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Sesavali 
 

   mecnierebis da teqnikis ganviTarebis dRevandel etapze, fizikur 
sidideTa gazomvis Cvevebi, movlenebisa da Sesabamis kanon zomierebaTa 
codna aucilebelia kvali ficiuri specialistisaTvis. is unda erkveodes 
rig gamzom xelsawyoTa agebulebasa da moqmedebis principebSi, icodes 
maTi gamoyeneba, hqondes xelsawyoebis mopyrobis saTanado kultura. 
laboratoriuli mecadineoba ZiriTadi gzaa am amocanebis 
ganxorcielebisaTvis. 
   laboratoriuli mecadineoba swavlebis aqtualuri formaa. igi xels 
uwyobs codnis damoukideblad gaRrmaveba-gafarToebis unaris ganviTarebas, 
warmoadgens saukeTeso saSualebas Teoriuli codnis praqtikaSi 
gamoyenebisaTvis da Teoriasa da praqtikas Soris urTi-erTkavSiris 
damyarebisaTvis. laboratoriuli samuSaos SesrulebiT studenti eCveva 
calkeuli movlenebis da faqtebis analizs, ama Tu im SemTxveviTi 
faqtorebis gamoricxvas, miRebuli Sedegebidan daskvnebis gamotanas da 
garkveuli kanonzomierebis dadgenas. 
   leqciaze studenti ecnoba Teoriul masalas, ama Tu im sidideebis 
fizikur Sinaarss da kavSirs fizikur sidideebs Soris, maT erTeulebs da 
ganzomilebebs, laboratoriaSi ki iRrmavebs codnas, konkretulad ecnoba 
movlenaTa raodenobriv mxares, awarmoebs eqsperimentuli danadgaris 
montaJs, Tanmi-mdevrobiT gegmavs samuSaos calkeul etapebs, awarmoebs 
dakavSirebas da zomavs movlenis damaxasiaTebel parametrebs, asrulebs 
mate-matikur gamoTvlebs da amyarebs gazomili parametrebis 
urTierTkavSirs.  
   

 
 

fizikuri sididis gazomva 
 

   fizikuri sidide gansazRvravs  samyaroSi obieqturad arsebuli 
materialuri sxeulis an sxeulebis romeliRac erT Tvisebas. magaliTad, 
temperatura axasiaTebs sxeulis Sinagani energiis cvlilebas, 
Zala_sxeulebis urTi-erTqmedebas, gardatexis maCvenebeli_or nivTierebaSi 
sinaTlis gavrcelebis siCqaris fardobas da a. S. 
   erTnairi Tvisebebis sxvadasxva materialur sxeulebs axasiaTeben 
fizikuri sididis ricxviTi mniSvnelobiT. Tvisobrivad erTi da imave 
fizikur sidides SeiZleba qondes sxvadasxva ricxviTi mniSvneloba. 
magaliTad, fizikuri sidide_siCqare sinaTlis talRe-bisaTvis (vakuumSi) 
3.108 m/wm -ia, bgeriTi talRebisaTvis (haerSi normaluri pirobebi-saTvis) 
_3,4.102 m/wm. fizikuri sidideebis urTi-erTSedareba SeiZleba mxolod erTi 
da igive fizikuri sididis ricxviTi mniSvnelobiT. 
   fizikuri sididis Sedareba SeiZleba cdebis saSualebiT, romlis 
drosac mniSvnelovan rols gazomva asrulebs. 
   fizikuri sididis gazomva niSnavs mis Sedarebas sxva erTgvarovan 
sididesTan romelic pirobiTad miRebulia erTeulad. 
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   Tu A  gasazomi fizikuri sididea, B  _misi erTeuli fizikuri sidide da 
n  _ricxvi romelic gazomvis Sedegad miiReba, maSin gazomvis gansazRvris 
safuZvelze gvaqvs 

A nB  
es damokidebuleba warmoadgens gazomvis ZiriTad gantolebas, romlis 
marjvena mxare gazomvis Sedegia. 
   gazomva ori saxisaa _ pirdapiri da arapir-dapiri. mTel rig SemTxvevaSi 
gasazomi fizikuri sididis mniSvnelobas uSualod vRebulobT gazomvis 
Sedegad. gamzomi xelsawyo winaswar gansazRvrul erTeulebSia 
dagraduirebuli an vawarmoebT uSualod Sedarebas gasazomi fizikuri 
sidideebisas mis zomasTan. magaliTad siTxis temperaturas uSualod 
vzomavT masSi moTavsebuli TermometriT. sxeulis masis gansazRvrisaTvis 
mis masas vadarebT sawonebis masas da a. S. 
   gazomvas, romlis drosac fizikuri sididis mniSvnelobas uSualod 
gamzomi xelsawyoTi vadgenT, pirdapiri gazomva ewodeba. magram yvela 
fizikuri sidide ar SeiZleba gaizomos pirdapiri gazomvis gziT, rig 
SemTxvevaSi gasazomi fizikuri sididis gansazRvrisaTvis saWiroa gaizomos 
sxva fizikuri sidideebi, romelzedac damokidebulia gasazomi fizikuri 
sidide, aseTi saxis gazomvas arapirdapiri ewodeba. magaliTad sxeulis 

kinetikuri 
2

( )
2k

m
E


  energiis gansazRvrisaTvis winaswar unda 

ganisazRvros sxeulis masa ( )m , siCqare ( )  da Semdeg maTze garkveuli 

maTematikuri operaciebis CatarebiT gamoiTvalos saZiebeli fizikuri kE  

sidide. 
   pirdapiri gazomva SeiZleba Catardes Semdegi meTodebiT: 
1) uSualo Sefasebis meTodi. am meTodiT gasazomi fizikuri sididis 

mniSvneloba ganisazRvreba uSualod xelsawyoze anaTvalis aRebiT; 
2) nulovani meTodi. am SemTxvevaSi gasazomi sidide gawonasworebulia 

winaswar cnobili msgavsi sididiT ise, rom orive moqmedeba SeiZleba 
nulis toli miviRoT. 

3) Tanxvedris meTodi. am meTodiT gasazomi fizikuri sididis Sesabamisi 
niSanTa rigi Tanxvdeba cnobili sididis niSanTa ricxvs. 

4) Canacvlebis meTodi. am SemTxvevaSi xelsawyoSi gasazomi sidide 
icvleba Tanatoli erTgvarovani sididiT. 

5) diferencialuri meTodi. am meTodis gamoyenebisas gamzomi xelsawyoTi 
ganisa-zRvreba sxvaoba saZiebel sididesa da cnobil erTgvarovan 
sidides Soris, rodesac es sidideebi erTmaneTisagan mcired 
gansxvavdeba. rogorc pirdapiri, ise arapirdapiri gazomvis Sedegad 
miiReba fizikuri sididis ricxviTi mniSvneloba, gamosaxuli Sesabamis 
sazom erTeulebSi. 
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gazomvis cdomilebani. eqsperimentuli monacemebis damuSavebis 

ZiriTadi meTodebi 
 

   fizikuri movlenebis Sesaswavlad Cveulebriv iseT eqsperimentebs 
atareben, romlis drosac saWiroa erTi an ramdenime fizikuri sididis 
gazomva. yoveli gazomva, ra gulmodginedac ar unda Catardes igi, ar 
iZleva maTemtikurad zust Sedegs. raime gasazomi fizikuri sididis 
WeSmarit mniSvnelobasa da gazomviT miRebul Sedegs Soris sxvaobas 
cdomileba ewodeba. cdomileba SeiZleba gamowveuli iyos gamzomi 
xelsawyos arasrulyofilebiT, misi Tvisebebis SecvliT _meqanikuri, 
atmosferuli, siTburi da a.S. mizezebis gavleniT, an mocemuli sididis 
gazomvis meTodis araswori SerCeviT. Tu gasazomi sididis WeSmarit 
sididesa da gazomviT miRebul Sedegs Soris sxvaoba mxolod gamzomi 
xelsawyoTi aris gamowveuli, maSin mas sistematiur cdomilebas uwodeben. 
sistematiuri cdomileba SeiZleba minimumamde SevamciroT gazomvis 
meTodis dazustebiT, xelsawyos gaumjobesebiT da im faqtorebis 
gaTvaliswinebiT, romlebic gazomvis Sedegze axdenen gavlenas. magram 
sistematuri cdomilebis gamoricxva SeuZlebelia. 
   cdomilebis meore saxea e.w. SemTxveviTi cdomileba. cdomileba 
SemTxveviTia, Tu gasazom fizikur sididesa da gazomviT miRebul Sedegs 
Soris sxvaoba gamowveulia damkvirveblis arakvalificiurobiT, an 
grZnobaTa organoebis fiziologiuri cvlilebiT. 
   SemTxveviTi cdomilebis acileba princi-pulad SeuZlebelia, magram 
cdomilebaTa Teoriis saSualebiT, romelic damuSavebuli iqna gausis mier, 
SeiZleba gamovTvaloT mosa-lodneli cdomileba da davamtkicoT 
sazRvrebi, romelTa Soris unda iyos moTavsebuli gasazomi sididis 
WeSmariti mniSvneloba. 
   cdomilebis Semcirebis mizniT mizanSewo-nilia mocemuli fizikuri 
sididis mraval-jeradi gazomvis Catareba. gazomvisas erTnairi albaTobiT 
aris  mosalodneli rogorc WeSmaritze meti mniSvnelobis, aseve naklebi 
mniSvnelobis Sedegebi, amitom mravali gazomvis Sedegis saSualo 
ariTmetikuli cxadia, gazomvis TiTeul Sedegze ufro axlos iqneba 
gasazomi sisdidis WeSmarit mniSvnelobasTan. vTqvaT Catarda raime 
fizikuri sididis gazomva n _jer da gazomvis Sedegad miRebuli iqna 

mniSvnelobebi 1 2 ., ...., nx x x  gasazomi sididis saSualo mniSvneloba, romelic 

ufro axlosaa sididis WeSmarit mniSvnelobasTan, warmoadgens gazomvis 
Sedegad miRebuli mniSvnelobis saSualo ariTmetikuls. 

1 2 1.....

n

i
n i

x
x x x

x
n n

  
 


 

   gansxvavebas gasazomi sididis saSualo mniSvnelobasa da gazomvis 
Sedegad miRebul mniSvnelobas Soris ewodeba absoluturi cdomileba. 
ganmartebis Tanaxmad, TiToeuli gazomvis absoluturi cdomileba tolia: 
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1 1

2 2

....................

....................

....................

n n

x x x

x x x

x x x

  

  

  

 

   cxadia, calkeul dakvirvebaTa cdomilebis absolutur mniSvnelobaTa 
saSualo ariT-metikuli iqneba cdis saSualo absoluturi cdomileba 

1 2 1...

n

i
n i

x
x x x

x
n n




     

  


 

   gasazomi sididis WeSmariti mniSvneloba moTavsebuli iqneba x x  da 
x x   mniSvnelobebs Soris 

x x x x x      
sididis WeSmariti mniSvneloba Semdegnairad daiwereba 

x x x    
   marto absoluturi cdomileba ver gansazRvravs gazomvis sizustes. 
erTi da igive absoluturi cdomileba SeiZleba mcired CaiTvalos erT 
SemTxvevaSi da, piriqiT, Zalze uxeS cdomilebad meore SemTxvevaSi. es 
damokidebulia gasazomi fizikuri sididis mniSvnelobaze. amitom gazomvis 
sizustis Sesafaseblad absoluturi cdomilebis garda saWiroa SemoviRoT 
fardobiTi cdomileba. fardobiTi cdomileba aris absoluturi 
cdomilebis Sefardeba gasazomi fizikuri sididis mniSvnelobasTan; 

x
x

x
 

  

fardobiTi cdomileba gviCvenebs gasazomi sididis ra nawils Seadgens 
absoluturi cdomileba. 
   Cveulebriv, fardobiT cdomilebas procen-tebSi gamoxataven 

100%
x

x
x

 
  

 
 
 
 

Tavi I.   meqanika 
sferuli zedapiris simrudis radiusis  

gansazRvra sferometriT 
 

   sferuli zedapiris simrudis radiusi ewodeba im sferos radiuss, 
saidanac mocemuli segmentia aRebuli. 
   vTqvaT mocemulia ABCD  sferuli segmentis zedapiri, romlis simaRle 
BD H  da fuZis radiusi AD r  (nax.1) aRvniSnoT sferuli zedapiris 
simrudis radiusi R AO BO   
   davuSvaT, rom sferuli segmentis kveTis sibrtye BE  diametris 
perpendikularulia, maSin r BD  da amitom AOD  marTkuTxa 
samkuTexedisaTvis vwerT  
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2 2 2( )R R H r    
   saidanac 

                    
2 2

2

H r
R

H


                  (1) 

   am formulaSi Semavali H  da r  sidideebi SeiZleba gaizomos 
sferometris saSualebiT. 

 

          
muSaobis msvleloba 

 
1. moaTavseT saaTis tipis indikatoriani sferometri sasagne minaze da 
abruneT ise, rom isari nuls aCvenebdes. amis Semdeg gadaitaneT sferul 
zedapirze, rogorc es naCvenebia nax. 2_ze. sferometris isris Cveneba iqneba 
sferuli segmentis H  simaRle. 

2. gadaitaneT sferometri qaRaldze da aRniSneT 1 2 3, ,m m m  da m  wertilebi. 

Stangen- fargliT gazomeT 1 1 2 2 3 3; ;r mm r mm r mm    manZilebi. maTi saSualo 

mniSvneloba 1 2 3

3

r r r
r

 
  mogcemT im sferuli segmentis fuZis radiuss, 

romelsac sferometris fexebze gamavali sibrtye CamokveTs sferuli 
zedapiridan da romlis simaRle aris H . 
3. monacemebi SeitaneT dakvirvebaTa cxrilSi da (1) formuliT iangariSeT 
sferos simrudis radiusi. 
4. cda gaimeoreT 4_5 jer sferuli segmentis sxvadasxva adgilze da 
gamoiyvaneT simrudis radiusis saSualo mniSvneloba. 
5. Tu zedapiri Cazneqilia, maSin sferometri moaTavseT masze da abruneT, 
vidre maCvenebeli fexi ar Seexeba zedapirs da daayeneT nulze. Semdeg 
gadaitaneT sibrtyeze da sferometris Cveneba mogcemT H  _s. 
6. iangariSeT fardobiTi da absoluturi cdomileba. 

 
dakvirvebaTa cxrili 
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sakontrolo kiTxvebi 
 
1. ras ewodeba simrudis radiusi? 
2. gamoiyvaneT simrudis radiusis formula. 
3. aRwereT xelsawyo da cdis msvleloba. 
4. CamoayalibeT cdomilebis gamoTvlis wesi. 
 

 
kiTxvebi daskvnisaTvis 

 
1. ra sidideebis gansazRvraa saWiro cdis dros? ra xelsawyoebiT? ra 
erTeulebSi? ra sizustiT? 
2. SeiZleba Tu ara simrudis radiusis gazomva sferometris gareSe? 
rogor? 

 
 
 
 
 
 

sxeulebis simkvrivis gansazRvra 
 

   erTgvarovani sxeulebisaTvis kuTri wona ewodeba sidides, romelic 
izomeba sxeulis wonis SefardebiT mis moculobasTan. 

               
P

d
V

                    (1) 

   sadac d  sxeulis kuTri wonaa, P  sxeulis wona da V  moculoba. kuTri 
wonis sazomi erTeuli aris n/m3. 
   simkvrive ewodeba sidides, romelic izomeba sxeulis masis SefardebiT 
mis moculobasTan formuliT ase gamoixateba: 

m

V
   

   sadac   aris nivTierebis simkvrive, m  masa da V  moculoba. Tu (1) 

formulaSi P  -s SevcvliT misi mniSvnelobiT, miviRebT 
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mg
d g

V
   

   amrigad, sxeulis kuTri wona Tavisufali vardnis aCqarebisa da sxeulis 
simkvrivis namravlis tolia. 
   simkvrivis sazomi erTeuli aris kg./m3 arsebobs sxeulebis simkvrivis 
gazomvis mravali meTodi. Cven SeviswavliT ramdenime maTgans. 

 
 
 
 

 

myari sxeulis da siTxis simkvrivis gansazRvra hidrostatikuri 
awonis meTodiT 

 
    myari sxeulis simkvrivis gansazRvra hidrostatikuri awonis meTodiT 
SemdegSi mdgomareobs: m  masis sxeuli CavuSvaT gamoxdil wyalSi, 
romelzec imoqmedebs amomgdebi Zala: 

                  1F mg m g             (1)  

   sadac 1m  sxeulis masaa gamoxdil wyalSi. arqimedis kanonis Tanaxmad 

amomgdebi Zala sxeulis mier gamoZevebuli siTxis wona tolia, amitom 
SeiZleba davweroT: 

1 1mg m g gV   

aqedan 

                     1 1m m V                (2) 

   sadac 1  gamoxdili wylis simkvrivea, xolo V  gamosakvlevi sxeulis 

moculoba. Tu (2) gantolebaSi SevitanT V -s mniSvnelobas: 
m

V


  

miviRebT: 

                     1
1m m m




                 (3) 

   sadac   aris gamosakvlevi sxeulis simkvrive. Tu ganvsazRvravT  -s (3) 

formulidan miviRebT: 

                      1

1

m

m m

 


                (4) 

   sxeulis zusti awonvisaTvis saWiroa mxedve-lobaSi miviRoT sxeulis 

wonis danakargi haerSi. Tu haeris simkvrives aRvniSnavT 2 -Ti, SeiZleba 

davweroT, rom sxeulis masa haerSi iqneba 2m V , sadac 2V  gansazRvravs 

gamosakvlevi sxeulis mier gamoZevebuli haeris masas. Tu aRniSnuls 
gaviTvaliswinebT (4) formulaSi, gveqneba 

                    2

2 1

m V

m V m






 

              (5) 

   wonis Sesworebis Semdeg (2) formula ase daiwereba: 

2 1 1m V m V     

aqedan 
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                      1

1 2

m m
V

 





                (6) 

   am mniSvnelobas Tu SevitanT (5) formulaSi, sabolood miviRebT 

                 1 2 2
1

( )
m

m m
     


           (7)        

   siTxis simkvrivis gansazRvrisaTvis saWiro iqneba damxmare sxeuli. 

vTqvaT am sxeulis masa gamosakvlev siTxeSi aris 2m , arqimedis kanonis 

Tanaxmad. 

2mg m g DgV   

saidanac gamosakvlevi siTxis simkvrive 

             2m m
D

V


                   (8) 

Tu (8) formulaSi SevitanT V -s mniSvnelobas (6) formulidan, miviRebT 

                  2
1 2

1

( )
m m

D
m m

 
 


             (9) 

   haerSi wonis dakargvaze Sesworebis Setanis Semdeg miiReba gamosakvlevi 
siTxis simkvrivis saboloo formula 

         2
1 2 2

1

( )
m m

D
m m

  
  


           (10) 

muSaobis msvleloba 
 

1. teqnikur sasworze awoneT gamosakvlevi sxeuli 10-4kg. sizustiT da 
gaigeT misi m  masa, gaukeTeT Zafi da CamokideT sasworis marcxena mxares. 
2. sasworis amave mxares magidaze moaTavseT WurWeli gamoxdili wyliT, 
CauSviT masSi gamosakvlevi sxeuli ise, rom fskers an kedlebs ar exebodes 
da daifaros wyliT awoneT gamosakvlevi sxeuli wyalSi zemoT naCvenebi 

sizustiT da gansazRvreT misi 1m  masa. 

3. wyliani WurWlis magier mis adgilze moaTavseT gamosakvlevi siTxe 

da awona awarmoeT ukve cnobili wesiT. gansazRvreT sxeulis 2m  masa. 

4. wylis 1  da haeris 2  simkvriveebi ipoveT fizikuri mudmivebis 

cxrilebSi oTaxis temperaturisaTvis. 
5. monacemebi SeitaneT dakvirvebaTa cxrilSi. 
6. (7) da (10) formulebiT gamoTvaleT myari sxeulis da siTxis 
simkvriveebi. 
7. cda CaatareT 3_4 jer da iangariSeT simkvriveTa saSualo 
mniSvneloba. 
8. gamoTvaleT fardobiTi da absoluturi cdomileba. 
 
   SeniSvna: Tu sacdelad aRebuli sxeulis simkvrive uaxlovdeba sawonebis 
simkvrives, haerSi wonis dakargvis Sesworeba mxedvelobaSi ar miiReba da 
umjobesia gamoviyenoT (4) da (9) formulebi 
 

sakontrolo kiTxvebi 
1. ras ewodeba kuTri wona? simkvrive? riT izomebian isini? 
2. gamoiyvaneT myari sxeulis da siTxis simkvrivis gamosaTvleli formula Tqveni 
cdisaTvis. 
3. daasaxeleT saWiro xelsawyoebi. 
4. aRwereT cdis msvleloba. 
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5. dawereT fardobiTi da absoluturi cdomilobis formulebi.dakvirvebaTa 
cxrili 

 

gamosakvlevi 
 simkvrive 

cdomileba 

gamosakvlevi 
sxeulis masa 

simkvrive 
fizikuri 
mudmivebis 

cxrilebidan 
oTaxis 

temperatura_ 
ze 

myari 
sxeulebi-
saTvis 

siTxi-saTvis 
myari sxeulebi-

saTvis 
siTxi-saTvis 

d
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kiTxvebi daskvnisaTvis 
 

1. ra sidideebis gazomvaa saWiro cdis dros? ra erTeulebSi? ra sizustiT? 
2. ra SemTxvevaSi SeiZleba haerSi wonis danakargis ugulebelyofa? daasabuTeT. 
3. Tu sxeulis simkvrive cnobilia. ra SeiZleba gaizomos aRwerili cdiT? rogor? 
 
 

 
haeris simkvrivis gansazRvra 

 
   aRvniSnoT daxurul WurWelSi myofi gazis moculoba V - Ti, wneva -P  
da temperatura T -Ti. 
   gamovtumboT WurWlidan m  masis haeri, darCenili haeris moculoba 
aRvniSnoT  –Ti, maSin gamotumbuli haeris moculoba iqneba: 

                  1V V                  (1) 

   davuSvaT, rom gaiSviaTebis Semdeg darCenilma haerma daikava kolbis 
mTeli tevadoba, misi wneva aris H h , sadac H  aris atmosferos wneva; 
h __manometrSi vercxliswylis doneTa sxvaoba. 
   boil_mariotis kanonis Tanaxmad gveqneba: 

( )V H h H   
aqedan: 

H h
V

H
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 _s am mniSvnelobas Tu SevitanT (1) formulaSi, miviRebT kolbidan 
amotumbuli haeris moculobas: 

                     1

h
V V

H
             (2) 

   radganac viciT kolbidan gamotumbuli haeris masa da moculoba 
simkvrivis ganmartebis Tanaxmad vwerT: 

                 
1

m mH

V Vh
                (3) 

   (3) formuliT gamovTvliT haeris simkvrives oTaxis temperaturaze. 
 

muSaobis msvleloba 
 

1. awoneT haeriani kolbi sacobTan da momWerTan erTad da CainiSneT 

misi 1m  masa. 

2. SeaerTeT kolbi rezinis miliT tumbosTan (nax. 1), amotumbeT haeri da 
daniSneT manometrSi doneTa sxvaoba h . awoneT kolbi uhaerod, dainiSneT 

misi 2m – masa. 

3. gaigeT kolbidan amotumbuli haeris masa 1 2m m m  ; 

4. barometrze aTvaleT H - wneva, Termometrze monaxeT oTaxis t – 
temperatura. 
5. monacemebi SeitaneT dakvirvebaTa cxrilSi. (3) formuliT iangariSeT 
haeris simkvrive. 
6. cda gaimeoreT 3_4_jer da gamoiyvaneT simkvrivis saSualo 
mniSvneloba. 
7. fizikuri mudmivebis cxrilebSi monaxeT haeris simkvrive mocemuli 
temperaturisa da wnevisaTvis da SeadareT Tqveni cdiT miRebul Sedegs. 
8. iangariSeT fardobiTi da absoluturi cdomileba. 

 
 
 

sakontrolo kiTxvebi 
 

1. gamoiyvaneT haeris simkvrivis formula Tqveni cdisaTvis. 
2. daasaxeleT cdisaTvis saWiro xelsawyoebi. 
3. aRwereT cdis msvleloba. 
4. dawereT absoluturi da fardobiTi cdomilebis formulebi. 

 
 

dakvirvebaTa cxrili 
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kiTxvebi daskvnisaTvis 
 

1. ra sidideebis gazomvaa saWiro cdis dros? ra xelsawyoebiT? ra 
erTeulebSi? ra sizustiT? 
2. aris Tu ara haeris simkvrive damokidebuli temperaturaze? rogor? 
daamtkiceT. 
 
 
 

xsnaris simkvrivis, koncentraciis da masSi gaxsnili nivTierebis 
raodenobis gansazRvra areometriT 

 
   erTeuli moculobis xsnaris masas xsnaris simkvrive ewodeba. izomeba 
kg./m3_Si. 
   gaxsnili nivTierebis masis Sefardebas xsnaris masasTan, gamosaxuls 
procentebSi, am xsnaris koncentracia ewodeba. 
   aRvniSnoT gaxsnili nivTierebis masa m _iT, xsnarisa M -iT da 
koncentracia C _Ti. ganmartebis Tanaxmad SegviZlia davweroT: 

               .100%
m

C
M

                (1) 

   xsnaris koncentracia SeiZleba gaizomos am xsnarisa da qimiurad sufTa 
wylis simkvrivis saSualebiT. aRvniSnoT xsnaris simkvrive D _Ti, xolo 
sufTa wylis simkvrive  _Ti. SeiZleba davweroT: 

              100%
D

C
D


               (2) 

sadac ( )D   ricxobrivad gamoxatavs erTeul moculobaSi gaxsnili 
nivTierebis raodenobas. (1) formulidan gaxsnili nivTierebis masa: 

m M C   
   Tu am formulaSi SevitanTM D V  , sabolood miviRebT 

                 m D C V                 (3) 



 
 
 

 14 

sadac V  xsnaris moculobaa. 
 

muSaobis msvleloba 
 

1. CaasxiT menzuraSi xsnari da CainiSneT misi V  moculoba (m3_Si). 
2. CauSviT areometri da gazomeT xsnaris D  simkvrive.  
3. gazomeT xsnaris temperatura da am temperaturaze fizikuri 
mudmivebis cxrilebSi ipoveT wylis   simkvrive. 

4. monacemebi SeitaneT dakvirvebaTa cxrilSi, (2) formuliT iangariSeT 
xsnaris koncentracia, (3) formuliT ki _ masSi gaxsnili nivTierebis masa. 
5. gaaTbeT igive xsnari da cda gaimeoreT sxvadasxva temperaturaze 4_5-
jer. 
6. gamoiangariSeT xsnaris koncentraciisa da masSi gaxsnili masis 
saSualo mniSvneloba. 
7. iangariSeT fardobiTi da absoluturi cdomileba. 
 

 
 
 

sakontrolo kiTxvebi 
 

1. ras ewodeba xsnaris simkvrive? ra erTeulebSi izomeba? 
2. ras ewodeba xsnaris koncentracia? rogoria misi formula? 
3. rogor viangariSoT xsnarSi gaxsnili nivTierebis raodenoba? 
4. ra aris areometri? aRwereT cdis msvleloba. 

 
dakvirvebaTa cxrili 
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.kiTxvebi daskvnisaTvis 
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1. areometrebi ixmareba xsnarSi cximianobis, spirtianobis da 
Saqrianobis gasazomad. ra princips emyareba es? rogori areometrebi iqneba 
saWiro? 
2. SeiZleba Tu ara areometris daxmarebiT ganvsazRvroT xsnaris 
temperatura? daasabuTeT. 
 
 

 
 

 
birTvebis dajaxebaTa Seswavla 

 
   sxeulis impulsi ewodeba am sxeulis masisa da siCqaris namravls: 

K m
 

 
   urTierTmoqmed sxeulTa erTobliobas ewodeba sistema. sistemas ewodeba 
Caketili Tu masSi Semavali sxeulebi urTierTqmedeben mxolod erTmaneTze 
da ar urTierTqmedeben sxva sxeulebTan, romlebic mocemul sistemaSi ar 
Sedian. 
   sistemis impulsi ewodeba masSi Semavali sxeulebis impulsebis jams: 

1

n

i i
i

K m


 
 

 

   mtkicdeba, rom Caketili sistemisaTvis samarTliania impulsis Senaxvis 
kanoni: 

                  
1

n

i i
i
m const


 


              (I) 

   ganvixiloT impulsis Senaxvis kanoni ori birTvis dajaxebis magaliTze. 

birTvebis masebi iyos 1m  da 2m , maTi siCqareebi dajaxebamde 1

 da 2


, 

xolo dajaxebis Semdeg 1

 da 2


, maSin (I) formula miiRebs Semdeg saxes: 

                1 1 2 2 1 1 2 2m m m m      
   

        (2) 

   birTvebis dajaxebas uwodeben absoluturad drekads, Tu birTvebis 
Tavdapirveli meqanikuri energia ar gadadis Sinagan energiaSi. aseTi 
dajaxebis procesSi warmoSobili deformacia mTlianad ispoba. e.i. 
birTvebi aRidgenen pirvandel formasa da moculobas. am dros impulsis 
Senaxvis kanoni gamoisaxeba (2) formuliT. 
   birTvebis dajaxebas uwodeben absoluturad aradrekads Tu dajaxebis 
Semdeg isini moZraoben erTnairi siCqariT. aRvniSnoT es siCqare  


Ti. am 

dros deformaciis potencialuri energia ar aRiZvreba: birTvebis 
kinetikuri energia mTlianad ( 0) 


 an nawilobriv ( 0) 


 gadadis maT 

Sinagan energiaSi. birTvebis absoluturad aradrekadi dajaxebisas 
impulsis mudmivobis kanoni miiRebs Semdeg saxes: 

      1 1 2 2 1 2( )m m m m    
  

 

   laboratoriul pirobebSi birTvebis siCqareebi SeiZleba Semdegnairad 

ganvsazRvroT: l  sigrZis Zafebze CamovkidoT 1m  da 2m  masis birTvebi (nax. 

I) cdis gamartivebis mizniT umjobesia erTi burTula (magaliTad 2m ) 

wonasworobaSi davtovoT. maSin misi siCqare 2 0.   
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1m  masis birTvi wonasworobidan gadavxaroT ise, rom man aiwios 

garkveul h  simaRleze, rogorc naxazidan Cans 
 

1

1

2 1

cos

(1 cos )

2 sin
2

l h l

h l

h l





 
 



 

 
nax.1 

sadac ,1  aris kuTxe, saidanac iwyebs moZraobas pirveli burTula. 

mcire kuTxeebisaTvis 11sin   , amitom 

l
lh



2

12


 

   am mdgomareobaSi birTvis potencialuri energia 

                   
2

2
1

11


glmE                 (3) 

   Tu 1m  burTulas gavanTavisuflebT, maSin is daejaxeba uZravad myof 2m  

burTulas. dajaxebis Semdeg 1m  burTula gadaixara raRac 1  kuTxeze, 

xolo 2m  burTula 


2 kuTxeze. am mdgomareobaSi burTulebis energiebi 
gamo-iTvleba (3) formulis daxmarebiT: 

;
2

2
1

1


mglE       

2
2

2





mglE    (4) 

   vinaidan burTulas potencialuri energia umaRles wertilSi tolia 
misi kinetikuri energiisa umdables wertilSi, amitom burTulaTa 
siCqareebiT dajaxebis Semdeg, energiis mudmivobis kanonis Tanaxmad 

2 2
1 1

12 2

m
m gl

 
      

saidanac 1 1gl     analogiurad miviRebT 
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2 2

1 1

gl

gl

 

 

 


               (5) 

 
(4) da (5) formulebSi kuTxeebi yvelgan radianebSia gazomili. igulisxmeba, 

rom  
57

1
1  rad. 

   cnobili 1m  da 2m  masis SemTxvevaSi, SeiZleba cdaze gaizomos 


11 ,  da 


2 kuTxeebi. maSin SegviZlia SevamowmoT impulsis 

mudmivobis kanoni, romelic Cvens SemTxvevaSi miiRebs Semdeg saxes: 
 221111  mmm  

   Tu daejaxeba absoluturad aradrekadia, maSin cxadia, rom 
 21  . 

   dajaxebis tipis Sesamowmeblad SeiZleba vipovoT meqanikuri energiis 
cvlileba dajaxebis Semdeg. rac metia igi, miT ufro aradrekadia 
dajaxeba. 

 
 

cdis msvleloba 
 

1. daamagreT xelsawyoze liTonis ori birTvi. gadaxareT marjvena 
birTvi da SeaxeT eleqtromagnits. igi unda gaCerdes am mdgomareobaSi; 

2. CainiSneT birTvebis masebi (marjvena _ ,1m  marcxena 2m ) da gadaxris 

sawyisi 1  (radianebSi); 

3. daaWireT “пуск” Rilaks. dajaxebis Semdeg CaiwereT maqsimaluri 

gadaxrebi (marjvena 


1  marcxena 


2 ) radianebSi; 

4. gaimeoreT cda samjer da ipoveT saSualo 


1  da 


2 ; 

5. gamoTvaleT 


211 ,, KKK  impulsebi da 


11 ,EE da 


2E energiebi. ipoveT 
cxrilSi mocemuli sidideebi; 

6. SecvaleT marcxena burTula. gaimeoreT cdis 1 _ 5 punqtebi.  
7. marcxena burTulis magier daamagreT plastilinis burTula da isev 

gaimeoreT 1_5 punqtebi. cdis monacemebi SeitaneT dakvirvebaTa 
cxrilSi. 

 
sakontrolo kiTxvebi 

 
1. ganmarteT sxeulis impulsi. 
2. ganmarteT sxeulTa sistema da sistemis impulsi. 
3. CamoayalibeT impulsis mudmivobis kanoni. 
4. ras ewodeba birTvebis drekadi da aradrekadi dajaxeba? 
5. CamoayalibeT meqanikuri energies mudmivobis kanoni. 
6. aRwereT xelsawyo da cdis msvleloba. 

 
dakvirvebaTa cxrili 
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# 1m
 

2
m
 

1
 


1
 


2
 

1

2

 


 

1



 

1E
 





2

1

E

E

 

E  
1




 

1 
2 
3 
 

           

4 
5 
6 
. 

           

7 
8 
9 
 

           

 
 
 

samuSao formulebi 
 

                   









211

211

2

2

EEEE

KKKK

mglE

glmK





 

 
 

 
 

simZimis Zalis aCqarebis gansazRvra 
    
   simZimis Zalis moqmedebiT uhaero sivrceSi sxeulis vardnas 
Tavisufali vardna ewodeba. mocemul adgilze simZimis Zala mudmivi 
sididea, mudmivi ZaliT gamowveuli moZraoba ki Tanabrad aCqarebulia, e.i. 
Tavisufali vardna Tanabrad aCqarebuli moZraobaa. simZimis ZaliT 
gamowveul aCqarebas Tavisufali vardnis aCqareba anu simZimis Zalis 
aCqareba ewodeba. aRiniSneba g _Ti. 

   rogorc cnobilia, simZimis Zala damokidebulia dedamiwis geografiul 
ganedze da zRvis donidan sxeulis daSorebis simaRleze. simZimis Zalis 
damokidebuleba geografiul ganedze nawilobriv gamowveulia dedamiwis 
arasferuli formiT (ekvatoruli da polaruli radiusebis sxvaobiT), 
ZiriTadad ki _ dedamiwasTan  erTad sxeulis dReRamuri brunviT RerZis 
irgvliv. 
   ganvixiloT rogor aris damokidebuli sxeulis wona geografiul 
ganedze. 
   vTqvaT A  wertilSi, romlis geografiuli ganedi ari a , moTavsebulia 
sxeuli (nax. 1). am sxeulze ori Zala moqmedebs: 

1. dedamiwis mizidulobis 0P  Zala, romelic mimarTulia dedamiwis 

centrisaken. 
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2. inerciis centridanuli 0F  Zala, romelic mimarTulia r  radiusis 

gaswvriv. 

          
Nnax.1 

 am ori Zalis aP  tolqmedi warmoadgens sxeulis wonas A  wertilSi. am 

wertilSi saqani rom CamovkidoT, misi mimarTuleba daemTxveva ara 0P -s, 

aramed aP  Zalis mimarTulebas, e.i. aP  gansazRvravs mocemul adgilze 

vertikalurad mimarTul simZimis Zalas. 0P  aris is Zala (wona), romelic 

eqneboda sxeuls dedamiwa rom uZravi yofiliyo. 

   davSaloT 0F  centridanuli Zala or mdgenelad 1F , Zalad, romelic 

mimarTulia dedamiwis mizidulobis 0P  Zalis sawinaaRmdegod da mis 

marTob 2F  Zalad. miaxloebiT SeiZleba CavTvaloT, rom 2F  cvlis mxolod 

mizidulobis Zalis mimarTulebas, xolo 1F  amcirebs mis sidides. radgan 

igi mimarTulia mizidulobis Zalis sawinaaRmdegod, amitom: 

0 1aP P F   

   naxazidandan Cans, rom 
2

1 0 cos cosF F a m r a   

magram cosR a r , sadac R  dedamiwis radiusia, amitom 
2 2

0 cosaP P m R a   

radgan 0P mg , amitom 
2

2 2 2cos (1 cos )a

R
P mg m R a mg a

g

     

cdebiT dadgenili aris rom 
2

0,0034
R

g


  

da is yovelTvis mudmivi sididea, amitom: 

             2
0 (1 0,0034cos )aP P a           (1) 

   (1) formula gamosaxavs simZimis Zalis geografiul ganedze 
damokidebulebas. 

   aRvniSnoT simZimis Zalis aCqareba a  ganedze  ag -Ti, maSin (1) 

gantolebidan miviRebT: 

            2(1 0,0034cos )ag g a           (2) 
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   (2) formula gvaZlevs simZimis Zalis aCqarebis damokidebulebas 
dedamiwis  geografiul ganedze. 
   rogorc (1) da (2) formulebidan Cans, simZimis Zala da simZimis Zalis 
aCqareba udidesia polusze da umciresia ekvatorze. (polusze 90a   da 
ekvatorze 0a  ). dadgenilia, rom polusze 9,83221g   m/wm2, xolo 

ekvatorze 9,78049g   m/wm2. 
   simZimis Zalis aCqareba mcirdeba zRvis donidan sxeulis daSorebis 
simaRlis zrdis mixedviT. 
   Cveulebriv pirobebSi 1_2 km. simaRleze es cvlileba imdenad mcirea rom 
SeiZleba ugulebelvyoT. 
   arsebobs simZimis Zalis aCqarebis gansazRvris mravali meTodi, 
ganvixilavT ramdenime maTgans. 
 

 
 
 
 
 

simZimis Zalis aCqarebis gansazRvra 
maTematikuri saqaniT 

 
   maTematikuri saqani warmoadgens uwonad da uWimad Zafze dakidul 
materialur wertils. zusti maTematikuri saqanis miReba SeuZlebelia. 
magram SeiZleba miaxloebiT miRebul iqnas iseTi saqani, romelic 
maTematikuri saqanis yvela moTxovnas akmayofilebs. aseTi saqania mcire 
moculobis birTvi, dakiduli 1 metrze meti sigrZis wvril uWimad Zafze. 
   wonasworobidan gamoyvanis Semdeg saqani asrulebs rxeviT moZraobas. 
amasTan, saqanis mcire rxevebi warmoadgens harmoniul rxevebs, e.i. iseT 
rxevebs, romlis gamomwvevi Zala gadaxris pirdapirproporciulia da 
mimarTulia wonasworobisaken. 
   Teoriidan cnobilia rom l  sigrZis saqanis rxevis periodi 
ganisazRvreba hiugensis formuliT: 

                         2
l

T
g

              (1) 

sadac T  aris dro, romlis ganmavlobaSic saqani erT srul rxevas 
asrulebs. (1) formulidan: 

                          
2

2

4 l
g

T


               (2) 

   (2) formuliT gamoiTvleba simZimis Zalis aCqareba. 
 

 
xelsawlyos aRwera 

 
   milimetriani skalis mqone saxazavze damagre-bulia specialuri A  Rero 
(nax.1) Zafis Camosabmelad. Reroze daxveulia wvrili uWimadi Zafi, 
romelzedac Camokidebulia foladis birTvi. A  Reros brunviT SeiZleba 
Zafis sigrZis Secvla. 
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nax.1 

 
muSaobis msvleloba 

 
1. marTkuTxa samkuTxedi miadeT masStabs ise, rom misi erTi kaTeti 
gahyves vertikalur xazs, xolo meore kaTeti SeaxeT burTulas qveda 
wertils da aiTvaleT masStabze Zafis L  sigrZe. dakidebis wertilidan 
samkuTxedis horizon-talur kaTetamde. 
2. gazomeT burTulas r  radiusi (moifiqreT rogor) da saqanis l L r   
sigrZe. 
3. gadaxareT saqani mcire kuTxiT (4__50-iT), igi daiwyebs rxeviT 
moZraobas. rodesac saqani wonasworobidan udidesi gadaxris mdgoma-
reobaSi iqneba, aamuSaveT wammzomi da gansazRvreT t  dro, romelic 
saWiroa saqanis n  sruli rxevis SesrulebisaTvis. 

4. gamoTvaleT rxevis 
t

T
n

  periodi. 

5. cda CaatareT 4_5_jer saqanis sxvadasxva sigrZisa da rxevaTa 
ricxvisaTvis. gazomvis Sedegebi SeitaneT dakvirvebaTa cxrilSi da 
gamoTvaleT simZimis Zalis aCqarebis sidide (2) formuliT. gamoiyvaneT 
ramdenime gazomvis saSualo mniSvneloba. 
6. iangariSeT fardobiTi da absoluturi cdomileba. 
 

 
dakvirvebaTa cxrili 
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sakontrolo kiTxvebi 
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1. ras ewodeba maTematikuri saqani? rogor SeiZleba damzaddes igi? 
2. dawereT maTematikuri saqanis rxevis periodis formula, simZimis 
Zalis aCqarebis formula. 
3. aRwereT xelsawyo da cdis msvleloba. 
 
 
 
 

kiTxvebi daskvnisaTvis 
 

1. ra xelsawyoebi dagWirdebaT amocanis SesrulebisaTvis? 
2. ra sidideebis gazomvas awarmoebT cdis dros? ra erTeulebSi? 
3. saqanis sigrZis oTxjer gadidebiT rogor Seicvleba simZimis Zalis 
aCqareba? rxevis periodi? 
 
 
 

 
 
 
 
 
 
 

Tavisufali vardnis aCqarebis gansazRvra  
atvudis xelsawyos saSualebiT 

 
   arsebobs Tavisufali vardnis aCqarebis )(g  gazomvis sxvadasxva 
meTodebi. erT_erTi aseTi meTodia g _s gansazRvra e.w. atvudis xelsawyos 

saSualebiT. 
   atvudis xelsawyo warmoadgens mbrunav bloks, romelzec gada-debulia 
uWimavi Zafi masze damagrebuli M  masis tvirTebiT. radgan tvirTebis 
masebi erTna-iria, amitom sistema Tavdapirvelad imyofeba wonasworobis 
mdgomare-obaSi. Tu erT_erT tvirTze movaTavsebT m  masis mqone damatebiT 
tvirTs, maSin sistema daiwyebs TanabaraCqa-rebul moZraobas naxazze 
naCvenebi mimarTu-lebiT.  
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sistema TanabaraCqarebulad moZraobs 1S  manZilze. ris Semdeg xdeba m  
masis tvirTis sistemidan mocileba. amis Semdeg sistema Tanabrad moZraobs 

2S  manZilze. cxadia, rom am Tanabari moZraobis siCqare toli iqneba im 

myisi siCqarisa, romelic sistemas hqonda 1S  gzis bolos. 
   aRvweroT sistemis moZraoba. am mizniT davweroT niutonis II kanoni 
TviTeuli tvirTisTvis cal_calke. miviRebT gantolebaTa Semdeg sistemas: 














MaMgT

mafmg

MafTMg

 

sadac T  Zafis daWimulobis Zalaa. f  aris m  masis tvirTis wona 
(romelic tolia am tvirTze moqmedi reaqciis Zalisa), xolo a _sistemis 
aCqareba. 
   am sistemis amoxsna gvaZlevs: 

a
m

mM
g 




)2(
 

   magram 
2

12
a

S


 , sadac   aris siCqare TanabaraCqarebuli moZraobis 

bolos. maSin 
2

1

(2 )

2

M m
g

S m


  

vinaidan 2S  gzaze moZraoba Tanabaria, amitom 

2S

t
   

amrigad, sabolood miviRebT: 

mtS

SmM
g

2
1

2
2

2

)2( 
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cdis msvleloba 

 
1. daayeneT atvudis xelsawyoze Sua da zeda kronSteinebis meSveobiT 

nebismieri 1S  da 2S  manZilebi; CarTeT klaviSi ,,СЕТЬ''; 
2. CarTeT klaviSi ,,СБРОС''. indikatorze yvela cifri unda uCvenebdes nuls; 
klaviSi ,,ПУСК'' unda iyos amorTul mdgomareobaSi. SeamowmeT aCerebs Tu 
ara eleqtromagniti bloks; 
3. marjvena tvirTi aswieT ise, rom misi qveda napiri gauswordes zeda 
kronSteinze gamosaxul xazs; 
4. moaTavseT m  masis mqone disko marjvena tvirTze; 
5. daaWireT TiTi klaviSs ,,ПУСК’’; tvirTebi amoZravdebian da marjvena 
tvirTi gaivlis Sua da qveda kronSteinebs. am dros liTonis disko 
darCeba Sua kronSteinis rgolze. qveda kronSteinis gavlis Semdeg 
eleqtromagniti avtomaturad daamuxruWebs tvirTebs, xolo wamzomze 

gamoisaxeba 2S  manZilis gavlis dro. 
6. SeitaneT cxrilSi cdis dros miRebuli Sedegebi: didi tvirTebis masa _ 

M , liTonis diskos masa m , manZilebi 1S  da 2S  da wamzomis Cveneba t . 
7.daaWireT TiTi klaviSs ,,СБРОС”. Eleqt-romagnitma unda gaaTavisuflos 
gorgolaWi da tvirTebis moZraoba Tavisuflad unda SeiZlebodes; 
8. 2_7 punqtebi gaimeoreT samjer sxvadasxva masis mqone diskoebisa da 

sxvadasxva 1S  da 2S  manZilebisaTvis; 
 

dakvirvebaTa cxrili  
 

   
# 

k,M

 

,m
 

1S  2S  t  g  .saSg
 

g  g

g

 

          
 

 
sakontrolo kiTxvebi 

 
1. ras ewodeba Tavisufali vardnis aCqareba da ras udris misi 

mniSvneloba dedamiwis zedapiris maxloblobaSi? 
2. gamoiyvaneT g _s gamosaTvleli formula. 

3. aRwereT atvudis xelsawayo da cdis msvleloba 
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simZimis Zalis aCqarebis gansazRvra 
birTvis gorvis meTodiT 

 
   movaTavsoT birTvi Cazneqil MN  zedapirze (nax. 1) B  wertilSi birTvis 
centrs ukavia udablesi mdebareoba, romelsac Seesabameba minimaluri 
potenciuri energia, gamoviyvanoT birTvi wonasworobis mdgomareobidan da 
mivceT moZraobis saSualeba, igi daiwyebs rxevas B  wertilis mimarT. Tu 
xaxuns mxedvelobaSi ar miviRebT, birTvi Seasrulebs harmoniul rxevas 
mudmivi a  amplitudiT. 
   meqanikuri energiis Senaxvis kanonis Tanaxmad potenciuri energia 
gadaxris umaRles A  wertilSi tolia kinetikuri energiisa udables B  
wertilSi: 

                  Ap BkE E                (1) 

gamovTvaloT: ApE  da BkE . viciT rom potenciuri energia ApE mgh , sadac h  

birTvis centris awevis simaRlea B  wertilidan. 

   Cazneqili zedapiris simrudis O  centridan SemovxazoT 1R OB  

radiusiani wrexazi da A  wertili SevuerToT D wertils. geometriis 
elementaluri kursidan cnobilia, rom 

2BC CD AC   
naxazidan Cans, rom 1,; 2BC h CD R h   , da AC a  amitom vwerT 

               2
1(2 )h R h a               (2) 

   Tu rxeva mcire amplitudiT warmoebs, maSin simciris gamo 2h  SeiZleba 

ugulebelvyoT da miviRebT hR2a 1
2  , saidanac  

2

12

a
h

R
 . 

   am mniSvnelobas Tu SevitanT potenciuri energiis formulaSi miviRebT: 

                 
2

12Ap

mga
E

R
               (3) 

   davuSvaT, Cazneqil sferul zedapirze birTvis srials adgili ara aqvs, 
igi mxolod goravs. am SemTxvevaSi birTvis kinetikuri energia tolia 
gadataniTi moZraobis kinetikuri energiis da centris garSemo brunvis 
kinetikuri energiis jamisa 

               bg EEEBk  .             (4) 

   rogorc cnobilia, gadataniTi moZraobis kinetikuri energia 

2

m
E

2
b  

   harmoniuli rxeviTi moZraobis siCqare 
T

a2  , amitom 

2

T

a2
m
2

1
E 









g  

   brunviTi moZraobis kinetikuri energia 
2

2

I
E


b , 



 
 
 

 26 

sadac I  birTvis inerciis momentia diametris mimarT, ;mr
5

2
I 2  

 _ brunvis kuTxuri siCqare, 
2 a

r rT

    , amitom 

22

2

T

a2
m
5

1

2

1

rT

a2
mr
5

2
E 
















b  

kinetikuri energia B  wertilSi 
222

Bk T

a2
m

10

7

T

a2
m
5

1

T

a2
m
2

1
E 























  

energiis mudmivobis kanonis Tanaxmad: 
2

1

2

T

a2
m

10

7

R2

mga









 

aqedan: 

2
1

2

T

R6,5
g


  

   Tu sferuli zedapiris simrudis radiuss aRvniSnavT R _iT, maSin 

SegviZlia davweroT rRR1  . CavsvaT g _s mniSvnelobaSi 1R _is 

mniSvneloba, gveqneba: 

              
 
2T

rR3,55
g


               (5) 

(5) formuliT gamoiTvleba simZimis Zalis aCqareba. 
 
 

 

 
 

xelsawyos aRwera 
 

   didi simrudis radiusis mqone gluvi sferuli segmentis zedapiri 
damagrebulia Stativze ise, rom misi sibrtye horizontalur 
mdgomareobaSia (nax. 1). 

 
 

muSaobis msvleloba 
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1. gansazRvreT Cazneqili sferuli zedapiris simrudis R  radiusi (ix. 
amocana #1). 
1. gazomeT birTvis r  radiusi. 
2. roca birTvi imyofeba wonasworobis mdebareobidan udidesi gadaxris 
mdgomareobaSi, aamuSaveT wammzomi da aiTvaleT 105n   sruli 

rxevisaTvis saWiro t  dro. gansazRvreT birTvis sruli rxevis 
n

t
T   

periodi. 
3. miRebuli anaTvlebi SeitaneT dakvirvebaTa cxrilSi da gamoTvaleT 
simZimis Zalis aCqareba. 
4. cda CaatareT ramdenjerme sxvadasxva diametris birTvebisaTvis da 
ipoveT simZimis Zalis aCqarebis saSualo sidide. 
5. iangariSeT fardobiTi da absoluturi cdomileba. 
 

dakvirvebaTa cxrili 
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sakontrolo kiTxvebi 
 

1. ra aris amocanis mizani? 
2. gamoTvaleT birTvis potenciuri da kinetikuri energia. 
3. gamoiyvaneT cdis mixedviT simZimis Zalis aCqarebis formula. 
4. aRwereT cdis msvleloba da cdomilebis gamoTvlis wesi. 
 

kiTxvebi daskvnisaTvis 
 
1. ra sidideebis gazomvaa saWiro cdis dros? ra erTeulebSi? ra 
xelsawyoebiT? ra sizustiT? 
2. iqneba Tu ara damokidebuli simZimis Zalis aCqareba birTvis 
radiusze? rogor? 
3. simZimis Zalis aCqareba cnobilia, ra SeiZleba gaizomos igive cdiT? 
dawereT formula. 
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simZimis Zalis aCqarebis gansazRvra maTematikuri saqanis 
saSualebiT* 

 
maTematikuri saqani ewodeba uWimav da uwono Zafze dakidebul sxeuls, 

romlis zomebi gacilebiT mcirea Zafis sigrZesTan SedarebiT. (nax.1)  

 
 
gavixsenoT zogierTi cneba rxeviTi moZraobis Teoriidan, romlebic 

dagvWirdeba mocemuli samuSaos Sesrulebisas. 
aRvniSnoT x _iT merxevi sxeulis daci-leba wonasworobis 

mdgomareobidan drois                    nebismier momentSi. am sidides 
wanacvleba ewodeba. cxadia, rom ).(txx   Tu wanacvleba izrdeba sinusis an 
kosinusis kanoniT, maSin rxevas ewodeba harmoniuli. harmoniuli rxevis 
gantolebas aqvs Semdegi saxe: 

0 0sin( )x x t    an 0 0cos( )x x t    

am formulebSi 0x  aris sxeulis maqsimaluri wanacvleba da mas amplituda 

ewodeba; 

0t   _ aris rxevis faza, xolo  _sawyisi faza; 

rxevis periodi T  ewodeba dros, romlis ganmavlobaSic sxeuli 
asrulebs erT srul rxevas, xolo rxevis sixSire ewodeba erT wamSi 
Sesrulebul rxevaTa ricxvs. am sidideebs Soris arsebobs Semdegi martivi 
damokidebuleba: 

T

1
  

cikluri sixSire 0  damokidebulia rxevis periodTan da sixSiresTan 

Semdegnairad: 

0

2
2

T

    

maTematikuri saqanis moZraoba SeiZleba ganvixiloT rogorc 
materialuri wertilis brunviTi moZraobis kerZo SemTxveva. es saSualebas 
gvaZlevs gamoviyenoT brunviTi moZraobis dinamikis ZiriTadi gantoleba: 

                    IM                   (I) 

sadac M   aris sxeulze moqmedi simZimis Zalis momenti; 
I  _sxeulis inerciis momentia O wertilze gamavali RerZis mimarT.  _ 
kuTxuri aCqarebaa. 

magram 

2

sin

mlI

mglmgM
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2

2

d d

dt dt

     

maSin (I) gantoleba miiRebs saxes: 
2

2
sin 0

d g

dt l

    

rxevis mcire kuTxeebisaTvis  sin . SemoviRoT aRniSvna  

                    2
0

g

l
                  (2) 

  miviRebT: 
2

2
02

0
d

dt

     

uSualo CasmiT SeiZleba davrwmundeT, rom am gantolebis amonaxsens 
aqvs Semdegi saxe: 

0 0cos( ),t      

sadac 0  da   mudmivebia, romelTa dadgena SeiZleba sawyisi pirobebiT. 

amrigad, maTematikuri saqanis rxeva harmoniulia. 

rxevis periodis dasadgenad 0

2

T

   formula SevitanoT (2) _Si, 

miviRebT: 

                   
g

l
T 2                 (3) 

(3) formulidan 

                    
2

24

T

l
g


                  (4) 

(4) formulidan Cans, rom g  sididis gasagebad sakmarisia gavzomoT 

maTematikuri saqanis l  sigrZe da rxevis T  periodi. es ukanaskneli 
gamoiTvleba formuliT: 

                     
n

t
T                    (5) 

sadac t  aris nrxevis Sesabamisi dro. 
 

cdis msvleloba 
 

1. qveda kronSteini daayeneT RerZis qveda nawilSi, miaqcieT yuradReba 
imas, rom maTematikuri saqanis sigrZe ar iyos naklebi 50 sm._ze; 

2. daayeneT saqani ise, rom xazi burTulaze emTxveodes eleqtronuli 
mowyobilobis korpusze arsebul xazs; 

3. gadaxareT saqani wonasworobis mdgomare-obidan 4_50 - iT; 
4. daaWireT TiTi Rilaks ,,СБРОС”; 
5. gauSviT saqani, daaxloebiT 10 rxevis Semdeg daaWireT TiTi Rilaks 

,,СТОП”; 
6. (5) formuliT iangariSeT saqanis rxevis periodi T ; 
7. gazomeT skalaze saqanis sigrZe l ; 
8. (4) formuliT iangariSeT simZimis Zalis aCqareba; 
9. cda gaimeoreT samjer, ipoveT g _s saSualo mniSvneloba, gamoTvaleT 

absoluturi da fardobiTi cdomilobebi. 
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dakvirvebaTa cxrili 
 

# l ,m. n  t wm. T wm. g  g saS. g saS. %100
8.9




g

         
 

samuSao formulebi 

2

24

T

l
g

n

t
T





 

 
 

sakontrolo kiTxvebi 
 

1. ras ewodeba rxeva? rogor rxevas ewodeba harmoniuli? 
2. dawereT harmoniuli rxevis gantoleba. ra SemTxvevaSi iqneba am 
gantolebaSi sinusi da kosinusi? 
3. ganmarteT rxeviTi moZraobis maxasiaTebeli sidideebi (wanacvleba, 
amplituda, faza, sawyisi faza). daasaxeleT maTi erTeulebi. 
4. ganmarteT rxevis periodi, sixSire da cikluri sixSire. rogori kavSiria 
maT Soris? 
5. dawereT brunviTi moZraobis dinamikis ZiriTadi gantoleba da 
daasaxeleT masSi Semavali sidideebi. 
6. ras ewodeba maTematikuri saqani? dawereT misi rxevis periodis 
formula. 
7. aRwereT cdis msvleloba 

simZimis Zalis aCqarebis gansazRvra 
fizikuri saqanis saSualebiT* 

 
fizikuri saqani ewodeba nebismier sxeuls, romelsac SeuZlia 

Seasrulos rxeviTi moZraoba nebismieri RerZis mimarT, romelic ar gadis 
misi simZimis centrSi (nax.I). 

 
nax. I 

 
gavixsenoT zogierTi cneba rxeviTi moZraobis Teoriidan, romlebic 

dagvWirdeba mocemuli samuSaos Sesrulebisas. 
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aRvniSnoT x _iT merxevi sxeulis dacileba wonasworobis 
mdgomareobidan drois nebismier momentSi. am sidides wanacvleba ewodeba. 
cxadia, rom )(txx  . Tu wanacvleba icvleba sinusis an kosinusis kanoniT, 
maSin rxevas ewodeba harmoniuli. harmoniuli rxevis gantolebas aqvs 
Semdegi saxe: 

          0 0sin( )x x t    an 0 0cos( )x x t    

   am formulebSi 0x  aris sxeulis maqsimaluri wanacvleba da mas 

amplituda ewodeba; 

0t   _ aris rxevis faza, xolo   _ sawyisi faza; 0  sidides ewodeba 

cikluri sixSire. 
rxevis periodi T  ewodeba dros, romlis ganmavlobaSic sxeuli 

asrulebs erT srul rxevas, xolo rxevis sixSire   ewodeba erT wamSi 
Sesrulebul rxevaTa ricxvs. am sidideebs Soris arsebobs Semdegi martivi 
damokidebuleba: 

T

1
  

cikluri sixSire 0  dakavSirebulia rxevis periodTan da sixSiresTan 

Semdegnairad: 

0

2
2

T

    

aRvweroT fizikuri saqanis moZraoba. naxazze l  aris manZili brunvis O 
RerZidan sxeulis simZimis C wertilamde. saqanis moZraoba SeiZleba 
ganvixiloT rogorc myari sxeulis brunviTi moZraobis kerZo SemTxveva. es 
saSualebas gvaZlevs gamoviyenoT brunviTi moZraobis dinamikis ZiriTadi 
gantoleba: 

                     IM  ,                (1)     

sadac M  aris sxeulze moqmedi simZimis Zalis momenti; I _sxeulis 
inerciis momenti O wertilze gamavali RerZis mimarT;  _kuTxuri aCqarebaa. 

magram 

2

2

sinM mgd mgl

d d

dt dt



 

   

 
 

maSin (I) gantoleba miiRebs saxes: 
2

2
sin 0

d mgl

dt I

    

rxevis mcire kuTxeebisaTvis  sin . SemoviRoT aRniSvna 

                    2
0

mgl

I
                 (2)  

miviRebT: 
2

2
02

0
d

dt

     

uSualo CasmiT SeiZleba davrwmundeT, am gantolebis amonaxsens aqvs 
Semdegi saxe: 

0 0cos( )t     , 

sadac 0  da   mudmivebia, romelTa dadgena SeiZleba sawyisi pirobebiT. 

amrigad, fizikuri saqanis rxeva harmoniulia. 
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rxevis periodis dasadgenad 0

2

T

   formula SevitanoT (2)_Si. miviRebT: 

                   
mgl

I
T 2                (3) 

sidides 
ml

I
l   ewodeba fizikuri saqanis dayvanili sigrZe. maSin 

                   
g

l
T


 2                  (4) 

(4) formulidan 

                   
2

24

T

l
g





                  (5) 

rxevis periodi T  (5) formulaSi SeiZleba gamovTvaloT formuliT: 

                    
n

t
T                     (6) 

sadac t  aris n  rxevis Sesabamisi dro. 
(5) formulis gamoyeneba Tavisufali vardnis aCqarebis dasadgenad, 

dakavSirebulia fizikuri saqanis dayvanili sigrZis l _is gansazRvrasTan. 
vTqvaT l  cnobilia. gadavzomoT 0 da C  wertilebze gamaval wrfeze O 
wertilidan lis toli monakveTi ON . SevabrunoTYsaqani da vaiZuloT igi 
Seasrulos rxeviTi moZraoba wertilze gamavali RerZis mimarT. Teoria 
amtkicebs, rom am dros saqanis rxevis periodi T  toli iqneba saqanis 
rxevis T  periodisa, roca igi asrulebda rxeviT moZraobas O  wertilze 
gamavali RerZis mimarT. 

cxadia, rom Tu moviqceviT piriqiT, e. i. vipoviT iseT wertils, rom 
Sesruldes piroba TT  , maSin lON  . swored am gziT gamoiTvleba l  . 

 
cdis msvleloba 

 
1. SemoabruneT zeda kronSteini 1800_iT; 
2. ganalageT diskoebi fizikuri saqanis Reroze arasimetriulad ise, rom 
erTi disko axlos iyos Reros bolosTan, meore ki _ Reros Sua nawilTan; 
3. erTi prizma daafiqsireT Reros meore bolodan iseT manZilze romelic 
daaxloebiT diskoebs Soris manZilis naxevris toli iyos; 
4. daamagreT saqani zeda kronSteinze im prizmiT, romelic axlosaa Reros 
bolosTan; 
5. qveda kronSteini gadaadgileT RerZis mimarT ise, rom saqanis Rero 
kveTdes fotoeleqtronuli mowyobilobis optikur RerZs; 
6. gadaxareT saqani wonasworobis mdgomare- obidan 4_50 _ iT; 
7. daaWireT TiTi Rilaks “СБРОС”. 
8. gauSviT saqani da daaxloebiT 10 rxevis Semdeg daaWireT TiTi Rilaks 
“СТОП”. 
9. (2) formuliT daadgineT saqanis rxevis periodi T ; 
10. CamoxseniT saqani, SeabruneT igi da daamagreT kronSteinze meore 
prizmiT; 
11. qveda kronSteini gadaadgileT RerZis mimarT ise, rom saqanis Rero 
kveTdes foto-eleqtronuli mowyobilobis optikur RerZs; 
12. gadaxareT saqani wonasworobis mdgoma-reobidan 4_50_iT; 
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13. daaWireT TiTi Rilaks “СБРОС”; 
14. gauSviT saqani da daaxloebiT 10 rxevis Semdeg daaWireT TiTi Rilaks 
“СТОП”; 
15. (2) formuliT daadgineT saqanis rxevis periodi T  ; SeadareT igi T  _ s; 
Tu T T  , maSin meore prizma gadaadgileT im diskos mimarTulebiT, 
romelic damagrebulia Reros bolosTan axlos; Tu T T  , maSin prizma 
gadaadgileT Reros Sua nawilisaken; am dros pirveli prizmisa da 
diskoebis mdebareobebi ucvleli unda iyos. 
16. xelaxla gavzomoT T  da a.S. manam sanam ar Sesruldeba toloba TT   
(sizustiT 0.5%); 
17. aiTvaleT Reroze fizikuri saqanis dayvanili sigrZe, romelic 
warmoadgens manZils prizmebs Soris; 
18. (5) formuliT iangariSeT Tavisufali vardnis aCqareba; 
19. cda gaimeoreT samjer; ipoveT g _ saSualo mniSvneloba. gamoTvaleT 

absoluturi da fardobiTi cdomileba. 
 

dakvirvebaTa cxrili 
 

N# n  
1t . 1T  n  

1t  


1T  


1l  
,g  g saS. g    

            

            

 
samuSao formulebi 

 

                  ,
n

t
T 

n

t
T


  

                   l
T

g 
2

24
 

                gg  saS_ 8,9  

                 %100
8,9




g  

 
 
 

sakontrolo kiTxvebi 
 

1. ras ewodeba rxeva? rogor rxevas ewodeba harmoniuli? 
2. DdawereT harmoniuli rxevis gantoleba. ra SemTxvevaSi iqneba am 
gantolebaSi sinusi da kosinusi? 
3. ganmarteT rxeviTi moZraobis maxasiaTebeli sidideebi wanacvleba, 
amplituda, faza, sawyisi faza, rxevis periodi da sixSire. 
4. dawereT brunviTi moZraobis dinamikis ZiriTadi gantoleba da 
ganmarteT masSi Semavali sidideebi. 
5. ras ewodeba fizikuri saqani? rogor SeiZleba ganvsazRvroT fizikuri 
saqanis  dayvanili sigrZe? 
6. aRwereT cdis msvleloba. 
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sxeulis siCqaris gansazRvra balistikuri saqanis saSualebiT 
 

grexiTi balestikuri saqanis mTavar nawils warmoadgens RerZi, 
romelic dakidebulia liTonis Zafze (ix. nax. I). RerZze damagrebulia ori 
moZravi tvirTi da plastiliniani Zafebi. balistikuri saqanis danadgarSi 
Sedis zambariani “Tofi”, romlidanac garkveuli   siCqariT 
gamoityorcneba cilindruli formis m  masis sxeuli. tyvia absoluturad 
aradrekadad ejaxeba plastilinian fars da gamoiwvevs saqanis RerZis 
gadaxras. gadaxris maqsimaluri kuTxe aRvniSnoT  _Ti. naxazze M _iT 
aRniSnulia tvirTebis masebi, xolo R  _ iT manZili tvirTebs Soris. 
amocanis mizans warmoadgens tyviis   siCqaris dadgena. 

 

 
 

nax. I 
 
gamoviyvanoT formula, romelic cdis monacemebis safuZvelze 

saSualebas mogvcems gamovTvaloT tyviis   siCqare. 
tyviis plastilinian farze dajaxebis Sedegad saqani Seasrulebs 

rxeviT moZraobas. am rxevis periodi aRvniSnoT 1T _iT. SeiZleba 

vigulisxmoT, rom tyviis plastilinian farTan urTierTqmedebis dro 

tolia 
4
1T  _ isa. maSin tyviisa da faris urTierTqmedebis Zala 

                       
1

4m
F

T


                  (1) 

F Zalis momenti 

   rFM    
meores mxriv M  proporciulia gadaxris maqsimaluri kuTxisa: 

                    KM   
sadac K warmoadgens liTonis Zafis grexiT sixistes. bolo ori formulis 
Sedareba gvaZlevs, rom 

KrF   
   Tu gaviTvaliswinebT (1) formulas, miviRebT: 

                    14

K
T

mr

                 (2) 

   advilad SeiZleba vaCvenoT, rom balistikuri saqanis rxevebi 
harmoniulia, xolo rxevis periodi T  gamoisaxeba formuliT: 
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K

I
T 2                (3) 

sadac I _ saqanis inerciis momentia.  
(3)  formulidan 

                  
2

24

T

I
K


                  (4) 

  (3) formulaSi Semavali I  saqanis inerciis momenti 

         
22

2
2

0

2

0

MR
I

R
MII 






 ,         (4’) 

   sadac 0I  aris plastiliniani farebisa da saqanis RerZis inerciis 

momenti. es sidide SeiZleba gamovricxoT saboloo formulidan, Tu 

CavatarebT or cdas tvirTebs Soris sxvadasxva 1R  da  R2  manZilebis dros, 
(3) formulis Tanaxmad 













2

44 2
1

0

2
1

2
2

1

MR
I

KK

I
T


 da 

          











2

44 2
2

0

2
2

2
2

2

MR
I

KK

I
T


 

bolo ori formulidan vRebulobT 

     2
2

2
1

2
2

2
2

1

2
RR

K

M
TT 


 

 aqedan 

2
2

2
1

2
2

2
122

TT

RR
MK




      

  Tu bolo formulas SevitanT (2) _ Si miviRebT: 

             
 

 
2 2 2

1 1 2

2 2
1 22

M T R R

mr T T

 






           (5) 

Cvens cdaSi   kuTxe izomeba gradusebSi, xolo bolo formulaSi ki 
igulisxmeba, rom   kuTxe izomeba radianebSi. amitom (5) formulaSi Seva 

koeficienti 
5,57

1
 (1 rad. 5,57 )  

 
cdis msvleloba 

 
1. gazomeT tyviis m  masa da SeitaneT cxrilSi. cxrilSi aRvniSneT 
agreTve moZravi tvirTis M  masis sidide /ixileT warwera tvirTze/; 
2. maqsimalurad miuaxloveT erTmaneTs moZravi tvirTebi da SeitaneT 

cxrilSi maT centrebs Soris manZili 2R ; 

3. Tu plastilinian farze gavlebuli xazi ar emTxveva skalis nuls, 
nela moabruneT zeda qanCi /romelSic mavTulis boloa Camagrebuli /nulis 
mimarTulebiT da daayeneT saqani nulze. /Tu sxvaoba Zalian didia, 
mimarTeT maswavlebels/; 
4. CarTeT xelsawyo qselSi. daaWireT “СЕТЬ” Rilaks; 
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5. da moaxdineT gasrola. pirvelive gadaxraze aTvaleT skalis is 
maqsimaluri danayofi, romelsac miaRwevs saqanis farze gavlebuli xazi. 
es iqneba   kuTxe /gradusebSi/. aiTvaleT r _ic. 
6. gadaxareT saqani   kuTxeze, daaWireT “СБРОС” Rilaks da gauSviT 
xeli. gamoTvaleT daaxloebiT 10 rxevisaTvis saWiro dro. 

7. ipoveT erTi rxevis periodi 2T ; 

8. moZravi tvirTebi maqsimalurad daaSoreT erTmaneTs. maT Soris 

manZili iqneba 1R . gaimeoreT me_3 da me_6 punqtebi; 

9. ipoveT 1T  /iseve rogorc me_7 me_5 punqtSi 2T /; 

10.  (6) formulis saSualebiT ipoveT  ; 
11. cda CaatareT ramodenimejer ipoveT saSualo siCqare  saS.; 

 

12. gamoTvaleT absoluturi da fardobiTi cdomileba. 

 
dakvirvebaTa cxrili 

 
N
# 

M
 

,m
 

1r
 

2R
 

0
 

,2T
 

,1R
 

  ,1T

 


sa

S. 


 





  

1 
2 
3 

             

 
ZiriTadi formula: 

         
 

 
2 2 2

1 1 2

2 2
1 22

M T R R

mr T T

 






 

 
 

sakontrolo kiTxvebi 
 

1. ganmarteT absoluturad drekadi dajaxeba. aradrekadi dajaxeba. 
2. ganmarteT harmoniuli rxeva. rxevis periodi da sixSire. 

3. dawereT ratom gamoisaxeba saqanis inerciis momenti  4  formuliT? 

aRwereT xelsawyo da cdis msvleloba 
 
 
 
 
 
 
 
 

 giroskopuli efeqtis Seswavla 
 

giroskopi ewodeba masiur simetriul sxeuls, romelic didi siCqariT 
brunavs simetriis RerZis garSemo. am RerZs giroskopis RerZi ewodeba. 
aRsaniSnavia, rom girosokpis RerZs sivrceSi Tavisuflad SeuZlia 
Seicvalos mimarTuleba. 

Tu SevecdebiT giroskopis RerZis Semobrunebas (magaliTad, ox  RerZis 
irgvliv) da vimoqmedebT masze saTanado mimarTulebis F ZaliT (ix. nax. I). 
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SevamCnevT Tavisebur efeqts, kerZod, giroskopis RerZi Semobrundeba oy  
RerZis mimarT. am efeqts giroskopuli efeqti ewodeba. 

 

 
 
 

giroskopuli efeqti aixsneba brunviTi moZraobis dinamikis kanonebis 
safuZvelze. 

vTqvaT giroskopi brunavs saaTis isris mimarTulebiT oz  RerZis 

mimarT. maSin impulsis momentis L

 veqtori am RerZis Tanxvdenili iqneba. 

Zalis mabrunebeli momenti M

, rogorc es advilad SeiZleba 

dadgindes burRis wesiT, mimarTuli iqneba ox  RerZis sawinaaRmdegod. 
visargebloT brunviTi moZraobis dinamikis ZiriTadi gantolebiT: 

                  
dt

Ld
M



                   (I) 

am formulidan Cans, rom L

 veqtoris nazrdi Ld


 mimarTulia M


 

veqtoris Tanxvdenilad, e.i. ox  RerZis sapirispirod. maSin, veqtorebis 
Sekrebis wesis Tanaxmad impulsis momentis axali veqtori 

LdLL


1  
sivrceSi iRebs axal mimarTulebas. rogorc naxazidan Cans, giroskopis 

RerZi Semobrunda oy  RerZis mimarT.  (1) formulidan 

      dtMLd 


 
   naxazidan Cans, rom 

               
L

dtM

L

Ld
d






             (2) 

   axal mdgomareobaSi giroskopis brunvis kuTxuri siCqare 

                  
d M

dt L

                  

aqedan    
                          M L               (3) 
   an veqtorulad 

M L   
 

 

   Tu giroskopis RerZi vertikalidan gadaxrilia garkveuli kuTxiT, maSin 
simZimis Zalis momentis gavleniT es RerZi Semobrundeba vertikalis 
garSemo da aRwers sivrceSi konusur zedapirs. giroskopis aseT moZraobas 
ewodeba precesia, mtkicdeba, rom precesiis kuTxuri siCqare 
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,
mgl

I



   

sadac m  aris giroskopis masa, l _manZili uZravi wertilidan 
giroskopis inerciis centramde, I _ giroskopis inerciis momenti, xolo  _ 
giroskopis brunvis sakuTari sixSire. 

 
cdis msvleloba 

 
CavrToT xelsawyo. gadavwioT da davafiqsiroT moZravi tvirTi ise, 

rom giroskopis RerZi daixaros _ es miuTiTebs Zalis M

 momentis 

arsebobaze. movabrunoT Zravis maregulirebeli saxeluri. giroskopi 
datrialdeba da garkveuli drois Semdeg miaRwevs stabilur siCqares. 

brunTa ricxvi SegviZlia gavigoT skalaze isris CvenebiT. (vTqvaT, ,106 3n  
maSin   ase iTvleba; 

2 2 ;
60

n      
36, 28 6 10

628
60

  
   rad/wm 

   axla vipovoT   Semdegnairad: avwioT giroskopis RerZi horizontalur 
mdgomareobamde da gavuSvaT. igi daiwyebs mobrunebas vertikalis irgvliv. 
davaWiroT Rilaks “СБРОС”. mricxveli daiTvlis mobrunebis kuTxes, xolo 
wamzomi dros, rodesac mricxveli uCvenebs daaxloebiT 10_s. davaWiroT 
TiTi “СТОП” Rilaks. mricxvelze aRniSnuli K  ricxvisa da t  drois 
saSualebiT vipovoT  _s. 

2

K

t



   

eqsperimenti Seicavs Semdeg safexurebs: 

I) gavarkvioT     damokidebulebis saxe. amisaTvis erTidaigive 

mdgomareobaSi dafiqsi-rebuli tvirTisaTvis  const  gavzomoT   xuTi 
sxvadasxva  _s dros zemoaRwerili meTodikiT. cdis Sedegebi SevitanoT I 
cxrilSi da avagoT Sesabamisi grafiki: abscisTa RerZze _  , xolo 
ordinatTa RerZze _  , 
2. SeviswavloT  l  damokidebuleba: 

   davayenoT giroskopis brunvis sixSire daaxloebiT 8_9.103 br./wT._s 
doneze. mudmivi  _Tvis gavzomoT precesiis   kuTxuri siCqare xuTi 

sxvadasxva l _is SemTxvevaSi. Sedegebi SevitanoT II cxrilSi. avagoT 

grafiki: abscisTa RerZze gadavzomoT l , xolo ordinatTa RerZze _  . 
cxrili I 

 
# l  n    k  t    
1 
2 
3 
4 
5 

      

 
               cxrili II 

 
# n    l  k  t    
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1 
2 
3 
4 
5 

      

 
 

ZiriTadi formulebi: 
 

2
60

n   (n _skalaze aTvlili brunTa ricxvia wuTSi) 

2

k

t



    ( k  _ mricxvelis Cveneba x  10; t _wammzomis Cveneba.) 

 
 

sakontrolo kiTxvebi 
 

1. ras warmoadgens giroskopi? 
2. ganmarteT giroskopis mTavari RerZi. 
3. aRwereT da axseniT giroskopuli efeqti 
4. ra aris precesia? 
5. ra formuliT gamoisaxeba precesiis kuTxuri siCqare? 
 
 

 
 
 
 
 
 
 
 
 
 

gorvis xaxunis koeficientis gansazRvra daxrili saqanis 
saSualebiT 

 
   daxrili saqani warmoadgens grZel wvril Zafze dakidebul burTulas, 
romelic goravs daxril sibrtyeze. burTula gorvisas asrulebs muSaobas 
xaxunis daZlevaze, ris Sedegadac misi meqanikuri energia TandaTan gadadis 
Sinagan energiaSi.  
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nax. I 
 

    es gamoixateba burTulis rxevis amplitudis SemcirebaSi. kerZod, Tu 
Tavidan burTula imyofeba A  wertilSi, maSin naxevari rxevis Semdeg igi 
umaRles mdgomareobas miaRwevs B  wertilSi (nax. I). potenciuri energiis 
danakargi iqneba: 

E p. cosBAmghmg   

Tavis mxriv 

    cos)cos(coscos  lllBA  

   cxadia, rom potenciuri energiis danakargi toli iqneba xaxunis Zalis 
muSaobisa, e. i. 

                  SNSFE pp  6..
  

sadac N _reaqciis Zalaa da igi tolia: 
;sin mgN   

S _aris ganvlili gza: 

 ;2   lS  

 _aris gorvis xaxunis koeficienti, maSin 

   sin26  mgl  

gavutoloT 6A  da pE ; miviRebT: 

 







2

coscos
tg  

roca   sakmaod mcirea, SeiZleba davweroT 
             sincos)cos(         maSin 

                   



2

sin
tg             aqedan 




sin
2  tg  

mcire  _Tvis (  I00)  sin  e.i. naxevari rxevis ganmavlobaSi   
kuTxis Semcireba tolia: 

 tg2  
erTi rxevis Semdeg gadaxris kuTxis Semcireba 

 tg41   

maSin n  rxevis Semdeg gadaxris kuTxis Semcireba gamoisaxeba 
formuliT: 

 tgnn 4  

aqedan 
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 ctg
n
n 




4
 

(  kuTxe unda gaizomos radianebSi: I0 57

1
 rad.) 

es formula saSualebas gvaZlevs cdiT ganvsazRvroT gorvis xaxunis 
koeficienti. 

Cveni cdis specifikis gaTvaliswinebiT bolo formula umjobesia 

pirdapir gradusebSi gazomili n _Tvis CavweroT: 

57 4

230

n

n

ctg
n

ctg
n

 

 


 




 
 

 
cdis msvleloba 

 
1. daayeneT samagrSi erT_erTi liTonis firfita. Zeli daayeneT 
vertikalurad da daakvirdiT burTulis mdgomareobas igi odnav unda 
exebodes firfitas; 
2. daxareT Zeli 300_iT: 
3. gadaxareT burTula. daimaxsovreT gadaxris kuTxe. gauSviT da 
daiTvaleT, ramdeni rxevis Semdeg dakargavs igi amplitudis 20_s 
monacemebi SeitaneT cxrilSi; 
4. gaimereT me_3 punqti, oRond kuTxis cvlileba aiReT 30; Semdeg isev 
gaimeoreT cda. kuTxis 40_iT Semcirebamde. monacemebi rxevaTa raodenobis 
Sesaxeb SeitaneT cxrilSi; 
5. daxareT Zeli 450_iT. gaimeoreT 3 da 4 punqtebi; 
6. igive gaakeTeT, roca Zeli daxrilia 600_iT; 
7. gamoTvaleT   koeficientebi yvela SemTxvevisaTvis. SeavseT cxrili. 

ipoveT   TiToeuli   kuTxisaTvis da  saS. (yvela  _s gasaSualebiT). 
 

dakvirvebaTa cxrili 
 

    1  1n  1  2  2n  2 3 3n 3   saS. 

30 
45 
60 

 
20 
20 
20 

  
30 
30 

30 
  

40 

40 
40 

    

 
 

samuSao formula 
 

230
n ctg
n

 
   

 
sakontrolo kiTxvebi 

 
1. ra aris daxrili saqani? 
2. rodis iqneba meti gorvis xaxunis Zala roca sibrtye daxrilia 

vertikalisadmi 300_iT Tu 600_iT? 
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3. daasabuTeT damokidebulia Tu ara gorvis xaxunis Zala birTvis 
radiusze. 

4. dawereT erTi periodis ganmavlobaSi kuTxis cvlilebis formula. 
ratom Sedis masSi   kuTxe? 

 
 

 
 
 
 
 
 
 

 

kamertonis sixSiris gansazRvra drekad garemoSi talRis 
gavrcelebis siCqaris saSualebiT 

 
   gaWimul sims Tu ubiZgebT sigrZis perpendikularulad, mis mTel 
sigrZeze gairbens amozneqiloba, Cazneqiloba, e.i. ganivi talRa. talRis 
gavrcelebis siCqare damokidebulia garemos fizikur Tvisebebze, kerZod _ 
garemos drekadobis koeficientze da simkvriveze. 
   gamovTvaloT ganivi talRis gavrcelebis siCqare drekad garemoSi. 
ganvixiloT l  sigrZis Rero, romlis ganivi kveTis farTobi aris s . 
davartyaT CaquCi am Reros marcxena fuZes, sigrZis perpendikularuli 
mimarTulebiT. Zalis moqmedebis dro aRvniSnoT tΔ _Ti. am drois 
ganmavlobaSi marcxena fuZe gadainacvlebs wonasworobidan raRac lΔ  
manZilze da Rero ganicdis Zvris deformacias. aRvniSnoT Zvris 
deformaciis gavrcelebis siCqare  _Ti. tΔ  drois ganmavlobaSi 
deformacia gavrceldeba tΔl   manZilze. l  sigrZis Reros masa slm  . 

dasawyisSi es masa uZravi iyo, xolo tΔ  Sualedis bolos misi TiToeuli 

nawilakis siCqare iqneba 
tΔ

lΔ
, amitom ganxiluli nawilis impulsis 

cvlileba iqneba: 

lΔs
tΔ

lΔ
slOmu   . 

   impulsis nazrdi Zalis impulsis tolia: 
              lΔstΔF                  (1) 

sadac F  aris deformaciis gamomwvevi Zala. hukis kanonis Tanaxmad: 

l

lΔs
GF   

sadac koeficienti G  Zvris modulia. radgan tΔl  , amitom: 

s
tΔ

lΔ
GF 


 

xolo Zalis impulsi: 

s
lΔ

GtΔF 


 

Zalis impulsis es mniSvneloba SevitanoT (1) gantolebaSi, miviRebT: 
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2G

lΔss
lΔ

G









 an

 

aqedan: 

                 
G


 ,                 (2) 

   aseTia drekad garemoSi ganivi talRis gavrcelebis siCqare, sadac   

drekadi garemos simkvrivea. 
   (2) gantolebaSi Zvris moduls Tu SevcvliT misi mniSvnelobiT, 
miviRebT: 

                 
lΔs

lF


 
                (3) 

   lΔs  Reros merxevi nawilis masaa. roca mTeli Rero mova rxeviT 
moZraobaSi, maSin: 

                  
m

Fl
                 (4) 

   Tu gvecodineba Reros F  datvirTva, misi l  sigrZe da m  masa, (4) 
formulis saSualebiT SevZlebT gavzomoT masSi ganivi talRis 
gavrcelebis siCqare. 
   damokidebuleba talRis gavrcelebis siCqaresa, talRis sigrZesa da 
sixSires Soris aseTi formuliT gamoisaxeba: 

          

  v,v   aqedan            (5) 

   sadac v  aris rxevis sixSire,  _ talRis sigrZe. talRis sigrZis 
gazomva unda vawarmooT cdis saSualebiT. sabolood: 

               
m

Fl1
v


                  (6) 

 
xelsawyos aRwera 

   kamertoni, romelsac erT fexze gakeTebuli unda hqondes xvreli Zafis 
gamosabmelad, damagrebulia Stativze, (nax. 1). gamobmuli aqvs 2 metramde 
sigrZis Zafi, romlis meore (WaRze gadadebul) boloze mobmulia jami 
sawonebis dasawyobad. saWiro aris 1000 g_mde sxvadasva sawoni da 
milimetrebiani saxazavi. umjobesia Tu saxazavis magier simis pirdapir 
skalis msgavsad davamagrebT ganier milimetrebian dafas, rogorc es nax. 
1_zea mocemuli. 

 
 

muSaobis msvleloba 
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1. daWimeT Toki garkveuli ZaliT da moiyvaneT kamertoni rxeviT 
moZraobaSi Tavisi CaquCiT. adevneT Tvali talRis warmoSobas. 
2. daukvirdiT masStabze talRis   sigrZes, es iqneba manZili or mezobel 
amozneqilobas da Cazneqilobas Soris. 
3. CawereT cxrilSi simis damWimavi F  Zala da Sesabamisi talRis sigrZe. 
4. gaiangariSeT (6) formulis saSualebiT rxevis sixSire. 
5. cda gaimeoreT ramdenjerme sxvadasxva datvirTvisaTvis da gamoiyvaneT 
sixSiris saSualo sidide. 
6. igive cda gaimeoreT sxva sixSiris kamertonze. 
7. monacemebi SeitaneT dakvirvebaTa cxrilSi. 
 

 
dakvirvebaTa cxrili 

 

d
ak
vi
r
ve
b
aT

a 
r
ig

i 

R
er

o
s
 s

ig
r
Ze
 l

 m
. 

R
er

o
s
 d

at
vi
r
T
va
 F

. 

ER
er

o
s
 m
as

a 
m
, 
kg

. 

t
al

R
is

 s
ig

r
Ze
 λ
. 

t
al

R
is

 s
iC
qa
r
e 
.
 

r
x
ev
is

 
s
ix

S
ir

e 
 

  
  

  
  

he
r
c
i.
 

f
ar

d
o
b
iT

i 

c
d
o
mi
l
eb

a 


/
. 

ab
s
o
l
u
t
u
r
i 

c
d
o
mi
l
eb

a 


. 

         

 
sakontrolo kiTxvebi 

1. razea damokidebuli drekad garemoSi ganivi talRis gavrcelebis 
siCqare? 
2. dawereT drekad garemoSi talRis gavrcelebis siCqaris formula. ra 
aris G_?  _? 
3. ras ewodeba ganivi talRis sigrZe? 
4. rogoria kavSiri talRis sigrZesa, siCqaresa da sixSires Soris? 
5. aRwereT xelsawyo da muSaobis msvleloba. 
 

kiTxvebi daskvnisaTvis 
 

1. ra sidideebs vzomavT cdis dros? ra xelsawyoebiT? ra erTeulebSi? 
ra sizustiT? 
2. iqneba Tu ara talRis gavrcelebis siCqare toli erTnairi sigrZisa 
da ganivi kveTis sxvadasxva nivTierebis simSi erTnairi datvirTvisaTvis? 
3. Zafis datvirTvis cvlileba gamoiwvevs Tu ara talRis sigrZis 
cvlilebas? rogor? daasabuTeT. 
4. iqneba Tu ara damokidebuli simis datvirTvaze kamertonis rxevis 
sixSire? ratom? 
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bgeris siCqaris gansazRvra haerSi 
 

   yoveli merxevi sxeuli iZleva bgeriT talRebs, romelTa periodic 
tolia am sxeulis sakuTari rxevis periodisa. bgerad sxeulze gareSe 
talRebis zegavleniT bgera Zlierdeba. bgeris aseT gaZlierebas bgeriTi 
rezonansi ewodeba. 
   yovel sxeuls, romelsac unari aqvs gamoexmauros masTan misul bgeras, 
rezonatori ewodeba. Tu rezonators rxevis garkveuli periodi aqvs, maSin 
igi aucileblad gamoexmaureba im tons, romlis periodic udris mis 
sakuTar periods. amgvar rezonators warmoadgens mili, romlis erTi 
bolo daxurulia, meore ki Riaa. Tu milis Ria bolosTan mivitanT 
aJRerebul kamertons, misi rxevebi gamoiwveven haeris svetis sigrZiv 
rxevebs, romlebic gavrceldebian milSi, aireklebian daxuruli bolodan 
da ukan brundebian. Semxvedri talRebis am ori sistemis erTmaneTTan 
interferirebis gamo milSi warmoiSoba mdgradi talRebi, e. i. kvanZebisa da 
burcobebis perioduli mwkrivi. rezonanss adgili eqneba yvela im 
SemTxvevaSi, rodesac milSi myofi haeris svetis sigrZe toli aRmoCndeba 
kamertonis bgeriTi talRis sigrZis meoTxedis kenti ricxvisa. 
   vTqvaT haeris im svetis sigrZe, romelic rezonanss iZleva aris L , 
bgeriTi talRis sigrZe__ , Tanmomdevno mTeli ricxvebi __n , maSin im 
svetis sigrZe, romelic rezonanss gvaZlevs iqneba: 

               
4

1n2L


               (1)                                         

   cnobilia, rom rxevis gavrcelebis siCqare: 
                                     (2) 

Tu talRis sigrZes ganvsazRvravT (1) formulidan da SevitanT (2)-Si, 
gveqneba: 

                
4

2 1

L

n

 


                  (3) 

sadac   rxevis sixSirea hercebSi. 
   amgvarad, rezonanss adgili eqneba yovelTvis, roca ki haeris svetis 
sigrZe aris: 

42

1n2
;...;

4

5
;

4

3
;

4





 

   rezonansis dros haeris or momdevno svetis sigrZeTa sxvaoba yovelTvis 

udris 
2


_s. 

Tu rezonansis dros or mezobel kvanZs an burcobs Soris manZils 
aRvniSnavT l _iT, SeiZleba davweroT, rom 

l
2

l 2e.i.  ,  
 

amis mixedviT (2) formula aseT saxes miiRebs: 
                 2l                     (4) 

(4) formuliT ganisazRvreba bgeris gavrcelebis siCqare haerSi mocemul 
temperaturaze. 
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xelsawyos aRwera 
 

   xelsawyo warmoadgens 1,5 m. sigrZis mils, romelSic moZraobs C M 
Reroze damagrebuli dguSi. mils erT boloSi aqvs ganStoeba, romelsac 
ukavSirdeba M  fonendoskopi (mosasmeni mowyobiloba) (nax. 1). 
   C  Reroze gakeTebuli aris milimetrebiani skala. milis win aTavseben 
mcire zomis xmamaRlamolaparakes, romelic SeerTebulia bgeriTi sixSiris 
generatorTan. 

 
 

muSaobis msvleloba 
 

1. daayeneT milSi dguSi ise, rom Reros nulovani danayofi SeuTavsdes 
milis P  maCvenebels. 
2. gaikeTeT mosasmeni mowyobileba yurebze da bgeriTi sixSiris 
generatorTan SeaerTeT dinamiki (xmamaRlamolaparake). 
3. nel_nela gaswieT Rero milidan da roca SeigrZnobT mkveTr 
gaZlierebas, gaaCereT da CainiSneT Reroze P  maCveneblis mdebareoba. 
4. cda ganagrZeT axal gaZlierebamde da isev CainiSneT P  maCveneblis 
mdebareoba Reroze. 
5. am or mdebareobas Soris manZili iqneba talRis sigrZis naxevari l . 
6. cda ganagrZeT milis bolomde da Semdeg SeqceviT. 
7. monacemebi SeitaneT dakvirvebaTa cxrilSi da gamoTvaleT bgeris 
gavrcelebis siCqare haerSi (4) formuliT. gamoTvaleT ramdenime gazomvis 
saSualo sidide. 
8. gamoirkvieT fardobiTi da absoluturi cdomileba. 
 

dakvirvebaTa cxrili 
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sakontrolo kiTxvebi 
 

1. ras ewodeba bgeris rezonansi? ra aris rezonatori? 
2. haeris svetis rogori sigrZe mohyavs bgeris wyaros rezonansSi? 
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3. rogoria bgeris gavrcelebis siCqaris formula? 
4. aRwereT xelsawyo da cdis msvleloba. 
 

kiTxvebi daskvnisaTvis 
 

1. ra sidideebis gazomvaa saWiro cdis dros? ra xelsawyoebiT? ra 
erTeulebSi? ra sizustiT? 
2. aris Tu ara bgeris gavrcelebis siCqare damokidebuli garemos 
Taviseburebebze? 
3. rogor damokidebulebaSia bgeris gavcelebis siCqare haeris 
temperaturaze? 
4. SeiZleba Tu ara aRwerili xelsawyoTi ganvsazRvroT bgeris sixSire? 
daasabuTeT. 
5. moifiqreT bgeris siCqarisa da sixSiris gazomvis sxvagvari 
saSualebani. 

 
 
 
 
 
 

drekadobis modulis gansazRvra Reros gaWimviT 
 

   visargebloT hukis kanoniT 
E

p

l

lΔ
  da ganvsazRvroT drekadobis moduli: 

                        
lΔ

l

s

F

lΔ

l
pE                        (1) 

   simartivisaTvis davuSvaT, rom sacdelad aRebuli Rero mrgvalia, 
romlis diametri aRvniSnoT d _Ti, maSin SeiZleba davweroT rom: 

4

d
s

2
  

    amis mixedviT (1) gantoleba miiRebs Semdeg saxes: 

               
2

4Fl
E

d l



                 (2) 

    am formulis marjvena mxareSi Semavali sidideebi SeiZleba gaizomos 
cdis saSualebiT. 

 
xelsawyos aRwera 

 
    milimetrebiani saxazavi, romlis sigrZe 2_2,5 m_ia, liTonis ReroTi 

Camokidebulia kedelze (nax. 1). Reroze Camokidebulia mavTuli, romlis 
meore boloze modebulia F  datvirTva da gamzomi mowyobiloba saaTis 
tipis indikatoriT. ab  berketi brunavs c  RerZis garSemo. c  wertili ab  
manZils Suaze yofs, e.i. berketis mxrebi tolia bcac  . berketis b  bolo 

saხsrulad aris dakavSirebuli indikatoris RerZTan, aseve ukavSirdeba a  
bolo mavTuls. 
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muSaobis msvleloba 
 

1. gazomeT cnobili sigrZis mavTulis diametri 3_4-jer sxvadasxva 
adgilze da gansazRvreT saSualo sidide. 
2. mavTulis kauWze CamokideT 1 kg._mde tvirTi da indikatoris isris 
Sesabamisi Cveneba miiReT sawyis anaTvalad. 
3. daumateT 0,2 kg. tvirTi da CaniSneT indikatoris Cveneba. indikatoris 
ukanaskneli da sawyisi anaTvlis sxvaoba mogcemT absolutur wagrZelebas. 
4. monacemebi SeitaneT dakvirvebaTa cxrilSi da gamoTvaleT (2) 
formuliT drekadobis moduli. 
5. cda gaimeoreT 3_4-jer sxvadasxva datvirTvisaTvis da gamoiyvaneT 
drekadobis modulis saSualo sidide. 
6. iangariSeT fardobiTi da absoluturi cdomileba. 

dakvirvebaTa cxrili 
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sakontrolo kiTxvebi 
 
1. rogor sxeulebs ewodebaT drekadi? 
2. ra aris deformacia? daasaxeleT deformaciis saxeebi. 
3. ras ewodeba Zabva? riT izomeba? 
4. raSi mdgomareobs hukis kanoni? 
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5. ras gviCvenebs drekadobis moduli? gamoiyvaneT drekadobis modulis 
saangariSo formula Tqveni cdisaTvis. 
6. aRwereT xelsawyo da cdis msvleloba. 
 

kiTxvebi daskvnisaTvis 
1. ra sidideebis gazomvaa saWiro cdis dros? ra xelsawyoebiT? ra 
erTeulebSi? ra sizustiT? 
2. moifiqreT masalis drekadobis moduli iqneba meti Tu drekadobis 
zRvari? 
3. aris Tu ara damokidebuli Reros sigrZeze masalis drekadobis 
moduli? 
4. rogor davukavSiroT deformirebuli sxeulis masas drekadobis 
moduli? gamoiyvaneT Sesabamisi formula. 
 
 

 

 

 
 
 
 

drekadobis modulis povna Reros CaRunviT 
 

   Runvis deformacias didi mniSvneloba aqvs nagebobaTa simtkicisa da 
masalaTa gamZleobis sakiTxebSi. 

   masalis Runva SeiZleba sami saxiT warmoebdes (nax. 1) 
 

 
 
1. Reros orive bolo Tavisuflad eyrdnoba da F _ Zala modebulia 

Reros Sua wertilSi (nax. 1. ბ.). 
2. Rero mxolod erTi boloTia uZravad damagrebuli da F  Zala 

modebulia Tavisufal boloze (nax. 1.ა.). 
3. Rero orive boloTi uZravadaa damagrebuli da F  Zala modebulia 

Sua wertilze (nax. 1. g.). 
    samive SemTxvevisaTvis Zalis modebis wertili daiwevs   simaRleze, 
romelsac Runvis isari ewodeba. Runvis isari damokidebulia Zalis 
sidideze, masalis zomebze da misi boloebis damagrebis saxeobaze. 
zogadad Runvis isris formula ase gamoisaxeba: 

2

3

Fl
C
ab E

    

saidanac: 
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3

3

CFl
E

ab 
                  (1) 

    aq l  Reros sigrZea, a __fuZis sigane da b __fuZis simaRlea. am 
formulaSi c  koeficienti damokidebulia Reros boloebis damagrebis 
sxeobaze: 
a) roca Rero erTi boloTia damagrebuli, maSin 4C  , amitom: 

                    
3

3

ab

Fl
4E                    (2)   

ბ) rodesac Reros orive bolo Tavisufalad eyrdnoba prizmis wiboebs, 
maSin: 

4

1
C   

C _es es mniSvneloba SevitanoT (1) formulaSi, miviRebT: 

             

F

ab

l

4

1
E

3

3

                  (3)   

g) rodesac Rero orive boloTia damagrebuli 
16

1
C  , amitom: 


F

ab

l

16

1
E

3

3

  

Tu Rero cilindruli formisaa, misTvis: 

                   
 4

3

r3

Fl
CE                  (4) 

sadac r  Reros ganivi kveTis radiusia da C  koeficienti igivea, rac 
oTxkuTxedi RerosaTvis. 
 

xelsawyos aRwera 
 

    horizontalur sadgamze damagrebulia A , B  da D  sabjenebi, romlebsac 
gakeTebuli aqvs oTxkuTxovani Wrili gamosakvlevi Reros mosaTavseblad da n 
momWerebi. sadgamze aris D  Rero, romelzedac damagrebulia indikatori. 

gamosakvlev Reroze SeuZlia sriali M  tvirTebis kauWs (nax. 2). 
 
 

                     
 

muSaobis msvleloba 
 

1. moaTavseT gamosakvlevi Rero AB  sabrjenSi ise, rom Reros meore bolo 
kauWiT indikatoris qveS moxvdes da mouWireT n momWerebi. 
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2. CainiSneT indikatoris sawyisi 0  anaTvali. 

3. CamokideT kauWze m  tvirTi, CaniSneT indikatoris 1  anaTvali da Reros 

datvirTvis 1F  sidide. 

4. cda gaimeoreT sxvadasxva datvirTvisaTvis da aTvaleT iF _is Sesabamisi i  

anaTvali. 

5. 0i    mogcemT Reros CaRunvis isars. 

6. gazomeT Reros l  sigrZe sabjenidan M  kauWamde, a  sigane da b  simaRle. 
7. monacemebi SeitaneT dakvrivebaTa cxrilSi da (2) formuliT gamoTvaleT 
drekadobis moduli. 

8. gamosakvlevi Rero B  da D  sabjenSi moaTavseT Tavisuflad, momWerebis 

gareSe. M  kauWi indikatoris qveS moaTavseT da gazomeT Reros sigrZe B  

sabrjenidan D  sabjenamde. 
9. cda pirveli cdis msgavsad gaimeoreT da anaTvlebi SeitaneT cxrilSi. 
10. (3) formuliT gamoiangariSeT drekadobis moduli. 
11. momWerebi mouWireT da cda gaimeoreT, Sesabamisi anaTvlebi SeitaneT 
cxrilSi da (4) formuliT gamoiangariSeT drekadobis moduli. 
12. TiToeuli SemTxvevisaTvis 3 anaTvali mainc aiReT da amis mixedviT 

iangariSeT drekadobis modulis saSualo iE saS.  sidide. 

13. gamoiyvaneT saSualo sidide saS.E  samive SemTxvevisaTvis. 

14. gamoiangariSeT fardobiTi da absoluturi cdomileba, radganac samive 
SemTxvevaSi Cven gamovarkvieT erTi da igive nivTierebis drekadobis moduli, 
amitom dasaSvebia absoluturi cdomileba Semdegi formuliT gamoviangariSoT: 

3

skS.saS. iEE
EΔ


  

dakvirvebaTa cxrili 
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sakontrolo kiTxvebi 
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1. rogor warmoebs Runvis deformacia? 
2. dawereT drekadobis modulis formula Runvis deformaciisaTvis. 

3. razea damokidebuli C  koeficienti? ras udris? 
4. aRwereT xelsawyo da cdis msvleloba? 
5. CamoayalibeT fardobiTi cdomilebis gamoyvanis Tanmimdevroba. 

 
kiTxvebi daskvnisaTvis 

 
1. ra sidideebis gazomvaa saWiro cdis dros? ra erTeulebSi? ra 
xelsawyoebiT? ra sizustiT? 
2. iqneba Tu ara damokidebuli drekadobis moduli Reros masaze? daasabuTeT. 
3. rogor gavzomoT mrgvali RerosaTvis drekadobis moduli? 
4. SeiZleba Tu ara gaizomos mocemuli cdiT madeformirebeli Zalis muSaoba? 
iqneba Tu ara damokidebuli es muSaoba Reros damagrebis saxeobaze. 
5. Tu drekadobis moduli cnobilia ra SeiZleba ganisazRvros igive cdiT? 
 
 
 
 
 

 

 

 
 
 
 
 
 
 
 

sxeulis inerciis momentis gansazRvra 
    
   ganvixiloT materialuri wertilis brunva wrewirze, romlis radius_veqtori 

aris ir . 
   sidides, romelic izomeba materialuri wertilis masisa da brunvis RerZamde 
radius_veqtoris kvadratis namravliT am wertilis inerciis momenti ewodeba. igi 
gamoisaxeba formuliT: 

                 2I mr                    (1) 

   yoveli myari sxeuli SeiZleba davyoT elementalur im  masebad da i _uri 
nawilisaTvis davweroT inerciis momenti: 

                  
2
iii rmI                  (2) 

   mTeli sistemis inerciis momentis gansazRvrisaTvis saWiro aris (2) formulis 
Sejameba: 

              



n

1i

2
ii

n

1i
i rmII             (3) 

   sxeulis masebis usasrulo danawilebis SemTxvevaSi jamis magivrad SeiZleba 
aRebul iqnas inegrali: 

 dmrI 2  
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   wesieri geometriuli formis mqone sxeulebis inerciis momentis saangariSo 
formulis misaRebad saWiroa (3) integralis gamoTvla. 
   marTkuTxa paralelepipedis formis sxeule-bisaTvis simZimis centrze gamavali 
erT_erTi waxnagis perpendikularuli RerZis mimarT inerciis momentis 
gamosaTvlel formulas aqvs aseTi saxe: 

                 
12

ba
mI

22 
               (4) 

   sadac m  aris paralelepipedis masa, a  da b _RerZis perpendikularuli 
waxnagis wiboebis sigrZeebi mrgvali cilindruli formis sxeulebisaTvis. 
inerciis momenti simZimis centrSi gamavali geometriuli RerZis 
perpendikularuli ERerZis mimarT gamoiTvleba Semdegi formuliT: 

                
12

R3l
mI

22

0


              (5)  

   imave sxeulis inerciis momenti misi simZimis centrSi gamavali geometriuli 
RerZis mimarT iqneba: 

                    2
0

1

2
I mR               (51)  

   sadac m  aris cilindruli sxeulis masa; l _ misi msaxveli; R  fuZis radiusi. 
   wriuli rgolis inerciis momenti rgolis sibrtyis perpendikularulad 
gamavali centraluri RerZis mimarT tolia: 

              
2

RR
mI

2
2

2
1

0


               (6) 

   sadac m  rgolis masaa, 1R  da 2R _ rgolis Siga da gare radiusebi. 

   arsebobs sxeulis inerciis momentis gansazRvris ramdenime meTodi. Cven 
ganvixilavT zogierT maTgans. 

 
 

 
 
 
 
 
 

sxeulis inerciis momentis gansazRvra 
grexiTi rxevis meTodiT 

 
   drekad Zafze CamovkidoT liTonis disko simZimis centriT da 
wonasworobis mdgomareobidan gamoviyvanoT. disko iwyebs harmoniul 
rxevas, rac gamowveulia ZafSi aRZruli drekadi Zalebis gamo. Cveni 
merxevi sistemis rxevis periodi gamoiTvleba formuliT: 

               
M

I
2T                  (7) 

   sadac I  sistemis inerciis momentia uZravi RerZis mimarT; M _im ZalTa 
wyvilis momenti, romelic Zafs grexs erTi erTeuliT. 
   (7) formulidan SeiZleba davweroT, rom: 

               
2

2

4

MT
I


                   (8) 
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   am formulaSi ucnobi aris M , misi gamoricxvis mizniT SevcvaloT 
sistemis rxevis periodi masze masis damatebiT. Sesabamisad Seicvleba 
inerciis momentic: 

              
2

2
1

1 4

MT
I


                   (9) 

   sxvaoba III 10   gamosaxavs damatebuli masis inerciis momentis 

raodenobas, e.i. 

            
 

M
4

TT
I

2

22
1

0 





             (10) 

(8) gantoleba gavyoT (10)_ze da miviRebT:          

22
1

2

022
1

2

0 TT

T
II

TT

T

I

I





   aqedan             (11) 

   (11) formuliT gamoviangariSebT sistemis inerciis moments, sadac T  da 

1T  cdiT unda gamoiTvalos, mxolod damatebiT tvirTad wesieri formis 

sxeuli (wriuli rgoli) unda gamoviyenoT da 0I  (6) formuliT unda 

gamoviangariSoT. 
 

xelsawyos aRwera 
 

   drekadi mavTulis erTi bolo mkvidrad aris Camagrebuli B  momWerSi, 
meore boloze mimagrebulia simZimis centriT wriuli C  disko. diskoze 
vertikalurad damagrebulia D  isari. cdis dawyebis win ML wrfe, drekadi 
mavTuli da isari erT sibrtyeSi unda mdebareobdes. wriul rgols (nax. 1) 
aqvs Wrili diskoze moTavsebisaTvis. 
 

muSaobis msvleloba 
 

1. gansazRvreT rgolis masa 0,5 g. sizustiT. 
2. gazomeT rgolis Siga da gare radiusebi. 
3. (6) formuliT iangariSeT rgolis inerciis momenti. 
4. disko SemoatrialeT wonasworobidan daaxloebiT 300_iani kuTxiT da 
gauSviT. 
5. im momentSi, roca C  isari, drekadi Zafi da ML wrfe erT sibrtyeSi 
moxvdeba, CarTeT wammzomi. amis Semdeg Tanmimdevrulad aiTvaleT maTi erT 
sibrtyeSi mdebareoba 30_40-mde da gamorTeT wammzomi. 
6. wammzomi giCvenebT Tqvens mier aTvilili n naxevarperiodisaTvis 
saWiro t  dros. gayaviT es dro n2 _ze, e.i. srul rxevaTa raodenobaze da 
miiRebT diskos erTi sruli rxevis periods: 

n2

t
T   

7. diskoze moaTavseT rgoli ise, rom mavTuli rgolis centrs 
emTxveodes da cda gaimeoreT pirvandelis msgavsad. amjerad miiRebT 
rgolis da diskos 1 sruli rxevisaTvis saWiro dros: 

1

1
1 n2

t
T   

8. cdis monacemebi SeitaneT dakvirvebaTa cxrilSi da (11) formuliT 
iangariSeT sistemis inerciis momenti. 
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9. cda gaimeoreT 4_5-jer da gamoiyvaneT sistemis inerciis momentis 
saSualo sidide. 
10. iangariSeT fardobiTi da absoluturi cdomileba. 

 
sakontrolo kiTxvebi 

 
1. ras ewodeba inerciis momenti? ra erTeuliT izomeba? 
2. rogoria wriuli rgolis inerciis momentis formula? 
3. gamoiyvaneT inerciis momentis formula Tqveni cdisaTvis. 
aRwereT xelsawyoebi da cdis msvleloba 

            
 

dakvirvebaTa cxrili 
 

d
ak
vi
r
ve
b
aT

a 
r
ig

i 

w
r
iu

l
i 

r
g
o
l
is

 m
as

a 
m
 კ
გ
. 

w
r
iu

l
i 

r
g
o
l
is

 S
ig

a 
r
ad

iu
s
i 

R
1 
მ.
 

w
r
iu

l
i 

r
g
o
l
is

 g
ar

e 
r
ad

iu
s
i 

R
2 
მ.
 

w
r
iu

l
i 

r
g
o
l
is

 
in

er
c
ii

s
 
mo

me
nt

i 

I0
. 

d
is

ko
s
 
na
x
ev
ar

 
r
x
ev
aT

a 
r
ao

d
en
o
b
ა 

n.
 

n 
r
x
ev
aT

a 
r
ao

d
en
o
b
is

aT
vi
s
 
s
aW

ir
o
 

d
r
o
 t
. წ
მ 

d
is

ko
s
 r

x
ev
is

 p
er

io
d
i 

_
Τ
 w

m.
 

d
is

ko
s
 

d
a 

r
g
o
l
is

 
n 1
 

na
x
ev
ar

 
r
x
ev
aT

a 
r
ao

d
en
o
b
a 

n 1
 
r
x
ev
aT

a 
r
ao

d
en
o
b
is

aT
vi
s
 
s
aW

ir
o
 

d
r
o
 t

1. 

d
is

ko
s
a 

d
a 

r
g
o
l
is

 
s
r
u
l
i 

r
x
ev
is

 
pe
r
io

d
i 
Τ
1. 

s
is

t
em
is

 i
ne
r
c
ii

s
 m
o
me
nt

i 
I 
კგ

.მ
2 . 

ab
s
o
l
u
t
u
r
i 

c
d
o
mi
l
eb

a 
I
. 

f
ar

d
o
b
iT

i 
c
d
o
mi
l
eb

a 
 

I/
I 

.1
00

%
 

              

 
. 

kiTxvebi daskvnisaTvis 
 

1. ra sidideebs vzomavT cdis dros? ra xelsawyoebiT? ra erTulebSi? 
ra sizustiT? 
2. damokidebulia Tu ara inerciis momenti sxeulis formaze da 
gvarobaze? 
3. damokidebulia Tu ara inerciis momenti brunvis RerZis 
mdebareobaze? 
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4. wriuli diskos inerciis momenti 
2

mR
I

2

 , rogor fiqrobT, 

daemTxveva Tu ara Teoriulad naangariSebi (11) formuliT miRebul Sedegs? 
ratom? rogor daamtkicebT? 
 
 

 

 
inerciis momentis Seswavla grexiTi saqanis meSveobiT*. 

 
sxeuli SeiZleba vaiZuloT ibrunos nebismieri RerZis irgvliv; 

amisaTvis saWiroa RerZi CavamagroT, raTa brunvisas warmoqmnilma 
vibraciam ar gadaxaros igi _ ar Seicvalos misi mimarTuleba. magram 
aRmoCnda, rom arseboben iseTi RerZebi, romelTa irgvliv brunva sxeuls 
Caumagrebladac SeuZlia _ magaliTad, uwonobis mdgomareobaSi mbrunavi 
sxeuli swored aseTi RerZis irgvliv trialebs. aseT RerZs Tavisufali 
RerZi ewodeba. 
    SeiZleba damtkicdes, rom nebismier myars sxeuls, miuxedavad misi 
formisa da masis ganawilebisa, aucileblad gaaCnia minimum sami 
urTierTmarTobuli TavisTavadi RerZi /isini sxeulis inerciis centrSi 
gadaikveTebian/ am RerZebs “inerciis mTavari RerZebi” hqvia. 
    Tu sxeuls mowesrigebuli forma aqvs, mTavari RerZebis moZebna sakmaod 
iolia, magaliTad, erTgvarovani marTkuTxa paralelepipedisaTvis aseTi 
RerZebi ZYX ,,  gadadian mopirdapire waxnagebis centrebSi /ix. nax. I/. 

naxazze O  wertili aris paralelepipedis inerciis centri. 
 

 
 

nax. I 
 

    mTavari RerZebis mimarT sxeuls gaaCnia inerciis momentebi ,xI  yI  da zI , 

romlebsac “inerciis momentebi” ewodeba. zogad SemTxvevaSi zyx III  . Tu 

sxeuls RerZuli simetria aqvs /mag. cilindri/ maSin ori mTavari momenti 
erTmaneTis tolia; Tu sxeuls centraluri simetria axasiaTebs /kubi. 

sfero/, yvela mTavari momenti erTnairia: zyx III  . am ukanasknel 

SemTxvevaSi sxeuls “sferuli bzrialა” ewodeba. sferul bzrialas 
inerciis centrSi gamavali nebismieri RerZi mTavar RerZebs warmoadgens. 
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   Tu cnobilia sxeulis xI , yI , zI  mTavari inerciis momentebi. SeiZleba 

gamoiTvalos am sxeulis inerciis momenti raime sxva d  RerZis mimarT. 
kerZod, Tu aseTi d  RerZi gadis sxeulis inerciis centrSi, d  RerZis 

mimarT inerciis I  momentis gamosaTvlelad gamoiyeneba martivi formula: 
2 2 2cos ( ) cos ( ) cos ( ) (1)x y zI I xd I yd I zd     

   sadac )(xd  aris kuTxe x  da d  RerZebis Soris /aseve )(yd  da ./)(zd  

    davubrundeT marTkuTxa paralelepipedis magaliTs. vTqvaT, d  RerZi 

gadis paralelepipedis diagonalze. (I) formulaSi Semavali kuTxeebis 
sididis gazomva am dros mouxerxebelia; ukeTesia gamoviyenoT 
geometriidan cnobili formula marTkuTxa samkuTxedebSi maxvili kuTxis 
kosinusisaTvis. marTkuTxa samkuTxedis hipotenuzad Tu diagonals aviRebT, 
xolo erT_erT gverdad _ paralelepipedis a  sigrZes, maSin cxadia, rom 
/ix. nax. I/. 

222
)cos(

cba

a
xd


 ;  aq 222 cba   diagonalis sigrZea. aseve 

222222
)cos(,)cos(

cba

c
zd

cba

b
yd





  

Tu am formulebs CavsvamT (I)_Si, miviRebT, rom 

                    
2 2 2

2 2

2 2 2

y
d

a I b I c I
I

a b c

 


 
          (2) 

   (2) formula saSualebas gvaZlevs paralele-pipedis mTavari inerciis 
momentebiT vipovoT misi inerciis momenti diagonalze gamavali RerZis 
mimarT. 

     sxva RerZebisaTvis SeiZleba moxerxdes (I) formulaSi ( ), ( )xd yd  da )(zd  

kuTxeebis uSualo gazomva. saerTod, (I) formula universaluria, mas 
mxolod erTi pirobis dacva sWiredeba _ d  RerZi aucileblad sxeulis 
inerciis centrze unda gadiodes. /winaaRmdeg SemTxvevaSi SeiZleba 
gamoviyenoT Steineris Teorema./. 
     paralelepipedis inerciis momentebis gansazRvra mocemul samuSaoSi 
xdeba rxeviTi saqanis saSualebiT, romelzec magrdeba aRniSnuli 
paralelepipedi. 
     Teoriidan cnobilia, rom grexviTi rxevis periodi gamoiTvleba Semdegi 
formuliT: 

                                  2
I

T
K

                   (3) 

    sadac K  aris daWimuli mavTulis grexviTi sixiste, xolo I _ merxevi 
sxeulis inerciis momenti im RerZis mimarT, romlis garSemoc mimdinareobs 
rxeva. 

    Tu gvaqvs raime etaloni, romlis 0I  inerciis momentic cnobili sididea, 

SegviZlia ucnobi inerciis momenti I  gamovTvaloT (3) formulis Tanaxmad: 

                                   
2

0 2
0

T
I I

T
                     (4) 

     sadac 0T  da T  _ Sesabamisad etalonisa da gasazomi sxeulis rxevis 

periodebia grexiT saqanSi. (4) formula mosaxerxebelia imitom, rom masSi 
aRar gamoiyeneba K  sixiste da cdaSi misi gazomva aRar gvWirdeba. 



 
 
 

 58 

     (4) formulidan: 

                             0
0

I
T T

I
                  (5) 

     winamdebare samuSaos danadgarze izomeba swored saqanSi Camagrebuli 
sxeulis rxevis periodi; vnaxoT rogor, SeiZleba sxeulis mTavari zyx ,,  

RerZebis irgvliv rxevis ,, yx TT  da 2T  periodebis gamoyenebiT gamovTvalod 

misi dT  rxevis periodi d  RerZis mimarT. vgulisxmobT, rom d  RerZi gadis 

paralelepipedis diagonalze. me_(4) formula ase gadaiwereba: 

 
2

0

2

02
0

2

02
0

2

02
0

2

0 ;;;
T

T
II

T

T
II

T

T
II

T

T
II d

d
z

z
y

y
x

x   

     CavsvaT es formulebi (2) formulaSi da SevkvecoT 
2

0

0

T

I
 _ ze. miviRebT: 

                    
2 2 2 2 2 2

2 2 2

x y z
d

a T b T c T
T

a b c

 


 
         (6) 

      me_(6) formulaSi cba ,,  paralelepipedis sigrZeebia Sesabamisad yx,  

da z  RerZebis gaswvriv (ix. nax. I), xolo zyx TTT ,,  amave RerZebis mimarT 

rxevis periodebia. 

    cdis mizania eqsperimentulad SevamowmoT (6) formula: Tu gamoTvlebis 

Sedegad miRebuli dT _s mniSvneloba daemTxveva uSualod cdaSi gazomils, 

SeiZleba iTqvas, rom (6) formula WeSmaritia: maSin damtkicebuli iqneba (I) 
formulis sisworec. 

 
cdis msvleloba 

 
1. aiReT erT_erTi paralelepipedi da gazomeT misi a  sigrZe, b  sigane 

da c  simaRle. monacemebi SeitaneT cxrilSi; 
2. CaamagreT paralelepipedi saqanis CarCoSi ise, rom brunvis RerZi iyos 

x  RerZi. yuradReba miaqcieT, rom RerZi paraleluria   wibosi: e. i. 
paralelepipedi unda damagrdes ise, rom a  wibo vertikalurad iyos 
mimarTuli; 

3. CarTeT xelsawyo qselSi “СЕТЬ” RilakiT. “ПУСК” Rilaki daafiqsireT 
amoweul mdgomareobaSi. “СБРОС” Rilakze daWeriT wamozomisa da 
periodis amricxvelTa Cveneba daayena nulze; 

4. daaWireT Rilaks “ПУСК”. CarCo daiwyebs rxevas: daiTvaleT aranakleb 

aTi rxevisaTvis saWiro dro xt  gamoTvaleT rxevis periodi xT  

formuliT: 

,
n

t
T x
x   

sadac n _ rxevaTa raodenobaa. 
5. CaamagreT paralelepipedis saqanis y  RerZis paralelurad 

/vertikalurad mimarTuli iqneba l  wibo/. gaimeoreT 3 da 4 punqtebi da 

ipoveT yT . igive gaakeTeT Z  RerZisaTvis /wibo/ da gamoTvaleT ;zT  
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6. paralelepipedi CaamagreT saqanSi d  diagonaliT: gaimeoreT 3 da 4 
punqtebi. ipoveT diagonalis irgvliv rxevis periodis eqsperimentuli 

mniSvneloba deT ; 

7. aRebuli monacemebi CasviT (6) formulaSi: gamoTvaleT diagonalis 

irgvliv rxevis periodis Teoriuli mniSvneloba ;dT  

8. ipoveT absoluturi cdomileba  dded TTT   da fardobiTi cdomileba 

%100



d

d

T

T
  

9.  aiReT sxva paralelepipedi da I_8 punqtebi CaatareT Tavidan. 
 

 
dakvirvebaTa cxrili  

 
# a  ,b  ,c  n  

xt  yt  zt  det  xT  yT  zT  deT  dT  dT    

         
 

 
sakontrolo kiTxvebi 

 
1. ras ewodeba myari sxeulis inerciis momenti? 
2. ra aris Tavisufali RerZi? inerciis mTavari RerZi? 
3. ramdeni mTavari RerZi aqvs sferul bzrialas? daasaxeleT sferuli 

bzrialas mgaliTebi. 
4. ras ewodeba inerciis mTavari momenti? 
5. ras gvaZlevs inerciis mTavari momentebis codna? 
6. ras warmoadgens grexviTi saqani? ra formuliT gamoisaxeba misi 

periodi? 
7. aRwereT cdis msvleloba. 

 

 

 

 

 
 
 
 
 
 

maqsvelis qanqaras inerciis momentis 
gamoTvla 

 
     brunviTi moZraobisas sxeulis inerciuloba xasiaTdeba sididiT, 
romelsac inerciis momenti ewodeba. materialuri wertilis inerciis 
momenti warmoadgens sidides 

2mrI  , 
sadac m_materialuri wertilis masaa, r _misi brunvis radiusi. 
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Tu uZravi RerZis mimarT brunavs myari sxeuli, maSin misi inerciis 
momenti 

2
ii

n

1i
rm


 

sadac )n,...,2,1i(mi   warmoadgens elementalur masas, xolo ir  misi 
brunvis radiusia. 

maqsvelis qanqara warmoadgens xelsawyos, romelic saSualebas 
gvaZlevs ganvsazRvroT diskos inerciis momenti brunviTi moZraobis 
dinamikis ZiriTadi gantolebis safuZvelze. am gantolebas Semdegi saxe 
aqvs 

 IM  

sadac M  aris sxeulze moqmedi Zalis momenti, I _sxeulis inerciis 
momenti, xolo  _kuTxuri aCqareba. SevniSnoT, rom (I) fromula 
warmoadgens niutonis II kanonis analogias brunviTi moZraobisaTvis. 

maqsvelis qanqara warmoadgens RerZze Camocmul masiur diskos (nax. I.). 
Reros orive mxare damagrebulia vertikalur Zafebze. Tu Zafs davaxvevT 
da qanqaras garkveuli simaRlidan gavuSvebT, maSin disko daiwyebs brunvas 
da daSvebas erTdroulad. minimalur simaRleze qanqaras gaaCnia brunvis 
kinetikuri energia, ris gamoc Zafi isev exveva RerZze da  

 

 
 
 
iwyebs moZraobas vertikalurad zeviT. 

   (1) (formulidan) 

           



M

I             (2) 

rogorc naxazidan Cans, diskos brunvis RerZi gadis K  wertilSi. 
amitom Zalis mxari toli iqneba r_is,. Tu gaviTvaliswinebT, rom Zafis 
mimarT qanqara moZraobs a  aCqarebiT, maSin 

( ),F m g a   
       Nnax.1      sadac m  diskis masaa. maSin 

( )M Fr m g a r    
  Tu visargeblebT formuliT, romelic gamosaxavs kavSirs kuTxur da 

tangencialur aCqarebas Soris. 
a

r
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maSin (2) formulidan miviRebT 

2 g a
I mr

a


  

a  aCqarebis povna advilia, Tu viciT vardnis simaRle h  da Sesabamisi 
t  dro . 

2

2h
a

t
  

amis gaTvaliswinebiT (2) formula sabolood miiRebs saxes 









 1

h2

gt
mrI

2
2  

Tu cdaiT gavzomavT m  r  t  da h  sidideebs, maSin bolo formulis 

saSualebiT SeiZleba vipovoT sxeulis inerciis momenti. 
 

cdis msvleloba 
 

1. CamoacviT qanqaraze erT_erTi damatebiTi rgoli, qanqaris da rgolis 
jamuri m  masis mniSvneloba SeitaneT cxrilSi; 

2. daaxvieT Zafi ise, rom qanqara miebjinos zeda kronSteinze myof 
eleqtromagnits: CarTeT Rilaki ,,СЕТ'', amoswieT Rilaki “ПУСК''. qanqara 
unda gaCerdes aseT mdgomareobaSi. SeitaneT cxrilSi vardnis h  
simaRle; 

3. daaWireT TiTi Rilaks ,,СБРОС” da ,,ПУСК” CainiSneT vardnis dro t ; 
4. gaimeoreT cda 5_jer. 

5. ipoveT 1I  I saS., I saS., .S  SeavseT dakvirvebaTa cxrili; 

SeniSvna: 
brunvis r  radiusis gamosaTvlelad Reros radiuss unda mivumatoT 
Zafis gaormagebuli radiusi 

rr  Rero. r2 Zafi. r Rero.  Zafi. 

 
dakvirvebaTa cxrili 

 

# ,r m ,m  kg. ,h m ,t  wm. I kg.m2 I saS. I  I saS.   
          

 
sakontrolo kiTxvebi 

 
1. ganixileT qanqaras vardna meqanikuri energiebis urTierTSi gadasvlis 

TvalsazrisiT. ratom brundeba qanqara ukan? 
2. ganmarteT wertilisa da sxeulis inerciis momenti. 
3. dawereT brunviTi moZraobis dinamikis ZiriTadi gantoleba; 
4. gadataniTi moZraobisas arsebobs cnebebi: 
   Zala, masa, aCqareba. daasaxeleT maTi analogiuri cnebebi brunviTi 

moZraobisaTvis. dawereT niutonis meore kanonis analogiuri gantoleba 
brunviTi moZraobisaTvis. 
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myari sxeulis inerciis momentis gansazRvra oberbekis saqaniT 
 

sxeulis inertuloba gadataniTi moZraobisas xasiaTdeba masiT, 
brunviTi moZraobisas ki inertuloba damokidebulia ara marto sxeulis 
masaze, aramed brunvis radiuszec. 

Tu m  masis materialuri wertili brunavs r  radiusian wrewirze, misi 
inertuloba xasiaTdeba sididiT 

2mrI   
romelsac materialuri wertilis inerciis momenti ewodeba. 
Tu raime uZravi RerZis mimarT brunavs myari sxeuli, maSin misi 

inerciis momentis gamosaTvlelad Semdegnairad unda moviqceT: 

davyoT es sxeuli Zalian mcire nawilebad _ elementalur im  

( ni ,...3,2,1 ) masebad. TviTeuli elementaluri masa im  brunavs ir  radiusian 
wrewirze. maSin sxeulis inerciis momenti 

2

1
ii

n

i
rmI 


  an ufro zustad, 2I r dm   

arsebobs sxvadasxva formis mqone sxeulebis inerciis momentebis 
gamoTvlis rogorc Teoriuli, aseve eqsperimentuli meTodebi. 

oberbekis saqani saSualebas iZleva gamovTvaloT sxeulis inerciis 
momenti brunviTi moZraobis dinamikis ZiriTadi gantolebis safuZvelze. am 
gantolebas Semdegi saxe aqvs: 

                     IM                   (1) 

sadac M  aris sxeulze moqmedi Zalis momenti, xolo   _ kuTxuri 
aCqareba am formulidan. 

                      

M

I                   (2) 

Tu cdaze gavzomavT Zalis moments (M ) da kuTxur aCqarebas )( , maSin 
(2) formuliT gamovTvliT sxeulis inerciis moments. zonarze 
Camokidebuli m  masis sxeuli iwyebs vardnas a  aCqarebiT da brunviT 
moZraobaSi moyavs jvrisebri saqani (nax. I). vardnil sxeulze moqmedebs 
simZimis Zala mgP   da Zafis daWimulobis Zala T . 
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I  
nax. I 

niutonis II kanonis Tanaxmad 

)( agmT

maTmg




 

Tu sxeuli t  wamSi daeSva h  simaRlidan, misi aCqareba 

2

2

t

h
a   

amitom 







 

2

2

t

h
gmT  

maSin am Zalis momenti 

                 )
2

(
2t

h
gmrM               (3) 

sadac r  aris im diskos radiusi, romelzec daxveulia zonari. vipovoT 
axla kuTxuri aCqareba  . visargebloT formuliT 

r

a
 , 

sadac a  aris diskos zedapiris wertilebis tangencialuri aCqareba. 
(romelic tvirTis aCqarebis tolia). maSin 

                
2

2

rt

h
                      (4) 

(3) da (4) formulebi SevitanoT (2) formulaSi miviRebT: 









 1

2

2
2

h

gt
mrI     anu 

             
h

tr
t

h
gm

I
2

2 22
2







 

               (5) 

 
 
 

cdis msvleloba 
 

1. daamagreT saqanSi tvirTebis winaswar SerCeuli raodenoba 
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2. tvirTebi qveda napiri daayeneT zustad zeda fotoeleqtronul 
mowyobilobaze aRniSnul xazTan; 

3. RerZze moTavsebul skalaze aTvaleT vardnis sigrZe h ; 
4. daaWireT TiTi Rilaks “РУСК”; 
5. aTvaleT vardnis dro; 
6. (5) formulis saSualebiT gamoTvaleT inerciis momenti I ; 
7. SecvaleT tvirTebis masa. cda gaimeoreT samjer; 
8. daaxvieT zonari meore diskoze (didi diskos radiusia 4 sm., patarasi _ 

2 sm.) gaimeoreT cda diskosaTvis samjer sxvadasxva masis 
tvirTebisaTvis; 

9. gamoTvaleT I saS., ,I  I saS., .  
10. monacemebi SeitaneT dakvirvebaTa cxrilSi 
 

dakvirvebaTa cxrili 
 

r (m) 
1m (kg.) 1h (m.) 1t (wm.) I (kg.m2) I saS. 

(kg.m2) 
I  





I

I  

        

 
sakontrolo kiTxvebi 

 
1. ganmarteT materialuri wertilisa da myari sxeulis inerciis momenti. 
2. dawereT brunviTi moZraobis dinamikis ZiriTadi gantoleba. 
3. ra kavSiri arsebobs kuTxur da tangencialur aCqarebebs Soris? 
4. aRwereT cdis msvleloba. 

 

 
 
 
 
 

 
Tavi II. siTxis Tvisebebi 

 
siTxis zedapiruli daWimulobis koeficientis gansazRvra 

wveTis woniT 
 

    wvrili milidan gamodinebisas siTxis wveTebis warmoSoba warmoadgens 
zedapiruli daWimulobis Zalebis moqmedebis Sedegs. 
   vertikaluri milidan siTxis neli gamodinebisas mis qveda boloze 
warmoiSoba wveTebi, es wveTebi miaRweven garkveul P _ wonas, romelic 
ucvlelia erTi da igive siTxis da erTi da igive temperaturisaTvis, 
mowydebian da vardebian. wveTis mowyvetis momentSi mas aqvs forma, 
romelic mocemulia nax. 1-ze. wveTs ikavebs misi Seviwroebuli yelis 
wrewiris gaswvriv arsebuli daWimuloba. aRvniSnoT d _Ti wveTis diametri. 
wveTis mowyvetis momentSi zedapiruli daWimulobis Zala toli iqneba 
wveTis wonisa, amitom davwerT: 

lp   
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   radganac yeli mrgvalia, amitom dl   
dp   

   aqedan 

d

p


   

   wveTis Seviwroebuli yelis diametris gazomva wveTis mowyvetis 
momentSi rTulia, cdebiT dadgenilia, rom: 

D63,0d   
sadac D  milis diametria im adgilas, sadac wveTis warmoqmna xdeba. Tu 
d _s mniSvnelobas SevitanT (1) formulaSi, sabolood miviRebT: 

                 
D978,1

p
               (2) 

sadac p  aris erTi wveTis wona. 

       
 
 

 
xelsawyos aRwera 

 

   biureti damagrebulia Stativze ise, rom K  onkanis saSualebiT (nax. 2) 
SesaZlebeli iyos M  WiqaSi wveTebis miwodeba. 

 
 

muSaobis msvleloba 
 

1. CaasxiT biuretSi qimiurad sufTa wyali; 

2. awoneT analizur sasworze gawmendili M  Wiqa da CainiSneT misi 1p  

wona. 
3. biuretis saSualebiT miiReT wveTebi da ormocdaaTamde wveTi 
CaTvaleT WiqaSi. 

4. awoneT Wiqa wveTebianad da CainiSneT misi 2p  wona. 

5. 12 pp   wonaTa sxvaoba gayaviT wveTebis raodenobaze da miiRebT erTi 
wveTis p  wonas: 

n

pp
p 12   (wveTis wona gamosaxeT niutonebSi). 
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6. mikrometriT gazomeT milis yelis diametri, metrebSi, ramdenimejer 
da saSualo mniSvneloba SeitaneT dakvirvebaTa cxrilSi. 
7. (2) formuliT gamoiangariSeT siTxis zedapiruli daWimulobis 
koeficienti. 
8. cda CaatareT 3_4 jer da gamoiyvaneT ramdenime cdis Sedegis 
saSualo mniSvneloba. 
9. iangariSeT absoluturi da fardobiTi cdomileba. 

dakvirvebaTa cxrili 
 

 
 

sakontrolo kiTxvebi 
 

1. ra aris 
molekulis qmedebis 
sfero? 
2. ra iwvevs siTxis 

zedapirul 
daWimulobas? 

3. razea 
damokidebuli 

zedapiruli 
daWimulobis Zala? 
4. ras udris 

ricxobrivad 
zedapiruli daWimulobis koeficienti? riT izomeba? 
5. aRwereT xelsawyo da cdis msvleloba. 
6. dawereT absoluturi da fardobiTi cdomilebis saangariSo 
formulebi. 
 

 
kiTxvebi daskvnisaTvis 

 
1. ra xelsawyoebia am amocanis SesrulebisaTvis saWiro? ra sidideebs 
vzomavT? ra erTeulebSi? ra sizustiT? 
2. rogor Seicvleba siTxis zedapiruli daWimulobis koeficienti masSi 
minarevebis SetaniT. 
3. rogor axsniT zedapiruli daWimulobis koeficientis 
damokidebulebas siTxis temperaturaze? 
4. siTxis zedapiruli daWimulobis koeficients xom ver daakavSirebT 
orTqladqcevis siTbosTan? moifiqreT amis Sesaxeb. 
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siTxis Sinagani xaxunis (siblantis) koeficientis gansazRvra 
stoqsis kanoniT 

 
    rodesac moZravi siTxis calkeul fenebs sxvadasxva siCqare aqvT, maSin 
fenebs Soris moqmedebs Sinagani xaxunis Zalebi. es Zalebi fenebis 
zedapiris mxebad arian mimarTuli. ufro swrafad moZrav fenaze moqmedebs 
Semanelebeli Zala, xolo nela moZrav fenaze _ amaCqarebeli Zala. 
cnobilia, rom Sinagani xaxunis Zala pirdapirproporciulia fenebis 
Sexebis farTobisa da siCqaris gradientisa: 

                    
dn

d
sf

                    (1) 

   es formula stoqsis formulis saxeliTaa cnobili, sadac s  aris ori 

fenis Sexebis zedapiris farTobi; 
dn

d
__siCqaris gradienti (siCqarei 

gradienti gansazRvravs fenis siCqaris cvlilebas moZraobis 
perpendikularuli mimarTulebiT, erTeulovani sigrZis manZilze 
gadanacvlebis dros);   proporciulobis koeficients Sinagani xaxunis 

/(siblantis) koeficienti ewodeba. TuU davuSvebT rom 
m

m/wm
m2 1

dh

d
,1s 


, 

maSin (1) formulidan miviRebT f . amrigad, Sinagani xaxunis koeficienti 
ricxobrivad im Zalis tolia, romelic moqmedebs siTxis ori fenis Sexebis 
farTobis erTeulze, rodesac moZraobis perpendikularuli mimarTulebiT 
erTeuli sigrZis manZilze gadanacvlebis dros siCqare icvleba erTi 
erTeuliT. siTxis Sinagani xaxunis koeficienti damokidebulia siTxis 
gvarobaze da mis fizikur mdgomareobaze (simkvrive, temperatura, 
koncentracia). 
   (1) formulidan SeiZleba ganisazRvros siblantis koeficientis 
ganzomileba: 

1-1-

1-2

-2

wmmkg.
wmmm

mwmmkg









sd

fdh
 

   vTqvaT, vakvirdebiT sxeulis vardnas raime siTxeSi. siTxis is fena, 
romliTac garSemortymulia sxeuli, moZraobs sxeulis moZraobis siCqariT, 
amis gamo siTxis am fenasa da mezobel fenas Soris aRiZvreba xaxunis Zala. 
Tu mcire diametris birTvi vardeba usazRvro siTxeSi, maSin rogorc 
stoqsma daamtkica, xaxunis Zala tolia 

r6f   

   aq r  birTvis radiusia,  _misi vardnis siCqare. f  Zala mimarTulia 
moZraobis sawinaaRmdegod da amcirebs vardnis siCqares. meore mxriv, 
birTvze moqmedebs simZimis p  Zala, romelic arqimedis kanonis 

gaTvaliswinebiT iqneba 

   0 0p m m g Vg      

sadac   birTvis simkvrivea, 0 _siTxis simkvrive, V _birTvis moculoba, 

xolo g _simZimis Zalis aCqareba. vinaidan 34

3
V r , amitom: 

 03 gr
3

4
p    
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   birTvi blant siTxeSi vardnisas Tavdapirvelad moZraobs aCqarebulad, 
simZimis Zala ar aris damokidebuli siCqareze, xolo xaxunis f  Zala 
izrdeba siCqaris mixedviT. rodesac es Zalebi utoldebian erTmaneTs, 
birTvis vardnis siCqare aRar gaizrdeba da birTvis moZraoba Tanabari 

gaxdeba. aRvniSnoT birTvis Tanabari moZraobis siCqare  -iT, maSin: 

 3
0

4
6

3
r r g       

saidanac 

 3
0 2 0

4 2

18 9

r g
r g

r

    
  

 
   

   rodesac birTvi vardeba D  diametris mqone milSi myof siTxeSi milis 
RerZis gaswvriv da t  wamSi gadis l  manZils, maSin siblantis koeficientis 
gamosaTvlel formulas Semdegi saxe eqneba: 

             
 2

0

18 1 2,4

gtd

d
l

D

 





  
 

              (2) 

   sadac d  birTvis diametria. am formulis marjvena mxareSi Semavali 
sidideebi SeiZleba gaizomos cdis saSualebiT. 
 

xelsawyos aRwera 
    

   xelsawyo Sedgeba minis cilindruli A  WurWlisagan (nax. 1), romelic 
avsebulia blanti siTxiT, mili zemodan daxurulia sacobiT. sacobis 
xvrelSi Cadgmulia minis wvrili mili an Zabri siTxeSi birTvis 
Casagdebad. minis cilindruli WurWeli damagrebulia vertikalur 
sadgamze, romelsac aqvs skala. siTxeSi Cavardnili birTvis amosaRebad 
cilindrSi CaSvebulia grZeli kovzi badiT. 
   xelsawyos vertikalurad dayenebisaTvis aqvs Sveuli da moZravi 
xraxnebi. 

              
muSaobis msvleloba 

 
1. cilindri gamosakvlevi siTxiT daayeneT vertikalur mdgomareobaSi 
xraxnebisa da Sveulis daxmarebiT. 
2. gazomeT birTvis diametri. CauSviT ZabriT gamosakvlev siTxeSi da 
15_20 sm-is gavlis Semdeg aamuSaveT wammzomi. birTvis dacemamde gaaCereT 
wammzomi da gazomeT is l  manZili, romelic gaiara birTvma wammzomis 
CarTvidan gamorTvamde, e.i. t  droSi. 
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3. cda gaimeoreT 5_jer sxvadasxva diametris birTvebisa da l _ is 
sxvadasxva mniSvnelobisaTvis, birTvisa da siTxis simkvrive monaxeT 
fizikuri mudmivebis cxrilebSi, milis D  diametri gazomeT 
StangerfargliT, monacemebi SeitaneT dakvirvebaTa cxrilSi da (2) 
formuliT iangariSeT siTxis Sinagani xaxunis koeficienti da ramdenime 

gazomvis saS.  saSualo mniSvneloba. 

4. gamoTvaleT fardobiTi da absoluturi cdomileba. 
5. dakvirvebaTa cxrilSi SeitaneT oTaxis temperatura da gamosakvlevi 
siTxis Sinagani xaxunis koeficienti am temperaturaze mudmivebis 
cxrilidan. 
 

 
sakontrolo kiTxvebi 

 
1. ra iwvevs Sinagan xaxuns siTxeSi? ras udris Sinagani xaxunis Zala? 
ra aris siCqaris gradienti? 
2. daadgineT Sinagani xaxunis koeficientis ganzomileba? 
3. gamoiyvaneT Sinagani xaxunis koeficientis formula cdis mixedviT. 
4. aRwereT xelsawyo da cdis msvleloba. 
5. gamoiyvaneT cdomilebis saangariSo formula  
 

dakvirvebaTa cxrili 
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kiTxvebi daskvnisaTvis 

 
1. amocanaSi moTxovnilia rom d D , ratom ar SeiZleba Dd  ? 
formuliT aris Tu ara dasaSvebi es toloba? daasabuTeT. 
2. rogor aris damokidebuli Sinagani xaxunis koeficienti siTxis 
temperaturaze? 
3. rogor miiReba birTvis Tanabari moZraoba siTxeSi? axseniT amis 
mizezi. aris Tu ara damokidebuli sxeulis moZraobis siCqare siTxeSi 
sxeulis wonaze? 



 
 
 

 70 

4. ra xelsawyoebia amocanis SesrulebisaTvis saWiro? ra sidideebs 
vzomavT? ra erTeulebSi? ra sizustiT? 

 

Tavi III. siTbo da molekuluri fizika  
 

airis kanonebis eqsperimentuli Semowmeba 
 

   saWiro xelsawyoebi: saswori sawonebiT, kolba, manometri, barometri, 
Termometri, airtumbo, erTi boloTi Ria 108   mm. diametris da 600 mm. 
sigrZis minis mili, 5040   mm. diametris cilindruli minis WurWeli, 
plastilini, wylis gamacxelebeli, saxazavi. 
   samuSaos mizani: idealuri airis mdgomareobis klapeiron_mendeleevis 
gantole-bis safuZvelze eqsperimentulad gansazRvruli iqnas airis 
universaluri mudmiva da Semowmdes boil_mariotisa da geilusakis 
kanonebi. 
idealuri airis mdgomareoba aRiwereba klapeiron_mendeleevis gantolebiT. 

                  RT
M

m
PV                  (1) 

           sadac P  wnevaa, V  moculoba, m  airis masa, M  moluri masa, R  airis 
universaluri mudmiva, T  absoluturi temperatura, romelic celsiusis 
skaliT gazomil t  temperaturasTan dakavSirebulia gamosaxulebiT: 

                   t273T                (2)  
idealuri airis mdgomareobis gantolebidan, rogorc kerZo SemTxveva 

miiReba airis kanonebi, romlebic ori Termodinamikuri parametris 
damokidebulebas gamosaxavs mesamis mudmivobisas mocemuli masis 
airisaTvis, magaliTad: 

roca constPV,constT    /boil_mariotis kanoni/ 

roca const
T

V
,consP      /geilusakis kanoni/ 

roca const
T

P
,constV      /Sarlis kanoni/ 

 
 
 
 
 
 
 
davaleba I.  

airis universaluri mudmivas            eqsperimentuli 
gansazRvra. 

 
airis universaluri mudmivas gansazRvra amotumbvis meTodiT SeiZleba 

ganxorcieldes nax. I_ze mocemuli mowyobilobis saSualebiT, romelic 
Sedgeba V moculobis mqone minis balonisagan romelic erTdroulad 
SeerTebulia manometrTan da airtumbosTan. 

1P  atmosferuli wnevisa da t  temperaturis mqone V moculobis 

balonSi 1m  masis airis mdgomareobis gantoleba ase Caiwereba 



 
 
 

 71

 t273R
M

m
VP 1
1   

xolo balonidan airis amotumbvis Semdeg ki: 

 t273R
M

m
VP 2
2   

martivi gardaqmniT miviRebT 

 
  t273mm

MVPP
R

21

21




  

Tu gaviTvaliswinebT, rom ghpp 21   sadac   manometrSi 

moTavsebuli siTxis simkvrivea, xolo h Sesabamisi doneTa sxvaoba. maSin 
saZiebeli airis universaluri mudmiva gamoiTvleba formuliT: 

            t273mm

ghMV
R

21 



       (3) 

 

   
 

cdis msvleloba: 

1. awoneT baloni da CainiSneT 

1m  mniSvneloba / 1 1 0m m m   /   / 0m  

balonis masaa/. 
2. rezinis miliT SeaerTeT baloni sistemasTan ise, rogorc nax. I_zea 

naCvenebi. 
3. amotumebeT haeri balonidan, CaiwereT manometrSi siTxis doneTa 

sxvaoba h . 
4. Stuceris saSualebiT gadaketeT rezinis mili ise, rom balonSi 

SenarCunebuli iqnas Sesabamisi vakuumi. frTxilad moxseniT baloni 

da xelmeored awoneT, CainiSneT Sesabamisi 

2m  mniSvneloba 

/ 022 mmm  /. gaiTvaliswineT, rom 
 2121 mmmm . 

5. Termometrze aiTvaleT oTaxis temperatura t . 
6. gazomvebiT miRebuli mniSvnelobebi CasviT (3) formulaSi. 
7. cda gaimeoreT ramodenimejer da miRebuli Sedegebi SeitaneT 

dakvirvebaTa cxrilSi. 
 

dakvirvebaTa cxrili 

 

# 
1m  


2m  21 mm   h R  R saS. 

       
 
 
davaleba 2.  
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boil_mariotis kanonis eqsperimentuli      Semowmeba 
 

boil_mariotis kanonis eqsperimentuli SemowmebisaTvis gamoiyeneT nax. 
2_ze mocemuli sistema. romelic Sedgeba didi diametris cilindruli 

minis WurWlisagan romelSic Casxmulia wyali da mcire diametris 0l  

sigrZis minis milisagan romlis erTi bolo darCilulia. 

                
                   nax.2 
 

cdis msvleloba: 
 

1. barometris saSualebiT gazomeT atmosferos wneva 0P ; 

2. gazomeT wvrili milis sigrZe 0l  da pirobiT erTeulebSi /sigrZis 

mixedviT/ gansazRvreT milis moculoba 00 SlV  . 

3. didi diametris wylian minis cilindrul WurWelSi CauSviT wvrili 
mili ise, rom daxuruli bolo iyos zemoT. 

4. gazomeT milSi haeris svetis simaRle l  da gamoTvaleT /pirobiT 
erTeulebSi/ haeris moculoba SlV  . 

5. gazomeT siTxis doneTa sxvaoba h . 
6. gamoTvaleT haeris wneva milSi ghPP 0  . 

7. gamoTvaleT wnevisa da moculobis namravli PV  da SeadareT 00VP  

namravls. 
8. cdis dros daSvebuli cdomileba SeamowmeT formuliT 
 

0 0

0 0

100%
PV PV

X
PV


   

9. cda gaimeoreT ramodenimejer da miRebuli Sedegebi SeitaneT 
dakvirvebaTa cxrilSi 

 
dakvirvebaTa cxrili: 

 

# 0P  0V  P  V  PV  X  

       
 
davaleba 3: 

geilusakis kanonis eqsperimentuli Semowmeba 
 

geilusakis kanonis eqsperimentuli SemowmebisaTvis gamoiyeneT nax. 
3_ze mocemuli sistema. 
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cdis msvleloba: 

 

1. gazomeT wvrili milis sigrZe 1l  da /pirobiT erTeulebSi/ gansazRvreT 

moculoba 11 SlV  . 
2. didi diametris cilindrul WurWelSi CaasxiT cxeli wyali da 

gazomeT misi temperatura 1t   ( 0
1 60t C ) gamoTvaleT 1T . 

3. cxeli wyliT savse WurWelSi CauSviT wvrili mili /Ria boloTi 
zemoT/ da gaaCereT Sig 53  wT. 

4. mils Ria boloze gaukeTeT plastilinis sacobi da swrafad 

gadaitaneT oTaxis 2t  temperaturis mqone wylian WurWelSi, moxseniT 
sacobi. 

5. gazomeT milSi haeris simaRle 2l  da /pirobiT erTeulebSi/ 

gamoTvaleT moculoba 22 SlV  . 

6. SeadareT erTmaneTs 
2

1

T

T
 da 

2

1

2

1

l

l

V

V
  sidideebi. 

7. cdiT daSvebuli cdomileba gamoTvaleT formuliT 
 

%100

T

l

T

l

T

l

X

1

1

2

2

1

1




  

8. cda gaimeoreT ramodenimejer da miRebuli Sedegebi SeitaneT 
dakvirvebaTa cxrilSi. 

dakvirvebaTa cxrili: 
 
# 

1l  1t  1T  2l  2t  2T  X  

        

 
 
 
 
 
 
 
 

gazebis universaluri mudmivis gansazRvra * 
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    idealuri gazebis mdgomareobis gantolebas (mendeleev_klapeironis) 
aqvs aseTi saxe: 

              
m

pV RT
M

                  (1) 

sadac p  aris gazis wneva; V   _ misi moculoba; m  _ moculobis gazis 

masa; T   _ absoluturi temperatura; 
M   _ haeris erTi kilomolis masa;  R   _ gazebis universaluri mudmiva. 

   erTi kilomolis gazisaTvis m M  da (1) gantoleba aseT saxes miiRebs: 

               pV RT                    (2) 

   gavaTboT gazi mudmivi wnevis dros 0T _ dan  01T  _mde, misi moculoba 

moimatebs da gaxdeba  V V  . am SemTxvevisaTvis (2) gantoleba ase 

daiwereba: 

             1p V V R T                  (3) 

gamovakloT (3) gantolebas (2), miviRebT: 
              p V R                      (4) 

   p V  aris muSaoba, romelic Sesrulda 1 kilomoli gazis gasaTbobad 

10C_iT, e. i. gazis universaluri mudmiva ricxobrivad tolia im muSaobisa, 
romelic sruldeba 1 kilomoli gazis gasaTbobad 10C_iT, mudmivi wnevis 
dros. 
   amovtumboT kolbidan gazis nawili da Sig darCenili masis raodenoba 

aRvniSnoT m _iT. cxadia, m   masa daikavebs mTel moculobas da am 

SemTxvevisaTvis (1) gantoleba ase daiwereba: 

            1

m
pV RT

M
                    (5) 

   vgulisxmobT, rom temperatura orive SemTxvevaSi erTnairia, (1) 
gantolebas gamovakloT (5) da miviRebT: 

             1

m m
V p p RT

M


   

aqedan: 

            
 

 
1MV p p

R
m m T





                (6) 

   gantolebaSi  1pp   wnevaTa sxvaoba SeiZleba gamovTvaloT cdis 
saSualebiT. 
   roca manometrTan SeerTebuli kolbidan amovtumbavT haers, gareSe 

atmosferuli p  wnevisa da kolbaSi darCenili haeris 1p  wnevaTa sxvaobis 

gamo manometris milebs Soris warmoiSoba vercxliswylis doneTa h 
simaRle. 
   am dros gareSe atmosferuli wneva awonasworebs kolbaSi myofi haeris 

wnevas da h simaRlis vercxliswylis svetis 2p  wnevas, e. i. 

              21 ppp                    (7) 

sadac    ,ghp2   aris vercxliswylis simkvrive, g _Tavisufali vardnis 
aCqareba. amis mixedviT (7) gantolebidan SeiZleba davweroT: 

             ghpp 1                   (8) 
  (8) gantolebas Tu gaviTvaliswinebT (6)_Si, miviRebT: 
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MV gh

R
m m T





                (9) 

am gantolebaSi m m   sxvaoba aris balonidan amotumbuli haeris masa, 

aRvniSnoT 0m m m   . 

sabolood 

               
0

M ghV
R

m T


                (10)    

sadac V  aris cdisaTvis gamoyenebuli kolbis moculoba m3-Si. 
 

 
xelsawyos aRwera 

 
   cnobili moculobis kolbi T -s magvari miliT SeerTebulia 
manometrTan da haertumbosTan. kolbas (nax. 1) gakeTebuli aqvs momWeri. 
manometri gaTvaliswinebuli unda iyos 75_80 sm. vercxliswylis svetis 
wnevis gasazomad. 

          
 

muSaobis msvleloba 
 

1. zustad awoneT haeriani kolbi, gaaTavisufleT momWerisagan, Semdeg 
SeuerTeT haertumbos. 
2. amotumbeT kolbidan haeri, CaniSneT Sesabamis doneTa sxvaoba 

manometrSi 12 hhh   da kvlav mouWireT momWeri. 
3. gansazRvreT kolbidan amotumbuli haeris masa. rogor? moifiqreT 
TviTon. 
4. CainiSneT oTaxis temperatura, SeavseT cdis monacemebiT dakvirvebaTa 
cxrili. 
5. (10) formuliT awarmoeT gazis universaluri mudmivis gamoTvla. 
 
 
 
 
 
 
 
 
 
dakvirvebaTa cxrili 
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R
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a 
Δ

R
 

             
 
 

sakontrolo kiTxvebi 
 
1. dawereT mendeleev_klapeironis gantoleba. 
2. gansazRvreT ra aris R  da ras udris igi ricxobrivad? daamtkiceT. 
3. gamoiyvaneT R _is saangariSo formula. 
4. ratom aris aucilebeli manometri gaTvaliswinebuli iyos 75_80 sm. 
wnevaze? 
5. daasaxeleT saWiro xelsawyoebi. aRwereT muSaobis msvleloba. 
 

 
 
 

kiTxvebi daskvnisaTvis 
 

1. ra sidideebis gazomvaa saWiro cdis dros? ra xelsawyoebiT? ra 
erTeulebSi? ra sizustiT? 
2. axseniT molekulur_kinetikuri Teoriis safuZvelze kolbaSi haeris 
amotumbviT wnevis Semcireba? 
3. aris Tu ara gazis universaluri mudmiva damokidebuli gazis 
damaxasiaTebel parametrebze? 
4. Tu R  cnobilia, igive cdiT ra SeiZleboda gagvesazRvra? 
5. xom ar SegiZliaT daasaxeloT gazis universaluri mudmivis 
gansazRvris praqtikuli meTodi? 
6. SeiZleba Tu ara gazis universaluri mudmiva viangariSoT ara 
gamotumbuli gazis masis mixedviT, aramed kolbaSi darCenili haeris m   

masis mixedviT? ra aris amisaTvis saWiro? 
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nivTierebis kuTri siTbotevadobis gansazRvra 
 

   sxeulis gasaTbobad Ct 0
1 _dan Ct 02 _mde saWiro siTbos raodenoba 

pirdapirproporciulia masisa da temperaturis sxvaobis namravlisa: 

                  2 1Q cm t t               (1) 

saidanac: 

                 12 ttm

Q
c


               (2) 

c  proporciulobis koeficientia, mas sxeulis kuTri siTbotevadoba 

ewodeba. Tu davuSvebT rom Ctt 0
12 1  da kg.1m  , maSin Qc  , e.i. sxeulis 

kuTri siTbotevadoba izomeba siTbos im raodenobiT, romelic saWiroa 

erTeuli masis gasaTbobad C10 _iT. misi sazomi erTeulia j/kg.grad. 

   (2) formula gansazRvravs sxeulis saSualo kuTr siTbotevadobas 12 tt   

temperaturis SualedSi. 
   kuTri siTbotevadobis WeSmariti mniSvneloba warmoadgens zRvars, 
romliskenac miiswrafvis saSualo mniSvneloba, roca temperaturuli 
intervali miiswrafvis nulisaken. 

dt

dQ

m

1

tΔ

QΔ
lim

m

1
c

0tΔ



 

   laboratoriull pirobebSi (2) formulis saSualebiT gamovTvliT kuTr 
siTbotevadobas. 
   kuTri siTbotevadobis gazomvis mravali meTodi arsebobs, Cven 
visargebloT Sedarebis meTodiT, romlis arsi mdgomareobs ucnobi da 

cnobili kuTri siTbotevadobis SedarebaSi. 1m  da 

1m  masis 

kalorimetrebSi movaTavsoT erTSi cnobili 2m  (wyali) da meoreSi 

gamosakvlevi 

2m  masis siTxe. kuTri siTbotevadobebi, Sesabamisad 

aRvniSnoT: kalorimetrebisa 1c  da 

1c ; siTxeebisa _ 2c  da 


2c . 

   cdis dawyebis win kalorimetrebis da siTxeebis temperatura aRvniSnoT 
t _Ti. 

   cdis dasasruls cnobili siTxis temperatura aRvniSnoT 1Θ _iT, 

gamosakvlevisa _ 2Θ  _iT. 

   siTbos raodenoba, romelic miiRo cnobilma siTxem da 1m _ masis 
kalorimetrma: 

                tΘmcmcQ 122111             (3) 

siTbos raodenoba, romelic miiRo gamosakvlevma siTxem da 

1m  masis 

kalorimetrma: 

             tΘmcmcQ 211222 




            (4) 

   Tu gaTbobas vawarmoebT erTdroulad erTnairi simZlavris 
gamaTbobeliT, maSin SeiZleba davweroT: 

       tΘmcmctΘmcmc 2112212211 
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am tolobidan SeiZleba ganvsazRvroT gamosakvlevi siTxis kuTri 
siTbotavadoba:  

      
    

 tΘm

tΘmctΘmcmc
c

22

21112211
2




      (5) 

cdis gamartivebis mizniT Tu davuSvebT, rom kalorimetrebi erTnairia, e. i. 

1 1m m  da 1 1c c , maSin (5) gantoleba aseT saxes miiRebs: 

          
   

 tΘm

ΘΘmctΘmc
c

22

2111122
2




         (6) 

   amis msgavsad awarmoeben myari sxeulis kuTri siTbotevadobis 
gansazRvrasac mxolod im gansxvavebiT, rom sacdelad iReben orive 
kalorimetrSi erTnairi raodenobis wyals da erT_erT maTganSi uSveben 
gamosakvlev myar sxeuls. 

aRvniSnoT gamosakvlevi myari sxeulis masa m _iT da kuTri 
siTbotevadoba _ c_Ti. (6) formulis analogiurad miviRebT: 

                
  

 tΘm

ΘΘmcmc
c

2

212211




         (7) 

xelsawyos aRwera 
 

   or erTnair kalorimetrSi moTavsebulia mimdevrobiT SeerTebuli erTnairi 
simZlavris ori gamaxurebeli (nax. 1). 

             
muSaobis msvleloba 

 
1. aiReT ori erTnairi masisa da nivTierebis kalorimetrebi, 

gansazRvreT kalorimetris 1m  da 

1m  masebi. 

2. CaasxiT erTSi cnobili siTxe (wyali), meoreSi gamosakvlevi siTxe, 

gansazRvreT maTi 2m  da 

2m  masebi. 

3. gazomeT sawyisi t  temperatura. 
4. CauSviT kalorimetrebSi gamaTbobeli da SeurTeT 50_60 v Zabvis 
wyaros. 
5. temperaturis 40_500C_iT momatebis Semdeg aiTvaleT Termometrebze 

1Θ  da 2Θ . aRebuli anaTvlebi SeitaneT dakvirvebaTa cxrilSi da (6) 
formuliT iangariSeT gamosakvlevi siTxis kuTri siTbotevadoba. 
6. imave kalorimetrebSi erTnairi raode-nobis wyali CaasxiT. 

gansazRvreT maTi 2m  da 

2m  masebi da erT_erT maTganSi CauSviT cnobili 

m  masis gamosakvlevi myari sxeuli. 
7. cda pirvandelis msgavsad gaimeoreT. anaTvlebi SeitaneT 
dakvirvebaTa cxrilSi da (7) formuliT iangariSeT gamosakvlevi myari 
sxeulis kuTri siTbotevadoba. 
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8. mudmivebis cxrilebSi monaxeT gamosa-kvlevi siTxisa da myari 
sxeulis kuTri siTbotevadobebi. 
9. iangariSeT fardobiTi da absoluturi cdomileba. absolutur 
cdomilebad CaTvaleT mudmivebis cxrilebidan aRebuli mniSvnelobebisa da 
cdiT miRebul Sedegs Soris sxvaoba. es sxvaoba gayaviT cxrilidan 
aRebul mniSvnelobaze da miiRebT fardobiT cdomilebas. 
 

dakvirvebaTa cxrili 
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sakontrolo kiTxvebi 
 

1. ras ewodeba kuTri siTbotevadoba da ras udris formuliT? ra 
erTeulebSi izomeba? 
2. gamoiyvaneT cdis Sesabamisi kuTri siTbotevadobis formula siTxisa 
da myari sxeulisaTvis. 
3. aRwereT xelsawyo da muSaobis msvleloba. 
4. dawereT fardobiTi da absoluturi cdomilebis formulebi. 
 
 

kiTxvebi daskvnisaTvis 
 

1. ra sidideebi gazomeT cdis dros? ra sidideebi aiReT cxrilidan? 
2. aris Tu ara damokidebuli sxeulis kuTri siTbotevadoba masaze? 
3. erTnairi simZlavris gamaxurebliT erTnairi droSi ratom ar 
xurdeba gamosakvlevi siTxe da wyali erTnair temperaturamde? 
4. Tqvenis azriT rodis iqneba cdiT miRebuli gamoangariSeba ufro 
zusti, roca siTxis temperatura axlos aris oTaxis temperaturasTan, Tu 
roca am temperaturebs Soris sxvaoba didia? 
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haeris siTbotevadobaTa Sefardebis gansazRvra 
 

    siTbos raodenobas, romelic saWiroa 1 kilogrammoli gazis 
gasaTbobad 10C_iT, molekuluri siTbotevadoba ewodeba. Mole-kuluri 
siTbotevadoba damokidebulia gazis gaTbobis pirobebze. Tu gazs vaTbobT 
mudmivi moculobis pirobebSi, mTeli siTbo xmardeba gazis Sinagani 
energiis gazrdas; magram Tu mas vaTbobT mudmivi wnevis pirobebSi, maSin 
siTbos nawili ixarjeba gazis Sinagani energiis gazrdaze, nawili _ gazis 
gafarToebis gamo garegani wnevis dasaZlevad. kilogrammoli gazis 
gasaTbobad 10C-iT mudmivi moculobis dros naklebi siTboa saWiro, vidre 
mudmivi wnevis dros. aRvniSnoT siTbotevadoba mudmivi moculobis dros 

vc -Ti da mudmivi wnevis dros _ pc -iT. Sefardeba 



c

c p  gansazRvravs Tu 

ramdenjer metia gazis siTbotevadoba mudmivi wnevis dros amave gazis 
siTbotevadobaze mudmivi moculobis dros. 
    -s gansazRvras mTeli rigi movlenebisaTvis didi praqtikuli 

mniSvneloba aqvs. Cveni amocanis mizania ganvsazRvroT igi cdiT gazis 
adiabatur procesze dayrdnobiT. 
   adiabaturi procesi ewodeba gazis mdgomareobis cvlilebas ise, rom igi 
siTbos arc Rebulobs garemodan da arc gascems. 
   praqtikulad adiabaturi procesis ganxor-cieleba SeuZlebelia, magram 
iseTi procesebi, romlebic swrafad mimdinareobs, SeiZleba CaiTvalos 
adiabaturad. 
   vTqvaT sacdeli gazi imyofeba manometrTan SeerTebul daxurul 

WurWelSi oTaxis 1T  temperaturaze. aRvniSnoT misi wneva am pirobebSi 0p -

iT. CavtumboT WurWelSi haeri, rac gazrdis wnevas da iqneba: 

hpp 01   

   CavTvaloT gazis es mdgomareoba sawyisad 1 0( ; )P T  parametrebiT. 

gavafarTovoT gazi swrafad, rac Sinagani energiis xarjze moxdeba, e. i. 
procesi adiabaturia, romlis drosac Semcirdeba gazis temperatura 

KT 0
2 _mde, gazi isev miiRebs 0P  wnevas. gazis es mdgomareoba CavTvaloT II 

mdgomareobad 0 2( ; )P T  parametrebiT. 

   davketoT WurWeli da davelodoT masSi gacivebuli gazis gaTbobas. 

amjerad procesi izoqorulia, gazi miiRebs isev oTaxis 1T  temperaturas 

da 202 hpp   wnevas, sadac 2h  iqneba siTxis doneTa sxvaoba II 

mdgomareobidan III-Si  2 1;p T  mdgomareobaSi gadasvlis dros. 

   visargebloT gazis mdgomareobis gantolebiT adiabaturi procesisaTvis 
da gamoviyenoT igi Cvens magaliTze I mdgomareobidan II_Si gadasvlisaTvis: 
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2

1

1

0

1

T

T

p

p
             (1) 

   am gantolebas puasonis gantoleba ewodeba. II mdgomareobidan III 
mdgomareobaSi gadasvlisaTvis gamoviyenoT Sarlis kanoni: 

               
0

2

2

1

1

2

2

0

p

p

T

T

T

p

T

p
 i.   e.          (2) 

Tu (2) gantolebidan 
2

1

T

T
-s mniSvnelobas SevitanT pirvel gantolebaSi, 

miviRebT: 
1

1 2

0 0

p p

p p

 
   

   
   

 

amoviRoT orive mxridan   xarisxis fesvi: 

                   
0

2

1

0

1

p

p

p

p














               (3) 

SevitanoT am gantolebaSi 1 0 1p p h   da 2 0 2P P h   mniSvnelobebi da 

gavamartivoT: 

                  
0

2

1

0

1

p

h
1

p

h
1 















           (4) 

   am gantolebis marcxena mxare imis gamo, rom 
0

1

p

h
 sakmaod mcire sididea, 

SeiZleba gavSaloT binomis saxiT da mxolod I da II wevriT 
davkmayofildeT: 

      
0

1

1

0

1

p

h1
1

p

h
1 




















 

Tu miRebul gamosaxulebas gaviTvaliswinebT (4) gantolebaSi, miviRebT: 

    21
0

2

0

1 hh
p

h
1

p

h1
1 








 1-

e.i.    ,        (5) 

(5) gantolebidan Tu amovxsniT  -s, sabolood gveqneba: 

                    
21

1

hh

h


                   (6) 

   (6) formulis saSualebiT cdis monacemebis mixedviT unda viangariSoT 
  koeficienti. 

 
 

xelsawyos aRwera 
 

   xelsawyo warmoadgens 15_20 litris tevadobis balons, romelic 
mWidrod aris daxuruli sacobiT, masSi gayrilia minis mili K  onkaniT. 
balons aqvs l  da q  sarqvelebi. l  sarqveliT ukavSirdeba manometrs q  
sarqvelSi Camagrebulia m  onkani, romelic SeerTebuli aris 
haertumbosTan (nax. 1). 
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muSaobis msvleloba 
 

1. daxureT K  onkani, gaaReT m  onkani da balonSi CatumbeT haeri, 
vidre manometrSi doneTa sxvaoba 30_35 santimetrs ar miaRwevs. CaiwereT 

siTxis doneTa sxvaoba manometrSi 1h . 

2. gaaReT K  onkani da roca manometrSi doneTa sxvaoba gautoldeba 
nuls_daxureT. 

3. daelodeT 3_4 wuTis ganmavlobaSi, Semdeg CaniSneT 2h . 
4. monacemebi SeitaneT dakvirvebaTa cxrilSi da (6) formuliT 
gamoTvaleT   koeficienti. 
5. ipoveT ramdenime gazomvis saSualo mniSvneloba. 
6. iangariSeT fardobiTi da absoluturi cdomileba. 
 
 
 
 

dakvirvebaTa cxrili 
 

d
ak
vi
r
ve
b
aT

a 
r
ig

i 

ma
no

me
t
r
S
i 

s
iT

x
is

 
d
o
ne
T
a 
s
x
va
o
b
a 
ha
er

is
 

Ca
t
u
mb

vi
s
 S

d
eg

 h
1 
mm
. 

ma
no

me
t
r
S
i 

s
iT

x
is

 
d
o
ne
T
a 
s
x
va
o
b
a 

iz
o
qo

r
u
l
i 

g
aT

b
o
b
is

 
S
em
d
eg

 h
2 
mm
. 

ko
ef

ic
ie
nt

i 
_
_
ү.
 

f
ar

d
o
b
iT

i 
c
d
o
mi
l
eb

a 
Δ
ү/
ү 

ab
s
o
l
u
t
u
r
i 

c
d
o
mi
l
eb

a 
Δ
ү.
 

S
en
iS

vn
a 

1       
2       
3       
4       
5       

 
sakontrolo kiTxvebi 

 
1. ras ewodeba moluri siTbotevadoba? 
2. ramdeni siTbotevadoba axasiaTebs gazs? 

3. riT aixsneba gansxvaveba pc -sa da c -s Soris? daasabuTeT. 

4. ras aRniSnavs  ? 
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5. rogor process ewodeba adiabaturi? dawereT gazis mdgomareobis 
gantoleba am procesisaTvis. 

6. rogor vawarmoebT 
21

1

hh

h


  formulis gamoyvanas? 

7. aRwereT xelsawyo da cdis msvleloba. 
 
 

kiTxvebi daskvnisaTvis 
 

1. axasiaTebs Tu ara siTxeebs da myar sxeulebs orgvari 
siTbotevadoba? daasabuTeT. 

2. SeiZleba Tu ara koeficientis gansazRvra Tu gavzomavT gazis 1T  da 

2T  temperaturebs? rogori iqneboda amisaTvis saWiro formula? rogori 

xelsawyo iqneboda saWiro? 
 
 
 
 
 
 

Tavi IV. eleqtroba da magnitizmi 
 

Sesavali 
 

eleqtrobisa da magnetizmis laboratoriuli samuSaoebis dawyebamde 
studenti valdebulia gaecnos winamdebare savaldebulo moTxovnebs: 
1. yvela eleqtronuli sqema ikribeba SemaerTebeli mavTulebiT, 
romlis boloebic unda iyos gasufTavebuli. 
2. kontaqtebi sqemis yvela ubanze unda iyos kargi. 
3. SemaerTebeli mavTulebi ar unda iyos erTmaneTze gadagrexili. 
4. wredis akrebisas denis wyaro CairTveba wredSi bolos, xolo 
daSlisas amoirTveba pirvel rigSi. 
5. sqemaSi CarTuli yvela CamrTveli unda iyos amorTul 
mdgomareobaSi. 
6. sastikad akrZalulia wredis CarTva maswavleblis /an laborantis/ 
nebis gareSe. 
7. ar awarmooT Zabvis qveS arsebul sqemaSi raime gadarTvebi. 
8. ar SeexoT wredis araizolirebul nawilebs. 
9. wredi CarTuli unda iyos mxolod anaTvlebis aRebisas. 
10. ar datovoT CarTuli wredi umeTvalyurod!!! 
 
 

 
eleqtromzomi xelsawyoebis gacnoba 

 
eleqtromzomi xelsawyoebis klasificireba movaxdinoT Semdegi 
moTxovnebis mixedviT: 
1. gasazomi sidideebis xasiaTis: ampermetri, voltmetri, ommetri, 
vatmetri, mricxveli da sxva. 
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2. denis saxeobis: mudmivi denis xelsawyoebi, cvladi denis xelsawyoebi 
da mudmivi da cvladi denis xelsawyoebi. 
3. moqmedebis principis mixedviT: magnito-eleqtruli, 
eleqtromagnituri, eleqtrodinami-kuri, induqciuri, siTburi, 
eleqtrostatikuri da sxva. 
4. gazomvis sizustis /klasis/ mixedviT: 0,1; 0,2; 0,5; 1,0; 1,5; 2,5; 4,0 _ 
klasis xelsawyoebi. 
xelsawyoebi _ 0,1; 0,2; 0,5; klasis sizustiT gamoiyeneba zusti gazomvis 
sawarmoeblad. /am tipis xelsawyoebs zogjer preceziulsac uwodeben/. 

xelsawyos Skalaze gakeTebuli aRniSvnebi uCvenebs: moqmedebis 
princips (nax. I); a) magnitoeleqtruli; b)eleqtromaginturi; 
g)eleqtrodinamikuri: d) siTburi. 

denis saxeobas _ /mudmivi denis SemTxvevaSi /_/ da /~/  _ cvladi 
denis SemTxvevaSi/; xelsawyos orientaciis muSa mdgomareobaSi/ 

/ /_vertikalurs da / / horizontalurs/; izolaciis gamrRvev Zabvas 
/Ν'2ҝВ /; sizustis klass. 

    

    
                        N 

nax.1 
 
   eleqtromzomis xelsawyoebi Sedgeba uZravi da moZravi nawilebisagan. 
gazomvisas xelsawyos moZravi nawilis mabrunebeli momenti 
gawonasworebulia spiralis /an sxva raime meqanikuri sistemis/ Sesabamisi 
momentiT. am mdgomareobaSi xelsawyos maCvenebeli isari Semobrunebulia 
raRac kuTxiT. cnobilia damokidebuleba Semobrunebis kuTxesa da gasazom 
sidides Soris xdeba xelsawyos Skalis dagraduireba gasazomi sididis 
erTeulebiT. 

sidides, romelic tolia Semobrunebis kuTxis fardobisa gasazomi 
sididis mniSvnelobasTan, xelsawyos mgrZnobiaroba ewodeba. Tu d  aris 

Semobrunebis kuTxe ganpirobebuli denis dI  cvladebiT maSin xelsawyos 
mgrZnobiaroba:   

dI

d
S


  

   sidides 
1

C
S

  ewodeba xelsawyos danayofis fasi /anu sidide, romelic 

xelsawyos isars erT danayofze Semoabrunebs/. 
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(nax. 2)_ze mocemuli voltmetrisaTvis xelsawyos mgrZnobiaroba 
4

0,02
200

d
S

du


   dan./v xolo danayofis fasi 

1 200
50

4
C

S
   v./dan. aqve 

SeiZleba gavakeToT SeniSvna, rom xelsawyos Skalaze isris Cveneba 
SeiZleba Seesabamebodes gasazomi sididis ricxviT mniSvnelobas an saWiro 
iyos xelsawyos danayofis fasisa da danayofebis ricxvis gamravlebiT 
gasazomi sididis dadgena. 

ampermetri da voltmetri: wredSi gamavali deni izomeba ampermetris 
saSualebiT. ampermetrs wredSi rTaven mimdevrobiT (nax. 3). ris gamoc mas 
unda hqondes metad mcire winaRoba. yoveli ampermetri gaangariSebulia 
raRac zRvruli denis Zalis gasazomad, magram Tu ampermetrTan 
paralalelurad mivuerTebT winaRobas /Sunts/ SeiZleba gavzardoT 
ampermetris gazomvis zRvruli mniSvneloba. 

             
Sunti warmoadgens winaRobas, romelic ampermetrTan mierTebulia 

paralelurad. 

       
   (nax. 4 a). ris gamoc ampermetrSi gaivlis gasazomi denis garkveuli 

nawili. Tu gvsurs ampermetris gazomvis zRvris n jer gadideba 
AI

I
n   

Suntis winaRoba unda akmayofilebdes pirobas. 

1
A

ш

R
R

n



 

sadac AR _ ampermetris sakuTari winaRobaa / AI _ ampermetri gamavali 

deni, xolo I  deni wredis ganuStoebel nawilSi/. 
wredis ubanze Zabvis gasazomad iyeneben voltmetrs. voltmetri 

wredis mocemul ubans uerTdeba paralelurad (nax. 3), wredis aRniSnul 

ubanze, rom ar moxdes denis ganStoeba voltmetris sakuTari winaRoba vR  

unda iyos Zalze didi. nebismieri voltmetri gaangariSebulia 0U  zRvrul 

Zabvaze. magram Tu gasazomi Zabva 0nUU  , maSin voltmetrs unda 

mivuerToT mimdevrobiT 0R  damatebiTi winaRoba (nax. 4 b) romelic 

akmayofilebs pirobas:  1nRR v0  . 
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eleqtrostatikuri velis Seswavla 
 

saWiro xelsawyoebi: trenaJori, minis abazana wyliT, milimetriani bade, 
brtyeli eleqtrodebi, zondi, SemaerTebeli mavTulebi. 
 
samuSaos mizani: Seswavlili iqnas erTgvarovani eleqtrostatikuri veli, 
eqvipotencialuri zedapirebis saSualebiT ganisazRvros velis 
daZabulobis sidide. 

sivrces, romlis saSualebiTac xorci-eldeba uZravi muxtebis 
urTierTqmedeba, eleqtrostatikuri veli ewodeba. Eleqtro-statikuri veli 
xasiaTdeba daZabulobis veqtoriT. velis mocemul wertilSi daZabuloba 
izomeba im ZaliT, romliTac veli moqmedebs am wertilSi moTavsebuli 
muxtis dadebiT erTeulze. Tu q  muxtze veli moqmedebs F  ZaliT, maSin 

ganmartebis Tanaxmad, daZabuloba 

q

F
E   

wirs, romlis yovel wertilSi gavlebuli mxebis mimarTuleba 
gviCvenebs velis daZabulobis veqtoris mimarTulebas, daZa-bulobis wiri 
an Zalwiri ewodeba. 

vinaidan daZabulobis uSualod gazomva did siZneles warmoadgens, 
amitom Semotanilia velis skalaruli maxasiaTebeli _ potenciali. poten-
ciali izomeba im muSaobiT, romelsac eleqtruli Zalebi asruleben 
erTeulovani dadebiTi muxtis gadasatanad velis mocemuli wertilidan 
usasrulobaSi. cxadia, muSaoba, romelic sruldeba q  muxtis 

gadaadgilebisas velis or wertils Soris, toli iqneba 

 ,VVqA 21   

sadac 1V  da 2V _iT aRniSnulia muxtis sawyisi da saboloo 

mdebareobis Sesabamisi wertilebis potencialebi. eleqtrostatikuri velis 
sxvadasxva wertilSi potencials sxvadasxva mniSvneloba aqvs, magram 
velSi yovelTvis moinaxeba toli potencialebis mqone wertilebi. toli 
potencialebis mqone wertilTa geometriul adgils eqvipoten-cialuri 
zedapiri ewodeba. advilad mtkicdeba, rom eleqtrostatikuri velis 
daZabulobis veqtori velis yovel werilSi mimarTulia am wertilSi 
gamavali eqvipotencialuri zedapiris marTobulad. aqedan gamomdinare, Tu 
movZebniT erTnairi potencialis mqone wertilebs, e.i. avagebT 
eqvipotencialur zedapirs da gavavlebT mis marTob xazebs, miviRebT 
saZiebel Zalwirs. 

vinaidan kavSiri velis daZabulobasa da potencialTa sxvaobas Soris, 
umartives SemTxvevaSi, aseTia 

                        
d

VV
E 21  ,            (1) 

sadac d  zedapirebs Soris manZilia, normalis gaswvriv, amitom 
eleqtrostatikuri velis daZabulobis gansazRvra daiyvaneba 
potencialebis gansazRvramde. 

 



 
 
 

 87

 
cdis msvleloba 

 
aRniSnuli meTodiT eleqtrostatikuri velis Seswavla SeiZleba 

moxdes nax. 1_ze mocemuli sqemis gamoyenebiT. (am SemTxvevaSi 
eleqtrostatikuri velis Seqmna xdeba drois mixedviT ucvleli, 
stacionaluri, denis saSualebiT). sqemaze voltmetris erTi bolo 
SeerTebulia erT_erT eleqtrodTan, xolo meore _ zondTan. 
1. CarTeT wredi, moaTavseT zondi wylian abazanaSi da CaiwereT 
voltmetris Cveneba da wertilis Sesabamisi koordinatebi. 
2. zondis gadaadgilebiT monaxeT igive potencialebis mqone wertilebi 
(aranakleb xuTisa), CaiwereT Sesabamisi koordinatebi. 
3. analogiuri cdebi gaimeoreT gansxvavebuli potencialis mqone 
wertilebisaTvis. 
4. aageT eqvipotencialuri zedapirebi da (1) formulis gamoyenebiT 
gamoTvaleT velis daZabuloba. 
5. cdiT miRebuli Sedegebi SeitaneT dakvirvebaTa cxrilSi.  
 
cdis sqema: 

 
 
 
 

                                                             V 
 
 
 
 

 
nax.1 

dakvirvebaTa cxrili: 
 
# X,Y X,YY X,Y X,Y X,Y X,Y X,Y V E 
1          
2          
3          
4          
5          

 
 

 
 

gamtarTa winaRobis, induqciurobisa da 
kondensatorTa eleqtrotevadobis gansazRvra bogiruli 

meTodiT 
 

saWiro xelsawyoebi: trenaJori (Sesabamisi kompleqtiT), winaRobaTa 
wyobili, reoqordi, Termostati, Termometri, telefoni, SemaerTebeli 
mavTulebi. 
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samuSaos mizani: bogiruli meTodis gamoyenebiT gansazRvruli iqnas 
gamtarTa winaRoba, winaRobis temperaturuli damokidebuleba, 
kondensatoris eleqtrotevadoba da koWas induqciuroba. 

gamtarTa winaRobis, kondensatoris eleqt-rotevadobis da koWas 
induqciurobis gansa-zRvris mravali meTodi arsebobs. erT_erT 
gavrcelebul meTods warmoadgens uitstonis bogiri. 

uitstonis bogiri warmoadgens oTxi winaRobisagan Sekrul eleqtrul 
wreds (nax. 2), romlis erT diagonalSi CarTulia denis wyaro, xolo 
meoreSi _ gamzomi xelsawyo. 

 

  
 
 

 
 
 
                                          nax.2 
 

sqemaze 210 R,R,R  da R  winaRobebia, xolo 210 I,I,I  da I  Sesabamisi 
denis Zalebi. aRniSnul sidideebs Soris damokidebulebis dasam-yareblad 
gaviTvaliswinoT, rom bogiruli sqema wonasworobaSia, roca CD  

diagonalSi deni ar gadis. maSin kirxhofis II kanonis    KKK RI   

gamoyenebiT ACD  da CBD  konturebisaTvis davwerT: 

            







0RIRI

0RIIR

2200

11
        (1) 

C  da D  kvanZebisaTvis ki kirxofis I kanonis    0I K  gamoyenebiT 

miviRebT: 

               








.II

,II

21

0
             (2) 

(1) da (2) gamosaxulebaTa safuZvelze R  winaRobisaTvis gveqneba: 

                
2

1
0 R

R
RR              (3)   

praqtikaSi 1R  da 2R  winaRobebis rols asrulebs Sesabamisad 

reoqordis AD  da DB  ubnebi (D_s mosriale kontaqti reoqords yofs or 
nawilad). imis gamo, rom reoqordi damzadebulia erTgvarovani 
gamtarisagan, amitom winaRobaTa Sefardeba SeiZleba Seicvalos Sesabamisi 

1l  da 2l  gamtarebis sigrZeTa SefardebiT, e.i. 

                   
2

1

2

1

l

l

R

R
               (4) 

(4) formulis gaTvaliswinebiT ucnobi winaRobis gamosaTvleli (3) 
gamosaxuleba miiRebs saxes: 

2

1
0 l

l
RR   
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induqciuri da tevaduri winaRobis SemTxvevaSi Sesabamisad 
1

, ,R L R
C




   sadac L  induqciurobaa, C  tevadoba da   cikluri 

sixSire. 
 
 
davaleba 1.  

gamtarTa winaRobis gansazRvra 
 

cdis msvleloba: 
 

1. akribeT (nax.3_ze) mocemuli sqema, sadac 0R  cnobili winaRobaa. ADB  

potenciometrs gaaCnia n danayofi. 
2. CarTeT wredi da potenciometris saSualebiT miaRwieT bogiris 

wonasworobas, aiTvaleT Sesabamisi 1n  da 2n  danayofebis ricxvi. (vinaidan 

AD  ubnis winaRoba 
n

nR
R 1AB
AD


 , xolo DB  ubnis winaRoba ki _ 

n

nR
R 2AB
DB


 . bogiruli sqemis angariSiT miviRebT: 

.
n

n

R

R

2

1

BD

AD   

3. isargebleT formuliT -
2

1
0 n

n
RR   da gamoTvaleT saZiebeli winaRoba. 

4. TiToeuli ucnobi winaRobisaTvis cda gaimeoreT ramodenimejer. 
5. gamoTvaleT Sesabamisi absoluturi da fardobiTi cdomileba. 
6. cdiT miRebuli Sedegebi SeitaneT cxrilSi. 
 

cdis sqema 
 
 

 
 

 
                         

 
 
 
                          nax.3 

dakvirvebaTa cxrili 
 
# 

0R  1n  2n  R  R  RΔ  
%100

R

RΔ


  

 
 
 
davaleba 2. 
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 gamtarTa winaRobis gansazRvris meore varianti 
 

cdis msvleloba: 
 

1. akribeT (nax. 4_ze) mocemuli sqema. sqemaze 0R  cnobili winaRobaa, 

xolo ADB  reoqordi 1l  da 2l  mxrebiT. 
2. CarTeT wredi da reoqordis saSualebiT miaRwieT bogiris 

wonasworobas, aiTvaleT Sesabamisi 1l  da 2l  mniSvnelobebi. 

3. isargebleT formuliT 
2

1
0 l

l
RR   da gamoTvaleT saZiebeli winaRoba. 

4. TiToeuli ucnobi winaRobisaTvis cda gaimeoreT ramodenimejer. 
5. gamoTvaleT Sesabamisi absoluturi da fardobiTi cdomileba. 
6. cdiT miRebuli Sedegebi SeitaneT dakvirvebaTa cxrilSi. 

 
cdis sqema: 

 
 
 
 
 
 
 
       nax.4                                                                                

dakvirvebaTa cxrili: 
 

# 
0R  1l  2l  R  R  RΔ  

%100
R

RΔ


1        
2        
3        
4        
 

 
 
 

davaleba 3:  

gamtarTa mimdevrobiTi da paraleluri  
SeerTebis kanonis Semowmeba 

 
eleqtruli wredebis Sedgenis dros xSirad gvWirdeba gamtarTa 

SeerTeba garkveuli wesiT. 
gamtarTa mimdevrobiTi SeerTeba ewodeba iseT SeerTebas, roca 

pirveli gamtaris bolo SeerTebulia meore gamtaris sawyisTan da a. S. 
(nax. 5 a.). mimdevrobiTi SeerTebis dros orive gamtarSi denis Zala 

erTnairia 21 III  , xolo Zabva AC  ubanze (U ) tolia AB  ubanze ( 1U ) 

Zabvisa da BC  ubnis ( 2U ) ZabvaTa jamis, e.i. 

21 UUU   
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Tu gaviTvaliswinebT omis kanonis formulas ),RIU;RIU( 222111   

sadac 1R  da 2R  mimdevrobiT SeerTebuli winaRobebia, xolo R  wredis AC  

ubnis saerTo winaRoba. miviRebT: 

21 RRR   
gamtarTa paraleluri SeerTeba ewodeba iseT SeerTebas, rodesac maTi 

sawyisebi SeerTebulia erT kvanZad, xolo boloebi _ meored (nax. 5.b). 
 

 
 
 
 
 
 
 
 

                          nax.5 

   paralelurad SeerTebul 1R  da 2R  winaRobebze erTi da igive Zabvaa 

modebuli 

21 UUU   
xolo denis Zalebi akmayofilebs pirobas: 

21 III   

omis kanonis gaTvaliswinebiT miviRebT: 

21

21

21 RR

RR
R

R

1

R

1

R

1


  

 
cdis msvleloba: 

 
1. akribeT (davaleba 2_is) nax. 4_ze mocemuli bogiruli sqema. sqemaze R  

winaRobis nacvlad CarTeT mimdevrobiT SeerTebuli 1R  da 2R  
winaRobebi. 

2. CarTeT wredi da reoqordis saSualebiT miaRwieT bogiris 

wonasworobas. aiTvaleT Sesabamisi 1l  da 2l  mniSvnelobebi. 
3. gamoTvaleT mimdevrobiT CarTuli gamtarebis winaRoba. 
4. analogiuri cdebi gaimeoreT paralelurad SeerTebuli gamtarebis 

SemTxvevaSi. 
5. cdiT miRebuli Sedegebi SeadareT Teoriulad gamoTvlil 

mniSvnelobebs. 
6. gamoTvaleT Sesabamisi absoluturi da fardobiTi cdomileba. 
7. cdiT miRebuli Sedegebi SeitaneT dakvirvebaTa cxrilSi. 
 

dakvirvebaTa cxrili: 
 

# 0R
 

1l
 

2l
 

miR
 

miR
 

paR
 

paR
 

miR
 

par.R
 

RΔ
 

RΔ
 

R

R

 p

pa

 

 
 

R

R



 
 

1      _ _  _  _  _ 
2      _ _  _  _  _ 
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3    _ _   _  _  _  
4    _ _   _  _  _  

 
 
 
 
 
 
 
 

davaleba 4: 

 gamtaris winaRobis temperaturuli 
damokidebulebis Seswavla 

 
gamtarTa eleqtruli winaRoba damokidebulia temperaturaze. pirveli 

gvaris gamtarebSi temperaturis gazrda iwvevs winaRobis zrdas. amasTan es 

damokidebuleba wrfivia. Tu gamtaris winaRobas 00–C_ze aRvniSnavT 

0R _iT, 

xolo Ct 0 _ze tR _Ti, maSin temperaturaTa mcire intervalisTvis SeiZleba 

davweroT damokidebuleba: 

 0 1tR R t  , 

sadac   winaRobis temperaturuli koeficientia da gamoiTvleba 
formuliT: 

tR

RR

0

0t




  

 
cdis msvleloba: 

 

1. akribeT davaleba 2_is nax.4_ze mocemuli sqema. sakvlevi tR  winaRoba 

moTavsebulia TermostatSi. 
2. CaiwereT Termometris Cveneba. 

3. CarTeT wredi da bogiruli meTodis gamoyenebiT gamoTvaleT tR  

winaRoba. 
4. CarTeT Termostati da temperaturis yoveli 50C_iT cvlilebisas 

gaimeoreT me_3 punqtis moTxovnebi. 
5. aageT )t(fR   damokidebulebis grafiki. 

6. grafikis saSualebiT gansazRvreT 

0R _is mniSvneloba (grafiki 

gaagrZeleT winaRobaTa RerZis gadakveTamde, RerZTan gadakveTis 

wertili Seesabameba 

0R _s). 

7. gamoTvaleT winaRobis temperaturuli koeficienti  . 
8. cdiT miRebuli Sedegebi SeitaneT dakvirvebaTa cxrilSi. 
 

dakvirvebaTa cxrili: 
 

# 0R  1l  2l  tR  
0R      Δ 





SeniSvna

1           
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2           
3           
4           
5           
6           
7           

 
 
 
 
 
 
 
 
 
 
 

davaleba 5: 

 koWas induqciurobis gansazRvra* 
 

cdis msvleloba: 
 

1. akribeT nax.6_ze mocemuli cvladi denis bogiruli sqema, sadac 0L  

induqciuroba cnobilia. 
2. CarTeT wredi da reoqordis saSalebiT miaRwieT bogiris 

wonasworobas. aiTvaleT Sesabamisi 1l  da 2l  mniSvnelobebi. 

3. gamoiyeneT formula 
2

1
0 l

l
LL   da gamoTvaleT saZiebeli induqciuroba. 

4. cda gaimeoreT ramodenimejer. 
5. gamoTvaleT Sesabamisi absoluturi da fardobiTi cdomileba. 
6. cdiT miRebuli Sedegebi SeitaneT dakvirvebaTa cxrilSi. 
 
cdis sqema: 
 
 
 
 
 
 
 
 
 
                          nax.6 

 
dakvirvebaTa cxrili: 

 

# 0L  1l  2l  L  LΔ  %100
L

LΔ
  SeniSvna 

1        
2        
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3        
 

im SemTxvevaSi, roca winaswar araa cnobili koWas induqciuroba  0L , 

maSin arsebobs SedarebiT rTuli cvladi denis bogiruli sqema (ovenis 
bogiri) (nax. 7). am SemTxvevaSi ucnobi induqciurobis gansazRvra xdeba 
formuliT: 

221 CRRL   

xolo koWis winaRobis aqtiuri mdgenelisa ki _ 2
1

2 R
C

C
R  . 

cdis msvleloba: 
1. akribeT nax. 7_ze mocemuli sqema. 

2. CarTeT wredi da 2R  winaRobaTa wyobilis saSualebiT miaRwieT 
bogiris wonasworobas. 

3. gamoTvaleT koWas induqciuroba da misi aqtiuri mdgenelis 
mniSvnelobebi. 

4. cdiT miRebuli Sedegebi SeitaneT dakvirvebaTa cxrilSi. 
 
    
 
 
 
 
 cdis sqema: 

 
dakvirvebaTa cxrili: 

 
# 

1R  2R  1C  2C L  LΔ  R RΔ 

L

L

 



R

R

 

1           
2           
3           
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davaleba 6.  

kondensatoris eleqtrotevadobis gansazRvra da kondensatorTa 
SeerTebis kanonis Semowmeba 

 
cdis msvleloba: 

 

1. akribeT nax. 8_ze mocemuli cvladi denis bogiruli sqema. sqemaze 0C  

cnobili tevadobaa, xolo T  _ telefoni. 
2. CarTeT wredi da reoqordis saSualebiT miaRwieT telefonSi bgeris 

minimums. aiTvaleT Sesabamisi 1l  da 2l  mniSvnelobebi. 
3. saZiebeli eleqtrotevadoba gamoTvaleT formuliT: 

1

2
0 l

l
CC   

4. cda gaimeoreT ramodenimejer TiToeuli ucnobi kondensatorisaTvis. 
5. ucnobi kondensatoris nacvlad CarTeT mimdevrobiT SeerTebuli ori 

kondensatori da gansazRvreT miRebuli sistemis eleqtrotevadoba 
(me_3 punqtis gamoyenebiT). 

6. miRebuli mniSvneloba SeadareT Teoriulad 










21

21

CC

CC
C  gamoTvlil 

mniSvnelobas. 
7. analogiuri cdebi CaatareT paralelurad SeerTebuli 

kondensatorisaTvis (gaiT-valiswineT, rom Teoriulad 21 CCC  ). 

8. gamoTvaleT Sesabamisi absoluturi da fardobiTi cdomileba. 
9. cdiT miRebuli Sedegebi SeitaneT dakvirvebaTa cxrilSi. 

 
   cdis sqema: 

 
 
 
 

 
 

 
 

nax.8 
dakvirvebaTa cxrili: 

 
# 

0C
 

1l
 

2l
 

1C
 

2C
 

mimC
 

c
mim.C

 

parC
 

c
par.C

 

miCΔ
 

parCΔ
 

C

C


mi

 

C

C


pa

 

1              

2              

3              
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4              

5              

6              

7              

8              

 
 

 
 

kirxhofis kanonebis Seswavla 
 

saWiro xelsawyoebi: trenaJori, ommetri, winaRobebi, SemaerTebeli 
mavTulebi. 
 
samuSaos mizani: eqsperimentalurad iqnas Seswavlili kirxhofis orive 
kanoni. 

wertils, romelSic Tavs iyris ara nakleb sami gamtarisa, ewodeba 
ganStoebis wertili an kvanZi. kirxhofis I kanonis Tanaxmad, kvanZSi denebis 
algebruli jami nulis tolia, e.i. kvanZSi Sesuli denebis jami kvanZidan 
gasuli denebis jamis tolia, formuliT: 

  0I K  

kirxhofis II kanoni amyarebs damo-kidebulebas rTuli ganStoebuli 
wredidan gamoyofili Caketili konturis calkeul ubnebSi arsebul denis 
Zalebs, eleqtro-mamoZravebel (emZ) Zalebsa da ubnis winaRobebs Soris. 
formuliT am damokidebulebas zogadad aqvs saxe: 

  KKK ERI  

calkeuli konturebisaTvis am kanonis gamoyenebis dros aucilebelia 
denis Zalebisa da eleqtromamoZravebeli Zalebis niSnebis gaTvaliswineba 
Semdegi wesiT: winaswar SevarCevT konturis Semovlis mimarTulebas 
(magaliTad, saaTis isris brunvis mimarTulebas), amis Semdeg dadebiTad 
CavTvliT im denebs, romelTa mimarTuleba emTxveva konturis Semovlis 
mimarTulebas. eleqtromamoZravebeli Zala dadebiTia, Tu igi zrdis 
potencials konturis Semovlis mimarTulebiT. winaaRmdeg SemTxvevaSi 
denis Zala an emZ. uaryofiTia. 

ganvixiloT magaliTad, me_9 naxazze mocemuli wredi. gamoviyenoT 
kirxhofis kanonebi, Sesabamisad davweroT: 

BwertilisaTvis 0IIII 4321   

DwertilisaTvis 0III 531   

EwertilisaTvis 0III 542   

ABDAkonturisaTvis ;ERIRI 13311   

DBEDkonturisaTvis ;0RIRIRI 554433   

BCEBkonturisaTvis  24422 ERIRI   

omis kanonis Tanaxmad,  IRU   Sesabamisad davwerT: 
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)2(

EUU

0UUU

EUU

)1(

0
R

U

R

U

R

U

0
R

U

R

U

R

U

0
R

U

R

U

R

U

R

U

242

543

131

5

5

4

4

2

2

5

5

3

3

1

1

4

4

3

3

2

2

1

1




































da  

cdis sqema: 
 
 
 
 
 
 

      nax.9 
cdis msvleloba: 

 
1. akribeT (nax. 9) mocemuli sqema. CaiwereT winaRobaTa Sesabamisi 
mniSvnelobebi. 
2. gazomeT denis wyaros emZ_is da TiToeul winaRobaze Zabvis Sesabamisi 
sidideebi. 
3. sqemaze aCveneT denebis mimarTuleba. 
4. SeamowmeT (1) da (2) formulebi. 
5. miRebuli Sedegebi SeitaneT dakvirvebaTa cxrilSi. 
 

dakvirvebaTa cxrili: 
 

# KR  KU  
K

K

R

U
 

1E  2E   KU  ASeniSvna

        
 
 
 

denis wyaros eleqtromamoZravebeli Zlis 
(emZ) gansazRvra da elementTa SeerTebis  

kanonis Semowmeba 
 

   saWiro xelsawyoebi: trenaJori, winaRobaTa wyobili, SemaerTebeli 
mavTulebi. 
   samuSaos mizani: cdiT ganisazRvros emZ da Semowmdes elementTa 
SeerTebis kanoni. 
   gamtarSi mudmivad eleqtruli denis arsebobisaTvis saWiroa mis 
bolebze mudmivi potencialTa sxvaobis SenarCuneba, rac wredSi denis 
wyaros CarTviT aris SesaZlebeli. 
   denis wyaros emZ aris sidide, romelic tolia Caketil wredSi 
erTeulovani dadebiTi muxtis gadaadgilebaze Sesrulebuli muSaobis. 

q

A
E  , 
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   sadac 21 AAA   wredis Siga ( 0R  winaRobiT) da gare (R  winaRobiT) 

ubnebze Sesrulebuli muSaobebia. Tu gaviTvaliswinebT, rom 

,
q

A
U,

q

A
U 2

2
1

1   

   miviRebT: 21 UUE  , e.i. emZ wredis gare da Siga ubnebze Zabvis 
vardnaTa jamis tolia. maSin omis kanoni Caketili wredisaTvis miiRebs 
saxes: 

                
0RR

E
I


                 (1) 

   ganvixiloT nax. 10_ze mocemuli sqema. sqemaze R  warmoadgens 

winaRobaTa wyobils. Tu wyobilis 1R  winaRobis dros wredSi denis Zala 

aris 1I , xolo 2R _is dros 2I , maSin am ori SemTxvevisaTvis omis kanoni 

Semdegnairad daiwereba: 

02
2

01
1 RR

E
I

RR

E
I





 da  

xolo emZ_saTvis miviRebT: 

               .RR
II

II
E 12

21

21 


           (2) 

praqtikuli miznebisaTvis xSirad saWiroa elementebis erTmaneTTan 
garkveuli wesiT SeerTeba. 

elementTa mimdevrobiTi SeerTeba ewodeba iseT SeerTebas, rodesac 
TiToeuli elementis dadebiTi polusi ASeerTebulia momdevno elementis 
uaryofiT polusTan. paraleluri SeerTebisas ki erTnairi niSnis 
polusebi _ erTad. Teoriulad 

  .
n

R
REEnRRnEE 0
000 








 par.par.mim.mim.  

 
cdis msvleloba: 

 
1. akribeT nax.10_ze mocemuli sqema. 

2. CarTeT wredi, 1R  winaRobis dros aiTvaleT 1I  denis Zala, xolo 

2R _isas ki Sesabamisi 2I . 
3. me_(2) formulis gamoyenebiT gamoTvaleT emZ. 
4. cda gaimeoreT jer mimdevrobiT, xolo Semdeg paralelurad 
SeerTebuli elementebisaTvis. gamoTvaleT emZ. 
5. cdiT miRebuli Sedegebi SeitaneT dakvirvebaTa cxrilSi. 
 
      
 
 
 
 

 
 
 

cdis sqema: 
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                         nax.10                                           
dakvirvebaTa cxrili: 

 

# 1R  2R  1I  2I  E  E  

 

TeoE

 

E

E



 

SeniS
vna 

1          
2          
3          
4          
5          
6          
7          
8          

 
 
 
 
 
 
 
 
 

eleqtroqimiuri eqvivalentisa da 
 eleqtronis muxtis gansazRvra 

 
   saWiro xelsawyoebi: mudmivi denis wyaro, Sabiamnis wyalxsnari, 
ampermetri, reostati, wammzomi, saswori sawonebiT, SemaerTebeli 
mavTulebi.  
 
   samuSaos mizani: faradeis kanonebze dayrdnobiT dadgenili iqnas 
eleqtroqimiuri eqvivalentis, faradeis mudmivis da eleqtronis muxtis 
mnSivnelobebi. 
   xsnarSi nivTierebis molekulebis daSlas ionebad, gamxsneli 
nivTierebis polaruli molekulebis eleqtruli velis gavleniT, 
eleqtrolituri disociacia ewodeba. Tu aseT xsnarSi movaTavsebT 
eleqtrodebs, maSin uaryofiTi ionebi imoZraveben anodisaken, xolo 
dadebiTi ionebi ki _ kaTodisaken. 
   xsnarSi denis gavlisas eleqtrodebze nivTierebis gamoyofis process 
eleqtrolizi ewodeba. 
   eleqtrolizis kanonebi eqsperimentulad Seswavlili iqna faradeis mier 
da Camo-yalibebuli iqna ori kanoni: 
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1. eleqtrolitSi denis gavlisas eleqtrodze gamoyofili nivTierebis masa 
proporciulia denis Zalisa da denis dinebis drois. 

,KItm   
   sadac K  koeficients eleqtroqimiuri eqvivalenti ewodeba da 
gamoiTvleba formuliT: 

                  
It

m
K                   (1) 

2. nivTierebis eleqtroqimiuri eqvivalenti misi qimiuri eqvivalentis 
proporciulia: 

                       ,
n

A

F

1
K                 (2)   

   sadac eNF   faradeis ricxvia, e  _ eleqtronis muxti, N  _ avogadros 
ricxvi, A  _ nivTierebis atomuri masa, n _ valentoba. 
 

cdis msvleloba: 
 

1. akribeT nax. 11_ze mocemuli sqema. 
2. gawmindeT kaTodis firfita da awoneT miligramebis sizustiT. 

CaiwereT 1m  masa. 

3. CarTeT wredi da wammzomi erTdroulad, reostatis saSualebiT 
gaatareT eleqtrolitSi 0,5_2,5 amperi deni daaxloebiT 20_25 wuTis 
ganmavlobaSi. 
4. wredi da wammzomi gamorTeT erTdroulad. moxseniT kaTodi, gaaSreT 

da isev awoneT. CainiSneT 2m  masa. 

5. (1) formulaSi gaiTvaliswineT 12 mmm   da gamoTvaleT 

eleqtroqimiuri eqvivalenti. 
6. (2) formulis saSualebiT gamoTvaleT faradeis ricxvi F . xolo am 
ukanasknelis saSualebiT _ eleqtronis muxti e . 
7. cdiT miRebuli Sedegebi SeitaneT dakvirvebaTa cxrilSi. 
 

 
cdis sqema: 

 
 

 
 
 

 
 
 
 
                                        nax.11 

 
dakvirvebaTa cxrili: 

 

# 1m  I  t  2m  m  K  F  e  SeniSvna
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dedamiwis magnituri velis  
daZabulobis horizontaluri mdgenelis gansazRvra 

 
   saWiro xelsawyoebi: trenaJori, tangens galvanometri, reostati, mudmivi 
denis   wyaro, gadamrTveli, SemaerTebeli mavTulebi. 
 
   samuSaos mizani: cdis safuZvelze ganisazRvros dedamiwis magnituri 
velis daZabulobis horizontaluri mdgenelis mniSvneloba. 
   dedamiwa warmoadgens uzarmazar bunebriv magnits, romlis polusebic 
moTavsebulia geografiuli polusebis maxloblad. 
   dedamiwis magnituri velis daZabulobis wirebi ekvatorTan 
horizontaluradaa ganla-gebuli, xolo polusebTan vertikalurad. 
dedamiwis sxva wertilebSi ki horizontis mimarT qmnis raRac kuTxes. 
magnituri velis daZabulobis proeqcias horizontaluri sibr-tyis mimarT, 
daZabulobis horizontaluri mdgeneli qvia. magnituri isari, romelsac 
SeuZlia brunva vertikaluri RerZis mimarT ganicdis dedamiwis magnituri 
velis daZa-bulobis hotizontaluri mdgenelis moqmedebas. meores mxriv 
magnitur isarze SeiZleba vimoqmedoT deniani gamtaris mier Seqmnili 
magnituri veliT. am SemTxvevaSi wriuli denis magnituri veliT, romelsac 
qmnis e.w. tangens galvanometri (R  radiusiani n xviisagan Semdgari 
sistema). Tu gaviTvaliswinebT, rom ori urTierTmarTobi magnituri velis 

(dedamiwis magnituri velis daZabulobis 1H  horizontaluri mdgenelisa 

da wriuli denis magnituri velis daZabulobis 2H _is) moqmedebiT 

magnituri isari Semobrundeba raRac kuTxiT ise, rom samarTliania piroba 

tg
H

H 2
1   (nax. 12). vinaidan wriuli denis magnituri velis daZabuloba wris 

centrSi 
R2

In
H2   amitom miviRebT: 

                                    
 

 
  

1 2

In
H

Rtg
                           (1) 

 
 

 
nax.12 

 
cdis msvleloba: 

 
1. akribeT nax. 13_ze mocemuli sqema. 
2. tangens galvanometri moaTavseT dedamiwis magnituri velis 
meridianis sibrtyeSi. 
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3. CarTeT wredi da reostatis saSualebiT SearCieT deni Zalis iseTi 
mniSvneloba, rom magnituri isris Semobrunebis kuTxe 450_is farglebSi 
iyos. 
4. gadarTeT gadamrTveli (e.i. SecvaleT polaroba). 
5. gansazRvreT me_3 da me_4 punqtebiT gazomili kuTxeebis saSualo 
mniSvneloba  . 
6. (1) formulis gamoyenebiT gamoTvaleT dedamiwis magnituri velis 
daZabulobis horizontaluri mdgenelis mniSvneloba. 
7. cda gaimeoreT ramodenimejer. 
8. gamoTvaleT Sesabamisi absoluturi da fardobiTi cdomileba. 
9. miRebuli Sedegebi SeitaneT dakvirvebaTa cxrilSi. 
 

cdis sqema: 
 
 
 
 
 
 
 
 
 

 
 
 

                       nax.13                              
 

dakvirvebaTa cxrili: 
 

# I  1  2    n 1H  1HΔ  1

1

H

H


 SeniSvna

1          
2          
3          
  

 
 
 
 

 

Tavi V.  optika 
 

geometriuli optikis ZiriTadi kanonebis 
eqsperimentuli Semowmeba 

 
saWiro xelsawyoebi: sinaTlis wyaro, optikuri merxi, optikuri wre 
/Sesabamisi kompleqtiT/, ekrani, Semkrebi linzebi, Cazneqili sferuli 
ekrani, Semkrebi linzebi, Cazneqili sferuli sarke, lazeri. 
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samuSaos mizani: eqsperimentulad Semowmdes arekvlis da gardatexis 
kanonebi. Sedegebi gamoyenebuli iqnas Txeli linzebisa da sferuli 
sarkeebisaTvis. 
   geometriul optikas safuZvlad udevs Semdegi ZiriTadi kanonebi:  
   sinaTlis arekvlis kanonebi:  
1. dacemuli sxivi, arekvlili sxivi da sxivis dacemis wertilSi 
aRmarTuli marTobi erT sibrtyeSi mdebareoben. 
2. dacemis kuTxe, arekvlis kuTxis tolia --- 
   sinaTlis gardatexis kanonebi:  
1. dacemuli sxivi, gardatexili sxivi da sxivis dacemis wertilSi 
aRmarTuli marTobi erT sibrtyeSi mdebareoben.   
2. dacemis – kuTxis sinusis fardoba gardatexis – kuTxis sinusTan, 
mocemuli ori erTgvarovani garemosaTvis, mudmiv sidides warmoadgens 
romelsac meore garemos fardobiTi gardatexis maCvenebeli qvia pirvelis 
mimarT. 

                      21nsin

asin



               (1) 

  Tavis mxriv 
1

2
21 n

n
n   sadac 1n  da 2n  Sesabamisad pirveli da meore 

garemos absoluturi gardatexis maCvenebelia vakuumis mimarT. 
   roca sinaTlis sxivi gadadis metad mkvrivi garemodan naklebad mkvriv 
garemoSi, maSin dacemis kuTxis garkveuli mniSvnelobis dros gardatexis 

kuTxe 900_is tolia /dacemis 0  kuTxis aseT mniSvnelobas sruli Sinagani 

arekvlis zRvruli kuTxe qvia/ da gardatexis kanoni ase Caiwereba: 

                         
n

1
sin 0               (2) 

sferuli zedapiriT SemosazRvrul gamWvirvale sxeuls linza qvia. 
Tu linzis nivTierebis fardobiTi gardatexis maCvenebelia /garemos 

mimarT/ n xolo zedapiris simrudis radiusebi 1R  da 2R  maSin Txeli 

linzis SemTxvevaSi linzidan d  manZiliT daSorebuli sagnis 
gamosaxuleba miiReba linzidan f  manZilze formuliT: 

                    









21 R

1

R

1
1n

f

1

d

1
       (3) 

Tu gamoviyenebT fokusuri manZilis cnebas /mTavari optikuri RerZis 
paraleluri sxivebi linzaSi gavlis Semdeg ikribeba fokusSi/, maSin F  
fokusuri manZilis gamoyenebiT Txeli linzis formula ase Caiwereba: 

                       
F

1

f

1

d

1
               (4) 

(4) formula samarTliani sferuli sarkis 
SemTxvevaSic. 

/SeniSvna: Txel linzaSi da Cazneqil sferul sarkeSi sagnis 
gamosaxulebis agebis nimuSebi naCvenebia naxazze./ 
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davaleba 1. 

 sinaTlis arekvlis kanonebis 
Semowmeba 

 
arekvlis kanonebis eqsperimentaluri wemowmebisaTvis gamoiyeneT nax. 

1_ze mocemuli wre. 

               
                Nnax.1 

 
cdis msvleloba: 

 
 1. optikuri wris centrSi daamagreT brtyeli sarke /daadgineT wreze 
kuTxis danayofis fasi/.  
2. CarTeT gamanaTebeli da gazomeT Sesabamisi dacemisa da arekvlis 
kuTxeebi.  
3. cda gaimeoreT dacemis kuTxis sxvadasxva mniSvnelobebisaTvis. 
4. miRebuli Sedegebi SeitaneT dakvirvebaTa cxrilSi. 
 
dakvirvebaTa cxrili: 

#      SeniSvna 
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                                                  davaleba 2.  

minis gardatexis maCveneblis da sruli  
Sinagani arekvlis zRvruli kuTxis  

gansazRvra 
   gardatexis maCveneblis eqsperimentaluri gansazRvrisaTvis gamoiyeneT 
nax. 1 ganxiluli optikuri wre.  
 

cdis msvleloba: 
 

 1. optikuri wris centrSi daamagreT minis naxevarcilindri ise, rom 
sxivebi ecemodes misi swori zedapiris centrs. 
2. CarTeT gamanaTebeli da gazomeT Sesabamisi dacemisa da gardatexis 
kuTxeebi. 
3. trigonometriuli cxrilebis gamoyenebiT ipoveT Sesabamisad dacemisa da 
gardatexis kuTxis sinusis mniSvnelobebi. 
4. (1) formulis gamoyenebiT gamoTvaleT minis gardatexis maCvenebeli. 
5. cda gaimeoreT dacemis kuTxis sxvadasxva mniSvnelobebisaTvis. 
6. optikuri wris centrSi moaTavseT minis naxevarcilindri ise, rom 
sxivebi ecemodes mis cilndrul zedapirs da gaimeoreT 2-3 punqtebi. 
7. (2) formulis gamoyenebiT gamoTvaleT gardatexis n maCvenebeli. 
8. SeadareT erTmaneTs gardatexis miRebuli mniSvnelobebi. 
9. cdiT miRebuli Sedegebi SeitaneT dakvirvebaTa cxrilSi. 

dakvirvebaTa cxrili: 
 

#   0    sin  0sin  sin  21n  n 
         
 
 
     
 
 
 davaleba 3: 

linzis zedapiris simrudis 
radiusis gansazRvra 

 
   optikuri meTodiT Semkrebi linzis simrudis radiusis gansazRvrisaTvis 

gaiTvaliswineT (3) formula. im SemTxvevisaTvis, roca 21 RRR   maSin: 

                  
 

fd

df1n2
R




                 (5) 

xolo brtyel_amozneqili linzis SemTxvevaSi: 

     21 R,RR   e.i. 

                     
 

fd

df1n
R




               (6)     

cdis msvleloba: 
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1. optikur merxze mnaT sagansa da ekrans Soris moaTavseT Semkrebi linza. 
ekranze miiReT sagnis mkafio gamosaxuleba. 
2. gazomeT manZili mnaTi sagnidan linzamde d  da linzidan ekranamde f . 
3. mudmivebis cxrilidan aiReT minis gardatexis maCveneblis mniSvneloba. 
4. (5) formulis saSualebiT (brtyel_amozneqili linzis SemTxvevaSi (6)) 
gamoTvaleT linzis zedapiris simrudis radiusi. 
5. cvaleT manZili mnaT sagansa da ekrans Soris da cda gaimeoreT 
ramodenimejer. 
6. cdiT miRebuli Sedegebi SeitaneT dakvirvebaTa cxrilSi. 

 
dakvirvebaTa cxrili 

 

# n d  f  R  R saS. SeniSvna 

       
 
 

 
 
 

 
 
 
davaleba 4:  

Txeli linzis fokusuri manZilisa  
da optikuri Zalis gansazRvra 

 
   linzis optikuri Zala ewodeba fokusuri manZilis Sebrunebul sidides, 

formuliT 
F

1
D   da misi erTeulia dioptri. 

 
cdis msvleloba: 

 
1. optikur merxze mnaT sagansa da ekrans Soris moaTavseT Semkrebi linza. 
ekranze miiReT sagnis mkafio gamosaxuleba. 
2. gazomeT manZili sagnidan linzamde d  da linzidan gamosaxulebamde f . 
3. (4) formulis gamoyenebiT gamoTvaleT linzis fokusuri manZili 

fd

df
F


 . 

4. gamoTvaleT linzis optikuri Zala. 
cda gaimeoreT ramodenimejer da miRebuli Sedegebi SeitaneT dakvirvebaTa 
cxrilSi. 
 

dakvirvebaTa cxrili: 
 

# d  f  F  D  
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davaleba 5: 

 Cazneqili sferuli sarkis simrudis  
radiusis gansazRvra 

 
   geometriuli optikidan cnobilia, rom (4) formula samarTliania 
sferuli sarkis SemTxvevaSic. 
   sarkuli zedapiris simrudis radiusi F2R   

cdis msvleloba: 
 

1. Cazneqil sferul sarkesa da ekrans Soris moaTavseT mnaTi sagani. 
miaRwieT sagnis mkafio gamosaxulebas ekranze. 
2. gazomeT manZili mnaTi sagnidan sarkemde d  da sarkidan ekranamde f . 
3. (4) formulis gamoyenebiT gamoTvaleT sarkis fokusuri manZili F  da 
Sesabamisad sarkis simrudis radiusi R . 
4. cda gaimeoreT ramodenimejer da miRebuli Sedegebi SeitaneT 
dakvirvebaTa cxrilSi. 

 
dakvirvebaTa cxrili: 

 

# d  f  F  R  R saS. SeniSvna 

       
 
 
 
 

sinaTlis interferenciis movlenis 
dakvirveba 

 
saWiro xelsawyoebi: sinaTlis wyaro, minis ori cali firfita, 
Suqfiltrebi. 
   sinaTlis talRebis Sekrebis movlenas, romlis drosac sivrcis 
sxvadasxva wertilSi adgili aqvs rxevis gaZlierebas da Sesustebas, 
interferencia ewodeba. imisaTvis, rom Sekrebis dros warmoiqmnas myari 
interferenciuli suraTi, talRebi unda iyos koherentuli, e. i. hqondeT 
erTi da igive talRis sigrZe da fazaTa mudmivi sxvaoba. magaliTad 
interferenciuli suraTi daikvireba im SemTxvevaSi Tu minis firfitis 
zeda da Siga zedapirebidan xdeba sinaTlis sxivebis arekvla /nax.2/. 

                
                 Nnax.2 
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cdis msvleloba: 
 

1. gawmindeT kargad minis firfitebi mWidrod SeaxeT erTmaneTs da TiTebiT 
miaWireT. 
2. daakvirdiT firfitebs arekvlil sinaTleSi, muq fonze. 
3. firfitebis Sexebis calkeul adgilebSi daakvirdiT cisartyelasebr 
rgolebs an araswori formis zolebs. 
4. SecvaleT firfitebis erTmaneTze miWeris Zala da daakvirdiT 
interferenciuli zolebis formisa da ganlagebis cvlilebas. 
5. scadeT igive cdebis dakvirveba Suqfiltrebis gamoyenebiT. 
 

 
 

sinaTlis difraqciaze dakvirveba 
 

saWiro xelsawyoebi: naTura varvarebis swori ZafiT, Stangerfargali, 
Suqfiltrebi. 
 

cdis msvleloba: 
 

1. Stangerfarglis tuCebi daaSoreT 0.5 mm_iT. 
2. miitaneT miRebuli Wvrite TvalTan axlos /vertikalurad/. 
3. Wvrites saSualebiT SexedeT naTuras vertikalurad     moTavsebul 
varvarebis Zafs da daakvirdiT Zafis orive mxares  cisartyelasebr 
zolebs. 
4. cvaleT Wvrites sigane 0.5_dan 0.8_mm_mde da daakvirdiT rogor moqmedebs 
es difraqciul speqtrebze. 
5. igive cdebs daakvirdiT Suqfiltrebis gamoyenebiT. 
 

 
 
 
 

 
 
 
 
 
 
 

minis gardatexis maCveneblis gansazRvra 
mikroskopis saSualebiT 

 
cnobilia, rom sinaTlis sxivi erTgvarovan garemoSi sworxazovnad 

vrceldeba. magram, roca igi gadadis meoreSi, maSin misi mimarTuleba 
icvleba. am movlenas sinaTlis gardatexa ewodeba. 

davadginoT sinaTlis gardatexis kanoni. amisaTvis visargebloT 
fermas principiT, romelic SemdegSi mdgomareobs: 
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sivrcis erTi wertilidan meoreSi gadasvlisas sinaTlis sxivi 
yovelTvis irCevs minimalur optikur gzas. 

optikuri gza ewodeba sinaTlis mier gavlil manZils gamravlebuls 
garemos gardatexis maCvenebelze: 

nSL   
vTqvaT sinaTlis sxivi pirveli garemos А wertilidan aRwevs meore 

garemos В wertils da miemarTeba AOB  texilis gaswvriv. (nax. I).  

   garemos gardatexis absoluturi maCveneblebi aRvniSnoT Sesabamisad 1n  

da 2n _iT, dacemis kuTxe_  _Ti, gardatexis kuTxe _ _Ti, xolo danarCeni 
damxmare sidideebi ki naCvenebia naxazze. 
 
 
 
 
 

 
                  
                  N 
 

nax.1 
SevadginoT optikuri gzis gamosaxuleba: 

      22
2

22
1 )( xahnxRnL   

   fermas principis Tanaxmad L unda iyos minimaluri. amis pirobaa ki 

0
dx

dL
 

gavawarmooT L  _is gamosaxuleba: 

0
)( 222221 






 xah

xa
n

xR

x
n  

naxazidan Cans, rom 

 sin
)(

sin
2222







 xah

xa

xR

x
 

amitom: 
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0sinsin 21   nn  
aqedan 

                 
1

2

sin

sin

n

n





          (1)   

(1) formula gamosaxavs sinaTlis gardatexis kanons. 
gamoviyenoT es kanoni kerZo magaliTze, romelic mogvcems saSualebas 

praqtikulad vipovoT minis gardatexis maCvenebeli. 
ganvixiloT minis Txeli firfita, romelsac qveda zedapirze aqvs 

ganakawri. Tu firfitas zemodan davakvirdebiT (umjobesia mikroskopSi), 
maSin ganakawris nebismieri – S  wertili aweuli mogveCveneba da mas – S  
wertilSi davinaxavT. (nax.2)  

 

                  
                                      Nnax.2 
es araa gasakviri! gaixseneT, rodesac Tqven uyurebT mdinaris an zRvis 

fskers, igi yovelTvis “aweuli” geCvenebaT (tyuvdebiT siRrmis 
gansazRvraSi). ase xdeba aqac. firfita ufro Txeli geCvenebaT. 
   daubrundeT naxazs. naxazidan Cans, rom 

ad
tg

d
tg








0000   

aqedan 

d

ad

tg

tg 





 

mcire kuTxeebis SemTxvevaSi tangensi SegviZlia SevcvaloT sinusiT. 
maSin miviRebT: 

d

ad 





sin

sin
 

Tu minis gardatexis maCvenebels n _iT aRvniSnavT da gavixsenebT, rom 
haeris gardatexis maCvenebeli erTis tolia, maSin (I) formulis Tanaxmad 
miviRebT: 

n

1

sin

sin





 

amitom 

              
ad

d
n

d

ad

n 





1
    (2) 

 
saWiro xelsawyoebi 

 
1. mikroskopi indikatoriT 
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2. gamanaTebeli 
3. minis firfitebi ganakawrebiT. 
 

 
cdis Tanmimdevroba 

 
1. amoZraveT mikroskopis tubusi sanam indikatoris Rero ar Seexeba 
sasagne magidas. daayeneT indikatori nulze. 
2. moaTavseT mikroskopis sasagne magidaze indikatoris Reros qveS minis 
firfita. CainiSneT indikatoris Cveneba. cxadia igi minis sisqes gviCvenebs 

)(d . 
3. sasagne magida gaanaTeT gamanaTebliT. 
4. amoZraveT mikroskopis tubusi sanam ar miiRebT qveda ganakawris mkafio 

gamosaxulebas. CainiSneT indikatoris Cveneba )( 1N .  
5. Aanalogiurad miiReT zeda ganakawris gamosaxuleba. CainiSneT 

indikatoris Cveneba )( 2N . 
6. gamoTvaleT firfitis moCvenebiTi sisqe: 

21 NNad   

7. gamoTvaleT minis gardatexis maCvenebeli, risTvisac isargebleT (2) 
formuliT. 
8. cda gaimeoreT sxvadasxva sisqis mqone firfitebze. 
9. absoluturi da fardobiTi cdomilobis gaangariSeba araa saWiro, 
radgan mina sxvadasxva xarisxis SeiZleba iyos. 
 

sakontrolo kiTxvebi 
 

1. ras ewodeba sinaTlis gardatexa? 
2. raSi mdgomareobs fermas principi. 
3. ra aris optikuri gza? 
4. raSi mdgomareobs funqciis minimumis  piroba? 
5. SeasruleT naxazi im SemTxvevisaTvis, roca sxivi Sedis firfitaSi da 
roca   gamodis firfitidan. 
6. ras daarqmevdiT )( ad   sidides? 

 
dakvirvebaTa cxrili 

 
# firfitis 

sisqe 

d  

pirveli 
anaTvali 

1N  

Mmeore 
anaTvali 

2N  

firfitis 
moCvenebiTi 

sisqe 

21 NN   

minis 
gardatexis 
maCvenebeli 

n  

      
 

ad

d
n
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linzisa da sarkis fokusuri manZilebis gansazRvra* 
 

saWiro xelsawyoebi 
 
1. optikuri merxi 
2. gamanaTebeli sagniT 
3. Semkrebi linza da sferuli sarke 
4. ekrani 

 
vTqvaT ori erTgvarovani garemo, romelTa gardatexis absolturi 

maCveneblebia 1n  da 2n , gayofilia sferuli zedapiriT. Tu sferuli 

zedapiris win movaTavsebT sinaTlis S  wyaros, maSin mis meore mxares 
miviRebT am wyaros S  gamosaxulebas. (nax. 1). 
 

 
 

Nnax.1 
aq d  aris manZili zedapirsa da sinaTlis wyaros Soris; f  manZili 

zedapirsa da gamosaxulebas Soris, R  sferuli zedapiris simrudis 
radiusi. 

sinaTlis gardatexa sferul zedapirze akmayofilebs Semdeg pirobas 
(gamoyvana leqciebSi): 

               
R

nn

f

n

d

n 2121 
         (I) 

am formulaSi d , f  da R  algebruli sidideebia. maTi niSnis dadgena 
Semdegi wesiT xdeba: sidide, romelic sferuli zedapiris marjvniv 
mdebareobs dadebiTia, marcxniv ki _ uaryofiTi. Cvens SemTxvevaSi f  da R  

sidideebi dadebiTia, xolo d  uaryofiTi. 
davadginoT linzis formula. linza ewodeba ori sferuli zedapiriT 

SemosazRvrul gamWvirvale sxeuls. amitom igi SegviZlia warmovidginoT 

ori sferuli zedapiris sistemis saxiT, maTi radiusebi aRvniSnoT 1R  da 

2R _iT (nax. 2). 
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N 

nax.2N 
ganvixiloT Sualeduri S’ wyaro. igi S wyarosaTvis aris gamosaxuleba, 

xolo S’’ gamoasxulebisaTvis ki _ wyaroa. 
(I) formulis Tanaxmad TiToeuli zedapirisaTvis SegviZlia davweroT 

(niSnebis gaTvaliswinebiT): 

2

1212

1

2121

R

nn

f

n

d

n

R

nn

f

n

d

n















 

an: 

2

1212

1

1221

R

nn

f

n

d

n

R

nn

f

n

d

n









 

praqtikaSi ufro xSirad gamoiyeneba Txeli linzebi. amitom maTi sisqe 
(nax.2) 0fd  . aqedan fd   amis gaTvaliswinebiT SevkriboT bolo 
formula: 











21
12

11

R

1

R

1
)nn(

f

n

d

n
 

gavyoT gantolebis orive mxare 1n – ze da gaviTvaliswinoT, rom 

n
n

n

1

2  – linzis gardatexis fardobiTi maCvenebelia. miviRebT: 

              









21 R

1

R

1
1n

f

1

d

1
         (2) 

SemoviRoT aRniSvna: 

              
F

1

R

1

R

1
1n

21









            (3) 

aqedan: 













21 R

1

R

1
)1n(

1
F  

es formula gansazRvravs linzis fokusur manZils, Tu viciT misi 
gardatexis maCvenebeli da simrudis radiusebi. 

(3)_is gaTvaliswinebiT (2) formula miiRebs saxes: 
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Ffd

111
                               miRebul 

formulas Txeli linzis formula qvia. 
aqedan 

                                           
fd

df
F


                         (4) 

axla davadginoT sferuli sarkis formula. sferuli sarke ewodeba 
gaumWvirvale sferul zedapirs, romelsac gaaCnia sinaTlis arekvlis 
Tviseba. 

arekvlis dros sinaTle igive garemoSi rCeba – magram icvlis 
mimarTulebas. amitom ufro zustia davweroT 

                  12 nn   
amis gaTvaliswinebiT (I) formula miiRebs saxes: 

                    
R

2

f

1

d

1
              (5)       

SemoviRoT aRniSvna 

                 
2

R
F

F

1

R

2
            (6)  

maSasadame, sferuli sarkis fokusuri manZili misi simrudis radiusis 
naxevris tolia. (6) formulis gaTvaliswinebiT (5) formula miiRebs saxes: 

                   
F

1

f

1

d

1
               sferuli sarkis formula 

                   
fd

df
F


                (7)      

rogorc vxedavT linzis da sarkis fokusuri manZilebis 
gansazRvrisaTvis sakma-risia vicodeT sinaTlis wyaros da misi 
gamosaxulebis mdebareoba linzis an sarkis mimarT, e.i. vicodeT d  da f  
manZilebi. 

SeniSvna: Txel linzaSi da Cazneqil sferul sarkeSi sagnis 
gamosaxulebis asagebad gamoiyeneT nax.3 

 
                   Nnax.3 

cdis Tanmimdevroba 
 

I. linzis fokusuri manZilis gansazRvra; 
 

1. optikur merxze mnaT sagansa da ekran Soris moaTavseT Semkrebi 
linza. linzis gadaadgilebiT miaRwieT sagnis mkafio gamosaxulebis 
miRebas (xan gadidebuli, xan Semcirebuli). 
2. aiTvaleT Sesabamisi d  da f  manZilebi. 
3. cda gaimeoreT 3_jer ekranis sxvadasxva mdebareobisaTvis. 
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4. yoveli cdis Sesabamisad iangariSeT linzis fokusuri manZili. 
5. gamoTvaleT fokusuri manZilis saSualo mniSvneloba. 
6. daadgineT absoluturi da fardobiTi cdomilebebi. 
 

II.sarkis fokusuri manZilis gansazRvra. 
 

1. optikur merxze moaTavseT farTo ekrani gamanaTeblis ukan, xolo 
sarke gamanaTeblis win. sarkis gadaadgilebiT miiReT mkafio gadidebuli 
gamosaxuleba. 
2. aiTvaleT Sesabamisi d  da f  manZilebi. 
3. cda gaimeoreT 3_jer ekranis sxvadasxva mdebareobisaTvis; 
4. yoveli cdis Sesabamisad iangariSeT sarkis fokusuri manZili. 
5. gamoTvaleT fokusuri manZilis saSualo mniSvneloba. 
6. daadgineT absoluturi da fardobiTi cdomilobebi. 

dakvirvebaTa cxrili 
 

# d  
sm. 

f  

sm. 

F  
sm. 

  F saS F  

F

F
 

1       

2       

3       

 
SeniSvna: analogiuri cxrili calke SeadgineT sferuli sarkisaTvis  

fd

df
F


  

sakontrolo kiTxvebi 
 

1. dawereT sferul zedapirze gardatexis formula. gaakeTeT naxazi. 
2. ras ewodeba linza? dawereT linzis formula. 
3. daadgineT linzis fokusuri manZilis formula Tu misi simrudis 

radiusebi erTnairia RRR 21   (simetriuli linza); 
4. ras ewodeba sferuli sarke? dawereT sarkis formula. 
5. rogor gamoisaxeba maTematikurad sarkidan sxivis arekvla? 
6. ra unda vicodeT, rom viangariSoT linzis an sarkis  fokusuri 

manZilebi? 
 
 

gambnevi linzis fokusuri manZilis 
gansazRvra 

 
linza ewodeba ori sferuli zedapiriT SemosazRvrul gamWvirvale sxeuls 
(nax.I) erTerTi zedapiri brtyelic SeiZleba iyos, radgan brtyeli 
zedapiri SegviZlia ganvixiloT, rogorc usasrulo radiusis mqone 
sferuli zedapiri. 
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sferuli zedapiris centrze gamaval 21OO  wrfes linzis mTavari 
optikuri RerZi ewodeba.  

arsebobs ori saxis linzebi _ Semkrebi da gambnevi. Semkreb linzebs 
Sua nawili ufro ganieri aqvT, vidre kideebi. gambnev linzebSi ki _ 
piriqiT. Semkreb linzebSi gamavali sxivebi mTavari optikuri RerZisaken 
ixreba, gambnev linzebSi ki Sordebian RerZs (“ganibnevian”). 

Tu linzas optikuri RerZis paralelurad ecema sinaTlis kona maSin 
linzaSi gavlis Sedegad sinaTlis sxivebi erT wertilSi gadaikveTebian 
(Semkrebi linza), an erT wertilSi gadaikveTeba maTi gagrZeleba (gambnevi 
linza). am wertilebs linzis fokusebi ewodeba. (nax. 2) gambnevi linzis 
fokusi warmosaxviTia. 

 
 

           
                 Nnax.2 
 
manZils linzis centridan fokusamde fokusuri manZili ewodeba )F( – 

fokusuri manZilis Sebrunebuli sidide ki linzis optikur Zalas 
warmoadgens. 

F

1
D   

optikuri Zala dioptrebSi izomeba. dioptri aris iseTi optikuri 
Zala, romelic gaaCnia I m. fokusuri manZilis mqone linzas. 

imisTvis, rom avagoT gamosaxuleba linzebSi, sakmarisia vicodeT ori 
sayrdeni sxivis gardatexis wesi: 
1. sxivi, romelic linzis optikur centrze gadis, ar gardatydeba. 
2. mTavari optikuri RerZis paralelurad mimavali sxivi linzaSi 
gardatexis Semdeg fokusSi gaivlis (an gaivlis fokusSi misi gagrZeleba). 
gasagebia, rom sinaTlis sxivebis Seqcevadobis gamo, fokusze gamavali 
sxivi linzaSi gardatexis Sedegad optikuri RerZis paralelurad 
gavrceledeba. 

Semkreb linzaSi gamosaxuleba SeiZleba iyos rogorc namdvili (Tu 
mnaTi sagani fokusis gareTaa). aseve warmosaxviTi (Tu mnaTi sagani linzasa 
da fokuss Soris aris moTavsebuli). gambnev linzaSi gamosaxuleba 
yovelTvis warmosaxviTia. 

magaliTisaTvis vaCvenoT gamosaxulebis ageba Semkreb linzebSi. (nax. 3) 
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                 Nnax.3 
sagnis da misi gamosaxulebis urTierTganlageba ganisazRvreba linzis 

formulis safuZvelze, romelsac Semdegi saxe aqvs: 

          
F

1

f

1

d

1
                    (I) 

aq d – manZilia linzidan sagnamde, xolo f  manZili linzidan 
gamosaxulebamde. aRsaniSnavia, rom Tu sagani, gamosaxuleba an fokusi 
warmosaxviTia, maSin (I) formulaSi Semavali Sesabamisi sidide uaryofiTi 
iqneba. 

(1) formula gvaZlevs saSualebas martivad ganvsazRvroT Semkrebi 
linzis fokusuri manZili Sesabamisad d  da f  manZilebis saSualebiT. 

magram gacilebiT ufro rTulia gambnevi linzis fokusuri manZilis 
gansazRvra is xom ekranze gamosaxulebas ar gvaZlevs: (es gamosaxuleba 
warmosaxviTia.) 

am amocanis gadasaWrelad CavataroT aseTi cda. vTqvaT mnaTi A  
wertilis gamosaxuleba Semkreb linzaSi B  wertilSi miiReba. (nax. 4, 
marcxniv). 

  
                    Nnax.4 

   movaTavsoT Semkreb linzasa da B  wertils Soris gambnevi linza. maSin 
mnaTi wertilis gamosaxuleba ufro Sors miiReba, radgan sxivebi 
daSordebian optikur RerZs. Ees gamosaxuleba B’ –iT aRvniSnoT. 
   sxivebis Seqcevadobis gamo B wertili SeiZleba CaiTvalos B’ wertilis 
gamosaxulebad. (nax. 4, marjvniv). maSin (I) formulis Tanaxmad SegviZlia 
davweroT: 

F

1

f

1

d

1
  

aqedan 

fd

df
F


  

sadac BOd 2
 , xolo BOf 2 . Ees sidideebi ki advilad gasazomia. 

viciT ra es sidideebi, SegviZlia ganvsazRroT gambnevi linzis fokusuri 
manZili F . 

 
 

saWiro xelsawyoebi 
 

1. gamanaTebeli mnaTi sagniT 
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2. optikuri merxi. 
3. Semkrebi da gambnevi linzebi. 
4. ekrani. 
 

cdis Tanmimdevroba 
 

1. optikur merxze mnaT sagansa da ekrans Soris moaTavseT Semkrebi 
linza da misi gadaadgilebiT miiReT ekranze sagnis mkafio 
gamosaxuleba. 

2. moaTavseT linzasa da ekrans Soris gambnevi linza da gazomeT 
manZili gambnevi linzidan ekranamde ( f ). 

3. gadaadgileT ekrani ise, rom kvlav miiRo sagnis mkafio gamosaxuleba. 
gazomeT manZili gambnev linzasa da ekrans Soris )d( . 

4. gamoTvaleT gambnevi linzis fokusuri manZili )F( . 
5. cda gaimeoreT 3_jer. 
6. iangariSeT fokusuri manZilis saSualo mniSvneloba. 
7. daadgineT absoluturi da fardobiTi cdomilobebi. 
 

 
 
 
 

dakvirvebaTa cxrili 
 

manZili gambnev linzasa 
da ekrans Soris 

# ekranis I 
mdebareoba 

f  

ekranis II 
mdebareoba 

d  

linzis 
fokusuri 
manZili 

F  
F saS F  

F

F
 

1       

2       

3       

 
sakontrolo kiTxvebi 

 
1. ra aris linza? ra saxis linzebi iciT? 
2. ganmarteT mTavari optikuri RerZis cneba. 
3. ras ewodeba linzis optikuri centri da fokusi? 
4. ganmarteT optikuri Zala. ra erTeulebSi izomeba igi? 
5. CamoayalibeT sayrdeni sxivebis gardatexis wesebi. 
6. aageT gamosaxuleba linzaSi (maswavleblis davalebiT). 
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linzis sferuli aberaciis Seswavla 
 

aberacia damaxinjebas niSnavs. optikaSi damaxinjebis qveS igulisxmeba 
sagnis gamosaxulebis damaxinjeba, romelic linzis saSualebiT miiReba. 

linza warmoadgens gamWvirvale nivTierebas, romelic orive mxridan 
SemosazRvrulia sferuli zedapirebiT (erTerTi zedapiri brtyelic 
SeiZleba iyos). 

linza iZleva srulyofil, mkveTr gamosaxulebas mxolod im 
SemTxvevaSi, roca sagnidan gamosuli sxivebi vrceldebian optikuri RerZis 
axlos viwro koniT. aseT sxivebs paraqsialuri sxivebi ewodeba. 

magram viwro konebiT miRebuli gamosaxuleba iqneba fermkrTali, 
radgan sinaTlis nakadi mcirea. Aamitom praqtikulad ufro mosaxerxebelia 
gamoviyenoT farTo konebi. es gamoiwvevs sagnis gamosaxulebis 
damaxinjebas. ratom? 

ganvixiloT, magaliTisaTvis, ormxriv amozneqili, Semkrebi linza. 
warmovidginoT igi samkuTxa prizmebis erTobliobad (nax. I). 

     
                   Nnax.1 

     TiToeuli prizma gadidebuli saxiT naCvenebia naxazis marjvena 
mxareSi. 

rogorc viciT, prizmaSi gamavali sxivebi miT ufro metad 

gardatydebian, rac metia prizmis gardamtexi kuTxe   . 

linzis konstruqciidan Cans, rom #1 prizmis gardamtexi kuTxe 
yvelaze didia da amitom masSi gamavali sxivebi, danarCen sxivebTan 
SedarebiT, ufro metad gardatydebian. sxvanairad rom vTqvaT, kidura 
sxivebi metad gardatydebian, vidre centraluri anu paraqsialuri sxivebi. 

amis gamo sagnis gamosaxuleba iqneba ganfenili O  da O   wertilebs 
Soris (nax.2). 

 

 
                 Nnax.2 

 
    gamosaxulebis aseT damaxinjebas, roca igi erT sibrtyeSi ar miiReba, 
sferuli aberacia ewodeba. 

sferuli aberaciis dasaxasiaTeblad iyeneben manZilTa sxvaobas 
yvelaze axlos da yvelaze Sors mdebare gamosaxulebebs Soris. mas  –Ti 
aRniSnaven. 

ff   
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rogorc naxazidan Cans, Semkrebi linzis SemTxvevaSi O -, radgan 

ff  . 

advilad gasagebia, rom gambnevi linzisaTvis O . marTlac, am 
SemTxvevaSi ufro metad gardatydebian centraluri sxivebi vidre kidura, 
radgan centralur prizmebs meti gardamtexi kuTxe aqvs (nax. 3). 

 
           N 
           nax.3                        nax.4 

    linzebis es Tviseba gvaZlevs saSualebas SevamciroT sferuli 
aberacia. amisaTvis saWiroa gamoviyenoT Semkrebi da gambnevi linzaTa 
sistema, linzebi unda SevarCioT ise, rom maTi aberaciebi akompensirebdnen 
erTmaneTs. aseTi sistema naCvenebia nax.4_ze. 

SevniSnoT, rom sferuli aberaciis garda arsebobs sxva saxis 
aberaciebic. maT Soris yvelaze martivad gasagebia e.w. qromatuli aberacia. 
rogor warmoiSoba igi? 

Cven viciT, rom sinaTlis gardatexis maCvenebeli damokidebulia 
sinaTlis talRis sigrZeze (an sixSireze), ubralod ki _ ferze. amitom 
sxvadasxva feris sxivebi sxvadasxva kuTxiT gardatydebian linzaSi da 
gamosaxuleba kvlav ar iqneba erTsa da imave sibrtyeSi. Tanac igi kideebze 
feradi iqneba. amitom am aberacias qromatuli uwodes. 

qromatuli aberaciis Sesamcireblad iyeneben Semkrebi da gambnevi 
linzebis sistemas, romlebic damzadebuli arian sxvadasxva gardatexis 
maCveneblis mqone minebisagan. aseT linzas aqromatuli linza ewodeba. 

 
      

saWiro xelsawyoebi 
 

1. optikuri merxi 
2. gamanaTebeli mnaTi sagniT 
3. Semkrebi linza moZravi diafragmiT 
4. ekrani 
 

cdis Tanmimdevroba 
 

1. moaTavseT mnaT sagansa da ekrans Soris Semkrebi linza xvrelebis mqone 
diafragmiT. 
2. CawieT bolomde diafragma ise, rom linzis centris simetriulad Candes 
ori kidura xvreli. 
3. ekranis gadaadgilebiT miaRwieT sagnis mkafio gamosaxulebas, CainiSneT 

manZili sagansa da ekrans Soris  1f . gazomeT manZili xvrelebs Soris 

diafragmaze  D . 
4. amowieT TandaTan diafragma da gaimeoreT me_3_e punqtSi CamoTvlili 
operaciebi. 
5. monacemebi SeitaneT dakvirvebis cxrilSi. 
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6. gaimeoreT igive gazomvebi diafragmis Cawevis SemTxvevaSi. CaiwereT 

ekranis axali mdebareobebi –  2l  xvrelebs Soris manZilis Sesabamisad. 

7. iangariSeT D –s yoveli mniSvnelobisaTvis ekranis mdebareobis 

damaxasiaTebeli saSualo manZili:  
2

ll
l 21   

 
8. ipoveT l –is maqsimaluri da minimaluri mniSvnelobebi. 

    iangariSeT aberaciis sidide:  maxmin ll   

9. aageT l – sa da D –s Soris damokidebulebis grafiki. /masStabi SearCieT 
monacemebis mixedviT/. 

 
 
 
 
 
 
 

dakvirvebaTa cxrili 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

maxmin ll   

 

# 

 
 

D  sm. 

 
 

1l  sm. 

 
 

2l  
sm. l  

 

minl
 

maxl   

 
 
 

  
 
 
 

1        
2        
3        
4        
5        
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sakontrolo kiTxvebi 
 

1. ras niSnavs sityva “aberacia”? 
2. riT aris gamowveuli sferuli aberacia? 
3. riT vaxasiaTebT sferul aberacias? 
4. riT aris gamowveuli qromatuli aberacia? 
5. rogor SeiZleba SevamciroT sferuli aberacia? qromatuli aberacia? 
 

 
 
 
 
 
 
 
 
 
 
 

ganaTebulobis kanonis Seswavla 
 

ganvixiloT optikis nawili, romelsac fotometria ewodeba. 
Ffotometria Seiswavlis sinaTlis energetikul mxares. misi erTerTi 
mniSvnelovani amocanaa daaxasiaTos da Seiswavlos sinaTlis wyaroebi da 
sinaTlis moqmedeba sagnebis zedapirebze. 

amisaTvis SemoRebulia sxvadasxva sidideebi, romelTagan ZiriTadia 
sinaTlis nakadi. sinaTlis sruli nakadi warmoadgens ubralod sinaTlis 
wyaros simZlavres anu drois erTeulSi yvela mimarTulebiT gamosxivebul 
energias. 

zogadad ki sinaTlis nakadi ewodeba sxivuri energiis simZlavres, 
romelic vrceldeba garkveul sxeulovan kuTxeSi. sinaTlis nakadi  –iT 
aRiniSneba da izomeba lumenebSi. 

gavixsenoT, rom sxeulovani kuTxe izomeba mis mier r – radiusis mqone 

“amoWrili” farTobis SefardebiT radiusis kvadratTan (nax.1). igi  –Ti 
aRiniSneba. maSasadame elementaluri sxeulovani kuTxe ganisazRvreba 
formuliT: 

               
2
0

r

dS
d                   (I) 
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Nnax.1 
    sinaTlis wyaros dasaxasiaTeblad iyeneben fizikur sidides _ 
sinaTlis Zalas. sinaTlis Zala ewodeba sinaTlis nakadis Sefardebas 
sxeulovan kuTxesTan, romelSic igi vrceldeba. 

                  


d

d
I                    (2) 

sinaTlis Zalis erTeulia kandeli. kandeli _ specialuri 
gamomsxiveblis sinaTlis Zalaa. 

sinaTlis moqmedeba sagnis zedapirze upirveles yovlisa gamoixateba 
am zedapiris calkeuli ubnebis sxvadasxvanair xilvadobaSi. sinaTlis am 
moqmedebas sxeulis zedapirze axasiaTeben ganaTebulobiT. 

ganaTebuloba ewodeba sinaTlis nakadis Sefardebas farTobTan 
romelzec igi ecema. 

                 F
dS

d
E


                 (3)   

saerTaSoriso sistemaSi ganaTebuloba luqsebSi izomeba. 
praqtikidan cnobilia, rom zedapiris ganaTebuloba damokidebulia 

sinaTlis wyaros Zalaze, romliTac igi daSorebulia sxeulis zedapiridan 
da zedapirze dacemis kuTxeze. davadginoT am sidideebs Soris kavSiri. 

aRvniSnoT sinaTlis wyaros Zala I –Ti, manZili zedapiramde r –iT, 
xolo dacemis kuTxe  –Ti. (nax. 2). 

 
    

         
 
                    Nnax.2 
 
(2) formulis Tanaxmad 

 Idd   
CavsvaT d – s mniSvneloba (I) formulidan: 

F
2
0

r

dS
Id   

naxazidan Cans, rom 

  
2

0

r

cosdS
Id

cosdSdS








 

Aamitom CavsvaT es mniSvneloba (3) formulaSi. miviRebT: 

cos
r

I
E

2
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es formula gamosaxavs ganaTebulobis ZiriTad kanons. igi savsebiT 
eTanxmeba praqtikidan cnobil faqtebs. marTlac, ganaTebuloba miT metia, 
rac metia sinaTlis Zala da rac naklebia manZili wyaromde. amasTan erTad 
ganaTebuloba yvelaze didia maSin, roca sinaTle perpendikularulad 
ecema zedapirs.  

Cven amocanas warmoadgens ganaTebulobis manZilze damokidebulebis 
Seswavla. amisaTvis mosaxerxebelia mivmarToT sinaTlis nakadi sagnis 
marTobulad. maSin gveqneba: 

F 

2r

I
E    

aqedan 

IEr 2   
radgan cdis ganmavlobaSi sinaTlis Zala ucvlelia, amitom 

constEr 2   
swored es Tanafardoba unda Semowmdes cdiT. 
 

saWiro xelsawyoebi 
 

1. gamanaTebeli 
2. fotometri 
3. mikroampermetri 
4. saxazavi 
 

cdis Tanmimdevroba 
 

1. daayeneT gamanaTebeli minimalur manZilze fotometrisagan. CaiwereT 

mikroampermetris Cveneba  maxE . Ees aRniSvna Seesatyviseba im faqts, 

rom ganaTebuloba fotodenis proporciulia da pirobiTad SegviZlia 
mis tolad CaiTvalos. 

2. gamanaTeblis 2-2 sm_iT gadaadgilebiT cvaleT r  manZili da CaiwereT 
mikroampermetris Sesabamisi Cvenebebi. 

3. monacemebi SeitaneT cxrilSi. 

4. iangariSeT 2Er  namravli. ipoveT misi saSualo mniSvneloba. 
5. iangariSeT absoluturi cdomileba: 
 

    min
2

max
22 rEErEr   

6. iangariSeT fardobiTi codmileba: 

 
  %100
Er

Er
2

2




 

 
dakvirvebaTa cxrili 

 

# minr  
A

Emax


 r  E  Er 2   Er 2   Er 2  
 
 Er
Er

2

2
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constEr 2   
 

sakontrolo kiTxvebi 
 

1. ras Seiswavlis fotometria? 
2. ra aris sxeulovani kuTxe? 
3. daasaxeleT da ganmarteT fotometriis ZiriTadi sidideebi. 

daasaxeleT maTi erTeulebi. 
4. razea damokidebuli zedapiris ganaTebuloba? 
5. dawereT da gaaanalizeT ganaTebulobis kanoni. 

 
 
 
 
 
 
 
 
 

sinaTlis talRis sigrZis gansazRvra niutonis rgolebis 
meTodiT 

 
ganvixiloT winaswar interferenciis movlena, romelic safuZvlad 

udevs niutonis rgolebis warmoSobas. interferencia ewodeba talRebis 
zeddebas (Sekrebas), romlis Sedegad isini an aZliereben, an asusteben 
erTmaneTs. iq, sadac sinaTlis talRebi aZliereben erTmaneTs, miiReba 
ganaTebuli zoli, xolo sadac asusteben _bneli zoli. ganaTebuli da 
bneli  zolebis erTobliobas interferenciuli suraTi ewodeba. 

davadginoT talRebis gaZlierebis da Sesustebis pirobebi. vTqvaT 1S  

da 2S  sinaTlis wyarodan gamosuli talRebi, gaivlian ra Sesabamisad 1r  

da 2r  manZilebs, ikribeba P  wertilSi. (nax.I). davweroT am talRebis 

gantolebebi P   wertilSi: 
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                      Nnax.1 





















C

r
t

T

2
cosEE

C

r
t

T

2
cosEE

2
02

1
01





 

 

aq miviCnieT, rom rxevis amplitudebi erTmaneTis tolia  0E  da 

talRebs aqvs erTi da igive sixSire (periodi, talRis sigrZe). 
SevkriboT es gantolebebi. amiT Cven miviRebT jamur gantolebas.  

 
 






























C

r
t

T

2
cos

C

r
t

T

2
cosEE

EEE

11
0

21

   

F 
 

martivi trigonometriuli gardaqmnis Sedegad miviRebT: 
 

 







 





C

rr
t

TCT

rr
EE

2

2
coscos2 2112

0


 

   aqedan Cans, rom jamuri rxevis amplituda gamoisaxeba formuliT: 

 
CT

rr
cosE2E 12

0m





 

SevniSnoT, rom CT  da warmoadgens sinaTlis talRis sigrZes, xolo 

sidides 12 rr   optikuri svlaTa sxvaoba ewodeba. amis gaTvaliswinebiT 
miviRebT: 

F

 

 cosE2E 0m  

   Aadvilad gasagebia, rom ganaTebulobis maqsimumi miiReba iq, sadac 

jamuri rxevis eleqtruli velis daZabulobis moduli kE  iqneba 

maqsimaluri, xolo ganaTebulobis minimumi (sibnele _ sadac kE  

minimaluria. es pirobebi Sesabamisad Semdegi formuliT gamoisaxeba: 

        





          da           










 


2

1
         

aqedan  

2
2

             maqsimumis piroba 
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da 

 
2

12
2

1  





      minimumis piroba     

maSasadame talRebi aZliereben erTmaneTs, Tu maT Soris svlaTa 
sxvaoba luwi naxevartalRis jeradia da asusteben erTmaneTs, Tu svlaTa 
sxvaoba kenti naxevartalRis jeradia. 

da bolos SevniSnoT, rom interferenciuli suraTis mdgradobisaTvis 
saWiroa talRebs Soris svlaTa sxvaoba ar icvlebodes droTa 
ganmavlobaSi. aseT talRebs koherentuli talRebi ewodeba. 

axla gavarCioT Tu rogor warmoiSoba niutonis rgolebi. movaTavsoT 
minis brtyel firfitaze brtyelamozneqili linza, romelsac aqvs didi 
simrudis radiusi. maTi Sexebis maxloblad warmoiSoba haeris sqeli fena. 

vTqvaT sinaTlis sxivi ecema linzas misi brtyeli zedapiris 
perpendikularulad. es sxivi airekleba A  da B  wertilebSi da gaiyofa 
or koherentul sxivad (nax.2) 

 

      
                       Nnax.2 

    
cxadia am sxivebs Soris svlaTa sxvaoba iqneba b2  -s toli ( ABb   da 
warmoadgens haeris fenis sisqes), radgan B wertilSi arekvlili sxivi 
gadis b2 _Ti met manZils, vidre A  wertilSi arekvlili sxivi. 

aRsaniSnavia erTi saintereso faqti: ufro mkvrivi garemodan 
arekvlisas sxivis faza naxtomiseburad izrdeba   Ti, xolo optikuri 

svlaTa sxvaoba Sesabamisad izrdeba 
2


 iT. amis gaTvaliswinebiT svlaTa 

sxvaoba Cven sxivebs Soris iqneba: 

2
b2

   

ganaTebulobis minimumi miiReba linzis im wertilebSi, sadac amrigad: 

 
2

1k2
2

b2


  

aqedan: 

2


b  
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maSasadame ganaTebulobis minimumi miiReba linzis im wertilebSi, 
romlebic mudmivi manZiliT arian daSorebuli firfitisagan. es wertilebi 
wrewirs Seadgenen. swored aseT wrewirebs ewodeba niutonis rgolebi. 

aRvniSnoT erTerTi rgolis radiusi r--_iT. rogorc naxazidan Cans: 

 
22

222

bRb2r

bRRr




 

radgan 2b  Zalian mcire sididea, amitom SeiZleba igi ugulebelvyoT. 
maSin miviRebT: 

Rb2r 2   
Tu am formulaSi CavsvamT b –s mniSvnelobas, miviRebT: 

Rr 2   
saidanac ganisazRvreba sinaTlis talRis sigrZe: 

R

r 2


        an       

R

D




4

2

       

sadac D_niutonis K _uri rgolis diametria. 
 

saWiro xelsawyoebi 
 

1. mikroskopi gamanaTebeliT 
2. kaseta brtyel_amozneqili linziT da brtyeli firfitiT. 

 
cdis Tanmimdevroba 

 
1. CarTeT mikroskopis sasagne magidis gamanaTebeli; 
2. sasagne magidaze moaTavseT kaseta brtyel_amozneqili linziT. 
kasetis gadaadgilebiT miaRwieT imas, rom saviziro xazebis gadakveTis 
wertili emTxveodes niutonis rgolebis centrs. 
3. milimetriani badis saSualebiT gazomeT erTerTi K _uri bneli 

rgolis horizontaluri da vertikaluri diametri ( 1D  da 2D ) CainiSneT 

K _s mniSvneloba. iangariSeT rgolis saSualo diametri 






 


2

DD
D 21 . 

4. cda gaimeoreT 3_jer K _s sxvadasxva mniSvnelobisaTvis. 
5. monacemebi SeitaneT dakvirvebaTa cxrilSi. 
6. iangariSeT sinaTlis talRis sigrZe da misi saSualo mniSvneloba. 
7. daadgineT absoluturi cdomileba, risTvisac  saS. SeadareT 

lazeris talRis sigrZes 31063.0  mm.). 
 

0   

8. daadgineT fardobiTi cdomileba: 

%100



 

dakvirvebaTa cxrili 
 

3102.1R  mm. 3
0 1063.0  mm. 

# 
K  1D  2D  D     saS   %100
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K4

D2


   

 

 
 

sakontrolo kiTxvebi 
 

1. ras ewodeba interferencia? interferenciuli suraTi? 
2. rodis aris interferenciuli suraTi mdgradi? 
3. CamoayalibeT ganaTebulobis maqsimumis da minimumis pirobebi. 
4. ra aris optikuri svlaTa sxvaoba? 
5. rogor miiReba niutonis rgolebi? 
6. ra emarTeba sxivis fazas ufro mkvrivi garemodan arekvlisas? 

 
 
 
 

sinaTlis talRis sigrZis gansazRvra 
difraqciuli mesriT 

 
difraqciuli meseri ewodeba viwro xvrelTa erTobliobas, romlebic 

mcire manZiliT arian daSorebuli erTmaneTisagan. difraqciuli meseri 
mzaddeba specialuri damyofi manqaniT, romelic minis firfitaze 
paralelur Strixebs (ganakawrebs) xazavs. ganakawrebis ricxvi I mm-ze 
xSirad ramdenime aTass aRwevs. 

ganvixiloT difraqciuli mesris moqmedebis principi. vTqvaT xvrelebs 
Soris manZili aris d --. am manZils mesris periodi ewodeba (an mesris 
mudmiva). Tu difraqciul mesers ecema sinaTlis paraleluri kona anu 
brtyeli talRa, maSin mesris TiToeuli xvreli SegviZlia ganvixiloT 
rogorc damoukidebeli wyaro, romelic yvela mimarTulebiT asxivebs 
sinaTles. es wyaroebi koherentuli iqnebian radgan warmoSobili arian 
erTi talRisagan. 

TiToeuli xvreli qmnis sakuTar difraqciul suraTs. es suraTebi 
identuri arian. maTi zeddebis Sedegad miiReba gacilebiT ufro rTuli 
suraTi, romelic Seicavs mTavar maqsimumebsa da minimumebs da agreTve 
damatebiT maqsimumebs da minimumebs. 

mTavari maqsimumebi miiReba iq, sadac xvrelebi aZliereben erTmaneTis 
moqmedebas. davadginoT mTavari maqsimumebis miRebis piroba. vTqvaT 
difraqciis Sedegad sinaTlis sxivebi ganicdian   kuTxiT gadaxras (nax.I). 
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                       nax.1 
naxazidan Cans, rom mezobel xvrelebidan gamosul talRebs Soris 

warmoiSoba svlaTa sxvaoba 
 sind  

d _difraqciuli mesris periodia. 
cnobilia, rom talRebi gaaZliereben erTmaneTs Tu maT Soris svlaTa 

sxvaoba luwi naxevartalRis jeradia, e.i. 

 K
2

K2   

maSasadame mTavari maqsimumebi miiReba iq, sadac 
                Ksind                (1) 

mTavar maqsimumebs Soris moTavsebulia damatebiTi maqsimumebi da 
minimumebi. maTi ricxvi ganisazRvreba xvrelTa raodenobiT difraqciul 
meserSi. kerZod, Tu meseri Seicavs N  xvrels maSin miiReba 2N   
damatebiTi maqsimumebi da 1N   damatebiTi minimumi (nax.2).  

       
 

Nnax.2 
am naxazze naCvenebia SemTxveva, roca 4N  . 
    (I) formulis gamoyenebiT SegviZlia ganvsazRvroT sinaTlis talRis 

sigrZe, Tu cnobilia mesris periodi da mimarTuleba    erT_erT maTavar 
maqsimumze. magram umjobesia davadginoT praqtikulad ufro gamosadegi 
formula, amisaTvis mivmarToT martiv naxazs (nax. 3) 
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                     Nnax.3 
l _ manZilia mesridan ekranamde: x -- manZili wiTel zolebs Soris K –uri 
rigis speqtrebSi. (an sxva feris zolebs Soris). 
naxazidan Cans, rom 

l2

x
sin   

amitom (I) formula ase Caiwereba: 


l2

xd
 

aqedan 

l2

xd


   

   es formula safuZvlad udevs sinaTlis talRis sigrZis gansazRvras 
difraqciuli mesris gamoyenebiT. 
 

saWiro xelsawyoebi 
 
1. saproeqcio aparati; 
2. specialuri ekrani saxazaviT; 
3. difraqciuli meseri 
4. diafragma. 
 

cdis Tanmimdevroba 
 

1. CarTeT saproeqcio aparati; 
2. daaregulireT diafragmis Wrili ise, rom interferenciul suraTSi 

mkafiod Candes pirveli da meore rigis speqtrebi ( 1K   da 2K  ); 
3. gazomeT manZili difraqciul mesersa da ekrans Soris ( l ). 
4. gazomeT manZili wiTel zolebs Soris jer pirveli rigis, Semdeg 

meore rigis speqtrebSi  x  
5.  igive gazomvebi gaimeoreT iisferi zolebis SemTxvevaSi; 
6. iangariSeT talRis sigrZis saSualo mniSvnelobebi; 
7. SeadareT miRebuli Sedegebi cxrilidan amoweril mniSvnelobebs. 

iangariSeT absoluturi da fardobiTi cdomilobebi. 
 

dakvirvebaTa cxrili 
 
K  d  

mm. 
l  
mm. 

x  
mm. 

  
10-
3 
mm. 

 saS.     cxr. 

10-3 mm. 


 
sinaTlis 

feri 

1          
2          
1          
2          

Kl2

xd
  

 
sakontrolo kiTxvebi 
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1. ras ewodeba difraqciuli meseri? rogor mzaddeba igi? ras ewodeba 
difraqciuli mesris periodi? 

2. CamoayalibeT mTavari maqsimumebis miRebis piroba. 
3. ramdeni damatebiTi maqsimumi da minimumi Tavsdeba or mTavar 

maqsimumebs Soris? 
4. daxazeT difraqciuli suraTi 6N   (an sxva ricxvi) xvrelis 

SemTxvevisaTvis. 
5. gasameoreblad: ras ewodeba interferencia, difraqcia, koherentuli 

talRebi? 
 

 

intensivobis ganawilebis Seswavla 
difraqciul suraTSi* 

 
sinaTlis difraqcia ewodeba sinaTlis talRis wrfivi gavrcelebidan 

gadaxras an ubralod mis mier dabrkolebis Semovlas. difraqcia _ sufTa 
talRuri movlenaa. aRsaniSnavia, rom difraqciasa da interferencias 
Soris araviTari arsebiTi fizikuri gansxvaveba ar arsebobs. saqme imaSia, 
rom Tu wyaroebis raodenoba mcirea (magaliTad ori), maSin 
urTierTqmedebis Sedegs ufro xSirad interferencias uwodeben, mravali 
wyaros SemTxvevaSi ki _ difraqcias. 

difraqciis movlena martivad aixsneba hiugens-frenelis principiT. es 
principi ori nawilisagan Sedgeba. pirveli nawili gansazRvravs talRis 
gavrcelebas (hiugensis principi), meore nawili _ talRis intensivobas 
(frenelis principi). es principi ase SegviZlia CamovayaliboT: 

I. drois mocemul momentSi talRuri zedapiris yvela wertili 
SeiZleba CavTvaloT meoradi talRebis elementalur wyaroebad, xolo 
maTi momvlebi mogvcems drois Semdgom momentisaTvis talRuri zedapiris 
axal mdebareobas. 

II. imisaTvis, rom davadginoT talRis intensivoba nebismier wertilSi, 
unda SevkriboT meoradi wyaroebidan mosuli talRebi maT Soris fazaTa 
sxvaobis gaTvaliswinebiT. 

ganvixiloT Semdegi magaliTi. vTqvaT sinaTlis brtyeli talRa 
(sinaTlis paraleluri kona) ecema viwro xvrels. hiugensis principis 
Tanaxmad xvrelis yvela wertili gaxdeba sinaTlis meorad wyarod da 
gamoasxivebs sferul talRebs (nax. I). maTi momvlebi MN – mogvcems 
talRuri zedapiris axal mdebareobas. am principis mravaljeradi 
gamoyenebiT Cven davadgenT talRis gavrcelebis mimarTulebas. (naxazze es 
principi 2_jer aris gamoyenebuli). rogorc vxedavT sinaTle SeiWra 
Crdilis areSi, gadaixara anu ganicada difraqcia. 

difraqcias brtyel talRebze fraunhoferis difraqcia ewodeba, xolo 
sferul talRebze _ frenelis difraqcia. zemoT Cven ganvixileT 
fraunhoferis difraqciis Tvisobrivi mxare. axla gavarCioT misi 
raodenobrivi mxare. 
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                 Nnax.1 

 
   vTqvaT xvrelSi gasvlis Sedegad sinaTlis sxivebi  – kuTxiT 

gadaixrebian. gadaxril sxivebs davuxvedroT Semkrebi linza, romelic maT 
Sekrebs P – wertilSi (nax. 2). davadginoT sinaTlis intensivoba am 
wertilSi. 

      
                           
                   Anax.2 

    amisaTvis AB  xvreli warmovadginoT mravali wyaros erTobliobad. am 
wyaroebidan gamosul talRebs Soris svlaTa sxvaoba dawyebuli A – 
wertilidan TandaTan izrdeba da aRwevs maqsimalur mniSvnelobas 
B wertilSi. naxazidan Cans, rom es mniSvneloba tolia 

             sinb                      (1) 

sadac b  xvrelis siganea 
am svlaTa sxvaobas Seesabameba fazaTa sxvaoba 

           

 2                       (2) 

TiToeuli wyaros mier gamosxivebuli talRis eleqtruli velis 
daZabuloba e


 veqtoriT warmovadginoT da SevajamoT isini. Sejamebis 

dros gaviTvaliswinoT talRebs Soris fazaTa sxvaobis zrda. faza _ es 
igive kuTxea, romelsac e


 veqtori adgens garkveul RerZTan. amitom fazis 

zrda kuTxis zrdas niSnavs. 
amis gaTvaliswinebiT e


 veqtorebis Sejamebis Sedegi aseTi veqtoruli 

diagramiT gamoisaxeba (nax. 3) 
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                 Nnax.3 

 
    rogorc naxazidan Cans, jamuri eleqtruli velis daZabuloba E  toli 
iqneba: 

2
sin2


RE   

magram 
R

BO


  anu 

BO

R



  maSin gveqneba: 

               

2

2
sin





BOE


              (3) 

davadginoT BO

 fizikuri Sinaarsi. vTqvaT 0 , e.i. vixilavT 

intensivobas centralur wertiliSi, maSin (I) formulis Tanaxmad 0  da 
maSasadame 0 . am pirobebSi (3) formula mogvcems intensivobas 

centralur wertilSi, romelic 0E  aRvniSnoT. maSin gveqneba: 

BOE0


  

maSasadame 

2

2
sin

EE 0 



  

aviyvanoT gantolebis orive mxare kvadratSi da SemoviRoT aRniSvna 

x
2



,  

miviRebT: 

2

2
2

0
2 sin

x

x
EE   

gavixsenoT, rom talRis intensivoba misi eleqtruli velis 
daZabulobis kvadratis proporciaa. amitom sabolood viRebT: 

2

2sin

x

x
II o  

am funqcias aqvs Semdegi lamazi grafiki. igi gamosaxavs intensivobis 
gamosaxulebas difraqciul suraTSi (nax.4) 
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                     Nnax.4 

 
saWiro xelsawyoebi 

 
1. sinaTlis wyaro _ lazeri. 
2. diafragma viwro xvreliT. 
3. fotodiodi 
4. mikroampermetri 
5. ekrani 
 

cdis msvleloba 
 

1. lazersa da ekrans Soris moaTavseT diafragma viwro xvreliT. 
diafragma lazerTan axlos unda iyos. ekranis gadaadgilebiT miaRwieT 
imas, rom difraqciuli suraTi (wiTeli zolebi) ikavebdes daaxloebiT 10 
sm sigrZeSi. 
2. xraxnis saSualebiT gadaadgileT fotodiodi centraluri maqsimumis 
areSi da miaRwieT mikroampermetris maqsimalur Cvenebas. (skalis 
gadafarvis SemTxvevaSi SeamcireT mikroampermetris mgrZnobiaroba). 
Mmikroamper-metris Cveneba sinaTlis intensivobis proporciulia da mis 
tolad SeiZleba CaiTvalos. CaiwereT mikroampermetris maqsi-maluri Cveneba 

 0I . 

3. xraxnis TiTo sruli SemobrunebiT gadaaadgileT fotodiodi 
difraqciuli sura-Tis gaswvriv marjvniv da yoveli Semobrunebis Semdeg 
CaiwereT mikroampermetris Cveneba. gazomvebi awarmoeT vidre ar gaivliT 
2_3 minimums. 
4. daabruneT fotodiodi pirvandel mdgoma-reobaSi da CaatareT igive 
gazomvebi fotodiodis marcxniv gadaadgilebiT. 
5. monacemebi SeitaneT cxrilSi. 
6. daxazeT intensivobis ganawilebis Sesabamisi grafiki. amisaTvis 
abscisaTa RerZze gadazomeT manZili centraluri maqsimumidan pirobiT 
erTeulebSi (xraxnis Semobrunebis raodenoba), xolo ordinatTa RerZze _ 

sinaTlis intensivoba  I . masStabi airCieT monacemebis mixedviT. 
7. Tqven mier miRebuli grafiki unda Seesabamebodes Teoriul grafiks, 
romelic moyvanilia amocanis aRwerilobaSi. 
 

dakvirvebaTa cxrili 
 
xraxnis 

Semobrunebis 
raodenoba 
(marjvniv) 

0 1 2 3 4 5 6 7 8 9 ...
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mikroampermetris 
Cveneba 

           

xraxnis 
Semobrunebis 
raodenoba 
(marcxniv) 

0 1 2 3 4 5 6 7 8 9 ...

Mikroampermetris 
Cveneba 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
sakontrolo kiTxvebi 

 
1. ras ewodeba difraqcia? 
2. ra saxis difraqciebi iciT? 
3. ris saSualebiT gvaZlevs hiugensis principi? frenelis principi? 
4. CamoayalibeT hiugnsis principi. 
5. axseniT difraqciis movlena naxazis saSualebiT. 
6. ganaTebuloba da sibnele miiReba difraqciuli suraTis centrSi? 

daxazeT difraqciul suraTSi intensivobis ganawilebis Sesabamisi 
grafiki. 

 
 

 

fraunhoferis difraqciis Seswavla ori 
xvrelidan* 

 
difraqcia ewodeba sinaTlis talRis sworxazovani gavrcelebisagan 

gadaxras an ubralod mis mier dabrkolebis Semovlas. bunebriv pirobebSi 
Cven amas ver vamCnevT da darwmunebuli varT, rom sxivi yovelTvis 
sworxazovnad vrceldeba, magram gaatareT sinaTle viwro xvrelSi. 
dainaxavT, rom ganaTebuli viwro xvrelis nacvlad ekranze miiReba sakmaod 
gaSlili suraTi. romelic Seicavs ganaTebuls da bnel ubnebs. sxivis kona 
gaiSala. es difraqciis gamo moxda. 

magram ram gamoiwvia zogierTi ubnebis dabneleba? saqme imaSia, rom 
xvrelebidan gamosuli sinaTlis sxivebi xan aZliereben erTmaneTs 
(ganaTebuli ubani), xan asusteben (bneli ubnebi) rogorc viciT am movlenas 
interferencia ewodeba talRebi aZliereben erTmaneTs, Tu maT Soris 
svlaTa sxvaoba (manZilTa sxvaoba) luwi naxevratalRis jeradia 

2
K2
   

da asusteben erTmaneTs, Tu svlaTa sxvaoba kenti naxevartalRis 
jeradia: 

 
2

1K2
   

ganvixiloT winaswar difraqcia erT xvrelze. vTqvaT b  siganis mqone 
viwro xvrels ecema paraleluri kona anu brtyeli talRa. aseT konas 
iZleva lazeri. difraqcias brtyel talRebze fraunhoferis difraqcia 
ewodeba. 
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ganvixiloT   kuTxiT gadaxrili sxivebi (nax. I) davuxvedroT maT 

linza da SevkriboT ekranis P  wertilSi. 

          
              Nnax.1 

  A  wertilidan marjvena kidura sxivze davuSvaT perpendikulari AB . 

amiT davadgenT kidura sxivebs Soris svlaTa sxvaobas    davyoT BC  

monakveTi 
2


_is tola monakveTebad da gavavloT AB  wrfis paraleluri 

wrfeebi. 
AC  xvreli daiyofa Sesabamisi raodenobis zonebad. cxadia, rom 

yoveli mezobeli zonidan gamosuli sxivebi axSoben erTmaneTs, radgan maT 

Soris svlaTa sxvaoba 
2


_s tolia (erTi naxevartalRa ). aseT zonebs 

frenelis zonebi ewodeba. 
Tu xvrelSi Tavsdeba luwi raodenobis zona, maSin isini 

wyvil_wyvilad axSoben erTmaneTs da P  wertilSi miiReba sibnele 
(ganaTebulobis minimumi). maSasadame, minimumis piroba iqneba 

 K
2

K2   

rogorc naxazidan Cans 

 ACbsinb    
amitom minimumis piroba ase Caiwereba: 

 Ksinb   

K  mTeli ricxvia (dadebiTi an uaryofiTi). Tu ,1K  , maSin ekranis 
centris simetriulad miiReba I rigis minimumebi. cxadia maT Soris, 
centrSi iqneba maqsimumi (sxvanairad ar SeiZleba 1). Tu 2K  , miiReba II 
rigis minimumi da ase Semdeg. minimumebs Soris iqneba moTavsebuli 
maqsimumebi. miiReba e.w. difraqciuli suraTi. am suraTSi sinaTlis 
intensivobis ganawileba naCvenebia naxazze (nax. 2). 

          
                   

Nnax.2 
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   axla ganvixiloT difraqcia or xvrelze. difraqciuli suraTi am 
SemTxvevaSi ganisazRvreba orive xvrelis erTdrouli moqmedebiT. jer 
erTi, TiToeuli xvreli damo ukideblad qmnis sakuTar difraqciul 
suraTs da es suraTebi erTmaneTisagan ar gansxvav-debian. maTi zeddebis 
Sedegad miiReba nax. 2 ze gamosaxuli suraTi. am suraTSi Semaval 
maqsimumebs da minimumebs pirveladi maqsimumebi da minimumebi ewodeba. 

meore mxriv adgili aqvs xvrelebidan gamosuli sxivebis 
interferencias. vTqvaT TiToeuli xvrelis siganea kvlav b , xolo maT 
Soris manZili d . ganvixiloT   kuTxiT gadaxrili sxivebi (nax. 3). es 
sxivebi gaaZliereben erTmaneTs, Tu maT Soris svlaTa sxvaoba  


n

2
n2Δ   

 
                    Nnax.3 
rogorc naxazidan Cans 

sindΔ   
amitom maqsimumis piroba ase Caiwereba: 

               nsind             (2) 
am maqsimumebs mTavari maqsimumebi hqvia. es maqsimumebi ufro viwroni 

arian, radgan bd   SeiZleba damtkicdes, rom pirveladi centra-luri 

maqsimumis areSi Tavsdeba 1n2N   mTavari maqsimumi, sadac 

b

d
n   

aqedan 

              
1N

d2

n

d
b


            (3) 

davadginoT kavSiri or mezobel mTavar maqsimums Soris. vTqvaT n_uri 
maqsimumi daSorebulia centridan nx  manZiliT. maSin (Tu l  manZilia 

ekranamde) 

l

xnsin  

amitom (2) formulidan miviRebT: 

d

ln
x

n
l

dx

n

n
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mezobeli maqsimumis koordinati iqneba 
 
d

l1n
x 1n


 . maSin 

    

d

l
xΔ

xxxΔ n1n




 

 

am sidides interferenciuli zolis sigane ewodeba. aqedan: 

                 xΔ
l

d
                  (4) 

 
saWiro xelsawyoebi 

 
1. lazeri 
2. diafragma ori xvreliT 
3. ekrani. 
 
 

cdis Tanmimdevroba 
 

1. CarTeT lazeri da gaatareT sinaTlis sxivi diafragmaSi, romelic 
Seicavs or xvrels. diafragmidan ara nakleb 50sm. manZilze moaTavseT 
ekrani. diafragmis SemobrunebiT horizontalur sibrtyeSi miaRwieT 
ekranze difraqciuli suraTis mkafio gamosaxulebas. 
2. daiTvaleT ramdeni mTavari maqsimumia moTavsebuli pirveladi 

centraluri maqsimumis areSi  N . 
3. iciT ra xvrelebs Soris – manZili (aweria diafragmas), (3) formulis 

safuZvelze iangariSeT xvrelis sigane  b . 

4. gazomeT manZili kidura mTavar maqsimumebs Soris  x . iangariSeT 
interferenciuli zolis sigane  

1N

x
xΔ


  

5. gazomeT manZili diafragmasa da ekrans Soris  l . 
6. iangariSeT sinaTlis talRis sigrZe   . 
7. bolo cda gaimeoreT 3_jer ekranis sxvadasxva mdebareobisaTvis. 
8. iangariSeT sinaTlis talRis saSualo mniSvneloba. 
9. daadgineT absoluturi da fardobiTi cdomilobebi. 
 

dakvirvebaTa cxrili 
 

15.0d   mm. N  b     mm. 

# 

manZili 
kidura 

maqsimumebs 
Soris 

x  mm. 

zolis 
sigane 

xΔ  
mm. 

sinaTlis 
talRis 
sigrZe 

  mm. 

 
 

 saS. 

 
 

 Δ saS. 

 

 
%100

Δ
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xΔ
l

d
1N

d2
b







 

sakontrolo kiTxvebi 
 

1. ras ewodeba difraqcia? 
2. ra pirobebSi amJRavnebs sinaTle difraqcias? 
3. ra aris interferencia? CamoayalibeT maqsimumis da minimumis 
pirobebi. 
4. daxazeT intensivobis ganawilebis grafiki difraqciis SemTxvevaSi 
erTi xvrelidan. 
5. ratom arian mTavari maqsimumebi pirvelad maqsimumebze ufro viwro? 
6. ramdeni mTavari maqsimumi moTavsdeba centraluri pirveladi 
maqsimumis areSi, Tu xvrelebs Soris manZili maT siganeze 3_jer metia? 

 
 
 

maliusis kanonis eqsperimentuli  
Semowmeba 

 
sinaTle warmoadgens eleqtromagintur talRas. ra aris 

eleqtromagnituri talRa? 
eleqtromagnitizmidan viciT, rom cvladi eleqtruli veli qmnis 

cvlad magnitur vels da piriqiT. warmoiSoba eleqtromagnituri veli. Tu 
am vels miecema sivrceSi gavrcelebis saSualeba, ityvian rom sivrceSi 
vrceldeba eleqtromagnituri talRa. 

sinaTle eleqtromagnituri talRis nairsaxeobas warmoadgens. 

sinaTlis talRa ganivia. masSi eleqtruli velis daZabulobis – E

 veqtori 

da magnituri velis daZabulobis H

veqtori talRis gavrcelebis 

mimarTulebis perpendikularulad irxeva. amasTan erTad yovelTvis HE


  
(nax. I) 

 
 

                
Nnax.1 

     am or veqtors Soris eleqtruli velis daZabulobis E

– veqtors 

ufro didi roli eniWeba, radgan nivTierebasTan urTierTqmedebis dros 
eleqtruli veli ufro Zlierad moqmedebs nivTierebaze, vidre magnituri 

veli. amitom SemdgomSi mxolod E

 veqtorze gavamaxvilebT yuradRebas. 
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bunebriv sinaTleSi eleqtruli velis daZabulobis veqtoris rxeva 
qaosurad warmoebs. arcerT mimarTulebas ar eniWeba raime upiratesoba 
magram SesaZlebelia am rxevebis mowesrigeba. 

sinaTlis talRaSi eleqtruli (an magni-turi) rxevebis mowesrigebas 
polarizacia ewodeba. 

Tu polarizebul sinaTleSi E

 veqtori garkveul sibrtyeSi irxeva da 

es sibrtye ar icvlis orientacias sivrceSi, aseT sinaTles brtylad 

polarizebuli ewodeba. Tu E

 veqtori icvlis mimarTulebas sivrceSi, 

magram ise, rom misi wvero Semowers wrewirs, maSin sinaTles wriulad 
polarizebuli ewodeba. 

ganvixiloT rogor miiReba polarizebuli sinaTle. cnobilia, rom 
kristalebSi sinaTlis gavrcelebis siCqare sxvadasxvaa sxvadasxva 
mimarTulebiT. aRmoCnda, rom arsebobs kristalebi, romlebic “grZnoben” 
veqtoris rxevasac. aseTebia magaliTad: turmalini, gerapatiti da sxva. 

aseT kirstalebSi arsebobs gansakuTrebuli mimarTuleba (an ramdenime 
mimarTuleba), romlis gaswvriv sinaTlis siCqare araa damokidebuli 
veqtoris orientaciaze. am mimarTulebas kristalis optikuris RerZi 
ewodeba. am RerZs gaaCnia saintereso da metad mniSvnelovani Tviseba. Tu 

kristalSi gaivlis sinaTle, romlis E

 veqtori am RerZis paralelurad 

irxeva, aseTi sinaTle STainTqmeba (ar gamova kristalidan), xolo Tu E

 

veqtori am RerZis perpendikularulad irxeva, maSin sinaTle kristalSi 
Tavisuflad gadis.  

maSasadame aseT kristalebSi sinaTlis gatarebisas, Cven miviRebT 
brtylad polarizebul sinaTles. aseT kristalebs polarizatorebi 
ewodeba. 

polarizebuli sinaTlis misaRebad iyeneben agreTve polaroidebs. 
polaroidi warmoadgens gerapatitis kristalis Txel afsks, romelic 
wasmulia celuloidze an minis firfitaze. 

ganvixiloT polarizatoridan gamosuli sinaTlis intensivoba. Tu 
masSi gavatarebT bunebriv sinaTles, maSin, cxadia, gamosuli sinaTlis 

intensivoba  I  Sesuli sinaTlis intensivobis  0I  naxevris toli iqneba 

(naxevari STainTmeba, naxevari gamova). amitom 

2

I
I 0  

axla ganvixiloT polarizebuli sinaTlis gavla meore 
polarizatorSi. am ukanasknels analizatori ewodeba. 

vTqvaT polatizatoris 11 oo  optikuri RerZi adgens   kuTxes 

analizatoris –

22 OO  RerZTan. polarizaciis Tvisebidan gamomdinare 

cxadia, rom polarizebuli sxivis E

 veqtori 


11 OO  RerZis 

perpendikularuli iqneba. davSaloT E

 veqtori or mdgenelad: 1E  da 11E  

(nax. 2). 
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                        Nnax.2 

analizatori gaatarebs mxolod 1E  mdgenels, romelic 

22 OO  RerZis 

perpendikularulia. amitom gamosuli sinaTlis eleqtruli velis 
daZabuloba toli iqneba:  

cosEE1   
am tolobis orive mxare aviyvanoT kvadratSi. miviRebT: 

222
1 cosEE   

gavixsenoT, rom sinaTlis talRis intensivoba proporciulia misi 

eleqtruli velis daZabulobis kvadratisa. maSin IE ~2
1  da warmoadgens 

gamosuli sinaTlis intensivobas, xolo 0
2 ~ IE  da Sesuli sinaTlis 

intensivobas gamosaxavs amis gaTvaliswinebiT miviRebT: 

20 cosII   

am damokidebulebas maliusis kanoni ewodeba. 
 

saWiro xelsawyoebi 
 

1. sinaTlis wyaro 
2. polarizatori da analizatori 
3. fotoelementi 
4. mikroampermetri 
 

cdis Tanmimdevroba 
 

1. daayeneT sinaTlis wyaro ise, rom misgan gamosuli sxivebi gadiodes 
polarizatorSi, analizatorSi da xvdebodes fotoelements. 
2. analizatoris limbi (isari) daayeneT 0 _ ze. 
3. polarizatoris brunviT miaRwieT mikroampermetris isris maqsimalur 
gadaxras. (am dros polarizatoris da analizatoris optikuri RerZebi 
paraleluri iqneba) Tu mikroampermetris isari gadascdeba skalas, 
sinaTlis wyaros kvebis blokis saxeluriT SeamcireT sinaTlis Zala. 
4. abruneT analizatori da yoveli 100_iT Semobrunebis Semdeg CaiwereT 

mikroampermetris Cveneba  I . es Cveneba gamosuli sinaTlis intensivobis 

proporciulia da pirobiTad SeiZleba CaiTvalos intensivobis tolad. 
monacemebi SeitaneT cxrilSi. 

5. iangariSeT cos  da 2cos _s mniSvnelobebi. Sedegebi SeitaneT 
cxrilSi. 

6. aageT I –sa da 2cos –s Soris damokidebulebis Sesabamisi grafiki/. 
Tu amocana swored gaqvT Sesrulebuli unda miiRoT wrfe, radgan 
maliusis kanonis Tanaxmad es damokidebuleba wrfivia. 
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dakvirvebaTa cxrili 

 
  00 100 200 300 400 500 600 700 800 900 

cos            

2cos            

AI            

 

20 cosII   

sakontrolo kiTxvebi 
 

1. ras ewodeba sinaTlis polarizacia? 
2. riT gansxvavdeba bunebrivi sinaTle polarizebulisagan? 
3. ra saxis polarizaciebi iciT? 
4. kristalebis ra Tviseba udevs safuZvlad polarizebuli sinaTlis 
miRebas? 
5. daxazeT maliusis kanonis gamoyvanisaTvis saWiro naxazi. 
6. CamoayalibeT maliusis kanoni (dawereT formula). 
 
 
 
 
 
 

 

fotoefeqtis ZiriTadi kanonebis 
Seswavla 

 
fotoeleqtruli efeqti anu fotoefeqti ewodeba eleqtronebis 

amofrqvevas liTonidan masze sinaTlis minaTebis Sedegad, amotyorcnil 
eleqtronebs fotoeleqtronebi hqvia. 

fotoefeqtis movlena aRmoaCina hercma, xolo detalurad Seiswavla 
stoletovma. 

stoletovis cda SemdegSi mdgomareobs: aviRoT minisagan damzadebuli 
mili da movaTavsoT masSi ori eleqtrodi (firfita). amovtumboT milidan 
haeri. eleqtrodebze movdoT Zabva, romlis regulireba SeiZleba R  
potenciometriT, xolo gazomva –V  voltmetriT. denis Zalis gasazomad 

wredSi CavrToT mikroampermetri  A . ampermetris CarTva ar ivargebs, 

radgan deni Zalze sustia/. 
mivasxivoT uaryofiT eleqtrods (kaTods) sinaTlis kona. kaTodidan 

amoifrqveva eleqtronebi da wredSi aRiZvreba deni (nax. I). 
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                 Nnax.1 
Tu Zabvas TandaTan gavzrdiT, denis Zalac gaizrdeba da garkveuli U  

ZabvisaTvis maqsimalur mI  mniSvnelobas miaRwevs. am dens najerobis deni 

ewodeba. (nax.2). denis Zalis        

        
Nnax.2 

damokidebulebas Zabvaze volt_amperuli maxasiaTebeli ewodeba. 
grafikidan Cans, rom wredSi deni arsebobs maSinac, roca Zabva 
eleqtrodebs Soris nulis tolia, magram maT gaaCniaT garkveul siCqare da 
isini Zabvis modebis gareSec aRweven anods (dadebiT eleqtrods). 
imisaTvis, rom SevwyvitoT es deni saWiroa movdoT Semakavebeli Zabva (e.i. 
SevucvaloT polaroba) eleqtronebis nakadi (deni) Sewydeba maSin, roca 
isini TavianT kinetikur energias mTlianad daxarjaven potencialTa 
sxvaobis gadasalaxavad Sesrulebul muSaobaze amitom SegviZlia 
davweroT: 

0

2

2
eU

m



 

e  _ eleqtronis muxtia: 0U  _ Semakavebeli Zabva; m  _ eleqtronis masa. 

es formula gvaZlevs saSualebas, viciT ra Semakavebeli Zabva, 
viangariSoT foto eleqtronebis siCqare. 

aRwerili cdis safuZvelze stoletovma daadgina Semdegi ori kanoni: 
1. sinaTlis mier erT wamSi liTonis zedapiridan amotyorcnili 

eleqtronebis raodenoba sinaTlis intensivobis proporciulia. 
2. fotoeleqtronebis maqsimaluri siCqare ganisazRvreba mxolod 

sinaTlis sixSiriT da izrdeba sixSiris zrdasTan erTad. 
pirveli kanoni gasagebia _ didi inten-sivobis sinaTle meti 

raodenobiT eleqtronebs amotyorcnis liTonidan. magram meore kanoni 
gaugebaria: didi intensivobis sinaTle unda aniWebdes eleqtronebs did 
energias da maTi siCqarec didi unda yofiliyo. magram es ase araa! 
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    stoletovis meore kanoini ainStainma axsna (fotoefeqtis da difuziis 
Teoriis SeqmnaSi man nobelis premia miiRo). ainStainma dauSva, rom 
sinaTle porciebiT anu kvantebiT gamosxivdeba. plankis formulis 
Tanaxmad, TiToeuli kvantis energia tolia 

 h  
h _ plankis mudmivaa;   _ sinaTlis sixSire. 
ainStainis azriT eleqtroni mTlianad STanTqavs kvantis energias, 

modis aRgznebul mdgomareobaSi da amoityorcneba liTonidan. miniWebuli 
energiis xarjze igi asrulebs liTonidan amosvlaze saWiro muSaobas 
(gamosvlis muSaoba) da Tu darCeba energia _ SeiZens kinetikur energias, 
naTqvami SegviZlia gamovsaxoT ainStainis cnobili formuliT: 

2

2mv
Ahv   

A  _ gamosvlis muSaoba. igi sxvadasxvaa sxvadasxva liTonisaTvis. 
am formulidan Cans rom, rac metia sinaTlis sixSire miT metia 

eleqtronebis siCqare da stoletovis kanonic gasagebi xdeba. 
SevniSnoT, rom fotoefeqti iwyeba maSin, roca 

h

A
v   

naklebi sixSiris mqone sinaTle ver amotyorcnis eleqtronebs 
liTonidan. minimaluri sixSire, romlis zemoT adgili aqvs fotoefeqts 
ganisazRvreba formuliT: 

h

A
v min  

am sixSires fotoefeqtis “wiTeli sazRvari” ewodeba. “wiTeli” imitom, 
rom minimaluri sixSire wiTeli feris sinaTles Seesabameba. 

fotoefeqts mravali gamoyeneba aqvs. misi meSveobiT ametyvelda kino 
da arsebobs televizori. fotoefeqtze damzadebuli xelsaw-yoebi _ 
fotoelementebi, adamianis Tvalis rols asruleben, magram gacilebiT 
mgrZnobiare da zusti arian. 

 
saWiro xelsawyoebi 

 
1. fotoelementi 
2. gamanaTebeli 
3. mudmivi denis wyaro 
4. voltmetri da mikroampermetri 
 

cdis Tanmimdevroba 
 
1. CarTeT mudmivi denis wyaro. gamanaTebeli mianaTeT fotoelements da 
voltmetris isari daayeneT nulze. 
2. gazomeT manZili fotoelementsa da gamanaTebels Soris /miaxloebiT/ 

 r . 
3. 10_10 voltis momatebiT cvaleT Zabva da CaiwereT mikroampermetris 
Sesabamisi Cvenebebi. 
4. cda gaimeoreT 3_jer gamanaTeblis sxvadasxva mdebareobisaTvis, e.i. 
sxvadasxva r _saTvis. 
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5. monacemebis mixedviT aageT erT naxazze samive volt_amperuli 
maxasiaTebeli. Darw-mundiT, rom garkveuli Zabvidan deni najerobas aRwevs. 
najeri deni miT metia, rac metia ganaTebuloba anu rac naklebia r  
manZili. 

 
dakvirvebaTa cxrili 

 

1r  2r  3r  

# Zabva 
U  

denis 
Zala 

 AI   

Zabva 
U  

denis 
Zala 

I  

Zabva 
U  

denis 
Zala 

I  
1       
2       
3       
4       
5       
6       
7       
8       
9       
10       
11       
12       

 

2

mv
Av

2

  

 
sakontrolo kiTxvebi 

 
1. raSi mdgomareobs fotoefeqtis movlena? 
2. daxazeT stoletovis cdebis Sesabamisi eleqtruli sqema. 
3. ras ewodeba volt_amperuli maxasiaTebeli? daxazeT misi grafiki. 
4. rogor SegviZlia gavzomoT fotoeleqtronebis siCqare? 
5. CamoayalibeT stoletovis kanonebi. 
6. daasabuTeT ainStainis formula da axseniT stoletovis II kanoni. 
7. rogor gamosxivdeba da STainTqmeba sinaTle? 
8. rogor fers airCevdiT fotoefeqtis dakvirvebisaTvis? 

 
 
 

 

speqtroskopis dagraduireba 
 

cnobilia, rom sinaTle mudmivi siCqariT (300000km./wm) vrceldeba 
mxolod vakuumSi. sxvadasxva garemoSi sinaTlis siCqare sxvada-sxvaa da 
ganisazRvreba garemos gardatexis maCvenebliT. garemos gardatexis 
maCvenebeli gviCvenebs Tu ramdenjer mcirdeba sinaTlis siCqare garemoSi 
vakuumTan SedarebiT. 
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c

n                   (1) 

aRsaniSnavia, rom sinaTlis gardatexis maCvenebeli damokidebulia 
sinaTlis talRis sixSireze (ferze). am damokidebulebas dispersia 
ewodeba. maTematikurad es gamoisaxeba Semdegi saxiT: 

)(nn   
Cveulebrivad gardatexis maCvenebeli izdeba, roca izrdeba sinaTlis 

sixSire. am damokidebulebas normaluri dispersia ewodeba. normaluri 
dispersiis pirobaa: 

0
d
dn

 

normaluri dispersiis Sedegad sinaTle iSleba ferebad, roca igi 
gaivlis magaliTad samkuTxa prizmas. dispersiis Sedegad miRebul ferTa 
zols speqtri ewodeba. speqtrs uwodeben agreTve sixSireTa erTobliobas, 
romelic axasiaTebs gamosxivebis Semadgenlobas. 

prizmaSi gavlisas yvelaze metad gardatydebian iisferi sxivebi, 
radgan maTi sixSire didia (nax. I). 

         
                  Nnax.1 

    aris SemTxvevebi, roca sinaTlis sixSiris zrdasTan erTad gardatexis 
maCvenebeli mcirdeba. aseT dispersias anomaluri ewodeba. anomaluri 
dispersiis  pirobaa 

0
d
dn

 

imisaTvis, rom avxsnaT ori saxis dispersiis arseboba, ganvixiloT 
dispersiis elementaluri Teoria. viciT, rom nivTiereba Sedgeba atomebisa 
da molekulebisagan, xolo maT SemadgenlobaSi Sedian damuxtuli 
nawilakebi eleqronebi da atombirTvebi. pirvel miaxlovebaSi SegviZlia 
CavTvaloT, rom atombirTvebi uZravi arian, xolo eleqtronebi ganicdian 

rxevas. yoveli eleqtroni xasiaTdeba sakuTari i0  rxevis sixSiriT. 

roca sinaTlis talRa gadis nivTierebaSi, igi iwvevs eleqtronebis 
iZulebiT rxevebs. amis Sedegad warmoiSoba meoradi talRebi. pirveladi da 
meoradi talRebis superpozicia gvaZlevs axal talRas, romlis siCqare 
gansxvavdeba pirveladi talRis siCqarisagan vakuumSi. es gansxvaveba 
damokidebulia sinaTlis sixSireze. maSin cxadia, (1) formulis Tanaxmad 
gardatexis maCvenebelic iqneba damokidebuli sinaTlis sixSireze. swored 
amaSi mdgomareobs dispersiis fizikuri Sinaarsi. 

Tu moviSveliebT eleqtromagnetizmSi ganxilul iZulebiTi rxevebis 
Teorias, maSin davadgenT, rom 

22
0

2 1
 


i

A
n  
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A  _ mudmivi sididea mocemuli nivTierebi saTvis,   _ sinaTlis sixSire. 
(am formulis Sesabamisi grafiki gaixseneT saleqcio masalidan).(nax.2) 

          
                      Nnax.2 

     formulidan Cans, rom Tu i0  ; maSin n  cxadia sinamdvileSi 

es ase ar aris. gaangariSebis dros Cven unda gagve-Tvaliswinebia 
eleqtronebis rxevebis mile-vadoba da Sesabamisad maSin formulis saxe 
Seicvleboda AB  da CD  ubnebze adgili aqvs normalur dispersias _ 
gardatexis maCvenebeli izrdeba sixSiris zrdasTan erTad. BC  ubani 
Seesabameba anomalur dispersias. es ubani gacilebiT ufro viwroa, vidre 
normaluri dispersiis ubnebi. amitomaa, rom normaluri dispersia ufro 
xSirad amJRavnebs Tavs, vidre anomaluri. 

sainteresoa aRvniSnoT, rom Tu i0  . maSin 1n  da (1) formulis 

Tanaxmad sinaTlis siCqare garemoSi meti iqneba vidre sinaTlis siCqare 
vkuumSi (C )!? erTi SexedviT es ewinaaRmdegeba fardobiTobis Teorias, 
romelic krZalavs signalebis arsebobas, romelTa siCqare aRemateba 
sinaTlis siCqares vakuumSi. magram aseTi C  siCqariT vrceldeba 
mxolod talRis faza da ara signali (energia). am siCqares fazuri siCqare 
ewodeba. 

dispersiis SeswavlisaTvis iyeneben specialur xelsawyos _ 
speqtroskops. speqtroskopi gvaZlevs saSualebas davafiqsiroT speqtrSi 
Semavali nebismieri xazis (zolis) adgilmdebareoba, romelic ama Tu im 
fers Seesabameba. Tu winaswar am mdebareobebs SevusabamebT cnobil 
talRis sigrZes, maSin SegviZlia avagoT mrudi, romlis mixedviT SemdegSi 
ganvsazRvravT ucnobi talRis sigrZesac. am operacias speqtroskopis 
dagraduireba ewodeba. 

 
saWiro xelsawyoebi 

 
1. speqtroskopi 
2. rumkortis koWa 
3. denis wyaro 
4. speqtruli milebi 
 

cdis Tanmimdevroba 
 

1. mivuerTeT rumkordis koWas heliumiT Sevsebuli speqtruli mili. 
CarTeT wredi da speqtroskopis gadaadgilebiT miaRwieT imas, rom 
speqtroskopSi Candes mkveTri zolovani speqtri. 
2. mikrometruli xraxnis brunviT SeuTavseT samizne xazi speqtris 
feradi zolebis Sua nawilebs da CaiwereT mikrometruli xraxnis 

Sesabamisi Cvenebebi  N . 
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3. amoiwereT cxrilidan ferebis Sesabamisi talRis sigrZeebi   . 
4. monacemebi SeitaneT dakvirvebaTa cxrilSi. 

5. aageT  N  damokidebulebis grafiki. 

6. SecvaleT speqtruli mili. (am dros wredi gamorTuli unda iyos!!!) 
7. monaxeT speqtrSi yvelaze mkveTri zoli, SeuTavseT mas samizne xazi 

da CaiwereT mikrometrli xraxnis Cveneba  xN . 

8. grafikis saSualebiT gaigeT am zolis Sesabamisi talRis sigrZe  x . 

9. zolis feris mixedviT daadgineT cxrilidan misi talRis Sesabamisi 

sigrZe  0 . 

10. iangariSeT absoluturi da fardobiTi cdomilobebi. 
 

dakvirvebaTa cxrili 
 
  

NN  
(dan.) 

  

10-7m. 
xN

 

x  

10-7 
0  

10-7 
Δ
 

Δ
 

zolebis 
feri 

        
 

sakontrolo kiTxvebi 
 

1. ras gviCvenebs gardatexis maCvenebeli? 
2. ras ewodeba dispersia? ra saxis dispersiebi iciT? dawereT maTi 
maTematikuri piroba. 
3. ratom iSleba sianTle ferebad prizmaSi gavlisas? rogor arian 
ganlagebuli ferebi? ratom? 
4. dawereT dispersiis elementaluri formula da aageT Sesabamisi 
grafiki. daasaxeleT normaluri da anomaluri dispersiis ubnebi. 
5. SeiZleba TuU ara sinaTlis siCqare garemoSi aRematebodes sinaTlis 
siCqares vakuumSi? axseniT es movlena. 
6. rogor ganvsazRvroT talRis sigrZe speqtroskopis saSualebiT? 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

danarTi 
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erTeulTa saerTaSoriso sistema (Si) 
 

ZiriTadi erTeulebi 
# saxelwodeba ganzomileba saxelwodeba aRniSvna 

1 
2 
3 
4 
 
5 
6 
7 

sigrZe 
masa 
dro 
Termodinamikuri 
temperatura 
Ddenis Zala 
sinaTlis Zala 
nivTierebis 
raodenoba 

L 
M 
T 

        

I 
J 
N 
 

metri 
kilogrami 
wami 
kelvinis 
gradusi 
amperi 
kandeli 
moli 

m 
kg 
wm 
 

KK 
a 
kd 

moli 

damatebiTi erTeulebi 
# saxelwodeba ganzomileba saxelwodeba aRniSvna 

1 
2 
 

kuTxe(sibrtyeze)
kuTxe(sivrceSi) 
 



 

radiani 
steradiani 
 

rad. 
sr 

 

 
 
 
 
 
 
 
 
 
 
 

aTjeradi TavsarTebi 
 

aRniSvna 
dasaxeleba 

damokidebuleba 
ZiriTad erTeulebTan 

qarTuli saerTaSoriso 
tera 1012 t. T 
giga 109 g. G 
mega 106 mg. M 
kilo 103 k. K 
heqto 102 h. h 
deka 101 dk. da 
 
 

aRniSvna dasaxeleba damokidebuleba 
ZiriTad erTeulebTan qarTuli saerTaSoriso 

deci 10-1 d d 
santi 10-2 s c 
mili 10-3 m m 
mikro 10-6 mk.   

nano 10-9 n n 
piko 10-12 pk. p 
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zogierTi myari nivTierebis simkvrive (t=200 C) 
 

Mmyari sxeuli Kkg/m3 Mmyari sxeuli Kkg/m3 

Aaguri  1800 Ooqro 19300 
Aalumini  2700 Oorganuli mina 1200 
Bbetoni  2300 Oosmiumi 22600 
Ggogirdi 2000 Pparafini 900 
Eeboniti 1200 Pplatina 21500 
vercxli 10500  polieTileni 920 
TiTberi 8500 saweri qaRaldi 1000 
Tuji 7000 spilenZi 8900 
TuTia 7100 sufris marili 2160 
iridiumi 22400 tyvia 11300 
kala 7300 faifuri  2300 
kaproni 1100 foladi, rkina 7800 
Kkorpi 240 qarva 1070 
Kkorundi 4000 Yyinuli 900 
Mmarmarilo 2700 Sabiamani(Kkristal.) 2250 
Mmina 2500 Saqari(rafinadi) 1600 
mSrali fiWvi 400 carci 2200 
mSrali muxa 700 Zvali 1850 

 
 
 
 
 
 
 
 
 

zogierTi siTxis simkvrive (t=200 C) 
 

siTxe Kkg/m3 siTxe Kkg/m3

anilini 1020 Tafli 1350 
acetoni 790 Txevadi 

haeri(t=-1940 C) 
860 

benzini 710 Txevadi kala 
(t=4000 C 

6800 
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glicerini 1260 navTi 800 
gogirdmJava 1800 rZe 1030 
dizelis sawvavi 800 spiriti 800 
eTeri 710 wyali sufTa 1000 
vercxliswyali 13600 wyali zRvis 1030 
zeTi(mzesumziris) 930   
zeTi manqanis 900   

 
 
 

zogierTi airis simkvrive  
(normalur atmosferul wnevaze da t=200 C) 

 
airi Kkg/m3 airi Kkg/m3 

argoni 1,78 Jangbadi 1,43 
azoti 1,250 Qqlori 3,210 
bunebrivi airi 0,800 wyalbadi 0,090 
meTani 0,72 heliumi 0,180 
naxSirbadis oqsi 
di(II)(mxuTaviairi) 

1,250 wylis orTqli 
(t=1000 C) 

0,590 

naxSirbadis oqsi 
di(IV)(naxSirmJava) 

1,980 Hhaeri (t=00 C) 1,290 


gaWimvis, simtkicis zRvari da

Ddrekadobis moduli 
 

nivTiereba , mgpa Egpa 
alumini 100 70 
spilenZi 400 120 
kala 20 50 
tyvia 15 15 
vercxli 140 80 
foladi 500 200 

 
 
 
 
 
 

Bbgeris siCqare (m/wm) 
 

wyali 1450 
haeri (mSrali, normalur pirobebSi) 332 
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nivTierebis siTburi Tvisebebi 
 

Mmyari sxeuli 
nivTiereba kuTri 

siTbotevadoba 
kj/kg.K 

Ddnobis 
temperatura, 0C 

Ddnobis kuTri 
siTbo kj/kg 

Aalumini 0,88 660 380 
Yyinuli 2,1 0 330 
spilenZi 0,38 1083 180 
Kkala 0,23 232 59 
tyvia 0,13 327 25 
vercxli 0,23 960 87 
foladi 0,46 1400 82  

siTxe 
nivTiereba kuTri 

siTbotevadoba 
kj/kg.K 

duRilis 
temperatura, 

 0C 

orTqladqcevis 
kuTri siTbo 

mgj/kg 

wyali 4,2 100 2,3 
vercxliswyali 0,12 357 0,29 
spirti 2,4 78 0,85  

airi 
nivTiereba kuTri siTbotevadoba 

kj/kg.K 
kondensaciis 

temperature, 0C 
 

azoti 1,0 _196  
wyalbadi 14 _253  
Hhaeri 1,0 _  
Jangbadi 0,92 _183   

 
 
 
 
 
 
 

siTxis zedapiruli daWimulobis koeficienti, mn/m (200C-ze) 
 

wyali 73  vercxliswyali 510 
navTi 24  spirti 22 
navTobi 30  sapniswyalxsnari 40 

 
 
 
 

siTxis siblante 200C-ze (mpa.wm) 
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wyali 1,0 
glicerini 850 
abusalaTinis zeTi 1000 
manqanis zeTi 100 
vercxliswyali 1,6 

 
 
 
 

nivTierebis dieleqtrikuli SeRwevadoba 
 

wyali 81  parafini 2,1
navTi 2,1  qarsi 6 
zeTi 2,5  mina 7 

 
 
 

kuTri winaRoba CzewinaRobistemperaturuli koeficienti 
liTonebisa da SenadnobebisaTvis 


 
 
 

nivTiereba 




omi.m 
an*10-2 
omi.mm2/m 





  
 
 

nivTiereba 




om
i.m 

an*10-2 
omi.mm2/

m





alumini 2,8 0,0042  niqromi 110 0,0001
volframi 5,5 0,0048  tyvia 21 0,0037
TiTberi 7,1 0,001  vercxli 1,6 0,004 
spilenZi 1,7 0,0043  foladi 12 0,006 
nikelini 42 0,0001     

 
 

Eeleqtroqimiuri ekvivalenti, (10-6 kg/k) 
 

alumini (Al3+) 0,093 Nnikeli (Ni2+) 0,30 

wyalbadi (H+) 0,0104 vercxli (Ag+) 1,12 

Jangbadi (O2-) 0,083 Qqromi (Cr3+) 0,18 

spilenZi (Cu2+) 0,33 TuTia (Zn2+) 0,34 

kala (Sn2+) 0,62   

 
 

Eeleqtronis gamosvlis muSaoba, ev(1,6.10-19 j.) 
 

volframi 4,5 platina 5,3 
kaliumi 2,2 vercxli 4,3 
liTiumi 2,4 TuTia 4,2 
bariumis oqsidi 1,0   

zogierTi nivTierebis gardatexis 
maCvenebeli 
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1 almasi 2,42 
2 wyali 1,33 
3 yinuli 1,31 
4 skipidari 1,48 
5 mina               1,5_1,9 

 
 

zogierTi elelmentaluri nawilakis  
masa da energia 

nawilaki kg. m.e.v. j 
eleqtroni 9,11 0.531 8.16.10-14 

protoni 1.672.10-27 938 1.50.10-10 

neitroni 1.675.10-27 939 1.51.10-10 

deitroni 9.35.10-27 1876 9.00.10-10 

 
 
 
 

zogierTi fizikuri sididis ricxviTi mniSvnelobebi 
 

# fizikuri mudmiva aRniSvna ricxviTi 
mniSvneloba 

1 Tavisufali vardnis 
aCqareba 

g 9,8 m/wm2 

2 gravitaciuli 
mudmiva 

 6,67.10-11 
n.m2/kg2 

3 avogadros ricxvi  6,02.1026 

kmoli-1 

4 airisuniversaluri 
mudmiva 

R 8,31.103 
j/(moli.K) 

5 erTi moli airis 
moculoba(normalur 
pirobebSi) 

V0 22,4 m3/kmoli 

6 bolcmanis mudmiva k 1,38.10-23j/K 
7 faradeis ricxvi F 9,65.107k/kg.ekv 
8 elementaruli muxti e 1,6.10-19 k 
9 sinaTlis siCqare 

vakuumSi 
c 3.108 m/wm 

10 stefan_bolcmanis 
mudmiva 

k 5,67.10-8 
vt/m2K4 

11 vinis mudmiva b 2.9.10-3 m 
12 plankis mudmiva h 6.63.10-34 
13 ridbergis mudmiva R 1.1.107 m-1 

14 eleqtronis muxti e 1.6.10-19 k 
15 Mmasis atomuri 

erTeuli 
 1,66.10-27 kg 

16 eleqtronis 
uZraobis masa 

m0 9.11.10-31 kg 
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17 protonis uZraobis 
masa 

mp 1.672.10-27 kg 

18 neitronis uZraobis 
masa 

mn 1.675.10-
27kg.=1.00899 

m.a.e. 
 
 
 
 

ZiriTadi kanonebi da formulebi  
 

fizikuri sidideebis da 
fizikuri kanonebis dasaxeleba 

formula 

moZraobis siCqare 

V=∆r/∆t 

kuTxuri siCqare 

=∆φ/∆t 

aCqareba 

a=∆v/∆t 

kuTxuri aCqareba 

β=∆ω/∆t 

Zala F=ma 
Zalis momenti M=Fd 
wneva P=F/S 
muSaoba A=FS 
simZlavre N=A/t 
inerciis momenti J=mr2 

impulsis momenti 

L=Jω 

kavSiri periodsa da sixSires 
Soris 

T=1/γ 
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cikluri sixSire 

ω=2πγ 

siTbos raodenoba 

Q A 

kuTri siTbotevadoba 

C Q/ m∆T  

Tbounarianoba 

q Q/m 

siTburi nakadi 

Ф Q/t 

zedapiruli daWimulobis Zala 

F σl 

denis Zala 

I q/t 

Eeleqtruli velis daZabuloba 

E F/q U/l 

potenciali 

φ A/q 

eleqtrotevadoba 

C q/U 
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eleqtruli winaRoba 

R U/I 

winaRobis damokidebuleba 
gamtaris zomebze 

R ρl/S 

winaRobis damokidebuleba 
temperaturaze 

R R0 1 αt  

eleqtruli gamtaroba 

g 1/R 

omis kanoni wredis ubnisaTvis 

I U/R 

omis kanoni Caketili 
wredisaTvis 

I ε/(R+r) 

joul-lencis kanoni 

Q I2Rt 

eleqtruli denis magnituri 
momenti 

Pm IS 

magnituri nakadi 

Ф BS 

induqciuroba 

L Ф/I 
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sinaTlis arekvlis kanoni 

α β 

sinaTlis gardatexis kanoni 
21nsin

sin





 

gardatexis fardobiTi 
maCvenebeli 

1

2
21 n

n
n   

gardatexis absoluturi 
maCvenebeli 

C
n   

Txeli linzis formula 

d

1

f

1

F

1
  

linzis optikuri Zala 

F

1
D   

ori linzisagan Semdgari 
sistemis optikuri Zala 

21 DDD   

linzis xazovani gamadidebloba 

d

f
Г   

lupis gamadidebloba 

F
Г

1
  

sinaTlis wertilovani wyaros 
mier Seqmnili ganaTebuloba cos

r

I
E

2
  

ganaTebuloba 

S

Φ
E   

difraqciuli mesris formula  nsind   

difraqciuli mesris mudmiva 

N

1
d   

briusteris kanoni 
21ntg   

stefan_bolcmanis kanoni 4
e TR   

vinis kanoni 

T

C
0


  

kvantis energia 


 C

hh   

ainStainis formula 
fotoefeqtisaTvis 2

2m
Ahv   

fotoefeqtids wiTeli sazRvari 
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h

A
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