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saSinao cdebis Catarebamde aucileblad dakvirvebiT waikiTxeT paragrafi. 

damo ukideblad pasuxis gacemiT  ganimtkiceT codna masSi mocemul kiTxvebze. 

rogor vixelmZRvaneloT saxelmZRvaneloTi

erTnair fazebSi merxev wertilTa geometriul adgils talRis zeda
piri ewodeba. yvelaze winamdebare talRis zedapirs _ 

talRis fronti. 
talRis zedapiris formis mixedviT, 

talRebi SeiZleba iyos brtyeli, sfer-
uli, elifsoiduri da sxva. izotropul 
garemoSi wertilovani wyarodan sferuli 
talRebi vrceldeba.

brtyeli talRa SeiZleba ganvixiloT rogorc sferuli talRa usas-
rulod didi radiusiT.

talRis gavrcelebis mimarTulebas sxivi ewodeba. sxivi yovelTvis 
talRis zedapiris marTobia.

sazogadod, gavrcelebisas talRis forma da mdebareoba icvleba. 
rogor ganvsazRvroT talRis frontis forma da mdebareoba drois 

nebismier momentSi, Tu igi cnobili iyo raime sawyis momentSi? 

2.4
warmodgenebi samyaros Sesaxeb

paragrafis nomeri

paragrafis saxelwodeba

individualuri samuSao

jgufebad muSaoba

wyvilebad  muSaoba

saSinao 
davaleba

umniSvnelovanesi 
daskvnebi

3. Tqveni varaudiT, Tu A xvreli Ria iqneba, B daxuru-

li da daviwyebT B xvrelis TandaTanobiT nel-nela gaRebas, 


4. urTierT mizidulobis Zala rogor gavlenas 

axdens galaqtikebis daSorebis siswrafeze? pasuxi 


3. rogor fiqrobT, winaaRmdegobaSia Tu ara 
boris pirveli postulati klasikur meqanikasTan? 



izotropuli _ iseTi gare-
moa, romelsac yvela mimar-
TulebiT erTnairi Tvisebebi 
aqvs.

atomi stacionarul mdgomareobaSi ar asxivebs. atomis mier 
energiis gamosxiveba xdeba, rodesac atomi meti energiis mdgo
mareobidan naklebi energiis mdgomareobaSi gadadis. STanTqma ki 
_ rodesac naklebi energiis mdgomareobidan gadadis meti energiis 
mdgomareobaSi.

saSinao cda

SeuiaraRebeli TvaliT RamiT daakvirdiT mowmendil cas. 

a. varskvlavebi Cvengan erTnairi manZiliTaa daSorebuli? 

b. yvela varskvlavi erTnairi sikaS kaSisaa? 

g. varskvlavebi erTnairi sixSi riTaa ganawi lebuli cis sxva-
dasxva monakveTze? daaxlo ebiT ramden var skvlavs xedavT? 
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I Tavi. 

mikrosamyaros 
kvanturi buneba

am TavSi gaixsenebT 
da gaecnobiT

Ä  atomis planetarul models;

Ä  planetaruli modelis 
winaaRmdegobebs; 

Ä  boris postulatebs;

Ä  wyalbadis atomis models; 

Ä  eleqtronebis difraqcias;

Ä  de broilis talRis sigrZes.
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1.1
atomis planetaruli modeli

daakvirdiT 6.1 suraTs. 

rezerfordis cdaSi iSviaTad, magram mainc, SeamCnies iseTi SemTxvevebic, 
rodesac calkeuli α-nawilakebis gabnevis kuTxe marT kuTxes aRemateboda.

rezerfordisTvis eqsperimentebiT miRebuli Sedegi moulodneli aR-
moCnda.

`es TiTqmis iseve warmoudgenelia, _ ambobda rezerfordi, _ ro-
gorc is, rom esroloT 15 duimiani yumbara Txeli 
qaRaldis furcels, yumbara ki dabrundes ukan da 
mogayenoT dartyma~.

rogor SeiZleba eqsperimentiT miRebuli 
Sedegebis axsna?

Tu CavTvliT, rom atomSi dadebiTi muxti ganawilebulia ise, rogorc 
tomsoni varaudobda, maSin am Sedegis winaswarmetyveleba SeuZlebeli iyo. 
dadebiTi muxtis aseTi ganawilebis dros SeuZlebelia Seiqmnas sakmarisad 
Zlieri eleqtruli veli, romelsac SeeZleba α-nawilakis ukugdeba. marT-

lac, radgan Tanabrad damuxtuli birTvis eleqtruli velis daZabuloba 

ganisazRvreba E k
R

q
2=  formuliT, rac naklebia misi radiusi miT ufro 

Zlieria eleqtruli veli mis zedapirTan da miT metia α nawilakis gan-
zidvis Zala.

rezerfordi mixvda, rom α nawilakis ukugdeba SeiZleba mxolod im 
SemTxvevaSi, Tu atomis dadebiTi muxti da masa moTavsebulia sivrcis 
Zalian mcire areSi.

sxvadasxva kuTxiT gabneuli α-nawilakebis daTvliT rezerfordma SeZlo 
birTvis zomebis Sefaseba. misi gaangariSebiT birTvis diametri 10-14-10-15 
m rigisaa (sxvadasxva birTvs sxvadasxva diametri aqvs). TviT atomis zoma 
10-10 m, 10-100 aTasjer aRemateba birTvis zomas. ase mivida rezerfordi 
atomis birTvis (mcire zomis sxeulis, romelSic koncentrirebulia ato-
mis TiTqmis mTeli masa da mTeli dadebiTi muxti) arsebobis ideamde. 
SemdgomSi moxerxda birTvis muxtis gansazRvrac. Tu eleqtronis muxts 
erTeulad miviRebT, maSin birTvis muxti tolia mocemuli qimiuri el-
ementis rigiTi nomrisa mendeleevis periodul sistemaSi.

1. ra informacias iRebT su-
raTidan?

2. romeli α nawilaki miuaxlov-
da oqros atomi s birTvs yvelaze metad?

3. romeli α nawilakis moZraobis trae-
qtoriaa yvelaze metad gamrudebuli? 

 4. rogor ganvsazRvroT atomSi eleqtronebis rao-
denoba?

duimi _ sigrZis er-

Teuli. 1 duimi=25,40 mm.

sur. 6.1. atomis birTvidan 
sxvadasxva manZiliT daSore

buli α nawilakebis moZraobis 
traeqtoriebi.

α

α

α

I

II
III

atomis 
birTvi
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raRac mizezis gamo dedamiwis irgvliv wriul orbitaze moZravi 
Tanamgzavris siCqare nulamde Semcirda.

wlebis ganmavlobaSi Catarebuli mravali cdis analizis Sedegad 
rezerfordma 1911 wels wamoayena atomis Semdegi modeli: atomi Sedgeba 
dadebiTad damuxtuli atombirTvisagan, romelsac ukavia atomis mTeli 
moculobis umniSvnelod mcire nawili. atombirTvis garSemo Sedar
ebiT did manZilze, gansazRvrul orbitebze moZraoben eleqtronebi. 
amgvarad, atomi warmodgenili gvaqvs patara masStabis 
planetaTa sistemis saxiT. amitom atomis aseT models 
planetaruli modeli ewodeba (sur. 7.1).

ram `aiZula~ rezerfordi atomis agebulebis swored 
planetaruli modeli Seeqmna da ara sxva?

atomis planetaruli modelis pirdapiri eqsperi mentuli da sabuTebaa 

α-nawilakebis gabnevis cdebi.

niutonis meqanikasa da maqsvelis eleqtrodinamikaze damyarebuli sru-
liad mkacri gamoTvlebi aCvenebs, rom eleqtroni metad mcire, daaxloe-
biT 10-8 wm-Si unda daeces birTvs da atomma arseboba unda Sewyvitos. 
sinamdvileSi msgavsi araferi xdeba. atomi mdgradia da SeuZlia ganusaz-
Rvrelad didxans iarsebos. miRebuli winaaRmdegoba Teoriasa da cdas 
Soris Sedegia klasikuri fizikis kanonebis gamoyenebisa atomis SigniT 
mimdinare procesebis mimarT.

aqedan SeiZleba erTaderTi daskvnis gamotana: atomuri movlenebi
saTvis klasikuri fizikis kanonebi ar gamodgeba.

rezerfordis cdebis analiziT sqematurad warmovadgineT atomis 
planetaruli modeli.

 8. aCqarebulia eleqtronebis moZraoba atomSi? 
axseniT, ratom fiqrobT ase?

9. ra aris eleqtromagnituri talRebis gamosxivebis wyaro?

10. rogor Seicvleba manZili eleqtronebsa da birTvs Soris, Tu 
atomi energias eleqtromagnituri talRebis gamosxivebaze dakargavs?


7. romeli elementis atomis mo delia 

gamosaxuli 87.1 suraTze? ris gan Sedgeba 
igi?


5. rogoria Tqveni azri, ra moxdeba Semdeg? SeZlebs 

Tanamgzavri orbitaze mdebareobis SenarCunebas? 
axseniT, ratom fiqrobT ase?

6. SeuZliaT Tu ara eleqtronebs atomSi uZravad yofna? axseniT, 
ratom fiqrobT ase?

sur. 7.1
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klasikuri fizikis kanonebis mixedviT SeuZlebelia iseTi atomis 
arseboba, romelsac planetaruli agebuleba aqvs.

rogor `gavamarTloT~ atomis planetaruli modelis arseboba, Tu igi 
aucileblad unda daiRupos?

gamosavali metad mZime mdgomareobidan ipova danielma fizikosma nils 
borma, kvanturi warmodgenebis Semdgomi ganvi Ta rebis gzaze, 1913 wels. 
cdiseul faqtebze dayrdnobiT, borma postulatebis saxiT Camoayaliba 
axali Teoriis ZiriTadi de bulebebi.

boris pirveli postulati: atomuri sistema SeiZleba imyofebodes 
mxolod gansakuTrebul stacionarul, kvantur mdgomareobebSi, ro

melsac Seesabameba gansazRvruli energia En. stacionarul mdgo
mareobaSi atomi ar asxivebs.

klasikuri meqanikis Tanaxmad, moZravi eleqtronis energia SeiZleba 
iyos nebismieri.

maqsvelis eleqtrodinamikis Tanaxmad, aCqarebulad moZravi muxti ga-
moasxivebs eleqtromagnitur talRebs.

boris meore postulatis Tanaxmad, atomis gadasvlisas erTi stacio
naruli mdgomareobidan meoreSi gamosxivdeba an STainTqmeba eleq
tromagnituri energiis kvanti.

gamosxiveba xdeba atomis meti energiis mdgomareobidan naklebi 
energiis mdgomareobaSi gadasvlisas.

energiis STanTqmisas atomi gadadis naklebi energiis mdgoma reobidan 
meti energiis mdgomareobaSi.

fotonis energia tolia atomis ori stacionaruli mdgomareobis en-

ergiaTa sxva obisa:   hνmn = Em – En    (1)
sadac m da n stacionarul mdgomareobaTa nomrebia.

 3. rogor fiqrobT, winaaRmdegobaSia Tu ara boris 
pirveli postulati klasikur meqanikasTan? axseniT, 
ratom fiqrobT ase?

 1. mdgradia Tu ara atomuri sistema? axseniT, ratom 
fiqrobT ase? 

2. ram ganapiroba atomis planetaruli modelis Seqmna?

 4. rogor fiqrobT, winaaRmdegobaSia Tu ara boris 
pirveli postulati maqsvelis eleqtrodinamikasTan? 
axseniT, ratom fiqrobT ase?

1.2
boris postulatebi

 5. gamosxivdeba Tu STainTqmeba fotoni, rodesac 

a. Em>En;      b. Em<En.     pasuxi daasabuTeT.
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gamosxivebuli (an STanTqmuli) kvantis rxevis sixSire ganisazRvreba 
formuliT:

.
h

E E
h
E

h
E

mn
m n

mn
m n& o=

-
= -o   (2) romelic SeiZleba asec davweroT 

1 1 (Em–En).=l hc
 (3)

maqsvelis eleqtrodinamikis Tanaxmad, aCqarebulad moZravi muxtis 
mier gamo sxivebuli eleqtromagnituri talRis sixSire toli unda iyos 
birTvis garSemo muxtis brunvis sixSiris.

klasikuri meqanikis Tanaxmad, eleqtronma SeiZleba imoZraos nebismieri 
radiusis wrewirze. boris pirveli postulatis mixedviT, radgan energiam 
SeiZleba miiRos mxo lod gansazRvruli mniSvneloba, amitom atomSi 
orbitebis radiusebi ar SeiZleba iyos nebismieri. am Seusabamobis 
dasaZlevad borma SemoiRo dakvantvis wesi. man dauSva, rom eleqtronis 

impulsis namravli orbitis radiusze plankis mudmivas jeradia mvr = 

nћ, sadac n =1, 2, 3....,  m _ eleqtronis masaa, v orbitaze eleqtronis 

siCqaris moduli, r _ orbitis radiusi, mv _ eleqtronis impulsis 

moduli, mvr _ eleqtronis impulsis momentis moduli, ћ=1,05.10-34 j.wm 

plankis mudmivaa (ћ _ ikiTxeba haS xaziani).
dakvantvis wesis gamoyenebiT borma SeZlo  orbitebis SesaZlo 

radiusebis gansazRvra.

nivTierebis atomebze sinaTliT, rentgenis sxivebiT, α-nawilakebis an 
eleqtronebis nakadis zemoqmedebiT SeiZleba gamoviwvioT atomis gadas-
vla erTi stacionaruli mdgomareobidan meoreSi. atomis mdgomareobis 
am cvlilebas atomis aRgzneba ewodeba.

aRgznebul mdgomareobaSi atomi metad mcire xans rCeba (wamis me-
miliardedi nawili). aRgznebuli atomi Tavis normalur araaRgznebul 
mdgomareobaSi dabrunebisas gamoasxivebs fotons, romlis sixSire gan-
isazRvreba (2) formuliT.

atomi stacionarul mdgomareobaSi ar asxivebs. atomis mier ener
giis gamosxiveba xdeba, rodesac atomi meti energiis mdgomareobidan 
naklebi energiis mdgomareobaSi gadadis. STanTqma ki _ rodesac na
klebi energiis mdgomareobidan gadadis meti energiis mdgomareobaSi.

am sakiTxebze informacia moipoveT internetSi misamarTze:
http://physics.ru/courses/op25part2/content/chapter6/section/paragraph2/theory.html
http://physics.ru/courses/op25part2/content/models/hydrogenatom.html


6. rogor fiqrobT, winaaRmdegobaSia Tu ara boris 

meore postulati maqsvelis eleqtrodinamikasTan? ax-
seniT, ratom fiqrobT ase?

davaleba

gadawereT formulebi 
q1q2E

pot
=k

R E
kin

=
mv2

2
, ,

ganmarteT formulebSi Semavali TiToeuli fizikuri sidide da 

miuTiTeT maTi erTeuli SI-Si. 
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gamosxivebuli an STanTqmuli fotonis 

sixSire νmn=
Em–

En

h h
, (1)

sadac Em da En, Sesabamisad, m da n stacionarul mdgomareobebSi atomis 

energiebia,  h=6,63.10-34 j.wm plankis mudmivaa.

wyalbadis atomis sruli energia kinetikuri da potenciuri energiebis 

jamis tolia E =
mv2

–
e2

k
2 r

. (2)

orbitaze moZraobisas eleqtrons centriskenul aCqarebas aniWebs 

kulonuri Zala, romlis moduli .F k
r
e
2

2

=  (3)

niutonis meore kanonis Tanaxmad .vk
r
e

r
m

mr
kev

2

2 2
2

2

&= =   (4)

(4) (2) ⇒ .E
r

ke
r
ke E

r
ke

2 2

2 2 2

&= - =-  (5)

miviReT wyalbadis atomis sruli energiis ganmsazRvreli formula.
boris dakvantvis wesis Tanaxmad eleqtronis impulsis momentis moduli

mvrn = nћ ⇒ .v mr
n

n

&=   (6)   (6) (4) ⇒ .
m r
n

mr
ke

r
kme
n

n n
n2 2

2 2 2

2

2 2

&
& &= =    (7)

1.3 wyalbadis atomis modeli 
boris mixedviT

1. ra informacias iRebT 
10.1 suraTidan?

sur. 10.1. suraTze wyalbadis 
atomSi eleqtronis xuTi 

dasaSvebi orbitaa gamosaxuli. 
isrebiT naCvenebia eleqtronis 

SesaZlo gadasvlebi erTi 
orbitidan meoreze.

 2. ra moxdeba, rodesac 
eleq troni gadava maRali 
energetikuli donidan 

dabal energetikul doneze?


3. ra unda vicodeT, rom ganvsazRvroT gamosxivebuli 

an STanTqmuli fotonis sixSire?

4. ra saxis energiebi aqvs eleqtrons wyalbadis atomSi? dawereT am 
energiebis ganmsazRvreli formulebi.

 5. daasaxeleT (7) formulaSi Semavali fizikuri sidi-
deebi da maTi ricxviTi mniSvnelobebi.

6. rogori mniSvnelobebi SeiZleba hqondes boris orbitebis radiuss 
nebismieri Tu diskretuli? pasuxi daasabuTeT.

7. gansazRvreT bo ris atomSi eleq tronis orbitis umciresi radiusi.
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eleqtronis orbitis umciresi radiusi atomis radiusia. igi                             
5.10-11 m-ia. 

(7) (5) ⇒ .E
n

k me
2n 2 2

2 4

&
=-    (8)

miviReT atomis stacionaruli mdgomareobebis energiis mniSvne lobebis 
ganmsazRvruli formula.

11.1 a da b suraTebze energiis 
es mniSvnelobebi gadazomilia ver-
tikalur RerZze.

wyalbadis atomis ionizaciisTvis 
_ atomidan eleqtronis mosawyve-
tad _ saWiroa, mas mivaniWoT 13,55 
ev energia. es is energiaa, romelic 
atoms gaaCnia udables energetikul 
doneze. am energias ionizaciis 
energia ewodeba. udables energeti-
kul mdgomareobaSi atoms SeuZlia yofna ragind didxans. atomis yvela 
mdgomareobas, roca n=2, 3, 4 ... atomis aRgznebuli mdgomareoba Seesabameba. 
am mdgomareobebSi atomis sicocxlis xangrZlivoba 10-8 wm-is rigisa. am 
drois ganmavlobaSi eleqtroni atomis birTvis garSemo daaxloebiT asi 
milioni brunis gakeTebas aswrebs.

fizikaSi kvanturi warmodgenebis Semotanam ganapiroba axali Teoriebis 
_ kvanturi meqanikisa da kvanturi eleqtrodinamikis Camoyalibeba.

boris postulatebi am axali Teoriebis ZiriTadi principebis Sedegebia.

boris postulatebze dayrdnobiT davadgineT, ras udris wyalbadis 
atomSi eleqtronis orbitis umciresi radiusi da energia, romelic 
atoms gaaCnia udables energetikul doneze e. w. ZiriTad mdgomareobaSi. 
gamoviyvaneT formulebi, romelTa mixedviTac SevZlebT wyalbadis 
atomSi eleqtronis SesaZlo orbitebis radiusebis da Sesabamisi 
energiebis gansazRvras.

am sakiTxebze informacia moipoveT internetSi misamarTze:
http://physics.ru/courses/op25part2/content/chapter6/section/paragraph3/theory.html


10. rogor gansazRvravT erTi orbitidan meoreze 

eleqtronis gadasvlisas gamosxivebul, an STanTqmuli 
fotonis energias? sixSires? pasuxi daasabuTeT.

 9. gansazRvreT 
udables energe-

ti kul mdgomareobaSi (n=1) 
wyal badis atomis energia.

 8. rogori mniS vnelobebi SeiZ leba hqondes atomis 
srul energias nebismieri Tu diskretuli?

sur. 11.1. 

aE1 E1

E2 E2

E3 E3

0

E, ev

b

E, ev
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dReisaTvis cnobilia, rom nawilakebisa da talRebis urTierTkavSiri, anu 
korpuskulur-talRuri dualizmi, arsebobs yvela nawilaksa da talRas So-
ris da Tanamedroeve kvanturi Teoriis ZiriTad princips warmoadgens.

sinaTle _ eleqtromagnituri talRa _ avlens nawilakebis Tvisebebs. 
logikuria Tu ara vivaraudoT, rom nawilakebi vTqvaT _ eleqtoronebi av-
lenen talRur Tvisebebs?

ganvixiloT azrobrivi eqsperimenti. 
eleqtronebis nakadi moZraobs ekranisken, 

ekrans mcire zomis ori A da B xvreli aqvs. 
ekranis ukan geigeris mricxveli _ ele-

qtronebis damTvlelia moTavsebuli (sur. 12.1).
rodesac B xvreli daxurulia da A xvreli 

Ria, maSin mricxvelis daTvlis siswrafe yovel 
wuTSi, vTqvaT, 100 eleqtronia (sur. 12.2,a). rodesac A xvreli daxurulia da B 
xvreli Ria mricxvelis daTvlis siswrafe maSinac 100 eleqtronia (sur. 12.2,b).

cda gviCvenebs, mricxvelis mdebareobis mixedviT zogierT adgilas Sei-
Zleba dafiqsirdes daTvlis siswrafis Semcireba 1 wT-Si 100-dan  nulamde. 
sak vir velia B xvrelis TandaTan gaRebas rogor unda gamo ewvia A xvrelSi 
gasuli eleqtronebis 
rao denobis Semcireba? 
ufro metic SeiZleba moi-
naxos mricxvelis ise Ti 
mdebareoba, sadac B xvre-
lis TandaTan gaRebisas 
daTvlis siswrafe 1 wT-Si 
izrdeba 100-dan 400-mde. 
(e. i. orjer, meti, vidre 
uSualo jami calkeuli 
efeqtisa orive xvreliT). 

1.4 korpuskulur-talRuri dualizmi.
de broilis talRis sigrZe

 1. sinaTle _ eleqtromagnituri talRa _ avlens Tu ara 
nawilakebis Tvisebas? moiyvaneT pasuxis damadasturebeli 
magaliTi.

 2. ras fiqrobT am sakiTxze? rogor SevamowmoT 
hipoTezis marTebuloba?

 3. Tqveni varaudiT, Tu A xvreli Ria iqneba, B daxuruli 
da daviwyebT B xvrelis TandaTanobiT nel-nela gaRebas, 
maSin 1 wT-Si ra farglebSi Seicvleba mricxvelis daTv-

lis siswrafe? pasuxi daasabuTeT.

eleqtronebis 

nakadi

ekrani

geigeris

mricxveli

sur. 12.1 

A

B

I I I

X X X
O O O

ekrani ekrani ekrani

sur. 12.2. eleqtronebis ganawileba klasikuri fizikis Sesabamisad.

a b
g
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12.2 suraTze (klasikuri fizikis Sesabamisad) gamosaxulia klasikuri 
meqanikis mixedviT eleqtronebis mosalodneli ganawilebis damokidebuleba 
mricxvelis mdebareobaze _ 13.1 suraTze eqperimentiT miRebuli Sedegi.

SevniSnoT, rom eqsperimentiT miRebu-
li, intensiobis mixedviT eleqtronebis ga-
nawilebis suraTi iseTivea, rogoric ori 
xvrelidan gamosuli sinaTlis interferen-
ciuli suraTi. talRebi erTmaneTs aZliere-
ben im wertilebSi, sadamdec svlaTa sxvaoba 

D
1-D2 talRis sigrZis naxevris luwi ricx-

via. e. i.  (sur. 13.1), sadac l 

talRis sigrZea, N naturaluri ricxvi.
 talRebi erTmaneTs asusteben im werti-

lebSi sadamdec svlaTa sxvaoba tal-

Ris sigrZis naxevris kenti ricxvia. e. i. 

.

eleqtroni Cven warmogvidgenia, rogorc garkveuli masisa da muxtis 
nawilaki, rogor SeiZleba igi iyos talRa?

es, rom SesaZlebelia pirvelma miuTiTa lui de brolma 1924 wels. misi 
varaudiT, yvela nawilaks, ise, rogorc sinaTles unda hqondes talRuri 
Tvisebebi. manve Semoitana raodenobrivi damokidebuleba nawilakis talRis 

sigrZesa da mis impuls Soris  sadac l talRis sigrZea, romelsac de 

broilis talRis sigrZes uwodeben,  P – nawilakis impulsi, h plankis mudmi-

va. de broilis hipoTezis mar-
Tebuloba, pirvelad SemTxve-

viT eqperimეntulad aRmoa-
Cines 1927 wels eleqtronebis 
difraqciis Sem Cne visas.  13.2 
suraTze cdis sqemaa gamosax-
uli. 13.3-ze fotofirze miRe-
bu li dif raqciuli suraTi _ 
cen traluri laqis irgvliv 
bne li da naTeli zolebis er-
Toblioba.

dadgenilia, rentgenis sxivebis da eleqtronebis de broilis talRis sig-
rZe TiTqmis erTnairia. amitom eleqtronebisa da rentgenis sxivebis difraq-
ciisas miRebuli suraTebi erTnairi unda yofiliyo, 1928 wels es varaudi eqs-
perimentulad  dadasturda.

 4. Tqveni varaudiT, am grafikebidan romelia swori? 
axseniT ratom fiqrobT ase?

sur. 13.2 sur. 13.3

eleqtronebi

f
o

t
o

f
ir

f
it

a

oqros folga

sur. 13.1. eleqtronebis ganawileba 
kvanturi Teoriis Sesabamisad

I

XO

ekrani

D1 D2
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1.5
amocanis amoxsnis nimuSi

1. ganvsazRvroT boris wyalbadis atomSi eleqtronis orbitis 
umciresi radiusi, siCqare da aCqareba men orbitaze.

amoxsna
wyalbadis atomSi boris me-n orbitis radiusi 

  (*)

boris dakvantis wesis Tanaxmad 

mevnrn=nћ ⇒ .  (1)

(*) (1) ⇒  ⇒  (**)

aseTi siCqare aqvs eleqtrons me-n orbitaze.

aCqareba me-n orbitaze  (2)

(*)∧(**) (2)⇒   (***)     (*): r
1
=5.10-11 m.

2. ganvsazRvroT eleqtruli velis daZabuloba wyalbadis atomis 
me4 orbitaze.

amoxsna
eleqtruli velis daZabuloba me-n orbitaze 

. (1)

me-n orbitis radiusi   (2)

(2) (1)⇒    (*)

(*): En=2.105 v/m.

? r1, vn, an

moc.: n=1

 me=9,1.10-31 kg

 e=1,6.10-19 k

 ћ=1,05.10-34 j.wm

 k=9.109
 
n.m2

k2

?E
n

moc.: n=4

 e=1,6.10-31 kg

  ћ=1,05.10-34 j.wm

 k=9.109 n.m2

k2
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3. EganvsazRvroT energia, romelic gamoiyofa m masis eleqtronisa 
da m masis pozitronis anihilaciisas.

amoxsna

sistemis sawyisi energia eleqtonisa da pozitronis energiaTa jamis 
tolia: e. i. E=2mc2. energiis mudmivobis kanonis Tanaxmad eleqtonisa da 
pozitronis anihilaciisas _ mospobisas _ gamosxivdeba sawyisi energiis 
toli energia eleqtromagnituri kvantis saxiT.

4. ganvsazRvroT ramdenjer gansxvavdeba wiTeli feris fotonebis 
energia iisferi fotonebis energiisagan, Tu l

wiT.
=700 nm, l

iisf.
=400n. m.

amoxsna

nebismieri eleqtromagnituri talRis sigrZesa da sixSires Soris 

damokidebuleba gamoisaxeba formuliT  (1)

fotonis energia  (3)

(3)⇒ fotonis energia ukupropocrciuli talRis sigrZis. e. i. 

 (*)     (*):  
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1.6
SeamowmeT Tqveni codna

amoxseniT amocanebi

1.  wyalbadis atomSi eleqtronis meoTxe energetikuli donidan meoreze 

gadasvlisas gamosxivebuli fotonis energiaa 4,04.1019 j. gansazRvreT 
am talRis sigrZe.

2.  wyalbadis atomSi eleqtronis meore energetikuli donidan 

meoTxeze gadasvlisas STanTqmuli fotonis talRis sigrZea 4,9.10-7 m. 
gansazRvreT fotonis energia.

3.  boris TeoriiT wyalbadis atomSi eleqtronis me-n orbitis radiusi 
pir veli orbitis radiusTan dakavSirebulia formuliT rn=r1n

2, (1) 
sadac n naturaluri ricxvia. gansazRvreT,M rogor Seicvleba eleq-
tronis kinetikuri energia meore energetikuli donidan pirvelze 
gadasvlisas.

4.  wyalbadis atomSi eleqtronis kinetikuri energia oTxjer Semcirda. 
romeli orbitidan romelze gadavida eleqtroni?  pasuxi daasabuTeT.

5.  boris Teoriis Tanamad me-n orbitaze eleqtronis sruli energia 

ganisazRvreba formuliT:  ev. rogori minimaluri energia 

unda gadaeces ara aRgznebul wyalbadis atoms, rom aseTi atomebisagan 
Sedgenili airis gamosxivebis speqtri Seicavdes  erT speqtrul xazs?

6.  de broilis damokidebulebidan , (1) sadac l nawilakis talRis 

sig rZea, h plankis mudmiva, p nawilakis impulsi, miiReT E=hν (2) 
damokidebuleba, im nawilakebisaTvis, romelTa uZraobis masa nulia.           
(2)-Si E aris kvantis energia, ν _ sixSire.

testi

1. TermobirTvuli sinTezisas wyalbadis ori  da  izotopisgan 
 birTvTan erTad warmoiqmna

a. eleqtroni;   b. protoni;   g. neitroni; 

d. α–nawilaki;   e. g-kvanti.

2. elementis birTvidan b nawilakebis gamotyorcnisas elementis 
rigiTi nomeri 

a. ar icvleba;   b. erTiT mcirdeba;   g. erTiT izrdeba; 
d. oriT izrdeba;   e. oriT mcirdeba.
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II Tavi. 

astrofizika da 

kosmologia

am TavSi gaixsenebT 
da gaecnobiT

Ä  varskvlavTa sicocxlis cikls;

Ä  samyaros gafarToebis 
damadasturebel eqsperimentul 

faqtebs; 

Ä  didi afeTqebis Teorias;

Ä  samyaros ganviTarebis 

SesaZleblobebs.

astrofizika Seiswavlis mnaTobTa fizikur bunebas, risTvisac 
umTavresad fizikur meTodebs iyenebs

kosmologia _ samyaros, rogorc mTlianis Seswavla.

am Tavis SeqmnaSi aqtiurad 
monawileobda giorgi 
gedeniAZis moswavle, yofili 
komaroveli, astrofizikosi, 
Tsu-s asocirebuli profesori 
aleqsandre TevzaAZe



18

2.1
samyaro

Tanamedrove xelsawyoebiTa da meTo-
debiT xilvadi galaqtikebis erTobliobas 
metagalaqtika ewodeba.

galaqtikebi gafantulia sivrceSi. maTi 
saerTo raodenoba ramdenime miliardia. 
Cveni galaqtikis erT-erT uaxloes _ an
dromedas _ galaqtikamde manZili or 
milion sinaTlis weliwads aRwevs. uSore-
si galaqtika ki, romelsac amJamad swvdeba 
teleskopebiT SeiaraRebuli adamianis Tva-
li, ramdenime miliardi sinaTlis weliwa-
dis manZilzea.

Cven vcxovrobT galaqtikaSi, romelic 
irmis naxtomis anu rZis gzis saxelwodeb-
iTaa cnobili.

Crdilo naxevarsferoSi igi gansakuT-
rebiT kargad Cans ivlis-seqtemberSi 
samxre Tis mimarTulebiT.

umTvaro RamiT mowmendil cas daakvirdiT da aucileblad SeniSnavT 
mkrTalad mbrwyinav zols, romelic camrgvalze gadaWimulia horizon-
tidan horizontamde. 18.1 suraTze Ramis cis sruli rukaa gamosaxuli. 
igi Sedgenilia astronomiuli Tanamgzavris `irasis~ monacemebiT. suraTis 
SuaSi, mTel sigrZeze, TeTri ubani _ Cveni galaqtikaa _ irmis naxtomi.

samyaro erTmaneTisgan uzarma-

za ri manZiliT (milionobiT 

sinaTlis weliwadi) daSorebuli 

uamravi varskvlavisagan Seqmnili 

galaqtikebisagan Sedgeba.

sinaTlis weliwadi _ manZili, 

romelsac sinaTle gadis vakuumSi 

erTi wlis ganmavlobaSi.

irmis naxtomi _ RamiT cis 
TaRze gadaWimuli mkrTalad 
moelvare zoli. Sedgeba miliar-
dobiT varskvlavisagan.

 1. gamosaxeT sinaTlis weliwadi km-iTa da m-iT.

sur. 18.1
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zogierT galaqtikas 
Tana m gzavri galaqtikebi 
axlavs. maT Sorisaa Cveni 
galaqtikac. mas didi da mc-
ire, mage lanis Rrublebad 
wodebu li, ori Tanamgzavri 
ga laq tika axlavs. 18.1 su-
raTze, qveviT, ori TeTri 
naR venTi CvenTan uaxloe-
si galaqtikebi _ magela-
nis Rrublebia. isini cis 
samxreT naxevarsferodan Cans. 19.1 a da b su-
raTebze magelanis didi da patara Rrublebia 
gamosaxuli. 19.2 suraTze gamosaxuli magelanis 
didi Rrubeli astronomebis mier mTvaris zeda-
piridanaa gadaRebuli.

galaqtikebs Soris sivrceSi Zalian mcire sim-
kvrivis nivTierebaa, magram maTi saerTo masa Sei-
Zleba galaqtikebis saerTo masas aRematebodes.

TiToeul galaqtikaSi uamravi varskvlavia. 
Tanamedrove ^gazomvisa da gamoTvlebis mixedviT 
100-200 miliardi. varskvlavTa nawili varskvlav-
Ta grovebs qmnis. es grovebi zogjer ramdenime 
aTasi varskvlavisagan Sedgeba. zogierT grovas 
SeuiaraRebeli TvaliTac vxedavT.

Cvens galaqtikaSi daaxloebiT 100 miliardi varskvlavia. varskvlavebis 
ganTavsebis sivrce ormxriv amozneqil 
linzas waagavs. varskvlavTa 90%-ze meti 
am linzis erT-erTi sibrtyis, e. w. galaq-
tikuri centris siaxloves ganlagebulia 
Txel diskoSi, romlis diametri 100 000 
sinaTlis weli-
wadia. sibrtyis 

marTobuli mimarTulebiT varskvlavTa raodeno-
ba SedarebiT mcirea. linzis centris maxloblad 
ki Zalze bevri. mzec am diskoSia da galaqtikis 
centridan 30 000 sinaTlis weliwadiTaa daSo-
rebuli. 19.3 suraTze sqematuradaa gamosaxuli 
irmis naxtomi da mzis mdebareoba am ojaxSi.

galaqtikis struqturis Camoyali bebasa da gan-
viTarebaSi did rols asrulebs galaqtikis magni-
turi veli. magnituri velis wirebi galaqtikuri 
sib rtyis paraleluria da mis sibrtyeSi mrud deba 
e. w. spiralebis gaswvriv. spirali galaqtikisaT-
vis damaxasi aTebeli struqturuli ele men tebia. 
ZiriTadad es aris var skvla vebis siv rculi Sem-
kvrivebebi, rom lebic TiT qos ramdenime xveuli 
to tis saxiT galaq tikis centridan peri fe  rii saken 

sur. 19.1

sur. 19.2

varskvlavi _ gavarvarebuli 
ciuri sxeulia, romelsac sferos 
forma aqvs da anaTebs centrSi 
mimdinare TermobirTvuli reaq-
ciis gamo.

100000 sinaTlis weliwadi

mze birTvi disko

sur. 19.3
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sur. 20.1

miemarTebian (sur. 19.3). bolo monacemebiT, aseTive struq tura aqvs galaq-
tikaTa 60%-s. erT-erTi, CvenTan uaxloesi, andro medas nisleulia (sur. 20.1). 
nis le ulidan Cvenamde manZili 2,3 mili oni sinaTlis weliwadia.

galaqtikaTa 30-35% ufro erTgvarovania da sferuli an elifsuri 
formisaa.

galaqtikebis 10-5% mouwesrigebeli struq-
turisaa. aseTebs miekuTvneba magelanis didi da 
patara Rrublebi (sur. 19.1).

galaqtika, rogorc erTiani sistema, erTi 
saerTo RerZis garSemo brunavs. brunvis peri-
odi RerZidan sxvadasxva manZilze sxvadasxvaa. 
mze da misi maxlobeli varskvlavebi galaqtikis 
centris mimarT moZraoben 250 km/sT siCqariT da 
erT gareSemovlas daaxloebiT 230 milion weli-
wads andomebs. varaudoben, rom galaqtikebi erT-
maneTs Sordebian, e. i. samyaro farTovdeba. Tu 
es marTlac asea, maSin Zalian^ didi xnis winaT, 
albaT, yvela galaqtika, mcire moculobaSi war-
moudgenlad didi simkvrivisa da temperaturis 
areSi unda yofiliyo. varaudoben, rom gafar-
Toeba daaxloebiT 13.7 miliardi wlis win didi 
afeTqebis Sedegad daiwyo da dResac grZeldeba. ra moxdeba da rogor 
ganviTardeba movlenebi? dasabuTebuli pasuxi am SekiTxvaze momavalma 
Taobam (egeb Tqvenma) unda gasces.

 2. jer ivaraudeT, Semdeg gansazRvreT, Cveni galaq-
tikis varskvlavebidan ramdeni `gvekuTnis~ TiToeuls? 

CaTvaleT dedamiwaze daaxloebiT 6,5.109 adamiani cocxlobs.

3. gansazRvreT ramdeni bruni gaakeTa mzis sistemam galaqtikis cen-
tris mimarT, Tu misi asaki daaxloebiT 5 miliardi weliwadia.

saSinao cda

SeuiaraRebeli TvaliT RamiT daakvirdiT mowmendil cas. 

a. varskvlavebi Cvengan erTnairi manZiliTaa daSorebuli? 

b. yvela varskvlavi erTnairi sikaS kaSisaa? 

g. varskvlavebi erTnairi sixSi riTaa ganawi lebuli cis sxva dasxva 
monakveTze? daaxlo ebiT ramden var skvlavs xedavT? 
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RamiT mowmendil caze SeuiaraRebeli TvaliT daaxloebiT 2500 varskv-
lavis danaxva SeiZleba. erTi SexedviT, maTi ganawileba moklebulia yo-
velgvar simetriasa da wesrigs. magram, Tu yuradRebiT davakvirdebiT, 
davinaxavT, rom varskvlavebi cis sxvadasxva monakveTze qmnian dajgufe-
bebs _ garkveul konfiguraciebs. amasTan, es konfiguraciebi Ramidan-
Ramemde, wlidan-wlamde da saukunidan-saukunemde TiTqmis ucvlelia. maT 
dResac uZveles droSi Serqmeuli cxovelebisa da miTologiuri persona-
Jebis saxelebi hqviaT.

arseboben sxvadasxva masis, zomis da feris varskvlavebi. mze Cveni sam-
yaros erT–erTi tipuri varskvlavia. mzeze ufro masiuri varskvlavebi 
molurjo ferisaa, xolo naklebad masi-
uri _ mowiTalo. 

rogorc sxva varskvlavebi, mzec, Zir-
iTadad, wyalbadisagan Sedgeba. es aris 
sawvavi airi. temperatura da wneva mzis 
birTvSi imdenad maRalia, rom wyalbadis 
birTvebis SeerTebiT warmoiqmneba heliu-
mis birTvi da gamosxivdeba energia (sur. 
21.1). am procesis _ TermobirTvuli 
reaqciis _ dros 1 wm-Si oTxi milioni 
tona wyalbadi gadamuSavdeba. Sedegad, 
gamoiyofa energia, romelic uzrunve-
lyofs mzis naTebas. mzis wiaRSi warmo-
qmnili energia amodis zedapirze da gamosxivdeba sivrceSi. wamSi yvela 
mimarTulebiT gamosxivebuli energia ≈4,1026 j-ia.

yvela varskvlavs gaaCnia Tavisi 
sicocxlis cikli, romlis ganmavloba-
Sic igi gadis  sxvadasxva etaps.  var-
skvlavis evolucia, Cveulebriv, xan-
grZlivi procesia, romlis pirdapiri 
dakvirveba Cven ar SegviZlia dakvir-
vebis drois Sualedis simciris gamo  (astronomiuli TvalsazrisiT). nacv-
lad erTi varskvlavis evoluciis Seswavlisa, Cven vayalibebT mnaTobebis 
evoluciis Teorias da Semdgom vcdilobT samyaroSi aRmovaCinoT obieqti, 
romelic aris evoluciis romelime konkretul etapze. 

2.2varskvlavebis 
sicocxlis cikli

evolucia (laT.) _ TandaTano-
biTi, uwyveti cvlilebis procesi, 
romelsac unda mohyves Tvisebrivi 
cvlileba.

 1. romeli varskvlavia dedamiwasTan yvelaze axlos?

2. ivaraudeT, RamiT mowmendil caze SeuiaraRebeli 
TvaliT ramdeni varskvlavis danaxvas SeZlebT?

 3. ra aris saWiro varskvlavis naTebisaTvis?

sur. 21.1

heliumis 
birTvi 

(2 protoni+2 
neitroni)wyalbadis 

oTxi birTvi

sinTezis 
reaqcia
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rogor ibadeba varskvlavi? 
varskvlavebi ibadebian samyaroSi 

arsebuli giganturi molekuluri 
Rrub lebis SekumSvis, e.w. gravi-
taciuli kolafsis Sedegad _ var-
skvlavis birTvi katastrofulad 
swrafad ikumSeba. Zlieri SekumSvis 
Sedegad, temperatura centrSi 15,7 
milion graduss aRwevs da iwyeba 
TermobirTvuli reaqciebi – ibade-
ba mnaTobi.

22.1 suraTze gamosaxulia ma-
gelanis did nisleulSi giganturi 
molekuluri Rrublebi, varskv-
lavTSoris mtveri da varskvlaveb-
is Camoyalilebis ori ubani, sadac 
gravitaciuli SekumSvis Sedegad 
ukve anaTeben varskvlavebi.

varskvlavis Sida fenebi ganu-
wyvetliv ganicdian zeda fenebis 
dawolas simZimis Zalis moqmedebis 
gamo. amitom varskvlavi mudmivad 
cdilobs SeikumSos. magram igi aRar 
ikumSeba, radgan TermobirTvuli 
reaqciis dawyebasTan erTad iwyeba 
uzarmazari energiis gamosxiveba, 
romlis moqmedeba awonasworebs 
gravitaciuli SekumSvis Zalas. var-
skvlavis aseTi mdgomareoba cno-
bilia varskvlavuri wonasworobis 
saxeliT (sur. 22.2). 

Tavdapirvelad axladdabadebuli varskvlavebis umravlesoba Zalian 
kaSkaSaa da lurjad an TeTrad anaTebs. es mdgomareoba milionobiT weli-
wads grZeldeba. magaliTad, mzis TermobirTvuli sawvavi _ wyalbadi _ 
dReisaTvis Seadgens mzis saerTo masis 73%, xolo heliumi _ 25%. droTa 
ganmavlobaSi es proporcia Seicvleba.

mze daasrulebs arsebobas, rodesac masSi gamoi-
leva sawvavi. mzis masaa M


 ≈ 2×1030 kg. Sefasebu-

 4. rogor fiq robT, ramden xans gagrZeldeba varskvlavis 
naTeba?

 5. Tqveni azriT, rogor Seicvleba es proporcia? 
pasuxi daasabuTeT.

sur. 22.1. varskvlavTa warmoSobis areebi 
magelanis did nisleulSi. 

 

sur. 22.2. varskvlavuri wonas
worobis modeli

gamosxiveba

_ mzis 
simboluri aRniSvnaa.
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lia, rom am masis varskvlavebi anaTe-
ben T


≈1010 wlis ganmavlobaSi. 

rac ufro masiuria varskvlavi, 
miT metia mis centrSi wneva da tem-
peratura. maRal temperaturaze 
TermobirTvuli reaqciebis mim-
dinareobis tempi matulobs. Sesa-
bamisad, varskvlavSi ufro swrafad 
damTavrdeba TermobirTvuli sawvavi 
da igi gamodis wonasworobidan. em-
piriulad Sefasebulia, rom varskv-
lavis naToba izrdeba masis zrdisas 
Semdegi kanoniT:

L=L

(M/M


)3,5

maSin, roca misi sicocxlis xangr-
Zlivoba klebulobs rogorc: 

T=T

(M/M


)–2,5,

formulebSi M


, L
 

da T


 Sesabamisad mzis masa, naToba da sicocxlis 
xangrZlivobaa, xolo M  L da T sxva varskvlavis. 

varskvlavis naToba aris sruli energia, romelsac varskvlavi 1 wam
Si yvela mimarTulebiT asxi vebs.

23.1 suraTze gamosaxulia sxvadasxva masis varskvlavebis naTobisa da 
sicocxlis xangrZliovobis mrudebi.

 6. ro kasiopias masa 40–jer aRemateba mzis masas. gan-
sazRvreT varskvlavis sicocxlis xangrZlivoba.

7. gansazRvreT varskvlavis sicocxlis xangrZlivoba, Tu misi naToba 
100–jer aRemateba mzis naTobas. 

 

sur. 23.1. varskvlavebis naTobis (L) da sico
cxlis xangrZlivobis (T) masaze damokide
buleba.
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sur. 24.1. SN1572 zeaxali varskvlavis 
mier warmoqmnili sferuli nisleuli 
dRes ase gamoiyureba.

rogor fqrobT, ra moxdeba Tu varskvlavs TermobirTvuli sawvavi 
gamoeleva? igi ubralod Sewyvets arsebobas?

TermobirTvuli sawvavis gamolevis Semdeg varskvlavi kargavs SekumSvis 
Semakavebel gamosxivebas – irRveva miliardobiT wlis ganmavlobaSi arse-
buli wonasworoba. xandazmuli varskvlavi iwyebs swraf SekumSvas, Sedegad, 
mis centrSi katastrofulad izrdeba temperatura. garkveuli niSnulis 
zemoT iwyeba heliumis da sxva mZime qimiuri elementebis birTvuli sin-
Tezi _ swrafi TermobirTvuli procesi. energiis swrafi gamoyofa iwvevs 
varskvlavis afeTqebas. am afeTqebis gaelvebas zeaxali varskvlavi Sear-
qves. varskvlavi iRupeba uzarmazari afeTqebiT, romelic fantavs gare 
Sreebs da kumSavs centralur nawils. varskvlavis gare fenebi ifantebian 
nisleulSi, xolo centraluri nawili 
rCeba kompaqturi obieqtis saxiT. 

danielma astronomma tixo bragem 
1572 wels aRmoaCina zeaxali varskvla-
vi. masiuri varskvlavis afeTqebis Se-
degad warmoiqmna sferuli dartymiTi 
talRa, romelic farTovdeba ukanaskne-
li 5 saukunis ganmavlobaSi. dReisaTvis 
nisleulis diametria 550 s.w. 12.1 su-
raTze gamosaxulia, Tu rogor gamoi-
yureba zeaxali varskvlavi dRes.

afeTqebis dros varskvlavis birT-
visagan warmoiqmneba anomalurad 
mkvrivi ciuri sxeulebi, romlebsac 
kompaqturi obieqtebi  ewodeba. dRei-
saTvis cnobilia sami tipis kompaqturi 
obieti: TeTri juja, neitronuli varskvlavi da Savi xvreli. 

TeTri juja yvelaze naklebad mkvrivi kompaqturi obieqtia. misi masa ar 
unda aRematebodes zRvrul mniSvnelobas (M<1,4M


). obieqti ZiriTadad 

Sedgeba naxSirbadisagan, ris gamoc mas xSirad cis almassac uwodeben. 
neitronuli varskvlavi ufro masiuri obieqtia (1,4M


<M<3M


). var-

skvlavi Sedgeba neitronebisagan, ris gamoc misi simkvrive atomis birTvis 
simkvrivis Sesadaria. Tuki neitronuli varskvlavis masaa 2 mzis masa, misi 
radiusi mzis radiusze 60 000–jer naklebia. 

Savi xvrelebi warmoiqmneba yvelaze masiuri varskvlavebis evoluciis 
bolos. maTi masa da simkvrive imdenad didia, rom gravitaciuli mizidu-
lobidan Tavis daRweva ar SeuZlia sinaTlesac ki. 

arsebobs hipoTeza, rom daaxloebiT 3MM


 masis kompaqturi narCenebisa-
gan SesaZlebelia warmoiqmnas kvarkebisagan Sedgenili, e. w. kvarkuli var-
skvlavi. kvarkuli varskvlavi jerjerobiT aRmoCenili ar aris. 

2.3 zeaxali varskvlavi. 
kompaqturi obieqtebi
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kompaqtur obieqtebSi TermobirTvuli reaqciebi aRar mimdinareobs. Se-
sabamisad, isini anaTeben Zalian sustad narCeni siTbos xarjze (TeTri ju-
jebi da neitronuli varskvlavebi) an absoluturad qvrebian (Savi xvrel-
ebi). 

Cineli astronomebis CanawerebSi aRwerilia bolo aTaswleulis yvelaze 
kaSkaSa zeaxali varskvlavi, romelic 
afeTqda 1054 wels. dRes am adgilas 
daikvirveba kiborCxalas nisleuli – 
nivTiereba, romelic gaifanta gigantu-
ri varskvlavis afeTqebisas (sur. 25.1). 
nisleulis centralur ubanSi aRmoCe-
nilia pulsari – swrafad mbrunavi nei-
tronuli varskvlavi, romelic am zeaxa-
li afeTqebis kompaqturi narCenia. 

zeaxali varskvlavis afeTqebisas war-
moqmnilma nisleulma, varskvlavTSoris-
ma mtverma da molekulurma Rrublebma 
SeiZleba dasabami miscen axali varskv-
lavis warmoSobas. am SemTxvevaSi niv-
Tiereba kvlav ikumSeba da ibadeba axali 
varskvlavi. aseTi qronologiiT varskv-
lavebs vyofT Taobebad. magaliTad, mze aris mesame Taobis varskvlavi. 
es niSnavs, rom  mzemde iarseba orma varskvlavma, romlebmac amowures 
sawvavi da afeTqdnen. savaraudod, isini iyvnen mzeze gacilebiT ufro ma-
siuri varskvlavebi, romelTa sicocxlis xangrZlivobac ar aRemateboda 
miliard weliwads.

mzis centrSi mimdinare TermobirT-
vuli reaqciebis pirdapiri dakvirveba 
SeuZlebelia. magram TermobirTvuli 
reaqciebis siCqaris dadgena SesaZle-
belia am reaqciebis dros warmoqmnili 
neitrinoebis  meSveobiT. esaa nawilake-
bi, romlebic TiTqmis daubrkoleblad 
gamodian mzis zeda fenebSi da aRweven 
dedamiwamde. neitrinos deteqtireba 
xdeba specialur observatoriebSi, rom-
lebic xSirad Rrmad miwis qveSaa gan-
lagebuli. 25.2 suraTze gamosaxulia 
erT–erTi aseTi observatoriis suraTi, 
romelic samxreT polusTan aris gan-
lagebuli.

 1. romeli tipis varskvlavebia gavrcelebuli yvelaze 
ufro didi raodenobiT samyaroSi? daasabuTeT, ratom 
fiqrobT ase?.

neitrino _ umuxto da umaso 
elementaruli nawilaki, romelic 
sustad moqmedebs nivTierebaze.

sur. 25.2. neitrinuli observatoria 
samxreT polusze: yinulis kubi. nei
trinos deteqtori CaSvebulia 2.5 km 
siRrmis yinulis SaxtaSi.

sur. 25.1. kiborCxalas nisleuli, 
romlis centrSi aRmoCenilia nei
tronuli varskvlavi.
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2.4
warmodgenebi samyaros Sesaxeb

jer kidev Cvens welTaRricxvamde 340 wels berZenma filosofosma 
aristotelem gamoTqva mosazreba, rom dedamiwa mrgvali sferoa. am 
mosazrebis dasamtkiceblad man ori argumenti warmoadgina. aristotele 
mixvda, rom mTvaris dabneleba gamowveuli iyo dedamiwis gavliT mzesa 
da mTvares Soris. man daafiqsira, rom dedamiwis Crdili mTvareze 
yovelTvis mrgvali iyo. es mxolod im SemTxvevaSia SesaZlebeli, Tu 
dedamiwa sferulia. dedamiwa brtyeli diski rom iyos, maSin misi Crdili 
wagrZelebuli da elifsis formis iqneboda erTi gamonaklisis garda. Tu 
dabneleba maSin moxdeboda, roca mze zustad diskis centris zeviT iyo, 
Crdili maSinac mrgvali iqneboda.

garda amisa, berZenma mezRvaurebma SeamCnies, rom polaruli varskvlavi 
samxreTSi ufro dabla Cans, vidre CrdiloeTSi. ase imitom xdeba, rom 
polaruli varskvlavi CrdiloeT polusis Tavze mdebareobs. Sesabamisad, 
CrdiloeTSi myofi damkvirveblisTvis igi zustad damkvirveblis Tavze 
Cans, ekvatorze myofisTvis ki horizontze.

berZnebma isic SeamCnies, rom napirisken momavali gemis jer afra 
gamoCndeboda xolme, Semdeg ki korpusi. es faqtic imas miuTiTebs, rom 
dedamiwa mrgvalia.

aristotele fiqrobda, rom dedamiwa iyo samyaros uZravi centri, 
romlis garSemo wriulad moZraobdnen mze, mTvare, planetebi da 
varskvlavebi.

Cvens welTaRricxvamde, meore saukuneSi aristoteles mosazrebaze 
dayrdnobiT ptolemem daamuSava kosmologiuri modeli, romlis 
mixedviTac dedamiwa imyofeba samyaros centrSi da is garemoculia rva 
sferoTi. ese nia: mTvaris, merkuris, veneras, mzis, marsis, iupiteris, 
saturnis da fiqsirebuli varskvlavebis sferoebi. igi fiqrobda, rom 
radgan varskvlavebi fiqsirebulia, samyaros aqvs bunebrivi sazRvari.

ufro martivi modeli 1514 wels Seqmna polonelma mRvdelma kopernikma. 
is fiqrobda, rom samyaros centrSi moTavsebuli iyo uZravi mze da mis 
garSemo wriul orbitebze moZraobdnen dedamiwa da planetebi.

erTi saukune dasWirda am ideis aRiarebas. germanelma astronomma 
iohanes keplerma da italielma galileo galileim mxari dauWires 
kopernikis models. miuxedavad imisa, rom am modeliT gansazRvruli 
orbitebi ar emTxveoda dakvirvebiT miRebuls.

teleskopis gamogonebam seriozuli gardatexa Seitana samyaros Sesaxeb 
warmodgenebSi. 1609 wels galileo galileim caze teleskopiT dakvirvebis 
Sedegad aRmoaCina, rom maSin ucnobi planetis garSemo brunavda ramdenime 
Tanamgzavri. maSasadame, yvelaferi dedamiwis garSemo ar brunavda. iohanes 
keplerma ki imiT gaaumjobesa kopernikis Teoria, rom CaTvala, planetebi 
wriul orbitebze ki ara, elifsurze moZraoben. es mosazreba dakvirvebis 
Sedegebs eTanadeboda, rac mas ukvirda. 

kopernikis modelma sabolood uaryo ptolemes idea ciuri sferoebisa 
da samyaros bunebrivi sazRvris Sesaxeb.

1687 wels bevr sakiTxs moefina naTeli. niutonma Seqmna Teoria imis 
Sesaxeb, rogor moZraoben sxeulebi sivrcesa da droSi. man Seqmna agreTve 
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umaRlesi maTematikis aparati am moZraobis analizisTvis. niutonma 
Camoayaliba universaluri kanoni, romlis mixedviT samyaroSi yoveli 
sxeuli Tavisken izidavs yvela sxva sxeuls da miT ufro Zlierad, rac 
ufro didi masa aqvs am sxeuls da rac ufro mcire manZilia maT Soris.

niutonis Teoriis Sesabamisad, varskvlavebma unda miizidon erTmaneTi, 
amitom isini ver iqnebian uZravni. amis Semdeg niutoni imis garkvevas 
cdilobda varskvlavebis sasruli raodenoba arsebobda Tu usasrulo.

me-20 saukunemde aravis mosvlia TavSi azrad, rom samyaro SeiZleba 
farTovdebodes an ikumSebodes.

adamianebs yovelTvis sjerodaT, rom samyaro mudam ucvlel 
mdgomareobaSi arsebobs. zustad iseTi, rogorc warsul droSi Seiqmna.

vinc niutonis gravitaciis Teorias icnobda da iziarebda, xvdeboda, 
rom samyaro ar SeiZleboda statikuri yofiliyo. miuxedavad amisa, ver 
warmoedginaT, rom samyaro SeiZleba farTovdebodes.

miuxedavad garkveuli revoluciuri ideebisa, im dros roca adamianTa 
umetesobas sjeroda statikuri da ucvle li samyarosi, kiTxvas _ hqonda 
Tu ara samyaros dasawyisi da, Sesabamisad, 
pasux sac Teologiuri xasiaTi hqonda.

varsklavebi ise Sors arian Cvengan, rom 
wertilovan sinaTlis wyarod gveCvenebian.

rogor vilaparakoT sxvadasxva tipis varsklavebze, Tu maT zomiT da 
formiT erTmaneTisgan ver varCevT?

maTi sinaTlis feriT. teleskopis meSveobiT SesaZlebelia calkeuli 
varskvlavis an galaqtikis speqtris gamokvleva, sinaTlis speqtriT 
vimsjeloT varskvlavebis temperaturaze.

1924 wels amerikelma astronomma edvin hablma (1889-1953) aCvena, rom 
Cveni galaqtikis garda sxva bevri galaqtika arsebobs da gazoma manZili am 
galaqtikebamde. es weli SeiZleba samyaros Tanamedrove suraTis daTariRebis 
wlad miviCnioT. 

1929 wels hablma, eqsperimentis Sedegebze dayrdnobiT, gamoaqveyna 
Sroma, romlis mixedviT galaqtikebis umetesobas wiTeli wanacvleba 
axasiaTebs, edvin hablis daskvniT galaqtikebi erTmaneTsac Sordebian da 
Cvenc gvSordebian siCqariT,M romelic pirdapirproporciulia Cvenamde 
manZilis.

es sensaciuri aRmoCena iyo. im dros umetesobas egona, rom galaqtikebi 
samyaroSi uwesrigod moZraobdnen.

hablis eqsperimentidan gamomdinareobs: samyaro ar aris statikuri 
rogorc amas aqamde fiqrobdnen, igi farTovdeba.

Teologia _ moZRvreba RvTisa 
da religiuri dogmatebis Sesaxeb. 

RvTismetyveleba.

 1. ivaraudeT, rogoria am varsklavTa zoma da forma? 
axseniT, ratom fiqrobT ase?

 2. gaixseneT, ra aris dopleris efeqti? wiTeli wanacv-
leba?

 3. rogor fiqrobT, Tu maTi Sexeduleba marTalia, 
maSin rogori iqneboda eqsperimentiT miRebuli Sedegi 

galaqtikebis speqtruli wanacvlebis Sesaxeb?
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es imas niSnavs, rom odesRac, adreul xanaSi, aTi-Tormeti aTasi milioni 
wlis win isini erTmaneTTan axlos iyvnen. im dros samyaros simkvrive 
usasrulod didi iyo. TviT samyaro ki _ usasrulod patara. swored maSin, 
rogorc amboben didi afeTqeba moxda. am aRmoCeniT SesaZlebeli gaxda 
samyaros dasawyisis mecnieruli axsna.

didi afeTqebis momentSi imis garda, rom samyaros `nulovani~ zoma 
hqonda, usasrulod cxelic iyo. gafarToebasTan erTad temperatura 
TandaTan daeca. es mosazreba, rom samyaro dasawyisSi Zalian cxeli iyo 
da civdeboda gafarToebasTan erTad, eTanxmeba dRevandeli dakvirvebebis 
monacemebs. Tumca mravali SekiTxva kvlav upasuxod rCeba.

magaliTad, ratom iyo adreuli samyaro ase cxeli, ratom aris 
samyaro erTgvarovani. miuxedavad imisa, rom samyaro didi masStabiT 
erTgvarovania, arsebobs varskvlavebi da galaqtikebi. ratom? vTqvaT, 
davuSviT, rom varskvlavebisa da galaqtikebis gaCena dakavSirebuli iyo 
sxvadasxva simkvrivis areebis arsebobasTan, maSin ismis kiTxva _ ratom 
iyo sxvadasxva simkvrivis are? da a. S.

Tu samyaro farTovdeba, maSin ra moxdeba momavalSi? _ danamdvilebiT 
aravin icis. 

sxvadasxva hipoTezebisa da Teoriebidan moviyvanoT ramodenime.  
zogierTi kosmologi fiqrobs: samyaro gaagrZelebs gafarToebas, 

temperatura kidev ufro Semcirdeba, bolos da bolos yvela varskvlavi 
Caqreba da samyaro gaxdeba bneli da civi. mTeli samyaro erT nisleulad 
iqceva, es Senelebis Teoriis saxelwodebiTaa cnobili.

viciT galaqtikebi erTmaneTs izidavs.

zogierTis azriT, daaxloebiT trilion weliwadSi urTierTmizidulobis 
Zala galaqtikebs gaaCerebs da imave Zalis moqmedebiT galaqtikebi daiwyeben 
moZraobas Semxvedri mimarTulebiT da samyaro daiwyebs SekumSvas, bolos da 
bolos galaqtikebi erTmaneTs Seejaxeba, sabolood moxdeba didi Sejaxeba _ 
didi afeTqebis sapirispiro movlena.  es Teoria didi Sejaxebis saxeliTaa 
cnobili.

Sejaxebisas samyaro SeikumSeba, SemWidrovdeba, nivTierebis simkvrivis 
gadidebasTan erTad temperatura daiwyebs gadidebas da SeiZleba moxdes 
axali didi afeTqeba. daibadeba axali samyaro, romlis agebuleba da gare 
saxe SeiZleba mniSvnelovnad gansxvavebuli iyos axlandelisgan. 

zogierTi mecnieri imasac fiqrobs, rom samyaro gulis msgavsad 
farTovdeba, Semdeg ikumSeba, Semdeg isev farTovdeba da a. S. ase rom yovel 
did afeTqebas didi Sejaxeba mohyveba, es idea samyaros pulsirebis Teoriis 
saxelwodebiTaa cnobili. 

2009 wels birTvul gamokvlevaTa evropul centrSi (Jeneva, Sveicaria) 
amuSavda msoflioSi yvelaze mZlavri amaCqarebeli. am manqaniT aCqarebuli 
nawilakebis dajaxebisas miRebulma Sedegebma SeiZleba Secvalos Cveni 
Sexeduleba samyaroze. am eqsperimentebis Sedegebs gansakuTrebiT didi 
imediT elian qarTveli fizikosebic, radgan mowmdeba Cveni Tanamemamulis 
giorgi dvalis hipoTeza samyaros faruli ganzomilebebis Sesaxeb.

 4. urTierT mizidulobis Zala rogor gavlenas axdens 
galaqtikebis daSorebis siswrafeze? pasuxi daasabuTeT.
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samyaros struqturisa da evoluci-
is Sesaswavlad saWiroa misi Tvisebebis 
dadgena did masStabebze, anu manZilebze, 
romlebic aRematebian milion sinaTlis 
weliwads. am manZilebze Cven SegviZlia 
davakvirdeT mxolod Zlierad kaSkaSa 
obieqtebs, magaliTad iseTebs, rogore-
bic arian galaqtikebi. galaqtikebis 
Cvengan daSorebis siCqarisa da manZilis 
dasadgenad gamoiyeneba maTi eleqtromag-
nituri gamosxivebis speqtrze dakvirvebis 
meTodi (sur. 29.1).  

eleqtromagnituri talRebisaTvis mo-
qmedebs dopleris efeqti, romlis mixed-
viTac damzerili talRis sigrZe izrde-
ba, Tuki wyaro Sordeba damkvirvebels, 
da mcirdeba Tuki wyaro mas uaxlovdeba 
(sur. 29.2). obieqtis daSorebis SemTxvevaSi 
talRis sigrZe izrdeba, rac niSnavs rom 
sinaTlis speqtri wainacvlebs speqtris 
wiTeli bolosaken. am efeqts wiTel wa
nacvlebas vuwodebT. 

edvin hablma 20–e saukunis dasawyisSi 
aRmoaCina mniSvnelovani kanonzomi ereba. 
aRmoCnda, rom galaqtikebis wi Teli wanacv-
leba pirdapirproporci ulia galaqtikam de 
manZilis (sur. 29.3). am dakvirvebis safuZv-
elze hablma da ad gina samyaros gafarToeb-
is kanoni:

v=H0d,
sadac v galaqtikis Cvengan daSorebis siC-
qarea, d - manZili, xolo H0 – hablis mud-
miva. dRevandeli gazomvebiT:

HH0= 22±2 (km/wm)/(milion s.w.)
anu galaqtika, romelic Cvengan daSore-

bulia 1 milioni sinaTlis weliwadiT, gvS-
ordeba daaxloebiT 22 km/wm siCqariT.

dReisaTvis cnobilia, rom samyaro far-
Tovdeba da galaqtikebi erTmaneTs Sorde-
bian hablis kanonis mixedviT. imis daSve-
biT, rom es procesi grZeldeba samyaros 
dasabamidan, SegviZlia vivaraudoT, rom 
samyaro warmoiSva mcire zomis moculo-
bidan mudmivi gafarToebis Sedegad. am models didi afeTqebis Teorias 
uwodeben. didi afeTqebis TeoriiT nawinaswarmetyvelebi iqna ramodenime 

2.5
isev samyaros Sesaxeb

sur 29.1. tipiuri spiraluri galaq
ti kis gamosxivebis eleqtromagnitu
ri speqtri. naCvenebia 350–750 nano 
met ri talRis sigrZis gamosxiveba. 
speqtraluri xazebi migvaniSneben 
galaqtikaSi wyalbadisa da sxva qi
miuri elementebis arsebobaze.

sur. 29.2. uZravi da moZravi wya
ros eleqtromagnituri gamosxive
ba: Tuki wyaro Sordeba damkvir
vebels, misi mier gamosxivebuli 
sinaTlis talRis sigrZe izrdeba, 
anu ganicdis wiTel wanacvlebas.

sur. 29.3. samyaros gafarTo
ebis hablis ganoni. Soreuli 
galaqtikebi gvSordebian manZlis 
proporciuli siCqariT.
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dakvirvebiTi faqti, romelic mogvianebiT 
eqsperimentulad dadasturda. dReisaTvis 
kvlevis sagans warmoadgens didi afeTqebis 
Teoriis sawyisi etapi, is pirveladi mcire 
moculoba saidanac warmoiqmna samyaro. 

romeli wertilis irgvliv farTovdeba 
samyaro? 

SekiTxva bunebrivad warmoiqmneba sityva 
afeTqebis gamoyenebis Sedegad. Tumca, unda 
aRiniSnos, rom didi afeTqebis modelSi, 
sivrcis gafarToeba ufro metad gvagon-
ebs rezinis zedapiris gafarToebas buStis 
gabervisas, rodesac zedapiri farTovdeba 
yovel wertilSi (sur. 30.1). 

didi afeTqebis Teoria winaswarmetyvel-
ebs samyaros sxvadasxva mdgomareobas, rode-
sac gafarToebis Sedegad samyaroSi ecema 
nivTierebis saSualo simkvrive da tempera-
tura. Sesabamisad samyaro evoluciis gan-
mavobaSi gaivlis sxvadasxva epoqebs. pirobi-
Tad SesaZlebelia gamoiyos ramodenime ZiriTadi epoqa.

1. pirveladi epoqa (10–44–10–12 wami).
samyaros gafarToeba daiwyo e.w. plankis masStabebidan, rodesac samya-

ros asaki iyo T∼10–44 wami da zoma L∼10–35 metri. amaze ufro mcire manZile-
bze da adreul periodSi irRveva mizez–Sedegobrioba da aRar muSaoben 
CvenTvis cnobili fizikis kanonebi. amitom, dRevandeli warmodgenebiT, 
SekiTxvas ra iyo manamde ekargeba azri. xanmokle pirveladi swrafi ga-
farToebis Semdeg samyaros energiidan gaCnda materia. drois am moments 
cxeli samyaros dabadebas vuwodebT. Semdgomi gafarToebisas samyarom 
gaagrZela gacieba, ris Sedegadac epoqis bolos gaerTianebuli urTierTq-
medebis Zalidan gamoiyo oTxi fundamenturi urTierTqmedeba: gravitaci-
uli, eleqtromagnituri,  susti da Zlieri. 

2. adreuli samyaro (10–12 wami – 380 000 weli) 
samyaros temperatura ecema da SesaZlebeli xdeba CvenTvis cnobili 

elementaruli nawilakebis dabade-
ba. Semdgomi gaciebis periodSi 
warmoiqmnebian protonebi da nei-
tronebi, romlebic mogvianebiT 
erTmaneTs uerTdebian da qmnian 
mcire raodenobiT wyalbadze mZime 
qimiuri elementebis birTvebs. epo-
qa mTavrdeba rodesac samyaros temperatura ecema 4000 kelvinamde, rode-
sac iwyeba wyalbadis ionebis rekombinacia da samyaro xdeba gamWvirvale.

3. bneli epoqa (380 000 weli – 150 milioni weli)
bnel epoqaSi nivTiereba neitraluri airis saxiTaa gavrcelebuli sam-

yaros mTels moculobaSi. am airis temperatura imdenad dabalia, rom is 
aRar anaTebs, anu samyaroSi ar gvaqvs mnaTobebi. am faqtis gamo samyaros 
ganviTarebis am etaps bneli epoqa ewodeba.

sur. 30.1. samyaros gafarToeba 
sqematurad SegviZlia Sevadar
oT rezinis buStis zedapiris 
gafarToebas misi gabervisas. 
zedapirze arsebuli wertilebi 
(galaqtikebi) Tanabrad Sorde
bian erTmaneTs. am SemTxvevaSi 
rezinis zedapiri farTovdeba 
yvela wertilSi.

rekombinacia: procesi, rodesac ioni 
CaiWers eleqtrons da warmoiqmneba 
neitraluri atomi. protonis rekom-
binaciis Sedegad miiReba neitraluri 
wyalbadis atomi.
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4. pirveli struqturebis formireba (150 
milioni – 1 miliardi)

Tavdapirveli difuziuri ariebidan xdeba 
pirveli varskvlavebis kondensacia da anTeba. 
samyaroSi Cndebian mnaTobebi. pirveli var-
skvlavebi da varskvlavTSorisi airi ganicdis 
gravitaciul fragmentacias da warmoiqmnebian 
materiis kunZulebi – pirveli galaqtikebi. 

5. Tanamedrove epoqa (1 –13.7 miliardi 
weliwadi)

ganviTarebis am etapze yalibdeba samyaros 
Tanamedrove suraTi. varskvlavebi ganawile-
bulia galaqtikebSi, galaqtikebi grovebSi, 
grovebi erTgvarovnad da qaosurad arian 
gadanawilebuli samyaroSi (sur. 31.1).

samyaro gafarToebisas gadis e.w. rekom-
binaciis periods, rodesac wyalbadis ione-
bi warmoqmnian atomebs. rekombinacia moxda 
rodesac samyaros asaki iyo 380 000 weliwadi. 
am periodSi Seicvala samyaros erT–erTi Zir-
iTadi dakvirvebiTi Tviseba: gamWvirvaloba. 
gaumWvirvale samyaro rekombinaciis Sedegad 
xdeba gamWvirvale. Sedegad, adreul samyaros 
naTebam SeZlo Cvenamde moRweva. 

dRes es gamosxiveba daikvirveba yvela 
mimarTulebiT 1,873 milimetr talRis sigr-
Zis eleqtromagnituri gamosxivebis formiT, 
romelsac reliqturi fonis gamosxiveba 
ewodeba. reliqtur fonSi daimzireba umciresi 
SeSfoTebebi, romlebic migvaniSneben adreul 
samyaroSi galaqtikebis Canasaxebis arsebobaze 
(sur. 3.2). 

samyaros momavali damokidebulia mraval, 
dReisaTvis cnobil, Tu jer kidev daudgenel 
faqtorze. amitomac samyaros momavlis winaswarmetyvelebisas Cven mniSvnelo-
van wilad gvixdeba arsebul Teoriul modelebze dayrdnoba. 

ukanaskneli dakvirvebebi gviCveneben, rom 7,62.109 s.w.-ze met manZile-
bze samyaros gafarToebis hablis kanoni irRveva. 2011 wlis nobelis premia 
fizikaSi gadaecaT mecnierebs s. perlmuters, b. Smidts da a. riis, romlebmac 
Soreuli zeaxali varskvlavebis dakvirvebiT daamtkices, rom samyaros gafar-
Toeba mciredad aCqarebulia. aranulovani aCqareba migvaniSnebs ucnobi tipis 
Zalis arsebobaze. am Zalis aRsawerad, romelic gravitaciis sawinaaRmdegod 
moqmedebs da sivrcis gafarToebas iwvevs, gamoiyeneba faruli energiis cne-
ba. dReisaTvis cnobilia, rom faruli energia, romelsac pirobiTad lambda 
wevriT aRniSnaven (l) ar SeiZleba iyos raime ucnobi tipis elementaruli 
nawilakebis erToblioba, aramed aris Tavad sivrcis (vakuumis) Tviseba.

sur. 31.1. galaqtikebis ganawilebis 
ruqa dedamiwidan 2 miliardi s.w. 
manZilze. qaosurad ganlagebul 
galaqtikebSi SeimCneva e.w. boWko
vani struqtura, sadac kvanZebis 
rols asruleben galaqtikebis ma
siuri grovebi.

sur. 31.2. reliqturi fonis gamosx
ivebis ori naxevarsfero. siTburi 
gamosxivebis piki modis eleqtro
magnitur talRebze, romlis six
Sirea 160.2 gigaherci, xolo tal
Ris sigrZe 1.873 milimetri. wiTeli 
da lurji laqebi Seesabamebian 
simkvrivis da temperaturis mcire 
SeSfoTebebs (0.0001%), romlebic 
gvian epoqaSi iwveven galaqtikebis 
formirebas. 
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ukve ramdenime aTwleulia cnobilia, rom 
samyaroSi arsebobs faruli masa, romelic 
izidavs mis maxloblad arsebul varskv-
lavebs, magram misi pirdapiri dakvirveba 
ver xerxdeba. faruli masis mier gamowveu-
li mizidulobis Zala mkveTrad gamoxatu-
lia spiraluri galaqtikebis periferiaSi 
da galaqtikebis mWidro grovebSi. dRei-
saTvis iTvleba, rom faruli masa SeiZleba 
Sedgebodes dRemde aRmouCeneli masiuri 
elementaruli nawilakebisagan, romlebic 
ar urTierTqmedeben eleqtromagnitur ga-
mosxivebasTan (CDM modeli).

dReisaTvis yvela dakvirvebiT faqts 
saukeTesod eTanxmeba e.w. lCDMM modeli 
(sur. 32.1), romelSic samyaro ZiriTadad 
Sedgeba faruli energiisa (l) da faruli 
masisagan (CDM). am modelis mixedviT sam-
yaros gafarToeba gagrZeldeba manamde, 
sanam materiis gauxSoebis Sedegad samyaro 
ar ganicdis e.w. siTbur sikvdils. 

alternatiuli Teoriebi gulisxmoben 
anomalurad gauxSoebul samyaroSi dRei-
saTvis ucnobi faqtorebis amoqmedebas: magaliTad vakuumis energiidan ax-
ali tipis materiis dabadebas, ise rogorc moxda Cveni samyaros pirvelad 
etapze cxeli samyaros dabadebis dros. zusti prognozis gasakeTeblad 
saWiroa dReisaTvis faruli faqtorebis fizikuri bunebis da Tvisebebis 
detaluri dadgena, rac fizikosebis axali Taobebis amocanaa.

sur 32.1. samyaroSi energiis da 
materiis ganawilebis dRevande
li warmodgena (lCDM modeli). 
xiluli nivTiereba (atomebi, 
eleqtromagnituri gamosxive
ba, neitrinoebi da Savi xvrel
ebic ki) warmoadgenen samyaros 
sruli energiis mxolod 4 pro
cents. 
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2.6
SeamowmeT Tqveni codna

testi

1. ratom anaTeben varskvlavebi?
a. varskvlavebi xvrelebia cis TaRSi;
b. varskvlavebi ciuri sxeulebia, romlebic ireklaven mzis gamosxivebas;
g. varskvlavebi ciuri sxeulebia, romlebsac gaaCniaT energiis wyaro;
d. varskvlavebis naTeba atmosferuli movlenaa.

2. sad xdeba varskvlavis energiis gamomuSaveba?
a. zedapirze;  b. centrSi;  g. Sualedur fenebSi;  d. mTels moculobaSi.

3. mzis tipis varskvlavebis gamosxivebis energiis wyaroa:
a. mzeSi mimdinare qimiuri reaqciebi;
b. mzeSi mimdinare TermobirTvuli reaqciebi;
g. mzeSi mimdinare radiaqtiuli daSlis reaqciebi;
d. yvela zemoT CamoTvlili.

4. ra tipis varskvlavi iarsebebs ufro didi xnis ganmavlobaSi: ma
siuri Tu juja?

a. masiuri;  b. juja;
g. sicocxlis xangrZlivoba ar aris damokidebuli masaze;
d. sicocxlis xangrZlivoba damokidebulia varskvlavis Taobaze.

5. romeli varskvlavia dedamiwasTan yvelaze axlos?
a. proqsima centavri;   b. alfa centavri;   g. mTvare;   d. mze.

6. ramdeni galaqtikaa samyaroSi?
a. erTi;  b. rva;  g. miliardobiT;  d. usasrulo raodenoba;

7. rodis Camoyalibda reliqturi fonis gamosxiveba?
a. samyaroSi pirveli varskvlavebis anTebisas;
b. samyaroSi wyalbadis rekombinaciisas;
g. samyaroSi elementaruli nawilakebis gaCenisas;
d. arsebobda samyaros gaCenisTanave;

8. Sefasebulia, rom samyaros asaki 13.7 miliardi weliwadia. rogor 
Seicvleba samyaros asaki, Tu aRmoCndeba, rom hablis mudmiva damzer
ilze ufro didia?

a. ar Seicvleba;  b. gaizrdeba;  g. Semcirdeba;

9. dakvirvebisas aRmoCnda mnaTobi, romlis gamosxiveba wanacvlebu
lia speqtris lurji bolosaken. rogor moZraobs mnaTobi?

a. gviaxlovdeba;  b. gvSordeba;
g. mnaTobis siCqare damokidebulia mxolod daSorebaze;
d. mnaTobis siCqaris dadgena SeuZlebelia.
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III Tavi. 

elementaruli 

nawilakebis 

fizika

am TavSi gaixsenebT 
da gaecnobiT

Ä  bunebaSi arsebuli 
urTierTqmedebis oTx tips;

Ä  elementarul nawilakebs 
leptonebsa da adronebs; 

Ä  kvarkebsa da gluonebs;

Ä  eleqtrons, fotons, protonsa 
da neitrons;

Ä  antinawilakebs;

Ä  elementarul nawilakTa 
klasifikacias;

Ä  amaCqareblebs.
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3.1
elementaruli nawilakebi

ra da rogor iswavleT, SeamowmeT Tqveni codna

1. nivTiereba Sedgeba
a. fotonebisgan;   b. eleqtronebisgan;   g. protonebisgan; 
d. molekulebisgan; 
e. eleqtronebisa da mis garSemo moZravi atombirTvisgan.

2. molekula Sedgeba
a. fotonebisgan;   b. atomebisgan;   g. protonebisgan;   
d. eleqtronebisgan; 
e. eleqtronebisa da mis garSemo mbrunavi atombirTvisgan.

3. atomi Sedgeba
a. fotonebisgan;   b. eleqtronebisgan;   g. protonebisgan; 
d. molekulebisgan; 
e. atombirTvisa da mis garSemo mbrunavi eleqtronebisgan.

4. qvemoT CamoTvlilTagan elementaruli nawilakia
a. atomi;   b. molekula;   g. uaryofiTi ioni;   d. eleqtroni.

5. qvemoT CamoTvlilTagan elementaruli nawilakia
a. atomi;   b. protoni;   g. uaryofiTi ioni;   d. molekula.

6. qvemoT CamoTvlilTagan elementaruli nawilakia
a. eleqtroni;   b. protoni;   g. fotoni;   d. yvela CamoTvlili; 
e. arc erTi CamoTvlilTagan.

Tu testebze pasuxis gacema gagiWirdaT, maSin gaiRrmaveT codna am 
paragrafis SeswavliT. miRebuli informaciiT, fiqriT da azrovnebiT 
aucileblad SeZlebT testebze swori pasuxis gacemas.

sityva elementaruli ormag azrs Seicavs. erTi mxriv _ elementaruli 
TavisTavad niSnavs umartivess, meore mxriv elementarulSi igulisxmeba 
raRac fundamenturi, romelic saganTa 
safuZvelia (swored aseTi azriT uwode-
ben axla subatomur nawilakebs elemen-
taruls); nawilaki, romelzedac fiqroben 
rom ganuyofelia.

nivTierebaTa Sedgenilobis ZiebaSi aRmoaCines `elementaruli~ mole-
kula. Semdeg aRmoCnda, rom molekula Sedgeba `elementaruli~ atomebis-
gan. saukuneebis  Semdeg ki daadgines, rom am `elemantarul~ atomSi aris 

subatomuri nawilakebi _ 
iseTi nawilakebia romlebisga-
nac atomebi Sedgebian.

 1. daasaxeleT atomebis Semadgeneli nawilakebi.
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`elementaruli~ birTvi da orbitaze mbrunavi eleqtronebi, arc atomis 
birTvi aRmoCnda elementaruli igi Sedgeba protonebisa da neitronebi-
sagan.

Tanamedrove warmodgenebiT protono, neitroni, eleqtroni da fotoni 
miCneulia, elementarul nawilakebad.  es nawilakebi ar SeiZleba warmov-
idgonoT iseT sistemad, romelic Sedgeba sxva  elementaruli nawilakebi-
sagan.

Tavdapirvelad am nawilakebs iseve uyurebdnen, rogorc demokritosi 
atomebs; maT ganuyofel da ucvlel samyaros ZiriTad agurebad Tvlidnen. 
magram gamoirkva, arc erTi nawilaki ar aris ukvdavi. nawilakebis um-
ravlesoba, romlebsac axla elementaruls uwodeben, cocxlobs wamis or 
memilionedze met xans, garedan raime zemoqmedebis gareSec ki. 

Tavisufali neitroni saSualod 15 wuTs cocxlobs. 
mxolod oTxi nawilaki fotoni, 

eleqtroni, protono da neitrino Se
Zlebda Tavisi ucvlelobis SenarCu
nebas, TiToeuli maTgani erTaderTi 
rom yofiliyo mTel samyaroSi.

neitrinoebi sxva nawilakebs maTTan susti urTierTqmedebis gamo iSvia-
Tad ejaxebian, amitom iSviaTad iRupebian.

ratom unda daiRupos eleqtroni an protoni sxva nawilakebTan urT-
ierTqmedebisas?

gaecaniT cxrils romelSic mocemulia zogierTi cnoba im elemena-
trul nawilakebze, romelTa sicocxlis xangrZlioba 10_20 wm-ze metia. 
cxrilSi nawilakebi ganlagebulia masis zrdis mixedviT. isini dayofil-
ia jgufebad. pirvel jgufSi mxolod fotonia., meore jgufSi msubuqi 
nawilakebi romlebsac leptonebs uwodeben. Semdeg SedarebiT masiuri 
nawilakebi mezonebia, kidev ufro masiurebi barionebis saxelwodebiTaa 
cnobili. mezonebi da barionebi Sedian jgufSi romelsac adronebi hqvia. 

qronologiurad elemenatruli nawilakebis aRmoCenas da maT Tvisebebs 
Semdeg paragrafebSi gaecnobiT.

neitrino _ materiis Zalian msub-
uqi (SeiZleba umaso) elementaruli 
nawilaki, romelzec moqmedebs marto 
susti Zala da gravitacia.

 2. rogoria Tqveni azri, arsebobs Tu ara samyaroSi 
ucvleli nawilaki? pasuxi daasabuTeT.

3. gansazRvreT naTuras mier gamosxivebuli im fotonebis sicocx-
lis xangrZlioba, romelic STanTqa 3 m-iT daSorebulma magidis zeda-
pirma.

4. ramdenjer Seicvleboda fotonis sicocxlis xangrZlioba Tu 
dabrkoleba misgan 300 000 km-iT iqneboda daSorebuli? 

pasuxi daasabuTeT.
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antin (berZn.) _ TavsarTi, 
niSnavs sawinaaRmdegos, dapiri-
spirebuls. 

antinawilakebi _ materiis nebism-
ieri saxis nawilaks aqvs Sesabamisi an-
tinawilaki, rodesac nawilaki ejaxeba 
antinawilaks, xdeba maTi anihilacia – 
orive nawilaki gaqreba da fotonebis 
saxiT rCeba mxo lod energia.

cxrili
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cxrili

3.2 bunebaSi arsebuli 
urTierTqmedebebi

1. ra aris sxeulis aCqarebis gamomwvevi mizezi?
2. SeiZleba Tu ara sxeuls aCqareba mianiWoT biZgiT? 

moqaCviT? varaudis marTebuloba SeamowmeT cdiT.
3. SeiZleba Tu ara sxeuls aCqareba mianiWos qarma? moiyvaneT 

varaudis damadasturebeli magaliTebi da susti haeris nakadiT cdiT 
SeamowmeT igi.

4. SeuZlia Tu ara haeris nakadma amoZraos gemi? uzrunvelyos 
TviTmfrinavis frena?

5. ra aniWebs isars aCqarebas? qvemexidan gamotyorcnil Wurvs?
ra uzrunvelyofs avtomobilis daZvras da Semdeg moZraobisas misi 

siCqaris SenarCunebas? ra Zala uSlis xels avtomobilis siCqaris 
ganuwyvetliv gadidebas? ra Zala aduRabebs samSeneblo masalebs 
saxlis aSenebisas? ra Zala iwvevs qalaqebis wamebSi ganadgurebas? ra 
Zala uzrunvelyofs xel-fexis moZraobas?

arsebobs ki bunebaSi Zalis amdeni nairsaxeoba? irkveva, rom ara.

mecnierebaSi dadgenilia, rom arsebobs oTxi tipis urTierTqmedeba: 
gravitaciuli, eleqtromagnituri, Zlieri (birTvuli) da susti.

gravitaciuli Zala universaluria, radgan yvela nawilakze moqmedebs. 
gravitacia usustesia oTx Zalas Soris. misi mniSvnelovani Tviseba: did 
manZilze (miliardobiT km-ze) moqmedebs da yovelTvis mizidulobis 
xasiaTisaa.

manZili, romelzec mJRavndeba Zlieri urTierTqmedeba 10–14 m rigisaa. 
susti urTierTqmedeba mJRavndeba ufro mcire manZilze, ara umetes 10–19m-
sa.

eleqtromagnituri ZaliT urTierTqmedebs eleqtruli muxtis mqone 
nawilakebi da sxeulebi, romlebsac Warbi eleqtruli muxti aqvT. 
Tanasaxeliani muxtis nawilakebi ganizideba, sapirispiro muxtis nawilakebi 
_ miizideba. eleqtruli Zala gacilebiT aRemateba msoflio mizidulobis 
(gravitaciuli) Zalas. mag.: ori eleqtroni erTmaneTs ganizidavs ZaliT, 

sur. 38.1. 

daviT WeliZe _ saqarTvelos 2010 
wlis Cempioni axalgazrdebs Soris
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romelic ≈1042-jer aRemateba maTi gravitaciuli mizidulobis Zalas.
yoveldRiur cxovrebasa da teqnikaSi eleqtromagnituri Zalebi 

vlindeba yvelaze farTod da mravalferovnad. esaa, drekadobisa 
da xaxunis Zalebi, Cveni da sxvadasxva cxovelis kunTebis Zalebi. 
eleqtromagnituri Zalebis meSveobiT vxedavT sagnebs da TviT sicocxlec 
warmoudgenelia am Zalebis gareSe. eleqtromagnitur ZalTa moqmedeba 
erTi wamiTac rom Sewydes, maSinve Sewydeboda sicocxlec. Znelia, TiTqmis 
SeuZlebelic, iseTi movlenis dasaxeleba, romelic dakavSirebuli ar aris 

eleqtromagnitur ZalTa moqmedebasTan.
atomis birTvebi sakmaod mdgradia. Tu birTvebs sferos formisas 

warmovidgenT, maTi diametri 10-14–10-15 m rigis iqneba. ase mcire zomis 
birTvSi protonebi da neitronebia `CaWeWyili~.

ra aCerebs Tanasaxeliani niSnis protonebs erTmaneTTan?
radgan atombirTvi mdgradi sistemaa, amitom birTvis Semadgeneli 

nawilakebi _ protonebi da neitronebi (xSirad maT nuklonebs uwodeben) 
urTierTmiizideba ZalebiT, romelsac birTvuli Zalebi uwodes. es Zalebi 
daaxloebiT 100-jer aRemateba eleqtromagnitur Zalebs. isini bunebaSi 
arsebul dReisaTvis cnobil Zalebs Soris yvelaze mZlavria, amitom 
birTvuli nawilakebis urTierTqmedebas xSirad Zlier urTierTqmedebas 
uwodeben. birTvuli Zalebis mniSvnelovani Tvisebaa axloqmedeba. es Zalebi 
mniSvnelovanad iCens Tavs iseT manZilebze, romlebic birTvis zomis 10–14 m 
rigisaa. birTvuli Zalebis raodenobrivi Teoria jerjerobiT dadgenili 
ar aris.

susti urTierTqmedeba, ZiriTadad, elementarul nawilakTa gardaqmnas 
iwvevs. es urTierTqmedeba 1014-jer ufro sustia birTvulTan SedarebiT. am 
Zalebs raime nawilakebis erTmaneTTan Sekavebis unari bmuli mdgo mareobis 
warmosaqmnelad ar gaaCnia. misi moqmedebis are Zalian mcire 10–19 m rigisaa. 
magram samyaroSi misi roli udidesia. Zlier da sust urTierTqmedebebs 
Semdeg SeviswavliT.

fizikosebis umetesoba imedovnebs, rom Seiqmneba gaerTianebuli Teoria, 
romelic am oTx Zalas axsnis rogorc erTi Zalis gansxvavebul aspeqtebs. 
dReisaTvis cnobili Teoria aerTianebs eleqtromagnitur, Zlier da sust 
urTierTqmedebebs.

6. SeuZlia Tu ara gravitaciuli mizidulobis Zalas 
erTmaneTis maxloblad protonebis Sekaveba? axseniT, 

ratom fiqrobT ase?
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leptonebi mcire masis elemenatruli 
nawilakebia, romlebic ar monawileoben 
Zlier urTierTqmedebaSi. 

leptonebSi Sedis 12 nawilaki. (antin-
awilakebis) CaTvliT. gvaqvs sami saxis neitrino: eleqtonuli neitrino νe 
Cndeba eleqtronTan erTad e, mionuri neitrino νm _ m miuonebTan er-
Tad; t-leptonuri neitrino νt Cndeba t _ leptonebTan erTad. t leptons 
didi masa aqvs, magram mainc Setanilia leptonebis jgufSi, radgan, mTavari 
Tviseba, romelic mas danarCen leptonebTan aaxloebs isaa rom ar monaw-
ileobs Zlier urTierTqmedebaSi.

leptonebi miCneulia namdvil elementarul nawilakebad. dRemde ver 
daadgines maTi zomebi: eqsperimentuli monacemebiT Tvlian, rom eleqtro-

nis R<2.10-18 m.
adronebi aerTianebs mezonebisa da barionebis jgufebs.
mezonebis jgufi rva nawilisagan Sedgeba. yvelaze msubuqi maTSi p-

mezonebia: dadebiTi, uaryofiTi da neitraluri. pionebi birTvuli velis 
kvantebia msgavsad fotonebisa, romlebSic eleqtromagnituri velis kvan-
tebia. aris kidev oTxi K–mezoni da erTi h0-mezoni. 

barionebis jgufSi 18 nawilaki Sedis. barionebidan yvelaze naklebi 
masa aqvs protonsa da neitrons. yvelaze meti omega-minus-hiperons, misi 
masa 3273-jer metia eleqtonis masaze.

Zlier urTierqmedebaSi monawile yvela nawilaki Sedgeba ufro funda-
menturi nawilakebisagan _ kvarkebisagan.

leptonis, fotonisa da Sualeduri bozonis garda yvela nawilaki Sed-
genili nawilakia.

Sualeduri veqtoruli bozonebi aris 
sust urTierTqmedebaTa velis kvantebi.

risgan Sedgeba es nawilakebi?
pirvelebma m. gel-manma da j. cvaigma 

gamoTqves hipoTeza: Zlier urTierTqmedebaSi monawile yvela nawilaki 
Sedgeba ufro fundamenturi nawilakebisagan kvarkebisagan. leptonis, fo-
tonisa da Sualeduri bozonebis garda yvela ukve aRmoCenili nawilaki 
Sedgenili nawilakia.

Tavdapirvelad wamoyenebuli iyo hipoTeza sami kvarkis da Sesabamisad 
sami antikvarkis arsebobis Sesaxeb. isini aRiniSnebian u, d, s asoebiT maT 

unda hqondeT wiladi eleqtronuli muxti. u kvarks +2
3 e muxti aqvs, xolo 

d da s kvarkebs aqvT erTnairi –1
3
e-s toli muxti, sadac e eleqtronis mux-

tis modulia. protoni Sedgeba ori u kvarkisa da erTi d kvarkisagan.
iwinaswarmetyveles meoTxe c-kvarkis arseboba, romelsac `mojadoebu-

li~ uwodes. Semdeg iwinaswarmetyveles da aRmoaCines kidec b da t-kvarkebi.

cxrili

3.3 leptonebi, adronebi, kvarkebi, 
gluonebi

leptoni (berZn.) _ Txeli, 
msubuqi

Sualeduri veqtoruli 
bozonebi aris sust urTierTq-
medebaT velis kvantebi
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eleqtronebis protonebze da neitronebze gabneviT Tavdapirvelad 
aRmoCenili iqna am nawilakebSi eleqtruli muxtis sivrculi ganawileba, 
Semdeg ki gabneuli nawilakebis (eleqtronisa da neitrinos) energiis 50 
mgev-mde gazrdiT SeZles daedginaT wertilovani warmonaqmnebis arseboba 
protonebsa da neitronebSi. amgvarad dadasturda nuklonebis kvarkuli 
struqtura. neitroni Sedgeba ori d da erTi u kvarkisagan.

mezoni sxvagvaradaa agebuli. yoveli mezoni Sedgeba erTi kvarkisa da 
erTi antikvarkisagan. magaliTad, p+-mezoni Sedgeba u-kvarkisa da d-anti-
kvarkisagan, p--mezoni _ d-kvarkisa da u _ antikvarkisagan.

yvela adroni kvarkebisagan Sedgeba, magram maTi gaxleCa kvarkebad jer-
jerobiT ver moaxerxes. Tavisufali kvarkebi aRmoCenili ar aris.

atombirTvi protonebisa da neitronebisagan Sedgeba (wyalbadis atomis 
birTvis garda). atombirTvis gaxleCa da erTi atombirTvis sxva atombirT-
vad gardaqmna moaxerxes.

amJamad, aseTi mosazrebac arsebobs _ Tavisufali kvarkebi bunebaSi 
ar arsebobs da arc SeiZleba arsebobdes. kvarks ar SeuZlia adronidan 
gamosvla.

maRali energiis nawilakebis, magaliTad eleqtronis pozitronTan Sex-
lisas warmoiqmneba kvark-antikvarkis wyvili. kvarki da antikvarki gaibneva 
urTierTsapirispiro mimarTulebiT da TiToeuli warmoqmnis mraval ad-
rons (upiratesad pionebs), adronebis warmoqmna kidev erTi dadasture-
baa kvarkebis realurobisa. arc leptons da arc kvarks, ar gaaCnia Sina-
gani struqtura. am gagebiT leptoni da kvarki namdvilad elementaruli 
nawilakebia. zogierTi Teoriuli sakiTxis asaxsnelad iZulebuli gaxdnen 
SemoeRoT axali kvanturi ricxvi `feri~, ramac gazarda kvarkebis raode-
noba. maga liTad, kvarki SeiZleba iyos wiTeli, mwvane da lurji, magram am 
sakiTxs Cven ar ganvixilavT.

adronSi kvarkebi erTmaneTTan urTierTqmedeben.

1. gaixseneT, rogor aRmoaCina rezerfordma atomis 
birTvis arseboba?

2. Tqveni azriT, rogor aRmovaCinoT protoni an 
neitroni Sedgenili nawilakia Tu martivi? axseniT, ra-

tom fiqrobT ase?





3. kvarkebis ganawilebiT gansazRvreT protonis da 
neitronis muxti.



4. Tqveni azriT, ratom ver moaxerxes nuklonebis 
kvarkebad daSla?



5. rogor fiqrobT, es urTierTqmedeba Zlieria Tu 
susti? pasuxi daasabuTeT.
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kvanturi Teoriis Tanaxmad kvarkebis 
urTierTqmedeba xorcieldeba gansa-
kuTrebuli nawilakebis _ gluonebis gacv-
liT. gluonebi kvarkebs `awebebs~.

fotonebis msgavsad arc gluonebs aqvT eleqtruli muxti da uZraobis 
masa. maT gaaCniaT e. w. `feradi~ muxti.

gluonebis Zlieri urTierTqmedeba erTimeoresTan da kvarkebTan, 
kvarkebs da gluonebs akavebs adronSi.

adronebi ZlierTan erTad sust urTierTqmedebaSic monawileoben.
adronebis kvarkuli modelis TvalsazrisiT es niSnavs, rom sust 

urTierTqmedebaSi monawileoben kvarkebi.
gluonebis gacvla, romelic apirobebs Zlier urTierTqmedebas, 

cvlis mxolod kvarkis fers, yvela sxva Tvisebas ki ucvlelad tovebs. 
kvarkebis susti urTierTqmedebisas xdeba maT mier W+, W– da Z0 bozonebis 
urTierTgacvla. 

rogor xdeba kvarkul modelSi neitronebis daSla susti 
urTierTqmedebisas?

es ase xdeba: neitronebis ori d-kvarkidan erTi afrqvevs W– _ mezons 
da gardaiqmneba u-kvarkad, ris Semdegadac warmoiqmneba protoni, romelic 
Sedgeba erTi d-kvarkisa da ori u kvarkisagan,  W– _ mezoni, iSleba 
leptonebad: eleqtronad da antineitrinod.

amgvarad, susti urTierTqmedeba axorcielebs garkveul kavSirs  
kvarkebsa da leptonebs Soris _ im nawilekebs Soris, romlebic pirvel 
rigSi jerjerobiT SeiZleba CaiTvalos namdvil elementarul nawilakebad.

gluoni (ingl.) _ webo
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3.4elementaruli nawilakebis aRmoCena.
eleqtroni, fotoni, protoni

1897 wels pirveli elementaruli nawilaki _ eleqtroni e– _ aRmoaCina 
ingliselma jozef jon tomsonma (1856-1940).

pirveli cdebi romlebisganac miRebuli SedegebiT SeiZleboda daskvnis 
gamotana atomis SigniT eleqtruli muxtis arsebobaze 1833 wels Caatara 
ingliselma maikl faradeim (1791-1867).

faradeim daadgina, eleqtrolitSi eleqtruli deni aris ionebis 
mimarTuli moZraoba. mocemuli qimiuri elementis erT atomze saSua-
lod eleqtruli muxtis erTi da igive raodenoba modis. ionis minimalur 
muxts elementaruli eleqtruli muxti daarqves, romlis mniSvnelobaa           
e=1,6.10–19 k. gansxvavebuli nivTierebis ionis muxti elementaruli muxtis 
jeradi iqneba, e. i. 2e, 3e da a. S.

faradeis cdebSi TiToeuli ionis muxts ar zomavdnen. amis gamo atomis 
SigniT dadebiTi da uaryofiTi elementaruli muxtis arseboba 64 wlis 
ganmavlobaSi rCeboda hipoTezad.

1897 wels jon tomsoni atarebda cdebs gaiSviaTebul airebSi ele-
qtrul ganmuxtvaze, Termoeleqtrul emisiaze da fotoefeqtze. cdebis 
Sedegebis analiziT tomsonma daadgina: airebSi denis gatarebisas, niv-
Tierebis gaxurebisas da nebismieri qimiuri elementis ultraiisferi sx-
ivebiT dasxivebisas am nivTierebis atomebidan amoityorcneba savsebiT 
erTnairi uaryofiTad damuxtuli nawilakebi. am nawilaks SemdgomSi ele
qtroni uwodes.

eleqtronis eleqtruli muxti pirvelad 1909 wels gazoma a. maikelson-
ma (1852-1931). eleqtronis muxtis moduli toli aRmoCnda eleqtrolizis 
cdebSi miRebuli elementaruli muxtis. eleqtronis masa bunebaSi arse-
buli yvelaze msubuqi elementis _ wyalbadis atomis masaze daaxloebiT 
2000-jer naklebi aRmoCnda, igi tolia me=9,11.10-31 kg.

eleqtronis aRmoCena da yvela atomSi misi arsebobis dasabuTeba, aris 
atomis rTuli agebulebis damtkicebis pirveli niSani.

eleqtroni (simbolo e–) elementaruli nawilakia.
1900 wels absoluturad Savi sxeulis gamosxivebis asaxsnelad maqs 

plankma Camoayaliba hipoTeza atomebis mier eleqtromagnituri talRis 
gamosxivebaze.

albert ainStainma 1905 wels axsna fotoefeqtis movlena sinaT-
lis wyvetili gamosxivebis Sesaxeb plankis ideis ganviTarebis Sedegad. 
fotoefeqtis eqsperimentul kanonebSi ainStainma dainaxa damajerebeli 
dadastureba imisa, rom sinaTles aqvs wyvetili struqtura da STainTqmeba 
calkeuli hν porciebiT.

1. CamoayalibeT plankis hipoTeza.
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ainStainis Teoriis mixedviT, sinaTles aqvs wyvetili struqtura: 
E=hν sinaTlis energiis gamosxivebuli porcia inarCunebs Tavis in
dividualobas SemdgomSic, sinaTlis gavrcelebis procesSi. STanTqma 
SesaZlebelia mxolod mTeli porciis.

fotoni (simbolo g) elementaruli nawilakia.
1913 weli. ernest rezerfordma (1871-1937) iwinaswarmetyvela proto-

nis arseboba.
1919 weli. rezerfordma aRmoaCina protoni.
atomuri birTvebis xelovnuri gardaqmna pirvelad ganaxorciela 

rezerfordma. birTvi sakmaod mdgradia da arc maRali temperatura, arc 
wneva, arc eleqtromagnituri veli elementebs ar gardaqmnis da ar axdens 
gavlenas radioaqtiuri daSlis siCqareze.

rezerfordma ivarauda, rom birTvis daSlis an gardaqmnisaTvis saWiroa 
Zalian didi energia. im droisaTvis energiis gansakuTrebuli koncentri-
rebuli wyaro iyo radioaqtiuri daSlis dros birTvebidan gamotyorc-
nili α-nawilakebis energia.

pirveli birTvi, romelic xelovnurad iqna gardaqmnili iyo azotis 
birTvi .

radiumis mier gamosxivebuli didi energiis α nawilakebiT azotis bom-
bardirebisas rezerfordma aRmoaCina wyalbadis atomis birTvebi _ pro-

tonebi. preparatis mier gamosxivebuli 50 000 αnawilakidan erTi Cai
Wireba azotis birTviT, rac iwvevs azotis birTvis gardaqmnas Jangbadis 
izotopis birTvad da protonis gamotyorcnas:

Semdeg, sxva mkvlevarebma aRmoaCines msubuqi birTvebis _ ftoris, na-

triumis, aluminis da sxva birTvebis gardaiqmnebi α-nawilakebis moqmedeb-

iT. mZime birTvebi α-nawilakebis zemoqmedebiT gardaqmnas ar ganicdian.

protoni (simbolo p) elementaruli nawilakia.

2. Tqveni azriT, ra moxdeba Tu α-nawilaki SeiWreba 
sxva elementis birTvSi?



3. Tqven rogor fiqrobT, ratom ar ganicdida didi 

masuri ricxvis elementebis birTvebi gardaqmnas α-
nawilakebis moqmedebiT?
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3.5elementaruli nawilakebis aRmoCena.
neitroni, pozitroni, antiprotoni

1920 wels rezerfordma iwinaswarmetyvela atomis birTvSi neitraluri 
nawilakis arseboba, romlis masa daaxloebiT protonis masis toli unda 
yofiliyo. am hipoTetur nawilaks rezerfordma neitroni uwoda.

1928 wels ingliselma fizikosma pol dirakma iwinaswarmetyvela ele-
qtronis oreu lis pozitronis arseboba.

1930 wels paulma iwinaswarmetyvela neitrinos (simbolo ν) arseboba. 
1932 wels rezerfordis mowafem d. Cedvikma aRmoaCina neitroni (sim-

bolo n).
Cedviki atarebda cdebs: ikvlevda beriliumis gamosxivebis Tvisebebs, 

romelic warmoiSoboda αnawilakebiT beriliumis bombardirebisas.

Cedvikma daadgina, α-nawilakebiT beriuliumis bombardirebisas ber-
iliumidan gamodis eleqtrulad neitraluri nawilakebi, romelTa masa 
daaxloebiT protonis masis tolia. Cedvikis cdebi neitronis arsebobis 
damadasturebelia. 

Tanamedorve gazomvebiT dadgenilia Tavisufali neitronis masaa

m
n=1,6749286×10-27kg=1,008664902 m.a.e.=939,56563 mgev.

protonis masa 0,2%-iT naklebia neitronis masaze.
1932 wels k. andersonma kosmosur sxi vebSi aRmoaCina pozitroni, poz-

itronis masa zustad daemTxva eleqtronis 
masas, misi muxti eleqtronis muxtis mod-
uls, aRmoCenili iqna pirveli antinawila
ki _ pozitroni.

dirakma isic ivarauda, rom, eleqtroni-
sa da pozitronis dajaxebisas moxdeba ani-
hilacia _ orive nawilaki gaqreba da didi 
energiis fotonebi gaCndeba. pozitronisa da eleqtronis anihilacia Sem-
degnairad mimdi nareobs  

.
energiis mudmivobis kanonis Sesabamisad, umetes SemTxvevaSi ori fo-

toni warmoiqmneba. TiToeuli fotonis energia unda iyos 0,51 mgev _ e. 
i. eleqtronis uZraobis energiis toli. didi energiis fotonis birTvTan 
dajaxebisas pozitron-eleqtronis  wyvili warmoiqmneba:

es energiis masad gardaqmnis erT-erTi magaliTia.
eleqtron-pozitronis wyvili SeiZleba b daSlis drosac warmoiqmnas. 

am dros pozitronTan erTad neitrinoc Cndeba.

pozitroni an dadebiTi ele-

qtroni-eleqtronis antinawila-

kia, misi masa eleqtonis masis 

tolia, muxti eleqtronis muxtis 

modulis toli, misi simboloa e+.

1. gaixseneT ra aRmoaCina rezerfordma α-nawilakebiT 
azotis bombardirebisas.
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pozitronis aRmoCenisTanave bevrma fizikosma CaTvala, rom unda  arse-
bobdes protonis antinawilaki antiprotoni, an uaryofiTi protoni (sim-
bolo ). ivaraudes, rom antiprotoni unda warmoqmniliyo birTvis iseTi 
protonebiT bombardirebisas romelTa kinetikuri energia 6.1010 ev-ia. an-
tiprotonis warmoqmnis erT-erT reaqcias aseTi saxe aqvs:

p+p→p+p+ +p.

am SemTxvevaSi energia uSualod gardaiqmneba uZraobis masaSi da wyvi-
lis protonisa da antiprotonis kinetikur energiad.

hipoTezis marTebulebis Sesamowmeblad saWiro energiis misaRebad      
aSS-i aages im droisaTvis giganturi amaCqarebeli, romlis meSveobiT 
protonebis mianiWes saWiro 6,2.1010 ev kinetikuri energia da amaCqareblis 
agebidan erTi wlis Semdeg 1955 wels miiRes protonisa da antiprotonis 
wyvili.

aRmoCenilia antineitroni. nebismieri nawilaki da misi antinawilaki da-
jaxebisas anihilacias ganicdis.

ibadeba SekiTxva, ratomaa rom wyalbadis yvela atomi Sedgeba dadebiTi 
protonisa da uaryofiTi eleqtonisagan da ara uaryofiTi antiprotonisa 
da dadebiTi pozitronisagan? wyalbadis aseT `Sebrunebul~ atoms anti-
wyalbadi hqvia, xolo nivTierebas, romelic agebulia antinuklonebisa 
da orbituli pozitronebisagan _ antinivTiereba. simetriis principze 
dayrdnobiT SeiZleba movelodeT, rom samyaroSi yvela atomis naxevari 
unda iyos antinivTiereba. amis gareSe Zneli gasagebia, ratom unda iyos 
gabatonebuli dadebiTi muxti uaryofiTze.

arsebobs hipoTeza, imis Sesaxeb, rom zogierTi galaqtika Sedgeba an-
tinivTierebisagan, magram amis Sesaxeb damajarebeli mtkicebulebebi jer-
jerobiT ar arsebobs. 

neitrinos antinawilakia antineitrino, Teoriis Tanaxmad fotoni unda 
emTxveodes Tavis antinawilaks.
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b daSlis dros birTvidan eleqtroni gamoityorcneba.

Tu birTvSi eleqtroni ar aris, saidan gaCnda igi?
birTvidan eleqtronis gamotyorcnis Semdeg birTvis muxti da, maSa-

sadame protonebis raodenoba, erTiT izrdeba. birTvis masuri ricxvi ar 
icvleba. es niSnavs neitronebis raodenobis erTiT Semcirebas, e. i. b ra-
dioaqtiuri birTvebis SigniT neitroni SeiZleba daiSalos protonad da 
eleqtronad. protoni rCeba birTvSi, xolo eleqtroni gamoityorcneba 
gareT. mxolod stabilur birTvebSia neitronebi mdgradi.

zusti cdebiT dadgenilia: erTnairi birTvebis mier gamotyorcnili 
eleqtronebis kinetikuri energia gansxvavebulia. axlad warmoqmnili 
birTvebi ki erTnairi.

Seqmnili situaciidan gamosavali ipova Sveicarielma fizikosma v. pau-
lim. man dauSva, rom neitronis daSlisas, eleqtronsa da protonTan er-
Tad Cndeba kidev raRac nawilaki _ `uCinari~, romelsac miaqvs energiis 
danaklisi. es nawilaki  Zalian sustad urTierTqmedebs nivTierebasTan da 
amitom SeuZlia gaiaros nivTierebis did sisqeSi ise, rom ar gamoamJRavnos 
Tavi.

am nawilaks ara aqvs eleqtruli muxti. maSasadame, ar SeuZlia atom-
is ionizacia, birTvebis gaxleCa, e. i. ar SeuZlia gamoiwvios is efeqtebi, 
romelTa mixedviTac SeiZleba msjeloba nawilakebis gaCenis Sesaxeb, ami-
tom xelsawyoebiT ar registrirdeba.

enriko fermim am nawilaks neitrino uwoda, rac `patara neitrons~ niS-
navs. sxva nawilakebis msgavsad, neitrinos (simbolo ν) aqvs antinawilaki, 
romelsac antineitrino (simbolo ) hqvia.

3.6neitronis daSla. 
neitrinos aRmoCena

1. rogor nawilaks uwodeben elementaruls?
2. ra aris neitroni?

3. aris Tu ara neitroni elementaruli nawilaki? axseni, ratom 
fiqrob ase?

4. ra aris radioaqtiuroba?
5. ra nawilakebi gamosxivdeba radioaqtiuri nivTierebidan?



6. risgan Sedgeba atombirTvi? aris eleqtroni atombirT-
vSi?



7. Tqveni azriT, marTebulia Tu ara fizikis yvelaze fun-

damenturi kanoni _ energiis mudmivobis kanoni b-gamosx-
ivebisas? axseniT ratom fiqrobT ase?
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Tavisufali neitronis sicocxlis xangrZlivoba saSualod 15 wuTia. 
Tavisufali neitroni TavisTavad iSleba protonad, eleqtronad da 

gamosxivdeba antineitrino: .
neitronis energia yovelTvis metia protonisa da eleqtronis ener-

giaTa jamze.
Warbi energia miaqvs antineitrinos.
Teoriam iwinaswarmetyvela, rom protonSi antineitrinos moxvedrisas 

warmoiqmneba pozitroni da neitroni:

aseTi procesis albaToba Zalian mcirea antineitrinos udidesi SeRw-
evadobis gamo. miuxedavad didi siZneleebisa neitrinos da antineitrinos 
arseboba eqsperimentis meSveobiT arapirdapiri gziT iqna dasabuTebuli 
im sicxadiT, romelic saerTod SesaZlebelia elementaruli nawilakebis 
samyaroSi. dasabuTebulia neitroni mxolod birTvebSia stabiluri. Tavi-
sufali neitroni iSleba: protonad, eleqtronad da antineitrinod.

Tavisufali neitronis masa metia Tavisufali protonisa da eleqtro-
nis masaTa jamze. Sesabamisad neitronis sruli energia metia protonisa 
da eleqtronis energiaTa jamze. Warbi energiis gamo Tavisufali neitro-
ni aramdgradia. vinaidan antineitrino arsebobs mxolod sinaTlis siCqa-
riT wrfivad moZraobisas, amitom mas neitronis SigniT yofna ar SeuZlia. 
neitronis daSlis dros gamoyofil protonsa da eleqtrons ki SeuZlia 
Seqmnas mdgradi sistema _ wyalbadis atomi.

miviReT, neitronis daSla warmoadgens gardaqmnas elementaruli 
nawilakebis samyaroSi da ara rTuli sistemis Semadgenel nawilebad daS-
las. neitronis `SigniT~ protoni, eleqtroni da antineitrino ar aris. 
isini ibadebian daSlis momentSi. amitom, am TvalsazrisiT neitroni iT-
vleba elementarul nawilakad. asea saqme sxva nawilakebis SemTxvevaSic, 
romlebic drois gansazRvrul intervals cocxloben.

magaliTad, miu-mezoni, romelic iSleba eleqtronad da or neitronad:

, ar Sedgeba am nawilakebisagan, isini ibadebian daSlis 
momentSi. am TvalsazrisiT miu-mezoni iTvleba elementarul nawilakad.

8. Tqveni azriT: elementaruli nawilakia Tu ara 
neitroni? axseniT, ratom fiqrobT ase?



moipoveT informacia neitronisa da neitrinos aRmoCenis Sesaxeb, 
isaubreT sirTuleebze, romelTa gadalaxva gaxda saWiro maT aRmosa-
Cenad.

davaleba
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Tu Tqven sworad SeasruleT moqmedebebi miiRebT     (1)

eleqtruli velis mier protonis gadaadgilebaze Sesrulebuli muSaoba 
A=qU, (2) protonis kinetikuri energiis cvlilebis tolia. 

e. i. , (3) sadac U=Ed (4) d manZiliT daSorebul or wertils 

Soris Zabvaa.

(4) (3)      (5)

(5)⇒ damuxtuli nawilakebis kinetikuri energiis gasadideblad saWiroa 
nawilakma rac SeiZleba meti manZili gaiaros Zlier eleqtrostatikur velSi.

ganasxvaveben wrfiv da ciklur amaCqareblebs. oriveSi damuxtuli 
nawilakebis aCqareba gamowveulia eleqtrili velis moqmedebiT, oRond 
pirvelSi nawilakebi moZraoben wrfiv, meoreSi mrudwirul traeqtoriaze.

mrudwirul traeqtoriaze damuxtuli nawilakebis moZraoba  ganpiro-
bebulia magnituri velSi moZrav muxtze moqmedi ZaliT.

davadginoT, rogor imoZravebs q
0 muxtis nawilaki, Tu igi v siCqariT 

1. ra moxdeba Tu erTgvarovan eleq-
trul velSi uZrav protons gaaTa-

visuflebT (sur. 49.1)?
2. vTqvaT, protonis masaa m, muxti q, eleqtruli 

velis daZabulobis moduli E. gansazRvreT protonis 
aCqareba.



3. asrulebs Tu ara eleqtruli veli muSaobas protonis 
gadaadgilebaze? pasuxebi daasabuTeT.

4. rogor icvleba protonis kinetikuri energia? pasuxi daasabuTeT.



5. ra aris lorencis Zala? 
rogor ganisazRvreba misi moduli? 

6. 49.2 suraTis mixedviT CamoayalibeT 
lorencis Zalis mimarTulebis  gansazRvris wesi.



3.7ra da rogor iswavleT. SeamowmeT 
Tqveni codna

amaCqarebeli _ mowyobiloba, 

romlis meSveobiT SeiZleba didi 

energiis nawilakebis miReba

sur. 49.1

Fl

vB

q

sur.  49.2
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SeiWra  induqciis erTgvarovan magnitur velSi induqciis wirebis 
marTobulad.

magnituri veli nawilakze moqmedebs F
l
=|q0|vB (1) lorencis ZaliT. 

lorencis Zala marTobia v da  veqtorebisa, amitom ar cvlis 

siCqaris moduls. (1) ⇒ ucvleli rCeba lorencis Zalis modulic.

Zala, romlis moduli ar icvleba da siCqaris marTobulad moqmedebs, 

nawilaks aniWebs moduliT mudmiv centriskenul      (2) aCqarebas. 

es ki imas niSnavs, rom nawilaki moduliT mudmivi siCqariT moZraobs R 

radiusian wrewirze. niutonis meore kanonis Tanaxmad,   F
l
=ma.   (3)

(1)∧(2) (3) ⇒    (4)

(4) ⇒    (5)

nawilakis muxtis Sefardebas mis masasTan nawilakis kuTri muxti 
ewodeba. igi eqsperimentulad ganisazRvreba xelsawyoTi, romelsac mas
speqtrografi hqvia.

50.1 suraTze gamosax-
ulia mas-speqtrografis 
principuli sqema. xel-
sawyos vakuumiani kame ra 
moTavsebulia  induq-
ciis magnitur vel Si, ro-
melic suraTis sibrtyis 
marTobia, eleq truli ve-
liT aCqarebuli damux-
tuli nawilakebi Sedian 
magnitur velSi, moZrao-
ben wrewiris rkalze da 
ecemian fotofirfitaze, 
sadac toveben kvals. kva-
lis meSveobiT didi sizustiT zomaven nawilakis moZraobis simrudis  R 
radiuss. Semdeg ki nawilakis kuTr muxts.

sur.  50.1

amaCqarebeli 

Zabvis

batarea

nawilakTa wyaro

fotofirfita

tumbosken

davaleba

gaixseneT, atomSi dadebiTi muxtis ganawilebis Sesaxeb tomsonis hipo-
Tezis Sesamowmeblad Catarebuli rezerfordis cdebi.
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3.8
amaCqareblebi

eleqtronebis erT-erT amaCqarebels romelic albaT yvela ojaxSia, 
sistematurad viyenebT.

es amaCqarebeli televizoria. masSi aCqarebuli eleqtronebis 
kinetikuri energia 20kev-s aRwevs.  eleqtronebis es energia sakmarisia 
dajaxebisas televizoris ekranis asanTebad da gamosaxulebis misaRebad.

radiumis mier gamosxivebuli α-nawilakebis siCqare daaxloebiT 
sinaTlis siCqaris 1/15 nawilamdea. 1 g radiumi 1 wamSi asxivebs daaxloebiT 

3,7.1010 α-nawilaks, TiToeulis energia 2-dan 8 mgev-a.

rezerfordis cdaSi iSviaTad, magram mainc SeamCnies iseTi SemTxvevebic, 

rodesac calkeuli α-nawilakebis gabnevis kuTxe marT kuTxes aRemateboda, 

magram ar dafiqsirebula α-nawilakis SeWra didi masis atombirTvSi.

didi energiis damuxtuli nawilakebis misaRebad Seiqmna amaC-
qareblebi. pirvel amaCqarebelSi iyenebdnen ramdenime milioni voltis 
eleqtrostatikur vels. amJamad ZiriTadad gamoye ne-
bulia cvladi eleqtruli veli. nawilakebis aCqarebas 
axorcieleben sxvadasxvagvar wrfiv da ciklur 
amaCqarebelSi.

ganvixiloT protonebis, α-nawilakebis da ionebis 
amaCqareblis-ciklotronis moqmedebis principi. 
am danadgaris moqmedeba damyarebulia nawilakebis 
mraval jerad aCqarebaze, nawilakebi moZraoben 
spiralze (sur. 51.2)

1. SeecadeT daasaxeloT es amaCqarebeli.

2. ra aris eleqtronvolti? 1 kev?

3. romel damuxtul nawilakebs iyenebda rezerfordi 
atomis agebulebis dasadgenad? rogor moipovebda am nawilakebs?



4. rogor fiqrobT, rezerfordis cdebSi ratom ver 

SeiWra α-nawilaki atombirTvSi?
5. rogor moviqceT didi masis atombirTvis gamosakvlevad _ 

elementaruli nawilakia atombirTvi Tu aris masSi sxva nawilakebi?



kidev erTxel daukvirdiT 51.1 
suraTs.

sur. 51.1. 

α

α

α

I
II atomis 

birTvi

sur.  131.2

III
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aCqarebuli nawilakebi moZraoben odnav daSorebuli or naxevar-
cilindrSi. naxevarcilindrebs laTinuri D asos forma aqvT, amitom 
maT `duantebi~ daarqves (sur. 131.2). nawilakebis siCqaris gadideba xdeba 
duantebs Soris RreCoSi, romelSic maRali sixSiris generatoris meSveobiT 
iqmneba cvladi Zabva, romlis amplituda 105 v rigisaa.

magnituri velis induqcia ionis siCqaris marTobia. 
davuSvaT, duantebis Sua wertilis maxloblad RreCoSi dadebiTi ionebi 

im dros gamoCdnen, rodesac marcxena D1 duants uaryofiTi maqsimaluri 
potenciali aqvs. maSin ionebi am duantebisken gadaadgildebian da masSi 
SeiWrebian magnituri velis induqciis marTobulad.

duantis SigniT nawilakebi naxevarwrewirs Semoweren da drois T/2 
momentSi (T duantebs Soris Zabvis cvlilebis periodia) isev duantebs 
Soris RreCosTan aRmoCndebian. am momentSi RreCoSi Zabva moduliT iseTive 
gaxdeba, rogoric pirveli aCqarebis dros iyo, magram mimarTulebiT 
sapirispiro iqneba. aseT velSi nawilakebi isev aCqardebian. D

2
 duantSi meti 

siCqariT SeiWrebian, ufro didi radiusis naxevar wrewirs Semoweren da 
RreCosTan,    maSin aRmoCndebian rodesac Zabva pirvandelis toli gaxdeba. 
RreCoSi nawilakebis energia kvlav gaizrdeba. nawilakebi moZraoben 
spiralze (sur. 131.2). duantis gamosasvlelTan aTavseben minis firfitebs, 
romelzedac ramdenime aTeuli aTasi volti mudmiva Zabvaa modebuli, 
aCqarebuli nawilakebis kona gadaixreba da gadava kameraSi, sadac samiznea 
moTavsebuli.  ciklotronis meSveobiT 1 wamSi daaxloebiT 3.1013 nawilaks 
iReben. romelTa energia 100 mgev-is rigisaa.

teqnologiuri procesebis ganviTarebam SesaZlebeli gaxada Seqmniliyo 
amaCqareblebi sinqrotroni, sinqrofazotroni, tevatroni, romelTa  
meSveobiT miRebuli nawilakebis energia Zalian didia, erT-erT yvelaze 
mZlavr amaCqareblebelSi aSS-i _ tevatronSi _ aCqarebuli protonebis 
energia 1 tev-a (1 tev=1000 gev=1012 ev). urTierTqmedi nawilakebis 
energiis gasadideblad Seiqmna amaCqareblebi, romlebSic urTierTqmedi 
nawilakebis konebs erTmaneTis Sesaxvedrad amoZraveben. mecnierTa azriT 
es amaCqareblebis ganviTarebis saukeTeso gzaa.

SveicariaSi, JenevasTan evropis birTvul kvlevaTa centrSi (CERN), 

amuSavda msoflioSi yvelaze mZlavri amaCqarebeli _ didi adronuli 

kolaideri (LHC).

6. rogor traeqtoriaze daiwyebs moZraobas duantSi 
damuxtuli nawilakebi? Seicvleba Tu ara misi siCqaris 

moduli? pasuxi daasabuTeT.



7. SeadareT ciklotronSi 1 wm-Si miRebuli nawila-
kebis raodenoba da TiToeuli nawilakis energia 

α-nawilakebisas, romelsac bunebrivad asxivebda radioaqtiuri radiumi.
8. ivaraudeT, 1010 ev energiis nawilakis misaRebad ramden bruns 

asrulebs da ra manZils gadis nawilakebi ciklotronSi.
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urTierTsapirispirod moZravi protonebis energia dReisaTvis 

4tev+4tev=8tev Seadgens. dagegmilia energiis gazrda 7tev+7tev sididemde. 

amaCqarebeli miwisqveS ≈27 km sigrZis gvirabSi mdebareobs, protonebis 

nakadis wrewirze moZraobas da fokusirebas uzrunvelyofs zegamtari 

magnitebi. zegamtari mdgomareobis SenarCunebas _ Zalian dabal 1,9K 

temperaturas uzrunvelyofs »96tona Txevadi heliumi. protonebis ori 

nakadi urTierTsapirospirod moZraobs magnitebis SigniT ganlagebul 

or paralelur vakuumur milSi. dajaxeba xdeba oTx wertilSi. TiToeuli 

wertilis irgvliv ganlagebulia oTxi didi eqsperimentuli danadgari PP 

urTierTqmedebis Sesaswavlad.

risTvisac gaxda saWiro aseTi did energiebamde protonebis aCqareba?

aseTi didi energia saWiro xdeba e. w. standartuli modeliT 

nawinaswarmetyvelebi higsis nawilakis aRmosaCenad. standartul modelSi, 

romelic fundamenturi nawilakebis Tanamedrove Teoriaa, higsis nawilakiT 

xdeba yvela danarCeni elementeruli nawilakebisaTvis masis `miniWeba~. 

TviTon higsis nawilakis masa ≈140 gev unda iyos.

LHC-ze pirveli PP dajaxebebi ganxorcielda martSi 2010 wels.

2012 weli ivlisi _ eqperimentatorebma erToblivad ganacxades, rom 

higsis nawilaki aRmoCenilia (8 cali).

dReisaTvis dafiqsirebuli raodenoba ar iZleva saSualebas higsis 

nawilakis Tvisebebis dasadgenad. saWiroa statistikis gazrda. es dagegmilia 

2013 wlis zafxulSi. amis Semdeg LHC gaCerdeba 2 wliT da moxdeba misi 

ganaxleba energiis da intensivobis gasazrdelad.
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3.9
SeamowmeT Tqveni codna

amoxseniT amocanebi

1.   birTvis mier neitronis CaWeris dros warmoiqmneba radioaqtiuri 

izotopi . kidev ra nawilaki gamosxivdeba? dawereT birTvuli 
reaqcia.

2.  radioaqtiuria asxivebs eleqtonebs, romeli birTvi warmoiqmneba 
natriumis daSlisas?

3. swrafad moZravi protonebiT boris izotopis  dabombvisas miiRes 
sxvadasxva mxares mimarTuli sami erTnairi nawilaki, dawereT reaqcia. 
daasaxeleT es nawilakebi.

4. didi masuri ricxvis elementebSi iwvevs Tu ara birTvul reaqciebs 

radioaqtiuri preparatebis mier gamosxivebuili α-nawilakebi. axseniT, 
ratom?

5. atomis birTvma eleqtroni STanTqa. rogor Seicvleba elementis rigiTi 
nomeri da masuri ricxvi?

6. umniSvnelo kinetikuri energiis eleqtronisa da pozitronis 
anihilaciisas ori erTnairi fotoni warmoiqmna. gansazRvreT fotonis 
talRis sigrZe.

testi

1. rezerfordis mier Catarebuli pirveli birTvuli reaqciisas 
 JangbadTan erTad warmoiqmna

a. fotoni;    b. α-nawilaki;    g. eleqtroni;   d. protoni;  e. neitroni.

2. azotis izotopis  neitronebiT dabombvisas warmoiqmna boris 

izotopi  da

a. eleqtroni; b. protoni; g. α-nawilaki; d. neitroni; e. ori protoni.

3. nela moZravi eleqtronisa da pozitronis anihilaciisas 
warmoiqmneba 

a. ori eleqtroni; b. eleqtroni da fotoni; g. ori pozitroni; 
d. erTi fotoni; e. ori fotoni.

4. TermobirTvuli reaqciisas wyalbadis ori izotopis  da 

SeerTebisas warmoiqmna  birTvi da 

a. eleqtroni;   b. protoni;  g. neitroni;  d. α-nawilaki;  e. fotoni.
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v

IV Tavi. 

fizikis 

ganviTarebis 

mniSvneloba

am TavSi gaixsenebT 
da gaecnobiT

Ä  moipovoT informacia im 
teqnologiuri procesebis 
Sesaxeb, romlebic ganicada 
morzes aparatma mobilur 
telefonamde;

Ä  gaecnoT lazers. mis 
mecnierul da praqtikul 
mniSvnelobas; 

Ä  SeZloT fizikis Tanamedrove 
miRwevebze dayrdnobiT 
moamzadoT referati samyaros 
erTiani suraTis Sesaxeb.
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teqnologiuri procesebis ganviTarebam SesaZlebeli gaxada Seqmniliyo 
egreT wodebuli smart-teqnologiebi.

smart-teqnologiebi efuZneba mikroprocesorebis gamoyenebas. am te-
qnologiis daxmarebiT iwarmoeba mowyobilobebi, romlebsac SeuZliaT 
informaciis miReba da damuSaveba, xolo informaciis damuSavebis safuZ-
velze _ gadawyvetilebis miReba da garkveuli moqmedebis Sesruleba.

smart-teqnologiebi ufro da ufro mkvidrdeba Cvens yoveldRiur 
cxovrebaSi. TandaTan SesaZlebeli xdeba saxlidan gausvlelad gadasaxadebis 
gadaxda an fulis konvertireba momavali mogzaurobis win.

smart-teqnologiebi gamoyenebulia bankomatebSi (sur. 136.1). bankebi 
TavianT klientebze gascemen plastikur baraTebs magnituri zoliT, 
romelzec Cawerilia informacia misi mflobelis sabanko angariSis Ses-
axeb. plastikuri baraTis bankomatis RriWoSi Cadebisas manqana magnituri 
zolidan kiTxulobs informacias da moiTxovs klientis saidentifikacio 
nomers (e. w. PIN kods). Semdeg akrefil kods adarebs kompiuterSi Caweril 
kods. Tu ricxvebi erTmaneTs daemTxveva, klienti msoflios nebismier 
wertilSi aiRebs naRd fuls, gadaixdis nayidi saqonlis Rirebulebas,  
Seasrulebs fulad gadaricxvebs. 

samgzavro plastikuri baraTebis meSveobiT gamartivda mgzavrobis 
fulis gadaxda avtobusebSi.

informaciis wamkiTx
veli mowyobiloba

sabanko 
plastikuri 

baraTi

magnitu
ri zoli

naRdi 
fulis 
Senaxvis 
adgili

kompiuteri, romelSic 
i n a x e b a  i n f o r m a c i a 
kli entebis angari Se
bisa da sabanko ope ra
ciebis Sesaxeb. es ko
mpiuterive axor ci e
lebs angariSsworebas. sur. 56.1

gaecaniT
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4.1
informacia da kavSiri

informaciis gadacemas da urTierTkavSirs sazogadoebisaTvis yovelTvis 
didi mniSvneloba hqonda. pirdapiri xedvis areSi swrafad mokle 
informaciis gadacemisaTvis adreul xanaSi xSirad cecxls da kvamls 
iyenebdnen.

Sua saukuneebSi flotSi daiwyes 
dro Sebis gamoyeneba. droSis for-
mas, fers da suraTs garkveuli mniS-
vneloba hqonda.

Semdeg Seqmnes optikuri teleg-
rafi. qalaqebs Soris pirdapiri xe-
dvis areSi aages koSkebi, romlebsac 
gaukeTes o ri didi saxsrebiani frTa 
_ semafo ri. telegrafisti miRebul 
informacias frTebis mdebareo-
bis cvli lebiT maSinve gadascemda. 
pirveli optikuri telegrafi aages 1794 wels safrangeTSi parizsa da 
lilis Soris. optikuri telegrafiT signali peter burgidan varSavamde 
1200 km-s 15 wT-Si faravda.

XIX saukunis bolos farTod gavrcelda informaciis gadacema eleqtruli 
signalebiT. eleqtruli signalebi SeiZleba gadaeces sadenebiT (kabelebiT) 
an sadenebis gareSe. 

eleqtrokavSiris yvela saSualeba _ telefoni, telegrafi, telefaqsi, 
interneti, radio da telexedva struqturiT erTmaneTis msgavsia. xazis 
dasawyisSi mowyobilobaa, romelic informacias (bgera, gamosaxuleba, 
teqsti) gardaqmnis eleqtrul signalebad. Semdeg maT amuSaveben ise, rom 
vargisi iyos Sor manZilze gadasacemad. aZliereben saWiro simZlavremde 
da `agzavnian~ sadeniT an asxiveben sivrceSi. gzaSi Sor manZilze signali 
imdenad sustdeba, rom saWiroa Sualeduri gaZliereba. xazis boloSi 
signali Sedis mimRebSi, sadac aZliereben da isev gardaqmnian bgerad, 
gamosaxulebad, teqstad.

erTi xaziT eleqtruli signalebiT informaciis Sor manZilze gadacema 
da miReba, romelmac udidesi praqtikuli gamoyeneba hpova, 1837 wels 
SeZlo amerikelma samuel morzem (1791-1872). morzes kodiTa da telegrafiT 
SesaZlebeli gaxda nebismieri Setyobinebis gadacema.

 1. rogoria Tqveni varaudi, ra mizniT da rogor 
iyenebda adamiani cecxls da kvamls?

2. romel saSualebas cecxls Tu kvamls mianiWebT 
upiratesobas dRisiT? RamiT? axseniT, ratom?

 3. gansazRvreT peter burgidan varSavamde optikuri 
telegrafiT informaciis gadacemis siCqare.

telegrafi (berZ.) – `tele~ – Sors, 
`grafo~ – vwer.
semafori (berZ.) – sema – niSani, fo ri 
– mzidi. a. rkinigzis sasignalo mow yo-
bi  loba, romlis frTebis mdebareoba (an 
Su qi) uCvnebs memanqanes – Tavisufalia Tu 
ara gza; b. mxedvelobiTi signalizacia, 
ro melic xorcieldeba xelebis, almebis 
(Ra  miT – farnebiT) mdebareobis Secv liT.



58

daakvirdiT 58.1 suraTs. sadgurebs Soris telegramebis gacvlisaTvis 
aucilebelia, rom TiToeul maTganze gasaRebic iyos da saweri mowyo-
bilobac. telegrafi maSin iwyebs muSaobas, rodesac erT-erT gasaRebze 
xels aWeren. 

gasaRebze xelis mcire xniT daWera qaRal dze  wer tils iZleva, xangrZ-
li vi _ tires. wer ti lisa da tires kombinaciebiT morzem Seadgina piro-
biTi niS nebis cxrili, romelic Seesat yviseba anbanis asoebs, cifrebsa 
da sasven niSnebs.

sur. 58.1. ormxrivi satelegrafo kavSiris umartivesi sqema

damiweba

sur. 58.2. gasaRebi. 
liTonis berkets SeuZlia brunva O 

RerZis irgvliv. K1 da K2 kontaqtebia.
zambaris meSveobiT Cveulebriv piro

bebSi K1 kontaqti ganrTulia.

K1

berketi

zambara

damiweba

sur. 58.3. saweri mowyobiloba. 
1. eleqt romag niti; 2. berketi; 3. brunvis RerZi; 
4. Ruza _ rkinis firfita; 5. zambara; 6. saweri 
mowyobiloba;  7. qaRaldis moZravi zoli; 8. koWaze 
daxveuli qaRaldi.

1

2

4

8

75

6

3

K2

K1

T2

 4. ra moxdeba berketis saxelurze xelis daWeriT 
(sur. 58.1, 58.2)?

5. ra moxdeba, Tu eleqtro magnitis gragnilSi gaiv-
lis deni (sur. 58.1, 58.3)?

6. ra daemarTeba fanqars, qaRaldis zols (sur. 58.3)?
7. razea damokidebuli qaRaldze xazis sigrZe?
8. ra asrulebs meore sadenis rols 58.1 suraTze gamosaxul sqemaze?
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XIX saukunis Sua wlebSi 
morzes aparati da misi 
anbani gamoiyeneboda mTel 
msofli oSi. magram 1876 wli-
dan, ro desac warmoSobiT 
Sotlan dielma amerikelma 
maswavle be lma ale q  sandre 
greiman belma (1847-1922) da-
apatenta pir veli te le foni, 
bevri ram Sei cvala. Se saZle-
beli gaxda erT  maneTTan la-
paraki jer mci re manZilze Semdeg 
ki aTaseul kolomet rebze.

Tavdapirvelad qalaqis farg lebSi 
yvela telefonidan gamoyvanili xazebi 
Tavs iyrida satelefono sadgurSi, 
sadac dasaxelebuli nomris mixedviT 

telefonisti erTi telefonis xazs meoresTan sadeniT aerTebda. teqno-
loguri procesebis ganviTarebam SesaZlebeli gaxada xeliT SesaerTebeli 
komutato rebi SeecvalaT avtoma turi satelefono sadgu re biT. amJamad 
Tanamedrove komu tatorebis umravlesoba ima rTeba kompiuteriT. praqti ku-
lad SesaZlebeli gaxda telefoniT `meyse ulad~ davukavSirdeT dedamiwis 
TiTqmis yvela wertils.

kompiuteris meSveobiT eleqtronuli fostiT agzavnian informa-
cias. signali optikur-boWkovani sadeniT midis dedamiwis zedapirze 

mimReb-gadamcem sadgurze, romelic miRebul informacias gamoasxivebs 
eleqtromag ni turi talRebis saxiT. Tanamgzavri miRebul informacias 
aZlierebs da gamoasxivebs. signals iReben dedamiwaze mimReb-gadamcem 
sadgurze, romelic Semdeg optikur-boWkovani sadenebiT midis daniS-
nulebis adgilamde (sur. 59.2).

1. telefonis CaRrmavebuli 
nawili. 
2. diafragma. 
3. magniti. 
4. koWa. 
5. sadenebi.

sur. 59.1. belis telefonis sqema.

belis telefonis 
aparati.

moipoveT dawvrilebiTi informacia TanamgzavrebiT radiokavSiris Ses-
axeb. moamzadeT referati gakveTilze warsadgenad.

 9. 59.1 su ra Tis 
mi xedviT aR we reT 

belis telefonis moqme debis 
principi.

sur. 59.2.  TanamgzavrebiT kavSiri

kompiuteri

optikur
boWkovani 
sadeni

mimReb
gadamcemi 
sadguri

radiotalRebi

Tanamgzavri

mimReb
gadamcemi 
sadguri

kompiuteri

davaleba



60

gaixseneT boris pirveli pos-
tulati.

Cveulebriv pirobebSi atomebis umravlesoba udables energetikul 
mdgomareobaSia (ZiriTadi mdgomareoba). amitom am mdgomareobaSi niv-
Tierebebi ar asxiveben.

energiis STanTqmisas atomi gadadis aRgznebul mdgomareobaSi. aRgznebul 
mdgomareobaSi atomi drois mcire, daaxloebiT 10-8 wm-is ganmavlobaSia, 
ris Semdegac TavisTavad (spontanurad) gadadis ZiriTad mdgomareobaSi 
da asxivebs sinaTlis kvants. gamosxiveba ganpirobebulia imiT, rom atomis 
aRgznebuli mdgomareoba aramdgradia. gare zemoqmedebisas atomis aRg-
znebul mdgomareobaSi yofnis dro mcirdeba da aRiZvreba gamosxiveba, 
romelsac iZulebiTi anu inducirebuli gamosxiveba ewodeba.

1917 wels albert ainStainma iwinaswarmetyvela atomebis mier sinaTlis 
iZulebiTi gamosxivebis Sesaxeb.

1960 wels amerikelma mecnierma Teodor maimanma iZulebiTi gamosxivebis 
gamoyenebiT pirvelad miiRo lazeris sxivi _ wiTeli feris kaSkaSa sinaT-
lis kona. man safuZveli Cauyara lazeruli teqnologiis ganviTarebas 
da mis gamoye nebas rogorc samecniero kvlevebisas, ise medicinasa da 
teqnikaSi. teqnologiuri procesebis ganviTarebiT lazerebis gamoyeneba 
mravalmxrivi gaxda.

dReisaTvis lazeris asobiT tipi arsebobs, romlebsac iyeneben sxvadasxva 
mowyobilobaSi. lazeris sxivis meSveo-
biT xorcieldeba satelefono kavSiri, 
ikiTxeba kompiuteris diskebi, mReris 
musikaluri kompaqt-diskebi. qirurgiaSi 
lazeruli skalpeliT akeTeben iseT 
wvril Wrilobebs, rom Zalian amcireben sisxlis denas. lazers iyeneben 
kbilis umtkivneulod mkurnalobisaTvis .... mZlavr lazerebs iyeneben 
mrwevelobaSi Zalian mtkice masalis gaWrisa da SeduRebisaTvis. laz-
eris meSveobiT SesaZlebelia gazomvebis udidesi sizustiT Sesruleba 
xidebis, rkinigzisa da gvirabebis proeqtirebisas. lazeri gamoiyeneba 
optikur-boWkovan sadenebSi telekomu-
nikaciisaTvis, maTi meSveobiT marTaven 
raketebs da qmnian hologramebs. ganu-
wyvetliv farTovdeba lazerebis 

4.2  lazeris mecnieruli da 
praqtikuli mniSvneloba

 1. Cveulebriv, rogor mdgomareobaSia atomi?
2. rogor mdgomareobaSi gadadis atomi energiis 

STanTqmisas (gamosxivebisas)?
3. rogor ganisazRvreba gamosxivebuli an STanTqmuli fotonis 

energia?

sityva lazeri miRebulia inglisur gamona-

TqvamSi _ `inducirebuli gamosxivebis 

meSve  obiT sinaTlis gaZliereba~ _ Semavali 

sityvebis pirveli asoebisagan.

skalpeli (laTinuri) _ patara 

qirurgiuli dana.

holograma (berZnuli) _ moculobiTi 

gamosaxuleba, suraTi.
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gamoyenebis are. lazeris sxivs iyeneben qsovilis gasaWrelad. zustad 
gamoWrili detalebiT Sekerili tansacmeli maRali xarisxisaa. 

lazeris zogierTi gamoyeneba 61.1 suraTzea gamosaxuli.

lazeri _ zusti gamzomi 
xelsawyoa iseTi  gigan
turi mSeneblobisaTvis, 
rogoric xidis agebaa

lazeris sxivi cvlis 
rqovanas formas da aum
jobesebs mxedvelobas

rqovana

lazeris sxivi gadis 

TvalSi da baduras 

amagrebs adgilze

rqovana

broli

badura

sisxlZarRvovani 
garsi

mZlavri lazeri xvrets 
almass da aZlevs mas 

saWiro formas

koncertze lazeris sxivebis gamoyeneba aZlierebs 
STabeWdilebas

lalis lazeris mowyobilobis sqema

lazeris 
sxivi

srulad amrekli sarke

naxevrad gamWvir
vale sarke

lalis Rero

impulsuri naTura

sur. 61.1
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sur. 62.2. daakvirdiT suraTebs. yvela am mowy
obilobas Secvlis larezis sxivi, maSin rodesac 
teqnologiuri procesebis ganviTarebis Sede

gad SesaZlebeli iqneba maRali xarisxis, magram 
iaffasiani lazerebis Seqmna.

saWrisi saxvretela

saxexi wnexi

saWrisihorizontaluri 
freza

xerxi

sur. 62.1. caTambjenebis agebisas Sveulis 

gansasazRvrad lazeris sxivi Seucvlelia

saRaravi

Strixkodi

SuqmgrZgnobiare 
elementi

lazeruli sxivi wamis gan
mavlobaSi aTjer amowmebs 
Strixkods _ axdens mis 
skanirebas win da ukan.

infromaciis 
wamkiTxavi 
mowyobiloba

sur. 62.3

Strix-kodSi daSifrulia in-
for macia saqon li s Sesaxeb. mi-
si amo kiTxva Se sa Z lebelia spe-
cialuri ska neris 
meSveobiT lazeris 
sxivis gamo yenebiT. 
supe rmarketebsa da 
ma RaziebSi molare 
ska ners Seaxebs 
Strix-kods. ko mpi-
uteris ek ranze iwe-
reba sa qonlis fasi 
da molaris miTiTe-
biT aRi ri cxeba gay-
iduli sa qonlis ra-
odenoba.

freza (frang.) _ mravalsaWrisiani 

saWreli iaraRi, romelic brunavs da 

ise amuSavebs liTonis an sxva masalis 

zedapirs. 
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energiis moxmarebis done sazoga-
doebis sawarmoo Zalebis ganviTarebis 
ZiriTadi maCvenebelia. amasTan, wamyvan 
rols asrulebs eleqtroenergia _ 
yvelaze universaluri da gamosaye-
neblad yvelaze xelsayreli energiis 
forma.

arsebobs eleqtrosadgurebis ori 
ZiriTadi tipi: siTburi da hidro-
eleqtruli.

siTbur eleqtrosadgurebSi ene r giis wyaroa: qvanaxSiri, torfi da sxva 
saTbobenergetikuli nedleuli.

hidroeleqtrul sadgurSi ZiriTadad gamoiyeneba kaSxliT aweuli wylis 
potenciuri energia.

hidroeleqtrosadgurebSi energiis gamomuSa vebas udavod didi upi-
ratesoba aqvs, radgan masSi gamoiyeneba energiis ganaxlebadi wyaro _ 
wylis potenciuri energia. mniSvne lovania isic, rom hes-Si energiis 
gamomuSavebisas garemo ar binZurdeba da es energia yvelaze ufro iafia 
sxva tipis eleqtrosadgurebis mier gamomuSavebul ener giaze.

energetikaSi did rols asrulebs atomuri eleqtrosadgurebi (aesi). 
amJamad atomur reaqtorebSi energia ZiriTadad miiReba neli neitronebis 
meSveobiT uran-235-is daSliT. aseTi uranis mopoveba ki sakmaod rTulia, 
radgan 1 t bunebriv uranSi misi Semcveloba mxolod 7,14 kg-ia. dadge-
nilia, rom 4.106 kvt simZlavris Tboeleqtrosadgurs weliwadSi 20 mln 
t qvanaxSiri sWirdeba, xolo imave simZlavris atomur eleqtrosadgurs 
60 t urani.

didi perspeqtiva aqvs msubuqi birTvebis SeerTebiT gamoyofili ener-
giis mSvidobiani miznebisaTvis gamoyenebas. Tanamedrove warmodgenebiT, 
swored msubuqi birTvebis SeerTebiT gamoyofili energia uzrunvelyofs 
varskvlavebis mier sinaTlis gamosxivebas miliardi wlebis ganmavlobaSi. 
jerjerobiT ver moxerxda marTvadi TermobirTvuli reaqciebis ganxor-
cieleba, romelic kacobriobas energiis axal, praqtikulad, uSret wyaros 
hpirdeba.

mzis energiis efeqturad gamoyenebis 
mizniT adamianma Seqmna mzis batarea, romelic 
sinaTlis energias uSua lod eleqtrul ener-
giad gardaqmnis. sinaTlis ene rgiis uSualod 
eleqtrul energiad gardaqmnisaTvis iyeneben 
naxe vargamtarul mowyobi lobebs _ fotoele-

mentebs. sqemaze fotoelementi Semdegnairad 

aRini Sneba  . isini da montaJebulia 
yvela kosmosur xomaldze da uzrun velyofen 

4.3
energiis wyaroebi

sawarmoo Zalebi _ materialuri 
dovlaTis warmoebis procesSi Cab-
muli samuSao Zalebi da warmoebis 
iaraRebis erToblioba.

samuSao Zala _ adamianis fizi-
kur da sulier SesaZleblobaTa er-
Toblioba, romelsac is iyenebs raime 
saxmari Rirebulebis Sesaqmnelad.

sur. 63.1



64

xomal dis eleqtruli ener giiT momaragebas (sur. 63.1). xomaldis mzis 
batareis sasargeblo farTobi ramodenime aTeul kvadratul metrs aRwevs. 
mzis batareas war matebiT iyeneben avtomatur meteosadgurebSi, gadasatan 
radiosadgurebSi, radio mimRebebSi da sxvagan. mzis batareis gamoyenebis 
zogierTi magaliTi gamosaxulia 64.1, 64.2 da 64.3 suraTebze.

mzis uzarmazari `naCuqari~ energiis mcire nawilis gamoyenebac ki 
mniSv nelovnad uwyobs xels kacobriobis ekonomikuri da ekologiuri 
problemebis gadawyvetas. magram mzis energiis farTo masStabiT gamoye-
nebamde, albaT, jer kidev Sorsaa, amis ZiriTadi mizezi isaa, rom mzis 
energiis simkvrive dedamiwis zedapirze didi ar aris. igi gafantulia.

arsebuli meTodebiT ele qtruli energiis miRebi-
sas efeq turoba mxolod  ≈15%-ia. amitom 1000 mgvt 
simZlavris eleqtrosadguris far Tobi gacilebiT 
meti, ≈23-28 km2 mainc unda iyos. es ki sakmaod didi 
farTobia. 

sinaTlis energiis uSualod eleqtrul energiad 
gardaqmna mecnierebis erT-erTi mniSvnelo vani amo-
canaa.

eleqtrul ene rgiad qaris ene rgiasac gar daq mnian.
qaris energiis mimReb mow yobi lobas Cveulebriv 

dgamen iq, sadac wlis gan mav lobaSi qaris saSualo 
siCqare 4-5 m/wm-s aRemateba. 

qaris energiis arsebiT nakls war moad gens qaris 
Zalis uTanabroba, Tanac farTobis erTeulze gamoyo 
fili energia SedarebiT mcirea. ris gamoc, qaris 

sur. 64.1 sur. 64.2 sur. 64.3

 1. abinZurebs Tu ara helioenergetikuli danadgari 
garemos? 

2. SesaZlebeli rom iyos iseTi eleqtrosadguris 
ageba, romelic mzis energias srulad gardaqmnis eleqtrul energiad, 
maSin ra farTobi dasWirdeba 1000 mgvt simZlavris eleqtro sadgurs? 
CaTvaleT, rom im ganedze, sadac eleqtrosadgurebs ageben, mzis 
simZlavre 250-300 vt/m2-ia.

sur. 64.4. eleqtrul 
ene rgiad qaris ene
rgiasac gar daq mnian.
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turbinis frTebis zoma, Tu ki mas saqarxno 
masStabiT energiis sawarmoeblad davam-
zadebT, praqtikulad, ganuxorcielebeli 
sididisaa. amitom qaris energias iyeneben 
mxolod mcire ZravebSi _ `qar ZravebSi~ 
(sur. 64.4). maTgan miRebul eleqtroener-
gias mxolod dam xmare rolis Sesruleba 
SeuZlia da masze dayrdnoba ar SeiZleba.

ukanasknel wlebSi intensiurad daiwyo ganviTareba bioenergetikam. misi 
wyaro biomasaa, romelic Seicavs mcenareuli da cxoveluri warmoSobis 
yvela saxis nivTierebas da organuli nivTierebebis narCenebs. biomasa 
SeiZleba gamoiyenon rogorc sawvavi an misi gadamuSavebiT miiRon spirti 
da biogazi.

biogazi warmoiqmneba Jangbadis miwodebis gareSe organuli nivTiere-
bebis gaxrwnisas. biogazad gardaiqmneba nagvis organuli masis 20%. 
energetikaSi biogazis gamoyeneba did interess iwvevs, radgan misi 60% 
meTania. biogazis miReba SesaZlebelia qalaqis kanalizaciis Camonadenis 
gadamuSa vebiTac.

sur. 65.1. im adgilebSi, sadac 
xSirad si cxe da papanaqebaa, 
mzis bata reas saxlis saxuravze 
amon taJeben. 

 3. 65.2 suraTebis mi xedviT im sjeleT qaris energiis 
gamoye nebaze.

sur. 65.4sur. 65.3

sur. 65.2
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4. aRwereT 65.3 da 65.4 suraTebze biogazis miRebis 

da gamo yenebis sqematurad gamosaxuli procesebi.

sur. 66.1 wyalbadze momuSave eqsperimentuli 
avtomobili

1. moipoveT informacia biogazis miRebisa da gamoyenebis Sesaxeb 
moamzadeT sakiTxi seminarze warsadgenad.

2. moipoveT informacia energiis Tanamedrove wyaroebis Sesaxeb. 
SeafaseT maTi gavlena ekologiur situaciaze.

moamzadeT masala seminarze warsadgenad.

davaleba

daiwyes nakelisgan gamoyofili biogazis aqtiuri gamoyeneba. 2-3 msx-
vilfexa saqonlis nakelisgan gamoyofili gazi savsebiT sakmarisia erTi 
ojaxisaTvis.

`ufaso~ biogazis gamoyenebiT SesaZlebelia energetikuli resursebis 
didi raodenobiT dazogva.

mimdinareobs intensi-
uri muSaoba avtomobi-
lebSi wyalbadis, rogorc 
alternatiuli sawvavis, 
gamosayeneblad. wyalbadi 
Teoriulad idealur saw-
vavs warmoadgens. jer erTi 
misi Tbounarianoba sam-
jer metia bunebrivi airis 
Tbounarianobaze, meorec, 
wyalbadis wvis erTad-
erTi produqti sufTa 
wyalia, romelic ar abi-
nZurebs garemos. magram 
jer-jerobiT wyal badi yoveldRiur sawvavad ver gamoiyeneba, radgan 
misi usafrTxod Senaxva da transportireba Znelia. airadi wyalbadi did 
moculobas ikavebs, Txevadi ki izolirebul konteinerSi inaxeba, romelSic 
temperatura -2530C-ze dabalia.

gavecaniT energiis rogorc tradiciul, ise aratradiciul wya roebs.
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fizikis kursis Seswavlisas Cven gavecaniT bunebis uzogades kanonebs, 
romlebic marTaven procesebis mimdinareobas ara marto dedamiwaze, ar-
amed mTel samyaroSi.

fizikis Seswavlis procesSi SevecadeT `aRmogveCina~ kanonebi, romlebic 
erTmaneTTan akavSirebs bunebaSi mimdinare sxvadasxva fizikur movlenas, 
adgens am movlenaTa mizezebs da maT Soris kavSirs.

bunebis Seswavla moiTxovda da moiTxovs sxvadasxva qveynis mra vali 
mecnieris dauRalav Sromas. maTi erToblivi saqmianoba uzrunvelyofs 
warmatebebs samyaros kanonebisa da movlenebis kvlevaSi.

gavixsenoT Zveli warmodgenebi samyaros erTiani suraTis Sesaxeb.
mecnierebis udides nawils didxans miaCnda, rom bunebis erTaderT 

fundamentur kanonebs mxolod niutonis meqanikis kanonebi warmoadgenda.

niutonis mier aRmoCenili sxeulTa moZraobis kanonebis sayovelTao 
xasiaTi daedo safuZvlad samyaros erTian meqanikur suraTs.

samyaros martivi meqanikuri suraTi uZluri aRmoCnda eleqtromagnituri 
procesebis gamokvlevis dros. gamoirkva, rom isini niutonis meqanikas 
ar emorCilebodnen.

mas Semdeg, rac maqsvelma aRmoaCina eleqtromagnituri velis `qcevis~ 
kanonebi, mecnierebi Seecadnen SeeqmnaT samyaros erTiani eleqtromagni-
turi suraTi, romlis mixedviTac yvela movlenis marTva eleqtromagni-
turi urTierTqmedebis kanonebiT iqneboda SesaZlebeli.

fardobiTobis Teoriis Seqmnam kidev ufro ganamtkica azri samyaros 
eleqtromagnituri suraTis Sesaxeb. gairkva eleqtromagnitur urTi  er-
T qmedebaTa gavrcelebis siCqaris sasruloba. Seiqmna axali moZRvreba 
sivrcesa da droze. moinaxa moZraobis relativisturi gantolebebi, rom-
lebic didi siCqareebis SemTxvevaSi niutonis gantolebebs cvlian. mcire 
siCqareebis dros ki maTgan niutonis kanonebi miiReba.

magram mecnierebma ver SeZles nawilakebis moZraobis gantolebebis 
da gravitaciuli urTierTqmedebis kanonis gamoyvana eleqtromagnituri 
velis Teoriidan da im das kvnam de mividnen, rom bunebis yvela procesi 
ar SeiZleba romelime erTi TeoriiT aixsnas.

XX saukunis pirvel naxevarSi aRmoaCines eleqtrulad neitraluri 
nawilakebi da axali tipis urTierTqmedebebi, sxvadasxva saxis elementa-
ruli nawilakebi da maTi urTierTgardaqmna. 

4.4
samyaros erTiani suraTi

 1. isaubreT, Tqveni azriT, ratom fiqrobdnen ase?

 2. isaubreT, rogor xorcieldeba eleqtromagnituri 
urTierTqmedeba.
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mecnierebs arc ki ufiqriaT, samyaro warmoedginaT erTi tipis nawilakebi-
sagan agebuli. sinamdvileSi . . .

am faqtis Semdeg samyaros erTianobas materiis aRnagobis erTianobaSi 
xedavdnen. dadginda, rom sxvadasxva elementaruli nawilaki materiis 
arsebobis sxvadasxva formiT gamovlineba iyo.

magram samyaros erTianobisaTvis materiis aRnagobis erTianoba ar iyo 
sakmarisi. igi nawilakebis moZraobisa da urTierTqmedebis kanonebSic 
unda gamomJRavnebuliyo. 

miuxedavad imisa, rom sxeulebs Soris urTierTqmedebaTa gasaocari 
sxvadasxvaobaa, arsebobs sul oTxi tipis urTierTqmedeba: gravitaciuli, 
eleqtromagnituri, birTvuli da susti.

samyaros fizikuri suraTis Sesaxeb klasikuri warmodgenebis cvlileba 
moxda materiis kvanturi Tvisebebis aRmoCenis Semdeg _ Seiqmna samyaros 
Tanamedrove fizikuri suraTi.

kvanturi Teoriis principebi sruliad zogadia. igi gamoiyeneba yvela 
nawilakis moZraobis, maTi urTierTqmedebisa da urTierTgardaqmnis aR-
sawerad.

aRmoaCines, rom yvela nawilaks talRuri Tvisebebic gaaCnia.

Tanamedrove fizikam SesaZlebeli gaxada bunebis erTianobisaTvis dam-
axasiaTebeli Tvisebebis axsna. 

Tumca jer kidev bevri ram aris amoucnobi. samyaros erTiani suraTis 
dasadgenad intensiuri kvleva grZeldeba.

fizikis ganviTareba udides gavlenas axdens mecnierebebis, teqnikisa 
da warmoebis sxvadasxva dargze.

gasuli saukunis meore naxevridan Rrma, Tvisebrivi cvlilebebi ganicada 
teqnikis yvela ZiriTadma dargma. gardaiqmna energetika, Seiqmna atomuri 
eleqtrosadgurebi, Seiqmna mravali xelovnuri masala, soflis meurneo-
baSi damkvidrda meqanizacia da avtomatizacia, gaumjobesda transporti, 
ufro meqanizebuli gaxda mSenebloba. Seicvala kavSirgabmuloba.

Seiqmna gamoTvliTi teqnika, romelic yoveldRiurad umjobesdeba. 
Seiqmna kompiuteri, mobiluri telefoni.

samedicino aparaturis gamogonebisa da gaumjobesebis wyalobiT win 
wavida medicina.

 3. isaubreT, ra iciT am sakiTxis Sesaxeb.

 4. isaubreT, rodis mJRavndeba TiToeuli maTgani. 
moiyvaneT magaliTebi.

 5. isaubreT materiis korpuskulur-talRuri duali-
zmis Se saxeb.
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Seiqmna nanoteqnika. teqnologiouri procesebis ganviTarebam SesaZle-
beli gaxada molekulur da kristalur doneze SeecvalaT nivTierebebis 
Tvisebebi. masalaTa umetesoba romlebT-
anac yoveldRiuri Sexeba gvaqvs krista-
luri agebulebisaa, romelTa zoma aTi-
dan as mikrometramdea. XX saukunis 80-
ian wlebSi miiRes nivTiereba Sedgenili 
aTasjer naklebi zomis kristalebisagan. 
miRebuli kristalis Tvisebebi imdenad uCveuloa, rom maT metalebis axal 
klasad miiCneven, magaliTad, myife _ msxvrevadi keramika xdeba drekadi 
da plastikuri, metali iZens unars orjer metad gaiWimos ise rom ar 
gawydes, xdeba aTjer ufro mtkice. sufTa rkinaze nano kristalis damate-
biT SesaZlebelia miviRoT rkinis Jangi romlis winaRoba 1014-jer SeiZleba 
Seicvalos.

didi Zvrebi moxda astronomiis ganviTarebaSi. agreTve biologiis, 
qimiis, geologiis, meteorologiis, okeanologiis da sxva mecnierebebis 
ganviTarebaSi.

biologiis mkveTr ganviTarebas ukavSireben molekuluri biologiisa 
da genetikis Seqmnas. amis safuZvelze sicocxles swavloben molekulur 
doneze.

fizikis da qimiis mecnierebis erToblivi muSaobis Sedegia winaswar 
gansazRvruli Tvisebebis mqone masalebis Seqmna da a. S.

fizika aris bunebis Semswavleli erT-erTi mecniereba.

1. moamzadeT referati _ medicinaSi fizikis gamoyenebis Sesaxeb.

2. moipoveT informacia nanoteqnologiebis ganviTarebisa da 
perspeqtivebis Sesaxeb. moamzadeT referati.

3. moamzadeT referati samyaros erTiani suraTis Sesaxeb fizikis 
Tanamedrove miRwevebze dayrdnobiT.

am sakiTxis Sesaswavlad gamoiyeneT TqvenTvis xelmisawvdomi sainfor-
macio wyaro (beWdviTi, audiovizualuri, interneti).


6. isaubreT, qimiis da biologiis romeli sakiTxebis 

Ses wavlisas gamoiyeneT fizikaSi naswavli masala.
TqvenTvis cnobili romeli fizikuri movlena romel 

samedicino aparaturaSi gamoiyeneba?

 7. isaubreT, sabunebismetyvelo mec nierebebis kvlevis 
obieqtebis Sesaxeb. ra kavSiria maT Soris?

davaleba

nanoteqnologia _ mrewv-
elobis dargi, romelic mowyobi-
lobebs atomur da molekulur 
doneze qmnis. 
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4.5
SeamowmeT Tqveni codna

fizika moicavs Cveni yoveldRiuri yofacxovrebis TiTqmis yvela 
sferos.

gaecaniT qvemoT moyvanil Tvisebriv amocanebs da TviTon darwmun
diT amaSi.

1.  rogoria Tqveni varaudi, iseT gamtarze, romelic Zabvis qveSaa, mSra-
li xeliT Sexeba ufro saSiSia Tu sveliT? varaudis marTebuloba 
daa sabuTeT.

2.  SesaZleblad migaCniaT Tu ara minis ori naWris erTmaneTze miwebeba 
ise, rom miwebebis adgili ar Candes?

3.  eleqtrolizis gamoyenebiT iaffasiani liTonis sagnebs xSirad nikeliT 
an qromiT faraven. axseniT, ratom iqcevian ase?

4.  axseniT, ratom aris, rom rodesac adamians Zalian sciva, uneburad 
kankals iwyebs? gaixseneT, Tqvenc xom ar dagmarTiaT ase?

5.  albaT SegimCneviaT, zafxulSi nami warmoiqmneba. zamTarSi ki TrTvili. 
mowmendil Tu Rrublian amindSi xdeba es movlenebi ufro xSirad? 
axseniT, ratom?

6.  Weqa-quxilisas rekomendebuli ar aris xis qveS dgoma. axseniT, ratom?

7.  rogoria Tqveni varaudi, Zlieri Stormisas icvleba Tu ara wylis 
temperatura? varaudis marTebuloba daasabuTeT.

8.  cxadia, moRrublul cas da Rrublebs xSirad dahkvirvebixarT. Rru-
beli zamTarSi ufro dablaa Tu zafxulSi? pasuxi daasabuTeT.

9.  vfiqrobT, mTvares xSirad dahkvirvebixarT da masze laqebic SegimCn-
eviaT. rogoria Tqveni varaudi, ratom moCans mTvareze laqebi?

10.  albaT gsmeniaT, rom radioaqtiur preparatebs tyviis sqelkedlian 
konteinerebSi inaxaven. axseniT, ratom?

11.  gisrialiaT TxilamurebiT? dahkvirvebixarT moTxilamureebs Sejibrebi-
sas (egeb televizorSic) rodesac didi siCqaris ganviTareba surT? 
rogor mdgomareobaSi aqvT sxeuli moZraobisas? axseniT, ratom?
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12.  atmosferuli wnevisas 80C-iani wyali amwovi tumbos meSveobiT daax-
loebiT 10 m simaRleze aitanes. SesaZleblad migaCniaT Tu ara imave 
tumboTi mduRare wylis amotumbva? axseniT, ratom? 

13.  albaT mogismeniaT nakadulis rakraki. rogoria Tqveni varaudi, ratom 
rakrakebs nakaduli?

14.  rogoria Tqveni varaudi, rodis aviTarebs avtomobilis Zrava met 
simZlavres, Tanabari Tu aCqarebuli moZraobisas?

15.  rogoria Tqveni azri, ratom ar aris rekomendebuli gaoflianebuli 
adamianisTvis civ da mSral haerze gasvla?

nomris mixedviT cxrilSi miuTiTeT, fizikasTan erTad romel sferos 
miekuTvneba TiToeuli amocana?

qimia

biologia

teqnika

sporti

geografia

medicina

transporti

yofacxovreba

astronomia
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giorgi   gedeniZe


