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9.3 gamtarebis mimdevrobiTi da paraleluri SeerTeba 
 

am martiv wredSi gamtarebis ori tipiuri SeerTebaa gamoyenebuli. 
winaRobebi  R1  da R2  , da  agreTve R1  da R3 erTmaneTTan mimdevrobiT arian 
SeerTebulebi. winaRobebi R2  da R3 ki paralelurad. ra kanonzomiereba 
axasiaTebs gamtarebis erTsa da meore CarTvas?  
 

 

 
9.3.1 9.3.2 

pirvel SemTxvevaSi orive winaRobaSi gadis erTi da igive deni, anu  

21 III == . 

gavixsenoT omis kanoni - RUI /= . am mimdevrobiTi SeerTebisaTvis omis 
kanoni gvaZlevs aseT Sedegs:  

11 RIU ⋅= ,  21 RIU ⋅= . 

am SeerTebaze modebuli Zabva U winaRobebze modebuli Zabvebis jamis 

tolia: 21 UUU += . ismis sakiTxi Tu rogori iqneba aseTi SeerTebis 

winaRoba R, anu ra mniSvneloba unda gaaCndes am erT winaRobas, 
romliTac SegviZlia SevcvaloT mocemuli ori da SevinarCunoT denis 
igive mniSvneloba I? omis kanoni gveubneba, rom  

RUURUI /)(/ 21 +== , anu RRIRII /)( 21 ⋅+⋅= .  

aqedan gamomdinareobs 21 RRR += . miviReT, rom mimdevrobiT SeerTebul 
winaRobaTa eqvivalenturi winaRoba udris Semadgenel winaRobaTa jams. 
 

ra xdeba meore SemTxvevaSi, rodesac gamtarebi paraleluraT arian 
SeerTebulebi? cxadia orive gamtarze erTi da igive U Zabvaa modebuli, 
xolo deni iyofa da gamtarebSi gavlis Semdeg isev sawyis mniSvnelobas 

ubrundeba anu 21 III += . omis kanoni gveubneba: 

2121 /// RURURUIII +==+= . 

aqedan viRebT  

21 /1/1/1 RRR += , anu 
21

21

RR
RR

R
+

= . 

miviReT, rom parelelurad SeerTebul gamtarTa SemTxvevaSi 
eqvivalenturi winaRobis uku mniSvneloba udris paralelurad 
SeerTebul winaRobaTa uku mniSvnelobebis jams.  

 

9.2.1 naxatze moyvanili wredi daiyvaneba or ganxilul SemTxvevaze. 
denebis da winaRobebis gaTvla SesaZlebelia gamoyvanili formulebiT. 
ufro rTuli wredebis gaTvlac aris SesaZlebeli omis kanonis 
gamoyenebiT, Tu TanmimdevrulaT daviyvanT am martiv SeerTebebze.  
 

aq (9.3.3) moyvanilia magaliTi. winaRobebis mniSvnelobebi mocemulia 
winaRobis sazom erTeulebSi omebSi. erTeuli aRiniSneba berZnuli 
omegaTi - Ω . 
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9.3.3 

 

SesaZlebelia iseTi wredis Seqmna, romelic ar daiyvaneba mimdevrobiT 
da paralelurad SeerTebul gamtarebze. magaliTi moyvanilia 9.3.4 
naxatze. 

 
9.3.4 9.3.5 

aseT SemTxvevebSi SegviZlia gamoviyenoT kirhofis kanonebi. 9.2.1 naxatze 
Cven gamovyaviT ori kvanZi – adgili, sadac ramdenime gamtari erTmaneTs 
uerTdeba. kirhofis pirveli kanini gvaZlevs saSualebas davweroT 
gantoleba rTuli wredis TiToeuli kvanZisaTvis. miaqcieT yuradReba, 
rom  9.2.1 naxatze arsebuli kvanZebi ar arian damoukideblebi – oriveSi 
erTi da igive denebi Sedian da gamodian, amitom mxolod erTi 
gantoleba iqneba gamoyenebuli. 
 

rac Seexeba wredebSi Zabvebis gabawilebas da kirhofis meore kanonis 
gamoyenebas – aqac unda veZeboT damoukidebeli konturebi. 9.2.2 naxatze 
ori damoukidebeli konturia.  
 

 
9.3.6 

TiToeuli damoukidebeli konturisaTvis SegviZlia davweroT gantoleba. 
es gantolebebi unda iTvaliswinebden eleqtromamoZravebeli Zalis mqone 
wyaros arsebobas. radgan konturi Caketilia, mis yovel elementSi erTi 
da igive, am wyaros arsebobiT ganpirobebuli deni gadis, any unda 
daiweros omis kanoni sruli wredisaTvis. kirhofis meore kanoni sruli 
wredis omis kanonidan gamomdinareobs.  
 

gantolebebis daweris dros virCevT konturis “Semovlis” mimarTulebas. 
igi SeiZleba iyos saaTis isris, an sawinaaRmdego mimarTulebiT. 
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mniSvnelovania SemoviRoT am mimarTulebasTan denebis da Zabvebis 
niSnebis SeTanxmebis wesi. 9.3.6 naxatze moyvanilia es wesi. naCvenebia ra 
niSniT unda aviRoT gantolebaSi es mniSvnelobebi.  9.2.1 naxatze 
naCvenebi wredisaTvis konturebisaTvis daiwereba gantolebebi: 

021 =++ UUV , 031 =+− UU . 

kvanZisaTvis daiwereba gantoleba: 

0321 =−− III .  

rogorc wesi, realuri teqnikuri gaTvlebis dros wredebSi mocemulia 
eleqtromamoZravebeli Zalis mniSvneloba da gamtarebis winaRobebi, anu 
am wredisaTvis V, R1, R2, R3. unda ganisazRvros denebis an Zabvebis 
mniSvneloba. SegviZlia gadavweroT es gantolebebi aseTnaeraT: 

02211 =++ RIRIV , 

03311 =+− RIRI , 

0321 =−− III . 

am gantolebebis amoxsna gvaZlevs wredis denebis da Zabvebis 
mniSvnelobebs.  
 

9.4 denis muSaoba da simZlavre 
 

wina paragrafebSi denis cnebas sakmaod zogadad vixilavdiT. es cneba 
SesaZlebelia, miuyenoT siTxes, informacias, fulad masas da a.S. 
rodesac eleqtrul denze vsaubrobT, ra Tqma unda vgulisxmobT 
eleqtruli muxtebis mowesrigebul moZraobas, anu ra sididis muxtma 
gaiara gamtarSi drois erTeulSi: 

t
qI

Δ
Δ= . 

rodesac vixilavdiT potencialis cnebas, davaskveniT, rom muxtis 1 
wertilidan 2 wertilSi gadasatanad saWiro muSaoba muxtis sididis da 
potencialTa sxvaobis proporciulia:  

qA Δ⋅Δ=Δ 2,1ϕ .  

aqedan gamomdinareobs  

tIqA Δ⋅⋅Δ=Δ⋅Δ=Δ 2,12,1 ϕϕ . 

avRniSnoT potencialTa sxvaoba ise rogorc miRebulia wredebis 
Tvisebebis, anu muxtTa erTobliobis makroskopuli Tvisebebis ganxilvis 
dros - U. denis mier Sesrulebuli muSaoba gamoisaxeba formuliT 

tIUA Δ⋅⋅=Δ . 
ganmartebiT, simZlavre udris drois erTeulSi Sesrulebul muSaobas, 
e.i.  

IUP ⋅= . 
Tu gamoviyenebT omis kanons, SegviZlia simZlavre warmovadginoT aseTi 
saxiT: 

RURIIUP /22 =⋅=⋅= . 
es metad mniSvnelovani daskvnaa – gamtarSi gamavali muxtebis mier 
(denis mier) Sesrulebuli muSaobis simZlavre denis kbadratis  da 
winaRobis mniSvnelobis proporciulia.  
 
drois raRac T monakveTSi gamoyofili energia gamoisaxeba formuliT 

 RTIA 2= . 
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realuri gamtari yovelTvis danakargebiT muSaobs. es muSaoba siTboSi 
gardaiqmneba. am formuliT muSaobs nebismieri eleqtroqura da 
eleqtrospiralis mqone naTura. am or SemTxvevaSi specialurad 
vcdilobT miviRoT rac SeiZleba meti siTbo. sxva eleqtrul da 
eleqtronul wredebSi am siTbur danakargebs, piriqiT, ebrZvian wredebis 
optimaluri gaTvliT.  
 

aqamde saubari iyo wredis monakveTze. Tu ganvixilavT srul wreds, unda 
gaviTvaliswinoT eleqtromamaZravebeli Zalis mqone wyaros Sida 
winaRoba. radgan wyaris SigniT da gare wredSi erTi da igive deni gadis, 
denis simZlavre miiRebs saxes: 

)(2 rRIPE += . 

e.w. mokle CarTvis dros 0=R . wyaros mTeli simZlavre gamoiyofa mis 
SigniT. Tu wyaro ar aris daculi, mokle CarTva mis dazianebas iwvevs.  
 

radgan gare wredis simZlavre viciT - RIP ⋅= 2 , SegviZlia SevafasoT 
wyaros margivi qmedebis koeficienti – 

)/(/ rRRRPk E +== . 
am formulidan martivi daskvnis gakeTeba SegviZlia – rac ufro mcirea 
wyaros Sida winaRoba, ufro didia margivi qmedebis koeficienti.  
 

9.5 eleqtruli deni metalebSi 
 

rogorc araerTxel vaxseneT, eleqtruli deni warmoadgens eleqtronebis 
mowesrigebul moZraobas. es moZraoba xdeba maTze eleqtruli velis 
zemoqmedebis gamo. eqsperimenti gviCvenebs, rom metalur gamtarSi 
eleqtruli denis gavlis dros ar xdeba gamtaris Semadgeneli 
nivTierebis gadatana.  ganvixiloT erTi experimenti, romelic gviCvenebs, 
rom eleqtruli deni namdvilad ganpirobebulia eleqtronebis 
moZraobiT. eqsperimenti miekuTneba e.w. principul eqsperimentTa rigs. 
aseTi saxis eqsperimentebi Tvisobrivad axal informacias gvaZleven 
bunebis movlenebis Sesaxeb.  
 

 
 
tolmenis da 

stiuartis cda 

riCard tolmenma da tomas stiuartma es gonebamaxviluri 
eqsperimenti ganaxoecieles daaxlovebiT 100 wlis win. 
spilenZis wvrili mavTuliT daxveul koWas abruneben 
didi siCqariT misi sakuTari RerZis garSemo. mavTulis 
boloebi kontaqtebis specialuri sistemiT SeerTebulia 
mgrZnobiare denis gamzom xelsawyosTan – galvanometrTan. 
ra moxdeba Tu daviwyebT koWas damuxruWebas? muxtis 
matarebeli nawilakebis inerciis gamo koWaSi unda 
gaCndes eleqtruli deni. damuxruWebis dros muxtis 
matarebel nawilakze moqmedebs Zala, romelic misi masis 
da aCqarebis namravlis tolia, anu moqmedebs kargad 
cnobili niutonis kanoni amF ⋅−= . aCqareba uaryofiTa, 
radgan nawilaki kargavs soCqares.  
 

es Zala Sefardebuli erTeulovan muxtTan, adre 
SemoRebuli ganmartebis Tanaxmad, eleqtruli velis 
daZabulobis tolia:  

a
e
mE −= . 
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koWaSi q muxtis gadasatanad Zala Seasrulebs muSaobas lqEA ll ⋅⋅= , 

sadac l – daxveuli mavTulis sigrZea. SegviZlia davweroT gamosaxuleba 

tIUlqa
e
mlqEA l Δ⋅⋅=⋅⋅−=⋅⋅= . 

amgvarad, tΔ  damuxruWebis drois ganmavlobaSi gare Zala, damuxruWebis 
Zala Seasrulebs samuSaos – gadaitans q muxts, anu warmoqmnis I 
eleqtrul dens. 
 

eqsperimenti srul TanxmobaSi aRmoCnda am warmodgenebTan. formulidan 
gamomdinareobs denis Semqmnel nawilakTa xvedriTi muxtis gamosaxuleba 

tUI
aql

m
e

Δ
−= .  

marjvena mxare Seicavs sidideebs, romelTa gazomva SesaZlebelia, anu 
SesaZlebelia eleqtronis xvedriTi muxtis dadgena. eqsperimentis 
Sedegad dadgenili mniSvneloba aRmoCnda sxva eqsperimentebSi dadgenili 
eleqtronis xvedriTi muxtis mniSvnelobis toli. miaqciaT yuradReba, 
rom formulis marjvena mxares myofi sidideebi erTmaneTTan 
dakavSirebulebi arian. mniSvneli asaxavs makroskopul sidides – 
muSaobas, romelic Sesruldeba koWaSi Seqmnili eleqtromamoZravebeli 
Zalis mier gare gamzom wredSi. mricxveli asaxavs eqsperimentis  
mikroskopul sidides – muxtis matarebelTa (eleqtronTa) l manZilze 
gadasatanad Sesrulebul muSaibas. superpoziciis principi gvaZlevs 
saSualebas warmovadginoT es sididec makroskopiuli sididis saxiT. 
muSaobas asrulebs gare makroskopuli damuxruWebis Zala, romelic a   
aCqarebiT aris warmodgenili.   
 

 

 

aucileblad unda aRiniSnos, rom realur 
laboratorul eqsperimentSi eqsperimentis Sedegze 
moqmedebs dedamiwis magnituri veli. misi 
zegavlenis asacileblad unda Seiqmnas magnituri 
velisagan “Tavisufali” sivrce. amisaTvis iyeneben 
e.w. helmholcis koWebs – koWebis sistemas, romelTa 
sivrculi ganawilebiT da denebis sidideebis 
SerCaviT miiRweva sasurveli magnituri velis 
Seqmna sivrcis gansazRvrul moculobaSi. tolmen-
stiuartis eqsperimentis SemTxvevaSi unda moxdes 
dedamiwis magnituri velis zemoqmedebis 
kompensacia, anu Seiqmnas igive sididis da 
sawinaaRmdego mimarTulebis veli. 

 

tolmen-stiuartis eqsperimenti eyrdnoboda warmodgenas metalebSi 
Tavisufali eleqtronebis arsebobis Sesaxeb. es warmodgena safuZvlad 
edo q.lorencis klasikur Teorias, romlis mixedviT eleqtronebi 
metalebSi idealuri gazis msgavsad iqcevian. es eleqtronuli gazi 
avsebs sivrces metalebis kristaluri struqturis warmomqmnel ionebs 
Soris. am ionuri struqturis arsebobis gamo, eleqtronebi ver toveben 
metals Tavisuflad. saWiroa e.w. potenciuri barieris gadalaxva. 
Cveulebriv pirobebSi eleqtronebs ar yofnis energia am barieris 
gadasalaxavaT da metalebis dasatoveblad.  
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tolmen - stiuartis eqsperimenti
adasturebs warmodgenis metalebSi
eleqtronebis qcevs, rogorc idealuri 
gazis qcevis Taobaze. eleqtronebis 
moZraobis saSualo siCqare pirvel 
rigSi damokidebulia temperaturaze.  

temperatures gazrdiT SesaZlebelia mivaniWoT eleqtronebs 
potenciuri barieris gadasalaxavad sakmarisi energia. es 
SesaZlebelia TviT eleqtronebis mowesrigebuli moZraobiT, anu
metalSi denis gatarebiT moxdes. 
 

eleqtruli wredis Sekvris Semdeg, deni praqtikulad myisierad 
yalibdeba metalur gamtarSi. wredis Sekvra iwvevs metalSi eleqtruli 
velis sinaTlis siCqariT gavrcelebas. miaxlovebiT l/c droSi, sadac l  
gamtaris sigrZea, gamtarSi yalibdeba eleqtruli velis ganawileba da 
iwyeba eleqtronebis mowesrigebuli moZraoba – deni. 
 

10. eleqtrobis kanonebi – eleqtruli denebis magnituri 
urTierTqmedeba 
 

10.1 erstedis cda 
magnituri movlenebis arseboba uxsovari droidan aris cnobili. 
sanavigacio instrumenti – kompasi, romelic iyenebs magnetizmis movlenas 
da dedamiwis magnituri velis arsebobis faqts, cnobili iyo TiTqmis 
4000 wlis win. magram mxolod XIX saukuneSi gairkva kavSiri eleqtrul 
da magnituri movlenebs Soris da SemoRebul iqna magnituri velis cneba.  

 

 
hans qristian erstedi erstedis cda 

 

1820 wels danielma fizikosma hans qristian erstedma cdis Sedegad 
aRmoaCina, rom eleqtruli deni zegavlenas axdens magnituri isarze – 
denis gamtaris isarTan miaxlovebisas, isarze moqmedebs Zala, romelic 
cvlis magnituri isris mimarTulebas. es, pirveli SexedviT, martivi 
eqsperimenti asaxavs bunebis kidev erT Rrma, fundamentur 
kanonzomierebas, romelmac Secvala adamianTa civilizaciis saxe. am 
eqsperimentul faqts udidesi mniSvneloba aqvs eleqtruli movlenebis 
kvlevaSi. 
 

10.2 amperis Zala da kanoni 
 

erstedis aRmoCena moiTxovda zust gazomvebs, urTierTqmedebis ricxviTi 
mniSvnelobebis miRebas da kanonzomierebis dadgenas. es kvleva 
ganaxorciela frangma fizikosma andre amperma. amperma daadgina, rom 
eleqtruli denebi erTmaneTze moqmedeben magnituri velebis meSveobiT. 
amperes kvlevebis Semdeg eleqtruli da magnituri movlenebi 
ganuyofelad, rogorc erTiani fizikuri movlenis ori mxare ganixileba. 
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magnituri velis wyaros warmoadgenen moZravi eleqtruli muxtebi an 
denebi. gamtaris garSemo deni qmnis magnitur vels. magnituri velis 
cneba SegviZlia eleqtruli velis cnebis analogiurad SemoviRoT. 
sasinji myxtis analogs Seasrulebs magnituri isari. isris mdgomareoba 
(mobrunebis kuTxe) amJRavnebs magnituri urTierTqmedebis Zalis 
mimarTulebas. magnituri isrebi lagdebian magnituri Zalwirebis 
gaswvriv.  
 

 
naxati 9.2.1 

  
9.2.1 naxatze naCvenebia mudmimi magnitis (damagnitebuli magnituri 
Senadnobis) da eleqtruli koWas magnituri velebi. erT SemTxvevaSi 
velis wyaros warmoadgens magniti, meoreSi – koWaSi gamavali deni. 
SesaZlebelia koWas zomebis da denis sididis iseTi mniSvnelobebis 
SerCeva, rom velebi erTmaneTis identurebi iqnebian, anu velebs 
erTmaneTisagan veranairad ver ganvasxvavebT. orive SemTxvevaSi magnituri 
velebs eqneba ori magnituri polaroba N da S polaroba. polaroba 
aRiniSneba kompasis magnituri isarTan urTierTqmedebis mixedviT, anu 
dedamiwis magniruri velis polarobasTan aris miyvanili. erTi da igive 
niSnis polusebi ganizidebian, sxvadasxva magnituri niSnis ki miizidebian. 
 

magnituri velis erTerTi principuli gansxvaveba eleqtrulisagan (da 
gravitaciulisagan) imaSi mdgomareobs, rom am vels ar gaaCnia vels ar 
gaaCnia eleqtruli velis muxtis msgavsi wyaro. magnituri Zalwiri 
yovelTvis Sekrulia, ara aqvs sawyisi da bolo muxtTan, rogorc 
eleqtrul ZalwirTan.  
 

magnituri velis aRsawerad aucilebelia urTierTqmedebis iseTive 

maxasiaTeblis SemoReba rogoric aris eleqtruli velis daZabuloba E
r
. 

am maxasiaTebels warmoadgens e.w. magnituri induqciis veqtorui B
r

, 
romelic gansazRvravs magnitur velSi danebze an moZrav muxtebze 
momqmedi Zalebis mimarTulebas da mniSvnelobebs. veqtoris mniSvneloba 
miRebulia dadebiTad, Tu veqtori mimarTulia samxreTi polusidan 
CrdiloeTi polusisaken, anu  S-idan N-isaken. magnituri velis Seswavlis 
SemTxvevaSi sasinj mowyobilobas warmoadgens magnituri isari, 
romelsac Tavisuflad SeuZlia orientireba magnitur velSi. magnituri 
induqciis veqtori swored isars miyveba. magnituri isari velis 
TvalsaCinoT warmodgenis saSualebas gvaZlevs.  
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cnobilia klasikuri laboratoruli 
cda, romelic metad TvalsaCinoT 
avlens magnituri induqciis xazebas. 
rlinis naxerxis marcvlebi advilad 
magnitdebian.  isini patara magnirur 
isrebs warmoadgenen da lagdebian 
Zalxazebis gaswvriv. Tu mudmiv 
magnits rkinis naxerxs movayriT, 
gamoCndeba naxatze warmodgenili 
suraTis msgavsi, Zalxazebis amsaxveli 
suraTi.  

 
mxolod induqciis veqtoris mimarTulebis gansazRvra ar aris sakmarisi 
magnituri velis daxasiaTebisaTvis, saWiroa veqtoris modulis 
gansazRvra. advili misaxvedria, rom magnituri velSi unda moTavsdes 
gamtari, romelSic gadis deni I da ganisazRvtos misi sigrZis 

lΔ erTeulze momqmedi Zala F .  
 

eqsperimenti gviCvenebs, rom es Zala denis sididis da gamtaris sigrZis 
proporciulia, da agreTve damolidebulia kuTxeze denis da induqciis 
veqtorebs Soris. am Zalas amperis Zala qvia:   

αsin~ lIF Δ  
Zalis mniSvneloba maqsimaluria - maxF , rodesac denis mimarTuleba 

magnituri Zalwiris mimarTulebis marTobulia.  
 

SemoviRoT magnituri induqciis veqtoris modulis mniSvnelobis Semdegi 
ganmarteba:  

lI
F

B
Δ

= max . 

amgvarad, Cven Semogvaqvs magnituri velis cneba, anu Semogvaqvs magnituri 
velis Semqmneli wyaros maxasiaTebeli, romlis saSualebiT SegviZlia 
ganvsazRvroT amperis Zala velis nebismier wertilSi. es iseTive 
xasiaTis ganzogadoebaa, romelic SemoviReT eleqtruli velis cnebis 
SemoRebis dros. amgvarad, D 

αsin⋅Δ⋅⋅= lBIF  , 
sadacα - ukve naxsenebi kuTxea denis mimarTulebasa da magnituri velus 
induqciis (eleqtruli velis daZabulobis analigis) veqtors Soris. es 
formula amperis kanons asaxavs.  
 

warmovidginoT yvelaze martivi SemTxveva, rodesac magnituri veli 
Seqmnilia usasrulo sigrZis gamtaris mier. am velSi Setanili, pirvelis 
paraleliri meire sadeni amperis Zalis zemoqmedebas ganicdis. orive 
gamtari qmnis magnitur vels da maTi urTierTzemoqmedeba amperes ZaliT 
aris gamowveuli: erTi gamtaris magnituri veli amperes ZaliT moqmedebs 
meoris denze da piriqiT – meore denis veli moqmedebs pirvelze. 
eqsperimenti gviCvenebs, rom es Zala – gamtarebis lΔ  elementebis 
erTmaneTze zemoqmedebis Zala gamtarebSi gamavali denebis 
proporciulia da gamtarebs Soris manZilis ukuproporciulia: 

R
lIIkF Δ

= 21 . 
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magnituri induqciis ganmartebidan gamomdinare pirveli sadenis 
magnituri induqciis veqtori Semdegnairad gamoisaxeba: 

B
R
Ik

lI
FB 1

2
1 =

Δ
= , 

meoresi - 
R
I

k
lI

FB 2

1
2 =

Δ
= , anu zogadaT denis magnituri induqciis moduli  

R
IkB = . 

es ganxiluli SemTxveva warmodgenilia 9.2.2 naxatze. 
 

 
naxati 9.2.2. denebis magnituri urTierTqmedeba da eleqtruli deniT inducirebuli 

(gamowveuli) magnituri veli 
 

denis magnituri induqciis veqtoris 
mimarTulebis dasamaxsovreblaT iyeneben
e.w. xraxnis wess. naxatze naCvenebia 
denis, magnituri induqciis veqtoris da 
xraxnis brunvis mimarTuleba. umravles 
SemTxvevaSi yoveldRiur saqmianobaSi 
Cven viyenebT xraxnebs, romelTa winsvla 
xorcieldeba saaTis isris 
mimarTulebiT, rodesac winsvla Cvengan 
xdeba.    

 
10.3 bio-savaris kanoni 
 

magnituri velic superpoziciis princips eqvemdebareba. Tu veli 
Seqmnilia ramdenime deniT, velis induqcia warmoadgens denebiT 
gamowveuli induqciebis veqtorul jams.  
 

 

superpozisiis principidan gamomdinare, 
sivrcis nebismier wertilSi nebismieri 
formis gamtaris magnituri zemoqmedeba
SeiZleba ganisazRvros rogorc gamtaris 
yvela lΔ elementis veqtoruli jami. 
amgvarad, Teoriis TvalsazrisiT 
yvelaferi wesrigSi gvaqvs, anu nebismieri 
formis denebis magnituri veli 
maTematilur aRweras eqvemdebareba.  
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sxvadasxva konfiguraciis denebis magnituri velebis Seswavla da am 
daskvnebis miReba ekuTvnis frang mecnierebs Jan bios da feliqs savars. 
maTmier dadgenil kanons xSirad bio-savar-laplasis kanons uwodeben. 
biom da savarma ganaxorcieles eqsperimentebi, romlebSic denebs 
ganixilavdnen gemodxsenebuli denis mcire elementebis saxiT. es midgoma 
maT SeTavaza pier-simon laplasma, yvela drois erTerTma udidesma 
fizikosma da maTematikosma. biom da savarma daadgines kanonzomiereba, 
romelic bio-savaris kanoniT aris cnobili: 

2

sin
R

alIkB Δ=Δ . 

kanoni gansazRvravs denis gamtaris mcire monakveTis wvlils am denis 
mier Seqmnili magnituri velis induqciaSi sivrcis raime wertilSi, 
romelic elementidan R manZiliT aris daSorebuli. as BΔ wvlili 
gamtarSi gamavali denis mniSvnelobis da sadenis elementis sigrZis 

proporciulia, proporciulia denis mimarTulebis da R
r
radius veqtoris 

kuTxis sinusis da radius veqtoris modulis kvadratis 
ukuproporciulia.  am formulis yvela elementi naCvenebia 10.3.1 naxatze. 
 

 
naxati 10.3.1 bio-savaris kanonis amsaxveli elementebi 

 

BΔ warmoadgens denis elementis zemoqmedebis Zalas. miaqcieT yuradReba, 
rom aqac, rogorc niutonis da kulonis kanonebis SemTxvevaSi, gvaqvs 
manZilis kvadratis ukuproporciuli damokidebuleba.  
 

biosavaris kanonze dayrdnobiT SegviZlia ganvsazRvroT usasrulod 
grZeli gamtaris denis mier Seqmnili magnituri velis induqcia. gamtari 
mcire monakveTebaT unda gavyoT da mivmarToT am segmentebis mier 
Seqmnili induqciebis veqtorebis  mniSvnelobebis ajamvas. am 
maTematikuri operaciis, anu integrirebis Sedegad miviRebT iduqciis 
mniSvnelobas  

RIkB /⋅= .  
fizikuri Sinaarsis TvalsazrisiT, didi msgavsobaa potencialis 
cnebasTan. 

 
 
 
 
 


