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wignze muSaobis pirobiTi niSnebi

saazrovno kiTxvebis ga moye nebiT 

xels uwyob gakveTilis Temis gagebasa 

da gaazrebas.

klasSi atareb eqsperiments, xsni 

amocanebs jgufTan erTad.

ifiqre da imsjele

 gaazreba  

asruleb davalebas saswavlo 

Temis srulyofilad aTvisebisaTvis.

werilobiYTi samuSaoebi Seasrule 

saSinao davalebis rveulSi.

saSinao davaleba

saxlSi atareb martiv eqsperiments.

rTuli amocanebis aRniSvna.

eqsperimentuli davaleba

eqsperimenti

ilustraciaze mocemul kiTxvaze 

pasuxis gacemiT winare codnas ukavSi-

reb saswavlo Temas.
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Seiswavli:
 meqanikur muSaobas; 

 simZlavres; 

 kinetikur da potenciur energias;

 meqanikuri energiis mudmivobisa da gardaqmnis kanons.

SeZleb da daeuflebi:
 meqanikuri muSaobis gansxvavebas yoveldRiur cxovrebaSi gamoyenebuli 

muSaobis cnebisagan;

  meqanikuri muSaobisa da simZlavris formulebis gamoyenebas 
problemaze dafuZnebuli amocanebis gadaWrisas;

  msjelobas potenciuri da kinetikuri energiebis Sesaxeb;

 energiis cvlilebis dakavSirebas Sesrulebul meqanikur muSaobasTan;

 kinetikuri da potenciuri energiis formulebis gamoyenebas 
problemaze dafuZnebuli amocanebis gadaWrisas;

 msjelobas kinetikuri da potenciuri energiebis urTierTgardaqmnis 
Sesaxeb;

 msjelobas meqanikuri energiis mudmivobis kanonis gamovlenis Sesaxeb 
bunebasa da yofa-cxovrebaSi.

1. muSaoba da energia
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yoveldRiur cxovrebaSi mravali saxis muSaoba sruldeba. 
muSaobas asrulebs simaRlidan vardnili wyali, manqanaSi – 
Zrava, qarxanaSi – muSa, skolaSi – maswavlebeli da moswavle. 

Yyvela saxis muSaobas erTi saerTo damaxasiaTebeli Tvi-
se  ba gaaCnia: imisaTvis, rom sxeulma muSaoba Seasrulos 
(sulerTia, es sxeuli adamiania Tu manqana) – mas muSaobis  
Sesrulebis unari unda gaaCndes. rodesac sxeuls aqvs 
muSao bis Sesrulebis unari, maSin sxeuls aqvs ener gia. anu 
energia aris muSaobis Sesrulebis unari. raime konkre-
tuli mu Saobis Sesrulebisas sxeulis is energia mcir-
deba, romlis xarjzec sruldeba es muSaoba. Sesrule-
buli muSaoba aris erTi saxidan sxva saxeSi gardaqmnili  
energiis zoma da sididiT is energiis cvlilebis to lia.

muSaobis erT-erTi saxea meqanikuri muSaoba. meqanikuri 
muSao ba, rogorc procesi, raodenobrivad xasiaTdeba fizi-
kuri sididiT, romelsac aseve meqanikur muSaobas uwodeben. 

meqanikuri muSaoba sruldeba, rodesac sxeulze moqme-
debs Zala da sxeuli am Zalis moqmedebis wrfis gaswvriv  
gadaadgildeba an Zalis mimarTulebiT, an mis sapirispirod.

Tu sxeulze moqmedi Zala da am ZaliT gamowveuli gadaadgi-
leba erT mxrivaa mimarTuli, maSin fizikuri sidide, 

meqanikuri muSaoba,  Zalisa da gadaadgilebis namravlis  
tolia.

A = Fs,

sadac A muSaobaa; F – Zala, romelic moZraobisas ar icvle-
ba, mudmivia; s – gadaadgileba Zalis moqmedebis gaswvriv.

SI sistemaSi muSaobis erTeulia jouli (SemoklebiT j). 
muSaobis erTeuls jouli  ingliseli mecnieris jeimz pres-
kot joulis pativsacemad ewoda.

1 j = 1 n · m.
1 jouli muSaobaa, romelsac asrulebs 1 niutoni Zala 

am Zalis moqmedebis mimarTulebiT sxeulis 1 m manZilze 
gadaadgilebisas. 

Zala da gadaadgileba veqtoruli sidideebia. anu maT, 
garda  modulisa, aqvT mimarTulebac. muSaobas mimarTuleba 

romeli sportsmeni 
asrulebs meqanikur 
muSaobas  
(sur. 1 a da b)?

ifiqre da imsjele

jeimz jouli   

(1818-1889 ww.)

1.1. meqanikuri muSaoba

a b sur. 1

kilojouli (1 kj) = 1000 j;

megajouli (1 mgj) = 1000000 j;

milijouli (1 mj) = 0,001 j.

muSaobis jeradi da 
wiladi erTeulebi

ici, rom...

fizikuri sidideebi 

oro saxisaa _ skalaru­

li da veqtoruli. 

skalaruli fizikuri 

sidideebi xasiaTdeba 

mxolod ricxviTi mniS­

vnelobiT, anu moduliT.

veqtoruli fizikuri 

sidideebi, gansxvavebiT 

skalarulisagan, xasiaT­

deba rogorc moduliT, 

aseve mimarTulebiT.
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sur. 2

F

N

wevF
xF

s

1. imsjele meqanikuri mu Saobis niSnis Sesaxeb TiToeul situ-
aciaSi (sur. 3 a,b,g). 

2. suraTze (sur. 4) gamosaxulia sami burTula. pirveli  (a) – 
uZrav mdgomareobaSia, meore (b) xaxunis gareSe inerciiT 

moZraobs da mesame (g) moZraobs F F1 Zalis mimarTulebiT. 
imsje le meqanikuri mu Saobis Sesaxeb TiToeul situaciaSi.

3. imsjele da Seadare, adamianis mier Sesrulebuli meqanikuri 
muSaobebi, rodesac igi kibiT adis saxlis bolo sarTulze 

da liftiT adis imave sarTulze.

 gaazreba  

saSinao davaleba

1. gamoTvale 40 sm manZilze urikis gadaadgile bisas Sesru-
lebuli muSaoba, Tu masze moqmedi Zala 4 n-ia.

2. ra manZilze gadaadgilda sxeuli, Tu masze  mo   de buli  
20 n Zalis mier Sesrulebuli muSaoba 0,6 kj-ia?

3. 200 g masis burTi dakidebulia uZrav sakidze. gamoTvale 
simZimis Zalis muSaoba.

4. elenem carieli urika 50 niutoni Zalis moqmedebiT  
6 metrze gadaaadgila, sandrom ki datvirTuli urika  
150 niutoni ZaliT _ 2 metrze. gamoTvale maT mier Sesru-
lebuli muSaobebi da Seadare erTmaneTs.

cxr. 1

dadebiTi muSaoba
A > 0,  A = Fs

uaryofiTi muSaoba
A < 0, A = - Fs

muSaoba nulis tolia
A = 0

Fw Fx

Fs

a b g

sur. 4

b ga

υ υ 

F1

F F F

υ  = 0

N N N

a

g

F
s

F

b

F sur. 3

s

s

ar gaaCnia, anu igi skalaruli sididea. meqanikuri muSaoba 
SeiZleba iyos dadebiTi, uarYyofiTi an nulis toli.

muSaobis niSani damokidebulia sxeulis gadaadgilebisa 
da masze moqmedi Zalis mimarTulebaze.

radgan moZrAavi sxeulis gadaadgilebisa da siCqaris 
mimarTuleba emTxveva erTmaneTs, amitom muSaobis niSani 
damokidebulia aseve siCqaris mimarTulebaze.

Tu sxeulze moqmedebs Fwev Zala da sxeuli ar gadaadgile-
ba, maSin meqanikuri muSaoba ar sruldeba (sur. 2). 

Tu sxeulze ar moqmedebs Zala da es sxeuli inerciiT 
gadaadgildeba, arc maSin sruldeba meqanikuri muSaoba.

Tu sxeuli Zalis moqmedebis mimarTulebiT gadaad gil-
deba, maSin misi siCqare izrdeba da muSaoba dadebiTia (cxr. 
1a). Tu sxeuli Zalis moqmedebis sawinaaRmdego mimarTule-
biT gadaadgildeba, maSin misi siCqare mcirdeba da muSaoba 
uaryofiTia (cxr.1 b). Tu sxeulze moqmedi Zala gadaadgi-
lebisa da Sesaba misad, misi siCqaris marTobulia, maSin es 

Zala muSaobas ar asrulebs (cxr. 1g).

 = 0
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1.2. simZimisa da drekadobis Zalis muSaoba

 simZimis Zalis muSaoba
dedamiwis mizidulobis gamo nebismier sxeulze mo-

qmedebs simZimis Zala, miuxedavad imisa, es sxeuli  uZ-
ravad devs sayrdenze (sur. 7a), vardeba dedamiwaze  
(sur. 7 b), Tu siTxeSia moTavsebuli (sur. 7 g). 

simZimis Zala gamoiTvleba formuliT: Fs = mg, sadac 
m  sxeulis masaa, xolo g = 9,8 n/kg, mudmivi sididea. eqs-
perimentebiT  dadginda, rom nebismier 1 kg masis sxeuls 
dedamiwa 9,8 n ZaliT izidavs.

dedamiwis mimarT raime h simaRlidan sxeulis 
vardnisas  misi siCqare izrdeba (sur. 5 a). am dros simZimis 
Zala asru lebs dadebiT  muSaobas, radgan simZimis Zali-
sa da gadaadgilebis mimarTuleba erTmaneTs emTxveva. 

           A = F
s
 h,      radgan        Fs = mg ,       amitom 

A = mgh. 

sxeulis zeviT asrolisas simZimis Zalis muSaoba 
uaryofiTia, radgan simZimis Zala da gadaadgileba 
urTi erTsawinaaRmdegod aris mimarTuli. am dros sxeu-
lis  siCqare mcirdeba (sur. 5 b). Sesabamisad, asrolili 
sxeulis zeviT moZraobisas simZimis Zalis mier Sesrule-
buli muSaoba 

A = - mgh. 

 drekadobis Zalis muSaoba
sxeulebis  drekadi deformaciisas aRiZvreba drekado-

bis Zala
F

dr
 = - kx, 

sadac k aris sixiste*,  x  _ deformaciis sidide (sur. 8).
es Zala sxeuls abrunebs sawyis (aradeformirebul) 

mdgomareobaSi. deformaciisas sruldeba meqanikuri 
muSaoba. 

meqanikur muSaobas asrulebs deformirebul zambara-
Si  aRZruli drekadobis Zala (sur. 8). aseve  mSvildSi  

ifiqre da imsjele

sur. 7

sur. 5 sur. 6

h 

b

u 

Fs

Fs

u

a

mSvildidan 
isris 
gasrolisas 
romeli 
Zala 
asrulebs 
muSaobas  
(sur. 6)?

a

Fs

b

Fs

u 

Fsg

sur. 8

x

x

F
mad

F
dr

F
dr

F
mad

romel 
situaciaSi 
asrulebs 
simZimis Zala 
dadebiT 
muSaobas? 
uaryofiTs 
(sur. 5 a da b.)? 

* sixiste – damokidebulia sxeulis zomebze, nivTierebis gvarobaze. 
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1. 1,5 kg burTi, romelic aisroles vertikalurad ze-

viT 3 m-is simaRleze (sur. 9a), daeca asrolis wertilSi  

(sur. 9b). gamoTvale simZimis Zalis muSaoba burTis ze-

viT moZraobisas, vardnisas da mTel gzaze. imsjele da 

Seadare muSaobebi erTmaneTs.

2. gamoTvale 400 g masis burTis simZimis Zalis  muSaoba, Tu igi 

horizontalur zedapirze 2 m manZilze xaxunis gareSe iner-

ciiT migoravs?

 gaazreba  

saSinao davaleba

mg

u

u

mg

sur. 9

1. 200 g masis sxeulis vardnisas simZimis Zala asrulebs 10 j 

muSaobas. gamoTvale ra simaRlidan vardeba sxeuli.

2. vertmfrens tvirTi aaqvs 4000 m-is simaRleze. tvir Tis 

masaa 20 t. gamoTvale vertmfrenisa da simZimis Zalis 

mier Sesrulebuli muSaobebi (vertmfreni moZraobs 

Tanabrad).

3. Zelaks, romelic gamobmulia 20 n/m sixistis zambaraze, 

amoZraveben horizontalur zedapirze. ra muSaobas Seas-

rulebs drekadobis Zala, Tu zambaris wagrZelebaa 4 sm? 

4. burTi, romlis masaa E100 g, vardeba 5 m simaRlidan, ece-

ma zamba ras (sur.  10 a)  da kumSavs mas 10 sm-iT (sur.  10 b). 

gamoTva le  simZimisa da drekadobis Zalebis muSaobebi.

sur. 10

a

b

aRZruli drekadobis Zalis moqmedebiT sruldeba meqani-
kuri muSaoba da amitom isari gaityorcneba (sur. 6).  rac 
ufro metad aris deformirebuli sxeuli, miT metia am 
sxeulSi aRZruli drekadobis Zala da meti iqneba am Za-
lis mier Sesrulebuli muSaoba. 

drekadi deformaciisas drekadobis Zalis mier Sesru-
lebuli muSaoba gamoisa xeba formuliT: 

 
A =            

kx2   ,
2

drekadobis Zalis muSaoba iseve, rogorc simZimis Za-
lis muSaoba, SeiZleba iyos dadebiTi, uaryofiTi an nu-
lis toli.

mocemuli gaqvs: cnobili masis nebismieri sxeuli,  

sazomi lenti an saxazavi. 

Mmsvleloba: aitane sxeuli iatakidan da moaTavse 

magidaze. gazome magidis simaRle. gamoTvale simZimis 

Zalisa da simZimis Zalis daZlevisaTvis saWiro muSaobebi. 

aRwere cda. gamoitane daskvna da Seadare muSaobebi 

erTmaneTs.

eqsperimentuli davaleba
x=0

x

h

u

a

b
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eqsperimenti

1. ra muSaobas asrulebs simZimis Zala burTis 2 m simaRleze 

asrolisas da imave wertilSi davardnisas.

2.  ra muSaoba sruldeba 4 KG kg masis tvirTis 120 sm-ze awevisas? 

3. ra muSaobas asrulebs simZimisa da winaaRmdegobis Zala 

paraSutistis TaNABnabrad daSvebisas? ra Tanafardobaa maT 

Soris (sur.11)?

4. me-12 suraTze gamosaxulia sxeulis moZraobis traeq-

toria. rogoria simZimis Zalis muSaoba AB, CD, DE da EF  

mo nakveTebze?

5. ra muSaobas asrulebs simZimis Zala niagaris CanCqeridan 

yoveli 1m3 moculobis wylis vardnisas (niagaris CanCqe-

ris simaRle 53 m-ia, sigane _ 792 m). romeli monacemia zed-

meti amocanis amoxsnisTvis.

sur. 11

mocemuli gaqvs: dinamometri, saxazavi, Zelaki (sur. a).

Mmsvleloba: dinamometriT gazome Zelakze moqmedi 

simZimis Zala. gamoabi Zelaks Zafi da gadahkide Stativis 

Reroze. Tanabrad aswie raime simaRleze da saxazaviT 

gazome Zelakis awevis simaRle. gamoTvale simZimisa da 

wevis Zalis mier Sesrulebuli muSaoba.

2.  gamoabi Zelaki dinamometris kauWze da magi-

dis zedapirze dinamometris meore boloTi gadaaadg-

ile Tanabrad imave manZilze, ra manZilzec aswie wina 

cdaSi Zelaki (sur. b). gazome wevis Zala. monacemebi Sei-

tane cxrilSi. Seadare Zelakis vertikalurad zeviT 

awevi sas da horizonta luri gadaadgilebisas Sesrule-

buli muSaobebis ricxviTi mniSvnelobebi erTmaneTs.  

 

aRwere damzerili movlena da gamoitane daskvna: ratom 

aris ufro Zneli tvirTis vertikalurad zeviT aweva, 

vidre   imave tvirTis horizontalurad gadaadgileba?

cdis 
#

gadaadgileba

s, m

Zelakis 

simZimis Zala

Fs n

wevis Zala

Fw , n

vertikalurad 
zeviT gadaadgile­

bisas Sesrulebuli 

muSaoba A1, j

horizontalurad 
gadaadgilebisas 

Sesrulebuli

muSaoba  A2 , j

cxr. 2

saSinao davaleba

1.3. meqanikuri muSaobis eqsperimentuli kvleva

1.

A

B C

D E

F

sur. 12

a

b
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sur. 13

ratom aris tvirTis gadatana 
ufro mosaxerxebeli 
avtomanqaniT da ara urmiT 

ifiqre da imsjele

1 kilovati (1 kvt)= 

=1000 vt.=103vt

1 megavati (mgvt)= 

=1000000 vt.=106vt

1 gigavati (gvt)= 

=1000000000vt.=109vt.

1 milivati (mvt)= 

=0,001vt.

simZlavris jeradi da 
wiladi erTeulebi

jeims uati
(1736-1819)

sxeulebi da meqanizmebi erTnairi sididis meqanikur 
muSaobas sxvadasxva siswrafiT asruleben. maT erTi da 
imave muSaobis Sesasruleblad gansxvavebuli dro sWird-
ebaT. magaliTad, saxlis mSeneblobisas muSa 20 kg masis 
cementis tomris atanas me-7 sarTulze (18 m simaRle ze) 
5 wT-s andomebs. Aamwes ki es tvirTi 2 wT-Si aaqvs imave si-
maRleze.  

muSaobis Sesrulebis siswrafes axasiaTeben fizikuri 
sididiT, romelsac uwodeben simZlavres.

simZlavre aris fizikuri sidide, romelic tolia 
muSaobis sididis Sefardebisa drosTan, romlis gan­
mavlobaSic es muSaoba Sesrulda.

simZlavre aRiniSneba N asoTi.

N =
A
t

SI sistemaSi simZlavris erTeulia 1 vati (SemoklebiT 
vt). simZlavris erTeuls vati ingliseli mecnierisa da 
gamomgoneblis jeims uatis pativsacemad ewoda. 

1 vati aris iseTi meqanizmis simZlavre, romelic erT 
wamSi erT joul muSaobas asrulebs.

garda vatisa, iyeneben simZlavris jerad da wilad 
erTeu lebs da aseve `cxenis Zalas~.

Tu simZlavris formulaSi CavsvamT muSaobisa da siCqa-
ris formulebs, miviRebT: 

1.4. simZlavre. simZlavris erTeuli

u =const
F

wev
F

win

A=F.s

N=F.u 

s=u . t

N=
F.u . t

t
N=

A
t

N= F.s
t

F
win  = F

wev
 = F = const
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amrigad, simZlavre Zalisa da siCqaris namravlis  
tolia. A

yovel Zravas gaaCnia nominaluri simZlavre. Zravis 
muSaoba nominalurze meti simZlavriT mizanSewonili ar 
aris.

avtomanqanis horizontalur gzaze moZraobisas wevis 
Zala ufro naklebia, vidre aRmarTze. aRmarTze moZrao-
bisas mZRoli siCqares amcirebs, amave dros adidebs wevis 
Zalas ise, rom Zalisa da siCqaris namravlma ar gadaaWar-
bos Zravis nominalur simZlavres, raTa avtomanqanis 
Zrava ar daziandes.

 gaazreba  

saSinao davaleba

eqsperimentuli davaleba

adamianis mier ganviTarebul simZlavreze misi 

majiscemis sixSiris damokidebulebis gamokvleva

mocemuli gaqvs: wammzomi, saswori, sazomi lenti.

Mmsvleloba: sasworze gazome sakuTari masa da wammzomiT 

Seni pulsi kibeze asvlamde. neli svliT adi saxlis 

romelime sarTulze da gazome asvlis dro. CaTvale, 

rom erTi sarTulis simaRlea 3 m. gamoTvale Sen mier 

ganviTarebuli simZlavre; gaimeore eqsperimenti imave 

sarTulze sxvadasxva siCqariT asvlisas. MTiToOeul 

situaciaSi gazome asvlis dro da pulsi. gamoTvale 

ganviTarebuli simZlavreebi, Seadare erTmaneTs. 

dau kavSire guliscemis sixSiris mateba Sen mier 

ganviTarebul simZlavreebs. gamoitane daskvna.

1. anaTvlebi aiRe me-15 suraTidan da gamoTvale  cxenis sim-

Zlavre vatebSi. daadgine ra Tana-

fardobaa vatsa da cxenis Zalas  

Soris (g = 9,8 n/kg). 

2. amwem tvirTis atanisas Seasrula 

800 j muSaoba 16 wm-Si. gamoTvale 

am dros ganviTarebuli simZlavre.

3. me-14 suraTidan aiRe monacemebi  

da gamoTvale manqanis simZlavre.

4. 10 kg masis granitis fila aaqvT 

12 m simaRleze 5 wT-Si. gamoTvale 

Sesrulebuli muSaoba da sim-

Zlavre. 

1m

75kg

1 wm

1 cxenis Zala (c.Z.) = 

= 735 vt.

sur. 15

sur. 14

u

5 m/wm

800 n

wevF

1. manqanas 520 n wevis Zalis moqmedebiT tvirTi gadaaqvs  

108 km manZilze  1 sT-Si. gamoTvale simZlavre.
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I
1. 10 kvt simZlavris amwes tvirTi aaqvs 0,1 m/wm mudmivi siC-

qariT. gamoTvale am tvirTis masa?

2. arwivis horizontalurad frenis saSualo siCqare ise-

Tivea, rogoric skuteris, romlis Zravis simZlavrea 

3,920 kvt da wevis Zalaa 245 n. ra siCqare aqvs arwivs hori-

zontalurad frenisas?

3. gamoTvale tumbos saSualo simZlavre, Tu mas  Se uZlia  

4,5 m3   moculobis wyali aitanos 5 m simaRleze 5 wuTSi?

II
1. hidravlikur wnexSi patara dguSze moqmedi wnevaa  

4000 pa, dguSis farTobia 200 sm2. gamoTvale muSaoba, 

rome lic sruldeba am dguSis 15 sm-iT gadaadgilebisas  

(sur. 17).

2. Eelmavali `Stadleri~ (sur. 16)1 wT-Si 150 mgj muSaobas 

asrulebs, avtomanqana `jipi~ (sur. 18) ki 5 wT-Si  111 mgj  

mu Sao bas. Seadare maTi simZlavreebi erTmaneTs, romels 

aqvs meti simZlavre da ramdenjer.

3. amwes 1,5 t tvirTi aaqvs me-12 sarTulze. TiToeuli sar-

Tulis simaRle 4 m-ia. gamoTvale Sesrulebuli muSaoba.

III
1. TviTmfrinavi mifrinavs 250 m/wm siCqariT. gamoTvale Zra-

vis wevis Zala, Tu misi simZlavre 1800 kvt-ia? 

2. 30 kg masis bavSvi arbis kibeze 12 wm-Si 10 m simaRleze. 

gamoTvale  bavSvis mier ganviTarebuli simZlavre?

3. or amwis erTnair simaRleze aaqvs erTi da imave masis 

tvirTi. erTi amwe tvirTs swevs 1 wuTSi, xolo meore –  

30  wamSi. Seadare erTmaneTs amweebis mier Sesrulebuli 

mu Saobebi da simZlavreebi.

IV
1. amwes 600 kg masis tvirTi amoaqvs ormodan 0,9 m/wm mudmi-

vi siCqariT. gamoTvale amwis mier ganviTarebuli sim-

Zlavre.

2. gamoTvale, ra muSaobas Seasrulebs giganturi sazRvao 

laineri `dedofali meri 2~ (sur. 19), romlis simZlavrea 

102 mgvt portidan gasvlis Semdeg 1 sT-Si.

3. biWs 20 m siRrmis Widan amoaqvs 12 l wyali 15 wm-Si. gamoT-

vale saSualo simZlavre, romelsac aviTarebs biWi Widan 

wylis amoRebisas?

sur. 16

sur. 17

sur. 18

sur. 19

1.5. amoxseni amocanebi
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romeli energia gaaCnia 
qvebs da deformirebul 
zambaras?

ifiqre da imsjele

Ddedamiwis zedapiridan sxvadasxva simaRleze mdebare 
sxeulebs gansxvavebuli muSaobis Sesruleba SeuZliaT. 
sxvadasxva h1 da h2 simaRlidan vardnili ori toli masis 
burTi gansxvavebul muSaobas asrulebs (sur. 21). Aamdenad, 
burTis energia (a) mdebareobaSi metia, vidre (b) mdebareo-
baSi.

energia sxeulis mier muSaobis Sesrulebis unaris maxa-
siaTebeli  fizikuri sididea. 

Mmeqanikuri energiis erT-erTi saxea potenciuri ener-
gia. Ppotenciuri energia gaaCnia dedamiwis zedapiridan 
raime simaRleze atanil nebismier sxeuls. igiD ganpirobe-
bulia dedamiwasa da am sxeuls Soris urTierT qmedebiT, 
anu dedamiwisa da sxeulis urTierTmizidulobis ZaliT.

potenciuri energia damokidebulia sxeulis masaze, 
dedamiwis zedapiridan sxeulis awevis simaRleze da 
Ggamoisaxeba formuliT:  

Ep 
= mgh.

am energias xSirad simZimis Zalis potenciur energia-
sac uwodeben.P

potenciuri energia gaaCnia agreTve deformirebul 
sxeuls. drekadad deformirebuli sxeulis potenciuri 
energia ganpirobebulia sxeulis Semadgenel nawilakebs 
Soris urTierTqmedebiT da Ggamoisaxeba formuliT: 

Ep=
kx2

2  
,

sadac  k sixistea, x _ deformaciis sidide.
am energias xSirad drekadobis Zalis potenciur ener-

giasac uwodeben.
energias, romelic ganpirobebulia urTierTqmedi sx­

eulebis an sxeulis nawilakebis urTierTmdebareobiT,  
Ppotenciuri energia ewodeba.

davuSvaT, sxeuli h1 simaRlidan vardeba da ecema  
h2  simaRlis sayrdens (sur. 22). am dros sxeulis potenciu-
ri energia mcirdeba.

h1

h2

sur. 22. 

h

h1

h2

u

sur. 21

a

b

1.6. potenciuri energia

sur. 20

nulovani done
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h1

h

Tu sxeulis potenciuri energia sawyis mdebareobaSi 
iyo: 

E1 = mgh1 

maSin sayrdenze dacemisas misi potenciuri energia 
iqneba: 

E2 = mgh2.
Sesrulebuli muSaoba ricxobrivad am potenciur ener-

giaTa sxvaobis tolia: 
A

 
= E1 – E2 = mgh1 – mgh2 = mgh.

radgan sxeulis mier Sesrulebuli muSaoba energiis 
 cvlilebiT ganisazRvreba, amitom potenciuri energi-
is erTeuli SI sistemaSi iseve, rogorc muSaobisa aris  
jouli (j).

muSaoba anu sxvadasxva doneebs Soris potenciuri ener-
giebis sxvaoba nulovani donis arCevaze ar aris damokide-
buli. potenciuri energiis ricxviTi mniSvneloba ki 
damoki debulia nulovani donis arCevaze. erTsa da imave 
doneze sxeuls sxvadasxva nulovani donis mimarT gansxva-
vebuli energia gaaCnia. magaliTad, Tu energiis nulovan 
doned avirCevT dedamiwis zedapirs (sur. 23), burTulis 
potenciuri energia h1 doneze iqneba: 

Ep = mgh1 
xolo, TUu nulovan doned avirCevT qveda sayrdens, ma-

Sin imave burTulis potenciuri energia h1 doneze iqneba: 
Ep = mgh.

potenciuri energia gaaCnia kaSxalSi dagubebul wyals, 
SekumSul airsa da orTqls, gaWimul an SekumSul zambaras 
da sxv.

 gaazreba  

1. imsjele, SeiZleba Tu ara sxeulis potenciuri energia 

iyos uarYofiTi. 

2. sxeuli aisroles vertikalurad zeviT h simaRleze. 

imsjele potenciuri energiis cvlilebasa da burTis 

siCqa reze misi maqsimalur simaRleze asvlisas. ra muSao-

bas asrulebs simZimis Zala am dros?

3. 24-e suraTze gamosaxulia sami sxvadasxva masis sxeulis 

mdebareoba. imsjele, ra Tanafardoba iqneba maT poten-

ciur energiebs Soris.

sur. 23

saSinao davaleba

1.  gamoTvale magidaze moTavsebuli 2 kg masis yuTis poten-

ciuri energia, Tu iataks miiCnev potenciuri energiis 

nulo van doned? magidis simaRlea 80 sm (sur. 25).

2. 26-e suraTze  gamosaxuli toli masis burTulebidan 

romels eqneba umciresi potenciuri energia?

h

sur. 25

sur. 24

#1 #2 #3

x

y

h

2h

3h m (1)

2m (2)

3m (3)

sur. 26

dedamiwis zedapiri
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1.7. kinetikuri energia

Yyovel moZrav sxeuls gaaCnia energia, radgan mas SeuZ-
lia Seasrulos muSaoba. muSaobas asrulebs manqana tvir-
Tis gadatanisas, kaSxlidan vardnili wyali, wonaswo-
robidan gamoyvanili saqani da sxva nebismieri moZravi 
sxeuli (sur. 28).

rac ufro metia moZravi sxeulis masa da siCqare, miT 
meti muSaobis Sesruleba SeuZlia mas da Sesabamisad, aqvs 
meti energia. moZravi sxeulis energias kinetikuri ener-
gia ewodeba. kinetikuri energia meqanikuri energiis 
erT-erTi saxea. 

kinetikuri energia sxeulis siCqaris kvadratis pirda-
pirproporciulia da damokidebulia sxeulis masaze. 

Tu sxeulis siCqare 2-jer izrdeba, misi kinetikuri 
ener gia 4-jer gaizrdeba.  Kkinetikuri energia gamoisaxe-
ba formuliT:

Ek=
mu 2

2

sadac m sxeulis masaa, u  _ siCqare. 

sxeulis kinetikuri energia am sxeulis masisa da 
siCqaris kvadratis namravlis  naxevris tolia. 

davuSvaT, m masis burTula moZraobs u1 siCqariT  
(sur. 29 a). garkveuli drois Semdeg misi siCqare gaizarda  
da gaxda u2 (sur. 29 b). Sesabamisad, sawyis momentSi sxe u-
lis kinetikuri energia iqneba:

Ek1 =         
mu1

2

2

xolo saboloo momentSi
mu2

2

2
Ek2

 =
 

cxens barierze gadaxtomisas 
potenciuri energiis garda 
eqneba Tu ara sxva energia?

ifiqre da imsjele

sur. 27

u2u1

sur. 29

a b

Ek1 Ek2

sur. 28

u

a gb

,

,

.
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 gaazreba  

1. imsjele, kinetikuri energiis Sesaxeb. SeiZleba Tu ara 

kine tikuri energiis mniSvneloba iyos uaryofiTi? pa-

suxi daasabuTe.

2. imsjele, kinetikuri da potenciuri energiebis cvlile-

bis Sesaxeb, Tu TviTmfrinavi horizontalurad deda-

miwis zedapiridan raRac h simaRleze mzardi siCqariT 

moZraobs (sur. 30).

3.  imsjele da Seadare   erTmaneTs sxeulis energia a, b da 

g mdebareobebSi. energiis ra gardaqmnebi xdeba  sxeulis 

a-dan b-Si da Semdeg g mdebareobaSi  gadaadgilebis  Sede-

gad (xaxuni ugulebelyavi. sur. 31)? 

4. imsjele, romel mdebareobaSi eqneba saqans maqsimaluri 

kinetikuri energia. pasuxi daasabuTe (sur. 28).

5. 5 tona masis matarebeli moZraobs 72 km/sT siCqariT. ga-

moTvale misi kinetikuri energia.

sur. 30

saSinao davaleba

1. gamoTvale sxeulis kinetikuri energia, Tu misi masaa 6 kg 

da siCqare 2 m/wm.

2. ra muSaoba unda Sesruldes 2000 t masis 15 m/wm siCqariT 

moZravi matareblis gasaCereblad?

3.  ra muSaobas Seasrulebs 4 tona masis satvirTo manqana, 

Tu misi sawyisi siCqarea 54 km/sT, saboloo 72 km/sT?

4.  avtomanqanis kinetikuri energia gaizarda 9-jer. ram-

denjer Seicvala misi moZraobis siCqare?

radgan MmoZravi sxeulis siCqaris cvlilebisas icvleba  
misi kinetikuri energia, Sesabamisad, Sesrulebuli mu-
Saoba sxeulis kinetikuri energiis cvlilebis tolia. 

mu2
2

2

mu1
2

2
A

 
= Ek2 – Ek1  =           –

radgan sxeulze moqmedi Zalis mier Sesrulebuli muS-
aoba energiis cvli lebis tolia, amitom kinetikuri ener-
giis erTeuli SI sistemaSi, iseve, rogorc muSaobisa aris  
jouli (j).

u siCqariT moZravi m masis sxeulis kinetikuri ener-
gia gviCvenebs, ra sididis meqanikuri muSaoba unda Seas-
rulos sxeulze moqmedma Zalam, rom sxeuls mianiWos  
u siCqare.

m

h

u

1 kilojouli (1 kj) =  

=1000 j =103j
 

1 megajouli (mgj) = 

=1000000 j =106jt

1 gigajouli (gj) = 

=1000000000j = 109j

1 milijouli (mj) = 

= 0,001j

energiis jeradi da 

wiladi erTeulebi

.

a

h
1

h
2

0

sur. 31

g

b
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1.8. meqanikuri energiis eqsperimentuli kvleva

eqsperimenti

sxeulebis potenciuri energiebis Sedareba

mocemuli gaqvs: 50 da 100 g masis sawonebi, qviSa (mcire raodenobiT), saxazavi, 
qaRaldis furceli an muyaos yuTi.

Mmsvleloba:

muyaos yuTSi Cayare qviSa. 15 sm simaRlidan rigrigobiT Camoagde jer  

50 g da Semdeg 100 g masis sxeulebi ise, rom orive maTgani qviSaSi Cavardes. qviSa-

Si gaCenili CaRrmavebebis mixedviT Seafase is zemoqmedeba, romelic moaxdina 

TiToeulma sxeulma qviSaze (sur. a da b).

Seadare erTmaneTs  sxeulebis mier Sesrulebuli muSaoba qviSaze sxeulebis ze-

moqmedebis Sedegebis mixedviT. 

imsjele: romelma sxeulma warmoqmna meti CaRrmaveba qviSaSi da razea damokide-

buli am CaRrmavebis zoma? romel sxeulze moqmedi simZimis Zalis mu Saobaa meti? 

romel sxeuls aqvs meti potenciuri energia?

Semdeg 100 g masis sxeuli Camoagde 30 sm simaRlidan.

daakvirdi qviSaSi warmoqmnil CaRrmavebas da Seadare wina eqsperimentSi amave 

sxeulis mier warmoqmnil Rrmuls. 

Seadare sxeulze moqmedi siMmZimis Zalis mier Sesrulebuli muSaoba wina 

eqsperiment Si sxeulis qviSaze zemoqmedebis Sedegs.

romel SemTxvevaSia ufro meti (15 sm Tu 30 sm simaRlidan Camogdebisas) 100 

g sxe ulze moqmedi simZimis Zalis muSaoba? romel situaciaSi aqvs sxeuls meti 

potenciu ri energia?

aRwere eqsperimenti.

gamoitane daskvna: rogor aris damokidebuli simZimis Zalis potenciuri energia 

sxeulis masaze, vardnis simaRleze.

a b
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eqsperimenti

dakvirveba sxeulebis kinetikur energiaze

mocemuli gaqvs: sxvadasxva masis ori burTula, 30 sm sig rZis muyaos Rari, xis 
Zelaki, saxazavi, Stativi (an raime sayrdeni,  ma galiTad, wignebi).

Mmsvleloba:

StativSi Caamagre Rari daxrilad. xis Zelaki moaTavse Raris qveda kidesTan.

Raris Sua adgilidan (h1 simaRlidan) daagore mcire masis burTula  

(sur. a). 

daakvirdi, ra manZilze gadaaadgilebs burTula Raris ki desTan moTavsebul 

Zelaks dajaxebis Sedegad. gazome Zelakis mier gavlili manZili.

Semdeg burTula daagore ufro meti, h2, simaRlidan (sur. b) da isev  gazome 

daja xebis Sedegad Zelakis mier gavlili manZili. 

imsjele: Seadare erTmaneTs Zelakis mier gavlili manZilebi. romel situaciaSi 

aqvs sxeuls meti siCqare da romel situaciaSi Seasrula burTulam meti muSaoba. 

Sesabamisad, romel situaciaSi aqvs burTuUlas meti kinetikuri energia? romeli 

energiis xarjze Seasrula burTulam muSaoba Zelakis gadasaadgileblad?

igive eqsperimentebi Caatare meti masis burTulisTvis. Seadare Zelakis mier 

gavlili manZilebi erTmaneTs da wina eqsperimentSi miRebul Sedegebs. romel 

situaciaSi aqvs burTuUlas meti kinetikuri energia?

aRwere eqsperimenti.

gaaanalize eqsperimentis Sedegebi da gamoitane daskvna: 

rogor aris damokidebuli burTUulis mier Sesrulebuli muSaoba da Sesabamisi 

kinetikuri energia burTulis masasa da mis siCqareze.

h
1

h
2

0 0

saSinao davaleba

1. moamzade prezentacia potenciuri da kinetikuri energiebis eqsperimentuli kvlevis 

Sedegebis Sesaxeb.

a b
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1.9. energiis mudmivobis kanoni

h
1

h
2

u2

u1=0

u3

E1= mgh1 +  0

E2= mgh2 + 
mu2

2

2

E3= 0 + 
mu3

2

20

sur. 33

sxeulebs  SeiZleba erTdroulad hqondeT rogorc 
poten ciuri, ise kinetikuri energia. 

TviTmfrinavs raRac simaRleze frenisas, garda 
dedamiwasTan urTierTqmedebis potenciuri energiisa,  
moZraobis gamo aqvs kinetikuri energiac. 

dedamiwis zedapiradan h1 simRleze aweul m masis  uZrav  
burTs mxolod potenciuri energia gaaCnia (sur. 33). 
uZrao is gamo kinetikuri energia nulis tolia. Tu burTs 
xels gauSvebT, maSin igi daiwyebs vardnas. misi potenciuri 
energia mcirdeba, xolo siCqaris zrdasTan erTad izrde-
ba kinetikuri energia. kinetikuri ener gia maqsimalu ri 
iqneba dedamiwaze dacemis momentSi. amgvarad, burTis 
potenciuri energia vardnisas gardaiqmne ba kinetikur 
energiad.

kinetikuri E
k da potenciuri E

p energiebis jams sruli  
meqanikuri energia ewodeba.

E
sr = E

k
+ E

p

sxeulis vardnisas traeqtoriis Sua wertilSi kineti-
kuri da potenciuri energiebi erTmaneTis toli iqneba. A

im sxulTa kinetikuri da potenciuri energiebis 
jami, romlebic qmnian Caketil  sistemas da urTierT­
qme  deben msoflio mizidulobis an drekadobis Zale­
biT, mudmivia.

mu 2

2
E

sr = E
k 
+ E

p =          + mgh = const  

Caketili sistema ewodeba fizikur sxeulTa erTo-
bliobas, romlebic mxolod erTmaneTTan urTierT-
qmedeben, xolo sxva sxeulebTan ar urTierTqmedeben, an 
urTierTqmedeba mxedvelobaSi ar miiReba.

energiis mudmivobisa da gardaqmnis kanoni bunebis 
erT-erTi fundamenturi kanonia. 

energia arafrisgan  arc warmoiqmneba da arc qreba.  
is  erTi saxidan  gardaiqmneba meore saxed, an erTi 
sxeuli dan gadaecema meore sxeuls.

sur. 34

energiis ra gardaqmnebi xdeba  
velomrbolelis gorakze 
moZraobisas?

ifiqre da imsjele

sur.32
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 gaazreba  

1. 34-e suraTze gamosaxulia meqanikuri saaTis SekumSu-

li zambara,  romelic dakavSirebulia saaTis isrebTan. 

imsjele, romeli energiis xarjze moZraoben isrebi da 

energiis ra gardaqmnebi xdeba am  dros?

2. imsjele CaquCis energiis gardaqmnis Sesaxeb 35-e a da  

b suraTze gamosaxuli situaciebis mixedviT.  

3. 36-e suraTze gamosaxulia vagonetis moZraoba gorakze,  

romelsac miniWebuli aqvs sawyisi siCqare. imsjele 

diagra mebis mixedviT vagonetis kinetikuri da potenciu-

ri energiebis urTierTgardaqmnis Sesaxeb.

saSinao davaleba

1. 350 g masis burTi vardeba 3 m simaRlidan. gamoTvale 

burTis kinetikuri energia dedamiwaze dacemis momentSi 

(hae ris winaaRmdegoba ugulebelyavi). 

2. Seadare 38-e suraTze gamosaxuli burTebis potenciuri 

energiebi. Zafebis gadaWrisas, romel energias SeiZenen 

isini da rogori Tanafardoba iqneba am energiebs Soris?

3. sxeuli aisroles vertikalurad zeviT. romeli energia 

eqneba mas maqsimalur simaRleze asvlisas?

4. 100 g masis sxeuli 5 m-is simaRlidan Camovarda da qvi-

SaSi 2 sm siRrmeze Caeflo. gamoTvale qviSaSi aRZruli 

winaaR mdegobis saSualo Zala. sur. 38

b

sur. 37

sur. 35

2 kg1 kg0,5 kg

#1 #2 #3

sur. 36

4. imsjele kinetikuri da potenciuri energiebis cvli-
le be bis Sesaxeb saqanelaze rxevisas (sur. 37).

a

h1

h2

u = 0

u

B

A

D

C

E

E
p

E
p

E
p

E
p

E
k

E
k

E
k

E
k

E
p

E
k
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1.10. amoxseni amocanebi

1. sxeulis kinetikuri energiaa 120 j, potenciuri energia ki  _ 35 j. gamoTvale, ra 

mu Saoba SeuZlia Seasrulos am sxeulma.
 

amoxsna:

A_ ?

E
sr 

= E
k 
+ E

p
.   amitom  A = E

sr
 = 120 j + 35 j = 155 j.

sxeuls SeuZlia Seasrulos muSaoba, romelic am sxeulis sruli 

meqanikuri energiis tolia. sxeulis sruli meqanikuri energiaa: 

pasuxi: A = 155 j.

2. sxeuli aisroles vertikalurad 5 m/wm siCqariT. gamoTvale sxeulis asvlis 

maqsimaluri simaRle (haeris winaaRmdegoba ugulebelyavi).

amoxsna:

h _ ? 
u = 5 m/wm

E
k = E

p
,    anu

sxeuls asrolisas aqvs kinetikuri energia:   E
k
= mu 2

2
Mmaqsimalur simaRleze asvlisas kinetikuri energia mTlianad 

gardaiqmneba potenciur energiad. Ee.i.

pasuxi: h = 1,25 m.

=  mgh. mu 2

2
aqedan u 2

2 g
h =       .

25
20

h =        = 1,25 (m).

3. sxeuli aisroles vertikalurad. Mmaqsimalur simaRleze misi potenciuri ener-

giaa 300j. gamoTvale misi kinetikuri energia asrolis momentSi? (haeris winaaR-

mdegoba ugulebelyofilia).

amoxsna:

 E
k  _ ? 

 E
p = 300 j

E
k = E

p
,    e.i.  E

k = 300 j.

    sxeuls asrolisas hqonda kinetikuri energia. Tu mxedvelo-

baSi ar miviRebT haeris winaaRmdegobas, asvlis maqsimalur 

simaRleze kinetikuri energia mTlianad gardaiqmneba poten-

ciur energiad. Aamitom: 

pasuxi: kinetikuri energia asrolis momentSi, E
k
= 300 j.

4. 2 kg masis sxeulis potenciuri energiaa 320 j. ra simaRleze imyofeba sxeuli 

dedamiwis zedapiridan.

amoxsna:

 h _ ? 

 
m = 2 kg

         E
p
 = 320 j

Ddedamiwis zedapiridan h simaRleze sxeulis potenciuri ener-

gia  iqneba:

E
p
=  mgh.    Aaqedan 

pasuxi:  h = 16 m.

E
p

mg
h =        = 

320 j

2kg.10 n/kg
             =             = 16 m.

320 nm

20 n

E
k = 120 j

E
p = 35 j

.
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sur. 39

m= 300g

100 g

100 g

100 g

sur. 41

m= 100g

u0 = 10
m

wm

sur. 40

sur. 42

h,m 

3

0 x,m

I

1. 39-e suraTis mixedviT gamoTvale burTulis ki-

netikuri energia miwaze dacemamde.

2. moZravi sxeulis potenciuri energiaa 100 j, sruli 

energia _ 150 j, gamoTvale sxeulis kinetikuri 

ene rgia.

3. 5 kg masis sxeuli moZraobs dedamiwidan 10 m-is si-

maRleze 7,2 km/sT siCqariT. gamoTvale sxeulis ki-

netikuri, potenciuri da sruli meqanikuri ener-

gia.

II

1. me-40 suraTis mixedviT gamoTvale burTulis 

asvlis  maqsimaluri simaRle. romeli monacemia 

zedmeti?

2. 200 g masis sxeuli aisroles vertikalurad zeviT 

4 m simaRleze da daeca asrolis wertilSi. gamoT-

vale simZimis Zalis muSaoba mTel gzaze.

3. moZravi sxeulis sruli meqanikuri energiaa 100 

j, kinetikuri energia _ 80 j, gamoTvale sxeulis 

poten ciuri energia.

III

1. 41-e suraTze gamosaxuli zambara daWimulia 3 sm-

iT. gamoTvale drekadobis Zalis potenciuri ener-

gia.

2. ramdenjer gaizrdeba sxeulis kinetikuri energia 

misi siCqaris 4-jer gazrdiT?

3. 42-e suraTze gamosaxulia vertikalurad zeviT 

asro lili 100 g masis sxeulis moZraobis traeqto-

ria. gamoTvale simZimis Zalis muSaoba mTYel gzaze.

u = 10
m

wm
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I Tavis Sejameba

2. imsjele meqanikuri energiis Sesaxeb da azrobrivad daasrule sqema.

3.  imsjele simZlavris Sesaxeb da azrobrivad daasrule sqema.

E
p =

E
p = 

meqanikuri energia

potenciuri kinetikuri

Ek 
= 

simZimis Zalis  

potenciuri 

energia

moZravi

sxeulis

energia
drekadobis 

Zalis  

potenciuri 

energia

simZlavre

erTeuli

SI  sistemaSi

1 c.Z.= 

erTeuli

cxenis Zala

N
 
= 

N
 
= 

muSaobis 

Sesrulebis 

siswrafe

1.  imsjele meqanikuri muSaobis Sesaxeb da azrobrivad daasrule sqema.

meqanikuri muSaoba

simZimis Zalis 

muSaoba
drekadobis 

Zalis  

muSaoba

A= Fs

A
 
= 

A
 
= 

sruli  

meqanikuri 

energia

Esr 
= 

erTeuli

SI  sistemaSi

erTeuli

SI  sistemaSi
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1. meqanikuri energia

2. Zala

3. simZlavre

4. meqanikuri muSaoba

5. daukavSire fizikuri sidideebi Sesabamis erTeulebs da Seavse cxrili.

4. daukavSire fizikuri sidideebi Sesabamis  formulebs da Seavse cxrili.

1. kinetikuri energia

2. potenciuri energia

3. simZlavre

4. meqanikuri muSaoba

a b g d

1

2

3

4

a b g

1

2

3

4

a. jouli

b. vati

g. niutoni

g

b

a 1m

6. anaTvlebi aiRe suraTidan da gamoTvale:

a - situaciaSi, moswavlis potenciuri, kinetikuri da     

sruli meqanikuri energia;

b -  situaciaSi, potenciuri, kinetikuri, sruli  meqani-

kuri energia da moswavlis siCqare;

g - situaciaSi, maqsimalur simaRleze potenciuri, kine-

tikuri, sruli  meqanikuri energia, asvlis simaRle da 

moswavlis siCqare.

      Seadare moswavlis sruli energia TiToeul situa-

ciaSi da imsjele, ramdenad samarTliania energiis 

mudmivo bis kanoni (xaxuni ugulebelyavi).

m = 60kg

u = 5m/wm

a.  A = Fs

b. N =
A
t

g.

d. mgh 

mu 2

2
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simZimis Zalis 
muSaoba

meqanikuri  
muSaoba

energiis  
erTeuli

(SI) 

jouli

simZimis Zala

pirveli Tavis mokle  
daskvnebi

kinetikuri  
energia

simZlavris 
erTeuli

(SI) 
vati1 j= 1 n · m

muSaobis 
erTeuli

(SI) 

jouli

potenciuri  
energia

E
p
= mgh

N=Fu
simZlavre

energiis 
mudmivobis 

kanoni

E= E
k
+ E

p
=const

A=Nt

A=mgh

A=Fs

F
sim 

=mg

simZlavre

N= A
t

E
k
=

mu2

2

E
p
=

kx2

2
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2.  sxeulTa wonasworoba
   martivi meqanizmebi

Seiswavli:
 brunvis RerZis mqone sxeulTa wonasworobis saxeebs;
 wonasworobis pirobebs;
 martiv meqanizmebs;
 momentebis wess mbrunavi sxeulebis wonasworobis pirobebis da sadgenad;
 meqanikis `oqros wess~;
 meqanizmebis margi qmedebis koeficients.

SeZleb da daeuflebi:
 nebismieri brtyeli formis sxeulis simZimis centris eqsperimentulad 

moZeb nas;
 mdgradi, aramdgradi da ganurCeveli wonasworobis saxeebis erT maneTTan 

Sedarebas da erTmaneTisagan maTi gansxvavebis dadgenas;
 berketis martivi modelis damzadebas da misi meSveobiT berketis wonaswo-

ro bis pirobis dadgenas;
 berketis analogis moZebnas cocxal organizmebSi. sqematurad am analogis 

warmodgenas.
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2.1. simZimis centri

romeli wertAiliT 
eyrdnoba 
akrobati gogona 
sporAtsmenis xels 
wonasworobis 
SenarCunebisaTvis?

ifiqre da imsjele

sur. 2

sur. 1

sur. 4

Fs

C

sur. 3

C

dedamiwis mizidulobis Zala nebismier sxeulze moqme-
debs. radgan sxeuli patara nawilakebisgan Sedgeba, 
amitom TiToeul nawilakzec moqmedebs simZimis Zala. 
nawilakebze moqmedi simZimis Zalebi mimarTulia dedami-
wis centrisken da erTmaneTis paraleluria (sur. 2).  am 
Zalebis tolqmedi mTel sxeulze moqmedi simZimis Zalaa. 

warmosaxviT wertils, romelzec sxeulis simZimis 
Zalaa modebu li, simZimis centri ewodeba. 

simZimis centrs sxeulis masaTa centrsac uwodeben, 
anu SeiZleba vigulisxmoT, rom am wertilSi Tavmoyri-
lia sxeulis mTeli masa. 

erTgvarovani, wesieri geometriuli formis sxeulis 
masa Ta centri da simZimis centri erTsa da imave wertil-
Sia da emTxveva am sxeulis geometriul centrs.  

me-5 suraTze gamosaxulia wesieri geometriuli 

formis  erTgvarovani sxeulebi. maTi simZimis centri 
da geometriuli centri erTsa da imave wertilSi mdeba-
reobs.

AaraerTgvarovani sxeulebis simZimis centri mis geo-
met riul centrs ar emTxveva. araerTgvarovani da 
arawesie ri geometriuli formis sxeulebis simZimis 
centrs  eqsperimentiT adgenen. 

zogierTi sxeulis simZimis centri sxeulis gareTaa. 
magaliTad, rgolis, bumerangis (sur. 3, 4). gasrolili 
rgoli da bumerangi simZimis centris irgvliv brunavs.

Aadamianis simZimis centri mdebareobs sxeulis SigniT, 
xerxemlTan axlos, Wipidan ramdenime santimetris daSo-
rebiT. 

Mmyari sxeuli sayrdenze simZimis centriT moTavsebisas  

sur. 5
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1. imsjele, rogor icvleba xis simZimis centris mdeba-
reoba zamTarSi zafxulTan SedarebiT? ram ganapiro-
ba es cvlileba (sur. 6 a,b)? 

2. imsjele, qvebis wonasworobis Sesaxeb (sur. 8 a, b). ro-
gori Tanafardobaa qvebze moqmed simZimisa da sayr-
denis reaqciis Zalebs Soris ?

 gaazreba  

wonasworobaSi iqneba. am dros sxeulze moqmedi simZi-
mis Zala da sayrdenis reaqciis Zala moduliT tol-
ia da mimarTulebiT sawinaaRmdego. amitom es Zalebi 
awonaswo reben erTmaneTs da sxeuli wonasworobaSia (igi 
arc gadavardeba da arc gadaixreba wonasworobis mdeba-
reobidan). sxeuli wonasworobaSia, Tu masze moqmedi Za-
lebi erTmaneTs awonasworeben (sur. 7).

myari sxeulis gadaadgilebisas misi simZimis centris 
mdebareoba sxeulSi ar icvleba, Tumca igi icvleba sayr-
de nis mimarT. magaliTad, sayrdenze horizontalurad 
moTavsebul erTgvarovan ReroSi simZimis centris mde-
bareoba misi vertikalurad moTavsebisas imave wertil-
Si rCeba (sur. 9 a). Tumca daSoreba simZimis centrsa da 
sayrdens Soris icvleba (sur. 9 b). 

sur. 6

sur. 7

12

11

saSinao davaleba

sur. 9

1. kubs, romlis wibos sigrZe 20 sm-ia, zemodan daawebes 
iseTive, imave zomis kubi. sayrdenidan ra manZilze 
aRmoCn deba miRebuli paralelepipedis simZimis centri  
(sur. 9 b).

a

a

b

b

N

a b

sur. 8

3. 2 m sigrZis erTgvarovani Rero moTavsebulia hori-
zon talur zedapirze. ra simaRleze aRmoCndeba Reros  
simZimis centri misi vertikalurad moTavsebisas  
(sur. 9 a)?

Fs

Fs

mg
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sur. 11

mocemuli gaqvs: samkuTxedis, kvadratis,  

marTkuTxedisa da wris formis muyaos figure-

bi, lursmani an qinZisTavi, saxazavi, fanqari. 

msvleloba: saxazavisa da fanqris gamoye ne-

biT ipove TiToeuli figuris geometriuli 

centri. Ddaayrdeni am wertiliT yoveli fig-

ura lursmnis (qinZisTavis) wvers. daakvirdi 

inarCu nebs Tu ara TiToeuli figura wonaswo-

robas geometriuli centriT lursmnis wverze 

dayrdnobisas. 

aRwere cda da gamoitane daskvna, emTxveva 

Tu ara eqsperimentiT napovni simZimis centri  

am figuris geometriul centrs. 

2.2. simZimis centris eqsperimentuli kvleva

I eqsperimenti

simZimis centris mdebareobis dadgena

mocemuli gaqvs: muyaos furclidan gamoWrili 

arawesie ri geometriuli formis firfitebi, Stativi, 

saxazavi, fanqari, Sveuli (Zafze gamobmuli raime, mcire 

zomis tvirTi. sur a). 

msvleloba: gaxvrite firfitebis kidura nawilebi 

ramdenime wertilSi. Ggaxvretili wertiliT dahkide 

TiToeuli firfita SveulTan erTad Stativis Reroze. 

Sveulis gaswvriv fanqriT gaxaze firfitaze vertikal-

uri wrfis monakveTi. Seucvale firfitas mdebareobebi 

da rigrigobiT dahkide igi sxvadasxva wertiliT. Yyoveli 

dakidebisas firfitaze kvlav gaavle Sveulis gamo ye-

nebiT vertikaluri wrfeebi. moniSne wrfeebis gadakveTis 

wertili. 

Camoxseni firfita sakididan  da daayrdeni igi lursmnis  

wverze wrfeebis gadakveTis wertiliT (sur. b).

cda gaimeore yoveli firfitisaTvis.

daakvirdi, inarCuneben Tu ara firfitebi wonasworo-

bis mdgomareobas lursmnis wverze dayrdnobisas; 

gamoitane daskvna: ratom inarCunebs firfita wonaswo-

robas simZimis centriT sayrdenze dayrdnobisas?

arawesieri geometriuli formis firfitebis 

simZimis centris dadgena

C

II eqsperimenti

a

b



33

saSinao davaleba

III eqsperimenti

saxazavis simZimis centris dadgena

mocemuli gaqvs: nebismieri, erTgvarovani nivTie-

rebis saxazavi, romlis sigrZea 30 – 50 sm.

msvleloba: moaTavse saxazavi magidaze ise, rom misi 

erTi bolo emTxveodes magidis kides. Nsaxazavi nela 

gamoswie magididan gadmovardnamde (sur. 10). moniSne 

saxazavze zRvruli wertili, romelzec is jer kidev 

magidazea da ar vardeba. saxazavis skalis gamoyenebiT 

Ddaadgine am zRvruli wertilis mdebareoba. G

gamoitane daskvna saxazavis simZimis centris mdeba-

reobis Sesaxeb. 

IV eqsperimenti

joxis simZimis centris dadgena

mocemuli gaqvs: 30 sm sigrZis saxazavi (joxi).

msvleloba: moaTavse saxazavi kidura wertile-

biT marjvena da marcxena xelis saCvenebel TiTebze 

an fanqreb ze. Ddauaxlove TiTebi erTmaneTs (sur. 11). 

ipove  saxazavze wertili,  romliTac orive TiTze 

dayrdnobi li saxazavi wonasworobis mdgomareobaSi 

iqneba (ar gadaixreba, ar gadavardeba). Ggamoitane daskv-

na saxazavis simZimis centris mdebareobis Sesaxeb.

1. me-12 suraTze gamosaxulia aguri sam sxvadasxva 
mdeba reobaSi. imsjele da Seadare simZimis centris 
mdebareobebi sayrdenis mimarT sxvadasxva situacia-
Si. Seicvala Tu ara simZimis centris mdebareoba 
agurSi misi sxvadasxva mdebareobaSi moTavsebisas.

2. me-13 suraTze gamosaxulia sayrdenze gawonaswo-
rebuli sami qva: A, B da C. daadgine am qvebis sistemis 
sayrdeni wertilisa da simZimis centris mdebareoba. 
ratom  aris qvebi wonasworobaSi?

3. me-14 suraTze gamosaxulia araerTgvarovani burTu-
la or sxvadasxva mdebareobaSi. burTulis naxeva-
ri rkinisaa,  naxevari ki _ xis. ivaraude, sad iqneba 
burTu lis simZimis centri TiToeul situaciaSi 
sayrdenis mimarT?

sur. 12

11 12
13

sur. 13

 A
 C

 B

sur. 11

sur. 14

rkina

xe

a b

sur. 10
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2.3. sxeulTa wonasworobis eqsperimentuli kvleva

eqsperimenti

sxeulTa wonasworobis pirobebis Seswavla

I 
mocemuli gaqvs: sqeli muyaos furceli, makrateli, 

liTonis an xis wvrili Rero (magaliTad, saqsovi Cxi-

ri).

Mmsvleloba: sqeli muyaos furclisagan gamoWeri 

marTkuTxa formis firfita (3 sm X 20 sm). firfitaze 

moniSne simZimis centri (marTkuTxedis diagonalebis 

gadakveTis wertili) da aRniSne O asoTi. mis erT-erT 

kideSi gauyare wvrili Rero.

 daiWire Rero xelSi ise, rom firfitis simZimis 

centri brunvis RerZis qvemoT mdebareobdes (sur. 

15 a). gadaxare igi wonasworobis mdgomareobidan da 

daakvir di, daubrunda Tu ara firfita sawyis mdeba-

reobas. gamoitane daskvna: rogor Seicvala simZimis 

centris mdebareoba wonasworobis mdgomareobidan 

gadaxris Semdeg? 

 daiWire Rero xelSi ise, rom firfitis simZimis 

centri brunvis RerZis zemoTY mdebareobdes (sur. 15 

b). gadaxare wonasworobis mdgomareobidan. daakvirdi, 

daubrunda Tu ara firfita wonasworobis mdgomareo-

bas. gamoitane daskvna: rogor Seic vala simZimis cent-

ris mdebareoba wonasworo bidan gadaxris Semdeg? 

 gauyare wvrili Rero muyaos firfitis simZimis 

centrSi da gadaxare wonasworobis mdgo mareobidan 

(sur. 15 g). daakvirdi, daubrunda Tu ara igi sawyis 

 mdebareobas. gamoitane daskvna: rogor Seicvala 

simZimis centris mdebareoba gadaxris Semdeg? 

II 
mocemuli gaqvs:  marTkuTxa formis xis Zelaki. 

Mmsvleloba: daadgine Zelakis simZimis centri da 

moaTavse horizontalur magidaze (sur. 16).

 gadaxare Zelaki mcire kuTxiT da gauSvi xeli. 

daakvirdi, daubrunda Tu ara Zelaki wonasworobis  

mdgomareobas. Tu daubrunda, gadaxare imave kuT xiT, 

ar gauSva xeli da moniSne simZimis Zalis mimarTuleba. 

gamoitane daskvna, gadis Tu ara simZimis Zalis veq to-

ri Zelakis fuZeze (sur. 17 a).

 gadaxare Zelaki iseTi kuTxiT, rom xelis gaSve-

bis Semdeg waiqces. daadgine is zRvruli gadaxra, 

romelzec Zelaki jer kidev ubrundeba sawyis mdeba-

N 

F
s

F
s

F 
F 

N 

O

N  

F
s

sur. 15

sur. 16

a

b

g

O

O

O

O

F
s

F
s

F
s

O
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reobas.  daakvirdi da gamoitane daskvna, sad gadis 

simZimis Zalis  veqtoris gagrZeleba maSin, rodesac 

Zelaki waiqca (sur. 17 b). 

 wonasworobis mdgomareobidan gadaxare Zelaki ise, 

rom garkveuli drois ganmavlobaSi ar waiq ces. gamoi-

tane daskvna, TuU sad gadis simZimis Zalis  veqtoris 

gagrZeleba (sur. 17 g).

ivaraude, romel fuZeze dayrdno bisas aris Zelaki 

ufro mdgrad mdgomareobaSi.

III 
mocemuli gaqvs: saTamaSo manqana,  ram denime sqelta-

niani wigni da flomasteri.

Mmsvleloba: manqanaze flomasteriT moniSne werti-

li, romlis gas wvriv, Seni varaudiT, manqanis simZimis 

centri unda mdebareobdes.

manqana moaTavse muyaos CaRrmavebuli zedapiris 

qveda doneze (sur. 18a) da mcire biZgiT  gamoiyvane 

wonasworobis mdgomareobidan. 

daakvrdi, xelis gaSvebis Semdeg dau brunda Tu ara 

manqana sawyis mdebareobas.

gamoitane daskvna: rogor Seicvala simZimis cent ris 

mdebareoba.

wignebs Soris muyaos furceli moaTavse ise, rom man 

miiRos amo zneqili ze dapiris forma (sur. 18 b). manqa-

na moaTavse am zedapiris zeda wertilSi (saw yisi mde-

bareoba) da odnav ubiZge xeli mas. daakvirdi, dabrun-

deba Tu ara manqana 

sawyis mdebareoba Si. 

gamoitane daskvna, 

ro gor Seicvala sim -

Zimis centris mde ba-

reoba.

manqana moaTavse ho    -

ri zontalur ma     gi    daze 

da odnav ubiZ ge xeli mas  

(sur. 18 g). daakvir di, 

icvleba Tu ara man-

qanis sim Zi mis cen t ris 

mdebareoba magidis ze-

da  piris mimarT. 

gamoitane daskvna, 

simZimis centris mde-

bareobis cvlilebis 

Sesaxeb.

F
s

sur. 17

sur. 18

a

b

g

a

b

g

F
s

F
s
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2.4. sxeulTa wonasworobis saxeebi

ra SemTxvevaSi waiqceva pizis 
koSki?

ifiqre da imsjele

sur. 20

a

b

g

sur.19

mg

mg

mg

mg

NN

N

N

NN

F

F

mg mg

sxeulTa wonasworobis sami saxe arsebobs: mdgra di, 
aramdgradi da ganurCeveli.

sxeuli mdgrad wonasworobaSia, Tu wonasworobis  
mdgomareobidan gamoyvanis Semdeg igi ubrundeba 
sawyis mdebareobas.

brunvis RerZis mqone sxeulis wonasworoba mdgradia, 
Tu wonasworobis mdgomareobidan gamoyvanis Semdeg  
simZimis centri maRla aiwevs da sxeuli ubrundeba 
wonaswo rul mdgomareobas (sur. 15 a). 

sayrdeni farTobis mqone sxeulis wonasworoba mdgra-
dia, Tu wonasworobidan gamoyvanis Semdeg sxeulis 
simZimis  Zalis veqtori gadis sayrden farTobSi da sxeu-
li ubrundeba wonasworul mdgomareobas (sur. 17 a).

sayrdenze moTavsebuli sxeuli mdgrad wonasworo-
baSia, Tu misi wonasworuli mdgomareobidan gamoyvanis 
Semdeg simZimis mg Zala da sayrdenis N reaqciis Zala 
ar awonasworebs erTmaneTs. maTi tolqmedi  F Zala cdi-
lobs sxeuli daabrunos wonasworul mdgomareobaSi 
(sur. 20 a). 

aramdgradia wonasworoba, Tu wonasworobis mdgoma­
reobidan gamoyvanis Semdeg sxeuli aRar ubrundeba 
sawyis mdebareobas. 

brunvis RerZis mqone sxeulis wonasworoba aramdgra-
dia, Tu wonasworobis mdgomareobidan gamoyvanis Semdeg 
simZimis centri dabla daiwevs. am SemTxvevaSi sxeuli ar 
ubrundeba wonasworul mdgomareobas (sur. 15 b). 

sayrdeni farTobis mqone sxeulis wonasworoba ara-
mdgra dia, Tu sxeulis wonasworobidan gamoyvanis Semdeg 
simZimis Zalis veqtori sayrdeni farTobis gareT gadis 
(sur. 17 b).
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 gaazreba  

sur. 23

1. imsjele, ratom waiqceva Stativi, rodesac fexebi gauS-

le li aqvs. 

2. imsjele, wonasworobidan gamoyvanili magida ratom ar 

daubrundeba wonasworul mdgomareobas (sur. 22)?

3. 23-e suraTis mixedviT imsjele, ratom aris sasurveli 

moZrav transportSi ganze gaSlili fexebiT dgoma.

4. mezRvaurebi drois umetes nawils atareben gemze, rome-

lic  zRvaze moZraobisas irxeva. ratom dadian mez Rva u-

re  bi ganze gaSlili nabijebiT.

sur. 21

saSinao davaleba

1. 24-e suraTze gamosaxulia erTnairi masisa da fuZis 

farTo bis mqone da gansxvavebuli si maRlis ori lampa. 

romeli lampaa ufro mdgradi. ratom? Seicvleba Tu 

ara lampebis mdgradoba maTi erTi da imave moculobis 

navTiT Sevsebis Semdeg?

2. xSirad uRran tyeSi, sadac  xis qveda totebi umzeobis 

gamo gamxmaria, qarisgan bevri waqceuli xea (sur. 25 a).   

gaSlil mindorze ki, sadac Zlieri qari uberavs, xeebi  

iSviaTad iqceva.  Seadare  am xeebis simZimis centris 

mdeba   reobebi da axseni movlena (sur. 25 b).

a

sur. 24

a

a

b

b

sur. 25

sur. 22

F

sayrdenze moTavsebuli sxeuli aramdgrad wonaswo-
robaSia, Tu misi wonasworuli mdgomareobidan gamoyva-
nis Semdeg simZimis mg Zala da sayrdenis N reaqciis Zala 
ar awonasworebs erTmaneTs. maTi tolqmedi  F Zala cdi-
lobs sxeuli daaSoros wonasworul mdgomareobas (sur. 
20 b). 

brunvis RerZis mqone sxeuli ganurCevel mdgomareo-
baSia, Tu brunvisas ar icvleba sim Zimis centris mdeba-
reoba brunvis RerZis mimarT (sur. 15 g). aseT SemTxvevaSi 
sxeuli imyofeba ganur Ce veli wonasworobis mdgo ma­
reobaSi.

sayrdenze moTavsebuli sxeuli ganurCevel wonaswo-
robaSia, rodesac misi gadaadgilebisas simZimis centris 
mdebareoba ar icvleba sayrdenis mimarT (sur. 20 g).

zogjer sxeuli zedapiriT ki ar eyrdnoba sayrdens, 
aramed konturiT SemosazRvruli farTobiT. magali-
Tad, fexebze mdgari Stativis sayrdeni aris im konturiT 
SemosazRvruli farTobi, romelic sayrdeni fexebis 
SemaerTebeli wrfeebiTaa SemosazRvruli (sur. 21).
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2.5. martivi meqanizmebi. berketi

uZvelesi droidan adamiani cdilobda Sroma gaeadvi-
lebina, mcire Zalis moqmedebiT mZime tvirTi gadaeadg-
ilebina. amisaTvis igi sxvadasxva mowyobilobas qmnida 
da iyenebda. taZrebis, piramidebisa da maRali  Seno-
bebis agebisas adamianebi 40 saukunis win Seqmnil martiv 
meqaniz mebs  iyenebdnen. M

Mmartivi meqanizmi aris mowyobiloba, romliTac 
SesaZlebelia mcire Zalis moqmedebiT mZime tvirTis 
gadaadgileba, anu SesaZlebelia mogeba ZalaSi.

martivi meqanizmebia: berketi, WoWonaqi, daxrili  
sibrtye (sur. 27). Eisini dResac amweebis, Carxebisa da sxva 
manqanebis Semadgeneli nawilebia.

Bberketi aris nebismieri myari sxeuli, romelsac 
SeuZlia brunva uZravi sayrdenis (RerZis) garSemo. 

beketebi sxvadasxvagvaria. 28-e suraTze gamosaxulia 
berketi, romelic sayrdens O wertilSi eyrdnoba. mas 
SeuZlia brunva uZrav O wertilSi mdebare sayrdenis 
mimarT. Aam wertilis orive mxares modebulia Zalebi. BTu 
sayrdeni berketze modebul Zalebs Sorisaa, mas I gvaris  
berkets uwodeben, xolo Tu berketze modebuli Zalebi  
sayrdenidan erT mxaresaa, maSin berketi II gvarisaa  
(sur. 29).

berketze modebuli Zalebidan zogierTi mas abrunebs 
saaTis isris moZraobis mimarTulebiT, zogierTi ki 
saaTis  isris moZraobis sawinaaRmdego mimarTulebiT. F

2
 

Zala berkets abrunebs saaTis isris moZraobis mimarTu-
lebiT, F

1 
Zala ki _ saaTis isris moZraobis sapirispiro 

mimarTulebiT (sur. 28). 
amgvarad, berketebi gansxvavdebian erTmaneTisa-

gan sayrdeni wertilis mdebareobiT, Zalebis modebis 

romel  
mowyobilobas 
iyenebdnen piramidebis 
mSeneblobisas?

ifiqre da imsjele

sur. 29

sur. 26

sur. 27

F
2

F
1

O

sur. 28

d2
d1

F
2

F
1

d2d1

O
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 gaazreba  

1. 31-e a suraTze gamosaxuli niCabi Seadare berkets  

(sur. 31 b). miuTiTe niCabze sayrdeni wertili da Zalebis 

mxrebi. imsjele, modebuli Zalebis sididisa da mimarTu-

lebis  Sesaxeb.

 romeli gvaris berketia niCabi?

2. 32-e suraTze gamosaxul berketze miuTiTe F1 , F2 da F3 

Zale bis mxrebi.

saSinao davaleba

1. 34-e a suraTze gamosaxulia urika. Seadare berkets (sur. 

34 b). miuTiTe urikaze sayrdeni wertili da Zalebis 

mxrebi. imsjele, modebuli Zalebis sididisa da mimarTu-

lebis  Sesaxeb.

2. 2kg masis berketze modebulia 60 n da 30 n Zala. gamoT-

vale berketis sayrdenze moqmedi dawolis Zala da daxa-

ze Sesa bamisi naxazi (berketi wonasworobaSia).

3. 33-e (a, b, g) suraTis mixedviT daxaze berketebi da 

TiToeul berketze moqmedi Zalebis mxrebi.

O

F1 F2

F3

F1

O
F2

a

F1O

F2

b

F1

O

F2

g

A

A

B

B C

sur. 31sur. 32

sur. 33

F1 F2

d1 d2
O

b

sur. 34

F2

F1

d2

d1

O

b

F1 

d1 d2

F2 

sur. 30

F1

A BC

F2 

a

O

F2

F1

d1

d2

O

a

wertilebiTa da modebuli Zalebis mimarTulebiT. 
berketze modebuli Zalebi sxvadasxva an toli manZil-

iT arian daSorebuli sayrdeni wertilidan. berketis 
wonasworobisaTvis mniSvnelovania, ra manZiliT arian 
daSorebuli isini sayrdeni wertilidan.

Uumokles manZils sayrden wertilsa da Zalis moqme­
debis wrfes Soris, Zalis mxari ewodeba.

Zalis mxaris sapovnelad sayrdeni O wertilidan unda 
davuSvaT marTobi Zalis moqmedebis wrfeze.  AO monakve-
Ti, anu Dd1 aris F1  Zalis mxari, OB monakveTi, anu d2 ki F2 

Zalis mxari (sur. 30). 
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saSinao davaleba

2.6. berketis wonasworobis pirobis 
 eqsperimentuli kvleva

eqsperimenti

F
1 
n F

2
 n d1m d2 m F

1
d1 

nm F
2
d2 nm

1

2

mocemuli gaqvs: Stativi, tvirTebis nakrebi, berketi, 

sa xazavi.

Mmsvleloba: gaawonaswore berketi ise, rom horizon-

talur mdgomareobaSi iyos. berketis sayrdeni werti-

lis marjvniv Camohkide sami tvirTi, marcxniv – erTi  

(sur. 35). tvirTebis gadaadgilebiT kvlav gaawonaswore 

berketi horizontalurad (sur. 36) . 

gamoTvale tvirTeb ze moqmedi simZimis Zalebi:  

F
1 
= m

1 
g da F

2
=m

2 
g. gazome TiToeuli Zalis mxari:  d

1 
da 

d
2
. anaTvlebi Seitane cxrilSi.

Semdeg marjvena mxares daamate erTi tvirTi da tvir-

Te   bis gadaadgilebiT kvlav gaawo naswore berketi. am 

SemTxvevaSic simZimis Zalebisa da TiToeuli Zalis mxa-

ris mniSvnelobebi Sei tane cxrilSi.

gamoTvale TiToeul SemTxvevaSi Zalisa da mxris 

namrav li: F
1  

d
1  

da F
2 
d

2
. Seadare erTmaneTs maTi mniSvne-

lo bebi. gamoitane daskvna: rodis aris berketi wonaswo-

robaSi?

eqsperimentuli davaleba

berketis damzadeba

moiZie saWiro masalebi da daamzade berketi. 

gaawonaswore Sen mier damzadebul berketze mcire 

zomis  sxeulebi.

aRwere, rogor daamzade berketi da rodis aris berketi 

wonasworobis mdgomareobaSi.

sur. 35

d1
d2

sur. 36

F1

O

F2

d1 d2

sur. 37

1. 37-e suraTis mixedviT daadgine, romeli Zalis mxaria 

meti da ramdenjer?

100 kg

5kg

berketis wonasworobis pirobis dadgena
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d2
d1

F1 F2 

F2

F1 

o

2.7. Zalis momenti

 gaazreba  

1. legendis mixedviT, arqimedes ekuTvnis gamoTqma: `mome-
ciT sayrdeni da dedamiwas gadavabruneb~. imsjele, 
rogor  SeZlebda arqimede dedamiwis `gadabrunebas~ 
(sur. 40).

1. ramdenjer gvaZlevs mogebas ZalaSi brtyeltuCa, Tu  F1  

Zalis mxari d1 = 12 sm, da F2 Zalis mxari ki d2 = 4 sm-s. daxa-

ze brtyeltuCas Sesabamisi berketi mxrebiTa da ZalebiT 

(sur. 38).

saSinao davaleba

ratom aqvs brtyeltuCas 
mokle tuCi da grZeli tari?

ifiqre da imsjele

sur. 39

sur.38

sur. 40

F2 F1 

d2 d1o

F1 d2

d1
F2

berketis Mmabrunebeli Zalis namravls am Zalis  
mxa rze  Zalis momenti ewodeba. 

Zalis momenti axasiaTebs Zalis moqmedebas. igi 
damokidebulia Zalis sididesa da misi mxris sigrZeze.

Zalis momenti aRiniSneba M asoTi.

 M = Fd,

sadac F Zalis modulia, d  _ am Zalis mxari.
SI sistemaSi Zalis momentis erTeulia n•m. momentis 

erTeuli n•m aris berketze moqmedi 1 niutoni Zalis 
momen ti, Tu misi mxari 1 metria.

39-e suraTze gamosaxul berketze moqmedi F1 Zala 
berkets  abrunebs saaTis isris moZraobis  mi marTulebiT, 
xolo  F2  Zala ki _ saaTis isris sawinaaREmdego mimarTu-
lebiT. eqsperimentebiT dadginda, rom 

berketi wonasworobaSia, roca saaTis isris moZrao­
bis mimarTulebiT mabrunebeli Zalis momenti tolia 
saaTis isris moZraobis sawinaaRmdego mimarTulebiT 
mabrunebeli Zalis momentis.

M
1 
 = M

2
,
         F1 d 1  = F2d 2 

berketi wonasworobaSia, rodesac masze moqmedi 
Zale bi am Zalebis mxrebis ukupropor ciulia.

berketis wonasworobis piroba daadgina arqimedem.
K
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2.8. amoxseni amocanebi

F1 F3

F2

d2

d1 d1

F1

F2

d1d2

sur. 42

1. sabavSvo saTamaSo `aiwona-daiwonas~ kideebze zis ori bavS-

vi – 20 kg da 40 kg masis. sad unda dajdes mesame, 25 kg masis 

bavSvi, rom saTamaSo wonasworobaSi aRmoCndes (sur. 41), Tu 

`aiwona-daiwonas~ sruli sigrZe 4 m-ia.

amoxsna:

 `aiwona-daiwona~ tolmxrebiani ber-

ke tia, romlis sayrdeni zustad Sua-

Sia. radgan ori bavSvi zis saTamaSos 

kideebze, maTi simZimis Zalis mxrebi  

2 m-is tolia. mesame bavSvis Zalis mxa ria 

d1, maSin berketis wonasworobis piro-

bis Tanaxmad: F1d1  + F3 d2  = F2d1, sadac  

F1 
= m1g = 200 n. Sesabamisad,  FF2 = m2 g = 400 n, 

xolo F3 = m3 g = 250 n.

 wonasworobis pirobis mixedviT, d2 saZie-

beli manZili (FF3 Zalis mxari):

 d2  _ ? 

m1 = 20 kg

 m2 = 40 kg

 m3 = 25 kg

 d = 4 m

 g  = 10 n/kg

d2  =                = 1,6 m
F2 d1 - F1 d1

F3

pasuxi: d2 = 1,6 m

berketis wonasworobis pirobis Tanaxmad:

F1d1  = F2d2 , 

berketis sigrZe: d = d1 + d2, aqedan  

d2 = d  – d1, 

amitom

 F1d1= F2 (d  – d1) anu 

(F1 + F2 ) d1= F2 d

gantolebis amoxsnis Sedegad miviRebT:

d1= 3 m
pasuxi: aRmoCnda, rom sayrdeni moTavse-

buli unda iyos mcire Zalis modebis 

wertilidan 3 m manZilze.

 d1 _ ? 

 d = 4 m

 F1 = 20 n

 F2 = 60 n

2. berketis sigrZe 4 m-ia. mis boloebze modebulia  

20 n   da 60 n Zalebi. mcire Zalis modebis wertilidan ra 

manZil ze unda movaTavsoT berketis sayrdeni, rom igi 

wonasworobaSi iyos (sur. 42). berketis masa imdenad mcirea, 

rom SeiZleba ugulebelvyoT.

amoxsna:

d

sur. 41
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F1

F2

O

6 sm
15 sm

sur. 47

F1

F213 sm

1sm

d2 _ ?

O

3 kg 1 kg

40 sm

I

1. berketis erT boloze kidia 10kg masis tvirTi, meore 

boloze _ 5 kg masis tvirTi. Ld1 = 1 m. gamoTvale d2 mxari  
(sur. 43).

2. 1m sigrZis erTgvarovani Rero Sua wertiliT eyrd-

noba sayrdens. d2 = 0,2 m. gamoTvale F Zala (sur. 44)? 
Seadare moqmedi Zalebi erTmaneTs.

1. 46-e suraTis mixedviT gamoTvale, ramdenjer vigebT 
ZalaSi konservis gasaxsnelis gamoyenebisas.

II
1. anaTvlebi aiRe suraTidan da gamoTvale d2 mxari  

(sur. 48).
2. berketis boloebze dakidebulia 50 kg da 40 kg masis 

tvirTebi. mcire Zalis mxaria Ld2 = 20 sm. gamoTvale 
berketis sigrZe.

3. 45-e suraTis mixedviT gamoTvale, ramdenjer vigebT 
ZalaSi qaRaldis gasaWreli  makratlis gamoyenebisas.

III

1. Bberketis mxrebia 5 da 10 sm. Mmcire mxarze moqmedebs  
2 n Zala. gamoTvale berketis did mxarze moqmedi Zala.

2. berketis erT-erT mxarze, romlis sigrZea  d1 = 4 

sm, moqme debs 20 n Zala, d2 mxarze moqmedi Zalaa 40 n. 

gamoTvale d2 mxris sigrZe.
2. suraTis mixedviT gamoTvale, ramdenjer vigebT Zala-

Si Txilis samtvrevis gamoyenebisas (sur. 47).

d1 d2O

10 kg 5 kg

sur. 43

F

d2

O

d1

4 kg sur. 44

sur. 46

sur. 48

F2

10 sm 12 sm

sur. 45

F1

O

O
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2.9. WoWonaqi

romel mowyobilobas 
iyeneben amweTi  
tvirTis atanisas?

ifiqre da imsjele

WoWonaqi Rariani Tvalia, romelsac SeuZlia brunva 
uZravi RerZis garSemo (sur. 49). WoWonaqis Rarze gadaki-
debulia bagiri an jaWvi. arsebobs moZravi da  uZravi 
WoWonaqi.

WoWonaqi, romlis brunvis RerZi uZravia, anu tvirTis 
moZraobisas igi arc aiwevs da arc daiwevs, aris uZravi 
WoWonaqi (sur. 50 a).

uZravi WoWonaqi SeiZleba ganvixiloT, rogorc tol-
mxriani berketi (sur. 50 b). TiToeuli mxari WoWo naqis 
Tvalis radiusis tolia. d1 = d2 = R. 

uZravi WoWonaqisaTvis MEerT mxares moqmedi Zalis 
momen ti tolia meore mxares moqmedi Zalis momentisa.

F1 R = F2 R   e.i.  F1 = F2 = mg
aseTi WoWonaqi ar iZleva ZalaSi mogebas. Mmxolod  am-

wev Zalas ucvlis mimarTulebas. igi muSaobisas adamians 
uqmnis  SesaZleblobas miwaze idges da ise aswios tvirTi 
maRla.

WoWonaqi, romlis brunvis RerZi tvirTTan erTad  
gadaadgildeba (aiwevs an daiwevs), aris moZravi WoWo­
naqi  (sur. 51 a). uZravi WoWonaqisagan gansxvavebiT, moZ-
rav WoWonaqSi sayrdeni wertili ar mdebareobs Tva-
lis centrSi. moZravi WoWonaqis brunvis RerZi gadis  

O wertilSi, romliTac WoWOonaqi eyrdnoba Toks.
51-e b suraTze 0 – WoWonaqis sayrdeni wertilia,  

F1
 Zalis mxaria 0A = R, xolo F2

 Zalis mxaria 0B = 2R. 
wonasworobis pirobidan gamomdinare, radgan 0B mxris 
sigrZe 2-jer metia 0A mxaris sigrZeze, amitom F2  Zala 
orjer naklebia F1   Zalaze.

  F1 
• R = F2 

• 2R ,   aqedan F2
 = 

F1

2
amrigad, moZravi WoWonaqi ZalaSi orjer mogebas 

iZleva.
tvirTis raime simaRleze asatanad gamoiyeneba  uZravi 

Tvali

bagiri

Rari

garsakri

uZravi  
RerZi

sur. 49

a b

d1 d2

F1F2

B

A

F1

F2

sur. 50

sur. 51

F2 F1

A
R R

B

O

O

O

F2

B
O

F1

A

a

a

b

b

 = 
mg
2

m

m
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sur. 54 sur. 55

 gaazreba  

1. imsjele ra Tanafardobaa F1 da F2 Zalebs Soris   
(sur. 52). gamoTvale ra masis tvirTis atana SeuZlia 
biWs, Tu misi masaa 30 kg.

saSinao davaleba

1. ra ZaliT unda vimoqmedoT uZravi WoWonaqis To-
kis boloze m = 20 kg masis tvirTis asawevad? moZrav 
WoWOonaqze imave tvirTis asawevad (sur. 56 a, b)?

2. moZravi WoWonaqiT tvirTis asawevad Tokis Tavisufal 
boloze moqmedeben 105 n ZaliT. gamoTvale tvirTis 
masa. WoWonaqis masa da xaxunis Zala ugulebel yavi.

sur. 56

4. ra Tanafardobaa F1, F2, F3 Zalebs Soris (sur. 54). 

F1

m

A

F

O B

sur. 52

F1

da moZravi WoWonaqebis kombinacia (sur. 52)
polispasti aris erTmaneTTan bagiriT an gvarliT 

dakavSirebuli uZravi da moZravi ramdenime WoWona qis 
erTob lioba (sur. 53). bagiri uZrav da moZrav WoWonaqeb-
ze mimdevrobiT aris Semovlebuli.

Tu moZravi WoWonaqis raodenobaa n, maSin polispastiT  
tvirTis gadasaadgileblad Zala 2n-jer Semcirdeba.

arqimedem Seiswavla moZravi WoWonaqis meqanikuri 
Tvisebebi da gamoiyena igi praqtikaSi. Eman uzarmaza ri 
gemi adgilidan daZra da wyalSi CauSva. arqimedem es SeZ-
lo   specialuri danadgariT, romlis mTavari nawili mo-
Z  ra vi WoWonaqi iyo. polispasti gamoyenebulia amweebSi.

gemebze afrebis aweva-CamowevisaTvis iyeneben uZravi 
da moZravi WoWonaqebis sistemas.

3. uwono WoWonaqebis sistema wonas-
worobaSia. gamoTvale tvirTze 
moqmedi simZimis Zala (sur. 55).  

2. imsjele da ganasxvave moZravi da uZravi  WoWonaqebi. 
miuTiTe TiToeul WoWonaqze brunvis RerZis mdeba-
reoba da Zalebis mxrebi (sur. 56 a, b).

sur. 53

20kg

F1

F2

F3 100kg

Fs

F2

m

F

A BO

F2

a b
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h1 

h2
 

2.10. meqanikis `oqros wesi~

martivi meqanizmebi mogebas iZlevian ZalaSi, Tumca 
maTi gamoyenebisas vagebT manZilSi.

57-e suraTze gamosaxuli biWi berketis gamoyenebiT 
miwidan zeviT swevs qvis lods. igi  F2 ZaliT awveba berke-
tis bolos da gadaaadgilebs mas h2 sididiT. biWis am 
moqme debis gamo berketze dayrdnobili, F1 simZimis Zalis 
lodi zeviT iwevs h1 simaRleze. eqsperimentiT dad ginda, 
rom F1 Zalis modebis wertilma naklebi manZili gaia ra,  
vidre F2  Zalis modebis wertilma, h1<         h2. agreTve aRmoCn-
da, rom ramdenjerac F1

 metia F2-ze, imdenjer h2 metia  
h1-ze. amitom:

                         
h2

h1
F2

F1  .   aqedan,  F1h1 = F2h2

sur. 57

F1 h1 aris F1 Zalis mier Sesrulebuli muSaoba A1 = F1h1 .  

F2h2 aris F2 Zalis mier Sesrulebuli muSaoba A2 = F2h2 .   

e. i.    A1 = A2 . 

berketis gamoyenebisas igeben ZalaSi da ageben manZil-
Si, xolo muSaobaSi mogeba ar xdeba.

WoWonaqi, iseve rogorc berketi, ar iZleva muSaobaSi 
mogebas (sur. 58).

moZravi WoWo naqiT tvirTis zeviT, h simaRleze 
atanisas, Tokis bolo 2h-iT iwevs zeviT, xolo Tokis 
Tavisu fal boloze moqmedi Zala 2-jer naklebia tvirTis 
simZimis Zalaze. amitom simZimis Zalis muSaoba: 

A1 = Fsh,   

Tokis Tavisufal boloze moqmedi Zalis muSaoba:

A2=        .2h = Fsh,                  
Fs

2

e. i.    A1 = A2

l sigrZisa da h simaRlis daxrili sibrtyiT sxeulis 
zeviT  atanisas masze modebuli wevis Zalis mier Sesru-
lebuli muSaoba (sur. 59):

A1=Fw l. 
imave sxeulis h simaRleze atanisas simZimis Zalis mier 

vigebT Tu ara muSaobaSi
martivi meqanizmebis 
gamoyenebisas?

ifiqre da imsjele

sur. 58

2h

h

F2

F1
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eqsperimenti

meqanikis `oqros wesis~ Semowmeba berketis gamoyenebisas

mocemuli gaqvs: berketi, saxazavi, tvirTebi.

msvleloba: berketis orive mxares dakide tvirTebi da 

gaawonaswore berketi. berketis erTi mxare daxare mcire 

kuTxiT da gazome Zalebis modebis werti lebis gadaadgi-

leba h1 da h2. gauSvi xeli. berketi gawonaswordeba.

anaTvlebi Seitane cxrilSi. gamoiangariSe Zalebis mier 

Sesrulebuli muSaobebi: A1 = F1h1 ,    A2 = F2h2 .

daadgine maT Soris Tanafar doba, gamoitane daskvna. 

F1 = m1g F2 = m2g h1 h2 F1h1 F2h2

1

2

Sesrulebuli muSaoba: 
A2 = Fsh = mgh. 

orive situaciaSi sxeulis potenciuri energia icvle-
ba mgh sididiT, Tu xaxunis Zala ugulebelyofilia. 
Sesru lebuli muSaoba potenciuri energiis cvlilebis 
tolia. amitom Sesrulebuli muSaobebi orive situacia-
Si tolia:  
 A1 = A2 .   aqedan,      Fw l=mgh,   

amrigad, nebismieri martivi meqanizmis gamoyene bisas 
ramdenjerac vigebT ZalaSi, imdenjer vagebT manZil­
Si. muSaoba ki yvela situaciaSi erTmaneTis tolia.

am wess meqanikis `oqros wesi~ ewodeba.

 gaazreba  

1. gamoTvale simZimis Zalisa da biWis mier Sesrulebuli muS-

aobebi, rodesac igi 30 kg tvirTs swevs 6 m simaRleze uZravi 

WoWona qiT (sur. 60). Seadare Sen mier gamoTvlili muSaOBAOobe-

bi erTmaneTs da gamoitane daskvna: uZravi WoWoOnaqis gamoy-

eneba iZleva Tu ara mogebas muSaobaSi.

2. daxrili sibrtyis sigrZea 3 m, simaRle 1 m. ramdenjer nak-

lebi Zalaa saWiro tvirTis asatanad am daxrili sibrtyis 

gamo yenebiT?

3. erTi daxrili sibrtyis sigrZea 6 m, simaRle _ 1,5 m. meore 

daxrili sibrtyis sigrZea 7,2 m, simaRle _ 1,8 m. tvirTis 

atanisas romeli daxrili sibrtyis gamoyeneba iZleva Za-

laSi met mogebas? 

1. imsjele, meqanikis `oqros wesis~ marTebulobis Sesaxeb 

uZra vi WoWonaqiT tvirTis awevisas.

saSinao davaleba

h1 

h2

F1

F1

F2

F2

d1 d2

               =                   
Fw h
mg l

F1

F
sur. 60

l h

sur. 59

Fw

. 

F2
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2.11. martivi meqanizmebi cocxal bunebaSi

adamianisa da cxovelis erT-erTi mTavari nawilia 
ConC xi, romelsac mTeli organizmi eyrdnoba. ConCxis 
gare Se adamiani ver SeZlebda moZraobas: weras, siaruls 
da sxva moqmedebebs. 

ConCxis yvela Zvali, romelsac aqvs SedarebiYT 
Tavisufa li moZraobis saSualeba, berkets warmoadgens. 
magaliTad, adamianSi – kidurebi, qveda yba, Tavis qala, 
TiTebis falangebi. katisebrTa oja@xis warmomadgenlebSi 
– moZravi brWya lebi, TevzebSi – zurgis farflis qacvebi 
da sxv.

ConCxSi Zvlebis ganlageba ganapirobebs cocxal 
arsebeb Si sasicocxlo funqciebs. mwevaris an irmis grZe-
li  fexebi ganapirobebs maT swraf sirbils, neli moZrao-
bisas Txunelas mokle TaTYebi didi Zalis ganviTa re  bis 
saSualebas aZlevs.

ganvixiloT adamianis Tavis qala, rogorc berketis 
magaliTi (sur. 61). berketis brunvis RerZi gadis pirvel 
malasTan Tavis qalis Sesaxsrebis areSi (wertiliO O).  
R aris Tavis qalis simZimis Zala. misi mxari OB Sedare-
biT moklea. F aris kefis Zvlis kunTebisa da iogebis we-
vis Zala, romlis mxari OAgaci lebiT metia R Zalis mxarze. 
Tavis qalis wonasworobisas F da R Zalebis momentebi 
tolia:

F • OA = R • OB

martivi meqanizmebi SeiZleba mcenareebSic aRmo-
va  CinoT. magaliTad, samkurnalo mcenare salbSi*  

(sur. 62) yvavilis mtvriana berkets warmoadgens  
(sur. 63). O berketis sayrdeni wertilia. berketis grZe-
li mxria  OA da mokle  _  OB. OA mxaris boloSi aris 
samtve re. 

rodesac mweri SeZvreba yvavilSi, is awveba mtvrianas 
mokle OB mxars. amiT igi arRvevs berketis wonasworobas 
da aamoZravebs OA mxars. es mxari  ixreba mwerisaken da 
daaferTxavs mwers zurgze yvavilis mtvers. sxva yvavil-
ze gadafrenisas mweri gadaitans am yvavilis mtvers da 

* salbi – samkurnalo mcenare, saqarTveloSi gavrcelebulia misi 12 saxeoba. 

sur. 62

R

sur. 61

A

A

F

B

B

O

O

sur. 63

o

yvavilis mtveri

A

B

mtvriana

 .
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1. dajeqi skamze gamarTulad ise, rom vertikalurad mdeba-
re zurgiT ar mieyrdno skams. Seecade, skamidan adge ise, 
rom ar Seicvalo zurgis vertikaluri mdebareoba (ar 
gadaixaro win da ukan).

 ratom aris SesaZlebeli skamidan adgoma sxeulis win 
gadawevisas? axseni movlena.

 rodis ufro mdgradia adamianisaTvis wonasworoba – 
roca zis, Tu roca dgas? ratom?

2. imsjele 65-e da 66-e suraTebze gamosaxuli adamianis 
qveda da zeda kidurebis berketTn analogiis Sesaxeb. 
rogoria Tanafardoba sxeulis simZimis Zalasa da fexis 
kunTis daWimulobis Zalas Soris?

 gaazreba  

saSinao davaleba

sur. 65

sur. 66

sur. 67

1. axseni adamianis organizmSi misi nawilebis, rogorc 
berke tebis moqmedebis meqanizmi (sur. 67 a, b, g).

axdens  damtvervas.
berketis tipuri magaliTia xis tani da misi gag rZeleba 

– ZiriTadi fesvi (sir. 64). muxis an fiWvis ZiriTadi fesvi  
Rrmad aRwevs miwaSi. fesvze aRZruli winaaRmdego-
bis  Zalis  mxari Zalian didia. amitom igi udides wina-
aRmdegobas uwevs xis gadavardnas. aseTi xeebis fesvianad 
amoZirkva TiT qmis SeuZlebelia. naZvi, piriqiT, advili 
wasaqcevia, radgan mas aqvs fesvTa zedapiruli sistema.

a

a

b

b

g

Fw
Fw

FB

FB

O O

fiWvi naZvi

B

B

C

C sur. 64

moZraobis mimarTuleba kunTis Zala
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2.12. manqanebisa da meqanizmebis    
   margi qmedebis koeficienti

ratom amzadeben moZrav 
WoWonaqs msubuqi 
liTonisagan?

ratom aris sasargeblo manqanis 
meqanizmebis dazeTva?

ifiqre da imsjele

manqanebisa da meqanizmebis sruli energia mTlianad ar 
ixarjeba sasargeblo muSaobis Sesasruleblad. Mnawili 
ixarjeba winaaRmdegobis Zalis daZlevaze, nawili ifan-
teba garemoSi, xolo nawili ki ixarjeba sasargeblo 
muSao bis Sesrulebaze. amdenad, sasargeblo muSaoba 
yovelTvis naklebia srul muSaobaze. 

Asas < Asr

sruli muSaoba aris sasargeblod da arasasargeblod 
Sesrulebuli muSaobebis jami. 

magaliTad, moZravi WoWonaqiT tvirTis awevisas ener-
gia ixarjeba tvirTis asawevad Sesrulebul muSaobaze, 
xaxunis Zalis daZlevasa da TviT WoWonaqis awevaze. 
raime simaRleze tvirTis awevisas Sesrulebuli muSaoba 
sasargeblo muSaobaa, xolo xaxunis Zalisa da WoWonaqis  
simZimis Zalis daZlevaze Sesrulebuli muSao ba ara-
sasar geblo muSaoba. 

berketiT tvirTis awevisas nawili energiisa ixar-
jeba TviT berketis asawevad Sesrulebul arasasarge-
blo muSao baze (sur. 69), uZravi WoWonaqisa da daxrili 
sibrt yis gamoyenebisas  arasasargeblo muSaoba srul-
deba xaxunis Zalis daZlevaze.  

sidides, romelic gviCvenebs Sesrulebuli muSao­
bis ra nawili moxmarda sasargeblo muSaobas, aris 
manqanis an meqanizmis  margi qmedebis koeficienti. 
SemoklebiT mqk. aRiniSneba η asoTi. mqk gamoisaxeba 
procentebiT. 

Mmanqanebisa da meqanizmebis margi qmedebis koefi­
cienti tolia sasargeblo muSaobis Sefardebisa 
meqaniz mis mier Sesrulebul srul muSaobasTan.

                         
η =             . 100%

Asas

Asr

sur. 69

sur. 70

sur. 68

a b

Fs

F1

F2
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 gaazreba  

1. imsjele, sruli da sasargeblo muSaobis Tanafardobis 

Sesaxeb. romeli muSaobaa meti, sruli Tu sasargeblo? 

rogor  SeiZleba mqk gazrda?

2. imsjele, pandusis, rogorc daxrili sibrtyis gamo ye ne-

bis Sesaxeb. ratom aris mosaxerxebeli pandusis saSuale-

biT etliT gadaadgileba (sur. 73)?

saSinao davaleba

1. tumbos mier Sesrulebuli sasargeblo muSaoba  

3,2 kj.  sruli muSaoba ki Asr  = 4 kj. gamoTvale tumbos mqk.

2. sabagiro gzaze asvlisas Zravis mier Sesrulebuli 

muSao baa 8 kj, Zravis mqk _ 70%. gamoTvale sasargeblo 

muSao ba.

3. moiZie informacia `mudmivi Zravis~ Seqmnis Sesaxeb.

Ddaxrili sibrtye, iseve, rogorc yvela martivi meqa-
nizmi ar iZleva muSaobaSi mogebas, Tumca mas far-
Tod iyeneben yofa-cxovrebaSi. magaliTad, eskala-
tori (sur. 70), pandusi (sur. 71-72) da konveieri  
(sur. 72) daxrili sibrtyeebia.  

davuSvaT,  sxeuli aaqvT raime H simaRleze daxrili 
sibrt yis gamoyenebiT, romlis sigrZea l (sur. 71). am dros 
sasargeblo muSaobaa  Asas = mgh, sruli muSaoba ki iqneba  
wevis Zalis mier l sigrZis daxril sibrtyeze gadaad gi-
lebisas Sesrulebuli muSaoba:     Asr = Fw 

.
l.

η =             . 100%
mgh

Fw 
.
l

Fw Zalis moqmedebiT xdeba tvirTis atana h simaRleze 
da daxril sibrtyeze moZraobisas xaxunis Zalis daZ le-
va, amitom:

Asr = Asas + AAxax = mgh + Fxax 
. 
l

              E         
mqk ar SeiZleba iyos 100% an masze meti. 
uZvelesi droidan adamianebs undodaT SeeqmnaT ise Ti 

Zrava, romelic mxolod sasargeblo muSaobas Seasru-
lebda, an erTxel miniWebuli energiis xarjze imuSaveb-
da. magram dRemde aseTi `mudmivi Zrava~ ar aris Seqmnili 
da mtkicdeba, rom misi Seqmna SeuZlebelia.

Tanamedrove mecnierebi cdiloben Seqmnan iseTi manqa-
nebi da meqanizmebi, romlebic minimalur arasasargeblo 
muSaobas Seasruleben da amiT margi qmedebis koeficien-
ti gaizrdeba.

sur. 73

sur. 71

sur.72

l

h



52

2.13. daxrili sibrtyis margi qmedebis     
  koeficientis kvleva

saSinao davaleba

1. daxrili sibrtyis gamoyenebiT 75 kg masis tvirTi Tanabrad aitanes 4 m simaRleze, 

risTvi sac Sesrulda 4000 j muSaoba. ras udris daxrili sibrtyis mqk?

2. satvirTo avtomanqanis Zara dedamiwis zedapiridan 1,5 m simaRleze mdebareobs. 80 

kg masis tvirTis Zaraze asatanad gamoiyenes 3 m sigrZis ficari, romlis meSveobiTac 

tvirTis atanis dros ficarTan xaxunis Zala 100 n aRmoCnda. risi tolia aseTi daxrili 

sibrtyis mqk?

eqsperimentuli kvleva

mocemuli gaqvs: 30 sm sigrZis ficari, romlis erTi zedapiri gluvia, meore ki – 

xaoiani (cudad damuSavebuli), 100 g masis Zelaki, dinamometri, saxazavi, Stativi.

msvleloba: StativSi ficari xaoiani zedapiriT Caamagre ise, rom misi zeda bolo 
magididan 15 sm simaRleze aRmoCndes. Zelaks gamosde dinamometris kauWi da daxril 
sibrtyeze Tanabrad gadaaad gile ise, rom dinamometris Cveneba ar icvlebodes. 
aiTva le dinamometris Cveneba. gamoiangariSe daxrili sibrtyis gaswvriv Zelakis 
gadaad gilebisaTvis Sesrulebuli muSaoba.

gaimeore igive cda ficris gluvi zedapiris gaswvriv Zelakis gadaadgilebisas. 
gamoTvale Sesabamisi muSaoba.

dinamometriT Tanabrad aswie Zelaki 15 sm simaRleze da gamoTvale vertikalurad 
atanisas Sesrulebuli muSaoba. monacemebi Seitane cxrilSi.

gamoTvale mqk gluv da xaoian zedapirze Zelakis gadaadgilebisas da Seadare 
erTma neTs.

gamoitane daskvna daxrili sibrtyis mqk-is Sesaxeb sxvadasxva situaciaSi.

m, kg F l h Asr Asas

1

2
3

η =             . 100%
Asas

Asr

F
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2.14. amoxseni amocanebi
1. 74-e suraTze gamosaxulia WoWonaqebis sistema ori moZra-

vi WoWonaqiTa da erTi uZravi WoWonaqiT. gamoTvale a da b 

Tokebis daWimulobis Zala, Tu tvirTis masaa 20 kg. ra moge-
bas iZleva ZalaSi WoWonaqebis sistema? ra manZilze daeSveba A 
wertili, Tu tvirTis awevis simaRlea 10 sm? WoWonaqebis masa 
da xaxuni ugulebelyavi.

amoxsna:

sasargeblo muSaoba sruldeba tvirTis atanisas, anu simZimis Za-

lis daZlevaze. Aamitom  Asas=mgh. srul muSaobas asrulebs  F Zala, 

romelic Toks qaCavs l sigrZeze. 

sruli muSaoba tolia:     Asr = Fl. 
radgan sistema Seicavs erT moZrav WoWonaqs, ZalaSi mo-

geba iqneba 2-jer, manZilSi wagebac iqneba 2-jer. amitom  

   l = 2h da Asr =F.2h. 
formulaSi SetaniT miviRebT: 

η =          =            
mgh

F 2h 2F

mg

ricxviTi  mniSvnelobebis CasmiT miviRebT: η = 0,90% = 90%.
Ppasuxi: mqk naklebia 100%-ze, tolia 90%. mqk ar aris damokidebuli 
tvirTis atanis simaRleze.

tvirTis wona: 
P = m g = 20 kg .10 n/kg = 200 n

moZravi WoWonaqi (1), romelzec tvirTia, Zala-
Si gvaZlevs mogebas 2-jer. E e.i. a Tokis daWimu-

lobis Zala Fa 2-jer naklebia tvirTis wonaze. 

Fa = P / 2 = 200n /2 =100 n. 
moZravi WoWonaqi (2), romelzec dakidebulia  
a Toki, kidev gvaZlevs mogebas ZalaSi 2-jer. 
e.i. daWimulobis Zala b Tokze, tolia:  

Fb = Fa / 2 =100n /2 = 50 n. 
amitom ZalaSi mogeba iqneba: 

P/F = 200 / 50 = 4  
meqanikis `oqros wesis~ Tanaxmad,
A wertilis mier gavlili manZili iqneba: 

h2 = 4 h1 = 40 sm 
uZravi WoWonaqi (3) ZalaSi mogebas ar iZleva, 
amitom F = 50 n

Ppasuxi: Fa = 100n, Fb = 50n, P/F = 4,  h2 = 40sm.

     F, Fa , Fb ,

P/F, h2 _ ?

       m = 20 kg

       h1 = 10 sm

       g = 10 n/kg

sur. 74

sur. 75

2. uZravi da moZravi WoWonaqebis sistemiT 45 kg masis tvirTi 
aaqvT mesame sarTulze. gamoTvale sistemis mqk, Tu Tokis 

Tavisu fal boloze modebulia 250 n Zala (sur. 75).

amoxsna:   

    η _ ?

     m =45 kg

     F =250 n

margi qmedebis koeficienti

η =             . 100%
Asas

Asr

m

F

Fb

Fa

a

1

2

3

b

A

m

F

P

mg
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I

1. MtvirTi, romlis wonaa 200 n, aaqvT uZra-

vi WoWonaqiT. ra sididis Zala unda mos-

don Tokis Tavisufal bolos?

2. gamoTvale F Zala, romelic saWiroa  

suraTze gamosaxuli WoWonaqebis 

sistemiT  20 kg masis tvirTis asawevad. 

3. Aamwis mier Sesrulebuli sruli muSaobaa  

1 kj. SeiZleba Tu ara sasargeblo muSao-

ba iyos: 1)1580 j, 2)1000 j, 3) 800 j.

III 

1. moZravi WoWonaqiT ewevian tvirTs  

100 n ZaliT. gamoTvale tvirTis masa.

2. suraTze gamosaxul WoWonaqze dakide-

bulia 40 kg masis tvirTi. gamoTvale 

F Zala, romelic saWiroa am tvirTis 

asawe vad.

3. sxeuli aaqvT daxrili sibrtyiT. sasar-

geb lo muSaobaa 180j. gamoTvale sruli 

muSaoba, Tu daxrili sibrtyis mqk 90%. 

II

1. tvirTi, romlis masaa 40 kg, aaqvT moZra-

vi WoWonaqis gamoyenebiT.  ra sididis 

Zala unda mosdon Tokis Tavisufal bo-

los?

2. 60 kg masis tvirTi aaqvT surTaze gamosa-

xuli WoWonaqebis sistemis gamoye nebiT. 

ra sididis F Zala unda mosdon Tokis Ta-

visufal bolos?

3. AMmartivi meqanizmis mier Sesrulebu-

li sasargeblo muSaobaa 120j, sruli 

muSao ba 160 j. gamoTvale meqanizmis mqk.

F

m

F

m

F

m
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sur. 76

* gamoTvale Zala, romelic saWiroa suraTze gamosaxuli 

berketisa da WoWonaqebis sistemis gamoyenebiT 90 kg masis 

tvirTis asawevad. ramdenjer igeben ZalaSi?

amoxsna:

m = 90 kg

d1 = 2

d2 = 10

tvirTze moqmedi simZimis Zala Fs = mg. tvirTs swe-

ven ori uZravi Wo WonaqiTa da meore gvaris berketiT, 

romelic O wertilSi eyrdnoba AB sayrdenSi Camag-

rebil Reros. Bberketze moqmedi F1 Zala tolia Fs,  

vinaidan uZrav WoWonaqze moqmedi Zalebi erTmane-

Tis tolia. berketis wonasworobis pirobis Tanaxmad:  

F1d1 = Fd2. Aaqedan 

 F =           
F1d1 
d2

ricxvebis Casmis  Sedegad: F = 180 n. 

 E
 =           =                                            F

Fs

180n 1
5900n

e.i. ZalaSi igeben 5-jer. 

Ppasuxi: F =180 n. ZalaSi igeben 5-jer.

* I

suraTze gamosaxuli wonasworobaSi myofi sistema Sedge-

ba uwono berketisa da WoWonaqisgan. WoWonaqze dakidebu-

lia  m = 2 kg masis tvirTi. gamoTvale berketis boloze 

daki debuli tvirTis masa M (sur. 76 a).

* II
Bberketisa da WoWonaqis gamoyenebiT m tvirTs maRla  

ewevian. ramdenjer gvaZlevs ZalaSi mogebas suraTze gamo-

saxuli mowyobiloba?  (sur. 76b)

* III
boZebze eleqtruli gamtarebis gasaWimad iyeneben 

ori WoWonaqisagan Semdgar sistemas, romelzec hkideben 

tvirTs. gamoTvale tvirTze moqmedi simZimis Zala, Tu 

gamta rebi 1000 n ZaliT aris daWimuli?  (sur. 76 g)

a

b

g

F _ ?

F

d1 d2

F1

Fs

o
A Bm

m

M

F 

m

F 

,

.
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II Tavis Sejameba

1. imsjele, sxeulis wonasworobis saxeebis Sesaxeb da saSinao davalebis rveul-

Si Seavse sqema.

2. imsjele, sxeulis wonasworobis mizezebisa da Sedegebis Sesaxeb. miuTiTe, 

azrobri vad romeli sityva Seesabameba kiTxvis niSans.

3. suraTis mixedviT imsjele, manqanis 

muxruWis,  rogor berketis analogiis Ses-

axeb.

?

?

?

s
x

e
u

l
T

a
 w

o
n

a
s

w
o

r
o

b
i

s
 

s
a

x
e

e
b

i

wonasworobidan 

gadaxris Semdeg simZimis 

centri iwevs zeviT

wonasworobidan 

gadaxris Semdeg simZimis 

centri iwevs qveviT

mizezi Sedegi

sxeuli  ?   wonasworobaSiasxeuli  ?   wonasworobaSia

sxeuli  ?   wonasworobaSiasxeuli  ?   wonasworobaSiasxeuli  ?   wonasworobaSia

wonasworobidan 

gadaxris Semdeg simZimis 

centris mdebareoba ar 

icvleba

sxeuli  ?   wonasworobaSiasxeuli  ?   wonasworobaSia

F
1

F
2

B
A

O

mg

mg

N

N

N

mg
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4. daukavSire ganmartebebi da Sesabamisi suraTebi erTmaneTs.

a b g d e

1

2

3

4

5

5. azrobrivad daajgufe martivi meqanizmebi Sesabamis kalaTebSi.

6. ipove zedmeti sityvebi da Sinaarsobrivad imsjele swori mtkicebulebebis  

Sesaxeb:

a. martivi meqanizmebi, berketi, WoWonaqi, daxrili sibrtye, Sigawvis Zrava.

b. berketi, dro, myari sxeuli, brunva.

g. mdgradi, aramdgradi, gaTboba, ganurCeveli.

d. daxrili sibrtye, pandusi, xraxni, polisplasti, lifti.
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d1 d2
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a b g d e
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A
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B
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BO

F
2

A F2

F1

kibe jalambari saswori xraxni soli WoWonaqi

pandusi brtyeltuCa konveieri urika navis niCbebi

berketi daxrili sibrtye

1. I gvaris berketi

2. II gvaris berketi

3. uZravi WoWOnaqi

4. moZravi WoWoOnaqi

5. daxrili sibrtye
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Seiswavli:
 sxeulebis siTbur gafarToebas;
 Sinagan energias;
 Sinagani energiis cvlilebas;
 dnobasa da gamyarebas,  aorTqlebasa da kondensacias;
 duRilsa da orTqlad qcevas, sublimacias;
 saTbobis wvas, wvis kuTri siTbos; 
 siTburi Zravebis moqmedebis princips.

SeZleb da daeuflebi:
 siTburi movlenebis eqsperimentul kvlevas; 
 Tbogadacemis saxeebis daxasiaTebas;
 ekologiur problemebze argumentirebul msjelobas;
 problemaze dafuZnebuli amocanebis amoxsnas;
 siTburi procesebis Sesaxeb codnis dakavSirebas sxvadasxva profesiasTan.

3. siTburi movlenebi



60

3.1. siTburi movlenebi

bunebaSi mravali movlena mimdinareobs. maT Soris 
mniSvnelovania iseTi movlenebi, rodesac icvleba 
sxeu lebisa da garemos temperatura da nivTierebis 
agregatu li mdgomareoba. magaliTad, dedamiwis mzis 
garSemo brunvis gamo icvleba weliwadis droebi. sezo-
nu ri cvlilebisas icvleba temperatura _ zafxulSi 
Tbila, zamTarSi ki civa (sur. 1Aa). 

movlenebs, romlebic dakavSirebulia temperaturis  
an agregatuli mdgomareobis cvlilebasTan, siTburi 
movlenebi ewodeba.

siTburi movlenebia: aorTqleba, duRili, konveqcia, 
gamosxiveba (sur. 1b), kondensacia, dnoba-gamyareba (sur. 2).

siTburi movlenebi sxva saintereso procesebTanac 
aris dakavSirebuli. magaliTad: qari da qarborbala 
(sur. 3), vulkanis amofrqveva  (sur. 4), zRvaze smerCi, 
mzis gamosxiveba da mravali sxva. 

mecnierebma siTbos arsSi Cawvdoma mxolod XVIII sauku-
neSi SeZles. amave periodSi dadginda, rom nivTiere-
ba mTliani ki ar aris, aramed wyvetili agebulebisaa. 
nivTie rebis Semadgeneli didi raodenobis nawilakebi, 
ato mebi da molekulebi ganuwyvetliv qaosurad (uwesri-
god) moZraoben  da urTierTqmedeben. 

nivTierebis Semadgeneli nawilakebis qaosur da 
rxe viT moZraobas, siTburi moZraoba ewodeba. 

molekulebs Soris manZili da moZraobis xasiaTi 
nivTie rebis sxvadasxva agregatul mdgomareobaSi 
gansxva vebulia.

airis molekula WurWlis kedlebTan da sxva calkeul 
molekulasTan dajaxebamde – wrfiv traeqtorias 
aRwers,  magram dajaxebis Semdeg mocemuli molekula 
saiT imoZra vebs, amisi winaswari varaudi SeuZlebe-
lia. amitom airis molekulebis moZraobis traeqtoria 
texili  wiria (sur. 5).

Mmyar da Txevad mdgomareobaSi molekulebs ukaviaT  
erTmaneTisagan garkveuli manZiliT daSorebuli  wonas-
wo ruli mdebareoba. isini am mdebareobis maxloblo baSi 

ra procesebi 
mimdinareobs siTburi 
movlenebisas?

ifiqre da imsjele

sur. 2

sur. 1

sur. 3

sur. 4

a b
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qaosurad irxevian. temperaturis momatebiT moleku-
lebs Soris manZili izrdeba, SemcirebiT – klebulobs. 
TviT molekulebis zomebi ki ar icvleba.

siTburi procesebis aRwerisas iTvaliswineben mole-
kulebis qaosur moZraobas da moZraobis maxasiaTebeli 
sidideebis saSualo mniSvnelobebs. magaliTad, sxeu-
lis temperatura dakavSirebulia misi Semadgeneli niv-
Tierebis molekulebis qaosuri moZraobis siCqaresTan 
da maT saSualo kinetikur energiasTan. rac ufro maRa-
lia temperatura, miT ufro swrafad moZraoben mole-
kulebi da miT metia maTi saSualo kinetikuri energia. 

magaliTad, difuziis movlena sxeulis Semadgeneli 
nivTierebis molekulebis moZraobasTan aris dakavSire-
buli. difuzia maRal temperaturaze ufro swrafad mim-
dinareobs, vidre dabalze.

temperaturis gasazomad iyeneben sxvadasxva tipis 
Termometrebs (sur. 6). temperaturis gazomva emyareba 
iseT siTbur procesebs, romlis drosac icvleba nivTie-
rebis damaxasiaTebeli fizikuri sidideebi, magaliTad, 
moculoba. temperturis sazomi erTeulebia: kelvini, 
celsiusis an farenhaitis gradusi.

sur. 5

sur. 7

 gaazreba  

saSinao davaleba

1. aRwere difuziis movlena da imsjele, rogor aris 

damokidebuli difuziis siCqare temperaturaze. 

2. 1827 wels ingliseli botanikosi robert brouni 

mikrosko piT akvirdeboda wylis wveTSi Setivtivebul 

nawilaks, romelic qaosurad moZraobda. ratom moZraob-

da `brounis nawilaki~ qaosurad (sur. 7)?

1. airCie swori mtkicebulebebi da Seavse mizezSedegobri-

vi sqema (sur. 8). 

 molekulis zoma icvleba, molekulis zoma ar icvleba, 

manZili molekulebs Soris izrdeba, manZili moleku-

lebs Soris ar izrdeba, molekulis siCqare izrdeba, 

molekulis siCqare ar izrdeba.

2. daajgufe fizikuri movlenebi da Seitane cxrilSi.

 manqanis moZraoba, Weqa-quxili, sarkeSi sagnis gamosaxu-

leba, kompasis isris brunva, mTvaris dabneleba, burTis 

vardna, yinulis dnoba, mzis dabneleba, eqos warmoqmna, 

namis warmoqmna, wylis gayinva, magnitebis mizidva,  wylis 

duRili, gaelveba, cisartyela.

gaTboba

mizezi

Sedegi

eleqtruli bgeriTi sinaTlis magnituri siTburi meqanikuri

sur. 8

sur. 6

cxr. 1
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3.2. Sinagani energia

sur. 10

sxeulebs, garda meqanikuri  energiisa, gaaCniaT Sina­
gani  energia. 

yvela sxeuli Sedgeba Zalian didi raodenobis atome-
bisa da molekulebisagan, romlebic qaosurad moZrao-
ben da urTierTqmedeben.  sxeulis Semadgenel nawilakebs 
moZraobis gamo  kinetikuri energia gaaCniaT, erTmaneT-
Tan urTierTqmedebis gamo ki – potenciuri. Aamrigad, 
sxeu lis Semadgenel nawilakebs gaaCniaT rogorc poten-
ciuri, aseve kinetikuri energia.

sxeulis Semadgeneli nawilakebis urTierTqmedebis  
potenciuri da qaosuri moZraobis kinetikuri ener­
gie bis jams Sinagani energia ewodeba. 

sxeulebis Sinagani energia sxvadasxva faqtorzea da-
mokidebuli. meqanikuri energiisgan gansxvavebiT, Si na-
gani energia ar aris damokidebuli sxeulis mdebareoba-
ze sivrceSi da misi moZraobis siCqareze. sxeulis  Sinaga-
ni energia damokidebulia atomebis  masaze, mole kulaSi 
atomebis raodenobasa da nivTierebaSi molekulebis 
raode nobaze, sxeulis Semadgeneli nawilakebis moZrao-
bis siCqaresa da molekulebs Soris manZilze. rac ufro 
metia nawilakebis moZraobis siCqare, miT metia maTi kine-
tikuri energia da Sesabamisad, maRalia sxeulis tempe-
ratura da, piriqiT.

Sinagani energia, agreTve, damokidebulia nivTierebis 
agregatul mdgomareobaze (sur.10). sxvadasxva agregatul 
mdgomareobaSi nivTierebis molekulebi erTmaneTisagan 
gansxvavebul manZilze imyofeba. Aanu  maTi urTierTqme-
debis potenciuri energia gansxvavebuli sididea.

Aairovan mdgomareobaSi sxeulis  Sinagani energia da-
mokidebulia airis gvarobaze, masasa da temperaturaze. 
Aairis moculobis swrafi Semcirebisas mcirdeba moleku-
lebs Soris manZili, ris gamoc molekulebi ufro xSirad 
ejaxebian erTmaneTs, izrdeba maTi kinetikuri energia 
da Sesabamisad, Sinagani energia.

airi

siTxe

myari sxeuli

romeli energia izrdeba wylis 

gaTbobis Sedegad?

ifiqre da imsjele

a

b

g

sur. 9
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sur. 11 gaazreba  

saSinao davaleba

siTxeebs sakmaod didi Sinagani energia gaaCnia. magali-
Tad, oTaxis temperaturis wyliT savse samlitriani qi-
lis Sinagani energia utoldeba im energias, romelic 
saWiroa msubuqi avtomanqanis me-10 sarTulze asatanad. 
wyliT savse samlitriani Caidnis asaduReblad imdeni 
siTboa saWiro, rac sWirdeba 20-toniani satvirTo manqa-
nis mesame sarTulze atanas (sur. 11). 

ESinagani energiis sakmaod didi cvlileba xdeba qimiuri 
reaqciebisas, rodesac erTi nivTiereba meore nivTiere-
bad gardaiqmneba. magaliTad, 3 l benzinis wvis Sedegad 
gamoyofili energia sakmarisia ori datvirTuli sabar-
go vagonis 25-e sarTulze asatanad (sur. 11). 

sur.12

sur.14

1. sxeuli aitanes eifelis koSkze (300 m). rogor Seicvleba 

sxeulis Sinagani da meqanikuri energia? 

2. me-13 suraTze gamosaxulia sami sxvadasxva temperatu-

ris mqone wyliani WurWeli. Seadare maTi Sinagani ener-

giebi erTmaneTs. 

3. dguSian WurWlebSi moTavsebulia erTnairi  tempera tu-     

ris sxvadasxva masis naxSirorJangi. Seadare airis Sinaga-

ni energiebi erTmaneTs (sur. 14)?

sur.13 

30°C 50°C 40°C

a

a

b

b

g

g

dakvirveba Sinagan energiaze
azrobrivi eqsperimenti

warmoidgine, rom spirtquris alze moTavsebulia 

sacobiT daxuruli wyliani sinjara. imsjele, ratom  

amovardeba sacobi wylis aduRebis Semdeg. 

gamoitane daskvna: romeli energiis xarjze 

amovar da sacobi?  

1. imsjele da Seadare erTmaneTs oTaxis temperaturis  

Wiqa wylisa da wyliT savse doqis Sinagani energia  

(sur. 12).

2. suraTis mixedviT, imsjele da Seadare erTmaneTs yinu-

lis romel natexs eqneba meti Sinagani energia.

-
 20 0

C0 0
C
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3.3. Sinagani energiis cvlilebis      
 eqsperimentuli kvleva

I eqsperimenti

III eqsperimenti

IV eqsperimenti

mocemuli gaqvs: ficris naWeri da 20-Te T riani mone-

ta. 

msvleloba: moaTavse 20-TeTriani moneta ficris 

naWer ze. xelis swrafi moZraobiT axaxune moneta 

ficar  ze 2 wuTis ganmavlobaSi. daakvirdi monetis  

mTba robas. ratom Seicvala igi?

aRwere damzerili movlena. gamoitane daskvna. rome-

li energia gaizarda muSaobis Sesrulebis Sedegad?

II eqsperimenti

mocemuli gaqvs: aluminis mavTulis naWeri.

msvleloba: erTsa da imave adgilze ramdenjerme gadagrixe mavTuli, xan erT, xan 

meore mxares. xelis SegrZnebiT daadgine gaTbeba Tu ara mavTuli? aRwere damzerili  

movlena. gamoitane daskvna: romeli energiis xarjze Seicvala mavTulis Sinagani 

ener gia?

mocemuli gaqvs: minis Wiqa, gasaberi buStis Txeli rezinis 

afski, TefSi, siTbos wyaro (sanTeli, naTura, qura an cxeli 

wyali). 

msvleloba: TefSs mWidrod gadaakari rezinis afski, 

sanTlis  alze gaaTbe haeri minis WiqaSi. Semdeg moaTavse Wiqa 

rezinis afskze. 

aRwere damzerili movlena. gamoitane daskvna: rogor 

Seicvala WiqaSi haeris Sinagani energia? ratom deformirda  

(amoibera) rezinis afski?

mocemuli gaqvs: boTli, rezinis buSti, WurWlebi civi da 

cxeli wyliT.

msvleloba: boTls mWidrod moarge rezinis buSti da 

moaTavse civ wylian jamSi (sur. a). garkveuli drois Semdeg 

boTli gadaitane cxel wylian jamSi (sur. b).

aRwere damzerili movlena. gamoitane daskvna. rogor 

Seicvala boTlSi airis Sinagani energia. ratom gaibera buS-

ti?

a b
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sxeulis Sinagani energia  ar aris mudmivi sidide. 
Sinagani energiis cvlileba damokidebulia sxeulis 

Semadgeneli nawilakebis siCqaris cvlilebasa da agrega-
tuli mdgomareobis cvlilebaze.

sicivisas adamianebi xSirad xels xelze axaxuneben, 
asru leben meqanikur muSaobas. amiT zrdian sxeulis 
Semad geneli nawilakebis siCqares da Sesabamisad, mis 
Sina gan energias da xelebi Tbeba.

velosipedis saburavis haeriT gabervisas tumbo xur-
deba, anu misi temperatura da Sesabamisad, Sinagani ener-
gia izrdeba muSaobis Sesrulebis Sedegad (sur. 16). aseve 
icvleba Catumbuli haeris Sinagani energia.

CaquCis lursmanze mravaljeradi dartymisas muSaobis 
SesrulebiT CaquCisa  Dda lursmnis temperatura imatebs. 
anu maTi Sinagani energia izrdeba. 

sxeulze gareSe Zalis mier muSaobis Sesrulebisas, 
sxeulis temperatura izrdeba. Sesabamisad, misi Sina-
gani energia izrdeba. dguSiT airis swrafi SekumSvisas 
izrde ba airis Sinagani energia (sur. 17 b).  

sxeulis temperatura mcirdeba da Sesabamisad, mcir-
deba misi Sinagani energia, Tu sxeuli TviTon asrulebs 
muSaobas. magaliTad, rodesac SekumSuli airi farTov-
deba da dguSs gadaaadgilebs, igi asrulebs muSaobas. am 
dros airis Sinagani energia mcirdeba (sur. 17 g).

sxeulis Sinagani energia SeiZleba Seicvalos civi 
sxeulis Tbil sxeulTan Sexebisas. 

Sinagani energiis cvlilebis process garedan 
moqme di Zalis mier muSaobis Sesrulebis gareSe Tbo­
gadacema ewodeba.

anTebul gazquraze  wyliani Caidani  Tbeba. misi tempe-
ratura  da Sinagani energia imatebs. 

zafxulSi CrdilSi myofi sxeulis mzeze moTavsebisas 
sxeuli Tbeba da misi Sinagani energia izrdeba.

3.4 Sinagani energiis cvlileba

romeli energiis 
cvlilebis Sedegad 

gadaadgildeba dguSi?

ifiqre da imsjele

sur. 15

sur. 17

sur. 16

a

b

g
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oTaxis temperaturis liTonis kovzis mduRare wyalSi  
moTavsebisas igi cxeldeba. cxeli wylis molekulebis 
kinetikuri energia gacilebiT metia oTaxis temperatu-
ris kovzis Semadgeneli molekulebis kinetikur ener-
giaze. wylis molekulebis kinetikuri energiis nawili 
gadaecema kovzs, ris Sedegadac wylis Sinagani energia 
da temperatura mcirdeba. Tumca izrdeba kovzis Sinaga-
ni energia. amdenad, siTbo metad gamTbari sxeulidan ga-
daecema naklebad gamTbar sxeuls. es procesi grZeldeba 
manam, sanam wylisa da kovzis temperatura erTnairi ar 
gaxdeba. am SemTxvevaSi fizikosebi amboben, rom sxeulebs 
Soris myardeba siTburi wonasworoba (sur. 18). e.i. sxeu-
lebs Soris Tbogadacemis procesi aRar mimdinareobs. 
siTbos gadacema yovelTvis garkveuli mimarTulebiT 
xdeba. Tbili sxeulidan siTbo civ sxeuls gadaecema, 
manam,  sanam sxeulebis Sinagani energiebi ar gautoldeba 
erTmaneTs.

sxeulebis Sinagani energia SeiZleba Seicvalos ori 
gziT, garedan moqmedi Zalis mier muSaobis Sesrule­
biTa da siTbos gadacemiT.

 gaazreba  

saSinao davaleba

1. suraTze isrebiT gamosaxulia siTbos gadacemis mimarTu-

lebebi oTxi, erTmaneTTan SexebaSi myofi ZelakisaTvis. 

imsjele Sinagani energiis cvlilebis Sesaxeb TiToeuli 

ZelakisaTvis. romel Zelaks eqneba yvelaze meti Sinagani 

energia da Sesabamisad, meti temperatura (sur. 20)?

2. suraTze isrebiT gamosaxulia siTbos gadacemis mimar-

Tulebebi sami, erTmaneTTan SexebaSi myofi ZelakisaT-

vis, romelTa temperaturebia 50
o
C, 30

o
C da 5

o
C. romel 

Zelaks aqvs 50
o
C tempera tura (sur. 21)?

3. suraTze isrebiT gamosaxulia siTbos gadacemis 

mimarTulebebi oTxi, erTmaneTTan mWidro SexebaSi 

myofi  ZelakisaTvis. Zelakebis temperaturebia100
o
C, 

80
o
C, 60

o
C, 40

o
C. romel Zelaks aqvs 60

o
C temperatura  

(sur. 22)?

5
o
C 0

o
C

20
o
C

11 12 13

11 12 13

11

12

13
14

11

12 13

14

1. imsjele Sinagani energiis cvlilebaze asanTis anTebi-

sas. ratom aaldeba asanTis Reri. romeli gziT icvleba 

misi Sina gani energia (sur. 19)?

2. Aimsjele, suraTze gamosaxuli sami sxeulidan, romeli 

maTgani  unda Seexos darCenil ors, rom gaizardos maTi 

Sinagani energia?

sur. 18

sur. 19

sur. 22

sur. 21

sur. 20
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3.5. siTburi movlenebis kvleva

II eqsperimenti

III eqsperimenti

mocemuli gaqvs: wvrilyeliani cecxlgamZle 

kolba an sinjara,  wyali, spirtqura, Stativi.

msvleloba: FCaasxi wyali kolbaSi da moniSne 

wylis sawyisi done (sur. a). kolba moaTavse 

anTe bul spirtquraze. garkveuli drois Sem-

deg moniSne cxeli wylis done (sur. b).

Caaqre spirtqura. daakvirdi wylis donis 

cvli lebas gaciv ebisas. 

aRwere damzerili movlena. gamoitane daskv-

na siTxis siTburi gafarToebis Sesaxeb.

mocemuli gaqvs: carieli minis kolba sacobiT, romel-

Sic gayrilia gamWvirvale plastmasis an minis moRu nuli 

wvrili mili Seferili wylis wveTiT.

msvleloba: FdaiWire kolba garkveuli drois ganmavlo-

baSi. Ddaakvirdi siTxis wveTis mdebareobis cvli lebas. 

aRwere damzerili movlena. gamoitane daskvna. ratom 

gadaadgilda wylis wveTi.

dakvirveba siTxeebis siTbur gafarToebaze

dakvirveba airis siTbur gafarToebaze

I eqsperimenti

mocemuli gaqvs: ficris naWeri, lursmnebi, CaquCi, 

20-Te T riani moneta, pinceti, spirtqura an sanTeli.

msvleloba: moaTavse Fficarze 20-TeTriani mone-

ta. CaaWede ori lursmani monetis kideeb Tan ise, rom 

igi gaetios lursmnebs Soris sivrceSi.

daiWire moneta pincetiT da gaacxe le alze. Seeca-

de cxeli moneta gaataro lursmnebs Soris. D

gGaacive moneta da isev Seecade gaataro lursmnebs 

Soris. 

aRwere damzerili movlena. gamoitane daskvna. 

rogor  icvleba sxeulis zoma gaTbobis Sedegad?

dakvirveba myari sxeulis siTbur gafarToebaze

b

a
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eqsperimentebiT dadginda, rom gaTbobis Sedegad 
sxeu lis zomebi izrdeba. e. i. sxe uli farTovdeba, xolo 
ga civebisas – zomebi mcir deba, anu sxeuli ikumSeba. 

nebismier agregatul mdgomareobaSi myofi sxeulis 
temperaturis cvlilebisas molekulebs Soris manZili 
icvleba. Etemperaturis gazrdiT – izrdeba, Semcire-
biT – mcirdeba. sxeulebi gaTbobisas farTovdebian, 
gacivebisas  ikumSebian (sur.24). 

gaTbobisas siTxeebis gafarToebis movlena ga mo-
yenebulia siTxian TermometrebSi. aseT TermometrebSi 
iyeneben vercxliswyals an spirts. spirtiani Termomet-
riT mosaxerxebelia ufro dabali temperaturebis 
gazomva, vidre vercxlis wylianiT. Termometris rezer-
vuarSi arsebuli siTxe gaTbobis Sedegad farTovdeba 
da adis milSi, xolo gacivebisas ikumSeba da rezervuars 
ubrun deba. 

gaTbobisas liTonebis gafarTo ebis movlena gamo ye-
nebulia bimetalur TermometrebSi. bimetali aris ori 
sxvadasxva liTonis  firfita, romlebic SeerTebulia 
moqlonebiT (sur. 25 b). Bbimetalis gaTbobisas  TiTberi 
ufro metad farTov deba, vidre foladi. Ees iwvevs 
bime talis gaRunvas. Mmasze mimagrebuli isari skalaze 
gadaadgildeba da igi Sesabamis tempe raturas uCvenebs 
(sur. 25 a).

Yyvela nivTiereba gaTbobis Sedegad farTovdeba. wya-
li ki gaTbobis Semdeg gafarToebas iwyebs mxo lod 4°C-
dan.  0°C-dan 4°C-mde gaTbobisas wyali ikumSe ba, e. i. misi 
moculoba mcirdeba da sim kvrive izrdeba. amitom wylis 
simkvrive maqsimaluria 4°C-ze da tolia 1 000 kg/m3.

zamTarSi, roca wyalsa tevSi wylis zedapiruli fena 
4°C-mde civdeba, igi Zirs eSveba da mis adgils ikavebs 

3.6. sxeulebis siTburi gafarToveba

ratom toveben Sualeds relsebs Soris?

ifiqre da imsjele

sur. 25

sur. 24

TiTberi
foladi

moqloni

gaTboba gaciveba

sur. 23

bimetalis firfita 

RerZi

a

b
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naklebi  simkvrivis mqone Tbili fena. rodesac es fenac 
4°C-mde gacivdeba, is gadainac vlebs qvemoT da mis adgils  
daikavebs isev masze naklebi simkvrivis sxva Tbili fena.

Ggaremos temperaturis klebasTan erTad wyalsa tevis 
zedafenis temperaturac klebulobs da 0°C-ze iwyeba 
yinulis qerqis warmoqmna (sur. 26). yinulis simk vrive aris  
900 kg/m3. radgan yinulis simkvrive naklebia wylis sim-
kvriveze, igi tivtivebs wylis zedapirze. 

yinuli kargad icavs  wylis Rrma fenebs gayinvisagan,  
radgan igi cudi Tbogamtaria. swored es ganapirobebs 
wyal mcenareebis, Tevzebisa da sxva cocxali organiz-
mebis arsebobas wyalsate vebSi didi yinvebis dros  
(sur. 27).

 gaazreba  

1. imsjele, ratom icvleba simebiani sakravebis JRera-

doba garemos temperaturis cvlilebisas? ratom aris 

aucilebeli maTi awyoba Sesabamisi JReradobis misa Rwe-

vad (sur. 28)?

2. airis an siTxis Sor  manZilze gadasatanad iyeneben liTo-

nis milebs, romelTa sigrZe zogjer aTeuli kilometria. 

imsjele,  ratom aerTeben gadabmis adgilebs gofrirebu-

li milebiT an  sweven zeviT (aZleven  P formas. sur. 29)?    

saSinao davaleba

yinuli

wyali

sur. 26

sur. 27

sur. 28

sur. 29

sur. 30

1. aRwere suraTze gamosaxuli grafiki. daadgine damokide-

buleba temperaturis cvlilebasa da wylis moculobis 

cvlilebas Soris. ra anomalia axasiaTebs wyals?

2. moamzade proeqti Temaze: `wylis gafarToebis Tavise-

bureba da cocxali organizmebi~.

dakvirveba sxeulis siTbur gafarToebaze
azrobrivi eqsperimenti

warmoidgine, rom suraTze gamosaxuli liTonis 

burTu la   Tavisuflad moZraobs xvrelSi (sur. a).   bur-

Tulas aTavseben spirtquris  alze (sur. b).  

gamoitane daskvna. ratom aRar eteva burTula gac xe-

le bis Semdeg xvrelSi (sur. g)?

b ga

D

C

E

B

t 
o

C

V,sm3
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sur. 31

sur. 33

3.7. Tbogamtaroba

sur. 32

T
b

o
g

am
t

ar
o

b
a

liTonebi

siTxeebi

airebi

vakuumi

ifiqre da imsjele

ratom ar ewveba xeli sportsmens 

olimpiuri CiraRdnis 

gadatanisas?

Tbogamtaroba siTbos gadacemis erT-erTi saxea.
Tbogamtaroba aris sxeulis Tviseba, gaataros siTbo 

sxeulis Tbili nawilidan civisken. Tbogamtarobisas 
Sinagani energia sxeulis erTi nawilidan meore nawils 
gadaecema. aseve, SeiZleba Sinagani energiis nawili erTi 
sxeulidan gadaeces meores maTi urTierTSexebisas. 

Sinagani energiis gadacemis movlenas sxeulis erTi 
nawilidan meoreze an sxeulebis urTierTSexebisas, 
Tbogamtaroba ewodeba.

sxeulSi energias gadascemen masSi qaosurad moZravi 
atomebi da molekulebi. amitom Tbogamtaroba damokide-
bulia nivTierebis agebulebaze. liTonebSi Tbogam-
tarobas atomebis rxevebis garda maT Soris qaosurad 
moZravi eleqtronebis raodenobac ganapirobebs. 

diagramaze gamosaxulia nivTierebaTa Tbogamtarobis 
saSualo maCvenebelTa Tanafardoba (sur. 32).  

siTxeebi da airebi siTbos cudi gamtarebi arian. sica-
rieleSi, anu vakuumSi, Tbogamtaroba praqtikulad ar 
xdeba.  

haeri da wyali siTbos cudi gamtaria. aseve cudi Tbo-
gamtarebia: yinuli, Tovli, xe, plastmasi, aguri, Sali, 
frinvelis  bumbuli, cxovelis bewvi da sxva. 

zamTris tansacmels `Tbil tansacmels~ uwodeben. 
umetes SemTxvevaSi igi Ffafuki, rbili da mCatea. aseTi 
tansacmlis boWkoebSi aris haeri, nivTiereba, romelic 
siTbos cudad atarebs. Ees tansacmeli marTla ki ar 
gvaTbobs, aramed siTbos ar gadascems civ garemos da 
organizms  unarCundeba siTbo.

cxovelebs binadrobis mixedviT gansxvavebuli bewvi  da 
bumbuli aqvT. magaliTad, `haskis~ jiSis ZaRli cimbir-
Si  binadrobs (sur. 33). Mmisi bewvi xSiria da mogrZo, rac 
icavs mas sicivisgan. cxovelebi sezonis mixedviT bewvs 
icvlian. magaliTad, cxvris bewvi zamTarSi xSiria da 
grZeli, zafxulSi ki _ mokle.

 nivTierebas, romelic siTbos cudad atarebs, 
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 gaazreba  

saSinao davaleba

dakvirveba sxeulis Tbogamtarobaze
eqsperimenti

mocemuli gaqvs: minis Wiqa; xis, vercxlisa da aluminis 
kovzebi;.

msvleloba: minis WiqaSi moaTavse sami kovzi: xis, 
vercxlisa  da aluminis. samive kovzis tarze, erTsa da 
imave simaRleze miakari erTnairi zomis karaqis patara 
naWrebi. Caasxi WiqaSi cxeli wyali ise, rom karaqis naWrebi 
daaxloe biT 5-6 sm-iT iyos daSorebuli wylis zedapiri-
dan.

aRwere cda. Seadare kovzebis Tbogamtarobebi. gamoita-
ne  daskvna. 

1. imsjele suraTze sqematurad gamosaxuli Termosis  
agebulebis Sesaxeb. ratom inarCunebs TermosSi 
moTav sebuli siTxe didi xnis ganmavlobaSi mudmiv 
temperaturas (sur. 35)?

2. Txevad azots, romlis temperaturaa -196
0
C, iyeneben 

sxvadasxva eqsperimentisaTvis. imsjele, ratom ina-
xaven Txevad azots Termosismagvar ̀ diuaris WurWel-
Si~ (sur.  36)?

3. imsjele, ratom ukeTeben saxlebs ormag da sammagminian  
fanjrebs, romelTa minebs Soris haeria?   

4. imsjele, ratom aniWeben upiratesobas agurisgan 
aSenebul saxlebs?   

5. imsjele, ratom ar dneba didxans Tbil oTaxSi qurqSi 
Sexveuli yinuli?

sur. 35

sur. 36

sur. 34

Tboizolators uwodeben.
Tboizolatorebs iyeneben teqnikasa da yofa- cxovre-

baSi. bunebrivi Tboizolatorebis garda, mec nierebma 
Seqmnes saukeTeso Tvisebebis mqone xelovnuri Tboizo-
latorebi. magaliTad: samSeneblo masalebi, keramikuli 
filebi, romliTac kosmosur xomaldebs apirkeTeben, 
specialuri Termuli tansacmeli, romelsac iyeneben 
astronavtebi, mexanZreebi, myvinTavebi, moTxilamuree-
bi da sxvadasxva dargis specialistebi. Aam tansacmliT 
adamianebs SeuZliaT Zalian maRali da Zalian dabali 
temperaturis pirobebSi saqmianoba. Ees tansacmeli ar 
atarebs siTbos da ar xdeba siTbos cvla adamianis orga-
nizmsa da garemos Soris. mexanZris Termuli tansacmeli 
1000

0
C ki uZlebs. Aastronavti, romelic saqmianobs Ria 

kosmosSi, Termuli tansacmliT kosmosis sicives ver 
SeigrZnobs.

Wiqa

Tavsaxuri

vakuumi

Tboizola-
toruli  
sadgari

movercxlili 
SigTavsi

liTonis/
plastmasis 
garsi
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3.8. Tbogamtarobis eqsperimentuli kvleva

mocemuli gaqvs: ori Stativi, sxvadasxva 

liTonis, magaliTad, spilenZisa da foladis 

erTnairi sigrZisa da ganivkveTis farTobis 

wvrili Rero, spirtqura an sanTeli, plasti-

linis naWeri, patara lursmnebi, asanTi.

msvleloba: spilenZis Rero Caamagre erT-

erT StativSi, foladis Rero – meoreSi. 

plastiliniT, toli manZilis daSorebiT, 
daamagre lursmnebi spilenZisa da fola-
dis Reroebze. 

aRwere damzerili movlena. gamoitane daskvna. romeli liTonis Reroa ukeTesi 

Tbogamtari?

mocemuli gaqvs: wyali, yinulis naWeri,  cecxlgamZle 
sinjara, spirtqura, Stativi, asanTi.

msvleloba: sinjaris fskerze moaTavse yinuli da 
zemodan liTonis zambara, raTa wylis Cas xmis Semdeg 
yinuli ar amotivtiv des. anTebuli spirtquris ali 
mimarTe wylis zedapirisaken. 

aRwere damzerili movlena. gamoitane daskvna: 
ratom  ar dneba yinuli siTxis zeda fenebis gaTbobis 
miuxedavad?

mocemuli gaqvs: cecxlgamZle sinjara, 
spirtqura, asanTi, liTonis Rero.

msvleloba: sacobi, romelSic liTonis 
Reroa gayrili, mWidrod moarge sinjaras. 
daiEWire sinjara liTonis ReroTi da SeaTbe 
spirtquris alze.  

aRwere damzerili movlena. gamoitane  
das kv na. ratom ar gacxelda liTonis Rero?

liTonebis Tbogamtarobis gamokvleva
I eqsperimenti

dakvirveba siTxis Tbogamtarobaze
II eqsperimenti

dakvirveba airis Tbogamtarobaze
III eqsperimenti
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3.9. konveqciis eqsperimentuli kvleva

mocemuli gaqvs: cecxlgamZle minis WurWeli, sanTeli 

an spirtqura sadgariT, wyali, saRebavis namceci, asanTi.

msvleloba: moaTavse WurWlis fskerze saRebavis 

namce ci. frTxilad Caasxi wyali ise, rom wyals saRebavi 

ar Seerios. 

moaTavse WurWeli anTebuli spirt quris sadgarze. 

daakvirdi wyals daaxloebiT ori wuTis ganmavlobaSi. 

aRwere damzerili movlena. gamoitane daskvna.

mocemuli gaqvs: sanTeli. asanTi, qaRal-

dis furceli, makrateli, nebimieri wvetia-

ni Rero.

msvleloba: gamoWeri qaRaldisgan spira-

lis formis triala. Ddaamagre qaRaldis 

triala wvetian Reroze da daiWire anTebu-

li sanTlis zeviT ise, rom man daiwyos 

tria li. 

aRwere damzerili movlena. gamoitane daskvna. ratom 

dawyo trialam triali?

mocemuli gaqvs: sanTeli, asanTi.

msvleloba: MmoaTavse anTebuli sanTeli 

Ria karTan iatakze. Ddaakvirdi sanTlis 

alis mimarTulebas. Semdeg igive sanTeli  

moaTase Ria karis zeda bolosTan da kvlav 

daakvirdi sanTlis als. 

 aRwere damzerili movlena. gGamoitane  

daskvna. ratom icvlis sanTlis ali 
mimarTu lebas?   

I eqsperimenti

II eqsperimenti

III eqsperimenti

dakvirveba siTxeSi konveqciis movlenaze

dakvirveba airebSi konveqciis movlenaze

dakvirveba haeris nakadis moZraobaze
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konveqcia Tbogadacemis erT-erTi saxea. siTxesa  
da airSi Tbogadacema konveqciiT xdeba. am dros  
siTxe ebsa   da airebSi civi da Tbili fenebis monacvleobi-
Ti gadaadgileba mimdinareobs. 

 gaTbobis Sedegad airebi da siTxeebi farTovdeba, 
amitom  maTi simkvrive mcirdeba. siTxis an airis ufro 
msu bu qi, gamTbari fena zeviT adis. xolo mis adgils 
ikavebs  qveviT gadanacvlebuli civi fena (sur. 38). es 
procesi mimdinareobs manam, sanam mTel moculobaSi 
temperatura ar gaTanabrdeba.

Txevadi da airadi nivTierebis nakadiT energiis 
gada cemas konveqcia ewodeba.

Kkonveqcia SeiZleba iyos bunebrivi da iZulebiTi.
bunebaSi konveqciis magaliTebia qari da zRvis dinebe bi.

zRvis sanapiroze brizis, susti qaris warmoSobis mizezi 
konveqciaa. dRis mzis sxivebze xmeleTi ufro metad  
Tbeba,  vidre wyali. amitom haeri xmeleTis zedapirze  
ufro Tbilia, vidre zRvaze. gamTbari haeri zemoT iwevs, 
ris gamoc wneva xmeleTis mocemul adgilze mcir deba da 
am adgils zRvidan monaberi civi haeris nakadi ikavebs. 
e. i. diliT qari zRvidan xmeleTisaken uberavs. es dRis 
brizia.  saRamos ki piruku procesi xdeba (sur. 39). 

mzis Casvlis Semdeg xmeleTi ufro swrafad civdeba, 
vidre zRva. zRvis zedapirze haeri ufro Tbilia, ris 
gamoc  igi zeviT iwevs da mis adgils xmeleTidan mimarTu-
li civi haeri ikavebs. amitomac saRamos brizi xmeleTi-
dan zRvisaken uberavs.

SenobebSi gaTboba-gaciebis process safuZvlad kon-
veqcia udevs. gamTbari haeri  oTaxSi zeviT adis, civi ki  
qveviT Camodis. Aamitom ayeneben radiatorebs iatakTan 
axlos, xolo  kondicionerebs sarkmels zeviT. 

3.10. konveqcia

sur. 38

sur. 39

sur. 40

ifiqre da imsjele

ratom ayeneben radiators  
qveviT, xolo kondicioners  
zeviT?

haeris 
Tbili  
nakadi haeris 

civi  
nakadi

dRis brizi
dRis brizi

Ramis brizi
Ramis brizi

sur.37
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sur. 41

sur. 42

Bbuxrisa da Rumelis gamaTboblebSi airis sruli 
wvisTvis  aucilebelia weva. weva bunebrivi konveq-
ciis Sedegad miRebuli haeris nakadia. gamTbari airi 
civ airTan  SedarebiT ufro mCatea da zeviT adis 
gamaTbobel Tan dakavSirebuli milis saSualebiT. wevis 
Sedegad namwva vi airi da kvamli Senobidan atmosferoSi 
gamoibol qveba. Kkargi wevis Sesaqmnelad, sasurvelia, 
sakvamle mili iyos maRali da aguris. Aaguris milebi 
liTonis milebTan SedarebiT cudi Tbogamtaria. liTo-
nis milebSi namwvavi airi ufro swrafad civdeba da afer-
xebs wevis process (sur. 41). 

iZulebiTi konveqcia xdeba, rodesac mduRare da 
civ wyals morevis Sedegad Seureven erTmaneTs. aseve 
zafxu lis cxel DdReebSi ventilatoris brunvis Sede-
gad  haeris fenebis monacvleoba iZulebiT gamowveuli 
konveqciaa. igive procesia gamoyenebuli Tanamedrove 
airRumelebSi.  airRumelSi produqtebis momzadeba ven-
tilatoris saSualebiT konveqciuri nakadebis Tanabari 
ganawilebiT mimdinareobs. iZu lebiT konveqcia xdeba 
kompiuteris  proce  soris gacivebisas ventilatoris 
gamoyenebiT. 

 gaazreba  

saSinao davaleba

1. imsjele, konveqciis procesSi siTbos gadatanisas 

nivTiere bis gadatanis Sesaxeb.

2. 42-e suraTze gamosaxuli buxris sqemis mixedviT namwva-

vi airi atmosferoSi gamobolqvamde ramdenime mils 

gaivlis oTaxis kedlebSi. Seadare 41-e da 42-e suraTze 

gamosaxuli buxrebis mqk. imsjele, romeli buxari gaaT-

bobs ufro metad oTaxs?

3. imsjele, rodis ufro mosaxerxebulia ialqniani 

navebisa Tvis navsadgurSi Sesvla – dRisiT Tu RamiT 

(sur. 40)? 

4. ra gansxvavebaa konveqciasa da Tbogamtarobas Soris.
5. imsjele, ratom ar xdeba Tbogadacemis procesi myar 

sxeulebSi konveqciiT? 

1. suraTis  mixedviT daasabuTe zRvis sanapiroze dRis  ro-

meli droa, dila Tu saRamo (sur. 43)? 

2. suraTze gamosaxulia binis gaTbobis sqema. lurji feriT  

gamosaxulia civi wylis milebi. wiTeli feriT ki _ 

cxeli  wylis. daadgine, rogor xdeba wylis cirkulacia 

da Sesabamisad, oTaxis gaTboba radiatorebis meSveobiT  

(sur. 44). sur. 44

sur. 43
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3.11. gamosxiveba

mze energiis mTavari wyaroa dedamiwaze. Ddedamiwa mzis-
gan erTi dRis ganmavlobaSi imden energias iRebs, rasac 
kacobrioba erTi wlis ganmavlobaSi moixmars. 

mzesa da dedamiwas Soris uzarmazari uhaero sivrcea.  
siTbo mzidan dedamiwamde konveqciiTa  da Tbogamtaro-
biT ver gadaecema.

siTbocvla dedamiwasa da mzes Soris gamosxivebiT 
xdeba. 

gamosxiveba Tbogadacemis erT­erTi saxea. 
gamosxivebiT nivTierebis gadatana ar xdeba. mxolod 

energia gadaecema erTi sxeulidan meores.
nebismieri sxeuli STanTqavs da asxivebs siTbur ener-

gias. rac met energias STanTqavs sxeuli, miT meti ener-
giis gamosxiveba SeuZlia mas. amasTan, dadgenilia, rom 
muqi feris sxeuli met energias STanTqavs da gamoasxi-
vebs, vidre Ria feris sxeuli. TviTmfrinavebs, astro-
navtis skafandrebs, macivrebs umeteswilad vercxlis-
frad Rebaven, raTa isini mzeze ar gaxurdes. xolo qva-
bebs,  romli Tac wyali mzis energiis xarjze unda gaaT-
bon, Savad Rebaven. 

gamosxivebis energia damokidebulia sxeulis tempera-
turaze. temperaturis mcirediT gazrdisas gamosxive-
buli energia mkveTrad izrdeba.

adamianebisa da cxovelebis sxeulis nawilebi sxvadasx-
va raodenobis siTbos gamoasxiveben. amdenad, maTi sxeu-
lis nawilebs gansxvavebuli teperatura aqvT (sur.46).

mcenareTa umravlesobas zrdisa da ganviTarebisaT-
vis mzis  siTbo da sinaTle sWirdeba. zogierTi mcena-
ris nayofi zamTris mosvlis  gamo  ver aswrebs damwife-
bas. amitom adamianebma Seqmnes specialuri saTburebi, 
romle bic mzisa da  sxva energiis xarjze Tbeba. saTburis 
kedlebi gamWvirvalea da kargi Tboizolatori.   

saTburebisa da Senobebis gasaTbobad Tanamedrove  
ener giis wyaros _ infrawiTel*  gamaTboblebs iyeneben. 
igi  Werze magrdeba da iseTi efeqti aqvs, TiTqos  Senoba 
mzis sxivebiT Tbeba. 

ifiqre da imsjele

rogor aRwevs siTbo da sinaTle 
mzidan dedamiwaze?

siTboSisiciveSi

370
C

  350
C

  330
C

  310
C

  290
C

  270
C

sur. 45

sur. 46

sur. 47

* infrawiTeli sxivebi – TvaliT uxilavi siTburi sxivebi.

a b
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 gaazreba  

saSinao davaleba

1. imsjele da Seadare suraTze gamosaxuli adamianis sxeu-

lis nawilebis siTburi gamosxiveba da Sesabamisi tepera-

tura sicivesa da siTboSi (sur. 46 a,b). 

1. 49-e suraTze gamosaxulia tradiciuli radiatoriTa 

da Tanamedrove infrawiTeli gamaTboblis saSuale-

biT oTaxis gaTbobis sqema. Seadare isini erTmaneTs.  

moipove damatebiTi informacia, Tu ra  upiratesobebi  

aqvs infrawiTel gamaTbobels tradiciulTan Sedare-

biT.

2. moamzade prezentacia Temaze: `infrawiTeli sxivebis 

gamo yeneba yofa-cxovrebaSi~.

infrawiTeli gamaTboblis mier  gamosxivebuli ener-
giis xarjze Tbeba SenobaSi arsebuli sxeulebi, romle-
bic Tavad iwyeben siTbos gamosxivebas. magaliTad, oTax-
is gamTbari kedlebi, aveji da saTburis mcenareebic ki 
asxiveben siTbos (sur. 47).

infrawiTeli gamaTboblebis upiratesoba sxva gamaT-
boblebTan SedarebiT aris is, rom igi ekologiurad 
sufTaa da usafrTxo. amdenad, misi gamoyeneba sabavSvo 
oTaxebisaTvis mizanSewonilia.

Tanamedrove mecnierebis mier Seiqmna distanciuri in-
frawiTeli Termometrebi. isini uSualo Sexebis gareSe 
zomaven sxeulebis mier gamosxivebul siTbos Sesabamis  
temperaturas. aseT Termometrebs gansakuTrebiT far-
Tod iyeneben bavSvebis  sicxis gasazomad (sur.48 a,b).

sur. 48

sur. 49

a

a

b

b

dakvirveba sxeulis gamosxivebaze
azrobrivi eqsperimenti

warmoidgine, rom 

quraze moTavsebul 

wylian WurWelSi, 

romlis erTi mxare 

SeRebilia TeTrad, 

meore ki – Savad, 

duRs wyali. WurW-

lis orive mxa res 

moTavsebulia Termoskopebi. imsjele da gamoitane daskv-

na, romel kolbaSi gafarTovdeba haeri ufro metad?  
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3.12. siTbos raodenoba

sxeulis Sinagani energiis cvlileba xasiaTdeba fizi-
kuri sididiT, romelsac siTbos raodenobas uwodeben. 

siTbos raodenoba aRiniSneba Q asoTi. 
siTbos raodenoba aris energia, romelsac sxeuli 

iRebs an kargavs Tbogadacemisas. 
radgan siTbos raodenoba aris energia, amitom misi 

sazomi erTeuli SI sistemaSi aris 1 jouli (j). siT-
bos raodenobis erTeulia agreTve: 1 kaloria (kal). 1 
kaloria aris siTbos is raodenoba, romelic saWiroa 1 
g wylis  1°C-iT gasaTbobad. cdebiT dadgenilia, rom 1 g 
wylis 1 gradusiT gasaTbobad saWiroa Sesruldes 4,18 j 
muSaoba. aqedan gamomdinare, 1kal = 4,18 j. ≈ 4,20 j.

dadgenilia, rom siTbos raodenoba damokidebulia: 
nivTierebis gvarobaze, sxeulis masasa da temperatu-
ris cvlilebaze _ saboloo da sawyisi temperaturebis 
sxvao baze.

1 kg masis sxvadasxva nivTierebis sxeulebs 1°C-iT 
gasaTbobad garkveuli si Tbos raodenoba esaWiroeba.  
1 kg rkinis naWers 1°C-iT gasaTbobad 460j siTbos raode-
noba unda gadaeces, xolo 1 kg wyals aseve 1°C-iT gasaTbo-
bad – 4200 j siTbo. imave raodenobis siTbo gamoiyofa am 
sxeulebis 1°C-iT gacivebisas. 

siTbos raodenobas, romelic saWiroa erTi kilo-
grami masis raime nivTierebis temperaturis 1°C-iT 
Sesacvlelad,  nivTierebis kuTri siTbotevadoba 
ewode ba da c asoTi aRiniSneba.

kuTri siTbotevadobis erTeulia:

kg• grad A  NAN     an       
kg C°

 ,   
kg K

kuTri siTbotevadoba mocemuli nivTierebisaTvis 
mudmivi sididea. dadgenilia, rom Tu 1 kg wylis 1°C-iT 
gasaTbobad saWiroa 4200 j siTbo, 10 kg wyals 1°C-iT 
gasaTbobad 10-jer meti siTbos raodenoba dasWirdeba. 

nivTiereba c, j/kg°C

oqro 130

vercxliswyali 140

tyvia 140

kala 230

vercxli 250

spilenZi 380

TuTia 380

rkina 460

foladi 460

Tuji 540

grafiti 750

laboratoriuli mina 840

aguri 880

alumini 920

mzesumziris zeTi 1700

zeTi (teqnikuri) 2100

yinuli 2100

eTeri 2350

spirti 2500

wyali 4200

zogierTi nivTierebis 
kuTri siTbotevadoba 

j/kg°C

ifiqre da imsjele

ratom iyeneben gaTbobis sistemaSi 
wyals?

 50

cxr. 2

c =
Q

m(t2 – t1)
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eqsperimentebiT dadginda, rom sxeulis gasaTbobad 
saWiro siTbos raodenoba proporciulia temperaturis 
cvlilebisa. amgvarad, sxeulis gasaTbobad saWiro siT-
bos raodenoba gamoiTvleba formuliT: 

Q = cm (t2 – t1), 

sadac c nivTierebis kuTri siTbotevadobaa, m – sxe-
ulis masa, t1 – sxeulis sawyisi temperatura, t2 – sxeu-
lis saboloo tempera tura. c.m = C-s uwodeben sxeulis  
siTbotevadobas. imave formuliT gamoiTvleba sxeulis 
gacivebisas gamoyofili siTbos raode noba, romelsac 
`-~ niSani aqvs, radgan am SemTxvevaSi tempe raturis cvli-
leba uaryofiTia.

sxva sxeulebTan erTad siTbos cocxali organizmebic 
gascemen. maga liTad, adamianebi TavianTi arsebobis gan-
mavlobaSi gamomuSavebul si Tbos 90%-ze mets gadasce-
men garemos da 10%-ze naklebi ixarjeba  nivTierebaTa 
cvlis Sedegad.

adamianebisa da cxovelebis mier garemoze gadacemuli 
siTbo aris Tboproduqcia. erTi adamianis Tboproduq-
cia erT weliwadSi aris 4 000 000 000 j siTbo.

 gaazreba  

saSinao davaleba

1. erTnairi temperaturisa da masis liTonis sxeule-

bi Seita nes civ oTaxSi. imsjele da cxrilis mixedviT 

Seadare erTmaneTs TiToeuli sxeulis mier gamoyofili 

siTbos raodenoba oTaxis temperaturamde gacivebis 

Sedegad. romeli sxeuli gamoyofs met siTbos (sur. 51)?

2. sam erTnair WurWelSi asxia sxvadasxva raodenobisa 

da erTnairi temperaturis wyali. imsjele da Seadare 

TiToeul WurWelSi wylis  saboloo temperaturebi, Tu 

isini toli raodenobis siTbos  iReben. romel WurWelSi 

moTavsebul wyals eqneba meti temperatura (sur. 52)?

3. sam erTnair WurWlSi asxia  toli raodenobis zeTi, 

romelTa sawyisi  temperatura erTnairi iyo. suraTze 

gamosaxulia TiToeuli maTganis gaTbobis Sedegad maTi 

saboloo temperatura. imsjele  da Seadare TiToeulis 

mier miRebuli siTbos raodenoba (sur. 53). 

1. ra raodenobis siTbo gamoiyofa 200 g foladis detalis 

80°C-dan  15°C -mde gacivebisas?

2. 1,6 kg spilenZis qvabSi moTavsebulia 2,3 kg wyali. siTbos 

ra rao denobaa saWiro wyliani qvabis 10°C-dan 100°C -mde 

gasacxeleblad?

tyvia
foladi

alumini

 51

 52

a b g

 53

30°C 50°C 40°C

a b g
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3.13. dnoba da gamyareba

ratom modis zafxulSi wvima da zamTarSi Tovli?

nivTierebis agregatuli mdgomareobis cvlileba misi 
gaTbobis an gaciebis Sedegad xdeba. nebismieri nivTiere-
ba misi fizikuri mdgomareobis mixedviT SeiZleba iyos 
sam agregatul mdgomareobaSi: myarSi, Txevadsa da airo-
vanSi. wyali erT-erTi nivTierebaa, romelic bunebaSi  
samive agregatul mdgomareobaSi erTdroulad  SeiZle-
ba arsebobdes.

agregatuli mdgomareobis cvlilebisas icvleba manZi-
li nivTierebis molekulebs  Soris,  aseve maTi urTi erT-
ganlageba da   moZraobis siCqare.  

eqsperimentebis Sedegad dadginda, rom kristaluri 
nivTiereba  dnobis temperaturamde gaTbobis Sedegad 
iwyebs dnobas. 

temperaturas, romelzec mocemuli nivTiereba 
dneba,  am nivTierebis dnobis temperatura ewodeba.

yvela kristalur nivTierebas Tavisi dnobis tempera-
tura aqvs.

dnoba nivTierebis myari mdgomareobidan Txevad mdgo-
mareobaSi gadasvlis procesia. dnobis Sebrunebuli   
procesia gamyareba (kristalizacia). am dros nivTiereba 
Txevadidan myar mdgomareobaSi gadadis.

nivTierebis dnobisa da kristalizaciis temperatura 
erTi da igivea.   

dnobis tempera turamde miyvanili sxva dasxva krista-
luri nivTierebis erTi da imave masis sxeulebis gasa-
dnobad sxvadasxva siTbos raodenobaa saWiro (cxr. 3). 
maga liTad, 1 kg dnobis tempe raturamde miyvanili yinu-
lis gasadnobad saWiroa 340 kj siTbos raodenoba, xolo 
1 kg tyviis gasadnobad – 25 kj.

siTbos raodenobas, romelic saWiroa dnobis tempe­
raturis 1 kg kristaluri nivTierebis mTlianad 
gasad nobad, dnobis kuTri siTbo ewodeba. dnobis 
kuTri siTbo aRiniSneba λ asoTi (berZnuli aso – lambda) 
da erTeulia j/kg (SI).

ifiqre da imsjele

nivTiereba λ, j/kg

alumini 3,9•105

yinuli 3,4•105

rkina 2,7•105

spilenZi 2,1•105

vercxli 0,87•105

foladi 8,4•104

oqro 6,7•104

kala 5,9•104

tyvia 2,5•104

Tuji 1,3•105

TuTia 1,2•105

platina 1,1•105

zogierTi nivTierebis 
dnobis kuTri siTbo 

normaluri
atmosferuli wnevisas

 54

cxr. 3
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 gaazreba  

Tu cnobilia nivTierebis dnobis kuTri siTbo λ, maSin 
dnobis tempe raturamde miyvanili m masis nivTierebis 
gasadnobad saWiro siTbos  raodenoba gamoiTvleba 
formu liT: 

Q = λ • m .

suraTze gamosaxulia yinulis dnobisa da gamyarebis 
grafiki. grafikze AB ubani Seesabameba - 20°C-ani yinulis 
gaTbobis process 0°C-mde. 0°C yinuli iwyebs danobas. 

dnobis procesSi, miuxedavad imisa, rom yinuls  miewode-
ba siTbo, misi temperatura ucvlelia, radgan gadacemu-
li  siTbos raodenoba ixarjeba  yinulis kristaluri 
mes ris rRvevaze. am dros molekulebs Soris arsebuli 
mi zi dulobis Zala aRar aris sakmarisi yinulis myari 
mdgo mareobis SesanarCuneblad. BC ubani Seesabameba yinu-
lis dnobis process,  rodesac erTdroulad arsebobs  
0°C-iani wyali da yinuli.  CD ubani Seesabameba process, 
rode sac yinulis gadnobis Sedegad miRebuli 0°C-iani  wya li 
20°C-mde Tbeba. spirtquris gamoTiSvis Semdeg wyali  iwyebs  
gaciebas da mimdinareobs dnobis Sebrunebuli procesi  _  
kristalizacia. kristalizaciis procesSi gamoiyofa siT-
bos igive raodenoba, ramdenic STainTqmeba dnobisas.

saSinao davaleba

1. grafikis mixedviT (sur. 58) aRwere rkinis dnobisa da 

gamyarebis procesi. Seadare rkinis  dnobisa da gamyarebis 

temperaturebi. rogor icvleba rkinis moleku lebs 

Soris  manZili agregatuli mdgomareobis cvlilebisas?

2. gamoTvale siTbos raodenoba, romelic saWiroa 0°C-iani, 

4 kg yinulis mTlianad gasadnobad?

3. gamoTvale siTbos raodenoba, romelic gamoiyofa 2 kg 

Tujis kristalizaciisas.

4. siTbos ra raodenobaa saWiro 10 g vercxlis gasadnobad, 

Tu misi sawyisi temperaturaa 20°C.

1. imsjele 55-e suraTze gamosaxuli grafikis mixedviT 

yinulis kristalizaciis procesis Sesaxeb. Seadare 

dnobi sa da kristalizaciis procesebi. 

2. imsjele, gadneba Tu ara 0°C-ian  wyalSi 0°C-iani  yinuli 

(sur. 56)? 

3. imsjele, ratom zomaven haeris temperaturas CrdiloeT 

polusze  spirtiani TermometriT da ratom ver iyeneben  

gasazomad vercxliswylian Termometrs?

4. imsjele, ratom aris aucilebeli  sasurveli formis 

sxeu lis dasamzadeblad liTonis gadnoba (sur. 57)?

 55

 56

 57

 58

t°C

dro

dro

.

0

Q
m
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3.14 amoxseni amocanebi

1. gamoTvale romel sarTulze ava 40 kg masis moswavle, Tu is Seasrulebs muSaobas, romelic 

ricxobrivad tolia 200g masis wylis 200C - dan 1000C - mde gasacxeleblad saWiro siTbos 
raodenobisa. CaTvale, rom erTi sarTulis simaRlea 3 m. 

 amoxsna:

aRvniSnoT h-iT asvlis simaRle. maSin h=(n-1)h1. wylis gacxele-
bisTvis saWiro siTbos raodenoba: Q = cm(t - t0) = 4200 . 0,2 (100 - 20) =  

= 62,2 10
3 (j).

h simaRleze asvlisas moswavlis mier Sesrulebuli muSaoba: 

A= mgh=mg(n-1)h1. Ppirobis Tanaxmad, A=Q. e.i. mg(n-1)h1=Q. aqedan: 
(n-1) = Q / mgh1 = 67,2 . 10

3

 / 40 . 10 . 3 = 56;  n = 57.

pasuxi: moswavle aivlis 56 sarTuls da ava 57-e sarTulze.

n _ ?
 

m1 = 40 kg

g = 10 n/kg

m2 = 200 g = 0,2 kg

t0 = 20
0C

t = 100
0C

Cwy = 4200 j/kg0C

h1 = 3 m

     amoxsna:
procesze daxarjuli siTbos raodenobaa: Q= Q1+Q2+Q3+Q4, sadac Q1 aris 
rkinis qvabis mier miRebuli siTbos raodenoba, Q2 – yinulis dnobis 
temperaturamde misayvanad daxarjuli siTbos raodenoba, Q3 yinulis 

dnobaze daxarjuli siTbos raodenoba da Q4 – 00C-iani wylis gasacxe-
leblad daxarjuli siTbos raodenoba.

QQ1 = 460 . 0,5(60 - (-5)) = 14950 (j);

QQ2 = 2100 . 2(0 - (-5)) = 21000 (j);

QQ3 = 340000 . 2 = 680000 (j);

QQ4 = 4200 . 2(60 - 0) = 504000 (j);

QQ = 1219950 (j) ≈ 1,2 (mgj)

pasuxi: Q ≈ 1,2 (mgj)

Q _ ?

m1=500g=0,5kg

m2 = 2 kg

t0 = 0
oC

t1 = -5
oC

t2 = -5
oC

t3 = 60
oC

Crk = 460 j/kgoC

Cwy = 4200 j/kgoC

Cyin = 2100 j/kgoC

λ = 340000 j/kg

2. zamTarSi, - 50C temperaturisas, ezoSi mdgar 500g masis rkinis qvabSi moaTavses 2 kg gayinuli 

Tovli, gaadnes da miRebuli wyali gaacxeles 600C-mde. gamoTvale am procesisas daxarju-
li siTbos raodenoba.

dakvirvebis dro

20

660
I

1. gamoTvale siTbos raodenoba, romelic saWiroa 200g masis 

spilenZis detalis 20oC - dan  90oC - mde gasaTbobad.
2. gamoTvale siTbos raodenoba, romelic saWiroa 200g masis 

aluminis qvbSi 2 l wylis 10oC - dan 100oC - mde gasacxeleb-
lad.

3. siTbos ra raodenobaa saWiro 40g -10oC - iani yinulis gasad-

nobad da miRebuli wylis 20oC - mde gasaTbobad. 59

t oc
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4. grafikis gamoyenebiT gamoTvale siTbos raodenoba, rome-
lic saWiroa 2 kg aluminis gasadnobad (sur. 59).

II

1. gamoTvale siTbos raodenoba, romelic saWiroa 3 l wylis 

20oC - dan  100oC - mde gasaTbobad.

2. siTbos ra  raodenoba gamoiyofa , Tu 100oC-ian 5 l wyals, 

romelic 400 g masis spilenZis qvabSia, gavacivebT 20oC - mde.

3. gamoTvale 0,4 kg masis  _ 15oC - iani yinulis gasadnobad da-
xarjuli siTbos raodenoba. 

4. grafikis gamoyenebiT gamoTvale siTbos raodenoba, rome-
lic saWiroa 3 kg yinulis gasadnobad da miRebuli wylis ga-
saTbobad (sur. 60).

III

1. gamoTvale siTbos raodenoba, romelic gamoiyofa 2kg fo-

ladis detalis 100oC - dan , 20oC - mde gaciebisas.
2. 200 g spilenZis qvabSi Caasxes 1l mzesumziris zeTi da gaaT-

bes 5oC - dan 55oC - mde. gamoTvale daxarjuli siTbos rao-

denoba (rzeT = 930kg/m3). 

3. 200g masis spilenZis qvabSi moTavsebuli 2 l 70oC - iani wya-
li gaacives da gayines. gamoTvale gamoyofili siTbos rao-
denoba.

4. grafikis gamoyenebiT gamoTvale siTbos raodenoba, rome-
lic saWiroa 1 kg tyviis gasadnobad (sur. 61).

IV

1. 20 kg masis Tujis Rumeli gacivda 60oC - dan  20oC - mde. ga-
moTvale gamoyofili siTbos raodenoba.

2. gamoTvale da Seadare 100 g-iani foladisa da tyviis deta-

lebis 20oC - dan 200oC - mde gacxelebisas daxarjuli siTbos 
raodenobebi erTmaneTs.

3. 100 g  20oC - iani vercxlis nakeToba gaadnes. gamoTvale da-
xarjuli siTbos raodenoba.

4. grafikis gamoyenebiT gamoTvale siTbos raodenoba, rome-
lic saWiroa 200 g TuTiis gasadnobad (sur. 62).

dakvirvebis dro

20

420

dakvirvebis dro

­10

0

10

 60

dakvirvebis dro

10

327

 61

 62

t oc

t oc

t oc
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3.15. orTqlad qceva. kondensacia. sublimacia

nivTierebis Txevadi mdgomareobidan airad mdgomareoba­
Si gadasvlas orTqlad qceva ewodeba.

siTxeSi yovelTvis aris iseTi molekulebi, romlebic 
sxva molekulebTan SedarebiT swrafad moZraoben. isini ad-
vilad toveben siTxis zedapirs da amodian haerSi, anu xdeba  
aorT q leba. aorTqleba orTqladqcevis erT-erTi saxea, 
rome lic siTxis zedapiridan mimdinareobs.

aorTqlebis siswrafe damokidebulia nivTierebis gvaro-
baze, temperatu raze, siTxis Tavisufali zedapiris* farTo-
bze da zedapirze haeris nakadis siCqareze. magaliTad, qariani 
amindi xels uwyobs  aorTqlebas. am dros qari siTxidan amo-
sul molekulebs swrafad aSorebs mis zedapirs, maT adgils 
ki siTxis qveda fenebidan amosuli axali molekulebi ikavebs.

fizikur sidides, romelic gviCvenebs siTbos ra raode­
nobaa saWiro 1 kg siTxis asaorTqleblad temperaturis 
Seucvlelad, orTqladqcevis kuTri siTbo ewodeba. 

orTqlad qcevis kuTri siTbo aRiniSneba L L asoTi.

sadac Q siTxis asaorTqleblad saWiro siTbos raodenobaa, 
m – am siTxis masa.

orTqlad qcevis kuTri siTbos erTeulia 1 j/kg (SI).

radgan aorTqlebisas siTxes toveben didi energiis mqone 
molekulebi, amitom siTxis temperatura mcirdeba. rogorc 
ki maRali temperaturis orTqli moxvdeba civ garemoSi, 
igi gadaiqceva siTxed (kondensirdeba) da gamoyofa siTbo. 
magali Tad, diliT atmosferuli haeri civia da mcenareebze  
warmoiqmneba nami (sur. 64).

nivTierebis gadasvlas airadi mdgomareobidan Txevad 
mdgomareobaSi kondensacia ewodeba.

eqsperimentebiT dadginda, rom mocemul temperaturaze m 

masis orTqlis kondensaciisas gamoiyofa imave raodenobis 
siTbo, rac saWiroa igive masis siTxis asaorTqleblad imave 
temperaturaze. amitom orTqlis kondensaciisas ga moyofili 
siTbos raodenobaa: 

Q = - Lm.

sur. 63

sur. 64

nivTiereba L, j/kg 

wyali 2,3 • 106

amiaki (siTxe) 1,4 • 106

spirti 9,0 • 105

eTeri 4,0 • 105

vercxliswyali 3,0 • 105

haeri (Txevadi) 2,0 • 105

spilenZi 4,8 • 106

tyvia 8,6 • 105

eTeri 3,5 • 105

azoti 4,5 • 105

Jangbadi 2,1 • 105

zogierTi nivTierebis 

orTqlad qcevis kuTri 

siTbo duRilis

temperaturisa da 

normaluri atmosferuli 

wnevis dros

ifiqre da imsjele

ra procesi mimdinareobs 
yinulis aorTqlebisas?

cxr. 5

.L = 
Q 

m

Q = Lm
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sur. 65

sur. 66

sur. 67

niSani `-~ miuTiTebs, rom kondensacia aorTqlebis Sebru ne-
buli procesia da xdeba siTbos gamoyofa.

nivTiereba myari mdgomareobidan airad mdgomareobaSi 
SeiZleba gadavides Txevad mdgomareobaSi gadasvlis gareSe.

nivTierebis gadasvlas myari mdgomareobidan airad 
mdgo mareobaSi  sublimacia (aqrolva) ewodeba. 

sublimacia SesaZlebelia nebismier temperaturasa da 
 wnevaze myari da airad mdgomareobebis Tanaarsebobisas  
(sur. 63).

sublimacia xdeba naftalinis, iodis, yinulis aqro lvisas. 
 Cveulebriv pirobebSi iods ara aqvs Txevadi mdgomareoba. 
iodis kristalebi swrafad sublimirdeba airad, molekulur 
iodad. samedicino iodi aris iodis spirtiani xsnari. 

zamTarSi, yinvisas, gareT gafenili sarecxi Sreba, radgan 
iolad aqroldeba yinuli. yinulis es Tviseba gamoiyeneba 
sasursaTo mrewvelobaSi (sur. 65). sursaTis sublimaciamde 
produqtebs swrafad yinaven (–100°C-dan –190°C-mde). sublima-
ciis Sedegad gamomSrali xilis Ciri bevrad msubuqia gamxmar 
Cirze. xils pirvandel mdgomareobaSi aRadgenen misi wyalSi 
dasvelebiT. sublimirebuli produqtebi Tavisi TvisebebiT 
gacilebiT jobia gamxmar sursaTs, radgan am SemTxve vaSi mxo-
lod wyali orTqleba. Termuli, anu gacxelebiT aorTqle-
bisas ikar geba bevri mniSvnelovani nivTiereba. sublimirebul 
yavas Rebuloben gayinuli yavis eqstraqtidan vakuumSi misi 
gauwyloebiT. sublimacia gamoiyeneba qimiur mrewvelobaSi 
sxvadasxva nivTierebis warmoebisaTvis.

sublimaciis Sebrunebuli procesia desublimacia. Ddesub-
limaciis cnobili magaliTia TrTvilis gaCena xis totebze 
yinvis gaZlierebisas (sur.66). 

saSinao davaleba

 gaazreba  

1. 67-e suraTis mixedviT aRwere kondensaciisa da aorTqlebis 

procesebi. imsjele, romel WurWelSi Casxmul wyals aqvs meti 

Sinagani  energia.

2. imsjele, ratom inarCunebs oTaxis temperaturis wyali tempe-

raturas, miuxedavad imisa, rom igi mudmivad orTqldeba? 

1. ramdeniT metia 1 kg wylis orT qlis Sinagani energia amave 

tempe raturis wylis Sinagan energiaze?

2. siTbos ra raodenoba gamoiyofa 200 g orTqlis imave tempe ra-

turis wylad gadaqcevisas?

3. WurWelSi moTavsebulia 80°C temperaturis 80 l wyali. siT-

bos ra raodenoba gamoiyofa misi oTaxis temperaturamde 

(20°C) gacivebisas?

kondensacia

EsiTx.

E

E

E
E

E

E

aorTqleba

EsiTx.

E

E
E

E

E

E

a

b

* Tavisufali zedapiri – atmosferosTan uSualod Semxebi zedapiri.
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3.16. duRili

wyali yovelTvis Seicavs masSi gaxsnil haers. gaTbo-
bisas wyalSi haeris xsnadoba mcirdeba da warmoiqmne-
ba haeris patara buStulebi. wylis aorTqleba ara mar-
to wylis zedapiridan, aramed mis SigniT, buStulebSic 
mimdinareobs. gaTbobis Sedegad izrdeba aorTqlebis 
intesivoba, buStulaSi orTqladqceuli molekulebis 
raodenoba da buStulis moculoba. buStulis moculo-
bis gazrdis gamo izrdeba buStulaze moqmedi amomgde-
bi Zala. buStula iwyebs moZraobas wylis zedapirisken. 
roca wylis zedafenebi SedarebiT civia, buStulaSi 
arseb uli wylis orTqli civdeba da kondensirdeba. 
buStu lebis moculoba mcirdeba da amitom isini zedapi-
ramde ver aRweven. am dros buStulebi xmauriT qrebian, 
rac iwvevs wylis `SiSins~. rodesac wylis zeda fenebi sa-
kmarisad gaTbeba, buStulebSi gaizrdeba orTqladqceu-
li wylis molekulebis ricxvi da Sesabamisad, izrdeba 
orTqlis wneva. rodesac orTqlis wneva gautoldeba an 
gadaaWarbebs siTxis zedapirze arsebul wnevas, buStu-
lebi skdeba da siTxe iwyebs duRils, maSin SiSinis xma 
icvleba `buybuyiT~ (sur. 69). 

orTqlad qcevis process, romelic mimdinareobs, 
rogorc siTxis zedapiridan, aseve Sida fenebidan, 
duRi li ewodeba.

duRilis procesSi siTxis temperatura ucvlelia. am 
dros siTxeze gadacemuli siTbo ixarjeba wylis mole-
kulebs Soris kavSirebis gawyvetaze. duRilis procesSi 
molekulebs Soris arsebuli urTierTqmedebis Zala aRar 
aris sakmarisi Txevadi mdgomareobis SesanarCuneblad.

temperaturas, romelzedac siTxe duRs, duRilis 
temperatura ewodeba.

70-e suraTze gamosaxulia wylis duRilisa da konde-
saciis grafiki normaluri atmosferuli wnevis dros. 
grafikis mixedviT AB ubani Seesabameba oTaxis temperatu-
ris wylis 100°C - mde  gacxelebas. B wertili Seesabameba  
100°C - ian wyals da C wertili - 100°C - ian orTqls. BC  
ubani Seesabameba wylis duRilis process, xolo  CD ubani 
_  orTqlis gacxelebis process.

nivTiereba t°C

vercxliswyali 357

rZe 100

eTeri 35

spirti 78

wyali 100

tyvia 1745

vercxli 2170

naxSirorJangi -78

Jangbadi -183

haeri -192

azoti -196

heliumi -269

zogierTi nivTierebis 

duRilis temperatura 

normaluri

atmosferuli wnevisas

ifiqre da imsjele

rodis duRs wyali?

cxr. 4

 68

 69
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orTqlis Sinagani energia metia imave 
tempe raturisa da masis wylis Sinagan ener-
giaze. rodesac wyali mTlianad gadaiqceva 
orTqlad, siTbos Semdgomi miwodebisas misi 
temperatura gaizrdeba. 

yvela siTxes misTvis damaxasiaTebeli 
duRi lis temperatura aqvs (cxr. 4).

siTxis duRilis temperatura damokidebu-
lia mis Tavisufal zedapirze arsebul haeris 
wnevaze, anu atmosferul wnevaze. 

siTxis zedapirze wnevis gazrdiT izrdeba siTxis duRi-
lis temperatura, SemcirebiT mcirdeba. magaliTad, 
zRvis  donidan zeviT haeris atmosferuli wneva mcirdeba. 
Sesaba misad, duRilis temperaturac mcirdeba.

bunebaSi arsebuli zogierTi mavne baqteria 200°C-zec 
ar iRupeba. amitom samedicino instrumentebis sterili-
zaciisaTvis iyeneben hermetulad daxurul WurWels. 
aseT WurWelSi gac xelebisas orTqlis wneva wylis zeda-
pirze sagrZnoblad izrdeba da aWarbebs atmosferul 
wnevas. amitom wyali duRdeba 100°C-ze gacilebiT maRal 
temperaturaze, romelzec baqteriebi iRupeba.

 gaazreba  

2. imsjele,  ratom aris ufro mtkivneuli xelis dawva 

mduRa re wylis orTqliT, mduRare wyalTan SedarebiT. 

3. imsjele, SeiZleba Tu ara mduRare wylis  temperatura 

gaizomos spirtiani TermometriT? 

saSinao davaleba

aorTqleba duRili 

orTqlad qcevis procesi orTqlad qcevis procesi

orTqlad qceva mimdina-

reobs siTxis zedapiridan

orTqlad qceva mimdinareobs 

siTxis mTel moculobaSi

 mimdinareobs nebismier 

temperaturaze

mimdinareobs duRilis  

temperaturaze

temperatura mcirdeba temperatura ar icvleba

1. cxrilis mixedviT imsjele aorTqlebisa da duRilis 

procesebis Sesaxeb.

71-e suraTze gamosaxulia minis zarxufiT hermetulad 

daxufuli sami wyliani WurWeli. TiToeul WurWelSi 

wylis  temperatura daaxloebiT 100°C. erTi zarxufi-

dan xdeba haeris amotumbva, meoreSi _ haeris Catumbva, 

mesame zarxufi SeerTebulia atmosferosTan. romeli 

zarxufidan xdeba haeris amotumbva? pasuxi daasabuTe.

 70

 71

a

b

g

A

B
C

D

E

F

G20

100

200

t, 
o

C

dro
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3.17. sawvavis wva

nivTierebis wva qimiuri procesia. igi sinaTlisa da 
siTbos  gamoyofiTY mimdi nareobs. wvisaTvis  aucilebe-
lia Jangbadi, romelic uerTdeba sawvavSi arsebul 
naxSir bads an wyalbads. reaqciis Sedegad miiReba nax-
SirorJangi, wyali da gamoiyofa siTbo (sur.73). 

qvanaxSiris, torfis, SeSis, navTis, benzinis, bunebri-
vi airis wvisas gamoyofil siTbos adamiani ara mxolod 
gasaTbobad iyenebs, aramed sxva energiis misaRebadac.  
magaliTad, ZravebSi, TboeleqtrosadgurebSi, reaqtiul  
teqnikaSi. raketebisTvis iyeneben specialur sawvavs 
(sur. 75).

erTi da imave masis sxvadasxva sawvavis wvisas sxvadasxva  
rao denobis siTbo gamoiyofa (cx. 6).

1 kg masis sawvavis wvisas gamoyofil siTbos raodenobas  
wvis kuTri siTbo ewodeba. igi aRiniSneba q asoTi.

saTbobis wvis kuTri siTbo aris fizikuri sidide, 
romelic tolia sawvavis sruli wvisas gamoyofili 
siTbos raodenobis Sefardebisa saTbobis masasTan.

m masis sawvavis sruli wvisas gamoyofili Q siTbos 
 raodenobaa:

SI sistemaSi wvis kuTri siTbos erTeulia – j/kg.
wvis dawyebamde aucilebelia sawvavis mcire nawilis  

aalebis temperaturamde gaxureba. am dros gadacemuli 
siT bos raodenoba iwvevs  sawvavis atomebs Soris kavSi ris  
rRvevas.  wvis dawyebis Semdeg gamoyofili siTbos rao-
de noba gadaecema sawvavis sxva nawilebs da gagrZeldeba 
wvis procesi. sxvadasxva sawvavis aalebis temperatu ra 
gansxva vebulia. rac  metia  aalebis temperatura, miT 
metia  gamoyofili siTbos raodenoba. amave dros, rac 
ufro mSralia sawvavi, naklebia maTSi teni, miT nakle-
bia aalebis temperatura. alis temperatura cecxlis   
sxva da  sxva ubanze gansxvavebulia.

wvis Sedegad atmosferoSi Jangbadis raodenoba 

sur. 72

sur. 74

nivTiereba q, j/kg

denTi 3,38 • 106

mSrali xe 1,0 • 107

torfi 1,4 • 107

qvanaxSiri 2,7 • 107

spirti 3 • 107

xis naxSiri 3,4 • 107

bunebrivi airi 4,4 • 107

benzini 4,6 • 107

navTi 4,6 • 107

wyalbadi 12 • 107

zogierTi saTbobis wvis 

kuTri siTbo

ifiqre da imsjele

rodis gamoiyofa 
meti siTbo, mSrali 
xis Tu xis naxSiris 
wvisas?

sur. 73

cxr. 6

naxSirbadi naxSirorJangi
Jangbadi

gamoyofili 
siTbo

Q

q = 
Q 
m

Q = qm
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sur. 76

sur. 77

sur. 75

sur. 78

mcirdeba.  arasruli wvisas cecxlis ali warmoSobs 
kvamls. kvamli abinZurebs atmosferos da uaryofiTad 
moqmedebs adamianis janmrTelobaze sur.74).  

ekologiuri dabinZurebis Sesamcireblad, sasurve-
lia, sawvavi iyos sufTa (sxvadasxva minarevis gareSe)  da 
mimdinareobdes misi sruli wva.

garemos dabinZurebas iwvevs, magaliTad, avariis Sede-
gad  satvirTo matareblidan  gadmoRvrili da aalebuli 
benzini (sur. 76).

saTbobis wvisas zogjer adgili aqvs afeTqebas. afeT-
qebas Tan axlavs Sinagani energiis swrafi gamoyofa. 
magali Tad, bunebrivi airis afeTqebisas mcire drois 
ganmavlobaSi (0,00001 wm) gamoiyofa imdenad didi ener-
gia, rom mas damangreveli moqmedeba aqvs. amitom saWiroa 
sifrTxile feTqebadi nivTierebis gamoyenebisas.

sawvavis ukontrolo wvisas iqmneba xanZris saSiSroeba. 
magaliTad, adamianis daudevrobis gamo dedamiwis sxva-
da sxva adgilze tyeebs uCndebaT cecxli, rac ekologiur 
katastrofas iwvevs (sur. 77). klimatis Secvla zrdis 
xanZris gaCenis SesaZleblobas, radgan gazrdili tempe-
ratura, siTburi talRebi da mSrali amindi mcenareebis 
advilad aalebas uwyobs xels. aseve, zogjer, garemos 
maRali temperatura torfian adgilebSi iwvevs xanZars. 

taigisa da avstraliis tyeebis did farTobze  
gavr ce lebulma xanZarma Seiwira bevri mcenare, frinveli  
da cxoveli.

 gaazreba  

saSinao davaleba

1. navTis wvis kuTri siTboa q = 4,6 • 107 j/kg. imsjele, ras 

gviCvenebs es ricxvi.

2. imsjele, ratom inTeba asanTis ReriT sanTeli, xolo xis 

msxvili napobi ki – ara (sur. 78)?
3. imsjele, ratom qreba liTonis firfitaze moTavsebuli 

nakverCxali male, xolo xis dafaze ki – Rvivis. 

4. imsjele, rodis gamoiyofa meti siTbo erTnairi jiSisa 

da raodenobis mSrali xis Tu sveli xis wvisas?

1. romeli saTbobi daiwva, Tu cnobilia, rom 10 t am sa T bo-

bis wvisas gamoiyofa 270 000 000 000 j siTbo?

2. ra masis navTi unda daiwvas, rom gamoyofilma siTbom  

2 l  wyali 20°C-dan duRilis temperaturamde gaacxelos?

3. gamoTvale spirtis masa, romlis wvis Sedegad 200 g rZe 

14°C-dan 50°C-mde gaTba (CrZ = 4020 j/kg°C).

4. moiZie informacia da Caatare prezentacia Temaze: `tyis 

xanZris Sedegad gamowveuli  ekologiuri katastrofebi~.
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3.18. siTburi balansis gantoleba

sur. 79

ifiqre da imsjele

dedamiwis atmosferoSi  mudmivad mimdinareobs siTburi procesebi.  dedamiwa  
atmosferosTan erTad SeiZleba CaiTvalos erTian sistemad. am sistemis Sinaga-
ni energia wylis wrebrunvisas mudmivi rCeba. 

mzis sxivebiT gamTbari wylis Sinagani energia izrdeba da wyali orTqldeba. 
wylis orTqlis nawili moxvdeba ra atmosferos civ fenebSi, kargavs energias 
da konden sirdeba. kondensirebuli orTqlis nawili wvimis saxiT ubrundeba 
okeaneebsa  da tbebs.  Rrublebis nawili  konveqciis Sedegad gadaadgildeba atmos-
feroSi. haeris civ fenebSi moxvedrisas Rrubeli  civdeba, anu misi Sinagani energia 
mcirdeba. RrubelSi arsebuli wylis orTqli icvlis agregatul mdgomareobas  
da Tovlis saxiT brundeba dedamiwaze. daTbobis Semdeg Tovli garemodan iRebs 
siTbos,  misi Sinagani energia izrdeba da gadaiqceva wylad. energiis mogzauro-
bis procesi mudmivad Tan axlavs wylis wrebrunvas  atmosferoSi. anu wylis 
wrebrunva  dedamiwaze wylis Sinagani energiis cvlilebis Sedegad xorcieldeba.

dedamiwasa da atmosferoSi mimdinare am procesebis  maxasiaTebeli 
parametre bis gamoTvla SesaZlebelia siTburi balansis gantolebiT. 

 siTburi balansis arsis gasagebad, davuSvaT,  Tboizolirebul sistemas 
qmnis  erTi Wiqa civi da cxeli wyali.  civ wyalTan cxeli wylis Serevisas  cxeli 
wyali gascems siTbos, civi  wyali ki miiRebs. siTbos gacema da miReba gagrZel-
deba manam, sanam temperatura ar gaTanabrdeba, e. i. damyardeba siTburi wonas-
woroba. Tboizolirebul  sistemaSi siTbos gadacema erTi sxeulidan meoreze 
energiis danakargis gareSe xorcieldeba. eqsperimentebiT dadginda, rom 
siTbos raodenoba, romelic miiRo civma wyalma, tolia siTbos raodenobisa,  
rome lic gasca cxelma wyalma.

Q 
gac 

=  Q 
mil

Tanafardobas miRebul da gacemul siTbos raodenobebs Soris, siTburi 
balansi ewodeba.

siTburi balansi gamoisaxeba gantolebis saxiT, romlis erT nawilSi jamdeba 
gamoyofili siTbos raodenoba, meoreSi – misi danaxarji. 

magaliTad, QTu izolirebul sistemaSi ori sxeuli siTbos gascems, xolo sxva 
ori sxeuli mas iRebs, maSin

Q
1 
+  Q

2 
= Q

3 
+ Q

4

rogor xdeba energiis 
`mogzauroba~ 
atmosferoSi wylis 
wrebrunvisas? aorTqleba

aorTqleba

kondensacia

kondensacia

Tovli

wvima dnoba

sublimacia
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sur. 80

 gaazreba  

saSinao davaleba

Q
1 
 da Q

2
 aris sistemaSi myofi pirveli da meore sxeulis 

mier gacemuli siTbos raodenoba, Q
3
 da Q

4 
siTbos raode-

noba, romelic STainTqmeba am sistemaSi Semavali sxva ori 
sxeulis mier. aseT SemTxvevaSi miiCneven, rom gacemuli da 
miRebuli siTbos raodenobebi, dadebiTi sidideebia.  

siTburi balansis gamoyenebiT ikvleven siTbur proce-
sebs siTbur ZravebSi, sxvadasxva astrofizikuri, geofizi-
kuri, qimiuri, biologiuri da sxva problemebis gadawyve-
tisas. 

siTburi balansiT ganisazRvreba danadgaris margi 
qmedebis koeficienti.

kalorimetri aris xelsawyo, romelSic sxeulebs Soris  
energiebis gacvla siTbos dakargvis gareSe mimdinareobs.

Kkalorimetri (laTinuridan Calor – siTbo, meter – gazom-
va) gamoiyeneba gamoyofili an STanTqmuli siTbos ra-
odenobis gasazomad. kalorimetriT Catarebuli cdebiT SesaZlebelia kuTri 
siTbotevado bisa da sxva parametrebis gamoTvla. 

saskolo kalorimetri Sedgeba ori WurWlisagan (sur. 80), maTgan erTi 
moTav sebulia meoreSi ise, rom maT yofs haeris fena. EaseTi konstruqcia 
eqsperimentis  ganmavlobaSi amcirebs siTbocvlas garemosTan.

viswavloT amocanebis amoxsna:

1. moiZie informacia globaluri daTbobisa da klimatis cvlilebis Sesaxeb. 

Caatare prezentacia.

1. kalorimetrSi moTavsebulia m
1
=0,2 kg wyali, romlis temperaturaa t

1
= 20°C. masSi 

Caasxes m
2
= 0,3 kg wyali, romlis temperaturaa  t

2 
= 80°C. ka lorimetrSi damyarda  

t = 50°C temperatura. gamoiangariSeT kalori metris siTbotevadoba (cm = C).

amoxsna:

 C = cm – ?

 m
1
 = 0, 2 kg

t
1
 = 20°

m
2
 = 0, 3 kg

t
2
 = 80° C

t = 50°C

cwy = 4200 j/kg°C

cxeli wylis mier gacemuli siTbos raode nobaa:

Q
2 
= cwym2

 (t
2 
– t)

Kkalorimetris mier miRebuli siTbos raodenobaa:

Q = C (t – t
1
)

m
1 
masis wylis mier miRebuli siTbos raodenobaa:

Q
1 
= Cwym1

 (t
 
– t

1
)

siTburi balansis Tanaxmad,    Q
2 
 
 
= Q + Q

1
.

cwym2 
(t

2 
– t) = C (t – t

1
) + cwym1 

(t – t
1
).        C

 
(t

 
– t

1
) = cwym2

 (t
2
 – t) – cwym1 

(t – t
1
).

C =                                                = 420 j/°C
cwym2

 (t
2
 – t) – cwym1 

(t – t
1
)

(t – t
1
)
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3.19. siTburi Zravebi

siTburi Zravebis gamogonebam udidesi roli Seasru-
la kacobriobis istoriaSi. rom ara siTburi Zravebi, ar 
iqneboda Tboeleqtrosadgurebi, TviTmfrinavebi, avto-
manqanebi, traqtorebi, gemebi da sxva teqnikuri mowyo-
bilobebi, SeuZLebeli iqneboda kosmosuri frenebi.

siTburi Zravebis muSaobis principi martivia: maTSi 
saTbobis wvis si Tburi energia gardaiqmneba meqanikur 
energiad.

Zravas, romelSic sawvavis Sinagani energia gardaiqm­
neba meqanikur energiad, siTburi Zrava ewodeba.

arsebobs siTburi Zravebis ramdenime saxe: orTqlis 
manqana, Sigawvis Zrava, orTqlis turbina, reaqtiuli 
Zrava.

 Sigawvis Zrava
Tanamedrove avtomanqanebSi gamoyenebulia siTburi 

Zravebis ori saxeoba: Sigawvisa da dizelis Zravebi.
Sigawvis ZravaSi (sur. 82), romlis erT-erTi pirveli 

gamomgonebelia germaneli inJineri nikola oto, sawva-
vis _ benzinisa da haeris narevis wva uSualod dguSiani 
Zravis cilindrSi xdeba. sawvavis wvis energia gadae-
cema wvis Sedegad warmoqmnil airs, romelic asrulebs 
muSaobas da wvis narCenebi gareT gamoidevneba. Sinagani 
energiis nawili meqanikur energiad gardaiqmneba. Zra-
vas muSaobis procesSi gamoyofen oTx taqts, romelsac 
cilindr Si moTavsebuli dguSis oTxi svla Seesabameba, 
amitom aseT Zravas oTxtaqtiani Zrava ewodeba.

TiToeul taqts Seesabameba Semdegi procesebi:

I – Sewova, II – SekumSva, III – muSa svla, IV – gamoSveba.

 pirveli taqtis mimdinareobisas Sigawvis Zravas 
cilindrSi dguSi gare Zalebis moqmedebiT iwyebs qveviT 
YmoZraobas (sur. 83 a). am dros iReba erT-erTi sarqveli 
da sawvavi (benzini haeris narevTan erTad) Seiwoveba cil-
indrSi. dguSis gadataniTi moZraoba mrudmxara barba ca 
meqanizmis saSualebiT brunviT moZraobad gardaiqm neba. 
pirveli taqtis bolosaTvis cilindri savsea sawvavi 

sanTeli

Semwovi

dguSi

barbaca

muxla 
lilvi

gamomSvebi

sur. 81

sur. 82

sur. 83

ifiqre da imsjele

romeli energia 
gardaqmneba siTbur 
ZravebSi?

a
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nareviT  da orive sarqveli daketilia.
 meore taqtis mimdinareobisas dguSi iwyebs zeviT 

moZraobas (sur. 83 b) – xdeba sawvavis SekumSva. eleqtru-
li naperwklis saSualebiT SekumSuli sawvavi aaldeba da 
swrafad iwvis. am dros warmoqmnili airebi awveba dguSs 
da ubiZgebs qveviT.

 mesame taqtis mimdinareobisas gaxurebuli airi far-
Tovdeba, moqmedebs dguSze, gadaaadgilebs mas da Zrava 
asrulebs muSaobas (sur. 83 g), amitom uwodeben mesame 
taqts muSa svlas. muSa svlis dros dguSis moOZraoba 
gadae cema barbacas, xolo misi meSveobiT – muxla lilvs  
da masze damagrebul mZime mqnevaras. mqnevara Zlieri 
biZ gis Semdeg inerciiT  ganagrZobs brunvas da momdevno 
taqtis dros gadaaadgilebs masze mimagrebul dguSs.

 meoTxe taqtisas ixsneba gamomSvebi sarqveli da  
namw va vi airi gamo idevneba gareT (sur. 83 d). 

gansxvavebiT Sigawvis Zravisa, dizelis ZravaSi sawvavi 
narevi gacilebiT metad ikumSeba, vidre Siga wvis ZravaSi, 
amis gamo gafarToebisas meti siTburi energia gardaiqm-
neba  meqanikur muSaobad, rac zrdis Zravis margi qmedebis 
koeficients. dizelis ZravaSi sawvavi narevis Zlieri 
SekumS va iwvevs mis TviTaalebas. amitom mas ar sWirdeba 
naperwkali, rac amartivebs Zravis konstruqcias.

 orTqlis Zrava
orTqlis manqanebSi wylis orTqlis energia gardaiqm-

neba meqanikur energiad. aseTi manqanebis mqk dabalia, 
radgan siTbos sakmaod didi raodenoba fuWad gadaecema 
garemos.

 reaqtiuli Zrava
reaqtiuli Zravebi gamoiyeneba kosmosur xomaldeb-

Si. xomaldis reaqtiul ZravebSi sawvavis wvis Sede-
gad gamoyofili airi didi siCqariT gamoidevne-
ba   ZravaSi arsebuli xvrelebidan – saqSenidan  
(sur. 81), kosmosuri xomaldi ki moZraobas iwyebs sawi-
naaRmdego mimarTulebiT.

sur. 83

saSinao davaleba

 gaazreba  

1. 84-e suraTze gamosaxuli sqemis mixedviT 

aRwere orTqlis Zravis muSaobis prin-

cipi. imsjele, rogor xdeba energiebis 

gardaqmna orTqlis ZravaSi. 

orTqli

sarqveli

turbina

wyali

sur. 84

1. 36 kvt simZlavris Sigawvis Zrava 1 sT-Si 

xarjavs 14 kg benzins. gamoTvale Zravis mqk.

2. moamzade proeqti: `siTburi Zravebi da 

garemo~.

b

g

d
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3.20 amoxseni amocanebi
1. 0°-ni 2 kg yinulisa da 7 kg wylis narevs aTboben 50°C-mde, risTvisac masSi amateben  

100°-ian orTqls. ra raodenobis orTqlia amis Tvis saWiro?  wylis kuTri siTbotevado-

baa 4200 j/kg°C, orTqlad qcevis kuTri siTboa 2,3 mgj/kg, yinulis dnobis kuTri siTbo  

340 kj/kg.

 amoxsna:

Ym = ?

m
1
 = 2 kg

m
2
 = 7 kg

t
1
 = 0°C

t
2
 = 100°C

θ = 50°C

c = 4200 j/kg°C

L = 2,3 mgj/kg°C

λ = 340 kj/kg.

yinulis gasadnobad sa Wiro siTbos raodenobaa:

Q
1
 = λm

1

wylisa da yinulis masaa:  M = m
1
+ m

2
.

0°C gradusiani wylis 50°C gradusamde gasaTbobad saWiro siTbos ra-

odenobaa Q
2
 = c M (θ – t

1
).

orTqlis wylad gadaqcevisas gamoyofili siTbos raodenobaa@:

Q
3
 = Lm.

wylad qceuli orTqlis 50°C gaciebisas gamoyofili siTbos raode-

nobaa:  Q
4
 = cm (t

2
 – θ).

orTqlis wylad gadaqcevisas da am wylis 50°C gradusamde gaciebi-

sas gamoyofili siTbos raodenoba daixarja yinulis gadnobasa da 

0°C gradusiani wylisa da yinulis narevis 50°C gradusamde gasa cxe-

leblad. amitom, Q
3
 + Q

4  
= Q

1
 + Q

2
.

Lm + cm (t
2
 – θ) = λm

1 
+ cM (θ – t

1
).

ricxviTi mniSvnelobebis Casmis Semdeg miviRebT:

m    1,02 kg.

 

I

1. wyali menzuridan gadaasxes WurWelSi da gaacxeles 

(sur. 85). gamo Tvale damwvari navTis masa?

2. siTbos ra raodenoba gamoiyofa benzinis sruli wvi-

sas, Tu benzinis masa 5 kg-ia?

3. ramdeni qvnaxSiri unda daiwvas, rom miviRoT imdenive 

energia,  ramdenic gamoiyofa 6 m3 benzinis dawvisas?

4. siTbos ra raodenoba aris saWiro 10 g 0°C-iani yinu-

lis gasadnobad, asaduReblad da asaorTqleblad?

5. WurWelSi moTavsebul 200 g masis 10°C-ian wyalSi 

Caasxes  100°C-iani 200 g wyali. gamoTvale narevis tem-

peratura (WurWlis siTbitevadobas nu gaiTvalis 

wi nebT).

6. siTburi Zrava, raRac drois ganmavlobaSi saxure-

blidan iRebs 230 kj siTbos raodenobas da garemos 

gadascems 100 kj siTbos raodenobas. gamoTvale 

siTburi Zravas mier sasargeblod Sesarulebuli 

muSaoba. 

ml

sur. 85

@@

m = 
λm

1 
+ cM (θ - t

1
)

 
L + c(t

2 
- θ)
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a b g
II

1. siTbos ra raodenoba gamoiyofa 

qvanaxSiris wvisas, Tu misi masa 

aris 10 kg?

2. ramdeni spirti unda daiwvas, 

rom 2 kg masis  wylis tempera-

tura 15°-dan 55°C-mde Sei cva-

los? energiis kargva ugu le-

belyaviT.

3. CaidanSi 0,5kg wyali, romlis 

temperatura iyo 10°C, adu-

Rda, aorTqlda mTlianad da 

aduRebu li wyali saWiroebis 

mixedviT ver gamo iyenes. siTbos ra raodenoba daixarja 

uqmad?

4. a da b menzurebidan wyali gadaasxes g menzuraSi. anaTvle-

bi aiRe suraTidan da gamoTvale a menzuraSi wylis mier 

miRebuli siTbos raodenoba da b menzuraSi wylis mier 

gacemuli siTbos raodenoba (sur. 86). 

5. WurWelSi, romelSic 0°C-iani 2 kg yinulia, Caas-

xes 80°C-iani 3 l cxeli wyali. gamoTvale narevis 

temperatura.

6. siTburi Zrava raRac drois ganmavlobaSi saxu-

reb lidan iRebs 120 kj siTbos raodenobas da 

asru lebs 20 kj muSaobas. gamoTvale aseTi Zravis 

mqk.

sur. 86

sur. 87

sur. 88

ml

ml

200100

50

III

1. spirti menzuridan gadaasxes spirtquraSi da 

mTlianad dawves (sur. 87). ram deni gradusiT ga-

xurdeboda aluminis fila? energiis danakargi 

ugulebelyaviT.

2. ramdeniT aiwevs 2 kg masis wylis temperatura, Tu mas 

mTlianad gadaecema energia, romelic gamoiyo 10 g 

masis navTis dawvisas?

3. siTbos ra raodenoba daixarja, Tu 0,75 kg 20°C-iani 

wyali miiyvanes 100°C-mde, Semdeg wyali aorTqlda da 

CaidanSi darCa 250 g wyali?

4. wyali menzuridan gadaasxes WurWelSi da aadu Res  

(sur. 88). ra raodenobis spirti daixarja am proce-

sisTvis? energiis danakargs mxedvelobaSi nu miiReb.

5. WurWelSi, romelSic  -5°C-iani 200 g yinulia, Caasxes 

400g 90°C-iani cxeli wyali. gamoTvale narevis tempe-

ratura.

6. siTburi Zravis mqk-ia 45%. gamoTvale sasargeb-

lo muSaoba, Tu Zrava raRac drois ganmavlobaSi 

saxureb lidan iRebs 600 kj siTbos raodenobas.
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3.21. energia cocxal organizmebSi

cocxali organizmebis arsebobisa da cxovelqmedebi-
saTvis yvelaze mniSvnelovani mzis energiaa. mzis sxivebis 
zemoq medebiTY mcenareebis ujredebSi xdeba wylisa da 
naxSir orJangis reaqcia – fotosinTezi. fotosinTezis 
Sedegad warmoiqmneba atmosferoSi Jangbadi.

fotosinTezis dros mzis energia gardaiqmneba qimiur 
ener giad, romelic grovdeba da inaxeba am reaqciis Sedegad 
miRebul organul naerTebSi (sur. 86). es swored is energiaa, 
romelic gamoiyeneba cocxali  organizmebis cxovelqme-
debisaTvis.

dedamiwaze fotosinTezis wyalobiT yovelwliurad 
haeri mdidrdeba 145 miliardi tona JangbadiT. amitomaa 
saWiro tyeebisa da dedamiwis mwvane safaris dacva (sur. 87). 
es aucilebelia sasicocxlo garemos SenarCunebisaTvis. 
mcenareTa umravlesobas cxovelebi da adamianebi sakvebad 
iyeneben. mniSvnelovania, rom mcenaris mier miRebuli mzis 
energiis mxolod 1%  gardaiqmneba qimiur energiad. mcena-
riT mkvebavi cxovelis organizmi mcenareSi dagrovili 
qimiuri  energiis mxolod 10%-s iTvisebs. aseve, adamianis 
organizmi cxovelis xorciT kvebisas cxovelSi dagrovili 
qimiuri energiis 10%-s iTvisebs.

qimiuri energiis xarjze adamianisa da cxovelis kunTebs 
SeuZlia Seasrulos meqanikuri muSaoba.

sirbilisas qimiuri energiis mxolod 25% garda iqmneba 
meqanikur  energiad, danarCeni 75% siTbod. magaliTad, 
 cxens (sur. 88) _ aseTi gardaqmnebis meSveobiT SeuZlia 
ganaviTaros 700-800 vt-mde meqanikuri simZlavre. aqedan 
gamomdinare, fizikaSi Semo iRes simZlavris erTeuli – cxe-
nis Zala.

Zilis dros organizmis norma luri funqciis SesanarCu-
neblad mozrdili adamianis organizmi yo vel wamSi xarjavs 
80 j energias.

gakveTilze Sen 1 wm-Si, daaxloebiT, 150 j energias  xar jav. 
aqedan, 40 j xmardeba  tvinis muSaobas, 30 j – gulis muSao-
basa da msu buq moZraobebs. intensiuri datvirT vebisas, 
fexburTis an kalaTburTis TamaSisas, 1 wm-Si daxarjuli 
energia zogjer 700 j-s aRwevs.

glukoza

mzis
energia

naxSir or­
Jangi Jangbadi

wyali

sur. 85

sur. 86

sur. 87

ifiqre da imsjele

ratom aris 
aucilebeli 
adamianisTvis sakvebi 
da manqanisaTvis 
sawvavi?  
ra analogiaa suraTze 
gamosaxul situaciebs 
Soris?
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sur.88

sur. 89

sakvebi cocxali organizmebisaTvis energiis wya roa. 
erTi naWeri karaqiani puri Seicavs, daaxloebiT 315 kj 
energias. am energiis xarjze SegiZlia ixtuno 6 wuTis 
ganmav lobaSi, velosipediT imoZrao 15 wuTi, swrafad 
iaro 15 wuTi, iZino 1,1 saaTi. igive energia dasWirde-
ba avto manqanas 7 wamSi 160 m manZilis gasavlelad da 
60-vatian naTuras imisaTvis, rom 1,5 sT-is ganmavlobaSi 
anaTebdes.

arqtikis binadar TeTr daTvs axasiaTebs xangrZlivi    

zam Tris Zili. miuxedavad imisa, rom am periodSi is pasiu-

ria  da ar gadaadgildeba, ar moipovebs sakvebs, misi orga-

nizmi Zilis drosac wamSi ramdenime aseul joul energias 

moi xmars (sur. 89).

sakvebidan miRebul energias kaloriebSi (SemoklebiT – 
kal.) gamosaxaven: 1 kal = 4,2 j. Sesabamisad, 1 j = 0,24 kal.

siTburi energia

sxvadasxva narCenis

gamoyofa

kunTebis muSaoba ujredis dayofa

sakvebidan miRebuli qimiuri energia

organul nivTierebaSi

dagrovili qimiuri energia

bioqimiuri procesi

meqanikuri muSaoba

 gaazreba  

1. sqemis mixedviT imsjele, cocxal organizmebSi energiis 

gardaqmnis Sesaxeb.

saSinao davaleba

1. rodis ufro met `mzis energias~ Rebulobs ada miani, 

mcenareuli Tu cxoveluri sakvebiT kvebisas?

2. sasoflo-sameurneo samuSaoebis Catarebisas Sen Seas-

rule 1,8 mgj mu Saoba. ra masis puri unda miirTva, rom en-

ergia aRidgino, Tu 1 kg puris miRebiT adamianis energia 

daaxloebiT 9 mgj-iT izrdeba?

3. moiZie informacia da moamzade proeqti: `mze energiis 

mTavari wyaro dedamiwaze~, http://animals.nationalgeo-

graphic.com/animals.
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III Tavis Sejameba

1. imsjele siTburi procesebis Sesaxeb. kiTxvis niSnebis nacvlad miuTiTe Sesabamisi 

formula saSinao davalebis rveulSi.

 
siTburi procesebi agregatuli

mdgomareobis cvlilebiT 

kristalizacia

kristalizaciis

kuTri siTbo
kondensaciis

kuTri siTbo

dnoba

dnobis

kuTri

siTbo

wva

wvis 

kuTri 

siTbo

orTqlad qceva

orTqlad qcevis

kuTri

siTbo

kondensacia

duRili

Q1 = Q2 Q1 = Q2

?
?

?

rkinabetoni

samSeneblo masalebis fardobiTi Tbogamtaroba

gazobetonis 
bloki

xis  
mori

penopolis-
tiroliaguris kedeli

15sm

12,25 5,80 5,70 1,80 1,83 1,03 1,02 1,00

12sm 18sm 16sm 5sm30sm 38sm 35sm

2. suraTze gamosaxulia Tbogamtarobis mixedviT dalagebuli sxvadasxva samSeneblo 

masala. imsjele,  Tbogamtarobis fardobiTi maCveneblis mixedviT, rogor aris 

damokidebuli Tbogamtaroba nivTierebis gvarobasa da zomaze.

romeli nivTierebaa yvelaze kargi Tboizolatori?
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liToni dnobis temperatura

alumini 660°C
spilenZi 1083°C

3. daukavSire fizikuri sidideebi Sesabamis formulebs.

5. Seusabame fizikur sidideebs maTi erTeulebi.

6. venis diagramis gamoyenebiT Seadare Tbogadacemis saxeebi.

8. venis diagramis gamoyenebiT Seadare siTburi procesebi.

7. cxrilis mixedviT imsjele, romel agregatul mdgoma-

reobaSi iqneba liTonebi 900°C temperaturaze.

4. imsjele, ratom bolavs lampa minis saxufavis gareSe? 
Seadare lampebi erTmaneTs. romel lampas eqneba meti 
weva da ukeT gaanaTebs?

a b g d e

1

2

3

4

5

1. kuTri siTbotevadoba; 

2. sxeulis gasaTbobad saWiro 

     siTbos raodenoba

3. orTqlad qcevis kuTri siTbo

4. dnobis kuTri siTbo

5. wvis kuTri siTbo

a. 

b. 

g. 

d. 

e. 

kuTri siTbotevadoba erTeuli

orTqlad qcevis 

kuTri siTbo
erTeuli  siTbos raodenoba erTeuli

wvis kuTri siTbo erTeuli

dnobis kuTri siTbo erTeuli

Tbogamtaroba

aorTqleba

konveqciakonveqcia

duRili

gamosxiveba

q = 
Q 
m

L = 
Q 

m

Q
m

Q = cm (t2 – t1) 

c =
Q

m(t2 – t1)

a

b
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mesame Tavis mokle 
daskvnebi

nivTierebis 
kuTri  

siTbotevadoba

Sinagani
energia,  

molekulebis  
energia

siTbos  
raodenobis

erTeuli

(SI) 
jouli

dnobis 
kuTri 
siTbo

temperaturis 
sazomi 
xelsawyo

gamosxiveba

konveqcia

siTburi 
balansis 

gantoleba

Q
gac

 = QQ
miR

Tbogamtaroba

Ek+ E
p Tbogadacemis 

saxeebi

orTqlad qcevis 
kuTri siTbo

wvis 
kuTri siTbo

erTeuli

(SI)
j

kg°C

erTeuli
(SI) 

siTbos  
raodenoba

Sigawvis 
Zrava

j

kg

Q
m

q = 
Q 
m

L = 
Q 

m

Q = cm (t2 – t1) 

c =
Q

m(t2– t1)
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1. mocemuli sqemis mixedviT, imsjele meqanikur da siTbur movlenebze, Sesabamis 
formulebsa da maT erTeulebze. aseve imsjele, rogor gamoiyeneb miRebul cod-
nas yofa-cxovrebaSi.

codnis Sejameba

siTburi Zravebi
en

ergia siTburi mo

vl
enebi

energiis  mu
d

mivo
b

is

kano
ni

simZl
av

r
e

meqani
ku

r
i 

muSaoba

m
e

q
an

i
k

u
r

i mu
Saobis 

Sinagani

sxeulTa wonaswo
r

o
b

i
s

 

S
i

n
ag

an
i ener

giis

c
v

l
il

eba m
an

q
an

eb
is

a d
a meqanizmebis mqk

cocxal
 b

u
ne

ba
S

i

saxeebi

martivi meqan
iz

m
eb

i

Wo
W

o
n

aq
i

m
e

q
an

ik
is

 

ki
ne

t

ikuri 

m
ar

t
iv

i 

meqanizmebi

en
er

gia

`o

qros wesi~

T
bo

gamtaroba

gamosxiveb
a

s
i

m
Z

i
m

is c

entri

ko

nve
qc

ia

siT

bos raodenoba

d
u

R
il

i. kondensacia. sublimacia 

dnoba 
d

a 
g

am
y

ar
e

b
a

sawvavis wva
finiSi

starti

e
q

s
p

e
r

i
m

ent
u

l

i kvleva

p
o

t
e

n
c

iu
r

i energia 

ber
ke

t
i



102

F

?

sF s

A

s? F

A

?

 t ?

A

?

mg mg

Ep Ep

h hh ? ?mg

Ep

?Q Q Q

cm cm cm? ?Dt Dt Dt

?

λ m ? ?

Q Q Q

?

tN Nt?

A A

N

2. imsjele, romeli formula unda eweros kiTxvis niSnis nacvlad. 

A

λ λm m

a b g d

a b g d

a b g d

a b g d

a b g d

1

2

3

4

5
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zogierTi nivTYierebis dnobisa da gamyarebis temperatura (0C) 
(normaluri atmosferuli wnevis dros)

alumini 660 kaliumi 63 spirti –114

azoti –210 naftalini 80 tyvia 327

eTeri 123 natriumi 98 foladi 1500

vercxliswyali –39 oqro 1064 qarva 360

vercxli 962 osmiumi 5500 ceziumi 29

volframi 3380 platina 1772 wyalbadi –259

Tuji 1200 Jangbadi –219 wyali 0

TuTia 420 rkina 1539 yinuli 0

kala 232 spilenZi 1085 mina  –

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

zeTi 900 0,90 haeri  (00C-ze) 1,290 0,00129

spirti 800 0,80
wylis orTqli (1000C-
ze)

0,590 0,00059
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saSinao davalebis pasuxebi
1.1

1.   1.6 j
2.   30 m
3.   0
4.   1

1.2

1.   5 m
2. 8.108j. vertmfreni as-
rulebs dadebiT muSaobas, 
simZimis Zala – uaryofiTs.
3.   -0,016 j
4.   1020 n/m

1.3

1.   0
2.   48 j
3.   0
4. AB monakveTze simZimis 
Zalis muSaoba uaryofi-
Tia, CD monakveTze – 
dadebTi, BC da DE mon-
akveTze nulis tolia, EF 

monakveTze – dadebiTi.
5.   530 kj

1.4

1.   15,6 kvt

1.5  

I

1.   10 t
2.     16 m/wm
3.   750 vt

II

1.  12 j
2.

@@

 6,75-jer
3.  660 kj

III

1.   7200 n
2.   250 vt
3.   1; 1/2

IV

1.   5400 vt
2.   3672.108 j
3.   160 vt

1.6

1.   16 j
2.   # #3

1.7

1.   12 j
2.   225 .106 j
3.   350 kj
4.   gaizarda 3-jer.

1.9

1.   10,5 j
2.   Ep3 > Ep2 > Ep1

     Ek3 > Ek2 > Ek1.

3.  Ep

4.   251 n

1.10

I

1.   15 j
2.   50 j
3.   510 j

II

1.   5 m
2.   0
3.   20 j

III

1.   45 mj
2.   16-jer
3.   0

2.1

1.  20 sm

2.4

1.  mdgradia b lampa
2.  mdgradia b xe

2.5

2.  110 n

2.6

1.   d2=20d1

2.7

1.   3-jer

2.8

I

1.  2 m
2.  100 n
3.  13-jer

II

1.  120 sm

@@
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2.  16 sm; 36 sm
3.  1,2-jer

III

1.  1 n
2.  2 sm
3.  2,5-jer

2.9

1.  200 n;100 n
2.  21 kg

2.10

1.  1800 j
2.  3-jer naklebia
3.  4-jer

2.12 

1.  80%
2.  5,6 kj

2.13

1.  75%
2.  80%

2.14

I 

1.  200 n
2.  100 n
3.  800 j

II 

1.  200 n
2.  600 n
3.  75%

III

1.  20 kg
2.  200 n
3.  200 j

I* 1 kg

II* 10

III* 500 n

3.12

1.  5980 j
2.  924120 j

3.13

2.  1,36 mgj
3.  260 kj
4.  3225 j

3.14

I

1.  5320 j
2.  772560 j
3.  17 800 j
4. 1957600 j

II

1.  1008000 j
2.  -1692160 j
3.  148600 j
4.  1209000 j

III

1.  73600 j
2.  82850 j
3.  -1273320 j
4.  69380 j

IV

1.  -432000 j
2.   q1 q2

3.  32250 j
4.  54400 j

3.15

1.  b WurWeli

3.16

2.  4,6.105 j
3.  2016.104 j

3.17

1.   2,7.107 j/kg
2.  14,6 g
3.

@@

9,6 g

3.19

1.  20 %

3.20

1.  0,32 g
2.  2,3 .108 j
3.  7258 kg
4. 30,6 kj
5.  55

o
C

6. 130 kj

II

1.  270 mgj
2.  11,2 g
3.  1339 kj
4.  2016 j; 2016 j 
5.  45

o
C

6.  17 %

III

1.  483
o
–iT

2.  55
o
C

3.  1402 kj
4.  1,2 g
5.  32

o
C

6.  270 kj

3.21

1.  10-jer meti
2.  0,2 kg



106

me-7 klasi

gavixsenoT gavlili masala

simkvrive 

  r = -m
V

kg/m3 (SI); g/sm3

Zalis
erTeuli
niutoni

hukis kanoni.
drekadobis Zala

F
dr 

= – kx

simZimis Zala

xaxunis Zala

F
x
 = µN

g- mudmivi 
sididea.

dedamiwisTvis 
g=9,8 n/kg

F
sim

sxeulis wona

P=mg

myari 
sxeulis wneva

 

paskalis kanoni: 
siTxesa da airze 

warmoebuli 
wneva ucvlelad 
gadaecema yovel 

wertils

siTxis wneva

1 atm =
= 760 mm. vwy. sv.

≈ 100 000 pa.

wnevis erTeuli 
paskali

hidravlikuri 
manqana

s
1

s
2

F
2F

1

F
S

p= 
_

p= rgh

F
sim

 = mg
m

F
1

F
2

S
2

S
1
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sagnobrivi saZiebeli
berketi _ gv. 40, 42, 48, 50

gamosxiveba _ gv. 78

daxrili sibrtye _ gv. 49, 54

desublimacia _ gv. 87

distanciuri Termometri _gv. 79

diuaris WurWeli _ gv. 73

dnobis kuTri siTbo _ gv. 82 

dnobis temperatura _ gv. 82

drekadobis Zalis potenciuri energia _ gv. 18

duRili _ gv. 88

duRilis temperatura _ gv. 88

vati _ gv. 15

zogierTi nivTierebis dnobis kuTri siTbo _ gv. 82

zogierTi nivTierebis kuTri siTbotevadoba _ gv. 80

zogierTi nivTierebis duRilis temperatura _ gv. 88

zogierTi nivTierebis orTqlad qcevis kuTri siTbo _ gv. 86

zogierTi saTbobis wvis kuTri siTbo _ gv. 90

Tbogamtaroba _ gv. 72, 74

Tboizolatori _ gv. 73

Termosi – gv. 73

infrawiTeli gamaTboblebi _ gv. 78

iZulebiTi konveqcia _ gv. 77

kalorimetri _ gv. 93

kinetikuri energia _ gv. 20, 23

kondensacia _ gv. 86

konveqcia _ gv. 75, 76

kuTri siTbotevadoba _ gv. 80

manqanebisa da meqanizmebis margi qmedebis koeficienti _ gv. 52

martivi meqanizmi _ gv. 40, 48, 50

meqanikuri energia _ gv. 18, 22, 24, 28

meqanikis `oqros wesi~ _ gv. 49

muSaoba  _ gv. 10, 12, 19, 20, 28

orTqlad qceva _ gv. 86

orTqlis Zrava _ gv. 95

orTqlad qcevis kuTri siTbo _ gv. 86

polispasti _ gv. 47

reaqtiuli Zrava _ gv. 95

siTburi movlenebi _ gv. 62, 69, 70

siTbos raodenoba _ gv. 80
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siTbotevadoba _ gv. 81

siTburi balansi _ gv. 92

siTburi moZraoba – gv. 62

siTburi Zrava _ gv. 94

siTxis Tavisufali zedapiri _ gv. 89

simZlavre _ gv. 15, 16, 28

simZimis Zalis potenciuri energia _ gv. 18, 22

simZimis centri _ gv. 32, 34

sublimacia _ gv. 87

Sinagani energia _ gv. 64, 66, 67

Sigawvis Zrava _ gv. 94

Zalis mxari _ gv. 41

Zalis momenti _ gv. 43

wonasworobis saxeebi _ gv. 36, 38

wvis kuTri siTbo _ gv. 90

WoWonaqi _ gv. 46, 48

jouli _ gv. 10, 19, 21, 80


