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 eqsperimentebis Catarebas moZraobis fardobiTobis kvlevisTvis; 

 msjelobas sxeulebis fardobiT siCqareze siCqareTa Sekrebis wesis 
gamoyenebiT;

 eqsperimentebis Catarebas gadataniTi da brunviTi moZraobis kvlevisTvis; 

 problemaze dafuZnebuli amocanebis amoxsnas Tanabar moZraobaze;

 sxeulTa siCqaris rolis Sefasebas bunebasa da yofa-cxovrebaSi.

Tavi 1. Tanabari moZraoba
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sad da ratom 
iyeneben 
upiloto mfrinav 
aparats _ 
drons?

ifiqre da imsjele

1.1. fizika  Cven garSemo!
   risTvis sWirdeba fizikis codna     

  sxvadasxva profesiis adamians?

sur.1

sur. 2

sur. 3

samyaro, romelSic fizikis Seswavlis 
Sedegad aRmoCndebi, sakmaod mravalferova-
nia. fizika Seiswavlis bunebaSi mimdinare 
movlenebs da iZleva misi Secnobis saSuale-
bas. miRebuli codna ki exmareba adamianebs 
praqtikuli problemebis gadaWraSi.

Ffizikis ganviTarebaSi didi roli Seasru-
la astronomiulma gamokvlevebma. Tumca, 
fizikis codnis gareSe warmoudgenelia sa-
myaros kvleva. Ddedamiwis garSemo mfrinavi 
Tanamedrove kosmosuri observatoriebis 
(mag., Huble) SeqmnaSi sxva dargis speciali-

stebTan erTad fizikosebsac wamyvani adgili uWiravT 
(sur. 2). 

fizikis samecniero miRwevebis safuZvelze Seiqmna 
iseTi samedicino sakvlevi xelsawyoebi, rogoricaa 
tomografiisa da eqoskopiis danadgarebi (sur. 3). Eeqi-
mis profesias daemata samedicino fizikis specialis-
tis profesiac. Ees ganapiroba swored Tanamedrove ele-
qtronulma aparaturam, romelTa gamoyeneba fizi kis 
codnis gareSe SeuZlebelia. 

Nnebismieri sportsmenisTvisac fizikis codna war-
ma  tebis sawindaria. Mmag., Zalosnebi da tanmovarji-
Seebi xelze talks iyrian xaxunis Zalis gasazrdelad  
(sur. 4). Mmociguraveebi ki yinulis moedanze srialisas 
iTvaliswineben, rogor unda Secvalon siCqare moxvevi-
sas da ra kuTxiT gadaixaron, rom ar waiqcnen (sur. 6).

Bbevrs uocnebia efrina caSi CitiviT, Tanamedrove 
ada mians es ocneba inJinrebma auxdines. fizikisa da sxva 
mecnierebebis miRwevebis safuZvelze Seqmnilma masa-
lebma uzrunvelyo iseTi aparatis Seqmna,  romelsac 
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sur. 6

sur. 4

adamianebs sxeulze umagreben da maT Seu ZliaT garkveul 
simaRlesa da manZilze  ifrinon (sur. 5 a).

aseve mniSvnelovania upiloto TviTmfrinavebisa da 
dronebis Seqmna, romelic fizikis samecniero miRweveb-
sac eyrdnoba. droni gamoiyeneba sxvadasxva  mizniT. Bbevr 
qveyanaSi gadaaqvT safosto gzavnilebi, maTi gamoyenebiT 
SesaZlebelia gzatkecilebisa da sxva obieqtebis gakon-
troleba. maT aseve iyeneben garemos fotografirebisa da 
sxva daniSnulebiT. 

 sqemis mixedviT imsjele, ras Seiswavlis fizika.

 moiZie informacia da moamzade prezentacia Temaze:

 a.  `fizika da Cemi sayvareli profesia~;

 b.  `Tanamedrove safreni aparatebi~.

 gaazreba  

saSinao davaleba

meqanika

magnetizmi
akustika

atomis fizika

eleqtroba

Termodinamika

fizika

optika

NSeqmnilia miniatiuruli dronebi. maT Soris yvelaze 
pataraa 7 g masis droni, romel sac `jibis dronsac~ uwo-
deben (sur. 5. b). 

fizikis codna exmareba adamianebs sakuTari profesiis 
warmatebiT aTvisebaSi. iswavleT fizika da misi saSuale-
biT Tqven SeZlebT cxovrebiseuli sirTuleebisa da dab-
rkolebebis gadalaxvas!

sur. 5

a b

fizika IX klasi, Tavi I,  §1.1
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ratom gansxvavdeba 
moZravi manqanis 
mdebareobebi 
xisa da uZravi 
avtobusis mimarT?

ifiqre da imsjele

moZraoba materiis damaxasiaTebeli zogadi Tvisebaa. 
sam yaro ganuwyvetel, mudmiv moZraobaSia. moZraoba mrava-
li saxisaa: cocxali organizmebi ibadebian, izrdebian, niv-
Tiereba warmoiqmneba da iSleba, atomebi gardaiqmneba, de-
da miwa sxva planetebTan erTad mzis garSemo moZraobs da 
sxv.

sxvadasxva moZraobas Soris umartivesia meqanikuri moZ­

raoba.

sxeulebis meqanikur moZraobasa da urTierTqmedebas 
Seiswavlis fizikis nawili _ meqanika. Mmeqanikis ZiriTadi 

amocanaa sxeulis mdebareobis dadgena sivrceSi drois 
nebis mieri momentisTvis. Tavad meqanika Sedgeba kinemati­

kis, dinamikisa da statikisagan. 
kinematika Seiswavlis moZraobas misi gamomwvevi mizeze-

bis gareSe. 
yovel sxeuls gansazRvruli mdebareoba ukavia sivrce-

Si sxva sxeulebis mimarT. Tu drois ganmavlobaSi sxeulis 
mdebareoba sivrceSi icvleba sxva sxeulis mimarT, maSin  
Tvlian,  rom sxeuli moZraobs.

sxeulis mdebareobis cvlilebas sivrcesa da droSi 

sxva sxeulis mimarT, meqanikuri moZraoba ewodeba.

e. i. sxeulebis moZraobis an uZraobis dasadgenad ganixi-
le ba maTi mdebareobis cvlileba romelime sxva sxeulis 
mimarT. 

sxeuls, romlis mimarTac ganixilaven mocemuli sxeu­

lis moZraobas an mdebareobas, aTvlis sxeuls uwodeben.

aTvlis sxeulad SesaZlebelia miviCnioT nebismieri sxe-
uli, magaliTad, dedamiwa, saxli, manqana da sxv.

roca aTvlis sxeuli SerCeulia, maSin mis romelimeO 
wertils ukavSireben sakoordinato sistemis RerZebs (mag., 
dekartes koordinatTa sistemis). Msxeulis moZraobaze da-
kvirvebisTvis aucilebelia moZraobis drois Sualedis 
gazomva. amitom aTvlis sxeuls ukavSireben drois gamzom 
xelsawyos (sur. 8). 

aTvlis sxeuli, masTan dakavSirebuli koordinatTa 

sistema da drois aTvlis xelsawyo qmnian aTvlis sistemas.

sur. 9 

sur. 8

1.2. moZraobis fardobiToba

a

XO

X

Y

O

Z

sur. 7

b

X

Y

O

Y
2

Y
1

O
2

O
1

S
2

X
2

X
1

S
1

x
1

x
2
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aTvlis sistemis gamoyenebiT SesaZlebelia sxeulis 
mdebareobis dadgena sivrceSi drois nebismieri momen-
tisTvis.

meqanikaSi iyeneben koordinatTa sistemas, romelic Sei-
Zleba iyos erT, or an samganzomilebiani. 

magaliTad, manqanis wrfiv trasaze moZraobisas mxo lod 
erTi koordinati* icvleba. amitom manqanis mdebareobis 
dasaxasiaTeblad erTi sakoordinato RerZia sakmarisi da 
koordinatTa sistemac erTganzomilebiania (sur. 9 a). 

navis zRvaSi moZraobisas icvleba ori koordinati. 
amitom  misi mdebareobis dasaxasiaTeblad ori sakoordina-
to RerZia saWiro da koordinatTa sistemac organzomile-
biania (sur. 9 b). 

vertmfrenisa da aerostatis moZraobisas sami koordi-
nati icvleba da Sesabamisad, sami sakoordinato Rer Zia 
saWiro. amitom koordinatTa sistemac samganzomilebia nia  
(sur. 11).

sxeulis moZraobis dasadgenad SeiZleba ramdenime aTv-
lis sistemis gamoyeneba. magaliTad, moZrav manqanaSi mjdo-
mi mgzavri moZraobs dedamiwasTan dakavSirebul aTvlis 
sistemis mimarT, magram uZravia manqanasTan dakavSirebuli 
aTvlis sistemis mimarT. anu erTi da igive sxeuli uZravi-
caa da moZravic, imisda mixedviT, Tu romeli aTvlis siste-
mis mimarT ganixileba misi moZraoba. 

amitom moZraoba da uZraoba fardobiTia. 
sxeulis mdebareobis maxasiaTebeli koordinati fardo-

bi Ti sididea da damokidebulia aTvlis sistemis arCevaze. 
mag., manqanis koordinati avtobusTan da xesTan dakav-
Sirebul aTvlis sistemebis mimarT gansxvavebulia (sur. 7).

sxeulis koordinati fardobiTi sididea.
traeqtoria aris wiri, romelzec moZraobs sxeuli 

sivrceSi arCeuli aTvlis sistemis mimarT. 
traeqtoria damokidebulia aTvlis sistemis arCeva ze.   

magaliTad, vertmfrenis propeleris moZraobas akvird-
eba ori mgzavri, erTi vertmfrenSi, meore ki _ dedamiwaze. 
dedamiwaze daSvebisas vertmfrenSi mjdo mi mgzavrisaTvis 
propeleris frTis kidura wertilis traeq toria wrewiria 
(sur. 12 a), xolo dedamiwaze myofi damkvir veblisaTvis ki 
_ spiralis formisa  (sur. 12 b). 

traeqtoria gansxvavebulia sxvadasxva aTvlis sistemis 
mimarT. traeqtoria fardobiTia.

meqanikuri
 moZraoba

sxeulis 
mdebareobis 
cvlileba

sxvadasxva 
sxeulis
 mimarT

drois 
ganmavlobaSi

aTvlis 
sistema

koordinatTa
sistema

aTvlis
sxeuli

drois
aRmricxveli

xelsawyo
= + +

sur. 11

X

Y

Z

O

b

sur. 10

sur. 12
* koordinati _ sidide, romelic gansazRvravs sxeulis mdebareobas 
   wrfeze, sibrtyeze an sivrceSi.

a

fizika IX klasi, Tavi I,  §1.2
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A

1. imsjele me-10 suraTze gamosaxuli sqemis mixedviT meqa-

nikuri moZraobisa da aTvlis sistemis Sesaxeb.

2. daadgine A da B wertilebis koordinatebi xoy da x'o'y' 

koordinatTa sistemaSi da Seadare erTmaneTs. imsjele, 

ratom gansxvavdebian isini (sur. 13).

3. me-14 suraTze gamosaxulia wrfiv gzatkecilze moZravi 

velomrboleli. Ddaadgine:

 a. velomrbolelis traeqtoria gzatkecilis mimarT 

(sur. 14 a).

 b. borblis  RerZis (O centris) traeqtoria gzatkecilis 

mimarT (sur. 14 a).

 g. borblis kidura A A wertilis traeqtoria  O centris  

mimarT (sur. 14 b, g).

 d. borblis kidura A wertilis traeqtoria  gzatkeci-

lis mimarT (sur. 14 b, g).

 Seadare A wertilis traeqtoriebi sxvadasxva aTvlis 

sistemaSi erTmaneTs. ratom gansxvavdebian misi traeq-

toriebi?

 Ddaadgine A wertilis moZraobis mimarTuleba da Seadare 

velosipedis moZraobis mimarTulebas.

 gaazreba  

sur. 15

a

sur. 14

sur. 13

O

A

A

b

A

y

xo

x'

y'

o'

1

1

1

1
2

2

2

2

3

3

3

3

4

4

4

4

5

5

6

6

O

O

A
2

O

A

A
1

g

azrobrivi eqsperimenti
moZraobis fardobiToba

warmoidgine, moZrav urikaze mdgomi damkvirvebeli Zirs agdebs burTs da akvird-

eba mis traeqtorias (sur. 15 a). imave burTis moZraobas akvirdeba miwaze mdgomi 

damkvirvebeli (sur. 15. b). Seadare burTis traeqtoriebi erTmaneTs. gamoitane 

daskvna, ratom gansxvavdebian isini?

saSinao davaleba

uu

A

C

b

u

A

B

a

B

fizika IX klasi, Tavi I,  §1.2
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saSinao davaleba

dakvirveba traeqtoriis fardobiTobaze

mocemuli gaqvs: asanTis kolofi, webovani lenti, fanqari (an flomasteri), 
saxazavi, patara sakancelario dana, qaRaldi da makrateli.

Mmsvleloba: moaTavse saxazavi kolofze da saxazavis gaswvriv sakancelario 

daniT CaWeri kolofi ise rom fanqris wveri Caetios masSi (sur. a).

 daamagre Siga kolofisgan Tavisufali, gare carieli kolofi magidaze we-

bovani lentiT (sur. b). 

 gamoWeri qaRaldis zoli, romlis sigane naklebi iqneba  kolofis siganeze.

 gadmoyare Siga kolofidan asanTis Rerebi, moaTavse zed qaRaldis zoli  

(sur. g)  da Cade magidaze damagrebul cariel kolofSi (sur. d).

 a.  kolofze gakeTebul RarSi amoZrave fanqari zeviT-qveviT (sur. e).

 b. erTi xeliT amoZrave fanqari zeviT-qveviT, meore xeliT gamoswie qaRaldis 

zoli da aamoZrave igi Tanabrad.

imsjele da Seadare: fanqris wveris traeqtoria kolofis (uZravi sistemis) 

mimarT, traeqtorias moZravi qaRaldis (moZravi sistemis) mimarT (sur. v). 

aRwere damzerili movlena da gamoitane daskvna.

1.3. moZraobis fardobiTobis 
eqsperimentuli kvleva

satvirTo avtomanqanam misabmeliT da msubuqma avtomanqanam gzatkecilze moZrao-

bisas Cauara SuqniSans (sur. 16). daadgine  moZraobs Tu ara:

a. misabmeli satvirTo manqanis mimarT;

b. satvirTo manqanis mZRoli misabmelis mimarT;

g. msubuqi avtomanqana satvirTo manqanis mimarT, Tu maT Soris distancia ucvlelia;

d. misabmelSi arsebuli tvirTi 

msubuqi avtomanqanis mimarT;

e. msubuqi da satvirTo avtoman-

qana SuqniSnis mimarT;

v. SuqniSani msubuqi da satvirTo 

avtomanqanis  mimarT.

a b g

d
e

v

sur. 16

fizika IX klasi, Tavi I,  §1.3
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moZraobisas sxeuli garkveul manZils gadis.
gavlili manZili aris traeqtoriis sigrZe, romelic 

sxeulma gaiara drois raime SualedSi.
sxeulis saboloo mdebareobis dasadgenad gavlili 

manZilis codna ar aris sakmarisi, agreTve aucilebelia 
cnobili iyos   sxeulis moZraobis mimarTuleba (sur. 18). 

moZravi sxeulis mdebareobis dadgena sivrcesa da 
droSi Sesa Zlebelia, Tu cnobilia erT-erTi maTgani:

1. saboloo koordinati;
2. moZraobis traeqtoria da am traeqtoriis gaswvriv 

gavlili manZili;
3. gadaadgileba.
gadaadgileba ewodeba wrfis mimarTul monakveTs, 

romelic sxeulis sawyis mdebareobas aerTebs sabo­

loo mdebareobasTan. 

gadaadgileba meqanikuri moZraobis maxasiaTebeli 
veqtoruli sididea. rogorc yvela veqtorul sidides, 
gadaadgilebasac aqvs moduli da mimarTuleba. gadaadg-
ilebisagan gansxvavebiT gavlili manZili skalaruli si-
didea da igi  mxolod moduliT xasiaTdeba.

davuSvaT, baTumSi, zRvis sanapirodan soxumisken erT-
droulad gaemarTa TviTmfrinavi, manqana da kateri. 
garkveuli drois Semdeg isini soxumSi, zRvis sanapiroze 
mividnen. samive moZravma transportma gansxvavebuli 
manZili gaiara, Tumca maTi gadaadgileba s erTi da igive 
iqneba (sur. 19).

gadaadgileba gviCvenebs, ra mimarTulebiT moZraob-
da  sxeuli da ramdeniT daSorda igi sawyis mdebareobas. 

sad aRmoCndeba 
moswavle, Tu igi 
skolidan 500 
metrs gaivlis?

ifiqre da imsjele

1.4. gadaadgileba. materialuri 
wertili

sur. 17

sur. 19

t
raeqtoria

t
r

ae
qt

oriis sigrZe _ manZil
i s

gadaadgileba s

sur. 18

kafe

skola

saxli

muzeumi

500 m 500 m

500 m

s
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gavlili  manZili ki aris im realuri gzis sigrZe, rome-
lic  sxeulma gaiara.

Tu sxeulis moZraobis traeqtoria mrudi wiria, maSin 
gadaadgilebis moduli da gavlili manZili ar emTxveva 
erTmaneTs (sur. 18).

Tu sxeuli wrfivad moZraobs, mimarTulebis Seucvle-
lad, maSin gadaadgilebis moduli da  gavlili manZili 
emTxveva erTmaneTs da tolia (sur. 20).

gadaadgilebis moduli arasdros aRemateba gavlil 
manZils.  

meqanikuri moZraoba SeiZleba iyos gadataniTi, brun-
viTi an rxeviTi. maTgan yvelaze martivi gadataniTi moZ-
raobaa.

sxeulis moZraobas, rodesac misi yvela wertili 

erTnairad moZraobs, gadataniTi moZraoba ewodeba.

magaliTad, gadataniT moZraobas asruleben metros es-
kalatoris moZrav kibeze mdgomi mgzavrebi, aseve, yuTebi 
konveieriT gadaadgilebisas (sur. 21 a, b).

gadataniTi moZraoba traeqtoriis mixedviT SeiZleba 
iyos wrfivi (sur. 22) da mrudwiruli (sur. 23). 

gadataniTi moZraobisas sxeulis ori nebismieri werti-
lis SemaerTebeli wrfe urTierTparaleluria (sur. 23). 
am SemTxvevaSi sxeulis yvela wertili erTnair gadaad gi-
lebebs asrulebs.

radgan gadataniTi moZraobisas sxeulis yvela werti-
li erTnairad gadaadgildeba, amitom moZraobis dasaxa-
siaTeblad aucilebeli ar aris sxeulis calkeuli wer-
tilebis moZraobis ganxilva. Aam dros sakmarisia sxeulis 
mxolod erTi wertilis moZraobaze dakvirveba. Uume te-
sad  es wertili sxeulis simZimis centria.

sxeuli wertilad miiCneva agreTve maSin, rodesac 
misi zomebi gacilebiT naklebia im manZilTan SedarebiT, 
romelzec ganixileba misi moZraoba. magaliTad, varskv-
lavebi dedamiwasTan SedarebiT gacilebiT didebi ari-
an, Tumca dedamiwidan imdenad Sors arian, rom SeiZleba 
materialur wertilad CaiTvalos (isini caze marTlac 
wertilebiviT Canan). 

materialur wertilad CaiTvleba sxeuli, romlis 

zomebi moZraobis mocemul pirobebSi SeiZleba mxedve­

lobaSi ar iqnes miRebuli. N
materialuri wertili bunebaSi ar arsebobs . igi sxeu-

lis iseTi modelia*, romelsac aqvs masa, magram misi zome-
bi ugulebelyofilia. materialuri wertilis cnebis 
gamoyeneba bevr SemTxvevaSi aiolebs fizikis amocanebis 
amoxsnas.

maSasadame, sxeuli materialur wertilad SeiZleba 
miviC nioT, roca: 

a

b

sur. 21

sur. 20

sur. 22

sur. 23*  modeli _ iseTi obieqti, romelic asaxavs Sesaswavli sagnis 
    kvlevisaTvis  mniSvnelovan niSans.
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saSinao davaleba

 gaazreba  

1. suraTze gamosaxuli mogzauri midis rkinigzis sadgur-

Si. sadguri gzis gasayaridan 1 km-iT aris daSorebuli. 

imsjele,  ratom ar aris es piroba sakmarisi mogzauris 

sadgurSi misasvlelad (sur. 25)?

2. imsjele, rodis SeiZleba sxeuli CaiTvalos materialur 
wertilad (sur. 26 a, b)?

3. imsjele sxeulebis moZraobis Sesaxeb (sur. 27 a, b).

1. burTi aagdes vertikalurad zeviT 3 m-is simaRleze da 

ukan dabrunebisas daiWires imave wertilSi. risi tolia 

gavlili manZili da gadaad gileba?

2. turistulma jgufma CrdiloeTiT ga iara 12 km. Semdeg 

aRmo savleTiT kidev 5 km. gamoTvale jgufis mier gavli-

li manZili da gadaadgileba. 

3. saaTis wuTebis isris sigrZe 3,5 sm-ia. gamoTvale or saaT-

Si isris wveros mier gavlili manZili da gadaadgi leba.

4. burTi 2 m simaRlidan Camovarda iatakze, axta 1 m simaR-

leze da kvlav daeca iatakze. gamoTvale gavlili manZili 

da gadaadgileba.

5. Mmanqanam wrfivad moZraobisas gaiara 10 m, Semdeg mouxvia 

5 m radiusian rkalze, gaiara wrewiris sigrZis naxevari 

da gaCerda. gamoTvale gavlili manZili da gadaadgileba.

6. gzatkecilis A da B wertilebidan erTdroulad ori mo-

tomr boleli gamovida. C wertilSi orivem mouxvia da 

sur. 26

sur. 25

sur. 27

b

1. misi zomebi mocemul pirobebSi SeiZleba mxedvelo-
baSi ar iqnes miRebuli; 

2. sxeuli asrulebs mxolod gadataniT moZraobas.  
sxeulis AbrunviTi moZraobisas misi materialur werti-

lad miCneva ar SeiZleba, radgan misi yvela wertili erT-
nairad ar gadaadgildeba. magaliTad, dedamiwa warmosax-
viTi RerZis garSemo dReRamuri brunvisas ar SeiZleba 
CaiTvalos materialur wertilad, xolo mzis garSemo 
brunvisas ki SeiZleba materialur wertilad iqnes miCneu-
li (sur. 24).

a

b

a

sur. 24

sur. 28

A

I II

B C

fizika IX klasi, Tavi I,  §1.4
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mocemuli gaqvs: mokle saxazavi (10-15 sm), Tabaxis fur-

clebi, ori sxvadasxva feris plastilinis patara bur-

Tula, fanqari.

1. msvleloba: moaTavse saxazavi Tabaxis furcelze. sa-

xazavze daamagre  plastilinis ori burTula. moniSne 

Tabaxis furcelze plastilinis burTulebis gaswvriv 

wertilebi. aamoZrave saxazavi horizontalurad da  

kvlav moniSne burTulebis saboloo mdebareoba. Seaer-

Te burTulebis sawyisi da saboloo mdebareobebi wyve-

tili xazebiT. Seadare burTulebis gadaadgilebebi  

(sur. 30 a). 

gamoitane daskvna: rogor moZraobs saxazavi?

 moifiqre, cdis monacemebze dayrdnobiT, ra damatebiT 

argumentebs moiyvandi Seni daskvnis marTebulobis ga-

samyareblad.

2. msvleloba: moaTavse igive saxazavi plastilinis bur-

TulebiT Tabaxis furcelze. moniSne Tabaxze plasti-

linis burTulebis gaswvriv sawyisi wertilebi. daaWi-

re marcxena xelis saCvenebeli TiTi saxazavis qveda ki-

des. meore xeliT Semoabrune saxazavi raime kuTxiT da 

wertilebiT moniSne burTulebis saboloo mdebareoba. 

SeaerTe burTulebis sawyisi da saboloo mdebareobebi 

wyvetili xazebiT. Seadare burTulebis gadaadgilebe-

bi (sur. 30 b). 

gamoitane daskvna: rogor moZraobs saxazavi?

 moifiqre, cdis monacemebze dayrdnobiT, ra damatebiT 

argumentebs moiyvandi Seni daskvnis marTebulobis ga-

samyareblad.

 Seadare cdebis Sedegebi erTmaneTs. 

gamoitane daskvna: romel SemTxvevaSi SeiZleba saxazavis 

moZraobis Seswavla mxolod erT wertilze dakvirve-

biT.

a

sur. 30

b

sur. 29

A

a

b

B

gadataniTi da brunviTi moZraobis kvleva

eqsperimentuli davaleba

ukan dabrun da. ra gadaadgileba Seas rula  TiToeulma mo-

tomrbo lelma im mo   mentSi, ro desac pir veli C wer  til-

Si aR  moCndeba. mo  to mr bo lelebis siC        qa    re e   bi tolia da  

A BB = BC (sur. 28).

7. mociguravem marTkuTxa sacigurao moedani diagonalu-

rad, AB-s gaswvriv, gadakveTa. mwvrTneli A wertilidan 

B-Si mivida  moednis  gverdebis gaswvriv  moZraobis Sedegad. 

moednis zomebia 60 X 80 m2. gamoTvale (sur. 29):

a. mociguravis gadaadgilebis moduli da gavlili manZili;

b. mwvrTnelis gadaadgilebis moduli da gavlili manZili.

fizika IX klasi, Tavi I,  §1.4
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1.5. veqtorebi. moqmedebebi 

veqtorebze

fizikis da sxva mecnierebebis Seswavlisas gvxvdeba sx-
vadasxva saxis sidideebi. zogi maTgani savsebiT ganisaz-
Rvreba misi ricxviTi mniSvnelobiT. aseT sidideebs ska­

laruli sidideebi ewodeba. arsebobs sxva saxis sididee-
bic, romelTa gansazRvrisaTvis, garda ricxviTi mniSvn-
elobisa, saWiroa agreTve maTi mimarTulebis codna.

aseT sidideebs veqtoruli sidideebi ewodeba.
wrfis mimarTuli monakveTi, romelsac aqvs saTave 

da bolo wertili, aris veqtori.

veqtori, romlis saTavea A, xolo bolo wertilia B, 
aRiniSneba simboloTiAB AB. zogjer veqtori aRiniSneba 
agreTve erTi asoTi, magaliTad,  a (sur. 31).

veqtoris moduls Seesabameba manZili mis saTavesa da 
bolo wertils Soris. ABAB veqtoris moduli arisA AB an 
AB. veqtors, romlis moduli erTis tolia, erTeulo­

vani veqtori ewodeba.

 veqtorebis Sekreba

davuSvaT, mocemulia ori a da b veqtori. aviRoT siv-
rcis nebismieri 0 wertili (sur. 32) da movdoT OA =a 
veqto ri, Semdeg a veqtoris bolo AA wertilSi movdoT  
AB=b veqtori. OB  veqtors ewodeba a da b veqtorebis 
jami da aRiniSneba a + b-Ti. veqtorTa Sekrebis am wess 
samkuTxedis wesi ewodeba.

veqtorTa Sekrebis es wesi SeiZleba ganvazoga-
doT Sesakreb veqtorTa nebismieri sasruli raode-
no  bisaTvis. vTqvaT, mocemulia ramdenime veqtori 
a

1
, a

2 
..., a

n
  (sur. 33 a). imisaTvis, rom es veqtorebi Sevkri-

boT, aviRoT sivrcis nebismieri OO wertili da movdoT  
AB = a

1
 veqtori, Semdeg veqtoris bolo wertilSi mov-

doT a
2
 veqtoris saTave, a

2
 veqtoris bolo wertilSi 

movdoT a
3
 veqtoris saTave da a. S.

veqtors, romelic aerTebs a
1
 veqtoris saTavesa  

da a
n 

veqtoris bolo wertils, ewodeba a
1
, a

2 
..., a

n
  

 veqtorebis jami da ase aRi ni Sneba,

a
1
 + a

2
 + ... + a

n
.

33-e (b) suraTze naCvenebia oTxi veqtoris Sekrebis 
Sedegi.

veqtorTa Sekrebis operacias gaaCnia Semdegi Tvi-
sebebi:

a + b =  b + a ,

a + (b + c) = (a + b) + c

a

B

A

a c 

a

c = a – b

b

b

A

A
A

O

O

B

Ba

a

a + b

b

b

a1

a1
 + a2

 + a3
 + a4

a2
 a3 a4

A

O

a1

a2
 a3

a4

a

b

sur. 31

sur. 32

sur. 33

sur. 34
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 veqtoris skalarze gamravleba

veqtoris skalarze namravli ewodeba iseT veqtors, 
romelic akmayofilebs Semdeg or pirobas:

  b =  λa e. i. λ-jer metia a sigrZeze. sadac λ ska-
laria.

 a da b veqtorebs aqvT erTnairi mimarTuleba, 
 Tu λ > O da urTierTsawinaaRmdego mimarTuleba, Tu   
λ  < O (sur. 35). 

 veqtorebis sxvaoba

a da b veqtorebis sxvaoba ewodeba  a + (– b) ve qtors da 
ase aRiniSneba  a – b. cxadia, a da b veqtorebis  sxvaoba 
aris iseTi c veqtori, rom b + c= a (sur. 34).
36-e suraTze naCvenebia veqtorTa Sekrebis kidev erTi 
wesi, e. w. paralelogramis wesi, romelic gvaZ levs 
agreTve veqtorTa sxvaobis agebis wess. vTqvaT, moce-
mulia ori a da b  veqtori. aviRoT sivrcis nebismieri O 

wertili da movdoT AOA = a veqtori da OB= b veqtori, am 
or veqtorze avagoT OACB paralelogrami. O wertili-
dan gamosuli OC diagonali aris a da b  veqtorebis jami, 
xolo meore diagonali BA  a da b veqtorebis sxvaobaa.

a

2 a

-2 a

λ = 2

λ = -2

a

a

b

b

1. imsjele da daasabuTe, rom ori veqtoris jami ar aris 
damoki debuli SesakrebTa adgilebis Secvlaze?

e. i. a + b =  b + a .

2. imsjele,  a =  b veqtorebs Soris kuTxis romeli mniS-
vnelobisaTvis SeiZleba maTi jamis moduli toli iyos 
Sesakrebi veqtorebis modulisa?

C

O

a

a

a + b

a - b

B

A

b

b

a

b

 gaazreba  

saSinao davaleba

1. or veqtors Soris kuTxis rogori mniSvnelobisaTvis 
SeiZleba maTi jamis moduli naklebi iyos TiToeuli Se-
sakrebi veqtoris modulze?

2. rogori kuTxisaTvis SeiZleba iyos ori veqtoris sxvao-
bis moduli meti saklebi da maklebi veqtorebis mo-
dulebze?

3. ra SemTxvevaSi iqneba ori, moduliT toli, veqtoris ja-
mi nulis toli?

4. ipove veqtorebis jami da sxvaoba:

a) a da b mimarTulia erTi wrfis gaswvriv;
b) a da b mimarTulia erTmaneTis marTobulad (sur. 37 a, b).

sur. 35

sur. 36

sur. 37

fizika IX klasi, Tavi I,  §1.5
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ratom agegmileben 
sakoordinato 
RerZebze 
gadaadgilebis 
veqtors?

ifiqre da imsjele

Y

X

A

x
0

B

x

y

y
0

s

sur. 38

s
y

s
x

traeqtoria

sur. 40

x

y

x

A

O

B

B1A1

xx

x

x0

x0

s
x

s
x

aTvlis sistemis mimarT moZravi sxeulis gadaadgile-
bis modulis dasadgenad aucilebelia gadaadgilebis 
veqtoris sawyisi da saboloo koordinatebis mniSvnelo-
bebis codna. amisTvis iye neben sakoordinato RerZebze 
veqtorebis dagegmilebis meTods.

gadaadgilebis gegmilis sapovnelad  veqtoris saTavi-
dan da bolodan sakoordinato RerZze unda davuSvaT mar-
Tobi.  magaliTad,   s veqtoris OX RerZze dasagegmileblad 
misi saTavidan (A wertili) da bolodan (B wertili) RerZze 
unda davuSvaT marTobebi (sur. 39). marTobis mier RerZis 
gadakveTaze mdebare A

1
 wertili iqneba A wertilis gegmi-

li, bolo B
1 
ki B  wertilis gegmilia.   Sesabamisad, A

1
 werti-

lis koordinati OX RerZze iqneba x
0
, xolo B  wertilis 

koordinati ki _ x. s veqtoris  gegmili OX RerZze iqneba  
s

X 
= x - x

0  
(sur. 39).

gadaadgilebis gegmili aris veqtoris saTavidan da 

bolodan sakoordinato RerZze daSvebuli marTobebis 

RerZTan gadakveTis wertilebs Soris monakveTi, ro­

melic SeiZleba iyos dadebiTi an uaryofiTi.

sakoordinato RerZis paraleluri veqtoris gegmili  

s
X 

= s   (sur. 40). Tu veqtori RerZis sapirispirodaa mimar-
TUli, maSin 

 
s

X 
=- s   (sur. 41).

gegmilis niSani damokidebulia veqtoris mimarTule-
baze RerZis mimarT.  s

1
 veqtoris gegmili s

1X 
dadebiTia, 

xo lo s
2
 veqtoris gegmili ki _ s

2X 
uaryofiTi (sur. 42 a,b) 

sakoordinato RerZis marTobi gadaadgilebis veqto-
ris gegmili am RerZze  nulis tolia. magaliTad, OX sa-

1.6. gadaadgilebis veqtoris 
gegmili koordinatTa RerZebze

sur. 39

sur. 41

x s
X

sur. 43

 x
0 
= x

 s
X 
= 0

 s
y

 s

sur. 42
xs

1X
>0 s

2X
< 0 x

a b

 s

 s

 s

(x0) (x)

O

O

O

O O

O

 s
1

 s
2
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sur. 44

koordinato RerZis  marTobi s veqtoris sawyisi da bolo 
wertilebis gegmilebi erT wertilSia. amitom misi gegmi-
li am RerZze nulis tolia,  sx = x – x0 = 0. s veqtoris gegmi-
li OY RerZ ze iqneba: s

y 
= s  (sur.  43 ).

sxeulis sibrtyeze moZraobisas gadaa d gilebis s veq-
to rs   ori gegmili aqvs: OX RerZze s

X
  da OY RerZze s

y  

(sur. 44). 
s

X
  gegmili OX RerZze iqneba sx = x – x0, xolo OY RerZ ze  

sy = y – y0
. Tu cnobilia am veq toris sx da sy gegmilebi, ma-

Sin ∆ ABC-dan, piTagoras Teoremis Tanaxmad, s veqtoris 
moduli

s =    s
x
2 + s

y
2 . 

s veqtoris mimarTulebis dasadgenad unda gamov Tva-

loT kuTxe a formulidan: 

Tu cnobilia s  veqtoris moduli da a kuTxe OX RerZ sa 
da s veqtors SAoris, maSin misi gegmilebi iqneba: 

sx = s . cosa,   sy = s . sina.

Sy

Sx

tga = 

 gaazreba  

1. sxeuli, romlis koordinatia x
0 

= -1,4 m, gadaad-

gilda wertilSi koordinatiT x = 4 m. gamoTvale 

gadaadgilebis gegmili OX RerZze da daxaze Sesa-

bamisi naxazi.

2. avtobusi wrfivad gadaadgilda kinoTeatramde, 

romlis koordinatia x =100 m. gansazRvre avtobu-

sis sawyisi mdebareobis koordinati, Tu avtobusis 

gadaadgilebis gegmili OX RerZze 90 m-ia. 

3. 46-e suraTze gamosaxulia mgzavris moZraobis 

traeqtoria A punqtidan D punqtamde. gamoTvale:  

a. mgzavris sawyisi da saboloo mdebareobebis  

koordinatebi; b.  gadaadgilebis moduli;  g. gav-

lili manZili.

gamoTvale suraTze gamosaxuli veqtorebis 

gegmilebi OX da OY RerZebze. daukavSire grafikze 

gamosaxuli veqtorebi Sesabamis gegmilebs da 

Seavse cxrili (sur. 45). 

s1 s2 s3 s4 s5 s6

sx

sy

saSinao davaleba

sur. 46

x

a

xx0 s
x

s
y

y0

y

Y

s

A

B

C

sur. 45

X, m
o

1

-1

-2

1

2

2

3

4

4

5

5

6

6 7 8

s
1

s
2

s
5

s
6

s
3

s
4

3

Y,m

Y, m

X, m0

1

1 2 3 4

A

B

C

D

2

3

4

fizika IX klasi, Tavi I,  §1.6

O

gadaadgilebis 

veqtoris 

dagegmilebis wesi 

samarTliania sxva 

fizikuri veqtoruli 

sidideebisTvisac. 

magaliTad: siCqaris, 

Zalisa da sxv. 



22

1.7. wrfivi Tanabari moZraoba. 

siCqare

sad da risTvis 
iyeneben radarebs 
(radiolokatorebs)?

ifiqre da imsjele

ici, rom...

wrfivi Tanabari 

moZraobisas sxeuli 

drois nebismier tol 

SualedebSi tol 

manZilebs gadis da 

traeqtoria wrfea

Mmeqanikuri moZraoba SeiZleba iyos wrfivi an mrudwiru-
li, Tanabari an araTanabari. meqanikuri moZraobis maxa-
siaTebeli sidideebia: gavlili manZili, gadaadgileba da 
agreTve _ siCqare. 

Mmeqanikis ZiriTadi amocanis Tanaxmad, SesaZlebelia 
sxeu lis mdebareobis dadgena drois nebismieri momen-
tisTvis, Tu cnobilia sawyisi mdebareoba, sawyisi siC-
qare da moZraobis xasiaTi (mag., Tanabaria moZraoba Tu 
araTanabari). 

siCqare veqtoruli fizikuri sididea, romelic to-
lia gadaadgilebis Sefardebisa drois im SualedTan, 
romlis ganmavlobaSic es gadaadgileba Sesrulda. igi 
gamoisaxeba formuliT:

  s
t

u    =  ,       aqedan       s = ut.          

Tanabarwrfivi moZraobisas sxeuli drois nebismier 

tol SualedebSi erTnair gadaadgilebebs asrulebs. 

wrfivi Tanabari moZraobisas gadaadgilebis moduli 
gavlili manZilis tolia. agreTve, Tanabarwrfivi moZ-
raobisas sxeulis siCqare ar icvleba, mudmivi sididea 
rogorc moduliT, aseve mimarTulebiT. amitom, Tu wrfi-
vi Tanabari moZraobisas siCqare da agreTve, moZraobis 
mimarTulebac cnobilia, maSin siCqare gamoisaxeba for-
muliT:

   s
t

u    =  .   

amitom gavlili manZili iqneba:
   s = ut ,

sadac, u aris Tanabarwrfivi moZraobis siCqare, s _ gav-
lili manZili da t _ moZraobis Sesabamisi drois Sualedi. 

davuSvaT, wrfivi moZraobisas SesaZlebelia sxeulis 
nacvlad ganvixiloT materialuri wertilis moZraoba. 

sur. 47

sur. 48

sur. 49
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Tu materialuri wertili moZraobs wrfivad, maSin misi 
traeqtoria iqneba wrfe. sakoordinato OX RerZi mivmar-
ToT materialuri wertilis moZraobis gaswvriv.

materialuri wertilis sawyisi da saboloo koordi-
natebis dasadgenad gadaadgilebis veqtors agegmileben 
sakoordinato RerZebze. wrfivi moZraobisas sxeulis 
gadaadgilebis moduli da misi gegmili OX RerZze erTma-
neTs emTxveva da gavlili manZilis tolia (sur. 43), sawy-
isi mdebareobis, A wertilis koordinatia x0, xolo sab-
oloo mdebareobis, B wertilis koordinatia x. maSin sxe-
ulis saboloo mdebareobis koordinati am sakoordinato 
sistemaSi iqneba: 

  x = x0 + sx.

sadac, sx Tanabari moZraobisas gadaadgilebis gegmilia 
OX RerZze. gadaadgilebis formulis Tanaxmad: 

sx = uxt, 

ux siCqaris gegmiliaA OX RerZze. sxeulis saboloo 
koordinati drois t momentisaTvis iqneba: 

  x = x
0
 + u

x
t . 

am gantolebas wrfivi Tanaba ri moZraobis kinemati­

kuri gantoleba  ewodeba.

gantolebis Tanaxmad, Tu cnobilia sxeulis  siCqare da 
sawyisi koordinati, SeiZleba dadgindes sxeulis mde-
bareoba drois nebismier momentSi. 

sxeulis siCqares specialuri xelsawyoebiT zomaven. 
avtomanqanaSi siCqaris gasazomad iyeneben spidometrebs 
(sur. 48), TviTmfrinavebSi specialur siCqaris maCveneb-
els, wyalSi mcuravi sxeulebis siCqaris gasazomad _ 
eqolokatorebs (sur. 49), haerSi da dedamiwis zedapirze 
siCqares lokatoriT zomaven. lokatoriT SesaZlebelia 
sahaero sivrceSi moZravi sxeulis aRmoCena, misi koordi-
natebisa da siCqaris dadgena (sur. 47).

gzebze moZravi manqanebis siCqares zomaven boZebze, 
Wkvian kamerebSi damontaJebuli lokatorebiTa da 
aseve portatuli lokatorebiT (sur. 50 a, b. sur. 51).

sxeulebi da elementaruli nawilakebi erTmane-
Tisgan mkveTrad gansxvavebuli siCqariT moZrao-
ben. magaliTad, kus siCqare daaxloebiT 5 sm/wm-ia, 
mikronawilakebi ki amaCqareblebSi sakmaod didi 
siCqariT moZraoben (sur. 52). maTi siCqare TiTqmis  
300 000 km/wm-s aRwevs. es is maqsimaluri siCqarea, romlis 
miRebac praqtikulad SesaZlebelia. 

sur. 50

sur. 51

a

b

sur. 52

sur. 43

0 BA

x0

X

sx

x
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 gaazreba  

1. ra dro dasWirdeba Tanabrad, 80 km/sT siCqariT moZrav  
200 m  sigrZis matarebels 80 m-iani gvirabis gasavlelad? 
imsjele, matareblis moZraobis Sesaxeb da ratom  ar SeiZ-
leba igi CaiTvalos materialur wertilad (sur. 53 a)?

2. ra dro dasWirdeba Tanabrad, 80 km/sT siCqariT moZrav  
200 m  sigrZis matarebels 10 km manZilis gasavlelad? 
ims je le, matareblis moZraobis Sesaxeb da ratom  SeiZ-
leba igi CaiTvalos materialur wertilad (sur. 53 b)?

3. sxeulis moZraobis gantolebaa x = 50 + 3t. imsjele da 
daaxa siaTe moZraoba. daadgine:

 a. sawyisi mdebareobis koordinati. sxeulis moZraobis 
siCqaris gegmili da mimarTuleba.

 b. sxeulis mdebareobis koordinati 5 wm-is Semdeg.

sur. 53 saSinao davaleba

1. 54-e suraTis mixedviT gamoTvale siCqaris moduli.

2. gamoTvale sxeulis siCqaris moduli, Tu misi gegmili OX 

RerZze  ux= 6 m/wm-ia; OY RerZze  uy= 8 m/wm.
3. sxeulis sawyisi koordinatia 5 m, 4 wm-is Semdeg misi sabo-

loo koordinati gaxda 25 m. gamoTvale sxeulis siCqare.
4. wrfivad da Tanabrad moZravi sxeulis siCqaris gegmilia 

- 5 m/wm. misi sawyisi koordinatia 3 m. daadgine, ra mimar-
TulebiT  moZraobs sxeuli x RerZis mimarT da Seadgine 
moZraobis gantoleba. 

5. OX REerZis gaswvriv materialuri wertilis moZraobis 

gantolebaa x
 
= 5 t . ra manZils gaivlis igi 3 wamSi? 

6. ori sxeulis moZraobis gantolebebi Sesabamisad aris:  

x
1 
= 40 - 4 t  da  x

2 
= 4 + 2 t . daadgine maTi Sexvedris dro da 

adgili.

7. oOri avtomanqana erTdroulad gavida Tbilisis avto-

sadguridan quTaisisken (280 km). erTi moZraobs 90 km/sT 

siCqariT, meore _ 15 m/wm siCqariT. romeli avtomanqana 

Cava quTaisSi ufro nakleb droSi da ramdeniT (moZraoba 

Tanabaria)?

8. sxeulis moZraobis gantolebaa  

x
 
= 25 t. ra droSi gaivlis igi 25 km-s?

9. sxvadasxva adgilze mdebare saxle-

bidan erT droulad gamovida ori 

morbenali da gaemarTa stadionisken 

savar jiSod. biWi, romlis  siCqarea  

6 km/sT,   naxevar saaTSi daewia 5 km/sT 

siCqariT moZrav gogonas. ra manZil-

iT aris daSorebuli maTi saxlebi 

(sur. 55)?

a

b

sur. 55

6 km/sT 5 km/sT

0,5 sT
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1.8. wrfivi Tanabari moZraobis 

grafikebi

formulebis garda, 
rogor SeiZleba aRiweros 
sportsmenebis moZraobisas 
siCqarisa da gadaadgilebis 
droze damokidebuleba?

ifiqre da imsjele

sur. 56

fizikuri movlenebis kanonzomierebebi SeiZleba ga-
moisaxos cxrilis saxiT, grafikulad da analizurad  
(formulebiT) (sur. 57). 

davuSvaT, manqana gzatkecilze moZraobs Tanabrad  
6 m/wm siCqariT. manqanis siCqaris droze damokideb-
ulebis grafikis asagebad abscisTa RerZze unda gada-
izomos moZraobaze dakvirvebis dro, xolo ordinatTa 
RerZze  _  siCqare.

radgan moZraoba Tanabaria, drois nebismier Sualed-
Si, siCqare tolia 6 m/wm-is (cxr. 1).

cxrilSi mocemul mniSvnelobebze dayrdnobiT, siCqa-
ris veqtoris modulis droze damokidebulebis grafiki 
droTa RerZis paraleluri wrfea (sur. 58).

cxrili 1

t, wm u, m/wm

0 6

1 6

2 6

3 6

sur. 57

moZraobis aRweris  

meTodebi

cxriluri

t, wm 0 1 2

x, m 5 15 25

grafikuli

analizuri

x(t)=x
0 
+ u

x
t

 dakvirvebis  drois ganmavlobaSi (mag., 3 wm-Si) gavlili 
manZilis gamosaTvlelad, drois RerZidan unda aRimar-
Tos marTobi siCqaris grafikis gadakveTamde. miRebuli 
marTkuTxedis farTobis ricxviTi mniSvneloba gavlili 
manZilis ricxviTi mniSvnelobis toli iqneba. Tanabar-
wrfivi moZraobisas gavlili manZilisa da gadaadgile-
bis veqtoris ricxviTi mniSvnelobebi tolia.

s = u . t . 

X, m

t, wm0

2

1

21 3 4 5

3

4

5

s = ut

t, wm

2

4

6

1 2 30

u, 
m/wm

6 m/wm 6 m/wm 6 m/wm

sur. 58
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 wrfivi Tanabari moZraobisas gadaadgileba ricxvi-
Ti mniSvnelobiT tolia im marTkuTxedis farTobisa, 
romelic SemosazRvrulia siCqaris grafikiTa da sxe-
ulis moZraobis gamomsaxveli drois monakveT iT. aseve 
gamoiTvleba gadaadgilebis moduli nebismie ri siCqa-
riT sxeulis moZraobisas.

magaliTad, Tu sxeulis siCqare 59-e suraTze gamosaxu-
li grafikis mixedviT icvleba, maSin sxeulis gadaadgi-
lebis modulis dasadgenad unda gamoiTvalos drois 
TiToeuli monakveTze marTkuTxedebis farTobi da Sem-
deg yvela Seikrebos. 

s = s1 + s2 + s3 + s4

Tanabari moZraobisas koordinatis droze da mo-
kidebulebis grafikis asagebad abcisTa RerZze  unda ga-
daizomos dro, xolo ordinatTa RerZze koordinati.

magaliTad, gzatkecilze Tanabrad u
x
= 10 m/wm siCqariT 

moZravi manqanis koordinatis droze damokidebuleba 
gamoisaxeba gantolebiT:

x = 10 t,   roca   x
o
 = 0.

cxrilSi mocemulia (cxr. 2) dakvirvebis drois Sua-
ledebi da sxeulis mier Sesrulebuli gadaadgilebebis 
Sesabamisi koordinatebis mniSvnelobebi. 

cxrilSi mocemul mniSvnelobebze dayrdnobiT, mi-
Re   bu li Tanabari moZraobis koordinatis droze da-
mokidebu lebis grafiki koordinatTa saTaveze gamavali 
wrfea (sur. 60).

roca sawyisi koordinati x
o 

= 0, maSin grafiki koordi-
natTa saTaveze gamavali wrfea, xolo Tu sawyisi koor-
dinati ar udris nuls, magaliTad, x

o 
= 2 m, maSin grafiki 

RerZs kveTs x
o 

wertilSi (sur. 61).
koordinatis droze damokidebulebis grafikis mixed-

viT SesaZlebelia sxeulis moZraobis siCqaris gamoTvla. 
magaliTad, 55-e suraTze gamosaxul grafikze raime AA 
wertilis Sesabamisi siCqaris modulis gamosaTvlelad 
unda dadgindes gadaadgilebis ricxviTi mniSvneloba  da 

sur. 59

sur. 61

t, wm x, m

0 0

1 10

2 20

3 30

2

4
6

8

t, wm1 2 3 4

s1

s2

s3

s4

u, m/wm

t, wm

x, m

1

2

4

6

8

10

12

2 3 4 5 60

x
0
 

A

u

sur. 60
t, wm

x,m

10

20

30

1 2 30

x = 10t

s = ut

cxrili 2
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 gaazreba  

 

1. grafikis mixedviT gamoTvale da Seadare erTmaneTs av-

tomanqanis siCqareebi. ra damokidebulebaa grafikis 

daxris kuTxesa da sxeulis siCqares Soris (sur. 62)?

2. grafikis mixedviT gamoTvale wiTeli da lurji manqa-

nebis mier 3 wm-Si gavlili manZilebi (sur. 63).

3. gamoTvale Tanabari moZraobisas sxeulis mier gavlili 

manZili (sur. 64).

4. grafikis mixedviT gamoTvale I, II da III sxeulebis siCqare, 

ipove am sxeulebis Sexvedris dro da adgili rogorc 

grafikulad, aseve analizurad (sur. 65).

saSinao davaleba

moZraobis Sesabamisi dro. siCqaris formulis Tanaxmad:

sxvadasxva siCqariT moZravi sxeulebis koordinatis 
dro ze damokidebulebis grafikebis daxris kuTxe gan-
sxvavebulia (sur. 62). rac ufro didia grafikis daxris 
kuTxe, miT metia am sxeulis moZraobis siCqare. grafikis 
mixedviT, wiTelma manqanam imave droSi ufro meti man-
Zili gaiara, vidre lurjma. cxadia, wiTeli manqanis siC-
qare ufro meti iqneba.

sur. 62

2

20

40

60

80

4 6 8 t, wm

s, m

A

B

sur. 65
10

1 2 3 4 5 6

20

30

40

50
60

t, wm

X,m

A

B

I

II

III

u
x
 =       =          ,   sadac  x = 8 m,   x

0
 = 2 m,  t = 3 wm, u

x
 = 2 m/wm.

s
x

x - x
0

t t

0

I

II
III

IV

1

10

20

30

40

2 3 4 5 6 t, wm

m/wmu, 

0

sur. 63

u, 

t, wm1 2

2

3 4

6

4

50

I

II

m/wm

Tanabari moZraobis grafikuli kvleva

80

90

100
M N

X, km
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20

30

40

50

60

70

O
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C D

K

t, sT

 warmoidgine, rom jgufTan erTad 

wasasvleli xar samogzaurod. xelT 

gaqvs moZraobis grafiki, romliTac 

unda gaiTvaliswino ra siCqariT imoZ-

raveb calkeul ubnebze, ra dro dag-

Wirdeba mogzaurobisTvis da ra manZi-

li unda gaiaro am droSi.

  aRwere grafikis ubnebis mixedviT moZ-

raobis xasiaTi da gamoTvale TiToeul 

ubanze Sesabamisi siCqare, gavlili 

manZili da mogzaurobisTvis saWiro  

dro. Seadgine  u(t) grafiki. gisurvebT 

warmatebul mogzaurobas.

sur. 64

) )a1

a2

0
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1.9. amocanebis amoxsna

1. 66-e suraTis mixedviT gamoTvale gadAaadgilebis veq-

toris moduli. ra siCqariT moZraobda sxeuli, Tu man 

es gadaadgileba Seasrula 15 wT-Si (siCqare gamoTvale  

km/sT-Si)?

2. gamoTvale sxeulis mier 6 wm-Si gavlili manZili. ra man-

Zils gaivlida igi 8 wm-Si (sur. 67)?

3. Seadare satvirTo da msubuqi avtomobilebis siCqare 

erTmaneTs (sur. 68)?

sur. 66

sur. 67
sur. 68

romeli fexburTeli 
darbis ufro swrafad da ra 
manZils gaivlis TiToeuli 

maTgani  Tanabari 
moZraobisas 

5 wuTSi (sur. 70)?

4. suraTze gamosaxuli grafikis mixedviT romeli fexbur-

Teli darbis ufro swrafad (sur. 69)?

sur. 69

sur. 70

t, wm

S, m

2 310
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20
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5.
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7. suraTze gamosaxulia sportsmenis  wyalSi CayvinT-

vis siRrmis cvlilebis droze damokidebulebis 

cxrili da grafikebi. daadgine, romeli grafiki  

Seesabameba cxrilis monacemebs (sur. 72).

8. turistma moZraobis drois pirveli naxevari saaTi 

4 km/sT siCqariT imoZrava, xolo meore naxevari  

saaTi 1km/sT siCqariT. daadgine am moZraobis Sesa-

bamisi diagrama. pasuxi daasabuTe.

t, wm 0 4 8 12 16

H, m 0 1,5 3 4,5 6

sur. 71

6. suraTze gamosaxulia mocurave sportsmenis moZraobis grafiki, romelic auzis 

erTi bolodan meore bolosken micuravs da brundeba ukan.  gamoTvale mocuravis 

siCqare  auzSi win da ukan curvisas da Seadare erTmaneTs (sur. 71).

X, m

t, wm0    20   40        60         80        100

20

40

60

I II

a b g d

9. romeli mtkicebuleba ar Seesabameba suraTze 

gamosaxul grafiks (sur. 73);

 a. sxeulma mexuTe wamSi 4 m gaiara.

 b. ori wamis ganmavlobaSi sxeuli ar moZraobda;

 g. sxeulma 5 wamSi 10  m gaiara;

 d. moZraobis dawyebidan 4 wamSi sxeulma 8 m gaiara.

sur. 72

t, wm

H, m

100

3

6

IV

II

III

sur. 73

u, 

t, wm0 1 2

2

3 4

4

5

m/wm

0 50 X,m

I
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100 km/sT

80 km/sT

80 km/sT

romeli manqanis 
mimarT moZraobs 
motociklisti da 
romlis mimarT aris 
uZravi?

ifiqre da imsjele

sur. 74

moZraobis fardobiToba vlindeba imaSi, rom sxeulis 
traeqtoriis forma, gavlili manZili, misi gadaad gileba 
da aseve moZraobis siCqare damokidebulia aTvlis siste-
mis SerCevaze. e. i. sxeulis siCqare drois mocemul momen-
tSi gansxvavebulia sxvadasxva aTvlis sistemis mimarT.

aTvlis sistemebi SeiZleba iyos moZravi da uZravi. maga-
liTad, Tu metros moZrav eskalators davukavSirebT 
sakoordinato RerZebs da drois aTvlis xelsawyos, is 
iqneba moZravi aTvlis sistema. amdenad, sxeulis moZ-
raoba SeiZleba ganxiluli iyos rogorc moZravi, aseve 
uZravi aTvlis sistemebis mimarT. biWi, romelic arbis 
metros moZrav kibeze, sxvadasxva siCqariT moZraobs es-
kalatorisa da metros baqnis mimarT.

davuSvaT, rkinigzis sadguris platformaze myofi 
damkvirvebeli akvirde ba matareblis  
moZ raobas (sur. 75). Tu dedamiwis mi marT 
uZrav damkvirve bels CavTvliT aTvlis 
sxeulad da mas davukavSirebT  sakoor-
dinato RerZebs, maSin miviRebT dedami-
wis mimarT uZrav aTvlis sistemas.

sur. 75

s
1

s = s
1
 + s

2

a

b

0

Y

X

u1

s
2

X'

u1

0'

Y'

X'

u2

Y'

1.10. siCqareTa Sekrebis kanoni

0'
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sur. 77

a

b

u
2
= 4 m/wm

u
1
=10 m/wm

 gaazreba  

1. or moZrav eskalatorze dganan  

mgzavrebi. imsjele, rodis iq-

nebian isini erTmaneTis mimarT  

uZravi, Tu orive eskalatori 

moZraobs (sur. 76 a, b): 

 a. erTi mimarTulebiT; 

 b. urTierTsawinaaRmdegod.

2. imsjele da gamoTvale, ra siCqa-

riT moZraobs sportsmeni xis mimarT (sur. 77).

sur. 76

fizika IX klasi, Tavi I,  §1.10

matarebelSi meore damkvirebelia, romelic uZra-
via matareblis mimarT, Tumca matarebelTan erTad 
moZraobs  u1  siCqariT uZravi aTvlis sistemis, anu pirve-
li damkvirveblis mimarT. davukavSiroT meore dam-
kvirvebels o'x'y' koordinatTa sistema, maSin miviRebT 
dedamiwis mimarT moZrav aTvlis sistemas.

matarebelSi imyofeba mgzavri,  romelic u
2
 siCqariT 

gadaadgildeba vagonis mimarT. 
dakvirvebis sawyis momentSi mgzavris sawyisi koordi-

nati moZravi aTvlis sistemisa da  uZravi aTvlis siste-
mis mimarT nulis tolia. e.i. mgzavrs, uZrav da moZrav aT-
vlis sistemebs erTi da igive  sawyisi koordinati  aqvT 
(sur. 76 a, b).

moZraobaze dakvirvebis t drois ganmavlobaSi mgzavri 
uZravi aTvlis sistemis mimarT gadaadgilda s-iT, xolo 
moZravi aTvlis sistemis mimarT s

2
-iT. Tavad moZravi aT-

vlis sistema ki uZravis mimarT gadaadgildeba s
1
-iT, ma-

Sin,  
s = s1 + s2

.

radgan moZraoba mimdinareobda t drois ganmavlobaSi, 
amitom
     

 =  =  +  ,  aqedans s2s1

t t tt
s1

 + s2

                        
 

u = u1  + u2
,

sadac, u aris mgzavris siCqare uZravi aTvlis sistemis 
mimarT,  u2   _ mgzavris siCqare moZravi aTvlis sistemis 
mimarT, xolo u1  ki _ moZravi  aTvlis sistemis siCqare 
uZravis mimarT. 

sxeulis siCqare uZravi aTvlis sistemis mimarT tolia 
siCqareTa geometriuli jamisa: moZravi aTvlis sistemis  
siCqarisa uZravis mimarT da sxeulis siCqarisa moZravi 
aTvlis sistemis mimarT.

magaliTad, Tu futkari mifrinavs moZrav vagonSi, ma-
Sin misi siCqare dedamiwis mimarT tolia siCqareTa veq-
toruli jamisa: futkris siCqarisa vagonis mimarT da va-
gonis siCqarisa dedamiwis mimarT.
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saSinao davaleba

u
2
= 4 m/wm

u
1
= 18 m/wm

3. suraTze gamosaxuli situaciebis mixedviT imsjele fardobiTi siCqaris Sesaxeb. 

u aris fardobiTi siCqare, anu moZravi sxeulebis siCqare erTmaneTis mimarT. 

u1 da u2 aris sxeulebis siCqare dedamiwis mimarT, s _ sxeulebis gadaadgileba 

erTmaneTis mimarT (sur. 78). 

s BA

u
2

u
1

sur. 79

sur. 80

sur. 78

 

1. erTi da imave adgilidan, erT-

droulad, sapirispiro mimarTu-

lebiT gamovida ori avtomanqana, 

romelTa siCqareebi Sesabami sad 

25 m/wm da 90 km/sT-ia (sur. 79).

 a. gamoTvale manqanebis siCqaree-

bi erTmaneTis mimarT. 

 b. gamoTvale manZili manqanebs 

Soris 1,5 saaTis Semdeg.

2. wrfiv gzatkecilze erTdroulad, erTi mimarTulebiT, benzingasamarTi sad-

guridan daiZra wiTeli da mwvane feris avtomanqanebi. Sesabamisad, wiTeli av-

tomanqanis siCqarea 60 km/sT, mwvanesi _ 90 km/sT. gamoTvale fardobiTi siCqare. 

ra manZils gaivlis TiToeuli avtomanqana: a) 1 sT-Si; b) 2 sT-Si? ra manZili iqneba 

avtomanqanebs Soris 2 sT-is Semdeg? 

3. suraTis mixedviT gamoTvale, ra siCqariT  moZ  raobs sportsmenis mier nasroli 

burTi xis mi marT, Tu u
1
burTis siCqarea sportsmenis mimarT (sur. 80).

43

21 u1 u2;  s 
daS.

= (u1 - u2) . tu = -       

u1 u2;  s 
daaxl.

= (u1 - u2) . t u = -       

u1
u

2
;  s

daaxl. 
= (u

1
 + u

2
) . tu = +     

u1 u2 ;  s 
daS.

= (u1 + u2) . tu = +     

u1 u1u2 u2

s s

u1 u2

s

u1 u2

s

moZraoba Semxvedri mimarTulebiT:

moZraoba sapirispiro mimarTulebiT:

moZraoba CamorCenisas:

moZraoba dawevisas:

fizika IX klasi, Tavi I,  §1.10



33

1. suraTze gamosaxulia moZravi sxeulebis  siCqareebi dedamiwis mimarT. aTvlis 

siste mebad rigrigobiT miiCnie  TiToeuli danomrili sxeuli da gamoTvale  su-

raTze gamosaxuli danarCeni sxeulebis siCqareebi am aTvlis sistemebis mimarT  

(sur. 81).

1.11. Semajamebeli gakveTili

2. ra siCqariT moZraobs gogo-

na (sur. 82):

 a) dedamiwis mimarT;

 b) urikis mimarT;

 g) Semxvedri mimarTulebiT 

moZravi biWis mimarT;

 d) biWi urikis mimarT.

3. Oor navsadgurs Soris manZili  

30 km-ia. ra droSi gaivlis Zra-

viani navi am manZils mdina-

ris dinebis mimarTulebiT, Tu 

misi siCqare mdinaris mimarT  

50 km/sT, mdinaris siCqare ki  

10 km/sT? ra droSi gaivlis imave 

manZils dinebis sawinaaRmdegod? 

Seadare droebi erTmaneTs.

4. tivi 5 wm-Si mdinaris napir-

ze aRmarTuli droSis mimarT 

gadaadgilda 18 m-ze. imave droSi 

biWma tivze 7 m gaiara. gamoTvale 

biWis fardobiTi siCqare da gav-

lili manZili napiris mimarT 

(sur. 83 a, b).

u1=5 m/wm

u2=7 m/wm

u3= 8 m/wm

5 km/sT 30 km/sT 20 km/sT

50 km/sT 40 km/sT

1 2

3 4 5

sur. 82

sur. 83

u
2

u
1 

s

s
1 

s
2

a

a

b

b

sur. 81

fizika IX klasi, Tavi I,  §1.11
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Tanabari  
moZraoba

siCqare

siCqaris 
gegmili

siCqaris 
gegmili

pirveli Tavis mokle  
daskvnebi

siCqaris 
erTeuli

(SI) 

m/wm

u=const

 =  s
t

 u
x
 =  

s
x

t

u
y 
=  

s
y

t

siCqaris 
grafiki

2

2 4 6 8 10

4
6
8

10
u = const

s = υt

gadaadgileba

s = ut

s = ut

gavlili

manZili

siCqaris 

erTeulebi

km/sT, km/wm,  

m/sT

Tanabari
moZraobis 
gantoleba

x = x
0
 + u

x
t

y = y
0
 + u

y
t

s - gadaadgileba

s - manZili

s - gadaadgilebis

moduli
u

t

koordinatis 
grafiki

Tanabari
moZraobis 
gantoleba

X, m

T, wm0

2

1

21 3 4 5

3

4

5

u
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Seiswavli:
 araTanabari moZraobis maxasiaTebel sidideebs: saSualo siCqares, myis 

siCqaresa da aCqarebas;

 wrfivi TanabaraCqarebuli moZraobis maxasiaTebeli parametrebis grafi-
kulad gamosaxvas;

 Tavisufal vardnas;

 wrewirze moZraobis maxasiaTebel sidideebs: periods, sixSires, wiriT da 
kuTxur siCqares, aCqarebas.

SeZleb da daeuflebi:
 Mmsjelobas araTanabari moZraobis maxasiaTebel parametrebze;

 araTanabari moZraobis aRweras grafikuli sqemebis gamoyenebiT;

 modelis saSualebiT wrfivi TanabaraCqarebuli moZraobis Seswavlas;

 modelis saSualebiT mrudwiruli moZraobis Seswavlas;

 eqsperimentuli kvlevebis Catarebas TanabaraCqarebuli moZraobis 
parametrebis dasadgenad;

 problemaze dafuZnebuli amocanebis amoxsnas araTanabar moZraobaze;

 sxeulTa siCqaris cvlilebis rolis Sefasebas bunebasa da yofa-cxovrebaSi;

 sxeulebis aCqarebuli moZraobis principebis dakavSirebas sxvadasxva 
profesiasa da saqmianobasTan.

Tavi 2. araTanabari moZraoba

meqanikuri moZraoba
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umetesad sxeulebi araTanabarad moZraoben. Mmanqana, 
TviTmfrinavi, gemi moZraobis dawyebisas icvlian siC-
qares nulidan raRac mniSvnelobamde. sxeulis siCqare 
moZraobis procesSic xSirad icvleba. 

moZraobas, rodesac sxeulis siCqare drois ganmav­

lobaSi icvleba, ara Tanabar moZraobas uwodeben.

araTanabari moZraoba xasiaTdeba myisi da saSualo 

siCqariT.  
avtomanqanebi gzatkecilze umetesad araTana brad 

moZraoben , xan wrfiv (sur. 1), xan mrudwirul traeqto-
riaze (sur. 2). 

araTanabari moZraobis saSualo siCqaris gamosaTvle-
lad sxeulis mier mTlianad gavlil manZils yofen moZ-
raobis mTel droze, romelic am manZilis gavlas das-
Wirda.

               

wrfivi araTanabari moZraobisas gavlili manZili mTe-
li droisTvis iqne ba:

    
mrudwiruli moZraobisas saSualo siCqare gadaadgi-

lebis mixedviT veqtoruli sididea da gamoiTvleba 
formuliT:

 u
saS  

=  
s
t

wrfivi araTanabari moZraobisas, Tu gavlili manZili 
da gadaadgilebis moduli emTxveva erTmaneTs, saSualo 
siCqa re gavlili manZilisa da gadaadgilebis mixedviT 
erTmaneTis tolia.

Tu materialuri wertilis moZraobis  traeq to   ria 
mrudi wiria, maSin gavlili manZili da gadaad  gilebis 
moduli ar aris erTmaneTis toli (sur. 3).

              
s =  usaS t

radgan mrudwiruli moZraobisas gadaadgilebis mod-

ratom axasiaTeben 
araTanabar 
moZraobas 
saSualo siCqariT?

ifiqre da imsjele

s =  usaS t

 u
saS

 =  = 
s
t t1 + t2 + t3

s1
 + s2 + s3

2.1. araTanabari moZraoba. saSualo 

siCqare

20 km/sT 40 km/sT 60 km/sT

s1
   s2   s3

sur. 1

A

B

s
s

sur. 3

sur. 4

sur. 2
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uli naklebia gavlil manZilze, amitom gadaadgilebiT 
gamoTvlili saSualo siCqaris moduli naklebia  Ggavli-
li manZiliT gamoTvlil saSualo siCqaris modulze. 

zogadad, saSualo siCqares iTvlian gavlili manZilis 
mixedviT, Tu ar aris specialuri miTiTeba.

xSirad araTanabari moZraobis dasaxasiaTeblad auci-
lebelia sxeulis siCqaris codna traeqtoriis mocemul 
wertilSi an drois mocemul momentSi. 

sxeulis siCqares traeqtoriis mocemul wertilSi 

an drois mocemul momentSi myis siCqares uwodeben.

myisi  siCqaris gamosaTvlelad sxeulis saSualo siC-
qares  iTvlian  drois mcire monakveTebSi, mag., 1 wuTSi, 
Semdeg 10 wamSi, 1 wamSi da a.S. (sur. 5).

drois Semcirebis gamo sxeulis mier gavlili manZilic 
mcirdeba da saSualo siCqarec icvleba. drois Semdgomi 
Semcirebisas saSualo siCqare praqtikulad ar icvle-
ba. es niSnavs, rom drois Zalian mcire SualedSi sxeuli 
TiTqmis Tanabrad moZraobs. am Tanabari moZraobis siC-
qare myisi siCqarea. 

Aamrigad,  myisi siCqare drois mocemul momentSi aris 
sxeulis saSualo siCqare drois Zalian mcire SualedSi. 
drois am mcire monakveTSi sxeulis moZraoba SeiZleba 
Tanabar moZraobad CaiTvalos. Aamdenad, Tanabari moZ-
raobac SeiZleba daxasiaTdes myisi siCqariT, romelic 
moZraobis mTeli drois ganmavlobaSi ar icvleba.

 gaazreba  

saSinao davaleba

10 km/sT 15 km/sT

      s          s

1. gamoTvale avtomanqanis 

saSualo siCqare mTel 

gzaze (sur. 7).

 suraTze gamosaxuli grafikebis mixedviT imsjele sxeu-

lis siCqaris Sesaxeb TiToeul ubanze da gamoTvale sa-

Sualo siCqare 6 wm-Si (sur. 6 a, b).

B 1

B 2
B 3

A 3

A 2
A 1

C

s 3

s 2

s 1

sur. 5

I

II

III

10

30

60

90

120

2 3 4 5 6

s, m

t, wm

u, m/wm

sur. 6

sur. 7

sur. 8

s
1
= 3 km s

2
= 0,2 km s

3
= 4 km x

t
1
= 20 wTY t

2
= 10 wTY t

3
= 0,5 sTY

u
saS 

= ?

a

b

10

3

4

5

2 3 4 5 6 t, wm

I

II

III

IV

2. avtomanqanam gzis pirveli naxevari gaiara 10 m/wm siCqa-

riT, meore naxevari gaiara 15 m/wm siCqariT. gamoTvale 

saSualo siCqare mTel gzaze?

fizika IX klasi, Tavi II,  §2.1
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5 km/sT 10 km/sT 15 km/sT

rogor moZraobs 
skuteri da
ra siswrafiT 
icvleba misi 
siCqare?

ifiqre da imsjele

araTanabari moZraobisas siCqaris cvlilebis sis-
wrafes axasiaTeben veqtoruli fizikuri sididiT _ 
aCqa rebiT.

davuSvaT, sxeuli moZraobs wrfivad da araTanabrad. 
misi sawyisi siCqarea u0 , saboloo siCqare _ u  da t – dro, 
romlis ganmavlobaSic Seicvala siCqare.

u - u0   _ siCqaris cvlilebaa t  droSi, xolo    
u - u0 

t
   siC-

qaris cvlileba drois erTeulSi.
aCqareba aris fizikuri sidide, romelic tolia sxe­

ulis siCqaris cvlilebis Sefardebisa drois im Su­

aledTan, romelSic es cvlileba moxda.

aCqareba veqtoruli sididea da aRiniSneba  a asoTi.  
igi gviCvenebs siCqaris cvlilebas drois erTeulSi.

  
a

 
= 

u - u0 

t  
.

radgan siCqaris erTeuli (SI) sistemaSi m/wm-ia, amitom 
aCqarebis erTeuli (SI) sistemaSi iqneba: 

1
m/wm

wm
= 1 m/wm2 .

aseve aCqarebis erTeulebia: 1 sm/wm2, 1 m/wT2 da sxv.
aCqarebis formulidan gamomdinare, siCqare drois 

nebismieri momentisTvis gamoiTvleba formuliT:

 u = u0 + at 

OX REerZze dagegmilebiT:    ux 
= u

0x
 + a

x
t .

Tu siCqare drois nebismier tol SualedSi erTi da 
imave sididiT, anu Tanabrad icvleba (izrdeba an mcir-
deba), maSin moZraoba TanabaraCqarebulia, e. i. a = const.

rac metia siCqaris cvlileba drois erTeulSi, miT me-
tia aCqareba da, piriqiT.

TanabaraCqarebuli moZraobisas aCqareba mudmivi 

sididea.

wrfivi TanabaraCqarebuli moZraobisas, Tu siCqarisa 
da aCqare bis veqtorebi erTsa da imave mxa resaa mimar-
Tuli, siCqaris moduli izrdeba (sur. 10). Tu siCqarisa 

2.2. wrfivi TanabaraCqarebuli 
moZraoba. aCqareba

sur. 11

o x

a
u0

o x

a
u0

a

sur. 10

sur. 9

o x

a
u0

o x

a
u0

a

b

b

a b

10 km/sT 5 km/sT 0 km/sT
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da aCqarebis veqtorebi erTmaneTis sapirisporod aris 
mimarTuli, maSin siCqaris moduli mcirdeba (sur. 11).

Tu OX sakoordinato RerZi mimarTulia sxeulis moZ-
raobis mimarTulebiT, maSin:

u = u
 0
 + at,  Tu  u0 x

 > 0, a
x
 > 0 (sur. 10 a)

u
 = u

 0
 -  at,  Tu  u0 x

 > 0, a
x
 < 0  (sur. 11 b)   

 gaazreba  

saSinao davaleba

1. erTsa da imave droSi pirveli avtomanqanis  siCqare Seic-

vala u1-dan u'-mde, meorisa ki _ u2-dan u'-mde. romeli 

avtomanqanis siCqare  izrdeba ufro swrafad da romeli 

moZraob da meti aCqarebiT (sur. 12)?

2. cxrilis mixedviT imsjele da daadgine:

 a. avtomanqanis, cxenis, matareblisa da velosipedis aCqa-

reba TiTo eul SemTxvevaSi; 

 b. romeli sxeuli moZraobda cvalebadi aCqarebiT? 

 g. Seadare avtomanqanisa da matareblis aCqarebebi.

#
dro, 

wm.

siCqare, m/wm

avtomanqana cxeni matarebeli velosipedi

1 0 1 0 12 12

2 1 4 2 9 4

3 2 7 4 6 2

4 3 10 6 3 5

5 4 13 8 0 7

sur. 12

1. moTxilamure gorakidan eSveba 0,2 m/wm2 aCqarebiT 1 wT-Si. 

gamoTvale misi siCqare gorakis bolos, Tu sawyisi siCqa-

re 0-is tolia.

2. avtomanqana moZraobda 10 m/wm siCqariT da 10 wm-Si gaCer-

da. gamoTvale avtomanqanis aCqareba.

3. sxeuli moZraobda wrfivad da TanabaraC-

qarebulad. ramdenjer Seicvleba misi aC-

qareba, Tu 2-jer nakleb droSi sxeulis 

siCqare 6-jer gaizrdeba (u0 = 0)? siCqare 

da aCqareba erTmxrivaa mimarTuli.

4. wrfivad da TanabaraCqarebulad moZra-

vi avtomanqana A-dan B wertilSi 2 wuTSi 

gadaad gilda.  gamoTvale avtomanqanis aC-

qareba  (sur. 13). sur.13

10 m/wm 90 km/sT

A B

3. imsjele da Seadare TanabaraCqarebuli moZraobebi erT-

maneTs (sur. 10-11).).

u'u2

u1
u'

1

2

fizika IX klasi, Tavi II,  §2.2

cxrili
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1

0 1 2 3 4 5

2

3

4

a,m/wm2

t,wm

2.3. TanabaraCqarebuli moZraobis 
grafikuli gamosaxva

TanabaraCqarebuli moZraobis maxasiaTebeli sididee-
bi garda formulebisa, SesaZlebelia gra fi kuladac ga-
moisaxos.

TanabaraCqarebuli moZraobisas aCqareba mudmivi si-
didea, radgan moZraobis mTeli drois ganmavlobaSi 
ar icvleba. amitom aCqarebis droze damokidebulebis 
grafiki drois RerZis paraleluri wrfea (sur. 15). 

TanabaraCqarebuli moZraobis siCqaris droze damo-
kide bulebis grafikis asagebad abscisTa RerZze ga-
davzomoT dro, xolo ordinatTa RerZze _ siCqare. 

davuSvaT, wrfiv gzatkecilze TanabaraCqarebulad 
moZraobs avtomanqana, romlis sawyisi siCqare u

o
= 4 m/wm, 

xolo aCqareba a = 2 m/wm2. siCqare da aCqareba Tanamimar-
Tulia. TanabaraCqarebuli moZraobis siCqaris droze 
damokidebulebis formulis Tanaxmad: 

u = 4 + 2 t.

cxrilSi (cxr. 1) mocemuli dakvirvebis drois Su-
aledebisa da Sesabamisi siCqaris mniSvnelobebis mixed-
viT agebuli grafiki ordinatTa RerZs kveTs wertilSi, 
romlis koordinati Seesabameba sawyis siCqares (sur. 16). 

Tu sawyisi siCqare υ
o
 nulis tolia, maSin u = 2 t da Tana-

baraCqarebuli moZraobis siCqaris Sesabamisi grafiki 

t, wm u, m/wm

0 4

1 6

2 8

3 10

4

1 2 3 4

8

12

t,wm

u,m/wm u,m/wm

sur. 14

sur. 15

sur. 16

rogor gamoisaxeba 
grafikulad
moTxilamuris 
TanabaraCqarebuli 
moZraobisas 
siCqarisa da 
aCqarebis droze 
damokidebuleba?

ifiqre da imsjele

sur. 17

a

cxrili 1

u,m/wm
b

0

4

8

12

1 12 23 34 4t,wm t,wm0 0

4

8

12
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 imsjele da moZraobis saxeebi  azrobrivad daukavSire Se-

sabamis grafikebs. Seavse cxrili (sur. 18):

 1. Tanabari moZraoba;

 2. TanabaraCqarebuli moZraoba, u0x = 0; a
x
>0;

 3. TanabaraCqarebuli moZraoba, roca a
x
>0 da u0x > 0;

 4. TanabaraCqarebuli moZraoba, roca u0x >0; a
x
<0.  

 gaazreba  

saSinao davaleba

sur. 18

1. me-18 suraTze siCqaris droze damokidebulebis grafikebi 

gamosaxe analizurad, formulebis saxiT. 

2. gamoTvale da Seadare erTmaneTs grafikze gamosaxuli man-

qanebis aCqarebebi (sur. 19). 

3. moTxilamure mTidan eSveba  0,2 m/wm2 aCqa rebiT (sur. 14). aage 

siCqaris droze damokidebulebis grafiki. ra drois Semdeg 

gaxdeba misi siCqare 56 m/wm?

4. me-20 suraTze gamosaxuli materialuri wertilis siCqaris 

droze damokidebulebis grafikis mixedviT:

 a. ramden xans moZraobda materialuri wertili?

 b. raze miuTiTebs droTa RerZze grafikis gadakveTis werti-

lebi;

 g. aRwere da daaxasiaTe moZraoba grafikis calkeuli  ubne-

bis mixedviT;

 d. gamoTvale aCqareba grafikis calkeuli ubnebis mixedviT.

a b g d

1

2

3

4

2

4

6

2

4

6

u,m/wm

t,wm

t,wm

g

2

20 4 6

4

6

t,wm

u,m/wm b

u,m/wm d

sur. 20

3

t,wm

2

- 2

4

60

1

A

B C

D

koordinatTa saTaveSi gamavali wrfe iqneba (sur. 17 a).
Tu TanabaraCqarebuli moZraobisas sxeulis siCqare 

mcirdeba, maSin TanabaraCqarebuli moZraobis siCqaris 
droze damokidebuleba iqneba: u = 4 - 2 t da Sesabamisi 
grafiki gamosaxulia me-17 b suraTze.

sur. 19

2

1 2

4
6
8

u,m/wm

t,wm

II

I

0

u
x
, m/wm

2

2

0

0

4

4

6

6

u,m/wm

t,wm

a

2

4

6

20 4 6

fizika IX klasi, Tavi II,  §2.3
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s

0

2.4. gadaadgileba TanabaraCqarebuli 
moZraobisas

rogor mOoZraobs 
sxeuli a da b B 
grafikebis 
mixedviT?

ifiqre da imsjele

a
s

t0

b

nebismieri meqanikuri moZraobis siCqaris droze damo-
kidebulebis grafikidan SesaZlebelia gadaa dgilebis 
ricxviTi mniSvnelobis gamoTvla. sxeulis mier gavlili 
manZili ricxobrivad siCqaris grafikiT SemosazRvruli 
figuris farTobis tolia. figuris forma damokidebu-
lia moZraobis xasiaTze. Tanabarwrfivi moZraobisas igi 
marTkuTxedia, araTanabari moZraobisas ki igi SeiZleba 
nebismieri formisa iyos (sur. 22).

davuSvaT, avtomanqana wrfivad da TanabaraCqarebu-
lad moZraobs gzatkecilze  u

o
 sawyisi siCqariT. t drois 

Semdeg misi siCqare gaxda u. 
23-e suraTze gamosaxulia am moZraobis siCqaris gegmi-

lis droze damokidebulebis grafiki. u
ox

 sxeulis sawyisi 
siCqaris gegmilia, u

x
 ki – siCqaris gegmili t drois Sem-

deg. t droSi Sesrulebuli s
x
 gadaadgilebis gegmilis 

ricxviTi mniSvneloba tolia OABC trapeciis farTo-
bis. trapeciis farTobi fuZeebis naxevarjamisa da si-
maRlis namravlis tolia. 

sx =                     . OC,
OA + BC

2  
 sx =                     . t .

u0x  + ux

2

sadac, 
   
   

= u
saS                    

u0x  + ux

2

e. i. TanabaraCqarebuli moZraobis saSualo siCqare 

sawyisi da saboloo siCqareebis saSualo ariTmetikulis 
tolia.

TanabaraCqarebuli moZraobisas gadaadgilebis gegmi-
lis ricxviTi mniSvneloba gamoiTvleba formuliT:

                 s
x 
= 

saS
. t ,

                                 
(2)

radgan  
x
= 0x + a

x
t,  amitom (1)-is gaTvaliswinebiT:

s
x =                            = 

( 0x  + 
0x + a

x
t) . t (2 0x  + axt) 

. t

2 2
,        (3)

       sx = 0xt  +                       
axt

2

2
 .                               (4) 

sur. 21

sur. 22

0

ux

t

sur. 23

ux

ux

u0X A

0

B

t

C

t

(1)
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t0

 u

}at2

2

at

a

sur. 24

sur. 25

TanabaraCqarebuli moZraobisas gadaadgilebis gegmi-
li SeiZleba asec gamoiTvalos:

ax =                    ,    aqedan      t = 
u x  - u 0x

t

u x  - u 0x

ax 

. (5) 
 

maSin formula (2)-Si (1)-sa da (5)-s CasmiT miiReba:

sx=                     .  
u x  + u 0x

2

u x  - u 0x

ax 

,  aqedan

   sx=                   .                       
u2

x  - u2
0x

2 ax

                (6) 

Tu sxeuli moZraobs TanabaraCqarebulad, roca sawyisi 
siCqare u0 = 0, maSin saboloo siCqarea u = at. Aamitom siCqaris 
grafikiT SemosazRvruli figura marTkuTxa samkuTxedia, 
romlis kaTetebia t da at (sur. 24 a). Aam samkuTxedis farTo-
bi tolia at2

2
, Sesabamisad, gadaadgilebis moduli iqneba: 

s =          .   
at2

2
Tu sxeuli υ0 sawyisi siCqariT moZraobs ise, rom misi 

siCqare izrdeba, u = u0 + at, amitom siCqaris grafikiT Se-
mosazRvruli figura trapeciaa (sur. 24 b). is Sedgeba 
marTkuTxedisagan, romlis FfarTobia u0t da marTkuTxa 
samkuTxedisagan, romlis farTobia at2

2
. ASesabamisad, 

gadaadgilebis moduli iqneba:
   

s = u0t  +                       at2

2

 .

Tu sxeuli u0 sawyisi siCqariT moZraobs ise, rom misi 
siC qare mcirdeba _ u = u0 - at (sur. 24 g), maSin grafikiT 
SemosazRvruli figuris farTobis Sesabamisad gavlili 
manZili iqneba: 

   s = u0t   -                       
at2

2
 .

formulidan Cans, rom gadaadgilebis droze damokide-
buleba TanabaraCqarebuli moZraobisas ar aris wrfivi. 

davuSvaT, sxeuli wrfivad da TanabaraCqarebulad moZ-
raobs OX RerZis gaswvriv (sur. 25). sawyisi mdebareobis 
A wertilis koordinatia x0, xolo saboloo mdebareobis 
B wertilis koordinatia x. maSin sxeulis saboloo mde-
bareobis koordinati am sistemaSi iqneba: 

  x = x0 + sx ,                            (7)
sadac, sx TanabaraCqarebuli moZraobisas gadaadgile-

bis gegmilia OX RerZze.  (4)-is (7)-Si CasmiT miiReba:
  
          (8) 

0xt +                       
axt

2

2
x = x0 + 

 
.

am gantolebas wrfivi Tanaba r ­

aCqarebuli moZraobis kinemati­

kuri gan tole ba  ewodeba. 

(8) gantolebis Sesabamisi gra-
fiki parabolaa (sur. 21 b).

t0

 u

u0

b

u0t

at2

2

0

g

at2

2

u0 }at

t

0 BA

x0

X

sx

x

u
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TanabaraCqarebuli moZraobis kvleva

1. uZravi manqana iwyebs wrfiv moZraobas 2 m/wm2 aCqarebiT. 

ra droSi gaivlis igi 36 m-s?

2. TanabaraCqarebulad moZravma sxeulma pirvel wamSi 

gaia ra 2 m. ra manZils gaivlis igi me-4 wamSi ( 
0
= 0)?

3. sxeuli 3 wm-is ganmavlobaSi moZraobda Tanabrad 4 m/wm 

siCqariT. Semdegi 3 wm-is ganmavlobaSi TanabaraCqarebu-

lad 3 m/wm2 aCqarebiT. ra manZils gaivlida igi 5 wm-Si;

4. 28-e suraTze gamosaxulia uZraobis mdgomareobidan 

wrfi vad, TanabaraCqarebulad moZravi sxeulis mier gav-

lili manZilis droze damokidebulebis grafiki.  gamoT-

vale aCqareba da siCqare 2 wamis Semdeg;

5. sxeulis moZraobis gantoleba x = 3 + 4 t + 5 t2 (SI). gamoT-

vale sxeulis siCqare t = 2 wm-is momentisaTvis.

 gaazreba  

usawyiso siCqariT TanabaraCqarebulad 

moZraobisas sxeulis mier pirvel, meore, 

mesame da meoTxe da a.S. wamSi gavlil manZi-

lebs Soris Semdegi Tanafardobaa:  

       s
1 
: s

2 
: s

3 
: s

4
... =

 
1 : 3 : 5 : 7... (sur. 26).  

 am Tanafardobis marTebulobis dasamt-

kiceblad saWiroa gamoTvalo:

 1.  pirvel wamSi gavlili manZili;

 2.  meore wamSi gavlili manZili;

 3.  mesame wamSi gavlili manZili;

 4.  meoTxe wamSi gavlili manZili;

 5. me-n wamSi gavlili manZili.

 6. Seadare ramdenjer metia: meore wamSi gavlili manZili 

pirvel wamSi gavlil manZilze, mesame wamSi gavlili man-

Zili meore wamSi gavlil manZilze, meoTxe wamSi gavlili 

manZili mesame wamSi gavlil manZilze.

    Seadare pirobaSi mocemuli mtkicebulebebi Sens gamoT-

vlebs. 

   imsjele da Seadare 27-e suraTze gamosaxul grafikze 

sxva dasxva feris figurebis farTobebi. isini Tanmim-

devrulad Seesabameba drois tol SualedebSi gavlil 

manZilebs. mwvane figuris farTobi Seesabameba pirvel 

wamSi gavlil manZils. yviTeli figuris farTobi meore 

wamSi gavlil manZls, iisferi figuris farTobi ki mesame 

wamSi gavlil manZls.

  Seadare grafikulad miRebuli Sedegebi pirobaSi moce-

mul  mtkicebulebas.

saSinao davaleba

t, wm1 2 30

u

a

1
3

5

7

sur. 26

sur. 28

s,m

t, wm0 1

1

2

2

sur. 27

t, wm10

u

32

b
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1. suraTze gamosaxuli grafikebi azrobrivad daukavSire 

Sesabamis formulebs da Seavse cxrili (sur. 4).

 a.   = 0 + at;

 b.   = 0 - at;

 g.   = 0;

 d.  = at;

 e.  a = 0.

a b g d e

1

2

3

4

5

u

t

1

2

3

4 5

sur. 29

2.5. amocanebis amoxsna

2.  30-e suraTze gamosaxulia avtomanqanis siCqaris droze 

damokidebulebis grafiki. ra manZils gaivlis igi 0-8 wm-Si?

3. avtomanqanis damuxruWebis droa 5 wm. amasTan, misi siCqa-

re 30 m/wm-dan    Semcirda 10 m/wm-mde. ra manZils gaivlida 

igi damuxruWebisas?

4. sxeulis moZraobis gantoleba x = 2 + 3 t - 4 t2. daaxasiaTe 

moZraoba (sidideebi mocemulia SI sistemaSi). 

5. Ddaxril sibrtyeze burTulam uZraobis mdgomareobidan  

daiwyo TanabaraCqarebuli moZraoba. ra droSi gaivlis 

burTula 50 m sigrZis daxril sibrtyes (sur. 31)?

6. TanabaraCqarebuli moZraobisas avtomanqanam usawyiso 

siCqariT  pirvel wamSi gaiara 3 m. ra manZils gaivlis igi  

2 wm-Si; 3 wm-Si?

7. avtomanqanam gzatkecilze gzis pir-

veli mesamedi 45 km/sT siCqariT gaiara, 

meore mesamedi _ 70 km/sT siCqariT, 

darCenil manZilze ki 90 km/sT siCqariT 

imoZrava. gamoTvale avtomanqanis saS-

ua lo siCqare mTel gzaze.

8. 32-e suraTze gamosaxuli grafikis 

mixed viT gamoTvale aCqareba da 5 wm-Si 

gavlili manZili.

9. gamoTvale avtomanqanis samuxruWe man-

Zili, Tu igi moZraobda 20 m/wm siCqa riT, 

xolo aCqarebis moduli da mux ruWebis 

momentSi iyo 2 m/wm2.

10. avtomanqanam moZraobis mTeli dro  is 

pirveli naxevari gaiara 15 m/wm siCqa riT, 

meore naxevari _ 20 m/wm siCqa riT. gamoT-

vale saSualo siCqare mTel gzaze?

11. sxeulma daiwyo swrfivad da TanabaraCqa-

rebulad moZraoba da pirvel wamSi gaiara 

2 m. ra manZils gaivlis igi meeqvse wamSi?

0 2 4 6

5

10

t, wm

, m/wm

sur. 32

10

2 4 6 8

15

20

t,wm

,m/wm

0

sur. 30

sur. 31

0
 = 0

 = 12 m/wm

t = 3 wm

fizika IX klasi, Tavi II,  §2.5



46

2.6. Tavisufali vardna

mizidulobis gamo sxeulebi dedamiwaze vardebian.

XVI  saukunis miwuruls   galileo galilei akvirdebo-

da  da ikvlevda  sxeulebis moZraobas. 

eqsperimentebis Sedegad galileim daaskvna, rom de-

damiwis miziduloba yvela vardnil sxeuls erTsa da 

imave aCqarebas aniWebs, roca vardnisas haeris winaaRm-

degoba umniSvneloa an saerTod ar aris.

Tavisufali vardna ewodeba sxeulis moZraobas mxo­

lod simZimis Zalis moqmedebiT.

galileo galileim aRmoaCina, rom Tavisufali var dna 

aris TanabaraCqarebuli moZraoba. Tavisufali vardnis 

aCqareba veqtoruli sididea. is yovelTvis mimarTulia 

dedamiwis centrisaken da erTi da imavea nebismieri masis  

sxeulisaTvis. Tavisufali vardnis aCqa rebis saSualo 

mniSvnelobaa g = 9,8 m/wm2 da dedamiwis sxvadasxva adg-

ilze mcired gansxvavdeba erTmane Tisagan (cxr. 2). gansx-

vaveba ganpirobebulia dedamiwis arasferuli formiT, 

dReRamuri brunviTa da deda miwis wiaRSi nivTierebis 

araTanabari ganawilebiT.

Tavisufali vardnis aCqarebis ricxviTi mniSvneloba  

icvlileba, agreTve, dedamiwis zedapiridan daSorebis 

mixedviT (cxr. 3). 

radgan Tavisufali vardna TanabaraCqarebuli moZ­

raobaa, amitom TanabaraCqarebu li moZraobis yvela 

for mula samarTliania Tavisufa li vardnisTvisac, Tu 

a aCqarebis nacvlad vigulisxmebT g aCqarebas.  

sxeulis Tavisufali vardnisas, iseve rogorc Tana-

baraCqarebuli moZraobisas, vardnis simaRlis droze 

damokidebulebis grafiki parabolaa, romlis Sto zevi-

Taa  mimarTuli (sur. 34 b). grafiks aseve parabolis for-

ma aqvs zeviT asrolili sxeulisTvisac, mxolod misi 

Sto qveviTaa mimarTuli (sur. 34 g).

ra aCqarebiT 
moZraoben vardnili 
sxeulebi?

ifiqre da imsjele

h, km g, m/wm2

0 9,8066

1 9,8036

10 9,7759

100 9,505

500 8,45

5000 3,08

10000 1,50

50000 0,13

400000 0,0025

h, km g, m/wm2

polusze 9,83216

ganedze 450 9,80616

ekvatorze 9,78030

galileo galilei

(1564-1642)

cxrili 2

cxrili 3

sur. 33
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 gaazreba  

saSinao davaleba

1. Tavisufali vardnis gamosakvle vad niutonma Caatara 

Semdegi cda: minis grZeli da viwro milis fskerze mo-

aTavsa safanti, moneta, korpis naWeri da bumbuli. roca 

haeri milidan amotumbuli ar iyo, pirvelad  vardeboda 

safanti, Semdeg _ moneta, mere _ korpi, bolos ki  _ 

bumbuli. milidan haeris amotumbvisa (sur. 35) da milis 

amoatrialebis Semdeg dainaxa, rom yvela es sagani vard-

nas erTsa da imave dros andomebda. es dro ufro mcire 

iyo,  vidre sWirdeboda safantis vardnas haerSi. imsjele 

da axseni eqspe rimentis Sedegi?

2. imsjele suraTze gamosaxuli grafikebidan, romeli 

Seesa bameba yvelaze metad paraSutistis vardnas dedami-

waze paraSutis gaxs namde da gaxsnis Semdeg (sur. 36).

3. ori sxeuli usawyiso siCqariT Tavisuflad vardeba 

dedamiwis zedapirze erTi da imave simaRlidan. pirvelis 

masaa m, xolo meoris – 3 m. imsjele   da Seadare sxeulebis 

siCqareebi erTmaneTs dedamiwaze dacemis momentSi. 

1. dedamiwidan vertikalurad asrolili sxeuli 8 wamis Sem-

deg Camovarda. ra simaRles miaRwia sxeulma? gamoTvale 

misi sawyisi si Cqare.

2. 180 m siRrmis xeobaSi Cavarda qva. ramden xanSi  miaRwevs 

qva xeobis Zirs (u0 = 0)?
3. 40 m/wm siCqariT vertikalurad  aisroles sxeuli. ra si-

maRleze iq neba igi 3 da 5 wamis Semdeg? ra siCqare eqneba 

mas am dros?

4. sxvadasxva sawyisi siCqariT vertikalurad  aisroles ori 

sxeuli. erTma 4-jer met simaRles miaRwia, vidre meorem. 

ramdenjer meti yofila misi sawyisi siCqare meore sxe-

ulis sawyis siC qareze?

5. burTi aisroles 20 m-is simaRleze da dabrunda asrolis 

wertilSi. gamoTvale burTis moZraobis dro? haeris wi-

naaRmdegoba ugulebelyavi.

sur. 34

sur. 35

g

Y

u0= 0

h = 
gt2

2

u = gt 

g

Y

u0

h = u0t +
gt2

2

 u = u0 + gt 

a

a

b

b

g

g

Y u0

h = u0t  -
gt2

2

 u = u0  - gt 

g
h

t0

h

t0

sur. 36

h

t0

h

t0

a

b

h

t0

g
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2.7. mrudwiruli moZraoba

rogor 
traeqtoriaze 
moZraobs wylis 
Wavli SadrevanSi?

ifiqre da imsjele

samyaroSi arsebuli ciuri sxeulebi: mze, mTvare, 
plane tebi, xelovnuri Tanamgzavrebi mrud wirze moZ-
raoben. aseve mrud wirze moZraoben manqanebi, romlebic 
mTaSi gzatkecilze gadaadgildebian (sur. 38). 

Mmrudwiruli moZraobis umartivesi saxea wrewirze 
moZ raoba. Mmrudi wiri SeiZleba warmovidginoT rogorc  
sxvadasxva radiusis wrewiris rkalebis erToblioba 
(sur. 39).

sxeulebis  moZraobaze dakvirvebebisa da eqsperimente-
bis Sedegad dadginda, rom mrudwiruli moZraobisas siC-
qaris mimarTuleba mudmivad icvleba, Tumca siCqaris 
moduli SeiZleba iyos mudmivi. sxeulis siCqare nebismi-
er wertilSi sxvadasxva formis mrud wirze (wrewirzec) 
moZraobisas yovelTvis mimarTulia am wer tilze gavle-
buli mxebis gaswvriv (sur. 40).

magaliTad, detalis gaWrisas saWrisiT, misi borblis 
brunvisas mowyvetili nawilakebis siCqare mimarTulia 
mowyvetis wertilSi gavlebuli mxebis gaswvriv. de-
talidan mowyvetili nawilakebi imave siCqariT agrZe-
leben moZraobas, romelic mowyvetis momentSi hqondaT  
(sur. 41).

mrud wirze moZraobisas sxeulis myis siCqares 

traeq toriis nebismier wertilSi am wertilze gavle­

buli mxebis mimarTuleba aqvs.

sxeulis mrud wirze moZraobisas siCqaris moduli Sei-
Zleba ar icvlebodes. mrudwirul moZraobas, rodesac 
sxeulis siCqaris moduli mudmivia, xolo mimarTuleba 
icvleba, uwodeben Tanabar moZraobas mrud wirze.

mrudwirze Tanabari moZraobis siCqaris moduli ga-
moiT vleba formuliT:  

 u
 
=  ,s

t

sur. 37

sur. 40

sur. 39

sur. 38

u2

u1

R1

R2

R3
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sadac s mrudi wiris sigrZea, t _ moZraobis 
dro.

wrewirze moZraobisas sxeuli raRac drois Sem-
deg kvlav ubrundeba im wertils, saidanac daiwyo 
moZraoba. aseT moZraobas periodul moZraobas 
uwodeben. Ewrewirze moZraoba periodulia.

dros, romlis ganmavlobaSic sxeuli erT 

srul bruns asrulebs, brunvis periodi ewo­

deba. 

brunvis periodi aRiniSneba T asoTi. SI siste-
maSi misi erTeulia wami. sistemgareSe erTeule-
bia: wuTi, saaTi, dRe-Rame. 

Tu sxeuli raime t droSi N bruns asrulebs, maSin brun-
vis periodia:
    T

 
=  . t

N
   

wrewirze moZraoba agreTve xasiaTdeba fizikuri si-
didiT _ brunvis sixSiriT.

Ddrois erTeulSi Sesrulebul brunTa ricxvs brun­

vis sixSire ewodeba. 

sixSires aRniSnaven ν (niu) asoTi.

 ν
 
=  

N
t

   (1)-is gaTvaliswinebiT   ν
 
=  

1

T
.

SI sistemaSi brunvis sixSiris erTeulia wm–1. peri-
oduli moZraobis sixSiris am erTeuls herci (Semokle-
biT hc) ewodeba germaneli mecnieris henrix hercis pa-
tivsacemad.  1 herci iseTi sixSirea, rodesac sxeuli erT 
wamSi erT srul bruns asrulebs. 

1 herci = 
wm
1

 = wm–1.

periodi da sixSire urTierTSebrunebuli sidideebia.

T
 
=  1

ν  
.

1. lurji burTula 1 wm-Si erT srul bruns asrulebs, wi-

Teli ki  _ imave  droSi  5 bruns. imsjele da Seadare   am 

burTulebis brunvis periodebi da sixSireebi (sur. 42).

2. imsjele da gamoTvale saaTebis, wuTebisa da wamebis is-

rebis brunvis periodi da Bbrunvis sixSire (sur. 43)?

 gaazreba  

saSinao davaleba

1. sabavSvo atraqcionis karuseli 1 wuTSi 12 bruns 

 asru  lebs. ra sixSiriT brunavs karuseli? gamoTvale ka-

ruselis brunvis periodi.

2. ramdeni hercia 2400 br/wT? 360 br/wT? 1800 br/wT?

3. eleqtroZravas brunvis sixSirea 1500 br/wT. gamoTvale 

brunvis  periodi.
sur. 43

sur. 42

sur. 41

a

b

fizika IX klasi, Tavi II,  §2.7
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ratom atrialebs 
birTvs 
sportsmeni 
gatyorcnamde?

ifiqre da imsjele

L

B
S

A

wrewirze sxeulis moZraoba xasiaTdeba wiriTi da 
kuTxuri siCqariT.

 wiriTi siCqare

davuSvaT, sxeuli, romelic SeiZleba materialur 
wertilad CaiTvalos, moZraobs L sigrZis AB rkalze (sur. 
45). am moZraobisas gadaadgilebis s  veqtori qordis gas-

wvrivaa mimarTuli. sxeulis gadaadgilebis s veqtoris 
moduli da L gavlili manZili erTmaneTis toli ar aris.

Tu sxeuli A da B wertilebs Soris gavlebul qordebis 
gaswvriv moZraobs (sur. 46 a), maSin sxeulis moZrao-
bis siCqare qordis gaswvrivaa mimarTuli. wrfivi ub-
nebis sigrZis usasrulo SemcirebiT qordebi SeiZleba 
wertilebad gadaiqces da texi li wiri mdovre mrudi gax-
des. sxeulis siCqare yovel wertilSi mimarTuli iqneba 
am wertilze gavlebuli mxebis gaswvriv (sur. 46 b).

myisi siCqare wrewirze moZraobisas traeqtoriis 

nebismier wertilSi mimarTulia am wertilze gavle­

buli mxebis gaswvriv (sur. 47). 

sxeulis mrud wirze moZraobas axasiaTeben wiriTi 

siCqariT.
davuSvaT, sxeuli moZraobs L sigrZis rkalze A werti-

lidan B wertilisken t drois ganmavlobaSi. maSin wiriTi 
siCqare gamoiTvleba formuliT:

                  
 u

 
=  .

t
L

Tu sxeuli brunvis T periodSi R radiusis wrewirze 
moZraobisas erT bruns asrulebs, gavlili manZili 
wrewiris sigrZis tolia L = 2πR da wiriTi siCqare ga-
moiTvleba formuliT:

               
u = 

T
2πR

  
,  

sur. 45

sur. 46

a

b

sur. 44

2.8.siCqare wrewirze moZraobisas

u1
u2

u3

u1
u2

u3
A

A

B

B

C

D

C
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sur. 47

sur. 48

sur. 49

R
r

ϕ

A

BO

l

ϕ

R

u
u

uu

u

u0

u1

u2

radgan     ν
 
=  1

T
 ,  amitom      = 2πRν.

sportsmenebs fizika exmareba warmatebebis miRwe-
vaSi sxvadasxva Sejibrebis dros. magaliTad, mZleo-
sani birTvis tyorcnamde ramdenime bruns asrulebs  
(sur. 44). am moZraobis Sedegad birTvi gatyorcnamde 
garkveul siCqares iZens da mowyvetis momentSi misi siC-
qare mimarTulia im wrewiris mxebis gaswvriv, romelzec 
moZraobda birTvi. birTvs sportsmenis xelidan gatyor-
cnis momentSi didi siCqare aqvs. amitom misi frenis siSo-
rec didi iqneba. 

 kuTxuri siCqare

davuSvaT, sxeuli R-radiusian wrewirze AA wertilidan 
B B wertilSi Tanabrad gadaadgildeba t drois ganmavloba-
Si. amave droSi wrewiris R radiusi, romelic gavlebu-
lia O centridan A wertilamde  ϕ kuTxiT Semobrundeba  
(sur. 48).  MmaSin w kuTxuri siCqare gamoiTvleba formu-
liT:

    

w
 
=  

ϕ
t

  

  

wrewirze moZrav nivTier wertilze gavlebuli ra­

diusis brunvis centris mimarT Semobrunebis kuTxis 

Sefardebas drosTan, romlis ganmavlobaSic es Semo­

bruneba Sesrulda, kuTxuri siCqare ewodeba. 

kuTxuri siCqaris erTeulia 1 rad/wm. 
1 radiani aris wrewiris centraluri kuTxe, romlis Se-

sabamisi rkali radiusis tolia. 
wrewirze sxeulis erTi sruli brunvisas radiusi 360° 

centralur kuTxes Semowers, rome lic  2π radians See-
sabameba. e.i. sxeulis erTi sruli brunvisas T periodis 
ganmavlobaSi Semobrunebis kuTxe ϕ = 2π. amitom kuTxuri 
siCqare wrewirze moZraobisas gamoiTvleba formuliT:

               
w

 
=  

2π
T

,
 

radgan     ν
 
=  1

T
 ,  amitom     w = 2πν.

kuTxuri da wiriTi siCqareebis kavSiri gamoisaxeba 
formuliT:

                          = wR. 

davuSvaT, wiTeli da lurji burTulebi Tanabrad bru-
naven diskos sxvadasxva radiusis wrewirze (sur. 49). maTi 
kuTxuri siCqareebi toli iqneba, magram wiriTi siCqaree-
bi gansxvavdeba. wiTeli  burTulis siCqare metia lurji 
burTulis siCqareze.

.
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1. imsjele da Seadare erTmaneTs su-
raTze gamosaxuli saaTebis, wuTe-
bis maCvenebeli isrebis wveroebis 
wi riTi da kuTxuri siCqareebi. ga-
moitane das kv na (sur. 50 a, b).

2. erTi velosipedis borblis brunvis 

periodi 4-jer metia meore velo-

sipedis borblis brunvis periodze, 

xolo pirveli velosipedis borb-

lis radiusi 2-jer naklebia meori-

saze. Seadare velosipedebis borb-

lis kidura wertilebis wiriTi siC-

qareebi erTmaneTs.

saSinao davaleba

1. wiTelma da lurjma burTulam erTdroulad daiwyo 

moZraoba wrewirze A da B wertilebidan da erTdrou-

lad mividnen  C wertilSi. Seadare burTulebis peri-

odebi, sixSire da siCqareebi erTmaneTs (sur. 51);

2. gamoTvale RerZis garSemo dedamiwis brunvisas ekva-

toris wertilebis wiriTi da kuTxuri siCqare, Tu 

dedamiwis radiusi R = 6400 km-ia;

3. manqanis borblis  brunvis sixSirea 12 br/wT. gamosaxe 

igi rad/wm-iT;

4. saaTis wuTebis isari samjer grZelia wamebis isarze. 

ga moTvale isarTa boloebis wiriTi siCqareTa far-

doba;

5. velosipedis borblis  radiusi 40 sm-ia. ra siCqariT 

moZraobs velosipedi, Tu borbali  wuTSi 1200 bruns 

asrulebs? gamoTvale borblis brunvis sixSire;  

6. sportsmeni varjiSisas jer darbis patara wrewirze, 

romlis radiusia 5 m, Semdeg did wrewirze radiusiT 10 

m.  Seadare sportsmenis wiriTi siCqare am wrewirebze 

sirbilisas, TUu igi TiToeul wrewirze erTi brunis 

Sesrulebas erTsa da imave dros andomebs (sur. 52);

7. sarecx manqanaSi sarecxis gasawurad saWiro disko  

bru navs 600 wT-1 sixSiriT. Ddiskis  diametria 40 sm. 

gamoTvale diskis brunvis periodi, kuTxuri siCqare 

da misi zedapiris kidura wertilis wiriTi siCqare;

8. `eSmakis borbali~ Tanabrad moZraobs da erT srul 

bruns asrulebs 15 wT-Si. gamoTvale vagonetebis 

kuT  xuri da wiriTi siCqare, Tu maTi daSoreba brunvis 

centridan 15 m-ia (sur. 53).

sur. 51

sur. 52

sur. 53

A

BC

1

2

sur. 50

 gaazreba  
a

b
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2.9. aCqareba mrudwiruli  
 moZraobisas

ratom moZraoben 
planetebi orbitaze 
mzis garSemo 
aCqarebulad?

ifiqre da imsjele

A

BO

l

u0

u

sur. 55

A C

DR
B

O

u0

u
u

∆ϕ

∆ϕ ∆u

sur. 56

sur. 54

wrewirze materialuri wertilis (an sxeulis) moZrao-
bisas  siCqaris mimarTuleba mudmivad icvleba. amitom 
wrewirze moZraoba, siCqaris mimarTulebis cvlilebis 
gamo, yovelTvis aCqarebuli moZraobaa, Tumca sxeuli 
wrewirze SeiZleba moduliT mudmivi siCqariT moZraob-
des.

Tanabari moZraoba wrewirze iseTi moZraobaa, rode­

sac siCqaris moduli mudmivi sididea, mimarTuleba ki 

icvleba.

e.i. sxeulis wrewirze  Tanabari moZraobisas mainc arse-
bobs aCqareba, romelic moZravi sxeulis siCqaris mimar-
Tulebis cvlilebiTaa gamowveuli. 

davuSvaT, sxeuli Tanabrad, moduliT mudmivi siCqa-
riT A A wertilidan B wertilSi gadaadgilda t droSi (sur. 
55). A wertilSi misi sawyisi  siCqarea u0, xolo BB-Si  _ u.

maSin sxeulis  aCqareba wrewirze moZraobisas gamoisa-
xeba formuliT:

        
   a

 
=           = 

t t

u - u0 ∆u ,

sadac, ∆u sxeulis siCqaris cvlilebis veqtoria, rom-
lis mimarTulebasac emTxveva AaCqarebis veqtoris mimar-
Tuleba.   

 ∆u veqtoris mimarTulebis dasadgenad u da u
0
 veqto-

rebi erT A wertilSi (sur. 56)  unda gadavitanoT. sam-
kuTxedis wesiT veqtorebis  Sekrebis   Tanaxmad:

         ∆u = u - u
0
.

Tu u
0
 da u-s Soris rkalis sigrZes usasrulod Sevamci-

rebT, maSin  ∆u veqtorsa da siCqaris veqtors Soris kuTxe 
uaxlovdeba 90°-s. amdenad, ∆u radiusis gaswvrivaa da cen-
triskenaa mimarTuli. 
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 gaazreba  

saSinao davaleba

1. suraTze gamosaxulia wiTeli da lurji burTula, 

romelTa brunvis periodebi tolia. isini Tanabrad moZ-

raoben sxvadasxva radiusis wrewirebze (sur. 58). Seadare 

burTulebis:

 a. wiriTi siCqareebi;

 b. kuTxuri siCqareebi;

 g. aCqarebebi.

2. imsjele, ratom aris aCqareba wrewirze Tanabari moZrao-

bisas moduliT mudmivi sidide da rogor icvleba misi 

mimarTuleba?

a

aa

a

a a

sur. 57

1. velosipedis borblis diametri 80 sm-ia, brunvis periodi 

_ 0,4 wm. rogori iqneba kidura wertilebis centriskenu-

li aCqareba?

2. rogoria dedamiwis centriskenuli aCqareba or-

bitaze moZra o bisas, Tu mzidan daSoreba 150 milioni 

km-ia? 

3. rogor Seefardeba erTmaneTs mbrunavi diskos A Ada 

B wertilebis centriskenuli aCqarebebi, Tu OB = 3OA OA 

(sur. 59)?

4. gamoTvale matareblis centriskenuli aCqareba, Tu 

igi 800 m radiusis rkalze 20 m/wm siCqariT moZraobs.

5. moTxilamure mTidan daSvebisas, mrudwirul traeqto-

ria ze sxvadasxva simrudis radiusian monakveTebze moZ-

raobs. ra Tanafardobaa aCqarebebs Soris (sur. 60)?

OB A

sur. 59

sur. 58

r

R

sur. 60

R
1
=20 m

R
2
=16 m

R
3
=8 m

u
1
=10 m/wm

u
2
= 8 m/wm

u
3
= 4 m/wm

u u

u

u
u

u

u1

u2

Dradgan ∆u veqtoris mimarTuleba emTxveva aCqarebis 
veqtoris mimarTulebas, amitom wrewirze moZravi sxe-
ulebis aCqarebas centriskenul aCqarebas uwodeben.

aCqarebis moduli wrewirze moZraobisas pirdapir-
proporciulia wiriTi siCqaris kvadratisa da ukupro-
porciulia am wrewiris radiusis.

      
a

 
=           

R
u2

 
.

radgan    
 
u = 

T

2πR
    da    T

 
=  1

ν
 

,    amitom 

     a
 
= (      (

2         

=         R
1

T T2

2πR 4π2 R
=  4π2 Rν2 , anu   a 

= w2 R . 

wrewirze moZraobisas aCqarebis sidide damokidebu-
lia wrewiris R radiusze da u wiriTi siCqaris modulze.

wrewirze sxeulis Tanabari moZraobisas aCqa  re ba nebis-
mier wertilSi mimarTulia centrisken  (sur. 57).
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2.10. araTanabari moZraobis             
  eqsperimentuli kvleva

1. mocemuli gaqvs: 50 sm-is sigrZis Rari an ficari (an saxazavi), sazomi lenti, sadga-

ri, burTula, Zelaki, wammzomi (mobiluri telefoni).

msvleloba: sadgarze, magididan 10 sm-is simaRleze, moaTavse ficari, Fficris bo-

loSi Zelaki burTulis SesaCereblad. ficris TavSi moaTavse burTula da gauSvi 

xeli. amasTan erTad CarTe wammzomic da gamorTe burTulis ZelakTan dajaxebisas. 

aiTvale wammzomze dro da gazome burTulis moZraobis manZili. cda gaimeore 

3-jer ficris sxvadasxva simaRleze moTavsebisas. cdis Sedegebi Seitane cxrilSi. 

ga moTvale saSualo siCqare da aCqareba.  

gamoitane daskvna: rogor aris damokidebuli siCqarisa da aCqarebis cvlileba fic-

ris erTi bolos sxvadasxva simaRleze moTavsebisas.

I eqsperimenti 

araTanabari moZraobis siCqarisa da aCqarebis kvleva

cdis
#

simaRle,
h, m

manZili, 
s, m

dro, 
t, wm

siCqare,  
u

saS
 ,m/wm

aCqareba, 
a ,m/wm2

1

2

3

cdis

#

wonas-
worobidan 
gadaxra, l m

rxevaTa 

ricxvi, 

N 

gavlili

manZili, 

s m

dro, 

t wm

saSualo 

siCqare,  

u
1
 m/wm

saSualo 

siCqare,  

u
2
 m/wm

1

2

3

2. mocemuli gaqvs: sadgari, 30-40 sm-is Tokze dakidebuli burTula (saqani), sazomi 

lenti, wammzomi (mobiluri telefoni).

msvleloba: dakide saqani sadgarze. Ggadaxare mcire kuTxiT, gauSvi xeli da CarTe 

wammzomi. Ggazome saqanis wonasworobidan gadaxris manZili, rxevebis ricxvi da 

dro, romlis ganmavlobaSic irxeoda saqani.  cda gaimeore 3-jer burTulis sxva-

dasxva kuTxiT gadaxrisas. cdis Sedegebi Seitane cxrilSi. gamoTvale araTanabri 

moZraobis saSualo siCqare u
1 
gavlili manZilisa da u

2 
gadaadgilebis mixedviT.   

gaiTvaliswine:  sruli rxevisas burTula ubrundeba sawyiss mdebareobas. erTi sru-

li rxevisas burTulis mier gavlili manZili 

aris wonasworobidan gadaxris manZilze 4-jer 

meti. 

gamoitane daskvna: saSualo siCqaris cvlilebis Se-

saxeb gadaxris kuTxis mixedviT. ratom ar emTxve-

va erTmaneTs saSualo siCqare gavlili manZilis 

mixedviT u
1
, da saSualo siCqare gadaadgilebis  

mixedviT u
2
.

h
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 warmoidgine, gaqvs suraTze gamosaxuli velosipedi.

 saxazavis gamoyenebiT gazome wina da ukana borblebis 

radiusebi. Seadare velosipedis wina da ukana bor-

blebis kuTxuri da wiriTi siCqareebi. 

 gamoitane daskvna.

mocemuli gaqvs: 50 sm-is sigrZis Toki boloSi ga-

mobmuli burTuliT, wammzomiani saaTi.

msvleloba: daatriale Toki horizontalur sib-

rtyeSi, Seecade brunvis periodi iyos mcire da 

mudmivi.  daiTvale brunTa ricxvi da Sesabami-

si dro.  daamokle Toki da kvlav gaimeore cda. 

cda gaimeore 3-jer. gamoTvale brunvis perio-

di. cdis monacemebi Seitane Sen mier Sedgenil 

cxrilSi.  gamoTvale burTulis centriskenuli 

aCqareba.

 aRwere cda. 

gamoitane daskvna: rogor icvleba centriskenuli 

aCqareba Tokis sigrZis cvlilebis mixedviT sxeu-

lis sxvadasxva radiusis wrewirze brunvisas.

mocemuli gaqvs: Stativi, Zafze Camokidebuli tvirTi, muyaos cilindri diskoTi.

msvleloba: Stativze moTavsebul Reroze wamoacvi Sen mier 

winaswar damzadebuli, Rru cilindrze  dawebebuli, 20-30 

sm diametris muyaos disko ise, rogorc suraTzea gamosa-

xuli. Rru cilindris diametri odnav meti unda iyos Re-

ros diametrze. gadaaxvie cilindrze Zafi da dakide masze 

tvirTi, romelic Tanabrad imoZravebs qveviT. diskoze 

mocemu li niSnulis mixedviT daiTvale brunTa ricxvi – NN 

tvir  Tis bolomde daSvebisas. aRricxe Sesabamisi dro –  t. 

cda gaimeore 3-jer. cdis Sedegebis mixedviT gamoTvale 

brunvis sixSire, periodi da diskos kidura wertilis wi-

riTi siCqare. Seadare siCqareebi erTmaneTs. 

 aRwere cda.  

gamoitane daskvna: wiriTi siCqaris gazomvis  Sesaxeb.

II eqsperimenti 

wiriTi siCqaris gazomva wrewirze moZraobisas

saSinao davaleba

III eqsperimenti 

centriskenuli aCqarebis kvleva
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I. meqanikuri moZraobis grafikuli kvleva

2.11. Semajamebeli gakveTili

I

II

III

IV
V

VI

 suraTze gamosaxuli grafiki asaxavs mogzauris siCqares drois sxvadasxva 

SualedSi. daadgine mogzauris moZraobis xasiaTi  da moZraobis  dro. gamoT-

vale:

      a. saSualo siCqare da gavlili manZili TiToeul ubanze;  

      b. saSualo siCqare mTeli drois ganmavlobaSi.

u
x 
, km/sT

 

t, sT0

3

6

1 2 3 4 5 6

 g. daukavSire siCqaris   droze 

damokidebulebis grafikis ubnebs 

aCqarebis grafikidan  Sesabamisi 

ubnebi. Seavse cxrili. 

0

- 3
- 6

6

a
x
, km/sT2  

t, sT

a b

gg

d e 3

  d. Seadare  siCqarisa da koordinatis droze damokidebulebis grafikebis Se-

sabamisi ubnebi  moZraobis xasiaTis mixedviT. gamoitane daskvna, ras Seesabame-

ba  koordinatis droze damokidebulebis  grafiki?

a b g d e v

I

II

III

IV

V

VI

x, km
 

t, sT0 1 2 3 4 5 6

I

II III
IV

V

VI
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mocemuli gaqvs: muyaos furceli, saxazavi, makra-

teli, Wikarti, saSleliani fanqari, Tabaxis fur-

clebi. 

msvleloba: muyaos furclisgan gamoWeri 60 mm dia-

metris wre. gamoTvale wrewiris sigrZe. daagra-

duire kurvimetri: wris kideze moniSne nulovani 

Strixi. dayavi wrewiri tol nawilebad. gamoTva-

le TiToeuli nawilis sigrZe, gaige danayofis 

fasi da Strixebze miuTiTe Sesabamisi ricxviTi 

mniSvnelobebi. moniSne wrewiris centri da gau-

yare Wikarti. Wikartis wveti CaarWe fanqris saS-

lelSi ise rom wrem Tavisuflad imoZraos. daxaze rveulSi ramdenime mrudi wiri. 

kurvimetris  borblis nulovani danayofi moaTavse traeqtoriis sawyi s wertilSi. 

aamoZrave borbali traeqtoriis gaswvriv da danayofis fasis gamoyenebiT gamoTva-

le gavlili manZili. 

 moifiqre, rogor daamzadebdi didi manZilis gamzom kurvimetrs. 

II. mrudwiruli traeqtoriis kvleva

martivi eqsperimentis Catarebis gegma. 

kurvimetris damzadeba

naTias umcrosma Zmam sTxova daxmarebo-

da _ rukaze gaezoma saqarTvelos sazRvris 

sigrZe. radgan sazRvris traeqtoria mrudi 

wiria, isini saxazavs ver gamoiyenebdnen. na-

Tias gaaxsenda, rom mas nanaxi hqonda mini 

kurvimetri, romliTac mcire sigrZis mrud-

wiruli traeqtoriis gazomvaa SesaZlebeli. 

internetSi moZiebuli literaturis mi-

xed viT  naTiam aseve icoda, rom kurvimetrs 

soflis gze bis, mTebis da mixveul-moxveuli 

bilikebis sigr   Zis gasazomadac iyeneben (ar-

sebobs geografiuli rukebi, romlebzec bi-

likebia datanili). 

aseve kurvimetrs aqtiurad iyeneben 

mecnierebic sxvadasxva kvlevis dros. ma-

galiTad, rodesac ainteresebT arawesie-

ri formis  figuris farTobis gamoTvla, 

mrudwiruli gverdebis sigrZes kurvimet-

riT zomaven.  ostatebic, sxvadasxva formis 

nakeTobis ornamentis sigrZes kurvimetriT 

zomaven.  

naTiam da misma Zmam gadawyvites kurvi-

metri daemzadebinaT. moiZies martivi eqspe-

rimentis Catarebis gegma da daamzades kur-

vimetri.
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TviTnakeTi kurvimetris gamoyenebiT naTiam ZmasTan erTad gazoma ramdeni me mru-

di wiris (mag., suraTze gamosaxuli ornamentis sigrZe) da rukaze saqarTvelos 

sazRvrebisa da zogierTi mdinaris sigrZe. xazovani masStabis gamoyenebiT 

gamoTvales maTi sigrZeebi.  

 warmoidgine, rom naTias Zma SenTan movida da imave TxovniT mogmarTa. 

 Mmartivi eqsperimentis gegmis mixedviT daamzade kurvimetri da gazome sxvadasx-

va mrudi wiris sigrZe.

 OkurvimetriT rukaze gazome saqarTvelos sazRvris sigrZe. xazovani masStabis 

gamoye nebiT gamoTvale misi sigrZe. 

davuSvaT, soxumidan manqaniT baTumisken miemgzavrebi sanapiro zolis gaswvriv. 

kurvimetriT rukaze gazome sanapiro zolis sigrZe da xazovani masStabis gamo-

yenebiT gamoTvale Sen mier gavlili manZili da gadaadgilebis moduli.

 internetiT moiZie saqarTvelos sazRvris sigrZe da Seadare Seni gazomvis Sede-

gebs.  

aRwere Sen mier Sesrulebuli samuSao da pasuxi gaeci kiTxvebs:

1. ras ewodeba traeqtoria?

2. ra saxisaa traeqtoriebi?

3. ratom aris traeqtoria damokidebuli aTvlis sistemis arCevaze?

4. ra daniSnulebiT iyeneben kurvimetrs?

0 20 40 80 120
km
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TanabaraCqarebuli  

moZraoba

saSualo 

siCqare

wiriTi

siCqare

aCqarebis 
erTeuli

(SI) 

m/wm2

a=const

 =  
s
t

myisi 

siCqare
 u

 
= u

0
 + at

 u = u
0
 - at

aCqarebis 
grafiki

siCqaris 

grafiki

koordinatis 
grafiki

aCqareba

a
 
=          

t

u - u0

kuTxuri 

siCqare

sixSire da 

periodi

moZraobis 

gantoleba

x = x
0
 + u0Xt +

gadaadgileba

u
saS

2

2 4 6 8 10

4
6
8

10
a = const

a

t

x

t0

s = u0t  +                       
at2

2

 u
 = 

T
2πR

w
 
=  

2π
T

ν
 
=  1

T

meore Tavis mokle 
daskvnebi

a
 
=           

R
u2

aCqareba 

wrewirze

B

u,m/wm

ut

u0 A

0
C

t,wm

aXt
2

2
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Seiswavli:
 siTxesa da airSi moqmed amomgdeb (arqimedes) Zalas;

 sxeulebis curvis pirobebs;

 gemebis curvisa da haernaosnobis safuZvlebs.

SeZleb da daeuflebi:
 msjelobas bunebis Zalebis Sesaxeb;

 drekadobis, xaxunis, simZimisa da arqimedes Zalebis daxasiaTebas da 
sxeulze am Zalebis moqmedebis erTmaneTisgan gansxvavebas;

 amomgdebi Zalis eqsperimentul kvlevas.

Tavi 3. bunebis Zalebi

arqimedes Zala
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3.1. Zala

ra Zalebi moqmedeben 
sxeulebze?

ifiqre da imsjele

mg

F
dr

mg

N

FwevFx

sur. 1

sur. 2

sur. 3

bunebaSi urTierTqmedebis gamovlenis sxvadasxva maga-
liTs xvde biT: dedamiwa izidavs sxeulebs simZimis ZaliT, 
gaWimuli zambara ikumSeba drekadobis ZaliT, sxeulebis 
raime zedapirze moZraobisas warmoiqmneba xaxunis Zala, 
romelic moZraobas aferxebs, damuxtuli sxeulebi 
izidaven an ganizidaven erTmaneTs. Mmagniti izidavs rki-
nis sxeulebs. siTxeSi CaSvebul sxeulebze simZimis Zalis 
garda moqmedebs amomgdebi Zala. 

Mmecnierebma Seiswavles sxeulze moqmedi Zalebi da mi-
vidnen daskvnamde, rom urTierTqmedebis gansxvavebuli 
bunebis Zalebi arsebobs: gravitaciuli, eleqtromagni-
turi, Zlieri da susti (gravitaciuli yvelaze sustia). 

meqanikis Seswavlis dros ganixileba iseTi Zalebi, rom-
lebic miekuTvneba gravitaciul an eleqtromagnitur 
urTierTqmedebas. magaliTad, simZimis Zala gravita-
ciuli urTierTqmedebis bunebisaa, xolo drekadobisa 
da xaxunis Zala eleqtromagnituri bunebis.

Zalis moqmedebis Sedegad sxeulebi icvlian siCqares 
an deformirdebian.

Zala veqtoruli sididea. igi sami arsebiTi niSniT xa-
siaTdeba:

1. modebis wertiliT; 2. mimarTulebiT; 3. moduliT.
sxeulze SeiZleba erTdroulad ramdenime Zala moq-

medebdes. Tumca am Zalebis moqmedebis iseTive Sedegi 
SeiZleba gamoiwvios erTma Zalam (sur. 2, 3).

Zalas, romelic sxeulze iseve moqmedebs, rogorc 

ramdenime Zala erTad, ZalTa tolqmedi ewodeba.

 wona. 
Zala, romliTac sxeuli awveba sayrdens an Wimavs sa­

kidels, aris wona (P).
wona modebulia sayrdenze an sakidelze (sur. 4 a,b).
radgan sxeulis wona Zalaa, amitom misi erTeu lia 

niutoni (n). roca sxeuli dedamiwis mi marT   uZrav hori-

gba

a

a

gavlili masalis gameoreba

F
1

F
2

b

b

R= F
1 
+ F

2

F
1 
- F

2
= R 

F
2

F
1
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zontalur sayrdenzea moTavsebuli an uZrav sakidelze 
kidia, maSin wonis ricxviTi  mniSvneloba sxeulis simZi-
mis Zalis tolia. igivea wonis ricxviTi mniSvneloba, Tu 
sayrdeni da sakideli moZraobs wrfivad da Tanabrad. 

    
P = F

sim 
= mg

 wneva. 
Zalis raime zedapirze zemoqmedebis Sedegis damaxasi-

aTebelia fizikuri sidide, romelsac wneva ewodeba.
wneva (Pp) aris fizikuri sidide, romelic gamoiTv­

leba sayrden (S) farTobze marTobulad moqmedi (F) 
Zalis SefardebiT am sayrdenis far TobTan. 

p = 
F
S  

,

wneva ricxobrivad sayrdeni farTobis erTeulze mar-
Tobulad moq medi Zalis tolia (sur. 5).

SI sistemaSi wnevis erTeulia paskali.

WurWelSi, romlis fuZis farTobia S, Casxmulia siTxe 
h simaRleze (sur. 6). uZravi siTxis wneva WurWlis fsker-
sa da kedlebze gamoiT vleba formuliT:

p = rgh.

uZravi siTxis wneva WurWlis fskersa da kedelze 
damokidebulia siTxis simkvriveze, Tavisufali vard­
nis aCqarebasa da fskeris marTobuli siTxis svetis 
simaRleze. 

siTxis wneva ar aris damokidebuli WurWlis formaze.

 drekadobis Zala. 
myar sxeulze Zalebis moqmedebis Sedegad umetes Sem-

TxvevaSi icvleba maTi an forma, an zoma (moculoba), an 
orive erTad. sxeulis formisa da moculobis cvlile-
bas deformacia ewodeba.

madeformirebeli Zalis moqmedebis Sedegad sxeulSi 
aRiZvreba drekadobis Zala, romelic ewinaaRmdegeba 
deformacias. sayrdenze moTavsebul sxeulze moqmed 
drekadobis Zalas sayrdenis (N) reaqciis Zalas uwode-
ben (sur. 7), xolo sakidelSi aRZrul drekadobis Zalas 
(T) daWimulobis Zalas (sur. 8).

deformaciisas icvleba sxeulis Semadgenel umcires 
nawilakebs _ atomebs Soris  manZili. atomebs Soris 
manZilis cvlileba iwvevs maT Soris arsebuli rogorc 
mizidvis, aseve ganzidvis Zalis cvlilebas. amitom sxe-
ulis gaWimvisas atomebs Soris arsebuli mizidvis Zala 
cdilobs Seaferxos Wimvis procesi, xolo SekumSvisas ki 
atomebs Soris arsebuli ganzidvis Zala ewinaaRmdegeba 
SekumSvas. 

a b

P

P

sur. 4

sur. 5

5 n5 n

5 n5 n

1 sm2

1 sm2

1 sm2

20 n

4 sm2

1 sm2

sur. 6

h

S

mg

N

sur. 7
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Tu Zalis moqmedebis Sewyvetis Semdeg sxeuli aRid-
gens sawyis formas, maSin aseT deformacias drekadi de­

formacia ewodeba.
deformacias, romelic Zalis moqmedebis Sewyvetis 

Semdeg ar qreba, e. i. sxeuli ar aRidgens sawyis formas, 
plastikuri deformacia ewodeba. Tu deformaciis 
Sedegad sxeuli nawilobriv deformirebuli rCeba, maSin 
deformaciis sidide aRemateba drekadi deformaciis 
farglebs da sxeuls aqvs narCeni deformacia. Sesabamis-
ad, arsebobs drekadi da plastikuri sxeulebi. magali-
Tad, foladi da rezina drekadia, plastilini – plas-
tikuri. sxeulebis drekadi da plastikuri Tvisebebis 
garda gamoarCeven maT simyifes. masala myifea, Tu is ir-
Rveva mcire deformaciisas. magaliTad, mina da faifuri. 
unda aRiniSnos agreTve, rom bunebaSi absoluturad 
drekadi sxeuli ar arsebobs.

formis cvlilebis xasiaTis mixedviT SeiZleba gan-
vasxvaoT deformaciis saxeebi: gaWimva, SekumSva, grexa, 
Runva, Zvra (sur. 9).

gaWimvisas sxeulis wagrZelebiT misi ganivkveTis far-
Tobi mcirdeba. es movlena vlindeba: rezinis zonaris,  gi-
taris simebis, eleqtrogadamcemi xazebis da sxvaTa  gaWim-
visas. SekumSvis deformacia kargad Cans rbil rezinze.

Zvris deformacia gamowveulia ori, moduliT toli 
da sawinaaRmdegod mimarTuli Zalis moqmedebiT. Zvris 
dros sxeulSi azrobrivad gamoxatuli yvela marT kuT-

T

sur. 8

gaWimva

SekumSva

grexa

Runva

Zvra

deformaciis saxeebi

sur. 9
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a b g

x

x

F
dr

F
dr

F
mad

F
mad

sur. 10

xedi gardaiqmneba paralelogramad. Zvris deformacia 
aRiZvreba yvela sxeulSi maTi uZraobisa da srialis xax-
unis dros.

Ggrexvis deformaciaze dakvirvebisaTvis rezinis mogr-
Zo formis saSleli SeiZleba movatrialoT sxvadasxva 
mimarTulebiT. maSin am rezinaSi gatarebuli grZivi xazi 
miiRebs xraxnis formas. grexiT deformacias ganicdis 
qanCis saxeluri Caxraxnisas. 

Runvis deformacias ganicdis Senobis Weris filebi, 
rkinigzis relsebi, berketebi.  yvela saxis deformacia 
SeiZleba ganxilul iqnes, rogorc Wimvis, kumSvisa da 
Zvris deformacia.

 hukis kanoni. 
hukis kanonis Tanaxmad, sxeulis drekadi deformaci-

isas aRZruli drekadobis Zala deformaciis sididis 
pirdapirproporciulia da mimarTulia deformaciis 
gamomwvevi Zalis sawinaaRmdegod (sur. 10).

F
drx

 = – kx,

sadac k aris sixiste, x – deformaciis sidide, anu zamba-
ris wagrZelebis an SekumSvis sidide. niSani `–~ miuTiTebs, 
rom drekadobis Zalisa da madeformirebeli Zalis moq-
medebiT gamowveuli deformacia urTierTsawinaaRmdegoa.

sxeulis sixiste: 
    

k =
x

F
dr

 
.

sixistis erTeulia (SI sistemaSi) 
n
m

 . 

sxeulis sixiste damokidebulia sxeulis formaze, zo-
masa da sxeulis masalaze.

hukis kanoni    samarTliania mxolod drekadi defor-
maciisTvis.

sxeulis deformaciisas masSi warmoiqmneba meqanikuri 

Zabva.
meqanikuri Zabva aris fizikuri sidide, romelic 

tolia sxeulze marTobulad moqmedi F drekadobis 

Zalis Sefardebisa sxeulis ganivkveTis S far TobTan.

                                  σ =
S
F .                                (1)

meqanikuri Zabvis erTeulia: 1 
m2

n
= 1 pa.

deformirebuli sxeulis L0 sawyisi da saboloo L sig-
rZis sxvaobas  absoluturi deformacia ewodeba.

∆L = L – L0

absoluturi deformaciis Sefardebas mis sawyis sig-
rZesTan fardobiTi deformacia ewodeba.

                                  ε =
L0

∆L .                                (2)
 

sxeulis deformaciisas meqanikuri Zabvis damokidebu-
lebas fardobiT deformaciaze rTuli saxe aqvs. mas 
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 gaazreba  

saSinao davaleba

1.  ipove Zabva foladis bagirSi misi 0, 001 fardobiTi 
wagrZelebisas (iungis moduli E

fol
 = 200 gpa).

2. imsjele, suraTze gamosaxuli grafikis mixedviT, rome-

li zambaraa ufro xisti (sur.12)?

1. sxeulze moqmedebs 3 n da 4 n  CrdiloeTiT mimarTuli 

ori Zala da 2 n samxreTiT mimarTuli erTi Zala. ra   Zala  

gaawonasworebs maT moqmedebas da romel mxares iqneba 

mimarTuli?

2. WiqaSi Casxmulia sami siTxe: zeTi, vercxliswyali da 

wyali. gamoTvale siTxeebis wneva fskerze. rogori Tan-

mimdevrobiT ganlagdebian isini WiqaSi. gamoTvale wneva 

WurWlis fskerze (sur. 13)? 

sur. 12

sur. 11

nivTiereba
simkvrive 

(g/sm3)

zeTi 0,9

wyali 1

vercxliswyali 13,6

sur. 13

1 sm

2 sm

3 sm

cxrili 1 

gaWimvis diagramas uwo deben (sur. 11). OA ubanze σ-s 

damokidebuleba ε-ze wrfivia, pirdapirproporci ulia. 
am ubanze sruldeba hukis kanoni.

maqsima luri Zabva, romelzedac jer kidev ar war-
moiqmneba SesamCnevi narCeni deformacia, ewodeba 

σ
zR

 drekadobis zRvruli Zabva. CD D ubanze sxeulis 
wagrZeleba praqtikulad aRar aris damokidebuli dat-
virTvis momatebaze. am movlenas nivTierebis denadoba 
hqvia. aseTi deformaciisas sxeuli jer kidev inarCunebs 
mTlianobas. Semdgomi deformaciisas, E wertilSi, Zabva 
aris maqsimaluri, romelze metsac es sxeuli ver uZlebs 
da igi irRveva. σ0 Zabvas sxeulis simtkicis zRvari ewo-
deba. 

eqsperimentebiT mtkicdeba, rom drekadobis Zala 
drekadi deformaciisas pirdapirproporciulia sxe-
ulis ganivkveTis farTobisa, misi absoluturi defor-
maciis da ukuproporciulia sawyisi sigrZis.

F = E
L0

S∆L .
   

aqedan, (1) da (2) formulebis gaTvaliwinebiT, miviRebT: 

  σ = Eε .
amgvarad, hukis kanoni ase gamoiTqmis:

meqanikuri Zabva drekadi deformaciisas pirdapir­

proporciulia  sxeulis fardobiTi deformaciisa.   
E-s ewodeba drekadobis moduli, anu iungis moduli. 
iungis moduli izomeba paskalebSi. 
Senobebis daproeqtebisas iTvaliswineben iseTi masa-

lebis gamoyenebas, romelTa simtkicis zRvari didia. 

A

B
C D

K

E

σzR

σ0

σ

ε
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mocemuli gaqvs: Wiqa, dinamometri, wyali, zeTi, nebismieri sxeuli (mag., kartofilis 

patara bolqvi).

msvleloba: dinamometris gamoyenebiT awone sxeuli 

haerSi da Cveneba Seitane cxrilSi. igive sxeuli mo-

aTavse wyalSi.  kvlav aiTvale dinamometris Cveneba. 

gamoTvale sxeulis wonaTa sxvaoba haersa da wyalSi. 

cdis Sedegebi Seitane cxrilSi. aRwere damzerili 

movlena. gamoitane daskvna. ratom Semcirda sxeulis 

wona wyalSi? igive cda Caatare ise rom wylis nacv-

lad WiqaSi Caasxi zeTi. cdis Sedegebi Seitane cxril-

Si. 

 aRwere damzerili movlena. Seadare sxeulze moq-

medi amomgdebi Zalebi wyalsa da zeTSi.  

gamoitane daskvna: amomgdebi Zalis siTxis simkvri-

veze damokidebulis Sesaxeb.

dakvirveba amomgdeb Zalaze
I eqsperimenti

dakvirveba amomgdeb Zalaze
II eqsperimenti

cdis

#

sxeulis
wona  

haerSi

sxeulis 
wona  

siTxeSi

amomgdebi 
Zala

1

mocemuli gaqvs: wyliani WurWeli, burTi (mag., magidis Cog-

burTis), romelsac SeuZlia wyalSi tivtivi.

msvleloba: ubiZge wyalSi moTavsebul sxeuls zemodan ise 

rom CaiZiros. daakvirdi, rogor amoZravdeba sxeuli biZ-

gis Semdeg. aRwere damzerili movlena. 

gamoitane daskvna: rogoria im Zalis mimarTuleba, romel-

mac amoagdo sxeuli wylidan?

dakvirveba amomgdeb Zalaze
III eqsperimenti

mocemuli gaqvs: Wiqa, dinamometri, wyali, erTi jiSis sxva-

dasxva zomis kartofili an vaSli.

msvleloba: dinamometris gamoyenebiT awone mcire zomis 

kartofili haerSi da Cveneba Seitane cxrilSi. igive kar-

tofili moaTavse wyalSi. kvlav aiTvale dinamometris Cve-

neba. gamoTvale sxeulis wonaTa sxvaoba haersa da wyalSi. 

cdis Sedegebi Seitane cxrilSi. igive cda Caatare  sxvadas-

xva  zomis kartofilze. cdis Sedegebi Seitane cxrilSi. 

 aRwere damzerili movlena. Seadare sxeulze moqmedi 

amomgdebi Zalebi. 

gamoitane daskvna. ro-

gor aris damokidebuli 

amomg debi Za la sxeulis 

moculobaze?

cdis

#

didi sxe-

ulis wona  

haerSi

didi sxe-

ulis wona  

wyalSi

amomgdebi 

Zala

mcire sxe-

ulis wona  

haerSi

mcire sxe-

ulis wona  

wyalSi

amomgdebi 

Zala

1

3.2. amomgdebi Zalis  
 eqsperimentuli kvleva
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amomgdebi Zalis gazomva
IV eqsperimenti

mocemuli gaqvs: sasxmeliani Wiqa, dinamometri, wyali, carieli Wiqa wylisaTvis, sxe-

uli.

msvleloba: sxeuli dahkide dinamometrze da gazome misi wona haerSi Ph.

 sasxmeliani Wiqa Seavse wyliT (sur. a). carieli Wiqa miadgi ise rom tuCidan wyali 

masSi CaiRvaros. DSemdeg dinamometriani sxeuli CauSvi sasxmelian WiqaSi (sur. b). 

 gaixsene, rom siTxeSi CaZiruli sxeuli Tavisi moculo bis toli mo culobis wyals 

gamodevnis. aiTvale dinamo metris Cveneba wyal Si CaSvebis Semdeg –  Pwy. gaige sasxme-

liani Wiqidan sxeulis mier gamodevnili wylis wona.

 (miTiTeba: jer awone Wiqa gamodevnili wyliT, Semdeg igive carieli Wiqa. gamoTvale 

maT Soris sxvaoba).

 Seadare gamodevnili wylis wona amomgdebi Zalis sidides Ph – Pwy. Ggaaanalize cdis 

Sedegi da gamoitane daskvna.

azrobrivi eqsperimenti 

1. warmoidgine, berketiani sasworis mxrebze dakidebu-

lia ori erTnairi masisa da moculobis burTula. sas-

wori gawonasworebulia. erTi burTula moaTavses wy-

alSi (sur. a), meore _ zeTSi (sur. b). dairRveva Tu ara 

sasworis wonasworoba? 

 gamoitane daskvna: ratom dairRva sasworis wonaswo-

roba. romel burTulaze imoqmedebs meti amom gdebi 

Zala?

2. warmoidgine, berketiani sasworis mxrebze dakidebu-

lia spi lenZisa (sur. a) da foladis (sur. b) WanWikebi. 

saswori gawo nasworebulia. ivaraude, dairRveva Tu 

ara wo nasworoba, Tu orive WanWiks CauSveb wyalSi?

 gamoitane daskvna: ratom dairRva sasworis wonaswo-

roba. romel WanWikze imoqmedebs meti amom gdebi Zala?

 Sen mier gamotanili daskvnebis eqsperimentulad Semo-

wmebis mizniT Seadgine eqsprimentebis Catarebis gegma 

da Caatare cdebi. azrobrivad miRebuli daskvnebi da 

eqsperimentebis Sedegebi Seadare erTmaneTs. 

 gamoitane daskvna.

ba

a b

a b
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3.3. arqimedes kanoni

ra aRmoaCina 
arqimedem?

ifiqre da imsjele

sur. 14

sur. 15

sur. 16

siTxeSi moTavsebul sxeulze moqmedi amomgdebi Zalis 
arseboba arqimedem aRmoaCina. amitom amomgdeb Zalas ar­

qimedes Zalasac uwodeben.  
istoriuli legendis Tanaxmad, Cvens welTaRricx-

vamde III saukuneSi Zveli saberZneTis qalaq sirakuzis 
mefem heron II-m gadawyvita ukvdavi RmerTebisTvis mad-
lierebis niSnad samefo gvirgvini Seewira. man ostats 
saWiro raodenobis oqro gadasca da gvirgvini SeukveTa. 
daniSnul dros ostatma mefes gvirgvini miutana. 

mefem cnobil mecniers – arqimedes sTxova daedgina 
sufTa oqrosgan daumzada Tu ara ostatma mas gvirgvini.

didi mecnieri ganuwyvetliv fiqrobda am problemaze 
da erTxel, roca abazanaSi iwva, brwyinvale azri mouvi-
da TavSi: sxeuli siTxeSi CaSvebisas sakuTari moculobis 
tol siTxes gamodevnis. Sesabamisad, Tu gvirgvins wyal-
Si CauSvebda, gamodevnili wylis moculoba gvirgvinis 
moculobis toli iqneboda (sur. 15). legendis Tanax-
mad, arqimede Tavis mignebam ise gaaxara, rom SiSveli 
gamovarda quCaSi SeZaxiliT: „evrika!“ rac niSnavda „vi-
pove!“, „aRmovaCine!“. ase `daibada~ arqimedes kanoni.

cdis Sedegebis analizidan gamomdinareobs, rom uZrav 
siTxeSi moTavsebul sxeulze moqmedi amomgdebi  Zalis 
sidide am sxeulis mier gamodevnili siTxis  wonis tolia:

Fa = PsiTx. 
siTxis wona: 

PsiTx = gmsiTx.

siTxeSi CaZiruli sxeulis an sxeulis CaZiruli na-
wilis mier gamodevnili siTxis moculoba aRvniSnoT 
Vsx-iT (gaixsene, rom gamodevnili siTxis moculoba masSi 
mTlianad CaSvebuli sxeulis moculobis tolia). 

Vsx = VsiTx..

  F
1 

  F
2
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siTxis masa:
msiTx = rsiTx Vsx

maSin:
Fa = rsiTx gVsx.

arqimedes (amomgdebi) Zala damokidebulia siT xis 

simkvriveze, masSi CaZiruli sxeulis mier gamodevni­

li siTxis moculobaze, Tavisufali vardnis aCqare­

baze da mimarTulia simZimis Zalis sapirispirod.

siTxeSi moTavsebul sxeulze moqmedi amomgdebi Zalis 
gamoTvla eqsperimentuli meTodis garda, SesaZlebelia 
Teoriulad, maTematikuri formulebiT.

davuSvaT, wylian WiqaSi moTavsebulia paralelepipe-
dis formis sxeuli. sxeulze moqmedi wne vis Zala gver-
diT waxnagebze erTmaneTis tolia da urTierTsawinaaR-
mdegod aris mimarTuli. amitom maTi tolqmedi nulis 
toli iqneba. qveda waxnagze moqmedi siTxis wnevis Zala 
metia, vidre zeda waxnagze (sur. 16).

marTkuTxa paralelepipedis formis sxeulis zeda wax-
nagze siTxe imoqmedebs F

1 
wnevis ZaliT (sur. 17).

          
 F

1 
= p

1
S = r

siTx.
gSh

1
.

sadac  p
1
= r

siTx.
gh

1
. 

Sesabamisad, qveda fuZeze moqmedi wnevis Zala F
2
 iqneba:

F
2 
= p

2
S = r

siTx.
gSh

2
.

sxeulis qveda waxnagze h
2
 simaRlis siTxis sveti moq-

medebs, xolo zeda waxnagze _ h
1 

simaRlis sveti. radgan  
h

2 
> h

1
, amitom qveda waxnagze moqmedi Zalac F

2 
> F

1 
. am Za-

lebis tolqmedi mimarTulia zeviT da moduliT amomg-
debi Zalis tolia.  

F
a
= F

2 
- F

1 
    anu    

F
a 
= r

siTx.
gSh

2 
- r

siTx.
gSh

1 
= r

siTx.
gS(h

2 
- h

1
).

radgan      h
2 
- h

1 
= h,     amitom      F

a 
= r

siTx.
gSh.

sxeulis moculoba tolia fuZis farTobis namravlisa 
simaRleze. V = Sh, amitom arqimedes Zala gamoiTvleba 
formuliT:

F
a 
= r

siTx.
gV.

   radgan sxeulis mier gamodevnili siTxis masaa: 
  m 

siTx.
= r

siTx.
V  , amitom

  

F
a 
= m 

siTx.
g = P 

siTx.

arqimedes Zala ricxobrivad tolia sxeulis mier 

gamodevnili siTxis wonisa.

sur. 18

sur. 19

N

Fwn

Fsim

  h
1 

  h
 

  h
2 

  F
1 

  F
2

sur. 17
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arqimedes kanoni samarTliania ara marto siTxee-
bSi, aramed airSi moTavsebuli nebismieri  formis sxe-
ulebisTvisac. aseve, kanoni samarTliania, roca siTxeSi 
mxo lod sxeulis nawilia CaZiruli, nawili ki zemoTaa  
(sur. 18). maSin arqimedes Zalis gamosaTvlel formulaSi 
sxeulis sruli moculobis nacvlad gasaTvaliswinebe-
lia mxolod siTxeSi CaSvebuli nawilis moculoba.

Tu sxeuli wyalSi sruladaa CaZiruli da fskerze devs 
(sur. 19), sxeulsa da fskers Soris wyali ver aRwevs, maSin 
masze amomgdebi Zala aRar moqmedebs. wyali awveba sxeuls 
da misi amoReba wylidan gareSe Zalis moqmedebis gareSe 
SeuZlebelia. Asxeulis siTxidan amosaRebad saWiro  Zalis 
sididem unda gadaaWarbos sxeulis simZimisa da sxeulis 
zedapirze moqmed siTxis wnevis Zalebs. amitom wyal qveSa 
gemebi Tu wylis  fskerze moxvdebian, maTTvis wylidan 
amosvla damoukideblad SeuZlebelia.

 gaazreba  

saSinao davaleba

1. wyalSi srulad CaZirulia  ori erTnairi moculobis 

sxeuli, romelTa simkvriveebis Sefardebaa 4 : 3. pirvel  

sxe ul ze imoqmeda 6 n-is tolma amomgdebma Zalam. risi 

tolia meore sxeulze moqmedi amomgdebi Zala?

2. navTSi mTlianad CaZiruli foladis burTis moculobaa 

400 sm3. gamoTvale arqimedes Zala;   

3. vercxliswyalSi srulad CaZirul burTulaze moqmedebs 

136 n arqimedes Zala. ra moculobisaa burTula?

4. wyalSi nawilobriv CaZirul  2,7 kg aluminis sxeulze  2,5n 

arqimedes Zala moqmedebs. sxeulis ra nawilia CaZiruli 

wyalSi?

5. ra masis wyals gamodevnis sasxmelian WiqaSi  moTavseb-

uli foladis kubis formis sxeuli, romlis masaa 500 g? 

gamoTvale amomgdebi Zala (sur. 23).

6. Tujis burTula haerSi iwonis 4,9 n, wyalSi _ 3,9 n. aqvs 

Tu ara burTulas siRrue?    

1. imsjele, ratom aris Zneli zRvis an okeanis fskerze Ca-

Ziruli gemis amotana wylis zedapirze?

2. imsjele, wyalSi moTavsebul romel burTulaze moq-

medebs meti amomgdebi Zala (sur. 20)?

3. sxeuli haerSi iwonis 10 n, xolo wyalSi _ 8 n. imsjele da 

gamoTvale, ra sididis arqimedes Zala  moqmedebs sxeulze.

4. wyalSi CaZiruli kubis wibo 4sm-ia. gamoTvale kubze moq-

medi amomgdebi Zala.  imsjele arqimedes Zalis sididisa 

da mimarTulebis Sesaxeb (sur. 21). 

5. sasworze moTavsebuli wyliani WurWeli gawonasworebu-

lia. imsjele, rogor Seicvleba wonasworoba wyalSi Zafze 

dakidebuli burTulis CaSvebis Sedegad (sur. 22)?     

sur. 20

sur. 22

sur. 23

  S

F1

F2

h
1

h
2 H

sur. 21

1kg 3kg 
5kg 
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1. mocemuli gaqvs: Wiqa, wyali. korpis sacobi (mag., Rvinis boTlis), patara lursmnebi.

msvleloba: wylian WiqaSi Cayare ramdenime rkinis lursmani da korpis sacobi. cxrilSi 

moiZie wylis, rkinisa da korpis simkvriveebi. Seadare erTmaneTs.

 aRwere cdis Sedegi. 

gamoitane daskvna: rogor aris 

damokidebuli curvis pirobebi 

siTxisa da sxeulis simkvriveze? 

rodis CaiZra da rodis tivtiveb-

da sxeuli siTxis zedapirze?

2. mocemuli gaqvs: Wiqa, wyali, marili, umi 

kvercxi (an kartofilis bolqvi).

msvleloba: moaTavse WiqaSi kvercxi. daak-

virdi kvercxis mdebareobas. Cayare WiqaSi 

marili ise, rom najeri marilwyali miiRo. 

 aRwere cda. 

gamoitane daskvna: rogor aris damokidebu-

li sxeulis curvis pirobebi siTxis simkv-

riveze. ratom amotivtivda kvercxi?

mocemuli gaqvs: burRuleuli (mag., wiwibura an brinji), minis qila, magidis CogburTis 

burTi, rkinis patara burTula.

msvleloba: 1. Cayare brinji minis qilSi. moaTavse mis ze-

dapirze magidis CogburTis burTi. daxufe qila da gad-

moabrune. gaiTvaliswine, rom burTula fskers ar unda 

exebodes da fskeridan daSorebuli unda iyos ramdeni-

me santimetriT. amoZrave qila vertikalur sibrtyeSi 

zeviT-qveviT. aRwere cdis Sedegi. 

 2. moaTavse rkinis burTula qilaSi brinjis zedapirze 

da daxufe. amoZrave qila vertikalur sibrtyeSi zeviT-

qveviT. aRwere cdis Sedegi; 

 warmoidgine, brinjis marcvlebi siTxis molekulebia, 

romlebic ganuwyvetliv moZraoben; 

 Seadare cdis Sedegebi. 

gamoitane daskvna: ra analogiaa modelirebul cdebsa 

da realur siTxeebSi curvis pirobebis dadgenis cdebs 

Soris?

I eqsperimenti

dakvirveba sxeulis curvis pirobebze modelis gamoyenebiT
II eqsperimenti

3.4. sxeulis curvis pirobebis    
 eqsperimentuli kvleva
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3.5. sxeulis curvis pirobebi

ra Sesabamisobaa 
sqemebsa da 
suraTze gamosaxul 
situaciebs Soris?

ifiqre da imsjele

simZimisa da amomgdebi Zalebis SedarebiT dadginda:
 Tu sxeulze moqmedi simZimis Zala metia arqimedes 

Zalaze, maSin sxeuli iwyebs moZraobas siTxis fskerisken 
da iZireba (sur. 25, a).

Fsim > Fa anu rsx gVsx > rsiTx gVsx. e. i. rsx > rsiTx.

sxeuli siTxeSi iZireba, Tu misi simkvrive metia 

siTxis simkvriveze.

 Tu sxeulze moqmedi simZimis Zala tolia arqimedes 

Zalisa, maSin sxeuli wonasworobaSia siTxis SigniT nebi-
smier adgilas (sur. 25, b).

Fsim = Fa anu rsx gVsx = rsiTx gVsx. e. i. rsx = rsiTx.

sxeuli curavs siTxeSi nebismier siRrmeze, Tu sxe­

ulisa da siTxis simkvriveebi tolia.

 Tu simZimis Zala naklebia arqimedes Zalaze,  ma Sin 
sxeuli siTxis zedapirisken moZraobs (sur. 25, g). 

    Fsim < Fa. anu rsx gVsx < rsiTx gVsx. e. i. rsx < rsiTx.

sxeuli amotivtivdeba siTxis zedapirze, Tu misi 

simkvrive naklebia siTxis simkvriveze.

rodesac siTxeSi moTavsebuli sxeuli iwyebs siT- 
xis zedapirisken amotivtivebas, masze moqmedi arqi medes 
Zala iwyebs Semcirebas, radgan mcirdeba sxeulis mocu-
lobis is nawili, romelic siTxeSia CaZi ruli. am SemTx-
vevaSi arqimedes Zala tolia im siTxis wonisa, romelic 
gamodevna sxeulis siTxeSi CaZi rulma nawilma. rodesac 
arqimedes Zala gautoldeba simZimis Zalas, siTxidan amo-
tivtivebuli sxeuli curavs siTxis zedapirze.

siTxeSi curvisas sxeulis wona mcirdeba, amitom ada-
mianebs aqvT simsubuqis SegrZneba. aseTi komfortuli 
SegrZnebebi aqvT yvelaze didi masis cxovelebs, veSapebs 
wyalSi curvisas. maT sanapiroze gamoriyvisas arseboba 
uWirT da iRupebian. 

B wyalSi  binadar bevr cxovels aqvs iseTi  Sinagani or-
ganoebi, romelTa daxmarebiTac SeuZliaT cvalon saku-
Tari  moculoba. Sesabamisad, isini cvlian CaZirvis siRr-
mes. mag., moluski nautilusi curvisas mudmivad icvlis 
moculobas (sur. 26).

Fa

Fsim

Fa

Fsim

Fa

Fsim

a

g

b

sur. 25

sur. 26

sur. 24

qva iZireba  
wyalSi

Tevzi wyalSi 
curavs

garkveul  
siRrmeze

wyalqveSa navi 
amodis  

siRrmidan

gedi  
tivtivebs  

wylis  
zedapirze

F
a

F
simZ.

F
a

F
simZ.

F
a

F
a

F
simZ.

F
simZ.
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 gaazreba  

1. sqemis mixedviT imsjele sxeulis curvis Sesaxeb.

2. imsjele, rogor cvlis Tevzi wyalSi CaZirvis siRrmes  

sacurao buStiT, romelic muclis RruSi aqvs (sur. 27)?

3. sasworze moTavsebulia  WurWeli wyliT (sur. 28, a). 

imsje le, rogor Seicvleba sasworis Cveneba WurWelSi 

xis Zelakis CaSvebis Semdeg, Tu Zelaki wyalSi tivtivebs 

(sur. 28, b)?

4.  imsjele da daalage wyalSi moTavsebuli sxeulebi sim-

kvrivis zrdadobis  mixedviT (sur. 29).   

sxeulis curvis pirobebi

sxeuli 
amotivtivdeba

Fa > FsimZ

rsiTx. >  rsx.

sxeuli curavs
siTxeSi

Fa = FsimZ

rsiTx. =  rsx.

sxeuli 
iZireba

Fa < FsimZ

rsiTx. <  rsx.

saSinao davaleba

1. sxeuli haerSi iwonis 39 n-s, wyalSi ki  _ 34 n. daadgine 

sxeulis simkvrive.

2. wyalSi motivtive erTgvarovani sxeuli CaZirulia Ta-

visi moculobis 3 / 5 - iT.  gamoTvale  sxeulis simkvrive.

3. spilenZis burTulas, romlis masaa 445 g, aqvs  450 sm3 

moculobis siRrue. itivtivebs Tu CaiZireba aseTi bur-

Tula wyalSi?

azrobrivi eqsperimenti 

 warmoidgine, WurWelSi, romelSic asxia verc xliswyali, simindis 

nayeni, glice rini, wyali da simindis zeTi, Cayares kupris naWeri, 

plastmasis naWeri, xis Zelaki, rezinis naWeri da spilenZis burTula. 

simkvrivis cxrilis gamoyenebiT daadgine TiToeuli sxeulis mdeba-

reoba WurWelSi da warmoadgine sqemis saxiT.

simindis zeTi 900 kg/m3

wyali 1000 kg/m3

glicerini 1260 kg/m3

simindis nayeni 1380 kg/m3

vercxliswyali 13600 kg/m3

kupri 1016 kg/m3

spilenZi 8800 kg/m3

xe 700 kg/m3

rezini 1340 kg/m3

plastmasi 930 kg/m3

simindis zeTi

wyali

glicerini

simindis nayeni

vercxlis wyali

sxeulis curvis pirobebis kvleva

1

2

3
4

sur. 27

sur. 29

sacurao 
buSti

cxrili 2 cxrili 3 

sur. 28

?

a b

fizika IX klasi, Tavi III,  §3.5



75

asrolili 
burTi 
vardeba, 
afrenili 
aerostati 
ki – ara. 
ratom?

lursmani 
wyalSi 
iZireba. 
ratom ar 
iZireba gemi?

ifiqre da imsjele

3.6. gemebis curva da haernaosnoba

sxeulis curvis pirobebis codna da arqimedes kanoni  
adamianebma gamoiyenes wyalSi mcuravi obieqtebisa da 
safreni aparatebis Sesaqmnelad (sur. 31, 32, 33).

haersa da wyalSi naosnobis ganviTarebis Sedegad kon-
struqtorebma da inJinrebma SeZles SeerCiaT mcuravi 
da mfrinavi obieqtebis Sesaqmnelad  saWiro masalebi da 
maTTvis specialuri formebi miecaT.

winaT adamianebi Tvlidnen, rom mcuravi sxeulis damza-
debisTvis rkina gamousadegari iyo, radgan misi simkvrive 
gacilebiT metia wylis simkvriveze. rkinis firfita wy-
alSi iZireba, MTumca rkinisgan agebuli gemi curavs. 

gemi wyalSi imitom ar iZireba, rom gemis CaZiruli na-
wili Rrua da mis mier gamodevnili wylis wona awonas-
worebs gemis simZimis Zalas (wonas). e.i. gemis saSualo 
simkvrive masSi arsebuli haeris gamo naklebia wylis sim-
kvriveze. Aamitom gemi curavs wylis zedapirze da mcired 
aris CaZiruli wyalSi. Ees principi safuZvlad udevs gem-
TmSeneblobasa da gemebis curvas.

rodesac axal gems uSveben zRvaSi, is iwyebs CaZirvas. 
Ggemis qveda nawili iwyebs wylis gamodevnas, warmoiqmneba 
arqimedes Zala. rodesac arqimedes Zala gauwonasworde-
ba gemis simZimis Zalas, CaZirva Sewydeba.

siRrmes, romelzedac gemis nawili iZireba, CaZirvis 
siRrme ewodeba. CaZirvis siRrme icvleba gemis datvirT-
vasTan erTad, damokidebulia agreTve imaze, sad unda 
icuros gemma, zRvaSi Tu mdinareSi, radgan mdinaresa da 
zRvaSi wylis simkvrive gansxvavebulia.

Ggems  korpusze aqvs wyalwyvis xazi. es xazi miuTiTebs 
gemis CaZirvis maqsimalur siRrmeze, romelzec gems Seu-
Zlia usafrTxod curva. wyalSi myofi,  mTlianad datvir-
Tuli gemi imyofeba  wyalwyvis xazis siRrmeze (sur. 32).

Ggemis mier wyalwyvis xazamde gamodevnili wylis wona da 
gemze moqmedi arqimedes Zala tolia da  gemi wonasworo-
baSia. Aam wylis wonas uwodeben gemis srul wyalwyvas.

Ggemis tvirTamweoba aris maqsimaluri tvirTis wona, 
romelic SeiZleba moTavsdes gemze da igi tolia gemis 
wonisa da mis srul wyalwyvas Soris sxvaobis.

sur. 30

sur. 31

sur. 32

sur. 33

msoflioSi yvelaze 
didi wyalqveSa navi

tankeri

batiskafi
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haernaosnoba. Aadamianebi didi xania iyeneben sahaero 
buStebs (aerostatebs, diriJablebs). sahaero buStebi 
gavsebulia Tbili haeriT an msubuqi airebiT, ZiriTa-
dad, heliumiT. haeris maRal temperaturas inarCune-
ben  gazis sanTuriT. haerSi buStze moqmedebs amomgde-
bi Zala. buStis saSualo simkvrive naklebia haeris sim-
kvriveze. Aamitom amomgdebi Zala metia simZimis Zalaze 
da buSti adis zeviT (sur. 34 a, b).

sxvaoba amomgdeb (arqimedes) Zalasa da buStis wonas 
Soris aris sahaero buStis amwevi Zala.

sahaero buStebs iyeneben meteorologiuri gamokvle-
vebisTvis, turistuli da SemecnebiTi mogzaurobisa da 
mgzavrTa gadayvanisTvis.

vinaidan atmosferos zedafenaSi haeris simkvrive 
mcirdeba, sahaero buStebi Zalian maRla ver adian. maT 
SeuZliaT  iseT simaRleze asvla, romelzec haeris sim-
kvrive tolia buStis saSualo simkvrivisa tvirTTan 
erTad. 

 gaazreba  

saSinao davaleba

1. suraTze gamosaxulia wyalqveSa navis erT-erTi mTavari 

nawili _ konteineri, romlis gamoyenebiT SesaZlebe-

lia gemis curvis siRrmis cvlileba. imsjele, kontei-

neris muSaobis principze, romeli kanonis gamovlena 

xdeba am dros (sur. 35)? 

I. mocemuli gaqvs: plastilini, lurs-

mnebi, saswori, wyliani Tasi.

msvleloba: plastilinisgan gamoZ-

erwe navi da awone, moaTavse wyal-

Si, masze TanmimdevrobiT daawyve  

lursmnebi, sanam navi ar daiwyebs 

CaZirvas. Aawone es lursmnebi da 

navi, gamoTvale navis tvirTamweo-

ba da gemis  wyalwyva.  

II. mocemuli gaqvs: polieTilenis boTli, 

wyali, pipeti.

msvleloba: P boTlSi, romelic hermetu-

lad ixureba, Caasxi wyali da moaTavse 

masSi wyliT nawilobriv Sevsebuli pipe-

ti. pipetSi wyali imdeni unda iyos, rom 

igi odnav maRla Cerde-

bodes wylis zedapirze. 

daaxure boT ls saxuravi 

da boTlis gverdebs mi-

aWire xeli. 

 aRwere damzerili movle-

na. gamoitane daskvna.

ana  logiuri saTamaSo pir         ve-

lad Seqmna frangma mec-

nierma rene dekartem da 

uwoda `kartenzianeli 

myvinTavi~.

eqsperimentuli davaleva

sur. 34

sur. 35

a

b

haeri wyali

Fa

Fsim
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3.7. mSrali xaxuni

erTi sxeulis meore sxeulis zedapirze amoZravebisas 
aRiZvreba xaxunis Zala, romelic xels uSlis sxeulebis 
erTmaneTis mimarT moZraobas. 

xaxunis Zala mimarTulia urTerTSemxebi zedapirebis 
gaswvriv moZravi sxeulis fardobiTi siCqaris sapir-
ispirod. horizontalur zedapirze Tanabrad moZrav 
sxeulze moZraobis mimarTulebiT moqmedi wevis Zala 
xaxunis Zalis tolia (sur. 37).

xaxunis Zalis warmoqmnis erT-erTi mizezi moxaxune 
myari sxeulebis zedapirebis uswormasworobaa. rogori 
gluvic ar unda iyos zedapiri, masze yovelTvis uamra-
vi burcobi da Rrmulia (sur. 38). 
isini mikroskopiT TvalsaCinod 
daimzireba. EaseTi uswormasworoba 
xaoian zedapirze gacilebiT metia 
gluv zedapirTan SedarebiT. es xels 
uSlis erTi sxeulis gadaadgilebas 
meore sxeulis zedapirze. Sesabam-
isad, xaxunis Zala xaoian zedapirze 
moZraobisas metia, vidre gluvze. 
xaxunis Zalis sidide damokidebulia Semxebi zedapirebis 
gvarobaze. magaliTad, xis Zelakis liTonis, xisa da rezi-
nis zedapirze Tanabari moZraobisas sxvadasxva sididis 
xaxunis Zala moqmedebs (sur. 39).

ratom 
gvisxlteba 
Tevzi xelidan?

romeli Zala exmareba 
alpinistebs kldeze 
asvlisas?

romeli Zala warmoiqmneba 
gorgolaWiani cigurebiT 
gadaadgilebisas?

ifiqre da imsjele

F
wev

 

F
xax

liToni

F
wev

 F
wev

 

F
xax

F
xax

xe rezina

sur. 38

sur. 39

Fxax

Fwev

sur. 37

Fxax

Fwev

u = const

a

b g

sur. 36

a b g
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xaxunis Zala aseve warmoiqmneba moxaxune gaprialebuli 
sxeulebis zedapirebis erTmaneTze xaxunisas. zedapir-
ebis mWidrod Sexebisa da siaxlovis gamo warmoiqmneba 
nivTierebis Semadgeneli atomebis eleqtruli mizidvis 
Zala. zedapirebis Semdgomi damuSavebisas izrdeba zeda-
piris siaxloves myofi atomebis ricxvi, rac zrdis mox-
axune zedapirebs Soris SeWidulobis Zalasa da Sesabamis-
ad xaxunis Zalas. xaxunis Zala eleqtromagnituri bunebis 
Zalaa.

Aarsebobs mSrali da sveli xaxunis Zala. mSrali xaxu-
ni aRiZvreba myari sxeulebis 
Sexebis areSi, roca maT So-
ris siTxe an airi ar aris. Tu 
sxeulebis Sexebis areSi, mag., 
detalebis dazeTvisas, aris 
siTxe an airi, warmoiqmneba 
sveli xaxuni.

mSrali xaxunis Zalebia: uZ-
raobis, srialisa da gorvis.

 uZraobis xaxunis Zala. 

uZraobis xaxunis Zala aRiZvreba da moqmedebs uZrav 
sxeul ze maSin, rodesac raime Zalis moqmedebiT cdiloben 
mis amoZravebas. amitom sxeulis adgilidan daZvra Znelia.  
magaliTad, masiuri karadis adgilidan daZvra ufro Zne-
lia, vidre misi gasrialeba. amoZravebis momentSi aRZru-
li uZraobis xaxunis Zala maqsimaluria (sur. 40).

 aseve, sxeuli SeiZleba uZravad iyos moTavsebuli 
daxril sibrtyeze, radgan masze sxva ZalebTan erTad Mmo-
qmedi xaxunis Zala xels uSlis mis amoZravebas (sur. 41). 
bunebasa da yofa-cxovrebaSi xSiria agreTve, movlenebi, 
romlebic warmoudgenelia uZraobis xaxunis gareSe. mag-
aliTad, uZraobis xaxunis Zalis moqmedeba ganapirobebs 
adamianis gadaadgilebas siarulisas.

 Etransportis borblebsa 
da miwas Soris arsebuli 
uZraobis xaxunis Zala ubiZ-
gebs maT amoZravebisken. ase-
ve Rveduri gadacemisas uZ-
raobis xaxunis Zala aris bi-
Zgis mimcemi borblis amoZ-
ravebisTvis.

 srialis xaxunis Zala. 

srialis xaxunis Zala aRiZvreba erTi sxeulis meoreze 
srialisas (sur. 42). srialis xaxunis Zala odnav naklebia 
uZraobis xaxunis maqsimalur Zalaze. is warmoiqmneba ma-
Sin, rodesac sxeuli raime Zalis moqmedebiT uZraobis md-
gomareobidan iwyebs moZraobas.

eqsperimentuli kvlevebiT dadginda, rom xaxunis Zala 

sur. 40

sur. 41

sur. 42

u = 0

α

N
Fxax

Fs

u = 0

Fxax

Fwev

u = 0

Fxax

Fwev
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pirdapirproproporciulia sayrdenis marTobulad moq-
medi reaqciis Zalis modulisa da ar aris damokidebuli 
Semxebi zedapirebis farTobze. 

FF
x
 = µN, 

N sayrdenis reaqciis Zalis modulia. µ xaxunis koefici-
entia, romelic damokidebulia moxaxune sxeulebis zeda-
piris nivTierebis gvarobasa da damuSavebis xarisxze. Axax-
unis koeficients ganzomileba ar aqvs da sididiT, iSviaTi 
gamo naklisis garda, 1-ze naklebia. 

     
µ = F

x

N
 .

horizontalur zedapirze moZraobisas sayrdenis reaq-
ciis Zalis moduli simZimis Zalis tolia _ N = mg, 

amitom, 
 F

x
= µmg.

 gorvis xaxunis Zala. sx-
eulebis gorvisas aRiZvreba 
gorvis xaxunis Zala (sur. 43).G 
am dros sxeulebi erTmaneTs 
mxolod mcire nawiliT exebi-
an. gorvis xaxunis Zala nakle-
bia srialis xaxunis Zalaze.A 
amotimac borblis gamogone-
bam adamianebs SesaZlebloba misca Tavisuflad gadaadgi-
lebuliyvnen borblebiani transportiT. 

Mmeqanizmebis muSaobisas detalebis xaxuni sazianoa, 
radgan iwvevs maT cveTas, gaxurebasa da energiis kargvas. 
Aamitom xaxunis Sesamcireblad iyeneben SezeTvas, siTxiT 
dafarvas, rac amcirebs xaxunis koeficients. Tu zedapir-
ebi siTxiT aris dafaruli, maSin isini ufro advilad sri-
aleben erTmaneTze (sur. 44). 

sur. 43

sur. 44
srialis pirobebi xaxunis koeficienti

xe xeze 0,2 - 0,5

liToni xeze 0,12 - 0,08

liToni liTonze 0,2 -  0,15

rezina xeze 0,5 - 0,6

burTulasakisari SezeTili 0,02 - 0,08

liToni yinulze (cigurebi) 0,015

saburavi mSral asfaltze 0,5 - 0,7

saburavi svel asfaltze 0,3 - 0,45

yinuli yinulze 0,03 - 0,031

liToni yinulze 0,02

Txilamurebi Tovlze 0,045 - 0,055

zogierTi nivTierebis srialis xaxunis koeficienti
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sur. 46

1. 5 kg masis Zelaki misrialebs Tanabrad horizontalur 

zedapirze.  srialis xaxunis Zalaa 20n. gamoTvale xaxu-

nis Zala, Tu Zelakis masa 2-jer Semcirdeba?( xaxunis koe-

ficienti ucvleli  rCeba).

2. iatakze  horizontlurad  moTavsebul 10 kg masis yuTsa 

da iataks Soris. xaxunis koeficientia  0,25.  daiZvreba 

Tu ara yuTi adgilidan, Tu mas horizontaluri mimar-

Tulebis moduliT 16 n wevis Zalas mosdeben?   gamoT-

vale xaxunis Zala iataksa da yuTs Soris. 

 gaazreba  

saSinao davaleba

1. imsjele da Seadare 39-e suraTze gamosaxuli  xaxunis Za-

lebi erTmaneTs.

2. imsjele, ratom aris aucilebeli karebis anjamebis pe-

riodulad dazeTva.

3. imsjele me-45 suraTze gamosaxuli horizontalurad  

moZravi sxeulis  xaxunis Zalis wevis Zalaze  damokide-

bulebulebis grafikis mixedviT: a. romeli saxis xaxu-

nis Zala moqmedebs sxeulze grafikis TiToeuli ubnis 

mixedviT; b. Seadare xaxunis Zalebi erTmaneTs; g. ratom 

ar moZraobs  sxeuli grafikis OA ubnis mixedviT.

4. imsjele xaxunis Zalebis Sesaxeb da azrobrivad daas-

rule sqema (sur. 46).

F
x

F
wev

O

A

B C
 υ  

= 0

 υ
 
= 0

sur. 45

xaxuni

Fx

 u 

Fx

 u 

Fx  u = 0 Fx

 u 
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3.8. sveli xaxuni

sxeulis siTxeSi an airSi moZraobisas aRiZvreba xaxuni, 
romelsac svel xaxuns uwodeben. sxeulsa da siTxes, an 
airs Soris aRZrul xaxunis Zalas winaaRmdegobis Zala 

ewodeba. winaaRmdegobis Zala mimarTulia sxeu lis moZ-
raobis mimarTulebis sawinaaRmdegod. Sinagani xaxuni 
(sib lante) iqmneba siTxesa da airis fenebs Soris maTi 
gadaadgi lebisas. 

sveli xaxunisas warmoqmnili winaaRmdegobis Zala 

mimarTulia sxeulis moZraobis mimarTulebis sawinaaR-
mdegod. magaliTad, Mmdinaris dinebis sawinaaRmdegod 
curvas ufro didi Zala sWirdeba, vidre dinebis mi marTu-
lebiT. aseve, qaris sawinaaRmdegod gadaadgileba Znelia. 

siTxesa da airSi sxeulebis moZraobisas maTze moqmedi 
winaaRmdegobis Zala damokidebulia sxeulis moZrao-
bis siCqareze (sur. 48), garemos simkvriveze, siblanteze,  
sxeulis ganikveTis farTobsa da sxeulis formaze. rac 
ufro didi siCqariT moZraobs sxeuli haerSi an wyalSi, 
winaaRmdegobis Zala ufro metad SesamCnevia (sur. 49).  

sxeulis mcire siCqariT moZraobisas winaaRmdegobis 
Zalaa:

F
win

 = k
1 
u, 

didi siCqarisas:           Fwin
 = k

2 
u2, 

sadac k1 da k2 winaaRmdegobis koeficientebia. 
airsa da siTxeebSi uZraobis xaxunis Zala nulis to­

lia. es siTxeebis damaxasiaTebeli Tvisebaa. marTlac, qvi-
Sian sanapiroze navis adgilidan daZvra TiTqmis SeuZlebe-
lia, wyalSi ki mcire Zalac sakmarisia mis asamoZraveblad. 

winaaRmdegobis Zala damokidebulia siTxis siblan-
teze. magaliTad, TaflSi sxeulis moZraoba ufro Zne-
lia, vidre wyalSi.

winaaRmdegobis Zala damokidebulia agreTve siTxesa 
da airSi  moZravi sxeulis formaze. Yyvelaze naklebi wi-
naaRmdegobis Zala moqmedebs im sxeulze, romelic for-
miT wveTs waagavs (sur. 50).

sxeulebs, romlebzedac mcire winaaRmdegobis Zala 
moqmedebs, garsmden formas uwodeben. 

ratom aqvs 
gems delfinis 
forma?

ifiqre da imsjele

sur. 47

u = 400 km/sT

u = 290 km/sT

sur. 48

sur. 49

sur. 50
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Bbunebam TviTon Seqmna cxovelebis iseTi formebi, rom-
lebsac Subla farTobi* Zalian mcire aqvT. magaliTad, 
wylis cxovelebisa da frinvelebis: Citebis, zvigenebis, 
delfinebis forma iseTia, rom haersa da wyalSi moZrao-
bisas maTze naklebi winaaRmdegobis Zala moqmedebs. 

siTxeSi moZraobisas, zogjer mniSvnelovania winaaR-
mdegobis Zalis gazrda. magaliTad, xaxunis Zalis gaz-
rdisaTvis zRvis varskvlavas sxeulze aqvs xaoiani wa-
monazardebi. amis gamo varskvlavas SeuZlia nela CaeSvas 
wyalSi da aseve nela cvalos Casvlis siRrme, raTa simZi-
mis Zalis moqmedebiT swrafad ar CaiZiros. amiT mas ad-
vilad SeuZlia sakvebis mopoveba (sur. 51).

mecnierebma da konstruqtorebma Seqmnes frinvelebi-
sa da cxovelebis formis msgavsi transporti: TviTmfri-
navebi, matareblebi, manqanebi, gemebi da sxva, romlebsac 
didi siCqariT moZraoba SeuZliaT (sur.52).

 gaazreba  

saSinao davaleba

1. imsjele, ra gansxvavebaa `mSral~ da `svel~ xaxuns So-
ris?

2.  imsjele, ratom SeiZleba aZlevdnen garsmden for-
mas raketas, ro melsac gahyavs kosmosSi kosmosuri 
xomaldi da TviT kosmosur xomalds _ ara?

3. imsjele, ra Zalebi moqmedebs myvinTavze wyalSi? ratom 

iRebs myvinTavi  wyalSi Caxtomisas da curvisas suraTze 

gamosaxul formas (sur. 53).

4. imsjele, ratom aqvs paraSuts suraTze gamosaxuli for-

ma, rogor icvleba am formis gamo paraSutis winaaRmde-

gobis Zala da paraSutistis siCqare (sur. 54)? 

I. mocemuli gaqvs: kovzi, Wiqebi wyliT, zeTiTa da TafliT.

msvleloba: MmoaTavse kovzebi wylian, zeTian da Taflian WiqebSi da mourie. Ddaak-

virdi, romeli siTxis morevaa ufro Zneli. 

 aRwere damzerili movlena. 

gamoitane daskvna: romeli siTxis winaaRmdegobis Zalaa meti? romeli siTxea  

ufro blanti? Seadare wyali da zeTi siblantisa da simkvrivis mixedviT erT-

maneTs.

eqsperimentuli davaleba

1. sxeuli, romlis masaa 100 kg, Tanabrad moZraobs hori-
zontalur gzaze. xaxunis koeficientia 0,05. rogori 
wevis Zala moqmedebs sxeulze?

sur. 51

sur. 52

sur. 53

sur. 54

F
2

F
1

F
3

* Subla farTobi _ sxeulis, moZraobisadmi marTobi, ganivkveTis farTobi.
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3.9. Semajamebeli gakveTili
     

curvis pirobebis Teoriuli da eqsperimentuli kvleva

nino baTumSi isvenebda. israelidan megobarma gamougzavna sura-

Ti, romelic mkvdar zRvaze iyo gadaRebuli.  suraTze ninos megoba-

ri zRvis zedapirze tivtivebda da wigns kiTxulobda (sur. 55).

nino dainteresda, SeZlebda Tu ara igi megobris msgavsad Tavi-

suflad etivtiva Savi zRvis zedapirze da wigni waekiTxa.  

am problemiT dainteresebulma ninom gadawyvita eqsperimen-

tuli kvlevis Catareba sxeulis curvis pirobebis dasadgenad. man 

Seadgina martivi eqsperimentis gegma. moiZia saWiro masalebi: minis 

WurWeli, romelSic Caasxa sami Seureveli siTxe: glicerini, wya-

li da mzesumziris zeTi. aseve Cayara xis Zelaki, fisis, rezinisa da 

plastmasis patara naWerebi. 

siTxeebSi CaSvebuli sxeulebidan zogierTi CaiZira, zogierTma 

ki imave siTxeSi tivtivi daiwyo (sur. 56).  

ninom eqsperimentis Sedegebis Sesamowmeblad gamoiyena simkvri-

vis cxrili, romlis daxmarebiTac daadgina, ratom iZirebian zo-

gierT siTxeSi is sxeulebi, romlebic sxva siTxeSi tivtiveben. 

ninom eqsperimentuli kvlevis Sedegebi Seadara nivTierebis 

simkvrivis cxrilis monacemebs.

ninos geografiaSi naswavli masalidan axsovda, rom mkvdari 

zRvis  wyali Savi zRvis wyalTan SedarebiT ufro mariliania da 

didi simkvrive aqvs. amitom mkvdari zRvis siRrmeze  CayvinTva SeuZ-

lebelia. Tumca wyalSi motivtive adamianebi Tavisuflad weren, 

kiTxuloben, ar iZirebian da amisTvis curva ar sWirdebaT. 

ninom kvlevis Sedegad daadgina, Tu ratom aris SesaZlebeli 

mkvda ri zRvis zedapirze tivtivisas kiTxva.

Senc Caatare eqsperimentuli kvleva.

Seadgine martivi eqsperimentis Catarebis gegma da Caata-

re eqsperimenti.  eqsperimentis Sedegebis mixedviT daadgi-

ne, romeli sxeulebi iZireba da romeli tivtivebs siTxeebSi. 

gaixsene: 

1. arqimedes kanoni; 

2. sxeulis curvis pirobebi: rodis curavs, iZireba da tiv-

tivebs sxeuli;

3. ratom ganlagda menzuraSi siTxeebi suraTze gamosaxuli 

TanmimdevrobiT? 

4. simkvrivis cxrilis gamoyenebiT daadgine, mocemuli sxeu-

lebidan, romeli sxeulebi CaiZireba da romeli itivti-

vebs siTxeebSi. 

5. Seadare Savi zRvisa da mkvdari zRvis simkvriveebi erT-

maneTs. ratom ar iZirebian adamianebi mkvdar zRvaSi?

Seadare eqsperimentiT miRebuli Sedegi da cxriliT gan-

sazRvruli Sedegebi erTmaneTs da gamoitane daskvna.

eqsperimenti

sur. 55

mzesumziris 

zeTi

930 kg/m3

wyali 1000 kg/m3

glicerini 1260 kg/m3

cxrili 4  

fisi 2023 kg/m3

xe 700 kg/m3

plastmasi 930 kg/m3

rezini 1340 kg/m3

cxrili 5 

sur. 56

mzesumziris 
zeTi

wyali

glicerini
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arqimedes Zala
(amomgdebi 

Zala)

mesame Tavis mokle  
daskvnebi

F
a
 

erTeuli

(SI) _ n

F
a
 = r

siTx.
 g V

sx.

haernaosnoba

gemebis curva

F
a
 = m

siTx.
 . g

sxeuli 
iZireba

Fa < FsimZ

rsiTx. < rsx.

sxeulis curvis 
piroba 2

sxeulis curvis 
piroba 3

sxeulis curvis 
piroba 1

sxeuli 
amotivtivdeba

Fa > FsimZ

rsiTx. > rsx.

sxeuli dacuravs
 siTxeSi

Fa = FsimZ

rsiTx. = rsx.

P
wy.wyv.

= P
g 
+ P

tv

P
amw.

= P
aerost 

+ P
tv

Fwin = k1  u
Fwin = k2   u2

sveli 

xaxuni

wneva siTxeSi

p = rgh
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Seiswavli:
 niutonis kanonebs;

 masas, rogorc inertulobis zomas;

 msoflio mizidulobis kanons;

 aCqarebulad moZravi sxeulis wonas, uwonobas;

 sxeulis wonas wrewirze moZraobisas;

 xelovnur Tanamgzavrebs;

 horizontisadmi kuTxiT gasrolili sxeulis moZraobas;

 drekadobisa da xaxunis Zalebis muSaobas;

 meqanikuri energiis mudmivobis kanons;

 sxeulisa da Zalis impulss da impulsis mudmivobis kanons.

SeZleb da daeuflebi:
 Caataro cdebi inerciis movlenisa da sxeulTa inertulobis kvlevisTvis;

 daaxasiaTo aTvlis inerciuli da arainerciuli sistemebi;

 Caataro cdebi sxeulTa urTierTqmedebis eqsperimentuli kvlevisTvis;

 gamoiyeno cnebebi, kanonebi, formulebi amocanebis amosax snelad;

 amocanebis amoxsnas daxril sibrtyeze sxeulebis moZraobaze;

 amocanebis amoxsnas gadabmuli sxeulebis moZraobaze.

Tavi 4. sxeulTa urTierTqmedeba

niutonis kanonebi
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mocemuli gaqvs: daxrili sibrtye,  qviSa, carci, urika (an patara saTamaSo manqana).

msvleloba: daxrili sibrtyis boloSi, horizontalur zedapirze, dayare qviSa patara 

gorakis saxiT. daagore urika daxrili sibrtyis zeda wertilidan (sur. a). carciT 

moniSne urikis mier gavlili manZili horizontalur zedapirze.  mimofine qviSa ho-

rizontalur zedapirze da kvlav zevidan daagore urika (sur. b). moniSne urikis mier 

gavlili manZili. qviSisgan gaasufTave horizontaluri zedapiri (sur.  g). kvlav daa-

gore zevidan urika. moniSne ho-

rizontalur zedapirze urikis 

mier gavlili manZili. Seadare 

urikis mier gavlili manZilebi 

erTmaneTs TiToeul situaciaSi.

 aRwere cda. 

gamoitane daskvna: ratom gansxvav-

deba gavlili manZilebi erTmane-

Tisagan. . 

mocemuli gaqvs: daxrili sibrtye, urika, 

romelic ZafiT aris damagrebuli daxri-

li sibrtyis wverze (Zafis sigrZe daxri-

li sibrtyis sigrZeze naklebi unda iyos), 

Zelaki.

msvleloba: moaTavse Zelaki urikaze, ro-

melic daxrili sibrtyis zeda wertilSi 

mdebareobs (sur. a) da gauSvi xeli.

   aRwere cda. 

gamoitane daskvna: ratom gaagrZela Zelak-

ma moZraoba, rodesac Zafma aiZula urika 

gaCerebuliyo.   

mocemuli gaqvs: urika, xis Zelaki.

msvleloba: moaTavse Zelaki  urikaze. aamoZrave  igi 

nela da Tanabrad. Semdeg swrafad gaaCere urika.  aR-

were damzerili movlena.

 gaCerebul urikas ubiZge ise rom swrafad amoZravdes. 

aRwere damzerili movlena.

gamoitane daskvna: Zelakis moZraobis Sesaxeb.   

I eqsperimenti 

II eqsperimenti 

III eqsperimenti 

a

a

b

b

g

4.1. inerciis movlenis        
 eqsperimentuli kvleva

 u
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ratom 
gadaevleba 
velomrboleli 
velosipeds 
zevidan mkveTrad 
damuxruWebisas?

ifiqre da imsjele

istoriuli legendis Tanaxmad, genialuri italieli 
mecnieri galileo galilei XVII saukuneSi akvirde boda 
pizas koSkidan dedamiwaze vardnili sxeulebis moZrao-
bas. Emeqanikur moZraobaze eqsperimentuli kvlevebis  
Sedegad galileim bevri saintereso YTeoria Seqmna.  A 

azrobrivi eqsperimentis mixedviTa da logikuri 
msje lobiT (galileis azrobrivi eqsperimentis analo-
giuri cda ixile gv. 78. pirveli eqsperimenti), galileo 
galilei mivida daskvnamde, rom sxeulebze SeiZleba mo-
qmedebdes Zalebi, romlebic akompensireben erTmaneTs 

F
1
+F

2
+...+F

n
=0,  Tumca sxeuli mainc moZraobdes wrfivad 

da Tanabrad. 
Tu sxeulze  Zalebi ar moqmedebs an masze moqmedi 

Zalebi kompensirebulia, sxeuli inarCunebs uZrao­

bis an wrfivi Tanabari moZraobis mdgomareobas. 

Aam movlenas galileim inercia uwoda da es mtkicebu-
leba cnobilia inerciis kanonis saxelwodebiT.

niutonma inerciis movlenaze dakvirvebisas aRmoaCi-
na, rom inerciis kanoni yovelTvis ar sruldeba.

warmoidgine, rom wrfivad da Tanabrad moZravi ge-
mis kaiutaSi akvirdebi Werze uZravad dakidebul naTu-
ras. ucabedad naTura gadaixara gemis moZraobis mimar-
Tulebis sawinaaRmdego mxares, Tumca masze Zalas ar 
umoqmedia. rogorc Cans, es movlena ar eTanadeba inerci-
is kanons.  naTuraze Zalas ar umoqmedia. misi amoZraveba 
gemis siCqaris cvlilebam gamoiwvia.

niutonma dakvirvebebis safuZvelze daaskvna, rom 
inerciis kanoni samarTliania mxolod iseTi sistemebi-
saTvis, romlebic dedamiwis mimarT uZravni arian, an 
wrfivad da Tanabrad moZraoben.  

galileis ideebis ganzogadebis Sedegad 1687 wels 
isaak niutoni mivida daskvnamde, rom moZraobis kanone-
bi, romlebic man daadgina, samarTlia nia mxolod aTv­

lis inerciuli sistemebisaTvis. 

4.2. niutonis pirveli kanoni

galileo galilei
(1564 - 1642 w.w.)

isaak niutoni
(1643 - 1727 w.w.)
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 gaazreba  

dedamiwasTan dakavSirebuli aTvlis sistemebi iner-
ciul aTvlis sistemebad SeiZleba CaiTvalos, xolo 
dedamiwis mimarT aCqarebulad moZravi sistemebi ara-
inerciulad. Amag., arainerciuli sistemebia liftTan, 
aCqarebulad moZrav transportTan, dedamiwidan gaSve-
bul raketasTan dakavSirebuli aTvlis sistemebi. A

Tanamedrove warmodgenebis mixedviT niutonis pir­

veli kanoni ase Camoyalibda: 
Ddinamikis kanonebi samarTliania aTvlis iseTi sis­

temebisTvis, romelTa mimarT sxeulebi inarCuneben 

uZraobis an wrfivi, Tanabari moZraobis mdgomareo­

bas, Tu maTze sxva sxeulebis moqmedeba kompensire­

bulia. aseT sistemebs aTvlis inerciuli sistemebi 

ewodeba.

niutonis pirvel kanonSi vlindeba meqanikis, konkret-
ulad ki _ dinamikis umTavresi idea _ AZala ar aris sxe-
ulis Tanabarwrfivi moZraobis mizezi. Tanabarwrfivi 
moZraoba sxeulis iseTive `bunebrivi~ mdgomareobaa, 
rogoric uZraobaa. Zala sxeulis siCqaris cvlilebis 

mizezia.

dinamika meqanikis is nawilia, romelic Seiswavlis 
meqanikuri moZraobis cvlilebis  gamomwvev mizezebs.

davuSvaT, sayrdenze moTavsebul sxeulze (sur. 2a) 
moqmedebs oTxi Zala: mg simZimis Zala, N sayrdenis 
reaqciis Zala, F

wev
 wevis Zala da F

x
 xaxunis Zala. inerciis 

kanonis Tanaxmad, Tu am Zalebis tolqmedi udris nuls, 
maSin es sxeuli iqneba uZravi an imoZravebs wrfivad da 
Tanabrad.

mg + Fx
 + N  +Fwev 

= 0

Tu sxeuls davukavSirebT aTvlis inerciul  
sistemas (sur. 2 b), maSin Zalebis gegmilebi OX da  
OY  RerZebze iqneba:

  (OX)         Fwev 
 
- Fx = 0,      anu      Fwev

  
=  Fx.

  (OY)         N  -  mg = 0,      anu     N  
= mg .

e. i. sxeuli Tanabarwrfivad moZraobs, Tu masze 
moqmedi wevis Zala tolia xaxunis Zalisa  da aseve 
tolia simZimisa da sayrdenis reaqciis Zalebi, 
anu sxeulze moqmedi Zalebi kompensirebulia. 

sxeulze sxva sxeulebis moqmedeba kompensire­

bulia, Tu maTi erToblivi moqmedebis Sedegi is-
eTivea, rogoric iqneboda maTi moqmedebis gareSe.

FwevFx

mg

N

FwevFx

mg

N

Y

X

sur. 2

o

sur. 3

manqanebi erTdroulad iwyeben damuxruWebas. 
imsjele, rogor vlindeba inerciis movlena am 
situaciaSi (sur. 3 a, b)?

88

a

b

samuxruWe manZili

b

u
m

2

a

samuxruWe manZili

u
m

1
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mocemuli gaqvs: minis Wiqa, muyaos furceli, 20-TeTriani mo-

neta.

msvleloba: moaTavse muyaos furceli monetasTan erTad 

Wiqaze. gamoswie furceli nela.  kvlav moaTavse furceli 

monetasTan erTad da swrafad ubiZge an gamoswie furceli. 

aRwere damzerili movlena. Seadare cdis Sedegebi. gamoi-

tane daskvna.  

I. eqsperimentuli davaleba 

saSinao davaleba

inerciis movlenis kvleva

mocemuli gaqvs: wyliT savse polieTilenis boTli, magida, qaRaldis furceli. 

msvleloba: daafine magidaze qaRaldis 

furceli da zed moaTavse  wyliani boT-

li. gamoswie qaRaldi nela.  Semdeg kvlav 

moaTavse wyliani boTli qaRaldze da 

swra fad  da mkveTrad gamoswie qaRaldi.  

 aRwere damzerili movlena. Seadare cdis 

Sedegebi da gamoitane daskvana. 

II. eqsperimentuli davaleba 

inerciis movlenis kvleva

azrobrivi eqsperimenti

a b

89

niutonis I kanonis kvleva

warmoidgine, rom  Tanabrad moZrav urikis sakidelze ZafiT kidia erTi burTula da 

meore burTula moTavsebulia iatakze (sur. a), garkveuli drois Semdeg urika mux-

ruWdeba (sur. b). imsjele: 

a. ra Zalebi moqmedeben burTulebze urikis Tanabari moZraobisas da ras udris maTi 

tolqmedi?

b. ratom damuxruWda urika? damuxruWebisas romel mxares amoZravdebian  burTulebi? 

g. ratom amoZravdnen burTulebi urikis mimarT?

d. urikis damuxruWebisas ra mimarTuleba eqneba TiToeul burTulaze moqmed tolq-

med Zalas?

e.  rogor moZraobs urika damuxruWebisas?

v.  Seadare burTulebis mdgomareobebi erTmaneTs urikis Tanabari moZraobisas da misi 

damuxruWebisas. 

z. urikis rogori moZraobisas ar aris samarTliani inerciis kanoni? rodis  aris sa-

marTliani inerciis kanoni.  gamoitane daskvna. 

u
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mocemuli gaqvs: ori erTnairi urika, liTonis  drekadi saxazavi (an firfita),  Zafi,  

1 da 2-kilogramiani sawonebi (an gansxvavebuli masis sxeulebi), asanTi.

msvleloba: daamagre foladis saxazavi erT-erT urikaze. gadaRune saxazavi da ZafiT daa-

kavSire boloebi ise, rom saxazavi darCes deformirebul mdgomareobaSi. moaTavse meo-

re urika deformirebuli saxazavis bolosTan ise rom mWidrod Seexos mas  (sur. a).  gadaw-

vi Zafi. moniSne urikebis mier gavlili manZilebi. Seadare isini. igive cda gaimeore,  mxo-

lod  erT-erT urikaze moaTavse m masis  sxeuli, meoreze ki _ 2 m masis. Zafis gadawvis 

Semdeg moniSne urikebis mier gavlili manZilebi da Seadare isini erTmaneTs (sur. b).

 aRwere cda. 

gamoitane daskvna: ratom  gaiara gansxvavebuli manZilebi erTnairma (sur. a) da sxvadasxva 

masis uri kebma (sur. b)?    

mocemuli gaqvs: burTula  ori kauWiT (an cilindruli 

formis sxeuli), Zafi.

msvleloba: zeda kauWiT dahkide burTula  Zafze. qve-

da kauWs  gamoabi Zafi (sur. a). nela moqaCe qveda Zafi  

(sur. b). aRwere damzerili movlena. Semdeg swrafad 

moqaCe qveda Zafi (sur. b). aRwere damzerili movlena. 

 Seadare cdis Sedegebi erTmaneTs. 

gamoitane daskvna: ratom   gawyda zeda  Zafi pirvel situ-

aciaSi, meorSi ki _ qveda?

I eqsperimenti 

II eqsperimenti 

azrobrivi eqsperimenti 

ba g

neli 

moqaCva

swrafi

moqaCva

4.3. sxeulis inertulobis         
 eqsperimentuli kvleva

warmoidgine, or Stativze dakidebulia qaRaldis jaWvi. jaWvis 

bolo rgolebze kideebiT devs  xis Txeli saxazavi. 

davuSvaT, pirvelad saxazavze imoqmede xeliT nela da frTxilad. 

ivaraude, qaRaldis bolo rgoli gawydeba Tu saxazavi gatyde-

ba. pasuxi daasabuTe.

Semdeg kvlav moaTavse xis Txeli saxazavi jaWvebis bolo rgoleb-

ze da swrafad da Zlierad imoqmede saxazavze meore xis saxaza-

viT. ivaraude, qaRaldis bolo rgoli gawydeba Tu rgolebze 

moTavsebuli saxazavi gatydeba. pasuxi daasabuTe.

SegiZlia Seni varaudi Seamowmo cdiT, Seadgino martivi eqsperi-

mentis gegma da Caataro eqsperimenti.

ba m
2 m

a
2

a
1

a
1 m a

2

2 m
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 gaazreba  

saSinao davaleba

 imsjele, romeli burTia metad inertuli, wiTeli Tu nacris-

feri (sur. 5)? 

 m masis burTula daejaxa 7 m masis uZrav meore burTulas, 

ris gamoc orive aCqarebiT amoZravda. romeli burTulas 

aCqa reba iqneba meti da ramdenjer?

katapultiT* gaisroles ori sxvadasxva masis 
birTvi. romeli birTvi SeiZens ufro met 
siCqares – mZime Tu msubuqi?

ifiqre da imsjele

sur. 4

4.4. sxeulebis inertuloba. masa

1 kg

3 kg

sur. 5

Zalis moqmedebiT zogierTi sxeuli swrafad icvlis siCqares, zogierTs ki  
imave Zalis moqmedebiT siCqaris Sesacvlelad meti dro sWirdeba. mag., daRmar-
Tze dagorebuli kenWi maleve Cerdeba, xolo didi lodi gaCerebamde did manZils 
gadis. 

sxeulis mier siCqaris SenarCunebis movlenas inercias uwodeben. 
sxeulis Tvisebas, SeinarCunos siCqare, inertuloba ewodeba. 
sxeuli, romelsac siCqaris Sesacvlelad meti dro sWirdeba, ufro inertulia, 

vidre sxeuli, romelic imave Zalis moqmedebiT  ufro swrafad icvlis siCqares. 
eqsperimentebiT damtkicda, rom ori sxeulis urTierTqmedebisas maTi siCqa-

ris cvlilebis* siswrafe, anu aCqareba,  masebis ukuproporciulia.  
    
     a

1

a
2

=
m

2

m
1

Du1

Du2

=   

amgvarad, rac ufro metia sxeulis masa, miT ufro  inertulia igi. 
masa sxeulis inertulobis zomaa. 

sxeulis masis dasadgenad SesaZlebelia am sxeulis siCqaris cvlileba Sevada-
roT etalonuri masis sxeulis siCqaris cvlilebas maTze erTi da imave Zalis mo-
qmedebisas da gamovTvaloT am sxeulis masa.

   
Du1

Du2

m
2

m
1

=
et

et
       aqedan,    

m
2
=

Du1

Du2

et
m

1et

sxeulis masa misi sxva adgilze gadataniT ar icvleba.  mag., geografiuli mde-
bareobis SecvliT, agreTve mTvareze an marsze misi gadataniT. Aaseve, sxeulis masa 
ar aris damokidebuli aTvlis sistemis arCevaze. 

xSirad sxeulis masasa da wonas aigiveben, rac swori ar aris. masa sxeulis maxa­

siaTebeli sididea, Uwona Zalaa, romelic axasiaTebs sxeulisa da misi sayrdenis 
an sakidelis urTierTqmedebas. 

*katapulta – satyorcni manqana, romelsac Zveli romaelebi iyenebdnen qvebis, isrebis satyorcnad.  

*siCqaris cvlileba _ Du = u 1 - u 0
;  u 0 sxeulis sawyisi siCqarea, u 1 _ saboloo.
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4.5. niutonis meore kanoni                                                                                                             

romeli urika 

imoZravebs meti 

aCqarebiT, Tu orive 

urikaze toli sididis 

Zala imoqmedebs?

ifiqre da imsjele

sur. 6

F

a b

m
2 m

b

F

a

m

sur. 7

a

mg

N

F
x

F
wev 

a

m

F

g

F
x

mg

N

Y

X

o

a

F
wev 

sxeulze erTdroulad SeiZleba ramdenime Zala moq-
medebdes. Tu es Zalebi erTmaneTs ar akompensirebs, maSin 
sxeuli aCqarebiT moZraobs. e.i sxeulis siCqare  mxolod 
urTierTqmedebis Sedegad icvleba, Zalis moqmedebiT.

 siCqaris cvlilebis siswrafe, anu aCqareba damokideb-
ulia Zalaze (urTierTqmedebis zomaze) da aseve sxeulis 
iner tulobis zomaze _ masaze.

 eqsperimentuli kvlevebis Sedegad miRebuli daskvna, 
romelic niutonis meore kanonis saxeliTaa cnobili, 
amyarebs damokidebulebas sxeulze moqmed Zalas, masasa 
da aCqarebas Soris.

sxeulze moqmedi Zala am sxeuls aniWebs aCqarebas, 

romelic pirdapirproporciulia sxeulze moqmedi 

Zalis da ukuproporci ulia  sxeulis masis.

  F
ma =        ,

      
aqedan     F = ma

Zalis erTeulia niutoni. 1 n = 1 kg.m/wm2 (SI).
1 n aris Zala, romelic 1 kg masis sxeuls aniWebs 1 m/wm2 

aCqarebas.
sxeulze erTdroulad  ramdenime Zalis moqmedebisas 

(sur. 7 a) aCqareba mimarTulia am Zalebis F tolqmedis 
mimarTulebiT (sur. 7 b) .

davuSvaT, burTulaze, romelic sayrdenze devs, oTxi 
Zala moqmedebs:  mg _ simZimis Zala,    F

x 
_ xaxunis Zala,  

N _ sayrdenis reaqciis Zala da F
w 

_ wevis Zala. es Za-
lebi ar akompensireben erTmaneTs, amitom maTi tolqme-
di F Zala ar udris nuls da sxeuls aniWebs a aCqarebas  
(sur. 7 g). maSin

mg + F
x
 + N + F

wev 
= ma.

aCqarebis sididis gamosaTvlelad veqtoruli toloba  
skalaruliT unda Seicvalos. amisaTvis arCeuli aTvlis 
sistemis mimarT Zalebis gegmilebi OX da OY  RerZebze 
iqneba:

(OX)             F
wev  

-  F
x
 = ma,     F

wev  
= ma + F

x
 .

(OY)     N  -  mg = 0,     N
  
= mg .
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sur. 9

sur. 10

sur. 11

 gaazreba  

saSinao davaleba

#1. grafikze gamosaxuli calkeuli ubnebis mixedviT dau-

kavSire sxeulze moqmedi Zala Sesabamisi moZraobis  

saxes.

ubani
Tanabari

a=0
 Tanabar­

 aCqarebuli,
a>0

 Tanabar­
 aCqarebuli,

a<0

araTanabari
a=const

I

II

III

IV

V

VI

1. ra Zala moqmedebs 50 kg masis sxeulze, Tu igi 0.5 m/wm2 

aCqarebiT moZraobs?

2. gamoTvale 6 n Zalis mier 0,3 kg masis burTisTvis miniWe-

buli aCqareba.

3. sxeulis siCqaris modulis droze damokide bulebis 

grafikis mixedviT gamoTvale  sxeulze moqmedi Zala, Tu 

am sxeulis masaa 80 g (sur. 10).

4. sxeuls 0,6 m/wm2 aCqarebas aniWebs 30 n Zala. ra Zala mi-

aniWebs am sxeuls 1,8 m/wm2 aCqarebas?

5. raRac Zalam 5 kg masis sxeuls 2 m/wm2 aCqQareba mianiWa. ra 

aCqarebas SeiZens imave Zalis moqmedebiT 10 kg masis sxe-

uli?

2

1

210 3 4 5

3

5

4

t,wm

u,m/wm

10

5

5 10 15 200

I

II

III

IV

u,m/wm

t,wm

sur. 8

3

-1

2

-2

1

1 2 3 4 5 6 7 8 9 10 11

-3

0 t,wm

F,n

II

II

III

IV

V VI

2. imsjele da daadgine, sxeulis aCqarebisa da 

siCqaris veqtorebis mimarTulebis mixedviT  

(sur. 9 a), romeli veqtori gamosaxavs Zalis mimar-

Tulebas (sur. 9 b)?

6. ra ZaliT moqmedebs CogburTeli 100 g masis 

burTze, Tu dartymis xangrZlivoba 0,05 wm-ia 

da dartymis Sedegad burTi 90 km/sT siCqares 

iZens?

7. elmavali cariel matarebels aniWebs  

0,5 m/wm2 aCqarebas, xolo da tvirTuls –  

0,1 m/wm2-s. gamoTvale tvirTis masa, Tu wevis 

Zala orive SemTxvevaSi 15 kn-is tolia.

8. siCqaris droze damokidebulebis grafikis 

mixedviT, gamoTvale 2 kg masis sxeulze moq-

medi Zala TiToeuli ubnisaTvis. romel ubanze 

gaivlida sxeuli met manZils (sur. 11)?

u

a

a b

1

2
3

4
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I eqsperimenti 

4.6. sxeulTa urTierTqmedebis     
 eqsperimentuli kvleva

mocemuli gaqvs: ori saskolo dinamo metri, Toki.

msvleloba: dinamometrebi kauWebiT daukavSire erTmaneTs da maT boloebs gamoabi 

Tokebi. orma moswavlem gamoswieT Tokis boloebi ise, rom ar miuaxlovdeT erT-

maneTs.  

 aRwere damzerili movlena. 

gamoitane daskvna: raze miuTiTebs dinamometrebis erTnairi Cvenebebi? ratom gadai-

xara dinamometrebis  isrebi urTierTsawinaaRmdego mxares?

 warmoidgine, erT dinamometrze da-

magrebulia rkinis sxeuli, meoreze 

_ magniti. dinamometrebi miuaxloves 

erTmaneTs.  

 ivaraude, rogori iqneba (erTnairi Tu 

gansxvavebuli) dinamometrebis  Cvene-

bebi. daasabuTe Seni varaudi.

azrobrivi eqsperimenti

mocemuli gaqvs: ori saskolo dinamo metri.

msvleloba: daamagre dinamometri sayrdenze da gamoabi kauWiT meore dinamometri. 

 imoqmede ZaliT meore dinamometrze. daakvirdi dinamometrebis Cvenebebs. Semdeg 

dinamometrze imoqmede meti ZaliT. isev daakvirdi dinamometrebis Cve nebebs.  

 aRwere damzerili movlena. 

gamoitane daskvna: ratom gadaixara dinamometrebis  isrebi urTierTsawinaaRmdego 

mxares?

II eqsperimenti 

F1  F2

 F2 F1
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Nniutonis kanonebi urTierTkavSirSia erTmaneTTan. ka-
vSiri niSnavs, rom niutonis kanonebi adgenen moZraobis 
kanonzomierebebs aTvlis inerciuli sistemebis mimarT. 
Tumca, niutonis yvela es kanoni damoukidebelia. isini 
ar gamomdinareoben erTmaneTisgan da arc erTi kanoni ar 
aris meoris kerZo SemTxveva. 

magidaze moTavsebuli wigni P ZaliT moqmedebs sayr-
denze. aseve magidac moqmedebs wignze N  drekadobis 
ZaliT (sur.13). es Zalebi erTnairi bunebisaa. erTnairi 
niSniT damuxtuli burTulebi ganizidebian. anu pirveli 
burTula ganzidvis ZaliT moqmedebs meoreze da meore 
burTula _ pirvelze. es Zalebic erTnairi bunebisaa 
(sur. 14). eqsperimentebiT mtkicdeba, rom es Zalebi mo-
duliT erTmaneTis tolia, mimarTulebiT sapirispiroa.

niutonma kvlevebis Sedegad daadgi na  Tanafardoba 
urTierTqmed sxeulebSi aRZrul Za lebs Soris (sur. 15). 
igi niu tonis mesame kanonis saxeliTaa cnobili:

Zalebi, romliTac ori sxeuli erTmaneTze moqme­

debs, sididiT tolia da erTi wrfis gaswvriv urT­

ierTsapirispirodaa mimarTuli.

        F1 = – F2

niutonis meore kanonis Tanaxmad, FF1
 = m

1
a1  da F2

 = m
2
a2 ,

radgan 
 FF1 = FF2  

,F   amitom,
 F     m1 

a1 = m
2 
a2, 

a1 m
2

m
1

a2

 =  .
 
niutonis mesame kanonis Tanaxmad, Za-

lebi yovelTvis wyvilad aRiZvrebian. am 
Zalebs xSirad qme de bisa da ukuqmedebis 
Zalebs uwodeben (sur. 15).

  mniSvnelovania, rom qmedebisa da ukuqmedebis Zalebi 

sxvadasxva sxeulzea modebuli da amitom ar akompensi­

reben isini erTmaneTs. es Zalebi erTnairi bunebisaa.

 davuSvaT, ori navi erTmaneTTan TokiTaa gadabmuli. 
erT-erT navSi mjdomi biWi F

1
 ZaliT eweva meore cariel 

navs. F
1
 Zala modebulia meore navze. Tavis mxriv carieli 

romeli gemi ufro 
metad Wimavs 
bagirs?

ifiqre da imsjele

sur. 12

sur. 15

F
1

F
2

m
1

m
2

4.7. niutonis mesame kanoni

sur. 13

N

sur. 14

+ +

 F2 F1

P
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navic moqmedebs pirvel navze F
2

ZaliT, ro-
melic modebulia pirvel navze. radgan es 
Zalebi modebulia sxvadasxva sxeul ze, isini 
ar akompensireben erTmaneTs da amave dros, 
erTi bunebis arian (sur. 16).

niutonis mesame kanoni iseve, rogorc 
pirveli da meore, samarTliania mxolod aTvlis inerci-
uli sistemebis Tvis, radgan erTi inerciuli sistemidan 
meore sistemaSi gadasvlisas ar icvleba sxeulis arc 
masa, arc aCqareba, arc Zala. 

meqanikis kanonebi samarTliania aTvlis inerciuli 

sistemebis mimarT, anu yvela meqanikuri movlena erT-
nairad mimdinareobs yvela inerciul sistemaSi erTnairi 
sawyisi pirobebisas.

niutonis mesame kanoni yoveldRiurad vlindeba bune-
basa da yofa-cxovrebaSi.

siarulis dawyebisas adamiani aCqarebiT moZraobs. 
niutonis meore kanonis Tanaxmad, am aCqarebas iwvevs fex-
sacmlis lanCze dedamiwis mxridan moqmedi xaxunis Zala 
(sur. 17). moZraobisas adamiani ubiZgebs miwas ukan da Ta-
vis mxriv, niutonis mesame kanonis Tanaxmad, miwac modu-
liT toli ZaliT win ubiZgebs adamians. dedamiwa gacile-
biT didi masis gamo iRebs iseT mcire aCqarebas, rom praq-
tikulad rCeba adgilze, adamiani ki win gadaadgildeba.

avtomanqanis moZraobisas Zrava abrunebs borbals. 
mbrunavi borbali ubiZgebs miwas ukan. niutonis mesame 
kanonis Tanaxmad, miwac ubiZgebs borbals da manqana win 
gadaadgildeba (sur. 18).       

 gaazreba  

saSinao davaleba

1. me-19 suraTis mixedviT imsjele, rogor vlindeba 
niutonis mesame kanoni navis moZraobisas:

 a. rogor gadaadgildeba navi?
 b. ra Zalebi aRiZvreba navis moZraobisas?
 g. ra Tanafardobaa am Zalebs Soris?
 d. ratom ar amoZravdeba navi, Tu sportsmeni  navis 

 ked leb ze Signidan ZaliT imoqmedebs?  
2. niutonis mesame kanonis gamoyenebiT axseni, ratom 

dairRveva sasworis wonasworoba (gv. 67, sur. 20)?

 biWebisa da gogonebis ori jgufi Toks eweva urTierT-
sawinaaRmdego mimarTulebiT (sur. 20) – TiToeuli  
400 n ZaliT. gawydeba Tu ara Toki, Tu is uZlebs 700 n 
datvirTvas?

sur. 16

sur. 17

sur. 18

sur. 19

sur. 20

F
x2F

x1

F
x2F

x1

F
1F

2
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1. TanabaraCqarebulad moZravi 14 t masis TviTmfrinavi 800 

m safreni bilikis gavlis Semdeg dedamiwidan mowyvetisas 

iZens 144 km/sT siCqares. gamoTvale garbenis dro, aCqareba 

da tolqmedi Zala, romelic moqmedebs TviTmfrinavze am 

aCqarebis misaniWeblad. haeris winaaRmdegoba ugulebe-

lyofilia.

2. 1kg  da 2 kg masis uWimavi ZafiT gadabmuli sxeulebi  moZ-

raoben horizontalur gluv zedapirze. Mmeore sxeulze 

modebulia 12 n Zala. gamoTvale aCqareba, romliTac moZ-

raobs orive sxeuli (sur. 21).

m
1

m
2

F

3. sxeulebis aCqarebis Zalaze damokidebulebis TiToeuli 

grafikis mixedviT gamoTvale sxeulis masebi (sur. 22).

4. sxeulis siCqaris droze damokidebulebis grafikis 

TiToeuli ubnisaTvis gamoTvale 

200 kg masis sxeulze moqmedi Zala 

da 5 wm-Si gavlili manZili  (sur. 23).

5. 500 kg sxeulis siCqaris gegmilis 

droze damokidebulebis grafi-

kis mixedviT gamoTvale TiToeul 

ubanze sxeulze moqmedi Zala 

(sur. 24).

6. Ggrafikis mixedviT Seadgine moZ-

raobis gantolebebi x = x(t), ga-

moTvale TiToeul ubanze sxeul-

ze moqmedi Zalebi, Tu sxeulis masaa 50 kg (sur. 25).

7. 600 g masis 0,2 m/wm siCqariT moZravi burTula dae-

jaxa 0,4 m/wm siCqariT Semxvedri mimarTulebiT 

moZrav meore burTulas, ris Sedegadac pirveli  

burTulis siCqare gaxda 0,1 m/wm, meorem ki Seicv-

ala moZraobis mimarTuleba da SeiZina siCqare 0,2 

m/wm. gamoTvale meore burTulis masa.

8. 3 kg masis sxeuli16,5 n Zalis moqmedebiT moZraobs 

horizontalur zedapirze. xaxunis koeficienti 

µ = 0,5. gamoTvale sxeulis aCqareba.

4.8. amocanebis amoxsna

sur. 21

sur. 22

4

2

840 12 16

6

F,n

a,m/wm2

sur. 23

10

1 2 30 4 5 t,wm

u,m/wm

sur. 25

sur. 24

15

-10

10

-5

5

5 10 20150 t,wm

u
x 
, m/wm

I

II
III

IV

3

30 9 12 t,wm

u,m/wm

III

II

I

a

I

II

T T
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4.9. msoflio mizidulobis kanoni

ratom moZraobs 

mTvare dedamiwis 

garSemo da 

dedamiwa 

mTvaresTan 

erTad mzis 

garSemo?

ifiqre da imsjele

dedamiwidan zeviT aweuli nebismieri sxeuli mizidulo-
bis gamo vardeba dedamiwaze. eqsperimentebiT dadginda, 
rom sxeulebs izidavs ara marto dedamiwa, aramed Tavad 
sxeulebic izidaven rogorc erTmaneTs, aseve dedamiwas. 
dedaMmiwaze zRvebisa da okeaneebis miqcev-moqceva mzisa da 
mTvaris mizidulobiT aris gamowveuli.

1687 wels niutonma astronomiuli dakvirvebebis Sede-
gad, dinamikis kanonebi mTvaris moZraobas miusadaga. 
misTvis cnobili iyo, rom mTvare dedamiwis garSemo TiTq-
mis wriul orbitaze moZraobs (sur. 28). wriul orbitaze 
moZraoba sxeuls mxolod maSin SeuZlia, rodesac masze 
moqmedebs Zala, romelic cent ris kenul aCqarebas aniWebs. 
Ees Zala rom ar moqmedebdes, maSin mTvare imoZravebda 
wrfivad da Tanabrad. N

niutonma gamoTqva mosazreba,  rom Zala, romelic mTva-
res `aiZulebs~ dedamiwis garSemo wriul orbitaze imoZ-
raos, aris dedamiwasa da mTvares Soris urTierTmizidu-
lobis Zala. maTematikuri gamoTvlebiT niutonma miiRo 
formula, romlis safuZvelzec daadgina mTvarisa da 
dedamiwis urTierTmizidvis Zala.

Semdgomi kvlevebis Sedegad Nniutonma aseve daadgina, 
rom mis mier miRebuli formuliT SesaZlebeli iyo nebi-
smieri ori sxeulis mizidulobis Zalis (gravitaciuli 
Zala) gamoTv la.  Tumca am sxeulebis zomebi gacilebiT 
naklebi unda yofiliyo maT Soris manZilze. Nniutonis am 
aRmoCenas msoflio mizidulobis kanoni ewoda:

nebismieri ori sxeuli urTierTmiizideba ZaliT, 

romlis moduli pirdapirproporciulia am sxeulebis 

masebis namravlisa da uku proporciulia maT Soris 

manZilis kvadratisa.
m

2

r2F = G
m

1  ,
   
sadac m

1
 da m

2 
sxeulis masebia, r _ maT Soris manZili  

sur.29

sur. 28

sur. 27

sur. 30

F
1

m
1 m

2

r

F
2
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(sur. 30). Zala mimarTulia sxeulebis SemaerTebeli wrfis 
gaswvriv.

msoflio mizidulobis kanoni samarTliania material-
uri wertilebisTvis da erTgvarovani sferuli formis 
 sxeulebisaTvis.

G-s msoflio mizidulobis, anu gravitaciuli mudmiva 

ewodeba.

m
2

r2

G = m
1

 F
 ,
     

G GG= 6,674•10-11  nm2

 kg2
.

Tu  ori, TiToeuli1kg masis materialuri wertili daSo-
rebulia 1 m-iT, maSin

F = 6,674•10-11 n.

gravitaciuli mudmiva ricxobrivad tolia 1 m­iT da­

Sorebuli TiTo kg masis or sxeuls Soris gravitaciuli 

urTierTmizidu lobis Zalisa.

gravitaciuli mudmiva pirvelad eqsperimentulad, grex-
iTi sasworis (sur. 29) saSualebiT gazoma ingliselma mec-
nierma, henri kavendiSma 1797-1798 wlebSi.

davuSvaT, sxeuli dedamiwidan raime h simaRlezea  
(sur. 31). Tu dedamiwis radiuss aRvniSnavT R-iT, masas M-iT, 
sxeulis masas m-iT, maSin msoflio mizidulobis kanoni 
gamoisaxeba formuliT:

          
m

(R + h) 2
F = G                .

M

henri kavendiSi
(1730 - 1810 w.w.)

sur. 31

h

R

sur. 32

 gaazreba  

saSinao davaleba

1. 10 kg masis tyviis ori sfero erTmaneTisgan 

daSorebulia 0,15 m manZiliT. gamoiangariSe 

maT Soris urTierTmizidulobis Zala.

2. ra ZaliT miizidavs 158 kg masis tyviis bur-

Tula 0,73 kg tyviis masis burTulas, Tu am 

sxeulebis centrebs Soris manZili 22,5 sm-ia (grexiTi saswo-

riT Catarebuli cdis mixedviT)?

3. gamoTvale 1 kg masis sxeulis mizidulobis Zala veneras 

zedapirze. veneras masa daaxloebiT 4•1024 kg-ia, ra diusi –  

6100 km.

sur. 33

1. mTvaresa da mzes Soris mizidulobis  Zala  orjer naklebia, 

vidre  mTvaresa da dedamiwas Soris. imsjele, rogor imoZ-

ravebda mTvare dedamiwasa da mTvares  Soris miziduloba 

rom  Semcirebuliyo?

2. gamoTvale urTierTmizidulobis Zala 56 t TviTmfrinavsa 

da dedamiwas Soris da Seadare TviTmfrinavis simZimis Za-

las. dedamiwis radiusia  6 400km da masa 6 .1024 kg-ia (sur. 32).

3. suraTze gamosaxuli grafikis mi xed viT imsjele dedamiwis 

mi zidulobis Zalis manZilze damokidebu-

lebis Sesaxeb (sur. 33).

50 10 15 20 25 30

50 10 15 20 25

F, n

r = R
d
 = 6,38 . 106 m

r=R
d
, 106 m

r, 106 m

700

600

500

400

300

200

100
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4.10. erTi ZaliT gamowveuli    
  sxeulis moZraoba

  

ratom 

gansxvavdeba 

Tavisufali 

vardnis aCqareba 

planetebze?

ifiqre da imsjele

dedamiwis zedapirTan axlomdebare sxeulze moqmed 
mizidulobis Zalas simZimis Zala ewodeba.

simZimis Zala damokidebulia sxeulis masaze da  mimar-
Tulia dedamiwis centrisken (sur. 35). erTi da imave sxeu-
lis simZimis Zala dedamiwis zedapiris sxvadasxva adgi-
las gansxvavebulia. simZimis Zalas zomaven xelsawyo 
gravimetriT. zusti gazomvebiT SesaZlebelia simZimis 
Zalis mimarTulebis dadgena.  gazomvis monacemebis ana-
liziT adgenen dedamiwis  qanebSi sasargeblo wiaRiseu-
lis arsebobas (sur. 36).

eqsperimentebiT dadginda, rom nebismieri 1 kg  masis 
sxeuls dedamiwa mocemul wertilSi izidavs daaxloebiT 
9,8 n ZaliT, xolo  m masis sxeuls  m - jer meti ZaliT. e.i. 

      F
s
 = m kg . 9,8 n/kg. 

9,8  n/kg aris sidide, romelic aRniSneba g asoTi. 
dedamiwisTvis igi saSualod 9,8 m/wm2-is  tolia da uwo-
deben Tavisufali vardnis aCqarebas. masze damokide-
bulia simZimis Zala.

m
g =          .

F
s
 

sxeulis simZimis Zalis Sefardeba am sxeulis masas­

Tan mudmivi sididea nebismieri masis sxeulisTvis.

sxeulze moqmedi simZimis Zala msoflio  mizidulobis 
Zalis gamovlenaa. sxeulze moqmedi msoflio mizidulo-
bis Zala da  simZimis Zala erTmaneTis tolia.

 
m

R2
mg = G            

M
        

aqedan  
 

R2
g = G            

M
                                           ,                                                    .  

es formula samarTliania nebismieri ciuris sxeu-
lisaTvis. g Tavisufali vardnis aCqarebis sidide da-
mokidebulia ciuri sxeulis  masasa da radiusze. 

F
s
 

F
s
 

F
s
 F

s
 

F
s
 

F
s
 

sur. 34

sur. 35

iu
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.
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 gaazreba  

saSinao davaleba

XVIII saukunis bolos ingliselma mecnierma henri kavendiSma grexiTi sasworis gamoye-

nebiT eqsperimentulad Seamowma msoflio mizidulobis kanoni da gazoma mizidulo-

bis Zala or liTonis burTulas Soris.A am gazomvebze dayrdnobiT man SeZlo gravita-

ciuli mudmivas gamoTvla. G-s dadgenis Semdeg kavendiSma gamoTvala dedamiwis masa. 

am  eqsperiments `dedamiwis awonas~ uwodeben. suraTze gamosaxulia kavendiSis cdis 

sqema.

grexiTi sasworis wvrili, drekadi simi (1),zeda boloTi isea damagrebuli, rom SeiZ-

leba misi Semobruneba da Semobrunebis kuTxis gazomva. simis qveda bolo Camagrebu-

lia msubuqi, horizontaluri Reros SuaSi (2). Reros boloebze mimagrebulia patara 

zomis tyviis burTulebi (3). gacilebiT didi masis tyviis ori sfero (4) damagrebulia 

mbrunav xarixaze ise, rom SeiZleba misi Semobrunebisas mivuaxlooT sferoebi bur-

Tulebs jer erTi mxridan, Semdeg meore mxridan. Ddidi da patara burTulebis gravi-

taciuli mizidvis Zala iwvevs msubuqi (2) Reros Semobrunebas da simis grexvas, rac 

daimzireba TvaliT(5). Aam kuTxis gazomviT kavendiSma gamoTvala burTulebs Soris 

urTierTqmedebis gravitaciuli Zala.

warmoidgine, atareb kavendiSis cdis analogiur eqsperi-

ments. SenTvis cnobilia, rom urTierTqmedi TiToeuli 

burTulis masa 1 kg-ia da manZili maTi simZimis centrebs 

Soris _1 m. grexiTi sasworis Semobrunebis kuTxis mniSvne-

libis gaTvaliswinebiT gamoTvlili Zalaa F = 6,754•10-11  n. 

am monacemiT gamoTvale G gravitaciuli mudmiva GGG. ras ud-

ris G? 

rogor gamoiyeneb gravitaciuli mudmivas ricxviT mniSvne-

lobas mTvareze Tavisufali vardnis aCqarebis  gasagebad, 

Tu mTva ris radiusia R = 1738,14 km da masa    M =  7,35 . 1022kg.

e.i. garda dedamiwisa, sxva planetebi da  maTi Tanamgza-
vrebic sxeulebs simZimis ZaliT izidaven. radgan plan-
etebis masebi da radiusebi  gansxvavebulia, amitom erTi 
da imave masis sxeulze moqmedi simZimis Zala da, Sesabam-
isad, g _ Tavisufali vardnis aCqarebac, gansxvavebulia. 

diagramaze mocemulia mzis sistemis planetebze Tavi-
sufali vardnis aCqarebebs Soris Tanafardoba (sur. 34).

mTvareze  simZimis Zala TiTqmis 6-jer naklebia, vidre 
dedamiwaze. Tu adamiani dedamiwaze 1 m simaRleze xte-
ba, igi mTvareze 6 m simaRleze axteba, Tu zedapiridan 
mowyvetis siCqare erTnairia.

1. imsjele, ratom aris sxeulebis vardna (Tu haeris winaaRm-

degobas ugulebelvyofT) erTi Zalis moqmedebiT moZra-

oba (sur. 37)?

2. sxeulis simZimis Zala dedamiwaze 60 n-ia. ra simZimis Zala 

imoqmedebs imave sxeulze _ mTvareze.

azrobrivi eqsperimenti
`dedamiwis awonva~

sur. 37

sur. 36

1

2
4 4 33

5 5
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4.11. sxeulis wonis eqsperimentuli  
  kvleva  

mocemuli gaqvs: kauWiani sawoni, zambariani dinamometri (an 

mcire sixistis zambara).

msvleloba: 

 a. Camohkide sawoni dinamometrze da gazome sxeulis wona  

(sur. a).A

 b. Maswie sawoniani dinamometri daaxloebiT 60sm simaRleze da 

xeliT aCqarebulad amoZrave qveviT (sur. b).D daakvirdi dina-

mometris Cvenebas. 

A aRwere damzerili movlena. Ggamoitane daskvna: ratom Seikum-

Sa zambara. rogor icvleba sxulis wona qveviT, aCqarebulad 

moZraobisas?

 g. sawoniani dinamometri swrafad, aCqarebulad aswie dax-

loebiT 60 sm simaRleze (sur. g).D daakvirdi dinamometris Cve-

nebas. 

 AaRwere damzerili movlena. Ggamoitane daskvna: ratom daiWi-

ma zambara. rogor icvleba sxeulis wona zeviT, aCqarebulad 

moZraobisas?

 d. aswie sawoniani dinamometri daaxloebiT 60 sm simaRleze 

da gauSvi xeli (sur. d). Ddaakvirdi dinamometris Cvenebas. 

A aRwere damzerili movlena. 

Ggamoitane daskvna: vardnisas ratom ar daiWima zambara da ra-

tom aris sxeuli uwonobis mdgomareobaSi?

I eqsperimenti 

a

ga

a

g

b

d

II eqsperimenti 

mocemuli gaqvs: qaRaldis furceli, xis 

patara Zelaki (an saSleli).

msvleloba: moaTavse furcelze xis Zela-

ki. Aaswie furceli ZelakTan erTad  60 sm 

simaRleze da gauSvi xeli.

 aRwere damzerili movlena. 

gamoitane daskvna: ratom daeca erT-

droulad xis Zelaki da qaRaldis fur-

celi? vardnisas Aratom ar awveba xis Ze-

laki qaRaldis furcels?

g
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4.12. wona da uwonoba

ratom arian 

sxeulebi 

kosmosur 

xomaldSi 

uwonobis 

mdgomareobaSi?

ifiqre da imsjele

sur.38

sur. 40

Tanabrad moZravi an uZravi sxeulis wona gansxvavdeba 
TanabaraCqarebulad moZravi sxeulis wonisagan. 

AuZravi sxeulis wona, rodesac uZrav horizontalur 
sayrdenzea moTavsebuli, simZimis Zalis tolia da mode-
bulia sayrdenze. simZimis Zala iwvevs sayrdenis defor-
macias. Zala, romliTac deformirdeba sayrdeni, aris 

wona. igi sayrdenzea modebuli (sur. 39 a), Aanu wona made­

formirebeli Zalaa. 

sayrdenis deformaciisas aRiZvreba drekadobis Zala, 
romelic modebulia sxeulze da moduliT sxeulis wonis 
tolia. sxeulis wona da  sayrdenis reaqciis Zala sapiris-
pirod arian mimarTuli (sur. 39 b).

sxeulis wona da simZimis Zala sxvadasxva bunebis Za-
lebia. 

simZimis Zala gravitaciuli bunebisaa, xolo wona 
molekulaTa Soris urTierTqmedebis Zalis gamovlenaa 
da eleqtromagnituri bunebisaa.

Tu sxeuli uZravad kidia sakidelze, maSin sxeulis 
wona da sakidelSi aRZruli drekadobis Zala (daWimu-
lobis Zala), niutonis mesame kanonis Tanaxmad, erT-
maneTis tolia. sxeulis wona yovelTvis modebulia 
sakidelze an sayrdenze.

EdavuSvaT, zambarian dinamometrze dakidebul sxeuls 
xeliT qveviT mimarTuli a aCqarebiT amoZraveben (sur. 
40). sxeulze moqmedebs mg simZimisa da F

dr   
drekadobis Za-

lebi. OOY RerZi mimarTulia vertikalurad qveviT. niuto-
nis meore kanonis Tanaxmad, sxeulze moqmedi tolqmedi 
Zala, romelic sxeuls a aCqarebas aniWebs, iqneba:

ma =FFFF F
dr 

+ mg

OY RerZze gegmili iqneba:

(OY)           ma =FFFF - Fdr + mg

Fdr = mg -  ma

sur. 39

a

b

Fdr

mg

ay

N

P

mg

P

mg
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Nniutonis mesame kanonis Tanaxmad, ra ZaliTac sxeuli mo-
qmedebs zambaraze, imave ZaliT zambara moqmedebs sxeulze.

anu Fdr  
drekadobis Zala moduliT P sxeulis wonis 

modulis tolia.  F 
           P = Fdr , 

e.i
    P = mg - ma,      P = m(g - a).

aCqarebulad qveviT an Senelebulad zeviT moZrav 

sxeulze moqmedi simZimis Zala metia drekadobis Za­

laze da sxeulis wona naklebia simZimis Zalaze.  

Tu sxeuli zeviT mimarTuli a aCqarebiT moZraobs 
(sur. 41), maSin sxeulze moqmedi ZalTa tolqmedi, ro-
melic sxeuls a aCqarebas aniWebs, iqneba:

ma =FFFF Fdr + mg 
OY RerZze gegmili iqneba:

(OY)          - ma =FFFF - Fdr + mg   

          Fdr = mg + ma,          P = Fdr,          P = mg + ma,   

  P = m (g + a).

aCqarebulad zeviT an Senelebulad qveviT moZrav 

sxeulze moqmedi simZimis Zala naklebia drekadobis 

Zalaze da sxeulis wona metia simZimis Zalaze.

Tu sxeuli sakidelTan an sayrdenTan erTad vardeba 
vakuumSi (uhaero sivrceSi) (sur. 42), maSin misi  aCqareba

      a = g    da    PPP = m (g – g) = 0.
Tu sxeuli ar Wimavs sakids da ar awveba sayrdens, ma­

Sin misi wona nulis tolia.

sxeulis aseT mdgomareobas uwonobas uwodeben. uwo-
nobaSia yvela is sxeuli, romelic Tavisufali vardnis 
mdgo mareobaSia.

Fdr

mg

a

y

 gaazreba  

saSinao davaleba

1. imsjele da gamoTvale, ra aCqarebiT da romeli mimarTu-

lebiT unda avamoZraoT horizontalur sayrdenze moTav-

sebuli sxeuli, rom misi wona samjer gaizardos?

2. imsjele, ra Tanafardobaa suraTze gamosaxul sxeulze 

moqmed simZimis Zalis modulsa da sxeulis wonis moduls 

Soris (sur. 43 a,b).

1. Zafi wydeba masze 40 n Zalis zemoqmedebiT. Ggawydeba Tu ara 

Zafi masze 2 kg masis tvirTis dakidebisas? tvirTiani Za-

fis zeviT mimarTuli 7 m/wm2 aCqarebiT amoZravebisas?

2. dinamometris maqsimaluri Cvenebaa 10 n. ra aCqarebiTaa 

SesaZle beli aseT dinamometrze Camokidebuli 0,5 kg masis 

tvirTis aweva?

Fdr

y

g

mg

sur. 41

sur. 42

sur. 43

mg

mg

a

a

Fdr

a

b
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4.13. amocanebis amoxsna
1. Hhorizontalur sibrtyeze moTavsebul 2 kg masis xis Ze-

laks  ewevian F ZaliT. Zelakis aCqarebaa 0.2 m/wm2, xaxunis 

koeficientia  0,2. gamoTvale wevis Zala (sur. 44).

2. 15 kg masis sxeulis moZraobisas koordinatis droze damo-

kidebulebaa: x = 5 – 12 t. gamoTvale sxeulze moqmedi Zale-

bis tolqmedis moduli.

3. 500 kg masis avtomanqanis siCqaris modulis droze damoki-

debulebis mixedviT gamoTvale tolqmedi Zalis moduli   

2 wm-Tvis  A(sur. 45).

D4. m
1 
= 1 kg da m

2 
= 2 kg masis sxeulebi, maTze 15 n wevis Zalis 

moqmedebiT aCqarebulad gadaadgildebian  magidis zeda-

pirze. xaxunis koeficientia 0,1. gamoTvale Tokis daWimu-

lobis Zala (gv. 89, sur. 21).

5. ra saSualo aCqarebas SeiZens mSvildidan gasrolisas  

50 g masis isari, Tu mSvildis daWimvis maqsimaluri Zalaa 

100 n? gamoTvale isris saboloo siCqare, Tu gasrolis 

drois xangrZlivoba 0,01 wm (sur. 46).

6. ra daWimulobis Zala moqmedebs liftis bagirze, Tu dat-

virTuli liftis masaa 1000 kg da lifti 0,2 m/wm2 aCqarebiT 

moZraobs (g = 9,8m/wm2).

7. Lliftis iatakze moTavsebulia 50 kg masis yuTi. Lliftis 

siCqare zeviT moZraobisas 3 wm-Si Seicvala 8 m/wm-dan  

2 m/wm-mde. gamoTvale yuTis iatakze dawolis Zala.    

8. orTqlmavalma ubiZga 30 t masis vagons, romelic horizon-

talur gzaze idga. vagonma daiwyo moZraoba 0,5 m/wm siCqa-

riT. gamoTvale dartymis Zala, Tu igi 1 wm-s grZeldeboda.

9. sxeulis siCqaris dro ze damokidebulebis grafikis mixed-

viT, gamoTvale 1500 kg masis avtomanqanis wevis Zala, Tu 

xaxunis Zala 2000 n-ia (sur. 47).

10. ras udris 1 kg masis sxeulisa da dedamiwis urTierTmizi-

dulobis Zala dedamiwis zedapiridan misi radiusis naxev-

ris tol manZilze?

11. dedamiwisa da mTvaris centrebs Soris saSualo manZi-

li dedamiwis radiusze 60-jer metia. mTvaris masa 81-jer 

naklebia dedamiwis masaze. maTi centrebis SemaerTebeli 

wrfis romel wertilSi iqneba sxeulze moqmedi mTvarisa 

da dedamiwis mizidulobis Zalebi toli?

12. dedamiwasa da mzes Soris manZili 1,5 • 1011 m-ia. ra wiriTi 

siCqariT moZraobs dedamiwa mzis garSemo?

13. dedamiwidan ra manZilze unda avides kosmosuri xomaldi, 

rom mizidulobis Zala 100-jer Semcirdes.

F

a

F
xax

N

mg

sur. 44

sur. 46

sur. 47

sur. 45

u,m/wm

10

50 10

20

t,wm

u,m/wm

1 20 3 4 5 t,wm

20

15

10
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4.14. moZraoba wrewirze

wona damokidebulia sxeulis moZraobis xasiaTze. wre-
wirze moZravi sxeulis wona gansxvavebulia uZravi sxeu-
lis wonisgan. davuSvaT, manqana r-radiusian TaRovan xid-
ze u mudmivi siCqariT moZraobsA (sur. 49).

xidis umaRles wertilSi aCqareba, romliTac manqana 
moZraobs, wrewiris centriskenaa mimarTuli da misi 
moduli gamoisaxeba formuliT:

ra = 
u2

.

koordinatTa OY RerZi mivmarToT vertikalurad 
qveviT. a aCqarebas manqanas aniWebs misi simZimis Zalisa  
F

sim 
= mg da xidis N reaqciis Zalis tolqmedi. Nniutonis 

II kanonis Tanaxmad, avtomanqanis moZraobis gantolebaa:

F
wev

+ F
win

 + mg + N = ma ,       F
wev

= - F
win

 

gantolebaSi Semavali veqtorebis OY RerZze dageg-
milebiT gantolebas eqneba aseTi saxe:

 (OY)       mg - N = ma 

radgan      
ra = 
u2

 ,   amitom    mg - N = m r
u2

 ,

saidanac     N = m (g – 
r
u2

) .

Zala, romliTac manqana awveba xids (sxeulis wona – 
P), moduliT xidis N reaqciis Zalis modulis tolia. 
niutonis III kanonis Tanaxmad, 

 P = N,         P = m (g – 
r
u2

) ,         P < mg.

Aamgvarad, xidze moZraobisas umaRles wertilSi man­

qanis wona naklebia misi uZraobis wonaze. 

Aaseve, `msubuqdebian~ manqanaSi msxdomi mgzavrebi. 
davuSvaT, TviTmfrinavi asrulebs mkvdar maryuJs 

(sur. 50 a, b), misi mrudwiruli traeqtoriis qveda A 

wertilSi mfrinavze moqmedi ZalTa tolqmedi, niutonis 
II kanonis Tanaxmad, iqneba (sur. 51):

a
mg

y

r

rodis ufro 

msubuqia manqana, 

amozneqil xidze 

moZraobisas, Tu 

roca dgas xidze?

ifiqre da imsjele

sur. 49

sur. 48

 A

 A

N

F
wev F

win

a

b

sur. 50

u = const
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 gaazreba  

saSinao davaleba

1. 40 kg masis biWi qanaobs saqanelaze, romlis sakidelis sig-

rZea 4 m. ra ZaliT awveba biWi skams maSin, roca wonasworo-

bis mdebareobis gavlisas misi siCqarea 6 m/wm?

2. 1 t masis avtomanqana 40 m radiusis amozneqil xidze  

36 km/sT siCqariT moZraobs. rogoria misi wona xidis Sua 

adgilas? Seadare igi uZravi manqanis wonas. gamoitane 

daskvna.

3. ra umciresi siCqariT unda vabrunoT 1 metri sigrZis 

Tokze gamobmuli wyliT savse saTli vertikalur sibrtye-

Si ise rom saTlidan wyali ar gadmoiRvaros?

imsjele `eSmakis borbalis~ kabinaSi moTavsebuli sxeulis 

wonis cvlilebaze vertikalur sibrtyeSi wrewirze Tana-

bari moZraobisas A da B wertilebSi (sur. 52).

a) rogori Tanafardoba iqneba sxeulis wonasa da simZimis Za-

las Soris, Tu  sxeuli uZravadaa A wertilSi? B wertilSi?

b) rogori  Tanafardobaa sxeulis wonasa da mis simZimis Za-

las Soris A wertilSi, Tu  sxeuli wrewirze a aCqarebiT  

moZraobs?

g) rogori  Tanafardobaa sxeulis wonasa da mis simZimis Za-

las Soris B wertilSi, Tu  sxeuli   a aCqarebiT  moZraobs?

sur. 51

sur. 52

N

r

Y

mg

a

υ

N
2

Y

r

N
1

a

a

mg

mg

A

B

 

OY RerZi mivmarToT ver-
tikalurad qveviT. maSin 
gegmili OY RerZze iqneba:

(OY)       mg - N = - ma

       ma = N - mg,      aqedan  
       

N = mg + ma

radgan  P = N,   amitom 
 
       P = m (g + 

r
u2

),    P > mg .

Aamgvarad, TviTmfrinavis moZraobisas, mrudwiruli 

traeqtoriis udables wertilSi, mfrinavis wona metia 

mis uZraobis wonaze.

Tu pikirebidan gamosvlisas TviTmfrinavis aCqareba  
n-jer metia Tavisufali vardnis g aCqa rebaze

            a = r
u2

= ng .

maSin, mfrinavis wona P = m (g + ng) = mg (n + 1).

mfrinavis wona traeqtoriis udables wertilSi  
(n + 1)-jer meti iqneba mfrinavis uZraobis wonaze da misi 
dawolis Zala  sayrdenze izrdeba.

A

   mg + N = ma 

u = const
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4.15. pirveli kosmosuri siCqare

sxeulebis meqanikuri moZraobis kvlevisas niutoni 
azrobriv eqsperimentebsac atarebda.  man warmoid-
gina, rom Zalian maRal mTis mwvervalze (romlis 
wveri atmosferos zeviTaa) idga zarbazani, romelic 
Wurvebs isroda horizontalurad (sur. 54). mcire 
siCqariT gasrolili tyvia  gacilebiT axlos unda  
dacemuliyo zarbazanTan (mag.,A A wertilSi),  vidre 
didi siCqariT gasrolili (B wertilSi). niutonis 
azriT, gasrolis siCqaris Semdgomi  zrdiT unda gaz-
rdiliyo  Wurvis dacemis manZili. azrobrivi eqsper-
imentidan gamomdinare, niutonma logikuri msjelo-
bis Sedegad  gamoitana daskvna, rom Wurvs SeiZleba 
mieniWos iseTi  siCqare, rom igi ar dabrundes dedami-
waze, aramed mTvaresaviT imoZraos dedamiwis garSe-
mo  C an D orbitaze. niutonma gamoTvala es siCqare, 
romelsac pirveli kosmosuri siCqare ewoda. 

niutonis ideebi safuZvlad daedo kosmosis kvle-
vas.  

Tanamgzavris dedamiwis garSemo orbitaze gaSvebi-
sTvis mTavaria, Tanamgzavri avitanoT dedamiwis ze-
viT, kosmosSi, zustad saWiro simaRleze da mivani-
WoT zustad saWiro siCqare. es aris aucilebeli da 
sakmarisi piroba. danarCens dedamiwis mizidulobis 
Zala `TviTon moimoqmedebs~.

dedamiwidan raketis startisas kosmonavtebis 
wona ramdenjerme izrdeba mniSvnelovani aCqarebis 
gamo. simZimis Zalis sapirispirod mimarTuli aCqare-
biT moZravi sxeulis wonis Sefardebas amave sxeulis 
simZimis ZalasTan gadatvirTva (n) ewodeba.

     
P

F
s

n =       =                   =
m (g + a) (g + a)

mg g
                                                                                .

gadatvirTva uaryofiTad moqmedebs adamianis 
or ganizmze. mag., n = 5-dan n = 7-mde gadatvirTvis 

ra siCqare unda 
mianiWos raketam 
kosmosur xomalds, 
rom man mTvaresaviT 
dedamiwis garSemo 
imoZraos?

ifiqre da imsjele

sur. 53

sur. 54

sur. 55

A
B

C

D
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SemTxve vaSi gauvarjiSebeli adamiani droebiT kargavs 
mxedvelobasa da gonebas. gadatvirTvasTan dakavSire-
bul uaryofiT fiziologiur zemoqmedebas specialu-
rad momzadebuli kosmonavti gacilebiT advilad itans, 
radgan kabinaSi misi sxeuli aCqarebis mimarTu le bis mar-
Tobulad aris orientirebuli (sur. 55). am SemT xvevaSi 
kosmonavti uZlebs wonis 10-12-jer matebas.

raketiT gaSvebul kosmosur xomalds,  romelic ise 
brunavs dedamiwis garSemo, rogorc mTvare,  dedamiwis 
xelovnuri Tanamgzavri ewodeba.  mTvare dedamiwis bune-
brivi Tanamgzavria.

kosmosSi sxeulebze simZimis Zalis garda sxva SesamCn-
evi Zala ar moqmedebs. raketa-matareblidan gancalkeve-
bisTanave Tanamgzavri dauyov nebliv iwyebs Tavisuflad 
vardnas (sur. 57). Tanamgzavri ganuwyvetliv vardeba, ma-
gram ar vardeba dedamiwaze orbitaze miniWebuli siCqa-
riT moZraobis gamo.

58-e suraTze gamosaxulia Tanamgzavris moZraoba 
dedamiwis garSemo R + h radiusis orbitaze. horizon-
talurad gasrolili sxeulis analogiurad, Tanam- 
gzavri erTdroulad monawileobs or moZraobaSi: orbi-
tis mxebis gaswvriv Tanabar  moZraobaSi raketis mier mini-
Webuli siCqariT da dedamiwis centrisken Tavisufali 
vardnis moZraobaSi. radgan Tanamgzav ri ganuwyvetliv 
Tavisufali vardnis mdgoma reobaSi imyofeba, Tanamg-
zavrSi myofi yvela sxeuli (maT Soris – kosmonavtebic) 
uwonobis mdgomareobaSia imis miuxedavad, Tanamgzav ris 
SigniT aris Tu ara haeri (sur. 56). mTavari is aris, rom 
Tanamgzav ris gareT aris vakuumi, anu uhaero sivrce da 
amitom Tanamgzavris Tavisufal vardnas araferi ewi-
naaRmdegeba. 

da vuSvaT, Tanamgzavri raketas gamoeyo dedamiwis zeda-
piridan h simaRle ze mdebare AwertilSi. mizidulobis 
Zala rom ar arsebobdes, maSin Araketidan  mowyvetis Sem-
deg Tanamgzavri imoZravebda Tanabrad da wrfivad hori-
zontalurad mimarTuli u siCqariT. is TandaTan 
da Sordeboda dedamiwas. mizidulobis Zalis gamo 
Tanamgzavri brunavs planetis garSemo wriul, 
R + h radiusis, orbi taze. Tanamgzavris wriuli 
moZraobisas centriskenuli aCqareba gamowve ulia 
simZimis Zalis moqmedebiT. amitom:

m u2

R + h
= mg    .   

dedamiwidan h manZilze: g = G              ,
M

(R + h)2
 amitom

   u = G             .
M

R + h

A

R + h

B

sur. 56

sur. 57

sur. 58
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am formulis mixedviT, rac ufro mcirea Tanamgzav ris 
orbitis h da Soreba dedamiwis zedapiridan, miT ufro 
didia Tanamgzavris siCqare.

  
Tu h = 0, maSin u1 =

GM

R
.

planetis zedapiris uSualo maxloblobaSi wriuli 
orbitisTvis gamoTvlil siCqares pirvel kosmosur siC-
qares uwodeben.  

formulaSi sidideebis Casmisa da gamoTvlis Sedegad 
miviRebT, rom pirveli kosmosuri siCqarea 

u = 7,91km/wm.  

aseTi siCqare uzrunvelyofs Tanamgzavris brunvas 
dedamiwis garSemo, wriul orbitaze.

Tanamgzavris wriul orbitaze brunvisaTvis saWiro 
siCqare damoki debulia mxolod orbitis radiusze da im 
ciuri sxeulis masaze, romlis garSemoc brunavs Tanamg-
zavri.

dedamiwis zedapiridan 200 km manZilze ufro axlos 
Tanamgzavrebi xangrZlivad ver ifrenen, radgan 200 km-
ze ufro dabla atmosferoa da Ta nam gzavri ganicdis at-
mosferuli haeris Semaferxebel moqmedebas (wimaaRmde-
gobis Zalis moqmedebas).

 gaazreba  

saSinao davaleba

1. gamoTvale Tanamgzavris siCqare dedamiwis zedapiridan 

300 km si maRleze.

2. gamoTvale dedamiwis xelovnuri Tanamgzavris mimoqce-

vis periodi 250 km-is simaRleze.

3. gamoTvale pirveli kosmosuri siCqare dedamiwidan mis-

ive radiusis toli simaRlisaTvis.

4. dedamiwidan ra simaRleze iqneba pirveli kosmosuri siC-

qare 7 km/wm?

planeta
planetis 

masa, kg

planetis  

radiusi, km

pirveli  

kosmosuri 

siCqare, km/wm

dedamiwa 6 ∙ 1024 6400 7,9

merkuri 0,33 ∙ 1024 2440

marsi 0,6 ∙ 1024 3395

saturni 562 ∙ 1024 58232

venera 4,9 ∙ 1024 6100

 gamoTvale da Seadare pirveli kosmosuri siCqareebi, ro-

melic unda mieniWOos Tanamgzavrebs sxvadasxva planeti-

dan kosmosSi gasaSvebad (cxr. 1), (sur. 59).

dedamiwa

merkuri

marsi

saturni

venera

sur. 59

cxrili 1
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amJamad dedamiwis garSemo daaxloebiT 2500-ze meti xe-
lov  nuri Tanamgzavri brunavs. imis mixedviT, Tu ra miznis-
Tvisaa gaSvebuli Tanamgzavri, isini  sxvadasxva simaRleze 
da sxvadasxva siCqaris Sesaba misi formis orbitebze gahyavT 
(sur. 61).  

Tanamgzavris gaSvebis sirTule misTvis orbitis simaR-
lis Sesabamisi, zustad saWiro siCqaris miniWebaSi mdgo-
mareobs. kerZod, ra moxdeba saerTaSoriso kosmosuri sad-
guris siCqare mxolod erTi procentiT (anu 0.079 km/wm-iT) 
rom Semcirdes? kosmosuri siCqaris Semcirebis momentidan 
15 wuTSi Tanamgzavri didi siCqariT SemoiWreba atmosfer-
oSi. kosmosuri sadguris konstruqcia aseTi siCqariT at-
mosferoSi SemoWrisTvis ar aris gaTvlili. amitom haerTan 
xaxunisgan is ramdenime aTas gradusamde gacxeldeba da da-
iwveba.

dedamiwas gars akravs 40 000 km siganis mqone radiaciuli 
sartyeli, romlis qveda kide 400 km  simaRlezea dedamiwis 
zedapiridan. amitom pilotirebuli kosmosuri xomaldebi-
saTvis 400 km-ze ufro maRali  orbitebi ar aris rekomende-
buli, radgan astronavtebis janmrTelobaze radiaciis 
saSiSi zemoqmedebis gamo saxifaToa.

Kgarda kosmosuri kvlevebisa, Tanamgzavrebi sayo-
facxovrebo mizniTac gamoiyeneba. MmagaliTad, dedamiwis 
zedapiridan 35 786 km simaRlze ekvatorul sibrtyeSi uS-
veben iseT Tanamgzavrebs, romlebic dedamiwis brunvis 
Tanxvedri mimarTulebiT dedamiwasTan erTad sinqronu-
lad brunaven. Aamitom isini dedamiwis mimarT uZravni ari-
an. Aam Tanamgzavrebs Tanamgzavr-retranslatorebs uwo-
deben (sur. 62).

Tanamgzavr-retranslatorebi gankuTvnilia satelevi-
zio, satelefono, internet-komunikaciebisaTvis. maTi 
gamoyenebiT SesaZlebelia dedamiwaze arsebuli sadguri-
dan miiRos signali da dedamiwaze arsebul sxva sadgurs ga-
dasces (sur. 62 a, b).

ra  siCqare 
unda mianiWos 
raketam kosmosur 
xomalds, rom 
igi mTvarisaken 
`gaemgzavros~?

ifiqre da imsjele

sur. 60

sur. 61

sur. 62

sur. 63

4.16. xelovnuri Tanamgzavrebi

mikroTanamgzavri

Tanamgzavr-retranslatori

radari

a

b
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paraboluri orbitisaTvis gaTvaliswinebul 
siCqares meore kosmosur siCqares uwodeben. 

u2 
= 11,2 km/wm.

mTvareze gasafrenad saWiroa Tanamgzavris 
siCqare 7,9 kg/wm-ze meti iyos (sur. 64).

Tu Tanamgzavris siCqare (gaqcevis siCqare) 
aRemateba meore kosmosur siCqares, igi gadis 
dedamiwis mizidulobis velidan da iwyebs mzis 
garSemo gawelil elifsur orbitaze moZraobas. 
aseTi traeqtoria aqvT dedamiwidan sxva plane-
tebisken gaSvebul kosmosur aparatebs. am SemTx-
vevaSic arsebobs zRvruli siCqare, masze ufro 
didi siCqariT gaSvebuli kosmosuri aparatebi 
toveben mzis sistemas da Cveni galaqtikis sxva 
varskvlave bisaken miemarTebian.

1977 wlis 20 agvistos gaSvebuli `voiajer 2~ 
(sur. 63) aparatis frenis traeqtoria ise iyo Ser-
Ceuli, rom man mimdevrobiT Caufrina iupiters, 
saturns, uransa da neptuns. axla is dedamiwidan 
152-jer ufro metadaa  daSorebuli, vidre mze da 
kvlav agrZelebs mzis sistemidan gasvlas vars-
kvlav siriusis mimarTulebiT.

mesame kosmosuri siCqare tolia u3=16,7km/wm, 
romliTac SesaZlebelia mzis sistemidan gasvla.

B  cnobismoyvareTaTvis!
kosmosSi Tanamgzavris dedamiwis garSemo orbitaze 

gasayvanad, saTanado kosmosuri siCqaris misaRwevad  
(7,9 km/wm an 11,2 km/wm), iyeneben mravalsafexurian raketebs. 
safexuri raketis is nawilia, romelic Seicavs Zravas da 
avzebs sawvaviT da damJangveliT. amJamad sawvavad iyeneben 
wyalbads, meTans, navTs an arasimetriul dimeTilhidra-
zins. damJangvelad _ Txevad Jangbads an azotmJavas. mag-
aliTad, samsafexurian raketas aseTi, erTmaneTis miyole-
biT ganTavsebuli sami safexuri aqvs (sur. 65, 101). masTan 
erTad aqvs astronavtebis kabina da xelsawyoebisTvis mom-
saxure nakveTuri. sawvavi tumboTi miewodeba wvis kameras. 
kameraSi wvis Sedegad sawvavi gardaiqmneba maRali tem-
peraturisa da didi wnevis airad. sawvav kamerasa da gare 
sivrceSi wnevaTa didi sxvaobis gamo namwvavi airi Zlieri 
nakadiT, saqSenis gavliT gareT gamoityorcneba. raketa 
ki, niutonis mesame kanonis Tanaxmad, sawinaaRmdego mimar-
TulebiT Rebulobs biZgs.

Mmas Semdeg, rac pirveli safexuris sawvavi mTlianad 
daixarjeba, es safexuri avtomaturad moscildeba rake-
tas da muSaobaSi irTveba meore safexuris Zrava. niutonis 
meore kanonis Tanaxmad, saerTo masis klebiT, raketis aCqa-
reba izrdeba. masSi sawvavis amowurvis Semdeg meore safex-
uric scildeba raketas. siCqaris kidev ufro gazrdisTvis 

sur. 64

7,9 km/wm

11,2 km/wm

16,7 km/wm ­ ze 

meti

mTvare

7,9 km/wm­ ze meti

u

elifsi

parabola

hiperbola

sur. 65

damcavi garsmedini

xomaldi  
astronavtebisTvis

momsaxure nakveTuri

mesame safexuri

meore safexuri

 pirveli safexuri

raketuli Zrava

raketuli Zrava

raketuli Zrava
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iyeneben mesame safexurs. xolo, Tu frenis gagrZelebas ar 
apireben, mesame safexurs iyeneben xomaldis dajdomisT-
vis. Ddajdomis win, xomaldis damuxruWebisTvis, raketas 
abruneben 180o-iT, imisTvis, rom saqSeni win moeqces. raketi-
dan gamosuli namwvavi airi xomalds aniWebs misi moZraobis 
sawinaaRmdego siCqares, rac iwvevs raketis damuxruWebas 
da iZleva misi dajdomis saSualebas. 

zogierTi raketa (Space Shuttle, Delta an Ariane) damate-
biT iyenebs myarsawvavian amaCqareblebs zesafexuris (Su-

perStage) saxiT. magaliTad, Space Shuttle (sur. 66) Sedgeba 
ZiriTadi safexurisgan da ori myarsawvaviani amaCqarebeli 
zesafexurisagan, romlebic startidan ori wuTis ganma-
vlobaSi qmnian damatebiT wevis Zalas. sawvavis gamowvis 
mere scildebian ZiriTad safexurs da eSvebian paraSutiT 
xelaxla gamoyenebisaTvis. ZiriTadi safexuri Sedgeba mra-
valjeradi gamoyenebis kosmosuri xomaldis (orbiterisa) 
da erTjeradad gamosayenebeli Txevadi wyalbadis da Jang-
badis giganturi avzisagan (1700 tona, raketis mTliani 2000 
tonidan). orbiteri, romelic daaxloebiT 100 t masisaa, 
dedamiwis garSemo wriul orbitaze gadis 
sasargeblo tvirTiT da astronavtebiT 
da misiis dasrulebisas TviTmfrinaviviT 
frindeba aerodromze (sur. 67). 

amgvarad, Space Shuttle faqtobrivad 
erTsafexuriani, magram ori myarsawva-
viani amaCqarebliT (damatebiTi safexu-
riT) gaZ lierebuli raketaa, romlis 
safexu rebi erTdroulad funqcionire-
ben da romelsac asaCqarebeli masis sami 
konfigu racia gaaCnia. esenia: 1. mTeli 
konstruqciis masa da masSi arsebuli saw-
vavi - sawyisi pirveladi konfiguracia; 2. 
mxolod orbiteri raketuli ZraviT da giganturi avzi _ 
Semsubuqebuli meore konfiguracia; 3. konfiguracia _ 
mxolod orbiteri raketis ZravebiT. myarsawvaviani amaC-
qareblis Camocilebis Semdeg miiRweva is, rom Camocile-
buli, carieli konstruqciis aCqarebaze sawvavis fuWi 
xarjva ar xdeba. 

raketa Saturn 5 gamoiyeneboda 1969-1972 wlebSi  mTva-
reze astronavtebis frenisas (konstruqtori verner fon 
brauni), raketis saerTo sigrZe 110 m-s aRwevda, xolo sas-
tarto masa 2950 t iyo (aqedan sawvavi iyo 2770 t ) (sur. 68).

orsafexuriani raketaa Falcon 9, sastarto masiT 550 t 
(sur. 69), romlis pirvel safexurs, raketa „soiuz“-is-
gan (sur. 70) gansxvavebiT, sastarto masiT 300 t, SeuZlia  
damuxruWeba da usafrTxod daSveba dedamiwaze. aRniSnuli 
upiratesoba miiRweva umTavresad marTvis unikaluri kom-
piuteruli sistemebis gamoyenebiT.

uaxloes periodSi mTvareze adamianebis xelaxla gas-
agzavnad da SemdgomSi marsis aTvisebisaTvis NASA-s mier 

sur. 66

sur. 67

sur. 68
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 gaazreba  

saSinao davaleba

1. imsjele da daaxasiaTe xelovnuri Tanamgzavrebis siCqa-

reebi (sur. 64);

 a. ra siCqare unda hqondes xelovnur Tanamgzavrs, rom man 

dedamiwis garSemo wriul orbitaze imoZraos? ras uwode-

ben am siCqares?

 b. ra siCqare unda hqondes xelovnur Tanamgzavrs, rom man 

datovos  dedamiwis garSemo moZraobis wriuli orbita da 

sxva planetisaken gaemgzavros? ras uwodeben am siCqares?

 g. ra siCqare unda hqondes xelovnur Tanamgzavrs, rom 

man datovos mzis sistema da Cveni galaqtikis sxva varskv-

lavebisken gaemgzavros? 

2.  imsjele da daaxasiaTe, rogoria Tanamgzavr-retransla-

toris brunvis periodi orbitaze moZraobisas (sur. 71).

1. Seadare dedamiwis R-radiusian  da 4 R-radiusian or-
bitebze xomaldis pirveli kosmosuri siCqareebi erT-
maneTs (R  – dedamiwis radiusia).

2. moiZie informacia mravaljeradi raketebis gamoyenebi-
sa da dedamiwis xelovnuri Tanamgzav rebis Sesaxeb.

sur. 71

sur. 69

sur. 70

Seqmnilia axali, zemZlavri, orsafexuriani raketa SLS 

gaZlierebuli, Space Shuttle analogiuri, ori damatebiTi 
myarsawvaviani amaCqarebliT. misi masa 3000 t-s aRemateba 
da ufro maRalia (daaxloebiT 108 m), vidre Tavisuflebis 
qandakeba niu-iorkSi.

miuxedavad kolosaluri Sromisa, rac raketuli te-
qnikis srulyofisTvisaa Sesrulebuli, Tanamedrove ra-
ke tul  ZravebSi siTburi energiis meqanikur energiad 
gardaqmnis sidide mainc Zalian mcirea. amitomaa gamot-
yorcnili wvis produqtebis temperatura aseTi maRali 
da Sesabamisad, didia energetikuli danakargebi. Teori-
ulad, Txevadi wyal badisa da Txevadi Jangbadis narevze 
momuSave raketu li  Zravis margi qmedebis koeficienti 
gamoTvlebiT unda iyos 7%, realurad kidev ufro nakle-
bia da 5,6%-s ar aRema teba. SedarebisaTvis, msubuqi manqanis 
Sidawvis Zravis m.q.k. aRwevs 38%-s, xolo TviTmfrinavebis 
Zravebisa 30%-s.  Mmiuxedavad aseTi mcire m.q.k.-isa, ar arse-
bobs uhaero sivrceSi sxeulebis aCqarebisaTvis reaqti-
uli moZraobisa gan gansxvavebuli sxeulis amoZrvebis sxva 
praqtikulad gamosayenebeli  principi.

amJamad, kosmosuri sivrcis aTvisebisTvis sxvadasx-
va qveynis mravali proeqti arsebobs. es proeqtebi iT-
valiswineben mTvareze, marssa da sxva planetebze eqs-
pediciebis mowyobas, axali da arsebuli kosmosuri sad-
gurebis aRWurvas saWiro masalebiT, kosmosuri turizmis 
ganviTarebas garTobis mizniT da sxv.
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4.17. sxeulTa wonasworobis pirobebi

ratom aris sxeuli 
wonasworobis 
mdgomareobaSi?

ifiqre da imsjele

statika Seiswavlis sxeulTa wonasworobis pi-
robebs masze modebuli  Zalebis moqmedebisas. 
Ggameorebis mizniT gavixsenoT sxeulTa wonas-
worobis pirobebi.

wonasworobisas sxeulis yvela wertili Za-
lebis zemoqmedebis mTeli drois ganmavloba-
Si rCeba uZravi raime aTvlis sistemis mimarT. 
Mniutonis meore kanonis Tanaxmad, wonasworo-
bisTvis, sxeul ze moqmedi yvela Zalis veqtoruli 
jami, anu tolqmedi unda iyos 0-is toli. A

arambrunavi sxeuli wonasworobaSia, Tu masze moqmedi 
yvela Zalis tolqmedi 0-is tolia.

F = F
1
 + F

2
 + F

3
 + ….. = 0.                     (1)

73-e a suraTze gamosaxulia myari sxeulis wonasworoba. 
C aris m masis sxeulis simZimis centri, romelzec modebu-
lia am sxeulze moqmedi yvela Zala. A amgvarad, Tu

   F
1 
+ F

2 
+ mg = 0,

sxeuli wonasworobaSia (sur. 73 b). 
uZrav siTxeSi moTavsebuli sxeuli wonasworobaSia, Tu 

sxeulis simZimis Zala amomgdebi Zalis tolia (sur. 74):

                  F
s 
= ρ

siTx 
. g . V

sx
                           (2)   

sadac, ρ 
siTx. 

_ siTxis simkvrivea, g _ Tavisufali vard-
nis aCqareba, V

sx
 _ sxeulis im nawilis moculoba, romelic 

siTxeSia moTavsebuli.

B  brunvis RerZis mqone sxeulis wonasworobis piroba.
Tu sxeuli brunavs raime RerZis irgvliv, maSin mxolod 

sxeulze moqmedi Zalebis nulTan toloba ar aris sakmarisi 
wonasworobis pirobisTvis. 

sxeulis mabrunebeli Zalis namravls am Zalis mxarze Za-
lis momenti ewodeba. Zalis mxari aris umoklesi manZili 
sayrden wertilsa da Zalis moqmedebis wrfes Soris. 75-e 
suraTis mixedviT, d

1
 aris F

1
 Zalis mxari, d

2
 _ F

2
 Zalis  

  F
a

  F
sim

sur. 74

sur. 75

sur. 73

sur. 72

c

F
2

F
1

mg

mg

F
1

F
2

C

d2

d1

F
1

F
2

O

a b
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mxari. Zalis momentebia:  M
1 
= F

1
d

1
,  M

2 
= F

2
d

2
.

Tu sxeulze moqmedi Zala cdilobs sxeuli Semoabrunos 
saaTis isris moZraobis mimarTulebiT, iTvleba, rom am Za-
lis momenti dadebiTia da   M

2
 >0. Tu Zala  cdilobs sxeuli 

Semoabrunos saaTis isris moZraobis sawinaaRmdego mimar-
TulebiT, am Zalis momenti uaryofiTia M

1
< 0.

(SI) sistemaSi Zalis momentis erTeulia n . m.
Tu sxeulze moqmedi yvela Zalis momentebis algebruli 

jami raime aTvlis sistemaSi uZravi RerZis mimarT nulis 
tolia, maSin sxeuli imyofeba wonasworobis mdgomareo-
baSi.

  M
1 
+ M

2 
+ ... + M

n  
= 0 . (3)

Aamitom zogadad, sxeulis wonasworobisas raime aTvlis 
sistemis mimarT unda sruldebodes ori piroba (sur. 76): 

1. sxeulze moqmedi Zalebis veqtoruli jami unda iyos 
nulis toli (1);

2. sxeulze moqmedi yvela Zalis momentebis algebruli 
jami unda iyos nulis toli (3). 

d2
d1

F
1

F
2

O

+

sur. 76

B  amocanebis amoxsna

amocana 1.

muSam 50 kg masis ficari aswia erTi boloTi, 

romelic horizontisadmi 30o-ian kuTxes qmnis. 

ra ZaliT unda imoqmedos muSam ficarze mis Se-

sakaveblad, Tu ficrisken modebuli Zala mis 

marTobulad aris mimarTuli (sur. 77).

F _ ?

a = 30o

m = 50 kg

g = 10 m/wm2

 

amoxsna

ficarze moqmedebs: simZimis mg Zala, romelic simZimis centrzea 

modebuli, muSis Zala _ F, xaxunis Zala _ F
xax

 da sayrdenis reaqciis 

Zala _ N.

ganvixiloT O wertilis mimarT sxeulze moqmedis Zalebis mo-

mentebi. am wertilis mimarT F Zalis mxari ficris L sigrZis tolia,  

mg Zalis mxari _ OD OD monakveTis sigrZis, N da F
xax 

Zalebis mxari nu-

lis toli iqneba.

DOCD -dan,  OD =       cosa ,  maSin,

ficarze moqmedi Zalebis momentebis gantoleba O wertilis mi-

marT iqneba:

mg      cosa - F L = 0, aqedan 

F =       cosa.     cos30o = 0,87

ricxvebis CasmiT miiReba:

F = 217,5 n.

L

2

L

2

mg

2

pasuxi: muSam unda imoqmedos 217,5 n ZaliT.
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martivi meqanizmebis erT-erTi saxea daxrili  sibrtye. daxrili sibrtyiT Sesa-

Zlebelia mZime tvirTis atana raime simaRleze mcire Zalis gamoyenebiT. 

daxril sibrtyeze moZraobisas sxeulze moqmedebs ramdenime Zala erTad. Aami-

tom sxeulis moZraobis xasiaTs ganapirobebs am Zalebis tolqmedi Zala da wonas-

worobis pirobebi. daxril sibrtyeze sxeulis moZraobis SeswavlisaTvis iyeneben 

niutonis kanonebs.

amocana 2.

daxril sibrtyeze moZraobs m masis Zelaki, daxris kuTxea a, xaxunis koeficienti 

– μ. gamoTvale  Zelakis aCqareba.

amoxsna

a _ ?

m

a

μ
 

Zelakze sami Zala moqmedebs (sur. 78):

Fs

 simZimis Zala, sayrdenis  N reaqciis Zala da Fxax  

xaxunis Zala. samive Zalis moqmedeba erTad Zelaks 

aniWebs  a  aCqarebas, romelic sibrtyis gaswvriv qve-

viT aris mimarTuli.

X ReErZi mivmarToT aCqarebis mimarTulebiT, Y RerZi 

ki – mis marTobulad. 

Nniutonis meore kanonis Tanaxmad, sxeulze moqmedi 

tolqmedi Zala iqneba:

     ma = mg + N + Fxax
    (1)

aCqarebis ricxviTi mniSvnelobis gamosaTvlelad davagegmiloT Zalebi OOX 

da OOY RerZebze. O

radgan , a
x
 = a,     mg

x
 = mgsina,

  F
xaxX

 = – F
xax

       N
x
 = 0,  

(OX):   ma = mgsina – F
xax 

,                                          (2) 

radgan, a
Y
 = 0,     mg

Y
 = - mgcos a,

  N
y 
= N    F

xaxy
= 0.   

(OY):   0 = N - mgcosa,  aqedan N = mgcosa,       (3) 

radgan,  F
xax

 = μ N,       F
xax

 = μ mgcosa     

amitom  ma = mgsina –  μmgcosa, 

  a = g (sina – μcosa),                                      (4)

Tu  μ = 0, maSin  a = g sina.  
 

Tu sxeuli Tanabrad moZraobs an uZravia daxril sibrtyeze, maSin

 a = 0    da  mgsina =  μmgcosa,  aqedan 
sina
cosa

μ =             = tga         (5)

        

Tu μ > tga-ze sxeuli ar Camosrialdeba an asrialebuli gaCerdeba. 

Tu μ < tga-ze  sxeuli moZraobs TanabaraCqarebulad.

amocana 3.

4 m sigrZisa da 2 m simaRlis daxrili sibrtyYiT mZime tvirTi Tanabrad aaqvT manqa-

nis Zaraze. xaxunis koeficientia  0,2. gamoTvale, ra Tanafardobaa F wevis Zalasa 

da sxeulis simZimis Zalas Soris. gamoTvale wevis Zala, Tu sxeulis masa 50 kg-ia  

(sur. 79). 

α

α α

A

x

B

Fs

Fsx

Fsy

N

a
h

sur. 78

y
Fxax

B  moZraoba daxril sibrtyeze
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_ ? 

h = 2  m

l = 4 m

μ = 0,2
g = 10  n/kg

m = 50  kg

a = 0

 

sxeulis moZraobis gantolebaa: 

   F
xax

+ N + mg + F = 0  (1)

OX RerZi mimarTulia sxeulis moZraobis mimar-

TulebiT, xolo OY RerZi mis marTobulad. 

radgan,     F
xaxX

= - F
xax

,     N
x
= 0,    mg

x 
= - mgsina, F

X
= F, 

(OX):       – F
xax 

- mg sina + F = 0  (2) 

radgan,    N
y
= N,   F

xaxXY
= 0,      mg

y
= - mgcosa,      F

y
= 0,

(OY):  N – mg cosa = 0,  N = mgcosa,        (3)

radgan,   F
xax 

= μN ,   F
xax 

= μmgcosa da    

   F = mg (sina + μcosa). 

aqedan,    
F

mg
=  (sina + μcosa)  

vinaidan,   sina = 
h
l

 =     ,       sina = 0,5,  a = 300      da     cosa = 0,85  

 (4)

  amoxsna 

daskvna: wevis Zala 33 %-iT naklebia sxeulis simZimis Zalaze. Ddaxrili sibrtyis 

saSualebiT sxeuli mis simZimis Zalaze naklebi ZaliT SegviZlia avitanoT sasur-

vel simaRleze.

saSinao davaleba

1. ciga 2 wamSi 15 m sigrZis gorakidan Camosrialda. rogoria daxrili sib rtyis si-

maRlis Sefardeba mis sigrZesTan, Tu xaxuns mxedvelobaSi ar miviRebT.

2. rogori aCqarebiT moZraobs sxeuli dax ril  sibrtyeze, Tu daxrili sibrtyis 

fuZis sigrZe da simaRle tolia, xaxunis koefi-

cienti ki 0,2-ia.

3. ra aCqarebiT imoZravebs moTxilamure, Tu 

ferdobis daxris kuTxe 30o-ia, xolo xaxuni im-

denad mcirea, rom SeiZleba ar gaviTvalis winoT  

(sur. 80)?

4. ra ZaliT unda imoqmedon 50 kg masis yuTis Tana-

bari siCqariT atanisas  daxrili sibr tyeze, Tu 

daxris kuTxe 30o da xaxunis koeficienti _ 0,2?

5. gamoTvale 40 kg masis Zelakis  aCqareba, Tu  igi 

TanabaraCqarebulad misrialebs  qveviT daxril 

sibrtyeze, romlis daxris kuTxea 45o da xaxunis 

koeficienti _ 0,7.

6. 8 t masis  avtobusi 5 kn wevis Zalis moq me debiT   

Tanabrad adis daxril gzaze, romlis daxris 

kuTxe daaxloebiT 3o-ia (sina = 0,05). gamoTvale 

xaxunis Zala.

F
s

N

F

sur. 80

F
mg

F
mg =  0, 67; .             mg = 50 kg . 10  n/kg = 500 n.

F = 0, 67 .  500 n = 335 n.

α

x
FN

y

Fxax

Fs sur. 79

1
2

F ,
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4.18. gadabmuli sxeulebis moZraoba

saSinao davaleba

uZrav WoWonaqze gadakidebuli uwono da uWimvadi Zafis boloeb ze damagrebu-

lia m
1 

da  m
2
  sxeulebi (m

1
 > m

2
) (sur. 81). 

gamoTvale aCqareba, Zafis daWimulobis Zala da TiToeuli sxeulis mier t dro-

Si gavlili manZili (WoWonaqis masa da RerZTan xaxunis Zala ugulebelyofilia).

amoxsna

1. mcire masis uZrav WoWonaqze gadadebul uwono da uWimvad Tokze dakidebulia 

0,3 da 0,2 kg masis tvirTebi. ra aCqarebiT moZraobs tvirTebi?

2. mcire masis uZrav WoWonaqze gadadebul uwono da uWimvad Tokze dakidebulia 

0,4 da 0,8 kg masis tvirTebi. gamoTvale Tokis daWimulobis Zala.

WoWonaqze dakidebuli Oorive sxeuli moZrao-

bs erTnairi aCqarebiT, amitom Zafis daWimu-

lobis Zala yvela wertilSi erTnairia. radgan  

m
1
 > m

2
, amitom m

1
 masis sxeuli imoZravebs qveviT, 

xolo m
2
 masis _ zeviT. OY RerZi mimarTulia m

1
 

sxeulis moZraobis mimarTulebiT.M m
1 

masis sxeul-

ze moqmedebs vertikalurad qveviT mimarTuli m
1 
g 

Zala da Zafis daWimulobis Zala T, mimarTuli ver-

tikalurad zeviT. moZraobis gantolebebia:

  m
1
 g + T = m

1
a,   m

2
 g + T = m

2
a, 

m
1
 masis sxeulze moqmedi Zalebis gegmilebi OOY Re-

rZze iqneba: 

(OY):    m
1
g

y
 = m

1 
g,        T

y
 = - T,         m

1 
a

y
 = m

1 
a      

             m
1
 g – T = m

1
a  

m
2
 sxeulze moqmedi FZalebis gegmilebi OYRerZze iqneba: 

(OY):    m
2
g

y
 = m

2
g,   

radgan m
2
  sxeuli imoZravebs zeviT, m

2
a

y
 = - m

2 
a daWimulobis Zalis gegmi-

li iqneba:     

    T
y 
= - T.

      m
2 
g – T= – m

2
a,   aqedan  T = m

2
g + m

2
a = m

2
 (g + a) 

 m
1
 g – T = m

1
a  da m

2
g – T = – m

2
a  tolobebis gamoklebiT miiReba: 

  

 
a = 

m
1
g - m

2
 g

m
1
 + m

2  
a = g 

m
1
 - m

2
 

m
1
 + m

2

 T = m
2
 (g + a) – Si  a-s CasmiTa da gamartivebiT miiReba:

       T =                    . g
2m

1
 m

2
 

m
1
 + m

2

tvirTebi moZraoben TanabaraCqarebulad usaw yi so siCqariT, amitom 

TiToeuli tvirTis mier t  droSi gavlili manZili iqneba:

 

s =          
at2 

2

 

                                                                                                .

a,T, s _ ?

m
1

m
2

t

 

an s = g                    . t2
m

1
 - m

2
 

2(m
1
 + m

2
)

a

a

m1

y

T

m2

T

sur. 81

m
1
g

m
2
g

anu
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ratom moZraobs 
fexburTelis 
mier dartymuli 
burTi mrudwirul 
traeqtoriaze?

ifiqre da imsjele

sur. 82

sur. 83

sur. 84

4.19. horizontisadmi kuTxiT    
  gasrolili sxeulis moZraoba 

moZraoba, romlis sawyisi siCqare horizontisadmi 
kuTxiT aris mimarTuli, yoveldRiur cxovrebaSi mudmi-
vad gvxdeba. mag., fexburTeli burTis dartymisas iTval-
iswinebs horizontisadmi ra kuTxiT unda mimarTos bur-
Ti, goli rom gaitanos A(stroboskopuli*, sur. 82). aseve 
iqcevian kalaTburTelebi kalaTSi burTis srolisas  
(sur. 83), birTvis mtyorcnelebi, CogburTelebi da sxv.

HTu haeris winaaRmdegobis Zalas ar gaviTvaliswinebT, 

maSin horizontisadmi kuTxiT gasrolili sxeulebis 

traeq toria parabolaa.  

davuSvaT, raime O wertilidan horizontisadmi a kuT-
xiT u0

sawyisi siCqariT gaisroles burTi  (sur. 84 a, b.    h 

_ burTis asrolis maqsimaluri simaRlea). aTvlis saT-
ave davukavSiroT O wertils da gavavloT masze sakoor-
dinato RerZebi OX da OY. drois aTvlis dasawyisad Cav-
TvaloT drois is momenti, rodesac isroles burTi. maSin 
u0  sawyisi siCqaris gegmilebi OOOX da OY RerZebze Sesabam-
isad iqneba:

u
0x

 = u
0
cosa,   u

0y
 = u

0
sina.

u
0
 sawyisi siCqaris modulia.

Hhorizontisadmi α kuTxiT gasrolili sxeuli erT-
droulad or moZraobaSi iRebs mona wileobas: horizonta-

lurad igi moZ raobs inerciiT,  mudmivi 
siCqariT, simZimis Zalis moqmedebiT 
vertikalurad qveviT da vardeba miwa-
ze. Aamitom sxeulis moZraobisas icvle-
ba mxo lod u siCqaris veqtoris gegmili 
OY RerZze, OX RerZze ki misi gegmili 
ar Seicvleba.

radgan sxeulis moZraoba OX RerZis 
gaswv riv Ta nabaria, X  koordinati iqne-
ba:

  
x = u

0x
t .  

 

BB

*stroboskopuli _ stroboskopiT an fotokameriT  gadaRebuli suraTebi 

drois toli SualedebiT.

Y

X

a
u

x

u
y

u
0

h

g

a

b

O

Y

Y
1

XX
1

a
a1

u
0

traeqtoria

horizonti

burTi

O
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   u
x 
= u

0x 
= const,          t  = x

u0x

, 

xolo y koordinati iseve icvleba, rogorc wrfivi Tana-
baraCqarebuli moZraobis dros.

    y = u
0y 

t  - 
gt2

2
    u

y
= u

0y 
- gt .   

Tu cnobilia sxeulis gasrolis sawyisi siCqare, am gan-
tolebebiT SesaZlebelia dadgindes sad imyo feba sxeuli 
drois nebismier momentSi. radgan sxeulze erTi da imave 
simZimis Zala moqmedebs traeqtoriis aRmaval da daRmaval 
ubanze, amitom orive ubanze sxeulis moZraobis dro erT-
maneTis tolia.

 horizontalurad gasrolili sxeulis moZraoba.

Hhorizontalurad, sawyisi siCqariT gasrolili sxe-
ulebis traeqtoria SeiZleba CavTvaloT parabolis naxe-
var Stod. mag., horizontalurad moZravi TviTmfrinavidan 
gadmogdebuli amanaTi  inerciiT, mudmivi siCqriT, agrZe-
lebs moZraobas horizontlurad, mizidulobis Zalis gamo 
ki g aCqarebiT vardeba dedamiwaze. Aamitom amanaTis traeq-
toria parabolis naxevarStoa (sur. 85 a). 

erTdroulad erTi da imave simaRlidan sxeulebis Tavi-
sufali vardnisas vardnis dro erTmaneTis tolia.  hori-
zontisadmi kuTxiT gasrolili sxeuli simZimis Zalis mo-
qmedebiT moZraobs Tavisufali vardnis Gg aCqarebiT. ami-
tom, Tu adamiani erT sxeuls gaisvris horizontalurad, 
meores ki xels gauSvebs imave simaRlidan, orive SemTxveva-
Si vardnis dro erTi da igive iqneba.

cdebi da gamoTvlebi aCvenebs, rom frenis maqsima luri 
siSore miiRweva maSin, roca sxeulis sawyisi siCqaris veq-
tori horizontisadmi 45°-is toli kuT xiT aris mimarTuli 
sur. 85 b).

sur. 85

sur. 86

sur. 87

 gaazreba  

saSinao davaleba

 86-e suraTze gamosaxu-
li traeqtoriis mixed-
viT daa xasiaTe burTis 
moZraoba. imsjele, ro-
gor icvleba burTis siC-
qaris gegmilebi u

x 
 da u

y
.

a

b

g

u
0

au
y 

u
x

A

 aRwere sarwyavi milidan horizontisadmi kuTx-
iT mimarTuli wylis Wavlis traeqtoria. ratom 
gansxvavdeba wylis Wavlis traeqtoriis naxevar-
Stoebi erTmaneTisgan ( sur. 87)?

,

Y

X

15o

30o

45o

60o

75o

l = x
maq

a

u
0 

a1

a 

Y

0 X

A u
x 
= u

0
cosa = const

u
0x 

= u
0
cosa 

u
0y 

= u
0
sina

u
y 
= 0

B

u
y
= u

0y 
- gt

u
 
=   u

x 
2 + u

y 
2

O
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4.20. amocanebis amoxsna
sxeulebis moZraoba simZimis Zalis moqmedebiT

t, u - ? aTvlis saTaved irCeven sxeulis dedamiwaze vardnis 

wertils da avleben koordinatTa RerZs (sur. 62) . 

sxeulis moZraobis gantolebaa:

                                  
h = h

0 
+ u

0
 t + 

gt2

2

(OY)   Y = h
0
 + 

g
y
t2

2
, radgan g

y
 = - g,  u

y
 = - u,  u0y

= 0;  

     Y = h
0 
- 

gt2

2
.  

saboloo siCqaris gegmili iqneba:   u
y
 = u

0 y 
+ g

y
t,  anu   - u = - gt. 

vardnis momentSi Y= 0. maSin:  h
0
= 

gt2

2
, 

  
vardnis dro t = 

2h
0

g
. 

ricxviTi mniSvnelobebis SetaniT: t = 2 wm. saboloo siCqare u = gt. 

ricxviTi mniSvnelobebis SetaniT: u = 20 m/wm.

1. burTi Camovarda 20 m simaRlidan. gamoTvale burTis vardnis dro da siCqare dedami-

waze davardnis momentSi (sur. 88). 

                        amoxsna:

h
0
=20 m, 

g=10 m/wm

u
0
 = 0

2. burTi aisroles 20 m/wm sawyisi siCqariT. gamoTvale burTis asvlis maqsimaluri si-

maRle da asvlis dro.

                                                  Aamoxsna

u
0 
= 20 m/wm

g =10 m/wm

3. dedamiwis zedapiridan 10 m simaRleze saxlis aivnidan gaisroles burTi horizonta-

lurad 10m/wm siCqariT. gamoTvale burTis moZraobis dro 

da frenis siSore (sur. 90).
                

  amoxsna

t, x-? 

h H =10 m

u =10 m/wm

g =10 m/wm

89-e suraTis mixedviT:

(OY) RerZze gegmilebi iqneba: 

u
0 y

 = u
0 
,  g

y
 = - g . 

traeqtoriis umaRles wertilSi u
 
= 0.  

amitom:   Y =  h
0 
+ u

0 y 
t + 

g
y
t2

2
,  anu  h = u

0y 
t – 

gt2

2
  da  

u = u
0y

+ g
y
t   anu   0 = u

0
 – gt .  Aaqedan 

 
t = 

u
0

g  . 

ricxviTi mniSvnelobis SetaniT: t = 2 wm  da h = 20 m.

sxeulis moZraoba ori damoukidebeli moZraobis 

Sedegia: inerciiT, horizontaluri mimarTulebiT 

da vertikalurad, simZimis Zalis moqmedebiT. Hhor-

zontaluri mimarTulebiT gadaadgileba, anu fre-

nis siSore, gamoisaxeba formuliT: 

(OX) RerZze    s = u
0
t  an   u

x
= u

0
,    x = u

X 
t .  

(OY) RerZze sawyisi siCqaris gegmili nulis to-

lia. vertikaluri mimarTulebiT gadaadgileba  

gamoisaxeba formuliT: 

(OY) RerZze   u
0y

= 0,   h = 
gt2

2
   an    Y = 

g
y
t2

2
 . Aaqedan t = 

2h

g  . 

ricxviTi mniSvnelobebis CasmiT miviRebT: t = 1,41 wm

frenis siSore s = u
0x

t = u
0
 2h

g
 . ricxviTi mniSvnelobebis CasmiT s = 14,1 m.

t,h _ ? 

u0 = 0 

u

 h
0

 g

Y

0

sur. 88

u0 = 0 

u

 h
 g

Y

0

sur. 89

sur. 90

)

u
0

u
u

y

u
y u (t)

x

h
maq

Y
X

0

g

u
0

u
0

u
x=

a



123

4. frenburTelma burTi isrola horizontisadmi 300 kuTxiT 10 m/wm siCqariT. gamoT-

vale burTis asvlis maqsimaluri simaRle asrolis wertilidan, frenis mTeli dro, 

frenis siSore da burTis siCqare  traeqtoriis B wertilSi (burTis davardnis 

wertilSi), (sur. 91).

Aamoxsna

h
maqs

, t
1
, x, u_ ? 

a = 300   

u
0
 = 10 m/wm   

sxeulis moZraobis gantolebaa: h = u
0
t - 

gt2

2
 . 

sawyisi siCqaris koordinatebi da moZraobis gantolebebi RerZebze 

Sesabamisad iqneba: 

(OX)   u
0x

 = u
0
cosa    x = u

0x 
t
1
 = u

0
cosa

 
t
1
 

(OY)   u
0y

= u
0
sina   g

y 
= - g,     u

y
= u

0
sina - gt

    h H=u
0
sina . t – 

gt2

2
 .

Mmaqsimalur simaRleze asvlisas siCqaris vertikaluri mdgeneli nu-

lis tolia. amitom 0 = u
0
sina – gt. aqedan: 

 u
0
sina = gt   da  t = u

0
 sina

g
.  

radgan asvlasa da Camosvlas erTnairi dro sWirdeba, mTeli frenis 

dro iqneba:  t
1 

= 
2u

0
sina
g

, ricxviTi mniSvnelobebis SetaniT  miviRebT: 

t
1 

= 1 wm.

Aasvlis maqsimaluri simaRle iqneba:  

h
maqs

= u
0
sina 

u
0sina

g

  –
   g u

0
2sin2a

2g2

 
=

 u0
2sin2a

g

  –
 u0

2sin2a

2g

 
=

 u0
2sin2a

2g

 .  

ricxviTi mniSvnelobebis SetaniT  miviRebT:  h
maqs

 = 1, 25 m.

Ffrenis siSore iqneba:  

x = s = u
0
cosa t1 = u

0
cosa 

2u
0
sina 
g

 = 
2u

0
2sinacosa

g
= 

u
0
2sin2a

g
.

ricxviTi mniSvnelobebis SetaniT  miviRebT:  s = 8,65 m. frenis siSoris 

formulidan gamomdinareobs,  rom maqsimaluri frenis siSore miiR-

weva maSin, rodesac gasrolis kuTxe 450, Tu haeris winaaRmdegobas ar 

gaviTvaliswinebT.

siCqare miwaze dacemisas iqneba: u
 
=  =   u

0
2(cos2a + sin2a) = 

=   u
0
2  = u

0
.  e.i. u=10 m/wm ( asvlisa da Camosvlis siCqareebi tolia).

1. burTi isroles horizontisadmi 30°-iani kuTxiT 5 m/wm sawyisi siCqariT. gamoTvale 

burTis asvlis simaRle.

2. sportsmenma birTvi isrola 60°-iani kuTxiT 10 m/wm  siCqariT. gamoTvale frenis 

dro da frenis siSore.

3. Qqvemexidan yumbara gaisroles 45°-iani kuTxiT 10 m/wm siCqariT. gamoTvale frenis 

siSore da Seadare wina amocanis Sedegs.

saSinao davaleba

sur. 91

X

h

S

Y

0

u
0

u
x

u
x

u
0y

u
y

u
y

u
u

0x

0
g

=

) a
a)

 B

u
x
2 + u

y
2
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4.21. moZraobis eqsperimentuli kvleva

mocemuli gaqvs: muyaos yuTi qviSiT, foladisa 

da rezinis erTnairi zomis burTulebi, saxa-

zavi.

msvleloba: moaswore qviSis zedapiri, 15 sm-s 

simaRlidan erTdroulad Camoagde foladisa 

da rezinis (anu sxvadasxva masis) burTulebi 

(sur. a). D

  dacemis adgilas qviSaSi gaCenili Rrmulebis 

mixedviT, Seadare burTulebis zemoqmedeba 

qviSaze: romelma burTulam imoqmeda ufro 

metad qviSis zedapirze?

 F Semdeg, foladis burTula xelmeored Camo-

agde 30 sm-is simaRlidan. dacemis adgilas qvi-

SaSi gaCenili Rrmuli Seadare imave burTu-

lis mier wina eqsperimentSi gaCenil Rrmuls 

(sur. b). 

 gamoTvale da Seadare erTmaneTs burTulebis 

saboloo siCqareebi sxvadasxva simaRlidan 

Camogdebisas. rodis aqvs meti siCqare burTu-

las?

 aRwere damzerili movlenebi. 

imsjele da gamoitane daskvna: rogor aris da-

mokidebuli  burTulis qviSaze zemoqme de bis 

Sedegad gaCenili Rrmulis sidide bur Tulis 

masasa da siCqareze.

I.  sxvadasxva simaRlidan vardnili Ggansxvavebuli masis  

sxeulebis qviSaze zemoqmedebis eqsperimentuli kvleva

a

b

II. energiisa da impulsis mudmivobis kvleva

 mocemuli gaqvs:  toli sigrZis Zafze dakidebuli 

erTnairi masis ramdenime burTula, Stativi, Rero.

msvleloba: daamagre Stativis TaTSi Rero horizon-

talurad da dahkide ramdenime burTula ise, rom 

isini exebodnen erTmaneTs. wonasworobidan gamoiy-

vane pirveli burTula da gauSvi xeli. Seafase pir-

veli da bolo burTulebis gadaxris kuTxeebi. 

 cda gaimeore, rodesac wonasworobidan gamoiyvan 

or burTulas erTdroulad da gauSveb xels. 

 aRwere damzerili movlena. 

gamoitane daskvna:  burTulebis dajaxebisas mimdina-

re movlenebis Sesaxeb. 

fizika IX klasi, Tavi IV,  §4.21
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4.22. sxeulisa da Zalis impulsi

ratom aqvs 
avtomanqanebs 
usafrTxoebis 
baliSebi?

ifiqre da imsjele

jer kidev XVII saukuneSi meqanikaSi axali sidide _ 
`moZraobis raodenoba~ gaCnda. Tanamedrove fizikaSi mas 
sxeulis impulss uwodeben.

sxeulis impulsi (p) veqtoruli sididea. igi sxeu­

lis  masisa da siCqaris namravlis tolia. 

    F  
    p = mu . 
sxeulis impulsi mimarTulia iseve, rogorc sxeulis 

siCqare. impulsis erTeulia kg . m/wm (SI).
eqsperimentiT dadasturda, rom sxeulis impulsi da-

mokidebulia am sxeulis masasa da siCqareze. erTnairi 
siCqariT moZravi datvirTuli satvirTo avtomanqanis im-
pulsi metia carieli avtomanqanis impulsze (sur. 93 a, b). 

Tu sxeulze Zala ar moqmedebs, an moqmedi Zalebi kom-
pensirebulia, maSin sxeuli mudmivi siCqariT moZraobs 
da sxeulis impulsi mudmivi sididea. aCqarebulad moZ-
raobisas sxeulis impulsi mudmivad icvleba siCqaris 
cvlilebis gamo. 

davuSvaT, m masis urika TanabaraCqarebulad a aCqare-
biT moZraobs (sur. 94). niutonis meore kanonis Tanaxmad, 
ZalTa tolqmedi F urikas a aCqarebas aniWebs Dt droSi da 
siCqares cvlis  u0-dan u-mde. 

              
          F = ma ,   sadac    

u - u0

Dt
a

 
=                ,

anu
  

u - u0

Dt
F

 
= m                    da    F Dt = m (u - u0 ) ,

           

    FDt = mu - mu0 , 

mu0  sxeulis sawyisi impulsia, mu _ sxeulis saboloo 
impulsi, mu - mu0= Dp _ sxeulis impulsis cvlileba. 

fizikur sidides FDt Zalis impulss uwodeben.
       

FDt = Dp

Zalis impulsi sxeulis impulsis cvlilebis tolia.

sur. 92

sur. 93

sur. 94

F

N

mg

a

b
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sxeulis impulsis cvlileba mimarTulia sxeulze moq-
medi tol  q  medis mimarTulebiT.

sxeulis impulsis cvlileba miT metia, rac ufro metia 
sxeul ze  moqmedi ZalTa tolqmedi da Zalis moqmedebis 
dro.

sxeulis impulsis cvlileba sxeulze moqmedi ZalTa 
tolqmedis proporciulia. amgvarad, Zalis moqmedebiT 

sxeulis impulsi icvleba.

   F =
Dt

Dp
 .

sxeulebis Zlierma urTierTqmedebam, mag., Sejaxe-
bam, SesaZlebelia am sxeulebis dazianeba gamoiwvios. am 
Sedegis Tavidan asacileblad Zala unda Semcirdes da 
gaizardos urTierTqmedebis dro, ris Sedegadac Sesa-
Zlebelia sxeulis impulsis nulamde Semcireba. 

mag., imisaTvis, rom aicilon matareblis vagonebis da-
jaxebisas dazianeba, gadabmis adgilze ayeneben zambarian 
amortizatorebs, buferebs (sur. 95). aseve, dartymis Za-
lis Sesamcireblad avtomobilebSi iyeneben usafrTxoe-
bis qamrebsa da baliSebs. 

samSeneblo samuSaoebis Sesrulebisas xSirad di di  Za-
lis gamoyenebaa saWiro. mag., kedlis samtvrev xelsawyo-
eb Si (sur. 96) didi Zalis misaRebad zrdian dartymiTi 
moZraobis sixSires da amcireben urTierTqmedebis 
dros, ris gamoc Zala Zalian swrafad izrdeba. 

 gaazreba  

saSinao davaleba

1. avtomanqana, romlis masaa 1 t, wrfiv avtomagistralze 

TanabaraCqarebulad moZraobs. gamoTvale manqanis impul-

sis cvlileba, rodesac igi  siCqares 10 m/wm-idan cvlis  

72 km/sT-mde. risi tolia manqanaze moqmedi tolqmedi Zala, 

Tu igi 4 wm-is ganmavlobaSi moqmedebda.

2. 2 kg masis sxeulis moZraobis gantolebaa x = 5 – 8t + 4t2. 

gamoTvale moZraobis gamomwvevi Zalis sidide, impulsi 

moZraobis dawyebidan  2 wm-isa da 4 wm-is Semdeg (sididee-

bi mocemulia SI sistemaSi).

3. 5 kg masis 10 m/wm siCqariT moZrav sxeulze iwyebs moqmede-

bas cvladi Zala. suraTze gamosaxulia am Zalis droze 

damokidebulebis grafiki (sur. 98). Seadare (0; 2) wm da  

(1; 2) wm drois intervalebSi sxeulis impulsis cvlilebebi 

erTmaneTs.

10

20

20

t,wm

p
X
,n.wm

 suraTze gamosaxulia sxeulis impulsis gegmilis droze 

damokidebulebis grafiki (sur. 97). gamoTvale Zalis 

gegmilis sidide, romlis moqmedebiTac sxeuli moZrao-

bda gaCerebamde.

10

1 20 t,wm

F
X
,n

sur. 95

sur. 96

sur. 97

sur. 98
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meqanikaSi sxeulTa garkveul erTobliobas meqanikur 

sistemas uwodeben.
meqanikur sistemaSi Semaval nebismier sxeuls saku-

Tari impulsi gaaCnia. sistemaSi Semavali sxeulebis im-
pulsebis jams meqanikuri sistemis impulss uwodeben.

davuSvaT, meqanikuri sistema Sedgeba ori m
1
 da m

2
  ma-

sis yviTeli da mwvane burTulisagan, romlebic Sesabam-
isad   u1

da  u2 siCqariT moZraoben. radgan u
1
 > u

2
-ze yvi-

Teli burTula daeweva mwvane burTulas da ejaxeba mas 
da maTi siCqareebi icvleba (sur. 100 a, b). niutonis mesame 
kanonis Tanaxmad, es burTulebi erTmaneTze  moqmedeben 
sididiT toli da sawinaaRmdegod mimarTuli ZalebiT:

              F
1
 = - F

2
    

niutonis meore kanonis Tanaxmad,

F
1
 = m

1 
a

1 
,   F

2
 = m

2 
a

2 
,      amitom  m1 

a
1
= - m

2 
a

2 
,  sadac

u'
1 - u1

t
a

1 
=                    , 

u'
2 - u2

t
a

2 
=       

a
1
 da a

2
  aris t drois ganmavlobaSi burTebis urTi-

erTqmedebis Sedegad SeZenili aCqarebebi, xolo u'
1 da u'

2 
burTulebis siCqareebi dajaxebis Semdeg.

   
u'

1 - u1

t
F

1 
= m

1
                ,                   

u'
2 - u2

t
F

2 
= m

2
                .

niutonis mesame kanoni Tanaxmad:

     
u'

1 - u1

t
m

1
                  

 
= -                      ,     

u'
2 - u2

t
m

2
                  anu  m1

                 = - m
2 (u'

2 - u2) .                 (u'
1 - u1)

aqedan,            m
1
 u'

1 + m
2 
u'

2 = m
1 
u1+ m

2 
u2                   . 

p
1
 = m

1
u

1
  da p

2
 = m

2
u

2
  burTulebis impulsebia da ja xe-

4.23. impulsis mudmivobis kanoni

rogor moZraobs 
kalmari?

ifiqre da imsjele

sur. 99

dajaxebis Semdeg

m1
m

2

u'1 u'2

dajaxebamde

m1
m

2

u1
u2

sur. 100

a

b
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bamde,    p
3
 = m

1
u

1
' da p

4
 = m

2
u

2
' – dajaxebis Semdeg. gantole-

ba, romelic gamosaxavs impulsis mudmivobis kanons, 

iqneba:

  
 p

1 
+ p

2
 = p

3 
+ p

4
 .

Caketil sistemaSi sxeulebis impulsebis jami 

 urTierTqmedebamde tolia amave sxeulebis impul­

sebis jamisa  urTierTqmedebis Semdeg.

kanoni samarTliania Caketili meqanikuri sistemi­

sa Tvis, anu sxeulTa iseTi jgufisaTvis, romlebic mxo-
lod erTmaneTTan urTierT qmedeben. 

impulsis mudmivobis kanoniT aixsneba kosmosuri ra-
ketis moZraoba. moZraobis dawyebamde raketisa da mis 
safexurebSi arsebuli sawvavis impulsebis jami nulis 
tolia. Zravis amuSavebisas sawvav kameraSi wvis Sedegad 
gamoyofili airi saqSeniT didi siCqariT gamoityor-
cneba (sur. 101 a, b). raketa ki sawinaaRmdego mimarTule-
biT amoZravdeba ise, rom misi da gamotyorcnili airis im-
pulsebis jami isev nulis toli darCeba. aseT moZraobas 
reaqtiuli moZraoba ewodeba. analogiurad SeiZleba 
aixsnas gasrolisas zarbaznisa da yumbaris urTierT-
sawinaaRmdego mimarTulebiT moZraoba.

impulsis mudmivobis kanonis gamoyenebiT SesaZlebe-
lia urTierTqmedi sxeulebis siCqaris gamoTvla, maSinac  
ki, Tu Zalis moduli ucnobia.

mag., zarbaznidan yumbaris gasrolis Sedegad zarba-
zani ukucemis Sedegad ukan, yumbaris moZrao bis mimar-
Tulebis sawinaaRmdegod amoZravdeba (sur. 102). yumbara 
da zarbazani Caketil meqanikur sis temas  qmnian. zarba-
znidan yumbaris gasrolamde maTi impulsi nulis tolia  
da gasrolis Semdegac nulis toli iqneba.

 0 = M u1  + m u2 ,         M u1  = - m u2 ,    u1  = -           u2 .
m

M

amrigad, zarbaznisa da yumbaris siCqareebi urTierT-
sawinaaRmdegod aris mimarTuli.         

OX RerZze gantolebis dagegmilebis Sedegad:

           
- M u1  + m u2 = 0.    aqedan, u1  =         u2 .

m

M

m

F
r

u

m

O X

M

u1
u2

sur. 102

a

kosmosuri xomaldi

servisis moduli

avzi 
sawvavis 
damJangveliT

avzi 
sawvaviT

tumboebi

sawvavi 
kamera

saqSeni

sur. 101

b
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rva fexebis, meduzebis (sur. 103 a, b), mo-
lus kebisa da kalmarebis moZraoba reaqtiu-
li moZraobaa. isini wylis viwro Wavlis 
gamofrqvevis Sedegad Wavlis mimarTulebis 
sawinaaRmdego mxares gadaadgildebian. ami-
tom maT zogjer ̀ biologiur raketebs~ uwo-
deben. aseve reaqtiuli moZraobaa kitranas  
moZraoba. masTan Sexebisas nayofidan Tes-
lebi gamoityorcneba, nayofi ki mis sawi-
naaRmdego mxares moZraobs (sur. 103 g).

saSinao davaleba

 gaazreba  

1. A vagoni u1 siCqariT moZraobs da ejaxeba uZrav imave ma-
sis B vagons (sur. 104 a). imsjele, ratom aqvT vagonebs 
bu feri. gamoTvale ra siCqariT imoZraveben vagonebi, 
Tu dajaxebis Semdeg isini gadaeb-
nen erTmaneTs (sur. 104 b). 

2. 2 t masis zarbazanma horizonta-
lurad gaisrola 20 kg masis yum-
bara. ras udris yumbaris siCqa-
re, Tu zarbazani yumbaris sa wi-
naaRmdego mimarTulebiT 2 m/wm 
siCqariT amoZravda?

3. gamoTvale 800 g masis kalmaris 
siCqare, Tu igi 100 g masis wyals   
20 m/wm siCqariT gamoafrqvevs.

1. suraTze gamosaxulia sxeulis koordinatis droze 
da mokidebulebis grafiki (sur. 105). gamoTvale ram-
denjer Seic vleba sxeulis impulsi 10 wm-Si.

2. 100 kg masis uZravi navidan horizontaluri mimar-
TulebiT tvirTis 2 m/wm siCqariT gadagdebis Semdeg 
navi amoZravda 0,05 m/wm siCqariT. ra masis tvirTi 
gadaugdiaT navidan?

3. ra sididis impulss SeiZens adgilidan daZruli 300 kg 
masis kateri 1 wuTSi, Tu man am droSi TanabaraCqarebu-
lad 900 m manZili gaiara.

4. 12 kg uZravi navidan 1,8 m/wm siCqariT gadaxta 36 kg ma-
sis biWi. ra siCqa riT amoZravdeba navi?

5. Wurvi aisroles vertikalurad  da traeqtoriis umaR-
les wertilSi afeTqda. Ppirveli nawili, 1 kg masiT, amoZ-
ravda horizontalurad, 400 m/wm siCqariT. meore, 1,5 kg 
masis nawili afrinda vertikalurad zeviT, 200 m/wm siC-
qariT. ra siCqare SeiZina mesame nawilma, romlis masaa  
2 kg?

20

100

60

t,wm

X,m

sur. 103

sur. 104

sur. 105

a

b

u1  = 15 m/wm
u2  = 0A B

u  = ?A B

b

a

g
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4.24. meqanikuri muSaoba

ra AZala 
asrulebs  
muSaOBAobas 
deformirebul 
zambaraSi?

ifiqre da imsjele

ra Zala asrulebs  
muSaobas 
avtomanqanis 
samuxruWe 
manZilze 
moZraobisas?

meqanikuri muSaoba aris fizikuri sidide, romelic 

tolia sxeulze moqmedi Zalis modulis namravlisa 

sxeulis gadaadgilebis modulze da im kuTxis kosi­

nusze, romelsac adgens Zalis veqtori gadaadgilebis 

veqtorTan. igi gamoisaxeba formuliT:

   A = Fscosa. 

sadac F sxeulze moqmedi mudmivi Zalis modulia, s _ 
sxe ulis gadaadgilebis moduli, a kuTxea, romelsac qm-
nis Zala da gadaadgileba erTmaneTTan (sur. 107).

sqemaze mocemulia meqanikuri muSaobis mniSvnelobebi, 
rodesac kuTxe icvleba 0o-dan 180o-mde.

sur. 106

sur. 107

a=45°
s

F

ici, rom...

simZimis  
Zalis muSaoba 

u
A = - mgh

A = mgh 

F
s

u

F
s

h

h

 drekadobis Zalis muSaoba

 deformaciis Sedegad sxeulebSi aRiZvreba drekado-
bis Zala, romelic sxeuls abrunebs aradeformirebul, 
sawyis mdgomareobaSi. Ddeformaciis Sedegad aRZruli 
drekadobis Zala asrulebs meqanikur muSaobas. 

davuSvaT, zambara aradeformirebul mdgomareoba-
Sia (sur. 108 a). misi erTi bolo uZravadaa damagrebuli, 
meore bolos  0 wertili Seesabameba OX RerZze dauWimavi 

)a
F

s

[A] = 1 j = 1 n . m
A = Fscosa 

F

s

F

s

F

s

F

s

F

s

a = 180oa = 90oa = 0o

180o < a > 90o90o >a > 0o

 cos180o= -1 cos90o= 0 cos0o= 1

 A = Fs  A = - Fs A > 0  A = 0  A < 0

F s F sF s

A skalaruli sididea
Fcosa



131

zambaris bolo wertilis sawyis mdebareobas.
Mmadeformirebeli Zalis moqmedebiT zambara 

de  for mir  deba x
1
-iT (sur. 108 b). masSi aRZruli 

drekadobis Zala cdilobs zambara daabrunos sawyis 
mdebareobaSi da raRac momentisTvis zambaris bo-
los Sesaba misi koordinati iqneba x

2
. Dzambaris bo-

los gadaadgileba iqneba: x = x
1 
– x

2
. radgan zambar-

is SekumSvisas drekadobis Zala icvleba zambaris 
bolo wertilis x

1
-dan x

2
-Si gadasvlisas, drekado-

bis Zalis mier Sesrulebuli muSaoba iqneba:AFA  A= FsaS 
 x.

Fdr1 = kx1,  FFdr2 = kx2. amitom drekadobis Zalis sa-
Sualo mniSvneloba tolia:

FsaS =                   =
F1 + F2

2 2

kx1  + kx2 ,

Sesrulebuli muSaoba x = x1 – x2-ze iqneba,

 A A=                     .
2

(x1 - x2)
k(x1  + x2) , miviRebT, rom  A A= - (                     ).

2

kx2
2  -  kx

1

2

amgvarad, drekadobis Zalis  muSaoba damokidebulia 
deformirebuli sxeulis sawyis da saboloo koordinate-
bze da Sekrul wirze nulis tolia.

drekadad deformirebuli sxeulis potenciuri ener-
giaa E A= 

2
kx2

 . 

drekadad deformirebuli sxeulis muSaoba defor-
mirebuli sxeulis potenciuri energiis cvlilebis to-
lia.

 xaxunis Zalis muSaoba

sxeulis raime zedapirze moZraobisas aRZruli xaxunis 
Zala asrulebs mu Sa obas. davuSvaT, 
magidaze moTavsebuli xis Zelaki 

C-dan  D wertilSi wevis F Zalis moq-
medebiT gadaadgildeba (sur. 109). 
magidaze Zelakis moZraobas ewinaaR-
mdegeba  srialis xaxunis Zala, ro-
melic yovelTvis Fwevis Zalis sawinaaRmdegod aris mimar-
Tuli. Aamitom Zelakis moZraobisas srialis xaxunis Zalis 
mier Sesrulebuli muSaoba uaryofiTia:

 A
1
 = – F

x
 (x

2 
– x

1
) = – F

x
 x

sxeulis D-dan C wertilSi gadaadgilebisas, Axaxunis Za-
lis mier Sesrulebuli mu Sao ba iqneba:  

A
2
 = F

x 
(x

1 
– x

2
) = – F

x 
(x

2 
– x

1
) = – F

x
 x.

Sekrul wirze srialis xaxunis Zalis mier Sesrulebu-
li mu Saoba:

A = A
1
 + A

2 
= – F

x 
x

 
 – F

x
 x = – 2F

x 
x ≠ 0.

amrigad, xaxunis Zalis muSaoba gavlil manZilzea 
damokidebuli.

xaxunis Zalis mier Sesrulebuli muSaoba SEekrul wirze 
nulis toli ar aris.

F
x

F
wev

O x2x1

C D

sur. 109

x
1

x
2

a

b

g

F
1

F
2

sur. 108

O

O

O x X

X

X
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 tolqmedi Zalebis muSaoba

gzatkecilze moZraobisas avtomanqanaze ramdenime Za-
la  SeiZleba moqmedebdes. mag.: simZimis, sayrdenis reaqci-
is, xaxunis, winaaRmdegobisa da wevis Zala. sxeuli (avto-
manqana) moZraobs am Zalebis tolqmedi Zalis moqmedebiT.  

tolqmedi Zalis moqmedebiT sxeuli traeqtori-
is A wertilidan, romelSic misi myisi siCqare iyo 
u1, gadaadgildeba B wertilSi, romelSic siCqare 
u2-is tolia (sur. 110).

maSin tolqmedi Zalis muSaoba iqneba:
  

A = Fs (1),       F = ma  (2),        a
 
= 

u - u0 

t   (3).

 
(2)-Si (3)-is CasmiT miiReba, rom

   
  

u - u0 

t
F = m .             (4) 

 
(1)-Si (4)-is CasmiT, miiReba: 

                  A = m(u - u0) t
s  .                      (5) 

 
Tu moZrao bisas Zala ar icvleba, moZraoba TanabaraC-

qarebulia da  

 t
su

saS
=    =

u + u0 

2
.                         (6)

CavsvaT (6) formula  (5)-Si. maSin, tolqmedi Zalis muSa-
oba: 

A = m(u - u0)
(u + u0)

2
 . 

aqedan,

2
 mu2  

A =       -
mu0

2

2

cnobilia, rom sxeulis kinetikuri energia:

2
 mu2  

E
k
=

 .
 

amrigad, sxeulze moqmedi tolqmedi Zalis muSaoba 

tolia sxeulis kinetikuri energiis cvlilebisa 

misi sawyisi mdebareobidan saboloo mdebareobaSi 

gadaadgilebisas.

es kanoni cnobilia `kinetikuri energiis Teoremis~ sa-
xel wodebiT.

 simZimis Zalis muSaoba

davuSvaT, sxeuli srialebs daxril sibrtyeze. magali-
Tad, moTxilamure eSveba mTidan da A wertilidan B-Si 
gadaadgildeba (sur. 111).

A wertili h
1
 simaRlezea, B wertili – h

2
 simaRleze. 

h
1
 da h

2
 sxeulis koordinatebia. am wertilebSi sxeulze 

SeiZleba sxvadasxva Zala moqmedebdes. ganvixiloT mxo-
lod simZimis Zalis (F = mg) moqmedeba. 

gadaadgilebis s veqtori simZimis ZalasTan qmnis a 
kuT xes. maSin simZimis Zalis muSaoba:

u = 0

A B
F

s

N

F
wev

F
win 

+ F
xax

sur. 110

sur. 111

A

B Fsim

h2

h1

s

nulovani done

a
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saSinao davaleba

 gaazreba  

 130-e gverdze gamosaxuli sqemis mixedviT imsjele muSaobis Sesaxeb, rodesac 

Zalasa da gadaadgilebas Soris a kuTxe 0o-dan 180o-mde icvleba.

1. ra muSaoba sruldeba 40 kn/m sixistis zambaris 0,5 sm-iT gaWimvisas?
2. yuTs ewevian Tanabrad horizontalur zeda pirze. Toki, romliTac ewevian 

yuTs, horizon tTan Seadgens 30o-ian kuTxes. Tokis daWimulobis Zala 25 n-ia. ra 
muSaobas asrulebs xaxunis Zala yuTis 20 m manZilze gadaad gilebisas.

A = F.s.cosa,      DAOB-dan      s.cosa = h
1
- h

2

     A = F.(h
1 
- h

2
).

h
1 
- h

2
 aris sxeulis mdebareobis cvlileba. 

Tu sxeuli A-dan B wertilSi gadaadgildeba ara wrfis 
gaswvriv, aramed mrud wirze (sur. 112), maSin simZimis Zalis 
muSaobis gamosaTvlelad SeiZleba ganvixiloT muSaoba 
calkeul ubnebze da Semdeg SevkriboT.

simartivisaTvis ganvixiloT simZimis Zalis muSaoba mxo-
lod sam ubanze (CavTvaloT, rom rkalebisa da qordebis 
sigrZeebi erTmaneTis tiloa).

pirvel ubanze muSaoba: A
1
 = F

s
 s

1
cosa

1
= F

s
 h

1
.

meoreze – A
2
 = F

s
 s

2
cosa

2 
= F

s
 h

2
.

mesameze – A
3
 = F

s
 s

3
cosa

3 
= F

s
 h

3
.

Tu SevkrebT A-dan B wertilSi gadaadgilebisas Ses-
rulebul muSaobebs, maSin:
   A = F

s
 (h

1 
+

 
h

2 
+ h

3
),        h

1 
+

 
h

2 
+ h

3 
= H

1 
-

 
H

2 
.

H
1 
-

 
H

2
 _ vertikalurad sxeulis gadaadgilebaa.

e. i.      A = F
s
 (H

1 
-

 
H

2
) .

amgvarad, sxeulis vertikalurad mrud wirze gadaadgilebisas Sesruleb-
uli muSaoba iseTivea, rogorc daxril sibrtyeze moZraobisas Sesrulebuli 
muSaoba. 

aqedan SeiZleba davaskvnaT, rom simZimis Zalis muSaoba ar aris damokide-
buli sxeulis traeqtoriis formaze. igi damokidebulia sxeulis sawyis da 
saboloo mdebareobebze (koordinatebze).

Zalebs, romelTa muSaoba ar aris damokidebuli sxeulis moZraobis 

traeqtoriaze, ewodeba potenciuri (konservatuli) Zalebi.

amgvarad, potenciuri Zalebis muSaoba damokidebulia mxolod sxeulis 
sawyis da saboloo koordinatebze.

simZimis Zala an zogadad mizidulobis Zala aris potenciuri Zala. 
Tu F

s
 = mg-s, H

1 
= h

1 
da H

2
= h

2 
, maSin:

A = - (mgh
2 
-

 
mgh

1
) .

E = mgh – aris sxeulis potenciuri energia. potenciuri energiis gamoTvlis-
Tvis mniSvnelo vania potenciuri energiis nulovani donis arCeva. simZimis Za-
lis mier Sesrulebuli muSaobis sidide ar aris damokidebuli nulovani do-
nis arCevaze.

nulovani done

A

B

Fsim

a1

a2

H2

H1

h1

h2

h3

s1

s2

a3

s3

sur. 112
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4.25. meqanikuri energiis mudmivobis  
  kanoni

ratom
amoZravdeba 
bolo burTula 
pirveli burTulis 
meoresTan 
urTierTqmedebis 
Sedegad?

ifiqre da imsjele

sur. 113

sur. 114

meqanikuri energia sxeulis meqanikuri mdgomareobis 
maxasiaTebeli sididea. igi ori saxisaa: 

potenciuri (E
p
 = mgh, E

p
 = 

2
kx2

) da kinetikuri (E
k
 = 

2
mu2

).

sxeulis kinetikuri da potencialuri energiebis 

jams sruli meqanikuri energia ewodeba.        

E
k
 + E

p
= E

urTierTqmedebisas sxeulis meqanikuri energiis saxee-
bi SeiZleba mudmivad icvlebodes. magaliTad, kinetikuri 
energia gardaiqmnas potenciurSi da piriqiT. 

erTi saxis meqanikuri energiis meoreSi gardaqmnis 
TvalsaCino magaliTia maqsvelis qanqaraSi diskos moZ-
raobisas mimdinare procesebi (sur114).

maqsvelis qanqara Sedgeba masiuri diskosgan, rome-
lic mWidrodaa damagrebuli liTonis RerZze. Rer-
Zi orive mxridan sayrdenze TokebiTaa dakidebuli  
(sur. 114 a). 

RerZ ze Tokebis gadaxveviT disko zeviT adis. xelis 
gaSvebis Semdeg igi qveviT eSveba (sur. 114 b). A da B do-
neze diskos sxvadasxva saxis meqanikuri energia aqvs. misi 
moZraobisas, asvla-Camosvlisas, energiis saxeebi icvle-
ba. Tu energiis danakargebs ar gaviTvaliswinebT, diskos 
sruli meqanikuri energia ucvleli darCeba. praqtiku-
lad, qanqara garkveuli drois ganmavlobaSi ganagrZobs 
moZraobas zeviT-qveviT. 

diskosa da dedamiwis sistemis Tvis (anu Caketili 
sistemisTvis) sruli meqanikuri energia mudmivi sididea. 

aseve zambaraze damagrebuli sxeulis rxevisas misi po-
tenciuri energia gardaiqmneba kinetikur energiad, da 
piriqiT. amitom SeiZleba davaskvnaT:

Caketil sistemaSi Semavali, mizidulobisa da dre­

kadobis ZaliT urTierTqmedi, sxeulebis kinetikuri 

A

B

a

b
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da potenciuri energiebis jami, anu sruli meqanikuri 

energia, mudmivi sididea.

          E
k
 + E

p
 = const 

es mtkicebuleba samarTliania iseTi procesebisTvis, 
ro desac meqanikuri energia Sinagan energiaSi ar gardai-
qmneba. 

sruli meqanikuri energia icvleba xaxunis Zalis (wi-
naaRmdegobis Zalis) moqmedebiT. magaliTad, qanqara ram-
denime rxevis Semdeg Cerdeba, misi meqanikuri energia mc-
irdeba Toksa da sakidels Soris xaxunis Zalis moqmedebis 
Sedegad. magram meqanikuri energia ukvalod ar ikargeba. 
xaxunisas sxeulebis Semadgeneli molekulebisa da atom-
ebis qaosuri moZraobis siCqare imatebs, izrdeba siTburi 
energia da amgvarad, meqanikuri energia gardaiqmneba Sin-
agan energiaSi. 

meqanikuri (E
meq

) da Sinagani (UU) energiebis jams sxeu­

lis sru li energia ewodeba. 
 

W = E
meq 

+ U

materialuri sxeulebi mudmivad urTierTqmedeben. 
mag., ejaxebian erTmaneTs. urTierTqmedebis Sedegad icv-
leba maTi meqanikuri energia da impulsi. 

sxeulebis dajaxebebi SeiZ leba iyos drekadi da ara-
drekadi. 

davuSvaT, ori erTnairi masis burTula, romlebic 
qmnian Caketil meqanikur sistemas, erTi da imave mimar-
TulebiT moZraobs, Sesabamisad, u1 da u2 , siCqariT,  
u1 > u2 (sur. 115 a). drekadi dajaxebis Semdeg burTulebi 
icvlian siCqaris moduls da agrZeleben moZraobas imave 
mimarTulebiT (sur. 115 b). 

drekadi dajaxebis Sedegad icvleba calkeuli urTi-
erT qmedi sxeulebis rogorc impulsi, aseve maTi ki-
netiku ri energia, Tumca ar icvleba (anu mudmivi rCeba) 
meqani kuri sistemis sruli impulsi da sruli meqanikuri 
ener gia . 

aradrekadi dajaxebisas icvleba urTi erT qmedi sxeu-
lebis impulsi, magram ar icvleba sistemis sruli impul-
si da meqanikuri energiis nawili sxva energiad garda   iq m     -
neba (sur. 116 b).

`niutonis akvanSi~, rogorc biliardis TamaSisas, bur-
Tulebis dajaxeba drekadia (sur. 113). 

`niutonis akvani~ aris mowyobiloba, romelic Sedgeba 
sakidze dakidebuli ramdenime erTnairi mas is burTu-
lisagan. isini Cake til sistemas qmnian. wonasworobidan 
gamoyvanili pir veli burTula drekadad ejaxeba mezo-
bel burTulas, romelsac gadascems kinetikur energiasa 
da impulss. meore burTula ver „axerxebs“ siCqaris cvli-
lebas (urTierTqmedebis Zalian mcire droisa da burTu-
lebs Soris Zalian mcire Sualedebis arsebobis gamo). igi 

m

m

dajaxebis Semdeg

m
u'1 u'2

sur. 115

dajaxebamde

m
u1 u2

a

b

sur. 116

m m
u

m m
u1

u2

a

b
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1.  maqsvelis qanqaris mixedviT (sur. 114. b) imsjele meqani-

kuri energiis gardaqmnis Sesaxeb:

a. romeli saxis meqanikuri energia gaaCnia maqsimalur si-

maRleze (A doneze) aweul uZravad myof diskos da ro-

gor icvleba es energia moZraobisas (izrdeba Tu mcir-

deba)? 

b. romeli saxis meqanikuri energias iZens disko moZraobi-

sas  da rogor icvleba igi?  

g. ra saxis meqanikuri energia gaaCnia moZrav diskos, rode-

sac igi B donezea?

d. ratom Cerdeba maqsvelis qanqara garkveuli drois Sem-

deg? ratom ar sruldeba am dros meqanikuri energiis 

mudmivobis kanoni?

e. ra SemTxvevaSi imoZravebda qanqara mudmivad da rogor 

gamovlindeboda am dros energiis mudmivobis kanoni? 

2. imsjele, ̀ niutonis akvnis~ sqematuri su ra  Tis mixedviT im-

pulsis mudmivobisa da energiis mudmivobis kanonebis Ses-

axeb (sur. 117 a, b, g, d).

3. imsjele  da  gamoTvale: a. wiTeli  burTulis siCqare urT-

ierTqmedebis Semdeg; b. wiTeli da iisferi burTulebis  ki-

netikuri energia urTierTqmedebis Semdeg (sur. 118).

 gaazreba  

sur. 118

5 m/wm

? m/wm

10 kg

10 kg

5 kg

5 kg

 4 m/wm

  3 m/wm

miRebul energiasa da impulss gadascems uaxloes mezo-
bels. Semdgom burTuleb ze energiis gadacemis Sedegad 
bolo burTula amoZravdeba. igi iseve gadaixreba, ro-
gorc pirveli burTula. 

amrigad, `niutonis akvanSi~ burTulebis dajaxebisas  
vlindeba rogorc impulsis, ise energiis mudmivobis 
kanoni. 

bunebaSi mimdinare procesebisas erTi sxeulis energia 
gadaecema meores an gardaiqmneba erTi saxidan meore sax-
is energiad. 

Caketili sistemis sruli energia mudmivi sididea.

a

b

g

d

sur. 117
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saSinao davaleba

1. 2 m/wm siCqariT moZravi 4 .10 4 kg masis vagoni daejaxa amor-

tizators (bufers). gamoTvale zambaris deformaciis si-

dide, Tu misi sixistea 2,25 . 10 6 n/m.

2. Zafze uZravad Camokidul 150 g masis Zelaks xvdeba 2 m/wm 

siCqariT horizontalurad moZravi 50 g masis plastili-

nis burTula. ra simaRleze aiweva Zelaki masTan Sewebe-

bul burTulasTan erTad? sawyisi kinetikuri energiis 

ra nawili gardaiqmna Sinagan (siTbur) energiad?

B  amocanebis amoxsna

amocana

430 m/wm siCqariT moZravma tyviam gaxvrita kedeli da misi siCqare Semcirda  

200 m/wm-mde. tyviis ra nawili galRveba am dros, TuU misi sawyisi temperatura iyo 

50OC. tYyviis nawilis galRobaze daixarja dakarguli kinetikuri energiis 50%.

amoxsna
Dm
m

b =
 
_ ?

a = 50% = 0,5

u0 
= 430 m/wm

u
 
= 200 m/wm

t0 
= 50oC

t
dn 

= 327oC

C
 
= 130 j/kgoC

λ = 25 kj/kg

aRvniSnoT m-iT tyviis masa, Dm-iT _ tyviis masis nawili, ro-

melic galRva kedlis gaxvretisas. 

kedlis gaxvretisas tyviis mier dakarguli kinetikuri ener-

gia iqneba:

E = m (u0
2

2
 - u2

2
)     (1)

                
.

aRvniSnoT Q-iT siTbos raodenoba, romelic tyviis nawilis 

galRobas dasWirda. 

Q
 
= Cm (t

dn 
- t0) + λ Dm    (2) 

energiis mudmivobis kanonis gaTvaliswinebiT, amocanis piro-

bis Tanaxmad, 

Q
 
= aE      (3)  

formula (2) CavsvaT formula (3)-Si:  

Cm (t
dn 

- t0) + λ Dm = aE    (4)

(1) formulis gaTvaliswinebiT:

Cm (t
dn 

- t0) + λ Dm = am 
(u0

2 - u2)
2

 .   (5)

gantolebis orive mxare gavyoT m-ze. gaviTvaliswinoT, rom  
Dm
m

b =  , maSin miviRebT:

C (t
dn 

- t0) - a 
(u0

2 - u2)
2

 =  λb.

b = 

(7) formulaSi ricxviTi mniSvnelobebis CasmiT miviRebT:

b = 0,86%. 

      pasuxi: 0,86%

λ

C (t
dn 

- t0) - 0,5a (u0
2 - u2) (7)

(6)
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4.26. amocanebis amoxsna
1. 60 kg masis elene cigiT Camosrialda yinuliani gorakidan da horizontalur zeda-

pirze 40 m gavlis Semdeg gaCerda. ra simaRlisaa goraki, Tu winaaRmdegobis Zala hor-

izontaluri gzis monakveTze 60 n-ia. gorakze Camosrialebisas xaxunis koeficien ti 

nulis tolia.

                    amoxsna:

m = 60 kg 

s =40 m

F
win1

= 60 n

2. ori safexurisgan Semdgari raketis siCqarea 6 km/wm. pirveli safexuris moSorebis 

Semdeg am safexuris siCqare gaxda 2 km/wm. ra siCqariT imoZravebs meore safexuri 

pirvelis CamoSorebs Semdeg, Tu pirveli safexuris masaa 1 t, meoresi ki _  2 t?

amoxsna:                                  

E
sr 

= E
p 
+ E

k
 

A wertilSi  E_ E
p
= mgh;  EE

k
 = 0

B  wertilSi E
sr 

E= mgh + 
mu2

2

mgh = 0;    E
sr 

E= 
mu2

2

С  wertilSi:   E
sr 

= 0;  AB monakveTze:  µ = 0;    
mu2

2
 = mgh

BC monakveTze:   µ = 0; winaaRmdegobis Zalis muSaoba:  A
win 

= EС - EB
 

B  wertilSi:  E
k
 = 

mu2

2
 

С  wertilSi:  E
k
 = 0; amitom muSaoba iqneba:   A

win 
= 0 -  

mu2

2
 ;  A

win 
= - mgh

С  wertilSi  winaaRmdegbis Zala gadaadgilebis sawinaaRmdegodaa 
mimarTuli
A

win 
= F

win1
. s . cosa,  a = 180o     cos180o = -1

A
win 

= - F
win1 

s;   - mgh = - F
win1 

s ;          h
 
E= 

F
win1 

s

mg
;       h

 
E= 4 m

h - ?

µ = 0  h

A

B

s

C

u = 0 

u2 - ?

m1 = 1000 kg 

uo = 6 km/wm = 6000 m/wm

m2 = 2000 kg

u1 = 2 km/wm = 2000 m/wm

impulsis mudmivobis kanonis Tanaxmad: 

Muo  = m
1
u1+ m

2 
u2 

M = m
1
 + m

2

OX RerZi mivmarToT raketis moZraobis mimarTulebiT. 

RerZze gantolebis dagegmilebis Sedegad: 

Muo - m1
u1

m
2

u2  = 

u2  = 8000 m/wm = 8 km/wm

uo u1 u2
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3. sxeuli, romlis masaa 2 kg,  moZraobs gluv, horizontalur zedapirze. misi 

kinetikuri energia garkveul droSi 400 j-dan 900 j-mde gaizarda. gamoTva-

le ramdenjer Seicvala sxeulis impulsi. 

4. P1 m/wm siCqariT horizontalurad moZravi 10 kg masis urikidan xteba 40 kg 

masis gogona urikis moZraobis mimarTulebis sawinaaRmdegod 1 m/wm siCqa-

riT. gamoTvale urikis siCqare gogonas gadmoxtomis Semdeg.  

5.  2 m/wm siCqariT moZravi 6 kg masis urikaze 

zevidan vertikalurad vardeba 2 kg masis 

aguri. gamoTvale ra siCqriT imoZravebs 

urika.    

6. 0.3 m/wm siCqariT moZravi 20 t masis vagoni 

daewia 0,2 m/wm siCqariT moZrav 30 t masis 

vagons da daejaxa mas. Ddajaxeba aradrekadia. gamoTvale vagonebis siCqare 

dajaxebis Semdeg.  

7.  500g tyviis burTula, romelic 0,6 m/wm siCqariT moZraobda,  daejaxa 100g 

masis uZrav cvilis burTulas da mieweba mas. Ddajaxebis Semdeg orive bur-

Tulam erTad ganagrZo moZraoba. gamoTvale maTi kinetikuri energia daja-

xebis Semdeg. 

8. 1 kg masis sxeuli aagdes vertikalurad zeviT, 20 m si-

maRleze. ra siCqare eqneba sxeuls 10 m simaRleze. 

9. 20 m/wm siCqariT moZravi 100 g masis burTula dreka-

dad ejaxeba iataks da iatakidan ukuigdeba imave siCqa-

riT. gamoTvale burTulis impulsis cvlileba.

10. 1 kg masis sxeuli aisroles dedamiwidan vertikalu-

red zeviT u
0
=19,6 m/wm siCqariT. gamoTvale  potenciuri energiis cvlile-

ba asrolis Semdeg 2 wm-Si (g = 9,8 m/wm2). 

11. 60 kg masis 6 m/wm siCqariT morbenali  biWi daewia 20 kg masis 2 m/wm siCqariT 

moZrav urikas da axta masze. ra siCqariT imoZravebs urika.

12. reaqtiuli Zrava yovel wamSi 10 kg masis namwvs afrqvevs 3 km/wm siCqariT ra-

ketis mimarT. ra wevis Zalas aviTarebs igi?

13.  Mmocigurave, romlis masaa 70 kg, horizontalurad isvris 800g masis burTs 

14 m/wm siCqariT yinulis sacigurao moednis mimarT. ra manZils gaivlis mo-

cigurave, Tu xaxunis koeficientia 0,02.

p
1

p
2

m
 
u

- m
 
u

X

u1

u
u2

fizika IX klasi, Tavi IV,  §4.26
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4.27.Semajamebeli gakveTili
I.

a b g d e v z

1

2

3

4

5

6

II.
azrobrivad daukavSire kanonebs Sesabamisi formulebi:

 1. arqimedes kanoni     a. p1 
+ p

2
 = p

3 
+ p

4 

 2. niutonis meore kanoni    b. Fa
 = r

siTx.
 g V

sx. 

  3. niutonis mesame kanoni    g. 
a

1

a
2

=
m

2

m
1 

 4. msoflio mizidulobis kanoni   d. Ek + Ep = const 
 5. meqanikuri energiis mudmivobis kanoni  

e. F1 = - F2

  

 6. impulsis mudmivobis kanoni   
v.

 
= F

ma
 

 7. inertuloba     

z. 
m

2

r2F = G
m

1

 

mocemuli gaqvs: urika, buSti da sawrupi Cxiri, skoCi.

msvleloba: sawrupi Cxiris erTi bolo moaTavse buStis CasaberSi 

da  daamagre skoCiT. meore boloTi gabere buSti da mWidrod 

miade TiTi ise, rom haeri ar gamovides.  sawrupiani buSti sko-

CiT daamagre  urikaze  da sawrups moaSore TiTi.

aRwere damzerili movlena. 

ga moitane daskvna da upasuxe kiTxvebs: 

1. ratom amoZravda haeris nakadi da urika urTierTsawinaaRmdego 

mimarTulebiT?

2. ratom  aris haeris nakadisa da buSti/urikis moZraoba reaqtiu-

li moZraoba?

3. rogor vlindeba niutonis mesame kanoni reaqtiuli moZra-

obisas?

4. kosmosuri raketis afrenis momentSi rogor vlindeba impulsis mudmivobis kanoni?

5. raketis dedamiwidan afrenis momentSi sawvavis wvis Sedegad gamoyofili energia ro-

mel energiad   gardaiqmneba?

6. bunebaSi, romeli cxovelis gadaadgilebisas  vlindeba reaqtiuli moZraoba? aRwere 

rogor gadaadgildebian isini.

reaqtiuli moZraobis kvleva

niutonis azrobrivi eqsperimenti praqtikulad ganxorcielda 1957 wlis 4 oq-

tombers,  rodesac pirveli xelovnuri Tanamgzavri raketiT gauSves kosmosSi.

raketis moZraoba, romelsac Tanamgzavri miaqvs kosmosSi, dedamiwidan afrenis 

momentSi reaqtiuli moZraobaa.
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III.
suraTze gamosaxulia  maswavlebeli da ori moswavle: ana da kaxa.

maswavlebeli dadebiTad afa  sebs moswavleebis pasuxebs kiTxvebze: 

1. daaxasiaTe   (a) suraT ze gamosaxuli anasa  da kaxasTan dakavSirebuli  aTvlis 

sistemebi;

2. daaxasiaTe  (b) suraT ze gamosaxuli anasa da kaxa sTan  dakavSirebuli aTvlis sis-

temebi;

3. axseni burTis amoZravebis movlena aTvlis inerciul da arainerciul sistemeb-

Si. 

4. ratom amoZravdeba (b) suraTze gamosaxul situaciaSi Taroze myofi burTi?

5. romel mxares amoZravdeba burTi?

6. imsjele, niutonis kanonebis samarTlianobis Sesaxeb inerciuli da arainerci-

uli sistemebis mimarT.

a

mg + N = 0

a = 0

Y'
mg + N = 0

a '= - a = 0?

magram

Y

N

mg
X'

X

b

yoCaR, kargad 

axseni!

Y'

X'

X

mg

N

u1

mg + N = 0

a = 0

u = u
0
 = const

sruliad 

geTanxmebiT!

mg + N = 0

a '= 0

Y a

fizika IX klasi, Tavi IV,  §4.27

a'
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 gamoTvale 60 kg masis biWis wona, rodesac biWi:   

 a.  uZrav liftSi dgas;  
 b. liftTan erTad a = 0,2 m/wm2 aCqarebiT moZraobs qveviT;  
 g. liftTan erTad a = 0,2 m/wm2 aCqarebiT moZraobs zeviT; 
 d. liftTan erTad g aCqarebiT moZraobs qveviT.

IV.

V.

VI.

VII.

 azrobrivad daukavSire erTmaneTs fizikuri sidideebi da Sesabamisi erT e   u-
lebi

1. siCqare     a.  kg.m/wm2

2. aCqareba     b. kg.m2/wm2

3. Zala    g. n.m2/kg2

4. sxeulis impulsi  d. m/wm2

5. Zalis impulsi   e. m/wm
6. meqanikuri energia  v. kg.m/wm
7. gravitaciuli mudmiva z. n.wm
8. wona

a b g d e v z T

1

2

3

4

5

6

7

8

azrobravad daasrule sqema da imsjele kos-
mosuri xomaldebis siCqareebisa da Sesabamisi 
traeqtoriebis Sesaxeb.

7,9 km /wm

mTvare

u

?

mTvare

u

11,2 km /wm

?

7,9 km /wm-ze meti

mTvare

u

?

mTvare

u

16,7 km /wm

?

imsjele Tanamgzavr-retranslatorebis gamoye-
nebis Sesaxeb yofa-cxovrebaSi.

b g da

fizika IX klasi, Tavi IV,  §4.27
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Tavisufali 
vardnis 
aCqareba

msoflio  
mizidulobis 

kanoni

niutonis meore  
kanoni

inertuloba
Zalis

erTeuli

(SI)

 F1 = - F2

m
2

r2F = G
m

1

a
1

a
2

=
m

2

m
1

1 n = 1 kgm/wm2 

P = m(g - a);

P = m (g + a);

gadatvirTva

n =       
(g + a)

g

F = ma

niutonis mesame 
kanoni

R2
g = G            

M

aCqarebulad 
moZravi sxeulis 

wona

I kosmosuri 
siCqare

II kosmosuri 
siCqare

u= 7,9km/wm

u=11,2km/wm

Zalis 
impulsi

sxeulis impulsi

p = mu 
erTeuli 

kg . m/wm (SI)

 FDt = Dpmeqanikuri 
muSaoba

A = Fscosa impulsis 
mudmivobis 

kanoni
meqanikuri

energiis
mudmivobis kanoni

p
1 
+ p

2
 = p

3 
+ p

4

 Ek + Ep = const 

G= 6,7.10-11 
n m2/kg2

gravitaciuli 
mudmiva

meoTxe Tavis mokle 
daskvnebi

a

a
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Seamowme Seni codna

 

I - II - III - IV  Tavi

2 imsjele da daasrule sqema. kiTxvis niSnis nacvlad  gamoiyene maTemati-
kuri simboloebi:      a. metoba (>);      b. nakleboba (< );      g. toloba (=).

sxeuli 

amotivtivdeba

Fa ? FsimZ

rsiTx. ?  rsx.

sxeuli curavs

siTxeSi

Fa ? FsimZ

rsiTx. ?   rsx.

sxeuli  

iZireba

Fa ? FsimZ

rsiTx. ?   rsx.

 codnis Sejameba

1  
imsjele TiToeuli grafikis Sesabamisi meqanikuri moZraobis saxeze. 

0

x

u

s

t0

u

a

meqanikuri moZraoba

t

t

0

0

u

u

t

t t

t

t

0

0 0

0

0

a

a

b g

d

e

v z

T
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3 imsjele sxeulTa urTierTqmedebis Sesaxeb da azrobrivad daasrule sqema.

sistema, romelic moZraobs 
inerciuli aTvlis sistemebis 
mimarT wrfivad da Tanabrad

Soreuli varskvlavebi.
mze da dedamiwa 

garkveuli miaxloebiT

inerciuli aTvlis sistemebi 

Ftolq = 0,   u = const

? ? ? ?

N = mg, u = 0

Zalebi 
kompensi rebulia. 
sxeuli uZravia.

N

mg

N

mg

F1 da F2 sxvadasxva 
sxeulze modebuli 
erTnairi bunebis 

Zalebia

a  =  
F
m

F
a
 = F

s
,   u = const

Zalebi kompensi­
rebulia. 

sxeuli moZraobs 
wrfivad da 
Tanabrad.

F
s

F
a F

a

F
s

F
x

mg

N

Y

X

o

a

F
wev 

F
x2

F
x1

F1 
= - F2

m
2

r2F = G
m

1

nivTieri
wertilebisTvis
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4 imsjele meqanikuri energiis Sesaxeb da azrobrivad daasrule sqema.

5 imsjele mudmivobis kanonebis Sesaxeb da azrobrivad daasrule sqema.

mudmivobis kanonebi

? ?

impulsis 

mudmivobis kanoni ?

? ?

sruli
meqanikuri

energia

sruli meqanikuri

energiis 

mudmivobis kanoni

F
r 

u
m

?

E
p = 

meqanikuri energia

potenciuri

Ek 
= 

simZimis Zalis  
potenciuri 

energia

moZravi
sxeulis
energiadrekadobis 

Zalis  
potenciuri 

energia

sruli  

meqanikuri 

energia

Esr 
= 

F
s

h

x
1

x
2

a

b

g

F
1

F
2

u

kinetikuri

E
p =

erTeuli
SI sistemaSi

u

sxeulis
impulsi

Zalis
impulsi
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materia _ aris yvelaferi, rac realurad arsebobs samyaroSi. Mmateria 
arsebobs nivTierebisa da velis saxiT. Mmateria ar arsebobs moZraobis gar-
eSe. moZraoba materiis ZiriTadi Tvisebaa. samyaro moZravi materiaa.

Ffizikuri sistema _ erTi fizikuri obieqti (sxeuli) an fizikuri obi-
eqtebis erToblioba, romelTa urTierTqmedeba da moZraoba dakavSirebu-
lia erTmaneTTan an sxva sxeulebTan.

Ffizikuri sistemis mdgomareoba – mdgomareoba, romelic xasiaTdeba 
koordinatiTa da siCqariT.

Ffizikuri movlena _ fizikuri sistemis mdebareobis an mdgomareobis 
cvlileba.

F
fizikis kanoni _ fizikuri sidideebis aucilebeli da ucvleli kav-

Siris gamosaxva sityvierad da formuliT.

Ffizikis kanonis gamoyenebis pirobebi (sazRvrebi) _ pirobebi (saz-
Rvrebi),    romlis Sesrulebisas samarTliania fizikis kanoni.

Ffizikis kanonis gamoyenebis meTodi _ algoriTmi, romlis Sesruleba 
aucilebelia am kanonis gamoyenebisTvis.

modelireba –  Semecnebis meTodi, romelic gulisxmobs kvleviTi mo-
delebis Seqmnas.

modeli – obieqti, romelic asaxavs Sesaswavli movlenis an procesis zo-
gierT arsebiT Tvisebas, romelic mniSvnelovania mocemuli movlenis an 
procesis kvlevisTvis. 

Aanalizuri meTodi moiTxovs procesisa da parametrebis cvlilebis  
gaanalizebasa da Tanafardobebis miRebas ricxviTi mniSvnelobebis gareSe.

Ggrafikul meTods axasiaTebs procesis gaTvalsaCinoeba. is xSirad mar-
tivia, yovelTvis ar moiTxovs zusti ricxviTi monacemebis gamosaxvas. ami-
tom igi xSirad gamoiyeneba martivi modelirebisTvis.

Yyvelaze zogadia ricxviTi meTodi. ricxviTi gamoTvlebis sqema 
moiTxovs formulisa da algoriTmis codnas. 

Zalebis kompensacia _ sxeulze moqmedi yvela Zalis jami, tolqmedi, 
nulis tolia.

mcire ganmartebiTi leqsikoni 
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zogierTi nivTYierebis simkvrive ( ρ) 20°C­ze

nivTiereba ρ, kg/m3 ρ, g/sm3 nivTiereba ρ, kg/m3 ρ, g/sm3

aguri 1800 1,8 oqro 19 300 19,3

alumini 2 700 2,7 organuli mina 1 200 1,2

graniti 2 600 2,6 platina 21 500 21,5

vercxli 10 500 10,5 rezini 910-1400 0,9-1,4

TiTberi 8 500 8,5 saweri qaRaldi 1 000 1,0

Tuji 7 000 7,0 spilenZi 8 900 8,9

TuTia 7 100 7,1 sufris marili 2 160 2,16

kala 7 300 7,3 faifuri 2 300 2,3

korpi 240 0,24 qarva 1 070 1,07

mina fanjris 2 500 2,5 yinuli 900 0,90

nikeli 8 900 8,9 carci 2 200 2,2

benzini 710 0,71 wyali 1 000 1,0

manqanis zeTi 900 0,90 haeri  (00C-ze) 1,290 0,00129

spirti 800 0,80
wylis orTqli (1000C-
ze)

0,590 0,00059

glicerini 1260 1,26 vercxliswyali 13600 13,6

Tafli 1350 1,35 mzesumziris zeTi 930 0,93

rZe 1030 1,03 zRvis wyali 1030 1,03

tyvia 11300 11,3 Saqari-rafinirebuli 1600 1,6

wyalbadi 0,09 0.00009 heliumi 0,18 0,00018

mkvdari zRvis 
wyali

1190 1,19 fisi 2023 2,023

kupri 1016 1,016 Jangbadi 1,430 0,00143

zogierTi sxeulis saSualo siCqare 

sxeuli saSualo siCqare 

1,5 m/wm

18 km/sT

42 m/wm

850 km/sT

30 km/sT

20 m/wm

sxeuli saSualo siCqare 

0,07 m/wm

10 m/wm

60 km/sT

31 m/wm

17 m/wm

33 m/wm
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saSinao davalebis pasuxebi
1.4
1. 0
2. 17 m; 13m
3. 44 sm; 0.
4. 4m; 2 m
5. 25,7 m; 20 m
6. I – ac; II - bb = 0
7. 100 m; 140 m; 100 m.

1.5
1. a = 180o

2. 120o< a < 180o

3. a = 180o

1.6
1. 5,4 m
2. 10 m
3. 2m; 7.24 m

1.7
1. 5 m/wm;
2. 10 m/wm;
3. 5 m/wm;
4. x = 3 - 5t;
5. 15 m;
6. 6 wm; 16 m.
7. 2,1 sT-iT.
8. 6,7 wT.
9. 0,5 km.

1.8  
1. 10 m/wm; 13 m/wm.
2. 18 m; 6 m.
3. 40 m.
4. 3 wm, 30 m; 4 wm, 20 m.

1.9
1. 20 km/sT.
2. 50 m; 80 m.
3. 5 m/wm; 4 m/wm.
5. 3 km; 1,8 km.
6. 1,25 m/wm; -5/6 m/wm; 1,5.
7. IV grafiki.
8. `a~
9.  `d~.

1.10
1. 180 km/sT; 270 km.
2. 30 km/sT; 45 km.
3. 14 m/wm.

2.1
1. 7.2 km/sT
2. 12 m/wm.

2.2
1. 2 m/wm.
2. – 1 m/wm2.
3. 12-jer.
4. 0,125 m/wm2.

2.3
1. 4/3 t; v = 6 - t; v = 2 + 0,5t; 

    v = const.

2. 2 m/wm2; 4 m/wm2

3. 4,6 wT.

2.4
1. 6 wm.
2. 14 m.
3. 26 m.
4. 1 m/wm2; 2 m/wm.
5. 24 m/wm.

2.5
2.144 m.
3.100 m.
5. 5 wm.
6. 12 m; 27 m.
7. 12 m/wm.
8. 2 m/wm2; 25 m.
9. 100 m.
10. 17,5 m/wm.
11. 22 m.

2.6
1. 80 m; 40 m/wm.
2. 6 wm.
3. 75 m; 10 m/wm.
4. 2-jer meti.
5. 4 wm.

2.7
1 0,2 hc; 5 wm.
2. 40 hc; 6 hc; 30 hc;
3. 0,04 wm.

2.8
1. 2/3.
2. 1675 km/sT; 0,26 rad/sT.
3. 1, 25 rad/wm.
4. 20.
5. 0,2 hc; 5 m/wm.
6. 2.
7. 0,1 wm; 62,8 rad/wm; 
    12,56 m/wm.
8. 0,1 m/wm; 0,007 rad/wm.

2.9
1. 98,56 m/wm2.
2. 6 .10 (-6) m/wm2.
3. 1/3.
4. 0,5 m/wm.
5. 5 : 4 : 2.

3.1
1. 5 n.
2. 4,37 kp.
3. 1250 n/m.

3.3
1. 6 n.
2. 3,2 n.
3. 1 l.
4. 1/4.
5. 0,064 kg ;0,64 n.
6. aqvs siRrue.

3.5
1. foladi.
2. 600kg/m3.
3. tivtivebs.

3.7
1. 10 n.
2. ar daiZvreba; 25 n.
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3.8
50 n.

4.4
7-jer.

4.5
1. 25 n.
2. 20 m/wm2.
3. 40 mn.
4. 90 n.
5. 1 m/wm2.
6. 50 n.
7. 120 t.
8. 0 n; 2 n; 0 n; 4 n; III.

4.8
1. 40 wm; 1 m/wm2; 14 kn.
2. 4 m/wm2.
3. 1 kg; 4 kg.
4. 2000n;0n; 1000n; 35 m.
5. 0n; 1250n; 2500n; 0 n.
6. v1(t) = t; v2(t) = 3; 

    v3(t) = 3 - t; 50 n ; 0; 50 n.
7. 0,1 kg.
8. 0,5 m/wm2

4.9
1. 2,96 10 -7 n.
2. 1,5 10 -7 n.
3. 7,17 n

4.10
1. 1,6 m/wm2.

4.12
1. ar gawydeba.
2. 10 m/wm2.

4.13
1. 4.4 n.
2. 0 n.
3. 2500 n.
4. 4 m/wm2; 5 n.
5. 103 m/wm2; 10 m/wm.
6. 10 kn.
7. 400 n.
8. 15 kn.

9. 5 kn.
10. 4.3 n.
11. 54 Rd.
12. 30 km/wm.
13. 99 Rd.

4.14
1. 760 n.
2. 10 kn; 7,5 kn.
3. 3.2 m/wm.

4.15
1. ≈7,75 km/wm.
2. ≈1.42 sT.
3. ≈ 5.6 km/wm.
4. 1.8 km

4.16
1. 1,6-jer Semcirdeba.

4.17
1. 0,75.
2. ≈ 5,7 m/wm2.
3. 5 m/wm2.
4. ≈ 337 n.
5. 2,1 m/wm2.
6. 1000 n.

4.18
1. 2 m/wm2.
2. ≈ 5,3 n.

4.20
1. 31 sm.
2. 1,74 wm; 8,7 m.
3. 10 m.

4.22
1. 2,5 kn.
2. 16 kg.m/wm; 48 kg.m/wm; 16 n.
3. 10 kg.m/wm; 5kg.m/wm; 15 kg.m/wm.

4.23
1. ar icvleba
2. 2,5 kg.
3. 9000 kg.m/wm
4. 5,4 m/wm
5. 250 m/wm

4.24
1. 0,5 j.
2. – 435j.

4.25
1. 13 sm
2. 1,25 sm; 3/4.

4.26
3. 1,5-jer gaizarda
4. 9 m/wm
5. 1,5 m/wm
6. 0,24 m/wm
7. 75 mj
8. 14,1 m/wm

9. 4 kg∙m/wm
10. 192  j
11. 5 m/wm
12. 30 kn
13. 0,064 m
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aTvlis sistema _ gv. 10, 87, 88
aTvlis sxeuli _ gv. 10
absoluturi deformacia _ gv. 65
amomgdebi Zala _ gv. 63
arqimedes kanoni _ gv 69, 70
arainerciuli sistema _ gv. 88
aCqareba _ gv. 38, 53, 54
gadaadgileba _ gv. 14
gadataniTi moZraoba _gv. 15
gadatvirTva _ gv. 108
gavlili manZili _ gv. 14
gravitaciuli mudmiva _ gv. 99
garsmdeni forma _ gv. 81
gegmili veqtoris _  gv. 20
grafikebi _ gv. 25, 40, 42
dinamika _ gv. 88
drekadobis Zala _ gv. 63, 64
eqolokatori _ gv. 23
veqtorebi _ gv. 18, 19
Tavisufali vardna _ gv. 46, 100
Tanabari moZraoba _ gv. 22
Tanabari moZraoba wrewirze _ gv. 53
TanabaraCqarebuli moZraoba _ gv. 38
TanabaraCqarebuli moZraobis saSualo siCqare _ gv. 42
TanabaraCqarebuli moZraobisas gadaadgileba _ gv. 42, 43
impulsi _ gv. 125
impulsis mudmivobis kanoni _ gv. 127
inerciis movlena _ gv. 87
inerciis kanoni _ gv. 79
inertuloba _ gv. 91
iungis moduli _ gv. 66 
kinematikuri gantoleba _ gv. 23, 43
kinetikuri energia _ gv. 132
kompensacia _ gv. 88
koordinati _ gv. 11
Kkosmosuri observatoria _ kosmosSi gaSvebuli Tanamgzavri Hhable _ Ggv. 8
kosmosuri siCqareebi _ gv. 108, 110, 112
kuTxuri siCqare _ gv. 51
masa _ gv. 91
materialuri wertili _ gv. 15
Mmeqanikuri moZraoba _ gv. 10
meqanikuri muSaoba _ gv. 130
meqanikuri Zabva _ gv. 65
Kmeqanikis ZiriTadi amocana _ gv.  10
meqanikuri energiis mudmivobis kanoni _ gv.135
moZraobis fardobiToba _  gv. 13

sagnobrivi saZiebeli
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msoflio mizidulobis kanoni _ gv. 98
myisi siCqare _ gv. 37, 48, 50
niutonis pirveli kanoni G_ gv. 87
niutonis meore kanoni _ gv. 92
niutonis mesame kanoni _ gv. 95
paskali _ gv. 63
Pperiodi _ gv. 49
potenciuri energia _ gv. 133, 134
plastikuri deformacia _ gv. 64
radiolokatori _ gv. 22
reaqtiuli moZraoba _ gv. 128
reaqciis Zala _ gv. 63, 79
siCqare _ gv. 22, 30, 31, 36, 48, 50
saSualo siCqare _ gv. 36
sveli xaxuni _ gv. 81
siTxis wneva _ gv. 63
simZimis Zala _ gv. 100
simyife _ gv. 64
simtkicis zRvari _ gv. 66
sixSire _ gv. 49
srialis xaxunis Zala _ gv. 78
sxeulis impulsi _ Ggv. 125
sxeulis curvis pirobebi _ gv. 73, 74
sxeulis wona _ gv. 62
traeqtoria _ gv.11
tvirTamweoba _ gv. 75
uwonoba _ gv. 104
fardobiTi deformacia _ gv. 65
Subla farTobi _ gv. 82
Caketili sistema _ gv. 35, 128
centriskenuli aCqareba _ gv. 54
Zala _ gv. 62, 88, 126
Zalis impulsi _ Ggv. 125
winaaRmdegobis Zala _ gv. 81
wiriTi siCqare _ gv. 50
wneva _ gv. 63
wona _ gv. 62, 103, 104
wonasworobis pirobebi _ gv. 112
wyalwyva _ gv. 75
xaxunis Zala _ gv. 77, 79, 81
hukis kanoni _ gv. 65, 66


