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

 winamdebare saxelmZRvaneloSi mocemulia wlebis gan-
mavlobaSi avtorebis mier stu-Si wakiTxuli zogadi fizikis 
kursis leqciebis mokle Canaweri. saxelmZRvanelo metwilad 
gankuTvnilia umaRlesi profesiuli swavlebis studentebis-
Tvis – masSi masala gadmocemulia sakmarisad mokled, Tum-
ca, imavdroulad, mkiTxvelisTvis misaRebi da mosaxerxebeli 
saxiT. moyvanilia ZiriTadi, saprogramo fizikuri sididee-
bis ganmartebebi, formulirebulia fizikis fundamenturi 
kanonebi, aRniSnuli kanonebis da maTi damaxasiaTebeli fi-
zikuri sidideebis aRmweri maTematikuri formulebi. saWiro-
ebis SemTxvevaSi moicema movlenis grafikuli aRwerac. masa-
la gadmocemulia teqnikuri umaRlesi saswavleblebisTvis 
rekomendebuli zogadi fizikis kursis programis mixedviT. 
 saxelmZRvanelo moicavs fizikis srul programas – yve-
la ZiriTad, programiT gaTvaliswinebul sakiTxs. gamodgeba 
rogorc or, aseve erTsemestriani swavlebisas yvela specia-
lobis studentebisTvis. erTsemestriani swavlebisas kursis 
wamyvan maswavlebels SeuZlia amoiRos programidan misi 
azriT mocemuli specialobisTvis naklebad mniSvnelovani 
sakiTxebi da meti dro dauTmos savaldebulo da aucile-
bel, specialobisTvis saWiro sakiTxebs. 
 avtorebi madlierebiT miiReben yvela SeniSvnasa Tu 
sasargeblo mosazrebas da aucileblad gaiTvaliswineben 
momdevno gamocemebSi. 
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m e q a n i k a 
 

1. meqanikis ZiriTadi amocana. gadataniTi 
moZraoba. siCqare da aCqareba 

 meqanikis ZiriTadi amocanaa sivrceSi sxeulis adgil-
mdebareobis gansazRvra drois nebismier momentSi. 
sivrceSi nebismieri sxeulis mdgomareoba aRiwereba 

radius-veqtoriT 
→
r  (suraTi 1), romelic gavlebulia dakvir-

vebis wertilidan sxeulis adgilmdebareobamde. yvela sxeu-
li mdebareobs da moZraobs 3-ganzomilebian sivrceSi – XYZ 
marTkuTxa koordinatTa sistemaSi sadac x, y, z radius-veqto-
ris sami mdgenelia koordinatTa RerZebze (suraTi 2). 

 gadataniTi ewodeba iseT moZraobas, rodesac sxeulis 
yvela wertili erTnair gadaadgilebas asrulebs (su-
raTi 3). 
                   A                 Z              A 
 
                    z              
r                                  0       x                    X 
                                 y 

       0                               Y 
sur. 1               sur. 2                    sur. 3 
sxeulis moZraobis traeqtoriis sawyis da nebismier 

momdevno wertilebSi gavlebul radius-veqtorebs Soris 

sxvaobas sxeulis gadaadgilebas uwodeben 12
→→→

−=Δ rrr , xolo 

Sesabamisi drois Sualedi iqneba 12 ttt −=Δ . Tu moZraobis pi-

robebSi sxeulis zoma sayuradRebo ar aris, SemoaqvT niv-
Tieri wertilis cneba – sxeulis, romlis zomebi ugulebel-
yofilia moZraobis mocemul pirobebSi. 

sxeulis moZraoba xasiaTdeba siCqariT – gadaadgile-
bis fardobiT drois Sesabamis SualedTan 

                                                        
t
r

Δ
Δ

=

→
→
υ ;                                                    (1) 

 Tu drois Sualedi miiswrafvis nulisken ( )0→Δt , Semo-
aqvT myisi siCqaris cneba, romelic gadaadgilebis drois 
warmoebulis tolia: 
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dt
dr

t
r

t

→→

→Δ

→
=

Δ
Δ

=
0

limυ .                                              (2) 

 siCqaresac sami mdgeneli eqneba koordinatTa RerZebze 

                
dt
dzk

dt
dyj

dt
dxi

dt
drkji zyx

→→→
→

→→→→
++==++= υυυυ .              (3) 

aq 
→→→
kji ,,  erTeulovani veqtorebia, mimarTuli ZYX 0,0,0  

RerZebis gaswvriv. 
 Tavis mxriv, sxeulis siCqare icvleba rogorc sididiT, 
ise mimarTulebiT. es cvlileba xasiaTdeba sxeulis aCqa-
rebiT. 

 sxeulis aCqareba ganisazRvreba misi siCqaris cvlile-
bis fardobiT Sesabamis drois SualedTan 

                                                       
t

a
Δ
Δ

=

→
→ υ

.                                                    (4) 

 Tu drois Sualedi miiswrafvis nulisken ( )0→Δt , Semo-
aqvT myisi aCqarebis cneba, romelic siCqaris drois war-
moebulis tolia: 

                                            
dt
d

t
a

t

→→

→Δ

→
=

Δ
Δ

=
υυ

0
lim .                                            (5) 

 ueWvelia, rom aCqarebasac sami mdgeneli aqvs koor-
dinatTa RerZebze 

             
dt

dk
dt

d
j

dt
di

dt
dakajaia zyx

zyx
υυυυ →→→

→
→→→→

++==++= .        (6) 

aCqareba aseve ganisazRvreba radius-veqtoris (koordi-
natis) drois meore warmoebuliT 

                 2

2

2

2

2

2

2

2

dt
zdk

dt
ydj

dt
xdi

dt
rd

dt
dr

dt
d

dt
da

→→→
→→→

→
++==

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
==

υ
.            (7) 

 erTeulTa saerTaSoriso SI  sistemaSi gavlili manZili 
izomeba metrobiT, dro – wamobiT, siCqare – metriT wamSi 
(m/wm), xolo aCqareba – metriT wamis kvadratTan (m/wm2). 
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2. brunviTi moZraoba. siCqare, aCqareba, 
periodi da sixSire 

 nivTieri wertilis mrudwiruli moZraobisas ganixile-
ba misi moZraoba wrewirze, radgan mrudi SeiZleba yovelT-
vis dayofil iqnes calkeul, erTmaneTisgan mxolod radiu-
siT gansxvavebul rkalebad, moZraobis kanonebi ki yvelgan 
erTnairia. aseTi brunvisas siCqare icvleba sididiTac da 
mimarTulebiTac, amasTan myisi siCqare kvlav ganisazRvreba 
gadaadgilebis (rkalis) drois warmoebuliT (wiriTi siCqa-

re) dt
dl=υ . ganvixiloT nivTieri wertilis moZraoba АВ 

rkalis gaswvriv – А wertilSi siCqare 1υ -ia, В wertilSi – 2υ  
(suraTi 4). maSin siCqaris usasrulod mcire cvlileba 

→→→
−= 12 υυυd . 

→
υd  mimarTulia wrewiris centrisken. aCqareba 

                                                        
dt
da υ

= .                                                     (8) 

 aCqarebas ori mdgeneli aqvs – mxebiTi (tangenciuri), 

romelic cvlis siCqaris moduls ( )τa  da centriskenuli – 

centrisken mimarTuli (normaluri) ( )na , romelic siCqares 

mimarTulebas ucvlis. mxebiTi aCqareba ganisazRvreba (8) 
formuliT, centriskenuli aCqarebis gamosaxuleba ganisaz-
Rvreba suraTidan. samkuTxedebis msgavsebidan, romlebic 

Sedgenilia siCqareebiT υυυυ d,21 == , aseve radiusebiT R  
da qordiT dl , gamomdinareobs 

R
dld

=
υ
υ

, 
R
dld υυ = . 

 υd  gamosaxuleba CavsvaT aCqarebis formulaSi: 

                                   
Rdt

dl
Rdt

dl
dt
dan

2υυυυ
⇒=⇒== .                              (9) 

 maSasadame, sruli aCqareba 

                                                    τ
→→→

+= aaa n ,                                             (10) 
xolo misi moduli piTagoras TeoremiT gamoisaxeba: 

                                                    22
τaaa n += .                                            (11) 

 mrudwiruli moZraobisas meqanikis ZiriTadi amocana 
ori xerxiT amoixsneba – gavlili manZilis (rkalis sigrZis) 
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da wrewiris radiusis Semobrunebis kuTxis gazomviT. mcire 

kuTxeebis wesis ( )0, →ϕddt  gamoyenebiT 

R
dlddtgd =≈≈ ϕϕϕ sin . 

 droSi radiusis Semobrunebis kuTxis cvlileba – kuT-
xuri siCqare ω  ganisazRvreba kuTxis drois warmoebuliT 

                                                         
dt
dϕω = .                                                 (12) 

aq ϕd  gamosaxulebis CasmiT miviRebT kuTxursa da wiriT 

siCqareebs Soris damokidebulebas: 

υωϕϕω =⇒=⇒=⇒=
dt
dl

Rdt
dl

R
dld

dt
d

 и 
R
υω = , Rωυ = . 

 droSi kuTxuri siCqaris cvlilebis gamo, SemoaqvT 
kuTxuri aCqarebis cneba 

                                                        
dt
dωε = .                                                   (13) 

 brunviTi moZraoba wrewirze xasiaTdeba brunvis 
periodiT T  (wami (wm)) da sixSiriT ν  (herci = 1/wm), isini 
urTierTSebrunebuli sidideebia  

ν
1=T . 

 periodi aris erTi sruli brunvis dro. 
 sixSire aris brunTa ricxvi drois erTeulSi (wamSi). 

periodi da sixSire davakavSiroT siCqareebsa da aCqa-
rebebTan: 

saSualo wiriTi siCqare  R
T

R
T
l πνπυ 22

=== , 

saSualo kuTxuri siCqare  πνπϕω 22
===

TT
, 

mxebiTi aCqareba  

22
2

2
2

2
44 νππυωωυ R

T
RR

R
an ===== , 

saSualo kuTxuri aCqareba 

2
2 22 πνπωε ===

TT
. 

sur. 4 

 

 

0 

dφ 

dℓ

υ1 

υ2 

A 

B R 

dυ 

αn ατ 

α 
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3. niutonis kanonebi 
 didma ingliselma fizikosma isaak niutonma aRmoaCina 
sami kanoni, romlebic sxeulTa moZraobis saxeebsa da mize-
zebs aRwers da SemoiRo Zalis cneba. Zala sxeulTa urTi-
erTqmedebis damaxasiaTebeli sididea: 
1. sxeuli inarCunebs uZrav mdgomareobas an wrfiv da Tana-

bar moZraobas, Tu masze ar moqmedebs sxva sxeulebi, an 
maTi moqmedeba kompensirebulia (gawonasworebulia). 

2. sxeulis aCqareba masze moqmedi Zalis proporciuli da 
misi Tanxvdenilia 

                                                        
→→

= amF .                                                 (14) 
aq m  sxeulis masaa, sxeulis inertulobis maxasiaTebeli 
sididea, −F  sxeulze moqmedi Zala. masis erTeulia kilo-
grami (kg), Zalis – niutoni (n). aCqarebis (5) gamosaxulebiT 
Secvlisas viRebT niutonis meore kanonis axal formulas: 

dt
dmF
→

→
=

υ
,     

→→→→
=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
== pdmdmddtF υυ , 

→→
= υmp  sxeulis impulsia, masis namravli siCqareze (kgm/wm).  

moyvanilia niutonis meore kanonis sxva ganmartebac: 
 sxeulze moqmedi Zala sxeulis impulsis drois warmo-

ebulia 

                                                       
dt

pdF
→

→
= .                                                  (15) 

 niutonis mesame kanoni aRwers sxeulTa Soris urTier-
Tqmedebas: 
3. sxeulebi urTierTqmedebs sididiT toli da mimarTule-

biT sawinaaRmdego ZalebiT anu yoveli qmedeba iwvevs 
ukuqmedebas:  

                                                    
→→

−= kiik FF .                                                 (16) 
 qmedebisa da ukuqmedebis Zalebi yovelTvis wyvil-wyvi-

lad Cndeba, modebulia sxvadasxva sxeulebze da ami-
tom erTmaneTs ar akompensirebs. 

 
 
 



 9

4. drekadobis Zala. hukis kanoni 
 gare zemoqmedebis Sedegad sxeulis zomisa da formis 

Secvlas deformacia ewodeba. 
cnobilia ori saxis deformacia – drekadi, rodesac 

sxeuli aRidgens pirvandel zomebs da formas gare zemoqme-
debis Sewyvetisas da plastikuri (adgili aqvs narCen de-
formacias – zomisa da formis aRdgena ar xdeba).  

deformirebul sxeulSi Cndeba drekadobis Zala, rome-
lic ganisazRvreba hukis kanoniT (mcire wiriT deformacia-

ze ( )lx << ):                                    
→→

−= xkF ,                     
(17) 
x  sxeulis absoluturi wagrZelebaa, sawyis da saboloo 
sigrZeebs Soris sxvaoba (gaWimva-SekumSvis deformaciisas), 

−k  drekadobis koeficienti (sixiste). minusi drekadobis Za-
lisa da wagrZelebis ukumimarTulebaze miuTiTebs (suraTi 
5). hukis kanoni sxva sidideebiTc gamoisaxeba: 
                                                          εσ E= ,                                                 (18) 
sadac S

F=σ  meqanikuri Zabvaa, drekadobis Zalis fardoba 

deformirebuli sxeulis ganivkveTis farTobTan, −= l
xε  

fardobiTi wagrZeleba, absoluturi wagrZelebis fardoba 
sxeulis sawyis sigrZesTan, −E  iungis moduli, deformire-
buli sxeulis nivTierebis drekadi Tvisebebis maxasiaTe-
beli. “sufTa eqsperimentis” principis Tanaxmad, davamtkicoT 
(17) da (18) identuroba: (18)-Si CavsvaT σ  da ε  mniSvnelobebi: 

l
xE

S
F
= ,   x

l
ESF = ,   k

l
ES

= ,    

radgan     constlSE =,, ,   maSasadame, kxF = ,  
risi damtkicebac gvindoda. 

 
 
 
 
 
 

 
sur. 5                             sur. 6 

ℓ x x1 

x2 F

r 
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drekadobis Zala deformirebul sxeulSi atomTa So-
ris urTierTqmedebis ZalTa tolqmedia. es Zalebi 
yovelTvis warmoiqmneba atomTa Soris manZilis Secvlisas, 
rac gare zemoqmedebiTaa gamowveuli da ewinaaRmdegeba mas.  

me-6 suraTze naCvenebia drekadobis Zalis damokidebu-
leba atomTa Soris manZilze.  
 

5. msoflio mizidulobis kanoni 
 sxeulebi urTierTmiizideba ZaliT, romelic maTi 

masebis namravlis pirdapirproporciulia da maT 
Soris manZilis kvadratis ukuproporciuli 

                                                      2
21

r
mmGF = .                                           (19) 

111067,6 −⋅=G  gravitaciuli mudmivaa. es kanoni 1667 wels 
aRmoaCina isaak niutonma. cxadia, rom sxeulTa Soris arse-
buli gravitaciuli Zalebi ganekuTneba qmedeba-ukuqmedebis 
ZalTa saxeobas. gravitaciuli mudmivas simciris gamo deda-
miwaze myof sxeulTa Soris es Zala ar SeimCneva. samagierod 
mkafiod Cans dedamiwis mier sxeulTa mizidvisas: 

                                                      2R
mMGF = .                                             (20) 

24106 ⋅≈M kg dedamiwis masaa, 6370≈R  km – dedamiwis radiusi.  
radgan yvela Zala niutonis meore kanons emorCileba 

(aRiwereba) ( )maF = , msoflio mizidulobis Zala (gravitaci-

uli Zala) gamoiTvleba formuliT mgF =  (aseTi saxiT mas 

simZimis Zalas uwodeben da is yovelTvis vertikalurad qve-
moTaa mimarTuli), 8,9≈g  m/wm2 – ósimZimis Zalis aCqareba, is 

praqtikulad mudmivi sididea – icvleba 9,78 ÷ 9,83 sazRv-

rebSi, radgan mudmiv sidideebs Seicavs:   2R
mMGmg = ,                       

                                          2R
MGg = .                                                (21) 

 Tu sxeuli imyofeba dedamiwis zedapiridan h  simaR-

leze, romelic dedamiwis radiusis Tanazomieria ( )Rh < , (20) 

miiRebs saxes:          
( )2hR

mMGF
+

= , 
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Sesabamisad, icvleba (21)-ic, 
( )2hR

MGg
+

=  anu sxeulze moq-

medi dedamiwis mizidulobis Zala, rogorc simZimis Zalis 
aCqareba mcirdeba sxeulis dedamiwidan daSorebisas. 
 

6. sxeulis wona. uwonoba 
 sxeulis wona is Zalaa, romliTac moqmedebs sayrdenze 

an sakidelze. 
sxeulis wona gamowveulia dedamiwis gravitaciuli mi-

zidulobiT. Tu sxeuli dedamiwis mimarT uZravia, misi wona 
ricxobrivad simZimis Zalis tolia da statikuri an WeSma-
riti wona ewodeba, mgP = . Tu sxeuli moZraobs vertika-

lur sibrtyeSi zemoT an qvemoT a  aCqarebiT, misi wona gan-

sxvavdeba WeSmaritisgan da xilvadi wona ewodeba ( )*P . sxe-

ulis moZraoba warmoebs mg  simZimis da N  sayrdenis an sa-

kidlis reaqciis Zalebis erToblivi moqmedebiT anu maTi 
tolqmedi (sxeulisTvis aCqarebis mimniWebeli) tolia:    

→→→
+= Ngmam , qvemoT mimarTuli aCqarebis SemTxvevaSi ver-

tikalur RerZze gadazomil mdgenelebze gadasvliT mivi-
RebT:            Nmgma −= ,     mamgN −= . 

 reaqciis Zala ricxobrivad sxeulis xilvadi wonis to-

lia ( )*PN =  anu ( )agmP −=* . maSasadame, Tu sxeulis aCqa-

reba mimarTulia qvemoT, sxeulis wona klebulobs da is 
mCatdeba.  savaraudod, Tu sxeulis aCqareba mimarTulia 
zemoT, moZraobis gantolebas Semdegi saxe eqneba (mdgene-
lebiT):     Nmgma −=− ,     mamgN += , 

misi xilvadi wona ( )agmP +=*  anu sxeulis wona izrdeba, 

sxeuli mZimdeba da gadatvirTvas ganicdis. 
 Tavisufali vardnisas ki ( g  aCqarebiT vakuumSi an 

haerSi mcire simaRlidan) uwonadi xdeba ( ) 0* =−= ggmP . 

      N                                 N 
 
               α                                  α                                                    g 
 
   mg                              mg                                               mg 
 
    P* < P                         P* > P                                         P* = 0  
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7. xaxunis Zala 
 xaxunis Zala or da met sxeulTa erTmaneTTan (mSrali 
xaxuni) an garemosTan (sveli xaxuni anu siblante) urTierT-
qmedebisas aRiZvreba. sxeulis moZraobisas masze moqmedi 
srialis xaxunis Zala moZraobas aniWebs sapirispiro aCqare-
bas, romelic amcirebs moZraobis siCqares. uZraobis xaxunis 
Zala arTulebs sxeulebis adgilidan daZvras. 

 uZraobis xaxunis Zala aRiZvreba urTierTuZravi sxeu-
lebis Sexebis zedapirebs Soris. 

 srialis xaxunis Zala aRiZvreba urTierTmoZravi sxeu-
lebis Sexebis zedapirebs Soris. 
or mSral, myar sxeulTa zedapirebs Soris arsebuli 

maqsimaluri uZraobis xaxunis Zala emorCileba Semdeg empi-
riul kanonebs: 

 uZraobis xaxunis Zala da Semxebi zedapirebis farTo-
bi erTmaneTisgan (praqtikulad) damoukidebelia. 

 uZraobis xaxunis Zala vertikalurad zemoT mimarTu-
li reaqciis Zalis proporciulia 

NF uZruZr μ≤ , 

sadac uZrF  uZraobis xaxunis Zalaa, −N  sayrdenis reaqciis 

Zala, −uZrμ  uZraobis xaxunis koeficienti. 

srialis xaxunisas NF srsr μ≤ , 

sadac srF  srialis xaxunis Zalaa, −srμ  srialis xaxunis 

koeficienti. rogorc wesi, sruZr μμ > . 

rodesac erTi sxeuli migoravs meoris mimarT 

aRiZvreba gorvis xaxunis Zala NF gorgor μ≤ , amasTan, 

gorvis xaxunis koeficienti sruZrgor μμμ ,<< . 

sveli xaxunis Zala (siblante) aRiZvreba myar sxeulsa 
da siTxes an airs Soris, romelSic is moZraobs an erTma-
neTis mimarT moZrav siTxisa an airis fenebs Soris. mSrali 
xaxunisgan gansxvavebiT, siblante damokidebulia siCqareze: 

 dabal siCqareebze sveli xaxunis Zala (siblante) siC-

qaris proporciulia   υ~blF , 

 maRal siCqareebze – siCqaris kvadratis proporciuli 
2~υblF . 
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8. impulsi. impulsis Senaxvis kanoni 
 niutonis meore kanonis formulaSi aCqarebis gamosaxu-
lebis SecvliT misive gamosaxulebiT (5)-dan miviRebT niuto-
nis meore kanonis sxva formulas: 

dt
dmF
→

→
=

υ
,     

→→→→
=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
== pdmdmddtF υυ , 

→→
= υmp  sxeulis impulsia, misi masis namravli siCqareze 

(kgm/wm), xolo −
→

dtF  Zalis impulsi, Zalis namravli moqmede-
bis droze. 

 sxeulis impulsis cvlileba Zalis impulsis tolia: 

dtFdp
→→

= . 
gadavweroT es gamosaxuleba N  sxeulTa sistemisTvis, 

amasTan es sxeulebi urTierTqmedebs Siga ZalebiT, garemo 
ki maTze – e.w. gare ZalebiT. maSasadame, sistemis sruli im-
pulsis cvlileba Siga da gare ZalTa jamuri impulsis 
tolia: 

∑∑ ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+=
→→→

k
kk

k
k dtFFpd Sigagare ,, , 

∑∑
∑ →→

→

+=
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

k
k

k
k

k
k

FF
dt

pd
Sigagare ,, . 

 axla warmovidginoT, rom sistemis sruli masa ar icv-

leba ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=∑ constm

k
k  da sistemaze gare Zalebi ar moqmedebs 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=∑

→
0,

k
kF gare . aseTi sxeulTa sistema Caketili sistemis 

saxelwodebiTaa cnobili. niutonis mesame kanonis Tanaxmad, 

Siga Zalebis jami nulis tolia ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=∑

→
0,

k
kF Siga  (sistemis 

SigniT es Zalebi erTmaneTs akompensirebs) da gamodis, rom 
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0=
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∑

→

dt

pd
k

k
 

                                                     constp
k

k =∑
→

.                                          (22) 

 sxeulTa Caketili sistemis sruli impulsi mudmivi 
rCeba sxeulTa nebismieri urTierTqmedebisas. 
es aris impulsis Senaxvis kanonia meqanikaSi. 

reaqtiuli moZraoba 
 ganvixiloT sxeulTa iseTi sistema, rodesac masa to-
vebs sistemas (sistemis masa drois ganmavlobaSi mcirdeba), 
magaliTad, raketis moZraoba, romelic moZraobisas afrqvevs 
sawvavis dawviT gaCenil cxel airs. amiT raketis saerTo 
masa mcirdeba da misi siCqare matulobs. Tu drois raime t  
momentSi raketis masa aris m , xolo siCqare υ , drois mcire 
dt  Sualedis Semdeg raketis masa dmm − -is toli gaxdeba, 

siCqare ki – υυ d+ . amasTan, impulsis cvlileba 
( )( ) ( ) υυυυυ mdmudddmmdp −−+++−= , 

gamartivebiT miviRebT: 
udmmddp −= υ , 

sadac u  raketidan airis gamodinebis siCqarea. Tu F  gare 
Zala moqmedebs sistemaze, maSin 

Fdtdp = , udmmdFdt −= υ , 
dt
dmuF

dt
dm +=
υ

, 

sadac R
dt
dmu =  sistemaSi misi masis gadinebaze reagirebis 

Zalaa, maSasadame 
RFma += . 

 es gamosaxuleba reaqtiul moZraobas aRwers. 
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9. muSaoba da simZlavre 
 Tu sxeulze moqmedebs mudmivi Zala da misi moqmedebiT 
sxeuli wrfivad moZraobs, maSin 

 sxeulze moqmedi F  Zalisa da am Zalis moqmedebiT ga-

mowveuli sxeulis mier gavlil l  manZilis namravli 
aris Zalis mier sxeulis gadaadgilebaze Sesrule-
buli W  muSaoba 

                                                      lFW ⋅= .                                                  (23) 
 cxadia, rom, zogadad, sxeulze moqmedi Zala drois 
ganmavlobaSi icvleba, sxeuli ki metwilad mrudwirulad 
moZraobs. amitom upriania sxeulis usasrulod mcire gada-
adgilebis aReba usasrulod mcire drois SualedSi, romel-
Sic Zala ubralod ver aswrebs Secvlas da Sesabamisi mcire 
muSaoba ganisazRvreba formuliT: 
                                                  dlFdW ⋅= ,                                                 (24) 
xolo mTel gzaze Sesrulebuli sruli muSaoba ganisazRv-

reba (24) integrirebiT l  manZilze 

                                           ∫ ⋅=∫=
l

dlFdWW .                                           (25) 

 muSaobis erTeulia jouli (j), ingliseli inJinris 
jeims joulis sapativcemulod, romelmac pirvelma SemoiRo 
muSaobis fizikuri cneba. 

 muSaobis fardobas misi Sesrulebis drosTan simZlav-
re ewodeba. 
saSualo simZlavre ganisazRvreba gamosaxulebiT: 

                                                          
t

WP = .                                                 (26) 

myisi simZlavre ki muSaobis drois warmoebulia: 

                                                          
dt
dPP = .                                                 (27) 

simZlavris erTeulia vati (vt) ingliseli inJinris 
jeims vatis sapativcemulod, romelmac pirvelma SemoiRo 
simZlavris fizikuri cneba. 
 (27)-Si (24)-is CasmiT miviRebT simZlavris meore gamosa-

xulebas:     υυ ⋅⇒=⇒
⋅

= F
dt
dl

dt
dlFP ,  

anu                                               υFP = .                                                 (28) 
 simZlavre gamoisaxeba sxeulze moqmedi Zalisa da mis 

mier SeZenili siCqaris namravliT. 
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muSaoba da energia 
 muSaobisa da energiis cnebebi mWidrodaa dakavSirebu-
li erTmaneTTan: 

 energia aris sxeulis mier muSaobis Sesrulebis unari. 
 muSaoba sxeulis energiis cvlilebis tolia. 

energia izomeba igive erTeuliT, rac muSaoba – jouliT.  
meqanikaSi ganasxvaveben ori saxis energias – kineti-

kurs da potenciurs. kinetikur energias flobs moZravi sxe-
uli, xolo potenciuri energia – sxeulTa (simZimis Zalis 
potenciuri energia) an sxeulis calkeuli nawilebis (nawi-
lakebis) (drekadobis Zalis potenciuri energia) urTierT-
qmedebis energiaa. 

miviRoT gamosaxulebebi aRniSnuli energiebisTvis da 
davamtkicoT meore mtkicebulebis WeSmariteba. 
 

10. kinetikuri energia 
 rogorc cnobilia, F  Zalis elementaruli dW  muSaoba 
sxeulis elementarul dl  manZilze gadaadgilebisas tolia: 

υυυυυυ dm
dt
dld

dt
dlmdl

dt
dm

dt
dm

dt
dpFFdldW ⇒=⇒=⇒==⇒=  

 sruli muSaoba mTel l  gzaze 1υ -dan 2υ -mde siCqaris 

cvlilebisas ganisazRvreba dW -ze aRebuli integraliT, ma-
sis mudmivobis ( constm = ) gaTvaliswinebiT: 

kkk EEEmmmdmdWW Δ=−=−=⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−==∫= ∫ 12

2
1

2
2

2
1

2
2

2222

2

1

υυυυυυ
υ

υ
. 

 maSasadame, damtkicda, rom muSaoba namdvilad kinetiku-
ri energiis cvlilebis tolia. kinetikuri energia gamoisa-
xeba formuliT: 

                                                    2
2υmE =k .                                             (29) 

 kinetikuri energia sxeulis masisa da misi siCqaris 
kvadratis namravlis naxevris tolia.   
 

                                                      kEW Δ=                                                   (30) 
gamosaxulebas kinetikuri energiis Teorema ewodeba. 

 muSaobisa da energiis usasrulod mcire cvlilebisas 
(30)-is nacvlad Semdegi gamosaxuleba gamoiyeneba: 
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                                                    kdEdW = .                                                 (31) 
 kinetikuri energiis fizikuri arsi Semdegia: 

 moZravi sxeulis kinetikuri energia im muSaobis to-
lia, romelic sxeulis uZrav mdgomareobaSi gadasay-
vanad unda Sesruldes. 

konservatiuli da arakonservatiuli Zalebi 
 ganasxvaveben ori saxis Zalas: konservatiulsa da ara-
konservatiuls. 

 Zala konservatiulia, Tu mis mier Sekrul traeqto-
riaze sxeulis gadasaadgileblad Sesrulebuli 
muSaoba nulis tolia anu Tu muSaoba damokidebulia 
mxolod sxeulis sawyis da saboloo mdebareobebze da 
moZraobis traeqtoriisagan damoukidebelia. 

 winaaRmdeg SemTxvevaSi Zala arakonservatiulia. 
gravitaciisa da drekadobis Zalebi konservatiulia, 

xaxunis ki – ara. sxeulTa konservatiuli ZalebiT urTierT-
qmedebisas SemoaqvT urTierTqmedebis energiis– potenciuri 
energiis cneba. 

konservatiuli ZalebisTvis damaxasiaTebelia sistemis 
energiis Senaxva.  

11. sxeulis potenciuri energia, romelzec 
simZimis Zala moqmedebs 

 sxeulis garkveul simaRleze awevisas unda Sesruldes 
muSaoba simZimis Zalis daZlevaze. amasTan, TviT simZimis Za-
la asrulebs uaryofiT muSaobas, radgan sxeulis moZraobis 

sapirispirodaa mimarTuli. sxeulis elementarul dh  simaR-
leze asvlisas Sesabamisi muSaoba 
                                           mgdhFdhdW −=−= .                                      (32) 
 sxeulis asatanad raime 1h  simaRlidan 2h  simaRlemde 

Sesrulebuli sruli muSaoba ganisazRvreba integraliT 

elementaruli dW  muSaobidan  

( ) =−−=−=−=−=∫= ∫∫∫ 12

2

1

2

1

hhmgdhmgmgdhmgdhdWW
h

h

h

hh
 

( ) ( ) ppp EEEmghmgh Δ−=−−=−−= 1212 . 



 18

 maSasadame, muSaoba namdvilad simZimis Zalis potenciu-
ri energiis cvlilebis tolia. amasTan, es energia gamoisa-
xeba formuliT: 
                                                      mghE =p .                                                (33) 

 simZimis Zalis potenciuri energia am Zalis nulovani 
donidan aTvlil simaRleze namravlis tolia. 

                                                     pEW Δ−= .                                                (34) 
 muSaobisa da potenciuri energiis usasrulod mcire 
cvlilebisas (34) gardaiqmneba Semdeg gamosaxulebad: 
                                                   pdEdW −= .                                                (35) 
 

12. drekadad deformirebuli sxeulis 
potenciuri energia 

 drekadi sxeulis gaWimvisas (SekumSvisas) aRZruli dre-
kadobis Zala muSaobas asrulebs sxeulis aradeformirebul 
mdgomareobaSi dasabruneblad. es mdgomareoba deformirebu-
li sxeulis energiis nulovani donea. drekadobis Zalis mu-
Saoba uaryofiTia, radgan mimarTulia sxeulis nawilakebis 
moZraobis sapirispirod. drekadobis Zala cvalebadi sidi-
dea (wanacvlebis (wagrZelebis) funqciaa). gamovsaxoT ele-
mentaruli wanacvlebisas drekadobis Zalis muSaoba 

                                              kxdxFdxdW −=−= ,                                     (36) 
amasTan, sxeulis gaWimvis (SekumSvis) muSaoba constk =  gaTva-
liswinebiT: 

=−=⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−=−=−=∫= ∫∫ 2222

2
1

2
2

2
1

2
2

2

1

2

1

kxkxxxkxdxkkxdxdWW
x

x

x

x
 

ppp EEE Δ=−= 12 . 
 maSasadame, muSaoba namdvilad drekadobis Zalis poten-
ciuri energiis cvlilebis tolia. es energia gamoisaxeba 
formuliT: 

                                                       
2

2kxE =p .                                                (37) 

 drekadobis Zalis potenciuri energia sxeulis sixis-
tisa da misi wagrZelebis kvadratis namravlis naxev-
ris tolia 

                                                      pEW Δ−= .                                            (38) 
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 muSaobisa da potenciuri energiis usasrulod mcire 
cvlilebisas (38) gardaiqmneba Semdeg gamosaxulebad: 
                                                   pdEdW −= .                                                (39) 
 orive potenciuri energiis fizikuri arsi identuria da 
Semdegnairad formulirdeba: 

 sxeulis potenciuri energia im muSaobis tolia, rome-
lic sruldeba mis gadasayvanad energiis nulovan 
doneze.  

 

13. energiis mudmivobis kanoni 
 rodesac sxeulze konservatiuli Zalebi moqmedebs, misi 
sruli energia mudmivia, Tumca adgili aqvs energiis erTi 
saxeobidan meoreSi gadasvlas. rogorc iTqva, kinetikuri 
energiis cvlileba am dros Sesrulebuli muSaobis tolia, 
maSin, rodesac potenciuris cvlileba – minus niSniT aRebu-
li muSaobis tolia: 

kdEdW = ,     pdEdW −= . 
 am gamosaxulebebis gatolebiT miviRebT: 

pk dEdE −= ,     0=+ pk dEdE . 

 N  sxeulidan Sedgenili sistemisTvis gamosaxuleba 
Semdeg saxes miiRebs: 

0=∑+∑ pk dEdE . 

 d,∑  operatorebis gadanacvlebiT da frCxilebidan ga-

taniT miviRebT: 
( ) 0=+∑ pk EEd    an   ( ) constEE =+∑ pk , 

sabolood 
                                                constE =sruli .                                          (40) 

 konservatiuli ZalebiT (gravitaciisa da drekadobis) 
urTierTqmed sxeulTa sistemis sruli meqanikuri ene-
rgia mudmivia – es meqanikuri energiis Senaxvis 
kanonia. 
xaxunis Zalebis arsebobis SemTxvevaSi Sesrulebuli 

muSaobis Sedegad meqanikuri energiis nawili siTburSi gada-

dis QW =xax . sxva arakonservatiuli Zalebis arsebobisas 

arakonW  muSaoba sxva saxis energiebSi gadadis. ase, rom zo-

gad SemTxvevaSi: 
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constWWE =++ arakonxaxsruli  
an 
                                  constWQE =++ arakonsruli .                             (41) 
 sxva sityvebiT, sistemis sruli energia – konservatiul 
ZalTa sruli energia plus siTbo da plus sxva formis 
energiebi – mudmivi rCeba. 

 energia SeiZleba gardaiqmnas erTi saxidan meoreSi, 
magram is arc arafrisgan warmoiqmneba da arc ukva-
lod qreba; sruli energia mudmivi rCeba – es energiis 
Senaxvisa da gardaqmnis zogadi kanonia. 

 

14. myari sxeulis brunviTi moZraoba 
 myari sxeulis Semadgeneli nawilakebi uZravia erTmane-
Tis mimarT. ganvixiloT myari sxeulis brunva uZravi RerZis 
garSemo, mudmivi ω  kuTxuri siCqariT. m  masis nawilaki 
brunvis RerZidan r  manZilze wiriTi siCqariT moZraobs 

rωυ =  da misi kinetikuri energia 

                             ( )
222

22222 ωωυ mrrmmE ===
nawilk .                      (42)     

 myari sxeulis sruli kinetikuri energia misi Semadge-
neli nawilakebis kinetikuri energiebis jamis tolia: 

                                        
2

22∑
∑

⋅
=== i

ii

i
i

rm
EE

ω

kk .                              (43)     

 ∑=
i

iirmI 2  sidides myari sxeulis inerciis momenti 

ewodeba nebismieri damagrebuli RerZis mimarT (misi erTeu-
lia – kgm2). maSin myari sxeulis kinetikuri energia 

                                                         
2

2ωIE =k .                                             (44)     

 brunviT moZraobaSi inerciis momenti igivea, rac masa 
gadataniTSi. brunvisas myari sxeuli ganicdis modebuli 
Zalis momentis moqmedebas 
                                                         FrM = .                                                 (45) 
 sxeulis mcire dl  rkalze mobrunebisas elementaruli 
muSaoba 

FdldW = , 
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adre aRniSnuli iyo, rom mcire kuTxiT mobrunebisas 

ϕrddl = , e. i. 
                                               ϕϕ MdFrddW == .                                      (46) 
 kinetiuri energiis Teoremis Tanaxmad, sxeulze Sesru-
lebuli muSaoba misi kinetikuri energiis namatis tolia: 

                                  ωωω dIIddEdW =⎟
⎠
⎞⎜

⎝
⎛== 2

2
k .                             (47) 

(46) da (47)-is gatolebiT miviRebT:     ωωϕ dIMd = , 
am gamosaxulebis droiT gawarmoebisas gveqneba: 

εωωϕωωϕ
==⇒=

dt
d

dt
d

dt
dI

dt
dM , , 

aq ε  kuTxuri aCqarebaa. Sekveca gvaZlevs 
                                                         ε⋅= IM .                                               (48) 
 (48) gantolebas myari sxeulis brunviTi moZraobis 
ZiriTadi gantoleba ewodeba – is gadataniTi moZraobis 

niutonis meore kanonis ( )maF =  analogia.  
 myari sxeulis brunviTi moZraoba xasiaTdeba impulsis 
momentiT 

                                     ⎥
⎦

⎤
⎢
⎣

⎡
×=⎥

⎦

⎤
⎢
⎣

⎡
×= ∑

→→→→→

i
i rmrpL υ .                                (49) 

aq rωυ =  CasmiT miviRebT: 

ωω IIrmrmL i
i

ii
i

ii ⇒=⇒= ∑∑ 22 . 

                                                          ωIL = ,                                                 (50) 
impulsis momenti inerciis momentisa da kuTxuri siCqaris 
namravlis tolia. am gamosaxulebis gawarmoebiT miviRebT: 

MI
dt
dI

dt
dL

=== εω
. 

 Tu myar sxeulze gare Zalebi ar moqmedebs (Caketili 

sistema), am ZalTa momenti nulis toli iqneba ( )0=M : 

0=
dt
dL

 

da maSasadame                  constL = .                                                (51) 
 rodesac myar sxeulze moqmed ZalTa jamuri momenti 
nulis tolia, myari sxeulis sruli impulsis mo-
menti mudmivi rCeba – es impulsis momentis Senaxvis 
kanonia.  
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meqanikuri rxevebi da talRebi 
1. Tavisufali harmoniuli rxevebi 
 perioduli ewodeba moZraobas, romelic meordeba 
Tanabari drois SualedebSi. nawilakebis wanacvlebas 
perioduli moZraobis dros sinusis da kosinusis 
kanonebiT aRweren. aseTi saxis periodul moZraobas 
harmoniul rxevas uwodeben. 

 qvemoT CamoTvlilia harmoniuli moZraobis aRmweri 
ZiriTadi sidideebi: 

 harmoniuli rxevis periodi −T  erTi sruli rxevis 
dro (wm). 
 harmoniuli rxevis sixSire −ν  rxevaTa ricxvi drois 
erTeulSi (hc). 
 wanacvleba −x  manZili wonasworuli mdgomareobidan 
merxevi sxeulis adgilmdebareobamde drois mocemul 
momentSi. 
 udidesi wanacvlebis moduli – amplituda A . 
 rxevas axasiaTebs siCqare da aCqareba. 
 meqanikuri rxevisas sxeulis energia Tanamimdevrulad 
gadaiqceva kinetikuridan potenciurSi da piriqiT. 

 ganvixiloT idealizebuli rxeviTi sistema – zambaria-
ni qanqara. sistemis rxeva gamowveulia masze moqmedi gare 
ZaliT, Semdeg ki drekadobis Zalis moqmedebiT grZeldeba. 
erTxel modebuli Zalis SemTxvevaSi rxeva sakmaod swrafad 
miileva winaRobis ZalTa moqmedebis Sedegad. rodesac gare 
maiZulebeli Zala periodulad modebulia sistemaze, adgi-
li aqvs iZulebiT rxevebs. idealur viTarebaSi winaRobis 
Zalebs ugulebelyofen da rxevebi usasrulod didxans mim-
dinareobs. maT Tavisufali rxevebi ewodeba. 
 miviRoT Tavisufali harmoniuli rxevis gantoleba. 
 
 
 
 
 
 
 
 

x 

x

x0 A

A

sur. 1
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 zambariani qanqara warmoadgens k  sixistis zambaraze 
mimagrebul m  masis sxeuls. gare Zalis mier zambaris gaWim-
vis an SekumSvis dros aRiZvreba drekadobis Zala, romelic 
abrunebs zambaras aradeformirebul mdgomareobaSi – aRiZv-
reba rxeva (suraTi 1). 
 zambarian qanqaraze erTxel modebuli gare Zalis SemT-
xvevaSi, romelmac aRZra rxeva, drekadobis Zala rCeba 
merxev sistemaSi erTaderT moqmed Zalad. maSasadame, swored 
is aniWebs sistemas aCqarebas (niutonis meore kanoni) anu 
gvaqvs erTi da igive Zalis ori gamosaxuleba: 

xkF −=      da     amF = . 
 maTi gatolebiT da yvela wevris erT mxares moTavse-
biT miviRebT: 

xkam −= ,   0=+ xkam , 
rxevis 0х RerZze dagegmarebiT 

0=+ kxma . 
 tolobis yvela wevris masaze gayofiT da aCqarebis ko-
ordinatis (x wanacvlebis) drois meore warmoebuliT gamo-
saxvis Sedegad miviRebT: 

0,0 2
02

2
2
02

2
=+⇒==⇒=+ x

dt
xd

m
k

dt
xdax

m
ka ωω . 

 TvalsaCinoebisTvis amovweroT bolo gamosaxuleba ca-
lke da miviRebT Tavisufali harmoniuli rxevis gantolebas 
Semdegi saxiT: 

                                                  02
02

2
=+ x

dt
xd ω ,                                             (1) 

sadac m
k=0ω  rxevis cikluri sixSirea.  

 gantoleba (1) aris meore rigis erTgvarovani diferen-
cialuri gantoleba da misi amonaxsnia: 
                                                 ( )ϕω += tAx 0cos ,                                        (2) 

ϕω +t0  rxevis fazaa, −ϕ  sawyisi faza. sxvaTa Soris, (2)-Si 

kosinusis nacvlad SeiZleba gamoviyenoT sinusic, radgan 
orive es funqcia periodulia da mxolod maT ZaluZs 
perioduli procesis srulyofili aRwera.  
 brunviTi moZraobidan cnobilia, rom  

T
πω 2

0 =  

da zambariani qanqaras sxevis periodis formulaa: 
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k
mT π2= , 

sixSiris ki     
m
k

T π
ν

2
11

== . 

 meore cnobili rxeviTi sistemis – maTematikuri qanqa-
ras periodi da sixSire gamoisaxeba, Sesabamisad, Semdegi 
formulebiT: 

g
T π2=  (hiugensis formula), 

g
T π

ν
2
11

== . 

rxevis gantoleba da misi amonaxsni ki, ra Tqma unda, zamba-
riani qanqaras analogiuria. 
 grafikulad Tavisufali harmoniuli rxevebi aRiwereba 
sinusoidiT an kosinusoidiT (suraTi 2). 
 
 
 
 
 
 
 
 
 

 
2. rxevis siCqare, aCqareba da energia 

 siCqare aris wanacvlebis drois warmoebuli, e.i. Tavi-
sufali harmoniuli rxevis siCqare 

( )( ) ( ) ( )ϕωυϕωωϕωυ +−=+−=+== ttAtA
dt
d

dt
dx

m 0000 sinsincos , 

Am 0ωυ =  siCqaris amplitudaa. 
 aCqareba aris siCqaris drois warmoebuli, e.i. Tavisu-
fali harmoniuli rxevis aCqareba 

( )( ) ( ) =+−=+−== ϕωωϕωωυ tAtA
dt
d

dt
da 0

2
00 cossin

0
 

( )ϕω +−= tam 0cos , 

Aam
2
0

ω=  aCqarebis amplitudaa. 
 zambariani qanqaras myisi potenciuri energiaa 

t 

x 

0 
A

A

T

sur. 2
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( )ϕω +== tkAkxE 0
2

22
cos

22p . 

 zambariani qanqaras myisi kinetikuri energiaa 

( ) =+⇒==⇒= ϕω
ω

ω
ω

ωυ tAkkm
m
kmE 0

2
2
0

22
0

2
0

2
0

2
sin

2
,

2k  

( )ϕω += tkA
0

2
2

sin
2

. 

 maSasadame, zambariani qanqaras sruli energia 

( ) ( ) =+++=+= ϕωϕω tkAtkAEEE 0
2

2

0
2

2
cos

2
sin

2pksruli  

constkA
==

2

2
. 

 
3. milevadi rxevebi 

 aqamde igulisxmeboda, rom rxeviT sistemaSi rxevis 
SemSleli winaRobis Zalebi ar moqmedebs. amasTan, realur 
pirobebSi rxevebi sakmaod swrafad miileva (qreba) swored 
winaRobis Zalebis moqmedebis gamo – maT gaaqvT energia 
rxeviT sistemidan. 

 milevadi rxevis gantole-
ba isev niutonis meore kanoni-
dan maF =  miviRoT, romeli 
Zalac – jamuria drekadobis 

kx−  da xaxunis (siblantis) 

dt
dxrr −=− υ  Zalebisa, sadac 

r  garemos siblantis koefici-
entia. maSasadame, 

kxrma −−= υ ,   0=++ kxrma υ ,   02

2
=++ kx

dt
dxr

dt
xdm . 

 tolobis wevrebis masaze gayofiT da aRniSnebis Semo-

taniT: 
m
k

=2
0ω , m

r=β2   (β  milevis koeficientia), miviRebT: 

                                       02 2
02

2
=++ x

dt
dx

dt
xd ωβ .                                         (3) 

 es aris milevadi rxevis gantoleba, romlis amonaxsnia: 

t 

x 

0 

sur. 3 
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             ( )ϕωβ += − tAex t cos    an  ( )ϕω += ttAx cos)(* .                     (4) 

wevri te β−  miuTiTebs, rom mileva mimdinareobs eqsponen-
cialuri kanoniT (Zalian swrafad) (suraTi 3).  

22
0 βωω −=  milevadi rxevis cikluri sixSirea ( )0ωω < . 

 tAetA β−=)(* , Sesabamisad, milevadi rxevis amplitudaa, 

droze damokidebuli da eqsponencialurad milevadi. 
 vTqvaT, raRac τ  drois Semdeg amplituda e -jer Sem-

cirda ( )71,2≈e 1, maSin viRebT Semdeg Tanafardobas: 

( ) e
Ae

Ae
tA

tA
t

t
==

+ +−

−

τβ

β

τ )(*
)(*

   an   e
e

=−βτ
1

   anu   
τ

β 1
=  (wm – 1). 

aqedan gamomdinareobs milevis koeficientis fizikuri arsi: 
 milevis koefecienti aris rxevis amplitudis e-je-
radi Semcirebis drois Sebrunebuli sidide . 

 Tu aviRebT periodiT gansxvavebul drois or moments, 
maSin Sesabamisi amplitudebis fardoba 

( )
T

Tt

t
e

Ae
Ae

TtA
tA β

β

β
==

+ +−

−

)(*
)(*

,   
)(*

)(*ln
TtA

tATD
+

== β . 

 am sidides milevis logariTmuli dekrementi ewodeba. 
 milevis logariTmuli dekrementi ricxobrivad erTi 
periodiT gansxvavebul or drois momentSi aRebuli 
amplitudebis fardobis naturaluri logariTmis to-
lia. 

 milevadi rxevis periodi 
22

0

22

βω

π
ω
π

−
==T . cxadia, rom 

mocemuli sistemis milevadi rxevis periodi Tavisufali 
rxevis periodze metia. rac metia garemos winaaRmdegobis 
gawevis unari, miT metad gansxvavedeba milevadi da Tavi-
sufali harmoniuli rxevis periodebi. 
 

 Tu −= 0β  SeiniSneba Tavisufali harmoniuli rxeva. 
 β -s zrdisas, vidre 0ωβ < , moZraoba periodulia. 
 rodesac 0ωβ → , ∞→T , xolo 0ωβ ≥ , moZraoba aRar 
aris perioduli, is aperioduli moZraoba xdeba. 

 
                                                 
1 е – neperis ricxvi. 
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4. iZulebiTi rxevebi 
 rodesac rxevis unaris mqone sxeuli raime gare Zalis 
zemoqmedebas ganicdis, is rxevas iwyebs. Tavidan sxeuli 
irxeva sakuTari sixSiriT, magram TandaTan rxevis sixSire 
utoldeba gare Zalis sixSires, amasTan, rxevis amplituda 
da faza ucvleli rCeba. aseT rxevebs iZulebiTi ewodeba. 
niutonis meore kanonis Tanaxmad, jamuri Zala drekadobis, 
siblantis da sxeulze moqmedi gare Zalebis veqtoruli 
jamis tolia: 

tFkxrma m ωυ cos+−−= . 
 ukve Cveuli moqmedebebis Catarebis Semdeg miviRebT: 

                                   tfx
dt
dx

dt
xd

m ωωβ cos2 2
02

2
=++ .                              (5) 

sadac m
Ff m

m = . (5) aris iZulebiTi rxevebis gantoleba, 

romlis amonaxsni Tavisufali harmoniuli rxevebis amonaxs-
nis analogiurad gamoisaxeba 
                                                ( )ϕω += tAx cos .                                           (6) 

aq 22 4ωββ +
= mfA , xolo β

ωϕ 2=tg .  

 iZulebiT rxevebs axasiaTebs  
 rezonansi – rxevis amplitudis mkveTri zrda rxevis 
sakuTari sixSiris gare sixSiresTan gatolebisas.  

 am SemTxvevaSi garedan Semosuli energia praqtikulad 
srulad miewodeba rxeviT sistemas, amitom izrdeba rxevis 
amplituda. rac naklebia sistemaSi winaRobis Zalebis moq-
medeba (xaxuni), miT mkveTrad gamoixateba rezonansi.   
 rxeviT sistemaSi arsebuli mcire winaRobisas rezo-
nanss basri ewodeba, didi winaRobisas – blagvi (suraTi 4). 
 
 
 
 
 
 
 
 
 
 

x 

t 

basri rezonansi

blagvi rezonansi

sur. 4
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5. meqanikuri talRebi 
 rxevis gavrcelebas drekad garemoSi meqanikuri tal-
Ra ewodeba. 

 garemoSi talRa nawilakidan nawilakze gadadis, rom-
lebic irxeva Tavisi wonasworuli mdebareobis siaxloves 
da mxolod rxevas gadascems. meqanikur talRebs gadaaqvs 
energia nivTierebis gadatanis gareSe. talRas aqvs periodi, 
sixSire, amplituda, faza, siCqare da talRis sigrZe – 
manZili erT fazaSi merxev or mezobel wertils Soris. 

λνλυ == T . 

 talRis moZraobis da garemos nawilakebis rxevis mimar-
Tulebis mixedviT ganasxvaveben grZiv da ganiv talRebs: 

 ganiv talRaSi misi moZraobis da nawilakebis rxevis 
mimarTulebebi urTierTmarTobulia. 
 ganiv talRaSi misi moZraobis da nawilakebis rxevis 
mimarTulebebi Tanxvdenilia. 
 talRur zedapirs, romlis yvela wertili erT faza-
Si (sinfazurad) irxeva, talRis fronti ewodeba. 
 talRis frontis marTobul wirs sxivi ewodeba. 

 talRis umartivesi frontebia: brtyeli da sferuli. 
 brtyel talRas brtyeli fronti aqvs, ∞→R . 
 sferul talRas nebismieri radiusis, ∞<R , sferuli 
fronti aqvs. 

 
6. brtyeli talRis gantoleba 

 talRis gantoleba (talRuri gantoleba) aRwers im 
garemos merxevi nawilakis wanacvlebas wonasworuli mdeba-
reobidan, romel garemoSic vrceldeba talRa. warmovid-
ginoT brtyeli talRis gavrceleba erTgvarovan, izotro-
pul, aramSTanTqmel garemoSi marcxnidan marjvniv. 0 wer-
tilSi nawilaki harmoniul rxevas asrulebs (ix. suraTi) 

        ( ) ( )ϕωξ += tAtx cos, .        (7) 
raime wertilSi 0-dan marj-
vniv x manZilze rxevis faza 
sawyisisgan tΔ -Ti gansxvavde-
ba. brtyeli talRis ganto-
leba x-is gaswvriv iqneba: 

( ) ( )[ ]ϕωξ +Δ−= ttAtx cos, . 

ξ 

0 x

λ 

υ∆t 
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magram υ
xt =Δ , x  manZilia, −υ  talRis siCqare,  

maSin 

( ) ( )[ ] ( )ϕυ
ωωϕυωξ +−=+−= xtAxtAtx coscos, . 

 λ
π

υ
π

υ
ω 22 === Tk  e.w. talRuri ricxvia, misi Semota-

niT talRuri gantoleba Semdeg saxes miiRebs: 

                                      ( ) ( )ϕωξ +−= kxtAtx cos, .                                    (8) 
 Tu talRa marjvnidan marcxniv moZraobs, brtyeli 
talRis gantoleba Caiwereba Semdegi saxiT: 
                                      ( ) ( )ϕωξ ++= kxtAtx cos, .                                    (9) 
 talRis gavrcelebisas STamnTqmel garemoSi misi ener-
gia gardaiqmneba siTbod – talRa miileva – gantolebas ema-

teba milevis mamravli xe γ−  

                                 ( ) ( )ϕωξ γ +±= − kxtAetx x cos, .                               (10) 
 

7. sferuli talRis gantoleba 
 warmovidginoT, rom talRis wertilovani wyaro imyo-
feba erTgvarovan, izotropul, araSTamnTqmel garemoSi  da 
talRis gavrcelebis siCqare yvela mimarTulebiT erTnairia. 
maSin talRa iqneba sferuli da misi gantoleba Semdeg-
nairad Caiwereba: 

( ) ( )[ ] ( )[ ]=+−=+Δ−= ϕυωϕωξ rt
r
Att

r
Atx coscos,  

( ) ( )ϕωϕυ
ωω +−=+−= krt

r
Art

r
A coscos , 

r
A  sferuli talRis amplitudaa, romelic mcirdeba wyaro-

dan mocilebisas. amis mizezia talRuri zrdapiris zrda 
wyarodan manZilis zrdisas – Sedegad mcirdeba talRis 
zedapirze energiis ganawilebis simkvrive da, maSasadame, 
amplitudac, rogorc energiis funqcia. zogadi saxiT sfe-
ruli talRis gantoleba Semdegnairia: 

                                        ( ) ( )ϕωξ +−== krt
r
Atx cos, .                             (11) 

 aqac talRis gavrcelebisas STamnTqmel garemoSi                                   

                                   ( ) ( )ϕωξ γ +−= − kxte
r
Atx x cos, .                            (12) 
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molekuluri fizika 
1. molekulur-kinetikuri Teoriis 

ZiriTadi debulebebi  
 molekulur-kinetikuri Teoria (mkT) xsnis da aRwers 
nivTierebebis qcevas maTi mdgomareobis cvlilebisas. gansa-
kuTrebiT mosaxerxebelia msgavsi kvlevebis Catareba aireb-
ze, radgan isini yvelaze mkafiod reagirebs gare pirobebis 
cvlilebaze. mogvyavs mkT-is ZiriTadi debulebebi: 

1. yvela nivTiereba Sedgeba umciresi nawilakebisgan – 
molekulebisgan; 

2. molekulebi mudmiv qaosur moZraobaSi imyofeba da niu-
tonis moZraobis kanonebs emorCileba; 

3. molekulebi urTierTqmedebs e.w. molekulaTaSorisi 
urTierTqmedebis ZalebiT. 
SemoviRoT idealuri airis cneba: 

 idealuri iseT airs ewodeba, romlis molekulaTa 
urTierTqmedeba ugulebelyofilia. 

 idealuri airis molekulebi usasrulod mcire zomisaa. 
maT Soris ar moqmedebs mizidvis Zalebi. realuri airi Tvi-
sebebiT miT ufro uaxlovdeba idealurs, rac metad gaiSvia-
Tebulia is. idealuri airi xasiaTdeba sami Termodinamikuri 
parametriT: wneva – p , moculoba – V , temperatura kelvinis 

( )TK  da celsiusis ( )Ct0  skalebiT, amasTan, 2730 += CtTK .  
 

2. airis kanonebi (izoprocesebi) 
boil-mariotis kanoni – izoTermuli procesi 

 cdebma aCvena, rom idealuri 
airis mocemuli masisTvis mudmiv 
temperaturaze airis wneva misi 
moculobis ukuproporciulia  
( )constT = , 
    2211 VpVp =  anu constpV = .        (1) 
 es kanoni praqtikulad erTd-
roulad aRmoaCines ingliselma 
boilma da frangma mariotma. pro-
cess izoTermuli daerqva. 
 
 

p 

V 0 

T1 
T2 

T3 

 

T3 > T2 > T1 
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gei-lusakis kanoni – izobaruli procesi 
 idealuri airis mocemuli masisTvis misi moculoba 

mudmiv wnevaze ( )constp =  absoluturi temperaturis propor-

ciulia: 

             
2

2

1

1
T
V

T
V

=  an const
T
V
= .          (2) 

 es kanoni aRmoaCina frangma 
mecnierma, grafma gei-lusakma. 
process izobaruli daerqva. 
 celsiusis temperaturiT, am 
kanons Semdegi saxe eqneba: 

( )tVV α+= 10 , 

273
1=α  airis moculobiTi ga-

farToebis koeficientia,  −VV ,0  
Sesabamisad, airis sawyisi da saboloo moculobebi, −t  
temperaturis cvlileba. 
 

Sarlis kanoni – izoqoruli procesi 
 idealuri airis mocemuli masisTvis mudmiv moculoba-

ze ( )constV =  misi wneva absoluturi temperaturis propor-

ciulia  

             
2

2

1

1
T
p

T
p

=  an const
T
p
= .          (3) 

 es kanoni aRmoaCina frangma 
Sarlma. process izoqoruli da-
erqva. 
 celsiusis temperturaze es 
kanoni Semdeg saxes miiRebs: 

( )tpp β+= 10 , 

sadac 273
1=β  wnevis Termuli 

koeficientia, −pp ,0  Sesabamisad, 

airis sawyisi da saboloo wnevebi, −t  temperaturis 
cvlileba. 
 
 

V 

T 0 

p1 
p2 

 

p2 > p1 

p 

T 0 

V1 
V2 

 

V2 > V1 
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3. idealuri airis mdgomareobis 
gantoleba 

 idealuri airis arsis gasagebad erT-erTi yvelaze Tva-
lsaCino da sasargeblo formulaa 
                                                     nkTp = ,                                                      (4) 
romelic aCvenebs, rom wneva damokidebulia airis mole-
kulebis koncentraciasa da absolutur temperaturaze. es 
bunebrivia, radgan wneva ganisazRvreba molekulebis WurW-
lis kedlebTan dajaxebaTa ricxviTa da siZlieriT – swo-

red amas aRwers aRniSnuli parametrebi ( )Tn, . 
 Tumca am, TvalsaCinoebis mxriv idealur, formulas 
seriozuli nakli aqvs – is absoluturad usargebloa 
praqtikuli TvalsazrisiT, radgan Seicavs gauzomav sidides 
– koncentracias n  da, maSasadame, misi meSveobiT verafers 
gamovTvliT. gardavqmnaT es formula. amisTvis SevcvaloT 
koncentracia sxva, advilad gazomvadi, sidideebiT ((4)-Si 

−⋅= −231038,1k  bolcmanis mudmiva). 
 rogorc cnobilia, nebismieri nivTierebis raodenoba ν  
ori xerxiT moiZebneba: 

AN
N

=ν ,     
M
m

=ν , 

N  nivTierebis molekulaTa ricxvia (Cven SemTxvevaSi 

idealuri airis), −⋅= 2310023,6AN  avogadros ricxvi, −Mm,  
Sesabamisad, nivTierebis (airis) masa da moluri masa. am 
gamosaxulebebis gatolebiT, miviRebT: 

M
m

N
N

A
= ,     AN

M
mN = ,     AN

VM
m

V
Nn == . 

(4)-Si CasmiT   kTN
VM
mp A= , 

aq 31,8== RkN A  airis universaluri mudmivaa anu 

                                                    RT
M
mpV = .                                               (5) 

es aris idealuri airis mdgomareobis gantoleba. is 
Seicavs advilad gazomvad sidideebs, mosaxerxebelia praq-
tikuli gamoyenebisTvis da mendeleev-klapeironis gantole-
ba ewodeba. is aRwers airis mdgomareobas garkveuli wneviT, 
moculobiT, temperaturiTa da masiT. Tu airis mdgomareoba 
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icvleba anu icvleba misi Termodinamikuri parametrebi 

( )TVp ,,  ucvleli masis pirobebSi, gantolebas Semdegi saxe 

eqneba: 

111 RT
M
mVp = ,        222 RT

M
mVp = . 

 am gantolebebis erTmaneTze gayofiT miviRebT: 

2

1

22

11
T
T

Vp
Vp

=  anu 
2

22

1

11
T
Vp

T
Vp

= , 

e.i. 

                                                 const
T
pV

= .                                                    (6) 

 es aris klapeironis gantoleba, romelic idealuri 
airis samive zemoT moyvanil kanons Seicavs. 
 «sufTa eqsperimentis» principebidan gamomdinare, miRe-
buli gantolebis sisworeSi sabolood dasarwmuneblad, 
miviRoT is sxva xerxiTac, romelic TviT klapeironma gamoi-
yena. klapeironis gantolebaSi samive Termodinamikuri 
parametri icvleba da klapeironi iZulebuli gaxda orsafe-
xuriani cda Caetarebina, airis Sualeduri mdgomareobis 
gamoyenebiT. aRvweroT cdis sruli procesi: 

 Tavidan klapeironma izobarulad ( )constp =  gadaiyva-
na airi sawyisi mdgomareobidan (parametrebiT 1p , 1V  , 

1T ) SualedurSi ( 1p , 'V , 2T ) anu airi aRmoCnda 2T  sabo-
loo temperaturaze – ramac klapeirons saSualeba 
misca izoTermuli procesi gamoeyenebina da amiT 'V  
Sualeduri moculoba daikava. amis Semdeg moxda 
airis izoTermuli gadayvana saboloo mdgomareobaSi 

( 222 ,TVp ) anu cda Catarda Semdegi sqemiT: 

22221111 ,,,',,, TVpTVpTVp →→ . 
 maSasadame, formulis gamoyvanisas viyenebT izobaruli 
da izoTermuli procesebis Semdeg gamosaxulebebs: 

21

1 '
T
V

T
V

= ,     221 ' VpVp = . 

 usargeblo 'V  wevris amogdebiT miviRebT: 

1

21'
T
TVV = ,   

1

22'
p
VpV =  

anu 
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1

22

1

21
p
Vp

T
TV

= ,   
2

22

1

11
T
Vp

T
Vp

= , 

     e.i. 

const
T
pV

= . 

 maSasadame, «sufTa eqsperimentis» principi daculia – 
aRaravis epareba eWvi klapeironis da, cxadia, mendeleev-
klapeironis gantolebebis sisworesa da WeSmaritebaSi. 
 

4. molekulur-kinetikuri Teoriis 
ZiriTadi gantoleba 

 gamovTvaloT idealuri airis wneva mkT-is Tvalsazri-
siT. airi moTavsebulia cilind-
rul WurWelSi S  fuZis farTobiT. 
aviRoT airis elementaruli mocu-

loba dtSSddV υ==  gverdiT ke-
delTan da ganvixiloT iq arsebu-
li molekulebis moZraoba gverdi-
Ti kedlis mimarT. warmovidginoT, 

rom 0m  masis molekula υ  siCqariT 

ejaxeba kedels absoluturad dre-
kadad da amitom misgan irekleba siCqaris modulis daukar-
gavad. amasTan, molekulis impulsis cvlileba 

( ) υυυ 000 2mmmdk =−−= . 
 molekulaTa ricxvi dV  elementarul moculobaSi ga-

moisaxeba dtnSndVN υ== , sadac n  molekulebis koncentra-
ciaa. molekulebi moZraobs nebismier ZYX ,,  koordinatTa 
RerZis gaswvriv orive mimarTulebiT (kedlisken da 
kedlidan) e.w. saSualo kvadratuli siCqariT 

2222 3 xzyxzyx υυυυυυυυ ⇒≈≈⇒++= . 
ase, rom SesaZlebelia molekulis moZraobis eqvsi mimarTu-

leba. amitom kedlisken moZraobis albaToba 6
1 -is tolia. 

WurWlis kedelTan molekulebis SejaxebaTa ricxvia 

66* dtnSNN υ
== , xolo kedelze gadacemuli sruli impulsi 

– masTan Sejaxebuli yvela molekulis impulsis cvlilebaa 

S 

dℓ 
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36
2*2*

2
0

00
dtSnmdtnSmNmdk υυυυ =⋅== , 

maSin kedelze ganviTarebuli wneva 

3
** 2

0υnm
Sdt
dk

dt
dkF

S
Fp =⇒=⇒= . 

sabolood 

                                                      
3

2
0υnmp = .                                               (7) 

 idealuri airis wneva saSualo kinetikuri energiiTac 

2

2
0υmE =k  SeiZleba gamoisaxos, e.i. misi (7)-Si CasmiT: 

                                                      kEnp
3
2

= .                                                 (8) 

 meore mxriv, nivTierebis (airis) simkvrivis gamoyenebiT  

nm
V
nVmnVmNmm

V
m

0
0

00 =⇒==⇒=ρ , 

da misi (7)-Si CasmiT idealuri airis wnevisTvis kidev erT 
formulas miviRebT: 

                                                      
3

2υρ
=p .                                                   (9) 

 e.i. idealuri airis wnevisTvis gvaqvs oTxi formula: 

33
2

3

22
0 υρυ

==== kEnnmnkTp . 

 idealuri airis wnevis formulebis SedarebiT, idealu-
ri airis molekulis kinetikuri energiisTvis, Semdeg gamosa-
xulebas miviRebT: 

kTE
2
3

=k . 

 aqedan gamomdinareobs kelvinis temperaturuli skalis 
absoluturi nulis fizikuri arsi: 

 absoluturi nuli is temperaturaa, romelzec wydeba 

molekulaTa siTburi moZraoba ( )0,0 == υT . 
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5. realuri airebi. van-der-vaalsis 
gantoleba   

 realuri airebi kargad emorCileba idealuri airis ka-
nonebs dabali wnevisa da simkvrivis pirobebSi (Zlier gaiS-
viaTebul mdgomareobaSi). Tumca maTi qceva mkveTrad icv-
leba simkvrivis zrdisas – realur pirobebSi, maRal wnevae, 
airis molekulebis zomebs ukve veRar ugulebelvyofT, rad-
an isini bevria da TviT ikavebs airis moculobis mniSvelo-
an nawils. garda amisa, maRal wnevaze molekulebi mWidrov-
eba da molekulebSorisi urTierTqmedebis Zalebi mkveTrad 
gamoixateba. maSasadame, saWiro xdeba garkveuli Sesworebe-
bis Setana idealuri airis cnobil mdgomareobis gantole-
baSi. 

 wnevis Sesworeba: realuri airis moculobaSi myofi 
molekula yoveli mxridan miizideba sxva molekule-
biT da masze moqmedi jamuri Zala nulis toli xdeba. 
kedlis siaxloves myof molekulaze ki moqmedi ja-
muri Zala ar kompensirdeba sxva ZalebiT – piriqiT, 
is maTi tolqmedia da mimarTulia WurWlis SigniT 
(kedlisgan). am mizeziT arsebuli wneva WeSmarit wne-
vaze naklebi gamodis. wnevis Sesworeba *p  damokide-
bulia molekulebis kedlis erTeul zedapirTan dro-
is erTeulSi SejaxebaTa ricxvsa da molekulaTa sa-
erTo ricxvze. orive aRniSnuli faqtori airis simkv-
rivezea damokidebuli. wnevis Sesworeba ganisazRvre-

ba gamosaxulebiT: 2*
V

ap = , a  mudmivaa, −V  airis 

moculoba, e.i. WeSmariti (Sesworebuli) wneva 

2*
V

appp +=+ , sadac p  arsebuli wnevaa. 

 moculobis Sesworeba: is, rom molekulebs sasrulo 
moculoba aqvs, miuTiTebs imaze, rom molekulebis 
samoZrao sivrce WurWlis moculobaze naklebia. mo-
lekulis garSemo arsebobs zemoqmedebis are da ami-

tom moculobis Sesworeba b  daaxloebiT oTxjer 
aRemateba TviT molekulis WeSmarit moculobas. maSa-
sadame, realuri airis WeSmariti (Sesworebuli) mocu-

loba bV −  iqneba.  
 maSasadame, realuri airis mdgomareobis gantoleba – 
van-der-vaalsis gantoleba Caiwereba Semdegi saxiT: 
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( ) RT
M
mbV

V
ap =−⎟
⎠
⎞

⎜
⎝
⎛ + 2 . 

 2V
a  aseve Siga wnevas uwodeben. 

 
6. molekulebis ganawileba siCqaris 
mixedviT (maqsvelis ganawileba). 
Tavisufali ganarbenis sigrZe 

 gamoCenilma ingliselma fizikosma jeims klerk maqs-
velma pirvelma gadawyvita siCqareebis mixedviT airis mole-
kulebis yvelaze albaTuri ganawilebis amocana. siCqaris 
mixedviT molekulebis ganawilebis misi kanoni N  moleku-
lis Semcveli airisTvis Caiwereba Semdegi saxiT:                               

                              ( ) kT
m

e
kT

mNN 222
3

0

2
0

2
4

υ

υ
π

πυ ⎟
⎠
⎞

⎜
⎝
⎛= .                                 (10) 

 ( ) υυ dN  airis im molekulebis ricxvia, romelTa siCqa-

reebi υυυ d+÷  intervalSi imyofeba. molekulaTa sruli N  
ricxvi SeiZleba napovni iyos integrirebiT 0-dan ∞ -mde 
siCqariT 

                                                    ( )∫
∞

=
0

υυ dNN .                                          (11) 

 mocemuli airisTvis siCqaris mixedviT ganawileba mxo-
lod temperaturazea damokidebuli. qaosuri siTburi moZra-
obisas molekulebi drodadro ejaxeba erTmaneTs, amasTan, 
iTvleba, rom Sejaxebebs Soris molekula wrfivad da Tanab-
rad moZraobs. 

 molekulis Tavisufali ganarbenis sigrZe ewodeba 
erTmaneTis miyolebiT momxdar or Sejaxebas Soris 
saSualo manZils. 

 t  droSi molekula imyofeba da moZraobs tdV υπ 2=  ( −d  
molekulis diametri) moculobis cilindris SigniT. cxadia, 

es cilindri tndnVN υπ 2===  molekulas Seicavs.  
 Sejaxebisas molekulebis urTierTqmedebis gamo, N  iq-
neba molekulis SejaxebaTa ricxvi t  droSi. maSasadame, 
molekulis  Tavisufali ganarbenis sigrZe aris fardoba 
mTeli gavlili manZilisa SejaxebaTa ricxvTan: 
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ndtnd

t
22

1
πυπ

υ
== .                                 (11) 

 es formula im daSvebas efuZneba, rom moZraobisas 
molekula uZrav nawilakebs ejaxeba (e.i. sxva molekulebi 
uZravia). TavisTavad cxadia, rom sinamdvileSi molekula 
ejaxeba sxva moZrav molekulebs. amasTan, SejaxebaTa sixSi-
re izrdeba da Tavisufali ganarbenis sigrZe daiyvaneba 
gamosaxulebamde: 

                                                          
nd 22

1
π

= .                                        (12) 

 
7. barometruli formula.  
bolcmanis ganawileba   

 gavarkvioT, rogoraa damokidebuli atmosferuli wneva 
– haeris wneva zRvis donidan aTvlil simaRleze. ganvixi-
loT idealuri SemTxveva, rodesac gravitaciuli veli (de-
damiwis mizidulobis veli) yvelgan erTnairia da haeris 

molekulebi erTnairi masisaa. h  simaRleze atmosferuli 

wneva iyos p , xolo elementaruli dh  gadaadgilebisas – 

dhh +  simaRleze gaxdeba dpp + . am wnevebis sxvaoba im 

wnevis tolia, romelsac aviTarebs dh  simaRlis haeris sveti 

raime gdhρ  zedapirze 
( ) gdhdppp ρ=+− , 

ρ  haeris simkvrivea h  simaRlis midamoebSi, anu 
                        gdhdp ρ−= .                             (13) 
 visargebloT airis mdgomareobis 
gantolebiT, gamovsaxoT simkvrive da 
CavsvaT (13)-Si 

RT
M
mpV = ,   

RT
pM

V
m
==ρ ,    

dh
RT

pMgdp −=  

an    

dh
RT
Mg

p
dp

−= . 

p+dp 
p 
p1 

p2 

h1 

h2 

h 

dh 
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 Tu zRvis donidan simaRle 1h -dan 2h -mde icvleba, maSin 

wneva 1p -dan 2p -mde Seicvleba 

∫∫ −=
2

1

2

1

h

h

p

p
dh

RT
Mg

p
dp

, 

( )12
1

2ln hh
RT
Mg

p
p

−−=  

an 

                                              
( )12

12
hh

RT
Mg

epp
−−

⋅= .                                    (14) 
 am gamosaxulebas barometruli formula ewodeba da is 
atmosferuli wnevis cvlilebaa simaRlesTan mimarTebaSi. 

Tu simaRlis aTvla iwyeba zRvis donidan, 01 =h  da 01 pp =  
normaluri atmosferuli wnevaa, (14) miiRebs Semdeg saxes: 

                                                  RT
Mgh

epp
−

⋅= 0 .                                            (15) 
( −p  wneva h  simaRleze)  
(15)-Si nkTp =  formulis CasmiT miviRebT: 

                                                    RT
Mgh

enn
−

⋅= 0 .                                           (16) 
aq 0,nn  molekulebis koncentraciebia, Sesabamisad, 0, 0 =hh  

simaRleebze.  
 radgan ANmM 0=  da AkNR = , (16)-is nacvlad miviRebT: 

kT
ghm

enn
0

0
−

⋅= , 
magram pEghm =0  haeris molekulis potenciuri energiaa h  
simaRleze da 

                                                  kT
E

enn
Π−

⋅= 0 .                                              (17) 
 am gamosaxulebas bolcmanis ganawileba ewodeba. 
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T e r m o d i n a m i k a 
1. Termodinamikis pirveli kanoni. sxeulis 

Sinagani energia 
 rodesac or sxvadasxva temperaturaze myof sistemas 
erTad aTavseben, saboloo temperatura sadRac am tempera-
turebs Soris iqneba. Cveulebrivad, temperaturis cvlileba 
aRiwereba siTbos garkveuli raodenobis gadacemiT erTi 
sxeulidan (ufro maRali temperaturianidan) sxvaze (naklebi 
temperaturis mqoneze). anu 

 siTbos raodenoba aris energia, romelsac erTi sxe-
uli gadascems meores muSaobis Sesrulebis gareSe, 
maT Soris temperaturis sxvaobis arsebobisas. 

 sistemis erTi wonasworuli mdgomareobidan meoreSi 
gadasvlis Termodinamikur process muSaoba da siTbo axa-
siaTebs. SemoviRoT sxeulis (sxeulTa sistemis) Sinagani 
energiis cneba. mkT-s Tanaxmad, sxeuli Sedgeba molekulebis-
gan, romlebsac maTi qaosuri moZraobis gamo kinetikuri 
energia aqvs, xolo urTierTqmedebis Sedegad – potenciuric. 
swored sxeulis Semadgeneli molekulebis es energiebi 
Seadgens sxeulis (sxeulTa jgufis) Sinagan energias. 

 Sinagani energia aris sxeulis (sxeulTa jgufis) mo-
lekulebis kinetikuri da potenciuri energiebis jami. 
 sxeulis Sinagani energiis cvlileba sxeulze gadace-
muli siTbos da mis mier Sesrulebuli muSaobis 
sxvaobis tolia: 

                                                     WQU −=Δ .                                              (1) 
 es Termodinamikis pirveli kanonia. Tu sxeulis Termo-
dinamikuri mdgomareoba umniSvnelod icvleba, (1) Semdeg 
saxes miiRebs:  
                                                  dWdQdU −= .                                             (2) 
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2. muSaoba TermodinamikaSi  
 gamovTvaloT muSaoba Termodinamikuri procesis dros. 
ganvixiloT cilindrul WurWelSi uwonadi, xaxunis gareSe 
mosriale dguSis qveS moTavsebuli airi. Tavidan airi wona-

sworobaSia garemosTan 1p  wnevasa da 1V  moculobaze. TviT 

airi gafarToebisas muSaobas asrulebs, an misi dguSiT 
SekumSvisas muSaoba sruldeba. ganvixiloT procesi, romlis 
drosac garemosTan urTierTqmedi sistema saboloo wona-

sworul mdgomareobas aRwevs 2p  wnevasa da 2V  moculobaze. 

suraTze warmodgenilia gafarToebuli airi, romelic asru-

lebs muSaobas dguSis awevaze. airis mier dguSis dl  elemen-

tarul manZilze gadaadgilebisTvis Sesrulebuli dW  ele-
mentaruli muSaoba Semdegi formuliT gamoisaxeba: 

pdVdWdVSdlpSdldWpSF
S
FpFdldW =⇒=⇒=⇒==⇒= ,

dV   airis moculobis Sesabamisi elementaruli cvlilebaa.  
 dguSis l  manZilze gadaadgilebaze airis mier Sesru-
lebuli sruli muSaoba gamoiTvleba integraliT: 

                                             ∫∫ ==
2

1

V

V
pdVdWW .                                          (3) 

 grafikulad es integrali (Sesrulebuli muSaoba) gamo-
isaxeba Vp −  diagramis mrudis qvemoT daStrixuli aris 

farTobiT. 
 
 
 

ℓ 

S 

F

dℓ

p

p1 

p2 

0 V1 V2 V
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3. siTbos raodenoba. siTbotevadoba. 
kuTri siTbotevadoba 

 siTbos raodenobis ganmarteba ukve viciT, Tumca arse-
bobs misi sxvanairi ganmartebac:  

 siTbos raodenoba is energiaa, romelsac erTi sxeu-
li meores gadascems siTbocvlisas. 
 sxeulze gadacemuli siTbos raodenobis fardobas 
temperaturis Sesabamis cvlilebasTan sxeulis siT-
botevadoba ewodeba 

                                                       dT
dQC = .                                               (4) 

 siTbotevadoba nebismier sxeuls axasiaTebs, xolo masa-
la, romlisganac damzadebulia sxeuli, nivTierebis e.w. 
kuTri siTbotevadobiT xasiaTdeba 

 kuTri siTbotevadoba ewodeba sxeulis siTbotevado-
bis masasTan fardobas anu es aris sxeulis erTeuli 
masis siTbotevadoba. 

                                             mdT
dQ

m
Cc == .                                          (5) 

 kuTri siTbotevadoba nivTierebis mTavari siTburi 
(Termodinamikuri) maxasiaTebelia. 
 maSasadame, siTbo, romelic unda gadaeces m  masisa da 
с kuTri siTbotevadobis sxeuls, raTa temperatura 1T -dan 

2T -mde Seicvalos,  ganisazRvreba Semdegi gamosaxulebiT: 

∫=
2

1

T

T
cmdTQ . 

 nivTierebis kuTri siTbotevadoba siTbos raodeno-
baa, romelic saWiroa am nivTierebidan damzadebuli 
sxeulis erTeulovani masis temperaturis erTeulo-
vani SecvlisTvis. 

 masis erTeulia moli. Sesabamis siTbotevadobas molu-
ri siTbotevadoba ewodeba 

dT
dQcMCM ν== ,   ( )M

m=ν  

M,ν  Sesabamisad, nivTierebis raodenoba (molebis ricxvi) 
da nivTierebis moluri masaa. 
 airebSi mTavar rols asrulebs ori moluri siTboteva-

doba, aRebuli mudmiv moculobaze VC  da mudmiv wnevaze pC . 
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 CavweroT Termodinamikis pirveli kanoni erTi moli 

nivTierebisTvis ( )1=ν : 
pdVdTCdUdTCdQpdVdWdWdQdU MM −=⇒==⇒−= , . 

 ganvixiloT mudmivi moculobisas ( )constV =  mimdinare 
procesi. maSin 0=dV , e.i. 0=pdV , aseve dTCdU V= , saidanac 

VC -Tvis miviRebT: 

                                                       
dT
dUCV = .                                                  (6) 

 axla ganvixiloT mudmiv wnevaze mimdinare procesi 

( )constp = . ganmartebidan 

                                                       
dT
dQCp = .                                                  (7) 

 maSasadame, Termodinamikis pirvel kanonSi Semavali wev-
rebi (siTbotevadobebiT) Semdegnairad gamoisaxeba: 

dTCdQ p= ,   dTCdU V= ,   pdVdW = . 
CavsvaT Termodinamikis pirveli kanonis gamosaxulebaSi 

dUdWdQ += ,     dTCpdVdTC Vp += . 

 erTi molisTvis RdTpdV =  idealuri airis mdgomareo-

bis gantolebis gamoyenebiT mdgomareobis elementaruli 
cvlilebisas da wnevis mudmivobis gaTvaliswinebiT mivi-

RebT: dTCRdTdTC Vp += , saidanac Vp CRC +=   
an 
                                                   Vp CCR −= .                                                (8) 

 es maieris formulaa. aqedan Cans, rom Vp CC > . 
 es Semdegnairad aixsneba:  

 mudmivi moculobis pirobebSi airze gadacemuli siT-
bos raodenoba mxolod airis Sinagani energiis 
zrdas xmardeba maSin, rodesac mudmivi wnevis 
pirobebSi is Sinagani energiis zrdasac xmardeba da 
airis mier Sesrulebul muSaobazec ixarjeba. 

 maieris formulidan gamomdinareobs R  airis universa-
luri mudmivas fizikuri arsic:  

airis universaluri mudmiva ricxobrivad im muSaobis 
tolia, romelsac asrulebs erTi moli airi misi 

temperaturis erTi gradusiT gazrdisas. 
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4. Termodinamikis pirveli kanonis 
gamoyeneba izoprocesebSi 

 gavarkvioT, ra saxes miiRebs WUQ +Δ=  Termodinamikis 

pirveli kanoni izoTermuli, izobaruli da izoqoruli pro-
cesebis dros. msjelobisas visargebloT VpW Δ=  muSaobis 
formuliT da im garemoebiT, rom Sinagani energia tempera-

turis funqciaa RTU
2
3

= . 

izoTermuli procesi (T = const) 
 Tu temperatura mudmivia, Sinagani energia ar icvleba, 
e.i. 0=ΔU  da Termodinamikis pirveli kanoni miiRebs Semdeg 
saxes: 

 
WQ = . 

 
 idealuri airis mier STanTqmuli siTbo mTlianad 
gardaisaxeba mis mier Sesrulebul muSaobaSi. 

 
izobaruli procesi (p = const) 

 idealuri airis mier STanTqmuli siTbo nawilobriv 
gardaiqmneba Sesrulebul muSaobaSi, nawili xmarde-
ba airis Sinagani energiis zrdas 

 
WUQ +Δ= . 

 
izoqoruli procesi (V = const) 

 Tu airis moculoba mudmivia anu ar xdeba moculobis 

cvlileba ( )0=dV , muSaobac ar sruldeba ( )0=W , amitom 
Termodinamikis pirveli kanoni miiRebs saxes: 

 
UQ Δ= . 

 
 idealuri airis mier STanTqmuli siTbo srulad 
ixarjeba misi Sinagani energiis zrdaze. 

 
 
 



 45

5. adiabaturi procesi. puasonis 
gantoleba. Tboizolirebuli sistema 

(Q = 0) 
 Tboizolirebul sistemebSi siTbo ar Semodis da arc 

gaedineba misgan ( )0=Q , am dros mimdinareobs e.w. 

adiabaturi procesi 
WU −=Δ . 

 airis Sinagani energiis cvlileba mis mier Sesru-
lebuli muSaobis tolia an masze Sesrulebul muSa-
obas utoldeba. 

 gadavweroT adiabaturi procesis gantoleba idealuri 
airis mdgomareobis elementaruli cvlilebisas 

pdVdTCpdVdWdTCdUdWdU VV −=⇒==⇒−= ,  da 

VC
pdVdT −= . 

 meore mxriv, idealuri airis mdgomareobis gantolebas 
Semdegi saxe aqvs: RTpV =  erTi moli nivTierebisTvis. am 

droSi mdgomareobis cvlilebisas gantolebis gawarmoebiT 
miviRebT  

( ) RdTpVd = ,   RdTVdppdV =+ ,   
R

VdppdVdT +
= . 

 dT -s ori gamosaxulebis gatolebiT da  

Vp CCR −= , 
V

p
C

C
=γ  

Tanafardobebis gamoyenebiT miviRebT: 

R
VdppdV

C
pdV

V

+
=− , 

VpV CC
VdppdV

C
pdV

−
+

=− , 0=
−
+

+
VpV CC

VdppdV
C
pdV

 

an 
0=+ VdpCpdVC Vp . 

 gantolebis yvela wevris VpVC -ze gayofiT miviRebT: 

0=+
p

dp
V
dVγ . 

 am gamosaxulebis integrirebiT 
constpV =+ lnlnγ  

an 
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                                                     constpV =γ .                                              (9) 
 es aris adiabaturi procesis puasonis gantoleba. 

RTpV =  gantolebidan jer V , Semdeg p -s gamoTvlis da (9)-

Si CasmiT kidev or gamosaxulebas miviRebT puasonis ganto-
lebisTvis      

constTV =−1γ    da   constTp =− γγ1 . 
 

6   gadataniTi movlenebi 
s i T b o g a d a c e m a 

 erTi sxeulidan meoreze an erTi da igive sxeulis 
calkeul nawilebs Soris energiis gadatanas (gadace-
mas) siTbogadacema ewodeba. 

 cdebi aCvenebs, rom S  farTobSi gamavali Q  siTbos ra-

odenoba t  drois da temperaturis gradientis (temperaturis 
cvlileba erTeul sigrZeze) proporciulia  

                                                      
dx
dTStQ λ−= ,                                           (13) 

aq dx
dT  temperaturaTa gradientia, −λ  Tbogamtaroba. 

d i f u z i a 
 ori da meti nivTierebis arevisas koncentraciis ga-
Tanabrebis process, rac maTi simkvriveebis gansxvave-
basTan aris dakavSirebuli, difuzia ewodeba. 

 sxvanairad, es aris masebis gacvla nivTierebebs Soris. 
drois erTeulSi erTeul farTobSi gamavali nivTierebis 
masa simkvrivis gradientis proporciulia 

                                                       
dx
dDm ρ

−= ,                                            (14) 

sadac 3
υ=D  difuziis koeficientia. 

S i n a g a n i   x a x u n i (siblante) 
 Sinagani xaxuni Cndeba siTxis an airis or fenas Soris 
maTi urTierTgadaadgilebisas, mezobeli fenebis gansxva-
vebuli siCqareebis mizeziT. siTxes an airis sxvadasxva 
fenebs Soris am dros gaCenili xaxunis Zala  

                                                    
dx
dkf υ

−= ,                                                 (15) 
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f  erTeul farTobze moqmedi Zalaa, −dx
dυ  siCqaris gradien-

ti, −k  �siblantis koeficienti. S  zedapirze moqmedi Zala 
ganisazRvreba Semdegi gamosaxulebiT: 

                                                 
dx
dkSF υ

−= .                                                 (16) 

aRvniSnoT, rom kD,,λ  koeficientebi urTierTdakavSire-
bulia: 

Dk ρ= ,   VkC=λ . 
 

7. Seqcevadi da Seuqcevi procesebi. 
Termodinamikis meore kanoni. entropia 

 Termodinamikis pirveli kanoni arafers ambobs Termo-
dinamikuri procesis mimdinareobis mimarTulebaze anu, er-
Tad moTavsebuli cxeli da civi sxeulebis SemTxvevaSi, ar 
mieTiTeba – saiT gadaecema siTbo – cxelidan civze, Tu 
piriqiT. am sakiTxs pasuxobs Termodinamikis meore kanoni. 
jer SemoviRoT Seqcevadi da Seuqcevi procesebis cneba: 

 Seqcevadi iseTi procesia, romelic ukumimarTulebiT 
ise mimdinareobs, rom mdgomareobis yvela cvlileba, 
romelic pirdapiri mimarTulebiT msvlelobisas xde-
boda, zustad meordeba ukuTanamimdevrobiT. 
 Tu es ar xdeba, procesi Seuqcevia. 

 
 qvemoT CamoTvlilia Seqcevadi procesis Catarebis 
aucilebeli pirobebi: 
 

1. disipatiuri Zalebi2 (xaxuni, siblante, plastikuroba, 
eleqtruli winaRoba da sxva) ar unda arsebobdes; 

2. sistemis wneva da temperatura mniSvnelovnad ar unda 
gansxvavdebodes garemos igive parametrebisgan procesis 
TiToeul stadiaze; 

3. procesi Zalian nela unda midiodes. Semodis kvazi-sta-
tikuri procesis cneba, romelic sakmarisad nela mimdi-
nareobs, amasTan sistema Tanamimdevrulad gadis sxvada-
sxva wonasworul mdgomareobas. kvazi-statikuri proce-
si SeiZleba Seqcevadi iyos, SeiZleba ara. 

                                                 
2 Zalebi, romlebTanac dakavSirebulia sistemis energodanakargebi anu Zalebi, rom-
lebic sistemas energias arTmevs. 
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Termodinamikis meore kanoni 

 SeuZlebelia iseTi cikluri procesi, romlis er-
TaderTi Sedegia is, rom wyarodan miRebuli siT-
bos raodenoba mTlianad gadaiqces muSaobad – 
kelvin-plankis formulireba. 
 SeuZlebelia iseTi cikluri procesi, romlis er-
TaderTi Sedegi iqneba sxeulisgan siTbos miReba 
da misi mTlianad gadacema ufro cxel sxeulze 
(meti temperaturis mqone sxeulze) – klauziusis 
formulireba. 

 maSasadame, civi sxeulis arseboba aucilebelia siTbos 
muSaobad Tanamimdevruli gadaqcevisTvis. amitom miRebulia 
margi qmedebis koeficientis (mq koeficientis) η  cneba – sa-
sargeblo Sesrulebuli muSaobis fardoba siTbos daxar-
jul raodenobasTan – muSaoba yovelTvis naklebia daxar-
jul siTboze, radgan daxarjuli siTbos nawili aucileb-
lad (procesis ciklurobisTvis) garemos (macivars) gadae-
cema. 

Q
QQ

Q
W mac−

==η ,     
T
TT mac−

=η . 

es sadi karnos formulaa (idealur airze momuSave idealu-
ri siTburi ZravisTvis). 
 SemoRebulia Termodinamikuri cvladis – S  entropiis 
cneba. es statistikuri sididea, romelic axasiaTebs Termo-
dinamikuri sistemis raime mdgomareobas: 

T
dQdS = ,     0=∫ dS    (erTeulia – j/K) 

 Termodinamikis meore kanoni entropiiT Semdegnairad 
formulirdeba: 

 bunebrivi Termodinamikuri procesi, romelic iwyeba 
erTi wonasworuli mdgomareobiT da sruldeba meo-
riT mimdinareobs im mimarTulebiT, romelic zrdis 
sistemis entropias.  

 moviyvanoT ernstis Teorema:     0lim
0

=
→

S
T

. 

 absoluturi temperaturis nulisken swrafvisas ne-
bismieri sistemis entropia, misi mdgomareobis ganur-
Cevlad, miiswrafvis nulisken – Termodinamikis mesame 
kanoni. 

 



 49

e l e q t r o s t a t i k a 
1. eleqtruli muxti. kulonis kanoni 

 Tu sxeulebi urTierTqmedebs ZalebiT, romlebic mra-
valjer aRemateba gravitaciuls (magram daaxloebiT iseve 
aRiwereba) damuxtuli sxeulebi ewodeba.  

 eleqtruli muxti gansazRvravs sxeulTa eleqtro-
magnitur urTierTqmedebas. 

 arsebobs ori saxis muxti – dadebiTi da uaryofiTi. 
erTniSna muxtebi ganizideba, sapirispiro – miizideba.  
 
 
 
 
 
 
 
 
 sxeulis muxti q  asoTi aRiniSneba. misi erTeulia – ku-

loni. nebismieri sxeulis muxti eNq ⋅=  Sedgeba garkveuli 

raodenobis (mTeli ricxvis) uyofadi elementaruli muxtis-

gan ( )e , es elementaruli muxti eleqtrons gaaCnia, is ato-
mis SedgenilobaSi Sedis 

19106,1 −⋅=e k. 
 sistemis saerTo muxti sxeulTa Caketil sistemaSi 
inaxeba – es muxtis Senaxvis kanonia 

constq
i

i =∑ . 

 bunebaSi zogi nivTiereba eleqtrobas atarebs – gamta-
rebia, sxvebi ki ara – dieleqtrikebi da izolatorebi. gam-
tarebSi eleqtruli muxtebi Tavisuflad gadaadgildeba 
gamtaris moculobaSi, dieleqtrikebsa da izolatorebSi es 
ar xdeba. liTonebSi muxtis gadamtanebia eleqtronebi, rom-
lebsac SeuZlia gamtaris moculobaSi gadaadgileba. Txevad 
gamtarebSi – eleqtrolitebSi muxtis gadamtanebi dadebiTi 
da uaryofiTi ionebia – molekulebi, romelTa atomebSi 
eleqtronebis an siWarbea (–), an danaklisi (+). naxevargamta-

rebad cnobili nivTierebebi ( )GeSi,  ikavebs Sualedur mdgo-

mareobas, eleqtrobis gamtarobis TvalsazrisiT, gamtarebsa 
da izolatorebs Soris. 
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 damuxtul sxeulebs Soris urTierTqmedeba Seiswavla 
frangma mecnierma Sarl kulonma (1736–1806) da Camoayaliba 
kanoni: 

 ori wertilovani muxti3 vakuumSi urTierTqmedebs Za-
liT, romelic maTi muxtebis namravlis proporciu-
lia, ukuproporciulia maT Soris manZilis kvadratis 
da muxtebis SemaerTebeli wrfis gaswvrivaa mimar-
Tuli 

                                                    2
21

r
qqkF = ,                                                  (1) 

aq 9
0

1094
1 ⋅== πεk  nm2/k2 proporciulobis koeficientia, 

−⋅= −12
0 1085,8ε  eleqtruli mudmiva.  

maSasadame, 

                                                  2
0

21

4 r
qqF

πε
= .                                                  (2) 

 Tu damuxtuli sxeulebi raime garemoSia ganlagebuli, 
kulonis kanoni Semdegi saxiT gadaiwereba: 

                                                2
0

21

4 r
qqF
επε

= ,                                                  (3) 

sadac 
g

v

F
F

=ε  garemos dieleqtrikuli SeRwevadobaa, rome-

lic aCvenebs, ramdenjer metia or muxts Soris urTierT-
qmedebis Zala vakuumSi, vidre mocemul garemoSi.  
 kulonis Zala veqtoruli saxiT Semdegnairad Caiwereba: 

                   vakuumSi      
→→

= r
r

qqF 3
0

21

4πε
.                                       (4) 

                  garemoSi     
→→

= r
r

qqF 3
0

21

4 επε
.                                     (5) 

 
 
 
 
 
 
                                                 
3 damuxtuli nivTieri wertili. 
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2. eleqtruli veli. eleqtruli velis 
daZabuloba. eleqtruli velebis 

superpoziciis principi 
 iTvleba, rom damuxtuli sxeulebi urTierTqmedebs er-
TmaneTTan garemomcvel sivrceSi aRZruli eleqtruli velis 
meSveobiT da es eleqtruli veli masSi moTavsebul damux-
tul sxeulze moqmedebs kulonis ZaliT. muxtidan moSorebi-
sas eleqtruli veli sustdeba, Tumca misi sazRvrebi ganu-
sazRvrelia – principSi, veli usazRvroa, ubralod misi 
warmomqmneli muxtisgan mniSvnelovani moSorebiT veli im-
denad sustia, rom ver SeigrZneba. uZravi muxtiT Seqmnil 
vels eleqtrostatikuri veli ewodeba.  
 eleqtruli velis kvlevisTvis gamoiyeneba sasinji mux-

ti 0q , romelsac aTavseben im velis sxvadasxva wertilSi, 

romelic sxva q  muxtiT aris Seqmnili. dakvirvebebma aCvena, 

rom sasinj muxtze velis raime wertilSi moqmedi kulonis 
Zalis fardoba am sasinji muxtis sididesTan am wertilisT-
vis mudmivi sididea – mas eleqtrostatikuri velis daZabu-
lobas uwodeben mocemul wertilSi 

                                                            
0q

FE
→

→
= .                                                 (6) 

 aq (2)-dan Zalis mniSvnelobis CasmiT 2
0

0
4 r

qqF
πε

= , 

velis daZabulobisTvis miviRebT sxva (skalarul) gamosaxu-
lebas: 

                                                       2
04 r

qE
πε

= .                                             (7) 

aqedan Cans, rom daZabuloba namdvilad eleqtruli velis 
maxasiaTebelia, radgan Seicavs mxolod mocemuli velis 
maxasiaTebel sidideebs – velis Semqmnel q  muxts da misgan 

mocemul wertilamde r  manZils. daZabulobis erTeulia n/k. 
veqtoruli saxiT Semdegnairad gamoisaxeba: 

                                                   
→→

= r
r

qE 2
04πε

.                                             (8) 

 Tu sivrcis raime wertilSi ganlagebulia ramdenime 
wertilovani muxti, am wertilSi SeimCneva maTi velebis zed-
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deba (superpozicia) da, rogorc Sedegi, velebis daZabu-
lobebis urTierTmimarTulebis, aseve muxtebis niSnebis gaT-
valiswinebiT, adgili aqvs jamuri eleqtrostatikuri velis 
gaZlierebas an Sesustebas an srulad gaqrobas. 
 
eleqtruli velebis superpoziciis principi 

 velis mocemul wertilSi eleqtruli velis daZabu-
loba am wertilSi sxvadasxva muxtebis mier Seqmnili 
calkeuli velebis veqtoruli jamis tolia 

                                                        ∑
→→

=
i

iEE .                                                (9) 

 eleqtruli veli grafikulad gamoisaxeba warmosaxviTi 
ZalwirebiT an daZabulobis wirebiT.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 Zalwirebi isea daxazuli, rom maT nebismier werti-
lSi gavlebuli mxebi am wertilSi velis daZabulo-
bis mimarTulebas emTxveva; 
 erTeul zedapirSi gamavali Zalwirebis ricxvi velis 
daZabulobis modulis proporciulia anu daZabulo-
bis sidide Zalwirebis sixSiriT ganisazRvreba; 
 Zalwirebi iwyeba dadebiT muxtebze da mTavrdeba 
uaryofiTebze (axlomdebare muxtebis SemTxvevaSi); 
 Tu muxtebi gancalkevebulia, Zalwirebi, iwyeba ra 
dadebiT muxtze, midis usasrulobaSi da, Sesabamisad, 
modis usasrulobidan, uaryofiT muxtze; 
 Zalwirebi ar ikveTeba4; 

                                                 
4 gadakveTis wertilSi dagrovdeboda muxti, rac ar SeimCneva da SeuZlebelic aris. 

constE =  +q –q 
ℓ 

eleqtruli dipoli 
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 Tu velis daZabuloba yvelgan mudmivia ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

→
constE , 

maSin vels erTgvarovani eleqtrostatikuri veli 
ewodeba; 
 moduliT erTnairi da niSniT sapirispiro, sakmarisad 
axlos ganlagebul muxtebis erTobliobas dipoli 
ewodeba. 

 
→→

= lqp  dipolis momentia, 
→
l – misi mxari, romelic (–) → 

(+) mimarTuli.  
 

3. eleqtruli velis nakadi.  
gausis Teorema 

 eleqtruli velis nakadi izomeba mocemuli zedapiris 
gamWoli daZabulobis wirebis ricxviT. Sekruli zedapiris-
Tvis nakadi dadebiTia, Tu Zalwirebi misgan gamodis, da 
uaryofiTia, Tu isini zedapiris mier SemosazRvrul areSi 
Sedis. 
 ganvixiloT eleqtrul velSi moTavsebuli S  farTobis 

mqone Sekruli zedapiri. davyoT is elementarul dS  sibrt-
yeebad, romlebic sakmaod mcirea, rom sibrtyeebad CavTva-
loT. cxadia, rom aseTi sibrtyis gamWoli veli erTgvarova-

nia 
→
E  daZabulobiT.  aseTi sibrtyis gamWoli elementaruli 

nakadi 

                                                  EdSd =Φ ,                                                  (10) 
xolo srul S  zedapirSi gamavali sruli nakadi  
                                                  ∫=Φ∫=Φ

S
EdSd .                                       (11) 

gausis Teorema 
 germanelma mecnierma karl gausma (1777–1855) gamoTvala 
eleqtruli velis nakadi, romelic gamWvalavs r  radiusis 
mqone Sekrul sferul zedapirs (gausiseul zedapirs) da 
gars ertymis q  muxts 

                          
0

2
0

2

4
4

επε
π q

r
rqEdS

S
===Φ ∫      ( )24 rS π= .                       (12) 
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muxtis Tanabari, uwyveti ganawilebis SemTxvevaSi Sek-
ruli zedapiris SigniT muxtis moculobiTi simkvrive  

dV
dq

q =ρ ,     dVdq qρ= ,     ∫=∫=
V

qdVdqq ρ ,  

gvaqvs 

                                               ∫∫ =
V

q
S

dVEdS ρ
ε0

1
.                                       (13) 

 eleqtruli velebi, garda daZabulobis veqtorisa 
→
E , 

aRiwereba aseve eleqtruli induqciis veqtoriTac 
→→

= ED 0ε  

(vakuumSi), 
→→

= ED 0εε  (garemoSi). gamovsaxoT gausis Teorema 

am sididis meSveobiT 
                                                ∫∫ =

V
q

S
dVDdS ρ .                                           (14) 

 gausis Teorema aCvenebs, rom eleqtrostatikur vels 
aqvs uZravi wyaro – muxti, velis Zalwirebs – dasawyisi da 
bolo (eleqtruli daZabulobis nakadi ar udris nuls). 
 

4. eleqtruli velis muSaoba. velis 
daZabulobis veqtoris cirkulacia 

 ganvixiloT dadebiTi sasinji 0q  muxtis moZraoba А 
wertilidan В-Si, АВ gzaze dadebiTi q  muxtis mier Seqmnil 

eleqtrul velSi. eleqtruli velis elementaruli muSaoba 

0q  muxtis elementarul dl  monakveTze gadaadgilebisas to-

li iqneba 
αcosFdldW = . 

magram dl
dr=αcos , αcosdldr = . 

maSasadame, 

dr
r

qqFdrdW 2
0

0

4πε
== . 

sruli muSaoba mTel АВ gzaze 

                     ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−==∫= ∫

210

0
2

0

0 11
44

2

1
rr

qq
r
drqqdWW

r

r
AB πεπε

.                       (15) 



 55

 rogorc (15)-dan Cans, muSaoba damokidebulia mxolod 
moZraobis sawyis da bolo wertilebis mdebareobaze da ar 
aris damokidebeli gavlil manZilsa da traeqtoriis forma-
ze. es niSnavs, rom aq konservatiuli Zala moqmedebs anu 
eleqtrostatikuri veli potenciuria. garda amisa, L  Sekrul 
monakveTze muSaoba nulis tolia 

                                           0== ∫
→→

L
L ldEW .                                              (16) 

 am integrals eleqtro-
statikuri velis daZabulobis 
veqtoris cirkulacia ewodeba. 
 
 
 
 
 
 
 
 

 
5. eleqtruli potenciali. potencialTa 

sxvaoba (Zabva) 
 �potenciali�eleqtruli sididea, romelic ori damux-
tuli sxeulis SemaerTebel gamtarSi muxtis gadaadgilebas 
gansazRvravs. eleqtrul velSi moTavsebul muxts velTan 
urTierTqmedebis (velis Semqmnel muxtTan) potenciuri ener-
gia gaaCnia. maSasadame, 

 velis raime wertilSi eleqtruli potenciali gani-
sazRvreba muxtis potenciuri energiis fardobiT mux-
tis sididesTan 

                                                        
0q

Ep=ϕ .                                                   (17) 

 rogorc meqanikidan aris cnobili, sxeulis A wertili-
dan B wertilSi gadaadgilebisas Sesrulebuli muSaoba po-
tenciuri energiis cvlilebis tolia minus niSniT 

( ) ABBAAB EEEEEW ppppp −=−−=Δ−= . 
am tolobis 0q  sasinji muxtis sidideze gayofiT miviRebT: 

F 
E 

+q0 

+q 

α dr 

dℓ 

r1 
r2 

A 

B 

r 
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ϕϕϕ Δ=−=−= AB
ABAB

q
E

q
E

q
W

000

pp . 

 eleqtruli velis or wertils Soris arsebuli 
potencialTa sxvaoba am wertilebs Soris muxtis 
gadaadgilebaze Sesrulebuli muSaobisa da am muxtis 
sididis fardobis tolia 

                                                     
0q

W
=Δϕ .                                                   (18) 

 potencialis erTeulia volti. 
 velis muSaobis ori gamosaxulebis SedarebiT 

ABAB EEW pp −=    da   ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=

210

0 11
4 rr
qqWAB πε

, 

eleqtrul velSi wertilovani muxtis potenciuri energiis-

Tvis miviRebT Semdeg gamosaxulebas: 
r

qqE
0

0
4πε

=p , xolo igive 

wertilSi potencialisTvis: 
r

q
q
E

00 4πε
ϕ == p . 

 muxtis velSi elementaruli gadaadgilebisas velis 
muSaobas orgvarad gamovsaxavT – velis daZabulobiT da 
potencialTa sxvaobiT 

→→→→
== ldEqldFdW    da   ϕqddW = . 

 gatolebiT miviRebT: 
→→

= ldEqqdϕ ,  

muxtis SekveciT ki        
→→

= ldEdϕ   an  →

→
=

ld

dE ϕ
.                          (19) 

 es gantolebebi aRwers kavSirs eleqtruli velis or 
mTavar maxasiaTebels Soris – velis daZabulobas da poten-
cialTa sxvaobas Soris, romelsac Zabvas uwodeben. maTema-
tikuri operatori 

grad
ld

d
=→  

aris gradienti, romelic skalarul sidides veqtorad aq-
cevs, e.i. (19) SeiZleba gadaiweros Semdegi saxiT: 

                                                     ϕgradE =
→

.                                              (20) 
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 toli potencialis mqone zedapirebs ekvipotenciuri 
ewodeba. 

 eleqtruli velis Zalwirebi am zedapirebis marTobu-
lia. maT gaswvriv veli muSaobas ar asrulebs anu 

BA ϕϕ = ,   0=Δϕ ,   0=W . 
 

6. eleqtrotevadoba. kondensatori. 
kondensatoris energia 

 gancalkevebuli gamtaris eleqtrotevadoba ganisazR-
vreba misi muxtis fardobiT sivrcis am wertilis 
eleqtruli velis potencialTan  

                                                        
ϕ
qC = .                                                     (21) 

eleqtrotevadoba faradebSi (f) izomeba. 
 praqtikuli TvalsazrisiT, gacilebiT mniSvnelovania 
ganisazRvros iseTi sistemis eleqtrotevadoba, romelic 
Sedgenilia ori, erTmaneTTan axlos mdebare, sididiT erT-
nairi da sapirispiro niSnismuxtebiani gamtarebiT – es kon-
densatoria. 

 kondensatoris eleqtrotevadoba ganisazRvreba misi 
muxtis fardobiT gamtarebs Soris potencialTa sxva-
obasTan 

                                             
U
qqC =

−
=

"' ϕϕ
.                                                (22) 

−Δ=−= ϕϕϕ "'U  kondensatoris polusebze modebuli Zabva. 

 yvelaze gamosadegia brtyeli kondensatorebi, romle-
bic Sedgenilia ori, axlo mdebare firfitiT, damuxtuli 
moduliT erTnairi da niSniT sapirispiro muxtebiT. firfi-
tebs Soris xSirad aTavseben dieleqtrikis fenas. brtyeli 
kondensatoris eleqtrotevadobis gamosaTvleli formulaa: 

U
qC = ; Zabva kondensatoris SigniT eleqtruli velis daZa-

bulobasTan dakavSirebulia TanafardobiT EdU = , d  manZi-
lia firfitebs Soris; daZabuloba ganisazRvreba muxtis 

zedapiruli simkvrivis S
q=σ  ( −S  kondensatoris firfitis 

farTobi) gamoyenebiT: SqE εεεε
σ

00
== . daZabulobis am 
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formulis Zabvis gamosaxulebaSi CasmiT miviRebT: 
S

qdU
εε0

= . 

Zabvis mniSvneloba CavsvaT eleqtrotevadobis formulaSi, 

miviRebT: 
qd

SqC εε0= , 

an                                                  
d

SC εε0= .                                                 (23) 

 ganvsazRvroT kondensatoris energia, romelic damuxt-
visas grovdeba. naklebi ricxviTi mniSvnelobebis miRebis 
mizniT sazRvraven erTi gamtaris energias, radgan meoresac 
igive eqneba. superpoziciis principis Tanaxmad, erTi gamta-
ris mier Seqmnili velis daZabuloba mTliani daZabulobis 
naxevris tolia 

2"' EEE == . 

 maSin kondensatoris SigniT erTi gamtaris mier Seqmni-
li velis energiisTvis gvaqvs: 

                                               
22

qUqEdWC == .                                          (24) 

 (22)-dan: CUq =  da C
qU = .  

(24)-Si CasmiT viRebT: 
C

qCUWC 22

22
== .                                           (25) 

 Zabvis daZabulobiT Secvlisas ( )d
UE =  da (23)-is gamo-

yenebiT miviRebT brtyeli kondensatoris energiis gamosaTv-
lel formulas 

                        VESdE
d

dSEWC 222

2
0

2
0

22
0 εεεεεε

=== ,                        (26) 

−V  kondensatoris SigniT dieleqtrikis mier dakavebuli 
moculobaa.  
 (26)-dan miiReba Zalian mniSvnelovani formula – ener-
giis kondensatoris moculobaSi ganawilebis formula – 
energiis simkvrive w : 

                                             
2

2
0 E

V
Ww C εε

== .                                            (27) 

 cxadia, rom energiis simkvrive velis daZabulobazea 
damokidebuli. 
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e l e q t r o d i n a m i k a 
1. mudmivi eleqtruli deni 

 eleqtruli deni damuxtuli nawilakebis an ionebis 
nakads warmoadgens. 

 mudmivi eleqtruli deni ewodeba damuxtuli nawilakebis 
mowesrigebul moZraobas. 

(mowesrigebuli – nawilakebis moZraoba 
erTi mimarTulebiT erTnairi siCqariT) 

 denis mTavari maxasiaTebelia denis Zala I . 
 denis Zala aris gamtaris ganivkveTSi gamavali muxtis 

drois warmoebuli            
dt
dqI = .                                                  (1) 

 mudmivi denis SemTxvevaSi (1)-dan       
t
qI = .                    (2) 

 liTonis gamtarebSi muxtis gadamtanebi eleqtronebia. 
eleqtruli deni warmoiSoba gamtaris SigniT eleqtruli 
velis arsebobisas anu gamtaris boloebze potencialTa 
sxvaobis (Zabvis) modebisas. denis mimarTuleba eleqtronebis 
moZraobis mimarTulebis sapirispiroa. SI sistemaSi denis 
Zalis erTeulia amperi (a). gamtaris ganawileba gamtaris 
ganivkveTSi denis simkvriviT j  xasiaTdeba 

                                                            
dS
dIj = .                                                 (3) 

amasTan, denis Zala 
                                                          ∫=

S
jdSI .                                               (4) 

mudmivi denis SemTxvevaSi (3) da (4) gardaqmniT 

                                                      
S
Ij = , jSI = .                                           (5) 

 denis Zala aseve gamoisaxeba eleqtronebis saSualo 
siCqariT, romelsac υ  dreifis siCqares uwodeben: 

( )
dt
dlneS

dt
neSldenSlenVeNq

dt
dqI =⇒===⇒= , magram υ=

dt
dl

   

                                          da         υneSI = ,                                        (6) 
                                          denis simkvrive ki       υnej = .             (7) 
 

Sne ,,  aris eleqtronis muxti, koncentracia da gamtaris 
ganivkveTis farTobi. (6) – JReradobiT “nesvis formulaa”. 

S υ e 
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2. eleqtromamoZravebeli Zala (em Zala) 
 wredSi denis SesanarCuneblad saWiroa Sesruldes mu-
Saoba muxtis gadaadgilebaze gamtaris gaswvriv. eleqtruli 
velis garda, am muSaobas asrulebs denis wyaro – xelsawyo, 
romelic nebismieri saxis energias eleqtrulad gardaqmnis. 
denis wyaroebs axasiaTebs eleqtromamoZravebeli Zala (em 
Zala): 

 eleqtromamoZravebeli Zala wredSi muxtis gadaadgile-
baze gare Zalebis5 mier Sesrulebuli muSaobisa da am 
muxtis fardobis tolia 

                                                                
q

W
=ε .                                             (8) 

SI sistemaSi em Zala voltebiT izomeba. 
 wredSi muxtis gadatanaze Sesrulebuli sruli muSao-
ba ganisazRvreba gare da Siga (kulonis) Zalebis erToblivi 

muSaobebis jamiT: kWWW +=* . am gamosaxulebis q  muxtze 

gayofiT miviRebT: 
q

W
q

W
q

W k+=
*

.  

 ganmartebiT 21 ϕϕ −=q
Wk  aris wredis or wertils So-

ris potencialTa sxvaoba, −=εq
W  em Zala, −=Uq

W *  Zab-

vis vardna (Zabva) wredis mocemul ubanze. 

maSasadame,                         εϕϕ +−= 21U .                                         (9) 
 

3. gamtarTa SeerTeba 
 mimdevrobiTi SeerTeba – erTi gamtaris bolo meoris sa-
Taves uerTdeba 

,...21 NIII ===  ,...21 ∑=+++
i

iN RRRR  ∑=+++
i

iN UUUU ...21 . 

 paraleluri SeerTeba – gamtarebis saTaveebi SeerTebu-
lia erTad, xolo boloebi aseve erTad  

                                                 ,...21 NUUU ===  ,...21 ∑=+++
i

iN IIII     

                                              ∑=+++=
i iN RRRRR

11...111
21

. 

                                                 
5 gare Zala – wredSi muxtis gadamtani araeleqtruli warmomavlobis Zala. 
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4. omis kanoni wredis ubnisTvis da misi diferencialuri 
saxe 
 wredis erTgvarovbani ubnisTvis, romelic ar Seicavs 
em Zalas, densa da Zabvas Soris Tanafardoba daadgina ger-
manelma fizikosma georg omma da es kanoni mis saxels 
atarebs 

                                                           
R
UI = .                                                  (10) 

 gamtarSi gamavali denis Zala gamtaris boloebze arse-
buli Zabvis pirdapirproporciulia da gamtaris winaRo-
bis ukuproporciuli. 

S
lR ρ=  gamtaris winaRobaa – mTavari eleqtruli 

maxasiaTebeli, izomeba omebSi (Ω).  −l  gamtaris sigrZe, −S  
ganivkveTis farTobi, −ρ  gamtaris masalis kuTri winaRoba. 

liTonis gamtaris kuTri winaRoba izrdeba temperaturis 
zrdisas 
                                                   ( )tαρρ += 10 ,                                            (11) 

0ρ  gamtaris kuTri winaRobaa 00С, −ρ  t0С-ze, −α  winaRobis 
temperaturuli koeficienti, ricxobrivad gamtaris kuTri 
winaRobis fardobiTi cvlilebis toli misi temperaturis 

10С-iT cvlilebisas (sufTa liTonebisTvis 273
1=α ) 

                                                    
t0

0

ρ
ρρα −

= .                                               (12) 

 warmovadginoT omis kanoni diferencialuri saxiT, ami-
sTvis winaRoba da Zabva SevcvaloT 

S
lR ρ= , ElU = , 

E gamtaris SigniT arsebuli eleqtruli velis daZabulobaa 

l
ElSI
ρ

= , Ejj
S
IE

S
I σσ

ρρ
=⇒==⇒=

1, , −σ  gamtaroba. 

                                                           Ej σ= .                                                (13) 
 (13) omis kanonis diferencialuri saxea, sadac gamtaro-
ba axasiaTebs gamtaris masalis dengamtarobis unars, kuTri 
winaRoba ki – denis gavlisadmi gamtaris masalis winaaRm-
degobis gawevis unars. 
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5. denis muSaoba da simZlavre.  
joul-lencis kanoni da  

misi diferencialuri saxe 
 warmovidginoT erTgvarovan gamtarSi gamavali I  deni. 
drois elementarul dt  SualedSi gamtarSi gadatanili mux-
tis sidide 
                                                          Idtdq = .                                               (14) 

amasTan, am muxtis gadatanaze velis da, maSasadame, 
denis mier Sesrulebuli muSaoba 
                                                UIdtUdqdW == .                                        (15) 
 wredis ubnisTvis omis kanonis gamoyenebiT denis muSao-
bis kidev ori formula miiReba: 

     
R
UI = , dt

R
Udt

R
UUdW

2
== , IRU = , RdtIIRRdtdW 2== .     (16) 

 denis mier mTel gamtarSi t  droSi Sesrulebuli sru-
li muSaoba ganisazRvreba elementarul muSaobaze aRebuli 
integraliT 

                                RtIt
R

UUItUIdtdWW 2
2

===∫=∫= .                   (17) 

 denis simZlavre ganisazRvreba muSaobis Sesrulebis 
siCqariT anu muSaobis drois warmoebuliT 

                                 RI
R

UUI
dt

UIdt
dt

dWP 2
2
===== .                          (18) 

 mudmivi denis SemTxvevaSi mocemuli winaRobisTvis sim-
Zlavre mudmivi sididea. (18) WeSmaritia maSin, Tu eleqtruli 
energia gamtarSi srulad gadaiqceva siTbod. aseT gamtarebs 
pasiur rezistorebs uwodeben. rusma mecnierma lencma da 
ingliselma fizikosma joulma aRmoaCines kanoni, romelsac 
maTi saxelebi daerqva: 

 pasiur rezistorSi eleqtroenergia srulad gardaiqmneba 
siTbod 

                                                      RdtIdQ 2= .                                             (19) 
 mudmivi denis SemTxvevaSi 
                                                         RtIQ 2= .                                              (20) 
 eleqtroenergiis siTbod gadaqceva Semdegnairad aixsne-
ba: gamtarSi moZraobisas eleqtronebi ejaxeba gamtaris 
kristaluri mesris kvanZebSi ganlagebul ionebs da gadas-
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cems maT Tavis kinetikur energias. Sedegad izrdeba ionebis 
rxevis energia da gamtaris Sinagani energiac, romlis 
cvlileba, Termodinamikis pirveli kanonis Tanaxmad, siTbod 
gamoiyofa – gamtari Tbeba. 
 warmovadginoT joul-lencis kanoni diferencialuri 

saxiT: gamovyoT gamtaris elementaruli moculoba SdldV =  . 

misi winaRoba S
dlR ρ= , masSi gamavali denis Zala – jSI = . 

mocemul dV  moculobaSi dt  droSi gamoyofili siTbo 

dVdtjSdldtjdt
S
dlSjRdtIdQ 22222 ρρρ ==== . 

 praqtikulad mniSvnelovania e.w. energiis simkvrive 
drois erTeulSi – gamtaris moculobaSi siTbos gadanawi-
lebis siCqare 

2j
dVdt
dQw ρ== . 

Ej σσρ == ,1  CanacvlebebiT miviRebT: 
σ

σ 22Ew = ,  

                                                      2Ew σ= .                                                   (21) 
 es joul-lencis kanonis diferencialuri saxea.                    
 

6. omis kanoni sruli (Caketili) 
wredisTvis da araerTgvarovani ubnisTvis 

(ganzogadebuli saxe) 
 sruli eleqtruli wredi aris denis wyarosTan mier-
Tebuli erTi an meti gamtari. wredSi gamaval denis Zalas, 
gamtaris boloebze arsebul Zabvas da wredSi CarTul em 
Zalas Soris Tanafardobas gansazRvravs omis kanoni sruli 
wredisTvis (em Zalis Semcveli wredi). gamoviyvanoT es Tana-
fardoba energiis Senaxvis kanonis gamoyenebiT – wredSi ga-
re Zalebis mier muxtis gadatanaze Sesrulebuli elementa-

ruli muSaoba gare ( )R  da Siga ( )r  (TviT denis wyaros) wina-

Robebze gamoyofili siTbos elementaruli raodenobebis 
jamis tolia 

rR dQdQdW +=* . 
 am gamosaxulebas mivusadagoT joul-lencis da em Za-

lis gamosaxulebebi:     rdtIRdtIIdt 22 +=ε .  
 Idt -ze SekveciT, miviRebT: 
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 ( )rRIIrIR +⇒+=ε  da  

rR
I

+
=
ε

. 

 es aris omis kanonis gamosaxuleba sruli (Caketili) 
wredisTvis. Tu wredi araerTgvarovan ubans Seicavs, xdeba 
Zabvis vardna am ubanze 

*R
UI +

=
ε

. 

aq *R  wredis sruli winaRobaa. 
 
7. kirxhofis wesebi 

 kvanZi ewodeba wredis wertils, sadac aranakleb sami 
gamtari grovdeba. 

 
 kirxhofis pirveli wesi – kvanZSi gamavali denebis algeb-
ruli jami nulis tolia: 

                                                           0=∑
k

kI .                                             (22) 

 
 kirxhofis meore wesi – wredis Caketil ubanSi gamtarebis 
boloebze arsebuli Zabvebis (denis Zalis da winaRobis 
namravlebis) algebruli jami amave ubanSi moqmedi eleq-
tromamoZravebeli Zalebis algebruli jamis tolia: 

                                             ∑∑∑ ==
i

i
k

k
k

kk URI ε .                               (23) 

 
 
                                                                                                          gamtari 
 
 
 
 
 
 
             kvanZi 
                                                                            denis wyaro 
                                                              
                                        em Zalis Semcveli wredis Caketili ubani 
 
8. eleqtruli deni siTxeebSi. eleqtrolizis faradeis 
kanonebi  
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 sufTa siTxeebi, vercxliswylis garda, Cveulebriv tem-
peraturaze, rogorc wesi, eleqtrobis cudi gamtaria. Tumca 
maTi gamtaroba mkveTrad izrdeba, Tu narevi Seicavs marils 
an mJavas. aseT siTxeebs Txevad gamtarebs an eleqtrolitebs 
uwodeben (meore gvaris gamtarebs, liTonebi ki pirveli gva-
ris gamtarebia). eleqtrolitis neitraluri molekulebis 
Sejaxebisas isini iSleba, erTi an meti eleqtronis dakarg-
viT, an SeZeniT. Sedegad miiReba orive  (dadebiTi da uaryo-
fiTi) niSnis ionebi. 

 neitraluri molekulebis ionebad daSlas disociacia 
ewodeba. 

 Sebrunebul process – ionebidan neitraluri molekulis 
aRdgenas – rekombinacia (asociacia) ewodeba. 

 eleqtrolitSi (+) anodis А da (−) kaTodis К eleqtro-
debis Casmisas da maTi denis wyarosTan mierTebisas aRZruli 
eleqtruli velis moqmedebiT uaryofiTi ionebi (anionebi) 
anodisken moZraobs, dadebiTi ionebi (kationebi) ki – kaTo-
disken. eleqtrolitSi warmoiqmneba deni, kaTodze gamoiyofa 
eleqtrolitSi gaJRenTili nivTiereba (magaliTad, spilenZi 

Sabiamnis xsnarSi 4CuSO ) 
 Jangva-aRdgenis reaqciebTan dakavSirebul eleqtrodze 
nivTierebis gamoyofis process eleqtrolizi ewodeba. 

gaTbobisas eleqtrolitebis gamtaroba matulobs (wina-
Roba mcirdeba), radgan gadacemuli siTbo zrdis moleku-
lebis energias, Sedegad, maTi Sejaxebis Zala da sixSire 
matulobs, izrdeba ionebis ricxvi,  izrdeba denic eleq-
trolitSi da, omis kanonis Tanaxmad, winaRoba mcirdeba. 

didma ingliselma fizikosma maikl faradeim eleqtro-
lizis kanonebi Camoayaliba: 

 faradeis pirveli kanoni – eleqtrolizis dros eleqt-
rodze gamoyofili nivTierebis masa eleqtrolitSi gasu-
li muxtis proporciulia 

                         kIdtdmIdtdqdt
dqIkdqdm =⇒==⇒= , .               (24) 

eleqtrodze t  droSi gamoyofili sruli nivTierebis 
masa ganisazRvreba integraliT: 
                                        kItkIdtdmm =∫=∫= ,                                         (25) 
k  nivTierebis eleqtroqimiuri ekvivalentia. 

 faradeis meore kanoni – eleqtroqimiuri ekvivalenti misi 
qimiuri ekvivalentis proporciulia: 

                                                         xk ~ .                                                      (26) 
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qimiuri ekvivalenti n
Mx = , nM ,  Sesabamisad, nivTierebis 

moluri masa da valentobaa: 

                                                          ,1 x
F

k =                                                 (27) 

96500== AeNF  faradeis mudmivaa, −AN  avogadros mudmiva, 
−e  elementaruli muxti (eleqtronis muxti). 

 orive kanonis SeerTebiT vRebulobT faradeis gaerTia-
nebul kanons: 

                                                It
nF
M

nF
Mq

F
qxm === .                                 (28) 

 praqtikuli TvalsazrisiT, mniSvnelovania ganisazRv-
ros eleqtrolizis dros eleqtrodze nivTierebis dafenis 
saSualo siCqare: 
                                                        kIdtdm = , SdhdVdm ρρ == ,  jSI = , 
                                                              

                                                     h    kjSdtSdh =ρ , ρ
kj

dt
dh = ,  υ=dt

dh , 

                                                                maSasadame           ρυ kj= ,      (29) 

                                          eleqtrodze dafenili nivTiereba                         
                                                               ρ  nivTierebis simkvrivea. 
  

9. Termoeleqtronuli emisia 
 Cveulebrivad, liTonSi Tavisufal eleqtronebs, mTel 
moculobaSi Tavisufali gadaadgilebis miuxedavad, gareT 
gasvla ar ZaluZs, kristaluri mesris kvanZebSi ganlagebu-
li dadebiTi ionebis mizidvis gamo. magram garedan miRebu-
li Warbi energiis xarjze (metwilad, siTburis an sxivuris) 
mizidvis Zalebi daZleuli iqneba da iwyeba eleqtronebis 
aorTqleba liTonis zedapiridan (garemomcvel sivrceSi gam-
taridan maTi gasvla). am process Termoeleqtronuli emisia 
ewodeba. Termoeleqtronuli deni mocemulia riCardsonis 
gantolebiT: 

T
b

eATI
−

= 2 , 
А mudmivaa, −b  mudmiva, romelsac muSa funqcias uwodeben. 

S 
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 Termoeleqtronuli emisia gamoiyeneba televizorebSi, 
kompiuteris monitorebSi: Zlierad gaxurebuli liTonis ze-
dapiridan gamosuli eleqtronebi mifrinavs minis vakuumire-
bul balonSi da bombavs kineskopis luminescenciur ukana 
mxares. eleqtronuli konebi imarTeba eleqtruli an magni-
turi velebiT antenaze Semosuli signalis gamoyenebiT; 
ganaTebuli da Cabnelebuli wertilebisa da ubnebis kombini-
reba ekranze gamosaxulebas iZleva. 
 

 
10. eleqtruli deni airebSi 

 eleqtruli muxtis airSi gavlas eleqtruli ganmuxtva 
ewodeba. 

Cveulebriv, airebis umetesoba izolatoria (aragamta-
ri). airis ionizeba (gamtarad gadaqceva) umetesad gaTbobiT 
an dasxivebiT xdeba6. damatebiTi energiis SeZenisas neitra-
luri molekulebi Zlier da xSirad ejaxeba erTmaneTs, Se-
degad, iSleba eleqtronebad da dadebiT ionebad. unda aRi-
niSnos, rom SesaZlebelia mcire raodenobis uaryofiTi 
ionebis warmoqmnac. 
 movaTavsoT airi minis balonSi Sig CarCiluli anodiT 
da kaTodiT, romelic SeerTebulia denis wyaros Sesabamis 

polusebTan (+), (−). ionizatori airSi warmoqmnis dadebiT 
ionebs da eleqtronebs, romlebic miemarTeba Sesabamis 
polusebTan – airSi warmoiqmneba eleqtruli deni. eleqt-
rodebs Soris Zabvis gazrdiT izrdeba denic, Tumca garkve-
uli mniSvnelobis miRwevisas (najerobis deni) aRar izrdeba. 
mizezi isaa, rom mocemul Zabvaze muxtis yvela matarebeli 

                                                 
6ionizatorebad gvevlineba: kosmosuri sxivebi, rentgenis gamosxiveba, ultraiisferi 
gamosxiveba, radiaqtiuri gamosxiveba. 

– +

A K 

e

e
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aRwevs Sesabamis eleqtrods da dens meti gazrda aRar 
SeuZlia (misi sidide muxtis matareblebis ricxvzea damo-
kidebuli). airis aseT ganmuxtvas araTavisTavadi ewodeba. 
 
        А                                   К                  I                                     TavisTavadi 
                                                                                                                     ganmuxtva  
 
                                                                            araTavisTavadi              
                                                               Iн                      ganmuxtva 

 
                                                                  0                                                       U 
 
 Tu Zabvas Zlier gavzrdiT, Tavisufali eleqtronebi 
uzarmazar kinetikur energias Rebulobs da molekulebTan 
Sejaxebisas Slis ionebad da eleqtronebad, romlebic ma-
Sinve udides energias Rebulobs da Tavad Slis sxva mole-
kulebs – warmoiqmneba uzarmazari raodenobis muxtis mata-
rebeli, amas emateba dadebiTi ionebis mier kaTodis dabom-
bva da iqidan eleqtronebis amogleja – procesi umarTavi 
xdeba da deni udides mniSvnelobebs aRwevs mokle droSi. am 
process TavisTavadi ganmuxtva ewodeba.  
 

11. eleqtruli deni naxevargamtarebSi 
 naxevargamtarebi ganekuTneba myar sxeulTa klass, rom-
lebic kuTri winaRobiT ikavebs adgils gamtarebsa da izo-
latorebs Soris. yvelaze cnobili naxevargamtarebia germa-

niumi ( )Ge  da siliciumi ( )Si . isini ganlagebulia mendeleevis 

perioduli sistemis me-4 jgufSi – maT atomebs oTxi sava-
lento eleqtroni aqvs gare orbitaze da isini 4 mezobel 
atomTan urTierTqmedebs e.w. kovalenturi kavSiriT.   
 temperaturis gazrdisas es kavSirebi irRveva, eleqtro-
nebi Tavisufldeba da iwyebs qaosur moZraobas naxevargamta-
ris kristalis mTel moculobaSi. adgils, romelsac adre 
es eleqtroni ikavebda xvreli ewodeba da mas igive elemen-
taruli muxti eqneba, oRond dadebiTi da is eleqtronis 
sapirispirod imoZravebs. Tu naxevargamtars Zabvas movdebT, 
eleqtronebis da xvrelebis moZraoba mowesrigebuli gaxde-
ba – naxevargamtarSi gaivlis deni. e.i. naxevargamtars kom-
binirebuli eleqtronuli da xvreluri gamtaroba gaaCnia. 
rogorc wesi, eleqtronebis Zvradoba xvrelebisas aRemateba. 
 

V 
A
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 sufTa naxevargamtarebi: bunebrivi naxevargamtarebis gam-
tarobas sufTa gamtarobas uwodeben. sufTa naxevargamta-
rebs aqvs Tavisufali muxtis matareblebi, romlebic gaT-
bobiTaa ganpirobebuli. 

 
 minareviani naxevargamtarebi: naxevargamtarebis gamtaroba 
SeiZleba gaizardos garkveuli minarevebis damatebiT. Tu 
naxevargamtaris atomi Cainacvleba sxva atomiT, romelsac 
meti eleqtroni aqvs (4 jgufis naxevargamtarebs umateben 
5 an 6 jgufis elementebs), damatebiT warmoiqmneba Tavisu-
fali eleqtronebi (1 an 2 da meti), izrdeba eleqtronuli 
gamtaroba – aseT minarevebs donoruls uwodeben. naxevar-
gamtari ki n-tipis xdeba (Warbi eleqtronuli gamtarobiT, 
negative – uaryofiTi). Tu naxevargamtars daumateben nak-
lebi eleqtronebis mqone minarevs (2 an 3 jgufis), misi 
atomebi ZiriTadi atomebisgan miitacebs saWiro eleqtro-
nebs kovalenturi kavSiris asawyobad, amasTan Cndeba 
xvrelTa Warbi raodenoba (1 an 2 da meti), izrdeba xvre-
luri gamtaroba. minarevs aqceftoruli ewodeba da naxe-
vargamtari p-tipis xdeba (Warbi xvreluri gamtarobiT, 
positive – dadebiTi). 

 
 naxevargamtarebis gamtaroba izrdeba temperaturis 
zrdisas, radgan Cndeba meti eleqtronisa da xvrelis wyvi-
li, romlebic muxtis matareblebis rols asrulebs. eleqt-
ronebi da xvrelebi naxevargamtarebSi iseve moZraobs, ro-
gorc liTonebSi Tavisufali eleqtronebi. 
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m a g n i t i z m i 
1. magnituri veli. magnituri velis induqcia. Zalwirebi 

 bunebrivi magnitis an deniani gamtaris garemomcvel sivr-
ceSi magnituri veli aRiZvreba. 

ganvixiloT magnitur velSi moTavsebuli Sekruli kon-
turi (CarCo) (suraTi). aq I  CarCoSi gamavali denis Zalaa,  
−S  CarCos farTobi, −n  CarCos konturisadmi dadebiTi nor-

mali, gansazRvruli marjvena burRis wesiT. rodesac CarCo-
Si miedineba deni, Cndeba Zalis momenti τ , romelic abru-
nebs CarCos im mimarTulebiT, romelic emTxveva magnituri 
velis mTavari Zaluri maxasiaTeblis – magnituri induqciis 
→
B  veqtoris mimarTulebas ⎥⎦

⎤
⎢⎣

⎡ ×=
→→→
Bpτ ; 

→
p  CarCos magnituri 

dipolis momentis veqtoria. brtyeli CarCoebisTvis 
→→

= nISp . 

Sefardeba ISnB τ=  yvela brtyeli CarCosTvis marTebulia. 

magnituri veli ZalwirebiT xasiaTdeba: 
 magnituri Zalwirisadmi gavlebuli mxebi emTxveva magni-
turi induqciis veqtoris mimarTulebas; 

 Zalwirebis sixSire yovel wertilSi induqciis veqtoris 
proporciulia. Tu Zalwirebi ganlagebulia mWidrod, mag-
nituri veli Zlieria, Tu ZalwirebSi sixalvaTea, veli 
sustia. 

 magnituri Zalwirebi Sekrulia, maT Tavi da bolo ar 
aqvs. es amtkicebs im garemoebas, rom magnitur vels uZravi 
wyaro ar aqvs – is warmoiqmneba eleqtruli deniT – moZravi 
damuxtuli nawilakebiT. 

 Tu deni wrfiv gamtarSi miedineba, Zalwirebi gamtaris 
garSemomcveli koncentruli wrewirebia, xolo Tu deni 
gadis wriul konturSi (xviaSi) – Zalwirebi xviis gamWo-
li wrfeebia, romlebic misgan moSorebiT erTiandeba. 

 burRis wesi – Tu burRis tari brunavs magnituri velis 
Zalwirebis mimarTulebiT, burRis wveri denis mimarTule-
biT gadaadgildeba, xolo Tu burRis tari brunavs denis 
mimarTulebiT, burRis wveri Zalwirebis mimarTulebiT 
imoZravebs. 
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2. magnituri nakadi. gausis Teorema 
 dS  elementaruli zedapiris gamWoli, misi marTobuli, 

magnituri nakadi ndΦ  ganisazRvreba Semdegi gamosaxulebiT: 
                                                           dSBd nn =Φ ,                                        (1) 

nB  konturis zedapirisadmi magnituri velis marTobuli 

(normaluri) mdgenelia. zogad SemTxvevaSi Zalwirebi α  kuT-
xiTaa daxrili konturis normalisadmi da nakadi iqneba 
                                                        αcosBdSd =Φ .                                     (2) 
                                                                    αcosBBn =  induqciis veqto-  
                                                             ris mdgenelia normalze. sruli  
                                                             magnituri nakadi raime zedapir- 
                               ze 

                                                             ∫=Φ∫=Φ
S

ndSBd .                            (3) 

 Tu S  zedapiri Sekrulia, aseve Sekruli iqneba Zalwi-
rebic, maSin am konturis gamWoli nakadi nulis toli 
iqneba: 
                                                           0==Φ ∫

S
ndSB .                                    (4) 

 es aris gausis Teorema magnitizmisTvis. is xazs usvams 
magnituri velis grigalur xasiaTs. magnituri induqciis 
erTeulia tesla (tl), nakadis – veberi (vb). 
 

3. induqciis veqtoris cirkulacia 
 raodenobrivi Tanafardoba I  densa da magnituri velis  
B  induqcias Soris mocemulia Semdegi gamosaxulebiT: 

∑∫ ==
k

k
l

B IBdlC 0μ , 

dl  elementaruli sigrZea, 7
0 104 −⋅= πμ vt/a·m – garemos magni-

turi mudmiva. am gamosaxulebas ewodeba magnituri induqci-
is veqtoris cirkulacia Sekruli konturis gaswriv Tavisu-
fal sivrceSi (vakuumSi). 
  
                                       I                                                   B 
         dl                        bio-savar-laplasis                      I 
                                      kanonis suraTi                    α           amperis Zalis 

             α          r                                                                          suraTi 

                                   P                                                 Fa 

n 

α 

→
B
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4. bio-savar-laplasis kanoni 
 bio-savar-laplasis kanoni gansazRvravs deniani gamta-

ris  dl  elementis mier Seqmnili magnituri velis dB  induq-
cias sivrcis nebismier Р wertilSi, romelic r  manZiliT 

daSorebulia gamtarisgan 2
0

4
sin
r

IdldB
π

αμ
= , α  aris kuTxe 

induqciis veqtors da gamtaris sigrZis elements Soris. 

veqtoruli saxiT es kanoni ase Caiwereba:   3

0

4 r

rldI
dB

π

μ ⎥
⎦

⎤
⎢
⎣

⎡
×

=

→→

. 

 mTlianobaSi, deniani gamtari qmnis magnitur vels, 

romlis induqcia    ∫=
l

Idl
r

B 2
0

4π
μ

. 

 
5. magnitur velSi denian gamtarze moqmedi 

Zala. amperis Zala 

 frangma mecnierma amperma gansazRvra a

→
Fd  Zala, romli-

Tac 
→
B  induqciis magnituri veli moqmedebs masSi moTavsebul 

I  deniani gamtaris 
→
ld  elementze ( a

→
Fd  da 

→→
ldBI ,,  erTma-

neTis proporciulia) (denze moqmedebs induqciis veqtoris 

normaluri mdgeneli αsinBBn = )  
IdlBBIdldF n== αsina . 

 veqtoruli saxiT amperis Zala Caiwereba Semdegnairad:   

                                            ⎥
⎦

⎤
⎢
⎣

⎡
×=
→→→
BldIFd a .                                              (5) 

 mTel gamtarze moqmedi Zala 
                                      IlBIdlBdFF n

l
n ==∫= ∫aa .                                   (6) 

marcxena xelis wesi 
 Tu induqciis veqtoris mdgeneli marTobulad Sedis mar-
cxena xelis gulSi, xolo oTxi gaSlili TiTi mimarTu-
lia denis gaswvriv, maSin maT marTobulad gaSverili 
ceri amperis Zalis mimarTulebas aCvenebs. 
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6. magnitur velSi moZrav damuxtul nawilakze moqmedi Zala. 
lorencis Zala 
 Zalas, romliTac magnituri veli masSi moZrav damux-
tul nawilakze moqmedebs, lorencis Zala ewodeba, misi aR-
momCeni mecnieris sapativcemulod. am Zalis gansazRvrisTvis 

visargebloT amperis Zalis gamosaxulebiT αsinBIdldF =a , da 
CavsvaT masSi (liTonebSi) denis Zalis formula (“nesvis 
formula”) υneSI = : 
                                       αυ sindlBneSdF =a .                                             (7) 
 adF  moqmedebs deniani gamtaris dl  elementze anu Sdl  mo-
culobaSi moTavsebul muxtebze da maTi ricxvi nSdldN = . 
maSasadame, erT damuxtul nawilakze (muxtze) (liTonebis 
SemTxvevaSi elementaruli e  muxtis mqone eleqtronze) 
moqmedi lorencis Zala 

nSdl
dlBneS

dN
dFF αυ sin

== a
l , 

Sekveca gvaZlevs lorencis Zalis saboloo gamosaxulebas: 
                                                αυ sinBeF =l .                                             (8) 

marcxena xelis wesi 
 Tu induqciis veqtoris mdgeneli marTobulad Sedis mar-
cxena xelis gulSi, xolo oTxi gaSlili TiTi uCvenebs 
nawilakis siCqaris mimarTulebas, maSin maT marTobulad 
gaSverili ceri lorencis Zalis mimarTulebas aCvenebs. 

veqtoruli saxiT, lorencis Zala 

                                                 ⎥
⎦

⎤
⎢
⎣

⎡
×=
→→
υBeFl .                                              (9) 

 magnitur velSi moZravi nebismieri q  muxtis SemTxve-

vaSi lorencis Zala Semdeg saxes miiRebs: 
skalaruli forma – αυ sinBqF =l ,  

veqtoruli forma – ⎥
⎦

⎤
⎢
⎣

⎡
×=
→→
BqF υl . 

 qarTulad am formulas “qvabis formulas” uwodeben. 
 Tu muxti velis paralelurad moZraobs Zalwirebis 

gaswvriv 0sin,|| =⎟
⎠

⎞
⎜
⎝

⎛ →→
αυ B , muxtze lorencis Zala ar moqme-

debs, ar moqmedebs is aseve uZrav muxtzec, rac mkafiod Cans 
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formulidan. aRvniSnoT, rom rogorc nebismieri, moZraobi-
sadmi marTobuli Zala, lorencis Zalac ar asrulebs mu-
Saobas, samagierod is nawilaks moZraobis traeqtorias um-
rudebs anu centriskenuli Zalis rols asrulebs. 
 

7. eleqtronis kuTri muxtis gansazRvra 
 eleqtronis kuTri muxti ewodeba muxtis fardobas mis 

masasTan ( )m
e . warmovidginoT magnitur velSi Zalwirebis 

marTobulad moZravi eleqtroni. BeF υ=l  lorencis Zala 

r
mF

2υ=l  centriskenuli ZaliT moqmedebs da abrunebs 

eleqtrons r  radiusis wriul orbitaze. am ori gamosaxule-
bis gatoleba gvaZlevs: 

r
mBe

2υυ = , 

υ  siCqaris SekveciT, miviRebT: 

                                                    r
meB υ= .                                                 (10) 

radgan eleqtronis siCqare gauzomavi sididea, amovag-
doT da sxva gazomvadi sididiT SevcvaloT. magnitur velSi 
moxvedramde eleqtroni Cqardeba U  Zabvis mqone eleqtrul 
velSi da eleqtronis aCqarebaze velis mier Sesrulebuli 
muSaoba mis kinetikur energiad gadaiqceva anu WeSmaritia 
Semdegi toloba: 

m
eUmeUmEeUWEW 2,

22
,

22
==⇒==⇒= υυυ

kk . 

 siCqaris es gamosaxuleba CavsvaT (10)-Si da kvadratSi 
aviyvanoT 

2

2
22 2

mr
eUmBe = . 

me, -ze SekveciT, miviRebT:  

2
2 2

r
UmeB = . 

sabolood 

                                      11
22 10758,12

⋅==
Br
U

m
e

k/kg.                               (11) 
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8. holis efeqti 
 ingliselma fizikosma holma gamoikvlia Zabvis gaCena 
magnitur velSi moTavsebul liTonis firfitis zedapirebs 
Soris, velisadmi marTobuli denis gavlisas (ix. suraTi). 
magnituri veli firfitas ganWvalavs horizontalurad, deni 
marcxnidan marjvniv miedineba, firfitis zeda da qveda 
zedapirebi ki imuxteba erTi dadebiTad, meore uaryofiTad, 
maT Soris Cndeba Zabva.  

avxsnaT es movlena: eleqtronebi moZraobs firfitaSi 
marjvnidan marcxniv, denis sapirispirod. marcxena xelis we-
sis Tanaxmad, lorencis Zalis moqmedebiT eleqtronebi wai-
nacvlevs zemoT – zedapiri uaryofiTad daimuxteba, qveda 
zedapiri dadebiTi gaxdeba, ris Sedegadac Cndeba eleqt-

ruli veli zemoT mimarTuli daZabulobiT 
→
E . es veli aba-

Tilebs lorencis Zalas qvemoT mimarTuli kulonis ZaliT 
→→

−= FFk l : 

FF =k l  F k eE= , F l Beυ= , BeeE υ= , BE υ= . 
 ugulebelvyoT eleqtronis siCqare, radgan is gauzoma-
vi sididea, denis Zala gamoviTvaloT “nesvis formulis” 

gamoyenebiT υneSI = , neS
I=υ ; amasTan abS =  da neab

I=υ , 

firfitaze Zabva gamovsaxoT eleqtruli velis daZabulobiT 
EaU = . aq CavsvaT E  daZabulobis mniSvneloba siCqarisTvis 

miRebuli gamosaxulebis gaTvaliswinebiT, miviRebT: 

neb
IB

neab
IBaBaEaU ==== υ , 

SemoviRoT aRniSvna: −= K
ne
1

 holis mudmiva, romelic firfi-

tis masalis maxasiaTebelia, sabolood miviRebT: 

                                                         
b
IBKU =  .                                            (12) 

                                                     α 
 
                                                         I               e 
                                         b 
 
 

→
B  

→
E  

l

→
F  

k

→
F  
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9. nivTierebis magnituri Tvisebebi 
9.1. eleqtronebis da atomebis  
magnituri dipolis momenti 

 garemos umartivesi magnituri struqturaa magnituri 

dipoli, romelic xasiaTdeba mag

→
p  magnituri dipolis momen-

tiT. atomis eleqtronebi da birTvebi dipolebia. atomSi 
birTvis garSemo wrewirze brunvisas eleqtronis qceva mog-
vagonebs mciredenian CarCos da amitom mas aqvs orbituli 

magnituri dipolis momenti 
→→

= nISpmag . misi modulia 

ISevSp =mag , sadac SI ,,ν  Sesabamisad, denis Zala, eleqtronis 

brunvis sixSire da orbitis farTobia. eleqtrons aseve 

orbituli kuTxuri impulsic gaaCnia ⎥⎦

⎤
⎢⎣

⎡ ×=
→→→
rmL υ  moduliT, 

rmL υ= . mag

→
p  da 

→
L -is mimarTulebebi burRis wesiTaa dakav-

Sirebuli, modulebi ki urTierTproporciulia, 

m
eLp 2−=mag . garda amisa, yvela eleqtrons aqvs spini da, 

maSasadame, spinuri kuTxuri impulsi sL
→

 da spinuri magni-

turi dipolis momenti 
s

pmag

→
. e.i., atomis sruli magnituri 

dipolis momentia:    =
→

atp +∑
→

mag.p
s

pmag.

→
∑ . 

 
9.2. magnituri veli nivTierebaSi 

 rodesac magnetikebs7 aTavseben magnitur velSi, maSin 
aRZruli elementaruli magnituri dipolebi sakuTar vels 
qmnis, romelic cvlis pirvandels. magnetikSi induqciis 

sruli 
→
B  veqtori nawilobriv nivTierebaSi arsebuli dene-

biT aris Seqmnili, nawilobriv – masalis damagnitebiT 

                                                 
7 liTonebi, romlebsac bunebrivi magnituri Tvisebebi aqvs. 
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damag.

→→→
+= BBB I ; IB

→
 denis induqciaa, −

→
damag.B  damagnitebis 

induqcia. 
9.3. diamagnetizmi, paramagnetizmi, feromagnetizmi 

 magnitur velSi moTavsebul sxvadasxva nivTierebebze 
Catarebuli cdebi cxadyofs, rom zogi maTgani ganizideba 
magnituri veliT anu magnituri amTvisebloba (magnitur vel-
ze nivTierebis reagirebis sazomi sidide) uaryofiTia da 
Zalian mcirea .0<χ  am movlenas diamagnetizmi ewoda. maTi 

magnituri SeRwevadoba (nivTierebis magnituri Tvisebebis 
maxasiaTebeli) 11 ≈+= χμ . yvela nivTierebas diamagnituri 

Tvisebebi gaaCnia, Tumca umravlesobaSi is ifareba para- da 
feromagnetizmiT. diamagnetikebia bismuti, stibiumi, oqro, 
wyali, kvarci, wyalbadi. diamagnetizmi aris nivTierebis 
bunebrivi reaqcia modebul magnitur velze da temperatu-
risgan damoukidebelia. 

zogi nivTiereba (magaliTad, platina) miizideba magni-
turi veliT, misi magnituri amTvisebloba dadebiTia, Tumca 
aseve Zalian mcirea, .0>χ  am movlenas paramagnetizmi ewoda. 

paramagnetikebis magnituri SeRwevadoba odnav aRemateba 
erTs, 11 ≥+= χμ . paramagnetikebi temperaturazea damokide-
buli. dabal temperaturebze atomebis magnituri momentebi 
mowesrigebulia, xolo maRal temperaturaze did rols 
asrulebs qaosuri siTburi moZraoba, mowesrigebuloba irR-
veva da paramagnetikebi diamagnetikebSi gadadis. damagnite-
bisa da induqciis veqtorebis kavSiri temperaturasTan 
moicema kiuris kanoniT: 

T
BCM
→→

= , 

С kiuris mudmivaa. paramagnetikebia – platina, alumini, soda, 
manganumi, Jangbadi. 
 zogi elementi – rkina, kobalti, nikeli bunebrivadaa 
Zlier damagnitebuli. maT feromagnetikebs uwodeben. es Tvi-
seba domenebis TeoriiT aixsneba: feromagnetikSi aris mcire, 
Zlier damagnitebuli areebi – domenebi erTmxriv mimarTuli 
magnituri dipolis momentebiT. nimuSis magnitur velSi Cas-
miT Zlier izrdeba misi damagniteba, amasTan SeiniSneba ori 
efeqti: 

 gare velze orientirebuli domenebis zomebi izrdeba; 
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 domenis SigniT dipolebs erTi mimarTuleba aqvs, rome-
lic gare velis mimarTulebis Tanxvdenilia. 

maRal temperaturaze feromagnetiki Tavis Tvisebebs 
kargavs da paramagnetikad gadaiqceva. 
 

10. eleqtromagnituri induqciis movlena 
 1831 wlis 29 oqtombers8 didma ingliselma fizikosma 
maikl faradeim aRmoaCina induqciuri (ZaliT gamowveuli) 
denis warmoSoba koWaSi misadmi magnitis moZraobisas. deni 
koWaSi Cndeboda mxolod magnitis moZraobisas misken an mis-
gan. aqedan man daaskvna, rom induqciur dens warmoqmnis 
droSi cvladi magnituri veli. damtkicda uwyveti da yovel-
mxrivi kavSiri magnitur velsa da eleqtrul dens Soris –  

 eleqtruli deni warmoqmnis magnitur vels gamtaris irgv-
liv, xolo, Tavis mxriv, cvladi magnituri veli warmoqm-
nis induqciur dens Caketil konturSi.   
 

                                        Caketili  konturi 
                                                                                                                       
            I 
 
                                                magniti 

 
11. eleqtromagnituri induqciis kanoni 

 konturSi denis warmoqmnis ZiriTad mizezad faradeim 
dauSva konturis gamWoli magnituri nakadis nebismieri sa-
xiT cvlileba. faradeis kanoni Semdegnairad JRers: 

 Sekrul konturSi induqciis em Zala konturis gamWoli 
magnituri nakadis drois uaryofiTi warmoebulis tolia. 

  maTematikurad es kanoni ase Caiwereba: 

                    'Φ−=Φ−= dt
dε .     (primi (') igivea, rac dt

d ).          (15) 

(–) miuTiTebs magnituri nakadisa da induqciis em Zalis 
urTierTsawinaaRmdego arss. swrafad cvladi nakadisas  

tBSBS ωα coscos ==Φ , 
→
B  magnituri induqciis veqtoria, −S  konturis farTobi, −ω  
nakadis cvlilebis cikluri sixSire. (15)-Si CasmiT viRebT: 

                                                 
8 uiSviaTesi SemTxveva mecnierebaSi, rodesac cnobilia udidesi aRmoCenis zusti 
TariRi – aRmoCenil iqna induqciuri deni, igive cvladi deni, romelsac ase farTod 
iyenebs kacobrioba. 
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( ) ⇒=⇒=−=Φ−= mBStBStBS εε ωωωω sincos'  
                                                   tm ωεε sin= ,                                            (16) 

mε  em Zalis amplitudaa. N  xviiani koWas SemTxvevaSi vRebu-

lobT: 
                                                 tN m ωεε sin= .                                          (17) 

12. lencis wesi 
 induqciuri denis mimarTuleba gansazRvra rusma mecni-
erma lencma energiis Senaxvis kanonis safuZvelze: 

 induqciur dens iseTi mimarTuleba aqvs, rom is misi 
warmomSobi magnituri nakadis nebismier cvlilebas ewina-
aRmdegeba. 

 faradeis kanonSi minusi gulisxmobs denis winaaRmde-
gobas nakadis cvlilebisadmi. lencis wesi aRwers Sekrul 
konturebs. suraTidan Cans, rom konturTan  
magnitis miaxloebisas, konturi mas gaurbis,,  
amiT ewinaaRmdegeba nakadis zrdas.  
piriqiT, magnitis mocilebisas,  
konturi mas misdevs, cdilobs ar  
dauSvas nakadis Semcireba. Tu magniti  
uZravia, uZravia konturic – induqciuri  
deni masSi ar aris – mxolod droSi cvlad  
magnitur vels ZaluZs induqciuri denis  
warmoqmna Sekrul konturebSi. 
 

13. induqciuroba. TviTinduqcia 
 Tu ori koWa erTmaneTTan axlosaa, erTi koWas deni me-
oreSi qmnis magnitur nakads. Tu is icvleba denis cvlile-
bisas, Cndeba eleqtromagnituri induqciis kanonis morCili 
induqciis em Zala.  
 ganvixiloT solenoidis (grZeli, wvrili koWa) Sua 
nawili. masSi gasuli deniT TiToeul xviaSi aRZruli 
nakadi yvela xviaSi erTnairia. aseTi koWebisTvis faradeis 
kanoni Semdegi saxiT Caiwereba: 

                                           ( ) 'Φ−=Φ−= Ndt
Ndε ,                                  (18) 

ΦN  solenoidSi gamavali sruli nakadia, romelic masSi 
gamavali i  denis proporciulia 
                                                    LiN =Φ ,                                                   (19) 
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L  koWas induqciurobaa, romelic koWas zomebisa da misi 
mavTulis masalis maxasiaTebelia. (19)-is (18)-Si CasmiT 
miviRebT: 

                                               'Li
dt
diL −=−=ε .                                          (20) 

 faradeis kanonis Tanaxmad, induqciis em Zala Cndeba 
koWaSi gamavali magnituri nakadis cvlilebisas. magram is 
aseve Cndeba TviT koWaSi gamavali denis cvlilebisas. am 
movlenas TviTinduqcia ewodeba, xolo Sesabamis em Zalas – 
TviTinduqciis em Zala. 

koWas induqciuroba izomeba henriT (hn).  
(19) formulidan miviRebT 

                                           i
NL Φ= .                                                 (21) 

 (21) gamoviyenoT L -is gamosaTvlelad l  sigrZis koWas 
monakveTisTvis grZeli solenoidis centris maxloblad. 
solenoidSi sruli magnituri nakadi 

nlBSnlNNBSN ⇒=⇒=Φ , 
n  xviaTa ricxvia erTeul sigrZeze, −= niB 0μ  magnituri ve-
lis induqcia solenoidis SigniT, −S  solenoidis ganivkve-
Tis farTobi. induqciis mniSvnelobis nakadis gamosaxuleba-

Si Casmis Semdeg miviRebT  SlinN 2
0μ=Φ , xolo misi (21)-Si 

CasmiT ( −V  koWas sakvlevi nawilis moculoba): 
                  VnSlnL 2

0
2

0 μμ ==                        (22) 
 

 
 

14. magnituri velis energia 
 rodesac koWaSi rTaven dens, TviTinduqciis em Zala mis 
zrdas ewinaaRmdegeba anu deni mis sapirispirod asrulebs 
muSaobas. rodesac deni aRwevs mudmiv mniSvnelobas, em Zala 
qreba da deni mis winaaRmdeg muSaobas aRar asrulebs. am 
muSaobis tolfasi energia grovdeba koWas magnitur velSi. 
is Tavisufldeba, rodesac dens gamorTaven, cdilobs ra 
SeinarCunos misi pirvandeli mniSvneloba. am energiis gamo-

saTvlelad warmovadginoT denis cvlileba dt
di  kanoniT, 

amasTan em Zala aris dt
diL=ε . denis elementaruli muSao-

baa Lidiidtdt
diLidtdW ===ε , da udris velis mier dagro-
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vil elementarul energias LididE =mag . sruli energia, 

romelic denis nulovan I  mudmiv mniSvnelobamde miRwevis 
muSaobis tolia, gamoisaxeba Semdegi saxiT: 

2

2

00

LIidiLLididEE
II

===∫= ∫∫magmag . 

 

c v l a d i   d e n i 
1. cvladi deni. cvladi denis wredi 

 rodesac marTkuTxa an mrgvali CarCo ise brunavs magni-
tur velSi, rom CarCos gamWoli magnituri nakadi ganuwyvet-
liv icvleba, CarCoSi inducirdeba em Zala. N  xviisgan Semd-
gari S  farTobis koWas gamWoli magnituri nakadi 
                                                      NBS=Φ .                                                   (1) 
 Tu t  droSi koWas xvia motrialda α  kuTxiT, maSin 
                                                αcosNBS=Φ .                                               (2) 
 viciT, rom cikluri sixSire t

αω = , aqedan tωα =  da 

                                                tm ωcosΦ=Φ ,                                                (3) 
−=Φ NBSm  nakadis amplituda (maqsimaluri mniSvneloba). 

am dros koWaSi aRZruli induqciis em Zala iqneba 

( ) tt
dt
d

mm ωωωε sin'cos' Φ=Φ−=Φ−=
Φ

−= . 

 mm Φ=ωε  em Zalis amplitudaa, maSin 
                                                 tm ωεε sin= .                                                (4) 
 Tu konturis (koWas) boloebi wredSia CarTuli, aRiZvreba cvladi Zabva, 
romelic cvladi em Zalis analogiurad Caiwereba: 
                                                 tUU m ωsin= .                                                (5) 
 cxadia, rom Tu wredSi Zabva cvladia, denic cvladi 
iqneba anu koWas naxevari brunvis dros is erT mxares mie-
dineba, meore naxevris dros ki – meore mxares. icvleba misi 
ricxviTi mniSvnelobac – 0-dan raRac maqsimalur (amplitu-
dur) mniSvnelobamde.  

 sididiT da mimarTulebiT periodulad cvalebad dens 
cvladi deni ewodeba: 

                                                tII m ωsin= .                                                   (6) 
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 Tu wredSi CarTulia mxolod aqtiuri winaRoba (rezis-

tori) ( )0,0 →→ CL , iZulebiTi rxevis gantoleba dadis 

tURi m ωcos= -mde da tIt
R

Ui m
m ωω coscos == , 

R
UI m

m =  denis amplitudaa. 

 
 
 

2. induqciuroba cvladi denis wredSi  
 rodesac cvladi denis wredi Seicavs mxolod induqci-

urobas (anu induqciurobis koWas) ( )0,0 →→ CR , iZulebiTi 

rxevis gantolebas Semdegi saxe eqneba: 

                                             
dt
diLtUm =ωcos .                                               (7) 

 mocemul SemTxvevaSi gare Zabva mTlianad modebulia 

koWaze, amitom (7) SeiZleba aRiniSnos LU -iT da mas induq-
ciurobaze Zabvis vardnas uwodeben. gadavweroT (7) Semdegi 
saxiT 

tdt
L

Udi m ωcos=  

da droiT gavaintegriroT:   t
L

Utdt
L

Udii mm ω
ω

ω sincos =∫=∫= , 

                                             ⎟
⎠
⎞

⎜
⎝
⎛ −=

2
cos πωtIi m ,                                           (8) 

                                                   L
UI m

m ω=                                                   (9)  

es denis Zalis amplitudaa. (9)-s Tu omis kanons mivusada-
gebT, miviRebT cvladi denis wredis induqciur winaRobas 
                                                       LRL ω= .                                                  (10) 

 rogorc (8)-dan Cans, Zabva dens 2
π  faziT uswrebs.  

                                           U                         U,i 
 
                                                                          
                                        900                                    0                                                  t 
                                                                       i 

A U

t 0

I,

 

U 

L 
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3. eleqtrotevadoba cvladi denis wredSi  
 rodesac cvladi denis wredi mxolod eleqtrotevado-

bas (anu kondensators) Seicavs ( )0,0 →→ LR , kondensatoris 
Semonafenebze gare modebuli Zabvis toli iqneba da iZu-
lebiTi rxevis gantolebas Semdegi saxe eqneba: 

                                            tU
C
qU mC ωcos== .                                       (11) 

 deni wredSi ganisazRvreba kondensatoris muxtis dro-
is warmoebuliT 

( ) ( ) ==== tCU
dt
dCU

dt
d

dt
dqi mC ωcos        

                                ⎟
⎠
⎞

⎜
⎝
⎛ +=−=

2
cossin πωωω tItCU mm .                         (12) 

amasTan, denis amplituda 

                                                  mm CUI ω= .                                                 (13) 
(13)-dan miviRebT wredis tevaduri winaRobis gamosaxu-

lebas 

                                                  CRC ω
1= .                                                   (14) 

 Zabvis (11) da denis (12) gamosaxulebebis SedarebiT vrw-

mundebiT, rom deni Zabvas 2
π  faziT uswrebs.  

                                           i 
 
 
                                                900 
                                                                               U 
 
                               i, U 
                                            Um 
 
                                    0                                                                 t 
                                                          im                                                       
                                                                                   
 
 
 
 
 
 

U

C 

 



 84

4. cvladi denis sruli wredi  
 cvladi denis sruli wredi Seicavs aqtiur winaRobas 
R , induqciurobas L  da eleqtrotevadobas С. wredSi cvladi 
denis gavlisas Zabvis amplitudebi R , L  da С-ze aRvniSnoT, 

Sesabamisad, CLR UUU ,, . SevadginoT wredis elementebis Zab-

vebis veqtoruli diagrama, romliTac advilia aRiweros 
cvladi denis wredSi mimdinare procesebi – gare modebuli 
Zabvis amplituda calkeuli Zabvebis amplitudebis veqtoru-
li jamis tolia: 

CLRm UUUU
→→→→

++= . 
                                                                           UL 
 
  
                                                                                 UL – UC                         Um 
                                                                                                φ 
                                                                             0                                             UR                    
                                                                           UC 
                                                                                                                       Zabvebis vvqtoruli diagrama 

piTagoras Teoremis gamoyenebiT veqtoruli diagrami-
dan miviRebT modebuli Zabvis gamosaxulebas: 

( )222
CLRm UUUU −+=    an   ( )222222

CL RRIRIZI −+= . 

denis Zalis kvadratis ( )2I  SekveciT da amofesviT 

( ) ( )2222 1
CLRRRRZ CL ωω −+=−+= , 

Z  cvladi denis sruli wredis winaRobaa (impedansi). diag-
ramidan Cans, rom deni CamorCeba Zabvas ϕ   faziT, romelic 

ganisazRvreba Semdegi gamosaxulebidan: 

R
CL

R
RRtg CL ωω

ϕ
1−

=
−

= . 

misi amplituda Z
UI m

m = . Tu Zabva icvleba tUu m ωcos=  

kanoniT, Sesabamisi deni Caiwereba Semdegi saxiT  

( )ϕω −= tIi m cos . 
*RRR CL =−  winaRobas reaqtiul winaRobas uwodeben. 

e.i. impedansi ganisazRvreba aqtiuri da reaqtiuli winaRo-

bebiT:                  22 *RRZ += . 

R L C

U 
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5. simZlavre cvladi denis wredSi  
 myisi anu droze damokidebuli simZlavris mniSvneloba 
cvladi denis wredSi ganisazRvreba Semdegi gamosaxulebiT 

( ) ( ) ( ) =−⋅=−⋅== ϕωωϕωω ttIUtItUuitP mmmm coscoscoscos  

( )ϕωωϕω sincossincoscos2 ⋅⋅+⋅⋅ tttIU mm . 
 cvladi denis periodulobis gamo ganvsazRvroT perio-
dis ganmavlobaSi gamoyofili simZlavris saSualo mniSvne-
loba. radgan kosinusis saSualo mniSvneloba erT periodSi 

2
1cos

________
2 =tω , xolo 0cossin

_______________
=⋅ tt ωω , miviRebT ϕcos

2
mmIUP = . 

veqtoruli diagramidan gamomdinareobs, rom Z
R=ϕcos . 

garda amisa,  

m
m IZ

U = . 

am mniSvnelobis saSualo simZlavris formulaSi Cas-
miT miviRebT: 

2

2 RIP m= . 

 aseve gamoisaxeba mudmivi denis simZlavrec 

2

2RIP = . 

 am gamosaxulebebis SedarebiT 

2
mII = . 

 es aris e.w. cvladi denis moqmedi (efeqturi) mniSvnelo-
ba. analogiuri gamosaxuleba miiReba ZabvisTvisac 

2
mUU = . 

 cvladi denis moqmedi (efeqturi) mniSvneloba ewodeba 
mudmivi denis iseT mniSvnelobas, romelic igive simZlav-
res gamoyofs wredSi, rasac mocemuli amplitudis cvla-
di deni. 

 
 
 
 
 



 86

eleqtromagnituri rxevebi 
1. harmoniuli (Tavisufali) 
eleqtromagnituri rxevebi 

 muxtis, denis Zalisa da Zabvis periodul an TiTqmis peri-
odul cvlilebas eleqtromagnituri rxevebi ewodeba. 

eleqtromagnituri rxevebi warmoiqmneba rxeviT kontur-

Si – С tevadobis kondensatorisa da mis Semonafenebs mier-
Tebuli L  induqciurobis koWasgan Semdgar sistemaSi. rxe-
visas kondensatoris eleqtruli energia gardaiqmneba koWas 
magnitur energiad da piriqiT. Tavidan kondensatori wyaro-

dan imuxteba C
qE m

C 2
2

=  energiamde, Semdeg gadarTaven koWa-

ze. kondensatori ganimuxteba – misi muxti TandaTan mcirde-
ba, samagierod izrdeba deni koWaSi. rodesac kondensatori 
mTlianad ganimuxteba, misi eleqtroenergia srulad garda-

iqmneba 2
2
m

L
LIE =  koWas magnitur energiad. amasTan, deni 

aRwevs mI  maqsimalur mniSvnelobas.  Semdeg kondensatori 

iwyebs gadamuxtvas – deni koWaSi mcirdeba, kondensatoris 
muxti ki izrdeba da bolos koWas mTeli magnituri energia 
kondensatoris eleqtroenergiad gardaiqmneba – Sesruldeba 
erTi sruli rxeva. Semdeg yvelaferi meordeba – rxeviT 
konturSi mimdinareobs Tavisufali (aramilevadi) rxevebi. 
cxadia, es idealuri SemTxvevaa (wredis winaRoba ugulebel-
yofilia), radgan sinamdvileSi energia SemaerTebel sadeneb-
ze ikargeba (gamoiyofa siTbos saxiT) da rxevebi miileva. 
Tavdapirvelad miviRoT Tavisufali rxevis gantoleba, Sem-
deg milevadi da iZulebiTi rxevis gantolebebi. 
 Tavisufali rxevebi xasiaTdeba periodiT da sixSiriT:  

 rxevis periodi ( )T  erTi sruli rxevis droa, sixSire ( )ν  – 
rxevaTa ricxvi drois erTeulSi, romelic periodis Seb-
runebuli sididea. 

periodi da sixSire tomsonis formuliT moicema:    

LCT πν 21 == . 

 arsebobs cikluri sixSirec 

T
ππνω 22 == . 
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 sinusis an kosinusis kanoniT mimdinare rxevebs harmoniu-
li ewodeba. 

 kirxhofis meore kanonis Tanaxmad, 
rxeviT konturSi kondensatoris Zabva 
koWas em Zalis tolia: 
                                               LCU ε= , 

C
qUC =  da dt

diLL −=ε , CavsvaT da  

miviRebT dt
diLC

q −= , an 0=+ C
q

dt
diL . yvela wevris L -ze 

gayofiT da imis gaTvaliswinebiT, rom "2

2
q

dt
qd

dt
di == , 

miviRebT meore rigis erTgvarovan diferencialur gantole-
bas q  muxtis mimarT:  

                                             01" =+ q
LC

q .                                                     (1) 

es aris harmoniuli Tavisufali (aramilevadi) rxevis 
gantoleba, romlis amonaxsnia: 
                                         ( )ϕω += tqq m 0cos ,                                              (2) 

mqq,  Sesabamisad, muxtis myisi da amplituduri (maqsimalu-

ri) mniSvnelobaa, −+ϕω t0  rxevis faza, −ϕ  sawyisi faza, 

−0ω  rxeviTi konturis sakuTari cikluri sixSire, romelic 

gamoTvlilia tomsonis formulidan: 
LC

1
0 =ω . (1) gadaiwe-

reba Semdegi saxiT: 
                                              0" 2

0 =+ qq ω .                                                       (3) 
 kosinusis nacvlad (2)-Si SeiZleba sinusic Caiweros, 
radgan orive perioduli funqciaa.  

grafikulad aseTi rxevebi sinusoidiT gamoisaxeba. 
 
 
 
 
 
 

Tavisufali harmoniuli rxevis grafiki 
 
 
 

 

С L

q 

t 
0 

qm 

T 
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2. milevadi eleqtromagnituri rxevebi 
 yvela realur rxeviT konturs aqtiuri winaRoba gaaC-
nia, sadac�gamoiyofa siTbo da rxevebi miileva. miviRoT 
milevadi rxevis gantoleba: kirxhofis meore wesis Tanaxmad, 
Zabvis vardna kondensatorsa da aqtiur winaRobaze koWas em 

Zalis tolia ε=+ CR UU  an dt
diLC

qiR −=+ , em Zalis 

gadanacvlebiT: 

0=++ C
qiRdt

diL , 0' =++ C
qiRLi . 

 yvela wevris L  induqciurobaze gayofiT da 'qi = , "' qi = , 
SecvliT sabolood miviRebT: 

                                           0'" =++ LC
q

L
Rqq .                                          (4) 

 rogorc cnobilia, 2
0

1 ω=LC , xolo β2=L
R ,  

β  milevis koeicientia da 

                                              0'2" 2
0 =++ qqq ωβ .                                            (5) 

 (5) milevadi rxevebis standartuli diferencialuri 
gantolebaa.  

rodesac 2
0

2 ωβ < , (5)-is amonaxsni Caiwereba Semdegi saxiT: 

                                          ( )ϕωβ += − teqq t
m cos .                                        (6) 

22
0 βωω −=  milevadi rxevis cikluri sixSirea ( )0ωω < . 

rodesac 2
0

2 ωβ > , milevadi rxevebis nacvlad xdeba konden-

satoris aperioduli ganmuxtva, rxeviTi konturis Sesabamis 

winaRobas kritikuli ewodeba ( krR ). mas 
LCL

R 1
4 2

2
=  Tanafar-

dobidan sazRvraven da 
C
LR 2=kr  

tolia.  
 rxevis amplituda t

meq β−   
damokidebulia droze da rxeva  
miileva eqsponencialuri kanoniT. 
                                                                                           
                                                                                                  milevadi rxevis grafiki 
 
 

q 

0
t
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3. iZulebiTi eleqtromagnituri rxevebi 
 Tu rxeviT konturSi CarTulia cvladi em Zalis mqone 
wyaro, rxevebi aRar miileva, radgan winaRobaze energetiku-
li danakargebi kompensirebuli iqneba wyaros mier – aseT 
rxevas iZulebiTi ewodeba. aseTi konturisTvis iwereba meo-
re rigis araerTgvarovani diferencialuri gantoleba 

t
C
qiR

dt
diL m ωε cos=++ , am wevrebis L -ze gayofiT da cnobi-

li SecvlebiT miviRebT:   t
L

q
LCL

Rqq m ωε cos1'" =++ . 

 2
0

1 ω=LC , β2=L
R  gaTvaliswinebiT 

                                       t
L

qqq m ωωβ ε cos'2" 2
0 =++ .                                    (7) 

 (7) warmoadgens iZulebiTi rxevebis standartul 
diferencialur gantolebas. misi kerZo amonaxsnia: 
                        rezonansuli           ( )ϕω += tqq m sin ,                                (8) 
                            mrudebi     sadac 

                                                
( ) 22222

0 4 ωβωω

ε

+−
= Lq

m

m                         (9) 

    R3 > R2 > R1.     konturis muxtis amplitudaa, xolo deni 

konturSi gamoisaxeba formuliT: ( )ϕωω +=== tqq
dt
dqi m cos' , 

romelic muxtis warmoebulia droiT, misi amplituda 

                               
( ) 22222

0 4 ωβωω

ω
ω

ε

+−
== LqI

m

mm .                          (10) 

 (10)-dan Cans, rom deni maqsimums aRwevs maSin, rodesac 

CL ωω 1=  an 
LC

1=ω  anu rodesac modebuli em Zalis 

sixSire konturis sakuTari sixSiris tolia:     0ωω = . 
 iZulebiTi rxevebis amplitudis mkveTr zrdas gare da 
sakuTari sixSireebis SeTavsebisas rezonansi ewodeba. 

rac naklebia wredis winaRoba, miT basria rezonansuli 
piki. mcire winaRobaze rezonans basri ewodeba, did winaRo-
baze – blagvi. 

R1 

R2 

R3 ω 

I 
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eleqtromagnituri talRebi 

1. eleqtromagnituri veli.  
wanacvlebis deni 
 rogorc ukve aRiniSna, cvladi magnituri veli qmnis 
eleqtrul vels. Tavis mxriv, cvladi eleqtruli veli mag-
niturs qmnis. es mtkiceba sivrcis simetriulobas usvams 
xazs da fundamenturia. 

 warmovidginoT, rom eleqtruli velis daZabuloba 
→
E  

brtyeli dieleqtrikis SigniT icvleba dt
dE  kanoniT Semona-

fenebze modebuli muxtis Sesabamisad, iseve, rogorc iqve 

aRZruli 
→
B  induqciis magnituri veli. faradeis eleqtromag-

nituri induqciis kanonis analogiurad SeiZleba Caiweros 

dt
dBdl E

l

Φ
=∫ 00εμ  

anu magnituri veli iqmneba cvladi eleqtruli veliT. 
→
B  

veqtoris cirkulaciis formulidan 
IBdl

l
0μ=∫  

anu magnituri veli aseve iqmneba gamtarSi gamavali deniT, 
e.i. arsebobs magnituri velis warmoqmnis, sul mcire, ori 
xerxi mainc: 

 cvladi eleqtruli veliT; 
 eleqtruli deniT. 

orive xerxi Tanasworuflebiania. ase, rom CavwerT: 

⎟
⎠
⎞

⎜
⎝
⎛ +

Φ
=+

Φ
=∫ I

dt
dI

dt
dBdl EE

l
00000 εμμεμ . 

dt
d EΦ

0ε  wevrs aqvs denis ganzomileba. am wevrs wanacv-

lebis deni ewodeba (deni kondensatorSi). gamtarobis deni  
kondensatorSi ar gadis, radgan kondensatorSi ar gadis 
muxti, Tumca wanacvlebis deni namdvilad denia, riTac is 
denis uwyvetobis koncefcias amtkicebs. 

 urTierTdakavSirebuli cvladi eleqtruli da magnituri 
velebis erTobliobas eleqtromagnituri veli ewodeba. 
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2. maqsvelis gantolebebi 
 eleqtruli da magnituri velebis ganxilvisas (farade-
is ideebze dayrdnobiT) udidesma ingliselma fizikosma 
jeims klerk maqsvelma ganaviTara molekulebis zomebze ga-
cilebiT didi muxtebiT da denebiT Seqmnili eleqtro-
magnituri velis makroskopuli Teoria.  

Teoriis safuZvels maqsvelis gantolebebi Seadgens:  
i n t e g r a  l u r i   s a  x e 

 maqsvelis gantolebebis pirveli wyvili 

1) 
dt

ddlE B

l
l

Φ
−=∫  an ∫∫

⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛

∂
∂

−=

→

S
n

l
l dS

t
BdlE , 2) 0=∫

S
ndSB . 

 pirveli gantoleba aRwers eleqtromagnituri induqci-
is kanons. meore miuTiTebs Zalwirebis Sekrulobaze, anu 
imaze, rom magnitur vels uZravi wyaro ar aqvs. 

 maqsvelis gantolebebis meore wyvili 

1) ⎟
⎠
⎞

⎜
⎝
⎛ +

Φ
=∫ I

dt
dBdl E

l
00 εμ  an ∫∫∫

⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛

∂
∂

+=

→

S
n

S
n

l
l dS

t
DdSjdlH , 

2) 
0ε

qdSE
S

n =∫  an ∫∫ =
VS

n dVdSD ρ . 

pirveli gantoleba gamtarobisa da wanacvlebis denebs 
aRZrul magnitur vels ukavSirebs. meore aCvenebs, rom 
eleqtruli Zalwirebi iwyeba da mTavrdeba muxtebze anu 
eleqtrul vels aqvs uZravi wyaro – muxti. 
d i f e r e n c i a l u r i   s a x e 

pirveli wyvili:                       meore wyvili: 

t
BErot
∂
∂

−=

→
→

, 0=
→
Bdiv .                               

t
DjHrot
∂
∂

+=

→
→→

, ρ=
→
Ddiv . 

 formulebSi Semavali sidideebi dakavSirebulia Semde-

gi TanafardobebiT: 
→→

= ED εε0 , 
→→

= HB μμ0 ,  
D  eleqtruli velis induqciaa, −H  magnituri velis daZabu-

loba, −=
→→
Ej σ  omis kanonis diferencialuri saxe, 

−j  denis simkvrive, −= dV
dqρ  muxtis simkvrive. 
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3. eleqtromagnituri talRebi 
 maqsvelis Teoriis Tanaxmad, sivrcis raime wertilSi 
aRZruli cvladi eleqtromagnituri veli Semdeg sivrceSi 
vrceldeba. 

 sivrceSi cvladi eleqtromagnituri velis gavrcelebas 
eleqtromagnituri talRa ewodeba. 

 
eleqtromagnitur vels eleqtruli da magnituri veqto-

rebiT gamosaxaven ⎟
⎠

⎞
⎜
⎝

⎛ →→
BE, . davuSvaT, usasrulo, gaumtar sivr-

ceSi Cndeba 
→
E  daZabulobis eleqtuli veli. muxtis aryof-

nis gamo es veli male gaqreba, Tumca, maqsvelis Teoriis 

Tanaxmad, 
→
E  daZabulobis Semcireba gamoiwvevs 

→
H  daZabulo-

bis magnituri velis aRZvras. iq denis ararsebobis gamo es 

velic maleve gaqreba, magram gaCndeba *
→
E  daZabulobis gri-

galuri eleqtruli veli, romelic spobs 
→
E  daZabulobis 

pirvelad eleqtrul vels da Cndeba sivrcis sxva werti-
lebSi. am wertilSi eleqtruli velis Semcireba warmoqmnis 

*
→
H  daZabulobis magnitur vels, romelic, Tavis mxriv, 

spobs 
→
H  daZabulobis pirvelad magnitur vels da Cndeba 

sivrcis sxva wertilebSi – procesi meordeba da grZeldeba. 
ase warmoiqmneba eleqtromagnituri talRa. misi aRZvrisTvis 
saWiroa sakmarisad maRali sixSiris cvladi eleqtromagni-
turi veli. Cveulebrivi e.w. Caketili rxeviTi konturi am 
miznebisTvis gamousadegaria, radgan mas ar ZaluZs energiis 
gamosxiveba sivrceSi. germanelma fizikosma hainrix hercma 
am mizniT gamoiyena Ria rxeviTi konturi – gardaqmnili Cake-
tili konturi – kondensatoris Semonafenebi maqsimalurad 
daSorebulia erTmaneTisgan – mavTulad gaWimuli koWas sig-
rZeze. amiT Semonafenebis farTobi SeZlebisdagvarad mcir-
deba. Sedegad vRebulobT Cveulebriv antenas, romelsac yo-
veldRiurad viyenebT televizorebSi, mobilurebSi da sxva. 

amasTan, konturis eleqtrotevadoba ⎟
⎠
⎞

⎜
⎝
⎛ =

d
SC εε0  Zlier mcir-

deba,  radgan mcirdeba S  da izrdeba d , rac amcirebs C -s. 
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mcirdeba induqciuroba (is proporciulia koWas farTobis, 
romelic nulisken miiswrafvis koWas mavTulad gaWimvisas), 
tomsonis formulis mixedviT (eleqtromagnituri rxevis 
periodis da sixSiris formula) 

LCπ
ν

2
1

= , 

iwvevs sixSiris da, maSasadame, gamosxivebuli talRis ener-

giis zrdas, romelic sixSiris proporciulia ( )4~νE . 
 
 eleqtromagnituri talRebis Tvisebebi: 
 

 eleqtromagnituri talRebi ganivia; 
 vakuumSi (Tvisufal sivrceSi) eleqtromagnituri talRebi 
vrceldeba sinaTlis c  siCqariT, nebismier sxva garemoSi 

ki – 
εμ

υ c=  siCqariT; 

  
→→→
cHE ,,  urTierTmarTobulia; 

 
→→
HE,  veqtorebis modulebi erTmaneTTan dakavSirebulia 

Semdegi TanafardobiT: μμεε 00 HE =  , xolo sinaTlis 

siCqare vakuumSi ganisazRvreba formuliT 
8

00
1031 ⋅==

με
c m/wm; 

 brtyeli eleqtromagnituri talRis erTeuli zedapiris 
energia ganisazRvreba pointingis veqtoriT – es energiis 

nakadis simkvrivea ⎥⎦

⎤
⎢⎣

⎡ ×=∏
→→→
HE   da eleqtromagnituri tal-

Ris mimarTulebiT vrceldeba. 
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t a l R u r i   o p t i k a 
1. sinaTlis sxivebi. arekvlisa da 

gardatexis kanonebi 
 sinaTlis talRebi eleqtromagnituri talRebia, maTi 
mTavari maxasiaTebelia – sinaTlis sxivi. 

 sinaTlis sxivi ewodeba sinaTlis energiis gavrcelebis 
mimarTulebas. 

sinaTlis talRuri Tvisebebi yvelaze mkafiod gamoikve-

Teba, rodesac dasxivebuli obieqtebis wiriTi zomebi ( )d  
Zlier aRemateba sinaTlis talRis sigrZes ( )λ  anu sruldeba 

Tanafardoba: 
                                               λ>>d . 

 sinaTlis sxivi vrceldeba wrfivad. amis dasturia gau-
mWviri obieqtris ganaTebisas Crdilis warmoqmna. sxvadasxva 
optikuri simkvrivis mqone ori gamWvirvale an naxevrad gam-
Wvirvale garemos gamyof zedapirze SeiniSneba sinaTlis 
arekvla da gardatexa: 

 dacemuli, areklili da gardatexili sxivebi da dacemis 
wertilSi aRmarTuli marTobi erT sibrtyeSi mdebareobs. 

 sinaTlis arekvlisas gluvi zedapiridan dacemis kuTxe 
arekvlis kuTxis tolia:   βα = , 

 sinaTlis gardatexisas – erTi garemodan meoreSi 
gadasvlisas 

21sin
sin n=

γ
α

, 

sadac 21n  meore garemos gardatexis fardobiTi maCvenebelia 

pirvelis mimarT. aris kidev sinaTlegamtari garemos abso-
luturi maCvenebeli n . 

 gardatexis absoluturi maCvenebeli aCvenebs, ramdenjer 
metia sinaTlis siCqare vakuumSi  mocemul garemosTan 
SedarebiT  

υ
cn = . 

gardatexis maCvenebeli sinaTlis talRis sigrZezea 
damokidebuli. Tu sinaTle gadadis optikurad ufro mkvrivi 
garemodan naklebad mkvrivSi, dacemis kuTxis zrdasTan 
erTad izrdeba gardatexis kuTxec, romelic Tavidanve metia 
dacemis kuTxeze da dgeba momenti, rodesac gardatexis 
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kuTxe marTi gaxdeba (900) anu gardatexili sxivi gasrial-
deba am garemoTa gamyof zedapirze. dacemis Sesabamis kuT-

xes ( )0α  sruli Sinagani arekvlis zRvruli kuTxe ewodeba. 

dacemis kuTxis Semdgomi zrdisas gardatexis kuTxe marTze 
meti xdeba – sinaTle srulad irekleba zedapiridan da igi-
ve garemoSi rCeba. aqedan gamomdinareobs movlenis dasaxe-
lebac – sinaTlis sruli Sinagani arekvla 

n
1sin 0 =α . 

 
 
                                               
                                                                      
                                                                        α  β                                           900  
                                                                                                                          γ 
                                    Crdili 
  sinaTlis wrfivi gavrceleba             γ                                    α0 
                           
                          sinaTlis arekvla  sinaTlis sruli 
                              da gardatexa   Sinagani arekvla 
 

2. linzebi. linzis formula 
 linza ewodeba sferuli zedapirebiT Semofarglul gamW-
virvale sxeuls. 

formis mixedviT ganasxvaveben Semdegi saxis linzebs:  
 
        – ormxrivamozneqili   – ormxrivCazneqili,       –Cazneqil-amozneqili, 
                                                                                                                   
                                                                                                                   
 
 
    – brtyelamozneqili      – brtyelCazneqili 

                                                      
 

Txeli linzebi 
 praqtikulad mosaxerxebelia Txeli linzebi – linzebi, 
romelTa Suaweli mcired gansxvavdeba kideebisgan anu misi 
zedapiris simrudis radiusi ∞→R . Txel linzebSi gamosa-
xulebis ageba dakavSirebulia garkveul sxivebTan, romelTa 
svla winaswaraa cnobili: mTavari optikuri RerZi – Txeli 
linzis centrSi misi sibrtyis marTobulad gamavali sxivi. 
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linzis centrSi gamavali sxva sxivebic (TanaRerZebi) ar 
gardatydeba. mTavari optikuri RerZis paraleluri sxivebi 
linzaSi gardatexis Semdeg erT wertilSi (fokusSi) grov-
deba. ormxrivamozneqil (Semkreb) linzas fokusi namdvili 
aqvs, ormxrivCazneqils (gambnev) linzas – warmosaxviTi, rad-
gan masSi gardatexisas sxivebi ibneva da warmosaxviT fokus-
Si am sxivebis warmosaxviTi gagrZelebebi ikribeba. 
                                                                                               V 
 
 
                                                  F               F′ 
 
 
 qvemoCamoTvlili sidideebi srulad aRwers sinaTlis 
wyaros da misi gamosaxulebis mdebareobebs linzis mimarT: 

 manZili linzis optikuri centridan fokusamde – fokusu-
ri manZili F ; 

 manZili sinaTlis wyarodan linzis opt. centramde – d ; 
 manZili gamosaxulebidan linzis optikur centramde – f ; 
 sinaTlis wyaros wiriTi zoma – h , gamosaxulebis wiriTi 
zoma – H . 

es sidideebi erTmaneTTan dakavSirebulia linzis for-
mulebiT: 

−+=
fdF
111

 namdvili gamosaxuleba Semkreb linzaSi; 

−−=
fdF
111

 warmosaxviTi gamosaxuleba Semkreb linzaSi; 

−−=
dfF
111

 warmosaxviTi gamosaxuleba gambnev linzaSi. 

(gambnev linzaSi namdvili gamosaxuleba SeuZlebelia, is 
yovelTvis warmosaxviTia). 

 gamosaxulebis da sinaTlis wyaros zomebis fardobas 

linzis gamadidebloba ewodeba, 
d
f

h
H

==Γ  . 

 fokusuri manZilis Sebrunebul sidides optikuri Zala 

ewodeba, 
F

D 1
= . misi erTeulia dioptri (dptr = m – 1).  

Semkrebi linzis fokusuri manZili dadebiTia, gambnevis 
– uaryofiTi. 



 97

sinaTlis eleqtromagnituri buneba 
 sinaTle eleqtromagnitur talRas warmoadgens. sinaT-
lis talRuri buneba mtkicdeba sinaTlis interferenciiT, 
difraqciiT, dispersiiT, STanTqmiT da gabneviT – es damaxa-
siaTebelia nebismieri talRuri procesisTvis. bunebis obieq-
tebze sinaTlis moqmedebis udidesi nawili (fotoqimiuri, 
siTburi da sxva) mis eleqtrul mdgenelze modis, magnituri 
ki metwilad mxolod energiis gadamtania. 
 

3. sinaTlis interferencia. iungis cda 
 sinaTlis interferencia aRmoaCina ingliselma mecnier-
ma Tomas iungma: 

 sinaTlis interferencia ewodeba koherentuli9 sinaTlis 
talRebis zeddebis movlenas, ris Sedegadac mocemul 
areSi monacvleobiT Cndeba sinaTlis intensivobis gaZli-
ereba da Sesusteba. 

 rodesac sivrcis romelime wertilSi sinaTlis inten-
sivoba aRemateba ori damoukidebeli, koherentuli sinaTlis 
wyarodan gamosuli talRebis jamur intensivobas (ganaTe-
buli are), interferencias konstruqciuli ewodeba, xolo 
Tu intensivoba jamurze naklebia (Cabnelebuli are), inter-
ferencia destruqciulia. 
                      S            �iungis cda 
                                                                                           d1 
                                        difraqcia                       S1                         d2 
                    S1   S2                     S 
                                                                                 S2 
                                                                                   ∆ 
              interferencia 
 iungis cdaSi sinaTlis sxivi S  xvrelidan gaumWvir 
ekranze ecema ori mcire zomis (sinaTlis talRis sigrZis 

( )λ~d ) xvrels ( )21, SS , romlebic meoreul koherentul sina-

Tlis wyaroebad gvevlineba. ekranze gaCnda cvladi intensi-
vobis feradi areebi. rodesac sinaTlis sxivi monoqromatu-
liT (erTi feris) Secvales, ekranze meoreuli wyaroebidan 
gamosuli sxivebis zeddebis areSi gaCnda monacvleobiT gan-
lagebuli ganaTebuli da Cabnelebuli areebi – SeiniSna in-
terferencia. sinaTlis meoreul wyaroebze ki SeiniSna sina-
Tlis difraqcia (masze mogvianebiT visaubrebT). maSasadame, 

                                                 
9 erTnairi sixSiris (talRis sigrZis) mqone talRebi mudmivi fazaTa sxvaobiT. 
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iungis mniSvneloba gamomJRavnda mis unarSi umartivesi 
cdiT aRewera ori umniSvnelovanesi movlena talRur 
optikaSi – sinaTlis interferencia da difraqcia. 
 −21, AA  aris interferenciis wertilSi meoreuli way-

roebidan sxvadasxva optikuri gzis ( 21,dd ) gavliT mosuli 

talRebis amplitudebi. talRebs aqvs svlaTa sxvaoba da 
maTi zeddebisas Cndeba fazaTa sxvaobac. rogorc cnobilia, 
Tu ori talRis svlaTa sxvaobaa sinaTlis talRis sigrZe 
λ , Sesabamisi fazaTa sxvaoba iqneba π2 . Cven SemTxvevaSi, 

Δ=− 12 dd  svlaTa sxvaobisas,  fazaTa sxvaoba iqneba δ . 

aviRoT proporcia: λπ
δ Δ=2  anu 

                                                       
λ
πδ Δ

=
2

.                                                    (1) 

 aRniSnuli sxivebi aRiwereba talRuri gantolebebiT 
tA ωξ sin11 =    da   ( )δωξ += tA sin22 , 

T
πω 2= , 

 −T  rxevis periodi.  
superpoziciis principis Tanaxmad, 

( ) +⋅+=++=+= δωωδωωξξξ cossinsinsinsin 212121 tAtAtAtA  
( ) δωδωδω sincoscossinsincos 2212 ⋅++⋅=+ tAAAttA . 

 SemoviRoT aRniSvnebi: 
                                             θδ coscos21 RAA =+ ,                                    (2) 
                                                  θδ sinsin2 RA = ,                                         (3) 
sadac θ,R  faqtobrivad axali mudmivebia. e.i. 
                      ( )θωθωθωξ +=+= tRtRtR sinsincoscossin .             (4) 
 (4) im mosalodnel garemoebas adasturebs, rom ori ko-
herentuli talRis Semajamebelic R  amplitudis mqone tal-
Raa. (2)-is da (3)-is kvadratSi ayvaniT da SekrebiT miviRebT: 

( ) ( ) =++=+ 2
2

2
21

2222 sincossincos δδθθ AAARR  

δδδ 22
2

22
221

2
1 sincoscos2 AAAAA +++= . 

 radgan  

1sincos 22 =+ θθ    da   1sincos 22 =+ δδ , 
2
221

2
1

2 cos2 AAAAR ++= δ . 
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 talRebis amplitudebi SevcvaloT sinaTlis intensivo-

bebiT (urTierTdamokidebulebis gaTvaliswinebiT) 22 ,~ RAI , 
amiT gamosaxuleba martivdeba da Semdegi saxiT Caiwereba: 
                                        δcos2 2121 IIIII ++= .                                    (5) 
 rodesac 1cos +=δ  anu nπδ 2= ,  
n  mTeli ricxvia,  
(5)-dan 

2121 2 IIIII ++=  
 anu jamuri intensivoba calkeuli intensivobebis jamze 

metia ( )21 III +>  da I  sinaTlis intensivoba maqsimaluria 

(ganaTebuli are). 
 ∆ svlaTa sxvaobisTvis gamosaxulebas gamovTvliT (1)-
dan 

λ
ππ Δ

=
22 n    da   λn=Δ . 

 rodesac 1cos −=δ  anu ( )πδ 12 += n ,  
(5)-dan miviRebT: 

2121 2 IIIII −+=  
anu jamuri intensivoba calkeuli intensivobebis jamze nak-

lebia ( )21 III +<  da I intensivoba minimaluria (Cabnelebuli 

are). 
 ∆ svlaTa sxvaobis gamosaxulebas isev (1)-dan gamovTv-
liT: 

( )
λ
ππ Δ

=+
212n  da  ( )

2
12 λ

+=Δ n . 

 maSasadame, sinaTlis intensivoba ekranis sxvadasxva 
wertilSi minimumidan maqsimumamde icvleba anu interferen-
ciuli suraTi sxvadasxva formis ganaTebuli da 
Cabnelebuli areebis monacvleobaa. 
 yvelaze mkafiod interferencia mJRavndeba, rodesac 

zednadeb talRebs erTnairi intensivoba aqvs ( )*21 III == . 
maqsimaluri jamuri intensivoba −=++= *4*2** IIIII  inten-
sivobis oTxjeradi gadideba – oTxjeradi sikaSkaSe; 

minimaluri jamuri intensivoba −=−+= 0*2** IIII  nulovani 
intensivoba – absoluturi sibnele. 
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4. interferencia Txel afskebSi 
 cisartyelas feris sapnis buStebi da zeTis fena 
wylis zedapirze (aseve cisartyelas feris) aris Txel afs-
kebSi sinaTlis interferenciis Sedegi. 

 warmovidginoT Tanabari d  sisqis da n  gardatexis maC-
veneblis mqone Txeli afski. zeda zedapirze dacemuli mono-
qromatuli sxivi nawilobriv airekleba misgan AF-is gaswv-
riv, nawilobriv ki gardatydeba AD-s gaswvriv. Semdeg es 
sxivi irekleba qveda zedapiridan, midis DC-s gaswvriv, meo-
red gardatydeba, gadis gareT da sxivdeba CE-s gaswvriv. 
Sedegad, Cndeba svlaTa sxvaoba ∆ AF da CE sxivebs Soris, 
romelic gamosaTvlelia. am SemTxvevaSi adgili gvaqvs ara 
geometriulTan, aramed optikur svlaTa sxvaobasTan 

( ) ABDCADn −+=Δ . 
samkuTxedebidan gamomdinareobs  

γ
γ

cos
,cos dAD

AD
d

== . 

radgan DCAD = ,   

( )
γcos

2dnDCADn =+ ,   αsin=
AC
AB

,   αsinACAB = , 

magram  

AOACOCAOOCAOAC 2=⇒=⇒+= , γdtgAO = , γdtgAC 2=  

da, maSasadame, αγ sin2dtgAB = .  

sinaTlis gardatexis kanonis Tanaxmad, n=
γ
α

sin
sin

, aqedan 

γα sinsin n= , АВ-Si CasmiT da imis gaTvaliswinebiT, rom  

γ
γγ

cos
sin

=tg , miviRebT 
γ
γ

cos
sin2

2
⋅= dnAB .   

axla ki ( )DCADn +  da AB -Tvis miRebuli gamosaxulebi 

CavsvaT Δ -s formulaSi:  

( ) γ
γ
γγ

γγ
γ

γ
cos2

cos
cos2sin1

cos
2

cos
sin2

cos
2 2

2
2

dndndndndn
=⋅=−=⋅−=Δ . 

 unda aRiniSnos, rom es gamosaxuleba iZleva svlaTa 
sxvaobis mxolod xilul da ara WeSmarit gamosaxulebas. 
eqsperimentuladac da Teoriuladac (sinaTlis eleqtromag-
nituri Teoriis safuZvelze) dadginda, rom sinaTlis arekv-
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lisas optikurad ufro mkvrivi garemos zedapiridan ikarge-

ba π  faza, romelsac Seesabameba svlaTa sxvaoba 2
λ . Sesaba-

misad, am SemTxvevaSi WeSmariti svlaTa sxvaoba 

2cos2 λγ −=Δ dn . 

TuU λn=Δ , adgili aqvs interferenciuli suraTis maq-
simums – ganaTebuli are  

λλγ ndn =− 2cos2    an   ( ) 212cos2 λγ += ndn . 

TuU ( ) 212 λ+=Δ n , adgili aqvs interferenciuli sura-

Tis minimums – Cabnelebuli are 

λλγ ndn =− 2cos2    an   ( )λγ 1cos2 += ndn . 

 
         S                                                     F                             E 
                                                     B 
 
 
                                    A            O              C 
 
 
 
 
 
 
 
 
 
 

5. hiuigens-frenelis principi 
 hiuigens-frenelis principi talRis frontis mdebareo-
bis gansazRvris saSualebas iZleva drois nebismier 
momentSi, Tu misi amJamindeli mdebareoba cnobilia: 

 talRis frontis yvela wertili ganisazRvreba, rogorc 
meoreuli sferuli talRebis wertilovani wyaroebi. dro-
is garkveuli Sualedis Semdeg talRis frontis axali 
mdebareoba am meoreuli talRebis mimarT mxebi zedapiria.  

yoveli wertili, romelsac talRa aRwevs, yvela mimar-
TulebiT gavrcelebuli meoreuli talRebis wyaro xdeba. 
amasTan, SeiniSneba meoreuli talRebis urTierTinterferen-
cia, ris Sedegad meoreuli talRebi erTmaneTs aqrobs gver-

d 

n 

α 
α

γ γ
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diTi mimarTulebiT, samagierod aZlierebs pirvandels. am 
mizeziT sinaTle mxolod pirvandeli mimarTulebiT vrcel-
deba. aqedan cxadia, rom 

 

nebismier erTgvarovan garemoSi sinaTle wrfivad vrceldeba 
 

6. sinaTlis difraqcia 
 difraqcia aris sinaTlis sxivebis mier mcire dabrkole-
bebis garSemovla, maTi mcire xvrelebSi gavla da geo-
metriuli Crdilis areSi SeRweva. 

Tu dabrkoleba an xvreli mcirea – sinaTlis talRis 

sigrZis jeradia ( )λ→d , difraqcia mkafiod gamokveTilia, 

dabrkolebis (xvrelis) zrdisas difraqcia sustdeba da 
sabolood qreba. 

 
 
                                                   A 

 
 
 
S 
 

                                                                    C                                                   
0 

 
 
 

                                                              B 
 

difraqciis axsna frenelis meTodiT 
 ganvixiloT sinaTlis gavla mcire xvrelSi. 0 wertil-
Si sinaTlis intensivobis Sesafaseblad am wertilidan 
movxazoT konusuri zedapirebi maT gadakveTamde sferuli 
talRis zedapirTan. maTi sigrZeebi ise SeirCeva, rom gansx-

vaveba 2
λ -is toli iyos. talRuri zedapirebi iyofa erTnai-

ri farTobis rgolisebr zonebad (frenelis zonebad), TiTo-
euli maTgani hiuigensis meoreuli talRebis wyaro iqneba. 
 NAAA ,...,, 21  zemoaRniSnuli sxivebis amplitudebia. yove-

li mezobeli zonebis wyvilidan gamosuli sxivebi gansxvav-



 103

deba faziT, rac Seesabameba 2
λ  svlaTa sxvaobas. 0 wertilSi 

jamuri amplituda 
                                    NAAAAA ±−+−= ...321 .                                       (6) 
 sinaTlis intensivoba (amplituda) mcirdeba zonis cent-

ridan kideebisken ......21 >>>> mAAA  da nebismieri m -uri 
zonis amplituda mezoblebis meSveobiT ganisazRvreba Sem-
degi saxiT: 

                                        
2

11 +− +
= mm

m
AAA ,                                                 (7) 

( ) ( )1,1 +− mm  mezobeli zonebis nomrebia.  (6) gadavweroT 

2
...

22222
5

4
33

2
11 NAAAAAAAAA ±+⎟

⎠
⎞

⎜
⎝
⎛ +−+⎟

⎠
⎞

⎜
⎝
⎛ +−+= . 

 (7)-dan gamomdinare, gamosaxulebebi frCxilebSi nulis 
tolia, bolo wevrs simciris gamo ugulebelvyofT 

⎟
⎠
⎞⎜

⎝
⎛ → 02

NA  da      

                                                       
2
1AA = .                                                      (8) 

 sinaTlis jamuri amplituda pirveli zonis amplitudis 
naxevris tolia. 

zogadad, Tu zonebis ricxvi kentia, difraqciuli sura-
Tis SuaSi aris bneli laqa, romelic garSemortymulia mona-
cvleobiT ganlagebuli naTeli da bneli rgolebiT, xolo 
zonebis luwi ricxvis SemTxvevaSi difraqciuli suraTis 
SuaSi SeiniSneba naTeli laqa, mis irgvliv ki monacvleobiT 
ganlagebulia bneli da naTeli rgolebi. sxva, ufro rTuli 
formis, difraqciuli suraTebi analogiurad aixsneba. 
 

7. frenelis zonebi 
 praqtikuli miznebisTvis mniSvnelovania frenelis zo-
nebis geometriuli parametrebis codna talRur zedapirze, 

kerZod, unda ganisazRvros zonis segmentis simaRle h , zonis 
farTobi SΔ  da zonis radiusi r . rogorc suraTidan Cans, 0 
wertilamde manZili m -uri zonis kididan ganisazRvreba 
Semdegi formuliT: 

                                                 
2
λmbbm += ,                                                  (9) 
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b  manZilia talRuri zedapiris centridan 0 wertilamde. 
 

                                    a                                                             
2
λmbbm +=  

 
      S                                                                                                                        
0 
                                                                      hm                          b                              
 
 
 
                                                            m -uri zona 
 pirvelad ganvsazRvroT zonis segmentis simaRle, rom-
lis daxmarebiTac Semdgom mis farTobsac gamovTvliT. gamo-
viyenoT piTagoras Teorema naxazze moyvanili ori marTkuT-
xa samkuTxedisTvis 

( )222
mm haar −−=    da   ( )222

mmm hbbr +−= . 
 (9)-is gamoyenebiT da am gamosaxulebebis gatolebiT 
miviRebT: 

( ) =−− 22
mhaa ( )22

mm hbb +− . 

 22
2

22222 2
42

22 mmmm hbhbmbmbhahaa −−−++=−+−
λλ

 . 

 Sekvecis Semdeg 

mm bhmbmah 2
4

2
2

2 −+=
λλ  . 

 m -is arcTu didi mniSvnelobebisTvis da sinaTlis 

talRis λ  sigrZis simciris gaTvaliswinebiT, 4
22 λm  wevris 

ugulebelyofa SesaZlebelia da miviRebT gamosaxulebas 
zonis segmentis simaRlisTvis: 

                                                  ( )ba
bmhm +

=
2

λ
.                                              (10) 

 m -uri zonis farTobi ganisazRvreba talRuri zedapi-
ris m -uri da 1−m  segmentebis farTobebis sxvaobiT 

1−−=Δ mm SSS . 
 nebismieri sferuli segmentis farTobia RhS π2=  ( −R  
segmentis radiusi, −h  segmentis simaRle). maSasadame, Cven 
SemTxvevaSi  

rm
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ba
abmahS m +

==
λππ2  

frenelis m-uri zonis farTobi 

                                                  
ba

abS
+

=Δ
λπ

.                                                  (11) 

 rogorc vxedavT, (11) m-isgan damoukidebelia. es niS-

navs, rom m-is arcTu didi mniSvnelobebisTvis frenelis 
zonebis farTobebi daaxloebiT erTmaneTis tolia. 

axla ganvsazRvroT zonis gare radiusi, romelsac pir-
veli Tanafardobidan miviRebT, saxeldobr  

( ) 2222 2 mmmm hahhaar −=−−= . 

m-is arcTu didi mniSvnelobebisTvis ahm <<  anu 2
mh  

wevri SeiZleba ugulebelvyoT, anu mm ahr 22 =  da aq (10)-is 

CasmiT miviRebT: 

                                               
ba

abmrm +
=

λ
.                                                 (12) 

 maSasadame, frenelis zonis yvela geometriuli para-

metri mm rSh ,,Δ  ukve  ganisazRvra. 
 

8. sinaTlis polarizacia. malusis da 
briusteris kanonebi 

 sinaTle ganivi eleqtromagnituri talRaa. amasTan, 
eleqtruli da magnituri velebis veqtorebi urTierTmarTo-
bulia, aseve gavrcelebis mimarTulebis marTobulic aris. 
sinaTlis wyaroebis atomebi da molekulebi damoukideblad 
moqmedebs. sinaTle Sedgeba damoukidebeli talRebisgan, 
romelTa rxevis sibrtyeebi qaosurad orientirebulia sinaT-
lis gavrcelebis mimarTulebiT. aseT sinaTles bunebrivi 
(arapolarizebuli) sinaTle ewodeba. misgan gansxvavebiT, 
polarizebul sinaTleSi rxevebi erT gansazRvrul sibrtye-
Si xdeba, romelic polarizaciis sibrtyis marTobulia. Tu 
bunebrivi sinaTle polaroidis firfitas ecema, is mxolod 
im sxivebs gaatarebs, sadac eleqtruli veqtori polariza-
ciis mimarTulebis paralelurad irxeva (suraTze parale-
luri wirebi) da STanTqavs im sxivebs, sadac rxevebi am 
mimarTulebis marTobulia. polaroididan gamosuli sxivi 
brtyel-polarizebulia da sinaTlis intensivoba polariza-
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ciis θ  kuTxis mixedviT (polaroidsa da analizators Soris 
kuTxe) Semdegnairad icvleba 

θ2cosmII = , 

mI  gamosuli sinaTlis maqimaluri mniSvnelobaa, saidanac 

miiReba, rom 0=θ  da 0180=θ . am gamosaxulebas malusis kano-
ni ewodeba. ganivi talRebi msgavs efeqtebs ar amJRavnebs. 
 polaroidze dacemuli arapolarizebuli sinaTle or 
mdgenelad iSleba: 

 erTs – dacemis sibrtyis marTobuls (aRniSnulia werti-
lebiT)  σ-mdgeneli ewodeba, 

 meore – Zevs am sibrtyeSi (aRniSnulia isrebiT) da mas π-
mdgeneli ewodeba. 

dieleqtrikSi arsebobs dacemis kuTxe,  
(polarizaciis kuTxe) pα , romelzec  
ar SeiniSneba π-mdgenelis arekvla.  
e.i. mcire intensivobis areklili sxivi                             pα pα  
brtyel-polarizebulia, misi rxevis sibrtye                         900 
dacemis sibrtyis marTobulia.                                             γ 
π-mdgeneli srulad gardatydeba, amasTan 
σ-mdgeneli nawilobriv gardatydeba. Tu dacemis kuTxe po-
larizaciis kuTxis tolia, areklili da gardatexili sxive-

bi urTierTmarTobulia:     
090=+γα p . 

sinaTlis gardatexis kanonidan  

( ) 1

2

1

2
0

1

2

cos
sin

90sin
sin

sin
sin

n
n

n
n

n
n

p

p

p

pp =⇒=
−

⇒=
α
α

α
α

γ
α

, an 
1

2
n

ntg p =α . 

 es gamosaxuleba briusteris kanons warmoadgens. 
 

9. sinaTlis dispersia  
 isaak niutonma aRmoaCina, rom rodesac TeTri sinaTle 
prizmis gardamtex zedapirs ecema, gardatexis Semdeg sxivi 
Svid sxvadasxva feris monoqromatul mdgenelebad iSleba – 
(cisartyelas ferebad): wiTeli, narinjisferi, yviTeli, mwva-
ne, cisferi, lurji, iisferi. am movlenas niutonma sinaTlis 
dispersia uwoda. 

 dispersia ewodeba nivTierebis gardatexis maCveneblis 
damokidebulebas sinaTlis talRis sigrZeze (sixSireze). 
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λd
dnD =  nivTierebis dispersiis koeficienti ewodeba, 

romelic aCvenebs n  cvlilebas λ  (talRis sigrZis) cvlile-
bis mixedviT. 
                                                                      n                               n             A 
 
                                                                                                                                                    
                                                                wiTeli                                                                   B 
 S 
                                                                                                 λ                           ω 
                                                                      iasamnisferi normaluri  anomaliuri                          
                                                                                                    dispersia    dispersia 
 rogorc naxazidan Cans, gamWvirvale garemos gardate-
xis maCvenebeli izrdeba talRis sigrZis Semcirebisas. aseT 
dispersias normalurs uwodeben. rodesac gardatexis maCve-
nebeli mcirdeba talRis sigrZis Semcirebisas, SeiniSneba 
anomaliuri dispersia. Cveulebriv, mas adgili aqvs STan-
Tqmis areebis siaxloves. 
 ganvixiloT dispersiis eleqtronuli Teoria – sinaT-
lis dispersia aris eleqtromagnituri talRebis urTierT-
qmedebis Sedegi nivTierebis damuxtul nawilakebTan. sinaT-
lis talRebi iwvevs eleqtronebis rxevas myar sxeulebSi. 
gardatexis maCvenebeli ganisazRvreba misi dieleqtrikuli 

SeRwevadobiT ε=n , 
E

P

0
11

ε
χε +=+= . χ  garemos dieleqt-

rikuli amTviseblobaa, −P  polarizaciis myisi mniSvneloba, 
−E  eleqtruli velis daZabuloba.  

maSasadame,  

E
Pn
0

2 1
ε

+= . 

 amasTan,     md exnpnP 00 == ,  

0n  dieleqtrikSi atomTa koncentraciaa, −dp  dipolis aRZ-

ruli momenti, −mx  sinaTlis talRebis eleqtruli velis 

moqmedebiT warmoqmnili eleqtronis wanacvleba, −e  eleqt-
ronis muxti. CavsvaT: 

                                                   
m

m

E
exnn

0

02 1
ε

+= .                                             (*) 
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 eleqtronis wanacvlebas Seesabameba eleqtruli velis 
daZabulobis amplituda. sinaTle warmovadginoT sinusoidu-
ri eleqtromagnituri talRis saxiT 

tEE m ωsin= . 
 CavweroT da amovxsnaT (eleqtruli velis moqmedebiT) 
eleqtronebis iZulebiTi rxevebis gantoleba 

t
m

eEt
m
Fx

dt
xd mm ωωω coscos2

02

2
==+ , txx m ωcos= , 

tx
dt

xd
m ωω cos2

2

2
−= ,      t

m
eEtxtx m

mm ωωωωω coscoscos 2
0

2 =+− . 

 tωcos -ze SekveciT miviRebT:: 

( )
m

eEx m
m =+− 2

0
2 ωω , ( )22

0 ωω −
=

m
e

E
x

m

m . 

 
m

m
E

x
-is CasmiT (*)-Si miviRebT dispersiuli garemos 

gardatexis maCveneblis xarisxobriv gamosaxulebas 

( )22
00

2
02 1

ωωε −
+=

m
enn . 

 es gamosaxuleba ukve maTematikurad asaxavs nivTierebis 
gardatexis maCveneblis damokidebulebas damsxivebeli sina-
Tlis eleqtruli velis ciklur sixSireze. 

 00 ωω <≤  areSi 12 >n  da izrdeba ω  sixSiris zrdisas 

(normaluri dispersia), Tu 0ωω = , ±∞=2n , xolo ∞≤<ωω0  

areSi 12 <n , magram izrdeba (normaluri dispersia), xolo АВ 
areSi SeiniSneba anomaliuri dispersia (gardatexis maCvene-
beli mcirdeba cikluri sixSiris zrdisas). 
 

10. sinaTlis STanTqma da gabneva  
 sinaTlis nivTierebaSi gavlisas sinaTlis energia nawi-
lobriv nivTierebis Sinagan energiad gardaiqmneba, nawilob-
riv ki sxvadasxva mimarTulebiT meoreuli gamosxivebis 
energiad. am movlenas sinaTlis STanTqma ewodeba. sinaTlis 
STanTqma aRiwereba bugeris kanoniT: 

xeII α−= 0 , 
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II ,0  Sesabamisad, dacemuli da nivTierebaSi gasuli gamosxi-

vebis intensivobebia, −x  STamnTqavi fenis sisqe, −α  STanTq-
mis koeficienti, romelic talRis sigrZeze (sixSireze), niv-
Tierebis qimiur Sedgenilobasa da mdgomareobazea damokide-
buli da intensivobisgan absoluturad damoukidebelia. gra-
fikze naCvenebia STamnTqavi nivTierebis STanTqmis koefici-
entis da gardatexis maCveneblis damokidebuleba sinaTlis 
talRis sigrZeze. rogorc grafikidan Cans, STanTqmis areSi 
SeiniSneba sinaTlis anomaliuri dispersia. STanTqmis koefi-
cientis talRis sigrZeze damokidebulebiT aixsneba sxeule-
bis Seferiloba. rodesac sxeuls ecema TeTri (rTuli) si-
naTle, is STanTqavs yvela sxivs erTis garda, romelsac 
ireklavs. swored es feria sxeulis feri. 
 gamWvirvale sxeulze dacemuli sinaTlis talRa aiZu-
lebs myari sxeulis eleqtronebs irxeodnen sinaTlis tal-
Ris eleqtruli veqtoris rxevis Sesabamisad. meryevi eleqt-
ronebi aris nebismieri mimarTulebiT gavrcelebuli meoreu-
li eleqtromagnituri (sinaTlis) talRebis wyaroebi. nivTie-
rebaSi gasuli talRis maqsimaluri intensivoba SeiniSneba 
dacemuli talRis pirvandeli mimarTulebiT. gverdiTi gas-
xiveba vrceldeba eleqtronebis qaosuri rxevis mixedviT – 
SeiniSneba sinaTlis gabneva anu misi gavrceleba sxvadasxva 
mimarTulebiT. yvelaze mkafiod sinaTlis gabneva SeiniSneba 
airebSi, sadac Tavisufali  
eleqtronebis rxeva Zlieria.                 α, n                            α 
  gabneuli sinaTlis intensivoba                                n 
sinaTlis talRis sigrZezea damokidebuli. 
bugeris kanoni sinaTlis gabnevisas 
Semdegi saxiT gadaiwereba:                                     
                                             ( )xeII βα +−= 0 , 
sadac β  – eqstinqciis (gabnevis) koeficientia.                λ 
 
                                                                                                                                    

11. siTburi gamosxiveba  
 siTburi gamosxiveba is energiaa, romelsac sxeuli asxi-
vebs misi temperaturis Sesabamisad. 

yvela sxeuls SeuZlia energiis gamosxiveba. gamosxiveba 
eleqtromagnitur talRebs warmoadgens. isini mxolod tal-
Ris sigrZeebiT gansxvavdeba, gaaCnia erTi siCqare (sinaTlis 
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siCqare vakuumSi) ⎟
⎠
⎞⎜

⎝
⎛ ⋅=

wm
m8103c  da emorCileba gavrcele-

bis, arekvlis, gardatexis, interferenciis, difraqciis da 
polarizaciis erTnair kanonebs. talRis sigrZis mixedviT 
isini Semdeg nairsaxeobebad iyofa 

 −γ sxivebi; 
 rentgenis sxivebi; 
 ultraiisferi sxivebi; 
 xiluli speqtri; 
 infrawiTeli sxivebi; 
 mikrotalRebi; 
 radiotalRebi; 
 dabalsixSiriani talRebi. 

sia Sedgenilia energiis Semcirebis (talRis sigrZis 
Semcirebis) mixedviT. bunebaSi yvelaze xSirad swored siT-
buri gamosxiveba gvxvdeba. misi aRwerisTvis SemoRebulia 
gasxivebuli simZlavris da STanTqmuli simZlavris cnebebi. 
gasxivebuli simZlavrisas (rodesac sxeulis temperatura 
garemos temperaturaze maRalia) is siTbur energias asxivebs 
garemoSi. mocemul temperaturaze gamosxivebis done damoki-
debulia sxeulis zedapiris bunebaze, mis farTobsa da ga-
mosxivebis talRis sigrZeze. 

 gasxivebuli simZlavre aris energia, romelsac drois 

erTeulSi sxeulis zedapiris erTeuli asxivebs λE ,  
talRis sigrZeebis mTeli diapazonisTvis ki  

∫∫
∞

==
0

λλ λ
λ

λ dEdEE . 

STanTqmuli simZlavre – sxeulis zedapiris siTburi dasxi-
vebisas energiis nawili irekleba zedapiridan, nawili STa-
inTqmeba, nawili ki gadis sxeulSi. mocemul temperaturaze 
STanTqmuli energiis nawili damokidebulia sxeulis zeda-
piris bunebasa da gamosxivebis talRis sigrZeze.  

 STanTqmuli simZlavre aris zedapiris mier STanTqmuli 

energiis *Q  fardoba igive droSi am zedapirze dacemul 

energiasTan Q                   Q
QA *=λ . 

 sxeulis erTeulovani zedapiris mier STanTqmuli ener-

gia ganisazRvreba, rogorc QA Δλ , −ΔQ  sxeulze dacemuli 

dasxivebis energia. 
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kirxhofis kanoni. absoluturad Savi sxeuli 
 absoluturad Savi – iseTi sxeulia, romelic srulad 
STanTqavs masze dacemul dasxivebas. 

 garkveul temperaturaze myofi da garkveuli talRis 
sigrZis mqone gamosxivebebisTvis gasxivebuli simZlavris 
fardoba STanTqmul simZlavresTan yvela sxeulisTvis 
mudmivia. is udris absoluturad Savi sxeulis gasxive-
bul simZlavres – es kirxhofis kanonia.  
drois erTeulSi sxeulis erTeulovani farTobiT STan-
Tqmuli energia drois erTeulSi igive farTobis mier 
gasxivebuli energiis tolia anu 

λλλ Δ=Δ EQA    an    λλ
λ

Δ
Δ= Q

A
E . 

absoluturad Savi sxeulisTvis 1=λA . absoluturad Savi 

sxeulis gasxivebuli simZlavris λR -iT aRniSvniT miviRebT 

constA
ER ==

λ
λ

λ . 

energiis kargi STamnTqmeli aseve kargi  
gamsxivebelic aris da piriqiT.. 

 

stefan-bolcmanis kanoni 
 absoluturad Savi sxeulis zedapiris erTeulis mier 
gasxivebuli energiis simZlavre absoluturi temperaturis 

meoTxe xarisxis proporciulia       4TR σλ = ,  
σ  stefanes mudmivaa. 

 

vinis wanacvlebis kanoni 
 gamosxivebis maqsimaluri energiis Sesabamisi talRis 

sigrZe mλ  da absoluturi temperatura T  Semdegnairadaa 
dakavSirebuli constTm =λ . 
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k v a n t u r i   o p t i k a 
1. fotoeleqtruli efeqti 

 XX saukunis dasawyisisTvis fizikosebma gamoavlines 
mravali, sinaTlis talRuri bunebiT auxsneli, optikuri 
movlena. am arcTu martivi viTarebidan gamosavali naxa did-
ma fizikosma maqs plankma sinaTlis kvanturi Teoriis 
SemuSavebiT. man SemoiRo kvantis – energiis umciresi ulu-
fis cneba. amasTan, Semoitana agreTve sinaTlis dualizmis 
(orgvarobis) cnebac – sinaTle erTdroulad talRur da 
kvantur Tvisebebs avlens. 

 sivrceSi sinaTle vrceldeba energiis umciresi ulu-
febis – kvantebis nakadis saxiT. 

kvantis energia sinaTlis sixSiris (talRis sigrZis)  proporciulia     

λν chhE == . (plankis formula), 

( 3410625,6 −⋅=h jwm – plankis mudmiva) 
 kvanturi Teoria brwyinvaled xsnis erT-erT umniSv-
nelovanes optikur movlenas – fotoeleqtrul efeqts anu 
fotoefeqts. 

 fotoefeqti mdgomareobs liTonis zedapiridan eleqt-
ronebis aorTqlebaSi garkveuli sixSiris sinaTliT 
misi dasxivebis Sedegad. 
plankis kvantur Teoriaze dayrdnobiT udidesma fizi-

kosma albert ainStainma gaakeTa fotoefeqtis movlenis xa-
risxobrivi da raodenobrivi axsna. ainStainis mixedviT, li-
Tonis firfitaze moxvedrili sinaTlis kvanti aRwevs liTo-
nis SigniT da srulad gadascems Tavis energias Tavisufal 
gamtarobis eleqtrons (erTi kvanti → erT eleqtrons). 
miRebuli energiis xarjze eleqtroni tovebs liTons da ga-
dis gareT – mimdinareobs eleqtronebis aorTqleba liTonis 
zedapiridan. energogadacemis procedura Semdegia: kvantis-
gan miRebul energias eleqtroni nawilobriv xarjavs liTo-
nidan gamosvlis muSaobaze, nawili ki gadaiqceva mis kineti-
kur energiad, romlis xarjze eleqtrons SeuZlia sivrceSi 
gadaadgileba 

kinEWE += , an 2
2υν emWh +=  (ainStainis formula). 

 υ,, emW , Sesabamisad, eleqtronis liTonidan gamosvlis 

muSaoba, misi masa da siCqarea. 
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 fotoefeqtis cda rusma mecnierma stoletovma Caatara 
(suraTi): vakuumirebul balonSi CarCilulia denis wyaros-
Tan mierTebuli anodi da kaTodi. kaTodze dacemuli mono-
qromatuli gamosxivebis Sedegad eleqtronebi kaTodidan 
amoifrqveva da eleqtrodebs Soris arsebuli eleqtruli 
velis moqmedebiT miemarTeba anodisken – wredi ikvreba da 
masSi gadis deni, romelsac fotodeni daerqva. Zabvis zrdiT 
izrdeba denic, Tumca is maleve aRwevs najerobas – Zabvis 
zrda denis zrdas veRar iwvevs – uklebliv yvela eleqt-
roni CarTulia muxtis gadatanis (denis Seqmnis) procesSi. 
grafikidan Cans, rom deni uaryofiT Zabvazec arsebobs (didi 
kinetikuri energiis eleqtronebis wyalobiT).  

 uaryofiTi Zabvis im mniSvnelobas, romelzec fotode-

ni wydeba mU  mamuxruWebeli Zabva ewodeba. 
misi Sesabamisi eleqtruli velis muSaoba mis mier da-

muxruWebuli eleqtronebis kinetikuri energiis tolia: 

2
2υemeU =m  . 

 im minimalur sixSires (maqsimalur talRis sigrZes), 
romelzec fotoefeqti iwyeba, fotoefeqtis wiTeli 

sazRvari ewodeba,   
m

m
c
λν = .  

cxadia, rom kvantis Sesabamisi energia ricxobrivad 
liTonidan eleqtronis mxolod gamosvlis muSaobis tolia, 
radgan kinetikuri energiis miniWebaze energia aRar yofnis 

Wchh
m

m == λν . 

 am Tanafardobebis gaTvaliswinebiT, ainStainis formu-
lam SeiZleba Semdegi gardasaxvac miiRos: 

meUhh m += νν    an   meUchch
m
+=

λλ
. 

  

A K 

V 

G

Um U 

I 

Inaj

0 
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f o t o n i s   c n e b a 
SemdgomSi, praqtikuli miznebisTvis, kvantis Semcvle-

lis rolSi gamodis fotonis cneba – elementaruli nawila-
kis, romelsac kvantis energia gaaCnia da is mxolod moZrav 
mdgomareobaSi arsebobs (fotons ar aqvs uZraobis masa). 
savaraudod, msgavsi nawilakis erT-erTi ZiriTadi maxasia-

Tebeli – misi impulsia cmp *= . fotonis energia, plankis 

cnobili formulis garda, kidev ainStainis energiis zogadi 

formuliTac gamoisaxeba 2*cmE = . yvela SesaZlo gamosaxu-
lebebis SedarebiT, miviRebT Zalian sasargeblo Tanafardo-
bebs: 

pcE = , 
λλλ
hphcmchcm =⇒=⇒= ** 2 , νhcm =2* . 

 
2. komptonis efeqti 

 myari sxeulebis Cqari eleqtronebis nakadiT dabombvi-
sas Cndeba mZlavri, uxilavi gamosxiveba, romelsac misi 
aRmomCenis, rentgenis saxeli daerqva – rentgenis sxivebi.  

 rentgenis sxivebi – Zalian mokletalRiani (maRalsixSi-
riani) eleqtromagnituri gamosxivebaa udidesi gamWol-
unarianobiT, mis fotonebs udidesi energia aqvs. 
eqsperimentulad gairkva, rom rentgenis sxivebi sinaT-

lis siCqariT vrceldeba 8103 ⋅=c  m/wm, isini ar gadaixreba 
arc magnitur da arc eleqtrul velSi (ar gaaCnia muxti), 
isini airSi gavlisas aionizebs mas, ganicdis interferen-
cias, difraqcias, polarizacias da sxva. 
 cnobili fizikosi komptoni ikvlevda myar sxeulebSi 
rentgenis sxivebis gavlas – mis gaocebas sazRvari ar hqo-
nda, rodesac aRmoaCina gabneul gamosxivebaSi meti sigrZis 
talRebi, vidre dacemulSi: λλ >' , −−=Δ λλλ '  komptonis wana-
cvleba. man es movlena kvanturi Teoriis safuZvelze axsna.  

 rentgenis fotoni nivTierebis Tavisufal eleqtrons 
ejaxeba da gadascems Tavisi energiis nawils, amasTan, 
fotonis energia klebulobs (talRis sigrZe izrdeba). 
energiis da impulsis Senaxvis kanonebis gamoyenebiT, 
komptonma miiRo wanacvlebis gamosaxuleba: 

( )θλ cos1
0

−=Δ
cm

h
, 

−θ  gambnevi kuTxe. 
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atomuri da birTvuli fizika  
(m i m o x i l v a) 

 
a t o m u r i   f i z i k a 

 atomi – nivTierebis molekulebis Semadgeneli nawilia. 
misi agebuleba daadgina ernest rezerfordma. atomi Sedgeba 
dadebiTi birTvis da mis garSemo mudmiv wriul orbitebze 
moZravi eleqtronebisgan. birTvSi Tavmoyrilia atomis mTe-
li dadebiTi muxti da TiTqmis mTeli masa – eleqtronebis 
saerTo masa birTvis masaze gacilebiT naklebia. TviT 

birTvs Zalian mcire moculoba uWiravs atomSi 
1510− m, xo-

lo eleqtronebis mier dakavebuli sferos radiusi, igive 

atomis zoma 
1010−  m-is tolia. atomi eleqtroneitraluria – 

eleqtronebis saerTo uaryofiTi muxti birTvis dadebiTi 
muxtis tolia. 
 
 atomis qceva aRwerilia didi danieli fizikosis nils 
boris postulatebSi: 

 rodesac atomi stacionarul energetikul mdgomareo-
baSi imyofeba, is ar asxivebs da ar STanTqavs energias. 

 erTi stacionaruli energetikuli mdgomareobidan meo-
reSi gadasvlisas atomi asxivebs an STanTqavs energiis 
kvants: 

ki EEh −=ν , ( )ki > . 
 
 eleqtronebis ganawileba orbitebze mocemulia 4 kvan-
turi ricxviT da paulis akrZalvis principiT: 
 
 kvanturi ricxvebi 

1. mTavari kvanturi ricxvi – n , 
2. orbituli kvanturi ricxvi – , 
3. magnituri kvanturi ricxvi – m , 
4. spinuri kvanturi ricxvi – s . 

 
paulis principi: erT orbitaze SeiZleba imyofebodes 

sapirispiro spinis mqone 2
1+  da 2

1−  ara umetes ori 

eleqtronisa. 
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 arsebobs sivrceSi energiis TavisTavad gamsxivebeli 
(bunebrivi radiaqtiuroba) nivTierebebi – radiaqtiuri 
nivTierebebi (urani, plutoniumi, Toriumi da sxva). isini 
sami saxis energias asxivebs: 
 

 α -gamosxiveba – heliumis atomis birTvebis (orjer 
ionizebuli heliumis atomebis) nakadi – mZime da neli 

gamosxiveba ⎟
⎠
⎞⎜

⎝
⎛ ==

wm
km2000015

cυ ; 

 β -gamosxiveba – Cqari eleqtronebis ( )c≈υ  nakadi – 

msubuqi, swrafi gamosxiveba; 
 γ -gamosxiveba – Zalian mokletalRiani eleqtromagni-

turi gamosxiveba uzarmazari energiiT, udidesi gam-
WolunarianobiT da damangreveli ZaliT. 

 
 α - da β -sxivebisgan gansxvavebiT, γ -sxivebi ar ixreba 

eleqtrul da magnitur velebSi. 
 
 SeuZlebelia zustad ganisazRvros moZravi elementaru-
li nawilakis mdebareoba sivrceSi raime drois momentSi. 
germanelma fizikosma maqs bornma SemoiRo talRuri funq-
ciis cneba, romelic gansazRvravs nawilakis mdebareobis 

albaTobas 
2Ψ  sivrcis mocemuli wertilis maxloblad da, 

Tu dV  am wertilis Semcveli elementaruli farTobia, am 

moculobis SigniT dV2Ψ  nawilakis mdebareobis albaTobaa. 
 nawilakTa moZraobis da sxvadasxva saxis urTierTqme-
debisas talRuri Ψ  funqciis ganmsazRvreli kvanturi meqa-
nikis fundamenturi gantoleba Sredingeris gantolebis sa-
xels atarebs 

( )
t

itzyxU
m ∂

Ψ∂
=Ψ+

ΔΨ
− ,,,

2
2 , 

π2
h= , Δ  laplasis operatoria, ( )−tzyxU ,,,  nawilakis 

potenciuri energia. 
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b i r T v u l i   f i z i k a 
 atomis birTvi ori saxis elementaruli nawilakisgan 
Sedgeba: dadebiTi protonebisa da neitraluri neitronebis-
gan. protonis muxti moduliT eleqtronis muxtis tolia da 
niSniT sapirispiroa, cxadia, maTi ricxvic birTvSi atomis 
orbitebze mbrunavi eleqtronebis tolia. protonebis ric-
xvs Z  aRniSnaven,  xolo neitronebis N -iT. maT jams atomuri 

ricxvi ewodeba (А), maTi saerTo saxelia – nuklonebi 
NZA += . 

 nebismieri elementi am ricxvebis meSveobiT Caiwereba: 
A
ZX . erTnairi protonebis da sxvadasxva neitronebis mqone 

erTi da igive elementis atomebs izotopebs uwodeben. 
erTmaneTisgan isini TvisebebiT gansxvavdeba. izotopebs aqvs 
erTnairi Z  da sxvadasxva AN , . 
 
 zogad SemTxvevaSi, birTvis uZraobis masa misi Semadge-
neli nuklonebis masaTa jamze naklebia. am masebs Soris 
sxvaobas masis defeqts uwodeben 

( ) 0MNmZmM np −+=Δ . 

enp mmm 1836=≈ , Sesabamisad, protonis, neitronis da eleq-

tronis masebia. −0M  birTvis uZraobis masa. 
 nuklonebs Soris arsebobs mZlavri urTierTqmedebis 
Zalebi – ramdenadac Znelia birTvis nuklonebad daSla, ase-
ve SeuZlebelia calkeuli nuklonebis erT birTvad SeerTe-
ba am dros aRZruli, Sesabamisad, urTierTmizidvis da gan-
zidvis Zalebis moqmedebis gamo. udidesi ricxviTi mniSvne-
loba aqvs, agreTve atombirTvebis Sesabamis bmis energias – 
energias, romelic Tavisufldeba birTvis gaxleCisas 

2McEc Δ= . 
 
 radiaqtiurobas anu γβα ,, -gamosxivebebs adgili qvs 

atombirTvis gaxleCisas. birTvebis gaxleCa albaTobis sta-
tistikur kanons emorCileba. Tumca SeuZlebelia winaswar 
ganisazRvros, mocemul momentSi romeli atomi gaixliCeba. 
drois erTeulSi gaxleCili atomebis ricxvi am momentisT-
vis arsebuli radiaqtiuri atomebis ricxvis proporciulia 

N
dt
dN λ−= , 
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λ  daSlis mudmivaa. minusi miuTiTebs, rom t  drois zrdisas 
atomTa N  ricxvi klebulobs.  
 Tu 0N -iT aRiniSneba drois sawyis ( )0=t  momentSi 

arsebuli atomebis ricxvi, xolo N -iT – t  drois Sualedis 
dasrulebisTvis darCenili atomebis ricxvi, miiReba: 

∫∫ −=
tN

N
dt

dt
dN

00

λ ,   tN N
N λ−=

0
ln    da   teNN λ−= 0 . 

 radiaqtiuri elementis 
2

1T   naxevardaSlis periodia 

 is dro, romelSic iSleba elementis yvela atomis naxe-
vari anu am droSi elementis radiaqtiuroba naxevrdeba.  

N -is formulaSi 
2

1
0 ,2 TtNN →→  cvlilebebis Cata-

rebiT miviRebT: 

2
1

0
0

2

T
eNN λ−

= ,   22
1

=
T

e
λ

,   2ln
2

1 =Tλ , anu   

λλ
693,02ln

2
1 ==T . 

 
jaWvuri birTvuli reaqciebi 

 birTvis gayofa – procesia, romelzec mZime elemente-

bis ( )230>A  birTvebi iyofa or da met namsxvrevad 

udidesi energiis gaTavisuflebiT. 
235
92U  uranis neli neitronebiT dabombvisas misi birTvi 

iyofa or namsxvrevad, romlebic aseve bariumisa da kripto-
nis birTvebs qmnis. reaqciis dros Tavisufldeba 2-3 neitro-
ni, romlebic, Tavis mxriv, sxva birTvebs hyofs. ase warmoebs 
jaWvuri birTvuli reaqcia, romelic ukve TavisTavad grZel-
deba pirveladi dasxivebis Semdeg manam, vidre urani ar 
amoiwureba an reaqcia ar Sewydeba xelovnurad gare CareviT. 
umarTavi reaqciisas is maleve zvavisebr xasiaTs iRebs da 
xdeba birTvuli afeTqeba. Tu gaTavisuflebuli neitronebis 

( )N  ricxvi STanTqmuli ( )K  da gareT gasuli ( )L  neitrone-

bis jamur ricxvze naklebia, anu LKN +<  an 1<−
L

KN
, maSin 
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reaqcia Sewydeba, Tu LKN +>  an 1>−
L

KN
, reaqcia grZel-

deba da Cqardeba.  
 axali Taobis neitronebis ricxvis fardobas wina Ta-

obis neitronebis ricxvTan k  neitronebis gamravlebis 
koeficienti ewodeba,   

Tu −<1k  reaqcia qreba, Tu −≥1k  reaqcia grZeldeba. 
 reaqcia umarTavi xdeba (birTvuli afeTqeba), rodesac 

gamravlebis koeficienti 01,1=k . 
 

TermobirTvuli reaqciebi 
 TermobirTvuli reaqcia aris ori msubuqi elementis 

( )8<A  birTvis Serwymis procesi Zalian maRal tempera-

turaze sakmarisad mZime birTvis warmoqmniT da uzar-
mazari energiis myisi gamoTavisuflebiT. 
aseT reaqciebs adgili aqvs mzesa da sxva varskvlaveb-

ze K710~  temperaturis da atomebis sruli ionizaciisas. 
aseT mdgomareobaSi nivTierebas qmnis calkeuli, swrafad 
moZravi birTvebi da eleqtronebi da mas plazma ewodeba. 

reaqciis dawyebamde Semadgeneli birTvebi erTmaneTs 

unda miuaxlovdes 
1410− m rigis ganZilze. aseTi daaxloebis-

Tvis maT unda gadaeces udidesi kinetikuri energia, rac 
miiRweva maTi gacxelebiT Zalian maRal temperaturamde 

( )K910  da Zalian maRal wnevaze. 

unda aRiniSnos, rom TermobirTvuli reaqciis kuTri 
energia (gadaangariSebuli erT nuklonze) birTvuli reaqci-
is kuTr energias mniSvnelovnad aRemateba. 
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winasityvaoba ------------------------------------------------------------------------------------------------3 

meqanika 
1. meqanikis ZiriTadi amocana. gadataniTi moZraoba. siCqare aCqareba --4 
2. brunviTi moZraoba. siCqare, aCqareba, periodi da sixSire ----------------6 
3. niutonis kanonebi -----------------------------------------------------------------------------------8 
4. drekadobis Zala. hukis kanoni --------------------------------------------------------------9 
5. msoflio mizidulobis kanoni -------------------------------------------------------------10 
6. sxeulis wona. uwonoba --------------------------------------------------------------------------11 
7. xaxunis Zala ------------------------------------------------------------------------------------------12 
8. impulsi. impulsis Senaxvis kanoni ------------------------------------------------------13 
9. muSaoba da simZlavre ----------------------------------------------------------------------------15 
10. kinetikuri energia ---------------------------------------------------------------------------------16 
11. sxeulis potenciuri energia, romelzec simZimis Zala moqmedebs ---17 
12. drekadad deformirebuli sxeulis potenciuri energia ------------------18 
13. energiis mudmivobis kanoni -------------------------------------------------------------------19 
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meqanikuri rxevebi da talRebi 
1. Tavisufali harmoniuli rxevebi ---------------------------------------------------------22 
2. rxevebis siCqare, aCqareba da energia --------------------------------------------------24  
3. milevadi rxevebi -----------------------------------------------------------------------------------25 
4. iZulebiTi rxevebi ---------------------------------------------------------------------------------27 
5. meqanikuri talRebi -------------------------------------------------------------------------------28 
6. brtyeli talRis gantoleba ----------------------------------------------------------------28 
7. sferuli talRis gantoleba ---------------------------------------------------------------29 
 

molekuluri fizika 
1. molekulur-kinetikuri Teoriis ZiriTadi debulebebi -------------------30 
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3. idealuri airis mdgomareobis gantoleba ------------------------------------------32 
4. molekulur-kinetikuri Teoriis ZiriTadi gantoleba ----------------------34 
5. realuri airebi. van-der-vaalsis gantoleba  -----------------------------------36 
6. molekulebis ganawileba siCqareebis mixedviT (maqsvelis ganawile-

ba). Tavisufali ganarbenis sigrZe -------------------------------------------------------37 
7. barometruli formula. bolcmanis ganawileba  ------------------------------38 

Termodinamika 
1. Termodinamikis pirveli kanoni. sxeulis Sinagani energia --------------40 
2. muSaoba TermodinamikaSi ----------------------------------------------------------------------41 
3. siTbos raodenoba. siTbotevadoba. kuTri siTbotevadoba ---------------42 
4. Termodinamikis pirveli kanonis gamoyeneba izoprocesebSi -------------44 
5. adiabaturi procesi. puasonis gantoleba. Tboizol. sistema ---------45 
6. gadataniTi movlenebi ---------------------------------------------------------------------------46 
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7. Seqcevadi da Seuqcevi procesebi. Termodinamikis meore kanoni. 
entropia -------------------------------------------------------------------------------------------------47 

eleqtrostatika 
1. eleqtruli muxti. kulonis kanoni -----------------------------------------------------49 
2. eleqtruli veli. eleqtruli velis daZabuloba. eleqtruli    

velebis superpoziciis principi ----------------------------------------------------------51 
3. eleqtruli velis nakadi. gausis Teorema ------------------------------------------53 
4. eleqtruli velis muSaoba. daZabulobis veqtoris cirkulacia -----54 
5. eleqtruli potenciali. potencialTa sxvaoba (Zabva) ----------------------55 
6. eleqtrotevadoba. kondensatori. kondensatoris energia ----------------57 
 

eleqtrodinamika 
1. mudmivi eleqtruli deni -----------------------------------------------------------------59 
2. eleqtromamoZravebeli Zala (em Zala) -------------------------------------------60 
3. gamtarTa SeerTeba ----------------------------------------------------------------------------60 
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diferencialuri saxe -----------------------------------------------------------------------62 
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7. kirxhofis wesebi ------------------------------------------------------------------------------64 
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10. eleqtruli deni airebSi -----------------------------------------------------------------67 
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1. magnituri veli. magnituri velis induqcia. Zalwirebi ---------------70 
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3. induqciis veqtoris cirkulacia ----------------------------------------------------71 
4. bio-savar-laplasis kanoni --------------------------------------------------------------72 
5. magnitur velSi denian gamtarze moqmedi Zala. amperis Zala ----72 
6. magnitur velSi moZrav damuxtul nawilakze moqmedi Zala. 

lorencis Zala --------------------------------------------------------------------------------73 
7. eleqtronis kuTri muxtis gansazRvra ------------------------------------------74 
8. holis efeqti ------------------------------------------------------------------------------------75 
9. nivTierebis magnituri Tvisebebi ----------------------------------------------------76 
10. eleqtromagnituri induqciis movlena ------------------------------------------78 
11. eleqtromagnituri induqciis kanoni – faradeis kanoni -------------78 
12. lencis wesi --------------------------------------------------------------------------------------79 
13. induqciuroba. TviTinduqcia ----------------------------------------------------------79 
14. magnituri velis energia -----------------------------------------------------------------80 
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cvladi deni 
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3. eleqtrotevadoba cvladi denis wredSi --------------------------------------------83 
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eleqtromagnituri rxevebi 
1. harmoniuli (Tavisufali) eleqtromagnituri rxevebi -----------------------86 
2. milevadi rxevebi -----------------------------------------------------------------------------------88 
3. iZulebiTi rxevebi ---------------------------------------------------------------------------------89 
 

eleqtromagnituri talRebi 
1. eleqtromagnituri veli. wanacvlebis deni ----------------------------------------90 
2. maqsvelis gantolebebi --------------------------------------------------------------------------91 
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8. sinaTlis polarizacia. malusis da briusteris kanonebi --------------105 
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11. siTburi gamosxiveba -----------------------------------------------------------------------------110 
 

kvanturi optika 
1. fotoeleqtruli efeqti ----------------------------------------------------------------------112 
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1. atomuri fizika -------------------------------------------------------------------------------------115 
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