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fizika 10

I. fizika da materialu-

ri samyaro

II. eleqtrostatika

X  klasis  fizikis  saxelmZRvanelos  koncefciaX  klasis  fizikis  saxelmZRvanelos  koncefcia

X klasis fizikis saxelmZRvanelo Sedgenilia mesame Taobis erovnuli saswavlo gegmi-

sa da fizikis standartis Sesabamisad. saxelmZRvanelos mizania moswavleebSi Teoriuli 

codnisa da eqsperimentuli kvleviTi unar-Cvevebis Camoyalibeba da ganviTareba.

X klasis fizikis kursi Temebis mixedviT iyofa ori nawilad: eleqtrostatika da mud-

mivi denis kanonebi. winamdebare saxelmZRvanelo Seicavs eleqtrostatikas.

saxelmZRvanelos meTodikuri mxare eyrdnoba swavla-swavlebis interaqtiur stils, 

mocemuli aqtivobebi Seesabameba indikatorebs, romlebic uzrunvelyofs standartiT 

gansazRvruli Sedegebis miRwevas. paragrafebis Sinaarsi agebulia principze _ martividan 

rTulisken, nacnobidan ucnobisken, gamoyenebulia swavlebis konstruqtivistuli meTodi-

ka da Seesabameba moswavlis inteleqtualur SesaZleblobebs.

saxelmZRvanelos Sinaarsobrivi da meTodologiuri aparatis kompleqtacia, Semadgene-

li nawilebis erToblioba da struqturis specifika aseTia:

 • paragrafebis Sinaarsi agebulia sagakveTilo teqstisagan, ilustraciebisa da prob-

lemaze orientirebuli kiTxvebisa da amocanebisgan, eqsperimentuli kvlevebisa da 

kompleqsuri davalebebisagan.

 • paragrafebi Seicavs Temis farglebSi dasamuSavebel samizne cnebebs, sakvanZo sakiT-

xebs, mkvidr warmodgenebs. es masala ZiriTadad ganawilebulia sxvadasxva rubrikaSi: 

`ifiqre da imsjele~ (samotivacio kiTxvebi), `gaazreba~ (axlad axsnili masalis gagebis 

Semowmeba), `saSinao davaleba~ (davaleba saswavlo Temis kargad/srulyofilad asaT-

viseblad).

 • paragrafebi ZiriTadad Seicavs saazrovno kiTxvebs, masa las msjelobisaTvis, eqsperi-

mentul kvlevas, daskvnebis gamotanas.

saxelmZRvaneloSi aseve asaxulia fizikis kavSiri mecnierebis sxva dargebTan da misi 

roli samecniero-teqnikuri progresis miRwevaSi. saxelmZRvanelo daexmareba moswavles 

garemomcveli samyaros Sesaxeb Teoriuli codnis miRebasa da mecnieruli kvleva-Ziebis 

unar-Cvevebis dauflebaSi, sayofa-cxovrebo sakiTxebis SecnobaSi, garemos dacvis sakiTxe-

bis gaazrebasa da miRebuli gamocdilebis praqtikulad gamoyenebaSi.

saxelmZRvanelos  struqturasaxelmZRvanelos  struqtura
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moswavlis  wignSi  gamoyenebuli  rubrikebimoswavlis  wignSi  gamoyenebuli  rubrikebi
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fizika. saSualo safexuris standartifizika. saSualo safexuris standarti

Sesavali
kursi gankuTvnilia saSualo safexuris moswavleebisTvis. mis farglebSi farTovdeba 

da Rrmavdeba sabazo safexurze fizikaSi SeZenili codna. 

standartSi Sedegebisa da samizne cnebebis saxiT gansazRvrulia grZelvadiani miznebi.

Sinaarsi aRiwereba Temebis (qveTemebis), sakiTxebisa da qvecnebebis saxiT. erovnuli 

saswavlo gegma gansazRvravs savaldebulo Temebs. Temebis Sesabamis sakiTxebs ki skolebi 

Tavad irCeven.

TiToeul Temas axlavs Sedegebis miRwevis indikatorebi. isini gansazRvravs, Tu ra 

unda Sefasdes swavla-swavlebis procesSi. indikatorebi dajgufebulia samizne cnebebis 

mixedviT.

safexuris Sedegebi

saSualo safexurze standartSi gaweril TiToeul Sedegs win uZRvis indeqsi, romelic 

miuTiTebs sagans, swavlebis etapsa da standartis Sedegis nomers; mag., fiz.saS.1.:

`fiz.~ – miuTiTebs sagans `fizika~;

`saS.~ – miuTiTebs saSualo safexurs;

`1~ – miuTiTebs standartis Sedegis nomers.

fizikis standartis Sedegebi saSualo safexurze

Sedegebis 

indeqsebi
moswavlem unda SeZlos: samizne cnebebi:

fiz.saS.1.

mecnieruli miRwevebisa da kvleviTi unar-Cvevebis gamoyenebiT 

nivTierebebis Semadgeneli struqturis daxasiaTeba da velebis ma-

xasiaTebeli parametrebis Sesaxeb msjeloba materiis saxeebis fizi-

kuri Tvisebebisa da maTi cvlilebis mizezebis gasaazreblad;

materia (fiz.

saS.1,2,3,4) 

energia (fiz.

saS.1,2,3,4) 

Zala (fiz.

saS.1,2,3,4) 

fizikuri procesi

(fiz.saS.1,2,3,4)

fiz.saS.2.

mecnieruli miRwevebisa da kvleviTi unar-Cvevebis gamoyenebiT 

energiis saxeebsa da maTi urTierTgardaqmnis mizezebze/Sedegebze 

msjeloba bunebaSi mimdinare fizikuri movlenebis dasaxasiaTeb-

lad;

fiz.saS.3.

mecnieruli miRwevebisa da kvleviTi unar-Cvevebis gamoyenebiT 

sxeulTa urTierTqmedebebsa da maT Sedegebze msjeloba bunebaSi 

mimdinare procesebis aRsawerad;

fiz.saS.4

mecnieruli miRwevebisa da kvleviTi unar-Cvevebis gamoyenebiT bu-

nebaSi arsebuli mizezSedegobrivi kavSirebis dasabuTeba fizikuri 

procesebis/ movlenebis aRsawerad da dasaxasiaTeblad.

savaldebulo Temebi

X klasi

eleqtrostatika

mudmivi denis kanonebi

rekomendebulia swavla-swavlebis procesSi skolebma daicvan Temebis zemoT SemoTa-

vazebuli Tanmimdevroba (X klasSi rekomendebulia erT semestrSi erTi Temis swavleba).

savaldebulo Temebisa da Sefasebis indikatorebis damakavSirebeli cxrilebi:

TiToeul cxrilSi mocemulia Temis dasaxeleba, misi aRwera da Sefasebis indikatorebi, 

romlebSic naCvenebia, Tu rogor realizdeba Sedegebi konkretul TemaSi.
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Tema: eleqtrostatika Temis farglebSi ganixileba:

• fizikis kvlevis sagani, amocanebi da kvlevis meTodebi; fizikis mimarTulebebi (dargebi) da 

maTi kavSiri sxva mecnierebebTan; fizikis miRwevebi; 

• muxtebis urTierTqmedeba da kulonis kanoni; eleqtruli velis daZabuloba da superpoziciis 

principi; eleqtrostatikuri velis potencialuri energia da potenciali; eleqtrotevadoba, 

brtyeli kondensatori.

Temis farglebSi Sedegebis miRwevis indikatorebi samizne cnebebis mixedviT

materia _ moswavlem unda SeZlos:

• elementaruli muxtisa da sxeulis muxtis Sesaxeb msjeloba muxtis Senaxvis kanonis gasaana-

lizeblad; 

• muxtis mier eleqtrostatikuri velis warmoqmnisa da velis maxasiaTebeli parametrebis (daZa-

buloba, potenciali) Sesaxeb msjeloba muxtebs Soris eleqtruli urTierTqmedebis aRsawerad 

(analogia gravitaciuli velis maxasiaTeblebTan); 

• nivTierebis dieleqtrikuli SeRwevadobis Sesaxeb msjeloba dieleqtrikebSi eleqtruli velis 

gavrcelebis dasaxasiaTeblad.

energia _ moswavlem unda SeZlos:

• eleqtruli velis mier Sesrulebuli muSaobis Sesaxeb msjeloba muxtis velTan urTierTqmede-

bis potencialuri energiis dasaxasiaTeblad; 

• brtyeli kondensatorebis modelebis Seqmna, Sereuli SeerTebis gamokvleva, maTi eleqtruli 

velis energiis raodenobrivi aRwera da gamoyenebis Sesaxeb msjeloba yofa-cxovrebasa da teq-

nikaSi kondensatoris rolis Sesafaseblad. 

Zala _ moswavlem unda SeZlos: 

• sxeulTa wonasworobis pirobebis gamoyeneba eleqtrul velSi uZravad moTavsebuli (wrfivad 

da Tanabrad moZravi) muxtis wonasworuli mdgomareobis aRsawerad; 

• wertilovan muxtebs Soris urTierTqmedebis Zalis raodenobrivad daxasiaTeba (analogia 

msoflio mizidulobis kanonTan) da eleqtrostatikuri velis superpoziciis principis axsna 

problemaze orientirebuli amocanebis gadasaWrelad; 

• hipoTezis Camoyalibeba, eqsperimentebis dagegmva da misi usafrTxod Catareba damuxtuli 

sxeulebis urTierTqmedebis Sesaswavlad.

fizikuri procesi _ moswavlem unda SeZlos:

• wertilovani muxtis moZraobis daxasiaTeba erTgvarovan eleqtrul velSi, moZraobis maxasia-

Tebeli parametrebisa da maTi cvlilebis/ucvlelobis mizezebis Sesaxeb msjeloba problemaze 

orientirebuli amocanebis gadasaWrelad.

Tema: mudmivi denis kanonebi

Temis farglebSi ganixileba: 

• eleqtruli deni da gamtaris winaRoba;

• omis kanoni wredis ubnisaTvis;

• gamtarebis mimdevrobiT da paralelurad SeerTeba;

• denis muSaoba da simZlavre;

• joul-lencis kanoni;

• denis wyaros em Zala da omis kanoni Caketili wredisaTvis;

• eleqtruli deni sxvadasxva garemoSi.

X klasi
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Temis farglebSi Sedegebis miRwevis indikatorebi samizne cnebebis mixedviT

materia _ moswavlem unda SeZlos:

• nivTierebis agebulebis daxasiaTeba misi eleqtruli gamtareblobis Sesaswavlad; 

• gamtaris winaRobis zomebze, nivTierebis gvarobasa da temperaturaze damokidebulebis Sesaxeb 

msjeloba misi yofa-cxovrebaSi praqtikuli gamoyenebis Sesaxeb argumentebis mosayvanad. zegam-

tarobis movlenis Sesaxeb msjeloba; 

• liTonebSi, siTxeebSi, airebsa da naxevargamtarebSi eleqtruli gamtareblobis Seswavla maTi 

yofa-cxovrebasa da profesiebTan/teqnologiebTan dasakavSireblad; 

• P da n tipis naxevargamtarebis kontaqtis gamokvleva naxevargamtaruli diodis muSaobis prin-

cipis asaxsnelad da teqnologiebSi misi rolis gasaanalizeblad;

energia _ moswavlem unda SeZlos:

• denis muSaobisa da simZlavris Sesaxeb argumentirebuli msjeloba/raodenobrivi aRwera 

problemaze orientirebuli amocanebis gadasaWrelad; 

• eqsperimentebis dagegmva (hipoTezis Camoyalibeba, Tvisebrivi da raodenobrivi monacemebis 

sxvadasxva meTodiT organizeba) da misi usafrTxod Catareba mimdevrobiT/paralelurad/Sereu-

lad SeerTebul momxmarebelTa mier gamomuSavebuli simZlavreebis dasadgenad; 

Zala _ moswavlem unda SeZlos: 

• Tavisufal muxtebze moqmed eleqtrul Zalasa da gamtarebSi denis warmoqmnas Soris mizezSe-

degobrivi kavSiris dadgena problemaze orientirebuli amocanebis gadasaWrelad; 

• eleqtrolitebSi gamtarobis warmoqmnis meqanizmis axsna, eleqtrolizis movlenis asaxsnelad/

yofa-cxovrebasTan/profesiebTan/sxva disciplinebTan dasakavSireblad; 

fizikuri procesi _ moswavlem unda SeZlos:

• gamtarebSi arsebuli Tavisufali muxtebis moZraobis daxasiaTeba gamtaris eleqtrul velSi 

moTavsebamde da moTavsebis Semdeg, masSi denis warmoqmnis meqanizmis gasaanalizeblad; 

• airebSi denis warmoqmnis meqanizmis axsna atmosferoSi eleqtruli movlenebis/procesebis aRsawerad.
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Temis  damuSavebis nimuSiTemis  damuSavebis nimuSi

ganmartebebi cxrilisTvis:

saswavlo Tema warmoadgens konteqsts, romelic standartis Sedegebis, samizne cnebe-

bisa Tu konkretuli sakiTxebis integrirebulad da urTierTdakavSirebulad swavlebis 

saSualebas iZleva. TiToeuli Temis farglebSi SeZlebisdagvarad unda damuSavdes stan-

dartis yvela Sedegi. 

SeniSvna: im sagnebSi, romlebSic saswavlo Temebi organizebulia Tematuri blokebis 

saxiT, unda mieTiTos, romel Tematur bloks miekuTvneba mocemuli konkretuli Tema;

TemasTan dakavSirebuli mkvidri warmodgenebis funqciaa moswavles warmodgena Seuqmnas 

Sesaswavli Temis konturebze (Tematuri mkvidri warmodgenebi Tvisebrivad gansxvavdeba 

samizne cnebebTan dakavSirebuli mkvidri warmodgenebisgan).

TemasTan dakavSirebuli sakvanZo SekiTxvebi pasuxobs _ raze unda dafiqrdes moswavle 

Temis Seswavlisas.

samizne cnebebis saxiT gansazRvrulia is codna, romelsac moswavle sagnis farglebSi 

unda daeuflos.

sakiTxebi _ wliuri Temebis farglebSi gamoiyofa sagnobrivi sakiTxebi. maTi saSuale-

biT xdeba imis gansazRvra, Tu konkretulad raze unda imuSaos moswavlem Temis fargleb-

Si. sakiTxebze dayrdnobiT ganisazRvreba aseve, kompleqsuri davalebis piroba, gansazR-

vra, romelic moswavles samizne cnebisa da maTTan dakavSirebuli mkvidri warmodgenebis 

gacnobierebaSi exmareba.

sakvanZo SekiTxvebi gamokveTs _ raze unda dafiqrdes moswavle kompleqsur davalebaze 

muSaobisas? maTi funqciaa:

• moswavlis winare codnis gaaqtiureba, cnobismoyvareobis gaRviveba, provocireba 

axali codnis SesaZenad;

• saswavlo Temis Sedegze orientirebulad swavla-swavlebis uzrunvelyofa; 

• Temis swavla-swavlebis procesSi Sualeduri bijebis/etapebis gansazRvra. sakvanZo 

SekiTxva warmoadgens maorganizebel elements, romelic saswavlo Temis farglebSi 

asrulebs gakveTil(eb)is miznis rols.

kompleqsuri/proeqtuli davalebebi warmoadgens imgvar aqtivobebs, romelTa Sesru-

leba moiTxovs sxvadasxva codnis integrirebulad gamoyenebas funqciur konteqstebSi. 

kompleqsuri davaleba (masTan mWidrod dakavSirebul struqturul erTeulebTan _ sa-

kiTxi, sakvanZo SekiTxva, Sefasebis kriteriumi) Temis farglebSi Sualeduri miznis rols 

asrulebs.

mkvidri warmodgenebi _ TiToeul cnebas axlavs mkvidri warmodgenebi, romlebic Se-

mosazRvravs cnebis moculobas da azustebs, ra unda hqondes gacnobierebuli moswavles 

am cnebasTan mimarTebiT safexuris bolos.

Sefasebis indikatorebi standartis Sedegebidan gamomdinareobs da aCvenebs, ra unda 

SeZlos moswavlem konkretuli Temis farglebSi. sxva sityvebiT, rom vTqvaT indikatorebi 

warmoadgens konkretul TemaSi realizebul Sedegebs.
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Tema: saaTebis savaraudo raodenoba _

TemasTan dakavSirebuli mkvidri warmodgenebi:

TemasTan dakavSirebuli sakvanZo SekiTxvebi:

Temis farglebSi dasamuSavebeli sakiTxebi:

samizne cnebebi da 

maTTan dakavSirebuli 

mkvidri warmodgenebi

I etapi

kompleqsuri davaleba /

davalebebi
sakiTxi/qvecneba

sakvanZo SekiTxva /

SekiTxvebi

aqtivobebi:

resursebi:

samizne cnebebi da 

maTTan dakavSirebuli 

mkvidri warmodgenebi

I etapi

kompleqsuri davaleba /

davalebebi
sakiTxi/qvecneba

sakvanZo SekiTxva /

SekiTxvebi

aqtivobebi:

resursebi:

Sefasebis kriteriumi/kriteriumebi
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saSualo safexuri, me-10 klasi

Tema _ eleqtrostatika saaTebis savaraudo raodenoba _ 26 

Tematuri mkvidri warmodgenebi

materia

sivrcis raime wertilSi, wertilovani muxtis mier Seqmnili eleqtruli velis daZabuloba da po-

tenciali damokidebulia mocemuli muxtis ricxviT mniSvnelobaze da sivrcis am wertilidan mux-

tamde manZilze. es damokidebuleba ki SeiZleba aRvweroT analizurad, grafikulad, diagramebiT da 

sxva meTodebiT; 

sivrcis raime wertilSi, ramdenime wertilovani muxtis mier Seqmnili eleqtruli velis daZabulo-

ba (potenciali) TiToeuli muxtis mier am wertilSi Seqmnili daZabulobebis geometriuli jamis 

(algebruli jamis) tolia;

energia

eleqtostatikur velSi moTavsebul muxts, am velTan urTierTqmedebis gamo gaaCnia potenciualuri 

energia, romelic SeiZleba gardaiqmnas sxva saxis energiad;

eleqtrostatikur velsa da am velis mocemul wertilSi moTavsebul muxts Soris urTierTqmede-

bis potencialuri energia damokidebulia am muxtis ricxviT mniSvnelobaze da mocemul wertilSi 

eleqtrostatikuri velis potencialze. es damokidebuleba SesaZlebelia aRvweroT analizurad, 

grafikulad da sxva meTodebiT; 

wertilovan muxtebs Soris urTierTqmedebis potencialuri energia damokidebulia am muxtebis 

ricxviT mniSvnelobaze da maT Soris manZilze. am energiis cvlilebas gansazRvravs muxtebze moqme-

di gare Zalebis mier Sesrulebuli muSaoba; 

damuxtul kondensators gaaCnia eleqtruli velis energia, romelic damokidebulia kondensatoris 

Semonafenebze arsebul muxtsa da Semonafenebs Soris Zabvaze.

Zala

wertilovan muxtebs Soris urTierTqmedeba eleqtromagnituri bunebisaa da xorcieldeba velis 

saSualebiT. es urTierTqmedeba xasiaTeba fizikuri sididiT, ZaliT da damokidebulia am muxtebis 

ricxviT mniSvnelobasa da maT Soris manZilze; 

wertilovan muxtze eleqtruli velis moqmedeba iwvevs am muxtis siCqaris cvlilebas, Sesabamisad, 

eleqtruli velis moqmedebiT muxtis mier SeZenili impulsi (kinetikuri energia) damokidebulia am 

muxtis ricxviT mniSvnelobaze, moqmedebis xangrZlivobaze (damuxtuli nawilakis masaze) da eleqt-

ruli velis daZabulobaze. es damokidebuleba SesaZlebelia aRvweroT analizurad, grafikulad da 

sxva meTodebiT.

fizikuri procesi

sxeulTa daeleqtroeba, ganmuxtva, eleqtruli velis gavleniT sxeulSi (an raime garemoSi) Tavi-

sufali muxtebis gadaadgileba fizikuri movlenis magaliTebia, romelTac ganapirobebs sxeulisa 

da misi garemomcveli eleqtruli velis fizikuri Tvisebebi. 

eleqtruli velis gavleniT sxeulSi (an raime garemoSi) Tavisufali muxtebis gadaadgileba xasiaT-

deba siCqariT, aCqarebiT da sxva sidideebiT. am sidideebis damokidebuleba gareSe velTan SesaZle-

belia aRvweroT analizurad, grafikulad da sxva meTodebiT.

Tematuri  matricaTematuri  matrica
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Sualedri mizani 1 

`eleqtroskopi~, sxeulebis damuxtvisa da ganmuxtvis arsis Seswavla eleqtroskopis modelis gamo-

yenebiT, produqti _ modeli, samizne cneba _ `materia~, `Zala~

Sualedri mizani 2

`faradeis galia~, faradeis galias modelis gamoyenebiT gamtarebis mier eleqtruli velis ekrani-

rebis Seswavla. produqti _ modeli, samizne cneba _ `materia~, `fizikuri procesi~

Sualedri mizani 3

`kondensatoris modeli da energia~, kondensatoris agebulebisa da misi, rogorc eleqtruli ener-

giis damgroveblis Seswavla, produqti _ posteri, samizne cneba _ `materia~, `energia~
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u
l
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 d
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b
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 d
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b
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b
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u
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e
q
t
r
u
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e
b
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b
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 d
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b
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 m
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b
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r
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e
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b
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b
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 d
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b
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b
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s
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 d
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b
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 d
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b
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 d
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 c
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b
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b
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b
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b
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b
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b
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 d
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 c
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b
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 d
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b
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c
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 d
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 d
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b
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b
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 d
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b
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 c
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 d
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b
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b
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c
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b
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b
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c
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.

•
 s

f
e
r
u
l

i
 e

l
v
a
 h

Ʃ 
ps

:/
/w

w
w

.y
ou

tu
be

.c
om

/w
at

ch
?v

=I
w

R1
4D

3N
A8

c
•
 s

x
v
a
d
a
s
x
v
a
 e

l
v
a
 h

Ʃ 
ps

:/
/w

w
w

.y
ou

tu
be

.c
om

/w
at

ch
?v

=e
57

_5
Ey

h-
v0

•
 e

l
v
i
s
 v

a
r
i
a
n
t
e
b
i
 h

Ʃ 
ps

:/
/w

w
w

.y
ou

tu
be

.c
om

/w
at

ch
?v

=6
b2

f7
L-

Ey
LM

a
q

t
i

v
o

b
a
 2

. 
m
a
s
w
a
v
l

e
b
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c
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 d
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b
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 d
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d
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p
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u
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m
e
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e
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b
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b
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 d
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 d
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r
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b
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b
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b
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b
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b
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 d
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n
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r
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i
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b
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b
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c
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i
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b
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e
l

i
s
 s

a
S
u
a
l

e
-

b
i
T
.

2
) 
s
x
e
u
l

z
e
 e

r
T
i
 Z

a
l

i
s
 a

n
 

Z
a
l

e
b
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 c
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b
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 d
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b
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b
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b
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 d
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m
e
l

z
e
c
 e

s
 Z

a
l

a
 

(t
o
l

q
m
e
d
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m
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e
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e
b
s
 

w
n
e
v
a
s
 s

i
T
x
e
z
e
 a

n
 a

i
r
z
e
, 

w
n
e
v
a
 y

v
e
l

a
 m

i
m
a
r
T
u
l

e
b
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c
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b
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c
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 d
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b
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b
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b
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b
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p
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b
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b
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d
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c
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b
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c
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b
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.

•
 r

a
 m

a
s
a
l

e
b
i
 S

e
a
r
C
i
e
 e

l
e
q
t
r
o
s
k
o
p
i
s
 d

a
s
a
m
z
a
d
e
b
l

a
d
 d

a
 r

o
g
o
r
 a

a
w
y
v
e
 i

g
i
.

•
 r

o
g
o
r
 d

a
a
k
v
i
r
d
e
b
i
 e

l
e
q
t
r
o
s
k
o
p
i
s
 m

o
d
e
l

i
s
 g

a
m
o
y
e
n
e
b
i
T
: 
a
) 
e
l

e
q
t
r
o
s
k
o
p
i
s
 d

a
-

m
u
x
t
v
a
s
; 
b
) 
m
u
x
t
e
b
i
s
 d

a
g
r
o
v
e
b
i
s
 m

o
v
l

e
n
a
s
; 
g
) 
m
u
x
t
e
b
i
s
 g

a
d
a
n
a
w
i
l

e
b
a
s
; 
d
) 
d
a
m
u
x
t
u
l

i
 

s
x
e
u
l

i
s
 m

u
x
t
i
s
 n

i
S
n
i
s
 d

a
d
g
e
n
a
s
; 
e
) 
e
l

e
q
t
r
o
s
k
o
p
i
s
 g

a
n
m
u
x
t
v
a
s

.

•
 r

o
g
o
r
 v

l
i
n
d
e
b
a
 e

l
q
t
r
o
s
k
o
p
i
s
 g

a
m
o
y
e
n
e
b
i
T
 e

l
e
q
t
r
u
l

i
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 Z

a
l

i
s
 

d
a
m
o
k
i
d
e
b
u
l

e
b
a
 m

u
x
t
i
s
 s

i
d
i
d
e
z
e

.

r
e

s
u

r
s

i
/a

q
t

i
v

o
b

a
:

s
a
x

e
l

m
Z

R
v

a
n

e
l

o
: 
2

.1
 e

l
e
q
t
r
u
l

i
 m

u
x
t
i
; 
2
.2

 s
x
e
u
l

e
b
i
s
 d

a
m
u
x
t
v
i
s
 e

q
s
p
e
r
i
m
e
n
t
u
l

i
 

k
v
l

e
v
a
;

2
.3

 s
x
e
u
l

e
b
i
s
 d

a
m
u
x
t
v
a
, 
m
u
x
t
i
s
 m

u
d
m
i
v
o
b
i
s
 k

a
n
o
n
i
; 
2
.4

 e
l

e
q
t
r
u
l

i
 v

e
l

i
; 
2
.5

 d
a
m
u
x
-

t
u
l

i
 s

x
e
u
l

e
b
i
s
 e

q
s
p
e
r
i
m
e
n
t
u
l

i
 k

v
l

e
v
a
; 
2
.8

 S
e
m
a
j
a
m
e
b
e
l

i
 g

a
k
v
e
T
i
l

i
.

t
e
l

e
s
k
o
l

i
s
 g

a
k
v
e
T
i
l

i
 (
e
l

e
q
t
r
u
l

i
 m

o
v
l

e
n
e
b
i
) 

hƩ
 p

s:
//

1t
v.

ge
/v

id
eo

/fi
 z

ik
is-

dr
o-

i-g
ak

ve
Ɵ -

li-
30

-m
ar

Ɵ -
20

20
-t

el
es

ko
la

/

a
q

t
i

v
o

b
a
 1

. 
m
o
s
w
a
v
l

e
 a

t
a
r
e
b
s
 s

x
e
u
l

e
b
i
s
 d

a
m
u
x
t
v
i
s
 e

q
s
p
e
r
i
m
e
n
t
u
l

 k
v
l

e
v
a
s
. 
s
a
x
e
l

-

m
Z
R
v
a
n
e
l

o
, 
g
v
. 
2
0
-
2
1
.

q
t

i
v

o
b

a
 2

. 
m
o
s
w
a
v
l

e
 a

m
z
a
d
e
b
s
 T

v
i
T
n
a
k
e
T
 e

l
e
q
t
r
o
s
k
o
p
s
.

m
o

c
e

m
u

l
i

 g
a
q

v
s

: 
f
o
l

g
a
, 
l

i
T
o
n
i
s
 m

a
v
T
u
l

i
, 
g
a
m
W
v
i
r
v
a
l

e
 m

i
n
i
s
 q

i
l

a
 p

l
a
s
t
m
a
s
i
s
 

x
u
f
i
T
. 
m
a
k
r
a
t
e
l

i
, 
m
a
x
a
T
i
 (
m
s
x
v
i
l

i
 n

e
m
s
i
).

m
s
v
l

e
l

o
b
a
: 
g
a
x
v
r
i
t
e
 p

l
a
s
t
m
a
s
i
s
 s

a
x
u
r
a
v
i
.g

a
m
o
W
e
r
i
 f

o
l

g
i
s
g
a
n
 o

r
i
 f

u
r
c
e
l

i
 d

a
 

d
a
a
m
a
g
r
e
 m

a
v
T
u
l

i
s
 m

o
x
r
i
l

 b
o
l

o
z
e
 i

s
e
 r

o
m
 f

u
r
c
l

e
b
s
 T

a
v
i
s
u
f
l

a
d
 S

e
Z
l

o
s
 m

o
Z
-

r
a
o
b
a
. 
m
a
v
T
u
l

i
s
 m

e
o
r
e
 m

x
a
r
e
 g

a
u
y
a
r
e
 s

a
x
u
r
a
v
S
i
 d

a
 f

u
r
c
l

e
b
i
a
n
a
d
 m

o
a
T
a
v
s
e
 q

i
l

a
-

S
i
. 
s
a
x
u
r
a
v
i
 m

o
a
r
g
e
 q

i
l

a
s
. 
m
a
v
T
u
l

i
s
 m

e
o
r
e
 b

o
l

o
z
e
 d

a
a
m
a
g
r
e
 f

o
l

g
i
s
g
a
n
 g

a
k
e
T
e
b
u
-

l
i
 b

u
r
u
l

a
 (
d
a
a
m
z
a
d
e
 o

r
i
 e

l
e
q
t
r
o
s
k
o
p
i
).
 S

e
a
d
a
r
e
 S

e
n
 m

i
e
r
 a

w
y
o
b
i
l

i
 T

v
i
T
n
a
k
e
T
i
 

e
l

e
q
t
r
o
s
k
o
p
i
 q

a
r
x
n
u
l

a
d
 d

a
m
z
a
d
e
b
u
l

 s
a
s
k
o
l

o
 e

l
e
q
t
r
o
s
k
o
p
s
.

e
l

e
q
t
r
o
s
t
a
t
i
k
i
s
 S

e
s
w
a
v
l

a
m
 a

m
 d

a
 

s
x
v
a
 m

r
a
v
a
l

 k
i
T
x
v
a
z
e
 l

e
v
a
n
s
 S

e
s
a
-

Z
l

e
b
l

o
b
a
 m

i
s
c
a
 s

w
o
r
i
 p

a
s
u
x
e
b
i
 g

a
e
-

c
a
.

m
u
x
t
e
b
i
s
 k

v
l

e
v
i
s
 m

i
z
n
i
T
 l

e
v
a
n
m
a
 

g
a
d
a
w
y
v
i
t
a
 d

a
e
m
z
a
d
e
b
i
n
a
 o

r
i
 e

l
e
-

q
t
r
o
s
k
o
p
i
. 
m
o
i
Z
i
a
 s

a
W
i
r
o
 m

a
s
a
l

a
 d

a
 

m
a
r
t
i
v
i
 e

q
s
p
e
r
i
m
e
n
t
i
s
 g

e
g
m
i
s
 m

i
x
e
d
-

v
i
T
 a

a
w
y
o
 x

e
l

s
a
w
y
o
.

S
e
q
m
e
n
i
 e

l
e
q
t
r
o
s
k
o
p
i
s
 m

o
d

e
l

i
 

(o
r
i
 c

a
l

i
) 
d
a
 a

R
w
e
r
e
 m

i
s
i
 m

o
q
m
e
d
e
-

b
i
s
 p

r
i
n
c
i
p
i
. 
n
a
S
r
o
m
i
 w

a
r
m
o
a
d
g
i
n
e
 

p
r
e
z
e
n
t
a
c
i
i
s
 s

a
x
i
T
.

p
r

e
z

e
n

t
a
c

i
i

s
a
s

 n
a
S

r
o

m
S

i
 x

a
z

g
a
s

m
i

T
 

w
a
r

m
o

a
C

i
n

e
:

•
 r

a
 m

a
s
a
l

e
b
i
 S

e
a
r
C
i
e
 e

l
e
q
t
r
o
s
k
o
p
i
s
 

d
a
s
a
m
z
a
d
e
b
l

a
d
 d

a
 r

o
g
o
r
 a

a
w
y
v
e
 i

g
i
 

(m
a
t

e
r

i
a
 1

,2
).

•
 r

o
g
o
r
 d

a
a
k
v
i
r
d
e
b
i
 e

l
e
q
t
r
o
s
k
o
p
i
s
 

m
o
d
e
l

i
s
 g

a
m
o
y
e
n
e
b
i
T
: 
a
) 
e
l

e
q
t
r
o
s
-

k
o
p
i
s
 d

a
m
u
x
t
v
a
s
; 
b
) 
m
u
x
t
e
b
i
s
 d

a
g
r
o
-

v
e
b
i
s
 m

o
v
l

e
n
a
s
; 
g
) 
m
u
x
t
e
b
i
s
 g

a
d
a
n
a
w
i
-

l
e
b
a
s
; 
d
) 
d
a
m
u
x
t
u
l

i
 s

x
e
u
l

i
s
 m

u
x
t
i
s
 

n
i
S
n
i
s
 d

a
d
g
e
n
a
s
; 
e
) 
e
l

e
q
t
r
o
s
k
o
p
i
s
 

g
a
n
m
u
x
t
v
a
s
 (

m
a
t

e
r

i
a
1

,2
).

•
 r

o
g
o
r
 v

l
i
n
d
e
b
a
 e

l
e
q
t
r
o
s
k
o
p
i
s
 

g
a
m
o
y
e
n
e
b
i
T
 e

l
e
q
t
r
u
l

i
 u

r
T
i
e
r
T
q
m
e
-

d
e
b
i
s
 Z

a
l

i
s
 d

a
m
o
k
i
d
e
b
u
l

e
b
a
 m

u
x
t
i
s
 

s
i
d
i
d
e
z
e
 (

m
a
t

e
r

i
a
 1

, 
Z

a
l

a
1

,2
).

•
 v

i
r
t
u
a
l

u
r
i
 l

a
b
o
r
a
t
o
r
i
i
s
 g

a
m
o
-

y
e
n
e
b
i
T
 d

a
a
d
g
i
n
e
 e

l
e
q
t
r
u
l

i
 Z

a
l

i
s
 

d
a
m
o
k
i
d
e
b
u
l

e
b
a
 m

u
x
t
e
b
i
s
 s

i
d
i
d
e
e
b
s
a
 

d
a
 m

a
T
 S

o
r
i
s
 m

a
n
Z
i
l

z
e
 (

Z
a
l

a
 1

,2
,4

).

•
 r

a
 a

n
a
l

o
g
i
a
a
 g

r
a
v
i
t
a
c
i
u
l

 d
a
 

e
l

e
q
t
r
u
l

 Z
a
l

e
b
s
 S

o
r
i
s
. 

(m
a
t

e
r

i
a
 1

, 

Z
a
l

a
1

,4
)

•
 r

o
g
o
r
 v

l
i
n
d
e
b
a
 e

l
e
q
t
r
u
l

i
 m

o
v
l

e
-

n
e
b
i
 b

u
n
e
b
a
S
i
 d

a
 r

o
g
o
r
 g

a
m
o
i
y
e
n
e
b
a
 

y
o
f
a
-c

x
o
v
r
e
b
a
S
i
 (

m
a
t

e
r

i
a
 1

).
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3
) 
s
x
e
u
l

T
a
 s

i
s
t
e
m
a
z
e
 m

o
q
m
e
-

d
i
 g

a
r
e
 Z

a
l

e
b
i
s
 t

o
l

q
m
e
d
i
s
 

m
n
i
S
v
n
e
l

o
b
a
 g

a
n
s
a
z
R
v
r
a
v
s
 a

m
 

s
i
s
t
e
m
i
s
 e

n
e
r
g
i
i
s
a
 d

a
 i

m
p
u
l

s
i
s
 

c
v
l

i
l

e
b
a
s
, 
x
o
l

o
 m

y
a
r
 s

x
e
u
l

z
e
 

m
o
q
m
e
d
i
 Z

a
l

e
b
i
s
 t

o
l

q
m
e
d
i
s
a
 

d
a
 a

m
 Z

a
l

e
b
i
s
 m

o
m
e
n
t
e
b
i
s
 j

a
m
i
s
 

m
n
i
S
v
n
e
l

o
b
a
 _

 s
x
e
u
l

i
s
 w

o
n
a
s
w
o
-

r
o
b
i
s
 p

i
r
o
b
a
s
.

4
) 
s
x
e
u
l

i
s
 (
s
x
e
u
l

T
a
 s

i
s
t
e
m
i
s
) 

m
d
g
o
m
a
r
e
o
b
i
s
 a

R
m
w
e
r
i
 p

a
r
a
-

m
e
t
r
e
b
i
s
a
 d

a
 a

m
 m

d
g
o
m
a
r
e
o
b
i
s
 

g
a
m
o
m
w
v
e
v
i
 Z

a
l

i
s
 (
Z
a
l

e
b
i
s
) 
e
r
T
-

m
a
n
e
T
T
a
n
 d

a
m
o
k
i
d
e
b
u
l

e
b
a
 S

e
s
a
-

Z
l

e
b
e
l

i
a
 a

R
v
w
e
r
o
T
 a

n
a
l

i
z
u
-

r
a
d
, 
g
r
a
f
i
k
u
l

a
d
, 
d
i
a
g
r
a
m
e
b
i
T
, 

c
x
r
i
l

e
b
i
T
a
 d

a
 s

x
v
a
 m

e
T
o
d
e
b
i
T
.

T
v

i
T

n
a
k

e
T

i
 e

l
e

q
t

r
o

s
k

o
p

i
T

 m
o

s
w

a
v

l
e

 a
t

a
r

e
b

s
 d

a
m

u
x

t
u

l
i

 s
x

e
u

l
e

b
i

s
 k

v
l

e
v

a
s

:

a
q

t
i

v
o

b
a
 3

. 
d
a
k
v
i
r
v
e
b
a
 m

u
x
t
e
b
i
s
 d

a
g
r
o
v
e
b
a
z
e
 e

l
e
q
t
r
o
s
k
o
p
i
T
.

m
s

v
l

e
l

o
b

a
: 
m
i
u
a
x
l

o
v
e
 e

l
e
q
t
r
o
s
k
o
p
i
s
 b

u
r
T
u
l

a
s
 p

l
s
t
m
a
s
i
s
 s

a
v
a
r
c
x
e
l

i
 (
a
n
 s

a
x
a
-

z
a
v
i
),
 d

a
a
k
v
i
r
d
i
 f

o
l

g
i
s
 f

u
r
c
l

e
b
s
. 
r
a
t
o
m
 a

r
 g

a
i
S
a
l

a
 f

o
l

g
i
s
 f

u
r
c
l

e
b
i
?

g
a
a
x
a
x
u
n
e
 s

a
v
a
r
c
x
e
l

i
 T

m
a
z
e
 d

a
 m

i
u
a
x
l

o
v
e
 e

l
e
q
t
r
o
s
k
o
p
i
s
 b

u
r
T
u
l

a
s
 .
d
a
a
k
v
i
r
d
i
 

f
o
l

g
i
s
 f

u
r
c
l

e
b
s
 S

o
r
i
s
 k

u
T
x
e
s
. 
r
a
t
o
m
 g

a
n
i
z
i
d
e
s
 f

u
r
c
l

e
b
m
a
 e

r
T
m
a
n
e
T
i
?

S
e
m
d
e
g
 k

v
l

a
v
 g

a
a
x
a
x
u
n
e
 s

a
v
a
r
c
x
e
l

i
 d

a
 m

i
u
a
x
l

o
v
e
 i

m
a
v
e
 e

l
e
q
t
r
o
s
k
o
p
s
. 
d
a
a
k
v
i
r
d
i
 

r
o
g
o
r
 S

e
i
c
v
a
l

a
 f

o
l

g
i
s
 f

u
r
c
l

e
b
s
 S

o
r
i
s
 k

u
T
x
e
. 

g
a
m
o
i
t
a
n
e
 d

a
s
k
v
n
a
: 
r
o
g
o
r
 g

r
o
v
d
e
b
a
 m

u
x
t
e
b
i
 e

l
e
q
t
r
o
s
k
o
p
z
e
.

a
q

t
i

v
o

b
a
 4

. 
d
a
k
v
i
r
v
e
b
a
 m

u
x
t
e
b
i
s
 g

a
d
a
n
a
w
i
l

e
b
a
z
e
 e

l
e
q
t
r
o
s
k
o
p
i
T
.

m
s

v
l

e
l

o
b

a
: 
p
l

a
s
t
m
a
s
i
s
 s

a
v
a
r
c
x
e
l

i
 d

a
m
u
x
t
e
 S

a
l

z
e
 x

a
x
u
n
i
T
 d

a
 S

e
a
x
e
 e

l
e
q
t
r
o
s
-

k
o
p
i
s
 b

u
r
T
u
l

a
s
.d

a
a
k
v
i
r
d
i
 f

u
r
c
l

e
b
i
s
 g

a
S
l

i
s
 k

u
T
x
e
s
. 
d
a
m
u
x
t
u
l

i
 e

l
e
q
t
r
o
s
k
o
-

p
i
s
 b

u
r
T
u
l

a
 l

i
T
o
n
i
s
 R

e
r
o
T
i
 (
r
o
m
e
l

s
a
c
 S

e
e
x
e
 r

e
z
i
n
i
s
 x

e
l

T
a
T
m
a
n
i
T
 a

n
 r

a
i
m
e
 

i
z
o
l

a
t
o
r
i
s
 d

a
x
m
a
r
e
b
i
T
) 
S
e
a
e
r
T
e
 d

a
u
m
u
x
t
a
v
 e

l
e
q
t
r
o
s
k
o
p
i
s
 b

u
r
T
u
l

a
s
T
a
n
. 

S
e
a
f
a
s
e
 o

r
i
v
e
 e

l
e
q
t
r
o
s
k
o
p
i
s
 f

u
r
c
l

i
s
 g

a
S
l

i
s
 k

u
T
x
e
e
b
i
. 
r
a
t
o
m
 d

a
i
m
u
x
t
a
 m

e
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 moswavlis baraTi

klasi kompleqsuri davaleba: `eleqtroskopi~, X klasi

Tema: eleqtrostatika

samizne cneba: materia, Zala

sakiTxebi: sxeulebis damuxtva/ orgvari muxti. elementaruli muxti, muxtebis mizid-

va/ganzidva, eleqtruli muxtis Senaxvis kanoni

damuxtvis saxeebi/gavleniT, SexebiT, dartymiT, siaTlis sxivebiT, xaxuniT 

damuxtul sxeulebis urTierqmedebis Zala/ muxtebs Soris urTierqmedebis 

Zala; kulonis kanoni 

sakvanZo

SekiTxva

rogor warmovaCino sxeulebis damuxtvisa da ganmuxtvis arsi eleqtroskopis mo-

delis gamoyenebiT?

kompleqsuri 

davalebis

piroba:

eleqtroskopi

ra kargia gazafxulze bunebaSi seirnoba. Tumca amindi ucabedad SeiZleba Seic-

valos da wamovides wvima, romelsac Tan axlavs Tvalis momWreli gaelveaba da 

quxilis xma. levani patarobidanve ocnebobda rodis gaizrdeboda, rom srulfa-

sovnad gaego am bunebrivi movlenis arsi. ras niSnavda, rom Rrubeli dadebiTad 

aris damuxtuli, dedamiwa ki uaryofiTad. ra aris ganmuxtva da, ratom warmoiSve-

boda elva.

eleqtrostatikis Seswavlam am da sxva mrval kiTxvaze levans SesaZlebloba misca 

swori pasuxebi gaeca. muxtebis kvlevis mizniT levanma gadawyvita daemzadebia 

ori eleqtroskopi. moiZia saWiro masala da martivi eqsperimentis gegmis mixedviT 

aawyo xelsawyo.

Seqmeni eleqtroskopis modeli (ori cali) da aRwere misi moqmedebis principi. 

naSromi warmoadgine prezentaciis saxiT.

prezentaciisas naSromSi xazgasmiT warmoaCine:

• ra masalebi SearCie eleqtroskopis dasamzadeblad da rogor aawyve igi. (mate-

ria 1,2)

• rogor daakvirdebi eleqtroskopis modelis gamoyenebiT: a) eleqtroskopis 

damuxtvas; b) muxtebis dagrovebis movlenas; g) muxtebis gadanawilebas; d) 

damuxtuli sxeulis muxtis niSnis dadgenas; e) eleqtroskopis ganmuxtvas. 

(materia 1,2)

• rogor vlindeba elqtroskopis gamoyenebiT eleqtruli urTierTqmedebis 

Zalis damokidebuleba muxtis sidideze. (materia 1, Zala 1,2)

• virtualuri laboratoriis gamoyenebiT daadgine eleqtruli Zalis damokide-

buleba muxtebis sidideebsa da maT Soris manZilze. (Zala 1,2,4)

• ra analogiaa gravitaciul da eleqtrul Zalebs Soris. (materia 1, Zala 1,4)

• rogor vlindeba eleqtruli movlenebi bunebaSi da rogor gamoiyeneba yo-

facxovrebaSi. (materia 1)

resursebi saxelmZRvanelo:

2.1 eleqtruli muxti; 2.2 sxeulebis damuxtvis eqsperimentuli kvleva; 2.3 sxeu-

lebis damuxtva, muxtis mudmivobis kanoni; 2.4 eleqtruli veli; 2.5 damuxtuli 

sxeulebis eqsperimentuli kvleva; 2.6 kulonis kanoni; 2.7 amocanebis amoxsna.2.8 

Semajamebeli gakveTili~

teleskolis gakveTilebi:

eleqtruli movlenebi hƩ ps://1tv.ge/video/fi zikis-dro-i-gakveƟ li-30-marƟ -2020-teleskola/
muxti da kulonis kanoni hƩ ps://1tv.ge/video/fi zikis-dro-eleqtruli-movlenebi-mukhƟ -da-kulo-
nis-kanoni-teleskola/
samotivacio video:

sferuli elva hƩ ps://www.youtube.com/watch?v=IwR14D3NA8c
sxvadasxva elva hƩ ps://www.youtube.com/watch?v=e57_5Eyh-v0
eleqtroskopis damzadeba hƩ ps://www.youtube.com/watch?v=2PmWlPjV6n0
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virtualuri laboratoriis bmulebi:

eleqtroforuli manqana hƩ ps://www.vascak.cz/data/android/physicsatschool/template.
php?s=ele_wimshurst&l=en
van de graafis generatori hƩ ps://www.vascak.cz/data/android/physicsatschool/template.
php?s=elpole_vandegraaff &l=en
kulonis kanoni 

hƩ ps://phet.colorado.edu/sims/html/coulombs-law/latest/coulombs-law_en.html

modeli/

eqsperimeni

I. TviTnakeTi eleqtroskopis damzadeba.

mocemuli gaqvs: folga, liTonis mavTuli, gamWvirvale minis qila plastmasis 

xufiT. makrateli, maxaTi( msxvili nemsi).

msvleloba: gaxvrite plastmasi saxuravi.gamoWeri folfisgan ori furceli da 

daamagre mavTulis moxril boloze ise rom furclebs Tavisuflad SeesZlis moZ-

raoba. mavTulis meore mxare gauyare saxuravSi da furclebianad moaTavse qila-

Si. saxuravi moarge qilas. mavTulis meore boloze daamagre folgisgan gakeTebu-

li burula. (daamzade ori eleqtroskopi)

TviTnakeTi eleqtroskopiT Caatare damuxtuli sxulebis kvleva.

II. TviTnakeTi sulTanis damzadeba

mocemuli gaqvs: folgis granili (celofani), skoCi, saqsovi xis Cxiri (an koqtei-

lis sawrupavi}, plastelini, makrateli, plastmasis saxazavi (an savarcxeli), minis 

wkiri, Salisa da abreSumis qsovili.

msvleloba: daWeri folgis furclebi (20 sm sigrZis) wvril zolebad da gayavi or 

tol nawilad. maT Soris moaTavse Cxiri da SuaSi Semoaxvie skoCi. plastelisgan ga-

moZerwe sadgami da daamagre Cxiris Tavisufali bolo. analogiurad daamzade meore 

sulTani. damuxte saxazavi xaxuniT da miuaxlove erT-erT sulTans. ratom ganizida 

sulTanis furclebi? damuxte orive sulTani damuxtuli ebonitis joxiT. ratom 

ganizida furclebma erTmaneTi? ivaraude, rogor unda damuxto TiToeuli sulTa-

ni rom furclebma miizidon erTmaneTi. Seni varaudi Seamowme cdiT.

gamoitane daskvna: rodis miizidavs sulTanis furclebi erTmaneTs da rodis ga-

nizidavs.
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Sefasebis kriteriumi komentari

prestruqturuli done

moswavles sakiTxTan dakavSirebiT ar aqvs re-

levanturi informacia.

moswavlem ver Seasrula davaleba

unistruqturuli done

moswavles aqvs mxolod erTi arastruqturi-

rebuli asociacia/warmodgena gansaxilvel 

sakiTxTan dakavSirebiT.

moswavlem icis, ra masalebisgan amzadeben eleqt-

roskops, magram ver asabuTebs, ratom aris Ser-

Ceuli es nivTierebebi/an amzadebs eleqtroskops, 

magram ver xsnis mis daniSnulebas/an icis, rom 

eleqtroskopiT SesaZlebelia eleqtruli muxtis 

dagroveba, ver xsnis rogor xdeba dagroveba/an 

icis kulonis kanoni, magram ver asabuTebs analo-

gias gravitaciul da eleqtrul Zalebs Soris.

multistruqturuli done

moswavles aqvs mxolod ramdenime, erTmaneTTan 

daukavSirebeli, usistemo asociacia/warmodge-

na gansaxilvel sakiTxTan dakavSirebiT.

moswavlem icis ra nivTierebisgan amzadeben eleqt-

roskops, magram ver asabuTebs, ratom aris SerCeu-

li es nivTierebebi. qmnis eleqtroskopis models, 

icis ra daniSnuleba aqvs elqtroskops, magram ver 

xsnis cdebis Sedegebs. icis kulonis kanoni, ata-

rebs cdebs virtualur laboratoriaSi, magram ver 

asabuTebs analogias gravitaciul da eleqtrul 

Zalebs Soris.

mimarTebiTi done

moswavles SeuZlia:

• samizne cnebasTan dakavSirebuli faqtebisa 

da movlenebis kritikulad da urTierTda-

kavSirebulad gaazreba da gaanalizeba; 

• samizne cnebis mkvidri warmodgenebis ur-

TierTdakavSirebulad gaanalizeba;

• konkretul samizne cnebasTan dakavSirebu-

li informaciis konteqstualizeba (sagnis 

sxva samizne cnebebTan dakavSireba).

• mimarTebiTi doneze sakiTxis/samizne cnebis 

gaazreba niSnavs erovnuli saswavlo gegmiT 

gansazRvruli Sedegis miRwevas. Tumca, Se-

saZlebelia moswavle ufro Sorsac wavides, 

anu im ganzogadebebisken, romelic abstraq-

tuli donisTvisaa gansazRvruli.

moswavlem icis ra nivTierebisgan amzadeben eleqt-

roskops, asabuTebs, ratom aris SerCeuli es niv-

Tierebebi. qmnis eleqtroskopis models, icis ra 

daniSnuleba aqvs elqtroskops. SeuZlia eleqtros-

kopis gamoyenebiT Sesabamisi eqsperimentebis Cata-

reba: a) rogor damuxtos eleqtroskopi, b) rogor 

gadanawileba muxtebi, g) muxtebis dagroveba, d) 

damuxtuli sxeulis muxtis niSnis dadgena. SeuZlia 

cdebis Sedegebis axsna da daskvnebis gamotana. icis 

kulonis kanoni, atarebs cdebs virtualur labo-

ratoriaSi, asabuTebs analogias gravitaciul da 

eleqtrul Zalebs Soris. adarebs eleqtroforuli 

manqanis ganmuxtvasa da elvas erTmaneTs.

abstraqtuli done

moswavles SeuZlia samizne cnebaze muSaobis 

procesSi SeZenili codnisa da gamocdilebis 

erovnuli saswavlo gegmis zesagnobriv (makro) 

cnebebTan dakavSireba.

moswavlem icis ra nivTierebisgan amzadeben eleqt-

roskops, asabuTebs, ratom aris SerCeuli es niv-

Tierebebi. qmnis eleqtroskopis models, icis ra 

daniSnuleba aqvs elqtroskops. SeuZlia eleqtros-

kopis gamoyenebiT Sesabamisi eqsperimentebis Cata-

reba: a) rogor damuxtos eleqtroskopi, b) rogor 

gadanawileba muxtebi, g) muxtebis dagroveba, d) 

damuxtuli sxeulis muxtis niSnis dadgena. SeuZlia 

cdebis Sedegebis axsna da daskvnebis gamotana. icis 

kulonis kanoni, atarebs cdebs virtualur labo-

ratoriaSi, asabuTebs analogias gravitaciul da 

eleqtrul Zalebs Soris. SeuZlia Sesabamisi amoca-

nebis amoxsna.

SeuZlia miRebuli codnis transferi yofa-cxov-

rebasa da bunebaSi. magaliTad, adarebs eleqtro-

foruli manqanis ganmuxtvasa da elvas erTmaneTs. 

SeuZlia axsnas dozimetrSi eleqtroskopebis 

muSaobis principis gamoyeneba.

moswavlis miRwevebis taqsonomiamoswavlis miRwevebis taqsonomia

damuxtuli sxeulebis eleqtroskopiT kvleva



25

s
a
m

i
z

n
e

 c
n

e
b

a
 d

a
 m

a
s

T
a
n

 d
a
k

a
v

S
i

r
e

b
u

l
i

 

m
k

v
i

d
r

i
 w

a
r

m
o

d
g

e
n

e
b

i
:

s
a
k

i
T

x
i

/s
a
k

i
T

x
e

b
i

•
 e

l
e

q
t

r
u

l
i

 v
e

l
i

/e
l

e
q

t
r

u
l

i
 v

e
l

i
s
 

Z
a
l

w
i
r
e
b
i
, 
e
r
T
g
v
a
r
o
v
a
n
i
 v

e
l

i

•
 e

l
e

q
t

r
u

l
i

 v
e

l
i

s
 d

a
Z

a
b

u
l

o
b

a
/ 
e
l

e
q
t
-

r
u
l

i
 v

e
l

i
s
 s

u
p
e
r
p
o
z
i
c
i
i
s
 p

r
i
n
c
i
p
i

•
 g

a
m

t
a
r

e
b

i
 e

l
e

q
t

r
u

l
 v

e
l

S
i

/e
l

e
q
t
r
o
s
-

t
a
t
i
k
u
r
i
 i

n
d
u
q
c
i
a
/ 

m
u
x
t
i
s
 z

e
d
a
p
i
r
u
l

i
 

s
i
m
k
v
r
i
v
e
.

q
v

e
c

n
e

b
e

b
i

: 
e
l

e
q
t
r
o
s
t
a
t
i
k
u
r
i
 i

n
d
u
q
c
i
a
, 

m
u
x
t
i
s
 z

e
d
a
p
i
r
u
l

i
 s

i
m
k
v
r
i
v
e
, 
e
l

e
q
t
r
u
-

l
i
 v

e
l

i
, 
e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 d

a
Z
a
b
u
l

o
b
a
, 

e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 s

u
p
e
r
p
o
z
i
c
i
a

s
a
k

v
a
n

Z
o

 S
e

-

k
i

T
x

v
a
/ 

S
e

-

k
i

T
x

v
e

b
i

:

r
a
t
o
m
 a

m
z
a
d
e
-

b
e
n
 f

a
r
a
d
e
i
s
 

g
a
l

i
a
s
 g

a
m
t
a
r
i
-

s
a
g
a
n
 d

a
 i

y
e
n
e
-

b
e
n
 e

l
e
q
t
r
u
l

i
 

v
e
l

i
s
 e

k
r
a
n
i
r
e
-

b
i
s
T
v
i
s
?

S
u

a
l

e
d

u
r

i
 s

a
s

w
a
v

l
o

 m
i

z
a
n

i

`
m

a
t

e
r

i
a
~

m
o

s
w

a
v

l
e

m
 u

n
d

a
 g

a
a
c

n
o

b
i

e
r

o
s

, 
r

o
m

:

1
) 
m
a
t
e
r
i
i
s
 o

r
i
 s

a
x
i
s
, 
n
i
v
T
i
e
r
e
b
i
s
a
 d

a
 

v
e
l

i
s
 m

a
x
a
s
i
a
T
e
b
e
l

i
 f

i
z
i
k
u
r
i
 s

i
d
i
d
e
e
b
i
 

d
a
m
o
k
i
d
e
b
u
l

i
a
:

a
) 
n
i
v
T
i
e
r
e
b
i
s
 g

v
a
r
o
b
a
s
a
 d

a
 g

a
r
e
m
o
 p

i
r
o
-

b
e
b
z
e
.

b
) 
v
e
l

i
s
 S

e
m
q
m
n
e
l

i
 o

b
i
e
q
t
e
b
i
s
 u

r
T
i
e
r
T
-

q
m
d
e
b
a
r
e
o
b
a
z
e
 d

a
 m

a
T
 m

i
e
r
 v

e
l

i
s
 S

e
q
m
n
i
s
 

u
n
a
r
z
e
.

2
) 
m
a
t
e
r
i
i
s
 s

a
x
e
e
b
i
s
 f

i
z
i
k
u
r
i
 T

v
i
s
e
b
e
b
i
 

d
a
 m

a
T
i
 c

v
l

i
l

e
b
e
b
i
 a

i
x
s
n
e
b
a
: 

a
) 
n
i
v
T
i
e
r
e
b
i
s
 S

e
m
a
d
g
e
n
e
l

i
 n

a
w
i
l

a
k
e
b
i
s
 

q
a
o
s
u
r
a
d
 m

o
Z
r
a
o
b
i
T
, 
e
r
T
m
a
n
e
T
T
a
n
 u

r
-

T
i
e
r
T
q
m
e
d
e
b
i
T
, 
m
a
T
 S

o
r
i
s
 S

u
a
l

e
d
e
b
i
s
 

a
r
s
e
b
o
b
i
T
 d

a
 s

a
m
i
v
e
 m

a
T
g
a
n
i
s
 c

v
l

i
l

e
b
i
T
;

b
) 
v
e
l

i
s
 w

a
r
m
o
m
q
m
n
e
l

i
 o

b
i
e
q
t
e
b
i
s
 m

o
Z
-

r
a
o
b
i
T
, 
s
i
v
r
c
u
l

i
 g

a
n
l

a
g
e
b
i
T
 d

a
 a

m
 o

b
i
-

e
q
t
e
b
i
s
 m

i
e
r
 m

o
c
e
m
u
l

i
 v

e
l

i
s
 w

a
r
m
o
q
m
n
i
s
 

u
n
a
r
i
T
.

3
) 
m
a
t
e
r
i
i
s
 m

a
x
a
s
i
a
T
e
b
e
l

i
 f

i
z
i
k
u
r
i
 s

i
d
i
-

d
e
e
b
i
s
 k

a
v
S
i
r
i
 e

r
T
m
a
n
e
T
T
a
n
 d

a
 m

a
T
i
 c

v
l

i
-

l
e
b
i
s
 g

a
m
o
m
w
v
e
v
 m

i
z
e
z
e
b
T
a
n
 S

e
s
a
Z
l

e
b
e
l

i
a
 

a
R
v
w
e
r
o
T
 a

n
a
l

i
z
u
r
a
d
, 
g
r
a
f
i
k
u
l

a
d
, 
d
i
a
-

g
r
a
m
e
b
i
T
, 
c
x
r
i
l

e
b
i
T
 d

a
 s

x
v
a
 m

e
T
o
d
e
b
i
T
.

k
o

m
p

l
e
q
s

u
r

i
 d

a
v

a
l

e
b

i
s

 d
a
m

u
S

a
v

e
b

i
s

 e
t

a
p

e
b

i
 (
r
e
s
u
r
s
e
b
i
, 

a
q
t
i
v
o
 b
e
b
i
):

I 
e

t
a
p

i
: 
k

o
m

p
l

e
q

s
u

r
i

 d
a
v

a
l

e
b

i
s

 f
o

r
m

a

n
a
b

i
j

i
 1

. 
r
o
g
o
r
 u

n
d
a
 w

a
r
m
o
v
a
C
i
n
o
 s

a
k
u
T
a
r
i
 c

o
d
n
a
 S

e
s
a
s
w
a
-

v
l

 s
a
k
i
T
x
T
a
n
 d

a
k
a
v
S
i
r
e
b
i
T
 

r
e

s
u

r
s

i
/a

q
t

i
v

o
b

a
:

a
q

t
i

v
o

b
a
 1

. 
m
a
s
w
a
v
l

e
b
e
l

i
 m

o
s
w
a
v
l

e
e
b
s
 a

C
v
e
n
e
b
s
 s

a
m
o
t
i
v
a
c
i
o
 

v
i
d
e
o
s
. 
m
o
s
w
a
v
l

e
e
b
i
 m

s
j
e
l

o
b
e
n
, 
r
o
g
o
r
 i

c
a
v
s
 a

d
a
m
i
a
n
s
 s

p
e
-

c
i
a
l

u
r
i
 k

o
s
t
u
m
i
 Z

l
i
e
r
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
g
a
n
.

s
p
e
q
t
a
k
l

i
 f

a
r
a
d
e
i
s
 k

o
s
t
u
m
S
i
 h

Ʃ p
s:/

/w
w

w
.yo

ut
ub

e.
co

m
/w

at
ch

?v
=-

Q
qE

es
Fa

bo
V4

m
a
R
a
l

i
 Z

a
b
v
i
s
 s

a
d
e
n
e
b
z
e
 m

u
S
a
o
b
a
 h

Ʃ 
ps

:/
/w

w
w

.y
ou

tu
be

.c
om

/w
at

-
ch

?v
=o

BJ
yy

EA
w

-6
g

a
q

t
i

v
o

b
a
 2

. 
m
a
s
w
a
v
l

e
b
e
l

i
 m

o
s
w
a
v
l

e
e
b
s
 a

c
n
o
b
s
 m

o
d
e
l

i
s
 a

r
s
s
 

d
a
 g

a
n
i
x
i
l

a
v
s
 m

a
g
a
l

i
T
e
b
s
. 
m
o
s
w
a
v
l

e
e
b
i
 m

s
j
e
l

o
b
e
n
 d

a
 i

n
i
S
-

n
a
v
e
n
 r

v
e
u
l

S
i
 m

o
d
e
l

i
s
 S

e
s
a
q
m
n
e
l

a
d
 s

a
W
i
r
o
 r

e
s
u
r
s
a
 d

a
 

e
t
a
p
e
b
s
. 
g
a
m
o
T
q
v
a
m
e
n
 T

a
v
i
a
n
T
 m

o
s
a
z
r
e
b
e
b
s
.

m
o
d
e
l

i
s
 g

a
c
n
o
b
a
 (
z
o
g
a
d
i
) 

r
a
 a

r
i

s
 m

o
d

e
l

i
. 

hƩ
 p

s:/
/e

m
is1

88
-m

y.
sh

ar
ep

oi
nt

.co
m

/:w
:/g

/p
er

so
na

l/k
ha

tu
na

_g
eg

es
hi

dz
e_

te
ac

he
rs

_g
ov

_g
e/

Eb
eD

3A
xx

IlB
Hh

HL
C0

m
cg

i9
4B

4T
gJ

ck
UK

Rt
nD

5J
et

jG
pb

LQ
?r

Ɵ m
e=

Zs
rs

9g
gU

2k
g

a
q

t
i

v
o

b
a
 3

. 
m
a
s
w
a
v
l

e
b
e
l

i
 m

o
s
w
a
v
l

e
e
b
s
 a

c
n
o
b
s
 `

f
a
r
a
d
e
i
s
 g

a
-

l
i
a
s
~
 m

o
d
e
l

i
s
 d

a
m
z
a
d
e
b
i
s
 v

i
d
e
o
s
. 
m
o
s
w
a
v
l

e
e
b
i
 m

s
j
e
l

o
b
e
n
, 

r
a
 r

e
s
u
r
s
i
a
 s

a
W
i
r
o
 `

f
a
r
a
d
e
i
i
s
 g

a
l

i
i
s
~
 d

a
s
a
m
z
a
d
e
b
l

a
d
.

k
o

m
p

l
e
q
s

u
r

i
 d

a
v

a
l

e
b

i
s

 p
i

r
o

b
a
:

f
a
r

a
d

e
i

s
 g

a
l

i
a

a
d
r
e
u
l

i
 b

a
v
S
v
o
b
a
 d

a
 s

a
i
n
t
e
r
e
s
o
 T

a
m
a
S
i
 _

 `
c
i
-

v
a
-
c
x
e
l

a
~
. 
b
a
v
S
v
e
b
i
 r

i
g
r
i
g
o
b
i
T
 m

a
l

a
v
e
n
 s

x
v
a
-

d
a
s
x
a
 n

i
v
T
s
 (
m
a
g
.,
 m

o
b
i
l

u
r
s
).
 e

r
T
-
e
r
T
i
 m

a
T
g
a
-

n
i
 e

Z
e
b
s
. 
r
o
c
a
 m

a
Z
i
e
b
e
l

i
 u

a
x
l

o
v
d
e
b
a
 d

a
m
a
l

u
l

 

n
i
v
T
s
, 
i
s
m
i
s
 S

e
Z
a
x
i
l

i
 _

 `
c
x
e
l

a
~
, 
d
a
S
o
r
e
b
i
s
a
s
 

k
i
 _

 `
c
i
v
a
~
.

d
a
T
o
s
 r

i
g
i
c
 d

g
e
b
a
. 
i
g
i
 m

o
b
i
l

u
r
s
 i

s
e
T
 a

d
-

g
i
l

z
e
 m

a
l

a
v
s
, 
r
o
m
 m

e
g
o
b
r
e
b
i
 d

i
d
i
 x

n
i
s
 Z

e
b
n
i
s
 

S
e
m
d
e
g
a
c
 v

e
r
 p

o
u
l

o
b
e
n
. 
d
a
r
e
k
v
i
s
a
s
 z

a
r
i
c
 a

r
 

g
a
d
i
s
. 
d
a
T
o
 s

a
i
d
u
m
l

o
s
 a

m
x
e
l

s
, 
m
a
n
 C

a
r
T
u
l

i
 

m
o
b
i
l

u
r
i
 m

i
k
r
o
t
a
l

R
u
r
 R

u
m
e
l

S
i
 d

a
m
a
l

a
, 
r
a
c
 

u
f
r
o
s
m
a
 m

e
g
o
b
a
r
m
a
 u

r
C
i
a
. 
a
m
 m

o
v
l

e
n
i
s
 a

x
s
n
a
 

m
o
T
a
m
a
S
e
e
b
s
 u

W
i
r
T
.

m
a
R
a
l

 k
l

a
s
e
b
S
i
 f

i
z
i
k
i
s
 g

a
k
v
e
T
i
l

e
b
z
e
 m

i
R
e
b
u
-

l
i
 c

o
d
n
i
s
 g

a
m
o
y
e
n
e
b
i
T
 d

a
T
o
 d

a
 m

i
s
i
 m

e
g
o
b
r
e
-

b
i
 m

i
x
v
d
n
e
n
, 
r
o
m
 m

i
k
r
o
t
a
l

R
u
r
i
 R

u
m
e
l

i
 m

i
n
i
a
-

t
i
u
r
u
l

 `
f
a
r
a
d
e
i
s
 g

a
l

i
a
s
~
 w

a
r
m
o
a
d
g
e
n
s
.

k
o

m
p

l
e
q
s

u
r

i
 d

a
v

a
l

e
b

a
: 
f

a
r

a
d

e
i

s
 g

a
l

i
a
.

T
e
m

a
: 
e
l

e
q
t

r
o

s
t

a
t

i
k

a



26 

`
f

i
z

i
k

u
r

i
 p

r
o

c
e

s
i

~

m
o

s
w

a
v

l
e

m
 u

n
d

a
 g

a
a
c

n
o

b
i

e
r

o
s

, 

r
o

m
:

1
) 
y
v
e
l

a
 f

i
z
i
k
u
r
 m

o
v
l

e
n
a
s
a
 d

a
 

m
i
s
 d

a
m
a
x
a
s
i
a
T
e
b
e
l

 p
r
o
c
e
s
s
 

g
a
n
a
p
i
r
o
b
e
b
s
 m

i
z
e
z
i
 d

a
 m

o
h
y
v
e
b
a
 

S
e
d
e
g
i
. 
m
a
T
 S

o
r
i
s
 k

a
v
S
i
r
e
b
i
s
 

d
a
d
g
e
n
a
 k

i
 m

e
c
n
i
e
r
e
b
i
s
 m

T
a
v
a
r
i
 

a
m
o
c
a
n
a
a
. 

2
) 
f
i
z
i
k
u
r
i
 m

o
v
l

e
n
e
b
i
s
 m

i
m
d
i
n
a
-

r
e
o
b
i
s
 a

R
s
a
w
e
r
a
d
, 
m
e
c
n
i
e
r
e
b
i
 a

m
 

m
o
v
l

e
n
e
b
i
s
 S

e
s
a
b
a
m
i
s
 f

i
z
i
k
u
r
 

p
r
o
c
e
s
e
b
s
 i

k
v
l

e
v
e
n
. 
T
i
T
o
e
u
l

i
 

p
r
o
c
e
s
i
 x

a
s
i
a
T
d
e
b
a
 f

i
z
i
k
u
r
i
 

s
i
d
i
d
e
e
b
i
T
, 
r
o
m
e
l

T
a
 u

r
T
i
e
r
T
-

d
a
k
a
v
S
i
r
e
b
i
T
a
c
 S

e
s
a
Z
l

e
b
e
l

i
a
 a

m
 

p
r
o
c
e
s
i
s
 a

R
w
e
r
a
. 

3
) 
f
i
z
i
k
u
r
i
 p

r
o
c
e
s
e
b
i
s
 m

a
-

x
a
s
i
a
T
e
b
e
l

 f
i
z
i
k
u
r
 s

i
d
i
d
e
e
b
s
 

S
o
r
i
s
 a

n
/d

a
 a

m
 s

i
d
i
d
e
e
b
s
a
 d

a
 

m
a
T
i
 c

v
l

i
l

e
b
i
s
 m

i
z
e
z
e
b
s
 S

o
r
i
s
 

d
a
m
o
k
i
d
e
b
u
l

e
b
a
 S

e
s
a
Z
l

e
b
e
l

i
a
 

a
R
v
w
e
r
o
T
 a

n
a
l

i
z
u
r
a
d
, 
g
r
a
f
i
-

k
u
l

a
d
, 
d
i
a
g
r
a
m
e
b
i
T
, 
c
x
r
i
l

e
b
i
T
 

a
n
 s

x
v
a
 m

e
T
o
d
e
b
i
T
.

y
u
T
i
 d

a
 f

o
l

g
a

hƩ
 p

s:
//

w
w

w
.y

ou
tu

be
.c

om
/w

at
ch

?v
=i

X3
n2

nb
3V

uU
a
l

u
m
i
n
i
s
 s

a
T
l

i
d
a
n
 d

a
m
z
a
d
e
b
u
l

i

hƩ
 p

s:
//

w
w

w
.y

ou
tu

be
.c

om
/w

at
ch

?v
=E

oQ
ZY

1F
tI3

c

s
a
m
i
z
n
e
 c

o
d
n
i
s
 

(d
e
k
l

a
r
a
t
i
u
l

i
, 

p
i
r
o
b
i
s
e
u
l

i
, 

p
r
o
c
e
d
u
r
u
l

i
) 

k
o
n
s
t
r
u
i
r
e
b
a
z
e
 

o
r
i
e
n
t
i
r
e
b
u
l

i
 

S
e
k
i
T
x
v
e
b
i

q
v

e
c

n
e

b
a

e
l

e
q
t
r
o
s
t
a
t
i
-

k
u
r
i
 i

n
d
u
q
c
i
a
,

•
 r

a
 a

r
i
s
 m

o
d
e
l

i
?

•
 r

a
 t

i
p
i
s
 m

o
d
e
l

e
b
s
 i

c
n
o
b
T
?
 

•
 r

a
t
o
m
 i

y
e
n
e
b
e
n
 m

e
c
n
i
e
r
e
b
i
 m

o
d
e
l

e
b
s
?

•
 r

a
 r

e
s
u
r
s
i
 d

a
g
W
i
r
d
e
b
a
 `

f
a
r
a
d
e
i
s
 g

a
l

i
i
s
~
 d

a
s
a
m
z
a
d
e
b
l

a
d
?

•
 r

a
 n

a
b
i
j
e
b
i
s
 g

a
d
a
d
g
m
a
 m

o
g
i
w
e
v
s
 `

f
a
r
a
d
e
i
s
 g

a
l

i
i
s
~
 m

o
-

d
e
l

i
s
 S

e
s
a
q
m
n
e
l

a
d
?

•
 r

a
 m

o
v
l

e
n
e
b
i
s
 S

e
s
a
s
w
a
v
l

a
d
 g

a
m
o
i
y
e
n
e
b
T
 T

q
v
e
n
 m

i
e
r
 d

a
m
z
a
-

d
e
b
u
l

 `
f
a
r
a
d
e
i
s
 g

a
l

i
a
s
~
?

II
 e

t
a
p

i
: 
k

o
m

p
l

e
q

s
u

r
i

 d
a
v

a
l

e
b

i
s

 S
i

n
a
a
r

s
i

n
a
b

i
j

i
 1

.

•
 r

o
g
o
r
 S

e
i
Z
l

e
b
a
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 Z

a
l

w
i
r
e
b
i
s
 v

i
z
u
a
l

i
z
a
c
i
a
 (
m
a
g
.,
 z

e
T
i
T
a
 d

a
 

b
u
r
R
u
l

i
T
)

•
 r

a
S
i
 m

d
g
o
m
a
r
e
o
b
s
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 i

n
d
u
q
c
i
i
s
 m

o
v
l

e
n
a
.

•
 r

o
g
o
r
 v

l
i
n
d
e
b
a
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 s

u
p
e
r
p
o
z
i
c
i
i
s
 p

r
i
n
c
i
p
i
 g

a
m
t
a
r
i
s
 e

l
e
q
t
-

r
u
l

 v
e
l

S
i
 m

o
T
a
v
s
e
b
i
s
a
s
?

r
e

s
u

r
s

i
/a

q
t

i
v

o
b

a
:

s
a
x

e
l

m
Z

R
v

a
n

e
l

o
: 
2
.9

 e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 d

a
Z
a
b
u
l

o
b
a
; 
2
.1

0
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 

Z
a
l

w
i
r
e
b
i
; 
2
.1

1
 a

m
o
x
s
e
n
i
 a

m
o
c
a
n
e
b
i
; 
2
.1

2
 g

a
m
t
a
r
e
b
i
 e

l
e
q
t
r
u
l

 v
e
l

S
i
.

t
e
l

e
s
k
o
l

i
s
 g

a
k
v
e
T
i
l

i
 (
e
l

e
q
t
r
u
l

i
 v

e
l

i
 g

a
m
t
a
r
S
i
 d

a
 d

i
e
l

e
q
t
r
i
c
S
i
) 

hƩ
 p

s:
//

1t
v.

ge
/v

id
eo

/fi
 z

ik
is-

dr
o-

el
eq

tr
ul

i-m
ov

le
ne

bi
-e

le
qt

ru
li-

ve
li-

ga
m

ta
rs

hi
-d

a-
di

el
eq

tr
ik

eb
sh

i-t
el

es
ko

la
/

g
a
m
t
a
r
i
 e

l
e
q
t
r
u
l

 v
e
l

S
i
: 

hƩ
 p

s:
//

w
w

w
.y

ou
tu

be
.c

om
/w

at
ch

?v
=y

yh
w

jb
nh

5w
A

e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 e

k
r
a
n
i
r
e
b
a
 h

Ʃ 
ps

:/
/w

w
w

.y
ou

tu
be

.c
om

/w
at

ch
?v

=Q
U

0f
Ln

uc
E6

A

a
q

t
i

v
o

b
a
 1

. 
m
o
s
w
a
v
l

e
 k

u
l

o
n
i
s
 k

a
n
o
n
i
s
 g

a
m
o
y
e
n
e
b
i
T
 i

k
v
l

e
v
s
, 
T
u
 r

a
z
e
a
 d

a
m
o
k
i
d
e
-

b
u
l

i
 e

l
e
q
t
r
u
l

 v
e
l

S
i
 w

e
r
t
i
l

o
v
a
n
 m

u
x
t
z
e
 m

o
q
m
e
d
i
 Z

a
l

i
s
 S

e
f
a
r
d
e
b
a
 a

m
 m

u
x
t
i
s
 

s
i
d
i
d
e
s
T
a
n
. 
m
o
s
w
a
v
l

e
 m

s
j
e
l

o
b
s
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 d

a
Z
a
b
u
l

o
b
a
z
e
, 
r
o
g
o
r
c
 e

l
e
-

q
t
r
u
l

i
 v

e
l

i
s
 Z

a
l

u
r
 m

a
x
a
s
i
a
T
e
b
e
l

z
e
.

m
a
T
 g

a
d
a
w
y
v
i
t
e
s
 S

e
e
q
m
n
a
T
 „

f
a
r
a
d
e
i
s
 

g
a
l

i
a
~
 d

a
 s

a
f
u
Z
v
l

i
a
n
a
d
 S

e
e
s
w
a
v
l

a
T
 

m
i
s
i
 m

o
q
m
e
d
e
b
i
s
 p

r
i
n
c
i
p
i
, 
r
a
T
a
 p

a
-

s
u
x
i
 g

a
e
c
a
T
 k

i
T
x
v
a
z
e
: 
s
a
d
 d

a
 r

i
s
-

T
v
i
s
 i

y
e
n
e
b
e
n
 `

f
a
r
a
d
e
i
s
 g

a
l

i
a
s
~
.

a
n
a
l

o
g
i
u
r
a
d
 d

a
T
o
s
 m

e
g
o
b
r
e
b
i
s
a
, 

S
e
q
m
e
n
i
 `

f
a
r
a
d
e
i
s
 g

a
l

i
i
s
~
 m

o
d

e
l

i
 

d
a
 a

x
s
e
n
i
, 
r
a
t
o
m
 a

r
 i

W
e
r
d
a
 m

i
k
r
o
-

t
a
l

R
u
r
 R

u
m
e
l

S
i
 m

o
T
a
v
s
e
b
u
l

i
 

C
a
r
T
u
l

i
 m

o
b
i
l

u
r
i
 S

e
m
o
s
u
l

 z
a
-

r
e
b
s
. 
n
a
S
r
o
m
i
 w

a
r
m
o
a
d
g
i
n
e
 p

r
e
z
e
n
-

t
a
c
i
i
s
 s

a
x
i
T
.

p
r

e
z

e
n

t
a
c

i
i

s
a
s

 n
a
S

r
o

m
S

i
 x

a
z

g
a
s

m
i

T
 

w
a
r

m
o

a
C

i
n

e
:

•
 r

o
g
o
r
 S

e
i
Z
l

e
b
a
 e

l
e
q
t
r
u
l

i
 v

e
-

l
i
s
 Z

a
l

w
i
r
e
b
i
s
 v

i
z
u
a
l

i
z
a
c
i
a
 (
m
a
g
.,
 

z
e
T
i
T
a
 d

a
 b

u
r
R
u
l

i
T
) 

(m
a
t

e
r

i
a
 1

,3
).

•
 r

a
S
i
 m

d
g
o
m
a
r
e
o
b
s
 e

l
e
q
t
r
o
s
t
a
-

t
i
k
u
r
i
 i

n
d
u
q
c
i
i
s
 m

o
v
l

e
n
a
 (

m
a
t

e
-

r
i

a
1

, 
f

i
z

i
k

u
r

i
 p

r
o

c
e

s
i

 1
)?

•
 r

o
g
o
r
 v

l
i
n
d
e
b
a
 e

l
e
q
t
r
u
l

i
 v

e
-

l
i
s
 s

u
p
e
r
p
o
z
i
c
i
i
s
 p

r
i
n
c
i
p
i
 g

a
m
t
a
-

r
i
s
 e

l
e
q
t
r
u
l

 v
e
l

S
i
 m

o
T
a
v
s
e
b
i
s
a
s
 

(m
a
t

e
r

i
a
 1

,3
. 
f

i
z

i
k

u
r

i
 p

r
o

c
e

s
i

 2
,3

)?

•
 r

a
 m

a
s
a
l

e
b
i
 S

e
a
r
C
i
e
 `

f
a
r
a
d
e
i
s
 

g
a
l

i
i
s
~
 d

a
s
a
m
z
a
d
e
b
l

a
d
 d

a
 r

a
t
o
m
. 

r
o
g
o
r
 a

a
w
y
v
e
 i

g
i
. 

(m
a
t

e
r

i
a
 1

)?

•
 s

a
d
, 
r
a
t
o
m
 d

a
 r

o
g
o
r
 g

a
m
o
i
y
e
n
e
b
a
 

y
o
f
a
-
c
x
o
v
r
e
b
a
s
a
 d

a
 t

e
q
n
i
k
a
S
i
 e

l
e
-

q
t
r
u
l

i
 v

e
l

i
s
 e

k
r
a
n
i
z
a
c
i
a
 (

m
a
t

e
r

i
a
 

1
; 
f

i
z

i
k

u
r

i
 p

r
o

c
e

s
i

 1
)?



27

a
q

t
i

v
o

b
a
 2

. 
m
o
s
w
a
v
l

e
 v

i
d
e
o
r
e
s
u
r
s
z
e
 d

a
y
r
d
n
o
b
i
T
 m

s
j
e
l

o
b
s
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 Z

a
l

w
i
r
e
b
i
s
 g

a
n
l

a
g
e
-

b
a
z
e
 (
S
e
s
a
Z
l

e
b
e
l

i
a
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 v

i
z
u
a
l

i
z
a
c
i
i
s
 s

a
d
e
m
o
n
s
t
r
a
c
i
o
 c

d
i
s
 C

a
t
a
r
e
b
a
).

e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 Z

a
l

w
i
r
e
b
z
e
 d

a
k
v
i
r
v
e
b
a

hƩ
 p

s:
//

w
w

w
.y

ou
tu

be
.c

om
/w

at
ch

?v
=p

22
q-

aH
-X

h4

a
q

t
i

v
o

b
a
 3

. 
m
o
s
w
a
v
l

e
 g

a
n
i
x
i
l

a
v
s
 v

i
r
t
u
a
l

u
r
i
 l

a
b
o
r
a
t
o
r
i
i
s
 m

e
o
r
e
 d

a
 m

e
s
a
m
e
 e

q
s
p
e
r
i
m
e
n
t
s
 d

a
 m

s
-

j
e
l

o
b
s
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 Z

a
l

w
i
r
e
b
i
s
 g

a
n
l

a
g
e
b
a
z
e
. 

v
i
r
t
u
a
l

u
r
i
 l

a
b
o
r
a
t
o
r
i
a
:

hƩ
 p

s:
//

w
w

w
.v

as
ca

k.
cz

/d
at

a/
an

dr
oi

d/
ph

ys
ic

sa
ts

ch
oo

l/t
em

pl
at

e.
ph

p?
s=

el
po

le
_v

an
de

gr
aa

ff &
l=

en
m
o
s
w
a
v
l

e
s
 a

s
e
v
e
 S

e
u
Z
l

i
a
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 Z

a
l

w
i
r
e
b
z
e
 d

a
s
a
k
v
i
r
v
e
b
l

a
d
 g

a
m
o
i
y
e
n
o
s
 v

i
r
t
u
a
l

u
-

r
i
 l

a
b
o
r
a
t
o
r
i
i
s
 s

x
v
a
 b

m
u
l

i
: 

hƩ
 p

s:
//

w
w

w
.v

as
ca

k.
cz

/d
at

a/
an

dr
oi

d/
ph

ys
ic

sa
ts

ch
oo

l/t
em

pl
at

e.
ph

p?
s=

el
po

-
le

_p
ol

e&
l=

en

a
q

t
i

v
o

b
a
 4

. 
m
o
s
w
a
v
l

e
 a

R
w
e
r
s
 m

e
t
a
l

i
s
 s

t
r
u
q
t
u
r
a
s
 d

a
 m

s
j
e
l

o
b
s
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 i

n
d
u
q
c
i
i
s
 

S
e
s
a
x
e
b
. 

a
t
a
r
e
b
s
 v

i
r
t
u
a
l

u
r
i
 l

a
b
o
r
a
t
o
r
i
i
s
 m

e
x
u
T
e
 e

q
s
p
e
r
i
m
e
n
t
s
 m

e
t
a
l

i
s
 b

u
r
T
u
l

i
s
 g

a
m
o
y
e
n
e
b
i
T
, 
m
s
-

j
e
l

o
b
s
 d

a
 g

a
m
o
a
q
v
s
 d

a
s
k
v
n
a

e
l

e
q
t
r
u
l

 v
e
l

S
i
 m

o
T
a
v
s
e
b
u
l

 g
a
m
t
a
r
S
i
 m

u
x
t
e
b
i
s
 g

a
d
a
n
a
w
i
l

e
b
i
s
 S

e
s
a
x
e
b
.

hƩ
 p

s:
//

w
w

w
.v

as
ca

k.
cz

/d
at

a/
an

dr
oi

d/
ph

ys
ic

sa
ts

ch
oo

l/t
em

pl
at

e.
ph

p?
s=

el
po

le
_v

an
de

gr
aa

ff &
l=

en



28 

a
q

t
i

v
o

b
a
 5

. 
m
o
s
w
a
v
l

e
 g

a
n
i
x
i
l

a
v
a
s
 m

e
t
a
l

i
s
 f

i
r
f
i
t
a
S
i
 m

u
x
t
e
b
i
s
 g

a
d
a
n
a
w
i
l

e
b
i
s
 p

r
o
c
e
s
s
 d

a
 m

s
j
e
l

o
b
s
 

r
a
t
o
m
 a

r
i
s
 m

e
t
a
l

i
s
 f

i
r
f
i
t
i
s
 S

i
g
n
i
T
 e

l
e
q
t
r
u
l

i
 v

e
l

i
 0

-
i
s
 t

o
l

i
.

a
q

t
i

v
o

b
a
 6

. 
m
a
s
w
a
v
l

e
b
e
l

i
 a

t
a
r
e
b
s
 s

a
d
e
m
o
n
s
t
r
a
c
i
o
 e

q
s
p
e
r
i
m
e
n
t
s
 (
s
a
x
.,
 g

v
. 
5
0
, 
g
a
a
z
r
e
b
a
)

a
q

t
i

v
o

b
a
 7

. 
m
o
s
w
a
v
l

e
 g

a
n
i
x
i
l

a
v
s
 v

i
r
t
u
a
l

u
r
i
 l

a
b
o
r
a
t
o
r
i
i
s
 m

e
o
T
x
e
 e

q
s
p
e
r
i
m
e
n
t
s
 d

a
 m

s
j
e
l

o
b
s
 

w
r
i
u
l

i
 m

e
t
a
l

i
s
 b

a
d
e
s
 S

i
g
n
i
T
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 e

k
r
a
n
i
r
e
b
i
s
 S

e
s
a
x
e
b
.

hƩ
 p

s:
//

w
w

w
.v

as
ca

k.
cz

/d
at

a/
an

dr
oi

d/
ph

ys
ic

sa
ts

ch
oo

l/t
em

pl
at

e.
ph

p?
s=

el
po

le
_v

an
de

gr
aa

ff &
l=

en



29

s
a
m
i
z
n
e
 c

o
d
-

n
i
s
 (
d
e
k
l

a
-

r
a
t
i
u
l

i
, 

p
i
r
o
b
i
s
e
u
l

i
, 

p
r
o
c
e
d
u
r
u
l

i
) 

k
o
n
s
t
r
u
i
r
e
b
a
-

z
e
 o

r
i
e
n
t
i
r
e
-

b
u
l

i
 S

e
k
i
T
x
v
e
-

b
i

q
v

e
c

n
e

b
a

e
l

e
q
t
r
o
s
t
a
-

t
i
k
u
r
i
 i

n
d
u
-

q
c
i
a
, 
m
u
x
t
i
s
 

z
e
d
a
p
i
r
u
l

i
 

s
i
m
k
v
r
i
v
e
, 
e
l

e
-

q
t
r
u
l

i
 v

e
l

i
, 

e
l

e
q
t
r
u
l

i
 

v
e
l

i
s
 d

a
Z
a
-

b
u
l

o
b
a
, 
e
l

e
-

q
t
r
u
l

i
 v

e
l

i
s
 

s
u
p
e
r
p
o
z
i
c
i
a

•
 r

a
 a

r
i
s
 e

l
e
q
t
r
u
l

i
 v

e
l

i
?

•
 r

o
g
o
r
 x

o
r
c
i
e
l

d
e
b
a
 u

r
T
i
e
r
T
q
m
e
d
e
b
a
 d

a
m
u
x
t
u
l

 s
x
e
u
l

e
b
s
 S

o
r
i
s
 S

e
x
e
b
i
s
 

g
a
r
e
S
e
?

•
 r

o
g
o
r
 v

l
i
n
d
e
b
a
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 a

r
s
e
b
o
b
a
?

•
 r

a
 w

a
r
m
o
q
m
n
i
s
 e

l
e
q
t
r
u
l

 v
e
l

s
?

•
 r

o
m
e
l

i
 x

e
l

s
a
w
y
o
T
i
 S

e
i
Z
l

e
b
a
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 a

r
s
e
b
o
b
o
s
 d

a
d
g
e
n
a
?
 

•
 r

o
m
e
l

i
 f

i
z
i
k
u
r
i
 s

i
d
i
d
i
T
 x

a
s
i
a
T
d
e
b
a
 e

l
e
q
t
r
u
l

i
 v

e
l

i
 s

i
v
r
c
i
s
 m

o
c
e
m
u
l

 

w
e
r
t
i
l

S
i
?
 

•
 r

a
 Z

a
l

i
T
 m

o
q
m
e
d
e
b
s
 e

l
e
q
t
r
u
l

i
 v

e
l

i
 m

a
s
S
i
 m

o
T
a
v
s
e
b
u
l

 m
u
x
t
z
e
?

•
 r

a
 a

r
i
s
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 d

a
Z
a
b
u
l

o
b
a
?

•
 r

a
t
o
m
 a

r
i
s
 d

a
Z
a
b
u
l

o
b
a
 v

e
l

i
s
 Z

a
l

u
r
i
 m

a
x
a
s
i
a
T
e
b
e
l

i
?

•
 r

o
m
e
l

i
 f

o
r
m
u
l

i
T
 g

a
m
o
i
T
v
l

e
b
a
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 d

a
Z
a
b
u
l

o
b
a
?

•
 r

o
m
e
l

i
 f

o
r
m
u
l

i
T
 g

a
m
o
i
T
v
l

e
b
a
 w

e
r
t
o
l

o
v
a
n
i
 m

u
x
t
i
s
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 d

a
-

Z
a
b
u
l

o
b
a
 v

e
l

i
s
 m

o
c
e
m
u
l

 w
e
r
t
i
l

S
i
?

•
 r

a
S
i
 m

d
g
o
m
a
r
e
o
b
s
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 s

u
p
e
r
p
o
z
i
c
i
i
s
 p

r
i
n
c
i
p
i
?

•
 r

a
 a

r
i
s
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 Z

a
l

w
i
r
i
?

•
 r

o
g
o
r
 g

a
m
o
s
a
x
a
v
e
n
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 g

a
n
a
w
i
l

e
b
a
s
 s

i
v
r
c
e
S
i
?

•
 r

a
s
 e

w
o
d
e
b
a
 g

a
m
t
a
r
i
?

•
 r

a
s
 e

w
o
d
e
b
a
 T

a
v
i
s
u
f
a
l

i
 e

l
e
q
t
r
o
n
i
?

•
 r

o
g
o
r
i
 s

t
r
u
q
t
u
r
a
 a

q
v
s
 m

e
t
a
l

s
?

•
 r

a
 m

i
m
a
r
T
u
l

e
b
i
T
 i

m
o
Z
r
a
v
e
b
s
 T

a
v
i
s
u
f
a
l

i
 e

l
e
q
t
r
o
n
e
b
i
 e

l
e
q
t
r
u
l

 v
e
l

S
i
?

•
 r

a
t
o
m
 e

w
o
d
e
b
a
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
 i

n
d
u
q
c
i
a
s
 g

a
v
l

e
n
i
T
 d

a
m
u
x
t
v
a
?

•
 r

a
 g

a
n
s
a
k
u
T
r
e
b
u
l

i
 T

v
i
s
e
b
a
 a

q
v
T
 g

a
m
t
a
r
e
b
s
 e

l
e
q
t
r
u
l

 v
e
l

S
i
 m

o
T
a
v
s
e
b
i
s
a
s
?

n
a
b

i
j

i
 2

. 

•
 r

a
 m

a
s
a
l

e
b
i
 S

e
a
r
C
i
e
 `

f
a
r
a
d
e
i
s
 g

a
l

i
i
s
~
 d

a
s
a
m
z
a
d
e
b
l

a
d
 d

a
 r

a
t
o
m
. 
r
o
g
o
r
 a

a
w
y
e
 i

g
i
.

•
 s

a
d
, 
r
a
t
o
m
 d

a
 r

o
g
o
r
 g

a
m
o
i
y
e
n
e
b
a
 y

o
f
a
-
c
x
o
v
r
e
b
a
s
a
 d

a
 t

e
q
n
i
k
a
S
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 e

k
r
a
n
i
z
a
c
i
a
.

r
e

s
u

r
s

i
/a

q
t

i
v

o
b

a
:

s
a
x

e
l

m
Z

R
v

a
n

e
l

o
: 
2
.1

9
 S

e
m
a
j
a
m
e
b
e
l

i
 g

a
k
v
e
T
i
l

i

a
q

t
i

v
o

b
a
 1

. 
m
o
s
w
a
v
l

e
 a

k
e
T
e
b
s
 `

f
a
r
a
d
e
i
s
 g

a
l

i
a
s
~

m
o

c
e

m
u

l
i

 g
a
q

v
s

: 
f
o
l

g
i
s
 g

r
a
g
n
i
l

i
, 
n
e
b
i
s
m
i
e
r
i
 z

o
m
i
s
 m

u
y
a
o
s
 T

a
v
s
a
x
u
r
i
a
n
i
 y

u
T
i
 (
m
a
g
.,
 f

e
x
s
a
c
m
l

i
s
),
 

m
o
b
i
l

u
r
i
 t

e
l

e
f
o
n
i
,m

a
k
r
a
t
e
l

i
, 
w
e
b
o
.



30 

m
s

v
l

e
l

o
b

a
: 
y
u
T
s
 o

r
 f

e
n
a
d
 S

e
m
o
a
k
a
r
i
 f

o
l

g
i
s
 f

u
r
c
e
l

i
 (
s
u
r
.a
) 
d
a
a
w
e
b
e
 k

u
T
x
e
e
b
S
i
 i

s
e
, 
r
o
m
 f

o
l

g
a
 

T
a
v
s
a
x
u
r
i
s
 k

i
d
e
e
b
s
a
c
 f

a
r
a
v
d
e
s
.

m
o
a
T
a
v
s
e
 y

u
T
S
i
 C

a
r
T
u
l

i
 m

o
b
i
l

u
r
i
 d

a
 y

u
T
s
 m

W
i
d
r
o
d
 d

a
x
u
r
e
 T

a
v
s
a
x
u
r
i
. 
d
a
S
o
r
d
i
 y

u
T
s
 d

a
 d

a
r
e
k
e
 

m
o
b
i
l

u
r
z
e
. 

r
a
t
o
m
 a

r
 i

r
e
k
e
b
a
 m

o
b
i
l

u
r
z
e
?

y
u
T
i
 d

a
 f

o
l

g
a
 h

Ʃ 
ps

:/
/w

w
w

.y
ou

tu
be

.c
om

/w
at

ch
?v

=P
HT

7J
_a

eb
EI

a
q

t
i

v
o

b
a
 2

. 
m
o
s
w
a
v
l

e
 i

k
v
l

e
v
s
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 e

k
r
a
n
i
r
e
b
a
s
.

m
o

c
e

m
u

l
i

 g
a
q

v
s

: 
e
l

e
q
t
r
o
m
e
t
r
i
, 
e
b
o
n
i
t
i
s
 R

e
r
o
, 
S
a
l

i
s
 q

s
o
v
i
l

i
, 
l

i
T
o
n
i
s
 b

a
d
e
.

m
s

v
l

e
l

o
b

a
: 
m
i
u
a
x
l

o
v
e
 e

l
e
q
t
r
o
m
t
r
s
 S

a
l

z
e
 x

a
x
u
n
i
s
 S

e
d
e
g
a
d
 d

a
m
u
x
t
u
l

i
 e

b
o
n
i
t
i
s
 R

e
r
o
 (
s
u
r
. 
a
).
 

S
e
a
f
a
s
e
 e

l
e
q
t
r
o
m
e
t
r
i
s
 i

s
r
i
s
 g

a
d
a
x
r
i
s
 k

u
T
x
e
. 
r
a
t
o
m
 g

a
d
a
i
x
a
r
a
 e

l
e
q
t
r
o
m
e
t
r
i
s
 i

s
a
r
i
?

m
o
a
T
a
v
s
e
 e

l
e
q
t
r
o
m
e
t
r
s
a
 d

a
 e

b
o
n
i
t
i
s
 R

e
r
o
s
 S

o
r
i
s
 l

i
T
o
n
i
s
 b

a
d
e
(s

u
r
.b

).
 r

a
t
o
m
 d

a
e
S
v
a
 e

l
e
q
t
r
o
-

m
e
t
r
i
s
 i

s
a
r
i
?

m
o
a
S
o
r
e
 b

a
d
e
 e

l
e
q
t
r
o
m
e
t
r
s
, 
i
s
e
 r

o
m
 d

a
m
u
x
t
u
l

i
 e

b
o
n
i
t
i
s
 R

e
r
o
 a

d
g
i
l

z
e
 d

a
r
C
e
s
.

a
. 
r
a
t
o
m
 g

a
d
a
i
x
a
r
a
 e

l
e
q
t
r
o
m
e
t
r
i
s
 i

s
a
r
i
?

b
. 
r
a
 a

n
a
l

o
g
i
a
a
 f

a
r
a
d
e
i
s
 c

d
a
s
a
 d

a
 S

e
n
 m

i
e
r
 C

a
t
a
r
e
b
u
l

 c
d
e
b
s
 S

o
r
i
s
. 

g
a
m

o
i

t
a
n

e
 d

a
s

k
v

a
n

a
: 
e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 g

a
v
r
c
e
l

e
b
i
s
 S

e
s
a
x
e
b
 `

f
a
r
a
d
e
i
s
 g

a
l

i
a
s
~
 S

i
g
n
i
T
 d

a
 g

a
r
e
T
.

a
q

t
i

v
o

b
a
 3

. 
m
o
s
w
a
v
l

e
 m

o
i
Z
i
e
b
s
 i

n
f
o
r
m
a
c
i
a
s
: 
`
f
a
r
a
d
e
i
s
 g

a
l

i
i
s
~
 g

a
m
o
i
y
e
n
e
b
a
 y

o
f
a
-
c
x
o
v
r
e
b
a
s
a
 d

a
 t

e
q
-

n
i
k
a
S
i
. 
T
i
T
o
e
u
l

 S
e
m
T
x
v
e
v
a
S
i
 m

s
j
e
l

o
b
s
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 e

k
r
a
n
i
r
e
b
i
s
 d

a
n
i
S
n
u
l

e
b
a
z
e
.

d
a
m
c
a
v
i
 C

a
n
T
a
 t

e
l

e
f
o
n
e
b
i
s
a
 d

a
 p

l
a
n
S
e
t
e
b
i
s
T
v
i
s
:

hƩ
 p

s:
//

w
w

w
.y

ou
tu

be
.c

om
/w

at
ch

?v
=9

vT
bl

7u
Za

iE
hƩ

 p
s:

//
w

w
w

.y
ou

tu
be

.c
om

/w
at

ch
?v

=I
6K

1u
nR

c_
Dk



31

s
a
m
i
z
n
e
 c

o
d
n
i
s
 (
d
e
k
l

a
-

r
a
t
i
u
l

i
, 
p
i
r
o
b
i
s
e
u
-

l
i
, 
p
r
o
c
e
d
u
r
u
l

i
) 

k
o
n
s
t
r
u
i
r
e
b
a
z
e
 o

r
i
e
n
-

t
i
r
e
b
u
l

i
 S

e
k
i
T
x
v
e
b
i

q
v

e
c

n
e

b
a

e
l

e
q
t
r
o
s
t
a
t
i
k
u
r
i
 

i
n
d
u
q
c
i
a
, 
e
l

e
q
t
r
u
l

i
 

v
e
l

i
, 
e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 

s
u
p
e
r
p
o
z
i
c
i
a

•
 r

a
t
o
m
 S

e
a
r
C
i
e
 `

f
a
r
a
d
e
i
s
 g

a
l

i
i
s
~
 d

a
s
a
m
z
a
d
e
b
l

a
d
 y

u
T
i
 d

a
 f

o
l

g
a
?

•
 y

u
T
i
s
T
v
i
s
 c

e
l

o
f
a
n
i
s
 S

e
m
o
v
l

e
b
i
s
 S

e
m
T
x
v
e
v
a
S
i
 m

i
i
R
e
b
d
i
 `

f
a
r
a
d
e
i
s
 

g
a
l

i
a
s
~
?

•
 r

a
 n

i
v
T
i
e
r
e
b
i
s
g
a
n
 a

m
z
a
d
e
b
e
n
 m

o
b
i
l

u
r
i
 t

e
l

l
e
f
o
n
i
s
 d

a
 p

l
a
n
S
e
t
i
s
 

d
a
m
c
a
v
 C

a
n
T
a
s
?

•
 r

a
t
o
m
 g

a
m
o
i
y
e
n
e
b
a
 f

a
r
a
d
e
i
s
 g

a
l

i
a
 z

o
g
i
e
r
T
i
 x

e
l

s
a
w
y
o
s
T
v
i
s
?

•
 r

o
m
e
l

i
 s

p
e
c
i
a
l

o
b
i
s
 a

d
a
m
i
a
n
e
b
s
 e

s
a
W
i
r
o
e
b
a
T
 `

f
a
r
a
d
e
i
s
 g

a
l

i
i
s
~
 p

r
i
n
-

c
i
p
z
e
 S

e
k
e
r
i
l

i
 s

a
m
u
S
a
o
 k

o
s
t
i
u
m
i
?

k
o

m
p

l
e

q
s

u
r

i
 d

a
v

a
l

e
b

i
s

 p
r

e
z

e
n

t
a
c

i
i

s
 p

r
o

c
e

s
S

i
 m

a
s

w
a
v

l
e

b
l

i
s

 m
i

e
r

 d
a
s

m
u

l
i

 S
e

k
i

T
x

v
e

b
i

:

•
 a

R
w
e
r
e
, 
r
o
g
o
r
 w

a
r
i
m
a
r
T
a
 d

a
v
a
l

e
b
a
z
e
 m

u
S
a
o
b
i
s
 p

r
o
c
e
s
i
;

•
 a

R
w
e
r
e
, 
r
a
 p

r
o
d
u
q
t
i
 S

e
q
m
e
n
i
; 

•
 r

a
 s

a
k
i
T
x
s
 S

e
e
x
e
b
a
 S

e
n
 m

i
e
r
 m

o
m
z
a
d
e
b
u
l

i
 d

a
v
a
l

e
b
a
?

•
 a

x
s
e
n
i
, 
r
a
t
o
m
 S

e
q
m
e
n
i
 m

o
d
e
l

i
 a

s
e
T
i
 s

a
x
i
T
?
 r

a
 Z

i
r
i
T
a
d
i
 m

i
m
a
r
T
e
b
e
b
i
 g

a
q
v
s
 g

a
m
o
t
a
n
i
l

i
?

•
 S

e
n
i
 a

z
r
i
T
, 
v
i
n
 u

n
d
a
 d

a
i
n
t
e
r
e
s
d
e
s
 S

e
n
 m

i
e
r
 S

e
q
m
n
i
l

i
 m

o
d
e
l

i
T
 d

a
 r

a
t
o
m
?

•
 r

a
 p

r
o
b
l

e
m
e
b
i
 S

e
g
x
v
d
a
 d

a
v
a
l

e
b
a
z
e
 m

u
S
a
o
b
i
s
 p

r
o
c
e
s
S
i
?

•
 r

a
s
 g

a
a
k
e
T
e
b
d
i
 s

x
v
a
g
v
a
r
a
d
, 
a
x
l

a
 r

o
m
 i

w
y
e
b
d
e
 d

a
v
a
l

e
b
a
z
e
 m

u
S
a
o
b
a
s
?

•
 T

u
 S

e
g
i
s
r
u
l

e
b
i
a
 a

q
a
m
d
e
 m

s
g
a
v
s
i
 f

o
r
m
i
s
 a

n
 S

i
n
a
a
r
s
i
s
 d

a
v
a
l

e
b
a
?

•
 S

e
n
i
 a

z
r
i
T
, 
r
i
T
 h

g
a
v
s
 d

a
 r

i
T
 g

a
n
s
x
v
a
v
d
e
b
a
 S

e
n
i
 d

a
v
a
l

e
b
a
 S

e
n
i
 T

a
n
a
k
l

a
s
e
l

e
b
i
s
 n

a
S
r
o
m
e
b
i
s
g
a
n
?



32 

klasi kompleqsuri davaleba: `faradeis galia~, X klasi

Tema: eleqtrostatika

samizne cneba: materia, fizikuri procesi

sakiTxebi: eleqtruli veli/ eleqtruli velis Zalwirebi, erTgvarovani veli

eleqtruli velis daZabuloba/ eleqtruli velis superpoziciis principi

gamtarebi eleqtrul velSi/ eleqtrostatikuri induqcia/ muxtis zedapiruli

sim kvrive

sakvanZo

SekiTxva

ratom amzadeben faradeis galias gamtarisagan da iyeneben eleqtruli velis ekrani-

rebisTvis?

kompleqsuri 

davalebis 

piroba:

faradeis galia

adreuli bavSvoba da saintereso TamaSi _ `civa-cxela~. bavSvebi rig-rigobiT malaven 

sxvadasxa nivTs (mag., mobilurs). erT-erTi maTgani eZebs. roca maZiebeli uaxlovde-

ba damalul nivTs, ismis SeZaxili _ „cxela~, daSorebisas ki _ `civa~.

daTos rigic dgeba. igi mobilurs iseT adgilze malavs, rom megobrebi didi xnis 

Zebnis Semdegac ver pouloben. darekvisas zaric ar gadis. daTo saidumlos amxels, 

man CarTuli mobiluri mikrotalRur RumelSi damala, rac ufrosma megobarma ur-

Cia. am movlenis axsna moTamaSeebs uWirT.

maRal klasebSi fizikis gakveTilebze miRebuli codnis gamoyenebiT daTo da misi 

megobrebi mixvdnen, rom mikrotalRuri Rumeli miniaturul `faradeis galias~ 

warmoadgens. maT gadawyvites SeeqmnaT „faradeis galia~ da safuZvlianad Seeswav-

laT misi moqmedebis principi, raTa pasuxi gaecaT kiTxvaze: sad da risTvis iyeneben 

faradeis galias.

analogiurad daTos megobrebisa, Seqmeni `faradeis galiis~ modeli da axseni, ratom 

ar iWerda mikrotalRur RumelSi moTavsebuli CarTuli mobiluri Semosul zarebs. 

naSromi warmoadgine prezentaciis saxiT.

prezentaciisas naSromSi xazgasmiT warmoaCine:

• rogor SeiZleba eleqtruli velis Zalwirebis vizualizacia (mag., zeTiTa da 

burRuliT) (materia 1,3)

• raSi mdgomareobs eleqtrostatikuri induqciis movlena (materia 1, fizikuri 

procesi 1)

• rogor vlindeba eleqtruli velis superpoziciis principi gamtaris eleqtrul 

velSi moTavsebisas (materia 1,3; fizikuri procesi 2,3)

• ra masalebi SearCie `faradeis galiis~ dasamzadeblad da ratom. rogor aawyve 

igi. (materia 1)

• sad, ratom da rogor gamoiyeneba yofacxovrebasa da teqnikaSi eleqtruli ve-

lis ekranizacia (materia 1; fizikuri procesi 1)

resursebi saxelmZRvanelo:

2.9 eleqtruli velis daZabuloba; 2.10 eleqtruli velis Zalwirebi; 2.11 amoxseni 

amocanebi; 2.12 gamtarebi eleqtrul velSi; 2.19 Semajamebeli gakveTili

teleskolis gakveTilebi:

eleqtruli veli gamtarSi da dieleqtricSi hƩ ps://1tv.ge/video/fi zikis-dro-eleqtruli-movle-
nebi-eleqtruli-veli-gamtarshi-da-dieleqtrikebshi-teleskola/

samotivacio video:

speqtakli faradeis kostiumSi hƩ ps://www.youtube.com/watch?v=QqEesFaboV4
maRali Zabvis sadenebze muSaoba hƩ ps://www.youtube.com/watch?v=oBJyyEAw-6g
yuTi da folga hƩ ps://www.youtube.com/watch?v=iX3n2nb3VuU
aluminis saTlidan damzadebuli hƩ ps://www.youtube.com/watch?v=EoQZY1FtI3c

virtualuri laboratoriis bmulebi:

meore da mesame eqsperimenti, eleqtruli velis Zalwirebis ganlageba 

hƩ ps://www.vascak.cz/data/android/physicsatschool/template.php?s=elpole_vandegraaff &l=en
eleqtruli velis Zalwirebze dakvirveba hƩ ps://www.vascak.cz/data/android/physicsat-
school/template.php?s=elpole_pole&l=en

 moswavlis baraTi



33

mexuTe eqsperimenti, eleqtrostatikuri induqcia

hƩ ps://www.vascak.cz/data/android/physicsatschool/template.php?s=elpole_vandegraaff &l=en
meoTxe eqsperimenti, eleqtruli velis ekranireba

hƩ ps://www.vascak.cz/data/android/physicsatschool/template.php?s=elpole_vandegraaff &l=en

modeli/

eqsperimenti

I. `faradeis galiis~ damzadeba.

mocemuli gaqvs: folgis gragnili, nebismieri zomis muyaos Tavsaxuriani yuTi (mag., 

fexsacmlis), mobiluri telefoni,makrateli, webo.

msvleloba: yuTs or fenad Semoakari folgis furceli (sur.a) daawebe kuTxeebSi ise, 

rom folga Tavsaxuris kideebsac faravdes.

moaTavse yuTSi CarTuli mobiluri da yuTs mWidrod daxure Tavsaxuri. daSordi 

yuTs da dareke mobilurze. ratom ar irekeba mobilirze?

yuTi da folga hƩ ps://www.youtube.com/watch?v=PHT7J_aebEI

II. eleqtruli velis ekranirebis kvleva

mocemuli gaqvs: eleqtrometri, ebonitis Rero, Salis qsovili, liTonis bade.

msvleloba: miuaxlove eleqtromtrs Salze xaxunis Sedegad damuxtuli ebonitis 

Rero (sur. a). Seafase eleqtrometris isris gadaxris kuTxe. ratom gadaixara ele-

qtrometris isari?

moaTavse eleqtrometrsa da ebonitis Reros Soris liTonis bade (sur.b). ratom 

daeSva eleqtrometris isari? 

moaSore bade eleqtrometrs, ise rom damuxtuli ebonitis Rero adgilze darCes.

a. ratom gadaixara eleqtrometris isari?

b. ra analogiaa faradeis cdasa da Sen mier Catarebul cdebs Soris. 

gamoitane daskvana: eleqtruli velis gavrcelebis Sesaxeb „faradeis galias~ SigniT 

da gareT.

eqsperimentis CatarebaSi dagexmarebaT video (2.15 wuTidan)

hƩ ps://www.youtube.com/watch?v=_qGNPli_XkU
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Sefasebis kriteriumi komentari

prestruqturuli done 

moswavles sakiTxTan dakavSirebiT ar aqvs 

relevanturi informacia.

moswavlem ver Seasrula davaleba

unistruqturuli done

moswavles aqvs mxolod erTi arastruqtu-

rirebuli asociacia/warmodgena gansaxil-

vel sakiTxTan dakavSirebiT.

moswavlem icis ra qmnis eleqtrul vels, magram ver xsnis 

ras ewodeba eleqtruli velis Zalwiri/an icis ras ewo-

deba gamtari, magram ver xsnis eleqtrostatikuri indu-

qciis movlenas/an icis, ra masalebisgan amzadeben `fara-

deis galias~, magram ver asabuTebs, ratom aris SerCeuli 

es nivTierebebi/an amzadebs `faradeis galias~, magram 

ver xsnis mis daniSnulebas/an icis, rom `faradeis galiis 

gamoyenebiT SesaZlebelia eleqtruli velis ekranizacia, 

magram ver aRwers am process.

multistruqturuli done 

moswavles aqvs mxolod ramdenime, erTma-

neTTan daukavSirebeli, usistemo asocia-

cia/warmodgena gansaxilvel sakiTxTan 

dakavSirebiT.

moswavlem icis ra qmnis eleqtrul vels, xsnis ras ewo-

deba eleqtruli velis Zalwiri/an icis ras ewodeba gam-

tari, aRwers eleqtrostatikuri induqciis movlenas/an 

icis, ra masalebisgan amzadeben `faradeis galias~, asabu-

Tebs, ratom aris SerCeuli es nivTierebebi/an amzadebs 

`faradeis galias~, msjelobs mis daniSnulebas/an icis, 

rom `faradeis galiis gamoyenebiT SesaZlebelia eleqtru-

li velis ekranizacia, magram ver aRwers am process.

mimarTebiTi done 

moswavles SeuZlia:

• samizne cnebasTan dakavSirebuli faqtebi-

sa da movlenebis kritikulad da urTier-

TdakavSirebulad gaazreba da gaanalize-

ba;

• samizne cnebis mkvidri warmodgenebis ur-

TierTdakavSirebulad gaanalizeba;

• konkretul samizne cnebasTan dakavSirebuli 

informaciis konteqstualizeba (sagnis sxva 

samizne cnebebTan dakavSireba).

• mimarTebiT doneze sakiTxis/samizne cnebis 

gaazreba niSnavs erovnuli saswavlo geg-

miT gansazRvruli Sedegis miRwevas. Tum-

ca, SesaZlebelia moswavle ufro Sorsac 

wavides, anu im ganzogadebebisken, romelic 

abstraqtuli donisTvisaa gansazRvruli.

moswavlem icis ra qmnis eleqtrul vels, xsnis ras ewo-

deba eleqtruli velis Zalwiri. icis ras ewodeba gam-

tari, aRwers eleqtrostatikuri induqciis movlenas. 

icis, ra masalebisgan amzadeben `faradeis galias~, asa-

buTebs, ratom aris SerCeuli es nivTierebebi. amzadebs 

`faradeis galias~, msjelobs mis daniSnulebas. icis, rom 

`faradeis galiis~ gamoyenebiT SesaZlebelia eleqtruli 

velis ekranizacia, aRwers am process. moswavle moiZiebs 

informacias `faradeis galiis~ gamoiyenebis Sesaxeb yo-

fa-cxovrebasa da teqnikaSi, msjelobs eleqtruli velis 

ekranirebis daniSnulebaze.

abstraqtuli done

moswavles SeuZlia samizne cnebaze 

muSaobis procesSi SeZenili codnisa da 

gamocdilebis erovnuli saswavlo gegmis 

zesagnobriv (makro) cnebebTan dakavSireba.

moswavlem icis ra qmnis eleqtrul vels, xsnis ras ewo-

deba eleqtruli velis Zalwiri. icis ras ewodeba gamta-

ri, aRwers eleqtrostatikuri induqciis movlenas. icis, 

ra masalebisgan amzadeben `faradeis galias~, asabuTebs, 

ratom aris SerCeuli es nivTierebebi. amzadebs `faradeis 

galias~, msjelobs mis daniSnulebas. icis, rom `faradeis 

galiis~ gamoyenebiT SesaZlebelia eleqtruli velis ekra-

nizacia, aRwers am process. moswavle moiZiebs informa-

cias `faradeis galiis~ gamoiyenebis Sesaxeb yofa-cxovre-

basa da teqnikaSi, msjelobs eleqtruli velis ekranirebis 

daniSnulebaze.

SeuZlia miRebuli codnis transferi yofa-cxovrebasa da 

bunebaSi. magaliTad, msjelobs maRali Zabvis xelsawyoeb-

Tan muSaobisas specialuri maekranirebeli eleqtrosta-

tikuri dacvisTvis saWiro tansacmlis gamoyenebis Sesaxeb 

(maRali Zabvis sadenebi, anZebi, jixurebi, xelsawyoebi). 

SeuZlia axsnas rogor icavs liTonis badisagan damzade-

buli CanTa eleqtrul xelsawyoebs (mobiluri, planSeti, 

sabanko baraTebi) gare eleqtruli velisagan.

faradeis galia, moswavlis miRwevebis taqsonomiafaradeis galia, moswavlis miRwevebis taqsonomia
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 m

a
x
a
s
i
a
-

T
e
b
e
l

i
 f

i
z
i
k
u
r
i
 s

i
d
i
d
e
e
b
i
 

d
a
m
o
k
i
d
e
b
u
l

i
a
: 
a
) 
n
i
v
T
i
e
-

r
e
b
i
s
 g

v
a
r
o
b
a
s
a
 d

a
 g

a
r
e
m
o
 

p
i
r
o
b
e
b
z
e
. 
b
) 
v
e
l

i
s
 S

e
m
q
m
n
e
-

l
i
 o

b
i
e
q
t
e
b
i
s
 u

r
T
i
e
r
T
m
d
e
-

b
a
r
e
o
b
a
z
e
 d

a
 m

a
T
 m

i
e
r
 v

e
l

i
s
 

S
e
q
m
n
i
s
 u

n
a
r
z
e
.

2
) 
m
a
t
e
r
i
i
s
 s

a
x
e
e
b
i
s
 f

i
z
i
k
u
r
i
 

T
v
i
s
e
b
e
b
i
 d

a
 m

a
T
i
 c

v
l

i
l

e
b
e
-

b
i
 a

i
x
s
n
e
b
a
: 
a
) 
n
i
v
T
i
e
r
e
b
i
s
 S

e
-

m
a
d
g
e
n
e
l

i
 n

a
w
i
l

a
k
e
b
i
s
 q

a
o
s
u
-

r
a
d
 m

o
Z
r
a
o
b
i
T
, 
e
r
T
m
a
n
e
T
T
a
n
 

u
r
T
i
e
r
T
q
m
e
d
e
b
i
T
, 
m
a
T
 S

o
r
i
s
 

S
u
a
l

e
d
e
b
i
s
 a

r
s
e
b
o
b
i
T
 d

a
 

s
a
m
i
v
e
 m

a
T
g
a
n
i
s
 c

v
l

i
l

e
b
i
T
; 
b
) 

v
e
l

i
s
 w

a
r
m
o
m
q
m
n
e
l

i
 o

b
i
e
q
t
e
-

b
i
s
 m

o
Z
r
a
o
b
i
T
, 

k
o

m
p

l
e

q
s

u
r

i
 d

a
v

a
l

e
b

i
s

 d
a
m

u
S

a
v

e
b

i
s

 e
t

a
p

e
b

i
 (

r
e

s
u

r
s

e
b

i
, 
a
q

t
i

v
o

b
e

b
i

):

I 
e

t
a
p

i
: 
k

o
m

p
l

e
q

s
u

r
i

 d
a
v

a
l

e
b

i
s

 f
o

r
m

a

n
a
b

i
j

i
 1

. r
o
g
o
r
 u

n
d
a
 w

a
r
m
o
v
a
C
i
n
o
 s

a
k
u
T
a
r
i
 c

o
d
n
a
 S

e
s
a
s
w
a
v
l

 s
a
k
i
T
x
T
a
n
 d

a
k
a
v
S
i
-

r
e
b
i
T
?

r
e

s
u

r
s

i
/a

q
t

i
v

o
b

a
:

a
q

t
i

v
o

b
a
 1

. 
m
a
s
w
a
v
l

e
b
e
l

i
 m

o
s
w
a
v
l

e
e
b
s
 a

c
n
o
b
s
 k

o
n
d
e
n
s
a
t
o
r
i
s
 m

o
d
e
l

i
s
 a

r
s
s
 

d
a
 g

a
n
i
x
i
l

a
v
s
 m

a
g
a
l

i
T
e
b
s
. 
m
o
s
w
a
v
l

e
e
b
i
 m

s
j
e
l

o
b
e
n
 d

a
 i

n
i
S
n
a
v
e
n
 r

v
e
u
l

S
i
 

m
o
d
e
l

i
s
 S

e
s
a
q
m
n
e
l

a
d
 s

a
W
i
r
o
 r

e
s
u
r
s
s
a
 d

a
 e

t
a
p
e
b
s
. 
g
a
m
o
T
q
v
a
m
e
n
 T

a
v
i
a
n
T
 

m
o
s
a
z
r
e
b
e
b
s
a
. 
m
o
d
e
l

i
s
 g

a
c
n
o
b
a
 (
z
o
g
a
d
i
).

r
a
 a

r
i
s
 m

o
d
e
l

i
 h

Ʃ p
s:

//
em

is1
88

-m
y.s

ha
re

po
in

t.c
om

/:
w

:/g
/p

er
so

na
l/k

ha
tu

na
_g

eg
es

hi
-

dz
e_

te
ac

he
rs

_g
ov

_g
e/

Eb
eD

3A
xx

IlB
Hh

HL
C0

m
cg

i9
4B

4T
gJ

ck
U

KR
tn

D5
Je

tjG
pb

LQ
?r

Ɵ m
e=

y0
tY

o-
g8

U
2k

g
p
l

a
s
t
m
a
s
i
s
 b

o
T
l

i
T
 h

Ʃ 
ps

:/
/w

w
w

.y
ou

tu
be

.c
om

/w
at

ch
?v

=n
1h

P3
HK

je
3k

a
q

t
i

v
o

b
a
 2

. 
m
o
s
w
a
v
l

e
e
b
i
 e

c
n
o
b
i
a
n
 s

a
s
w
a
v
l

o
 v

i
d
e
o
s
 d

a
 m

s
j
e
l

o
b
e
n
 k

o
n
d
e
n
s
a
-

t
o
r
S
i
 d

a
g
r
o
v
i
l

i
 e

n
e
r
g
i
i
s
 g

a
m
o
y
e
n
e
b
i
s
 S

e
s
a
x
e
b
.

hƩ
 p

s:
//

w
w

w
.y

ou
tu

be
.c

om
/w

at
ch

?v
=5

hF
C9

ug
TG

Ls

a
q

t
i

v
o

b
a
 3

. 
m
a
s
w
a
v
l

e
b
e
l

i
 m

o
s
w
a
v
l

e
e
b
s
 a

c
n
o
b
s
 p

o
s
t
e
r
i
s
 m

a
g
a
l

i
T
e
b
s
 d

a
 i

s
i
n
i
 

m
s
j
e
l

o
b
e
n
 p

o
s
t
e
r
z
e
 i

n
f
o
r
m
a
c
i
i
s
 g

a
n
l

a
g
e
b
i
s
 S

e
s
a
x
e
b
.

r
o
g
o
r
 S

e
v
q
m
n
a
T
 p

o
s
t
e
r
i
. 

hƩ
 p

s:
//

em
is1

88
-m

y.
sh

ar
ep

oi
nt

.c
om

/:
w

:/
g/

pe
rs

on
al

/k
ha

-
tu

na
_g

eg
es

hi
dz

e_
te

ac
he

rs
_g

ov
_g

e/
ES

4J
q0

Zz
6a

pK
h2

-F
VV

J7
0x

YB
5B

Am
p4

7l
kD

iJp
8q

h7
-O

hb
-

g?
e=

Va
EM

0c
&

ĩ 
cl

id
=I

w
AR

3J
kI

-_
z1

W
tk

er
Ha

cn
iA

3b
q5

U
Hg

ST
8S

A_
EG

Fh
4u

ka
hF

u3
m

rO
-

D2
O

pB
7B

qX
Y

d
a
v

a
l

e
b

i
s

 p
i

r
o

b
a
:

k
o

n
d

e
n

s
a
t

o
r

i
s

 m
o

d
e
l

i
 d

a
 e

n
e
r

g
i
a

b
a
T
u
m
i
. 
z
R
v
i
s
 s

a
n
a
p
i
r
o
. 
n
i
n
o
s
a
 d

a
 a

l
i
s
 q

a
n
-

d
a
k
e
b
a
. 
m
e
a
T
e
k
l

a
s
e
l

i
 a

x
a
l

g
a
z
r
d
e
b
i
s
 j

g
u
f
i
, 

r
o
m
l

e
b
i
c
 s

u
r
a
T
e
b
s
 i

R
e
b
e
n
 c

i
f
r
u
l

i
 f

o
t
o
-

k
a
m
e
r
i
T
 q

a
n
d
a
k
e
b
a
s
T
a
n
. 
m
o
a
z
r
o
v
n
e
 a

x
a
l

g
a
z
r
-

d
e
b
s
 S

o
r
i
s
 e

r
T
-e

r
T
i
 m

e
t
s
a
x
e
l

a
d
 `
a
i
n
S
t
a
i
n
a
s
~
 

k
i
T
x
v
e
b
i
 m

e
g
o
b
r
e
b
i
s
a
d
m
i
: 
r
o
m
e
l

 x
e
l

s
a
w
y
o
s
 

a
m
s
g
a
v
s
e
b
T
 n

i
n
o
s
a
 d

a
 a

l
i
s
 q

a
n
d
a
k
e
b
a
s
?
 r

o
m
e
-

l
i
 x

e
l

s
a
w
y
o
 g

a
m
o
i
y
e
n
e
b
a
 f

o
t
o
k
a
m
e
r
i
s
 n

a
T
u
-

r
i
s
 a

s
a
n
T
e
b
a
d
?

S
e
q
m
e
n
i
 k

o
n
d
e
n
s
a
t
o
r
i
s
 m

o
d
e
l

i
 d

a
 p

o
s

t
e
r

z
e

 

a
R
w
e
r
e
 m

i
s
i
 m

o
q
m
e
d
e
b
i
s
 p

r
i
n
c
i
p
i
. 
n
a
S
r
o
m
i
 

w
a
r
m
o
a
d
g
i
n
e
 p

r
e
z
e
n
t
a
c
i
i
s
 s

a
x
i
T
.

k
o

m
p

l
e
q
s

u
r

i
 d

a
v

a
l

e
b

a
: 
k

o
n

d
e
n

s
a
t

o
r

i
s

 m
o

d
e
l

i
.

T
e
m

a
: 
e
l

e
q
t

r
o

s
t

a
t

i
k

a
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s
i
v
r
c
u
l

i
 g

a
n
l

a
g
e
b
i
T
 d

a
 a

m
 o

b
i
e
q
t
e
-

b
i
s
 m

i
e
r
 m

o
c
e
m
u
l

i
 v

e
l

i
s
 w

a
r
m
o
q
m
n
i
s
 

u
n
a
r
i
T
.

3
) 
m
a
t
e
r
i
i
s
 m

a
x
a
s
i
a
T
e
b
e
l

i
 f

i
z
i
k
u
-

r
i
 s

i
d
i
d
e
e
b
i
s
 k

a
v
S
i
r
i
 e

r
T
m
a
n
e
T
-

T
a
n
 d

a
 m

a
T
i
 c

v
l

i
l

e
b
i
s
 g

a
m
o
m
w
v
e
v
 

m
i
z
e
z
e
b
T
a
n
 S

e
s
a
Z
l

e
b
e
l

i
a
 a

R
v
w
e
r
o
T
 

a
n
a
l

i
z
u
r
a
d
, 
g
r
a
f
i
k
u
l

a
d
, 
d
i
a
g
r
a
m
e
-

b
i
T
, 
c
x
r
i
l

e
b
i
T
 d

a
 s

x
v
a
 m

e
T
o
d
e
b
i
T
.

`
e

n
e

r
g

i
a
~

m
o

s
w

a
v

l
e

m
 u

n
d

a
 g

a
a
c

n
o

b
i

e
r

o
s

, 
r

o
m

:

1
) 
s
i
s
t
e
m
i
s
 S

e
m
a
d
g
e
n
e
l

 s
x
e
u
l

e
b
s
 

m
a
T
i
 m

o
Z
r
a
o
b
i
s
a
 d

a
 s

x
v
a
 s

x
e
u
l

e
b
T
a
n
 

u
r
T
i
e
r
T
q
m
e
d
e
b
i
s
 g

a
m
o
, 
a
s
e
v
e
 s

x
e
u
-

l
i
s
 S

e
m
a
d
g
e
n
e
l

i
 n

a
w
i
l

a
k
e
b
i
s
 m

o
Z
-

r
a
o
b
i
s
a
 d

a
 m

a
T
i
 e

r
T
m
a
n
e
T
T
a
n
 u

r
-

T
i
e
r
T
q
m
e
d
e
b
i
s
 g

a
m
o
 S

e
s
a
Z
l

e
b
e
l

i
a
 

g
a
a
C
n
d
e
T
 s

x
v
a
d
a
s
x
v
a
 s

a
x
i
s
 e

n
e
r
g
i
a
, 

r
o
m
e
l

i
c
 S

e
s
a
Z
l

e
b
e
l

i
a
 g

a
r
d
a
i
q
m
n
a
s
 

e
r
T
i
 s

a
x
i
d
a
n
 m

e
o
r
e
S
i
. 

2
) 
s
x
e
u
l

T
a
 s

i
s
t
e
m
i
s
 e

n
e
r
g
i
i
s
 c

v
l

i
-

l
e
b
a
s
 g

a
n
s
a
z
R
v
r
a
v
s
 m

i
s
 m

i
e
r
 (
m
a
s
z
e
 

g
a
r
e
 Z

a
l

e
b
i
s
 m

i
e
r
) 
m
u
S
a
o
b
i
s
 S

e
s
-

r
u
l

e
b
a
 a

n
/d

a
 T

b
o
g
a
d
a
c
e
m
a
, 
x
o
l

o
 

s
x
e
u
l

T
a
 s

i
s
t
e
m
i
s
 m

i
e
r
 S

e
s
r
u
l

e
b
u
-

l
i
 m

u
S
a
o
b
i
s
 (
e
n
e
r
g
i
i
s
 c

v
l

i
l

e
b
i
s
) 

s
i
s
w
r
a
f
e
s
 _

 m
i
s
 m

i
e
r
 g

a
n
v
i
T
a
r
e
b
u
l

i
 

s
i
m
Z
l

a
v
r
e
.

3
) 
s
x
e
u
l

T
a
 s

i
s
t
e
m
i
s
 e

n
e
r
g
i
e
b
i
s
a
 d

a
 

m
a
T
i
 c

v
l

i
l

e
b
i
s
 d

a
m
o
k
i
d
e
b
u
l

e
b
a
 

e
n
e
r
g
i
e
b
i
s
 c

v
l

i
l

e
b
i
s
 g

a
m
o
m
w
v
e
v
 

m
i
z
e
z
e
b
T
a
n
 S

e
s
a
Z
l

e
b
e
l

i
a
 a

R
v
w
e
r
o
T
 

a
n
a
l

i
z
u
r
a
d
, 
g
r
a
f
i
k
u
l

a
d
, 
d
i
a
g
r
a
-

m
e
b
i
T
, 
c
x
r
i
l

e
b
i
T
a
 d

a
 s

x
v
a
 m

e
T
o
-

d
e
b
i
T
.

s
a
m
i
z
n
e
 c

o
d
n
i
s
 (
d
e
k
l

a
-

r
a
t
i
u
l

i
, 
p
i
r
o
b
i
s
e
u
-

l
i
, 
p
r
o
c
e
d
u
r
u
l

i
) 

k
o
n
s
t
r
u
i
r
e
b
a
z
e
 o

r
i
e
n
-

t
i
r
e
b
u
l

i
 S

e
k
i
T
x
v
e
b
i

q
v

e
c

n
e

b
a

e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 e

n
e
r
-

g
i
a
,

k
o
n
d
e
n
s
a
t
o
r
i
s
 e

n
e
r
g
i
a

•
 r

a
 a

r
i
s
 m

o
d
e
l

i
?

•
 r

a
 t

i
p
i
s
 m

o
d
e
l

e
b
s
 i

c
n
o
b
T
?
 

•
 r

a
t
o
m
 i

y
e
n
e
b
e
n
 m

e
c
n
i
e
r
e
b
i
 m

o
d
e
l

e
b
s
?

•
 r

a
t
o
m
 v

q
m
n
i
 k

o
n
d
e
n
s
a
t
o
r
i
s
 m

o
d
e
l

s
?

•
 r

a
 r

e
s
u
r
s
i
 d

a
g
W
i
r
d
e
b
a
 k

o
n
d
e
n
s
a
t
o
r
i
s
 d

a
s
a
m
z
a
d
e
b
-

l
a
d
?

•
 r

a
 n

a
b
i
j
e
b
i
s
 g

a
d
a
d
g
m
a
 m

o
g
i
w
e
v
s
 k

o
n
d
e
n
s
a
t
o
r
i
s
 m

o
-

d
e
l

i
s
 S

e
s
a
q
m
n
e
l

a
d
?

•
 r

a
 d

a
n
i
S
n
u
l

e
b
a
 a

q
v
s
 k

o
n
d
e
n
s
a
t
o
r
s
?

•
 v

i
d
e
o
s
 m

i
x
e
d
v
i
T
 r

o
m
e
l

 e
n
e
r
g
i
a
d
 g

a
r
d
a
i
q
m
n
a
 k

o
n
d
e
n
s
a
-

t
o
r
i
s
 e

n
e
r
g
i
a
?

•
 S

e
g
i
q
m
n
i
a
T
 T

u
 a

r
a
 p

o
s
t
e
r
i
?

•
 r

a
 u

n
d
a
 v

i
c
o
d
e
T
 p

o
s
t
e
r
i
s
 S

e
s
a
q
m
n
e
l

a
d
?

•
 r

a
 n

a
b
i
j
e
b
i
s
 g

a
d
a
d
g
m
a
 m

o
g
i
w
e
v
T
 p

o
s
t
e
r
i
s
 S

e
s
a
q
m
n
e
l

a
d
?

p
r

e
z

e
n

t
a
c

i
i

s
a
s

 n
a
S

r
o

m
S

i
 

x
a
z

g
a
s

m
i

T
 w

a
r

m
o

a
C

i
n

e
:

•
 r

a
 m

a
s
a
l

e
b
i
 S

e
a
r
C
i
e
 k

o
n
-

d
e
n
s
a
t
o
r
i
s
 d

a
s
a
m
z
a
d
e
b
l

a
d
 

d
a
 r

a
t
o
m
?
 r

o
g
o
r
 d

a
a
m
z
a
d
e
 

k
o
n
d
e
n
s
a
t
o
r
i
?
 (

m
a
t

e
r

i
a
 1

)

•
 r

a
 s

a
x
i
s
 e

n
e
r
g
i
i
s
 d

a
g
r
o
-

v
e
b
a
a
 S

e
s
a
Z
l

e
b
e
l

i
 k

o
n
d
e
n
-

s
a
t
o
r
S
i
 d

a
 r

o
g
o
r
 S

e
i
Z
l

e
-

b
a
 a

m
 e

n
e
r
g
i
i
s
 g

a
m
o
y
e
n
e
b
a
?
 

(m
a
t

e
r

i
a
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 moswavlis baraTi

klasi kompleqsuri davaleba: `kondensatoris modeli~, X klasi

Tema: eleqtrostatika

samizne cneba: materia, energia

sakiTxebi: eleqtruli velis muSaoba/eleqtruli velis potencialuri energia, potenciali

kondensatori/kondensatiris tevadoba, kondensatoris energia, kondensatorebis 

mimdevrobiTi da paraleluri SeerTeba

sakvanZo

SekiTxva

rogor warmovaCino kondensatoris modelis damzadeba da kondensatoris muSaobis 

principi posterSi?

kompleqsuri 

davalebis

piroba:

kondensatoris modeli da energia

baTumi. zRvis sanapiro. ninosa da alis qandakeba. meaTeklaseli axalgazrdebis 

jgufi, romlebic suraTebs iReben cifruli fotokameriT qandakebasTan. moaz-

rovne axalgazrdebs Soris erT-erTi metsaxelad ,, ainStainas ~ kiTxvebi megobre-

bisadmi: romel xelsawyos amsgavsebT ninosa da alis qandakebas? romel xelsawyo 

gamoiyeneba fotokameris naTuris asanTebad?

Seqmeni kondensatoris modeli da posterze aRwere misi moqmedebis principi. naS-

romi warmoadgine prezentaciis saxiT.

prezentaciisas naSromSi xazgasmiT warmoaCine:

• ra masalebi SearCie kondensatoris dasamzadeblad da ratom? rogor daamzade 

kondensatori? (materia 1)

• ra saxis energiis dagrovebaa SesaZlebeli kondensatorSi da rogor SeiZleba 

am energiis gamoyeneba? (materia 1; energia 1,2,3)

• moiZie da aRwere, sad gamoiyenaba kondensatorebi yofacxovrebSi da ra funq-

cia aqvT maT? (energia 1,2)

• rogor SeiZleba kondensatorebis sxvadasxva saxis SeerTebiT jamuri tevado-

bis marTva? (energia 1,2,3)

resursebi saxelmZRvanelo:

2.13 dieleqtrikebi eleqtrul velSi; 2.14 eleqtruli Zalis muSaoba; 2.15 ele-

qtruli velis potenciali; 2.16 damuxtuli sxeulebis energiisa da potencialis 

kvleva; 2.17 potencialTa sxvaoba. ekvipotencialuri zedapirebia; 2.18 amocanebis 

amoxsna; 2.20, eleqtrotevadoba, kondensatori; 2.21 eleqtrotevadobis eqsperi-

mentuli kvleva; 2.22 brtyeli kondensatoris eleqtrotevadoba; 2.23 kondensa-

toris eleqtruli velis energia.2.24 kondensatorebis SeerTeba; 2.25 amocanebis 

amoxsna. 2.26 Semajamebeli gakveTili.

teleskolis gakveTilebi:

eleqtruli veli gamtarSi da dieleqtricSi hƩ ps://1tv.ge/video/fi zikis-dro-eleqtruli-mo-
vlenebi-eleqtruli-veli-gamtarshi-da-dieleqtrikebshi-teleskola/
eleqtruli veli da potenciali

hƩ ps://1tv.ge/video/fi zikis-dro-eleqtruli-movlenebi-eleqtruli-veli-da-potenciali-teleskola/
eleqtrotevadobis gamoyeneba Tanamedrove teqnologiebSi

hƩ ps://1tv.ge/video/fi zikis-dro-iv-gakveƟ li-3-aprili-2020-teleskola/

samotivacio video:

kondensatorSi dagrovili energiis gamoyenebis Sesaxeb.

hƩ ps://www.youtube.com/watch?v=5hFC9ugTGLs
kondensatori plastmasis boTliT

hƩ ps://www.youtube.com/watch?v=n1hP3HKje3k

virtualuri laboratoriis bmuli:

kondensatori

hƩ ps://www.vascak.cz/data/android/physicsatschool/templateimg.php?s=elpole_kondenza-
tor&l=en
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modeli/

eqsperimenti

I. kondensatoris damzadeba

a) cilindruli kondesatori

mocemuli gaqvs: qaRaldis furcelebi, folgis gragnili, webo, makrateli, liTo-

nis gamtarebi,feradi furclebi (sasurvelia webovani), skoCi 

msvleloba: gamoWeri Tabaxis furcelze odnav mcire zomis folgis ori furceli. 

wausvi webo Tabaxis furcels da zed mWidrod daawebe folgis furceli. mis erT-

erT kuTxeSi skoCiT daawebe gamtaris bolo. 

 wausvi webo sxa Tabaxis furcels da daawebe folgis furcels (romelzec gamta-

ria dadagrebuli).kvlav wausvi weboigive Tabaxis meore gverds da mWidroT daawe-

be folga.

folgis meore kuTxeSi( romelic mdebareobs pirveli mavTuli damagrebis werti-

lidan diametralurad)skoCiT daamagre meore mavTulis bolo. mavTuliani folga 

dafare webowasmuli TabaxiT daaxvieis rom gragnili miiRo. 

kondensatoris models garedan Semoaxvie feradi qaRaldebi da gaaforme igi.

analogiuri gegmis mixedviT SegiZlia aawyo sxvadasxva zomis ramdenime kondesatori.

b) brtyeli kondensatori

mocemuli gaqvs: folgis gragnili, sami erTjeradi TefSi, sabavSvo zeTi, makrate-

li, mavTuli, skotCi

msvleloba: gamoWeri folgisagan TefSis sayrdeni farTobis zomis ori wre Sveri-

liT (sura.a). wausvi TefSs fskerze zeTi da mWidroT daakari folgis wre.

Semdeg meore TefSis fskers wausvi zeTi da ZiriT moaTavse folgian TefSze.igive 

TefSs zedapirze wausvi zeTi da daakari folga ise, rom folgis Sverilebs ur-

TierTsawinaaRmdego mdebareoba hqondeT(sur.b). 

wausvi mesame TefSis Zirs zeTi da moTavse folgian TefSze. 

gamtarebis boloebi gaasufTave izolatorisagan da skoCiT daamagre folgis 

Sverilebze.

II. TviTnakeTi kondensatorebiT aawye wredi mimdevrobiTi da paraleluri SeerTe-

bis gamoyenebis gamoyenebiT.
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Sefasebis kriteriumi komentari

prestruqturuli done 

moswavles sakiTxTan dakavSirebiT ar aqvs 

relevanturi informacia. 

moswavlem ver Seasrula davaleba.

unistruqturuli done

moswavles aqvs mxolod erTi arastruqturi-

rebuli asociacia/warmodgena gansaxilvel 

sakiTxTan dakavSirebiT.

moswavlem icis, ra nivTierebisgan amzadeben konden-

sators, magram ver asabuTebs, ratom aris SerCeuli 

es nivTierebebi/an icis, ra aris dieleqtriki/an icis, 

ra aris gamtari. amzadebs kondensators, magram ver 

xsnis mis daniSnulebas/an icis, rom kondensatoriT 

SesaZlebelia eleqtruli energiis dagroveba, ver 

xsnis, rogor xdeba dagroveba/an icis kondensatoris 

SeerTebis saxeebi axsnis gareSe.

multistruqturuli done 

moswavles aqvs mxolod ramdenime, erTmaneT-

Tan daukavSirebeli, usistemo asociacia/war-

modgena gansaxilvel sakiTxTan dakavSirebiT.

moswavlem icis, ra nivTierebisgan amzadeben konden-

sators, icis, ra aris dieleqtriki, icis, ra aris 

gamtari, icis rom kondensatoriT SesaZlebelia ele-

qtruli energiis dagroveba, magram ver akavSirebs am 

codnas, rom axsnas kondensatoris muSaobis principi. 

icis kondensatoris SeerTebis saxeebi, magram ver 

xsnis kondensatorebis batareis tevadobis cvlile-

bis mizezs.

mimarTebiTi done 

moswavles SeuZlia:

• samizne cnebasTan dakavSirebuli faqtebi-

sa da movlenebis kritikulad da urTier-

TdakavSirebulad gaazreba da gaanalizeba; 

• samizne cnebis mkvidri warmodgenebis ur-

TierTdakavSirebulad gaanalizeba;

• konkretul samizne cnebasTan dakavSirebu-

li informaciis konteqstualizeba (sagnis 

sxva samizne cnebebTan dakavSireba).

• mimarTebiT doneze sakiTxis/samizne cne-

bis gaazreba niSnavs erovnuli saswavlo 

gegmiT gansazRvruli Sedegis miRwevas. 

Tumca, SesaZlebelia moswavle ufro Sor-

sac wavides, anu im ganzogadebebisken, 

romelic abstraqtuli donisTvisaa gansa-

zRvruli.

moswavlem icis, ra nivTierebisgan amzadeben konden-

sators da asabuTebs, ratom aris SerCeuli es niv-

Tierebebi.

icis dieleqtrikis da gamtaris Tvisebebi.

amzadebs kondensatoris models.

xsnis kondensatoris daniSnulebas, rom misi gamoye-

nebiT SesaZlebelia eleqtruli energiis dagroveba.

icis kondensatoris SeerTebis saxeebi, SeuZlia Sesa-

bamisi amocanebis amoxsna.

moiZiebs kondensatoris gamoyenebis magaliTebs yo-

fa-cxovrebaSi.

abstraqtuli done

moswavles SeuZlia samizne cnebaze muSaobis 

procesSi SeZenili codnisa da gamocdilebis 

erovnuli saswavlo gegmis zesagnobriv (mak-

ro) cnebebTan dakavSireba.

moswavlem icis, ra nivTierebisgan amzadeben konden-

sators da asabuTebs, ratom aris SerCeuli es niv-

Tierebebi, icis dieleqtrikisa da gamtaris Tvisebebi. 

amzadebs kondensatoris models. icis kondensatoris 

SeerTebis saxeebi, SeuZlia maTi mimdevrobiTi da 

paraleluri SeerTebis demonstrireba modelis gamo-

yenebiT, icis ratom icvleba kondensatorebis bata-

reis tevadoba aseTi SeerTebebisas, SeuZlia Sesabamisi 

amocanebis amoxsna. icis, rom kondensatoris gamoye-

nebiT SesaZlebelia eleqtruli energiis dagroveba. 

SeuZlia Sesabamisi amocanebis amoxsna. moiZiebs kon-

densatoris gamoyenebis magaliTebs yofa-cxovrebaSi.

SeuZlia miRebuli codnis transferi teqnikasa da 

yofa-cxovrebaSi, aseve am codnis dakavSireba sxva-

dasxva mecnierebasTan. magaliTad, msjelobs konden-

satoris gamoyenebis Sesaxeb defibrilatorSi, rac 

kavSirSia biologiis sakiTxebTan. SeuZlia axsnas kon-

densatoris, rogorc energiis damgrovebelis gamoye-

neba fotoaparatSi _ myisier gamnaTeblad.

kondensatoris modeli, moswavlis miRwevebis taqsonomiakondensatoris modeli, moswavlis miRwevebis taqsonomia
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. 
f
i
z
i
k
a
, 
m
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n
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e
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e
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u
n
e
b
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s
 

S
e
s
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x
e
b
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. 
f
i
z
i
k
a
 d
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s
x
v
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c
n
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i
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t
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r
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n
i
v
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i
e
r
e
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.
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e
s
w
a
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l
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b
a
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i
 

m
i
m
a
r
T
u
l
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: 

m
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s
a
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o
, 

m
a
k
r
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s
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m
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o
, 

m
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g
a
s
a
m
y
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.

•
 

f
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z
i
k
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e
c
n
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u
n
e
b
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s
 

S
e
s
a
x
e
b
. 
f
i
z
i
k
i
s
 

S
e
s
w
a
v
l

i
s
 o

b
i
-

e
q
t
e
b
i
a
: 
n
i
v
-

T
i
e
r
e
b
a
, 
v
e
l

i
, 

u
r
T
i
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q
m
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 d

a
 f

i
z
i
k
u
-

r
i
 p
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o
c
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b
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. 

f
i
z
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s
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c
n
e
b
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f
i
z
i
-

k
i
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v
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l

o
 

e
n
a
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 m

a
T
e
m
a
t
i
k
a
.

m
a
t

e
r

i
a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:
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e
l

e
m
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r
u
l
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u
x
t
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s
a
 d
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 s

x
e
u
l
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j
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a
a
n
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l
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z
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b
l
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; 

•
 

m
u
x
t
i
s
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i
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r
 e

l
e
q
t
r
o
s
t
a
t
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r
i
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e
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s
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i
s
a
 d

a
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e
l
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x
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i
a
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e
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b
e
l

i
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a
r
a
m
e
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r
e
b
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s
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d
a
Z
a
b
u
l

o
b
a
, 
p
o
t
e
n
c
i
a
l

i
) 
S
e
s
a
x
e
b
 m
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j
e
l
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S
o
r
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l
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b
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s
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o
g
i
a
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r
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v
i
t
a
c
i
u
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i
 

v
e
l

i
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 m

a
x
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s
i
a
T
e
b
l
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b
T
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•
 

n
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T
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r
e
b
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 d

i
e
l

e
q
t
r
i
k
u
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e
R
w
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x
e
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 d
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q
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 g
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r
c
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l
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b
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 d
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x
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s
i
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e
b
l
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. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

e
n

e
r

g
i

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 m

i
e
r
 S

e
s
r
u
l

e
b
u
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e
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j
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b
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 d
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b
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y
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n
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b
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b
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b
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b
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j
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 d
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b
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i
z
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a
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Z
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l
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 m
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a
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 u

n
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e
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b
i
s
 g

a
m
o
y
e
n
e
b
a
 e

l
e
q
t
r
u
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b
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 d
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r
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b
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r
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b
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 d
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b
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p
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c
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b
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b
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b
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b
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 d
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 d
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 d
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b
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b
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 p
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 m
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i
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b
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l
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i
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u
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 m
o
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a
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 d
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j
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u
x
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i
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l
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j
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c
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b
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 d
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 d
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 d
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 m
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b
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b
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b
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b
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e
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o
n
d
e
n
s
a
t
o
r
i
s
 r

o
l

i
s
 S

e
s
a
f
a
s
e
b
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

Z
a
l

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
: 

•
 

s
x
e
u
l

T
a
 w

o
n
a
s
w
o
r
o
b
i
s
 p

i
r
o
b
e
b
i
s
 g

a
m
o
y
e
n
e
b
a
 e

l
e
q
t
r
u
l

 v
e
l

S
i
 

u
Z
r
a
v
a
d
 m

o
T
a
v
s
e
b
u
l

i
 (
w
r
f
i
v
a
d
 d

a
 T

a
n
a
b
r
a
d
 m

o
Z
r
a
v
i
) 
m
u
x
t
i
s
 

w
o
n
a
s
w
o
r
u
l

i
 m

d
g
o
m
a
r
e
o
b
i
s
 a

R
s
a
w
e
r
a
d
; 

•
 

w
e
r
t
i
l

o
v
a
n
 m

u
x
t
e
b
s
 S

o
r
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 Z

a
l

i
s
 r

a
o
d
e
n
o
b
-

r
i
v
a
d
 d

a
x
a
s
i
a
T
e
b
a
 (
a
n
a
l

o
g
i
a
 m

s
o
f
l

i
o
 m

i
z
i
d
u
l

o
b
i
s
 k

a
n
o
n
T
a
n
) 

d
a
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 s

u
p
e
r
p
o
z
i
c
i
i
s
 p

r
i
n
c
i
p
i
s
 a

x
s
n
a
 

p
r
o
b
l

e
m
a
z
e
 o

r
i
e
n
t
i
r
e
b
u
l

i
 a

m
o
c
a
n
e
b
i
s
 g

a
d
a
s
a
W
r
e
l

a
d
; 

•
 

h
i
p
o
T
e
z
i
s
 C

a
m
o
y
a
l

i
b
e
b
a
, 
e
q
s
p
e
r
i
m
e
n
t
e
b
i
s
 d

a
g
e
g
m
v
a
 d

a
 m

i
s
i
 

u
s
a
f
r
T
x
o
d
 C

a
t
a
r
e
b
a
 d

a
m
u
x
t
u
l

i
 s

x
e
u
l

e
b
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 

S
e
s
a
s
w
a
v
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

f
i

z
i

k
u

r
i

 p
r

o
c

e
s

i
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

w
e
r
t
i
l

o
v
a
n
i
 m

u
x
t
i
s
 m

o
Z
r
a
o
b
i
s
 d

a
x
a
s
i
a
T
e
b
a
 e

r
T
g
v
a
r
o
v
a
n
 e

l
e
-

q
t
r
u
l

 v
e
l

S
i
, 
m
o
Z
r
a
o
b
i
s
 m

a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
a
 d

a
 m

a
T
i
 

c
v
l

i
l

e
b
i
s
/u

c
v
l

e
l

o
b
i
s
 m

i
z
e
z
e
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 p

r
o
b
l

e
m
a
-

z
e
 o

r
i
e
n
t
i
r
e
b
u
l

i
 a

m
o
c
a
n
e
b
i
s
 g

a
d
a
s
a
W
r
e
l

a
d
. 
(f

i
z
.s

a
S
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,3

,4
)

1
 s
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1
 s
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T
e

m
i

s
 d

a
s

a
x

e
-

l
e

b
a

T
e

m
i

s
 f

a
r

g
l

e
b

S
i

 d
a
s

a
-

m
u

S
a
v

e
b

e
l

i
 c

n
e

b
e

b
i

m
k

v
i

d
r

i

w
a
r

m
o

d
g

e
n

e
b

i
S

e
f

a
s

e
b

i
s

 i
n

d
i

k
a
t

o
r

e
b

i
s

a
s

w
a
v

l
o

 d
r

o
i

s

x
a
n

g
r

Z
l

i
v

o
b

a

II
. 
T

a
v

i

e
l

e
q

t
r

o
s

t
a
t

i
k

a
2

6
 s

a
a
T

i

2
.1

. 
e
l

e
q
t
r
u
l

i
 

m
u
x
t
i

2
.2

. 
s
x
e
u
l

e
b
i
s
 

d
a
m
u
x
t
v
i
s
 e

q
s
-

p
e
r
i
m
e
n
t
u
l

i
 

k
v
l

e
v
a

d
a
e
l

e
q
t
r
o
e
b
a
, 
e
l

e
-

q
t
r
u
l

i
 m

u
x
t
i
. 
m
u
x
t
i
s
 

d
i
s
k
r
e
t
u
l

o
b
a
, 
m
u
x
t
e
-

b
i
s
 a

d
i
t
i
u
r
o
b
a
. 
e
l

e
m
e
n
-

t
a
r
u
l

i
 m

u
x
t
i
, 
e
l

e
m
e
n
-

t
a
r
u
l

i
 n

a
w
i
l

a
k
i
.

s
x
e
u
l

e
b
i
s
 d

a
m
u
x
t
v
i
s
a
s
 

m
a
T
i
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 

k
v
l

e
v
a
.

•
 

a
r
s
e
b
o
b
s
 o

r
-

g
v
a
r
i
 e

l
e
q
t
-

r
u
l

i
 m

u
x
t
i
, 

d
a
d
e
b
i
T
i
 d

a
 

u
a
r
y
o
f
i
T
i
. 

s
x
e
u
l

S
i
 e

l
e
-

q
t
r
o
n
e
b
i
s
 

s
i
W
a
r
b
i
s
a
s
, 

i
g
i
 i

m
u
x
t
e
b
a
 

u
a
r
y
o
f
i
T
a
d
, 

e
l

e
q
t
r
o
n
e
b
i
s
 

n
a
k
l

e
b
o
b
i
s
a
s
 

—
 d

a
d
e
b
i
T
a
d
. 

d
a
u
m
u
x
t
a
v
 

s
x
e
u
l

S
i
 d

a
d
e
-

b
i
T
i
 d

a
 u

a
r
y
o
-

f
i
T
i
 m

u
x
t
e
-

b
i
s
 e

r
T
n
a
i
r
i
 

r
a
o
d
e
n
o
b
a
a
. 

m
u
x
t
e
b
i
 i

k
r
i
b
e
-

b
a
 a

l
g
e
b
r
u
l

a
d
.

m
a
t

e
r

i
a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
m
e
n
t
a
r
u
l

i
 m

u
x
t
i
s
a
 d

a
 s

x
e
u
l

i
s
 m

u
x
t
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

m
u
x
t
i
s
 S

e
n
a
x
v
i
s
 k

a
n
o
n
i
s
 g

a
s
a
a
n
a
l

i
z
e
b
l

a
d
; 

•
 

m
u
x
t
i
s
 m

i
e
r
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 w

a
r
m
o
q
m
n
i
s
a
 d

a
 v

e
l

i
s
 

m
a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
 (
d
a
Z
a
b
u
l

o
b
a
, 
p
o
t
e
n
c
i
a
l

i
) 
S
e
s
a
x
e
b
 

m
s
j
e
l

o
b
a
 m

u
x
t
e
b
s
 S

o
r
i
s
 e

l
e
q
t
r
u
l

i
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 a

R
s
a
w
e
-

r
a
d
 (
a
n
a
l

o
g
i
a
 g

r
a
v
i
t
a
c
i
u
l

i
 v

e
l

i
s
 m

a
x
a
s
i
a
T
e
b
l

e
b
T
a
n
);
 

•
 

n
i
v
T
i
e
r
e
b
i
s
 d

i
e
l

e
q
t
r
i
k
u
l

i
 S

e
R
w
e
v
a
d
o
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

d
i
e
l

e
q
t
r
i
k
e
b
S
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 g

a
v
r
c
e
l

e
b
i
s
 d

a
s
a
x
a
s
i
a
T
e
b
-

l
a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

e
n

e
r

g
i

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 m

i
e
r
 S

e
s
r
u
l

e
b
u
l

i
 m

u
S
a
o
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
-

b
a
 m

u
x
t
i
s
 v

e
l

T
a
n
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 p

o
t
e
n
c
i
a
l

u
r
i
 e

n
e
r
g
i
i
s
 

d
a
s
a
x
a
s
i
a
T
e
b
l

a
d
; 

•
 

b
r
t
y
e
l

i
 k

o
n
d
e
n
s
a
t
o
r
e
b
i
s
 m

o
d
e
l

e
b
i
s
 S

e
q
m
n
a
, 
S
e
r
e
u
l

i
 S

e
e
r
T
e
-

b
i
s
 g

a
m
o
k
v
l

e
v
a
, 
m
a
T
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 e

n
e
r
g
i
i
s
 r

a
o
d
e
n
o
b
r
i
v
i
 

a
R
w
e
r
a
 d

a
 g

a
m
o
y
e
n
e
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 y

o
f
a
-
c
x
o
v
r
e
b
a
s
a
 d

a
 

t
e
q
n
i
k
a
S
i
 k

o
n
d
e
n
s
a
t
o
r
i
s
 r

o
l

i
s
 S

e
s
a
f
a
s
e
b
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

Z
a
l

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
: 

•
 

s
x
e
u
l

T
a
 w

o
n
a
s
w
o
r
o
b
i
s
 p

i
r
o
b
e
b
i
s
 g

a
m
o
y
e
n
e
b
a
 e

l
e
q
t
r
u
l

 v
e
l

S
i
 

u
Z
r
a
v
a
d
 m

o
T
a
v
s
e
b
u
l

i
 (
w
r
f
i
v
a
d
 d

a
 T

a
n
a
b
r
a
d
 m

o
Z
r
a
v
i
) 
m
u
x
t
i
s
 

w
o
n
a
s
w
o
r
u
l

i
 m

d
g
o
m
a
r
e
o
b
i
s
 a

R
s
a
w
e
r
a
d
; 

•
 

w
e
r
t
i
l

o
v
a
n
 m

u
x
t
e
b
s
 S

o
r
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 Z

a
l

i
s
 r

a
o
d
e
n
o
b
-

r
i
v
a
d
 d

a
x
a
s
i
a
T
e
b
a
 (
a
n
a
l

o
g
i
a
 m

s
o
f
l

i
o
 m

i
z
i
d
u
l

o
b
i
s
 k

a
n
o
n
T
a
n
) 

d
a
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 s

u
p
e
r
p
o
z
i
c
i
i
s
 p

r
i
n
c
i
p
i
s
 a

x
s
n
a
 

p
r
o
b
l

e
m
a
z
e
 o

r
i
e
n
t
i
r
e
b
u
l

i
 a

m
o
c
a
n
e
b
i
s
 g

a
d
a
s
a
W
r
e
l

a
d
; 

•
 

h
i
p
o
T
e
z
i
s
 C

a
m
o
y
a
l

i
b
e
b
a
, 
e
q
s
p
e
r
i
m
e
n
t
e
b
i
s
 d

a
g
e
g
m
v
a
 d

a
 m

i
s
i
 

u
s
a
f
r
T
x
o
d
 C

a
t
a
r
e
b
a
 d

a
m
u
x
t
u
l

i
 s

x
e
u
l

e
b
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 

S
e
s
a
s
w
a
v
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

f
i

z
i

k
u

r
i

 p
r

o
c

e
s

i
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

w
e
r
t
i
l

o
v
a
n
i
 m

u
x
t
i
s
 m

o
Z
r
a
o
b
i
s
 d

a
x
a
s
i
a
T
e
b
a
 e

r
T
g
v
a
r
o
v
a
n
 e

l
e
-

q
t
r
u
l

 v
e
l

S
i
, 
m
o
Z
r
a
o
b
i
s
 m

a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
a
 d

a
 m

a
T
i
 

c
v
l

i
l

e
b
i
s
/u

c
v
l

e
l

o
b
i
s
 m

i
z
e
z
e
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 p

r
o
b
l

e
m
a
-

z
e
 o

r
i
e
n
t
i
r
e
b
u
l

i
 a

m
o
c
a
n
e
b
i
s
 g

a
d
a
s
a
W
r
e
l

a
d
. 
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i
z
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a
S
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)
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T
e

m
i

s

d
a
s

a
x

e
l

e
b

a

T
e

m
i

s
 f

a
r

g
l

e
b

S
i

d
a
s

a
m

u
S

a
v

e
b

e
l

i
 c

n
e

b
e

b
i

m
k

v
i

d
r

i

w
a
r

m
o

d
g

e
n

e
b

i
S

e
f

a
s

e
b

i
s

 i
n

d
i

k
a
t

o
r

e
b

i
s

a
s

w
a
v

l
o

 d
r

o
i

s

x
a
n

g
r

Z
l

i
v

o
b

a

II
. 
T

a
v

i

e
l

e
q

t
r

o
s

t
a
t

i
k

a
2

6
 s

a
a
T

i

2
.3

. 
s
x
e
u
l

e
b
i
s
 

d
a
m
u
x
t
v
a
. 
m
u
x
-

t
i
s
 m

u
d
m
i
v
o
b
i
s
 

k
a
n
o
n
i

x
a
x
u
n
i
T
 d

a
m
u
x
t
v
a
, 
d
a
r
-

t
y
m
i
T
 d

a
m
u
x
t
v
a
, 
S
e
x
e
b
i
T
 

d
a
m
u
x
t
v
a
, 
g
a
v
l

e
n
i
T
 

d
a
m
u
x
t
v
a
,

e
l

e
q
t
r
o
s
t
a
t
i
k
u
r
i
 

i
n
d
u
q
c
i
a
, 
e
l

e
q
t
r
o
s
t
a
-

t
i
k
a

•
 

s
x
e
u
l

e
b
i
s
 d

a
-

m
u
x
t
v
i
s
 x

e
r
x
e
-

b
i
a
: 
d
a
m
u
x
t
v
a
 

x
a
x
u
n
i
T
 (
t
r
i
-

b
o
e
l

e
q
t
r
o
b
a
),
 

S
e
x
e
b
i
T
, 
d
a
r
t
y
-

m
i
T
, 
g
a
v
l

e
n
i
T
, 

d
a
s
x
i
v
e
b
i
T
, 

q
i
m
i
u
r
i
 m

o
q
m
e
-

d
e
b
i
T
, 
m
e
q
a
n
i
-

k
u
r
i
 m

o
q
m
e
d
e
-

b
i
T
 —

 g
a
W
i
m
v
a
, 

S
e
k
u
m
S
v
a
 d

a
 s

x
v
. 

s
x
e
u
l

S
i
 T

a
v
i
-

s
u
f
a
l

i
 m

u
x
t
e
-

b
i
s
 g

a
d
a
n
a
w
i
-

l
e
b
i
s
 p

r
o
c
e
s
s
 

e
l

e
q
t
r
o
s
t
a
t
i
-

k
u
r
 i

n
d
u
q
c
i
a
s
 

u
w
o
d
e
b
e
n
. 
C
a
k
e
-

t
i
l

 s
i
s
t
e
m
a
S
i
 

S
e
m
a
v
a
l

i
 s

x
e
u
-

l
e
b
i
s
 (
n
a
w
i
l

a
-

k
e
b
i
s
) 
e
l

e
q
t
-

r
u
l

i
 m

u
x
t
e
b
i
s
 

j
a
m
i
 m

u
d
m
i
v
i
 

s
i
d
i
d
e
a
.

m
a
t

e
r

i
a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
m
e
n
t
a
r
u
l

i
 m

u
x
t
i
s
a
 d

a
 s

x
e
u
l

i
s
 m

u
x
t
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

m
u
x
t
i
s
 S

e
n
a
x
v
i
s
 k

a
n
o
n
i
s
 g

a
s
a
a
n
a
l

i
z
e
b
l

a
d
; 

•
 

m
u
x
t
i
s
 m

i
e
r
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 w

a
r
m
o
q
m
n
i
s
a
 d

a
 v

e
l

i
s
 

m
a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
 (
d
a
Z
a
b
u
l

o
b
a
, 
p
o
t
e
n
c
i
a
l

i
) 
S
e
s
a
x
e
b
 

m
s
j
e
l

o
b
a
 m

u
x
t
e
b
s
 S

o
r
i
s
 e

l
e
q
t
r
u
l

i
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 a

R
s
a
w
e
-

r
a
d
 (
a
n
a
l

o
g
i
a
 g

r
a
v
i
t
a
c
i
u
l

i
 v

e
l

i
s
 m

a
x
a
s
i
a
T
e
b
l

e
b
T
a
n
);
 

•
 

n
i
v
T
i
e
r
e
b
i
s
 d

i
e
l

e
q
t
r
i
k
u
l

i
 S

e
R
w
e
v
a
d
o
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

d
i
e
l

e
q
t
r
i
k
e
b
S
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 g

a
v
r
c
e
l

e
b
i
s
 d

a
s
a
x
a
s
i
a
T
e
b
-

l
a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

e
n

e
r

g
i

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 m

i
e
r
 S

e
s
r
u
l

e
b
u
l

i
 m

u
S
a
o
b
i
s
 S

e
s
a
x
e
b
 m

s
-

j
e
l

o
b
a
 m

u
x
t
i
s
 v

e
l

T
a
n
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 p

o
t
e
n
c
i
a
l

u
r
i
 e

n
e
r
-

g
i
i
s
 d

a
s
a
x
a
s
i
a
T
e
b
l

a
d
; 

•
 

b
r
t
y
e
l

i
 k

o
n
d
e
n
s
a
t
o
r
e
b
i
s
 m

o
d
e
l

e
b
i
s
 S

e
q
m
n
a
, 
S
e
r
e
u
l

i
 S

e
e
r
T
e
-

b
i
s
 g

a
m
o
k
v
l

e
v
a
, 
m
a
T
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 e

n
e
r
g
i
i
s
 r

a
o
d
e
n
o
b
r
i
v
i
 

a
R
w
e
r
a
 d

a
 g

a
m
o
y
e
n
e
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 y

o
f
a
-
c
x
o
v
r
e
b
a
s
a
 d

a
 

t
e
q
n
i
k
a
S
i
 k

o
n
d
e
n
s
a
t
o
r
i
s
 r

o
l

i
s
 S

e
s
a
f
a
s
e
b
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

Z
a
l

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
: 

•
 

s
x
e
u
l

T
a
 w

o
n
a
s
w
o
r
o
b
i
s
 p

i
r
o
b
e
b
i
s
 g

a
m
o
y
e
n
e
b
a
 e

l
e
q
t
r
u
l

 v
e
l

S
i
 

u
Z
r
a
v
a
d
 m

o
T
a
v
s
e
b
u
l

i
 (
w
r
f
i
v
a
d
 d

a
 T

a
n
a
b
r
a
d
 m

o
Z
r
a
v
i
) 
m
u
x
t
i
s
 

w
o
n
a
s
w
o
r
u
l

i
 m

d
g
o
m
a
r
e
o
b
i
s
 a

R
s
a
w
e
r
a
d
; 

•
 

w
e
r
t
i
l

o
v
a
n
 m

u
x
t
e
b
s
 S

o
r
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 Z

a
l

i
s
 r

a
o
d
e
n
o
b
-

r
i
v
a
d
 d

a
x
a
s
i
a
T
e
b
a
 (
a
n
a
l

o
g
i
a
 m

s
o
f
l

i
o
 m

i
z
i
d
u
l

o
b
i
s
 k

a
n
o
n
T
a
n
) 

d
a
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 s

u
p
e
r
p
o
z
i
c
i
i
s
 p

r
i
n
c
i
p
i
s
 a

x
s
n
a
 

p
r
o
b
l

e
m
a
z
e
 o

r
i
e
n
t
i
r
e
b
u
l

i
 a

m
o
c
a
n
e
b
i
s
 g

a
d
a
s
a
W
r
e
l

a
d
; 

•
 

h
i
p
o
T
e
z
i
s
 C

a
m
o
y
a
l

i
b
e
b
a
, 
e
q
s
p
e
r
i
m
e
n
t
e
b
i
s
 d

a
g
e
g
m
v
a
 d

a
 m

i
s
i
 

u
s
a
f
r
T
x
o
d
 C

a
t
a
r
e
b
a
 d

a
m
u
x
t
u
l

i
 s

x
e
u
l

e
b
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 

S
e
s
a
s
w
a
v
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

f
i

z
i

k
u

r
i

 p
r

o
c

e
s

i
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

w
e
r
t
i
l

o
v
a
n
i
 m

u
x
t
i
s
 m

o
Z
r
a
o
b
i
s
 d

a
x
a
s
i
a
T
e
b
a
 e

r
T
g
v
a
r
o
v
a
n
 e

l
e
-

q
t
r
u
l

 v
e
l

S
i
, 
m
o
Z
r
a
o
b
i
s
 m

a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
a
 d

a
 m

a
T
i
 

c
v
l

i
l

e
b
i
s
/u

c
v
l

e
l

o
b
i
s
 m

i
z
e
z
e
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 p

r
o
b
l

e
m
a
-

z
e
 o

r
i
e
n
t
i
r
e
b
u
l

i
 a

m
o
c
a
n
e
b
i
s
 g

a
d
a
s
a
W
r
e
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)
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T
e

m
i

s

d
a
s

a
x

e
l

e
b

a

T
e

m
i

s
 f

a
r

g
l

e
b

S
i

d
a
s

a
m

u
S

a
v

e
b

e
l

i
 c

n
e

b
e

b
i

m
k

v
i

d
r

i

w
a
r

m
o

d
g

e
n

e
b

i
S

e
f

a
s

e
b

i
s

 i
n

d
i

k
a
t

o
r

e
b

i
s

a
s

w
a
v

l
o

 d
r

o
i

s

x
a
n

g
r

Z
l

i
v

o
b

a

II
. 
T

a
v

i

e
l

e
q

t
r

o
s

t
a
t

i
k

a
2

6
 s

a
a
T

i

2
.4

. 
e
l

e
q
t
r
u
l

i
 

v
e
l

i

2
.5

. 
d
a
m
u
x
t
u
l

i
 

s
x
e
u
l

e
b
i
s
 u

r
-

T
i
e
r
T
q
m
e
d
e
b
i
s
 

e
q
s
p
e
r
i
m
e
n
t
u
l

i
 

k
v
l

e
v
a

e
l

e
q
t
r
u
l

i
 v

e
l

i
, 
a
x
l

o
-

q
m
e
d
e
b
i
s
 T

e
o
r
i
a
, 
S
o
r
s
q
-

m
e
d
e
b
i
s
 T

e
o
r
i
a
.

x
e
l

s
a
w
y
o
e
b
i
: 
e
l

e
q
t
r
o
s
-

k
o
p
i
, 
e
l

e
q
t
r
o
m
e
t
r
i
.

•
 

e
l

e
q
t
r
u
l

i
 

v
e
l

i
 a

r
i
s
 

m
a
t
e
r
i
i
s
 f

o
r
-

m
a
. 
e
l

e
q
t
r
u
l

i
 

u
r
T
i
e
r
T
q
m
e
d
e
-

b
a
 x

o
r
c
i
e
l

d
e
b
a
 

e
l

e
q
t
r
u
l

i
 

v
e
l

i
s
 s

a
S
u
a
l

e
-

b
i
T
.

•
 

e
l

e
q
t
r
o
s
t
a
-

t
i
k
u
r
i
 v

e
l

i
 

u
Z
r
a
v
i
 e

l
e
q
t
-

r
u
l

i
 m

u
x
t
e
b
i
s
 

m
i
e
r
 S

e
q
m
n
i
l

i
 

v
e
l

i
a
. 
e
l

e
-

q
t
r
u
l

i
 v

e
l

i
 

v
r
c
e
l

d
e
b
a
 

r
o
g
o
r
c
 u

h
a
-

e
r
o
 s

i
v
r
c
e
S
i
, 

i
s
e
 s

x
v
a
d
a
s
x
v
a
 

g
a
r
e
m
o
S
i
.

•
 

e
l

e
q
t
r
o
s
k
o
p
i
 

d
a
 e

l
e
q
t
r
o
-

m
e
t
r
i
 m

u
x
t
e
-

b
i
s
 p

i
r
o
b
i
T
i
 

r
a
o
d
e
n
o
b
i
s
 

d
a
m
d
g
e
n
i
 x

e
l

-

s
a
w
y
o
e
b
i
a
.

m
a
t

e
r

i
a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
m
e
n
t
a
r
u
l

i
 m

u
x
t
i
s
a
 d

a
 s

x
e
u
l

i
s
 m

u
x
t
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

m
u
x
t
i
s
 S

e
n
a
x
v
i
s
 k

a
n
o
n
i
s
 g

a
s
a
a
n
a
l

i
z
e
b
l

a
d
; 

•
 

m
u
x
t
i
s
 m

i
e
r
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 w

a
r
m
o
q
m
n
i
s
a
 d

a
 v

e
l

i
s
 

m
a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
 (
d
a
Z
a
b
u
l

o
b
a
, 
p
o
t
e
n
c
i
a
l

i
) 
S
e
s
a
x
e
b
 

m
s
j
e
l

o
b
a
 m

u
x
t
e
b
s
 S

o
r
i
s
 e

l
e
q
t
r
u
l

i
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 a

R
s
a
w
e
-

r
a
d
 (
a
n
a
l

o
g
i
a
 g

r
a
v
i
t
a
c
i
u
l

i
 v

e
l

i
s
 m

a
x
a
s
i
a
T
e
b
l

e
b
T
a
n
);
 

•
 

n
i
v
T
i
e
r
e
b
i
s
 d

i
e
l

e
q
t
r
i
k
u
l

i
 S

e
R
w
e
v
a
d
o
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

d
i
e
l

e
q
t
r
i
k
e
b
S
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 g

a
v
r
c
e
l

e
b
i
s
 d

a
s
a
x
a
s
i
a
T
e
b
-

l
a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

e
n

e
r

g
i

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 m

i
e
r
 S

e
s
r
u
l

e
b
u
l

i
 m

u
S
a
o
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
-

b
a
 m

u
x
t
i
s
 v

e
l

T
a
n
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 p

o
t
e
n
c
i
a
l

u
r
i
 e

n
e
r
g
i
i
s
 

d
a
s
a
x
a
s
i
a
T
e
b
l

a
d
; 

•
 

b
r
t
y
e
l

i
 k

o
n
d
e
n
s
a
t
o
r
e
b
i
s
 m

o
d
e
l

e
b
i
s
 S

e
q
m
n
a
, 
S
e
r
e
u
l

i
 S

e
e
r
T
e
-

b
i
s
 g

a
m
o
k
v
l

e
v
a
, 
m
a
T
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 e

n
e
r
g
i
i
s
 r

a
o
d
e
n
o
b
r
i
v
i
 

a
R
w
e
r
a
 d

a
 g

a
m
o
y
e
n
e
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 y

o
f
a
-
c
x
o
v
r
e
b
a
s
a
 d

a
 

t
e
q
n
i
k
a
S
i
 k

o
n
d
e
n
s
a
t
o
r
i
s
 r

o
l

i
s
 S

e
s
a
f
a
s
e
b
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

Z
a
l

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
: 

•
 

s
x
e
u
l

T
a
 w

o
n
a
s
w
o
r
o
b
i
s
 p

i
r
o
b
e
b
i
s
 g

a
m
o
y
e
n
e
b
a
 e

l
e
q
t
r
u
l

 v
e
l

S
i
 

u
Z
r
a
v
a
d
 m

o
T
a
v
s
e
b
u
l

i
 (
w
r
f
i
v
a
d
 d

a
 T

a
n
a
b
r
a
d
 m

o
Z
r
a
v
i
) 
m
u
x
t
i
s
 

w
o
n
a
s
w
o
r
u
l

i
 m

d
g
o
m
a
r
e
o
b
i
s
 a

R
s
a
w
e
r
a
d
; 

•
 

w
e
r
t
i
l

o
v
a
n
 m

u
x
t
e
b
s
 S

o
r
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 Z

a
l

i
s
 r

a
o
d
e
n
o
b
-

r
i
v
a
d
 d

a
x
a
s
i
a
T
e
b
a
 (
a
n
a
l

o
g
i
a
 m

s
o
f
l

i
o
 m

i
z
i
d
u
l

o
b
i
s
 k

a
n
o
n
T
a
n
) 

d
a
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 s

u
p
e
r
p
o
z
i
c
i
i
s
 p

r
i
n
c
i
p
i
s
 a

x
s
n
a
 

p
r
o
b
l

e
m
a
z
e
 o

r
i
e
n
t
i
r
e
b
u
l

i
 a

m
o
c
a
n
e
b
i
s
 g

a
d
a
s
a
W
r
e
l

a
d
; 

•
 

h
i
p
o
T
e
z
i
s
 C

a
m
o
y
a
l

i
b
e
b
a
, 
e
q
s
p
e
r
i
m
e
n
t
e
b
i
s
 d

a
g
e
g
m
v
a
 d

a
 m

i
s
i
 

u
s
a
f
r
T
x
o
d
 C

a
t
a
r
e
b
a
 d

a
m
u
x
t
u
l

i
 s

x
e
u
l

e
b
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 

S
e
s
a
s
w
a
v
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

f
i

z
i

k
u

r
i

 p
r

o
c

e
s

i
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

w
e
r
t
i
l

o
v
a
n
i
 m

u
x
t
i
s
 m

o
Z
r
a
o
b
i
s
 d

a
x
a
s
i
a
T
e
b
a
 e

r
T
g
v
a
r
o
v
a
n
 e

l
e
-

q
t
r
u
l

 v
e
l

S
i
, 
m
o
Z
r
a
o
b
i
s
 m

a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
a
 d

a
 m

a
T
i
 

c
v
l

i
l

e
b
i
s
/u

c
v
l

e
l

o
b
i
s
 m

i
z
e
z
e
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 p

r
o
b
l

e
m
a
-

z
e
 o

r
i
e
n
t
i
r
e
b
u
l

i
 a

m
o
c
a
n
e
b
i
s
 g

a
d
a
s
a
W
r
e
l

a
d
. 
(f

i
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e
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f
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s

e
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s
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n
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i
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a
t

o
r

e
b

i
s

a
s

w
a
v

l
o

 d
r

o
i

s

x
a
n

g
r

Z
l

i
v

o
b

a

II
. 
T

a
v

i

e
l

e
q

t
r

o
s

t
a
t

i
k

a
2

6
 s

a
a
T

i

2
.6

. 
k
u
l

o
n
i
s
 

k
a
n
o
n
i

2
.7

. 
a
m
o
c
a
n
e
b
i
s
 

a
m
o
x
s
n
a

2
.8

. 
S
e
m
a
j
a
m
e
b
e
-

l
i
 g

a
k
v
e
T
i
l

i

k
u
l

o
n
u
r
i
 Z

a
l

a
, 
w
e
r
t
i
-

l
o
v
a
n
i
 m

u
x
t
i
.

•
 

f
r
a
n
g
m
a
 m

e
c
-

n
i
e
r
m
a
 S

a
r
l

 

k
u
l

o
n
m
a
 d

a
a
d
-

g
i
n
a
 m

u
x
t
e
b
i
s
 

u
r
T
i
e
r
T
q
m
e
d
e
-

b
i
s
 k

a
n
o
n
i
.

F 
= 

k|
q 1‖q

2|
r2

k 
= 

1 4π
ε 0

m
a
t

e
r

i
a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
m
e
n
t
a
r
u
l

i
 m

u
x
t
i
s
a
 d

a
 s

x
e
u
l

i
s
 m

u
x
t
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

m
u
x
t
i
s
 S

e
n
a
x
v
i
s
 k

a
n
o
n
i
s
 g

a
s
a
a
n
a
l

i
z
e
b
l

a
d
; 

•
 

m
u
x
t
i
s
 m

i
e
r
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 w

a
r
m
o
q
m
n
i
s
a
 d

a
 v

e
l

i
s
 

m
a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
 (
d
a
Z
a
b
u
l

o
b
a
, 
p
o
t
e
n
c
i
a
l

i
) 
S
e
s
a
x
e
b
 

m
s
j
e
l

o
b
a
 m

u
x
t
e
b
s
 S

o
r
i
s
 e

l
e
q
t
r
u
l

i
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 a

R
s
a
w
e
-

r
a
d
 (
a
n
a
l

o
g
i
a
 g

r
a
v
i
t
a
c
i
u
l

i
 v

e
l

i
s
 m

a
x
a
s
i
a
T
e
b
l

e
b
T
a
n
);
 

•
 

n
i
v
T
i
e
r
e
b
i
s
 d

i
e
l

e
q
t
r
i
k
u
l

i
 S

e
R
w
e
v
a
d
o
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

d
i
e
l

e
q
t
r
i
k
e
b
S
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 g

a
v
r
c
e
l

e
b
i
s
 d

a
s
a
x
a
s
i
a
T
e
b
-

l
a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

e
n

e
r

g
i

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 m

i
e
r
 S

e
s
r
u
l

e
b
u
l

i
 m

u
S
a
o
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
-

b
a
 m

u
x
t
i
s
 v

e
l

T
a
n
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 p

o
t
e
n
c
i
a
l

u
r
i
 e

n
e
r
g
i
i
s
 

d
a
s
a
x
a
s
i
a
T
e
b
l

a
d
; 

•
 

b
r
t
y
e
l

i
 k

o
n
d
e
n
s
a
t
o
r
e
b
i
s
 m

o
d
e
l

e
b
i
s
 S

e
q
m
n
a
, 
S
e
r
e
u
l

i
 S

e
e
r
T
e
-

b
i
s
 g

a
m
o
k
v
l

e
v
a
, 
m
a
T
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 e

n
e
r
g
i
i
s
 r

a
o
d
e
n
o
b
r
i
v
i
 

a
R
w
e
r
a
 d

a
 g

a
m
o
y
e
n
e
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 y

o
f
a
-
c
x
o
v
r
e
b
a
s
a
 d

a
 

t
e
q
n
i
k
a
S
i
 k

o
n
d
e
n
s
a
t
o
r
i
s
 r

o
l

i
s
 S

e
s
a
f
a
s
e
b
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

Z
a
l

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
: 

•
 

s
x
e
u
l

T
a
 w

o
n
a
s
w
o
r
o
b
i
s
 p

i
r
o
b
e
b
i
s
 g

a
m
o
y
e
n
e
b
a
 e

l
e
q
t
r
u
l

 v
e
l

S
i
 

u
Z
r
a
v
a
d
 m

o
T
a
v
s
e
b
u
l

i
 (
w
r
f
i
v
a
d
 d

a
 T

a
n
a
b
r
a
d
 m

o
Z
r
a
v
i
) 
m
u
x
t
i
s
 

w
o
n
a
s
w
o
r
u
l

i
 m

d
g
o
m
a
r
e
o
b
i
s
 a

R
s
a
w
e
r
a
d
; 

•
 

w
e
r
t
i
l

o
v
a
n
 m

u
x
t
e
b
s
 S

o
r
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
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a
l

i
s
 r

a
o
d
e
n
o
b
-

r
i
v
a
d
 d

a
x
a
s
i
a
T
e
b
a
 (
a
n
a
l

o
g
i
a
 m

s
o
f
l

i
o
 m

i
z
i
d
u
l

o
b
i
s
 k

a
n
o
n
T
a
n
) 

d
a
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 s

u
p
e
r
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o
z
i
c
i
i
s
 p

r
i
n
c
i
p
i
s
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x
s
n
a
 

p
r
o
b
l

e
m
a
z
e
 o

r
i
e
n
t
i
r
e
b
u
l

i
 a

m
o
c
a
n
e
b
i
s
 g

a
d
a
s
a
W
r
e
l

a
d
; 

•
 

h
i
p
o
T
e
z
i
s
 C

a
m
o
y
a
l

i
b
e
b
a
, 
e
q
s
p
e
r
i
m
e
n
t
e
b
i
s
 d

a
g
e
g
m
v
a
 d

a
 m

i
s
i
 

u
s
a
f
r
T
x
o
d
 C

a
t
a
r
e
b
a
 d

a
m
u
x
t
u
l

i
 s

x
e
u
l

e
b
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 

S
e
s
a
s
w
a
v
l

a
d
. 
(f

i
z
.s

a
S
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,4
)

f
i

z
i

k
u

r
i

 p
r

o
c

e
s

i
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:
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w
e
r
t
i
l

o
v
a
n
i
 m

u
x
t
i
s
 m

o
Z
r
a
o
b
i
s
 d

a
x
a
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i
a
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e
b
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 e

r
T
g
v
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e
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u
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e
l
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o
Z
r
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o
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s
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a
x
a
s
i
a
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e
b
e
l

i
 p
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a
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r
e
b
i
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 d

a
 m

a
T
i
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l
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s
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l
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l
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b
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e
s
a
x
e
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o
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 p
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e
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b
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b
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e
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e
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n

d
i
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t

o
r

e
b
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s

a
s

w
a
v
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o

 d
r

o
i

s

x
a
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g
r

Z
l

i
v

o
b

a

II
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T

a
v

i

e
l

e
q

t
r

o
s

t
a
t

i
k

a
2

6
 s

a
a
T

i

2
.9

. 
e
l

e
q
t
r
u
l

i
 

v
e
l

i
s
 d

a
Z
a
-

b
u
l

o
b
a

e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 d

a
-

Z
a
b
u
l

o
b
a
, 
e
l

e
q
t
r
u
l

i
 

Z
a
l

a
, 
s
a
s
i
n
j
i
 m

u
x
t
i
, 

v
e
l

i
s
 d

a
Z
a
b
u
l

o
b
i
s
 s

u
-

p
e
r
p
o
z
i
c
i
i
s
 p

r
i
n
c
i
p
i
.

•
 

e
l

e
q
t
r
u
l

i
 v

e
-

l
i
s
 d

a
Z
a
b
u
l

o
-

b
a
 v

e
q
t
o
r
u
l

i
 

s
i
d
i
d
e
a
 d

a
 m

a
s
 

e
l

e
q
t
r
u
l

i
 

v
e
l

i
s
 Z

a
l

u
r
 

m
a
x
a
s
i
a
T
e
b
e
l

s
 

u
w
o
d
e
b
e
n
. 
T
u
 

s
i
v
r
c
e
S
i
 r

a
m
-

d
e
n
i
m
e
 m

u
x
t
i
a
, 

m
a
S
i
n
 c

a
l

k
e
u
l

i
 

m
u
x
t
i
s
 m

i
e
r
 

S
e
q
m
n
i
l

i
 v

e
l

e
-

b
i
s
 d

a
Z
a
b
u
l

o
b
a
 

i
k
r
i
b
e
b
a
 g

e
o
-

m
e
t
r
i
u
l

a
d
. 

m
i
R
e
b
u
l

i
 j

a
-

m
u
r
i
 v

e
q
t
o
r
i
 

g
a
m
o
s
a
x
a
v
s
 

m
u
x
t
e
b
i
s
 m

i
e
r
 

S
e
q
m
n
i
l

i
 j

a
m
u
-

r
i
 v

e
l

i
s
 d

a
Z
a
-

b
u
l

o
b
a
s
.

•
 

c
a
l

k
e
u
l

i
 

m
u
x
t
i
s
 m

i
e
r
 

S
e
q
m
n
i
l

i
 v

e
l

i
s
 

d
a
Z
a
b
u
l

o
b
e
-

b
i
s
 S

e
k
r
e
b
a
s
, 

s
u
p
e
r
p
o
z
i
c
i
i
s
 

p
r
i
n
c
i
p
i
 e

w
o
-

d
e
b
a
.

m
a
t

e
r

i
a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
m
e
n
t
a
r
u
l

i
 m

u
x
t
i
s
a
 d

a
 s

x
e
u
l

i
s
 m

u
x
t
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

m
u
x
t
i
s
 S

e
n
a
x
v
i
s
 k

a
n
o
n
i
s
 g

a
s
a
a
n
a
l

i
z
e
b
l

a
d
; 

•
 

m
u
x
t
i
s
 m

i
e
r
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 w

a
r
m
o
q
m
n
i
s
a
 d

a
 v

e
l

i
s
 

m
a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
 (
d
a
Z
a
b
u
l

o
b
a
, 
p
o
t
e
n
c
i
a
l

i
) 
S
e
s
a
x
e
b
 

m
s
j
e
l

o
b
a
 m

u
x
t
e
b
s
 S

o
r
i
s
 e

l
e
q
t
r
u
l

i
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 a

R
s
a
w
e
-

r
a
d
 (
a
n
a
l

o
g
i
a
 g

r
a
v
i
t
a
c
i
u
l

i
 v

e
l

i
s
 m

a
x
a
s
i
a
T
e
b
l

e
b
T
a
n
);
 

•
 

n
i
v
T
i
e
r
e
b
i
s
 d

i
e
l

e
q
t
r
i
k
u
l

i
 S

e
R
w
e
v
a
d
o
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

d
i
e
l

e
q
t
r
i
k
e
b
S
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 g

a
v
r
c
e
l

e
b
i
s
 d

a
s
a
x
a
s
i
a
T
e
b
-

l
a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

e
n

e
r

g
i

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 m

i
e
r
 S

e
s
r
u
l

e
b
u
l

i
 m

u
S
a
o
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
-

b
a
 m

u
x
t
i
s
 v

e
l

T
a
n
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 p

o
t
e
n
c
i
a
l

u
r
i
 e

n
e
r
g
i
i
s
 

d
a
s
a
x
a
s
i
a
T
e
b
l

a
d
; 

•
 

b
r
t
y
e
l

i
 k

o
n
d
e
n
s
a
t
o
r
e
b
i
s
 m

o
d
e
l

e
b
i
s
 S

e
q
m
n
a
, 
S
e
r
e
u
l

i
 S

e
e
r
T
e
-

b
i
s
 g

a
m
o
k
v
l

e
v
a
, 
m
a
T
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 e

n
e
r
g
i
i
s
 r

a
o
d
e
n
o
b
r
i
v
i
 

a
R
w
e
r
a
 d

a
 g

a
m
o
y
e
n
e
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 y

o
f
a
-
c
x
o
v
r
e
b
a
s
a
 d

a
 

t
e
q
n
i
k
a
S
i
 k

o
n
d
e
n
s
a
t
o
r
i
s
 r

o
l

i
s
 S

e
s
a
f
a
s
e
b
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

Z
a
l

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
: 

•
 

s
x
e
u
l

T
a
 w

o
n
a
s
w
o
r
o
b
i
s
 p

i
r
o
b
e
b
i
s
 g

a
m
o
y
e
n
e
b
a
 e

l
e
q
t
r
u
l

 v
e
l

S
i
 

u
Z
r
a
v
a
d
 m

o
T
a
v
s
e
b
u
l

i
 (
w
r
f
i
v
a
d
 d

a
 T

a
n
a
b
r
a
d
 m

o
Z
r
a
v
i
) 
m
u
x
t
i
s
 

w
o
n
a
s
w
o
r
u
l

i
 m

d
g
o
m
a
r
e
o
b
i
s
 a

R
s
a
w
e
r
a
d
; 

•
 

w
e
r
t
i
l

o
v
a
n
 m

u
x
t
e
b
s
 S

o
r
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 Z

a
l

i
s
 r

a
o
d
e
n
o
b
-

r
i
v
a
d
 d

a
x
a
s
i
a
T
e
b
a
 (
a
n
a
l

o
g
i
a
 m

s
o
f
l

i
o
 m

i
z
i
d
u
l

o
b
i
s
 k

a
n
o
n
T
a
n
) 

d
a
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 s

u
p
e
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a
 

p
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l
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z
e
 o

r
i
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n
t
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r
e
b
u
l
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 a

m
o
c
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n
e
b
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d
a
s
a
W
r
e
l
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d
; 

•
 

h
i
p
o
T
e
z
i
s
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a
m
o
y
a
l
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b
e
b
a
, 
e
q
s
p
e
r
i
m
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t
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b
i
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 d
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g
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g
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 d
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 m
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a
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r
T
x
o
d
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a
t
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r
e
b
a
 d
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m
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b
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q
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b
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s
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e
s
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l
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. 
(f

i
z
.s

a
S
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)
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i

z
i

k
u

r
i

 p
r

o
c

e
s
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 _

 m
o
s
w
a
v
l

e
m
 u

n
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a
 S

e
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l
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:
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l
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x
t
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r
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s
 d

a
x
a
s
i
a
T
e
b
a
 e

r
T
g
v
a
r
o
v
a
n
 e

l
e
-

q
t
r
u
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e
b
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 p
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b
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 d
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z
e
z
e
b
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e
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e
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b
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e
b
i
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r
e
l
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. 
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T
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e
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e
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 c
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e
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 d
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l
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o
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a
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T

a
v

i

e
l

e
q

t
r

o
s

t
a
t

i
k

a
2

6
 s

a
a
T

i

2
.1

0
. 
e
l

e
q
t
r
u
l

i
 

v
e
l

i
s
 Z

a
l

w
i
r
e
b
i

2
.1

1
. 
a
m
o
x
s
e
n
i
 

a
m
o
c
a
n
e
b
i

e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 

Z
a
l

w
i
r
i
. 
e
r
T
g
v
a
r
o
v
a
n
i
 

e
l

e
q
t
r
u
l

i
 v

e
l

i
.

•
 

e
l

e
q
t
r
u
l

i
 

v
e
l

i
s
 Z

a
l

w
i
r
i
 

w
a
r
m
o
s
a
x
v
i
T
i
 

w
i
r
i
a
, 
d
a
d
e
-

b
i
T
i
 m

u
x
t
i
s
 

v
e
l

i
s
 Z

a
l

w
i
-

r
e
b
i
 m

u
x
t
i
d
a
n
 

m
i
s
 g

a
r
e
T
 a

r
i
s
 

m
i
m
a
r
T
u
l

i
. 

u
a
r
y
o
f
i
T
i
 

m
u
x
t
i
s
 v

e
l

i
s
 

Z
a
l

w
i
r
e
b
i
 

m
i
m
a
r
T
u
l

i
a
 

u
a
r
y
o
f
i
T
i
 

m
u
x
t
i
s
k
e
n
.

•
 

v
e
l

i
s
 Z

a
l

w
i
r
e
-

b
i
 s

i
v
r
c
e
S
i
 a

r
 

w
y
d
e
b
a
, 
i
w
y
e
b
a
 

d
a
d
e
b
i
T
 m

u
x
t
z
e
 

d
a
 m

T
a
v
r
d
e
b
a
 

u
a
r
y
o
f
i
T
z
e
.

•
 

e
l

e
q
t
r
u
l

i
 v

e
-

l
i
s
 Z

a
l

w
i
r
e
b
i
 

a
r
 g

a
d
a
i
k
v
e
T
e
b
a
 

s
i
v
r
c
e
S
i
.

•
 

Z
a
l

w
i
r
e
b
i
s
 

s
i
x
S
i
r
i
s
 m

i
x
e
-

d
v
i
T
 S

e
i
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l

e
b
a
 

m
s
j
e
l

o
b
a
 m

o
c
e
-

m
u
l

i
 e

l
e
q
t
-

r
o
s
t
a
t
i
k
u
r
i
 

v
e
l

i
s
 d

a
Z
a
-

b
u
l

o
b
i
s
 s

i
d
i
-

d
i
s
 S

e
s
a
x
e
b
.

m
a
t

e
r

i
a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
m
e
n
t
a
r
u
l

i
 m

u
x
t
i
s
a
 d

a
 s

x
e
u
l

i
s
 m

u
x
t
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

m
u
x
t
i
s
 S

e
n
a
x
v
i
s
 k

a
n
o
n
i
s
 g

a
s
a
a
n
a
l

i
z
e
b
l

a
d
; 

•
 

m
u
x
t
i
s
 m

i
e
r
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 w
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r
m
o
q
m
n
i
s
a
 d

a
 v

e
l

i
s
 

m
a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
 (
d
a
Z
a
b
u
l

o
b
a
, 
p
o
t
e
n
c
i
a
l

i
) 
S
e
s
a
x
e
b
 

m
s
j
e
l

o
b
a
 m

u
x
t
e
b
s
 S

o
r
i
s
 e

l
e
q
t
r
u
l

i
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
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R
s
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w
e
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r
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d
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n
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l

o
g
i
a
 g

r
a
v
i
t
a
c
i
u
l

i
 v

e
l

i
s
 m

a
x
a
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i
a
T
e
b
l

e
b
T
a
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•
 

n
i
v
T
i
e
r
e
b
i
s
 d

i
e
l

e
q
t
r
i
k
u
l

i
 S

e
R
w
e
v
a
d
o
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

d
i
e
l

e
q
t
r
i
k
e
b
S
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 g

a
v
r
c
e
l

e
b
i
s
 d

a
s
a
x
a
s
i
a
T
e
b
-

l
a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

e
n

e
r

g
i

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 m

i
e
r
 S

e
s
r
u
l

e
b
u
l
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 m

u
S
a
o
b
i
s
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e
s
a
x
e
b
 m

s
j
e
l
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-

b
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i
s
 v

e
l

T
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n
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r
T
i
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r
T
q
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e
b
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n
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a
l
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r
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d
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s
a
x
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a
T
e
b
l
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d
; 

•
 

b
r
t
y
e
l
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 k
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n
d
e
n
s
a
t
o
r
e
b
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s
 m

o
d
e
l

e
b
i
s
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e
q
m
n
a
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r
e
u
l

i
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e
e
r
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e
-
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i
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o
k
v
l

e
v
a
, 
m
a
T
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 e

l
e
q
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r
u
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 v

e
l
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 e
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s
 r

a
o
d
e
n
o
b
r
i
v
i
 

a
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 d
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 g
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n
e
b
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s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 y

o
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 d

a
 

t
e
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n
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k
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n
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 r
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l
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 S

e
s
a
f
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s
e
b
l
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. 
(f

i
z
.s

a
S
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,2
,3

,4
)

Z
a
l

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
: 
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s
x
e
u
l
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n
a
s
w
o
r
o
b
i
s
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r
o
b
e
b
i
s
 g
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y
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l
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u
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e
l
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u
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r
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v
a
d
 m

o
T
a
v
s
e
b
u
l

i
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w
r
f
i
v
a
d
 d

a
 T

a
n
a
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r
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d
 m

o
Z
r
a
v
i
) 
m
u
x
t
i
s
 

w
o
n
a
s
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o
r
u
l

i
 m

d
g
o
m
a
r
e
o
b
i
s
 a

R
s
a
w
e
r
a
d
; 

•
 

w
e
r
t
i
l

o
v
a
n
 m

u
x
t
e
b
s
 S

o
r
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 Z

a
l

i
s
 r

a
o
d
e
n
o
b
-

r
i
v
a
d
 d

a
x
a
s
i
a
T
e
b
a
 (
a
n
a
l

o
g
i
a
 m

s
o
f
l

i
o
 m

i
z
i
d
u
l

o
b
i
s
 k

a
n
o
n
T
a
n
) 

d
a
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 s

u
p
e
r
p
o
z
i
c
i
i
s
 p

r
i
n
c
i
p
i
s
 a

x
s
n
a
 

p
r
o
b
l

e
m
a
z
e
 o

r
i
e
n
t
i
r
e
b
u
l

i
 a

m
o
c
a
n
e
b
i
s
 g

a
d
a
s
a
W
r
e
l

a
d
; 

•
 

h
i
p
o
T
e
z
i
s
 C

a
m
o
y
a
l

i
b
e
b
a
, 
e
q
s
p
e
r
i
m
e
n
t
e
b
i
s
 d

a
g
e
g
m
v
a
 d

a
 m

i
s
i
 

u
s
a
f
r
T
x
o
d
 C

a
t
a
r
e
b
a
 d

a
m
u
x
t
u
l

i
 s

x
e
u
l

e
b
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 

S
e
s
a
s
w
a
v
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

f
i

z
i

k
u

r
i

 p
r

o
c

e
s

i
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

w
e
r
t
i
l

o
v
a
n
i
 m

u
x
t
i
s
 m

o
Z
r
a
o
b
i
s
 d

a
x
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i
a
T
e
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a
 e
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T
g
v
a
r
o
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-
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t
r
u
l
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e
l

S
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, 
m
o
Z
r
a
o
b
i
s
 m

a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
a
 d

a
 m

a
T
i
 

c
v
l

i
l

e
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s
/u
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v
l

e
l

o
b
i
s
 m

i
z
e
z
e
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 p

r
o
b
l

e
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-

z
e
 o

r
i
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e
b
u
l
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o
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n
e
b
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r
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. 
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e
l

e
b

a

T
e

m
i

s
 f

a
r

g
l

e
b

S
i

d
a
s

a
m

u
S

a
v

e
b

e
l

i
 

c
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e
b

i
s

 i
n

d
i

k
a
t

o
r

e
b

i
s

a
s

w
a
v

l
o

 d
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r
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l
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v

o
b

a
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T

a
v

i

e
l

e
q

t
r

o
s

t
a
t

i
k

a
2

6
 s

a
a
T

i

2
.1

2
. 
g
a
m
t
a
r
e
-

b
i
 e

l
e
q
t
r
u
l

 

v
e
l

S
i

g
a
m
t
a
r
i
, 
d
i
e
-

l
e
q
t
r
i
k
i
, 
e
l

e
-

q
t
r
o
s
t
a
t
i
k
u
r
i
 

i
n
d
u
q
c
i
a
. 
m
u
x
t
i
s
 

z
e
d
a
p
i
r
u
l

i
 s

i
m
k
-

v
r
i
v
e
.

•
 

g
a
m
t
a
r
i
 i

s
e
T
i
 n

i
v
T
i
e
-

r
e
b
a
a
, 
r
o
m
e
l

i
c
 S

e
i
c
a
v
s
 

T
a
v
i
s
u
f
a
l

i
 m

u
x
t
e
b
i
s
 

d
i
d
 r

a
o
d
e
n
o
b
a
s
. 
a
s
e
T
i
 

n
i
v
T
i
e
r
e
b
e
b
i
a
 l

i
T
o
n
e
-

b
i
, 
f
u
Z
e
e
b
i
s
, 
m
J
a
v
e
b
i
s
a
 

d
a
 m

a
r
i
l

e
b
i
s
 w

y
a
l

x
s
n
a
-

r
e
b
i
.

•
 

T
a
v
i
s
u
f
a
l

i
 e

l
e
q
t
-

r
o
n
e
b
i
 e

w
o
d
e
b
a
 e

l
e
-

q
t
r
o
n
e
b
s
, 
r
o
m
l

e
b
i
c
 

m
o
w
y
v
e
t
i
l

i
a
 a

t
o
m
e
b
i
s
 

e
l

e
q
t
r
o
n
u
l

i
 g

a
r
s
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s
g
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n
 

d
a
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e
u
Z
l

i
a
T
 k

r
i
s
t
a
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l
u
r
 m

e
s
e
r
S
i
 a

t
o
m
e
b
s
 

S
o
r
i
s
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a
v
i
s
u
f
l

a
d
 

g
a
d
a
a
d
g
i
l

e
b
a
.

•
 

g
a
m
t
a
r
i
s
 e

l
e
q
t
r
u
l

 

v
e
l

S
i
 m

o
T
a
v
s
e
b
i
s
a
s
 m

u
x
-

t
e
b
i
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a
v
s
d
e
b
a
 g

a
m
t
a
r
i
s
 

z
e
d
a
p
i
r
z
e
, 
g
a
m
t
a
r
i
s
 

S
i
g
n
i
T
 e

l
e
q
t
r
u
l

i
 

v
e
l

i
 d

a
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e
s
a
b
a
m
i
s
a
d
 d

a
-

Z
a
b
u
l

o
b
a
 n

u
l
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 t

o
l

i
a
.

•
 

g
a
m
t
a
r
i
s
 z

e
d
a
p
i
r
z
e
 

m
u
x
t
e
b
i
 g
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n
a
w
i
l

e
b
i
s
 

m
a
x
a
s
i
a
T
e
b
e
l

i
 s

i
d
i
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e
a
 

m
u
x
t
i
s
 z

e
d
a
p
i
r
u
l

i
 

s
i
m
k
v
r
i
v
e
, 
r
o
m
e
l

i
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 t

o
-

l
i
a
 z

e
d
a
p
i
r
z
e
 a

r
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e
b
u
-
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u
x
t
i
s
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e
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a
r
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e
b
i
s
a
 

z
e
d
a
p
i
r
i
s
 f

a
r
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o
b
T
a
n
.

m
a
t

e
r

i
a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:
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e
l

e
m
e
n
t
a
r
u
l

i
 m

u
x
t
i
s
a
 d
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 s

x
e
u
l

i
s
 m

u
x
t
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e
s
a
x
e
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 m
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j
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l
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a
 

m
u
x
t
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s
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e
n
a
x
v
i
s
 k

a
n
o
n
i
s
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a
s
a
a
n
a
l

i
z
e
b
l

a
d
; 

•
 

m
u
x
t
i
s
 m

i
e
r
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 w

a
r
m
o
q
m
n
i
s
a
 d

a
 v

e
l

i
s
 

m
a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
 (
d
a
Z
a
b
u
l

o
b
a
, 
p
o
t
e
n
c
i
a
l

i
) 
S
e
s
a
x
e
b
 

m
s
j
e
l

o
b
a
 m

u
x
t
e
b
s
 S

o
r
i
s
 e

l
e
q
t
r
u
l

i
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 a

R
s
a
w
e
-

r
a
d
 (
a
n
a
l

o
g
i
a
 g

r
a
v
i
t
a
c
i
u
l

i
 v

e
l

i
s
 m

a
x
a
s
i
a
T
e
b
l

e
b
T
a
n
);
 

•
 

n
i
v
T
i
e
r
e
b
i
s
 d

i
e
l

e
q
t
r
i
k
u
l

i
 S

e
R
w
e
v
a
d
o
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

d
i
e
l

e
q
t
r
i
k
e
b
S
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 g

a
v
r
c
e
l

e
b
i
s
 d

a
s
a
x
a
s
i
a
T
e
b
-

l
a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

e
n

e
r

g
i

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 m

i
e
r
 S

e
s
r
u
l

e
b
u
l

i
 m

u
S
a
o
b
i
s
 S

e
s
a
x
e
b
 m

s
-

j
e
l

o
b
a
 m

u
x
t
i
s
 v

e
l

T
a
n
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 p

o
t
e
n
c
i
a
l

u
r
i
 e

n
e
r
-

g
i
i
s
 d

a
s
a
x
a
s
i
a
T
e
b
l

a
d
; 

•
 

b
r
t
y
e
l

i
 k

o
n
d
e
n
s
a
t
o
r
e
b
i
s
 m

o
d
e
l

e
b
i
s
 S

e
q
m
n
a
, 
S
e
r
e
u
l

i
 S

e
e
r
T
e
-

b
i
s
 g

a
m
o
k
v
l

e
v
a
, 
m
a
T
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 e

n
e
r
g
i
i
s
 r

a
o
d
e
n
o
b
r
i
v
i
 

a
R
w
e
r
a
 d

a
 g

a
m
o
y
e
n
e
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 y

o
f
a
-
c
x
o
v
r
e
b
a
s
a
 d

a
 

t
e
q
n
i
k
a
S
i
 k

o
n
d
e
n
s
a
t
o
r
i
s
 r

o
l

i
s
 S

e
s
a
f
a
s
e
b
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

Z
a
l

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
: 

•
 

s
x
e
u
l

T
a
 w

o
n
a
s
w
o
r
o
b
i
s
 p

i
r
o
b
e
b
i
s
 g

a
m
o
y
e
n
e
b
a
 e

l
e
q
t
r
u
l

 v
e
l

S
i
 

u
Z
r
a
v
a
d
 m

o
T
a
v
s
e
b
u
l

i
 (
w
r
f
i
v
a
d
 d

a
 T

a
n
a
b
r
a
d
 m

o
Z
r
a
v
i
) 
m
u
x
t
i
s
 

w
o
n
a
s
w
o
r
u
l

i
 m

d
g
o
m
a
r
e
o
b
i
s
 a

R
s
a
w
e
r
a
d
; 

•
 

w
e
r
t
i
l

o
v
a
n
 m

u
x
t
e
b
s
 S

o
r
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 Z

a
l

i
s
 r

a
o
d
e
n
o
b
-

r
i
v
a
d
 d

a
x
a
s
i
a
T
e
b
a
 (
a
n
a
l

o
g
i
a
 m

s
o
f
l

i
o
 m

i
z
i
d
u
l

o
b
i
s
 k

a
n
o
n
T
a
n
) 

d
a
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 s

u
p
e
r
p
o
z
i
c
i
i
s
 p

r
i
n
c
i
p
i
s
 a

x
s
n
a
 

p
r
o
b
l

e
m
a
z
e
 o

r
i
e
n
t
i
r
e
b
u
l

i
 a

m
o
c
a
n
e
b
i
s
 g

a
d
a
s
a
W
r
e
l

a
d
; 

•
 

h
i
p
o
T
e
z
i
s
 C

a
m
o
y
a
l

i
b
e
b
a
, 
e
q
s
p
e
r
i
m
e
n
t
e
b
i
s
 d

a
g
e
g
m
v
a
 d

a
 m

i
s
i
 

u
s
a
f
r
T
x
o
d
 C

a
t
a
r
e
b
a
 d

a
m
u
x
t
u
l

i
 s

x
e
u
l

e
b
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 

S
e
s
a
s
w
a
v
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

f
i

z
i

k
u

r
i

 p
r

o
c

e
s

i
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

w
e
r
t
i
l

o
v
a
n
i
 m

u
x
t
i
s
 m

o
Z
r
a
o
b
i
s
 d

a
x
a
s
i
a
T
e
b
a
 e

r
T
g
v
a
r
o
v
a
n
 e

l
e
-

q
t
r
u
l

 v
e
l

S
i
, 
m
o
Z
r
a
o
b
i
s
 m

a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
a
 d

a
 m

a
T
i
 

c
v
l

i
l

e
b
i
s
/u

c
v
l

e
l

o
b
i
s
 m

i
z
e
z
e
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 p

r
o
b
l

e
-

m
a
z
e
 o

r
i
e
n
t
i
r
e
b
u
l

i
 a

m
o
c
a
n
e
b
i
s
 g

a
d
a
s
a
W
r
e
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

1
 s

T



57

T
e

m
i

s

d
a
s

a
x

e
l

e
b

a

T
e

m
i

s
 f

a
r

g
-

l
e

b
S

i

d
a
s

a
m

u
S

a
v

e
b

e
l

i
 

c
n

e
b

e
b

i

m
k

v
i

d
r

i

w
a
r

m
o

d
g

e
n

e
b

i
S

e
f

a
s

e
b

i
s

 i
n

d
i

k
a
t

o
r

e
b

i
s

a
s

w
a
v

l
o

 d
r

o
i

s

x
a
n

g
r

Z
l

i
v

o
b

a

II
. 
T

a
v

i

e
l

e
q

t
r

o
s

t
a
t

i
k

a
2

6
 s

a
a
T

i

2
.1

3
. 
d
i
e
l

e
q
t
-

r
i
k
e
b
i
 e

l
e
q
t
-

r
u
l

 v
e
l

S
i

p
o
l

a
r
u
l

i
 

d
i
e
l

e
q
t
r
i
k
i
, 

a
r
a
p
o
l

a
r
u
l

i
 

d
i
e
l

e
q
t
r
i
k
i
, 

e
l

e
q
t
r
u
l

i
 

d
i
p
o
l

i
, 
d
i
e
-

l
e
q
t
i
k
i
s
 p

o
l

a
-

r
i
z
a
c
i
a
, 
d
i
e
-

l
e
q
t
r
i
k
u
l

i
 

S
e
R
w
e
v
a
d
o
b
a
.

•
 d

i
e
l

e
q
t
r
i
k
e
b
i
 (
i
z
o
l

a
t
o
r
e
b
i
) 

p
r
a
q
t
i
k
u
l

a
d
 a

r
 S

e
i
c
a
v
e
n
 T

a
v
i
-

s
u
f
a
l

 m
u
x
t
e
b
s
. 
e
s
 n

i
v
T
i
e
r
e
b
e
-

b
i
 S

e
i
c
a
v
e
n
 e

.w
. 
b
m
u
l

 m
u
x
t
e
b
s
. 

a
n
u
 m

a
T
 a

t
o
m
e
b
S
i
 (
m
o
l

e
k
u
-

l
e
b
S
i
) 
d
a
d
e
b
i
T
i
 m

u
x
t
e
b
i
s
a
 

d
a
 e

l
e
q
t
r
o
n
e
b
i
s
 g

a
n
a
w
i
l

e
b
i
s
 

c
e
n
t
r
i
 s

x
v
a
d
a
s
x
v
a
n
a
i
r
i
a
.

•
 a

r
a
p
o
l

a
r
u
l

 d
i
e
l

e
q
t
r
i
k
S
i
 —

 

e
l

e
q
t
r
o
n
e
b
i
s
a
 d

a
 d

a
d
e
b
i
T
i
 

m
u
x
t
e
b
i
s
 g

a
n
a
w
i
l

e
b
i
s
 c

e
n
t
r
i
 

T
i
T
q
m
i
s
 e

m
T
x
v
e
v
a
 e

r
T
m
a
n
e
T
s
. 

p
o
l

a
r
u
l

 d
i
e
l

e
q
t
r
i
k
S
i
 —

 

e
l

e
q
t
r
o
n
e
b
i
s
a
 d

a
 d

a
d
e
b
i
T
i
 

m
u
x
t
e
b
i
s
 g

a
n
a
w
i
l

e
b
i
s
 c

e
n
t
r
i
 

a
r
 e

m
T
x
v
e
v
a
 e

r
T
m
a
n
e
T
s
. 
p
o
l

a
-

r
u
l

 d
i
e
l

e
q
t
r
i
k
S
i
 g

a
r
k
v
e
u
l

i
 

m
a
n
Z
i
l

i
T
 d

a
S
o
r
e
b
u
l

i
 d

a
d
e
-

b
i
T
i
 d

a
 u

a
r
y
o
f
i
T
i
 m

u
x
t
e
b
i
s
 

n
e
i
t
r
a
l

u
r
 s

i
s
t
e
m
a
s
 d

i
p
o
l

i
 

e
w
o
d
e
b
a
. 
e
l

e
q
t
r
u
l

 v
e
l

S
i
 

m
o
T
a
v
s
e
b
i
s
a
s
 a

r
a
p
o
l

a
r
u
l

 

d
i
e
l

e
q
t
r
i
k
S
i
c
 w

a
r
m
o
i
q
m
n
e
b
a
 

d
i
p
o
l

i
.

•
 e

l
e
q
t
r
u
l

 v
e
l

S
i
 m

o
T
a
v
s
e
b
i
s
a
s
 

p
o
l

a
r
u
l

i
 d

a
 a

r
a
p
o
l

a
r
u
l

i
 

d
i
e
l

e
q
t
r
i
k
e
b
i
s
 d

i
p
o
l

e
b
i
 

o
r
i
e
n
t
i
r
d
e
b
a
 i

s
e
, 
r
o
m
 d

i
-

p
o
l

e
b
i
s
 d

a
d
e
b
i
T
i
 m

u
x
t
e
b
i
 

o
r
i
e
n
t
i
r
d
e
b
a
 u

a
r
y
o
f
i
T
i
 

e
l

e
q
t
r
o
d
i
s
a
k
e
n
, 
u
a
r
y
o
f
i
T
i
 

m
u
x
t
e
b
i
 —

 d
a
d
e
b
i
T
i
 e

l
e
q
t
r
o
-

d
i
s
a
k
e
n
, 
a
m
 p

r
o
c
e
s
s
 p

o
l

a
r
i
z
a
-

c
i
a
 e

w
o
d
e
b
a
.

m
a
t

e
r

i
a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
m
e
n
t
a
r
u
l

i
 m

u
x
t
i
s
a
 d

a
 s

x
e
u
l

i
s
 m

u
x
t
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

m
u
x
t
i
s
 S

e
n
a
x
v
i
s
 k

a
n
o
n
i
s
 g

a
s
a
a
n
a
l

i
z
e
b
l

a
d
; 

•
 

m
u
x
t
i
s
 m

i
e
r
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 w

a
r
m
o
q
m
n
i
s
a
 d

a
 v

e
l

i
s
 

m
a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
 (
d
a
Z
a
b
u
l

o
b
a
, 
p
o
t
e
n
c
i
a
l

i
) 
S
e
s
a
x
e
b
 

m
s
j
e
l

o
b
a
 m

u
x
t
e
b
s
 S

o
r
i
s
 e

l
e
q
t
r
u
l

i
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 a

R
s
a
w
e
-

r
a
d
 (
a
n
a
l

o
g
i
a
 g

r
a
v
i
t
a
c
i
u
l

i
 v

e
l

i
s
 m

a
x
a
s
i
a
T
e
b
l

e
b
T
a
n
);
 

•
 

n
i
v
T
i
e
r
e
b
i
s
 d

i
e
l

e
q
t
r
i
k
u
l

i
 S

e
R
w
e
v
a
d
o
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

d
i
e
l

e
q
t
r
i
k
e
b
S
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 g

a
v
r
c
e
l

e
b
i
s
 d

a
s
a
x
a
s
i
a
T
e
b
-

l
a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

e
n

e
r

g
i

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 m

i
e
r
 S

e
s
r
u
l

e
b
u
l

i
 m

u
S
a
o
b
i
s
 S

e
s
a
x
e
b
 m

s
-

j
e
l

o
b
a
 m

u
x
t
i
s
 v

e
l

T
a
n
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 p

o
t
e
n
c
i
a
l

u
r
i
 e

n
e
r
-

g
i
i
s
 d

a
s
a
x
a
s
i
a
T
e
b
l

a
d
; 

•
 

b
r
t
y
e
l

i
 k

o
n
d
e
n
s
a
t
o
r
e
b
i
s
 m

o
d
e
l

e
b
i
s
 S

e
q
m
n
a
, 
S
e
r
e
u
l

i
 S

e
e
r
T
e
-

b
i
s
 g

a
m
o
k
v
l

e
v
a
, 
m
a
T
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 e

n
e
r
g
i
i
s
 r

a
o
d
e
n
o
b
r
i
v
i
 

a
R
w
e
r
a
 d

a
 g

a
m
o
y
e
n
e
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 y

o
f
a
-
c
x
o
v
r
e
b
a
s
a
 d

a
 

t
e
q
n
i
k
a
S
i
 k

o
n
d
e
n
s
a
t
o
r
i
s
 r

o
l

i
s
 S

e
s
a
f
a
s
e
b
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

Z
a
l

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
: 

•
 

s
x
e
u
l

T
a
 w

o
n
a
s
w
o
r
o
b
i
s
 p

i
r
o
b
e
b
i
s
 g

a
m
o
y
e
n
e
b
a
 e

l
e
q
t
r
u
l

 v
e
l

S
i
 

u
Z
r
a
v
a
d
 m

o
T
a
v
s
e
b
u
l

i
 (
w
r
f
i
v
a
d
 d

a
 T

a
n
a
b
r
a
d
 m

o
Z
r
a
v
i
) 
m
u
x
t
i
s
 

w
o
n
a
s
w
o
r
u
l

i
 m

d
g
o
m
a
r
e
o
b
i
s
 a

R
s
a
w
e
r
a
d
; 

•
 

w
e
r
t
i
l

o
v
a
n
 m

u
x
t
e
b
s
 S

o
r
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 Z

a
l

i
s
 r

a
o
d
e
n
o
b
-

r
i
v
a
d
 d

a
x
a
s
i
a
T
e
b
a
 (
a
n
a
l

o
g
i
a
 m

s
o
f
l

i
o
 m

i
z
i
d
u
l

o
b
i
s
 k

a
n
o
n
T
a
n
) 

d
a
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 s

u
p
e
r
p
o
z
i
c
i
i
s
 p

r
i
n
c
i
p
i
s
 a

x
s
n
a
 

p
r
o
b
l

e
m
a
z
e
 o

r
i
e
n
t
i
r
e
b
u
l

i
 a

m
o
c
a
n
e
b
i
s
 g

a
d
a
s
a
W
r
e
l

a
d
; 

•
 

h
i
p
o
T
e
z
i
s
 C

a
m
o
y
a
l

i
b
e
b
a
, 
e
q
s
p
e
r
i
m
e
n
t
e
b
i
s
 d

a
g
e
g
m
v
a
 d

a
 m

i
s
i
 

u
s
a
f
r
T
x
o
d
 C

a
t
a
r
e
b
a
 d

a
m
u
x
t
u
l

i
 s

x
e
u
l

e
b
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 

S
e
s
a
s
w
a
v
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

f
i

z
i

k
u

r
i

 p
r

o
c

e
s

i
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

w
e
r
t
i
l

o
v
a
n
i
 m

u
x
t
i
s
 m

o
Z
r
a
o
b
i
s
 d

a
x
a
s
i
a
T
e
b
a
 e

r
T
g
v
a
r
o
v
a
n
 e

l
e
-

q
t
r
u
l

 v
e
l

S
i
, 
m
o
Z
r
a
o
b
i
s
 m

a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
a
 d

a
 m

a
T
i
 

c
v
l

i
l

e
b
i
s
/u

c
v
l

e
l

o
b
i
s
 m

i
z
e
z
e
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 p

r
o
b
l

e
-

m
a
z
e
 o

r
i
e
n
t
i
r
e
b
u
l

i
 a

m
o
c
a
n
e
b
i
s
 g

a
d
a
s
a
W
r
e
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

1
 s

T
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T
e

m
i

s

d
a
s

a
x

e
l

e
b

a

T
e

m
i

s
 f

a
r

g
-

l
e

b
S

i

d
a
s

a
m

u
S

a
v

e
b

e
l

i
 

c
n

e
b

e
b

i

m
k

v
i

d
r

i

w
a
r

m
o

d
g

e
n

e
b

i
S

e
f

a
s

e
b

i
s

 i
n

d
i

k
a
t

o
r

e
b

i
s

a
s

w
a
v

l
o

 d
r

o
i

s

x
a
n

g
r

Z
l

i
v

o
b

a

II
. 
T

a
v

i

e
l

e
q

t
r

o
s

t
a
t

i
k

a
2

6
 s

a
a
T

i

2
.1

4
. 
e
l

e
q
t
r
u
l

i
 

Z
a
l

i
s
 m

u
S
a
o
b
a

2
.1

5
. 
e
l

e
q
t
r
u
l

i
 

v
e
l

i
s
 p

o
t
e
n
-

c
i
a
l

i

2
.1

6
. 
e
l

e
q
t
r
o
s
-

t
a
t
i
k
u
r
i
 v

e
l

i
s
 

e
q
s
p
e
r
i
m
e
n
t
u
l

i
 

k
v
l

e
v
a

e
l

e
q
t
r
u
l

i
 

Z
a
l

a
, 
m
u
x
t
i
s
 

g
a
d
a
a
d
g
i
l

e
b
a
-

z
e
 e

l
e
q
t
r
u
l

i
 

v
e
l

i
s
 m

i
e
r
 

S
e
s
r
u
l

e
b
u
l

i
 

m
u
S
a
o
b
a
.

p
o
t
e
n
c
i
a
l

i

•
 e

l
e
q
t
r
u
l

i
 v

e
l

i
 m

u
S
a
o
b
a
s
 

a
r
 a

s
r
u
l

e
b
s
, 
T
u
 m

u
x
t
i
 

g
a
d
a
a
d
g
i
l

d
e
b
a
 e

l
e
q
t
r
u
-

l
i
 Z

a
l

w
i
r
i
s
 m

a
r
T
o
b
u
l

i
 

m
i
m
a
r
T
u
l

e
b
i
T
.

•
 C

a
k
e
t
i
l

 t
r
a
e
q
t
o
r
i
a
z
e
 

m
u
x
t
i
s
 g

a
d
a
a
d
g
i
l

e
b
i
s
a
s
 

e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 m

i
e
r
 

S
e
s
r
u
l

e
b
u
l

i
 m

u
S
a
o
b
a
 0

-
i
s
 

t
o
l

i
a
.

•
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 p

o
t
e
n
-

c
i
a
l

i
 v

e
l

i
s
 e

n
e
r
g
e
t
i
k
u
-

l
i
 m

a
x
a
s
i
a
T
e
b
e
l

i
a
. 
e
l

e
q
t
-

r
u
l

i
 v

e
l

i
s
 p

o
t
e
n
c
i
a
l

i
 

s
k
a
l

a
r
u
l

i
 s

i
d
i
d
e
a
.

•
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 p

o
t
e
n
-

c
i
a
l

i
 g

a
n
s
a
z
R
v
r
a
v
s
 v

e
l

i
s
 

m
o
c
e
m
u
l

 w
e
r
t
i
l

S
i
 e

r
-

T
e
u
l

o
v
a
n
i
 m

u
x
t
i
s
 p

o
t
e
n
-

c
i
a
l

u
r
 e

n
e
r
g
i
a
s
.

•
 T

u
 v

e
l

i
 S

e
q
m
n
i
l

i
a
 r

a
m
-

d
e
n
i
m
e
 m

u
x
t
i
s
g
a
n
, 
j
a
m
u
r
i
 

v
e
l

i
s
 p

o
t
e
n
c
i
a
l

i
 v

e
l

i
s
 

m
o
c
e
m
u
l

 w
e
r
t
i
l

S
i
 a

m
 

w
e
r
t
i
l

e
b
S
i
 c

a
l

k
e
u
l

i
 

m
u
x
t
i
s
 v

e
l

i
s
 p

o
t
e
n
c
i
a
l

e
-

b
i
s
 a

l
g
e
b
r
u
l

i
 j

a
m
i
s
 

t
o
l

i
a
.

m
a
t

e
r

i
a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
m
e
n
t
a
r
u
l

i
 m

u
x
t
i
s
a
 d

a
 s

x
e
u
l

i
s
 m

u
x
t
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

m
u
x
t
i
s
 S

e
n
a
x
v
i
s
 k

a
n
o
n
i
s
 g

a
s
a
a
n
a
l

i
z
e
b
l

a
d
; 

•
 

m
u
x
t
i
s
 m

i
e
r
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 w

a
r
m
o
q
m
n
i
s
a
 d

a
 v

e
l

i
s
 

m
a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
 (
d
a
Z
a
b
u
l

o
b
a
, 
p
o
t
e
n
c
i
a
l

i
) 
S
e
s
a
x
e
b
 

m
s
j
e
l

o
b
a
 m

u
x
t
e
b
s
 S

o
r
i
s
 e

l
e
q
t
r
u
l

i
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 a

R
s
a
w
e
-

r
a
d
 (
a
n
a
l

o
g
i
a
 g

r
a
v
i
t
a
c
i
u
l

i
 v

e
l

i
s
 m

a
x
a
s
i
a
T
e
b
l

e
b
T
a
n
);
 

•
 

n
i
v
T
i
e
r
e
b
i
s
 d

i
e
l

e
q
t
r
i
k
u
l

i
 S

e
R
w
e
v
a
d
o
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 d

i
-

e
l

e
q
t
r
i
k
e
b
S
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 g

a
v
r
c
e
l

e
b
i
s
 d

a
s
a
x
a
s
i
a
T
e
b
l

a
d
. 

(f
i
z
.s

a
S
.1

,2
,3

,4
)

e
n

e
r

g
i

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 m

i
e
r
 S

e
s
r
u
l

e
b
u
l

i
 m

u
S
a
o
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

m
u
x
t
i
s
 v

e
l

T
a
n
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 p

o
t
e
n
c
i
a
l

u
r
i
 e

n
e
r
g
i
i
s
 d

a
s
a
-

x
a
s
i
a
T
e
b
l

a
d
; 

•
 

b
r
t
y
e
l

i
 k

o
n
d
e
n
s
a
t
o
r
e
b
i
s
 m

o
d
e
l

e
b
i
s
 S

e
q
m
n
a
, 
S
e
r
e
u
l

i
 S

e
e
r
T
e
b
i
s
 

g
a
m
o
k
v
l

e
v
a
, 
m
a
T
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 e

n
e
r
g
i
i
s
 r

a
o
d
e
n
o
b
r
i
v
i
 a

R
w
e
-

r
a
 d

a
 g

a
m
o
y
e
n
e
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 y

o
f
a
-
c
x
o
v
r
e
b
a
s
a
 d

a
 t

e
q
n
i
k
a
-

S
i
 k

o
n
d
e
n
s
a
t
o
r
i
s
 r

o
l

i
s
 S

e
s
a
f
a
s
e
b
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

Z
a
l

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
: 

•
 

s
x
e
u
l

T
a
 w

o
n
a
s
w
o
r
o
b
i
s
 p

i
r
o
b
e
b
i
s
 g

a
m
o
y
e
n
e
b
a
 e

l
e
q
t
r
u
l

 v
e
l

S
i
 

u
Z
r
a
v
a
d
 m

o
T
a
v
s
e
b
u
l

i
 (
w
r
f
i
v
a
d
 d

a
 T

a
n
a
b
r
a
d
 m

o
Z
r
a
v
i
) 
m
u
x
t
i
s
 

w
o
n
a
s
w
o
r
u
l

i
 m

d
g
o
m
a
r
e
o
b
i
s
 a

R
s
a
w
e
r
a
d
; 

•
 

w
e
r
t
i
l

o
v
a
n
 m

u
x
t
e
b
s
 S

o
r
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 Z

a
l

i
s
 r

a
o
d
e
n
o
b
-

r
i
v
a
d
 d

a
x
a
s
i
a
T
e
b
a
 (
a
n
a
l

o
g
i
a
 m

s
o
f
l

i
o
 m

i
z
i
d
u
l

o
b
i
s
 k

a
n
o
n
T
a
n
) 

d
a
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 s

u
p
e
r
p
o
z
i
c
i
i
s
 p

r
i
n
c
i
p
i
s
 a

x
s
n
a
 

p
r
o
b
l

e
m
a
z
e
 o

r
i
e
n
t
i
r
e
b
u
l

i
 a

m
o
c
a
n
e
b
i
s
 g

a
d
a
s
a
W
r
e
l

a
d
; 

•
 

h
i
p
o
T
e
z
i
s
 C

a
m
o
y
a
l

i
b
e
b
a
, 
e
q
s
p
e
r
i
m
e
n
t
e
b
i
s
 d

a
g
e
g
m
v
a
 d

a
 m

i
s
i
 

u
s
a
f
r
T
x
o
d
 C

a
t
a
r
e
b
a
 d

a
m
u
x
t
u
l

i
 s

x
e
u
l

e
b
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 

S
e
s
a
s
w
a
v
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

f
i

z
i

k
u

r
i

 p
r

o
c

e
s

i
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

w
e
r
t
i
l

o
v
a
n
i
 m

u
x
t
i
s
 m

o
Z
r
a
o
b
i
s
 d

a
x
a
s
i
a
T
e
b
a
 e

r
T
g
v
a
r
o
v
a
n
 e

l
e
-

q
t
r
u
l

 v
e
l

S
i
, 
m
o
Z
r
a
o
b
i
s
 m

a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
a
 d

a
 m

a
T
i
 

c
v
l

i
l

e
b
i
s
/u

c
v
l

e
l

o
b
i
s
 m

i
z
e
z
e
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 p

r
o
b
l

e
m
a
z
e
 

o
r
i
e
n
t
i
r
e
b
u
l

i
 a

m
o
c
a
n
e
b
i
s
 g

a
d
a
s
a
W
r
e
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

1
 s

T

1
 s

T

1
 s

T



59

T
e

m
i

s

d
a
s

a
x

e
l

e
b

a

T
e

m
i

s
 f

a
r

g
-

l
e

b
S

i

d
a
s

a
m

u
S

a
v

e
b

e
l

i
 

c
n

e
b

e
b

i

m
k

v
i

d
r

i

w
a
r

m
o

d
g

e
n

e
b

i
S

e
f

a
s

e
b

i
s

 i
n

d
i

k
a
t

o
r

e
b

i
s

a
s

w
a
v

l
o

 d
r

o
i

s

x
a
n

g
r

Z
l

i
v

o
b

a

II
. 
T

a
v

i

e
l

e
q

t
r

o
s

t
a
t

i
k

a
2

6
 s

a
a
T

i

2
.1

7
. 
p
o
t
e
n
c
i
a
l

-

T
a
 s

x
v
a
o
b
a
. 
e
k
v
i
-

p
o
t
e
n
c
i
a
l

u
r
i
 

z
e
d
a
p
i
r
e
b
i

2
.1

8
. 
a
m
o
c
a
n
e
b
i
s
 

a
m
o
x
s
n
a

2
.1

9
. 
S
e
m
a
j
a
m
e
b
e
-

l
i
 g

a
k
v
e
T
i
l

i

p
o
t
e
n
c
i
a
l

T
a
 

s
x
v
a
o
b
a
. 
Z
a
b
v
a
, 

e
k
v
i
p
o
t
e
n
c
i
-

a
l

u
r
i
 z

e
d
a
-

p
i
r
i

•
 p

o
t
e
n
c
i
a
l

T
a
 s

x
v
a
o
b
a
 

v
e
l

i
s
 o

r
 w

e
r
t
i
l

s
 S

o
r
i
s
 

r
i
c
x
o
b
r
i
v
a
d
 t

o
l

i
a
 e

l
e
-

q
t
r
u
l

i
 Z

a
l

i
s
 m

i
e
r
 e

r
T
e
u
-

l
o
v
a
n
i
 m

u
x
t
i
s
 g

a
d
a
t
a
n
a
z
e
 

S
e
s
r
u
l

e
b
u
l

i
 m

u
S
a
o
b
i
s
.

•
 p

o
t
e
n
c
i
a
l

T
a
 s

x
v
a
o
b
a
s
 

Z
a
b
v
a
s
 u

w
o
d
e
b
e
n
.

•
 e

k
v
i
p
o
t
e
n
c
i
a
l

u
r
 z

e
d
a
-

p
i
r
z
e
 m

u
x
t
i
s
 g

a
d
a
a
d
g
i
-

l
e
b
i
s
a
s
 e

l
e
q
t
r
u
l

i
 v

e
l

i
 

m
u
S
a
o
b
a
s
 a

r
 a

s
r
u
l

e
b
s
.

m
a
t

e
r

i
a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
m
e
n
t
a
r
u
l

i
 m

u
x
t
i
s
a
 d

a
 s

x
e
u
l

i
s
 m

u
x
t
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

m
u
x
t
i
s
 S

e
n
a
x
v
i
s
 k

a
n
o
n
i
s
 g

a
s
a
a
n
a
l

i
z
e
b
l

a
d
; 

•
 

m
u
x
t
i
s
 m

i
e
r
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 w

a
r
m
o
q
m
n
i
s
a
 d

a
 v

e
l

i
s
 

m
a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
 (
d
a
Z
a
b
u
l

o
b
a
, 
p
o
t
e
n
c
i
a
l

i
) 
S
e
s
a
x
e
b
 

m
s
j
e
l

o
b
a
 m

u
x
t
e
b
s
 S

o
r
i
s
 e

l
e
q
t
r
u
l

i
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 a

R
s
a
w
e
-

r
a
d
 (
a
n
a
l

o
g
i
a
 g

r
a
v
i
t
a
c
i
u
l

i
 v

e
l

i
s
 m

a
x
a
s
i
a
T
e
b
l

e
b
T
a
n
);
 

•
 

n
i
v
T
i
e
r
e
b
i
s
 d

i
e
l

e
q
t
r
i
k
u
l

i
 S

e
R
w
e
v
a
d
o
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 d

i
-

e
l

e
q
t
r
i
k
e
b
S
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 g

a
v
r
c
e
l

e
b
i
s
 d

a
s
a
x
a
s
i
a
T
e
b
l

a
d
. 

(f
i
z
.s

a
S
.1

,2
,3

,4
)

e
n

e
r

g
i

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 m

i
e
r
 S

e
s
r
u
l

e
b
u
l

i
 m

u
S
a
o
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
-

b
a
 m

u
x
t
i
s
 v

e
l

T
a
n
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 p

o
t
e
n
c
i
a
l

u
r
i
 e

n
e
r
g
i
i
s
 

d
a
s
a
x
a
s
i
a
T
e
b
l

a
d
; 

•
 

b
r
t
y
e
l

i
 k

o
n
d
e
n
s
a
t
o
r
e
b
i
s
 m

o
d
e
l

e
b
i
s
 S

e
q
m
n
a
, 
S
e
r
e
u
l

i
 S

e
e
r
T
e
-

b
i
s
 g

a
m
o
k
v
l

e
v
a
, 
m
a
T
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 e

n
e
r
g
i
i
s
 r

a
o
d
e
n
o
b
r
i
v
i
 

a
R
w
e
r
a
 d

a
 g

a
m
o
y
e
n
e
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 y

o
f
a
-
c
x
o
v
r
e
b
a
s
a
 d

a
 

t
e
q
n
i
k
a
S
i
 k

o
n
d
e
n
s
a
t
o
r
i
s
 r

o
l

i
s
 S

e
s
a
f
a
s
e
b
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

Z
a
l

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
: 

•
 

s
x
e
u
l

T
a
 w

o
n
a
s
w
o
r
o
b
i
s
 p

i
r
o
b
e
b
i
s
 g

a
m
o
y
e
n
e
b
a
 e

l
e
q
t
r
u
l

 v
e
l

S
i
 

u
Z
r
a
v
a
d
 m

o
T
a
v
s
e
b
u
l

i
 (
w
r
f
i
v
a
d
 d

a
 T

a
n
a
b
r
a
d
 m

o
Z
r
a
v
i
) 
m
u
x
t
i
s
 

w
o
n
a
s
w
o
r
u
l

i
 m

d
g
o
m
a
r
e
o
b
i
s
 a

R
s
a
w
e
r
a
d
; 

•
 

w
e
r
t
i
l

o
v
a
n
 m

u
x
t
e
b
s
 S

o
r
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 Z

a
l

i
s
 r

a
o
d
e
n
o
b
-

r
i
v
a
d
 d

a
x
a
s
i
a
T
e
b
a
 (
a
n
a
l

o
g
i
a
 m

s
o
f
l

i
o
 m

i
z
i
d
u
l

o
b
i
s
 k

a
n
o
n
T
a
n
) 

d
a
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 s

u
p
e
r
p
o
z
i
c
i
i
s
 p

r
i
n
c
i
p
i
s
 a

x
s
n
a
 

p
r
o
b
l

e
m
a
z
e
 o

r
i
e
n
t
i
r
e
b
u
l

i
 a

m
o
c
a
n
e
b
i
s
 g

a
d
a
s
a
W
r
e
l

a
d
; 

•
 

h
i
p
o
T
e
z
i
s
 C

a
m
o
y
a
l

i
b
e
b
a
, 
e
q
s
p
e
r
i
m
e
n
t
e
b
i
s
 d

a
g
e
g
m
v
a
 d

a
 m

i
s
i
 

u
s
a
f
r
T
x
o
d
 C

a
t
a
r
e
b
a
 d

a
m
u
x
t
u
l

i
 s

x
e
u
l

e
b
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 

S
e
s
a
s
w
a
v
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

f
i

z
i

k
u

r
i

 p
r

o
c

e
s

i
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

w
e
r
t
i
l

o
v
a
n
i
 m

u
x
t
i
s
 m

o
Z
r
a
o
b
i
s
 d

a
x
a
s
i
a
T
e
b
a
 e

r
T
g
v
a
r
o
v
a
n
 e

l
e
-

q
t
r
u
l

 v
e
l

S
i
, 
m
o
Z
r
a
o
b
i
s
 m

a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
a
 d

a
 m

a
T
i
 

c
v
l

i
l

e
b
i
s
/u

c
v
l

e
l

o
b
i
s
 m

i
z
e
z
e
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 p

r
o
b
l

e
m
a
-

z
e
 o

r
i
e
n
t
i
r
e
b
u
l

i
 a

m
o
c
a
n
e
b
i
s
 g

a
d
a
s
a
W
r
e
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

1
 s

T

1
 s

T

1
 s

T



60 

T
e

m
i

s

d
a
s

a
x

e
l

e
b

a

T
e

m
i

s
 f

a
r

g
-

l
e

b
S

i

d
a
s

a
m

u
S

a
v

e
b

e
l

i
 

c
n

e
b

e
b

i

m
k

v
i

d
r

i

w
a
r

m
o

d
g

e
n

e
b

i
S

e
f

a
s

e
b

i
s

 i
n

d
i

k
a
t

o
r

e
b

i
s

a
s

w
a
v

l
o

 d
r

o
i

s

x
a
n

g
r

Z
l

i
v

o
b

a

II
. 
T

a
v

i

e
l

e
q

t
r

o
s

t
a
t

i
k

a
2

6
 s

a
a
T

i

2
.2

0
. 
e
l

e
q
t
r
o
-

t
e
v
a
d
o
b
a
. 
k
o
n
-

d
e
n
s
a
t
o
r
i

2
.2

1
. 
e
l

e
q
t
-

r
o
t
e
v
a
d
o
b
i
s
 

e
q
s
p
e
r
i
m
e
n
t
u
l

i
 

k
v
l

e
v
a

e
l

e
q
t
r
o
t
e
v
a
-

d
o
b
a
.

k
o
n
d
e
n
s
a
t
o
r
i
.

•
 e

l
e
q
t
r
o
t
e
v
a
d
o
-

b
a
 S

e
s
a
Z
l

e
b
e
l

i
a
 

h
q
o
n
d
e
s
 d

a
m
u
x
-

t
u
l

 g
a
n
m
x
o
l

o
e
-

b
u
l

 g
a
m
t
a
r
s
, 

d
a
m
u
x
t
u
l

i
 o

r
i
 

f
i
r
f
i
t
i
s
a
g
a
n
 

S
e
m
d
g
a
r
 m

o
w
y
o
-

b
i
l

o
b
a
s
.

•
 k

o
n
d
e
n
s
a
t
o
r
i
 

a
r
i
s
 m

u
x
t
e
b
i
s
 

d
a
m
g
r
o
v
e
b
e
l

i
 

x
e
l

s
a
w
y
o
. 
k
o
n
-

d
e
n
s
a
t
o
r
e
b
i
 

s
x
v
a
d
a
s
x
v
a
 t

i
p
i
-

s
a
a
. 
g
a
n
a
s
x
v
a
v
e
b
e
n
 

k
o
n
d
e
n
s
a
t
o
r
e
b
s
 

f
o
r
m
i
s
 d

a
 m

a
s
-

S
i
 m

o
T
a
v
s
e
b
u
l

i
 

d
i
e
l

e
q
t
r
i
k
i
s
 

m
i
x
e
d
v
i
T
.

•
 b

r
t
y
e
l

i
 k

o
n
d
e
n
-

s
a
t
o
r
i
 S

e
d
g
e
b
a
 

o
r
i
 f

i
r
f
i
t
i
s
g
a
n
, 

r
o
m
e
l

T
a
 S

o
r
i
s
 

d
i
e
l

e
q
t
r
i
k
i
a
 

m
o
T
a
v
s
e
b
u
l

i
.

m
a
t

e
r

i
a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
m
e
n
t
a
r
u
l

i
 m

u
x
t
i
s
a
 d

a
 s

x
e
u
l

i
s
 m

u
x
t
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 m

u
x
t
i
s
 S

e
n
a
-

x
v
i
s
 k

a
n
o
n
i
s
 g

a
s
a
a
n
a
l

i
z
e
b
l

a
d
; 

•
 

m
u
x
t
i
s
 m

i
e
r
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 w

a
r
m
o
q
m
n
i
s
a
 d

a
 v

e
l

i
s
 m

a
x
a
s
i
a
T
e
-

b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
 (
d
a
Z
a
b
u
l

o
b
a
, 
p
o
t
e
n
c
i
a
l

i
) 
S
e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 m

u
x
t
e
b
s
 

S
o
r
i
s
 e

l
e
q
t
r
u
l

i
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 a

R
s
a
w
e
r
a
d
 (
a
n
a
l

o
g
i
a
 g

r
a
v
i
t
a
c
i
u
l

i
 

v
e
l

i
s
 m

a
x
a
s
i
a
T
e
b
l

e
b
T
a
n
);
 

•
 

n
i
v
T
i
e
r
e
b
i
s
 d

i
e
l

e
q
t
r
i
k
u
l

i
 S

e
R
w
e
v
a
d
o
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 d

i
e
l

e
q
t
r
i
-

k
e
b
S
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 g

a
v
r
c
e
l

e
b
i
s
 d

a
s
a
x
a
s
i
a
T
e
b
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

e
n

e
r

g
i

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 m

i
e
r
 S

e
s
r
u
l

e
b
u
l

i
 m

u
S
a
o
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 m

u
x
t
i
s
 

v
e
l

T
a
n
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 p

o
t
e
n
c
i
a
l

u
r
i
 e

n
e
r
g
i
i
s
 d

a
s
a
x
a
s
i
a
T
e
b
l

a
d
; 

•
 

b
r
t
y
e
l

i
 k

o
n
d
e
n
s
a
t
o
r
e
b
i
s
 m

o
d
e
l

e
b
i
s
 S

e
q
m
n
a
, 
S
e
r
e
u
l

i
 S

e
e
r
T
e
b
i
s
 g

a
m
o
k
-

v
l

e
v
a
, 
m
a
T
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 e

n
e
r
g
i
i
s
 r

a
o
d
e
n
o
b
r
i
v
i
 a

R
w
e
r
a
 d

a
 g

a
m
o
y
e
n
e
-

b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 y

o
f
a
-
c
x
o
v
r
e
b
a
s
a
 d

a
 t

e
q
n
i
k
a
S
i
 k

o
n
d
e
n
s
a
t
o
r
i
s
 r

o
l

i
s
 

S
e
s
a
f
a
s
e
b
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

Z
a
l

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
: 

•
 

s
x
e
u
l

T
a
 w

o
n
a
s
w
o
r
o
b
i
s
 p

i
r
o
b
e
b
i
s
 g

a
m
o
y
e
n
e
b
a
 e

l
e
q
t
r
u
l

 v
e
l

S
i
 u

Z
r
a
v
a
d
 

m
o
T
a
v
s
e
b
u
l

i
 (
w
r
f
i
v
a
d
 d

a
 T

a
n
a
b
r
a
d
 m

o
Z
r
a
v
i
) 
m
u
x
t
i
s
 w

o
n
a
s
w
o
r
u
l

i
 m

d
g
o
m
a
-

r
e
o
b
i
s
 a

R
s
a
w
e
r
a
d
; 

•
 

w
e
r
t
i
l

o
v
a
n
 m

u
x
t
e
b
s
 S

o
r
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 Z

a
l

i
s
 r

a
o
d
e
n
o
b
r
i
v
a
d
 d

a
-

x
a
s
i
a
T
e
b
a
 (
a
n
a
l

o
g
i
a
 m

s
o
f
l

i
o
 m

i
z
i
d
u
l

o
b
i
s
 k

a
n
o
n
T
a
n
) 
d
a
 e

l
e
q
t
r
o
s
t
a
t
i
-

k
u
r
i
 v

e
l

i
s
 s

u
p
e
r
p
o
z
i
c
i
i
s
 p

r
i
n
c
i
p
i
s
 a

x
s
n
a
 p

r
o
b
l

e
m
a
z
e
 o

r
i
e
n
t
i
r
e
b
u
l

i
 

a
m
o
c
a
n
e
b
i
s
 g

a
d
a
s
a
W
r
e
l

a
d
; 

•
 

h
i
p
o
T
e
z
i
s
 C

a
m
o
y
a
l

i
b
e
b
a
, 
e
q
s
p
e
r
i
m
e
n
t
e
b
i
s
 d

a
g
e
g
m
v
a
 d

a
 m

i
s
i
 u

s
a
f
r
T
x
o
d
 

C
a
t
a
r
e
b
a
 d

a
m
u
x
t
u
l

i
 s

x
e
u
l

e
b
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 S

e
s
a
s
w
a
v
l

a
d
. 
(f

i
z
.

s
a
S
.1

,2
,3

,4
)

f
i

z
i

k
u

r
i

 p
r

o
c

e
s

i
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

w
e
r
t
i
l

o
v
a
n
i
 m

u
x
t
i
s
 m

o
Z
r
a
o
b
i
s
 d

a
x
a
s
i
a
T
e
b
a
 e

r
T
g
v
a
r
o
v
a
n
 e

l
e
q
t
r
u
l

 v
e
l

-

S
i
, 
m
o
Z
r
a
o
b
i
s
 m

a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
a
 d

a
 m

a
T
i
 c

v
l

i
l

e
b
i
s
/u

c
v
l

e
l

o
-

b
i
s
 m

i
z
e
z
e
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 p

r
o
b
l

e
m
a
z
e
 o

r
i
e
n
t
i
r
e
b
u
l

i
 a

m
o
c
a
n
e
b
i
s
 

g
a
d
a
s
a
W
r
e
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

1
 s

T

1
 s

T
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T
e

m
i

s

d
a
s

a
x

e
l

e
b

a

T
e

m
i

s
 f

a
r

g
-

l
e

b
S

i

d
a
s

a
m

u
S

a
v

e
b

e
l

i
 

c
n

e
b

e
b

i

m
k

v
i

d
r

i

w
a
r

m
o

d
g

e
n

e
b

i
S

e
f

a
s

e
b

i
s

 i
n

d
i

k
a
t

o
r

e
b

i
s

a
s

w
a
v

l
o

 d
r

o
i

s

x
a
n

g
r

Z
l

i
v

o
b

a

II
. 
T

a
v

i

e
l

e
q

t
r

o
s

t
a
t

i
k

a
2

6
 s

a
a
T

i

2
.2

2
. 
b
r
t
y
e
l

i
 

k
o
n
d
e
n
s
a
t
o
r
i
s
 

e
l

e
q
t
r
o
t
e
v
a
-

d
o
b
a

2
.2

3
. 
e
l

e
q
t
r
u
l

i
 

v
e
l

i
s
 e

n
e
r
g
i
a

k
o
n
d
e
n
s
a
t
o
r
i
s
 

m
u
x
t
i
, 
k
o
n
-

d
e
n
s
a
t
o
r
i
s
 

S
e
m
o
n
a
f
e
n
e
b
i
, 

b
r
t
y
e
l

i
 k

o
n
-

d
e
n
s
a
t
o
r
i
s
 

e
l

e
q
t
r
o
t
e
v
a
-

d
o
b
a
.

e
l

e
q
t
r
u
l

i
 

v
e
l

i
s
 e

n
e
r
g
i
a
. 

e
l

e
q
t
r
u
l

i
 

v
e
l

i
s
 e

n
e
r
g
i
i
s
 

s
i
m
k
v
r
i
v
e
.

•
 b

r
t
y
e
l

i
 k

o
n
d
e
n
s
a
t
o
r
i
s
 

e
l

e
q
t
r
o
t
e
v
a
d
o
b
a
 p

i
r
d
a
p
i
r
-

p
r
o
p
o
r
c
i
u
l

i
a
 S

e
m
o
n
a
f
e
n
i
s
 

f
a
r
T
o
b
i
s
 d

a
 d

i
e
l

e
q
t
r
i
k
i
s
 

d
i
e
l

e
q
t
r
i
k
u
l

i
 S

e
R
w
e
v
a
-

d
o
b
i
s
, 
u
k
u
p
r
o
p
o
r
c
i
u
l

i
a
 

S
e
m
o
n
a
f
e
n
e
b
s
 (
f
i
r
f
i
t
e
b
s
) 

S
o
r
i
s
 m

a
n
Z
i
l

i
s
.

•
 k

o
n
d
e
n
s
a
t
o
r
i
 a

g
r
o
v
e
b
s
 

m
u
x
t
e
b
s
. 
m
u
x
t
e
b
i
 q

m
n
i
s
 v

e
l

s
, 

r
o
m
e
l

s
a
c
 S

e
u
Z
l

i
a
 S

e
a
s
-

r
u
l

o
s
 m

u
S
a
o
b
a
. 
a
m
g
v
a
r
a
d
, 

k
o
n
d
e
n
s
a
t
o
r
i
 a

g
r
o
v
e
b
s
 

e
l

e
q
t
r
u
l

 e
n
e
r
g
i
a
s
.

•
 d

a
m
u
x
t
u
l

i
 k

o
n
d
e
n
s
a
t
o
r
i
s
 

e
l

e
q
t
r
u
l

i
 e

n
e
r
g
i
i
s
 g

a
r
d
a
-

q
m
n
a
 S

e
s
a
Z
l

e
b
e
l

i
a
 g

a
m
o
i
y
e
-

n
o
n
 s

x
v
a
d
a
s
x
v
a
 p

r
o
c
e
s
i
s
-

T
v
i
s
.

•
 k

o
n
d
e
n
s
a
t
o
r
i
T
 d

a
g
r
o
v
i
l

i
 

e
l

e
q
t
r
u
l

i
 e

n
e
r
g
i
a
 m

y
i
s
i
e
-

r
a
d
 g

a
r
d
a
i
q
m
n
e
b
a
 s

x
v
a
 (
m
a
g
.,
 

s
i
n
a
T
l

i
s
, 
e
l

e
q
t
r
o
m
a
g
n
i
-

t
u
r
i
 r

x
e
v
e
b
i
s
, 
m
e
q
a
n
i
k
u
r
) 

e
n
e
r
g
i
a
d
.

m
a
t

e
r

i
a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
m
e
n
t
a
r
u
l

i
 m

u
x
t
i
s
a
 d

a
 s

x
e
u
l

i
s
 m

u
x
t
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

m
u
x
t
i
s
 S

e
n
a
x
v
i
s
 k

a
n
o
n
i
s
 g

a
s
a
a
n
a
l

i
z
e
b
l

a
d
; 

•
 

m
u
x
t
i
s
 m

i
e
r
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 w

a
r
m
o
q
m
n
i
s
a
 d

a
 v

e
l

i
s
 

m
a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
 (
d
a
Z
a
b
u
l

o
b
a
, 
p
o
t
e
n
c
i
a
l

i
) 
S
e
s
a
x
e
b
 

m
s
j
e
l

o
b
a
 m

u
x
t
e
b
s
 S

o
r
i
s
 e

l
e
q
t
r
u
l

i
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 a

R
s
a
w
e
-

r
a
d
 (
a
n
a
l

o
g
i
a
 g

r
a
v
i
t
a
c
i
u
l

i
 v

e
l

i
s
 m

a
x
a
s
i
a
T
e
b
l

e
b
T
a
n
);
 

•
 

n
i
v
T
i
e
r
e
b
i
s
 d

i
e
l

e
q
t
r
i
k
u
l

i
 S

e
R
w
e
v
a
d
o
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

d
i
e
l

e
q
t
r
i
k
e
b
S
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 g

a
v
r
c
e
l

e
b
i
s
 d

a
s
a
x
a
s
i
a
T
e
b
-

l
a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

e
n

e
r

g
i

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
q
t
r
u
l

i
 v

e
l

i
s
 m

i
e
r
 S

e
s
r
u
l

e
b
u
l

i
 m

u
S
a
o
b
i
s
 S

e
s
a
x
e
b
 m

s
-

j
e
l

o
b
a
 m

u
x
t
i
s
 v

e
l

T
a
n
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 p

o
t
e
n
c
i
a
l

u
r
i
 e

n
e
r
-

g
i
i
s
 d

a
s
a
x
a
s
i
a
T
e
b
l

a
d
; 

•
 

b
r
t
y
e
l

i
 k

o
n
d
e
n
s
a
t
o
r
e
b
i
s
 m

o
d
e
l

e
b
i
s
 S

e
q
m
n
a
, 
S
e
r
e
u
l

i
 S

e
e
r
T
e
-

b
i
s
 g

a
m
o
k
v
l

e
v
a
, 
m
a
T
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 e

n
e
r
g
i
i
s
 r

a
o
d
e
n
o
b
r
i
v
i
 

a
R
w
e
r
a
 d

a
 g

a
m
o
y
e
n
e
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 y

o
f
a
-
c
x
o
v
r
e
b
a
s
a
 d

a
 

t
e
q
n
i
k
a
S
i
 k

o
n
d
e
n
s
a
t
o
r
i
s
 r

o
l

i
s
 S

e
s
a
f
a
s
e
b
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

Z
a
l

a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
: 

•
 

s
x
e
u
l

T
a
 w

o
n
a
s
w
o
r
o
b
i
s
 p

i
r
o
b
e
b
i
s
 g

a
m
o
y
e
n
e
b
a
 e

l
e
q
t
r
u
l

 v
e
l

S
i
 

u
Z
r
a
v
a
d
 m

o
T
a
v
s
e
b
u
l

i
 (
w
r
f
i
v
a
d
 d

a
 T

a
n
a
b
r
a
d
 m

o
Z
r
a
v
i
) 
m
u
x
t
i
s
 

w
o
n
a
s
w
o
r
u
l

i
 m

d
g
o
m
a
r
e
o
b
i
s
 a

R
s
a
w
e
r
a
d
; 

•
 

w
e
r
t
i
l

o
v
a
n
 m

u
x
t
e
b
s
 S

o
r
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 Z

a
l

i
s
 r

a
o
d
e
n
o
b
-

r
i
v
a
d
 d

a
x
a
s
i
a
T
e
b
a
 (
a
n
a
l

o
g
i
a
 m

s
o
f
l

i
o
 m

i
z
i
d
u
l

o
b
i
s
 k

a
n
o
n
T
a
n
) 

d
a
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 s

u
p
e
r
p
o
z
i
c
i
i
s
 p

r
i
n
c
i
p
i
s
 a

x
s
n
a
 

p
r
o
b
l

e
m
a
z
e
 o

r
i
e
n
t
i
r
e
b
u
l

i
 a

m
o
c
a
n
e
b
i
s
 g

a
d
a
s
a
W
r
e
l

a
d
; 

•
 

h
i
p
o
T
e
z
i
s
 C

a
m
o
y
a
l

i
b
e
b
a
, 
e
q
s
p
e
r
i
m
e
n
t
e
b
i
s
 d

a
g
e
g
m
v
a
 d

a
 m

i
s
i
 

u
s
a
f
r
T
x
o
d
 C

a
t
a
r
e
b
a
 d

a
m
u
x
t
u
l

i
 s

x
e
u
l

e
b
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 

S
e
s
a
s
w
a
v
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

f
i

z
i

k
u

r
i

 p
r

o
c

e
s

i
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

w
e
r
t
i
l

o
v
a
n
i
 m

u
x
t
i
s
 m

o
Z
r
a
o
b
i
s
 d

a
x
a
s
i
a
T
e
b
a
 e

r
T
g
v
a
r
o
v
a
n
 e

l
e
-

q
t
r
u
l

 v
e
l

S
i
, 
m
o
Z
r
a
o
b
i
s
 m

a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
a
 d

a
 m

a
T
i
 

c
v
l

i
l

e
b
i
s
/u

c
v
l

e
l

o
b
i
s
 m

i
z
e
z
e
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 p

r
o
b
l

e
-

m
a
z
e
 o

r
i
e
n
t
i
r
e
b
u
l

i
 a

m
o
c
a
n
e
b
i
s
 g

a
d
a
s
a
W
r
e
l

a
d
. 
(f

i
z
.s

a
S
.1

,2
,3

,4
)

1
 s

T

1
 s

T
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T
e

m
i

s

d
a
s

a
x

e
l

e
b

a

T
e

m
i

s
 f

a
r

g
-

l
e

b
S

i

d
a
s

a
m

u
S

a
v

e
b

e
l

i
 

c
n

e
b

e
b

i

m
k

v
i

d
r

i

w
a
r

m
o

d
g

e
n

e
b

i
S

e
f

a
s

e
b

i
s

 i
n

d
i

k
a
t

o
r

e
b

i
s

a
s

w
a
v

l
o

 d
r

o
i

s

x
a
n

g
r

Z
l

i
v

o
b

a

II
. 
T

a
v

i

e
l

e
q

t
r

o
s

t
a
t

i
k

a
2

6
 s

a
a
T

i

2
.2

4
. 
k
o
n
d
e
n
s
a
-

t
o
r
e
b
i
s
 S

e
e
r
-

T
e
b
a

k
o
n
d
e
n
s
a
t
o
r
e
-

b
i
s
 m

i
m
d
e
v
r
o
b
i
-

T
i
 S

e
e
r
T
e
b
a
.

k
o
n
d
e
n
s
a
t
o
r
e
-

b
i
s
 p

a
r
a
l

e
l

u
-

r
i
 S

e
e
r
T
e
b
a
.

k
o
n
d
e
n
s
a
t
o
-

r
e
b
i
s
 s

a
e
r
T
o
 

e
l

e
q
t
r
o
t
e
v
a
-

d
o
b
a
.

•
 k

o
n
d
e
n
s
a
t
o
r
e
b
i
s
 p

a
r
a
l

e
-

l
u
r
i
 S

e
e
r
T
e
b
i
s
a
s
 s

a
e
r
T
o
 

e
l

e
q
t
r
o
t
e
v
a
d
o
b
a
 i

z
r
d
e
b
a
, 

k
o
n
d
e
n
s
a
t
o
r
e
b
i
s
 m

i
m
d
e
v
r
o
b
i
-

T
i
 S

e
e
r
T
e
b
i
s
a
s
 s

a
e
r
T
o
 e

l
e
-

q
t
r
o
t
e
v
a
d
o
b
a
 m

c
i
r
d
e
b
a
.

•
 k

o
n
d
e
n
s
a
t
o
r
e
b
i
s
 p

a
r
a
l

e
l

u
r
i
 

S
e
e
r
T
e
b
i
s
a
s
 b

a
t
a
r
e
i
s
 S

e
m
o
-

n
a
f
e
n
e
b
i
s
 f

a
r
T
o
b
i
 i

z
r
d
e
b
a
, 

m
a
T
 S

o
r
i
s
 m

a
n
Z
i
l

i
s
 S

e
u
c
v
l

e
-

l
a
d
. 
a
m
i
T
 i

z
r
d
e
b
a
 k

o
n
d
e
n
s
a
-

t
o
r
e
b
i
s
 S

e
m
o
n
a
f
e
n
e
b
z
e
 m

u
x
-

t
e
b
i
s
 r

a
o
d
e
n
o
b
a
, 
r
o
m
e
l

i
c
 

S
e
i
Z
l

e
b
a
 m

a
T
z
e
 m

o
T
a
v
s
d
e
s
. 

k
o
n
d
e
n
s
a
t
o
r
i
s
 e

l
e
q
t
r
o
t
e
v
a
-

d
o
b
a
 S

e
m
o
n
a
f
e
n
e
b
i
s
 f

a
r
T
o
b
i
s
 

g
a
z
r
d
i
T
 i

z
r
d
e
b
a
.

•
 k

o
n
d
e
n
s
a
t
o
r
e
b
i
s
 m

i
m
d
e
v
r
o
-

b
i
T
i
 S

e
e
r
T
e
b
i
s
a
s
 b

a
t
a
r
e
i
s
 

f
i
r
f
i
t
e
b
s
 S

o
r
i
s
 m

a
n
Z
i
l

i
 

i
z
r
d
e
b
a
 m

a
T
i
 f

a
r
T
o
b
e
b
i
s
 

S
e
u
c
v
l

e
l

a
d
. 
a
m
i
t
o
m
, 
i
m
a
v
e
 

f
o
r
m
u
l

i
s
 m

i
x
e
d
v
i
T
, 
s
a
e
r
T
o
 

e
l

e
q
t
r
o
t
e
v
a
d
o
b
a
 u

n
d
a
 S

e
m
-

c
i
r
d
e
s
.

•
 r

a
c
 u

f
r
o
 a

x
l

o
s
 a

r
i
a
n
 k

o
n
-

d
e
n
s
a
t
o
r
i
s
 f

i
r
f
i
t
e
b
i
 e

r
T
-

m
a
n
e
T
T
a
n
, 
k
u
l

o
n
i
s
 k

a
n
o
n
i
s
 

T
a
n
a
x
m
a
d
, 
m
i
T
 m

e
t
i
a
 m

a
T
 S

o
-

r
i
s
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 Z

a
l

a
 d

a
 

S
e
s
a
b
a
m
i
s
a
d
 v

e
l

i
s
 d

a
Z
a
b
u
l

o
-

b
a
. 
a
m
i
t
o
m
 m

e
t
i
 i

q
n
e
b
a
 k

o
n
d
e
n
-

s
a
t
o
r
i
s
 t

e
v
a
d
o
b
a
 (
g
a
J
o
n
v
i
s
 

d
e
n
i
 S

e
m
c
i
r
d
e
b
a
).

m
a
t

e
r

i
a
 _

 m
o
s
w
a
v
l

e
m
 u

n
d
a
 S

e
Z
l

o
s
:

•
 

e
l

e
m
e
n
t
a
r
u
l

i
 m

u
x
t
i
s
a
 d

a
 s

x
e
u
l

i
s
 m

u
x
t
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

m
u
x
t
i
s
 S

e
n
a
x
v
i
s
 k

a
n
o
n
i
s
 g

a
s
a
a
n
a
l

i
z
e
b
l

a
d
; 

•
 

m
u
x
t
i
s
 m

i
e
r
 e

l
e
q
t
r
o
s
t
a
t
i
k
u
r
i
 v

e
l

i
s
 w

a
r
m
o
q
m
n
i
s
a
 d

a
 v

e
l

i
s
 

m
a
x
a
s
i
a
T
e
b
e
l

i
 p

a
r
a
m
e
t
r
e
b
i
s
 (
d
a
Z
a
b
u
l

o
b
a
, 
p
o
t
e
n
c
i
a
l

i
) 
S
e
s
a
x
e
b
 

m
s
j
e
l

o
b
a
 m

u
x
t
e
b
s
 S

o
r
i
s
 e

l
e
q
t
r
u
l

i
 u

r
T
i
e
r
T
q
m
e
d
e
b
i
s
 a

R
s
a
w
e
-

r
a
d
 (
a
n
a
l

o
g
i
a
 g

r
a
v
i
t
a
c
i
u
l

i
 v

e
l

i
s
 m

a
x
a
s
i
a
T
e
b
l

e
b
T
a
n
);
 

•
 

n
i
v
T
i
e
r
e
b
i
s
 d

i
e
l

e
q
t
r
i
k
u
l

i
 S

e
R
w
e
v
a
d
o
b
i
s
 S

e
s
a
x
e
b
 m

s
j
e
l

o
b
a
 

d
i
e
l

e
q
t
r
i
k
e
b
S
i
 e

l
e
q
t
r
u
l

i
 v

e
l

i
s
 g
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# gakveTilis Tema saaTebis raodenoba

1 fizika, mecniereba bunebis Sesaxeb; fizika da sxva mecnierebebi 1 sT

2 fizika da teqnikis progresi 1 sT

3 bunebis Zalebi 1 sT

4 eleqtruli muxti 1 sT

5 sxeulebis damuxtvis eqsperimentuli kvleva 1 sT

66 sxeulebis damuxtva. muxtis mudmivobis kanoni 1 sT

7 eleqtruli veli 1 sT

8
damuxtuli sxeulebis urTierTqmedebis eqsperimentuli

kvleva
1 sT

9 kulonis kanoni 1 sT

10 amocanebis amoxsna 1 sT

11 Semajamebeli gakveTili 1 sT

12 eleqtruli velis daZabuloba 1 sT

13 eleqtruli velis Zalwirebi 1 sT

14 amoxseni amocanebi 1 sT

15 gamtarebi eleqtrul velSi 1 sT

16 dieleqtrikebi eleqtrul velSi 1 sT

17 eleqtruli Zalis muSaoba 1 sT

18 eleqtruli velis potenciali 1 sT

19 damuxtuli sxeulebis energiisa da potencialis eqsperimentuli kvleva 1 sT

20 potencialTa sxvaoba. ekvipotencialuri zedapirebi 1 sT

21 amocanebis amoxsna 1 sT

22 Semajamebeli gakveTili 1 sT

23 eleqtrotevadoba. kondensatori 1 sT

24 eleqtrotevadobis eqsperimentuli kvleva 1 sT

25 brtyeli kondensatoris eleqtrotevadoba 1 sT

26 eleqtruli velis energia 1 sT

27 kondensatorebis SeerTeba 1 sT

28 amocanebis amoxsna 1 sT

29 Semajamebeli gakveTili 1 sT

saswavlo gegmis mixedviT X klasSi wliuri saaTebis raodenobaa 72. saxelmZRvanelo 

moicavs standartiT gaTvaliswinebul I Temas, romelic Seicavs 30 saswavlo paragrafs.

sasawavlo masalis realizaciisaTvis gaTvaliswinebulia 35 saaTi, aqedan 3-saaTi komple-

qsuri davalebebis prezentaciisTvis da 3 saaTi sarezervoa, romelic maswavlebelma Tavi-

si Sexedulebisamebr SeiZleba gamoiyenos.

saswavlo masalis savaraudo saaTobrivi ganawilebasaswavlo masalis savaraudo saaTobrivi ganawileba



65

informacia moswavlis wignis Sesaxeb

moswavlis wignis mizania ganaTlebis erovnuli gegmis Sesabamisad fizikis standartiT 

gaTvaliswinebuli Sinaarsis realizacia. 

moswavlis wigni srulad pasuxobs saxelmwifo standartiT gaTvaliswinebul sakiTxebs. 

avtorebi SevecadeT kompaqturad da martivad (gaubraloebis gareSe) gadmogveca saswavlo 

masala. 

wignSi teqsts ukavia sagakveTilo Temis daaxloebiT 30%. savarjiSoebi da sxva aqtivo-

bebi Seesabameba standartiT gaTvaliswinebul indikatorebs.

saxelmZRvanelo iTvaliswinebs swavla/swavlebisadmi interaqtiur midgomas. igi Zi-

riTadad moswavlezea orientirebuli. paragrafebis umetesoba agebulia samfaziani in-

teraqtiuri gakveTilis modelis mixedviT: gamowveva, Sinaarsis realizacia, gaazreba. 

gamoyenebulia sxvadasxva interaqtiuri swavlebis strategiebi, magaliTad, jgufuri eqs-

perimentebi, jgufuri samuSaoebi, kompleqsuri davalebebi, refleqsia.

rubrika `ifiqre da imsjele~ gankuTvnilia moswav leTa interesis aRZvrisa da swavlis 

motivaciis SeqmnisaTvis. igi iTvaliswinebs ara marto winare codnas, aramed cxovrebiseul 

gamocdilebas, warmodgenebs da moiTxovs moswavlisagan varaudis gamoTqmas ilustracia-

ze mocemuli movlenis Sesaxeb. rubrikaSi dasmuli kiTxva ar aris orientirebuli masze 

zusti pasuxis misaRebad. saWiroa moswavleebma imsjelon mocemul sakiTxebze, daeuflon 

msjelobis unar-Cvevas da aReZraT interesi paragrafSi mocemuli masalis Sesaswavlad. es 

rubrika maswavlebels aZlevs saSualebas miiRos informacia moswavlis im codnis Sesaxeb, 

romelic dakavSirebulia axlad asaxsnel sagakveTilo TemasTan.

`Sinaarsis realizaciis~ etapze maswavlebeli moswavleebs acnobs (axsniT an saubriT) 

axal masalas. am etapze maswavlebels SeuZlia gamoiyenos interaqtiuri gakveTilis Cata-

rebisTvis gankuTvnili swavlebis strategiebi.

rubrika `gaazreba~ gulisxmobs sagakveTilo masalis ufro Rrmad Secnobas. am rubri-

kaSi zogjer mocemulia damatebiTi informacia, romelic avsebs sagakveTilo masalas. am 

informaciaze dayrdnobiT maswavlebels saSualeba eZleva warmarTos diskusia. rubrika-

Si moswavleTa samuSaod mocemulia cxrilebi, romlebic unda Seivsos saSinao davalebis 

rveulebSi. agreTve, eqsperimentuli samuSaoebi, romlebic kvleviTi unarebis Camoyalibe-

bas uwyobs xels.

rubrika „gaazreba“ ZiriTadad moicavs iseT aqtivobebes, romlebic logikur msjelobas 

moiTxovs da naklebad weriTi samuSaos Sesrulebas.

sityva `imsjele~ niSnavs dasabuTebuli, argumentirebuli pasuxis gacemas kiTxvaze, ro-

melzedac msjeloba moiTxoveba.

gavlili masalis gameorebisaTvis yoveli saswavlo Temis bolos mocemulia am Tavis 

Semajamebeli gakveTilebi, romelSic Sejamdeba da ganzogaddeba miRebuli codna. es gakve-

Tilebi umetesad Seicavs sqemebs da moswavleebisagan moiTxovs msjelobasa da daskvnebis 

gamotanas saswavlo TemasTan dakavSirebiT.

fizikis, rogorc sagnis specifikidan gamomdinare, saxelmZRvanelos agebisas gan-

sakuTrebuli yuradReba mieqca eqsperimentuli unarebis gamomuSavebas (saklaso da 

saSinao eqsperimentuli samuSaoebiT), logikur msjelobas (`gaazrebaSi~ mocemul sa-

kiTxze msjelobisas, diskusiisas, gamowvevis etapze msjelobisas), prezentaciebs, in-

formaciis moZiebas, diagramebisa da cxrilebis gamoyenebas. Cven vTvliT, rom refle-

qsiis fazas didi mniSvneloba aqvs sagakveTilo masalis xarisxianad aTvisebisaTvis. 

Cven SevecadeT saSinao davalebebi umravles SemTxvevaSi yofiliyo orientirebuli 

saswavlo masalis gaazrebaze.

Cveni mosazrebiT, saxelmZRvaneloSi mocemuli savarjiSo amocanebi unda emsaxurebo-
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des Seswavlili cnebis an kanonis ganmtkicebas. Sesabamisad, aseTi savarjiSoebi moswavlis-

Tvis advilad dasaZlevi unda iyos.

sagakveTilo procesi moiTxovs sxvadasxva aqtivobas (diskusia, eqsperimenti, muSaoba 

wyvilebsa da jgufebSi), rac saswavlo-SemecnebiT procesSi moswavleebis aqtiur CarTvas 

iTvaliswinebs. agreTve, aseTi aqtivobebi xels uwyobs sxvadasxva unar-Cvevis ganviTarebas, 

rogoricaa: dakvirveba da aRwera, monacemebis aRricxva, klasifikacia, cdis Catareba, mo-

nacemebis interpretacia, modelis Seqmna da gamoyeneba. kompleqsur davalebebSi mocemul-

ma aqtivobebma moswavleebSi unda gamoiwvios interesi fizikis Seswavlis mimarT, interesi 

mecnieruli kvlevisa da siaxleebisadmi, TanamSromlobis survili, garemoze zrunva da 

pasuxismgebloba, usafrTxo cxovrebis wesebis dacvis mniSvnelobis gaazreba. 

saswavlo masalis srulfasovnad aTvisebisaTvis aucilebelia laboratoriuli xel-

sawyoebis gamoyeneba, proeqtori, kompiuteri, eleqtronuli resursebi. moswavles SeuZlia 
Google-s an Youtube-is gamoyenebiT moipovos misTvis saintereso masala da video rgolebi.

swavlebis aqtiuri meTodebis gamoyenebam wlis bolosaTvis unda uzrunvelyos stan-

dartiT gansazRv ruli Sedegebis miRweva.

moswavle saswavlo wlis bolos SeZlebs praqtikul aqtivobebSi monawileobas da kvle-

viTi unar-Cvevebis demonstrirebas.

rekomendaciebi    maswavleblebisaTvis

pirvelive gakveTilze gaacaniT moswavleebs saxelmZRvanelos struqtura da gamoyene-

bis wesebi (sax. gv. 4. wignze muSaobis pirobiTi niSnebi). ganumarteT, rom saxelmZRvaneloSi 

Canaweris gakeTeba ar SeiZleba. amitom sxvadasxva werilobiTi davaleba unda Seasrulon 

saSinao davalebis rveulSi an zepirsityvierad saWiroebis mixedviT.

avtorebi SevecadeT saxelmZRvaneloSi Segvetana mravalferovani aqtivobebi. vTvliT, 

rom fizikis srulfasovani SeswavlisaTvis aucilebelia moswavleebma SeZlon problemaze 

orientirebuli amocanebis amoxsna da kompleqsuri davalebebis Sesruleba.

mizanSewonilad migvaCnia, rom saswavlo wlis dasawyisSi moswavleebs SeaxsenoT amoca-

nis amoxsnis algoriTmi, romlis sworad gamoyenebisas gaumartivdebaT amocanebze muSaoba.

amocanis amoxsnisaTvis aucilebelia:

1. yuradRebiT waikiTxo amocanis piroba. gaerkve amocanis moTxovnaSi. gamoyo saZiebeli 

da cnobili fizikuri sidideebi. mokled Cawero amocanis piroba fizikur sidideTa asoiTi 

aRniSvnebis gamoyenebiT (sasurvelia, saZiebeli ucnobi sidide e.w. mocemulobis dasawyisSi 

iyos, rac moswavles gaumartivebs damatebiT monacemebis Setanas);

2. warmoidgino fizikuri movlena. Seasrulo ganmartebiTi naxazi. gaixseno kanoni, formu-

la, grafiki, rac exeba gansaxilvel movlenebs, sxeulebsa da maTi gamoyenebis ares; 

3. saWiroebis mixedviT erTeulebis SI sistemaSi gadayvana;

4. Seamowmo amocanis amoxsnis siswore da gaaanalizo igi. darwmunde amocanis amonaxsnis 

sisworeSi fizikur sidideTa erTeulebis Casmis xerxis gamoyenebiT. 

radganac fizika eqsperimentuli mecnierebaa, avtorebi SevecadeT saxelmZRvaneloSi 

Segvetana eqsperimentuli samuSaoebi kvlevebis saxiT. amitom, mizanSewonilad migvaCnia 

SeaxsenoT moswavleebs eqsperimentis Catarebis algoriTmi.

martivi eqsperimentis Catarebis gegma

1. eqsperimentis mizani;

2. varaudis gamoTqma Sedegis Sesaxeb;

3. saWiro resursebi;
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4. eqsperimentis msvleloba;

5. eqsperimentis Sedegi;

6. daskvna (Sedegis axsna).

zogierT eqsperimentul kvlevaSi moswavleebs sTxoveT TviTon Seadginon martivi eqs-

perimentis gegma da am gegmiT Caataron eqsperimenti.

 • rogor davgegmoT kompleqsuri davaleba?

maswavlebelma kompleqsuri davalebis dasagegmad unda gai T va liswinos Semdegi faq-

torebi:

1. unda SearCios samizne cneba, romelTan dakavSirebiTac apirebs kompleqsuri dava-

lebis Seqmnas (cxadia, fizikaSi aRebuli nebismieri Temis damuSaveba erTdroulad 

SeiZleba moicavdes bevr samizne cnebas, Tumca konkretul kompleqsur davalebaSi 

yuradReba ufro metad unda iyos gamaxvilebuli erT romelime samizne cnebaze).

2. unda SearCios qvecnebebi, romelTac moswavleebi daamuSaveben kompleqsur davale-

baze muSaobisas. qvecnebebi aris is terminebi, romelTa gaazrebiTac moswavle daad-

geba samizne cnebamde misasvlel gzas.

3. unda SearCios sakiTxTa CamonaTvali, romelsac daamuSavebs moswavle kompleqsuri 

davalebis ganxorcielebisas. sakiTxebi umetesad saxelmZRvaneloSi mocemuli para-

grafebia.

4. unda gaiTvaliswinos, rom moswavleTa gansxvavebuli SesaZleblobebis gamo, maTi 

gansxvavebuli akademiuri moswrebis gamo, yvela moswavle ver SeZlebs davalebis 

srulad Sesrulebas. Sesabamisad, kompleqsuri davaleba (iseve rogorc nebismieri 

saklaso aqtivoba, saklaso wera, Semajamebeli wera, da a.S.) unda Seicavdes diferen-

cirebuli swavlebis principebs. kerZod, kompleqsur davalebaSi unda iyos rogorc 

martivad Sesasrulebeli aqtivobebi, aseve saSualo sirTulisa da maRali saazrovno 

unarebis Sesabamisi aqtivobebi.

5. SesaZlebelia, rom maswavlebelma jer kompleqsuri davaleba Seqmnas (mouvides rai-

me idea, miawodos kolegam idea, SearCios kompleqsuri davaleba raime resursidan 

_ kompleqsuri davalebebis bazidan da sxv.) da Semdeg daukavSiros igi konkretul 

samizne cnebas. am SemTxvevaSi mainc aucilebelia imis gaTvaliswineba, Tu romeli 

qvecnebebisa da sakiTxebis damuSaveba mouwevs moswavles aRniSnul kompleqsur da-

valebaze muSaobisas.

 • ras daveyrdnoT kompleqsuri davalebis Sefasebisas?

samizne cneba „materia“:

„materiasTan“ dakavSirebuli kompleqsuri davalebis zogadi sakvanZo SekiTxvebis Sinaar-

si (Sefasebis zogadi kriteriumebi): 

• nivTierebis Tvisebebis, da/an agebulebis da/an misi Semadgeneli nawilakebis moZ-

raobis dakavSireba gansaxilvel movlenebTan;

• konkretuli movlenisTvis mniSvnelovani fizikis kanonebi da maTi gamoyeneba am mo-

vlenis maxasiaTebeli sidideebis gamosaTvlelad;

• realur movlenaze an mis simulaciaze dakvirvebisas miRebuli monacemebis analizi 

da am analizze dafuZnebuli argumentirebuli daskvnebi;

• ra mizezebis gamo (anu ra ver gaiTvaliswineT da ratom) SeiZleba iyos Cveni daskvnebi 

acdenili realur suraTs?

• kvlevis TiToeul etapze (sakiTxis dasma, varaudis gamoTqma da a.S.) ra aqtivobebi ga-

naxorcieleT; ra strategiebi gamoiyeneT/ra nabijebi gadadgiT davalebaze muSaobis 

sxvadasxva etapze; ras gaakeTebdiT gansxvavebulad axlidan rom iwyebdeT komple-

qsur davalebaze muSaobas. 
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samizne cneba „energia“:

„energiasTan“ dakavSirebuli kompleqsuri davalebis zogadi sakvanZo SekiTxvebis Sinaar-

si (Sefasebis zogadi kriteriumebi): 

• sxvadasxva saxis energia, rac konkretuli movlenisTvis aris mniSvnelovani;

• konkretuli movlenisTvis mniSvnelovani fizikis kanonebi da maTi gamoyeneba am mo-

vlenis maxasiaTebeli sidideebis gamosaTvlelad;

• realur movlenaze an mis simulaciaze dakvirvebisas miRebuli monacemebis analizi 

da am analizze dafuZnebuli argumentirebuli daskvnebi;

• ratom vfiqrobT, rom mxolod am saxis energia aris mniSvnelovani konkretuli mo-

vlenis gansaxilvelad?

• ra mizezebis gamo (anu ra ver/an gaiTvaliswineT da ratom) SeiZleba iyos Cveni dask-

vnebi acdenili realur suraTs?

• kvlevis TiToeul etapze (sakiTxis dasma, varaudis gamoTqma da a.S.) ra aqtivobebi ga-

naxorcieleT; ra strategiebi gamoiyeneT/ra nabijebi gadadgiT davalebaze muSaobis 

sxvadasxva etapze; ras gaakeTebdiT gansxvavebulad axlidan rom iwyebdeT komple-

qsur davalebaze muSaobas.

samizne cneba „urTierTqmedeba“:

„urTierTqmedebasTan“ dakavSirebuli kompleqsuri davalebis zogadi sakvanZo SekiTxve-

bis Sinaarsi (Sefasebis zogadi kriteriumebi): 

• Zalebi, romlebic konkretuli movlenisTvis aris mniSvnelovani;

• konkretuli movlenisTvis mniSvnelovani fizikis kanonebi da maTi gamoyeneba am mo-

vlenis maxasiaTebeli sidideebis gamosaTvlelad;

• realur movlenaze an mis simulaciaze dakvirvebisas miRebuli monacemebis analizi 

da am analizze dafuZnebuli argumentirebuli daskvnebi;

• ra mizezebis gamo (anu ra ver/an gaiTvaliswineT da ratom) SeiZleba iyos Cveni dask-

vnebi acdenili realur suraTs?

kvlevis TiToeul etapze (sakiTxis dasma, varaudis gamoTqma da a.S.) ra aqtivobebi ga-

naxorcieleT; ra strategiebi gamoiyeneT/ra nabijebi gadadgiT davalebaze muSaobis sxva-

dasxva etapze; ras gaakeTebdiT gansxvavebulad axlidan rom iwyebdeT kompleqsur dava-

lebaze muSaobas.

samizne cneba „fizikuri procesi“:

„fizikur procesTan“ dakavSirebuli kompleqsuri davalebis zogadi sakvanZo SekiTxvebis 

Sinaarsi (Sefasebis zogadi kriteriumebi): moZraoba da cvlilebebi:

• sxvadasxva saxis fizikuri procesebi, romlebic Tqven mier gansaxilvel amocanaSi 

gxvdebaT;

• konkretuli movlenisTvis mniSvnelovani fizikis kanonebi da maTi gamoyeneba am mo-

vlenis maxasiaTebeli sidideebis gamosaTvlelad;

• realur movlenaze an mis simulaciaze dakvirvebisas miRebuli monacemebis analizi 

da am analizze dafuZnebuli argumentirebuli daskvnebi;

• ratom vfiqrobT, rom mxolod am saxis energia/Zala aris mniSvnelovani konkretuli 

movlenis gansaxilvelad?

• ra mizezebis gamo (anu ra ver/an gaiTvaliswineT da ratom) SeiZleba iyos Cveni das-

kvnebi acdenili realur suraTs?

• kvlevis TiToeul etapze (sakiTxis dasma, varaudis gamoTqma da a.S.) ra aqtivobebi 

ganaxorcieleT;
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• ra strategiebi gamoiyeneT/ra nabijebi gadadgiT davalebaze muSaobis sxvadasxva 

etapze; ras gaakeTebdiT gansxvavebulad axlidan rom iwyebdeT kompleqsur davale-

baze muSaobas.

cxadia, konkretul samizne cnebasTan mimarTebaSi arsebul kompleqsur amocanas sWir-

deba, sakiTxidan gamomdinare, konkretuli sakvanZo SekiTxvebi (Sefasebis kriteriumebi) da 

ara aseTi zogadi saxiT, rogorc zemoTaa CamoTvlili.

rogor SevafasoT kompleqsuri davaleba?

kompleqsuri davalebis Sefaseba SeiZleba iyos rogorc ganmaviTarebeli (Sesabamisi mka-

fio komentarebiT), aseve gan msazRvreli (konkretuli quliT, niSniT). 

Tavis mxriv, ganmaviTarebeli Sefaseba SesaZlebelia Sesruldes ornairad: erTi, ro-

desac maswavlebeli afasebs kompleqsur davalebaSi mocemul sakvanZo SekiTxvebze gace-

muli pasuxebis xarisxs da meore, rodesac maswavlebeli afasebs mTliani kompleqsuri 

davalebis Sesrulebis xarisxs.

a) sakvanZo kiTxvebze gacemuli pasuxebis ganmaviTarebeli SefasebisTvis viyenebT Se-

fasebis rubrikas moswavlis miRwevebis taqsonomias, romelSic zustadaa gawerili, Tu 

romeli kriteriumi ra doneze Seasrula moswavlem. ganmaviTarebeli Sefasebisas vafasebT 

kompleqsuri davalebis sakvanZo SekiTxvebze gacemul pasuxebs (cal-calke). TiToeuli 

pasuxi SesaZloa mivusadagoT Sefasebis rubrikis konkretul dones.

prezentaciis forma:

1. gvari, saxeli, klasi. Tema _ 

2. kompleqsuri davalebis piroba

3. eqsperimenti/modeli

4. eqsperimenti an kvleva unda warmoadginoT Semdegi saxiT:

• eqsperimentis/kvlevis mizani

• saWiro resursebi

• varaudi eqsperimentis/kvlevis Sedegze;

• eqsperimentis/kvlevis msvleloba;

• eqsperimentis Sedegebis warmodgena cxrilis, grafikebis saxiT;

• monacemTa damuSaveba;

• daskvnis warmodgena (dakavSireba kompleqsuri davalebis pirobasTan);

• eqsperimentis video/fotomasalis warmodgena.

5. gadaiwereT kompleqsuri davalebis TiToeuli SekiTxva da upasuxeT.

6. Tu davalebis piroba iTvaliswinebs modelis damzadebas, prezentaciaze warmoadgineT 

modeli da axseniT misi moqmedebis principi. 

7. daukavSireT kompleqsur davalebaSi mocemuli Tema/sakiTxi yoveldRiur cxovrebas.

qveviT mocemulia ganmaviTarebeli Sefasebis rubrika (zogadi saxiT) moswavleTa miRwe-

vis doneebiT.
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prezentaciis    Sinaarsobrivi struqtura    da    Sefasebis    rubrika

1. sakiTxis mniSvneloba;

2. sakiTxis fizikuri arsi;

3. praqtikuli magaliTebi;

4. daskvna.

Power Point-Si warmodgenili prezentaciis Sefasebis rubrika

# Sefasebis kriteriumebi qulebi

prezentaciis Sinaarsi

1
prezentaciisTvis SerCeuli sakiTxi warmodgenilia 

SeTanxmebuli struqturis saxiT
1

2
prezentaciis TiToeuli nawilis Sinaarsi da moculoba 

Seesabameba mizans/saxelwodebas
1

3
sakiTxi amomwuravad da swori Sinaarsobrivi aqcentebiT aris 

warmodgenili
2

prezentaciis momzadebis teqnika

44 slaidebi dasaTaurebulia 1

5

gamoyenebuli vizuali efeqturi da informatiulia; teqstisa 

da TvalsaCinoebis (fotoebi, suraTebi, cxrilebi, diagramebi, 

animaciuri efeqtebi da sxv.) balansi daculia daaxloebiT 1:2 

TanafardobiT

1

prezentaciis wardgena

6 gamarTuli da logikuri msjeloba 1

7 auditoriasTan kontaqti (yuradRebis mipyroba da SenarCuneba) 1

8 dasmul kiTxvebze sruli da swori pasuxebis gacema 2
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danarTi 1-is saxiT cxrilis safuZvelze unda gakeTdes imis analizi, Tu ramdenad Car-

Tulia moswavle saswavlo procesSi, ramdenad uwyobs saswavlo procesi xels mis emo ciur-

socialur ganviTarebas.

mocemulia 6 cxrili. TiToeuli maTgani Seesabameba erTi funqciur-komponentur unars: 

 • kritikuli azrovneba;

 • SemoqmedebiToba;

 • komunikacia;

 • kolaboracia;

 • moqalaqeoba;

 • xasiaTi/nebeloba.

qvemoT mocemulia 6 cxrili, romlebic warmoaCens, Tu ras gulisxmobs TiToeuli fun-

qciur-komponenturi unari. im SemTxvevaSi, Tuki, cxrilebis pirvel da meore svetebSi 

mocemul kategoriebze dayrdnobiT kompleqsur davalebaze muSaobis procesSi moswavlis 

aqtivobis aRwera xerxdeba, es imas niSnavs, rom saswavlo procesi xels uwyobs bavSvis emo-

ciur-socialur ganviTarebas. Tuki cxrilSi mocemuli aqtivobebi ar aris dakvirvebadi, 

es niSnavs, rom:

 • an kompleqsuri davaleba ar aris saTanadod SerCeuli da moiTxovs Semdgom adaptirebas;

 • an maswavlebelma unda Secvalos konkretul moswavlesTan mimarTebiT swavla-swav-

lebis strategiebi;

 • an problemebi arsebobs pozitiur saswavlo garemosTan mimarTebiT.
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funqciuri unari

kritikuli azrovneba

kognituri operaciebi / 

komponentebi
saorientacio SekiTxvebi maswavleblisTvis

dakvirveba

gaxseneba • ginaxavT Tu ara ….

• raze gamouTqvamT ukmayofileba ….

• romel problemebs Seuwuxebixar …. ?

• xom ar gaixsenebdi… problema gadaiWra?

amocnoba • riT gansxvavdeba erTmaneTisgan ….

• romel problemebs SeiZleba vuwodoT ….

• ra moaxdenda zemoqmedebas ….

kanonzomierebis 

aRmoCena da 

ganzogadeba

Sedareba da 

dapirispireba 

(kontrasti)

• riT hgavs da riT gansxvavdeba ….

klasificireba • ra tipis problemebi SeiZleba arsebobdes ….

relevanturi da 

ararelevanturi 

informaciis 

identificireba

• rogor SeiZleba warmoCndes, Tu ramdenad mwvave 

da aqtualuria ….

• ramdenad realuria problemis gadaWra ….

daskvnebis 

Camoyalibeba 

kanonzomierebebis 

safuZvelze

varaudis gamoTqma
• ram gamoiwvia problema?

• ra Sedegebi mohyveba/SeiZleba mohyves mas?

pirveladi daskvna

• ratom aris saWiro davalebis pirveladi versiis 

Seqmna? 

• riT gansxvavdeba Sesrulebuli davalebis pirvela-

di versia saboloosgan?

• ra faqtorebma gamoiwvia/SeuZlia gamoiwvios pir-

veladi daskvnebis gadasinjva?

daskvnebis Sefaseba 

dakvirvebis 

safuZvelze

Tanmimdevrulobis 

Semowmeba

• Seni azriT, ra aris saWiro imisTvis, rom Seni saT-

qmeli kargad gaiazros? 

• ratom fiqrobT, rom Tqveni iqneba efeqturi?

• riT gansxvavdeba erTmaneTisgan Tanmimdevruli da 

araTanmimdevruli msjeloba?

tendenciurobis, 

stereotipebis, 

kliSeebisa da 

propagandis 

identificireba 

usafuZvlo daSvebebis 

identificireba

• xvdebiT Tu ara 

• rogor SeiZleba ganvasxvaoT erTmaneTisgan faqte-

bi, interpretaciebi ….

• ram SeiZleba xeli SegviSalos faqtebis, interpre-

taciebis erTmaneTisgan garCevaSi?

gadametebuli 

ganzogadebis amocnoba

• rogoria Tqveni molodinebi.

• ratom fiqrobT ase?

daskvnebis faqtebiT 

dadastureba

• ra faqtebiT dasturdeba Sen mier Camoyalibebuli 

debulebebi?
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funqciuri unari _ 

SemoqmedebiToba

kognituri operaciebi/ 

komponentebi
komentari (nimuSebi)

Tavisuflad

azrovneba

kiTxvebis dasma • ra aris gaugebari kompleqsuri davalebis piro-

basTan mimarTebiT?

• ra giSlis xels kompleqsur davalebaze muSaobaSi?

• ra aris gansxvavebuli Seni da Seni Tanaklasele-

bis mier Sesrulebul kompleqsur davalebebSi? 

rogor warmoaCem am gansxvavebebs SekiTxvebis 

saxiT?

ideebis generireba; prob-

lemis gadaWris gzebis 

dasaxeleba; alternatiu-

li pasuxebis Zieba da 

problemis gadaWris gze-

bis SemoTavazeba.

• ra gzebiT SeiZleba daafiqro ……….. gamokveTil 

problemaze? romeli xerxi iqneba ufro efeqturi?

• SeiZleba Tu ara saamisod ori an sami alterna-

tiuli gzis dasaxva?

fleqsiuroba problemis danaxva da 

Sefa seba sxvadasxva pers-

peqtividan

• rogor fiqrob, rogor aRiqvams am problemas

• riT gansxvavdeba .....................................

• ra unda gaviTvaliswinoT ......................

midgomebis mravalferov-

neba (approach)

originaloba unikaluri da axali ideis 

generireba

• ra strategiebi SeiZleba gamoviyeno originaluri 

ideis Camosayalibeblad

sxvadasxva elementisgan 

unikaluri kombinaciebis 

Seqmna

detalebze yurad-

Rebis gamaxvileba

ideebis ganviTareba da 

gamdidreba detalizaciis 

xarjze

• ratom mogwons esa Tu is 

• ris xarjze SeiZleba daixvewos kompleqsuri da-

valebis pirveladi versia?

• ra mniSvneloba aqvs detalebs 
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funqciuri unari 

_ komunikacia

kognituri operaciebi/

komponentebi
komentari (nimuSebi)

informaciis naT-

lad da Sinaarsia-

nad gamoxatva

miznobrioba (informireba, 

instruqtireba, motivireba, 

darwmuneba)

• visTvis amzadebT ........

• ratom fiqrobT, rom Tqven mier Seqmnili/ward-

genili ................ saintereso iqneba ?

metyvelebis tipis SerCeva _ 

aRwera, Txroba, msjeloba

• metyvelebis ra tipebi SeiZleba arsebobdes? 

romeli maTgani iqneba ufro miznobrivi komple-

qsuri davalebis prezentaciisas?

aqtiuri mosmena (kavSiris 

damyareba, ndobis mopove-

ba, dialogSi gayola (anu 

monitoringi), miznobrioba 

fragmentuloba)

• riT SeiZleba dagexmaroT maswavlebelTan, sxva 

moswavleebTan dialogi kompleqsuri davalebis 

SesrulebaSi?

• ra dagexmareba, rom ukeT gaigo Tanaklaselebis, 

maswavleblis saTqmeli?

• riT SeiZleba daxmareba gauwios Tqvenma Se-

kiTxvebma Tanaklaselebs saTqmelis ukeT Camo-

yalibebaSi?

konteqstualizeba (sako-

munikacio situaciis gaa-

nalizeba da gamoxatvis 

relevanturi saSualebis 

SerCeva (saTanado funqci-

uri sametyvelo qmedebis 

gamoyeneba)

• ra faqtorebi unda gaiTvaliswinoT saimisod, 

rom Tqveni kompleqsuri davalebis prezentacia 

msmenelisTvis gasagebi da misaRebi iyos (mag., 

funqciuri sametyvelo qmedebis sworad SerCeva, 

sensitiuri niuansebis win wamoweva)? 

araverbaluri signalebi 

(sxeulis ena, mimika, Jesti-

kulacia da a.S.)

• SeiZleba Tu ara araverbaluri signalebis saSu-

alebiT ufro saintereso da aRqmadi gaxdes 

prezentacia? 

• ra tipis Jestikulaciebsa da mimikas mimarTav 

prezentaciis dros?

Tavdajerebuloba Riaoba • riT amdidrebs Sens prezentacias Tanaklasele-

bis mier warmodgenili kompleqsuri davalebebi? 

aseve maTi komentarebi, SeniSvnebi?

keTilganwyoba • rogor warmarTavdiT, ra faqtorebis gaTva-

liswinebaa saWiro samizne auditoriis/komple-

qsur davalebaze muSaobis procesSi CarTuli 

pirebis keTilganwyobis mosapoveblad?

empaTia (sxvisi 

TvaliT danaxva)

TviTrefleqsia/ ukukavSiri • SeafaseT, ramdenad gamogividaT is, rac maswa-

vleblisgan gqondaT davalebuli?

• ras gaakeTebdiT sxvagvarad, axla rom iwyebdeT 

imave davalebaze muSaobas?

urTierTobis monitoringi • vin da rogor dagexmaraT kompleqsur davaleba-

ze muSaobis procesSi?

aRiareba Tanasworoba

pasuxismgebloba

tolerantoba (gansxvavebu-

lis mimRebloba)

orientacia problemaze da 

ara komunikaciaSi CarTul 

subieqtze

• SexvediT Tu ara gansxvavebul mosazrebebs 

kompleqsur davalebaze muSaobis procesSi? 

ramdenad SeZeliT TanamSromloba gansxvavebuli 

Sexedulebebis adamianebTan?

• ramdenad moaxerxeT azrTa sxvadasxvaobis viTa-

rebaSi orientirebuli yofiliyaviT problemaze 

da ara komunikaciaSi CarTul adamianebze?
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funqciuri unari _ 

TanamSromloba

kognituri operaciebi/

komponentebi
komentari (nimuSebi)

erTad muSaoba

pirispir da teqnologiebis 

gamoyenebiT ideebisa da re-

sursebis gaziarebis gziT

• gamoiyeneT Tu ara teqnologiebi kompleqsur 

davalebaze muSaobis procesSi? 

raSi dagexmaraT teqnologiebis gamoyeneba?

saerTo

pasuxismgebloba

saerTo mizani • ra saerTo mizani gqondaT Sen da Sens maswa-

vlebels kompleqsur davalebaze muSaobis 

procesSi?

• gqondaT Tu ara saerTo miznebi Tanaklaseleb-

Tan erTad?

angariSvaldebuleba Sedeg-

Tan mimarTebiT

• ratom ganaxorcieleT kompleqsuri davaleba?

arsebiTi

gadawyvetilebebi 

(Sinaarsi, procesi, 

produqti)

winare codnis gamoyeneba 

gadawyvetilebebis miRebis 

mizniT

• msgavsi tipis kompleqsuri davaleba Tu Segis-

rulebiaT skolaSi?

rolebisa da pasuxismgeblo-

bebis ganawileba

• rogor inawilebdiT pasuxismgeblobebs maswa-

vlebelTan/TanaklaselebTan kompleqsur dava-

lebaze muSaobis procesSi?

produqtis dizaini, buneba 

da gamoyenebiToba

• ra produqti SeqmeniT kompleqsuri davalebis 

saxiT?

• visTvis da ratom aris es produqti sasar-

geblo da saintereso?

urTierTdamokidebuloba 

(angariSvaldebulebis ori 

done _ individualuri da 

jgufuri)

• vis winaSe iyaviT angariSvaldebuli samuSao 

procesSi (maswavleblis, Tanaklaselebis)?

kritikuli

azrovneba

kognituri operaciebi/

komponentebi
komentari (nimuSebi)

uzenaesi eTikis 

principebi

adamianis Rirseba • riT da rogor gamoxatavdi adamianebis mimarT 

pativiscemas kompleqsur davalebaze muSaobis 

procesSi?

gaurkvevlobebisadmi 

Semwynarebluri damokide-

buleba

• waawydiT Tu ara gaurkvevlobebs kompleqsur 

davalebaze muSaobis procesSi? ra gaarkvieT 

bundovanebiT mocul sakiTxebSi?

angariSvaldebu-

leba sazogadoe-

bisadmi da TanaSe-

moqmedebiToba

pasuxismgebloba • ra pasuxismgeblobebi (maT Soris jgufuri pa-

suxismgeblobebi) gekisrebodaT kompleqsur 

davalebaze muSaobis procesSi? vis winaSe iyaviT 

angariSvaldebuli?

konfliqtebis marTva • waawydiT Tu ara konfliqtur situaciebs 

kompleqsur davalebaze muSaobis procesSi? ro-

gor SeZeliT konfliqtis daregulireba?

kanonis uzenaesobis dafa-

seba

• gaaanalizeT ra wesebs/kanonebs icavdiT da ra-

tom kompleqsur davalebaze muSaobis procesSi? 

Temis

prioritetebis 

gaazreba

lokaluri TemisTvis aq-

tualuri problemebi

• lokaluri TemisTvis aqtualur ra sakiTxebs 

Seexeboda Tqven mier Sesrulebuli kompleqsuri 

davaleba?

qveynisTvis aqtualuri 

problemebi;

• hqonda Tu ara Tqven mier Seqmnil kompleqsur 

davalebas raime kavSiri qveynisTvis aqtualur 

problemebTan?

msoflios codna da Semec-

neba

• hqonda Tu ara Tqven mier Seqmnil kompleqsur 

davalebas raime kavSiri mTeli msofliosTvis 

aqtualur problemebTan?
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funqciuri/ komponen-

turi unari _ xasiaTi/ 

nebisyofa/nebeloba

kognituri operaciebi/ kompo-

nentebi
komentari (nimuSebi)

identoba 

sakuTari SesaZleblobebisa 

da interesebis gacnobiereba 

(vin var me)

• ras maZlevs me/ratom aris CemTvis 

mniSvnelovani kompleqsur davalebaze 

muSaobis procesi? (ra gavige, ra SevZe-

li, ra SeviZine komleqsur davalebaze 

muSaobis Sedegad?
gadawyvetilebis miReba TviT-

realizaciisTvis (rasTan 

vafilirdebi)

TviTregulacia

miznebis dasaxva

• ra grZelvadian da moklevadian miz-

nebs isaxavdiT komleqsur davalebaze 

muSaobis procesSi?

dagegmva

• rogor dagegme kompleqsur davalebaze 

muSaobis procesi? ra faqtorebs iTva-

liswinebdi samuSao procesis dagegmvi-

sas?

TviTefeqturobis gancda
• ra gamogividaT kargad kompleqsur dava-

lebaze muSaobis procesSi?

swavlis strategiebi

• ra xerxebi gamoiyene saswavlo masalis 

ukeT gasaazreblad? / kompleqsuri dava-

lebis ukeT Sesasruleblad?

monitoringi da Sefaseba

• warimarTa Tu ara kompleqsur davale-

baze muSaobis procesi dagegmilis Sesa-

bamisad? gaxda Tu ara saWiro pirvelad 

gegmebSi cvlilebebis Setana?

daxmarebisTvis sxvebisTvis 

mimarTva

• visTan iTanamSromleT kompleqsur dava-

lebaze muSaobis procesSi? (ra daxmareba 

gauwieT Tanaklaselebs/samezoblo Temis 

wevrebs/maswavlebels; ra mxardaWera 

miiReT maTgan)

TviTaqtualizacia

enTuziazmi yvela saqmis 

mimarT

• iyo Tu ara saintereso da sasiamov-

no TqvenTvis kompleqsur davalebaze 

muSaobis procesi?

avtonomiuroba
• ra gaakeTeT damoukideblad kompleqsur 

davalebaze muSaobis procesSi?

sakuTari Tavis pozitiuri 

Sefaseba

• ra gamogividaT kargad kompleqsur dava-

lebaze muSaobis procesSi?

adamianebisa da samyaros mi-

marT keTilganwyoba

• Tqveni azriT, ra samsaxuri gauwieT 

sxva adamianebs Tqven mier Sesrulebuli 

kompleqsuri davalebiT?

procesze orientirebuloba

• rogor dagegme kompleqsur davalebaze 

muSaobis procesi? ra faqtorebs iT-

valiswinebdi samuSao procesis dage-

gmvisas? warimarTa Tu ara kompleqsur 

davalebaze muSaobis procesi dagegmilis 

Sesabamisad? gaxda Tu ara saWiro pirve-

lad gegmebSi cvlilebebis Setana?
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danarTi 2. gamoiyeneba imis gasaanalizeblad, Tu ramdenad Rrmad gaiazra moswavlem 

Sesaswavli sakiTxi. amaSi gvexmareba erovnuli saswavlo gegmis Sedegebis miRwevis taqsono-

mia. misi TiToeuli safexuri warmoaCens samizne cnebis flobis dones / samizne cnebasTan 

dakavSirebuli sakiTxis/sakiTxebis gaazrebis xarisxs. pirvel sam doneze samizne cnebasTan 

dakavSirebuli sakiTxebis gaazrebis xarisxi ar aris damakmayofilebeli. cnebis daufleba/

Sedegis miRweva igivdeba mimarTebiT da abstraqtul doneebTan.

moswavlis miRwevebis taqsonomia

Sefasebis kriteriumi komentari

prestruqturuli done

moswavles sakiTxTan dakavSirebiT ar aqvs relevanturi informacia. 

unistruqturuli done

moswavles aqvs mxolod erTi arastruqturirebuli asociacia/warmod-

gena gansaxilvel sakiTxTan dakavSirebiT.

multistruqturuli done

moswavles aqvs mxolod ramdenime, erTmaneTTan daukavSirebeli, usis-

temo asociacia/warmodgena gansaxilvel sakiTxTan dakavSirebiT.

mimarTebiTi done

moswavles SeuZlia:

samizne cnebasTan dakavSirebuli faqtebisa da movlenebis kritikulad 

da urTierTdakavSirebulad gaazreba da gaanalizeba; 

samizne cnebis mkvidri warmodgenebis urTierTdakavSirebulad gaana-

lizeba;

konkretul samizne cnebasTan dakavSirebuli informaciis konteqs-

tualizeba (sagnis sxva samizne cnebebTan dakavSireba).

mimarTebiT doneze sakiTxis/samizne cnebis gaazreba niSnavs erovnuli 

saswavlo gegmiT gansazRvruli Sedegis miRwevas. Tumca, SesaZlebelia 

moswavle ufro Sorsac wavides, anu im ganzogadebebisken, romelic 

abstraqtuli donisTvisaa gansazRvruli. 

abstraqtuli done

moswavles SeuZlia samizne cnebaze muSaobis procesSi SeZenili cod-

nisa da gamocdilebis erovnuli saswavlo gegmis zesagnobriv (makro) 

cnebebTan dakavSireba.

abstraqtul doneze naxsenebi zesagnobrivi (makro) cnebebi aseve ukavSirdeba evrokav-

Siris mier gansazRvrul XXI saukunis rva sakvanZo kompetencias.
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XXI sakunis sakvanZo

(evrosabWos) kompetenciebi
zesagnobrivi (makro) cnebebi 

kriteriumi _ e.s.g. Sedegebis me-5 done

moswavlem unda SeZlos

wigniereba

cifruli wigniereba

konstruqti (mniSvnelobis 

miniWeba)

narativi (informaciis 

konstruireba)

• konstruqti _ informaciis gaazreba, 

sakuTari gamocdilebiT misi mniSv-

nelobis gadaazreba/ gaRrmaveba;

• narativi _ informaciis konstrui-

reba/narativad gardaqmna, sakuTari 

narativis Camoyalibeba, romelSic 

asaxuli iqneba sakiTxTan dakavSire-

buli faqtobrivi masala sakuTari 

miznebisa da auditoriis gaTva-

liswinebiT.

multilingvuri wigniereba

kulturuli cnobiereba da 

TviTgamoxatva

kulturuli mravalfero-

vneba

gaiazros, Tu rogor aRiqvamen erTsa 

da imave informacias sxva kulturis 

adamianebi.

raodenobrivi wigniereba

modeli

kvleva

kanonzomierebebis aRmoCena da mo-

delireba axal situaciasTan mimar-

TebiT; saswavlo masalis dakavSireba 

sxva samecniero codnasTan. 

personaluri, socialuri da 

swavlis kompetencia

strategia strategiebis SerCeva sakiTxis Sesaswa-

vlad an davalebis Sesasruleblad 

samoqalaqo kompetencia

moqalaqe gaaanalizos, ra gavlena moaxdina mis 

moqalaqeobriv msoflmxedvelobaze 

SeZenilma codnam.

mewarmeoba

inovaciuri proeqti SeZenili codnis gamoyenebiTi aspeqte-

bis moZieba sakuTari an sazogadoebri-

vi saWiroebebisTvis.
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danarTi 3. es danarTi saswavlo procesSi moswavlis CarTulobis xelis SemSleli faq-

torebis detaluri analizis SesaZleblobas iZleva.

maswavleblis TviTSefasebis kiTxvari

faqtorebi, romlebic xels uwyobs sagakveTilo procesSi moswavlis 

aqtiur CarTulobas (maTi ugulebelyofa SesaZloa gaxdes saswavlo 

procesSi moswavlis CarTulobis xelis SemSleli faqtori)

saidan Cans, rom saswavlo procesi mimdinareobs erovnuli saswavlo 

gegmis moTxovnebis Sesabamisad?

CaniSvna 

(hqonda Tu 

ara amas ad-

gili)

komentari / 

ukukavSiri /

kiTxva

yvela moswavlem icis, Tu ra kompleqsur davalebaze muSaobs. saswa-

vlo procesSi SemoTavazebul aqtivobebs ukavSirebs kompleqsur 

davalebaze muSaobis process (saswavlo procesis marTva, distanciuri 

swavleba) 

swavla-swavlebis procesSi maswavlebeli fasilitacias uwevs moswa-

vleebis mxridan kompleqsur davalebaze muSaobis process. saswavlo 

procesi warimarTeba imgvarad, rom yvela moswavles eZleva sakuTari 

Tavisa da naSromis warmoCenis saSualeba (saswavlo procesis marTva, 

inkluziuri ganaTleba)

mkafioa, ra Sualdeur da grZelvadian mizans emsaxureba saswavlo 

procesi (swavla-swavlebis miznebi) 

Sefaseba orientirebulia moswavlis miRwevebis aRweraze da ara xar-

vezebis markirebaze (Sefaseba)

saswavlo resursebi morgebulia moswavleebis individualur saWiroe-

bebs (resursebi)
 

moswavle pasiuri msmenelia, Tu aqtiur SemoqmedebiT procesebSia 

CarTuli? (principi 1 _ aqtiuri swavla)

axali masala moswavles saTanado damuSavebis gareSe miewodeba, Tu 

yuradReba eqceva mis TandaTanobiT miyvanas axal codnamde, nacnob 

konteqstebze dayrdnobiT? (principi 2 _ winare codnaze dayrdnobiT 

axali codnis konstruireba)

moswavle iZens fragmentul codnas, Tu xdeba sxvadasxva codnis 

urTierTdakavSireba? (principi 3 _ codnis organizeba da urTierTdaka-

vSireba)

aqcenti keTdeba mxolod imaze _ ras swavlobs moswavle, Tu yurad-

Reba maxvildeba swavlis ra strategiebs iyenebs igi? 

(principi 4 -swavlis swavla)

aqcenti mxolod damaxsovrebaze keTdeba, Tu mniSvnelovani adgili 

eTmoba saswavlo masalis realur cxovrebasTan/cxovrebiseul konte-

qstebTan dakavSirebas (principi 5 _ codnis sami kategoria)

kompleqsur davalebaze muSaobis Sedegad gamovlindeba maswavleblebis profesiuli 

saWiroebebi.
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 moswavlis    wignis    Tavebis    mokle mimoxilva

Tavi 1. Sesavali _ fizika da materialuri samyaro
1.1. fizika, mecniereba bunebis Sesaxeb

1.2. fizika da sxva mecnierebebi

1.3. fizika da teqnikis progresi

1.4. bunebis Zalebi

I Tavis mokle daskvnebi

• yvelaferi, rac samyaroSi realurad arsebobs materiaa.

• materia arsebobs nivTierebisa da velis saxiT.

• materialur obieqtebs Soris urTierTqmedeba oTxi saxisaa: gravitaciuli, eleqt-

romagnituri, birTvuli, susti.

• materialuri samyaros Seswavla xdeba sami mimarTulebiT: mikrosamyaro, makrosamy-

aro, megasamyaro.

• fizika mecnierebaa bunebis Sesaxeb.

• fizikis Seswavlis obieqtebia: nivTiereba, veli, urTierTqmedebebi da fizikuri 

procesebi.

• fizikis Seswavla eyrdnoba cnebebs. 

• fizikis kvlevis meTodebia: dakvirveba, eqsperimenti, Teoriuli gamoTvlebi.

• fizika dakavSirebulia sabunebismetyvelo da sxva mecnierebebTan da piriqiT.

• fizikis sametyvelo enaa maTematika.

• teqnikis progresi eyrdnoba fizikis miRwevebs da piriqiT, fizikis miRwevebs ganapi-

robebs teqnikis ganviTareba.

I Tavis sakvanZo SekiTxvebi

• ra aris materia? 

• ra saxiT arsebobs materia?

• ra saxis urTierTqmedebebi arsebobs materialur obieqtebs Soris?

• romeli kanonebiT aRiwereba urTierTqmedeba sxeulebs Soris, romelTa siCqare ga-

cilebiT naklebia sinaTlis siCqareze?

• romeli kanoniT aRiwereba gravitaciuli urTierTqmedeba or nivTier (materialur) 

wertils Soris?

• romelia sabunebismetyvelo mecnierebebi?

• ras Seiswavlis fizika? 

• romeli mecnierebebi eyrdnoba da iyenebs fizikis cnebebsa da kanonebs?

• ra kavSiri aqvs fizikas teqnikis ganviTarebasTan? 

sarekomendacio aqtivobebi.

maswavlebeli:

moswavleeTan erTad msjelobs materiis raobis Sesaxeb, gamoyofs materiis saxeebs:, 

nivTierebasa da vels. yofs materias mikro, makro da mega samyarod. ganumartavs, rom ma-

terialuri samyaro Sedgeba, atomebis, molekulebis, elementaruli nawilakebisgan da sxv. 

aseve msjelobs drois da sivrcis Sesaxeb.
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moswavleeTan erTad msjelobs fizkis, rogorc bunebis Semswavlel erT-erT mecniere-

baze, ganixilavs bunebaSi mimdinare romel movlenebs Seiswavlis fizikis TiToeuli nawi-

li, da moswavleebTan erTad axasiaTebs fizikis TiToeuli nawilis Sesaswavl sakiTxebs.

moswavleebs ganumartavs, rom fizikis mecnierulma miRwevebma Secvales adamianebis 

warmodgenebi sivrcesa da droze. fizika did rols TamaSobs msoflmxedvelobis Camo-

yalibebaSi.

moswavleebTan erTad msjelobs, ra warmatebebi gamoiwvia teqnikis ganviTarebaSi fizi-

kis, rogorc mecnierebis ganviTarebam.

moswavleebTan erTad aanalizebs, rom fizikasTan mWidrod aris dakavSirebuli sxva 

sabunebismetyvelo mecnierebebis aRmoCenebi da ganviTareba.

didi mniSvneloba eniWeba fizikis SeswavlaSi sagnis SigniT kavSirebs. amitom maswavle-

beli moswavleebTan erTad msjelobs IX klasSi Seswavlil msoflio mizidulobis kanonisa 

da niutonis kanonebis mniSvnelobaze sxva saxis urTierTqmedebebis Seswavlisas. 

Tavi 2. eleqtrostatika

2.1. eleqtruli muxti

2.2. sxeulebis damuxtvis eqsperimentuli kvleva

2.3. sxeulebis damuxtva. muxtis mudmivobis kanoni

2.4. eleqtruli veli

2.5. damuxtuli sxeulebis urTierTqmedebis eqsperimentuli 

kvleva

2.6. kulonis kanoni

2.7. amocanebis amoxsna

2.8.Semajamebeli gakveTili

2.9. eleqtruli velis daZabuloba

2.10. eleqtruli velis Zalwirebi

2.11. amoxseni amocanebi

2.12. gamtarebi eleqtrul velSi

2.13. dieleqtrikebi eleqtrul velSi

2.14. eleqtruli Zalis muSaoba

2.15. eleqtruli velis potenciali

2.16. eleqtrostatikuri velis eqsperimentuli kvleva

2.17. potencialTa sxvaoba. ekvipotencialuri zedapirebi

2.18. amocanebis amoxsna

2.19. Semajamebeli gakveTili

2.20. eleqtrotevadoba. kondensatori

2.21. eleqtrotevadobis eqsperimentuli kvleva

2.22. brtyeli kondensatoris eleqtrotevadoba

2.23. eleqtruli velis energia

2.24. kondensatorebis SeerTeba

2.25. amocanebis amoxsna

2.26. Semajamebeli gakveTili
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2 Tavis mokle daskvnebi

• damuxtuli nawilakis umciresi muxti elementaruli muxtia, romelic tolia 1,6 

10_19 kuloni. bunebaSi arsebobs ori saxis muxti _ dadebiTi da uaryofiTi.

• erTnairniSniani muxtebi ganizidebian, sxvadasxvaniSniani miizidebian.

• eleqtruli muxti skalaruli fizikuri sididea. erTeulia kuloni.

• sxeulis eleqtruli muxti diskretulia, q = ± ne ( n- mTeli ricxvia).

• sistemis sxeulTa muxti algebrulad ikribeba.

• Caketili sistemis jamuri muxti mudmivi sididea, muxti inaxeba.

• eleqtruli veli materiis erT-erTi formaa.

• urTierTqmedeba damuxtul sxeulebs (nawilakebs) Soris eleqtruli velis saSuale-

biT xorcieldeba.

• uZravi muxtebi qmnian eleqtrostatikur vels.

• eleqtruli velis gavrcelebis siCqarea 300 000 km/wm.

• wertilovani muxtebi urTierTqmedeben kulonuri ZaliT, F = k|q1‖q2|
r2  .

• eleqtruli velis Zaluri maxasiaTebelia daZabuloba,  = F
q  .

• ramdenime muxtis mier Seqmnili velis daZabuloba gamoiTvleba superpoziciis prin-

cipis Tanaxmad.

• eleqtruli velis TvalsaCinod warmodgena SeiZleba warmosaxviTi wirebiT, romleb-

sac velis Zalwirebi ewodeba.

• eleqtruli velis daZabulobas yovel wertilSi Zalwirebisadmi gavlebuli mxebis 

mimarTuleba aqvs da emTxveva dadebiT muxtze moqmedi Zalis mimarTulebas.

• gamtarebi Tavisufali eleqtronebis did raodenobas Seicavs.

• eleqtrul velSi moTavsebuli gamtaris SigniT eleqtruli veli ar aris.

• dieleqtrikebi praqtikulad ar Seicaven Tavisufal muxtebs.

• dieleqtrikebi ori saxisaa: polaruli da arapolaruli.

• dieleqtrikis eleqtrul velSi moTavsebisas gare velis daZabuloba mcirdeba.

• eleqtruli veli gadaadgilebs masSi moTavsebul muxts, eleqtruli veli asrulebs 

muSaobas.

• wertilovan muxtebs eleqtrul velSi aqvT urTierTqmedebis potencialuri energia.

• velis energetikuli maxasiaTebelia eleqtruli velis potenciali.

• potenciali skalaruli sididea. 

• muxtebis jamuri eleqtruli velis potenciali calkeuli muxtis potencialebis 

algebruli jamis tolia velis mocemul wertilSi.

• eleqtruli velis or wertils Soris potencialTa sxvaobas Zabvas uwodeben.

• erTnairi potencialis mqone zedapiris, ekvipotencialuri zedapiris gaswvriv mux-

tis gadaadgilebisas velis muSaoba nulis tolia.

• eleqtruli velis Zalwirebi ekvipotencialuri zedapiris marTobi wirebia.

• yvela gamtars aqvs unari daagrovos eleqtruli muxti.

• eleqtrotevadoba gansazRvravs gamtaris an gamtarebis mier eleqtruli muxtis da-

grovebis unars.

• brtyeli kondensatoris eleqtrotevadoba damokidebulia firfitebis farTobze, 

firfitebs Soris manZilze da firfitebs Soris moTavsebuli dieleqtrikis diele-

qtrikul SeRwevadobaze.

• damuxtuli kondensatoris firfitebs Soris arsebul eleqtrul vels gaaCnia ener-

gia da SeuZlia muSaobis Sesruleba.
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• kondensatorebis SeerTeba SesaZlebelia paralelurad, mimdevrobiT da Sereuli 

wesiT.

• kondensatorebis paraleluri SeerTebisas firfitebis saerTo farTobi izrdeba da 

Sesabamisad kondensatorebis ekvivalenturi, saerTo eleqtrotevadoba izrdeba.

• kondensatorebis mimdevrobiTi SeerTebisas firfitebs Soris manZili izrdeba da 

Sesabamisad kondensatorebis ekvivalenturi, saerTo eleqtrotevadoba mcirdeba.

II Tavis sakvanZo SekiTxvebi

• ra aris elementaruli nawilaki?

• ras uwodeben elementarul muxts?

• ras niSnavs sxeuli damuxtulia?

• rodis imuxteba sxeuli dadebiTad an uaryofiTd?

• romeli xelsawyoebiT adgenen sxeuli damuxtulia Tu ara?

• ras uwodeben wertilovan muxts?

• vin da rogor gazoma muxtebs Soris urTierTqmedebis Zala?

• SesaZlebelia, Tu ara erTi sxeulis meoreze moqmedeba iyos calmxrivi?

• rogor aris damokidebuli muxtebs Soris urTierTqmedebis Zala wertilovani mux-

tebis sididesa da maT Soris manZilze?

• raSi mdgomareobs kulonis kanoni?

• romel sidideebzea damokidebuli sxeulebis gravitaciuli urTierTqmedebis 

Zala?

• ra analogiaa gravitaciuli da eleqtruli Zalebis maxasiaTebel sidideebs Soris?

• rogor xorcieldeba urTierTqmedeba damuxtul sxeulebs Soris Sexebis gareSe?

• ra aris eleqtruli veli?

• romeli fizikuri sididiT xasiaTdeba eleqtruli veli?

• romeli formuliT gamoiTvleba eleqtruli velis daZabuloba?

• ratom aris daZabuloba velis Zaluri maxasiaTebeli?

• romeli formuliT gamoiTvleba wertilovani muxtis daZabuloba velis mocemul 

wertilSi?

• raSi mdgomareobs eleqtruli velis daZabulobis superpoziciis principi?

• ras uwodeben eleqtruli velis Zalwirebs?

• ratom ar SeiZleba gadaikveTos sivrceSi eleqtruli velis Zalwirebi?

• rogor vels uwodeben erTgvarovan eleqtrul vels?

• ratom ara aris wertilovani muxtis veli erTgvarovani?

• ra saxeebad iyofa nivTierebebi eleqtruli muxtis gamtarobis mixedviT?

• ra gansxvavebaa gamtarebsa da dieleqtrikebs Soris?

• ra gansakuTrebuli Tviseba aqvT gamtarebs eleqtrul velSi moTavsebisas?

• ratom iyeneben gamtarebs eleqtruli velis ekranirebisTvis?

• ra saxis dieleqtrikebi arsebobs?

• ra msgavsi da gansxvavebuli procesebi mimdinareobs polaruli da arapolaruli 

dieleqtrikis eleqtrul velSi moTavsebisas?

• ras ewodeba eleqtruli dipoli?

• ras uwodeben polarizacias?

• ra aris dieleqtrikuli SeRwevadoba?

• romeli formuliT gamoiTvleba erTgvarovan eleqtrul velSi muxtis gadaadgile-



84 

bisas Sesrulebuli muSaoba?

• ra analogiaa simZimis Zalisa da eleqtruli Zalis mier Sesrulebul muSaobebs So-

ris? 

• ratom uwodeben gravitaciul da eleqtrul velebs potencialur velebs?

• rogor gamoiTvleba muxtebs Soris urTierTqmedebis potencialuri energia?

• ras uwodeben eleqtruli velis potencials?

• ratom aris potenciali velis energetikul maxasiaTebeli?

• rogor gamoiTvleba eleqtruli velis or wertils Soris potencialTa sxvaoba 

(Zabva)?

• ras uwodeben ekvipotencialur zedapirs?

• ras udris eleqtruli velis muSaoba muxtis gadaadgilebisas ekvipotencialur ze-

dapirze?

• ras uwodeben eleqtrotevadobas?

• ras gansazRvravs gamtaris eleqtrotevadoba?

• rogori gamtaris eleqtrotevadobaa 1 faradi?

• romel fizikur sididezea damokidebuli gamtari sferos eleqtrotevadoba?

• raze ar aris damokidebuli gamtari sferos eleqtrotevadoba?

• ra aris kondensatori?

• ris mixedviT asxvaveben kondensatoris tipebs?

• rogor aris agebuli haeriani cvladi tevadobis kondensatori?

• ra nawilebisagan Sedgeba brtyeli kondensatori?

• ras uwodeben kondensatoris muxts?

• razea damokidebuli brtyeli kondensatoris tevadoba?

• ratom gaaCnia damuxtul kondensators energia?

• razea damokidebuli damuxtuli kondensatoris eleqtruli velis energia?

• razea damokidebuli eleqtruli velis energiis simkvrive?

• kondensatorebis SeerTebis ramdeni saxe arsebobs?

• rogor icvleba kondensatorebis saerTo tevadoba mimdevrobiT SeerTebisas?

• rogor icvleba kondensatorebis saerTo tevadoba paraleluri SeerTebisas?

• risTvis gamoiyeneba kondensatorebi?

• sad gamoiyeneba kondensatorebi?

sarekomendacio aqtivobebi.

maswavlebeli:

moswavleebTan erTad msjelobs ra kavSiria sxeulis muxtsa da elementarul muxts 

Soris. aanalizebs muxtis Senaxvis kanons. moswavleebTan erTad msjelobs muxtis gazomvis 

xerxebze, maTTan erTad adgens eleqtroskopis modelis damzadebis gegmas da amzadebs 

moswavleebs kompleqsuri davalebis SesrulebisTvis.

acnobs moswavleebs muxtis mier eleqtrostatikuri velis warmoqmnas, atarebs moswa-

vleebTan erTad eqsperimentul samuSaoebs, msjelobs velis maxasiaTebeli parametrebis 

(daZabuloba, potenciali) Sesaxeb. aRwers muxtebs Soris eleqtrul urTierTqmedebas da 

moswavleebTan erTad adgens analogias eleqtruli velisa da gravitaciuli velis maxasia-

Teblebs Soris.
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msjelobs eleqtrostatikur velSi moTavsebuli gamtarebis Sesaxeb. ganixilavs moswa-

vleebTan erTad gamtarebis Tvisebas, rom muxtebi grovdeba gamtaris zedapirze, SigniT 

ki velis daZabuloba nulis tolia. amzadebs moswavleebs kompleqsuri davalebis Sesasru-

lebld.

msjelobs nivTierebis dieleqtrikuli SeRwevadobis Sesaxeb, rogorc dieleqtrikis 

eleqtruli Tvisebis maxasiaTebelze. atarebs eqsperimentebs moswavleebTan erTad da ms-

jelobs eleqtruli velis mier Sesrulebuli muSaobis Sesaxeb. 

moswavleebTan erTad axasiaTebs muxtebs Soris urTierTqmedebis potencialur ener-

gias. moswavleebTan erTad msjelobs eleqtrul velSi muxtebis wonasworobis pirobis 

Sesaxeb da xsnis problemaze dafuZnebul amocanebs. 

msjelobs gamtarebis eleqtrul velSi moTavsebisas maT Tvisebebze da amzadebs moswa-

vleebs kompleqsuri davalebis SesrulebisTvis.

msjelobs gamtari sxeulebis Tvisebaze muxtis dagrovebis unaris Sesaxeb. acnobs moswa-

vleebs kondensatoris agebulebas, moswavleebTan erTad gegmavs kondensatoris modelis 

damzadebas, aRwers magaliTebs kondensatorSi dagrovili energiis gamoyenebis Sesaxeb. 

eqsperimentebis dagegmvisa da Catarebisas moswavleebTan erTad mxjelobs usafrTxoebis 

pirobebis Sesaxeb. amzadebs moswavleebs kompleqsuri davalebis SesrulebisTvis.

moswavleebTan erTad ganixilavs da axasiaTebs wertilovani muxtis moZraobis Sesa-

Zleblobas erTgvarovan eleqtrul velSi da msjelobs problemaze orientirebuli amo-

canebis gadaWris Sesaxeb.

acnobs moswavleebs virtualuri laboratoriis gamoyenebas eqsperimentuli kvlevebis 

Catarebis mizniT, moswavleebTan erTad atarebs prezentaciebs da diskusiebs aRniSnul 

sakiTxebTan dakavSirebiT.

Sefasebis sqema eqsperimentis CatarebisaTvis

kriteriumebi 1-3 4-5 6-7 8-10

gansazRvravs 

kvlevis mizans

arasworad gansa-

zRvravs

nawilobriv swo-

rad gansazRvravs

sworad gansazR-

vravs

zedmiwevniTY zus-

tad gansazRvravs

kvlevis mimdina-

reobis aRwera

ver aRwers 

muSaobis Tanmim-

devrobas

nawilobriv zus-

tad aRwers mim-

dinareobas

sworad aRwers 

kvlevis mimdina-

reobas

zedmiwevniT zus-

tad aRwers kvle-

vis mimdinareobas

monacemebis Se-

groveba, aRricxva

ver aRricxavs 

sworad monacemebs

agrovebs da aR-

ricxavs monace-

mebs nawilobriv 

da uzust od

agrovebs da aR-

ricxavs monace-

mebs srulad, 

magram uzustod 

(mag., ver axerxebs 

cxrilis Sedgenas)

agrovebs an aR-

ricxavs monacemebs 

srulad, SeuZlia 

cxrilis Sedgena

daskvnis gamotana ar SeuZlia swo-

rad daskvnis 

gamotana

nawilobriv swo-

rad gamoaqvs 

daskvnebi

gamoaqvs daskvnebi 

sworad, magram 

mcire xarvezebiT

srulyofilad ay-

alibebs daskvnebs
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Sefasebis sqema diskusiaSi monawileobisaTvis

Sefasebis sqema saSinao davalebisaTvis

kriteriumebi 1-2 3-5 6-7 8-10

urTierTmosmenisa 

da Sinaarsis gaaz-

rebis unari

kamaToben da aris 

xmauri, ar izia-

reben erTmaneTis 

azrs

xmauroben, nakle-

bad iziareben 

erTmaneTis azrs

usmenen erTmaneTs, 

erTvebian msjelo-

baSi saWiro dros

usmenen erTmaneTs. 

logikurad gamoT-

qvamen TavianT az-

rebs da erTvebian 

msjelobaSi saWiro 

dros

drois limitis 

dacva

ver icaven drois 

limits

zogjer ver ete-

vian gansazRvrul 

droSi

icaven drois 

limits, zogier-

Ti gamonaklisis 

garda

yovelTvis icaven 

drois limits

kriteriumebi 1-2 3-5 6-7 8-10

weriTi saSinao 

davaleba

Sesrulebuli aqvs 

mcire nawili

Sesrulebuli aqvs 

samuSaos naxevari

Sesrulebuli aqvs 

srulad, mcire 

xarvezebiT

Sesrulebuli aqvs 

srulad, xarvezebis 

gareSe

saSinao davale-

bis Sinaarsobrivi 

nawili

ver 

pasuxobs umravles 

kiTxvebze

saSinao davalebis 

Sinaarssa da azrs 

nawilobriv gad-

moscems

flobs saSinao 

davalebis Sinaarss 

da amJRavnebs Sesa-

bamis unar -Cvevebs

srul yofilad 

flobs saSinao 

davalebis Sinaarss 

da warmatebulad 

amJRavnebs Sesaba-

mis unar-Cvevebs

informaciis moZie-

ba

moZiebuli masa-

la ar aris Temis 

Sesabamisi

moZiebuli masala 

nawilobriv Seesa-

bameba Temas

moZiebuli masala 

Seesabameba Temas, 

magram ar aris 

Sesabamisad orga-

nizebuli

moZiebuli masala 

Seesabameba Temas, 

kargad aris orga-

nizebuli da war-

modgenili
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samyaroSi mimdinare movlenebisa da procesebis Seswavlisas mecnierebi xSirad iyeneben 

modelirebis meTods. modelireba aris sinamdvilis asaxva an misi xelaxali warmodge-

na sxvadasxva xerxiT. fizikaSi, cnebis _ `fizikis kanonis~asaxvisTvis iyeneben realuri 

procesebis an sxeulebis miaxloebiT modelebs. modelebis damaxasiaTebeli Taviseburebaa 

Sesaswavl obieqtze warmodgenis gamartiveba. amitom yvela modeli aris obieqtTan miax-

loebuli nimuSi, romelic miRebulia modelirebis safuZvelze.

zogadad, modelireba ganisazRvreba, rogorc uSualod Semecnebis meTodi. modelire-

biT Sesaswavl movlenaze informaciis misaRebad ikvleven originalis damxmare obieqts 

(models), romelsac aqvs garkveuli Sesabamisoba Sesaswavl obieqtTan (originalTan). igi 

cvlis originals misi kvlevis garkveul etapze. fizikaSi modelis qveS igulisxmeba mo-

vlenaze warmodgenebis garkveuli sistemisa da ideebis safuZvelze Seqmnili zogadi sura-

Ti. igi abstraqtuli azrovnebisa da maTematikuri enis daxmarebiT gvexmareba gavigoT da 

aRvweroT is, risi Seswavlac xdeba mocemul konkretul magaliTze.

ganvixiloT zogierTi fizikuri modeli, romelic gamoiyeneba sxeulTa urTierTkav-

Sirisa da bunebis movlenebis SecnobisTvis. magaliTad, nivTieri wertili aris fizikuri 

sxeulis modeli. niutonis kanonebi samarTliania mxolod nivTieri wertilebisTvis; idea-

luri airi aris airis fizikuri modeli. airis kanonebi, samarTliania idealuri airisTvis. 

absoluturad myari sxeuli, uWimavi Zafi da sxva fizikuri modelebia.

fizikaSi modelirebisaTvis gamoyofen Semdeg etapebs:

1. amocanis, davalebis garkveva, romelsac adamiani ayenebs ama Tu im procesis, movlenis 

an obieqtis Seswavlisas misi gamartivebis mizniT.

2. saWiro elementebis an maTi erTobliobis moZebna, romlebic akmayofileben models 

da gonebaSi qmnian modelis variantebs.

3. modelebis variantebis gamosaxva sagnobrivi obieqtebis saxiT.

4. fizikuri modelis, romelSic vlindeba obieqtisTvis damaxasiaTebeli Tvisebebi, 

xelmeored aRqma da gamokvleva.

5. modelSi Sesworebebis Setana an misi uaryofa da muSaobis dawyeba axal modelze.

modelebi agebisa da saSualebebis mixedviT SeiZleba daiyos or klasad: materialur 

(nivTier) da idealur (azrobriv) modelebad. materialuri modelebi adamianis moqmede-

bisagan damoukideblad arseboben da asaxaven sakvlevi procesis, movlenis struqturas, 

mimdinareobis xasiaTs. magaliTad, eleqtruli wredis sqemebi, romlebic analogiuria si-

namdvileSi arsebuli wredebis, dedamiwis modeli, globusi, mzis sistemis modeli da sxv.

materialuri modelebisgan gansxvavebiT idealur modelebs ar aqvT materialuri sa-

fuZveli, isini konstruirdebian adamianis gonebaSi. maT afiqsireben suraTebis saSuale-

biT, garkveuli simboloebiT (niSnebiT), maTematikuri simboloebiT an uSualod aRweren 

sityvebiT. aseT modelebze moqmedebebi, maTi elementebis urTierTkavSiri xorcieldeba 

adamianis azrovnebaSi formalur-logikurad, fizikis kanonebisa da wesebis mixedviT. ma-

galiTad, movlenebi, romlebic mimdinareobs idealur airSi, atomsa da atomis birTvSi da 

sxv.

principulad gansxvavdeba maTematikuri da fizikuri modelirebis meTodebi. maTemati-

kuri modelirebisas yvelaze zogadi gamoxatuleba aris modelisa da originalis erTnai-

robis moTxovna, maTi izoformizmi. aseTi modelebis Teoriuli safuZveli aris erTnai-

roba, romlis erT-erTi amocanaa obieqtisa da modelis maxasiaTebel parametrebs Soris 

damokidebulebis damyareba.

fizikuri modelireba, rogorc ukve aRiniSna, ar aris romelime obieqtis an movlenis 

kopireba. es aris garkveuli abstraqcia, romelSic mxedvelobaSi miiReba sakvlevi fizi-

zogi ram modelebisa da modelirebis Sesaxeb fizikaSi
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kuri problemis an sistemis yvelaze mniSvnelovani, damaxasiaTebeli niSnebi. fizikuri mo-

delebi sakmarisad koreqtulad aRweren samyaroSi mimdinare movlenebs, isini dinamikuria, 

TandaTan ixveweba da viTardeba.

modelebis roli samyaros mecnierul SemecnebaSi gansakuTrebiT didia. maT safuZvelze 

mecnierebi muSaoben rogorc obieqtebis sistematizaciaze, aseve maT Soris urTierTqme-

debis analizze.

samyaros mecnieruli Semecnebisas modelirebis Teoria iZleva saSualebas moiZebnos 

garkveuli wesrigi da kanonzomiereba bunebis movlenebSi.
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moswavlis wignSi mocemuli davalebebis pasuxebi

Tavi 1. fizika da materialuri samyaro

1.1. fizika, mecniereba bunebis Sesaxeb

cnebebi: materia, nivTiereba, veli.

▶ mkvidri warmodgenebi. yvelaferi, rac samyaroSi realurad arsebobs, materiaa. mate-

ria arsebobs nivTierebisa da velis saxiT. materialuri samyaro Seiswavleba sami mimarTu-

lebiT: mikrosamyaro, makrosamyaro, megasamyaro.

gaazreba:

1. 

2. 

1 SeniSvna: moswavlis wignSi mocemul eqsperimentul davalebebze pasuxis dawerisas SemovifargleT 

movlenis aRwerisa da daskvnebis Cveni variantis warmodgeniT. teqsti sarekomendacioa da gulisxmobs, 

rom maswavleblebi TavianTi Sexedulebis mixedviT mosTxoven moswavleebs am punqtebis werilobiT ga-

formebas.
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1.2. fizika da sxva mecnierebebi

▶ mkvidri warmodgenebi. fizika mecnierebaa bunebis Sesaxeb. fizikis Seswavlis obieqte-

bia nivTiereba, veli, urTierTqmedebebi da fizikuri procesebi. fizikis Seswavla eyrdno-

ba cnebebs. fizikis sametyvelo enaa maTematika.

gaazreba:

1. _ g

2. _ d

3. _ v

4. _ a

5. _ b

6. _ e

1.3. fizika da teqnikis progresi

▶ mkvidri warmodgenebi. fizika dakavSirebulia sabunebismetyvelo da sxva mecnierebeb-

Tan da piriqiT. teqnikis progresi eyrdnoba fizikis miRwevebs da piriqiT, fizikis miRwe-

vebs ganapirobebs teqnikis ganviTareba. 

gaazreba:

fizikis ganviTarebis erT-erTi magaliTia msoflioSi yvelaze didi laboratoriis _ 

cernis Seqmna. cernSi mimdinare samuSaoebma uzrunvelyo axali teqnologiebis Seqmna. mag., 

interneti: www/ sistema da sxv.

kosmosSi filmis gadaRebaze hƩ ps://www.youtube.com/watch?v=CSBlrOOJLQs 
jeims vebi hƩ ps://www.youtube.com/watch?v=fLugE_sldzc

1.4. bunebis Zalebi

cnebebi: bunebis Zalebi

▶ mkvidri warmodgenebi. materialur obieqtebs Soris urTierTqmedeba oTxi saxisaa:

gravitaciuli, eleqtromagnituri, birTvuli, susti.

gaazreba

1. niutonis pirveli kanoni

2. niutonis meore kanoni

3. niutonis mesame kanoni

4. msoflio mizidulobis kanoni

es sainteresoa

CERN-Si 2010 wels amoqmedda didi adronuli kolaideri. kolaideri _ esaa amaCqare-

beli, romelSic nawilakebis ori erTmaneTis Semxvedri nakadi erTmaneTs ejaxeba. esenia 

protonebi (wyalbadis birTvebi) an tyviis ionebi.
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kolaideri, romelic Sveicariisa da safrangeTis sazRvarze mdebareobs, ganlagebulia 

miwis qveS, daaxloebiT 100 metris siRrmeze gvirabSi damontaJebulia 1624 zegamtari mag-

niti, romlebic aregulireben protonebis konebis moZraobas da afokuseben maT adamianis 

Tmis Reris zomamde. magnitebis samuSao temperatura Zalian dabalia (–271°C), nawilakebis 

mZlavri nakadis orbitaze SesanarCuneblad aucilebelia Zalian Zlieri magnituri velis 

Seqmna. SedarebisTvis dedamiwis magnitur velze 100 000-jer meti unda iyos. muSaobisTvis 

kolaiders esaWiroeba 180 megavati eleqtroenergia, rac daaxloebiT mTeli Tbilisis 

moTxovnilebis naxevars Seesabameba. magnitebSi zegamtari mavTulebis sigrZe 10-jer aWar-

bebs dedamiwidan mzemde manZils.

milSi, romelSic aCqarebuli protonebi moZraoben, miRweulia vakuumis Zalze maRali 

xarisxi, romelsac mxolod kosmosuri Tu Seedreba. nawilakebi ejaxeba gvirabis oTx wer-

tilSi, sadac ganlagebulia uzarmazari deteqtorebi: danadgaris zomebi SeiZleba mraval-

sarTulian saxls SevadaroT, xolo maTi wona aTobiT aTasi tonaa. protonebis Sejaxebe-

bis sixSire 800 milions Seadgens. aRsaniSnavia, rom esoden rTuli proeqtis warmatebiT 

ganxorcieleba SesaZlebeli gaxda asamde qveynis mecnierebis, inJinerebisa da teqniku-

ri personalis Sewyobili TanamSromlobiT. LHC-is danadgarebis ganxorcielebaSi wvli-

li miuZRviT qarTvel fizikosebsac, maT Sorisaa nugzar mosuliSvili, irakli minaSvili, 

aleqsi mestviriSvili, givi sexnianiZe. ganuwyveteli moqmedebis Semdeg, ATLAS-isa da CMS-
is danadgarebma, romelTa konstruirebasa da damontaJebaSi monawileobas Rebulobdnen 

qarTveli fizikosebic, moipoves imdenive statistikuri masala, rac wina ori wlis ganma-

vlobaSi dagrovda. gaerTianebuli monacemebis damuSavebis Semdeg, orive kolaboraciis 

mecnierebma erTmaneTisgan damoukideblad aRmoaCines axali nawilaki, romlis masa daax-

loebiT 126 gev da romelic Tavisi maxasiaTeblebiT aqamde uxilav higsis bozons Seesaba-

meba.

farTo sazogadoebam aRmoCenis Sesaxeb 2012 wlis 4 ivliss Seityo da dagvirgvinda misi 

Teoriuli winaswarmetyveli mecnierebisTvis nobelis premiis miniWebiT. kolaideris Se-

saZleblobaTa zrda kidev mraval moulodnelobas uqadis mecnierebs uaxloesi 20 wlis 

ganmavlobaSi.
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Tavi 2. eleqtrostatika

2.1. eleqtruli muxti

cnebebi: daeleqtroeba, eleqtruli muxti. muxtis diskretuloba, muxtebis aditiuroba. 

elementaruli muxti, elementaruli nawilaki.

formula: q = ±ne, e = 1,6 · 10–19 k.

▶ mkvidri warmodgenebi. arsebobs orgvari eleqtruli muxti, dadebiTi da uaryofiTi.

sxeulSi eleqtronebis siWarbisas igi imuxteba uaryofiTad, eleqtronebis naklebobi-

sas — dadebiTad. daumuxtav sxeulSi dadebiTi da uaryofiTi muxtebis erTnairi raode-

nobaa. muxtebi ikribeba algebrulad.

elementaruli muxti aris is umciresi ganuyofeli muxti, romelic SeiZleba gaaCndes 

materialur sxeuls — nawilaks. elementaruli muxtis sididea e = 1,6 ͽ 10͵19k. elementarul 

muxtad miCneulia eleqtronisa da protonis muxtis sidide. XX saukuneSi (1976 w.) aRmoCe-

nilia nawilakebi kvarkebi, romelTac aqvT eleqtronis muxtis wiladi muxti 
e
3  +2e

3 , –1e
3 .

kvarkebi Tavisufal mdgomareobaSi ar arsebobs.

eleqtrons aqvs uaryofiTi elementaruli muxti. protons — dadebiTi elementaruli 

muxti.

eleqtruli muxti diskretulia q = ±ne.
elementaruli nawilaki _ umciresi, ganuyofeli nawilaki, romelic SeiZleba gardaiqm-

nas sxva elementarul nawilakad.

gaazreba:

1. (a) burTula damuxtulia dadebiTad, (b) burTula damuxtulia uaryofiTad an, Tu 

burTula liTonisaa SeiZleba iyos daumuxtavic.

2. Tu NÖ = Ne atomi neitraluria, NÖ > Ne _ dadebiTi ionia, NÖ < Ne _ uaryofiTi ionia.

saSinao davallllleebbaa:

1. 
amoxsna:

q = ne

n = 
q
e

n = 
–3,2 ͽ 10–9k

–1,6 ͽ 10–19k
 = 2 ͽ 1010

Warbia 2 ͽ 1010 eleqtroni.

n – ?
q = –3,2 ͽ 10͵9 k
e = –1,6 ͽ 10͵19k

2. 
amoxsna:

q = n ͽ e

q = 6 ͽ 1010 ͽ (–1,6 ͽ 10–19k) =

= –9,6 · 10–9k = –9,6 nk

q – ?
n = 6 ͽ 1010

e = –1,6 ͽ 10–19k
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3. 
amoxsna:

n = 
q

|e|

n = 
8 ͽ 10–8k

|–1,6 ͽ 10–19|k = 5 ͽ 1011

moaklda 5 ͽ 1011 eleqtroni.

n – ?
q = 8 ͽ 10͵8k

e = –1,6 ͽ 10͵19k

2.2. sxeulebis damuxtvis eqsperimentuli kvleva

eqsperimentis mizani:

sxeulebis damuxtvisas maTi urTierTqmedebis kvleva.

1. movlenis aRwera: daumuxtav sxeulebs (buStsa da aluminis qilas) Soris TvaliT SesamCne-

vi urTierTqmedeba ar aris. damuxtuli buSti aluminis qilasTan miaxloebisas izidavs 

mas da qila moZraobs buStis mimarTulebiT.

 daskvna: daumuxtavi sxeulebi ar urTierTqmedeben, damuxtuli sxeulebi izidaven li-

Tonis daumuxtav sxeulebs.

2. movlenis aRwera: plastmasis saxazavi mivuaxlove qaRaldis nakuwebs. davakvirdi, rom 

maT Soris urTierTqmedeba ar aris. Semdeg plastmasis saxazavi ramdenjerme davartyi 

magidis zedapirze da mivuaxlove isini qaRaldis nakuwebs. saxazavma qaRaldis nakuwebi 

miizida.

 daskvna: saxazavi dartymis Sedegad daimuxta, rac dasturdeba mis mier qaRaldis nakuwe-

bis mizidviT.

3. movlenis aRwera: organuli minis firfitaze qaRaldis xaxunis Sedegad man miizida msu-

buqi figurebi da Semdeg ganizida.

 daskvna: organuli minis firfita qaRaldze xaxuniT imuxteba. damuxtuli firfita 

miizidavs mis qvemoT moTavsebul msubuq sxeulebs. msubuqi sxeulebi organul minisken 

miizideba, masTan Sexebisas neitraldeba da imuxteba imave muxtiT, romliTac organuli 

mina iyo damuxtuli. amitom isini minisgan ganizidebian da simZimis ZaliT vardebian. 

Semdeg procesi kvlav meordeba.

4. movlenebis aRwera: daumuxtavi buStebi erTmaneTTan ar urTierTqmedeben. Salis qso-

vilze xaxuniT damuxtuli buStebi erTmaneTs ganizidaven.

 daskvna: Salze xaxunis Sedegad ori erTnairi buSti erTi da imave muxtiT daimuxta. buS-

tebi erTmaneTs ganizidaven imitom, rom isini erTnairi niSnis muxtiT arian damuxtuli.

5. movlenis aRwera: liTonis burTulebs Soris manZilis SerCevis Semdeg davmuxteT ele-

qtroforuli manqana. damuxtvisas burTulebs Soris naperwkali warmoiqmneba, romelic 

mogvagonebs elvis movlenas bunebaSi. 

daskvna: eleqtroforuli manqanis saxeluris trialis Sedegad burTulebi imuxtebian. 

burTulebze muxtis garkveuli raodenobis dagrovebis Semdeg maT Soris naperwkali gai-

vlis. rac ufro metad imuxteba burTulebi, maT Soris gavlili naperwkalis intensivoba 

izrdeba.
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saSinao davallllleebbaa:

eqsperimentuli davaleba

1. movlenis aRwera: daumuxtavi buStis wylis wvril nakadTan miaxloebisas urTierTqme-

debas ara aqvs adgili. damuxtuli buStis wylis wvril nakadTan miaxloebisas nakadi 

buStisken gadaixara.

 daskvna: damuxtuli buStis wylis nakadTan miaxloebam gamoiwvia wylis nakadis gavleniT 

damuxtva, ris Sedegadac buStma da wylis nakadma erTmaneTi miizides.

2. movlenis aRwera: saxelmZRvaneloSi mocemuli miTiTebis mixedviT mzaddeba sulTanebi.

 daskvna: erTnairi niSniT damuxtuli sulTanebi erTmaneTs ganizidaven. Tu sulTanebs 

sxvadasxva niSnis muxtiT davmuxtavT, isini izidaven erTmaneTs (erT-erTi sulTani da-

muxtulia abreSumze gaxaxunebuli minis wkiriT, meore _ Salze gaxaxunebuli ebonitis 

ReroTi).

2.3. sxeulebis damuxtva. muxtis mudmivobis kanoni

cnebebi: xaxuniT damuxtva, dartymiT damuxtva, SexebiT damuxtva, eleqtrostatikuri 

induqcia (gavleniT damuxtva), eleqtrostatika.

kanonebi: muxtis mudmivobis kanoni

formula: q1 + q2 + qn = const, q´
n

 = q1 + q2 + ... + qn 
n

 , Tu sxeulebi erTnairia.

SeniSvna: eleqtruli muxtis Senaxvis kanoni sruldeba yovelTvis, roca muxtebis moce-

muli sistema Caketil sistemas warmoadgens. elementaruli nawilakebis gaCenisas isini 

wyvil-wyvilad ibadebian urTierTsapirispiro niSnis muxtiT, gaqrobisas qrebian wyvil-wy-

vilad (anihilireben) ise, rom saerTo muxti sistemaSi ucvleli rCeba. xaxuniT sxeule-

bis daeleqtroebis procesSi monawileobs nivTierebis Semadgeneli atomebis Zalian mci-

re raodenoba, romlebic sxeulis zedapirze arian ganTavsebuli. mTeli sxeulis Tundac 

memilionedi eleqtronebis sxva sxeulze gadatana, warmoudgenlad didi (damangreveli!) 

sididis eleqtruli Zalebis aRZvras gamoiwvevda, romelic sxeuls nawilebad daSlida.

▶ mkvidri warmodgenebi. sxeulebis damuxtvis xerxebia: damuxtva xaxuniT (triboeleqt-

roba), SexebiT, dartymiT, gavleniT, dasxivebiT, qimiuri moqmedebiT, meqanikuri moqmede-

biT — gaWimva, SekumSva da sxv.

sxeulSi Tavisufali muxtebis gadanawilebis process eleqtrostatikur induqcias 

uwodeben.

Caketil sistemaSi Semavali sxeulebis (nawilakebis) eleqtruli muxtebis jami mudmivi 

sididea.

gaazreba:

1. a) sfero daimuxteba `+~ niSniT, vinaidan imuxteba SexebiT.

b) sfero Reros mxares daimuxteba `_~ niSniT, mopirdapire mxares `+~ niSniT, vinaidan 

imuxteba gavleniT da adgili aqvs eleqtrostatikuri induqciis movlenas.

2. vinaidan gamtarze sinaTlis moqmedebis Sedegad eleqtronebi amoifrqveva, gamtarSi 

gaCndeba eleqtronebis nakleboba. amitom firfita daimuxteba dadebiTad.

3. muxtis Sexebisas maTi jami iqneba q – 3q = –2q.
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daSorebisas, muxtis Senaxvis kanonis Tanaxmad, maTi jami isev –2q toli unda iyos. ami-

tom TiToeulis muxti iqneba 
–2q

2  = –q, radgan burTulebi erTnairia.

4. 

amoxsna:

q´
1

= q´
2

 muxtis mudmivobis kanonis Tanaxmad q1+ q2 = q´
1

+ q´
2

q = q1 + q2 = –18 ͽ 10–6 k + 10 ͽ 10–6 k = –8 ͽ 10–6 k

q´
1

= q´
2

= 
q
2  = 

–8 ͽ 10–6 k
2

 = –4 ͽ 10–6 k

q´
1

, q´
2

 – ?

q1 = –18 ͽ 10–6 k
q2 = + 10 ͽ 10–6k

saSinao davallllleebbaa:

1. liTonis firfitam dakarga 4 eleqtroni, misi muxti gaizrdeboda dadebiTi 4e-iT. 
radgan mas hqonda dadebiTi 2e muxti. amitom misi muxti iqneba 4e + 2e = +6e.

2. burTulebTan dadebiTad damuxtuli Reros miaxloebisas, Reros maxloblad gavle-

niT aRiZvreba sawinaaRmdego niSnis e.i. uaryofiTi muxti, xolo moSorebiT – dadebiTi, 

radgan sferoebi uSualod exeba erTmaneT, amitom A sferoze aRiZvreba uaryofiTi, B ki 

dadebiTi muxti. burTulebis daSorebisas da Reros moSorebiT A sfero darCeba uaryofi-

Tad da B sfero dadebiTad damuxtuli.

3. dadebiTad damuxtuli burTulis iseTive uaryofiTad damuxtul burTulasTan Sexe-

bisas, muxtebis Senaxvis kanonis Tanaxmad, muxtebis jami 0-is toli gaxdeba, e.i. burTulebi 

ganimuxtebian. umuxto (a) burTulis +q muxtian (g) burTulasTan SexebiT maTi jamuri 

muxti iqneba +q. daSorebis Semdeg muxtis Senaxvis kanonis Tanaxmad, TiToeul burTulaze 

iqneba muxti q = 0 + q
2

 = 
q
2 .

milikenis cda — sagakveTilo Tema ar aris, magram misi gacnoba sasurvelia istoriuli 

da SemecnebiTi mniSvnelobiT. moswavleebi gaigeben, rogor mividnen mecnierebi daskvnamde, 

rom muxti diskretuli fizikuri sididea da sxeulma SeiZleba SeiZinos an dakargos e-s 
jeradi muxtis raodenoba. amasTan dakavSirebiT rekomendebulia da sasurveli moiZion 

informacia eleqtronis muxtis gazomvis Sesaxeb da warmoadginon klasSi prezentaciis 

saxiT.

axloqmedebisa da Sorsqmedebis (manZilze qmedebis) Teoriebi

Sorsqmedebis Teoriis Tanaxmad, yovelgvari urTierTqmedeba xorcieldeba pirdapir, 

myisierad uSualod sicarieleSi. es urTierTqmedeba orive sxeulis mxridan SeiZleba mo-

xdes myisierad, nebismier manZilze maT Soris. urTierTqmedeba xorcieldeba usasrulod 

didi siCqariT. amis magaliTad iTvleboda niutonis mier aRmoCenili msoflio mizidulo-

bis (gravitaciuli) Zala da kulonuri Zala (damuxtul sxeulebs Soris urTierTqmedebis 

Zala) niutoni, kuloni da maT Soris amperi urTierTqmedebas xsnidnen Sorsqmedebis Teo-

riiT.

axloqmedebis Teoriis Tanaxmad, yovelgvari urTierTqmedeba xorcieldeba raime Su-

aleduri rgolis (anu urTierTqmedebis gadamcemis) saSualebiT. es urTierTqmedeba gadae-

cema raRac sasruli siCqariT.

axloqmedebis TeoriiT Sualeduri rgoli, romliTac xorcieldeba damuxtul sxeulebs 

Soris urTierTqmedeba, aris eleqtruli veli, romelic vrceldeba sinaTlis siCqariT 

300 000 km/wm. gamoTqma, „planetebi mzesTan uxilavi bagirebiT aris dakavSirebuli“ axloq-

medebis aRniSvnis maCvenebelia da niSnavs gravitaciul vels.

Tanamedrove fizikaSi am terminebiT sargebloben sxva azriT, Sorsqmedebis velebs uwo-

deben gravitaciul da eleqtromagnitur urTierTqmedebas klasikur sazRvrebSi Sebru-
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nebuli kvadratebis kanonis saxelwodebiT, xolo axloqmedebad miiCneven sust da Zlier 

urTierTqmedebas, romelic manZilis mixedviT Zalian swrafad mcirdeba da igi vlindeba 

elementarul nawilakebs Soris Zalian mcire (~10–15 m ÷ 10–18 m) manZilebze.

ახლოქმედების თეორია

უძრავი მუხტი q1

მეორე მუხტზე q2

ელექტრული ველი

მ. ფარადეი

იქმნება

ქმნის

მოქმედებს

მოქმედებს

არსი: ურთიერთქმედება 
გადაეცემა მყისიერად 
ნებისმიერ მანძილზე უშუალოდ 
სიცარიელით

ურთიერთქმედების თეორიები

თეორიის მიმდევრები:
ისააკ ნიუტონი

შარლ ოგუსტენ კულონი
ანრი ამპერი

თეორიის მიმდევრები:
მაიკლ ფარადეი

ჯეიმს კლერკ მაქსველი

არსი: სხეულებს შორის 
ურთიერთქმედება ხორციელდება 
შუალედური
რგოლებით (ან გარემოთი), 
რომელსაც გადააქვს 
ურთიერთქმედება წერტილიდან 
წერტილში სასრული სიჩქარით
3000 000 km/wm

თეორია შორსქმედებისახლოქმედების

2.4. eleqtruli veli

cnebebi: eleqtruli veli, eleqtrostatikuri veli, axloqmedebis Teoria, Sorsqmede-

bis Teoria.

xelsawyoebi: eleqtroskopi, eleqtrometri.

▶ mkvidri warmodgenebi. eleqtruli veli aris materiis forma. eleqtruli urTierT-

qmedeba xorcieldeba eleqtruli velis saSualebiT.

eleqtruli veli sinaTlis siCqariT 3.108 m/wm vrceldeba.

eleqtrostatikuri veli uZravi eleqtruli muxtebis mier Seqmnili velia. eleqtruli 

veli vrceldeba rogorc uhaero sivrceSi (vakuumSi), ise sxvadasxva garemoSi.

eleqtroskopi da eleqtrometri muxtebis pirobiTi raodenobis damdgeni xelsawyoebia.

gaazreba:

1. a) eleqtroskopis burTulasTan damuxtuli sxeulis Sexebisas eleqtroskopis furcle-

bi RerZis saSualebiT imuxteba. orive furcels erTnairi niSnis muxti gadaecema. amitom 

furclebi erTmaneTs ganizidaven.

b) eleqtroskopis burTulis ramdenjerme erTnairi niSnis muxtiT damuxtvisas 

furclebze gadacemuli muxtebis raodenoba ikribeba, muxti izrdeba. rac ufro meti 

muxti gadaecema furclebs, miT ufro metad ganizidaven isini erTmaneTs. SeiZleba davas-

kvnaT, rom furclebs Soris urTierTqmedebis Zala proporciulia furclebze arsebuli 

muxtis sididisa.

g) eleqtroskopis burTulaze muxtebis gadacemiT eleqtroskopis furclebi imuxteba 

da maT aqvT unari SeinarCunon muxti garkveuli drois ganmavlobaSi, amitom SesaZlebelia 

muxtebis dagroveba.

2. a) folgis masrasTan damuxtuli Reros miaxloebisas mis siaxloves masraze eleqtros-

tatikuri induqciis gamo dagrovdeba dadebiTi muxtebi da uaryofiTad damuxtuli Rero 

miizidavs masras.
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b) masra uaryofiTad damuxtul RerosTan Sexebisas uaryofiTi niSnis muxtiT daimuxte-

ba, amitom masrisgan ganizideba.

3. dadebiTad damuxtuli wveTi simZimis Zalis gavleniT vardeba. K firfitaze dadebiTi 

niSnis muxtis arsebobisas vardnili wveTi misgan ganizideba. simZimis Zalisa da eleqtru-

li Zalis tolobisas muxti firfitebs Soris sivrcis romelime wertilSi, wonasworobis 

mdgomareobaSi iqneba. aqedan gamomdinare K firfita dadebiTadaa damuxtuli.

4. radgan eleqtroskopis Reroze warmoiqmna `_~ niSnis muxtebi, eleqtroskopis burTu-

lasTan damuxtuli Reros miaxloebiT, Rero yofila `+~ niSniT damuxtuli. eleqtrols-

kopis burTulasa da Reroze muxtebi eleqtrostatikuri induqciis Sedegad gadanawilde-

ba ise, rom RerosTan axlos iqneba `_~ muxti, xolo Sors, firfitebze aRiZvreba `+~ muxti.

saSinao davallllleebbaa:

1. 
Tu firfitis muxtia 10e da dakarga 4 eleqtroni, misi dadebiTi 

muxti 4e-Ti gaizrdeba. e.i. muxti iqneba q = 14e. eleqtronebis 

dakargviT misi masa Semcirdeba dakarguli eleqtronebis masis 

jeradad.

∆m = 4me = 4 ͽ 9,1 ͽ 10͵31kg = 4 ͽ 9,1 ͽ 10͵31kg =
= 36,4 ͽ 10͵31kg

∆m1q – ?
q1 = 10 e
e = 1,6 ͽ 10͵19k

n = 4
me = 9,1 ͽ 10͵31kg

2. 

amoxsna:

q = –3e + 6e = + 3e
mtvris nawilakis q = 3e

q – ?

q1 = –3e
n = 6 eleqtroni
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2.5. damuxtuli sxeulebis urTierTqmedebis eqsperimentuli  
 kvleva

eqsperimentis mizani: damuxtuli sxeulebis muxtis niSnebis dadgena.

1. movlenis aRwera. viciT, rom minis Rero abreSumze xaxuniT imuxteba pirobiTad dadebiTi 

niSnis muxtiT.

 eleqtrometris burTulaze damuxtuli minis Reros SexebiT eleqtrometris isari ga-

daixara. eleqtrometri daimuxta dadebiTad.

 Teoriidan viciT, rom ebonitis Rero Salze xaxuniT pirobiTad imuxteba uaryofiTad.

 eleqtrometris burTulaze uaryofiTad damuxtuli ebonitis Reros Sexebis Sedegad 

dadebiTad damuxtuli eleqtrometris isris gadaxris kuTxe Semcirda.

daskvna: eleqtrometris ganmuxtviT dasturdeba, rom minis Rero abreSumze xaxuniT da 

ebonitis Rero Salze xaxuniT sxvadasxva niSniT imuxteba, dadebiTi da uaryofiTi mux-

tebis jami nulis tolia, Tu muxtebis sidide erTmaneTis tolia, amitom SegviZlia 

davaskvnaT, rom minis Rero da ebonitis Rero sxvadasxva niSnis muxtiT daimuxta. rac 

Teoriidan cnobil faqts adasturebs pirobiTi uaryofiTi da dadebiTi muxtis arse-

bobis Sesaxeb.

2. movlenis aRwera: dadebiTad damuxtuli minis Reros I eleqtrometrTan SexebiT, misi isa-

ri gadaixara, eleqtrometri daimuxta dadebiTad. 

 uaryofiTad damuxtuli ebonitis Reros II eleqtrometrTan SexebiT, misi isari gadaixa-

ra, e.i. eleqtrometri daimuxta uaryofiTad.

 qaRaldze gaxaxunebuli plastmasis saxazavis I eleqtrometrTan SexebiT eleqtromet-

ris isari daeSva. igivenairad damuxtuli plastmasis saxazavis II eleqtrometrTan Sexe-

bis Sedegad eleqtrometris isari kidev ufro metad gadaixara.

daskvna. eqsperimentis Sedegis mixedviT plastmasis saxazavi qaRaldze xaxunis Sedegad 

uaryofiTad imuxteba, radgan uaryofiTad damuxtuli eleqtrometrTan Sexebisas mis 

isarze muxtis raodenobam moimata da isari kidev ufro didi kuTxiT gadaixara. dade-

biTad damuxtul eleqtrometrTan Sexebisas ki misi muxti ganeitralda da isari daeSva. 

3. movlenis aRwera: minis Rero qaRaldis furcelze xaxuniT daimuxta. I eleqtrometrTan 

Reros Sexebisas misi isari gadaixara. I eleqtrometris II daumuxtav eleqtrometrTan, 

izolatoriani gamtari ReroTi SeerTebis Sedegad II eleqtrometric daimuxta da isari 

gadaixara, magram SeimCneva, rom gadaxris kuTxe I eleqtrometrze Semcirda da zustad 

misi toli kuTxiT gadaixara II eleqtrometris isari. SemaerTebeli Reros moSorebisa 

da II eleqtrometris xeliT ganmuxtvis Semdeg kvlav SevaerTeT I eleqtrometri gamtari 

ReroTi II eleqtrometrTan, II eleqtrometri kvlav daimuxteba, magram SeimCneva, rom 

I eleqtrometrze muxti orjer Semcirda da I da II eleqtrometris isrebi erTnairad 

gadaixara. cdis ramdenjerme gameorebiT muxtis raodenoba yovel jerze orjer kle-

bulobs da eleqtrometris isris gadaxris kuTxe ertnairad mcirdeba.

daskvna: eqsperimentis Sedegis mixedviT SegviZlia davaskvnaT, rom muxti yoveli cdis Sem-

deg 2-jer mcirdeba, riTac dasturdeba muxtis diskretuloba.

4. movlenis aRwera: daumuxtavi I da II eleqtrometri SevaerTeT gamtari ReroTi izola-

toriani saxeluris saSualebiT. eleqtrometrebis isari ar aris gadaxrili, anu maTi 

sawyisi muxti 0-is tolia, gamtariT SeerTebuli eleqtrometrebidan I eleqtrometrs 

mivuaxloeT dadebiTad damuxtuli minis Rero. eleqtrostatikuri induqciiT I da II 

eleqtrometri daimuxta. isrebis gadaxris kuTxe tolia. movaSoreT erTdroulad Sema-
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erTebeli gamtari da damuxtuli minis Rero, eleqtrometrebi darCa damuxtuli. ele-

qtrostatikuri induqciis Tanaxmad, I eleqtrometri daimuxta uaryofiTad, II eleqt-

rometri daimuxta dadebiTad.

 xelmeored SevaerTeT eleqtrometrebi gamtari ReroTi. I da II eleqtrometrebis isrebi 

daeSva, e.i. maTze muxti gaxda 0-is toli.

daskvna. eqsperimentis Sedegebis mixedviT, damuxtvamde eleqtrometrebis muxtebis jami 

iyo nulis toli. eleqtrometrebis toli da sapirispiro niSnis muxtebiT damuxtvis 

Semdeg maTi muxtebis jami kvlav 0-is tolia.

SeniSvna: pirveli eleqtroskopi XVII saukuneSi daamzades. igi ingliselma fizikosma 

uiliam gilbertma gamoigona. eleqtroskopis gamogonebam udidesi roli iTamaSa eleqt-

robis Seswavlis pirvel etapze. amJamad eleqtroskopis muSaobis princips iyeneben indivi-

dualur dozimetrebSi radiaciis donis dasadgenad muxtis sididis gazomvisaTvis.

2.6. kulonis kanoni

cnebebi: kulonuri Zala, wertilovani muxti, centruli Zala.

kanoni: kulonis kanoni.

formula: F = 
k|q1‖q2|

r2

▶ mkvidri warmodgenebi. uZrav wertilovan muxtebs Soris urTierTqmedebis Zalis mo-

duli vakuumSi tolia F = 
k|q1‖q2|

r2 , sadac q1 da q2 muxtebia, r _ maT Soris manZili.

SI sistemaSi proporciulobis koeficientia k = 
1

4πε0
= 9 ͽ 109 nm

2

k2 , ε0 — eleqtruli mudmivaa

ε0 = 8,85 ͽ 10–12 k
2

nm2. kulonuri Zala SeiZleba iyos mizidvis da ganzidvis.

SeniSvna: eleqtruli mudmiva ε0 _ Zveli terminologiiT _ vakuumis dieleqtrikuli 

SeRwevadobaa. fizikuri mudmivaa, romelic eleqtrobis kanonebis formulebSi Sedis. ε0 

damokidebulia erTeulTa sistemis arCevaze.

gaazreba:

1. suraTis mixedviT muxtebis wyvilebi erTmaneTze moqmedebs moduliT toli da sawi-

naaRmdegod mimarTuli ZalebiT. amgvarad, niutonis mesame kanoni samarTliania rogorc 

gravitaciuli, aseve kulonuri ZalisTvis.

2. F = 
k|q||q|

r2  ;  a) q1 = q2 = 2q;  b) q1 = q2 = 
q
2 .

a) F1 = 
k(2q)2

r2  = 
4kq2

r2  Zala 4-jer gaizrdeba.

b) F2 = 
k 

q
3

2

r2  = 
kq2

9r2  Zala 9-jer Semcirdeba.

3. dadebiTi muxtebi erTmaneTs ganizidaven. uaryofiTi muxti dadebiTs izidavs, amitom 

q muxtze moqmedi tolqmedi Zala mimarTuli iqneba  muxtisken. pasuxia 1.

F1F1
qF2

  F = F1 + F2
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4. _q muxtze +2q muxtebis mxridan urTierTqmedebis Zalebia F
1 da F

2. maTi tolqmedi 

Zala iqneba F 1 da F 2 Zalebze agebuli paralelogramis diagonali F Zala. pasuxia 2.

–q

+2q +2q

F2 F1F

saSinao davallllleebbaa:

savaraudo pasuxia:

1.

mxolod 

mizidvis Zalaa.

samarTliania 

materialuri 

wertilebisTvis.

samarTliania 

gravitaciuli 

urTierTqmede-

bisTvis.

ganzidvisa da

mizidvis Zalaa.

samarTliania 

wertilovani 

muxtebisTvis.

samarTliania 

eleqtruli 

urTierTqmedebisTvis.

veqtorebia. samar-

Tliania sxeule-

bisTvis, romelTa 

zomebi gacilebiT 

naklebia maT Soris 

manZilTan SedarebiT. 

urTierTqmedebis 

Zala sxeulebs Soris 

manZilis kvadratis 

ukuproporciulia.

gravitaciuli Zala kulonuri Zala

2. 

amoxsna:

F = 
k|q1||q2|

r2

F = kq2

r2  = 81 ͽ 10–7 n

F – ?

r = 0,3 m
q1 = q2 = q = 9 ͽ 10–9 k

k = 9 ͽ 109 nm2

k2

3. 

amoxsna:

F1 = 
k|q‖–5q|

r2  = 
5kq2

r2  Sexebamde

q´ = q – 5q
2  = 

–4q
2  = –2q

F2 = 
k|q´|2

r2  Sexebis Semdeg

F2 = 
k4q2

r2

F1

F2
 = 

5
4  = 1,25

F1

F2
 – ?

q1 = q
q1 = –5q
r1 = r2 = r
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2.7. amocanebis amoxsna

1. a) TiToeulis muxti gaizarda orjer, manZili Semcirda orjer.

F1 = kq2

r2
;  F2 = 

k2q2q
r
2

2  = 16kq2

r2
 = 16 F1 16-jer gaizrdeba.

b) TiToeuli muxti Semcirda orjer, manZili gaizarda orjer.

F3 = 
kq/2 ͽq/2

(2r)2
 = kq2

16r2
 16-jer Semcirdeba.

2. 
amoxsna:

F = k|q1‖q2|
r2  

r2 = 
kq ͽ 4q

F
 

r = kq ͽ 4q
F  = 2q k

F = 1,5 sm

r – ?

q1 = q= 1 ͽ 10–9k

q2 = –4q
F = 160 mkn = 160 ͽ 10–6 n

k = 9 ͽ 109 nm2

k2

3. 

amoxsna:

F = 
kq2

r2 ;  q2 = 
Fr2

k

q = r 
F
k  = 7 ͽ 10–6k = 7 mkk

q – ?

ε = 1
r = 30 sm = 0,3 m
F = 5 n
q1 = q2 = q

k = 9 ͽ 109 nm2

k2

4. 

amoxsna:

F
k
 = k|e‖p|

r2

F = Gmemp

r2

Fk

F  = 
k|e‖p| ͽ r2

r2 ͽ Gmemp
 ≈ 2,2 ͽ 1039

Fk

F  – ?

e = –1,6 ͽ 10–19k

p = 1,6 ͽ 10–19k

me = 9,1 ͽ 10–31kg

mp = 1,7 ͽ 10–27kg

6 = 6,67 ͽ 10–11 nm2

kg2

k = 9 ͽ 109 nm2

k2
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5. 

amoxsna:

+q1 +q2

r

+q3

r1 r2

F23 F13

x

 F  = F13  + F23

(0X) –F = F13 – F23 F = F23 – F13

r1 = r2 = r
2  ;  r1 = r2 = 1 m;  F13 = kq1q3

r2
1

;  F23 = kq3q2

r2
2

q3
 muxtze moqmedi Zalebis tolqmedi:

F = kq2q3 – kq3q1

r2
1

 = 
kq3

r2
1

 (q2– q1) = 27 ͽ 10–8 n = 2,7 ͽ 10–7 n

Zala mimarTulia q1 muxtisaken.

F – ?

r = 2 m
q1 = 5 ͽ 10–8k

q2 = 8 ͽ 10–8k

q3 = 1 ͽ 10–9k

k = 9 ͽ 109 nm2

k2

6. 

amoxsna:

Sexebamde F
1
 = kq1q2

r2
1

; Sexebis Semdeg q = q1 + q2

2
 = 4 ͽ 10–8k

F
2
 = kq2

r2
2

;   F1

F2
 = q1q2

q2

F1

F2
 = 

3 ͽ 5 10–16 n
16 ͽ 10–16 n

 = 
15
16

F1

F2
 – ?

q1 = 3 ͽ 10–8k

q2 = 5 ͽ 10–8k

r1 = r2 = r

7. 
amoxsna:

+q1 +q2

L

+q3

a L – a

F13F23

x

   F1 + F2 = 0
(0X) F1 – F2 = 0; F1 = F2

F
1
 = kq1q3

a2
;  F

2
 = kq2q3

(L – a)2
 wonasworobisas F

1
 = F

2

kq1q3

a2
 = 

kq2q3

(L – a)2
 anu 

a2

(L – a)2  = 
q1
q2

;   a
L – a  = q1

q2

= 2

a = 2L – 2a;  a = 2
3   a = 10 sm. pirveli muxtidan.

a – ?

q1 = 16 ͽ 10–9k

q2 = 4 ͽ 10–9k

L = 15 sm
F1 = F2
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8. 
amoxsna:

+q1 +q3

r

+q2

R R

F1 F2

x

   F1 + F2 = 0
(0X)  F1 – F2 = 0;  F1 = F2

F
1
 = kq1q2

R1

;  F
2
 = kq2q3

R2

pirobis Tanaxmad F
1
 = F

2
, amitom q1 = q3

q1 = –2q 

q1 – ?

q2 = 3q
q3 = –2q
R1 = R2 = R
F1 = F2

9. 

r = 9 ͽ 109 ͽ 25 ͽ 10–16

0,04 ͽ 10  = 5625 ͽ 10–8  = 0,0075 (m) = 7,5 (mm)

FdaW2

mg r

q1

q2

y
FdaW1

mg

amoxsna:

I.  Fd1+ mg = 0
(0Y) FdaW1 – mg = 0
   FdaW1 = mg

II.  Fd
2
+ Fk + mg = 0

(0Y) FdaW
2
 – Fk – mg = 0

   FdaW2 = mg + Fk

   FdaW2 = 2FdaW1 = 2mg
   Fk = mg

Fk = kq2

r2

mg = kq2

r2

r = kq2

mg

r = q k
mg

r – ?
q1 = 5 ͽ 10–8k

q2 = –5 ͽ 10–8k

m = 40 g = 0,04 kg
F2 = 2F1

k = 9 ͽ 109 nm
2

k2

I II

10. 

amoxsna:

+q1 +q2

r

+q3

R1 R2

F13F23

x

    F13 + F23  = 0
(0X) F13 – F23 = 0;
    F13 = F23

F
13

 = Kq1q3

R2

1

;  F
23

 = Kq3q2

R1

2

 .

q1

R2

1

 = 
q2

R2

2

;  R2 = R1 
q1
q2

; R2

2
 = 4

R
2
 = 4 = 2 sm  r = R1 + R2 = 6 sm

r – ?

q1 = 8q
q2 = 2q
R1 = 4 sm = 0,04 m
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11. 
amoxsna:

+q1 +q2

r

+q3

r/2

F13

x
F23

r/2

q3-ze moqmedi Zala F

 F  = F13  + F23

(0X)   F = F13 + F23

F1 = K|q1‖q3|
r
2

2
;  F2 = K|q2‖q3|

r
2

2

F = 4K|q1‖q3|
r2  + 4K|q2‖q3|

r2
 = 4K|q3|

r2
 (|q1|+|q2|) = 1,5 n

F– ?

q3 = 5 ͽ 10–8k

q1 = 1 ͽ 10–6k

q2 = –2 ͽ 10–6k

r = 6 sm = 0,06 m

k = 9 ͽ 109 nm
2

k2

r1 = r2 = r
2

12. 
amoxsna:

α1 = 45°
wonasworobis mdgomareobaSi.

   Fd  + Fk + mg = 0

(0x) Fk _ Fdsin45° = 0  (1)
(0y) Fdcos45° – mg = 0 (2)
Fdcos45 = mg; Fd = 

mg
cos45

 (3)

Fk = 
kq2

r2
;  ∆AOB-dan 

r
2  = Lsin45  r = 2Lsin45

Fk = 
kq2

(2Lsin45)2    (4)

(1)-dan Fk = Fd sin45° = > (3)  da (4)

kq2

(2Lsin45)2  = 
mg

cos45° sin45° (5) sin45° = cos45°

q = 2Lsin45° mg
k

= 2 · 10–6k = 2 mkk

q – ?

m1 = m2 = m = 20 g = 
= 0,02 kg
L = 30 sm = 0,3 m
α = 90°
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2.8. Semajamebeli gakveTili

`damuxtuli sxeulebi da eleqtroskopi~ _ davalebaa, romelic amavdroulad moswa-

vleebs SeiZleba mieces, rogorc kompleqsuri davaleba.

igi gulisxmobs TviTnakeTi eleqtroskopiT damuxtuli sxeulebis eleqtruli velis 

gamokvlevas. TviTnakeTi eleqtroskopiT moswavleebs SeuZliaT individualurad Caata-

ron yvela eqsperimenti, romelic maT daainteresebs. amave dros, moZebnon saerTo Temebi 

bunebis movlenebsa da eleqtrostatikas Soris, magaliTad iseTi, rogorc aris elva.

eqsperimentebis meTodikuri damuSaveba analogiuria zemoT aRwerili eqsperimentebisa. 

amitom maTze pasuxebi maswavleblis wignSi zedmetad iqna miCneuli.

pasuxebi:

1. TiToeuli eleqtroskopis muxti iqneba uaryofiTi 1,6 mkk.

2. Rero izolatorisaa, radgan gamtari Reros SemTxvevaSi eleqtrometris isrebi er-

Tnairad gadaixreboda. 

3. Rero damuxtulia uaryofiTi niSnis muxtiT.

4. b.

5. a _ dadebiTi, b _ uaryofiTi, g _ uaryofiTi, d _ dadebiTi (Tu gamtaria SeiZleba 

daumuxtavi iyos)

6. 1.

7. a.

8. 1

9. 1

10. 6F
eleqtroskopis damzadeba

hƩ ps://zen.yandex.ru/video/watch/61964dad8b3ef05529885c88
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2.9. eleqtruli velis daZabuloba

cnebebi: eleqtruli velis daZabuloba, eleqtruli Zala, sasinji muxti, velis daZa-

bulobis superpoziciis principi.

formulebi: E = F
q0
 ,  F = q0  ,  E = kq

r2  ,   = 1 + 2 + ... + n

▶ mkvidri warmodgenebi. eleqtruli velis daZabulobaa  = F
q0
 , mas eleqtruli velis 

Zalur maxasiaTebels uwodeben.

calkeuli muxtis mier Seqmnili velis daZabulobebis veqtorebis Sekrebas superpozi-

ciis principi ewodeba.

P.S. superpoziciis principi samarTliania potencialuri ZalebisTvis. birTvuli Zale-

bisTvis superpoziciis principi ar aris samarTliani.

gaazreba:

a) superpoziciis principis Tanaxmad, A da B wertilSi muxtebis velebis daZabulobis 

veqtorebis geometriuli Sekrebis Sedegad miiReba jamuri velis daZabuloba. jamuri ve-

lis daZabulobis veqtori, iseve rogorc Zalwirebi, gareT aris mimarTuli, vinaidan es 

veli dadebiTi muxtebisgan aris Seqmnili.

b) А da B wertilebSi jamuri velis daZabulobis moduli erTmaneTis tolia, mimarTu-

lebebi urTierTsapirispiroa.

saSinao davallllleebbaa:

1. 
amoxsna:

E = F
q  = 

25 ͽ 10–6

5 ͽ 10–9  = 5 ͽ 103 n/k
E – ?

q = 5 nk = 5 ͽ 10–9 k
F = 25 mkn = 25 ͽ 10–6 n

2. 
amoxsna:

 E = 
kq
r2  = 9 ͽ 106 n/k

E – ?

q = 40 mkk = 40 ͽ 10–6 k
r = 20 sm = 0,2 m

3. 
amoxsna:

F = qE = 25 ͽ 10–2 n = 0,25 n
F – ?

E = 5 ͽ 104 n/k
q = 5 mkk = 5 ͽ 10–6 k

4. 

amoxsna:

E = 
kq
r2

r2 = 
kq
E   r = 

kq
E = 2 sm

r – ?

E = 225 kn/k
q = 10 nk
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2.10. eleqtruli velis Zalwirebi

cnebebi: eleqtruli velis Zalwiri. erTgvarovani eleqtruli veli.

▶ mkvidri warmodgenebi. eleqtruli velis Zalwiri warmosaxviTi wiria, dadebiTi muxtis 

velis Zalwirebi muxtidan mis gareT aris mimarTuli. uaryofiTi muxtis velis Zalwirebi 

mimarTulia uaryofiTi muxtisken.

velis Zalwirebi sivrceSi ar wydeba, iwyeba dadebiT muxtze da mTavrdeba uaryofiTze. 

eleqtruli velis Zalwirebi ar gadaikveTeba sivrceSi.

Zalwirebis sixSiris mixedviT SeiZleba msjeloba mocemuli eleqtrostatikuri velis 

daZabulobis sididis Sesaxeb.

gaazreba:

azrobrivi eqsperimenti: eqsperimenti eleqtrul Zalwirebze moswavleebma SesaZlebelia 

videos saxiT naxon:

hƩ ps://www.youtube.com/watch?v=scPt-P2wB30
saWiro xelsawyoebis arsebobisas misi Catareba skolis pirobebSic aris SesaZlebeli.

moswavleebi TvalsaCinod aRiqvamen eleqtruli velis Zalwirebis damaxasiaTebel niS-

nebs, rac teqstis saxiT aqvT saxelmZRvaneloSi mocemuli.

1. moswavleebi sqemis `eleqtruli velis Zalwirebi~ mixedviT, msjeloben Zalwirebis 

maxasiaTebel Tvisebebze da miuTiTeben saxelmZRvaneloSi gv. 44., sur. 48, 49, rogorc am 

mtkicebulebebis magaliTebze.

2. 2 veqtori gamosaxavs +q muxts eleqtruli velis daZabulobis mimarTulebas, 1 — 

veqtori gamosaxavs –q muxtis velis daZabulobis mimarTulebas. A wertilSi maTi, rogorc 

veqtorebis SekrebiT, miiReba , orive muxtis jamuri eleqtruli velis daZabulobis veq-

tori, romelic am velis gamomsaxveli Zalwirebis mxebis mimarTulebas emTxveva mocemul 

wertilSi.

3. suraTis mixedviT 1 da 2 veqtorebi gamosaxaven A wertilSi uaryofiTi muxtebis 

mier Seqmnili velis daZabulobebs. veqtorebis geometriuli SekrebiT miRebuli veqtori 

mimarTulebiT emTxveva 2-s. (b) suraTis mixedviT  — jamuri veqtoris mimarTuleba emTxve-

va 4-s.

4. (a) da (b) suraTebze gamosaxulia eqsperimentis Sedegad muxtebis velis Zalwirebis 

ganlageba rkinis naqlibis saSualebiT. (a) _ suraTi gamosaxavs urTierTsapirispiro niSnis 

muxtebis mier Seqmnil eleqtruli velis Zalwirebis ganlagebas. (b) suraTi gamosaxavs erT-

nairniSniani muxtebis mier Seqmnili eleqtruli velis Zalwirebis ganlagebas. (b) suraTze 

`+~ niSnis muxti pirobiTia, igive iqneboda ori uaryofiTi niSnis muxti rom yofiliyo.

saSinao davallllleebbaa:

1. 
amoxsna:

burTulas wonasworobis pirobis Tanaxmad:

  mg  + F
el

+ F
d
 = 0

(y) mg – F
el

 = F
d

   F
el

= qE 
   mg – qE = F

d

F
d
 = 0,009 n = 9 ͽ 10–3 n.

F
d – ?

m = 1 g = 0,001 kg
q = 1 mkk = 10–6 k
E = 1000 nk

g = 10 m

wm2

y

Fd

mg

Felq
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2. 

amoxsna:

a _ kvadratis gverdia

q1

E1

E2

E4
E3

a 0

r

q4

q2 q3

y

x

eleqtruli velis daZabuloba O wertilSi

      = 1 + 2 + 3 + 4

(Ox)   Ex = E1 – E3

radgan E1 = E3 Ex = 0
(Oy)    Ey = E2 + E4

E2 = E4;  Ey = E = 2E2

E2 = 
kq
r2 ;  r2 + r2 = a2;  r2 = a2

2

E = 2 
kq
r2 ;  E = 

4kq
a2 ;

E – ?

q1 = q2 = q3 = q
q4 = –q

k = 9 ͽ 109 nm
2

k2

3. 
amoxsna:

wonasworobis mdgomareobaSi

F
s
+ F

k
 = 0;  F

s = mg ; F2 = qE

    mg  + qE  = 0
(Oy) mg – qE = 0

     E = mg
q  = 0,5 ͽ 105 = 50 · 103 nk  = 50 

kn

k

E – ?

m = 2,5 ͽ 10–8 kg
q = 5,0 ͽ 10–12 k

g = 10 m

wm2 y mg

F
k

+q
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2.11. amoxseni amocanebi

1. 

amoxsna:

a L – a
+q1 +q2

r

a A r – a
E

1E
2

x

    E1 + E2 = 0
(0X) E1 – E2 = 0
     E1 = E2

E1 = 
kq1

r2 ;  E2 = 
kq2

(r – a)2

kq1

a2  = 
kq2

(r – a)2

4
a2  = 

16
(3 – a)2 ;  

2
a  = 

4
3 – a

4a = 6 – 2a  6a = 6  a = 1 m

a – ?

q1 = 4 mkk
q2 = 16 mkk
r = 3 m
E = 0 v

k = 9 ͽ 109 nm
2

k2

 

2. 

amoxsna:

a L – a
q1 q2

r

a q0 r – a
F

1F
2

x

   F1 + F2 = 0

   F
q0

 + F
q0

 = 0

    E1 + E2 = 0
(0X) E1 – E2 = 0
     E1 = E2

q1 muxtidan a manZilze q0 wertilSi eleqtruli velis

daZabuloba nulis tolia.

maSin, 
kq1

a2  = 
kq2

(r – a)2

16 ͽ 10–6

a2  = 
25 ͽ 10–6

(r – a)2   
4
a  = 

5
r – a

4r – 4a = 5a  4r = 9a

a = 4r
9  = 4 (sm)

a – ?

q1 = 16 mkk = 16 ͽ 10–6 k
q2 = 25 mkk = 25 ͽ 10–6 k
r = 9 sm
E = 0

k = 9 ͽ 109 nm
2

k2
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3. 
amoxsna:

q
r

A
X

E2 E1

   E = E1  + E2  

(OX) E = E1
 – E2

E2 = kq
r2  = –70 

kn

k

E = 80 
kn

k  _ 70 
kn

k  = 10 
kn

k

E – ?

E1 = 80 kn
k

q = –7 nk = – 7 · 10–9k

r = 3 sm = 0,03 m

k = 9 ͽ 109 nm
2

k2

4. 

amoxsna:

Sexebamde F1 = 
kq1q2

r2

Sexebis mere TiToeuli muxti iqneba q = q1 + q2

2 ;  F2 = 
kq2

R2

amocanis pirobis Tanaxmad: F1 = F2

kq1q2

r2  = 
kq2

R2

R = 
2 q1 ͽ q2

r(q1 + q2)  = 0,05 m = 5 sm

R – ?

q1 = 20 nk = 20 ͽ 10–9 k
q2 = 80 nk = 80 ͽ 10–9 k
r = 4 sm = 0,04 m
F1 = F2

5. 

amoxsna:

q1 q2

d

A
r1

E1

x
E2

r2

superpoziciis principis Tanaxmad:

     = 1 + 2

(OX) E = E1 + E2

E1 = 
kq1

(r1)2 ;  E2 = 
kq2

(r2)2 ;  r1 = r2 = d
2

E = 
4kq1

d2  + 
4k|q2|

d2

E = 
99 ͽ 8 ͽ 10–9

0,04  + 
9 ͽ 109 ͽ 5 ͽ 10–9

0,04

E = 72 + 45
0,04

 = 2925 n
k

Tu II muxti dadebiTia, maSin E = E1 – E2

E = 
kq1

r2  – 
k|q2|

r2  = 675 n
k

E – ?

q1 = 8 nk

q2 = –5 nk
d = 40 sm
q2 = 5 nk

k = 9 ͽ 109 nm
2

k2
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6. 
amoxsna:

A q2q1r2

r1 d

X
E1 E2

    A = 1 + 2 

(OX)  EA = E1 – E2

radgan velis daZabulobebi urTierTsawinaaRmdegoa:

E1 = kq1

r2
1

;  E2 = kq2

r2
2

EA = kq1

r2
1

 – kq2

r2
2

EA = 280 n
k

, mimarTulia dadebiTidan uaryofiTisken.

EA – ?

q1 = 10 nk
q2 = –20 nk
d = 20 sm = 0,2 m
r1 = 30 sm = 0,3 m
r2 = 50 sm = 0,5 m

k = 9 ͽ 109 nm
2

k2

7. 

r
a

q1

r1 r2

q2

q3

F1F2

F F = F1  + F2

F1 = 
kq1q3

r2
1

;  F2 = 
kq2q3

r2
2

.

F1 = F2

F1 da F2 Zalebis geometriuli SekrebiT miiReba

F Zala. F = 2F1cosα

a = r2
2  – r

2
2;  maSin cosα = 

r2

r2
2  – r

2
2

aqedan F = 2F1 ͽ r2

r2
2  – r

2
2

F = 2 
kq2q3

r2
2

1 – 
r

2r2

2
=

= 
2 ͽ 9 ͽ 109 ͽ 25 ͽ 10–9 ͽ 2 ͽ 10–9

0,0225
 1 –  0,24

2 ͽ 0,15
2
=

= 24 ͽ 10–6 n = 24 mkn

F – ?

q1 = q2 = 25 nk =

= 25 ͽ 10–9k

r = 24 sm = 0,24 m
q3 = 2 ͽ 10–9k

r1 = r2 = 0,15 m

k = 9 ͽ 109 nm
2

k2

amoxsna:
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8. 

amoxsna:

1) muxtebi sxvadasxva niSnisaa

0 12108642
–q

x1

+4q

L

L – rr

X x1 = L + 2
E1E2

E1 = 
kq1

L2 ;  E2 = 
kq2

(L – r)2

x1 wertilSi E1= E2   k4q
L2  = 

kq
(L – r)2 ;  

2
L  = 

1
L – r ;

L = 2r = 12  x1 = 2 + 12 = 14
wertilis koordinati saTavidan 14 erTeulia

2) orive muxti dadebiTia

x2 = R1
+ 2

R1
+ R2

= r
0 1210842 x2

q4q

R1

R2

X
E2 E1

E1
= k4q

R2
1

;  E2
= kq

R2
2

R1
= r – R2.  x2 wertilSi E1

= E2

k4q
(r – R2)

2 = 
kq
R2

2

;  
4

(r – R2)
2 = 

1
R2

2
2

r – R2
 = 

1
R2

;  R2 = r
3  = 2 e.i. x2 = 6

wertilis koordinati saTavidan 6 erTeulia.

x1– ? x2– ?
1) q1 = +4q
q2 = – q
r = 6

2) q1 = 4q
q2 = q
r = 6

9. 

amoxsna:

     Fk + mg = 0
(0Y) Fk – mg = 0

F

mg

F
k
 = q ͽ E

ultraiisferi sxivebiT dasxivebamde

mg = q1E1 q1 = n1e
mg = n1eE1

dasxivebis Semdeg mg = q2E2  q2 = n2e  mg = n2eE2

n1 = 
mg
eE1

;  n2 = 
mg
eE2

  n2 – n1 = 
mg
eE2

 _ 
mg
eE1

n2 – n1 = ∆n  ∆n = mg
e  

1
E2

 – 
1
E2

 = 1,6 ͽ 1015 eleqtroni.

n – ?

m = 16 mg = 16 ͽ 10–6kg

E1 = 0,2 nk

E2 = 0,15 nk
e = –1,6 ͽ 10–19 k

g = 10 m

wm2
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2.12. gamtarebi eleqtrul velSi

cnebebi: gamtari, dieleqtriki, eleqtrostatikuri induqcia. muxtis zedapiruli sim-

kvrive.

formulebi: σ = 
q
S , erTeuli 

k

m2
 .

▶ mkvidri warmodgenebi. gamtari iseTi nivTierebaa, romelic Seicavs Tavisufali muxte-

bis did raodenobas.

Tavisufali eleqtronebi ewodeba eleqtronebs, romlebic mowyvetilia atomebis ele-

qtronuli garsisgan da SeuZliaT kristalur meserSi atomebs Soris Tavisuflad gadaad-

gileba.

eleqtrul velSi moTavsebisas, gamtaris SigniT eleqtruli veli ar aris da Sesaba-

misad, daZabuloba nulis tolia.

gamtaris zedapirze muxtebis ganawilebis maxasiaTebeli sididea muxtis zedapiruli 

simkvrive, σ = q
S  ͽ 

k

m2
 .

gaazreba:

eqsperimentis mizani — daeleqtroebul gamtarSi muxtebis ganawilebis kvleva.

movlenis aRwera: Rru sfero davmuxteT damuxtuli minis ReroTi. izolatoriani li-

Tonis burTula SevaxeT damuxtuli sferos gareTa zedapirs, Semdeg eleqtrometrs. ele-

qtrometris isari gadaixara. e.i. eleqtrometri daimuxta. xeliT ganvmuxteT eleqtro-

metri da patara burTula. izolatorze damagrebuli burTula kvlav SevaxeT damuxtuli 

sferos Sida nawils da burTula SevaxeT eleqtrometrs.

eleqtrometris isari ar gadaixara, e.i. eleqtrometri ar daimuxta.

daskvna: eqsperimentis Sedegad davaskveniT, rom damuxtuli gamtaris gare zedapirze 

muxtebi arsebobs, Sida zedapirze muxtebi ar aris.

saSinao davallllleebbaa:

1. 

R

E

rr1

amoxsna:E – ?

R = 4 sm
q = 5 nk = 9 ͽ 10–9 k
r1 = 3 sm
r2 = 6 sm = 0,06 m

damuxtuli sferos SigniT eleqtruli 

veli ar aris.

amitom r1 = 3 sm-ze E = 0, radgan r1 < R.

E2 = kq
r2

2

 = 22,5 knk

SeniSvna: [E] = 
kq
r2  [E] = 

nm2k

k2m2  = 
n
k
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2. amoxsna:

σ = 
q
S ;  q = σS;  S = 4πR2;  q = σ4πR2

F
el

= kq2

r2
;  F

miz
= Gm2

r2
;  F

el
= F

miz

kq2

r2
 = Gm2

r2
;  kq2 = Gm2

m2 = 
kq2

G ;  m = q 
k
G

m = 4σπR2
k
G = 4 ͽ 1,25 ͽ 10–9 ͽ 3,14 ͽ 0,0004 9 ͽ 109

6,7 ͽ 10–11  =

= 0,00628 ͽ 1,16 ͽ 10 ͽ 10–9 = 0,0073 ͽ 10 = 0,073 kg = 73 g 

m – ?

m1 = m2 = m
R1 = R2 = R = 2 sm = 0,02 m
F

el
 = F

miz

σ = 1,25 nk
m2

G = 6,67 ͽ 10–11 nm2/kg2

k = 9 ͽ 109 nm
2

k2

3. amoxsna:

R
r

R

F1 = Gm1m2

r2 ;  F2 = kq2

r2

q = σS = σ4πR2 aRvniSnoT R2 = d
q = σ4πd amocanis pirobis Tanaxmad, F1= F2

Gm2

r2
 = 

k(σ4πd)
r2 ;  Gm2 = kd2(4πσ)2

d2 = 
Gm2

k(4πσ)2 ;  d = m
4πσ  

G
k d = 0,0016 m2

R = d  ≈ 0,04 m = 4 sm

R – ?

m1 = m2 = m = 0,3 kg
σ = 1,25 nk/m2 = 1,25 ͽ 10–9 k/m2 

G = 6,67 ͽ 10–11 nm2/kg2

R1 = R2 = R
F

el
 = F

miz

k = 9 ͽ 109 nm
2

k2

SeniSvna:

1. SesaZlebelia gakveTilis bolos kidev erTxel mivubrundeT saxelmZRvaneloSi samo-

tivacio kiTxvas. suraTze faqtiurad gamosaxulia `faradeis galia~ situacias (sur.1a). 

`faradeis galiis~ gamoyenebiT awyobdnen Teatralur warmodgenebs (sur. 1b).

a) b)

 sur. 1

moswavleebTan erTad imsjeleT `faradeis galiis~, rogorc eleqtrodacvisaTvis saWi-

ro saSualebis gamoyenebis Sesaxeb.
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2. gamtarze muxtis ganawilebis eqsperimentuli Semowmeba. Tu eleqtrul velSi moTavse-

buli Rru gamtaris sxeulze sxvadasxva wertilSi davamagrebT qaRaldis an aluminis Txel 

furclebs, qaRaldis furclebi sxvadasxvanairad gaiSleba. (1) zedapirze gaSla maqsimalu-

ria, me-(2) zedapirze muxti Tanabradaa ganawilebuli q = const. da furclebi erTnairad iS-

leba (sur. 2).

eleqtrometriT fasdeba muxtis sidide da potenciali. rodesac eleqtrometrs 

miewodeba muxti wawvetebuli nawilidan (1), eleqtrometris isari didi kuTxiT gadaix-

reba, zedapiridan (2) isris gadaxra ufro naklebi iqneba. (3) gamtaris Rru nawilia. Tu 

muxti me-(3) zedapiridan miewodeba eleqtrometrs, maSin furclebis gadaxra nulovani 

iqneba. es faqti miuTiTebs imaze, rom Rru sxeulis Sida zedapirze eleqtruli velis 

daZabuloba nulis tolia, eseigi muxtebi ar aris. wyvetili xaziT moniSnulia ekvipoten-

cialuri zedapirebi (sur. 3).

sur. 2
sur. 3

12

3. ionuri qari

ionuri qari fizikuri movlenaa. eqsperimentebis Catarebisas aRmoCnda, rom Tu wawvete-

buli formis eleqtrobis gamtar sxeuls eleqtrul velSi moTavseben, wawvetebul nawilSi 

dagrovdeba Warbi muxtis didi raodenoba. igi axdens mis garSemo myofi haeris ionizacias. 

haeris nakadis moZraobis Sedegad warmoqmnili ionebis nakadi qaris saxiT vrceldeba da 

mas ionur qars uwodeben. Tu wawvetebuli damuxtuli sxeulis win anTebul sanTels mova-

TavsebT, sanTlis ali vertikaluri mimarTulebidan gadaixreba. (sur. 4. a da b)

  sur. 4.

hƩ ps://www.youtube.com/watch?v=kuDduQJ-ZGY
hƩ ps://www.youtube.com/watch?reload=9&v=Qsxkpt1bOjw

4. eleqtrodacvis gamoyeneba yofa-cxovrebaSi

`faradeis galiaSi~ moTavsebul mudmiv magnitze garedan magnituri veli moqmedebs. ma-

galiTad, galiaSi kompasis moTavsebisas masze dedamiwis magnituri veli moqmedebs. cvladi 

eleqtromagnituri velis dasacavad galiis RriWos zoma naklebi unda iyos gamosxivebis 

talRis sigrZeze. ekranireba agreTve damokidebulia liTonis winaRobaze, romlisganac 

galiaa damzadebuli da aseve liTonis sisqeze. Tu damuxtuli sxeuli moTavsebulia dau-

miwebeli galiis SigniT, `faradeis galia~ misgan gamosul gamosxivebas naklebad blokavs, 

vidre Sesuls. galiis SigniT momuSave maRali sixSiris eleqtruli velis gamomsxivebels 

SeuZlia `gaarRvios~ galiis zedapiri da gareT gamovides.
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liftebi da Senobebi liTonis karkasiTa da kedlebiT SigniT ar atareben telefonis, 

raciisa da sxva eleqtruli xelsawyoebis radiosignals. 

mikrotalRuri Rumelis magnetonis gamosxivebis (romlis talRis sigrZe 12 sm-ia) ekra-

nirebisTvis Rumeli damzadebulia erTiani liTonisgan, uJangavi foladisgan. misi karebis 

gamWvirvale fanjara Seicavs minis an plastmasis firfitebs. firfitebs Soris moTavsebu-

lia liTonis perfofurceli (liTonis Txeli, garkveuli zomis naxvretebiani furceli). 

naxvretebis diametri ar aRemateba 1-3 mm-s. aseTi furclebis arseboba karebze srulad 

gamoricxavs gamosxivebis gamosvlas mikrotalRuri Rumelidan. karebis RriWodan gamos-

xivebis gamoJonvisgan dacva uzrunvelyofilia RriWos konstruqciis zomebiT, romelic 

SerCeulia gamosxivebis talRis sigrZis mixedviT.

maRali sixSiris denTan momuSave personalisTvis Seqmnilia specialuri tanisamosi ise-

Ti qsovilisgan, romelic Seicavs liTonis wvril Zafebs. Zafebad gamoyenebulia spilenZi 

da uJangavi foladi. aseTi tanisamosi uzrunvelyofs adamianze moqmedi eleqtruli velis 

ekranirebas.

2.13. dieleqtrikebi eleqtrul velSi

cnebebi: polaruli dieleqtriki, arapolaruli dieleqtriki, eleqtruli dipoli, die-

leqtikis polarizacia, dieleqtrikuli SeRwevadoba.

formulebi: ε = 
E0

E , erTeuli ar aqvs, ganyenebuli sididea.

▶ mkvidri warmodgenebi. dieleqtrikebi (izolatorebi) praqtikulad ar Seicaven Tavi-

sufal muxtebs.

dieleqtrikebi ori saxisaa: 

arapolarul dieleqtrikSi — uaryofiTi da dadebiTi muxtebis ganawilebis centri 

TiTqmis emTxveva erTmaneTs.

polarul dieleqtrikSi — uaryofiTi da dadebiTi muxtebis ganawilebis centri ar 

emTxveva erTmaneTs. 

garkveuli manZiliT daSorebuli dadebiTi da uaryofiTi muxtebis neitralur sistemas 

dipoli ewodeba.

eleqtrul velSi moTavsebisas arapolarul dieleqtrikSic warmoiqmneba dipoli.

nivTierebebs, romelTa dieleqtrikuli SeRwevadoba SedarebiT maRalia, uwodeben die-

leqtrikebs, xolo nivTierebebs, romelTa dieleqtrikuli SeRwevadoba dieleqtrikebTan 

SedarebiT mcirea, uwodeben izolatorebs. dieleqtrikebic saizolacio masalebia, magram 

maT aqvT polarizaciis specialuri Tvisebebi, romelic gamoixateba SedarebiT maRali si-

didis dieleqtrikuli SeRwevadobiT.

internetSi SeiZleba moipovoT masala polarul da arapolarul dieleqtrikebis pola-

rizaciis modelebis Sesaxeb.

hƩ ps://www.youtube.com/watch?v=OCChozBP-70
hƩ ps://www.youtube.com/watch?v=KBJl1qiYOgo
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gaazreba:

1. a) 73-e (ა) suraTis mixedviT Na-is savalento erTi eleqtronia Cl-is 7 eleqtroni. Na-s 
advilad SeuZlia eleqtronis dakargava, Cl-s ki mierTeba.

b) 73-e (ბ) suraTis mixedviT Na dakarga eleqtroni, warmoiqmna dadebiTi ioni, Cl-ma 
miierTa eleqtroni da warmoiqmna uaryofiTi ioni.

g) 73-e (g) suraTis mixedviT Na da Cl-is ionebi bmuli muxtebia da isini qmnian dipols.

d) NaCl miekuTvneba polarul dieleqtrikebs.

2. 74-e (a) suraTis mixedviT dieleqtriki ar aris moTavsebuli eleqtrul velSi. di-

polebi qaosuradaa ganlagebuli.

74-e (b) suraTis mixedviT dipolebi eleqtrul velSi orientirdebian ise, rom dadebiTi 

muxtebi uaryofiTi eleqtrodisken arian ganlagebuli, uaryofiTi muxtebi ki dadebiTi 

eleqtrodisken.

dieleqtrikis dipolebis eleqtrul velSi orientirebis Sedegad maT mier Seqmnili 

eleqtruli veli gare eleqtruli velis sawinaaRmdegod aris mimarTuli da asustebs (am-

cirebs) gare eleqtrul vels.

74-e (g) dipolze moqmedebs eleqtruli velis mxridan Zalebi, romlebic qmnian ZalTa 

wyvils, rac iwvevs dipolis Semobrunebas eleqtrul velSi.

74-e (d) suraTis mixedviT, Sida da gare eleqtruli veli urTierTsapirispirodaa mi-

marTuli. jamuri eleqtruli velis daZabulobis moduli maTi daZabulobebis modulebis 

sxvaobis toli iqneba E = E0 – E´ da mimarTulia gare velis daZabulobis veqtoris mimarTu-

lebiT.

saSinao davallllleebbaa:

1. muxtebs Soris urTierTqmedebis Zala ε = 2,2-jer Semcirdeba (zeTis dieleqtrikuli 

SeRwevadoba tolia 2,2-is).

2. 
amoxsna:

F1 = k 
q2

r2 ;  F2 = k 
q2

0
εr2

q = Fr2

k   q0
 = Fεr2

k
q0

q  = ε0   q0
 = ε0 q = 81 q = 9q

TiToeuli muxti unda gaizardos 9-jer

q0

q  – ?

F1 = F2 = F
q1 = q2 = q
r1 = r2 = r
ε = 81

3. 
amoxsna:

E = k 
q

εr2

ε = 
kq
Er2  = 

9 ͽ 109 ͽ 81 ͽ 10–9

36 ͽ 103 ͽ 0,09 ͽ 0,09  = 2,5

ε – ?

q = 81 nk = 81 ͽ 10–9 k
r = 9 sm = 0,09 m
E = 36 kv/m = 36000 v/m
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4. 
amoxsna:

F1 = 
kq1q2

r2 ;  F2 = 
k 

q1 + q2

2
2

εr2
1

kq1q2

r2  = 
k 

q1 + q2

2
2

εr2
1

r1 = r 
 
q1 + q2

2
2

q1q2 ͽ ε
 ≈ 0,023 m ≈ 2,3 sm

r1 – ?

q1 = 3 ͽ 10–9 k
q2 = 5 ͽ 10–9 k
r = 20 sm = 0,2 m
ε = 81

F1 = F2

2.14. eleqtruli Zalis muSaoba

cnebebi: gravitaciuli urTierTqmedebis Zala, eleqtruli Zala, muSaoba eleqtrul 

velSi, potencialuri energia.

formula: A = qEd;  A = kq1 ͽ q2

r1

 _ k q1 ͽ q2

r2

W = qEd;  W = k 
q1q2

r .

▶ mkvidri warmodgenebi. eleqtruli veli muSaobas ar asrulebs, Tu muxti gadaadgilde-

ba eleqtruli Zalwiris marTobuli mimarTulebiT.

Caketil traeqtoriaze muxtis gadaadgilebisas eleqtruli velis mier Sesrulebuli 

muSaoba 0-is tolia.

gaazreba:

a) sxeulis asrolisas A = –mgh, vardnisas A = mgh
b) A = 0 _ simZimis Zala mimarTulia gadaadgilebis marTobulad.

g) A = qEd _ Zalis mimarTuleba emTxveva muxtis gadaadgilebis mimarTulebas.

d) A = –qEd _ Zalis mimarTuleba muxtis gadaadgilebis sapirispiro mimarTulebisaa.

e) A = 0 _ eleqtruli Zalis mimarTuleba muxtis gadaadgilebis marTobulia.

v) simZimis Zalis muSaoba Caketil traeqtoriaze A = –mgh + mgh = 0, eleqtruli velis 

muSaoba Caketil traeqtoriaze A = –qEd + qEd = 0.
miRebuli Sedegis mixedviT gravitaciuli da eleqtruli velis muSaoba Caketil trae-

qtoriaze nulis tolia. arsebobs analogia gravitaciuli da eleqtruli velis maxasiaTe-

blebs Soris.

analogia gravitaciuli da eleqtruli velebis maxasiaTeblebs Soris

gravitaciuli eleqtruli maxasiaTeblebi

1. simZimis Zala F1 = mg
2. masa m
3. g mudmiva

4. gravitaciuli urTierTqmedebis 

potencialuri energia

W = G 
m1m2

r
5. gravitaciuli mudmiva

G = 6,67 ͽ 10–11 n ͽ m2/kg2

1. eleqtruli Zala F = q
2. muxti q
3. eleqtruli velis daZabuloba 

4. eleqtruli urTierTqmedebis

potencialuri energia W = 
kq1q2

r
5. proporciulobis koeficienti

k = 
1

4πε0
 = 9 ͽ 109 n ͽ m2/k2

eleqtruli mudmiva ε
0 
= 8,85 ͽ 10–12 k2/n ͽ m2
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saSinao davallllleebbaa:

1. 

amoxsna:

∆Wk = A;  A = qEd;  ∆Wk = qEd
∆Wk = 10–8k ͽ 3 ͽ 104 n/k ͽ 0,1 m =
= 10–8 ͽ 3 ͽ 103 j = 3 ͽ 10–5 j-iT

∆Wk – ?

q = 10 ͽ 10–9 k = 10–8

E = 30 ͽ 103 n/k

d = 10 sm = 0,1 m

2. 
amoxsna:

A1 = q1Ed = 1,8 · 10–5 j = 18 mkj

q2 muxti gadaadgildeba velis mimarTulebis

sawinaaRmdegod. amitom A2 = q2 ͽ (–E)d = 18 mkj

E – ?
E = 150 n/k
q1 = 600 nk = 6 ͽ 10–7 k
q2 = –600 nk = –6 ͽ 10–7 k
d = 20 sm = 0,2 m

2.15. eleqtruli velis potenciali

cnebebi: potenciali

formulebi: ʕ = 
W
q0

;  ʕ = 
kq
r  ;  ʕ = Ed.

▶ mkvidri warmodgenebi. eleqtruli velis potenciali velis energetikuli maxasiaTebe-

lia. eleqtruli velis potenciali skalaruli sididea.

eleqtruli velis potenciali gansazRvravs velis mocemul wertilSi erTeulovani 

muxtis potencialur energias.

Tu veli Seqmnilia ramdenime muxtisgan, jamuri velis potenciali velis mocemul wer-

tilSi am wertilebSi calkeuli muxtis velis potencialebis algebruli jamis tolia.

gaazreba:

1. a) damuxtuli gamtaris sferos SigniT velis daZabuloba 0-is tolia, sferos zeda-

pirze E = 
kq
R2 , sferos gareT daZabuloba manZilis gazrdiT mcirdeba.

b) vinaidan sferos SigniT daZabuloba nulis tolia, sferos SigniT nebismier wertilSi 

potenciali iseTivea, rogorc sferos zedapirze. Tu sferos SigniT potencialia ʕ0 da 

zedapirze ʕ1 , maSin ʕ1 – ʕ0 = Ed = 0, e.i. ʕ1 = ʕ0. sferos SigniT potenciali erTnairia, gareT 

ki mcirdeba.

2. sferoebs Soris muxtebis gadanawileba maSin, rodesac maT gansxvavebuli potenciale-

bi aqvT.

ʕ1 = k 
q
R ;  ʕ2 = k 

q
2R ;  

ʕ1

ʕ2
 = 2;  ʕ1 = 2ʕ2

muxtebis gadanawileba Sewydeba, roca potencialebi gautoldeba erTmaneTs

Tu ʕ´1 = ʕ´2 maSin 
kq1

R  = 
kq2

2R  ;  q1 = 
q2

2
anu q2 = 2q1 .
e.i. potencialebis tolobisas did sferoze orjer meti muxti aRmoCndeba, vidre pata-

ra radiusian sferoze.
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2.16 eleqtrostatikuri velis eqsperimentuli kvleva

1. eqsperimentis mizani. davadginoT, rom eleqtruli Zalis muSaobis Sedegia damuxtuli 

sxeulebis urTierTqmedebis energiis cvlileba.

movlenis aRwera. burTulasa da sferosTan Salze xaxuniT damuxtuli Reros SexebiT 

orive maTgani daimuxta. damuxtuli sferos damuxtul burTulasTan miaxloebisas bur-

Tula sferosgan ganizideba da gadaixreba wonasworobis mdebareobidan. wonasworobis 

mdebareobidan gadaxris Sedegad misi mdebareoba sawyisTan SedarebiT zeviT iwevs. es ki 

niSnavs, rom burTulam SeiZina potencialuri energia, burTulis energia Seicvala.

daskvna:

a) burTulas damuxtul sferosTan urTierTqmedebis Sedegad igi wonasworobidan ga-

daixara da SeiZina potencialuri energia.

b) burTulas gadaxra gamoiwvia eleqtrulma Zalam, da Sesabamisad, muSaoba Seasrula 

eleqtrulma Zalam.

g) eleqtruli Zalis mier Sesrulebuli muSaobis Sedegad sxeulis potencialuri ener-

gia gaizarda (wonasworobis mdebareobas Seesabameba potencialuri energiis nulovani 

done).

2. eqsperimentis mizani: sferos potencialis sididis mis radiusze damokidebulebis 

dadgena.

movlenis aRwera. ori gansxvavebuli radiusis liTonis sfero imuxteba erTi da imave 

sididis muxtiT. amisaTvis ebonitis Reros Salze xaxuniT damuxtvis Semdeg mas Seaxeben 

izolatorian erT-erT burTulas, am burTulis meore burTulasTan SexebiT orive erT-

nairad daimuxteba da TiToeuls eqneba pirveli burTulis muxtis sididis naxevari muxti. 

Tu erT burTulas SevaxebT erT sferos, meore burTulas meore sferos, maSin sferoebic 

erTnairi muxtiT daimuxteba.

muxtebis gadanawileba sferoebze iqneba:

q + q = q1 + q2 ;  2q = 3q1

q1 = 
2
3  q;  q2 = 

4
3  q

saSinao davallllleebbaa:

1. 
amoxsna:

R
d

r = R + d; E = kq
r2 ;  r = 1 + 0,6 = 1,6 m

E = 9 ͽ 109 ͽ 10–6

(1,6)2
 ≈ 3,5 ͽ 103 ≈ 3,5

kv

m

ʕ = kq
r

 = 9 ͽ 109 ͽ 10–6

1,6
 ≈ 5,6 ͽ 103v ≈ 5,6 kv

E, ʕ – ?

R = 1 m

q = 10–6 k
d = 60 sm = 0,6 m
k = 9 ͽ 109 nm2/k2
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saxeluriani ReroTi sferos eleqtrometrTan SexebiT dadginda, rom did radiusian 

sferosTan Sexebisas eleqtrometris isari mcire kuTxiT gadaixara, vidre mcire radius-

ian sferosTan Sexebisas.

daskvna. cdis Sedegad dadginda, rom erTi da imave sididis muxtis gadacemisas didi 

sferos potenciali naklebia patara sferos potencialTan SedarebiT.

2.17 potencialTa sxvaoba. ekvipotencialuri zedapirebi

cnebebi: potencialTa sxvaoba, Zabva, ekvipotencialuri zedapiri.

formulebi: U = ʕ1 – ʕ2;  U = A
q ;  U = Ed

▶ mkvidri warmodgenebi. potencialTa sxvaoba velis or wertils Soris ricxvobrivad 

tolia eleqtruli Zalis mier erTeulovani muxtis gadatanaze Sesrulebuli muSaobis.

ekvipotencialur zedapirze muxtis gadaadgilebisas eleqtruli veli muSaobas ar as-

rulebs.

gaazreba:

1. ʕ = kq
r  formulidan gamomdinare: a) ʕ1 > ʕ2;  b) ʕ3 < ʕ4;  g) ʕ1 > ʕ3.

2. dedamiwis muxti uaryofiTad, atmosferoSi ionosferos muxti dadebiTia.

a) suraTze gamosaxuli ekvipotencialuri zedapirebisa da eleqtruli Zalwirebis mixe-

dviT eleqtruli Zalwirebi ekvipotencialuri zedapiris marTobi wirebia. e.i. maT Sorიs 
kuTxe 90°-ia.

b) suraTis mixedviT potencialTa sxvaoba A da B wertilebs Soris 100 v-ze naklebia.

g) adamianebi ar SeigrZnoben dedamiwis eleqtrul velSi potencialTa sxvaobas imitom, 

rom maTi organizmi muxtebis gamtaria. amis Sedegad dedamiwidan raRac raodenobis ua-

ryofiTi muxti gadadis adamianze. ris gamoc veli mis garSemo icvleba, rogorc suraTzea 

gamosaxuli. potenciali adamianis SigniT da mis zedapirze erTnairia, e.i. potencielTa 

sxvaoba nulis tolia da daZabulobac nulis toli iqneba.

3. A wertilis potencialuri energia da potenciali metia B wertilisaze. amitom mux-

tis A-dan da B-Si gadaadgilebisas eleqtruli veli asrulebs dadebiT muSaobas.

4. a) 1 wertilidan isev 1 wertilSi dabrunebisas eleqtruli velis mier Sesrulebuli 

muSaoba 0-is tolia radgan traeqtoria Sekruli wilia.

b) potenciali, 2-dan 3-Si gadaadgilebisas mcirdeba (uaryofiTi niSniT damuxtuli fir-

fitis potenciali nulis tolia).

g) 3-dan 1-Si gadaadgilebisas izrdeba, vinaidan dadebiTi eleqtrodis maxloblobaSi 

potenciali metia, vidre uaryofiTi eleqtrodis siaxloves (uaryofiTi niSniT damuxtu-

li firfitis potenciali nulis tolia).

saSinao davallllleebbaa:

1. amoxsna:

A = qU = q (ʕ1 – ʕ2)

A = 50 ͽ 10–9(100 – 300) = –1 ͽ 10–5 j = –10 mkj

A – ?
q = 50 nk = 50 ͽ 10–9 k
ʕ1 = 100 v
ʕ2 = 300 v
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2.18. amocanebis amoxsna

saSinao davallllleebbaa:

1. 
amoxsna:

ʕ1 – ʕ2 = A
q

q = 
A

ʕ1 – ʕ2 
 = 4 ͽ 10–5

1000 

 = 4 ͽ 10–8 k

q – ?
ʕ1 – ʕ2= 1 kv = 1000 v
A = 40 mkj = 40 ͽ 10–6 j = 4 ͽ 10–5 j

2. 
amoxsna:

ʕ1 – ʕ2 = Ed = 0,1 mkv/sm ͽ 103 sm = 0,1 mv

ʕ1 – ʕ2 – ?

d = 10 m

E = 0,1 mkv/sm

3. 
amoxsna:

A = q(ʕ1 – ʕ2) = 2,5 ͽ 10–6 ͽ 400 = 10–3 j = 1 mj

A – ?

q = 2,5 mkk = 2,5 ͽ 10–6 k
ϕ1 = 600 v
ϕ2 = 200 v

4. 
amoxsna:

A = ∆W
kin

 
;  ∆W

kin 
= W

kin2
 – W

kin1

A = q (ʕ1 – ʕ2)

q (ʕ1 – ʕ2) = me (
υ2

2
2  _ 

υ2
1

2 )

aqedan ʕ1 – ʕ2 = m (υ2
2 – υ2

1 )
2q 

 = 10–8 (3002 – 2002)
2 ͽ 5 ͽ 10–8  = 5000 v

ʕ1 – ʕ2 – ?

q = 50 nk = 5 ͽ 10–8 k

m = 10 mkg = 1 ͽ 10–8 kg
υ1 = 200 m/wm
υ2 = 300 m/wm

2. 
amoxsna:

E = U
d

E = 500
0,02  

3
m

 = 25
kv

m

E – ?
U = 500 v
d = 2 sm = 0,02 m
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5. 
amoxsna:

A = ∆W
kin 

;  ∆W
kin 

= W
kin2

 – W
kin1

mυ2

2
 = A;  A = e(ʕ1 – ʕ2)

mυ2

2
 = |e|(ʕ1 – ʕ2);  υ2 = 

2|e|(ʕ1 – ʕ2)
m

υ = 
2|e|(ʕ1 – ʕ2)

m  ≈ 1 ͽ 107 m/wm

υ – ?

υ0 = 0

ʕ1 – ʕ2 = 300 v

e = –1,6 ͽ 10–19 k

me = 9,1 ͽ 10–31 kg

6. 
amoxsna:

A = q(ʕ1 – ʕ2);  A < 0, maSin

A = qʕ1 – qʕ2 ;  ʕ1 = qʕ2 + A
q

ʕ1 = 300 v

ʕ1 – ?

q = 2 ͽ 10–9 k
A = –2 ͽ 10–7 j
ϕ2 = 400 v

7. 

amoxsna:

ʕ1 = 
kq1
r1

;  ʕ2 = 
kq2
r2

q1 = 
ʕ1r1

k ;  q2 = 
ʕ2r2

k
q1 = 2 ͽ 10–9 k;  q2 = 4 ͽ 10–9 k;

ʕ'
1 = kq'

1

r1

;  ʕ'
2 = kq'

2

r2

;  ʕ'
1 = ʕ'

2

q'
1

r1

 = q'
2

r2

;  
q'

1

6
 = q'

2

4
;  q'

1 = 1,5'
2

muxtis Senaxvis kanonidan

q1 + q2 = q'
1 + q'

2 ;  q'
2 = 2,4 ͽ 10–9k;  q'

1 = 3,6 ͽ 10–9k

ʕ'
1 = ʕ'

2 = 540 v

ʕ'
1 – ? ʕ'

2 – ?

r1 = 6 sm = 0,06 m
ϕ1 = 300 v

r2 = 4 sm = 0,04 m
ϕ2 = 900 v
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8. 
amoxsna:

F
el

 = qpE  niutonis II kanonis Tanaxmad: F = mpa

F
el

 = F  qpE = mpa 

E = 
mpa
qp

 = 1,7 ͽ 10–3 n
k

E – ?

mp = 1,7 ͽ 10–27 kg

qp = 1,6 ͽ 10–19 k
a = 1,6 ͽ 105 m/wm2

9. amoxsna:

A = ∆W
kin 

;  ∆W
kin 

= W
kin2

 – W
kin1

A = mυ2
2

2  _ 
mυ2

1
2

velis mier Sesrulebuli muSaoba

A = e(ʕ1 – ʕ2);   mυ2
2

2  – mυ2
1

2  = e(ʕ1 – ʕ2)

ʕ1 – ʕ2 = m(υ2
2 – υ2

1)
2e  = 2,275kv

ϕ1 – ϕ2 – ?

υ1 = 3 ͽ 107 m/wm

υ2 = 1 ͽ 107 m/wm
e = –1,6 ͽ 10–19 k
me = 9,1 ͽ 10–31 kg

10. 
amoxsna:

F = k Q ͽ q
r2 ;  ʕ = k Q

r  aqedan,

Q = ʕr
k  . maSin, F = kʕrq

kr2  = 
ʕ ͽ q

r
F = 0,8 mkn

F – ?

r = 80 sm = 0,8 m
q = 1,5 nk = 1,5 ͽ 10–9 k
ʕ = 0,43 kv = 430 v

11. 
amoxsna:

A = q (ʕ∞– ʕ)

ʕ∞ – ʕ = A
q

;  ʕ∞ = 0

ʕ = – A
q

= –30 v

ʕ – ?
q = 2,4 nk = 2,4 ͽ 10–9 k
A = 72 nk = 7,2 ͽ 10–8 j
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2.19. Semajamebeli gakveTili

1. liTonis bade axdens eleqtruli velis ekranirebas.

2. 3.

3.

1. _ d

2. _ a

3. _ g

4. _ e

5. _ b

4.

fizikuri sidideebi

formulebi

erTgvarovani

eleqtruli veli

wertilovani muxtis

eleqtruli veli

eleqtruli Zala F = qE F = kq1q2

r2

eleqtruli velis

daZabuloba E = U
d  E = kq

r2  

muxtebis potencialuri 

energia
W = qEd W = kq1q2

r

eleqtruli velis muSaoba A = qEd A = kq1 ͽ q2

r1

 _ k q1 ͽ q2

r2

potenciali ʕ = Ed ʕ = 
kq
r

eleqtruli velis ekranirebis kvleva

kompleqsuri davaleba, romliTac moswavle kidev ufro ukeTesad gaiazrebs gamtarebis 

ekranirebis Tvisebas eleqtrostatikur velSi moTavsebisas.

moswavle TviTnakeTi ̀ faradeis galiis~ saSualebiT daakvirdeba eleqtruli velis Tvi-

sebebs. amisTvis gankuTvnilia ori eqsperimenti.

I. 

SeniSvna: yuTs SesaZlebelia folgis furceli mxolod garedan Semoaxvion da ori fena 

daWirdes.

daskvna: folga _ aluminis Txeli furceli gamtaria. gamtaris SigniT eleqtruli veli 

ver aRwevs. amitom telefoni, romelic eleqtromagnitur talRebs Rebulobs eleqtros-

tatikuri dacvisas signals ver miiRebs.

II.

daskvna: eleqtruli veli vrceldeba nebismier garemoSi. aqedan gamomdinare is vrcel-

deba galiis gareT, xolo liTonis galiis SigniT eleqtruli velis daZabuloba nulis 

tolia. liTonis bade axdens eleqtruli velis ekranirebas.
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2.20. eleqtrotevadoba. kondensatori

cnebebi. eleqtrotevadoba, kondensatori

formula: C = q
ʕ;  C = r

k
C = q

ʕ = 4πε0εR, sadac R _ sferos radiusia, ε0 = 8,5 ͽ 10–12 k2/nm2, ε _ dieleqtrikuli SeRwe-

vadoba.

eleqtrotevadobis erTeulia [C] = 1 faradi (f) = 1
k

v

▶ mkvidri warmodgenebi. eleqtrotevadoba aqvs ganmxoloebul gamtars da ori gamtari 

firfitisagan Semdgar mowyobilobas.

kondensatori aris muxtebisa da energiis damgrovebeli xelsawyo.

kondensatorebi sxvadasxva tipisaa. ganasxvaveben kondensatorebs formis da masSi moTa-

vsebuli dieleqtrikis mixedviT.

brtyeli kondensatori Sedgeba ori firfitisgan, romelTa Soris dieleqtrikia moTa-

vsebuli.

SeniSvna: saxelmZRvaneloSi mocemuli kondensatorebis tipebis garda tevadobis mixed-

viT SeiZleba iyos mudmivi  an cvladi  tevadobis kondensatorebi.

gaazreba:

1. haerSi ε = 1, sferoebis eleqtrotevadobis formulis C = 4πε0εR mixedviT toli ra-

diusebis SemTxvevaSi rkinisa da aluminis sferoebis eleqtrotevadobebi erTnairi iqneba.

2. sqemaze srulyofilad aris mocemuli kondensatoris saxeebi formisa da masSi moTav-

sebuli dieleqtrikis mixedviT. garda sqemaze gamosaxulisa, aseve arsebobs qarsis, polis-

tirolis, haeriani kondensatorebi. gansakuTrebiT aRsaniSnavia haeriani kondensatori, 

romlis modeli yvela skolaSi moipoveba.

moswavleebi msjeloben kondensatorebis mowyobilobaze da midian daskvnamde, rom yve-

la kondensatori Seicavs Semonafenebs da maT Soris moTavsebulia dieleqtrikis fena.

saSinao davallllleebbaa:

1.  
amoxsna:

C = q
U

q = CU = 58 · 10–6 f · 50 v = 2,9 · 10–3 k

q – ?
C = 58 mkf = 58 · 10–6 f
U = 50 v

2.  amoxsna:

C = q
U  = 4 mkf

C – ?
U = 50 v
q = 200 mkk = 2 · 10–4 k



127

2.21. eleqtrotevadobis eqsperimentuli kvleva

I. eqsperimentis mizani:

sferoebze gadacemul muxtsa da maT radiusebs Soris damokidebulebis kvleva, roca 

orives potenciali erTmaneTis tolia, ʕ
1
 = ʕ

2
.

movlenis aRwera. xaxuniT damuxtuli ebonitis Reros erTxel SexebiT muxti gadaveciT 

mcireradiusian sferos. damuxtuli sfero izolatoriani gamtariT SevaerTeT eleqtro-

metris burTulasTan. eleqtrometris isris gadaxris kuTxiT SevafaseT sferos potencia-

li. damuxtuli ebonitis Rero kvlav davmuxteT xaxuniT da erTxel SexebiT muxti gada-

veciT didi radiusis mqone sferos. sfero izolatoriani gamtariT SevaerTeT ganmuxtul 

eleqtrometrTan da isris gadaxris kuTxiT SevafaseT am sferos potenciali. potenciali 

masze aRmoCnda ufro mcire, vidre mcireradiusian sferoze. ebonitis Rero davmuxteT 

ramdenjerme da gadaveciT muxti didi radiusis mqone sferoze, vidre misi potenciali ar 

gautolda mcire sferos potencials.

daskvna. erTnairi potencialis SeZenisTvis did sferos ufro meti muxtis gadacema 

sWirdeba, vidre mcire radiusis mqone sferos.

II. eqsperimentis mizani:

kondensatoris eleqtrotevadobis Semonafenebs Soris manZilsa da maT Soris moTavse-

bul dieleqtrikze damokidebulebis gamokvleva.

movlenis aRwera. daumuxtavi kondensatoris erTi Semonafeni sadeniT SevaerTeT ele-

qtrometris burTulasTan, meore Semonafeni — eleqtrometris korpusTan. Salze xaxuniT 

damuxtuli ebonitis Rero SevaxeT eleqtrometris im firfitas, romelic eleqtrometris 

burTulasTan aris SeerTebuli. eleqtrometris isris gadaxris kuTxis mixedviT Sevafa-

seT am firfitis potenciali.

firfitebs Soris manZili gavzardeT orjer da SevafaseT eleqtrometris isris ga-

daxris kuTxiT potencialTa sxvaoba firfitebs Soris. potencialTa sxvaoba firfitebs 

Soris manZilis gazrdiT izrdeba.

movaTavseT damuxtuli kondensatoris firfitebs Soris organuli minis (dieleqtri-

kis) firfita. Semonafenebs Soris potencialTa sxvaoba Semcirda.

daskvna. eleqtrotevadoba C = 
q

ʕ1 – ʕ2
. firfitebis daSorebisas potencialTa sxvaoba 

gaizarda, e.i. kondensatoris tevadoba Semcirda.

dieleqtrikis moTavsebiT potencialTa sxvaoba Semcirda, e.i. kondensatoris tevadoba 

gaizarda. vaskvniT, rom kondensatoris tevadoba pirdapirproporciulia dieleqtrikuli 

SeRwevadobisa da ukuproporciulia Semonafenebs Soris manZilis. C ~ 
ε
d
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2.22. brtyeli kondensatoris eleqtrotevadoba

cnebebi: kondensatoris muxti, kondensatoris Semonafenebi, brtyeli kondensatoris 

eleqtrotevadoba.

formula: C = ε ͽ εS
d

▶ mkvidri warmodgenebi. brtyeli kondensatoris eleqtrotevadoba pirdapirproporci-

ulia Semonafenis farTobisa da dieleqtrikis dieleqtrikuli SeRwevadobis, ukupropor-

ciulia Semonafenebs (firfitebs) Soris manZilis.

gaazreba:

a) firfitebs Soris sxva dieleqtrikis moTavsebisas kondensatoris tevadoba icvleba, 

vinaidan tevadoba pirdapirproporciulia dieleqtrikis dieleqtrikuli SeRwevadobis. 

rac ufro metia dieleqtrikis dieleqtrikuli SeRwevadoba, miT meti iqneba kondensato-

ris tevadoba. amitom kondensatorebisTvis didi mniSvneloba aqvs dieleqtrikis arCevas.

b) firfitebs Soris moTavsebisas dieleqtriki polarizdeba, razedac ixarjeba mux-

tebis (denis) wyaros energia. kondensatoris firfita wyarodan izidavs muxtebs, amitom 

eleqtroskopze muxtebis raodenoba mcirdeba da eleqtroskopis furclebi qvemoT iwevs. 

kondensatoris tevadoba izrdeba masze muxtebis zrdis gamo.

saSinao davallllleebbaa:

1. 
amoxsna:

C = ε0εS
d

C = 8,85 ͽ 10–12 ͽ 2 ͽ 0,1
10–3

 ≈ 1,77 · 10–9 f ≈ 1,8 nf

C – ?
S = 0,1 m2

d = 1 mm = 10–3 m
ε = 2
ε0 = 8,85 ͽ 10–12 k2

n ͽ m2

2. 
amoxsna:

C = ε0εS
d

;  d = ε0εS
C

d = 8,85 ͽ 10–12 ͽ 520 ͽ 10–4

46 ͽ 10–12  = 100 · 10–4 m = 1 sm

d – ?
C = 46 pkf = 46 ͽ 10–12 f
S = 520 sm2 = 520 ͽ 10–4 m2

ε = 1
ε0 = 8,85 ͽ 10–12 k2

n ͽ m2
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2.23. kondensatoris eleqtruli velis energia

cneba. kondensatoris eleqtruli velis energia. eleqtruli velis energiis simkvrive.

formulebi:

W = qU
2  = q2

2C  = CU2

2

W = ε0εE2

2  sd

ω = εε0E
2

2  .

▶ mkvidri warmodgenebi. kondensatori agrovebs muxtebs. muxtebi qmnian eleqtrul 

vels, romelsac SeuZlia Seasrulos muSaoba. amgvarad, kondensatori agrovebs eleqtrul 

energias.

damuxtuli kondensatoris eleqtruli energia SesaZlebelia gamoiyenon sxvadasxva da-

niSnulebiT.

kondensatoriT dagrovili eleqtruli energia myisierad gardaiqmneba sxva (mag., sinaT-

lis, eleqtromagnituri rxevebis, meqanikur) energiad.

gaazreba:

azrobrivi eqsperimentis mizania moswavleebma suraTze mocemuli xelsawyoebis Cvenebis 

mixedviT gamoTvalon kondensatorze dagrovili muxti da Sedegad kondensatoris eleqt-

ruli velis energia.

agreTve, realuri eqsperimentis Catarebis gareSe moswavles warmodgena Seeqmnas, ro-

gor SeiZleba gamoiTvalos aRniSnuli fizikuri sidideebi suraTze mocemuli situaciis 

mixedviT.

amoxsna:

q = CU = 300 ͽ 10–10 = 3 ͽ 10–8 k

1) W = C ͽ U2

2
 = 10–10 9 ͽ 104

2
 = 4,5 ͽ 10–6j

2) W = q2

2C
 = 9 ͽ 10–16

2 ͽ 10–10  = 4,5 ͽ 10–6j

q – ? W – ?
C = 100 pf = 100 · 10–12 f = 1 · 10–10 f
U = 300 v

saSinao davallllleebbaa:

1. amoxsna:

W = CU2

2
 = 10–3 j = 1 mj

W – ?
U = 100 v

C = 0,2 mkf = 0,2 · 10–6 f

2. 
amoxsna:

W = q2

2C

C = q2

2W
;  C = (300 ͽ 10–9)2

2 ͽ 3 ͽ 10–6  = 15 · 10–9 f = 15 nf

C – ?
q = 300 nk = 300 · 10–9 k
W = 3 mkj = 3 · 10–6 j
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2.24. kondensatorebis SeerTeba

cnebebi. kondensatoris batarea. kondensatorebis mimdevrobiTi SeerTeba.

kondensatorebis paraleluri SeerTeba.

kondensatorebis saerTo (ekvivalenturi) eleqtrotevadoba.

formulebi:

C = C1 + C2 + ... Cn

1
C  = 

1
C1

 + 
1
C2

 + ... 
1

Cn 

▶ mkvidri warmodgenebi. kondensatorebis paraleluri SeerTebisas saerTo eleqtro-

tevadoba izrdeba, kondensatorebis mimdevrobiTi SeerTebisas saerTo eleqtrotevadoba 

mcirdeba.

kondensatorebis paraleluri SeerTebisas batareis Semonafenebis farTobi izrdeba, 

maT Soris manZilis Seucvlelad. amiT izrdeba kondensatorebis Semonafenebze muxte-

bis raodenoba, romelic SeiZleba maTze moTavsdes. tevadobis ganmartebis mixedviT, rac 

ufro meti muxti grovdeba Semonafenebze, miT metia misi tevadoba C = ε0εS
d

 formulis 

mixedviT kondensatoris eleqtrotevadoba Semonafenebis farTobis gazrdiT izrdeba.

kondensatorebis mimdevrobiTi SeerTebisas batareis firfitebs Soris manZili izrdeba 

maTi farTobebis Seucvlelad. amitom, imave formulis mixedviT, saerTo eleqtrotevado-

ba unda Semcirdes.

rac ufro axlos aris kondensatoris firfitebi erTmaneTTan, kulonis kanonis Tanax-

mad, miT metia maT Soris urTierTqmedebis Zala da Sesabamisad velis daZabuloba. amitom 

meti iqneba kondensatoris tevadoba.

gaazreba:

1. kondensatorebi C2 , C3 , C4 , C5 SeerTebulia paralelurad, pa-

ralelurad SeerTebuli es kondensatorebi mimdevrobiT arian 

SeerTebuli C1 da C6 kondensatorebTan.

Sereulad SeerTebuli kondensatorebis saerTo tevadobis ga-

mosaTvlelad, jer iTvleba paralelurad SeerTebuli kondensa-

torebis saerTo tevadoba _ C-s da Semdeg C1, C da C6 mimdevrobiT 

SeerTebuli kondensatorebis saerTo eleqtrotevadoba.

2. 

amoxsna:

C
p
 = C1 + C2 + C3 = 3C

1
C

m

 = 
1
C1

 + 
1
C2

 + 
1
C3

;  C
m
 = 

C
3

C
p
 = 9C

m

C
p
 – ? C

m
 – ?

C1 = C2 = C3 = C

3. kondensatorebis paraleluri SeerTebisas yvela kondensatoris erTnairniSniani 

firfitebi erTmaneTTanaa SeerTebuli. amis gamo kondensatorebis Semonafenebis saerTo 

farTobi izrdeba, rac maTze meti muxtis dagrovebis saSualebas iZleva. saerTo Semona-

fenebs Soris manZili ki TiToeuli kondensatoris Semonafenebs Soris manZilis tolia, 
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anu manZili Semonafenebs Soris rCeba igive, rac erTi kondensatorisTvisaa. brtyeli kon-

densatoris eleqtrotevadobis formulis Tanaxmad, tevadoba Semonafenis farTobis pir-

dapirproporciulia. es niSnavs imas, rom kondensatorebis saerTo tevadoba paraleluri 

SeerTebisas izrdeba.

S = S1 + S2 + S3

paraleluri 

SeerTeba

S1

S2

S3

kondensatorebis mimdevrobiTi SeerTebisas muxtebis wyarosTan uSualod aerTeben kon-

densatorebis batareis mxolod kidura Semonafenebs. amiT kindensatorebis saerTo Semo-

nafenis farTobi igive rCeba, rac aqvs erT kondensators, magram kondensatorebis saerTo 

manZili Semonafenebs Soris izrdeba imdenjer, ramdeni kondensatoric aris SeerTebuli 

mimdevrobiT. brtyeli kondensatoris eleqtrotevadobis formulis Tanaxmad, tevadoba 

ukuproporciulia Semonafenebs Soris manZilisa. es niSnavs imas, rom kondensatorebis 

saerTo tevadoba mimdevrobiT SeerTebisas mcirdeba.

d = d1 + d2+ d3

mimdevrobiTi 

SeerTeba

saSinao davallllleebbaa:

1. a) 
amoxsna:

C = C1 + C2 = 9 mkf

C – ?
C1 = 3 mkf
C2 = 6 mkf
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 b) 
amoxsna:

1
C

m

 = 
1
C1

 + 
1
C2

C = C1 ͽ C2
C1 + C2

 = 2 ͽ 6
2 + 6

 = 12
8

 = 1,5 nf

C – ?
C1 = 2 nf
C2 = 6 nf

2. 

amoxsna:

C'
1 = C1 + C2 = 8 nf paraleluri SeerTebisas

C'
2 = C1 ͽ C2

C1 + C2
 = 3 ͽ 5

8
 = 15

8
 = 1,875 nf mimdevrobiTi SeerTebisas

C'
1

C'
2

 = 8
1,875  ≈ 4,27

paraleluri SeerTebisas saerTo tevadoba daaxloebiT 4,27-jer metia, 

vidre mimdevrobiT SeerTebisas.

C'
1

C'
2

 – ?

C1 = 3 mf
C2 = 5 nf

3. 
amoxsna:

1. paraleluri SeerTebisas C
p
 = C3 + C4 = 4 mkf

2. mimdevrobiTi SeerTebisas

1
C  = 1

C1
 + 1

C2
 + 1

C
p

 + 1
C5

;  C1 = C2 = C
p
 = C5 = 4 mkf

amitom 
1
C  = 1

4  + 1
4  + 1

4  + 1
4  = 4

4
C = 1 mkf.

C – ?
C1 = C2 = C5 = 4 mkf
C3 = C4 = 2 mkf

SeniSvna:

1) kiTxvebi, romlebic SeiZleba daisvas kondensatoris muSaobis principis gaazrebis-

Tvis.

a) ra damokidebulebaa eleqtrotevadobasa da kondensatoris maxasiaTebl sidideebs 

Soris?

b) rogor icvleba kondensatorebis paraleluri SeerTebisas Semonafenebis saerTo 

farTobi? saerTo manZili Semonafenebs Soris (imsjele saxel. sur. 113-is mixedviT)?

g) rogor aisaxeba Semonafenebis farTobis cvlileba kondensatorebis saerTo eleqt-

rotevadobaze?
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d. rogor icvleba kondensatorebis mimdevrobiTi SeerTebisas saerTo manZili Semona-

fenebs Soris? Semonafenebis saerTo farTobi (imsjele saxel. sur. 114-is mixedviT).

rogor aisaxeba Semonafenebs Soris saerTo manZilis cvlileba kondensatorebis saerTo 

eleqtrotevadobaze?

2) kondensatorebs praqtikulad yvela Tanamedrove mowyobilo-

bebSi iyeneben: mag., eleqtroZravebSi, avtomobilebSi, tumboebSi, 

kondicionerebSi, macivrebSi, mobilur telefonebSi, smartfo-

nebSi. am xelsawyoebisaTvis saWiro kondensatorebis SerCevisas 

iTvaliswineben maT funqciur SesaZleblobebs. zogierTi konden-

satoris tipi gamoiyeneba farTo moxmarebisTvis, zogi mxolod spe-

cialuri moxmarebisTvis aris gankuTvnili. magaliTad, kondensa-

toris ganmuxtvisas miRebuli denis impulsiT mkurnaloben gulis 

zogierT daavadebas. amisTvis organizmSi atareben denis impulss 

(drois mcire intervalSi), romelic kondensatoris ganmuxtvisas 

miiReba. es xelsawyoa defibrilatori, romelsac iyeneben eleqt-

roimpulsuri Terapiisas gulis riTmis darRvevis dros.

3) eleqtroenergiis alternatiuli wyaros Zebnam bolo aTwleu-

lebis ganmavlobaSi masiuri xasiaTi miiRo, maT Soris erT-erTi 

popularuli aris atmosferuli eleqtrobis gamoyeneba. elvaze 

dakvirvebis Sedegad bevrs gauCnda idea am eleqrtruli energiis 

yofa-cxovrebaSi gamoyenebis Sesaxeb. Tanamedrove warmodgeniT, 

dedamiwa uzarmazari sferuli formis damuxtuli kondensato-

ria, romelic Tavis garSemo qmnis eleqtrul vels. ionosfero 

damuxtulia dadebiTad, dedamiwa uaryofiTad, xolo atmosfero 

dieleqtrikia, romelic maT Soris aris moTavsebuli. dedamiwis 

eleqtrotevadoba varaudoben, rom aris 700 mkf an 1 f. aseTi 

gaurkvevloba zusti gaangariSebis safuZvels ar iZleva. rogorc 

yvela realur kondensatorSi mTel dedamiwis zedapirze gadaTv-

liT gaJonvis deni 1800 amperia. es monacemi imaze miuTiTebs, rom 

dedamiwis kondensatori 8-10 wT-Si SeiZleba ganimuxtos da gaqres 

eleqtruli veli. Tanamedrove mecniereba ver xsnis ra meqaniz-

miT SeiZleba Seivsos am kondensatoris muxti, miuxedavad imisa, 

rom amis Sesaxeb bevri mosazreba arsebobs. muxtebis generato-

rad Tvlian elvasa da geofizikur movlenebs, mzis qars, magram 

dRes mecnierebma mainc zusatd ar ician saidan ivseba bunebrivi 

kondensatoris muxti. amasTan, ra ziansa da ra sikeTes moutans 

kacobriobas am energiis gamoyeneba aravin icis. amitom am konden-

satoris gamoyenebisgan yvela Tavs ikavebs.
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2.25. amocanebis amoxsna

1. 
amoxsna:

E1 daZabuloba haerSi E1 = 
U1

d
E2 daZabuloba dieleqtrikSi E2 = 

U2

d

radgan, ε
h
 ≈ 1;  ε = 

E1

E2
 

ε = 
E1

E2
 = 

U1

U2
 = 3

ε – ?
U1 = 60 v
U2 = 20 v
ε

h
 ≈ 1

2. 
amoxsna:

C = ε0εS
d

d = ε0εS
C

 = 0,0035 m = 3,5 mm

d – ?
S = 157 sm2 = 157 ͽ 10–4 m2

ε = 2
C = 80 pf = 8 · 10–11 f
ε0 = 8,85 ͽ 10–12 k2

n ͽ m2

3. 

amoxsna:

a) rodesac kondensatori gamorTulia Zabvis wyarodan,

maSin q = const

W1 = q2

2C1
;  W2 = q2

2C2
, sadac C1 = 

ε0εS
d1

 da C2 = 
ε0εS
d2

saidanac Cans, rom C1 = 3C2, amitom W2 = 3W1.
W1

W2
 = 1

3  

b) rodesac kondensatori SeerTebulia Zabvis wyarosTan, maSin

U = const,  W1 = C1U
2

2 ;  W2 = C2U
2

2 , saidanac Cans, rom

W1 = 3W2 
W1

W2
 = 3

W1

W2
 – ?

d2 = 3d1

4. 

amoxsna:

U1 = 
q
C1

U1 = 
qd1
ε0εS  = 2 v

U2 = 
qd2
ε0εS  = 

2qd1
ε0εS   U2 = 2U1 = 4 v

U2

U1
 = 2

U1 ; 
U2

U1
 – ?

C1 = 500 pf = 5 · 10–10 f
q = 1 nk = 10–9 k

d2 = 2d1
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5. 
amoxsna:

C = ε0εS
d

saidanac ε = d ͽ C
ε0S

 = 4

ε – ?
S = 500 sm2 = 0,05 m2

d = 0,1 mm = 10–4 m
C = 17,7 nf = 17,7 · 10–9 f

6. 

amoxsna:

C1 = ε0 ε1S
d ;  C2 = ε0 ε2S

d
C2
C1

 = 
ε2
ε1

 = 6
2,1

 ≈ 2,86

C2 = 2,86 C1

C2

C1
 – ?

ε1 = 2,1
ε2 = 6

7. 
amoxsna:

C1 C2

C = C1 ͽ C2
C1 + C2

 = 12
8

 = 1,5

C = 1,5 mkf

C – ?
C1 = 2 mkf
C2 = 6 mkf

8. 

amoxsna:

W1 = 
q2

1
2C1

  W2 = 
q2

2
2C2

C1 = ε0 ε1S
d1

  C2 = ε0 ε2S
d2

W1

W2
 = 

q2
1

q2
2

 ͽ 
C2

C1
 = 

q2
1

q2
2

 ͽ 
d1

d2
 = 4

3

W1

W2
 – ?

d2 = 3d1

q2 = 
q1
2

9. 
amoxsna:

C1 C2 C3 C4

gaWramde C0 = 
ε0εS

d

gaWris Semdeg S1 = S2 = S3 = S4 = S
4

C1 = C2 = C3 = C4 = 
ε0εS
4d

saerTo tevadoba 
1
C

 = 1
C1

 + 
1
C2

 + 
1
C3

 + 
1
C4

 = 4
C1

C = 
C1
4  = 

ε0εS
4 ͽ 4d  = 

C0
16  = 16 ͽ 10–6

16
 = 1 mkf

C – ?
C0 = 16 mkf = 16 ͽ 10–6 f
n = 4
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10. 
amoxsna:

W0 = 
q0

2

2C0
 = C0U0

2

2    C0 = 
ε0S
d

dieleqtrikis moTavsebis Semdeg C = εC0

W1 = 
q0

2

2εC0
 = 

W0
ε ;  W1= 

20 mkj
2  = 10 mkj

denis wyarosTan SeerTebis Semdeg

W = 
CU0

2

2  = 
εC0U0

2

2  = 2W0= 2 ͽ 20 = 40 mkj

W – ?
ε = 2
W0 = 20 mkj

11. 
amoxsna:

kinetikuri energiis Teoremis Tanaxmad

mυ2

2  – 0 = A;  A = eU;  U = 
q
C ,

maSin energiis mudmivobis kanonis

Tanaxmad: 
mυ2

2  = 
eq
C .

aqedan, υ = 2eq
mC  ≈ 0,32 ͽ 107 = 3,2 ͽ 106 m/wm

υ – ?
q = 0,3 nk = 0,3 ͽ 10–9 k
C = 10 pf = 10 ͽ 10–12 f = 1 ͽ 10–11 f

υ0 = 0
e = –1,6 ͽ 10–19 k
me = 9,1 ͽ 10–31 kg

2.26. Semajamebeli gakveTili

1. U = U1 + U2   1
C

 = 1
C1

 + 
1
C2

 (mimdevrobiTi)

 U = U1 = U2  C = C1 + C2 (paraleluri)
2.

1. _ g

2. _ v

3. _ e

4. _ a

5. _ b

6. _ d

eleqtrotevadobis kvleva. kondensatoris modeli.

mocemuli davaleba SesaZlebelia gamoyenebul iqnes, rogorc kompleqsuri davaleba. 

moswavleebi individualurad amzadeben kondensatoris models saxelmZRvaneloSi mocemu-

li miTiTebebis mixedviT. SeuZliaT airCion maTTvis misaRebi varianti.

amave dros, gasaTvaliswinebelia eleqtrul denTan muSaobis usafrTxoebis wesebi. ami-

tom saxelmZRvaneloSi mocemuli eqsperimentebisTvis rekomendacias viZleviT damzaddes 

kondensatorebi maTi damuxtvis gareSe. Catardes TviTnakeTi kondensatorebis orgvari 

SeerTebis modelebis demonstrireba. 
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garda saxelmZRvaneloSi mocemulisa, gTavazobT kondensatoris modelis damzadebis 

sxva variants, romelic SeiZleba dainteresebulma moswavleebma ganaxorcielon.

kondensatorebis damuxtva da maTi gamoyenebiT eqsperimentebi unda Catardes mxolod 

maswavleblis meTvalyureobiT.

rogor gavakeToT kondensatori

saWiro masalebi:

1. aluminis folga. ori ruloni. sasurvelia, folgas hqondes Semdegi maxasiaTeblebi: 

sigane 50 mm (umjobesia cotaTi viwro, magaliTad, 48 mm), sisqe 50 mkm, sigrZe 25m. magali-

Tad. produqti gamosaxuli sur. 1.

2. pilipropilenis ormxrivi skoCi. sasurvelia, skoCs hqondes Semdegi maxasiaTeblebi: 

sigane 50-55 mm, sisqe 50 mkm, sigrZe 25 m. magaliTad, produqti gamosaxuli sur. 2.

3. qaRaldis skoCi, ori ruloni. sasurvelia, skoCs hqondes Semdegi maxasiaTeblebi: sigane 

50-55 mm, sisqe 50 mkm, sigrZe 25 m. magaliTad, produqti gamosaxuli sur. 3.

4. samontaJo moqnili ori gamtari (sasurvelia, wiTeli da lurji feris), sigrZe daax-

loebiT 1 metri TiToeulis. ganivkveTi ara umetes 1 mm. masala spilenZi.

kondensatoris damzadeba. 

mocemuli masalebiT unda davamzadoT xuTfena sendviCi, fenebis agebuleba unda iyos 

aseTi: SuaSi moTavsdeba polipropilenis ormxrivi skoCi. romelsac orive mxridan miekro-

ba aluminis folga. spilenZis samontaJo gamtarebs erTi bolodan 40-45 mm sigrZeze moa-

cileT izolacia (gamoiyeneT sakancelario dana ise frTxilad, rom spilenZis gamtari 

ar gadaiWras), gamtaris gasufTavebuli nawili daadeT polipropilenis ormxrivi skoCze 

romelime erT mxares mikrul aluminis folgas da daafiqsireT qaRaldis skoCis naWeriT. 

igive moqmedeba SeasruleT meore mxareze miwebebuli aluminis folgisaTvis. SeamowmeT: 

aluminis folgebiT warmoqmnili polipropilenis firis Semonafenebi erTmaneTs ar unda 

exebodes da TviT Semonafenebis garedan saimedod unda iyos izolirebuli, risTvisac 

qaRaldis skoCi gadaakariT garedan aluminis orive kilitas ise, rom ar darCes aluminis 
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kilitas daufaravi zedapiri. miiRebT xuTi fenidan Sedgenil brtyel sendviCs. is war-

moadgens brtyel kondensators, romlis Semonafenebis zomebia: sigane _ 0,05 m: sigrZe _ 25 

m: Sesabamisad Semonafenebis (firfitebis) farTobia S = 25 x 0,05 = 1,25 m2; firfitebs Siris 

d manZils ganapirobebs polipropilenis ormxrivi skoCis sisqe. sur. 2-ze gamosaxuli ma-

salisaTvis es sisqea 50 mikroni, anu d = 5x10–5 m. polipropilenis dieleqtrikuli SeRwe-

vadobaa ε = 2,2. Sesabamisad, Cven mier damzadebuli kondensatoris tevadoba iqneba C = 0.45 
mikrofaradi. kondensatoris kompaqturi zomis misaRebad miRebuli 25 metris sendviCis 

zoli mWidrod davaxvioT ise, rom miviRoT cilindruli formis nakeToba, rasac formis 

SesanarCuneblad garedan SemoaxvieT qaRaldis skoCi. 

SeniSvna: SesaZloa, Tavdapirvelad amjobinoT patara modelis damzadeba, risTvisac 

sakmarisi iqneba ara 25 metri sigrZis xuTfeniani sendviCis gakeTeba, romelsac gabaritebis 

Sesamcireblad cilindrulad daxveva esaWiroeba, aramed amjobinoT mxolod 5 sm siganisa 

da imave sigrZis brtyeli kondensatiris damzadeba. magram aseTi kondensatoris tevadoba 

skolis laboratoriis pirobebSi Zneli gasazomi iqneba misi Zalian mcire tevadobis gamo. 

moifiqreT, rogoraa SesaZlebeli xuTfena sendviCis xuTive fenis erTdroulad Seko-

wiweba da imavdroulad daxveva, cilindruli formis kondensatoris misaRebad. SeiZleba 

dagWirdeT martivi samarjvis damzadeba. magaliTad, Txeli xis ficris naWeri, romelzec 

CaamagrebT eqvs cal grZel lursmans ise, rom xuTi lursmani gamoiyenoT masalebis rulo-

nebis Camosacmelad, xolo meeqvse lursmani miRebuli sendviCis zed Semosaxvevad.

roca daxvevas daamTavrebT, aluminis kilitebis boloebze miamagreT samontaJo moq-

nili gamtarebi gasufTavebuli boloebiT, SemoaxvieT webovani qaRaldis ramdenime fena 

gamtarebis saizolaciod da kondensatoris centrSi darCenili lursmnis amoReba ar da-

gaviwydeT. (Zalian magrad nu CaaWedebT lursmnebs ficarSi).

testeriT (multimetriT) SeamowmeT: kondensatoridan gamoyvanili mavTulebi ar unda 

iyos erTmaneTTan eleqtrul kontaqtSi.

gafrTxileba: dauSvebelia Tqven mier damzadebuli kondensatoris mierTeba denis ne-

bismier wyarosTan, sadac Zabva 5 volts aRemateba.

vargisianobis Semowmeba: testeriT Semowmebuli kondensatori miuerTeT 5 v emZ-is mqo-

ne gamorTul denis wyaros, wiTeli gamtariT denis wyaros dadebiT polusze, xolo ua-

ryofiT polusze lurji gamtariT. CarTeT da momentalurad gamorTeT denis wyaro. Tu 

kondensatori gamarTulad muSaobs, is moaswrebda damuxtvas, gaTiSeT kondensatori denis 

wyarosagan. is damuxtuli darCeba. kondensatorSi muxtebi iqneba dagrovili. Tu kondensa-

tors miuerTebT Suqdiods (LED naTuras), is erTxel gaielvebs da kondensatori ganimux-

teba. cda SegiZliaT gaimeoroT an SeamowmoT Tqveni kondensatori kidev ramdenime sxva 

gziT, rac SeiZleba moifiqroT.
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saSinao davaleba msoflios mravali qveynis zogadi ganaTlebis safexurze swavlebis 

savaldebulo nawilia. misi Sesruleba moswavleTa yoveldRiuri pasuxismgeblobaa. Tumca 

aris qveynebi, sadac saSinao davaleba ikrZaleba an izRudeba qveynis saganmanaTleblo po-

litikiT, an regulirdeba Sidasaskolo politikiT. 

maswavleblisTvis saSinao davaleba SeiZleba iyos Seswavlili masalis gamyarebis, saswa-

vlo gegmis srulyofilad dafarvis, jgufis progresis Sefasebis efeqturi saSualeba, 

Tumca, meore mxriv, is miiCneva moswavlisaTvis damatebiT samuSao saaTebad.

saSinao davalebis efeqturobis gansazRvraSi did rols asrulebs maswavleblis momza-

deba da saSinao davalebebis Sedgenis, gamokiTxvisa da Sefasebis meTodologiis codna.

ganasxvaveben akademiuri da araakademiuri tipis saSinao davalebebs. pirvel kategorias 

ganekuTvneba: ganmamtkicebeli, mosamzadebeli, saazrovno, integrirebuli da Semoqmede-

biTi tipis saSinao davalebebi. xolo araakademiuri davalebebis kategoriaSi erTiandeba 

pirovnuli da socialuri Tvisebebisa da unar-Cvevebis ganmaviTarebeli davalebebi.

akademiuri saSinao davalebis saxeebi:

ganmamtkicebeli saSinao davaleba yvelaze farTod gamoiyeneba da klasSi Seswavlili 

masalis gameoreba-ganmtkicebas emsaxureba. moswavles SeiZleba daevalos damatebiTi faq-

tebis, cxrilebis, maTematikuri formulebis, fizikis kanonebis da a.S. damaxsovreba.

mkvlevrebis mosazrebiT, yvelaze efeqturia iseTi ganmamtkicebeli davalebebi, romle-

bic axali masalisa da moswavlis piradi gamocdilebis dakavSirebas uzrunvelyofen.

ganmamtkicebeli davalebebi axali codnis gamyarebasa da konkretul unar-CvevaSi daxe-

lovnebas emsaxureba.

saazrovno tipis saSinao davaleba miRebuli codnis ganmtkicebisa da unar-Cvevebis 

aTvisebis Semdeg, mis axal konteqstSi an axleburad gamoyenebas gulisxmobs. saazrovno 

davalebebs Soris yvelaze gavrcelebulia saganSi miRebuli codnis gamoyeneba realuri 

problemebis gamosakvlevad da gadasaWrelad. aseve, saazrovno davalebis farglebSi Se-

saZloa ganxorcieldes Teoriuli msjeloba problemisa da hipoTezebis garSemo. am tipis 

davalebebi SedarebiT rTulia da maTi Sesruleba met mosamzadebel dros moiTxovs.

integrirebuli davaleba, saazrovno saSinao davalebis msgavsad, amocanebis, probleme-

bis gadaWris, hipoTezis ganxilvis, SedarebiTi da istoriuli analizis, mizezSedegobrivi 

kavSiris moZebnis saxiT SeiZleba warmoadginos maswavlebelma. integrirebuli davalebis 

arsi imaSi mdgomareobs, rom mis Sesasruleblad moswavlem sxvadasxva unar-Cveva an sxva-

dasxva saganSi miRebuli codna unda gamoiyenos.

SemoqmedebiTi tipis saSinao davalebebs ganekuTvneba iseTi davalebebi, rogoricaa: wig-

nis analizi, semestruli Tema, kvleviTi proeqti. aseTi davalebebi grZelvadiania da kvire-

bis an Tveebis ganmavlobaSi grZeldeba. SemoqmedebiTi davalebebis mizania, maswavlebelma 

moswavlisgan miiRos individualuri da originaluri produqti.

akademiuri saxis saSinao davalebebs Soris yvelaze gavrcelebulia ganmamtkicebeli da 

mosamzadebeli davalebebi.  amis erT-erTi safuZveli albaT is gaxlavT, rom axali masalis 

50%-iani xarisxiT ganmticebas axali codnisa da unar-Cvevebis oTxjer gavarjiSeba mainc 

sWirdeba, xolo codnis 80%-iani xarisxis miRwevas _ 24-jer gavarjiSeba. garda amisa, am 

tipis davalebebi, rogorc wesi, winaswar gawerilia saxelmZRvaneloebSi da Sesabamisad, maT 

Sedgenaze maswavlebels damatebiTi dro ar exarjeba. SemoqmedebiTi, integrirebuli da 

saazrovno davalebebi ki, ZiriTadad, maswavleblis mosafiqrebeli da Sesadgenia. maTi Sed-

genisas maswavlebels SeuZlia, Tavisuflad gaiTvaliswinos moswavleTa interesebi, maTi 

codnis done, socialuri foni da a.S

saSinao    davalebis    saxeebi
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1. proeqtebi

proeqtebze muSaoba moswavleebisagan moiTxovs: SemoqmedebiT midgomas, xels uwyobs 

dagrovili codnis gaaqtiurebas; emyareba moswavleebis mier sxvadasxva saskolo saganSi 

miRebuli codnis urTierTdakavSirebas.

moswavles uyalibdeba:

• problemis analizis;

• miznebis Camoyalibebis;

• miznis Sesabamisi amocanebis dasaxvis;

• amocanebis gadaWris;

• amocanebis gadasaWrelad Sesabamisi qmedebebisa da resursebis SerCevis;

• codnis SemoqmedebiTad gamoyenebis;

• urTierTTanamSromlobis;

• samuSaos droSi ganawilebis;

• Sefasebis unar-Cvevebs.

proeqtis Temis SesarCevad maswavlebelma erovnuli saswavlo gegmidan unda gamoyos 

problemuri sakiTxi, romelzec iwereba proeqti.

gTavazobT proeqtis Sedgenis sqemas:

a) problemis analizi _ gulisxmobs situaciis analizs;

b) problemis gansazRvra _ im problemis xazgasmas, romlis sapasuxodac aris mimarTuli 

proeqti.

g) mizani _ es aris mokled Camoyalibebuli is, Tu risi miRweva gsurT.

d) amocanebi _ gulisxmobs konkretul nabijebs miznis misaRwevad.

e) ganxorcielebis gzebi _ es aris kidev ufro konkretuli nabijebi dasmuli amicanebis 

Sesasruleblad. es gzebi aris procesi, romelmac unda upasuxos kiTxvebs:

1. rogor?

2. vin?

v) samuSao gegma _ es aris proeqti, gawerili droSi.

z) biujeti _ /resursebi/ _ es aris im resursebis CamonaTvali, romelTa daxmarebiTac 

unda ganxorcieldes proeqti.

T) Sedegebi _ yoveli amocanis gadaWris Semdeg miiReba konkretuli Sedegebi. is unda 

davyoT:

1. raodenobrivi

2. Tvisebrivi maCveneblebis mixedviT.

i) Sefaseba _ proeqti unda Sefasdes im kriteriumebiT, romlebic winaswar iqneba maswa-

vleblis mier gansazRvruli.

interaqtiuri    gakveTilis    elementebi
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moswavlis Sefasebis sqema

proeqtis gegma

I kriteriumi
kargad gamokveTili miznebi da logikuri gadasvla 

erTi ideidan meoreze.
1 qula

II kriteriumi
zusti, mkafio da koreqtuli faqtebi. Sesatyvisi 

TvalsaCinoebebi.
1 qula

III kriteriumi enobrivi gamarTuloba 1 qula

IV kriteriumi
kvleva aris dagegmili. gamoyenebulia sxvadasxva wy-

aro. analizi siRrmiseulia.
1 qula

V kriteriumi Cans siaxle da originaluri xedva 1 qula

VI kriteriumi
daskvnebi logikuria, Cans kavSiri kvlevasTan da isini 

mkafiodaa Camoyalibebuli.
1 qula

VII kriteriumi
prezentacia. naTlad Camoyalibebuli arsi, mkafio 

metyveleba, pasuxobs yvela kiTxvas.
1 qula

# Sesasrulebeli sakiTxebi SeniSvna TariRi

dRe, TariRi

moqmedebis gegma

bolo kviris manZilze:

moZiebuli masalebisa da eqsperimentebis 

Sedegebis damuSaveba-organizeba. 

klasebi sakuTar namuSevrebs gamofenen 

maswavleblebisa da aRmzrdelebis 

daxmarebiT, moawyoben namuSevarTa 

prezentaciebs /wardgenas proeqtis 

eleqtronuli variantis momzadeba 

prezentaciisaTvis.

sainformacio bukletebis damzadeba 

proeqtis prezentacia saskolo sivrceSi 

da sainformacio bukletebis darigeba.
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2. proeqtebi

saswavlo miznidan gamomdinare, sagakveTilo procesSi Zalian mniSvnelovania sxvadasxva 

saxis kiTxvebis dasma, rac moswavleebs uviTarebs:

• sakomunikacio;

• logikuri azrovnebis;

• analitikuri azrovnebis;

• mosmenisa da pasuxis gacemis unar-Cvevas.

SekiTxva SeiZleba iyos Ria da daxureli.

daxuruli kiTxva moiTxovs mxolod `diax~ an `ara~ pasuxs. amgvari kiTxva TavisTavad 

Seicavs pasuxs, romelsac an unda daeTanxmo, an ara. daxuruli kiTxva ZiriTadad gamoiye-

neba faqtobrivi codnis Sesamowmeblad, anu orientirebulia faqtobriv codnaze. Ria Se-

kiTxva ar moiTxovs erT konkretul pasuxs, is orientirebulia swavla/swavlebaze.

gTavazobT konkretul magaliTs

# daxuruli codnis Semowmeba Ria swavla/swavleba

1 risgan Sedgeba nivTiereba?
daasaxele romelime nivTierebis Sedgeniloba, 

mag., wylis.

2 ras gulisxmoben fizikur movlenebSi?
daasaxele konkretuli fizikuri movlena. 

ratom fiqrob, rom es fizikuri movlenaa?

gTavazobT konkretul magaliTs

1. hipoTezuri: `ras ifiqreb an moimoqmedeb, Tu...?~ aseTi SekiTxvebi moswavleebs ex-

mareba warmosaxvis unaris ganviTarebaSi da mimarTavs maT gonebas fiqrisa da gans-

jisaken.

2. gansjiTi: `rogor SegviZlia. xeli SevuwyoT am problemis gadaWras?~

3. wamaxalisebeli _ mxardamWeri: `sainteresoa, ra moxda. Semdeg?~ es SekiTxva moswav-

les exmareba, SeZlos Tavisi STabeWdilebisa da gamocdilebis gaziareba.

4. mastimulirebeli: `ra azris xar...?~ amiT maswavlebeli agrZnobinebs moswavles, rom 

misi azri mniSvnelovani da sainteresoa.

5. analitikuri: `ratom fiqrob ase?~ es SekiTxva dasmuli unda iyos ara agresiuli an 

gamomcdeli toniT, aramed unda gamoxatavdes maswavleblis interess; xels uwyob-

des bavSvs, Caufiqrdes sakiTxs, uviTarebdes mas analizis, msjelobisa da sakuTari 

azris dasabuTebis unars.

6. Semajamebeli: `Tu sworad gavige, Sen fiqrob, rom... `es SekiTxva gulisxmobs bavSve-

bis mosazrebebis Sejamebas da imis Semowmebas, sworad gaigo Tu ara maTi naazrevi 

maswavlebelma. am dros sxva moswavleebs kidev erTxel eZlevaT saSualeba, gaaana-

lizon maTi megobris mosazreba, gansazRvron, eTanxmebian Tu ara mas.

7. SemaTanxmebeli: `eTanxmebiT Tu ara gamoTqmul mosazrebas?~ am SekiTxvam SesaZloa, 

kamaTis provocireba gamoiwvios, an piriqiT _ daasrulos kamaTi. pirvel SemTxvevaSi 

maswavlebeli unda ecados konsensusis miRwevas an, Tu es SeuZlebelia, daafiqsiros 

gansxvavebuli azri da sakiTxi Riad datovos. meore SemTxvevaSi ki, SekiTxviT _ 

`SeiZleba Tu ara, es sakiTxi garkveulad CaiTvalos?~ _ igi amTavrebs erT Temas da 

gadadis Semdegze.
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esg-s    leqsikoni    pedagogebs

codna _ codnis sami kategoriis (deklaratiulis, procedurulis, pirobiseulis) er-

Tianoba, romelic sami tipis SekiTxvas pasuxobs: ra vici? rogor Sevasrulo? rodis, ra-

tom, ra SemTxvevaSi gamoviyeno?

 • deklaratiuli codna _ gulisxmobs Teoriebis, faqtebis, wesebis, kanonebisa da prin-

cipebis Teoriul codnas. igi statikuri xasiaTisaa da upasuxebs SekiTxvas: ra vici?

 • proceduruli codna _ gulisxmobs qmedebis/qmedebaTa Tanamimdevrobis codnas da 

iZleva codnis realizebis saSualebas operaciebis/procedurebis doneze. igi dinami-

kuri xasiaTisaa, aRiwereba, rogorc unari da upasuxebs SekiTxvas: rogor gavakeTo?/

rogor Sevasrulo?

 • pirobiseuli codna _ gulisxmobs deklaratiuli da proceduruli codnis gamoyenebis 

pirobebis gaazrebas. saganTa, movlenaTa, situaciaTa arsebiTi aspeqtebis gaazrebis, 

kategorizaciis unars, romelic codnis sxvadasxva konteqstSi gadatanis (transferis) 

SesaZleblobas iZleva. igi dinamikuri xasiaTisaa da upasuxebs SekiTxvebs: rodis, ra 

SemTxvevaSi? ratom?

erovnuli saswavlo gegmis miznebi _ gamomdinareobs zogadi ganaTlebis erovnuli miz-

nebidan. isini gansazRvravs im zogad unarebsa da Rirebulebebs, romelTa ganviTareba-Ca-

moyalibebasac yvela saganSi SeZenili codna unda emsaxurebodes.

sagnobrivi jgufis miznebi _ azustebs da akonkretebs erovnuli saswavlo gegmis miz-

nebs sagnobrivi jgufis sferos farglebSi. sagnobrivi jgufis miznebis ganxorcielebas 

emsaxureba sagnobrivi standartebi da wliuri programebi.

sagnobrivi standarti _ gansazRvravs codnis savaldebulo minimums, romelsac unda 

flobdes moswavle safexuris bolos. igi pasuxobs SekiTxvebs: ra unda icodes moswavlem, 

ra unda SeeZlos mas, ra RirebulebebiT unda aRizardos igi konkretuli sagnis farglebSi.

standarti Sedgeba Semdegi nawilebisgan: sagnis swavlebis miznebi; standartis Sedegebi 

da Sinaarsi; meTodikuri orientirebi; Sefaseba.

wliuri programa _ gviCvenebs saswavlo procesSi sagnobrivi standartis moTxovnebis 

realizebis gzebs. standartisgan gansxvavebiT, wliuri programa sarekomendacio xasia-

Tisaa.

sagnis swavla-swavlebis miznebi _ akonkretebs erovnuli saswavlo gegmisa da sagnobrivi 

jgufis miznebs kerZo sagnis konteqstSi.

standartis Sedegebi _ sagnis cnebebze dafuZnebiT gansazRvravs miznobriv orientirebs 

da upasuxebs SekiTxvas: ra unda SeeZlos sabazo safexuris moswavles? Sedegebi aRiwereba 

proceduruli da pirobiseuli codnis saxiT. swavla-swavleba, iseve rogorc Sefaseba, 

unda daigegmos da ganxorcieldes Sedegebze dayrdnobiT.

standartis Sinaarsi _ gansazRvravs, ra unda icodes moswavlem. Sinaarsi aRiwereba sa-

valdebulo cnebebis, saswavlo Temebis/ Tematuri blokebis/ CarCoebis, sagnobrivi sa-

kiTxebis saxiT.

cnebebi _ sagnis sistemuri da gaazrebuli codnis safuZveli am sagnis ZiriTad cnebaTa 

sistemaa. aqedan gamomdinare, cnebebi Sedegis ganuyofeli nawili da saswavlo procesis 

miznobrivi orientiria. cnebis swavla-swavleba moicavs mis sam struqturul elements:

1. termins _ cnebis aRmniSvneli sityva;

2. cnebis Sinaarss _ cnebis ganmsazRvreli, arsebiTi niSan-Tvisebebi;

3. cnebis moculobas _ magaliTebis/SemTxvevebis simravle, romlebsac es niSan-Tvisebe-

bi miesadageba.
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saswavlo Temebi _ warmoadgens saswavlo erTeuls, romlis farglebSic muSavdeba Sede-

gebi da cnebebi. TiToeuli Temis farglebSi SeZlebisdagvarad standartis yvela Sedegi 

unda damuSavdes. sagnobrivi programebi Temebis saxiT moswavleebs sTavazobs nacnob, misi 

asakobrivi interesebis Sesabamis konteqstebs, romlebic sagnobrivi komponentebis (Se-

degebis, cnebebis, konkretuli sakiTxebis) integrirebulad da urTierTdakavSirebulad 

swavlebis saSualebas iZleva.

Tematuri bloki/CarCo _ im sagnebSi, romlebSic saswavlo Temebi mWidrod ar ukavSir-

deba standartis Sedegebs (qarTuli ena da literatura, qarTuli, rogorc meore ena, 

ucxouri enebi, saxviTi da gamoyenebiTi xelovneba, musika, maTematika, fizikuri aRzrda 

da sporti), savaldebulo Temebis nacvlad Tematuri blokebi/CarCoebia warmodgenili. 

isini qmnian saerTo safuZvels wliur programaSi konkretuli saswavlo Temebis gansazR-

vrisaTvis.

sagnobrivi sakiTxebi _ ganisazRvreba standartis Sinaarsis farglebSi. isini SerCeul 

unda iqnes imgvarad, rom cnebebis gaazrebas, sakvanZo kiTxvebsa da kompleqsur davale-

bebze muSaobas, mkvidri warmodgenebis Camoyalibebas emsaxurebodes.

Tematuri sakvanZo SekiTxvebi _ akavSirebs saswavlo Temas/Tematur bloks, sakiTxebs 

standartis SedegebTan. maTi funqciaa:

 • moswavlis winare codnis gaaqtiureba, cnobismoyvareobis gaRviveba, provocireba ax-

ali codnis SesaZenad;

 • saswavlo Temis Sedegze orientirebulad swavla-swavlebis uzrunvelyofa;

 • Temis swavla-swavlebis procesSi Sualeduri bijebis/etapebis gansazRvra. sakvanZo 

SekiTxva warmoadgens maorganizebel elements, romelic saswavlo Temis farglebSi 

asrulebs gakveTil(eb)is miznis rols.

 • Tematur sakvanZo SekiTxvebs sarekomendacio xasiaTi aqvs.

safexurebrivi sakvanZo SekiTxvebi _ isini Tematuri sakvanZo SekiTxvebisgan gansxvavebiT 

savaldebulo xasiaTisaa. safexurebrivi SekiTxvebi ganzogadebulad gansazRvraven veqto-

rebs, romlebic swavla-swavlebis process Sedegebisken mimarTavs.

Sefasebis indikatorebi _ gamomdinareobs Sedegebidan da aCvenebs, Tu ra unda SeZlos 

moswavlem konkretuli Temis farglebSi. sxva sityvebiT, indikatori aris TemaSi realize-

buli Sedegi, romelic savaldebulo xasiaTs atarebs. indikatorebSi dakonkretebulia 

codnis is savaldebulo minimumi, romelsac moswavle Temis farglebSi unda daeuflos. 

Sefasebis indikatorebze dayrdnobiT yalibdeba kriteriumebi Sefasebis rubrikebisTvis.

Semajamebeli kompleqsuri davaleba _ ganisazRvreba Temebis mixedviT da warmoad-

gens Sinaarsian, cxovrebiseul situaciebTan dakavSirebul davalebas, romlis Sesruleba 

moiTxovs funqciur konteqstebSi sxvadasxva codnaTa integrirebulad gamoyenebas.

mkvidri warmodgenebi _ ganisazRvreba Temebis mixedviT. es aris zogadi warmodgene-

bi, romlebic Temis Seswavlisas unda Camoyalibdes moswavlis xangrZliv mexsierebaSi mis 

(moswavlis) winare warmodgenebze dayrdnobiT, raTa man Temis farglebSi dasaxuli mizne-

bis miRweva SeZlos. mkvidri warmodgenebi azrovnebis sayrdenia gagebis aqtebis gansaxor-

cieleblad.
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ზოგადი განათლების რეფორმის მიზნები.
hƩ ps://emis188-my.sharepoint.com/:w:/g/personal/imgeladze_mes_gov_ge/Ea_aBni7DQBNnFwE3Lfw-

Q2MByyBx69uEiAclavoCmkXm4A?e=emSJl4
ინდივიდუალური სასწავლო გეგმის შემუშავების ინსტრუქციები:
hƩ ps://emis188-my.sharepoint.com/:f:/g/personal/samkharadze_sopio2_teachers_gov_ge/EudJKxzS-

hUBJnjYQMJRvEOYBoVDi-LQrccWOBkwAwu5dhA?e=rUzYk5
განათლებისა და მეცნიერების სამინისტრო – ზოგადი განათლების რეფორმა – Facebook 

გვერდი.
hƩ ps://www.facebook.com/generaleducaƟ onreform
ინკლუზიური განათლება (ზოგადი განათლების რეფორმა) – Facebook ჯგუფი.
hƩ ps://www.facebook.com/groups/211490110879342
კონდენსატორები
hƩ ps://www.youtube.com/watch?v=eA_CD499Ohs kondensatori
hƩ ps://youtu.be/zrCbD9lv6IA
hƩ ps://www.youtube.com/watch?v=RRQx4eTUs88
hƩ ps://www.youtube.com/watch?v=UMJzF8__zxA
hƩ ps://www.youtube.com/watch?v=rM96YBz2o0Q
hƩ ps://www.youtube.com/watch?v=bcz_ekr8JAA
ელექტროფორული მანქანა
hƩ ps://www.vascak.cz/data/android/physicsatschool/templateimg.php?s=ele_wimshurst&l=en
ელექტროსკოპი
hƩ ps://www.youtube.com/watch?v=U8InfTUvalI
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