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Tavi I   

 eleqtrostatikuri velis Seswavla 

 

saWiro xelsawyoebi: trenaJori, minis abazana wyliT, milimetriani bade, 

brtyeli eleqtrodebi, zondi, SemaerTebeli mavTulebi. 

 

samuSaos mizani: Seswavlili iqnas erTgvarovani eleqtrostatikuri veli, eq-

vipotencialuri zedapirebis saSualebiT ganisazRvros ve-

lis daZabulobis sidide. 

sivrces, romlis saSualebiTac xorcieldeba uZravi muxtebis urTierTqme-

deba, eleqtrostatikuri veli ewodeba. eleqtrostatikuri veli xasiaTdeba 

daZabulobis veqtoriT. velis mocemul wertilSi daZabuloba izomeba im Za-

liT, romliTac veli moqmedebs am wertilSi moTavsebuli muxtis dadebiT er-

Teulze. Tu q  muxtze veli moqmedebs F  ZaliT, maSin ganmartebis Tanaxmad, 

daZabuloba 

q

F
E   

wirs, romlis yovel wertilSi gavlebuli mxebis mimarTuleba gviCvenebs 

velis daZabulobis veqtoris mimarTulebas, daZabulobis wiri an Zalwiri 

ewodeba. 

vinaidan daZabulobis uSualod gazomva did siZneles warmoadgens, ami-

tom Semotanilia velis skalaruli maxasiaTebeli _ potenciali. poten-ciali 

izomeba im muSaobiT, romelsac eleqtruli Zalebi asruleben erTeulovani 

dadebiTi muxtis gadasatanad velis mocemuli wertilidan usasrulobaSi. 

cxadia, muSaoba, romelic sruldeba q  muxtis gadaadgilebisas velis or wer-

tils Soris, toli iqneba 

 ,VVqA 21   

sadac 1V  da 2V _iT aRniSnulia muxtis sawyisi da saboloo mdebareobis 

Sesabamisi wertilebis potencialebi. eleqtrostatikuri velis sxvadasxva 

wertilSi potencials sxvadasxva mniSvneloba aqvs, magram velSi yovelTvis 

moinaxeba toli potencialebis mqone wertilebi. toli potencialebis mqone 

wertilTa geometriul adgils eqvipoten-cialuri zedapiri ewodeba. advilad 
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mtkicdeba, rom eleqtrostatikuri velis daZabulobis veqtori velis yovel 

werilSi mimarTulia am wertilSi gamavali eqvipotencialuri zedapiris mar-

Tobulad. aqedan gamomdinare, Tu movZebniT erTnairi potencialis mqone wer-

tilebs, e.i. avagebT eqvipotencialur zedapirs da gavavlebT mis marTob xa-

zebs, miviRebT saZiebel Zalwirs. 

vinaidan kavSiri velis daZabulobasa da potencialTa sxvaobas Soris, 

umartives SemTxvevaSi, aseTia 

d

VV
E 21  ,            (1) 

sadac d  zedapirebs Soris manZilia, normalis gaswvriv, amitom eleq-

trostatikuri velis daZabulobis gansazRvra daiyvaneba potencialebis gan-

sazRvramde. 

 

cdis msvleloba 

 

aRniSnuli meTodiT eleqtrostatikuri velis Seswavla SeiZleba moxdes 

nax. 1_ze mocemuli sqemis gamoyenebiT. (am SemTxvevaSi eleqtrostatikuri ve-

lis Seqmna xdeba drois mixedviT ucvleli, stacionaluri, denis saSualebiT). 

sqemaze voltmetris erTi bolo SeerTebulia erT_erT eleqtrodTan, xolo 

meore _ zondTan. 

1. CarTeT wredi, moaTavseT zondi wylian abazanaSi da CaiwereT voltmetris 

Cveneba da wertilis Sesabamisi koordinatebi. 

2. zondis gadaadgilebiT monaxeT igive potencialebis mqone wertilebi (ara-

nakleb xuTisa), CaiwereT Sesabamisi koordinatebi. 

3. analogiuri cdebi gaimeoreT gansxvavebuli potencialis mqone wertilebi-

saTvis. 

4. aageT eqvipotencialuri zedapirebi da (1) formulis gamoyenebiT gamoTva-

leT velis daZabuloba. 

5. cdiT miRebuli Sedegebi SeitaneT dakvirvebaTa cxrilSi.  
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cdis sqema 

 

Nnax.1 

dakvirvebaTa cxrili: 

 

# X,Y X,YY X,Y X,Y X,Y X,Y X,Y V E 

1          

2          

3          

4          

5          

 

 

 

 

dedamiwis magnituri velis daZabulobis  

horizontaluri mdgenelis gansazRvra 

 

saWiro xelsawyoebi: trenaJori, tangens galvanometri, reostati, mudmivi  

                        denis wyaro, gadamrTveli, SemaerTebeli mavTulebi. 

 

samuSaos mizani: cdis safuZvelze ganisazRvros dedamiwis magnituri velis 

daZabulobis horizontaluri mdgenelis mniSvneloba. 

 

   dedamiwa warmoadgens uzarmazar bunebriv magnits, romlis polusebic mo-

Tavsebulia geografiuli polusebis maxloblad. 

   dedamiwis magnituri velis daZabulobis wirebi ekvatorTan horizontalu-
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radaa ganlagebuli, xolo polusebTan vertikalurad. dedamiwis sxva werti-

lebSi ki horizontis mimarT qmnis raRac kuTxes. magnituri velis daZabulo-

bis proeqcias horizontaluri sibrtyis mimarT, daZabulobis horizontaluri 

mdgeneli qvia. magnituri isari, romelsac SeuZlia brunva vertikaluri Rer-

Zis mimarT ganicdis dedamiwis magnituri velis daZabulobis hotizontaluri 

mdgenelis moqmedebas. meores mxriv magnitur isarze SeiZleba vimoqmedoT de-

niani gamtaris mier Seqmnili magnituri veliT. am SemTxvevaSi wriuli denis 

magnituri veliT, romelsac qmnis e.w. tangens galvanometri (R  radiusiani n 

xviisagan Semdgari sistema). Tu gaviTvaliswinebT, rom ori urTierTmarTobi 

magnituri velis (dedamiwis magnituri velis daZabulobis 1H  horizontaluri 

mdgenelisa da wriuli denis magnituri velis daZabulobis 2H _is) moqmedebiT 

magnituri isari Semobrundeba raRac kuTxiT ise, rom samarTliania piroba 

tg
H

H 2
1   (nax. 1). vinaidan wriuli denis magnituri velis daZabuloba wris 

centrSi 
R2

In
H2   amitom miviRebT                              

 

             

  

1 2

In
H

Rtg
                           (1) 

 

 

 

nax. 1 

cdis msvleloba: 

 

1. akribeT nax. 2_ze mocemuli sqema. 

2. tangens galvanometri moaTavseT dedamiwis magnituri velis meridianis sib-

rtyeSi. 

3. CarTeT wredi da reostatis saSualebiT SearCieT deni Zalis iseTi mniS-

vneloba, rom magnituri isris Semobrunebis kuTxe 450_is farglebSi iyos. 

4. gadarTeT gadamrTveli (e.i. SecvaleT polaroba). 

 H1 

H2 

N 

S 
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5. gansazRvreT me_3 da me_4 punqtebiT gazomili kuTxeebis saSualo mniSvne-

loba  . 

6. (1) formulis gamoyenebiT gamoTvaleT dedamiwis magnituri velis daZabu-

lobis horizontaluri mdgenelis mniSvneloba. 

7. cda gaimeoreT ramodenimejer. 

8. gamoTvaleT Sesabamisi absoluturi da fardobiTi cdomileba. 

9. miRebuli Sedegebi SeitaneT dakvirvebaTa cxrilSi. 

 

cdis sqema: 

 

 

 

 

 

            

 

 

 

nax. 2 

 

dakvirvebaTa cxrili: 

 

# I  1  2    n 1H  1HΔ  
1

1

H

H


 

SeniS-

vna 

1          

2          

3          

 

 

 

 

 

A 

R 
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oscilografis Seswavla 

 

saWiro xelsawyoebi: 1. eleqtronuli oscilografi C1-76 

                        2. bgeriTi generatori ГЗ‐III 

                                                        3.  eleqtruli impulsis gardamqmneli ПИ 

                                                        4. denis wyaro ИП 

                        5. voltmetri 

samuSaos mizani:    eleqtronuli oscilografis muSaobis principis 

gacnoba da misi gamoyeneba sxvadasxva gazomvebis Casatareblad. 

E 

eleqtronuli oscilografis daniSnuleba da  

muSaobis principi  

  universaluri tipis eleqtronuli oscilografi C1-76-is (nax.1) 

daniSnulebaa vizualuri meTodiT iqnas Seswavlili eleqtruli signalebis 

forma, gazomili iqnas maTi amplituduri mniSvneloba da dro, 0-1 mghc 

sixSirul diapazonSi. 

  Ooscilografis ZiriTadi nawilebia: eleqtronul-sxivuri milaki; 

horizontaluri da vertikaluri gadaxris gamaZlierebeli; drois mixedviT 

gaSlis generatori; kvebis wyaro. 

 

 

Nnax.1 

Uuniversaluri tipis oscilografi C1-76 

  Eeleqtronuli konis gadaxrisa da misi fokusirebis meqanizmis mixedviT 

ganasxvaveben ori saxis eleqtronul sxivur milakebs: eleqtrostatikurs da 

magniturs. Pirvel SemTxvevaSi eleqtronuli konis gadaxra da fokusireba 
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xdeba eleqtruli velis saSualebiT, xolo meore SemTxvevaSi magnituri 

veliT. 

  Eeleqtronul-sxivuri milaki warmoadgens minis balons, romlidanac haeri 

maqsimalurad aris amotumbuli. masSi CarCilulia savarvaro spirali, kaTodi, 

cilindruli formis xvreliani ori anodi (pirveli eleqtronuli konis 

mafokusirebeli, xolo meore amaCqarebeli) da ori wyvili erTmaneTisadmi 

marTobulad ganlagebuli firfita (horizontalurad da vertikalurad 

gadamxreli). Bbalonis fskeri warmoadgens mafluorescirebeli nivTierebiT 

dafarul ekrans, romelsac gaaCnia eleqtronebis dajaxebis Sedegad naTebis 

unari (nax.2). savarvaro batareis CarTvisas spiralSi denis gavlis gamo 

kaTodi cxeldeba da misgan amoifrqveva eleqtronebi. es eleqtronebi pirveli 

da meore anodebis saSualebiT dafokusirdebian cilindrebis RerZis gaswvriv 

da iReben garkveul aCqarebas. Ddafokusirebuli eleqtronuli kona gaivlis 

ra vrtikalur da horizontalur gadamxrel firfitebs Soris, ecema ekrans 

da iwvevs naTebas wertilis saxiT.  

 

Nnax.2 

  kaTodi SemosazRvrulia cilindriT, romlis fuZeSic datovebulia viwro 

xvreli; cilindrze modebulia uaryofiTi potenciali, rac iwvevs 

eleqtronuli konis Seviwroebas. cilindris potencialis regulirebiT 

SeiZleba vcvaloT eleqtronuli konis denis Zala da Sesabamisad ekranze 

ganaTebuli wertilis sikaSkaSe (regulireba SeiZleba vawarmooT 

potenciometriT, romelic damagrebulia oscilografis wina farze da aqvs 

aRniSvna “ ”). Ppirveli mafokusirebeli anodis potenciali ise unda SeirCes, 

rom ekranze ganaTebuli laqa iyos wertilovani, amis ganxorcieleba ki 

SeiZleba im potenciometris gamoyenebiT, romlis aRniSvna aris aseTi-“ ”. 
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  oscilografiT Catarebul yvela gazomvas safuZvlad udevs eleqtronuli 

konis gadaxra firfitebze modebuli Zabvis saSualebiT. vTqvaT firfitebis 

erT wyvilze magaliTad horizontalurze movdoT raime Zabva, maSin 

firfitebs Soris Seqmnili eleqtruli velis gavleniT eleqtronuli kona 

gadaixreba da ekranze mnaTi wertili gadaadgildeba am velis sawinaaRmdego 

mimarTulebiT, amasTan gadaadgilebis sidide modebuli Zabvis proporciulia. 

Tu firfitebze iqneba modebuli cvladi Zabva, maSin eleqtronuli kona 

Seasrulebs rxevas, rac didi sixSiris SemTxvevaSi ekranze mogvcems xazs. 

  Zabvis, drois mixedviT cvlilebis saregstraciod vertikalur firfitebze 

modeben periodulad cvalebad xerxisebri formis Zabvas, romelsac gamSlel 

Zabvas uwodeben (nax.3) 

 

Nnax.3 

Zabvis zrdisas nulidan raime maqsimalur mniSvnelobamde ekranze mnaTi 

wertili raRac t1 drois ganmavlobaSi gadaadgildeba marcxnidan marjvniv 

Tanabari siCqariT. Semdeg raRac t2<t1 drois ganmavlobaSi Zabva ecema nulamde. 

Sesabamisad eleqtronuli kona da mnaTi wertili ubrundeba Tavis sawyis 

mdgomareobas. Ees procesi meordeba periodulad. Tu am dros horizontalur 

firfitebze modebulia gamosakvlevi Zabva, eleqtronuli kona am ori Zabvis 

erTdrouli moqmedebis Sedegad ekranze mogvcems gamosakvlevi Zabvis droze 

damokidebulebis grafiks. 

  xerxiseburi formis gamSlel Zabvas Rebuloben egreT wodebuli 

relaqsaciuri generatoriT, romlis periodic SeiZleba vcvaloT saxeluris 

brunviT, romelic oscilografis wina farze aRniSnulia ase: “развертка”, da 

Tu gamSleli Zabvis periodi T0 SerCeuli iqneba ise, rom is aRmoCndeba 

gamosakvlevi Zabvis periodis jeradi e.i. Tu samarTliani iqneba piroba T0=nT 

sadac n mTeli ricxvia, maSin gaSlis periodis ganmavlobaSi gamosakvlevi 

suraTi mTlianad ganmeordeba da ekranze miviRebT uZrav gamosaxulebas. 

Mmagram xSir SemTxvevaSi gaSlis generatoris sixSiris arastabilurobis gamo 
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saWiro xdeba gaSlis generatoris sinqronizacia ufro stabilur sixSireze 

(ufro xSirad gamosakvlevi Zabvis sixSireze) es ukanaskneli procedura 

SeiZleba ganxorcieldes gadamrTveliT romlis aRniSvnacaa “внутр” ~ :   :

внеш
  da 

potenciometriT “уровень”. 

  Tu gaSlis generatori gamorTulia (romelic SeiZleba ganxorcieldes 

gadamrTvelis gadarTviT mdgomareobaSi ). maSin ekranze miiReba swori 

xazis monakveTi, romlis sigrZe gadamxrel firfitebze modebul Zabvas 

daaxasiaTebs ( Tu Zabva modebulia gadamxrel firfitebze , romelic 

oscilografis wina farze aRniSnulia simboloTi  maSin ekranze miiReba 

vertikaluri xazi da Sesabamisad, roca  -maSin horizontaluri xazi). 

O 

oscilografis aRwera 

 

Yy u r a d R e b A ! ! ! 

   sanam oscilografi CairTvebodes, maszed momuSavem unda icodes, rom 

oscilografis SigniT aris maRali Zabva, romelic sicocxlisaTvis saSiSia, 

amitom kategoriulad akrZalulia oscilografis CarTva maswavleblis 

gareSe (maswavlebelma unda Seamowmos, rom oscilografi iyos aucileblad 

damiwebuli “ ” damWeris saSualebiT). 

  oscilografis wina farze moTavsebul organoebs aqvs Semdegi daniSnuleba:  

    gadamrTveli- “сеть“ –oscilografis CarTva, gamorTva. 

        saxelurebi: 

           -  -skalis ganaTebulobis regulatori; 

           - *  -sikaSkaSis regulatori; 

           -   -eleqtronuli konis mafokusirebeli; 

        - 
грубо, плавно

 -eleqtronuli konis horizontaluri da      

          vertikaluri gadamxrelebi; 

           - - gamaZliereblis mgrZnobiarobis maregulirebeli; 
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           - - gaSlis drois maregulirebeli; 

           - “уровен” – gamSleli blokis maregulirebeli; 

 Rilakebi: 

         - “поиск луча” –ganaTebuli wertilis (an xazis) mosaZebnad; 

         - 
 800mV
 2 

     kalibratoris gadamrTvelebi; 

         -  -kalibratoridan signalis gamomyvani; 

         - x0,5 ; x1 ; x2 – gadamxreli Zabvis koeficienti; 

       - x1 ; x2 ; x5 – gaSlis drois koeficienti; 

gadamrTvelebi: 

- V/см – sigrZis erTeulze modebuli Zabva; 

- время/см - gaSlis drois gadamrTveli; 

- -gamaZlierebelze modebuli gamosakvlevi signalis  

gadamrTveli ( -mdgomareobaSi modebuli signali damiwebulia); 

- -sinqronizaciis reJimis gadamrTveli; 

 

- - drois mixedviT gaSlis, (x1 da 10 jer gasaWimad); X- 

RerZze signalis mosadebad; 

- -oscilografis reJimebis gadamrTveli; 

- “ ”  -  sinqronizaciis polarobis gadamrTveli; 

- vertikalurad gadamxreli sistema; 

- gareSe signaliT sinqronizaciisaTvis CasarTavi adgili. 
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Ddavaleba 1: oscilografis volturi mgrZnobiarobis  

gansazRvra 

 

  oscilografis, rogorc gamzomi xelsawyos, gamoyenebisas saWiroa vicodeT 

oscilografis volturi mgrZnobiaroba X RerZis (horizontaluri) 

mimarTulebiT (P) da volturi mgrZnobiaroba Y RerZis (vertikaluri) 

mimarTulebiT (q). volturi mgrZnobiaroba izomeba im ZabviT, romelic iwvevs 

ekranze wertilis gadaxras 1 sm sigrZeze. 

  imisaTvis, rom Catardes umartivesi gazomvebi oscilografis saSualebiT, 

saWiroa pirvel rigSi momzaddes oscilografi CasarTavad risTvisac: 

1. * ‐saxeluri unda iqnas dayenebuli marcxena ukidures mdgomareobaSi; 

2. ‐ saxeluri Sualedur mdgomareobaSi; 

3. –saxelurebi 
грубо, плавно

 -Sualedur mdgomareobaSi; 

4. gadamrTveli Rilakebi- x0,5 ; x1 ; x2 – mdgomareobaSi x2; 

5. gamaZliereblis gadamrTveli V/см –mdgomareobaSi “10”; 

6. sinqronizaciis gadamrTveli  mdgomareobaSi “внутр”; 

7. gadamrTveli - - mdgomareobaSi-“x1”; 

8. gadamrTveli - -mdgomareobaSi “Z”. 

SeniSvna: danarCeni saxelurebi SeiZleba iyos nebismier mdgomareobaSi; 

9. akribeT wredi nax.4-ze mocemuli blok sqemis mixedviT; 

 

Nnax.4 
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10. oscilografis gadamrTveli “сеть“ gadarTeT mdgomareobaSi “вкл” da 2-3 

wT-is  Semdeg daaWireT xeli Rilaks  ‐  поиск  луча‐xolo saxelurebiT 

грубо, плавно
 daayeneT eleqtronuli kona ekranis centrSi. 

daaregulireT ekranze signali saxelurebiT: *  da ; 

11. CarTeT mudmivi denis wyaro, Zabvis maregulirebeli potenciometri 

daayeneT minimumze. signali modeT oscilografis vertikalurad 

gadamxrel firfitebs , xolo sinqronizaciis gadamrTveli 

gadarTeT mdgomareobaSi ‐“внеш” 1:1  –  da gadamrTveli - 

mdgomareobaSi - ; 

12. daiwyeT Zabvis momateba denis wyaros potenciometris saSualebiT, 

erTdroulad aiTvaleT Zabva voltmetrze da vertikaluri xazis ly 

sigrZe oscilografis ekranze; 

13. gamoTvaleT vertikalurad gadamxreli sistemis mgrZnobiaroba q U
; 

14. cda gaimeoreT Zabvis sxvadasxva mniSvnelobebisaTvis 4-5 jer; 

15. analogiuri cdebi gaimeoreT X RerZis mimarT (signali unda modoT 

CamrTvels ); 

16. miRebuli monacemebi SeitaneT dakvirvebaTa cxrilSi: 

dakvirvebaTa cxrili: 

# V ly lx q P SeniSvna 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

/cvladi denis gamoyenebis SemTxvevaSi volturi mgrZnobiaroba 

gamoiTvleba sxva formuliT, ixileT II SemTxveva/. 
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Ddavaleba 2: sinusoidaluri signalis gamokvleva. 

 

    sinusoidaluri signalis SeswavlisaTvis moamzadeT oscilografi 

gazomvebisaTvis, (risTvisac gaimeoreT davaleba 1-is, 1-10 procedura) Semdeg 

ki: 

1. CarTeT bgeriTi sixSiris generatori; 

2. akribeT wredi nax.5-ze mocemuli blok sqemis mixedviT;  

 

Nnax.5 

3. drois mixedviT gaSlis saxeluris (развертка) brunviT (0,1‐10  mS) 

diapazonSi daSemdeg ki saxeluris saSualebiT miaRwieT, rom 

ekranze iyos mdgradi sinusoida; 

4. CaxazeT rveulSi miRebuli suraTi; 

5. aiTvaleT oscilografis ekranze signalis periodi (sigrZis 

erTeulebSi); 

6. miRebuli ricxvi gamosaxeT drois erTeulSi (Sesabamis gadamyvan 

koeficientze gamravlebiT); 

7. gamoTvaleT sixSire ν
T
 da miRebuli Sedegi SeadareT generatoridan 

aTvlil sixSires; 

8. miRebuli Sedegebi SeitaneT dakvirvebaTa cxrilSi. 

dakvirvebaTa cxrili: 

 # signalis    

periodi(sm) 

signalis 

periodi(wm) 

signalis 

sixSire ν

generatoris 

Cveneba 
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9. sinusoidaluri signalis amplituduri mniSvnelobis dasadgenad 

generatoridan miRebuli signali specialuri gamanawileblis 

saSualebiT erTdroulad mosdeT voltmetrsa da oscilografs (nax.6); 

 

Nnax.6 

10. cnobilia ra oscilografis volturi mgrZnobiaroba Y RerZis mimarT 

gansazRvreT sinusoidaluri signalis  (Zabvis) amplituduri 

mniSvneloba; 

11. gamoTvaleT Zabvis efeqturi mniSvneloba Uef=
U

√
 ; 

12. miRebuli mniSvneloba SeadareT voltmetrze aTvlil efeqturi Zabvis 

mniSvnelobas; 

13.  gazomvebiT miRebuli Sedegebi SeitaneT dakvirvebaTa cxrilSi. 

                                        dakvirvebaTa cxrili:      

# signalis 

sixSire 

signalis 

amplituda(sm)

signalis 

amplituda U(v) 

Uef voltmetris 

Cveneba U (v) 

1 

2 

3 

4 

5 
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Ddavaleba 3: impulsuri signalis Seswavla 

 

1. akribeT nax.7-ze mocemuli blok sqema; 

 

Nnax.7 

2. gadarTeT bgeriTi sixSiris generatori “ ” mdgomareobaSi da impulsebis 

gardamqmnelze CarTeT Sesabamisi Rilaki; 

3. oscilografis regulirebiT miaRwieT ekranze stabiluri marTkuTxa 

impulsebis arsebobas; 

4. CaxazeT rveulSi Sesabamisi suraTi; 

 

5. gazomeT marTkuTxa impulsis xangrZlivoba τ da impulsis periodi T. 

gamoTvaleT impulsis maxasiaTebeli Q T
 

6. gazomvebi gaimeoreT sxvadasxva sixSireebisaTvis; 

7. miRebuli monacemebi SeitaneT dakvirvebaTa cxrilSi. 

dakvirvebaTa cxrili: 

#      τ 

 

T Q SeniSvna 

1 

2 

3 

4 

5 
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Ddavaleba 4: lisaJus figurebis dakvirveba 

 

  rogorc cnobilia erTnairi sixSiris ori urTierTmarTobi rxevis Sekreba 

gvaZlevs elifsis gantolebas (kerZo SemTxvevaSi SeiZleba miviRoT wrfe), 

xolo roca Sesakrebi rxevebis sixSireebi gansxvavdebian, maSin jamur rxevas 

aqvs rTuli forma (sxvagvarad mas lisaJus figurebsac uwodeben); lisaJus 

figurebis dakvirvebisaTvis: 

1. akribeT wredi nax.8-ze mocemuli blok sqemis mixedviT; 

 

Nnax.8 

2. Sesakrebi signalebi modeT oscilografis X da Y polusebs; 

3. oscilografis gadamrTveli -gadarTeT mdgomareobaSi- , 

xolo gadamrTveli - mdgomareobaSi - 
:

внеш
  ; 

4. bgeriTi generatoris sixSiris cvlilebiT miaRwieT Sesakrebi 

sixSireebis Sefardebas: 0,5:1; 1:1; 1:2; 1:3; 1:4; CaixazeT Sesabamisi naxazi. 

(sixSireTa Sefardeba SeiZleba ganisazRvros generatoris skalis an 

kidev oscilografis ekranze vertikaluri da horizontaluri RerZebis 

mimarT maqsimumebis ricxvis fardobiT); 

5. gazomvebis Sedegebi SeitaneT dakvirvebaTa cxrilSi. 

                         

 

                         dakvirvebaTa cxrili: 

# standartuli 

sixSire  

Ggeneratoris 

sixSire 

sixSireTa 

Sefardeba 

Ffiguris 

forma 
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1 

2 

3 

4 

5 

    

 

 

 

 

solenoidis magnituri velis Seswavla holis  

gadamwodis saSualebiT 

 

saWiro xelsawyoebi: 1. Kkaseta ФПЭ-04   

                        2.  denis wyaro ИП 

                        3. cifruli voltmetri 

samuSaos mizani: holis efeqtze dayrdnobiT solenoidis magnituri 

velis induqciis grZivi mdgenelis gansazRvra da holis koeficientis 

gansazRvra. 

 

D deniani gamtaris, an moZravi muxtis, garemomcvel sivrceSi aRiZvreba 

magnituri veli, romelic sivrcis yovel wertilSi SeiZleba davaxasiaToT 

magnituri velis daZabulobis H veqtoris an magnituri velis induqciis B 

veqtoris saSualebiT, romelTa Soris kavSiri vakuumSi formuliT aseTia: 

                                       B µ H                      (1) 

sadac  µ =4π.10-7 hn/m –vakuumis magnituri mudmivaa.  

  Mmagnituri velis daZabulobisa da induqciis gamosaTvlelad gamoiyeneba 

bio-savar-laplasis kanoni, romlis Tanaxmad I deniani gamtaris dl elementis 

mier misgan r manZilze daSorebul wertilSi Seqmnili magnituri velis 

daZabuloba: 

                                     dH
I

                       (2) 



 
 

20  

 

  sasruli zomis gamtaris mier Seqmnili magnituri velis dasaxasiaTeblad 

unda visargebloT superpoziciis principiT (unda SevkriboT veqtorulad 

elementaluri daZabulobis veqtorebi), formuliT:     

                                 H ∑ dH ∑ I
                 (3) 

gamoviyenoT (3) formula solenoidis RerZze magnituri velis daZabulobis 

gamosaTvlelad; solenoidis yoveli xvia wriuli denia, amitom 

Tavdapirvelad gamovTvaloT daZabuloba wriuli xviis RerZze (nax.1). OA 

RerZis marTobuli dH  mdgenelebi Sekrebisas erTmaneTs akompensireben, 

konturis simetriis gamo, amitom A wertilSi magnituri velis jamuri 

daZabuloba mimarTulia wriuli denis RerZis gaswvriv da moduliT tolia: 

 

                                     H dH                      (4) 

 

Tavis mxriv: 

                            

                              dH dHsinα dH R I R
             (5) 

 

Nnax.1 

(5) formulaSi gaTvaliswinebulia, rom r da dl veqtorebi urTierTmarTobia, 

Tu CavsvamT (5) –s (4)-Si da gaviTvaliswinebT, rom R da r sidideebi mudmivia, 

miviRebT:                                       

                                                                   
IRdl

4πr3

R IR2

2r3                                           6   

Aaxla ganvixiloT nax.2-ze gamosaxuli solenoidis velis daZabuloba, vTqvaT 

solenoidis sigrZis erTeulze aris n xvia, maSin dz ubanze iqneba ndz xvia, 

romlebic solenoidis O wertilSi, (6) formulis Tanaxmad Seqmnian 

daZabulobas: 



 
 

21 petre gelxviiZe, nino gelxviiZe – eleqtromagnituri velebis da talRebis laboratoriuli 
praqtikumi  

 

                        dH
IR

ndz                 (7) 

  Nnax.3-ze ufro didi maStabiT naCvenebia dz elementi, r radiusveqtori, θ da 

dθ kuTxeebi. Nnax.2 dan da nax.3-dan Cans: 

 

Nnax.2 

 

Nnax.3 

                              r R
;        dZ                 (8) 

CavsvaT (8) –e (7)-Si da gavaintegroT θ1-dan θ2-mde sazRvrebSi, miviRebT: 

                         H Insinθdθ I cosθ cosθ          (9) 

usasrulo solenoidis SemTxvevaSi θ1 0;  θ2 π; maSin: 

                                      H In                        (10) 

Ggazomvis meTodi 

 

   solenoidis RerZze magnituri velis daZabulobis eqsperimentaluri 

gamokvlevisaTvis am samuSaoSi gamoiyeneba meTodi, romelic dafuZnebulia 

holis efeqtze; Tu gamtar firfitaSi, romlis ganivi kveTia a h gavatarebT j 

simkvrivis dens da mas movaTavsebT B induqciis mqone ganiv magnitur velSi, 

maSin j da B veqtorebis marTobulad Seiqmneba E daZabulobis eleqtruli 
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veli (nax.4) am dros aRZruli potencialTa sxvaoba (holis e.m.Z) denis Zalisa 

da magnituri velis induqciis proporciulia, formuliT: 

                                                                                  ∆φx R jBa                                             11  

 

Nnax.4 

sadac I ja h ;   proporciulobis koeficients holis mudmivas uwodeben. 

samuSaoSi gamoiyenes X501 tipis gadamwodi marTvadi deniT I=90 ma. 

  radganac solenoidis RerZze magnituri velis Zalwirebi mimarTulia 

RerZis gaswvriv, amitom holis gadamwodi unda moTavsdes, solenoidSi 

Cadgmul specialuri Reros waxnagze. solenoidis RerZis paraleluri holis 

gadamwodis geometriuli zoma h=0,2 mm-s, xolo solenoidis SigniT 

gadamwodis mdebareobis gansazRvrisaTvis gverdiT wirze gakeTebulia 

milimetrebiani skala. 

 

muSaobis msvleloba: 

 

davaleba 1: solenoidis centrSi magnituri velis  

induqciis gansazRvra 

 

1. akribeT wredi nax.5-ze mocemuli blok sqemis mixedviT; 

 

nax.5 

   C-solenoidia; ДХ‐holis gadamwodi; 

2. daayeneT Rero holis gadamwodiT solenoidis RerZze Sualedur 

mdgomareobaSi (skalaze “0”); 
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3. denis wyaro da cifruli voltmetri CarTeT 220 v Zabvis qselSi da 

solenoidSi 0,5; 1; 1,5; 2,0 a denebisaTvis gazomeT holis e.m.Z., 

solenoidis centrSi (∆φx ; Sedegebi SeitaneT dakvirvebaTa cxrilSi; 

4. (10) da (1) formulebis saSualebiT gamoTvaleT magnituri velis 

induqcia denis Zalis TiToeuli mniSvnelobisaTvis; 

5. (11) formuliT, TiToeuli gazomvebisaTvis, gamoTvaleT holis mudmiva 

R ; 

6. aageT B f I  da ∆φ f I  damokidebulebis grafikebi. 

                             dakvirvebaTa cxrili: 

# solenoidis 

deni 

Hholis 

gadamwodis emZ 

Mmagnituri 

velis induqcia

Hholis 

mudmiva 

 I (a) ∆φx v  B B (tesla) R ;(v.m/t.a) 

 0,5 

1 

1,5 

2,0 

   

 

 

Ddavaleba 2: magnituri velis induqciis Z koordinatze damokidebulebis 

Seswavla 

(Z-koordinati aiTvleba solenoidis RerZze Sua wertilidan) 

1. maswavleblis miTiTebiT daayeneT denis Zalis mniSvneloba solenoidis 

xviaSi; 

2. gadaadgileT Rero holis gadamwodTan erTad solenoidis gaswvriv ∆Z=1sm 

intervaliT; gazomeT holis e.m.Z. mniSvneloba; 

3. (11) formuliT gamoTvaleT B mniSvneloba holis gadamwodis yoveli 

fiqsirebuli mdebareobisaTvis; 

4. I-is axali mniSvnelobebisaTvis gaimeoreT me-2 da me-3 punqtis moTxovnebi; 

5. cdiT miRebuli mniSvnelobebi SeitaneT dakvirvebaTa cxrilSi da aageT 

B f Z  damokidebulebis grafiki; 

6. gamoTvaleT magnituri induqciisaTvis absoluturi ∆B da fardobiTi       

∆B
B  cdomileba. 



 
 

24  

 

 I=    (a)                      dakvirvebaTa cxrili: 

Z (sm) 11 10 9 8 7 6 5 4 3 2 1 0 

∆φx  v              

B (t)             

 

 

 

 

milevadi rxevebis Seswavla rxeviT konturSi 

 

    saWiro xelsawyoebi: 1. PQ  bgeriTi sixSiris generatori; 

                     2. PO  oscilografi; 

                     3. ФПЭ -10/3  rxeviTi konturis kaseta; 

                     4. ПИ/ФПЭ-09  impulsebis gardamqmneli; 

                     5. ИП kvebis wyaro; 

                     6. МС  winaRobaTa wyobili. 

samuSaos mizani: rxeviTi konturis parametrebisa da maxasiaTeblebis       

Seswavla. 

   Tu kondensators davmuxtavT U Zabvamde xolo Semdeg K gadamrTvels 

gadavrTavT (nax.1), maSin kndensatori daiwyebs ganmuxtvas induqciurobis 

koWaze da konturSi aRiZvreba eleqtromagnituri rxevebi. 

 

Nnax.1 

  ganvixiloT rogor xdeba es procesi, jer davuSvaT idealuri SemTxveva, 

rxeviTi konturis winaRoba R=0. Kkonturis CarTvisas masSi aRiZvreba deni i, 

romelic Seqmnis magnitur vels, Tavis mxriv denis magnituri velis cvlileba 

konturSi aRZravs TviTinduqciis eleqtromamoZravebel Zalas Es, romelic 
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Seanelebs kondensatoris ganmuxtvis process. Ddenis SemcirebiT aRZruli 

induqciuri denis mimarTuleba daemTxveva ZiriTadi denis mimarTulebas, ris 

gamoc kondensatoris gadamuxtva gagrZeldeba mis srul gadamuxtvamde 

(kondensatoris firfitebis muxti Seicvleba sawinaaRmdego niSniT). Semdgom 

procesi ganxorcieldeba sawinaaRmdego mimarTulebiT, e. i. sistema 

daubrundeba Tavdapirvel mdgomareobas. Ddrois Sualeds, romelSic 

kondensatoris damuxtva ganmuxtvis erTi sruli procesi xorcieldeba 

rxeviTi konturis sakuTari rxevis periodi ewodeba. 

  sawyis mdgomareobaSi kondensatoris eleqtrostatikuri velis energia  

W
CU

2
 

  xolo kondensatoris gadamuxtvis dros aRZvruli magnituri velis 

maqsimaluri energia  

W
LI
2
 

sadac -I  konturSi denis maqsimaluri mniSvnelobaa.  

  Kkondensatoris gadamuxtvisas magnituri velis energia kvlav gadadis 

eleqtrostatikur energiaSi da ase Semdeg konturSi aRiZvreba miulevadi 

eleqtromagnituri rxevebi. 

  realur gamtarebs yovelTvis gaaCnia aqtiuri winaRoba, ris gamoc masSi 

denis gavlisas gamoiyofa siTbos garkveuli raodenoba, rac Tavis mxriv 

rxeviT konturSi gamoiwvevs energiis danakargs da Sesabamisad 

eleqtromagnituri rxevebi gaxdeba milevadi, e.i. eleqtromagnituri rxevis 

amplituda TandaTanobiT Semcirdeba (nax.2). Tu aqtiuri winaRoba 

mniSvnelovnad didia maSin rxevebi saerTod ar ganxorcieldeba da saqme 

gvaqvs eg. w. kondensatoris aperiodul ganmuxtvasTan (nax.3) 

               

                 nax.2                            nax.3 
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  formalurad rxeviT konturSi kondensatori asrulebs denis wyaros rols, 

romlis e.m.Z. drois nebismier momentSi, Semonafenebze Zabvis tolia, amitom 

kirxofis meore kanonis gaTvaliswinebiT davwerT: 

                             U E iR                              (1) 

                             E L                                (2) 

                              i                                 (3) 

(deni miedineba dadebiTi mimarTulebiT kondensatorze muxtis SemcirebiT), 

vinaidan q CU amitom (2) da (3)  formulebis gaTvaliswinebiT miviRebT: 

i C U
  da E LC U

 

maSin (1) formula ase gadaiwereba:  

                                 
U 0                    (4) 

(4) formula warmoadgens meore rigis diferencialur gantolebas, romelic 

aRwers milevad rxevas da romlis amonaxsns aqvs saxe:  

                               U U e cos ωt α                   (5) 

sadac                        β R

L
                                (6) 

 milevis koeficientia. ω-milevis cikluri sixSire da: 

                                  ω
LC

R

L
                   (7a) 

ise rom  ω
T
  da  

                                   T
LC

R
L

                     (7b) 

Tu (1) gamosaxulebas CavwerT saxiT: 

C
L iR                         

Dda gavawarmoebT droiT miviRebT (4) gantolebis analogiur gantolebas 

d i
dt

0 

rac niSnavs, rom konturSi deni asrulebs milevad rxevebs da misTvis 

samarTliania (6), (7a) da (7b) formulebi. 

  (7a) da (7b) formulebidan Cans, roca  
LC

R

L
 (e.i. sixSire da periodi 

namdvili ricxvebia) an kidev R 2 L

C
 . winaaRmdeg SemTxvevaSi R 2 L

C
 (sixSire 
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da periodi warmosaxviTi ricxvebia) adgili aqvs kondensatoris aperiodul 

ganmuxtvas (nax.3). xolo sidides  

                                  RK 2 L

C
                        (8) 

Kkritikuli winaRoba qvia.  

   rxeviT procesebs milevis   koeficientis garda kidev axasiaTeben milevis 

logariTmuli dekrementiT, romelic warmoadgens ori mezobeli rxevis 

amplitudis Sefardebis naturalur logariTms, formuliT: 

                              λ ln A

A
ln A

A T
                    (9) 

an                               λ 2,3lg A

A
                        (9a) 

  CavsvaT (9) formulaSi rxevis amplitudis mniSvneloba A t U e  da 

A t T U e T   miviRebT: 

                                                                            λ  βT                                                              10  

6) formulis gaTvaliswinebiT ki: 

                                                                           λ  R

L
T                                                             10a  

  zogjer umjobesia, drois mocemuli momentisavis, rxeviTi procesi 

davaxasiaToT koordinatTa sistemaSi romlis abscisaTa RerZze gadazomilia 

i denis Zala, xolo ordinatTa RerZze U Zabva, (koordinatTa aseT sistemas, 

mdgomareobis sibrtyes, an fazur sibrtyesac uwodeben, xolo mruds fazur 

mruds (nax.4)). 

  jer avagoT fazuri mrudi konturisaTvis romelSic R=0, miviRebT:  β 0;  

                      ω
LC
 ;      T 2π√LC                   (11) 

 

                             
U U cosωt     

i C U U ωCsinωt
               (12) 

(12) gantolebaTa sistema aRwers miulevad rxeviT process, Tu gamovricxavT t 

dros miviRebT fazuri mrudis gantolebas: 

U
U

i
U ω C

1 
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romelic warmoadgens elifsis gantolebas (elifsi miiReba ori 

urTierTmarTobi rxevis SekrebiT, roca maT Soris fazaTa sxvaoba periodis 

meoTxedis tolia). 

  Tu konturis winaRoba R>0 maSin: 

                     
U U e cosωt     

i C U U Ce βcosωt ωsinωt
          (13) 

A am SemTxvevaSi Zabvis da denis amplitudebi drois mixedviT mcirdeba da 

Sesabamisad fazuri mrudi ar aris Caketili (nax.4). 

  Mmocemul amocanaSi rxeviTi procesi xorcieldeba “ФПЭ-10” kasetis 

saSualebiT (nax.5). xolo konturSi mimdinare rxevebi daikvirveba 

oscilografis ekranze. Kkondensatoris damuxtvisa da ganmuxtvis procesi 

grZeldeba  drois SualedSi, sadac ν- bgeriTi generatoris sixSirea. 

oscilografis ekranze drois am Sualeds Seesabameba l  monakveTi, xolo 

rxevis periods  (nax.2). Tanafardobidan miviRebT: 

                               T
·
                            (14) 

 

Nnax.4 
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nax.5 

 

muSaobis msvleloba: 

 

davaleba I. rxeviTi konturis logariTmuli dekrementis da L, C, R  

parametrebis gazomva. 

1.  akribeT nax.5 mocemuli eleqtruli sqema. 

2. CarTeT stendi. 

3. CarTeT bgeriTi sixSiris generatori (daayeneT Zabvis mniSvneloba 2 dan 

3 v. Mmde, xolo sixSire 250 hc-ze). 

4. gamorTeT kvebis wyaro. 

5. impulsebis gardamqmnelze (ПИ/ФПЭ‐09)  CarTeT Rilaki “   da Rilaki 

“скважност грубо“. 

6. winaRobaTa wyobilis saxeluri daayeneT mdgomareobaSi “I” daaWireT 

Rilaks “X102”. 

7. CarTeT oscilografi (saxeluri “V/дел»  daayeneT mdgomareobaSi    “0,2” 

xolo tumblerebi, “синхр“ da “развер“ zeda mdgomareobaSi). 

8. miiReT oscilografis centrze mdgradi gamosaxuleba. 

9. gazomeT manZilebi l1 da l (14) formuliT gamoTvaleT rxevis periodi. 

10. gazomeT rxevis amplitudebi A1, A2, A3, . . . wyvil-wyvilad dajgufebiT 

(9) formulis gamoyenebiT gamoTvaleT milevis logariTmuli 

dekrementi λ, xolo (10) formuliT milevis koeficienti . 
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11. cda gaimeoreT winaRobaTa wyobilis 10; 30; 50; 60; X10 omi 

winaRobebisaTvis. 

12. aageT logariTmuli dekrementis λ winaRobaTa wyobilis Rm winaRobaze 

damokidebulebis grafiki (nax.6). abscisaTa RerZze gadazomeT Rm  da 

grafikis eqstrapolirebiT (λ 0), gansazRvreT induqciurobis koWis 

aqtiuri winaRoba rk xolo sruli winaRoba  R=rk+Rm . (10a) formuliT  

                                                        λ R

L
T                                ( 15) 

      sadac rk (nax.6) dan miRebuli sididea. 

 

Nnax.6 

13. (15) formulidan gansazRvreT koWis induqciuroba L  da Semdeg (11) 

formuliT eleqtrotevadoba C. 

14. SearCieT winaRobaTa wyobilze winaRobis iseTi Rmk mniSvneloba,  rom 

rxeva iyos aperioduli. isargebleT (8) formuliT da SeamowmeT 

gamosaxuleba:  

rk Rmk 2
L
C
 

15. cdiT miRebuli Sedegebi da gazomvebi SeitaneT dakvirvebaTa cxrilSi.          

 

cxrili 1. 

Rm A1 A2 A3 λ  L C rk R SeniSvna
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Ddavaleba 2. Ffazuri mrudebis Seswavla. 

 

Ooscilografis ekranze fazuri mrudebis misaRebad, oscilografis 

vertikalurad gadamxrel firfitas modeT kondensatoris Zabva, xolo 

horizontalurad gadamxrel firfitas, winaRobaTa wyobilis Zabva UR=iRm. 

1. oscilografis Rilaki “развер“ gadarTeT qveda mdgomareobaSi. 

2. daayeneT oscilograma ekranis centrSi. 

3. cvaleT winaRoba winaRobaTa wyobilis saSualebiT da miiReT 

fazuri mrudebi.  

4. gazomeT yoveli periodis Sesabamisi Zabvis amplitudebi da 

gamoTvaleT 

λ 2,3lg
U
U

 

analogiurad gamoTvaleT logariTmuli dekrementi denis Zalis 

mixedviT (abscisaTa RerZze aRebuli monacemebiT). 

λ 2,3lg
i
i

 

5. Ggazomvebi gaimeoreT (winaRobaTa wyobilze) 100; 200; 300; 400; 500; 600 

omi winaRobisaTvis. 

6. daxazeT fazuri mrudi kondensatoris aperioduli ganmuxtvisaTvis. 

7. gamoTvaleT logariTmuli dekrementis absoluturi cdomileba 

formuliT: 

∆λ
∆U
U

∆U
U

 

sadac △U Zabvis cdomilebaa oscilografis ekranze. 

8. cdiT miRebuli Sedegebi SeitaneT meore cxrilSi.  

                                                              

 cxrili 2 

Rm R=rk+Rm U1 U2 U3 λ i1 i2 i3 λ 
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iZulebiTi rxevebis Seswavla 

 

 

saWiro xelsawyoebi: 

                                       1. C-laboratoriuli stendi; 

                                       2. PQ-bgeriTi generatori ��-102; 

                                       3. PO-oscilografi C-I-76; 

                    4. - kaseta-�GФПЭ-11; 

                                       5. MC-winaRobaTa wyobili; 

                                       6. M�-tevadobaTa wyobili. 

     

  ganvixiloT rxeviT konturSi  mimdinare procesebi, romelTanac 

mierTebulia denis wyaro, romlis emZ 

                            E E cosΩt                         (1) 

aRvniSnoT kondensatorze Zabva, eleqtrotevadoba da konturSi denis Zala 

Sesabamisad U, C da I –iT. Tu visargeblebT kvazistacionarobis pirobiT, 

wredisaTvis (nax.1) kirxofis II kanonis Tanaxmad davwerT: 

                       UL IR U E cosΩt                     (2) 

                             

Nnax.1 

induqciurobaze Zabvis vardna 

                           UL E L I
                       (3) 

xolo denis Zala konturSi 

                         I CU C                      (4) 

(3) da (4) formulis gaTvaliswinebiT (2) formula ase gadaiwereba 

                     LC U RC U U E cosΩt                 (5) 

miRebuli gantoleba gavyoT LC –ze da SemoviRoT aRniSvnebi 
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                       ω
LC
;       β R

L
 

Tu gamoviyenebT wertiliT warmoebulis aRniSvnas da gaviTvaliswinebT 

SemoRebul aRniSvnebs davwerT: 

                     U 2βU ω U E ω cosΩt                  (6) 

  (6) araerTgvarovani diferencialuri gantolebis amonaxsni tolia 

Sesabamisi erTgvarovani gantolebis amonaxsnisa da kerZo amonaxsnis jamis 

                        U 2βU ω U 0                       (7) 

(7) erTgvarovani diferencialuri gantolebis amonaxsni: 

                        U U e cosωt                        (8) 

(8) gamosaxuleba milevadi rxevis gantolebis amonaxsnia. xolo (6) gantolebis 

kerZo amonaxseni  

                        U U cos Ωt φ                         (9) 

(9) formulis gaTvaliswinebiT me-(6)-Si miviRebT: 

                         U E

Ω Ω
                      (10) 

                             tgφ Ω

Ω
                        (11) 

amrigad, Zabvis amplituda da faza kondensatorze damokidebulia emZ-is Ω 

sixSireze da ω
√LC

 mniSvnelobebze, xolo denis Zala wredSi: 

I C
dU
dt

CΩU sin Ωt φ I cos Ωt φ  

sadac φ φ denis Zalis amplitudac damokidebulia Ω-sa da ω -is 

mniSvnelobebze. 

                             I E C Ω

Ω Ω
                    (12) 

Ggrafikulad I -is damokidebuleba 
Ω
 mocemulia nax.2-ze 



 
 

34  

 

Ω
 

nax.2 

Ggrafikidan Cans, rom denis Zalis mniSvneloba izrdeba rac ufro 

uaxlovdeba Ω konturis sakuTar sixSires ω  –s. Aam movlenas rezonansi 

ewodeba, xolo Sesabamis mrudebs rezonansuli mrudebi. maqsimumis 

mniSvneloba damokidebulia -ze da rodesac β 0  I ∞ /me-3 mrudi/. β -s 

gazrdiT  denis Zala mcirdeba (1 da 2 mrudebi).  

  φ  faza gansazRvravs sxvaobas emZ-is sixSires da denis cvlilebis sixSires 

Soris 

                      tgφ tg φ Ω

Ω
              (13) 

Ddamokidebuleba φ  -sa da Ω –s Soris grafikulad aseTia (nax.3): 

 

Nnax.3 

  1 da 2 mrudebs -s sxvadasxva mniSvneloba  Seesabameba, rodesac ω Ω  

maSin tgφ 0 da φ 0. 

  sidides Q  sadac ω ω β  konturis vargisianoba ewodeba. Kkonturis 

vargisianoba damokidebulia rezonansuli mrudis siganeze. davadginoT 

rezonansuli mrudis sigane △Ω denis I I  

√
 mniSvnelobis dros (nax.4). 
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Nnax.4 

(12) formulidan miviRebT: I  
E C

 , xolo 

                             I ΩI  

Ω Ω
                   (14) 

rodesac I I

√
 maSin (14) dan miviRebT: 

                             
√

Ω

Ω Ω
                    (15) 

(15) gamosaxuleba SeiZleba daviyvanoT Semdeg saxeze 

2βΩ ω Ω  an kidev 2βΩ ω Ω ω Ω  sadac ω Ω ∆Ω
, xolo 

rezonansis maxloblad ω Ω. maSin miviRebT: △Ω=2  saidanac  

                                
∆Ω

Q
                       (16) 

Mmcire milevis SemTxvevaSi β ω  da ω ω .  Tu cnobilia konturis 

parametrebi maSin (16) formulidan davwerT: 

                               Q
R

L

C
                    (16a) 

L laboratoriuli samuSaos mizans Seadgens Seswavlili iqnas mimdevrobiT 

RLC konturSi rezonansis movlena (nax.5) 

 

Nnax.5 
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  rxeviTi konturi Sedgeba  L induqciurobis koWis, C tevadobis tevadobaTa 

wyobilis, R winaRobis winaRobaTa wyobilis da R1 winaRobisagan, romelzec 

Zabvis vardna konturSi denis Zalis proporciulia da romelic mierTebulia 

oscilografis Y momWerze. rezonansuli mrudebis I f Ω  asagebad bgeriTi 

generatoris sixSires cvlian winaRobaTa wyobilis sxvadasxva winaRobis 

dros.  

  fazaTa sxvaobis φ1-is dasadgenad iyeneben oscilografis ekranze miRebul 

lisaJus figurebs. vTqvaT mocemulia ori erTnairi Ω sixSiris 

urTierTmarTobi sinusoidaluri signali, romlebic modebulia 

oscilografis horizontalur da vertikalurad gadamxrel firfitebze, 

romelTa gantolebebia Sesabamisad, X X cosΩt da Y Y cos Ωt φ , sadac φ 

fazaTa sxvaobaa, X  da Y  Sesabamisi Zabvebis amplitudebi. Tu movaxdenT 

drois gamoricxvas, miviRebT: 

X

X

Y

Y

XY

X Y
cosφ sin φ                (17) 

(17) gantoleba aris oscilografis ekranze miRebuli elifsis gantoleba. Tu 

SevarCevT vertikalur da horizontalur gadaxris gaZlierebis koeficientebs 

ise rom Sesruldes piroba X Y  miviRebT: 

X Y 2XYcosφ X sin φ                  (18) 

(18) gantoleba aris elifsis gantoleba romlis RerZebi koordinatTa 

RerZebTan adgens π/4 –is tol kuTxes. rodesac φ=0 miiReba Y X wrfis 

gantoleba, xolo φ π/2 -is dros wrexazi X Y  radiusiT. M 

wertilisaTvis (nax.6) X Y, Sesabamisad    a X Y 2X Yda (18) gantoleba am 

wertilisaTvis miiRebs saxes: 

2X 2X cosφ X sin φ 

2X 1 cosφ X sin φ 

a . 2sin
φ
2

X 4sin
2 2

 

saidanac  

                               a 2X                   (19) 
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                                    Nnax.6 

  Aanalogiurad elifsis N wertilisaTvis (nax.6) sadac Y X miviRebT: 

                               b 2X sin                   (20) 

(19) da (20) gamosaxulebebidan miviRebT: 

                                  tg                      (21) 

  amrigad fazaTa sxvaobis dasadgenad saWiroa gaizomos elifsis 

naxevarRerZebi (a da b). lisaJus figuris misaRebad oscilografis Y momWerze 

modeT signali R1 winaRobidan, xolo X-ze bgeriTi sixSiris generatoridan. 

(21) formuliT gamoTvlili fazaTa sxvaoba aris φ1 (fazaTa sxvaoba denis 

Zalasa da gareSe emZ-s Soris). 

 

 

muSaobis msvleloba 

 

akribeT sqema nax.7-s mixedviT, R da C Sesabamisad winaRobaTa da tevadobaTa 

wyobilebia (calkeuli kasetebis saxiT), ФПЭ-11 –kaseta gankuTvnilia 

iZulebiTi rxevebis misaRebad. 

 

Nnax.7 
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Ddavaleba 1.  rezonansuli mrudebis ageba 

 

1. daayeneT tevadobaTa wyobilze C=3.10-3 mkf, xolo winaRobaTa wyobilze 

R=0. 

2. gamoiyeneT induqciurobis mniSvneloba L=100 mhn da gamoTvaleT 

rezonansuli sixSire  fრეზ √
 

3. daayeneT oscilografis tumbleri “усиление“ mdgomareobaSi 0,05 V/дел���, 

xolo tumbleri “синхр”   mdgomareobaSi 0,1 ms/���. xolo bgeriTi 

generatori 2khc (signalis amplituda 1 v). 

4. oscilografze miiReT sinusoidaluri signali (CaiwereT sixSire 2 khc 

Zabvis amplituduri mniSvneloba da gaZlierebis koeficienti K� 

V/дел���) 

5. cvaleT generatoris sixSire 2-dan 16 khc mde (1-2 khc intervaliT) 

6. gamoTvaleT denis Zalis amplituduri mniSvneloba I
AK

R
 (A signalis 

amplitudaa ekranze, Ky gaZlierebis koeficienti, xolo R1-is 

mniSvneloba aRniSnulia kasetaze). gamoTvlebi gaakeTeT sixSiris 

yoveli mniSvnelobisTvis 

7. cdebi gaimeoreT R=500 om-s da R=3000 om-isaTvis 

8. miRebuli Sedegebi SeitaneT dakvirvebaTa cxrilSi 

9. erTidaimave naxazze aageT  I  -is f-ze damokidebulebis grafikebi 

   10. R=0 da R=500 grafikebiT gansazRvreT rezonansuli mrudis sigane ∆f da  

gamoTvaleT konturis vargisianoba formuliT Q რეზ

∆
 

dakvirvebaTa cxrili: 

f  (khc.)   

A (dan)  

Ky (V/дел)  

I0    (ma)   
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Ddavaleba 2.  rezonansuli sixSiris tevadobaze damokidebulebis 

Seswavla. 

1. daayeneT winaRoba R=0 da tevadoba C=1.10-3 mf. 

2. oscilografis tumbleri “� “ gadarTeT mdgomareobaSi “X”. 

oscilografis ekranze miiReT elifsi (nax.6). cvaleT generatoris 

sixSire da miaRwieT wrfes, romelic RerZis mimarT adgens 450 –s, 

(saWiroebis SemTxvevaSi SecvaleT KY gaZlierebis koeficienti). Aam 

SemTxvevaSi generatoris sixSire rezonansuli frez sixSiris tolia. 

3. frez da C mniSvneloba SeitaneT dakvirvebaTa cxrilSi. 

4. gaimeoreT 2 da 3 punqtebi frez sixSirisaTvis tevadobis cvlilebisas 10-3 

mf dan 10-2 mf-mde, (10-3 intervaliT). 

5. gamoTvaleT Z   da aageT Z—is C-ze damokidebulebis grafiki, 

(romelic unda iqnes koordinatTa saTaveSi gamavali wrfe). 

6. koWis induqciuroba gamoTvaleT rogorc Z(C) damokidebulebis grafikis 

daxris kuTxis tangensi  L ∆Z

∆C
  

7. gansazRvreT induqciurobis absoluturi da fardobiTi cdomileba. 

dakvirvebaTa cxrili: 

C.109 f   

frez (khc)   

Z.1010   
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relaqsaciuri rxevebis Seswavla 

 

saWiro xelsawyoebi:    1. C-laboratoriuli stendi; 

                                       2. PQ-bgeriTi generatori; 

                                       3. PO-oscilografi C-I-76; 

                    4. - kaseta-�GФПЭ-12; 

                                       5. MC-winaRobaTa wyobili; 

                                       6. ME�-tevadobaTa wyobili. 

                   7. ИП‐ kvebis wyaro; 

                   8. PA – gamzomi xelsawyo. 

samuSaos mizani: relaqsaciuri rxevebis Seswavla da gazganmmuxtveli milis 

volt-amperuli maxasiaTeblis ageba. 

 

  Bbunebriv pirobebSi gazebi Sedgeba eleqtrulad neitraluri atomebisa da 

molekulebisagan, amitom gazebi eleqtrul dens ar atareben, magram Tu gazs 

gavaTbobT, an raime sxva gziT (rentgenis sxivebis an radioaqtiuri atomebiT 

davasxivebT) movaxdenT ionizacias (davSliT neitralur atoms dadebiT da 

uaryofiT ionebad) maSin gazSi gaivlis eleqtruli deni. ionizaciis 

procesTan erTad gazSi SeiZleba moxdes rekombinaciis (neitraluri atomebis 

aRdgenis) procesi. ionizaciis da rekombinaciis procesebis Sedegad garkveul 

droSi gazSi damyardeba dinamikuri wonasworoba, ionizirebuli wyvilebis 

ricxvi utoldeba rekombinirebuli atomebis ricxvs. Tu ionizirebuli 

wyvilebis koncentracias (moculobis erTeulSi ionebis ricxvs) aRvniSnavT 

△ni –iT, xolo rekombinirebuli molekulebis koncntracias △nr, romelic 

damokidebulia molekulaTa koncentraciis kvadratze  

                                   △nr=kn2                                                (1) 

sadac k proporciulobis koeficientia. Ddinamikuri wonasworobisaTvis 

davwerT: △ni=△nr  saidanac 

                                  n ∆
                         (2) 

  Tu minis balonSi (romelsac aqvs eleqtrodebi) moTavsebul gazze 

imoqmedebs gareSe ionizatori, maSin eleqtrodebs Soris Zabvis arsebobis 
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SemTxvevaSi moxdeba eg.w. gazuri ganmuxtva da gaivlis eleqtruli deni. dens 

romelic arsebobs mxolod gareSe ionizatoris moqmedebis dros 

arasakuTrivi ganmuxtva ewodeba, cxadia gare ionizatoris moxsnisas deni 

Sewyeba, xolo gare zemoqmedebis Sewyvetis Semdeg Tu deni iarsebebs maSin 

ganmuxtvas TavisTavadi ganmuxtva ewodeba. 

  Ddenis simkvrive, ganpirobebuli dadebiTi da uaryofiTi ionebiT 

                               j q nυ q nυ                    (3) 

sadac dadebiTi da uaryofiTi muxtebis saSualo kvadratuli siCqare 

damokidebulia eleqtruli velis daZabulobasa da Sesabamis dadebiT da 

uaryofiTi muxtebis Zvraobebze formuliT: 

                                   υ EU
υ EU

                      (4) 

maSin  

                              j q U q U nE                  (5) 

Tu gavixsenebT omis kanons diferencialuri saxiT 

                                     j σE                         (6) 

sadac σ eleqtrogamtarobaa da udris: 

                              σ q U q U n                    (7) 

imis gaTvaliswinebiT, rom ionizaciiT warmoiqmneba eleqtroni da 

erTvalentiani ioni, romlis muxtic eleqtronis muxtis tolia miviRebT: 

                                σ en U U                       (8) 

  denis Zalis Zabvaze damokidebulebis, volt-amperul maxasiaTebels aqvs 

nax.1- ze naCvenebi saxe. 

 

Nnax.1 

Mmcire Zabvebis SemTxvevaSi /1 ubanze/ ionizaciis xarisxi mudmivia da 

eleqtrogamtarobac mudmivia (denis Zala Zabvis proporciulia), Zabvis 

zrdasTan erTad /2 ubanze/ wrfivi damokidebuleba irRveva. Zabvis garkveuli 
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mniSvnelobidan /3 ubani/ denis Zala ucvleli rCeba, miiReba eg.w. najerobis 

deni, es faqti aixsneba imiT, rom ucvleli ionizaciis SemTxvevaSi yvela ioni 

aRwevs eleqtrodebamde da denis mniSvneloba ucvleli rCeba, /1, 2 da 3 

ubnebis Sesabamisi ganmuxtva araTavisTavadi ganmuxtvaa/.  moculobis 

balonSi drois erTeulSi Tu aRiZvreba △ni.  raodenobis ionebis wyvili 

maSin najerobis denis mniSvneloba 

                                                  In=△ni.                                             9  

  xolo ionizaciis xarisxis Semdgomi zrdiT denis Zalac izrdeba /4 ubani/ 

es faqti dartymiTi ionizaciis saxeliTaa cnobili (gazSi warmoqmnili 

eleqtronebi TviTon xdebian ionizaciis meorad wyarod, gazSi warmoiqmneba 

axali ionebis zvavi, ris gamoc denis Zala swrafad izrdeba). 

  Eeleqtrodebze Zabvis gadidebiT araTavisTavadi ganmuxtvidan TavisTavad 

ganmuxtvaze gadasvlis process ewodeba gazis garRveva, xolo Sesabamis 

Zabvas- gamrRvevi Zabva (Uз). Mmisi mniSvneloba damokidebulia gazis gvarobaze, 

wnevaze, masSi minarevebis arsebobaze, kaTodis nivTierebaze, eleqtrodebis 

formasa da maT Soris manZilze. 

  Mmocemul amocanaSi gansaxilveli procesis volt-amperuli maxasiaTebeli 

(U<Uз‐is pirobebSi) SeiZleba iyos nax.2-ze naCvenebi saxis.  

 

                                Nnax.2 

   Tu Zabvis mniSvnelobas gavzrdiT U=Uз  –ze denis mniSvneloba sakmaod 

gazrdilia, Iз‐mde (lampa anTebulia), xolo Zabvis Semdgomi zrdisas deni 

icvleba wrfivi kanoniT, magram Zabvis Semcirebisas Uз‐ze lampa isev 

anTebulia da es procesi Zabvis Semcirebisa grZeldeba raRac Ur Camqrob 

Zabvamde, romelzec lampa qreba da Sesabamisad deni naxtomiseburad ecema 

nulamde. realurad I f U  ar aris wrfivi damokidebuleba (Zabvis zrdis da 

Semdeg klebisas grafikebi erTmaneTs SesaZloa ar daemTxves).  
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   Ggazuri ganmuxtvis milebi (lampebi) farTo gamoyenebas poulobs eg.w. 

relaqsaciuri rxevebis misaRebad. 

   relaqsaciuri rxeva –aris perioduli arasinusoidaluri rxeva, romelsac 

axlavs Zabvis warmoqmna da gaqroba (periodulad). 

  relaqsaciuri rxevebis aRZvra xdeba nax.3-ze mocemuli sqemis saSualebiT, 

 

Nnax.3 

romelic Sedgeba: U0 mudmivi Zabvis wyaros, C tevadobis kondensatoris, R 

winaRobis da  Л milakisagan (lampisagan). Gganmuxtvis dawyebamde milakis  

winaRoba Zalze didia, ris gamoc adgili aqvs kondensatoris damuxtvas da 

mis Semonafenebze potencialTa sxvaoba TandaTan gaizrdeba, Sesabamisad 

milakSi eleqtrodebs Soris Zabvac gaizrdeba da rodesac is miaRwevs Uз-s 

(anTebis) mniSvnelobas –(milaki ainTeba)-misi winaRoba naxtomiseburad daecema 

da wredSi deni daiwyebs gavlas, vinaidan R winaRoba sakmaod didia denis 

SenarCunebas axdens kondensatorze arsebuli muxtebi, rasac mohyveba Zabvis 

vardna (Semcireba) da rodesac is miaRwevs Ur mniSvnelobas milaki Caqreba da 

procesi daiwyeba xelaxla, aRiZvreba relaqsaciuri rxevebi (nax.4). 

 

nax.4 

    axla davadginoT kondensatorze Zabvis cvlilebis kanoni. drois 

nebismier momentSi U0 Zabva tolia wredSi TiTeul elementze ZabvaTa jamisa: 

                                         U IR U                    (10) 

sadac U kondensatorze Zabvaa, xolo denis Zala wredSi icvleba kanoniT: 

                                          dq Idt                      (11) 
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Tavis mxriv muxtis cvlileba ganpirobebulia Zabvis cvlilebiT: 

                                          dU
C
                       (12) 

(11) da (12) gantolebebidan miviRebT: 

                                         I C U
                       (13) 

(13) gantolebis gaTvaliswinebiT (10) gantoleba ase gadaiwereba 

                                     RC U U U                     (14) 

Ees ukanaskneli gamosaxuleba ase gadavweroT: 

                                       
U

U U RC
                        (15) 

 integrebiT miviRebT: 

                              ln U U
RC

const                   (16) 

integrebis mudmivs davadgenT pirobidan, roca t=0 , U=0, maSin 

const  lnU  

(16) gamosaxulebidan miviRebT relaqsaciuri generatorisaTvis kondensatorze 

Zabvis cvlilebis kanons: 

                                  U U 1 e RC                       (17) 

  Mmocemul samuSaoSi relaqsaciuri rxevis periodi ganisazRvreba ori 

meTodiT: pirveli meTodis arsi martivia, oscilografis ekranze miRebuli 

perioduli arasinusoidaluri signalis periods vzomavT uSualod 

oscilografis ekranze. Mmeore meTodi ufro zustia da misi arsi 

mdgomareobs SemdegSi,- oscilografis ekranze xdeba ori urTierTmarTobi 

rxevis Sekreba (ekranze daikvirveba LlisaJus figurebi (nax.5), (am SemTxvevaSi 

sixSireTa Sefardebaa 1:1) rodesac Sesakrebi rxevebis sixSireTa Sefardeba 

mTeli ricxvia maSin ekranze miiRReba mdgradi figura). Ggvecodineba ra 

standartuli sixSire lisaJus figuridan SeiZleba davadginoT saZiebeli 

relaqsaciuri rxevis sixSire.                        

Nnax.5 
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muSaobis msvleloba 

 

davaleba 1: volt-amperuli maxasiaTeblis ageba 

 

1. akribeT nax.6-ze naCvenebi blok sqema. 

 

Nnax.6 

2. moamzadeT kaseta ФПЭ‐12 samuSaod, risTvisac Rilaki “режим“auSviT. 120v 

Zabvis regulatori daayeneT marcxena ukidures mdgomareobaSi, xolo 

gamzomi xelsawyos (PA) ampermetri mdgomareobaSi 10 mA. 

3. CarTeT laboratoriuli stendi, kvebis wyaro (ИП) da gamzomi xelsawyo 

(PA). 

4. cvaleT Zabva 40 v-dan 120 v-mde (10 v intervaliT) da gazomeT denis Zala. 

5. gaimeoreT igive gazomvebi 120 v-dan 40 v-mde. miRebuli Sedegebi SeitaneT 

1-cxrilSi. 

                                        cxrili-1: 

V 40    50    60    70    80    90    100    110    120  

 

I mA(pir)  

 

I mA(Seb) 

6. gansazRvreT lampis anTebis da Caqrobis Zabva, risTvisac 1-cxrilSi        

airCieT Sesabamisi intervali, (am intervalSi Zabva cvaleT 1-2 v-iT, 

rogorc pirdapiri ise Sebrunebuli mimarTulebiT), daafiqsireT Zabvis 

is mniSvneloba, romelzec deni naxtomiseburad icvleba nulidan raRac 
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mniSvnelobamde (an mcirdeba nulamde). es Zabva iqneba anTebis 

(Sesabamisad Caqrobis) Zabva. 

7. gamorTeT gamzomi xelsawyo da aageT volt-amperuli maxasiaTeblis 

grafiki. 

 

 

 

 

Ddavaleba 2: relaqsaciuri rxevebis generatoris Seswavla 

 

1. moamzadeT xelsawyo samuSaod, risTvisac CarTeT ФПЭ-12 kasetis Rilaki 

“П“. winaRobaTa wyobilze daayeneT R=1.106 omi, xolo tevadobaTa 

wyobilze C=3.10-3 mkf. Kkvebis wyaros saxeluri 120 v marcxena ukidures 

mdgomareobaSi. Ooscilografi daayeneT signalis periodis gazomvis 

reJimze. 

2. CarTeT laboratoriuli stendi da kvebis wyaroze 110 v (SeinarCuneT es 

Zabva muSaobis procesSi). Ooscilografis Y gaZlierebis gadamrTveli 

rom zomavdes 1 v-s da gaSlis sixSiris regulirebiT miiReT 1-2 

relaqsaciuri rxevis grafiki. 

3. oscilografis ekranze gazomeT relaqsaciuri rxevis periodi. 

4. gansazRvreT relaqsaciuri rxevebis periodi bgeriTi generatoris 

saSualebiT, risTvisac oscilografi CarTeT lisaJus figuris miRebis 

reJimSi (bgeriTi generatori daayeneT ~20 khc sixSireze da Zabva ~1v-ze) 

miaRwieT nax.5-ze gamosaxul mdgrad oscilogramas, romelsac 

Seesabameba sixSireTa Sefardeba 1:1. CawereT generatoris Cveneba. 

sixSiris Semdgomi zrdiT miiaRwieT sixSireTa Sefardebas 1:2 da 1:3 

(CawereT Sesabamisi sixSireebi). gamiTvaleT relaqsaciuri rxevis 

sixSire formuliT: f  , sadac fn bgeriTi generatoris sixSirea n=1;2;3. 

gamoTvaleT f-is saSualo mniSvneloba da gansazRvreT relaqsaciuri 

rxevis periodi T  

5. gansazRvreT absoluturi da fardobiTi cdomileba. 
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Bbmul (dakavSirebul) konturebSiEeleqtruli  

rxevebis Seswavla 

 

saWiro xelsawyoebi:    1. C-laboratoriuli stendi; 

                                       2. PQ-bgeriTi generatori; 

                                       3. PO-oscilografi CI-76; 

                    4. - kaseta-�GФПЭ-13; 

                   5. ПИ‐impulsebis gardamqmneli 

                                      6. ME�-tevadobaTa wyobili. 

                   7. ИП‐ kvebis wyaro;                    

samuSaos mizani: erTmaneTTan sustad dakavSirebul konturebSi energiis 

urTierT gacvlis procesebis Seswavla. 

 

  rxeviT konturSi eleqtrul rxevebs gaaCnia meqanikaSi analogi, ω0 sixSiriT 

merxevi (Reroze dakidebuli burTula) qanqara. mniSvnelovnad rTul sistemas 

warmoadgens erTmaneTTan zambariT dakavSirebuli ori qanqara (nax.1). am 

SemTxvevaSi qanqarebi monawileoben koleqtiur rxevebSi, romelTa 

amplitudur –sixSiruli maxasiaTeblebi damokidebuli iqneba erTmaneTis 

mimarT rxevis fazaze. 

 

Nnax.1 

  Tu orive qanqaras sawyis momentSi eqneba erTnairi amplituda, rxevis 

sawyisi faza da sixSire maSin sistema imoZravebs, rogorc erTi ω0 sixSiriT, 

magram Tu sawyis momentSi qanqarebs eqneba urTierTsawinaaRmdego wanacvleba 

maSin sistema Seasrulebs rxevebs igive amplitudiT magram mcired 

gadidebuli ω1 sixSiriT. Gganxiluli ori SemTxveva rxevis (zogjer merxev 

sistemas oscilators uwodeben) wodebulia rogorc dakavSirebuli 

sistemebis rxevis “normaluri moda”, ise, rom rxeva ω0 sixSiriT CaTvlilia 

luw modad da aRniSnaven “+” niSniT (ω+= ω0), xolo rxevas ω1 (gadidebuli 
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sixSiriT) uwodeben kent modas da aRniSnaven “-“ niSniT (ω-=ω1). dakavSirebuli 

sistemis normalur modad iTvleba rxeva, rodesac amplituda TiToeuli 

merxevi sxeulisa ar icvleba. Uufro zogad SemTxvevaSi sistemis rxeva unda 

ganvixiloT, rogorc calkeuli merxevi sistemis rxevaTa jami, magaliTad ori 

merxevi kamertonis mier gamocemuli bgerebi aRiqmeba rogorc bgera romlis 

amplituda periodulad icvleba M(moduliT) ωZ ω1-ω0 sixSiriT, xolo 

periodi TZ=2π/ωZ (rxevebis Sekrebis am SemTxvevas “Zgeras” uwodeben, 

Sesabamisad ωZ da TZ Zgeris sixSire da peridia)/saerTod miRebulia, rom ω1 ω0 

da  ω1 ω0/. 

    Nnax.1-ze mocemul sistemaSi Zgeris dasakvirveblad saWiroa erT-erTi mag. 

1 burTula gadavxaroT wonasworobis mimarT xolo meore (2) burTula 

daviWiroT imave adgilze da Semdeg auSvaT erTdroulad orive, 1 burTulas 

rxevebi drois mixedviT raRac momentidan daiwyebs Sesustebas im dros 

rodesac 2-is rxevebi TandaTanobiT Zlierdeba, ise rom meore burTulis 

rxevis maqsimumis momentSi pirveli gaCerdeba, amis Semdeg yvelaferi 

ganmeordeba (burTulebi Seicvlis rolebs). 

  energetikuli TvalsazrisiT es procesi SeiZleba ase ganvixiloT; sawyis 

momentSi mTeli energia Tavmoyrilia 1 sxeulSi, romelic TandaTanobiT 

gadadis me-2 ze, rodesac 1-is energia mTlianad daixarjeba e.i. is Cerdeba am 

momentSi meoris energia maqsimaluria, Semdeg procesi ganmeordeba 

sawinaaRmdego mimarTulebiT da rom ar yofiliyo energiis danakargi rxevebi 

iqneboda miulevadi. 

  Zgeras SeiZleba davakvirdeT ori erTnairi LC konturisagan Semdgar 

eleqtrul wredSi, romlebic erTmaneTTan dakavSirebulia Cb mcire tevadobis 

kondensatoriT. wredSi rxevebis aRZvra xdeba impulsebis gardamqmnelis (ПИ) 

saSualebiT nax.2. 

 

Nnax.2 
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  gamoTvlebis simartivisaTvis ganvixiloT am sqemis martivi varianti nax.3, 

sqemaze aRniSnulia muxtis niSnebi da denis mimarTuleba (Zgeris SemTxvevaSi 

denebi Tanxvedrilia) L1=L2=L; mocemuli ori LC konturisaTvis romlebic 

SeerTebulia nax.3 sqemis mixedviT, Q muxtebis rxevis gantolebebi ase 

Caiwereba: 

 

Nnax.3 

                                 L I Q

C

Q Q

C
0                   (1) 

                                 L I Q

C

Q Q

C
0                   (2) 

Tu gaviTvaliswinebT, rom  I Q
  ,   I Q

  miviRebT: 

                                 L Q Q

C

Q Q

C
                    (3) 

                                 L Q Q

C

Q Q

C
                    (4) 

(3) da (4) gantolebebi ori cvladis rTuli gantolebebia, situaciis 

gasamartiveblad es gantolebebi SevkriboT da gamovakloT erTmaneTs; 

SekrebiT miviRebT: 

                                  L Q Q Q Q

C
                    (5) 

gamoklebiT davwerT: 

                             L Q Q Q Q

C
 – Q Q

C
               (6) 

sawyis momentSi (t=0) Tu sruldeba piroba Q Q 0 maSin (5) gantolebis 

amonaxseni 

                      Q Q Q Q cosω t                  (7) 

  ω
√LC

 –sixSire aris erTi qanqaris sakuTari sixSire. Aanalogiurad (6) 

gantolebis amonaxsni 

                              Q Q Q Q cosω t                  (8) 

sadac ω
L C C

; xolo Q Q  aris Q Q -is mniSvneloba sawyis (t=0) 

momentSi. 
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  (7) da (8) formulebiT aRwerili moZraobis gantolebebi aris dakavSirebuli 

oscilatorebis rxevis normaluri modebi. Aam SemTxvevaSi saqme gvaqvs or 

erTmaneTTan dakavSirebul eleqtrul konturSi denebis rxevebTan. Rxevis 

normaluri moda- es denis iseTi koleqtiuri rxevaa, rodesac TiToeuli 

muxtis rxevis amplituda rCeba ucvleli. 

  Tu erT-erT konturs wavanacvlebT sawyis mdgomareobis mimarT, jamuri 

rxeva iqneba –rxeva ori normaluri modiT; Tu Q20=0 maSin (7) da (8) 

formulebidan: 

                               Q Q cosω t cosω t                  (9) 

                               Q Q cosω t cosω t                  (10) 

Tu gamoviyenebT trigonometriul igiveobebs: 

                               cosA cosB 2cos A B cos A B
                (11) 

                               cosA cosB 2sin A B sin A B
                (12) 

maSin (9) da (10) gantolebebi ase gadaiwereba: 

                              Q Q cos t cos t               (13) 

                              Q Q sin t sin t                (14) 

   (13) da (14) formulebiT gamosaxuli Q  da Q  funqciebis droze 

damokidebulebis grafikebs aqvs nax.4-ze naCvenebi saxe. 

 

Nnax.4 

  sayuradReboa, rom sawyis momentSi Q 0, magram misi mniSvneloba izrdeba, 

xolo Q  -is mcirdeba manam, sanam ar Sesruldeba piroba t  (am dros 

Q 0, xolo Q  maqsimaluria). 

  nax.4-ze mocemuli situacia energetikuli TvalsazrisiT ase SeiZleba 

warmovidginoT: sawyis momentSi sruli energia Tavmoyrilia 1 konturSi. C12 
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tevadobis saSualebiT energia gadava 1 konturidan me-2 konturSi. Ddrois 

Sualedi romlis ganmavlobaSic energia gadava 1 dan 2-Si da piriqiT (anu 

erTi sruli rxeva) ganisazRvreba pirobidan tgac=π , (tgac= ) xolo 

sixSire   

                           ωgac=ω ω 2π/ tgac.                           (15) 

  rxevis luw modas, romelic aRniSnulia “+” simboloTi Seesabameba orive 

konturSi denis erTnairi mimarTuleba, riis gamoc C12 kondensatorze muxti 

ar arsebobs, xolo rxevis sixSire ω+ iseTivea rogoric calke aRebuli erTi 

konturisa, e.i. ω
√LC

ω. Normaluri rxevis kenti modis SemTxvevaSi (“-“ 

niSnis) C12 damuxtulia, rac iwvevs sixSiris zrdas da ω
L C C

. 

  unda SevniSnoT, rom ganxiluli Teoria samarTliania mxolod erTnairi 

sixSiris konturebisaTvis romelTa Soris kavSiri sustia (
C

C
1) maSin (15) 

gamosaxuleba SeiZleba ase gardavqmnaT: 

ωgac= LC LC LC LC
1 1 LC

LC LC
1 1 C

C
 

 

LC
1 1 C

C

C

C LC
1 1 C

C

C

C
ω                                                16  

cxadia miRebuli energiis gacvlis sixSire Zgeris sixSiris tolia, amitom 

konturebis parametrebis SerCevis saSualebiT SeiZleba sixSireTa sxvaoba 

ωgac=ω ω  dayvanili iqnas minimumze. 

  Zgeris Seswavla, anu bmul konturebSi energiis gacvla, aris erT-erTi 

praqtikuli sakiTxi mocemuli laboratoriuli amocanisa. 

 

Nnax.5 
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Nnax.6 

 

muSaobis msvleloba 

 

1. akribeT nax.5-ze naCvenebi blok sqema. 

2. moamzadeT wredi samuSaod, risTvisac: 

a) tevadobaTa wyobilze daayeneT C=4.10-2 mkf tevadoba. 

b) bgeriT generatorze daayeneT 200 hc sixSire da 2-4 v Zabva 

(sinusoidaluri signali). 

g) moamzadeT oscilografi: (miaRwieT “Zgeris” mdgrad suraTs)  

   3. kasetis monacemebiT gamoTvaleT Trez= √LC
 (rxevis periodi) 

   4. cvaleT C12 tevadoba (tevadobaTa wyobilze) diapazonSi 4.10-2-dan 4.10-1        

mkf-mde. gazomeT Zgeris periodi (daTvaleT “ZgeraSi” maqsimumebis ricxvi N 

(nax.6))  

    5. T Trez.N formuliT gamoTvaleT Zgeris periodi. 

    6. aageT T=f(C12) damokidebulebis grafiki. 

    7. T=
C

C
.Trez formuliT gamoTvaleT Zgeris periodi da SeadareT 

eqsperimentiT miRebul Sedegs 

    8. miRebuli Sedegebi SeitaneT dakvirvebaTa cxrilSi. 

                         

                        dakvirvebaTa cxrili: 

C12 (mkf) 

 

 

 

N 
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T (wm) eqsp. 

 

 

 

T (wm) Teor.  

 

 

 

 

 

 

Tavi II 

eleqtromagnituri talRebis Tvisebebiis Seswavla 

 

  Tanamedrove tele da radioteqnikis ganviTareba mWidrodaa dakavSirebuli 

mokletalRuri diapazonis eleqtromagnituri talRebis Tvisebebis 

Seswavlasa da sxvadasxva garemoSi misi gavrcelebis (gadamcemi da mimRebi 

teqnikis) kanonzomierebaTa aTvisebasa da praqtikul realizaciasTan. 

santimetruli, milimetruli da submilimetruli eleqtromagnituri talRebi 

gansakuTrebul gamoyenebas pouloben mecnierebisa da teqnikis sxvadasxva 

sferoSi. maTi gamoyeneba xdeba radiolokatorebSi, sareleo radio da 

satelefono kavSirgabmulobaSi, maTi saSualebiT xdeba nivTierebaTa radio 

speqtroskopuli gamokvleva, Seiswavleba zegamtarobis movlenebi, warmoebs 

sxvadasxva daavadebaTa diagnostika da mkurnaloba, xorcieldeba saaviacio 

da kosmosuri teqnikis marTva, mecnierTa gansakuTrebuli yuradReba miipyro 

ukanasknel aTwleulSi  globaluri energetikuli problemebis gadawyvetis 

saqmeSi zemaRali sixSiris eleqtromagnituri talRebis gamoyenebis 

sakiTxebma. amdenad; eleqtroenergetikis, telekomunikaciebis, 

kriminalistikuri teqnikis  da teqnikuri eqspertizis da maTi momijnave 

specialobis studentebisaTvis Zalze mniSvnelovania mokletalRuri 

diapazonis teqnikis safuZvliani daufleba, rac eleqtromagnitur talRaTa 

Tvisebebis SeswavliT aris SesaZlebeli. Llaboratoriuli kompleqti, romlis 

saSualebiTac SeiZleba eleqtromagnituri talRebis Tvisebebis Seswavla 
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Sedgenilia qarxana “Электродело“-s mTavari konstruqtoris i.l.turinis mier da 

romlis mTavari nawilebia: 

 -zemaRali sixSiris (zs) /santimetruli diapazonis/ generatori (nax.1)  

 

 

Nnax.1 

marTkuTxa piramidis formis ruporuli anteniT. SeniSvna students 

xelsawyosTan muSaoba maswavleblis gareSe ekrZaleba, 

usafrTxoebis wesebis gamo, xelsawyoze muSa procesis 

dros modebuli Zabva 350 voltia!!! 

-marTkuTxa talRasatarze damagrebuli piramiduli formis mimRebi antena 

(nax.2). 

 

Nnax. 2 



 
 

55 petre gelxviiZe, nino gelxviiZe – eleqtromagnituri velebis da talRebis laboratoriuli 
praqtikumi  

 

 

-dipoluri tipis mimRebi antena (nax.3). 

 

Nnax.3 

 

-samwaxnaga da marTkuTxa plastmasis prizmebi (nax.4). 

 

 

Nnax.4 

-mapolarizebeli meseri 2 cali (nax.5) 

 

Nnax.5 
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-brtyel-amozneqili plastmasis (gaumWvirvale) linza (nax.6). 

 

 

Nnax.6 

-metalis marTkuTxa da wriuli firfitebi, plastmasis firfita da damWerebi 

(nax.7,8,9). 

 

 

N                 nax.7        nax.8              Nnax.9 

 

-universaluri gammarTveli. 

-dabali sixSiris gamaZlierebeli. 

-dinamiki an oscilografi.       
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sqemis akrebis Tanmimdevroba 

(I varianti) 

 

1. moaTavseT sademonstracio magidaze zemaRali sixSiris generatori 

da mimRebi antena, erT simaRleze ruporebiT erTmaneTisaken 2-3 

metris daSorebiT (nax.10). 

 

Nnax.10 

2. miuerTeT generatori universalur gammarTvels /maswavleblis gareSe 

gammarTveli ar CarToT!!!/ 

3. mimRebi antenis mavTulebis Tavisufali boloebi miuerTeT dabali 

sixSiris gamaZlierebels  (gaiTvaliswineT, rom SemaerTebeli 

gamtarebis CarTvisas mniSvneloba aqvs centraluri da damiwebis 

mavTulis sworad SeerTebas). 

4. dabali sixSiris gamaZliereblis marjvena zeda momWerebs miuerTeT 

dinamiki. 

5. xolo gamaZliereblis marjvena qveda sami momWeri miuerTeT 

gammarTvels, ise rom gammarTvelis “+250” v. SeaerTeT gamaZliereblis 

zeda momWers, “_обш“ gamaZliereblis Suana momWers da gammarTvelis 

“ 6,3” marcxena momWeri-gamaZliereblis qveda momWers, gammarTvelis 

“ 6,3” marjvena momWeri  “_обш“-s. 

6. SeamowmeT akrebili sqemis siswore da maswavleblis nebarTviT 

CarTeT qselSi gammarTveli, 2-3 wuTis Semdeg generatoris 

potenciometris saSualebiT daaregulireT signalis tonaloba (am 
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procesis dros potenciomeriT generatoris sixSire SeiZleba cvaloT 

400-800 herci sixSiris diapazonSi) 

 

(II varianti) 

Aam SemTxvevaSi (nax.11) wredis akreba xdeba mxolod universaluri 

gammarTvelis gamoyenebiT da me-5 punqtisaTvis saWiro kontaqtebi 

xorcieldeba universaluri gammarTvelidan. 

 

Nnax.11 

 

 

 

Ddavaleba 1. mimarTulebis diagramis ageba (nax.12). 

 

 

Nnax.12 
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1. akribeT (nax.10 an nax.11) mocemuli sqema, (dinamikis nacvlad sqemaSi 

CarTeT oscilografi, xolo mimReb antenad dipoluri antena). 

2. gadamcem da mimReb antenebs Soris manZili dayaviT seqtorebad / 

radiusis 30 santimetriani zrdiT/ 

3. seqtoris centraluri radiusis orive mxares erTnairi manZiliT 

daSorebul wertilebSi gazomeT signalis amplituduri mniSvneloba 

oscilografis ekranze. 

4. cda gaimeoreT sxvadasxva seqtorebisaTvis. 

5. dakvirvebis Sedegebi SeitaneT dakvirvebaTa cxrilSi  

6. aageT mimarTulebis diagrama 

 

                            dakvirvebaTa cxrili   

N R U 

centridan 

marcxniv 

centridan 

marjvniv 

1 

2 

3 

4 

5 

6 

30 

60 

90 

120 

150 

180 

 

 

 

Ddavaleba 2. Ggamtarebis maekranirebeli moqmedebis dakvirveba 

 

1. akribeT (nax.13) mocemuli sqema. 

2. CarTeT generatori da miiReT dinamikSi mkafio signali. 

3. TandaTanobiT SeitaneT gadamcem da mimReb antenebs Soris metalis 

firfita da daakvidiT bgeris intensivobis cvlilebas. 

4. cda gaimeoreT dieleqtrikuli firfitis SemTxvevisaTvis.  
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Nnax.13 

 

 

 

Ddavaleba 3. Aarekvlis kanonis Semowmeba 

 

   Eeleqtromagnituri talRebis  arekvlis kanonebi:  

 

I. dacemuli sxivi, arekvlili sxivi da sxivis dacemis wertilSi aRmarTuli 

marTobi erT sibrtyeSi mdebareoben. 

II. dacemis kuTxe, arekvlis kuTxis tolia --- 

1. akribeT (nax.14) mocemuli sqema. 

2. CarTeT generatori da miiReT dinamikSi mkafio signali. 

ganalageT gadamcemi da mimRebi antenebi ise, rogorc nax.14 –ze aris 

mocemuli. 

3. mimRebi antenis orientaciis cvlilebiT miaRwieT firfitidan 

maqsimaluri signali. 

4. SeecadeT aagoT dacemisa da arekvlis kuTxeebi. 

cda gaimeoreT gadamcemi antenis sxvadasxva mdebareobisaTvis. 

5. daxazeT TiToeuli cdis Sesabamisi dacemis da arekvlis kuTxeebi. 
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Nnax.14 

 

 

 

 

 

Ddavaleba 4. Cazneqili sarkis Semkrebi moqmedebis Seswavla 

 

1. gadamcemi antenidan daaxloebiT 1 metris manZilze moaTavseT mimRebi 

dipoluri antena da daimaxsovreT bgeris intensivoba. 

2. gadamcemi antenidan daaxloebiT 1,5-2 metris manZilze moaTavseT 

Cazneqili liTonis sferuli sarke. 

3. SeabruneT mimRebi dipoluri antena sarkisaken da sarkesa da 

gadamcem antenas Soris amoZraveT manam sanam ar miaRwevT bgeris 

intensivobis maqsimums. 

4. gazomeT manZili sarkesa da mimReb antenas Soris (fokusuri manZili). 
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5. fizikis (meqanikis) laboratoriuli amocanis meTodis gamoyenebiT 

daadgineT sarkis simrudis radiusi. 

6. simrudis radiusis naxevris mniSvneloba SeadareT sarkesa da mimReb 

antenas Soris gazomil manZils. 

7. cda gaimeoreT sarkesa da gadamcem antenas Soris sxvadasxva 

manZilisaTvis. 

8. gamoTvaleT fokusuri manZilis saSualo mniSvneloba, absoluturi 

da fardobiTi cdomileba. 

9. miRebuli Sedegebi SeitaneT cxrilSi. 

 

                          dakvirvebaTa cxrili: 

N   F FsaS F F/FsaS SeniSvna 

   

 

 

Ddavaleba 5. Eeleqtromagnituri talRebis gardatexis  

kanonis Semowmeba. 

 

   Eeleqtromagnituri talRebis  gardatexis kanonebia:  

I. dacemuli sxivi, gardatexili sxivi da sxivis dacemis wertilSi aRmarTuli 

marTobi erT sibrtyeSi mdebareoben.   

II. dacemis – kuTxis sinusis fardoba gardatexis – kuTxis sinusTan, mocemuli 

ori erTgvarovani garemosaTvis, mudmiv sidides warmoadgens romelsac meore 

garemos fardobiTi gardatexis maCvenebeli qvia pirvelis mimarT. 

                      21nsin

asin



                

G1. gadamcemi antenidan 1-1,5 m manZilze moaTavseT dipoluri mimRebi 

antena da CarTeT generatori. 

G2. gadamcem da mimReb antenebs Soris moaTavseT marTkuTxa formis 

plastmasis prizma. 

3. cvaleT eleqtromagnituri talRis dacemis kuTxe da TiToeuli 

kuTxis SemTxvevaSi moZebneT mimRebi antenisaTvis bgerebis intensivobis 

maqsimumis mdebareoba. 
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4. daxazeT talRebis SesaZlo gavrcelebis suraTi. 

5. analogiuri cdebi CaatareT samwaxnaga linzis gamoyenebiT. 

6. daxazeT talRebis SesaZlo gavrcelebis suraTi. 

7. SeamowmeT arekvlili talRebis arseboba. 

 

Nnax.15 

 

Ddavaleba 6. Semkrebi da gambnevi linzebis gamokvleva 

 

1. moaTavseT generatoridan 80-120 sm-is daSorebiT dipoluri mimRebi 

antena. 

2. moaTavseT generatorsa da mimReb antenas  Soris brtyelamozneqili 

plastmasis linza. 

3. mimRebi antenis moZraobiT miaRwieT bgeriTi signalis intensivobis 

maqsimums, (darwmundiT maqsimumis wertilis erTaderTobaSi). 

4. cda gaimeoreT linzis sxvadasxva mdebareobisaTvis da TiToeul 

SemTxvevaSi gazomeT manZili linzidan mimReb antenamde. 

5. analogiuri cdebi gaimeoreT Cazneqili linzis SemTxvevaSi. 

6. gaakeTeT saTanado daskvnebi. 
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nax.16 

 

 

 

 

Ddavaleba 7. Eeleqtromagnituri talRebis interferencia 

 

interferencia ewodeba talRebis zeddebas (Sekrebas), romlis Sedegad 

isini an aZliereben, an asusteben erTmaneTs. iq, sadac talRebi aZliereben 

erTmaneTs, miiReba bgeris intensivobis maqsimumi, xolo sadac asusteben 

_minimumi. maqsimumis da minimumis erTobliobas interferenciuli suraTi 

ewodeba. 

ganvixiloT cal-calke interferenciaze dakvirvebis ori meTodi (loidis 

(nax.17) da frenelis (nax.18) meTodebi): 

1. moaTavseT gadamcemi da mimRebi dipoluri antenebi ise, rom bgeris 

intensivoba iyos maqsimaluri. 

2. gaatareT antenebis centrebze gamavali wrfe. 

3. wrfis paralelurad moaTavseT metalis marTkuTxa firfita ise, rom 

bgeris intensivoba iyos minimaluri. 

4. amoZraveT mimRebi antena wrfis marTobulad da daafiqsireT  

maqsimaluri intensivobis wertilebi. 

5. gazomeT Sesabamisi manZilebi. 
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Nnax.17 

6. frenelis meTodis sademonstraciod gamoiyeneT erTmaneTTan 

daaxloebiT 1800-ze naklebi kuTxiT midgmuli ori liTonis 

marTkuTxa firfita. 

7. moaTavseT gadamcemi antena firfitebis mimarT raRac kuTxiT. 

8. mimRebi antena amoZraveT firfitebis paralelur wrfeze 

(mosalodneli areklili talRebis ubanSi). 

9. daafiqsireT bgeriTi signalis intensivobis SesaZlo maqsimumebis 

wertilebi. 

10. gazomeT manZilebi wertilebs Soris. 

11. SeadareT orive meTodiT miRebuli Sedegebi.  

 

Nnax.18 
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Ddavaleba 8. Mmdgradi talRebis miReba (nax.19) 

 

  Tu movaxdenT generatoridan gamosuli da sarkidan areklili talRebis 

Sekrebas miviRebT egreT wodebul mdgrad talRebs, romelTa Sesabamis 

intensivobis maqsimumebs da minimumebs eqneba mkacrad gansazRvruli 

mdebareoba. Eeqsperimentulad mdgradi talRebis dasakvirveblad: 

 

Nnax.19 

1. generatoridan 1-1,5 m-is daSorebiT moaTavseT metalis mcire firfita 

(sarke), xolo maT Soris dipoluri mimRebi antena. 

2. moZebneT wertili sadac sarkidan areklili talRebi iZleva 

intensivobis maqsimums, daniSneT wertilis mdebareoba. 

3. generatoris da sarkis SemaerTebel wrfeze 1-2 sm bijebiT 

Tavdapirveli mdebareobis mimarT win da ukan amoZraveT mimRebi 

antena da daafiqsireT bgeriTi signalis intensivobis maqsimumebis 

wertilebi. 

4. analogiurad moZebneT minimumis wertilebi. 

5. gaaanalizeT eqsperimentiT miRebuli Sedegebi. 
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Ddavaleba 9.  Eeleqtromagnituri talRebis polarizacia 

 

eleqtromagnitizmidan viciT, rom cvladi eleqtruli veli qmnis cvlad 

magnitur vels da piriqiT. warmoiSoba eleqtromagnituri veli. Tu am vels 

miecema sivrceSi gavrcelebis saSualeba, ityvian rom sivrceSi vrceldeba 

eleqtromagnituri talRa. 

eleqtromagnituri talRaSi eleqtruli velis daZabulobis –E

 veqtori 

da magnituri velis daZabulobis H

veqtori talRis gavrcelebis mimarTule-

bis perpendikularulad irxeva. amasTan erTad yovelTvis HE


  (nax. 20) 

 

Nnax.20 

 

     am or veqtors Soris eleqtruli velis daZabulobis E

– veqtors ufro 

didi roli eniWeba, radgan nivTierebasTan urTierTqmedebis dros eleqtruli 

veli ufro Zlierad moqmedebs nivTierebaze, vidre magnituri veli. amitom 

SemdgomSi mxolod E

 veqtorze gavamaxvilebT yuradRebas. 

Cveulebriv eleqtruli velis daZabulobis veqtoris rxeva qaosurad war-

moebs. arcerT mimarTulebas ar eniWeba raime upiratesoba magram SesaZlebe-

lia am rxevebis mowesrigeba. 

talRaSi eleqtruli (an magnituri) rxevebis mowesrigebas polarizacia 

ewodeba. 

Tu polarizebul talRaSi E

 veqtori garkveul sibrtyeSi irxeva da es 

sibrtye ar icvlis orientacias sivrceSi, aseT talRas brtylad polarizebu-

li ewodeba. Tu E

 veqtori icvlis mimarTulebas sivrceSi, magram ise, rom mi-

si wvero Semowers wrewirs, maSin talRas wriulad polarizebuli ewodeba. 

    ganvixiloT rogor miiReba polarizebuli eleqtromagnituri talRa: 
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1. gadamcem da mimReb ruporul antenebs Soris moaTavseT 

mapolarizebeli meserebi erTnairi orientaciiT da miaRwieT bgeris 

intensivobis maqsimums (nax.21). 

2. erT-erTi polarizatoris TandaTanobiT brunvisas daakvirdiT bgeris 

intensivobis cvlilebas. 

3. cda gaimeoreT Semobrunebis kuTxis sxvadasxva mniSvnelobebisaTvis. 

4. miRebuli Sedegebi SeadareT optikaSi cnobil maliusis kanons 

20 cosII  , sadac I  aris intensivobis maqsimumi xolo I 

polarizebuli talRis intensivoba, φ polarizatoris Semobrunebis 

kuTxe. 

5. cdiT miRebuli Sedegebi SeitaneT dakvirvebaTa cxrilSi 

 

 

dakvirvebaTa cxrili 

  00 100 200 300 400 500 600 700 800 900 

cos            

2cos            

AI            

 

 

 

 

Nnax.21 
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Ddavaleba 10. Eeleqtromagnituri talRebis difraqcia 

 

difraqcia ewodeba talRis wrfivi gavrcelebidan gadaxras an ubralod 

mis mier dabrkolebis Semovlas. difraqcia _ sufTa talRuri movlenaa. 

aRsaniSnavia, rom difraqciasa da interferencias Soris araviTari arsebiTi 

fizikuri gansxvaveba ar arsebobs. saqme imaSia, rom Tu wyaroebis raodenoba 

mcirea (magaliTad ori), maSin urTierTqmedebis Sedegs ufro xSirad 

interferencias uwodeben, mravali wyaros SemTxvevaSi ki _ difraqcias. 

difraqciis movlena martivad aixsneba hiugens-frenelis principiT. es 

principi ori nawilisagan Sedgeba. pirveli nawili gansazRvravs talRis 

gavrcelebas (hiugensis principi), meore nawili _ talRis intensivobas 

(frenelis principi). es principi ase SegviZlia CamovayaliboT: 

I. drois mocemul momentSi talRuri zedapiris yvela wertili SeiZleba 

CavTvaloT meoradi talRebis elementalur wyaroebad, xolo maTi momvlebi 

mogvcems drois Semdgom momentisaTvis talRuri zedapiris axal mdebareobas. 

II. imisaTvis, rom davadginoT talRis intensivoba nebismier wertilSi, 

unda SevkriboT meoradi wyaroebidan mosuli talRebi maT Soris fazaTa 

sxvaobis gaTvaliswinebiT. 

ganvixiloT Semdegi magaliTi. vTqvaT brtyeli talRa  ecema viwro 

xvrels. hiugensis principis Tanaxmad xvrelis yvela wertili gaxdeba 

sinaTlis meorad wyarod da gamoasxivebs sferul talRebs. maTi momvlebi MN 

– mogvcems talRuri zedapiris axal mdebareobas. am principis mravaljeradi 

gamoyenebiT Cven davadgenT talRis gavrcelebis mimarTulebas. (nax.22-ze es 

principi 2_jer aris gamoyenebuli). rogorc vxedavT talRa SeiWra Crdilis 

areSi, gadaixara anu ganicada difraqcia. 

 

Nnax.22 
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  difraqciis movlenis dasakvirveblad: 

 

Nnax.23 

1. erTmaneTisagan 1 m-iT daSorebul gadamcem da mimReb ruporul 

antenebs Soris moaTavseT metalis farTo firfita da darwmundiT 

signalis ar arsebobaSi. 

2. amoZraveT mimRebi antena firfitis ukan wrexazis rkalze da 

daadgineT miaxloebiTi are sadac ar vrceldeba eleqtromagnituri 

talRebi. 

3. igive cda gaimeoreT mimRebi dipoluri antenis SemTxvevaSi (nax.23). 

4. daxazeT eleqtromagnituri talRebis gavrcelebis (talRebis 

Crdilis) Sesabamisi suraTi. 

5. moaTavseT generatorsa da mimReb antenas Soris ori metaluri 

firfita ise rom maT Soris manZili iyos ~3 sm. 

 

Nnax.24 
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6. amoZraveT mimRebi antena firfitis ukan wrexazis rkalze da 

daadgineT miaxloebiTi are sadac vrceldeba eleqtromagnituri 

talRebi. 

7. moZebneT wertilebi sadac miRebuli signalis intensivoba 

maqsimaluria. 

8. daxazeT intensivobis manZilze damokidebulebis suraTi. 

9. daaSoreT firfitebi ~10-12 sm manZilze da maT Soris moaTavseT 

viwro firfita (nax.8). 

10. SeiswavleT difraqciis movlena ori (Tu SesaZlebloba iqneba sami 

(nax.9)) Wrilis SemTxvevaSi. 

11. daxazeT intensivobis ganawilebis Sesabamisi suraTi.  
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