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yvela ufleba daculia. am wignis arc erTi nawili (iqneba es teqsti, foto, 

ilustracia Tu sxva) aranairi formiT da saSualebiT (iqneba es eleqtronuli Tu 

meqanikuri), ar SeiZleba gamoyenebul iqnas gamomcemlis werilobiTi nebarTvis 

gareSe. 
 

saavtoro uflebebis darRveva isjeba kanoniT. 
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S e s a v a l i 

 
 
   ganzomilebebis meTodi warmoadgens Tanamedrove 
fizikuri mecnierebis gavrcelebul da SedarebiT 
martiv meTods. is saSualebas iZleva droisa da 
energiis naklebi danaxarjebiT Semowmdes: 
  1) amocanis amoxsnis siswore, 
  2) dadgenil iqnas funqcionaluri damokidebuleba 
mocemuli fizikuri movlenis maxasiaTebel 
sidideebs Soris,  
  3) Sefasebul iqnas mosalodneli raodenobrivi 
Sedegi.  
  ganzomilebebis meTodis gamoyeneba iwvevs 
studentebis stimulirebas fizikis gaRrmavebuli 
swavlebis mimarTulebiT, afarToebs teqnikuri 
codnis areals, aZlierebs saganTaSoris kavSirs. 
samwuxarod, es meTodi ar Sedis fizikis saskolo 
programaSi da amdenad studentebic ar, an naklebad 
floben mas. mocemul meTodur naSromSi mokled 
gadmocemulia am meTodis Sinaarsi, moyvanilia 
mravali sailuatracio amocana detaluri 
amoxsnebiT. 
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1. ganzomilebebis meTodis elementebi 

 
   atombirTvis da gravitaciis Teoriis 
msoflioSi cnobili mecnieri da pedagogi j. 
uileri werda “arasodes ar daiwyo gaangariSeba, 
sanam ar ici pasuxi. yoveli gamoTvlis win 
Caaatare miaxloebiTi Sefaseba, saboloo daskvnis  
gakeTebamde gamoiyene martivi fizikuri 
mosazrebebi (simetria!, invariantuloba!, Senaxvis 
kanonebi!), gaiazre SesaZlo pasuxebi yovel 
wamoWril kiTxvaze”. am gamonaTqvamma miiRo 
“uileris wesis” saxelwodeba. 
   mocemul naSromSi SevecdebiT gaCvenoT, Tu 
rogor SeiZleba SevafasoT esa Tu is sidide, 
romlis zusti gaTvla an gazomva Znelia, zogjer 
ki SeuZlebeli. aseTi Sefasebebi xSirad 
gvkarnaxobs ufro zusti amoxsnis gzebsac. mas 
visac surs seriozulad daeuflos fizikas, unda 
SeeZlos aseTi Sefasebebis gakeTeba. 
ganzomilebebis meTodi Zalian mimzidvelia 
inJinrebisTvisac, vinaidan iZleva droisa da 
materialuri danaxarjebis mniSvnelovan ekonomias. 
ganzomilebebis meTodis gamoyenebis areali 
Zalian farToa - dawyebuli samyarodan, 
damTavrebuli atombirTviT. sasurvelia es meTodi 
studentebs miewodos fizikis swavlebis 
dasawyisSi, vinaidan misi sworad gamoyenebis 
SemTxvevaSi, rogorc gamocdileba gviCvenebs maT 
uCndebaT sakuTari Zalebis rwmena da rogorc 
Sedegi - interesi fizikisadmi. 
   ganzomilebebis meTods safuZvlad udevs im 
arsebiTi fizikuri sididideebis CamonaTvali, 
romlebic Seesabameba mocemul amocanas. rogorc 
cnobilia, fizikuri sidideebi izomeba  garkveuli 
erTeulebiT. magaliTad, sigrZe izomeba metrebSi, 
santimetrebSi, milimetrebSi da a.S. ganzomileba 
aris fizikuri sididis xarisxobrivi 
maxasiaTebeli, amitom ganzomilebis arCeuli 
erTeulis miuxedavad mocemuli sididis 
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ganzomileba iqneba erTnairi. kerZod zemoTqmulis 

Tanaxmad sigrZis ganzomileba  drois 

ganzomileba , masis ganzomileba , 

sadac  aris Sesabamisad sigrZis, drois da 
masis simboloebi, xolo kvadratuli frCxili 
aRniSnavs, rom laparakia mocemuli sididis 
ganzomilebaze. samwuxarod,  es iwvevs garkveul 
gaugebrobas - sididis saxelwodebasac 
simbolurad aRniSnaven kvadratuli frCxilebiT. 
naTqvamidan Cans, rom ganzomileba da saxelwodeba 
sxvadasxva cnebebia. ZiriTadi da warmoebuli 
erTeulebis erTmanaTTan damakavSirebeli 
funqcionaluri Tanafardobebis gamoyenebiT 
SesaZlebeli xdeba warmoebuli sidideebis 
ganzomilebis dadgena. magaliTad siCqaris 
ganzomileba dgindeba TanafardobiT:  

                                          
saidanac,  , analogiurad, aCqareba ase 
Caiwereba: 

                                   
saidanac . garda ganzomilebis mqone 
sidideebisa, fizikaSi gamoiyeneba uganzomilebo 
sidideebic, magaliTad, fardobiTi deformacia, 
ori sigrZis fardoba da a.S. 
   ganzomilebebis meTodi emyareba Semdeg or 
princips: 
1. raRac fizikuri kanonzomierebis amsaxveli 
tolobis orive mxaris ganzomilebebi erTmaneTis 
tolia. 
2. raRac fizikuri sididis ganzomileba  SeiZleba 
iyos mxolod ZiriTad sidideebad aRebuli 
sidideebis xarisxebis namravli. 
   aqedan gamomdinareobs praqtikulad uaRresad 
mniSvnelovani wesi: mocemuli amocanis 

gadawyvetisas amowereT fizikuri sidideebis is   
raodenoba, romelTa Sorisac, Tqvenis azriT 

arsebobs raRac kavSiri, miuwereT maT  
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raodenobis ganzomilebebi, ise, rom daculi iyos 

Tanafardoba . SeecadeT amowerili 
ganzomilebebiT SeadginoT uganzomilebo 
namravli, amasTan SesaZloa mogiwioT zogierTi 
ganzomilebis axarisxeba. Tu adgili eqna tolobas 

  maSin am proceduris Sedegi 
gansakuTrebiT warmatebuli iqneba - uganzomilebo 
namravli erTaderTia. am uganzomilebo sididis 
aseve uganzomilebo mudmivasTan gatolebiT Tqven 
miiRebT saZebn kanonzomierebas. 
   ganvixiloT am meTodis ilustracia. vTqvaT 
xelSi gvikavia rezinis grZeli da wvrili zonari. 
misi erTi bolo mivabaT xeze, xolo meore 
davikavoT xelSi da gavaqanavoT. vnaxavT, rom 
zonarSi aRiZvreba morbenali talRebi. 
ganzomilebebis meTodis gamoyenebiT gamoviyvanoT 
formula, romelic saSualebas mogvcems 
viangariSoT aRZruli talRis siCqare. cxadia, 

siCqare damokidebuli iqneba zonris daWimvis   

Zalaze, mis  sigrZeze da zonris  masaze e.i. 

sul gvaqvs oTxi sidide ( , romelTa 
Soris kavSiric gvainteresebs. amovweroT am 

sidideebis ganzomilebebi  sistemaSi: ,   

, , . vxedavT, rom ZiriTadi 

sidideebis raodenobaa (sm, g, wm). maSasadame, 

 vimsjeloT ase:  (  - raRac 
ricxvebia) sidides ganzomileba ar eqneba maSin, 
rodesac formulaSi Semavali TiToeuli ZiriTadi 
sididis xarisxis maCvenebeli 0-is toli gaxdeba. 
gvaqvs: 

              . 
amovxsnaT gantolebaTa sistema: 
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miviRebT: . is 
faqti, rom moyvanil gantolebaTa sistemas aqvs 

erTaderTi amonaxsni  gvaZlevs imis 
garantias, rom uganzomilebo kombinacia:  

                
aseve erTaderTia. CvenTvis saintereso kombinacia 
gamoisaxeba formuliT: 

               
sadac  uganzomilebo sididea. sabolood gvaqvs: 
 

                . 
 
am ukanaskneli tolobis orive mxaris 

ganzomilebebi cxadia erTmaneTis tolia. 
araerTgzis Catarebulma cdebma daadastures 
miRebuli formulis samarTlianoba. 

 
       2. wneva dedamiwis centrSi 
 

   warmoidgineT, rom gvinda rogorRac SevafasoT 
wneva dedamiwis centrSi. rogor mivudgeT am 
amocanas? cxadia, pirdapiri gazomva SeuZlebelia. 

vimsjeloT ase, Tu Cven gvinda raRac  wonis 
sxeulis wnevis povna dedamiwaze, saWiroa es wona 

gavyoT am sxeulis FfuZis  farTze. vTqvaT, Cven 

viciT  dedamiwis  masa da misi  radiusi (es 
sidideebi moyvanilia cnobarebSi). CvenTvis  
cnobilia simZimis Zalis aCqareba dedamiwis 

zedapirze  zemoTqmulidan  gamomdinare 
“mTlianad dedamiwisaTvis” Zalis ganzomilebis 

mqone “maxasiaTebeli” sidide iqneba .  
dedamiwis “maxasiTebeli” sidide, romelsac 
farTobis ganzomileba aqvs cxadia, iqneba misi 
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radiusis kvadrati - .  axla SevniSnoT, rom 

TviTon sidide  ganisazRvreba dedamiwis masiT 
da radiusiT. marTlac, Tu dedamiwis zedapirze 

devs  masis qva, maSin misi wona gamoiTveba 
formuliT: 

 

                , 
 

sadac  gravitaciuli mudmivaa. 
   axla cxadia, rom dedamiwis “maxasiaTebeli”  
wneva toli iqneba: 

 
            . 
 

   bolo formulaSi Cven vixmareT brWyalebi, 
vinaidan es ukanaskneli aris raRac 
“maxasiaTebeli” sidide, romelic, cxadia, ar 
SeiZleba CavTvaloT zustad dedamiwis centrSi 
wnevad. miuxedavad amisa SeiZleba vifiqroT, rom 

 didad ar gansxvavdeba wnevisagan dedamiwis 
centrSi, vinaidan swored wneva mis centrSi unda 
iyos “dedamiwis maxasiaTebeli mTlianad”. wina 
magaliTis analogiurad ZiriTadi sidideebi 

Semdegia: ,  dedamiwis masa  (g), 

dedamiwis radiusi  (sm) da gravitaciuli 

mudmiva  (sm2 g-1  wm-2 ). Cvens SemTxvevaSi 
ZiriTadi erTeulebia: sigrZe, masa da dro. advili 
dasadgenia, rom   erTaderTi uganzomilebo 

kombinaciaa . Cvens mier zemoT 
“gamoyvanili formula”  

 
                  
 

miiReba maSin, rodesac CavTvliT, rom 
uganzomilebo kombinacia didad ar gansxvavdeba 
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erTisagan. CavsvaT ricxviTi monacemebi: 

g,  sm,  sm3  g-

1 wm-2,  maSindin/sm2  mbar.  geofizikosebis  
mier  Catarebuli rTuli gaTvlebiT miRebulia, 
rom dedamiwis centrSi wneva tolia 4 mbar-is. ar 
gikvirT, rom Cvens mier Catarebuli uxeSi 
gaTvlebi mxolod 4-jer gansxvavdeba 
geofizikosebis gaTvlebisagan. fizikosebi am 
SemTxvevaSi amboben, rom Cven miviReT erTnairi 
rigis sidideebi (gavixsenoT, rom sididebs Soris 
gansxvaveba aWarbebs erT rigs Tu Sefardeba  10-ze 
metia). gaTvlis procesSi Cven mxedvelobaSi ar 
migviRia, rom dedamiwis Semadgeloba erTgvarovani 
ar aris, garda amisa simZimis Zalis aCqarebis 
mniSvnelobad aviReT misi sidide dedamiwis 
zedapirze da bolos, SegveZlo “maxasiaTebel” 

farTobad agveRo magaliTad, ara Daramed 
“didi” kveTis farTobi. miuxedavad am yvelafrisa 
miviReT damakmayofilebeli sizustis sidide.  

 
    3. eleqtronebis moZraobis siCqare liTonebSi 
 
   rogorc cnobilia, liTonebSi arseboben 
Tavisufali eleqtronebi, isini monawileobas 
iReben eleqtruli Ddenis gavlaSi da maT 
gamtareblobis eleqtronebs uwodeben. 
simartivisaTvis davuSvaT, rom liTonis 
kristaluri mesris kvanZSi myofi yoveli atomi 
iZleva erT Tavisufal eleqtrons. sanam 
eleqtroni Tavisufali gaxdeba, is brunavs 
atombirTvis irgvliv misgan yvelaze daSorebul 
orbitaze. cxadia eleqtronis siCqare  misi 
atomidan  mowyvetis momentSi, didad ar iqneba 
gansxvavebuli im siCqarisagan, rac mas hqonda 
orbitaze brunvisas. maSasadame SeiZleba 
vivaraudoT, rom Tavisufali eleqtronebis 
siCqare imave rigisaa, ra siCqarec maT hqondaT 
atombirTvis garSemo orbitaze  moZraobisas. 
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   vimsjeloT ase. Tu eleqtroni ibrunebda  
sididis muxtis garSemo wriul orbitaze, 
SegveZlo dagvewera cxadi klasikuri 
Tanafardoba: 
 

                    
 

              sadac eleqtronis masaa, eleqtronis 

muxti, orbitis radiusi, wriuli sixSire. 
eleqtronis siCqare   

 

     . 
 

dawerili formulebidan gamodis, rom  
 

                      
 
rac Seexeba orbitis radiuss is atomis zomis 

rigisaa - sm, xolo   SeiZleba erTis 

tolad CavTvaloT. e.i. Tu   sm, 

g da   miviRebT 
sm/wm, rac sinaTlis siCqareze mniSvnelovad 

naklebia da mainc Cveni “daskvna” eWvs iwvevs: 
TviTon eleqtronebis “orbitis” arseboba 
dakavSirebulia kvantur meqanikasTan, magram  es 
arsad ar gagviTvaliwinebia. martivi kvantur-
meqanikuri formulis Tanaxmad atomSi eleqtronis 
gadasvlisas erTi orbitidan meoreze xdeba 
energiis gamoasxiveba an STanTqma da 
 

                      
 

sadac  eleqtronebis energiebia Sesabamis 

orbitebze, xolo  STanTqmuli an 
gamosxivebuli kvantis sixSirea. yvela kvantur 
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meqanikur formulaSi unda figurirebdes 

maxasiaTebeli sidide plankis mudmiva. misi 
ganzomileba cxadia dawerili formulidan, 

ergi wm = g  sm2 .  axla SevecadoT 
ganzomilebis mosazrebiT gamovTvaloT 
eleqtronis siCqare. movZebnoT kavSiri Semdeg 

parametrebs Soris:   eleqtronis masa  

eleqtronis siCqare  da amocanis maxasiaTebel 

sigrZes – atomis zomas (orbitas)  Soris. am 

sidideebis uganzomilebo kombinaciaa: , 
sadanac miviRebT CvenTvis saintereso 

Tanafardobas:  CavsvaT ricxviTi monacemebi 

( ergi   wm) miviRebT  sm/wm e.i. im 
sidides rac adre miviReT “klasikuri midgomiT”. 
   cota ucnaurad Cans is faqti, rom siCqaris ori 
formulidan erTi Seicavs plankis mudmivas da 
meore ara. miuxedavad amisa orive Sedegi sworia. 
sabolood rom davrwmundeT amaSi, sidideebidan 

 avawyoT konstruqcia, romelic mogvcems 
sigrZis ganzomilebas. aseTi sidide erTaderTia 

 da misi ricxviTi mniSvneloba 

sm sakmaod axlosaa atomis zomasTan. 

es asec unda iyos. sidides  boris 
mudmiva ewodeba. eleqtronuli orbitis radiusebi 

damokidebulia kvantur maxasiaTebelze - ze, 

da isini proporciulia boris radiusis  ase, 

rom sinamdvileSi  plankis mudmiva aracxadad 
Sedis Cvens “klasikur” formulaSi ase, rom 
miRebuli siCqare savsebiT realuria da aseTi 
siCqariT moZraoben eleqtronebi liTonSi, 
miuxedavad imisa modebulia, Tu ara liTonze 
eleqtruli veli. 
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                 4. omis kanoni 
 
   wina paragraSi Cven vlaparakobdiT 
eleqtronebis siCqareze liTonSi. asebobs kidev 
erTi siCqare, romelsac Cvens mier ganxilul 
siCqaresTan araviTari saerTo ara aqvs da mas 
dreifuli siCqare ewodeba. misi arsis gasagebad 
davuSvaT, rom Cven liToni movaTavseT eleqtrul 

velSi, romlis daZabulobaa , maSin eleqtronze 

imoqmedebs Zala , romelic tolia eleqtronis 

masis namravlisa aCqarebaze da Sesabamisad 

gveqneba . rogorc Cveulebriv airSi, 
eleqtronebi moZraobisas ejaxebian erTmaneTs, 
ZiriTadi masalisa da minarevebis atomebs. amitom 
SeiZleba laparaki mxolod Tavisufali ganarbenis 

saSualo sigrZeze . gavyofT ra am sidides 
siTburi moZraobis siCqareze miviRebT e.w. 

relaqsaciis dros . faqtiurad es aris dro 
erTi dajaxebidan meoremde. dajaxebis Semdeg 
eleqtronebi icvlian moZraobis mimarTulebas. 
modebuli eleqtruli velis gavleniT 
relaqsaciis drois ganmavlobaSi eleqtroni iZens 

siCqares , swored am siCqares ewodeba 
dreifuli siCqare, is veqtorulad ikribeba 
siTburi moZraobis siCqaresTan. dreifuli 
siCqaris arseboba iwvevs mTlianad eleqtronuli 
gazis gadaadgilebas eleqtruli velis 
mimarTulebiT. cxadia eleqtruli veli rom ar 
iyos modebuli, saSualod eleqtronebis erTnairi 
raodenoba  imoZravebda yvela mimarTulebiT da 
mTlianad araviTar mimarTul moZraobas adgili 
ar eqneboda. cxadia, rom eleqtruli deni swored 
dreiful siCqaresTan aris dakavSirebuli. 

   ganvixiloT gamtaris SigniT  eleqtruli 
velis marTobuli 1 sm2 sididis farTi.  am farTSi 
gamavali deni ricxobrivad misi simkvrivis tolia. 
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simkvrivis ganzomileba ganisazRvreba muxtis  

ganzomilebis gayofiT wm sm2-ze, e.i. gvaqvs 

. denis 
simkvrive damokidebuli unda iyos eleqtronebis 

koncentraciaze –  ( ), eleqtronis muxtze -  

( ) da dreiful siCqareze -  

( ). ukve nacnobi meTodiT miviRebT  

Casma gvaZlevs  da sabolood gveqneba 
kavSiri denis simkvrivesa da eleqtruli velis 
daZabulobas Soris: 
 

                        
 
es kavSiri bunebrivia wrfivia da warmoadgens 

omis kanons. sidides  ewodeba kuTri 
eleqtrogamtaroba, xolo mis Sebrunebul sidides 
-  kuTri winaRoba. Cvens mier miRebul kuTri 
eleqtrogamtarobis formulas drudes formula 
ewodeba. 
 
 
          5. mTebis maqsimaluri simaRle 
 
   cnobilia, rom ionuri kristalebis (aseve 

liTonebis) dnobis temperatura  gamoiTvleba 
miaxloebiTi formuliT: 
 

                     
 

sadac  ergi/grad - bolcmanis mudmivaa,  – 

kristaluri mesris kulonuri energia, - 
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eleqtronis muxti, -mesris mudmiva. moyvanili 
formulis fizikuri arsi sakmaod naTelia. sidide 

 yovelTvis axasiaTebs atomebis “siTburi” 
rxevebis energias. Tu es rxevebi sakmaod “Zlieria” 
e.i. rxevebis amplituda sakamarisad didia 
kristaluri meseri irRveva. rodesac kristalis 
rRvevazea laparaki yovelTvis mxedvelobaSi unda 

gvqondes iungis moduli , romelic 
axasiaTebs mesris simtkices yovelmxrivi 
deformaciisas. amasTan cnobilia, rom kristalis 
darRveva Zvris deformaciiT ufro advilia, vidre 
kumSvis an gaWimvis deformaciiT. cxadia, rom Tu 

Zvris zRvrulma daZabulobam gadaWarba  
sidides kristali iwyebs dnobas. 
   ra SemTxvevebSi xdeba arsebiTi Zvris 
deformaciebi? viciT, rom Reros grZivi 
mimarTulebiT deformaciisas icleba ganivi 
zomebic. sanam grZivi deformaciebi mcirea, 
umniSvneloa ganivkveTis cvlilebac, amitom 
Sesabamisad, atomebs Soris manZilic umniSvnelod 
icvleba. Tu grZivi (gamWimavi an SemkuSavi) Zabvebi 
gaizrdeba. gadiddeba ganivi deformaciac. 

SeiZleba ise moxdes, rom raRac grZiv  -ze 

nakleb Zabvaze  ganivma Zabvam gadaaWarbos   

 sidides da Rerom daiwyos “dineba” ganivi 
mimarTulebiT. masalis denadoba warmoadgens erT-
erT yvelaze did dabrkolebas maRali wnevebis 
miRebisas calmxrivi deformaciis pirobebSi. 
   am SeniSvnebis Semdeg SevafasoT mTebis 
maqsimaluri simaRle dedamiwaze. mTaSi mkumSavi 

Zabva tolia -is, sadac - nivTierebis 
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simkvrivea,  ( -Tavisufali vardnis 

aCqareba, -gravitaciuli mudmiva,  - dedamiwis 

masa,    -dedamiwis radiusi), -mTis simaRle. 

Cven vuSvebT, rom  da amitom  ar icvleba 

simaaRleebze romlebic ar aRemateba -s. 
davuSvaT aseve, rom mTis masalis simkvrive tolia 
dedamiwis saSualo simkvrivis. mTa rom ar 
daiSalos yvela meqanikuri Zabva naklebi unda 

iyos -ze. sasazRvro SemTxveva miiRweva 

maSin, rodesac mkumSavi Zabva gaxdeba 0,01  rigis. 

e.i. Tu  nivTiereba mTis ZirSi gaxdeba 

“Txevadi” da Zvris Zabvebic amave  rigis 
iqneba (SeadareT paskalis kanons). 
   amrigad, mTis maqsimaluri simaRlis Sefaseba 
gamomdinareobs Semdegi tolobidan: 
 

 
aq  atomis  masaa. movaxdinoT Casmebi:     

                  da .  
miviRebT: 
 

                  . 
 
da SeiZleba maqsimaluri simaRle asec Sefasdes. 
gaviTvaliswinoT, rom 
 

                    ,  
 
maSin  
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                   .  
 
aqedan 
 

                        
 

(vinaidan  da . 
   am bolo formulis arsi savsebiT naTelia. is 
gviCvenebs, rom mTis rRveva daiwyeba maSin, 
rodesac mTis wverze erT atomze gaTvlili 

potenciuri energia  gaxdeba  rigis.  
Tu Sefasebis mizniT aviRebT 

g, miviRebT  km. 
yuradReba miaqcieT, rom es sidide ise miviReT, 
rom ar “vicodiT” arc dedamiwis masa da arc 
radiusi. 
 
 
6. ra maqsimaluri wnevebisa da magnituri  velebis  

miReba SeiZleba laboratoriaSi? 
 
   statikuri wnevebis misaRebad iyeneben wnexebs, 
romlebic Sedgebian ama Tu im konstruqciis 
dguSiani sistemebisagan. magram es maSinve 
miuTiTebs imaze, rom wnexebis saSualebiT 
SeuZlebelia imaze maRali wnevebis miReba ris 
saSualebasac iZleva konstruqciaSi gamoyenebuli 
masalebis simtkice. masalebis umravlesobisaTvis 
simtkicis zRvari imave rigisaa, rogoric drekadi 

modulebi, magaliTad igive iungis moduli . 
  aRvniSnoT, rom iungis moduli da simtkicis 
zRvari sxvadasxva sidideebia, magram Cven amjerad 

gvaintereseბs mxolod uxeSi Sefasebebi, amitom   
qvemoT gamoviyenebT iungis modulis ricxviT 
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mniSvnelobas da CavTvliT, rom simtkicis zRvaric 
imave rigisaa. 
   liTonebisaTvis Cveulebriv 

din/sm2. Tu wnexis konstruqciaSi 
gamoviyenebT masalas, romlis iungis moduli 

tolia  din/sm2-is vnaxavT, rom SeuZlebelia 

 din/sm2 mbar-ze meti wnevis miReba. ufro 
maRali wnevebis misaRebad saWiroa zemtkice 
masalebi. aseTi masalebis miReba mecnierebisa da 
teqnikis erT-erTi umniSvnelovanesi amocanaa. 
   axla SevexoT Zalian Zlieri magnituri velebis 
miRebas. Tu gvinda aseTi velebis miReba 
solenoidebiT (cilindruli koWebi, romelTa 
xviebSi gadis deni) saWiroa vizrunoT imaze, rom 
isini ar daiSalos meqanikuri Zabvebis 
zemoqmedebiT, romlebic Zalian maRal 
mniSvnelobebs aRweven xviebSi didi denebis dros. 
garda amisa yuradReba unda mivaqcioT imasac, rom 
gamtarebSi denis gavlisas gadaxurebis gamo isini 
ar gadnen. 
   gavixsenoT Cveulebrivi brtyeli kondensatori. 
Tu is damuxtulia da eleqtruli velis 

daZabuloba firfitebs Soris tolia  -si, maSin 
kondensatoris energia gamoiTvleba formuliT: 
 

                     
 
sadac  firfitis zedapiris farTia,  - 
firfitebs Soris maZili. gavyoT es energia 

kondensatoris moculobaze , miviRebT energiis 
simkvrives 
 

                      
 
analogiuria formula magnituri velisTvisac – 
magnituri energiis sikvrive tolia 
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sadac  magnituri velis daZabulobaa. SevniSnoT, 
rom energiis simkvrivis erTeuli emTxveva wnevis 

erTeuls: ergi/sm3 dini sm2. amdenad SesaZlebelia 
laparaki velis “wnevaze”. 
   mniSvnelovania gvesmodes, rom wneva da energiis 
simkvrive fizikurad sxvadasxva sidideebia. 
miuxedavad amisa maTi ricxviTi mniSvnelobebi 
erTi rigisaa. magaliTad kondensatoris 

eleqtruli velis “wneva”  zustad tolia 
firfitebs Soris mizidulobis Zalis Sefardebisa 
firfitebis farTobze. analogiurad SeiZleba 

CavTvaloT, rom magnituri energiis simkvrive  
warmoadgens “magnitur wnevas”. arsebiTad es 
warmoadgens wnevas, romelic Cven gvainteresebs. am 
faqtis gaazreba SeiZleba sxva kuTxiTac. 
meqanikuri Zala, romelic moqmedebs denian 
gamtarze proporciulia denis Zalisa da 
magnituri velis daZabulobis namravlis. 
solenoidSi gamavali deni velis marTobulia. 
Tavis mxriv magnituri velis daZabuloba 
ganisazRvreba eleqtruli deniT da misi 
proporciulia. maSasadame Zala da Sesabamisad 

“wneva” proporciulia -is.  vinaidan -is 
ganzomileba emTxveva wnevis ganzomilebas, 

bunebrivia vifiqroT, rom wneva gansxvavdeba -
isagan mxolod ricxviTi mamravliT. magnituri 
energiis simkvrivisa da “magnituri wnevis” 
mniSvneloba SeiZleba gamovTvaloT sakmaod 
mkacrad eleqtrodinamikis gantolebebis 
gamoyenebiT. 
   solenoidiSi moqmedi meqanikuri Zalebi 
yovelTvis cdiloben gaWimon koWas TiToeuli 
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xvia – mimarTuli arian xviis centridan gareT. 
simtkicis SesanarCuneblad unda moviTxovoT, rom 
“magnituriAwneva” naklebi iyos im masalis drekad 
modulebze, romlisganac damzadebulia mavTuli. 
maSasadame meqanikuri simtkicis piroba SeiZleba 
CavweroT Semdegi utolobis saxiT: 

                           
     

roca  dini sm2, es utoloba iwvevs im 
velebis sididis SemosazRvras, romlebic 
SesaZlebelia Seiqmnas solenoidiT: 

gausi; roca  dini sm2, maSin 

 gausi. ufro rTulia im sidideebis 
Sefaseba, romlebic gamtaris dnobas exeba. aq 
yvelaferi damokidebulia imaze, Tu rogoria 
gacivebis pirobebi. SesaZlebelia muSaoba 
impulsuri velebiTac, am SemTxvevaSi gamtari ver 
moaswrebs gadnobas. Tu es asea ZiriTad 
kriteriumad rCeba meqanikuri simtkicis 
kriteriumi. 
   meores mxriv, mxedvelobaSi unda miviRoT, rom 
impulsuri velis Semqmneli sistema “batarea, 
kondensatori-solenoidi”, romelic mcire 
xangrZlivobis impulsebs iZleva, sakmaod Znelad 
gansaxorcielebeli amocanaa. ganmuxtvis dro 
principialurad ar SeiZleba iyos ufro naklebi, 
vidre mocemuli sistemis damaxasiaTebeli 
minimaluri dro.  
   realur pirobebSi masalis rRveva iwyeba 
gacilebiT ufro adre, vidre meqanikuri Zabvebi 
miaRweven drekadobis modulis rigis sidideebs. 
Cveni Sefasebebi aCveneben mxolod imas, rom 
arsebobs principuli mizezebi, romlebic 
zRudaven didi wnevebis an  maRali magnituri 
velebis misaRebi qarxnuli an laboratoriuli  
mowyobilobebis Seqmnas.  mniSvnelovania, rom es 
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SezRudvebi damokidebuli ar aris cdis 
konkretul geometriaze da danadgaris 
teqnologiur an konstruqciul gadawyvetaze. 
   bolos SevniSnoT, rom termini “drekadi 
moduli” ixmareba maSin, rodesac laparakia hukis 
kanonze, romelic ase Caiwereba: 
 

                       
 
sadac  maxasiaTebeli sigrZea, – misi nazrdi, 

 mocemul nimuSze modebuli Zabva. wrfivi 
damokidebuleba samarTliania mxolod maSin, 

rodesac sruldeba piroba , an sxva 

sityvebiT . 
 

7. bgeris gavrcelebis siCqare planetebisa da   
varskvlavebis nivTierebaSi 

 
   ganvixiloT drekadi birTvi. mis 
diametralurad sawinaaRmdego wertilebs 
vuwodoT polusebi. warmovidginoT, rom mas 
davartyiT CaquCi. davsvaT kiTxva ra droSi 
miaRwevs dartymiT gamowveuli SeSfoTeba meore 

poluss. cxadia, es moxdeba  drois Semdeg, 

sadac  birTvis radiusia, xolo –drekadi 
rxevebis - bgeris  siCqare. birTvSi aRiZvreba 
mxolod iseTi drekadi rxevebi, romelTa talRis 
sigrZe ar aRemateba mis diametrs, e.i. talRis 

maqsimaluri sigrZe . es SezRudva gasagebi 
iqneba, Tu ganvixilavT sxva magaliTs – drekadi 

talRebis gavrcelebas  sigrZis ReroSi. cxadia, 
Tu CaquCs davartyamT mis erT bolos yovelTvis 

ar aRiZvreba talRa, romlis sigrZec -ze metia. 
bgeriTi talRa miaRwevs ra mis meore bolos, 
aucileblad  airekleba. zustad analogiuri 
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situaciaa birTvSic.  talRis sigrZis 
Sesabamisi bgeriTi talRis minimaluri sixSire, 

romelic SeiZleba birTvSi aRiZvras  rigisaa. 
Cven aq vilaparakebT yvelaze grZeltalRovan (e.w. 
dabalsixSirul talRebze). 
   SesaZlebelia sxva tipis rxevebic – pulsacia. 
aseTi saxis SeSfoTebebi SeiZleba gavrceldes 
varskvlavebSi. sakuTari rxevebis maxasiaTebeli 
sixSireebi damokidebulia varskvlavebis masaze da 
radiusze: 
                       

                   . 
 
Tu droebiT daviviwyebT pulsaciuri rxevebis 
milevas, SeiZleba davaskvnaT, rom ukanaskneli 
formula gamodgeba ara marto varskvlavebisaTvis, 
aramed myari da Txevadi planetebisTvisac. roca 
ganixileba didi myari birTvi, ramdenadme icvleba 
reaqciis Zalebis cneba. vTqvaT planeta 
warmoadgens araliTonis birTvs, e.i. masSi ar aris 
Tavisufali eleqtronebi. am SemTxvevaSi reaqciis 
Zalebs warmoadgenen atomebs Soris ganzidvis 
Zalebi, romlebic mniSvnelovnad izrdebian 
SekumSvisas. Tu birTvi liTonisaa,   maSin 
reaqciis Zalebi warmoadgenen ionebis ganzidvisa 
da Tavisufali eleqtronebis wnevis Zalebis jams. 
SevniSnoT, rom Cveulebriv atomebs (ionebs) Soris 
mizidulobis Zalebi muSaoben “imave 
mimarTulebiT” ra ZalebiTac muSaoben 
gravitaciis Zalebi. 
   myari (an Txevadi) araliTonuri birTvis 
wonasworobis piroba mdgomareobs atomebs Soris 
ganzidvis Zalebis jamis tolobaSi atomebs Soris 
mizidulobisa da gravitaciuli Zalebis jamTan. 
liTonuri birTvebis SemTxvevaSi ganzidvis Zalebs 
unda daematos eleqtronuli wnevis Zalebic. 
rxevebis Caqrobas adgili rom ar hqondes myar an 
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Txevad birTvebs – varskvlavebs (an planetebs) 
SeeZlebodaT pulsireba. SevniSnoT, rom 
pulsaciac warmoadgens bgeriTi rxevis 
gavrcelebas varskvlavis nivTierebaSi. Cven 
gvainteresebs bgeris gavrceleba varskvlavis 
nivTierebaSi da gvaqvs “maxasiaTebeli” sixSirisH 

ori formula:   (sinamdvileSi  magram 
SefasebisaTvis 2-ians mniSvneloba ara aqvs) da    

  . Tu moviTxovT, rom am formulebma 
mogvcen erTidaigive rigis sidideebi, miviRebT: 
 

              da  
 
e.i. miviReT varskvlavis nivTierebaSi bgeris 
siCqaris FSefasebisaTvis saWiro formula. es 
Sefaseba sakmaod uxeSia Tundac imitom, rom 
iZleva bgeris siCqaris mxolod gasaSualebul 
mniSvnelobas. cxadia, varskvlavis (planetis) 
zedapirze da mis siRrmeSi nivTierebis simkvrive 
araa erTnairi da SesaZlebelia mniSvnelovnad 
gansxvavdebodes erTmaneTisagan. es iwvevs bgeris 
siCqaris damokidebulebas centridan daSorebaze. 
aseT damokidebulebas ewodeba sivrculi 
dispersia da dakavSirebulia bgeriTi talRis 
Zlier STanTqmasTan. Tu gamovTvliT bgeris 

siCqares formuliT   miviRebT ( sm, 

g),  sm/wm. yuradReba miaqcieT, rom 
miRebuli mniSvneloba sinaTlis siCqaris rigisaa. 
cxadia, bgeris siCqare verasodes ver gadaaWarbebs 
sinaTlis siCqares, aramed yovelTvis masze 
naklebi iqneba. unda aRvniSnoT, rom bgeris 
siCqaris gaangariSebis Zalian mkacri Teoria 
iZleva daaxloebiT Cvens mier miRebul 
mniSvnelobas. 
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8. ganzomilebis meTodis gamoyeneba “cocxali 
bunebisaTvis” 

 
   albaT sainteresoa imis gageba, rom 
ganzomilebebis meTodis gamoyeneba SesaZlebelia 
ara marto usulo sagnebis, aramed “cocxali 
bunebis” mimarTac. sanam Sesabamisi magaliTis 
ganxilvas daviwyebdeT SevniSnoT, rom fizikaSi 
arsebobs e.w. msgavsebis principi, romelic 
sxvadasxva fizikuri movlenis modelirebis 
saSualebas iZleva. or movlenas fizikurad 
msgavsi ewodeba, Tu maTi aRmweri uganzomilebo 
sidideebis kombinacia erTnairia. erTi movlenis 
aRweridan misi msgavsi movlenis aRweraze 
gadasvla yovelTvis SesaZlebelia masStabebis 
gadaangariSebiT. 
  axla ganvixiloT magaliTi. biologebi 
amtkiceben, rom mSieri mglebis velur cxenebze 
nadirobis AaTi cdidan mxolod erTia 
warmatebuli. e.i. veluri cxenebis rema danakargs 

ganicdis mxolod Tavdasxmis 10  SemTxvevaSi, 
miuxedavad imisa, rom remaSi arian axalgazrda 
cxenebic, e.i. gamodis, rom isinic iseve swrafad 
darbian, rogorc sxvebi? 
   ganvixiloT xnieri cxenebi da kvicebi. 
davuSvaT, rom miuxedavad asakSi sxvaobisa maTi 
tanis simkvrive erTnairia. garda amisa, vTqvaT, 
maTi tanis ganivkveTis erTeul farTze mosuli 
kunTebis Zala erTnairia. aRvniSnoT 

 xnieri cxenis masa, maxasiaTebeli 
zoma da maxasiaTebeli moZraobis dro, xolo 

 kvicis Sesabamisi maxasiaTeblebi. 
maSin simkvrive da Zala ganzomilebebis 
Sesabamisad SeiZleba ase Caiweros: xnieri 

cxenisaTvis  da  da analogiurad 
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kvicisaTvis  da . kvici da xnieri cxeni 
sakmaod maRali sizustiT SeiZleba CaiTvalos 
geometriulad msgavs obieqtebad da Sesabamisad 
gvaqvs Semdegi cxadi tolobebi: 
 

              da   
 

aqedan miiReba: , e.i. xnieri cxenisa da 
kvicis siCqareebi erTnairia. es xsnis im faqts, 
rom remaSi, romelic gaurbis mSieri mglebis 
xrovas xnieri cxenebisa da kvicebis siCqareebi 
erTnairia. marTalia kvicis nabijebi ufro moklea 

vidre cxenis (  magram amave proporciiT 

nabijebis sixSire metia (  
  Tu davuSvebT, rom remis siCqare araa naklebi 
mSieri mglebis xrovis siCqareze davaskvniT, rom 
mglebi mSieri darCebian, magram gavixsenoT, rom 
Cvens mier aRwerili meTodi sididis rigiT 
miaxloebiTia. Cvens magaliTSi maqsimaluri 
gadaxra an erT an meore mxares gamowveulia 
cxovelebis kunTis ZaliT. SeiZleba ise moxdes, 
rom susti kvici (an Tundac xnieri cxeni) CamorCes 
remas, xolo mglebs Soris yvelaze Zlieri 
gaiWras win da amdenad gamodis, rom mglebi 
mSieri ar darCebian. 
   mkiTxveli unda gavafrTxiloT, rom aseTi 
msjelobiT metismetad gataceba, roca saqme exeba 
cocxal bunebas, araa saWiro. ufro zustad rom 
vTqvaT, yuradReba unda mivaqcioT im winadadebebis 
Sesrulebas, romelTa Sesaxebac zemoT vTqviT, 
roca gamoviyvaneT Tanafardoba:  

 
                  . 
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es gafrTxilebaLgasagebi gaxdeba Semdeg 
magaliTze. vTqvaT, zrdasruli adamiani sirbilSi 
Seejibra patara biWs. cxadia am SemTxvevaSi 

 Tanafardobas adgili ara aqvs – udavod 
didi gauswrebs pataras. aq, upirveles yovlisa, 
irRveva is ZiriTadi piroba, romlis Sesrulebasac 
zemoT viTxovdiT – kerZod, geometriuli 
msgavsobis piroba. zrdasruli adamianisa da 
bavSvis sxeulis proporciebi erTnairi araa, 
garda amisa, maTi kunTebis Zalis toloba aSkarad 
saeWvoa. 
  amrigad, moyvanili magaliTebi naTlad 
gviCveneben Tu ramdenad saintereso da 
praqtikulad gamoyenebadi mecnierebaa fizika, 
rogorc usulo sagnebis, ise cocxali bunebis 
mimarT. Cvenis azriT aseTi magaliTebis ganxilva 
mniSvnelovnad Seuwyobs xels studentebis 
dainteresebas fizikis SeswavliT. 
 
 

 
9. ganzomilebebis meTodis Sefaseba 

 
   zogierT SemTxvevaSi ganzomilebebis meTodma 
SeiZleba mogvces araswori Sedegi. amis magaliTia 
stoqsis formula winaaRmdegobis ZalisaTvis 
blant siTxeSi moZravi burTulisaTvis. am 
formulas aqvs Semdegi saxe:  
 

 
 

sadac  siblantis koeficientia,  - birTvis 

radiusi,  - misi siCqare. Tanafardoba 
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advilad miiReba ganzomilebebis mosazrebidan, 

sinamdvileSi Zala  - jer metia! magram es 
sabednierod erTi im mcire magaliTTagania, roca 
ganzomilebebis meTodi iZleva sididis araswor 
rigs. ganzomilebebis meTods ar SeuZlia da verc 
Secvlis zust gaTvlebs da miT umetes gazomvebs 
roca es SesaZlebelia da aucilebeli. zogjer ise 
xdeba, rom zusti gaTvlebi SeuZlebelia da arcaa 
saWiro. gakeTebuli SeniSvna sulac ar niSnavs, 
rom ar unda vendoT ganzomilebebis meTods. 
Zalian mniSvnelovania, rom es meTodi saSulebas 
iZleva movZebnoT amocanaSi Semaval sidideebs 
Soris swori damokidebuleba. rac Seexeba am 
damokidebulebebSi Semaval ricxviT 
koeficientebs isini iSviaTad aRematebian erTs. 
sxdasxva fizikur movlenebSi funqcionalurad 
dakavSirebuli sidideebis uganzomilebo 
kombinacia erTis tolia da amisaTvis arsebobs 
mravali seriozuli fizikuri safuZveli. 
   ismis kiTxva, aris Tu ara ganzomilebebis 
principidan miRebuli Sefaseba erTaderTi 
SesaZlebel variantebs Soris? dasawyisSi  Cven 
aRvniSneT, rom Sefaseba erTaderTia Tu adgili 

aqvs tolobas  (  im sidideebis 
raodenobaa, romelTa Sorisac kavSirs veZebT, 

xolo - ZiriTadi sidideebis raodenoba, 
romelTa ganzomilebebs Soris kavSirebis 

MMmeSveobiT veZebT yvela  sididis 
ganzomilebas). magram es yovelTvis ase rodi 
xdeba. magaliTisaTvis SevafasoT ganzomilebebis 
meTodis meSveobiT airSi molekulis Tavisufali 
ganarbenis sigrZe. molekulebs gaaCniaT zomebi da 
isini erTmaneTs ejaxebian Zalian gaiSviaTebul 
airebSic ki. manZils or mezobel dajaxebas Soris 
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Cven vuwodebT molekulis Tavisufal Tavisufal 

ganarbens, aRvniSnoT is -iT, molekulis diametri 

– -Ti da molekulebis koncentracia -iT. -is 

ganzomilebaa sm-3, -isa da -si sm. ZiriTadi 
erTeuli am SemTxvevaSi aris erTi – sigrZe. 
parametrebi, romelTa Sorisac kavSiris dadgena 

gvinda samia:  sxvaoba . 
ganzomilebebis TvalsazrisiT Cven gvakmayofilebs 
Semdegi  dasaSvebi kombinaciebi: 
 

 
 
ise Cans, rom ganzomilebebis meTodi ver 
dagvexmareba Tavisufali ganarbenis sigrZis 
saangariSo formulis moZebnaSi da es dasanania 
Tundac imitom rom, rogorc zemoT vnaxeT, is 
dagvexmara ufro rTuli amocanebis amoxsnaSi, 
magram aRmoCnda, rom gamosavali mainc arsebobs. 
   yvela im parametris mniSvneloba, romelTa 
Sorisac kavSirs veZebT izomeba santimetrebSi. 
magram Tu davfiqrdebiT mivxvedbiT, rom 
santimetrebic SeiZleba gansxvavebuli iyos. 
marTlac, Tu raRac arCeuli molekulis 
Tavisufali ganarbenis sigrZes vzomavT 
taraeqtoriis gaswvriv, vuwodoT mas “paraleluri 

santimetri” - , xolo misi moZraobis xelis 
“SemSleli” molekulebis kveTas (radiuss), 
romlebic gadaizomebian traeqtoriis marTobulad 

“marTobuli santimetri” - . ra vuyoT 
koncentracias? rogori santimetri avirCioT. 
vinaidan kubs gaaCnia sami waxnagi, erTi maTgani 

mivmarToT traeqtoriis gaswvriv da gavzomoT -
Si, xolo danarCeni ori waxnagi marTobulia am 

traeqtoriis da gavzomoT -Si. maSasadame, -is 

ganzomileba iqneba , -is ganzomilebaa 

, xolo -si - . 
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  yovelive amis Semdeg zemoT moyvanili 

kombinaciebidan (  savsebiT calsaxad 
virCevT erTaderT formulas: 
 

                     . 
 
davyaviT ra santimetrebi “paralelur” da 
“marTobul” nawilebad, amiT Cven gavzardeT 
ZiriTad sidideTa raodenoba, gavxadeT ori, da 

axla . es xerxi gamodgeba sxva 
analogiur situaciebSic. Cvens mier Semoyvanili 
sigrZis erTeulebs sigrZis veqtoruli erTeulebi 
ewodeba. 
   ganvixiloT kidev erTi magaliTi. zogjer ise 
xdeba, rom or srulebiT gansxvavebul fizikur 
sidides erTeulTa erTidaimave sistemaSi 

erTnairi ganzomileba aqvT.  sistemaSi aseTi 

erTeulebia Zalis momenti  da muSaoba . 

orive maTganis ganzomilebaa dini  sm = g  sm2  
wm-2. ganzomilebebis “Cveulebrivi” meTodebi maT 
ver ansxvaveben erTmaneTisagan. magram Tu zemoT 
moyvanilis analogiurad ganvixilavT 
gadaadgilebebs traeqtoriis paraleluri da 
marTobuli mimarTulebebiT maSinve gaCndeba 

gansxvaveba  da -s Soris. muSaobis 
gamoTvlisas yovelTvis viyenebT Zalis gegmils 
moZraobis mimarTulebaze, xolo Zalis momentis 
gaTvlisaTvis arsebiTia “marTobuli” mdgeneli. 
sxva sityvebiT muSaoba ori veqtoruli sididis  
skalaruli namravlia, xolo Zalis momenti – 
veqtoruli: 
 

               ;   .  
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sadac  Zalaa, xolo  – radius-veqtori. amrigad, 

muSaobis ganzomilebaa – g   wm-2, xolo 

Zalis momentis – g  wm-2. 
  bolos, kidev erTxel unda aRvniSnoT, rom 
yvela formula, romelic miRebulia fizikur 
sidideTa rigis mixedviT samarTliania swored am 
sizustiT. Tu gansxvaveba zusti formulisagan ar 
aris 2, 3, 5 jer meti is SeiZleba 
damakmayofileblad CaiTvalos, xolo Tu 
gansxvaveba 10 jer da metjer metia, saWiroa 
msjelobebis gadaxedva, Tumca rogorc praqtika 
aCvenebs, es SeiZleba warmatebuli aRmoCndes an 
ara. rogorc wesi, umravles SemTxvevaSi dadebiTi 
Sedegi miiRweva. ganzomilebebis meTodi yovelTvis 
Zalian karg Sedegs iZleva sxvadasxva sidideebs 
Soris funqcionaluri kavSiris dadgenisas. ra 
Tqma unda igive Sedegs iZleva zusti 
gaangariSebebic magram xSirad gacilebiT didi 
ZalisxmeviT. ganzomilebis meTodi nakleb 
efeqturia maSin, rodesac raRac fizikuri sidide 
Sedgeba ori sxvadasxva bunebis, magram erTi rigis 
sididis mqone Sesakrebisagan.  
   SeiZleba Zalian bevri iseTi magaliTis moyvana, 
rodesac gamzomilebebis meTodi iZleva Zalian 
karg Sedegs da gansakuTrebiT sainteresoa, rom 
uxeSi Sefasebebis procesSic ki kargad ikveTeba 
fizikuri movlenis arsi. fizikuri movlenis 
xarisxobrivi analizi TiTqmis yovelTvis 
SeiZleba Catardes Sefasebis doneze. 
 

10. savarjiSoebi da amocanebi 
 

ganzomilebebis meTodis gamoyenebiT amoxseniT 
Semdegi amocanebi: 

 
1. daadgineT maTematikuri qanqaras rxevis kanonebi. 
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2. gamoiyvaneT wrfivad da TanabaraCqarebulad, 
usawyiso siCqariT moZravi sxeulis gadaadgilebis 
formula. 
 
3.gamoiyvaneT materialuri wertilis 
centriskenuli aCqarebis formula. 
 

4. erTgvarovani cilindri,  Zalis gavleniT, 
srialis gareSe migoravs horizontalur 
sibrtyeze. dadgineT cilindris RerZis AaCqarebis 

damokidebuleba  Zalaze. 
 
5. aCveneT rom meore kosmosuri siCqare 

damokidebulia dedamiwis radiusze - , 

Tavisufali vardnis AaCqarebaze –  da ar aris 

damokidebuli raketis masaze – . 
 
6. gamoTvaleT mTvaris gravitaciuli radiusi. 
 
7.gamoTvaleT dedamiwis sakuTari RerZis garSemo 
brunvis minimaluri periodi. 
 
8. daamtkiceT, rom Zlier SekumSul sxeulebSi 
nawilakis siCqare maT Soris manZilis 
ukuproporciulia. 
 
9. SeafaseT ramdenadaa 20 metriani vertikalurad 
mdgomi svetis qveda nawilis  atomebs Soris 
manZili naklebi, zeda nawilis atomebs Soris 
manZilTan SedarebiT. 
 
10. SeafaseT ra simaRleze gaskdeba heliumiT savse 
rezinis burTula. 
 
11. warmidgineT, rom dedamiwa gaxvretilia 
CrdiloeTi polusidan samxreTisaken da  
CrdiloeTi polusidan Caagdes qva. is daiwyebs 
rxevas CrdiloeT da samxreT polusebs Soris. 
daamtkiceT, rom qvis rxevis periodi gamoisaxeba 
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igive formuliT, rogoriTac aiwereba dedamiwis 
sakuTari RerZis irgvliv brunvis minimalurad 
SesaZlo periodi.  
 
12. SeafaseT ori liTonis burTis Sejaxebis dro? 
 
13. SeafaseT ricxobrivad wvimis wveTis rxevis 
periodi. 
 
14. SeafaseT wylis gubis zedapiruli talRis 

siCqare, Tu gubis diametria  da sirRme . 
gubis SemTxvevaSi aseTi rxevebis talRis sigrZis 
maxasiaTebeli zoma albaT SeiZleba iyos gubis 
romelime zoma? moifiqreT romel maxasiaTebel 
zomas unda mieniWos upiratesoba – diametrs, 
siRrmes, Tu maT romelime kombinacias? riT 
gansxvavdeba gubis zedapirze talRa Rrma tbis 
zedapirze talRisagan? 
 
15. gaanalizeT mTliani myari birTvis SigniT 
wertilovani afeTqebis movlena. SeafaseT aseTi 
afeTqebis dros dazianebis radiusi. 
 
16. arsebobs Tu ara dedamiwaze Saxtis 
maqsimaluri siRrme? Tu arsebobs SeafaseT ra 
sididisaa es siRrme. 
 
17. SeafaseT  wnevis sidide mzis centrSi. 
 
18. SeafaseT temperatura mzis zedapirze. 
 
19. gamoikvlieT usasrulo, Tanabrad damuxtuli 
sibrtyis   eleqtruli velis daZabulobis 
damokidebuleba eleqtruli muxtis simkvrivesa 
daKdakvirvebis wertilidan sibrtyemde manZilze. 
 
20. gansazRvreT usasrulod grZeli solenoidis 
magnituri velis daZabuloba, Tu xviis radiusia 

 da erTeul sigrZeze xviaTa raodenoba – . 
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21. daamyareT damokidebuleba rxeviTi konturis 
rxevis periods, induqtivobasa da tevadobas 
Soris. 
 
22. solenoidTan mierTebuli eleqtruli batareis 
ganmuxtvis minimaluri  drois ra principuli 
SezRudvebi arsebobs? 
 
23. im faqtis gaTvaliswinebiT, rom arsebiTad 
dnobis siTbo warmoadgens kristalis 
rRvevisaTvis saWiro maxasiaTebel energias, 
SeafaseT rogori unda iyos temperatura planetis  
centrSi, Tu misi birTvi “Txevadi” ar aris. 
 
24.SeadareT erTmaneTs solenoidebis maqsimalurad 
miRwevadi magnituri velebis energiis 
simkvriveebis mniSvnelobebi, zogierTi liTonis 
drekadobis modulebi da dnobis siTboebi. ra 
daskvnebis gakeTeba SeiZleba am Sedarebebidan?  
 
25.SeiZleba Tu ara zegamtarmavTuliani 
solenoidiT miRebul iqnas ufro didi magnituri 
velebi, vidre solenoidiT, romlis xviebic 
arazegamtari masalisaganaa damzadebuli? ra 
SeiZleba iTqvas maqsimalur velebze, Tu 
SesaZlebloba gvaqvs solenoidSi CavdgaT 
feromagnituri gulari? 
 
26. ricxobrivad SeafaseT eleqtronis dreifuli 
siCqare ReroSi, romlis sigrZea 1 m, Tu masze 
modebulia 300 v Zabva da eleqtronis saSualo 

ganarbenis sigrZea sm. 
 
27. gamoTvaleT spilenZis kuTri winaRoba, Tu 

eleqtronis Tavisufali ganarbenis sigrZea sm. 
 
28. scadeT, Tundac uxeSad SeafasoT energia, 
romelic saWiroa atomisagan yvela eleqtronis 
mosacileblad.  
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29. ganzomilebebis meTodis meSveobiT miiReT 
atomuri rxevebisa da energiis maxasiaTebeli 
formulebi. 
 

30. vTqvaT, kristalur ReroSi vrceldeba -is 
toli intensivobis bgeriTi talRa. SeecadeT 
SeafasoT am talRebiT gamowveuli atomebis 
maqsimaluri gadaxra. 
 
31.ganzomilebebis mosazrebidan moZebneT 
eleqtruli wredis winaRoba da induqtivoba. 
SeafaseT dro, romelic saWiroa stacionaruli 

denis dasamyareblad, Tu wredis induqtivobaa . 
 
32. warmoidgineT, rom brtyeli kondensatoris 

erT-erT firfitaze gakeTebulia patara  
radiusis naxvreti, romelic dafarulia sapnis 
Txeli apkiT. kondensatori damuxtulia 

potencialTa  -s tol sxvaobamde da 
gamorTulia denis wyarosagan.  firfitebs Soris 

 manZili gacilebiT naklebia firfitebis wrfiv 
zomebze. sapnis apkis zedapiruli daWimulobis 

koeficienti tolia . SeafaseT sapnis apkis 
kondensatoris SigniT SeRunvis sidide. 
 
 
 
              amoxsnebi da miTiTebebi 

 
1. qanqaras rxevis periodi damokidebuli unda 
iyos qanqaras sigrZeze, mis masaze da simZimis 
Zalaze. cxadia, rom nivTierebis simkvriveze 
damokidebulebas viTvaliswinebT masaze 
damokidebulebis dafiqsirebiT. amasTan, vinaidan 
vixilavT maTematikur qanqaras, misi zomebi ar 
unda miviRoT mxedvelobaSi. oTxi 

 sidididan SesaZlebelia 
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Semdegi erTaderTi uganzomilebo sididis Sedgena. 

(amocanis amosaxsnelad sakmarisia gamoviyenoT  
sistemis sami ZiriTadi erTeuli: sigrZis erTeuli, 
drois erTeuli, masis erTeuli): 
  

             
 
   ganvsazRvroT xarisxis maCveneblebi. 
gamosaxulebaSi myofi sidideebi SevcvaloT maTi 

ganzomilebebiT. ,   
da   CavsvaT isini sawyis formulaSi: 
 

                  
 
  es Tanafardoba Sesruldeba maSin, rodesac 
xarisxis yvela maCvenebeli nulis toli gaxdeba. 
mxolod am SemTxvevaSi tolobis marcxena mxare 
gaxdeba erTis toil uganzomilebo sidide. e.i. 
gvaqvs: 
 
 

 
 
 am gantolebaTa sistemis amoxsna gavaZlevs; 
 

                 
 
da amrigad, rxevis periodis formulas eqneba saxe: 
 

                    . 
 

    proporciulobis koeficientia, misi 
mniSvneloba xSirad 1-is tolia da ganisazRvreba 
damatebiT. 
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2. saZiebeli formula veZeboT maCvenebliani 
funqciis saxiT: 
  

                     an  
 

  gvaqvs  an  aqedan gvaqvs: 
 

                        
da sabolood miviRebT: . 
 
 
3. amocanis analizi saSualebas gvaZlevs dauSvaT 
Semdegi funqcionaluri damokidebuleba: 
 

                      
 

sadac  wrfivi siCqarea, - brunvis radiusi. 
gvaqvs: 
            

      an .  
 
  aq gamoyenebulia aCqarebis, siCqaris, sigrZis 
cnobili ganzomilebebi. es ukanaskneli toloba 
sruldeba Tu sruldeba piroba: 
 

 
 

am sistemis amonaxsnia: ,  da 
centriskenuli aCqarebis formulas aqvs saxe: 
 

                    . 
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  Tu am meTods SevadarebT tradiciuls, rodesac 
gamoiyeneba zRvarTa  Teoria, ganzomilebebis 
meTodis upiratesoba aSkaraa. 
 
4. saZebni aCqareba damokidebulia rogorc moqmed 
Zalaze, aseve cilindris masaze da mis radiusze. 
SevadginoT Semdegi funqcionaluri gantoleba: 
 

                  
 
  es gamosaxuleba saSualebas gvaZlevs 
SevadginoT ganzomilebebis Semdegi toloba: 
 

                   
 
da gamoviyenebT, ra aCqarebis, Zalis masisa da 
sigrZis erTeulebs miviRebT: 
 

                   
saidanac, Tu jamur xarisxis maCveneblebs 

gavutolebT nulls miviRebT:  da 

 sabolood formulas awvs saxe: 
 

                   . 
 
albaT dagveTanxmebiT, rom am formulis miReba 
sxva xerxiT ufro martivad SeuZlebelia. 
 
 
 
5. funqcionaluri damokidebuleba gansaxilvel 
sidideebs Soris ase warmovadginoT: 
 

                  . 
 
   am Tanafardobis ganzomileba ase CavweroT: 
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  aq gamoyenebulia siCqaris, aCqarebis, masis da 
manZilis ganzomilebebi. cxadia,  unda 
sruldebodes pirobebi: 
 

                   
 

   am sistemis amonaxsnia:   . amrigad 
meore kosmosuri siCqarisaTvis formulas aqvs 
Semdegi saxe: 
 

                       . 
 
8. Zlier SekumSul sxeulebSi Tavi unda iCinon 
kvanturma efeqtebma. es asea, Tu nawilakebs Soris 
manZili naklebia, magaliTad, boris radiusze. 
amdenad amocanis parametrebia: plankis mudmiva - 

,  

nawilakis masa –  siCqare –  da nawilakebs 

Soris saSualo manZili – . ganzomilebis 
mosazrebidan gvaqvs:  
 

, 
 
arsebiTad Cven gvaqvs ganuzRvrelobis 
Tanafardoba. 
 
 
19. imis gamo, rom damuxtuli sibrtye usasrulod 
didia, is warmoadgens simetriis sibrtyes da 
amitom sakmarisia eleqtruli veli ganvixiloT 
mis erT mxares. amovxsanaT es amocana amovxsnaT 

gausis sistemaSi (am sistemaSi , xolo 

dieleqrtrikuli mudmivaa  ricxvi). 
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dieleqtrikuli mudmiva SevitanoT  
koeficientSi da eleqtruli velis daZabuloba 

veZeboT, rogorc muxtis  simkvrivisa da 

dakvirvebis wertilidan umoklesi  manZilis 
funqcia (amocanis simetriulobisa da zedapiris 
gaswvriv denis ar arsebobis gamo, daZabulobis 
veqtori mimarTuli iqneba am zedapiris 
marTobulad): 
 

             saidanac  
 
   fizikuri formulebis erTgvarovnebis 
principidan gamomdinare gvaqvs: 
 

                       
 
  vinaidan gausis sistemaSi eleqtruli velis 
daZabulobis, muxtis simkvrivis da sigrZis 
erTeulebi cnobilia SeiZleba davweroT Semdegi 
Tanafardobebi: 
 

            ,   
 
da zeda toloba ase Caiwereba: 
 

, 
  gavutolebT ra tolobis orive mxaris xarisxis 

maCveneblebs,  miviRebT:  amrigad 
erTgvarovnad damuxtuli sibrtyis eleqtruli 
velis daZabuloba pirdapirproporciulia muxtis 
sididis da damokidebuli araa sibrtyemde 
manZilze, e.i. veli erTgvarovania da ganisazrvreba 
formuliT: 
 

                     . 
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20. bunebrivia davuSvaT, rom solenoidis SigniT 
magnituri velis daZabuloba (solenoidis gareT 
magnituri veli ar iarsebebs, vinaidan SigniT 
arsebuli magnituri velis  Zalwirebi ar gamodian 
gareT - ikvrebian usasrulobaSi, sadac imyofeba 
usasrulod grZeli solenoidis boloebi) 
proporciulia erTeul sigrZeze mosuli xviaTa 
ricxvis da funqcionalurad damokidebulia denis 
Zalasa da xviis radiusze. zemoTqmulis 
gaTvaliswinebiT magnituri velis 
daZabulobisaTvis SeiZleba davweroT Semdegi 
gamosaxuleba: 
 

                 . 
   
 amis Semdeg moviqceT zogadi wesis Sesabamisad. 
SevadginoT gantoleba: 
 

                  
 

 avirCioT erTeulTa  sistema da vinaidan 
cnobilia  ukanasknel gamosaxulebaSi Semavali 
yvela sididis 

ganzomilebebi(  

). formulas solenoidis 
magnituri velis daZabulobis ganzomilebisaTvis 
eqneba Semdegi saxe: 
 

                , 
 

 saidanac miviRebT:  da Sesabamisad, 
saZebn gantolebas aqvs saxe: 
 

                      . 
 
  rogorc vxedavT solenoidis magnituri velis 

daZabuloba damokidebuli araa xviis radiusze . 
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21. amocanis pirobidan gamomdinare saZebni sidide 

damokidebuli unda iyos tevadobaze – , 

induqtivobaze –  da SesaZlebelia 

kondensatoris muxtze – . zogadad rom vTqvaT, 
periodi albaT araa damokidebuli muxtze, 
vinaidan periodi uSualod konturis 
maxasiaTebeli sididea. 
   saZebni funqcionaluri damokidebuleba ase 
CavweroT: 

                   . 
 
 orive mxaris erTgvarovnebidan gamomdinare 
samarTliania toloba: 
 

                    , 
 

sadac (amocana amovxsnaT  sistemaSi) 
 

           .  
 
amrigad, miviReT Semdegi ganzomilebiTi toloba: 
 

               
 
 aqedan miiReba gantolebaTa Semdegi sistema: 
 

                    
 

  romlis amonaxsnia: , , . 
saZebn gantolebas aqvs saxe: 
 

                    . 
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32. zedapiruli daWimulobis Zalebi moqmedeben 
apkis mxebis mimarTulebiT. maTi mdgeneli 
kondensatoris eleqtruli velis (firfitebis 

marTobi) mimarTulebiT  miiReba   sidideze 

gamravlebiT, sadac  SeRunvis sididea. 

CavTvaloT, rom es sidide mcirea:  jamuri 
Zala, romelic ganpirobebulia zedapiruli 
daWimulobiT da eleqtruli velis gaswvriv 
mimarTuli ZaliT  gamoisaxeba formuliT: 
 

                     2   
 
es Zala gawonasworebuli unda iyos 
kondensatoris  meore firfitasTan mizidulobis 
ZaliT. es ukanaskneli ki tolia eleqtruli 
Zalebis “wnevis” (e.i.  sididis, romelic tolia 
firfitebs Soris mizidulobis Zalebis 
Sefardebisa firfitebis faTobTan) namravlisa 
apkis farTze . Tavis mxriv eleqtruli Zalebis 
“wneva” tolia kondensatoris firfitebs Soris 
koncentrirebuli energiis simkvrivis: 
  

                     . 
 
 davwerT ra tolobas: 
 

                  , 
 
miviRebT SeRunvis saZebn sidides:  
 

                   . 
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