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G11.2. fluqtuaciuri xmaurebis wyaroebi eleqtrul da 
eleqtronul mowyobilobebSi 

am paragrafSi gavecnobiT fizikur movlenebs romle-
bic warmoSoben  Zabvis da denis fluqtuaciebs radioteq-
nikur moqyobilobebSi. miRebuli iqneba formulebi, 
romlebic gamoiyeneba xmauris intensivobis Sesafaseblad. 

xmauris warmoSobis erT-erTi mTavari mizezi aris 
eleqtruli muxtis moculobiTi simkrivis fluqtuacia 

gamtar sxeulebSi (rezistorebSi). mizezi 
– muxtis gadamtanebis xaotiuri siTburi 
moZraoba (ix. nax. 11.9). qaotiuri moZra-

obis gamo, A da B  midamoebSi, gadamtani 
muxtebi ar udris erTmaneTs.  

erTobriobaSi,  sistemis eleqtruli 
neitralurobis miuxedavad Seiqvneba 
cvladi eleqtromagnituri velebi, xolo 
gare momWerebze warmoiSveba xmauris 
potencialTa sxvaoba. gamtarSi muxtebis 
”ganTavsebis” maRali simkrivis da didi 
siTburi siCqaris gamo gamoxmaurobis 
speqtri Turme Zalze ganieria. es niSnavs, 
rom radioteqnikur sixSireebze rezisto-
ris siTburi xmauri sakmarisad zustad 

    nax. 11.9   Seesabameba (delta-korelaciuli) TeTri 
xmauris models. 

G11.2.1. naikvistis formula 

speqtruli simZlavris gamosaTvlelad gamoviyvanoT 
Tanafardoba, romelic aRwers absoluturi T  temperatu-

ris pirobebSi garemosTan siTbur 
wonasworobaSi myofi R  rezisto-
ris momWerebze xmauris Zabvas.   

amisaTvis azrobrivad rezisto-
ris (nax. 11.10) paralelurad CavrT-
oT damxmare elementi (kondensato-
ri C ) da CavTvaloT, rom realu-
rad xmauriani rezistori ekvivalen     
turad Canacvlebulia mimdevrulad 

      nax. 11.10      SerTuli uxmauro rezistoriT da 
TeTri xmauris Semqmnel emZ-is wyarod. 
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fizikis kursidan cnobilia, rom nebismier sistemis, ro 
melic imyofeba siTbur wonasworobaSi, erT Tavisuflebis 

RerZze flobs 2kT  saSvalo energias. zustad aseTi 

iqneba eleqtruli velis energia, dagrovebuli konden-
satorze, vinaidan ganxiluli wredi warmoadgens 1-li 
rigis dinamiur sistemas erTi Tavisuflebis RerZiT. maSa-

sadame, 2 2 2CCu kT . amitom, kondensatorze, Zabvis xmauris 

dispersia iqneba 2 2
Cu kT C   . 

axla ki visargebloT (4.11) formuliT, romelic 
akavSirebs dispersias da xmauris Zabvis simZlavris 
speqtrs: 

2 0 0

2 2

0
21 ( )

y

W Wd

RCRC




 



 


. 

vinaidan 0

2

W kT

RC C
 , damxmare sidide C  gamoiricxeba 

da miviRebT tolobas 
0 2W kTR , sadac bolcmanis mudmiva 

23
1,38 10k K


  j / . 

gamosayeneblad praqtikulad xelsayrelia calmxrivi 
energetikuli speqtri, romelic moicema sixSiris mxolod 

dadebiT areSi da aqvs ganzomileba, 2v hc :     

0 02 4N W kTR                    (4.27) 

am SesaniSnav Tanafardobas ewodeba naikvistis formu-
la, romelic damtkicebuli iqna me-20 saukunis 20-an 
wlebSi. 

0N  sidides aqvs ubralo fizikuri azri – rezistoris 

siTburi xmauris kuTri dispersia, romelic modis 1 hc 
siganis sixSirul zolze. 

siTburi xmauris simZlavris speqtraluri simkrive 
SesaZlebelia Sefasdes  Semdegi magaliTidan: 300T K  

da 10R  kom  winaRobisTvin 0N  mniSvneloba Seadgens 
161,66 10 2v / hc , saidanac kuTri efeqturi Zabvis xmauri 

udris 81,29 10 v hc . patara sididis miuxedavad, siTburi 

Zabvis xmauri SesaZlebelia gaxdes gadamwyvet faqtorad, 
romelic SezRudavs mimRebi mowyobilobis realur mgZno-
biarobas. 
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sainteresoa da mniSvnelovani aRvniSnoT, rom xmauris 
samZlavre, romelic SesaZlebelia gadaices gare rezis-
torul datvirTvaSi, ar aris damokidebuli rezistoris 
R  winaRobaze. dasamtkiceblad ganvixiloT sqema nax. 11.11, 

romelSic xmauris R  rezitors da dat-

virTvis Rdat  Soris CarTulia idealuri 

filtri 1 hc gatarebis zoliT. rogorc 
cnobilia, simZlavre gadacemuli dat-

virTvaSi, maqsimaluria roca R Rdat  

(SeTanxmebis piroba) da Cven SemTxvevaSi 
kuTri (kuT.) simZavre tolia 

2
. / (4 ) .P u R kT kuT kuT   

amitom siTburi xmaurTan brZolis er-
TaderTi xerxia radiomimRebi xelsawyo-   
ebis mgZnobare wredebis Rrma gaciveba,  

    nax. 11.11     romelic gamoiyeneba radiolokaciaSi, 
radioastronomiaSi da kosmosuri kavSiris sistemebSi. 

G11.2.2. mimRebi antenis xmauri 

radioteqnikur xelsawyoebSi xmauris wyaro SeiZleba 
iyos mimRebi antenna, romlis gamosasvlelze (qaotiuri 
eleqtromagnituri velis fluqtuaciis zemoqmedebiT) 
SesaZlebelia warmoiSvas SemTxveviTi  Zabva. 

vTqvaT, rom l  sigrZis ubralo mimRebi antena (hercis 
vibratori)  moTavsebulia siRruobis 
SigniT, romlis kedlebis temperatura 
aris T . saukeTeso rezultatebi miiReba 
rodesac mimRebis wredebs gaaciveben 
Txevadi geliumis miRebis temperaturam-
de, anu 4,2 KT  .  

plankis kanonis Tanaxmad, romelic 
cnobilia fizikis kursidan, siRruoba 
Sevsebulia gawonastorebul eleqtro-  

  nax. 11.12      magnitur gamosxivebiT, romelic xasi- 
aTTeba gansakuTrebuli speqtraluri parametriT - kuTri 
sikaSkaSiT B , zomis erTeuliT (vt/(m2•hc•sr)),  sadac (sr) 
steradianiT aRiniSneba sivculi kuTxe: 
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  

3

2

2
,

exp 1

h f
B

c h f kT



             (4.29) 

sadac  f - sixSirea , hc; c - sinaTlis siCqare, m/wm; 
346,62 10h   j/ hc - plankis mudmivaa. 

   kuTri sikaSkaSe warmoadgens eleqtromagnituri gamos-
xivebis nakadis simkrivis Sefardebas sixSiris 1 hc inter-
valTan, romelic mocemul wertilSi Semodis 1 sr (ste-
radiani) sivrciTi kuTxis gavliT. 

Tu hf kT , rac tipiuria radiodiapazonisaTvis, maSin 

gantoleba (4.29) gardaiqmneba relea-jinsas miaxlovebiT 
formulaSi:  

                            22 / ,B kT                   

(4.30)                    

/c f  sadac talRis sigrZea . 

    ganvixiloT sidide  2 2 2 2
x y zE E E E  kuT kuT kuT kuT , romelic 

warmoadgens  eleqtruli velis daZabulobis saSvalo 
kvadrats, romelic modis 1 hc sixSiris intervalze.  
   eleqtromagnetizmis TeoriaSi mtkicdeba, rom gamosxi-
vebis nakadis simkrivis simZlavre (vt/m2) am dros Seadgens 

   2 2/ 120 / 40zE E kuT kuT , sadac gamosaxulebaSi Semavali 

sidide 0 120 377Z   om  warmoadgens vakumis maxasiaTebel 

winaRobas. aq gaTvaliswinebulia, rom yvela sivculi 

mimarTulebis sruli Tanatolobis gamo 2 23 zE E kuT kuT .  

  nakadis simZlavris gayofisas 4 , anu mTeli sivrcis 
sivrcul kuTxeze, vRebulobT kuTri sikaSkasis gamosax-
ulebas sivcur sidideebis gaTvaliswinebiT: 

                           2 2/ 160 .zB E  kuT              (4.31) 

   Tu gamosaxulebebis (4.30) da (4.31) marjvena mxareebs 
gautolebT erTmaneTs, maSin vipoviT eleqtruli velis 
daZabulobis veqtoris kuTr gaSvaledebul proeqciis 
kvadratis mdgenels, romelic orientirebulia antenis 

gastvriv:                2 2 2320 / .zE kT kuT             (4.32) 
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   vinaidan antenis gamosasvlelze, romelic SedarebiT 

naklebia talRis sigrZeze, warmoiSveba Zabva  u El , 
miviRebT gamosasvleli Zabvis kuTr dispersias:   

                    
22 2320 / .u l kT kuT                (4.33) 

Tu SemovitanT gercis vibratoris gamosxivebis winaRo 

bad (om) wodebul sidides  
2280 /R l   , maSin elementa- 

ruli mimRebi antenisaTvis miviRebT naikvistis formu-

las                  2 4 , .u kTR 2
kuT v / hc               (4.34) 

   aq temperatura T  aris garemos gawonasworebuli para-
metri, romlis gavliT vceldeba eleqtromagnituri tal-
Ra. es WeSmaritia mxolod kosmosuri warmoSobis xmaure-
bisaTvis. gazomvebma gvaCvena, rom yvelaze ”civi” ciskama-
ras ubnebis temperatura Seadgens ramdenime kelvins. amav-    
droulad temperaturam radiogalaktikebis mimarTulebiT 
da kosmosuri wyaroebis xmauris radiogamosxivebam SeiZ-
leba miaRwios 10000 K . 
   Tu vilaparakebT dedamiwis warmoSobis bunebriv SeSfo 
Tebebze, maSin am xmauris umetesi nawili Tavmoyrilia 30 
mhc –ze dabal sixSireze. (dedamiwis SeSfoTebebi gamowve-
ulia – mexis ganmuxtvebiT da mZlavri eleqtruli wrede-
bis komutaciiT). imisaTvis, rom ucvleli davtovoT for-

mula (4.34) saxe, SemoaqvT xmauris temperatura Tx , rome-

lic damokidebulia sixSireze. dedamiwis SeSfoTebebis 
speqtruli Semadgenloba iseTia, rom 1 mhc rigis sixSi-

reze Tx  temperatura  zogierT pirobebSi SeiZleba miaR-

wios 83 10 K . 

G11.2.3. puasonis ganawileba 

v  simboliT avRniSnoT eleqtronebis saSvalo ricxvi, 
romlebic 1 wm miaRweven anods. eqsperimenti dabijebiT 
metyvelebs masze, rom es ricxviTi maxasiaTebeli aris 
statistikurad mgradi, anu stacionaruli.Aanoduri denis 

mudmivi mdgeneli 0I  da v  parametri dakavSirebuli arian 

martivi 0I e v   TanafardobiT. v -s mniSvneloba Zalze 

didia:  roca 0I = 1 ma gvaqvs Sefaseba 16 110v  wm . vinaidan 
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16 1~ 10v wm , albatoba imasa, rom 1 wm-is intervalSi arc 

erTi eleqtroni ar miaRwevs anods Seadgens  16exp 10 , 

rac SeuZlebeli movlenaa! 

procesis statistikur analizze gadasvlisas gavakeToT 
erTi umniSvnelo daSveba, romelic gaamartivebs angariSe-
bs: dauSvad, rom eleqtronebi kaTodidan anodisaken Sva-
ledSi moZraoben ”jaWviviT” erTmaneTis Semdeg ise rom, 
albaToba oris an ramdenimes erTad misvlis Zalze mci-
rea. 

bunebrivia, CavTvaloT, rom  Tu A  aris eleqtronis 

anodze misvlis movlena  ,t t t interbalSi, maSin patara 

sididideebis  
2

t sizustiT am movlenis albaTobaa                   

                      AP v t  .                       (4.35) 

0 ( )P t  avRniSnoT albaToba imisa, rom arcerTi eleqtro-

ni drois  0, t  intervalSi ar miaRwevs anods. maSin 

0 ( )P t t  iqneba rTuli movlenis albaToba – arc erTma 

eleqtronma ar unda miaRwios anods drois arc  0, t  da 

arc ( , )t t t  intervalebSi. rTuli movlenis albaTobis 

Tvisebis gamoyenebis safuZvelze miviRebT 

 0 0( ) ( ) 1 .P t t P t v t     

zRvarze gadasvlisas roca 0t  , miviRebT diferen-

cialur gantolebas 0
0

d

d

P
vP

t
   aSkara sawyisi pirobiT,         

                       0 (0) 1P  . 

aseTi sawyisi amocanis amoxsna elementaluria:   

                   0 ( ) ( )P t exp vt  . 

vipovoT 1( )P t albaToba imisa, rom drois  0, t  interva-

lSi zustad erTi eleqtroni miaRwevs anods. gafarTo- 

ebul  drois (0, )t t SualedSi aseTi movlenis albaToba 

Sedgeba ori araTavsebadi albaTobis movlenebisagan:  

  a) eleqtroni drois  0, t intervalSi miaRwevs anods, 

 b) eleqtroni drois ( , )t t t intervalSi miaRwevs  

   anods. 
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 albaTobebis Tvisebidan  

 0 1 0( ) ( ) 1 ( ) ,P t t P t v t P t v t       

aqedan ki gamomdinareobs diferencialuri gantoleba 

           1
1 0

d

d

P
vP vP

t
      sawyisi pirobiT 0 (0) 1P  .  

   analogurad miiReba sawyisi amocana, romlis amoxsna 
aRwers anodze n  eleqtronis miRwevis movlenis albaTo-
bas: 

 

1

d
,

d

0 0.

n
n n

P
vP vP

t

P




  


 

                 (4.36) 

uSvalo CasmiT SegviZlia davwrmundT masSi, rom 

         
 

.
!

n

vt
n

vt
P t e

n

          (4.37) 

   formula (4.37) gansazRvravs pua-
sonis ganawilebis kanons, romelic 
vxdeba statistikuri fizikis 
mraval amocanebSi.  
   am ganawilebis kanonis xarisxob  

       nax. 11.13        rivi forma moyvanilia nax. 11.13. 
        G11.2.4. diodis denis statistikuri Tvisebebi 

Tu T  drois ganmavlobaSi anodze mivida n  eleqtroni, 
maSin deni, Sefardebuli dakvivrebis drois T  interval-

Tan, udris     /Ti en T . 

 am denis saSvalo mniSvneloba iqneba 

                        0 / .T TI i e T n ev               (4.41) 

denis dispersia    2 2 2 2
0/ / .i ne T e T I               (4.42) 

Tu denis fluqtuaciis intesivobis zomaT aviRebT 
saSvalokvadratul gadaxris Sefardebas denis saSvalo 

mnisvnelobasTan, maSin      0 0/ / /i I e T I  .         (4.43) 

daskvna gamomdinareobs (4.43) formulidan: diodis den-
is fluqtuaciis fardobiTi done mcirdeba dakvivrebis 
drois gazrdisas da denis saSvalo mniSvnelobis gazrdi-
sas 
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G11.2.5 Sotkis formula 

rac naklebia dakvivrebis T  dro, miT ufro didi six-
Siris zoli aris gasaTvaliswinebeli procesis speqtrSi. 
kotelnikovis Teoremis Tanaxmad, T  droSi signalis 
dasamuSavleblad, maregistrirebeli sistemas unda qon-

des unari gaataros yvela sixSireebi da sixSiris fzeda  

zeda zRvaremdec ki, romelic akmayofilebs Tanafardobas 

 1/ 2T f z .  1f z  

Tu miRebul Sedegs gaviTvaliswinebT (4.42)-Si, gveqneba 
2

02i eI f  z , aqedan fluqtuaciuri denis kuTri dispersia 1 

hc –an sixSirul zolSi iqneba   

0 02N eI                       (4.44) 

radioteqnikaSi am Tanafardobam miiRo Sotkis formu-
lis saxeli. mis Tanaxmad, eleqtruli xelsawyos xmauris 
ekvivalenturi sqema Seicavs  denis wyaros, romelic qmn-
is TeTr xmaurs speqtruli simkriviT, romelic aRiwereba 
(4.44) formuliT. 

eqsperimentebi aCveneben, rom eleqtronul xelsawyoebSi 
(diodi, tranzistori da sxva) xmauri gamowveulia eleqt-
ronebis statistikurad damoukidebeli moZraobis gamo. 
maT gaaCniaT simZlavris mudmivi speqtri ramdenime aseul 
megahercamde, xolo Semdeg klebulobs sixSiris gazrdas-
Tan erTad. es dakavSirebulia imasTan, rom maRal sixSi-
reebze (T -s mcire mniSvnelobebis dros) arasamarTliani 
xdeba miRebuli modeli, romlis mixedviT anodze unda 
mivides sakmarisad didi raodenobis eleqtronebi. amis 
garda, iwyebs Semcirebas konveqciuri denis calkeuli 
impulsebis speqtraluri simkrivis moduli, vinaidan maTi 
xanZlivoba mcirea, magram sasrulia. 


