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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? 

1.3 meqanikuri talRebi. 
hiugensis principi

saSinao cdebis Catarebamde aucileblad dakvirvebiT waikiTxeT paragrafi. 

damoukideblad pasuxis gacemiT  ganimtkiceT codna masSi mocemul kiTxvebze. 

rogor vixelmZRvaneloT saxelmZRvaneloTi

paragrafis nomeri

paragrafis saxelwodeba

individualuri samuSao

jgufebad muSaoba

wyvilebad  muSaoba

saSinao 
davaleba

umniSvnelovanesi 
daskvnebi

13. moxvdeba sinaTlis sxivi optikur milSi, Tu prizmis 
odnavi SemobrunebiT sarkeebis ganlageba Sicvleba?



1. ra moxdeba, Tu drekad garemoSi nivTieri wertili 
rxevas daiwyebs?



2. sivrcis romel wertilebs gamohyofs erTmaneTi­
sagan talRis fronti?



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

davadgineT, rom meqanikur talRebs axasiaTebT arekvla, gardatexa, 
interferencia. davakvirdiT bgeris gaZlierebas da Sesustebas. Semdeg 
gakveTilze ki im bgerebs gavecnobiT, romlebsac yuri ver aRiqvams.

cdis mizani: bgeriTi talRebis zemoqmede-

baze dakvirveba.

Tasis an Wiqis pirze gadaWimeT Txeli celo­

fani da irgvliv reziniT daamagreT (sur. 54). 

celofanze cota fqvili, an sufris marili, an 

Saqari dayareT. miita­

neT Wiqa magidasTan. 

jer ivaraudeT, Sem­

deg cdiT SeamowmeT, 

ra mouvaT namcecebs, Tu magidas xels da­

vartyamT?

Zlier xmaze CarTeT musika an televizori. 

Wiqa miuaxloeT, daaSoreT bgeris wyaros da 

gaagrZeleT namcecebze dakvirveba.

SemCneuli movlenebi CawereT da SeecadeT, axsnaT namcecebis `qceva~.

sur. 13.2

cdisTvis saWiroa

 Tasi an Wiqa

 Txeli celofani
 rezini
 fqvili an sufris 
marili

saSinao cda
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I Tavi. 

meqanikuri 

talRebi

am TavSi gaixsenebT 
da gaecnobiT

Ä 	 meqanikur talRebs ganivsa da 
grZivs;

Ä 	 talRebis arekvlasa da 
gardatexas; 

Ä 	 hiugensis princips;

Ä 	 talRebis intenferencias; 

Ä 	 infra da ultrabgerebs;

Ä 	 dopleris efeqts;

Ä 	 mocemul Temaze amocanebis 
amoxsnas.
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1.1ra da rogor iswavleT, SeamowmeT 
Tqveni codna 

testi

1. rodesac saaTis qanqara asrulebs miulevad harmoniul rxevebs, maSin 
mudmivia
a. amplituda da periodi;   b. siCqare da amplituda;   
g. aCqareba da periodi; d. wonasworobis mdebareobidan gadaxra da siCqare;   
e. aCqareba da sixSire. 

2.  Tu qanqara 5wm-Si asrulebs 10 rxevas, maSin misi rxevis sixSire 
 a. 0,5hc-ia;   b. 2hc-ia;   g. 2wm-ia;   d. mocemuli pirobiT SeuZlebelia 
ganvsazRvoT.

3. rodesac zambariani qanqaris rxevis periodi 1wm-ia, xolo masze 
mimagrebuli sxeulis masa 100g, maSin zambaris sixistea
a. 6n/m;   b. 4n/m;   g. 4m/n;   d. 0,6n/m;   e. 0,4n/m.

4. mTvaris zedapiris maxloblobaSi Tavisuflad vardnili sxeulis 
aCqareba 1,6m/wm2-a, amitom iq 1,6m sigrZis maTematikuri qanqaras rxevis 
periodia
 a. 10wm;   b. 7wm;   g. 6,3wm;   d. 1wm;    e. 6,3hc.

5. wonasworobis mdebareobidan maqsimaluri kuTxiT gadaxril qanqaras 
aqvs
 a. potenciuri energia;   b. kinetikuri energia;  
  g. kinetikuri da potenciuri energiebi;   d. udidesi siCqare.

6. Tu 100n/m sixistis zambaraze damagrebuli 200g masis burTulis 
rxevisas amplitudaa 0,02ma, maSin burTulis maqsimaluri aCqarebis 
moduli aris
 a. -10m/wm2;   b. 10m/wm2;   g. 10m/wm;   d. 0m/wm2.

7. nivTieri wertilis koordinatis droze damokidebulebis 
x=0,7sin0,5t  (m) gantolebaSi rxevis amplitudaa 
 a. 0,7sm;   b. 0,7m;   g. 0,5m;   d. 0,7wm;   e. 0,35m

80. rodesac sinusis kanoniT merxevi sxeulis cikluri sixSirea 10wm-1, 
xolo amplituda _ 2sm, maSin misi maqsimaluri siCqarea
 a. 2m/wm;   b. 0,8m/wm;   g. 0,6m/wm;   d. 0,4m/wm;   e. 0,2m/wm.
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90. rodesac sinusis kanoniT merxevi sxeulis cikluri sixSirea 5wm-1, 
xolo amplituda _ 6sm, maSin misi maqsimaluri aCqarebaa
 a. 11,25m/wm2;   b. 7,5m/wm2;   g. 1,75m/wm2;   d. 1,5m/wm2;   e. 0,75m/wm2.

10. maTematikuri qanqaras wonasworobis mdebareobisken moZraobisas 
Zafis daWimulobis Zalis moduli
 a. mcirdeba;   b. izrdeba;   g. ar icvleba   d. jer mcirdeba, Semdeg izrdeba.

11. horizontalurad merxev zambarian qanqaras wonasworobis mdebareo-

bis gavlidan drois t=T/4 momentSi aqvs
 a. potenciuri energia;   b. kinetikuri energia; 
 g. kinetikuri da potenciuri energiebi;   d. udidesi siCqare.

12. zambaris sixistis oTxjer gazrdiT masze damagrebuli sxeulis rx-
evis periodi
 a. oTxjer gaizarda;   b. oTxjer Semcirda;   g. orjer gaizarda;
 d. orjer Semcirda;   e. ar Secvlila.

Tu testebze pasuxis gacema gagiWirdaT, maSin gaiRrmaveT codna 
qvemoT moyvanili winadadebebiT. gaiazreT miRebuli informacia, Cauk-
virdiT, gaanalizeT kiTxvebi da aucileblad SeZlebT testebze swori 
pasuxebis gacemas.

moZraobas, romlis drosac sxeuli raRac mdebareobis mimarT xan 
erT, xan meore mxares gadaixreba, rxeviTi moZraoba ewodeba.

wonasworobis mdebareobidan udides gadaxras rxevis amplituda 
ewodeba. amplituda aRvniSnoT A-Ti. 

drois Sualeds, romlis ganmavlobaSic sxeuli erT srul rxevas 
asrulebs _ gaivlis oTxi amplitudis tol manZils, rxevis periodi 
ewodeba. periodi aRvniSnoT T-Ti. 

drois erTeulSi Sesrulebul rxevaTa ricxvs rxevis sixSire ewodeba. 
sixSire aRvniSnoT n-Ti. 

rxeviT moZraobas asru-
lebs zambaraze damagrebuli 
sxeuli (sur.8.1), aseve, Zafze 
dakidebuli sxeuli (sur.8.2).

meqanikur rxevas, ro-
melic warmoebs wonasworo-
bis mdebarobidan gadaxris 

x=0

O

B

C

a

b

g

X

X

X

x=-A

x=A
sur.8.1

sur.8.2

A

l

mgmg

x

O

j
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proporciuli da mis sapirispirod mimarTuli (Fx=–kx) Zalis moq-
medebiT, harmoniuli rxeva ewodeba.

harmoniuli rxevisas koordinatis droze damokidebuleba gamois-

axeba formuliT: , sadac x aris wonasworobis mdebareo-

bidan wanacvleba, A _ amplituda, T _ rxevis periodi, t _ drois 

aTvlis momentidan gasuli drois Sualedi,  _ rxevis faza. faza 

gviCvenebs, periodis ra nawilia gasuli 

rxeviTi moZraobis dawyebidan.

harmoniulad merxevi sxeulis koor-
dinatis droze damokidebulebis grafi-
ki sinusoidaa (sur.9.1).

harmoniuli rxevisas sxeulis kinetikuri energia gardaiqmneba po-
tenciur energiad da piriqiT, ise, rom maTi jami mudmivia _ sruldeba 
meqanikuri energiis mudmivobis kanoni.

zambaraze damagrebuli sxeulis (sur.8.1) da maTematikuri qanqaras 
(sur.8.2) rxevebi harmoniulia.

l sigrZis maTematikuri qanqaras rxevis T periodi ganisazRvreba  

formuliT .

k sixistis zambaraze damagrebuli m masis zambariani qanqaras rxevis 

T periodi ganisazRvreba formuliT .
 
rxevas, romelic sxeulis wonasworobis mdebareobidan gamoyvanis 

Semdeg gare zemoqmedebis gareSe mimdinareobs, Tavisufali rxeva ewo-
deba. Tavisufali rxevis sixSires sistemis sakuTari sixSire ewodeba.

rxevas, romelsac sxeuli asrulebs periodulad cvladi gare Zalis 
moqmedebiT, iZulebiTi rxeva ewodeba, xolo cvlad Zalas _ maiZule-
beli Zala.

iZulebiTi rxevis sixSire maiZulebeli Zalis sixSiris tolia.
iZulebiTi rxevis amplitudis mkveTrad zrdis movlenas, rodesac 

maiZulebeli Zalis sixSire sistemis sakuTari rxevis sixSires emTxveva, 
rezonansi ewodeba.

sur.9.1

x,m

t,wm1
-0,1

0,1

2 3
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1.2 ra da rogor iswavleT, SeamowmeT 
Tqveni codna 

1. talRis sigrZe, sixSire da siCqare dakavSirebulia formuliT

 a. v=λν;   b. ν=vλ;   g. λ=vν;   d. .

2. Tu talRis sixSire ar icvleba, maSin talRis gavrcelebis siCqare
a. yvela garemoSi erTnairia;   
b. im garemoSia meti, sadac talRis sigrZea meti;   
g. im garemoSia meti, sadac talRis sigrZea naklebi;   
d. talRis sigrZeze damokidebuli ar aris. 

3. temperaturis gazrdisas haerSi bgeris gavrcelebis siCqare
 a. izrdeba;   b. mcirdeba;   g. ucvlelia;   
d. zogjer izrdeba, zogjer mcirdeba.

4. rodesac bgeriTi talRis sixSire 1020hc-a, xolo haerSi gavrcelebis 
siCqare _ 340m/wm, maSin misi talRis sigrZea

 a. 346800m;   b. 3m;   g. 1m;   d. 0,3m. 

5. bgeriTi talRebis sigrZe, romelzec adamianis yuri yvelaze mgrZno-
biarea, 17sm-a. am talRebis sixSirea

 a. 200000hc;   b. 2000hc;   g. 200hc;   d. 20hc. 

6. bgeris siCqare wyalSi 1500m/wm-a. Tu eqolotidan gagzavnili signali 
gemze 2wm-Si miiRes, maSin zRvis siRrmea

 a. 3000m;   b. 1500m;   g. 750m;   d. 300m.

Tu testebze pasuxis gacema gagiWirdaT, maSin gaiRrmaveT codna 
qvemoT moyvanili winadadebebiT. gaiazreT miRebuli informacia, Cauk-
virdiT, gaanalizeT kiTxvebi da aucileblad SeZlebT testebze swori 
pasuxebis gacemas.

talRa aris rxevis gavrceleba sivrceSi drois ganmavlobaSi. 

manZils, romelzec vrceldeba talRa nawilakebis rxevis T periodis 
ganmavlobaSi, talRis sigrZe ewodeba. aRvniSnoT λ-Ti.

talRis siCqare 

talRas, romelSic nawilakebi talRis gavrcelebis marTobulad 
irxeva, ganivi talRa ewodeba.

testi
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talRas, romelSic rxeva talRis gavrcelebis mimarTulebis gaswvriv 
xdeba, grZivi talRa ewodeba.

airSi, myar sxeulsa da siTxeSi meqanikuri talRa drekadi ZalebiT 
Cndeba.

airsa da siTxeSi fenebis erTmaneTis mimarT wanacvlebisas drekadi 
Zalebi ar aRiZvreba.

erTi garemodan meoreSi gadasvlisas talRis sixSire ar icvleba, 
talRis sigrZe da siCqare icvleba.

wyalSi bgeris gavrcelebis siCqare 1460m/wm-ia, haerSi _ 340m/wm.

bgeras, romelsac rxevis gansazRvruli sixSire aqvs, musikaluri 
bgera anu toni ewodeba. musikaluri tonebi gansxvavdebian xmamaRlobiT 
da simaRliT. 

tonis xmamaRloba ganisazRvreba rxevis amplitudiT. rac ufro didia 
rxevis amplituda, miT ufro xmamaRalia toni.

tonis simaRle ganisazRvreba rxevis sixSiriT. rac ufro didia rx-
evis sixSire, miT ufro metia tonis simaRle (maRalia toni).

cdis mizani: talRis gavrcelebaze dakvirveba
langarze daasxiT wyali. rodesac wyali 

`damSviddeba~, wylis zedapiris marTobulad 
saxazavi rxeviT moZraobaSi ise moiyvaneT, 
rom wylis zedapirs exebodes (sur. 11.1). jer 
ivaraudeT, Semdeg daakvirdiT, wylis zedapirze 
rogori talRebi aRiZvreba _ wriuli Tu wrfivi?

langari saxazavis paraleluri ori firfitiT 
ise gatixreT, rom maT Soris ara umetes 0,5 sm siganis xvreli darCes 
(sur. 11.2). 

jer ivaraudeT, Semdeg cdiT SeamowmeT, rogori talRebi gamova 
xvrelidan, Tu wylis zedapirze isev aRvZravT wrfiv talRebs.

cda ramdenjerme CaatareT sxvadasxva zomis xvrelisTvisac, SemCneuli 
movlena CawereT da SeecadeT axsnaT.

cdebisTvis saWiroa

 langari
 wyali
 saxazavi
 viwro xvreliani 
tixari

saSinao cda

sur. 11.1 sur. 11.2
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erTnair fazebSi merxev wertilTa geometriul adgils talRis zeda-
piri ewodeba. yvelaze winamdebare talRis zedapirs _ talRis fronti. 

talRis zedapiris formis mixedviT, 
talRebi SeiZleba iyos brtyeli, sferuli, 
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? 
am SekiTxvaze pasuxis gasacemad gavaanalizoT saSinao cdaSi SemCneuli 

movlena.

Tqveni naxazi emTxveva Tu ara 12.1 suraTze 
gamosaxuls?

Tu tixars sxva adgilas gavukeTebT xvrels, maSin 
am xvrelidanac wriuli talRebi gamova romelTa 
centri am xvrelis centri iqneba. cxadia, ramdeni 
xvrelic eqneba tixars, imdeni meoreuli wriuli 
talRa warmoiqmneba. 

dafiqrdiT, egeb SeZloT zemoT Camoyalibebul 

1.3 meqanikuri talRebi. 
hiugensis principi

1. ra moxdeba, Tu drekad garemoSi nivTieri wertili 
rxevas daiwyebs?



2. sivrcis romel wertilebs gamohyofs erTmaneTi­
sagan talRis fronti?



3. sferul talRaSi rogori forma aqvs talRis 
zedapirs? talRis fronts?



4. ra giCvenaT cdam: xvrelis marjvniv wriuli talRa 
vrceldeba Tu wrfivi?

5. rogoria Tqveni varaudi, sad mdebareobs xvrelidan gamosuli 
wriuli talRebis centri?



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

sur. 12.1



13

SekiTxvaze pasuxis gacema. rogor ganvsazRvroT talRis frontis axali 
mdebareoba?

talRebis `yofaqcevis~ aRweris zo­
gadi principi pirvelad Camoayaliba 
niutonis Tanamedrovem, holandielma 
fizikosma qristian hiugensma (1629-
1695). hiugensis principis Tanaxmad, 
garemos yoveli wertili, romlam-
dec aRwevs SeSfoTeba, TviTon xdeba 
meoreuli talRebis wyaro. imisaTvis, 
rom ganvsazRvroT talRuri zedapiris mdebareoba drois t+Dt momentSi, 
Tu viciT misi mdebareoba t mometSi, saWiroa talRuri zedapiris yoveli 
wertili ganvixiloT rogorc meoreuli talRebis wyaro. am meoreuli tal­
Rebis mxebi zedapiri warmoadgens talRuri zedapiris mdebareobas drois 
Semdeg momentSi (sur. 13.1). es principi marTebulia rogorc meqanikuri, 
ise eleqtromagnituri talRis aRwerisas.

6. rogoria Tqveni varaudi, erTgvarovan izotropul 
garemoSi Seicvleba Tu ara talRis frontis forma? 
varaudis marTebuloba daamtkiceT agebiT, sferuli da 

brtyeli talRebis SemTxvevaSi.



sur. 13.1v.Dt

cdis mizani: bgeriTi talRebis zemoqmedebaze 

dakvirveba.

Tasis an Wiqis pirze gadaWimeT Txeli celo­

fani da irgvliv reziniT daamagreT (sur. 54). 

celofanze cota fqvili, an sufris marili, an 

Saqari dayareT. miitaneT 

Wiqa magidasTan. 

jer ivaraudeT, Sem­

deg cdiT SeamowmeT, ra 

mouvaT namcecebs, Tu magidas xels davartyamT?

Zlier xmaze CarTeT musika an televizori. 

Wiqa miuaxloeT, daaSoreT bgeris wyaros da 

gaagrZeleT namcecebze dakvirveba.

SemCneuli movlenebi CawereT da SeecadeT, axsnaT namcecebis `qceva~.

sur. 13.2

cdisTvis saWiroa

 Tasi an Wiqa

 Txeli celofani
 rezini
 fqvili an sufris 
marili

saSinao cda
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1.4 meqanikuri talRebis arekvla 
da gardatexa

nebismieri talRa, rogorc meqanikuri, 
ise eleqtromagnituri imis mixedviT, 
rogoria dabrkoleba, misgan nawilobriv 
airekleba, gardatydeba da STainTqmeba.

14.1 a da b suraTebze talRis arekvla 
da gardatexaa gamosaxuli.

talRis gavrcelebis mimarTulebad iTv­
leba sxivis mimarTuleba. sxivebis gaswvriv 
xdeba energiis gadatana.

talRis arekvla da gardatexa yvelaze 
TvalsaCinoa sinaTlisTvis (sur. 14.2 a, b).

sinaTlis arekvlisa da gardatexis kano­
nebi  marTebulia yvela saxis talRisaTvis.

gavrcelebisas, Tu bge­
ra Sexvdeba raime zRudes, 
mTas, tyes, kedels, da a. 
S. misgan airekleba da Cven 
gvesmis bgera, romelsac 
eqo ewodeba. dadgenilia, 
ori bgera cal-calke Seg­
viZlia gavigonoT mxolod 
im SemTxvevaSi, Tu maTi 
Cvenamde mosvlis momentebs 
Soris drois Sualedi 1/15 
wm-ze naklebi ar aris.

SenobebSi bgeriTi talRebi ramdenime aTeuljer airekleba Senobis 
kedlebidan, Weridan, avejidan da sxva sagnebidan, vidre maTi energia 
mTlianad STainTqmeba. amitom bgeris wyaros rxevis Sewyvetis Semdeg, 
maTi mravaljeradi arekvlis gamo, SenobaSi bgera ismis ramdenime wamis 
ganmavlobaSi. 

gavaanalizoT saSinao cdaSi SemCneuli movlenebi.
vxedavT, bgeris warmoqmnisas celofanze fqvilis namcecebi xtunaoben.

1. CamoayalibeT sinaTlis arekvlisa da gardatexis kanonebi.

sur. 14.2

wylian WiqaSi Rero, 
sinaTlis gardatexis 
gamo, gadatexili gveC­
veneba

b

a

2. ra minimaluri manZili unda iyos dabrkolebamde, 

rom eqo gavigonoT?


3. miuTiTebs Tu ara es faqti bgeris wyarodan bgeris 

energiis gavrcelebas? risi meSveobiT?

4. bgeris gavrcelebisas xdeba Tu ara nivTierebis gadatana?



sur. 14.1b

a

talRuri 
zedapiri

areklili 
sxivi

dabrkoleba

talRuri 
zedapiri

gardatexili 
sxivi

aguri

talRuri 
zedapiri

dacemu­
li sxivi
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hiugensis principis meSveobiT avxs­
naT brtyeli talRis gardatexis kanoni. 
davuSvaT, talRis v

1
 siCqare pirvel 

garemoSi metia, vidre meore garemoSi 
v

2
. garemoTa gamyof M N zedapirs ecema 

brtyeli talRa, amitom S
1
A da S

2
B sxi­

vebi erTmaneTis paraleluria (sur. 15.1).
rodesac S1A sxivi miaRwevs ori gare­

mos gamyofi MN zedapiris A wertils, 
talRis fronti iqneba sxivebis marTo­
buli AB sibrtye. gardatexili talRis 
CD fronts miviRebT, Tu gavatarebT 
yvela meoreuli talRis momvlebs meore 
garemoSi, romelTa centrebi garemoTa gamyof sazRvarze mdebareobs.

Tu SekiTxvebs sworad upasuxeT miiRebT |AD|=v2 . (1) miviReT, C 

wertilSi meoreuli talRis aRZvris momentisaTvis A wertilidan wa­

mosul talRas eqneba |AD| radiusiani sferos saxe. 15.1 suraTis gamoye­

nebiT SeiZleba davweroT dacemis kuTxe a=g, (2) gardatexis kuTxe b=d,  (3) 
rogorc urTierTmarTob gverdebiani kuTxeebi.

|BC|=v1Dt=|AC|sina. (4)

|AD|=v1Dt=|AC|sinb. (5)

(4)∧(5)⇒  (6)

miviReT talRis gardatexis kanoni.
dacemuli sxivi, gardatexili sxivi da dacemis wertilSi ori garemos 

gamyofi zedapirisadmi aRmarTuli marTobi erT sibrtyeSi mdebareobs.
dacemis kuTxis sinusis Sefardeba gardatexis kuTxis sinusTan mo-

cemuli ori garemosTvis mudmivi sididea da ewodeba meore garemos 
gardatexis maCvenebeli pirvelis mimarT.

 n aris meore garemos gardatexis fardobiTi maCvenebeli pirvelis 
mimarT. gardatexis kanoni marTebulia nebismieri talRisTvis.

5. A wertilSi talRis dacemis momentidan ra Dt drois 

SualedSi miaRwevs talRa C wertils?

6. gansazRvreT manZili romelsac am drois SualedSi gaivlis meore 

garemoSi A wertilidan gardatexili sxivi.



7. hiugensis principis gamoyenebiT axseniT talRis 

arekvlis kanoni.


S1

S'1
S'2

b

g
a d

S2

C N

M A
D

sur. 15.1

v1

v2

B
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varaudis marTebuloba SevamowmoT cdiT: 
bgeriTi sixSiris generators mivuerToT 
dinamiki _ xmis gamaZlierebeli (sur. 16.1,a).

CavrToT generatori wredSi da saxelu­
ris brunviT avawyoT igi 2-3 khc sixSireze. 
dinamiki xmas gamoscems. erTi yuri xeliT 
daifareT da Tavi nel-nela amoZraveT mar­
jvniv da marcxniv, win da ukan. 

axla generators ori erTnairi dinamiki 
mivuerToT. ganvalagoT isini erTmaneTi­
sagan 1-1,5 m manZilze (sur. 16.1,b) da cda 
gavimeoroT.

SemCneuli movlenis ukeT 
warmosadgenad da asaxsnelad 
CavataroT cda:

davakvirdeT 16.2 a suraTze 
gamosaxul danadgars.

Tu drekad firfitas (saxazavs) 
rxeviT moZraobaSi moviyvanT, 
maSin masze damagrebuli ori, A 
da B ReroTi wylis zedapirze erTdroulad erTnairi sixSiris, erTnairi 
wriuli talRebi aRiZvreba.

16.2 b suraTze cdis Sedegad miRebuli talRebis Sekrebis Sedegia 
gamosaxuli. suraTze wylis zedapiris zogierTi ubani naTelia, zogierTi 
bneli. im adgilebSi, sadac naTeli zolebia, sinaTle ar gaibneva. maSasa­
dame, am ubnebSi wyali ar irxeva, naklebadaa SeSfoTebuli. es talRebis 

1. SesaZleblad migaCniaT Tu ara, rom bgerebma Sexve­

drisas erTmaneTi Seasustos? Caaqros? ra pirobebSi?


3. ras amCnevT? yuris sxvadasxva mdebareobisas erTnai­

rad gesmiT dinamikebidan gamosuli bgerebis xma?


4. xvdebian Tu ara erTmaneTs talRebi wylis zedapiris 

yovel wertilSi?

5. gadis Tu ara TiToeuli talRa meoris SigniT ise, TiTqos meore 

talRa arc arsebobdes?

6. ras amCnevT wylis zedapirze?



2. icvleba dinamikis xma?

1.5 meqanikuri talRebis 
interferencia

sur. 16.1

a

b

sur. 16.2
a b
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mier erTmaneTis Sesustebas miuTiTebs. sxva ubnebi, sadac daRaruli bneli 
zolebia, wylis zedapirze sinaTlis gabnevis maCvenebelia. am adgilebSi 
wyali Zlier aris SeSfoTebuli _ rxevis amplituda gadidebulia. es 
talRebis mier erTmaneTis gaZlierebas miuTiTebs.

miviReT, erTnairi sixSiris ori talRis Sekrebisas isini zogan erTmaneTs 
asusteben, zogan ki aZliereben. xdeba talRebis energiis gadanawileba. 

im adgilebSi, sadac ori talRa erTmaneTs TxemebiT xvdeba, wylis 
SeSfoTeba Zlierdeba, xolo iq, sadac erTi talRis Txemi xvdeba meore 
talRis Rrmuls _ SeSfoTeba Sesustebulia.

sivrceSi talRebis Sekrebas, romlis drosac iqmneba rezultaturi 
amplitudebis drois mixedviT mudmivi ganawileba, interferencia 
ewodeba.

mdgradi interferenciuli suraTi miiReba erTnairi sixSiris talRebis 
Sekrebisas, romlebic irxevian erTnair fazebSi an SenarCunebulia mudmivi 
fazaTa sxvaoba. aseT talRebs koherentuli ewodeba.

miuxedavad imisa, rom interferencia wylis zedapirze warmoqmnili tal­
Rebis magaliTze ganvixileT, dadgenilia, Tu raime procesis Seswavlisas 
SeimCneva interferencia, igi warmoadgens imis utyuar dadasturebas, 
rom saqme gvaqvs talRur moZraobasTan.

davadgineT, rom meqanikur talRebs axasiaTebT arekvla, gardatexa, 
interferencia. davakvirdiT bgeris gaZlierebas da Sesustebas. Semdeg 
gakveTilze ki im bgerebs gavecnobiT, romlebsac yuri ver aRiqvams.

7. 57-e b suraTis mixedviT Catarebuli cdebis SedegiT 

SeiZleba Tu ara vTqvaT, rom adgili aqvs bgeriTi tal­

Rebis interferencias?



saSinao cda
cdis mizani: bgeris warmoqmnaze dakvirveba. 

liTonis grZeli saxazavis erTi bolo magidaze 

xeliT daamagreT. magididan gamoSveril meore 

mokle bolos gadaxriT da xels gauSvebiT? saxazavis 

gamoSverili nawili TandaTan daagrZeleT da cdebi 

gaimeoreT. amCnevT raime gansxvavebas? SemCneuli 

movlena aRwereT rveulSi da SeecadeT axsnaT.

jer ivaraudeT, Semdeg cdiT SeamowmeT, gamoscems Tu ara saxazavi bgeras?

cdisTvis saWiroa

 magida

 liTonis saxazavi
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grZiv talRebs, romelTa sixSire 16 hc-ze naklebia, infrabgerebi ewodeba, 
xolo talRebs, romelTa sixSire 20 000 hc-ze metia _ ultrabgerebi.

gavaanalizoT saSinao cdaSi SemCneuli movlenebi.

samyaroSi infra da ultrabgerebi iseve far­
Todaa gavrcelebuli, rogorc bgeriTi talRebi. 
aRmoCnda, rom maT asxivebs da iRebs cocxali 
organizmebi rogorc xmeleTze, ise wyalsa da 
haerSi da iyenebs TavisianebTan `salaparakod~. 
magaliTad, ZaRlebi aRiqvamen ultrabgerebs, 
romelTa sixSire 40 khc-mdea.

ultrabgerebiT sargebloben Ramurebi 
(sur. 18.1). 

Ramurebis mier gamosxivebuli ultrabgeriTi 
talRebis impulsis xangrZlivoba ar aRemateba 
0,015 wm-s, rxevis sixSire impulsSi 25-50 khc-s 
Seadgens. impulsebi airekleba dabrkolebidan, 
maT Soris, sxvadasxva mweridan. Ramura didi 
yurebis meSveobiT iWers areklil talRebs da 
avtomaturad afasebs dabrkolebis mdebareo­
bas. igi saukeTesod orientirebs sivrceSi da 

moipovebs sakvebs.
ultrabgerebs analogiurad iyeneben del­

finebi, Rrma wylebSi binadari Tevzebi da sxva 
cocxali organizmebi (sur. 18.2).

ultrabgeras axasiaTebs Zlieri biolo­
giuri moqmedeba. magaliTad, ultrabgeriTi 
talRis velSi mikrobebi iRupeba. amitom ul­
trabgeris meSveobiT 
SeiZleba movaxdinoT 
kvebis produqtebis 
sterilizacia.

haerSi ultrabgera 
swrafad miileva, siTxeSi ki ara. amitom ultrabgera 
gamoiyeneba hidroakustikaSi. ultrabgerebis vi­
wro paraleluri kona gavrcelebisas mcired far­
Tovdeba. amis gamo ultrabgeriTi talRa SeiZleba 
mivmarToT mocemuli mimarTulebiT.

ultrabgeriT talRebze momuSave erT-erTi 
xelsawyoa hidrolokatori. igi magrdeba gemis 
fskerze (sur. 18.3).

1. yovelTvis gesmiT magididan gamoSverili saxazavis 

rxevisas xma? aRiqvams Tu ara adamianis yuri infra da 

ultrabgerebs?



1.6 infra da ultrabgerebi

sur. 18.1

sur. 18.2

sur. 18.3
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hidrolokatori wyalSi asxivebs ultrabgeris mokle impulsebs, rom­
lebic aireklebian ra fskeridan da sxva dabrkolebidan, brundebian ukan 
da aRiricxebian.

signalis dagvianebis droisa da ultrabgeris siCqaris mixedviT, an­
gariSoben dabrkolebamde manZils. ase SeiZleba gavzomoT zRvis siRrme, 
manZili aisbergamde, wyalqveSa navamde da sxva.

ultrabgeriTi signalis arekvlis mixed­
viT, msjeloben liTonis sxvadasxva na­
keTobaSi arsebuli defeqtebis Sesaxeb. 
ultrabgeras farTod iyeneben medicinaSi 
diagnostikisaTvis, aseve saxsrebisa da an­
TebiTi procesebis samkurnalod.

dadgenilia, rom zogierTi mcenaris, 
kartofilis, bardis da sxva Teslze ul­
trabgeris moqmedeba vegetaciis periods 
amcirebs da adidebs mosavlianobas.

didi intensivobis ultrabgeriTi tal­
Rebis misaRebad sargebloben Zmebi kiurebis 
mier 1880 wels aRmoCenili piezoeleqtruli 
movleniT. Tu zogierTi kristalis, magali­
Tad, kvarcis, segneris marilis an turmalinis Txel firfitas SevkumSavT 
an gavWimavT, maSin firfitis zedapirze eleqtruli muxtebi warmoiqmneba 
(sur. 19.1). amasTan, Tu gaWimvisas firfitis zedapiris erT mxares dadebiTi 
muxti warmoiSoba meoreze ki uaryofiTi, maSin SekumSvisas firfitebze 
muxtebis niSani sapirispiroTi icvleba.

Tu kvarcis firfitas cvlad Zabvas movdebT, maSin firfitaSi aRiZ­
vreba drekadi rxevebi, romelTa sixSire cvladi Zabvis sixSiris tolia. 
firfita iZulebiT rxevebs asrulebs.

Tanamedrove teqnika iZleva saSualebas, miviRoT miliardi herci six­
Siris ultrabgeriTi rxevebi da es ar aris zRvari.

firfitis rxevis amplituda sakmaod mcirea. igi damokidebulia mode­
bul Zabvaze. magaliTad, 1000 v Zabvis dros firfitis sisqe izrdeba an 
mcirdeba daaxloebiT 2.10-5 mm-iT.

2. ra siRrmisaa zRva, Tu zRvis fskeridan areklili 

ultrabgera zedapirze dabrunda gagzavnidan 1,2 wm-Si? 

bgeris siCqare zRvis wyalSi ≈1490 m/wm-ia.



3. ivaraudeT, ra moxdeba, Tu kvarcis firfitas movaT­

avsebT iseT eleqtrul velSi, rom firfitis erTi zedapiri 

daimuxtos dadebiTad, meore ki uaryofiTad? 

ra moxdeba, Tu amis Semdeg zedapirebze muxtis niSans SevcvliT?



4. rogor Seicvleba firfitis rxevis sixSire cvladi 

Zabvis sixSiris gadidebiT? axseniT, ratom?


sur. 19.1 gaWimvaSekumSva

piezo (berZnuli) _ vawvebi.
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infrabgeriTi talRa zogjer zRvebSi Stormis dros, wylis SekumSva-
gaiSviaTebisas warmoiqmneba. misi gavrcelebis siCqare wyalSi 5-jer metia, 
vidre haerSi, amitom meduzebi, kibosnairni, zRvis rwyilebi da sxvebi 
Stormis dawyebamde, sakmaod adre, grZnoben mis moaxloebas.

infrabgerebi gamoiyeneba meTevzeobaSi. TevzsaWeri gemi aRWurvilia 
specialuri mimRebi mowyobilobebiT. maTi meSveobiT swrafad pouloben 
Tevzebis gunds, romlebic asxiveben an ireklaven infrabgerebs. 

gavecaniT infra da ultrabgerebis praqtikul gamoyenebas. gavigeT, 
rom zogierTi cocxali organizmi iyenebs ultrabgerebs. Semdeg 
gakveTilze gavecnobiT movlenas, romelic Tan axlavs talRis wyaros 
gadaadgilebas.

5. firfitis sakuTari rxevis sixSirisa da modebuli 

Zabvis sixSiris rogori Tanafardobis dros miiReba fir­

fitis rxevis maqsimaluri amplituda? pasuxi daasabuTeT.

6. ra moxdeba, Tu merxev firfitas haerSi an wyalSi movaTavsebT?

7. wyalsa da myar sxeulSi ultrabgerebi ufro did manZilze vrcel­

deba, vidre haerSi. axseniT, ratom?



8. rogoria Tqveni varaudi, haersa da wyalSi infrab­

gerebi ufro metad STainTqmeba Tu smenadi bgerebi? pa­

suxi daasabuTeT.



cdis mizani: talRis wyaros gadaadgilebisas tal-

Ris sigrZis cvlilebaze dakvirveba.

sasurvelia, cdebi jgufurad CaataroT.

1. guburaSi, abazanasa an ganier WurWelSi wyals 

periodulad SeexeT TiTiT da daakvirdiT warmo­

qmnil talRebs. erTnairia Tu ara talRebs Soris 

manZili sxvadasxva mimarTulebiT?

ivaraudeT, periodulad TiTiT rom SeexoT wylis 

zedapirs ise, rom TiTi Tan Tanabrad amoZravoT romelime mimarTulebiT, 

maSin talRebs Soris manZili TiTis moZraobis mimarTulebiT da mis sapiris­

piro mimarTulebiT erTnairi iqneba Tu ara? varaudis marTebuloba Seamow­

meT cdiT.

gaagrZeleT dakvirveba TiTis sxvadasxva siCqariT moZraobisas. gamosaxeT 

suraTze rasac amCnevT. SeecadeT, gamoitanoT daskvna.

2. sTxoveT mZRols, CarTos avtomobilis xmovani signali da megobrebTan 

erTad yuradRebiT moismineT. Semdeg CarTuli xmovani signaliT avtomo­

bilma ramdenjerme CagiqroloT. daukvirdiT, avtomobilis moaxloebisas 

da daSorebisas iseve gesmiT signalis xma, rogorc uZravi avtomobilidan? 

dakvirvebis Sedegi CawereT rveulSi da SeecadeT, axsnaT.

cdebisTvis saWiroa

 ganieri WurWeli an 

abazana

 wyali

saSinao cda
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1.7dopleris efeqti

gavaanalizoT saSinao cdebSi SemCneuli movle­

nebi. daakvirdiT 21.1 suraTs da SeadareT Tqven mier 

daxazuls.

moZravi bgeris wyaros win talRebi ufro mWidrodaa 

ganlagebuli (sur. 21.2). amitom damkvirveblisaTvis, 

romelsac bgeris wyaro uaxlovdeba, bgeris sixSire metia. 

damkvirveblis mier aRqmuli talRis sigrZis an sixSiris cvlilebas 

talRis wyarosa da damkvirveblis erTmaneTis mimarT moZraobis Sedegad 

dopleris efeqti ewodeba avstrieli fizikosisa da astronomis kristian 

dopleris (1803-1853) pativsacemad.

akustikasa da optikaSi dopleris efeqtis arseboba doplerma Teori­

ulad 1842 wels daasabuTa. sinaTlisaTvis dopleris efeqtis marTebuloba 

eqsperimentulad 1938 wels daamtkices amerikelma fizikosebma g. aivzma da 

d. stiluevma.

sur. 21.1

1. ra mimarTulebiT moZraobs su­

raTze gamosaxuli Rero?


5. rogoria Tqveni varaudi, marTebuli iqneba Tu ara 

dopleris efeqti sinaTlisaTvis (SegaxsenebT, sinaTle 

eleqtromagnituri talRaa)?



2. rogoraa tal­

Rebi ganlagebuli 

moZravi bgeris wyaros ukan? 

3. avtomobilis moaxloebisas 

bgeris wyaros tonis simaRlesTan 

SedarebiT, ra simaRlis tons aRiqvams damkvirvebeli? daSorebisas?

4. damkvirvebels avtomobilma Cauqrola. rogor aRiqvams damkvi­

rvebeli tonis simaRles?



sur. 21.2

wiTeli _ 	 7,6-6,2

narinjisferi _ 	 6,2-5,9

yviTeli _ 	 5,9-5,6

mwvane _ 	 5,6-5,0

cisferi _ 	 5,0-4,8

lurji _ 	 4,8-4,5

iisferi _ 	 4,5-3,8

xiluli sinaTlis speqtri talRis sigrZe, 10-7  m.
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aRmoCenis momentidan dopleris efeqti 

gamoiyeneba varskvlavTa sxivuri siCqaree­

bisa da ciuri sxeulebis brunvis gansaz­

RvrisaTvis. eleqtromagnitur gamosxive­

baSi talRis sixSiris Semcireba dopleris 

efeqtis kerZo SemTxvevaa, igi wiTeli wanacvlebis saxelwodebiTaa cnobili. 

saxelwodeba asaxavs imas, rom speqtris xilul ubanSi ganlagebuli xazebi 

am ubnis wiTeli ubnisaken wanacvldebian. es faqti talRis sigrZeTa sxva 

diapazonebSic vlindeba.

eqsperimentulad daadgines, yvela Soreuli wyaros (galaqtikebi, kvaza­

rebi) speqtrSi SeimCneva wiTeli wanacvleba.

mecnierebis xelT arsebuli monacemebiT daadgines, rom metagalaqtika 
farTovdeba. gamoiangariSes _ galaqtikebis umravlesoba, romlebamde man­
Zili miliardi parsekia (1 par=3,086 .1013 km),  gvSordeba ≈ 60000 km/wm siCqariT. 
ufro daSorebuli kvazarebisaTvis meti siCqare, ≈ 275000 km/wm miiRes.

presaSi aseTi cnobac gamoCnda: samyaro zrdadi siCqariT farTovdeba. 
ratom? SekiTxvaze dasabuTebuli pasuxi momavalSi SeiZLleba Tqven gasceT.

dopleris efeqts warmatebiT iyeneben dedamiwis zedapirzec sxeulebis 
siCqaris gasazomad. 

avtoinspeqtorebis mier gamoyenebuli radaris (radiolokatoris) moq­
medebis principi dopleris efeqtzea damyarebuli. radaris mier gamosxive­
buli mikrotalRebi airekleba avtomobilidan da brundeba ukan radarTan. 
dopleris radiolokatori zomavs moZravi obieqtis siCqares km/sT-iT, 

areklili talRis sixSiris umniSvnelo cvlilebis drosac ki.

davadgineT, rom talRis wyaros da damkvirveblis erTmaneTis mimarT 

moZraobisas, damkvirveblis mier aRqmuli talRis sigrZe icvleba. am mov-

lenas dopleris efeqti ewodeba. gavecaniT dopleris efeqtis gamoyenebas. 

Semdeg gakveTilze amovxsniT amocanebs meqanikur talRebze.

6. damkvirvebels Sordeba mwvane feris sinaTlis wyaro. 

romeli ferisken iqneba gadaxrili damkvirveblis mier 

aRqmuli feri?



7. ras daarqmevdiT sapirispiro movlenas _ gamosxivebis 

sixSiris zrdas?


8. ras miuTiTebs es faqti, sinaTlis es wyaroebi ganu­

wyvetliv Sordebian erTmaneTs da dedamiwas, Tu uax­

lovdebian?



sxivuri siCqare _ Tvalisa 
da obieqtis SemaerTebeli xazis 
gaswvriv mimarTuli siCqare.
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1.8
amocanis amoxsnis nimuSi

1. ori koherentuli, O1 da O2 wyarodan wamosuli 

erTnairi amplitudis talRebi aRweven M wertils 

(sur. 23.1). svlaTa sxvaoba ∆d da wyaroebs Soris l 
manZili gacilebiT naklebia talRebis mier gavlil 

d1 da d2 manZilebze. davadginoT talRebis mier 
erTmaneTis gaZlierebis da Sesustebis piroba, Tu 
talRis sigrZea λ.

amoxsna
M wertilSi talRebis Sekrebis Sedegi damokidebulia maT Soris fazaTa 

sxvaobaze. Tu svlaTa sxvaoba ∆d udris talRis λ sigrZes, maSin meore 
talRa pirvelTan SedarebiT daigvianebs erTi periodiT (am droSi talRa 
gaivlis talRis sigrZis tol manZils). am SemTxvevaSi orive talRis Txemebi 
(ise rogorc Rrmulebi) erTmaneTs daemTxveva. am rxevebis Sekrebis Sedegad 
miiReba rezultaturi rxeva gaorkecebuli amplitudiT. igive moxdeba, Tu 
∆d monakveTze Tavsdeba talRis sigrZis ara erTi, aramed nebismieri mTeli 
ricxvi.

garemos mocemuli wertilis rxevebis amplituda maqsimaluria, Tu ori 
talRis, romlebic aRagzneben rxevebs am wertilSi, svlaTa sxvaoba, talRis 
sigrZis mTeli ricxvis tolia.

∆d=kλ,       sadac k=0, 1, 2, ...
Tu ∆d monakveTze Tavsdeba talRis sigrZis naxevari, maSin meore talRa 

pirvels CamorCeba naxevari periodiT. fazaTa sxvaobaa π, e. i. rxevebi war­
moebs sapirispiro fazebSi. am rxevebis Sekrebis Sedegad, jamuri rxevis 
amplituda udris nuls da gansaxilvel wertilSi rxevebi ar gvaqvs. igive 
moxdeba, Tu ∆d monakveTze Tavsdeba naxevartalRebis nebismieri kenti 
ricxvi.

garemos mocemuli wertilis rxevebis amplituda minimaluria, Tu ori 

talRis, romlebic aRagzneben rxevebs am wertilSi, svlaTa sxvaoba naxev­

artalRebis kenti ricxvis tolia.

Tu svlaTa sxvaoba iRebs λ da λ/2-s Soris Sualedur mniSvnelobas, ma­
Sin jamuri rxevis amplitudac iRebs garkveul Sualedur mniSvnelobas 
gaorkecebul amplitudasa da nuls Soris. mniSvnelovania is, rom rxevis 
amplituda nebismier wertilSi ar icvleba drois mixedviT.

2. ra minimaluri manZili unda iyos dabrkolebamde, rom eqo 
gavigonoT?

amoxsna
eqo SeiZleba gavigonoT, Tu dabrkolebamde S manZili ar iqneba imaze 

naklebi, romelsac bgera iqiT da aqeT gaivlis 1/15 wm-Si. Tu CavTvliT, 

d1

∆d
sur. 23.1

d2
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rom bgeris siCqare haerSi ≈340 m/wm-ia, maSin   (*)  (*):  S≥11 m.

3. rogoria Tqveni varaudi, did darbazSi oratoris xma rodis ufro 

kargad ismis, roca darbazi xalxiTaa savse, Tu roca msmenelTa raode-

noba mcirea?

amoxsna

did darbazSi, roca msmenelTa raodenoba mcirea, oratoris sityva nak­

lebad garkveviT ismis. bgerebi ramdenjerme irekleba kedlebidan, Weridan. 

radgan es zRudeebi msmenelTagan sxvadasxva manZilze mdebareobs, amitom 

oratoridan wamosuli da areklili bgerebi msmenelebTan sxvadasxva dros 

midis. amitom oratoris sityva garkveviT ar ismis.

magram imave darbazSi, roca is msmenelebiTaa savse, tansacmeli STanTqavs 

bgeriT rxevebs, amitom aseTi darbazis akustikuri (bgeriTi) Tvisebebi 

4. talRis wyaro da damkvirvebeli erTmaneTis mimarT moZraoben. gan

vsazRvroT damkvirveblis mier aRqmuli rxevis ν1 sixSire, Tu talRis 

wyaros sixSirea ν, garemos mimarT talRis siCqare _ V, wyaros siCqare 

_ u, damkvirveblis siCqare _ v.

amoxsna

vTqvaT, talRis wyaro A wertil­

Sia, damkvirvebeli _ B-Si (sur. 24.1).

X  RerZi mivmarToT talRis 

gavrcelebis mimarTulebiT.

damkvirveblis mier aRqmuli rxevebis sixSire tolia damkvirveblis mimarT 

talRis siCqaris da realurad arsebuli talRis λ1 sigrZis Sefardebis. e. i.  

 (1)

rxevis periodis ganmavlobaSi A wertilidan talRa varceldeba λ man­

Zilze, magram imave droSi A wertili gadaadgildeba uT manZilze (sur. 

7), amitom talRis realuri sigrZe

	  (2)

formulebSi v–s win niSani `_~ iwereba maSin, rodesac damkvirvebeli 

Sordeba wyaros da niSani `+~, rodesac uaxlovdeba wyaros. u-s win niSani 

`-~ iwereba, rodesac wyaro uaxlovdeba damkvirvebels da `+~, rodesac 

wyaro Sordeba damkvirvebels.

λ
BA

uT λ1
Xsur. 24.1

(2) (1) ⇒  	 	 (*)
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davaleba

moipoveT informacia talRebis meSveobiT sxvadasxva garemoSi en­

ergiis gadatanis, kerZod, miwisZvris mizezebisa da misi gavrcelebis 

Sesaxeb. gaanalizeT miwisZvris Sedegebi.
informaciis mosapoveblad gamoiyeneT TqvenTvis xelmisawvdomi sain­

formacio wyaro (beWdviTi, audiovizualuri, interneti). moamzadeT 
referati gakveTilze warsadgenad.

ganvixiloT kerZo SemTxvevebi:

1. u=0 da v=V e. i. damkvirvebeli uaxlovdeba talRis wyaros talRis 

siCqaris toli siCqariT, e. i. moZraobs talRis gavrcelebis sapirispirod.

(*) ⇒   e. i. damkvirveblisaTvis rxevis sixSire gaork­

ecdeba.

2. u=0  da v=V  damkvirvebeli scildeba talRis wyaros talRis 

gavrcelebis siCqariT (*) ⇒ , am SemTxvevaSi damkvirve­

blis win arc erTi talRa ar Caivlis, radgan damkvirvebeli moZraobs 

talRasTan erTad.

3. v=0 da talRis wyaro Sordeba damkvirvebels moduliT talRis 

gavrcelebis siCqariT. (*) ⇒  damkvirvebels 

moeCveneba, rom rxevis sixSire orjer mcirdeba.

4. v=0 da talRis wyaro moZraobs damkvirveblisaken talRis gavrcelebis 

siCqariT (*) ⇒  rxevis sixSire usasrulod didi xdeba.
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amoxseniT amocanebi

1. wiTeli sinaTlis talRis sigrZe haerSi 760 nm-ia. gansazRvreT rx­
evis sixSire.

2. rkinigzis or sadgurs Soris manZili 8,3 km-ia. ra droSi miva bgera 
erTi sadguridan meoreSi haeris meSveobiT? relsebis meSveobiT? haerSi 
bgeris gavrcelebis siCqarea ≈332 m/wm, foladSi _ ≈5500 m/wm.

3. koherentuli sinaTlis ori, TiToeuli 400 nm sigrZis, talRa aRwevs 
wertils 2,0 mkm svlaTa sxvaobiT. gaaZliereben Tu Seasusteben erTmaneTs 
es talRebi am wertilSi?

4. msrolels samizneSi tyviis moxvedris xma esmis gasrolidan 1 wm-
Si. ra manZilzea misgan samizne, Tu tyviis frenis saSualo siCqarea 500 
m/wm, bgeris siCqare haerSi _ ≈332 m/wm.

5. kamertonis rxevis sixSire 440 hc-ia. gansazRvreT kamertonidan 
gavrcelebuli bgeriTi talRis sigrZe haersa da wyalSi. haerSi bgeris 
siCqarea ≈332 m/wm, wyalSi _ ≈1400 m/wm.

6. bgera aRar ismis. ra daemarTa mis energias?
7. haeri metad STanTqavs bgeras, vidre mina. quCis xmauri ki Ria fan­

jaraSi ufro metad ismis, vidre daxurulSi. axseniT, ratom?
8. bgeris amrekl zedapiramde manZili 68 m-ia. ra drois Semdeg gaigonebs 

adamiani eqos, Tu bgeris gavrcelebis siCqarea ≈340 m/wm.
9. haerSi bgeris ori koherentuli wyaro erTnair fazebSi irxeva. 

pirveli wyarodan 2 m-iT, meoredan ki 2,5 m-iT daSorebul wertilSi 
bgera ar ismis. gansazRvreT wyaroebis rxevis sixSire. bgeris siCqared 
miiReT 340 m/wm-Si.

testi

1. temperaturis gazrdisas haerSi bgeris gavrcelebis siCqare
a. izrdeba;   b. mcirdeba;   g. ucvlelia;  d. jer izrdeba, Semdeg mcirdeba;
e. jer mcirdeba, Semdeg izrdeba.

2. erTsa da imave temperaturaze airSi, romlis molekulebis masac metia, 
a. bgeris siCqare metia;     b. bgeris siCqare naklebia; 
g. bgeris siCqare ar aris damokidebuli airis molekulis masaze.

3. talRis gavrcelebis siCqare, rxevis periodi da sixSire erTmaneTTan 
dakavSirebulia formuliT

a.        b.        g. ν=vλ;       d. v=lt;       e.  

4. bgeris gavrcelebisas nivTiereba
a. gadaitaneba;      b. ar gadaitaneba;    g. mkvrivi nivTiereba gadaitaneba, 

naklebad mkvrivi ara;    g. bgeris siZlieris mixedviT xan gadaitaneba, xan ara.

5. bgeris ori koherentuli talRa erTmaneTs
a. yvelgan aZlierebs;     b. yvelgan asustebs; 
g. zogan aZlierebs, zogan ki asustebs;    d. arc aZlierebs da arc asustebs.

1.9 SeamowmeT Tqveni codna
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II Tavi. 

sinaTlis 

talRuri da 

kvanturi buneba

mizani

Ä 	 gaecnoT sinaTlis siCqaris 
gazomvis sxvadasxva xerxs;

Ä 	 dagegmoT da CaataroT cdebi 
sinaTlis talRuri bunebis 
Sesaswavlad; 

Ä 	 gaecnoT da sqematurad 
warmoadginoT 
eleqtromagnituri talRebis 
skala;

Ä 	 daadginoT, rom talRis 
sigrZeebs Soris raodenobrivi 
gansxvaveba iwvevs mniSvnelovan 
Tvisebriv gansxvavebas; 

Ä 	 SeZloT, axsnaT fotoefeqtis 
movlena sinaTlis kvanturi 
Teoriis gamoyenebiT;

Ä 	 SeZloT fotoefeqtis 
praqtikuli gamoyenebis 
magaliTebis moyvana;

Ä 	 SeZloT mocemul Temaze 
amocanebis amoxsna.
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Zvel berZen mecniers aristoteles da, Tqven warmoidgineT, germanel 
mweralsa da moazrovnes goeTes aqvT saintereso Sexedulebebi sinaTlis 
Sesaxeb.

moipoveT informacia am Sexedulebebis Sesaxeb. damuSavebuli masala 
warmoadgineT seminarze.

dResac aqtualuria gamoTqma:
`sinaTle es yvelaze bneli adgilia fizikaSi~.
aTaswleulebia warmoebs sinaTlis bunebis Seswavla. gansxvavebuli hipo­

Tezebi cvlida da dResac cvlis erTmaneTs.
Zvel mecnierTa umetesobas miaCnda, rom Tvalebidan gamodis gansa­

kuTrebiT wvrili sacecebi da mxedvelobiTi STabeWdileba warmoiqmneba maT 
mier sagnebis mosinjvis dros. 

 faqtia, sinaTlis wyarodan sinaTle vrceldeba da mimRebze zemoqmedebas 
axdens. imis asaxsnelad, Tu rogor xdeba es, XVII saukunis Sua wlebSi TiTqmis 
erTdroulad ori, sruliad gansxvavebuli Teoria warmoiSva. 

erTi isaak niutonis saxelTanaa dakavSirebuli, xolo meore _ qristian 
hiugensTan.

niutonma Camoayaliba e. w. korpuskuluri Teoria, romlis Tanaxmad, sina­
Tle nawilakebis _ korpuskulebis nakadia. sinaTlis wyarodan korpuskule­
bi yvela mimarTulebiT vrceldeba (nivTierebis gadatana).

hiugensis Teoriis Tanaxmad ki, sinaTle talRebis nakadia, gavrcelebuli 
gansakuTrebul hipoTezur garemoSi _ eTerSi, romelic avsebs mTel sivrces 
da aRwevs yvela sxeulSi (SemdegSi eTeris arseboba mravalgzis Catarebuli 
cdebiT ar dadasturda). 

orive Teoria xangrZlivi drois ganmavlobaSi arsebobda paralelurad. 
verc erTma maTganma ver SeZlo gadamwyveti gamarjvebis mopoveba. mxolod 
niutonis avtoriteti aiZulebda mecnierTa umravlesobas, upiratesoba mien­
iWebinaT korpuskuluri TeoriisaTvis. 

Tqven SeiswavleT sinaTlis arekvlisa da gardatexis kanonebi, sinaTlis 
dispersia. sinaTlis Sesaxeb, albaT, yofa-cxovrebidanac gaqvT garkveuli 
warmodgena. isic iciT, talRa ra aris da ra kanonebs emorCileba. scadeT, 
Tqvens gonebaSi erTmaneTs daukavSiroT sinaTle da talRuri movlenebi. 
SeZlebT mixvdeT, romeli TeoriiT aixsneba sinaTlis gavrcelebis is 
kanonebi, romelic Tqven SeiswavleT?

modiT, mivyveT gakveTilebis msvlelobas da erTad gavarkvioT WeS­
mariteba. 

gavecaniT meore Tavis Seswavlis mizans da sinaTlis Sesaxeb or 
gansxvavebul Teorias. am TavSi mocemuli sakiTxebis SeswavliT da-
vadgenT sinaTlis bunebas. manamde ki gavecnoT, rogor gansazRvres 
sinaTlis siCqare.

moiyvaneT am mosazrebis damadasturebeli an 
uarmyofeli magaliTi. iziarebT Tu ara moyvanil 
Sexedulebas? Tu ara ratom?



davaleba
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sinaTlis siCqaris gazomvis idea mar­
tivia. A wertilSi moTavsebuli sinaTlis 
wyaro drois tol SualedebSi, vTqvaT, 
saaTSi erTxel gamoasxivebs sinaTlis impulss. B wertilSi damkvirvebeli 
iwers impulsebis SemCnevis momentebs da adgens cxrils, romelSic 
miuTiTebs momdevno impulsebis mosvlis SesaZlo momentebs. vTqvaT, erT-
erTi impulsis SemCnevis Semdeg damkvirvebeli `momentalurad~ Zalian 
dascilda B wertils. gadavida C wertilSi (sur. 29.1) da aRricxa Semdegi 
impulsis mosvlis momenti. vTqvaT, drois es momenti cxrilSi miTiTebul 
drois moments daemTxva. gazoma |BC| manZili.

Tu C wertilSi sinaTlem misvla daagviana da damkvirvebelma SeZlo 
gaezoma sinaTlis dagvianebis τ drois Sualedi, romelic sinaTlem gazomili 
|BC| manZilis gavlas moandoma, maSin

sinaTlis siCqare pirvelad astronomiuli meTodiT gansazRvra danielma 
mecnierma riomerma 1676 wels.

riomeri teleskopiT akvirdeboda planeta iupiteris Tanamgzavr ios 
da gansazRvra misi garSemovlis periodi _ 42 sT da 28 wT.

1. gamoitaneT daskvna: ra dros andomebs sinaTle |BC| 
manZilis gavlas? rogor vrceldeba sinaTle?



2. rogor gansazRvravT sinaTlis siCqares?
3. dedamiwis zedapirze SesaZleblad migaCniaT Tu ara 

am meTodiT sinaTlis siCqaris gansazRvra? axseniT, ratom?



2.1
sinaTlis siCqare

4. ra informacias iRebT 29.2 suraTidan?

sur. 29.2

A Ñ

sur. 29.1
B

5. rogor SeiZleba ios garSemovlis periodis gansaz­
Rvra? gaiTvaliswineT, rom io dedamiwidan ar Cans, rode­

sac igi iupiteris CrdilSia.


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es gazomvebi da gamoTvlebi riomerma Caatara maSin, roca dedamiwa 
yvelaze axlos iyo iupiterTan (sur. 29.2).

meore mdebareobaSi Crdilidan gamosuli ios sinaTle dedamiwaze 22 
wT-is dagvianebiT movida.

riomerma sinaTlis siCqarisaTvis miiRo 214 000 km/wm.
Semdeg sinaTlis siCqare sxvadasxva meTodiT mravaljer gazomes.
Tanamedrove gazomvebiT miRebulia sinaTlis siCqare vakuumSi 

c = 299 792 458 m/wm.

riomeris cdaSi cdomileba, ZiriTadad, gamoiwvia dedamiwis orbitis 
diametris `zusti~ mniSvnelobis arcodnam.

dedamiwis zedapiris farglebSi sinaTlis siCqares sxvadasxva meTodiT 
sazRvravdnen. aRvweroT amerikeli mecnieris albert maikelsonis (1852-
1931) meTodi. gazomvebisaTvis maikelsonma gamoiyena ori mTis mwvervali: 
antonio da vilsoni (kaliforniaSi), romelTa Soris manZili l=35,426 km 
`zustad~ iyo gazomili. vilsonis mTaze moaTavsa sinaTlis Zlieri S 
wyaro,  rvawaxnaga sarkuli prizma da optikuri mili. antonios mTaze ki 
_ Cazneqili da brtyeli sarkeebi (sur. 30.1). 

7. rogor Seicvleba manZili dedamiwasa da ios Soris 
eqvs TveSi, rodesac dedamiwa pirveli mdebareobidan 

meore mdebareobaSi gadava (sur. 29.2)?
8. eqvsi Tvis Semdeg Crdilidan gamosul ios dainaxavda Tu ara 

riomeri mis mier Sedgenili gamoTvlebis mixedviT? axseniT, ratom 
fiqrobT ase?



9. riomers rom SeZleboda darCeniliyo dedamiwis 
Zveli mdebareobis adgilas, maSin rodis dainaxavda igi 

ios Crdilidan gamosvlas? 

10. rogor ganvsazRvroT sinaTlis siCqare?



11. sinaTlis siCqaris gazomvis ra idea gamoiyena riomerma?

1 2 .  d a a k v i r ­
diT 30.1 suraTze 
gamosaxul sqemas 

da aRwereT sxivis svla Wvritedan 
optikur milSi moxvedramde.



6. SesaZleblad migaCniaT Tu ara, rom ios garSemov­
lis periodis codniT daafiqsiroT drois is momentebi, 

rodesac io momavalSi kvlav gamoCndeba? aRwereT, rogor?



sur. 30.1

brtyeli sarke
Wvrite

8
7

6

5
4

3

2

SCazneqili sarke

optikuri mili
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sinaTlis S wyarodan WvriteSi gavliT sinaTle ecemoda rvawaxnaga sar­
kul  prizmas (sur. 30.1).

areklili sinaTle optikur milSi maSin Seva, Tu im drois ganmavlobaSi, 
rasac sinaTle andomebs erTi mTidan meoremde misvlas da ukan dabrunebas, 
suraTze gamosaxuli sarkeebis ganlageba ar Seicvleba.

vabrunoT prizma ise, rom brunvis sixSire nel-nela gavzardoT.

Tu im    (1)   drois SualedSi, rasac sinaTle andomebs mwvervalebs 

Soris gaorkecebuli manZilis gavlas, prizma Semobrundeba sruli brunis 
1/8-iT (an misi jeradiT), maSin prizmis pirveli waxnagidan areklil sinaTles 
ukan dabrunebisas meore waxnagi daxvdeba im mdebareobaSi, romelSic 
suraTze mesame waxnagia gamosaxuli da sinaTle optikur milSi moxvdeba.

drois τ Sualedis gansazRvra rTuli ar aris: ,T
n8 8
1

1

= =x    (2)   sadac 

T prizmis brunvis periodia, n
T
1

1=  _ prizmis brunTa ricxvi wamSi. 

maikelsonis erT-erT cdaSi n1=535 wm-1.

sinaTlis siCqare gazomes sxvadasxva gamWvirvale nivTierebaSi. wyalSi 
sinaTlis siCqare n=4/3-jer naklebi aRmoCnda, vidre vakuumSi. n wylis 
gardatexis absoluturi maCvenebelia. dadginda garemos gardatexis 

absoluturi maCvenebeli  sadac v sinaTlis siCqarea mocemul garemoSi.

gavecaniT sinaTlis siCqaris gazomvis sxvadasxva meTods. davadgineT, 
rom sinaTlis siCqare vakuumSi aris 300 000 km/wm, xolo sxva garemoSi 
ufro naklebia. Semdeg gakveTilze gavecnobiT movlenas, romelic 
garkveul warmodgenas mogvcems sinaTlis bunebis Sesaxeb.

14. dasaSvebad  migaCniaT Tu ara optikur milSi sinaT­
lis kvlav moxvedra?  ra SemTxvevaSi?



13. moxvdeba sinaTlis sxivi optikur milSi, Tu prizmis 
odnavi SemobrunebiT sarkeebis ganlageba Seicvleba?



15. gansazRvreT sinaTlis siCqare maikelsonis erT-
erTi cdis monacemebis mixedviT.



16. ras aqvs udidesi siCqare samyaroSi Tanamedrove 
monacemebiT?
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maqsvelis Teoriis Tanaxmad, sinaTlis energia eleqtromagnituri tal­
Rebis energiaa. sinaTlis energiis gazomvis meTodebi Seadgens optikis 
nawils, romelsac fotometria ewodeba.

mTeli rigi sidideebi sinaTles axasiaTeben mis mier gadatanili ener­
giis mixedviT. erT-erTi maTgania sinaTlis nakadi.

pirvel rigSi gvainteresebs eleqtromagnituri talRebis mier gada­
tanili is energia, romelsac Tvali aRiqvams. Tvali aRiqvams eleqtromag­
nitur talRebs, romelTa talRis sigrZe 7,6.10–7-3,8.10–7 m-ia.

Tvali yvelaze mgrZnobiarea mwvane sxivebis mimarT. amitom mniSvnelova­
nia vicodeT sinaTlis energiis ara ubralod raodenoba, romelic regis­
trirebulia Sesabamisi gamzomi xelsawyoebiT, aramed am energiis sidide, 
Sefasebuli Cveni Tvalis mier. aseTi sididea sinaTlis nakadi.

sinaTlis nakadi ewodeba raime zedapirSi drois erTeulSi gasul 
sxivur energias, romlis Sefaseba mxedvelobiTi SegrZnebiT xdeba.

, (1)

sadac F aris sinaTlis nakadi, L _ t drois SualedSi zedapirze dace­
muli sinaTlis energia.

sxva sityvebiT, sinaTlis nakadi aris sinaTlis gamosxivebis simZlavre, 
romelic Sefasebulia Cveni TvaliT.

radgan sinaTlis wyaros mier Seqmnili sinaTlis nakadi moqmedebs gare­
momcvel sagnebze, amitom unda SemovitanoT kidev ori energetikuli si­
dide: erTi _ sinaTlis wyaros dasaxasiaTeblad, mas sinaTlis wyaros 
sinaTlis Zala ewodeba da meore, sagnebis zedapirze sinaTlis moqmedebis 
dasaxasiaTeblad _ ganaTebuloba.

davuSvaT sinaTlis wyaro gavarvarebuli birTvia.

2.2 sinaTlis nakadi. 
sinaTlis wertilovani wyaro

1. gadaaqvs Tu ara sinaTles energia? moiyvaneT varau­
dis damadasturebeli magaliTi.



2. rogor fiqrobT, adamianis grZnobis organoebidan 
romels aqvs gansakuTrebuli mniSvneloba sinaTlis en­
ergiis aRqmisas?



3. daasaxeleT eleqtromagnituri talRebi, romelsac 
Tvali ver aRiqvams.



4. Tqveni azriT, sinaTlis aseTi wyaro sinaTles yvela 
mimarTulebiT erTnairad asxivebs? pasuxi daasabuTeT.


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aseTi sinaTlis wyaros gamosxivebuli sinaTlis moqmedeba unda Seva­
fasoT birTvidan iseT manZilze, romelic gacilebiT aRemateba birTvis 
diametrs.

sinaTlis iseT wyaros, romelic sinaTles yvela mimarTulebiT 
Tanabrad asxivebs da misi zomebi SeiZleba ugulebelvyoT im manZilTan 
SedarebiT, romelzec vixilavT mis moqmedebas, sinaTlis wertilovani 
wyaro ewodeba.

warmovidginoT sinaTlis wertilovani wyaro da mis 
garSemo R-radiusiani sferuli zedapiri SemovavloT. 
am sferos SigniT warmovidginoT konusi, romlis wve­
ro sferos centrSia. aseTi konusi sferos zedapirze 
amoWris sferuli zedapiris S nawils (sur. 33.1).

konusuri zedapiriT SemosazRvrul sivrces sxe­
ulovani kuTxe ewodeba _ aRvniSnoT w-Ti.

, (2)

sadac S sferuli segmentis farTobia.

Tu S=R2, maSin (2)⇒ sxeulovani kuTxe erTeulis tolia da mas steradi-
ani ewodeba. vinaidan sferuli zedapiris farTobi 4pR2-is tolia, amitom 
wertilis irgvliv sxeulovani kuTxe 4p steradiania.

5. rogor fiqrobT, aseT SemTxvevaSi birTvis zomebs 
raime mniSvneloba eqneba?



6. rogoria Tqveni azri, varskvlavebi SeiZleba ganvixi­
loT rogorc sinaTlis wertilovani wyaroebi? axseniT, 
ratom fiqrobT ase.

7. gamoTqviT mosazreba: arsebobs Tu ara sinaTlis wertilovani 
wyaroebi?



8. aris Tu ara sxeulovani kuTxe damokidebuli sferos 
radiusze? pasuxi daasabuTeT.



O

R S

sur. 33.1

saSinao cda

bnel oTaxSi aanTeT sanTeli da daakvirdiT misgan raime manZiliT da­
Sorebuli sagnis ganaTebulobas.

jer ivaraudeT, Semdeg cdiT SeamowmeT, rogor Seicvleba sagnis ga­
naTebuloba, Tu pirvel sanTelTan axlos or, sam erTnair sanTels aan­
TebT?

sanTlebsa da sagans Soris manZils orjer, samjer gaadidebT?
SemCneuli movlenebi CawereT da SeecadeT axsnaT.
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2.3 sinaTlis Zala. ganaTebuloba

wyaros sinaTlis I Zala ewodeba sidides, romelic tolia sinaTlis F 
nakadisa da im sxeulovani w kuTxis fardobisa, sadac es nakadi vrceldeba:

. 	 (1)

wertilovani wyaros sinaTlis Zala ganisazRvreba formuliT:

. 	 (2)

SI-Si sinaTlis Zalis erTeuli ZiriTadi erTeulia. esaa 1 kandeli (1 kd). 
fotometriuli sidideebis ZiriTad erTeulad sinaTlis Zalis erTeulis 
arCeva ganpirobebulia imiT, rom etalonis Seqmna am sididisaTvis yvelaze 
martivia. sinaTlis Zalis erTeulis etalonis rols (1  kd) asrulebs 
specialuri gamomsxivebeli.

sinaTlis nakadis erTeulad miRebulia 1 lumeni (1 lm).
(1) ⇒ 1 lumeni aris 1kd sinaTlis Zalis wertilovani wyaros mier 

erTi steradianis tol sxeulovan kuTxeSi gamosxivebuli sinaTlis 
nakadi.

ganmartebis Tanaxmad, wertilovani wyaros sinaTlis Zala yvela 
mimarTulebiT erTi da igivea.

ganaTebuloba E ewodeba sidides, romelic tolia raime zedapirze 
dacemuli sinaTlis F nakadisa da am zedapiris S farTobis fardobis.

. (3)

ganaTebulobis erTeulad SI-Si miRebulia 1 luqsi (1 lq).
1 luqsi ganaTebulobaa, romelsac gvaZlevs 1 m2 farTobze Tanabrad 

ganawilebuli 1 lumeni sinaTlis nakadi.

1. axseniT (2)-is marTebuloba.

2. rogor fiqrobT, erTnairia Tu ara varvaris naTuras 
sinaTlis Zala sxvadasxva mimarTulebiT?

pasuxi daasabuTeT.

3. daasaxeleT mowyobiloba, romelic sinaTlis wyaros sinaTlis na­
kads mcire sxeulovani kuTxiT mimarTavs erTi mimarTulebiT? rogor 
icvleba am mimarTulebiT sinaTlis Zala?

4. rogoria dakvirvebebiT miRebuli Tqveni gamocdileba: sinaTlis 
wyaro _ magidis centris zemoT dakidebuli varvaris naTura _ ma­
gidis zedapirs Tanabrad anaTebs?

5. Tanabrad ganaTdeba magidis zedapiri, Tu mis zemoT sinaTlis 
wertilovan wyaros movaTavsebT?


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davadginoT, romel fizikur sidideebzea damokidebuli zedapiris E 
ganaTebuloba. 

gavaanalizoT saSinao cdaSi SemCneuli movlenebi.

imis gasarkvevad, Tu rogor aris damokidebuli ganaTebuloba wyaromde 
manZilze, warmovidginoT, rom wertilovani wyaro sferos centrSia 
moTavsebuli. sferos zedapiris farTobi S=4pR2, (4) xolo sruli sinaTlis 
nakadi F=4pI. (5)

(4)∧(5) (3)⇒  (6)

miviReT: zedapiris marTobuli sxivebiT zedapiris ganaTebuloba 
pirdapirproporciulia wyaros sinaTlis Zalisa da ukuproporciulia 
wyaromde manZilis kvadratisa.

am SekiTxvaze pasuxis dasasabu­
Teblad ganvixiloT imave sferos 
Siga zedapiris Zalian patara 
ubani. rodesac am ubnis zoma 
gacilebiT naklebia sferos radi­
usze, maSin SegviZlia CaTvaloT, 
rom igi brtyelia, xolo masze 
dacemuli sxivebi daaxloebiT paraleluri. vTqvaT, ubnis farTobia DS0. 
ganvixiloT meore DS farTobisa zedapiri, romelzec ecema sinaTlis igive 
nakadi, rogoric pirvelze (sur. 35.1). Tu am zedapirebs Soris kuTxea a, 
maSin centraluri sxivebis DS zedapirze dacemis kuTxec a-s tolia. me-5 
suraTidan Cans, rom orive zedapirs aqvs erTi da igive sigane a, magram 
gansxvavebuli sigrZeebi b da b0. 

radgan ,   (7)    amitom  (8)

6. ori erTnairi sanTeli ukeTesad anaTebs sagans, Tu 
erTi?

7. Tqveni varaudiT, erTmaneTTan axlos moTavsebuli ori erTnairi 
sinaTlis wyaro ramdenjer met energias asxivebs mocemuli mimarTule­
biT drois erTeulSi erT wyarosTan SedarebiT?

8. aris Tu ara zedapiris ganaTebuloba damokidebuli sinaTlis 
wyaros Zalaze da zedapiramde manZilze?



9. gansazRvreT sferos centrSi moTavsebuli wyarodan 
mis zedapirze sxivebis dacemis kuTxe.

10. Tqveni azriT, rogor Seicvleba zedapiris ganaTebuloba Tu 
sinaTlis wyarosa da zedapirs Soris imave manZilis SemTxvevaSi da­
cemis kuTxe nulisagan gansxvavdeba?



a

a

DS DS0

b

b0

a

sur. 35.1
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TiToeuli zedapiris ganaTebuloba

   (9)     . (10)

(9)∧(10)⇒    ⇒  E=E0cosa.   (11)

(11)⇒ zedapiris ganaTebuloba sxivebis dacemis kuTxis kosinusis 
proporciulia.

(3)∧(11) _ es gaerTianebiT miviRebT  (12)

(12)⇒ sinaTlis wertilovani wyaroTi Seqmnili zedapiris ganaTebu
loba pirdapirproporciulia wyaros sinaTlis Zalisa, sxivebis dacemis 
kuTxis kosinusisa da ukuproporciulia wyarosa da zedapirs Soris 
manZilis kvadratisa.

Tu wyaro ramdenimea, maSin zedapiris sruli ganaTebuloba tolia 
TiToeuli wyaros mier cal-calke Seqmnil ganaTebulobaTa jamis. 

ganaTebulobis kanonebis marTebulobis eqsperimentalurad Sesamowmeb­
lad damzadebulia specialuri xelsawyoebi. 

ganaTebulobis gasazom xelsawyoebs luqsmetri hqvia. sinaTlis Zalis 
gamzoms _ fotometri.

Sromis nayofierebisa da mxedvelobis SenarCunebisaTvis gansakuTrebuli 
mniSvneloba aqvs samuSao adgilis Sesaferis ganaTebulobas. sxvadasxva 
saxis samuSaosaTvis dadgenilia ganaTebulobis garkveuli normebi. 
magaliTad, kiTxvisaTvis aucilebeli ganaTebulobaa 30-50 lq, magidis 
ganaTebuloba zusti samuSaoebisaTvis 100-200 lq.

cdebisTvis saWiroa
 saponi
 wyali
 wvrili mili

cdis mizani: sapnis buStis zedapirze dak-
virveba.

gabereT sapnis buSti da daakvirdiT mis zeda­
pirs. sasurvelia, Tu sapnis buSts mzis Suqzec 
daakvirdebiT. amCnevT buStis zedapirze lamaz, 
erTmaneTSi TandaTan gardamaval, sxvadasxva elf­
eris, cisartyelasebr zolebs? ratom xdeba ase?

saSinao cda
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2.4sinaTlis interferencia da misi 
zogierTi gamoyeneba

sinaTlis interferenciis, rogorc tipuri talRuri movlenis aRmoCena 
da gamokvleva, dakavSirebulia ingliseli mecnieris Tomas iungis (1883-
1839) saxelTan. manve Semoitana termini interferencia. iungma daadgina 
interferenciuli suraTis miRebis ZiriTadi piroba: `interferirebs erTi 
da imave sinaTlis ori nawili~. Tanamedrove terminologiiT, amas koheren-
tulobis piroba ewodeba. 

gavaanalizoT saSinao cdaSi SemCneuli movlenebi. ferebis cisarty­
elasebri monacvleoba, romelic miiReba sapnis buStze, interferenciuli 
suraTia.

pirvelad iungi mivida genialur daskvnamde, 
rom Txeli afskebis Seferilobis axsna SeiZleba 
im talRebis (1 da 2) Sekrebis Sedegad, romelTa­
gan erTi airekleba afskis gare zedapiridan, 
xolo meore _ Siga zedapiridan (sur. 37.1). am 
dros xdeba sinaTlis talRebis interferencia _ 
ori talRis Sekreba, romlis Sedegadac adgili 
aqvs majamebeli sinaTlis rxevebis gaZlierebas 
an Sesustebas sivrcis sxvadasxva wertilSi.

interferenciuli suraTi miiReba haeris Txel 
fenaSic. minis firfitaze movaTavsoT mcire 
simrudis mqone brtyel-amozneqili linza (sur. 
37.2). maT Soris Seiqmneba haeris Txeli fena. Tu 
linzis brtyel zedapirs davakvirdebiT, davi­
naxavT cisartyelasebri rgolebis erTobliobas 
(sur. 37.3).

niutoni yuradRebiT akvirdeboda da ikvlevda 
maT linzis ara marto TeTri sinaTliT, aramed 
erTi feris (monoqromatuli) koniT ganaTebis 
drosac.

interferenciuli zolebis Seswavlisas iungma 
pirvelad gansazRvra sinaTlis sxvadasxva feris 
talRis sigrZe da sixSire. Tanamedrove gazomve­

1. ra aris interferencia?
2. rogori talRebia koherentuli?



3. gaixseneT, kidev sad ginaxavT interferenciuli 
suraTi?



4. cdiT SeamowmeT, rogori su­
raTi miiReba mcire simrudis 
brtyel-amozneqili linzis 

erTi feris sinaTliT ganaTebisas.



sur. 37.1

b

haeris Txel fenaSi miRe
bul rgolebs niutonis 
rgolebi ewodeba.

sur. 37.2

sur. 37.3
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biT, wiTeli sinaTlis talRis sigrZea λ
wiT
≈ 8.10–7 m, iisferisa – λ

iisf.
≈ 4.10–7 m. 

speqtris sxva ferebis Sesabamis talRis sigrZeebs aqvT Sualeduri mniS­
vnelobebi.

interferencias farTo gamoyeneba 
aqvs. arsebobs specialuri xelsawyo 
_ interferometri, romlis moqmedeba 
damyarebulia interferenciis movle­
naze. xelsawyos daniSnuleba SeiZleba 
sxvadasxva iyos. misi meSveobiT SeiZle­
ba sinaTlis talRis sigrZis gazomva 
7-8 niSnadi cifris sizustiT, airisa 
da sxva nivTierebis gardatexis maCve­
neblis gazomva da sxva.

interferenciis meSveobiT SesaZ­
lebelia nakeTobaTa zedapiris damu­
Savebis xarisxis Semowmeba 10–6 sizus­
tiT. amisaTvis gamosakvlev zedapirze 
deben etalonur firfitas (sur. 38.1). 
Tu gamosakvlevi zedapiri sworia, maSin interferenciuli zolebi parale­
luria, winaaRmdeg SemTxvevaSi _ gamrudebuli.

daakvirdiT 38.2 suraTze fotoaparatisa da binoklis gamosaxulebebs.

wyalqveSa navebis periskopebSi optikuri minebis raodenoba 40-s aRwevs.
dasabuTebulia, rom gamWvirvale zedapirze marTobulad dacemuli 

sinaTlis 5-9% airekleba.

sxivebis nawili Siga zedapirebidan mravaljeradi arekvlis Sedegad 
mainc gadis xelsawyoSi, magram ganibneva da ukve aRar monawileobs mkafio 
gamosaxulebis SeqmnaSi.

5. ra emarTeba sinaTlis energias gamWvirvale zedapirze 
dacemisas?



6. Tqveni va­
raudiT, saSu­

alod, ramdeni optikuri mini­
sagan (linzebi, prizmebi da 
sxva) Sedgeba Tanamedrove 
optikuri xelsawyoebi?



7. Tqveni varaudiT, rogor Seicvleba zedapiridan 
areklili sinaTlis intensivoba dacemis kuTxis gadi­
debiT?

8. dacemuli sinaTlis ramdeni procenti gamova xelsawyodan, Tu masSi 
10 optikuri minaa?

9. optikuri minebidan sinaTlis arekvlis gamo, rogoria miRebuli 
gamosaxulebis ganaTebuloba?



sur. 38.1

a. interferenciu
li zolebis gamru
deba zedapiris am
ozneqilobis gamo.

b. interferenciuli 
zolebis gamrudeba 
zedapiris Cazneqi
lobis gamo.

sur. 38.2
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Cveni mizania, gamosaxuleba rac SeiZleba ganaTebuli iyos.

optikuri minebis zedapirebidan areklili sinaTlis energiis Sesamci­
reblad mis zedapirs faraven Txeli afskiT. afskis sisqes da gardatexis 
maCvenebels ise arCeven, rom areklil sinaTleSi warmoiSvas interferenci­
uli minimumi, maSin obieqtivSi Semaval sinaTleSi gveqneba interferenciuli 
maqsimumi da linzaSi gava imaze meti sinaTle, vidre afskiT dafarvamde 
gadioda. amis gamo gamosaxuleba xdeba ufro naTeli, `gasxivosnebuli~. 
aqedan warmoiqmna termini optikis gasxivosneba.

Cveulebriv, linzas ecema TeTri sinaTle. 

sinaTliT sinaTlis Caqroba ar niSnavs sinaTlis energiis sxva energiad 
gardaqmnas.

meqanikuri talRebis interferenciisas sivrcis mocemul ubanze talRebis 
mier erTmaneTis Caqroba niSnavs, rom am adgilze energia ar modis. 
aseve, areklili sinaTlis talRebis Caqroba niSnavs, rom mTeli sinaTle 
obieqtivSi gadis.

linzas unda gavufrTxildeT. sufTad SevinaxoT, davicvaT dartymebisa 
da  nakawrebisagan. mtveri movaSoroT rbili naWriT. dauSvebelia misi 
gawmenda spirtiT, acetoniT da sxva gamxsneli saSualebebiT.

mecnieruli Teoriisa da teqnologiuri procesis ganviTarebam SesaZle­
beli gaxada, rom amJamad iaffasian fotoaparatebsac ki gasxivosnebuli 
optika aqvs.

mas Semdeg, rac interferenciis meSveobiT, SesaZlebeli gaxda sinaTlis 
talRis sigrZis zusti gazomva, mecnierebi SeTanxmdnen da sigrZis axali 
etaloni SemoiRes. 

1 m aris 84 atomuri masis kriptonis atomebis mier vakuumSi gamos
xivebuli narinjisferi speqtruli xazis talRis sigrZeze 1650763,73-
jer meti.

cdebiT davadgineT, rom sinaTlis koherentuli talRebis zeddebi-
sas miiReba interferenciuli suraTi. am movlenam cxadyo sinaTlis 
talRuri buneba. amave dros, SesaZlebeli gaxda sxvadasxva feris 
talRis sigrZisa da sixSiris gazomva. gavecaniT interferenciis sxva 
praqtikul gamoyenebasac.

Semdeg gakveTilze sinaTlis talRuri bunebis kidev erT damadas
turebel movlenas gavecnobiT.

11. SesaZleblad migaCniaT Tu ara areklil sinaTleSi 
erTdroulad yvela sigrZis talRis Caqroba?

12. rogoria Tqveni varaudi, TeTri sinaTlis speqtris romeli talRe­
bisaTvis unda hqondes adgili areklili sinaTlis srul Caqrobas, rom 
Sedegi yvelaze kargi iyos? axseniT, ratom fiqrobT ase?

13. SegimCneviaT, rogori Seferiloba aqvs gasxivosnebuli optikis 
obieqtivs areklil sxivebSi. axseniT, ratom?



10. ra unda gakeTdes gamosaxulebis ganaTebulobis gasa­
dideblad?


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CavataroT cdebi: wylis zedapirze aRZrul talRebs davuxvedroT 
sxvadasxva zomis dabrkoleba da davakvirdeT. fotoebze cdis Sedegebia 
dafiqsirebuli (sur. 40.1).

CavataroT cdebi: wylis zedapirze aRZruli talRebis gzaze movaTav­
soT sxvadasxva siganis xvreliani ekrani da davakvirdeT. fotoebze cdis 
Sedegebia dafiqsirebuli (sur. 40.2).

1. hgavs erTmaneTs cdebSi Tqven mier SemCneuli da 
119.1 fotoebze gamosaxuli suraTebi?



2. hgavs erTmaneTs cdebSi Tqven mier SemCneuli da 
40.2 fotoebze gamosaxuli suraTebi?



2.5 meqanikuri talRebis 
da sinaTlis difraqcia

sur. 40.1

a. rodesac dabrkolebis 
zoma didia, talRa mis ukan 
ver aRwevs. mxolod napirebTan 
SeimCneva talRis zedapiris 
mcire gamrudeba.

b. rodesac dabrkolebis 
zoma or-samjer aRemateba tal-
Ris sigrZes, maSin dabrkolebis 
napirebTan talRis zedapiri 
ufro metadaa gamrudebuli.

g. rodesac dabrkolebis zoma 
naklebia talRis sigrZeze an misi 
rigisaa, maSin mis miRma talRebi 
vrceldeba ise, TiTqos dabrkoleba 
sulac ar yofiliyos.

sur. 40.2

a. talRam gaira ga
nieri xvreli, TiTqmis 
formis Seucvlelad. mx-
olod napirebTan SeimC-
neva talRis zedapiris 
mcire gamrudeba.

b. xvrelis daviwroe-
bisas mis kideebTan ufro 
metad SeimCneva talRis 
zedapiris gamrudeba.

g. rodesac xvrelis zoma tal-
Ris sigrZeze naklebia, talRebis 
difraqcia metad TvalsaCinoa. 
ekranis miRma ise vrceldeba 
wriuli talRa, TiTqos merxevi 
sxeuli _ talRebis wyaro _ 
ekranis xvrelSia.
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talRis wrfivi gavrcelebidan gadax-
vevas, mis mier dabrkolebis Semovlis 
movlenas, difraqcia ewodeba.

difraqcia iseve damaxasiaTebelia nebismieri talRuri procesisaTvis, 
rogorc interferencia. difraqciis dros talRuri zedapiris gamrudeba 
xdeba dabrkolebis kideebTan.

dadgenilia: difraqcia mkveTrad gamosaxulia maSin, rodesac dab-
rkolebaTa zoma talRis sigrZeze naklebia an misi rigisaa.

ugrZesi talRebi, romelsac adamianis yuri aRiqvams ≈20 m-ia, xolo 
umoklesi ≈17  mm.

sinaTlis ugrZesi talRis sigrZe, romelsac adamianis Tvali aRiqvams, 
8 .10-7 m-ia, umoklesi – 4 .10-7 m.

1802 wels iungma sinaTlis difraqci­
aze Caatara klasikuri cda (sur. 41.1). 
gaumWvir ekranSi man erTmaneTis axlos 

S1 da S2 nasvreti gaakeTa. es nasvretebi 
gaanaTa sinaTlis viwro koniT, romelic, 
Tavis mxriv, meore ekranSi gakeTebuli 
patara S nasvretidan gamodioda. 

cda gviCvenebs, rom im areSi moTavsebul mesame ekranze, sadac S1 da 

S2 xvrelebidan gamosuli sinaTle erTmaneTs kveTs, gamoCnda erTmaneTis 
paraleluri, lamazi, erTmaneTSi TandaTan gardamavali, sxvadasxva elferis 
cisartyelasebri zolebi.

roca iungma erT-erTi nasvreti daxura, interferenciuli suraTi gaqra. 
swored es miuTiTebs sinaTlis difraqcias. iungma am cdis meSveobiT Se­
Zlo gaezoma sxvadasxva feris sinaTlis Sesabamisi talRis sigrZe, Tanac 
sakmaod zustad.

sinaTlis difraqcia _ sinaTlis talRuri bunebis kidev erTi da-
dasturebaa.

3. rogoria Tqveni azri, bgeriT talRas aqvs dabrkolebis 
Semovlis unari? moiyvaneT varaudis damadasturebeli 
magaliTi.

4. aqvs unari  sinaTles, gars Semouaros xes? pasuxi daasabuTeT.

5. Tu sinaTle talRaa, maSin garkveul pirobebSi mainc xom unda 
moxdes sinaTlis difraqcia?



6. faravs Tu ara nawilobriv erTmaneTs S1 da S2 nasvrete­
bidan gamosuli sinaTlis talRebi?



7. ratom aris Zneli sinaTlis difraqciis cdiT aRmoCena?

sur. 41.1

difraqcia (laTinuri) _ 

datexili.
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giorgi ambobs: difraqcia mxolod maSin xdeba, rodesac xvrelis (an 
dabrkolebis) zomebi talRis sigrZis tolia an misi rigisaa.

anastasia ar eTanxmeba. misi mosazrebiT, difraqcia SesaZlebelia maSinac, 
rodesac dabrkolebis zomebi ramdenime aTasjer metia sinaTlis talRis 
sigrZeze, oRond am SemTxvevaSi misi aRmoCena Zalian Znelia. magaliTad, Tu 
xvrelis diametri 1 sm-ia, maSin sinaTlis wrfivi gavrcelebidan gadaxveva 
dabrkolebidan 10-20 m manZilze ar SeimCneva, xolo 200 m da met manZilze 
misi aRmoCena cdiT, praqtikulad, SeuZlebelia.

cdebiT davadgineT meqanikuri talRebisa da sinaTlis difraqcia. 
es faqti sinaTlis talRuri bunebis kidev erTi dadasturebaa. Semdeg 
gakveTilze gavecnobiT difraqciis movlenis praqtikul gamoyenebas.

viwro xvrelSi sinaTlis gatarebiT difraqciis aRmoCena advili ar aris.
Caatares cda: viwro wriul AB xvrelSi gamavali sinaTliT ekranze 

miiRes naTeli CD wre (sur. 42.1, a, b).
daadgines: xvrelis diametris Semcireba 0,01 mm-ze metad 

iwvevs naTeli CD wris ara Semcirebas, aramed gadide­
bas. amasTan, naTeli wre bundovani, gafarToebuli da 
araTanabrad ganaTebuli xdeba. ekranze rigrigobiT Cans 
naTeli da bneli rgolebi, romlebic avseben gacilebiT 
ufro farTo ares, vidre es miiReba geometriuli agebiT 
(sur. 42.1, g).

Tu monoqromatuli (erTi feris) sinaTle gamodis vi­
wro zolidan da xvdeba zolis paralelurad moTavsebul 
Zalian wvril mavTuls an adamianis gaWimul Tmas, maSin 
ekranze miiReba Crdili. Crdili miT mkveTria, rac ufro 
axlosaa ekrani dabrkolebasTan. ekranis daSorebisas mis 
marjvniv da marcxniv Cndeba mnaTi da bneli zolebi. ekranis garkveuli 
mdebareobisas ki Crdilis centrSi miiReba naTeli zoli (sur. 42.2).

8. aRwerili movlenebi miuTiTebs Tu ara sinaTlis wrfivi 
gavrcelebis kanonis darRvevas?



9. Tqveni varaudiT, vin aris marTali: giorgi Tu 
anastasia?



sur. 42.2

situaciuri  amocana

a

S

sur. 42.1
b ga
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2.6
difraqciuli meseri

viwro Wvritedan ekranze miRebuli gamosaxuleba mkrTalia.

Tu erTmaneTis axlos or paralelur Wvrites gavakeTebT da misken 
mivmarTavT monoqromatul paralelur sxivTa konas, maSin ekranze daecema 
orive xvrelSi gasuli sinaTle. es sxivebi interferireben da  ganaTebuloba 
izrdeba ekranis im adgilebSi, sadac sxivebi erTmaneTs aZliereben.

mravali paraleluri viwro Wvrites erTobliobas, 
romlebic erTmaneTisagan gamoyofili arian 
gaumWviri SualedebiT, difraqciuli meseri ewodeba 
(sur. 43.1). difraqciul meserSi TeTri sinaTlis 
gatarebiT ramodenime speqtri miiReba.

saukeTeso Tvisebebi aqvs e. w. amrekl mesrebs. isini 
warmoadgenen sinaTlis amrekli da gambnevi Sualedebis 
monacvleobas. sinaTlis gambnev Strixebs xazaven 
saWrisiT liTonis firfitis gaxexil zedapirze.

Tanamedrove difraqciul meserze 1 mm-ze 2400 
xazze metia. 

mecnieruli da teqnikuri progresis ganviTarebam SesaZlebeli gaxada  
difraqciuli mesris miRebis Semdegi meTodis gamoyeneba: amzadeben erTma­
neTisadmi kuTxiT mimarTuli sinaTlis ori konis gadakveTisas miRebuli 
interferenciuli suraTis fotos, romelzec gamosaxul paralelur zolebs 
Soris manZili sinaTlis talRis sigrZis rigisaa.

cda gviCvenebs, rac ufro axlosaa erTmaneTTan 
difraqciuli mesris Wvriteebi, miT ufro 
metad aris daSorebuli erTmaneTisagan ekranze 
miRebuli naTeli zolebi, rac adidebs sinaTlis 
talRis sigrZis gazomvis sizustes.

 difraqciuli mesris meSveobiT SeiZleba 
sinaTlis talRis sigrZis Zalian zusti gazomva. 
gavarkvioT, rogor.

43.2 suraTze difraqciuli mesris Zalian 
gadidebuli suraTia gamosaxuli.

1. axseniT, ratom aris mkrTali erTi Wvritedan miRe­
buli difraqciuli suraTi?



2. rogor Seicvleba suraTi, Tu paraleluri Wvritee­
bis raodenobas gavadidebT?



3. rogoria Tqveni varaudi, meqanikuri damuSavebiT Sesa­
Zleblad migaCniaT aseTi difraqciuli mesris damzadeba?



sur. 43.1

sur. 43.2

a
b 

d
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gamWvirvale Wvriteebis (an amrekli zolebis) sigane aRvniSnoT a-Ti, 
xolo gaumWviri Sualedebis (an sinaTlis gambnevi zolebis) sigane _ b-Ti, 
maTi jami, romelsac mesris periods uwodeben, a+b≡d-Ti.

ganvixiloT talRebi, romlebic sinaTlis Tavdapirvel mimarTulebasTan 
qmnis ϕ kuTxes (sur. 43.2). svlaTa sxvaoba mezobeli Wvriteebis kideebidan 
wamosul talRebs Soris tolia AC monakveTis sigrZis. Tu am monakveTze 
Tavsdeba talRis sigrZis mTeli ricxvi, maSin yvela Wvritedan wamosuli 
talRebi ikribeba da erTmaneTs aZlierebs. 43.2 suraTze ABC samkuTxedidan

|AC| = |AB|sinϕ = dsinϕ 	 (1)

maqsimumi, romelic gamoCndeba ϕ kuTxiT, ganisazRvreba pirobidan:

  (*)	 sadac k=0, ±1, ±2, ...

(*) pirobis Sesrulebisas Zlierdeba Wvriteebis yvela wertilidan 
wamosuli talRebic. marTlac, pirveli Wvrites yovel wertils Seesabameba 
misgan d manZiliT daSorebuli wertili meore WvriteSi. amitom, am 
wertilebidan wamosuli talRebis svlaTa sxvaoba tolia kλ-si da talRebi 
erTmaneTs aZliereben.

43.2 suraTze mesris ukan Semkrebi linza da, mis fokalur sibrtyeSi, 
ekrania moTavsebuli.

kuTxeebi, romlebic akmayofi­
leben (*) pirobas, gansazRvraven 
maqsimumebis mdebareobas ek­
ranze. k-s yovel mniSvnelobas 
Seesabameba Tavisi speqtri.

ekranze difraqciuli mesris 
centris mopirdapired (ϕ=0) 
miiReba yvelaze kaSkaSa TeTri 
zoli, romelsac centraluri 
(an nulovani) maqsimumi ewodeba. 
mis zeviT da qveviT miiReba pir­
veli, meore da a. S. rigis speq­
trebi.  difraqciuli mesriT 
miRebuli suraTebi gamosaxulia 
44.1 suraTze.

4. rogoria Tqveni varaudi, Wvriteebidan gamosuli 
sinaTle erTi mimarTulebiT vrceldeba Tu yvela mimar­
TulebiT? pasuxi daasabuTeT.

5. interferireben Tu ara Wvriteebidan gamosuli talRebi erTma­
neTTan?

6. sivrcis romel wertilebSi aZliereben talRebi erTmaneTs?



7. rogor vrceldeba paraleluri sxivebi linzidan 
gamosvlis Semdeg?



sur. 44.1. difraqciuli mesriT miRebuli speqtre-
bi: a. TeTri sinaTlis;   b. monoqromatuli - 
wiTelis; g. monoqromatuli iisferis.

a

b

g
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sinaTlis talRuri buneba, kerZod, difraqciis movlena zRudavs 
mikroskopis SesaZleblobas, gaarCios mcire zomis sagnebi an sagnis mcire 
detalebi.

roca sagnis wrfivi zoma sinaTlis talRis sigrZeze naklebia, maSin 
sinaTle Semouvlis sagnebs da miiReba `bundovani~ gamosaxuleba.

difraqciis gamo SezRudulia teleskopis garCevisunarianobac. 
magaliTad, difraqciis Sedegad obieqtivis budeze varskvlavi Cans ara 
rogorc wertili, aramed naTeli da bneli rgolebis sistema. amis gamo, 
Tu ori varskvlavisaken mimarTul sxivebs Soris kuTxe mcirea, maSin es 
ori rgoli erTmaneTs edeba da Tvali ver arCevs, ori mnaTi wertilia 
Tu erTi.

difraqciis movlenis gamokvleva gviCvenebs geometriuli optikis 
kanonebis miaxloebiT xasiaTs. es kanonebi sakmaod zustad sruldeba im 
SemTxvevaSi, Tu sinaTlis gzaze moTavsebuli sagnebis zoma bevrad metia 
sinaTlis talRis sigrZeze.

difraqciuli mesris ZiriTadi Tvisebaa masze dacemuli sinaTlis 
konis daSla talRis sigrZis mixedviT, e. i. speqtrad, romelsac speqtrul 
xelsawyoebSi iyeneben.

moWutuli TvaliT SexedeT kaSkaSa sinaTlis wyaros. ras amCnevT?

davadgineT, rom difraqciuli mesris 
meSveobiT SesaZlebelia sinaTlis talRis 
sigrZis Zalian zusti gazomva. Semdeg 
gakveTilze ki davadgenT, sinaTle ganivi 
talRaa Tu grZivi?

8. speqtris rigiTi nomris gadidebiT, rogor icvleba 
speqtris sigane? gadafaraven Tu ara am dros mezobeli 
speqtrebi erTmaneTs?

9. speqtris romeli ubnebis gamokvlevaa ufro advili: meti rigiTi 
nomris Tu naklebis? axseniT, ratom?



10. romeli suraTia miRebuli ufro didi diametris 
obieqtiviT (sur. 45.1)?

sur. 45.1. sami varskvlavis suraTi, miRebuli gansxvavebuli diametris obieqtivebiani 
teleskopebiT.

11. warmoadgens Tu ara Cveni wamwamebi difraqciul 
mesers? axseniT, ratom?



sur. 45.2. kompaqt-diski 
Tavisi dakvaluli zedapiriT 
amrekli difraqciuli meseria.

a b g

difraqciuli meseri
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2.7 sinaTlis talRebis ganivoba. 
sinaTlis polarizacia

sinaTle grZivi talRaa Tu ganivi?
sinaTlis talRuri Teoriis fuZemdeblebi iungi da freneli Tvlidnen, 

rom sinaTle bgeriTi talRebis msgavsad grZivia da vrceldeba drekad 
garemoSi e. w. eTerSi, romelic avsebs mTel sivrces da aRwevs yvela 
sxeulis SigniT. albaT, aseTi mosazreba bunebrivi iyo, radgan, maSin 
mxolod drekadi talRebi iyo cnobili.

sakiTxi gadavwyvitoT eqsperimentis meSveobiT martivi meqanikuri mod­
elis magaliTze.

daakvirdiT, 46.1 suraTi 
iseTivea, rogorc Tqven 
mier  Catarebul cdaSi?

gavataroT zonari viwro 
yuTSi datovebul zolSi 
(sur. 46.2).

daakvirdiT, Tqven mier Catarebul cdaSi iseTive Sedegi miiReba, 

1. sinaTlis romel movlenebze dakvirvebiT da Seswav­
liT daadgines, rom sinaTles talRuri Tvisebebi aqvs?



2. romel garemoSi vrceldeba grZivi talRebi?

3. romel garemoSi vrceldeba ganivi talRebi?

4. Tu ivaraudebdnen rom sinaTle ganivi talRaa, maSin rogor 
agregatul mdgomareobaSi unda iyos eTeri?

5. SesaZleblad migaCniaT Tu ara sxeulebis (varskvlavebis, plan­
etebis, maTi Tanamgzavrebis da sxvaTa) moZraoba myar garemoSi wi­
naaRmdegobis gareSe?



6. SesaZleblad migaCniaT rezinis zonarSi aRZraT 
ganivi talRa ise, rom rxevebi swrafad icvlides Tavis 
mimarTulebas sivrceSi?

varaudis marTebuloba SeamowmeT cdiT.



7. jer ivaraudeT, Semdeg cdiT SeamowmeT, rogori 
talRebi gamova yuTidan, Tu zonarSi kvlav aRZravT 
yvela mimarTulebiT swrafad cvlad ganiv talRebs?



sur. 46.1

sur. 46.2
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sur. 47.1

sur. 47.2

polarizacia (laT.) _ eleqtromagnituri rxevebis Tviseba, 

ganlagdnen erT garkveul sibrtyeSi.

turmalini _ mwvane Seferilobis mqone kristali.

polaroidi _ firfita, romelsac sinaTlis polar­
izaciis unari aqvs.

9. icvleba Tu ara firfit­
aSi gasuli sinaTlis energia?



sur. 47.3 sur. 47.4

sur. 47.5 

a

b

g

rogoric 47.1 su­
raTzea gamosaxuli? 
yoveli mimarTulebis 
rxevebidan yuTi `ga­
moyofs~ rxevebs erT 
garkveul sibrtyeSi?

aseT talRebs po­
larizebuli ewodeba. 
movlenas ki _ polar­
izacia.

Toki gavataroT 
zustad iseTsave meo­
re yuTSi, romelic 
pirvelis mimarT 
mobrunebulia 900-iani 
kuTxiT (sur. 47.2).

daakvirdiT, Tqven mier Catarebul cdaSi iseTive Sedegi miiReba, ro­
goric 47.3 suraTzea gamosaxuli? meore yuTidan talRebi ar gamodis?

SevxedoT romelime sagans turmalinis an 
polaroidis firfitiT. 47.4 suraTze sagnidan 
gamosuli, firfitis zedapiris marTobuli, 
erT-erTi sxivia gamosaxuli. vabrunoT firfita 
konis irgvliv da davakvirdeT.

firfitis win mis paralelurad movaTavsoT 
meore iseTive firfita ise, rom maTi RerZebi 
erTnairad iyos mimarTuli (sur. 47.5, a).

SevamCnevT, meore firfitaSi STanTqmis Sede­
gad misgan gamosuli sinaTle odnav Sesustdeba. 
nel-nela vabrunoT meore an pirveli firfita 
da davakvirdeT (sur. 47.5,b). 

8. gava Tu ara meore yuTSi talRebi, Tu Tokis dasawy­
isSi isev aRvZravT arapolarizebul talRebs? varaudi 
SeamowmeT cdiT.


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am faqtis axsna SeuZlebli iyo im daSvebiT, rom sinaTlis talRebi 
grZivia.

sinaTlis polarizaciis movleniT dasabuTda sinaTlis talRis ganivoba. 
sinaTlis talRaSi eleqtruli da magnituri velebi irxevian rogorc 
urTierT, ise talRis gavrcelebis marTobulad, yvela SesaZlo mimar­
TulebiT. sinaTle eleqtromagnituri talRaa.

aseT talRas bunebrivi talRa ewodeba. turmalinis firfitidan gamo­
suli talRa ki polarizebulia.

sinaTlis eleqtromagnituri Teoriis aRiarebasTan erTad gaqra gare­
mos _ eTeris (iZulebuli iyvnen igi CaeTvalaT myar sxeulad) Semotanis 
aucilebloba. eTeris arseboba eqsperimentiT ar dadasturda.

mravalgzis Catarebuli cdebiT daamtkices: Tvalis baduraze moqmedebs 
sinaTlis talRis eleqtruli veli.

intensiurad msjeloben imis Sesaxeb, rom avtomobilis farebis minebi, 
aseve qarsaridi mina damzaddes polaroidebisagan. amiT aicileben Semxve­
dri avtomobilis sinaTlis damabrmavebel moqmedebas. amisaTvis farebis 
minebi da qarsaridi mina (polaroidi) unda atarebdes sinaTles horizon­
tisadmi 450-iani kuTxiT, maSin Semxvedri sinaTlis rxevebis mimarTuleba 
marTobuli iqneba sibrtyisa, romelSic polaroidi atarebs rxevebs da 
Semxvedri manqanis sinaTle Caqreba. mocemuli avtomobilis sakuTari po­
larizebuli sinaTle ki gzidan arekvlis Semdeg qarsarid minaSi gaivlis 
da mZRoli gzas kargad dainaxavs.

cxadia, polaroidebis gamoyenebas azri aqvs maSin, Tu isini yvela man­
qanas eqneba.

13. rogoria Tqveni varaudi, sinaTlis eleqtruli Tu 
magnituri veli moqmedebs fotoemulsiaze?

14. rogor moqmedebs Semxvedri avtomobilis Suqi mZRolze?



10. ras amCnevT?  RerZebs Soris kuTxis gadidebas­
Tan erTad rogor icvleba meore firfitidan gamosuli 
sinaTle?

11. gamodis Tu ara sinaTle meore firfitidan, rodesac RerZebi 
erTmaneTis marTobi gaxdeba (sur. 47.5,g)?

12. gamoiyeneT ganivi meqanikuri talRebis polarizaciaze dakvirvebi­
sas miRebuli Sedegi da gamoitaneT daskvna sinaTlis talRebis Sesaxeb.



sinaTlis polarizacia, polaroidi

saSinao cda
48.1 suraTze gamosaxulia sferos formis gaumW­

virvale sxeulis patara xvrelSi Semavali da Siga 
zedapiridan areklili sxivi. ivar­

aude, keldebidan mravaljeradi arekvlis Semdeg gamova 
Tu ara sxivi xvrelidan? varaudis marTebuloba Seamowme 
suraTiT _ daxaze sxivis Semdgomi svla.

qaRaldisgan gaakeTe burTi. gaukeTe patara xvreli da 
gaanaTe. daakvirdi xvrels sxvadasxva kuTxiT. rogori 
feris Cans xvreli? Seecade axsna SemCneuli movlena.

sur. 48.1
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2.8Savi sxeulis gamosxiveba

CavataroT cda: aawyoT wredi suraTze 
gamosaxuli sqemis mixedviT. didi winaRobis 
reostati davayenoT maqsimalur winaRobaze 
da CavrToT CamrTveli.

varaudis marTebuloba SevamowmoT cdiT: nel-nela gadavaadgiloT 
reostatis cocia marcxvniv da davakvirdeT naTuras. SevamCnevT: naTuras 
spirali jer wiTldeba, Semdeg misi kaSkaSi TandaTan izrdeba, speqtrSi 
sxva ferebic gamoCndeba da bolos TeTr sinaTles gamoasxivebs. aqedan 
gamomdinareobs: temperaturis gadidebiT spiralis gamosxivebaSi izrdeba 
mokle talRebis wili.

mravalricxovani cdebiT daadgines: naTuras gamosxivebuli energiis 
udidesi nawili modis uxilav infrawiTel gamosxivebaze. temperaturis 
gadidebiT mTlianad gamosxivebuli energia mniSvnelovnad izrdeba, magram 
yvelaze metad izrdeba gamosxivebuli xiluli sinaTlis energia. 

Tvals gaaCnia amorCeviTi grZnobiereba sinaTlis mimarT: misi grZnobi­
merebis maqsimumi mdebareobs speqtris yviTel-mwvane ubanSi.

49.2 suraTze gamosaxulia drois 
erTeulSi gamosxivebuli energiis sixSireze 
damokidebulebis grafiki.

yvela sxeuls SeuZlia ara marto gamoasxivos, aramed STanTqas siTburi 
gamosxiveba. cdebiT dadgenilia: rac met energias asxivebs sxeuli 
mudmiv temperaturaze, imave speqtruli Sedgenilobis miT met energias 
STanTqavvts imave temperaturaze.

1. jer ivaraudeT, Semdeg daasabuTeT, rogor Seicvleba 
wredSi gamavali deni, drois erTeulSi naTuraSi 

gamoyofili siTbos raodenoba da naTuras kaSkaSi reostatis cocias 
marcxvniv gadaadgilebisas?



2. Tanmimdevrulad CamoTvaleT sxeulis TandaTan 
gaxurebisas romeli sxivebis gamosxiveba iCens Tavs?



3. rogor fiqrobT, ga­
varvarebuli sxeulis mier 
gamosxivebuli energiis 

meti nawili wiTel ferze modis Tu yvi­
Tel-mwvaneze? pasuxi daasabuTeT.



sur. 49.1

DE
Dt

nn
wiT.

n
iisf.

sur. 49.2
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sxeuls, romelic nebismier temperaturaze mTlianad STanTqavs masze 
dacemul yvela sixSiris sinaTles absoluturad Savi sxeuli ewodeba.

absoluturad Savi sxeulis kargi modelia sferuli 
formis Rru sxeulSi gakeTebuli patara xvreli (sur. 
50.1). xvreliT sferoSi moxvedrili sinaTle mravaljer 
airekleba sferos kedlebidan. kedlis masalis miuxedavad 
sinaTle yoveli arekvlisas nawilobriv STainTqmeba, 
amitom praqtikulad igi xvrelidan ver gamova da xvreli 
gveCveneba Savi.

Savi barxati, muri, Savi qaRaldi _ optikuri TvisebebiT axlos arian 
absoluturad Sav sxeulTan.

daakvirdiT 50.1 suraTs da SeadareT saSinao davalebaSi Tqven mier 
agebuls, hgavs suraTebi erTmaneTs?

50.2 suraTze gamosaxulia Savi sxeulis 
gamosxivebis energiis talRis sigrZeze damoki­
debulebis grafiki ramodenime temperaturaze. 
yvela mruds aqvs maqsimumi. maRali temperatu­
ris Sesabamisi grafikebis gamosxivebis maqsi­
mumi gadanacvlebulia mokle sigrZis talRebi­
sken. TiToeuli temperaturisaTvis arsebobs 
iseTi talRis sigrZe lmaqs

, romelzedac modis 
absoluturad Savi sxeulis mier gamosxivebu­
li energiis udidesi nawili. temperaturis ga­
didebiT gamosxivebis talRis sigrZe mcirdeba. 
amis gamo sxeulis gaxurebisas igi jer wiTeli 
Cans, Semdeg narinjisferi da bolos TeTri. 50.2 suraTze gamosaxuli eqs­
perimentuli mrudis meSveobiT dadgenil iqna talRis sigrZesa da absolu­

tur temperaturas Soris damokidebulebis martivi formula  (5)

me-5 formula maTematikurad gamosaxavs vinis wanacvlebis kanons: tal-
Ris sigrZe, romelzedac absoluturad Savi 
sxeulis gamosxivebis maqsimumia, ukupropor-
ciulia absoluturi temperaturis.

b=2,898.10–3 m.K _ vinis mudmivaa.
mzis gamosxivebis speqtri axlos aris 

absoluturad Savi sxeulis gamosxivebasTan. 
es kargad Cans 50.3 suraTidan, romelzedac 
wyvetili xazebiT gamosaxulia absoluturad 
Savi sxeulis gamosxivebis energiis talRis 
sigrZeze damokidebulebis grafiki 6000 da 

4. rogoria Tqveni varaudi: arsebobs Tu ara 
absoluturad Savi sxeuli? 

pasuxi daasabuTeT.



sur. 50.1

l,mkm 
l

maqs.4

l
maqs.3

l
maqs.2

l
maqs.1

sur. 50.2

DE
Dt

l,nm 

mze

sur. 50.3

DE
Dt
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6500K temperaturaze, xolo uwyveti xaziT mzisa. suraTidan vadgenT: mzis 
gamosxivebis maqsimumi daaxloebiT Seesabameba 470 nm sigrZis talRebs.

mecnierebis mcdeloba daedginaT formula, romelic zustad da srulad 
aRwerda eqsperimentis meSveobiT miRebul absoluturad Savi sxeulis 
gamosxivebas ver moxerxda. (sur. 50.2). ufro metic, klasikuri fizikis 
kanonebis Tanmimdevruli gamoyenebiT mividnen daskvnamde: 50.2 suraTze 
gamosaxul mruds ar unda hqondes maqsimumi da talRis sigrZis Semcirebisas 
(sixSiris gadidebisas) gamosxivebis energia usasrulod unda izrdebodes 
(punqtiriT gamosaxuli mrudi 50.2 suraTze). es daskvna ewinaaRmdegeba 
energiis mudmivobisa da gardaqmnis kanons da cnobilia `ultraiisferi 
katastrofis~ saxelwodebiT.

eqsperimentsa da Teorias Soris Seqmnili es winaaRmdegoba 1900 wels 
warmatebiT gadawyvita fizikos-Teoretikosma germanelma maqs plankma 
(1858-1947).

klasikur fizikaSi sinaTlis wyaros mier sinaTlis gamosxiveba ganix­
ileba rogorc uwyveti procesi, romlis Tanaxmad gamomsxivebeli sxeuli 
ganuwyvetliv asxivebs sivrceSi eleqtromagnitur talRebs ris Sedegadac 
wyaros energia ganuwyvetliv mcirdeba. analogiurad ganixileba sinaTlis 
STanTqmis procesic. swored aseTi Sexed­
ulebis gamo arsebobs winaaRmdegoba Teo­
riasa da eqsperiments Soris _ gamoitana 
daskvna plankma. man wamoayena hipoTeza, 
romlis Tanaxmad absoluturad Savi sxeu­
li asxivebs da STanTqavs sinaTles ara uwyvetad, aramed garkveuli por­
ciebiT kvantebiT. kvantis minimaluri energia proporciulia sinaTlis 
sixSiris E=hn, sadac h=6,626.10–34 j.wm plankis mudmivaa, n _ sixSire, E 
_ kvantis energia.

plankis Tanaxmad nebismieri gamomsxivebeli asxivebs nhn energias, sadac 
n nebismieri naturaluri ricxvia.

Tavis ideaze dayrdnobiT plankma miiRo formula romliTac brwyinvaleT 
aixsna eqsperimentiT miRebuli Sedegebi.

plankis daSveba faqtiurad niSnavda, rom klasikuri fizikis kanonebi ar 
gamodgeba mikrosamyaros movlenebisaTvis.

sinaTlis gamosxivebisa da STanTqmis wyvetili bunebis Sesaxeb plankis 
ideam uzarmazari gavlena moaxdina fizikis Semdgom ganviTarebaze.

5. me-5 formulis gamoyenebiT gansazRvreT mzis 
zedapiris temperatura.



kvanti (laTinuri) _ niSnavs 
`raodenobas~
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2.9 fotoefeqti

CavataroT cda 1. eleqtrometrze CamovacvaT kargad gaprialebuli 
TuTis firfita da davmuxtoT uaryofiTad (sur. 52.1). gavanaToT firfita 
ultraiisferi sxivebiT da davakvirdeT. SevxedavT, eleqtrometri swrafad 
ganimuxteba (sur. 52.2).

cda 2. eleqtrometrze Camocmuli TuTiis firfita davmuxtoT 
dadebiTad da cda gavimeoroT davinaxavT, firfita ar ganimuxteba.

TuTiis firfitaze Catarebuli cdebis analogiuri cdebi CavataroT 
spilenZis firfitaze. davadgenT: ultraiisferi sxivebiT ganaTebisas 
uaryofiTad damuxtuli spilenZis firfitac ganimuxteba, magram misi 
ganmuxtvis drois Sualedi ufro metia TuTiis firfitis ganmuxtvis 
drois Sualedze.

sinaTlis moqmedebiT nivTierebidan eleqtronebis amoglejis movle-
nas fotoefeqti ewodeba. 

fotoefeqti pirvelad 1886 wels SeamCnia gamoCenilma germanelma 
fizikosma henrix hercma (1857-1894).

isev gavanaToT uaryofiTad damuxtuli eleqtrometris Reroze dam­
agrebuli TuTiis firfita ultraiisferi sxivebiT, oRond ise, rom jer 
minis firfitaSi gaiaros. cnobilia, rom mina STanTqavs ultraiisfer 
sxivebs. dakvirvebebiT SevamCnevT, eleqtrometri ar ganimuxteba Zalian 
kaSkaSa sinaTliTac ki.

1. rogor SeiZleba am faqtis axsna? ras miuTiTebs 
sinaTlis moqmedebiT uaryofiTad damuxtuli eleq­
trometris ganmuxtva?

2. gamoTqviT hipoTeza, sinaTlis moqmedebiT ratom ar ganimuxta 
dadebiTad damuxtuli eleqtrometri?



3. rogor SeiZleba am faqtis axsna? eleqtromagnituri 
gamosxivebis romeli talRebi iwvevs fotoefeqts TuTiis 
firfitidan?



sur. 52.1 sur. 52.2

ultraiisferi 
sxivebis wyaro
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maSasadame, eqsperimentulad daadgines, rom sinaTles aqvs unari niv­
Tierebidan amoagdos eleqtroni, e. i. eleqtroni sinaTlLisgan iZens iseT 
energias, rom asrulebs e. w. nivTierebidan gamosvlis muSaobas da amovar­
deba misgan. am TavisTavad martivi faqtis axsna im periodSi gabatonebuli 
sinaTlis talRuri TeoriiT ver SeZles. gaugebaria, ratom ar SeuZlia 
dabali sixSiris sinaTlis talRebs eleqtronebis amogleja maSinac ki, 
roca talRis amplituda didia da, maSasadame, didia eleqtronebze moq­
medi Zala.

fotoefeqtze ufro naTeli da sruli 
warmodgenisaTvis saWiro gaxda daedginaT, 
razea damokidebuli nivTierebis zedapiri­
dan amogdebuli eleqtronebis (fotoele­
qtronebis) raodenoba da riTi ganisazRvreba maTi kinetikuri energia. 

am SekiTxvebze pasuxis gasacemad CavataroT cdebi fotoelementis 
gamoyenebiT.

53.1 suraTze gamosaxulia 
fotoelementis gare xedi da 
misi sqematuri gamosaxuleba. 
fotoelementi warmoadgens 
minis balons, romlis Siga 
zedapiris udidesi nawili 
dafarulia SuqmgrZnobiare, 
gamosvlis mcire muSaobis 
liTonis Txeli feniT. igi ka­
Todia. anodi warmoadgens mavTulis rgols an diskos, romelic balonis 
SigniT aris damagrebuli. kaTodis da anodis boloebi gamtariT balonis 
gareTaa gamotanili. balons datovebuli aqvs kvarcis `sarkmeli~. 

balonSi vakuumi an gaiSviaTebuli inertuli airia.

Tanamedrove fotoelementebi reagireben xilul sinaTlesa da infrawi­
Tel sxivebzec ki.

sinaTlis moqmedebiT nivTierebidan gamosul eleqtronebs foto
eleqtronebs uwodeben. 

fotoefeqti aris movlena, romelic adasturebs sinaTlis kvantur 
bunebas. Semdeg gakveTilze gavecnobiT fotoefeqtis kanonebs.

4. ra moxdeba, Tu SuqmgrZnobiare Sres sinaTle daecema?

5. ra moxdeba, Tu kaTods mivuerTebT denis wyaros 
uaryofiT poluss, anods ki dadebiTs da SuqmgrZnobiare Sres gava­
naTebT?

6. ra moxdeba, Tu denis wyaros gareSe anods da kaTods erTmaneT­
Tan SevaerTebT da SuqmgrZnobiare Sres gavanaTebT?



fotoelementi _ xelsawyo 

romlis mowyobilobas safuZvlad 

fotoefeqtis movlena udevs.

anodi

kaTodi

sur. 53.1

a b

anodi

kaTodi

g

anodi

kaTodi

`sarkmeli~

fotoefeqti, fotoelementi, fotoeleqtroni
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avawyoT wredi 54.1 suraTze gamosa­
xuli sqemis mixedviT (sur. 54.2). 

CavrToT CamrTveli. potenciometris 
meSveobiT anodsa da kaTods Soris 
Zabva gavxadoT nulis toli. SevxedoT 
miliampermetrs, misi isari gadaxrili 
ar aris. gamanaTebeli fotoelementidan 

≈40sm-ze movaTavsoT. gavanaToT fotoelementi da davakvirdeT, SevamCnevT, 
miliampermetri dens gviCvenebs.

sinaTlis mier kaTodidan 
amoglejili yvela eleqtroni 
aRwevs anods?

am SekiTxvaze pasuxis ga­
sacemad sinaTlis nakadis Se­
ucvlelad daviwyoT kaTodsa 
da anods Soris Zabvis Tan­
daTan gadideba da davakvirdeT miliampermetrs (sur. 55.1). davinaxavT 
miliampermetris Cveneba iwyebs gadidebas. anodsa da kaTods Soris Zabvis 
garkveul mniSvnelobaze deni aRwevs maqsimalur mniSvnelobas da Zabvis 
Semdgomi gazrda denis cvlilebas aRar iwvevs. miiReba najerobis deni.

gavadidoT fotoelementze dacemuli sinaTlis nakadi. amisaTvis 
sinaTlis wyaro mivuaxlooT fotoelements da gavzomoT najerobis deni. 

1. miuTi­
Tebs Tu ara 

SemCneuli movlena, rom 
ganaTebuli kaTodidan eleq­
tronebi amoifrqva da ano­
damde miaRwia?



2. rogoria Tqveni azri, rodesac kaTodsa da anods 
Soris potencialTa sxvaoba nuli iyo, maSin sinaTlis 

mier kaTodidan amotyorcnili yvela eleqtroni aRwevda anods? 
axseniT, ratom fiqrobT ase?

3. najerobis denis miRebisas rogori Tanafardobaa kaTodidan 
amotyorcnil fotoeleqtronebsa da anodze misuli eleqtronebis 
raodenobebs Soris? axseniT, ratom fiqrobT ase?

4. rogoria Tqveni varaudi, najerobis denis sididis mixedviT, 
SeiZleba Tu ara vimsjeloT sinaTlis mier 1 wm-Si amotyorcnili 
eleqtronebis raodenobaze? pasuxi daasabuTeT.



2.10 fotoefeqtis kanonebi

sur. 54.1

sur. 54.2

denis wyaro
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sinaTlis sxvadasxva nakadze najerobis denisa da 1 wm-Si nivTierebidan 
amotyorcnili fotoeleqtronebis raodenobebis gansazRvris Sedegad 
Camoayalibes fotoefeqtis pirveli kanoni. 

sinaTlis mier liTonis zedapiridan erT wamSi amoglejili foto
eleqtronebis raodenoba am droSi STanTqmuli sinaTlis energiis 
proporciulia.

kaTodi mivuerToT denis wyaros dadebiT poluss, anodi uaryofiTs. 
maSin fotoelementSi eleqtruli veli mimarTulia kaTodidan anodisken. 
kaTodidan amotyorcnil eleqtronebze eleqtruli veli moqmedebs 
kaTodisken mimarTuli damamaxruWebeli ZaliT. SevinarCunoT kaTodze 
dacemuli sinaTlis nakadi ucvlelad da nulovani Zabvidan daviwyoT 
Zabvis TandaTanobiT gadideba ise, rom kaTodis potenciali dadebiTi 
iyos, anodis _ uaryofiTi.

garkveul U
S
 Semakavebel Zabvaze udidesi 

kinetikuri energiis fotoeleqtronebic ver 
miaRweven anods da kaTodze dabrundebian. fo­
todeni nuls gautoldeba.

55.2 suraTze gamosaxulia fotodenis Zabvaze 
damokidebulebis grafiki. Tu gavzomavT Semaka­
vebel Zabvas da gamoviyenebT Teoremas kinetikuri 
energiis Sesaxeb, SevZlebT ganvsazRvroT foto­
eleqtronebis maqsimaluri kinetikuri energia:

,m eU
2
v2

S=      (1)

sadac m eleqtronis masaa, e _ eleqtronis 
muxtis moduli, v fotoeleqtronis maqsimaluri 
siCqare kaTodidan amotyorcnis momentSi.

fotoelementis kvarcis `sarkmelSi~ gaatares 
sxvadasxva feris sinaTle. yvela SemTxvevaSi 
gazomes U

S
 Zabva da (1)-dan gansazRvres foto­

eleqtronebis maqsimaluri kinetikuri energia. 
daadgines, rom liTonis zedapiridan sinaTlis 
moqmedebiT amotyorcnili fotoeleqtronebis 
siCqare ar aris damokidebuli ganaTebulobaze. igi damokidebulia 
sinaTlis talRis sixSireze. cdis Sedegebis analiziT daadgines 
fotoefeqtis meore kanoni:

fotoeleqtronebis maqsimaluri kinetikuri energia wrfivad izr
deba sinaTlis sixSiris zrdasTan erTad da ar aris damokidebuli 
sinaTlis siZliereze. 

5. rogoria Tqveni azri, rogor Seicvleba fotodeni? 
pasuxi daasabuTeT.



sur. 55.1

sur. 55.2

I

UU
S

IH
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fotoefeqtis movlena 1905 wels axsna albert ainStainma. man gamoiy­
ena 1900 wels maqs plankis mier Camoyalibebuli hipoTeza: atomebi ele-
qtromagnitur energias asxiveben calkeuli porciebiT _ kvantebiT. 
TiToeuli porciis E energia gamosxivebis sixSiris proporciulia:

E=hν,    (1)
sadac h=6,63.10-34 j.wm proporciulobis koeficients plankis mudmiva 
uwodes. plankis daSveba faqtiurad niSnavda, rom klasikuri fizikis 
kanonebi ar gamodgeba mikrosamyaros movlenebisaTvis.

ainStainis Teoriis mixedviT, sinaTles aqvs wyvetili struqtura: 
E=hν sinaTlis energiis gamosxivebuli porcia inarCunebs Tavis indi
vidualobas SemdgomSic, sinaTlis gavrcelebis procesSi. STanTqma 
SesaZlebelia mxolod mTeli porciisa. 

faqtia, eleqtronma fotonis (anu sinaTlis kvantis) hν energia STanTqa 
da am energiis xarjze nivTierebidan amovarda. liTonidan amosvlisas 

eleqtroni asrulebs A muSaobas da kidev aqvs  kinetikuri energia. 

energiis mudmivobis kanonis Tanaxmad SeiZleba davweroT: 

 	 (2)

ainStainis es gantoleba xsnis ZiriTad faqtebs, romlebic foto­
efeqts exeba. imisaTvis, rom sinaTlem nivTierebidan eleqtroni amoag­
dos, saWiroa, sinaTlis kvantis anu fotonis energia meti iyos gamosvlis 
muSaobaze, e. i. hν>A.

yoveli nivTierebisaTvis fotoefeqti xdeba mxolod im SemTxvevaSi, Tu 
dacemuli sinaTlis sixSire tolia an metia garkveul minimalur sixSireze 
n≥n

min,  
romlis mniSvnelobac damokidebulia nivTierebis gvarobaze. 

ainStainis gantolebis mixedviT fotoefeqti xdeba im SemTxvevaSi, rodesac 

hn ≥ A. aqedan gamomdinareobs, rom n
min

 anu is umciresi sixSire, romlis 

drosac jer kidev xdeba fotoefeqti ganisazRvreba tolobiT .
h
A

min=o

n
min

 zRvrul sixSires uwodeben fotoefeqtis wiTel sazRvars. misi 
mniSvneloba sxvadasxva nivTierebisaTvis sxvadasxvaa. fotoefeqtis 

6. rogor fiqrobT, fotoeleqtronebis kinetikuri 
energia hν-s tolia, masze metia Tu naklebi?



7. rogoria Tqveni varaudi, gansxvavebulia Tu ara 
sxvadasxva liTonidan eleqtronis gamosvlis muSaoba 

erTmaneTisagan? axseniT, ris safuZvelze fiqrobT ase?
8. erTi da imave sixSiris sinaTles SeuZlia Tu ara yvela liTo­

nidan eleqtronis amogdeba? pasuxi daasabuTeT.


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wiTeli sazRvris Sesabamisi talRis sigrZe l
maqs.

 ganisazRvreba formuliT: 

,c
maqs

min
=m o  sadac c sinaTlis siCqarea vakuumSi. utoloba n≥n

min
 tolfasia 

utolobisa ,c c

maqsm m
$  aqedan gamomdinareobs, rom fotoefeqts adgili 

aqvs iseTi sinaTlisaTvis, romlis talRis sigrZe l akmayofilebs pirobas               

l ≤ l
maqs

. ainStainis gantolebidan SegviZlia ganvsazRvroT plankis mudmivas 
mniSvneloba, Tu eqsperimentulad ganvsazRvravT n sixSires, gamosvlis A 
muSaobas da fotoeleqtronebis kinetikur energias.

sinaTlis talRurma Teoriam ver SeZlo aexsna fotoefeqtis movlena. 
radgan sinaTle eleqtromagnituri talRaa, amitom zedapirze dacemisas 
cvladi eleqtruli velis moqmedebiT eleqtronebis nawilma unda SeiZinos 
iseTi energia, rom liTonidan amovardes. radgan eleqtruli velis 
daZabuloba izrdeba sinaTlis nakadis gadidebiT, amitom unda vivarudoT, 
rom sinaTlis gaZlierebiT liTonidan amogdebuli eleqtronis energia 
meti unda iyos, xolo Tu sinaTlis nakads mudmivs davtovebT, magram 
gavadidebT mis sixSires, maSin liTonidan amotyorcnili eleqtronebis 
energia unda Semcirdes, radgan eleqtronebis inertulobis gamo isini 
sustad reagireben did sixSireebze. amgvarad talRuri Teoriis Tanaxmad 
liTonidan amotyorcnili eleqtronebis energia unda izrdebodes 
sinaTlis talRis intensivobis gadidebiT da unda mcirdebodes misi 
sixSiris gadidebiT.

eqsperimentiT dadginda piriqiT: fotoeleqtronebis energia ar 
icvleba sinaTlis talRis intensivobis gadidebiT da izrdeba sinaTlis 
sixSiris gadidebiT! es winaaRmdegoba Teoriasa da eqsperiments Soris 
brwyinvaled gadaWra albert ainStainma.

fotoefeqtis movlenam gviCvena, rom sinaTle _ eleqtromagnituri 
talRa _ avlens nawilakebis Tvisebas.

dReisaTvis cnobilia, rom nawilakebisa 
da talRebis urTierTkavSiri, anu 
korpuskulur talRuri dualizmi, 
arsebobs yvela nawilaksa da talRas Soris 
da Tanamedrove kvanturi Teoriis ZiriTad princips warmoadgens.

gavecaniT fotoefeqtis kanonebs, ainStainis gantolebas,  

davadgineT, ra pirobebSi xdeba fotoefeqti da fotoefeqtis wiTeli 
sazRvris fizikuri Sinaarsi.

kvanti, fotoefeqtis wiTeli sazRvari

dualizmi (laT.) _ orobi­
Toba, gaoreba
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2.11 fotoefeqtis zogierTi 
gamoyeneba

fotoefeqtis aRmoCenas Zalian didi mniSvneloba hqonda ara marto 
sinaTlis bunebis ukeTesad Sesacnobad, aramed praqtikuli gamoyenebis 
TvalsazrisiTac. fotoefeqtis meSveobiT SesaZlebeli gaxda kinos gax­
movaneba da moZravi gamosaxulebis gadacema. fotoeleqtruli xelsawyoebis 
gamoyenebam saSualeba mogvca Segveqmna Carxebi, romlebic amzadeben de­
talebs mocemuli naxazebis mixedviT, adamianis Carevis gareSe. fotoefeq­
tze damyarebuli xelsawyoebi akontrolebs nakeTobaTa zomebs nebismier 
adamianze ukeTesad, droulad CarTavs da gamorTavs Suqurebs, quCebis 
ganaTebas da a. S. yovelive es SesaZlebeli gaxda srulyofili xelsawy­
oebis _ fotoelementebis gamoyenebis meSveobiT, romlebSic sinaTlis 
energia an marTavs eleqtrodenis energias an gardaiqmneba eleqtruli 
denis energiad.

didi gamoyeneba aqvs fotoelemen­
tisa da eleqtromagnituri reles 
sxvadasxva kombinacias, romlis 
daniSnulebaa avtomaturad aamoqm­
edos sxvadasxva saxis meqanizmebi. 
aseT reles fotorele ewodeba. 
fotorele SeiZleba amuSavdes fotoelementze sinaTlis dacemisas an 
fotoelementis ganaTebis Sewyvetisas.

fotoreles mowyobilobis sqema gamosaxulia 58.1 suraTze.

moviyvanoT fotoreles gamoyenebis kidev ori magaliTi. rodesac karebi­
sken (an karebidan) moZravi adamiani gadakveTs fotoelementze dacemul 
sinaTles, eleqtromagnituri rele moZraobaSi moiyvans meqanizms, romelic 
gaaRebs an daketavs karebs. analogiurad muSaobda metros avtomati _ 
gasvlisas tixari iketeboda, Tu mgzavri winaswar ar CauSvebda monetas. 
axla mgzavrebi iyeneben sagangebo samgzavro baraTebs, romelTa Sexebac 
avtomatis ekranze amoZravebs avtomatur reles. Sedegad, tixari ixsneba.

sur. 58.1

sur. 58.2

gamaZLlie
rebeli

gamaZLlie
rebeli

1. ra mox­
deba foto­

elementze sinaTlis dasx­
ivebisas (sur.  58.1)?

2. ra moxdeba fotoel­
ementze sinaTlis dasxivebi­
sas (sur. 58.2)?

3. rogori saxe aqvs fo­
toreles sqemas, romlis me­
SveobiTac quCis lampionebi 
avtomaturad naTdeba daR­
amebisas da aseve avtomatu­
rad iTiSeba gaTenebisas?



rele (franguli) _ avtomaturi xelsawyo, 
romelic reagirebs danadgaris erT-erTi 
parametris (mag. Zabvis, temperaturis, 
wnevis) cvlilebaze da mcire simZlavris 
meSveobiT CarTavs an ganrTavs denis gac­
ilebiT ufro mZlavr damxmare wyaros.
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garda amisa, konstruirebulia naxevargamtaruli fotoelementebi, rom­
lebic sinaTlis energias uSualod eleqtrodenis energiad gardaqmnian. am 
xelsawyoebs TviTon SeuZliaT Seasrulon denis wyaros roli. SesaZlebelia 
maTi gamoyeneba ganaTebulobis gasazomad, magaliTad, fotoeqsponometrebSi. 
igive principi udevs safuZvlad mzis batareebis moqmedebas, romlebic 
yvela kosmosur xomaldzea moTavsebuli. mzis batareis gamoyenebis zo­
gierTi magaliTi mocemulia 59.1 suraTze.

amgvarad, ainStainma pirvelad axsna fotoeleqtruli efeqti da is 
principi, romelic fotoelements udevs safuZvlad, riTac SesaZlebeli 
gaxda Seqmniliyo xmovani kino, radio, telexedva, xiluli telefoni, 
eleqtruli mikroskopi da mravali sxva.

gavecaniT fotoefeqtis aRmoCenis mniSvnelobas da gamoyenebas.
fotoefeqtisa da wina gakveTilebze Seswavlili movlenebis safuZvelze 

SeiZleba davaskvnaT, rom sinaTles ormagi buneba aqvs.
gamosxivebisas da STanTqmisas sinaTle amJRavnebs korpuskulur Tvise-

bebs. gavrcelebisas ki _ talRurs.

sur. 59.1

4. imsjeleT fotoefeqtis aRmoCenis mniSvnelobis 
Sesaxeb.

5. SesaZleblad migaCniaT Tu ara dedamiwis xelovnuri Tanamgzavrebis 
funqcionireba fotoelementebis gareSe?


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pirvel mdebareobaSi kometa 
mzidan Zalian Sorsaa, amitom 
mzidan miRebuli energia 
umniSvneloa.

kudi zogjer sigrZiT aTeul da aseul milion km-s aRwevs da imdenad 
gaiSviaTebulia, rom mis ukan caze varskvlavebi Seusustebeli sikaSkaSiT 
dainaxeba.

jer kidev 1619 wels iohan kepleri cdilobda 
aexsna kometis kudebis warmoSoba mzis sxivebis 
wneviT.

maqsvelis mier damuSaebuli eleqromagnituri 
Teoria amtkicebs, rom sinaTle sxeulis zedapirze 
dacemisas am zedapirze wnevas unda axdendes.

am mosazrebis dasamtkiceblad ganvixiloT 
magaliTi: liTonis zedapirze ecema eleqromag­
nituri talRa (sur. 60.2).

2.14 sinaTlis wneva

1. rogoria 
Tqveni azri, 

awarmoebs Tu ara sinaTle 
wnevas zedapirze dacemisas? 
axseniT, ratom fiqrobT ase.



5. rogori talRaa eleqtromagnituri? risgan Sedgeba 
igi?



3. ecvleba Tu ara kometas forma mzesTan miaxloebisas. 
axseniT, ratom?

4. mzis romel mxaresaa kudi mimarTuli? axseniT, ratom?



2. ra informa­
cias iRebT 60.1 
suraTidan?

sur. 60.1

kometa _ gayinuli gazisa da mtvris didi raodenobaa, romelic mzis 
garSemo, gawelil, uzarmazar elifsur traeqtoriaze moZraobs.

sur. 60.2

I
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eleqtromagnituri velis eleqtruli velis moqmedebiT liTonis 

eleqtronebi iwyeben mimarTul moZraobas velis  daZabulobis 
sapirispirod (sur. 60.2). velis magnituri veli moqmedebs eleqtronebze 
lorencis ZaliT.

rogorc me-6 suraTidan Cans am Zalis mimarTuleba emTxveva 
eleqtromagnituri talRis gavrcelebis mimarTulebas. naxevari periodis 

Semdeg  da  veqtorebi mimarTulebas Seicvlian.

raime zedapirze dacemuli sinaTlis wneva ganisazRvreba zedapiris 
eleqtronebze moqmedi saSualo Zalis SefardebiT am zedapiris farTobTan.

sinaTlis kvanturi TeoriiT SesaZlebelia sinaTlis wnevis mizezis 

metad martivad axsna. fotonebs gaaCniaT energia _ E=hn da impulsi h
λ

 

_ msgavsad Cveulebrivi nawilakebisa, romelTac uZraobis masa aqvT.
sxeulebis mier fotonebis STanTqmis dros fotonebi, gadascemen Tavis 

impulss sxeuls. impulsis mudmivobis kanonis Tanaxmad, sxeulis impulsi 
STanTqmuli fotonebis impulsis tolia. sxeulis impulsis cvlileba ki 
masze moqmedi Zalis impulsia. amgvarad fotonebi zedapirze dacemisas 
maTze moqmedeben ZaliT, am Zalis fardoba zedapiris farTobTan aris 
sinaTlis wneva. cxadia sinaTle im SemTxvevaSic moqmedebs zedapirze 
rodesac misgan airekleba.

Cveulebriv pirobebSi sinaTlis wneva metad mcirea _ mzian dRes igi 10-8 
pa-is rigisaa. miuxedavad didi siZneleebisa igi gazomil iqna. am faqts didi 
mniSvneloba hqonda maqsvelis Teoriis marTebulobis dasamtkicebladac. 
sinaTlis wneva SeiZleba mniSvnelovani aRmoCndes varskvlavebis SigniT, 
sadac temperatura ramdenime milioni gradusia. aseT temperaturaze 
eleqtromagnituri gamosxivebis wneva Zalian did sidides aRwevs. es wneva 
gravitaciul ZalebTan erTad mniSvnelovan rols asrulebs varskvlavebSiga 
procesebSi.

6. ra aris lirencis Zala? rogor ganisazRvreba misi 
mimarTuleba?



7. daamtkiceT, rom am SemTxvevaSi sxeulis zedapirze 
moqmedi Zala mimarTulebas ar icvlis.


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2.13
amocanis amoxsnis nimuSi

1. eleqtromagnituri talRis sigrZes, sixSires da gavrcelebis 
siCqares Soris damokidebulebas aqvs saxe c=λν, (1) sadac c vakuumSi 
talRis siCqarea, λ _ talRis sigrZe, ν _ sixSire. ganvsazRvroT im 
radiotalRebis sixSire, romlis talRis sigrZe 10 m-ia.

amoxsna

c=λν    ⇒  	(*)  

(*): 

e. i. erT wamSi sruldeba 30 milioni rxeva.

2.  ori koherentuli wyarodan gamosxivebuli sinaTle erTmaneTs 
xvdeba romeliRac wertilSi 6 mkm svlaTa sxvaobiT. gaaZliereben Tu 
Seasusteben erTmaneTs talRebi am wertilSi, Tu sinaTlis talRis 
sigrZea a. 500 nm;   b. 480 nm.

amoxsna

koherentuli talRebi (rogorc meqanikuri, 
ise eleqtromagnituri) zeddebisas erTmaneTs 
aZliereben sivrcis im wertilebSi, sadac mid­
ian svlaTa sxvaobiT, romelic talRis sigrZis 
naxevris luwi ricxvis tolia, xolo asuste­
ben, rodesac svlaTa sxvaoba talRis sigrZis 
naxevris kenti ricxvis tolia.

 (*)     

a.  (∗): 

radgan k1 luwi ricxvia, zeddebisas moxdeba sinaTlis maqsimaluri ga­
Zliereba.

b.  (∗): 

radgan k2 kenti ricxvia, moxdeba sinaTlis Sesusteba.

3. vaCvenoT, rom garkveul pirobebSi, sxvadasxva feris or sinaTles, 
magaliTad, wiTelsa da mwvanes SeiZleba hqondeT erTi da igive talRis 
sigrZe. gaangariSebisas CavTvaloT, rom vakuumSi (haerSi) wiTeli feris 
talRis sigrZe λ

wiT
=760 nm, xolo mwvanesi _ λ

mw
=570 nm.
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amoxsna
sinaTles sxvadasxva garemoSi erTi da igive sixSire aqvs, talRis sig­

rZe ki _ gansxvavebuli. wiTeli feris talRis sigrZe metia mwvane feris 
talRis sigrZeze. amitom Tu wiTel fers gavatarebT optikurad ufro 

mkvriv garemoSi, romlis gardatexis absoluturi maCvenebelia n, maSin am 

garemoSi misi talRis sigrZe Semcirdeba n-jer da gaxdeba    (1)

pirobis Tanaxmad, λ
mw

= . (2)

(1)∧(2) ⇒    (*)      (*): n ≈1,33.

1,33 aris wylis absoluturi gardatexis maCvene­
beli.

amgvarad, wiTeli feris talRis sigrZe wyalSi 
iseTivea, rogoricaa haerSi mwvane feris talRis 
sigrZe.

4. 5 m simrudis radiusis brtyel amozneqili 
linza dadebulia minis brtyel firfitaze 
da ganaTebulia zedapiris marTobuli monoq
romatuli sinaTliT. areklil sxivebSi haeris 

Txel fenaSi gaCenili 
interferenciuli suraTis _ bneli da naTeli 
rgolebidan mesame bneli rgolis radiusi 3,1 
mm-ia (sur. 63.1). ganvsazRvroT sinaTlis talRis 
sigrZe.

amoxsna

129.1 suraTze gamosaxuli OAB samkuTxedidan piTagoras Teoremis 
Tanaxmad R2=rk

2
 + (R – hk)

2 ⇒ 2Rhk = rk
2
 + hk

2.    (1)

radgan hk<<rk, amitom (1)⇒ .Rh r h
R
r

2
2k k k

k2
2

&. .  (2) meore talRa 

pirvelTan SedarebiT gadis 2hk-Ti met manZils (sur. 63.1).

pirvel da meore sxivebs Soris svlaTa sxvaoba ,h2
2k= +d m  (3) sadac 

damatebiTi svlaTa sxvaoba 
2
m  iqmneba imitom, rom zedapiridan arekvlisas 

meore talRis rxevis faza icvleba p-iT, rac niSnavs svlaTa sxvaobis 

damatebiT 
2
m -iT gadidebas.

viciT, intenferenciuli minimumi miiReba wertilebSi, sadac talRebi 
midian svlaTa sxvaobiT, romelic talRis sigrZis naxevris kenti ricxvis 
tolia e. i.

,k
2

2 1m
= +d ^ h  (4) sadac k=0, 1, 2, ...

(3)∧(4) ⇒  .h k h k2
2 2

2 1 2k k&m m+ = + =
m ^ h  	(5)

(2) (5) ⇒ .
Rk
rkm = m.	 (*)

(*): l=6,4 
.

 10–7 m.

? l
moc.: R=5 m
rk=3,1 mm=3,1.10–3 m
K=3

sur. 63.1

BA

O

R

C

R

rk

hk

1
2
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5. ganvsazRvroT fotonebis energia, romelic Seesabameba xiluli 
sinaTlis wiTel fers, romlis talRis sigrZe 0,75 mkm-ia.

amoxsna

fotonis energia

E=hν.  (1)  (2)  

(2) (1)⇒  	 (*)

(*):  

6. gansazRvreT 1015 hc sixSiris sinaTlis moqmedebiT liTiumidan 
amotyorcnili eleqtronebis maqsimaluri energia, Tu liTiumidan 
eleqtronis gamosvlis muSaoba 3,82.10-19 j-ia.

amoxsna

ainStainis gantolebas fotoefeqtisaTvis aqvs 

Semdegi saxe:   (1)

sadac hν fotonis energiaa, A _ nivTierebidan 

eleqtronis gamosvlis muSaoba,  _ ele­

qtronis kinetikuri energia.   

(1) ⇒ E=hν–A (*)  (*):  

7. ultraiisferi sxivebis moqmedebiT platinis zedapiridan eleqtronebi 
amoifrqveva. fotodeni wydeba maSin, roca damamuxruWebeli Zabva 3,7 v-ia. 
platinis firfitis sxva liToniT Secvlis Semdeg damamuxruWebeli Zabva 6 
v-mde gaizarda. gansazRvreT am liTonidan eleqtronis gamosvlis muSaoba, 
Tu platinidan eleqtronis gamosvlis muSaoba 6,3 ev-ia.

amoxsna

platinis firfitisaTvis ainStainis 

gantolebis Tanaxmad:  .h A
m
2
v

1
1
2

= +o ,   (1)

sadac n aris firfitaze dacemuli ultra­

? A2

moc.: U1=3,7 v
	 U2=6 v
	 A1=6,3 ev=10,08.10–19 j.



65

iisferi sxivebis sixSire, m _ eleqtronis masa, v1 _ firfitidan 

amotyorcnili eleqtronebis maqsimaluri siCqare. radgan eleqtronebis 

dasamuxruWeblad saWiroa U1 Zabva, amitom:   ,
v

eU
m
21

1
2

=    (2)  sadac e _ 

eleqtronis muxtis modulia. (2) (1) ⇒  hn=A1+eU1.   (3)

analogiurad davweroT liTonis meore firfitisaTvis

hn=A2+eU2.   (4)   

(3)∧(4)⇒ A2=A1 – e(U2 – U1).  

(*) (*):  A2=6,4 . 10–19j.

8. kosmiur xomalds aqvs sferos forma. misi zedapiris naxevari 
sarkulad amreklavia, xolo naxevari absoluturad Savi. xomaldis 
masaTa centri sferos centrSia. rogor orientirdeba xomaldi mzis 
mimarT sinaTlis wnevis moqmedebis Sedegad?

amoxsna

sferos sarkul zedapirze sinaTlis fotonis `dajaxebisas~ dacemis 
kuTxe arekvlis kuTxis tolia. es imas niSnavs, rom dacemis wertilSi 
gavlebul radiusze fotonis impulsis gegmili icvleba, xolo radiusis 
marTobul RerZze ar icvleba, e. i. sarkul nawilze nawilakebis dacemisas 
sfero ar Semobrundeba.

roca fotoni STainTqmeba sfero Rebulobs mabrunebel impulss. 
amitom, rogorc ki Tanamgzavri Savi zedapiriT mzisken aRmoCndeba, 
fotonTa dartymebi am nawilze mas daabrunebs gaunaTebel mxares. aqedan 
gamomdinareobs, rom sfero mdgrad wonasworobaSi iqneba Tu sarkuli 
mxare miqceulia mzisken. efeqti, romelzec saubaria, sakmaod sustia.
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2.14
SeamowmeT Tqveni codna

amoxseniT amocanebi

1. 	 gansazRvreT cisferi sinaTlis siCqare glicerinSi, Tu misi talRis 
sigrZe vakuumSi 500, xolo glicerinSi 340 nm-ia.

2. 	 SesaZleblad migaCniaT Tu ara, rom nivTierebidan vakuumSi sinaTlis 
gadasvlisas misi talRis sigrZe 500-dan 400 nm-mde Seicvalos?

3. 	 wiTeli sinaTlis talRis sigrZe wyalSi iseTivea, rogoric mwvanesia 
haerSi. ra feris sinaTles dainaxavs adamiani wylis qveS, Tu igi 
ganaTebulia wiTeli sinaTliT?

4. 	 icvleba Tu ara fotonis energia erTi garemodan meoreSi gadasv­
lisas? pasuxi daasabuTeT.

5. 	 rentgenis sxivebi gamosxivdeba swrafi eleqtronebis damuxruWebisas. 
gansazRvreT eleqtromagnituri talRis sigrZe, romelic miiReba 
107 m/wm siCqariT moZravi eleqtronebis mkveTri damuxruWebisas. 
eleqtronis masa 9,1.10-31 kg-ia.

6. 	 fotoefeqtis wiTeli sazRvari natriumisaTvis 590 nm-ia. gansazRvreT 
eleqtronis gamosvlis muSaoba.

testi

1. sapnis buStze cisartyelas ferebis warmoqmna aixsneba
a. sinaTlis dispersiiT; b. sinaTlis difraqciiT; 
g. sinaTlis interferenciiT; 
d. fotoefeqtiT; e. sinaTlis polarizaciiT.

2. TeTri sinaTlis ferebad daSla SesaZlebelia
a. polarizatoriT; b. mikroskopiT; g. fotoelementiT; 
d. difraqciuli mesriT; e. CamoTvlil xelsawyoebSi aseTi ar aris.

3. sinaTlis talRebis ganivobis damamtkicebelia
a. sinaTlis polarizacia; b. sinaTlis interferencia; 
g. sinaTlis difraqcia; d. fotoefeqti; e. sinaTlis dispersia.

4. damuxtuli nawilaki vakuumSi asxivebs eleqtromagnitur talRebs
a. mxolod uZraobisas; b. mxolod Tanabari moZraobisas; g. rogorc 

uZraobisas, ise Tanabari moZraobisas; d. mxolod aCqarebuli moZraobisas.

5. fotoeleqtronebis maqsimaluri kinetikuri energia dacemuli 
sinaTlis intensivobis gazrdiT

a. izrdeba;   b. mcirdeba;   g. ar icvleba. 
d. zogjer izrdeba, zogjer mcirdeba.

6. fotoeleqtronebis maqsimaluri kinetikuri energia dacemuli 
sinaTlis sixSiris zrdasTan erTad

a. izrdeba;   b. mcirdeba;   g. ar icvleba.  
d. zogjer izrdeba, zogjer mcirdeba.
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III Tavi. 

fardobiTobis 

Teoriis 

elementebi

mizani

Ä 	 SeZloT aRweroT fardobiTobis 
Teoris damadasturebeli cdebi;

Ä 	 Tvisebrivad aRweroT droisa da 
sigrZis damokidebuleba sxeulis 
siCqareze; 

Ä 	 SeZloT energiasa da masas Soris 
kavSiris damyareba;

Ä 	 SeZloT isaubroT fardobiTobis 
Teoriis rolis Sesaxeb 
Tanamedrove fizikis 
ganviTarebisaTvis

Ä 	 SeZloT mocemul Temaze 
amocanebis amoxsna.

B

A
O M

S
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3.1 sinaTlis siCqare `uZrav~ da 
`moZrav~ aTvlis inerciul sistemebSi

68.1 suraTze gamosaxuli avtomobilebi dedamiwis zedapiris mimarT 
moZraoben erTi wrfis gaswvriv, Tanabrad.

pirveli avtomobilis moZraobas akvirdeba sami damkvirvebeli, 
romlebic, Sesabamisad, pirvel, meore da mesame avtomobilebSi arian.

pirveli damkvirvebeli ambobs, rom misi avtomobili moZraobs 18 m/wm 
siCqariT; 

meore damkvirvebeli _ pirveli avtomobili scildeba mas 2 m/wm 
siCqariT;

mesame damkvirvebeli _ pirveli avtomobili uaxlovdeba mas 48 m/wm 
siCqariT.

amgvarad, drois erTsa da imave momentSi sami damkvirvebeli afiqsirebs 
pirveli avtomobilis sam, erTmaneTisagan gansxvavebul siCqares.

rogor SeiZleba erT avtomobils drois erTsa da imave momentSi 
hqondes sami gansxvavebuli siCqare?

radgan avtomobilebi Tanabrad moZraoben, amitom TiToeulTan 
dakavSirebuli aTvlis sistema inerciulia. galileis fardobiTobis 
principis Tanaxmad, meqanikuri movlenebis TvalsazrisiT aTvlis iner
ciuli sistemebi tolfasovania. es niSnavs, rom SeuZlebelia, inerciul 
sistemaTa simravleSi moiZebnos erTi yvelaze `ukeTesi~. is garemoeba, 
rom cdebis meSveobiT SeuZlebelia erTi romelime inerciuli sistemis 
gamoyofa danarCenebisgan, aris galileis fardobiTobis principis arsi.

amgvarad, inerciul sistemaTa tolfasovnebidan gamomdinare azrs 
kargavs SekiTxva: romeli damkvirveblis Tvalsazrisia WeSmariti? samive 
damkvirveblis gazomvis Sedegi obieqturi da praqtikulad vargisia.

pirveli avtomobilis mZRolma farebi CarTo. farebidan gamosuli 
sinaTlis siCqaris moduli yvela mimarTulebiT erTnairia da vakuumSi 

daaxloebiT aris c=300  000 km/wm.

warmovidginoT, rom meore avtomobili moZraobs c siCqariT.

1. ra informacias iRebT suraTidan?

v1 v2 v3

v1=18 m/wm v1=20 m/wm v1=30 m/wm

 2. Tqven rogor fiqrobT, romeli damkvirveblis 
mosazrebaa WeSmariti?

 3. ra siCqariT uaxlovdeba sinaTle meore 
avtomobils? mesames? axseniT, ratom fiqrobT ase?

sur. 68.1
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bevri mecnieri atarebda cdebs am sakiTxis 
gasarkvevad.

aRvweroT maikelsonis mier Catarebuli cda. 
cdis gamartivebuli sqema gamosaxulia 69.1 
suraTze.

sinaTlis S wyarodan gamosuli sinaTle 
ecema naxevradgamWvirvale M firfitas, igi 
dacemul sinaTles or urTierTmarTobul 
konad hyofs _ daaxloebiT naxevars atarebs 
B sarkisaken, naxevars ki aireklavs A sarki­
saken. A da B sarkeebidan areklili sinaTle M firfitis meSveobiT 
erTiandeba da Sedis saWvreti milis obieqtivSi, sadac miiReba bneli da 

naTeli zolebisagan Semdgari interferenciuli suraTi 
(sur. 69.2). zolebis ganlageba damokidebulia drois im 
Sualedebze, romelsac sinaTle andomebs gaorkecebuli 
OA da OB manZilebis gavlas. maikelsonis cdaSi mTeli 
mowyobiloba moTavsebuli iyo 1,5  m sigrZisa da ≈30 sm 
sisqis qvis filaze. imisaTvis, rom 
SesaZlebeli yofiliyo Seryevis 
gareSe mTeli mowyobilobis 

Semobruneba, vertikaluri RerZis garSemo fila 
tivtivebda vercxliswylian WurWelSi (sur.  69.3).

warmovidginoT azrobrivi eqsperimenti: 
vTqvaT, samyaroSi sadRac arsebobs uZravi sxeu­
li. maikelsonis mowyobiloba uZrav sxeulzea mo­
Tavsebuli da iq vatarebT eqsperiments. A da B 
sarkeebi ise movaTavsoT, rom OA da OB toli iyos. 
maSin wyarodan gamosuli sinaTlis siCqare yvela mimarTulebiT erTnairia. 
aRvniSnoT igi c-Ti.

am azrobrivi eqsperimetis Semdeg cda realur pirobebSi Caatares. 
dedamiwa kosmosSi moZravi sxeulia. cxadia, igi moZraobs Cveni warmodgeniT 

 4. rogoria Tqveni azri, daeweva pirveli 
avtomobilidan gamosxivebuli sinaTle meore 
avtomobils? axseniT, ratom fiqrobT ase?

5. rogor SevamowmoT Tqven mier gamoTqmuli hipoTezebis 
marTebuloba?

B

A
O M

S
sur. 69.1

sur. 69.2

sur. 69.3


6. rogoria Tqveni azri, erTnair dros moandomebs 

sinaTle OA-AO da OB-BO manZilebis gavlas? axseniT, 
ratom fiqrobT ase?

7. Seicvleba Tu ara am manZilebis gavlisaTvis saWiro drois 
Sualedi vertikaluri RerZis irgvliv xelsawyos sxvadasxva kuTxiT 
mobrunebis SemTxvevaSi? pasuxi daasabuTeT.

8. iqneba Tu ara raime gansxvaveba saWvret milSi miRebul 
interferenciul suraTebs Soris xelsawyos sxvadasxva kuTxiT 
mobrunebisas? axseniT, ratom fiqrobT ase?
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uZravi sxeulis mimarTac. am sistemis mimarT dedamiwasTan erTad 
moZraobs mis zedapirze moTavsebuli sxeulebi. dedamiwis siCqaris moduli 
aRvniSnoT v-Ti da vTqvaT, OA mimarTuleba emTxveva dedamiwis moZraobis 
mimarTulebas (sur. 70.1).

vinaidan OA mxari dedamiwasTan erTad OA mimarTulebiT moZraobs, 
O wertilidan gamosuli sinaTlis siCqare xelsawyos mimarT iqneba c-v. 

amitom igi |OA| manZils dafaravs 
c
OA

v-
 drois SualedSi. A sarkidan 

arekvlis Semdeg igi vrceldeba dedamiwis moZraobis sapirispirod, amitom 

misi siCqare xelsawyos mimarT iqneba c+v. ukan dabrunebis drois Sualedi 

ki _ 
c
OA

v+
. iqiT da aqeT 2|OA| manZils sinaTle dafaravs 

.v v vt c
OA

c
AO

c
c OA

c
OA

c

2 2

1

1
v1 2 2

2

2$=
-

+
+

=
-

=
-

   (1) drois SualedSi.

B sarkisken sxivi vrceldeba xelsawyos moZraobis 
marTobulad. sinaTlis siCqare xelsawyos mimarT 
tolia c v-  (sur. 70.1) romlis moduli O-dan B-sken 
da B-dan O-sken tolia c v2 2- .

sinaTle B sarkemde da ukan 2|OB| manZils gaivlis         

t
c

OB2

v
2 2 2
=

-
  (2) drois SualedSi. (1)∧(2) ⇒ t1≠t2, e.  i. 

sinaTle sarkeebamde da ukan manZilebis gavlas gan­
sxvavebul dros andomebs. cxadia, saWvret milSi 
miiReba Sesabamisi interferenciuli suraTi _ bneli 
da naTeli zolebis erToblioba.

xelsawyos 900-iani kuTxiT ise Semobrunebisas rodesac OB mimarTuleba 
daemTxveva dedamiwis moZraobis mimarTulebas, maSin 2|OB| manZils sinaTle 
axla im drois SualedSi gaivlis ra droSidac gadioda 2|OA| manZils, 
xolo 2|OA| manZils gaivlis im dros SualedSi romelSic 2|OB| manZils 
gadioda. amis gamo eqsperimentatorTa varaudiT interferenciul suraTSi 
bnelma da naTelma zolebma mdebareobebi unda Seicvalon. magram araferi 
amis msgavsi ar momxdara _ interferenciuli zolebis mdebareoba 
ucvleli darCa.

es cda wlebis ganmavlobaSi mravaljer gaimeores weliwadis sxvadasxva 
dros, rogorc TviT maikelsonma, ise sxva mecnierebma, magram xelsawyos 
Semobrunebam ar gamoiwvia interferenciuli zolebis wanacvleba, Tumca 
cdis sizuste sruliad sakmarisi iyo imisaTvis, rom interferometrs 
daefiqsirebina sinaTlis siCqaris 2 m/wm-iT cvlilebac ki. 

swor daskvnamde mxolod albert ainStaini (1879-1955) mivida.
yvela am da analoguri cdebis safuZvelze savsebiT damtkicebulad 

SeiZleba CavTvaloT, rom sinaTlis siCqare damokidebuli ar aris arc 
sinaTlis wyarosa da arc mimRebis siCqareze.


9. dafiqrdiT, gaaanalizeT mecnierebis mier miRebuli 

cdebis Sedegebi da egeb Tqvenc SeZloT swori daskvnis 
gamotana: aris Tu ara sinaTlis siCqare damokidebuli 

sinaTlis mimRebis siCqareze? axseniT, ratom fiqrobT ase?

c v- c

v
B B

O
sur. 70.1

c v2 2-
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mravali cneba, romliTac Cven vsargeblobT, fardobiTs warmoadgens, 
anu azrs iZens mxolod maSin, roca miTiTebulia pirobebi, romelSic da­
kvirveba xdeba.

bunebis movlenebi SedarebiT martivi gantolebebiT aRiwereba aTvlis 
inerciul sistemaSi, amitom aTvlis sistemis arCevisas upiratesoba aTvlis 
inerciul sistemas unda mivaniWoT.

aTvlis sistemas, romelic Tavisufal sxeulTanaa dakavSirebuli, 
inerciuli aTvlis sistema ewodeba.

Tavisufal sxeulad SeiZleba miviCnioT iseTi sxeuli, romelic im-
denad didi manZiliTaa daSorebuli sxva sxeulebisgan, rom maTi moq-
medeba umniSvneloa, misi arc erTi wertili ar moZraobs aCqarebiT da 
ar asxivebs. am pirobebSi Tavisufali sxeuli SeiZleba nivTier wertilad 
CavTvaloT.

galileo galileim bunebis movlenebze dakvirvebis Sedegad daadgina, 
rom inerciul aTvlis sistemebSi meqanikis kanonebi erTnairi saxisaa. 

erTnair sawyis pirobebSi meqanikuri movlenebi erTnairad 
mimdinareobs yvela  inerciul aTvlis sistemaSi.

es aRmoCena fizikis erT-erT umniSvnelovanes princips warmoadgens da 
cnobilia galileis fardobiTobis principis saxelwodebiT.

am principis Tanaxmad, aTvlis inerciuli sistemebi erTmaneTisagan ar 
gansxvavdeba da SeuZlebelia mocemul aTvlis sistemaSi Catardes cda, 
romlis meSveobiTac SeiZleba dadgindes, es aTvlis sistema uZravia Tu 
moZraobs Tanabrad.

mecnierebis Semdgomma ganviTarebam albert ainStaini miiyvana daskvnamde: 
aTvlis inerciuli sistemebi Tanasworuflebiania ara marto meqanikuri, 
aramed bunebis nebismieri movlenisaTvis.

albert ainStainma Camoayaliba bunebis fundamenturi principebi da 
fardobiTobis Teoria or postulatze, principze daamyara:

1. bunebis yvela kanons erTnairi saxe aqvs nebismier inerciul aT-
vlis sistemaSi.

3.2fardobiTobis specialuri 
Teoriis elementebi

 1. rogoria Tqveni varaudi, Tbilisis operisa da 
baletis Teatri rusTavelis prospeqtis marjvena Tu 
marcxena mxares dgas?

2. rodis aqvs azri saubars sxeulis mdebareobis da moZraobis 
Sesaxeb?

3. rogoria Tqveni azri, dedamiwa moZraobs mzis irgvliv Tu mze 
moZraobs dedamiwis irgvliv? pasuxi daasabuTeT.

 4. rogoria Tqveni azri: arsebobs samyaroSi 
absoluturad Tavisufali sxeuli? axseniT, ratom 
fiqrobT ase?
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2. sinaTlis siCqare ar aris 
damokidebuli sinaTlis wyaros 
siCqareze.

rogor avxsnaT sinaTlis siCqaris 
unikaluri Tviseba _ invariantoba? 
sinaTlis siCqaris invariantoba 
niSnavs, rom misi mniSvneloba erT­
nairia yvela inerciuli aTvlis sis­
temis mimarT nebismieri sxva siCqare 
ki variantulia, fardobiTia.

naTuras anTebisas gamosxivebuli 
sinaTlis siCqare erTnairia rogorc 
uZravi ise moZravi sxeulebis mimarT. 
ratom? ainStainma daasabuTa, rom 
aseTi SekiTxva umarTebuloa _ uazroa, radgan sinaTlis siCqaris 
invariantoba bunebis fundamenturi Tvisebaa. igi unda miviRoT, ro-
gorc eqsperimentuli Sedegebis ganzogadebuli faqti. amgvarad, orive 
postulati eqsperimentuli Sedegebis ganzogadebaa. postulatebidan 
gamomdinareobs, rom sinaTlis siCqaris moduli ar aris damokidebuli 
damkvirveblis siCqareze da erTnairia yvela inerciul aTvlis sistemaSi.

pirveli postulatis Tanaxmad, SeuZlebelia Catardes cda, romlis 
meSveobiTac gamovarCevT romelime inerciul aTvlis sistemas sxvebisagan, 
e. i. yvela inerciuli aTvlis sistema Tanasworuflebiania.

postulatebidan gamomdinareobs Sedegebi, romlebic ewinaaRmdegeba 
`saR azrs~. 

ainStainamde Tvlidnen, rom dro da sivrce absoluturia. ainStainis 
Teoriis mixedviT, aseTi Sexeduleba araTu moklebulia sinamdviles, aramed 
is sruli uazrobaa, romelic samudamod unda ganidevnos mecnierebidan.

ainStainis Teoriis mixedviT, dro iseve, rogorc sivrce fardobiT 
cnebas warmoadgens: yovel moZrav sistemas aqvs Tavisi sakuTari dro, 
romelic garkveul SefardebaSi imyofeba sxva moZravi sistemis drosTan. 
aseTive mdgomareobaSia sxeulis formac: sivrce, romelic sxeuls ukavia, 
damokidebulia mis fardobiT siCqareze.

fardobiTobis Teoriis postulatebidan gamomdinareobs umniS-
vnelovanesi Sedegebi sivrcisa da drois Tvisebebis Sesaxeb. Semdeg 
paragrafSi dasabuTebis gareSe SemovifarglebiT maTi mokle aRweriT.

postulati _ es aris ZiriTadi 
debuleba, romlis logikurad 

damtkiceba SeuZlebelia. fizikaSi 
postulati aris cdiseuli faqtebis 

ganzogadebis Sedegi.

invarianti (frang.) _ sidide, romelic 
ucvleli rCeba ama Tu im gardaqmnis 
dros. an sidides, romelsac erTi da igive 
mniSvneloba aqvs aTvlis yvela sistemaSi 
invariantuli sidide ewodeba.

sidides, romlis mniSvneloba aTvlis 
sistemis arCevazea damokidebuli, 
variantuli sidide ewodeba. 


5. rogoria Tqveni azri, absoluturia Tu fardobiTi 

dro da sivrce?
6. gaiziarebT Tu ara mtkicebas, rom Tanabrad moZ­

rav matarebelSi dro nela gadis uZrav matarebelTan SedarebiT da 
miT ufro nela, rac ufro swrafad moZraobs igi? axseniT, ratom 
fiqrobT ase?

7. gaiziarebT Tu ara mtkicebas, rom Tanabrad moZrav matareb­
elSi moZraobis mimarTulebiT saxazavis sigrZe naklebia, vidre uZrav 
matarebelSi da miT ufro naklebi, rac ufro swrafad moZraobs igi? 
axseniT, ratom fiqrobT ase?
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ganvixiloT ori inerciuli aTvlis sistema. 
erTi, K sistema, davakavSiroT laboratoria­
sTan (dedamiwasTan), meore, K1 sistema, dava­
kavSiroT laboratoriis mimarT Tanabrad v 
siCqariT moZrav raketasTan (sur. 73.1).

davuSvaT, raketis romelime wertilSi raime 
movlena moxda _ garkveuli xniT gaanaTa 
naTuram. kosmonavtis saaTiT gazomili am mov­

lenis xangrZlivoba τ0-iT aRvniSnoT. 
dros, gazomils im sistemis saaTiT, 

romelSic movlenebi erT wertilSi xdeba, sakuTari dro ewodeba.

sakuTari dro, τ0, Zalze mosaxerxebeli maxasiaTebelia, radgan invari­
antuli sididea: misi mniSvneloba erTnairia yvela, moZravi Tu uZravi 
damkvirveblisaTvis.

laboratoriis damkvirveblisTvis es movlena erT wertilSi ar xdeba, 
radgan naTura mis mimarT raketasTan erTad gadaadgildeba. naTuras na­

Tebis xangrZlivoba, gazomili laboratoriis saaTebiT, τ-Ti aRvniSnoT.
fardobiTobis specialuri Teoriis Tanaxmad,   

,      (1)    sadac c vakuumSi sinaTlis siCqarea. 

movlenis xangrZlivoba umciresia im aTvlis sistemaSi, sadac es 

movlena erT wertilSi xdeba. (1)⇒ τ>τ0. laboratoriis damkvirveblis 
TvalsazrisiT raketaSi mimdinare movlenebi Senelebulia. es marTebulia 
nebismieri procesisTvis, maT Soris sicocxlisaTvis. es drois Senelebaa. 
Tu, magaliTad, sakuTari dro udris 2 wm-s, maSin yvela moZravi damkvirve­
beli Tavisi saaTiT aRniSnavs drois met intervalebs: 3, 4, 5 wm-s da a. S. 
fardobiTi moZraobis siCqareze damokidebulebiT. es drois Tvisebaa da 
damokidebuli ar aris saaTis mowyobilobaze. Cveulebriv pirobebSi, roca 
v<<c, maSin didi sizustiT SeiZleba vTqvaT, rom . ase rom, Cveulebriv 
pirobebSi drois Senelebis SemCneva SeuZlebelia.

gamoviyenoT aRniSvna .
v
c

1

1

2

2
c /

-
   (2)

(2) (1) ⇒ t=gt0. (3)  g-s relativisturi koeficienti ewodeba. (3)⇒ 

g erTmaneTTan akavSirebs sakuTar da laboratoriul droebs da drois 
fardobiTobas gamosaxavs.

amgvarad, drois Sualedi fardobiTi fizikuri sididea. misi 

3.3
drois Sualedis fardobiToba

(K) (K1)

Y

Z Z1

Y1

X X1

sur. 73.1

 1. romelia meti t Tu t0? axseniT, ratom fiqrobT ase?
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 2. ramdenjer naklebia m-mezonTan dakavSirebul 
K1 aTvlis sistemaSi raime movlenis drois Sualedis 

xangrZlivoba dedamiwasTan dakavSirebul K sistemaSi imave movlenis 
xangrZlivobaze? pasuxi daasabuTeT.

3. gaizrdeba Tu Semcirdeba es Sefardeba K1 sistemis siCqaris kidev 
ufro gadidebisas? axseniT, ratom fiqrobT ase?

miu mezoni _ 

elementaruli nawilaki

mniSvneloba damokidebulia aTvlis inerciuli sistemis arCevaze. arsebobs 
movlenis imdeni xangrZlivoba, ramden inerciul sistemaSic is izomeba. 
inerciul sistemaTa tolfasovnebidan gamomdinare uazroa kiTxva, Tu 
romel inerciul sistemaSi gazomili droa WeSmariti. vimeorebT gazomvis 
yvela Sedegi erTnairad obieqturi da praqtikulad vargisia, saWiroa 
mxolod vicodeT maT Soris Tanafardobis damyareba (1)-is safuZvelze.

(1) formulis marTebuloba eqsperimentulad dadasturda elementarul 
nawilakebze dakvirvebiT.

atmosferos zeda fenebSi warmoSobili 

m-mezonis siCqare v=0,99c da daSlamde l=5  km-s 
gadis. ganvsazRvroT, rogoria misi sicocxlis 
xangrZlivoba Cveni da `mezonis~ TvalsazrisiT. 
ra manZils gadis mezoni masTan dakavSirebuli 
aTvlis sistemis TvalsazrisiT dedamiwis mimarT?

dedamiwasTan dakavSrebul (K) aTvlis sistemaSi m-mezonis sicocxlis 

xangrZlivoba tolia .l
v=x    (4) 

(4): 
,

, .
0 99 3 10

5 10 1 7 10
m/wm

m wm8

3
5

$ $
$ $= =x -

mezonTan dakavSirebul aTvlis sistemaSi (1) ⇒  .
c

1 v
0 2

2

= -x x 	 (5)

(5): , ( , ) ,1 7 10 1 0 99 2 4 10wm wm.0
5 2 6$ $ $= - =x - -

rogorc vxedavT t0<t.
mezonTan dakavSirebul aTvlis sistemis TvalsazrisiT dedamiwis mimarT 

mezonis mier gavlili manZili l
1
=vt0. (5)

(5): , , 713l 0 99 3 10 2 4 10m/wm wm m.1

8 6$ $ $ $= .-  

rogorc vxedavT K sistemis TvalsazrisiT K1 sistemaSi mimdinare 
movlenis xangrZlivoba metia, vidre K1 sistemis TvalsazrisiT da movlenis 
mimdinareobis es gaxangrZliveba miT ufro metia, rac ufro didia K1 
sistemis siCqare K sistemis mimarT.

vTqvaT, K sistemis saTaveSi gvaqvs ori erTnairi uZravi saaTi, 
romlebic erT da imave dros gviCvenebs. davuSvaT, rom t=0 momentSi erT-
erTi maTgani amoZravda, gaiara garkveuli manZili, Semobrunda da isev 
dabrunda K sistemis saTaveSi.

Tu K1 sistemis siCqare K sistemis mimarT v=0,99C, maSin  t=7,1t
0
≈7t

0
,  

e. i. Tu raketiT, romlis siCqare v=0,99C kosmosSi samogzaurod tyupi 
Zmebidan erT-erTi wava da dedamiwis saaTis mixedviT dabrundeba 7 wlis 
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Semdeg, maSin igi mxolod 1 wliT iqneba daberebuli, dedamiwaze darCenili 
Zma ki 7 wliT.

fardobiTobis Teoriis es Sedegi _ moZrav sistemaSi mimdinare 
movlenebis droSi CamorCena _ pirvelad TviT ainStainis mier iyo 

aRniSnuli, xolo cocxali organizmis magaliTze es Sedegi gadaitana 
frangma fizikosma lanJevenma. aman mecnierTa Soris kamaTi gamoiwvia, Tu 
ramdenad marTebulia saaTebis magaliTze miRebuli Sedegi gadavitanoT 
cocxal organizmze. es kamaTi axlac grZeldeba, miuxedavad imisa, rom 
eqsperimentulad es Sedegi sakmao sizustiT aris Semowmebuli ukanaskneli 
wlebis ganmavlobaSi.

ra moxdeba, Tu process ganvixilavT K1 sistemis, e. i. moZravi saaTis 
TvalsazrisiT? am sistemis TvalsazrisiT masSi myofi saaTi uZravia, 
xolo win da ukan moZraobs K sistema (dedamiwa) da masSi myofi saaTi. 
maSasadame, moZraobis damTavrebis Semdeg unda CamorCes K sistemis saaTi 
da ara K1-is, rogorc es iyo K sistemis TvalsazrisiT. miviReT, rom 
procesis damTavrebis Semdeg orive saaTi unda CamorCebodes erTmaneTs, e. 
i. samogzaurod wasuli Zma unda daberdes 7 wliT, xolo dedamiwaze myofi 
Zma mxolod 1 wliT. maSasadame, procesis damTavrebisas dedamiwaze myofi 
Zma 7 wliT daberebulic unda iyos da axalgazrdac. aseve samogzaurod 
wasuli Zmac axalgazrdac aris da beberic. rasakvirvelia, es yovlad 
SeuZlebelia _ paradoqsia.

ra xdeba sinamdvileSi? cxadia, mTeli 
procesis damTavrebis Semdeg orive saaTi 
erTad iqneba da orive damkvirvebeli 
naxavs, rom CamorCeba K1 sistemis saa­
Ti, amis mizezi aTvlis K1 sistemis arai­
nerciulobaa, romelmac ukan dabrunebis 
gamo aCqarebiT imoZrava. dawvrilebiT imis garkveva, Tu ratom xdeba ase, 
scildeba saskolo fizikis kurss.

rogorc vxedavT movlenis xangrZlivoba ar aris invariantuli. igi 
fardobiTi sididea. ar SeiZleba garkveuli pasuxis gacema SekiTxvaze 
movlenis xangrZlivobis Sesaxeb, sanam ar aris aRniSnuli, romeli aTvlis 
sistemis TvalsazrisiT gaizomeba am movlenis xangrZlivoba.

davadgineT, rom drois Sualedi fardobiTi fizikuri sididea.

paradoqsi (berZn.) _ rac 

sayovelTaod aRiarebul 

Sexedulebas, azrs upirispirdeba

 4. rogoria Tqveni azri, gviCvenebs Tu ara 
dabrunebuli saaTi imave dros, rasac K sistemis uZravi 

saaTi? axseniT, ratom fiqrobT ase?

 5. rogor fiqrobT, aseTi ram marTla SeiZleba moxdes? 
axseniT, ratom fiqrobT ase?
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davuSvaT, rom raketaSi moZraobis mimarTulebis gaswvriv moTavsebulia 
Rero. kosmonavtisaTvis is uZravia. kosmonavtis mier gazomili Reros 
sigrZe aRvniSnoT l0-iT. laboratoriis damkvirveblisaTvis Rero moZraobs 
raketasTan erTad. mis mier gazomili Reros sigrZe aRvniSnoT l-iT. 
fardobiTobis TeoriaSi mtkicdeba, rom 

.l l
c

1 v
0 2

2

= -  	 (1)

(1) ⇒ l<l0;  moZravi Reros sigrZe naklebia uZravi Reros sigrZeze. 
rac ufro axlosaa Reros siCqaris moduli sinaTlis siCqaresTan, miT 
ufro naklebia misi sigrZe moZraobis mimarTulebiT. Tu sxeulis siCqare 
sinaTlis siCqares gautoldeba, misi sigrZe nulis toli gaxdeba. es Sedegi 
imaze miuTiTebs, rom arc erTi nivTieri sxeuli ar SeiZleba moZraobdes 
sinaTlis siCqaris toli siCqariT. 

(1)-s lorencis Semoklebas uwodeben. pirvelad igi ficjeraldma da 
lorencma erTmaneTisagan damoukideblad miiRes 1892 wels fardobiTobis 
Teoriis Seqmnamde 13 wliT adre. magram maT (da ara marto maT) sakiTxi 
arasworad axsnes, kerZod: isini Tvlidnen rom Reros sigrZis Semcireba 
iseTi fizikuri procesis msgavsia, rogoricaa, magaliTad, Reros Semokleba 
gacivebisas. mxolod ainStainma daasabuTa, rom Reros sigrZe fardobiTi 
sididea, rogorc, vTqvaT, sxeulis siCqare. moZrav ReroSi araferi 
xdeba da azri ara aqvs mis sigrZeze laparaks, Tu ar mivuTiTebT aTvlis 
sistemas.

maSasadame, Reros imdeni sigrZe aqvs, ramden inerciul sistemaSic 
is izomeba.

fardobiTobis Teoria cvlis klasikuri fizikis warmodgenas manZilze, 
rogorc absolutur, aTvlis sistemisagan damoukidebel fizikur sidideze 
da aCvenebs mis fardobiT bunebas.

Cveulebriv pirobebSi, roca v<<c, maSin (1) ⇒ l=l0 da sigrZis Semcirebis 
SemCneva SeuZlebela.

aRvniSnoT, rom, Tu K1 sistemaSi myofi Rero damoklebulia K sistemaSi 
myofi damkvirveblisaTvis, aseve damoklebuli iqneba K1 sistemaSi myofi 
damkvirveblisaTvis K-Si myofi Rero.

Tu rogorc K, ise K1 sistemaSi imyofeba saTanadod uZravi Reroebi, 
K sistemis damkvirveblis TvalsazrisiT K1 sistemaSi myofi Rero ufro 
moklea K sistemaSi myof RerosTan SedarebiT, maSin rodesac K1 sistemis 
damkvirveblisaTvis K sistemaSi myofi Rero ufro moklea, vidre K1 
sistemaSi myofi Rero. rogor SeiZleba, rom erTi Rero iyos meoreze 
mokle da imave dros meore Rero iyos pirvelze mokle? cxadia, aseTi 
SekiTxvis dasmisas gaugebrobasTan gvaqvs saqme. Reros, TavisTavad, aTvlis 
sistemisagan damoukideblad, ara aqvs garkveuli sigrZe, ise rogorc raime 
sxeuls ara aqvs garkveuli siCqare aTvlis sistemis aRniSvnis gareSe. 
(magaliTad: ras udris magidaze dadebuli wignis siCqare?)

aRvniSnoT, rom sxeulis sigrZis Semcireba dakavSirebulia mis moZ­
raobasTan aTvlis sistemis mimarT da ara TviT aTvlis sistemaSi myofi 

3.4
Reros sigrZe fardobiTia
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damkvirveblis TaviseburebasTan. ar unda gvegonos, rom sigrZis Semcireba 
moCvenebiTi movlenaa, rom aq raRac subieqturobasTan gvaqvs saqme. erTi 
da imave sxeulis sigrZe sxvadasxvaa aTvlis sxvadasxva sxeulis mimarT, 
magram es sxvadasxva sigrZe savsebiT namdvili da obieqturia. arc erTi 
ar aris moCvenebiTi iseve, rogorc namdvilia da ara moCvenebiTi sxeulis 
sxvadasxva siCqare sxvadasxva aTvlis sistemis mimarT.

ra moxdeba, Tu kubi moZraobs erT-erTi waxnagis marTobi mimarTulebiT 
v siCqariT? Seicvleba Tu ara kubis moculoba laboratoriasTan (deda­
miwasTan) dakavSirebul aTvlis sistemaSi? rogor?

uZravi kubis moculoba V0=a0
3 (2) sadac a0 kubis wibos sigrZea. moZravi 

kubis gaswvrivi sigrZe < .a a
c

a1 v
0 2

2

0= -  (3)

kubis siCqarisadmi marTob ganiv zomebze _ simaRlesa da siganeze 
_ moZraoba araviTar gavlenas ar axdens, amitom kubis moculoba iseve 
Seicvleba, rogorc gaswvrivi zoma. miRebuli paralelepipedis moculoba 

.v vV a a a a
c

V
c

1 10

2

0

2

2

2

0 2

2

= = - = -

ratom mcirdeba Reros sigrZe mxolod moZraobis mimarTulebiT da ar 
icvleba misi ganivi zomebi? amis dasasabuTeblad `CavataroT~ azrobrivi 
eqsperimenti. 

davuSvaT, moZravi sxeulis ganivi zomac mcirdeba.
ganvixiloT saerTo RerZis mqone ori erTnairi Rru cilindri, romle­

bic RerZis gaswvriv Tavisi sibrtyis marTobulad uaxlovdebian erTmaneTs 
(sur. 77.1). daSvebis Tanaxmad TiToeuli cilindris ganivkveTis radiusi 
unda Semcirdes. Tu aTvlis sistemas davukavSirebT erT-erT cilindrs, 
maSin igi uZravia da mas uaxlovdeba meore cilindri. pirvel cilindrTan 
dakavSirebuli damkvirveblis Tvalsaz­
risiT meore cilindri unda gaZvres 
pirvelSi. meore cilindrTan dakavSi­
rebuli damkvirveblis TvalsazrisiT 
ki pirveli cilindri unda gaZvres me­
oreSi.

Tu cdiT davadgendiT, rom erT-erTi cilindri meoreSi gaZvra, es 
saSualebas mogvcemda erTi inerciul sistema gamogverCia meorisagan. es 
ewinaaRmdegeba fardobiTobis princips, romlis Tanaxmad, yvela inerciuli 
sistema tolfasia, ekvivalenturia: sistemis SigniT Catarebuli veranairi 
eqsperimentiT ver davadgenT moZravia, Tu uZravi aTvlis es sistema.

mniSvnelovania, rom fardobiTobis Teoria ki ar uaryofs, aramed 
gansazRvravs im farglebs, romlebSic SeiZleba klasikuri warmodgenebiT 
Seqmnili cnebebisa da warmodgenebis gamoyeneba ise, rom araswor 
Sedegebamde ar mivideT.

davadgineT, rom Reros sigrZe fardobiTia.


1. dasaSvebad migaCniaT Tu ara, rom cilindrebi 

erTdroulad gaZvrnen erTmaneTSi?

sur. 77.1

v u



78

siCqareTa Sekrebis kanons fardobiTobis specialur TeoriaSi aqvs saxe:

 v v v
v v

c
1 2

1 2

1 2=
+

+ .     (1)

sadac v1 aris sxeulis siCqare moZravi aTvlis sistemis mimarT, v2 – 
moZravi aTvlis sistemis siCqare uZravis mimarT, v – sxeulis siCqare 
uZravi aTvlis sistemis mimarT. formula marTebulia, rodesac v1

 da v2
 

erTi wrfis gaswvrivaa mimarTuli. Tu v1 da v2 urTierTsapirispirod 
aris mimarTuli da erT-erTi sxeulis siCqares CavTvliT dadebiTad, 
maSin meore sxeulis siCqaris win (1) formulaSi `-~ daiwera. klasikuri 
kanonisagan gansxvavebiT mas siCqareTa Sekrebis relativistur kanons 
uwodeben. sadac c=3.105 km/wm sinaTlis siCqarea vakuumSi. (1)-is analizis 
safuZvelze SesaZlebelia mTeli rigi daskvnebis gakeTeba.

fardobiTobis Teoriidan gamomdinareobs, rom navis siCqaris moduli 

napiris mimarT gamoisaxeba formuliT:  v v v
v v

c
1 2

1 2

1 2=
+

+ ,  

sadac c=3.105 km/wm sinaTlis siCqarea vakuumSi. 

(1):  v=29,9999999999999860 km/sT.

(1) da (2) formulebiT gansazRvrul siCqareTa modulebs Soris gan­
sxvaveba imdenad mcirea, rom praqtikulad misi aRmoCena SeuZlebelia 
da cxadia, moduliT mcire siCqariT moZraobisas (2) formula savsebiT 
marTebulia. magram, Tu v1 da v2 (an erT-erTi maTgani) sinaTlis siCqares 

uaxlovdeba (vTqvaT, v1≈c), maSin (2) formula mcdar Sedegs gvaZlevs _ 
rezultaturi siCqare sinaTlis siCqareze meti aRmoCndeba. maSin, rodesac 
fardobiTobis Teoriidan gamomdinareobs, rom arc erT sxeuls ar SeuZlia 
imoZraos sinaTlis siCqareze meti, an Tundac toli siCqariT. marTlac 

 
(1):  

sinaTlis siCqare _ 3.108 m/wm _ zRvruli, magram sxeulebisaTvis miuw­
vdomeli siCqarea.

miuxedavad imisa, rom Sesakreb siCqareTa mniSvnelobebis jami aRemateba 
sinaTlis siCqares, sxeulis v siCqaris mniSvneloba _ e. i. siCqare uZravi 
inerciuli aTvlis sistemis mimarT ar aRemateba c-s. aqedan gamomdinareobs, 
rom sinaTlis gavrcelebis siCqare zRvruli siCqarea _ SeuZlebelia 


1. motoriani navi moZraobs mdinaris dinebis mimar­

TulebiT mdinaris mimarT v
1
=20 km/sT siCqariT. mdinaris 

siCqare napiris mimarT v
2
=10 km/sT. rogoria Tqveni 

varaudi, aris Tu ara navis siCqaris moduli napiris mimarT 

   v=v
1
+v

2
=30km/sT? 	 (2)

3.5 siCqareTa Sekrebis 
relativisturi kanoni 



79

nivTieri sxeuli vaiZuloT imoZraos sinaTlis siCqareze meti siCqariT. 
radganac yoveli nivTieri sxeuli SeiZleba gamoviyenoT sxeulTa Soris 
raime signalis, urTierTqmedebisa da energiis gadacemisaTvis, amitom 
davaskvniT: SeuZlebelia bunebaSi ganxorcieldes urTierTqmedebisa da 
energiis, agreTve raime signalebis sinaTlis siCqareze meti siCqariT 
gadacema.

ori kosmosuri xomaldi moZraobs erTmaneTis Semxvedri mimarTu
lebiT dedamiwis mimarT, Sesabamisad, u da v siCqareebiT (sur. 79.1).

marjvena xomaldze myofi damkvirveblis TvalsazrisiT marcxena 
xomaldi mas uaxlovdeba (u+v)-ze naklebi siCqariT.

aRvniSnoT, rom arc c-ze meti siCqare ewinaaRmdegeba fardobiTobis 
Teorias. magaliTad, vTqvaT, dedamiwis zedapirze sinaTlis wyaro 
(lazeri) asxivebs sinaTlis viwro konas. Tu lazers vabrunebT, 
vTqvaT, n=2  br/wm siCqariT, maSin misgan wamosuli sxivis aTinaTi 
raime zedapirze imoZravebs v=2πnR (3) siCqariT, sadac R lazeridan 

im zedapiramde manZilia, romelzedac sinaTle ecema. (3)⇒ sinaTlis 
aTinaTis siCqare izrdeba sinaTlis wyarodan daSorebis proporciulad. 
mTvaremde manZili R=3,8.107  m. maSin mTvaris zedapirze aTinaTis siCqare 
v=2.3,14.2.3,8.107=48.108 (m/wm), rac TiTqmis 16-jer metia sinaTlis 
siCqareze. am faqts araviTari winaaRmdegoba fardobiTobis TeoriasTan 
ara aqvs, radgan aTinaTi ar aris  sxeuli da misi meSveobiT  SeuZlebelia 
urTierTqmedebis gadacema.

gavecaniT siCqareTa Sekrebis kanons fardobiTobis specialuri 
Teoriis mixedviT.

davadgineT, rom bunebaSi SeuZlebelia raime informaciis, energiis 
an urTierTqmedebis gadacema sinaTlis siCqareze meti siCqariT.

u v v2 1= - v

sur. 79.1.  

 2. ra siCqariT uaxlovdeba marjvena xomaldi marcxena 
xomalds, marcxena xomaldze myofi damkvirveblis 
TvalsazrisiT?

davaleba

moipove informacia fardoboTobis Teoriis Seqmnis Sesaxeb da Seafase 
am Teoriis mniSvneloba Tanamedrove fizikis ganviTarebaSi.

masala moamzade prezentaciisTvis.
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ori urTierTmoqmedi sxeulisagan Sedgenili sistemisaTvis impulsis 

mudmivobis kanoni Semdegnairad Caiwereba: ,v u um m m mv1 1 2 2 1 1 1 2+ = +  sadac 

m1 da m2 urTierTqmedi sxeulebis masebia, v1 da v2 maTi siCqareebi 

urTierTqmedebamde, xolo u1
 da u2

 siCqareebi urTierTqmedebis Semdeg.
niutonis meqanikaSi dro absoluturia, erTnairia yvela inerciul 

aTvlis sistemaSi. cda gviCvenebs, rom didi, sinaTlis siCqaris maxlobeli 
siCqareebisaTvis zemoT moyvanili ori sxeulis impulsTa jami Caketili 
sistemisaTvis mudmivi ar aris. amitom relativistur fizikaSi impulsi 
ganisazRvreba Semdegnairad^:

,p m S
=

Dx
D  	 (1)

sadac SD  aris mcire gadaadgileba, xolo Dt sakuTari drois Sualedi 
_ anu drois Sualedi gazomili nawilakTan dakavSirebuli saaTiT. 
gaviTvaliswinoT rom t=gt0, (2) maSin relativisturi impulsisaTvis 

miviRebT ,p mv= c  (3) sadac .
v
c

1

1

2

2
c /

-
  (4)  mcire siCqareebisaTvis 

g→1 da (3)-dan miviRebT niutonis fizikaSi mocemul impulsis ,p mv=  

gansazRvras.
cda gviCvenebs, rom didi siCqareebisaTvis Caketili sistemis sruli 

relativisturi impulsi mudmivia. arsebiTia, rom g relativisturi 
koeficientis gaCena drois fardobiTobis asaxvaa.

g relativisturi koeficienti Tavisufali sxeulis energiis 
gamosaxulebaSic Sedis da ainStainis cnobili formula ase daiwereba 
E=gmc2.  (5)

g faqtori am SemTxvevaSic pirdapir miuTiTebs, rom energiis cnebis 
axleburi gaazreba drois fardobiTobas ukavSirdeba. 

(4) (5)⇒ .
v v

E

c

mc

c c

mc

1 1
2 4

v
2

2

2

2

2
2

4

4

2

=
-

=

- -c m

	 (6)

mcire siCqareebisas, rodesac v%c (6)-Si mcire sidide v
c4 4

4

 ugulebelvyoT, 

maSin   (6)⇒ .vE

c

mc

1
2 2

2

2

.
-

  (7)  

(7) gamosaxulebis mricxveli da mniSvneli gavamravloT ,v
c

1
2 2

2

+  simciris 

gamo kvlav ugulebelvyoT v
c4 4

4

 sidide. maSin

(7)⇒ .v

v

E

c

mc
c E mc m

1
4

1
2

2
v

4

4

2

2

2

2 2

&. .
-

+
+

c m
   (8)

 1. rogor ganisazRvreba sxeulis impulsi?
2. CamovayaliboT impulsis mudmivobis kanoni.

3.6 impulsi da energia 
fardobiTobis TeoriaSi



81

roca sxeulis siCqare v=0, maSin (8)⇒ E=mc2, e.i.uZrav sxeuls energia 
gaaCnia ukve Tavisi arsebobis gamo da es energia kolosalurad didia. 
uZraobis energia SeiZleba gardaiqmnas sxva saxis energiad da piriqiT.

es sruliad ucxoa niutonis fizikisaTvis. uZraobis energiis aRmoCena 
erT-erTi udidesi miRwevaa. rac Seexeba Tavisufali sxeulis srul 
energias, igi uZraobisa da kinetikuri energiebis jamis tolia da (8) 
formuliT ganisazRvreba.

vTqvaT: v=0,6c (9) siCqariT moZravi m masis nawilaki ejaxeba iseTive 
uZrav nawilaks. CavTvaloT, rom dajaxeba absoluturad aradrekadia. 
ganvsazRvroT miRebuli nawilakebis siCqare da masa.

absoluturad aradrekadi dajaxebisas warmoqmnili nawilakebis masa da 
siCqare aRvniSnoT, Sesabamisad, M da u-Ti.

impulsis mudmivobis kanonis Tanaxmad:  gmv = g′Mu. 		  (10)

energiis mudmivobis kanonis Tanaxmad:  gmc2
 + mc2

 = g′Mc2. 	 (11)

sadac ,

c
1

1
v

2

2
=

-
c     (12),    .

u
c

1

1

2

2
c=

-
l  (13)

(11) gavyoT (10)-ze miviRebT: 

.v v v v
v

m
mc mc

u
c c c

u
c

u u
1

1
1

2 2 2 2 2 2

& & &c
c

c c
c

c
c+

+
+

= + = = =  	 (14)

(9)∧(12) (14)⇒ 
,

,

,

,
, .u

c

c

c
u

c
u c

1 1
0 6

0 6

1 1 0 36

0 6
0 3

2

2
& &=

+ -

=
+ -

=
^ h

 (15)

(9),(12),(13)∧(15) (10) ⇒

⇒ 
,

,

,

,

, ,

, ,
, > .

c

c

mc

c

c

cM
m
M

m
M M m

1
0 6

0 6

1
0 3

0 3

0 3 0 64

0 6 0 91
2 4 2

2

2

2

2
& & &.

-

=

-

=
^ ^h h

 (*)

sxeulis masa ar udris misi Semadgeneli nawilakebis masaTa jams. 
relativistur fizikaSi ar sruldeba masis mudmivobis kanoni. nacvlad 
gvaqvs energiis mudmivobis kanoni, romelic nawilakTa uZraobis energiasac 
Seicavs.

davadgineT, rom relativistur fizikaSi impulsi ganisazRvreba 

formuliT vP m= c , energia ki E=gmc2, g relativisturi koeficientia.


3. SesaZleblad migaCniaT Tu ara, rom ori nawilakis 

urTierTqmedebisas warmoiqmnas nawilaki, romlis masa 
aRemateba sawyisi nawilakebis masaTa jams?


4. romelia meti nawilakebis masaTa jami 

urTierTqmedebamde Tu urTierTqmedebis Semdeg?

moipove informacia ainStainis E=gmc2 fomulasa da mis 
mniSvnelobaze. fardobiTobis Teoriis safuZvelze Seqmnil 

urTules mowyobilobebze _ damuxtuli nawilakebis amaCqarebelze.

davaleba
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3.7
amocanis amoxsnis nimuSi

1. raketa dedamiwis mimarT 0,6c siCqariT moZraobs. raketaSi Reros 
sigrZe 1 m-ia. ganvsazRvroT Reros sigrZe dedamiwis damkvirveblis 
TvalsazrisiT.

amoxsna
dedamiwis damkvirveblis TvalsazrisiT Reros sigrZe
 

. 	 (*)

(*):  

2. raketa dedamiwis mimarT moZraobs 0,6c siCqariT. ramdenjer Semcird-
eba drois msvleloba raketaSi dedamiwis damkvirveblis TvalsazrisiT?

amoxsna

 (*)   

(*):  

3. ramdeniT Seicvleba 1 kg yinulis masa gadnobisas?

amoxsna

m masis yinulis gadnobisas miRebuli imave temperaturis wylis Sinagani 
energia λm-iT metia yinulis Sinagan energiaze. masasa da energias Soris 

arsebobs kavSiri, romelic gamoisaxeba ainStainis 
gantolebiT:

 	 (*)

(*):  ,
,m

3 10

3 3 10 1
3 7 10

m/wm

j/kg kg
kg.

8
2

5

12

$

$ $
$= =D -

_ i
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3.8
SeamowmeT Tqveni codna

amoxseniT amocanebi

1. 	 ra siCqariT unda moZraobdes kosmosuri xomaldi dedamiwis mimarT, 
rom masze saaTi orjer ufro nela muSaobdes dedamiwis damkvirveblis 
TvalsazrisiT?

2. 	 A wertilSi moTavsebul sinaT­
lis wyaros erTi avtomobili 
uaxlovdeba moduliT v siCqariT, 
meore Sordeba imave siCqariT (sur. 83.1). gansazRvreT sinaTlis siCqare 
TiToeuli avtomobilis mimarT. 

3. 	 ori raketa uZravi aTvlis sistemis mimarT moZraobs Semxvedri 
mimarTulebiT, Sesabamisad, v1=0,6c da v2=0,9c siCqareebiT.

	 gansazRvreT siCqare, romliTac uaxlovdebian raketebi erTmaneTs 
siCqareTa Sekrebis klasikuri da relativisturi formulebis 
mixedviT.

4. 	 gansazRvreT sxeulis rogori siCqarisas mcirdeba misi sigrZe 10%-iT.

5. 	 ori kosmosuri xomaldi moZraobs erTi wrfis gaswvriv erTi da imave 
mimarTulebiT uZravi aTvlis sistemis mimarT, Sesabamisad, v1=0,5c da 
v2=0,8c siCqareebiT. gansazRvreT, ra siCqariT Sordeba meore xomaldi 
pirvels siCqareTa Sekrebis klasikuri da relativisturi kanonebis 
mixedviT.

sur. 83.1

A

testi

1. rodesac sxeuli uaxlovdeba sinaTlis wyaros v siCqariT, maSin sinaTlis 
siCqare sxeulis mimarT tolia

a. c+v;    b. c–v;   g. c;   d. v.

2. rodesac sxeuli Sordeba sinaTlis wyaros v siCqariT, maSin sinaTlis siCqare 
sxeulis mimarT

a. c+v;    b. c–v;   g. c;   d. v.

3. rodesac uZravi aTvlis sistemis mimarT ori raketa moZraobs 
Semxvedri mimarTulebiT, Sesabamisad, 0,7c da 0,8c siCqareebiT, maSin 
erTi raketa moZraobs meoris mimarT 

a. 1,5c siCqariT;   b. 0,23c siCqariT;   g. 0,96c siCqariT.
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