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amocanebi. yoveli Tavis 
bolos mocemulia 
SekiTxvebi da amocanebi 
Seswavlili masalis 
gamoyenebiT.

proeqti. warmoadgens 
saSinao davalebas. aqvs 
eqsperimentuli samuSaos 
saxe da mis 
Sesasruleblad 
SesaZlebelia nebismieri 
resursis gamoyeneba.

yoveldRiurobasTan kavSiri. eqsperimentuli davalebebi, romelTa 
Sesasruleblad SesaZlebelia sxvadasxva resursis gamoyeneba.

ra SeityveT? kiTxvebi 
SeZenili codnis 
gansamtkiceblad.

SeafaseT Tqveni codna. davalebebi, romlebic mimarTulia 
Tqven mier masalis aTvisebis xarisxis gansazRvrisken da 
romlis mizania Tqveni SemoqmedebiTi unarebis ganviTareba.

gaecaniT saxelmZRvanelos! gamoyeneba. cdebi da davalebebi Sesaswavli 
masalis ukeTesad aTvisebis, gamoyenebisa da 
komentirebisaTvis.

praqtikuli samuSao. 
moswavleTa mier 
ganxorcielebuli, Sesaswavl 
TemasTan dakavSirebuli, 
eqsperimentuli samuSaoebi.

motivacia. 
aRwerilia sxvadasxva 
situacia, xdeba maTi 
ganzogadeba adre miRebuli 
codnis safuZvelze.

cnebebis ruka. 
TavSi ganxiluli 
cnebebis sistema (maTi 
urTier-TkavSirebis 
Tanmimdevroba).

kvleviTi samuSao. 
praqtikuli laboratoriuli 
samuSaoebi, romlebic 
sruldeba individualurad 
da jgufTan erTad, rac 
iZleva adre miRebul 
codnasa da mocemul 
momentSi Sesaswavl sakiTxs 
Soris kavSiris damyarebis 
saSualebas.

codnis 
gaRrmaveba. ZiriTadi cnebebi, 
gansazRvrebi, wesebi da 
ganmartebebi, romlebic 
dakavSirebulia TemasTan da xels 
uwyobs Temis siRrmiseul gagebas.
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• axsnaT, ra gansxvavebaa materialur wertilsa da 

sxeuls Soris, gzasa da gadaadgilebas Soris, Ta-nabar 

da Tanabrad cvlad wrfiv moZraobebs Soris; 

• Tanabari da Tanabrad cvladi wrfivi moZraobebis 

grafikebis agebas da maT analizs; 

• axsnaT sxeulis Tavisufali vardna da vertikalurad 

asrolili sxeulis moZraoba; 

• SeadginoT da amoxsnaT Tvisebrivi da raodenobrivi 

amocanebi moZravi materialuri wertilisaTvis, 

rodesac moZraoba aris wrfivi Tanabari, wrfivi 

Tanabrad cvladi da Tanabari moZraoba wrewirze; 

• aagoT fizikuri sidideebis damokidebulebis gra-

fikebi, romlebic axasiaTeben materialuri werti-

lis wrfiv Tanabar, wrfiv Tanabrad cvlad da wre-

wirze Tanabar moZraobas; 

• eqsperimentiT gansazRvroT fizikur sidideebs Soris 

damokidebuleba, romlebic axasiaTeben wrfiv 

Tanabar, wrfiv Tanabrad cvlad da wrewirze Tanab-

rad moZrav materialur wertils; 

• moiyvanoT sxvadasxva saxis meqanikuri moZraobis ma-

galiTebi yoveldRiuri cxovrebidan, agreTve meqa-

nizmebis muSaobis principebisa da gamoyenebis maga-

liTebi. 

 

kinematikis safuZvlebi 
 
 
am Tavis Seswavlis Semdeg  

Tqven SeZlebT: 
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I TavSi gamoyenebuli cnebebis ruka 

siCqare: drois 

wrfivi  

funqcia 

aCqareba: sididiT da 

mimarTulebiT ar 

icvleba 

gadaadgileba: drois 

kvadratis 

proporciulia 

maxasiaTebleb

kuTxuri siCqare: ar 

icvleba drois 

ganmavlobaSi 

xazovani siCqare: 

icvlis mimarTule-

bas, ar icvlis 

sidides 

brunvis sixSire 

centriskenuli 

aCqareba: icvlis 

mimarTulebas, ar 

icvlis sidides 

maxasiaTebleb

mobrunebis kuTxe 

saxeoba saxeoba 

meqanikuri 
moZraoba

brunvis periodi 



 

 10  

  meqanikuri moZraoba da misi aRwera 
 

  
 
 

amocana 1: r. stivensonis romanidan `gan-

Zis kunZuli~ iciT, rom legendarulma me-

kobrem kapitanma flintma, kunZulze gan-

Zis Camarxvis adgili rukaze Semdegnairad 

aRniSna: `maRali xe. Wogritis kalTa. 

mimarTuleba CCa-dan C-saken. ConCxis kun-

Zuli asa da a-saken. aTi futi. vercxlis 

zodebi CrdiloeT sacavSia; miagneb aRmo-

savleT borcvis ferdobze; aTi saJeni Savi 

kldis samxreTiT, Tu piri misken geqneba. 

amoTxare 90 duimi~ (a).  

Tqven Tu SegiZliaT ganZis mdebareobis 

gansazRvra (1 futi = 30,48 sm, 1 saJeni = 213,36 sm, 1 duimi = 2,5 sm)?  

imsjeleT Sedegebze: 

• Tqven Tu SegiZliaT kunZulze wasvlmde rukis mixedviT gansazRvroT ganZis 

adgilmdebareoba? ra unda gaakeToT amisTvis? 
 

moZraoba mudmivad cvalebadi materiis erT-erTi ZiriTadi Tvi-

sebaa Cven irgvliv arsebul samyaroSi. moZraobis erT-erTi yvelaze 

martivi saxea meqanikuri moZraoba. 

• meqanikuri moZraoba sxeulis mdebareobis cvlilebaa sivrceSi 

sxva sxeulebis mimarT drois ganmavlobaSi.  

• mecnierebas, romelic meqanikuri moZraobis kanonzomierebebsa da 

misi warmoSobis mizezebs Seiswavlis, meqanika ewodeba (berZnuli 

sityvidan `mekhane~ _ manqana, meqanizmi). 

• meqanikis ZiriTadi amocanaa sivrceSi sxeulis mdebareobis gansa-

zRvra drois nebismier momentSi. 

meqanikis ZiriTadi amocanis gadasaWrelad aucilebelia, ganvsa-

zRvroT, rogor moZraobs sxeuli, rogor icvleba misi mdebareoba 

drois ganmavlobaSi. sxva sityvebiT, aucilebelia meqanikuri moZ-

raobis damaxasiaTebel fizikur sidideebs Soris kavSiris dadgena. 

• meqanikis nawils, romelic Seiswavlis sxeulebis meqanikur moZ-

raobas am moZraobis warmoqmnis mizezebis gaTvaliswinebis gareSe, 

kinematika ewodeba (berZnuli sityvidan `kinematos~ _ moZraoba). 

meqanikuri moZraobis erT-erTi yvelaze martivi saxea gadata-niTi 

moZraoba. 

1.1 

albaT, gsmeniaT Zveli berZeni 

filosofosis heraklite efeselis (Zv.  

        w. 554-483 ww.) cnobili gamo-  

           naTqvamebi: `yvelaferi miedine-

            ba, yvelaferi icvleba~, `SeuZ-   

              lebelia erTsa da imave 

                mdinareSi orjer Sesvla~. 

• ra azria am gamonaTqvamebSi? 

Tu megobari daTqmul adgilze ar 

gxvdebaT, Tqven mas urekavT da 

ekiTxebiT: `sad xar?~. megobari 

warmoidgens Tqveni Sexvedris ad-

gils da gTxovT: `mand damelode, 

movdivar~. 

• ra fizikuri azria gamonaTqvamebSi 

`sad xar?~ da `mand damelode~? 

ganZis

kunZuli 

(a)



 

 11  •   I   •  kinematikis safuZvlebi  • 

I 

• sxeulis moZraobas gadataniTi ewodeba, Tu misi yvela wertili er-

Tnairad moZraobs. 
gadataniTi moZraobis dros sxeulis ne-

bismier or wertilze gamavali wrfe Tavisi 

sawyisi mdgomareobis paraleluri rCeba. ma-

galiTad, gadataniTia Cemodnis moZraoba, ro-

melic naCvenebia naxatze (b). radgan gadata-niTi 

moZraobis dros sxeulis yvela wertili 

erTnairad moZraobs, es moZraoba SegviZlia 

warmovadginoT sxeulis romelime erTi werti-

lis moZraobis saxiT. am mizeziT meqanikaSi 

iyeneben sxeulis idealizebul fizikur mode-

ls, romelsac materialuri wertili ewodeba.  

• sxeuls, romlis zomebi mocemul pirobebSi 

SegviZlia ugulebelvyoT, materialuri wer-

tili ewodeba. 

drois nebismier momentSi materialuri wer-

tilis mdebareobis gansazRvrisaTvis irCeven 

aTvlis sxeuls. 

• aTvlis sxeuli ewodeba sxeuls, romlis 

mimarTac Seiswavleba materialuri werti-

lis moZraoba. 

aTvlis sxeuls nebismierad irCeven da pi-

robiTad iTvleba, rom is uZravia. magali-Tad, 

aTvlis sxeulad SegviZlia avirCioT mze, 

dedamiwa, xiluli varskvlavebi, mata-reblis 

vagoni, romliTac vmgzavrobT da sxv. 

materialuri wertilis mdebareoba arCeuli aTvlis sxeulis mi-marT 

SegviZlia ganvsazRvroT koordinatTa meTodis an radius-veq-toris 

meTodis gamoyenebiT. 

materialuri wertilis mdebareobis gansazRvra koordinatTa meTodis 

gamoyenebiT. 

aTvlis sxeulis arCevis Semdeg am sxeulis romelime wertils aTvlis 

saTaved irCeven da masze sakoordinato RerZebs avleben. amis Semdeg 

nebismieri materialuri wertilis mdebareobas am koordinatebiT 

gansazRvraven. amis gakeTeba Tqven maTematikis gakveTilebze iswavleT 

(ix. maTematika 5). magaliTad, ganvsazRvroT avtomobilis mdebareoba 

swor gzaze (g). 

 
amisTvis sakmarisia gzis gaswvriv gavavloT erTi sakoordinato OX 

RerZi. sakoordinato RerZis saTaved (wertili O) avirCioT xe, rome-

lic gzis piras izrdeba. am SemTxvevaSi avtomobilis mdebareoba gani-

(g) 

(b)

yuradReba! aq sityvebi `mo-

cemul pirobebSi~ niSnavs, 

rom Tu erT SemTxvevaSi 

romelime sxeuli SegviZ-

lia materialur wertilad 

CavTvaloT, igive sxeuli 

sxva pirobebSi materialur 

wertilad ver CaiTvleba. 

magaliTad, radgan deda-

miwis radiusi 24000-jer 

naklebia dedamiwidan mzem-

de manZilze, dedamiwa mzis 

irgvliv moZraobis dros 

SegviZlia materialur wer-

tilad CavTvaloT. magram 

TviTmfrinavis, avtoobi-

lis, kosmosuri xomaldisa 

da sxva moZraobis Seswavli-

sas dedamiwas materialur 

wertilad ver CavTvliT. 
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sazRvreba mxolod misi x koordinatiT. koordinatTa saTavis marjvniv 

koordinatebi dadebiTi sidideebia, marcxniv _ uaryofiTi sidideebi. 

davuSvaT, rom dakvirvebis sawyis momentSi (t = 0) avtomobili aris 

wertilSi, romlis koordinatia _300 m. misi sawyisi mdebareobaa wer-

tili A, romlis koordinati x0-iT aRvniSnoT: x0 = _300 m. avtomobili x 
RerZis gaswvriv moZraobs da drois romeliRac t momentSi aRmoCndeba 

wertilSi koordinatiT x = 1200 m-s. avtomobilis mdebareobis gansa-

zRvra drois nebismier momentSi SegveZleba, Tu gvecodineba misi 

koordinatis damokidebuleba droze: x = x(t). 
Tu sxeuli sibrtyeze moZraobs (magaliTad, kalmis wveri furcel-

ze, navi tbis zedapirze), SerCeul aTvlis sxeulze unda gavavloT ori 

sakoordinato RerZi OX da OY. sibrtyeze wertilis mdebareoba x da y 
koordinatebiT ganisazRvreba. magaliTad, M wertilis koordinatebia: 

x = 5 da y = 4; N wertilis koordinatebia: x = _3, y = 3 (d). amgvarad, 

moZravi sxeulis koordinatebis droze damokidebulebis gantolebebi: 

x = x(t) da y = y(t) aRwers materialuri wertilis moZraobas sibrtyeze. 

sivrceSi sxeulis mdebareobis gansazRvrisaTvis (magaliTad, Tevzis 

mdebareoba wyalSi, TviTmfrinavis mdebareoba caSi) aTvlis sxeuls 

samganzomilebian koordinatTa sistemas ukavSireben da am sistemaSi 

gansazRvraven sivrceSi sxeulis mdebareobis x, y da z koordinatebs (e). 

 

 
 

sruli warmodgena rom SeviqmnaT materialuri wertilis meqanikur 

moZraobaze (wrfeze, sibrtyeze Tu sivrceSi), aucilebelia, davadginoT, 

rogor icvleba misi koordinatebi drois ganmavlobaSi. amisTvis auci-

lebelia drois sazomi xelsawyo. rogorc wesi, iyeneben saaTs, romelsac 

wamebis aTvlis SesaZlebloba aqvs. saaTis daxmarebiT gansazRvraven, 

(d) (e)

materialuri wertilis mdebareobis gansazRvra 

radius-veqtoris meTodiT. 

• veqtors, romelic koordinatTa saTaves materi-

alur wertilTan aerTebs, radius-veqtori ewodeba. 

radius-veqtori aRiniSneba ࢘ሬԦ. asoTi. misi sigrZe (anu 

moduli) ganisazRvreba manZiliT koordinatTa saTa-

vidan M wertilamde (v). radius-veqtors maSin iye-

neben, rodesac cnobilia misi moduli da mimar-

Tuleba. radius-veqtoris droze damokidebuleba ࢘ሬԦ 
(t) aRwers materialuri wertilis moZraobas. 

(v)
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rogor icvleba materialuri wertilis koordinatebi moZraobis da-wyebis 

t0 momentidan drois momdevno t1, t2, t3 da a. S. momentebamde. 

amgvarad, materialuri wertilis meqanikur moZraobas Seiswavlian 

arCeuli aTvlis sistemis mimarT. 

• aTvlis sxeuli, masTan dakavSirebuli sakoordinato sistema da dro-

is sazomi xelsawyo qmnis aTvlis sistemas. 

 
ra SeityveT? samuSao rveulSi CawereT moyvanili cnebebis ganmartebebi: `meqani-

kuri moZraoba~, `meqanika~, `meqanikis ZiriTadi amocana~, `kinematika~, `gadataniTi 

moZraoba~, `materialuri wertili~, `aTvlis sxeuli~, `aTvlis sistema~. 

 
 
 

  gza da gadaadgileba 

 

kvleviTi samuSao-2. gansazRvreT materi-

aluri wertilis koordinatebi 

amocana: dafaze markeriT aRniSnulia moZ-

raobis suraTi (z). gansazRvreT markeris 

wveris koordinatebi A wertilSi drois t1 = 

0 momentSi, B wertilSi drois t0 = 2 wm 

momentSi da C wertilSi drois t2 = 4 wm 

momentSi.  
imsjeleT Sedegebze: 

• ris codnaa aucilebeli dafaze markeris wveris moZraobis aRsawerad? 

• rogoria markeris wveris koordintebi, romlebic drois sam sxvadasxva 

momentSi gansazRvreT? 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: 

1. ramdeni sakoordinato RerZi unda gamoviyenoT mindorSi moZravi traqtoris 

gadaadgilebis gansasazRvrad? pasuxi daasabuTeT. 

2. moiyvaneT gadataniTi moZraobis magaliTebi yoveldRiuri cxovrebidan. 

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kargad da ra darCa Tqven-

Tvis nawilobriv gaugebari? 

2. ra pirobebSia SesaZlebeli erTi da imave sxeulis CaTvla materialur wer-

tilad da ra SemTxvevaSi ara? ratom? SegiZliaT Tu ara magaliTebis moyvana? 

3. ra warmoSobs aTvlis sistemis gamoyenebis aucileblobas? 

4. koordinatTa romeli sistemis gamoyenebaa saWiro sivrceSi sxeulis mdebare-

obis _ magaliTad, caSi frinvelis mdebareobis _ gansasazRvrad? 

(z) 

1.2 
saskolo avtobusi baqos azadligis moednidan 8.00-

ze gavida. 

• SeiZleba Tu ara zustad ganvsazRvroT, sadamde mi-

vida avtobusi 10.00-sTvis, Tu cnobilia, rom man am 2 

saaTis ganmavlobaSi 135 km manZili gaiara? ratom? 

• SeZlebs Tu ara avtobusi 10.00-ze isev azadligis 

moedanze aRmoCndes? 

• sakmarisia Tu ara sxeulis saboloo mdebareobis 

gansasazRvrad misi sawyisi mdebareobisa da mis mier 

ganvlili manZilis codna? pasuxi daasabuTeT. 

  

Sabrani

Semaxa

Sirvani
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Tqven iciT, rom yvela moZraoba garkveuli traeqtoriiT sruldeba. 

• traeqtoria aris wiri, romelsac moZraobis dros materialuri wer-

tili aTvlis mocemul sistemaSi Semowers. es wiri SeiZleba uxilavi 

iyos, rogorc, magaliTad, Tevzis moZraobis traeqtoria wyalSi, 

TviTmfrinavisa _ caSi, futkrisa _ haerSi da sxv. maTi mxolod warmo-

dgenaa SesaZlebeli. traeqtoriis formis mixedviT meqanikuri moZra-

oba iyofa wrfivad da mrudwirulad. 

• moZraobas, romlis traeqtoria aTvlis mocemul sistemaSi warmo-

adgens wrfes, wrfivi moZraoba ewodeba (b), xolo moZraobas, romlis 

traeqtoria mrudi wiria _ mrudwiruli moZraoba (g). 

• materialuri wertilis moZraobis traeqtoriis sigrZes gavlili 

manZili ewodeba (an ubralod manZili) (ix. fizika 7). gavlili manZili 

dadebiTi skalaruli sididea, aRiniSneba l asoTi da SI sistemaSi misi 

sazomi erTeulia metri _ 1 m. 

 
materialuri wertilis moZraobis srulad aRwerisaTvis saWiroa 

ganvsazRvroT misi mdebareobis cvlileba sivrceSi drois ganmavlobaSi. 

es niSnavs, rom ganvsazRvroT materialuri wertilis koordinatebis 

cvlileba an misi radius-veqtoris cvlileba drois ganmavlobaSi. 

• nebismieri fizikuri sididis cvlileba misi sawyisi da saboloo 

mniSvnelobis sxvaobis tolia da misi aRniSvnis win iwereba niSani Δ 

(berZnuli anbanis aso). 

samuSaos msvleloba: 1. Zafisa da saxazavis saSualebiT gazomeT saavtomobilo,

sarkinigzo da sahaero gzebi baqosa da zaqaTalas Soris. 2. miRebuli Sedegebi

gamosaxeT kilometrebiT (rukis masStabis gaTvaliswinebiT) da CawereT 1.1

cxrilis Sesabamis grafebSi (cxrili gadaixazeT samuSao rveulSi). 

 cxrili 1.1. 

kvleviTi samuSao-1. erTnairi manZili gai-

ares Tu ara turistebma or qalaqs Soris? 

resursebi: sagzao-satransporto ruka 

qalaqebs baqosa da zaqaTalas Soris (a), 

Zafi, saxazavi an kulvimetri. 

saavtomobilo gza 

sarkinigzo gza 

sahaero gza 

(a)

imsjeleT Sedegebze:

• baqodan zaqaTalaSi avtobusiT, matarebliTa da TviTmfrinaviT mogzauri 

turistebidan romelma gaiara yvelaze naklebi manZili? romelma gaiara meti 

manZili? ratom? 

satransporto gza saavtomobilo gza sarkinigzo gza sahaero gza 

manZili baqosa da 

zaqaTalas Soris (km)
   

 

zaqaTala

baqo 

(b) wrfivi moZraoba (g) mrudwiruli moZraoba 
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materialuri wertilis koordinatebis cvlileba 

misi moZraobis dros. materialuri wertilis ko-

ordinatebis cvlileba misi moZraobis dros Se-

iZleba iyos rogorc dadebiTi, ise uaryofiTi 

sidide. magaliTad, davuSvaT, WianWvela naxatze 

naCveneb traeqtoriaze moZraobda da M werti-

lidan N wertilSi mivida (d). radgan WianWvelas 

koordinati X RerZis gaswvriv izrdeba (x>x0), misi 

koordinatis cvlileba am RerZis gaswvriv 

dadebiTi sidide iqneba: Δx = x_ x0>0. xolo, rad-

gan WianWvelas koordinati Y RerZis gaswvriv 

mcirdeba (y < y0), koordinatis cvlileba Y RerZis gaswvriv uaryofiTi 

sidide iqneba: Δy = y _ y0 < 0. 

 
• gadaadgileba aris wrfis mimarTuli monakveTi, romelic aerTebs 

moZravi materialuri wertilis sawyis mdebareobas mis saboloo mde-

bareobasTan. gadaadgileba veqtoruli sididea. 

• veqtoruli sidide aris sidide, romelic ganisazRvreba ricxviTi 

mniSvnelobiT (moduliT) da konkretuli mimarTulebiT. 

gadaadgilebis veqtoris, rogorc veqtoruli sididis, mimarT Seg-

viZlia gamoviyenoT veqtorebze moqmedebis yvela cnobili wesi: veqto-

rebis Sekreba da gamokleba, jamuri veqtoris moZebna samkuTxedisa da 

paralelogramis wesebis gamoyenebiT. 

 

materiluri wertilis radius-veqtoris cvlileba misi

moZraobis dros. momdevno naxatze mocemulia materi-

aluri wertilis (WianWvelas) radius-veqtorebi ݎԦ	 da ݎԦ,
romlebic mis sawyis da saboloo mdebareobebs Seesa-

bameba (e). veqtors ݎԦ, romelic radius-veqtorebis bo-

loebs aerTebs, uwodeben mocemuli materialuri wer-

tilis gadaadgilebas drois t SualedSi. veqtorebis

Sekrebis wesis Tanaxmad (ix. maTematika 8): ݎԦ  Ԧݎ∆ ൌ Ԧ. amݎ
gamosaxulebidan miviRebT: ∆ݎԦ ൌ Ԧݎ െ ሬሬԦݏ	 Ԧ anݎ ൌ Ԧݎ∆ ൌ Ԧݎ െ ,Ԧݎ
sadac sԦ	materialuri wertilis gadaadgilebaa.  

(e) traeqtoria 

Ԧݎ Ԧݏ  Ԧ rݎ

mxolod erTi mimarTulebiT wrfivi moZraobis dros gadaadgile-

bis moduli gavlili manZilis tolia. yvela sxva SemTxvevaSi (wrfivi

moZraobis mimarTulebis cvlilebis an mrudwiruli moZ-raobis 

dros) gavlili manZili gadaadgilebis modulze metia (e). 

 
 

materialurma wertilma wrfis gaswvriv M 

wertilidan N wertilamde l manZili gaiara, 

Semdeg imave gziT M wertilSi dabrunda. am 

SemTxvevaSi materialurma wertilma 2l-is 

toli manZili gaiara, xolo gadaadgilebis 

moduli 0-is tolia: ݏԦ ൌ ሬሬሬሬሬሬሬԦܰܯ  ݏ   ,ሬሬሬሬሬሬሬԦܯܰ ൌ ܰܯ െ ܯܰ ൌ 0. 

 
 
 
 
materialurma wertilma M werti-

lidan N wertilamde wrfis gas-

wvriv l manZili gaiara. am SemT-

xvevaSi gavlili manZili gadaad-

gilebis modulis tolia: s = l. 

M
݈

N 
(z)

M 
݈ 

N ݏԦ 
(v) 

yu
r
ad

R
eb

a!
 

(d)

 Ԧݏ
traeqtoria 
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(i)

 
 

SemoqmedebiTi gamoyeneba. kvleviTi samuSao-2.

tolia Tu ara manZili da gadaadgileba? 

amocana. velosipedisti wriul velotrekze moZraobs, romlis 

radiusi 80 m-ia. igi starts iRebs A wertilidan. gansazRvreT 

velosipedistis gavlili manZili da gadaadgileba B wertilis 

pirvelad gavlis momentSi (i). 

 

mocemulia amoxsna gamoTvla 

r = 80 m ݈ଵ–  ?–ଵݏ ?
 

gavlili manZili l1 rkalis sigrZis 

tolia: l1 = πr. 
gadaadgilebis moduli ki wrewiris 

diametris tolia: s1 = D = 2r.  

l1 = 3,14 · 80 m = 251,2 m. 
s1 = 2 · 80 m = 160 m. 
 

  imsjeleT Sedegebze: 

• riT gansxvavdeba erTmaneTisgan gavlili manZili da gadaadgileba? 

• ris tolia velosipedistis gavlili manZili da gadaadgileba A wertilidan C 

wertilamde moZraobis dros? 

• ris toli iqneba velosipedistis gavlili manZili da 

gadaadgileba, Tu is erT srul bruns Seasrulebs da isev 

A wertilSi dabrundeba? 

• aivnidan (A wertilidan) gasrolili burTi miwaze B wer-

tilSi ecema. Tu SegiZliaT, sqematurad gamosaxeT bur-Tis 

mier gavlili gza da gadaadgileba (k). 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: 

kvleviT samuSao 1-Si turisti baqodan zaqaTalaSi 

mogzaurobs. romeli marSrutiT gaivlis turisti 

gadaadgilebis tol manZils? ratom? 

SeamowmeT Tqveni codna: 

1. romeli ganmartebebi gaimeoreT gakveTilze? ra gaxda 

TqvenTvis ufro gasagebi da ra darCa nawilobriv 

gaugebari? 

2. ra SemTxvevaSia gavlili gza gadaadgilebis modulis 

toli? moiyvaneT magaliTebi. 

3. SeiZleba Tu ara, gavlili gza 0-is toli iyos? ratom? 

4. SeiZleba Tu ara sxeulis gadaadgilebis moduli 0-is toli iyos? ratom? 

moiyvaneT magaliTi. 

5. rogor ganisazRvreba samkuTxedis wesis gamoyenebiT veqtorebis jami (veqto-

rebi ࢇሬሬԦ, ሬሬሬԦ,࢈  ሬԦ) (q) (l)? rogor ganisazRvreba paralelogramis wesis gamoyenebiTࢉ

am veqtorebis jami (tolqmedi)? warmoadgineT sqematurad es wesebi. 
ra SeityveT? ganmarteT fizikuri cnebebi da sidideebi: `traeqtoria~, `gavlili 

manZili~, `gadaadgileba~, `skalaruli sidide~, `veqtoruli sidide~. 

Tu sibrtyeze materialuri wertilis moZraobis 

dros cnobilia misi sawyisi koordinatebi da gada-

adgilebis veqtori, SesaZlebelia materialuri wer-

tilis saboloo mdebareobis koordinatebis gansaz-

Rvra. magaliTad, davuSvaT, materialurma wertilma 

Seasrula gadaadgileba  ݏԦ ൌ -ሬሬሬሬሬሬሬԦ. gavavloT perpenܰܯ

dikularebi am veqtoris dasawyisidan da bolodan OX
da OY RerZebze. miviRebT RerZebze gadaad-gilebis 

proeqciebs sx da sy (T). rogorc naxatidan Cans, es 

proeqciebi materialuri wertilis sawyisi da 

saboloo koordinatebis sxvaobebis tolia: ݏ௫ ൌ ݔ െ ௬ݏ     ,ݔ ൌ ݕ െ  .ݕ

 

O X 

Y (T) 

ݔ
ݕ

Ԧݏ
M(ݔ;  (ݕ

N(ݔ;  (ݕ

௫ݏ  

௬ݏ

ݔ
ݕ

(k)

ሬሬԦࢇ  ሬԦࢉ ሬሬԦ࢈
(l)
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 wrfivi Tanabari moZraoba. siCqare 
 
avtomobili avtoban baqo-yazaxis hajikabul-ganjis sworxazovan monakveTze ise 

moZraobs, rom yovel 1 saaTSi 90 km manZils gadis, yovel 30 wT-Si _ 45 km-s, yovel 

15 wT-Si _ 22,5 km-s, yovel 5 wT-Si _ 7,5 km-s, yovel 1 wT-Si _ 1,5 km-s da a. S. 

• ra SeiZleba iTqvas avtomobilis moZraobis siCqaresa da mis cvlilebaze? 

• ris codnaa aucilebeli avtomobilis mdebareobis gansasazRvrad drois nebismier 

momentSi? 

kvleviTi samuSao-1. burTulis wrfivi moZraobis 

Seswavla 
samuSaosTvis saWiroa: minis sqelkedliani cilindruli 

mili, romelic erTi mxridan daxurulia da avsebulia 

maRali koncentraciis Saqriani wyliT (xsnaris 

raodenoba _ 1 l), markeri, wammzomi, metalis burTula 

(2-3 cali), saxazavi, Stativi. 
samuSaos msvleloba: 

1. mili vertikalurad daamagreT Stativze da SeavseT 

maRali koncentraciis Saqriani wyliT (a). 

2. burTula xsnarSi CauSviT. winaswar aRniSnuli A 

wertilis gaswvriv burTulis gavlis momentSi 

CarTeT wammzomi. burTulis vertikaluri moZraobis 

dros milis kedelze markeriT aRniSneT burTulis 

mdebareobebi drois Tanabari intervalebis ∆ݐଵ ൌ ଶݐ∆ ൌ  .ଷ.. = 5 wm Semdegݐ∆

gansazRvreT Sesabamisi gadaadgilebebi ∆ݏԦଵ, ,Ԧଶݏ∆ Ԧଷݏ∆ … 

3. CaiwereT miRebuli Sedegebi cxrili 1.2-is Sesabamis ujrebSi, gamoTvaleT 

burTulis siCqare (cxrili gadaixazeT samuSao rveulSi). 

cxrili 1.2.  
drois Sualedebi ∆ݐଵ ൌ 5 wm ∆ݐଶ ൌ 5 wm ∆ݐଷ ൌ 5wm ∆ݐସ ൌ 5 wm 
gadaadgilebis 

moduli ∆ݏଵ ൌ ଶݏ∆ ⋯ ൌ ଷݏ∆ ⋯ ൌ ସݏ∆ ⋯ ൌ ⋯ 
siCqaris moduli

 ଵ ൌ ଵݐ∆ଵݏ∆ ൌ.. ଶ ൌ ଶݐ∆ଶݏ∆ ൌ.. ଷ ൌ ଷݐ∆ଷݏ∆ ൌ.. ସ ൌ ସݐ∆ସݏ∆ ൌ.. 
4. cda gaimeoreT meore aseTive burTuliT _ SeamcireT drois intervalebi da 

gansazRvreT Sesabamisi gadaadgilebebi. 

imsjeleT Sedegebze: 

• rogor gadaadgilebebs asrulebs burTula drois tol SualedebSi? 

• SeiZleba Tu ara Catarebuli dakvirvebebis Semdeg iTqvas, rom burTula wrfiv 

Tanabar moZraobas asrulebs? pasuxi daasabuTeT. 

 

me-7 klasis fizikis kursidan iciT, rom wrfivi Tanabari moZraoba 

meqanikuri moZraobis umartivesi saxea. 

• wrfivi Tanabari moZraoba aris moZraoba swor xazze, romlis drosac mate-

rialuri wertili drois tol SualedebSi erTnair gadaadgilebas asrulebs. 

• wrfivi Tanabari moZraobis dros siCqaris moduli da mimarTuleba ar 

icvleba drois ganmavlobaSi:  ሬሬԦ ൌ  .ݐݏ݊ܿ
• wrfivi Tanabari moZraobis siCqare mudmivi fizikuri sididea, rome-

lic tolia materialuri wertilis gadaadgilebis Sefardebisa dros-

Tan, romlis ganmavlobaSic es gadaadgileba Sesrulda: 

ሬሬԦ ൌ ௦Ԧ௧				    (1.1) 

1.3 

(a) 
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radgan Sefardeba 
ଵ௧	am formulaSi skalaruli sididea, gamodis, rom 

siCqaris 	ሬሬሬԦ	 veqtoris mimarTuleba gadaadgilebis ݏԦ veqtoris 

mimarTulebas emTxveva. siCqaris sazomi erTeuli SI sistemaSi aris 

metri Sefardebuli wamTan:  

 ሾሿ ൌ ሾ௦ሿሾ௧ሿ ൌ ଵმଵწმ ൌ 1 მ
წმ
. 

wrfivi Tanabari moZraobis dros Tu cnobilia moZraobis siCqare ሬሬԦ, 
SesaZlebelia drois t Sualedis ganmavlobaSi materialuri wertilis ݏԦ 
gadaadgilebis gansazRvra: ݏԦ ൌ ሬሬԦ ∙  (1.2)             ݐ
• wrfivi Tanabari moZraobis dros sxeulis mier gavlili manZili 

gadaadgilebis modulis tolia: ݈ ൌ ݏ ൌ 	ݐ							ሺ1.3ሻ 
radgan veqtorebis proeqciebze algebruli moqmedebebis Catareba 

SeiZleba, gadaadgilebis gamosaTvlelad iyeneben ara veqtoruli saxiT 

Caweril formulas, aramed formulebs, romlebic sakoordinato Rer-

Zze veqtorebis proeqciebs Seicavs. wrfivi moZraobis dros traeq-

toria wrfes warmoadgens da materialuri wertilis mdebareoba mxo-

lod erTi _ X koordinatiT ganisazRvreba. materialuri wertilis 

siCqarisa da gadaadgilebis veqtorebis proeqciebiT Sedgenili ganto-

lebidan SegviZlia gamovTvaloT materialuri wertilis mdebareobis 

koordinati. (1.2) gantolebis gaTvaliswinebiT gadaadgilebisa da siC-

qaris veqtorebis OX RerZze proeqciebs Soris kavSiri SegviZlia 

Semdegi saxiT CavweroT: ݏ௫ ൌ ௫ݐ										(1.4) 
miviRebT drois nebismieri momentSi materialuri wertilis x koordi-

natis gamosaTvlel formulas (ix. Tema 1.2): ݔ ൌ ݔ  ݔ														 ,௫ݏ ൌ ݔ  ௫ݐ								(1.5)      
gamosaxuleba (1.5) sxeulis wrfivi da Tanabari 

moZraobis gantolebaa. Tu materialuri wertili 

arCeuli sakoordinato OX RerZis mimarTulebiT 

moZraobs, misi siCqaris proeqcia dadebiTi sidide 

iqneba (b), xolo, Tu sakoordinato RerZis sapi-

rispiro mimarTulebiT moZraobs, iTvleba, rom 

siCqaris proeqcia uaryofiTi sididea (g). 

formulidan (1.5) SegviZlia miviRoT siCqaris 

proeqciis gamosaTvleli formula: 

௫ ൌ ݔ െ ݐݔ .									ሺ1.6ሻ 
formulidan (1.6) naTeli xdeba, rogoria siCqaris 

fizikuri azri: siCqaris sidide drois erTeulSi 

sxeulis x koordinatis cvlilebis tolia. 

materialuri wertilis gavlili gza da koordinati wrfivi Tanabari 

moZraobis dros drois wrfivi funqciaa (d). am dros siCqare mudmivi 

sididea, amitom siCqare-dro damokidebulebis grafiki drois RerZis 

paraleluri wrfea; anu siCqaris sidide droze ar aris damokidebuli (e). 

࢞  ࢞ 0 ൌ ࢞  ࢚࢞ 
࢞ 

ሬሬԦ 

(g) 

(b) 

࢞ ൏ ࢞ 0 ൌ ࢞ െ ࢚࢞ 
࢞ 

ሬሬԦ 
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I 

 
SemoqmedebiTi gamoyeneba.

kvleviTi samuSao-2. gamoiyeneT SeZenili codna da amoxseniT amocana. 

amocana. A da B punqtebidan, romelTa Soris manZili 90 km-ia, erTdroulad, 

erTmaneTis Semxvedri mimarTulebiT, wrfiv gzaze moZraoba daiwyo orma ve-

losipedistma. pirveli velosipedistis siCqarea 3 მ
წმ

, meoris siCqare _ 1,5 მ
წმ

. 
gansazRvreT: a) velosipedistebis Sexvedramde gasuli dro t1 da Sexvedris 

adgilis koordinati; b) Sexvedris momentamde maT mier gavlili manZilebi da 

gadaadgilebebi; g) dro t2, romelic gavida moZraobis dawyebidan im momentamde, 

rodesac maT Soris manZili 10 km-mde Semcirda. 
mocemulia:

l = 90 km = 90000 m 
ଵ ൌ 3 მ

წმ
; ଶ ൌ 1,5 მ

წმ
. 

a)  ݐଵ–?   ݔଵ, –ଶݔ ?  b) ݈ଵ, ݈ଶ– ? ,௫ଵݏ –௫ଶݏ ?   c)  ݐଶെ? 
amoxsna

a) amocanis amoxsnis dros davicvaT moqmedebaTa Semdegi 

Tanmimdevroba: 
I moqmedeba. avirCioT OX koordinatTa sistema, koordi- 

natTa saTaviT A wertilSi da SevadginoT sqematuri gamosaxuleba (z) 
II moqmedeba. moZraobis gantoleba CavweroT zogadi saxiT: x = x0 +vxt.  
III moqmedeba. amocanis pirobis Tanaxmad, velosipedistebis moZraobis gantolebebi 

Caiwereba Semdegi saxiT: x1 = v1xt = 3t; x2 = x0 _ v2xt = 90000 _ 1,5t. 
IV moqmedeba. bunebrivia, Sexvedris momentSi velosipedistebis koordinatebi tolia: x1 = 
x2. am tolobidan gamomdinare da imis gaTvaliswinebiT, rom Sexvedramde velosipedistebi 

erTnairi t = t1 drois ganmavlobaSi moZraobdnen, gveqneba:  3ݐଵ ൌ 90000 െ ଵݐଵ, 4,5ݐ1,5 ൌ 90000	 → ଵݐ ൌ 900004,5 с ൌ 20000с ൎ 5,6	სთ. 
V moqmedeba. Sexvedris wertilis koordinati TiToeuli velosipedistisTvis cal-calke 

gamovTvaloT. amisTvis amovxsnaT maTi moZraobis gantolebebi, im pirobiT, rom 

Sexvedramde velosipedistebi t1 drois ganmavlobaSi moZraobdnen:  ݔଵ ൌ ଵ௫ݐଵ ൌ 3 მ
წმ
∙ 20000с ൌ 60000მ ൌ 60კმ;				 ݔଶ ൌ ଵݐ–ଶ௫ݔ ൌ 90000მ െ 1,5 მ

წმ
∙ 20000с ൌ 90000მെ 30000მ ൌ 60000მ ൌ 60	კმ. 

b) radgan velosipedistebi wrfivad da moZraobis mimarTulebis Seucvlelad 

moZraobdnen, maT mier gavlili manZilebi maTi gadaadgilebis modulis (proeqciis) 

tolia:  l1 = s1x = x1 _ x0; l2 = s2x = x2 _ x0 . 
g) dro t2, romelic gavida moZraobis dawyebidan im momentamde, rodesac maT Soris 10 km 

manZili darCa, gamoiTvleba Semdegi tolobidan:  x1 _ x2 = 10000 m an v1xt2 _ x0 _ v2xt2 = 10000 m. 
 

Tanabari moZraobis koordinati-dro damokidebulebis grafiki drois RerZTan 

garkveul kuTxes qmnis. am kuTxis tangensi OX RerZze siCqaris veqtoris 

proeqciis (anu modulis) tolia (v): ߙ݃ݐ ൌ ∆௫௧ ൌ ௫. 

(d) (e) (v) 

(z)
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ra SeityveT? CamoayalibeT Semdegi fizikuri cnebebisa da sidideebis ganmar-

tebebi: `siCqare~, `wrfivi Tanabari moZraoba~, `siCqaris proeqcia RerZze~, `wrfivi 

Tanabari moZraobis dros gavlili manZili~. 

 
 
 

   wrfivi Tanabrad cvladi moZraoba. aCqareba 
 

 

4

3
2

1
0

0

0

• romeli grafiki Seesabameba im materialuri wertilis moZraobas, romelic

koordinatTa saTaveze gaivlis? 

• romeli grafiki gamoxatavs materialuri wertilis moZraobas x RerZis 

sapirispiro mimarTulebiT? 

• romel grafikze aqvT x0-sa da vx-s sapirispiro niSnebi da romelze erTnairi? 

4. qveiTi da velosipedisti Semxvedri mimarTulebiT moZraoben. qveiTisTvis

koordinatis droze damokidebuleba gamoixateba formuliT x=13 _ 2t, 
velosipedistisTvis _ x = 27_5t. gamosaxeT es damokidebulebebi erT grafikze da

gansazRvreT maTi Sexvedris dro. 

imsjeleT Sedegebze:

• ra manZili gaiara TiToeulma velosipedistma Sexvedramde? 

• moZraobis dawyebidan ra drois Semdeg iqneba velosipedistebs Soris manZili 

10 km-s toli? 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: 

• avtobusi, romelic 90 km/sT siCqariT moZraobs, 20 wm-is ganmavlobaSi 

asrulebs gadaadgilebas, romelic msubuqi avtomobilis gadaadgilebis tolia 

da romelic man 10 wm-Si Seasrula. gansazRvreT msubuqi avtomobilis siCqare. 

SeafaseT Tqveni codna: 

1. romeli sakiTxebi gaimeoreT gakveTilze? ra gaxda TqvenTvis ukeTesad 

gasagebi da ra darCa nawilobriv gaugebari? 

2. materialuri wertilis moZraobis gantolebas aseTi saxe aqvs: x =x0 +vxt. ris 

codnaa aucilebeli misi mdebareobis gansazRvrisaTvis drois nebismier 

momentSi? 

3. naxatze warmodgenilia materialuri wertilis koordinatis droze damoki-

debulebis grafikebi: 

  
 

1.4 

• SesaZlebelia Tu ara araTanabari 

moZraobis aRwera wrfivi Tanabari 

moZraobis gantolebebiT? ris 

codnaa amisTvis saWiro? 

wrfivi Tanabari moZraoba praqtikaS, Zali-

an iSviaTad gvxvdeba. moZravi avtomob-lis, 

matareblis, TviTmfrinavis, meqani-zmebis 

Semadgeneli nawilebisa da sxvaTa siCqare 

SeiZleba icvlebodes sididiTac da 

mimarTulebiTac. 
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I 

kvleviTi samuSao-1. ras niSnavs siCqaris cvlilebis siswrafe?

amocana: TviTmfrinavi, romelic asafrenad emzadeba, asafreni zolis A wertilSia. 

moZraobis dawyebidan 5 wm-is Semdeg TviTmfrinavis siCqare tolia  ଵ ൌ 18 მ
წმ
 (wertili 

B), xolo 10 wm-is Semdeg _ v2 = 30 m/wm (wertili C) (a). ris tolia TviTmfrinavis siCqaris 

cvlileba (Δv1 da Δv2), romelic asafreni zolis AB da BC ubnebs Seesabameba? drois 

romel intervalSi xdeba siCqaris ufro didi cvlileba? 

 
mocemulia amoxsna gamoTvla ݐ ൌ 0 →  ൌ ଵݐ 0 ൌ 5	��	 → ଵ ൌ 18m/wm ݐଶ ൌ 10	��	 → ଶ ൌ 30 m/wm ∆ଵെ? ∆ଶെ? ∆ଵ∆ݐଵ െ?∆ଶ∆ݐଶ െ? 

∆ଵ ൌ ଵ െ  ∆ଶ ൌ ଶ െ ଵ ∆ݐଵ ൌ ଵݐ െ ଶݐ∆ ݐ ൌ ଶݐ െ  ଵݐ

.... 

.... 

.... 

.... 
 

imsjeleT Sedegebze: 

• asafreni zolis romel ubanze moxda siCqaris yvelaze didi cvlileba? 

• ra aris siCqaris cvlilebis siswrafis fizikuri azri da ramdenad mniSvnelo-

vania misi codna? 

 
• wrfiv moZraobas, romlis drosac materialuri wertili drois tol SualedebSi 

sxvadasxva gadaadgilebas asrulebs, wrfivi araTanabari moZraoba ewodeba. 

aseTi moZraobis dros siCqaris ricxviTi mniSvneloba ucvleli ar rCeba. amitom 

araTanabari moZraobis Seswavlisas sargebloben saSualo da myisi siCqaris cnebebiT. 

saSualo siCqare. araTanabari moZraobis dros sxeulis mdebareobis cvlilebas 

traeqtoriis mocemul ubanze axasiaTeben saSualo siCqariT. 

• araTanabrad moZravi materialuri wertilis saSualo siCqare traeqtoriis 

mocemul ubanze tolia am ubanze sxeulis mier Sesrulebuli gadaadgilebis 

sididis Sefardebisa drosTan, romelic am gadaadgilebis Sesrulebas dasWirda: 

ሬሬԦsaSൌ ௦Ԧ௧.              (1.7) 
• materialuri wertilis moZraobis saSualo siCqare traeqtoriis gaswvriv araTa-

nabari moZraobis dros tolia traeqtoriis gaswvriv gavlili mTeli manZilis 

Sefardebisa mTel drosTan, romelic am manZilis gasavlelad daixarja: 

საშ ൌ მთ௧მთ.            (1.8)   

 
myisi siCqare 

• materialuri wertilis siCqares drois mocemul momentSi an traeq-

toriis mocemul wertilSi ewodeba myisi siCqare an siCqare mocemul 

wertilSi. myisi siCqare nebismier wertilSi veqtoruli sididea da ga-

nisazRvreba, rogorc zRvari am wertilis midamoSi usasrulod mcire 

(a) 

A B C

materialuri wertilis saSualo siCqare, romelic  ଵ,ଶ, … , siCqareebiT moZra-

obs traeqtoriis Sesabamis ݈ଵ, ݈ଶ, … , ݈, ubnebze gamoiTvleba formulebiT: 

საშ ൌ მთ௧მთ ൌ భା	మା	…ା௧భା	௧మା	…ା௧,      (1.9) 
 

საშ ൌ భ௧భା	మ௧మା	…ା௧௧భା	௧మା	…ା௧ .      (1.10) 
Tu ݐଵ ൌ 	 ଶݐ ൌ 	… ൌ ݐ ൌ  :maSin (1.10) gantolebidan miviRebT ,ݐ

საშ ൌ భା మା …ା .              (1.11) 



 

 22  

gadaadgilebis  ሺ∆ݏԦሻ	Sefardebisa drois mcire SualedTan (Δt), romelic 

am gadaadgilebis Sesrulebaze daixarja (im pirobiT, rom ∆ݐ → 0): 
ሬሬԦ ൌ lim∆௧→ ݐ∆Ԧݏ∆ . 											ሺ1.12ሻ 

sadac, ሬሬԦ  materialuri wertilis gadataniTi moZraobis myisi siCqarea. 

 
aCqareba. araTanabari moZraobis dros myisi siCqaris sididiTa da 

mimarTulebiT cvlilebis siswrafe xasiaTdeba veqtoruli fizikuri 

sididiT, romelsac aCqareba ewodeba: 

• aCqareba tolia siCqaris cvlilebis Sefardebisa drosTan, romlis 

ganmavlobaSic es cvlileba moxda: Ԧܽ ൌ ሬሬԦିሬሬԦబ∆௧ ൌ ∆ሬሬԦ∆௧.          (1.14) 
Tu drois cvlilebas aviTvliT nulidan, ∆ݐ ൌ ݐ െ 0 ൌ maSin: Ԧܽ , ݐ ൌ ሬሬԦିሬሬԦబ௧ ൌ ∆ሬሬԦ௧ . (1.15) 
aCqarebis mimarTuleba emTxveva  ∆ሬሬԦ veqtoris mimarTulebas. 
simartivisTvis aq da SemdegSic ganvixilavT materialuri wertilis 

iseT araTanabar wrfiv moZraobebs, romlis drosac drois nebismieri 

toli Sualedebis Semdeg siCqaris erTnairi cvlileba xdeba. aseT 

moZraobas Tanabrad cvladi moZraoba ewodeba. 

• Tanabrad cvladi moZraoba aris moZraoba, romlis drosac drois nebismi-

eri toli Sualedis Semdeg siCqaris erTnairi cvlileba xdeba. Tanabrad 

cvladi moZraobis dros aCqarebis mniSvneloba da mimarTuleba ar icvleba: Ԧܽ ൌ ሬሬԦିሬሬԦబ௧ ൌ ∆ሬሬԦ௧ ൌ  (1.16)         .ݐݏ݊ܿ
Tanabrad cvladi moZraobis dros aCqarebis proeqcia nebis-

mier RerZzec, magaliTad x RerZze, ar icvleba (mudmivia): ܽ௫ ൌ ೣିబೣ௧ ൌ  (1.17)           .ݐݏ݊ܿ
es niSnavs, rom Tanabrad cvladi moZraobis dros aCqa-

rebis droze damokidebulebis grafiki drois RerZis 

paraleluri wrfea da aCqarebis proeqcia romelime 

SerCeul RerZze droze damokidebuli ar aris (g). 

ax = vx _ v0x / t = const. (1.17) 
erTeulTa SI sistemaSi aCqarebis sazomi erTeulia 1 m/wm2. es aris 

iseTi Tanabrad cvladi moZraobis aCqareba, romlis drosac materi-

aluri wertili 1 wm-is ganmavlobaSi siCqares 1 m/wm-iT icvlis: ሾܽሿ ൌ ሾ∆ሿሾ∆ݐሿ ൌ 1მ წმ⁄
წმ

ൌ 1 მ
წმଶ. 

moZraobis drois ganmavlobaSi myisi siCqare SeiZleba gaizar-

dos, Semcirdes an mimarTuleba Seicvalos. myisi siCqaris 

mimarTuleba traeqtoriis mocemul wertilSi emTxveva am 

wertilSi traeqtoriis mimarT gavlebuli mxebis mimarTu-

lebas (b). myisi siCqaris proeqcia marTkuTxa sakoordinato 

sistemaSi koordinatis droiT warmoebulis tolia: 

௫ ൌ lim∆௧→ ∆௫∆௧ ൌ ௗ௫ௗ௧ ൌ ݔ ሺݐሻ. (1.13) 

ሬሬԦଵ 
ሬሬԦଶ
ሬሬԦଷ (b) 

0 

	࢞ࢇ
	࢚

(g) ࢞ࢇ  0	
࢞ࢇ ൏ ࢞ࢇ	0 ൌ 	
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I 

iciT Tu ara, rom? aCqareba erT-erTi yvelaze mniSvnelovani sididea, romelic 

fizikasa da teqnikaSi gamoiyeneba. cnobilia, rom avtomobilis, avtobusisa da 

matareblis umniSvnelo damuxruWebis dros mgzavre-

bi diskomforts ver grZnoben, magram mkveTri damux-

ruWebisas seriozuli safrTxe iqmneba. e. i. mniSvnelo-

vania ara ubralod siCqaris cvlileba, aramed siCqa-

ris cvlilebis siswrafe. manqanebisa da meqanizmebis 

siCqaris cvlilebis kontrolisaTvis gamoiyeneba 

aCqarebis sazomi xelsawyo _ aqselerometri (laTinu-

ridan: accelero _ vaCqareb da berZnulidan: metreo _ 

vzomav) (d). 
 

SemoqmedebiTi gamoyeneba. kvleviTi samuSao 2. ris tolia saSualo siCqare? 

amocana: velosipedistma wrfivi gzis pirveli naxevari mudmivi 4 m/wm siCqariT 

gaiara, xolo meore naxevari _ mudmivi 6 m/wm siCqariT. gansazRvreT velosipe-

distis saSualo siCqare mTlian gzaze. 

mocemulia amoxsna

ଵ ൌ 4 m/wm 
ଶ ൌ 6	m/wm 
saSെ? საშ ൌ ௧ ൌ భା మ௧భା ௧మ. 

radgan ݈ଵ ൌ ଶ ൌ ଵݐଵ,  maSin  ݐଵ ൌ ଶభ . 
analogiurad:  ݐଶ ൌ ଶమ. 
amgvarad:   ൌ ௧ ൌ మభା మమ ൌ ଵ

భశమమభమ ൌ ଶభమ
భାమ. 

gamoTvla

... 
imsjeleT Sedegebze: 

• romeli formuliT gamoiTvleba saSualo siCqare gzaze, romelic ori toli 

ubnisagan Sedgeba? 

• romeli formuliT gamoiTvleba velosipedistis saSualo siCqare, romelic 

drois or tol momdevno SualedSi (t1 = t2) Sesabamisad v1 da v2 siCqareebiT 

moZraobs? 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi:  • romel siCqares zomavs 

avtomobilis spidometri: saSualo siCqares Tu myis siCqares? pasuxi daasabuTeT. 

SeamowmeT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kargad da ra dagrCaT nawi-

lobriv gaurkveveli? 

2. riT gansxvavdeba erTmaneTisgan gzaze moZraobis saSualo siCqare da gadaad-

gilebis saSualo siCqare? 

3. rogoria aCqarebis fizikuri azri? 

4. ris tolia aCqareba Sesabamisad Tanabari da araTanabari wrfivi moZraobebis 

dros? ratom? 

5. rogor aris mimarTuli avtomobilis aCqarebis veqtori, Tu man wrfivi moZ-

raoba daiwyo uZravi mdgomareobidan siCqaris matebiT? ratom? 

6. rogor aris mimarTuli avtomobilis aCqarebis veqtori, rodesac is damux-

ruWebas iwyebs? ratom? 

 

ra SeityveT? CamoayalibeT Semdegi fizikuri cnebebisa da sidideebis ganmarte-

bebi: `araTanabari wrfivi moZraoba~, `saSualo siCqare~, `myisi siCqare~, `aCqareba~, 

`Tanabrad cvladi moZraoba~. 

  

(d)0



 

 24  

  siCqare da gadaadgileba wrfivi Tanabrad cvladi 
moZraobis dros 

 
TviTmfrinavi asafren zolze x sakoordinato RerZis gaswvriv moZraobs mudmivi 

aCqarebiT ax = 6 m/wm2. 

• ris tolia TviTmfrinavis siCqaris cvlileba yovel wamSi? 

• rogoria aCqarebis droze damokidebulebis grafiki am moZraobisaTvis? 

• razea damokidebuli siCqarisa da gadaadgilebis proeqciebi Tanabrad cvladi 

wrfivi moZraobisTvis? rogor SeiZleba amis dadgena? 

 
siCqare Tanabrad cvladi wrfivi moZraobis dros. formulidan (1.14) Cans, 

rom, Tu cnobilia sxeulis aCqareba Ԧܽ, SegviZlia drois nebismier 

momentSi ganvsazRvroT siCqare: 

ሬሬԦ ൌ ሬሬԦ  Ԧܽ(1.18)             ,ݐ 
 an x RerZze misi proeqcia: 

௫ ൌ ௫  ܽ௫(1.19)             .ݐ  
Tu sawyisi siCqare 0-is tolia (௫ ൌ 0), maSin: 

௫ ൌ ܽ௫(1.20)                       .ݐ 
am gamosaxulebebidan Cans, rom siCqare Tanabrad 

cvladi moZraobis dros drois wrfivi funqciaa. 

siCqaris droze damokidebulebis grafiki aris 

wrfe, romelic koordinatTa saTaveze (an v0x-ze) 

gadis. es wrfe siCqaris zrdis an Semcirebis 

Sesabamisad zeviT an qveviTaa mimarTuli (g). 

gadaadgileba wrfivi Tanabrad cvladi moZraobis dros. 

gadaadgilebis gansasazRvrad saWiro formulis gamo-

yvana Tanabrad cvladi moZraobis dros SesaZlebelia 

siCqare-dro damokidebulebis grafikis safuZvelze. 

gadaadgilebis sidide  ௫	ሺݐሻ grafiksa da drois RerZs 

Soris arsebuli figuris farTobis tolia.  

mocemul grafikze es aris daStrixuli trapeciis farTobi (ix. g): ݏ௫ ൌ బೣାೣଶ ∙  (1.21)       ,ݐ

1.5 

(a) 

kvleviTi samuSao-1. razea 

damokidebuli siCqare Tanab-

rad cvladi moZraobis dros? 

amocana. naxatze warmodgeni-

lia burTula, romelic Tanab-

rad cvlad moZraobas asru-

lebs daxril RarSi qveviT da 

zeviT, ሬሬԦsawyisi siCqariT (a da 

b). daxazeT aCqarebis proeq-

ciebi ox RerZze orive moZra-

obisTvis da gansazRvreT aCqa-

rebis niSnebi. 
imsjeleT Sedegebze: 

• rogor Caiwereba veqtoruli saxiT burTulis siCqaris formula, rodesac is Tanabrad 

cvlad moZraobas asrulebs? 

• SegiZliaT Tu ara zogadi saxiT CaweroT burTulis siCqaris proeqciis formula, rodesac 

is asrulebs Tanabrad cvlad moZraobas RarSi zeviT da qveviT? 

• ris tolia burTulis aCqarebis proeqcia N wertilSi, Tu is Tanabrad cvlad moZraobas 

asrulebs daxril RarSi zeviT ሬሬԦ  sawyisi siCqariT? 

(a) (b) 

(g) 

ܽ௫ ൏ 0 

2 

ܱ 

௫ 
௫  

௫  

ݐ ௫ݏݐ  

௫ݏ  

ܽ௫  0 
1 

௫  
௫  

௫ ܱ ݐ ݐ
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an veqtoruli formiT: ݏԦ ൌ ሬሬԦబାሬሬԦଶ ∙  (1.22) .ݐ
Tu ukanasknel formulaSi ሬሬԦ -s nacvlad (1.18) gamosaxulebas CavsvamT, 

miviRebT wrfivi Tanabrad cvladi moZraobis gadaadgilebis gamosaT-

vlel formulas zogadi saxiT: ݏԦ ൌ ሬሬԦ  ሬሬԦ2 ∙ ݐ ൌ ሬሬԦ  ሺሬሬԦ  Ԧܽݐሻ2 ∙ ݐ ൌ ሬሬԦݐ  12 Ԧܽݐଶ. ݏԦ ൌ ሬሬԦݐ  ଵଶ Ԧܽݐଶ.          (1.23) 
 amitom wrfivi Tanabrad cvladi moZraobis dros gadaadgilebis x 
RerZze proeqciis formula iqneba:  ݏ௫ ൌ ௫ݐ  ೣ௧మଶ  ,          (1.24) 
xolo koordinatis gamosaTvlel formulas aseTi saxe eqneba: ݔ ൌ ݔ  ௫ݐ  ೣ௧మଶ .    (1.25) 
formula (1.23) aris gadaadgilebis formula Tanab-

rad cvladi moZraobis dros veqtoruli saxiT, 

xolo formulebi (1.24) da (1.25) Sesabamisad _ gada-

adgilebis veqtoris proeqcia da sxeulis koor-

dinati x RerZze. Tu materialuri wertili moZra-

obas iwyebs uZravi mdgomareobidan (௫ ൌ 0), misi 

moZraobis gantoleba miiRebs saxes: ݏ௫ ൌ ೣ௧మଶ .     (1.26) 
rogorc formulidan Cans, wrfivi Tanabrad cvladi 

moZraobis dros gadaadgilebis proeqcia damokidebulia drois 

kvadratze (sx  t2) da misi grafikia parabola, romelic koordinatTa 

saTaveze gadis (d). 

 

zogjer ar aris cnobili dro, romelic moZraobis dawyebidan gavida da gvWir-

deba materialuri wertilis mier Sesrulebuli gadaadgilebis gansazRvra. am 

amocanis amoxsnas SevZlebT, Tu gvecodineba aCqareba da sxeulis sawyisi da 

saboloo siCqareebi. Sesabamisi formulis misaRebad (1.19) formulidan 

ganvsazRvroT t: ݐ ൌ ௫ െ ௫ܽ௫ . 
es gamosaxuleba CavsavaT formulaSi (1.21): ݏ௫ ൌ ௫ݐ  బೣ௧ାೣଶ ∙ ೣିబೣೣ . 
martivi gardaqmnebis Semdeg miviRebT: ݏ௫ ൌ మೣିబೣమଶೣ .                 (1.27) 
sabolood, siCqaris proeqciis formula aseT saxes miiRebs: ௫ ൌඥ௫ଶ  2ܽ௫ݏ௫.					ሺ1.28ሻ	. Tu moZraoba uZraobis mdgomareobidan iwyeba (௫ ൌ 0), 
gadaadgilebisa da siCqaris proeqciebi iqneba: ݏ௫ ൌ ௫ଶ2ܽ௫ 												ሺ1.29ሻ 

௫ ൌ ඥ2ܽ௫ݏ௫. ሺ1.30ሻ 

(d)
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Tanabrad aCqarebuli da Tanabrad Senelebuli moZraoba. Tanabrad cvladi 

moZraoba SeiZleba iyos Tanabrad aCqarebuli da Tanabrad Senelebuli. 

• Tanabrad aCqarebuli moZraobis dros ሬሬԦ	 da ܽ Ԧ veqtorebs erTi da igive 

mimarTuleba aqvT. am SemTxvevaSi siCqarisa (v0x) da aCqarebis (ax) 

proeqciebs dadebiTi an uaryofiTi niSani aqvT. Tu materialuri wer-

tili uZraobis mdgomareobidan (௫ ൌ 0) iwyebs moZraobas, moZraobis 

mimarTulebis miuxedavad, moZraoba Tanabrad aCqarebuli iqneba. 

• Tanabrad Senelebuli moZraobis dros siCqarisa (ሬሬԦ) da aCqarebis Ԧܽ	veqtorebs sapirispiro mimarTuleba aqvT. am SemTxvevaSi v0x da ax 

proeqciebs sapirispiro niSani aqvT: Tu erTi uaryofiTia, meore dade-

biTi iqneba. 

cxril 1.3-Si mocemulia formulebi da Sesabamisi grafikebi wrfivi 

Tanabrad aCqarebuli da Tanabrad Senelebuli moZraobisTvis. 

cxrili 1.3. 

wrfivi Tanabrad aCqarebuli moZraoba 

௫ ൌ ௫  ܽ௫ݐ, 
௫ ൌ െ௫ െ ܽ௫ݐ, 
௫ ൌ െܽ௫ݐ, 
௫ ൌ ܽ௫ݏ ,ݐ௫ ൌ ௫ݐ  ܽ௫ݐଶ2 ௫ݏ , ൌ െ௫ݐ െ ܽ௫ݐଶ2 ௫ݏ , ൌ േܽ௫ݐଶ2 . 

 

SeniSvna: radgan sx  t2 (v0x = 0), gadaadgilebis proeqciebis Sefardeba Sesabamisi 

droebis kvadratebis Sefardebis tolia: ݏଵ௫: :ଶ௫ݏ :ଷ௫ݏ … : ௫ݏ ൌ :ଵଶݐ :ଶଶݐ :ଷଶݐ … :  .ଶݐ
 

am Tanafardobas zogjer `moZraobis wessac~ uwodeben. 

wrfivi Tanabrad Senelebuli moZraoba 

௫ ൌ ௫ െ ܽ௫ݐ, 
௫ ൌ െ௫  ܽ௫ݏ ,ݐ௫ ൌ ௫ݐ െ ܽ௫ݐଶ2 ௫ݏ , ൌ െ௫ݐ  ܽ௫ݐଶ2 . 
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ra SeityveT? CamoayalibeT Seswavlili cnebebis ganmartebebi da Sesabamisi 

gantolebebis mixedviT aageT siCqaris proeqciis droze damikidebulebis, gada-

adgilebis proeqciis droze damokidebulebisa da aCqarebis proeqciis droze 

damokidebulebis grafikebi. 

 

 

proeqti 
aageT `cnebebs Soris kavSiris ruka~ Tanabrad cvladi moZraobisTvis (nimuSad 

gamoiyeneT: I TavSi moyvanili `cnebebs Soris kavSiris ruka~). 

 
  

SemoqmedebiTi gamoyeneba. kvleviTi samuSao-2. 

SeZlebT Tu ara mocemuli grafikebis mixedviT sxva 

sidideebs Soris damokidebulebis grafikebis agebas? 

amocana: naxatze mocemulia materialuri wertilis 

siCqaris proeqciis droze damokidebulebis grafi-

ki wrfivi Tanabrad cvladi moZraobisTvis. am gra-

fikis Sesabamisad aageT materialuri wertilis 

gadaadgilebisa da aCqarebis proeqciebis droze 

damokidebulebis grafikebi. 

imsjeleT Sedegebze: 

• rogor avagoT gadaadgilebisa da aCqarebis dro-

ze damokidebulebis grfikebi siCqaris droze da-

mokidebulebis grafikis mixedviT? 

• rogor ganvsazRvroT siCqaris droze damoki-

debulebis garfikis mixedviT, Tanabrad aCqarebu-

lia Tu Tanabrad Senelebuli moZraoba? 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi 

• ris tolia avtomobilis siCqaris moduli t = 20 wm-is 
Semdeg wrfivi moZraobis dros, Tu misi sawyisi 

siCqarea vox = 15 m/wm da aCqareba ax = 2 m/wm2?  

SeamowmeT Tqveni codna 

1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT 

kargad da ra darCa TqvenTvis nawilobriv 

gaurkveveli? 

2. wrfivi Tanabrad cvladi moZraobis dros 

avtomo-bilis siCqaris proeqcia icvleba kanoniT   
vx = 21 _ 7 t. 
amis mixedviT: 

a) aageT siCqaris proeqciis droze 

damokidebulebis grafiki; 

b) gansazRvreT avtomobilis sawyisi siCqarisa da aCqarebis mniSvnelobebi; 

g) gansazRvreT Tanabrad cvladi moZraobis xasiaTi; 

d) gansazRvreT, t drois romeli mniSvnelobisaTvis gaCerdeba avtomobili; 

e) dawereT avtomobilis moZraobis gantoleba. 

࢞
0 

࢞

ଵݐ	࢚ 	ଶݐ  	ଷݐ

0 

࢙࢞
ଵݐ	࢚ 	ଶݐ 	ଷݐ

0 

࢞ࢇ
ଵݐ	࢚ 	ଶݐ 	ଷݐ
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`moZraobis wesebi~ Tanabrad aCqarebuli moZraobisaTvis 
 
mizani: viswavloT daxril RarSi Tanabrad aCqarebulad moZravi burTulis 

`moZraobis wesebis~ gansazRvra. 

samuSaosTvis saWiroa: e. w. `galileis Rari~, burTula, metalis cilindri 

(saskolo nakrebidan `kuTri siTbotevadoba~), metronomi (an wammzomi), sazomi 

lenti, Stativi cociaTi da momWeriT. 

 
samuSaos msvleloba: 

I etapi. burTulis moZraobis aCqarebis gazomva. 

1. Stativze Rari daxrilad daamagreT, ise, rom magidis zedapirTan mcire kuTxe 

Seqmnas. burTulis gasaCereblad Raris bolos moaTavseT metalis cilindri. 

mertonomi ise aawyveT, rom man wuTSi 120 dartyma Seasrulos. 

2. burTula Raris zeda nawilidan CamoagoreT da imave momentSi daiwyeT metro-

nomis dartymebis daTvla. Raris daxriloba ise daaregulireT, rom burTula 

cilindrs metronomis meoTxe dartymis dros Seejaxos. am SemTxvevaSi burTulis 

moZraobis dro 2 wami iqneba, xolo mis mier gavlili manZili s = 132 sm  1 sm. 
3. burTulis aCqarebis moduli, Tu mis moZraobas uZraobis mdgomareobidan 

( ൌ 0) vakvirdebiT, gamoiTvleba formuliT: ܽ ൌ ଶ௦௧మ. 
II etapi. moZraobis wesebis gansazRvra. 

1. pirobebis Seucvlelad cda gavimeoroT drois sxva SualedebisaTvis: t1 = 1 wm,  

t2 = 2 wm, t3 =3 wm, t4 = 4 wm da formuliT ݈ ൌ ௧మଶ 	gamovTvaloT burTulis mier 

gavlili Sesabamisi manZilebi. 

2. miRebuli Sedegebi CawereT cxrilSi da gansazRvreT, ris tolia gavlili 

manZilebis Sefardebebi _ `moZraobis wesebi~: ݈ଵ: ݈ଶ:	݈ଷ: ݈ସ ൌ ⋯? 
 

cdis rigiTi 

nomeri 

metronomis 

dartymebis 

raodenoba 

a, m/wm2 s, m t, wm ݈ଵ: ݈ଶ: ݈ଷ: ݈ସ ൌ ⋯? 
1 
2 
3 
4 

  0,66  1 
2 
3 
4 

 

 
3. ganazogadeT cdiT miRebuli Sedegebi. 

 
  

praqtikuli samuSao
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  sxeulis Tavisufali vardna 

 
 

dedamiwaze, Tanabrad cvladi moZraobis yvelaze gavrcelebuli saxea 

sxeulebis Tavisufali vardna. Tavisufali vardna aris dedamiwis zedapi-

ridan aweuli sxeulebisa vardna, rodesac maT ar aqvT sayrdeni an sakidi. 

• Tavisufali vardna aris sxeulebis moZraoba mxolod simZimis Zalis 

moqmedebiT. es aris Tanabrad aCqarebuli moZraoba g aCqarebiT, sawyisi 

siCqaris gareSe (v0 =0). 

me-16 saukunis bolos sxeulebis Tavisufali vardnis Seswavla pir-

velma daiwyo italielma mecnierma galileo galileim. igi akvirdebo-

da xis, rkinis, spilos Zvlisa da sxva masalisgan damzadebuli burTu-

lebis moZraobas daxril sibrtyeze da aRmoaCina, rom es sxeulebi, 

romlebic erTmaneTisgan masiT gansxvavdeba, erTnairi aCqarebiT moZ-

raoben. man daadgina, rom sibrtyis daxris kuTxis Secvlis Semdegac 

yvela sxeulis aCqareba ucvleli rCeba. galilei Semdeg daskvnamde 

1.6 

(a) 

kvleviTi samuSao-1. ra aris sxeulebis erTdroulad davar-

dnis mizezi?  

samuSaosTvis saWiroa: niutonis mili, kamovskis tumbo, re-

zinis moqnili mili. 

mowyobilobis aRwera: niutonis mili daaxloebiT 1 m sig-

rZis minis sqelkedliani milia, romlis erTi bolo daxu-

rulia, xolo meore boloze onkani aqvs. milSi moTavse-

bulia sxvadasxva masisa da zomis sami sxeuli: safanti, 

sacobi da frinvelis bumbuli (a). 

samuSaos msvleloba: 

1. daakvirdiT milis fskerze sxeulebis dacemis Tanmimde-

vrobas milis 1800-iT gadatrialebis Semdeg (ix. a). 

2. miaerTeT milis onkani tumbosTan da milidan haeri amo-

tumbeT. daketeT onkani da cda gaimeoreT. daakvirdiT milis 

fskerze sxeulebis Tavisufali vardnis process (b). 

imsjeleT Sedegebze: 

• ra SeniSneT uCveulo sxeulebis vardnisas mas Semdeg, rac 

milidan haeri amotumbeT? 

• ra daskvnamde mixvediT am dakvirvebebis Semdeg Tavisu-

flad vardnili sxeulebis moZraobis xasiaTis Sesaxeb? 

me-16 saukunis bolos 

italielma mecnierma galileo 

galileim martivi 

eqsperimentebi Caatara, 

romlebmac gza gauxsnes erT 

did aRmoCenas. man daadgina, 

rom italiis qalaq pizis 

daxrili koSkidan 

erTdrouli Tavisufali 

vardnis dros marmarilos 80-

kilogramiani burTula da 

Tofis tyvia, romlis masa 200 

gramia, dedamiwaze erTnairi 

aCqarebiT vardeba. 

•  rogor moZraobas 

asruleben simaRlidan 

vardnili sxeulebi? 

ratom? 

•  ra mniSvnelovani 

Sedegi miviReT 

galileis 

eqsperimentebidan? 

(a) (b) 
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mivida: dedamiwa misi zedapiris garkveul nawilSi arsebul yvela 

sxeuls erTnair aCqarebas aniWebs.  

Catarebuli gazomvebiT dadginda, rom es aCqareba, romelsac Tavi-

sufali vardnis aCqareba ewodeba, dedamiwis zedapirTan axlos ≈9,8 

m/wm2-is tolia. SemdgomSi mravali gazomvis Semdeg gansazRvres, rom 

dedamiwis polusze Tavisufali vardnis aCqareba ≈9,83 m/wm2 -is tolia, 

xolo ekvatorze _ ≈9,78 m/wm2-isa. 

Tavisufali vardnis aCqarebis veq-

tori (g) yovelTvis vertikalurad 

qveviT, dedamiwis centriskenaa mi-

marTuli. Tavisufali vardnis dros 

sxeuli moZraobs Tanabrad aCqare-

bulad. am dros Tavisufali vardnis 

aCqarebis veqtoris mimarTuleba em-

Txveva siCqaris veqtoris mimarTu-

lebas. Tu sakoordinato RerZi mi-

marTulia moZraobis mimarTulebiT, 

aCqarebis veqtoris proeqcias am 

RerZze dadebiTi mniSvneloba eqneba (g). 

cdebis Sedegad gairkva, rom vertikalurad asrolili sxeulebic 

Tavisufali vardnis aCqarebiT moZraoben. vertikalurad zeviT asro-

lili sxeulebis moZraoba Tanabrad Senelebulia. Tu sakoordinato 

RerZi mimarTulia zeviT, moZraobis mimarTulebiT, RerZze aCqarebis 

veqtoris proeqcias uaryofiTi mniSvneloba eqneba, radgan Tavisu-fali 

vardnis aCqarebis veqtors sakoordinato RerZis sawinaaRmdego 

mimarTuleba aqvs (d). 

amgvarad, rogorc sxeulebis Tavisufali vardnis dros, ise vertikalu-

rad zeviT asrolili sxeulis moZraobis dros SesaZlebelia yvela im for-

muliT sargebloba, romlebic wina gakveTilebze miviReT (ix. cxrili 1.4). 

 

cxrili 1.4 

Tanabrad cvladi 

moZraobis kinematikuri 

gantolebebi: veqtoruli 

da proeqciis saxiT 

sxeulis vardna h 

simaRlidan 

vertikalurad zeviT 

asrolili sxeulis 

moZraoba 

ሬሬԦ ൌ ሬሬԦ  gሬԦݏ ݐԦ ൌ ሬሬԦݐ  12 gሬԦݐଶ 
௬ ൌ ௬ േ gݏ ݐ௬ ൌ ௬ݐ േ gݐଶ2  

radgan sxeulis vertikalurad zeviT an qveviT 

moZraobis dros gadaadgileba gavlili h manZilis 

tolia, gantolebebis Caweris gamartivebis mizniT 

miRebulia aRniSvnebi: ௬ ൌ , ௬ݏ ൌ ݄ �� ௬ ൌ : 

 ൌ   gݐ, ݄ ൌ ݐ  gݐଶ2 ; ݄ ൌ ଶ െ ଶ2g .
roca	 ൌ 0  

 ൌ gݐ; 		݄ ൌ gݐଶ2 . 
 

 ൌ  െ gݐ, ݄ ൌ ݐ െ gݐଶ2 . 
radgan maqsimaluri 

simaRlis miRwevis Semdeg 

sxeulis siCqare 0-is tolia 

(v = 0), miviRebT: ( ൌ 0) 
 ൌ gݐ. 

 

ሬሬԦ 
ሬሬԦ ൌ 0 

݄	
O gሬԦ ሬሬԦ

ሬሬԦ ݄௫
Y

O

gሬԦ ሬሬԦ ൌ 0 

(d)

 ሬԦ࢙
ሬԦ࢙

(g) 

 ࢙࢟

Y 
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ra SeityvT? 
1. dawereT mocemuli fizikuri cnebebis mokle ganmartebebi: `Tavisufali vardna~, 

`Tavisufali vardnis aCqareba~. 

2. dawereT sxeulis moZraobis gantolebebi, Tu igi garkveuli simaRlidan vardeba 

da Tu igi vertikalurad zeviTaa asrolili. 

  

SemoqmedebiTi gamoyeneba. kvleviTi samuSao-2. SegiZliaT Tu ara, daamtkicoT? 

1) ...rom vertikalurad zeviT asrolili sxeulis maqsimalur simaRlemde 

moZraobis dro ganisazRvreba formuliT: ݐ ൌ g ; 
SeniSvna: yuradReba miaqcieT, rom maqsimaluri simaRlis miRwevisas sxeulis 

saboloo siCqare 0-is toli xdeba. 

 

2) ...rom sxeulis asvlis maqsimaluri simaRle ganisazRvreba formuliT: 

hmaqsൌ బమଶ ; 
3) sxeulis vardnis dro ganisazRvreba formuliT: 

t vardn.ൌ ටଶ ; 
4) Tavisuflad vardnili sxeulis saboloo siCqare dedamiwaze dacemis momen-

tSi ganisazRvreba formuliT: 

vsab ൌ ඥ2g݄; 
SeniSvna: yuradReba miaqcieT, rom v0 = 0. 
5) ...rom dedamiwaze sxeulis vardnis dro mis maqsimalur simaRleze asvlis 

drois tolia: tvard. = tasvl. 

 

imsjeleT Sedegebze: 

• aageT siCqaris droze damokdebulebisa da gadaadgilebis droze damokidebu-

lebis grafikebi sxeulisaTvis, romelic h simaRlidan Tavisuflad vardeba. 

• aageT siCqaris droze damokdebulebisa da maqsimaluri simaRlis droze 

damokidebulebis grafikebi vertikalurad zeviT asrolili sxeulisTvis. 

 
SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi:  

• rodesac wvima modis, ucnaur movlenas vakvirdebiT xolme. 2 km simaRlidan 

vardnili wveTi 7_8 m/wm siCqariT gvecema. ra siCqariT dagvecemoda wveTebi, 

haeris winaaRmdegoba rom ar yofiliyo da iqneboda Tu ara es siCqare Cveni 

sicocxlisTvis saxifaTo? ratom? 

 
SeafaseT Tqveni codna 

1. romeli cnebebi gaimeoreT gakveTilze? maTgan romeli gaigeT kargad da 

romeli darCa nawilobriv gaugebari? 

2. sxeuli Tavisuflad vardeba 45 m simaRlidan (v0 = 0, g = 10 m/wm2, haeris 

winaaRmdegoba ar gaiTvaliswinoT). 

a) ris tolia sxeulis vardnis dro? 

b) ris tolia sxeulis saboloo siCqare? 

g) ra simaRleze aRmoCndeba sxeuli drois t =2,5 wm momentisTvis? 

3. gamoTvaleT manZili, romelic Tavisuflad vardnilma sxeulma 1 wm-is, 2 wm-

is, 3 wm-is da 4 wm-is ganmavlobaSi gaiara (v0 = 0, g = 10 m/wm2, haeris 

winaaRmdegoba ar gaiTvaliswinoT). daimaxsovreT miRebuli ricxvebi. 

SemdgomSi isini garkveuli saxis amocanebis zepirad amoxsnisaTvis 

m b
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  meqanikuri moZraobis fardobiToba 
 

 

 
rogorc iciT, materialuri wertilis (an sxeulis) mdebareoba siv-

rceSi damokidebulia aTvlis sistemis arCevaze, anu aTvlis sxvadasxva 

sistemis mimarT materialuri wertilis mdebareoba SeiZleba sxvada-

sxva iyos. es niSnavs, rom sxeulis mdebareoba sivrceSi fardobiTia. 

fardobiTia ara marto sxeulis mdebareoba, aramed misi moZraobac: 

• sxeulis gadaadgileba da siCqare aTvlis sxvadasxva sistemis mimarT, 

romlebic erTmaneTis mimarT moZraoben, sxvadasxva iqneba. 

SeviswavloT moZraobis fardobiToba moyvanili amocanis daxmarebiT. 

amocana 2. tivze, romelic mdinaris dinebas mihyveba, ori meTevzea (a). 

erTi meTevze yuTze zis da Tevzs iWers, meore ki tivis erTi kididan 

meoremde tivis moZraobis perpendikularuli mimarTulebiT moZraobs. 

 
gansazRvreT meore meTevzis gadaadgileba da siCqare napirze mdgo-

mi damkvirveblis mimarT. 

1.7 

gzaze ori avtomobili moZraobs, romelTa siCqa-

reebi Sesabamisad ଵ= 60 km/sT da ଶ = 90 km/sT-ia. 

• Sejaxebis SemTxvevaSi ra dros daziandeba avtomo-

bilebi metad: (a) Semxvedri mimarTulebiT moZraobis 

dros Tu imave mimarTulebiT moZrav avtomobilTan 

uknidan Sejaxebis Semdeg (b)? ratom? 

 

(a) 

(b) 

(a) 

kvleviTi samuSao-1. ra aris mizezi, rom erTi da imave moZraobis siCqaris moduli 

SeiZleba sxvadasxva iyos? 

amocana 1: metros eskalators safexurebze mdgomi mgzavrebi 3 m/wm siCqariT 

ahyavs. erT-erTi mgzavri eskalatoris moZraobis mimarTulebiT, eskalatoris 

mimarT 2,5 m/wm siCqariT adis. ris tolia am mgzavris moZraobis siCqaris mo-duli 

dedamiwis mimarT? ris toli iqneba am mgzavris moZraobis siCqaris modu-li 

dedamiwis mimarT, Tu igi imave siCqariT imoZravebs qveviT, eskalatoris 

moZraobis sapirispirod (fizika 7, `moZraobis fardobiToba~)? 

imsjeleT Sedegebze: 

• ratom miviReT mgzavris moZraobis siCqaris modulis sxvadasxva mniSvneloba 

dedamiwis mimarT, misi moZraobis dros eskalatoris Tanmxvedri da sapiris-

piro mimarTulebiT? 

(a) 
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amoxsna. SeviswavloT meore meTevzis moZraoba sxvadsxva pozici-

idan. am mizniT gamoviyenoT aTvlis ori sistema: 

uZravi aTvlis sistema (XOY), romelic napirze mdgom damkvirvebe-

lTanaa dakavSirebuli. aTvlis es sistema dedamiwis mimarT uZravia. 

moZravi aTvlis sistema (X/O/Y/), romelic tivze mjdom meTevzesTanaa 

dakavSirebuli. aTvlis es sistema tivTanaa dakavSirebuli da mdinaris 

dinebis siCqariT moZraobs (ix. a). 

mjdomare meTevze aTvlis sxeulia, romelTanac dakavSirebulia 

moZravi aTvlis sistema. mas eCveneba, rom misi megobari tivis erTi ki-

didan meoremde ሬሬԦଵ siCqariT moZraobs da ݏԦଵ gadaadgilebas asrulebs. am 

dros tivi, masze mjdom meTevzesTan erTad, asrulebs ݏԦଶ gadaad-

gilebas ሬሬԦଶ siCqariT uZravi aTvlis sistemis mimarT. amgvarad, ori 

veqtoris Sekrebis paralelogramis wesis Sesabamisad miviRebT, rom 

meore meTevzis gadaadgileba uZravi aTvlis sistemis mimarT ݏԦଵ	da ݏԦଶ 
gadaadgilebis veqtorebis jamis tolia.  ݏԦ ൌ Ԧଵݏ   Ԧଶ.           (1.31)ݏ
Tu (1.31) tolobis orive mxares gavyofT t droze, romelic erTnairia 

orive _ uZravi da moZravi _ sistemisaTvis, miviRebT: ݏԦݐ ൌ ݐԦଵݏ  ݐԦଶݏ . 
aqedan miviRebT siCqareTa Sekrebis zogad wess: 

ሬሬԦ ൌ ሬሬԦଵ  ሬሬԦଶ.       (1.32) 
 
• sxeulis moZraobis (ሬሬԦ) siCqare uZravi aTvlis sistemis mimarT moZ-ravi 

aTvlis sistemis mimarT sxeulis (ሬሬԦଵ) siCqarisa da uZravi aTvlis 

sistemis mimarT moZravi aTvlis sistemis (ሬሬԦଶ) siCqaris geometriuli 

jamis tolia. 

siCqareTa Sekrebis kanonis gamoyenebiT gamovTvaloT tivis zeda-

pirze moZravi meTevzis siCqare napirze mdgomi damkvirveblis mimarT. 

rogorc naxazidan Cans, ሬሬԦଵ da 	ሬሬሬԦଶ siCqareebi erTmaneTis perpendiku-

larulia da OAB marTkuTxa samkuTxedis 

kaTetebs warmoadgenen, xolo am samkuTxedis 

hipotenuzaa am siCqareebis veqtoruli jami (b). 

piTagoras Teoremis Tanaxmad, am siCqaris 

ricxviTi mniSneloba tolia:  

 ൌ ටଵଶ  ଶଶ. 
 

 

SemoqmedebiTi gamoyeneba. kvleviTi samuSao-2. `siCqareTa Sekrebis~ kanonis Semowmeba. 

amocana 3: velosipedisti gzis swor ubanze 10 m/wm siCqariT moZraobs. mis ukan, 

imave mimarTulebiT, 25 m/wm siCqariT motociklisti moZraobs (g). gansazRvreT:  

a) velosipedistis mimarT motociklistis siCqaris moduli ሬሬԦଶଵ; 
b) motociklistis mimarT velosipedistis siCqaris moduli ሬሬԦଵଶ. 
SeniSvna: dawereT siCqaris veqtorebis Sekrebis formula. dawereT da amoxseniT 

ox RerZze siCqareTa proeqciebisgan Sedgenili gantoleba (ix. g da d). 

(b)
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ra SeityveT? ganmarteT moyvanili cnebebi: `aTvlis uZravi sistema~, `aTvlis 

moZravi sistema~, `moZraobis fardobiToba~, `siCqareTa Sekrebis kanoni~. 

amocana 4. velosipoedisti da motociklisti mocemuli siCqareebiT (ix. amocana 

3), erTmaneTis Semxvedri mimarTulebiT moZraoben. gansazRvreT 

motociklistis mimarT velosipedistis siCqaris moduli _ ሬሬԦଵଶ. 
SeniSvna: dawereT siCqaris veqtorebis Sekrebis formula. dawereT da 

amoxseniT ox RerZze siCqareTa proeqciebisgan Sedgenili gantoleba (ix. (e)). 

imsjeleT Sedegebze: 

• rogor ganvsazRvroT motociklistis siCqaris moduli ሬሬԦଶଵ velosipedistis 

mimarT, Tu viciT motociklistisa da velosipedistis siCqareebi dedamiwis 

mimarT da isini erTi da imave mimarTulebiT moZraoben? 

• rogor ganvsazRvroT velosipedistis siCqaris moduli ሬሬԦଵଶ motociklistis 

mimarT, Tu isini Semxvedri mimarTulebiT moZraoben? pasuxi daasabuTeT. 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: 

• rogor ganvsazRvroT mgzavris siCqare dedamiwis mimarT, Tu viciT mgzavris 

siCqare moZravi matareblis mimarT da matareblis siCqare dedamiwis mimarT? 

SeafaseT Tqveni codna: 

1. romeli sakiTxebi gaimeoreT gakveTilze? maT Soris romlebSi gaerkvieT 

kargad da romlebi dagrCaT nawilobriv gaugebari? 

2. ras niSnavs gamoTqma `meqanikuri moZraoba fardobiTia~? 

3. ras niSnavs uZravi aTvlis sistema da moZravi aTvlis sistema? 

4. CamoayalibeT siCqareTa Sekrebis kanoni zogadi saxiT. 

5. geocentruli da heliocentruli Sexedulebebis mixedviT, Sesabamisad, 

romeli ciuri sxeulis mimarT gansazRvraven sxeulis mdebareobas. pasuxi 

daasabuTeT. visgan iRebs saTaves es msoflmxedvelobebi? 

6. mdinaris napirze arsebuli erTi punqtidan meoremde manZilis gasavlelad 

dinebis mimarTulebiT Zraviani navi 40 wuTs xarjavs, xolo dinebis 

sawinaaRmdego mimarTulebiT _ 1 sT da 10 wT-s. ris tolia navis siCqaris 

moduli wylis mimarT, Tu mdinaris dinebis siCqare 8 km/sT-ia?

(g) 

(d) 

(e) 
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 Tanabari moZraoba wrewirze 
 
wina gakveTilebze Tqven gaecaniT Tanabar da Tanabrad aCqarebul wrfiv moZra-

obebs, agreTve sidideebs, romlebiTac isini xasiaTdebian da gaarkvieT, rogor 

icvleba es sidideebi drois ganmavlobaSi. 

• romeli moZraobis _ wrfivi Tanabaris Tu wrfivi Tanabrad aCqarebulis _ 

maxasiaTebeli fizikuri sididea aCqareba da romlis ara? ratom? 

• ras axasiaTebs aCqareba gadataniTi wrfivi moZraobis dros: moZraobis siCqaris 

modulisa Tu mimarTulebis cvlilebis siswrafes? Tu orives erTad? 

• ras axasiaTebs aCqareba wrewirze Tanabari moZraobis dros? gamoTqviT Tqveni 

mosazrebebi. 

 
mrudwiruli moZraobis yvelaze martivi saxea bunebaSi farTod gav-

rcelebuli wrewirze moZraoba (ix. fizika 7, Tema: 1.6 da 1.7). 

dedamiwis zedapiris wertilebis brunva dedamiwis RerZis irgvliv, sa-

aTis isrebis wertilebis brunva, avtomobilis borblebis wertilebis 

brunva da sxva movlenebi wrewirze moZraobas 

warmoadgens. wrewirze moZraobis Seswavlis Te-

oriuli da praqtikuli mniSvneloba imaSi mdgo-

mareobs, rom nebismieri mrudwiruli traeqto-

ria SeiZleba warmovadginoT rogorc sxvadasxva 

radiusis wrewirebis rkalebis erToblioba (a). 

wrewirze moZraobis yvelaze martivi saxea 

wrewirze Tanabari moZraoba. 

• wrewirze Tanabari moZraoba aris moZraoba, romlis drosac moZravi 

materialuri wertilis siCqaris moduli ucvlelia am wrewiris yovel 

wertilSi. es moZraoba xasiaTdeba Semdegi fizikuri sidideebiT: 

brunvis periodi. brunvis periodi aris dro, romlis ganmavlobaSic 

materialuri wertili wrewirze erT srul bruns asrulebs: ܶ ൌ ݐܰ . 
sadac T brunvis periodia, N _ materialuri wertilis mier t droSi 

Sesrulebuli srul brunvaTa ricxvi. brunvis periodis sazom erTe-

ulad SI sistemaSi miRebulia wami: [T] = 1 wm. 
brunvis sixSire. brunvis sixSire aris materialuri wertilis mier 

drois erTeulSi Sesrulebul brunvaTa ricxvi: 

 ൌ ݐܰ . 
sadac, ν _ brunvis sixSirea (zogjer mas n-iT aRniSnaven). SI sistemaSi 

brunvis sixSiris erTeuli aris herci (brunvis sixSire aris 1 herci, 

rodesac materialuri wertili erT wamSi erT srul bruns asrulebs): ሾሿ ൌ 1
წმ

ൌ წმିଵ ൌ 1	ჰც. 
brunvis periodi brunvis sixSiris Sebrunebuli sididea: 

 ൌ 1ܶ ; 			ܶ ൌ 1

. 

es niSnavs, rom ramdenjerac Semcirdeba brunvis sixSire, imdenjer 

gaizrdeba brunvis periodi da piriqiT. 

1.8 

(a)

traeqtoria 
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(g) 

ሬሬԦ
Ԧܽ

R 

R
R 

ԦܽԦܽ Ԧܽ Ԧܽ O 

ሬሬԦ 
ሬሬԦ 

ሬሬԦ 
ሬሬԦ

 mobrunebis kuTxe. mobrunebis kuTxe aris kuTxe, romelzec Semob-

rundeba radius-veqtori materialuri wertilis wrewirze moZraobis 

dros. mobrunebis kuTxe fizikuri sididea, 

romelic izomeba sawyis da saboloo radius-

veqtorebs Soris arsebuli wrewiris rkalis 

sigrZis SefardebiT radiusTan (b): ߮ ൌ ݈ܴ . 
sadac φ  mobrunebis kuTxea, l _ rkalis sigrZe, 

romelic mobrunebis kuTxes Seesabameba, R _ 
wrewiris radiusi. drois tol SualedebSi 

wrewirze Tanabrad moZravi materialuri wer-

tilis radius-veqtoris mobrunebis kuTxeebi erTnairia.  

mobrunebis kuTxe skalaruli fizikuri sididea da misi sazomi erTe-

uli SI sistemaSi aris radiani: 

[φ] = 1 rad. 

• 1 rad aris iseTi mobrunebis kuTxe, rodesac radius-veqtoris mier 

Semowerili rkalis sigrZe wrewiris radiusis tolia (l = R). 

kuTxuri siCqare an wriuli sixSire. kuTxuri siCqare (an wriuli 

sixSire) aris fizikuri sidide, romelic izomeba mobrunebis kuTxis 

fardobiT drosTan, romlis ganmavlobaSic es mobruneba Sesrulda: ߱ ൌ ݐ߮ . 
sadac ω kuTxuri siCqarea. wrewirze Tanabrad moZravi materialuri 

wertilis kuTxuri siCqare ar icvleba da mudmivia drois ganmavlobaSi 

(ω = const). kuTxuri siCqaris erTeuli SI sistemaSi aris radiani 

Sefardebuli wamTan _ 1 rad/wm: ሾ߱ሿ ൌ 1რადс .	 
• kuTxuri siCqaris erTeulad miRebulia wrewirze iseTi Tanabari 

moZraobis kuTxuri siCqare, romlis drosac materialuri wertilis 

radius-veqtori 1 wm-Si 1 rad kuTxiT Semobrundeba. 

materialuri wertili, romelic wrewirze Tanabrad moZraobs, brunvis 

periodis toli drois ganmavlobaSi (t = T) erT srul bruns asrulebs da am 

dros radius-veqtori φ = 2π kuTxiT Semobrundeba. amitom wrewirze Tanabari 

moZraobis dros kuTxur siCqaresa da brunvis pe-

riods (brunvis sixSires) Soris arsebobs kavSiri: ߱ ൌ ߨ2ܶ ൌ  .ߨ2
 wiriTi siCqare. wiriTi siCqare ewodeba wre-

wirze moZravi materialuri wertilis siCqa-

ris moduls. wrewirze Tanabrad moZravi mate-

rialuri wertilis wiriTi siCqaris moduli ar 

icvleba (v = const), magram uwyvetad icvle-ba 

misi mimarTuleba da traeqtoriis yovel 

wertilSi traeqtoriis mxebis gaswvrivaa 

mimarTuli (g). 

(b) 
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wrewirze Tanabari moZraobis wiriTi siCqaris ricxviTi mniSvneloba 

tolia gavlili manZilis Sefardebisa drosTan, romelic am manZilis 

gavlas dasWirda: 

 ൌ  .ݐ݈
rodesac materialuri wertili wrewirze Tanabrad moZraobs, brunvis 

periodis toli drois (t = T) ganmavlobaSi wrewiris sigrZis tol man-

Zils gaivlis: l = 2π R. Tu wiriTi siCqaris formulaSi amas gaviTva-

liswinebT, miviRebT gamosaxulebas, romelic wiriT siCqares kuTxur 

siCqaresTan akavSirebs: 

 ൌ ߨ2ܶ ܴ ൌ ܴ. 
centriskenuli aCqareba. wiriTi siCqaris mimarTulebis cvlilebis 

siswrafe wrewirze Tanabari moZraobis dros xasiaTdeba fizikuri si-

didiT, romelsac centriskenuli, anu normaluri aCqareba ewodeba. 

centriskenuli, anu normaluri aCqarebis veqtori traeqtoriis nebis-

mier wertilSi mimarTulia wrewiris radiusis gaswvriv, wrewirs cen-

trisken (ix. g). wrewirze Tanabrad moZravi materialuri wertilis 

centriskenuli aCqarebis moduli misi wiriTi siCqaris kvadratis 

wrewiris radiusTan Sefardebis tolia: ܽ ൌ ଶܴ. 

 

SemoqmedebiTi gamoyeneba. SegiZliaT Tu ara daamtkicoT?  daamtkiceT, rom: 

1) wiriTi siCqare wrewirze Tanabari moZraobis dros dakavSirebulia brunvis 

sixSiresTan formuliT: 

 ൌ  .ܴߨ2
2) centriskenuli aCqareba wrewirze Tanabari moZraobis dros dakavSirebulia 

brunvis sixSiresa da brunvis periodTan, agreTve brunvaTa ricxvTan, formulebiT: ܽ ൌ ଶܴTଶߨ4 ; 						ܽ ൌ ܽ							,ଶଶܴߨ4 ൌ ଶݐଶܰଶߨ4 ܴ. 
3) centriskenuli aCqareba wrewirze Tanabari moZraobis dros dakavSirebulia 

kuTxur siCqaresa da wiriT siCqaresTan formuliT: ܽ ൌ ߱. 
imsjeleT Sedegebze:  

• aageT wrewirze Tanabrad moZravi materialuri wertilis wiriTi siCqaris wrewiris 

radiusze, brunvis periodsa da brunvis sixSireze damikidebulebis grafikebi. 

• aageT wrewirze Tanabrad moZravi materialuri wertilis centriskenuli 

aCqarebis wrewiris radiusze, brunvis periodsa da brunvis sixSireze 

damokidebulebis grafikebi. 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi 

• majis saaTis wamebis maCvenebeli isris sigrZe 2 sm-ia, xolo wuTebis maCvenebeli 

isris _ 1,5 sm. romeli isris centriskenuli aCqarebis moduli iqneba meti da 

ramdeniT? 

• yoveldRiur cxovrebaSi sad vxdebiT wrewirze Tanabar moZraobas? ris Tqma 

SegiZliaT maTi brunvis periodsa da brunvis sixSireze? 

SeafaseT Tqveni codna 

1. romeli cnebebi gaimeoreT gakveTilze? romelSi gaerkvieT kargad da rome-

li dagrCaT nawilobriv gaugebari? 

2. ratom ewodeba aCqarebas wrewirze sxeulis Tanabrad moZraobis dros cen-

triskenuli, anu normaluri aCqareba? 
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ra SeityveT? ganmarteT qvemoT moyvanili cnebebi da sidideebi: `mobrunebis 

kuTxe~, `kuTxuri siCqare~, `wiriTi siCqare~, `centrikenuli aCqareba~, `brunvis 

periodi~, `brunvis sixSire~. 

 
• proeqti • aageT wrewirze Tanabari moZraobis `cnebebs Soris kavSiris ruka~. 

 
 
 
 

1.1. gansazRvreT materialuri wertilis koordinatebi XOY sibrtyeze, Tu 

radius-veqtori, romlis moduli 5 m-ia, OX RerZTan 300-ian kuTxes adgens. 
1.2. M materialuri wertilis koordinatebia xM = 1 m da yM = 1,5 m, xolo N 

wertilis koordinatebia xN = 3 m da yN = _2 m. 

gansazRvreT: 

a) M da N wertilebis SemaerTebeli veqtoris moduli; 

b) am veqtoris proeqciebi OX da OY RerZebze; 

g) am veqtorsa da OX RerZs Soris kuTxe. 

1.3.  Ԧܽ da ሬܾԦ veqtorebi urTierTperpendikularulia (nax. 1). gansazRvreT: a) maTi 

jamuri veqtori; b) jamuri veqtoris moduli. 

 
1.4. gansazRvreT naxatze (nax. 2) warmodgenili veqtorebis proeqciebi 

sakoordinato OX da OY RerZebze. 

 
1.5.  sportsmeni varjiSis dros darbis wriul traeqtoriaze, romlis radiusi 60 

m-ia da 10 wre gairbina. gansazRvreT sportsmenis mier garbenili manZili. 

ris tolia misi gadaadgilebis moduli? (π = 3)?  
1.6. gansazRvreT saaTebis maCvenebeli isris bolos mier gavlili manZili da 

gadaadgileba, romelic Seesabameba drois Sualedebs t1 = 3 sT-s; t2 = 6 sT-s; t3 

= 9 sT-s da t4 = 12 sT-s, Tu isris sigrZe 8 sm-ia (π = 3). 
 

3. gamoTvaleT dedamiwis centriskenuli aCqarebis moduli misi mzis irgvliv 

moZraobis dros (dedamiwis orbitis radiusi R = 1,5 · 108 km-ia). 

4. rogoria dedamiwis wiriTi siCqare mzis irgvliv moZraobis dros (dedamiwis 

orbitis radiusi R = 1,5 · 108 km-ia)?

nax. 1

nax. 2
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I 

1.7.   urika N dedamiwis mimarT moZraobs, xolo urikebi M da O _ uZravia (nax. 3). 

ris Tqma SeiZleba M da O urikebis mdgomareobis Sesaxeb N urikasTan 

dakavSirebul aTvlis sistemaSi? 

 
1.8. M, N da O urikebi erTi mimarTulebiT da erTnairi siCqariT moZraoben (nax. 4). ris 

Tqma SeiZleba M da O urikebis mdgomareobis Sesaxeb N urikasTan dakavSirebul 

aTvlis sistemaSi? 

 

 
1.9.  velosipedisti 10 km/sT siCqariT moZraobda da CrdiloeTis mimarTulebiT 3 

km manZili gaiara, Semdeg ki aRmosavleTis mimarTulebiT _ 4 km manZili. 

gansazRvreT: 

a) dro, romelic velosipedistma daxarja mTeli manZilis gasavlelad; 

b) misi gadaadgilebis moduli. 

1.10. gamosaxeT mocemuli siCqareebis mniSvnelobebi m/wm-ebSi: ଵ = 180 km/sT; 

   ଶ = 2,4 km/wT; ଷ = 16km/wm; v4 = 120 sm/wm. 
1.11. moedanze fexburTelma 	= 5 m/wm siCqariT samxreTis mimarTulebiT l1 = 20 m  

manZili gairbina, Semdeg dasavleTis mimarTulebiT _ l2 = 40 m manZili, Sem-

deg CrdiloeTis mimarTulebiT _ l3 = 30 m manZili. gansazRvreT: a) fexbur-

Telis mier gavlili manZili; b) misi ga-

daadgilebis moduli; g) dro, romlis 

ganmavlobaSic igi umoklesi gziT SeZ-

lebs sawyis mdgomareobaSi dabrunebas, 

Tu imave siCqariT gaagrZelebs sirbils. 
1.12. naxatze mocemulia materialuri werti-

lis siCqaris mniSvnelobis droze damoki-

debulebis grafiki (nax. 5). grafikis 

mixedviT aRwereT moZraoba.  

gansazRvreT: a) gadaadgilebis moduli; b) 

0-dan 4 sT-mde gavlili manZili; g) 

aCqarebis moduli. 

1.13. vertmfreni baqodan `navTobiani 

qvebisken~ mifrinavs. haeris mimarT misi siCqaris moduli v1 = 108 km/sT-is 

tolia. qaris siCqare, romelic frenis mimarTulebis sapirispirod qris, v2 
=10 m/wm-s. 

gansazRvreT: 

a) vertmfrenis siCqaris moduli dedamiwis mimarT; 

b) misi gadaadgileba dedamiwis mimarT 30 wT-is ganmavlobaSi. daxazeT 

moZraobis sqematuri gamosaxuleba. 

1.14. amoxseniT wina amocana im SemTxvevisaTvis, rodesac qari vertmfrenis 

moZraobis perpendikularuli mimarTulebiT qris. daxazeT moZraobis 

sqematuri gamosaxuleba. 
1.15. matarebeli, romelic sadgurs uaxlovdeba, 2 wT-is ganmavlobaSi siCqares v1 

=72 km/sT-dan 0-mde amcirebs. gansazRvreT matareblis aCqarebis moduli da 

mimarTuleba. 

 
 

nax. 3 

nax. 4 

nax. 5 
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1.16. avtomobilis wrfivi moZraobis siCqaris 

droze damokidebulebis grafikis mixed-

viT (nax. 6), gansazRvreT misi:   
a) siCqare drois momentebSi: t1 = 5 wm-s,  

   t2 = 18 wm-s da t3 = 22,5 wm-s; 
b) saSualo siCqare mTel gzaze; 

g) aCqarebis mniSvneloba me-15 wamis bolos. 

 

1.17.  qvas vertikalurad zeviT agdeben 10 m 

simaRlidan, 30 m/wm sawyisi siCqariT. gansazRvreT qvis mier 4 wamis 

ganmavlobaSi gavlili gza da gadaadgileba (haeris winaaRmdegoba ar 

gaiTvaliswinoT; g =10 m/wm2). 
 
1.18.  qva, romelic WaSi vardeba, fskeramde 4 wm-is Semdeg aRwevs. gansazRvreT: 

a) Wis siRrme;  

b) qvis siCqare fskerze dacemis momentSi. 

(haeris winaaRmdegoba ar gaiTvaliswinoT; g =10 m/wm2). 

 
1.19. cirkSi motociklisti asrulebs wriul moZraobas 

cilindruli formis kedelze, romlis radiusi 4 m-ia 

(nax. 7, xedi zevidan). gansazRvreT motociklistis 

wiriTi da kuTxuri siCqareebi, Tu viciT, rom misi 

centriskenuli aCqareba 25 m/wm2-ia. 

 
1.20.  velosipedis borblis diametri 0,5 m-ia. rogori unda 

iyos borblis brunvis sixSire, rom velosipedistis 

siCqare 10 m/wm-is toli iyos (π = 3)? haeris 

winaaRmdegoba ar gaiTvaliswinoT. 

nax. 6 

nax.7 
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dinamikis safuZvlebi 
 
am Tavis Seswavlis Semdeg  

Tqven SeZlebT: 
 

• axsnaT sxeulis uZraobis an wrfivi Tanabari moZraobis war-

moqmnis mizezebi, ganaxorcieloT am movlenebTan dakav-

Sirebuli martivi cdebi; 

• axsnaT da cdebiT daasabuToT sxeulis siCqaris cvlilebis mizezi; 

• imsjeloT dinamikis ZiriTad kanonebze, daweroT am kanonebis 

gamomxatveli formulebi da ganazogadoT am kanonebidan 

gamomdinare Sedegebi; 

• ganasxvaoT moZraobis gantolebebi dinamikaSi gantolebebisgan 

kinematikaSi; 

• SeadginoT da amoxsnaT raodenobrivi da Tvisebrivi amocanebi 

niutonis kanonebis gamoyenebiT; 

• axsnaT mzis sistemis warmoSobis Teoria da dedamiwis ze-dapirze 

sxeulebis arsebobis SesaZlebloba; 

• imsjeloT, cdebiT daadasturoT da yoveldRiur praqtikaSi 

gamoiyenoT sxeulTa wonasworobis pirobebi; 

• ganasxvaoT Zalebi: sqemaze aCvenoT Zalis modebis wertili da 

misi moqmedebis mimarTuleba, daweroT Zalis sxva fizikur 

sidideebze damokidebulebis formulebi; 

• miuTiToT mizezebze, romlebic iwvevs meqanikuri moZraobis 

xasiaTis cvlilebas, yoveldRiuri cxovrebidan moiyvanoT 

sxvadasxva saxis meqanikuri moZraobis magaliTebi; gaerkveT 

warmoqmnili movlenebis mizezebSi da moiyvanoT am movlenebis 

gamoyenebis magaliTebi sxvadasxva xelsawyosa da meqnizmis 

moqmedebis principSi. 

II
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   II

simZimis Zala

sxeuli Sei-

Zens aCqarebas 

niutonis I kanoni 

ZiriTadi 

principi 

Sedegi mizezi 

niutonis II kanoni 

niutonis III kanoni 

ZiriTadi 

principi

moZraobis siCqaris 
cvlileba

msoflio 

mizidulobis kanoni

hukis kanoni 

ganisazRvreba 

kanonebiT 

drekadobis 

Zala 

xaxunis 

Zala 

Zala

moqmedebs 

sayrdenze 

an sakidze 

Fa =mg

formula 

Fу = –kx

formula 

Fs =N

formula

gorvis 

srialis

uZraobis 

saxeoba 

deformacia 

Runva 

kumSva 

gaWimva 

grexa 

damuxruWeba, 

winaaRmdego-

bis moqmedeba 

samyaro, mzis sistemis warmoqmna, 

dedamiwis sistemis Camoyalibeba 

maxasiaTeblebi 

darCeba wo-

nasworobaSi 

mdgradi 

aramdgradi 

ganurCeveli 

saxe

Zalis momenti. 

sazomi 

erTeuli SI 
sistemaSi 

niuton-metri 

(n·m) 

saxeoba 

maxasiaTebeli 

masa, misi sazomi 

erTeuli SI sistemaSi 

_ kilogrami (kg) 

Zala, misi sazomi 

erTeuli SI sistemaSi 

_ niutoni (n) 

aCqareba, misi sazomi erTeuli 

SI sistemaSi _ metri gayofili 

wamis kvadratze (m/wm2) 

tolqmedi Zala 

nulis tolia 

momentebis 

wesi 

pirobebi 

maxasiaTebeli 

Zalis impulsi 

II Tavis `cnebebis ruka~ 

maxasiaTebeli 

wanacvleba 

(Zvra)
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 dinamikis ZiriTadi amocanebi. Zala. 
               Zalebis tolqmedi. masa 
 
rogorc iciT, nebismieri sxeulis moZraobis siCqaris cvlilebis mizezi misi sxva 

sxeulebTan urTierTqmedebaa (ix. fizika 7). 

• saWiroa Tu ara, sxeuli ganicdides Zalebis moqmedebas sxva sxeulebis mxridan, raTa 

uZravi iyos an wrfivad da Tanabrad moZraobdes? 

• saWiroa Tu ara sxeuli urTierTqmedebdes sxva sxeulebTan, rom Tanabrad aCqare-

bulad imoZraos? 

• sxeulis romel Tvisebas SeuZlia Seasrulos mniSvnelovani roli misi mdebareobis 

cvlilebis dros sivrceSi?  

• Tu sxeuli erTdroulad ramdenime Zalis moqmedebas ganicdis, rogor SeiZleba imis 

gansazRvra, Seicvlis Tu ara igi mdebareobas? 

 
`kinematikaSi~ mocemuli masalis Seswavlis Sedegad Tqven SegiZliaT 

ganasxvaoT Tanabari da Tanabrad cvladi moZraobebi, agreTve dawe-roT 

am moZraobebis gantolebebi. magram gaurkveveli darCa, ra mize-ziT 

warmoiqmneba Tanabari an Tanabrad cvladi moZraobebi.  

es sakiTxi Seiswavleba meqanikis nawilSi, romelsac dinamika ewodeba. 

2.1 

kvleviTi samuSao-1. ras niSnavs ramdenime Zalis Secvla tolqmedi ZaliT? 

samuSaosTvis saWiroa: nakrebi `statikaSi saWiro xelsawyoebi~, markeri, saxazavi. 

samuSaos msvleloba: 

1. nakrebidan `statikaSi saWiro xelsawyoebi~ aRebuli zambaris erT-erTi bo-

lo metalis firfitaze daamagreT. rgoli, romelic zambaris Tavisufal bo-

lozea, dinamometrebiT gaWimeT ise, rom dinamometrebma erTmaneTTan marTi 

kuTxe Seadginon da maTi Cvenebebi Sesabamisad 3 da 4 danayofi iyos. 

2. am mdgomareobaSi rgolis mdebareoba aRniSneT wertiliT, xolo dinamomet-

rebis mdebareoba _ StrixebiT. 

3. rgols erT-erTi dinamometri moxseniT, xolo meore dinamometri ise gaWi-

meT, rom rgoli moniSnul wertilSi dabrundes. dinamometris axali mdeba-

reobac StrixiT aRniSneT. 

4. moxseniT dinamometri da rgolis moniSvnis wertilze da sam Strixze wrfe-

ebi gaavleT. am wrfeebze, dinamometrebis Cvenebebis Sesabamisad, erTnairi 

danayofebiT sami veqtori aageT. 

5. gamoiyeneT veqtorebze moqmedebis wesebi da SeamowmeT, ramdenad sworad 

gansazRvreT jamuri veqtoris moduli da mimarTuleba. 

 

3 danayofi 

4danayofi 
4danayofi 4danayofi

3 danayofi 3 danayofi 

imsjeleT Sedegebze:

• romeli Zalebis SekrebiT miviReT jamuri Zala da ramden danayofs Seesaba-

meba misi moduli? 

• maTematikurad romeli formuliT SeiZleba gamovTvaloT jamuri Zalis 

moduli? ramdenad Seesabameba gamoTvlili mniSvneloba eqsperimentiT 

miRebul mniSvnelobas? 
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• dinamika (berZnulad `dinamikos~ _ Zlieri, mZlavri) meqanikis nawilia, 

romelic Seiswavlis moZraobis xasiaTis ganmsazRvrel mizezebs, 

agreTve imas, Tu rogor cvlis es mizezebi moZraobis xasiaTs. 

• meqanikis ZiriTadi amocanaa _ gansazRvros sxeulis moZraobis xa-

siaTis Sesabamisoba sxeulze moqmed ZalasTan, an piriqiT, moZraobis 

xasiaTis mixedviT gansazRvros, rogori Zala moqmedebs sxeulze. 

`Zalis~ cneba dinamikis safuZvelia. Zala veqtoruli fizikuri sididea, 

romelic axasiaTebs erTi sxeulis moqmedebas meoreze da am moqmedebis 

sazomia (ix. fizika 7, gv. 30). Zalis veqtoris mimarTuleba sxeulis 

moqmedebis mimarTulebas emTxveva, xolo Zalis moduli am moqmedebis 

raodenobrivi gamoxatulebaa. romelime Zalaze msjelobis dros, 

aucilebelia, mkafiod warmovidginoT: 

• romel sxeulze moqmedebs es Zala, anu romel sxeulzea es Zala 

modebuli? 

• radgan sxeuls garkveuli zomebi aqvs, sxeulis romel wertilSia es 

Zala modebuli? 

• romeli sxeulis moqmedebas axasiaTebs es Zala? 

• romeli wrfis gaswvriv da romel mxares aris mimarTuli es Zala? 

• ris tolia mis moduli? 

sxeulze ramdenime Zalis moqmedebis dros maT moqmedebas cvlian erTi 

_ tolqmedi ZaliT. 

• tolqmedi Zala sxeulze moqmedi yvela Zalis veqtoruli jamia: ܨԦଵ ܨԦଶ  Ԧଷܨ  Ԧܨ … ൌ  .Ԧܨ∑
magaliTad, Tu materialur wertilze moqmedebs ori urTierT-

marTobuli F1 da F2 Zala, maTi Secvla SeiZleba F Zalis veqtoriT (a). 

am Zalis moduli tolia: ܨ ൌ ඥܨଵଶ   .ଶଶܨ
Tu sxeulze moqmedi ori Zala F1 da F2 er-

TmaneTTan nebismier kuTxes adgens (b), maTi 

tolqmedi Zalis gansazRvra SesaZlebelia 

kosinusebis TeoremiT (ix. maTematika 9): 	ܨ ൌඥ12ܨ  22ܨ   .ߙݏ2ܿܨ1ܨ2
sxeuli aCqarebas Zalis moqmedebiT iZens, ami-

tom dinamikaSi cneba `aCqarebas~ sruliad sxva 

Sinaarsi aqvs. 

• sxeuli aCqareba iZens sxva sxeulebTan urTi-

erTqmedebis Sedegad. 

cnobilia, rom ori urTierTqmedi sxeulis mier 

SeZenili aCqarebebis Sefardeba maTi mase-bis 

Sefardebis ukuproporciulia (ix. fizika 7, 

gv.38): ܽଵܽଶ ൌ ݉ଶ݉ଵ . 
Semdeg sxeuls, romlis masis gansazRvrac gvWirdeba, urTierTqmede-

baSi moviyvanT etalonad miRebul sxeulTan, sxeulebis aCqarebebsa da 

(a) 

(b) 

Ԧଵܨ

Ԧଵܨ
 Ԧଶܨ

Ԧܨ Ԧଶܨ

Ԧܨ
 ߙ
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masebs Soris arsebuli Tanafardobidan SevZlebT ganvsazRvroT sxeu-

lis ucnobi masa: ܽэтܽт ൌ ݉т݉эт 		→ ݉т ൌ ݉эт ∙ ܽэтܽт . 
 

 
 
ra SeityveT? samuSao rveulSi dawereT CamoTvlili cnebebis ganmar-

tebebi: `dinamika~, `dinamikis ZiriTadi amocana~, `Zala~, `Zalebis tol-

qmedi~, `aCqarebis fizikuri Sinaarsi dinamikaSi~, `masa~. 

(g) kvleviTi samuSao-2. 

SemoqmedebiTi gamoyeneba. masis gansazRvra 

samuSaosTvis saWiroa: urika (2 cali), masis 

etaloni (sawoni _ masiT 1 kg), gamosakvlevi 

sxeuli (sawonebi _ masiT 2 an 3 kg), sademon-

stracio saxazavi (1 m), wammzomi, zambara, Zafi, 

sanTebela, markeri.  
samuSaos msvleloba: 

1. ori urika erTmaneTis pirispir moaTavseT gluv horizontalur zedapirze. erT-

ze 1 kg-iani sawoni dadeT (igi pirobiTad etalonur masadaa miRebuli), meoreze _ 

sawoni masiT 2 an 3kg. urikebs Soris moaTavseT ZafiT Sekruli SekumSuli zambara 

da zambaris Sua wertili magidis zedapirze `0~ wertiliT aRniSneT. 

2. anTebuli sanTebelas saSualebiT Zafisgan gaaTavisufleT SekumSuli zambara da 

imavdroulad CarTeT wammzomi. saxazaviT gazomeT urikebis gadaadgilebis proeq-

ciebi (anu gavlili manZilebi) garkveuli t drois ganmavlobaSi da kinematikuri 

formulebis gamoyenebiT gamoTvaleT urikebis aCqarebebi:  ݏ ൌ ଶ2ݐܽ 	→ ܽ ൌ ଶݐݏ2 . 
3. urTierTqmedi sxeulebis masebisa da aCqarebebis Sefardebebs Soris kavSiris 

formuliT gansazRvreT saZiebeli masa (gaarkvieT, romeli sawoni iyo moTavsebu-

li meore urikaze: 2- Tu 3-kilogramiani).  
4. yvela Sedegi CawereT cxril 2.1-Si. 

 
№ ݉ეტ, კგ	 ,სხݏ მ ,ეტݏ მ ܽსხ, მ

წმଶ ܽეტ, მ
წმଶ ݐ, წმ ݉სხ, კგ	

1 1 kg      (2 kg) 

2 1 kg      (3 kg) 

imsjeleT Sedegebze:

• romeli Zalis moqmedebiT SeiZines urikebma aCqarebebi? sqematurad aCveneT am 

Zalebis modebis wertilebi da mimarTulebebi. 

• kidev ra Zalebi moqmedebs urikebze? maT Soris romlebi awonasworebs erTmaneTs? 

SegiZliaT Tu ara sqematurad aCvenoT es Zalebi? 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: 

ra rols TamaSobs urTierTqmedi sxeulebis masebi maT mier didi Tu patara aCqa-rebis 

SeZenaSi? moiyvaneT magaliTebi yoveldRiuri cxovrebidan. 

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? romelSi gaerkvieT kargad da romeli 

dagrCaT nawilobriv gaugebari? 

2. riT gansxvavdeba dinamika kinematikisgan? 

3. romeli fizikuri sidideebiT xasiaTdeba sxeulebis urTierTqmedeba? 

4. ris codnaa aucilebeli sxeulze moqmedi Zalis gansasazRvrad? pasuxi daasabuTeT. 

5. ras niSnavs sxeulze moqmedi yvela Zalis tolqmedi? 

6. ra rols asrulebs masa sxeulis mier aCqarebis SeZenaSi? 
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 moZraoba inerciiT: niutonis I kanoni 

 

 
dinamikis safuZvels niutonis sami kanoni warmoadgens. es kanonebi 

mravali dakvirvebisa da eqsperimentis Sedegia. eqsperimentis Sedegebi 

pirvelad galileim ganazogada me-17 saukuneSi. eqsperimentebis Sede-

2.2 

SeiZleba, zafxulis ardadagebis dros 

SeswrebixarT an Tqven TviTon gangicdiaT 

qvemoT aRwerili movlenebi:  

a) velosipedisti Tanabrad moZraobs 

swor gzaze; 

b) velosipedisti cdilobs, SeinarCunos 

wonasworoba uZrav mdgomareobaSi ise, 

rom fexebiT ar Seexos miwas; 

g) uyuradRebobis gamo velosipedisti 

ver amCnevs, rom borbliT qvas ejaxeba 

da moulodneli gaCerebis gamo 

velosipedidan yiramala vardeba (a). 

 

• ra aris swor gzaze velosipedistis Tanabari moZraobis mizezi? 

• ra mizeziT inarCunebs velosipedisti wonasworobas gaCerebul mdgomareobaSi ise, rom 

fexebiT miwas ar exeba?  

• velosipedis moulodneli gaCerebis dros ratom vardeba velosipedisti yiramala 

moZraobis mimarTulebiT? 

kvleviTi samuSao-1.  ratom Seasrula burTulam sxvadasxva gadaadgileba? 

samuSaosTvis saWiroa: galileis Rari, metalis burTula, organuli minis firfita, 

uxeSi zumfaris qaRaldi (nomeri 12_16), bambis qsovili, Stativi momWeriTa da 

mosriale rgoliT. 

samuSaos msvleloba: Rari Stativze daamagreT horizontaluri zedapiris mimarT 

300-iani kuTxiT. daakvirdiT horizontalur zedapirze burTulis moZraobis sam 

SemTxvevas RarSi misi Camogorebis Semdeg da dafiqrdiT gansxvavebis mizezebze. 

I SemTxveva: burTulis moZraoba magidis 

horizotalur zedapirze dafenil zum-faris 

qaRaldze (b). 

II SemTxveva: burTulis moZraoba magidis 

horizotalur zedapirze dafenil bambis qsovilze 

(g). 

III SemTxveva: burTulis moZraoba magidis 

horizotalur zedapirze dadebul organuli minis 

firfitaze (d). 

 
imsjeleT Sedegebze: 

 ratom Seasrula burTulam 

sxvadasxva gadaadgileba? 
 

(b) 

(g) 

(d) 
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gad, romelic Tqveni kvleviTi samuSaos msgavsia, man Camoayaliba iner-

ciis principi: 

• Tu romelime sxeulze sxva sxeulebi moqmedeben ZalebiT, romelTa 

moqmedeba erTmaneTs akompensirebs, maSin es sxeuli uZravia an wrfivad 

da Tanabrad moZraobs. 

 

 
 
niutonma, galileis inerciis principze dayrdnobiT, Camoayaliba 

dinamikis I kanoni, romelsac niutonis I kanonic ewodeba: 

• arsebobs aTvlis iseTi sistemebi, romelTa mimarT sxeulebi inar-

Cuneben uZraobis an wrfivi Tanabari moZraobis mdgomareobas, Tu 

maTze ar xdeba gare zemoqmedeba an sxeulze ganxorcielebuli 

gare moqmedebebi erTmaneTs akompensirebs (awonasworebs). 

aTvlis sistemebs, romelTa mimarTac sruldeba niutonis I kanoni, 

aTvlis inerciuli sistemebi (ais) ewodeba. sxeulTa sistemebi, romle-

bic uZravia an wrfivad da Tanabrad moZraoben dedamiwis mimarT, didi 

sizustiT SegviZlia aTvlis inerciul sistemebad CavTvaloT. magali-

Tad, aTvlis sistema, romelic dakavSirebulia wrfivad da Tanabrad 

moZrav lokomotivTan, SegviZlia ganvixiloT, rogorc aTvlis iner-

ciuli sistema. 

aRvniSnavT, rom cneba `aTvlis inerciuli sistema~ samecniero ab-

straqciaa. sinamdvileSi aseTi sistemebi ar arsebobs, imitom rom bune-

baSi ar arsebobs absoluturad uZrav mdgomareobaSi myofi sxeulebi. 

  

kvleviTi samuSao-2. romeli Zalebi akompensireben (awonasworeben) erTmaneTs? 

amocana: naxatze warmodgenilia sami sxeuli: Zafze dakidebuli uZravi 

burTula (e), Tanabrad moZravi vertmfreni (v) da swor, horizontalur gzaze 

Tanabrad moZravi velosipedisti (z). romel sxeulebTan urTierTqmedebs 

calke aRebuli TiToeuli maTgani? SegiZliaT Tu ara sqematurad aCvenoT am 

Zalebis moqmedeba (simartivisTvis Zalebis modebis wertilad sxeulis centri 

aiReT)? 

 

 

imsjeleT Sedegebze: 

• ra aris sxeulis uZraobis an wrfivi Tanabari moZraobis mizezi? 

• sxeulze moqmedi romeli Zalebi akompensireben erTmaneTs? 

(e) (v) (z) 
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kvleviTi samuSao-3.  gamoyeneba.

ratom wydeba Zafi sxvadasxva adgilze? 

samuSaosTvis saWiroa: 1 kg masis metalis ci-

lindri, romelsac fuZeebze kavebi aqvs, Zafi, 

Stativi, sayrdeni. 

samuSaos msvleloba: 

cilindri dakideT Stativze, rogorc naxat-

zea naCvenebi (T). erTnairi pirobebis Sesaqmne-

lad yuradReba miaqcieT, rom cilindris zeda 

da qveda kavebze mibmuli Zafis sigrZe erT-

nairi iyos. Zafis gawyvetis dros cilindris iatakze davardnis Tavidan asacileb-lad 

cilindri damatebiT mtkice zonriTac dakideT. 

odnav maRla aswieT saxeluri, romelic qveda Zafis Tavisufal bolozea mibmuli da 

Semdeg mkveTrad daawieT qveviT. yuradReba miaqcieT, romeli Zafi gawydeba am dros 

(i). 

gawyvetili Zafi SecvaleT axliT, frTxilad daiwyeT saxeluris qveviT daweva ise, 

rom Zafis daWimuloba TandaTan gaizardos. yuradReba miaqcieT, romeli Zafi 

gawydeba am SemTxvevaSi da imsjeleT nanax movlenebze (k). 

imsjeleT Sedegebze: 

• saxeluris mkveTrad dawevis dros ratom wydeba qveda Zafi? 

• Zafis daWimulobis TandaTan, Zalian nela matebis dros wydeba zeda Zafi, romel-

zec cilindria dakidebuli. ratom? 

• ra kavSiri aqvs am eqsperimentebs niutonis I 

kanonTan? 

SeniSvna. yuradReba miaqcieT, rogor 

mJRavndeba sxeulis inertuloba da rogoria 

sxeulze zemoqmedebis xangrZlivobis roli. 

 

yoveldRiur cxovrebaSi gamoyeneba: 

albaT, ginaxavT sacirko nomeri: horizon-

talur zedapirze wevs artisti, romelsac 

mkerdze grdemls (masiT 50-60 kg) adeben, xolo 

misi asistenti grdemls Zlierad urtyams 

uros (l). artistisTvis es dartyma saSiSi ar 

aris, magram igi mainc frTxilobs, rom misma 

sxeulma rame dazianeba ar miiRos. ra safrTxe iqmneba am dros? 

 

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? 

romelSi gaerkvieT kargad da romeli 

dagrCaT nawilobriv gaugebari? 

2. ratom uwodeben zogjer niutonis I kanons 

inerciis kanons? 

3. naxatze mocemulia sxeulis siCqaris 

sididis droze damokidebulebis grafiki (m). 

drois romel SualedebSi awonasworeben 

erTmaneTs sxeulze moqmedi Zalebi? 

 
 

ra SeityveT? dawereT mokle ese dasaxelebuli cnebebis gamoyenebiT: `inerciis prin-

cipi~, `aTvlis inerciuli sistema~, `niutonis I kanoni~. 

 

 
  

0 

࢞

ଵݐ	࢚ ଶݐ ଷݐ 	ସݐ 	ହݐ 	ݐ
(m) 

(l) 

(T) (i) (k) 
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 dinamikis ZiriTadi kanoni: niutonis II kanoni 
 

gaixseneT Tqveni SegrZnebebi, romlebic zamTarSi waqcevis dros gqondaT. 

• sad ufro saxifaToa waqceva: gayinul miwaze Tu fxvieri Tovlis 

namqerSi? ratom? 

albaT, araerTxel ginaxavT televizorSi, rogor Svelian mexanZreebi 

adamianebs. 

• ratom ar ziandebian adamianebi, romlebic ramdenime sarTulis simaR-

lidan xtebian da gaWimul tentze ecemian? 

kvleviTi samuSao-1. ra damokidebuleba arsebobs aCqarebas da Zalas Soris? 

samuSaosTvis saWiroa: tribometri, bloki, Zelaki, dinamometri, urika, ramdeni-

me sawoni (1 n), wammzomi, saswori da sawonebis nakrebi. 

samuSaos msvleloba: 

1. tribometri magidaze horizontalurad moaTavseT. mis zedapirze dadeT uri-

ka, xolo urikaze _ Zelaki. dinamometris erTi bolo urikas miabiT, meore 

boloze moabiT Zafi, Zafi WoWonaqis RarSi gaatareT da Tavisufal boloze 

tvirTi dakideT. tvirTs xeli gauSviT da imavdroulad CarTeT wammzomi. 

gansazRvreT qvemoT CamoTvlili sidideebi da miRebuli mniSvnelobebi CawereT 

cxril 2.2-Si (a): 

a) drois Sualedi t1, romelic urikis garkveul sx gadaadgilebas dasWirda; 

b) tolqmedi Zala F1x, romelic dinamometris Cvenebis mixedviT urikaze moqme-

debs. 

2. ukve dakidebul tvirTze meore tvirTi dakideT da gaimeoreT cda: cxrilSi 

aRniSneT drois Sualedi t2, romelic urikas dasWirda imave sx gadaadgilebis 

Sesasruleblad da tolqmedi Zala F2x, romelic dinamometris Cvenebis mixedviT 

urikaze moqmedebs. 

3. formuliT ܽ ൌ ଶ௦௧మ  
gamoTvaleT TiToeuli 

SemTxvevis Sesabamisi 

aCqarebebi: ܽଵ௫ da  ܽଶ௫. 
cxrili 2.2 

,௫ݏ № მ ,ܯ კგ ݉, კგ ݐ, წმ ܽ௫, მ
წმଶ ܨ௫, ნ	

௫ݏ 1 ൌ ܯ ൌ ݉ଵ ൌ ଵݐ ൌ ܽଵ௫ ൌ ଵ௫ܨ ൌ 
௫ݏ 2 ൌ ܯ ൌ ݉ଶ ൌ ଶݐ ൌ ܽଶ௫ ൌ ଵ௫ܨ ൌ 

imsjeleT Sedegebze:  

• ra kavSiri daadgineT urikaze moqmed tolqmed Zalasa da urikis mier SeZenil 

aCqarebas Soris? 

 

kvleviTi samuSaodan gairkva, rom mocemuli masis sxeulis aCqareba 

masze moqmedi Zalebis tolqmedis pirdapiroporciulia: ܽଵܽଶ ൌ  .ଶܨଵܨ
meore mxriv, sxvadasxva masis sxeulebi erTnairi Zalis moqmedebiT 

sxvadasxva aCqarebas iZenen _ sxeulebis aCqareba maTi masebis ukupro-

porciulia: ܽଵܽଶ ൌ ݉ଶ݉ଵ. 

2.3 

(a) 

m 
X 

sx

M

O
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niutonma Seiswavla es damokidebuleba, ganazogada da kanonis saxiT 

Camoayaliba. am kanons niutonis II kanoni ewodeba: 

• aTvlis inerciul sistemebSi sxeulis mier SeZenili aCqareba masze 

moqmedi Zalebis tolqmedis pirdapirproporciuli da am sxeulis ma-sis 

ukuproporciulia: Ԧܽ ൌ Ԧ݉ܨ 																		ሺ2.1ሻ 
an ݉ Ԧܽ ൌ  Ԧ.               (2.2.)ܨ

es kanoni SegviZlia sxva saxiTac CamovayaliboT: sxeulze moqmedi tol-

qmedi Zala sxeulis masisa da misi aCqarebis namravlis tolia:	ܨሬሬሬԦ ൌ ݉ Ԧܽ. 
niutonis II kanonidan gansazRvres Zalis sazomi erTeuli SI sitemaSi 

_ niutoni: 

• 1 niutoni aris Zala, romlic 1 kg masis sxeulze moqmedebisas mas 1 მ
წმమ	 

aCqarebas aniWebs: ሾܨሿ ൌ ሾ݉ሿሾܽሿ ൌ 1 კგ∙მ
წმమ ൌ 1ნ . 

Zala sxeulis siCqaris cvlilebis mizezia! rogorc kinematikidan aris 

cnobili, sxeulis aCqareba sxeulis siCqaris cvlilebis siswrafea: Ԧܽ ൌ ሬሬԦ െ ሬሬԦ∆ݐ 					ሺ2.3ሻ 
Tu niutonis II kanonSi (2.2) am gamosaxulebas gaviTvaliswinebT, miviRebT:  ݉ ∙ ሺሬሬԦ െ ሬሬԦሻ∆ݐ ൌ  .Ԧܨ
gardaqmnebis Semdeg miviRebT: ሬሬԦିሬሬԦబ∆௧ ൌ 		ሬሬሬԦან	ܨ ∆ሺሬሬԦሻ∆௧ ൌ (2.4) ݉ሬሬԦ						Ԧܨ 	െ sidides sxeulis impulsi (an moZraobis raodenoba) ewodeba. 
• impulsi (an sxvagvarad sxeulis moZraobis raodenoba) veqtoruli 

fizikuri sididea, romelic sxeulis masis mis siCqareze namravlis 

tolia. is aRiniSneba Ԧ asoTi: Ԧ ൌ ݉ሬሬԦ									 (2.5) 
impulsis sazomi erTeuli SI sistemaSi aris: ሾሿ ൌ ሾ݉ሿ ∙ ሾݒሿ ൌ 1	 კგ ∙ მწმ .	
CamovayaliboT niutonis II kanoni sxeulis impulsis, anu moZraobis 

raodenobis, saSualebiTac: 

• sxeulis moZraobis raodenobis cvlileba xdeba masze moqmedi tolq-

medi Zalis mimarTulebiT da am Zalis proporciulia: ∆ሺ݉ሬሬԦሻ ൌ  (2.6)     ݐ∆Ԧܨ
Zalis namravls misi moqmedebis droze ܨԦ∆ݐ Zalis impulsi ewodeba. 

Zalis impulsi veqtoruli sididea da misi mimarTuleba Zalis veqtoris 

mimarTulebas emTxveva. Zalis impulsis sazomi erTeuli SI sistemaSi 

aris niutoni gamravlebuli wamze: ሾݐ∆ܨሿ ൌ 1ნ ∙ წმ ൌ 1 კგ ∙ მ
წმ
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amgvarad, niutonis II kanonma zogadi saxiT Camoayaliba dinamikis 

mniSvnelovani faqti: 

• Zalis moqmedeba iwvevs sxeulis siCqaris cvlilebas, anu sxeulis 

aCqarebis gaCenas. 

 
kvleviTi samuSao-2.  gamoyeneba. SevamowmoT niutonis meore kanoni.

amocana: Tanabrad aCqarebuli moZraobis dros sxeulma, romlis masa 5 kg-ia, 3 

wm-is ganmavlobaSi siCqare 2 m/wm-idan 4 m/wm-mde Seicvala.  

gansazRvreT:  

a) sxeulis aCqareba;  

b) sxeulze moqmedi tolqmedi Zalis moduli;  

g) sxeulze moqmedi Zalis impulsi;  

d) siCqaris cvlilebis ganmavlobaSi sxeulis mier Sesrulebuli gadaadgileba. 

imsjeleT Sedegebze: 

• romeli formuliT gansazRvreT sxeulis aCqareba? 

• riT gansxvavdeba sxeulze moqmedi tolqmedi Zala da Zalis impulsi? 

• rogor gansazRvreT sxeulis gadaadgileba? 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: 

naxatze warmodgenilia vertmfrenis siCqarisa da aCqarebis mimarTulebebi dro-

is garkveul momentSi. gansazRvreT sxeulze moqmedi tolqmedi Zalisa da Zalis 

impulsis mimarTuleba. 

 
SeafaseT Tqveni codna: 
1. romeli cnebebi gaimeoreT gakveTilze? romelSi gaer-

kvieT kargad da romeli dagrCaT nawilobriv gauge-

bari? 

2. SeiZleba Tu ara niutonis II kanonis ݉ Ԧܽ ൌ  Ԧ, formulisܨ

mixedviT vTqvaT, rom sxeulze moqmedi tolqmedi Zala 

damokidebulia sxeulis masasa da mis aCqarebaze? 

ratom? 

3. rogor saxes miiRebs niutonis II kanoni, Tu sxeulze erTdroulad oTxi Zala 

,Ԧଵܨ _ ,Ԧଶܨ	  ?Ԧସ? _ imoqmedebsܨ	 da		Ԧଷܨ

4. SeiZleba Tu ara sxeulis siCqares sxeulze moqmedi Zalebis tolqmedis 

sapirispiro mimarTuleba hqondes? pasuxi daasabuTeT magaliTebiT. 

5. ras gamoxatavs sxeulze moqmedi Zalebis tolqmedsa da sxeulis aCqarebas 

Soris damokidebulebis grafikze naCvenebi α kuTxis tangensi? 
 

ra SeityveT? samuSao rveulSi CawereT dasaxelebuli cnebebis ganmartebebi: `sxe-

ulis aCqarebebis Sefardeba...~, `niutonis kanonebi~, `impulsi~, `Zalis impulsi~, `1 

niutoni~, `sxeulze moqmedi Zalebis tolqmedi~. 
 
  

1

2

3

4

ሬሬԦ
a

 ࢞ࡲ

 ࢞ࢇ  ࢻ
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 qmedeba da ukuqmedeba: niutonis III kanoni 

naxatze gamosaxulia ori erTnairi navi, romlebsac napirisken bagirebis saSuale-

biT miacureben. pirvel navSi menave eweva bagiris bolos, romlis meore bolo na-

pirzea damagrebuli. meore navSi 

menave eweva bagirs, romlis 

meore bolos napirze mdgomi 

adamiani eweva (a). TiTo-euli 

maTgani bagirs erTnairi ZaliT 

eweva. 

 
•  romeli navi micurdeba ufro 

male napirTan? ratom? 

 

 
 

kvleviTi samuSaos Sedegad gairkva, rom dinamometrebis erTmaneTze 

moqmedebis Zalebi moduliT tolia da sapirispirodaa mimarTuli 

(isrebi sapirispiro mimarTulebiT gadaixara): ܨԦଵ ൌ െܨԦଶ.       (2.7) 
es toloba gamoxatavs niutonis III kanons: 

• aTvlis inerciul sistemaSi Zalebi, romliTac ori sxeuli 

erTmaneTze moqmedebs, moduliT tolia da sapirispirodaa mimarTuli. 

niutonis am kanonis mixedviT sxeulebis urTierTqmedebis dros Zalebi 

yovelTvis wyvilad aRiZvreba. es niSnavs, rom Tu nebismier (pirvel) 

sxeulze garkveuli ZaliT imoqmedebs sxva (meore) sxeuli, pirveli 

sxeulic imoqmedebs meore sxeulze moduliT igive da sapirispirod 

mimarTuli ZaliT. niutonis II kanonis Tanaxmad, es Zalebi sxeulebs 

sapirispiro mimarTulebis aCqarebebs aniWeben: 

m1a1 = – m2a2.     (2.8) 

2.4 

kvleviTi samuSao-1. ra moqmedebas 

ganicdis sxeuli meore sxeulTan 

urTierTqmedebis dros? 

samuSaosTvis saWiroa: sademon-

stracio dinamometri (2 cali), 

Stativi samagrebiT (2 cali). 

samuSaos msvleloba: dinamomet-

rebi Stativebze horizontaluri 

RerZis gaswvriv davamagroT. Se-

vaerToT dinamometrebis kauWebi 

da daviwyoT Stativebis sapiris-

piro mimarTulebiT gadaadgileba 

(b). am procesSi daakvirdiT:  

 a) dinamometrebis Cvenebas; b) dinamometrebis isrebis gadaxris mimarTulebas. 

imsjeleT Sedegebze:  

• ris Tqma SeiZleba Zalebis modulebis Sesaxeb dinamometrebis 

urTierTqmedebis dros? 

• ra daskvnis gakeTeba SeiZleba qmedebis da ukuqmedebis Zalebis mimarTulebis 

Sesaxeb dinamometrebis isrebis gadaxris mimarTulebaze dakvirvebis mixedviT? 

(a) 
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sadac m1 da m2 urTierTqmedi sxeulebis masebia da Sesabamisad, a1 da 
a2 am sxeulebis aCqarebebi. niutonis III kanonidan SegviZlia Semdegi 

daskvna gavakeToT: 

• urTierTqmedebis Zalebi erTdroulad aRiZvreba da maT erTnairi 

buneba aqvT. magaliTad, urTierTqmedebis Zalebs, romlebic sxeulebis 

drekadi dajaxebis dros aRiZvreba, eleqtromagnituri buneba aqvT. 

• Zalebi, romlebic sxeulebis urTierTqmedebis dros aRiZvreba, sxva-

dasxva sxeulzea modebuli da amitom maT ar SeuZliaT erTmaneTis 

gawonasworeba, anu arasdros akompensireben erTmaneTs. Zalebis Sek-

reba mxolod maSin SeiZleba, rodesac isini erT sxeulzea modebuli. 

 

 
 

ra SeityveT? dawereT mokle ese Semdeg Temebze: `qmedeba _ ukuqmedeba~, `niuto-

nis III kanoni~. 

imsjeleT Sedegebze: 

• romel SemTxvevaSi moqmedebs biWi Tokze meti ZaliT: rodesac Toki ke-delzea 

mimagrebuli Tu rodesac masze cxenia gamobmuli? ratom? 

• SegiZliaT Tu ara aCvenoT am urTierTqmedebebis dros (biWi _ kedeli da bi-

Wi _ cxeni) aRZruli Zalebis modebis wertilebi da maTi moqmedebis mimar-

Tulebebi? 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: 

1. Tu dakvirvebixarT wyalSi Tevzebis curvas, gaixseneT, rogor gadaadgil-

deba Tevzi _ farflebiT wyals ukan gandevnis. rogor aRiZvreba qmedebisa da 

ukuqmedebis Zalebi, romlebic uzrunvelyofen Tevzis curvas? ra SeiZ-leba 

iTqvas am Zalebis modebis wertilebze, mimarTulebebsa da maT modu-lebs 

Soris Tanafardobaze? 

2. Tu SegiZliaT, Tqveni yoveldRiuri cxovrebidan moiyvaneT im movlenebis 

magaliTebi, romelSic niutonis III kanoni vlindeba.  

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? romelSi gaerkvieT kargad da rome-

li dagrCaT nawilobriv gaugebari? 

2. ra aqvT erTnairi da riT gansxvavdeba Zalebi, romlebic ori sxeulis urTi-

erTqmedebis Sedegad aRiZvreba? 

3. akompensireben Tu ara erTmaneTs Zalebi, romlebic sxeulebis urTierTqme-

debis Sedegad aRiZvreba? ratom? 

4. romeli problema moagvara niutonis III kanonma, rac I da II kanonebiT ver 

xerxdeboda?

b)a II

650 n650 n

kvleviTi samuSao-2. gamoyeneba. romeli mtkicebaa WeSmariti? 

amocana: naxatze mocemulia ori SemTxveva: 

a) biWi Wimavs kedelze mimagrebul Toks. am dros Tokze damagrebuli 

dinamometri 650 n Zalas aCvenebs (I); 

b) biWi Wimavs Toks, romelic cxenzea gamobmuli. am dros Tokze damagrebuli 

dinamometri 650 n Zalas aCvenebs (II). SeiswavleT warmodgenili magaliTebi da 

imsjeleT maT Sesaxeb: 
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 msoflio mizidulobis kanoni 
cxrilSi moyvanilia mzis sistemis plane-

tebisa da juja planetebis orbituli 

siCqareebi. am informaciis safuZvelze 

advilad SeiZleba imis gansazRvra, rom am 

sistemis ciur sxeulebs, romlebic mzes-

Tan axlos arian ganlagebuli, ufro didi 

orbituli siCqare aqvT. 

• ratom ar gadian mzis sistemidan ciuri sxe-

ulebi, romlebsac aseTi didi siCqare aqvT? 

dedamiwis irgvliv mTvaris moZraobis or-

bituli siCqare im siCqareebTan SedarebiT, 

romelic yoveldRiur cxovrebaSi gvxvdeba, 

aseve Zalian didia: ≈3682,8 km/sT. magram es 

siCqare mravaljer naklebia mzis irgvliv 

dedamiwis moZraobis siCqareze. 

• ratom ar tovebs mTvare dedamiwis orbi-

tas da damoukideblad ar brunavs, rogorc 

juja planeta, mzis irgvliv? 

• ratom ver vgrZnobT Cveni garemomcveli 

sxeulebis urTierTmizidulobas? 

rogorc iciT, samyaroSi arsebuli yvela sxeuli, romlebsac masa aqvs 

_ varskvlavebi, mze da planetebi, dedamiwis sistemis sxeulebi, 

molekulebi, atomebi da sxva _ urTierTmiizideba ZaliT, romelsac 

mizidulobis Zala (an gravitaciuli Zala) ewodeba. im sidideebis gar-

kvevis Semdeg, romlebzec es Zalaa damokidebuli, niutonma Camoaya-

liba msoflio mizidulobis kanoni. 

• nebismier or materialur wertils Soris moqmedebs urTierTmizi-

dulobis Zala, romelic maTi masebis namravlis pirdapirproporci-

ulia da ukuproporciulia maT Soris manZilis kvdratisa: ܨ ൌ ܩ భమమ 					(2.9) 
sadac F mizidulobis (gravitaciis) Zalis modulia, m1 da m2 _ mate-

rialuri wertilebis masebi, r _ materialur wertilebs Soris manZili, 

G _ proporciulobis koeficienti, romelsac msoflio mizidulobis 

mudmiva an ubralod gravitaciuli mudmiva ewodeba. 

gravitaciuli mudmivas erTeuli SI sitemaSi aris: ሾܩሿ ൌ ሾிሿ∙ൣమ൧ሾሿ∙ሾሿ ൌ 1 ნ∙მమ
კგమ .  

• gravitaciuli mudmiva ricxobrivad or materialur wertils Soris mizi-

dulobis Zalis tolia, Tu TiToeulis masa 1kg-ia, xolo maT Soris manZili _ 1 m. 

gravitaciuli mudmivas ricxviTi mniSvneloba 1798 wels cdebis Se-

degad daadgina ingliselma mecnierma henri kavendiSma (1731 _ 1810). es 

mniSvneloba erTnairia samyaroSi arsebuli yvela sxeulisTvis, maTi 

zomebisa da masebis miuxedavad: ܩ ൌ 6,67 ∙ 10ିଵଵ ნ	∙	მ2
კგ2 .					 (2.10) 

rogorc vxedavT, gravitaciuli mudmivas ricxviTi mniSvneloba 

Zalian mcirea. amitom SedarebiT mcire masis sxeulebs Soris 

mizidulobis Zala ar igrZnoba. es Zala sagrZnob mniSvnelobas iZens 

2.5 

planetebi da 

juja 

planetebi 

orbituli siCqare 

km/wm km/sT 

merkuri 47,87 172 332 
venera 35,02 126 072 
dedamiwa 29,78 107 208 
marsi 24,13 86 868 
cerera 17,88 64 368 
iupiteri 13,07 47 052 
saturni 9,69 34 884 
urani 6,81 24 516 
neptuni 5,43 19 548 
plutoni 4,67 16 812 
haumia 4,48 16 128 
makemake 4,41 15 876 
erida 3,44 12 384 
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Zalian didi masis sxeulebs Soris, magaliTad varskvlavsa da plane-tas, 

planetasa da mis Tanamgzavrebs Soris da a. S. 

mizidulobis Zala nebismier or sxeuls Soris, romlebic mocemul 

pirobebSi ar SeiZleba materialur wertilebad CaiTvalos, aseve msof-lio 

mizidulobis kanonis formuliT ganisazRvreba. am SemTxvevaSi es sxeulebi 

ganixileba rogorc materialuri wertilebis erToblioba, gamoiTvleba 

mizidulobis Zalebi am sxeulebis Semadgenel materi-alur wertilebs 

Soris da gamoTvlis Sedegebi ikribeba. Sedegad mivi-RebT am sxeulebs 

Soris mizidulobis Zalis mniSvnelobas. am saxis gamoTvlebi rTuli 

maTematikuri operaciaa. magram msoflio mizidu-lobis kanonis formula 

pirdapir SegviZlia gamoviyenoT sferuli formis sxeulebisTvis. am 

SemTxvevaSi sxeulebs Soris manZilad miRe-bulia sferoebis centrebs 

Soris man-Zili (a). aseve, mizidulobis Zala deda-miwasa da nebismier sxeuls 

Soris SegviZ-lia gamovTvaloT msoflio 

mizidulo-bis kanonis formuliT. am 

SemTxvevaSic sxeulebs Soris manZili aris 

manZili sxeulidan dedamiwis centramde: r = 
R + h. dedamiwasa da sxeuls Soris 

urTierTqmedebis Zalebi, F12 da F21, mimar-

Tulia dedamiwisa da sxeulis centrebis 

SemaerTebeli wrfis gaswvriv. niutonis III kanonis Tanaxmad, ܨԦଵଶ ൌ െܨԦଶଵ, e. i. 
maTi modulebi tolia: ܨଵଶ ൌ ଶଵܨ ൌ ܨ .ܨ ൌ ܩ ெሺோାሻమ,          (2.11) 

sadac R dedamiwis radiusia, M _ dedamiwis masa, h _ manZili dedami-

wis zedapiridan sxeulis centramde, dedamiwis radiusis gaswvriv. im 

sxeulebisTvis, romlebic dedamiwis zedapirzea (e. i. h = 0), msoflio 

mizidulobis kanoni Semdegi saxiT Caiwereba: ܨ ൌ ଶܴܯ݉ܩ . 
gravitaciuli mudmivas gazomva 

amisTvis h. kavendiSma grexiTi saswori gamoiyena. 

saswori sqematurad gamosaxu-lia naxatze: 2 m sigrZis 

Reris boloebze man tyviis ori burTula daamagra, 

TiTo-euli masiT m = 729 g da diametriT 5 sm. Reri 

drekad Zafze dakida. TiToeul bur-TulasTan 

moaTavses tyviis didi burTebi, TiToeuli masiT M = 
158 kg. did da patara burTebs Soris mizidulobis gamo 

Reri mcire kuTxiT Semobrundeba da Zafi daig-rixeba. 

Semobrunebis kuTxes gansazRvraven Zafze damagrebuli 

sarkidan arek-lili sinaTlis aTinaTis gadaadgilebiT 

skalaze (b). 

Tu viciT Semobrunebis kuTxe, SegviZlia ganvsazRvroT dagrexis Sedegad ZafSi aRZruli 

drekadobis Zala Fdr. Reri Semobrunebas Sewyvets, rodesac drekadobis Zala burTulebs 

Soris mizidulobis Zalas gaawonasworebs: Fdr = Fmizid. mecnierma gravitaciuli mizidulobis 

formulaSi Seitana eqsprimentulad miRebuli sidideebis mniSvnelobebi da gamoTvala 

gravitaciuli mudmivas ricxviTi mniS-vneloba, romelic Zalian axloa Tanamedrove 

gamoTvlebis SedegTan: ሾܩሿ ൌ .მიზიდܨ ∙ ଶ݉ݎ ∙ ܯ ൌ 6,754 ∙ 10ିଵଵ ნ ∙ მଶ
კგଶ . 

 

(a) 

skala

drekadi 

Zafi 

s
a

r
k

e
 

M

M 
m 

sinaTlis 

wyaro 

m
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ra SeityveT? samuSao rveulSi dawereT ese dasaxelebuli cnebebis gamoyenebiT: 

`msoflio mizidulobis kanoni~, `gravitaciuli mudmiva~, `gravitaciuli mudmivas 

gazomva~. 

 
 
  

kvleviTi samuSao. gamoyeneba. viciT Tu ara msoflio mizidulobis kanonis 

gamoyeneba?  

1. amocana: cxrilSi moyvanili informaciis safuZvelze gansazRvreT, romel or 

ciur sxeuls Soris aris mizidulobis Zala meti da romlebs Soris _ yvelaze 

naklebi. 

ciuri sxeuli ciuri sxeulis masa 

A m 
B 4 m 
C 2 m 
D 3 m 

ciur sxeulebs Soris manZili 

sxeuli A sxeuli B 

 sxeuli C 

 B 15 R 
C 20 R 5 R 
D 10 R 10 R 25 R 

imsjeleT Sedegebze: 

• razea damokidebuli sxeulebs Soris mizidulobis Zala? 

• ra Sedegebi miiReT gamoTvlebis Sedegad?  

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: 

yoveldRiuri cxovrebidan, televizoriT nanaxi da sxva wyarodan 

mosmenilidan romeli movlenebi aixsneba msoflio mizidulobis kanoniT?  

SeafaseT Tqveni codna:  

1. romeli cnebebi gaimeoreT gakveTilze? romelSi gaerkvieT kargad da 

romeli dagrCaT nawilobriv gaugebari? 

2. m1 da m2 masis ori ciuri sxeuli erTmaneTisgan r manZilze urTierT-qmedebs 

ZaliT, romelic moduliT F-is tolia. ris toli iqneba maT Soris 

mizidulobis Zalis moduli, Tu maT Soris manZili orjer gaizrdeba? 

3. ris tolia ori materialuri wertilis urTierTmizidulobis Zalebis 

modulebis Sefardeba 
ிభிమ, Tu maTi masebia m1 = 16 kg da m2 = 4 kg? ratom? 

4. ra ZaliT miizideba erTmaneTisken dedamiwa da mTvare (dedamiwis masaa 6 · 
1024 kg, mTvaris _ 7 · 1022 kg, maT Soris manZilia 384 000 km. 
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 simZimis Zala. gravitaciuli velis daZabuloba 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
rogorc iciT, Tanamedrove fizikis warmodgenebis mixedviT, sxe-

ulebis urTierTmiziduloba xorcieldeba materiis gansakuTrebuli 

formis _ gravitaciuli velis saSualebiT (ix. fizika 6, gv. 77; fizika 

7, gv. 40). yoveli sxeuli Tavis irgvliv qmnis grvitaciul vels. iseve, 

rogorc sxva fizikur vels, gravitaciul velsac aqvs Zaluri ma-

xasiaTebeli. am maxasiaTebels ewodeba gravitaciuli velis daZabu-

loba. 

2.6 

kvleviTi samuSao-1. rogori mimarTuleba aqvs simZimis Zalas da aCqarebas, 

romelsac igi sxeuls aniWebs? 

amocana: naxatze naCvenebia burTulis mdebareoba drois sxvadasxva momentSi, 

rodesac is Cazneqil da amozneqil zedapirebze moZraobs (a). 

romeli cifrebiTaa aRniSnuli 

burTulaze moqmedi simZimis Zalis 

mimarTulebebi da Tavisufali var-

dnis aCqarebebi, romelsac simZimis 

Zala burTulas aniWebs? 

imsjeleT Sedegebze:

• rogor fiqrobT, romeli sxeuli 

izidavs burTulas metad: dedamiwa, mze 

Tu axlos mdebare sxva sxeuli? ratom? 

• ra aris simZimis Zalis warmoqmnis mizezi? 

• sad aris modebuli da ra mimarTuleba aqvs simZimis Zalas? ris tolia 

simZimis Zalis moduli? 

(a)

baroni miunhauzeni sazogadoebas 

Tavisi `didi~ samecniero aRmoCenis 

Sesaxeb mouTxrobs: `...Cem mier Ca-

tarebuli kvlevis Sedegebis mixed-

viT, vfiqrob, rom yvela Senoba de-

damiwis zedapirze aSenebulia dax-

rilad, rogorc pizis koSki. amis 

Semowmeba advilad SeiZleba ubra- 

lo samkuTxa saxazaviT. mxolod 

polusebsa da ekvatorzea Senobebi 

SedarebiT sworad aSenebuli~. es 

informacia moismines da azri 

gamoTqves:  

 

arifma (me-10 

klasis moswavlem) 

_ me danamdvile-

biT vici, rom de-

damiwis zedapirze 

arsebul yvela sxe-

ulze, maT Soris 

Senobebze, simZimis 

Zala moqmedebs. es 

Zala maT Tavisu-

fali vardnis 

aCqarebas aniWebs. 

 

inJinerma _ 

daujerebelia! 

Senobebis verti-

kalurobas Sve-

uliT amowmeben. 

isini daxrili  

rom iyos, 

waiqceodnen;  

 

biznesmenma _ 

es SeuZlebe-

lia! vinaidan 

yvela Senoba-

ze dedamiwis 

mizidulobis 

Zala moqme-

debs da es 

Zala dedami-

wis centris-

kenaa 

mimarTuli;  

 

•   Tqveni azriT, visi mosazrebaa swori: baronis, biznesmenis, 

inJinerisa Tu arifis? 
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• gravitaciuli velis daZabuloba veqtoruli fizikuri sididea, rome-

lic gravitaciul velSi moTavsebul materialur wertilze (sxeulze) 

moqmedi mizidulobis Zalis sxeulis masasTan Sefardebis tolia: gሬԦ ൌ Ԧ݉ܨ .												ሺ2.12ሻ	
sadac gሬԦ gravitaciuli velis daZabulobaa, m _ materialuri wertilis 

(sxeulis) masa, F _ mizidulobis Zala, romelic sxeulze moqmedebs 

gravitaciul velSi. 

razea damokidebuli gravitaciuli velis daZabulobis sidide (moduli)?  

am mizniT gamovTvaloT gravitaciuli velis daZabulobis moduli 

nebismier wertilSi dedamiwis zedapirze da zedapiridan h simaRleze: g ൌ ݉ܨ ൌ ܩ ெோమ݉ ൌ ܩ ଶܯܴ ,								ሺ2.13ሻ 
 g ൌ ி ൌ ீ ಾሺೃశሻమ ൌ ܩ ெሺோାሻమ.      (2.14) 

sadac F0 mizidulobis Zalaa dedamiwis zedapirze, M _ dedamiwis ma-

sa, R _ dedamiwis radiusi. 
• gravitaciuli velis daZabulobis moduli (sidide) pirdapirpro-

porciulia am velis warmomqmneli 

sxeulis masisa da ukuproporciulia 

mocemul wertilamde manZilis kvad-

ratis. Gravitaciuli velis daZabu-lobis 

moduli ar aris damokidebuli am velSi 

moTavsebuli sxeulis masaze. Gravitac-

iuli velis daZabuloba am velis nebismier 

wertilSi mimarTu-lia velis Semqmneli 

sxeulis radi-usis gaswvriv, sxeulis 

centrisken (b). gravitaciuli velis 

mocemul wertil-Si gravitaciuli velis 

daZabulobis veqtoris mimarTuleba da 

moduli emTxveva Tavisufali vardnis 

aCqarebis veqtoris modulsa da 

mimarTulebas. 

aris Tu ara gravitaciuli velis 

daZabuloba da Tavisufali vardnis aCqareba erTi da igive sidide? 

gravitaciul velSi moTavsebul nebismier sxeulze am velis Semqmneli 

sxeulis mxridan moqmedebs mizidulobis Zala. amis Sedegad velSi Se-

tanili sxeuli iZens aCqarebas (Tavisufali vardnis aCqarebas), rome-

lic gravitaciuli velis centriskenaa mimarTuli (magaliTad, deda-

miwis centrisken). am aCqarebas sxeuls aniWebs simZimis Zala, romelic 

masze gravitaciul velSi moqmedebs. 

• simZimis Zala aris Zala, romliTac dedamiwa sxeulebs izidavs. sim-

Zimis Zala dedamiwis gravitaciul velSi Setanili sxeulis masisa da 

Tavisufali vardnis aCqarebis namravlis tolia: ܨԦ ൌ ݉gሬԦ.       (2.15) 

gravitaciuli velis daZabuloba 

mimarTulia radiusis gaswvriv am velis 

Semqmneli sxeulis centrisken. 

(b) 1

2

3

4

5
6 

7 

8 

gሬԦଵ gሬԦଶ
gሬԦଷ

gሬԦସgሬԦହgሬԦ 

gሬԦ 

gሬԦ଼ 
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simZimis Zala yovelTvis sxeulis centrSia modebuli da mimarTulia 

vertikalurad qveviT (anu horizontaluri zedapiris marTobulad) 

dedamiwis (an sxva planetis) centrisken (g). 

 
zemoTqmulidan gasagebi xdeba, rom cnebebs `gravitaciuli velis 

daZabuloba~ da `Tavisufali vardnis aCqareba~ sxvadasxva fizikuri 

azri aqvT. gravitaciuli velis daZabulobaze SegviZlia vilaparakoT, 

rodesac gvaqvs gravitaciuli veli, xolo Tavisufali vardnis aCqareba 

Cndeba am velSi Setanil sxeulze (sacdel sxeulze) simZimis Zalis 

moqmedebis Sedegad. 

 

 
 

ra SeityveT? samuSao rveulSi dawereT dasaxelebuli cnebebis ganmartebebi: 

`gravitaciuli velis daZabuloba~, `gravitaciuli velis daZabulobis moduli...~, 

`simZimis Zala~, `simZimis Zala tolia...~, gansxvavebebi Semdegi cnebebis fizikur 

azrs Soris: `gravitaciuli velis daZabuloba~ da `Tavisufali vardnis aCqareba~. 

 

 

 

 

  

dedamiwis zedapiri

kvleviTi samuSao-2. gamoyeneba. razea damokidebuli gravitaciuli velis 

daZabuloba? 

samuSaosTvis saWiroa: saxazavi, Stangenfargali. 

samuSaos msvleloba: SeiswavleT teqsti da naxati b da gansazRvreT dedamiwis 

gravitaciuli velis daZabulobis modulebs Soris Tanafardoba velis 

sxvadasxva wertilSi (ix. b). 

imsjeleT Sedegebze: 

• razea damokidebuli gravitaciuli velis daZabuloba? 

• ra aris saerTo da ra gansxvavebuli cnebebs Soris: `gravitaciuli velis 

daZabuloba~ da `Tavisufali vardnis aCqareba~? 

SeZenilo codnis gamoyeneba yoveldRiur cxovrebaSi: riT SeiZleba aixsnas 

dedamiwaze okeaneebisa da zRvebis miqcevebisa da moqcevebis warmoqmna? 

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? romelSi gaerkvieT kargad da 

romeli dagrCaT nawilobriv gaugebari? 

2. rogor Seicvleba Tavisufali vardnis aCqarebis moduli, romelsac sxeuls 

simZimis Zala aniWebs, Tu am sxeulis masa 4-jer gaizrdeba? 

3. gravitaciuli velis mocemul wrtilSi moTavsebuli sxeulis Tavisufali 

vardnis aCqrebaa 7 m/wm2. ris tolia gravitaciuli velis daZabulobis 

veqtoris moduli amave wertilSi? 

4. rogoria gravitaciuli velis daZabulobis manZilze damokidebulebis 

grafiki? SegiZliaT Tu ara am grafikis gamosaxva? 

(g) 
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 wona da uwonadoba 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

2.7 

kvleviTi samuSao-1. erTnairia Tu ara 

astronavtis wona yvela planetaze? 

amocana 1: astronavtis masa 70 kg-ia. 

dedamiwaze misi wona 686 n-ia. Seic-

vleba Tu ara astronavtis wona, Tu igi 

mzis sistemis sxvadasxva planetis 

zedapirze dadgeba sasworze (a)? am 

sakiTxis Sesaswavlad SegiZliaT isar-

gebloT cxriliT, romelSic mocemu-

lia informacia mzis sistemis sxeu-

lebis maxasiaTeblebis Sesaxeb (ix. 

cxrili 2.3). 

SeniSvna. rogorc iciT, horizonta-

lur zedapirze moTavsebuli uZravi 

sxeulis wona ricxobrivad am sxeulze 

moqmedi simZimis Zalis tolia: P = mg 
(ix. fizika 7, gv. 49).

plutoni

venera 

mTvare

marsi 

merkuri

dedamiwa
urani 

saturni 

neptuni 

iupiteri 

Н

(a) 

 
 
• Tqveni azriT, vinaa marTali: baroni, biznesmeni, inJineri Tu arifi? 

pasuxi daasabuTeT.

baronma miunhauzenma sazoga-

doebas mouTxro uCveulo mra-

valsarTuliani Senobis mSeneb-

lobis gegmis Sesaxeb: 

`...amotrialebuli caTambjene-

bis wona, romelsac me avaSeneb, 

dedamiwis centrTan miaxlo-

ebasTan erTad Semcirdeba, xo-

lo dedamiwis centrSi mcxov-

reblebi mTlianad uwonadobis 

mdgomareobaSi iqnebian...~ 

moxsenebis Semdeg azri 

gamoTqves: 

 

biznesmenma _ me vfiqrob, rom araviTari uwonadobis 

Sesaxeb dedamiwis centrSi laparaki ar SeiZleba. piriqiT, 

iq adamianebs Zalian didi wona eqnebaT. 

 
inJinerma _ albaT, 

liftiT dedamiwis 

centramde misaRwevad 

ramdenime dRe iqneba 

saWiro. 

 

 arifma (me-10 klasis 

moswavlem) _ me 100%-

iT darwmunebuli var, 

dedamiwis centrTan 

miaxloebasTan erTad 

sxeulze moqmedi 

mizidulobis Zala 

usasrulod gaizrdeba 

da adamianebi iq 

samudamod darCebian. 
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wona. sxeulis moZraobis gantolebis gamoyenebiT 

amocanebis amo-xsnis dros viyenebT cnebas ̀ sxeulis wona~. 

• wona aris Zala, romliTac uZravi sxeuli deda-miwis 

mizidulobis gamo awveba sayrdens an Wimavs sakids. 

sxeulis wona aRiniSneba P asoTi. wonis veqtoris 

modebis wertili sayrdenze an sakidzea, xolo 

mimarTulia sayrdeni zedapiris perpendiku-larulad an 

sakidis gaswvriv. sxeulis mdgomare-obis mixedviT misi 

wona SeiZleba icvlebodes an ucvleli iyos. 

SemTxveva, rodesac sxeulis wona ar icvleba. 

rodesac sxeuli uZravia an horizontalur zeda-

pirze wrfivad da Tanabrad moZraobs, misi wona ar 

icvleba. ratom? 

niutonis III kanonis Tanaxmad, sayrdenze moq-medi sxeulis wona 

moduliT sayrdenis reaqciis N Zalis tolia da mis sawinaaRmdegodaa 

mimarTuli. sayrdenis reaqciis Zala sxeulzea modebuli (d): P = _N 

(simartivisTvis sayrdenis reaq-ciis Zalis modebis wertils sxeulis 

centrSi gamosaxaven). 

Tu sakidze dakidebuli sxeuli uZravia an sakidTan erTad wrfivad 

da Tanabrad moZraobs, niutonis III kanonis Tanaxmad, am sxeulis wona, 

romelic sakidze moqmedebs, moduliT sakidis T daWimulobis Zalis 

tolia da mis sawinaaRmdegodaa mimarTuli. sakidis daWimulobis Zala 

sxeulzea modebuli (ix. d): P = _T. 

niutonis II kanonis Tanaxmad, uZravi an horizontalur zedapirze 

wrfivad da Tanabrad moZravi sxeulis moZraobis gantolebas aseTi saxe 

aqvs: ma = F. 

imis gaTvaliswinebiT, rom sxeulze moqmedi tolqmedi Zala simZimis 

Zalisa da sayrdenis reaqciis Zalis veqtoruli jamis tolia, moZraobis 

gantoleba amgvar saxes miiRebs:  ݉ Ԧܽ ൌ ݉gሬԦ  ሬܰሬԦ.     (2.16) 

(d)

 ሬԦ
 ሬሬԦࡺ

 ሬԦ ሬሬԦࡼ
 ሬሬԦࡼ
 ሬሬԦ Oࢀ

X 

cxrili 2.3 mzis sistemis sxeulebis zogierTi maxasiaTebeli 

mzis sistemis 

sxeulebi 

zedapirze Tavisufali 

vardnis aCqareba (m/wm2)

saSualo manZili mzidan 

(x106 km) 
masa

(x1024 kg) 

 

ekvatoris 

diametri 

(km) 

merkuri 3,7 58 0,33 4 880 
venera 8,8 108 4,8 121 

dedamiwa 9,8 150 6 12 756 
marsi 3,8 228 0,6 6 800 

iupiteri 23,5 778 1 877 142 800 
saturni 11,5 1 426 562 120 660 
urani 9,8 2 869 86 50 800 

neptuni 11,6 4 496 102 49 600 
mze 27,4 – 1 989 000 1 392 000 

mTvare 1,6 – 0,074 3 476 
imsjeleT Sedegebze: 

• rogor icvleba astronavtis masa mzis sistemis sxvadasxva planetis zedapirze? 

• romeli ciuri sxeulis zedapirze iqneba astronavtis wona yvelaze didi da romelze _ 

yvelaze patara? ratom? 
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am gantolebis amoxsnisTvis unda avirCioT sakoordinato RerZi, 

ganvsazRvroT Zalis veqtorebis proeqciebi am RerZze da proeqciis niSnis 

(`+~ an `_~) gaTvaliswinebiT maTi mniSvnelobebi gantolebaSi SevitanoT.  

Tu OX RerZis dadebiT mimarTulebad simZimis Zalis moqmedebis mi-

marTulebas avirCevT (ix. d), im SemTxvevaSic, rodesac sxeuli uZravia 

an wrfivad da Tanabrad moZraobs, e. i. sxeulis aCqareba 0-is tolia  

(a = 0), sxeulis moZraobis gantolebas Cveulebrivi saxe eqneba: 0 ൌ ݉g െ ܰ       (2.17) 
saidanac, rogorc vxedavT, uZravi an wrfivad da Tanabrad moZravi 

sxeulis wona ricxobrivad simZimis Zalis modulis tolia: ܰ ൌ ܲ ൌ ݉g      (2.18) 
SemTxveva, rodesac sxeulis wona icvleba. rodesac sxeuli sayr-

denTan (an sakidTan) erTad 	ܽ,ሬሬሬሬԦ		aCqarebiT vertikaluri mimarTulebiT 

moZraobs, moZraobis mimarTulebis mixedviT sxeulis wona izrdeba an 

mcirdeba. 

davuSvaT, sxeuli sayrdenTan erTad vertikalu-

rad zeviT moZraobs 	ܽ,ሬሬሬሬԦ	aCqarebiT, anu moZraobs sim-

Zimis Zalis moqmedebis mimarTulebis sapirispirod. 

moZraobis gantolebis veqtoruli saxe ucvleli 

darCeba: ݉ Ԧܽ ൌ ݉gሬԦ  ሬܰሬԦ. 
Tu sakoordinato RerZs moZraobis mimarTulebiT 

mivmarTavT (e), miviRebT: 

ma = N _ mg anu N = ma + mg (2.19) 
rogorc vxedavT, rodesac sxeuli sayrdenTan 

erTad vertikalurad zeviT moZraobs 	ܽ,ሬሬሬሬԦ	 aCqarebiT, 

misi wona izrdeba. sxeulis am mdgomareobas gadat-

virTva ewodeba. gasagebia, rom, Tu sxeuli sayrden-

Tan erTad simZimis Zalis moqmedebis mimarTulebiT 

imoZravebs, misi wona Semcirdeba: ܰ ൌ ܲ ൌ ݉ሺg െ ܽሻ  (2.21) 
SemTxveva, rodesac sxeulis wona 0-is tolia _ uwonadoba. Tu sxeuli 

mxolod gravitaciuli Zalis moqmedebiT moZraobs, anu misi aCqareba 

Tavisufali vardnis aCqarebis tolia (a = g), sxeulis wona 0-is toli 

iqneba. sxeulis am mdgomareobas uwonadoba ewodeba: ܰ ൌ ܲ ൌ ݉ሺg െ gሻ ൌ 0  (2.22) 
 

 

kvleviTi samuSao-2. gamoyeneba. romel SemTxvevaSi moqmedebs sxeuli sakidze meti 

ZaliT? 

amocana 2. m masis sxeuli, romelic Zafzea dakidebuli, sakidTan erTad Ԧܽ aCqa-
rebiT moZraobs. gansazRvreT am sxeulis wona, Tu sistema sxeuli-sakidi: 

a) moZraobs simZimis Zalis moqmedebis mimarTulebiT; 

b) moZraobs simZimis Zalis moqmedebis sawinaaRmdego mimarTulebiT.  

moZraobebi warmoadgineT sqematurad, haeris winaaRmdegoba ar 

gaiTvaliswinoT. 

(e) 

ሬԦ
ሬሬԦࡺ

ሬሬԦࡼ
O 

X 

ሬሬԦࢇ
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ra SeityveT? samuSao rveulSi dawereT dasaxelebuli cnebebis ganmartebebi: 

`wona~, `reaqciis Zala~, `daWimulobis Zala~, `gadatvirTva~, `uwonadoba~. 

imsjeleT Sedegebze:

• ris tolia Zafis daWimulobis Zalis moduli, Tu sistema sxeuli-sakidi 

simZimis Zalis moqmedebis miamrTulebiT moZraobs? 

• rogori saxe eqneba moZraobis gantolebas, rodesac sistema sxeuli-sakidi 

simZimis Zalis moqmedebis sawinaaRmdego mimarTulebiT moZraobs? 

 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: 

warmoidgineT, rom mSobliur sofelSi avtomobiliT mgzavrobis dros adidebul 

mdinareze horizontaluri xis xidiT gadasvla dagWirdaT. gzis piras mdgar 

aRmniSvnelze miTiTebulia, rom maqsimaluri datvirTva xidze SeiZleba 1,3 tona 

iyos. Tqveni avtomobilis masa TqvenTan da tvirTTan erTad 1300 kg-s Seadgens. 

gariskavT Tu ara xidze gavlas avtomobilidan tvirTis amolagebis gareSe? ra 

siCqriT unda imoZraoT xidze, rom is ar daziandes? pasuxi daasabuTeT. 

 

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? romelSi gaerkvieT kargad da romeli 

dagrCaT nawilobriv gaugebari? 

2. ra SemTxvevebSia sxeulis wonasa da simZimis Zalas Soris Semdegi Tanafardoba: 

a) P = mg; b) P > mg; g) P < mg. 
3. daamtkiceT, rom, Tu sxeuli sayrdenTan erTad Ԧܽ,  aCqarebiT moZraobs simZimis 

Zalis moqmedebis mimarTulebiT, misi wona tolia N = P = m (g_a). 
4. ra SemTxvevaSia sxeuli uwonadobis mdgomareobaSi: 

a) sportsmeni, romelic tramplinidan xteba, wyalSi Caxtomamde; 

b) paraSutisti, romelic dedamiwaze eSveba; 

g) zeviT moZravi liftis mgzavri; 

d) yvavilis qoTani, romelic aivnidan vardeba; zeviT asrolili burTi. 
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   • proeqti • ra siCqariT gahyavT xelovnuri Tanamgzavri kosmosSi? 

amocana. ra siCqare unda mivaniWoT sxeuls, rom is M masisa da R radiusis 

planetis xelovnuri Tanamgzvri gaxdes da planetis zedapiridan h simaRlis 

orbitaze ibrunos? 

• siCqares, romelic saWiroa mivaniWoT sxeuls planetis zedapirze imisTvis, 

rom misi xelovnuri Tanamgzavri gaxdes da mis irgvliv wriul orbitaze 

imoZraos, pirveli kosmosuri siCqare ewodeba. 

ሬሬԦࢇ ሬሬԦࡵ
ࡾ
(a)ࢎ

imsjeleT Sedegebze: 

• ris tolia pirveli kosmosuri siCqare, romelic unda mivaniWoT sxeuls, rom 

is planetis xelovnuri Tanamgzavri gaxdes? 

• rogor aris damokidebuli pirveli kosmosuri siCqare xelovnuri Tanam-

gzavris masaze? 

• gamoTvaleT pirveli kosmosuri siCqare dedamiwis zedapirTan (݄ ≪ ܴ) da de-

damiwis zedapiridan h = 300 m simaRleze. gaiTvaliswineT, rom dedamiwis masaa 

M = 6 · 1024 kg, radiusi _ R = 6400 km. 

mocemulia amoxsna

planetis masa _ M 
planetis radiusi _ R 
simaRle h planetis 

zedapiridan, 

romelzec 

Tanamgzavri 

moZraobs.  
	 _ ? 
 

SeniSvna. moZraobis Sesaxeb cnobilia: a) moZraobis tra-

eqtoria wriulia; b) xazovani siCqare mudmivia. plane-

tisa da xelovnuri Tanamgzavris urTierTmizidulobis 

Zala Tanamgzavrs centriskenul aCqarebas aniWebs (a). 

amitom Tanamgzavris moZraobis gantoleba Semdegi saxiT 

Caiwereba: 

 ݉ܽ ൌ ܩ ெሺோାሻమ 	→ ܽ ൌ ܩ ெሺோାሻమ. 
radgan sxeulis centriskenuli aCqareba, rodesac is 

wriul orbitaze Tanabrad moZraobs, zedapiridan h 
simaRleze toliaܽ ൌ మோା miviRebT gantolebebis sistemas: 

۔ە
ܽۓ ൌ ܩ ሺܴܯ  ݄ሻଶܽ ൌ ଶܴ  ݄  

Tu gantolebaTa sistemas amovxsniT v siCqaris mimarT, 

miviRebT pirveli kosmosuri siCqaris gamosaTvlel fo-

rmulas am planetisTvis. Tqven Tu SeZlebT am for-mulis 

miRebas? 
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arqimedes teqnikis

muSaobis principis  
gamoyenebiT me-19 s.-is 

80-ian wlebSi parizis 

cirkma `frankonim~  

pirvelma daiwyo zarbaznis 

demonstrireba, romelic 

`cocxal Wurvebs~ isroda. 

am atraqcionSi denTi da airi ar 

gamoiyeneboda _ warmoqmnili 

kvamli da xma mxolod meti 

efeqtis mosaxdenad iyo saWiro. 

 
Zveli berZnebi Zv. w. III saukuneSi 

brZolebSi warmatebiT iyenebdnen 

arqimedes gamogonil Tavdacvis 

`teqnikur mowyobilobebs~. 

• ra aris saerTo Zveli berZnebis samxedro teqnikasa da me-19 

saukunis `cocxalWurvebiani~ zarbaznis muSaobis principSi? 

• ris xarjze SeiZleba am iaraRiT `Wurvis~ ufro did manZilze 

gasrola?

 drekadobis Zala 

 
 
 
 
 
 
 
 
 
 

 
eleqtromagnituri bunebis Zalebi. cnobilia, rom damuxtuli 

sxeulebi miizideba an ganizideba eleqtruli bunebis Zalebis 

moqmedebiT. Tu muxtebi erTmaneTis mimarT imoZraveben, eleqtrul 

ZalebTan erTad maT Soris magnituri Zalebic warmoiqmneba.  

2.8 

kvleviTi samuSao-1. ras gansazRvravs zambaris moqmedebis Zalis Sefardeba mis 

wagrZelebasTan?  

samuSaosTvis saWiroa: dinamometri, tvirTebis nakrebi, saxazavi, Stativi 

momWeriTa da mosriale rgoliT. 

samuSaos msvleloba: 

1. dinamometri daamagreT Stativis momWerze, miaRwieT, rom misi isari nulo-

van danayofze idges. 

2. dinamometris kavze dakideT m masis tvirTi. dinamometris Cvenebisa da saxa-

zavis saSualebiT gansazRvreT dinamometrSi aRZruli F1  Zala da zambaris 

wagrZeleba x1 (a). Sedegebi CawereT cxril 2.4-is Sesabamis ujrebSi. 

3. cdebi gaimeoreT: dinamometrze dakidebul tvirTs daumateT imave masis me-

ore, mesame da meoTxe tvirTi; gansazRvreT am dros dinamometrSi aRZruli 

F2, F3 da F4 Zalebi da maTi Sesabamisi x2, x3, x4 wagrZelebebi. Sedegebi CawereT 

cxrilSi. 

4. miRebuli monacemebis mixedviT gamoTvaleT Sefardebebi 
ிభ௫భ , ிమ௫మ , ிయ௫య	da ிర௫ర. 

imsjeleT Sedegebze: 

• romel fizikur sidides gansazRvravs 
ி௫ Sefardeba? 

• rogor icvleba es Sefardeba dinamometrze dakidebuli tvirTis 

matebasTan erTad? ratom? 

cxrili 2.4 

№ 
Zala, romelic tvir-

Tze moqmedebs: F (n) 
zambaris wag-

rZeleba: x (m) 
ݔܨ  

ଵܨ 1 ൌ ଵݔ ൌ  
ଶܨ 2 ൌ ଶݔ ൌ  
ଷܨ 3 ൌ ଷݔ ൌ  
ସܨ 4 ൌ ସݔ ൌ  

(a) 
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es Zalebi erTmaneTTan mtkice kavSirSia, maTi gancalkeveba SeuZ-

lebelia, radgan erTi meoris warmoqmnis mizezia. amitom amboben, rom 

damuxtul sxeulebs Soris urTierTqmedeba eleqtromagnituri bune-

bis Zalebis moqmedebis Sedegad xdeba. drekadobisa da xaxunis Zalebi, 

romlebic meqanikuri moZraobis siCqaris cvlilebis mizezia, aseve 

eleqtromagnituri bunebis Zalebia. 

drekadobis Zala eleqtromagnituri bunebis Zalaa. rogorc iciT, 

nebismieri myari sxeuli gare Zalis moqmedebiT deformacias ganicdis 

(ix. fizika 7, gv. 45). 

• gare Zalis moqmedebiT sxeulis formisa da zomebis cvlilebas 

deformacia ewodeba. deformaciis Sedegad xdeba atomebisa da 

molekulebis erTmaneTis mimarT wanacvleba: atomebs Soris manZili 

izrdeba an mcirdeba, rac sxeulis deformaciis adgilze atomebs Soris 

urTierTqmedebis Zalebis cvlilebas iwvevs. elqtromagnituri bunebis 

Zalas, romelic `cdilobs~, sxeulis deformirebul nawils sawyisi 

forma aRudginos, drekadobis Zala ewodeba. 

• drekadobis Zala aris Zala, romelic sxeulSi aRiZvreba nebismieri 

mcire deformaciis dros da mimarTulia sxeulis sawyisi mdgoma-

reobis aRdgenisken. 

Tu sxeulze gare zemoqmedebis Sewyvetis Semdeg sxeuli drekadobis 

Zalis moqmedebiT srulad aRidgens sawyis formasa da zomebs, 

deformacias drekadi deformacia ewodeba. Tu aRdgena ar xdeba, 

deformacias plastikuri deformacia ewodeba. 

arsebobs deformaciis Semdegi saxeebi: gaWimva-SekumSva, Runva, gre-

xa da wanacvleba (Zvra). gaWimvis deformaciis dros sxeulis nawilebs 

Soris manZili icvleba, xolo wanacvlebis deformaciis dros sxeulis 

nawilebi erTmaneTis mimarT wanacvldeba. Runvis deformacia sxeulis 

nawilebis SekumSvisa da gaWimvis deformaciebis kombinaciaa, grexa ki _ 

wanacvlebis deformaciebis kombinacia (b). 
 

 
hukis kanoni. myari sxeulis deformaciis saxe gaWimva-SekumSva xasi-

aTdeba sidideebiT, romlebsac absoluturi wagrZeleba da fardo-

biTi wagrZeleba ewodeba. 	∆݈ ൌ ݈ െ ݈,       (2.23) 
ߝ  ൌ ∆బ ൌ ିబబ   (2.24) 

sadac l0 myari sxeulis sawyisi, l _ saboloo sigrZe, Δl ki _ sxeulis 

absoluturi wagrZeleba. Tu Δl << l0 , xdeba drekadi deformacia, ε 

(d) 

SekumSvis 

deformacia 

Runvis 

deformacia 

grexis 

deformacia 

wanacvlebis 

deformacia 
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sxeulis fardobiTi wagrZelebaa. fardobiTi wagrZeleba ganyenebuli 

ricxvia _ mas sazomi erTeuli ar aqvs. 

deformirebul mdgomareobaSi myofi myari sxeuli xasiaTdeba 

fizikuri sididiT, romelsac meqanikuri Zabva ewodeba. 

• meqnikuri Zabva aris fizikuri sidide, romelic deformaciis Sedegad 

aRZruli drekadobis Zalis modulis (Fdrekad.) sxeulis ganivkveTis 

farTobTan (S) Sefardebis tolia: ߪ ൌ ிდრეკად.ௌ               (2.25) 
sadac σ meqanikuri Zabvaa. meqanikuri Zabvis erTeuli SI sitemaSi aris 

paskali (pa): ሾߪሿ ൌ 1 ნ
მమ ൌ 1 pa (paskali). 

• hukis kanoni: mcire deformaciebis dros sxeulSi aRZruli meqani-kuri 

Zabva fardobiTi wagrZelebis proporciulia: ߪ ൌ ܧ ∙  (2.26)        .|ߝ|
E proporciulobis koeficientia, romelsac iungis moduli ewodeba. 

• iungis moduli fizikuri sididea da ricxobrivad meqanikuri Zabvis 

tolia, romelic rame wvril RerSi aRiZvreba misi orjer wagrZelebis 

dros. iungis moduli damokidebulia masalaze, romlisganac damza-

debulia sxeuli da misi sazomi erTeuli SI sistemaSi aris paskali:  ሾܧሿ ൌ ሾఙሿሾఌሿ ൌ 1	pa. 
Tu hukis kanonSi (2.26) gaviTvaliswinebT gantolebebs (2.24) da (2.25), 

miviRebT: ிდრეკად.ௌ ൌ ܧ |∆|బ 			→ 		 .დრეკადܨ ൌ 	 ாௌబ |∆݈|              (2.27) 

aq sidides  ாௌబ ൌ ݇                                                    (2.28) 

drekadobis koeficienti an Reris sixiste ewodeba. 

sixiste, romelic proporciulobis koeficientia drekadobis Zala-

sa da absolutur wagrZelebas Soris, damokidebulia masalaze, rom-

lisganac damzadebulia sxeuli da mis geometriul zomebze. 

Tu formulaSi (2.27) gaviTvaliswinebT (2.28) formulas, hukis kano-

ni SegviZlia Semdegi saxiT CavweroT: 

Fdrekad ൌ ݇|∆݈|          (2.29) 
rogorc wesi, hukis kanons aseTi saxe aqvs: 

Fdrekad ൌ െ݇(2.30)            ݔ 
sadac x = Δ l sxeulis absolutur wagrZelebas gamoxatavs, xolo niSani 

minusi imis maCvenebelia, rom sxeulSi aRZruli drekadobis Zala sxeulis 

nawilebis wanacvlebis mimarTulebis sawinaaRmdegodaa mimarTuli. 

sixistis sazomi erTeuli SI sistemaSi aris: ሾ݇ሿ ൌ ൣிდრეკად.൧ሾ∆ሿ ൌ 1 ნ
მ
. 
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ra SeityveT? samuSao rveulSi dawereT dasaxelebuli cnebebis ganmartebebi: 

`deformacia~, `drekadobis Zala~, `meqanikuri Zabva~, `hukis kanoni~, `iungis 

moduli~, `sixiste~. 

gaWimvis diagrama

• gaWimvis diagrama aris myar sxeulSi aR-

Zruli meqnikuri Zabvis mis fardobiT wag-

rZelebaze damokidebulebis grafiki.  

diagramaze (g): 

a) ubani 0 _ 1 aris ubani, romelzec mcire de-

formaciebis dros meqanikuri Zabva far-

dobiTi wagrZelebis pirdapirproporci-

ulia, anu sruldeba hukis kanoni. 

• maqsimalur meqanikur Zabvas, romelzec 

jer kidev sruldeba hukis kanoni, propor-

ciulobis zRvari ewodeba (σproporc.)

(e) 

grafikis cifr 1-iT aRniSnuli ubnis zeviT hukis kanoni irRveva, deformacia 

arawrfivi xdeba; 

b) ubani 1 _ 2 aris ubani, sadac SenarCunebulia drekadi deformacia, anu gare 

zemoqmedebis Sewyvetis Semdeg sxeuli srulad aRidgens sawyis zomebs. 

• maqsimalur Zabvas, romlis drosac sxeuli jer kidev drekad deformacias 

ganicdis, drekadobis zRvari ewodeba (σdr). sxeulze datvirTvis Semdgomi 

gazrda masSi drekadobis zRvarze met Zabvas aRZravs da sxeuli plastikur 

deformacias ganicdis; 

g) ubanze 2 _ 3 meqnikuri Zabva Seesabameba plastikur deformacias; 

d) ubani 3 _ 4 aris ubani, sadac sxeuli ganicdis `denadobas~. am dros sxeulSi 

aRZruli meqanikuri Zabva (σmeq) ar icvleba, xolo fardobiTi wagrZeleba izrdeba. 

e) ubani 4 _ 5 aris ubani, romelic meqanikuri Zabvis mkveTr zrdas Seesabameba. 

am dros sxeulis mTlianoba irRveva. 

• maqsimalur meqanikur Zabvas, romelis Semdegac sxeulis mTlianoba irRveva, 

simtkicis zRvari ewodeba (σsimtk.).

kvleviTi samuSao-2. gamoyeneba. hukis kanonis Semowmeba 

amocana: naxatze mocemulia drekadi zambaris sigrZis mas-

ze modebul Zalaze damokidebulebis grafiki (d). gansaz-

RvreT zambaris sixiste. 

imsjeleT Sedegabze: 

• CamoayalibeT hukis kanoni. 

• romeli formuliT aris SesaZlebeli zambaris sixistis 

gansazRvra? 

• razea damokidebuli sixiste? 

(d) 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi:

albaT, diliT skolisken mimaval gzaze migiqceviaT yuradReba wuxandeli Zlieri

qaris SedegebisTvis: maRalma da Zlierma xeebma SeinarCunes vertikaluri

mdgomareoba, Tumca imave teritoriaze SedarebiT patara Cinarebi gadatexilia. 

• aqvs Tu ara am movlenas rame kavSiri drekadobis ZalasTan? pasuxi daasabuTeT. 

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? raSi gaerkvieT kargad da ra dagrCaT 

nawilobriv gaugebari? 

2. ratom aris drekadobis Zala eleqtromagnituri bunebis Zala? 

3. razea damokidebuli drekadobis Zala? 

4. ra aqvT saerTo da riT gansxvavdebian meqanikuri Zabva da iungis moduli? 

5. aageT zambaris drekadobis Zalis modulis absolutur wagrZelebaze

damokidebulebis grafiki, Tu zambaris sixistea 200 n/m. 

l,sm

F,N 



 

 

II 

69  •   I   •  dinamikis safuZvlebi  • 

 xaxunis Zala. moZraoba 
xaxunis Zalis 
moqmedebiT 

 

 

 
 

xaxunis Zala. srialis xaxunis Zala aRiZvreba SexebaSi myof moZrav 

zedapirebs Soris da mimarTulia zedapiris gaswvriv, TiToeuli sxe-

ulis moZraobis sapirispiro mimarTulebiT. xaxunis Zalis aRZvris 

mizezia uTanabrobebi SexebaSi myof zedapirebze da `SeWidebis Zale-

bis~ (mizidulobis Zalebis) arseboba am zedapirebis molekulebs So-ris. 

swored mizidulobis Zalebis arsebobaa xaxunis Zalis eleqtro-

magnituri bunebis mizezi. 

arsebobs sami saxis xaxunis Zala: uZraobis xaxunis Zala, srialis 

xaxunis Zala da gorvis xaxunis Zala. 

• srialis xaxunis Zala iseTi xaxunis Zalaa, romelic maSin aRiZvreba, 

rodesac erTi sxeuli mere sxeulis zedapirze srialebs. 

• gorvis xaxulis Zala iseTi xaxunis Zalaa, 

romelic maSin  aRiZvreba, rodesac erTi 

sxeuli meoris zedapirze migoravs. 

• uZraobis xaxunis Zala iseTi xaxunis Za-

laa, romelic or erTmaneTis mimarT uZrav 

mdgomareobaSi myof sxeuls Sorisaa aR-

Zruli da xels uSlis sxeulis adgilidan 

daZvras. uZraobis xaxunis Zala ricxob-

rivad wevis Zalis tolia, romelic SexebaSi 

myofi uZravi zedapirebis paraleluria da 

wevis Zalis sapirispirodaa mimarTuli (b). 

wevis Zalis garkveuli mniSvnelobis dros sxeuli iwyebs moZraobas da meore 

sxeulis zedapirze srials. am dros aRiZvreba srialis xaxunis Zala. 

2.9 

CavataroT, erTi SexedviT martivi eqsperimenti.

aiReT erTnairi zomis ori kvercxi: erTi moxarSuli, 

meore _ mouxarSavi. kvercxebi erTdroulad 

daabzrialeT TefSze an Zafze dakidebul 

mdgomareobaSi. 

romeli kvercxi gaCerdeba adre: moxarSuli Tu mouxarSavi? ratom? 

imsjeleT Sedegebze: 

• razea damokidebuli srialis 

xaxunis koeficienti? 

• ras udris xaxunis Zalis moduli? 

• ra moxdeboda, xis Zelakis masa 

rom gagvezarda? 

kvleviTi samuSao-1. ra gaxsovT xaxunis Zalis Sesaxeb?

amocana 1: (a) naxatze mocemuli informaciis safuZvelze da xaxunis Zalis 

Sesaxeb codnis gamoyenebiT (ix. fizika 7, gv. 50 da cxrili 2) gansazRvreT xis 

Zelakis xis zedapirze srialis xaxunis koeficienti; gaiTvaliswineT, rom xis 

xeze srialis xaxunis koeficienti μ = 0,5; g = 10 m/wm2. 

F 
700 gr

(a)

(b) ࡺሬሬԦ 
 ሬԦ

 .ሬሬԦხახ൯უძრࡲሬሬԦწევ ൫ࡲ
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srialis xaxunis Zalis ricxviTi mniSvneloba sayrdenis reaqciis 

Zalis (anu sayrdenze dawolis Zalis) pirdapirproporciulia da 

uZraobis xaxunis Zalis maqsimaluri mniSvnelobis tolia: 

 (Fxax) srial. ൌ ሺܨ	ხახ.ሻუძრმაქს ൌ  (2.31)       .ܰߤ
sadac μ propociulobis koeficientia, romelsac srialis xaxunis 

koeficienti ewodeba. srialis xaxunis koeficienti damokidebulia 

masalaze, romlisganac SexebaSi myofi sxeulebia damzadebuli da maTi 

zedapirebis damuSavebis xarisxze. μ ganyenebuli ricxvia; mas sazomi 

erTeuli ar aqvs. 

SexebaSi myofi zedapirebis Tvisebebis mixedviT xaxunis Zalas uwo-

deben mSrali xaxunis Zalas an winaaRmdegobis Zalas. 

• mSrali xaxuni aris xaxuni, romelic aRiZvreba myari sxeulebis Sexe-

baSi myof zedapirebs Soris. 

• winaaRmdegobis Zala aris Zala, romelic siTxeSi an airSi myari sxe-

ulis moZraobis dros aRiZvreba.  
moZraoba xaxunis Zalis moqmedebiT. SeviswavloT m masis sxeulis 

ramdenime moZraoba xaxunis Zalis moqmedebiT:  

1. sxeuli wrfivad da Tanabrad moZraobs horizontalur zeda-

pirze. naxatze (g) naCvenebia yvela Zala, romlebic sxeulze moqmedebs. 

Tanabari moZraobis dros, rodesac aCqareba a = 0, niutonis II kanonis 

Tanaxmad, sxeulis moZraobis gantoleba veqtoruli saxiT Semdeg-

nairad Caiwereba:  0 ൌ Ԧтܨ  Ԧтрܨ  ሬܰሬԦ  ݉ Ԧ݃. 
sakoordinato RerZi avirCioT wevis Zalis (anu moZraobis) mimar-

TulebiT. gamovsaxoT yvela Zalis proeqcia am RerZze da davweroT 

sxeulis moZraobis gantoleba (ix. g): 

0 = Fwev _ Fxax + 0 + 0 
aq gaviTvaliswineT, rom reaqciis Zalisa da simZimis Zalis proeqciebi 

OX RerZze 0-is tolia _ es veqtorebi sakoordinato RerZis marTobulia. 

amgvarad, horizontalur zedapirze wrfivad da Tanabrad moZrav 

sxeulze moqmedi Zalebis modulebi wyvil-wyvilad tolia da erTma-

neTis moqmedebas akompensirebs: ܰ ൌ ݉g; წევܨ		 ൌ ხახܨ ൌ ܰߤ ൌ  g.        (2.32)݉ߤ

 
2. sxeuli asrulebs wrfiv Tanabrad cvlad moZraobas (d). am SemTxve-

vaSi, zogadi saxiT sxeulis moZraobis gantolebaa: 

ma = Fwev + Fxax + N + mg               (2.33) 

(g) ࡺሬሬԦ
ሬԦ

 ხახ	ሬሬԦࡲሬሬԦწევࡲ

XO

(d) ሬሬԦࡺ
ሬԦ

ሬሬԦࡲ ሬሬԦწევࡲ ხახ
X O

 ሬሬԦ ∆ሬሬԦࢇ
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davagegmiloT Zalebi sakoordinato RerZze da moZraobis gantole-

ba CavweroT skalaruli saxiT: 

ma = Fwev _ Fxax = Fwev _ μmg. (2.34) 
am gamosaxulebebidan advilad SevZlebT nebismieri sididis gansazRvras. 

3. moZrav sxeulze mxolod xaxunis Zala moqmedebs. radgan xaxunis 

Zala yovelTvis moZraobis sawinaaRmdegod aris mimarTuli, am Zalis 

mier miniWebuli aCqareba sxeulis moZraobis siCqaris sapirispirod 

iqneba mimarTuli. amitom Tu sxeulze mxolod xaxunis Zala moqmedebs, 

sxeuli muxruWdeba, misi siCqare mcirdeba. am SemTxvevaSi sxeulis 

moZraobis gantolebas aseTi saxe eqneba: ݉ Ԧܽ ൌ Ԧხახܨ  ሬܰሬԦ  ݉gሬԦሺ2.35ሻ 
ma = Fxax (2.36) 

aqedan sxeulis aCqareba 	ܽ ൌ ხახ݉ܨ ൌ g݉݉ߤ ൌ  .gߤ
SegviZlia agreTve ganvsazRvroT horizontalurad moZravi sxeulis 

samuxruWe manZili da damuxruWebis dro: 

ldamuxr  ൌ బమଶ ൌ బమଶிხახ ൌ బమଶఓ ሺ2.37ሻ 
tdamuxr  ൌ బ ൌ బிხახ ൌ బఓ . ሺ2.38ሻ 

sxeulis moZraoba daxril sibrtyeze

• daxrili sibrtye aris sibrtye, romelic ho-

rizontTan garkveul α kuTxes qmnis. rogorc 

naxatzea naCvenebi, sxeuli wevis Zalis moqme-

debiT daxril sibtyeze Tanabrad moZraobs. 

sxeulze moqmedi simZimis Zala SegviZlia or 

mdgenel Zalad davSaloT: F|| mdgenelad, ro-

melic daxrili sibrtyis paraleluria da F 
mdgenelad,  romelic daxrili sibrtyis mar-

Tobulia (e). sayrdenis reaqciis Zalis modu-

li am SemTxvevaSi F mdgenelis modulis 

tolia:  ܰ ൌ ܨ ൌ ݉gܿܨ (2.39)   ,ߙݏხახ ൌ ܰߤ ൌ ||ܨ (2.40) ,ߙݏgܿ݉ߤ ൌ ݉g(2.41)  .ߙ݊݅ݏ 
davweroT daxril sibrtyeze sxeulis moZraobis gantoleba veqtoruli saxiT: ݉ Ԧܽ ൌ Ԧწევܨ  Ԧხახܨ  ሬܰሬԦ  ݉gሬԦ. 
gantolebis amosaxsnelad unda aviRoT marTkuTxa sakoordinato sistema XOY. 

sakoordinato sistemis RerZebze Zalebis proeqciebisgan miviRebT ori gan-

tolebisgan Sedgenil gantolebaTa sistemas: ൜݉ܽ௫ ൌ წევܨ െ ხახܨ െ ௬ܽ݉||ܨ ൌ ܰ െ .ܨ         (2.42) 

radgan OY RerZis gaswvriv moZraoba ar xdeba, ay = 0. am pirobisa da (2.39)-(2.41) 

gantolebebis gaTvaliswinebiT SegviZlia ganvsazRvroT sxeulis aCqareba: ܽ௫ ൌ წევܨ െ ხახܨ െ ݉||ܨ ൌ წევܨ െ ߙݏgܿ݉ߤ െ ݉g݉ߙ݊݅ݏ . 

ሬሬԦწევ Xࡲ

OࡲሬሬԦხახ ࡲሬሬԦ|| 
 ሬሬԦࡺ

ࢻ ሬሬԦࡲ ሬሬԦࢍ ࢻ

Y

(e) 
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ra SeityveT? samuSao rveulSi dawereT dasaxelebuli cnebebis ganmartebebi: 

`xaxunis Zala~, `uZraobis xaxunis Zala~, `srialis xaxunis Zala~. `gorvis xaxunis 

Zala~, `samuxruWe manZili~, `winaaRmdegobis Zala~. 

  
 
 
 
  

imsjeleT Sedegebze: 

• wrfivi Tanabari moZraobis dros ris tolia saydenis reaqciis Zalisa da wevis 

Zalis modulebi, Tu ܨԦZala simZimis Zalis moqmedebis mimarTulebiT moqmedebs? 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: 

avtomobils, romelic dasaxlebul punqtSi 72 km/sT siCqariT moZraobda, 

moulodnelad win, 5 m-is daSorebiT, ZaRlma gadaurbina. mZRolma mkveTrad 

daamuxruWa. daejaxeba Tu ara avtomobili ZaRls? gaiTvaliswineT, 

avtomobilis borblebsa da mSral asfalts Soris xaxunis koeficientia μ = 0,5; 
g = 10 m/wm2. 

 

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? raSi gaerkvieT kargad da ra dagrCaT 

nawilobriv gaugebari? 

2. ori avtomobili, masebiT 10 tona da 1 tona, svel moasfaltebul gzaze 

erTnairi siCqariT moZraobs. erTdrouli damuxruWebis SemTxvevaSi romeli 

avtomobilis samuxruWe manZili iqneba ufro didi? 

3. ra moxdeboda, xaxuni rom ar arsebobdes? 

4. rogor aris damokidebuli srialis xaxunis koeficienti xaxunis Zalasa da 

sxeulis masaze? pasuxi daasabuTeT. 

5. razea damokidebuli srialis xaxunis Zala? 

6. ris toli iqneba haeris winaaRmdegobis Zala, romelic Zafze dakidebul 

sxeulze moqmedebs, Tu sxeuli sakidTan erTad Tanabrad Senelebulad 

gadaadgildeba simZimis Zalis sapirispiro mimarTulebiT? 

kvleviTi samuSao-2. gamoyeneba. iciT Tu ara sxe-

ulis moZraobis gantolebis dawera? 

amocana 2: dawereT sxeulebis moZraobis gantolebe-

bi Semdegi mdgomareobebisTvis: 

a) wrfivad da Tanabrad moZrav m masis sxeulze 

simZimis Zalis moqmedebis mimarTulebiT moqmedebs ܨԦ, Zala (v); 

b) m masis sxeulze, romelic wrfivad da Tanabrad 

moZraobs, simZimis Zalis sapirispiro mimarTulebiT 

moqmedebs ܨԦ, Zala; 

g) m masis sxeuli moZraobs wrfivad da Tanabrad Senelebulad. 

(ვ) 
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 sxeulis wonasworobis pirobebi 
 
albaT, wagikiTxavT rusi poetis  cnobili igav-araki 

`gedi, kiborCxala da qariylapia~. am igavSi mis 

personaJebs surT aamoZraon msubuqi uremi: `...gedi 

cisken iwevs, kiborCxala ukan ixevs, qariylapia wylisken 

eweva... uremi ki axlac iq aris~. 

• rogor avxsnaT fizikis `enaze~, ratom ar SeuZliaT 

igavis gmirebs urmis adgilidan daZvra? 

 

 
 
niutonis I kanonis Tanaxmad, sxeulis arseboba wonasworobis mdgo-

mareobaSi niSnavs, rom igi uZravia an wrfivad da Tanabrad moZraobs 

aTvlis inerciuli sistemis mimarT. gavarkvioT, romeli konkretuli 

pirobebis Sesrulebis dros aris sxeuli wonasworobis mdgomareobaSi. 

sxeulis wonasworoba gadataniTi moZraobis dros. sxeulis gada-

taniTi moZraobis Sesaswavlad sakmarisia ganvixiloT misi erTi werti-

lis _ simZimis centris moZraoba. am SemTxvevaSi simartivisTvis Seg-

viZlia vigulisxmoT, rom sxeulis masa mis erT wertilSi _ simZimis 

centrSia Tavmoyrilia da am wertilSia modebuli sxeulze moqmedi 

Zalebis tolqmedic. niutonis II kanonis Tanaxmad, Tu sxeulze moqmedi 

tolqmedi Zala (sxeulze moqmedi yvela Zalis geometriuli jami) nu-

lis tolia, am wertilis aCqareba nulis toli iqneba. es aris sxeulis 

wonasworobis piroba gadataniTi moZraobis dros. 

• imisTvis, rom sxeuli gadataniTi moZraobis dros wonasworobis 

mdgomareobaSi iyos, sxeulze moqmedi tolqmedi Zala (sxeulze moqmedi 

yvela Zalis geometriuli jami) nulis toli unda iyos: ܨԦଵ  Ԧଶܨ  ⋯ Ԧܨ ൌ Ԧܨ ൌ 0. 
Tu Zalebis geometriuli jami nuls udris, nebismier sakoordinato 

RerZze am Zalebis proeqciebis jamic nulis toli iqneba: ܨଵ௫  ଶ௫ܨ 	… ௫ܨ ൌ ଵ௬ܨ 0  ଶ௬ܨ 	… ௬ܨ ൌ ଵ௭ܨ 0  ଶ௭ܨ 	… ௭ܨ ൌ 0. 
uZravi brunvis RerZis mqone sxeulis wonasworoba. praqtikaSi xSirad 

gvxdeba, rom, sxeuli, romelsac brunvis uZravi RerZi aqvs da masze 

moduliT toli da sapirispirod mimarTuli ori paraleluri Zala 

moqmedebs, 

2.10 

kvleviTi samuSao-1. ras niSnavs sxeulis 

wonasworobis mdgomareobaSi yofna? 

amocana 1: SeuZlia Tu ara navs wonasworobis 

mdgomareobaSi yofna wylis zedapirze, Tu 

masze moqmedebs mdinaris dineba da sam-

xreTis qari (a)? pasuxi daasabuTeT sqema-

turi gamosaxulebis gamoyenebiT. 

imsjeleT Sedegebze: 

• ras niSnavs sxeulis yofna wonasworobis 

mdgomareobaSi? 

(a)
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am RerZis irgvliv brunvas agrZelebs. magaliTad, WoWonaqi, jalam-

bari da sxva sapirispiro Zalebis moqmedebiT brunaven. es niSnavs, rom 

brunvis uZravi RerZis mqone sxeulis wonasworobisTvis sakmarisi ar 

aris, masze moqmedi tolqmedi Zala nulis toli iyos; saWiroa 

wonasworobis meore pirobis _ momentebis wesis _ Sesrulebac. 

• uZravi brunvis RerZis mqone sxeulis wonasworobisTvis aucil-

ebelia, rom masze brunvis RerZis mimarT moqmedi Zalebis momentebis 

algebruli jami nulis toli iyos: ܯଵ ܯଶ 	…ܯ ൌ 0 
 

kvleviTi samuSao-2. gamoyeneba. wonasworobis romeli piroba sruldeba 

sxeulisTvis daxril sibrtyeze? 

amocana 2: ganvsazRvroT daxril sibrtyeze 

moTavsebuli sxeulisTvis (b): 
a) formula, romelic gamoxatavs misi wonasworobis 

pirobas; 

b) Zala, romelic awonasworebs xaxunis Zalas; 

g) Zala, romelic awonasworebs sayrdenis reaqciis 

Zalas. 

imsjeleT Sedegebze: 

• ra pirobebi unda Sesruldes, rom sxeuli daxril sibrtyeze wonasworobis 

mdgomareobaSi iyos? 

• ramdeni Zala moqmedebs sxeulze, romelic wonasworobaSia daxril sibrtyeze? 

aCveneT es Zalebi sqemaze. 

SeZenili codnis gamoyeneba yoveldRiur 

cxovrebaSi: 

albaT, megobrebTan erTad CagitarebiaT aseTi 

saintereso fizikuri eqsperimenti: berketze 

dadebuli qva frinvelis bumbuliTaa 

gawonasworebuli (g). 

• romeli piroba sruldeba am dros? rogor 

SegiZliaT pasuxis dasabuTeba? 

• SeiZleba Tu ara imis Tqma, rom frinvelis 

bumbulisa da qvis masebi tolia? ratom? 

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? raSi 

gaerkvieT kargad da ra dagrCaT nawilobriv 

gaugebari? 

2. materialuri wertili ori Zalis moqmedebiT moZraobs, romlebic moduliT 60 

n-isa da 80 n-is tolia. am Zalebs Soris kuTxe 900-ia. gansazRvreT: 

a) materialuri wertilis aCqarebis mimarTuleba (aRniSneT sqemaze); 

b) im Zalis moduli da mimarTuleba, romelic 

unda movdoT sxeulze wonasworobis mdgoma-

reobaSi mis SesanarCuneblad (aRniSneT sqemaze). 

3. gansazRvreT naxatze warmodgenili tolqmedi ܨԦ	 Zalis mdgenelebi punqtiriT gavlebuli 

RerZebis gaswvriv (d). 

 
ra SeityveT? samuSao rveulSi dawereT mokle ese dasaxelebuli 

cnebebis gamoyenebiT: `sxeulis wonasworobis piroba, romelic 

gadataniT moZraobas asrulebs~, `brunvis uZravi RerZis mqone sxeulis 

wonasworobis piroba~. 

m 

 (b)ߙ

  

(g) 

(d) 

Ԧܨ Ԧ (d)ܨ
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2.1. sxeulze modebulia ori Zala, romelTa modulebi tolia: F1 = 8 n da                     

F2 = 6 n. gansazRvreT tolqmedi Zalis maqsimaluri da minimaluri mniSvne-

lobebi. 

2.2. rogoria tolqmedi Zalis moduli, Tu kuTxe wina amocanis F1 da F2 Zalebs 

Soris, romlebic sxeulze moqmedebs, 600-ia; 900-ia? 

2.3. siCqaris droze damokidebulebis grafikis mixedviT gansazRvreT drois 

intervalebi, romlebSic Zalebis tolqmedi nulis tolia. 

 

2.4. ra mimarTulebiT gadaixrebian mgzavrebi gaCerebidan avtobusis mkveTri 

daZvrisa da gaCerebasTan miaxloebisas mkveTri damuxruWebis dros? 

ewinaaRmdegeba Tu ara es movlenebi niutonis pirvel kanons, imis 

gaTvaliswinebiT, rom am momentebSi mgzavrebze araviTari damatebiTi 

Zala ar iwyebs moqmedebas? 

2.5. F Zalis moqmedebiT m1 masis sxeuli 3 m/wm2 aCqarebiT moZraobs, xolo m2 

masis sxeuli _ 5 m/wm2 aCqarebiT. Tu am sxeulebs SevaerTebT, ra aCqarebiT 

imoZraveben erTad imave Zalis moqmedebiT? 

2.6. amwe 20 t masis tvirTs 0,8 m/wm2 aCqarebiT swevs. gansazRvreT amwis 

foladis trosis daWimulobis Zala (g = 10 m/wm2; amwis trosis wona ar 

gaiTvaliswinoT). 

2.7. 1,2 tona masis avtomobilis siCqare 5 wm-is ganmavlobaSi 60 m/wm-iT 

mcirdeba. ris tolia avtomobilze moqmedi Zalebis tolqmedi? 

2.8. m masis sxeuli tolqmedi F Zalis moqmedebiT drois t Sualedis ganmav-

lobaSi s manZilze gadaadgildeba. ra manZilze gadaadgildeba 2 m masis 

sxeuli drois 3t SualedSi imave tolqmedi Zalis moqmedebiT (orive 

SemTxvevaSi sawyisi siCqare nulis tolia)? 

2.9.  liftis iatakze 100 kg masis sxeuli devs. gansazRvreT, ra aCqarebiT da 

ra mimarTulebiT moZraobs lifti, Tu tvirTi iatakze 1300 n ZaliT 

moqmedebs (g = 10 m/wm2). 

2.10. wrfivad moZravi avtomobilis siCqare, romlis masa 1 tonaa, 9 wamis 

ganmavlobaSi 20 m/wm-idan 38 m/wm-mde icvleba. 

gansazRvreT: 

a) avtomobilis aCqareba; 

b) avtomobilis moZraobis mimarTulebiT moqmedi tolqmedi Zalis 

moduli; 

g) avtomobilze moqmedi Zalis impulsi; 

d) avtomobilis gadaadgileba siCqaris cvlilebis drois ganmavlobaSi.  

2.11. rogor Seicvleba mizidulobis Zala or materialur wertils Soris, 

Tu maT Soris manZili 3-jer Semcirdeba? 

2.12. ris tolia gravitaciuli velis daZabuloba dedamiwis zedapiridan  

h = 3Rdedam. simaRleze? (dedamiwis zedapirze g = 9,81 m/wm2). 

a
m
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c
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n
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b
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2.13. 10 kg masis tvirTis mavTulze dakidebis dros mavTuli 0,5 mm-iT 

wagrZeldeba. gansazRvreT mavTulis sixiste (g = 10 m/wm2). 

2.14. zambaris 0,15 m-iT gaWimvis dros masSi 0,006 kn drekadobis Zala aRiZ-

vreba. ramdeniT unda gavWimoT zambara, rom masSi 16 n drekadobis Zala 

aRiZras? 

2.15. naxatze naCvenebia gaWimuli zambara, romelzec 2 kg masis tvirTia 

dakidebuli. zambaris gverdiT damagrebulia saxazavi. 

gansazRvreT: 

a) romel danayofze gaCerdeba zambaraze mimagrebuli isari, Tu am 

tvirTze meore aseTive tvirTs davkidebT? 

b) zambaris sixiste (g = 10 m/wm2). 

 

2.16.   ra ZaliT unda mivawveT 18 kg masis xis Zels, rom Tanabrad isrialos 

xis iatakze (xis xeze xaxunis koeficienti μ = 0,5; g = 10 m/wm2)? 

2.17. 2 tona masis avtomobili gzaze 126 km/sT siCqariT moZraobs. mZRoli 

xedavs cxvris faras, romelic misgan 100 m manZilze gadadis gzaze da 

iwyebs avtomobilis damuxruWebas. daejaxeba Tu ara srul gaCerebamde 

avtomobili faras? (xaxunis koeficienti rezini-(sveli) asfaltisTvis              

μ = 0,7-is tolia, g = 10 m/wm2)?  

2.18.  rogoria iupiteris zedapirze pirveli kosmosuri siCqare? 

(G = 6,7 · 10-11 nm2/kg2; ix. cxrili 2.3) 

2.19.  mudmivi 50 n-is toli Zalis moqmedebiT wrfivad moZravi sxeulis 

koordinati drois mixedviT Semdegi kanoniT icvleba: x = 4 + 3t _ t2. 

gansazRvreT: a) sxeulis moZraobis aCqareba; b) sxeulis masa. 

2.20. Zeli, romlis wona 1600 n-ia, foladis or troszea dakidebuli. rogoria 

foladis trosebis daWimulobis Zalebi, Tu isini Zelis centridan 3 m 

da 1 m manZilzea mimagrebuli (trosebis wona ar gaiTvaliswinoT)? 
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• imsjeloT, ras niSnavs cneba `Caketili sistema~, 

daasabuToT mecnierebaSi am sistemebis gamoyenebis mizezis 

safuZvli-anoba; 

• axsnaT impulsis mudmivobis kanoni da martivi cdebiT moax-

dinoT misi demonstrireba; 

• SeadginoT da amoxsnaT raodenobrivi da Tvisebrivi 

xasiaTis amocanebi impulsis mudmivobis kanonis 

gamoyenebiT;  

• axsnaT kinetikuri da potenciuri energiebis warmoqmnis 

meqa-nizmi, cdebiT daadasturoT im sidideebs Soris 

kavSiri, romlebzec damokidebulia es energiebi; 

• axsnaT energiis mudmivobis kanoni da martivi cdebiT moax-

dinoT misi demonstrireba;  

• SeadginoT da amoxsnaT raodenobrivi da Tvisebrivi 

xasiaTis amocanebi energiis mudmivobis kanonis 

gamoyenebiT; 

• warmoidginoT energia, rogorc sidide, romelic 

ganapirobebs sxeulis unars Seasrulos meqanikuri 

muSaoba da meqanikuri muSaobis SesrulebisTvis saWiro 

pirobebi; 

• SeadginoT da amoxsnaT raodenobrivi da Tvisebrivi 

xasiaTis amocanebi meqanikuri muSaobisa da simZlavris 

gansazRvraze. 

mudmivobis kanonebi 
 
am Tavis masalis Seswavlis Semdeg  

Tqven  SeZlebT: 
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Caketili 
sistema

es aris energiebis jami 

kinetikuri 

energia 

potenciuri 

energia 

sruldeba 

meqanikuri 

energia 

dedamiwidan 

aweuli sxeulis 

potenciuri 

energia 

Ԧଵ  Ԧଶ  Ԧଷ  ⋯ Ԧ ൌ  ݐݏ݊ܿ

݉ଵሬሬԦଵ  ݉ଶሬሬԦଶ ൌ ݉ଵሬሬԦଵ  ݉ଶሬሬԦଶ 

dedamiwidan aweuli sxeu-

lis potenciuri energia 

dedamiwidan aweuli sxeu-

lis potenciuri energia 

SeiZleba iyos 

formula 

formula 

Ekin + Epot = const 

formula

siCqarezemasaze 

gravitaciuli velis 

daZabulobaze 

masaze 

manZili 

damokidebulia

s
i
x
i
s
t
e
z
 

drekadi de-

formirebu

li zambaris 

potenciuri 

energia 

w
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tipi 

tipi 

es energiebis jamia 

meqanikuri 

muSaoba 

sxeulis unari 

Seasrulos muSaoba

SeuZliaT 

urTierTgardaqmna

tipi 

SeuZlia 

muSaobis 

Sesruleba 

SeuZlia 

muSaobis 

Sesru-

leba 

reaqtiuli moZaoba 

gamoyeneba

damokidebulia

gamoyenebulia 

tipi

simZlavre 

muSaobis 

Sesrulebis 

siswrafe 

joulierTeuli

erTeuli

erTeuli

sruldeba 

energiis mudmivobis kanoni 

formula 

jouli 

݉ଵሬሬԦଵ  ݉ଶሬሬԦଶ ൌ ሺ݉ଵ  ݉ଶሻሬሬԦ 

`cnebebis ruka~ 
III TavisaTvis 

III
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 Caketili sistema. impulsis mudmivobis kanoni 
 

 
 
 
 
 
 
 
 
 

 
 
ra aris Caketili sistema? rogorc iciT, bunebaSi momxdari yvela 

cvlilebis mizezi sxeulebs Soris urTierTqmedebaa. arsebobs sxvada-

sxva saxis urTierTqmedeba: gravitaciuli, eleqtromagnituri, birT-

vuli da e. w. susti urTierTmedeba. urTierTqmedebis Sedegi damoki-

debulia mis saxeobaze, agreTve urTierTqmed sxeulebs Soris manZilsa 

da maT Tvisebebze. yovel movlenaSi erT-erTi saxis urTierTqmedebaa 

gadamwyveti. mag., Tu did manZilebze gravitaciuli urTierTqmedebaa 

gadamwyveti, atomis birTvis zomebis manZilebze mniSvnelovani birT-

vuli Zalebis moqmedeba xdeba. garkveul movlenebze dakvirvebis dros 

mecnierebi ar iTvaliswineben meorexarisxovan (imas, rac am movlenaSi 

gadamwyveti ar aris) urTierTqmedebebs. magaliTad, vertmfrenis wevis 

Zalis gamoTvlis dros unda gaviTvaliswinoT dedamiwis mizidulobis 

Zala. am dros mTavaris mizidulobis Zala, vertmfrensa da Rrublebs 

Soris arsebuli urTierTqmedeba gasaTvaliswinebeli ar aris. 

 

3.1 

kvleviTi samuSao-1. burTulebis ucnauri Sejaxeba 

samuSaosTvis saWiroa: galileis Rari, erTnairi zomis foladis burTulebi (8-

10 cali), xis sayrdeni (Stativi momWeriTa da mosriale rgoliT). 

samuSaos msvleloba: 

1. dadeT Rari horizontalur sayrdenze. masze burTulebi ise daalageT, rom 

erTmaneTs exebodnen (a). erT-erT burTulas xeliT ubiZgeT Raris gaswvriv. 

daakvirdiT, ra moxdeba sxva burTulebTan misi dajaxebis Semdeg. 

2. cda gaimeoreT: erTdroulad or  

burTulas xeliT ubiZgeT da daak- 

virdiT movlenebis ganviTarebas. 

3. cda gaimeoreT: erTdroulad sam  

burTulas xeliT ubiZgeT da daakvirdiT,  

dajaxebis Semdeg ramdeni burTula gamoeyo 

 uZravi burTulebis rigs.  

 

imsjeleT Sedegebze: 

• ra SeniSneT burTulebis rigTan erTi burTulis dajaxebis Semdeg? 

• ramdeni burTula gamoeyo burTulebis rigs masTan Sesabamisad ori da sami 

burTulis dajaxebis Semdeg? 

• gamoTqviT mosazreba am movlenis warmoqmnis mizezTan dakavSirebiT. 

(a) 

baroni miunhauzeni amtkicebda, TiTqos Tavisi Tavi 

cxenTan erTad Waobidan sakuTari TmiT amoiyvana. 

 

• rogor fiqrobT, marTalia Tu ara baron miun-

hauzenis istoria, SeiZleboda Tu ara, aseTi ram 

momxdariyo? ratom? 

• SeeZlo Tu ara barons, ase gadaerCina Tavi? 
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bunebis zogadi suraTis mecnieruli Seswavlis dros erTnairi 

Tvisebebis mqone obieqtebis jgufi, romelic pirobiTad izolire-

bulia garemosgan, ganixileba rogorc Caketili sistema. 

• Caketili sistema im sxeulebisgan Sedgenili sistemaa, romlebic 

mocemul pirobebSi mxolod erTmaneTTan urTierTqmedeben da ar 

urTierTqmedeben sxva sxeulebTan (anu sxva sxeulebis moqmedeba 

erTmaneTs awonasworebs). mudmivobis kanonebi mxolod Caketil 

sistemebSi sruldeba. 

impulsis mudmivobis kanoni. impulsi erT-erTi fizikuri sididea, 

romelsac mudmivobis Tviseba aqvs. es Tviseba imaSi mdgomareobs, rom 

sxeulebis urTierTqmedebis dros maTi impulsebis jami ar icvleba, anu 

sistemis sruli impulsi mudmivi rCeba. 

• sistemis sruli impulsi aris sistemis Semadgeneli sxeulebis 

impulsebis geometriuli jami. 

sxeulebis urTierTqmedebis Semdeg maTi impulsebi icvleba. maga-

liTad, ganvixiloT ori sxeulis urTierTqmedeba. 

pirveli sxeulis impulsi urTierTqmedebamde aRvniSnoT Ԧଵ -iT, 

urTierTqmedebis Semdeg _ Ԧଵ-iT, meore sxeulis impulsebi Sesabamisad 

 ,Ԧଶ-iT. Zalebi, romlebiTac es sxeulebi urTierTqmedebenԦଶ -iTa da _

Sesabamisad, ܨԦଵ -iTa da ܨԦଶ-iT aRvniSnoT. niutonis III kanonis Tanaxmad, 

qmedeba ukuqmedebis tolia: ܨԦଵ ൌ െܨԦଶ . Tu tolobis orive mxares 

urTierTqmedebis droze  ሺ∆ݐሻ gavamravlebT, am Caketili sistemisTvis 

toloba ar dairRveva: ܨԦଵ ∙ ݐ∆ ൌ െܨԦଶ ∙  (3.1)         ݐ∆
imis gaTvaliswinebiT, rom ܨԦଵ ∙  ,pirveli sxeulis impulsis cvlile-baa ݐ∆

xolo ܨԦଶ ∙ Ԧଵ∆ :meore sxeulis impulsis cvlileba (ix. 2.3 Tema), miviRebT _ ݐ∆ ൌ െ∆Ԧଶ 
an  Ԧଵ െ Ԧଵ ൌ െሺԦଶ െ  Ԧଶሻ. (3.2)
• ori sxeulis urTierTqmedebis Semdeg maTi impulsebis cvlilebis 

mniSvnelobebi sididiT tolia da niSniT sapirispiro. 

aqedan miviRebT, rom ori urTierTqmedi sxeulis impulsebis veqto-

ruli (geometriuli) jami ar icvleba: Ԧଵ  Ԧଶ ൌ Ԧଵ  Ԧଶ ൌ  .ݐݏ݊ܿ
Tu am gamosaxulebas ganvazogadebT n raodenobis sxeulisgan Sedge-

nili Caketili sistemisTvis, miviRebT impulsis mudmivobis kanons: 

• Caketil sistemaSi Semavali sxeulebis impulsebis veqtoruli jami 

mudmivi sididea: Ԧଵ  Ԧଶ  Ԧଷ  ⋯ Ԧ ൌ  (3.4)	ݐݏ݊ܿ
ori sxeulis dajaxeba. ori sxeulis dajaxebis Sedegia maTi defor-

macia da aRZruli drekadobis Zalebis moqmedebis Sedegad maTi impul-

sebis cvlileba. ganixilaven dajaxebis or idealizebul SemTxvevas: 

absoluturad drekad da absoluturad aradrekad dajaxebas. 
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absoluturad drekadi dajaxeba. absoluturad drekadi dajaxebis 

dros xdeba sxeulebis drekadi deformacia, anu sxeulebi defor-

mirebuli ar rCeba. magaliTad SegviZlia ganvixiloT biliardis an fo-

ladis burTulebis dajaxeba. aseTi dajaxebis dros meqanikuri energia 

Sinagan energiad ar gardaiqmneba _ sistemis sruli meqanikuri energia 

ar mcirdeba: kinetikuri energia mTlianad an nawilobriv defor-

mirebuli sxeulebis potenciur energiad gardaiqmneba, romelic isev 

burTulebis kinetikur energiad gardaiqmneba. absoluturad drekadi 

dajaxebis dros sruldeba impulsis mudmivobis kanoni (3.3): ori 

sxeulis impulsebis geometriuli jami maT absoluturad drekad da-

jaxebamde tolia impulsebis geometriuli jamisa maTi absoluturad 

drekadi dajaxebis Semdeg: ݉ଵሬሬԦଵ  ݉ଶሬሬԦଶ ൌ ݉ଵሬሬԦଵ  ݉ଶሬሬԦଶ     (3.5) 
sadac m1 da m2 burTulebis masebia, romlebic Caketil sistemas qmnian; 

ሬሬԦଵ  da ሬሬԦଶ	  burTulebis siCqareebia dajaxebamde, ሬሬԦଵ  da ሬሬԦଶ	 _ bur-

Tulebis siCqareebi dajaxebis Semdeg. 

 
 
absoluturad aradrekadi dajaxeba. absoluturad aradrekadi daja-

xebis dros sxeulebi deformirebuli rCeba. am dros sruli meqanikuri 

energia mTlianad an nawilobriv sistemis Sinagan energiad garda-

iqmneba. ori sxeulis absoluturad aradrekadi dajaxebis dros sxe-

ulebi erTmaneTs `ewebebian~ da Cerdebian an rame saerTo siCqariT 

agrZeleben moZraobas. 

amgvarad, impulsis mudmivobis kanoni ori sxeulis absoluturad 

aradrekadi dajaxebis SemTxvevaSi SegviZlia Semdegi saxiT CavweroT: ݉ଵሬሬԦଵ  ݉ଶሬሬԦଶ ൌ ሺ݉ଵ ݉ଶሻሬሬԦ.           (3.6) 

gansakuTrebuli SemTxveva: burTulis absol-
uturad drekadi dajaxeba kedelTan. davuSvaT, 

burTula ke-dels α kuTxiT ejaxeba (b). kedlis 

reaqciis Zala, ro-melic dajaxebis dros 

aRiZvreba, kedlis sibrtyis marTobulia. radgan N 

reaqciis Zalis proeqcia Y RerZze 0-is tolia, rac 

niSnavs, rom am RerZis gas-wvriv burTulaze 

reaqciis Zala ar moqmedebs (xolo simZimis Zalis 

moqmedebas ar viTvaliswinebT), bur-Tulis 

impulsis proeqcia Y RerZze ar icvleba. ic-vleba 

mxolod impulsis proeqcia X RerZze: ௬ ൌ ௫∆ ;௬ ൌ ௫ െ ௫ ൌ ௫ െ ሺെ௫ሻ ൌ ௫2 ൌ  .ߙ݊݅ݏ2
sadac α kuTxea ሬሬԦ	  impulsis (anu siCqaris) 

mimarTu-lebasa da kedlis sibrtyes Soris. 

radgan ∆௬ ൌ 0, anu impulsis mdgeneli y RerZis 

gaswvriv ar icvleba, amitom am Sejaxebis dros 

impulsis cvlileba toli iqneba:  ∆ ൌ ටሺ∆௫ሻଶ  ൫∆௬൯ଶ ൌ ∆ ௫ an∆ ൌ  .ߙ݊݅ݏ2
 

(b) 

X 

Y 

	ሬሬԦࡺ

 

Ԧ
௫

 ௫

 ௬

௬  ߙ

 ߙ
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sadac ሬሬԦ  sxeulebis absoluturad aradrekadi dajaxebis Semdeg SeZe-

nili saerTo siCqarea (sxeulebi Caketil sistemas qmnian). es siCqare 

SegviZlia ganvsazRvroT (3.6) gamosaxulebidan: 

ሬሬԦ ൌ ݉ଵሬሬԦଵ  ݉ଶሬሬԦଶሺ݉ଵ ݉ଶሻ .													ሺ3.7ሻ 
 

 
 
ra SeityveT? CawereT samuSao rveulSi moyvanili cnebebis ganmartebebi: `Cake-

tili sistema~, `sistemis sruli impulsi~, `impulsis mudmivobis kanoni~, `absolu-

turad drekadi dajaxeba~, `absoluturad aradrekadi dajaxeba~. 

 

kvleviTi samuSao-2. gamoyeneba. ori burTulis absoluturad aradrekadi dajaxebis 

Seswavla.  

amocana. daamtkiceT, rom horizontalur zedapirze moZravi ori burTulis,

romelTa masebia m1 da m2 (m1 > m2), xolo siCqareebi _ Sesabamisad v01 da v02 (v01 > v02), 
absoluturad aradrekadi centraluri dajaxebis Semdeg meore burTulis mier

SeZenili siCqare gamoiTvleba formuliT: ሬሬԦଵ da ሬሬԦଶ (ሬሬԦଵ  ሬሬԦଶ), 

ଶ ൌ ݉ଵଵ–݉ଶଶ݉  ݉ଶ . 

imsjeleT Sedegebze: 

• ra moqmedebebi SevasruleT am formulis misaRebad? 

• igive burTulebi erTi mimarTulebiT moZraoben ise, rom pirveli moZraobs 

meore burTulisken misi moZraobis mimarTulebiT. ris toli iqneba meore 

burTulis mier SeZenili siCqaris moduli burTulebis absoluturad drekadi 

dajaxebis Semdeg? 

 

SeZenili codnis gamoyeneba: 

biliardis pirvel burTs meore burTi daejaxa. dajaxeba centraluri da 

absoluturad drekadia. impulsis mudmivobis kanonis Tanaxmad, rogor 

Seicvleba dajaxebis Semdeg pirveli da meore burTulebis siCqareebi? 

 

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kargad da ra darCa nawi-

lobriv gaugebari? 

2. ra aris Caketili sistema da ratom iyeneben mecnierebi kvlevebis dros aseT 

sistemebs? 

3. ra SemTxvevebSia SesaZlebeli Caketil sistemebSi impulsis mudmivobis ka-

nonis gamoyeneba? 

4. energiis rogori gardaqmnebi xdeba Caketil sistemebSi Semavali sxeulebis 

absoluturad drekadi da absoluturad aradrekadi dajaxebebis dros? 

5. moswavle, romlis masa 50 kg-ia, 8 m/wm siCqariT eweva da xteba urikaze, 

romlis masa 30 kg-ia da 2 m/wm siCqariT moZraobs. ra siCqariT imoZravebs amis 

Semdeg urika moswavlesTan erTad? 

(g) 
ሬሬԦଵ ሬሬԦଶ

X

݉ଵ ݉ଶ
O
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• proeqti • SeviswavliT reaqtiuli moZraoba 
Teoriuli informacia. impulsis mudmivobis kanonis praqtikuli gamoyenebis erT-

erTi saintereso magaliTia reaqtiuli moZraoba. me-6 da me-8 klasebis fizikis 

kursebidan Tqven iciT, ra aris reaqtiuli moZraoba: 

• reaqtiuli moZraoba ewodeba moZraobas, romelic maSin warmoiqmneba, rodesac 

sxeuls misi romelime nawili gamoeyofa da sxeulis moZraobis sapirispiro 

mimarTulebiT amoZravdeba. magaliTad, raketis moZraoba reaqtiuli moZraobis 

principzea dafuZnebuli.  

 ሬሬԦࢇ

 
 
 
 

nax. 2. `raketa~ didi 

siCqariT aiWreba haerSi 

raketis muSaobis (moZraobis) principi. ra-

keta Caketili sistemaa, romelic garsisa 

da sawvavisgan Sedgeba. garsi warmoadgens 

mils, romlis erTi bolo daxurulia, 

meore _ Ria. garsis Ria boloze wamocmu-

lia saqSenebi sawvavis wvis Sedegad war-

moqmnili airebis gamosasvlelad. raketis 

muSaobis dros sawvavi maRali wnevis ai-

rad gardaiqmneba. maRali wnevis gamo airi 

saqSenebidan didi siCqariT gamoityor-

cneba. amis Sedegad raketa sawinaaRmdego 

mimarTulebiT moZraobs (nax. 1).  

daamtkiceT, rom raketis garsis siCqare, 

impulsis mudmivobis kanonis Tanaxmad, 

ganisazRvreba formuliT: 

 

გარსი ൌ െ გარსიაირი
აირი. 

 
`wylisZraviani raketis~ starti 
samuSaosTvis saWiroa: plastmasis boTli 

(1 l moculobiT), wyali (0,5 l), sacobi, 

haeris tumbo rezinis miliTa da burTis 

gasaberi nemsiT, sadgami. 

samuSaos msvleloba. 

1. boTlis 1/3 SeavseT wyliT. daaxureT 

sacobi. boTli sadgamze daawvineT ZiriT 

zeviT, horizontis mimarT 40-450-iani 

kuTxiT. 

2. nemsiT gaxvriteT sacobi da boTlSi 

swrafad CatumbeT haeri. ramdenime wu-

Tis Semdeg boTlSi `saintereso~ movle-

na moxdeba da `raketa~ didi siCqariT 

haerSi aiWreba (nax. 2). 

• ra aris `raketis~ amoZravebis mizezi? ro-

meli formuliT gamoiTvleba misi siCqa-

re? 

 

nax. 1. raketis sqema (a).

samsafexuriani raketis sqema (b). 

(a) (b) 
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 meqanikuri muSaoba da simZlavre 

 
 

meqanikuri muSaoba. meqanikuri mu-

Saoba fizikuri sididea, romelic 

sxeulis mdgomareobis cvlilebas 

axasiaTebs. meqanikuri muSaoba damo-

kidebulia Zalis sididesa da mimar-

Tulebaze, agreTve Zalis modebis 

wertilis gadaadgilebaze. 

• meqanikuri muSaoba sxeulze moq-

medi Zalis modulis, sxeulis gada-

adgilebis modulisa da Zalis veq-

torsa da gadaadgilebis veqtors So-

ris arsebuli kuTxis kosinusis nam-

ravlis tolia: 

A = F • s • cos.     (3.8) 
 muSaoba skalaruli fizikuri si-

didea, magram sxva skalaruli sidi-

deebisgan gansxvavebiT (magaliTad, 

manZilis, masis, farTobisa da sxv.), is 

SeiZleba iyos nulis toli, hqon-des 

dadebiTi da uaryofiTi ricxvi-Ti 

mniSvneloba. muSaobis niSani (`+~ an 

`_~) damokidebulia sxeulze mode-

buli Zalisa da sxeulis gadaad-

gilebis mimarTulebaze (b): 

a) Tu sxeulze moqmedi Zalisa da sxeulis gadaadgilebis veqtorebs 

Soris kuTxe maxvilia (0°<90°), maSin cosα>0 da am Zalis mier Ses-

rulebuli muSaoba dadebiTia: A > 0; 
b) Tu sxeulze moqmedi Zalisa da sxeulis gadaadgilebis veqtorebs 

Soris kuTxe blagvia (90°< 180°), cos < 0 da am Zalis mier Sesru-

lebuli muSaoba uaryofiTia: A > 0;   
g) Tu sxeulze moqmedi Zala sxeulis gadaadgilebis perpendikula-

rulia ( = 90°), Tu cos = 0 da es Zala muSaobas ar asrulebs: A = 0.  
SI sistemaSi muSaobis sazomi erTeulia jouli (j): 

• jouli (1 j) aris muSaoba, romelsac 1 n Zala sxeulis 1 m manZilze 

Zalis moqmedebis mimarTulebiT gadasaadgileblad asrulebs: ሾܣሿ ൌ 1ნ ∙ მ ൌ 1 კგ ∙ მଶ
წმଶ ൌ 1ჯ. 

3.2 

  romeli gamoTqma iqneba ufro swori gamarjvebuli gundis Sesaxeb: `marjvena 

gundi ufro Zlieria~ Tu `marjvena gundi ufro mZlavria~? ratom? 

moswavleTa ori jgufi bagiris gada-

ZalvaSi ejibreba erTmaneTs. didi mon-

domebis Semdeg marjvena gundma ga-

imarjva. 

	ሬԦ࢙
ሬሬԦࡲ

ࢻ
(b)

kvleviTi samuSao-2. 

erTnairia Tu ara Sesrulebuli 

muSaoba? 

amocana 1. baqosa da ganjas Soris 

298 km manZilis gasavlelad 

TviTmfrinavi 45 wT-s xarjavs, 

vertmfreni _ 90 wT-s. SeiZleba 

Tu ara imis Tqma, rom es sat-

ransporto saSualebebi erTnair 

muSaobas asruleben? rogor Seg-

viZlia maT mier Sesrulebuli 

muSaobis xarisxis Sefaseba? 

imsjeleT Sedegebze: 

• razea damokidebuli Sesrule-

buli muSaoba? 

• romeli fizikuri sididiT Seg-

viZlia SevafasoT erTi da imave 

muSaobis Sesrulebis xarisxi da 

siswrafe?  
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 gansakuTrebuli SemTxveva. Tu cvladi ܨԦ	Zalis moqme-
debiT sxeuli x RerZis gaswvriv gadaadgildeba, Zalis 

mier Sesrulebuli muSaoba ܨԦ	Zalis gegmilsa (Fx) da x 
RerZze sxeulis gadaadgilebas Soris damokidebulebis 

grafiksa da x RerZs Soris warmoqmnili figuris 

farTobis tolia (g): A = Sfigura.  

 
sididiTa da mimarTulebiT mudmivi Zalis mier Sesrule-

bul muSaobas ori mniSvnelovani Tviseba aqvs: 
1. nebismieri Caketili traeqtoriis gaswvriv mudmivi 

Zalis mier Sesrulebuli muSaoba 0-is tolia, radgan 

Tu sxeuli sawyis mdgomareobas ubrundeba, misi gada-

adgileba 0-is tolia: ݏ ൌ 		 → ܣ		 ൌ ߙݏܿݏܨ ൌ 0. 
2. mudmivi Zalis mier Sesrulebuli muSaoba, romelic 

sxeuls mocemul or wertils Soris gadaaadgilebs, ar 

aris damokidebuli traeqtoriis formaze, romelic am 

wertilebs aerTebs. magaliTad, OLM da ONM traeqto-

riebze, romlebic O da M wertilebs aerTebs, moZravi sxeulebis gadaadgilebe-

bi tolia, amitom toli iqneba muSaobebic, romlebsac mudmivi F Zala am 

traeqtoriebze asrulebs (d): ܣைெ ൌ ைேெܣ ൌ ௫ܨ ∙  .௫ݏ
 
simZlavre. muSaobis Sesrulebis siswrafe xasiaTdeba fizikuri si-

didiT, romelsac simZlavre ewodeba. 

• simZlavre ewodeba Sesrulebuli muSaobis Sefardebas drosTan, 

romelic am muSaobis Sesrulebaze daixarja: ܰ ൌ ௧.  (3.9) 
SI sitemaSi simZlavris sazomi erTeulia vati (vt): ሾܰሿ ൌ 1 ჯ

წმ
ൌ 1 კგ ∙ მଶ

წმଷ ൌ 1ვტ. 
SI sistemaSi simZlavris sazom erTeulad miRebuli simZlavre vati (1 vt) 

aris simZlavre, rodesac 1 wm-Si 1 j muSaoba sruldeba. ingliselma 

fizikosma da gamomgonebelma jeims vatma 1789 wels sazogadoebas Ses-

Tavaza simZlavris sazomi erTeuli _ cxenis Zala (cx.Z.). am erTeuls 

zogjer dResac iyeneben: 

1 cx.Z.  = 736 vt. 
muSaoba, romelsac mudmivi Zala asrulebs t drois SualedSi:  

A = Nt.  (3.9) 
am formulidan miRebulia simZlavris sazomi 

sxva erTeuli _ kilovatsaaTi: 

1 vt.sT.  = 3 600 000 j. 
 

muSaoba ricxobrivad simZlavris droze damo-

kidebulebis grafikis qvemoT moTavsebuli 

figuris farTobis tolia (e):  

A = Sfigura. 

(d)

L

O M 

N 

௫ݏ  
 Ԧݏ

x 

(e) ܰ

 0	ݐ

Sfigura 

௫ܨ

0 ݔ

Sfigura 
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wrfivi Tanabari moZraobis dros simZlavre SegviZlia sxeulis siC-

qaris saSualebiT gamovxatoT. magaliTad, avtomobilis Zravas sim-

Zlavre, rodesac avtomobili wrfivad da Tanabrad moZraobs, tolia: ܰ ൌ ௧ ൌ ி∙௦௧ ൌ ܨ ∙ . (3.11) 
am gamosaxulebidan Cans, rom Tu Zravas simZlavre mudmivia, patara 

siCqareebis dros vigebT wevis ZalaSi (avtomobilis siCqareTa kolo-fis 

I gadacema), xolo wevis Zalis patara mniSvnelobis dros vigebT 

siCqareSi (siCqareTa kolofis IV da V gadacemebi): ܨ ൌ
ܰ
; 	 ൌ  .ܨܰ
 

 
 

ra SeityveT? samuSao rveulSi CawereT moyvanili cnebebis ganmartebebi: `meqani-

kuri muSaoba~, `jouli~, `simZlavre~, `vati~. 

 

 

 
 
 

SeZenili codnis gamoyeneba yoveldRi-

ur cxovrebaSi: 

sportuli bolidisa (`formula 1~-is 

sportuli manqanis) da guTniani traq-

toris Zravas simZlavreebi tolia (v). 

romel maTganSi ixarjeba simZlavre 

Zalis mogebaze da romelSi _ siCqaris 

mogebaze? pasuxi daasabuTeT. 

kvleviTi samuSao-2. gamoyeneba. ra muSaoba Seasrules aTletis kunTebma? 

amocana 2. aTleti 250 kg masis Stangas 2 m simaRleze 5 wm-is ganmavlobaSi 

swevs. gansazRvreT: 

a) muSaoba, romelsac aTletis kunTebi asruleben (g ൌ 10 მ
წმమ); 

b) aTletis simZlavre am muSaobis Sesrulebis dros gamoxateT cxenis ZaliT. 

imsjeleT Sedegebze: 

• romeli formuliT gansazRvreT muSaoba, romelsac aTletis kunTebi 

asrulebs? ris tolia joulebiT gamoxatuli es muSaoba? 

• rogori siswrafiT Seasrula aTletma es muSaoba? 

• ris tolia aTletis cxenis ZaliT gamoxatuli simZlavre? 

(v)

SeafaseT Tqveni codna:

1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kargad da ra darCa 

nawilobriv gaugebari? 

2. romel SemTxvevaSi asrulebs simZimis Zala dadebiT muSaobas: rodesac burTi 

vertikalurad zeviT moZraobs Tu roca burTi garkveuli simaRlidan 

vardeba? pasuxi daasabuTeT. 

3. burTi, romelic wylis zedapirze tivtivebs, garkveul siRrmeze CavZiroT da 

xeli gavuSvaT. burTi wylis zedapirze amova. rodis aris burTze moqmedi 

arqimedes Zalis muSaoba dadebiTi da rodis uaryofiTi? ratom? 

4. SeiZleba Tu ara, mocemuli simZlavris dros erTdroulad ZalaSic movigoT 

da siCqareSic? ratom? 



 

 87  •   I I I  •  mudmivobis kanonebi  • 

III 

 energia - sistemis unari Seasrulos muSaoba. 
kinetikuri energia 

 
 

energia aris sistemis unari Seasrulos 

muSaoba. Tqven ukve iciT, rom erT-erTi 

fizikuri sidide, romelic sxeulebis Ca-

ketil sistemaSi mudmivia, sistemaSi Sema-

vali sxeulebis saerTo (jamuri) impulsia.  

meore, aseve mniSvnelovani fizikuri si-

dide, romelsac Caketil sistemaSi mudmi-

vobis Tviseba aqvs, aris energia. yovel-

dRiur cxovrebaSi energiis cneba xSirad 

gamoiyeneba (energiis Tema yvelaze xSirad 

ganixileba saerTaSoriso ekonomikur mo-

laparakebebze). Tqven sakmarisi informa-

cia gaqvT energiis sxvadasxva saxeobasa da 

maT urTierTgardaqmnaze. yvelaze sainte-

resoa, rom fizikosebma TiToeuli saxis energiisTvis gamosaTvleli 

formula daadgines. am formulebiT Catarebuli gamoTvlebi yo-

velTvis adasturebs, rom sxeulTa Caketil sistemaSi yvela saxis ener-

giebis jami mudmivi sididea, xdeba mxolod energiebis urTierT-

gardaqmna Caketili sistemis SigniT. 

 rogorc iciT, energia sxeuls axasiaTebs muSaobis Sesrulebis unaris 

mixedviT (ix. fizika 7, gv. 62). meore mxriv, energia aris sxeulis 

moZraobisa da sxeulebis urTierTqmedebis zogadi maxasiaTebeli. 

moZravi sxeulis maxasiaTebelia misi kinetikuri energia, xolo 

urTierTqmedi sxeulebis _ potenciuri energia. 

muSaoba, romelsac asrulebs sxeulze moqmedi Zala da moZravi sxeulis 

kinetikuri energia. Tu sxeulze moqmedi Zala muSaobas asrulebs, sxe-

ulis siCqaris moduli  ଵ-dan ଶ-mde icvleba, anu sxeuli iZens aC-

qarebas. simartivisTvis davuSvaT, rom sxeulze moqmedi Zalebis tol-

qmedi F sididiTa da mimarTulebiT mudmivia da dadebiT muSaobas as-

rulebs. am SemTxvevaSi sxeuli imoZravebs Tanabrad aCqarebulad, ܽ ൌ ி, 
aCqarebiT da F Zalis mier Sesrulebuli muSaoba iqneba:  ܣ ൌ ܨ ∙ ݏ ൌ ݉ܽ ∙ ଶଶ െ ଵଶ2ܽ  
an 

ܣ    ൌ మమଶ െ భమଶ .																ሺ3.12ሻ 

3.3 

Tofidan gasrolili tyvia da qvemexis 

Wurvi toli horizontaluri siCqariT 

moZraoben, tol gadaadgilebebs 

asruleben da erT samiznes xvdebian. 

 
• SeiZleba Tu ara imis Tqma, rom erTnairia meqanikuri 

muSaobac, romelic maT Seasrules? ratom? 

ሬԦ
ሬԦ ݏԦ 

kvleviTi samuSao-1. gamoyeneba. 

romeli fizikuri sididis 

cvlilebis xarjze Sesrulda 

muSaoba? 

amocana 1. avtobusi, gamor-

Tuli ZravaTi, garkveuli 

drois ganmavlobaSi moZra-

obs horizontalur gzaze da 

Cerdeba. 

imsjeleT Sedegebze: 

• romeli Zalebis dasaZlevad 

Seasrula avtobusma muSaoba? 

• romeli fizikuri sididis 

cvlilebis xarjze Sesrul-

da es muSaoba? 
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bolo formulaSi sidideቀమଶ ቁ gamoxatavs fizikur sidides, romelsac 

sxeulis kinetikuri energia ewodeba. 

• kinetikuri energia aris energia, romelic sxeuls moZraobis dros 

uCndeba: ܧ ൌ ݉ଶ2 .																																															ሺ3.13ሻ 
kinetikuri energiis mqone sxeuls TviTonac SeuZlia muSaobis Ses-

ruleba. kinetikuri energia damokidebulia sxeulis siCqaris modulsa 

(siCqaris mimarTulebaze damokidebuli ar aris) da sxeulis masaze. Tu (3.12) 

formulaSi gaviTvaliswinebT (3.13)-s, miviRebT gamosaxulebas, romelsac 

kinetikuri energiis Teoremis gamosaxuleba ewodeba: 

• muSaoba, romelsac sxeulze moqmedi mudmivi Zala asrulebs, am sxeulis 

kinetikuri energiis cvlilebis tolia: 

A = Ekin2 _ Ekin1 = ΔEkin (3.14) 

sadac Ekin1 da Ekin2 sxeulis sawyisi da saboloo kinetikuri energiebia. 

kinetikuri energia skalaruli fizikuri sididea da, muSa-obisagan 

gansxvavebiT, an dadebiTi sididea, an nulis tolia (rodesac sxva saxis 

energiad gardaiqmneba). (3.14) gamosaxulebidan Cans, rom: 

a) Tu muSaoba, romelsac sxeulze moqmedi mudmivi Zala asrulebs, 

dadebiTia (A > 0), sxeulis kinetikuri energiis cvlileba nulze metia: Ek2 _ 

Ek1 > 0. e. i. sxeulis kinetikuri energia izrdeba; 

b) Tu muSaoba, romelsac sxeulze moqmedi mudmivi Zala asrulebs, 

uaryofiTia (A < 0), sxeulis kinetikuri energiis cvlileba nulze naklebia: 

Ek2 _ Ek1 < 0. e. i. sxeulis kinetikuri energia mcirdeba; 

g) Tu muSaoba, romelsac sxeulze moqmedi mudmivi Zala asrulebs, nu-lis 

tolia (A = 0), sxeulis kinetikuri energiis cvlileba nulis tolia: Ek2 _ Ek1 = 0. 

e. i. sxeulis kinetikuri energia ar icvleba: Ek2 = Ek1 = const. 
kinetikuri energiis Teoremidan Cans, rom muSaobis msgavsad, kinetikuri 

energiis sazomi erTeulic SI sistemaSi aris jouli (1j): [Ekin] = 1 j. 

 
 

 

radgan siCqare impulsTanaa dakavSirebuli, kinetikuri energiac impulsTan aris 

dakavSirebuli: ܧ ൌ మଶ ൌ ଶ ൌ మଶ. (3.15) 
Tu cnobilia sxulis masa, SegviZlia kinetikuri energiis saSualebiT gamovsa-xoT 

sxeulis siCqare da impulsi: 

 ൌ ටଶாೖ  (3.16)				, ൌ ඥ2݉ܧ . (3.17) 

kvleviTi samuSao-2. gamoyeneba.

amocana 2. m masis raketa v siCqariT mifrinavs. radgan raketis masa sawvavis wvis gamo 

orjer mcirdeba, raketis siCqare orjer izrdeba. rogor Seicvleba am dros raketis 

kinetikuri energia? 

amocana 3. ra muSaoba unda Sesruldes 1000 tona masis matareblis gasaCereblad, 

romelic 108 km/sT siCqariT moZraobs? 

imsjeleT Sedegebze: 

• ris tolia raketis kinetikuri energiis cvlileba? rogor gansazRvreT es cvlileba? 

• romeli formuliT gansazRvreT muSaoba, romelic saWiroa matareblis gasaCer-

eblad? ratom? 
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ra SeityveT? dawereT samuSao rveulSi dasaxelebuli cnebebis ganmartebebi: `ener-

gia~, `kinetikuri energia~, `kinetikuri energiis Teorema~, `kinetikuri energia 

SeiZleba gaizardos, Semcirdes an nulis toli iyos…~, `vati~. 

 
 
 

 potenciuri energia 

 

 
simZimis Zalis muSaoba da potenciuri energia. davuSvaT, Caketili 

sistema Sedgeba dedamiwisa da misi zedapiridan garkveul h1 simaRleze 

atanili sxeulisagan. Tu sxeuls am simaRleze xels gavuSvebT, simZimis 

Zalis moqmedebiT is dedamiwis zedapiris mimarTulebiT amoZravdeba. 

sxeulis ݏ,ሬሬԦ  gadaadgilebisTvis dedamiwis zedapiridan garkveul h2 

simaRlemde simZimis Zala dadebiT muSaobas Seasrulebs (radgan Zalis 

mimarTuleba sxeulis gadaadgilebis mimarTulebas emTxveva) (g): ܣ ൌ тܨ ∙ ݏ ൌ ݉gሺ݄ଵ െ ݄ଶሻ.              (3.18) 
sadac s = h1 _ h2 aris h1-idan h2 simaRlemde Tavisuflad vardnili (anu 

simZimis Zalis moqmedebiT) sxeulis gadaadgilebis moduli. 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: zamTris ardadagebis dros ori 

moswavle baqodan stambulSi TviTmfrinaviT gaemgzavra. TviTmfrinavi 8000 m simaRleze 

mifrinavda. am dros erTi moswavle meores eubneba: TviTmfrinavi mifrinavs, Cven uZravebi 

varT. es niSnavs, rom TviTmfrinavs kinetikuri energia aqvs, Cveni kinetikuri energia ki 

nulis tolia. meore moswavle ar daeTanxma: ara, cdebi, kinetikuri energia Cvenc gvaqvs. 

• romeli moswavlea marTali? aqvs Tu ara kinetikuri energia mgzavrs, romelic moZrav 

TviTmfrinavSia? pasuxi daasabuTeT. 

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kargad da ra darCa nawilobriv 

gaugebari? 

2. ra daskvnis gakeTeba SeiZleba kinetikuri energiis Teoremidan? 

3. razea damokidebuli kinetikuri energia? 

4. ra SemTxvevaSia kinetikuri energia 0-s toli? 

5. damokidebulia Tu ara kinetikuri energia aTvlis sistemis arCevaze? pasuxi daasabuTeT. 

3.4 

kvleviTi samuSao-1. ris tolia simZimis Zalis muSaoba? 

amocana 1. sxeuli moZraobas iwyebs wertil 1-idan, 

romelic horizontaluri zedapiridan h simaRlezea 

da rTuli traeqtoriis Semoweris Semdeg isev wer-

til 1-Si brundeba (a). meore aseTive sxeuli moZra-

obas iwyebs wertil 1-idan da amTavrebs wertil 2-Si 

(b). riT gansxvavdeba simZimis Zalis muSaobebi am 

SemTxvevebSi? 

(a) (b) 

imsjeleT Sedegebze: 

• razea damokidebuli simZimis Zala? 

• SeiZleba Tu ara, simZimis Zalis muSaoba nulis toli iyos? ratom? 

•   romel SemTxvevaSi Seasrulebs nakleb 

muSaobas bavSvi: rodesac h simaRleze 

daxrili kibiT adis (1), Tu rodesac 

vertikaluri kibiT adis (2)? ratom? 

 

h

(2)
(1)
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 Tu sxeuli h1 simaRlidan vertikalu-

rad zeviTaa asrolili, h2 simaRlis miR-

wevis momentSi sxeulis gadaadgilebis 

moduli toli iqneba s = h2 _ h1 (d). 

radgan simZimis Zalis veqtori gadaad-

gilebis veqtoris sawinaaRmdegodaa mi-

marTuli, simZimis Zala uaryofiT muSa-

obas Seasrulebs:  ܣ ൌ െܨт ∙ ݏ ൌ െ݉gሺ݄ଶ െ ݄ଵሻ ൌ ݉gሺ݄ଵ െ݄ଶሻ.  (3.19)  
gamosaxulebebi (3.19) da (3.18) erTman-

eTis msgavsia, e. i. verti-kalurad zeviT moZraobis dros da imave 

simaRlidan vardnis dros sxeuli erTnair muSaobas asrulebs. 

• simZimis Zalis mier Sesrulebuli muSaoba ar aris damokidebuli 

sxeulis moZraobis traeqtoriaze. simZimis Zalis muSaoba damoki-

debulia sxeulis simZimis centris sawyis da saboloo simaRleze.  

• Zalebs, romelTa muSaoba ar aris damokidebuli sxeulis moZraobis 

traeqtoriaze, konservatiuli Zalebi ewodeba. es niSnavs, rom simZimis 

Zala konservatiuli Zalaa. 

(3.18) formula SegviZlia Semdegi saxiT CavvweroT: ܣ ൌ ݉gሺ݄ଵ െ ݄ଶሻ ൌ ݉g݄ଵ െ݉g݄ଶ 
an  ܣ ൌ െሺ݉g݄ଶ െ ݉g݄ଵሻ.        (3.20) 

vxedavT, rom simZimis Zalis muSaoba mgh sididis cvlilebis tolia 

sawinaaRmdego niSniT. es sidide dedamiwis zedapiridan h simaRleze 

myofi sxeulis dedamiwasTan urTierTqmedebis energiaa. 

• energias, romelic urTierTqmed sxeulebs (an sxeulis urTierTqmed 

nawilebs) aqvT, potenciuri energia ewodeba: ܧ ൌ ݉g݄.               (3.21) 
Tu (3.21) gamosaxulebas (3.20) gamosaxulebaSi gaviTvaliswinebT, mi-

viRebT gamosaxulebas, romelsac potenciuri energiis Teoremis 

gamosaxuleba ewodeba: 

• simZimis Zalis mier Sesrulebuli muSaoba sapirispiro niSniT 

aRebuli sxeulis potenciuri energiis cvlilebis tolia: 

A = _ (Epot2 _ Epot1) = _ΔEpot   (3.22) 

potenciuri energiis Teoremidan Cans, rom potenciuri energiis, 

iseve rogorc muSaobis, sazomi erTeuli SI sistemaSi aris jouli (1j): 

[Epot] = 1j. 

im sxeulis potenciuri energia, romelzec simZimis Zala moqmedebs, 

damokidebulia nulovani donis arCevaze. nulovan doned SegviZlia 

miviRoT zRvis done, magidis zedapiri, oTaxis iataki da sxv. TiTo-euli 

am zedapiris mimarT garkveul simaRleze arsebuli sxeulis po-

tenciuri energia sxvadasxvaa. magram sxeulis potenciuri energiebis 

sxvaoba mis or sxvadasxva mdgomareobaSi ar aris damokidebuli nu-

lovani donis arCevaze. sxeulis potenciuri energiis cvlilebas gan-

sazRvravs simZimis Zalis mier Sesrulebuli muSaoba. aqedan Cans 

(g) (d) 
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potenciuri energiis fizikuri azri: sxeulis potenciuri energia h 
simaRleze tolia muSaobisa, romelsac simZimis Zala asrulebs sxeulis 

h simaRlidan nulovan doneze vardnis dros. 

dadebiTi iqneba Tu uaryofiTi sxeulis potenciuri energia, 

damokidebulia nulovani donis arCevaze. nulovani donis zedapiridan 

h simaRleze sxeulis potenciuri energia dadebiTia, xolo imave 

zedapiridan h siRrmeze _ uaryofiTi. 

drekadobis Zalis muSaoba da potenciuri energia. drekadobis Zala 

kidev erTi konservatiuli Zalaa. amitom drekadobis Zalis mier Ses-

rulebuli muSaobac sxeulis potenciuri energiis cvlilebis tolia. 

SeviwavloT es sakiTxi: zambaris erTi bolo saydenze mivamagroT, me-

ore boloze ki mivamagroT burTula, romelsac metalis horizon-

taluri Reris gaswvriv Tavisuflad sriali SeuZlia. burTula mar-

jvniv gavwioT, am dros zambara x1-iT wagrZeldeba. zambaraSi aRiZvreba 

drekadobis Zala, romlis moduli Fdrek1 = _kx1. am Zalis moqmedebiT 

burTula marcxniv amoZravdeba da maga-

liTad, 1-li mdgomareobidan me-2 mdgoma-

reobaSi gadaadgildeba (e). Tu meore 

mdgomareobaSi zambaris wagrZeleba x2-ia, 

burTulis gadaadgileba s zambaris wagrZe-

lebebis sxvaobis toli iqneba: s = x1 _ x2. 

radgan burTulis gadaadgilebis mimarTu-

leba emTxveva drekadobis Zalis moqmede-

bis mimarTulebas, am Zalis mier Sesru-

lebuli muSaoba dadebiTi iqneba, magram 

unda gaviTvaliswinoT, rom drekadobis 

Zalis moduli mudmivi sidide ar aris _ 

misi mniSvneloba kx1-idan kx2-mde icvleba. 

amitom drekadobis Zalis modulis 

saSualo mniSvneloba am ubanze misi sawyisi 

(kx1) da saboloo (kx2) mniSvnelobebis saSu-

alo ariTmetikulis toli iqneba: 

Fdrek. saS.ൌ ௫భା௫మଶ . 
 amgvarad, deformirebuli zambara asrulebs dadebiT muSaobas: 

ܣ  ൌ საშ		დრეკ.ܨ ∙ ௫ݏ ൌ საშ		დრეკ.ܨ ∙ ሺݔଵ െ ଶሻݔ ൌ ଵݔ݇  ଶ2ݔ݇ ∙ ሺݔଵ െ  ଶሻݔ
an 		ܣ ൌ ௫భమଶ െ ௫మమଶ . 

es formula SegviZlia Semdegnairadac CavweroT: ܣ ൌ െቆ݇ݔଶଶ2 െ ଵଶ2ݔ݇ ቇ.														ሺ3.23ሻ 
rogorc vxedavT, drekadobis Zalis mier Sesrulebuli muSaoba 

damokidebulia zambaris deformaciis sididis sawyis da saboloo 

mniSvnelobaze. 

(e) 
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(3.20) da (3.23) formulebis Sedarebidan Cans, rom drekadobis Zalis 

muSaobac romeliRac sididis, konkretulad 
௫మଶ  sididis, cvlilebis 

tolia. es sidide zambarisa da burTulis urTierTqmedebis poteciuri 

energiaa: 

• deformirebuli drekadi zambaris potenciuri energia misi sixis-

tis naxevrisa da wagrZelebis (an SekumSvis) sididis kvadratis nam-

ravlis tolia: 

Epot.ൌ ௫మଶ .															ሺ3.24ሻ 
SemoqmedebiTi samuSao-2.

amocana 2. daamtkiceT, rom sxeulze simZimis Zalis moqmedebis gamo sxeulis mier 

Sesrulebuli muSaoba misi 1-idan me-2 mdgomareobaSi gadaadgilebis dros ar aris 

damokidebuli sxeulis moZraobis traeqtoriaze (a an b) (v). 

SeniSvna. traeqtoria dayaviT mcire zomis sworxazovan vertikalur da 

horizontalur monakveTebad da SekribeT vertikalur monakveTebze Sesrulebuli 

muSaobebi. 

amocana 3. zambara, romlis sixistea 300 n/m, gare Zalis moqmedebiT 2 sm-iT SeikumSa. 

damatebiT ra muSaoba unda Seasrulos gare Zalam, rom zambara kidev 2 sm-iT SekumSos? 

SeniSvna. zambaris SesakumSad x1 mdgomareobidan x2 mdgomareobamde gare Zala 

asrulebs muSaobas: ܣ ൌ ଶ ሺݔଶଶ െ  .ଵଶሻݔ
imsjeleT Sedegebze: 

• ratom ar aris simZimis Zalis mier Sesrulebuli muSaoba damokidebuli sxeulis 

moZraobis traeqtoriaze? 

• Tu sxeulma moZraoba wertil 1-idan daiwyo da ab traeqtoriiT isev wertil 1-Si 

dabrunda, maSin: 

a) ris toli iqneba sxeulze moqmedi simZimis Zalis muSaoba? 

b) ris tolia sxeulis potenciuri energiis cvlileba? 

g) rogor Seicvala sxeulis potenciuri energia? 

 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: moswavles 

100 g masis burTis aivanze Segdeba unda. aivani burTis srolis 

wertilidan 3 m simaRlezea. radgan man srolis Zala kargad ver 

gaTvala, burTi 7 m simaRleze avida da Semdeg daeca aivanze 

(z). 

• ris tolia simZimis Zalis muSaoba burTis moZraobis mTel 

traeqtoriaze (g = 10 m/wm2)? 

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kargad 

da ra darCa nawilobriv gaugebari? 

2. ris tolia simZimis Zalis mier Sesrulebuli muSaoba? 

3. ratom aris simZimis Zala konservatiuli Zala? 

4. ra SemTxvevaSi amboben rom sxeuls potenciuri energia 

aqvs? 

5. ras niSnavs potenciuri energiis nulovani done? 

6. razea damokidebuli deformirebuli drekadi sxeulis 

potenciuri energia? 

ra SeityveT? CawereT samuSao rveulSi dasaxelebuli cnebebis ganmartebebi: 

`simZimis Zalis muSaoba~, `potenciuri energia~, `potenciuri energiis Teorema~, 

`potenciuri energia uaryofiT mniSvnelobas iZens…~, ̀ potenciuri energia dadebiT 

mniSvnelobas iZens…~, `konservatiuli Zala~, `deformirebuli drekadi sxeulis 

potenciuri energia~. 

 

3	მ	7 მ	
(v)
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 sruli meqanikuri energia. energiis mudmivobis kanoni 
 azerbaijanis pirveli xelovnuri Tanamgzavri `Azerspace /Afrikasat-1a~ 
garkveuli siCqariT moZraobs dedamiwis irgv-liv wriul orbitaze da 

SeiZleba iTqvas, rom axdens informaciis mimocvlas yvela kontinentis 

radiosadgurebs Soris (a). 

• romeli energia aqvs am Tanamgzavrs: kinetikuri Tu potenciuri? ratom? 

  
kvleviTi samuSao-1. rogor icvleba sruli meqanikuri energia?

amocana 1. naxatze warmodgenili tra-

eqtoriis wertil 1-idan gaSve-buli m 

masis burTula xaxunis ga-reSe moZ-

raobs (b). romel werti-lebSia bur-

Tulis sruli meqanikuri energia:  

a) maqsimaluri? b) minimaluri? g) 

erTnairi? 

SeniSvna. SegiZliaT gamoiyenoT 

codna energiis mudmivobis kanonis Sesaxeb (ix. fizika 7, gv 71-72). 

imsjeleT Sedegebze: 

• ris tolia burTulis sruli meqanikuri energia traeqtoriis 1 wertilSi? 

• ris tolia burTulis sruli meqanikuri energia traeqtoriis 2, 4 da 6 

wertilebSi? 

• ris tolia burTulis sruli meqanikuri energia traeqtoriis 3 da 5 wertilebSi? 

sruli meqanikuri energia. sxeuls an sxeulebis sistemas SeiZleba 

erTdroulad hqondes rogorc kinetikuri, ise potenciuri energia. 

magaliTad, TviTmfrinavs, romelic garkveul simaRleze garkveuli 

siCqariT mifrinavs, aqvs rogorc kinetikuri energia, ise, dedamiwis 

mizidulobis gamo, potenciuri energia. 

• sxeulis an sxeulTa sistemis kinetikuri da potenciuri energiebis 

jams sistemis sruli meqanikuri energia ewodeba: 

Esr. = Ekin. + Epot. 

yovelgvar urTierTqmedebas Tan axlavs energiis gardaqmna. sxe-ulis 

kinetikuri energia SeiZleba gardaiqmnas potenciurad da piri-qiT. Tu 

sxeulis potenciuri energia mcirdeba (izrdeba), misi kineti-kuri 

energia imdeniTve izrdeba (mcirdeba). 

sruli meqanikuri energiis mudmivobis kanoni. Tqven iciT, rom 

simZimisa da drekadobis Zalebi konservatiuli Zalebia da maT mier 

Sesrulebuli muSaobebi sistemis potenciuri energiis cvlilebis 

tolia `_~ niSniT. meore mxriv, es muSaobebi sistemis kinetikuri ener-

giis cvlilebis tolia: ቊܣ ൌ െ൫ܧଶ െ ܣଵ൯ܧ ൌ ଶܧ െ .ଵܧ  

garkveuli gadajgufebis Semdeg gamosaxuleba SegviZlia Semdegi saxiT 

CavweroT: ܧଶ െ ଵܧ ൌ ଵܧ െ  .ଶܧ
aqedan miviRebT: ܧଶ  ଶܧ ൌ ଵܧ  ܧ  ଵ, anuܧ ൌ  (3.25)                  .ݐݏ݊ܿ

 

3.5 
(a) 

1 

2 

3 

4 

5 

6 
0.5 მ 0.75 მ 

1 მ 

ݒ ൌ 0 

 Ԧݒ

(b)
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miRebuli toloba gamoxatavs sruli meqanikuri energiis mudmivobis 

kanons. 

• sxeulis an sxeulTa Caketili sistemis sruli meqanikuri energia ar 

icvleba. 

sruli meqanikuri energiis mudmivobis kanoni gamomdinareobs dro-

is erTgvarovnebidan. 

• drois erTgvarovneba niSnavs, rom Caketili fizikuri sistemis 

Tvisebebi da kanonebi, romlebic aseT sistemaSi sruldeba, damoki-

debuli ar aris sistemaze dakvirvebis dawyebis momentis arCevaze, anu 

drois yvela momenti ekvivalenturia. 

potenciuri energiis gardaqmna kinetikurad an kinetikuris gar-

daqmna poteciur energiad da amave dros sistemis sruli meqanikuri 

energiis mudmivoba bunebis erT-erTi mniSvnelovani kanonia. 

 

 
sruli energiis mudmivobis kanoni. cnobilia, rom sxeulis Tavisu-

fali vardnis dros, traeqtoriis nebismier wertilSi, sistema deda-

miwa-sxeulis sruli meqanikuri energia mudmivi sididea. 

_ ra xdeba sxeulis dedamiwis zedapirze dacemisa da gaCerebis dros? 

kerZo SemTxvevebi. 

1. sxeulis sruli meqanikuri energia, romelic simZimis 

Zalis moqmedebiT moZraobs, aris: 

Esr.ൌ ݉g݄  మଶ ൌ  .ݐݏ݊ܿ
sadac h simaRlea nulovani donidan, romelzec sxeuli im-

yofeba drois mocemul momentSi,  _ siCqare drois moce-

mul momentSi. sruli meqanikuri energiis mniSvneloba 

damokidebulia konkretul pirobebze. magaliTad: 	a) Tu sxeuls nulovani donidan ݄ ൌ 0 isvrian vertikalu-

rad zeviT v0 sawyisi siCqariT, misi sruli meqanikuri 

energia iqneba: 

Esr.ൌ బమଶ . 
misi sruli meqanikuri energia moZraobis dros traeqto-

riis nebismier wertilSi iqneba (g): ݉ଶ2 ൌ ݉g݄ ݉ଶ2 ; 
b) Tu vertikalurad zeviT asrolilma sxeulma maqsima-lur 

H simaRles miaRwia, misi sruli meqanikuri ener-gia 

iqneba  

Esr.ൌ ݉gܪ. 
am dros sruli meqanikuri energiis mudmivobis kanons 

traeqtoriis nebismier wertilSi aseTi saxe eqneba (d): ݉gܪ ൌ ݉g݄ ݉ଶ2 . 

(d) 

݄ 

 ܪ

ሬሬԦ 

݉gሬԦ 

ሬሬԦ 
݄ 

݉gሬԦ 
ሬሬԦ 

(g) 

2. Tu k sixistis zambaris boloze mimagrebul m masis bur-

Tulas, romelsac horizontaluri metalis Reris gas-

wvriv sriali SeuZlia, gadavaadgilebT da xels gavuS-

vebT, `zambara-burTula~ sistemis sruli meqanikuri 

energia iqneba (e): ܧ ൌ ଶ2ݔ݇ ݉ଶ2 ൌ  .ݐݏ݊ܿ
(e) 

m 
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_ SeiZleba Tu ara imis Tqma, rom `sxeulis rogorc kinetikuri, ise 

potenciuri energia nulis tolia, anu sxeulis sruli meqanikuri 

energia gaqra da energiis mudmivobis kanoni dairRva~? 

Caketil sistemaSi Semavali sxeulebis meqanikuri energia ar qreba! 

meqanikuri energia sxva saxis energiad _ sistemis Sinagan energiad 

gardaiqmneba: dedamiwis zedapirTan sxeulis Sejaxebis dros sistema 

Tbeba da misi Sinagani energia izrdeba. 

SegviZlia moviyvanoT energiis gardaqmnis magaliTebi sxva Caketili 

sistemebisTvis. magaliTad, sistema avtomobili-gza: moZravi avtomobi-lis 

damuxruWebis dros xaxunis arseboba iwvevs saburavebis gacxelebas da 

avtomobilis kinetikuri energia Sinagan energiad gardaiqmneba. 

amgvarad, rodesac Caketil sistemaSi sruli energiis mudmivobaze 

vlaparakobT, vgulisxmobT yvela saxis (meqanikuri, Sinagani, eleqtro-

magnituri da sxv.) energiis jamis mudmivobas da maT urTierTgardaq-

mnas: 

• energia ukvalod ar qreba da arc arafrisgan warmoiqmneba, is erTi saxis 

energiidan meore saxis energiad gardaiqmneba an sxva sxeuls gadaecema. 

 

 
 

ra SeityveT? samuSao rveulSi CawereT moyvanili cnebebis ganmartebebi: `sruli 

meqanikuri energia~, `sruli meqnikuri energiis mudmivobis kanoni~, `drois erT-

gvarovneba~, `sruli energiis mudmivobis kanoni~. 

 
 

• rogor ganvsazRvroT sxeulis siCqare 3,2 m simaRleze? 

SeZanili codnis gamoyeneba yoveldRiur cxovrebaSi: naxatze naCve-

nebia garkveuli simaRlidan vardnili sxeulis moZraobis traeq-

toriis sami sxvadasxva wertili (e). 

• ris tolia sxeulis sruli meqanikuri energia TiToeul am wer-

tilSi (haeris winaaRmdegoba ar gaiTvaliswinoT)? 

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kargad da ra 

darCa TqvenTvis nawilobriv gaugebari? 

2. ra pirobebSi sruldeba meqanikuri energiis mudmivobis kanoni? 

(e) 

3. ra pirobebSi sruldeba sruli energiis mudmivobis kanoni? 

4. romeli saxis energiad SeiZleba nawilobriv gardaiqmnas meqanikuri energia 

sxeulebis xaxunis arsebobis gamo? 

5. dasaxelebuli movlenebidan romelSi xdeba energiis gardaqmna: 

a) CanCqerSi wylis vardna; 

b) galileis RarSi burTulis Camogoreba. 

6. sxeuli 6,4 m/wm sawyisi siCqariT aisroles vertikalurad zeviT. ra simaRle-

ze iqneba sistema `sxeuli-dedamiwis~ kinetikuri da potenciuri energiebi 

erTmaneTis toli? 

kvleviTi samuSao-2. gamoyeneba

amocana 2. sxeuli 10 m/wm sawyisi siCqariT vertikalurad zeviT aisroles. rogo-

ri iqneba sxeulis siCqare 3,2 m simaRleze (haeris wanaaRmdegoba ar gaiTvaliswi-

noT, g = 10 m/wm2)? 

imsjeleT Sedegebze: 

• ra energia aqvs vertikalurad asrolil sxeuls h simaRleze? 

• rogori saxe aqvs energiis mudmivobis kanons am sxeulisTvis? 
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 energiis alternatiuli wyaroebis gamoyeneba 
azerbaijanSi (gakveTili-prezentacia) 

 
moamzadeT eleqtronuli prezentacia Cvens respublikaSi energiis alterna-

tiuli wyaroebis gamoyenebis Sesaxeb. prezentaciis momzadebis dros SegiZ-

liaT CamoTvlili eleqtronuli resursebis gamoiyeneba: 

 

eleqtronuli resursebi: 

1. https://az.wikipedia.org/wiki/Kateqoriya:Azərbaycan_su_elektrik_stansiyaları 
2. https://az.wikipedia.org/wiki/Mingəçevir_SES 
3. www.azerenerji.gov.az/index.php?option=com_content&view=article... 
4. www.azerbaijans.com › Baş səhifə › İQTİSADİYYAT 
5. www.president.az/articles/8577 
6. www.president.az/articles/3184 
7. www.minenergy.gov.az/?e=526 
8.http://www.azerbaijan-news.az/index.php?Lng=aze&year=2009&Pid=183 
9. www.osce.org/az/baku/40023?download=true 
10.lib.aliyevheritage.org/az/3316976.html 
11. eco.gov.az/.../405-azerbaycan-respublikasinda-alternativ-ve-berpa-olunan-enerji-men... 
12. www.carecprogram.org/uploads/docs/AZE-Renewable-Energy-Strategy-az.pdf 
13.www.bizimyol.info/news/61753.html 
14. axar.az/m/view.php?id=64300 
15. www.qlobalenerji.az/page.php?sh=dHVrZW5tel9lbnJq 
16. https://az.wikipedia.org/wiki/Külək_enerjisi 
17. www.qlobalenerji.az/page.php?sh=YXpfa2xrX2Vu 
18. https://www.unece.org/fileadmin/DAM/env/.../TYqdimat_Strategiya.pdf 
19. referat.ilkaddimlar.com/d_word_refe_hidro_5030.docx 
20.azertag.az/.../Azerbaycanda_kulek_ve_gunes_enerjisinden_istifade_uchun_ 
21. www.xalqqazeti.com/az/news/economy/40986 
22. www.anspress.com/iqtisadiyyat/07.../kulek-enerjisi-azerbaycana-baha-basa-gelmeyece... 
23.apa.az/.../azerbaycanda-gunes-ve-kulek-enerjisinden-genis-istifade-olunmasi-meqsedil... 
24. www.anl.az/down/meqale/azerbaycan/2010/aprel/114197.htm 
25. www.feedly.today/.../azerbaycanda-kulek-ve-gunes-enerjisinden-istifade-ucun-elveris.. 
26. regionplus.az/az/articles/view/5036 
27. news.atv.az/news/tech/14925-alternativ-energetika-kulek-enerjisinin-gucu 
28.deyerler.org/100916-alternativ-enerji-mjnbjljri-kgljk-enerjisi-ii-yazd.html 
29. e-book.az›book/1834…azerbaycanda…enerjisinden…ve… 
30. az.wikipedia.org›Günəş enerjisi 
31.ebooks.az›book_YqyCx9Ul.html 
32. carecprogram.org›uploads/docs/AZE-Renewable-… 
33. news.lent.az›news/134868 
34. yeniazerbaycan.com›SonXeber_e13759_az.html 
35. physics.gov.az›PowerEng/2004/v1article/art01.pdf 
36. qlobalenerji.az›page.php… 
37. webcityhost.net›vergiler/upload/File/art-293.pdf 
38. minenergy.gov.az›db/462.pdf 
39. news.day.az›Azərbaycanca›797906.html 
40. arxiv.az›…azertag…2841297/AVROPADA ATOM…DINC…ILE… 
41. az.wikipedia.org›Nüvə energetikası 
42. azrefs.org›xulase-tedqiqatn-meqsedini-v2.html… 
 
  

3.6 
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prezentaciis gegmis nimuSi 
I slaidi 

• prezentaciis saxelwodeba 

• moamzada 

II slaidi 
• alternatiuli bunebrivi energiis wyaroebis gamoyenebis mdgomareoba 

azerbaijanSi 

III slaidi 
• wylis dinebis energiis gamoyenebis istoria azerbaijanSi 

• wylis dinebis energiis gamoyeneba azerbaijanSi dRes 

IV slaidi 
• qaris energiis gamoyenebis istoria 

• qaris energiis gamoyeneba azerbaijanSi dRes 

V slaidi • wylis dinebisa da qaris energiis gamoyenebis perspeqtivebi azerbaijanSi 

VI slaidi 
• mzis energiis gamoyeneba azerbaijanSi dRes 

• mzis energiis gamoyenebis perspeqtivebi azerbaijanSi 

VII slaidi 
• atomuri energiis gamoyenebis perspeqtivebi azerbaijanSi 

• geoTermuli wylebis energiis gamoyenebis perspeqtivebi azerbaijanSi 

 
 
 
 
 

3.1. biWi, romlis masa 50 kg-ia, cigurebiT dgas yinulze da 1 kg masis 

gundas 5 m/wm siCqariT horizontalurad isvris. ra siCqares SeiZens 

am dros biWi? 

3.2. 150 tona masis lokomotivi 7 m/wm siCqariT uaxlovdeba 1250 tona 

masis uZrav Semadgenlobas. ra siCqare eqneba Semadgenlobas loko-

motivTan SeerTebis Semdeg?  

3.3. Wurvi 500 m/wm siCqariT mifrinavs, feTqdeba da or namsxvrevad iyo-

fa, romelTa masebia 5 kg da 15 kg. didi namsxvrevi imave mimarTu-

lebiT ganagrZobs frenas 800 m/wm siCqariT. gansazRvreT patara 

namsxvrevis siCqare. 

3.4.  60 kg masis biWi, romelic 2 m/wm siCqariT garbis, daewia da 1 m/wm 

siCqariT moZrav 40 kg masis urikaze Sexta. ra siCqariT gaagrZelebs 

moZraobas urika biWTan erTad? 

3.5. mocemulia OX RerZis gaswvriv moZrav sxeulze moqmedi Zalis sxe-ulis 

x koordinatze damokidebulebis grafiki. gansazRvreT am Za-lis 

mier 12 m manZilze Sesrulebuli muSaoba. 

 
3.6. biWi saTamaSo manqanas horizontis mimarT 600-iani kuTxiT mimar-Tuli 

ZaliT eweva da horizontalur gzaze manqana 40 m manZilze ga-

daaadgila. ra ZaliT eweoda biWi manqanas, Tu am Zalis mier Sesru-

lebuli muSaoba 2 kj-is tolia?  
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3.7. biWma 100 g masis burTi vertikalurad aisrola da burTis Tavisufali 

vardnis Semdeg isev asrolis wertilSi daiWira. gaiTvaliswineT, rom 

burTi 5 m simaRleze avida da gamoTvaleT burTze moqmedi simZimis 

Zalis muSaoba: a) burTis zeviT moZraobis dros; b) burTis qveviT 

moZraobis dros; g) burTis moZraobis mTel gzaze.  

3.8.  SesaZlebelia Tu ara 30 kg masis tvirTis 4 m/wm siCqariT aweva 0,9 kvt 

simZlavris eleqtroZravas saSualebiT (g = 10 m/wm2)? 

3.9. 500 g masis qvas vertikalurad zeviT isvrian 20 m/wm siCqariT. ris toli 

iqneba qvis kinetikuri energia 1 wm-isa da 2 wm-is Semdeg (haeris 

winaaRmdegoba ar gaiTvaliswinoT; g = 10 m/wm2)?  

3.10.  rogor Seicvleba avtobusis kinetikuri energia misi siCqaris 2-jer 

gazrdis Semdeg? 

3.11. 5 m/wm siCqariT moZravi 25 g masis burTula ejaxeba zambaras, romlis 

sixistea 103 n/m. gansazRvreT zambaris deformaciis sidide. 

 

3.12. SaSxanidan 600 m/wm siCqariT gamosuli 5 g masis tyvia ficarSi gavlis 

Semdeg 200 m/wm siCqariT moZraobs. gansazRvreT ficris winaRobis 

Zalis mier Sesrulebuli muSaoba. 

3.13. dinamometris zambara, romlis sixistea 100 n/m, deformirebulia 2 sm-

iT. gansazRvreT deformirebuli zambaris potenciuri energia. 

3.14. rogor Seicvleba sxeulis kinetikuri da potenciuri energiebi, Tu 

masze moqmedi simZimis Zala uaryofiT muSaobas asrulebs?  

3.15. rogor Seicvleba sxeulis kinetikuri da potenciuri energiebi, Tu 

masze moqmedi simZimis Zala dadebiT muSaobas asrulebs?  

3.16. 4 m siRrmis Widan qvis Tanabrad amotanis dros 150 j muSaoba srul-

deba. gansazRvreT qvis masa (g = 10 m/wm2).   

3.17. 75 m simaRlidan 10 m/wm sawyisi siCqariT vertikalurad Camogdebuli 

qvis kinetikuri energia dedamiwaze dacemis momentSi 1600 j-is tolia. 

gansazRvreT sxeulis masa da misi siCqare dedamiwaze dacemis momentSi 

(haeris winaaRmdegoba ar gaiTvaliswinoT; g = 10 m/wm2). 

3.18. 250 g masis sxeuli vertikalurad zeviT aisroles 15 m/wm sawyisi siC-

qariT. gansazRvreT asvlis maqsimaluri simaRle da potenciuri ener-

gia am simaRleze (haeris winaaRmdegoba ar gaiTvaliswinoT; g = 10 m/wm2) 

3.19. ra siCqares aniWebs zambariani pistoleti 3 g masis tyvias, rodesac mi-

si 10 sm-iT SekumSuli zambara Tavisufldeba? zambaris sixistea 100 n/m. 

3.20. foladis burTula 20 m/wm sawyisi siCqariT aisroles vertikalurad 

zeviT. gansazRvreT simaRle, romelzec burTulis kinetikuri da 

potenciuri energiebi erTmaneTis tolia (g = 10 m/wm2; haeris winaaR-

mdegoba ar gaiTvaliswinoT). 
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IV

  

• CamoTvaloT harmoniuli rxevis damaxasiaTebeli 

niSnebi; 

• ganasxvaoT meqanikuri rxevebisa da talRebis saxeebi; 

• gansazRvroT meqanikuri rxevebisa da talRebis 

ZiriTadi maxasiaTeblebi; 

• SeadginoT da amoxsnaT meqanikuri rxevebisa da tal-

Rebis ZiriTad maxasiaTeblebs Soris damokidebu-

lebasTan dakavSirebuli Tvisebrivi da raodenob-

rivi amocanebi; 

• axsnaT zambarian da maTematikur qanqarebSi meqani-

kuri rxevebis warmoqmnis mizezi; 

• daweroT zambariani da maTematikuri qanqarebis rxevis 

gantolebebi, eqsperimentulad da Teoriu-lad 

daadginoT, romel fizikur sidideebzea damo-

kidebuli am qanqarebis rxevis periodi da sixSire; 

• harmoniuli rxevis grafikis mixedviT gansazRvroT 

rxevis periodi, sixSire, cikluri sixSire da am-

plituda; siCqarisa da aCqarebis maqsimaluri mniS-

vnelobebi; 

• eqsperimentulad da Teoriulad daadginoT drekad 

garemoSi ganivi da grZivi talRebis warmoqmnis 

mizezi; 

• aagoT da `waikiTxoT~ meqanikuri talRebis maxasi-

aTeblebis droze damokidebulebis grafikebi. 

meqanikuri rxevebi da 
talRebi 
 
am Tavis Seswavlis Semdeg  

Tqven SeZlebT:
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meqanikuri rxeviTi moZraoba. bunebaSi moZraobis erT-erTi yvelaze 

gavrcelebuli saxea meqanikuri rxeviTi moZraoba. 

• meqanikuri rxeviTi moZraoba aris mTlianad an nawilobriv ganmeore-

badi moZraoba sxeulis an sxulTa sistemis mdgradi wonasworobis 

mdgomareobis midamoSi. sxva sityvebiT: meqanikuri rxeviTi moZraoba 

aris gadaadgileba wonasworobis mdgomareobidan xan erTi, xan meore 

mimarTulebiT. 

rxeviTi moZraoba SeiZleba iyos perioduli an araperioduli: 

• perioduli rxeviTi moZraoba aris sxeulis an sxeulTa sistemis rxe-

vis gameoreba drois toli Sualedebis Semdeg. 

• araperioduli rxeviTi moZraoba aris sxeulis an sxeulTa sistemis 

rxevis gameoreba drois nebismieri Sualedebis Semdeg. aseT rxevebs 

garkveuli periodebi ar aqvs. 

perioduli rxevebi ZiriTadad ori saxisaa: iZulebiTi da Tavisufali 

rxevebi.  

• iZulebiTi rxevebi iseTi rxevebia, romlebic gare Zalis perioduli 

moqmedebiT aRiZvreba. 

• Tavisufali rxevebi iseTi rxevebia, romlebic Caketil sistemaSi Sida 

Zalebis moqmedebiT aRiZvreba. 

Tavisufali rxevebi. gazomvebisa da gamoTvlebis gamartivebis miz-

niT rxeviTi moZraobis Seswavlis dros xelsayrelia, dakvirdeT sxe-

ulTa Caketil sistemebs. Caketil sistemaSi rxeviTi moZraoba aRiZ-

vreba sxeulebis urTierTqmedebis Sedegad aRZruli Sinagani Zalebis 

moqmedebiT. 

4.1 

kvleviTi samuSao-1.  

amocana 1. gaarkvieT, ra aris saerTo da ra gansxvavebuli moyvanil winadade-bebSi: 

`mocuravis moZraoba wylis zedapirze~, `mTvaris moZraoba dedamiwis irgvliv~, 

`saqanelas moZraoba~, `xerxis moZraoba xerxvis dros~, `tvirTis moZraoba 

zambarian dinamometrze~, `dguSis moZraoba Zravas cilindrSi~, `bzrialas 

moZraoba magidis zedapirze~. 

imsjeleT Sedegebze: 

• rogori sistemebis moZraobebia warmodgenili am winadadebebSi? 

• riT gansxvavdeba da ra msgavsebaa am sistemebis moZraobebSi? 

sazrianma metyevem xis fuRuro-

Si gakeTebuli futkris skis  

daTvebisgan dasacavad xis totze 

dakidebuli mZime mori gamoiyena. mori 

xesTan axlos, fuRuroze cota dabla 

dakida. xeze aZromis dros daTvi 

iZulebulia, mors gverdiT ubiZgos. 

 

rxeviTi moZraoba. 
Tavisufali rxevebi 

• ra xdeba amis Semdeg? 

SeZlebs daTvi skas-Tan 

aZvromas? ratom? 

• romeli sityviT 

SeiZleba moris aseTi 

moZraobis daxasi-

aTeba? es moZraoba 

Tavisufalia Tu 

iZulebiTi? 
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zambaraze dakidebuli tvirTis (sistema zambara-tvirTi) an Zafze 

dakidebuli sxeulis (sistema Zafi-sxeuli) rxeviTi moZraobebi Seg-

viZlia Tavisufal rxevebs mivakuTnoT. rxevis gamomwvevi Sinagani Zala 

sistemaSi zambara-tvirTi zambaris drekadobis Zalaa, sistemaSi Zafi-

sxeuli _ sxeulze moqmedi simZimis Zala. 

rxeviTi moZraobis kinematikuri maxasiaTeblebi. gavecnoT zogierT 

maTgans. 

• wanacvleba fizikuri sididea, romelic gviCvenebs, ra manZiliTa da 

romeli mimarTulebiT daSorda merxevi sxeuli wonasworobis 

mdgomare-obas garkveuli 

drois ganmavlobaSi. Magali-

Tad, davuSvaT, m masis sxeuli 

rxeviT moZraobas asrulebs O 

wertilis midamoSi, misgan ma-

rjvniv da marcxniv, X RerZis gaswvriv. sxeulis koordinati x drois 

mocemul t momentSi gviCvenebs sxeulis wanacvlebas wonasworobis 

mdgomareobidan (a). 

• amplituda aris merxevi sxeulis maqsimaluri wanacvleba wonaswo-

robis mdgomareobidan. amplituda aRiniSneba xmaqs an A simboloTi, 

xolo misi sazomi erTeuli SI sistemaSi aris metri (m). 

Tu sxeuli wonasworobis O mdgomareobidan marjvniv moZraobis dros 

amplitudis toli xmaqs manZiliT wanacvldeba (wertili N), wami-erad 

gaCerdeba da O wertilSi dabrundeba, Semdeg moZraobas gaag-rZelebs 

marcxniv, wanacvldeba amplitudis toli xmaqs manZiliT (wer-tili M), 

wamierad gaCerdeba da isev O wertilSi dabrundeba, maSin am moZraobas 

erTi sruli rxeva ewodeba (ix. a). Semdeg es moZraoba meordeba. 

amgvarad, erTi sruli rxevis Sesrulebis dros sxeuli gaivlis oTxi 

amplitudis tol manZils: ݈ ൌ  .ݔ4
Tu sxeuli drois t SualedSi N srul rxevas Seasrulebs, mis mier 

gavlili manZili iqneba:  ݈ ൌ ܰݔ4 ൌ ݐݔ4 ൌ ݔ4 ∙ ݐܶ .							ሺ4.1ሻ 
sadac ν rxevis sixSirea, T _ rxevis periodi. 

• rxevis sixSire fizikuri sididea, romelic ricxobrivad erT wamSi 

Sesrulebuli rxevebis ricxvis tolia: 

 

 ൌ ݐܰ .																													ሺ4.2ሻ 
sixSiris erTeulad SI sistemaSi miRebulia herci (1 hc), germaneli 

mecnieris henri hercis pativsacemad. 1 herci iseTi rxevis sixSirea, 

romlis drosac 1 wamSi 1 sruli rxeva sruldeba: 	ሾሿ ൌ 1	ჰც ൌ 1წმିଵ. 
• rxevis periodi aris dro, romlis ganmavlobaSic erTi sruli rxeva 

sruldeba: ܶ ൌ ݐܰ .																															ሺ4.3ሻ 

(a) 
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rxevis periodis sazomi erTeuli SI sistemaSi aris wami (1 wm): [T] =1 wm. 

rxevis periodi da sixSire urTierTSebrunebuli sidideebia: ܶ ൌ 1

		ან	 ൌ 1ܶ .						ሺ4.4ሻ	

• cikluri sixSire ewodeba rxevis sixSireze 2π-jer met sidides, rome-

lic gamoxatavs, ramden rxevas asrulebs qanqara 6,28 wamSi (radgan 2ߨ ൎ6,28): ߱ ൌ  ሺ4.5ሻ																												.ߨ2
aq ω (omega) cikluri sixSirea. cikluri sixSiris sazomi erTeuli SI 

sistemaSi aris: ሾ߱ሿ ൌ 1რად
წმ

. 
harmoniuli rxevebi da misi grafiki. harmoniuli rxeva yvelaze 

martivi rxeviTi moZraobaa. 

• harmoniuli rxeva aris rxeviTi moZraoba, romlis maxasiaTebeli 

fizikuri sidideebi drois ganmavlobaSi sinusis an kosinusis kanoniT 

icvleba. 

Tavisufali rxeviTi moZraobis dros sxeulis mdgomareoba drois 

ganmavlobaSi icvleba. Tu drois mcire Sualeds ganvixilavT, merxev 

sistemaSi arsebuli winaRobis Zalebi SegviZlia ar gaviTvaliswinoT, 

amitom wiri, romelic harmoniul rxeviT moZraobas aRwers, sinusoida 

an kosinusoida iqneba. am wiris naxva SesaZlebelia, Tu davakvirdebiT 

zambariani an Zafiani qanqaris rxevas, rodesac merxevi sxeulis rols 

qviSiani Zabri asrulebs (b). 

 es wiri Seesabameba harmo-

niuli rxevis dros qanqaris x 
koordinatis t droze damoki-

debulebis grafiks (g): ݔ ൌ  ሺ4.6ሻ											ݐ߱݊݅ݏݔ
an ݔ ൌ  ሺ4.7ሻ										ݐ߱ݏܿݔ
 

grafikidan Cans, rom rxevis periodis toli drois ganmavlobaSi  

(t = T) qanqara erT srul 

rxevas asrulebs (ix. g). 

 
 

• yuradReba • Tu Caketil sistemaze gare Zalebi ar 

moqmedebs, SeiZleba iTqvas, rom am sistemis sruli 

meqanikuri energia ar icvleba. es niSnavs, rom 

idealur pirobebSi Tavisufali rxevis ampli-tuda 

ar icvleba, anu rxeva milevadi ar aris. Tumca 

realobaSi Tavisufali rxeva milevadia. wa-naRobis 

Zalebis arsebobis gamo sistemis sruli meqanikuri energia drois gan-mavlobaSi 

mcirdeba, anu mcirdeba rxevis amplituda da rxeva miileva (d). 

(d) 

࢞ ൌ ࢚࣓࢙࢞ ࢞ ൌ (g) ࢚࣓࢙ࢉ࢞

ሬሬԦ ൌ ࢚࢙ࢉ
(b) 

ሬሬԦ ൌ 	࢚࢙ࢉ
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• milevadi rxevebi aris rxevebi Caketil sistemaSi, romelSic xaxunis 

Zalebis moqmedebis gamo sruli meqanikuri energia TandaTan mcirdeba, 

e. i. mcirdeba rxevis amplituda. 

kvleviTi samuSao-2. qanqaris maxasiaTeblebis gansazRvra

amocana 2. materialuri wertili 2 hc sixSiriT asrulebs rxevas da 2 wm-Si 4 sm 

manZils gadis. ris tolia am materialuri wertilis rxevis amplituda? 

imsjeleT Sedegebze: 

• ra msgavseba da ra gansxvavebaa qanqaris amplitudasa da gadaadgilebas Soris? 

• ris tolia qanqaris mier drois t SualedSi gavlili manZili garkveuli 

sixSiriT rxevis dros? 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: moiyvaneT rxeviTi sistemis 

magaliTebi cocxali da aracocxali bunebidan. 

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? ra 

gaigeT kargad da ra darCa TqvenTvis 

nawilobriv gaugebari? 

2. rogor moZraobas ewodeba meqanikuri rxeva?  

3. ras ewodeba Tavisufali rxeva? milevadia Tu 

aramilevadi Tavisufali rxeva? pasuxebi 

daasabuTeT. 

4. ras gamoxatavs rxevis sixSire da amplituda? 

5. mocemulia harmoniuli rxevis koordintis droze damokidebulebis grafiki 

(e). gansazRvreT rxevis periodi, sixSire da amplituda. 

ra SeityveT? samuSao rveulSi CawereT dasaxelebuli cnebebis ganmartebebi: `me-

qanikuri rxeviTi moZraoba~, `Tavisufali rxeva~, `gadaadgileba rxeviTi moZraobis 

dros~, `amplituda~, `rxevis sixSire~, `rxevis periodi~, `cikluri sixSire~, `mile-

vadi rxeva~, `harmoniuli rxeva~. 

 
 

 zambariani qanqaris harmoniuli rxeva 
 

1985 wels qlaq mexikoSi saSineli katastrofa moxda, romlis mizezi miwisZvra iyo: 5526 

adamiani daiRupa, 40000 daSavda, 31000 usaxlkarod darCa. katastrofis Semdeg Catarebuli 

kvlevebis Sedegad mecnierebma gaarkvies, rom miwisZvrebis dros ngrevis mTavari mizezi 

Senobebis sakuTari rxevis sixSirisa da dedamiwaSi warmoqmnili iZulebiTi rxevis sixSiris 

damTxvevaa. amitom seismurad aqtiur zonebSi mSeneblobis dros aucilebelia, es sixSireebi 

gansxvavebuli iyos. amiT SeiZleba miwisZvris damangreveli moqmedeba Sesustdes. 

mniSvnelovania imis codna, razea damokidebuli rxevis sixSire da periodi. 

• razea damokidebuli sistemis rxevis sixSire da periodi? 

 

 

4.2 

kvleviTi samuSao-1. SeviswavloT zambariani qanqaris rxeva. 

samuSaosTvis saWiroa: sxvadasxva sixistis ori zambara, tvirTebis nakrebi, wammzomi, 

Stativi rgoliTa da momWeriT. 

samuSaos msvleloba: 

I. gavarkvioT zambariani qanqaris rxevis periodisa da sixSiris damokidebuleba rxevis 

amplitudaze. 

1. zambaris erTi bolo daamagreT Stativis moWerze, meore boloze dakideT 100 g masis 

tvirTi da qanqara moiyvaneT rxeviT moZraobaSi garkveuli xmaqs1 amplitudiT. 

2. wammzomiT gansazRvreT N = 10 sruli rxevisTvis saWiro dro t1 (a). 

3. zambariani qanqaris rxevis sixSire da periodi gamoTvaleT formulebiT: 

ଵ ൌ ଵݐܰ 	 , ଵܶ ൌ  .ଵܰݐ
4. SeamcreT zambariani qanqaris rxevis amplituda (xmaqs2) da gaimeoreT cda. gamoTvaleT 

rxevis periodi (T2) d sixSire (ν2). 

X,სმ
(e) 

Т

Т
t, wm 
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erT-erTi umartivesi rxeviTi sistema, romelSic harmoniuli rxevebi 

aRiZvreba, aris zambariani qanqara. 

• zambariani qanqara aris rxeviTi sistema, romelic Sedgeba zambarisa 

da masze mimagrebuli sxeulisagan. zambaraSi aRZruli rxevebi harmo-

niuli rxevebia: 
• harmoniuli ewodeba rxevebs, romlebic gadaadgilebis proporci-

uli da gadaadgilebis mimarTulebis sapirispirod mimarTuli Zalis 

moqmedebiT aRiZvreba. 

zambariani qanqaris rxevis Seswavlas didi praqtikuli mniSvneloba 

aqvs; magaliTad, avtomobilis rxeviT gamowveuli movlenebis gasaT-

valiswineblad avtomobilis konstruirebis dros, radgan avtomobilis 

Zara zambarebTan an resorebTan aris dakavSirebuli; fundamentis rye-

vis gavlenis Sesamcireblad Senobebisa da mZime dazgebis mdgomare-

2. gansazRvreT qanqaris rxevis periodi T1 da sixSire ν1. 3. cda gaimeoreT 400 g 

masis tvirTiT da gamoTvaleT T2 da ν2 (b). 4. CawereT gazomvebiTa da gamoT-vlebiT 

miRebuli Sedegebi 4.1 cxrilSi da SeadareT qvemoT  

moyvanili Sefardebebi: 

 

5. SeadareT zambariani qanqaris rxevis T1 da T2 periodebisa da ν1 da ν2 sixSireebis 

mniSvnelobebi.  

(b) N=10 (a) N=10
II. gavarkvioT zambariani qanqaris rxevis 

periodisa da sixSiris damokidebuleba 

tvirTis masaze. 1. zambaris erTi bolo 

daamagreT Stativis moWerze, meore 

boloze dakideT 100 g masis tvirTi da 

qanqara moiyvaneT rxeviT moZraobaSi, 

mcire xmaqs1 amplitudiT. wammzomiT gan-

sazRvreT N = 10 sruli rxevisTvis 

saWiro dro t1. 

(g) N=10 
III. gavarkvioT zambariani qanqaris rxevis periodisa da sixSiris 

damokidebuleba zambaris sixisteze. 1. sxvadasxva sixistis zamba-

rebze dakidebulia 100 g masis tvirTebi. 2. TiToeuli zambara 

cal-calke moiyvaneT rxeviT moZraobaSi, gazomeT N = 10 sruli 

rxevisTvis saWiro droebi da gamoTvaleT T1 da ν1. 3. cda 

gaimeoreT 400 g masis tvirTiT da gamoTvaleT T2 da ν2 (g). 4. 

gazomvebiTa da gamoTvlebiT miRebuli Sedegebi CawereT 4.1 

cxrilSi da SeadareT moyvanili Sefardebebi: ଶܶܶଵ 	და	 ݇ଶ݇ଵ ;						ଶଵ 		და		 ݇ଶ݇ଵ. 
cxrili 4.1 

№ ݉, kg 
 N ݐ, wm ܶ, wm ߥ, hc ଶܶܶଵ 

ଶ
ଵ 

݉ଶ݉ଵ ݇ଶ݇ଵ 

1 0,1 10        
2 0,4        

imsjeleT Sedegebze:  

1. rogor aris damokidebulebuli zambariani qanqaris rxevis periodi da sixSire 

rxevis amplitudaze?  

2. rogor aris damokidebulebuli zambariani qanqaris rxevis periodi da sixSire 

zambaraze dakidebuli tvirTis masaze?  

3. rogor aris damokidebulebuli zambariani qanqaris rxevis periodi da sixSire 

zambaris sixisteze? 
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obaze; yuris membranis elastikurobis gansazRvrisTvis yurTan dakav-

Sirebuli problemebis diagnostirebis dros. amitom aris zambariani 

qanqaris rxevis Seswavla aqtualuri sakiTxi.  

rxevebze dakvirvebis gasamartiveb-lad, 

imisTvis, rom SevamciroT rxeviT sistemaze 

moqmedi Zalebis raodenoba, mizanSewonilia, 

gamoviyenoT horizon-talurad 

ganlagebuli rxeviTi sistema _ zambara-

burTula (d). am sistemaSi moq-medi simZimis 

Zala da RerZis reaqciis Zala erTmaneTs 

awonasworebs. Tu bur-Tulas wonasworobis 

mdgomareobidan ga-moviyvanT, magaliTad, 

zambaras x = xmaqs mdgomareobamde gavWimavT 

da xels gavuSvebT, zambaraSi warmoqmnili 

drekadobis Zala burTulas aCqarebas 

mianiWebs da sistemaSi rxeviTi moZraoba 

aRiZvreba. niutonis II kanonis Tanaxmad, 

qanqaris rxeviTi moZraobis gantolebas 

aseTi saxe eqneba: ݉ܽ௫ ൌ െ݇ݔ,														ሺ4.8ሻ 
an ܽ௫ ൌ െ ݇݉  ሺ4.9ሻ															.ݔ

formula (4.9) zambariani qanqaris Ta-

visufali harmoniuli rxevis ganto-lebaa. 

aq m burTulis masaa, romelic zambarazea damagrebuli, ax _ bur-

Tulis aCqarebis proeqcia X RerZze, k _ zambaris sixiste, xmaqs _ zam-

baris wagrZeleba, romelic misi rxevis amplitudis tolia. mocemuli 

rxeviTi sistemisaTvis Sefardeba 
  mudmivi da dadebiTi sididea, rad-

gan masa da sixiste ar SeiZleba uaryofiTi sidideebi iyos. Tu zam-

bariani qanqaris rxeviTi moZraobis gantolebas (4.9) sxva perioduli 

moZraobis _ wrewirze Tanabrad moZravi sxeulis centriskenuli 

aCqarebis gantolebas (ix. fizika 10, Tema 1.8) SevadarebT, vnaxavT, rom 

Sefardeba 
  Seesabameba cikluri sixSiris kvadrats (ω2): ቐܽ௫ ൌ െ ݇݉ ܽݔ ൌ ߱ଶܴ 							→߱ଶ ൌ ݇݉ ,										ሺ4.10ሻ								 

an  ߱ ൌ ඨ݇݉ 																		ሺ4.11ሻ 
amgvarad, zambariani qanqaris rxevis gantoleba SegviZlia Semdegi 

saxiTac CavweroT: ܽ௫ ൌ െ߱ଶݔ.													ሺ4.12ሻ 

(d) 
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 (4.11) da (4.5) gamosaxulebebis SedarebiT SegviZlia ganvsazRvroT is 

sidideebi, romlebzec aris damokidebuli qanqaris rxevis periodi da 

sixSire: 

൞߱ ൌ ߱ߨ2 ൌ ඨ݇݉ 								→				  ൌ ඨ݇݉ߨ12 .													ሺ4.14ሻ 
ܶ ൌ 1


				→ 			ܶ ൌ  ሺ4.15ሻ								ට݉݇.ߨ2

am gamosaxulebebidan Cans, rom zambariani qanqaris rxevis periodi da 

sixSire damokidebulia zambaris sixistesa da masze dakidebuli 

tvirTis masaze. 

 
ra SeityveT? CamoayalibeT qvemoT moyvanili cnebebis mokle ganmartebebi: `zamba-

riani qanqara~, `zambariani qanqaris rxevis periodi~, `zambariani qanqaris rxevis 

sixSire~. 

  

maTematikidan cnobilia, rom (4.12) gantolebis amonaxsni aris: 

x = xmaqscos(ω t +φ0) 
radgan trigonometriuli funqciebi sin da cos harmoniuli funqciebia, 

zambariani qanqaris rxevac harmoniuli rxevaa. 

aq ω t +φ0 = φ rxevis fazaa, φ0 _ sawyisi faza. fazis sazomi erTeuli SI sistemaSi 

aris radiani (1 rad). fazis gazomva gradusebSic SeiZleba: π (rad) = 1800. 

sawyisi fazis mniSvneloba damokidebulia dakvirvebis dawyebis momentis ar-

Cevaze. drois sawyisi momenti SegviZlia ise avirCioT, rom sawyisi faza φ0 = 0. 

am SemTxvevaSi zambariani qanqaris harmoniuli rxevis gatolebas aseTi saxe 

eqneba: 

x = xmaqs cos ωt an x = xmaqs sin ωt (4.13) 
 

kvleviTi samuSao-2. rogor icvleba rxevis periodi da sixSire?

amocana. rogor Seicvleba qanqaris rxevis periodi da sixSire, Tu zambariani 

qanqaris rxevis amplitudas 2-jer gavzrdiT, xolo masze dakidebuli tvirTis 

masas 2-jer SevamcirebT? 

imsjeleT Sedegebze: 

• rogor aris damokidebuli zambariani qanqaris rxevis periodi da sixSire rxe-

vis amplitudasa da tvirTis masaze? 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: romeli fizikuri paramet-

rebis gaTvaliswinebaa aucilebeli drekadi resorebis SerCevis dros, romleb-

zec mimagrebulia avtomobilis, vagonis an TviTmfrinavis borblebis brunvis 

RerZi? 

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? romelSi gaerkvieT kargad da ra darCa 

nawilobriv gaugebari? 

2. romel sidideebzea damokidebuli zambariani qanqaris rxevis periodi? aageT am 

damokidebulebebis grafikebi. 

3. romel sidideebzea damokidebuli zambariani qanqaris rxevis sixSire? aageT am 

damokidebulebebis grafikebi. 

4. romel sidideebzea damokidebuli zambariani qanqaris rxevis cikluri sixSire? 

aageT am damokidebulebebis grafikebi. 



 

 108  

 maTematikuri qanqaris harmoniuli rxevebi 
 
Cvenamde aseTma istoriulma informaciam moaRwia: erTxel, 1583 wels, 

italieli mecnieri g. galilei qalaq pizis taZarSi imyofeboda. man 

yuradReba miaqcia taZarSi grZel trosze dakidebuli WaRis rxevebs. man 

WaRis rxeva sakuTar pulss Seadara da im daskvnamde mivida, rom rxevis 

amplitudis Semcirebis miuxedavad, WaRis erTi sruli rxevisTvis saWiro 

dro (rxevis periodi) ar icvleba. SemdgomSi man mravali dakvirveba 

Caatara: cvlida qanqaris sigrZes, masze dakidebuli tvirTis masas, 

qanqaris simaRles (zRvis donis mimarT) da gansazRvra, razea 

damokidebuli qanqaris rxevis periodi da sixSire. 

• gamoTqviT hipoTeza: ra gaarkvia galileim, razea damokidebuli Zafiani 

qanqaris rxevis periodi da sixSire? 

 
kvleviTi samuSao-1. Zafiani qanqaris rxevis Seswavla

samuSaosTvis saWiroa: grZel Zafze dakidebuli mcire zomis burTula, saxazavi, 

wammzomi, Stativi mosriale momWeriT. 

samuSaos msvleloba: 

I. Zafiani qanqaris rxevis periodisa da sixSiris damokidebuleba amplitudaze. 

1. Stativi dadgiT magidis kidesTan. Zafis Tavisufali bolo 

Stativze ise miamagreT, rom burTula iatakidan 1-2 sm simaR-

leze aRmoCndes (a). 

2. gazomeT manZili Zafis mimagrebis wertilidan burTulis 

centramde (anu qanqaris sigrZe). sasurvelia, es sigrZe daax-

loebiT 160 sm iyos. 

3. qanqaraSi aRZariT mcire xmaqs1 amplitudis rxevebi da wammzo-

miT gansazRvreT t1 dro, romelic saWiroa N = 5 sruli rxevis 

SesrulebisTvis. 

4. formulebiT T1 = t1 / N da ν1 = N / t1 gamoTvaleT Zafiani qanqa-

ris rxevis periodi da sixSire. 

5. umniSnelod gazardeT qanqaris rxevis amplituda (xmaqs2), ga-

imeoreT cda da gamoTvaleT rxevis periodi (T2) da sixSire (ν2). 

6. SeadareT qanqaris rxevis T1 da T2 periodebi, agreTve ν1 da ν2 

sixSireebi. 

II. Zafiani qanqaris rxevis periodisa da sixSiris damokidebuleba 

dakidebuli tvirTis masaze. 

1. Zafze dakidebuli tvirTi SecvaleT sxva ufro didi masis tvirTiT. qanqaraSi 

aRZariT igive xmaqs1 amplitudis rxevebi da wammzomiT gansazRvreT t2 dro, 

romelic saWiroa N = 5 sruli rxevis SesrulebisTvis. 

2. gamoTvaleT rxevis periodi ଶܶ  da sixSire ଶ . 
3. SeadareT Zafiani qanqaris T1 da ଶܶ periodebi daଵ daଶ  sixSireebi. 

III. Zafiani qanqaris rxevis periodisa da sixSiris damokidebuleba qanqaris sigrZeze. 

1. Zafis nawili Stativis samagrze daaxvieT _ qanqaris sigrZe 4-jer SeamcireT da 

masSi igive xmaqs1 amplitudis rxevebi aRZariT. wammzomiT gansazRvreT dro, 

romelic saWiroa N = 5 sruli rxevis SesrulebisTvis. 

2. gamoTvaleT rxevis periodi ଶܶda sixSire ଶ . 
3. gazomvebisa da gamoTvlebis Sedegebi CawereT 4.2 cxrilSi da SeadareT 

moyvanili Sefardebebis mniSvnelobebi: ଶܶଵܶ და
݈ଶ݈ଵ ; 	 ଶ

ଵ და
݈ଶ݈ଵ. 

4.3 

(a) 
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cxrili 4.2 

№ ݈, m N ݐ, wm ܶ, wm ߥ, hc ଶܶᇱᇱଵܶ  
ଶᇱᇱ
ଵ  

݈ଶ݈ଵ 

1 1,60 5       
2 0,4       

imsjeleT Sedegebze: 

• rogor aris damokidebuli Zafiani qanqaris rxevis periodi da sixSire rxevis 

amplitudasa da tvirTis masaze? 

• rogor aris damokidebuli Zafiani qanqaris rxevis periodi da sixSire qanqaris 

sigrZeze? 

• ra daskvnebis gakeTeba SeiZleba am kvleviTi samuSaos Semdeg? 
 
harmoniuli rxevebi simZimis Zalis moqmedebiTac aRiZvreba. amis 

kargi magaliTia maTematikuri qanqara. 
• maTematikuri qanqara aris idealizebuli rxeviTi sistema, romelic 

Sedgeba uwono da uWimad Zafze dakidebuli materialuri wertilisgan. 

maTematikuri qanqaris Sesaswavlad SegviZlia gamoviyenoT misi 

modeli _ wvril grZel Zafze dakidebuli burTula (b). burTulaze 

moqmedi simZimis Zala (mg) gawonasworebulia Zafis daWimulobis (T) 

ZaliT. am dros qanqara wonas-worobis mdgomareobaSia. magram Tu 

qanqaras wonasworobis mdgomareobidan gamov-

iyvanT _ vertikaluri mdgomareobidan mcire α 
kuTxiT gadavxriT, warmoiqmneba simZimis Zalis 

ori mdgeneli _ Zafis gaswvriv mimarTuli F|| da 

Zafis perpendikularuli ܨԦ. Zafis daWimulobis 

Zala da simZimis Zalis ܨԦ,  mdgeneli erTmaneTs 

awonasworeben. amitom realurad burTulaze 

mxolod simZimis Zalis F||  mdgeneli moqmedebs, 

romelic `cdilobs~, burTula wonasworobis 

mdgomareobaSi daabrunos (ix. nax. b). amis 

gaTvaliswinebiT da niutonis II kanonze day-

rdnobiT, SegviZlia davweroT m masis sxeulis 

rxeviTi moZraobis gan-toleba masSi Semavali 

veqtorebis OX RerZze proeqciebis saSualebiT:  

ОХ: max = –F.  Tu gaviTvaliswinebT, rom:  ൝ ܨ ൌ ݉gߙ݊݅ݏ,ߙ݊݅ݏ ൌ ݈ݔ ൫როდესაც	ߙ	გადახრის	კუთხე	მცირეა൯. 
miviRebT maTematikuri qanqaris rxevis 

gantolebas: ܽ௫ ൌ െ g݈  		ሺ4.16ሻ													.	ݔ
sadac l maTematikuri qanqaris (Zafis) sigrZea, g _ Tavisufali vardnis 

aCqareba, xmaqs _ rxevis amplituda. 

mocemuli rxeviTi sistemis moZraobis gantolebaSi Sefardeba 
   

mudmivi da dadebiTi sididea, radgan Tavisufali vardnis aCqareba da 

Zafis sigrZe ucvlelia da ar SeiZleba uaryofiTi sidide iyos. Tu 

(b)
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SevadarebT (4.16) da (4.10) gantolebebs, davinaxavT, rom Sefardeba 
   

cikluri sixSiris kvadratis ߱ଶ tolia: ߱ଶ ൌ g݈,																					ሺ4.17ሻ 
an ߱ ൌ ටg݈ .																			ሺ4.18ሻ 
amgvarad, maTematikuri qanqaris rxeviTi moZraobis gantoleba 

SeiZleba CavweroT Semdegnairad: ܽ௫ ൌ െ߱ଶݔ.									ሺ4.19ሻ 
 

 
 

SegviZlia ganvsazRvroT sidideebi, romlebzec aris damokidebuli 

maTematikuri qanqaris rxevis periodi da sixSire: 

 ൌ ටg݈ߨ12 , 															ሺ4.20ሻ 
 ܶ ൌ ඨg݈ߨ2 .															ሺ4.21ሻ 

amgvarad, maTematikuri qanqaris rxevis periodi da sixSire damokide-

bulia qanqaris sigrZesa da gravitaciuli velis daZabulobaze (anu 

Tavisufali vardnis aCqarebaze) dedamiwis mocemul wertilSi. 

 

 
 
ra SeityveT? dawereT dasaxelebuli cnebebis mokle ganmartebebi: `maTematikuri 

qanqara~, `maTematikuri qanqaris rxevis periodi~, `maTematikuri qanqaris rxevis 

sixSire~. 

 

 
 

  

maTematikidan iciT, rom am gantolebis amonaxsnia  ݔ ൌ ܣ sinሺ߱ݐ  ߮ሻ. anu qanqaris 

koordinatis droze damokidebuleba harmoniuli funqciaa. e.i. ma-Tematikuri 

qanqaris rxevac harmoniuli rxevaa, romlis cikluri sixSire -s tolia. 

kvleviTi samuSao-2. rogoria rxevis periodi?

amocana. gansazRvreT maTematikuri qanqaris rxevis periodi da six-

Sire, Tu misi sigrZe 225 sm-ia. ra dro dasWirdeba am qanqaras 20 sru-

li rxevis Sesasruleblad (haeris winaaRmdegoba ar gaiTvaliswinoT;  

g = 9 m/wm2; π = 3)? 
imsjeleT Sedegebze:  

• ramdeni wamis tolia maTematikuri qanqaris rxevis periodi? axse-niT, 

rogor miiReT es Sedegi? 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: qanqariani saaTis 

dasaregulireblad, misi CamorCenis an `winswrebiT~ muSaobis dros, 

cvlian qanqaris sigrZes. 
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Tavisufali vardnis aCqarebis gansazRvra maTematikuri 
qanqaris gamoyenebiT 

 
mizani: gamovimuSaoT Tavisufali vardnis aCqarebis 

gansazRvris unari maTematikuri qanqaris rxevis 

periodis formulis ܶ ൌ  .ට saSualebiTߨ2

samuSaosTvis saWiroa: patara burTula, romelic grZel 

(≈160 sm) Zafzea dakidebuli, sazomi lenti, wammzomi, 

Stativi mosriale momWeriT. 

samuSaos msvleloba: 

1. Stativi magidis kidesTan dadgiT. masze qanqara ise 

dakideT, rom burTula iatakidan 1-2 sm-is simaRleze 

aRmoCndes. 

2. gazomeT manZili qanqaris dakidebis wertilidan bur-

Tulis centramde (qanqaris sigrZe). sasurvelia, sig-

rZe daaxloebiT 160 sm-is toli iyos. 

3. wonasworobis mdgomareobidan burTula 5 sm-iT gada-

xareT, xeli gauSviT da wammzomis saSualebiT gansaz-

RvreT N = 10 sruli rxevisTvis saWiro dro. Sedegi 

CawereT 4.3 cxrilSi. 

4. imave pirobebSi cda kidev orjer gaimeoreT da gan-

sazRvreT N = 10 sruli rxevisTvis saWiro saSualo 

drois mniSvneloba. am Sedegebze dayrdnobiT gamoT-

valeT rxevis periodis saSualo mniSvneloba. ݐსაშ ൌ ଵݐ  ଶݐ  ଷ3ݐ ;	 			 სܶაშ ൌ საშܰݐ . 
5. gamoTvaleT Tavisufali vardnis aCqarebis saSualo 

mniSvneloba (π = 3,14): gსაშ ൌ ଶ݈ߨ4
სܶაშ
ଶ . 

cxrili 4.3 

№ ݈,	sm N ݐ, wm  tsaS, wm  T saS, wm gsaS, m/wm2 

1 160 10     
2 160 10  
3 160 10  

 
6. gazomvis Sedegebi SeitaneT cxrilSi, gamoTvaleT fardobiTi cdomileba (g ൌ9,81	 �

��మ): ࢿ ൌ |gსაშ െ g|g ∙ 100%. 
 

 
 

 

praqtikuli samuSao 
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 siCqare da aCqareba harmoniuli rxevis dros 

 
Tqven ukve iciT ZiriTadi trigonometriuli funqciebi da SegiZliaT harmoniuli 

rxevis aRmweri trigonometriuli gantolebebis grafikebis ageba (ix. maTematika 10). 

• ras niSnavs rame sididis harmoniuli kanoniT cvlileba? 

• trigonometriuli funqciis grafikis agebis romeli meTodebi iciT? 

• romel fizikur procesebSi SeiZleba trigonometriuli funqciebis grafikebis 

praqtikuli gamoyeneba? 

 

 
 
radgan harmoniuli rxevis dros qanqaris wanacvleba (gadaxra) har-

moniuli kanoniT icvleba, imis dasabuTeba, rom siCqarisa da aCqarebis 

cvlilebac harmoniuli kanoniT xdeba, rTuli ar aris. davuSvaT, wa-

nacvleba icvleba kosinusis kanoniT da sawyisi faza nulis tolia:  

( ߮ ൌ ݔ	:(0 ൌ ܣ cos߱ݐ. 
radgan siCqare aris wanacvlebis (anu koordinatis) pirveli warmo-

ebuli droiT: 

௫ ൌ ݔ ൌ ሺܣ cos߱ݐሻ ൌ െ߱ܣ ∙ ݐ߱݊݅ݏ ൌ ߱ܣ ∙ cos ቀ߱ݐ   ሺ4.22ሻ									2ቁ,ߨ
an 

௫ ൌ െ sin߱ݐ.																										ሺ4.23ሻ 
rogorc (4.23) gamosaxulebidan Cans, siCqaris harmoniuli kanoniT 

cvlileba wanacvlebis cvlilebas 
గଶ faziT aswrebs (a). 

siCqaris maqsimaluri (amplituduri) mniSvneloba damokidebulia 

rxevis amplitudaze, sixSiresa da periodze: 

 ൌ ܣ߱ ൌ ܣߨ2 ൌ ߨ2ܶ  ሺ4.24ሻ							.ܣ
radgan aCqareba aris siCqaris pirveli warmoebuli droiT, miviRebT: ܽ௫ ൌ ௫ ൌ ሺെ߱ܣ ∙ ሻݐ߱݊݅ݏ ൌ െ߱ܣଶ ∙ ݐ߱ݏܿ ൌ ଶ߱ܣ ∙ cosሺ߱ݐ   ሺ4.25ሻ			ሻߨ

an                                                 ܽ௫ ൌ െܽ cos߱ݐ.																														ሺ4.26ሻ 

4.4 

kvleviTi samuSao-1. maTematika fizikis marjvena xelia!  

amocana 1. gansazRvreT Sesabamisoba: romel trigonometriul funqciebs Se-

esabameba Semdegi grafikebi: 

a) ݔ ൌ ݔ cos߱ݐ  b) ݂ሺݐሻ ൌ െ cos ሻݐg) ݂ሺ  ݐ2 ൌ െ3 sin߱ݐ  d) ݔ ൌ 10 sin߱ݐ e) ݂ሺݐሻ ൌ 3 cos߱ݐ 
imsjeleT Sedegebze: 

• romel grafikze xdeba cvlileba sinusis kanoniT, romelze _ kosinusis 

kanoniT? ratom? 

t,с t,с

1 2 3

t,с 
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rogorc vxedavT, aCqarebis sididis cvlileba harmoniuli kanoniT 

siCqaris cvlilebas గଶ faziT aswrebs, xolo wanacvlebis cvlilebas π 
faziT (ix. nax. a). aCqarebis maqsimaluri (amplituduri) mniSvneloba 

damokidebulia rxevis amplitudaze, sixSiresa da periodze: ܽ ൌ ߱ଶܣ ൌ ܣଶଶߨ4 ൌ ଶܶଶߨ4  ሺ4.27ሻ							.ܣ

 
 

 
 

ra SeityveT? moiyvaneT CamoTvlili cnebebis mokle ganmartebebi: `maTematikuri 

qanqara~, `maTematikuri qanqaris rxevis periodi~, `maTematikuri qanqaris rxevis 

sixSire~. 

 
 
 

࢞ࢇ ൌ െࢇ  ࢚࣓ܛܗ܋
࢞ ൌ െ ࢞ ࢚࣓ܖܑܛ ൌ ࢞  ࢚࣓ܛܗ܋

(a) 

;࢞;࢞  ࢞ࢇ

(b) 

ris amplitudis mniSvneloba, sixSire da periodi?

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: 

ufro xSirad praqtikaSi harmoniuli rxevis grafikebi gamoiyeneba samedicino 

diagnostikaSi, radioeleqtronikaSi, sawarmoebSi, sadac zust xelsawyoebs 

amzadeben da sxv. 

• rogor da ra mizniT iyeneben harmoniuli rxevis grafikebs? pasuxis gasacemad 

SegiZliaT eleqtronuli resursebis gamoyeneba. 

SeafaseT Tqvni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kargad da ra darCa 

TqvenTvis nawilobriv gaurkveveli?  

2. razea damokidebuli harmoniuli rxevis siCqaris amplitudis mniSvneloba? 

3. rogor aris harmoniuli rxevis aCqarebis amplituda damokidebuli droze? 

4. ris tolia Sesabamisad ݔ,௫, ܽ௫  harmoniuli rxevis dros drois ݐ ൌ ଶ் momentSi, 

Tu φ0 = 0 (ix. a)? 

kvleviTi samuSao-2. gamoyeneba 

SeiswavleT grafiki 

amocana 2. naxatze warmodgenilia harmoni-

uli rxevis siCqaris cvlilebis grafiki (b). 

gansazRvreT: a) rxevis siCqaris amplituda; b) 

rxevis sixSire; g) rxevis periodi. 

imsjeleT Sedegebze: 

axseniT, rogor gansazRvreT rxevis siCqa-

,m/wm

,ݐ с 
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 energiis gardaqmna harmoniuli rxevebis dros 
(gakveTili-prezentacia) 

moamzadeT eleqtronuli prezentacia energiis gardaqmnis Sesaxeb ha-

rmoniuli rxevebis dros. prezentaciis momzadebisas yuradRebiT Sei-

swavleT cxrili 4.4 da gaecaniT informacias qveTavidan `Teori-uli 

masala~. 

cxrili  4.4 

 
Teoriuli masala. Caketil sistemaSi Tavisufali harmoniuli rxeve-

bis kinetikuri da potenciuri energiebi periodulad urTierTgar-

daiqmneba. 

4.5 

energiis gardaqmna zambarian 

qanqaraSi 

energiis gardaqmna 

maTematikur qanqaraSi 

sistemaSi mimdinare procesebi 

sawyis t = 0 momentSi qanqara 

wonasworobis mdgomareobidan x = A 
manZiliTaa gadaxriliT da uZravia 

(vx = 0). am momentSi sistemas mxolod 

potenciuri energia aqvs da misi 

sruli meqanikuri energia am 

maqsimaluri potenciuri energiis 

tolia. 

qanqara moZraobas iwyebs marcxniv, wonaswo-

robis mdgomareobisken. drois ݐ ൌ ଵସ் mo-

mentSi qanqara wonasworobis mdgomareobaSi 

gaivlis, sadac misi wanacvleba 0-is tolia, 

xolo siCqare maqsimaluria. am dros qanqaris 

poten-ciuri energia 0-is toli gaxdeba, xolo 

kinetikuri energia _ maqsimaluri. ami-tom 

sistemis sruli meqanikuri energia qan-qaris 

maqsimaluri kinetikuri energiis tolia.  

ݐ  ൌ ଵଶ் momentSi qanqara ukidures marcxena 

mdgomareobaSia (x = _A) da misi siCqare 

nulis tolia. am dros potenciuri 

energia maqsimaluria, xolo kinetikuri _ 

0-is toli. amitom sistemis sruli 

meqanikuri energia qanqaris maqsimaluri 

potenciuri energiis tolia. 

 

 
qanqara moZraobas gaagrZelebs marjvniv, 

wonasworobis mdgomareobisken. drois ݐ ൌ ଷସ் momentSi qanqara wonasworobis 

mdgomareobaSi gaivlis, sadac misi 

wanacvleba 0-is tolia, xolo siCqare 

maqsimaluria. qanqaris potenciuri 

energia 0-is tolia, xolo kinetikuri 

energia maqsimaluria. amitom sistemis 

sruli meqanikuri energia qanqaris 

maqsimaluri kinetikuri energiis tolia. 

moZraobis dawyebidan rxevis periodis 

toli drois Semdeg, anu t = T momentSi, 

qanqara rxevis sawyis mdgomareobas 

ubrundeba (x = A, vx = 0). misi kinetikuri 

energia 0-is tolia, sruli meqanikuri 

energia _ maqsimaluri potenciuri 

energiis toli. 
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cxril 4.4-Si mocemulia energiebis urTierTgardaqmnis Sedareba 

zambarian da maTematikur qanqarebSi. rogorc cxrilidan Cans, dab-

runebis wertilSi (x = A) rxeviTi sistemis potenciur energias maqsi-

maluri mniSvneloba aqvs: ܧპ.		მაქს ൌ ଶ2ܣ݇ .														ሺ4.28ሻ 
Tu qanqara wonasworobis mdgomareobaSia, potenciuri energia mini-

maluria: 

Ep min = 0. 
kinetikuri energia, piriqiT, dabrunebis wertilSi minimalu-ria (Ek.min = 0), 

xolo wonasworobis mdgoma-reobaSi _ maqsimalu-ri: ܧკ.		მაქს ൌ ݉ଶ2 .										ሺ4.29ሻ 
naxatze mocemulia harmoniuli rxevis 

kinetikuri da potenciuri energiebis 

wanacvlebaze (koordinatze) 

damokidebulebis grafikebi (a). 

 Caketili rxeviTi sistemis sruli meqa-

nikuri energia drois nebismier t momen-

tSi erTi da igivea (mudmivia) (xaxuns ar 

viTvaliswinebT): 

a) zambariani qanqarisTvis: ܧსრ ൌ კܧ  პܧ ൌ ݉ଶ2  ଶ2ݔ݇ ; 
b) maTematikuri qanqarisTvis: ܧსრ ൌ კܧ  პܧ ൌ ݉ଶ2  ݉g݄. 
Tu gaviTvaliswinebT, rom am 

formulebSi Semavali wanacvleba (ko-

ordinati) da siCqare harmoniuli kanoniT 

icvleba, gasagebi gaxdeba, rom harmoniuli rxevis dros energiebic 

harmoniuli kanoniT icvleba (b): 

ganvixiloT zambariani qanqaris rxeva.  ܧპ ൌ ଶ2ݔ݇ ൌ ଶ2ܣ݇ ݐଶሺ߱ݏܿ  ߮ሻ,																																																													ሺ4.30ሻ ܧკ ൌ ݉ଶ2 ൌ ݉߱ଶܣଶ2 ݐଶሺ߱݊݅ݏ  ߮ሻ ൌ ଶ2ܣ݇ ݐଶሺ߱݊݅ݏ  ߮ሻ.												ሺ4.31ሻ 
simartivisTvis davuSvaT, rom sawyisi faza φ0 = 0 da grafikulad wa-

movidginoT kinetikuri da potenciuri energiebi, romlebic harmo-

niuli kanoniT icvleba (g). 

rogorc zemoT aRvniSneT, sistemis sruli meqanikuri energia har-

moniuli kanoniT ar icvleba: ܧსრ ൌ ݉ଶ2  ଶ2ݔ݇ ൌ ଶ2ܣ݇ ݐଶሺ߱ݏܿ  ߮ሻ  ଶ2ܣ݇ ݐଶሺ߱݊݅ݏ  ߮ሻ ൌ ଶ2ܣ݇ .		ሺ4.32ሻ 
• harmoniuli rxevis sruli meqanikuri energia rxevis amplitudis 

kvadratis pirdapirproporciulia. 

(b) 

ଵସ ܶ ଵଶ ܶ     ଷସ ܶ    ܶ 

ଵସ ܶ ଵଶ ܶ     ଷସ ܶ    ܶ 

(b) 

КࡱРࡱ
ܧ  ܧ ൌ  ்ܧ

ܧ

െܣ ሺݔሻ ሻ Oݔሺ	ܣ  ݔ
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Tu rxeviT sistemaSi xaxunis Zala arsebobs, misi sruli energia 

mudmivi ar aris. energia mcirdeba xaxunis Zalis dasaZlevad Sesru-

lebuli muSaobis toli sididiT. amis gamo rxevebi miileva: ΔEsr = Axax. 

 
prezentaciis momzadebis gegmis nimuSi 

I slaidi: 

 
• prezentaciis Tema 

• moamzada 

II-IV slaidebi: • energiis gardaqmna zambarian qanqaraSi 

V-VII slaidebi: • energiis gardaqmna maTematikur qanqaraSi 

VIII slaidi: 
• potenciuri energiis cvlilebis aRwera harmoniuli rxevis 

formulisa da grafikis gamoyenebiT 

IX slaidi: 
• kinetikuri energiis cvlilebis aRwera harmoniuli rxevis 

formulisa da grafikis gamoyenebiT 

X slaidi: 
• Caketili sistemaSi midinare harmoniuli rxevis sruli 

meqanikuri energiis mudmivobis sakiTxi 
 

 iZulebiTi rxevebi. rezonansi 
 

albaT, gsmeniaT ori uCveulo istoriuli movlenis Sesaxeb: 

_ 1905 weli, qalaqi sanqt-peterburgi (ruseTi), xidi, romelic egvipturi xidis 

saxeliT aris cnobili. xidis sigrZe 55 m-ia da misi konstruqcia jaWvebiT aris 

dakidebuli. xidze kavaleriis eskadronis gavlis dros xidis erTi nawili Cawyda 

da mdinare fontankis yinulze daeca (a).  

_ 1940 weli. takoma-herouzis 

sruteze (aSS) gadasasvleli da-

kidebuli xidi `takoma~, romlis 

sigrZe 1810 m-ia. erT qarian 

dRes xidi Cawyda (b). 

• ra aris saerTo momxdar movle-

nebSi. aris Tu ara es rxeviTi moZ-

raobasTan dakavSirebuli? 
 

 
harmoniuli kanoniT cvladi gare Zalis moqmedebiT (magaliTad,  

F = Fmaqs cost) rxeviT sistemaSi iZulebiTi rxevebi aRiZvreba. 

4.6 

kvleviTi samuSao-1. romeli qanqara irxeva ufro didi amplitudiT? 

samuSaosTvis saWiroa: Stativi momWeriT (2 cali) an erT 

sadgamze damagrebuli ori vertikaluri sayrdeni, msxvili Zafi, 

sxvadasxva sigrZis Zafiani qanqarebi (erT maTganze burTulis 

masa metia, vidre danarCen qanqarebze).  

samuSaos msvleloba: 1. sayrdenebze daamagreT krgad gaWimuli 

msxvili Zafi, masze dakideT qanqarebi, rogorc naxatzea 

naCvenebi (g). 2. rxevebi ganapira (1-l an me-7) qanqaraSi aRZariT. 

daakvirdiT, romeli qanqara irxeva iseTive amplitudiTa da 

sixSiriT, rogoriTac me-4 mZimeburTuliani qanqara?  

imsjeleT Sedegebze:  

• romeli qanqarebi asruleben Tavisufal rxevebs, romeli _ iZulebiTs? ratom? 

• romeli qanqara irxeva imave sixSiriT, rogoriTac me-4 qanqara? ratom? 

• romeli qanqaris rxevis amplitudaa gacilebiT didi? ratom? 

(g)

1 

2 

3 

4 

5 
6 

7 

(b)(a)
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• iZulebiTi rxevis sixSire yovelTvis maiZulebeli Zalis moqmedebis 

sixSires emTxveva _ ra sixSiriTac gare Zala moqmedebs, imave sixSiris 

rxevebi aRiZvreba sistemaSi. 

• iZulebiTi rxevis amplituda damoki-

debulia maiZulebeli Zalis moqmedebis 

sixSireze. rodesac maiZulebeli Zalis moq-

medebis sixSire sistemis sakuTar sixSires 

uaxlovdeba, iZulebiTi rxevis amplituda 

izrdeba (d). rodesac es ori sixSire erT-

maneTs gautoldeba (ω = ω0) xdeba movlena, 

romelsac rezonansi ewodeba: 

• rezonansi aris iZulebiTi rxevis amplitudis mkveTri zrda. 

rezonansuli mrudis forma damokidebulia sistemaSi moqmedi xaxu-

nis Zalis sidideze. mcire xaxunis dros rezonansuli mrudi ufro 

maRalia (1 mrudi), Tu sistemaSi moqmedi xaxunis Zalebi mniSvne-lovania, 

piriqiT, rezonansuli mrudi dabalia (me-3 mrudi). 

 

 
 

rxevis amplitudis ciklur sixSireze damikidebulebis formulidan 

(4.33) Cans, rom rezonansis dros, rodesac ω = ω0, rxevis amplituda 

usasrulod izrdeba:  ܣ ൌ ฬ ி൫ఠమିఠబమ൯ฬ ൌ ி 	→ ∞. 
rezonansis movlena rxeviTi sistemis iZulebiTi rxevis dros did 

damangrevel Zalas qmnis, romelic SeiZleba katastrofis mizezi gax-

des. magaliTad, Tu perioduli Zalis sixSire, romliTac marSis dros 

samxedro nawili moqmedebs xidze, xidis Tavisufali (anu sakuTari) 

rxevis sixSires daemTxveva, xidSi aRZruli iZulebiTi rxevebis ampli-

tuda mkveTrad gaizrdeba, ramac SeiZleba misi ngreva gamoiwvios. ami-

tom xidze gadasvlis dros jariskacebs aZleven brZanebas, mwyobri 

nabijiT ar imoZraon. 

davakvirdeT horizontaluri zambariani 

qanqaris rxevas da gavarkvioT misi moZraobis 

Teoriuli safuZveli: davuSvaT, m masis bur-

Tula iZulebiT rxevas asrulebs gare Zalis 

moqmedebiT, romelic F = Fmaqs cosωt kanoniT 

icvleba (e). 

niutonis meore kanonis gaTvaliswinebiT, qan-

qaris iZulebiTi rxevis gantolebas aseTi sa-

xe eqneba:   m ax = _kx + Fmaqs cosωt 

(e)

Tu am gantolebaSi gaviTvaliswinebT, rom burTulis wanacvleba (burTulis ko-

ordinati) da siCqare icvleba perioduli kanoniT ݔ ൌ da ܽ௫  ݐ߱ݏܿܣ ൌ െ߱ଶݐ߱ݏܿܣ, 
miviRebT:  _mω2Acosωt = _kAcosωt + Fmaqs cosωt an  _mω2A= _kA +Fmaqs. 

imis gaTvaliswinebiT, rom ݇ ൌ ݉߱ଶ	,    Tu:			െ݉߱ଶܣ ൌ െ݉߱ଶܣ  ܣ	 an			ܨ ൌ ቤ ݉ሺ߱ଶܨ െ ߱ଶሻቤ.																ሺ4.33ሻ 
aq ω0 sistemis Tavisufali rxevis cikluri sixSirea, ω _ iZulebiTi rxevis cik-

luri sixSire, A _ iZulebiTi rxevis amplituda. 

(d) 

ܣ ൌ ݉߱ܨ

1 

2 

3 
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ra SeityveT? CamoayalibeT dasaxelebuli cnebebis mokle ganmartebebi: `iZule-

biTi rxevebi~, `iZulebiTi rxevebis amplituda~, `razonansi~. 

 
 
 

 rxevebis gavrceleba drekad garemoSi:  
meqanikuri talRa 

 
 

 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: rogorc iciT, avtomobilis Zravas 

cilindrSi dguSis moZraoba rxeviTi moZraobaa. rxeviTi moZraobis romel saxes 

miekuTvneba cilindrSi dguSis moZraoba: Tavisufals Tu iZulebiTs? ratom? 

SeafaseT Tqveni codna: 1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kar-

gad da ra darCa nawilobriv gaugebari? 2. ra iyo sanqt-peterburgis egvipturi 

xidis ngrevis mizezi? 3. ra mizeziT daingra xidi `takoma~ aSS-Si? 4. razea da-

mokidebuli iZulebiTi rxevis amplituda? 5. romeli pirobis Sesrulebis dros 

aRiZvreba rezonansi? 6. romeli faqtori ganapirobebs rezonansuli mrudis 

simaRlis zrdas? 

kvleviTi samuSao-2. gamoyeneba

SeviswavloT rezonansuli mrudi 

amocana. mocemuli rezonansuli mrudis mixedviT

gansazRvreT rxeviTi sistemis rxevis sakuTari

sixSire (v). 

imsjeleT Sedegebze: 1. ramdeni hercia sistemis saku-

Tari rxevis sixSire? 2. rogor gansazRvreT sistemis

sakuTari rxevis sixSire? 3. ris tolia sistemis iZu-

lebiTi rxevis rezonansuli amplituda? 

(v) А, sm

v, hc

4.7 

rogorc iciT, miwisZvris dros dedamiwis wi-

aRSi aRZruli P-tipis grZivi talRebis gavr-

celebis siCqare metia dedamiwis zedapirze 

aRZruli L-tipis ganivi talRebis gavrce-

lebis siCqareze. am siCqareebs Soris sxvaobis 

safuZvelze mecnieri-seismologebi sazRvra-

ven manZils dakvirvebis adgilidan miwisZvris 

epicentramde (ix. fizika 7, gv. 143). 

• ra aris talRa da aucilebelia Tu 

ara talRis gavrcelebisTvis 

myari garemo? 

• ris gadatana xdeba talRiT: 

nivTierebis Tu energiis? 

• razea damokidebuli talRis 

gavrcelebis siCqare? 

kvleviTi samuSao-1. ra xdeba rxeviT sistemebSi?

samuSaosTvis saWiroa: zambarebiT dakavSirebuli burTulebis sistema, romelic 

drekadi garemos models warmoadgens, mobiluri telefoni. 

samuSaos msvleloba: 

1. modeli moaTavseT magidis zedapirze. aRZariT sistemaSi rxeviTi moZraoba 

ukiduresi marcxena burTulis wanacvlebiT wonasworobis mdgomareobis erT da 

meore mxares, burTulebis jaWvis perpendikularularuli mimarTulebiT (a). 

2. mobiluri telefoniT axlo manZilidan gadaiReT burTulebis rxevebis 

warmoqmnili suraTis zedxedis foto (b). 

3. SewyviteT rxevebi. sistema sawyis mdgomareobaSi moiyvaneT da ukiduresi 

marcxena burTulis wanacvlebiT win da ukan burTulebis jaWvis gaswvriv (g) 

sistemaSi rxeviTi moZraoba aRZariT. am SemTxvevaSi gadaiReT warmoqmnili 

rxeviTi moZraobis suraTis gverdxedis (magidis zedapiris gaswvriv) foto. 

4. fotoebi printerze amobeWdeT da samuSao rveulSi CaawebeT. gaarkvieT, ra 

msgavseba da ra gansxvavebaa zambarebiT dakavSirebuli burTulebis sistemaSi 

aRZruli rxevebis gamosaxulebebs Soris. 
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talRa. meqanikuri rxevebi sxvadasxva Caketil rxeviT sistemebSia 

Seswavlili, magaliTad, zambarian da maTematikur qanqarebSi. magram 

bunebaSi ufro xSirad drekad garemoSi aRZruli rxevebi gvxvdeba. 

drekad garemoSi rxevebi garemos erTi nawilisgan meores gadaecema. 

magaliTad, uZravi wylis zedapirze qvis dacemis dros warmoiqmneba 

wylis koncentrirebuli wreebi, romlebic qvis dacemis wertilidan 

yvela mimarTulebiT vrceldeba. STabeWdileba iqmneba, rom wyali siv-

rceSi Cazneqilobebisa da amozneqilobebis saSualebiT gadaadgildeba. 

magram, Tu qvis dacemis adgilis axlos tivtivas an tenisis burTs 

movaTavsebT, davinaxavT, rom isini mxolod erT adgilze asruleben 

rxeviT moZraobas zeviT-qveviT. amgvarad, garkveul adgilze aRZruli 

wylis nawilakebis rxeviTi moZraoba wylis mezobel nawilakebs 

gadaecema, iwvevs maT rxevas da wyalSi (wylis nawilakebisgan Sedgenil 

garemoSi) yvela mimarTulebiT rxeviTi moZraoba vrceldeba. rxeviTi 

moZraobis gavrcelebis dros, rasac talRa ewodeba, wylis gadatana ar 

xdeba, gadaadgildeba mxolod wylis forma.  

• talRa aris sivrceSi rxevis gavrcelebis procesi, romelic drois 

ganmavlobaSi xdeba. 

talRis gavrcelebis dros garemoSi Semdegi movlenebi xdeba: a) ga-

remos nawilakebis rxeviTi moZraoba _ garemos nawilakebi asruleben 

mxolod rxeviT moZraobas sakuTari wonasworobis mdgomareobis 

mimarT da talRiT nivTierebis gadatana ar xdeba;.  
b) garemos nawilakebis mezobel nawilakebTan urTierTqmedeba _ nawi-

lakebs Soris urTierTqmedebis Sedegad xdeba garemoSi energiis gadatana. 

zemoTqmulidan gamomdinare, talRa SeiZleba Semdegnairad ganvmartoT: 

• talRa aris energiis gadatanis procesi nivTierebis gadatanis gareSe. 

meqanikuri talRa. bunebaSi yvelaze xSirad meqanikuri talRebi 

gvxvdeba. 

• meqanikuri talRa aris garemoSi meqanikuri rxevebis gavrcelebis 

procesi. vakuumSi meqanikuri talRa ar vrceldeba. meqanikuri tal-

Rebi mxolod drekad garemoSi (myar sxeulebSi, siTxeebsa da airebSi) 

vrceldeba. 

meqanikur talRebs, romlebic drekad garemoSi vrceldeba, drekadi 

talRebi ewodeba. 

(b)(a) (g)

imsjeleT Sedegebze:

• ra msgavsebaa da riT gansxvavdeba erTsa da imave sistemaSi aRZruli ori 

sxvadasxva rxevis gamosaxulebebi? 

• ras SeiZleba SevadaroT es gamosaxulebebi? 
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• drekadi talRa aris drekad garemoSi meqanikuri energiis gadacemis 

procesi. am procesis sixSire talRis gamomwvevi wyaros rxe-vis 

sixSiris Sesabamisia. dre-kadi garemos gareT drekadi talRa ar 

vrceldeba. arsebobs ori saxis drekadi talRa: ganivi da grZivi. 

• ganivi talRa aris talRa, ro-melic garemos nawilakebis rxeviTi 

moZraobis perpendikularuli 

mimarTulebiT vrceldeba. Ganivi 

talRebi SeiZleba gavrceldes 

mxolod myar sxeulebSi an 

siTxeebis zedapirze. ganivi 

talRebi garemoSi vrceldeba 

garemos amozneqili da Cazeneqili 

ubnebis monacvleobis saxiT (d). 

• grZivi talRa aris talRa, 

romelic garemos nawilakebis rxeviTi moZraobis mimarTulebiT 

vrceldeba. grZiv talRebs yvela garemoSi (myar sxeulebSi, siTxeebsa 

da airebSi) SeuZlia gavrceleba. grZivi talRebi garemoSi vrceldeba 

garemos SekumSuli da gafarToebuli ubnebis (zonebis) monacvleobis 

saxiT. magaliTad, gaatareT Zafi grZel zambaraSi. sayrdenebze 

horizontalurad daamagreT Zafis orive da zambaris erTi bolo. Tu 

zambaris Tavisufal bolos Zafis gaswvriv marjvniv-marcxniv 

aamoZravebT, dainaxavT zambaris rgolebis SemWidroebuli da 

gafarToebuli ubnebis monacvleobas (e). 

talRis maxasiaTebeli sidideebi. garemos garkveul wertilSi aRZruli 

rxeva garemoSi myisierad ar vrceldeba. rxevis gavrcelebas garkveuli 

sasruli siCqare aqvs, romelsac talRis siCqare gansazRvravs. 

• talRis siCqare aris garemoSi talRis gavrcelebis siCqare. 

radgan erTgvarovan garemoSi talRa mudmivi siCqariT (Tanabrad) 

vrceldeba, talRis siCqare iqneba: 

 ൌ ݐ݈ .											ሺ4.34ሻ 
sadac l manZilia, romelzec gavrcelda talRa drois t SualedSi: ݈ ൌ  ∙  ݐ
talRis sxva maxasiaTeblebia sixSire, periodi da talRis sigrZe. 

• talRis sixSire (periodi) aris talRis gamomwvevi wyaros rxevis 

sixSire (periodi). 

• talRis sigrZe aris manZili (l = λ), romelzec gavrceldeba talRa 

rxevis erTi periodis toli drois ganmavlobaSi (t = T). 

am ganmartebis gaTvaliswinebiT (4.34) formulidan miviRebT talRis 

gavrcelebis siCqaris formulas: 

 ൌ ் ,													ሺ4.35ሻ												an       ൌ  ∙ .											ሺ4.36ሻ 
sadac λ (lambda) talRis sigrZea da misi sazomi erTeuli SI sistemaSi aris 

metri. bolo ori formulidan SegviZlia gavsazRvroT talRis sigrZe: 

 ൌ  ∙ ܶ; 								 ൌ 

	.										ሺ4.37ሻ 

talRis siCqare ar aris damokidebuli mis sixSiresa da periodze. 

talRis siCqare damokidebulia garemos Tvisebebsa da agregatul 

mdgomareobaze. talRis sigrZe erTgvarovan garemoSi (sadac talRis 

(d) 

(e)  
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siCqare v = const) rxevis periodis pirdapirproporciulia da rxevis 

sixSiris ukuproporciuli. 

erTi garemodan meoreSi gadasvlis dros talRis sixSire da periodi 

ar icvleba, magram, radgan sxvadasxva garemoSi talRis gavrcelebis 

siCqare gansxvavebulia, icvleba talRis sigrZe. 

• talRis sigrZe aris manZili talRis or uaxloes wertils Soris, 

romlebic erTnairi faziT irxeva. ganivi talRis sigrZe ori mezobeli 

amozneqili an Cazneqili ubnis mwvervalebs Soris manZilis tolia (ix. d), 

xolo grZivi talRis sigrZe SekumSul an gafarToebul or mezobel ubans 

(zonas) Soris manZilis tolia (ix. e). 

 

talRis gantoleba.

davuSvaT, talRis warmomqmneli wyaro irxeva harmoniuli kanoniT ݔ ൌ   .ݐ߱ݏܿܣ
Tu rxeviTi moZraoba talRis wyaros garemomcvel garemoSi raime ሬሬԦ		siCqariT 

vrceldeba, es niSnavs rom wrmoiqmna talRa. Sedegad drois garkveuli τ (tau) 

Sualedis Semdeg talRa miaRwevs wertils, romelic talRis wyarodan l 
manZiliTaa daSorebuli: ߬ ൌ

݈
. 

es niSnavs, rom talRa, romelSic rxeva imave kanoniT sruldeba, rogoriTac 

talRis warmomqmnel wyaroSi, l manZiliT daSorebul wertils ߬ wamis dagviane-

biT miaRwevs. amitom talRis wyarodan nebismieri l manZiliT daSorebul 

wertilSi misuli talRis gantoleba SegviZlia Semdegnairad CavweroT: ݔ ൌ ݐሺ߱ݏܿܣ െ ߬ሻ ൌ ߱ݏܿܣ ൬ݐ െ
݈
൰ ൌ ݏܿܣ ߨ2ܶ ൬ݐ െ

݈
൰. ሺ4.38ሻ 

talRis grafiki da harmoniuli rxevis grafikebi formiT msgavsia, magram erTi 

da igive ar aris. Tu harmoniuli rxevis grafiki merxevi sxeulis erT-erTi 

maxasiaTeblis, magaliTad wanacvlebis (koordinatis), droze damokidebulebas 

gviCvenebs (v), talRis grafiki aris garemos wertilebis ganlageba sivrceSi 

drois mocemul momentSi, anu gviCvenebs garemoSi warmoqmnili talRis formis 

harmoniulobas (z). 

 

 

 

kvleviTi samuSao-2. amoxseniT grafikuli amocana

amocana. talRis grafikis mixedviT gansazRvreT misi periodi da sixSire (T). 

talRis gavrcelebis siCqare 12 m/wm-ia. 

2 6 10 14 l,მ 

x,მ

-0,25

0,25

(T) 
imsjeleT Sedegebze: 

1. rogoria talRis sigrZe? 

2. romeli formuliT 

gansazRvreT talRis sixSire 

(an periodi)? 

 ݐ
 

 ݔ ܶ

(v) _ rxevis koordinatis 

perioduli cvlileba droSi 

݈ 
 

 
 ݔ

(z) _ talRis koordinatis 

perioduli cvlileba sivrceSi 
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ra SeityveT? samuSao rveulSi CawereT dasaxelebuli cnebebis ganmartebebi: 

`talRa~, `meqanikuri talRa~, `drekadi garemo~, `drekadi talRa~, `ganivi talRa~, 

`grZivi talRa~, `talRis siCqare~, `talRis sixSire~, `talRis rxevis periodi~, 

`talRis sigrZe~, `talRis grafiki~. 

 
 
 
4.1. qanqara 10 wm-is ganmavlobaSi 80 A-s tol manZils gadis. gansazRvreT 

qanqaris rxevis periodi (A rxevis amplitudaa). 

4.2. ramdeni amplitudis tol manZils gaivlis 10 wm-is ganmavlobaSi qanqara, 

romlis rxevis sixSire 0,5 hercia? 

4.3. merxevi sistema 1 wT-Si 90 rxevas asrulebs. ris tolia am sistemis rxevis 

periodi, sixSire da cikluri sixSire (ߨ ൌ 3)?  
4.4. ramden rxevas Seasrulebs 20 wm-is ganmavlobaSi qanqara, romlis rxevis 

periodi 0,2 wm-ia? ris tolia am qanqaris rxevis sixSire da cikluri sixSire 

ߨ) ൌ 3)?  
4.5. zambariani qanqara, romlis rxevis amplituda 0,2 m-ia, harmoniul rxevebs 2 

hc sixSiriT asrulebs. dawereT qanqaris harmoniuli rxevis gantoleba. 

4.6. zambariani qanqara, romlis rxevis amplituda 0,2 m-ia, harmoniul rxevebs 

sinusis kanoniT asrulebs, 2 hc sixSiriT. gansazRvreT zambaris dre-kadoba 

ߨ) ൌ 3;	߮ ൌ 0).  
4.7. zambaraze damagrebuli 100 g masis tvirTi horizontalri RerZis gaswvriv 

xaxunis gareSe 2 hc sixSiriT irxeva. gansazRvreT zambaris sixiste (ߨ ൌ 3). 
4.8. 16 n/m sixistis zambaraze damagrebuli 250 g masis tvirTi horizontalur 

sibrtyeSi irxeva xaxunis gareSe. gansazRvreT zambaris rxevis periodi (ߨ ൌ3).  
4.9.  gansazRvreT maTematikuri qanqaris sigrZe, Tu misi rxevis periodi 1 wm-is 

tolia (g = 9,8 m/wm2). 

4.10. maTematikuri qanqaris rxevis amplituda 5 sm-ia. qanqara 1 wT-Si 150 srul 

rxevas asrulebs. romeli kanoniT icvleba qanqaris koordinata, Tu 

rxevis sawyisi faza 450-is tolia (ߨ ൌ 3).  

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: dakvirvebebiT daadgines, 

rom safrangeTis sanapiroze atlantis okeanis erTi talRis mier (ga)motanili 

energia 75 milioni kilovatis ekvivalenturia. 

• SesaZlebelia Tu ara im energiis gamoyeneba, romelic okeanis talRebs 

gadaaqvT? Tu SesaZlebelia, rogor? 

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kargad da ra darCa 

TqvenTvis nawilobriv gaurkveveli?  

2. riT gansxvavdeba rxeviTi moZraobis grafiki talRis grafikisgan? 

3. ratom vrceldeba meqanikuri talRa garemoSi da ar vrceldeba vakuumSi? 

4. ra msgavseba da ra gansxvavebaa ganiv da grZiv talRebs Soris? 

5. ratom warmoiqmneba rxeviTi moZraobis fazebs Soris sxvaoba meqanikuri 

talRis sxvadasxva ewrtilSi? 

6. navi irxeva talRaze, romelic 4 m/wm siCqariT vrceldeba. talRis rxevis 

periodia 3,2 wm. ris tolia talRis sigrZe, romelzec navi irxeva? 

a
m

o
c

a
n

e
b

i
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V
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a
v

i
s

a
T

v
i

s
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4.11. rxeviTi sistemis koordinati ݔ ൌ -kanoniT icvleba. gansaz ݐߨ4ݏ4,5ܿ

RvreT rxevis amplituda da sixSire. 

4.12. ris tolia qanqaris rxevis faza 1,5 wm-is Semdeg, Tu rxevis periodi 4 

wm-ia (߮ ൌ 0)?  
4.13. naxatze mocemulia wanacvlebis 

droze damokidebulebis grafiki 

materialuri wertilisTvis, ro-

melic harmoniul rxevas asru-

lebs. gansazRvreT am qanqaris 

siCqaris amplituduri mniSvne-

loba (=3).    

4.14. naxatze mocemulia wanacvlebis 

droze damokidebulebis grafiki 

materialuri wertilisTvis, ro-

melic harmoniul rxevas asru-

lebs. gansazRvreT am qanqaris 

aCqarebis amplituduri mniSvne-

loba (ߨ ൌ 3).   

4.15. naxatze mocemulia siCqaris dr-

oze damokidebulebis grafiki 

materialuri wertilisTvis, ro-

melic harmoniul rxevas asru-

lebs. gansazRvreT am qanqaris 

aCqarebis amplituduri mniSvne-

loba (ߨ ൌ 3).  
 

 

4.16. naxatze mocemulia siCqaris 

droze damokidebulebis gra-

fiki materialuri wertilisT-

vis, ro-melic harmoniul rxe-

vas asru-lebs. gansazRvreT am 

qanqaris wanacvlebis (koordi-

natis) am-plituduri mniSvnel-

oba (ߨ ൌ 3).  
 

 

4.17. mocemuli grafikis mixedviT 

gansazRvreT talRis sigrZe, 

periodi da sixSire. talRis 

gavrcelebis siCqare 240 m/wm-ia. 

 

 

4.18. gamoTvaleT talRis sigrZe, Tu misi gavrcelebis siCqare 550 m/wm-ia, 

xolo rxevis periodi _ 0,02 wm. 

4.19. zRvis napirze 30 wm-is ganmavlobaSi 15 talRa gamodis. talRis gavrce-

lebis siCqare 4 m/wm-ia. gansazRvreT talRis sigrZe. 

4.20. sistemaSi rxeva x = 7 cos 4π t kanoniT mimdinareobs. ra sixSiriT unda 

imoq-medos maiZulebelma Zalam, rom sistemaSi rezonansi aRiZras? 

t, wm 2   4     6        8   10 

х, sm
25

-25

t, wm 12        14   

х,sm

12

-12

t, wm 2 6 10 14
-16

16
,ݒ მწმ 

t,wm 3 9 15 21
-8

8
,ݒ მ

წმ
 

3 9 15 21 18 l,m 

x,m

-8

8
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am Tavis Seswavlis Semdeg Tqven SeZlebT:

• ganasxvaoT cnebebi `sivrce~, `dro~ da `moZraoba~ 

klasikuri da relativisturi meqanikis TvalsazrisiT; 

• axsnaT fardobiTobis specialuri Teoriis mecnieruli 

Sinaarsi; 

• axsnaT fundamenturi kavSiris arseboba masasa da ener-gias 

Soris; 

• axsnaT drois, sigrZis, energiisa da impulsis fardo-

biToba, masis invariantuloba, sinaTlis siCqaris mudmi-

voba da sasruloba vakuumSi aTvlis yvela sistemaSi; 

• amoxsnaT fardobiTobis specialuri Teoriis amocanebi. 

relativisturi  
meqanika 
 
 
am Tavis Seswavlis Semdeg  

Tqven SeZlebT: 
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fardobiTobis 
specialuri 

Teoria 

I p
o
s
t
u
l

a
t
i
 

aTvlis yvela inerciul 

sistemaSi vakuumSi 

sinaTlis siCqare 

mudmivia 

aTvlis yvela inerciul 

sistemaSi bunebis yvela 

kanons erTnairi saxe 

aqvs 

g. galilei: 

`fardobiTobis 

klasikuri Teoria~ 

j. maqsveli: 

`eleqtromagnituri 

velis Teoria~ 

II 
p
o
s
t
u
l

a
t
i
 

dasabuTebulia

fardobiTobis zogadi 
Teoria 

eqvivalenturobis susti principi: 

inerciuli masa gravitaciuli masis 

tolia 

dasabuTebulia

ekvivalenturobis Zlieri principi: 

fizikis yvela kanoni gravitaciis 

kanonebis msgavsi formiT sruldeba 

II principi 

gamomdinareobs

sinaTlis wrfivi gavrcelebis 

kanonis darRveva da sinaTlis 

sxivis gamrudeba mzis 

gravitaciuli velis 

m qm b

drois Seneleba 

gravitaciul velSi _ 

gravitaciuli `wiTeli~ 

wanacvlebis warmoqmna 

gravitaciuli talRebis gamo-

sxiveba binaruli (ormagi) var-

skvlavebis sistemebis Sejaxebis 

Sedegad, samyaros gafarToeba 

da sxv.

relativisturi 

TvalsazrisiT energia 

fardobiTia 

relativisturi 

TvalsazrisiT sigrZe 

fardobiTia 

்ܧ ൌ ݉ܿଶට1 െ మమ
 

݈ ൌ ݈ඨ1 െ ଶܿଶ  

Ԧ ൌ ݉ሬሬԦට1 െ మమ
 

relativisturi 

TvalsazrisiT dro 

formula 

ܧ ൌ ݉ܿଶ 

masa invariantulia 

dakavSirebulia energiasTan 

௫ ൌ   1  మ  

siCqareTa Sekrebis 

relativisturi kanoni 

gamomdinareobs 

ଶܧ െ ሺܿሻଶ ൌ ሺ݉ܿଶሻଶ

formula 

formula 

formula relativisturi 

TvalsazrisiT impulsi 

fardobiTia 

ݐ∆ ൌ ට1ݐ∆ െ మమ
 

formula 

I principi 

miRebuli 

Sedegebi 

`cnebebis ruka~ V TavisaTvis

V
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 fardobiTobis Teoriis safuZvlebi 

 
 

 
galileis fardobiTobis principi. 1636 wels, g. galileim ganazo-

gada sxeulis moZraobaze dakvirvebis Sedegebi da Camoayaliba fardo-

biTobis principi:  

• meqanikis kanonebi erTnairia aTvlis yvela inerciul sistemaSi. 

sxva sityvebiT, aTvlis sistemaSi, romelic wrfivad da Tanabrad 

moZraobs, meqanikuri moZraoba imave kanonebiT mimdinareobs, romli-

Tac dedamiwis mimarT uZrav aTvlis sistemaSi.  

am principma garkveuli SezRudvebi warmoSva meqanikuri moZraobis gan-

tolebebis Sedgenis dros: gantolebebs, romelic meqanikur moZraobas aR-

wers, aTvlis yvela inerciul sistemaSi erTnairi saxe unda hqondes.  

am wamodgenebis mixedviT, romelsac klasikur warmodgenebs uwode-

ben, sivrce da dro, romelSic meqanikuri moZraoba xdeba, absolu-

turia _ sxeulis xazovani zomebi ar aris damokidebuli imaze, moZra-

obs Tu ara sxeuli, sinaTlis siCqare ki usasrulod did sidided 

iTvleba. niutonis meqanika mTlianad am principzea agebuli. amgvarad, 

klasikur meqanikaSi sxeulis koordinati, dro, sigrZe da siCqare aTvlis 

nebismieri inerciuli sistemis mimarT warmodgenilia kompaqturi for-

mulebis saxiT (ix. cxrili 5.1), romlebsac `galileis gardaqmnebi~ ewodeba. 

ainStainis fardobiTobis specialuri Teoria. ole remeris astro-

nomiulma kvlevebma, romlebic man me-17 saukunis bolos Caatara, si-

naTlis siCqaris gansazRvrisaTvis ganxorcielebulma lui fizos la-

boratoriulma kvlevebma me-19 saukunis Sua periodSi da amave wlebis 

j. maqsvelis Teoriulma naSromebma, romlebic eleqtromagnituri ve-

lis kvlevebTan iyo dakavSirebuli, daamtkices, rom sinaTlis gavrce-

lebis siCqare sasruli sididea. me-20 saukunis dasawyisSi klasikuri 

fardobiTobis principi da misgan gamomdinare Sedegebi xelaxla Seis-

wavles. dadginda formulebi, romlebic akavSireben sivrcisa da drois 

5.1 
kalendarze 2035 wlis 29 dekemberia. ori dRis Semdeg astronavtebis saerTa-

Soriso gundi varskvlavTSoris kosmosur mogzaurobaSi gaemarTeba. gundis 

kapitani 44 wlis azerbaijanelia. damSvidobebisas igi Tavis 16 wlis Svils, 

arifs, me-10 klasis moswavles, eubneba: ̀ Svilo, Cven kosmosSi Tanabari siC-qariT 

vimoZravebT, romelic daaxloebiT sinaTlis siCqaris tolia (0,95 c), kosmosur 

sivrceSi gamokvlevebs CavatarebT da dedamiwaze 20 wlis Semdeg davbrundebiT. 

Tu rame gauTvaliswinebeli ar moxda, rodesac SevxvdebiT, Sen 80 wlis iqnebi, 

me _ 64-is~. arifi gakvirvebuli Seepasuxa:  

`mama, raRac fantastikur movlenaze melaparakebi.  

20 wlis Semdeg me 36-is viqnebi~. 

• ramdenad marTalia 

arifi? ratom? 

kvleviTi samuSao-1. fardobiTia Tu ara siCqare? 

amocana 1. erTmaneTis Semxvedri mimarTulebiT moZravi ori nawilakis siCqarea 

10 m/wm. ris tolia 1-li nawilakis siCqare me-2 nawilakis mimarT (a)? ris toli 

iqneba 1-li nawilakis siCqare me-2-is mimarT, Tu isini Semxvedri 

mimarTulebiT sinaTlis siCqariT imoZraveben (c = 3 · 108 m/wm)?  

imsjeleT Sedegebze:

1. ris tolia nawilakebis siCqareebi erTmaneTis 

mimarT? 

2. SeiZleba Tu ara nawilakis siCqare sinaTlis 

siCqareze meti iyos?  

(a) ሬሬԦ
с

ሬሬԦ 
с 

2 

2 1

1
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maxasiaTebel fizikur sidideebs aTvlis sxvadasxva inerciul sistemebSi, 

romlebic sinaTlis siCqaresTan miaxloebuli siCqariT moZraoben. 

am sakiTxebTan dakavSirebuli yvela kvlevis Sedegebis ganzoga-debiT 

ainStainma axali Teoria _ `fardobiTobis specialuri Teoria~ 

Camoayaliba, romelic relativisturi meqanikis safuZveli gaxda. 

• relativisturi meqanika fizikis nawilia, romelic ganixilavs 

meqanikis kanonebs sxeulis moZraobis dros sinaTlis siCqaresTan 

miaxloebuli siCqariT. 

maTematikuri gamoTvlebiT ainStainma damtkica, rom moZravi aTvlis 

sistemidan uZrav aTvlis sistemaze gadasvlis dros saWiroa koordina-

tisa da drois gardaqmna universaluri Tanamamravlis 1 ට1 െ మమ ,ൗ 		 saSu-

alebiT, romelic lorencma gansazRvra (ix. cxrili 5.1). 

fardobiTobis specialuri Teoriis safuZvelia ori postulati: 

• I postulati: fizikis yvela kanoni erTnairia aTvlis yvela iner-

ciul sistemaSi da fizikuri cdebiT SeuZlebelia inerciuli siste-

mebis erTmaneTisgan garCeva. 

• II postulati: sinaTlis siCqare vakuumSi erTnairia aTvlis yvela 

inerciul sistemaSi da ar aris damokidebuli sinaTlis wyarosa da 

sinaTlis mimRebis moZraobis siCqareze. sinaTlis siCqare maqsimaluri 

siCqarea bunebaSi. 

fardobiTobis specialur TeoriaSi ainStainma SeZlo, kavSiri daem-

yarebina sivrcesa da dros Soris da isini erT sivrcul-droiT kon-

tinuumSi _ `sivrce-droSi~ _ gaeerTianebina. 

es niSnavs, rom nebismieri movlena xasiaTdeba ara mxolod sivrcu-

li maxasiaTeblebiT, anu sad xdeba, aramed droiTi maxasiaTeblebiTac, 

romlebic movlenebis moxdenis Tanmimdevrobas gamoxatavs. 

 

cxrili 5.1 

aq: a) uStrixo sidideebi movlenis maxasi-

aTeblebia uZravi aTvlis (K) sistemis mi-

marT; b) Strixiani sidideebi movlenis ma-

xasiaTeblebia moZravi aTvlis (K/) sistemis 

mimarT, romelic (K) sistemis mimarT u 
siCqariT moZraobs. g) c sinaTlis siCqarea, 

romelic, klasikuri warmodgenebiT, usas-

rulo sididea, xolo relativistur meqa-

nikaSi sasruli mniSvneloba aqvs.  
galileis gardaqmnebi lorencis gardaqmnebi 

pirdapiri 

gardaqmna 
ukugardaqmna 

pirdapiri 

gardaqmna 
ukugardaqmna 

ݔ ൌ ݔ െ ݔ ݐ	ݑ ൌ ݔ  ݑ ݔ ݐ ൌ ݔ െ  ට1ݐ െ మమ ݔ ൌ ݔ  	ݐට1 െ మమ  

ݕ ൌ ݕ ݕ ൌ ݕ ݕ ൌ ݕ ݕ ൌ ݖ ݕ ൌ ݖ ݖ ൌ ݖ ݖ ൌ ݖ ݖ ൌ  ݖ

ݐ ൌ ݐ ݐ ൌ ݐ ݐ ൌ ݐ െ  ௫మට1 െ మమ ݐ ൌ ݐ  	௫మට1 െ మమ 

ࢅ
ࡷ

ࢆ ࢆ ࢚ሬሬԦ࢛	ࢄ ࢞
ሬሬሬԦ	࢛ሬሬԦࢅ

ࡷ
࢞	ࢄ ࡻࡻ
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cxrili 5.1 (gagrZeleba) 

Sedegebi, romlebic 

galileis gardaqmnebiT 

miiReba 

Sedegebi, romelic lorencis gardaqmnebiT miiReba 

da gamomdinareobs ainStainis postulatebidan 

drois Sualedebi ar 

icvleba (absoluturia) ∆ݐ ൌ  ݐ∆
drois Sualedebi fardobiTia: moZrav aTvlis 

sistemaSi dro neldeba uZrav aTvlis sistemasTan 

SedarebiT: ∆ݐ ൌ ට1ݐ∆ െ మమ 
sadac Δt drois Sualedia uZrav aTvlis sistemaSi, 

Δt0 _ drois Sualedi moZrav aTvlis sistemaSi. 

sivrculi zomebi ar 

icvleba (absoluturia) ∆݈ ൌ ∆݈ 
sivrculi zomebi fardobiTia: sxeulis sivrculi 

zomebi moZrav aTvlis sistemaSi naklebia, vidre 

uZrav aTvlis sistemaSi: ݈ ൌ ݈ඨ1 െ ଶܿଶ 

sadac l sxeulis sigrZea uZrav aTvlis sistemaSi, l0 

_ sxeulis sigrZea moZrav aTvlis sistemaSi. 

masa invariantulia: yvela 

aTvlis sistemaSi m=m.  
masa invariantulia: aTvlis yvela sistemaSi 

sruldeba toloba:  ݉ ൌ ݉.  
siCqareTa Sekrebis kanoni

galileis mixedviT ሬሬԦ ൌ ሬሬԦ ݑሬԦ. urTierTqmedeba 

gadaecema ara sasruli c 

siCqariT, aramed myisierad. 

aTvlis erTi sistemidan me-

oreze gadasvlis dros siC-

qaris mniSvneloba SeiZleba 

usasrulod gaizardos: 

ሬሬԦ ൌ ሬሬԦ  ܿ ,	ሬԦݑ ൌ  ൌ , 
 ൌ  ݑ ൌ . 

sinaTlis siCqare vakuumSi erTnairia yvela 

mimarTulebiT aTvlis yvela inerciul sistemaSi: 

Tu davuSvebT, rom 

 

௫ ൌ ାଵାమ ൌ ܿ					maSin  ൌ ܿ,  vx = c. 

 

fardobiTobis zogadi Teoria. fardobiTobis specialuri Teoriis zogierTi 

naklovanebis aRmosafxvrelad da `gravitaciis Teoriis~ relativisturi Tva-
lsazrisiT asaxsnelad a. ainStainma 1911-1916 wlebSi Camoayaliba fardobiTobis 

zogadi Teoria.  

fardobiTobis specialuri Teoriis naklovanebebi: 

a) es Teoria samarTliania mxolod aTvlis inerciuli sistemebisaTvis. fardo-

biTobis specialuri Teoria ar sruldeba sistemebisTvis, romlebic erTmaneTis 

mimarT aCqarebiT moZraoben; 

b) am Teoriis gamoyeneba SesaZlebelia marTkuTxa sakoordinato sistemebSi. sxva 

sakoordinato sistemebSi misi gamoyeneba SeuZlebelia 

fardobiTobis zogadi Teoriis ori ZiriTadi principia: 

I principi _ ekvivalenturobis principi an susti ekvivalenturobis principi: am 

principis Tanaxmad inertuli masa gravitaciuli masis ekvivalenturia, anu isini 

tolia. 

klasikur meqanikaSi masis ori cneba gamoiyeneba: inertuli masa, romelic sxeu-

lis aCqarebasTan aris kavSirSi niutonis II kanonis safuZvelze da gravi-taciuli 

masa, romelic gravitaciuli velis wyaroa. ainStainma fizikuri eqspe-

rimentebiT daamtkica, rom es orive masa erTnairia. 

II principi _ Zlieri ekvivalenturobis principi: am principis Tanaxmad siste-

maSi, romelic Tavisufali vardnis aCqarebiT vardeba, fizikis yvela kanoni ise  
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kvleviTi samuSao-2. gamoyeneba. ramdeni wlis Semdeg dabrundeba kosmosuri xomal-

di dedamiwaze? 

amocana-2. kosmosurma xomaldma, romlis starti 2036 wels Sedga, daasrula 

saplanetaTSoriso frena da dedamiwaze dabrunda. frenis siCqare dedamiwis mi-marT 

0,95 c-s toli iyo. xomaldze arsebuli saaTis mixedviT, frena 20 wels gagrZelda. 

ramden xans grZeldeboda frena dedamiwaze arsebuli saaTis mixedviT? 

 

mocemulia amoxsna

 ൌ ݐ∆ ,0,95ܿ ൌ 20 weli∆ݐെ? ∆ݐ ൌ ට1ݐ∆ െ మమ 
imsjeleT Sedegebze: 

• ramden weli gavida kosmosuri frenis ganmavlobaSi dedamiwaze, fardobiTobis 

specialuri Teoriis mixedviT? 

• ramdeni weli gavida kosmosuri frenis ganmavlobaSi dedamiwaze, 

fardobiTobis klasikuri Teoriis mixedviT? 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: 

sagzao policia ajarimebs mZRols, romlmac SuqniSnis `wiTelze~ gaiara. 

mZRoli winaaRmdegia: `sagzao moZraobis wesebSi weria, rom SuqniSanTan didi 

siCqariT miaxloebis dros avtomobilis myisieri gaCereba SeuZlebelia. me ki 

iseTi siCqariT vmoZraobdi, rom ver SevZeli SuqniSanze sinaTlis feris 

garkveva _ wiTeli iyo Tu mwvane~. 

• marTals ambobs Tu ara mZRoli: ra siCqariT unda moZraobdes avtomobili, 

rom mZRolma ver SeZlos SuqniSanze sinaTlis feris garkveva? 

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kargad da ra darCa 

TqvenTvis nawilobriv gaurkveveli?  

2. riT gansxvavdeba ainStainis fardobiTobis specialuri Teoria galileis 

fardobiTobis principebisagan? 

3. romeli postulatebi udevs safuZvlad fardobiTobis specialur Teorias? 

4. ra Sedegebi gamomdinareobs fardobiTobis specialuri Teoriidan? 

5. ra gaxda fardobiTobis zogadi Teoriis warmoSobis mizezi? 

6. ra mTavari Sedegebi gamomdinareobs fardobiTobis zogadi Teoriidan? 

 
ra SeityveT? samuSao rveulSi dawereT dasaxelebuli cnebebis ganmartebebi: `siv-

rce, dro da moZraoba klasikuri warmodgeniT...~, `galileis fardobiTobis prin-

cipi~, fardobiTobis specialuri Teoriis pirveli postulati...~, `fardobiTobis 

specialuri Teoriis meore postulati...~, `relativisturi meqanika~, `fardobi-

Tobis zogadi Teoria~, `fardobiTobis zogadi Teoriis ZiriTadi principebi...~ 

sruldeba, TiTqos gravitacia ar arsebobs, anu am sistemaSi SeuZlebelia 

aRmoaCino mizidulobis efeqti da moZraobis aCqarebuli xasiaTi. 

am principebidan miRebuli mTavari Sedegebi: 

1. sinaTlis wrfivi gavrcelebis kanonis darRveva da sinaTlis sxivis gamrudeba 

mzis gravitaciuli velis moqmedbiT: sivrce-drois koordinatebi gamrudebas 

ganicdis. es efeqti dadasturda dakvirvebebiT, romlebic 1919 wlis mzis 

dabnelebis dros Catarda. 

2. gravitaciul velSi drois Seneleba _ gravitaciuli `wiTeli~ wanacvlebis gaC-

ena. es efeqti 1960 wels harvardis universitetis laboratoriaSi cdiT daa-

dastures amerikelma fizikosebma r. paundma da g. rebkim. 

3. gravitaciuli talRebis gamosxiveba binaruli (ormagi) varskvlavuri sis-

temebis Sejaxebisas, samyaros gafarToebisas da sxva SemTxvevebSi. gravitaciuli 

talRebi 100 wlis Semdeg, 2016 wels, `Sav xvrelebze (Camqral varskvlevebze)~ 

dakvirvebis dros aRmoaCines amerikelma mecnierebma. 
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kavSiri masasa da energias Soris. klasikur meqanikaSi arsebobs ori saxis 

materia: nivTiereba da fizikuri veli. nivTierebis mTavari Tviseba is aris, 

rom masa aqvs, xolo fizikuri velis mTavari Tvisebaa is, rom energia aqvs. 

fardobiTobis Teoriis mixedviT masasa da energias Soris arsebobs 

urTierTkavSiri, anu Tu nivTierebas aqvs masa, mas energiac aqvs. 1905 wels, 

ainStainma masisa da energiis urTierTkavSiri kanonis saxiT Camoayaliba: 

• yovel sxeuls aqvs uZraobis energia, romelic sxeulis masisa da vakuumSi 

sinaTlis siCqaris kvadratis namravlis tolia: ܧ ൌ ݉ܿଶ.																																			ሺ5.1ሻ 
• uZraobis energia (E0) aris sxeulis energia, rodesac is mocemuli aTvlis 

sistemis mimarT uZravia. (5.1) gamosaxulebidan Cans, rom masa energiis 

mniSvnelovani ganmsazRvrelia. magaliTad, (5.1) formuliT advilad 

SeiZleba gamovTvaloT, rom 1 g masis sxeuls 9 · 1013 j uZraobis energia 

aqvs: ܧ ൌ 10ିଷკგ ∙ ሺ3 ∙ 10଼ሻଶ მଶ წმଶൗ ൌ 9 ∙ 10ଵଷჯ. 
am raodenobis energia warmoiqmneba atomuri bombis afeTqebis dros (ix. 

fizika 9, gv. 191) da es energia sakmarisia 30 000 tona wylis orT-qlad 

gadaqcevisTvis. sistemis eleqtromagnituri gamosxiveba, magali-Tad 

sinaTlis gamosxiveba, sistemis Sinagani energiis gamosxivebis energiad 

gardaqmnis procesia. am procesSi sistemis masac sistemis Sinagani energiis 

ekvivalenturad mcirdeba: 

݉ ൌ ܿଶܧ ൌ გამოსხܿଶܧ . 
masis cvlileba energiis cvlilebis ekvivalenturia (tolia): ∆݉ ൌ ଶܿܧ∆ .																															ሺ5.2ሻ 
mzisa da sxva varskvlavebis uwyveti gamosxiveba niSnavs, rom isini 

ganuwyvetliv kargaven energias da masas. gamoTvlebiT dadginda, rom 

gamosxivebis Sedegad yovel wamSi mzis masa 4 000 000 toniT mcireba. 

 

5.2 

30 kg masis qva 2 m 

simaRlezea aweuli. 

• rogor Seicvala am dros qvis masa 

da energia? 

ainStainis fardobiTobis Teoriis mixedviT, 

30 kg masis qvaSi lokalizebulia (Tavmoyri-

lia) uzarmazari sididis energia _ 27 · 1017 j. 

• rogor aris es SesaZlebeli? 

kvleviTi samuSao-1. gameoreba codnis dedaa!

amocana 1. nawilakebis sistemis masis 1 mae-iT Secvlisas (Δm = 1 mae = 1,6605 · 10-27 kg) 

am sistemis energia 931,5 mev-iT icvleba. rogor Seicvleba sistemis energia misi masis 

4 mae-Ti cvlilebis dros? 

imsjeleT Sedegebze: 

• rogor ganisazRvreba nawilakebis sistemis energiis cvlileba, romelic am sistemis 

masis cvlilebasTanaa dakavSirebuli (ix. fizika 9, gv 191-192)? ra kavSiria masasa da 

energias Soris? 
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energia relativistur meqanikaSi (anu sruli energia). fardobiTobis Teoriis 

Tanaxmad, sistemis sruli energia misi uZraobis energiisa da kinetikuri energiis 

jamis tolia: ܧ ൌ ܧ  კინܧ ൌ ݉ܿଶ   ሺ5.3ሻ					კინ.ܧ
ainStainis mixedviT, nawilakis sruli energia, rodesac is   ܿ siCqariT moZra-

obs da sxva nawilakebTan ar urTierTqmedebs, erTi inerciuli sistemidan me-

oreSi gadasvlis dros relativistur gardaqmnas ganicdis: ܧ ൌ ݉ ܿଶට1 െ మమ .																										ሺ5.4ሻ 
Tu sxeuli uZrav mdgomareobaSia: v = 0, (5.4) gamosaxulebidan miviRebT, rom mas 

uZraobis energia aqvs: ܧ ൌ ݉ܿଶ. 
kinetikuri energia relativistur meqanikaSi. sxeulis kinetikuri energia misi 

sruli energiisa da uZraobis energiis sxvaobis tolia: ܧკინ ൌ ܧ െ ܧ ൌ ܧ െ݉ܿଶ.								ሺ5.5ሻ 
Tu am gamosaxulebaSi sruli energiis nacvlad (5.4) gamosaxulebas CavwerT, miviRebT: 

კინܧ ൌ ݉ܿଶ ∙ ۇۉ 1ට1 െ మమ െ  ሺ5.6ሻ				.ۊی1
impulsi relativistur meqanikaSi. fardobiTobis Teoriis Tanaxmad, sistemis 

impulsi misi aTvlis erTi inerciuli sistemidan meoreSi gadasvlis dros 

relativistur gardaqmnas eqvemdebareba: Ԧ ൌ ݉ ሬሬԦට1 െ మమ .																										ሺ5.7ሻ 
kavSiri srul energiasa da impuls Soris. relativistur meqanikaSi srul 

energiasa da impulss Soris Semdegi kavSiri arsebobs: ܧଶ ൌ ݉ଶܿସ   ሺ5.8ሻ																					ଶܿଶ,
an ܧଶ െ ଶܿଶ ൌ ݉ଶܿସ.																					ሺ5.9ሻ 
es damokidebuleba sruldeba aTvlis yvela inerciul sistemaSi. aTvlis erTi 

inerciuli sistemidan meoreSi gadasvlis dros sruli energia da impulsi 

icvleba, magram maTi sxvaoba ucvleli rCeba. Tu masa 0-is toli (m = 0) iqneba, 
(5.9) gamosaxulebidan miviRebT: ܧଶ ൌ ଶܿଶ 						→ ܧ							 ൌ  ሺ5.10ሻ						.ܿ
Tu bolo formulaSi (5.4) da (5.7) gamosaxulebebs gaviTvaliswinebT, miviRebT 

nawilakis srul energiasa da impulss Soris kavSiris formulas: ܿܧଶ ൌ 

.																																														ሺ5.11ሻ 

am gamosaxulebidan Cans, rom Tu m = 0, nawilaki sinaTlis siCqariT moZraobs 

(magaliTad, fotoni):  ൌ ܿ. 
 

 

kvleviTi samuSao-2. `romeli energiaa ufro meti?~

amocana 2. gansazRvreT uZraobis energia, romelic aqvs fizikis saxelmZRvanelos,

romlis masa 300 g-ia da SeadareT 14 · 108 kvt.sT. energias, romelsac mingeCauris

eleqtrosadguri erTi wlis ganmavlobaSi gamoimuSavebs. 

imsjeleT Sedegebze: 

• romeli energiaa meti: fizikis saxelmZRvanelos uZraobis energia Tu mingeCa-

uris eleqtrosadguris mier erTi wlis ganmavlobaSi gamomuSavebuli energia? 
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ra SeityveT? samuSao rveulSi dawereT dasaxelebuli cnebebis ganmartebebi: ̀ masis 

cneba fardobiTobis TeoriaSi...~, `uZraobis energia...~, `masisa da energiis 

ekvivalenturoba...~, `sruli energia relativisturi TvalsazrisiT...~, `kinetikuri 

energia relativisturi TvalsazrisiT...~, `impulsi relativisturi valsazrisiT...~ 

 
 
 
 
 
 
 

5.1. ra dro gava kosmosur xomaldze, romelic dedamiwis mimarT  ൌ 0,81ܿ 
siCqariT moZraobs, Tu dedamiwaze 50 weli gavida? 

5.2. ra siCqariT unda moZraobdes kosmosuri xomaldi dedamiwis mimarT, rom misi 

saaTi 2,5-jer CamorCes dedamiwaze arsebul saaTs? 

5.3. 16 wlis azerbaijaneli gogona nazrini, romelmac fizikis olimpiadaze ga-

imarjva, astronavtebis saerTaSoriso kavSirma astronavtebis gundis wev-

rad miiRo. rodesac astronavtebis gundi v = 0,98 c siCqariT 5-wliani 

frenis Semdeg (kosmosuri xomaldis saaTis mixedviT) dedamiwaze dabrun-da, 

nazrins 21 weli Seusrulda. ra asakis iqnebian misi klaselebi, romle-bic 

dedamiwaze darCnen? 

5.4. ris tolia 3 m sigrZis saxazavis sigrZe, rode-

sac is dedamiwis mimarT 0,9 · c siCqariT moZra-

obs? 

5.5. rogor Seicvleba marTkuTxedis zomebi, rode-

sac is 0,8 ∙ ܿ siCqariT moZraobs uZravi damkvir-

veblis mimarT? 

5.6. eleqtronis uZraobis energia 8,1 ∙ 10ିଵჯ	-is tolia. ris tolia misi masa? 

5.7. protoni, romlis masa 1,7 ∙ 10ିଶკგ -ia, 0,8 ∙ ܿ. siCqariT moZraobs. ris tolia 

misi relativisturi kinetikuri energia? 

5.8. protoni, romlis masa 1,7 ∙ 10ିଶკგ-ia, 0,8 ∙ ܿ. siCqariT moZraobs. ris tolia 

misi sruli energia? 

5.9. polaruli varskvlavi yovel wamSi garemoSi  5,4 ∙ 10ଶ଼ j energias asxivebs. 

amis gamo ramdeniT mcirdeba varskvlavis masa yovel wamSi? 

5.10. eleqtroni c siCqariT moZravi fotonis Semxvedri mimarTulebiT 0,4 c 

siCqariT moZraobs. ris tolia fotonis siCqare eleqtronis mimarT? 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi:

• mecnierebisa da warmoebis romel sferoebSi asrulebs mniSvnelovan rols masisa 

da energiis kavSiri? 

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kargad da ra darCa 

TqvenTvis nawilobriv gaurkveveli? 

2. klasikuri warmodgenebiT, ris maxasiaTebelia masa? 

3. ra Sinaarsi aqvs masis cnebas relativistur meqanikaSi? 

4. ra aris uZraobis energia? 

5. ratom iwvevs mzis gamosxiveba misi masis Semcirebas? romeli formuliT 

SeiZleba amis damtkiceba? 

6. riT gansxvadeba relativisturi energia energiisgan klasikur meqanikaSi? 

a
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VI

molekulur-kinetikuri 
Teoria 
 
 
am Tavis Seswavlis Semdeg  

Tqven SeZlebT: 

  

• imsjeloT molekulur-kinetikuri Teoriis ZiriTadi 

debulebebisa da maTgan gamomdinare Sedegebis Sesaxeb; 

• formulebis saxiT CaweroT molekulur-kinetikuri Te-

oriis ZiriTadi gantolebebi da maTgan gamomdinare 

Sedegebi;  

• ganmartoT idealuri airis cneba, idealuri airis mdgo-

mareobis gantoleba da idealuri airis kanonebi; 

• gamoikvlioT izoprocesebi da aagoT maTi grafikebi; 

• imsjeloT qimiuri bmebis rolze myari sxeulebis Tvise-

bebis CamoyalibebaSi, ganasxvaoT kristaluri da amor-

fuli sxeulebi; 

• axsnaT orTqladqcevis procesi molekulur-kinetikuri 

Teoriis TvalsazrisiT, ganasxvaoT najeri da ujeri 

orTqli; 

• axsnaT siTxeebis Tvisebebi molekulur-kinetikuri Teo-

riis TvalsazrisiT, ganaxorcieloT cdebi siTxis 

zedapiruli daWimulobis, siTxis masvelebeli Tvisebisa 

da kapilaruli movlenebis Sesaswavlad; 

• SeadginoT da amoxsnaT sxvadasxva xasiaTis amocanebi 

molekulur-kinetikuri Teoriis ZiriTadi gantolebis, 

idealuri airis mdgomareobisa da idealuri airis kano-

nebis gamoyenebaze. 
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koncentracia

atomi da 

molekula 

 

temperatura 

gei-lusakis 

kanoni 

boil-

mariotis 

kanoni

Sarlis kanoni 

avogadros kanoni 

ܸ ൌ ܯ݉ ܴܶ 

 ଵଵܸ ଵܶൌ ଶ
ଶܸ ଶܶ	→

ܸܶ ൌܿ
 ݐݏ݊

ZiriTadi 

cnebebi 

klapeironis 

gantoleba 

(idealizebuli) modeli

moluri 

masa 

nivTierebis 

raodenoba 

ZiriTadi 

debulebebi

wneva da 

moculo

ba 

masa da 

simkvrive 

 

saSualo 

kinetikuri 

energia 

saSualo 

kvadratuli 

siCqare 

kanonebi 

izobaruli procesi  ൌ ݉ ݐݏ݊ܿ ൌ 	ݐݏ݊ܿ
izoTermuli procesi: ܶ ൌ ݉ ݐݏ݊ܿ ൌ 	ݐݏ݊ܿ

 

izoqoruli procesi ܸ ൌ ݉ ݐݏ݊ܿ ൌ 	ݐݏ݊ܿ

izoprocesebi

ܰ ൌ 6,02 ∙ 10ଶଷ 

daltonis kanoni ொ ൌ ଵ  .ଵ .  
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universaluri 
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difuzia 

brounis 

moZraoba

orTqladqceva 

dnoba 

kristalizacia

kapilaroba 

dasveleba 

 ൌ ඨ3݇ܶ݉ ൌ ඨ3ܴܶܯ  

ܧ ൌ 32݇ܶ ൌ ݉ଶ2  

 ൌ ݊݇ܶ; 	 ൌ  ଶߩ13

 ൌ 13݉݊ଶ ൌ  კინܧ23݊

yvela nivTiereba nawilakebisgan 

Sedgeba 

ZiriTadi gantolebebi 

molekulur-kinetikuri 
Teoriis safuZvlebi 

bolcmanis 

mudmiva  ݇ ൌ1,38 ∙ 10ିଶଷ ჯ 

idealuri airi 

`cnebebis ruka~ VI TavisaTvis
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   molekulur-kinetikuri Teoria da misi  
ZiriTadi debulebebi 

 
albaT araerTxel dakvirvebixarT mziT ganaTebul 

harSi mtvris nawilakebis moZraobas. 

• ratom rCebian mtvris nawilakebi haerSi xangrZli-vad 

da ar vardebian dedamiwis mizidulobis moq-medebiT? 

cnobilia, rom Cven mier SesunTquli haeri sxva-dasxva 

simkvrivis airebisgan Sedgeba: azotisgan (N2), 

Jangbadisgan (O2), naxSirorJangisgan (CO2) da sxv. 

wesiT, es airebi fenebis saxiT erTmaneTze unda 

ganlagebuliyo, maTi simkvrivisa da maTze moqmedi 

simZimis Zalis Sesabamisad: dedamiwis zedapirTan 

yvelaze axlos _ naxSirorJangi (CO2), rogorc didi 

simkvrivis mqone, mis zeviT _ Jangbadi (O2), Semdeg 

azoti _ N2. magram ase ar xdeba _ Cven erT-gvarovani airiT varT garemoculi. 

• ra aris dedamiwis atmosferoSi arsebuli sxvadasxva airis erTgvarovan narevad 

gadaqcevis mizezi? 

 

 
 

molekulur-kinetikuri Teoria (mkT). Cven da Cven irgvliv arsebuli 

samyaro makroskopuli sxeulebis sistemaa. 

• makroskopulia sxeuli, romelic didi raodenobis atomebisa da 

molekulebisgan Sedgeba. 

makroskopuli sxeulis magaliTi SeiZleba iyos qviSis marcvali, wyali 

WurWelSi, airi balonSi, rkinis Reri, mTvare, mze da sxv. meqa-nikaSi 

makroskopul sxeuls ganixilaven rogorc obieqts, romelsac aqvs masa, 

sivrculi zomebi, energia, Seiswavleba misi mdebareoba sivrceSi da sxva 

sxeulebTan urTierTqmedeba.   
magram meqanikas ar SeuZlia axsnas makroskopuli sxeulis Sinagani agebu-

leba, mis atomebsa da molekulebs Soris urTierTqmedeba da nivTierebis 

6.1 

kvleviTi samuSao-1. ratom `Seeweba~ sxeulebi erTmaneTs?

I cda 

samuSaos msvleloba: tyviis cilindri dasakidi kauWiT (2 cali), tvirTebis 

nakrebi, Stativi samagriTa da momWeriT. 

samuSaos msvleloba: 1. cilindrebi gaprialebuli zedapirebiT miaWireT erT-

maneTs, SeecadeT, isini erTmaneTs `Seewebos~. Semdeg kauWiT Stativze dakideT. 2. 

qveda kauWze saTiTaod dakideT tvirTi, vidre cilindrebi erTmaneTs daSordeba. 

am saxis `Sewebeba~ ramdenime kilogram datvirTvas uZlebs (a). 

imsjeleT Sedegebze: • ra daskvnebs gaakeTebT am kvleviTi samuSaodan? 

II cda 

samuSaosTvis saWiroa: 1. minis firfita zedapirze mimagrebuli 

kauWiT, zambara, wyliani Wiqa, Stativi samagriTa da ReriT. 

samuSaos msvleloba: 1. zambaris erT boloze minis firfita 

dakideT, meore boloTi zambara dakideT Stativze. 2. minis 

firfita wylis zedapirs WiqaSi ise miuaxloeT, rom firfitis 

qveda zedapiri wylis zedapirs Seexos. SeecadeT, Wiqis qveviT 

moZraobiT firfita wylis zedapirs moaSoroT (b). 

imsjeleT Sedegebze:  

• ra saintereso movlenebs daakvirdiT samuSaos procesSi? 

• SegiZliaT Tu ara axsnaT firfitis wylis zedapirTan `Sewebebis~ mizezi? 

(b) (a)

mtvris 

nawilakebi 
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garkveuli sxva Tvisebebi: siTburi gafarToeba, gacxeleba, gaciveba, 

orTqladqceva, kondensacia, dnoba, gamyareba, difuzia, konveqcia da sxv. 

fizikaSi gamoyofilia nawili _ molekuluri fizika, romelSic 

Tavmoyrilia nivTierebis Sinagani agebulebis Seswavlis Sedegebi. 

• molekuluri fizika aris fizikis nawili, romelic Seiswavlis 

makroskopuli sxeulebis Sinagan agebulebas, maTi Tvisebebsa da materiis 

siTburi moZraobis ZiriTad kanonzomierebebs.  

• molekulur-kinetikuri Teoria (mkT) _ Teoria, romelic makros-kopuli 

sxeulebis Tvisebebisa da maTSi mimdinare siTburi procesebis asaxsnelad 

eyrdnoba warmodgenas nivTierebaze, rogorc atomebisa da molekulebis 

sistemaze, romlebic uwyvetad da qaosurad moZraoben da erTmaneTTan 

urTierTqmedeben. 

molekulur-kinetikuri Teoriis ZiriTadi debulebebi. molekulur-

kinetikuri Teoriis safuZveli Semdegi sami debulebaa: 

I debuleba: yvela nivTiereba nawilakebisgan _ atomebisa da mole-

kulebisgan _ Sedgeba. atomebisa da molekulebis arseboba jer kidev Zvelma 

filosofosebma iwinaswarmetyveles. magram am faqtis naTeli raodenobrivi 

Teoria pirvelad ingliselma mecnier-qimikosma jon daltonma (1766 _ 1844) 

Camoayaliba. man ramdenime qimiuri elementis fardobiTi atomuri masebis 

cxrili Seadgina, rac SemdgomSi nivTi-erebis atomuri agebulebis Teoriis 

safuZveli gaxda. Cvens droSi elqtronuli mikroskopis SesaZleblobebis 

gamoyenebiT SegviZlia milionjer gavadidoT obieqtis zomebi da didi zomis 

molekulebis fotoebi gadaviRoT. 

II debuleba: nawilakebi, romlebisganac nivTiereba 

Sedgeba, ganuwyvetliv da mouwesrigebelad (qaosu-rad) 

moZraoben. 

am debulebis WeSmariteba dadasturda 1827 wels 

ingliseli botanikosis robert brounis aRmoCeniT, 

romelic wyalSi yvavilis mtvris nawilakebis moZraobas 

mikroskopiT akvirdeboda. man dainaxa, rom mtvris 

nawilaki qaosurad moZraobs rTul traeqtoriaze (g). nawilakis qaosuri 

moZraoba, romelsac `brounis moZraoba~ uwodes, ainStainma 1905 wels 

molekulur-kinetikuri Teoriis safuZvelze axsna. es Teoria 1909-1911 

wlebSi cdebiT daadastura frangma fizikosma ian batist perenma (1870 _ 

1942). man aRmoaCina, rom wyalSi saRebavis nawilakebis qaosuri moZraobis 

mizezi wylis molekulebis qaosuri moZraobaa. perenma daadgina, rom wyalSi 

nawilakebis brounis moZraobis intensivoba maT qimiur bunebaze ki ara, 

temperaturazea damokidebuli: temperturis gazrdiT brounis moZraobis 

intensivoba izrdeba. amgvarad: 

• brounis moZroba ewodeba siTxeSi (an airSi) Setanili `ucxo~ nawi-lakebis 

mouwesrigebel moZraobas. 

• difuzia ewodeba erTi nivTierebis atomebis an molekulebis meore 

nivTierebis atomebs an molekulebs Soris arsebul sivrceebSi TavisTavadi 

SeRwevis process. 

difuziis procesis pirveli raodenob-rivi Sefaseba ekuTvnis germanel 

fizi-kossa da fiziologs adolf fiks (1829 _ 1901). am kanons `fikis 

difuziis kanoni~ uwodes. 

(g) 

A

B
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III debuleba: nivTierebis nawilakebi erTmaneTTan urTierTqmedeben, anu 

maT Soris urTierTmizidvisa da ganzidvis Zalebi arsebobs. am 

debulebis dadas-turebaa drekadobis Zalis warmoqmna sxeulis 

deformaciis dros. drekadobis Zala eleqtromagnituri bunebis Zalaa 

da misi sidide mniSvnelovnad aris damokidebuli nivTierebis 

Semadgenel nawilakebs Soris manZilze. Magal-

iTad, molekulebs Soris mizidulobis Zala 

mcirdeba 
ଵళ kanoniT, xolo maT Soris ganzidvis 

Zala _ 
ଵవ kanoniT. am Zalebis tolqmedi molek-

ulis diametris tol (d = d0) da molekulis 

diametrze 2-3-jer met (d = 2-3d0) manZilze, 

SeiZleba iTqvas, rom 0-is tolia (d). 

atomebisa da molekulebis maxasiaTeblebi. TqvenTv-

is cnobilia atomebisa da molekulebis maxasiaTebeli 

fizikuri sidideebi (ix. qimia 8): maTi xazovani zomebi, 

fardobiTi masa, raodenoba moculobis erTeulSi, 

nivTierebis raodenobis cneba da sxva raodenobrivi 

maxasiaTeblebi (ix. cxrili 6.1). 
cxrili 6.1 

nivTierebis 

maxasiaTeblebi 
ganmarteba da ricxviTi mniSvneloba 

masis atomuri 

erTeuli (mae) 

masis atomuri erTeuli (mae) aris masis sazomi erTeuli atomur da 

birTvul fizikaSi da naxSirbadis atomis Cଵଶ  masis 1/12-is tolia: 1მაე ൌ 112m,େ ൌ 1,66 ∙ 10ିଶg 
m0,c naxSirbadis atomis masaa. 

nivTierebis 

fardobiTi 

molekuluri 

masa 

 

nivTierebis fardobiTi molekuluri (atomuri) masa ewodeba nivTi-

erebis molekulis (atomis) masis m0 Sefardebas naxSirbadis atomis masis 

1/12-Tan: M୰ ൌ mଵଵଶm,େ 

m fardobiTi molekuluri masaa, m0 _ nivTierebis molekulis (atomis) 

masa, m0,c _ naxSirbadis atomis masa. fardobiT molekulur masas 

ganzomileba ar aqvs.  

nivTierebis 

raodenoba 

 

nivTierebis raodenoba (ν) aris mocemuli nivTierebis atomebis an 

molekulebis raodenobis Sefardeba avogadros ricxvTan N: ൌ ఽ. N 
mocemuli nivTierebis molekulebis raodenobaa. nivTierebis raodenobis 

sazomi erTeuli SI sistemaSi aris: [ν] = 1 mol. 

1 moli aris nivTierebis raodenoba, romelSic imdenive molekula an 

atomia, ramdenic 0,012 kilogram naxSirbadSi. 

avogadros 

ricxvi 

avogadros ricxvi mudmivi sididea, romelic nebismieri nivTierebis 1 

molSi arsebuli molekulebis (an atomebis) raodenobis tolia: 	N ൌ6,02 ∙1023 moli-1 

moluri masa 

moluri masa ewodeba nivTierebis 1 molis masas: M ൌ m ∙ N. 
moluri masis erTeuli SI sitemaSi aris kilogrami Sefardebuli 

molTan	ቀ1 კგ
მოლი

ቁ:	ሾMሿ ൌ 1 კგ
მოლი

. 
۔ە
:მასა	მოლეკულის	ერთი	ნივთიერებისۓ m ൌ MN 			→ 	N ൌ Mm

ნებისმიერი ნივთიერების მასაm ൌ m ∙ N → N ൌ mm
	

(d) 
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aqedan gamomdinareobs, rom nivTierebis raodenoba nivTierebis masis mis 

molur masasTan Sefardebis tolia:  ൌ ୫. 
molekulebis 

raodenoba 

nivTierebaSi 

molekulebis raodenoba nebismier nivTierebaSi, romlis masaa m da 

moluri masa M, ganisazRvreba formuliT: ܰ ൌ  ∙ ܰ ൌ ெ ∙ ܰ. 
 

kvleviTi samuaSao-2. gamoyeneba. brounis moZraobis modeli

samuSaosTvis saWiroa: asawyobi kondensatoris firfita, minis zarxufi, metalis viwro 

zoli, denis wyaro, aluminis folgis Rru burTulebi (diametriT 8 mm, 10-12 cali), 

Zafze dakidebuli ping-pongis burTi, webovani lenti, Stativis sadgami. 

samuSaos msvleloba: 

1. danadgari moamzadeT brounis moZraobis modelirebisTvis. 

danadgaris awyobis Tanmimdevroba: 

I nabiji. kondensatoris firfita dieleqtrikuli saxeluriT CaamagreT  

Stativis sadgamSi, SeecadeT miiRoT horizontaluri magida. metalis viwro zoli 

webovani lentiT miamagreT minis balonis Sida kedelze.  

II nabiji. miaerTeT denis wyaros polusebi aluminis magidas da metalis zols. 

III nabiji. tenisis burTiani Zafis bolo webovani lentiT miamagreT zarxufis zeda 

wertils Sida mxridan. miiRebT Zafian qanqaras (burTula 5-6 sm-iT unda iyos 

daSorebuli aluminis magidis zedapiridan).  

IV nabiji. magidis zedapirze gafantul aluminis bur-Tulebs 

daaxureT minis zarxufi. danadgari mzadaa (e). 

2. CarTeT denis wyaro, firfitebs Soris SeqmeniT 25 kv Zab-va. 

amis Semdeg aluminis burTulebi, rogorc `sportlo-toSi~, 

uwesrigod amoZravdebian aluminis magidasa da metalis zols 

Soris, daejaxebian erTmaneTs da Zafze dakidebul tenisis 

burTs. yuradRebiT daakvirdiT teni-sis burTis moZraobis 

traeqtorias da sqematurad daxateT samuSao rveulSi. 

imsjeleT Sedegebze: 

• ra aris brounis moZraoba? romeli sxeulebis saSualebiT 

moaxdineT brounis nawilakebisa da wylis molekulebis 

modelireba? pasuxi daasabuTeT.  

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: 

• ratom aris aucilebeli molekulur-kinetikuri Teoriis ZiriTadi debule-bebis codna?  

am kiTxvaze pasuxis gacemisas SegiZliaT gamoiyenoT qvemoT mocemuli sakvanZo sityvebi.  

sakvanZo sityvebi: nivTierebis agregatuli mdgomareobebi bunebaSi; wylis wrebrunva 

bunebaSi; orTqladqceva da tenianoba bunebasa da yofa-cxovrebaSi; difuzia bunebasa 

da yofa-cxovrebaSi. 

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kargad da ra darCa TqvenTvis 

nawilobriv gaurkveveli? 

2. raSi mdgomareobs molekulur-kinetikuri Teoriis mniSvneloba? 

3. ramdeni wyalbadis atomia meTanSi (CH4), Tu misi masa 12 g-ia? 

(NA = 6 · 1023 moli-1; M = 0,016 kg/mol)? 

mocemulia amoxsna݉ ൌ 12	გ ൌ 12 ∙ 10ିଷ kg ܰ ൌ 6 ∙ 10ଶଷ mol-1 ܯ ൌ 0,016	kg/mol ܰுെ? 
I nabiji: N(CH4) = m/ M · NA 
II nabiji: NH = 4 N(CH4) 

 

4. rogoria avogadros ricxvis fizikuri Sinaarsi? 

5. daxateT `molekulis maxasiaTeblebis~ kavSirebis ruka. 
 
ra SeityveT? samuSao reulSi dawereT dasaxelebuli cnebebis ganmartebebi: 

`makroskopuli sxeuli~, `molekuluri fizika~, `molekulur-kinetikuri Teoria~, 

`mkT I debuleba~, `mkT II debuleba~, `mkT III debuleba~, `masis atomuri erTeuli~, 

`fardobiTi molekuluri masa~, `nivTierebis raodenoba~, `moluri masa~. 

(e) 
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 idealuri airi. molekulur-kinetikuri Teoriis 
ZiriTadi gantoleba 

molekuluri fizika swavlobs nivTierebis Tvisebebs yvela agregatul mdgoma-

reobaSi, maT Soris airad mdgomareobaSi. bunebaSi TiTqmis ar arsebobs calke 

aRebuli airi, atmosferos Semadgeneli realuri airi sxvadasxva airebisgan Sedge-

nili rTuli sistemaa. 

molekulur-kinetikuri Teoriis ZiriTadi amocanaa am rTuli sistemis damaxasi-

aTebel makroskopul da mikroskopul parametrebs Soris kavSirebis damyareba. am 

miznis misaRwevad rTuli Semadgenlobis realur airs misi gamartivebuli, ideali-

zebuli modeliT cvlian. 

• ra Tvisebebi aqvs airis gamartivebul models? 

• airis romel Tvisebebs gamoxatavs airis makroskopuli da mikroskopuli 

paramet-rebi? 

 

kvleviTi samuSao-1. airis molekulebis wnevis modelireba 

samuSaosTvis saWiroa: mSrali qviSa (0,5 kg), muyaos furceli (2 cali), saxel-

mZRvanelo (2 cali), mobiluri telefoni. 

samuSaos msvleloba:  

1. muyaos furceli or wigns Soris ise moaTavseT, rogorc naxatzea naCvenebi.  

2. garkveuli simaRlidan nel-nela dayareT qviSa furclis ze-dapirze da 

mobiluriT gadaiReT miRebuli suraTi (a).  

3. warmoidgineT, rom qvi-Sis nawilakebi airis molekulebia, muyaos furceli ki 

_ WurWlis zedapiri, romelSic airia moTavsebuli. dafiqrdiT, rogor avxsnaT 

airis wnevis fizikuri azri.  

4. cda gaimeoreT, gazardeT qviSis nawilakebis 

vardnis simaRle, anu nawilakebis siCqare. 

daakvirdiT, ra moxdeba. 

imsjeleT Sedegebze:  
• ra daskvna gaaakeTeT: raSi mdgomareobs airi 

wnevis fizikuri azri, rogor iqmneba es wneva? 

• rogor icvleba airis wneva `airis 

molekulebis~ siCqaris zrdasTan erTad? 
 

 
 

idealuri airi. nebismieri fizikuri Teoriis Seqmnis dros pirveli 

nabijia realuri obieqtis idealizebuli modelis Seqmna. modeli yo-

velTvis realobis gamartivebul saxes warmoadgens da misi saSualebiT  

realuri obieqtis Tvisebebis xarisxobrivi da raodenobrivi kanon-

zomierebebis dadgena garkveuli SezRudvebis gaTvaliswinebiT aris 

SesaZlebeli. 

airebis Tvisebebis Sesaswavlad molekulur-kinetikur TeoriaSi 

gamoiyeneba airis idealizebuli modeli _ `idealuri airi~. 

• idealuri airi, faqtobrivad, gaiSviaTebuli airia, romelic Semdeg 

pirobebs akmayofilebs:  

_ airis molekulebis zomebi bevrad naklebia maT Soris manZilze da 

mxedvelobaSi ar miiReba. amitom SeiZleba iTqvas, rom idealuri airis 

molekulebi erTmaneTTan ar urTierTqmedeben, anu molekulebis 

urTierTqmedebis potenciuri energia nulis tolia: ܧპოტ ൌ 0. 

6.2 

(a)
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amis gamo, idealuri airi SeiZleba usasrulod SevkumSoT; 

_ molekulebs Soris ganzidvis Zalebi aRiZvreba mxolod maTi erT-

maneTTan an kedlebTan dajaxebis Semdeg; 

_ molekulebis dajaxeba absoluturad drekadia;  

_ molekulebis siCqarem SeiZleba nebismieri mniSvneloba miiRos, Ti-

Toeuli molekulis moZraoba klasikuri meqanikis kanonebs emorCileba.  

idealuri airis Tvisebebi xasiaTdeba mikroskopuli da makroskopuli 

parametrebiT da maT Soris kavSirebiT. 

• airis mikroskopuli parametrebi axasiaTebs airis molekulebis moZ-

raobas. maT miekuTvneba: molekulis masa, misi siCqare, impulsi da 

moZraobis kinetikuri energia. 

• airis makroskopuli parametrebia airis wneva, moculoba da tempe-

ratura, romlebic mTlianobaSi gansazRvraven airis Tvisebebs. 

molekulur-kinetikuri Teoriis ZiriTadi amocanaa urTierTkavSi-

rebis damyareba airis mikroskopul da makroskopul parametrebs Soris. 

idealuri airis molekulur-kinetikuri Teoriis ZiriTadi amocana. 

cnobilia, rom airis wneva warmoiqmneba molekulebis ganuwyveteli da 

mouwesrigebeli dajaxebebis Sedegad im WurWlis kedlebTan, romel-

Sicaa moTavsebuli. es wneva zedapiris erTeulze moqmedi Zalebis 

saSualo mniSvnelobis tolia:   ൌ  .ܨܵ
1857 wels germanelma fizikosma rudolf klauziusma (1822 _ 1888), 

idealuri airis modelis gamoyenebiT daadgina airis wnevis gamo-

saTvleli formula, romelsac idealuri airis molekulur-kinetiku-

ri Teoriis ZiriTadi gantoleba ewodeba. 

• idealuri airis molekulur-kinetikuri Teoriis ZiriTadi gantoleba 

aris gantoleba, romelic airis makroskopul parametrs _ mis wnevas _ airis 

molekulebis maxasiaTebel mikroskopul parametrebTan akavSirebs:  ൌ 13݉݊ଶ.																				ሺ6.1ሻ 
sadac 

ଵଷ ricxviTi koeficientia, romelic sivrcis samganzomilebianobaze 

miuTiTebs da gamoxatavs samive mimarTulebis Tanasworobas molekulebis 

qaosuri moZraobis dros, m0 erTi molekulis masaa, n _ molekulebis 

koncentracia, 	_ molekulebis saSualo kvadratuli siCqare. 

• molekulebis koncentracia aris molekulebis raodenoba moculobis 

erTeulSi: ݊ ൌ ܸܰ.																															ሺ6.2ሻ 
koncentraciis erTeuli SI sitemaSi aris: [n] = 1/m3 = m-3 . 

•  molekulebis saSualo kvadratuli siCqare calkeuli molekulebis 

siCqareebis kvadratebis saSualo ariTmetikulidan kvadratuli fesvis 

tolia: 

 ൌ ටଶ ൌ ඨଵଶ  ଶଶ  ⋯ ேଶܰ . 
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radgan molekulebis siCqareebis kvadratebis saSualo ariTmeti-

kuli dakavSirebulia molekulebis moZraobis kinetikuri energiis 

saSualo mniSvnelobasTan, idealuri airis wnevac molekulebis saSu-

alo kinetikur energiazea damokidebuli: ܧკინ ൌ ݉ଶ2 ,																							ሺ6.3ሻ  ൌ  ሺ6.4ሻ																									კინ.ܧ23݊
• idealuri airis wneva molekulebis koncentraciisa da molekulebis 

saSualo kinetikuri energiis pirdapirproporciulia. 

Tu (6.1) formulaSi mxedvelobaSi miviRebT, rom airis simkvrive ߩ ൌ  ൌబே ൌ ݉݊  miviRebT idealuri airis wnevis airis simkvriveze 

damokidebulebis formulas:  ൌ  ሺ6.5ሻ																									ଶ.ߩ13

 
ra SeityveT? samuSao rveulSi dawereT dasaxelebuli cnebebis mokle ganmar-

tebebi: `idealuri airi~, `airis mikroskopuli parametrebi~, `airis makroskopuli 

parametrebi~, `idealuri airis mkT-is ZiriTadi gantoleba~, `molekulebis 

koncentracia~, `molekulebis saSualo kvadratuli siCqare~, `airis wneva~. 

 

 

 
  

kvleviTi samuSao-1. gansazRvreT airis atomebis saSualo kvadratuli siCqare 

amocana. SeiZleba iTqvas, rom mzis xiluli atmosfero (fotosfero) wyalbadis

airisgan Sedgeba. fotosferos wyalbadis airSi atomebis koncentracia daaxloebiT

n = 1,6 · 10-21 m-3 tolia, wneva ki p = 1,25 · 102 pa-ia. Tu CavTvliT, rom fotosferos

wyalbadis airi idealuri airia, ris toli iqneba misi atomebis moZraobis saSualo

kinetikuri energia? 

imsjeleT Sedegebze: 

• ra kavSiria idealuri airis molekulebis (atomebis) moZraobis saSualo kinetikur

energiasa da mis wnevas Soris? 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: 

davuSvaT, rom Cveni garemomcveli haeri erTi saxis molekulebisgan Sedgeba. normalur

pirobebSi ra saSualo kvadratuli siCqariT gvejaxebian es molekulebi? normalur

pirobebSi haeris wneva 105 pa-ia, xolo simkvrive _ 1,29 kg/m3. 

SeafaseT Tqveni codna: 1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kargad da ra

darCa TqvenTvis nawilobriv gaugebari? 2. rogor aixsneba airis wneva molekulur-

kinetikuri Teoriis TvalsazrisiT? 3. ra SemTxvevaSi SeiZleba airs vuwodoT idealuri?

4. ras axasiaTeben airis makroskopuli da mikroskopuli parametrebi? 5. ratom ewodeba

idealuri airis wnevis formulas molekulur-kinetikuri Teoriis ZiriTadi gantoleba?
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 siTburi wonasworoba _ temperatura 
temperaturis cnebas mniSvnelovani adgili uWiravs yoveldRiur cxovrebaSi. ro-

desac temperaturas vaxsenebT, vgulisxmobT sxeulis gacxelebis xarisxs (cxelia, 

Tbilia, civia). temperaturaze aseTi warmodgena sakmaod subieqturia, radgan 

temperatura damokidebulia ara marto gansaxilveli sxeulis mdgomareobaze, 

aramed Cvens mgrZnobelobazec. 

• rogor aviciloT subieqturoba temperaturis Sefasebis dros? 

• Cveni sxeulis temperaturis gasagebad ratom viCerebT vercxliswylian Termo-metrs 

iRliaSi 5-10 wT-is ganmavlobaSi?  

 
kvleviTi samuSao-1. wyliani Termometris damzadeba

samuSaosTvis saWiroa: minis WurWeli (flakoni), wvrili gam-

Wvirvale mili (magaliTad, burTuliani kalmis carieli Reri), 

Seferadebuli wyali (4-5 ml), plastilini, webovani lenti, qa-

Raldis furceli, muyaos furceli (6 sm x 6 sm), Zafi, yinuli, 

spirtiani Termometri, Wiqa, eleqtrogamacxelebeli, wyali (0,5 

l), fanqari. 

samuSaos msvleloba: 1. flakoni naxevramde SeavseT Seferade-

buli wyliT da daaxureT sacobi. 2. milis erTi bolo sacobSi 

gaatareT da WurWelSi CauSviT. milsa da sacobs Soris Sesa-lo 

xvreli plastiliniT amoavseT. 3. mili U-s formiT moxa-reT da 

misi Ria bolo furcelze daamagreT, es Termometris `skala~ 

iqneba. flakoni da `skala~ ZafiT muyaoze daamagreT. miiRebT 

wylian Termometrs (a). daagraduireT Termometri. amisTvis 

wyali daaxloebiT 500C-mde gaacxeleT da WiqaSi CaasxiT. CauSviT spirtiani da 

wyliani Termometrebi wyalSi, daelodeT garkveuli drois ganmavlobaSi da 

wylis done wyliani Termometris milSi StrixiT aRniSneT. StrixTan dawereT 

spirtiani Termometris Cvenebis Sesabamisi ricxvi, magaliTad 450C. 5. ganagrZeT 

wyliani Termometris graduireba WiqaSi wylis gacivebis Sesabamisad.  

imsjeleT Sedegebze: 1. ratom aris Termometris Cvenebis cvlilebisTvis saWiro 

garkveuli dro? 2. romel temperaturul intervalSi SevZlebT temperaturis 

gazomvas wyliani TermometriT? ratom? 3. molekulur-kinetikuri Teoriis 

mixedviT axseniT, ratom izrdeba nivTierebis temperatura misi gacxelebis dros 

da piriqiT, ratom mcirdeba gacivebis dros? 

 

siTburi wonasworoba. cnobilia, rom ori sxeulis Sexebis dros, 

romlebsac sxvadasxva temperatura aqvT, maT Soris xdeba siTbos 

mimocvla: maRali temperaturis sxeulidan siTbo dabali tempera-
turis sxeuls gadaecema, vidre maTi temperatura ar gaTanabrdeba. es 

faqtia gamoyenebuli sxeulis temperaturis gazomvis dros _ Ter-

mometrs sxeuls Seaxeben da garkveuli drois Semdeg, romlis gan-

mavlobaSic sxeulsa da Termometrs Soris siTburi, anu egreT wode-

buli Termodinamikuri, wonasworoba damyardeba, naxuloben Termo-

metris Cvenebas. Temodinamikuri wonasworobis dros sistemis 

makroskopuli parametrebi ucvleli rCeba. 

• siTburi, anu Temodinamikuri, wonasworoba aris sistemis mdgo-

mareoba, rodesac misi makroskopuli parametrebi xangrZlivi drois 

ganmavlobaSi ucvleli rCeba. 

sistemis siTburi wonasworobis mdgomareoba xasiaTdeba tempe-

raturiT. 

6.3 

(a) 
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• temperatura fizikuri sididea, romelic makroskopuli sistemis 

siTburi wonasworobis mdgomareobas axasiaTebs: siTburi 

wonasworobis mdgomareobaSi sistemis yvela nawilis temperatura 

erTnairia.  

temperaturis, rogorc sxeulis Tvisebrivi da raodenobrivi 

maxasiaTeblis, Sefaseba unda efuZnebodes iseTi fizikuri sididis 

gansazRvras, romelic, erTi mxriv, sxeulis mdgomareobas axasiaTebs, 

amasTan, erTnairia masTan siTbur wonasworobaSi myofi yvela 

sxeulisTvis. aseTi fizikuri sididea nivTierebis molekulebis 

moZraobis saSualo kinetikuri energia. ganvsazRvroT es energia 

erTatomiani idealuri airisaTvis. 

am mizniT saintereso eqsperimenti Caatares: sxvadasxva moculobis 

sami baloni, romlebic manometrebiTaa (wnevis sazomi xelsawyoTi) 

aRWurvili, gavsebulia sxvadasxva airiT, mag. argoniT, neoniTa da 

heliumiT. balonebi jer yinulSi moaTavses (t0 = 00 C), mere _ mduRare 

wyalSi (t = 1000 C) (b).  

 
gamoTvlebiT gairkva, rom orive SemTxvevaSi (00C temperaturisa da 

1000C temperaturis dros) siTburi wonasworobis damyarebis Semdeg, 

imis miuxedavad, rom airebis wneva, moculoba da koncentracia 

balonebSi gansxvavebulia, Sefardeba 
ே 		samive balonSi erTnairia da 

damokidebulia mxolod temperaturaze: 		ݐ ൌ 0Ԩ →			 ଵ ଵܸଵܰ ൌ ଶ ଶܸଶܰ ൌ ଷ ଷܸଷܰ ൌ 3,76 ∙ 10ିଶଵН ∙ м ൌ 3,76 ∙ 10ିଶଵჯ,	ݐ ൌ 100Ԩ		 → ଵ	 ଵܸଵܰ ൌ ଶ ଶܸଶܰ ൌ ଷ ଷܸଷܰ ൌ 5,14 ∙ 10ିଶଵН ∙ м ൌ 5,14 ∙ 10ିଶଵჯ	
Tu gaviTvaliswinebT, rom 

ே ൌ ଵ, miviRebT, rom siTburi wonasworobis 

dros airis wnevis Sefardeba mis koncentraciasTan mudmivi sididea da 

izomeba energiis sazomi erTeuliT _ jouliT: ݊ ൌ  ሺ6.6ሻ																									.ߠ

(b)   

 ࢋࡺ ࢘ࢂ
 ࢋࡴ ࢂ

 ࢂ
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sadac θ (Teta) mudmivi sididea da yvela airisTvis, romlebic ide-

aluri airis maxlobel mdgomareobaSia, damokidebulia mxolod airis 

temperaturaze: ߠ ൌ ݇ܶ.																								ሺ6.7ሻ 
aq T absoluturi temperaturaa, k _ proporciulobis koeficienti, 

romelsac bolcmanis mudmiva ewodeba, avstrieli fizikosis ludvig 

bolcmanis (1844 _ 1906) pativsacemad. eqsperimentulad dadginda, rom 

bolcmanis mudmiva tolia:  ݇ ൌ 1,38 ∙ 10ିଶଷჯК .				ሺ6.8ሻ 
bolcmanis mudmiva θ, temperaturas, romelic energiis erTeulebiT 

izomeba, absolutur temperaturasTan akavSirebs, romelic kelvine-

biTaa gazomili. (6,6) da (6,7) gamosaxulebebidan miviRebT idealuri 

airis wnevis gamosaTvlel formulas:  ൌ ݊݇ܶ.																									ሺ6.9ሻ 
gamosaxuleba SegviZlia gamoviyenoT absoluturi temperaturis gansaz-

RvrisaTvis kelvinebSi: ܶ ൌ ݇݊ .																													ሺ6.10ሻ 
(6.10) formula axali temperatu-ruli skalis Seqmnis saSualebas 

iZleva. am temperaturul skalas absoluturi temperaturebis skala 

ewodeba, romlis Seqmnis idea 1848 wels wamoayena ingliselma fizikosma 

uiliam Tomsonma (1824 _ 1907). fizikaSi Setanili wvlilisaTvis 1892 

wels mas lord kelvinis ti-tuli mieniWa. amitom am skalas kel-vinis 

skala ewodeba. kelvinis skalis 

nulovani wertili, anu absoluturi 

nulis temperatura yvelaze dabali 

temperaturaa, romelic Teoriulad da 

praqtikulad aris SesaZlebeli. am 

skalis mixedviT, yinulis dnobis 

temperaturaa T0 = 273,15 K. cel-siusis 

temperaturuli skalisa da kelvinis 

skalis damakavSirebeli formulaa: 	ܶ ൌ ݐ  273,15. 
gamoTvlebis dros iyeneben mis gama-

rtivebul formas: ܶ ൌ ݐ  273.																				ሺ6.11ሻ 
absoluturi temperaturis sazomi 

erTeuli kelvini (1 K) SI sistemis 

ZiriTadi erTeulia: [T] = 1K. es tempe-

ratura celsiusis skalis 10C temper-

aturas Seesabameba. amitom tempera-

turaTa sxvaoba kelvinis skaliTa da 

celsiusis skaliT erTnairia: ΔT = Δt (g). 
temperatura molekulebis saSualo 

kinetikuri energiis sididis gamo-

mxatvelia. marTlac, (6.4) da (6.9) 

(g) 

celsiusis skala 

t=T-273 
kelvinis skala 

T=t+273 

absoluturi nuli

 

Txevadi haeris 

temperatura 

mSrali yinulis 

temperatura 

(CO2) 

yinulis dnobis 

temperatura 

 

wylis duRilis 

temperatura 
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gamosaxulebebis SedarebiT miviRebT, rom absoluturi temperatura, 

romelic idealuri airis (anu gaiS-viaTebuli airis) makroskopuli 

parametria, dakavSirebulia airis mo-lekulebis kinetikur energiasTan, 

romelic airis mikroskopuli parametria: 

• airis molekulebis moZraobis saSualo kinetikuri energia airis 

absoluturi temperaturis pirdapirproporciulia: ܧკინ ൌ 32݇ܶ.																																		ሺ6.12ሻ 
(6.12) formulidan Cans temperaturis fizikuri azri: 

temperatura gansazRvravs sxeulis molekulebis saSualo kineti-

kur energias. es mtkicebuleba samarTliania siTxeebisa da myari sxe-

ulebisTvisac. formulidan Cans, rom molekulebis moZraobis saSualo 

kinetikuri energiis mniSvneloba da Sesabamisad, molekulebis saSualo 

kvadratuli siCqare absoluturi nulis dros nulis tolia. 

molekulebis saSualo kvadratuli siCqare. (6.1), (6.3) da (6.5) 

formulebidan SeiZleba gamovTvaloT molekulebis saSualo kvadra-

tuli siCqare: 

 ൌ ඨ2ܧკინ݉ ൌ ඨ3݇ܶ݉ ൌ ඨ3ߩ .			ሺ6.13ሻ 
 

kvleviTi samuSao-2. gamoyeneba. ramdenad gaizrdeba temperatura?

amocana. idealuri airis temperatura 373 K-is tolia. ramdenad gaizrdeba 

airis temperatura, Tu molekulebis saSualo kvadratuli siCqare 3-jer 

gaizrdeba?  

imsjeleT Sedegebze: 

• rogori kavSiria idealuri airis temperaturasa da misi molekulebis saSualo 

kinetikur energias Soris? 

• ramdenad gaizrdeba airis temperatura, Tu misi molekulebis saSualo 

kinetikuri energia 3-jer gaizrdeba? 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: 

• rogor gavuzomoT WianWvelas temperatura Cveulebrivi TermometriT? 

SeafaseT Tqveni codna: 1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT 

kargad da ra darCa nawilobriv gaugebari? 2. ras axasiaTebs temperatura? 3. ra 

aris siTburi wonasworoba? ris Tqma SeiZleba siTburi wonasworobis 

mdgomareobaSi myofi sxeulebis temperaturaze? 4. rogoria absoluturi nulis 

fizikuri Sinaarsi? 5. kelvinis skalis romel temperaturas Seesabameba _730C? 6. 

daxateT temperaturasTan dakavSirebuli cnebebis kavSirebis ruka. 
 

ra SeityveT? samuSao rveulSi dawereT Semdegi cnebebis ganmartebebi: `siTburi 

wonasworoba~, `absoluturi temperatura~, `kelvinisa da celsiusis skalaTa 

kavSiri~, `temperaturis fizikuri azri~. 
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 airis molekulebis moZraobis siCqaris gansazRvra 
(gakveTili-prezentacia) 

 

prezentaciis mosamzadeblad Temaze `molekulebis moZraobis siCqaris 

gansazRvrisa da maTi urTierTqmedebis eqsperimentuli kvlevis Sede-

gebi~ gamoiyeneT codna, Cvevebi da Teoriuli informacia, romlebic 

wina gakveTilze SeiZineT. 

 

airis molekulebis moZraobis siCqaris gansazRvra. airis molekulebi 

uwyvet qaosur moZraobas asruleben. gasakviria, rom didi raodenobis 

airis molekulebis mouwerigebeli moZraoba siCqaris mixedviT gana-

wilebis garkveul kanonzomierebas emorCileba. 6.2 cxrilSi mocemu-lia 

azotis molekulebis ganawileba siCqaris mixedviT (oTaxis tempe-

raturaze, procentebSi, molekulebis saerTo raodenobis mimarT). 

cxrili 6.2  
siCqare, m/wm 0 ൊ 100 100 ൊ 300 300 ൊ 500 500 ൊ 700 700 ൊ 900 900 ൏ 
molekulebis 

raodenoba, % 
1 25 42 24 7 1 

 cxrilidan Cans, rom molekulebis saerTo raodenobis 1% Zalian 

patara siCqariT moZraobs. molekulebis mTeli raodenobis daaxlo-
ebiT naxevari (42%) saSulo siCqariT 

(300 _ 500) m/wm moZraobs. molekulebis 

saerTo raodenobis 91%-is siCqare 100 

m/wm-idan 700 m/wm-mde sazRvrebSia. 

1860 wels ingliselma fizikosma jeims 

maqsvelma (1831 _ 1879) albaTobis Teo-
riis gamoyenebiT gansazRvra airis 

molekulebis ganawileba siCqareebis 

mixedviT da grafikulad warmoadgina 

(a). grafikis maqsimumi Seesabameba 

siCqaris mniSvnelobas (va), romelic 

yvelaze didi albaTobiT aqvs molekulas. anu airis molekulebis 

yvelaze didi nawili mocemuli temperaturisa da moculobis dros va-

s (valbaTuri) toli siCqariT moZraobs. magaliTad, azotisTvis 200C 

temperaturis dros va = 415 m/wm. temteraturis gazrda iwvevs did 

siCqariT moZravi molekulebis raodenobis gazrdas da patara siCqariT 

moZravi molekulebis raodenobis Semcirebas. Sedegad izrdeba va-s 

mniSvneloba da siCqareTa `ganawilebis~ mrudis maqsimumi didi 

siCqareebis mxares wanacvldeba (ix. a).  

airis molekulebis siCqaris gasazomad pirveli eqsperimentuli 

kvlevebi germanelma mecnierma oto Sternma (1888 _ 1969) Caatara 1920 

wels. molekulebis siCqaris mis mier miRebuli mniSvnelobebi daemTxva 

siCqaris mniSvnelobebs, romelic molekulur-kinetikuri Teoriis 

safuZvelze Teoriuli gamoTvlebiT iyo miRebuli. Sternis cdebis 

samecniero mniSvneloba is aris, rom man airis molekulebis siCqare 

eqsperimentulad gansazRvra, aseve is, rom misma cdebma daadastura 

molekulebis siCqareebis mixedviT ganawilebis kanonzomiereba.  

6.4 
m
o
l

e
k
u
l

e
b
i
s
 

r
a
o
d
e
n
o
b
a
, 
%

 

(a) 

t1 
 t2 

вO 

t2>t1 

v



 

 

VI 

147  •   V I  •  molekulur-kinetikuri Teoria •

prezentaciis momzadebis gegmis magaliTi 

I slaidi: • prezentaciis saxelwodeba 

• moamzada 

II slaidi: • makro- da mikroparametrebi, romlebzec damokidebulia idealuri 

airis molekulebis moZraobis siCqare 

III slaidi: • airis molekulebis siCqaris mixedviT ganawilebis kanonzomierebis 

dadgena 6.2 cxrilis analizis safuZvelze 

IV slaidi: • molekulebis raodenobis siCqareze damokidebulebis grafikis 

analizi  

V slaidi: • Sternis cdebiT miRebuli Sedegebi 

 
 

 idealuri airis mdgomareobis gantoleba 

Tqven SeiwavleT idealuri airi mk Teoriis poziciidan da gaarkvieT kavSiri mis 

makroskopul da mikroskopul parametrebs Soris. 

• romel makroskopul da mikroskopul parametrebs akavSirebs idealuri airis 

molekulur-kinetikuri Teoriis ZiriTadi gantoleba? rogori saxe aqvs am 

gantolebas? 

• SeiZleba Tu ara, erTi gamosaxulebiT davakavSiroT idealuri airis mdgomareobis 

damaxasiaTebeli sami makroskopuli parametri (wneva, moculoba da temperatura)? 

rogor SeiZleba amis gakeTeba? 

 

 

6.5 

kvlevTi samuSao-1. rogor aris dakavSirebuli mocemuli masis airis makroskopuli 

parametrebi? 

samuSaosTvis saWiroa: silfoni, manometri, akvariumi, Termometri, wylis gamacxe-

lebeli, wyali (2 l). 

silfonis mowyobiloba. xelsawyo warmoadgens metalis gofrirebul hermetul 

cilindrs, romelsac cvladi moculoba aqvs _ silfons (2), romelzec mimagrebulia 

saxuravi (1). saxuravs aqvs mili (3), romliTac silfoni uerTdeba manometrs. (4) xraxnis 

saSualebiT SesaZlebelia silfonis moculobis Secvla, ris Sedegad icvleba agreTve 

haeris wneva cilindris SigniT. cilindrSi arsebuli haeris moculobas zomaven 

pirobiTi erTeulebiT skalis (5) danayofebis mixedviT. skala cilindrze gverdidanaa 

mimagrebuli. wnevas zomaven manometriT (6) (a). 

samuSaos msvleloba: 1. miuerTeT silfoni manometrs, CainiSneT cilindrSi haeris 

moculoba ܸ ଵda wneva ଵ oTaxis temperaturaze ( ଵܶ). am monacemebis mixedviT gamoTvaleT భభభ் .   Sefardebis mniSvneloba. 2. SecvaleT silfonis moculoba da CadgiT Tbil wyalSi. 

CainiSneT axali mdgomareobis Sesabamisi parametrebi T2, V2, p2 (b). am monacemebis 

mixedviT gamoTvaleT ଶܶ, ଶܸ,  .ଶSefardebis mniSvneloba

3. SeadareT cdis Sedegad miRebuli mniSvnelobebi da gaakeTeT Sesabamisi daskvna. 

imsjeleT Sedegebze: 

• ra kanonzomiereba 

gamovlinda makroskopuli 

parametrebis gazomvisa da 

gamoTvlebis Semdeg, 

romlebic mocemuli masis 

airis (haeris) sxvadasxva 

mdgomareobas Seesabameba? 

• ra daskvnebTan mivyavarT 

Catarebul kvleviT 

samuSaos? 

4 

1

2

5 

5 

6 (b)(a) 

3 
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klapeironis gantoleba. idealuri airis damaxasiaTebel sam makros-

kopul parametrs (wnevas, moculobasa da temperaturas) Soris damoki-

debulebas gansazRvravs idealuri airis mdgomareobis gantoleba. 

• idealuri airis mdgomareobis gantoleba aRwers airis mdgoma-

reobas da gansazRvravs kavSirs mis parametrebs Soris sawyis da 

saboloo mdgomareobaSi. 

Tu idealuri airis molekulebis raodenoba mudmivia, anu misi masa 

da moluri masa ar icvleba, airis erTi mdgomareobidan meoreSi 

gadasvlis dros (6.2) da (6.9) formulebidan miviRebT: ൜ଵ ଵܸ ൌ ܰ݇ ଵܶଶ ଶܸ ൌ ܰ݇ ଶܶ. 																																										ሺ6.14ሻ 
sadac, ଵ, ଵܸ, ଵܶ	idealuri airis parametrebia sawyis mdgomareobaSi, 

p2,V2,T2 misi parametrebia saboloo mdgomareobaSi. (6.14) gamosaxulebe-

bidan martivi maTematikuri gardaqmnebiT mocemuli masis (m = const) 
airisTvis miviRebT: ଵ ଵܸଵܶ ൌ ଶ ଶܸଶܶ 		ან		 ܸܶ ൌ 	ሺ6.15ሻ									.ݐݏ݊ܿ
es gantoleba (6.15), romelic idealuri airis mdgomareobas axasiaTebs, 

1834 wels frangma fizikosma benua klapeironma (1799 _ 1864) miiRo. 

amitom mas klapeironis gantoleba ewodeba. 

• mocemuli masis airis wnevisa da moculobis namravlis Sefardeba 

temperaturasTan mudmivi sididea.  

mendeleev-klapeironis gantoleba. nivTierebis nawilakebis raode-

nobis, nivTierebis masis, moluri masisa da avogadros ricxvis 

damakavSirebeli formulis ܰ ൌ ெ ܰ 
gaTvaliswinebiT (6.14) formulaSi miviRebT:  ܸ ൌ ݇ ܰ ܯ݉ ܶ.																																								ሺ6.16ሻ 

bolcmanis mudmivas avogadros mudmivaze namravlic mudmivi sididea 

da airis universaluri mudmiva ewodeba. aRiniSneba R asoTi da misi 

ricxviTi mniSvneloba tolia: ܴ ൌ ݇ ܰ ൌ 8,31 ჯ
მოლი ∙ ݇ .																			ሺ6.17ሻ 

airis universaluri mudmivas fizikuri Sinaarsi aseTia: airis wnevisa 

da moculobis namravlis Sefardeba absolutur temperatu-rasTan 

mudmivi sididea erTi moli nebismieri airisTvis.  

Tu (6.17) gamosaxulebas (6.16)-Si gaviTvaliswinebT, miviRebT gamosa-
xulebas, romelic agreTve idealuri airis mdgomareobas axasiaTebs da 

mendeleev-klapeironis gantoleba ewodeba: ܸ ൌ ܯ݉ ܴܶ ൌ ܴܶ.																														ሺ6.18ሻ 
mendeleev-klapeironis gantoleba SeiZleba aseTi saxiTc CavweroT:  ൌ  ሺ6.19ሻ																																														.ܴܶܯߩ

sadac  ߩ ൌ  	െ airis simkvrivea. 
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kvleviTi samuSao-2. gamoyeneba. SegiZliaT Tu ara idealuri airis mdgomareobis 

gantolebis gamoyeneba? 

amocana-1. 0,1 m3 moculobis balonSi 8,9 · 10_3 kg masis airia, romlis 

temperaturaa 00C da wneva 105 pa. gansazRvreT airis moluri masa. es romeli 

airia? 

amocana-2. meteorologiuri burTi, romelic wyalbadiTaa gavsebuli, avida 

simaRleze, sadac haeris temperatura 00C-ia. gansazRvreT wyalbadis simkvrive, 

Tu simaRleze burTSi wneva 1,5 · 105 pa-is toli gaxda. 

imsjeleT Sedegebze: 

• romeli formuliT gamoiTvleba airis moluri masa? 

• amocanis pirobaSi moyvanili parametrebis mixedviT rogor gavigoT airis 

simkvrive meteorologiur burTSi?  

SeZenili codnis gamoyeneba: 

• ratom unda vicodeT idealuri airis mdgomareobis gantolebis gamoyeneba? 

romel pasuxs airCevdiT?  

1. mdgomareobis gantoleba saSualebas iZleva, ganvsazRvroT mesame parametri 

ori sxva cnobili parametris mixedviT, romlebic airis mdgomareobas axasi-

aTeben.  

2. mdgomareobis gantoleba saSualebas iZleva, mivxvdeT, rogor ganviTardeba 

sistemaSi mimdinare procesebi konkretuli garemo pirobebis SemTxvevaSi.  

3. mdgomareobis gantoleba saSualebas iZleva, ganvsazRvroT Cveni garemom-

cveli sistemis mdgomareobis cvlilebebi. 

SeafaseT Tqveni codna:  

1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kargad da ra darCa 

nawilobriv gaugebari?  

2. ras gansazRvravs idealuri airis mdgomareobis gantoleba?  

3. romeli movlenebis Seswavlis dros gamoiyeneba mdgomareobis gantoleba?  

4. ras axasiaTebs klapeironis gantoleba?  

5. airis romel parametrebs Soris damokidebulebas ewodeba mendeleev-

klapeironis gantoleba?  

6. mocemuli airis erTi mdgomareobidan meoreSi gadasvlis dros misi wneva 

mcirdeba, temperatura ki izrdeba. rogor Seicvleba airis moculoba?  

7. rogoria airis universaluri mudmivas fizikuri Sinaarsi? 

 
ra SeityveT? samuSao rveulSi dawereT dasaxelebuli cnebebis mokle ganmar-

tebebi da Seasabamisi gantolebebi: `idealuri airis mdgomareobis gantoleba~, 

`klapeironis gantoleba~, `mendeleev-klapeironis gantoleba~. 
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 idealuri airis kanonebi 

 

 
 
idealuri airis mdgomareobis gantolebiT SegviZlia SeviswavloT 

procesebi, romelTa drosac airis masa da airis damaxasiaTebeli erT-

erTi makroskopuli parametri ar icvleba. 

• airis kanonebi ewodeba kanonebs, romlebic gansazRvravs raodeno-

briv kavSirs mocemuli masis (m = const) airis or makroskopul parametrs 

Soris mesame makroskopuli parametris mniSvnelobis mudmivobis dros. 

• izoprocesebi (berZnuli izos _ ucvleli, toli) ewodeba procesebs, 

romlebic mocemuli masis (m = const) airebSi mimdinareobs erT-erTi 

makroskopuli parametris mniSvnelobis mudmivobis pirobebSi. 

boil-mariotis kanoni: es kanoni 1662 wels aRmoaCines ingliselma 

fizikosma robert boilma (1627 _ 1691) da 1676 wels _ frangma fizi-

kosma ed mariotma (1620 _ 1684). 

• mocemuli masis airis wnevis namravli moculobaze mudmivi sididea, 

Tu airis temperatura ar icvleba (T = const, m = consT):  ܸ ൌ ܯ݉ ܴܶ ൌ  ሺ6.20ሻ											.ݐݏ݊ܿ

6.6 

davuSvaT, sicividan Tbil 

oTaxSi mWidrod daxuruli 

haeris baloni SemoitaneT. 

garkveuli drois Semdeg: 

 

• haeris mdgomareobis damaxasiaTebeli romeli 

parametrebi Seicvleba? 

• haeris mdgomareobis damaxasiaTebeli romeli 

parametrebi ar Seicvleba? 

• romeli formuliT SeiZleba balonSi arsebuli 

haeris mdgomareobis aRwera? 

imsjeleT Sedegebze: 1. rogor Seicvala mocemuli masis airis 

(haeris) wneva misi moculobis cvlilebisas mud-mivi (oTaxis) 

temperaturis dros? 2. rogori kanonzomi-erebiT aris dakav-

Sirebuli wnevebisa da Sesabamisi mo-culobebis namravlebi 

p1V1; p2V2; ... cdis yovel etapze? 3. ra daskvnis gakeTeba 

SeiZleba cdis Sedegebis mixedviT? 

kvleviTi samuSao-1. rogori kanonzomieri kavSiria mocemuli masis airis 

danarCen or parametrs Soris, Tu airis temperatura ar 

icvleba? 

samuSaosTvis saWiroa: silfoni masTan mierTebuli manometriT (a). 

samuSaos msvleloba: 

1. cxril 6.3-Si aRniSneT haeris sawyisi parametrebi oTaxis temperaturaze:  

   p1 = 105pa = 1 wnevis pirobiTi erTeuli, V1 = 8 moculobis pirobiTi   

   erTeuli. 

2. xraxnis brunviT TandaTan SeamcreT silfonSi haeris moculoba.  

   CaiwereT ramdenime axali moculobisa da Sesabamisi wnevebis  

   mniSvnelobebi. 

3 z m s S b s m x m n mr b V V

(a) 

cxrili 6.3. 

v, pirobiTi erT. 8 7 6 5 4 3 2	
p, pirobiTi erT. 1 1,1 ... ... ... ... ...	
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mocemuli masis airis sawyisi wnevis p1 namravli sawyis moculobaze V1 

tolia amave parametrebis p2 da V2 mniSvnelobebis namravlis nebismier 

Semdeg mdgomareobaSi, Tu airis temperatura ar icvleba: ଵ ଵܸ ൌ ଶ ଶܸ 	→ ଶଵ ൌ ଶܸܸଵ .					ሺ6.21ሻ 
• izoTermuli ewodeba mocemuli masis (m = const) idealuri airis 

mdgomareobis cvlilebis process, romelic mudmivi temperaturis (T = 
const) pirobebSi mimdinareobs. izoTermul procesebSi airis wnevasa da 

moculobas Soris ukuproporciuli damokidebulebaa  (b).  

 

 
gei-lusakis kanoni: es kanoni 1802 wels eqsperimentulad daadgina 

frangma fizikosma Jozef lui gei-lusakma (1778 _ 1850). 

• ucvleli wnevis dros mocemuli masis airis moculobis Sefardeba mis 

absolutur temperaturasTan mudmivi sididea (p = const, m = const): ܸܶ ൌ ܯܴ݉ ∙ 1 ൌ  ሺ6.22ሻ																										.ݐݏ݊ܿ
ucvleli wnevis dros airis sawyisi moculobis V1 Sefardeba mis tem-

peraturasTan T1 tolia airis imave parametrebis V2 da T2 Sefardebisa 

nebismier sxva mdgomareobaSi:  ଵܸܶଵ ൌ ଶܸܶଶ .																																																	ሺ6.23ሻ 
gei-lusakis kanoni SeiZleba sxvanairadac CamovayaliboT: 

• ucvleli wnevis dros mocemuli masis idealuri airis moculobis 

fardobiTi cvlileba temperaturis cvlilebis pirdapirproporciu-

lia (p = const, m = const): ܸ െ ܸܸ ൌ ݐሺߙ െ ݐ									,ሻݐ ൌ 0					ܸ ൌ ܸሺ1   ሺ6.24ሻ			ሻݐߙ
sadac V0 idealuri airis moculobaa 0°C temperaturaze, V _ airis 

moculoba saboloo mdgomareobaSi, α _ moculobiTi gafarToebis 

koeficienti.  

cdebiT gairkva, rom yvela idealuri (anu gaiSviaTebuli) airis 

gacxelebisas 1 K-iT (anu 10C-iT) mudmivi wnevis dros misi moculoba 

sawyisi moculobis daaxloebiT 1/273 nawiliT izrdeba: ߙ ൌ ଵܸ െ ܸ100Ԩ ∙ ܸ ൎ 1273 1Ԩ ൌ 1273  ሺ6.25ሻ					.ܭ1
• izobaruli ewodeba mocemuli masis idealuri airis mdgomareobis 

cvlilebis process mudmivi wnevis dros (p = const) (g). izobaruli 

(b) 
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procesis dros mocemuli masis airis moculoba misi temperaturis 

pirdapirproporciulia. 

 
Sarlis kanoni. es kanoni 1787 wels aRmoaCina frangma fizikosma Jak 

aleqsandr sezar Sarlma (1746 _ 1823): 

• mocemuli masis ideluri airis wnevis Sefardeba absolutur temperat-

urasTan mudmivi moculobis dros ucvleli sididea  (v = const, m = const):  ܶ ൌ ܯܴ݉ ∙ 1ܸ ൌ  ሺ6.26ሻ																										.ݐݏ݊ܿ
airis sawyisi p1 wnevis Sefardeba mis T1 temperaturasTan tolia misi p2 

da T2 parametrebis Sefardebisa nebismier sxva mdgomareobaSi: ଵܶଵ ൌ ଶܶଶ .																																																	ሺ6.27ሻ 
Sarlis knoni SeiZleba Semdegnairadac CamovayaliboT: 

• ucvleli moculobis dros mocemuli masis idealuri airis wnevis 

fardobiTi cvlileba misi absoluturi temperaturis cvlilebis 

pirdapirproporciulia (p = const, m = const):  െ  ൌ ݐሺ	ߚ െ ݐ			,ሻݐ ൌ 0								 ൌ ሺ1   ሺ6.28ሻ			ሻݐߚ
sadac p0 idealuri airis sawyisi wnevaa, t0 _ sawyisi temperatura, p _ 

saboloo wneva, t _ saboloo temperatura, β _ wnevis cvlilebis koefi-

cienti.  

gamoTvlebiT dadginda, rom nebismieri idealuri airis gacxe-lebisas 

1 K-iT (10C-iT) mudmivi moculobs dros misi wneva sawyisi wnevis 

daaxloebiT 1/273 nawiliT izrdeba: ߚ ൌ ଵ െ 100Ԩ ∙  ൎ 1273 1Ԩ ൌ 1273  ሺ6.29ሻ				.ܭ1
• izoqoruli ewodeba mocemuli masis idealuri airis mdgomareobis 

cvlilebis process mudmivi moculobis dros (V = const) (d). izoqorul 

procesSi mocemuli masis airis wneva misi temperaturis pirdapir-

proporciulia. 

 
daltonis kanoni. es kanoni 1801 wls aRmoaCina ingliselma mkvle-

varma jon daltonma (1766 _ 1844): 

(g) 

(d)
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• idealuri airebis narevis wneva (Tu isini erTmaneTTan qimiur reaq-

ciaSi ar Sedian) am airebis parcialuri wnevebis jamis tolia:  ൌ ൌ ଵ  ଶ ⋯ 
ୀଵ .										ሺ6.30ሻ 

 parcialuri wneva narevis SemadgenlobaSi Semavali TiToeuli airis 

mier warmoebuli wnevaa. 

avogadros kanoni: es kanoni Tavidan mxolod varaudis saxiT 1811 wels 

gamoTqva italielma fizikosma amedeo avogadrom (1776 _ 1856). 

SemdgomSi es varaudi mravali cdiT dadasturda. 

• sxvadasxva airis erTnair moculobaSi, erTnairi temperaturisa da 

wnevis dros, erTnairi raodenobis molekulebia. magaliTad, nebismi-

eri airis 1 molSi molekulebis raodenoba tolia:  NA = 6,02 · 10_23 

moli_1. 

kvleviTi samuSao-2. romeli izoprocesia grafikze warmodgenili?

amocana. idealur airze Sesrulda (e) naxatze naCvenebi procesi. aageT am 

procesisTvis p _ T (v) da V _ T (z) damokidebulebis grafikebi. sawyis mdgomare-

obaSi airis temperatura 250 K-is tolia. 

 
imsjeleT Sedegebze:  

• romeli izoprocesis grafikia mocemuli amocanis pirobaSi? 

• rogoria am procesis Sesabamisi p _ T da V _ T damokidebulebis grafikebi? 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: sunTqvis procesi, rogorc 

Cveni arsebobis mniSvnelovani atributi, fizikuri procesia. sunTqvis dros 

neknebsSorisi kunTebi da diafragma periodulad cvlian mkerdis moculobas. 

mkerdis gafarToebis dros filtvebSi haeris wneva atmosferul wnevaze dabla 

ecema, ris gamoc xdeba haeris CasunTqva. sxva sityvebiT, xdeba garemodan 

filtvebSi haeris TavisTavadi Sedineba filtvebSi haeris wnevisa da garemos 

haeris wnevis gaTanabrebamde. amosunTqvis dros xdeba ukuprocesi: filtvebis 

moculobis Semcirebis gamo filtvebSi haeris wneva atmosferulze meti xdeba 

da haeri filtvebidan atmosferoSi gamodis. 

• romeli izoprocesi xdeba haeris CasunTqvisa da amosunTqvis dros?  

SeafaseT Tqveni codna: 1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT 

kargad da ra darCa TqvenTvis nawilobriv gaugebari? 2. ras gansazRvravs airis 

kanonebi? 3. ra aris izoprocesi? 4. raSi mdgomareobs boil-mariotis kanonis 

azri? 5. romel kavSirs gansazRvravs gei-lusakis kanoni? 6. raSi mdgomareobs 

moculobiTi gafarToebis koeficientis fizikuri Sinaarsi? 7. romel 

parametrebs Soris kavSirs gansazRvravs Sarlis kanoni? 

 

ra SeityveT? samuSao rveulSi dawereT dasaxelebuli cnebebis ganmartebebi: 

`airis kanoni~, ̀ izoprocesi~, ̀ boil-mariotis kanoni~, `gei-lusakis kanoni~, ̀ Sarlis 

kanoni~, `daltonis kanoni~, `avogadros kanoni~, `izoTermuli procesi~, 

`izoqoruli procesi~, `izobaruli procesi~. 

 

ܸ,݉ଷ ܶ, ܭ  ܭ,ܶ

ܸ,݉ଷ ൈ 10ହܲܽ ൈ 10ହܲܽ (e) (v) (z)
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 orTqlis Tvisebebi: najeri da ujeri orTqli 

 
 

 
aorTqleba. siTxeebSi (da myar sxeulebSi) nebimieri temperaturis 

dros arsebobs molekulebis (an atomebis) garkveuli raodenoba, 

romelTa kinetikuri energia metia, vidre mezobel molekulebTan maTi 

urTierTqmedebis potenciuri energia. Tu es molekulebi siTxis 

zedapirTan axlos arian, isini advilad toveben siTxes da siTxis 

zedapirTan orTqls warmoqmnian. 

• orTqladqceva ewodeba nivTierebis Txevadi mdgomareobidan airad 

mdgomareobaSi gadasvlis process. 

• orTqladqceva xdeba ori xerxiT: aorTqlebiTa da duRiliT. 

• aorTqleba aris orTqladqcevis procesi, romelic siTxis Tavisu-

fali (Ria) zedapiridan xdeba nebismieri temperaturis dros. 

• duRili aris orTqladqcevis procesi, romelic xdeba siTxis mTli-

ani moculobidan garkveul teperaturaze (ix. fizika 8, gv. 75-76). 

aorTqlebis dros nawilakebi, romelTac didi kinetikuri energia 

aqvT, siTxis Tavisufali zedapiridan amodian. amis gamo mcirdeba 

darCenili siTxis nawilakebis saSualo kinetikuri energia. amitom 

aorTqlebis procesSi siTxis temperatura mcirdeba (Tu siTxes garedan 

siTbo ar miewodeba). 

aorTqlebis siCqare damokidebulia: siTxis temperaturaze, siTxis 

Tavisufali zedapiris farTobze, haeris nakadis siCqareze Tavisu-

fali zedapiris zeviT, Tavisufal zedapirze warmoebul wnevaze 

(zedapirze warmoebuli wnevis gazrda iwvevs aorTqlebis siCqaris 

Semcirebas), siTxis orTqladqcevis kuTri siTbos mniSvnelobaze, anu 

siTxis gvarobaze (romeli siTxea). 

6.7 

nisli erT-erTi xSiri 

bunebrivi movlenaa, 

romelsac soflad Tu 

qalaqSi vxvdebiT. 

 

• Tqveni azriT, riT gansxvavdeba warmodgenebi, 

romlebic qalaqisa da soflis mosaxleobas aqvs 

nislis Sesaxeb? 

• ra aris mecnieruli TvalsazrisiT nisli: sad da 

rodis warmoiqmneba? 

• ginaxavT Tu ara nisli saxlSi? pasuxi daasabuTeT. 

kvleviTi samuSao-1.  ratom aqvs wveTs Zalian patara zomebi? 

samuSaosTvis saWiroa: sasagne minebi (2 cali), spirti, wyali, zeTi, pipeti, 

spirtqura an sanTeli, ventilatori. 

samuSaos msvleloba: 1. sasagne minaze daawveTeT TiToeuli siTxis (spirtis, 

wylisa da zeTis) TiTo wveTi. daakvirdiT, rogor icvleba wveTebis zomebi sasagne 

minis zedapirze da gaakeTeT daskvnebi. 2. daawveTeT orive sasagne minis 

zedapirze erTi da imave raodenobis wyali. erTi sasagne mina qvemodan gaaTbeT, 

daakvirdiT wylis mdgomareobas orive sasagne minaze. 3. daawveTeT orive sasagne 

minis zedapirze erTi da imave raodenobis spirti. erTi sasagne mina gverdiT 

gadadeT, xolo meore minisken ventilatoridan wamosuli haeris nakadi mimarTeT. 

daakvirdiT wveTebis mdgomareobas orive sasagne minis zedapirze. 

imsjeleT Sedegebze: 1. ra daskvnebi gaakeTeT sami sxvadasxva siTxis wveTebze 

dakvirvebis Semdeg pirvel cdaSi: romeli siTxis wveTis zomebi Semcirda ufro 

swafad? ratom? 2. ra gaarkvieT meore da mesame cdebidan? 
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• siTxis orTqladqcevis kuTri siTbo ricxobrivad siTbos im raode-

nobis tolia, romelic saWiroa 1 kg masis siTxis imave temperaturis 

orTqlad gadaqcevisTvis (mudmivi temperaturis dros). ܮ ൌ ܳ݉ .																												ሺ6.31ሻ 
sadac L orTqladqcevis kuTri siTboa, Q _ orTqladqcevis siTbo. SI 
sistemaSi orTqladqcevis kuTri siTbos sazomi erTeulia: ሾܮሿ ൌ 1 ჯ

კგ ൌ 1 მଶ
წმଶ.			 

orTqladqcevis kuTri siTbo damokidebulia siTxis gvarobasa da mis 

temperaturaze _ temperaturis gazrdiT orTqladqcevis kuTri siTbo 

mcirdeba. orTqladqcevis kuTr siTbos minimaluri mniSvneloba aqvs 

siTxis duRilis temperaturaze. 

• orTqladqcevis siTbo siTbos is raodenobaa, romelic saWiroa m masis 

siTxis orTqlad gadaqcevisTvis mudmivi temperaturis pirobebSi: ܳ ൌ  ሺ6.32ሻ																									.݉ܮ
orTqladqcevis Sebrunebuli procesi _ kondensacia, erTerTi 

bunebrivi procesi, romlis drosac orTqli siTxed gadaiqceva. 

 kondensacia aris orTqlis siTxed gadaqcevis procesi. orTqli 

garemos gadascems siTbos raodenobas Q = Lm da siTxed gadaiqceva. 

kondensaciis dros imdenive raodenobis siTbos gamoiyofa, ramdenic 

daixarja am siTxis orTqlad gadaqcevisaTvis. 

najeri da ujeri orTqli. orTqlis simkvrivisa da wnevis tempera-

turaze damokidebulebis mixedviT, orTqli SeiZleba iyos najeri an 

ujeri. 

 najeri orTqli aris orTqli, romelic dinamikur wonasworobaSia 

Tavis siTxesTan. orTqlsa da siTxes Soris dinamikuri wonasworoba 

myardeba rodesac siTxis Tavisufali zedapiridan amosuli moleku-lebis 

raodenoba gautoldeba siTxeSi dabrunebuli molekulebis raode-nobas, 

amitom najeri orTqli warmoiqmneba daxurul sivrceSi siTxis Tavisufali 

zedapiris irgvliv. 

Tu WurWeli, romelSic siTxea, Riaa, molekulebis 

nawili, romlebmac datoves siTxe, sivrceSi ifanteba 

da siTxeSi aRar brundeba, ris gamo irRveva dinami-

kuri wonasworoba da orTqli ujer mdgomareobaSi 

gadadis. 

 ujeri orTqli aris orTqli, romelic ar aris 

dinamikur wonasworobaSi Tavis siTxesTan. 

najeri orTqlis Tvisebebi 

_ najeri orTqlis wneva, simkvrive da koncentra-

cia, mudmivi temperaturis dros, ar aris damokide-

buli orTqlis moculobaze, anu najeri orTqli boil-

mariotis kanons ar emorCileba (a). 

_ temperaturis zrdasTan erTad, najeri orTqlis 

wneva, simkvrive da koncentracia mkveTrad izrdeba, 

anu najeri orTqli ar emorCileba Sarlis kanons. es 

(a) 

(b) 

(g) 
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imitom xdeba, rom p = nkT formulis 

Tanaxmad, najeri orTqlis wneva izrdeba ara 

marto temperaturis zrdis gamo, aramed 

orTqlis molekulebis koncentra-ciis 

(simkvrivis) zrdis gamoc (b).  

ujeri orTqlis Tvisebebi. 

a) mocemuli masis ujeri orTqlis wneva da 

simkvrive mocemuli temperaturis dros 

misi moculobis ukuproporciulia, anu 

ujeri orTqlis mdgomareobis cvlileba 

xdeba boil-mariotis kanonis mixedviT (g); 

b) mocemuli masis ujeri orTqlis wneva 

mudmivi moculobis dros misi temperatu-

ris pirdapirproporciulia, anu ujeri 

orTqlis mdgomareobis cvlileba xdeba 

Sarlis kanonis mixedviT (d).  

orTqls SeuZlia najeri mdgomareobidan 

ujer mdgomareobaSi gadasvla da piriqiT. 

• izoTermuli gafarToebis dros SeiZleba 

najeri orTqli ujer orTqlad gardaiqmnas. 

• izoTermuli SekumSvis dros SeiZleba ujeri 

orTqli najer mdgomareobaSi gada-vides. 

  izoTermuli SekumSvis dros, SesaZlebe-

lia ujeri orTqli gadavides najer mdgo-

mareobaSi. 

es gardaqmnebi Semdegnairad xdeba. davuS-
vaT, cilindrSi, romelic manometrTanaa 

mierTebuli, dguSis qveS moTavsebulia ujeri orTqli, romlis 

temperaturaa T da moculoba VA (e). orTqlis izoTermuli Se-kumSvis 

dros misi moculoba mcirdeba, xolo wneva, simkvrive da koncentracia 

_ izrdeba (grafikis AB ubani). 

rodesac orTqlis moculoba VB gaxdeba, orTqli kondensirebas 

daiwyebs, cilindrSi siTxis wveTebi gaCndeba _ orTqli najer 

mdgomareobaSi gadava. orTqlis wnevas, simkvrivesa da koncentracias am 

dros maqsimaluri mniSvneloba aqvs, romelic mocemuli temperaturis 

dros aris SesaZlebeli. moculobis Semdgomi Semcireba gamoiwvevs 

orTqlis kondensacias da siTxed gardaqmnas (grafikis BC ubani). es 

procesi gagrZeldeba najeri orTqlis mTlianad siTxed gadaqcevamde 

(wertili C). moculobis Semdgomi Semcirebis dros SeikumSeba mxolod 

siTxe, rac misi mcire kumSvadobis gamo wnevis mkveTr zrdas gamoiwvevs. 

amaSi davrwmundebiT manometris Cvenebis mkveTri gazrdiT (grafikis CD 

ubani). 
• izoqoruli gacxelebis dros najeri orTqli ujer orTqlad 

gadaiqceva. mudmivi moculobis dros orTqlis wnevis temperaturaze 

damokidebulebis grafikis 1-2 ubani orTqlis najer mdgomareobas 

Seesabameba (v). me-2 wertilSi siTxe mTlianad aorTqlebulia, amitom 

(d) 

(e) 

(v) 
ujeri 

orTqli 

idealuri 

airi 
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orTqli ujer mdgomareobaSi gadadis da SemdgomSi misi wneva Sarlis 

kanonis mixedviT gaizrdeba. 

 

 SeniSvna. izoTermuli SekumSvisas najeri orTqlis 

gardaqmna siTxed SesaZlebelia mxolod kritikul 

temperaturaze dabali temperaturis dros. 

• kritikuli temperatura aris temperatura, romel-

zec qreba fizikuri gansxvaveba siTxesa da mis najer 

orTqls Soris. kritikul temperaturaze najeri 

orTqlis simkvrive siTxis simkvrivis tolia (z). 

kritikulze maRali temperaturis dros nivTiereba 

SeiZleba iyos mxolod erT agregatul mdgomare-

obaSi _ airad (orTqlis) mdgomareobaSi da verc erTi wnevis dros is siTxed 

ver gadaiqceva. kritikuli temperaturis mniSvneloba damokidebulia mxolod 

orTqlis saxeobaze. magaliTad, heliumisTvis Tkr = 4K, azotisTvis _ Tkr = 12K. 

 

 

 
ra SeityveT? samuSao rveulSi dawereT Semdegi cnebebis ganmartebebi: `orTq-
ladqceva~, `aorTqleba~, `najeri orTqli~, `ujeri orTqli~, `orTqladqcevis kuT-
ri siTbo~, `orTqladqcevis siTbo~, `kondensacia~, `kritikuli temperatura~. 

 
 
 
 
 

 haeris tenianoba. namis wertili 
 
haeri, romliTac Cven vsunTqavT, zogjer mSralia, zogjer _ teniani. 

• rogor aris damokidebuli haeris simSrale da tenianoba masSi arsebuli 

wylis orTqlis najerobis xarisxze? 
• romeli haeria ufro mZime mocemuli temperaturis da wnevis dros: 1 

kuburi metri mSrali Tu erTi kuburi metri teniani haeri? ratom? 

• rogor haerSi xdeba Cveni sxeulis zedapiridan meti aorTqleba, anu Cveni 

sxeulis gagrileba, ufro swrafad: mSral haerSi Tu tenianSi? ratom? 

kvleviTi samuSao-2. gamoyeneba. SeadareT orTqlis masebi

amocana. SeadareT orTqlis masebi wylis orTqlis wnevis temperaturaze damoki-

debulebis grafikis 1, 2 da 3 wertilebSi, mudmivi moculobis dros (ix. nax v). 

imsjeleT Sedegebze: • rogor icvleba orTqlis masa mudmivi moculobis dro, 

wylis orTqlis wnevis temperaturaze damokidebulebis grafikis 1-2 da 2-3 

ubnebze? ratom? 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: warmoidgineT orTqlis 

nakadi, romelic aduRebuli samovaris saxuravis patara xvrelidan gamodis. 

• orTqlis nakadi mxolod xvrelidan garkveuli manZiliT daSorebuli 

wertilidan xdeba xiluli. ratom? 

SeafaseT Tqveni codna: 1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kargad 

da ra darCa TqvenTvis nawilobriv gaugebari? 2. romeli procesebia: siTxis 

orTqlad gardaqna da piriqiT _ orTqlis siTxed gardaqmna? 3. ra `funqcia~ aqvs 

ventilators? 4. romeli orTqlia najeri? ratom? 5. ra gansxvavebaa najeri da 

ujeri orTqlis Tvisebebs Soris 6. rogor gardavqmnaT ujeri orTqli najer 

orTqlad? 7. rogor gardavqmnaT najeri orTqli ujer orTqlad? 

6.8 

ߩ

ܶ კܶრ
0

siTxe

najeri 

orTqli

(ზ) 
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teniania haeri, romlis SemadgenlobaSic garkveuli raodenobis 

wylis orTqlia. teniani haeris ZiriTadi raodenobrivi maxasi-
aTeblebia haeris absoluturi da fardobiTi tenianoba. 

• absoluturi tenianoba fizikuri sididea, romelic mocemul 

pirobebSi haerSi arsebuli wylis orTqlis simkvrivis tolia. 

absoluturi tenianoba (anu wylis orTqlis simkvrive) SeiZleba 

gamoviTvaloT mendeleev-klapeironis gantolebidan wylis orTqlis 

parcialuri wnevis saSualebiT: ߩწყ ൌ ܴܶܯ	ორთქ .																															ሺ6.33ሻ 
sadac ρ wy haerSi wylis orTqlis simkvrive, anu absoluturi teni-

anobaa,  M = 18 g/moli _ wylis moluri masa, T _ haeris temperatura, 

porTq. _ orTqlis parcialuri wneva, R _ airis universaluri mudmiva. 

rogorc wesi, absolutur tenianobas gamosaxaven g/m3-Si. 

magram wylis orTqlis simkrivisa da parcialuri wnevis codniT 

SeuZlebelia wylis orTqlis mdgomareobis gansazRvra: ramdenad Sors 

aris is najeri mdgomareobidan. amitom haeris tenianobis xarisxis 

gansasazRvrad Semoitanes meore maxasiaTebeli sidide _ fardobiTi 

tenianoba. 

• fardobiTi tenianoba fizikuri sididea, romelic haeris 

absoluturi tenianobis amave temperaturaze haerSi wylis najeri 

orTqlis simkvrivesTan Sefardebis tolia. fardobiTi tenianoba 

izomeba procentebiT: ߮ ൌ ߩწყߩ ∙ 100%.																								ሺ6.34ሻ 
sadac ρ0 haerSi wylis najeri orTqlis simkvrivea, φ _ haeris 

fardobiTi tenianoba. 

(6.33) tolobaSi haerSi wylis orTqlis simkvrivesa da wylis orTqlis 

parcialur wnevas Soris kavSiris gaTvaliswinebiT fardobiTi tenianoba 

SeiZleba gamovsaxoT haeris wnevis saSualebiT: 

• fardobiTi tenianoba mocemul temperaturaze haerSi wylis 

orTqlis parcialuri wnevis amave temperaturaze wylis najeri 

orTqlis wnevasTan Sefardebis tolia: ߮ ൌ წყ ∙ 100%.																								ሺ6.35ሻ 

kvleviTi samuSao-1. ratom ecema wneva tenian haerSi?

amocana-1. teniani haeris SemadgenlobaSi gacilebiT meti 

wylis molekulaa vidre mSralSi. magram wvimis win, haeris 

tenianobis momatebasTan erTad, barometr-aneroidis 

Cveneba mcirdeba. ratom?  

imsjeleT Sedegebze: 

• rogor moqmedebs haeris wnevis dacema haeris simkvriveze? 

• ratom ecema atmosferuli wneva haeris tenianobis matebis 

dros? 
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 amgvarad, fardobiT tanianobas gansazRvravs ara marto absolu-
turi tenianoba, aramed haeris temperaturac. fardobiTi tenianoba 

izomeba fsiqrometriTa da higrometriT (ix. fizika 8, gv. 83-86).  

Tu haerSi wylis orTqlis parcialuri wneva mocemul tempera-turaze 

gautoldeba amave temperaturaze wylis najeri orTqlis wnevas, haerSi 

arsebuli wylis orTqli najer mdgomareobaSi iqneba. Tu haerSi arsebuli 

wylis orTqlis simkvrive mocemul temperaturaze metia amave 

temperaturaze wylis najeri orTqlis simkvriveze, amboben, rom haerSi 

arsebuli wylis orTqli gadajerebul mdgomareobaSia. am mdgomareobidan 

SeiZleba daiwyos wylis orTqlis kondensacia.  

temperaturas, romelzec izobaruli gacivebis procesSi haerSi 

arsebuli wylis orTqli najeri xdeba, namis wertili ewodeba. Tu 

haeris temperatura namis wertilze naklebi gaxdeba, wylis orTqlis 

kondensacia daiwyeba. magaliTad, dRisiT haeris temperatura t1 = 320C, 

xolo haerSi arsebuli wylis orTqlis simkvrivea ρwy = 20 g/m3. RamiT 

haeris temperatura t2 = 180C, xolo najeri orTqlis simkvrive am 

temperaturaze ρ0 = 10,2 g/m3-ia. es niSnavs, rom haerSi arsebuli Warbi 

raodenobis orTqli kondesirdeba, anu nami gamoiyofa. es procesia 

nislis, Rrublebisa da wvimis warmoqmnis mizezi. 

 
 
ra SeityveT? samuSao rveulSi dawereT Semdegi cnebebis ganmartebebi: `teniani 

haeri~, `absoluturi tenianoba~, `fardobiTi tenianoba (simkvrivis mixedviT)~, 

`fardobiTi tenianoba (wnevis mixedviT)~, `gadajerebuli orTqli~, `namis wertili~. 

 

 
 
 
 
  

kvleviTi samuSao-2. gamoyeneba. ris tolia haerSi arsebuli wylis orTqlis 

parcialuri wneva? 

amocana-2. baqoSi 160C temperaturis dros haeris fardobiTi tenianoba 80%-ia. 

gamoTvaleT haerSi arsebuli wylis orTqlis parcialuri wneva (haerSi najeri 

orTqlis wneva 160C temperaturis dros 0,8 kpa-ia). 

imsjeleT Sedegebze: 

• rogori kavSiria haeris fardobiT tenianobasa da haerSi wylis orTqlis 

parcialur wnevas Soris mocemul temperaturaze? 

• ris tolia haerSi wylis orTqlis parcialuri wneva mocemuli amocanis 

pirobebis mixedviT? 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: 

• ra rols TamaSobs Cvens cxovrebaSi haeris tenianoba? 

• wlis romel drosaa haeris tenianoba meti: zamTarSi Tu zafxulSi? ratom? 

SeafaseT Tqveni codna: 1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kargad 

da ra darCa nawilobriv gaugebari? 2. ras niSnavs gamoTqma ̀ teniani haeri~? 3. riT 

gansxvavdeba cnebebi `absoluturi tenianoba~ da `fardobiTi tenianoba~ TavianTi 

fizikuri Sinaarsis mixedviT? 4. ra aris `namis wertili~? 5. rogor icvleba 

saklaso oTaxSi haeris tenianoba temperturis momatebis dros? 6. rogor icvleba 

haeris absoluturi da fardobiTi tenianoba temperaturis zrdis dros? 7. 

rogor ganvsazRvravT haeris fardobiT tenianobas fsiqrometris saSualebiT (ix. 

fizika 8, gv. 85-86)? 
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 siTxis zedapiruli daWimuloba.  
              kapilaruli movlenebi 

 
 
 
 

kvleviTi samuSao-1. eqsperimenti sapniani wylis gamoyenebiT.

 samuSaosTvis saWiroa: mavTulisgan damzadebuli saxeluriani rgoli, moxaluli 

Saqris fxvnili (5-10 g), sapnis burbuSela (5-10 g), wyali (0,5 l), labora-toriuli 

Wiqa (3 cali, moculobiT 250 ml), Zafi, wylis 

gamacxelebeli, nemsi, asanTi.  

samuSaos msvleloba: 1. moamzadeT sapnis wyalxsnari: 

amisTvis erT WurWelSi 100 ml wyalSi gaxseniT moxaluli 

Saqari. meore WurWelSi 100 ml wyalSi gaxseniT sapnis 

burbuSela. SeurieT orive xsnari erTmaneTs erT Wur-

WelSi _ miiRebT sapnis xsnars. 2. Zafi rgolze diametris 

gaswvriv daamagreT ise, rom ar gaWimoT da rgoli sapnis 

xsnarSi CauSviT. rgoli xsnaridan frTxilad amoiReT. 

daakvirdiT, ra moxda (a). 3. gaacxeleT nemsis bolo da misi 

saSualebiT gaxvriteT sapnis apki Zafis erT mxares. 

daakvirdiT Sedegs (b). 4. Zafi daamagreT rgolze ise, rom 

rgolSi kvadratis forma miiRoT, CauSviT sapnis xsnarSi da 

nela amoiReT. daakvirdiT Sedegs (g). 5. gacxelebuli 

nemsiT gaxvriteT apkebi kvadratis gare perimetrze. 

daakvirdiT Sedegs (d). 6. Tavisufali rgoli sapnis xsnar-

Si CauSviT, amoiReT da frTxilad SeubereT sapnis apks. es 

mcdeloba ramdenjerme gaimeoreT da daakvirdiT, ra 

formebs miiRebs sapnis apki rgolidan mowyvetis Semdeg (e).  

imsjeleT Sedegebze: 

• ra SeniSneT ucnauri apkis formis cvlilebasTan daka-

SirebiT, romelic Zafebis gamoyenebiT iyo warmoqmnili 

mavTulis rgolSi? 

• molekulur-kinetikuri Teoriis gamoyenebiT, rogor SeiZleba avxsnaT Zafebs 

Soris sapnis apkis farTobis Semcireba? 

• ratom SeiZina sapnis apkma sferos forma karkasidan mowyvetis Semdeg? 

zedapiruli daWimulobis Zala. airebisgan gansxvavebiT, siTxeebs 

Tavisufali zedapiri aqvs. siTxis zedapirze ganlagebuli molekulebi 

da siTxis SigniT arsebuli molekulebi sxvadasxva pirobebSia: 

6.9 

bavSvobaSi, albaT 

araerTxel agigiaT 

`qviSis koSkebi~. 

  ratom iyenebdiT am 

`mSeneblobebis~ dros 

svel qviSas da ara 

mSrals? 

 

xatvis gakveTilebze, albaT SeginiSnavT, rogor 

iSleba saxatavi funjis bolo wylSi Cadebis 

Semdeg. 

   ratom xdeba, rom funji wyalSi Cadebis Semdeg 

iSleba, xolo amoRebis Semdeg misi bolo isev 

Tavmoyrili xdeba? 

  Tu dafiqrebulxarT am movlenebis mizezis Sesaxeb? 

(a) (b) 

(g) (d) 

(e) 
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a) siTxis SigniT molekulebi siTxis sxva molekulebiTaa garemoculi. 

siTxis SigniT molekula 1 mezobeli molekulebis moqmedebas yvela 

mxridan ganicdis, amitom masze moqmedi mizidulobis Zalebis 

tolqmedi nulis tolia (v; molekula 1); 

b) siTxis zedapiris molekulebi siTxis mezobeli molekulebis 

moqmedebas mxolod gverdidan da qvevidan ganicdian. zevidan siTxis 

zedapirze arsebul molekulebze haeris (an siTxis orTqlis, an sxva 

airis) molekulebis mizidulobis Zala moqmedebs, romelic gacilebiT 

naklebia, vidre siTxis molekulebis mxridan moqmedi mizidulobis 

Zalebi, amitom SegviZlia mxedvelobaSi ar miviRoT (ix. v; molekula 2). 

molekula 2-ze mezobeli molekulebis mxridan moqmedi, magaliTad F1 

da F2, Zala SegviZlia ori mdgenelis saxiT warmovadginoT: siTxis 

zedapiris paraleluri F1ll da F2ll Zalisa da siTxis zedapiris 

perpendikularuli F1 da F2 Zalis saxiT. perpendikularuli 

mdgenelebis moqmedebiT zedapiris molekulebi siTxis siRrmisken 

miiswrafvian, ris gamoc siTxis zedapiruli fena wneviT moqmedebs 

siTxeze. paraleluri mdgenelebis moqmedebiT iqmneba Zalebi, 

romlebic zedapirs daWimul mdgomareobaSi amyofebs, anu zedapiruli 

daWimulobis Zalebi FdaW (z). 

 zedapiruli daWimulobis Zala 

aris Zala, romelic mimarTulia 

siTxis zedapiris mxebis gaswv-

riv, siTxis zedapiris Semomsa-

zRvreli wiris perpendiku-

larulad da cdilobs siTxis 

zedapiris farTobis Semcirebas. 

zedapiruli daWimulobis Zala 

siTxis Tavisufali zedapiris 

sazRvris sigrZis pirdapirprop-

orciulia: ܨდაჭ. ൌ ߪ ∙ ݈.																											ሺ6.36ሻ 
aq FdaW siTxis zedapiruli daWimulobis Zalaa, l _ siTxis Tavisufali 

zedapiris WurWlis kedelTan Sexebis sazRvris sigrZe, σ (sigma) 

zedapiruli daWimulobis koeficientia: 

• zedapiruli daWimulobis koeficienti ricxobrivad im zedapiruli 

daWimulobis Zalis tolia, romelic zedapiris SemomsazRvreli wiris 

sigrZis erTeulze moqmedebs: ߪ ൌ ݈.დაჭܨ .																														ሺ6.37ሻ 
zedapiruli daWimulobis koeficientis mniSvneloba damokidebulia 

siTxis saxesa da mis temperaturaze. siTxis temperaturis gazrdiT misi 

zedapiruli daWimulobis koeficienti mcirdeba da kritikuli 

temperaturis dros 0-is toli xdeba. zedapiruli daWimulobis 

koeficientis sazomi erTeuli SI sistemaSi aris: ሾߪሿ ൌ 1Нм. 

(v) ∥Ԧଵܨ  ∥Ԧଶܨ
Ԧଵܨ Ԧଶܨ Ԧଵୄܨ  Ԧଶୄܨ

Ԧ௩=0ܨ

2 

1 
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masvelebeli da aramasvelebeli siTxeebi. Tu yuradRebiT davakvirde-
biT, davinaxavT siTxis zedapiris gamrudebas siTxisa da myari sxeulis 

(WurWlis) sazRvarze. 

• meniski siTxis gamrudebuli Tavisufali zedapiria siTxis myar 

sxeulTan an sxva siTxesTan Sexebis sazRvarze. meniskis zedapirsa da 

myari sxeulis zedapirs Soris kuTxes gare 

kuTxe ewodeba. 

gare kuTxis θ-s (Tetas) mniSvneloba imazea 

damokidebuli, myari zedapiris masvelebelia 

Tu aramasvelebeli siTxe mocemul 

SemTxvevaSi: 

• masvelebelia siTxe, romlis sasazRvro 

kuTxe maxvilia. masvelebeli siTxis 

molekulebsa da myari sxeulis molekulebs 

Soris mizidulobis Zala metia, vidre siTxis 

molekulebis urTierTmizidulobis Zala. amis 

gamo siTxis Tavisufali zedapiri Cazneqili 

xdeba, magaliTad, wyali minis WurWlisTvis 

masvelebeli siTxea (T). 

• aramasvelebelia siTxe, romlis sasa-

zRvro kuTxe blagvia. aramasvelebeli siTxis 

molekulebsa da myari sxeulis molekulebs 

Soris mizidulobis Zala naklebia, vidre siT-

xis molekulebis urTierTmizidulobis Zala. 

amis gamo siTxis Tavisufali zedapiri amoz-

neqilia. magaliTad, vercxliswyali minis Wur-

WlisTvis aramasvelebeli siTxea (i). 

 kapilaruli movlenebi. yoveldRiur cxov-

rebaSi xSirad viyenebT sxeulebs, romlebic 

advilad iwoven wyals, magaliTad, pirsaxocs, 

saSrob qaRalds, Saqars, agurs, mcenareebs da 

sxv. sxeulebis es Tviseba maTSi didi raode-

nobis wvrili milakebis _ kapilarebis _ arse-

bobiT aixsneba. 

• kapilari aris wvrili mili (arxi), romlis 

diametri 10_3 m-ze naklebia. kapilarSi siTxis 

svetis simaRle damokidebulia siTxis Tvise-

bebze (masvelebelia Tu ara siTxe) da gan-

sxvavdeba siTxis saerTo donisagan: 

• kapilaruli movlenebi ewodeba kapilarSi 

masvelebeli siTxis donis awevasa da aramas-velebeli siTxis donis 

dawevas siTxis saerTo donesTan SedarebiT, rac siTxis zedapiruli 

daWimulobis Zalebis moqmedebiTaa gamowve-uli (k). cxril 6.4-Si 

moyvanilia kapilaruli movlenebis damaxasiaTebel sidideebs Soris 

kavSiri. 
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cxrili 6.4 

siTxis maxasaTeblebi 

kapilaruli movlenebis dros

formula

siTxis svetis wona kapilarSi 

 

ܲ ൌ ݉g ൌ ௦.ܨ ൌ ݈ߪ ൌ ߪݎߨ2 ൌ .ߪ݀ߨ 				ሺ6.37ሻ 
sadac, r _ kapilaris radiusia, d _ kapilaris 

diametri. 

siTxis svetis masa kapilarSi 

 ݉ ൌ ௦.gܨ ൌ gߪݎߨ2 ൌ gߪ݀ߨ . 				ሺ6.38ሻ 
siTxis svetis simaRle  

kapilarSi 

 

݄ ൌ ߪ2 ∙ ݎgߩߠݏܿ ൌ g݀ߩߠݏܿߪ4 . 			ሺ6.39ሻ 
 Tu siTxe srulad masvelebelia, miviRebT  ߠ ൌ 0°	 → ߠݏܿ ൌ °0ݏܿ ൌ 1: ݄ ൌ ݎgߩߪ2 ൌ  ሺ6.40ሻ																																																	g݀.ߩߪ4
sadac, _ siTxis simkvrivea.  

kapilarSi siTxis donis simaRle siTxis gvaroba-

zea damokidebuli da kapilaris radiusis 

ukuproporciulia. 

siTxis svetis wneva kapilarSi 

  ൌ g݄ߩ ൌ gߩ ∙ ݎgߩߪ2 ൌ ݎߪ2 ൌ ߪ4݀ . 		ሺ6.41ሻ 
 

 
 
ra SeityveT? samuSao rveulSi dawereT dasaxelebuli cnebebis mokle ganmar-

tebebi: `zedapiruli daWimulobis Zala~, `zedapiruli daWimulobis koeficienti~, 

`meniski~, `masvelebeli siTxe~, aramasvelebeli siTxe~, `kapilarebi~, `kapilaruli 

movlenebi~. 

  

kvleviTi samuSao-2. gamoyeneba. ris tolia zedapiruli daWimulobis 

koeficienti? 

amocana. ris tolia mocemuli siTxis zedapiruli daWimulobis ko-

eficienti, Tu misi zedapiridan 5 sm diametris rgolis mocile-

bisTvis, rgols unda movdoT 0,016 n Zala? 

imsjeleT Sedegebze: 

• romeli formuliT gamoiTvleba zedapiruli daWimulobis koefi-

cienti da razea is damokdebuli? 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: 

metalis nakeTobebis (gemebis korpusebis, cisternebis, milebisa da sxv.) 

eqspluataciis drois gasazrdelad maT zedapirs zeTis saRebaviT faraven siTxesTan 

SexebiT gamowveuli koroziisgan dasacavad. 

• ras niSnavs: `zeTis saRebavis fena metalis siTxesTan kontaqtSi myof zedapirs 

koroziisgan icavs~? rogor SeiZleba es davakavSiroT siTxis zedapirul TvisebebTan? 

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kargad da ra darCa TqvenTvis 

nawilobriv gaugebari? 

2. ras niSnavs: `siTxis Tavisufal zedapirs gansakuTrebuli Tviseba aqvs~? 

3. ra aris siTxis zedapiruli daWimuloba? raSia misi fizikuri Sinaarsi? 

4. romeli movlenebi xdeba siTxis molekulebisa da myari sxeulis molekulebis 

urTierTqmedebis gamo? 

5. rogor ganvsazRvroT, masvelebelia Tu ara siTxe mocemul pirobebSi? 

6. ra aris kapilaruli movlenebis fizikuri Sinaarsi? 

7. moiyvaneT kapilaruli movlenebis magaliTebi, romlebic bunebasa da cxovrebaSi 

gvxvdeba. 

 Ԧܨ
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 myari sxeulebi da maTi zogierTi Tviseba 
 
arsebobs gamoTqma "tkacuna yinvebi", romlis 

warmoSoba dakavSirebulia imasTan, rom yinvian 

amindSi, didi xeebi da kunZebi tyeSi, agreTve xis 

Zveli saxlebis kedlebi gamoscemen tkacu-nis 

xmas, TiTqos imsxvrevian. albaT soflad macxo-

vreblebs es araerTxel SeuniSnavT. 

 
  ratom gamocemen yinvis dros aseT xmebs xeebi da 

kunZebi, an xis saxlis kedlebi? 

 
Tqven iciT, rom yinuli aris wyali myar 

mdgomareobaSi. 

    ratom ar iZireba yinuli wyalSi? 

 

 
 

myari sxeulebi iseTi sxeulebia, romlebic inarCuneben formasa da 

moculobas, Tu maTze gare zemoqmedeba ar xdeba. magaliTad, metalis, 

plastmasis, minisa da ebonitisagan damzadebuli sxeulebi myari 

sxeulebia. TavianTi bunebiTa da fizikuri TvisebebiT myari sxeulebi 

or jgufad iyofa: kristalur da amorful sxeulebad. kristalur 

sxeulebs miekuTvneba mineralebi, magaliTad sufris marili, kvarci, 

mTis broli, metalebi myar mdgomareobaSi. amorfuli sxeulebia: 

eboniti, mina, plastmasebi, fisi, kanifoli, qarva, opali, obsidiani da 

sxv. riT gansxvavdeba kristaluri sxeulebi amorfulisgan? 

kristaluri sxeulebi. kristaluri sxeulebis Semadgenel 

nawilakebs (atomebs, molekulebs an ionebs) sivrceSi mowesrigebuli 

kanonzomieri ganlageba aqvT da kristalur mesers qmnian. kristalur 

sxeulebs bunebrivad aqvT garkveuli dnobis temperatura. 

• kristalur meserSi nawilakebis ganlagebis adgilebs kristaluri 

mesris kvanZebi ewodeba. 

idealuri kristaluri sxeuli erTnairi kristaluri ujredebisgan 

Sedgeba, romlebic sivrceSi mravaljer meordeba. amis gamo krista-lur 

6.10 

kvleviTi samuSao-1. riT gansxvavdeba 

erTmaneTisgan myari sxeulebi? 

amocana. Cven dedamiwis zedapirze vcxovrobT,

romelic myari sxeulia, vcxovrobT saxlebSi,

romlebic myari sxeulebisgan aris aSenebuli,

klasSi vsxedvarT merxebTan, romlebic myari

sxeulebisgan aris damzadebuli. aseve myari

sxeulebia fanqari, Saqris fxvnili, kanfeti,

marili, mina, fisi, Zvirfasi qvebi, kauCuki,

fifqebi, plastmasis sagnebi. miuxedavad imisa,

rom Cveni sxeuli 70%-iT wylisgan Sedgeba, isic

myari sxeulia. 

imsjeleT Sedegebze: 

• ra TvisebebiT SeiZleba am sxeulebis garCeva?

• ra aris myari sxeulebis saerTo

damaxasiaTebeli Tviseba? 
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sxeulSi axlo wesrigTan erTad nawilakebis ganlagebis Soreuli 

wesrigic arsebobs. 

kristaluri sxeulebi SeiZleba iyos monokristaluri (`mono~ _ erTi) 

da polikristaluri (`poli~ _ bevri).  

• monokristali iseTi kristalia, romelic kristalizaciis erTi 

centris irgvliv gazrdis Sedegad miiReba.  

nawilakebis mowesrigebuli ganlagebis gamo monokristals simetri-

uli geometriuli forma aqvs, romelic brtyeli zedapirebiTaa Semo-

sazRvruli (a).  

monokristalebis ZiriTadi Tvisebaa maTi anizotropuloba: 

 
• anizotropuloba aris nivTierebis fizikuri Tvisebebis (meqanikuri, 

siTburi, eleqtruli, optikuri da sxv.) damokidebuleba mimarTuleba-

ze. magaliTad, monokristalis siTburi gafarToeba sxvadasxva 

mimarTulebiT gansxvavebulia. 

bunebaSi arsebuli myari sxeulebis umravlesoba patara, uwesrigod 

orientirebuli monokristalebisgan Sedgeba. aseT myar sxeulebs 

polikristalebi ewodeba: 

• polikristaluri struqtura warmoiqmneba mravali monokristalis 

qaosurad orientirebuli zrdisa da Serwymis Sedegad. 

SeiZleba iTqvas, rom yvela metals polikristaluri struqtura 

aqvs. magaliTad, Tu yuradRebiT davakvirdebiT Tujis monatexs, 

davinaxavT, rom is mravali kristaluri marcvlisgan Sedgeba, rom-

lebsac arawesieri forma aqvT da Tan sxvadasxva mimarTulebiT arian 

orientirebuli (b). polikristalis TiToeuli kristaluri marcvali 

anizotropulia, magram imis gamo, rom isini uwesrigodaa ganlagebuli, 

mTlianobaSi polikristali izotropulia: 

• izotropuloba aris kristalis fizikuri Tvisebebis damouki-

debloba mimarTulebisgan. magaliTad, polikristalis siTburi 

gafarToeba yvela mimarTulebiT erTnairia. 

 

(a) 
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kristaluri mesris saxeebi. kristaluri mesris kvanZebSi ganlagebul nawilakebs Soris 

arsebuli qimiuri kavSiris mixedviT arsebobs oTxi saxeobis kristaluri meseri: 

metaluri, atomuri, ionuri da molekuluri. 

metaluri meseri. metaluri mesris kvanZebSi metalis dadebiTi ionebia ganlagebuli. es 

kristalebi mcire ionizaciis energiis mqone metalis atomebis urTierTqmedebis 

Sedegad warmoiqmneba. metalis atomebSi gare savalento eleqtronebi Zalian sustad 

arian dakavSirebuli birTvTan. metalis gamyarebisas atomebi imdenad uaxlovdebian 

erTmaneTs, rom savalento eleqtronebi toveben TavianT atomebs da Tavisuflad 

gadaadgildebian kristalis SigniT. 

gaTavisuflebuli savalento eleqtronebi, eleqtronuli airis saxiT, uwesrigod 

moZraoben kristaluri mesris dadebiT ionebs Soris, maT erTmaneTTan akavSireben da 

metalur bmebs warmoqmnian (g). metalebSi Tavisufali eleqtronebis koncentracia 

ionebis koncentraciis tolia. 

  
atomuri meseri. atomuri mesris kvanZebSi neitraluri atomebia ganlagebuli. atomebs 

Soris kovalenturi kavSiria, romelic maTi savalento eleqtronebis mier warmoqmnili 

eleqtronuli wyvilebis saSualebiT myardeba. kovalenturi kavSiri damaxasiaTebelia 

mendeleevis sistemis garkveuli elementebis kristalebisTvis. aseTi kristalebis 

magaliTebia: siliciumi, germaniumi da sxv. am elementebis atomebs gare eleqtronul 

Sreze oTxi savalento eleqtroni aqvT. atomis yoveli savalento eleqtroni 

kovalentur bmas qmnis mezobeli atomis erT-erT eleqtronTan. Sedegad warmoiqmneba 

oTxi kovalenturi kavSiri. amgvarad, yoveli atomi iziarebs mezobeli atomebis oTx 

savalento eleqtrons. amiT atomebis irgvliv iqmneba mdgradi rvaeleqtroniani 

eleqtronuli garsi, romelic atomebs erTmaneTTan akavSirebs. kovalenturi kavSiris 

dros eleqtronebis moZraobas mowesrigebuli xasiaTi aqvs: yoveli eleqtroni oTxi 

mezobeli birTvis irgvliv moZraobs (d). 

ionuri meseri. ionuri mesris kvanZebSi dadebiTi da uaryofiTi ionebia ganlagebuli. 

maT Soris ionuri kavSiri ionizaciis sxvadasxva energiis mqone atomebs Soris 

eleqtronebis gacvlis Sedegad myardeba. sxvadasxvaniSnian ionebs Soris moqmedi 

kulonuri mizidulobis Zalebi ionebs kristaluri mesris kvanZebSi akavebs. am saxis 

nivTierebis magaliTia NaCl-is kristaluri meseri (e). 

molekuluri meseri. molekuluri kristaluri mesris kvanZebSi molekulebia ganla-

gebuli. garkveuli wesiT ganlegebuli molekulebi erTmaneTs Soris molekulur 

kavSirebs qmnian. bunebaSi airad mdgomareobaSi arsebuli wyalbadi, qlori, naxSirbadi 

myar mdgomareobaSi molekulur mesers qmnian. am tipis kristalebSi molekuluri 

kavSirebi Zalian sustia, amitom isini dabal temperaturaze iSleba. amis kargi modelia 

yinulis kristali (v). modelidan Cans, rom Jangbadis yoveli atomi wyalbadis oTxi 

atomiTaa garemoculi. wyalbadis atomebi erTmaneTTan akavSireben Jangbadis atomebs. 

yinulis gaTbobis dros misi meseri advilad iSleba. 

amorfuli sxeulebi. amorfuli sxeulebis Semadgeneli nawilakebis 

ganlagebaSi Soreuli wesrigi ar arsebobs. wesrigi mxolod mezobeli 

nawilakebis ganlagebaSi arsebobs. amitom amboben, rom amorfuli 

sxeulebi myari sxeulebia, romelTa nawilakebis ganlagebaSi axlo 

wesrigi arsebobs. maRali koncentraciis siTxeebic (blanti siTxeebi) 

SeiZleba myar amorful sxeulebad miviCnioT. 

– metalis ionebi 

– Tvisufali eleqtronebi 

– qloris ioni 

– natriumis ioni 

– Jangbadis atomi 

– wyalbadis atomi 

(g) (d) (e) (v) 
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• amorfuli sxeulebi myari sxeulebia, romelTa nawilakebi mowesr-

igebulad ar aris ganlagebuli sivrceSi da maT SigniT fizikuri 

Tvisebebi yvela mimarTulebiT erTnairia, anu amorfuli sxeulebis 

Sida garemo izotropulia.  

amorful sxeulebs ar aqvT garkveuli dnobis temperatura, 

gacxelebasTan erTad rbildebian da Txevad mdgomareobaSi gadadian. 

nivTierebebs SeuZliaT amorfulidan kristalurSi da piriqiT gadas-vla. 

magaliTad, Tu Saqris kritals davadnobT, xolo Semdeg gavacivebT, is 

amorful Saqaryinulad (`minis~ kanfetad) gadaiqceva. garkveuli drois 

Semdeg mis zedapirze isev daiwyebs warmoqmnas Saqris kristalebi. 

dnoba da gamyareba, sublimacia da desublimacia. 

• nivTierebis myari mdgomareobidan Txevad mdgomareobaSi gadasvlis 

process dnoba ewodeba, xolo Txevadi mdgomareobidan myar 

mdgomareobaSi gadasvlis process _ gamyareba an kristalizacia.  

kristaluri sxeuli dnoba garkveul temperaturaze _ dnobis 

temperaturaze _ iwyeba. magaliTad, volframis dnobis temperatura 

3410C-ia, vercxliswylis _ -390C. 
• temperaturas, romelzec mocemuli kristali dnobas iwyebs, dnobis 

temperatura an dnobis wertili ewodeba. 

cdebidan Cans, rom sxeulis dasadnobad sakmarisi ar aris misi dnobis 

temperaturamde gacxeleba. saWiroa gavagrZeloT misTvis siTbos 

gadacema. magram, siTbos gadacemis miuxedavad, dnobis procesSi myofi 

kristalis temperatura ar izrdeba. mxolod kristalis srulad dadnobis 

Semdeg misTvis gadacemuli siTbo gamoiwvevs warmoqmnili siTxis 

temperaturis gazrdas (z). kristaluri sxeulis dnobis grafikis AB ubani 

sxeulis dnobis temperaturamde gacxelebas Seesabameba, grafikis BC ubani 

_ dnobis process; am dros sxeuli orive _ myar da Txevad _ 

mdgomareobaSia; grafikis CD ubani miRebuli siTxis gaTbobis process 

Seesabameba (ix. g). energiis mudmivobis kanonis Tanaxmad, miRebuli siTxis 

gamyareba imave temperaturaze daiwyeba, romelzec myari mdgomareobidan 

sxeulis dnobis procesi daiwyo (T). 

radgan amorfuli sxeulebisTvis dnobisa da gamyarebis garkveuli 

temperatura ar arsebobs, am procesebis temperaturis droze damokid-

ebulebis grafikebi gansxvavdeba kristaluri sxeulebis Sesabamisi 

grafikebisgan (i). 

 

 
• siTbos raodenobas, romelic saWiroa dnobis temperaturis mqone 

sxeuls myari mdgomareobidan Txevad mdgomareobaSi gadasasvlelad, 

dnobis siTbo ewodeba. 
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imisaTvis, rom erTnairi masis sxvadasxva nivTiereba, romlebic dnobis 

temperaturamdea gacxelebuli, myari mdgomareobidan Txevad 

mdgomareobaSi gadaviyvanoT, TiToeul maTgans sxvadasxva raodenobis 

siTbo unda mivawodoT. 

• dnobis kuTri siTbo fizikuri sididea, romelic gansazRvravs, ra 

raodenobis siTbo unda gadaeces dnobis temperaturis mqone 1 kg masis 

kristalur nivTierebas, rom myari mdgomareobidan imave temperaturis 

Txevad mdgomareobaSi gadavides: 

 ൌ ܳ݉ .																					ሺ6.42ሻ 
λ mocemuli nivTierebis dnobis kuTri siTboa. dnobis kuTri siTbos 

sazomi erTeuli SI sistemaSi aris:  ൌ ଵჯ
კგ
.																					 

energiis mudmivobis kanonis Tanaxmad, dnobis procesSi sxeulis mier 

miRebuli siTbos raodenoba tolia siTbos raodenobisa, romelic am 

sxeulis gamyarebis dros gamoiyofa. zogjer myari sxeulebi Txevad 

mdgomareobaSi gadasvlis gareSe airad mdgomareobaSi gadadian da piriqiT, 

xdeba airadi mdgomareobidan pirdapir myar mdgomareobaSi gadasvla: 

• myari sxeulis Txevad mdgomareobaSi gadasvlis gareSe airad 

mdgomareobaSi gadasvlis process sublimacia (myari sxeulis 

aorTqleba) ewodeba. ukuprocess, nivTierebis airadi mdgomareobidan 

myar mdgomareobaSi gadasvlas, desublimacia ewodeba. 
 

 
 
ra SeityveT? samuSao rveulSi dawereT dasaxelebuli cnebebis mokle ganmar-
tebebi: `kristaluri sxeuli~, `amorfuli sxeuli~, `monokristali~, `polikris-
tali~, `izotropuloba~, `anizotropuloba~, `dnoba~, `gamyareba~, `dnobis 

temperatura~, `dnobis kuTri siTbo~, `sublimacia~, `desublimacia~. 

 

 

kvleviTi samuSao-2. gamoyeneba. sublimacia da desublimacia 

samuSaosTvis saWiroa: hermetuli kolba, romelSic iodis 

kristalebia, spirtqura. 

samuSaos msvleloba:  1. kolba spirtquraze gaacxeleT da daakvi-

rdiT iodis kristalebs (k). 2. CaaqreT spirtqura, daelodeT

kolbis gacivebas da daakvirdiT, ra xdeba kolbaSi. 

(k) 

imsjeleT Sedegebze: 

• ra xdeboda kolbis gacxelebisa da gacivebis procesSi? 

• romel movlenebs daakvirdiT samuSaos Sesrulebis dros? 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: albaT, ginaxavT, zamTarSi 

xeebze TrTvili TandaTan rogor mcirdeba, an rogor Sreba sveli gayinuli 

tansacmeli. 

• romeli fizikuri procesi xdeba am dros?  

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kargad da ra darCa 

TqvenTvis nawilobriv gaugebari? 

2. SeadareT kristaluri da amorfuli sxeulebi venis diagramis mixedviT 3. ras 

niSnavs nawilakebis ganlagebis Soreuli da axlo wesrigi? 

4. ra TvisebebiT gansxvavdeba mono- da polikristalebi? 

5. ra aris saerTo dnobisa da gamyarebis procesebs Soris? 

6. ra aris dnobis kuTri siTbo?
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6.1. sahaero burTi gavsebulia wyalbadiT, romlis masa 4 g-ia. gansazRvreT 

burTSi wyalbadis molekulebis raodenoba. 

6.2. ra raodenobis nivTierebaa `mSral yinulSi~ (CO2), romlis masa 220 g-ia? 

6.3. wyalbadis da Jangbadis moluri masebia MH2 = 2 10-3 kg/mol da MO2 = 3,2 

10-2 kg/mol. gansazRvreT am airebis molekulis masebi. 

6.4. gansazRvreT spilenZis sulfatis (ܵݑܥ ସܱ) moluri masa da erTi 

molekulis masa.  

6.5. gansazRvreT airadi Jangbadis molekulebis koncentracia 2 105 pa wnevis 

dros. molekulebis saSualo kvadratuli siCqare 4,9 105 m2/wm2-ia. 

6.6.  gnsazRvreT Jangbadis molekulis moZraobis saSualo kinetikuri 

energia, Tu molekulebis koncentracia 2,7 1025 m_3-is tolia. 

6.7.  airi, rogorc sistema, erT SemTxvevaSi daxurul, siTburad 

izolirebul WurWelSia, meore SemTxvevaSi metalis WurWelSi. SeiZleba 

Tu ara es sistemebi CavTvaloT Caketil izolirebul sistemebad? 

6.8.   ori, erTnairi zomis Cais kovzi, romlebic sxvadasxva metalisgan aris 

damzadebuli moTavsebulia macivarSi da siTburi wonasworobis 

mdgomareobaSia. SeiZleba Tu ara vivaraudoT, rom macivridan gamoRebis 

Semdeg kovzebi oTaxSic wonasworobis mdgomareobaSi iqnebian. 

SesaZlebelia Tu ara maT Soris oTaxSic damyardes wonasworobis 

mdgomareoba? 

6.9.  ganvixiloT sistema wyali-yinuli: yinuli moTavsebulia 150C temperaturis 

wyalSi. yinulis dnobis dros, wyalSi CaSvebuli Termometri aCvenebs 100C-

s. SeiZleba Tu ara imis mtkiceba, rom sistemis temperatura 100C-ia?  

6.10. dedamiwis zedapiridan 100 km siRrmeze nivTierebis temperatura 1200K-

ia. ris tolia nivTierebis temperatura celsiusis skaliT? 

6.11. wylis orTqlis kritikuli temperaturaa 647K. romel temperaturaze 

iqneba wyali mxolod airad mdgomareobaSi? 

6.12. romel agregatul mdgomareobaSi iqneba Jangbadi 150K da 190K tempe-

raturebis dros? Jangbadis kritikuli temperatura 154K-ia. 

 
6.13. diagramis romeli ubnebi Seesabameba mocemuli masis idealuri airis 

izoTermul SekumSvas da izoTermul gafarToebas? 

 
6.14. diagramis romeli ubnebi Seesabameba mocemuli masis idealuri airis 

izoqorul SekumSvas da izoqorul gafarToebas? 
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6.15. diagramis romeli ubani Seesabameba mocemuli masis idealuri airis 

temperaturis Semcirebis process (CD izoTerma)? 

 
6.16. WurWelSi 8 g Jangbadia 105 pa wnevisa da 300K temperaturis dros. 

gamoTvaleT airis moculoba: M = 32 · 10_3 kg/mol, R = 8 j/molK. 

6.17.  airis absoluturi temperaturis 6-jer gazrdis dros, mudmivi wnevis 

pirobebSi, misi moculoba 18 ·10_3 m3-is toli gaxda. gamoTvaleT airis 

sawyisi moculoba. 

6.18. mocemuli masis idealuri airis wneva 2,8-jer gaizarda, moculoba ki 

4-jer Semcirda. rogor Seicvala airis absoluturi temperatura? 

6.19. gansazRvreT haeris simkvrive 170C temperaturis da 3 105 pa wnevis dros.  

(Mhaer = 29 10_3 kg/mol, R = 8 j/molK) 

6.20. haerSi wylis orTqlis koncentracia 270C temperaturis dros, 2 10_23 m_3-s 

tolia. rogoria wylis orTqlis parcialuri wneva? (k=1,4 10_23 j/K)? 

6.21. haerSi wylis orTqlis simkvrive 150C temperaturaze 9,1 g/m3-ia, xolo 

fardobiTi tenianobaa 70%. rogoria am temperaturaze wylis najeri 

orTqlis wneva? 

6.22.  ra raodenobis siTbo gamoiyofa 200 g spirtis orTqlis kondensa-

ciis dros, mudmiv temperaturaze? (L = 9 105 j/kg) ? 

6.23.  ra radiusis kapilarul milSi Seva vercxliswyali 30 sm simaRleze  

ߪ) ൌ 510 მნ
მ
, ߩ ൌ 13,6 ∙ 10ଷ კგ

მయ , ݃ ൌ 10 მ
წმమ)? 

6.24.  gansazRvreT 0,25 mm radiusis kapilarul milSi Sesuli wylis moculoba 

ߪ ) ൌ 72 მნ
მ
, ߩ ൌ 10ଷ კგ

მయ , ݃ ൌ 10 მ
წმమ , ߨ ൌ 3) 

6.25.  wylis wveTi vardeba 2 mm diametris vertikaluri milidan. gansaz-

RvreT wylis wveTis masa (ߪწყალი ൌ 73 მნ
მ
 ). 

6.26.  pipetidan Camovardnili mineraluri zeTis 76 wveTis masa 910 mg-ia. 

pipetis Sida diametri 1,2 mm-ia. gansazRvreT zeTis zedapiruli 

daWimulobis koeficienti.  

6.27.  ra ganapirobebs kristalis anizotropulobas?  

6.28.  romeli garegani niSnebiT SeiZleba monokristalebis amocnoba? 
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VII

Termodinamikis 
safuZvlebi 
 
 
am Tavis Seswavlis Semdeg  

Tqven SeZlebT: 

  

•ganasxvaoT Termodinamikuri sistema yvela sxva 

sistemisgan Tavisi Tvisebebis mixedviT; 

•ganixiloT Sinagani energia, rogorc 

Termodinamikuri sistemis mdgomareobis 

gamomxatveli sidide; 

•moaxdinoT Sinagani energiis Secvlis gzebis 

eqsperimentuli demonstrireba;  

•imsjeloT Termodinamikis pirveli kanonis Sesaxeb da 

axsnaT misgan gamomdinare Sedegebi; 

• axsnaT siTburi procesis Seuqcevadoba, imsjeloT 

Termodinamikis II kanonis fizikur Sinaarsze; 

•axsnaT siTburi Zravebisa da samacivro danadgarebis 

muSaobis principi; 

• isaubroT mecnierebis damsaxurebis Sesaxeb siTburi 

fizikis Seqmnasa da ganviTarebaSi; 

•daadginoT kavSiri Termodinamikuri procesebis 

damaxasiaTebel fizikur sidideebs Soris; 

•dasvaT da amoxsnaT siTburi movlenebis 

gamoyenebasTan dakavSirebuli sxvadasxva xasiaTis 

amocanebi. 
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Termodinamikis 
safuZvlebi 

nawilakebis 

gravitaciuli 

urTierTqmedebis 

potenciuri energia

izoTermuli 

procesi: ܶ ൌ ݉ 	,ݐݏ݊ܿ ൌ ܳ .ݐݏ݊ܿ ൌ െܣ ܳ ൌ  ܣ
izoqoruli 

procesi: ܸ ൌ ݉ 	,ݐݏ݊ܿ ൌ ܳ .ݐݏ݊ܿ ൌ ∆ܷ ൌ 32 ܴ∆ܶ 

izobaruli procesi:  ൌ ݉ 	,ݐݏ݊ܿ ൌ ܳ .ݐݏ݊ܿ ൌ ∆ܷ  ܣ ൌൌ ∆ܷ   ܸ∆

adiabaturi procesi: ܳ ൌ 0: ∆ܷ ൌ ܣ ൌ െܣ 

∆ܷ ൌ ܳ   	ܣ
an ܳ ൌ ∆ܷ   ܣ

 

Termodinamikis I kanoni _ 

gansazRvravs energiis 

mudmivobas bunebis 

movlenebSi Sinagani 
energia

atomebisa da 

molekulebis rxeviTi 

moZraobis kinetikuri da 

potenciuri energiebi 

nawilakebis 

urTierTqmedebis 

potenciuri energia 

nawilakebis siTburi 

moZraobis kinetikuri 

energia 

molekulebis 

urTierTqmedebis 

energia _ qimiuri 

energia 

eleqtronebis energia 

atomebisa da ionebis 

eleqtronul RrubelSi

nuklonebis urTierT-

qmedebis energia 

miekuTvneba

ZiriTadi cnebebi

siTburi 

Zravebi 

gamacxelebeli

Termodinamikis meore 

kanoni _ gansazRvravs 

bunebrivi procesebis 

ganviTarebis 

mimarTulebas 

(Seuqcevadobas) 

formulis saxiT: 

kanonikanoni

Secvlis gzebi 

gamoiyeneba 
ZiriTadi nawilebi

samacivro danadgarebi

gamoyeneba 

muSaobis Sesruleba

saxeebi 

siTbgadacema
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muSa sxeuli

macivari

`cnebebis ruka~ VII TavisaTvis

VII
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Termodinamikuri sistema. Sinagani energia 
 

 
• ras gulisxmoben gamoTqmaSi `sxeulis Sinagani energia~? 

• rogor aris SesaZlebeli sxeulis Sinagani energiis Secvla? 

• rogor Seicvleba sxeulis, magaliTad airis, Sinagani energia gare Zalebis 

moqmedebis Sedegad, Tu am dros is ikumSeba an farTovdeba?  

 
kvleviTi samuSao-1. ris xarjze Seicvala sistemis Sinagani energia?

samuSaosTvis saWiroa: metalis Txelkedliani mili, romelsac erTi bolo 

darCiluli aqvs, eTeris spirti, zonari, Stativis sadgami. 

samuSaos msvleloba: 

1. mili CaamagreT sadgamSi da 

CaasxiT masSi 3-4 sm3 spirti. 1-2 

wuTs daelodeT da milis 

Tavisufal bolos mWidrod 

daaxureT sacobi. 

2. zonari mils erTxel 

SemoaxvieT, mis boloebs xeli 

mohkideT da xan erT, xan meore 

mxares gaswieT ise, rom zonarma milis zedapirze isrialos (a). es procesi 

iqamde ganagrZeT, vidre sistemaSi rame `ucnauri~ movlena ar moxdeba. 

imsjeleT Sedegebze: 

•ra `ucnauri~ movlena moxda sistemaSi milis zedapirze zonris xaxunis dros? 

ra SeiZleba iyos am movlenis gamomwvevi mizezi? 

•ra kavSiria am movlenasa da sistemis Sinagani energiis cvlilebas Soris? 

 
Termodinamikuri sistema.fizikis nawils, romelic makroskopul 

sistemebSi mimdinare siTbur movlenebs Seiswavlis, Termodinamika 

ewodeba. Termodinamikis safuZvelia Termodinamikis kanonebi, rom-

lebic eqsperimentulad dadgenili uamravi faqtidan gamomdinareobs. 

es kanonebi pasuxoben kiTxvaze: `rogor?~, magaliTad, rogor icvleba 

sxeulis (myari, Txevadi an airadi) mdgomareoba gacxelebis (an ga-

civebis) dros, rogor da romeli mimarTulebiT gadaecema siTbo, 

rogor icvleba airis temperatura misi gafarToebis dros da sxv. 

Termodinamikis Seswavlis obieqtia Termodinamikuri sistemebi. 

•nebismieri makroskopuli sxeuli an makroskopuli sxeulebis sistema 

Termodinamikuri sistemaa. Termodinamikuri sistemis mdgomareoba 

xasiaTdeba makroskopuli, anu Termodinamikuri, parametrebiT (masiT, 

simkvriviT, moculobiT, wneviT, temperaturiT).  

Sinagani energia. sidideebs, romlebic gansazRvraven drois mocemul 

momentSi Termodinamikuri sistemis mdgomareobas an am mdgomareobis 

7.1 

daasruleT winadadebebi mocemuli sakvanZo sityvebis 

(SegiZliaT sakvanZo sityvebis ramdenjerme gamoyeneba) 

gamoyenebiT, SeZenili codnis safuZvelze (ix. fizika 8, 

gv. 20-26). 

sxeulis … zrdasTan erTad izrdeba misi …, radgan 

izrdeba sxeulis Semadgeneli molekulebisa da atomebis 

moZraobis … es niSnavs, rom aseve izrdeba am sxeulis 

molekulebis … sxeulis … Semcirebis dros misi … 

mcirdeba. sxeulis mimarT … an sxeulis … misi … 

icvleba _ izrdeba. 

sakvanZo sityvebi: 

siCqare 

meqanikuri muSaoba 

temperatura 

gamosxiveba 

atomi da molekula 

saSualo kinetikuri energia 

Sinagani energia  

gacxeleba 

Sinagani energia  

(a) 
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Sesabamis makroskopul parametrebs, mdgomareobis funqciebi ewodeba. 

am sidideebs Soris ZiriTadia sistemis Sinagani energia. 

•Sinagani energia aris sistemis Semadgeneli nawilakebis moZraobis 

sxvadasxva saxis kinetikuri energiebisa da am nawilakebis urTi-

erTqmedebis potenciuri energiebis jami (ix. cxrili 7.1). 

 

 
Termodinamikuri sistemis Sinagani energia damokidebulia sistemis 

temperaturasa da moculobaze, romlebic gansazRvravs sistemis 

mdgomareobas: U (T, V). 
erTatomiani idealuri airis Sinagani energia. airs, romlis molekula 

erTi atomisgan Sedgeba, erTatomiani airi ewodeba. erTatomiani airis 

Sinagani energia misi Semadgeneli nawilakebis moZraobis kinetikuri da 

urTierTqmedebis potenciuri energiebis jamis tolia: ܷ ൌ ܰ ∙ კინܧ   პოტ ሺܰairis Semadgeneli nawilakebis raodenobaa).magram idealuri airisܧ

SemTxvevaSi airis Sinagani energia misi qaosurad moZravi nawilakebis 

saSualo kinetikuri energiebis jamis tolia: ܷ ൌ ܰ ∙  .კინܧ
radgan idealuri erTatomiani airis erTi nawilakis saSualo 

kinetikuri energia gamoiTvleba formuliTܧკინ ൌ ଷଶ ݇ܶ,gamodis, rom 

Sinagani energia mxolod temperaturazea damokidebuli: ܷ ൌ 32ܰ ∙ ݇ܶ ൌ 32  ܰ ∙ ݇ܶ ൌ 32  ∙ ܴܶ ൌ 32 ܯ݉ ܴܶ.															ሺ7.1ሻ 
es gamosaxuleba joulis kanonis formulaa: 

•idealuri airis Sinagani energia damokidebulia mis masaze, airis 

gvarobaze (molur masaze) da temperaturaze. maSinac, rodesac airis 

wneva da moculoba icvleba, Tu misi temperatura mudmivia, airis 

Sinagani energia ar Seicvleba. 

Sinagani energia 
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(7.1) formulidan da mendeleev-klapeironis gantolebidan miviRebT:  ܷ ൌ  ሺ7.2ሻ																																															.ܸ32
Sinagani energiis Secvlis gzebi. Termodinamikuri sistemis Sinagani 

energiis Sesacvlelad saWiroa, SevcvaloT misi molekulebis siTburi 

moZraobis saSualo kinetikuri energia an maTi urTierTqmedebis po-

tenciuri energia, an erTdroulad orive energia. mravali cdebis Sem-

deg gairkva, rom Sinagani energiis Secvlis ori saSualeba arsebobs: 

siTbos gadacema da muSaobis Sesruleba (ix. fizika 8, gv. 23). 

•sistemis Sinagani energiis cvlileba xdeba ori saSualebiT: Q siTbos 

raodenobis gadacemiT da A muSaobis SesrulebiT. ∆ܷ ൌ ܳ   ሺ7.3ሻ																																										.ܣ
Tu Sinagani energiis cvlileba mxolod siTbos mimocvliT xdeba, 

maSin is sistemisTvis gadacemuli (an sistemidan miRebuli) siTbos 

raodenobis tolia. magaliTad, sxeulis gacxelebis an gacivebis dros, 

misi Sinagani energiis cvlileba ganisazRvreba formuliT: ∆ܷ ൌ ܳ ൌ ܿ݉ሺ ଶܶ െ ଵܶሻ ൌ ܿ݉∆ܶ																	ሺ7.4ሻ 
Sinagani energiis cvlileba myari sxeuli dnobis an siTxis 

kritalizaciis procesSi molekulebis urTierTqmedebis potenciuri 

energiis cvlilebis xarjze xdeba. am procesebis dros Sinagani 

energiis cvlileba dnobis (an kristalizaciis) siTbos tolia: ∆ܷ ൌ ܳდნ ൌ ݉.																																																								ሺ7.5ሻ 
sadac, _ dnobis kuTri siTboa. 

Sinagani energiis cvlileba orTqladqcevis an kondensaciis procesSi am 

procesebSi daxarjuli an miRebuli siTbos raodenobis tolia: ∆ܷ ൌ ܳორთქ ൌ  ሺ7.6ሻ																																																																		.݉ܮ
sadac, L _ orTqladqcevis kuTri siTboa. 

erTatomiani idealuri airis Sinagani energiis cvlilebas gansa-

zRvravs misi temperaturis cvlileba: ∆ܷ ൌ ܷଶ െ ଵܷ ൌ 32  ∙ ܴሺ ଶܶ െ ଵܶሻ ൌ 32 ܯ݉ ܴሺ ଶܶ െ ଵܶሻ ൌ 32 ܯ݉ ܴ∆ܶ.								ሺ7.7ሻ 
sadac ଵܷda ܷ ଶerTatomiani airis Sinagani energiebia Sesabamisad sawyis 

da saboloo mdgomareobaSi. 

yuradReba! Termodinamikuri sistemis Sinagani energiis cvlileba ar 

aris damokidebuli procesis saxeze, romlis saSualebiTac es 

cvlileba xdeba, damokidebulia mxolod sistemis sawyis da saboloo 

mdgomareobaze. 

muSaoba TermodinamikaSi.Tu sistemis Sinagani energiis cvlileba 

mxolod meqanikuri muSaobis SesrulebiT xdeba,  

maSin es cvlileba gare Zalebis mier sistemaze Sesrulebuli 

muSaobis (A) an sistemis mier gare Zalebis sawinaaRmdegod 

Sesrulebuli muSaobis  (ܣ)tolia: ∆ܷ ൌ ܣ ൌ െܣ.																										ሺ7.8ሻ 
•TermodinamikaSi muSaoba Termodinamikuri sistemis Sinagani energiis 

Secvlis erT-erTi saSualebaa. 
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airis muSaoba. davuSvaT, rom cilindrSi mo-

Tavsebulia airi, romelic dguSis moqmedebiT 

aris SekumSuli. SekumSvis dros dguSi saku-

Tari kinetikuri energiis nawils airis mole-

kulebs gadascems, ris Sedegad airis Sinagani 

energia da temperatura izrdeba _ airze gare 

Zalebi asruleben muSaobas. airis gafarTo-

ebis dros, piriqiT, airis molekulebi Tavisi 

kinetikuri energiis nawils dguSs gadascemen, 

maTi siCqare mcirdeba da airi civdeba _ is 

muSaobas asrulebs gare Zalebis sawinaaRmde-

god (b). 

ganvixiloT airis izobaruli gafarToebis 

procesi (am dros misi wneva da masa mudmivia, temperatura ki izrdeba). 

gafarToebis dros airis mier gare Zalebis dasaZlevad Sesrulebuli muSaoba 

tolia: ܣ ൌ ܨ ∙ ∆݄ ൌ ܵ ∙ ሺ݄ଶ െ ݄ଵሻ ൌ ሺ݄ܵଶ െ ݄ܵଵሻ 
an  ܣ ൌ ሺ ଶܸ െ ଵܸሻ ൌ  ሺ7.9ሻ																																				.ܸ∆
am dros gare Zalebis mier airze Sesrulebuli muSaoba tolia: ܣ ൌ െܣ ൌ െሺ ଶܸ െ ଵܸሻ ൌ ሺ ଵܸ െ ଶܸሻ ൌ െ∆ܸ.												ሺ7.10ሻ 
sadac F = ܵaris Zala, romlTac airi dguSze moqmedebs, ∆݄ dguSis gadaad-

gilebaa,  _ airis wneva, ܵ _ cilindris ganivkveTis farTobi, ∆ܸ_ airis mocu-

lobis cvlileba. 

Sesrulebuli muSaoba ricxobrivad im figuris farTobis tolia, romelic p _ V 

damokidebulebis grafikis qvemoT warmoiqmneba (g): airis gafarToebis dros (anu 

airis moculobis gazrdis dros)Aʹ > 0 an A < 0; airis SekumSvis dros (anu airis 

moculobis Semcirebis dros) Aʹ < 0 an A > 0. 
Tu airi mdgomareobis cvlilebis dros muSobas asrulebs da sawyis mdgo-

mareobaSi brundeba, process Caketiliancikluri procesi ewodeba. 

grafikis im ubanze, sadac isari, romelic cikluri procesis mimdinareobis 

mimarTulebas aCvenebs, saaTis isris moZraobis mxares aris mimarTuli, airis 

mier Sesrulebuli muSaoba dadebiTia, xolo gare Zalebis muSaoba _ uaryofiTi 

(d). Tu procesis maCvenebeli isris mimarTuleba sawinaaRmdegoa, grafikis es 

ubani airis uaryofiT da gare Zalebis dadebiT muSaobas Seesabameba. 

 
 

(g) (d)

(b) 
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kvleviTi samuSao-1. gamoyeneba. romeli procesis dros icvleba Sinagani energia 

ufro metad?  

 
amocana: Termodinamikur sistemaSi Sesrulda 

procesebi, romlebic p _ Vdiagramazea gamosaxuli (e). 

SeadareT sistemis Sinagani energiis cvlileba da 

muSaobebi, romelic sistemam Seasrula M-idan N 

wertilSi gadas-vlis dros. 

 

imsjeleT Sedegebze: 

•razea damokidebuli Termodinamikuri sistemis 

Sinagani energiis cvlileba? 

•romeli procesis dros icvleba sistemis Sinagani 

energia ufro metad? 

•romeli procesis dros asrulebs sistema met muSaobas? ratom? 

 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: 

saklaso oTaxis sigane 5 m-ia, sigrZe _ 10 m, simaRle _ 4 m. haeris temperatura 

oTaxSi 200C-ia, atmosferuli wneva _ normaluri. 

•oTaxSi arsebuli haeri rom erTatomiani idealuri airi iyos, ris toli 

iqneboda misi Sinagani energia? 

•am Sinagani energiiT ra simaRleze SeiZleba avwioT 2 t masis avtomobili  

(g = 10 m/wm2)? 

 

SeafaseT Tqveni codna: 

1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kargad da ra darCa 

TqvenTvis nawilobriv gaugebari? 

2. romeli makroskopuli parametrebi gansazRvravs sxeulis Sinagan energias? 

3. romel makroskopul parametrebzea damokidebuli erTatomiani idealuri ai-

ris Sinagani energia? 

4. ris tolia Termodinamikuri sistemis Sinagani energiis cvlileba, Tu masSi 

mxolod siTbos mimocvla xdeba?  

5. ratom SeuZlia Sesrulebul meqanikur muSaobas sistemis Sinagani energiis 

Secvla? 

6. Teromodinamikuri sistemis romeli makroskopuli parametrebi icvleba 

muSaobis Sesrulebis procesSi?  

7. ratom gansxvavdeba niSnis mixedviT airis mier Sesrulebuli da airze 

Sesrulebuli muSaobebi?  

 
ra SeityveT? 
samuSao rveulSi dawereT dasaxelebuli cnebebis mokle ganmartebebi: `Termodi-

namika~, `Termodinamikuri sistema~, `Sinagani energia~, `mocemuli masis idealuri 

airis Sinagani energia~, `Sinagani energiis Secvlis gzebi~, `muSaoba Termodi-

namikaSi~.  

 
  

(e) 
2

5
6 3 

4

V 0

M

N 

1

p
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 Termodinamikis pirveli kanoni 
 

yoveldRiuri cxovreba warmoudgenelia sxva-

dasxva daniSnulebis teqnikis gareSe, romelic 

cxovrebas aadvilebs. teqnikis daxmarebiT adami-

anebi xnaven miwas, moipoveben navTobs, airs, madans 

da sxva sasargeblo wiaRiseuls, `amokleben~ did 

manZilebs da sxv. yovelgvari teqnikis mTavari Tvi-

seba mis mier muSaobis Sesrulebis unaria. 

amitomac adamianebi Zveli droidan cdi-

lobdnen, SeeqmnaT mudmivad momuSave `perpetuum 
mobile~, anu mudmivi Zrava. rogorc erT-erTi 

saintereso idea am mimarTulebiT, SeiZleba 

ganvixiloT me-17 saukunis ingliseli mRv-

dlis jon vilkensinis originaluri proeqti, 

romelic magnituri velis moqmedebazea da-

fuZnebuli. 

proeqtis ideiT, mudmivi Zrava Semdegnairad unda muSaobdes: sferos formis 

magniti moTavsebulia maRal sayrdenze, romelzec mimagrebulia ori daxrili 

sibrtye: zeda sibrtye sworia, qveda _ Cazneqili (a). 

magnitis mizdulobis gamo swori sibrtyis qveda nawilSi moTavsebuli bur-Tula 

zeviT moZraobas daiwyebs da xvrel 1-Si Cavardeba. Semdeg qveda, Cazneqil sibrtyeze 

Camogordeba, xvrel 2-Si gaZvreba da isev swori sibrtyis dasawyisSi aRmoCndeba. 

mere yvelaferi Tavidan gameordeba. 

• imuSavebs Tu ara mudmivad es Zrava? ratom? 

•romeli fundamenturi kanoni unda sruldebodes imisaTvis, rom Zravam imuSaos? 

 

 
 

Termodinamikis pirveli kanoni. bunebis erT-erTi fundamenturi 

kanonis _ energiis mudmivobis kanonis mixedviT, Caketili sistemis 

sruli (meqanikuri da Sinagani) energia mudmivi rCeba am sistemis SigniT 

mimdinare yvela procesis dros: ܧ  ܷ ൌ  .ݐݏ݊ܿ

7.2 

kvleviTi samuSao-1. SeiZleba Tu ara, uwyvetad srul-

debodes muSaoba damatebiTi 

energiis miRebis gareSe? 

azrobrivi eqsperimenti. frangma gamomgonebelma deni 

papenma (1647 _ 1712) warmoadgina martivi hidrav-

likuri manqanis proeqti, romelic mudmivad SeZlebda 

muSaobas. proeqtis mixedviT, ganieri WurWlis 

Seviwroebul fuZeze miduRebulia moxrili mili ise, 

rom milis meore bolo WurWlis Ria zedapiris 

zeviTaa (b). gamomgoneblis azriT, radgan wylis wona 

WurWlis ganier nawilSi metia, vidre viwro nawilSi, 

wnevaTa sxvaoba aRZravs wylis mudmiv moZraobas milis 

viwro nawilisken. papenis am `perpetuum mobile~-m ar 

imuSava. 

(b) 

imsjeleT Sedegebze: 

• raSi mdgomareobs gamomgoneblis Secdoma? romeli kanoni ar gaiTvaliswina man 

Zravas konstruqciaSi? 

• rogor aris SesaZlebeli mudmivi meqanikuri muSaobis Sesruleba? 

magniti

1

2

(a) 
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rodesac energiis mudmivobis kanons siTburi procesebisTvis iye-

neben, mas Termodinamikis pirvel kanons uwodeben: 

• Termodinamikuri sistemis Sinagani energiis cvlileba siTbos 

raodenobis, romelic sistemas gadaeca da gare Zalebis muSaobis, 

romelic sistemis mimarT Sesrulda, jamis tolia: ∆ܷ ൌ ܳ   ሺ7.11ሻ															ܣ
Tu sistema Caketili da izolirebulia, es niSnavs, rom mis mimarT 

gare Zalebi muSaobas ar asruleben (A = 0) da garemosTan siTburi 

mimocvla ar xdeba (Q = 0). am SemTxvevaSi, Termodinamikis pirveli 

kanonis Tanaxmad, Caketili, izolirebuli sistemis Sinagani energia ar 

icvleba: ∆ܷ ൌ ܷଶ െ ଵܷ ൌ 0		 → 		ܷଶ ൌ ଵܷ 
radgan muSaoba, romelsac sistema gare Zalebis dasaZlevad 

asrulebs, gare Zalebis mier sistemaze Sesrulebuli muSaobis tolia, 

oRond sapirispiro niSniT: A =_A, Termodinamikis pirvel kanons am 

SemTxvevaSi aseTi saxe eqneba: 

•siTbos raodenoba, romelic Termodinamikur sistemas gadeca, 

daixarjeba sitemis Sinagani energiis Secvlasa da muSaobaze, romel-

sac sistema gare Zalebis dasaZlevad Seasrulebs: ܳ ൌ ∆ܷ   ሺ7.12ሻ																					ܣ
energiis mudmivobis kanonis aRmoCenis Semdeg cxadi gaxda, rom 

SeuZlebelia pirveli gvaris mudmivi Zravas Seqmna. 

•pirveli gvaris mudmivi Zrava (`perpetuum mobile I~) iseTi Zravaa, romelic 

erTxel amoqmedebis Semdeg garedan energiis miRebis gareSe, mudmivad 

Seasrulebs muSaobas. 

(7.11) gamosaxulebis Tanaxmad, imisaTvis, rom sistemam muSaoba 

Seasrulos, man energia an garedan unda miiRos, an sakuTari Sinagani 

energia gamoiyenos: ܣ ൌ ܳ െ ∆ܷ																			ሺ7.13ሻ 
winaaRmdeg SemTxvevaSi, anu Tu ܳ ൌ 0	da	∆ܷ ൌ 0, muSaobac nulis 

toli iqneba	ܣ ൌ 0 
es ki niSnavs, rom mudmivi Zravis arseboba SeuZlebelia. 

Temodinamikis pirveli kanonis gamoyeneba sxvadasxva procesebisaTvis. 

1. izoTermuli procesi (m = const, T = const).  
radgan amgvari procesis dros sistemis temperatura ar icvleba, 

mudmivi rCeba sistemis Sinagani energiac, e. i. Sinagani energiis 

cvlileba nulis tolia: ܷ ൌ 				ݐݏ݊ܿ → 					 ∆ܷ ൌ 0. 
Termodinamikis pirveli kanonis gamosaxulebebidan (7.11) da (7.12) 

miviRebT: ܳ ൌ ܳ ሺ7.14ሻ																ܣ ൌ െܣ													ሺ7.15ሻ 
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•izoTermuli procesis dros sistemisTvis gadacemuli mTeli siTbos 

raodenoba muSaobis Sesrulebaze ixarjeba. 

2. izoqoruli procesi (m = const, V = const). 
radgan am procesis dros sistemis moculoba ar icvleba, (7.10) 

gamosaxulebis Tanaxmad, muSaoba ar sruldeba(ܣ ൌ 0, ܣ ൌ 0). Termo-

dinamikis pirveli kanonis Tanaxmad, miviRebT: ܳ ൌ ∆ܷ							ሺ7.16ሻ 
erTatomiani idealuri airisTvis: ܳ ൌ ∆ܷ ൌ 32 ܯ݉ ܴ∆ܶ							ሺ7.17ሻ 
•izoqoruli procesis dros sistemisTvis gadacemuli siTbos raode-

noba mTlianad misi Sinagani energiis Secvlaze ixarjeba. 

 

 
 

3. izobaruli procesi (m = const, p = const). 
amgvar procesebSi sistemis wneva ar icvleba, temperatura da mocu-

loba _ icvleba. am procesisTvis Termodinamikis pirvel kanons aseTi 

saxe aqvs: ܳ ൌ ∆ܷ  ܣ ൌ ∆ܷ  .ܸ∆ ሺ7.19ሻ 
•izobaruli (gafarToebis) procesis dros sistemisTvis gadacemuli 

siTbos raodenoba ixarjeba sistemis Sinagani energiis gazrdasa da 

sistemis mier gare Zalebis daZlevaze Sesrulebul muSaobaze. 

 
erTatomiani idealuri airis kuTri siTbotevadoba mudmivi wnevis dros.  

(7.19) gamosaxulebaSi (7.17)-is gaTvaliswinebiT erTatomiani idealuri airis-Tvis 

miviRebT: 

൞ܣ ൌ ܸ∆ ൌ ܯ݉ ܴ∆ܶ,∆ܷ ൌ 32 ܯ݉ ܴ∆ܶ 																																ሺ7.20ሻ 
aqedan: ܳ ൌ 52 ܯ݉ ܴ∆ܶ.																																																ሺ7.21ሻ 
am gamosaxulebis safuZvelze erTatomiani idealuri airis kuTri siTboteva-

doba mudmivi wnevis dros, SegviZlia, gamoviTvaloT formuliT: ܿ ൌ 52 ܯܴ ൌ ܿ   ሺ7.22ሻ																																				.ܯܴ
 ∆ܷ ൌ 0,6	ܳ,																																																						ሺ7.23ሻ ∆ܷ ൌ ܣ ሺ7.24ሻ																																																						,ܣ	1,5 ൌ 0,4 ܳ. ሺ7.25ሻ 

erTatomiani idealuri airis kuTri siTbotevadoba mudmivi moculobis dros. 

Tu (7.17) gamosaxulebas gaviTvaliswinebT erTatomiani idealuri airis siTbos 

raodenobis (7.4)Q = cmΔt gamosaxulebaSi kuTri siTbotevadobisTvis (mudmivi 

moculobis dros), miviRebT: ܿ ൌ 32 ܯܴ ሺ7.18ሻ 
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4. adiabaturi procesi (m = const, Q = 0). 
•adiabaturi procesi aris procesi, romelic sistemasa da garemos 

Soris siTburi mimocvlis gareSe mimdinareobs. 

radgan am procesSi ar xdeba siTbos mimocvla sistemasa da garemos 

Soris, Termodinamikis pirvel kanons aseTi saxe eqneba: 

 ∆ܷ ൌ െܣ 
an ∆ܷ ൌ  ሺ7.26ሻ																	ܣ

airis adiabaturi gafarToebis dros misi temperatura da Sinagani 

energia mcirdeba, anu airi civdeba, xolo adiabaturi SekumSvis dros, 

piriqiT, misi temperatura da Sinagani energia izrdeba, anu airi 

cxeldeba. 

 
kvleviTi samuSao-2. gamoyeneba. ramdenad Seicvala Sinagani energia?

amocana: erTatomiani idealuri airi 2 · 105 pa wnevis dros izobarulad gafar-

Tovda. misi moculoba ΔV = 0,5m3-iT gaizarda. gansazRvreT am procesSi airis 

Sinagani energiis cvlileba da miRebuli siTbos raodenoba. 

imsjeleT Sedegebze: 

•ris tolia erTatomiani idealuri airis Sinagani energiis cvlileba misi 

izobaruli gafarToebis dros? 

•rogor ganisazRvreba am procesSi idealuri airis mier miRebuli siTbos 

raodenoba? 

 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: 

albaT, dakvirvebixarT zafxulSi Tavsxma wvimasa da setyvas. rogor xdeba es?  

dedamiwis zedapirTan gamTbari haeri atmosferos zeda fenebisken didi siC-qariT 

gadaadgildeba, farTovdeba da mkveTrad civdeba. haerSi arsebuli wylis 

orTqli patara wveTebad kondensirdeba, yinulis kristalebad gadaiqceva da 

`mZime~ Rrublebs warmoqmnis. Semdeg dedamiwaze wvimis an setyvis saxiT modis. 

•romeli procesi xdeba haerSi (airSi) aRwerili atmosferuli movlenebis dros? 

 

SeafaseT Tqveni codna:  

1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kargad da ra darCa 

TqvenTvis nawilobriv gaugebari? 

2. bunebis romeli fundamenturi kanonis gamoxatulebaa Termodinamikis 

pirveli kanoni? 

3. ra mniSvnelovani daskvnis gakeTeba SeiZleba Termodinamikis pirveli 

kanonidan? 

4. izoqoruli procesis dros airisTvis gadacemuli siTbos raodenoba ratom 

ixarjeba mTlianad airis Sinagani energiis cvlilebaze? 

5. izoTermuli procesis dros airisTvis gadacemuli siTbos raodenoba ratom 

aris Sesrulebuli muSaobis toli? 

6. ris xarjze sruldeba meqanikuri muSaoba airis adiabaturi gafarToebis 

dros? 

7. ris xarjze sruldeba meqanikuri muSaoba adiabaturi SekumSvis dros?  

 

ra SeityveT?samuSao rveulSi dawereT dasaxelebuli cnebebis mokle ganmar-

tebebi: `Termodinamikis pirveli kanoni~, `Termodinamikis pirveli kanoni izoTer-

muli procesisTvis~, `Termodinamikis pirveli kanoni izobaruli procesisTvis~, 

`Termodinamikis pirveli kanoni izoqoruli procesisTvis~, `adiabaturi procesi~, 

`pirveli gvaris mudmivi Zrava~. 



 

 182  

Termodinamikis meore kanoni.  
siTburi Zravebis muSaobis principi 
 

 

 
 

 

7.3 

zogjer gvxvdeba meqanikuri 

movlenebi, romlebSic procesi 

pirdapiri da Sebrunebuli 

mimarTulebiT absoluturad 

erTnairad mimdinareobs. magaliTad, 

Tu maTematikuri an zambariani 

qanqaris rxevis procesis 

videoCanawers gavakeTebT, misi 

pirdapiri da Sebrunebuli 

mimarTulebiT demonstrirebis 

dros vnaxavT, rom rxevis procesi 

Sebrunebuli mimarTulebiT zustad 

imeorebs rxevis process Canaweris 

pirdapiri demonstrirebis dros. 

 

magram bunebis yvela movlenas 

erTi garkveuli mimarTuleba aqvs; 

magaliTad, mcenareebis zrda, 

wylis vardna CanCqerSi, adamianis 

dabereba da sxv. aseve garkveuli 

mimarTuleba axasiaTebs 

cxovrebiseul movlenebs, 

romlebSi Cvenc vmonawileobT; 

magaliTad, fexburTelis dartymis 

Semdeg burTi jer aCqardeba, 

Semdeg Seneldeba da gaCerdeba, 

aseve simaRlidan vardnili qva 

davardnis Semdeg Cerdeba, CaidanSi 

uyuradRebod datovebuli wyali 

mTlianad orTqlad gadaiqceva da 

sxv.  

 

kvleviTi samuSao-1. ra daskvnas gaakeTebT dakvirvebidan, romelsac samuSaos 

dros ganaxorcielebT? 

samuSaosTvis saWiroa: wylis gamacxlebeli, laboratoriuli Wiqa (2 cali), 

saRebavis kristalebi, metalis kovzi, Termometri. 

samuSaos msvleloba: 

cda 1. Wiqa Tbili wyliT gaavseT. CayareT saRebavis kristalebi wyalSi da 

daakvirdiT difuziis process, anu wylis mTeli moculobis gaferadebas (a). 

cda 2.meore WiqaSi CaasxiT Tbili wyali da TermometriT gazomeT misi 

temperatura. garkveuli drois Semdeg WiqaSi oTaxis temperaturis kovzi 

CauSviT (b). gansazRvreT temperatura siTburi wonasworobis damyarebis 

Semdeg. 

 

•  ra SeiZleba ewodos movlenis formis 

aseT gameorebas? ramdenad 

mniSvnelovania am movlenebisTvis 

procesis ganviTarebis mimarTuleba? 

 

•   sruldeba Tu ara am movlenebis dros 

energiis mudmivobis kanoni? pasuxi 

daasabuTeT. 

•   SeiZleba Tu ara, yvela es procesi 

TavisTavad ganxorcieldes 

Sebrunebuli mimarTulebiT? 

magaliTad, wvimis nakadi dedamiwidan 

cisken miimarTos, qva zeviT avardes, 

gaCerebuli burTi aCqarebiT 

amoZravdes fexburTelisken, CanCqeris 

`nakadi~ zeviT iyos mimarTuli, moxuci 

gaaxalgazrdavdes da sxva? 
 
•   ra SeiZleba ewodos procesebs, 

romlebic mxolod erTi mimarTulebiT 

mimdinareobs? 

 

•   sruldeba Tu ara maTTvis 

Termodinamikis pirveli kanoni? 
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Termodinamikis meore kanoni. Termodinamikis pirveli kanoni ener-

giis mudmivobis kanonia siTburi procesebisaTvis. es kanoni adas-

turebs pirveli gvaris mudmivi Zravas Seqmnis SeuZleblobas. magram es 

kanoni ver gansazRvravs siTbogadacemis procesis mimarTulebas. maga-

liTad, SevaxoT erTmaneTs ori sxeuli, romlebsac sxvadasxva tempera-

tura aqvT. garkveuli drois Semdeg maT Soris siTburi wonasworoba 

damyardeba, anu Termodinamikis pirveli kanonis Tanaxmad, ra raode-

nobis siTbosac gascems ufro cxeli sxeuli, imave raodenobis siTbos 

SeiZens ufro civi sxeuli. es procesi piriqiT rom ganxorcielebu-

liyo, anu civ sxeuls TavisTavad, garedan Carevis gareSe gadaeca siTbo 

cxeli sxeulisTvis, Termodinamikis pirveli kanoni mainc Ses-

ruldeboda. magram saukuneebis ganmavlobaSi verc erTi eqsperimentiT 

ver dadasturda am procesis TavisTavad ganxorcielebis SesaZleb-

loba.  

(a) 

imsjeleT Sedegebze:

• SeiZleba Tu ara, difuziis 

Sedegad miRebuli narevi 

(gaferadebuli wyals) 

TavisTavad gancalkevdes 

sufTa wylad da saRebavis 

kristalebad? ratom? 

•wylian WiqaSi Termometrisa da 

kovzis moTavsebis Semdeg 

romeli sxeuli gascems 

TavisTavad siTbos? SeiZleba 

Tu ara es procesi TavisTavad 

Sebrundes? 

• Termodinamikis pirveli kanonis 

mixedviT, SeiZleba Tu ara 

siTbogadacemis procesis 

mimarTulebis gansazRvra? 

pasuxi daasabuTeT. 

(b) 
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sxva sityvebiT, Termodinamikur sistemaSi siTbogadacemis procesi 

Seuqcevadia. es idea, romelic 1850 wels gamoTqva germanelma mecni-

erma r. klauziusma (1822 _ 1888), safuZvlad udevs Termodinamikis 

meore kanons: 

•SeuZlebelia ganxorcieldes procesi, romlis Sedegi civi sxeulidan 

cxeli sxeulisaTvis siTbos TavisTavadi gadacema iqneba. siTburi 

energia TavisTavad SeiZleba gadaeces mxolod siTburi wonasworobis 

damyarebis mimarTulebiT, anu cxelidan civ sxeuls. 

Termodinamikis meore kanoni gamoxatavs kanonzomierebas, romelic 

gansazRvravs Termodinamikuri procesis mimarTulebas. am kanonis 

mixedviT, SedarebiT civi sxeulidan cxeli sxeulisTvis siTbos 

TavisTavad gadacemis procesi SeuZlebelia. is SeiZleba mxolod 

muSaobis Sesrulebis Sedegad ganxorcieldes. 

Semdgomi kvlevebiT gairkva, ara marto siTburi procesebi, aramed 

saerTod yvela bunebrivi procesi Seuqcevadia. 

•Seuqcevadi procesi aris procesi, romlis TavisTavadi ganviTareba 

sapirispiro mimarTulebiT SeuZlebelia. 

siTburi Zravas muSaobis principi.siTburi Zravebis (manqanebis) 

muSaobis samecniero safuZvelia Termodinamikis meore kanoni. 

•siTburi manqana Termodinamikuri sistemaa, romelic asrulebs 

ciklur process (asrulebs meqanikur muSaobas) _ siTbos erTi 

sxeulidan meore sxeuls uwyvetad gadascems drois ganmavlobaSi. 

siTburi manqanebi ori saxisaa: siTburi Zravebi da samacivro 

danadgarebi. 

•siTburi Zrava ewodeba danadgars, romelic sxvadasxva saxis sawvavis 

Sinagan energias meqanikur muSaobad gardaqmnis. 

konstruqciuli gansxvavebebis miuxedavad, yvela siTbur Zravas sami 

ZiriTadi nawili aqvs (ix. fizika 8, gv. 90-92). 

1. gamacxelebeli _ Zravas nawili, romelic mudmivad maRal 

T1temperaturas inarCunebs sxvadasxva sawvavis wvis an birTvuli 

reaqciis Sedegad gamoyofili energiis xarjze. 

2. muSa sxeuli _ airi an orTqli, romelic farTovdeba an ikumSeba da 

muSaobas asrulebs. 

3. macivari _ Zravas nawili, romlis temperatura T2gamacxeleblis 

temperaturaze naklebia (T2 < T1). mis funqcias zogjer garemo (mag., 

atmosfero) an wyali asrulebs. 

siTburi Zravas muSaobis principuli sqema Semdegia: muSa sxeuli 

gamacxeleblisgan iRebs Q1 siTbos raodenobas, macivars gadascems Q2 
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siTbos raodenobas da TiToeuli am ciklis ganmavlobaSi Asas 

sasargeblo muSaobas asrulebs (g): ܣп ൌ ܳଵ െ ܳଶ.										ሺ7.27ሻ 

 
 

siTburi Zravas uwyveti muSaobisTvis ZravaSi mimdinare fizikuri 

procesi cikluri unda iyos. procesis dasawyisSi muSa sxeuli (airi) 

miRebuli siTbos xarjze farTovdeba, moqmedebs dguSze da asrulebs 

muSaobas, Semdeg ikumSeba da sawyis mdgomareobaSi brundeba. amis Semdeg 

airi isev farTovdeba da es cikli meordeba (xaxuni da siTbos danakargi 

ZravaSi minimumamdea Semcirebuli) (ix. g). 

1851 wels ingliselma mecnierma uiliam (kelvin) tomsonma (1824 _ 

1907) siTburi Zravas muSaobis principis Seswavlis Semdeg sxva saxiT 

Camoayaliba Termodinamikis meore kanoni: 

•siTbur Zravas, romelic ciklur process asrulebs, macivris 

gareSe muSaoba ar SeuZlia. 

marTlac, gamacxeleblisgan miRebuli Q1 siTbos raodenobis mxolod 

nawili xmardeba sasargeblo muSaobis Sesrulebas. imisaTvis, rom Zravas 

muSaobis cikli gagrZeldes, saWiroa, darCenili siTbos raodenoba Q2 

macivars gadaeces. maxasiaTebeli, romelic gansazRv-ravs,gamacxeleb-

lisgan miRebuli siTbos ra raodenoba daixarja sasargeblo muSaobis 

Sesrulebaze, siTburi Zravas margi qmedebis koeficientia (mqk). 

•siTburi Zravas margi qmedebis koeficienti (η) ewodeba Zravas mier 

Sesrulebuli sasargeblo muSaobis Sefardebas gamacxeleblisgan 

miRebul siTbos raodenobasTan: 

 ൌ სასܳଵܣ ൌ ܳଵ െ ܳଶܳଵ ൌ 1 െ ܳଶܳଵ .																																								ሺ7.28ሻ 
radgan siTburi Zravas muSaobisTvis macivris arseboba aucilebelia, 

misi mqk yovelTvis 100%-ze naklebia. es ki niSnavs, rom Termo-dinamikis 

(g) 
gamacxelebeli, T1

macivari, T2

Q2

muSa 

sxeuli 

Q1

Af = Q1 – Q2
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meore kanoni adasturebs meore gvaris mudmivi Zravas (perpetuum mobile II) 
Seqmnis SeuZleblobas. 

•meore gvaris mudmivi Zrava (perpe-
tuum mobile II) aris Zrava, romelic 

gamacxeleblisgan miRebul siTbos 

raodenobas mTlianad sasargeblo 

muSaobad gardaqmnis. 

1824 wels frangma mecnierma sadi 

karnom (1796 _ 1832) Camoayaliba 

idealuri siTburi Zravas (Zrava, 

romlis muSaoba airis kanonebs emor-

Cileba) muSaobis Teoriuli princi-

pebi. am Teoriis mixedviT, idealuri 

siTburi Zravas maqsimaluri mqk da-

mokidebulia gamacxeleblisa da ma-

civris absolutur temperaturebze: 

მაქს ൌ ଵܶ െ ଶܶଵܶ ൌ 1 െ ଶܶܶଵ . ሺ7.29ሻ 
(7.29) gamosaxulebidan Cans, rom Zravas mqk-is gasazrdelad saWiroa 

gamacxeleblis temperaturis gazrda da macivris temperaturis 

Semcireba. 

cikluri procesi, romelic idealur siTbur ZravaSi mimdinareobs, 

ori izoTermuli da ori adiabaturi procesisgan Sedgeba da karnos 

cikli ewodeba (d). siTburi ZravebisTvis am cikls pirdapiri cikli 

ewodeba. 

 

samacivro danadgarebis muSaobis principi. Zravas samacivro danadgaris reJimSi 

muSaobisTvis karnos ciklis Sebrunebuli cikli unda ganxorcieldes (e). 

 

 
samacivro danadgarSi energiis gardaqmnis sqemidan Cans, rom muSa sxeuli 

farTovdeba da gafarToebis dros macivrisgan garkveuli Q2 raodenobis siTbos 

iRebs. amis Semdeg, gare Zalebi asruleben A muSaobas da kumSaven muSa sxeuls, 

Sedegad, muSa sxeuli gamacxelebels garkveuli Q1 raodenobis siTbos gadascems 

(Q1>Q2) (v): ܳଵ ൌ ܳଶ   .ܣ
rogorc vxedavT, civi sxeulidan cxeli sxeulisTvis siTbos gadacema, 

Termodinamikur sistemaSi, xdeba ara TavisTavad, aramed gare Zalebis mier 

Sesrulebuli muSaobis Sedegad. 

4

1
2

3

Q = 0
Q = 0

T2

T1

(e)

(d)
1 

2 

3 

Q = 0
4 Q = 0

T1 

T2 
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saamcivro danadgaris mniSvnelovani 

maxasiaTebelia gacivebis koeficienti. 

gacivebis koeficienti (	 െqsi)  ewodeba 

macivridan miRebuli siTbos raodenobis 

Sefardebas gare Zalebis mier (magaliTad, 

eleqtroZravas mier) Sesrulebul muSaobasTan: 

 ൌ ܳଶܣ ൌ ܳଶܳଵ െ ܳଶ .									ሺ7.30ሻ 
idealuri samacivro danadgaris 

gacivebis koeficientia: 

მაქს ൌ మ்భ்ି మ் .												ሺ7.31ሻ 
 

kvleviTi samuSao-2. gamoyeneba. siTburi Zravas mier Sesrulebuli sasargeblo 

muSaobis gansazRvra. 

amocana: siTburma Zravam gamacxeleblisgan 800 kj siTbos raodenoba miiRo. amis 

Semdeg man Seasrula sasargeblo muSaoba, romelic macivrisTvis gadacemuli 

siTbos raodenobis 40%-is tolia. gansazRvreT siTburi Zravas mier 

Sesrulebuli sasargeblo muSaoba. 

imsjeleT Sedegebze: 

•  romeli formuliT gamoiTvleba siTburi Zravas mier Sesrulebuli 

sasargeblo muSaoba? 

•  ris tolia siTburi Zravas sasargeblo muSaoba, romelic amocanis amoxsnis 

Semdeg miiReT? 

 

SeZenili codnis gamoyeneba yoveldRiur cxovrebaSi: 

SeadareT avtomobilis Zravas mqk-is maqsimaluri mniSvneloba zamTrisa da 

zafxulis TveebSi. Zravas gamacxeleblis temperatura 10000C-ia, atmosferos 

temperatura zamTarSi _ 30C, zafxulSi _ 370C. 

• razea damokidebuli siTburi Zravas mqk-is maqsimaluri mniSvneloba? 
• rogor amindSia maqsimaluri mqk-is mniSvneloba ufro meti? 

 

SeafaseT Tqveni codna:  

1. romeli cnebebi gaimeoreT gakveTilze? ra gaigeT kargad da ra darCa 

TqvenTvis nawilobriv gaugebari? 

2. ra aris bunebis movlenebisTvis damaxasiaTebeli ZiriTadi Tviseba? 

3. CamoayalibeT Termodinamikis meore kanoni. 

4. ra aris meore gvaris mudmivi Zrava? 

5. ris tolia siTburi Zravas mqk? 

6. ris tolia idealuri siTburi Zravas mqk? 

7. ra mniSvneloba aqvs Termodinamikis meore kanons cocxali sistemebisTvis? 
 

ra SeityveT?samuSao rveulSi dawereT dasaxelebuli cnebebis mokle ganmartebebi: 

`Termodinamikis meore kanonis ganmarteba klauziusis mixedviT~, `Termodinamikis 

meore kanonis ganmarteba tomsonis mixedviT~, `Seuqcevadi procesi~, `siTburi 

Zrava~, `siTburi Zravas ZiriTadi nawilebi~, `siTburi Zravas mqk~, `meore gvaris 

mudmivi Zrava~, `karnos cikli~. 

 

(v) 
gamacxelebeli, T1 

macivari, T2

Q2

muSa 

sxeuli 

Q1

A 
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• proeqti • moamzadeT eleqtronuli prezentacia Temaze  

`siTburi Zravebi da garemo~ 

 

proeqtis gegma: 

1. siTburi Zravebis gavlena garemos dabinZurebaze. 

2. myari sawvavis gamoyenebis dadebiTi da uaryofiTi aspeqtebi. 

3. atmosferoSi `saTburis~ efeqtis gaCena da misi mavne zemoqmedeba 

garemoze. 

4. `Zravas mqk-is gazrdis perspeqtivebi~.  

 

Resursebi: 

 az.wikipedia.org›Ətraf mühitin çirklənməsi 
 eco.gov.az›uploads/hesabat/Jurnal-1.pdf 
 library.adau.edu.az›upload/book/324_mühazirə 9.doc 
 ardda.gov.az›NewSite/wp-content/uploads/2012/07/… 
 unece.org›fileadmin/DAM/env/eia/meetings/… 
 wikimapia.org›29881298…Ətraf-mühitin-çirklənməsi 
 video.yandex.ru›istilik mühərrikləri və ətraf mühitin çirklənməsi 
 statistika.nmr.az›source/environment/index.php 
 aliyasalimova.com›index/fizika…ekologiya_elementl… 
 stat.gov.az›menu/4/e-reports/az/07/007.php 
 addy.gov.az›index/pdf/BGW_TK2_Official EIA.pdf 
 book.ilkaddimlar.com›d_pdf_book_diger_23485.do 
 toyotabaku.az 
 bakuexpocenter.az›az/exhibitions.php 
 ncp.ge›files/ESG…azerbaijanulad/sabunebismetyvelo… 
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VII 

7.1.airadi argonis nivTierebis raodenoba 2 molia. gacxelebis dros 

misi Sinagani energia ΔU = 480 j-iT izrdeba. ramdeniT gaizarda 

am dros argonis temperatura? (R = 8 j/molK)? 

7.2. gamoTvaleT muSaoba, romelic Sesrulda mocemuli masis haeris 

gafarToebis dros 0,05 m3-dan 0,1 m3-mde mudmivi 2 · 105 pa wnevis dros. 

7.3. mocemuli masis airma 2 l-dan 5 l-mde izobaruli gafarToebis dros 4 

kj muSaoba Seasrula. gansazRvreT haeris wneva. 

7.4. airze Sesrulda 40 kj muSaoba. airma garemos 60 kj siTbos raodenoba 

gadasca. rogor Seicvala airis Sinagani energia? 

7.5. idealurma airma mdgomareoba Seicvala 1-2-3 procesis Sesabamisad. 

rogor Seicvala airis Sinagani energia am procesis 1-2 da 2-3 etapebze? 

 

7.6. idealurma airma mdgomareoba Seicvala 1-2-3 procesis Sesabamisad. 

rogor Seicvala airis Sinagani energia am procesis 1-2 da 2-3 etapebze? 

 

7.7. idealuri siTburi Zravas muSaobis dros a b c d a cikluri procesi 

mimdinareobs. gansazRvreT muSaoba, romelsac airi asrulebs am 

procesis a b c etapze. 
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7.8. idealuri siTburi Zravas muSaobis dros a b c d a cikluri procesi 

mimdinareobs. gansazRvreT airis Sinagani energiis cvlileba am procesis 

a b c etapze. 

 

 

7.9. WurWelSi moTavsebuli erTatomiani idealuri airisTvis 5 kj siTbos 

raodenobis gadacemis Semdeg misi temperatura 00C-dan 1000C-mde gaizarda. 

gansazRvreT: 

a) ramdeniT gaizarda airis Sinagani energia; 

b) WurWelSi arsebuli nivTierebis raodenoba. 

7.10. siTburi Zravas mqk 20 %-ia. gansazRvreT Zravas mier Sesrulebuli sasarg-

eblo muSaoba, Tu erTi ciklis ganmavlobaSi macivrisTvis gadacemuli 

siTbos raodenoba 1,2 kj-s tolia.  
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a 

 

absoluturi tenianoba _ fizikuri sidide, romelic mocemul pirobebSi 

haerSi arsebuli wylis orTqlis wnevis tolia.  

absoluturi tenianoba (haerSi arsebuli wylis orTqlis wneva) SeiZleba 

gamovsaxoT haerSi arsebuli wylis orTqlis parcialuri wneviT mendeleev-

klapeironis gantolebis saSualebiT: ߩწყ ൌ ܴܶܯორთქ .	 
  

sadac ρwy haerSi arsebuli wylis orTqlis simkvrive, anu haeris 

absoluturi tenianobaa, M = 18 g/moli _ wylis moluri masa, T _ haeris 

temperatura, porTq _ wylis orTqlis parcialuri wneva, R = 8,31 j/moli. 

rogorc wesi, absoluturi tenianoba g/m3-Si izomeba. 

adiabaturi procesi _ procesi, romelic sistemaSi mimdinareobs 

garemosTan siTbocvlis gareSe. 

avogadros ricxvi (avogadros mudmiva) _ molekulebis (atomebis) 

raodenoba 1 mol nivTierebaSi. ricxobrivad 12 g naxSirbadSi 	ܥଵଶ : atomebis 

raodenobis tolia: 

NA = 6,02 ∙ 1023 mol_1. 

avogadros kanoni _ toli moculobis airebSi erTnairi temperaturisa 

da wnevis dros erTnairi raodenobis molekulaa. 

aTvlis sistema _ sistema, romelic Sedgeba aTvlis sxeulis, am sxeulTan 

dakavSirebuli sakoordinato sistemisa da drois sazomi xelsawyosgan. 

amorfuli sxeulebi _ myari sxeulebi, romelTa atomebi da molekulebi 

sivrceSi mowesrigebulad ar aris ganlagebuli da amis gamo maTi fizikuri 

Tvisebebi sxeulis SigniT yvela mimarTulebiT erTnairia, anu 

izotropulia. amorful sxeulebs ar aqvT konkretuli dnobis 

temperatura, anu gaTbobis procesSi TandaTan rbildebian da Txevad 

mdgomareobaSi gadadian. 

amplituda _ merxevi sxeulis maqsimaluri gadaxra wonasworobis 

mdgomareobidan. 

anizotropuloba _ nivTierebis (sxeulis) fizikuri Tvisebebis 

(meqanikuri, siTburi, eleqtruli, optikuri) damokidebuleba 

mimarTulebaze. 

aorTqleba _ orTqlis warmoqmnis procesi, romelic nebismieri 

temperaturis dros mimdinareobs siTxis zedapiridan. 

aramasvelebeli siTxe _ siTxe, romlis molekulebi erTmaneTTan ufro 

didi ZaliT miizidebian, vidre myari sxeulis molekulebTan. Sedegad 

WurWelSi siTxis Tavisufali zedapiri amoburculia (siTxis molekulebs 

Soris moqmedi mizidulobis Zalebi cdiloben, siTxes wveTis forma 

miaRebinon). ase iqceva, mag., vercxliwyali minis zedapirze, wyali _ 

parafinze. aramasvelebeli siTxisTvis sasazRvro kuTxe (dasvelebis kuTxe) 

blagvia (Tu siTxe srulad aramasvelebelia, θ = 1800).  

 terminebis leqsikoni  
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aqselerometri (laT. accelero _ vaCqareb da berZn. metreo _ vzomav) _ 

xelsawyo, romelic aCqarebas zomavs. 

aCqareba _ veqtoruli fizikuri sidide, romelic tolia siCqaris cvlilebis 

Sefardebisa drosTan, romlis ganmavlobaSic es cvlileba moxda: Ԧܽ ൌ ሬሬԦ െ ሬሬԦ∆ݐ ൌ ∆ሬሬԦ∆ݐ . 
aCqarebis veqtoris mimarTuleba emTxveva siCqaris cvlilebis veqtoris 

ΔሬሬԦ. mimarTulebas. 

 

b 

 

boil-mariotis kanoni _ mocemuli masis airis wnevis namravli mocu-
lobaze, ucvleli temperaturis dros, mudmivi sididea (T = const, m = const):  ܸ ൌ ܯ݉ ܴܶ ൌ  											.ݐݏ݊ܿ

mocemuli masis airis sawyisi p1 wnevis namravli sawyis V1 moculobaze am 

parametrebis mniSvnelobebis p2 da V2 namravlis tolia nebismier Semdeg 

mdgomareobaSi: ଵ ଵܸ ൌ ଶ ଶܸ 	→ ଶଵ ൌ ଶܸܸଵ.					 
mocemuli masis idealuri airis mdgomareobis cvlilebis process 

mudmivi temperaturis dros (T = const) izoTermuli procesi ewodeba. 

izoTermul procesSi airis wneva da moculoba erTmaneTis mimarT 

ukuproporciulad icvleba. 

brounis moZraoba _ airSi an siTxeSi Sewonili mcire zomis nawilakebis 

dausrulebeli qaosuri moZraoba. 

 

g 

 

gadaadgileba _ wrfis mimarTuli monakveTi, romelic moZravi materialuri 

wertilis sawyis mdebareobas mis momdevno mdebareobasTan aerTebs. 

gadataniTi moZraoba _ sxeulis moZraoba, rodesac misi yvela wertili 

erTnair traeqtoriaze moZraobs. 

galileis fardobiTobis principi _ meqanikis kanonebi erTnairia aTvlis 

yvela inerciul sistemaSi. 

ganivi talRa _ talRa, romelic garemos nawilakebis rxevis 

perpendikularulad vrceldeba. ganivi talRebi mxolod drekad garemoSi 

da siTxis zedapirze vrceldeba. ganivi talRebi garemoSi vrceldeba 

amozeqili da Cazneqili ubnebis monacvleobis saxiT. 

gei-lusakis kanoni _ mocemuli masis airis moculobis Sefardeba 

absolutur temperaturasTan ucvleli wnevis dros mudmivi sididea  
(p = const, m = const): ܸܶ ൌ ܯܴ݉ ∙ 1 ൌ  																									.ݐݏ݊ܿ

ucvleli wnevis dros airis V1 sawyisi wnevis Sefardeba T1 sawyis 

temperaturasTan airis nebismier Semdeg mdgomareobaSi V2 da T2 

parametrebis Sefardebis tolia: ଵܸܶଵ ൌ ଶܸܶଶ.																		 
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idealuri airis mdgomareobis cvlilebis process mudmivi wnevis (p = 
const) dros izobaruli procesi ewodeba. izobaruli procesis dros 

mocemuli masis airis moculoba misi temperaturis pirdapirp-

roporciulia. 

gorvis xaxunis Zala _ xaxunis Zala, romelic aRiZvreba, rodesac erTi 

sxeuli meoris zedapirze migoravs. 

gravitaciuli velis daZabuloba _ veqtoruli fizikuri sidide _ tolia 

materialur wertilze (sxeulze) gravitaciul velSi moqmedi 

mizidulobis Zalis Sefardebisa mis masasTan: gሬԦ ൌ Ԧ݉ܨ .												 
sadac g gravitaciuli velis daZabulobaa, m _ materialuri wertilis 

(sxeulis) masa, F _ mizidulobis Zala, romelic materialur wertilze 

moqmedebs gravitaciul velSi. 

gravitaciuli velis daZabulobis moduli velis mocemul wertilSi 

pirdapirproporciulia am gravitaciuli velis warmomqmneli sxeulis 

masisa da  ukuproporciulia sxeulidan mocemul wertilamde manZilis 

kvadratisa. gravitaciuli velis daZabulobis sidide (moduli) ar aris 

damokidebuli am velSi Setanili sxeulis masaze. gravitaciuli velis 

daZabulobis veqtori velis nebismier wertilSi mimarTulia velis 

warmomqmneli sxeulis centrisken, radiusis gaswvriv. dedamiwis 

gravitaciuli velis mocemul wertilSi gravitaciuli velis daZabulobis 

veqtoris moduli da mimarTuleba igivea, rac Tavisufali vardnis 

aCqarebis veqtoris moduli da mimarTuleba. 

gravitaciuli mudmiva _ universaluri fizikuri mudmiva, romelic 

proporciulobis koeficientia msoflio mizidulobis kanonis 

formulaSi da ricxobrivad 1 kg masis 1 m-iT daSorebul or materialur 

wertils Soris moqmedi mizidulobis Zalis tolia. 

gravitaciuli mudmivas ricxviTi mniSvneloba 1798 wels cdebiT 

gansazRvra ingliselma mecnierma henri kavendiSma (1731 _ 1810). es 

mniSvneloba erTnairia samyaroSi arsebuli yvela sxeulisTvis, maTi 

zomebisa da masebis miuxedavad: ܩ ൌ 6,67 ∙ 10ିଵଵ ნ ∙ მଶკგଶ . 
gravitaciuli urTierTqmedebis potenciuri energia _ energia, romelic 

aqvs urTierTqmed sxeulebs (an nawilakebs): 

Ep =݉g݄. 
grZivi talRa _ talRa, romelic garemos nawilakebis rxeviTi moZraobis 

gaswvriv vrceldeba. grZiv talRebs yvela garemoSi (myar sxeulebSi, 

siTxeebsa da airebSi) SeuZliaT gavrceleba. grZivi talRebi sivrceSi 

vrceldeba nivTierebis SekumSuli da gafarToebuli ubnebis 

monacvleobis saxiT. 

 
  



 

 194  

d 

 

daltonis kanoni _ idealuri airebis narevis wneva TiToeuli airis 

parcialuri wnevebis jamis tolia:  ൌ ൌ ଵ  ଶ ⋯ 
ୀଵ .										 

deformacia _ gare Zalis moqmedebiT sxeulis formisa da zomebis 

cvlileba. 

deformirebuli drekadi sxeulis potenciuri energia _ potenciuri 

energia, romelic deformirebul drekad sxeuls aqvs, sxeulis sixistisa da 

misi wagrZelebis kvadratis namravlis naxevris tolia: ܧპოტ ൌ ଶ2ݔ݇ .															 
dinamika (berZn. `dinamikos~ _ Zlieri, mZlavri) _ meqanikis nawili, 

romelic Seiswavlis meqanikuri moZraobis warmoqmnis mizezebs da maT 

gavlenas meqanikuri moZraobis xasiaTze. 

dinamikis ZiriTadi amocana _ sxeulis moZraobis xasiaTis gansazRvra 

masze moqmedi Zalis mixedviT, an piriqiT, sxeulis moZraobis xasiaTis 

mixedviT gansazRvra, rogori Zala moqmedebs sxeulze. 

dnobis kuTri siTbo _ siTbos raodenoba, romelic saWiroa 1 kg dnobis 

temperaturamde miyvanili kristaluri nivTierebis imave temperaturis 

siTxed gadaqcevisTvis: 

 ൌ ܳ݉.																					 
 
SI sistemaSi dnobis kuTri siTbos sazomi erTeulia: ሾሿ ൌ 1 ჯ

კგ ൌ 1 მଶ
წმଶ.										 

drekadi talRebi _ drekad garemoSi meqanikuri rxevis gavrcelebis 

procesi. 

drekadobis Zala _ Zala, romelic aRiZvreba sxeulis deformaciis dros 

da moqmedebs sxeulis sawyisi formis aRdgenis mimarTulebiT. 

drois erTgvarovneba _ dro erTgvarovania. Caketili sistemis fizikuri 

Tvisebebi ar aris damokidebuli dakvirvebis dawyebis momentis arCevaze, 

anu drois yvela momenti ekvivalenturia (Tanasworia). movlenebi, romelic 

erTsa da imave pirobebSi, magram drois sxvadasxva periodSi xdeba, 

erTnairad mimdinareobs. 
 

e 

 

1 niutoni (1 n) _ Zalis sazomi erTeuli SI sistemaSi. 1 niutoni aris Zala, 

romlis moqmedebiT 1 kg masis sxeuli 1 m/wm2 aCqarebas SeiZens: ሾܨሿ ൌ ሾ݉ሿሾܽሿ ൌ 1 კგ ∙ მ
წმଶ ൌ 1ნ. 
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v 

 

vati (1 vt) _ simZlavris sazomi erTeuli SI sistemaSi. 1 vt im meqanizmis 

simZlavrea, romelic 1 wm-Si 1 j muSaobas asrulebs. 

veqtoruli sidide _ sidide, romelsac ricxviTi mniSvnelobis (modulis) 

garda mimarTulebac axasiaTebs. 

 

z 

 

zambariani qanqara _ rxeviTi sistema, romelic zambarisa da masze 

damagrebuli sxeulisagan Sedgeba. 

zedapiruli daWimulobis koeficienti _ proporciulobis koeficienti 

zedapiruli daWimulobis Zalis gamosaTvlel formulaSi. ricxobrivad 

zedapiris SemomsazRvreli konturis erTeulovan monakveTze moqmedi 

zedapiruli daWimulobis Zalis tolia: ߪ ൌ დაჭ݈ܨ .						 
zedapiruli daWimulobis Zala _ Zala, romelic mimarTulia zedapiris 

gaswvriv, zedapiris SemomsazRvreli wiris marTobulad da cdilobs 

zedapiris farTobis Semcirebas. zedapiruli daWimulobis Zala siTxis 

zedapiris myari sxeulis zedapirTan Sexebis sazRvris sigrZis 

pirdapirproporciulia: 

FdaW = σ · l. 
sadac FdaW siTxis zedapiruli daWimulobis Zalaa, l _ siTxis zedapiris 

myari sxeulis zedapirTan Sexebis sazRvris sigrZe, σ _ siTxis zedapiruli 

daWimulobis koeficienti. 

 

T 

 

Tavisufali vardna _ sxeulis moZraoba mxolod simZimis Zalis 

moqmedebiT (dedamiwis mizidulobis Zalis moqmedebiT). Tavisufali 

vardna Tanabrad aCqarebuli moZraobaa uZravi mdgomareobidan (v0 = 0), g 

aCqarebiT. 

Tavisufali rxevebi _ rxevebi, romlebic Caketil sistemaSi aRiZvreba 

Sida, konservatiuli Zalebis moqmedebiT. 

Tanabari moZraoba wrewirze _ moZraoba, romlis traeqtoria wrewiria da 

wrewiris yvela wertilSi materialuri wertilis siCqaris moduli 

ucvleli sididea. 

Tanabrad cvladi moZraoba _ moZraoba, romelSic drois nebismier tol 

SualedebSi siCqare erTnairad icvleba. Tanabrad cvladi moZraobis dros 

aCqarebis sidide da mimarTuleba ar icvleba: Ԧܽ ൌ ሬሬԦ െ ሬሬԦݐ ൌ ∆ሬሬԦݐ ൌ  .ݐݏ݊ܿ
Teorema kinetikuri energiis Sesaxeb _ mudmivi Zalis mier sxeulze 

Serulebuli muSaoba sxeulis kinetikuri energiis cvlilebis tolia: 

A = Ekin2 _ Ekin1 = Δ Ekin 

aq Ein1 da Ekin2 sxeulis kinetikuri energiis sawyisi da saboloo 

mniSvnelobebia. 



 

 196  

Teorema potenciuri energiis Sesaxeb _ simZimis Zalis mier Sesrulebuli 

muSaoba sxeulis potenciuri energiis cvlilebis tolia, sapirispiro niSniT: 

A = _(E pot2 _ Epot1 ) = ΔEpot 

Termodinamika _ fizikis nawili, romelic makroskopuli sistemebis 

siTbur Tvisebebs, maTSi energiis gadacemisa da gardaqmnis xerxebs 

Seiswavlis. 

Termodinamikis pirveli kanoni _ Termodinamikuri sistemis Sinagani 

energiis cvlileba siTbos raodenobis, romelic sistemas gadaeca da 

muSaobis, romelic am sistemis mimarT Sesrulda, jamis tolia: 

ΔU = Q + A. 
Termodinamikis pirveli kanoni SeiZleba Semdegnairad CavweroT: siTbos 

raodenoba, romelic Termodinamikur sistemas gadaeca, ixarjeba sistemis 

Sinagani energiis cvlilebasa da muSaobaze, romelsac sistema gare Zalebis 

sawinaaRmdegod Seasrulebs: 

Q = Δ U + Aʹ. 
Termodinamikis meore kanoni _ gansazRvravs Termodinamikuri procesis 

mimarTulebas: siTburi energia TavisTavad SeiZleba gadaeces mxolod 

siTburi wonasworobis damyarebis mimarTulebiT, anu Tbili sxeulidan civ 

sxeuls. civi sxeulidan cxeli sxeulisTvis siTbos gadacema SesaZlebelia 

mxolod muSaobis Sesrulebis Sedegad. 

Termodinamikuri sistema _ nebismieri makroskopuli sxeuli an 

sxeulebis sistema. makroskopuli sistemis mdgomareoba xasiaTdeba makros-

kopuli, anu Termodinamikuri, prametrebiT (masa, simkvrive, moculoba, 

wneva, temperatura). 

 

i 

 

idealuri airi _ airi, romelic akmayofilebs CamoTvlil pirobebs:  

_ molekulebs Soris manZili mravaljer metia molekulebis zomebze. 

molekulebis jamuri moculoba umniSvnelod mcirea, amitom idealuri 

airi usasrulod SeiZleba SevkumSoT; 

_ molekulebs Soris urTierTqmedeba usasrulod mcirea da SeiZleba ar 

gaviTvaliswinoT. amitom molekulebis urTierTqmedebis potenciuri 

energia nulis tolia:  
Epot = 0. 

_ mxolod erTmaneTTan an WurWlis kedlebTan dajaxebis dros 

aRiZvreba molekulebs Soris ganzidvis Zalebi; molekulebis dajaxebebi 

absoluturad drekadia; 

_ molekulam SeiZleba nebismieri siCqare SeiZinos; yoveli molekulis 

moZraoba niutonis klasikuri meqanikis kanonebs emorCileba. 

idealuri airis mdgomareobis gantoleba _ gantoleba, romelic aRwers 

airis mdgomareobas da gansazRvravs kavSirs mis makroskopul parametrebs 

Soris sawyis da saboloo mdgomareobaSi: ଵ ଵܸଵܶ ൌ ଶ ଶܸଶܶ 		ან		 ܸܶ ൌ  .ݐݏ݊ܿ
idealuri airis molekulur-kinetikuri Teoriis ZiriTadi gantoleba _ 

gantoleba, romelic akavSirebs airis makroskopul parametrs _ wnevas 

mikroskopul parametrebTan, romlebic airis molekulebs axasiaTebs:  ൌ 13݉݊ଶ.																				 
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izotropuloba _ nivTierebis Tviseba, rodesac misi fizikuri Tvisebebi 

ar aris damokidebuli nivTierebaSi mimarTulebis arCevaze _ yvela 

mimarTulebiT erTnairia. 

izoqoruli procesi (V = const) _ mocemuli masis idealuri airis 

mdgomareobis cvlilebis procesi mudmivi moculobis dros. izoqoruli 

procesis dros mocemuli masis airis wneva misi temperaturis 

pirdapirproporciulia. 

impulsi _ impulsi, anu moZraobis raodenoba, veqtoruli fizikuri 

sididea, romelic sxeulis masisa da siCqaris namravlis tolia. aRiniSneba Ԧ asoTi:  Ԧ ൌ ݉ሬሬԦ. 
 
impulsis mudmivobis kanoni: Caketil sistemaSi Semavali sxeulebis 

impulsebis jami mudmivi sididea: Ԧଵ  Ԧଶ  Ԧଷ  ⋯ Ԧ ൌ  ݐݏ݊ܿ
iungis moduli _ proporciulobis koeficienti meqanikur Zabvasa da 

fardobiT wagrZelebas Soris hukis kanonSi. ricxobrivad im meqanikuri 

Zabvis tolia, romelic sxeulSi aRiZvreba misi 2-jer wagrZelebis dros. 

iungis moduli axasiaTebs nivTierebis unars winaaRmdegoba gauwios 

deformacias, damokidebulia mxolod nivTierebis Tvisebebze da ar aris 

damokidebuli sxeulis zomebsa da formaze. misi sazomi erTeuli SI 
sitemaSi aris paskali: ሾܧሿ ൌ ሾఙሿሾఌሿ ൌ 1pa. 

iZulebiTi rxevebi _ rxevebi, romelic periodulad cvladi gare Zalebis 

moqmedebiT mimdinareobs. 

 

k 

 

kapilari _ 10-3 m-ze naklebi diametris mili (arxi). 

kinetikuri energia _ energia romelic aqvs moZrav sxeuls: 

Ekin ൌ మଶ . 
 
kondensacia _ orTqlis siTxed gadaqcevis procesi. kondensirebisas 

airi garemos gadascems siTbos raodenobas Q = Lm. orTqlis kondensaciis 

dros gamoiyofa siTbos is raodenoba, romelic siTxis orTqlad 

gadasaqcevad daixarja. 

kritikuli temperatura _ temperatura, romelzec qreba gansxvaveba 

siTxesa da mis najer orTqls Soris. kritikulze maRal temperaturaze, 

rac unda maRali wnevis qveS aRmoCndes airi, SeuZlebelia misi siTxed 

gadaqceva (kondensireba).  

kuTxuri siCqare (an wriuli sixSire) _ fizikuri sidide, romelic tolia 

wrewirze moZravi sxeulis Semobrunebis kuTxis Sefardebisa im drosTan, 

romelSic es Semobruneba Sesrulda: ߱ ൌ ݐ߮ . 
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sadac ω kuTxuri siCqarea. wrewirze Tanabrad moZravi materialuri 

wertilis kuTxuri siCqare mudmivi sididea (ω = const). SI sistemaSi kuTxuri 

siCaris sazomi erTeulia radiani Sefardebuli wamTan: ሾ߱ሿ ൌ 1რადწმ . 
 

m 

 

maTematikuri qanqara _ idealizebuli rxeviTi sistema, romelic uwono 

da uWimad Zafze dakidebul materialur wertils warmoadgens. 

makroskopuli sxeuli _ sxeuli, romelic didi raodenobis atomebisa da 

molekulebisagan Sedgeba. 

masvelebeli siTxe _ siTxe, romlis molekulebi erTmaneTTan ufro 

mcire ZaliT miizidebian, vidre myari sxeulis molekulebTan. Sedegad 

WurWelSi siTxis Tavisufali zedapiri Cazneqilia (siTxe miiswrafvis 

myari sxeulis zedapirisken, cdilobs, ganerTxas zedapirze). ase iqceva, 

mag., vercxliswyali TuTiis zedapirze, wyali _ minaze. masvelebeli 

siTxisTvis gare kuTxe (dasvelebis kuTxe) maxvilia (Tu siTxe 

zedapirisTvis srulad masvelebelia, θ = 00).  

masis atomuri erTeuli (mae) _ masis sistemgareSe erTeuli, romelic 

gamoiyeneba molekulebis, atomebis, atomebis birTvebisa da elementruli 

nawilakebis masis gamosaxatavad da romelic naxSirbadis 	ܥଵଶ  atomis masis ଵଵଶ-is tolia: 

1 mae ൌ ଵଵଶ݉, ൌ 1,66 ∙ 10ିଶ kg. 
materialuri wertili _ sxeuli, romlis zomebi mocemuli amocanis 

pirobebSi SegviZlia ugulebelvyoT. 

meore gvaris mudmivi Zrava (perpetuum mobile II) _ Zrava, romelic 

gamacxeleblisgan miRebul siTbos raodenobas (energias) srulad 

gardaqmnis sasargeblo muSaobad. 

meqanika _ mecniereba, romelic meqanikuri moZraobis kanonebsa da 

moZraobis warmoqmnis mizezebs Seiswavlis (berZnuli sityvidan `mekhane~ _ 

manqana, meqanizmi). 

meqanikuri moZraoba _ sivrceSi sxeulis mdebareobis cvlileba sxva 

sxeulebis mimarT drois ganmavlobaSi. 

meqanikuri muSaoba _ skalaruli fizikuri sidide _ sxeulze Zalis 

moqmedebis raodenobrivi maxasiaTebeli. sididiT sxeulze moqmedi Zalebis 

tolqmedis modulis, sxeulis gadaadgilebis modulisa da Zalisa da 

gadaadgilebis veqtorebs Soris kuTxis kosinusis namravlis tolia: 
A = F · s ·cosα 

meqanikuri rxeviTi moZraoba _ sxeulis moZraobis gameoreba misi 

mdgradi wonasworobis mdgomareobis xan erT, xan meore mxares. 

meqanikuri talRa _ meqanikuri rxevebis gavrceleba drekad garemoSi 

(meqanikuri talRa vakuumSi ar vrceldeba). 

mobrunebis kuTxe _ kuTxe, romliTac mobrundeba radius-veqtori, 

romelic wrewirze moZrav sxeuls wrewiris centrTan akavSirebs. 

mobrunebis kuTxe sxeulis sawyis da saboloo mdgomareobas Soris 

arsebuli wrewiris rkalis sigrZis wrewiris radiusTan Sefardebis tolia: ߮ ൌ ݈ܴ . 
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aq φ _ mobrunebis kuTxea, l _ rkalis sigrZe, romelic mobrunebis kuTxes 

Seesabameba, R _ wrewiris radiusi. 

molekulebis koncentracia _ molekulebis raodenoba moculobis 

erTeulSi: ݊ ൌ ܸܰ.	 
molekulebis saSualo kvadratuli siCqare _ kvadratuli fesvi siCqaris 

kvadratis saSualo mniSvnelobidan: 

 ൌ ටଶ ൌ ඨଵଶ  ଶଶ  ⋯ ேଶܰ . 
molekulur-kinetikur TeoriaSi saSualo kvadratuli siCqare 

gamoiTvleba formulebiT: 

 ൌ ඨ2ܧკ݉ ൌ ඨ3݇ܶ݉ ൌ ඨ3ߩ .			 
sadac T absoluturi temperaturaa, k _ bolcmanis mudmiva, m0 _ erTi 

molekulis masa, n _ molekulebis koncentracia, ܧკ _ molekulebis 

moZraobis kinetikuri energiis saSualo mniSvneloba, ρ _ simkvrive, p _ 
wneva. 

molekuluri fizika _ fizikis nawili, romelic Seiswavlis 

makroskopuli sxeulebis Sinagan agebulebas, maT Tvisebebsa da materiis 

siTburi moZraobis ZiriTad kanonzomierebebs. molekulur-kinetikuri 

Teoriis debulebebia: 

I debuleba: yvela nivTiereba nawilakebisgan _ atomebisa da 

molekulebisgan _ Sedgeba. 

II debuleba: nawilakebi, romlebisganac nivTiereba Sedgeba, 

ganuwyvetel, uwesrigo (qaosur) moZraobas asruleben. 

III debuleba: nivTierebis Semadgeneli nawilakebi urTierTqmedeben _ maT 

Soris arsebobs mizidvisa da ganzidvis Zalebi. 

moluri masa _ nivTierebis 1 molis masa: ܯ ൌ ݉ ∙ ܰ 

sadac m0 erTi molekulis masaa, NA _ 1 molSi nawilakebis raodenoba. 

moluri masis sazomi erTeuli SI sistemaSi aris kg/mol. 

monokristali _ kristali, romelic kristalizaciis erTi centridanaa 

gazrdili. 

msoflio mizidulobis kanoni _ nebismier or materialur wertils Soris 

moqmedebs urTierTmizidulobis Zala, romelic maTi masebis namravlis 

pirdapirproporciulia da maT Soris manZilis kvadratis 

ukuproporciuli: ܨ ൌ ଶݎଵ݉ଶ݉ܩ . 
sadac F mizidulobis (gravitaciuli) Zalis modulia, m1 da m2 _ 

materaluri wertilebis masebi, r _ materialur wertilebs Soris manZili, 

G _ proporciulobis koeficienti, romelsac msoflio mizidulobis 

mudmiva an ubralod gravitaciuli mudmiva ewodeba. 

 

n 
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najeri orTqli _ orTqli, romelic dinamikur wonasworobaSia Tavis 

siTxesTan. siTxesa da mis orTqls Soris dinamikuri wonasworoba myardeba, 

rodesac drois erTeulSi siTxidan amosuli molekulebis raodenoba 

gautoldeba imave droSi siTxeSi dabrunebuli molekulebis raodenobas. 

nivTierebis raodenoba (ν) _ fizikuri sidide, romelic nivTierebaSi 

arsebuli nawilakebis (molekulebis, atomebisa da sxv.) raodenobas 

gamoxatavs. ganisazRvreba Semdegnairad: 

 ൌ ܰܰ. 
N molekulebis raodenobaa mocemul nivTierebaSi. 

nivTierebis raodenobis sazomi erTeuli [ν] = 1 moli SI sistemis 

ZiriTadi erTeulia. 1 moli _ nivTierebis raodenobaa, romelSic imdenive 

molekula an atomia, ramdenic 0,012 kg naxSirbadSi. 

nivTierebis fardobiTi molekuluri (atomuri) masa _ fizikuri sidide, 

romelic nivTierebis atomis (molekulis) m0 masis naxSirbadis atomis masis 

1/12-Tan Sefardebis tolia: ܯ ൌ బభభమబ,. 

M fardobiTi molekuluri masaa, m0 _ nivTierebis molekulis (atomis) 

masa, m0,c _  naxSirbadis atomis masa. 

niutonis I kanoni _ arsebobs iseTi aTvlis sistemebi, romelTa mimarT 

sxeuli uZravi rCeba an ganagrZobs swrfiv da Tanabar moZraobas, Tu masze 

gare Zalebi ar moqmedebs an Zalebis moqmedeba erTmaneTs awonasworebs. 

niutonis II kanoni _ aTvlis inerciul sistemaSi sxeulis mier SeZenili 

aCqareba sxeulze moqmedi Zalis pirdapirproporciulia da sxeulis masis 

ukuproporciuli: Ԧܽ ൌ Ԧ݉ܨ 	 
an ݉ Ԧܽ ൌ  .Ԧܨ
niutonis III kanoni _ aTvlis inerciul sistemaSi Zalebi, romlebiTac ori 

sxeuli erTmaneTze moqmedebs, moduliT tolia da sapirispirodaa mimarTuli: ܨԦଵ ൌ െܨԦଶ. 
 
 

o 

 

orTqladqceva _ nivTierebis Txevadi mdgomareobidan airad mdgomare-

obaSi gadasvla. 

orTqladqcevis kuTri siTbo _ fizikuri sidide, romelic ricxobrivad 

im siTbos raodenobis tolia, romelic saWiroa 1 kg masis siTxis imave 

temperaturis orTqlad gadasaqcevad:  ܮ ൌ ܳ݉ .																												 
SI sistemaSi orTqladqcevis kuTri siTbos sazomi erTeulia: ሾܮሿ ൌ 1 ჯ

კგ ൌ 1 მଶ
წმଶ.																		 
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orTqladqcevis siTbo _ siTbos raodenoba, romelic saWiroa m masis 

siTxis imave temperaturis orTqlad gadaqcevisTvis: 

Q = L m 
 

p 

 

parcialuri wneva _ airebis narevis romelime calkeuli komponentis 

wneva. airebis narevis wneva misi komponentebis parcialuri wnevebis jamis 

tolia.  

pirveli gvaris mudmivi Zrava (perpetuum mobile I) _ Zrava, romelic erTxel 

amoqmedebis Semdeg usasrulod imuSavebs garedan energiis miRebis gareSe. 

polikristalebi _ kristalebi, romlebic miiReba mravalricxovani, 

sivrceSi qaosurad orientirebuli, monokristalis zrdisa da SeerTebis 

Sedegad. 

 

r 

 

radius-veqtori _ veqtori, romelic koordinatTa saTaves materi-
aluri wertilis mdebareobasTan aerTebs. 

rezonansi _ iZulebiTi rxevis amplitudis mkveTri zrda, rodesac 

maiZulebeli Zalis moqmedebis sixSire sistemis sakuTari sixSiris tolia. 

relativisturi meqanika _ fizikis nawili, romelic ganixilavs meqanikis 

kanonebs (moZraobis kanonebs) sinaTlis siCqaresTan miaxloebuli siCqariT 

moZraobebisaTvis. 

rxevis periodi _ dro, romlis ganmavlobaSic erTi sruli rxeva 

sruldeba. 

rxevis sixSire _ fizikuri sidide, romelic ricxobrivad erT wamSi 

Sesrulebuli rxevebis ricxvis tolia. 

 

s 

 

samacivro danadgaris gacivebis koeficienti (ξ _ qsi) _ macivris mier 

miRebuli siTbos raodenobis Sefardeba muSaobasTan, romelic gare 

Zalebma (mag., eleqtroZravam) Seasrules: 

 ൌ ܳଶܣ ൌ ܳଶܳଵ െ ܳଶ.									 
idealuri samacivro danadgaris gacivebis koeficientia: 

maqs ൌ మ்భ்ି మ். 
 

siTburi, anu Termodinamikuri, wonasworoba _ sistemis mdgomareoba, 

rodesac misi makroskopuli parametrebi ar icvleba xangrZlivi drois 

ganmavlobaSi. 

siTburi manqana _ Termodinamikuri sistema, romelic ciklur process 

asrulebs (meqanikur muSaobas asrulebs) _ siTbos erTi sxeulidan meore 

sxeuls gadascems. 

siTburi Zrava _ danadgari, romelic sxvadasxva saxis sawvavis Sinagan 

energias meqanikur energiad gardaqmnis.  

agebulebis Taviseburebebis miuxedavad, yvela siTburi Zrava sami Ziri-

Tadi nawilisgan Sedgeba: 
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1. gamacxelebeli _ Zravas nawili, romelic sawvavis wvis an birTvuli 

reaqciis Sedegad gamoyofili energiis xarjze mudmivad maRal 

temperaturas (T1) inarCunebs. 

2. muSa sxeuli _ airi an orTqli, romelic gafarToebis an SekumSvis 

Sedegad meqanikur muSaobas asrulebs. 

3. macivari _ Zravas nawili, romlis temperaturaa T2 (T2 < T1). war-
moadgens garemos (atmosferos an wyals). 

erTi ciklis ganmavlobaSi muSa sxeuli gamacxeleblisgan iRebs Q1 

siTbos raodenobas, macivars gadascems Q2 siTbos raodenobas da asrulebs 

sasargeblo muSaobas Asas: 

Asas = Q1 _ Q2 

siTburi Zravas margi qmedebis koeficienti (η) _ Zravas mier Sesrulebuli 

sasargeblo muSaobis Sefardeba gamacxeleblisgan miRebul siTbos 

raodenobasTan: 

 ൌ სასܳଵܣ ൌ ܳଵ െ ܳଶܳଵ ൌ 1 െ ܳଶܳଵ.			 
 
siTxis meniski _ siTxis Tavisufali zedapiris gamrudeba misi myari 

sxeulis zedapirTan (an sxva siTxesTan) Sexebis Sedegad. 

simZimis Zala _ Zala, romliTac dedamiwa sxeulebs izidavs. simZimis Zala 

sxeulis masisa da Tavisufali vardnis aCqarebis namravlis tolia: ܨԦსიმძ ൌ ݉gሬԦ. 
simZlavre _ skalaruli fizikuri sidide, romelic Sesrulebuli muSa-

obis im drosTan Sefardebis tolia, romelic am muSaobis Sesasruleblad 

daixarja: ܰ ൌ ௧.   
simZlavris sazomi erTeuli SI sitemaSi aris vati (vt): ሾܰሿ ൌ 1 ჯ

წმ ൌ 1 კგ ∙ მଶ
წმଷ ൌ 1ვტ. 

 

srialis xaxunis Zala _ xaxunis Zala, romelic aRiZvreba erTi sxeulis 

meoris zedapirze srialis dros. srialis xaxunis Zalis ricxviTi 

mniSvneloba sayrdenis reaqciis Zalis (sayrdenze wnevis Zalis) 

pirdapirproporciulia da uZraobis xaxunis Zalis maqsimaluri 

mniSvnelobis tolia:  

(Fxax)srial = (Fxax)maqs uZr = μN. 
sadac μ  _ proporciulobis koeficienti, romelsac srialis xaxunis 

koeficienti ewodeba, damokidebulia masalaze, romlisganac damza-

debulia SexebaSi myofi sxeulebi da maTi zedapirebis damuSavebis 

xarisxze. μ  koeficientia, romelsac ganzomileba ar aqvs. 

sruli meqanikuri energiis mudmivobis kanoni _ sxeulebis Caketili 

sistemis sruli meqanikuri energia mudmivi sididea: 

Ekin1 + Epot1 = Ekin2 +Epot2 

Esruli = const. 
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t 

 

talRa _ sivrceSi rxevis gavrcelebis procesi drois ganmavlobaSi. 

talRis sigrZe _ manZili (l = λ), romelzec talRa vrceldeba rxevis erTi 

periodis ganmavlobaSi (t = T). erTgvarovan garemoSi talRis sigrZe 

pirdapirproporciulia rxevis periodisa da ukuproporciulia rxevis 

sixSirisa. 

talRis siCqare _ garemoSi rxevebis gavrcelebis siCqare. talRis 

gavrcelebis siCqare damokidebuli ar aris masSi rxevis sixSiresa da 

periodze. talRis siCqare damokidebulia garemos Tvisebebsa da 

agregatul mdgomareobaze. erTi garemodan meoreSi gadasvlis dros 

talRis sixSire da periodi ar icvleba, icvleba mxolod siCqare da talRis 

sigrZe. 

talRis sixSire (periodi) _ talRis gamomwvevi wyaros rxevis sixSire 

(periodi). 

temperatura _ makroskopuli sidide, romelic sistemis siTburi 

wonasworobis mdgomareobas axasiaTebs: siTburi wonasworobis dros 

sistemis yvela nawilis temperatura erTnairia. temperatura gansazRvravs 

sxeulis molekulebis moZraobis saSualo kinetikur energias 

(molekulebis kinetikuri energiis zomaa). 

traeqtoria _ wiri, romelsac sxeuli Semowers moZraobis dros mocemul 

aTvlis sistemaSi. 

 

u 

 

uZraobis energia _ im sxeulis energia, romelic uZravia mocemul aTvlis 

sistemaSi.  

uZraobis xaxunis Zala _ xaxunis Zala, romelic erTmaneTis mimarT uZrav 

sxeulebs Soris aRiZvreba. uZraobis xaxunis Zala moduliT wevis Zalis 

tolia, romelic Sexebis zedapiris gaswvriv moqmedebs da mis 

sawinaaRmdegodaa mimarTuli. 

ujeri orTqli _ orTqli, romelic ar aris dinamikur wonasworobaSi 

Tavis siTxesTan. 

 

f 

 

fardobiTi tenianoba _ fizikuri sidide, romelic mocemul 

temperaturaze haeris absoluturi tenianobis amave temperaturaze 

najeri orTqlis wnevasTan Sefardebis tolia. fardobiTi tenianoba 

procentebiT gamoixateba: ߮ ൌ ߩߩ ∙ 100%.																			 
sadac ρ0 haerSi wylis najeri orTqlis wnevaa, ρ _ haerSi wylis orTqlis 

wneva (anu haeris absoluturi tenianoba), φ _ haeris fardobiTi tenianoba. 

fardobiTobis Teoriis pirveli principi _ ekvivalenturobis principi an 

susti ekvivalenturobis principi: am principis Tanaxmad, inertuli masa 

gravitaciuli masis ekvivalenturad iTvleba, anu isini erTmaneTis tolia. 

fardobiTobis Teoriis meore principi _ Zlieri ekvivalenturobis 

principi: am principiT, sistemaSi, romelic Tavisufali vardnis aCqarebiT 

vardeba, fizikis yvela kanoni ise sruldeba, TiTqos gravitacia ar 
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arsebobs, anu am sistemaSi SeuZlebelia aRmoaCino mizidulobis efeqti da 

moZraobis aCqarebuli xasiaTi. 

fardobiTobis specialuri Teoria: 

I postulati _ fizikis yvela kanoni erTnairia aTvlis yvela inerciul 

sistemaSi da verc erTi fizikuri cdiT ver SevZlebT am sistemebis 

erTmaneTisgan garCevas. 

II postulati _ sinaTlis siCqare vakuumSi erTnairia aTvlis yvela 

inerciul sistemaSi da ar aris damokidebuli sinaTlis wyarosa da 

sinaTlis mimRebis moZraobis siCqareebze. sinTlis siCqare samyaroSi 

arsebuli maqsimaluri siCqarea. 

 

S 

 

Sarlis kanoni _ Tu mocemuli masis airis moculoba ar icvleba, airis 

wnevis Sefardeba absolutur temperaturasTan mudmivi sididea (V = const, 
m = const): ܶ ൌ ܯܴ݉ ∙ 1ܸ ൌ  		.ݐݏ݊ܿ

Tu airis moculoba ar icvleba, airis sawyis mdgomareobaSi p1 wnevis 

Sefardeba T1 temperaturasTan nebismier Semdeg mdgomareobaSi p2 da T2 

parametrebis Sefardebis tolia: ଵܶଵ ൌ  				.ଶܶଶ
Seuqcevadi procesi _ procesi, romelic TavisTavad mxolod erTi 

mimarTulebiT SeiZleba mimdinareobdes. 

Sinagani energia _ sxeulis Semadgeneli nawilakebis sxvadasxva saxis 

energiebis jami. 
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Caketili sistema _ im sxeulebisgan Sedgenili sistema, romlebic 

mxolod erTmaneTTan urTierTqmedeben da ar urTierTqmedeben sxva 

sxeulebTan, romlebic am sistemaSi ar Sedian. mudmivobis kanonebi 

samarTliania mxolod Caketili sistemebisTvis.  

 

c 

 

cikluri sixSire _ fizikuri sidide, romelic gamoxatavs, ramden rxevas 

asrulebs sxeuli 2π wamis (6,28 wamis) ganmavlobaSi. amitom cikluri sixSire 

2π-jer metia rxevis sixSireze. 

 

Z 

 

Zabvis diagrama _ myar sxeulSi aRZruli meqanikuri Zabvis sxeulis 

fardobiT wagrZelebaze damokidebulebis grafiki. 

 

w 

 

winaRobis Zala _ Zala, romelic aRiZvreba myari sxeulis moZraobis 

dros siTxeSi an airSi. 

wiriTi siCqare _ wrewirze moZravi materialuri wertilis siCqaris 

moduli. 

wona _ Zala, romliTac sxeuli dedamiwis mizidulobis gamo awveba 

sayrdens an Wimavs sakids. 

wonasworobis pirobebi: 

1. sxeuli, romelic gadataniT moZraobas asrulebs, wonasworobis 

mdgomareobaSia, Tu masze moqmedi Zalebis tolqmedi (masze moqmedi yvela 

Zalis geometriuli jami) nulis tolia: ܨԦଵ  Ԧଶܨ ⋯ Ԧܨ ൌ Ԧܨ ൌ 0.. 
2. uZravi brunvis RerZis mqone sxeuli wonasworobis mdgomareobaSia, Tu 

masze brunvis RerZis mimarT moqmed ZalTa momentebis jami nulis tolia: ܯଵ ܯଶ 	…ܯ ൌ 0 
wrewirze brunvis periodi _ dro, romelic wrewirze moZrav materialur 

wertils erTi sruli brunis Sesasruleblad sWirdeba: 

 ൌ ݐܰ . 
sadac T brunvis periodia, N _ t droSi Sesrulebul srul brunvaTa 

ricxvi. brunvis periodis erTeuli SI sitemaSi aris wami: [T] = 1 wm. 

wrewirze brunvis sixSire _ wrewirze moZraobis dros drois erTeulSi 

Sesrulebul srul brunvaTa ricxvi: 

SI sistemaSi brunvis sixSiris sazom erTeulad miRebulia erTi sruli 

bruni erTi wamis ganmavlobaSi _ herci: ሾ	ሿ ൌ 1
წმ ൌ წმିଵ ൌ 1ჰც. 

brunvis sixSire brunvis periodis Sebrunebuli sididea: 

 ൌ 1ܶ ; 			ܶ ൌ 1

. 

wrfivi araTanabari moZraoba _ wrfivi moZraoba, romlis drosac 

materialuri wertili drois tol SualedebSi sxvadasxva gadaadgilebas 

asrulebs. 
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wrfivi Tanabari moZraoba _ moZraoba, romlis traeqtoria wrfea da 

drois tol SualedebSi materialuri wertili erTnair gadaadgilebas 

asrulebs. wrfivi Tanabari moZraobis dros siCqaris sidide da 

mimarTuleba drois ganmavlobaSi ar icvleba: 

ሬሬԦ ൌ  .࢚࢙ࢉ
 

j 

 

jouli (1 j) _ muSaobis sazomi erTeuli SI sistemaSi. 1 j aris muSaoba, 

romelsac 1 n Zala asrulebs sxeulis 1 m manZilze gadasaadgileblad Zalis 

moqmedebis mimarTulebiT: ሾܣሿ ൌ 1ნ ∙ მ ൌ 1 კგ ∙ მଶ
წმଶ ൌ 1ჯ. 

 
 

h 

 

harmoniuli rxevebi _ sistemis Tavisufali rxevebi, rodesac misi 

mdgomareobis damaxasiaTebeli fizikuri sidideebi drois ganmavlobaSi 

sinusis an kosinusis kanoniT icvleba.  
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pasuxebi 
I Tavi 
1.1. N(4,25 m; 2,5 m). 
1.2. 4,03 m; 2 m da –3,5 m; 29°.  
1.3. ܿ Ԧ ൌ Ԧܽ  ሬܾԦ; ܿ ൌ √ܽଶ  ܾଶ ൌ √3ଶ  4ଶ ൌ 5. 
1.4. ax = 0, ay = –8; bx = –3, by = 4; cx = 0,  
cy=6; dx = 9, dy = –7; ex = –4, ey = –3. 
1.5. 3600 m; 0. 
1.6. 12 sm da 11,06 sm; 24 sm da 16 см; 36 sm da 

11,06 см; 48 sm da 0 sm. 
1.7.  M da O urikebi N urikis marjvena 

mxares moZraoben. 
1.8.  M da O urikebi N urikis mimarT 

uZraobis mdgomareobaSia. 
1.9. 11,7 m.; 5 km. 
1.11. 90 m; 41,23 m; 10,246 wm. 
1.12. 0 m; 180000 m; 0 m/wm2 
1.13. 20 m/wm; 36 km; 
1.15. moZraobis mimarTulebis 

sawinaaRmdegod;  	0,17	m/wm2 

1.16. ଵ ൌ 10 მ
წმ
,ଶ ൌ 20 მ

წმ
,ଷ ൌ 2 მ

წმ
; 

საშ ൌ 14 მ
წმ
; 	0 მ

წმమ  . 
1.17. 50 m; 40 m. 
1.19. 10 მ

წმ
; 2,5 რად

წმ
 .  

1.20. 6,7 ଵ
წმ

 . 
 
II Tavi 
2.1. 14 n; 2 n.   
2.2. 12, 16 n; 10 n.   
2.3. 0 – t1; t3 – t4; t5 – t6. 
2.4. ar ewinaaRmdegeba, momxdari inerciuli 

movlenaa 
2.5. 1,875 m/wm2 
2.6. 216 kn.   
2.7. 14,4 kn.  
2.8. 4,5 с. 
2.9. 3 m/wm2; zeviT. 
2.10. 2 m/wm2; 2 kn; 18 kn	∙ wm; 261 m.  
2.11. 9-jer gaizrdeba. 
2.12. g ൌ ሺ ோೊೝమሺାோೊೝሻమሻ ൌ 0,61 m/wm2 
2.13.	200	kn/m 
2.14. 40 sm 
2.15. 60 sm; ൎ 66,7	n/m. 
2.16. 90 n.  
2.17. ݈௧ ൌ 87,5	 avtomobili faras daejaxeba. 
2.18. ൎ 13 ∙ 10ହ	m/wm2 
2.19.	2 m/wm2; 25 kg. 

III Tavi 
3.1. 0,1 m/wm. 
3.2. 0,75 m/wm. 
3.3. 400 m/wm. 
3.4. 1,6 m/wm. 
3.5. 144 j.   
3.6. 100 n. 
3.7. – 5 j; 5 j; 0  
3.8. ara. 
კინଵܧ .3.9 ൌ 25ჯ; კინଶܧ ൌ 0	ჯ. 
3.10. 4 - jer gaizrdeba.   
3.11. 2,5 sm. 
ܣ .3.12 ൌ ଶ ሺଶଶ െ ଵଶሻ ൌ െ80j 
3.13. 0,02 j 
3.14. kinetikuri energia Semcirdeba, 

potenciuri energia gaizrdeba. 
3.15. kinetikuri energia gaizrdeba, 

potenciuri energia Semcirdeba. 
3.16. 3,75 kg.    
3.17. 2 kg, 40 m/wm. 
3.18. 11,25 m; 28,125 j. 
3.19. 18	m/wm. 
3.20. 10 m. 
 
IV Tavi 
4.1. 0,5 wm. 
4.2. 20 A.   
4.3. 1,5 hc;  0,67 сек; 9 hc.   
4.4. 100 rxeva; 5 hc; 30 hc.   
4.5. a = –3,2?  
4.6. x = 0,2 sin12t. 
4.7. 14,4 n/m.  
4.8.  0,75 wm.  
4.9. 2,4 mm.  
4.10. x = 0,05cos(15t+0,75) m. 
4.11. 4,5 m; 2 hc.  
4.12. ଷସ  .ߨ
4.13. 0,1875 m/wm. 
4.14. 0,0075 m/wm2. 
4.15. 12 m/wm2. 
4.16. 16	m. 
4.17. 2 m; 0,05 wm; 20 hc. 
4.18. 11 m. 
4.19. 8 m. 
4.20. 2 hc. 

2.20. 400 n; 1200 n. 
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V Tavi 
5.1. 	29	weli. 
5.2. 	0,92 ∙ ܿ 
5.3. 	daaxloebiT 41 wlisa. 
5.4. 1,3	m. 
5.5. ganivi zoma ar Seicvleba, sigrZe 2 m-iT 

Semcirdeba. 
5.6. 9 ∙ 10ିଷଵ kg. 
5.7. 10,251 ∙ 10ିଵଵ j. 
5.8. 25,5 ∙ 10ିଵଵ j. 
5.9. 	0,6 ∙ 10ଽ t. 
5.10. ܿ 
 
VI Tavi 
6.1. 1,2 ∙ 10ଶସ 
6.2. 5	moli. 
6.3.	3,3 · 10-27 kg; 5,3 · 10-26 kg. 
ܯ .6.4 ൌ 0,16 კგ

მოლი
; 		݉ ൌ 2,7 ∙ 10ିଶହკგ	

6.5.	2,3 ∙ 10ଶହმିଷ 
6.6.	5,6 ∙ 10ିଶଵჯ	
6.7. pirvel SemTxvevaSi, diax. meore 

SemTxvevaSi _ Caketilia, magram 

izolirebuli ar aris. 
6.8. ara, Tavidan sxeulebs Soris siTbocvla 

ar xdeba. diax, narevis temperaturisa da 

oTaxSi haeris temperaturis toloba 

mianiSnebs, rom maT Soris siTburi 

wonasworoba damyarda. 
6.9. ara, sistema siTbur wonasworobaSi ar 

iyo. 
6.10.	927Ԩ 
6.11. 647 K-ze maRali temperaturis dros. 
6.12. 150 K temperaturaze _ siTxea, 190 K 

temperaturaze _ airi. 
6.13. ubnebi 1 → 6 izoTermul SekumSvas 

Seesabameba, ubnebi 1 → 3 _ izoTermul 

gafarToebas. 
6.14. ubnebi 1 → 2 izoqorul gacivebas 

Seesabameba, ubnebi 1 → 5 _ izoqorul 

gaTbobas. 
 

6.15. DA ubani. 
6.16.6 ∙ 10ିଷ m3 
6.17. 	3 ∙ 10ିଷ m3 
6.18. gaizarda 0,7-jer. 
6.19.5 კგ

მయ 
6.20. 840 pa 
6.21.13 გ

მయ 
6.22. 180 kj. 
6.23.0,25 mm. 
6.24.10,8	mm3 
6.25.0,043	g. 
6.26. σzeTi =	31,8 მნ

მ
 

6.27. sxvadasxva fizikuri Tviseba sxvadasxva 

mimarTulebiT nivTierebis SigniT. 
6.28. gverdebs Soris kuTxeebis 

raodenobiTa da formiT. 
 
VII Tavi 
 ܭ20 .7.1
7.2. 10 kj. 
7.3. 5 ∙ 10ହ pa. 
7.4. Semcirda 20 kj-iT. 
7.5.	ubanze 1 _ 2 gaizarda 3-jer;  

ubanze 2 _ 3 ar Secvlila. 
7.6. ubanze 1 _ 2 ar Secvlila;  

ubanze 2 _ 3 gaizarda 3-jer. 
2	.7.7 ܸ 
7.8. ܷ ൌ ଷଶ ܷ∆ 	;ܸ ൌ ܷ െ ܷ ൌ ଷଶ ሺ4 ܸ െ  ܸሻ ൌ ଽଶ  ܸ.  
7.9. a) gaizarda 3 kj-iT;  

b) 2,4 moli. 
7.10.	0,3	0,3 kj. 

 

 


