, miviRebT 
EΔS=σΔS/εo, saidanac gamomdinareobs (2.1) formula. 
   eleqtrostatikuri veli ver aRwevs Sekruli liTonis garsiT SemosazRvrul 
areSi. daekranebis am meTodiT sargebloben maSin, roca undaT Tavidan aicilon 
gare eleqtruli velebis gavlena, magaliTad, laboratoriebis kedlebis liTonis 
furclebiT Semosva (eleqtrostatikuri dacva). gamtaris zedapirze muxtis 
ganawilebis Tvisobrivi aRwerisas mosaxerxebelia visargebloT im mosazrebiT, 
rom erTniSna muxtebi urTierTganzidvis Sedegad cdiloben ganawildnen gamtaris 
zedapirze. ase, magaliTad, sxvadasxva zomis gamtarebis Sexebisas Warbi muxti 
praqtikulad didi zomis gamtaris zedapirze aRmoCndeba. imave mosazrebiT 
SeiZleba damtkicdes, rom liTonis garsze, romelic ar aris savaldebulo iyos 
Sekruli, magram hqondes aSkarad gamoxatuli “gare” da “Sida” zedapirebi 
(magaliTad, cilindruli Wiqa), muxti ZiriTadad gadanawilebuli iqneba “gare” 
zedapirze. orive es garemoeba migviTiTebs imaze, Tu rogor unda moxdes 
ganmuxtva. amisaTvis sakmarisia damuxtuli sxeuli SevaxoT didi zomis sxeuls 
(magaliTad, davamiwoT) an TiTqmis Sekruli liTonis garsis “Sida” zedapirs. 
   aRsaniSnavia, agreTve is garemoeba, rom muxtis ganawileba damokidebulia 
gamtaris reliefze (formaze): muxtis zedapiruli simkvrive maqsimaluria mcire 
simrudis radiusis mqone burcobebze (wveroebze) da mcirea _ RrmulebSi. (2.1) 
formulis Tanaxmad Sesabamisad iqceva velic: wvetebis maxloblad is SeiZleba 
sakmaod didic iyos, xolo Rrmulebis maxloblad _ susti. es naTlad Cans me_18 
suraTze: wvetis maxloblad daZabulobis Zalwirebi ufro mWidrod arian 
ganlagebuli, xolo Rrmulebis maxloblad ki naklebi sixSiriT. simWidrovis 
piroba aqac Sesrulebulia, radgan gamtaridan moSorebiT Zalwirebis sixSire 
miaxloebiT erTnairia. 
   3. eleqtrotevadoba. zemoT vaCveneT, rom gamtaris yovel wertilSi 
potencials erTi da igive mniSvneloba aqvs, amitom ufleba gvaqvs vilaparakoT 

ubralod potencialze. Teoria da cda gviCvenebs, rom gamtaris potenciali ϕ 
gamtaris q muxtis proporciulia: 

                
)2.2(

C
q

=ϕ
 

sadac 1/C aris proporciulobis koeficienti. amrigad muxtis Sefardeba 
potencialTan mocemuli gamtarisaTvis mudmivi sididea, romelsac gamtaris 
eleqtrotevadoba ewodeba: 
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eleqtrotevadoba damokidebulia gamtaris geometriul Tvisebebze, mis zomebze 
da formaze da ar aris damokidebuli gamtaris masalis gvarobaze. 
(2.3) formulaSi aviRoT mricxvelisa da mniSvnelis nazrdebis Sefardeba, 
miviRebT: 
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aqedan SegviZlia davadginoT eleqtrotevadobis fizikuri arsi: eleqtrotevadoba 
ricxobrivad udris muxtis im raodenobas, romelic unda gadavceT gamtars, rom 
misi potenciali erTi erTeuliT Seicvalos. SI sistemaSi eleqtrotevadobis 
erTeulad miRebulia 1 faradi. 
   davadginoT ganmxoloebuli gamtari sferos tevadobis formula. radgan 
sferos gareT veli wertilovani muxtis velis msgavsia (ix. 1.20 formula), maSin 

(1.34)_is Tanaxmad potenciali sferos zedapirze toli iqneba ϕ=k. (q/R), sadac q 
aris sferos muxti, xolo R_sferos radiusi. Tu potencialis am mniSvnelobas 
SevitanT (2.3) formulaSi miviRebT: 

                    C=4πεοR                                                               (2.5) 
am formulidan gamomdinareobs, rom faradis toli tevadoba eqneba sferos, 

romlis radiusi R=1/4πεο=9.109 m, rac 1500_jer metia dedamiwis radiusze. amitom 
praqtikaSi sargrbloben sxva erTeulebiT _ mikrofaradiT (1mkf=10_6f) da 
pikofaradiT (1pkf=10_12f). 
   (2.5) formula marTebulia mxolod sferuli formis gamtarebisaTvis, magram is 
SeiZleba gamoviyenoT agreTve arasferuli formis sxeulebis tevadobis 
Tvisobrivad SefasebisaTvis, Tu R_is qveS vigulisxmebT sxeulis maxasiaTebel 
zomas. 

   4. kondensatorebi. kondensatorebs 
farTo gamoyeneba aqvT radioteqnikaSi. es 
aris mowyobiloba, romelic Sedgeba 
liTonis ori Semonafenisagan, romelTa 
zomebi (magaliTad, kvadratuli formis 
firfitis gverdis sigrZe) sagrZnoblad 
metia maT Soris manZilze. rodesac 
kondensatoris Semonafenebs gadavcemT 
sapirispiro niSnisa da absoluturi 

sididiT erTnair muxtebs, maSin eleqtruli veli praqtikulad Tavmoyrili iqneba 
Semonafenebs Soris sivrceSi. Semonafenebis formis mixedviT arsebobs brtyeli 
(Semonafenebi paraleluri sibrtyeebia), cilindruli (koaqsialuri  cilindruli 
zedapirebia) da sferuli (Semonafenebi koncentriuli sferoebia) (sur.20). 
kondensatorebi. ganvixiloT brtyeli kondensatori. usasrulo ganfenili 
firfitebis SemTxvevaSi veli aseTi kondensatoris Semonafenebs Soris 
praqtikulad erTgvarovania da daZabulobis veqtoris absoluturi sidide 
(1.19)_is Tanaxmad:                         
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sadac σ aris firfitebze muxtis 
zedapiruli simkvrive da veli mimarTulia  
dadebiTi firfitidan uaryofiTisaken (sur. 
23). realur  kondensatorSi 
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vels aseTi xasiaTi aqvs mxolod Sua nawilSi, xolo kondensatoris kideebTan 
velis ganawilebis suraTi icvleba (e.w. kidura efeqti sur. 22). rodesac manZili 
firfitebs Soris gacilebiT naklebia firfitebis zomebze, maSin bevr amocanaSi 
kidura efeqtebi SeiZleba ugulebelvyoT. 
   (1.37/) da (2.6) formulebis gaTvaliswinebiT Semonafenebs Soris potencialTa 
sxvaobisTvis miviRebT:                                                      
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sadac d aris manZili firfitebs Soris. 
   kondensatoris tevadoba ewodeba erT_erTi Semonafenis muxtis sididis 
Sefardebas Semonafenebs Soris arsebul Zabvaze: 
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Tu SevitanT aq (2.7)_iT gansazRvrul Zabvas da gaviTvaliswinebT, rom q=σS, sadac  
S aris firfitis farTobi, miviRebT: 
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   rodesac sivrce Semonafenebs Soris � fardobiTi dieleqtrikuli 
SeRwevadobis mqone erTgvarovani dieleqtrikiTaa Sevsebuli, maSin, rogorc 
SemdegSi iqneba naCvenebi (ix. formula 2.11), daZabuloba  Semonafenebs Soris 

ε_jer Semcirdeba Semonafenebze ganlagebuli imave sididis muxtebis SemTxvevaSi. 

2.7_is Tanaxmad Zabva Semonafenebs Soris agreTve Semcirdeba ε_jer, ris 

Sedegadac kondensatoris tevadoba, rogorc es (2.8)_dan Cans ε_jer gaizrdeba, 
e.i. ganisazRvreba formuliT: 
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amrigad, brtyeli kondensatoris tevadobis gazrdisaTvis sakmarisia gavadidoT 
firfitebis farTobi an SevamciroT maT Soris manZili an firfitebs Soris 
sivrce SevavsoT dieleqtrikiT. 
   kondensatorebi SeiZleba miuerToT erTimeores da SevqmnaT kondensatorebis 
batarea. kondensatorebis paraleluri SeerTebis dros batareis tevadoba udris 
calkeuli  kondensatorebis tevadobebis jams, xolo mimdevrobiTi SeerTebis 
dros batareis tevadobis Sebrunebuli sidide udris calkeuli  
kondensatorebis tevadobebis Sebrunebuli sidideebis jams: 

                                         
)11.2(

C
1

C
1;CC

i ii
i ∑∑ ==

mimd

par

 
kondensatorebis sxvadasxva xerxiT kombinireba saSualebas gvaZlevs sakmaod 
farTo sazRvrebSi vcvaloT kondensatorebis batareis tevadoba.  
   damuxtul kondensators gaaCnia energia. amaSi advilad davrwmundebiT, Tu mas 
mivcemT ganmuxtvis saSualebas, rodesac firfitebs gamtariT SevaerTebT. 
ganmuxtvis dros gamtarSi gaivlis eleqtruli deni, veli Seasrulebs muSaobas 
moZrav muxtebze da garemomcvel sivrceSi gamoiyofa am muSaobis toli siTbos 
raodenoba. gamoviangariSoT es muSaoba. 
   davuSvaT, rom ganmuxtvis procesSi drois raRac momentisaTvis Zabva 
firfitebze iyo U da amis Sesabamisad muxti firfitebze iqneba q=CU. drois 
mcire SualedSi erTi firfitidan meoreze gadava Δq=CΔU muxti. am muxtis 
gadasaadgileblad eleqtrostatikuri Zalebis mier Sesrulebuli muSaoba 

(1.37/)_is Tanaxmad udris ΔA=UΔq=_UCΔU (uaryofiTi niSani aRniSnavs im 
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garemoebas, rom dadebiTi muSaoba sruldeba Zabvis Semcirebisas, e.i. ΔA>0 
Seesabameba ΔU<0). kondensatoris U Zabvidan nulamde ganmuxtvisas Sesrulebuli 
muSaoba udris elementaruli muSaobebis jams ganmuxtvis mTeli procesis 
ganmavlobaSi: 
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Tu gaviTvaliswinebT U=q/C Tanafardobas, muSaoba SeiZleba CavweroT rogorc 
A=q2/2C.dabolos (2.10) da (1.37/)_da gansazRvruli C da U_s mniSvnelobebis CasmiT 
miviRebT muSaobis gamosaxulebas velis daZabulobiT: 
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sadac V aris kondensatoris moculoba. 
   energiis mudmivobis kanonis Tanaxmad, kondensatoris ganmuxtvisas 
Sesrulebuli muSaoba gansazRvravs zustad im energias, romelic gaaCnia 
damuxtul kondensators. amrigad damuxtuli kondensatoris energia SeiZleba 
gamovsaxoT Semdegnairad: 
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   5. eleqtruli velis energia. eleqtromagnetizmis zogadi Teoriidan 
gamomdinareobs, rom eleqtul vels gaaCnia energia. kerZod, damuxtuli 
kondensatoris energia (2.12) warmoadgens misi eleqtruli velis energias. 
sivrceSi velis energiis ganawilebis aRwerisaTvis Semotanilia velis energiis 
simkvrivis cneba, romelic ganisazRvreba rogorc velis energia moculobis 
erTeulSi: 
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aq ΔV aris elementaruli moculoba gansaxilveli wertilis maxloblad, xolo 

ΔW eleqtruli velis energia am moculobaSi. kidura efeqtebis ugulebelyofis 
dros kondensatoris eleqtruli veli Tavmoyrilia ZiriTadad Semonafenebs 
Soris sivrceSi da erTgvarovania, amitom velis energiis simkvrive Semonafenebs 
Soris yovel wertilSi erTi da igivea da udris velis sruli energiis 
Sefardebas sivrcis V moculobasTan, romelsac ikavebs es veli: 
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es gamosaxuleba marTebulia zogadi saxis eleqtruli velisaTvis. 
 

$ 5. dieleqtrikebi eleqtrostatikur velSi 
   1. eleqtruli dipoli. ganvixiloT muxtebis umartivesi sistema, romelic 
mniSvnelovan rols asrulebs dieleqtrikuli garemos aRweris TeoriaSi. es aris 
eleqtruli dipoli. 
   eleqtruli dipoli ewodeba sistemas, romelic Sedgeba absoluturi sididiT 
ori erTnairi da niSniT sapirispiro wertilovani muxtebisagan. dipolis muxtebi 
aRvniSnoT +q  da _q-Ti, xolo l_iT dadebiTi muxtisaken mimarTuli veqtori. 
eleqtruli dipoli xasiaTdeba dipolis eleqtruli momentis veqtoriT 
                                                 p=ql=qln                                                               (2.15) 
romelic gansazRvris Tanaxmad mimarTulia dipolis RerZis gaswvriv uaryofiTi 
muxtidan dadebiTi muxtisaken, xolo moduliT udris erT_erTi muxtis 
absoluturi sididis namravls muxtebs Soris manZilze p=ql  (sur.23). 
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superpoziciis principis Tanaxmad dipolis velis daZabuloba  E udris dipolis 
dadebiTi da uaryofiTi muxtebis mier Seqmnili velebis E+ da  E- daZabulobebis 
veqtorul jams (sur.24). dipolidan sakmaod daSorebuli sivrcis 

wertilebisaTvis (r>>l) gamoTvlebi gvaZleven Semdeg formulas daZabulobis  
sididisaTvis:          

         
sadac r aris manZili dakvirvebis wertilamde, 

xolo ϑ_kuTxe dakvirvebis wertilis r 
radius_veqtorsa da dopolis p eleqtrul 

moments Soris  (sur. 24). yuradReba unda mieqces im 
garemoebas, rom dipolis velis daZabuloba mcirdeba 
manZilis mixedviT, rogorc 1/r3, e.i. gacilebiT ufro 
swrafad wertilovani muxtis SemTxvevaSi (1/r2). 
dipolis velis suraTi naxazis sibrtyis kveTaSi me_3,g 
suraTzea mocemuli, sadac daZabulobis Zalwirebi uwyveti wirebiT aris 
warmodgenili xolo ekvipotenciuri zedapirebi_wyvetili wirebiT. ganvixiloT 

kerZo SemTxvevebi. rodesac ϑ=0 (2.16)_dan miviRebT E11=2kp/r3, xolo roca ϑ=π/2 
E⊥=kp/r3, e.i. dipolis RerZis (l) gaswvriv veli orjer metia vidre misi RerZisadmi 
O wertilidan aRmarTul perpendikularze. 

vidre 

   2. dipoli gare eleqtrul velSi. Tu veli erTgvarovania, maSin velis mxridan 
dipolis dadebiT da uaryofiT muxtebze imoqmedebs mimarTulebiT sapirispiro F+  

da  F_ absoluturi sididiT erTnairi F=qE Zalebi, sadac E aris velis 
daZabuloba (sur. 25, a).  F+  da  F_  Zalebi qmnian wyvil Zalas, romlis M momentis 

mxari d=lsinα, sadac α aris kuTxe eleqtruli momentis veqtorsa da daZabulobis 

veqtors Soris. amrigad am ZalTa momentis absoluturi sidide M=Fd=Flsinα=Eq 
lsinα=pE sinα. veqtoruli namravlis gansazRvris Tanaxmad: 

                           M=[pE]                                                     (2.17) 
ZalTa es momenti cdilobs moabrunos dipoli mdgradi wonasworobis 

mdgomareobisken, rodesac 
eleqtruli momentis p veqtori 
velis daZabulobis gaswvriv 
iqneba mimarTuli (sur. 25, b). 
garda amisa, rogorc es 
suraTidan Cans, velis Zalebi 
cdiloben gaWimon dipoli da Tu 
ukanaskneli ar aris 
absoluturad xisti is ganicdis 
Sesabamis deformacias. dabolos, 

radgan dipolze moqmedi jamuri gare Zala nulis tolia, dipolis masaTa centri 
ar ganicdis aCqarebas. amrigad gare eleqtruli veli dipolze axdens 
maorientirebel da madeformirebel moqmedebas. araerTgvarovani veli, garda 
zemoT moyvanili moqmedebisa, Seizidavs dipols velis daZabulobis zrdis 

mimarTulebis gaswvriv, radgan am SemTxvevaSi F+ ≠ F_  (sur. 26). axla davadginoT 
dipolze moqmedi tolqmedi Zalis sidide, rodesac dipolis sigrZe dl_is 
tolia, anu vixilavT elementarul dopls. F_ =_qE_,  F+= qE+ , sadac  E_ aris 
velis daZabuloba _q muxtTan, xolo E+ aris velis daZabuloba +q muxtTan. 
radgan F+  26_e suraTis mixedviT sididiT F__ze metia amitom F=qE+_ qE_. dipolis 
sigrZis simciris gamo mcire iqneba gansxvaveba E+ da E_ Sorisac. 
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gaviTvaliswinoT es zemoT moyvanil tolobaSi da misi marjvena mxare gavyoT da 
gavamravloT dl_ze. miviRebT: 

                                                    
 
   3. zogadi warmodgenebi dieleqtrikebis agebulebis Sesaxeb. dieleqtriki aris 
iseTi nivTiereba, romelSic Tavisuflad moZravi muxtebi ar arian. isini TiTqmis 
ar atareben eleqtrul dens. yoveli dieleqtriki Txevad Tu airad mdgomareobaSi 
neitraluri molekulebisagan Sedgeba. molekulis sazRvrebSi eleqtrul muxts 
sakmaod rTuli ganawileba aqvs, magram makroskopul TeoriaSi srulebiT ar aris 
savaldebulo, rom detalurad SeviswavloT muxtis aseTi ganawileba. eleqtruli 
TvalsazrisiT, sakmaod kargi miaxloebiT, molekula ise iqceva TiTqos misi 
mTeli dadebiTi muxti “dadebiTi muxtebis centrSi” iyos Tavmoyrili, xolo 
uaryofiTi _”uaryofiTi muxtebis centrSi”. sxva sityvebiT rom vTqvaT, molekula 
SeiZleba mivamsgavsoT eleqtrul dipols, romlis eleqtruli momenti p=ql, 
sadac q aris molekulis dadebiTi an uaryofiTi muxtis sidide, xolo l 
”uaryofiTi muxtis centridan” gavlebuli veqtori “dadebiTi muxtebis 
centramde”. 
   arseboben molekulebi, romlebSic dadebiTi da uaryofiTi muxtebis  centrebi 
erTmaneTs emTxveva. es is molekulebia, romlebsac gaaCniaT simetriis centri, 
magaliTad, molekulebi, romlebic erTi da imave molekulebisgan Sedgebian (H2, 
O2  da misTanani). aseT molekulebs ar gaaCniaT sakuTari dipoluri momenti (p=0, 
radgan l=0) da amitom maT arapolaruli molekulebi ewodebaT. molekulebi, 
romelTa dadebiTi da uaryofiTi muxtebis centrebi ar emTxveva erTmaneTs 
nulisagan gansxvavebuli dipoluri momenti gaaCniaT da aseT molekulebs 
polaruli molekulebi ewodebaT. 
   umravlesi myari kristaluri dieleqtrikebis wesieri kristaluri mesris kvanZ 
wertilebSi ionebia ganlagebuli. zog SemTxvevaSi (magaliTad, erTi da imave 
elementis atomebisagan Sedgenil kristalebSi) yvela ions dadebiTi muxti aqvs, 
xolo maT Soris kavSiri valenturi eleqtronebiT (kovalenturi kavSiri) 
xorcieldeba. sxva SemTxvevebSi, rodesac kristali elementebis qimiur SenaerTs 
warmoadgens (magaliTad sufris marilis kristali) ionebs sxvadasxva niSnis 
muxti aqvT da meserSi urTierTmizidvis eleqtrostatikuri ZalebiT arian 
Sekavebuli (ionuri kavSiri). aseTi kristalebis kristaluri meseri SeiZleba 
ganvixiloT rogorc dadebiTi da uaryofiTi ionebisagan Sedgenili ori 
qvemeseri. 
   4. dieleqtrikebis polarizacia. ra movlenas eqneba adgili, rodesac 
dieleqtriks movaTavsebT eleqtrostatikur velSi? eleqtrul velSi dadebiT 
muxtze imoqmedebs velis daZabulobis gaswvriv mimarTuli Zala, xolo uaryofiT 
muxtze sapirispirod mimarTuli Zala. amis Sedegad arapolaruli molekulebis 
dadebiTi da uaryofiTi muxtebis centrebi, romlebic emTxveodnen erTmaneTs 
velis gareSe, wainacvleben erTimeoris mimarT _ molekulebi iZenen egreT 
wodebul inducirebul anu velis gavleniT miniWebul dipolur moments (sur. 27, 
a). arapolarul molekulebze upirvelesad yovlisa veli axdens maorientirebel 
moqmedebas: molekulebis dipoluri momentebis veqtorebi velis gareSe 
orientirebuli arian qaosurad, xolo velis gavlenis Semdeg isini  
orientirdebian upiratesad            
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velis mimarTulebiT (sur. 27, b). velis gavleniT kristalebSic aqvs adgili 
muxtebis wanacvlebas: kovalenturi bmis mqone kristalebSi pirvel rigSi 
wanacvlebas ganicdian eleqtronebi, romlebic qmnian kavSirebs meserSi, ionuri 
bmis mqone kristalSi ki adgili aqvs qvemesrebis wanacvlebas erTimeoris mimarT. 
   zemoT naTqvamidan gamomdinare dieleqtrikuli nivTierebebi, maTi agebulebis 
mixedviT, sxvadasxvanairad reagireben gare eleqtruli velis zemoqmedebaze. 
magram yvela dieleqtrikisaTvis damaxasiaTebelia is, rom misi yoveli 
moculobis mcire elementi iZens nulisagan gansxvavebul jamur dipolur 
moments _ dieleqtriki dapolardeba. arapolaruli molekulebisgan Semdgar 
dieleqtrikis dapolarebas ewodeba dapolareba eleqtruli wanacvlebiT. es 
termini gamoiyeneba agreTve kovalenturi bmis mqone dieleqtrikebisTvisac. 
polaruli molekulebisgan Semdgar dieleqtrikis dapolarebas ewodeba 
orientaciuli dapolareba. dabolos ionuri bmis mqone kristalebSi dapolarebas 
ewodeba dapolareba ionuri wanacvlebiT. 
   dieleqtrikis polarizaciis xarisxis dasaxasiaTeblad SemoaqvT fizikuri 
sidide, romelsac polarizaciis veqtori ewodeba. polarizaciis veqtori 
ricxobrivad udris nivTierebis moculobis erTeulSi jamur dipolur moments. 

amrigad, Tu romeliRac wertilis maxloblad aRebul elementarul ΔV 
moculobaSi molekulebis jamuri dipoluri momenti aris Σpi  (sadac pi aris 

i_uri molekulis momenti, xolo ajamva sruldeba ΔV moculobaSi moxvedrili 
yvela molekulis mixedviT), maSin gansazRvrebis Tanaxmad polarizaciis veqtori 
P gansaxilvel wertilSi gamoisaxeba Semdegnairad: 

                
   velis xasiaTisa da dieleqtrikis Tvisebebis mixedviT dieleqtrikis 
polarizacia sxvadasxva wertilSi SeiZleba sxvadasxva iyos, ase rom 
polarizaciis veqtori sazogadod warmoadgens koordinatebis funqcias. cda 
gviCvenebs, rom izotropiuli dieleqtrikebisaTvis, romelTa ganxilviTac 
SemovifarglebiT, arc ise Zlier velebSi polarizaciis veqtori eleqtruli 
velis daZabulobis proporciulia: 

                             P =æ εoE                                                  (2.20) 
æ koeficienti damokidebulia nivTierebis Tvisebebze da dieleqtrikis 
mdgomareobaze, mas nivTierebis dieleqtrikuli amTvisebloba ewodeba. 
dieleqtrikuli amTviseblobis damokidebuleba nivTierebis damaxasiaTebel ama 
Tu im parametrze arsebiTad gansxvavdeba sxvadasxva saxis dieleqtrikSi. 
magaliTad, rogorc Teoria gviCvenebs, polaruli molekulebis mqone 
dieleqtrikebSi  æ temperaturis ukuproporciulia: 

                                                                              
Teoriis es Sedegi adviladaa misaxvedri Tvisobrivad: temperaturis gazrdisas 
izrdeba siTburi moZraobis madezorientebeli gavlena, ris Sedegadac imave 
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eleqtruli velis moqmedebisas molekulebis dipoluri momentebis upiratesi 
orientacia velis daZabulobis gaswvriv ufro sustad iqneba gamosaxuli, rac 
gamoiwvevs polarzaciis veqtoris Semcirebas. arapolaruli molekulebisgan 
Semdgar dieleqtrikebSi  æ praqtikulad ar aris damokidbuli temperaturaze. 
  rodesac dieleqtriki ar imyofeba gare eleqtrul velSi, mis TiToeul 
wertilSi dadebiTi da uaryofiTi muxtebi erTimeores akompensireben, ase rom 
muxtis simkvrive yvelgan nulis tolia. dieleqtrikebis polarzacia eleqtrul 
velSi iwvevs muxtebis gadanawilebas, romlis drosac dieleqtrikis zedapirze 
(zogad SemTxvevaSi SigniTac) warmoiqmnebian arakompensirebuli muxtebi, egreT 
wodebuli polarizaciuli an bmuli muxtebi. 
   5. kavSiri polarizaciis veqtorsa da polarizaciul muxtebs Soris. 
   simartivisaTvis davuSvaT, rom mocemulia arapolaruli molekulebisagan 
Semdgari dieleqtriki. am SemTxvevaSi miRebuli Sedegebi marTebuli iqneba yvela 
izotropiuli dieleqtrikebisaTvis. ganvixiloT dieleqtrikis SigniT S 
zedapiriT SemosazRvruli are (sur. 28). polarizaciis dros dadebiTi muxtebi 
wainacvlebian daZabulobis veqtoris mimarTulebiT, xolo uaryofiTi mis 
sawinaaRmdegod. radgan molekulis centri erT adgilze rCeba, xolo protonis 
masa miaxloebiT 2000_jer metia eleqtronis masaze, amitom wanacvlebas         

 
ganicdian mxolod uaryofiTi muxtebi. 28_e suraTidan Cans, rom zedapiris im 
ubnebze, sadac daZabuloba SigniT aris mimarTuli, uaryofiTi muxtebis nawili 
datovebs gansaxilvel ares, xolo im ubnebze, sadac daZabuloba mimarTulia 
gareT, areSi damatebiT Seva uaryofiTi muxti. rodesac Sesuli da gamosuli 
muxtebi erTmaneTis toli ar aris, maSin are SeiZens q/ polarizaciul muxts. 

   Tavdapirvelad gamoviangariSoT is elementaruli muxti Δq/, romelsac SeiZens 

gansaxilveli are S zedapiris calkeul elementarul ΔS ubnebze muxtis 

gadasvlis gamo. rogorc 29_suraTidan Cans, sadac ΔS ubani muqi xaziT aris 

naCvenebi, ΔS ubans gaivlian im molekulebis uaryofiTi muxtebi, romlebic ΔS 
fuZis farTobisa da lcosα simaRlis daxril paralelopipedSi imyofebian. aq l aris 
eleqtuli muxtebis wanacvleba molekulaSi, xolo α_kuTxe zedapirisadmi 
gavlebul normalsa da daZabulobas Soris. am paralelopipedis moculoba 

udris lcosα ΔS da masSi imyofeba nolcosα⋅ ⋅ ΔS molekula, sadac no aris molekulebis 
koncentracia. Tu molekulebis am raodenobas gavamravlebT TiToeuli 

molekulis uaryofiTi muxtis q absolutur sidideze vipoviT saZiebeli Δq/  

muxtis absolutur sidides: IΔq/I=qno lcosα⋅ ΔS. am gamosaxulebaSi ql=p aris 
molekulis dipoluri momentis sidide, ql no =P _ polarizaciis veqtoris sidide, 

qno lcosα=Pcosα=Pn_ polarizaciis veqtoris gegmili S zedapiris gare normalze. 
sabolood miviRebT: 

                           Δq/ = _PnΔS                                                       (2.22) 
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uaryofiTi niSani am formulaSi imis maCvenebelia, zedapiris im ubnebze, sadac 

Pn>0, are iZens uaryofiT muxts Δq/<0. (2.22) gamosaxulebaSi integralis aReba 
mogvcems gansaxilveli aris srul polarizaciis romelic, rogorc vxedavT,      

                                
udris polarizaciis veqtoris nakads S zedapirze sapirispiro niSniT. aq dS aris 
veqtori, romlis sidide udris dS farTobs, xolo mimarTuleba emTxveva am 
farTobis mimarT aRdgenil normalis mimarTulebas. 
   axla ganvixiloT Tu ra movlenas aqvs adgili dieleqtrikis zedapiris 
maxloblad. rogorc 30_e suraTidan Cans dieleqtrikis polarizaciis dros, 
eleqtronebis wanacvlebis Sedegad, mikroskopulad Txeli zedapiris axlo 
fenaSi (is mWidrod aris daStrixuli) aRmoCndebian mxolod erTi niSnis muxtebi: 
dadebiTebi, sadac daZabuloba mimarTulia dieleqtrikidan da uaryofiTi, sadac 
daZabuloba mimarTulia dieleqtrikSi. makroskopul TeoriaSi am fenis sisqe 

ugulebelyofilia, radgan 
Tvlian, rom bmuli muxtebi 
dieleqtrikis zedapirze arian 
ganlagebuli da maTi ganawileba 
aRwerilia polarizaciuli 

muxtebis σ/ zedapiruli 

 

li muxtebis σ/ zedapirul 

biTi polarizaciuli muxtebi 

u

simkvriviT. 

   davadginoT kavSiri σ/ 
zedapiruli simkvrivesa da 
polarizaciis veqtors Soris. 
ganvixiloT dieleqtrikis 

zedapiris ΔS  elementi da gamovTvaloT am  elementis momijnave zedapiris 

axlomdebare fenaSi Δq/  polarizaciuli muxti. 31_e suraTze, romelzec 

mocemulia dieleqtrikis kveTa, xolo ΔS  elementi muqi xaziT aris gamosaxuli, 

es muxti moqceulia ΔS  farTobis fuZisa da lcosα  simaRlis paralelopipedSi. aq l 
aris muxtis wanacvlebis sidide molekulaSi, xolo α_daZabulobis veqtorsa da 

dieleqtrikis zedapiris gare normals Soris. gamoTvlebi gvaZleven: Δq/=qno 
lcosα⋅ ΔS= PnΔS. am gamosaxulebaSi niSnis sisworis dasadgenad mivmarTo isev 31_e 

suraTs. zedapiris im ubanze, sadac Pn>0 aRiZvreba Δq/ >0 dadebiTi muxti. Tu am 

muxts gavyofT ΔS_ze, miviRebT   polarizaciu
simkvrives: 

                            σ/= Pn                                                                                                (2.24) 
amrigad, dieleqtrikis zedapiris romeliRac wertilSi polarizaciuli muxtebis 
zedapirul simkvrive udris polarizaciis veqtoris gegmils dieleqtrikis 
zedapiris imave wertilSi aRebul gare normalze. unda aRiniSnos, rom 
dieleqtrikis polarizaciis dros yovelTvis aRiZvreba zedapiruli 
polarizaciuli muxtebi, im dros rodesac moculo
aRiZvreba mxolod araerTgvarovan dieleqtrikebSi. 
   magaliTad, 32_e suraTze gamosaxulia zedapiruli polarizaciuli muxtebis 
ganawileba erTgvarovan dapolarebul (P=const) dieleqtrikul sferoze. muxtis 

“+” da “_” niSnebis zomebi σ/ sididis proporci lia 
zedapiris Sesabamis wertilebSi.   naxevarsferoze, 

sadac kuTxe α gare normalsa da polarizaciis veqtors 

Soris maxvilia (α< π/2),  Pn>0 da (2.24) gamosaxulebis 

Tanaxmad σ/>0. meore naxevarsferoze (α< π/2), Pn<0 da e.i. 
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σ/<0. maqsimaluria “wveroebze” (α=0, α=π),  radgan am wertilebSi ⎜Pn⎜=P, xolo 
“ekvatorze” nulis tolia, radgan aq Pn=0. arc sferos SigniT da arc nebismier 
erTgvarovan dieleqtrikSi moculobiTi polarizaciuli muxtebi ar aRiZvreba. 
 

$ 6. eleqtrostatikuri veli nivTierebaSi 
   eleqtrostatikis ZiriTadi amocanaa vipovoT damuxtul gamtarTa sistemisa da 
neitraluri dieleqtrikebis mier aRZruli veli. radgan dieleqtrikis 
polarizaciis dros aRZruli polarizaciuli muxtebi TviTon qmnian vels, 
amitom sivrcis TiToeul wertilSi velis daZabuloba ori nawilisgan Sedgeba: 
gamtaris Tavisufali muxtebiT Seqmnili velis ET daZabulobisa da dieleqtrikis 
polarizaciuli muxtebiT ganpirobebuli velis E/ daZabulobisagan: 
                                                        E=ET + E/                            (2.25)                  
aq xazi unda gaesvas erT garemoebas, rom sazogadod amocanebis amoxsnis dros 
superpoziciis principi ar aris marTebuli. saqme imaSia, rom misi gamoyeneba 
gulisxmobs muxtebis cnobil ganawilebas garemoSi, im dros rodesac gamtaris 
zedapirze Tavisufali muxtebisa da dieleqtrikSi polarizaciuli muxtebis 
ganawileba saZiebeli veliT ganisazRvreba (ix. formulebi 2.1, 2.20, 2.23, 2.24) da 
winaswar ar aris cnobili (gamonaklis warmoadgens is SemTxvevebi, rodesac 
muxtis ganawileba SeiZleba dadgindes simetriis mosazrebidan an kidev 
mocemulia wertilovani muxtebis sistema). amitom velis sapovnelad unda 
mivmarToT eleqtrostatikis gantolebebs. Teorema cirkulaciis Sesaxeb (1.30) 
inarCunebs Tavis saxes da ar aris damokidebuli ama Tu im navTierebis 
arsebobaze, xolo gausis Teorema nakadis Sesaxeb ise SeiZleba dakonkretdes, 
rom masSi polarizebuli muxtebis nacvlad warmodgenili iyos dieleqtrikuli 
garemos maxasiaTeblebi. aRvniSnoT, rom eleqtrostatikuri velis TeoriaSi 
gamtar garemoTa maxasiaTeblebi saerTod ar figurireben, radgan wonasworobis 
pirobebSi gamtaris zedapirze muxtebis ganawileba ar aris damokidebuli 
gamtaris nivTierebaze da mxolod misi geometriuli zomebiT da formiT 
ganisazRvreba. 
   1. gausis Teorema dieleqtrikis arsebobis dros. gausis Teorema (1.15) CavweroT 
nebismieri  Sekruli S zedapirisaTvis, romlis SigniT SeiZleba aRmoCndes 
rogorc qT Tavisufali, aseve q/ polarizaciuli muxtebi: 

                                                  
visargebloT (2.10) formuliT da majvniv myofi jamuri polarizaciuli muxti 
gamovsaxoT polarizaciis veqtoris nakadiT: 

                                           
⎟
⎠

⎞
⎜
⎝

⎛
−

ε
= ∑ ∫∫

i
i

o

dq1d SPSE T

 
an 

                                           
SemoviRoT veqtori 

                      D=εoE+ P                                                                    (2.28) 
am veqtors eleqtruli wanacvlebis veqtori ewodeba an eleqtrostatikuri 
induqciis veqtori. axla gausis Teorema miiRebs Semdeg saxes: 
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marjvniv dagvrCa mxolod S Caketili zedapiris SigniT myofi Tavisufali 
muxtebis jami, xolo marcxniv daZabulobis veqtoris nacvlad eleqtruli 
wanacvlebis veqtoris nakadi  S zedapirze. miviReT gausis Teoremis uzogadesi 
saxe integraluri formiT. 
   2. wanacvlebis veqtoris Tvisebebi. ganvixiloT eleqtruli wanacvlebis 
veqtoris zogierTi Tviseba. izotropiuli dieleqtrikebisaTvis wanacvlebis 

proporciulia. 
c (2.20) Casma (2.28)_Si mogvcems: 

 1  

 ≥0, amitom nebismieri dieleqtrikisaTvis ε ≥1. (2.18)_is 
ad gamoisaxeba 

wirebis simWidrovis Sesaxeb, SevamCnevT, rom (2.32)_is 

ganicdian wyvetas mxolod Tavisufal 

 

zogadad) Semdegi Teorema: Tu dieleqtriki erTgvarovania da mTlianad 

      

aZabulobis veqtors, 
xtebi. (2.24) gamosaxulebidan (2.32)_is 

gaTvaliswinebiT gamomdinareobs, rom dieleqtrikis SigniT: 
                  

veqtori iseve, rogorc polarizaciis veqtori velis daZabulobis 
marTla

                    D=εoE+εoæE =εo (1+æ)E                                              (2.30) 
sadac 

                                        ε= + æ                                                                           (2.31)
sidides ewodeba nivTierebis fardobiTi dieleqtrikuli SeRwevadoba. vinaidan 

yovelTvis æ
gaTvaliswinebiT kavSiri D da E veqtorebs Soris (2.17)_is Tanaxm
Semdegnairad: 

                    D=εoεE                                                                         (2.32)  
eleqtruli wanacvlebis veqtori iseve, rogorc daZabulobis veqtori sivrcis 
TiToeul wertilSia gansazRvruli da qmnis veqtorul vels. (2.32)_is Tanaxmad 
sivrcis yovel wertilSi D da E veqtorebis mimarTuleba Tanxvdenilia, amitom D 
veqtoris Zalwirebi formiT igivea, rac daZabulobis veqtoris Zalwirebi. Tu 
gavixsenebT pirobas Zal

Tanaxmad D veqtoris Zalwirebis simkvrive  εoε mamravliT metia E veqtoris 
Zalwirebis simkvriveze. 
   D veqtoris Zalwirebis ZiriTadi Tviseba mdgomareobs imaSi, rom isini 
uwyvetni arian ara mxolod damuxtuli sxeulebis gareT, aramed im adgilebSi, 
sadac polarizaciuli muxtebia; isini 
muxtebze, im dros rodesac daZabulobis Zalwirebi wyvetas ganicdian rogorc 
Tavisufal ise polarizaciul muxtebze. 

   vakuumis nebismier wertilSi P=0 da (2.28)_is Tanaxmad D=εoE  e.i.  sxeulebis

gareT wanacvlebis veqtori εo  mamravlis sizustiT emTxveva daZabulobis veqtors. 
   dieleqtrikis SigniT D veqtoris fizikuri arsis gasagebad CamovayaliboT 
(arc ise 
avsebs sivrces or ekvipotenciur zedapirs Soris maSin yvelgan dieleqtrikis 
SigniT  

                                                  D=εoET                                  (2.33)                   
anu wanacvlebis veqtori εo mamravlis sizustiT emTxveva d
romlebsac qmnian mxolod Tavisufali mu

                           

                                             
ganxilul SemTxvevaSi SeiZleba damtkicdes, rom polarizaciuli muxtebi ise 
gadanawildebian dieleqtrikis zedapirze, rom maT mier Seqmnili veli 
gansxvavebuli iqneba nulisagan mxolod dieleqtrikis SigniT. amitom 
dieleqtrikis Setana ar Secvlis Tavisufali muxtebis Tavdapirvel 
gadanawilebas sivrceSi da amis Sedegad maT mier Seqmnil velsac. ase, rom (2.34) 
formulaSi ET aris im velis Eo  daZabuloba, romelic arsebobda dieleqtrikis 
Setanamde. amrigad (2.3

     

4) formula imis aRmniSvnelia, rom ekvipotenciur 
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zedapirebs Soris sivrcis erTgvarovani dieleqtrikiT SevsebiT daZabuloba am 

areSi Semcirdeba ε_jer: 

                                           
aqedan gamomdinareobs, rom dieleqtrikis SigniT nebismier or wertils Soris 

potencialTa sxvaobac ε_jer Semcirdeba. (1.27) da (2.35) formulebis 
gaTvaliswinebiT miviRebT: 

                                    
   aq Camoyalibebuli Teorema SeiZleba gamoyenebuli iqnes dieleqtrikiT 

an gamtarebis zedapirebi 
vipotenciuri zedapirebia, xolo dieleqtrikis uSores zedapirze 
larizaciuli muxtebis gavlena ugulebelyofilia. 

                         

                      

Tavi III 

a ganlagebuli magnituri Tvisebebis 

Sevsebuli kondensatorisaTvis, radgan kondensatoris Semonafenebi ekvipotenciur 
zedapirebs warmoadgenen. 
   Teorema marTebulia im gamtarebisTvisac, romlebic imyofebian praqtikulad 
usazRvro Txevad an airisebr dieleqtrikSi, vinaid
ek
po
 
 

mudmivi magnituri veli 
$ 7. magnituri induqciis veqtori 
   cdebi gviCveneben, rom gamtarebi, romlebSic gadis eleqtruli deni, 
urTierTqmedeben, es urTierTqmedeba xorcieldeba magnituri velis meSveobiT: 
deniani gamtarebi sivrceSi qmnian magnitur vels, romelic moqmedebs am velSi 
moTavsebul nebismier denian gamtarze. rodesac gamtarSi deni mudmivia, xolo 
TviTin gamtari uZravi, maSin mis mier aRZruli magnituri velis Tvisebebi 
sivrcis yovel wertilSi ar aris damokidebuli droze. am TavSi SeviswavliT 
aseT magnitur vels, rodesac masSi ar iqneb
mqone sxva sxeulebi. mudmivi magnituri velis Teoriis sqema Seswavlis igivea, 
rac gvqonda elqtrostatikuri velis dros. 
   1. denis elementi. Zaluri velis TeoriaSi fundamentur rols TamaSobs cneba 
elementaruli wyaros Sesaxeb. gravitaciuli velis TeoriaSi es aris m masis 
nivTieri wertili, eleqtristatikaSi _ q wertilovani muxti. magnituri velis 
TeoriaSi analogiur rols TamaSobs wvrili deniani gamtaris mcire monakveTi, 
romelic xasiaTdeba veqtoruli fizikuri sididiT da mas denis elementi 
ewodeba. denis elementi aris veqtori, romlis absoluturi sidide udris I denis 
namravls gamtaris ubnis dl sigrZeze, xolo mimarTuleba emTxveva denis Zalis 
mimarTulebas: Idl. 
   2. magnituri induqciis veqtori. magnituri velis ZiriTadi 
maxasiaTeblis_induqciis veqtoris ganszRvrisaTvis iqcevian zustad ise, rogorc 
eleqtruli velis daZabulobis veqtoris ganszRvris dros. ganvixiloT mudmiv 
deniani uZravi gamtarebisagan Semdgari sistema, romelic qmnis Cvens mier 
gamosakvlev magnituri vels da ganvsazRvroT is dF Zala, romelic moqmedebs 
velis mocemul wertilSi moTavsebul Iodlo “sasinj denis elementze”. denis 
elementis dasamzadeblad sakmarisia aviRoT wvrili xisti gamtris mcire 
monakveTi, romelsac davkidavT sakmaod moqnil mimyvan sadenebze. garda amisa, 
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imisaTvis, rom ar gaviTvaliswinoT mimyvan sadenebSi gamavali denis magnituri 
velis moqmedeba denis elementze, denis Zala maTSi unda iyos sakmaod mcire. 
   aseTi da misi msgavsi cdebiT mivdivarT im daskvnamde, rom dF Zala denis 
elementis absoluturi sididis proporciuli iqneba dF~Iodlo (eleqtrostatikaSi 
F~qo), da garda amisa damokidebuli iqneba mis orientaciaze (denis elementi 

enis elementis 

n

burRis gadataniTi ravs dF Zalis  
3

                       
 is ar aris 

a 

ba 

 
qtoris 

perpendikularulia (α=π/2, sinα=1) dF Zala maqsimaluria 
dFmaq=Iodlo

. B, ase rom                        

veqtoruli sididea !). kerZod, dF Zalis sidide B veqtorsa da d
mimarTulebebs Soris α kuTxis sinusis proporciulia: 

                      dF=BIodlosinα                              (3.1) 
sadac B aris proporciulobis koeficienti, romelic damokidebulia velis im 
wertilis Tvisebebze, romelSic moTavsebulia sasinji de is elementi da ar aris 
damokidebuli denis elementis orientaciaze da sidideze. garda amisa dF Zalis 
mimarTuleba, denis elementis mimarTuleba da B veqtoris mimarTuleba 
erTimeoresTan marjvena burRis wesiT arian dakavSirebuli: Tu burRis saxelurs 
vabrunebT (umciresi kuTxis mxridan) denis elementidan B veqtorisken, maSin 

(burRis wveros) moZraoba gansazRv
). aqedan gamomdinare dF Zala SeiZleba CavweroT Iodlo  da B mimarTulebas (sur. 3
veqtorebis veqtoruli namravlis saxiT: 
         dF=[Iodlo

. B]                                           (3.2)                              
   B veqtoris gansazRvridan vrwmundebiT, rom
damokidebuli sasinji denis elementis arc sidideze d
arc mis orientaciaze, e.i. warmoadgens velis 
maxasiaTebels. rodesac denis elementis mimarTule

emTxveva B veqtoris mimarTulebas (α=0; π) dF Zala nulis
tolia, xolo rodesac denis elementi B ve

                                                   
aqedan gamomdinareobs, rom magnituri induqciis veqtori ricxob

                  
rivad udris 

 
daZabulobis Zalwirebi gamodian da mTavrdebia muxtebze, magnituri induqciis 
wirebs arc dasawyisi aqvs da arc bolo, isini gars evlebian eleqtrul denebs  

erTeulovan denis elementze (Io=1 a, dlo=1 m) moqmed maqsimalur Zalas. SI sistemaSi 
magnituri induqciis sazom erTeulad miRebulia 1 tl (tesla). 
   rogorc nebismieri veqtoruli veli magnituri velic SeiZleba warmodgenili 
iyos magnituri induqciis Zalwirebis daxmarebiT. magram magnituri induqciis 
Zalwirebis ganlagebis suraTi arsebiTad gansxvavdeba eleqtrostatikuri velis 
daZabulobis Zalwirebis ganlagebis suraTidan, rac am velebis Tvisebebis 
gansxvavebiT aris gamowveuli. im dros, rodesac  eleqtrostatikuri velis
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da Sekrul wirebs warmoadgenen. magnituri induqciis wirebis es Tviseba kargad 
Cans 34_e suraTze, sadac gamosaxulia wrfivi usasrulo deniani gamtaris (a), 
wriuli denis (b) deniani koWas (g) magnituri velebi. veqtorul vels, romlis 
wirebi Caketilia, grigaluri veli ewodeba. amrigad mudmivi magnituri veli, 
eleqtrostatikuri velisagan gansxvavebiT, romlis wirebi ar aris Caketili, 
grigaluria. 
   3. superpoziciis principi. ismis kiTxva, rogor gamoviangariSoT Teoriulad 
velis magnituri induqcia, rodesac cnobilia am velis aRmZvreli denebis 
ganawileba sivrceSi. gavixsenoT, rom eleqtrostatikaSi analogiuri problemis 
gadasaWrelad anu velis daZabulobis gamosaTvlelad gamoviyeneT superpoziciis 
principi (ix. 1.10). cdebi gviCveneben, rom analogiur princips adgili aqvs 
magnituri velis SemTxvevaSic: velis yovel wertilSi deniani gamtarebis 

s induqcia udris sistemis calkeuli 

 

sistemis mier Seqmnili magnituri veli
nawilis mier Seqmnili velis magnituri induqciebis veqtorul jams. kerZod, Tu 
gamtarebs gonebis TvaliT davyofT denis usasrulo mcire elementebad maSin:

                                                   
)4.3(d∫= BB
 

sadac dB aris denis calkeuli elementebiT ganpirobebuli velis magnituri 
induqcia, xolo integreba sruldeba sistemis yvela elementiT, 
   4. denis elementis magnituri veli. amrigad amocana daiyvaneba im velis 
magnituri induqciis formulis miRebaze, romelsac qmnis denis calkeuli 
elementi. cxadia, rom pirdapiri cdebis Catarebas azri ekargeba, radgan bunebaSi 
principulad izolirebuli denis elementi ver xorcieldeba. amitom saZiebeli 
formula dadgenili iqna iribi gziT, sxvadasxva formis da sasruli sigrZis 

nili magnituri velebis analiziT. am formuliT gamoxatul 

                      

gamtarebis mier Seqm
kanons bio_savar_laplasis kanoni ewodeba: 

                    
[ ] )5.3(

 r
d

3
o rlB ⋅

⋅
μ

=
I

4π  
 elementidan 

 35). μo_s magnituri mudmiva 
ewodeba: 

4π. 10_7 hn                                    (3.6)

am formulaSi r aris radius_veqtori, romelic gavlebulia Idl  denis
im wertilSi, sadac ganisazRvreba dB veqtori (sur.

                  μo=  

(3.5)_is Tanaxmad dB veqtoris modulisTvis miviRebT: 

                                           
sadac α aris kuTxe Idl denis elementsa da r aris radius_veqtors Soris, xolo 
dB veqtoris mimarTuleba emTxveva [Idl.r] veqtoruli namravlis mimarTulebas da 

 wesiT (sur. 35). SevniSnoT, rom dB sidide damokidebulia 

, aramed α kuTxezec: wrfis im wertilebSi, romlebic denis 

elementis gagrZelebaze

ganisazRvreba burRi

ara marto r manZilz

s

e

 mdebareoben (α=0) magnituri 

induqcia nulis tolia da izrdeba α kuTxis π/2_mde zrdis 
dros, Tu ra Tqma unda mxedvelobaSi gveqneba  denis 
elementdan Tanabrad daSorebuli wertilebi. 
       superpoziciis principi (3.4) bio_savar_laplasis 
kanonTan erTad (3.5) saSualebas gvaZlevs gamovTvaloT 
nebismieri deniani gamtarebis magnituri veli. 
  5. wrfivi deniani gamtaris magnituri veli. ganvixiliT 
wvrili deniani gamtaris wrfivi ubani. gamovTvaloT am 
wrfivi ubnis mier Seqmnili magnituri velis induqcia. 
manZili gamtaridan im wertilamde, sadac veZebT vels, 

 33



aRvniSnoT b_Ti, xolo x RerZi gavavloT gamtaris gaswvriv saTaviT 0 wertilSi 
(sur. 36). x koordinatis mqone dl=dx sigrZis gamtaris elementis mier, dakvirvebis 

Zruli velis magnituri induqciis veqtoris sidide (3.7) kanonis wertilSi aR  
Tanaxmad iqneba 

                            2
o

r
sind

4
dB α

⋅
π

μ
=

xI
 

(3.5) formulis Tanaxmad, burRis wesis gamoyenebiT, davadgenT, rom gamtaris 
yoveli mcire elementis mier warmoqmnili dB veqtorebi mimarTuli iqnebian 
suraTisken. amis gamo jamur B veqtors igive mimarTuleba eqneba, xolo misi 
absoluturi sidide yvela dB absoluturi sidideebis jamis tolia, e.i. 
gamoisaxeba gansazRvruli integraliT: 

xI d
r

sin
4

dBB 2

x

x

o
2

1

α
⋅

π
μ

== ∫ ∫
 

am integralis gamosaangariSeblad gadavideT integrebis axal cvladze; kerZod 

α kuTxeze, romliTac iqneba  gamosaxuli r da dx. 36_e suraTidan 

   x=bctg(π_α)= _bctgα, saidanac                               Cans, rom

amrigadda .
sinα)-sin(πsin

dd 2 α
==

α
α

=
bbrbx

         

( ),coscos
4

dsin
4

dBB 21
oo

2

α−α
π

μ
=αα⋅

π
μ

== ∫∫
α

b
II

     
)8.3(

 α1 da α2 warmoadgenen ganxiluli gamtaris wrfivi ubnis 

boloebis α kuTxis zRvrul mniSvnelobebs. 

  o wrfivi grZeli gamtarisaTvis α1→0, xolo α2→π ase 

1α  
sadac

 usasrul
rom 

                  
)9.3(2

4
B o

b
I

π
μ

=
 

es formula miaxloebiT aRwers vels sasruli zomebis Caketili gamtaris wrfivi 
ubnis Suagulis maxlobel areSi, rodesac gamtaris danarCeni ubnebi imdenad 
arian daSorebuli am ubnidan, rom maT mier Seqmnili veli SeiZleba 
ugulebelvyoT (sur. 37, sadac aRniSnuli are pirobiTad wyvetili xaziT aris 
SemosazRvruli). 
   6. wriuli deniani gamtaris magnituri veli. Sekruli deniani gamtari 
xasiaTdeba p magnituri momentis veqtoriT, romlis sidide brtyeli konturebis 
SemTxvevaSi udris I denis Zalis namravls S farTobze: 
                     p=IS ,                            (3.10)                   
xolo mimarTulia konturis 

        
sibrtyis perpendikularulad da denis 

i
mimarTulebasTan burRis wesiT aris da
vabrunebT denis mimarTulebiT, maSin burR
veqtoris mimarTulebas (sur. 38). 

kavSirebuli. Tu burRis saxelurs 
s gadataniTi moZraoba gansazRvravs p 

  vipovoT wrewiris formis deniani 
konturis mier Seqmnili velis 
magnituri induqciis veqtori. 
simartivisaTvis SemovifargloT 
sivrcis im wertilebis ganxilviT, 
romlebic konturis RerZze 
mdebareoben. xviis radiusi aRvniSnoT 
R_iT, masSi gamavali deni iyos I, 
xolo manZili xviis sibrtyidan im 
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wertilamde, sadac unda ganisazRvros veli r_iT (sur.39, a). calkeuli Idl  denis 
elementiT ganpirobebuli magnituri induqciis dB veqtori (3.5)_is Tanaxmad im 
sibrtyis perpendikularulia, romelic gadis denis elementze da am elementisa 
da dakvirvebis wertilis SemaerTebel monakveTze (suraTze es sibrtye wyvetili 
xaziT aris gamosaxuli). dB veqtoris absoluturi sidide (3.7)_is Tanaxmad udris 

sdakvirvebinelementida denis manZili a is sadac22 r22o Rr,
Rr     

ddB +⋅
μ

=
lI

apirze ganlagdebian 
(sur. 39, b). am veqtorebis Sesakrebad TiToeuli maTgani     

4 +π   
wertilamde, xolo sinα=1. radgan α=π/2, advili misaxvedria, rom xvias yoveli 
mcire elementiT ganpirobebuli dB veqtorebi konusur zed

 
warmovidginoT, rogorc ori mdgenelis jami: konturis RerZis gaswvriv 

mimarTuli dBII veqtoriT da am RerZis marTobi dB⊥ veqtoriT. Sekrebis dros dB⊥ 

veqtorebi wyvilwyvilad abaTileben erTmaneTs, radgan erTnairi sigrZis Idl  da  
Idl/ diametralurad sapirispirod ganlagebuli  denis elementebis Sesabamisi dB⊥ 

da dB/
⊥ veqtorebi sididiT erTmaneTis tolia, xolo mimarTulebiT sapirispiro 

(sur. 39, b). amrigad saZiebeli B veqtori ganisazRvreba yvela dBII veqtorebis 
vriv da sididiT aris 

  sidides advilad gamovTvliT marTkuTxa samkuTxedebis msgavsobidan (sur. 39, 
a): 

jamiT. is mimarTuli iqneba xvias RerZis gasw

                                                          ∫= .dBB II  
dBII

2/322
o

22II22 RrB +
II

)Rr(
Rd

4Rr
RBdB,RdB

+
⋅

π
μ

=
+

==
lI

saidanac

 
am gamosaxulebis integreba mogvcems: 

                    
radgan p=IπR2 aris xvias magnituri momentis sidide, sabolood miviRebT: 

)11.3(
                                 )Rr(4 2/322 +π  
am formulidan gamomdinareobs, rom veli maqsimaluria konturis centrSi (r=0)  
da manZilis gazrdiT mcirdeba. sakmaod daSorebuli wertilebisaTvis, rodesac 

2o ⋅
μ

=
pB

SeiZleba R2_is ugulebelyofa r2_Tan SedarebiT, miviRebT miaxloebiT formulas: 

)12.3(
r                                                  
2o pB ⋅

μ
=

l

s Soris 

4 3π  
SeiZleba damtkicdes, rom es formula marTebulia nebismieri formis 
konturisaTvis. aRsaniSnavia, rom am formulas igive saxe aqvs, rac dipo is 

eleqtruli velis daZabulobis formulas (2.2) dipolis RerZis ϑ=0 da ϑ=π 
wertilebisaTvis. azrobrivi analogia dipolsa da denian kontur
advilad mtkicdeba maTi yofaqcevis xasiaTiT gare velSi moTavsebisas. 
   7. mudmivi magnituri velis gantolebebi vakuumSi integraluri saxiT. 
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Tavdapirvelad ganvixiloT Teorema magnituri induqciis nakadis Sesaxeb. 
ganvixiloT nebismieri mudmiv deniani gamtarebis mier Seqmnili magnituri veli. 
rogorc ukve viciT am velis Zalwirebi Sekrul wirebs warmoadgenen (magnituri 
veli grigaluria), amitom Tu ganvixilavT aseT velSi nebismier Sekrul 
zedapirs, masSi Sesuli da gamosuli Zalwirebis raodenoba erTi da igive iqneba. 
aqedan gamomdinare jamSi Zalwirebis an rac igivea B induqciis nakadi Sekrul 
zedapirze nulis toli aRmoCndeba. es faqti SeiZleba Caiweros integraluri 
saxiT: 

              
magnituri induqciis nakadi Sekrul zedapirze nulis tolia. am Teoremidan 
uSualod gamomdinareobs magnituri induqciis wirebis uwyvetoba. magnitur velSi 
ar arseboben wertilebi, sadac Tavs iyrian Zalwirebi, msgavsad imisa, rasac adgili 

srulo sigrZis 
wrfivi deniani gamtaris magnituri velis induqciis formula (3.9). ganmartebis 

s cirkulacia L konturis gaswvriv toli iqneba 

aqvs eleqtrostatikaSi. amitom amboben, rom bunebaSi magnituri muxtebi ar 
arseboben.  
   axla CamovayaliboT Teorema magnituri velis induqciis cirkulaciis Sesaxeb.  
magnituri induqciis cirkulacia Sekrul L konturze, mudmivi mamravlis sizustiT, 
udris am konturiT SemosazRvruli S zedapiris gamWoli denebis algebrul jams (sur. 

40). am Teoremis dasamtkiceblad, simartivisaTvis, gavixsenoT usa

Tanaxmad B veqtori
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aq R aris erTis mxriv manZili deniani gamtaridan im wertilamde, sadac veZebT 
vels da meores mxriv wriuli Zalwiris radiusia. es Sedegi miviReT erTi deniani 
gamtarisaTvis. n   raodenobis deniani gamtarebisTvis, rodesac isini diskretulad 
arian ganawilebuli mocemuli S farTobis farglebSi, miviRebT: 

                                              
)14.3(d
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io

L
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=

μ= IlB
 

roca denis mimarTuleba zedapiris normalTan maxvil kuTxes adgens, maSin denis 
win iwereba dadebiTi niSani, xolo blagvi kuTxis SemTxvevaSi _ uaryofiTi niSa
(sur. 41). am dros igulisxmeba, rom normalis mimarTuleba da konturis Semovlis 
mimarTuleba erTmaneTTan burRis wesiT arian dakavSirebuli. rodesac burRis 

n

ni 

t

(sur. 41). radgan (3.14)_is Tanaxmad 
denebis momcvel Sekrul konturze 

 SeiZleba SemoviRoT iseTi sidide, romelic 

uris Semovlis mimarTulebas, maSin 
misi wveris gadataniTi moZraobis 
mimarTuleba daemTxveva normalis 
mimarTulebas 

saxeluris moZraobis mimarTuleba emTxveva kon

B veqtoris c lairku cia sazogadod 
gansxvavebulia nulisagan. 

                            
∫
2

1

dlB
     

saxis integrali da mokidebuli 
iqneba ara marto 1 sawyis da 2 saboloo wertilebze, aramed TviTon mrudis 
formazec. amitom magnitur velSi ar
analogiuri iqneba potencialisa eleqtrostatikaSi. am SemTxvevaSi vambobT, rom 
eleqtrostatikuri veli potencialuria, xolo magnituri _ grigaluri, anu 
arapotencialuri. 
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   zogad SemTxvevaSi Teorema cirkulaciis Sesaxeb ar iZleva magnituri induqciis 
gamoangariSebis saSualebas, radgan is integralis qveS imyofeba. magram zogierT 
martiv SemTxvevaSi, rodesac veli sakmaod simetriulia, SesaZlebelia SeirCes 
iseTi Sekruli konturi, romlis yovel wertilSi (yovel SemTxvevaSi im ubnebze 

onturze cirkulaciis gamosaxulebaSi mainc, sadac Bl=0)  Bl=B=const. maSin aseT k
magnituri induqciis sidide gamodis integralis gareT da advilad ixsneba. 
magaliTisaTvis vipovoT veli usasrulo grZeli solenoidis SigniT.  
   8. usasrulo grZeli solenoidis veli.  
(34, g)_e suraTze warmodgenilia realuri solenoidis velis magnituri induqciis 
wirebis suraTi. solenoidis sigrZis usasrulod gadidebisas, ganivkveTis 
SenarCunebiT, magnituri induqciis wirebi “gaswordebian” da gardaiqmnebian 
solenoidis RerZis paralelur wirebad, xolo solenoidis gareT veli miiswrafis 
nulisaken. gamoviyenoT Teorema cirkulaciis Sesaxeb da gamoviangariSoT veli 
aseTi usasrulo solenoidis SigniT. L konturi SevarCioT ACEF marTkuTxedis 
saxiT, romlis l sigrZis erT_erTi AC gverdi solenoidis RerZis paraleluria da 
gadis im wertilze, sadac veZebT vels, xolo misi sapirispiro EF gverdi imyofeba 
solenoidis gareT (sur. 42). am konturis yovel ubanze garda  AC gverdisa, Bl=0, 

ubanze B=0, xolo CD da GA ubnebis mimarT B veqtori adgens marT 
 veqtoris cirkulacia mocemul konturze daiyvaneba integralze 
e: 

radgan DEFG  
kuTxes. amitom B
mxolod AC ubanz

∫ ∫=
C

A

dBdB ll ll

 
radgan B veqtori  AC  gverdis gaswvrivaa mimarTuli da 
simetriulobis mosazrebidan gamomdinare yovel wertilSi erT 

 B =B=const.        da igivea, l amrigad miviRebT:  

llll ll BdBdBdB
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   rogorc 42_e suraTidan Cans ganxiluli konturis farTobs gadakveTs nl xvia, 
lze. amrigad am 

rZe 
cilebiT metia mis ganiv zomebze, garda solenoidis ganapira wertilebisa, sadac 

veli ukve araerTgvaro ili velis xasiaTidan 

sadac n aris xviebis raodenoba solenoidis sigrZis erTeu
farTobis gamWoli jamuri deni iqneba Inl, sadac I aris denis Zala solenoidSi. 

Teoremidan cirkulaciis Sesaxeb (3.14), miviRebT: Bl=μoInl, saidanac 
                                                 B=μoIn                                                                   (3.15) 
am formulidan naTlad Cans, rom magnituri induqcia ar aris damokidebuli im 
wertilis mdebareobaze, sadac veZebT vels, e.i. veli solenoidis SigniT 
erTgvarovania. aseTi veli gveqneba realur solenoidSic, romlis sig
ga

vani xdeba. solenoidis mier Seqmn
gamomdinare, is Zalian waagavs brtyeli kondensatoris vels eleqtrostatikaSi. 
 

$ 8. magnitur velSi moqmedi Zalebi 
   1. wrfivi deniani gamtarebis urTierTqmedeba. magnituri velis mxridan denian 
gamtarze moqmedi Zalis gamosaangariSeblad viqceviT Semdegnairad: gamtaris mcire 
elementze moqmedebs (3.2)_iT gansazRvruli Zala. yovel ubanze moqmedi Zalebis 
SekrebiT miviRebT srul Zalas, xolo Zalebis momentebis ajamviT gamtarze moqmed 

o

           

desac gamtari wrfivia, xolo veli erTgvarovani, uvela Zalis srul moments. r
maSin (3.2) marTebuli iqneba agreTve F ZalisTvisac, 
romelic moqmedebs l sasruli sigrZis gamtaris 
ubanze: 
                   F=[I l .B]                         (3.16)                        
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   magaliTisaTvis ganvixiloT ori grZeli paraleluri deniani gamtaris 
urTierTqmedeba. I1 da I2_iT aRvniSnoT denis Zala gamtarebSi, xolo b_Ti manZili 
gamtarebs Soris (sur. 43). gamoviangariSoT F12  Zala, romliTac pirveli gamtari 
moqmedebs meore gamtarze l sigrZis ubanze. pirveli gamtaris elis m gnit
induqcia, iq sadac meore gamtari imyofeba, erTi da igivea mimarTulebiT da 
sididiT da (3.9) formuliT ganisazRvreba. amitom F12  ZalisTvis marTebulia (3.16) 
formula, roml .

v a uri 

is Tanaxmadac F12=[I2l B]. Tu gaviTvaliswinebT, rom kuTxe I2l_sa da 
B_s Soris aris π/2, maSin Zalis absoluturi sidide iqneba F12=I2l .B. aq (3.9) 

omelSic  I unda SevcvaloT I1_iT, miviRebT: gamosaxulebis CasmiT, r
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rodesac I1 da  I2 denebs erTi da igive mimarTuleba aqvT, maSin F12  Zala mimarTulia 
pirveli gamtarisken (sur. 43,a), xolo sawinaaRmdego mimarTulebis SemTxvevaSi 

vs. 
   (3.17) formuliT sargebloben SI sistemaSi ZiriTadi erTeulis _ amperis 

rom I1=I =1 a b=1 m, miviRebT: 

pirveli gamtaridan. amrigad erTnairi mimarTulebis denebi urTierTmiizideba, 
xolo sapirispiro mimarTulebis denebi erTmaneTs ganizida

gansazRvrisavis. Tu dauSvebT, 2

                                                                π
μ

=
4

2F o12

l  
amperi aris iseTi mudmivi denis Zala, romelic vakuumSi erTmaneTisagan      1 
m_iT daSorebul usasrulo grZel da umniSvnelo wriuli ganivkveTis or  
paralelur gamtarSi gavlisas am gamtarebs Soris, gamtaris TiToeul metr 
sigrZeze aRZravs 2. 10_7 n Zalas. 
   2. magnituri velis moqmedeba denian koturze. ganvixiloT deniani marTkuTxa 
CarCo ACDE, romelic moTavsebulia erTgvarovan magnitur velSi. CarCos 
gverdebia AC=DE=a da CD=EA=b. denis Zala CarCoSi aris I da CarCo isea 
orientirebuli, rom AC da DE gverdebi magnituri induqciis wirebis 

perpendikularulia, xolo CarCos magnituri momentis p veqtori α kuTxes adgens 
magnituri induqciis B veqtorTan (ix. sur. 44, sadac mocemulia gverdxedi CD 

an). CarCos gverdebze moqmedi Zalebi ganisazRvreba (3.16) formuliT, 
romlis Tanaxmad, CarCos orientaciis gaTvaliswinebiT, Sesabamisad tolia: 
                           

gverdis mxrid

                                            
xolo maTi mimarTuleba 45,a suraTzea gamosaxuli. aqve SevniSnoT, rom jamuri 
Zala nulis tolia, radgan Zalebi wyvil_wyvilad

      

 erTmaneTis tolia da 
mimarTuli arian sapirispirod:  FAC+ FDE+FDC+FEA=0. amrigad CarCos masaTa centri 
darCeba uZravi, Tu is Tavdapirvelad uZravi iyo. 
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   davadginoT ZalTa momenti O1 O2 RerZis mimarT, romelic gadis AC da DE 
gverdebis paralelurad CarCos centrze. CarCos Sesabamis gverdebze moqmedi 

ZalTa momentebis MAC , MDE,  MCD  da  MEA absolutur sidideebs vipoviT M=F⊥d  
formulis daxmarebiT, sadac F⊥ aris Zalis gegmilis sidide RerZis 
perpendikularul sibrtyeze, xolo d aris mxari. radgan FCD  da FEA Zalebi RerZis 

gaswvriv arian mimarTuli, amitom 
maTi perpendikularuli mdgenelebi 
nulis tolia, ase, rom MCD=MEA=0. 
FAC a E  Zalebi RerZis 
perpendikularul  sibrtyeSi 
mdebareoben, maT erTi da igive 
absoluturi mniSvnelobebi aqvT 
(3.18  erTna mxari          

d=bsinα/2  (sur. 44, b), amitom 

MAC=MDE=IaBsinα/2, radgan es 
momentebi erTi mimarTulebiT 

moqmedeben (44_e suraTze orive momenti CarCos abrunebs saaTis isris sapirispiro 
mimarTulebiT), amitom jamuri momentis absoluturi sidide maTi absoluturi 

sidideeebis jamis tolia:  M=MAC+MDE=2MAC= IaBsinα. radgan ab=S, sadac S  CarCos 
farTobia, xolo IS=p sabolood miviRebT 

d FD

) da iri 

M=pBsinα                                                                 (3.19) 
veqtoruli saxiT es formula Caiwereba Semdegnairad: 

M=[pB]                                                                      (3.20) 
advilad mtkicdeba, rom es formula marTebulia nebismieri formis deniani 
konturisaTvis da rom is gansazRvravs Zalis moments nebismieri RerZisa da 
nebismieri wertlis mimarT. 
   (3.20)_iT gansazRvruli ZalTa momenti cdilobs CarCo Semoabrunos mdgradi 
wonasworobis mdgomareobisaken, rodesac p magnituri momenti B magnituri 
induqciis gaswvriv iqneba mimarTuli (advilad vrwmundebiT imaSi, rom 
wonasworobis meore mdgomareoba, rodesac p da B veqtorebi antiparaleluria 
_aramdgradia). garda amisa, rogorc es (44, a) suraTidan Cans, velis mxridan 
konturi ganicdis madeformirebel moqmedebas. amrigad deniani koturis yofaqceva 
magnituri velSi msgavsia dipolis yofaqcevisa eleqtrul velSi. 

   axla ganvixiloT deniani koturis 
yofaqceva araerTgvarovan magnituri velSi 
(sur.45). simartivisaTvis, davuSvaT, rom 
magnituri induqciis sidide arsebiTad 
icvleba magnituri induqciis wirebis 
mimarTulebis gaswvriv, xolo praqtikulad ar 
icvleba velis marTobuli mimarTulebiT (45, a 
suraTze  magnituri induqciis wirebis 
simWidrove izrdeba marcxnidan marjvniv, e.i. 

veli izrdeba am mimarTulebiT). rogorc erTgvarovan velSi, aqac denian koturze 
imoqmedebs ZalTa momenti, romelic cdilobs moaxdinos koturis magnituri 
momentis orientireba magnituri induqciis veqtoris gaswvriv. magram erTgvarovani 
velis SemTxvevisgan gansxvavebiT, konturze moqmedi jamuri Zala axla ukve 
gansxvavebulia nulisagan. marTlac. konturis elementarul ubnebze moqmedi dF 
Zalebi, (3.2) formulis Tanaxmad konusuri “maraoTi” gamoisaxebian da jamSi 
mogvcemen velis zrdis mimarTulebiT mimarTul F Zalas (ix. sur.45,b). amrigad 
araerTgvarovani magnituri veli garda imisa, rom axdens konturis magnituri 
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momentis orientirebas magnituri induqciis veqtoris gaswvriv, agreTve izidavs 
konturs ufro Zlieri velis areSi. velis mxridan denian konturze aseT moqmedebas 
adgili eqneba maSin, rodesac konturi Tavisufalia (Tavis nebazea miSvebuli). Tu 
konturs ise ganvalagebT, rom misi magnituri momenti velis sapirispirod iqneba 
mimarTuli, maSin analogiuri msjelobis Catarebis Semdeg davrwmundebiT, rom 
konturze imoqmedebs sawinaaRmdego moqmedebis Zala, romelic ecdeba gamodevnos 
konturi SedarebiT susti velis areSi. 
   3. lorencis Zala. rogorc vnaxeT magnituri velis mxridan denian gamtarze 
moqmedeben Zalebi. ra bunebis Zalebia eseni? radgan eleqtruli deni dadebiTi 
muxtebis mimarTul moZraobas warmoadgns, maSin bunebrivia davuSvaT, rom magnituri 
veli raRac ZaliT moqmedebs am velSi moZrav nebismier muxtze. am SemTxvevaSi 
gamtarze moqmedi Zala warmoadgens masSi moZrav denis matareblebze moqmed yvela 
Zalis jams. 
   gamovTvaloT denis calkeul matarebelze moqmedi Zala. dl sigrZis gamtaris 
elementze, romelSic gadis I deni, moqmedebs (3.2) Zala. gardavqmnad gamosaxuleba 
denis elementisaTvis (3.4) da (3.5) gamosaxulebebis gamoyenebiT. miviRebT Idl=qnouSdl, 
sadac S aris gamtaris ganivkveTis farTobi, q_denis matareblis muxti, no_denis 
matareblebis koncentracia, u_maTi mimarTuli moZraobis siCqare. radgan denis 
matareblebis siCqaris mimarTuleba emTxveva denis Zalis mimarTulebas, ukanaskneli 
toloba SeiZleba CavweroT veqtoruli saxiT  Idl=qnoSdlu. es gamosaxuleba CavsvaT 
(3.2)_Si, miviRebT dF=qnoSdl[uB]. Tu dF Zalas gavyofT denis matareblebis raodenobaze  
noSdl gamtaris gansaxilvel elementSi, miviRebT denis calkeul elementze moqmed f 
Zalas:  f=dF/(noSdl)= q[uB]. aseTi Zala moqmedebs magnitur velSi moZrav nebismier 
damuxtul nawilakze. am Zalas lorencis Zala ewodeba da Tu siCqares v asoTi 
aRvniSnavT, miviRebT: 
                                 f=q[vB]                          (3.21)                        
(3.21)_dan gamomdinareobs, rom lorencis Zala perpendikularulia rogorc 

magnituri induqciis veqtorisa, 
aseve siCqarisa (sur. 46), xolo 
misi absoluturi sidide 
Semdegi formuliT 
ganisazRvreba:                
       f=qvBsinα                   (3.22)                     
sadac α aris kuTxe siCqaris 
veqtorsa da magni

        

turi 

s 

is perpendikularulia. 

induqciis veqtors Soris.  

radgan f⊥v amitom, niutoni

meore kanonis Tanaxmad,  a⊥v da 
siCqaris mcire nazrdic dv=adt aseve perpendikularulia siCqarisa, es ki niSnavs, 
rom lorencis Zala ar cvlis siCqaris sidides, is cvlis mxolod mis 
mimarTulebas. amis gamo muxtis moZraobisas mudmiv magnitur velSi misi kinetikuri 
energia mudmivi rCeba. ukanasknel daskvnamde SeiZleba mivideT sxva gziTac, Tu 
SevniSnavT, rom lorencis Zalis mier Sesrulebuli muSaoba nulis tolia, radgan 
Zala siCqarisa da amave dros mcire   dl =vdt  gadaadgileb
   4. muxtis moZraoba magnitur velSi. ganvixiloT muxtis moZraoba erTgvarovan 
magnitur velSi. daviwyoT kerZo SemTxvevidan, rodesac v sawyisi siCqare B 
magnituri induqciis veqtoris perpendikularulia (sur. 47). vaCvenoT, rom am 
SemTxvevaSi muxti Tanabrad imoZravebs wrewiris gaswvriv, romelic magnituri 
induqciis veqtoris perpendikularul sibrtyeSi mdebareobs. Tavdapirvelad  
davrwmundeT, rom traeqtoria mdebareobs B veqtoris perpendikularul sibrtyeSi. 
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marTlac, radgan lorencis Zala B  veqtoris perpendikularulia, amitom mis mier 
ganpirobebuli aCqareba da amave dros siCqaris dv=adt cvlilebac B veqtoris 
perpendikularuli iqneba. radgan am dros sawyisi siCqarec B _s perpendikularul 

sibrtyeSi mdebareobs, traeqtoriac am sibrtyeSi iqneba ganlagebuli. radgan f⊥v,  
lorencis Zala traeqtoriis perpendikularulia da muxts normalur  an =v2/R 
aCqarebas aniWebs, sadac R traeqtoriis simrudis radiusia. niutonis II  kanonis 
Tanaxmad miviRebT, rom mv2/R=qvB. aqedan simrudis radiusisTvis gveqneba: 
                                               R=mv/qB                                                                 (3.23) 
imis gamo, rom magnitur velSi moZraobisas v=const da  B=const velis 
erTgvarovnobis gamo, amitom simrudis radiusic mudmivi iqneba, e.i. saZiebeli 
traeqtoria warmoadgens wrewirs. 
   SevniSnoT, rom (3.21)_is Tanaxmad lorencis Zalas sxvadasxva niSnis muxtebisTvis 
sapirispiro mimarTuleba aqvs. amis Sesabamisad sxvadasxva niSnis  muxtebis brunvis 
mimarTulebac sawinaaRmdego iqneba. 
   zogad SemTxvevaSi, rodesac v sawyisi siCqare magnituri induqciis veqtoris 

mimarTulebasTan α kuTxes qmnis, moZraoba SeiZleba davyoT or nawolad: B 
veqtoris paraleluri RerZis gaswvriv da am RerZis perpendikularul sibrtyeSi. am 

SemTxvevaSic lorencis Zala  f=qvBsinα   da mdebareobs B veqtoris perpendikularul 

sibrtyeSi, xolo am sibrtyeSi siCqaris mdgenelis sidide v⊥=vsinα (ix.sur. 48, a). 
amitom wina SemTxvevis analogiurad, B veqtoris perpendikularul sibrtyeSi 
traeqtoria isev wrewirs warmoadgens, romlis radiusi Semdegi pirobidan 
ganisazRvreba: 

                                   
,sinqvB

R
mv2

α=⊥

      
)24.3(

qB
sinmvR α

=
 

B veqtoris gaswvriv nawilaki moZraobs Tanabrad 

vII=vcosα  siCqariT, radgan lorencis Zalis gegmili 
am mimarTulebaze nulis tolia. amrigad jamuri 
moZraobis traeqtoria warmoadgens xraxnwirs (sur. 
48, b)_damuxtuli nawilaki TiTqos “exveva” 
magnituri velis induqciis wirs. araerTgvarovan 
magnitur velSi muxtis moZraobisas lorencis 
Zala garda centriskenuli Zalisa Seicavs Zalas, 
romelic mimarTulia velis Semcirebis mxares. am 
SemTxvevaSi muxti isev “exveva” magnituri velis 

induqciis wirs da amave dros gamoidevneba SedarebiT susti velis areSi. 
 
                               

 
 
 
 

Tavi IV  
magnituri veli da nivTiereba 

$ 9. magnituri veli nivTierebaSi 
   1. nivTierebis damagniteba. wina TavSi SeviswavleT magnituri veli, romelsac 
qmnida gamtarSi gamavali deni da am gamtaris garemomcvel sivrceSi raime 
nivTierebis arseboba ugulebelyofili iyo. cda gviCvenebs, rom nivTierebis 
arseboba iwvevs magnituri velis cvlilebas. amis mizezia is, rom yoveli 
nivTiereba magnituri velis moqmedebis Sedegad iZens magnitur Tvisebebs _ 
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magnitdeba da TviTon qmnis magnitur vels. amrigad nivTierebis arsebobis dros 
sivrcis nebismier wertilSi miviRebT: 

B=Bo +B/                                                           (4.1) 
am formulaSi Bo aris gamtarebSi gamavali denebiT 
aRZruli magnituri induqcia, xolo B/  
damagnitebuli nivTierebiT aRZruli magnituri 
induqcia. veli arsebiTad aris damokidebuli 
nivTierebis Tvisebebze, amitom rodesac viwyebT 
velis Tvisebebis Seswavlas nivTierebaSi, saWiroa 
gavecnoT nivTierebis yofaqcevas magnitur velSi. 
magnituri velis Teoriis agebisas 

vixelmZRvanelebT nivTierebis damagnitebis gamartivebuli modeliT anu amperis 
molekuluri denebis modeliT. 
   amperis hipoTezis Tanaxmad, nivTierebaSi cirkulireben mikroskopuli Sekruli 
denebi _ “molekuluri denebi”. gare magnituri velis ararsebobisas molekuluri 
denebis orbitebi da amis Sedegad maTi magnituri momentebi qaosurad arian 
orientirebuli (sur. 49, a) ise, rom nivTierebis yoveli makroskopuli usasrulo 

mcire ΔV moculobis jamuri magnituri momenti nulis tolia _ nivTiereba ar 
amJRavnebs magnitur Tvisebebs. nivTierebis gare magnitur velSi moTavsebisas 
molekuluri denebis magnituri momentebi orientirdebian velis gaswvriv, ris 

Sedegadac nivTierebis moculobis nebismieri mcire ΔV elementi iZens nulisagan 
gansxvavebul magnitur moments_nivTiereba damagnitdeba. nivTierebis damagnitebis 
xarisxis raodenobrivi daxasiaTebisaTvis SemoRebulia fizikuri sidide _ 
damagnitebis veqtori. gansazRvris Tanaxmad damagnitebis veqtori warmoadgens 

nivTierebis erTeulovani moculobis magnitur moments. amrigad Tu Σpk aris 

gansaxilveli wertilis maxloblad aRebuli mcire  ΔV moculobaSi arsebuli 
yvela molekuluri denis jamuri magnituri momenti, maSin am wertilSi 
damagnitebis M veqtori ganisazRvreba Semdegnairad: 
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(3.10)_is gaTvaliswinebiT aqedan gamomdinareobs, rom damagnitebis erTeuli SI 
sistemaSi aris 1 a/m. 
   cda gviCvenebs, rom umravlesi nivTierebebisTvis (garda garkveuli jgufi 
anizotropiuli nivTierebebisa, magaliTad, feromagnetikebebisTvis) damagnitebis 
veqtori velis induqciis proporciulia: 

                   M~B                                                                    (4.3) 
sadac proporciulobis koeficienti nivTierebis Tvisebebzea damokidebuli. 
   gare magnituri velis ararsebobisas, molekuluri denebis orientaciis 
qaosurobis gamo, nivTierebis makroskopul farTobze gamavali jamuri 
molekuluri deni nulis tolia _ nivTierebaSi makroskopuli denebi ar 
arseboben. magram velis arsebobis dros, molekuluri denebis orientaciis 
warmoqmnis Sedegad, isini ukve erTimeores ar akompensireben, rac iwvevs 
makroskopiuli molekuluri denebis gaCenas. 
   2. molekuluri denebis kavSiri damagnitebis veqtorTan. raime nivTierebaSi 
warmovidginoT L konturiT SemosazRvruli S nebismieri zedapiri (sur.50,a) da 
ganvsazRvroT am zedapirze gamavali sruli  molekuluri deni Im. am denSi 
wvlili Seaqvs mxolod im molekulur denebs, romlebic SemosazRvraven L  
konturs, radgan denebi, romlebic ar SemosazRvraven   konturs an saerTod ar 
gadakveTen S zedapirs, an orjer gadakveTen sapirispiro mimarTulebiT. L konturi 
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davyoT mcire ubnebad da gamoviangariSoT ra dIm wvlili Seaqvs Im denSi 
molekulur denebs, romlebic SemosazRvraven konturis erT_erT aseT dl elements 
(sur. 50, b). am elements SemosazRvraven mxolod is denebi, romelTa centrebi 
suraTze naCvenebi daxrili cilindris SigniTaa moqceuli. aseTi  molekuluri 
denebis raodenoba  udris no molekulebis koncentraciis namravls cilindris 
sdlcosα   moculobaze, sadac s aris molekuluri denis farTobi, xolo α_kuTxe dl  
veqtorsa da damagnitebis M veqtors Soris, romelic rogorc molekuluri 
denebis p magnituri momentebi, molekuluri    denebis  

                                                   
sibrtyeebis perpendikularulia. radgan TiToeuli molekuluri denis wvlili am 

i denis tolia, amitom dIm=inosdlcosα, an Tu gaviTvaliswinebT, rom is=p, nop=M da 
Mcosα=Ml, miviRebT, rom dIm= Mldl. S zedapirze gamavali sruli molekuluri 
denisaTvis miviRebT: 

                          
)4.4(dM lI l∫=m  

amrigad S zedapirze gamavali sruli molekuluri deni udris damagnitebis 
veqtoris cirkulacias am zedapiris SemomsazRvrel  L  konturze. es formula 
amyarebs kavSirs damagnitebis veqtorsa da nivTierebis SigniT cirkulirebuli 
moculobiT molekulur denebs Soris. 
   axla ganvixiloT molekuluri denebis suraTi sxeulis zedapiris maxloblad. 
51_e suraTze gamosaxulia sxeulis kveTa zedapiris mocemul 

 
wertilSi aRebuli damagnitebis veqtoris perpendikularuli sibrtyiT. 
suraTidan Cans, rom zedapiris axlos mdebare mikroskopul Txel fenaSi, romlis 
radiusi erTi molekuluri denis radiusis rigisaa (suraTze daStrixuli 
nawili), yovel molekulur dens erTi saerTo mimarTuleba aqvs da warmoiqmneba, 
egreT wodebuli, zedapiruli molekuluri deni. rogorc gamoTvlebi gviCvenebs 
am denis zedapiruli simkvrive jmzed (jmzed aris sigrZis monakveTis erTeulSi 
gamavali denis Zala, romelic gavlebulia denis marTobulad gamtaris 
zedapirze) ganisazRvreba damagnitebis veqtoris Ml gegmiliT sxeulis zedapirze 
mocemul wertilSi (sur. 51)                        
                                                           jmzed =Ml                          (4.5) 
SeiZleba vaCvenoT, rom zedapiruli molekuluri denebi yovelTvis damagnitebis 
Tanmxlebia, im dros, rodesac moculobiTi molekuluri denebi mxolod 
araerTgvarovan nivTierebaSi aRiZvreba. magaliTisaTvis moviyvanoT 52_e suraTze 
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mocemuli zedapiruli molekuluri denebis suraTi erTgvarovnad damagnitebuli 
sferos SemTxveva. simkvrive maqsimaluria “ekvatorze” (Ml=M) da nulamde 
mcirdeba “polusTan” miaxloebisas  (M=0), rac denis wirebis simWidroviT aris 
gamosaxuli.                         
   3. mudmivi magnituri velis gantolebebi nivTierebaSi. magnituri velis 
daZabulobis veqtori. vinaidan nivTierebis magnituri Tvisebebi molekuluri 
denebiT aris ganpirobebuli, bunebrivia davuSvaT, rom mudmivi magnituri velis 
gantolebebi (3.13) da (3.14) marTebulia ara mxolod vakuumSi, aramed nivTierebis 
arsebobis drosac, amasTan (3.14)_is marjvena nawilSi gaTvaliswinebuli unda iyos 
S zedapirze gamavali yoveli deni, rogorc gamtarSi gamavali ise mowesrigebuli 
molekuluri deni: 

                                   
radgan molekuluri denebis Zala  Im  winaswar ar aris cnobili (is 4.4-is 
Tanaxmad ganisazRvreba damagnitebis veqtoriT, xolo damagnitebis veqtori Tavis 
mxriv 4.3_is mixedviT damokidebulia B  majamebel velze), amitom mizanSewonilia 
is gamovricxoT (4.4) formulis daxmarebiT. maSin Teorema cirkulaciis 
Sesaxeb(4.6) Semdeg saxes miiRebs:      
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Tu SemovitanT axal veqtorul sidides:             
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romelsac magnituri velis daZabulobis veqtori ewodeba, maSin Teorema 
cirkulaciis Sesaxeb Semdeg saxes miiRebs:    
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magnituri velis daZabulobis cirkulacia nebismier Sekrul konturze udris am 
konturiT SemosazRvruli makroskopuli denebis algebrul jams. marjvniv darCa 
mxolod denebis mniSvnelobebi gamtarebSi, marcxniv ki B magnituri induqciis 
magivrad _ magnituri velis H  daZabulobis veqtoris cirkulacia. (4.9) 
warmoadgens zogadi saxiT Teoremas mudmivi magnituri velis cirkulaciis 
Sesaxeb nivTierebis arsebobis dros.  
   axla gamovarkvioT magnituri velis daZabulobis veqtoris Tvisebebi. (4.8) 
formulidan gamomdinareobs, rom H da M veqtorebis ganzomilebebi erTnairia da 
amrigad magnituri velis daZabulobis erTeuli SI sistemaSi iqneba 1 a/m. radgan 
izotropiuli nivTierebisTvis damagnitebis M veqtori magnituri induqciis 
proporciulia (4.3), amitom (4.8) formulidan gamomdinareobs, rom is  
daZabulobis H veqtoris proporciulic iqneba: 

                                 M=χH                         (4.10)                          

proporciulobis koeficienti χ damokidebulia nivTierebis Tvisebebze da 
mdgomareobaze. mas nivTierebis magnituri amTvisebloba ewodeba. (4.10) 
gamosaxuleba CavsvaT (4.8)_Si. miviRebT: 

                                                                  B=μo(1+χ)H                     (4.11)                         
e.i. B da H veqtorebi erTmaneTis proporciulia. 

                                μ=1+χ                          (4.12)                          
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μ sidides nivTierebis fardobiTi magnituri SeRwevadoba ewodeba. (4.12)_is 
gaTvaliswinebiT (4.11) gadaiwereba ase:                                       

                                B=μoμH                         (4.13)                         
am damokidebulebis Tanaxmad B da H veqtorebis mimarTulebebi erTnairia, amitom 
am veqtorebis wirebic erTnairi unda iyos, magram imave formulidan Cans, rom 

Zalwirebis simWidrove sxvadasxvaa. B veqtoris Zalwirebis simWidrove μoμ_jer 
metia H veqtoris Zalwirebis simWidroveze. B veqtoris Zalwirebisagan 
gansxvavebiT, romlebic yvelgan uwyvetia, H veqtoris Zalwirebi uwyvetia mxolod 

erTgvarovan garemoSi (μ=const), xolo araerTgvarovan garemoSi, kerZod magnituri 
SeRwevadobis sxvadasxva mniSvnelobebis mqone erTgvarovani nivTierebebis gamyof 
sazRvarze isini ganicdian wyvetas. 
   nivTierebis gareT nebismier wertilSi M=0, ase, rom (4.8)_is Tanaxmad 
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e.i. vakuumSi 1/μo mamravlis sizustiT, romelic SI sistemis SerCevasTan aris 
dakavSirebuli, daZabuloba emTxveva magnitur induqcias. H veqtoris fizikuri arsis 
gamosarkvevad CamovayaliboT Teorema damtkicebis gareSe: Tu erTgvarovani 
nivTiereba mTlianad avsebs magnituri induqciis wirebiT SemosazRvrul sivrcis 
nawils, maSin nivTierebis nebismier wertilSi 
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sadac Bo aris deniani gamtarebiT ganpirobebuli sawyisi velis magnitur induqcia 
nivTierebis gareSe. Tu gaviTvaliswinebT (4.1)_s, rom B=Bo+B/, sadac B/ aris 
damagnitebuli nivTierebiT ganpirobebuli velis magnitur induqcia, davaskvniT, 

rom magnituri velis daZabulobis veqtori nivTierebaSi, 1/μo mamravlis sizustiT 
gansazRvravs im wvlils saerTo B velSi, romelsac iZlevian deniani gamtarebi. 
(4.15)_s gaTvaliswineba (4.13) formulaSi mogvcems:                                           

                                                 B=μBo                                                                           (4.16)                                          

amrigad nivTierebaSi magnituri velis induqcia μ_jer metia im velis induqciaze, 
romelic arsebobda imave wertilSi nivTierebis gareSe.            
   am TeoremiT SeiZleba visargebloT im SemTxvevaSi, rodesac deniani gamtarebi 
praqtikulad usazRvro nivTierebaSi imyofebian an kidev erTgvarovani 
nivTierebiT Sevsebul grZeli solenoidis velis gaangariSebis dros. 

                 $ 10.  damagnitebis saxeebi da magnetikebis klasifikacia                  

   wina paragrafSi gamoyenebuli molekuluri denebis modeli sakmaod 
gamartivebuli iyo. axla ufro detalurad ganvixilavT im procesebs, romlebic 
damagnitebasTan arian dakavSirebuli. Tavisi magnituri TvisebebiT yoveli 
nivTiereba anu magnetikebi (rodesac saubari gvaqvs magnitur Tvisebebze, 
nivTierebas magnetiki ewodeba) SeiZleba davyoT or: magnitomowesrigebul da 
magnitomouwesrigebel jgufebad.  
   magnitomouwesrigebul magnetikebSi ar arsebobs raime Sida urTierTqmedeba, 
romelic gamoiwvevda mikroskopiuli magnituri momentebis mowesrigebul 
orientacias nivTierebis damagnitebisaTvis. aseT magnetikebSi gare magnituri 
velis gareSe damagnitebis veqtori yovelTvis nulis tolia da damagniteba xdeba 
mxolod gare magnituri velis moqmedebiT. am jgufs miekuTvnebian nivTierebebi 
izotropiuli struqturiT, kerZod, siTxeebi da airebi. Tavis mxriv yvela 
magnitomouwesrigebuli nivTiereba iyofa diamagnetikebad da paramagnetikebad. 
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   magnitomowesrigebul magnetikebSi, romlebsac ZiriTadad kristaluri 
nivTierebebi miekuTvneba (xSirad anizotropiuli struqturiT), gansakuTrebuli, 
e.w. gacvliTi urTierTqmedebebi gare magnituri velis gareSec iwvevs 
mikroskopuli magnituri momentebis ama Tu im xerxiT mowesrigebul 
urTierTorientacias. aseT nivTierebebs savsebiT SesaZlebelia aRmoaCndeT 
nulisagan gansxvavebuli damagnitebuloba, Tanac sakmaod didi (feromagnetikebi), 
gare magnituri velis gareSec. amJamad cnobilia sxvadasxva saxis 
magnitomowesrigebuli magnetikebis sakmaod didi jgufi (feromagnetikebi, 
antiferomagnetikebi, susti feromagnetikebi,  ferimagnetikebi da sxva). amaTgan 
SevCerdebiT mxolod feromagnetikebze.   
   1. diamagnetizmi. atomebis eleqtronebi orbitaluri moZraobis dros qmnian 
mikroskopuli denebis sakmaod rTul suraTs. rodesac nivTierebas vaTavsebT 
magnitur velSi es moZraoba icvleba. orbitaluri moZraobis cvlileba 
daiyvaneba damatebiTi wriuli i/ denis warmoqmnaze, romlis magnituri momenti p 
mimarTuli iqneba gare velis magnituri induqciis B veqtoris sapirispirod (sur. 
53) da ganisazRvreba Semdegi gamosaxulebiT: 

(4.17)
m4
re 22
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am formulaSi e da m eleqtronis muxti da masaa Sesabamisad, r/ _ damatebiTi 
magnituri veliT inducirebuli i/ denis radiusi. 
   Tu SevkribavT moculobis erTeulSi moxvedril TiToeuli atomis 
eleqtronebis inducirebul magnitur momentebs (4.17), miviRebT:      

(4.18)
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jami Σri

/2  warmovidginoT ase Σri
/2 =no⎯r/2, sadac no aris atomTa raodenoba 

moculobis erTeulSi, xolo⎯r/2 _ atomis yvela orbitiT gasaSualebuli 
inducirebuli wriuli denis radiusis kvadrati. amrigad: 
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damagnitebis zemoT aRweril meqanizms, romelic orbitaluri eleqtronebis 
damatebiTi magnituri momentebis warmoqmnasTan aris dakavSirebuli, 
diamagnetizmi ewodeba.                                             
   nivTierebebs, romlebSic diamagnetizmi damagnitebis erTaderT meqanizms 
warmoadgens, diamagnetikebi ewodebaT. (4.19) formula gansazRvravs 
diamagnetikebis damagnitebis veqtors. (4.11) da (4.19) formulebidan da      
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pirobis gaTvaliswinebiT, diamagnetikebisaTvis miviRebT 

                                     
diamagnetikebia yvela inertuli airi, zogierTi siTxe (magaliTad naxSirmJava) da 
zogi myari sxeuli (magaliTad, bismuTi). 
   CamovayaliboT diamagnetikebis ZiriTadi Tvisebebi:  
1. diamagnetikebSi damagnitebis veqtors magnituri  B induqciisa da daZabulobis  
H veqtoris sapirispiro mimarTuleba aqvs, xolo sididiT maTi proporciulia: 

M=χH, χ<0.  
2. diamagnetikebis magnituri amTvisebloba, rogorc es (4.20)_dan Cans ar aris 
damokidebuli temperaturaze.  
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3. diamagnetikebi susti magnetikebia. maT mcire magnituri 

amTvisebloba aqvT: Cveulebriv |χ|~10-5, ase, rom μ=1+χ≈1. χ sididis 
aseTi rigi uSualo gamomdinareobs (4.20)_dan da karg TanxvdenaSia 
cdis monacemebTan. 
   diamagnetizmis meqanizmis gamosarkvevad visargebloT atomis 
planetaruli modeliT, romlis Tanaxmadac eleqtronebi atomSi 

birTvis garSemo moZraoben Sekrul orbitebze, romlebsac (simartivis daSvebiT) 
wrewiris forma aqvT. wriul orbitaze Tanabrad moZrav eleqtrons gaaCnia 
impulsis orbitaluri momenti L=[r,mv] orbitis centris mimarT. aq m aris 
eleqtronis masa, v _misi siCqare, xolo r _ orbitis centridan gavlebuli 
eleqtronis radius_veqtori. impulsis momentis sidide  L=mvr da mimarTulia  
orbitis simetriis RerZis gaswvriv (sur. 53). rodesac gare Zalebi ar  moqmedeben 
impulsis momenti mudmivia da eleqtronis moZraoba aRiwereba dL/dt=0 gantolebiT. 
eleqtroni wrewirze moZraobisas qmnis Sekrul dens. Tu orbitaze eleqtronis 
mimoqcevis sixSire aris v maSin deni orbitaze iqneba i=ev. radgan eleqtronis 
muxti uaryofiTia, amitom dens aqvs eleqtronis sapirispiro mimarTuleba (ix. 
sur. 53). rogorc yovel Sekrul dens masac gaaCnia magnituri momenti 
(orbitaluri magnituri momenti) p=is sadac s aris orbitis farTobi. rogorc 53_e 
suraTidan Cans p veqtori mimarTulia L veqtoris sapirispirod. Tu 

gaviTvaliswinebT, rom i=ev, v=v/2πr da s=πr2 miviRebT p= ev. πr2=evr/2.  magnituri 
momentis Sefardebas impulsis momentTan p/L giromagnituri Tanafardoba ewodeba. 
p=evr/2 gamosaxuleba gavyoT L=mvr_ze, miviRebT: 
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sadac uaryofiTi niSani gviCvenebs p da L veqtorebis sapirispiro mimarTulebas. 
   rogor Seicvleba eleqtronis moZraoba atomSi, rodesac nivTierebas 
movaTavsebT magnitur velSi. cdebi gviCveneben, rom magnituri veli gamoiwvevs 
orbitaluri moZraobis SedarebiT nel cvlilebas drois mixedviT. amitom 
vTvliT, rom drois nebismier momentSi eleqtrons isev gaaCnia orbitaluri 
meqanikuri da magnituri momentebi, romlebic (4.21) TanafardobiT arian 
dakavSirebuli da imisaTvis, rom gamovarkvioT orbitaluri moZraobis 
cvlilebis xasiaTi drois mixedviT, aucilebelia ganvixiloT eleqtronis 
moZraobis gantoleba. cnobilia, rom magnituri velis mxridan magnitur momentze 
moqmedebs (3.20) ZalTa momenti, amitom momentebis gantoleba Caiwereba 
Semdegnairad: 

)22.4(][
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(4.21)_is gaTvaliswineba (4.22)_Si mogvcems: 
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aqedan gamomdinareobs, rom impulsis momentis mcire nazrds [BL] veqtoris 
Tanxvdenili mimarTuleba aqvs, e.i. drois nebismier t momentSi is B da L(t) 
veqtorebze gamavali sibrtyis perpendikularulia. 54_e suraTze naTlad Cans, Tu 
rogor icvleba L(t) impulsis momenti dt droSi:  L(t+dt)= L(t)+dL . Tu gavadevnebT 

Tvals L veqtoris cvlilebas ramodenime 
momdevno dt drois Sualedebis ganmavlobaSi 
(ix.sur.54,b) davrwmundebiT, rom L veqtori 
da masTan erTad orbitis RerZi Semowers 
konuss, romlis RerZi B veqtoris gaswvrivaa 
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mimarTuli. RerZis aseT moZraobas precesia wodeba (bzrialas RerZis moZraoba 
xaxunis gaTvaliswinebiT). amrigad, magnituri velis moqmedeba eleqtronebis 
moZraobaze atomebSi, daiyvaneba eleqtronuli orbitebis RerZebis precesiis 
warmoqmnaze. am movlenas larmoris precesia ewodeba.  eleqtronis moZraobis 
TvalsaCino suraTs warmoadgens bzrialas fersos wertilis moZraoba bzrialas 
davardnamde.                   

   gamoviangariSoT larmoris precesiis kuTxuri siCqare Ω. kuTxuri siCqaris 

gansazRvris Tanaxmad Ω=dϕ/dt, sadac (rogorc 55_e suraTidan Cans) dϕ=dL/Lsinϑ. aq 
CavsvaT dL=(e/2m)BLsinϑdt. miviRebT: 

 
)23.4(
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aqedan naTlad Cans, rom precesia iwvevs 
eleqtronis damatebiT moZraobas raRac r/ 

radiusis wrewiris gaswvriv, B veqtoris 

irgvliv imave Ω kuTxuri siCqariT da 

Sesabamisad v/=Ω/2π (sur. 56) sixSiriT. es 
damatebiTi moZraoba iwvevs damatebiT wriul 

dens i=ev/=eΩ/2π da amis Sedegad damatebiT 
magnitur momentsac  p/, romelic rogorc 56_e 
suraTidan Cans velis saririspirodaa 

mimarTuli da misi absoluturi sidide   p/=iπr/2=(eΩ/2π)πr/2=(e2r/2/4m)B. 
     2. paramagnetizmi. ganvixiloT atomebisgan an molekulebisagan Semdgari 
nivTiereba, romelTa magnituri momenti pmol gansxvavebulia nulisagan. atomis 
magnituri momenti Sedgeba orbitaluri moZraobiT ganpirobebuli eleqtronebis 
orbitaluri magnituri momentebisa da eleqtronebis Tvisobrivad sakuTari 

momentis _ spinis magnituri momentebisagan. 
   gare magnituri velis gareSe magnituri 
momentebis yvela mimarTuleba tolfasia. amis gamo 
atomebis magnituri momentebi qaosurad arian 
orientirebuli da nivTierebis nebismieri 
makroskopuli moculobis jamuri magnituri 
momenti nulis tolia, nivTiereba ar aris 
damagnitebuli (sur. 57,a). gare magnituri velis 
arsebobisas magnituri momentebis orientacia 

velis gaswvriv energetikulad ufro gamarTlebulia. velis aseTi momwesrigebuli 
moqmedeba siTburi moZraobis  madezorientebel moqmedebasTan erTad mivyevarT 
magnituri momentebis wonasworul ganawilebisken, romlis drosac miviRebT 
upirates orientacias velis magnituri induqciis gaswvriv (sur. 57,b). amrigad, 
nivTierebis moculobis erTeulSiatomebis jamuri magnituri momenti: 
 

                                
gansxvavebulia nulisagan, nivTiereba damagnitebulia. damagnitebis es meqanizmi, 
romelic magnitur velSi atomebis magnituri momentebis orientaciasTan aris 
dakavSirebuli, paramagnetizmi ewodeba. im nivTierebebSi, romlebSic atomebis 
magnituri momentebi gansxvavebulia nulisagan, paramagnetizms ufro meti wvlili 
Seaqvs damagnitebaSi vidre diamagnetizms. aseT nivTierebebs paramagnetikebi 
ewodebaT. 
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   CamovayaliboT paramagnetikebis ZiriTadi Tvisebebi: Teoria da cda gviCvenebs, 
rom arc ise Zlier magnitur velSi paramagnetikebSi damagnitebis veqtori magnitur 
velis daZabulobis proporciulia da igive mimarTuleba aqvs: 

                                                    M=χH,  χ>0                                                        (4.25)  
paramagnetikebis magnituri amTvisebloba daaxloebiT temperaturis 
ukuproporciulia (kiuris kanoni): 

)26.4(
T
1~χ

 
savsebiT gasagebia kiuris kanonis fizikuri arsi, rac ufro maRalia temperatura, 
miT ufro arsebiTia siTburi moZraobis madezorientebeli moqmedeba da amis 
Sedegad miT naklebia nivTierebis damagnitebuloba magnitur velSi. 

   diamagnetikebis msgavsad paramagnetikebic sust magnetkebs miekuTvneba: χ~10_4 da 
Rebulobs ufro nakleb mniSvnelobasac. iSviaT miwier elementebs, magaliTad 

gadoliniums, SedarebiT didi magnituri amTvisebloba aqvs χ~10_1. paramagnetikebs 
miekuTvnebian kenti rigiTi nomris mqone elementebi, romlebic atomur 
mdgomareobaSi imyofebian, radgan maTi atomebis magnituri momentebi aSkarad 
gansxvavebulia nulisagan. paramagnetikebia umravlesi liTonebi (Tavisufali 
eleqtronebis paramagnetizmis xarjze) da siTxeebi. 
   3. feromagnetizmi. gavecnoT axla feromagnetikebis, yvelaze ufro cnobil da 
kargad Seswavlil magnitomowesrigebul nivTierebaTa jgufis ZiriTad Tvisebebs, 
romlebsac miekuTvneba rkina (misgan aris warmoebuli jgufis saxelwodeba), nikeli, 
kobalti, gadoliniumi da sxva. 
   jer_erTi feromagnetikebi Zlieri magnetikebia, maTi magnituri SeRwevadoba 

aRwevs χ~106 rigis mniSvnelobas. Sesabamisad amdenjerve metia feromagnetikebis 
damagnitubuloba imave velSi, vidre dia _ da 
paramagnetikebisa. 
   meore, feromagnetikebis damagnitebisas damagnitebis 
veqtoris sidide aRar aris magnituri velis daZabulobis 
pirdapirproporciuli. Tu daviwyebT Tavdapirvelad 
daumagnitebeli feromagnetikis (MH=0) damagnitebas 
magnituri velis daZabulobis gazrdiT, miviRebT M(H)  
damokidebulebas 58_e suraTze gamosaxuli grafikis 

saxiT. aseTia damagnitebis ZiriTadi mrudi. am mrudis damaxasiTebeli Tavsebureba 
is aris, rom romeliRac momentidan dawyebuli damagnitubuloba aRwevs najerobas, 
e.i. aRar izrdeba velis daZabulobis zrdasTan erTad. M(H) damokidebulebis 
arawrfivi xasiaTi imis mauwyebelia, rom feromagnetikebisTvis magnituri 

amTvisebloba χ ar aris mudmivi. 58_e suraTidan Cans, rom damagnitebis ZiriTadi 

mrudisTvis magnituri amTviseblobis damokidebuleba χ=M/H velis H daZabulobaze 
gamoisaxeba me_59 suraTze mocemuli mrudiT. 
   feromagnetikis damagnitebis process axasiaTebs histerezisis movlena, romelic 

mdgomareobs imaSi, rom damagnitebis 
mrudi ar emTxveva Semdgomi 
ganmagnitebis mruds. ase, magaliTad, 
Tu nimuSs najerobamde davamagnitebT 
(damagnitebis ZiriTadi mrudi 0_1, 60_e 
suraTze), xolo Semdeg ganvamagnitebT, 
gare velis SemcirebiT, nivTiereba ver 
gaivlis damagnitebis imave 
mdgomareobebs (ix. ganmagnitebis mrudi 

1 _ 2). damagnitebuloba ganmagnitebis dros TiTqos “CamorCeba” velisgan da amave 
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dros rCeba ufro meti vidre iyo damagnitebis procesSi. es iwvevs imas, rom velis 
gaqrobis Semdegac damagnitebuloba ar utoldeba nuls, aramed aqvs raRac 
sasruli mniSvneloba Mr, e.w. narCeni damagnitebuloba. narCeni damagnitebulobis 
gasabaTileblad saWiroa gagrZeldes procesi sapirispiro mimarTulebiT, velis 
gazrdiT raRac Hc daZabulobis mniSvnelobamde, romelsac koercitiuli Zala 
ewodeba (ix. 2_3 ubani). Tu procesi gagrZeldeba velis daZabulobis gazrdiT 
najerobamde (3_4 ubani), xolo Semdeg uku mimdevrobiT isev davbrundebiT 
damagnitebulobis najerobisken pirvandeli mimarTulebiT (4 _5 _ 1 ubani), miiReba 
Sekruli mrudi 1_2_3_4_5_1, romelsac histerezisis maqsimaluri cikli ewodeba. 
analogiuri perioduli procesis ganxorcielebiT, magnituri velis daZabulobis 
cvlilebis mcire amplitudiT, miiReba ZiriTadi ciklis SigniT moqceuli 
histerezisis Sesabamisi ciklebi (erT_erTi aseTi cikli 60_e suraTze wyvetili 
mrudiTaa gamosaxuli). magnituri velis Sesabamisi cvlilebiT feromagnetiki 
SeiZleba moxvdes histerezisis ZiriTadi ciklis farglebSi mdebare nebismier 
wertilSi. amrigad feromagnetikis damagnitebuloba ar warmoadgens velis calsaxa 
funqcias (magaliTad, H=H1 daZabulobis dros damagnitebulobas SeiZleba hqondes 
nebismieri mniSvneloba M1 _dan M2_mde SualedSi), aramed damokidebulia kidev 
mdgomareobis wina istoriaze, anu ra xerxiT iyo miRweuli gansaxilveli 
mdgomareoba. amasTan dakavSirebiT unda aRiniSnos, rom feromagnetikis magnituri 
amTvisebloba da magnituri SeRwevadoba warmoadgenen am sidideebis maqsimalur 

mniSvnelobebs damagnitebis ZiriTadi mrudis gaswvriv (ix. χmaq me_60 suraTze. 

praqtikulad feromagnetikebisTvis χ=μ, radgan μ=1+χ, xolo χ>>1). Mr, Hc da μmaq 

mudmivebi feromagnetikebis ZiriTadi maxasiaTeblebia. Mr  da Hc  sidideebis didi 
mniSvnelobebis mqone feromagnetikebs xisti feromagnetikebi ewodebaT, maTi 
histerezisis ZiriTadi cikli ganieria. didi narCeni damagnitebulobis gamo xist 
feromagnetikebs farTod iyeneben mudmivi magnitebis damzadebis dros. sxvadasxva 
miznebisTvis, magaliTad, tansformatorebis gularebis damzadebisas ukeTesia 
gamoyenebuli iyos SedarebiT rbili feromagnetikebi, romlebSic Mr  da Hc  mcirea. 
am feromagnetikebis histerezisis ZiriTadi ciklis siviwrove uzrunvelyofs 
energiis SedarebiT mcire danakargebs gadamagnitebis dros. 

   yoveli  feromagnetikisTvis arsebobs damaxasiaTebeli 
temperatura Tc,  e.w. kiuris temperatura, romlis miRwevisas 
feromagnetiki naxtomiseburad kargavs Tavis specifikur Tvisebebs 
da xdeba Cveulebrivi paramagnetiki, romlis magnituri 
amTvisebloba kiuri_veisis kanons eqvemdebareba: 

      

)27.4(
TT

c

C−
=χ

                     
sadac c aris nivTierebis Tvisebebisgan damokidebuli kiuris 

mudmiva. 
 feromagnetikebis zemoT aRwerili damagnitebis procesis Tavisebureba 
dakavSirebulia maT struqturasTan, Tanac upiratesi roli aq eniWebaT 
eleqtronebis spinur magnitur momentebs. kvanturi Teoriidan gamomdinareobs, rom 
eleqtronebis urTierTqmedeba arsebiTad aris damokidebuli maTi spinuri 
momentebis fardobiT orientaciaze. feromagnetikebSi es urTierTqmedeba iwvevs 
spontanuri (anu TavisTavadi, romelsac adgili aqvs gare zemoqmedebis gareSe) 
damagnitebis areebis warmoqmnas. am areebs domenebi ewodebaT. TiToeuli domenis 
farglebSi magnituri momentebi orientirebulia erTimeoris paralelurad, e.i. 
domenis jamuri magnituri momenti maqsimaluria. daumagnitebel feromagnetikebSi 
sakmaod didi raodenobis domenebis Semcvel yoveli nawilis magnituri momenti 
(domenebis maxasiaTebeli zomaa 10_4_10_5 sm) nulis tolia imis gamo, rom domenebis 
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magnitur momentebs sxvadasxva orientacia aqvT (ix. sur 61, sadac domenebis 
magnituri momentebi isrebiT aris naCvenebi). feromagnetikis damagnitebisas gare 
magnituri  velis gazrdiT, Tavdapirvelad xdeba domenebis sazRvrebis gardaqmna: 
energetikulad ufro xelsayreli domenebi, romelTa magnituri momentebi maxvil 
kuTxes adgenen velis daZabulobasTan (magaliTad 1 da 3 domenebi), farTovdebian 
energetikulad nakleb xelsayreli orientaciis mqone mezobeli domenebis xarjze 
(2 da 4). Semdeg Warbobs domenebis jamuri magnituri momentebis Semobrunebis 
procesi velis daZabulobis mimarTulebis gaswvriv. rodesac domenebis yvela 
magnituri momenti velis gaswvriv iqneba orientirebuli, dadgeba gajereba. 
domenebis gardaqmnis aRwerili procesi Seuqcevadia. amiT aixsneba histerezisis 
movlena. kiuris temreraturis miRwevisas domenuri struqtura iSleba. 
 

                                 T a v i V 
                          eleqtruli denis kanonebi 
$ 11.  mudmivi eleqtruli deni. 
   eleqtruli muxtebis mowesrigebul moZraobas eleqtruli deni ewodeba. deni 
gadis gamtarebSi, romelTa ZiriTadi niSania maTSi Tavisufali damuxtuli 
nawilakebis arseboba, romlebic eleqtruli velis gavleniT gamtarSi 
gadaadgildebian. gamtarebia liTonebi, naxevargamtarebi, zogierTi siTxe 
(eleqtrolitebi) da garkveul pirobebSi airebi. 
   gamtarebi iyofa or jgufad: pirveli da meore gvaris gamtarebad. pirveli 
gvaris gamtarebs miekuTvnebian is gamtarebi, romlebSic eleqtruli denis gavla ar 
iwvevs raime cvlilebas gamtarSi. pirveli gvaris gamtarebis tipiuri 
warmomadgenelia liTonebi. 
   rodesac eleqtruli velis gavleniT gamtarSi gadis deni, TiToeuli denis 
matareblis traeqtoria sqematurad SeiZleba warmovidginoT texili wiris saxiT 
(sur. 62). denis matarebeli asrulebs qaosur moZraobas (mrudis texilebi 
Seesabameba mis dajaxebebs sxvadasxva nawilakebTan) da amasTan erTad ganicdis 
dreifs, e.i. mowesrigebulad moZraobs masze moqmedi Zalis mimarTulebiT. 
eleqtruli denis aRwerisas SeiZleba yuradReba ar mivaqcioT siTbur moZraobas, 

radgan qaosuri moZraobis gamo is ar gamoiwvevs muxtis 
sistematur gadatanas. amitom ganvixilavT muxtis 
mowesrigebul moZraobas u siCqariT traeqtoriis gaswvriv, 
romelsac denis wiri ewodeba. eleqtruli deni mudmivia, 
Tu denis matareblebis moZraoba stacionarulia anu maTi 
mimarTuli moZraobis siCqare gamtaris mocemul wertilSi 
ar icvleba drois mixedviT. denis wirebis suraTic 
ucvleli darCeba. 

   1. denis Zala da simkvrive. ganvixiloT gamtaris SigniT raime S zedapiri. 

davuSvaT, rom Δt drois mcire SualedSi am zedapirSi gaiara Δq  muxtma. Semdegi 
Sefardebis zRvars: 

)1.5(
                   dtt0t Δ→Δ  

rSi gamavali denis Zala. denis Zala algebruli sididea. denis  
mimarTulebad miRebulia 

dqqlim =
Δ

=I

ewodeba S zedapi
gamtarSi dadebiTi muxtis 

gadaadgilebis mimarTuleba. 
   mTel rig amocanebSi ar aris sakmarisi vicodeT gamtaris 
ganivkveTSi gamavali denis Zala, amitom arsebiTia gamovarkvioT 
Tu rogor iqneba ganawilebuli deni ganivkveTSi. am mizniT 
Semotanilia cneba denis simkvrivis veqtoris Sesaxeb. denis 
simkvrive ewodeba veqtors, romlis sidide udris denis wirebis 
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perpendikularul erTeulovan farTobze gamaval denis Zalas, xolo mimarTuleba 
emTxveva dadebiTi muxtis mowesrigebuli moZraobis mimarTulebas (sur. 63). 
gansazRvris Tanaxmad denis j  simkvrivisTvis miviRebT: 

)2.5(
S⊥Δ
Ij Δ

=

igive mimarTuleba 

oben rogorc dadebiTi ise 
uaryofiTi muxtebi, maSin maTi simk

     

zRvarze gadasvlis Semdeg miviRebT dI= jndS, 
aqedan:                        

 
   denis simkvrive SeiZleba gamovsaxoT denis matareblebis no koncentraciiT da 

mowesrigebuli moZraobis u siCqariT. 64_e suraTidan Cans, rom ΔS⊥ farTobSi da Δt 
dros SualedSi gavlen mxolod is muxtebi, romlebic t  momentSi imyofebian ΔS⊥ 

fuZis farTobisa da uΔt  simaRlis marTkuTxa paralelopipedSi. Tu q aris erTi 

matareblis muxti, maSin ΔS⊥ farTobSi gamavali denis Zala iqneba: ΔI=qnouΔS⊥. denis 
simkvrivisTvis miviRebT j=qnou. radgan j da  u veqtorebs erTi da 
aqvT, amitom miRebuli formula SeiZleba CavweroT veqtorulad 
                                                      j=qnou                                                                 (5.3) 
rodesac denis warmoqmnaSi monawileobas Rebul

vriveebi ikribeba: 
        j= j++ j-= q+no+u++q-no-u-        (5.4) 
(5.2)_sa da mocemuli suraTebis mixedviT   

           ΔS⊥=ΔScosα,  jn=j cosα ( sur. 65)            
           ΔI=jΔS⊥=jΔScosα=jnΔS, e.i. ΔI= jnΔS. 

 
(5.5)_is gaTvaliswinebiT SeiZleba Camoyalibdes 

muxtis mudmivobis kanoni: Caketil S zedapiris SigniT moTavsebuli muxtis 
Semcireba drois erTeulSi udris am zedapirze denis simkvrivis nakads:                    

                            

)6.5(ddSj
dt
dq

n∫ ∫−=−= Sj
 

      2. eleqtromamoZravebeli Zala da Zabva. 
eleqtruli deni gamtarSi aRiZvreba maSin, 
rodesac masSi Seqmnilia eleqruli veli. es 
veli denis matarblebs aniWebs mimarTul 
moZraobas. mudmivi denis misaRebad ar aris 
sakmarisi mxolod eleqtrostatikuri velis 
arseboba, radgan rogorc viciT maTi moqmedebiT 
muxti ise ganawildeba gamtaris zedapirze, rom 

veli gamtaris SigniT ar iarsebebs. am daskvnamde SeiZleba mivideT, Tu gamoviyenebT 
energiis mudmivobis kanons. joul_lencis kanonis Tanaxmad mudmivi denis wredSi 
uwyvetad gamoiyofa siTbo. radgan pirveli gvaris gamtarTa Sinagani energia ar 
icvleba denis gavlisas, amitom siTbos gamoyofa SeiZleba moxdes mxolod denis 
matareblebze raRac Zalebis mier Sesrulebuli muSaobis xarjze, Tanac es Zalebi 
ar SeiZleba iyvnen mxolod eleqtrostatikuri Zalebi, vinaidan rogorc viciT maTi 

     
muSaoba Sekruli wredis gaswvriv yovelTvis nulis tolia. 
   amrigad wredSi mudmivi denis arsebobisaTvis unda arsebobdnen 
araeleqtrostatikuri  warmoSobis Zalebi _ egreT wodebuli gareSe Zalebi. es 
Zalebi xels unda uwyobdnen gare wredSi muxtis iseT ganawilebas, romlis drosac 
maT mier Sesrulebuli muSaoba muxtis gadatanaze Sekruli wredis gaswvriv 
gansxvavebuli iqneba nulisagan. mudmivi denis wredebSi gare Zalebi moqmedeben 
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denis wyaroebis SigniT (galvanuri elementebi, akumulatorebi da sxva) da qimiuri 
buneba aqvT, xolo gare wredSi denis matareblebi moZraoben eleqtrostatikuri 
Zalebis gavleniT. am dros muxti  gamtaris zedapirzea ganawilebuli 
(erTgvarovani gamtaris SemTxvevaSi). mudmivi denis suraTi sqematurad 67_e 
suraTzea gamosaxuli, sadac wvrili isrebi gviCveneben eleqtruli velis 

ebisas 
gare Zalebis mier Sesrulebuli muSaobis Sefardebas am muxtis sididesTan: 

daZabulobis mimarTulebas, xolo muqi _ gare Zalebis velis daZabulobas. 
   gare Zalebis raodenobrivi daxasiaTebisTvis SemoaqvT skalaruli fizikuri 
sidide, romelsac eleqtromamoZravebeli Zala ewodeba (e.m.Z).  
eleqtromamoZravebeli Zala ewodeba Sekrul wredSi q muxtis gadaadgil

)7.5(
q
A

=
                       

ε
  

aqedan gamomdinareobs, rom emZ ricxobrivad udris Sekruli wredis gaswvriv 
erTeulovani dadebiTi muxtis gadaadglebisas Sesrulebul muSaobas. Tu 
davuSvebT, rom Egar aris erTeulovan dadebiT muxtze moqmedi gare velis 

bis muSaobisaTvis wredis 
1_2 ubanze, ase, rom am ubanze moqmedi emZ_sTvis miviRebT 

a saboloo 
wertilbis potencial  vao a am ubanze moqmedi emZ_is jams: 

 ar moqmedeben (denis wyaros gareSe), 

daZabuloba anu 
                        Egar=Fgar/q                                                                (5.8) 
maSin (1.27)_is analogiurad miviRebT formulas gare Zale

                                      1  

)9.5(d
2

lE∫=
12

garε    
   wredis sawyis 1 wertilidan saboloo 2 wertilSi dadebiTi muxtis   
gadaadgilebisas yvela Zalis mier Sesrulebul muSaobas ewodeba Zabva mocemul 
ubanze. zogad SemTxvevaSi Zabva warmoadgens ubnis sawyisi d

Ta sx bisa d

                       U12=ϕ1_ ϕ2+ε12                           (5.10) 

rodesac gansaxilvel ubanze gare Zalebi
maSin Zabva potencialTa sxvaobis tolia: 

                         U12=ϕ1_ ϕ2                                   (5.11) 
   3. mudmivi denis kanonebi. upirveles yovlisa SevniSnoT, rom mudmivi deni, 
rogorc wesi, miedineba mxolod Sekrul wredebSi, winaaRmdeg SemTxvevaSi wredis 
gawyvetil adgilebSi moxdeboda muxtis dagroveba. es gamoiwvevda gamtarebSi 
eleqtruli velis cvlilebas rac SeuTavsebelia denis matareblebis 
stacionarul moZraobasTan. meore mxriv denis Zala gamtaris nebismier kveTaSi 
erTi da igivea (igulisxmeba, rom wredSi ar aris ganStoebebi). marTlac, gamtaris 
or kveTaSi denis Zala rom sxvadasxva aRmoCndes, maSin am kveTebs Soris moqceul 
gamtaris ubanze dagrovdeboda muxti, rac aseve gamoiwvevda eleqtruli velis 

elSic ar moqmedebs emZ, denis Zala Zabvis 

                                                          

cvlilebas da isev daarRvevda denis stacionarul dinebas. 
   axla davadginoT denis ZiriTadi raodenobrivi kanonebi. georg omis mier cdiT 
dadgnili iyo, rom mudmivi denis wredis ubanze, romelic Sedgeba pirveli gvaris 
gamtarisagan da rom
pirdapirproporciulia: 

)12.5(
R                          

U
=I

pirdapirproporciulia da 
uproproukporciulia misi ganivkveTis S farTobisa: 

 
proporciulobis koeficientis Sebrunebul sidides, romelic gamtaris 
Tvisebebzea damokidebuli gamtaris winaRoba ewodeba. erTgvarovani 
gamtarisaTvis winaRoba gamtaris l sigrZis 
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)13.5(

S
R l

ρ=
 

proporciulobis koeficienti ρ ricxobrivad udris erTeulovani (l=1m, S=1 m2) 
cilindruli gamtaris winaRobas. mas kuTri winaRoba ewodeba, xolo mis 
Sebrunebul sidides 

                                                        

)14.5(1
ρ

=σ
 

eleqtrogamtarobis koeficienti an nivTierebis kuTri 
gamtaroba ewodeba. gamtaris kuTri winaRoba izrdeba 
temperaturis zrdasTan erTad. maRal temperaturebze is 
temperaturis pirdapirproporciulia (sur. 68). zogierT 
liTonze (vercxliswyali, kala, alumini TuTia da a.S.) da 
Senadnobebze sakmaod dabal temperaturebze dakvirvebuli 
iyo zegamtarobis movlena: winaRoba naxtomiseburad xdeba 

nulis toli. (mocemul suraTze meore mrudi). es temperaturebi ramodenime 
kelvinis rigisaa. joul_lencis kanonis mixedviT mudmivi denis wredis ubanze 
uwvetad gamoiyofa siTbo, romelic denis Zalis kvadratis, ubnis winaRobisa da 
drois  proporciulia:        
                            Q=I 2. R. t                                                          (5.15)    
(5.10)_is gaTvaliswinebiT SegviZlia miviRoT omis kanoni wredis ubnisaTvis, romlic 

Seicavs ε emZ_sa da R winaRobas. 

                                                         I . R=ϕ1_ ϕ2+ε                          (5.16) 

aqedan uSualod gamomdinareobs omis kanoni Sekruli wredisaTvis. amisaTvis 

sakmarisia davuSvaT, rom ϕ1=ϕ2. Tu wredis srul winaRobas CavwerT gare ubnis R 
winaRobisa da wyaros r Sida winaRobis jamis saxiT, miviRebT: 

          I ( R+r)=ε                         (5.17) 

Caiweros Semd     

               I +r ϕ  ϕ 1   

1, B ,

irispiro mimarTuleba eqneba, anu  C_dan  B_sken. 
  

(5.16) da (5.17) formulebSi ε aris jamuri emZ, romelic 
mimdevrobiT SeerTebul ramodenime wyaros SemTxvevaSi maTi 
algebruli jamis tolia. 
   davazustoT wesi niSnebis SerCevis Sesaxeb. wredis 

Semovlis mimarTuleba SevarCioT nebismierad (5.17 formulis SemTxvevaSi es aris 
mimarTuleba sawyisi B wertilidan saboloo C wertilisaken). Tu gare Zalebis 
daZabulobis mimarTuleba emTxveva Semovlis mimarTulebas wyaros emZ_is win 
iwereba dadebiTi niSani, xolo winaaRmdeg SemTxvevaSi uaryofiTi niSani 
(gavixsenoT, rom gare Zalebis daZabuloba wyaros SigniT mimarTulia uaryofiTi 
eleqtrodidan dadebiTisaken). denis Zalis niSani damokidebulia dadebiTi muxtis 
moZraobis mimarTulebaze: Semovlis mimarTulebis gaswvriv (I >0), xolo mis 
sawinaaRmdegod (I<0). magaliTad, 69_e suraTze, sadac isrebi gviCveneben gare 

Zalebis daZabulobis mimarTulebas, omis kanoni (5.16) unda 
egnairad:                    

ε(R+r1 2)= (B)_ (C)+ _ε2                                             

Tu mocemuli R, r r2, ϕ( ), ϕ(C)  ε1, ε2 sidideebis Casmis dros 

aRmoCndeba, rom I<0, maSin dens dadebiTi mimarTulebis 
sap
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          4. omisa da joul_lencis kanonebis diferencialuri saxe. 
   gamtaris SigniT gonebis TvaliT gamovyoT swori l sigrZis mcire zomis 

cilindri, romlis fuZis farTobia ΔS da  denis wirebis gaswvrivaa ganlagebuli 
(sur. 70). aseTi elementaruli cilindrisTvis omis kanoni (5.12) Semdegi saxiT 

Caiwereba  ΔU=RΔI, sadac R elementis winaRobaa, ΔI ki ΔS kveTaSi gamavali deni, 

xolo ΔU gamtaris boloebze modebuli Zabva. Tu gaviTvaliswinebT, rom ΔI=jΔS,  
R=ρΔl/ΔS da ΔU=EΔl  da rom ΔU=_Δϕ, miviRebT j=E/ρ an (5.14)_is gaTvaliswinebiT  j=σE.  
j da E  veqtorebis mimarTulebebi Tanxvdenilia, radgan gansazRvris Tanaxmad j 
veqtori mimarTulia dadebiTi muxtebis mowesrigebuli moZraobis gaswvriv, xolo 
dadebiTi muxtebi rogorc viciT moZraoben velis daZabulobis mimarTulebiT. 
amitom ukanaskneli toloba SeiZleba CavweroT veqtorulad:  

                               j=σE                                                      (5.18)       
es formula, romelic akavSirebs denis simkvrives da velis daZabulobas gamtaris 
erTi da imave wertilSi warmoadgens omis kanons diferencialuri saxiT. im 
wertilSi, sadac eleqtrostatikur ZalebTan erTad moqmedeben gare Zalebic 
(magaliTad, denis wyaros SigniT) analogiuri gamoTvlebi mogvcemen Semdeg 
gamosaxulebas: 

                            j=σ(E+Egar)                                                 (5.19) 
analogiurad (5.2), (5.13), (5.14), (5.15) da (5.18) formulebis gamoyenebiT miviRebT 
joul_lencis kanons diferencialuri saxiT: 

                         w=σE2                                                                     (5.20) 
sadac w  aris siTbos is raodenoba, romelic gamoiyofa drois erTeulSi, gamtaris 
moculobis erTeulSi gansaxilveli wertilis maxloblad. marTlac: 
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   5. kirxhofis wesebi mudmivi denis ganStoebuli wredebisaTvis. pirveli wesi: 
nebismier kvanZ wertilSi (A, B, C) Tavmoyrili denebis algebruli jami nulis 
tolia (sur. 72). magaliTad B wertilSi I=I1+I2. aq unda gaviTvaliswinoT Semdegi 
wesi: rodesac denis mimarTuleba emTxveva konturis Semovlis mimarTulebas, mis 
win iwereba dadebiTi niSani, xolo sapirispiro mimarTulebis SemTvevaSi _ 

uaryofiTi. 

)21.5(0
k

=∑ kI
 

meore wesi: nebismieri Sekruli konturis gaswvriv Zabvis 
vardnaTa jami udris am konturSi moqmed emZ_is jams. 

)22.5(R
κ

k
k

k κ∑∑ = εI
                         

   6. eleqtromagnituri induqciis kanoni.  es kanoni 
aRmoCenili iyo ingliseli mecnieris maikl faradeis mier 1831 

w. da mdgomareobs SemdegSi: magnituri velis induqciis nakadis cvlileba Sekruli 
konturiT SemosazRvrul farTobSi amave konturSi aRZravs induqciis emZ_s, 
romelic nakadis cvlilebis siswrafis proporciulia: 

                                                    
)23.5(

dt
dΦ

−=ε
 

magnituri velis induqciis nakadi S zedapirSi SeiZleba CavweroT Semdegnairad:           

                                                    

)24.5(ddSB
S

n ∫∫ ==Φ SB

SI  sistemaSi magnituri induqciis nakadis erTeulad miRebulia 1 veberi (vb). 
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1 vb=1 tl . 1 m2. nakadis niSani damokidebulia S zedapirisadmi aRmarTuli 
normalis SerCevis mimarTulebaze, xolo emZ-is niSani konturis Semovlis 
mimarTulebaze. es mimarTulebebi erTimeoresTan marjvena burRis wesiT arian 
dakavSirebuli: rodesac burRis saxeluris brunva emTxveva konturis Semovlis 
mimarTulebas, maSin misi wveris gadataniTi moZraoba gansazRvravs normalis 
mimarTulebas (sur. 72). konkretul magaliTebze SeiZleba davrwmundeT, rom (5.23) 
formulaSi uaryofiTi niSani gansazRvravs cnobil lencis wess, romlis 
Tanaxmadac gamtarSi induqciis dens aqvs iseTi mimarTuleba, romlis magnituri 
veli ewinaaRmdegeba im magnituri nakadis cvlilebas, romelmac warmoqmna es deni 
(sur. 73).          
   induqciis emZ aRiZvreba Ria gamtarSic, rodesac is moZraobs magnitur velSi. 

misi gansazRvrisaTvis SeiZleba visargebloT imave (5.23) formuliT, sadac dA 

 
iqneba magnituri induqciis is nakadi, romelic gadis moZravi gamtaris mier dt 
droSi Semoweril dS farTobSi (sur. 74). eleqtromagnituri induqciis kerZo 
SemTxvevas warmoadgens TviTinduqciis movlena. ganvixiloT Sekruli konturi, 
romelSic gadis I deni. es deni garemomcvel sivrceSi aRZravs magnitur vels. 
advili misaxvedria, rom gamtaris mier SemosazRvrul S zedapirSi gamavali am 

velis magnituri induqciis A nakadi denis proporciuli iqneba: 

                                     A=LI                    (5.25) 
marTlac superpoziciis principidan gamomdinare da bio_savar_laplasis formulis 
Tanaxmad B~I. amitom (5.24) nakadis gamosaxulebaSi I aris mamravli intgralqveSa 
funqciaSi da gamodis integralis niSnis gareT. 
   proporciulobis koeficienti L  damokidebulia gamtaris zomebze, formaze da 
agreTve garemomcvel sivrceSi magnetikebis Tvisebebze da mdebareobaze. mas 
gamtaris induqciuroba ewodeba. SI  sistemaSi induqciurobis erTeulad miRebulia 
“henri”: 1 hn=1 vb/a. rodesac gamtarSi deni icvleba, maSin  (5.25)_is Tanaxmad 

Seicvleba A nakadic da amis Sedegad eleqtromagnituri induqciis kanonis Tanaxmad 
gamtarSi aRiZvrba emZ. gamtarSi emZ_is aRZvras amave gamtarSi denis cvlilebis 
gamo TviTinduqciis movlena ewodeba. Tu (5.25) gamosaxulebas CavsvamT (5.23)_Si 
miviRebT formulas TviTinduqciis emZ_sTvis: 

                           
Tu CavTvliT, rom L mudmivi sididea (rodesac gamtari ar deformirdeba da 
ugulebelvyofT magnetikebis arsebobas), miviRebT: 

          
am formulidan Cans, rom TviTinduqciis emZ_is mniSvneloba damokidebulia 
agamtaris induqciurobaze. didi induqciuroba gaaCniaT gamtar koWebs 
(solenoidebi). calkeul xviebSi inducirebul emZ_s erTi da igive mimarTuleba 
aqvT, amitom koWaSi sruli emZ iqneba maTi algebruli jami. 
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   davadginoT formula grZeli solenoidis induqciurobisaTvis. l_iT aRvniSnoT 
solenoidis sigrZe, S_iT misi ganivkveTis farTobi, xolo no_iT solenoidis 

sigrZis erTeulze ganlagebuli xviebis raodenoba. (5.25)_is Tanaxmad L=A/I. 
davuSvaT, rom solenoidi μ magnituri SeRwevadobis mqone erTgvarovani 
magnetikiTaa Sevsebuli da amave dros ugulebelvyoT kidura efeqtebi. maSin erTi 

xviis farTobze gamavali magnituri induqciis A1 nakadisTvis miviRebT 

A1=BS=μBoS=μoμnoIS. jamuri nakadi yvela N=nol xviaSi iqneba A=A1nol=μoμn2
oISl. an 

sabolood: 
                              L=μoμn2

oSl                          (5.27) 
   

       7. magnituri velis energia. ganvixiloT mudmivi denis wredi, romelic 
Sedgeba denis wyarosagan, winaRobisagan da L induqciurobis koWasagan, romelSic 
gadis I deni. davuSvaT, rom romeliRac momentSi Sewyda wyaros gare Zalebis 
moqmedeba, an wyaros ise gamovrTavT, rom wredi isev Sekruli darCes. 
TviTinduqciis movlenis gamo wredSi deni ar Sewydeba maSinve, radgan 
TviTinduqciis emZ, romelic am denis SemcirebiT aris ganpirobebuli, lencis wesis 
Tanaxmad xels uSlis denis Semcirebas anu cdilobs SeinarCunos klebadi deni. 
denis Semcirebisas winaRobaze gamoiyofa siTbo, romelic wredSi Sesrulebuli 
muSaobis toli iqneba. radgan Sekrul wredSi muxtis gadatanisas 
eleqtrostatikuri Zalebis mier Sesrulebuli muSaoba nulis tolia, amitom mTeli 
muSaoba sruldeba mxolod gare Zalebis meSveobiT. rogor davadginoT am muSaobis 
gamosaxuleba.  
   im mcire dt drois SualedSi, romlis ganmavlobaSic denis Zalisa da emZ_is 
mniSvnelobebi praqtikulad ucvleli rCeba, (5.7)_is Tanaxmad gare Zalebis mier 

Sesrulebuli muSaoba dA=εTvdq, sadac dq=Idt aris dt drois ganmavlobaSi wredSi 
gavlili muxti, xolo TviTinduqciis emZ (5.26) formuliT aris gamosaxuli. amrigad 

dA=−L(dI/dt)Idt= −LIdI. mTeli muSaoba iqneba 

∫ =−=
0 2

2
L)dL(A

I

III
 

energiis mudmivobis kanonis Tanaxmad es muSaoba gansazRvravs im energias, romelic 
gaaCnia denian koWas: 
                                              W=LI2/2                                                                   (5.28) 
eleqtromagnetizmis zogadi Teoriidan gamomdinareobs, rom es energia unda 
mivaweroT solenoidis magnitur vels. Tu solenoidi sakmaod grZelia, maSin 
magnituri veli mTlianad mis SigniTaa lokalizebuli da Tanac erTgvarovania. am 

velis magnituri induqcia gansazRvrulia (3.15)_iT da (4.16)_is gamravleba μ_ze 
mogvcems I=B/μoμn. denis am mniSvnelobisa da (5.28)_is gaTvaliswineba (5.29)_Si 
mogvcems: 

                          
)29.5(V

2
BW

0

2

⋅
μμ

=
 

sadac V aris solenoidis moculoba. (5.29)_is gayofa V_ze mogvcems magnituri 
energiis simkvrives w, anu erTeulovani moculobis energias. (4.13)_is daxmarebiT 
SegviZlia miviRoT ramodenime tolfasi gamosaxuleba magnituri velis energiis 
simkvrivisaTvis: 

                     
)30.5(

2
BH

2
H

2
B 2

o

o

2

=
μμ

=
μμ

=w
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es formulebi marTalia, miRebuli iyo mudmivi da erTgvarovani velis kerZo 
SemTxvevebisaTvis, magram isini velis energiis simkvrives gansazRvraven zogad 
SemTxvevaSic.  
 

$ 12. eleqtruli rxevebi 
   1. Tavisufali eleqtruli rxevebi. ganvixiloT mimdevrobiT SeerTebuli aqtiuri 
winaRobis, kondensatorisa da koWasagan Sedgenili wredi. aseT wreds rxeviTi 
konturi ewodeba (sur. 75). davuSvaT, rom sawyis momentSi kondenstors miniWebuli 

aqvs raime q muxti da Semdeg Tavis nebazea miSvebuli. ra 
procesebi iwarmoebs konturSi? meqanikuri rxevebis analogiurad 
konturSi aRiZvreba milevadi eleqtruli rxevebi radgan konturs 
gaaCnia garkveuli winaRoba da energiis nawili xmardeba am 
winaRobis daZlevas, kerZod, energiis nawili ikargeba ZiriTadad 
R winaRobaSi gamoyofili  joul_lencis siTbos saxiT.  

   rxevis gantolebis misaRebad gamoviyenoT kirxhofis meore wesi, romlis 
Tanaxmad, potencialis vardnaTa jami unda udrides konturSi moqmed emZ_Ta jams. 
konturSi moqmedebs mxolod TviTinduqciis emZ  

dt
dIL−=ε

 
romelic aRiZvreba koWaSi denis cvlilebis gamo. potencialis vardna R winaRobaze 
aris IR, kondensatoris Semonafenze U=q/C. amitom kirxhofis wesis Tanaxmad: 

dt
dIL−=+  UIR

 
am gantolebis droiT gawarmoeba mogvcems:  

0
dt
dq

LC
1

dt
dI

L
R

dt
Id
2

2

=⋅+⋅+
 

SemoviRoT aRniSvnebi: R/L=2α,  1/LC=ωo
2 da gaviTvaliswinoT, rom dq/dt=I, maSin 

miviRebT milevadi rxevis diferencialur gantolebas 

              
)31.5(0I

dt
dI2

dt
Id 2

o2

2

=ω+α+
 

am gantolebis amosaxsnelad SemoviRoT axali cvladi z(t), romelic denis 
ZalasTan Semdegnairad iyos dakavSirebuli 

                                                         I=ze-αt                                                             (5.32) 
am gamosaxulebis gawarmoeba da (5.31)_Si Casma mogvcems: 

                                               
)33.5(z)(

dt
zd 22

o2

2

α−ω−=
 

   rodesac α<ωo, (5.33) gamosaxulebaSi (ω2o_α2) dadebiTia da mas ω2_iT  
aRvniSnavT, miviRebT harmoniuli rxevis diferencialur gantolebas 

                                                          
)34.5(,z

dt
zd 2
2

2

ω−=
 

romlis amoxsnaa  z=asin(ωt+β). z_is mniSvnelobis Casma   (5.32)_Si, mogvcems: 

                                                       I=ae-αt sin(ωt+β)                                              (5.35) 
e.i. mcire  winaRobis SemTxvevaSi, ganmuxtvas rxeviTi xasiaTi aqvs. denis Zalis 
rxeva iwarmoebs  

                                         
222

o )L2/R()LC/1( −=α−ω=ω      
sixSiriT. misi amplituda  Io=ae-αt eqsponencialurad mcirdeba drois ganmavlobaSi.  

α=R/2L _s ewodeba milevis koeficienti. 76_e suraTze moyvanilia denis Zalis 
grafiki. konturis milevadi rxevis periodi iqneba: 
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winaRobis ararsebobis SemTxvevaSi (α=R/2L=0) rxevebi iqneboda miulevadi da am  
SemTxvevaSi (5.35) gantolebidan I=asin(ωt+β), e.i denis. Zala sinusoiduri kanoniT 

Seicvleboda da rxevis sixSire iqneboda 

                       LC
1

o =ω
                        

xolo sakuTari miulevadi eleqtruli rxevebis periodi              
                                               

)37.5(LC22T π=
ω
π

=
                                              

am formulas tomsonis formula ewodeba. davuSvaT, rom 
76_e suraTze romeliRac t momentisaTvis denis amplituduri mniSvneloba (5.35)_is 

mixedviT iyos a1= ae-αt, xolo T periodis Semdeg_ a2=ae-α(t+T). am mniSvnelobebis 
Sefardebis logariTmisTvis miviRebT, rom 

Teln
e

eln T
)Tt(

t

α== α
+α=

α−

a
a

 
am sidides aRniSnaven λ asoTi da mas milevis logariTmuli dekrementi ewodeba 

λ=αT. milevis koeficientis fizikuri Sinaarsi mdgomareobs SemdegSi: igi 
ricxobrivad udris im drois Sebrunebul sidides, romlis drosac denis 

amplituda mcirdeba  e-jer. es dro aRvniSnoT τ_Ti. amrigad α=1/τ. τ drois 

ganmavlobaSi konturSi Sesruldeba N rxeva. aqedan gamomdinare N=τ/T. amis 

gaTvaliswinebiT λ_Tvis miviRebT: λ=1/N, e.i. milevis logariTmuli dekrementi 
ricxobrivad udris im rxevaTa raodenobis Sebrunebul sidides, romlis drosac 
denis amplituda mcirdeba  e-jer.  

             
   2. iZulebiTi eleqtruli rxevebi. ganvixiloT wredi, 
romelSic mimdevrobiT aris CarTuli R omuri winaRoba, L 
induqciuroba,  C eleqtrotevadoba da wredSi moqmedi emZ     

ε=εosinωt  (sur.78). cvladi emZ_is gavleniT L induqciurobaze 
aRiZvreba TviTinduqciis emZ_L(dI/dt). potencialis vardna R 
winaRobaze aris IR, xolo kondesatoris Semonafenebze 

ϕ1_ϕ2=q/C. kirxhofis meore wesis Tanaxmad, 

                                            C
qIR

dt
dIL +=−ε

             
tsinoC

qIR
dt
dIL ω=++ ε 

 
gavawarmooT es gantoleba droiT, miviRebT: 

(5.38)tsinoC
I

dt
dIR

dt

IdL
2

2
ωω=++ ε 

 
miviReT iZulebiTi rxevis diferencialuri gantoleba. 
davuSvaT, rom rxeva ukve damyarebulia, e.i. denis Zalis 
cvlileba warmoebs gareSe emZ_is sixSiriT. am 
SemTxvevaSi (5.38) gantolebis amoxsnas Semdegi saxe 
eqneba: 

                            I=Io sin(ωt_ϕ),                                            (5.39)   
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sadac  Io aris denis Zalis amplituda, ϕ ki _ fazaTa sxvaoba emZ_sa da denis 

Zalas Soris. ganvixiloT, ra pirobebs unda akmayofilebdnen Io da ϕ, rom (5.39)  
gamosaxulebam daakmayofilos (5.38) gantoleba. (5.39)  gavawarmooT orjer 

)tsin(I
dt

Id),tcos(I
dt
dI 2

o2

2

o ϕ−ωω−=ϕ−ωω=
 

         
 I_s da misi warmoebulebis mniSvnelobebi SevitanoT (5.38) gantolebaSi da 

SemoviRoT aRniSvna ωt_ϕ=ψ, e.i. ωt=ϕ+ψ. maSin miviRebT:          

            
)40.5(sinsincoscossinI)

C
1L(cosRI

)cos(sinI
C
1cosRIsinIL

oooo

oooo

ψϕ−ψϕ=ψ
ω

−ω−ψ

ψ+ϕ=ψ
ω

+ψ+ψω−

εε
ε

  anu
  

imisaTvis, rom es gantoleba dakmayofildes ψ_s yoveli mniSvnelobisaTvis, e.i. 

drois nebismieri momentisaTvis, mis orive mxares sinψ_isa  da cosψ_is 
koeficientebi erTmaneTis toli unda iyos, e.i. 

             

)41.5(sinI
C
1-L

cosRI

oo

oo

⎪⎭
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ε

 
am ori gantolebidan vipoviT fazaTa sxvaobas (ϕ) da denis Zalis amplitudas (Io). 
fazaTa sxvaobis gansazRvrisaTvis meore gantoleba gavyoT pirvelze, miviRebT: 

                                                      
)42.5(

R
C
1L

tg ω
−ω

=ϕ
 

   denis Zalis sapovnelad (5.41) gantolebebi aviyvanoT kvadratSi da SevkriboT 

                         
   es gantoleba gamosaxavs omis kanons cvladi denis wredisaTvis, romelSic 
mimdevrobiT aris CarTuli omuri winaRoba, induqciuroba da tevadoba. am 
gantolebaSi winaRobis magivrobas asrulebs sidide 

                                                       
)44.5(
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⎠
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mas sruli winaRoba an impedansi ewodeba. sruli winaRoba Sedgeba R omuri 

winaRobisagan, induqciuri winaRobisagan (Lω) da tevaduri winaRobisagan (1/Cω).        
    maSasadame, Tu wredSi moqmedebs sinusoiduri emZ, maSin denis Zala agreTve 
sinusoidurad Seicvleba imave sixSiriT. 
   3. rezonansis movlena. iZulebiTi rxevebisaTvis damaxasiaTebelia rezonansis 
movlena. am movlenas adgili aqvs maSin, rodesac rxevis amplituda izrdeba  
gare perioduli emZ_is sixSiris miaxloebisas rezonansul sixSiresTan, romelic 
rxeviTi konturis parametrebzea damokidebuli. aseTi rxevebis ganxilvisas 
davinaxeT, rom Tu wyaros emZ periodulad icvleba, maSin dasawyisSi konturSi 
gveqneba rogorc sakuTari, ise gareSe emZ_iT gamowveuli rxevebi, magram sakuTari 
rxevebi milevadia, amitom garkveuli drois Semdeg (romelic damokidebulia 
milevis koeficientze) sakuTari rxevebi miileva da konturSi damyardeba 
iZulebiTi rxevebi, romlebic iwarmoebs wyaros emZ_is sixSiriT. rogorc ukve 
vnaxeT denis Zalis amplituda (5.43) formuliT ganisazRvreba. am formulidan 
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Cans, rom denis Zalis amplituda damokidebulia konturis parametrebze (R,L,C), 
emZ_is amplitudaze da mis sixSireze (ω), xolo Tu konturis parametrebi da 

emZ_is amplituda mudmivia, Io mxolod ω_ze iqneba damokidebuli. sixSiris 
SecvliT amplituda Seicvleba da SeiZleba SevarCioT sixSiris iseTi 
mniSvneloba, romelsac amplitudis maqsimumi Seesabameba e.i. adgili eqneba 
rezonansis movlenas. 
   denis Zalis amplituda (5.43) formulaSi maqsimaluri iqneba, Tu misi 

mniSvneli, anu Z impedansi gaxdeba minimaluri. amisaTvis unda vipovoT ω_s 
Sesabamisi mniSvneloba. fesqveSa gamosaxuleba gavawarmooT  ω_Ti da gavutoloT 
nuls. miviRebT, rom 

                             
sixSiris am mniSnelobas eTanadeba minimaluri sruli winaRoba da denis 
amplitudis maqsimaluri mniSvneloba 

                                                        
(5.43) funqciis Sesabamisi savaraudo mrudis (sur. 79)asagebad sakmarisia davuSvaT, 

rom rodesac ω→0 da ω→∞, maSin Io(ω)→0. aqedan gamomdinare am or zRvrul 

mniSvnelobebs Soris unda arsebobdes ω_s iseTi mniSvneloba rodesac denis 
amplituda miaRwevs maqsimalur mniSvnelobas. sixSiris es mniSvneloba zustad 

ωrez_is toli aRmoCndeba. rogorc suraTidan Cans rezonansuli mrudebi 
sxvadasxvaa imisda mixedviT, Tu rogoria omuri winaRoba (R1<R2<R3).      

 
 amasTan mrudis maqsimumi miT ufro mkveTria, rac ufro mcirea omuri winaRoba.  
   rezonansis movlenas farTod iyeneben da iTvaliswineben radioteqnkaSi, 
magaliTad, radiomimRebis muSaobis principi rezonansis movlenazea damyarebuli 
_mimRebi konturis sakuTari sixSire icvleba im momentamde, sanam is ar  gautoldeba 

gadamcemi sadguris sixSires. 
   4. cvladi denis miReba. cvladi denis misaRebad 
gamoyenebulia eleqtromagnituri induqciis movlena. 
konturSi magnituri nakadis cvlilebisas aRiZvreba cvladi 
induqciuri deni. uwyveti cvladi denis misaRebad yvelaze 
xelsayreli aRmoCnda konturis brunva erTgvarovan 
magnitur velSi (sur. 80). ganvixiloT marTkuTxa abcd  CarCo, 
romelic Tanabrad brunavs mudmivi magnitis polusebs 

Soris 001 RerZis garSemo. konturiT SemosazRvruli farTobi aRvniSnoT S_iT. 
vTqvaT, sawyis momentSi konturis sibrtye  Zalwirebis marTobia anu misi 
normali magnituri Zalwirebis paraleluria. maSin, CarCos gamWoli magnituri 

induqciis nakadi iqneba Ao=BS Tu CarCo brunavs ω kuTxuri siCqariT, maSin t 
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drois ganmavlobaSi is Semobrundeba α=ωt kuTxiT da induqciis nakadi gaxdeba 

A=Aocosα=BScosωt. maSasadame, konturis brunvis dros misi gamWoli nakadi 
periodulad icvleba droSi. igive Sedegs miviRebT magnitis (an eleqtromagnitis) 
brunviT uZravi CarCos  SigniT. induqciis nakadis cvlileba ganapirobebs 
konturSi induqciis emZ_is warmoSobas. (5.23) formulis Tanaxmad, konturSi 
aRZruli emZ: 

tsinBS
dt

d
ωω=−=

Aε
 

emZ_is amplituda BSω aRvniSnoT εo_iT, maSin miviRebT  

             ε=εosinωt                                             (5.47) 
am formulaSi ωt  aris emZ_is faza. ω_s ewodeba cvladi denis wriuli sixSire. 

ω=2π/T, sadac T aris periodi. ganaTebis qselSi gamoyenebulia cvladi deni, 
romlis sixSire v=50 hc, xolo periodi T=0,02 wm. Tu 
konturs mimdevrobiT mivuerTebT omur R winaRobas, masSi 
gaivlis imave sixSiris cvladi deni:  

 
81_e suraTze  mocemulia (5.47)_sa da (5.48)_is droze 
damokidebulebebis grafikebi. 

         
 

 

 

Tavi VI 
eleqtromagnituri veli 

$13. maqsvelis Teoria 
      axla ganvixiloT veli, romelic muxtTa sistemis nebismieri moZraobis 
dros warmoiqmneba. gamovikvlioT am velis Tvisebebi da maTi Sesabamisi 
gantolebebi. zogad SemTxvevaSi aRniSnuli velis gantolebebi bevrad ufro 
rTulia da Tavisi fizikuri SinaarsiT bevrad ufro mdidaria, vidre mudmivi 
eleqtruli da magnituri velebis aRmweri gantolebebia. es gantolebebi 
dadgenili iyo maqsvelis mier, romelmac ganazogada mudmivi eleqtruli da 
magnituri velebis gantolebebi. es ganzogadeba or findamentur hipoTezasTan 
aris dakavSirebuli. 
   1. maqsvelis pirveli debuleba. ganvixiloT cvlad magnitur velSi 

moTavsebuli L konturi. faradeis kanonis Tanaxmad (5.23) A aris L konturiT 
SemosazRvruli S zedapiris gamWoli nakadi. magnituri induqciis nakadis 
gansazRvris gaTvaliswinebiT (5.23)_is marjvena mxare gadavweroT Semdegnairad: 

                           
( ) SB d

t
dS

dt
dBdSB

dt
d

dt
d n

n ∫ ∫∫ ∂
∂

−=−=−=−
A

 
Tu gavixsenebT agreTve emZ_is gamosaxulebas gare Zalebis daZabulobiT (5.9), 
maSin faradeis kanoni Caiwereba ase: 

                                                   
)1.6(d

t
d SBlE ∫∫ ∂

∂
= _

gar

 
faradeis kanoni naTlad gviCvenebs induqciis emZ_is warmoqmnis mizezs anu 
gansazRvravs mis sididesa da mimarTulebas, magram arafers ambobs im gare 
Zalebis fizikur bunebaze, romlebic warmoqmnian induqciis emZ_is. 
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   maqsvelma dauSva (pirveli hipoTeza), rom magnituri velis nebismieri 
cvlileba droSi warmoqmnis eleqtrul vels. denis matareblebze am eleqtruli 
velis mxridan moqmedi Zalebi is gare Zalebia, romlebic aRZraven induqciur 
dens. amrigad gare Zalebis daZabuloba faradeis kanonSi (6.1) aris velis 
daZabuloba Egar=E da kanoni Semdeg saxes miiRebs: 

                                                 
)2.6(d

t
d SBlE ∫∫ ∂

∂
= _

 
es gantoleba gamoxatavs maqsvelis pirvel hipoTezas da aris maqsvelis Teoriis 
pirveli fundamenturi gantoleba integraluri saxiT. gantolebis marcxena 
nawilSi dgas eleqtruli velis daZabulobis cirkulacia konturze. ase rom 
maqsvelis Teoriis pirveli gantoleba warmoadgens eleqtruli velis 
daZabulobis cirkulaciis Sesaxeb Teoremis ganzogadebas. eleqtrostatikur 
velSi, romelsac qmnian uZravi muxtebi, aseTi cirkulacia yovelTvis nulis 
tolia (1.30), es ki niSnavs, rom muxtis gadatanisas Sesrulebuli muSaoba ar aris 
damokidebuli gzis formaze da amiT SesaZlebeli xdeba SemovitanoT cneba 
potencialis Sesaxeb. axla ki vxedavT, rom sazogadod, rodesac sivrceSi 

aRZrulia cvladi magnituri veli (∂B/∂t≠0), eleqtruli velis daZabulobis 
cirkulacia gansxvavebulia nulisagan_nebismieri eleqtruli veli 
arapotenciuria anu magnituri velis msgavsad grigaluria. 
   2. maqsvelis meore debuleba. mudmivi magnituri velis ganxilvisas davadgineT 
erT_erTi ZiriTadi gantoleba, kerZod Teorema daZabulobis veqtoris 
cirkulaciis Sesaxeb (4.9). aqve aRvniSnoT, rom am gantolebis marjvena mxares 
mdgomi sidide aris L konturiT SemosazRvruli nebismier S zedapirze gamavali 
denebis algebruli jami. mudmivi denis SemTxvevaSi am denis damoukidebloba 
zedapiris formisagan denis wirebis uwyvetobiTaa ganpirobebuli (sur. 82, a. or 
nebismier S1 da S2  nebismier zedapirs erTi da igive jamuri deni ganWolavs). 
sxvagvarad iqneba saqme cvladi denis SemTxvevaSi, romelsac SeuZlia arseboba 
gawyvetil wredSic, kerZod wredSi, romelSic CarTulia kondensatori. radgan 
denis wirebi wyvetas ganicdian kondensatoris Semonafenebze (kondensatorSi deni 
ar gadis), amitom raRac L konturisaTvis (sur. 82, b)                    

 S1 zedapirTan erTad, romelsac ganWolavs deni, 
arsebobs S2  zedapiric, romelzec deni nulis tolia. 
amrigad cvladi denebisTvis da maT mier warmoqmnil 
cvladi velebisTvis Teorema magnituri velis 
daZabulobis cirkulaciis Sesaxeb (4.9) ukve aRar  
iqneba marTebuli. aRniSnuli Teoremis 
SesanarCuneblad  cvladi velebis zogadi 
SemTvevebisTvis maqsvelma dauSva, rom gansaxilveli 
cvladi denis wredi sivrceSi unda qmnides iseTive 

magnitur vels, rogorc uwyveti denis SemTxvevaSi, anu denis wirebi ar unda 
ganicdiden wyvetas kondensatoris Semonafenebze, aramed uwyvetad unda gadiodnen 
Semonafenebs Soris sivrceSi (sur. 83). sinamdvileSi kondensatoris SigniT deni 
ar aris, samagierod iq arsebobs cvladi eleqtruli veli imis gamo, rom cvladi 
denis SemTxvevaSi muxtis sidide Semonafenebze icvleba drois mixedviT. amrigad 
maqsvelis mier gamoTqmuli mosazreba SeiZleba Camoyalibdes Semdegnairad: 
cvladi eleqtruli veli, gamtarebSi gamavali denis tolfasad qmnis magnitur 
vels. aseTia maqsvelis meore debulebis Tvisobrivi Sinaarsi. maqsvelis meore 
debulebis maTematikurad gamosaxvisaTvis, formalurad cvlad eleqtrul vels 
SevusabamoT iseTi deni, romelic warmoqmnis iseTive magnitur vels, rogorsac 
ganxiluli cvladi eleqtruli veli am “dens” wanacvlebis deni ewodeba im 
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denisgan gansxvavebiT, romelic arsebobs gamtarebSi muxtebis moZraobiT da 
romelsac SemdegSi vuwodebT gamtarobis dens. wanacvlebis denis SemoReba 
mizanSewonilia im mxriv, rom magnituri velis ori sxvadasxva wyaro _ 
gamtarobis deni da cvladi eleqtruli deni  (marTalia formalurad) erT 
wyaroze daiyvaneba, kerZod srul denze. sruli denis simkvrive j sivrcis 
TiToeul wertilSi warmoadgens gamtarobis denis simkvrivisa da wanacvlebis 
deni simkvrivis jams:              
                             j = jgam+ jwan                       (6.3) 
(4.9) gamosaxulebaSi gamtarobis denis simkvrivis magivrad SevitanoT sruli denis 
simkvrive, amiT gaviTvaliswinebT im wvlils magnitur velSi, romelic Seaqvs 
cvlad eleqtrul vels: 

                                                 
axla davamyaroT kavSiri wanacvlebis densa da Sesabamis cvlad eleqtrul vels 
Soris. es kavSiri, romelic gamomdinareobs maqsvelis debulebidan sruli denis 
uwyvetobis Sesaxeb, advilad dgindeba kondensatoriani wredis magaliTze. 
gamtarebis SigniT mxolod gamtarobis denia (wanacvlebis deni SeiZleba     

ugulebelvyoT, gamtarebis SigniT eleqtruli velis sisustis  gamo), 
xolo          
  Semonafenebs Soris mxolod   wanacvlebis deni. sruli denis 
  uwyvetobis pirobis  Tanaxmad kondensatoris firfitebis SigniT 
  gamtarobis deni uwyvetad gadadis wanacvlebis denSi (sur. 83, 
  sadac uwyveti wirebi aRniSnaven gamtarobis denis wirebs, xolo 
  wyvetili _ wanacvlebis denis  wirebs): jwan = jgam. gamtarobis denis 
   simkvrive gamovsaxoT kondensatorSi eleqtruli velis D    
  wanacvlebis   veqtoriT. davuSvaT, rom S aris kondensatoris   
  Semonafenis farTobi, maSin  σ=q/S   iqneba muxtis  zedapiruli   
  simkvrive. amrigad: 

 
Tavis mxriv σ=D. marTlac, erTgvarovani dieleqtrikiT Sevsebuli kondensatoris 

eleqtruli velis daZabuloba E=σ/εoε, e.i. (2.19)_is Tanaxmad D=εoεE=σ. amrigad 
jwan=dσ/dt=dD/dt. advilad vrwmundebiT, rom marTebulia veqtoruli saxec: 

 
   amrigad cvladi eleqtruli veli sivrcis mocemul wertilSi aRZravs iseTive 
magnitur vels, rogorsac aRZravda deni, romlis simkvrive am wertilSi udris 
wanacvlebis veqtoris cvlilebis siswrafes am wertilSi. (6.5)_is Casma (6.4)_Si 
mogvcems: 

                                          
miviReT ganzogadebuli Teorema magnituri velis daZabulobis veqtoris 
cirkulaciis Sesaxeb, romelic marTebulia droSi cvladi nebismieri denebisa da 
velebis zogad SemTxvevaSi. igi warmoadgens maqsvelis Teoriis meore 
fundamentur gantolebas integraluri saxiT. 
   3. eleqtromagnituri velis gantolebaTa sistema (maqsvelis gantolebebi). oTxi 
gantolebisagan Semdgar sistemas _ (6.2) da (6.6) Teoremebi cirkulaciis Sesaxeb 
da ori gantoleba (2.16) da (3.13) Teoremebi nakadis Sesaxeb _ maqsvelis 
gantolebebi ewodeba. am  gantolebebis Sevseba (2.19) da (4.13) TanafardobebiT da 
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(5.22) omis kanoniT mogvcems maqsvelis gantolebaTa srul sistemas, romelic 
aRwers klasikur (ara kvantur) eleqtromagnitur movlenas: 

 
          rogorc yovel axali Teoria, romelic ganazogadebs Zvel Teorias, 
maqsvelis Teoriac unda akmayofilebdes Sesabamisobis princips, e.i. Zveli Teoria 
masSi unda Sediodes rogorc kerZo SemTxveva. advilad vrwmundebiT, rom 
statikuri velebisTvis, rodesac am velebis damaxasiaTebeli sidideebi ar arian 

damokidebuli droze, ∂E/∂t=∂D/∂t=∂B/∂t=∂H/∂t=0,  maqsvelis gantolebebi gadadian 
Cveulebriv eleqtrostatikur da mudmivi magnituri velebis  gantolebebSi. 
   radgan maqsvelis mier Sesrulebuli ganzogadebebi or debulebas eyrdnoba, 
romlebsac hiipoteTuri xasiaTi aqvT, amitom winaswar ar iyo cnobili maTi 
marTebuleba. axali Teoriis WeSmariteba damtkicebuli unda yofiliyo cdiseuli 
faqtebiT. maqsvelma aCvena, rom misi gantolebebis pirdapir Sedegs warmoadgens 
talRuri gantoleba E da H  veqtorebisaTvis, saidanac gamomdinareobs bunebaSi 
eleqtromagnituri talRebis garduvali arseboba. marTlac sul male es daskvna 
brwyinvaled iqna damtkicebuli eqsperimentulad h. hercis mier 1888 wels, 
romelmac laboratoriul pirobebSi ganaxorciela talRebis gamosxiveba da 
miReba. dRemde yoveli eleqtromagnituri movlena arawinaaRmdegobrivad aiwereba 
maqsvelis Teoriis farglebSi, garda eleqtromagnituri movlenebisa 
mikrosamyaroSi. 
   dabolos xazi unda gaesvas im garemoebas, rom maqsvelis gantolebebma 
gamoaSkaraves uwyveti kavSiri eleqtrul da magnitur velebs Soris, romlebic 
erTmaneTs warmoqmnian da am mxriv ar arian erTmaneTisagan damoukidebelni. 
amrigad bunebaSi arsebobs erTiani eleqtromagnituri veli. garda amisa maqsvelis 
gantolebebi invariantuli aRmoCndnen lorencis gardaqmnebis mimarT. 
 
                      $ 14. eleqtromagnituri talRebi 

brtyeli eleqtromagnituri talRa. ganvixiloT eleqtromagnituri talRis 
erT_erTi kerZo SemTxveva_brtyeli eleqtromagnituri talRa. 

   vaCvenoT, rom erTgvarovan dieleqtrikul garemoSi (ε=const, μ=const), muxtebisa 
da denebis gareSe (ρ=0, j=0) maqsvelis gantolebebidan gamomdinareobs talRuri 
gantoleba E da H veqtorebisaTvis. am gantolebebis misaRebad maqsvelis 
gantolebebi Cawerili integraluri saxiT (6.7) unda gadavweroT diferencialuri 
saxiT. gamoviyenoT gaus_ostrogradskisa da stoqsis Teoremebi: nebismieri A 
veqtorisTvis 

                  
)9.6(drotd

)8.6(dVdivd

∫ ∫
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=

=
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(6.8)_s fizikuri Sinaarsi mdgomareobs SemdegSi: A veqtoris divergencia 

ricxobrivad udris A veqtoris nakadis ΔV moculobasTan Sefardebis zRvars, 

rodesac  ΔV→0 

                                                        V
limdiv

0V Δ
= ∫

→Δ

AdS
A
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xolo (6.9)_is fizikuri Sinaarsi ki mdgomareobs SemdegSi: A veqtoris rotori 

Sekrul konturze ricxobrivad udris A veqtoris cirkulaciis ΔS farTobTan 

Sefardebis zRvars, rodesac  ΔS→0 

                                                          S
limotr

0S Δ
= ∫

→Δ

Adl
A

 
A veqtoris divergencia da rotori CavweroT nabla (∇) operatoris daxmarebiT: 

       (6.10)div AA ∇=

                                                   [ ] )11.6(otr AA ∇=
(6.11) dekartes koordinatebSi gamoisaxeba ase: 
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(6.9)-is daxmarebiT (6.7) sistemis pirveli ori gantoleba miiRebs aseT saxes: 

SDSHSBSE d
dt

drotd
dt

drot ∫∫∫∫
∂

=
∂

−=
 

aqedan (6.11)_is gaTvaliswinebiT miviRebT: 

   
(6.8)_is daxmarebiT (6.7)_is mesame da meoTxe gantolebebisTvis miviRebT: 

                        divD=0,         ∇D=0                                                (6.14) 
                        divB=0,         ∇B=0                                                 (6.15) 
amrigad miviReT maqsvelis gantolebaTa sistema diferencialuri saxiT, 
warmodgenili (6.12), (6.13), (6.14), (6.15)  gantolebebiT da (6.7)_is  mexuTe, meeqvse da 

meSvide kavSirebiT.  (6.12) gantolebis orive mxare veqtorulad gavamravloT ∇ 
nabla operatorze:  
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ormagi veqtoruli namravlis wesis gaTvaliswinebiT da rom ∇ operatoris 
mdgenelebi droze damoukidebeli cvladebia, miviRebT: 
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am gantolebis marcxniv pirveli Sesakrebi (6.14)_is Tanaxmad nulis tolia, xolo 

meore SesakrebSi ∇.∇=Δ  warmoadgens laplasis operators 
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garda amisa bolo gantolebaSi (6.7)_is mexuTe,  meeqvse da (6.13)_is gaTvaliswineba 
mogvcems: 
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amrigad: 
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miviReT eleqtromagnituri talRis gantoleba vakuumSi E veqtorisaTvis. 
analogiuri gantolebebi SegviZlia miviRoT imave gamosaxulebebiT D, B da H 
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veqtorebisTvisac. talRebis gavrcelebis gantolebidan cnobilia, rom raime 
fizikuri sididis droiT meore rigis warmoebulis win koeficienti warmoadgens 
am sididis gavrcelebis siCqaris kvadratis Sebrunebul sidides. aqedan 
gamomdinare (6.16)_Si: 

                                                     
rac warmoadgens eleqtromagnituri talRis gavrcelebis siCqares dieleqtrikul 

da magnitur garemoSi. vakuumSi ε=1, μ=1 da (6.17)_dan miviRebT eleqtromagnituri 
talRis anu sinaTlis gavrcelebis siCqares 

)18.6(1

oo

c
με
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(6.18)_Si CavsvaT εo_sa da μo_s mniSvnelobebi εo=1/4π⋅9.109, μo= 4π⋅10_7. miviRebT c=3. 

108 m/wm. (6.17) da (6.18) formulebidan gamomdinareobs, rom eleqtromagnituri 

talRis gavrcelebis siCqare vakuumSi c/v_jer metia vidre garemoSi: 

                                                     
am sidides ewodeba garemos gardatexis absoluturi maCvenebeli. 
   E da H veqtorebis perpendikularoba talRis gavrcelebis mimarTulebasTan 
miuTiTebs talRis ganivobaze. es aris eleqtromagnituri talRebis zogadi 
Tviseba. velis damoukidebloba y  da z koordinatebisagan niSnavs imas, rom x 
RerZis perpendikularul nebismier sibrtyeSi veli erTnairia mis yovel 
wertilSi, e.i. es sibrtyeebi talRur zedapirebs warmoadgenen, ase rom 
gansaxilveli talRa brtyeli talRaa.  
   monoqromatuli talRis SemTxvevaSi, rodesac talRa x RerZis gaswvriv 
vrceldeba (6.16) gantolebis amonaxsns orive E da H velebisTvis Semdegi saxe aqvs 

                       E=Eosin(ωt-kx),        H=Hosin(ωt-kx)                     (6.20) 
am veqtorebs erTi da igive sixSire, talRuri ricxvi da faza aqvT: 

                                               ω=2π/T,    vT=λ,  k=2π/λ 
Eo da Ho   amplitudebi erTimeoresTan Semdegi TanafardobiT arian dakavSirebuli: 

        )21.6(HE oooo μμ=εε  
am talRis meyseuli “profili”, anu E da H veqtorebis ganawileba x RerZis 
gaswvriv drois mocemul momentSi 84_e suraTzea gamosaxuli. velebis y da z  
koordinatebisagan damoukideblobis gamo aseTive suraTi gveqneba x  RerZis 
mimarT paraleluri nebismieri wrfis mimarT. talRis aseTi “profili”  RerZis 
gaswvriv vrceldeba (6.17) siCqariT. 

                                      ^  
ganxiluli eleqtromagnituri talRa warmoadgens eleqtromagnituri talRis 
kerZo SemTxvevas. zogadad talRis saxe uSualod aris damokidebuli muxtebis 
moZraobis xasiaTze gamomsxivebel sistemaSi. SeiZleba dadgindes, rom 
eleqtromagnituri gamosxiveba sruldeba mxolod aCqarebulad moZravi muxtebis 
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meSveobiT an rac igivea mxolod cvladi denebiT. gamosxivebis intensivoba 
damokidebulia ara marto muxtebis aCqarebaze, aramed sistemis konfiguraciazec. 
ase, magaliTad adre ganxiluli Caketili rxeviTi konturi asxivebs Zalian 
sustad, radgan rxeviTi procesis dros eleqtruli da magnituri velebi 
praqtikulad kondensatorSi da koWaSia Tavmoyrili. sagrZnoblad kargad 
asxivebs “Ria” rxeviTi konturi, magaliTad hercis vibratoris an elementaruli 
dipolis msgavsad. 
   miuxedavad imisa, rom talRis sigrZeTaA sxvadasxva diapazonSi gamosxiveba 
gansxvavdeba mxolod raodenobrivad (talRis sigrZiT), misi nivTierebasTan 
urTierTqmedebis xasiaTi arsebiTad aris damokidebuli talRis sigrZeze. 
magaliTad, sinaTlis talRebisTvis gaumWvirvale dieleqtrikebi “gamWvirvale” 
xdebian radiotalRebisaTvis.A 
   2. eleqtromagnituri talRis energia. rogorc cnobilia eleqtromagnitur 
talRas gaaCnia energia, romlis simkvrive (2.14) da (5.13) formulebiT 
ganisazRvreba. radgan eleqtromagnitur talRaSi adgili aqvs rogorc eleqtrul 
ise magnituri velebis rxevebs, amitom sivrcis yovel wertilSi, romelsac 
gaivlis talRa, energiis simkvrive iqneba: 
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monoqromatuli talRisaTvis  E da H veqtorebi  (6.14) formuliT arian 
dakavSirebuli. misi daxmarebiT energiis simkvrive SeiZleba CavweroT 
Semdegnairad: 
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   radgan talRuri procesis dros sivrceSi vrceldeba cvladi eleqtruli da 
magnituri velebi, amitom adgili aqvs energiis gadatanasac. energiis gadatanis 
dasaxasiaTeblad SemoRebulia energiis nakadis simkvrivis veqtori e.w. pointingis 
veqtori.  
   sivrceSi gamovyoT talRis gacrcelebis mimarTulebisadmi marTobi dS 
elementaruli farTobi. dt drois ganmavlobaSi am farTobs gaivlis veli, 
romelic moqceulia dV=vdSdt  moculobis (sur. 85) paralelopipedSi da gadaaqvs 
dW=wdV=wvdSdt  energia. amrigad erTeulovan farTobze da drois erTeulSi 
gadatanili energiisaTvis miviRebT: 

                                                              
 (6.10) da (6.22) formulebis gaTvaliswinebiT miviRebT: 
                                 S=[EH]                         (6.23)  
S veqtors pointingis veqtori ewodeba. advilad SesamCnevia, rom E da H 
veqtorebis urTierTperpendikularobis gamo S=EH, xolo misi mimarTuleba 
emTxveva talRis gavrcelebis mimarTulebas (sur. 86). eleqtromagnitur talRaSi 
E da H veqtorebis droSi cvlilebis gamo icvleba agreTve energiis nakadis 
simkvrivec. monoqromatuli talRisaTvis   (6.13) da (6.23)_is gaTvaliswinebiT   
                                             miviRebT: 

         S=EH=EoHosin2(ωt-kx) 
maRali sixSiris talRebisaTvis, 
romlebsac radiofizikaSi da optikaSi 
ganixilaven, praqtikulad sainteresoa 
energiis nakadis simkvrivis droiT 
gasaSualebuli mniSvneloba  I=<S>,  
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romelsac intensivoba ewodeba. sinusis kvadratis saSualo 1/2_is tolia. amrigad: 
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miviReT, rom intensivoba amplitudis kvadratis pirdapirproporciulia: 
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