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saxelmZRvaneloSi mocemuli masala Tqvengan aqtiur monawileobas moiTxovs. am 
mizniT  masSi CarTulia mravalferovani savarjiSoebi, romelTagan nawils maswav-
leblis xelmZRvanelobiT mTeli klasi  erTad Seasrulebs, nawili ki individualu
ri, wyvilebSi da jgufuri muSaobisaTvis aris gankuTvnili. maTi amocnoba ar gagi-
WirdebaT, radgan TiToeuli maTgani wignSi Sesabamisi simboloTi (logoTi) aris 
aRniSnuli:

wyvilebSi samuSao

jgufuri samuSao

saintereso,  
damatebiTi informacia

cdis Catareba sifrTxiles 
moiTxovs! 

davalebis nomeri 
(mag., I Temis me-2 paragrafis dava-
leba 1). 
individualuri samuSao

gamafrTxilebeli niSnebi

cxeli zedapiri

momwamvleli nivTiereba

cecxlsaSiSia

vardnili sxeulebis safrTxe

msxvrevadi WurWeli

mCxvletavi sagnebi

statikuri eleqtroba

lazeris gamosxiveba

cdis Catarebisas saWiro aRWurviloba:

eleqtruli denis safrTxe:

winsafari

niRabi

xelTaTmanebi

1.2.1

gamosxivebisgan damcavi saT-
vale

meqanikuri dazianebisgan dam-
cavi saTvale



wignis interaqtiuli veb-gverdi SegiZlia naxo Semdeg misamarTze:

https://physica.ge/books/phys-XI/

 gverdze ganTavsebulia wignSi gamoyenebuli yvela onlain resursi (virtua-
luri laboratoria, video, damatebiTi teqsturi informacia), is interaqtiuli 
animaciebi, romlebic specialurad wignisTvis Seiqmna.
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﻿`wiTeli wanacvleba~

Tema III

geometriuli

optika

amboben, amerikeli fizikosi da gamomgonebeli robert 
uiliams vudi (1868 _1955), romelmac mniSvnelovani wvlili 
Seitana sinaTlis bunebis kvlevasa da optikis ganviTa-
rebaSi, erTxel moZraobis wesebis darRvevisTvis, sagzao 
policiam gaaCera. avtomobiliT swrafad mimavali vudi 
SuqniSnis wiTel signals ar daemorCila da gza gana-
grZo. policielma urCi mZRoli mainc gaaCera da jarimis 
gamowera daapira. 

vudma uxerxuli mdgomareobidan gamosvla scada:
`... momiteveT ser, magram Cemi brali ar aris, _ mimarTa 

man policiels _ moZraobisas SuqniSnis wiTeli signali 
mwvaned aRviqvi da amaSi me damnaSave ar var. es dopleris 
efeqtia...~

imasac amboben, rom vudma scada, kidev ufro dawvrile-
biT aexsna dopleris efeqtis ̀ danaSauli~, magram aRmoCnda, 
rom policielic sakmaod kargad erkveoda fizikaSi da 
robert vuds jarima siCqaris gadaWarbebisTvis gamouwera.

ramdenad Seesabameba es ambavi simarTles, aravin icis, 
magram dopleris efeqtis gavlena sinaTlis ferze, sinamd­
vilea, oRond erTi SesworebiT _ avtomobili, romlis 
mZRols SeiZleba wiTeli feri mwvaned moeCvenos, sul 
mcire, 37 500 km/wm siCqariT unda moZraobdes.

sxvaTa Soris, es faqti arc doplerma gaiTvaliswina, 
roca 1842 wels bgeriTi talRis sixSiris cvlileba SeamCnia 
da aRmoCeniT aRfrTovanebulma daufiqreblad ganacxada: 

_ radgan bgeris sixSire icvleba, roca bgeris wyaro da 
mimRebi erTmaneTis mimarT moZraobs, cxadia, eleqtromag
nituri talRebis sixSirec Seicvleba, Tu talRebis wyaro 
da damkvirvebeli erTmaneTis mimarT moZraobs. swored 
amaSi imaleba saidumlo, Tu ratom anaTeben varskvlavebi 
sxvadasxvafrad. yvela maTganis gamosxivebuli sinaTle 
TeTri ferisaa da mxolod imitom, rom isini Cven mimarT 
swrafad moZraoben, maT sinaTles sxvadasxvafrad aRviq-

`wiTeli wanacvleba~

sur. 1
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`wiTeli wanacvleba~

vamT: im varskvlavebis sinaTlis talRis sigrZe, romlebic gviaxlovdeba, mokl-
deba (sixSire izrdeba) da maT sinaTles mwvane, lurjad da iisfrad aRviqvamT, 
im varskvlavebis sinaTle ki, romlebic gvSordeba, wiTlad gveCveneba. 

dopleris es mosazreba simarTles ar Seesabameba. imisaTvis, rom adamianis 
Tvalma varskvlavis Seferilobis cvlileba (romelic varskvlavis moZraobis 
Sedegadaa gamowveuli) aRiqvas, varskvlavi Cven mimarT uzarmazari siCqariT 
(daaxloebiT, aTeul aTasobiT km/wm-Si) unda moZraobdes, Tumca sakmarisi arc 
es ar aris.

saqme imaSia, rom varskvlavis moaxloebisas, Tu, mag., mwvane sinaTle cisfrad, 
cisferi iisfrad gardaiqmneba, es imas niSnavs, rom xiluli sinaTlis mTeli 
speqtri iisferi bolosken wainacvlebs: iisferi ultraiisferis adgils daika-
vebs, infrawiTeli _ wiTlisas da a.S. yvela es `feri~ speqtrSi isev darCeba da 
miuxedavad, `sayovelTao~ gadanacvlebisa, Tvali varskvlavis sinaTleSi cvli-
lebas ver dainaxavs, mas mainc TeTri feris sinaTled aRiqvams.

adamianis TvaliT danaxuli varskvlavis feri (sur. 2) varskvlavis temperatu-
riTaa ganpirobebuli da dopleris efeqts ar ukavSirdeba. 

sul sxva saqmea, Tu moZravi varskvlavis mier gamosxivebuli sinaTlis speqtra­
lur analizs Caatareb. speqtroskops 
SeuZlia sinaTlis `feris~ sul odnavi 
cvlilebac ki aRricxos moZravi vars-
kvlavis gamosxivebis speqtrSi. daad-
ginos, ufro `gawiTlda~ (speqtris 
wiTeli bolosken wanacvlda) Tu 
ufro iisferi gaxda (speqtris iis-
feri bolosken wanacvlda) varskvlavis 
gamosxiveba. 

 `feris~ cvlileba gamosxivebis 
sixSiris (talRis sigrZis) cvlilebas 
ukavSirdeba. sixSiris (talRis sigrZis) 
mixedviT, SesaZlebelia im siCqaris 
gazomva, ra siCqariTac varskvlavi 
gvSordeba (an gviaxlovdeba). siCqaris 
codna ki mecnierebs saSualebas aZlevs, 
varskvlavebamde manZilebi gamoTva-
lon. 

wiTeli wanacvleba _ ase hqvia movlenas, roca eleqtromagnituri talRis 
(sinaTlis) sigrZe izrdeba da, Sesabamisad, misi sixSire mcirdeba.

gaixsene: xiluli sinaTlis speqtrSi wiTeli bolosken eleqtromagnituri 
talRis sixSire mcirdeba da, Sesabamisad, talRis sigrZe izrdeba (sur.3). 

wiTeli wanacvlebis sapirispiro movlena iisferi wanacvlebaa: eleqtromagni-
turi talRis (sinaTlis) sigrZe mcirdeba da, Sesabamisad, misi sixSire izrdeba. 

ra aris wiTeli da iisferi wanacvlebis gamomwvevi mizezi? mecnierebaSi wiTeli 
da iisferi wanacvlebis gamomwvevi sami mizezia cnobili da am mizezebs saxelebi 
Sinaarsis Sesabamisad hqvia:

1. dopleris wiTeli wanacvleba;
2. kosmologiuri wiTeli wanacvleba;
3. gravitaciuli wiTeli wanacvleba.

xiluli sinaTle

didi 
sixSire

maRali
energia

patara 
sixSire

dabali
energia

grZeli talRebimokle talRebi

sur. 3

sur. 2
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`wiTeli wanacvleba~

dopleris wiTeli wanacvleba

arcTu ise iSviaTad xdeba, rom aRmoCena erTsa da imave mecnierebis (mag., 
fizikis) sxvadasxva dargSi (meqanikaSi, eleqtromagnetizmSi, optikaSi da a.S.), 
metic, sxvadasxva samecniero sferoSi (fizikaSi, maTematikaSi, astronomiaSi, 
biologiaSi, qimiaSi da a.S.), sruliad moulodnelad, gansxvavebuli dargisa Tu 
sferos warmomadgenlebs axali, maTTvis gaugebari movlenis axsnaSi exmareba. 
ase moxda amjeradac...

sanam uSualod movlenas ganvixilavT, kidev erTxel davazustoT: roca sau-
baria varskvlavis ferze, es speqtraluri analizis Sedegad dgindeba da ara 
adamianis TvaliT. zogjer SeiZleba metaforulad gamoviyenoT kidec adamiani 
_ damkvirvebeli, magram vgulisxmobT mxolod speqtroskopis mier aRqmul sinaT­
les.

 varskvlavebi (maT Soris Cveni mzec) sinaTles uwyvet speqtrSi, iisferidan 
wiTeli sinaTlis CaTvliT, gamoasxivebs, Tumca aRmoCnda, rom rac ufro Sorsaa 
varskvlavi, miT ufro ̀ wiTelia~ misi sinaTle, miT ufro wanacvlebulia speqtris 
wiTeli bolosken; rac ufro axlosaa, misi sinaTle _ ufro `iisferia~ .

gaixsene (sur. 4): gzis piras mdgoms geC-
veneba, rom im manqanis signali, romelic 
TandaTan giaxlovdeba, sxvadasxva tonalo-
bisaa: rac ufro Sorsaa manqana, mis signals 
ufro dabali sixSiris bgerad aRiqvam da 
manqanis moaxloebasTan erTad Sen mier 
aRqmuli bgeris sixSire izrdeba. 

swored dopleris efeqti daexmara as
trofizikosebs wiTeli wanacvlebis mov
lenis axsnaSi _ efeqti, romelic Tavad 
doplerma erT Cveulebriv dRes Tevzao-
bisas aRmoaCina, roca wylis zedapirze 
talRebis gavrcelebas akvirdeboda. 

warmoidgine (sur. 5): Sen uZravi damkvir
vebeli xar da A wertilSi imyofebi. var
skvlavi gSordeba. dopleris efeqtis Ta
naxmad, Sen mier (speqtraluri analiziT!) aRqmuli eleqtromagnituri talRis 
sixSire iklebs (sigrZe izrdeba). varskvlavis sinaTles aseT SemTxvevaSi, TandaTan 
ufro `wiTlad ~ aRiqvam. 

B wertilSi myofi damkvirvebeli ki imave varskvlavis sinaTles ufro 
`iisfrad~ aRiqvams: mas uaxlovdeba varskvlavi da mis mier aRqmuli 
eleqtromagnituri talRis sixSire imatebs (sigrZe iklebs). naxe animacia:

eleqtromagnituri talRis sigrZis gazrdas (Semcirebas), roca 
varskvlavi gvSordeba (gviaxlovdeba), dopleris wiTeli (iisferi) wanacvleba 
hqvia. dopleris wanacvlebis mizezi damkvirveblis mimarT kosmosuri obieqtebis 
moZraobaa.

mag., andromedas galaqtika dedamiwas 310 km/wm siCqariT uaxlovdeba. misgan 
gamosxivebuli sinaTle speqtris iisferi boloskenaa wanacvlebuli (mokle 
talRovania da maRali sixSiris, anu meti energia gadaaqvs). es dopleris iisferi 
wanacvlebaa.

sur. 4

sur. 5

V1 = 0 V2 = 0

Vwy

dabali sixSire

dopleris efeqti

maRali sixSire

A B
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﻿ `wiTeli wanacvleba~

astronomebis yuradRebis qveS moeqca Cveni 
galaqtikis (irmis naxtomis) erT-erTi var
skvlavi. speqtraluri analiziT dadginda, 
rom varskvlavis sinaTle zogjer wiTliske-
naa wanacvlebuli, zogjer ki _ iisfrisken. 
anu, varskvlavi periodulad gvSordeba da 
gviaxlovdeba (aseT SemTxvevaSi amboben, rom 
`varskvlavi irxeva~) (sur. 6). es ki imas niSnavs, 
rom varskvlavis axlos uxilavi kosmosuri 
obieqtia (planetaa), romelic varskvlavTan 
urTierTqmedebs, magram astronomebis dakvirvebis areSi ar Cans. swored dople-
ris wanacvlebis mixedviT gansazRvres astronomebma uxilavi planetis masa da 
misi daSoreba varskvlavidan. 

kosmologiuri wiTeli wanacvleba

1912 wels, louelis observatoriis astronomebma aRmoaCines, rom TiTqmis 
yvela xiluli galaqtikis sinaTle speqtris wiTeli boloskenaa wanacvlebuli, 
rac imas niSnavs, rom galaqtikebis umravlesoba Cvengan `garbis~... (gamonaklisi 
iyo mag., andromedas galaqtika, romelic gviaxlovdeba). astronomebma gamaog-
nebeli gancxadeba gaakeTes: samyaro farTovdeba!

1929 wels amerikelma astronomma edvin hablma galaqtikebis wiTeli wanacvleba 
Seafasa da aRmoaCina, rom rac ufro Sorsaa galaqtika, miT swrafad gvSordeba. 
am damokidebulebas hablis kanoni hqvia.

hablis kanonis Tanaxmad, Tu gvecodineba wiTeli wanacvlebis sidide, Sev
ZlebT gamovTvaloT manZili yvelaze Soreul da, Sesabamisad, yvelaze xandaz-
mul galaqtikebamde. Sedegad ki, samyaros Teoriuli asaki gvecodineba. swored 
amitom, wiTel wanacvlebas, romelic samyaros gafarToebis Sedegia, kosmologiur 
wiTel wanacvlebas uwodeben (kosmologia mecnierebaa samyaros warmoSobisa da 
ganviTarebis Sesaxeb).

gaiTvaliswine: dopleris wanacvlebis dros ciuri obieqtebi erTmaneTis 
mimarT moZraobs. kosmologiuri wiTeli wanacvlebis dros ki isini ar moZraoben, 
erTmaneTs Sordebian, radgan samyaro farTovdeba. 

warmoidgine: sahaero buSti, romelzedac monetebia (galaqtikebia) mimagre-
buli. buSti Tu moculobaSi gaizrdeba, TiToeul monetaze myofi damkvirvebeli 
dainaxavs, rom danarCeni monetebi (galaqtikebi) mas daSordeba (sur. 7), magram 
ara imitom, rom monetebi moZraobs, aramed imitom rom `qsovili~, romelzedac 
monetebia damagrebuli, gaiwela, gafarTovda. asea samyaroSic.

sur. 6

sur. 7

varskvlavi

uxilavi 
planeta
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﻿`wiTeli wanacvleba~

gravitaciuli wiTeli wanacvleba

warmoidgine: Rrma ormoSi xar. imisaTvis, 
rom ormodan amoxvide, Sen energia unda 
daxarjo. ormoSi Cavardnisas ki energias 
ar xarjav, piriqiT _ SeiZen vardnisas.

Tu sinaTle masiuri kosmosuli obieq-
tis Zlier gravitaciul vels tovebs 
(`ormodan~ amodis) da ufro susti velisken 
vrceldeba, maSin misi energia Semcirdeba 
(sixSire Semcirdeba, talRis sigrZe gaizr-
deba) (sur.8).

SedarebiT sust gravitaciul velSi 
myofi ̀ damkvirvebeli~ aseT dros sinaTles 
ufro `wiTlad~ aRiqvams. es gravitaciuli wiTeli wanacvlebaa.

Tu sinaTle susti gravitaciuli velidan Zlierisken vrceldeba (`ormoSi~ 
vardeba), maSin misi energia imatebs (imatebs sixSire, iklebs talRis sigrZe). 
ufro Zlier gravitaciul velSi myofi `damkvirvebeli~ ki aseT dros sinaTles 
ufro `iisfrad~ aRiqvams (sinaTlis feri speqtris iisferi bolosken iqneba 
wanacvlebuli). es gravitaciuli iisferi wanacvlebaa 

gravitaciuli velis sinaTleze gavlena 1911 wels albert ainStainma aRwera 
Tavis statiaSi, Tumca am movlenis SesaZleblobas manamdec araerTi mecnieri 
ganixilavda ( gravitaciuli veli ara marto xilul sinaTleze, aramed gamosxive-
bis sxva formebzec moqmedebs).

ainSatinis mier navaraudevi gravitaciuli velis zemoqmedeba sinaTleze 2020 
wels aRmoaCina kanaris kunZulebis astrofizikis institutis mecnierTa saer-
TaSoriso jgufma: mTvaris zedapiridan areklili mzis sinaTlis speqtralurma 
analizma gravitaciuli wiTeli wanacvleba daadastura...

gravitaciuli wiTeli wanacvlebis mixedviT astronomebi ikvleven TeTri 
jujebis struqturas (TeTri jujebi iseTi varskvlavebia, romlebmac TavianTi 
energiis maragi amowures, anaTeben siTburi energiis xarjze. masiT Cvens mzes 
utoldebian, magram maTi radiusi, daaxloebiT, 100-jer naklebia mzis radiusze), 
Savi xvrelebis gravitacias da a.S.

`Candra~ nasas rentgenis observatoriaa, 
romelic dedamiwis garSemo orbitaze moZraobs 
da Soreuli kosmosuri obieqtebis gamosxivebas 
ikvlevs (sur. 9). misi daxmarebiT astronomebma 
Cvengan 29 000 sinaTlis weliwadis manZilze 
(sinaTlis weliwadi manZilia, romelsac sinaTle 
weliwadis ganmavlobaSi gadis) ori, erTmaneTis 
irgvliv mbrunavi, varskvlavi SeamCnies da maT 
sinaTleSi gravitaciuli wiTeli wanacvleba 
aRmoaCines. ratomaa dedamiwelebisTvis sainte-
reso es Soreuli varskvlavebi? aRmoCnda, rom 
maTi gravitaciuli wiTeli wanacvleba GPS-is 
muSaobaze sagrZnob gavlenas axdens.

sur. 8

sur. 9
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Sesavali: sinaTle - 

eleqtromagnituri talRa

3.1

3.1.1. warmodgenebi sinaTlis bunebis Sesaxeb

Sen ici, rom garemomcveli samyaros Sesaxeb informacias adamiani grZnobaTa 
organoebiT aRiqvams da, Tu gaiTvaliswineb, rom am informaciis 90%-s is mxed-
velobiTi aRqmis Sedegad iRebs, maSin, albaT, gasagebia, ratom uWiravs fizikis 
istoriaSi erT-erTi mniSvnelovani adgili sinaTlis bunebis kvlevas _ sxeulebs 
xom maTgan areklili sinaTlis meSveobiT vxedavT.

sinaTlis bunebis kvlevas jer kidev Zveli berZeni filosofosebi (aristo-
tele, piTagora, evklide, empedokle) cdilobdnen da TiTqmis yvela iziarebda 
azrs, rom sinaTle TvalSi warmoiqmneba da Tvalidan sacecebis msgavsad gamo-
suli, garemoSi wrfivad vrceldeba. roca sxivi raime sxeuls xvdeba, Tvali 
SeigrZnobs _ dainaxavs mas iseve, rogorc SexebiT SevigrZnobT sxeulebs.

sinaTlis bunebis mecnieruli, eqsperimentis 
Sedegebze dafuZnebuli kvlevebi ki mxolod 
XVII saukuneSi iwyeba, roca TiTqmis erTdrou-
lad warmoiqmna da paralelurad viTardeboda 
ori mecnieruli Teoria. erTi maTgani niu-
tonis saxelTanaa dakavSirebuli, meore ki _ 
hiugensTan.

niutonis Teoriis mixedviT, sinaTle umciresi 
nawilakebis _ korpuskulebis nakadia, romelic 
wyarodan yvela mimarTulebiT wrfivad vrcel-
deba (sur.3.1.1). 

inerciis kanonis (niutonis I kanonis) dadge-
nis Semdeg niutoni sinaTlis wrfiv gavrcele-
bas ganixilavda, rogorc korpuskulebis iner-
ciiT moZraobas.

niutonis korpuskuluri Teoria im droisaT
vis cnobil bevr eqsperimentul faqts xsnida.

mag., sinaTlis arekvla, niutonis Teoriis mixedviT, ganixileboda, rogorc 
drekadi burTulis arekvla dabrkolebidan.

Tumca iyo movlenebi, romlebsac niutoni sinaTlis korpuskuluri bunebiT 
ver xsnida, mag., sinaTlis ori kona gadakveTisas erTmaneTze ar moqmedebda, 
arada Tu sinaTle korpuskulebis nakadia, maSin sinaTlis nawilakebi erTmaneTs 
unda ejaxebodes da ganibneodes.

niutonis Tanamedrovem, holandielma astronomma da fizikosma kristian 
hiugensma korpuskuluri Teoriis paralelurad warmoadgina sinaTlis tal­
Ruri Teoria. misi Teoriis Tanaxmad, sinaTle sferuli talRaa, romelsac si-
naTlis wyaro asxivebs (sur. 3.1.2) da yvela mimarTulebiT wrfivad vrceldeba.

im dros warmoudgenlad eCvenebodaT iseTi talRis arseboba, romelic raime 
garemoSi (iq sadac nivTierebaa) ar vrceldeba, amitom hiugensma dauSva, rom 
arsebobs nivTiereba _ msoflio eTeri, romelic samyaros mTlianad avsebs, yvela 
sxeulSi aRwevs da sinaTlis talRac am eTerSi vrceldeba.

ukve XIX saukunis dasawyisSi, sinaTlis talRuri Teoria iungisa da fre­
nelis Zalze saintereso eqsperimentuli kvlevebiT Seivso da talRuri Teo-

sur. 3.1.1. 
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riis sasargeblod uamravi axali argumenti 
gaCnda. ase rom, am droisaTvis fizikaSi upi-
ratesoba sinaTlis talRur Teorias eniWe-
boda, magram momxreebi hyavda korpuskulur 
Teoriasac da sakiTxi sinaTlis bunebis Se-
saxeb kvlav gadauWreli rCeboda.

3.1.2. korpuskulur-talRuri 

dualizmi

XIX saukunis meore naxevarSi maqsvelma 
sinaTlis eleqtromagnitur Teorias Cauya-
ra safuZveli, romlis Tanaxmadac, sinaTle 
eleqtromagnituri talRaa, xolo hercis mier 
eleqtromagnituri talRebis eqsperimentuli 
aRmoCenis Semdeg eWvic ar darCa imis Sesaxeb, 
rom sinaTles talRuri buneba aqvs. is faqti, 
rom eleqtromagnituri talRa vakuumSi sinaTlis siCqariT, 300 000 km/wm-Si, 
vrceldeba, sinaTlis talRuri bunebis Sesaxeb maqsvelis winaswarmetyvelebas 
amtkicebda. 

XX saukunis dasawyisSi ki sinaTlis bunebis Sesaxeb warmodgenebi Zirfesvia-
nad Seicvala. moulodnelad aRmoCnda, rom uaryofili korpuskuluri Teoria 
iseve Seesabameba sinamdviles, rogorc _ talRuri. 

sinaTlis bunebaze warmodgenebis ganviTarebaSi mniSvnelovani nabiji 1887 
wels gadaidga, roca  hercma aRmoaCina movlena, romlis drosac sinaTlis 
moqmedebiT nivTierebidan eleqtronebis `amogleja~ xdeba. am movlenas fotoe­
leqtruli efeqti  (an ubralod fotoefeqti) ewoda.

Teoriulad fotoefeqtis movlena 1905 wels XX saukunis erT-erTma udides-
ma mecnierma albert ainStainma axsna. ainStaini iyo pirveli, visTvisac cxadi 
gaxda, rom fotoefeqtis axsna mxolod kvanturi Teoriis poziciidan iyo SesaZ-
lebeli.

ainStainis Teoria eyrdoboda maqs plankis mier 1900 wels  gamoTqmul hipo-
Tezas, romlis Tanaxmadac, gaxurebuli sxeulis atomebi eleqtromagnitur 
energias asxiveben ara uwyvetad (rogorc amas maqsvelis Teoria amtkicebda), 
aramed _ calkeuli ulufebiT.  energiis am ulufebs plankma kvantebi (laT. 
`raodenoba~)  uwoda. misi hipoTezis Tanaxmad,  TiToeuli aseTi ulufis,  
kvantis, energia gamosxivebis sixSiris pirdapirproporciulia:

					     e = hn	                                         (3.1.1)
proporciulobis h koeficients  SemdgomSi plankis mudmiva uwodes: 

h = 6,63 · 10-34 j · wm.
ainStaini TandaTan rwmundeboda, rom sinaTlis kvantebi Zalian msgavsia imisa, 

rasac  sinaTlis korpuskulas (nawilaks) uwodebdnen. man sinaTlis kvantebs fo­
toni uwoda. fotoefeqtis eqsperimentulad dadgenil kanonebSi mecnierma imis 
damajerebeli dadastureba dainaxa, rom sinaTle gamosxivebisas da STanTqmisas 
swored ise iqceva, rogorc korpuskulebis nakadi. es moulodneli Semobruneba 
iyo niutonis korpuskuluri Teoriis sasargeblod, radgan sinaTlis talRuri 
buneba eqsperimentulad dadasturebuli iyo da  mecnierebSi eWvs aRar iwvevda. 
ainStainis kvanturi Teoriis Tanaxmad, sinaTles  wyvetili struqtura aqvs. is 

sur. 3.1.2. 
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ara marto gamosxivdeba calkeuli ulufebis (fotonebis) saxiT, aramed vrcel­
deba da  STainTqmeba kidec calkeul ulufebad. amasTan, STanTqma SesaZlebelia 
mxolod mTeli fotonis, romlis energia 3.1.1 formuliT ganisazRvreba. 

ra aris sinaTle? talRaa Tu nawilakebis nakadi? Tanamedrove fizika am 
kiTxvaze ase pasuxobs: sinaTle fotonebis nakadia, xolo fotoni _ eleqtroma­
gnituri gamosxivebis kvantia, romelsac erTdroulad aqvs rogorc talRuri, 
ise korpuskuluri Tvisebebi. 

fotonebis kidev ufro TvalsaCinod warmodgena SeuZlebelia, radgan Cveni 
yoveldRiuri gamocdileba da Tundac Zalian mdidari warmosaxva makrosko-
puli sxeulebis aRqmazea dafuZnebuli, romelTa Soris fotonebis analogi ar 
moiZebneba. 

fotoni gansakuTrebuli nawilakia. fotons ar aqvs muxti, ar aqvs masa da va-

kuumSi misi moZraobis siCqarea 300 000 km/wm. aqvs energia (e = hν = h c 

λ
) da impulsi 

(p = 
h 

λ ), romlebic Cveulebrivi materialuri nawilakisgan gansxvavebiT, talRuri 

maxasiaTeblebiT, sixSiriT an talRis sigrZiT ganisazRvreba. 
is faqti, rom fotonebs erTdroulad talRisa da korpuskulebis Tvisebebi 

axasiaTebs, niSnavs, rom sinaTles ormagi buneba aqvs, anu, rogorc amboben, mas 
korpuskulur-talRuri dualizmi axsiaTebs.

sinaTlis gavrcelebisas misi talRuri buneba iCens Tavs (swored amis dama
dasturebelia sinaTlis arekvla, gardatexa, difraqcia, wiTeli wanacvleba), 
xolo gamosxivebisas da STanTqmisas _ korpuskuluri (rasac adasturebs fo-
toefeqtis movlena, romelsac momaval wels gacnobi).

3.1.3. sinaTlis siCqare

galileis cda
`Cveni Tvalidan gamosuli mxedvelobis sxivebi usasrulo siCqariT moZraobs. 

es rom namdvilad asea, advilad mixvdebi. Tu Tvalebs jer daxuWav, xolo Semdeg 
gaaxel  da cas Sexedav,  sul mcire droc ki ar gWirdeba imisaTvis, rom mxed-
velobis sxivebma cas miaRwios da ca isev dainaxo. varskvlavebsac xom maSinve 
vxedavT, rogorc ki zeviT avixedavT, arada, manZili iqamde usasruloa…~ _ amas 
heron aleqsandrieli I saukuneSi werda.

adamianebi TandaTan mixvdnen, rom araviTari mxedvelobis sxivebi ar arsebobs 
da imitom ki ar vxedavT, rom Cveni Tvalebidan mxedvelobis sxivebi gamodis, 
aramed, piriqiT,  sxeulTa zedapiridan areklili sinaTle TvalSi xvdeba da mxed­
velobis nervs aRizianebs. gaRizianeba tvins gadaecema da adamiani mxedvelobiT 
SegrZnebas iRebs.

rogoria sinaTlis gavrcelebis siC­
qare, sasruli Tu usasrulo? es kiTxva 
saukuneebis ganmavlobaSi ar asvenebda 
adamianebs. iseve, rogorc uZvelesi 
drois bevri swavluli, aristotelec 
Tvlida, rom sinaTlis siCqare usasru-
loa. 900 wlis winaT ki arabma mecnierma 
_ avicenam gamoTqva mosazreba, rom si
naTlis siCqare Zalian didia, Tumca is 
mainc sasruli unda iyos.sur. 3.1.3
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aseTive iyo misi Tanamedrove al-xazenis mosazrebac, Tumca maT ar hqondaT 
saSualeba, rom TavianTi mosazreba eqsperimentulad SeemowmebinaT.

sinaTlis gavrcelebis eqsperimentuli Seswavla pirvelad galileo galileim 
scada:

`unda CavTvaloT, rom sinaTle myisierad vrceldeba, Tu misi gavrceleba 
iseve xdeba droSi, rogorc yvela sxva moZraoba? nuTu ar SeiZleba cdiT 
davrwmundeT, sinamdvileSi rogoria misi siCqare?~ _ dasva SekiTxva galileim 
da  aseTi cda Caatara: 

Ramea. ori adamiani, pirobiTad, `mecnieri~ da `asistenti~, erTmaneTisagan 
ramdenime kilometriT daSorebul SemaRlebul adgilebze (borcvebze) dganan 
da xelSi fanrebi uWiravT (sur.3.1.3). 

fanars jer ̀ mecnieri~ anTebs, ̀ asistenti~ ki mxolod mas Semdeg anTebs Tavis 
fanars, roca ̀ mecnieris~ fanris Suqs dainaxavs. Tu ̀ mecnieri~ gazomavs im dros, 
romelic Tavisi fanris anTebidan ̀ asistentis~ fanris anTebamde gavida da bor-
cvebs Soris manZils, maSin sinaTlis siCqaris gamoTvlac SeeZleba. 

`me SevZeli am cdis Catareba mxolod mcire, erT milze nakleb manZilze da 
amitomac ver SevZeli imaSi darwmuneba, sinaTle sawinaaRmdego mxridan marTlac 
myisierad gamoCnda Tu ara~, _ ambobda galilei. 

`magram Tu sinaTle myisierad ar vrceldeba, maSin misi siCqare metismetad 
didia~, _ es iyo erTaderTi, rac man cdis Sedegad daaskvna.

sinaTlis siCqaris gazomvis astronomiuli meTodi

sinaTlis siCqare pirvelad 1676 wels danielma, astronomma ole riomerma 
gazoma. riomeri teleskopiT mzis sistemis yvelaze didi planetis _ iupiterisa 
da misi 13 Tanamgzavris moZraobas akvirdeboda. astronomis yuradReba iupiteris 
uaxloesma Tanamgzavrma, iom miiqcia. periodulad, roca io iupiteris CrdilSi 
eqceva, misi dabneleba xdeba iupiteriT da dedamiwidan igi ar Cans.

riomeri xedavda, rogor gadioda io planetis win, Semdeg mis CrdilSi Se-
dioda da mecnieris TvalTaxedvidan ikargeboda. garkveuli drois Semdeg io 
isev Cndeboda da a. S. ios gamoCenidan gamoCenamde drois Sualedi 42 saaTi da 
28 wuTi aRmoCnda (anu es aris iupiteris garSemo ios mimoqcevis periodi, dro, 
romelSic io iupiteris garSemo erT srul bruns akeTebs).

 Tavdapirvelad gazomvebi tardeboda maSin, roca dedamiwa mzis garSemo 
orbitaze moZraobisas yvelaze axlos iyo iupiterTan (sur.3.1.4 (1)). eqvsi 
Tvis Semdeg, roca dedamiwa Tavis orbitaze sapirispiro mxares aRmoCnda da  
iupiters daSorda (sur.3.1.4 (2)),  riomerma ganmeorebiTi gazomvebi Caatara da 
moulodnelad aRmoaCina, rom iom iupite-
ris Crdilidan gamosvla 22 wT-iT (1320 
wm-iT) daagviana. riomeri mixvda dagviane-
bis mizezs. es gamowveuli iyo imiT, rom 
sinaTles, romelsac sasruli siCqare aqvs, 
iupitersa da dedamiwas Soris gazrdili 
manZilis (ℓ2 > ℓ1) dasafarad damatebiTi dro 
dasWirda! 

riomeris dros mzis garSemo dedamiwis 
orbitis diametri 292 000 000 km-is tolad 

sur. 3.1.4

ios 
orbita

dedamiwis orbita

iupiteris orbita

ℓ1

ℓ2

1

2
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iTvleboda (es swored is damatebiTi manZilia, romlis gavlac sinaTles ̀ mouwia~ 
maSin, roca dedamiwa iupiters daSorda).

sinaTlis siCqaris is mniSvneloba, romelic riomerma miiRo, ase gamoiTvleba:
                         v = 292 000 000 km / 1320 wm ≈ 221 000 km/wm.
erTi SexedviT SeiZleba mogeCvenos, rom aseTi cdomileba ( ≈ 26 %) arcTu 

ise kargi Sedegia, magram es umniSvnelovanesi miRweva iyo. kacobriobis isto-
riaSi pirvelad damtkicda, rom  sinaTlis siCqare, miuxedavad imisa, rom Zalian 
didia, sasrulia da misi gazomvac SesaZlebelia. 

riomeri sakuTari dakvirvebebisa da gazomvebis SedegebiT parizis mecnie-
rebaTa akademiaSi moxsenebiT wardga. misma gamosvlam iq myofi sazogadoebis 
protesti gamoiwvia, radgan damswreni Tvlidnen, rom sinaTlis siCqare usasru-
lod didia da misi gazomva SeuZlebelia. riomeris Sedegebi eqsperimentiT unda 
Semowmebuliyo, magram aseTi eqsperimentis Catareba mecnierebs SeuZleblad 
miaCndaT: ar arsebobda xelsawyo, romelic Tundac ramdenime kilometrze 
sinaTlis gavrcelebis dros aRricxavda. es dro xom wamis meaTased nawilze 
kidev ufro mcire iyo. 

sinaTlis siCqaris gazomvis laboratoriuli meTodi

pirveli, vinc sinaTlis siCqare laboratoriul pirobebSi gazoma, frangi mec
nieri arman ipolit fizo iyo. 1849 wels fizom sakmaod gonebamaxviluri xerxi 
gamoiyena sinaTlis siCqaris gasazomad. 

daakvirdi 3.1.5 suraTs. masze fizos cdis gamartivebuli sqemaa gamosaxuli. 
fizo sinaTlis gavrcelebas parizis gareuban siurensa da misgan ramdenime ki-
lometriT daSorebul monmartrs Soris akvirdeboda. 

siurenSi moTavsebuli sinaTlis wyarodan gamosxivebuli sinaTlis sxivi nax­
evrad gamWvirvale firfitas (1) ecemoda da misgan areklili im kbilana borbals  
xvdeboda, romelsac fizo sxivis gavrcelebis gzaze aTavsebda. sxivi `kbilebs~ 
Soris WrilSi gadioda da monmartrze dadgmul sarkes ecemoda. sarki-
dan areklili sxivi ukan brundeboda, isev `kbilebs~ Soris gaivlida da 
damkvirveblis  (fizos) TvalSi xvdeboda. naxe video:

Tu borbali uZravi iyo, fizo sarkidan areklil sxivs mudmivad xedavda. roca 
kbilana borbali dabali siCqariT brunvas iwyebda, fizo xan xedavda sinaTles 
(roca sarkidan areklili sxivi borblis `kbilebs~ Soris WrilSi xvdeboda), 
xanac _ sinaTles borblis `kbili~ efareboda da fizo sinaTles veRar xedavda. 

kbilana borblis siCqaris TandaTan gazrdisas, roca brunvis sixSire garkveul 
mniSvnelobas aRwevda, fizo areklil sinaTles saerTod ver xedavda. siCqaris 
momatebisas ki sinaTle isev periodulad Cndeboda. 

uamravi eqsperimentis Sedegad, fizom zustad daadgina borblis brunvis is 
sixSire, romlis drosac sinaTles ver xedavda: n = 12,6 br/wm.

sinaTlis siCqaris gamoTvlas martivi gamoTvlebiRa sWirdeboda. 

1. fizos cdaSi, manZili (L)  sarkidan damkvirveblamde ≈ 8,63 km-is toli 
iyo: L = 8,63 ∙ 103 m.

2. sinaTlis sxivi, romelic kbilana borblis WrilSi gadis da ukan brun-
deba, 2L manZils gadis  t  droSi, romelic ase gamoiTvleba:

			   t = 
2L 

c  , sadac c sinaTlis siCqarea.
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3. kbilana borbals 720 `kbili~ hqonda (anu, 720 Wrili) davuSvaT, rom
Wrilisa da `kbilis~ sigane erTnairia. maSin dro, romelic dasWirdeba
borblis ise Semobrunebas, rom:

T 

N  =
1

nN  (aseTa) `Wrilis~ adgili momdevno Wrilma daikavos, tolia:  t0 = 
SemTxvevaSi damkvirvebeli sinaTles dainaxavs);

T 

2N = 
1

2nN b) `Wrilis~ adgili momdevno `kbilma~ daikavos, tolia:  t1 = 
(aseT SemTxvevaSi damkvirvebeli sinaTles veRar xedavs);

 n kbilana borblis brunvis sixSirea (n = 12,6 br/wm), xolo N borbalSi 
`kbilebis~ raodenobaa (N = 720);

4. imisaTvis, rom damkvirvebelma sinaTle ver dainaxos, aucilebelia, 
rom im droSi romelic sinaTles 2L manZilis gasavlelad sWirdeba, erTi 
`Wrilis~ adgili momdevno `kbilma~ daikavos, anu

 t1 = 
1

2nN =
2L
c

aqedan Cans, rom sinaTlis siCqare ase gamoiTvleba:

c  = 4LNn
5. Tu fizos cdis monacemebs gaiTvaliswineb, miiReb sinaTlis siCqaris
im mniSvnelobas, romelic Tavis droze fizom miiRo:

c  = 4LNn = 4 ∙ 8,63 ∙103 m ∙ 720 ∙ 12,6 br/wm ≈ 313 165 000 m/wm ≈ 3,13 ∙ 108 km/wm. 

fizos mier miRebuli sinaTlis siCqaris cdomileba dResdReobiT eqspe
rimentulad dadgenil mniSvnelobasTan SedarebiT 4,5%-ia.  

1983 wels zoma-wonis generalurma konferenciam vakuumSi sinaTlis siCqaris 
zusti mniSvneloba daadgina:

c = 299 792,458 km/wm.

sinaTlis 
wyaro

sarke

kbilana borbali

damkvirvebeli

8.6
3 
km

1

siureni

monmartri

sur. 3.1.5
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sinaTlis siCqariT ki sigrZis saerTaSoriso erTeuli metri gansazRvra: 

           1 metri aris manZili, romelsac sinaTle 
1

299 792,458  wm-Si gadis.

sinaTlis siCqare _ es aris siCqare, romliTac eleqtromagnituri talRebi 
vakuumSi vrceldeba. sinaTlis siCqare vakuumSi ar aris damokidebuli aTvlis 
sistemis arCevaze. 

sinaTlis movlenebis Seswavlisas miviCnevT, rom sinaTlis siCqaris mniSvne-
lobaa:

                        c ≈ 300 000 km/wm = 3∙108 m/wm

3.1.4. sinaTlis siCqare garemoSi 

fizos cda da misi gazomvis Sedegebi SemdgomSi sxva mecnierebma, leon fukom 
da albert maikelsonma gaaumjobeses. 1850 wels fukom sinaTlis siCqare wyal-
Sic gazoma da aRmoCnda, rom wyalSi sinaTlis siCqare naklebia, vidre _ haerSi. 

gamWvirvale garemoSi sinaTlis gavrcelebas uganzomilebo fizikuri sididiT 
axasiaTeben, romelsac garemos gardatexis absoluturi maCvenebeli hqvia. 

sinaTlis gavrcelebis siCqare (v)  gamWvirvale garemoSi (nivTierebaSi) yo-
velTvis naklebia sinaTlis gavrcelebis siCqareze vakuumSi (c): 

					     v < c
sidides, romelic gviCvenebs, ramdenjer metia sinaTlis gavrcelebis siCqare 

vakuumSi,  mis siCqareze mocemul gamWvirvale erTgvarovan garemoSi, garemos 
gardatexis absoluturi maCvenebeli hqvia da is n-iT aRiniSneba: 

					     n = 
c
v                                         (3.1.2)

garemos gardatexis absoluturi maCvenebeli mocemuli garemosTvis mudmivi 
sididea da damokidebulia garemos fizikur maxasiaTeblebze (temperaturaze, 
simkvrivesa da garemos drekadobaze). 3.1.1 cxrilSi mocemulia zogierTi gare-
mos gardatexis absoluturi maCvenebeli.

cxrili 3.1.1. zogierTi nivTierebis gardatexis absoluturi maCvenebeli.

garemo gardatexis maCvenebeli vakuumis mimarT

haeri 1,00029

yinuli 1,31

wyali (200C-ze) 1,33

glicerini 1,47

sxvadasxva saxis mina 1,47-dan 2,04-mde (nsaS = 1,5)

pleqsiglasi 1,5

kvarci 1,54

lali 1,76

almasi 2,42
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ori garemodan optikurad ufro mkvrivi ewodeba im garemos, romlis gardatexis 
absoluturi maCvenebeli ufro metia: rac ufro optikurad mkvrivia garemo, miT 
ufro naklebia sinaTlis gavrcelebis siCqare am garemoSi vakuumTan SedarebiT. 

vakuumis gardatexis maCvenebeli 1-is tolia. haeris gardatexis absoluturi 
maCvenebeli 1,00029-ia, rac imas niSnavs, rom vakuumidan haerSi gadasvlisas 
sinaTlis siCqare 1,00029-jer, anu umniSvnelod mcirdeba. Sesabamisad, miviCnevT, 
rom haeris gardatexis absoluturi maCvenebeli 1-is tolia. 

gardatexis absoluturi maCvenebeli damokidebulia sinaTlis maxasiaTebleb-
zec (sixSireze). mag., wiTeli sinaTlisTvis gardatexis maCvenebeli yvelaze nak­
lebia, vidre xiluli sinaTlis speqtrSi sxva feris sinaTleebisa. es imas niSnavs, 
rom mag., vakuumidan wyalSi gadasvlisas wiTeli feris sinaTlis siCqare ufro 
naklebad Semcirdeba, vidre danarCeni feris sinaTleebis.

xiluli sinaTlis diapazonidan yvelaze meti gardatexis maCvenebeli iisfer 
sinaTles aqvs.

(gaiTvaliswine: gardatexis maCveneblebis cxrilebze, Cveulebriv, miTiTebulia 
romeli sinaTlisTvisaa gardatexis maCveneblis mniSvnelobebi mocemuli da ra 
fizikur mdgomareobaSia garemo. Tu cxrils miTiTeba ar axlavs, niSnavs, rom 
n-is damokidebuleba aRniSnul faqtorebze ugulebelyofilia. rogorc wesi, 
cxrilebSi n-is mniSvnelobebi haeris mimarTaa mocemuli, radgan nhaeri ≈ nvakuumi).

umetes SemTxvevaSi, gvxvdeba movlenebi, roca sinaTle vakuumidan ki ar gadadis 
garemoSi, aramed erTi garemodan meore garemoSi gadadis, mag., haeridan wyalSi 
(airidan Txevad garemoSi), haeridan minaSi (airidan gamWvirvale myar sxeulSi). 

vTqvaT, erTi garemos gardatexis absoluturi maCvenebelia n1, xolo meore 
garemosi _ n2.

n2

n1
 Sefardebas ewodeba meore garemos gardatexis fardobiTi maCvenebeli 

pirveli garemos mimarT. mas, xSirad, ase aRniSnaven:  n2,1 

                                                n2,1  =    

n2

n1
				    (3.1.3)

Tu 3.1.2-s gaviTvaliswinebT, 3.1.3- dan miviRebT, rom

                                           n2,1 =  
n2

n1
  =  

v1

v2
				    (3.1.4)

es ki imas niSnavs, rom Tu sinaTle erTi gamWvirvale garemodan meoreSi gada­
dis, misi siCqare: 

a) Semcirdeba (v2 < v1), Tu  n2 > n1, anu Tu optikurad nakleb mkvrividan metad 
mkvriv garemoSi gadadis (mag., yinulidan wyalSi gadasvlisas sinaTlis siCqare 
Semcirdeba. ix. 3.1.1 cxrili);

b) gaizrdeba (v2 > v1), Tu  n2 < n1, anu Tu optikurad metad mkvrividan naklebad 
mkvriv garemoSi gadadis (mag., almasidan kvarcSi gadasvlisas sinaTlis siCqare 
gaizrdeba. ix. 3.1.1 cxrili).

garemos gardatexis maCvenebels, anu sinaTlis siCqaris cvlilebas Zalian sain-
tereso movlenebi ukavSirdeba, romlebsac momdevno gakveTilebze ganvixilavT.
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proeqti #6: kamera - obskura

...Sua saukuneebis evropuli qalaqis xalxiT 
savse patara moedanze TeTrwverian kacs didi 
Savi yuTi Semoaqvs.Sekrebilebi yuTs yurad
RebiT aTvaliereben: Cveulebrivi yuTia, romlis 
erT-erT kedelze patara naxvretia gakeTebuli. 
naxvretis mopirdapire mxares kedlis magivrad 
yuTs naxevrad gamWvirvale pergamenti aqvs 
gadakruli. 

... naxvretis win ferad tansacmelSi gamowyo-
bili jambazi dgeba (sur. 1). mayureblebs rig
rigobiT epatiJebian, raTa axlodan daaTva-
lieron pergamenti. maT Tavze Sav gadasafare-
belsac afareben, rom mzis sxivebi pergaments 
ar moxvdes. Savi yuTi kamera-obskuraa (`camera 
obscura~), rac laTinurad `bnel oTaxs~ niSnavs.

adamianebs, romlebic kamera-obskuras per-
gamentis mxridan akvirdebian, sxvadasxvanairi 
grZnoba uCndebaT: zogi aRfrTovanebulia, 
zogi _ gaocebuli, zogi SeSinebulia da arc 
yuTs da arc jambazs siaxloves ar ekareba... 

ras xedavdnen adamianebi pergamentze? Tu 
Sens oTaxs fanjara mzis mxares aqvs, SegiZlia is 

kamera-obskurad gadaakeTo da Zalian saintereso sanaxaobis momswre gaxdebi: 
daabnele fanjara muqi feris SirmiT da SirmaSi patara naxvreti gaakeTe.

fanjris mopirdapire kedelze TeTri feris zewari an qaRaldi gaakari da im 
peizaJis gamosaxulebiT datkbebi, romelsac fanjara gadahyurebs... 
oRond gamosaxuleba amoyiravebuli iqneba: quCis savali nawili ked-
lis zeda nawilSi gamoisaxeba, xolo gamvlelebi Tavdayira ivlian 
zewriT dafarul `ekranze~ (sur. 2). naxe video: 

meaTe saukunis arabma swavlulma ibn al xaitanma (romelsac evropaSi alxaze­
nis saxeliT icnobdnen) kamera-obskuraze dakvirvebis Sedegad daaskvna, rom 
erTgvarovan garemoSi sinaTle wrfivad vrceldeba (Tumca es faqti jer kidev 
evklidesTvis iyo cnobili).

evropaSi kamera-obskura pirvelad leonardo da vinCim gamoiyena naturidan 
xatvisTvis (sur. 3) da  igi Tavis „ ferweris 
traqtatSi“ dawvrilebiT aRwera. kamera-ob
skuraTi akvirdeboda germaneli astronomi 
iohan kepleri mzis dabnelebas.

kamera-obskura umartivesi xelsawyoa, ro
mliTac sxeulis gamosaxulebis miRebaa Se
saZlebeli. Suqgaumtari yuTis erT kedelze 
patara naxvretia gakeTebuli. naxvretis mo
pirdapire mxares ki kamera-obskuras ekrania 
_ naxevradgamWvirvale mina an Txeli per-

sur. 1

sur. 2

sur. 3




