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upasuxe kiTxvebs, amoxseni amocanebi?

TEema1.1

eqsperimentuli samuSao

amocanis amoxsnis nimuSi!

praqtikuli davaleba

Seamowme Seni codna

 
daicavi usafrTxoebis wesebi

wlis bolos Sen SeZleb:

 ● muSaobis dakavSirebas energiis cvlilebasTan;
 ● meqanikuri energiis mudmivobaze msjelobas;
 ● martivi meqanizmebis moqmedebis principis eqsperimentul Seswavlasa da 

problemaze dafuZnebuli amocanebis gadaWras;
 ● martivi meqanizmebis, wonasworobisa da energiis mudmivobis kanonis rolis 

Sefasebas bunebasa da yofacxovrebaSi;
 ● sxeulTa wonasworobis pirobebis codnisa da martivi meqanizmebis gamoy

enebis dakavSirebas sxvadasxva profesiasTan/saqmianobis sferosTan; 
 ● siTbos gadacemis saxeebis daxasiaTebasa da maT Taviseburebebze argumen

tirebul msjelobas;
 ● siTburi Zravebis moqmedebis principsa da maTi muSaobiT Seqmnil ekolo

giur problemebze argumentirebul msjelobas;
 ● nivTierebis siTbotevadobisa da wvis kuTri siTbos eqsperimentul Seswav

las;
 ● nivTierebis siTbotevadobisa da wvis kuTri siTbos rolis Sefasebas bune

basa da yofacxovrebaSi;
 ● bunebaSi mimdinare siTburi procesebis Sesaxeb codnis dakavSirebas sxva

dasxva profesiasTan/saqmianobis sferosTan�

damatebiTi masala
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sabunebismetyvelo mecnierebebis ganviTarebiT adamianma Seqmna Taname
drove teqnika udidesi SesaZleblobebiT� fizika sabunebismetyvelo mec
nierebaa� 

fizikis swavlebis mizania, aziaros moswavle mecnierebis safuZvlebs da 
ganuviTaros kvleviTi unarebi� fizika adamians exmareba bunebis SecnobaSi 
da aZlevs praqtikuli moRvaweobisaTvis aucilebel codnas� 

saxelmZRvanelo uzrunvelyofs ara marto codnis SeZenas, aramed 
garkveuli unarCvevebis Camoyalibebasa da ganviTarebas� saxelmZRvaneloSi 
masala isea warmodgenili, rom Sen SeZleb, Caswvde Seswavlili masalis arss, 
naswavli masala gamoiyeno sxvadasxva situaciaSi, gaakeTo analizi, sinTezi, 
Sefaseba�

Seecade, pasuxi gasce paragrafis bolos dasmul SekiTxvebs, amoxsna amo
canebi da Caataro eqsperimentuli samuSaoebi� es dagexmareba ukeT Seicno 
buneba, advilad upasuxo mraval SekiTxvas�

SenTvis sasurveli informacia SeiZleba moiZio internetis saZiebi sis
temebSi, enciklopediebSi,  samecniero literaturaSi da sxv�

sasurvelia, zogierTi amocana da eqsperimentuli samuSao Seasru
lo jgufurad, daakvirde, aRricxo monacemebi, Seadgino cxrilebi, aago 
grafikebi, diagramebi, gamoTqva mosazrebebi, ganazogado miRebuli monace
mebi da ivaraudo mosalodneli Sedegebi, gaakeTo prezentaciebi� 

jgufuri samuSaos Sesrulebis Semdeg sasurvelia moaxdino TviTSefaseba�

rCevebi moswavleebs

TviTSefasebis kiTxvari jgufis TiToeuli wevrisaTvis:

1� ra gaakeTe an Tqvi iseTi, rac jgufs daexmara samu Saos SesrulebaSi?
2� Seni azriT, ramdenad nayofierad imuSava jgufma da ras Tvli  amis 

mizezad?
3� ras gaakeTebdi momavalSi, rom jgufis efeqturoba ufro amaR

lebuliyo?
4� ra iyo yvelaze mniSvnelovani erToblivi muSaobisas?
5� kmayofili xar Seni wvliliT gundur muSaobaSi? 

jgufis TviTSefasebis kiTxvari:

1� miaRwieT Tu ara dasaxul mizans?
2� ra iyo jgufis yvelaze didi miRweva?
3� ra iyo erToblivi muSaobis nakli?

rom gaxde warmatebuli, unda ganaviTaro Seni unarebi: SeZlo 
miznis  gansazRvra, drois dagegmva da saswavlo masalis aTviseba�
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amocanis amoxsnisas sasurvelia garkveuli Tanmimdevrobis dacva:

 ● amocanis amoxsna daiwye amocanis yuradRebiT wakiTxviT� 
 ● warmoidgine is fizikuri movlena, romlis Sesaxeb laparakia amocanis 

pirobaSi� 
 ● Tu amocana moiTxovs gamoTvlebis Catarebas, gansazRvre, ra sididee

bia cnobili da ra _ ucnobi� daadgine mocemul SemTxvevaSi romeli 
monacemebi an garemoebebia mniSvnelovani da romlis ugulebelyofaa 
SesaZlebeli�

 ● Seadgine amoxsnis gegma� daadgine, ra gziT SeiZleba ucnobi sididis 
povna�

 ● mocemuli sidideebi Camowere erT svetSi� sasurvelia, sidideebi gamo
saxo SI sistemis erTeulebiT� amocanis pirobidan gamomdinare, xSirad, 
umjobesia sidideebis gamosaxva sxva erTeulebiT� magaliTad, siCqaris 
_ km/sTiT,  moculobis _ liT da a�S� aucilebelia, formulaSi Sema
vali sidideebi gamosaxo erTnairi erTeulebiT� Tu siCqare mocemulia 
 km/sTiT, maSin manZili unda gamosaxo kilometrebiT, dro ki _ saaTebiT�

 ● mocemulobis Cawerisas yuradReba miaqcie sidideTa indeqsebs� magali
Tad, Tu siCqare aRniSne indeqsiT ̀ 1~ _ v

1
, maSin am sxeulis mier gavlili 

manZilic aRniSne imave indeqsiT _ S
1
iT�

 ● xSirad amocanis pirobaSi ar aris mocemuli amoxsnisaTvis saWiro yve
la sidide, romelic mudmivia an cxrilebiTaa mocemuli (magaliTad, 
nivTierebis simkvrive, dedamiwis radiusi)� am sidideTa mniSvnelobebi 
SeiZleba Cawero mocemulobaTa svetSi�

 ● amocanis amoxsna gamartivdeba, Tu Seadgen Sesabamis naxazs, diagramas, 
sqemas an naxats�

 ● sasurvelia, amocanis amoxsna zogadi saxiT (saboloo formulis miRe
ba), magram, Tu es gaarTulebs maTematikur gardaqmnebs, umjobesia, 
ricxviTi gamoTvlebi Caataro TandaTan�

 ● Seamowme amocanis pasuxis siswore� igi unda iyos realuri� magaliTad, 
ar SeiZleba avtomobilis siCqare iyos 100km/wm�

 ● sasurvelia, amocana amoxsna sxva xerxiTac�

proeqti

proeqti warmoadgens ama Tu im sakiTxze moswavlis an moswavleTa jgu
fis mier Sesrulebul saswavlokvleviT samuSaos�

proeqtze muSaoba saintereso da Sedegiani iqneba, Tu klasSi Tanamoaz
reni gaerTiandebiT erT jgufad� 

proeqtze muSaoba savaraudod SeiZleba Semdegi sqemis mixedviT:
1� problemis gansazRvra _ situaciis analizidan gamomdinare proble

mis xazgasma;
2� mizani _ misaRwevi Sedegi;
3� amocanebi _ konkretuli nabijebi miznis misaRwevad;
4� ganxorcielebis gzebi _ vin da rogor Seasrulebs konkretul saqmi

anobebs;
5� samuSao gegma _ droSi gawerili saqmianobebi;
6� biujeti _ proeqtis gansaxorcieleblad saWiro resursebi;
7� Sedegebi _ yoveli amocanis gadaWris Semdeg miRebuli konkretuli 

Sedegebi;
8� Sefaseba�
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am Tavis Seswavlis Semdeg Sen SeZleb:

 ● muSaobis dakavSirebas energiis cvlilebasTan;

 ● muSaobas, energiasa da simZlavres Soris kavSiris 
dadgenas;

 ● meqanikuri energiis mudmivobaze msjelobas.
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 ● daakvirdi da aRwere 1�1 da 1�2 su
raTebi�

 ● Seni azriT, sruldeba Tu ara muS
aoba TiToeul SemTxvevaSi?

sityva `muSaoba~ xSirad gvxvdeba 
yoveldRiur cxovrebaSi� muSaobas vu
wodebT nebismier saqmianobas, maT Soris 
gonebrivs�

fizikaSi muSaobas sxvagvarad gani
xilaven� 

fizikis TvalsazrisiT muSaoba 
sruldeba mxolod maSin, rodesac sxe
uli gadaadgil deba Zalis moqmedebis 
Sedegad� am SemTxvevaSi amboben, rom sxe
ulze moqmedi Zala asrulebs meqanikur 
muSaobas�

magaliTad, garkveul simaRleze 
tvirTis atanisas amwe asrulebs muS
aobas� avtomobilis, TviTmfrinavis, 
matareblis, gemis moZraobisas maTi 
Zravebi asruleben meqanikur muSa obas� 

adamians moZraobaSi mohyavs sxeulebi an amuxruWebs maT� es sxulebi Sei
Zleba iyos: wigni, rveuli, fanqari, burTi, Wadrakis figurebi, samuSao 
iaraRebi da sxv� yvela SemTxvevaSi sruldeba meqanikuri muSaoba, romlis 
mniSvneloba damokidebulia sxeulze moqmedi Zalisa da sxeulis gadaaadg
ilebis sidideze�

sxeulze moqmedi Zalis mier Sesrulebuli meqanikuri muSaoba aris 
fizikuri sidide, romelic tolia Zalisa da am Zalis mimarTulebiT sxe
ulis gadaadgilebis sidideTa namravlisa:

muSaoba = Zalis sidide x gadaadgilebis sidide
A = FS

sadac A muSaobaa,  F _ sxeulze moqmedi Zalis sidide,  S _ sxeulis gadaad
gilebis sidide�

am SemTxvevaSi Zalas gadaadgilebis mimarTuleba aqvs�
meqanikuri muSaoba skalaruli fizikuri sididea�
muSaobis gamosaTvleli formulidan gamomdinare, rac metia sxe ulze 

moqmedi Zalis sidide da sxeulis gadaadgileba,  miT meti iqneba am Zalis 
mier Sesrulebuli muSaoba�

aRsaniSnavia, rom meqanikuri muSaobis Sesrulebisas sxeulze Zala unda 
moqmedebdes gadaadgilebis mTeli procesis ganmavlobaSi� 

muSaoba ar sruldeba im SemTxvevaSi, Tu:
1� Zalis moqmedebiT sxeuli ar gada adgildeba;
2� sxeuli moZraobs Zalis moqmedebis gareSe;

meqanikuri muSaoba1.1

sur� 1�1

sur� 1�2
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3� sxeulze Zala moqmedebs moZraobis mimar
Tulebisadmi marTobulad (sur� 1�3)�

 ● ganixile vardnili sxeulis moZraoba (sur� 
1�4)� Seadare am sxeulze moqmedi Zalebisa 
da sxeulis gadaad gilebis mimarTulebebi 
da gamoTqvi varaudi, ra gansxvaveba Sei
Zleba iyos am Zalebis mier Sesrulebul 
muSaobebs Soris� 

Zalis mier Sesrulebuli muSaoba SeiZleba 
iyos dadebiTi an uaryofiTi�

Tu sxeuli moZraobs Zalis mimarTulebiT, ma
Sin Zalis mier Sesrulebuli muSaoba dadebiTia 
(sur� 1�5)� 

Tu sxeuli moZraobs Zalis sapirispiro 
mimarTulebiT, maSin Zalis mier Sesrulebuli 
muSaoba uaryofiTia (sur� 1�6)�

am SemTxvevaSi muSaoba gamoiTvleba formu
liT:

A = - FS 
Zalisa da gadaadgilebis mimarTulebebs Soris maxvili an blagvi kuTx

is SemTxvevaSi muSaobis gamosaTvlel formulas ufro rTuli saxe aqvs�

 ● daasaxele magaliTebi, rodesac Zalis muSaoba dadebiTi, uaryofiTi 
an nulis tolia;

 ● axseni, TiToeul SemTxvevaSi ratom aris Zalis muSaoba dadebiTi, 
uaryofiTi an nulis toli� 

muSaobis gasazomad saWiroa misi erTeulis codna�
muSaobis formulidan gamomdinare

muSaobis erTeuli = Zalis erTeuli x gadaadgilebis erTeuli
SI sistemaSi muSaobis erTeuls uwodes 1jouli (1j) ingliseli mec

nieris jeims joulis pativsacemad�
1j aris muSaoba, romelsac asrulebs sxeulze moqmedi 1n Zala sxeulis 

gadaadgilebisas 1m manZilze Zalis moqmedebis mimarTulebiT�
1j=1n�1m

praqtikaSi gamoiyeneben ufro did an ufro mcire erTeulebs:
1mgj (megajouli) = 1000000j
1kj (kilojouli) = 1000j
1mj (milijouli) = 0,001j

sur� 1�4  sxeulis vardna

sur� 1�3 F Zala ar asrulebs 
muSaobas

sur� 1�5 F Zalis muSaoba 
dadebiTia

sur� 1�6 F Zalis muSaoba 
uaryofiTia
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eqsperimentuli samuSao

muSaobis gazomva

resursebi: saxelmZRvanelo, samuSao rveuli, fanqari, kalami, saxazavi, 
dinamometri, kauWiani Zeli�

ganixile erTi da imave Zelis Tanabari moZraoba vertikaluri da hori
zontaluri mimarTulebiT� gamoTvale wevis Zalis sidide da am Zalis mier 
Sesrulebuli muSaoba TiToeul SemTxvevaSi�

 ● dinamometris saSualebiT vertikalurad awie Zeli garkveul h si
maRleze (sur�  1�7)� Semdeg Zeli gadaadgile horizontalur zeda
pirze S=h  manZilze (sur� 1�8)� Seecade, orive SemTxvevaSi Zelma 
imoZraos Tanabrad� dinamometri gviCvenebs wevis Zalis sidides�

 ● gazome Zelis gadaadgileba da gamoTvale wevis Zalis mier Sesrule
buli muSaoba orive SemTxvevaSi;

 ● cxrili gadaitane samuSao rveulSi;
 ● gazomvebisa da gamoTvlebis Sedegebi Seitane cxrilSi (sur� 1�9);

 sur� 1�9

n i m u S i
cdis #

vertikaluri moZraoba horizontaluri moZraoba

h F A S F A

 ● gaaanalize cxrili: daadgine, romel SemTxvevaSi ufro met muSaobas 
Seasrulebs Zelze moqmedi wevis Zala da Seecade, axsna amis mizezi�

sur� 1�7 Zeli moZraobs 
vertikalurad zeviT

sur� 1�8 Zeli moZraobs horizontalurad
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miTiTeba: gaixsene, ra SemTxvevaSi moZraobs sxeuli Tanabrad; ra Zalebi 
moqmedebs Zelze vertikaluri da horizontaluri moZraobisas da Seadare 
es Zalebi�

sxeulze moqmedi Zalis mier Sesrulebuli meqanikuri muSaoba aris 
fizikuri sidide, romelic tolia Zalisa da am Zalis mimarTulebiT 
sxeulis gadaadgilebis sidideTa namravlisa:

A= FS
SI sistemaSi muSaobis erTeulia 1jouli (1j)�
1j aris muSaoba, romelsac asrulebs 1n Zala sxeulis gadaad

gilebisas 1m manZilze Zalis moqmedebis mimarTulebiT�
1j=1n�1m

upasuxe kiTxvebs, amoxseni amocanebi?
1� sxeuli aisroles vertikalurad zeviT� dadebiTia Tu uaryofiTi 

simZimis Zalis muSaoba sxeulis: a) zeviT moZraobisas, b) qveviT moZraobi
sas? pasuxi daasabuTe�

2� 20n wevis Zalis moqmedebiT sxeuli moZraobs horizontalur zeda
pirze inerciiT� gamoTvale sxeulze moqmedi TiToeuli Zalisa da am ZalTa 
tolqmedis muSaoba sxeulis 100miT gadaadgilebisas� haeris winaaRmde
gobas nu gaiTvaliswineb� aage muSaobasa da sxeulis gadaadgilebas Soris 
damokidebulebis grafiki TiToeul SemTxvevaSi�

3� amwes 10m simaRleze Tanabrad aaqvs 3t masis tvirTi� tvirTze moqmedi 
amwevi Zala simZimis Zalis tolia� gamoTvale 
am Zalebisa da maTi tolqmedis muSaobebi� 
haeris winaaRmdegobas nu gaiTvaliswineb�

4� grafikze mocemulia sxeulze moqmedi 
Zalis muSaobis damokidebuleba manZilze 
(sur� 1�10)� grafikis mixedviT Seasrule ae 
davalebebi:

a) ra sididisaa es Zala?
b) icvleba Tu ara Zalis sidide moZraobis 

ganmavlobaSi? 
g) ra muSaoba Seasrula Zalam 50m da 100m

ze gadaadgilebisas? 
d) Seadare es muSaobebi;
e) ra manZilze gadaadgilda sxeuli 10j, 

20j, 30j da 40j muSaobis Sesrulebisas? 
5� diagramaze (sur�1�11) mocemulia sx

eulze moqmedi Zalis muSaobasa da sxeulis 
gadaadgilebas Soris damokidebuleba� rom
eli wertili Seesabameba: a) Zalis maqsimalur 
mniSvnelobas; b) Zalis minimalur mniSvnelo
bas?

sur� 1�10

sur� 1�11
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praqtikuli davaleba

gamoTvale muSaoba, romelsac asruleb 100m manZilis Tanabrad gavli
sas� CaTvale, rom yovel nabijze Sesrulebuli muSaoba 15jis tolia� 

aRwere muSaobis Tanmimdevroba�

amocanis amoxsnis nimuSi!
amocana

2500t masis matarebeli Tanabrad moZraobs 2km sigrZis gzis horizon
talur ubanze� xaxunis Zala Seadgens matareblis wonis 0,002s� gansazRvre 
gzis am ubanze matareblis mier Sesrulebuli muSaoba�

amoxsna

matareblis mier Sesrulebuli muSaoba 
A = F

w
S

sadac  F
w  

wevis Zalaa�
radgan matarebeli Tanabrad moZraobs, 

amitom 
F

w
= F

x

horizontalur zedapirze moZraobisas 
sxeulis wona simZimis Zalis tolia:

P = mg
amitom, amocanis pirobis Tanaxmad,

F
x
= 0,002mg

amgvarad,
A = F

w
S = 0,002mgS

CavsvaT ricxviTi mniSvnelobebi:

A = 0,002 � 2,5 � 106 � 10 � 2000 = 100000000(j)

pasuxi: matareblis mier Sesrulebuli muSaobaa 100mgj�

amocana

ra muSaoba Sesruldeba tumbos dguSis erTi svlisas, Tu dguSze wneva 
100kpaia? dguSis farTobia 100sm2,  erTi svla ki _ 40sm�

A _ ?

moc�: m = 2500t = 2,5�106kg;
S = 2km = 2000m;
F

x
= 0,002P;

g =10n/kg�
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amoxsna
tumbos dguSze moqmedi Zala aRvniSnoT  

FiT, maSin dguSis erTi svlis dros am Zalis 
mier Sesrulebuli muSaoba iqneba: 

A = Fh
dguSze moqmedi wnevis Zala tolia dguSze 

warmoebuli wnevis da dguSis farTobis nam
ravlisa: 

F = pS.
amitom  

A = pSh = 105 �100 � 104  � 0,4 = 400(j)
pasuxi: dguSis erTi svlisas Sesruldeba 400j muSaoba�

amocana
2t masis avtomobili horizontalur gzaze gadaadgilda 1kmiT� ra 

muSaobas Seasrulebs avtomobilis Zrava, Tu haeris winaaRmdegobis Zala 
500nia, xaxunis Zala ki Seadgens avtomobilis wonis 0,4s� CaTvale, rom av
tomobilze moqmedi Zalebis tolqmedi nulis tolia�

amoxsna
radgan gzatkecili horizontaluria, ami

tom avtomobilis wona tolia masze moqmedi 
simZimis Zalisa:

P=mg
amocanis pirobidan gamomdinare 

F
x
=0,4mg

avagoT avtomobilze moqmedi Zalebis dia
grama� avtomobilze moqmedebs simZimis Zala        

, sayrdeni zedapiris drekadobis Zala ,  Zra

vis wevis Zala , xaxunis Zala  da haeris winaaR

mdegobis Zala  (sur� 1�12)�
Zravis mier Sesrulebuli muSaoba tolia wevis Zalis da gadaadgilebis 

namravlisa:
A= FS

radgan avtomobilze moqmedi Zalebis tolq
medi nulis tolia, es niSnavs, rom simZimis Zala 
kompensirebulia sayrdenis drekadobis ZaliT, 
wevis Zala ki _ xaxunis ZaliTa da haeris winaaR
mdegobiT:

mg = F
dr

F = F
x 
+ F

w

am tolobebisa da amocanis pirobis gaTval
iswinebiT miviRebT:

A = (F
x 
+ F

w 
) � S = (0,4mg+ F

w
) � S 

CavsvaT ricxviTi mniSvnelobebi:
A 

pasuxi: avtomobili Zrava Seasrulebs 8500kj muSaobas�

sur�1�12

A _ ?

moc�:p = 100kpa = 105pa;
S = 100sm2 = 100 �104m2;
h = 40sm = 0,4m�

A _ ?

moc�:
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 ● Seni azriT, erTi da imave raodenobis yavas eleqtrosafqvaviT ufro 
swrafad davfqvavT Tu meqanikuriT (sur� 1�13, a,b)?

 ●  erTi da imave zomis miwis nakveTs traqtori ufro swrafad daa
muSavebs Tu adamiani (sur� 1�14, a,b)?

garkveuli samuSaos Sesrulebas sxvadasxva manqanadanadgari sxva dasxva 
dros andomebs� xSirad saWiroa vicodeT ara marto Sesrulebuli muSaoba, 
aramed drois Sualedic, romlis ganmavlobaSic es muSaoba Sesrulda�

muSaobis Sesrulebis siswrafes axasiaTeben simZlavriT�
simZlavre aris fizikuri sidide, romelic tolia Sesrulebuli muS

aobis Sefardebisa im drois SualedTan, romlis ganmavlobaSic es muSaoba 
Sesrulda:

N A
t

sadac N _ simZlavrea,  A _ muSaoba,  t _ drois Sualedi�

simZlavre. margi qmedebis koeficienti1.2

a) eleqtrosafqvavi b) meqanikuri safqvavi

sur� 1�13

a) miwas amuSavebs traqtori b)  miwas amuSavebs adamiani

sur� 1�14
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drois mocemul SualedSi rac ufro meti muSaobis Sesruleba SeuZlia 
Zravas, miT metia misi simZlavre�

simZlavre skalaruli sididea� 
SI sistemaSi simZlavris erTeulia 1vati (1vt):

meqanizmis simZlavre 1vtis tolia, Tu igi 1wmSi 1j muSaobas asrulebs�
teqnikaSi gamoiyeneben simZlavris ufro did erTeulebs:

1hvt (heqtovati) =100vt
1kvt ( kilovati)=1000vt
1mgvt (megavati) =1000000vt

teqnikaSi jer kidev gamoiyeneba simZlavris Zveli erTeuli _ cxe nis 
Zala (cZ):

cZ

simZlavre nebismieri Zravis mniSvnelovani maxasiaTebelia�

 ● moiZie informacia zogierTi Zravis simZlavris Sesaxeb da war
moadgine cxrilis saxiT�

sxvadasxva saxis transporti xSirad moZraobs mudmivi siCqariT� ga
varkvioT, razea damokidebuli am siCqaris sidide� cxadia, am SemTxvevaSi 
maTze moqmedi F  wevis Zala gawonasworebulia winaaRmdegobis ZalebiT� we
vis Zalis muSaoba A=FS, amitom simZlavre 

N FS
t

radgan siCqare mudmivi sididea, amitom moZraoba Tanabaria da 

vS
t

am formulis gaTvaliswinebiT miviRebT:
N=Fv

saidanac
N
Fv

amgvarad, siCqare simZlavris proporciulia� amis gamo aqvT didi sim
Zlavris Zravebi swrafmaval matare
blebsa da avtomobilebs, TviTmfri
navebsa da raketebs�

ganixile magaliTebi:
I� zebgeriTi TviTmfrinavi aviTa

rebs 2300km/sTze met siCqares (sur� 
1�15)� am siCqaris misaRwevad TviTm
frinavis Zrava asrulebs muSaobas� 

 ● Seni azriT, Zravis simZlavre 
mTlianad xmardeba Tu ara 
TviTmfrinavis muSaobis Ses
rulebas? sur� 1�15
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 ●  Seecade, daasabuTo Seni varaudis 
siswore�

II� matareblis eleqtroZravis sim
Zlavrea 1000kvt� misi wevis Zala Tana
bari moZraobisas 20wmSi asrulebs 
14000j muSaobas (sur� 1�16)�

 ● gamoTvale matareblis simZlavre;
 ● Seadare matareblis simZlavre misi 

eleqtroZravis simZlavres da gaakeTe 
Sesabamisi daskvna�

TviTmfrinavis an matareblis mier 
ganviTarebuli simZlavre sasargeblo 
simZlavrea, maT mier Sesrulebuli 

muSaoba _ sasargeblo muSaoba, eleqtroZravis simZlavre sruli sim
Zlavrea, mis mier Sesrulebuli muSaoba ki _ sruli muSaoba�

yoveli manqana, Zrava Tu meqanizmi xasiaTdeba sididiT, romelic gviCvenebs 
maT efeqturobas� am sidides margi qmedebis koeficienti (mqk) ewodeba�

meqanizmis margi qmedebis koeficienti tolia sasargeblo muSaobis Se
fardebisa srul muSaobasTan�

sasargeblo muSaobis aRniSvnaa A
sas

,  sruli muSa obis _ A
sr

,  mqkis _  h 
(`eta~), amitom

A
sas

A
sr

cxadia, nebismieri meqanizmis sasargeblo muSa oba sruli muSaobis 
nawilia� sasargeblo muSaobis garda muSaoba sruldeba Zravis nawilebs So
ris xaxunis daZlevaze, misi calkeuli nawilebis gadaadgilebaze� magali
Tad, tvirTis awevisas amwe damatebiT asrulebs muSaobas sxvadasxva meqa
nizmebisa da Tokebis awevaze, xaxunis Zalebis daZlevaze� 

amgvarad, sasargeblo muSaoba yovelTvis naklebia srul muSaobaze:
A

sas
< A

sr

rac imaze miuTiTebs, rom mqk 1ze naklebia: 
h <1       

es daskvna exeba nebismier mowyobilobas�
mqks gamosaxaven wesieri wiladiT an procentebiT:

A 
sas

A 
sr

simZlavre aris fizikuri sidide, romelic tolia Sesrulebuli 
muSaobis Sefardebisa im drois SualedTan, romlis ganmavlobaSic es 
muSaoba Sesrulda:

AN
t

SI sistemaSi simZlavris erTeulia 1vati�
meqanizmis margi qmedebis koeficienti tolia sasargeblo muSaobis 

Sefardebisa srul muSaobasTan:
A 

sas

A 
sr

sur� 1�16
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eqsperimentuli samuSao

simZlavris gamoTvla

resursebi: saxelmZRvanelo, samuSao rveuli, fanqari, kalami, kibe, sas
wori, santimetri, wammzomi�

gamoTvale simZlavre, romelsac aviTareb kibeze Tanabari asvlisas�

 ● winaswar dagegme eqsperimenti;
 ●  am SemTxvevisaTvis gamoiyvane  simZlavris gamosaTvleli formula�

miTiTeba: muSaobis gamoTvlisas CaTvale, rom F Zalis sidide aris Sen
ze moqmedi simZimis Zalis sididis toli: F=mg� kibis H simaRle tolia erTi 
safexuris simaRlis h da n safexurebis raodenobis namravlisa: H = nh.

 ● cxrili gadaitane samuSao rveulSi;
 ● gazomvebisa da gamoTvlebis Sedegebi Seitane cxrilSi (sur� 

1�17):

n i m u S i
cdis # m, kg h, m n H, m t, wm N, vt

1�

2�

3�

sur� 1�17

 ● gamoTvlebi Caatare sxvadasxva SemTxvevisaTvis _ rodesac erTi da 
imave simaRleze adixar swrafad da nela;

 ● gaaanalize cxrili _ daadgine, razea damokidebuli kibeze asvli
sas Sen mier ganviTarebuli simZlavre;

 ●  gaakeTe samuSaos prezentacia�

upasuxe kiTxvebs, amoxseni amocanebi?
1� garkveul simaRleze tvirTis asatanad amwem 3wTSi Seasrula 1,8 mgj 

muSaoba� ra simZlavre ganaviTara amwem?
2� ras udris Zravis simZlavre, Tu 5wTSi mis mier Sesrulebuli mu Saoba 

3,6mgjis tolia? ra muSaobas Seasrulebs Zrava 2jer met droSi?
3� ra simZlavre unda hqondes transportiors, rom misi saSualebiT 

20wTSi 6m simaRleze aitanon 20t qviSa?
4� ra masis tvirTis aweva SeuZlia 10kvt simZlavris amwes 5m/wT siCqa

riT?
5� normaluri muSaobis pirobebSi adamiani aviTarebs 80vt simZlavres, 

didi siCqariT garbenisas ki SeiZleba ganaviTaros 2000vt simZlavrec� 
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gamoTvale TiToeul SemTxvevaSi adamianis 
mier 10wTSi Sesrulebuli muSaoba� Seadare 
es muSaobebi da gamoitane daskvna�

6� ra simZlavrea saWiro imisaTvis, rom 
100kg masis yuTi horizontalur zedapirze 
Tanabrad gadavaadgiloT 1m/wm siCqariT, Tu 
xaxunis koeficienti 0,4is tolia?

7� 3kvt simZlavris Zravas mqone tumbos 
wyali amoaqvs 18m siRrmis Widan� gamoTvale 
tumbos mier 1sTSi amotanili wylis masa, Tu 
tumbos mqk 70%ia?

8� diagramaze (sur� 1�18) mocemulia 
damokidebuleba sxvadasxva Zravis muSaobasa 
da am muSaobis Sesasruleblad saWiro drois 
Sualeds Soris� romeli Zravis simZlavrea 
meti?

9� diagramaze (sur� 1�19) mocemulia 
damokidebuleba sami sxvadasxva avtomobil
is simZlavresa da wevis Zalas Soris� Seadare 
avtomobilTa siCqareebi�

10� 1�20 suraTze mocemulia Zravis muS
aobasa da drois Sualedebs Soris damokide
bulebis grafiki� grafikis mixedviT upasuxe 
kiTxvebs: 

a) ra simZlavre aqvs Zravas?
b) ra muSaobas asrulebs Zrava 40wmSi?
g) ra drois SualedSi asrulebs Zrava 

20kj muSaobas?
11� 1�21 suraTze mocemulia Zravis muSao

bis droze damokidebulebis grafiki� romeli 
grafiki Seesabameba Zravis simZlavris droze 
damokidebulebas?

sur� 1�20

0 t

1 2

sur� 1�18

1

2

3

N

F0
sur� 1�19

sur� 1�21

a) b) g)
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planetebs Soris sivrceSi didi siCqariT moZravi meteorebi (kosmosuri 
sxeulebi) asruleben muSaobas _ planetebisa da maTi Tanamgzavrebis zeda
pirze dacemisas warmoqmnian sxvadasxva zomis kraterebs (Rrmulebs)� cno
bilia arizonis (aSS) krateri, romlis diametri 1265mia, siRrme ki _ 175m 
(sur� 1�22, a,b)�

kosmosuri xomaldi rom gavides orbitaze, e�i� Seasrulos muSaoba 
simZimis Zalis dasaZlevad, man unda ganaviTaros 8km/wm siCqare (sur� 1�23)� 

amgvarad, garkveuli siCqariT moZrav sxeuls SeuZlia muSaobis Ses
ruleba�

Tu sxeuls aqvs muSaobis Sesrulebis 
unari, maSin amboben, rom am sxeuls aqvs 
energia�

energia aris sxeulis an sxeulTa 
sistemis mier muSaobis Sesrulebis un
ari�

meteorebs da kosmosur xomaldebs 
aqvT energia, radgan SeuZliaT muSaobis 
Sesruleba�

energia umniSvnelovanesi cnebaa ara 
marto sabunebismetyvelo mecnierebeb
Si, aramed cxovrebis yvela sferoSi�

energiis gareSe ver iarsebebda si
cocxle, ar iqneboda moZraoba, urTierTqmedeba, sinaTle, siTbo, bgera� 
energiis gareSe warmoudgenelia nebismieri saqmianoba� energias saWiroebs 
fizikuri Sromac da azrovnebis procesic�

bunebis yvela movlena dakavSirebulia energiasTan�

 ● Seni azriT, ra saxis energias moixmars televizori, macivari, uTo 
da sxva eleqtruli xelsawyoebi?

 ● ra energia ganapirobebs avtomobilis, TviTmfrinavis, gemis moZ
raobas?

meqanikuri energia1.3

sur� 1�22   arizonis krateri
a) b)

sur� 1�23    
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 ● rogor Rebuloben energias adamianebi da cxovelebi?
arsebobs energiis sxvadasxva saxe: meqanikuri, Sinagani, eleqtromagni

turi, qimiuri, birTvuli da sxv�
meqanikuri energia aris fizikuri sidide, romelic axasiaTebs sxe ulTa 

an maTi nawilebis moZraobasa da urTierTqmedebas�
meqanikuri energia ori saxisaa: kinetikuri da potenciuri�

kinetikuri energia potenciuri energia

meqanikuri energia

kinetikuri energia aqvs nebismier moZrav sxeuls� kinetikuri energia 
aqvs dedamiwis xelovnur Tanamgzavrs, moZrav avtomobils, qars, zRvisa da 
okeanis talRebs� 

energias, romelic sxeuls aqvs moZraobis Sedegad, kinetikuri energia 
ewodeba�

potenciuri energia sxeulebs an maT nawilebs aqvs urTierT qmedebis 
Sedegad� 

potenciuri energia aqvs dedamiwis zedapiridan raime simaRleze at
anil sxeuls, radgan igi urTierTqmedebs dedamiwasTan _ sxeuli da 
dedamiwa urTierTmiizideba�

potenciuri energia aqvs SekumSul an gaWimul zambaras� es energia gan
isazRvreba zambaris xviebis ur TierTqmedebiT� deformirebul zambaraSi 
aRZruli drekadobis Zalebis moqmedebiT zambara cdilobs daubrundes 
aradeformirebul mdgomareobas�

energias, romelic sxeulebs, an maT nawilebs aqvs urTierT qmedebis 
Sedegad, potenciuri energia ewodeba�

 ● aRwere 1�24 da 1�25 suraTebze warmodgenili movlenebi energeti
kuli TvalsazrisiT�

sur� 1�24 qariSxali sur� 1�25 zRvis talRebi
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 ● Seni azriT, ra energia aqvT sxeulebs vardnis procesSi?
 ● ra energia aqvs garkveul simaRleze moZrav TviTmfrinavs?

umravles SemTxvevaSi sxeulebs aqvT rogorc kinetikuri, ise potenci
uri energia, amitom ganixilaven sxeulis srul meqanikur energias�

sxeulis sruli meqanikuri energia aris misi kinetikuri da potenciuri 
energiebis jami�

rac ufro meti energia aqvs sxeuls, miT meti muSaobis Sesruleba Seu
Zlia mas�

muSaobis Sesrulebisas icvleba sxeulis energia� cxadia, muSaoba da en
ergia erTi da imave erTeulebiT izomeba�

SI sistemaSi energiis erTeulia 1 jouli�
energia skalaruli fizikuri sididea� 
Zalis moqmedebis Sedegad icvleba sxeulis energia�
sxeulze moqmedi Zalis mier Sesrulebuli muSaoba am sxeulis energiis 

cvlilebis tolia�

meqanikuri energia aris fizikuri sidide, romelic axasiaTebs sxe
ulTa an maTi nawilebis moZraobasa da urTierTqmedebas�

energias, romelic sxeuls aqvs moZraobis Sedegad, kinetikuri en
ergia ewodeba�

energias, romelic sxeulebs an maT nawilebs aqvs urTierT qmedebis 
Sedegad, potenciuri energia ewodeba� 

sxeulis sruli meqanikuri energia aris misi kinetikuri da poten
ciuri energiebis jami�

sxeulze moqmedi Zalis mier Sesrulebuli muSaoba am sxeulis ener
giis cvlilebis tolia�

upasuxe kiTxvebs, amoxseni amocanebi?
1� siarulis dros adamiani aviTarebs 60vt simZlavres� ra energias dax

arjavs igi, Tu seirnobs 20wTis ganmavlobaSi?
2� rogor Seicvleba garkveuli simaRlidan vardnili sxeulis kineti

kuri energia? pasuxi daasabuTe�
3� ra energia aqvs burTs, rodesac: a) moedanze migoravs; b) haerSi moZ

raobs?
4� ferdobze daSvebuli ciga gzis horizontalur ubanze gaCerda� ro

gor Seicvala cigis kinetikuri energia? potenciuri energia? 
5� ratom ayenebs setyva did zians xexils, venaxs, puris yanas?
6� ra muSaoba Seasrula sxeulze moqmedma Zalam, Tu sxeulis energia 

Seicvala: a) 10kjdan 60kjmde; b) 60kjdan 10kjmde?
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nebismier moZrav sxeuls aqvs kinetikuri energia (sur� 1�26 a,b)� am ener
giis xarjze igi asrulebs muSaobas� 

cxadia, rac meti energia aqvs sxeuls, miT meti muSaobis Sesruleba Seu
Zlia mas� 

 ● Seni azriT, ra sidideebze iqneba damokidebuli sxeulis kinetikuri 
energia?

 ● Seni varaudis siswore SeamowmeT eqsperimentiT�

eqsperimentuli samuSao

moZravi sxeulis energia

resursebi: saxelmZRvanelo, samuSao rveuli, fanqari, kalami, daxrili 
sibrtye, sxvadasxva masis burTulebi, msubuqi Zeli, saswori, saxazavi�

miTiTeba: sasurvelia, burTulebis masebi gansxvavdebodes 2jer an 
3jer�

I�
 ● daxril sibrtyeze daagore 

burTula ise, rom Seejaxos Zels 
(sur� 1�27);

 ● gazome Zelis gadaadgileba;
 ● Seadgine cxrili da mas

Si Seitane gazomvis Sedegebi 
(burTulebis masebi da Zelis 
gadaadgilebebi);

kinetikuri energia1.4

sur� 1�27

sur�1�26

a) CanCqers aqvs kinetikuri energia b) fexburTis TamaSis dros fexburTelebs da 
burTs aqvs kinetikuri energia

24
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 ● Zeli moaTavse pirvandel mdebareobaSi da imave simaRlidan daago
re 2jer meti masis burTula;

 ● kvlav gazome Zelis gadaadgileba;
 ● romeli burTula ufro metad gadaaadgilebs Zels?
 ● Seni azriT, Sejaxebisas romel burTulas aqvs meti energia? ra 

damokidebulebaa burTulis masasa da energias Soris?
II�

 ● erTi da igive burTula daagore sxvadasxva simaRlidan� (cxrilSi 
Seitane sxvadasxva simaRlisa da, Sesabamisad, Zelis gadaadgilebis 
mniSvnelobebi);

 ● ZelTan Sejaxebisas burTulas romel SemTxvevaSi eqneba meti siC
qare?

 ● rodis ufro metia Zelis gadaadgileba?
 ● damokidebulia Tu ara burTulis energia mis siCqareze?
 ● gaaanalize eqsperimenti da daadgine, ra sidideebzea damokidebuli 

moZravi sxeulis energia;
 ● gaakeTe samuSaos prezentacia�

eqsperimentis analizis Sedegad daadgen, rom, rac ufro didia burTu
lis masa da siCqare, miT metia Zelis gadaadgileba, e�i� miT metia burTulis 
energia�

sxeulis kinetikuri energia aRiniSneba E
k
iT�  siCqariT moZravi m ma

sis sxeulis kinetikuri energia gamoiTvleba formuliT:

E
k

mv2

sxeulis kinetikuri energia misi masisa da siCqaris kvadratis namrav
lis naxevris tolia� 

Tu sxeuli uZravia, maSin misi siCqare da, Sesabamisad, kinetikuri ener
gia nulis tolia�

uZrav sxeuls rom mieniWos kinetikuri energia, cxadia, unda Sesrul
des am energiis toli muSaoba:

A mv2

Tu sxeulze moqmedebs Zala, maSin sxeulis siCqare icvleba� Sesabamis
ad, Zalis muSaoba dakavSirebulia siCqaris cvlelebasTan, siCqaris cvli
leba ki _ kinetikuri energiis cvlilebasTan�

vTqvaT, F Zalis moqmedebiT m masis sxeulis siCqare gaizarda 
1
dan 

2
mde 

(sur� 1�28)� cxadia, sxeulis kinetikuri energia gaizrdeba  
mv2

1

 
dan   

mv2
2

 
mde� 

sxeulze moqmedi Zalis mier Sesrulebuli muSaoba tolia sxeulis kineti
kuri energiis cvlilebisa:

sur� 1�28  sxeulis kinetikuri energia izrdeba

F Fm
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drois garkveul SualedSi sxeulis kinetikuri energiis cvlileba to
lia im muSaobisa, romelsac asrulebs sxeulze moqmedi Zala am drois Su
aledSi�

sxeulis kinetikuri energia moZraobis energiaa� igi sxeulis  masisa 
da siCqaris kvadratis namravlis naxevris tolia: 

drois garkveul SualedSi sxeulis kinetikuri energiis cvli leba 
tolia im muSaobisa, romelsac asrulebs sxeulze moqmedi Zala am drois 
SualedSi:

upasuxe kiTxvebs, amoxseni amocanebi?
1� rogor Seicvleba sxeulis kinetikuri energia, Tu misi siCqare: a) gaiz

rdeba 2jer; b) Semcirdeba 2jer?
2� rogor unda Seicvalos sxeulis siCqare, rom misi kinetikuri energia 

gaizardos 4jer?
3� Seadare ori erTnairi avtomobilis kinetikuri energiebi, Tu:
a) maTi siCqareebi sxvadasxvaa;
b) siCqareebi erTnairia, magram erTerTi datvirTulia� 
4� SesaZlebelia Tu ara, rom sxeulis kinetikuri energia iyos uaryofi

Ti sidide? pasuxi daasabuTe�
5�  Seni azriT, rogor Seicvleba sxeulis kinetikuri energia, Tu masze 

moqmedi Zalis muSaoba uaryofiTia? 
6� daasaxele Zalebi, romelTa moqme debiT sxeulis kinetikuri energia 

mcirdeba� pasuxi daasabuTe�
7� 2kg masis sxeulis siCqaris grafikis mixedviT gansazRvre misi ki

netikuri energia moZraobis dawyebidan yoveli momdevno wamis Semdeg 
(sur� 1�29)�

8� Zalis moqmedebiT 2kg masis sxeulis siCqa
re  Semcirda 4m/wmdan 2m/wmmde� rogor Seicva
la sxeulis kinetikuri energia?

9� ra muSaoba Seasrula 5kg masis sxeulze mo
qmedma Zalam, Tu sxeulis siCqare gaizarda 2m/
wmdan 4m/wmmde?

10� ra manZili gaiara Tanabrad moZravma 2t 
masis avtomobilma 20wTSi, Tu misi kinetikuri 
energia iyo 625kj?

26
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Sen ici, rom potenciuri energia sxeulebs aqvT urTierT qmedebis Sede
gad� potenciuri energia aqvs dedamiwis zedapiridan garkveul simaRleze 
ata nil sxeuls� vardnisas sxeulis potenciuri energia mcirdeba� Sedegad 
sxe ulze moqmedi simZimis Zala asrulebs muSaobas�

liTonis Wedvisas mWedeli cdilobs, rac SeiZleba maRla aswios uro� 
SeSis Cexvisas SeSis mWreli cdilobs  maRla awios culi (sur� 1�30)�

 ● ra mizniT akeTeben amas mWedeli da SeSis mWreli? 
 ● Seni azriT, ra sidideze iqneba damokidebuli vardnili sxeulis en

ergia? 
 ● Seni varaudis siswore Seamowme eqsperimentiT�

eqsperimentuli samuSao

vardnili sxeulis energia

resursebi: saxelmZRvanelo, samuSao rveu
li, fanqari, kalami, erTnairi moculobis 
plastilinisa da rkinis burTulebi, qviSa�

I  

 ● daakvirdi plastilinis burTulebis 
vardnas sxva dasxva simaRlidan (sur� 
1�31)� iatakze dacemisas romeli burTu
la ufro metad deformirdeba?

 ● ra SeiZleba iyos am movlenis mizezi?

potenciuri energia1.5

h
1

h
2

h
3

sur� 1�31  erTanairi bur
Tulebis vardna

sur� 1�30 
a) liTonis Wedva b) SeSis Cexva
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II 
 ● iatakze dayare qviSa;
 ● daakvirdi erTnairi moculobis rkinis da 

plastilinis burTulebis vardnas erTi da 
imave simaRlidan (sur� 1�32)� romeli burTu
la ufro Rrmad  Cava qviSaSi?

 ● Seecade, axsna am movlenis mizezi;
 ● gaaanalize eqsperimenti da daadgine, ro

gor aris damokidebuli dedamiwis zedapiri
dan garkveul simaRleze atanili sxeulis 
energia sxeulis masasa da simaRleze;

 ● gaakeTe samuSaos prezentacia�

cxadia, dedamiwis zedapiridan  h simaR
leze atanili burTulebi urTierTqmedeben 
dedamiwasTan, amis gamo maT aqvT potenci
uri energia�

eqsperimentis analizis Sedegad daadgen, 
rom rac metia sxeulis masa da simaRle, miT 
metia sxeulis potenciuri energia�

potenciuri energia aRiniSneba E
p
iT� h 

simaRleze atanili m masis sxeulis poten
ciuri energia gamoiTvleba formuliT:

E
p 
= mgh

davadginoT ra kavSiria sxeulze moqmedi 
simZimis Zalis mier Sesrulebuli muSaobasa 
da sxeulis potenciur energias Soris� 

vTqvaT, vardnisas sxeuli gadaadgilda 
Adan B wertilSi (sur� 1�33)� CavTvaloT, 
rom simZimis Zala mudmivi sididea� simZimis 

Zalasa da sxeulis gadaadgilebas erTi da igive mimarTuleba aqvs, amitom 
am Zalis muSaoba

A =mg(h1-h2)
es formula warmovadginoT sxva saxiT:

A =-(mgh2-mgh1) 
tolobis marjvena mxare warmoadgens potenciuri energiis cvlile

bas sapirispiro niSniT:
A= -(E

p2-Ep1)
sxeulze moqmedi simZimis Zalis muSaoba tolia am sxeulis potenciuri 

energiis cvlilebisa sapirispiro niSniT�

 ● miRebuli formulis gamoyenebiT daadgine, rogor Seicvleba sxe
ulis potenciuri energia, Tu masze moqmedi simZimis Zalis muSaoba 
dadebiTia, uaryofiTia? pasuxi daasabuTe�

radgan muSaoba ganisazRvreba energiis cvlilebiT, amitom fizikuri 
azri aqvs ara potenciur energias, aramed mis cvlilebas� aqedan gamom

h h

plastilini rkina

sur� 1�32 sxvadasxva masis 
burTulebis vardna

sur� �1�33

28
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dinare, SeiZleba avirCioT sxeulis is mdebareoba, romelSic sxeulis po
tenciur energias nulis tolad CavTvliT� am mdebareobas Seesabameba 
potenciuri energiis nulovani done (sur� 1�33)� nulovan doned SeiZleba 
CavTvaloT nebismieri zedapiri: dedamiwis, magidis da sxv�

potenciuri energia aqvs ara calke aRebul sxeuls, aramed urTi er
Tqmed sxeulebs� ganxilul eqsperimentSi urTierTqmedi sxeulebia bur
Tulebi da dedamiwa�

mniSvnelovania aRiniSnos, rom kinetikuri energia erTi sxeulis ener
giaa, potenciuri ki _ sxeulTa sistemis (minimum ori sxeulis an sxeulis 
nawilebis)�

potenciuri energia urTierTqmedebis energiaa� h simaRleze ata
nili m  masis sxeulis potenciuri energia

sxeulze moqmedi simZimis Zalis muSaoba tolia am sxeulis poten
ciuri energiis cvlilebisa sapirispiro niSniT:

upasuxe kiTxvebs, amoxseni amocanebi?
1� gamoTvale 3kg masis sxeulis potenciuri energia dedamiwis zedapir

idan 20m da 40m simaRleebze� Seadare es energiebi�
2� 2t masis vertmfreni dedamiwis zedapiridan 20m simaRlezea� ra simaRleze 

unda avides vertmfreni, rom misi poten
ciuri ener gia gaizardos 600kjiT?

3� gamoTvale 10t masis avtomobil
is potenciuri energia traeqtoriis A,  
B da C wertilebSi (sur� 1�34), rodesac 
potenciuri energiis nulovani done 
gadis: a) A wertilze; b) B wertilze; g) 
C wertilze�

4� vertikalurad asrolili sxe
ulis moZraobis analizis safuZvelze 
daamtkice, rom simZimis Zalis muSaoba 
Sekrul traeqtoriaze nulis tolia�

5� 1kg masis sxeuli 10m simaRlidan 
Cavarda 3m siRrmis ormoSi (sur� 1�35)� 
ra muSaoba Seasrula simZimis Zalam? 
haeris winaaRmdegobas nu gaiTval
iswineb� 

6� 8m simaRlidan usawyiso siCqariT 
vardeba sxeuli� ra simaRleze gautol
deba sxeulis kinetikuri energia po
tenciurs? haeris winaaRmdegobas nu 
gaiTvaliswineb�

3m

10m

sur� 1�35

sur� 1�34

C
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drekadi sxeulis deformaciisas aRiZvreba drekadobis Zala, romelic 
sxeuls abrunebs aradeformirebul mdgomareobaSi�  e�i� drekadobis Zala 
asrulebs muSaobas� es niSnavs, rom drekadad deformirebul sxeuls aqvs 
energia� 

gamovTvaloT muSaoba, romelsac asrulebs deformirebul zambaraSi 
aRZruli drekadobis Zala� zambaris erTi bolo uZravad davamagroT, meo
reze ki mivamagroT sxeuli (sur�1�36)� x RerZi mivmarToT zambaris Rer
Zis gaswvriv, koordinatTa saTave ki SevuTavsoT sxeulis im mdebareobas, 
rodesac zambara aradeformirebulia (sur� 1�36,a)�

Zalis moqmedebiT zambara gamovi
yvanoT wonasworobis mdebareobi
dan (sur�1�36,b)� aRvniSnoT zambar
is wagrZeleba xiT (A mdebareoba)� 
deformaciis Sedegad zambaraSi aRiZ
vreba sapirispirod mimarTuli imave 
sididis drekadobis Zala� deformciis 
gamomwvevi Zalis moqmedebis Sewyvetis 
Semdeg drekadobis Zala asrulebs muS
aobas _ zambaras abrunebs sawyis mde
bareobaSi� 

hukis kanonis Tanaxmad, mcire daformaciisas deformirebul sxeulSi 
aRZruli drekadobis Zalis sidide proporciulia sxeulis sigrZis cvli
lebisa:

F = kx
cxadia, zambaris maqsimaluri wagrZelebisas drekadobis Zalis sidide 

maqsimaluria, wonasworobis mdebareobaSi ki _ nulis toli, amitom gan
vixilavT drekadobis Zalis saSualo mniSvnelobas�

drekadobis Zalis muSaoba
A = F

saS 
x

drekadobis Zalis saSualo mniSvneloba tolia drekadobis Zalis sawy
isi da saboloo mniSvnelobebis saSualo ariTmetikulisa:

muSaobis gamosaTvlel formulaSi CavsvaT F
saS

s mniSvneloba, mivi
RebT:

gamosaxuleba  warmoadgens deformirebuli zambaris potenciur 
energias:

Tu deformirebuli zambaris potenciuri energia Seicvala E
p1

dan E
p2


mde,  maSin 

A = E
p1 

E
p2

= -(E
p2 

- E
p1

)

1.6 drekadad deformirebuli sxeulis 
potenciuri energia

sur� 1�36

a)

b) AFdr

x x

x0

30
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deformirebul sxeulSi aRZruli drekadobis Zalis muSaoba tolia am 
sxeulis potenciuri energiis cvli lebisa Sebrunebuli niSniT�

gavarkvioT drekadad deformirebuli sxeulis potenciuri energiis 
arsi� CavTvaloT, rom drekadobis Zalis moqmedebiT deformirebuli zam
bara dabrunda aradeformirebul mdgomareobaSi (rodesac zambaris poten
ciuri energia nulis tolia), maSin

drekadad deformirebuli sxeulis potenciuri energia tolia im muS
aobisa, romelsac asrulebs drekadobis Zala deformirebuli  sxeulis 
gadas vlisas aradeformirebul mdgomareobaSi�

dedamiwis zedapiridan garkveul simaRleze atanili sxeulis potenci
uri energia dedamiwisa da sxeulis urTierTqmedebis energiaa� drekadad 
deformirebuli sxeulis potenciuri energia ki _ am sxeulis calkeuli 
nawilakebis urTierTqmedebis energia�

amgvarad, potenciuri energia sxeulis an sxeulis Semadgeneli 
nawilakebis urTierTqmedebis energiaa�

drekadad deformirebuli sxeulis potenciuri energia:

deformirebul sxeulSi aRZruli drekadobis Zalis muSaoba tolia am 
sxeulis potenciuri energiis cvli lebisa Sebrunebuli niSniT:

A = -(E
p2 

- E
p1

)

upasuxe kiTxvebs, amoxseni amocanebi?
1� dinamometrze dakides 2kg masis tvirTi� gamoTvaleT dinamometris 

zambaris potenciuri energia, Tu igi wagrZelda 3smiT�

2� 200n/m sixistis zambara gaWimes misi sig
rZis 1/4iT� gamoTvaleT zambaris potenciuri 
energia, Tu misi sigrZe aradeformirebul mdgo
mareobaSi 40smia�

3� drekadobis Zalis moqmedebiT arade
formirebuli zambaris wagrZeleba Semcirda 
20smidan 10smmde� ra muSaoba Seasrula drekado
bis Zalam, Tu zambaris sixiste 1000n/mia?

4� 1�37 suraTze mocemulia gaWimul zam
baraSi aRZrul drekadobis Zalasa da zambaris 
wagrZelebas Soris damokidebulebis diagrama� 
romeli wertili Seesabameba maqsimalur poten
ciur energias?

5� 1�38 suraTze mocemulia gaWimuli zambaris 
potenciur energiasa da zambaris wagrZelebas 
Soris damokidebulebis diagrama� romeli werti
li Seesabameba minimalur drekadobis Zalas?

sur� 1�37

sur� 1�38
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moZrav sxeuls aqvs kinetikuri energia, romelic SeiZleba gamoviyenoT 
muSaobis Sesasruleblad� muSaobis Sesruleba SeuZlia agreTve garkveul 
simaRleze atanil sxeuls vardnisas� magaliTad, vardnili wylis energias 
iyeneben hidroeleqtrosadgurebSi eleqtruli energiis misaRebad (sur� 

1�39)� 
eleqtruli energia SeiZleba gar

daiqmnas siTbur, meqanikur, sinaTlis 
energiad�

fizikaSi gansakuTrebuli mniS
vneloba aqvs erTerT universalur 
kanons _ energiis mudmivobis kanons�

urTierTqmed sxeulebs erTdrou
lad SeiZleba hqondeT kinetikuri en
ergiac da potenciuric� 

ganvixiloT im sxeulTa energiis 
cvlileba, romlebic qmnian Caketil 
sistemas� 

Caketilia sxeulTa sistema, 
romelSic Semavali sxeulebi urT
ierTqmedeben mxolod erTmaneTTan 

(maTze gare Zalebi ar moqmedebs)� 
drois nebismier momentSi sxeulTa Caketili sistemis kinetikuri da 

potenciuri energiebis jams sruli meqanikuri energia ewodeba:

E = E
k 
+ E

p

magaliTad, dedamiwa da misi zedapiridan garkveul simaRleze ata nili 
sxeuli SeiZleba CavTvaloT Caketil sistemad, Tu CavTvliT, rom sistemaze 
ar moqmedebs xaxunisa da winaaRmdegobis Zalebi an, simciris gamo, SesaZle
belia am Zalebis ugulebelyofa� simZimis Zalis moqmedebiT sxeuli varde
ba dedamiwaze (sur� 1�40)� garkveul simaRleze sxeulis kinetikuri energia 

aRvniSnoT E
k1

iT potenciuri _ E
p1

iT� dedamiwaze 
dacemisas, Sesabamisad _  E

k2
iT da E

p2
iT�

sxeulis vardnisas masze moqmedi simZimis Zala 
asrulebs muSaobas� am muSoabis Sedegad sxeulis ki
netikuri energia gaizrdeba� 

simZimis Zalis muSaoba tolia sxeulis kineti
kuri energiis cvlilebisa:

A = E
k2 

 E
k1

imave sididiT Semcirdeba potenciuri energia, 
amitom igive muSaoba tolia potenciuri energiis 
cvlilebisa sapirispiro niSniT: 

A = -(E
p2 

 E
p1

)=
 
E

p1 
 E

p2

am tolobebis SedarebiT miviRebT:
E

k1
 + E

p1
 = E

k2
 + E

p2

meqanikuri energiis mudmivobis kanoni1.7

sur� 1�39 hidroeleqtrosadguris kaSxali

sur� 1�40



Don
’t C

op
y

tolobis erTi mxare warmoadgens sxeulis kinetikuri da potenci
uri energiebis jams vardnis dawyebisas, meore mxare _ am energiebis jams 
dedamiwis zedapirze dacemisas�

amgvarad, sxeulis kinetikuri da potenciuri energiebis jami mudmivi 
sididea� es niSnavs, rom sxeulTa Caketili sistemis sruli meqanikuri en
ergia ar icvleba�

es aris meqanikuri energiis mudmivobis kanoni sxeulTa iseTi siste
mebisaTvis, romlebSic sxeulebi urTierTqmedeben simZimis an drekadobis 
ZalebiT� 

  eqsperimentuli samuSao

sxeulTa energetikuli gardaqmnebi

resursebi: saxelmZRvanelo, samuSao rveuli, fanqari, kalami, burTu
la, Zafze da zambaraze dakidebuli burTulebi�

I�
 ● burTula aisrole vertikalurad ze

viT (sur� 1�41) da daakvirdi mis moZrao
bas�

 ● rogor icvleba burTulis siCqare? ro
gor Seicvleba burTulis kinetikuri 
energia?

 ● ra energia aqvs burTulas asrolis mo
mentSi?

 ● rogor icvleba manZili asrolis 
wertilsa da burTulas Soris? rogor 
Seicvleba burTulis potenciuri ener
gia?

 ● ra energia aqvs burTulas maqsimalur 
simaRleze?

 ● rogor Seicvleba vardnisas burTulis 
kinetikuri da potenciuri energiebi?

II�
 ● daakvirdi Zafze da zambaraze dakidebuli burTulebis rxe vebs 

(sur� 1�42, 1�43)�
 ● SearCie energiis nulovani done da daadgine, ra energia aqvs burTu

lebs wonasworobis mdebareobaSi? maqsi maluri gadaxrisas?
 ● ra energetikuli gardaqmnebi xdeba burTulebis moZraobisas?

eqsperimentis Catarebisas naxav, rom garkveuli drois Semdeg bur
Tulebi gaCerdeba�

 ●  Seni azriT, am SemTxvevaSi rogor icvleba burTulebis energia? 
 ● irRveva Tu ara meqanikuri energiis mudmivobis kanoni?

33
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ergiis mudmivobis kanoni ar irRveva� sxeulis moZraobisas xaxunisa da wi
naaRmdegobis Zalebis moqmedebiT meqanikuri energia gardaiqmneba Sinagan 
energiad (sxeulis Semadgeneli nawilakebis kinetikuri da potenciuri en
ergiebis jami) e�i� meqanikuri energia an  energiis nawili gardaiqmneba sxva 
saxis energiad�

meqanikuri energiis mudmivobis kanoni aris kerZo SemTxveva zogadad 
energiis mudmovobis kanonisa, romlis Tanaxmad nebismieri procesis dros 
sxeulTa sistemis sruli energia mudmivi sididea�

energia TavisTavad ar warmoiqmneba da arc ukvalod qreba, igi erTi 
saxidan gardaiqmneba meore saxed  an erTi sxeulidan gadaecema meores� 

energiis mudmivobis kanons iyeneben sxvadasxva meqanizmis, kosmosuri 
xomaldebisa da Tanamgzavrebis, planetebisa da kosmosuri sxeulebis moZ
raobis Sesaswavlad�

Caketili sistemis sruli meqanikuri energia mudmivi sididea�

upasuxe kiTxvebs, amoxseni amocanebi?
1� ra saxis meqanikuri energia aqvs TviTmfrinavs: a) asafren zolze 

dgomisas? b) gaqanebisas? g) frenisas? energiis nulovan doned CaTvale 
asafreni zoli�

2� aRwere energiis gardaqmna: 
a) mSvildiT isris gatyorcnisas (sur� 1�44); 
b) WokiT xtomisas (sur� 1�45); 
g) batutze xtomisas (sur� 1�46)

3� dedamiwaze davardnili burTi raRac drois ganmavlobaSi xtunavs 
dedamiwaze� ratom mcirdeba TandaTan axtomis simaRle?

4� dedamiwis zedapiridan vertikalurad zeviT 10m/wm siCqariT ais
roles 1kg masis sxeuli, romelmac miaRwia 5m simaRles� gamoTvale sxeulis 

sur� 1�42 sur� 1�43
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simaRleze� haeris winaaRmdegobas nu gaiTvaliswineb� rogor Seicvleba 
gamoTvlebis Sedegebi haeris winaaRmdegobis gaTva liswinebis SemTxveva
Si? 

5� 1m sigrZis Zafze dakidebuli 300g masis burTula gadaxares 1dan 2 
mdebareobaSi da gauSves xeli   (sur� 1�47)� gamoTvale burTulis potenci
uri energia umaRles wertilSi da kinetikuri energia udables wertilSi� 
haeris winaaR mdegobas nu gaiTva liswineb�

amocanis amoxsnis nimuSi!
amocana

gamoTvale 1,5t masis avtomobilis kinetikuri energia, Tu igi moZrao
bs horizontalur gzaze mudmivi 20m/wm siCqariT� rogor Seicvleba avto
mobilis meqanikuri energia, Tu igi imave siCqariT ava 100m simaRlis mTaze? 
dairRveva Tu ara energiis mudmivobis kanoni?

sur� 1�44 isris tyorcna sur� 1�45 WokiT xtoma
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amoxsna

potenciuri energiis nulovani done davu
kavSiroT gzis horizontalur zedapirs� gzaze 
moZraobisas avtomobilis kinetikuri energia 
iqneba:

m
E

k

ricxviTi mniSvnelobebis CasmiT miviRebT:

 Ek = 300000j

mTaze asvlisas avtomobilis potenciuri energia izrdeba� 100m simaR
leze misi potenciuri energia iqneba

Ep = mgh = 1500000j

sruli meqanikuri energia tolia kinetikuri da potenciuri energiebis 
jamis: 

E = E
k
 + Ep 

radgan avtomobilis siCqare ar Seicvala, ucvleli iqneba misi kineti
kuri energiac, amitom

E = 300000j + 1500000j = 1800000j

gamovTvaloT ramdenjer gaizarda avtomobilis energia

E
k

E

amgvarad, mTaze asvlisas avtomobilis energia 6jer gaizarda� es ar 
niSnavs energiis mudmivobis kanonis darRvevas _ sawvavis wvis energia gar
daiqmna avtomobilis meqanikur energiad�

pasuxi: Ek = 300000j;  
E

k

E   avtomobilis moZraobisas energiis 

mudmivobis kanoni ar dairRveva�

amocana

10g masis tyvia 800m/wm siCqariT moxvda gluv horizontalur zedapir
ze moTavsebul 200g masiur yuTs da gavida meore mxares 100m/wm siCqariT� 
tyviis Sejaxebis Sedegad yuTi amoZravda 35m/wm siCqariT� rogor Seicvala 
am dros sistemis (tyviayuTi) Sinagani energia?
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tyvia da yuTi CavTvaloT Caketil siste
mad� aRvniSnoT tyviis siCqare Sejaxebamde 

01


iT, yuTSi gavlis Semdeg _ 
1
iT, yuTis siCqare 

tyviis Sejaxebamde _ 
02

iT, Sejaxebis Semdeg 
_ 

2
iT�

yuTSi tyviis moZraobisas aRiZvreba xaxunis 
Zala, romlis moqmedebiT sistemis meqanikuri 
energiis nawili DE gardaiqmneba mis Sinagan en
ergiad _ sistemis Sinagani energia gaizrdeba�

DE = E1 - E2

sadac E1 aris sistemis meqanikuri energia 
urTierTqmedebamde (tyvi is yuTze Sejaxebamde), E2 ki _ urTierTqmedebis 
Semdeg (tyviis yuTidan gasvlis momentSi)� sistemis energia Sejaxebamde 
tolia:

m mE
1

imis gamo, rom yuTi moTavsebulia gluv zedapirze, SesaZlebelia yuT
sa da am zedapirs Soris xaxuni ugulebelvyoT� 

yuTTan urTierTqmedebis Semdeg tyviis kinetikuri energia iqneba   

m

tyviis Sejaxebis Semdeg yuTi SeiZens energias 
m

amgvarad, Sejaxebis Semdeg sistemis energia iqneba:

 
m mE

E1 da E2 energiebis mniSvnelobebi CavsvaT DEis gamosaTvlel formu
laSi:

E
m m m m

am tolobaSi ricxviTi mniSvnelobebis CasmiT miviRebT:  

=3027,5j 3E
niSani ,,” miuTiTebs sistemis meqanikuri energiis Semcirebaze� cxadia, 

gaizrdeba sistemis Sinagani energia�

pasuxi: sistemis Sinagani energia gaizarda 3kjiT�
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Seamowme Seni codna

I marTebulia Tu ara mtkiceba

1� fizikis TvalsazrisiT muSaoba sruldeba  mxo   lod maSin, rodesac 
sxeuli gadaadgilde ba�

a) diax; b) ara�
2� fizikis TvalsazrisiT  muSaoba sruldeba  mxolod maSin, rodesac 

sxeulze Zala moqme debs�
a) diax; b) ara�
3� fizikis TvalsazrisiT  muSaoba sruldeba  mxo lod maSin, rodesac 

sxeuli gadaadgilde ba Zalis moqmedebis Sedegad�
a) diax; b) ara�
4� Zalis mier Sesrulebuli muSaoba dadebiTia, Tu sxeuli moZraobs Za

lis mimarTulebiT� 
a) diax; b) ara�
5� Zalis mier Sesrulebuli muSaoba uaryofiTia, Tu sxeuli moZraobs 

Zalis sapirispiro mimarTulebiT�
a) diax; b) ara�
6� Zalis mier Sesrulebuli muSaoba nulis tolia, Tu Zalis moqmedebiT 

sxeuli ar gadaadgildeba�
a) diax; b) ara�
7� Zalis mier Sesrulebuli muSaoba nulis tolia, Tu sxeuli moZraobs 

Zalis moqmedebis gareSe�
a) diax; b) ara�
8� Zalis mier Sesrulebuli muSaoba nulis tolia, Tu sxeulze Zala mo

qmedebs moZraobis mimarTulebisadmi marTobulad�
a) diax; b) ara�
9� sxeulis vardnisas masze moqmedi simZimis Zalis muSaoba dadebiTia�
a) diax; b) ara�
10� simZlavre axasiaTebs muSaobis Sesrulebis siswrafes�
a) diax; b) ara�
11� nebismieri Zravis mqk<1, radgan sasargeblo muSaoba sruli muSaobis 

nawilia�
a) diax; b) ara�
12� energia aris sxeulis an sxeulTa sistemis mier muSaobis Sesrulebis 

unari�
a) diax; b) ara�
13� nebismier sxuls aqvs kinetikuri energia�
a) diax; b) ara�
14� potenciuri energia sxeulis an sxeulis nawilebis urTierTqmedebis 

energiaa�
a) diax; b) ara�
15� sxeulis vardnisas misi potenciuri energia gardaiqmneba kinetikur 

energiad�
a) diax; b) ara�
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16� sxeulis asrolisas misi kinetikuri energia gardaiqmneba poten
ciur energiad�

a) diax; b) ara�
17� sxeulTa sistemis meqanikuri energiis Semcirebisas izrdeba siste

mis Sinagani energia�
a) diax; b) ara�
18� sxeulze moqmedi simZimis Zalis muSaoba tolia am sxeulis potenci

uri energiis cvlilebisa�
a) diax; b) ara�
19� meqanikuri energia axasiaTebs sxeulTa an maTi nawilebis moZraobasa 

da urTierTqmedebas�
a) diax; b) ara�
20� drois garkveul SualedSi sxeulis kinetikuri energiis cvlileba 

tolia im muSaobisa, romelsac asrulebs sxeulze moqmed ZalTa tolqmedi 
am drois SualedSi�

a) diax; b) ara�
21� kinetikuri energia erTi sxeulis energiaa, potenciuri ki _  sxeul

Ta sistemis an sxeulis nawilebis energia�
a) diax; b) ara�
22� sxeulis an sxeulTa sistemis meqanikuri energia yovelTvis mudmivi 

sididea�
a) diax; b) ara�
23� sxeulis an sxeulTa sistemis sruli energia garkveul pirobebSi 

SeiZleba ar iyos mudmivi sidide�
a) diax; b) ara�

II�  romelia swori pasuxi?

1� ramdeni mtkicebaa marTebuli: 1) sxeulis sruli meqanikuri energia 
aris misi kinetikuri da potenciuri energiebis jami; 2) sxeulis kinetikuri 
energia moZraobis energiaa, potenciuri ki _ urTierTqmedebis energia; 3) 
simZlavre axasiaTebs muSaobis Sesrulebis siswrafes; 4) energia aris sxeu
lis an sxeulTa sistemis mier muSaobis Sesrulebis unari�

a) ori; b) sami; g) oTxi�

2� muSaoba gamoiTvleba formuliT:

a) A =FS;    b)
 

AN
t

;    g) A= mgh.

3� simZlavre gamoiTvleba formuliT:

a) A =FS;    b)
 

AN
t

;    g) A= mgh.

4� sxeulis kinetikuri energia gamoiTvleba formuliT:

a) ;    b) Ep 
= mgh;    g) �
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5� Tu 200n Zalis moqmedebiT sxeuli am Zalis mimarTulebiT gadis 1km 
manZils, maSin am Zalis mier Sesrulebuli muSaobaa:

a) 200j;     b) 200kj;     g) 2000j�

6� romel  SemTxvevaSia simZimis Zalis mier Sesrulebuli muSaoba 
uaryofiTi? 

a) sxeuli vardeba;
b) sxeuli moZraobs vertikalurad zeviT;
g) sxeuli moZraobs horizontalurad�

7�  2kg masis sxeulis 50sm simaRleze atanisas sxeulze moqmedi simZimis 
Zala asrlebs

a) 10j muSaobas;  b) 10j muSaobas; g) 20j muSaobas�

8� 100kvt simZlavris Zravas mier 5wmSi Sesrulebuli muSaobaa:
a) 500kj; b) 500j;  g) 50j�

9� ra simZlavre ganaviTara amwem, Tu 200kg masis tvirTi 15m simaRleze 
aitana 20wmSi? 

a) 15kvt; b) 1500vt; g) 150vt;

10� grafiki gviCvenebs sxeulze 
moqmedi Zalis muSaobis damokide
bulebas sxeulis gadaadgilebaze 
(sur� 1�48)� ra sididisaa es Zala?

a) 2n;    b) 0,2n;    g) 20n�

11� gamoTvale urikaze moqmedi 
Zalis muSaoba urikis 1miT gadaadg
ilebisas (sur� 1�49)�

a) 10j;  b) 1j;  g) 1kj�

12� Tu 2wTSi Zrava asrulebs 
400kj mu Saobas, maSin 10wTSi Seas
rulebs

a) 2000kj muSaobas; 

b) 2mgj muSaobas; 

g) 20000j muSaobas�

13� Tu sxeulis siCqare Semcird
eba 3jer, maSin misi kinetikuri en
ergia

a) gaizrdeba 3jer;
b) Semcirdeba 3jer;
g)  Semcirdeba 9jer�

40
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14� dedamiwis zedapiris mimarT kineti
kuri da potenciuri energia aqvs:

a) dedamiwis zedapiridan garkveul si
maRleze atanil uZrav sxeuls;

b) dedamiwis zedapirze moZrav sxeuls;
g) dedamiwis zedapiridan garkveul si

maRleze atanil moZrav sxeuls;

15� 1�50 suraTze mocemulia 3kg masis 
sxeulis siCqaris droze damokidebulebis 
grafiki� gamoTvale sxeulis kinetikuri en
ergia aTvlis dawyebidan me2, me4 da me8wm
is bolos� 

 a)18j; 18j; 8j;   b) 27j; 27j; 0;   g) 54j; 54j; 0�

16� 1�51 suraTze mocemulia toli masis 
ori sxeulis moZraobis grafiki� Seadare sx
eulTa kinetikuri energiebi�

a) pirvelis 4jer naklebia;
b) pirvelis 4jer metia;
g) meoris 2jer metia�

17� 80m simaRlidan vardeba 2kg masis sxe
uli� rogor Seicvleba sxeulis potenciuri 
energia dedamiwaze dacemisas?

a) Semcirdeba 160jiT;
b) Semcirdeba 1600jiT;
g) gaizrdeba 160jiT�

18� 80m simaRlidan vardeba 2kg masis sxe
uli� rogor Seicvleba sxeulis potenciuri 
energia 20mis gavlis Semdeg?

a) Semcirdeba 200jiT;
b) Semcirdeba 400jiT;
g) Semcirdeba 40jiT�

19� romeli burTulis kinetikuri ener
giaa meti (sur� 1�52)?

a) pirvelis; b) meoris;  g) mesamis�

20� 1�53 suraTze mocemulia burTulebis 
mdebareoba vardnis dawyebis momentSi� romeli 
burTulis potenciuri energiaa meti am momen
tSi?      

a) pirvelis,  b) meoris,  g) tolia�
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21� 2 kg masis sxeulis potenciuri energia 20m 
simaRleze 2jer naklebia, vidre

a) 30m simaRleze;

b) 10m simaRleze;

g) 40m simaRleze�

22� burTula vardeba A wertilidan (sur� 1�54 )� 
traeqtoriis romel wertilSi aqvs burTulas ki
netikuri energiis maqsimaluri mniSvneloba?

a) 1; b) 2; g) 3�

23� Zafze dakidebuli burTula asrulebs rx
eviT moZraobas (sur� 1�55)� romel wertilSi aqvs 
burTulas minimaluri kinetikuri energia?

a) 1 da 2 wertilebSi; b) 2 da 3 wertilebSi; g) 1 da 
3 wertilebSi�

24� Tu vertikalurad asrolilma sxeulma mi
aRwia 5m simaRles, maSin asrolis momentSi sxeulis 
siCqare iyo

a) 5m/wm; b) 10m/wm; g) 2m/wm�

25� 10m simaRlidan vardnili 400g masis burTis 
siCqare dedamiwis zedapirze dacemisas 10m/wmia� 
es niSnavs, rom haeris winaaRmdegobis Zala 

a) 10nia; b) 2nia; g) 4nia�

26� 1t masis avtomobili avida 500m simaRlis mTaze� rogor Seicvala 
misi potenciuri energia?

a) gaizarda 5mgjiT; b) gaizarda 3mgjiT; g) gaizarda 500kjiT�

27� ra simZlavres aviTarebs 50kg masis biWi, Tu igi 1wTSi adis 30m si
maRlis kibeze?

a) 25vt; b) 250vt; g) 2,5kvt�

28� Tu sirbilis dros adamiani aviTarebs 1,5kvt simZlavres, maSin 10wT
Si igi daxarjavs

a) 900kj energias;  b) 15kj energias;  g) 90kj energias�

29� 4t masis avtomobilis siCqare gaizarda 5m/wmdan 10m/wmmde� gamoT
vale avtomobilis kinetikuri energiis cvlileba da wevis Zalis muSaoba�

a) 150kj, 150kj; 
b) 1500j, 1500j; 
g) 150kj, 150kj�

42

sur�1�54

1

2

3

sur�1�55

1 2 3



Don
’t C

op
y

30� ra energia aqvs 5t masis dedamiwis xelovnur Tanamgzavrs, romelic 
moZraobs dedamiwis zedapiridan 100km simaRleze 8km/wm siCqariT?

a) 1,65�109j;  b) 1,65�106j; g) 1,65�1011j�

31� diagramaze mocemulia sxeulze moqmed Zalasa da gadaadgilebas So
ris damokidebuleba (sur� 1�56)� romel SemTxvevaSi sruldeba maqsimaluri 
muSaoba?

a) 1; b) 2; g) 3�

32� Seadare I da II sxeulis masebi (sur� 1�57)�

a) I sxeulis masa metia; 

b) II sxeulis masa metia;  

g) tolia�

33� diagramaze mocemulia sam sxvadasx
va sxeulze moqmed Zalasa da am Zalis muS
aobas Soris damokidebuleba (sur� 1�58)� 
SeadareT sxeulTa gadaadgilebebi�

a) S1<S2<S3;  
b) S1=S2=S3; 
g) S1>S2>S3.

34� diagramaze mocemulia sxeulze mo
qmedi Zalis muSaobasa da sxeulis gadaadg
ilebas Soris damokidebuleba (sur� 1�59)� 
romeli wertili Seesabameba Zalis minim
alur mniSvnelobas?

 a) 1; b) 4; g) 6�

35� 1�60 suraTze mocemulia zambar
is sigrZesa da masze moqmed Zalas Soris 
damokidebulebis grafiki� grafikis mixed
viT gansazRvre, ra muSaoba unda Sesrul
des, rom zambaris sigrZe gaxdes 6sm?

a) 8j; b) 1,6j; g) 0,8j�
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am Tavis Seswavlis Semdeg Sen SeZleb:

 ● martivi meqanizmebis moqmedebis principis eqsperi-
mentul Seswavlasa da problemaze dafuZnebuli amo-
canebis gadaWras;

 ● martivi meqanizmebis, wonasworobisa da energiis 
mudmivobis kanonis rolis Sefasebas bunebasa da yo-
facxovrebaSi;

 ● sxeulTa wonasworobis pirobebis codnisa da marti-
vi meqanizmebis gamoyenebis dakavSirebas sxvadasxva 
profesiasTan/saqmianobis sferosTan.
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sxeulTa wonasworobis pirobebis codnas udidesi praqtikuli mniS-
vneloba aqvs samSeneblo saqmeSi, manqanaTmSeneblobasa da teqnikis mra-
val dargSi _ Senobebis, xidebis, manqanebis konstruirebisas saWiroa maTi 
wonasworobis pirobebis dadgena.

 ● daakvirdi 2.1 _ 2.2 suraTebs;
 ● aRwere da Seadare ujris da karis moZraoba.

Zalis moqmedebiT sxeulma SeiZleba Seasrulos gadataniTi an brunviTi 
moZraoba.

gadataniTi moZraobis dros sxeulis yvela wertili erTnairad moZrao-
bs,  brunviTi moZraobisas ki sxeulis wertilebis moZraoba gansxvavebulia.

uZravi sxeulis Sesaxeb amboben, rom igi wonasworobaSia.
sxeulis wonasworobis qveS igulisxmeba ara marto uZraobis, aramed 

wrfivi Tanabari moZraobis mdgomareobac.
ganvixiloT arambrunavi sxeulis wonasworoba.
2.3 da 2.4 suraTebze mocemulia arambrunavi sxeulebi _ Zafze dakide-

buli burTula da horizontalur zedapirze wrfivad 
da Tanabrad moZravi urika.

Zafze dakidebuli burTula (sur. 2.3) urTierTq-
medebs dedamiwasTan mizidulobis ZaliT, magram es 
Zala ar iwvevs burTulis moZraobas. am moZraobas 
abrkolebs moduliT toli da sapirispirod mimarTu-
li Zafis drekadobis Zala. simZimis da drekadobis Za-
lebi erTmaneTs awonasworeben, amitom maTi tolqmedi 
nulis tolia:

ganvixiloT horizontalur zedapirze Tanabrad 
moZravi sxeuli (sur. 2.4). sxeulis moZraoba wrfivi da 
Tanabaria, Tu masze moqmedi Zalebis tolqmedi nulis 
tolia:

arambrunav sxeulTa wonasworoba2.1

sur. 2.1  gadataniTi moZraoba sur. 2.2  brunviTi moZraoba

sur. 2.3 uZravi bur-
Tula wonasworo-
baSia
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marTlac, sxeulze moqmedi  simZimis Zala 
kompensirebulia sayrdeni zedapiris deformaci-

iT gamowveuli  drekadobis ZaliT,  wevis Zala 

ki _   xaxunis ZaliT.
uZravi an wrfivad da Tanabrad moZravi sxeuli 

wonasworobaSia.
Tu arambrunav sxeulze moqmedi Zalebis tolq-

medi nulis tolia, maSin sxeuli wonasworobaSia.

sxeulis wonasworobis qveS igulisxmeba uZraobis an wrfivi Tana-
bari moZraobis mdgomareoba.

Tu arambrunav sxeulze moqmedi Zalebis tolqmedi nulis tolia, ma-
Sin sxeuli wonasworobaSia.

upasuxe kiTxvebs, amoxseni amocanebi?
  

1. aris Tu ara wonasworobaSi avtomobili (sur. 2.5, 2.6)? pasuxi daasab-
uTe.

2. 2.7 da 2.8 suraTebis mixedviT daadgine sxeulebi: a) wonasworobaSia Tu 
ara; b) moZravia Tu uZravi.

miTiTeba: kiTxvebze pasuxis 
gasacemad daakvirdi TiToeul 
sxeulze moqmedi Zalebis dia-
gramas da gaakeTe ricxviTi mo-
nacemebis analizi.

3. sxeulze moqmedebs 4n da 
8n Zalebi. CamoTvlilTagan 
romeli SeiZleba iyos am Zaleb-
is tolqmedi: 2n, 4n, 10n, 12n, 14n? 

4. ras udris 30n da 50n Za-
lebis tolqmedis maqsimaluri da minimaluri mniSvnelobebi. aage Sesabamisi 
diagramebi.

sur. 2.5 avtomobili uZravia sur. 2.6 avtomobili moZraobs  
wrfivad da Tanabrad

sur. 2.4  Tanabrad moZra-
vi urika wonasworobaSia

sur. 2.7 sur. 2.8
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sxeulis simZimis centris gansazRvra umniSvnelovanesi teqnikuri amo-
canaa, radgan simZimis centris mdebareobazea damokidebuli Senoba-nage-
bobisa Tu mcire zomis sxeulTa wonasworoba.

 ● gaixsene, ra aris simZimis Zala da ra mimarTuleba aqvs mas?

 simZimis Zala moqmedebs nebismier sxeulze. 
 sxeuli Sedgeba uamravi nawilakisagan. cxadia, TiToeul maTganze moq-

medebs simZimis Zala (sur. 2.9). am Zalebis SekrebiT miiReba maTi tolqmedi 
_ sxeulze moqmedi simZimis Zala (sur. 2.10).

sxeulze moqmedi simZimis Zalis modebis wertils (O) am sxeulis simZi-
mis centri ewodeba. 

simZimis centriT damagrebuli sxeuli wonasworobaSia.
umravles SemTxvevaSi sxeulis moZraobis nacvlad SeiZleba ganvixi-

loT misi simZimis centris moZraoba.

eqsperimentuli samuSao

sxeulis simZimis centris mdebareobis gansazRvra

resursebi: saxelmZRvanelo, samuSao rveuli, muyaos firfita, Sveuli 
(Zafze dakiduli tvirTi), makrateli, sadgisi an nemsi, fanqari, kalami.

 
 ● muyaos firfitisgan gamoWeri nebismieri formis sxeuli;
 ● sadgisiT frTxilad gaxvrite sxeulis kideebi sam-oTx werti lSi;
 ● erT-erTi wertiliT (A) dakide sxeuli (sur. 2.11) da Sveulis gas-

wvriv gaavle vertikaluri wrfe (sur. 2.12). 

miTiTeba: wrfis gavleba daiwye mas Semdeg, rac Sveuli sxeulis mimarT 
uZravad gaCerdeba.

simZimis centri2.2

sur. 2.9 sxeulis Semadgenel nawilakze 
moqmedebs simZimis Zala

sur. 2.10 O wertili simZimis cent-
ria
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 ● Semdeg sxeuli dakide sxva wertilebiT (B da C) da kvlav gaavle ver-
tikaluri wrfeebi (sur. 2.13). 

wrfeTa gadakveTis O wertili warmoadgens simZimis centrs.

 ● Seamowme Catarebuli eqsperimen-
tis siswore, risTvisac sxeuli 
O wertiliT dakide sakidelze an 
moaTavse wvetian sayrdenze. Tu sxe-
ulis wonasworoba ar dairRva, es 
niSnavs, rom simZimis centri swora-
daa gansazRvruli;

 ● gaakeTe eqsperimentis prezentacia.
sxeulis simZimis centri SeiZleba mde-

bareobdes sxeulis SigniT an mis gareT. 
2.14, a-g suraTebze warmodgenili sxe-
ulebis simZimis centri sxeulis SigniTaa, 
2.15 suraTze warmodgenili sxeulis simZi-
mis centri ki _ sxeulis gareT.

SeniSvna: igulisxmeba, rom sxeulebi 
damzadebulia erTgvarovani masalisagan.

Zalis moqmedebiT sxeulma SeiZleba Sea-
srulos gadataniTi an brunviTi moZraoba. 
Tu sxeulze modebuli Zalis moqmedebis 
wrfe (wrfe, romlis gaswvrivac  moqmedebs 
Zala) simZimis centrze gadis, maSin sxeuli 
asrulebs gadataniT moZraobas (sur. 2.16). 

sur. 2.11 sur. 2.12 sur. 2.13

sur. 2.14  sxeulis simZimis centri mdebareobs sxeulis SigniT

a) b) g)

sur. 2.15  sxeulis simZimis 
centri mdebareobs 
sxeulis gareT

O

sur. 2.16 sxeuli asrulebs ga-
dataniT moZraobas
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Tu Zalis moqmedebis wrfe ar gadis simZimis centrze, maSin sxeuli asru-
lebs brunviT moZraobas.

cxadia, simZimis Zalis moqmedebiT sxeuli asrulebs gadataniT moZrao-
bas, radgan am Zalis moqmedebis wrfe  simZimis centrze gadis.

simZimis Zalis modebis wertils simZimis centri ewodeba. 
Tu sxeulze modebuli Zalis moqmedebis wrfe  simZimis centrze ga-

dis, maSin sxeuli asrulebs gadataniT moZraobas.

upasuxe kiTxvebs, amoxseni amocanebi?
1. ratom viyenebT Sveuls vertikalu ri 

wrfis gasavlebad?

2. sxeulze moqmedi Zalebidan rome li 
gamoiwvevs sxeulis gadataniT moZraobas da 
romeli _  brunviTs. (sur. 2.17)?   O wertili 
simZimis centria.

3. rogor moZraobas asrulebs garkveuli 
simaRlidan vardnili sxeuli? pasuxi daasab-
uTe.       

4. erTi wrfis gaswvriv mimarTuli 20n da 32n 
Zalebis tolqmedi F=12n (sur.1.18). aageT ZalTa 
diagrama.

5. 20n Zalis erT-erTi mdgeneli 6n-ia. ras 
udris meore mdgeneli, Tu mdgeneli Zalebi 
mimarTulia erTi wrfis gaswvriv erTi mimar-
TulebiT?

6. 15n da 25n Zalebi mimarTulia erTi wrfis gaswvriv urTierTsapir-
ispiro mimarTulebiT. ras udris am Zalebis tolqmedi?

        

praqtikuli davaleba

eqsperimentulad daamtkice, rom wesieri geometriuli formis (wris, 
tolgverda samkuTxedis, kvadratis) erTgvarovani masalisagan damzade-
buli firfitis simZimis centri mis geometriul centrSia.

 ● gansazRvre kvleviTi aqtivobebis Tanmimdevroba;

 ● SearCie saWiro xelsawyoebi;

 ● rveulSi Cawere samuSaos Tanmimdevroba;

 ● Seasrule Sesabamisi naxatebi;

 ● gaakeTe samuSaos prezentacia.

sur. 2.17

sur. 2.18
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praqtikulad mniSvnelovania ara marto sxeulTa wonasworobis piro-
bebis, aramed wonasworobis mdgradobis dadgenac. 

 umetes SemTxvevaSi aucilebelia, rom wonasworoba iyos mdgradi.
sxeulis wonasworoba mdgradia, Tu wonasworobis mdebareobidan mci-

re gadaxris Semdeg sxeuli ubrundeba am mdebareobas.
zog SemTxvevaSi wonasworoba irRveva, aramdgradia.
 sxeulis wonasworoba aramdgradia, Tu wonasworobis mdebareobidan 

mcire gadaxris Semdeg sxeuli Sordeba am mdebareobas.
gavarkvioT mdgradobis mizezi. ganvixiloT burTulis wonasworoba 

Cazneqil (sur. 2.19) da amozneqil (sur 2.20) 
zedapirebze. wonasworobis mdebareobaSi (O 
wertili) burTulaze orive SemTxvevaSi mo-
qmedebs simZimis da  sayrdenis drekado-
bis Zalebi, romelTa tolqmedi nulis to-
lia. wonasworobidan gamoyvanis Semdeg 
es Zalebi veRar awonasworebs erTmaneTs, 
radgan drekadobis Zala mimarTulia zeda-
pirisa da burTulis Sexebis wertilSi am 
zedapiris marTobulad.

Cazneqil zedapirze drekadobisa da 
simZimis Zalebis 1 tolqmedi isea mimarTu-
li, rom burTula ubrundeba wonasworobis 
mdebareobas, amitom wonasworoba mdgradia.

mdgradi wonasworobisas sxeulis simZi-
mis centri mis SesaZlo mdebareobebidan 
yvelaze dablaa (sur. 2.19).

amozneqil zedapirze drekadobisa da 
simZimis Zalebis 2 tolqmedi iwvevs burTu-
lis daSorebas wonasworobis mdebareobi-
dan _ wonasworoba aramdgradia.

sxeuli SeiZleba imyofebodes ganurCev-
el wonasworobaSi. am SemTxvevaSi wonas-
worobis mdebareobidan gadaxrisas sxeul-
ze moqmedi Zalebis tolqmedi nulis tolia 
(sur. 2.21).

aramdgradma wonasworobam SeiZleba 
gamoiwvios Senobebis ngreva, mTidan qvebis 
cvena, Tovlis zvavi da sxv (sur. 2.22 da sur. 
2.23).

gansakuTrebiT mniSvnelovania sayrde-
ni farTobis mqone sxeulis wonasworo-
bis mdgradobis garkveva, radgan Senobebi, 
fabrika-qarxnebis milebi, avtomobilebi, 

wonasworobis saxeebi2.3

sur. 2.19 mdgradi wonasworoba

sur. 2.20  aramdgradi 
wonasworoba

sur. 2.21 ganurCeveli 
wonasworoba
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amweebi, Carxebi, saojaxo moxmarebis sagnebis umravlesoba, eyrdnoba ra 
garkveul farTobs, imyofeba wonasworobaSi.

eqsperimentuli samuSao

dakvirveba sayrdeni farTobis mqone sxeulis wonasworobaze

resursebi: saxelmZRvanelo, samuSao rveuli, prizmis formis sxeuli, 
Txeli ficari, Sveuli, fanqari, kalami.

 ● prizmis formis sxeulSi Caamagre Sveuli da sxeuli moaTavse hori-
zontalur ficarze (sur. 2.24);

 ● TandaTan awie ficris kide (sur. 2.25);

 ● daakvirdi, sxeulis wonasworobisas simZimis Zalis moqmedebis wrfe 
kveTs Tu ara sayrden farTobs;

 ● rodis aris sxeuli aramdgrad wonasworobaSi (rodis gadabrundeba 
sxeuli)?

 ● daskvnebi Seitane samuSao rveulSi;
 ● gaakeTe esqperimentuli samuSaos prezentacia.

miTiTeba: ficris zedapiri ar unda iyos gluvi, rom ar moxdes sxeulis 
Camosrialeba.

sur. 2.24 sur. 2.25

o

sur. 2.22 qvis cvena sur. 2.23 Tovlis zvavi
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eqsperimentiT daadgen, rom sxeu-
li wonasworobaSia manam, sanam simZi-
mis Zalis moqmedebis wrfe gadis sxe-
ulis sayrden farTobSi.

mdgradobis gasazrdelad zrdian 
sayrden farTobs. magaliTad, zrd-
ian manZils avtomobilis saburavebs 
Soris (sur. 2.26). am dros izrdeba 
sayrdeni farTobi.

SeniSvna. avtomobilis sayrdeni 
farTobia ara mxolod dedamiwis 
zedapirTan saburavebis Sexebis far-
Tobi, aramed saburavebs Soris moTavsebuli farTobic

sxeulis wonasworoba mdgradia, Tu wonasworobis mdebareobidan 
mcire gadaxris Semdeg sxeuli TavisTavad ubrundeba am mdebareobas.

sxeulis wonasworoba aramdgradia, Tu wonasworobis mdebareobi-
dan mcire gadaxris Semdeg sxeuli Sordeba am mdebareobas.

Tu sxeulis simZimis Zalis moqmedebis wrfe gadis sxeulis sayrden 
farTobSi, maSin sxeuli mdgrad wonasworobaSia.

wonasworoba miT ufro mdgradia, rac ufro dablaa simZimis cen-
tri da rac metia sayrdeni farTobi. 

upasuxe kiTxvebs, amoxseni amocanebi?
1. CamoTvale mdgradi, aramdgradi da ganurCeveli wonasworobis 

maga liTebi. TiToeul SemTxvevaSi pasuxi daasabuTe.
2. 2.27 suraTis mixedviT warmoidgine simZimis centrze gamavali 

wrfis mdebareoba miaxloebiT. daadgine, am gzaze moZraobisas aris Tu 
ara avtomobilis gadabrunebis saSiSroeba. 

3. mdgradobis gasazrdelad amwes qvemoT tvirTaven betonis file-
biT (sur.2.28). naxazis gamoyenebiT axseni, am SemTxvevebSi ra ganapiro-
bebs amwis  mdgradobis zrdas.

sur. 2.26

sur. 2.28sur. 2.27
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myari sxeulis wonasworobisaTvis aucilebelia masze moqmed ZalTa 
tolqmedi nulis toli iyos, magram es piroba ar aris sakmarisi.

 ● karis gasaRebad miaweqi mas brunvis RerZ-
Tan axlos. SeZleb karis gaRebas?

 ● axla kars miaweqi iseTive ZaliT saxelur-
Tan.

 ● rodis ufro advilad iReba kari?
 ● Seni azriT, ra SeiZleba iyos amis mizezi?

am martivi cdiT daadgen, rom Zalis  ma-
brunebeli moqmedebis Sedegi damokidebulia 
ara mxo lod Zalis sididesa da mimarTuleba-
ze, aramed manZilzec brunvis RerZidan Zalis 
moqmedebis wrfemde (sur. 2.29).

umokles manZils sxeulis brunvis Rer-
Zidan Zalis moqmedebis wrfemde Zalis mxari 
ewodeba. 

Zalis mxris asagebad ganvixiloT 2.30 su-
raTi. suraTze gamosaxulia sxeuli, romlis 
uZravi brunvis RerZi suraTis sibrtyis mar-
Tobulia da gadis O wertilze. sxeulze moqme-
di F Zalis mxris asagebad jer unda gavavloT 
am Zalis moqmedebis wrfe _ wrfe, romlis gas-
wvrivac moqmedebs Zala. Semdeg O wertilidan 
Zalis moqmedebis wrfemde davuSvaT marTobi. 
marTobis sigrZe (OK) F Zalis mxaria.

 ●  karis gaRebis orive SemTxvevaSi gansaz-
Rvre Zalis mxris miaxloebiTi mniSvneloba  da 
daadgine, Zalis moqmedebis Sedegi rogor aris 
damokidebuli Zalis mxris sidideze.

ganvixiloT uZravi brunvis RerZis mqone 
sxeulis wonasworobis pirobebi.

 ●  sxeuli daamagre ise, rom SeeZlos brun-
va O wertilze gamavali RerZis irgvliv (sur. 
2.31).

 ●  sxeulze imoqmede jer   (sur. 2.32, a), Sem-
deg _  (sur. 2.32, b) ZaliT;

 ●  rogor imoZravebs sxeuli mxolod  Za-
lis moqmedebiT? mxolod   Zalis moqmedeb-
iT? 

Zalis momenti2.4

sur. 2.31 sxeuls SeuZlia 
brunva O wertilze gama-
vali RerZis irgvliv

sur. 2.29 OO1 brunvis 
RerZia

sur. 2.30
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orive Zalis erTdrouli moqmedebiT SesaZlebelia sxeuli iyos wonas-
worobaSi (sur. 2.32, g). 

cdebiT dadgenilia, rom uZravi brunvis RerZis mqone sxeulis wonas-
worobisaTvis unda Sesruldes piroba:

F1d1 = F2d2

sadac d1 aris  Zalis mxari, d2  _   Zalis mxari.
Zalisa da misi mxris namravls Zalis momenti ewodeba.

Zalis momenti = Zalis sidide x Zalis mxari
Zalis momenti aRiniSneba  M  asoTi: 

M = Fd
SI sistemaSi  Zalis momentis erTeulia 1 niuton-metri (1n.m). es aris mo-

menti 1n Zalisa, romlis mxari 1m-ia.
Zalis momenti skalaruli sididea.
Zalis momenti ganixileba brunvis RerZis mimarT, radgan Zalis mxris 

sigrZe damokidebulia Zalisa da brunvis RerZis urTierTmdebareobaze.

  Zala sxeuls daabrunebs saaTis isris moZraobis mimarTulebiT,  ki 
_ saaTis isris moZraobis sapirispirod (sur. 2.32).

aRvniSnoT   Zalis momenti M1-iT,   Zalis momenti _ M2-iT, maSin  
wonasworobis piroba ase Caiwereba:

M1 = M2

es toloba gamosaxavs momentebis wess. 
ganxilul SemTxvevaSi sxeulze ori Zala moqmedebs. uZravi brunvis Re-

rZis mqone sxeulze ramdenime Zala rom moqmedebdes, maSin momentebis wesi 
ase Camoyalibdeba: 

uZravi brunvis RerZis mqone sxeuli wonasworobaSia, Tu masze moqmedi 
saaTis isris moZraobis mimarTulebiT mabrunebeli Zalebis momentebis 
jami tolia mis sapirispirod mabrunebeli Zalebis momentebis jamisa.

es wesi samarTliania nebismieri myari sxeulisaTvis, romelsac SeuZlia 
brunva damagrebuli RerZis irgvliv.

momentebis wesi axasiaTebs Zalebis mabrunebel moqmedebas. es moqmede-
ba damokidebulia rogorc Zalis, ise misi mxris sidideze.

amgvarad, SeiZleba CamovayaliboT uZravi brunvis RerZis mqone sxeu-
lis wonasworobis piroba:

sur. 2.32

OO O

a) b) g)
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ramdenime Zalis erTdrouli moqmedebisas uZravi brunvis RerZis mqone 
sxeuli wonasworobaSia, Tu am Zalebis tolqmedi nulis tolia da saaTis 
isris moZraobis mimarTulebiT mabrunebeli Zalebis momentebis jami to-
lia mis sapirispirod mabrunebeli Zalebis momentebis jamisa.

   

umokles manZils brunvis RerZidan Zalis moqmedebis wrfemde Za-
lis mxari ewodeba. 

Zalisa da misi mxris namravls Zalis momenti ewodeba:
M = Fd

ramdenime Zalis erTdrouli moqmedebisas uZravi brunvis RerZis 
mqone sxeuli wonasworobaSia, Tu am Zalebis tolqmedi nulis tolia da 
saaTis isris moZraobis mimarTulebiT mabrunebeli Zalebis momentebis 
jami tolia mis sapirispirod mabrunebeli Zalebis momentebis jamisa.

upasuxe kiTxvebs, amoxseni amocanebi?
1. gamoTvale 10n Zalis mxari, Tu Zalis momenti 5n.m-ia.
2. rogor Seicvleba Zalis momenti, Tu Zalis mxars: a) gavzrdiT 2-jer; 

b) SevamcirebT 2-jer?
3. 2.33, a-e suraTze gamosaxulia sxeulebi da maTze moqmedi Zalebi. sxe-

ulis uZravi brunvis RerZi gadis O wertilze.
a) rogor imoZravebs TiToeuli sxeuli   Zalis moqmedebiT? 
b) suraTze aRniSne TiToeuli sxeulis  Zalis mxari;
g) romel SemTxvevaSia Zalis momenti maqsimaluri, minimaluri?

4. 2.34 suraTze warmodgenilia uZravi brunvis 
RerZis mqone sxeulze moqmed Zalasa da Zalis mxars 
Soris damokidebulebis grafiki. grafikis mixedviT 
daadgine:

a) sxeulze moqmedi Zalis sidide;
b) Zalis momentis mniSvneloba im SemTxvevisaT-

vis, rodesac Zalis mxaria: 0,10sm, 20sm, 30sm;
g) gaaanalize monacemebi  da gamoitane daskvna. 

sur. 2.33

a) b) g) d) e)

O O
O O O

sur. 2.34

50

d, sm

F, n
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uxsovari droidan sxvadasxva samuSaos 
Sesasruleblad adamiani iye nebda martiv 
meqanizmebs. 30 saukunis win egviptis pi-
ramidebis mSeneblobaze mZime qvis filebis 
gadaadgileba martivi meqanizmebis gamoy-
enebiT xdeboda (sur. 2.35).

adamiani martivi meqanizmis gamo-
yenebiT sakuTar Zalas gardaqmnis did Za-
lad an cvlis Zalis mimarTulebas, amitom 
mas iyenebs sxvadasxva samuSaos Sesasrule-
blad.

martivi meqanizmi warmoadgens mowyob-
ilobas, romlis saSualebiT SesaZlebelia 
Zalis gardaqmna.

nebismieri manqana Sedgeba martivi meqa-
nizmebisagan. martivi meqanizmebia: berke-
ti, WoWonaqi, daxrili sibrtye.

mZime tvirTis asawevad xSirad iyeneben 
berkets (sur. 2.36).

berketi yvelaze martivi da gavrce-
lebuli meqanizmia.

berketi warmoadgens myar sxeuls, 
romelsac SeuZlia brunva uZravi sayrde-
nis irgvliv. 

berketis gamoyenebiT SesaZlebelia 
movigoT ZalaSi. es niSnavs, rom mcire Za-
liT SeiZleba avwioT didi wonis tvirTi. 
magaliTad, 2.39 suraTze gamosaxuli ber-
ketis gamoyenebiT 100n ZaliT SeiZleba 
400n wonis, e.i. 4-jer meti wonis sxeulis 
aweva, amitom am berketiT ZalaSi movigebT 
4-jer. 

martivi meqanizmebis gamoyenebisas 
udidesi mniSvneloba aqvs momentebis wesis 
codnas.

ganvixiloT berketi, romelsac Seu-
Zlia brunva O wertilze gamavali Rer-
Zis irgvliv (sur. 2.40). berketis A da B 
wertilebze dakidebulia tvirTebi, rom-

lebic berketze moqmedeben   da   Za-

lebiT. mxolod  Zala berkets daabrunebs 
saaTis isris moZraobis sapirispirod,   
Zala ki _ saaTis isris moZraobis mimar-
TulebiT.

martivi meqanizmebi. berketi2.5

sur. 2.35 piramidis mSenebloba

sur. 2.36

sur. 2.39 

sur. 2.40

F1=2n

F2=3n

OA B
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 ● Seni azriT, SesaZlebelia Tu ara, aseTi Zalebis erTdrouli moq-
medebiT berketi iyos wonasworobaSi?

 ●  Seni varaudis siswore Seamowme eqsperimentiT.

eqsperimentuli samuSao

berketis wonasworobis pirobis dadgena

resursebi: saxelmZRvanelo, samuSao rveuli, saxazavi (berketi), 
sayrdeni, saswori, mcire masis tvirTebi da sawonebi,  fanqari, kalami.

miTiTeba: tvirTebad SesaZlebelia gamoiyeniT plastilinisagan damza-
debuli burTulebi.

 ● saxazavi Sua xaziT moaTavse 
sayrdenze (sur. 2.41). Tu es mo-
qmedeba sworad Seasrule, maSin 
saxazavi iqneba wonasworobaSi;

 ● awone tvirTebi;
 ● Semdeg saxazavis sxvadasvxva 

boloze moaTavse tvirTi da sa-
woni;

 ● tvirTis da sawonis gadaadgilebiT saxazavi gaawonaswore;
 ● daadgine TiToeul SemTxvevaSi berketze moqmedi Zalebis sidideebi 

(F1 da F2) da Zalis mxrebi (d1  da d2 );
 ● cxrili gadaitane samuSao rveulSi. gazomvebisa da gamoTvlebis 

Sedegebi Seitane cxrilSi (sur. 2.42).

# F1 , n F2 , n d1 , m d2 , m F1/ F2 d2/ d1

1.
2.
3.

sur.2.42

n i m u S i
 ● Secvale tvirTebi da cda Caatare ganmeorebiT;
 ● gaaanalize cxrili _ TiToeul SemTxvevaSi Seadare Tanafardobebi 

Zalebsa da maT mxrebs Soris. daadgine maT Soris kavSiri;
 ● gaakeTe samuSaos prezentacia.

eqsperimentis Sedegad daadgen, rom 

F1 d2

d1F2

berketis gamoyenebiT ZalaSi vigebT imdenjer, ramdenjerac mcire Za-
lis mxari metia didi Zalis mxarze, e.i. ramdenjerac vigebT ZalaSi imden-
jer vagebT manZilSi. 

20 1 73 84 95 106

sur. 2.41  saxazavi wonasworobaSia
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miRebuli tolobidan
F1 d1 = F2 d2    an    M1 = M2

es aris berketis wonasworobis piroba. 
berketi wonasworobaSia, Tu masze moqme-

di saaTis isris moZraobis mimarTulebiT ma-
brunebeli Zalis momenti tolia saaTis isris 
moZraobis sapirispirod mabrunebeli Zalis 
momentisa.

berketis wonasworobis piroba samarTli-
ania ramdenime Zalis moqmedebis SemTxvevaSic.

berketis wonasworobis piroba daadgina 
berZenma mecnierma arqimedem. am aRmoCenisas 
arqimedem ganacxada: `momeciT sayrdeni da me 
gadavabruneb dedamiwas~ (sur. 2.43).

 ● Seni azriT, ras gulisxmobda arqimede am gamonaTqvamSi?

arsebobs sxvadasxva saxis berketi: Tu sayrdeni wertili berketze mo-
qmedi Zalebis modebis wertilebs Sorisaa, maSin berketi pirveli gvarisaa; 
Tu Zalebis modebis wertilebi sayrdeni wertilis erT mxa resaa, berketi 
meore gvarisaa.

martivi meqanizmi warmoadgens mowyobilobas, romlis saSualebiT 
SesaZlebelia Zalis gardaqmna.

berketi warmoadgens myar sxeuls, romelsac SeuZlia brunva uZra-
vi sayrdenis irgvliv. 

berketi wonasworobaSia, Tu masze moqmedi saaTis isris moZrao-
bis mimarTulebiT mabrunebeli Zalebis momentebis jami tolia saaTis 
 isris moZraobis sapirispirod mabrunebeli Zalebis momentebis jamisa.

upasuxe kiTxvebs, amoxseni amocanebi?
1. ra saxis berketebia gamosaxuli 2.44 da 2.45 suraTebze?
2. 5kg masis tvirTi berketze gawonasworebulia 10n ZaliT. gamoTvale 

am Zalis mxari, Tu tvirTze moqmedi simZimis Zalis mxari 40sm-ia.

sur. 2.44 sur. 2.45

sur. 2.43
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3. romeli berketia wonasworobaSi, Tu tvirTebis masebi erTnairia 
(sur.2.46 a-g)? berketis masas nu gaiTvaliswineb.

4. ra Zala unda movdoT B wertilSi, rom berketi iyos wonasworobaSi 
(sur. 2.47 a-g)? berketis masas nu gaiTvaliswineb.

praqtikuli daavaleba

sxeulis masis gansazRvris erT-erTi meTodi 
awonvaa. umartives saswors warmoadgens berketiani 
saswori, romlis ZiriTadi nawilia berketi. berke-
tis SuaSi damagrebulia isari, berketis boloebSi 
ki _ pinebi (sur. 2.48).

 ● awone sxvadasxva masis sxeulebi, gamo iyene ber-
ketis wonasworobis piroba da axseni berketiani sas-
woris moqmedebis principi;

 ● samuSao rveulSi Cawere Sesrulebuli davalebis 
Tanmimdevroba.   

amocanis amoxsnis nimuSi!
amocana

gansazRvre dinamometris danayofis fasi, Tu berketi gawonasworebu-
lia (sur. 2.49, a,b). berketis masas nu gaiTvaliswineb.

sur. 2.46

a)

b)

g)

sur. 2.47

a) b) g)

sur. 2.48  berketiani 
saswori
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amoxsna
dinamometris danayofis fasi aris dinamometris skalaze umciresi da-

nayofis mniSvneloba.
danayofis fasis gansazRvrisaTvis gavarkvioT dinamometris Cveneba 

berketis wonasworobis SemTxvevaSi.
berketi wonasworobaSia, Tu

dF
dP  

sadac F aris dinamometrze moqmedi Zala, P _ tvirTis wona. d1 da d2 _ 
Sesabamisad F da P Zalebis mxrebi.

a) SemTxvevaSi berketi pirveli gvarisaa. tvirTis masa 2kg-ia, amitom 
misi wona

P = mg = 20n
berketze TiToeuli danayofis sigrZe aRvniSnoT d-Ti, maSin

d1= 2 . d;    
 d2= 10 . d 

berketis wonasworobis piroba miiRebs saxes:

F d
d    

 

saidanac 
  F =100n.

e.i. dinamometris Cvenebaa 100n. 
dinamometris skalaze aTi danayofia, isari gaCerebulia mexuTe danay-

ofze (xuT danayofs Seesabameba 100n), amitom dinamometris danayofis fasi 
iqneba:

b) SemTxvevaSi berketi meore gvarisaa. tvirTis masa 6kg-ia, Sesabamisad 
misi wona

P = mg = 60n
d1= 12 . d; 
d2= 4 . d 

2kg

6kg

d1

d2

d

P

2

d1

Psur. 2.49

a) b)
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berketis wonasworobis piroba miiRebs saxes: 

dF
d

saidanac  
F = 20n

dinamometris isari gaCerebulia skalis meoTxe danayofze, amitom da-
nayofis fasi iqneba:

pasuxi: pirveli dinamometris danayofis fasia 20n, meoris _ 5n.

amocana
berketis boloebze moqmedebs vertikalurad qveviT mimarTuli 10n 

da 50n Zalebi. berketis sigrZe 1,2m-ia. sad mdebareobs berketis sayrdeni 
wertili, Tu igi gawonasworebulia? berketis masas nu gaiTvaliswineb.

amoxsna

amocanis pirobidan gamomdinare, berketze moqmedi simZimis Zala Sei-
Zleba CavTvaloT nulis tolad.

mcire Zalis mxari aRvniSnoT d1-iT (sur. 2.50), maSin didi Zalis mxari
d2 = d - d1

berketis wonasworobis piroba ase Caiwereba:
d1

d1

dF1

F2
saidanac

d1 F1 + F2

F2d

CavsvaT ricxviTi mniSvnelobebi:

d1

amgvarad, berketis sayrdeni wertili mdebareobs 10n Zalis modebis 
wertilidan 1m manZilze.

pasuxi:  mcire Zalis modebis wertilidan 1m manZilze.

moc.:

sur. 2.50

F

F F

F

d1 _ ?

d
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martivi meqanizmebis gamoyenebiT 
SesaZlebelia movigoT ZalaSi, manZilSi 
an SevcvaloT Zalis mimarTuleba. 

davadginoT, SesaZlebelia Tu ara 
martivi meqanizmebiT muSaobaSi mogeba.

vTqvaT, uwono berketis boloebze 

moqmedebs  
F  da F  Zalebi. am Zalebis moq-

medebiT uZravi sayrdenis irgvliv ber-
keti Semobrunda mcire kuTxiT ise, rom 

 
F  Zalis modebis wertili gadaadgilda 

 
S -iT,  F  Zalis modebis wertili _ S -iT (sur.2.51). berketis mcire kuTxiT 
Semobrunebisas SeiZleba CavTvaloT, rom Zala da misi modebis wertilis 
gadaadgileba mimarTulia erTi wrfis gaswvriv.

 
F  Zalis mier Sesrulebuli muSaoba  A1 = F1S1

F  Zalis mier Sesrulebuli muSaoba  A2 = F2S2
momentebis wesis Tanaxmad,

d2

F2 d1

F1

2.51 naxazidan Cans, rom Zalebis modebis wertilTa gadaadgilebebi 
proporciulia berketis Zalis mxrebis:

S2

S1

d2

d1
amitom

F2

F1 S2

S1
amgvarad, ramdenjerac vigebT ZalaSi, imdenjer vagebT manZilSi. 
es wesi imdenad mniSvnelovania, rom mas meqanikis `oqros wesi~ uwodes.
tolobidan gamomdinareobs, rom 

F1S1 = F2S2  
e.i. 

A1 = A2

berketze moqmedi Zalebis mier Sesrulebuli muSaobebi tolia. es ki niS-
navs, rom berketi ar iZleva muSaobaSi mogebas. 

es daskvna ar exeba mxolod berkets _ is 
vrceldeba nebismier martiv meqanizmze.

arcerTi martivi meqanizmi ar iZleva 
muSaobaSi mogebas.  

meqanikis `oqros wesi~ udevs safuZvlad 
sxvadasxva instrumentis moqmedebas. aseTi 
instrumentebia: makrateli qsovilis, qa-
Raldis an liTonis sxeulebis gasaWrelad, 
mkvnetara mavTulis gadasaWrelad da a.S. 
(sur. 2.52).

meqanikis `oqros wesi~2.6

sur. 2.52

S1

S2

d1

sur. 2.51

 
F

F

d2
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 ● daakvirdi 2.53 suraTs, romeli qa-
nCis gasaRebiT ufro advilia qanCis 
moxsna? ratom?

berketi SeiZleba aRmovaCinoT 
cocxal organizmebSi. magaliTad ber-
ketis msgavsad moqmedeben adamianis ki-
durebi (sur. 2.54, a). tvirTis daWerisas 
mklavis kunTebis Zala uzrunvelyofs 
mis wonasworobas.

bunebaSi mravali saxis berketi ar-
sebobs. magaliTad zogierTi mcenaris 

(pitna, rehani, qondari da a.S.) yvavilebs ori furceli aqvs (sur. 2.54, b). 
rodesac qveda furcelze jdeba futkari, furceli, berketis analogiu-
rad, qveviT iwevs da futkari iRebs neqtars, zeda furclidan ki eyreba 
mtve ri, romelic gadaaqvs erTi mcenaridan meoreze da axdens damtvervas.

 mcenaris Rero da fesvebi warmoadgenen berkets, romlis sayrdeni 
niadagia.

Cveulebriv pirobebSi mcenare wonasworobaSia. Zlierma qarma SesaZle-
belia moglijos mcenare _ wonasworoba dairRves.

arc erTi martivi meqanizmi ar iZleva muSaobaSi mogebas.  
ramdenjerac vigebT ZalaSi, imdenjer vagebT manZilSi. 

moamzade Tema prezentaciisTvis: `berketis analogia cocxal orga-
nizmebSi~.

praqtikuli davaleba

 ● daakvirdi sxvadasxva makratels da gamoTqvi varaudi, romeli 
makratlis gamoyenebiT moigebT metad ZalaSi;

 ● daasaxele makratlis gamoyenebis magaliTebi. 
 ● Seasrule naxazebi. TiToeul naxazze aRniSne makratlis brunvis 

RerZi;
 ● naxazebis analizis safuZvelze axseni, konkretul SemTxvevaSi 

romel makratels gamoiyeneb da ratom.

sur. 2.53

tvirTi

sayrdeni wertili

sur. 2.54
a) b)

tvirTi

sayrdeni wertili
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garkveul simaRleze tvirTis asawevad xSirad iyeneben martiv meqanizms 
_ WoWonaqs. 

WoWonaqi warmoadgens garsakrSi Camagrebul Rarian borbals. Rarze 
gadadebulia Toki an jaWvi.

 WoWonaqi orgvaria: uZravi da moZravi.

WoWonaqs, romlis RerZi damagrebulia da 
tvirTis moZraobisas ar gadaadgildeba, uZravi 
WoWonaqi ewodeba (sur. 2.56).

uZravi WoWonaqi SeiZleba ganvixiloT ro-
gorc tolmxriani berketi (sur.2.57), amitom 
wonasworobis piroba ase Caiwereba

P
F

OB
OA

TiToeuli Zalis mxari tolia borblis radi-
usisa:

OB=OA
amitom

P=F
uZrav WoWonaqze moqmedi amwevi Zala asawevi 

tvirTis wonis tolia.
uZravi WoWonaqi Zalis mogebas ar iZleva, igi 

cvlis mxolod Zalis mimarTulebas. 
WoWonaqs, romlis RerZi tvirTTan erTad 

moZraobs, moZravi WoWonaqi ewodeba (sur. 2.58). 
igi SeiZleba ganvixiloT rogorc meore gvaris 
berketi (sur. 2.59).

2.59 suraTis mixedviT moZravi WoWonaqis 
wonasworobis piroba ase Caiwereba:  

WoWonaqi2.7

sur. 2.56
uZravi WoWonaqi

sur. 2.57

O

sur. 2.58 moZravi 
WoWonaqi

sur. 2.59

A
BO
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F
P

OA
OB

OA borblis radiusia, OB ki _ diametri, amitom
F
P

1
2

saidanac
P=2F

 e.i. moZravi WoWonaqiT ZalaSi vigebT 2-jer.

praqtikaSi tvirTebis asawevad xSirad iyeneben uZ-
ravi da moZravi WoWonaqebis kombinacias _ polispasts 
(sur. 2.60).

uZravi WoWonaqi Zalis mogebas ar iZleva, igi 
cvlis mxolod Zalis mimarTulebas.

moZravi WoWonaqiT Zalas vigebT 2-jer.

upasuxe kiTxvebs, amoxseni amocanebi?
1. ra Zalaa saWiro 2kg tvirTis asawevad: a) uZravi WoWonaqiT, b) moZravi 

WoWonaqiT? ? xaxuns, WoWonaqisa da Tokis wonas nu gaiTvaliswineb.
2. uZravi WoWonaqiT tvirTi aitanes 2m simaRleze. ra manZilze daeSva 

Tokis Tavisufali bolo?
3. aris Tu ara berketi wonasworobaSi (sur. 2.61, a,b)?  xaxuns, WoWonaqisa 

da Tokis wonas nu gaiTvaliswineb. CaTvale, rom tvirTebis masebi erTnair-
ia. 

sur. 2.60 moZravi da 
uZravi WoWonaqebis 
kombinacia

sur. 2.61
a) b)
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4. gamoTvale tvirTis asawevad saWiro F Zalis sidide (sur. 2.62, a,b).
5. gamosaxe moZravi WoWonaqis B kauWze moqmedi Zala (sur.2.63).

amocanis amoxsnis nimuSi!
amocana

ra wonis tvirTis aweva SeiZleba F = 400n Zalis moqmedebiT (sur. 2.64)? 
WoWonaqebis da Tokis wonas, agreTve xaxuns nu gaiTvaliswineb. CaTvale, 
rom tvirTis moZraoba Tanabaria.

amoxsna
tvirTis aweva xdeba uZravi da moZravi WoWonaqebis kombinaciiT. radgan 

WoWonaqebis da Tokis wonebi mxvedelobaSi ar miiReba, amitom B da C werti-
lebSi imoqmedebs F = 400n Zalebi.

moZravi WoWonaqisaTvis 

saidanac 

amitom 

P = 2F = 800n.

amgvarad, WoWonaqebis aseTi kombinaciiT Sesa-
Zlebelia ZalaSi mogebac da mimarTulebis Secvlac.

pasuxi: 400n ZaliT SesaZlebelia 800n wonis 
tvirTis aweva.

5

F F

5

20n

B

a)

sur. 2.62 sur. 2.63

b)

sur. 2.64
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martivi meqanizmia daxrili sibrtye, romelsac iyeneben sxeulis raime 
simaRleze asatanad.

ganvixiloT l sigrZis da h simaRlis 
daxrili sibrtye, romelzec  wevis Zalis 
moqmedebiT Tanabrad aaqvT m masis tvirTi 
(sur. 2.65). CaTvale, rom xaxuni umniSvne-
loa, amitom SeiZleba ugulebelvyoT.

  wevis Zalis mier Sesrulebuli muS-
aoba

A = F l
radgan sxeulis siCqare ar icvleba, 

amitom   wevis Zalis mier Sesrulebuli 
muSaobis Sedegad misi kinetikuri energia ar Seicvleba. am dros icvleba 
(izrdeba) sxeulis potenciuri energia. 

Tu energiis nulovan dones davukavSirebT daxrili sibrtyis fu Zes, ma-
Sin h simaRleze sxeulis atanisas Sesrulebuli muSaoba

A = mgh
amgvarad, 

F l = mgh
aqedan

    
mg
F h

cxadia,   h < l, amitom  F < mg.  es niSnavs, rom daxrili sibrtyis gamoy-
enebiT garkveul simaRleze sxeulis atana SesaZlebelia ufro mcire Za-
liT, vidre am sxeulze moqmedi simZimis Zalaa.

 Sefardeba
 
mg
F   

gviCvenebs ZalaSi mogebas.

daxrili sibrtyis gamo yenebiT ZalaSi vigebT imdenjer, ramdenjerac 
daxrili sibrtyis sigrZe metia mis simaRleze.

martivi meqanizmebis mowyobilobisa da moqmedebis principis ganxil-
visas ar iyo gaTvaliswinebuli xaxuni, haeris winaaRmdegoba, meqanizmebis 
wona da sxv. cxadia, am daSvebebis mixedviT, meqanizmze moqmedi Zalis muS-
aoba tvirTis gadaadgilebaze Sesrulebuli muSaobis tolia. sinamdvile-
Si meqanizmebis gamoyenebisas sruli muSaobis nawili sruldeba xaxunis da 
haeris winaaRmdegobis daZlevaze, meqanizmis nawilebis gadaadgilebaze.

 ● daakvirdi moZrav WoWonaqs da gaarkvie, am WoWonaqis gamo yenebisas, 
tvirTis awevis garda, ra damatebiTi muSaobis Sesrulebaa saWiro.

martivi meqanizmis gamoyenebisas ganixileba sasargeblo da sruli muS-
aoba.

muSaobas, romelic sruldeba meqanizmze mis moZraobaSi mosayvanad da 

daxrili sibrtye. martivi meqanizmebis 
margi qmedebis koeficienti2.8

sur. 2.65



Don
’t C

op
y

69

tvirTis gadasatanad sruli muSaoba ewodeba.
muSaobas, romelsac asrulebs meqanizmi uSualod sxeulis gadasaadg-

ileblad, sasargeblo muSaoba ewodeba.
sasargeblo muSaobis Sefardebas srul muSaobasTan meqanizmis margi 

qmedebis koeficienti (mqk) ewodeba:

A
A

cxadia, sasargeblo muSaoba yovelTvis naklebia srul muSaobaze 
(A

sas
<A

sr 
), amitom h<1. 

mqk-s xSirad gamosaxaven procentebiT:

A
A

nebismieri meqanizmis mqk naklebia 100%-ze:

mqk-is gazrdis mizniT konstruqtorebi cdiloben Seamciron xaxuni 
(ramdenadac es SesaZlebelia), meqanizmis zogierTi nawilis wona da sxv.

daxrili sibrtyis gamo yenebiT ZalaSi vigebT imdenjer, ramdenjerac 
daxrili sibrtyis sigrZe metia mis simaRleze.

sasargeblo muSaobis Sefardebas srul muSaobasTan meqanizmis 
margi qmedebis koeficienti ewodeba:

A
A

 

upasuxe kiTxvebs, amoxseni amocanebi?
1. daxrili sibrtyis sigrZe 10m-ia, simaRle _ 2m. ra masis tvirTis ata-

naa SesaZlebeli sibrtyis paraleluri 600n wevis Zalis gamoyenebi? xaxuns 
nu gaiTvaliswineb.

2. berketis gamoyenebiT 40kg masis tvirTi awies 20sm simaRleze 100n 
Zalis moqmedebiT, romlis modebis wertilma 1m-iT daiwia. gamoTvale sa-
sargeblo da sruli muSaobebi.

3. moZravi WoWonaqis mqk 70%-ia. ra masis tvirTis awevaa SesaZlebeli am 
WoWonaqiT, Tu Tokis Tavisufal boloze movdebT 200n Zalas?

4. 4m simaRlis daxril sibrtyeze tvirTis atanisas Sesrulda 20kj muS-
aoba. gansazRvre tvirTis masa, Tu daxrili sibrtyis mqk 75%-ia.
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amocanis amoxsnis nimuSi!
.  

amocana

1m simaRlis da 10m sigrZis daxril sibrtyeze 200kg masis tvirTis 
asatanad masze imoqmedes sibrtyis paraleluri 230n ZaliT. gansazRvre 
daxrili sibrtyis mqk.

amoxsna

daxrili sibrtyis mqk tolia sasargeblo da sru-
li muSaobebis Sefardebisa:

sr

sas 100%h A
A

sasargeblo muSaoba aris h simaRleze tvirTis aw-
evisas Sesrulebuli muSaoba (tvirTze moqmedi simZi-
mis Zalis daZlevaze Sesrulebuli muSaoba):

A
sas 

= mgh
sruli muSaoba aris daxril sibrtyeze tvirTis 

atanisas Sesrulebuli muSaoba:

A
sr

 = Fl
amitom 

100%h
F

mgh 87%

pasuxi: daxrili sibrtyis mqk 87%-ia. 

h _ ?

moc.: h = 1m;
l = 10m;
m = 200kg;
F

w
 = 230n.



71

Don
’t C

op
y

I. marTebulia Tu ara mtkiceba?

1. sxeulis wonasworobis qveS igulisxmeba uZraobis an wrfivi Tanabari 
moZraobis mdgomareoba.

a) diax; b)ara

2. arambrunavi sxeuli wonasworobaSia, Tu masze moqmedi Zalebis tolq-
medi nulis tolia.

a) diax; b)ara

3. wrfe, romlis gaswvrivac  moqmedebs Zala, Zalis moqmedebis wrfea. 
a) diax; b)ara

4. SesaZlebelia sxeulze erTdroulad moqmedebdes ramdenime Zala, ma-
gram igi iyos uZravi.

a) diax; b)ara

5. sxeuli SeiZleba moZraobdes im SemTxvevaSic, rodesac masze moqmedi 
Zalebis tolqmedi nulis tolia.

a) diax; b)ara

6. Tu sxeulze Zala ar moqmedebs, maSin sxeuli uZravia.
a) diax; b)ara

7. Zalis momenti aris Zalisa da misi mxris namravli.
a) diax; b)ara

8. Zalis mxari aris umoklesi manZili brunvis RerZidan Zalis moq-
medebis wrfemde.

a) diax; b)ara

9. martivi meqanizmi aris mowyobiloba, romlis saSualebiT SesaZlebe-
lia Zalis gardaqmna.

a) diax; b)ara

10. berketi wonasworobaSia, rodesac masze moqmedi saaTis isris moZ-
raobis mimarTulebiT mabrunebeli Zalebis momentebis jami tolia saaTis 
 isris moZraobis sapirispirod mabrunebeli Zalebis momentebis jamisa.

a) diax; b)ara

11. martivi meqanizmiT ramdenjerac vigebT ZalaSi, imdenjer vagebT 
manZilSi. 

a) diax; b)ara

Seamowme Seni codna
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12. mdgradi wonasworobisas sxeulis simZimis centri misi SesaZlo mde-
bareobidan yvelaze dablaa.

a) diax; b)ara

13. aramdgradi wonasworobidan sxeulis gamoyvanisas simZimis centri 
dabla iwevs.

a) diax; b)ara

14. ganurCeveli wonasworobis dros simZimis centris mdebareoba erT 
donezea. 

a) diax; b)ara

15. berketis gamoyenebiT SesaZlebelia muSaobaSi mogeba.
a) diax; b)ara

16. uZravi WoWonaqiT ZalaSi vigebT 2-jer.
a) diax; b)ara

17. moZravi WoWonaqi ZalaSi mogebas ar iZleva.
a) diax; b)ara

18. daxrili sibrtye muSaobaSi mogebas ar iZleva. 
a) diax; b)ara

19. meqanizmis margi qmedebis koeficienti aris sasargeblo muSaobis 
Sefardeba srul muSaobasTan. 

a) diax; b)ara

20. sxeulze moqmedi simZimis Zalis modebis wertils am sxeulis simZi-
mis centri ewodeba. 

a) diax; b)ara

21. sayrdeni farTobis mqone sxeulis wonasworoba mdgradia, Tu sxe-
ulze moqmedi simZimis Zalis moqmedebis wrfe gadis sxeulis sayrden far-
TobSi.

a) diax; b)ara

22. Tu sxeulze moqmedi Zalis moqmedebis wrfe simZimis centrze gadis, 
maSin sxeuli asrulebs gadataniT moZraobas.

 a) diax; b)ara

II. romelia swori pasuxi?

1. romeli mtkicebaa marTebuli: 1) uZraobis mdgomareobaSi sxeuli 
wonasworobaSia; 2) wrfivad da Tanabrad moZravi sxeuli ar aris wonas-
worobis mdgomareobaSi; 3) sxeulze moqmedi simZimis Zala modebulia am 
sxeulis simZimis centrze; 4) Tu sxeulze modebuli Zalis moqmedebis wrfe 
simZimis centrze gadis, maSin sxeuli asrulebs gadataniT moZraobas.
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a) 1, 2, 3; 
b) 1, 3, 4; 
g) 1, 2, 4;

2. arambrunavi sxeuli mxolod im SemTxvevaSia wonasworobaSi, Tu
a) masze sxva sxeulebi ar moqmedeben;
b) masze moqmedi Zalebis tolqmedi nulis tolia;
g) masze toli Zalebi moqmedebs.

3. Zalis momenti gamoiTvleba formuliT:

a) 
F

M d
; 

b) M = Fd; 

 g) 
FM d .

4. berketze moqmedi F1 Zalis mxaria (sur. 
2.66) . . .

a) OB; b) OA; g) AC.

5. aris Tu ara sxeuli wonasworobaSi (sur. 2.67)? 
a) aris; b) ar aris.

6. gansazRvre sxeulze moqmedi xaxunis Zala, Tu sxeuli moZraobs mud-
mivi siCqariT (sur. 2.68).

a) 8n; b) 10n; g) 12n.

7. Tu Zalis sidides gavzrdiT 2-jer, mis mx-
ars ki amdenjerve SevamcirebT, maSin am Zalis 
momenti . . . 

a) gaizrdeba 2-jer; 
b) Semcirdeba 2-jer;
g) ar Seicvleba.

8. sxeulze moqmedi Zalebidan romeli maT-
gani gamoiwvevs sxeulis gadataniT moZraobas da 
romeli _ brunviTs (sur. 2.69)? O wertili sxe-
ulis simZimis centria da uZrav brunvis RerZze 
mdebareobs.

A

B C
D

1

2

sur. 2.66

4n 1n 3n 10n

sur. 2.67 sur. 2.68

sur. 2.69

F1

F2 F3

F4

F5

F6
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a) F1, F3, F4 da F6 Zalebi gamoiwvevs sxeulis gadataniT moZraobas,   F2 da 
F5  Zalebi ki _ brunviTs.

b) F1, F2 da F5 Zalebi gamoiwvevs sxeulis gadataniT moZraobas, F3, F4 da 
F6 Zalebi ki _ brunviTs.

g) F1, F3, F4 da F5 Zalebi gamoiwvevs sxeulis gadataniT moZraobas, F2 da 
F6  Zalebi ki _ brunviTs.

9. berketis A wertilze moqmedebs 3n 
Zala (sur. 2.70). ra Zala unda movdoT B 
wertilze, rom berketi iyos wonasworoba-
Si?

a) 2n; b) 1n; g) 3n.

10. romeli berketia wonasworobaSi 
(sur. 2.71)? CaTvale, rom tvirTebis masebi 
tolia.

a) I da II berketkebi;
b) II da III berketkebi;
g) mxolod II berketi.

11. 1m sigrZis berketis boloebze moqmedebs vertikalurad qveviT 
mimarTuli 2n da 8n Zalebi. sad mdebareobs sayrdeni wertili, Tu berketi 
wonasworobaSia? berketis masas nu gaiTvaliswinebT.

a) 20sm-ze didi Zalis modebis wertilidan;
b) 40sm-ze didi Zalis modebis wertilidan;
g) 60sm-ze mcire Zalis modebis wertilidan.

12.  rogor SeiZleba 10kg masis erTgvarovani Zelis gawonasworeba 20kg 
masis sxeuliT, Tu sayrdeni moTavsebulia Zelis erT-erTi bolodan misi 
sigrZis 1/4 manZilze? 

a) ar SeiZleba;
b) Tu sayrdens movaTavsebT sxeulidan Zelis sigrZis 1/8 manZilze;
g) Tu sayrdens movaTavsebT sxeulidan Zelis sigrZis 1/4 manZilze;

13. 5kg masis erTgvarovani Reros sayrdeni moTavsebulia Reros marcx-
ena bolodan misi sigrZis meoTxedis tol manZilze (sur. 2.72). am boloze 
moTavsebulia 14 kg masis tvirTi. Reros wonasworobisaTvis meore boloze 
unda movaTavsoT tvirTi, romlis masaa

a) 4kg; b) 2kg; g) 3kg.

A BO

3n
sur. 2.70

sur. 2.71
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14. berketis erTi mxaria 1m, meore _ 
4m. am berketiT SesaZlebelia ZalaSi  mo-
geba . . . 

a) 6-jer; b) 4-jer; g) 8-jer.

15. ramdenjer movigebT ZalaSi 
daxril sibrtyeze sxeulis Tanabrad 
atanisas, Tu daxrili sibtyis sigrZea 4m, 
simaRle ki _ 1m.

a) 2-jer; b) 2,5-jer; g) 4-jer.

16.  ra Zalaa saWiro 60kg masis cilindruli formis sxeulis asagore-
blad 2m simaRlisa da 6m sigrZis daxril sibrtyeze? xaxuns nu gaiTval-
iswinebT.

a) 200n; b) 180n; g) 120n.

17. 1t masis tvirTis 8m simaRleze atanisas Sesrulda 100kj muSaoba. 
gamoTvale meqanizmis mqk.

a) 40%; b) 60%; g) 80%.

18. ra muSaoba unda Sesruldes, rom 
moZravma WoWonaqma, romlis mqk 75%-ia, 
1,5t masis tvirTi aitanos 10m simaRleze?

a) 200kj; b) 20000j; g) 100kj.

19.  ra simaRleze aitans moZravi 
WoWonaqi 200kg masis sxeuls, Tu am dros 
sruldeba 10kj muSaoba? WoWonaqis mqk-ia 
0,8.

 a) 40m; b) 4m; g) 10m.

20.  2.73 suraTze mocemulia damagre-
buli brunvis RerZis mqone sxeulze moqme-
di sami sxvadasxva Zalisa da am Zalebis mo-
mentebs Soris damokidebulebis grafiki. 
romeli Zalis mxaria maqsimaluri?

a) 1; b) 2; g) 3.

21. 2.74 suraTze mocemulia damagrebu-
li brunvis RerZis mqone sxeulze moqmedi 
Zalis momentsa da am Zalis mxars Soris 
damokidebulebis diagrama. romel SemTx-
vevaSia sxeulze moqmedi Zala minimaluri?

a) 2; b) 4; g) 3.

sur. 2.72

sur. 2.74

2 3

0

1 4

M

d

sur. 2.73
0 F

M
1

2

3
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am Tavis Seswavlis Semdeg Sen SeZleb:

 ● siTbos gadacemis saxeebis daxasiaTebasa da maT Ta-
viseburebebze argumentirebul msjelobas;

 ● siTburi Zravebis moqmedebis principsa da maTi muS-
aobiT Seqmnil ekologiur problemebze argumentirebul 
msjelobas;

 ● nivTierebis kuTri siTbotevadobisa da wvis kuTri 
siTbos eqsperimentul Seswavlas;

 ●
 ● kuTri siTbotevadobisa da wvis kuTri siTbos rolis 

Sefasebas bunebasa da yofacxovrebaSi;

 ● bunebaSi mimdinare siTburi procesebis Sesaxeb cod-
nis dakavSirebas sxvadasxva profesiasTan/saqmianobis 
sferosTan.
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siTburi movlena. temperatura3.1
rodesac vlaparakobT sxeulis kinetikur da potenciur energiaze, ar 

viTvaliswinebT sxeulis Sinagan struqturas. meqanikuri movlenebis ganx-
ilvisas aseTi midgoma gamarTlebulia, magram siTburi movlenebis SemTx-
vevaSi sakmarisi ar aris.

fizikur movlenas, romelic dakavSirebulia temperaturis an agregat-
uli mdgomareobis cvlilebasTan, siTburi movlena ewodeba.

temperatura sxeulis siTburi mdgomareobis maxasiaTebeli fizikuri 
sididea.

temperaturasTan aris dakavSirebuuli warmodgena cxelsa da civ sx-
eulebze. magaliTad, cxeli wylis temperatura metia, vidre civis. 

ra cvlilebebi xdeba wyalSi temperaturis Secvlisas?
gansxvaveba molekulaTa moZraobis siCqareSia _ cxeli wylis mole-

kulebi ufro swrafad moZraoben, vidre civis. magaliTad, Saqari cxel 
wyalSi ufro swrafad ixsneba, vidre civSi. Saqris gaxsna ganpirobebulia 
difuziiT. difuziis mizezi ki molekulaTa qaosuri moZraobaa. temper-
aturis gazrdiT difuziis siswrafe izrdeba. es niSnavs, rom molekulaTa 
moZraobis siCqaresa da temperaturas Soris arsebobs kavSiri _ temper-
aturis gazrdiT sxeulis Semadgeneli molekulebis siCqare izrdeba. mag-
aliTad, wyalbadis molekulis saSualo siCqare 00C-ze 1693m/wm-ia, 200C-ze 
ki _ 1755m/wm.

sxeulis Semadgeneli nawilakebis uwyvet, qaosur moZraobas siTburi 
moZraoba ewodeba.

nebismier temperaturaze sxeulis Semadgenel nawilakebs sxvadasxva 
siCqare aqvT, amitom ganvixilavT molekulaTa saSualo 
siCqaresa da saSualo kinetikur energias. rac metia sxe-
ulis Semadgeneli molekulebis saSualo kinetikuri ener-
gia, miT metia sxeulis temperatura. 

temperatura fizikuri sididea, amitom igi izomeba.
rogor xdeba sxeulis temperaturis gazomva?
Tu gaacxeleb kolbas, romelSic asxia civi wyali, naxav, 

rom kolbaSi wylis done moimatebs, e.i. wylis moculoba 
gaizrdeba.

nivTierebis siTburi gafarToeba daedo safuZvlad 
temperaturis sazomi xelsawyos _ Termometris damzade-
bas. Termometris mravali saxe arsebobs. erT-erTi saxea 
celsiusis Termometri. 

1742wels Svedma mecnierma anders celsiusma daamzada 
Termometri, romelic Sedgeba rezervuarTan mierTebu-
li wvrili milisa da skalisagan (sur. 3.1). umetes SemTx-
vevaSi rezervuarSi Casxmulia vercxliswyali. celsiusma 
SemoiRo temperaturis asgradusiani skala. skalaze 00C 
Seesabameba yinulis dnobis temperaturas, 1000C – wylis 
duRilis temperaturas normaluri atmosferuli wnevis 
(101325pa) pirobebSi. 00C –sa da 1000C- s Soris skala dayo-

sur. 3.1
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filia 100 tol nawilad. erT nawils Seesabameba 10C (celsiusis erTi gra-
dusi). 

TermometriT temperaturis gasazomad saWiroa garkveuli drois Su-
aledi. ganixile eqsperimenti.

eqsperimentuli samuSao

 dakvirveba siTbur wonasworobaze

resursebi: saxelmZRvanelo, samuSao rveuli, fanqari, kalami, Wiqa, 
liTonis kovzi, Termometri, cxeli wyali.

 ● WiqaSi Caasxi cxeli wyali;
 ● WiqaSi moaTavse Termometri da liTonis kovzi ise, rom kovzis 

nawili iyos wyalSi;
 ● Seexe xeliT kovzis bolos. ras grZnob? icvleba Tu ara kovzis  tem-

peratura?
 ● rogor Seicvleba wylis  temperatura? 
 ● Seni varaudis siswore Seamowme TermometriT;
 ● rodis Sewydeba kovzisa da wylis temperaturis cvlileba?

cxadia, siTbocvlis procesi gagrZeldeba manam, sanam wyalsa da kovzs 
Soris ar damyardeba siTburi wonasworoba.

siTburi wonasworobis dros kontaqtSi myofi sxeulebis  tempera-
turebi erTnairia. 

siTburi wonasworobis damyarebisaTvis saWiroa garkveuli drois Su-
aledi.

sxeulis temperaturis gazomvisas saWiroa:

 ● sxeuli kontaqtSi iyos TermometrTan;
 ● Termometris Cveneba dafiqsirdes sxeulTan siTburi wonasworobis 

damyarebis Semdeg.

upasuxe kiTxvebs, amoxseni amocanebi?
1. SesaZlebelia Tu ara samedicino 

TermometriT (sur. 3.2) civi da cxeli 
wylis temperaturis gazomva? pasuxi 
daasabuTe.

2. rkinigzis relsebi gadabmis adgi-
lebSi erTmaneTisagan daSorebulia. ra 
mizniT akeTeben amas?

sur. 3.2
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3. ori sxvadasxva liTo-
nisagan damzadebul firfi-
tas bimetalur firfitas 
(sur. 3.3) uwodeben. rkinisa 
da spilenZisagan damzade-
buli bimetaluri firfita 

gacxelebis Sedegad deformirda. axseni am movlenis mizezi. Seecade Sea-
srulo naxati: bimetaluri firfita gacxelebamde da gacxelebis Semdeg.

damatebiTi masala

wylis siTburi gafarToebis Tavisebureba 

ra ganapirobebs yinvian amindSi wyalsatevebSi sicocxlis arsebobas?
amis mizezi wylis anomaliaa (kanonzomierebis darRveva _ saerTo wesi-

sagan, normisagan gadaxveva). 
sxva nivTierebebisagan gan-

sxvavebiT wyali 00C-dan  40C-
mde gaTbobisas ikumSeba, Sem-
deg ki farTovdeba. es niSnavs, 
rom wyals yvelaze didi sim-
kvrive aqvs 40C-ze. 

yinvis dros wyalsatevebis 
zedapirze warmoiqmneba yinu-
lovani fena, romelic, naklebi 
simkvrivis gamo, wylis zeda-
pirze rCeba. yinuli siTbos 
cudi gamtaria, amitom icavs 
wyals gayinvisagan. yinulis 
qveS moqceuli wyali ki tem-

peraturis zrdis da simkvrivis Sesabamisad nawildeba _ yvelaze ,,mZime” 
wyali wyalsatevis fskerzea (sur. 3.4). amis gamo yinulovani okeanis fsker-

zec ki wylis temperatura +40C-ia. 
wylis siTburi gafarToebis es Tavise-
bureba ganapirobebs wyalsatevebSi si-
cocxlis arsebobas.

3.5 suraTze mocemulia wylis moc-
ulobis temperaturaze damokideb-
ulebis grafiki.

 ● grafikis mixedviT aRwere, rogor 
icvleba wylis moculoba da simkvrive 
temperaturis cvlilebiT;

 ● ras udris wylis simkvrive 40C-ze?

sur. 3.3 bimetaluri firfita

yinuli

wyali C
C
C
C
C

0
1
2
3
4

0

0

0

0

0

syur. 3.4   4 0C wylis simkvrive maqsimaluria

syur. 3.5   

1000,10

20 4 6 8 10

1000,20

1000,30

1000,40

3

V,sm

0
t C

1000,00

12
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gaixsene!

 ● raSi mdgomareobs energiis mudmivobis kanoni?
 ● ra SemTxvevaSia es kanoni samarTliani?

siTburi movlenebis Seswavla da analizi moiTxovs imis gaTvaliswine-
bas, rom nebismieri sxeuli Sedgeba umciresi nawilakebisagan. es nawilakebi 
moZraoben da urTierTqmedeben, amitom maT aqvT kinetikuri da potenci-
uri energiebi.

sxeulis Semadgeneli nawilakebis kinetikuri da potenciuri ener-
giebis jams sxeulis Sinagani energia ewodeba.

nebismier sxeuls aqvs Sinagani energia. 
calkeuli nawilakis kinetikuri da potenciuri energiebi mcire si-

dideebia, magram sxeulSi nawilakTa ricxvi Zalian didia, amitom sxeulis 
Sinagani energia mniSvnelovani sididea.

Sinagani energiis aRniSvnaa U, Sinagani energiis cvlilebis _ DU. 
Tu Sinagani energia Seicvala U1-dan U2-mde, maSin Sinagani energiis cv-

lileba 
DU = U2 - U1

Sen ici, rom Caketil sistemaSi sxeulis kinetikuri energia SeiZleba 
gardai qmnas potenciur energiad, potenciuri ki _ kinetikurad ise, rom 
sruli meqanikuri energia mudmivi darCes. magram nebismier realur siste-
maSi moqmedebs xaxunis, winaaR mdegobis Zalebi, adgili aqvs sxeulTa Se-
jaxebebs da sxv. cxadia, am SemTxvevaSi sruli meqanikuri energia mcirdeba, 
e.i. sruli meqanikuri ener giis mudmivobis kanoni irRveva. 

magaliTad, vardnili sxeulis potenciuri energia gardaiqmneba ki-
netikur energiad. cxadia, dedamiwaze dacemisas (erTxel an ramdenjerme) 
igi Cerdeba. iqmneba STabeWdileba, rom sxeuls aRar aqvs energia. sinamd-
vileSi aRmoCnda, rom Sejaxebisas sxeulTa temperatura izrdeba. es ki 
niSnavs, rom izrdeba sxeulTa Semadgeneli nawilakebis qaosuri moZrao-
bis kinetikuri energia. garda amisa, temperaturis zrda iwvevs sxeulTa 
gafarToebas, e.i. maT Semadgenel nawilakebs Soris manZilebis gazrdas, 
rac niSnavs am nawilakebis urTierTqmedebis potenciuri energiis zrdas. 
amgvarad, dedamiwis zedapirze dacemisas sxeulis meqanikuri energia gar-
daiqmneba sxeulisa da dedamiwis Sinagan energiad.

fizikuri sxeulisaTvis SesaZlebelia movZebnoT aTvlis sistema, rom-
lis mimarT sxeulis meqanikuri energia nulis toli iqneba. Sinagani ener-
giis mniSvneloba ki ar aris damokidebuli aTvlis sistemaze. magaliTad, 
magidaze wignis gadaadgilebisas wignis meqanikuri energia gansxvavebulia 
sxvadasxva aTvlis sistemis mimarT, wignis Sinagani energia ki yvela aTvlis 
sistemis mimarT erTnairia.

Sinagani energia3.2
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ba (sur. 3.6), bagirze swrafma daSvebam ki SesaZlebelia xelisgulebis daw-
vac ki gamoiwvios (sur. 3.7).

 ● rogor axsni am movlenebs?
 ● rogor Seicvleba wylis Sinagani energia misi gacxelebisas? ga-

ciebisas? ra aris Sinagani energiis Secvlis mizezi?

eqsperimentuli samuSao

 dakvirveba procesebze, romlis drosac icvleba 
sxeulis Sinagani energia

resursebi: saxelmZRvanelo, samuSao rveuli, fanqari, kalami, Stativze 
damagrebuli wyliani sinjara sacobiT, Wur-
Weli civi wyliT, Termometri, mcire zomis 
liTonis sxeuli, brtyeltuCa, qura.

I. 
 ● daiwye wyliani sinjaris gacxeleba da 

daakvirdi sacobs (sur. 3.8) _ garkveuli drois 
Semdeg amovardeba Tu ara igi kolbidan?

 ● Sesrulda Tu ara muSaoba?
 ● gaaanalize movlena da axseni misi mizezi. 

II. 
 ● WurWelSi Caasxi civi wyali;
 ● wyalSi moaTavse Termometri da CainiSne 

misi Cveneba;
sur. 3.8

sur. 3.7sur. 3.6
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 ● brtyeltuCiT aiRe liTonis naWeri, 
quraze gaaxure da CauSvi civ wyalSi 
(sur. 3.9);

 ● kvlav CainiSne Termometris Cveneba. ro-
gor Seicvala igi?

 ● Seni azriT, rogor Seicvleba wylis, 
WurWlis da liTonis sxeulis Sinagani 
energia?

 ● ra aris am cvlilebis mizezi?
 ● am procesebis dros sruldeba Tu ara 

muSaoba?
 ● gaaanalize eqsperimenti da gamoitane 

daskvna.

ganxiluli movlenebis kvlevis safuZvelze daadgen, rom sxeulis Sina-
gani energia ar warmoadgens mudmiv sidides _ is SeiZleba Seicvalos siT-
buri procesebisa da muSaobis Sesrulebis dros.

siTburi procesebi dakavSirebulia sxeulis temperaturis an niv-
Tierebis agregatuli mdgomareobis cvlilebasTan. muSaobis Sesrulebis 
dros ki icvleba nawilakTa urTierTganlageba, rac iwvevs sxeulis mocu-
lobis da, Sesabamisad, Sinagani energiis cvlilebas (sur. 3.10). cxadia, Ses-
aZlebelia iseTi SemTxvevac, rodesac erTdroulad mimdinareobs orive 
procesi _ muSaobis Sesrulebac da siTbocvlac.

sxeulze muSaobis Sesrulebisas misi Sinagani energia izrdeba. magali-
Tad, xaxunis Zalebis muSaobis Sedegad izrdeba sxeulTa Sinagani energia.

Tu Sinagani energiis xarjze sxeuli asrulebs muSaobas, maSin misi Sina-
gani energia mcirdeba.

sxeulis Sinagani energia SeiZleba Seicvalos muSaobis Sesrulebis ga-
reSec.

Sinagani energiis cvlilebas muSaobis Sesrulebis gareSe siTbocvla 
ewodeba.

siTbocvlisas siTbo gadaecema cxeli sxeulidan masTan kontaqtSi 
myof civ sxeuls. Sebrunebuli procesi TavisTavad ar xdeba.

xaxunis Zalebis muSaobis Sedegad sxeulis Sinagani energiis zrdas 
iTvaliswineben teqnikaSi. magaliTad, liTonTa damuSavebisas (burRvis, 

sur. 3.10

Sinagani energiis cvlileba

muSaobis Sesruleba siTbocvla

sur. 3.9
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qlibvis da sxv.) xaxunis Zalebis muSaobis xarjze izrdeba rogorc dasa-
muSavebeli detalebis, ise samuSao iaraRebis temperatura. temperaturis 
Sesamcireblad xSirad iyeneben gamagrilebel siTxes. 

xaxunis Sedegad temperaturis zrda zogjer sasargeblocaa. am gziT 
moipovebdnen cecxls pirvelyofili adamianebi.

mecnierebasa da teqnikaSi didi yuradReba eqceva Sinagani energiis gam-
oyenebas. sxeuls SeuZlia muSaobis Sesruleba Sinagani energiis xarjze. am 
energiis gamoyenebam ganapiroba mravali miRweva teqnikis ganviTarebaSi. 

TboeleqtrosadgurebSi saTbobis da wvi sas gamoyofili energia 
abrunebs uzarmazar turbinebs, ris Sedegadac miiReba eleqtroenergia. 

sawvavis Sinagani energia ganapirobebs sxvadasxva saxis transportis 
moZraobas _ Sinagani energia gardaiqmneba avtomobilebis, Tbomavlebis, 
TviTmfrinavebis meqanikur energiad. am energias iyeneben atomur eleq-
trosadgurebSi, kosmosur xomaldebSi, gemebSi da a.S.

sxeulis Semadgeneli nawilakebis kinetikuri da potenciuri ener-
giebis jams sxeulis Sinagani energia ewodeba.

siTburi wonasworobis dros kontaqtSi myofi sxeulebis tempera-
tura erTnairia.

sxeulis Sinagani energia SeiZleba Seicvalos ori gziT: muSaobis 
SesrulebiT da siTbocvliT.

upasuxe kiTxvebs, amoxseni amocanebi?
1. CanCqerSi sad metia wylis Sinagani energia _ zeda Tu qveda ubanze? 

rogor daasabuTeb Seni pasuxis siswores?
2. 2kg masis sxeuli dedamiwaze dae-

ca 5m/wm siCqariT. rogor Seicvala misi 
Sinagani energia? CaTvale, rom sxeu-
lis meqanikuri energia mTlianad gar-
daiqmna Sinagan energiad.

3. dedamiwis zedapiridan 3m si-
maRleze atanilia 1kg masis sxeuli. 
dedamiwis zedapirze dacemisas sxe-
ulis meqanikuri energiis 60% gardai-
qmna mis Sinagan energiad. gamoTvale 
sxeulis Sinagani energiis cvlileba.

4. Tu CaquCs ramdenjerme daartyam 
lursmans (sur. 3.11), gaTbeba CaquCic 
da lursmanic. axseni es movlena.sur. 3.11
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 ● gamocdili diasaxlisi minis Wiqa-
Si, mduRare wylis Casxmamde, debs 
liTonis kovzs (sur. 3.12). Seni az-
riT, ra mizniT akeTebs amas?

Sen ici, rom siTbocvlis dros energia 
gadaecema cxelidan civ sxeuls.

arsebobs siTbocvlis procesis sami 
saxe: Tbogamtaroba, konveqcia da gamosx-
iveba (sur. 3.13).

gavarkvioT rogor xdeba Sinagani energiiis gadacema TbogamtarobiT.
Sinagani energiis gadacemas erTi sxeulidan masTan kontaqtSi myof 

meore sxeulze an sxeulis erTi nawilidan meoreze Tbogamtaroba ewodeba.
Tbogamtarobisas nivTierebis gadatana ar xdeba _ gadaecema mxolod 

energia. maRali temperaturis sxeulidan dabali temperaturis sxeuls an 
sxeulis Tbili nawilidan SedarebiT civ nawils. energiis gadacema sxeulis 
erTi nawilidan meoreSi xorcieldeba sxeulis Semadgeneli molekulebis 
moZraobisa da urTierTqmedebis Sedegad.

ganvixiloT magaliTi. oTaxSi moTavsebul liTonisa da xis sxeulebze 
Sexebisas SevigrZnobT, rom liTonis sxeuli civia, xis _ Tbili. oTaxSi  
liTonis da xis sxeulebs erTnairi temperatura aqvT. Cveni temperatura 
metia orive sxeulis temperaturaze. cxadia, xeli siTbos gadascems orive  
sxeuls. liTonis Tbogamtaroba metia xisaze, amitom xelidan siTbo ufro 
swrafad gadaecema liTonis sxeuls da gveCveneba, rom liTonis sxeuli 
ufro civia, vidre xis.

 ● sxvadasxva nivTierebis Tbogamtaroba gansxvavdeba Tu ara erTmane-
Tisagan? 

 ● Seni varaudis siswore SeamowmeT eqsperimentiT.

Tbogadacema da misi saxeebi. Tbogamtaroba3.3

sur. 3.13

Tbogamtaroba konveqcia gamosxiveba

siTbocvlis procesi

sur. 3.12
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eqsperimentuli samuSao

 dakvirveba Tbogamtarobaze

resursebi: saxelmZRvanelo, samuSao rveuli, fanqari, kalami, WurWeli 
cxeli wyliT, aluminis da xis Reroebi. 

 ● WurWelSi, romelSic asxia cxeli wyali, moaTavse aluminis da xis 
Reroebi;

 ● meore nawilebze Seexe xeliT. ras grZnob? gacxelda Tu ara alumi-
nis Rero? xis Rero?

 ● gaaanalize eqsperimenti da gamoitane daskvna.

kargi Tbogamtarobis unari aqvs liTonebs, gansakuTrebiT vercxls da 
spilenZs.

liTonis Reros Semadgeneli nawilakebis siTburi moZraobisa da urT-
ierTqmedebis Sedegad siTbo gadaecema cxeli ubnidan civs.

ganvixiloT Tbogamtarobis procesi liTonis ReroSi. Rero Sedgeba 
molekulebisagan. Reros cxel ubanSi molekulaTa saSualo kinetikuri en-
ergia didia, vidre civSi, amitom siTbo gadaecema cxeli ubnidan civs. Se-
sabamisad, moimatebs Reros am nawilis temperatura. nawilakTa urTierTq-
medebis Sedegad gaizrdeba mezobel nawilakTa siCqare, e.i Reros gaswvriv 
moimatebs temperaturac. 

siTxeebSi molekulebs Soris manZilebi SedarebiT didia da energiis 
gadacemis procesi  nela mimdinareobs, amitom siTxeebi cudi Tbogamtare-
bia. kidev ufro naklebia airebis Tbogamtaroba. magaliTad haeris Tbogam-
taroba 25-jer naklebia wylis Tbogamtarobaze, wylis Tbogamtaroba ki _ 
698 - jer naklebi vercxlisaze.

Tbogamtarobis movlenas adgili aqvs yovelTvis, rodesac sxeulis 
calkeul ubnebs Soris temperaturaTa sxvaobaa.

nivTierebebi, romelTa Tbogamtaroba mcirea, gamoiyeneba rogorc 
Tboizolatorebi. mravali samSeneblo masala gamoiyeneba Senobebis siT-
buri izolaciisaTvis. kargi Tboizolatoria: fanjara ormagi miniT (minebs 
Soris haeris fenaa), bewvi, bumbuli, matyli, bamba, qaRaldi, aguri, kerami-

sur. 3.13 sur. 3.14
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ka da sxva forovani sxeulebi. am nivTierebaTa boWkoebs Soris haeria, ris 
gamoc isini siTbos cudi gamtarebia.

 ● rodis iyeneben Tboizolatorebs?
 ● risTvisaa saWiro Salis tansacmeli?
 ● ra icavs frinvelebsa da cxovelebs sicivisagan (sur. 3.13, 3.14)?

amgvarad, TbogamtarobiT siTbos gadacema xdeba sxeulTa uSualo 
SexebiT. sxvadasxva nivTiereba siTbos sxvadasxvanairad atarebs _ myari 
sxeulebis Tbogamtaroba metia, vidre siTxeebis, siTxeebis ki  ufro meti, 
vidre airebis.

Sinagani energiis gadacemas erTi sxeulidan masTan kontaqtSi myof 
meore sxeulze an sxeulis erTi nawilidan meoreze Tbogamtaroba ewo-
deba.

TbogamtarobiT siTbos gadacema xdeba sxeulTa uSualo SexebiT.
Tbogamtarobis dros nivTiereba ar gadaadgildeba, energia gadaaqvs 

sxeulis Semadgenel nawilakebs.

upasuxe kiTxvebs, amoxseni amocanebi?
1. Tu rkinis lursmnis erT bolos moaTavseb cecxlis alSi, mTeli 

lursmani swrafad gacxeldeba da SeuZlebeli iqneba misi xelSi daWera. 
Tu lursmnis nacvlad alSi moaTavsebT minis Reros erT nawils, maSin es 
nawili gaxurdeba, Reros danarCeni nawilis temperatura ki ar Seicvleba. 
gaaanalize es movlenebi da gamoitane daskvna. 

2. ratom aris cxeli Cais daleva ufro advili faifuris Wiqidan, vidre 
vercxlis Wiqidan?

3. Txevadi aluminis Tbogamtaroba 3-jer naklebia, vidre myaris. ra 
aris amis mizezi? 

p r o e q t i

Tboizolacia

proeqtis mizani:

Senobis siTburi izolacia

amocanebi:

1. Senobebis siTburi izolaciisaTvis saWiro meTodebisa da saSuale-
bebis dadgena;

2. moZiebuli informaciis analizis safuZvelze saWiro masalebis Ser-
Ceva.
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 ● anTebuli sanTlis zemoT daiWire bumbuli da gauSvi xeli (sur. 3.15).  

naxav, rom bumbuli daiwyebs zeviT moZraobas.
 ● Seni azriT, ra SeiZleba iyos am movlenis mizezi?

eqsperimentuli samuSao

dakvirveba konveqciis movlenaze

resursebi: saxelmZRvanelo, samuSao 
rveuli, fanqari, kalami, Stativze damagre-
buli wyliani WurWeli, saRebavis kristalebi, 
spirtqura.

 
 ● WurWelSi CauSvi saRebavi nivTierebis 

mcire kristalebi da frTxilad daasxi wyali 
(sur. 3.16);

 ● gaacxele wyali; daakvirdi SeRebili wylis 
fenebis moZraobas da daadgine, rogor xdeba 
wylisgaTboba;

 ● gaaanalize eqsperimenti da gamoitane 
daskvna.

siTxeebsa da airebSi Tbogadacemis pro-
cess, romlis drosac energiis gadacema xdeba 
siTxis an airis Wavlis mier, konveqcia ewodeba.

cxadia, siTxis an airis fenebi moZraobs 
nivTierebis araTanabari gaTbobis Sedegad.

konveqciis axsna SesaZlebelia arqimedes 
kanoniTa da siTburi gafarToebis movleniT.

gaixsene arqimedes knoni: siTxeSi an airSi 
CaZirul sxeulze moqmedebs vertikalurad 
zeviT mimarTuli amomgdebi Zala, romlis si-
dide tolia sxeulis moculobis mqone siTxis 
an airis wonisa.

 ● rogor icvleba siTxis an airis moculoba 
temperaturis gazrdiT?

 ● rogor Seicvleba am moculobis siTxesa 
an airze moqmedi arqimedes Zala?

Catarebuli eqsperimentis Sedegad daadgen, rom kolbaSi wylis SeRebva 
xdeba wylis Wavlis mier _ temperaturis gazrdiT wylis fskerze wyali 

konveqcia3.4

sur. 3.15

sur. 3.16
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farTovdeba. cxadia, mcirdeba moculobis erTeulSi molekulaTa ricxvi, 
e.i. mcirdeba wylis simkvrive. Sesabamisad, izrdeba wylis naklebad mkvriv 
fenebze moqmedi, vertikalurad zeviT mimarTuli arqimedes Zala, rac 
iwvevs wylis am fenebis zeviT moZraobas. wylis nakads mihyveba saRebavis 
nawilakebi. wylis civi (mkvrivi) fenebi moZraoben zedapiridan fskerisken, 
farTovdebian da kvlav zeviT miemarTebian. 

amgvarad, wylis SeRebva xdeba konveqciis Sedegad.
wyali moZraobs wriulad, rac iwvevs WurWelSi wylis Tanabar gaTbobas.
Seicvleba Tu ara haeris an siTxis temperatura, Tu maT gavaTbobT ara 

qvemodan, aramed zemodan? zeda fenebi SeiZleba Zalian gacxeldes, qveda 
ki civi darCes. cxadia, am SemTxvevaSi konveqcia ar moxdeba _  gamTbari 
haeri an siTxe zevidan qveviT ar gadaadgildeba. SesaZlebelia, siTxis qve-
da fenebi odnav gaTbes TbogamtarobiT, Tumca amas didi dro dasWirdeba.

konveqciis Sedegad siTxeebsa da airebSi aRZrul aseT moZraobas kon-
veqciuri nakadebi ewodeba. 

dedamiwis irgvliv qarebis moZraoba konveqciuri nakadebiTaa 
gamowveuli. amis mizezi dedamiwis zedapiris araTanabari gaTbobaa. qari 
warmoadgens didi masStabis bunebriv konveqciur nakads. 

konveqciis Sedegad xdeba oTaxSi haeris gaTbobac da gaciebac (sur. 3.17).

 ● 3.17 suraTis mixedviT axseni, rogor xdeba oTaxis gaTboba;
 ● rogor xdeba kondencioneriT oTaxis gagrileba?

arsebobs konveqciis or saxe: bunebrivi (Tavisufali) da iZulebiTi.
ganxiluli magaliTebi bunebrivi konveqciis magaliTebia. am SemTxvevaSi 

konveqcia Tavisuflad, garedan Carevis gareSe mimdinareobs.
konveqciis Sedegad warmoiqmneba brizi (`brizi~ franguli sityvaa da 

niSnavs niavs) _ dReRamuri periodulobis qari. brizi warmoiqmneba zRvebis, 
didi tbebisa da wyalsacavebis sanapiroebze wylisa da xmeleTis araTana-
bari gaTboba-gaciebis Sedegad.

 brizi dRe-RameSi orjer icvlis mimarTulebas. zafxulSi, dRisiT 
xmeleTi ufro swrafad Tbeba, vidre wyali, amitom haeris temperatura 
xmeleTze metia. Sesabamisad, dedamiwis zedapirze haeris simkvrive da wneva 

sur. 3.17
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naklebia, vidre wylis zedapirze arsebuli haerisa. es iwvevs konveqcias _ 
haeris nakadis moZraobas zRvidan xmeleTisaken (sur. 3.18, a). RamiT xmeleTi 
ufro swrafad civdeba, vidre wyali zRvaSi, amitom haeris nakadi moZraobs 
xmeleTidan zRvisken (sur. 3.18, b).

iZulebiTia konveqcia, romelic mimdinareobs garkveuli zemoqmedebiT. 
magaliTad, araTanabrad gamTbari siTxis an airis moreviT, cxe li (an civi) 
siTxis an airis gadataniT tumbos saSualebiT. 

iZulebiT konveqcias iyeneben im SemTxvevaSi, rodesac bunebrivi konveq-
cia naklebad efeqturia.

myar sxeulSi konveqcia ar xdeba, molekulaTa urTierTqmedebis gamo 
SeuZlebelia masSi nivTierebis nakadis warmoqmna. myar sxeulSi siTbos ga-
dacema xdeba mxolod TbogamtarobiT. 

 ● siTxis an airis molekulebi warmoidgineT patara burTulebis sax-
iT da konveqciis procesi axseniT naxatis saSualebiT.

siTxeebsa da airebSi Tbogadacemis process, romlis drosac ener-
giis gadacema xdeba siTxis an airis Wavlis mier, konveqcia ewodeba.

upasuxe kiTxvebs, amoxseni amocanebi?
1. rogor xdeba oTaxis gaTboba da gacieba? sad amontaJeben oTaxis 

gamaTbobel da gamagrilebel mowyobilobebs _ WerTan Tu iatakTan? ra 
mizniT akeTeben amas?

2. ratom aqvs sanTlis als vertikaluri mimarTuleba?
3. ialqniani naviT zRvaSi gasvla meTevzeebs urCevniaT RamiT, napirze 

dabruneba ki _ dRisiT. ra aris amis mizezi?
4. ratom aris gamaxurebeli elementi moTavsebuli eleqtroCaidnis 

fskerze? ra moxdeboda, rom gamaxurebeli elementi moTavsebuli yofil-
iyo Caidanis saxuravTan?

sur. 3.18

a) dRis brizi b) Ramis brizi
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rogor aRwevs energia mzidan dedamiwamde?
cxadia, amis mizezi ar SeiZleba iyos Tbo-

gamtaroba an konveqcia, radgan deda miwis at-
mosferoSi siTbo (energia) Semodis kosmosuri 
sivrcidan, romelSic nivTierebis raodenoba 
umniSvneloa.

 ● moaTavse xeli anTebuli naTuris qveS 
(sur. 3.19). ras grZnob?

cxadia, am SemTxvevaSi siTbos gadacema ar 
xdeba TbogamtarobiT, radgan haeri siTbos cudi 
gamtaria. siTbos gadacema ar xdeba arc konveq-
ciiT, radgan konveqciis dros Tbili haeris na-
kadi miemarTeba zemoT. xelis gaTbobas iwvevs 
naTuris gamosxiveba. 

gamosxivebis dros energia gadaecema uxilavi sxivebis saSualebiT, 
romelsac asxivebs gaxurebuli sxeuli, amitom maT siTbur gamosxivebas 
uwodeben.

gamosxiveba aris energiis gadacemis procesi sxivebis saSualebiT.
bunebaSi gamosxivebis roli Zalian didia. mzis gamosxiveba ganapiro-

bebs sicocxles dedamiwaze. gamosxivebis Sedegad vgrZnobT siTbos Rume-
lidan, koconidan da a.S. (sur. 3.20, a, b). 

siTbur sxivebs asxivebs yvela sxeuli, Tumca dabali temperaturis sxe-
ulebisaTvis es gamosxiveba sustia. rac metia sxeulis temperatura, miT 
met energias gamoasxivebs igi. rodesc sxeulidan gamosxiveba miaRwevs sxva 
sxeulebamde, maSin gamosxivebis nawili airekleba am sxeulebidan, nawili 
_ STainTqmeba. siTburi gamosxivebis STanTqmuli energia gardaiqmneba am 
sxe ulebis Sinagan energiad da sxeulebi Tbeba.

gamosxiveba gansxvavdeba Tbogadacemis sxva saxeebisagan. igi SeiZleba 
ganxorcieldes vakuumSic, romelic siTbos cudi gamtaria.

gamosxiveba3.5

sur. 3.20 gamosxiveba
a) b)

sur. 3.19
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sxeulis temperaturis gazrdiT izrdeba gamosxivebis intensivoba. 
magaliTad, 6000C-mde gaxurebuli sxeuli asxivebs uxilav sxivebs, 60000C 
temperaturisas (miaxloebiT mzis zedapiris temperatura) gamosxiveba 
xilulia _ mocisfro-TeTri. 100000C da ufro maRali temperaturisas 
gamosxiveba cisferia. 

gamosxivebis feris mixedviT astronomebi gansazRvraven varskvlavTa 
temperaturas.

gamosxivebisa da STanTqmis intensivoba damokidebulia sxeulis ferze 
_ muqi sxeuli energias ukeT asxivebs da STanTqavs, vidre Ria feris. ami-
tom muqi sxeulebi swrafad xurdebian dasxivebisas da swrafad civdebian 
gamosxivebisas. 

rodesac saWiroa gamosxivebisagan sxeulis dacva, mas Rebaven Ria feris 
saRebaviT. magaliTad, Ria feri aqvs navTobproduqtebis cisternebs, 
TviTmfrinavebs (sur. 3.21, a, b). es icavs maT mzis sxivebisagan. mzis energiis 
gamoyenebisaTvis ki mowyobilobebs muqad Rebaven. ase Rebaven xelovnur 
Tanamgzavrze moTavsebul im mowyobilobebs, romelTa gaTbobaa saWiro.

amgvarad, konveqciiT siTbos gadacema xdeba sxeulTa uSualo SexebiT, 
gamossxivebiT ki _ Sexebis gareSe.

gamosxiveba aris energiis gadacemis procesi sxivebis saSualebiT.

upasuxe kiTxvebs, amoxseni amocanebi?
1. Savi da TeTri erTnairi Caidani savsea erTi da imave temperaturis 

cxeli wyliT. romeli Caidani gacivdeba ufro swrafad? pasuxi daasabuTe.
2. erTsa da imave pirobebSi romeli niadagi gaTbeba metad _ muqi Tu 

SedarebiT Ria feris?
3. zafxulSi ratom icvamen adamianebi Ria feris tansacmels?

sur. 3.21
a) b)
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 ● civ wyals Seurie cxeli wyali; rogor Seicvleba maTi Sinagani 
energia?

 ● rogor xdeba civi da cxeli wylis Sinagani energiis cvlileba?

siTbocvlis procesSi cxeli sxeuli gascems energias, civi _ miiRebs.
energias, romelsac gascems an miiRebs sxeuli siTbocvlis procesSi, 

siTbos raodenoba ewodeba.
zRvebsa da okeaneebSi wyali haeridan STanTqavs didi raodenobis 

siTbos, amitom haeri grildeba. 
siTbos raodenoba aRiniSneba Q asoTi. 
siTbos raodenoba energiaa, amitom misi erTeulia 1 jouli.
xSirad siTbos raodenobas zomaven kaloriebiT (kal.): 

1kal = 4,2j
kaloria siTbos is raodenobaa, romelic saWiroa 1g wylis gasaTbobad 

10C- iT.
 ●  ra fizikur sidideebze iqneba damokidebuli siTbos raodenoba?
 ●  Seni varaudis siswore Seamowme eqsperimentiT.

eqsperimentuli samuSao

 siTbos raodenobis gamoTvla

resursebi: saxelmZRvanelo, samuSao rveuli, fanqari, kalami, saxazavi, 
cecxlgamZle WurWeli, qura, wyali, mcenareuli zeTi, WurWlebi, menzura, 
saaTi, Termometri.

I. sxeulis masasa da siTbos raodenobas Soris damokidebulebis dadgena

 
 ● cecxlgamZle WurWelSi Caasxi garkveuli 

masis wyali da aaduRe (sur. 3.22);

miTiTeba: 1l wylis masa 1kg-ia.

 ● CainiSne, ra droa saWiro wylis asaduReblad;

 ● Semdeg WurWelSi Caasxi iseTive temperaturis 
2-jer meti masis wyali da aaduRe;

 ● kvlav CainiSne wylis asaduReblad saWiro 
dro;

 ● gadaitane cxrili samuSao rveulSi da 
monacemebi Seitane cxrilSi (sur. 3.23);

siTbos raodenoba3.6

3

0

0

0

0

0

0

0

0

0

2

1
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6

7

8

4

9

sur. 3.22
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 ● gaaanalize cxrili da daadgine kavSiri wyalze gadacemul siTbos 
raodenobasa da wylis masas Soris.

miTiTeba: gaiTvaliswine, rom wylis gacxelebis pirobebi ucvle li 
unda iyos. am SemTxvevaSi ramdenjerac izrdeba asaduRebelad saWiro dro, 
imdenjerve gaizrdeba gadacemuli siTbos raodenoba.

meti sizustisaTvis cda SeiZleba gaimeoro ramdenjerme.

II. siTbos raodenobasa da temperaturis cvlilebas Soris 
damokidebulebis dadgena

 ● WurWelSi Caasxi wyali, masSi moaTavse Termometri da daiwye wylis 
gacxeleba. Seecade, drois tol SualedebSi wyals toli siTbos 
raodenoba gadaeces; 

 ● ra pirobebia amisaTvis saWiro?
 ● gazome wylis temperatura drois toli Sualedebis Semdeg;
 ● gadaitane cxrili (sur. 3.24) samuSao rveulSi da cxrilSi Seitane 

gazomvis Sedegebi;
 ● gaaanalize cxrili da daadgine damokidebuleba siTbos raodenobasa 

da temperaturis cvlilebas Soris.

t, wm

(t2 - t1)
0C

sur. 3.24

n i m u S i
III. siTbos raodenobis nivTierebis gvarobaze damokidebulebis dadgena

 ● sxvadasxva WurWelSi Caasxi erTnairi temperaturisa da toli masis 
wyali da mcenareuli zeTi;

 ●  orive WurWeli gaacxele erTnair pirobebSi;
 ●  daakvirdi, erTi da imave temperaturamde gasacxeleblad, wyals  

meti dro dasWirdeba Tu zeTs; 
 ● daadgine siTbos raodenoba damokidebulia Tu ara nivTierebis gva-

robaze.

eqsperimentuli samuSaos analizis Sedegad daadgen, rom siTbos 
raodenoba damokidebulia sxeulis masaze, temperaturis cvlilebasa da 
nivTierebis gvarobaze.

es damokidebuleba maTematikurad gamoisaxeba formuliT:
Q = cm(t2 - t1)

sadac t1 aris  m masis nivTierebis sawyisi temperatura, t2 _ saboloo 

m, kg

t, wm

sur. 3.23

n i m u S i
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temperatura,   c ki _ nivTierebis kuTri siTbotevadoba.
siTbos raodenobis gamosaTvleli formulidan

c
m(t2 - t1)

Q

kuTri siTbotevadoba axasiaTebs siTbos raodenobis damokidebulebas 
mis gvarobaze.

nivTierebis kuTri siTbotevadoba aris fizikuri sidide, romelic 
gviCvenebs ra siTbos raodenoba unda miiRos an gasces 1kg masis nivTiere-
bam, rom misi temperatura 10C - iT Seicvalos.

 siTbos raodenobis erTeulia 1j, masis _ 1kg, temperaturis _ 10C, 
amitom kuTri siTbotevadobis erTeuli iqneba 1j/kg.grd. 

saxelmZRvanelos danarTSi mocemulia zogierTi nivTierebis kuTri 
siTbotevadobis mniSvnelobebi.

wylis kuTri siTbotevadobaa 4200j/kg.grd. es niSnavs, rom 1kg masis 
wyali 10C–iT  gaTbobisas STanTqavs 4200j siTbos raodenobas.

nivTierebis kuTri siTbotevadobisa da masis namravli warmoadgens 
nivTierebis siTbotevadobas. siTbotevadoba aRiniSneba C asoTi:

C = cm
nivTierebis siTbotevadoba aris fizikuri 

sidide, romelic gviCvenebs ra siTbos 
raodenoba unda miiRos an gasces mocemuli 
masis nivTierebam, rom misi temperatura 10C - iT 
Seicvalos.

kalorimetri. kalorimetri aris xelsawyo, 
romelic gamoiyeneba siTburi procesebis Ses-
aswavlad. kalorimetri Sedgeba ori WurWlis-
agan, romlebic erTmaneTisagan gamoyofilia 
haeris feniT. SedarebiT mcire moculobis Siga 
WurWeli dgas siTbogaumtar sadgarze (sur. 
3.25). kalorimetris gamoyenebiT SesaZlebelia 
siTburi danakargebis Semcireba (WurWelsa da 
garemos Soris siTbocvlis Semcireba).

sxeulis gasaTbobad saWiro siTbos raodenoba damokidebulia sxe-
ulis masaze, temperaturis cvlilebasa da nivTierebis gvarobaze:

Q = cm(t2 - t1) 
kuTri siTbotevadoba aris fizikuri sidide, romelic gviCvenebs 

ra siTbos raodenoba unda miiRos an gasces 1kg masis nivTierebam, rom 
misi temperatura 10C–iT Seicvalos.

c
m(t2 - t1)

Q

nivTierebis siTbotevadoba aris fizikuri sidide, romelic 
gviCvenebs ra siTbos raodenoba unda miiRos an gasces mocemuli masis 
nivTierebam, rom misi temperatura 10C - iT Seicvalos.

C = cm

sur. 3.25 kalorimetri
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upasuxe kiTxvebs, amoxseni amocanebi?
1. erTi da imave masis da erTnairi temperaturis spilenZisa da rkinis 

sxeulebi gaacies erTsa da imave temperaturamde. romeli gascems met siT-
bos raodenobas?

2. ra siTbos raodenobaa saWiro 2kg wylis 100C-iT gasaTbobad?
3. erTnair temperaturamde gaxurebuli toli masebis tyviisa da 

aluminis burTulebi moaTavses erTnair WurWlebSi, romlebSic esxa toli 
moculobis oTaxis temperaturis wyali. romel WurWelSi gaTbeba wyali 
ufro metad? pasuxi daasabuTe.

4. 1kg nivTierebis 200C-iT gasaTbobad saWiroa 40kj siTbos raodenoba. 
ra nivTierebaa es?

5. 5m simaRlidan Camovarda 3kg masis sxeuli. rogor Seicvleba 
misi Sinagani energia dedamiwis zedapirze dacemis Semdeg? haeris 
winaaRmdegobas nu gaiTvaliswineb.

amocanis amoxsnis nimuSi!
amocana

200g minis WiqaSi, romlis temperaturaa 200C, Caasxes 900C temperaturis 
200sm3 wyali. ra temperatura iqneba WiqaSi siTburi wonasworobis dros? 
siTbocvla haerTan ugulebelyavi.

amoxsna

 radgan Wiqis da wylis temperaturebi 
gansxvavebulia, amitom WiqaSi wylis 
Casxmisas moxdeba siTbocvlis procesi _ 
wyali gascems siTbos raodenobas, Wiqa _ 
miiRebs.

vTqvaT, siTburi wonasworobis dam-
yarebis dros WiqaSi wylis temperaturaa t, 
maSin wylis temperatura Semcirdeba (t2 - t) 
sididiT, Wiqis ki gaizrdeba (t - t1)  sididiT. 

radgan haerTan siTbocvlas ar 
viTvaliswinebT, amitom Wiqa miiRebs siTbos 
im raodenobas (Q1),  rasac gascems wyali (Q2):

Q1 = Q2

es aris siTburi balansis gantoleba.  

Q1 = c1m1(t - t1)
wylis masa misi simkvrivis da moculobis namravlis tolia, amitom

t _ ?

moc.:

830

r=1000kg/m3.
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Q2 = c2m2(t2 - t) = c2rV(t2 - t)

siTburi balansis gantoleba miiRebs saxes:

c1m1(t - t1) = c2rV(t2 - t)

aqedan

ricxviTi mniSvnelobebis CasmiT miviRebT:

t = 78,40C
pasuxi: siTburi wonasworobis dros WiqaSi iqneba 78,40C temperatura.

amocana

aluminis qvabSi acxeleben wyals. 3.26 suraTze mocemulia qvabsa da 
wyalze gadacemuli siTbos raodenobis temperaturaze damokidebulebis 
grafikebi. romeli grafiki Seesabameba wyals da romeli _ qvabs? CaTvale, 
rom wylisa da qvabis masebi tolia.

amoxsna

sxeulis gasaTbobad saWiro siTbos 
raodenoba gamoiTvleba formuliT:

Q = cmDt
radgan wylisa da qvabis temperaturis 

cvlileba da masebi erTnairia, amitom erTsa da 
imave drois SualedSi met siTbos raodenobas 
miiRebs is sxeuli, romlis kuTri siTbotevadobac 
metia.

wylis kuTri siTbotevadobaa 4200j/kg.grd, 
aluminis _ 880 j/kg.grd, amitom met siTbos 
raodenobas miiRebs wyali.

grafikidan Cans, rom garkveul t1 drois 
momentSi I grafiks Seesaba meba Q1 siTbos raodenoba, II grafiks _ Q2 siTbos 
raodenoba.

radgan Q2 > Q1  amitom II grafiki Seesabameba wyals, I  _ aluminis q vabs.

pasuxi: II grafiki Seesabameba wyals, I _ qvabs.

Q

0 tt

Q

Q

1

2

1

II

I

sru. 3.26
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gaixsene!
nivTiereba SeiZleba imyofebodes sxvadasxva agregatul mdgomareo-

baSi. 
agregatulia mdgomareoba, romelSic 

nivTiereba aris garkveuli pirobebis 
(temperatura, wneva) arsebobis dros. 

am pirobebis Secvla iwvevs niv-
Tierebis gadasvlas erTi agregatuli 
mdgomareobidan meoreSi.

 ● ra gansxvavebaa yinuls, wyalsa da 
wylis orTqls Soris (sur. 3.27)?

 ● ra moxdeba Tu yinulian WurWels 
gavacxelebT?

am movlenis Sesaswavlad Caatare eqs-
perimenti.

eqsperimentuli samuSao

 dakvirveba dnobis procesze

resursebi: saxelmZRvanelo, samuSao rveuli, fanqari, kalami, saxaza-
vi, cecxlgamZle WurWeli, yinulis natexebi, qura, 
Stativi, saaTi, Termometri.

 ● WurWelSi Cayare yinulis natexebi, Semdeg na-
texebs Soris moaTavse Termometri da daiwye WurW-
lis gacxeleba (sur. 3.28);

 ● daakvirdi Termometris Cvenebas: 
a) yinulis dnobis dawyebamde; 
b) dnobis procesSi; 
g) dnobis procesis Semdeg.

miTiTeba: Seecade, rom WurWels siTbo gadaeces 
Tanabrad. 

 ● CainiSne TiToeuli procesisTvis saWiro drois 
Sualedebi;

 ● Seadgine cxrili, Termometris Cvenebebi da Sesabamisi drois Su-
aledebis mniSvnelobebi Seitane cxrilSi;

nivTierebis dnoba da gamyareba3.7

sur. 3.27 yinuli, wyali, wylis 
orTqli

sur. 3.28
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 ● Seecade, cxrilis monacemebis mixedviT 
aago temperaturis droze damokideb-
ulebis grafiki. 

grafiks eqneba sur.3.29ze warmodgenili saxe. 
yinulis sawyisi temperatura uaryofiTia da am 
mdgomareobas grafikze Seesabameba A wertili. 
WurWlis gacxelebisas temperatura TandaTan 
izdreba da uaxlovdeba 00C-s (AB ubani), Tumca 
WurWelSi cvlileba ar Cans _ masSi kvlav yinu-
lia. cvlileba iwyeba 00C-ze, rodesac yinuli 
iwyebs dnobas. dnobis procesSi yinulis da mis-
gan miRebuli wylis temperatura ar icvleba (BC 
ubani). magram es ar niSnavs imas, rom yinulisa da wylis narevs ar gadaecema 
energia. gadacemuli energia xmardeba yinulis kristalebis rRvevas.  Wur-
WelSi temperaturis zrda daiwyeba mas Semdeg, rodesac yinuli srulad 
gadneba (C wertili). CD ubani Seesabameba yinulis dnobisagan miRebuli 
wylis gaTbobas. am procesis ganmavlobaSi yinuli da misgan warmoqmnili 
wyali STanTqavs energias.

garkveul pirobebSi nivTiereba SeiZleba gadavides erTi agregatuli 
mdgomareobidan meoreSi.

erTi da imave nivTierebis sxvadasxva agregatuli mdgomareoba erTma-
neTisagan gansxvavdeba ara molekulaTa SedgenilobiT, aramed molekula-
Ta urTierTmdebareobiTa da moZraobiT. 

 ● 3.30 suraTze gamosaxulia wylis sami sxvadasxva agregatuli mdgo-
mareobis molekulaTa urTierTmdebareoba. Seadare es mdgo-
mareobebi.

nivTierebis gadasvlas myaridan Txevad mdgomareobaSi dnoba ewode-
ba, Sebrunebul process _ Txevadidan myar mdgomareobaSi gadasvlas _ 
kristalizacia anu gamyareba ewodeba.

dnobis procesSi STanTqmuli energiis xarjze izrdeba yinulis Semad-
geneli nawilakebis potenciuri energia. kristalizaciis dros ki xdeba 

yinuli wyali orTqli

sur. 3.30  erTi da imave nivTierebis sxvadasxva agregatuli mdgomareoba

sur. 3.29
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kristaluri meseris aRdgena. am dros mcirdeba nawilakTa potenciuri en-
ergia. gamoyofili energiis nawili gadaecema garemos.

temperaturas, romelzec sxeuli dneba, dnobis temperatura ewodeba, 
romelzec myardeba _ gamyarebis temperatura.

erTi da imave nivTierebis dnobisa da gamyarebis temperaturebi erT-
nairia. magaliTad, yinulis dnobisa da wylis gamyarebis temperatura 00C-
ia, tyviis dnobisa da gamyarebis temperatura _ 3270C. 

dnobis procesebis SeswavliT dadginda, rom erTi da imave masis sxva-
dasxva nivTierebis gasadnobad saWiroa sxvadasxva siTbos raodenoba.

sidides, romelic gviCvenebs ra siTbos raodenoba unda gadavceT dno-
bis temperaturis mqone 1kg masis kristalur sxeuls, rom igi mTlianad 
gadnes, dnobis kuTri siTbo ewodeba.

dnobis kuTri siTbo aRiniSneba l (`lambda~) asoTi.

dnobis temperaturaze m masis kristaluri sxeulis gasadnobad saWiro 
siTbos raodenoba

Q = l m
saidanac dnobis kuTri siTbo

Q
m

SI sistemaSi siTbos raodenobis erTeulia 1j, masis _ 1kg, amitom dno-
bis kuTri siTbos erTeuli iqneba 1j/kg.

saxemZRvanelos danarTSi mocemulia zogierTi nivTierebis dnobis 
kuTri siTbos mniSvnelobebi.

cxrilidan Cans, rom yinulis dnobis kuTri siTboa 340kj/kg. es niSnavs, 
rom dnobis temperaturis mqone 1kg yinulis mTlianad gasadnobad saWiroa 
340kj siTbos raodenoba.

gamyarebis dros kristaluri sxeuli gamoyofs imdenive siTbos raode-
nobas, ramdensac STanTqavs dnobis procesSi. 

gamyarebis dros gamoyofili siTbos raodenoba gamoiTvleba formu-
liT:

Q = -l m
niSani `-~ miuTiTebs, rom kristalizaciis dros sxeulis Sinagani ener-

gia mcirdeba.

saxemZRvanelos danarTSi mocemulia nivTierebaTa dnobisa da 
gamyarebis temperaturaTa cxrili.

liTonebi, romelTa dnobis temperatura maRalia, gamoiyeneba TviTm-
frinavTmSeneblobaSi, kosmonavtikaSi, atomur energetikaSi da a.S.

myar mdgomareobaSi sxeuli xasiaTdeba stabiluri formiT. 

myari sxeulebi orgvaria: kristaluri da amorfuli. 

kristaluri sxeulebia: almasi, kvarci, rkina, alumini, spilenZi da sxv. 

amorfulia: mina, qarva, kanifoli da sxv.

amorful sxeulebSi molekulebisa da atomebis ganlageba qaosuria.
amorful sxeulebs ar aqvT dnobisa da gamyarebis temperatura, gaTbobi-
sas isini TandaTan rbildebian, gaciebisas ki _ myardebian.
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nivTierebis gadasvlas myaridan Txevad mdgomareobaSi dnoba ewo-
deba, Txevadidan myar mdgomareobaSi gadasvlas _ kristalizacia anu 
gamyareba.

erTi da imave nivTierebis dnobisa da gamyarebis temperaturebi 
erTnairia.

sidides, romelic gviCvenebs ra siTbos raodenoba unda gadavceT 
dnobis temperaturis mqone 1kg masis kristalur sxeuls, rom igi mTli-
anad gadnes, dnobis kuTri siTbo ewodeba.

upasuxe kiTxvebs, amoxseni amocanebi?

1. 3.31 suraTze gamosaxulia tyviis dnobis procesis amsaxveli grafi-
ki. ras gviCvenebs AB, BC, da CD ubnebi?  ras udris tyviis dnobis tempera-
tura? Seadare tyviis Sinagani energia B da C wertilebSi.

2. 10000C-ze myaria Tu Txevadi Semdegi 
liTonebi: alumini, rkina, oqro, spilenZi, 
tyvia, kala, vercxli, platina, volframi?

3. ratom iyeneben naTurebSi volframis mav-
Tuls?

4. SesaZlebelia Tu ara -450C haeris tem-
peratura gavzomoT vercxliswyliani Termome-
triT? pasuxi daasabuTe.

5. erTnairi fizikuri azri aqvs Tu ara 
gamoTqmebs: `sxeuls gadaeca siTbo~, `sxeuli 
gaTba~? pasuxi daasabuTe.

6. SesaZlebelia Tu ara TuTiis WurWelSi ga-
vadnoT: alumini, kala, vercxli?

7. daxaze nivTierebaTa temperaturis droze damokidebulebis miax-
loebiTi grafikebi Semdegi procesebisTvis:

C

C

C

C

C

C

C

C
aRwere grafikebze warmodgenili procesebi.
8. ra siTbos raodenoba unda gadavceT dnobis temperaturamde gacx-

elebul 3kg masis tyviis sxeuls gasadnobad? Seicvleba Tu ara am procesSi 
sxeulis temperatura? Sinagani energia?

9. ramdenjer metia 1kg 00C temperaturaze yinulis gasadnobad saWiro 

327

0 dro

t
0

C

A

B C

D

sur. 3.31
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siTbos raodenoba im siTbos raodenobaze, romelic saWiroa misi temper-
aturis Sesacvlelad -50C-dan -40C-mde?

10. toli masis tyviis, spilenZisa da foladis burTulebi gaacxeles 
erTnair temperaturamde da moaTavses parafinze. romeli burTula ufro 
met parafins gaadnobs? pasuxi daasabuTe.

amocanis amoxsnis nimuSi!
amocana

wylis gube, romlis zedapiris farTobi 2m2-ia, daifara 1sm sisqis yinu-
lis feniT. rogor Seicvala wylis Sinagani energia gayinvisas? gamoTvale 
am energiis ricxviTi mniSvneloba.

amoxsna

yinulis warmoqmnis dros gamonTavisuflde-
ba siTbos raodenoba:

Q = -l m
energiis mudmivobis kanonis Tanaxmad, Sina-

gani energiis cvlileba tolia wylis gayinvisas 
gamoyofili siTbos raodenobisa, amitom

DU = -l m
m aris warmoqmnili yinulis masa. simkvrivis 

gamosaTvleli furmulidan

m = rV
yinulis V moculoba misi sisqisa da gubis zedapiris farTobis namrav-

lis tolia:

V = dS
masis mniSvneloba CavsvaT Sinagani energiis gamosaTvlel formulaSi:

DU = -l rdS
am tolobaSi ricxviTi mniSvnelobebis CasmiT miviRebT, rom Sinagani en-

ergiis cvlileba

DU = - 5940kj

pasuxi: yinulis warmoqmnisas wylis Sinagani energia Semcirda 5940kj-
iT.

DU _ ?

Smoc.:

d
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dedamiwasa da atmosferos Soris 
mudmivad xdeba wylis mimoqceva _ 
mdinareebidan, tbebidan, zRvebidan da 
okeaneebidan ganuwyvetliv orTqldeba 
wyali. atmosferos civ fenebSi moxve-
drisas wylis orTqli warmoqmnis wyl-
is pawawina wveTebs, romlebic qmnian 
Rrublebs. Rrublebidan ki dedamiwas 
wyali ubrundeba wvimis, Tovlis an 
setyvis saxiT (sur. 3.32). 

nivTierebis gadasvlas Txevadidan 
airad mdgomareobaSi orTqlad qceva 
ewodeba.

orTqladqceva SeiZleba ganxor-
cieldes aorTqlebiTa da duRiliT.

aorTqleba mimdinareobs siTxis 
Ria zedapiridan (sur. 3.33). siTxis 
molekulebi ganuwyvetel qaosur moZ-
raobaSia, maT sxvadasxva siCqare aqvT, 
amitom gansxvavebulia maTi kineti-
kuri energiebi. rodesac didi energiis 
molekula moxvdeba siTxis zedapirze, 
man SeiZleba daZlios mezobeli mole-
kulebis mizidva da siTxidan amovar-
des (sur. 3.34). 

aseTi molekulebis erToblioba 
qmnis siTxis orTqls.

siTxis aorTqlebis procesSi 
siTxeSi rCeba naklebi kinetikuri ener-
giis mqone molekulebi da siTxis tem-
peratura mcirdeba.

siTxidan amotyorcnili mole-
kulebi qaosurad moZraoben, amitom 
maTi nawili SeiZleba dabrundes siTxe-
Si an daSordes siTxis zedapirs. 

nivTierebis gadasvlas airadidan 
Txevad mdgomareobaSi kondensacia 
ewodeba.

orTqldeba ara marto siTxeebi, ar-
amed myari sxeulebic.

nivTierebis gadasvlas myaridan airad mdgomareobaSi sublimacia ewo-
deba. Sebrunebul process _ nivTierebis gadasvlas airadidan myar mdgo-
mareobaSi desublimacia ewodeba. magaliTad, mSrali yinuli myaridan ga-
dadis airad mdgomareobaSi.

aorTqleba. kondensacia3.8

sur. 3.33 aorTqleba

sur. 3.34 aorTqlebis procesi

sur. 3.32wylis mimoqceva bunebaSi
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aorTqlebis process sasicocxlo mniSvneloba aqvs Cveni organizmis 
temperaturis SenarCunebisaTvis.

rodesac siTxe TavRia WurWelSia, aorTqlebis procesi mimdinareobs 
mTeli siTxis aorTqlebamde.   

Tu aorTqleba mimdinareobs daxurul WurWelSi, maSin Tavdapirvelad 
siTxidan amovardnili molekulebis ricxvi meti iqneba, vidre siTxeSi da-
brunebuli molekulebisa, amitom WurWelSi orTqlis simkvrive TandaTan 
gaizrdeba. gaizrdeba siTxeSi dabrunebuli molekulebis ricxvic. bolos 
siTxidan amosuli molekulebis ricxvi gautoldeba siTxeSi dabrunebul 
molekulaTa ricxvs. am dros amboben, rom damyarda e.w. dinamikuri wonas-
woroba siTxesa da orTqls Soris.

orTqls, romelic dinamikur wonasworobaSia Tavis siTxesTan najeri 
orTqli ewodeba.

siTxe mudmivad orTqldeba miuxedavad imisa, aTboben Tu ara mas. ga-
varkvioT ra faqtorebzea damokidebuli aorTqlebisa da kondensaciis 
procesi.

eqsperimentuli samuSao

 dakvirveba aiorTqlebisa da kondensaciis procesebze

resursebi: saxelmZRvanelo, samuSao rveuli, fanqari, kalami, sinjara, 
finjani, minisa da liTonis firfitebi, qura, sarke, wyali, mcire raodeno-
biT: spirti, acetoni.

miTiTeba: samuSao Sedgeba sxvadasxva martivi cdisagan. 

I  liTonis or firfitaze daawveTe ori-ori wveTi wyali. erTi firfita 
moaTavse magidaze, meore _ gaxurebul quraze. romeli firfitidan ufro 
swrafad aorTqldeba wyali?

II  minis firfitaze daawveTe wylis, spirtis da acetonis TiTo wveTi. 
romeli nivTiereba aorTqldeba ufro swrafad?

III  or sxvadasxva minis firfitaze daasxi or-ori wveTi spirti; erTs 
mal-male Seubere. romeli firfitidan ufro swrafad aorTqldeba spir-
ti?

IV  erTi da imave raodenobis spirti Caasxi viwro sinjarasa da ganier 
finjanSi. romeli WurWlidan ufro swrafad aorTqldeba spirti? 

V  sarkesTan axlos amoisunTqe. ras amCnev, ra moxdeba sarkeze?
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 gaaanalize eqsperimenti da daadgine: a) ra faqtorebzea damokidebuli 
aorTqlebis procesi; b) rodis xdeba orTqlis kondensacia.

aorTqleba nebismier temperaturaze mimdinareobs, magram temperatu-
ris gazrdiT aorTqlebis intensivoba izrdeba _ rac maRalia temperatu-
ra, miT met molekulas eqneba siTxidan amosasvlelad saWiro kinetikuri 
energia.

Tu haeris nakadi waritacebs siTxis zedapirze warmoqmnil orTqls, ma-
Sin siTxe ufro swrafad aorTqldeba, radgan Semcirdeba orTqlis mole-
kulebis siTxeSi dabrunebis SesaZlebloba.

garda amisa, rac ufro didia siTxis zedapiris farTobi, miT meti 
molekula amovardeba siTxidan, e.i. miT meti orTqli warmoiqmneba. 

aorTqlebis intensivoba damokidebulia siTxis gvarobaze.
amgvarad, siTxis aorTqlebis intensioba damokidebulia mis temper-

aturaze, haeris nakadze, asaorTqlebeli zedapiris farTobsa da siTxis 
gvarobaze.

nivTierebis gadasvlas Txevadidan airad mdgomareobaSi 
orTqladqceva ewodeba, airadidan Txevad mdgomareobaSi _ kondensa-
cia ewodeba.  

siTxis aorTqlebis intensioba damokidebulia mis temperaturaze, 
siTxis zedapirze arsebuli haeris nakadze, asaorTqlebeli zedapiris 
farTobze da siTxis gvarobaze.

upasuxe kiTxvebs, amoxseni amocanebi?
1. rogor imoqmedebs garemos wneva aorTqlebis 

siCqareze _ wyali mTaSi ufro advilad aorTql-
deba Tu barSi? pasuxi daasabuTe.

2. nawvimarze rodis ufro swrafad amoSreba 
wylis gubeebi: wynar Tu qarian amindSi, siTbos Tu 
sicivis dros? pasuxebi daasabuTe.

3. ratomaa TavRia WurWelSi wylis temperatu-
ra oTaxis temperaturaze naklebi.

4. ratom Sreba sarecxi swrafad mzian da qarian 
amidSi?

5. gaixsene atmosferuli wnevis gansazRvris 
toriCelis cda (sur. 3.35).  cdis Catarebis Semdeg 
vercxliswylis zemoT haeri ar aris. ra SeiZleba 
iyos am sivrceSi?

sur. 3.35 toriCelis cda

7
6

0
 m

m
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duRili aris orTqladqcevis intensiuri procesi rogorc siTxis 
zedapiridan, ise siTxis SigniT (sur. 3.36). 

daakvirdi duRilis process eqspe rimentis saSualebiT.

eqsperimentuli samuSao

 dakvirveba duRilis procesze

resursebi: saxelmZRvanelo, samuSao 
rveuli, fanqari, kalami,  cecxlgamZle 
WurWeli wyliT, qura, Termometri.

 ● wylian WurWelSi moaTavse Ter-
mometri da WurWeli dadgi anTebul 
quraze; 

 ● gaTbobis dasawyisSi daakvir-
di WurWlis fskersa da kedlebs, ras 
amCnev?

 ● daakvirdi Termometris Cvenebas 
wylis gacxelebisa da duRilis proces-
Si;

 ● Seadgine cxrili da Termometris 
Cvenebebi Seitane cxrilSi;

 ● gaaanalize cxrili _ Seadare wylis temperaturebi gacxelebisa da 
duRilis procesSi. temperatura rodis icvleba da rodis ara?

 ● cxrilis monacemebis mixedviT aage temperaturis droze damokide-
bulebis grafiki.

wyalSi yovelTvis aris haeris patara buStebi (zogjer TvaliT 
SeumCnevelic), romlebic Cndeba WurWlis fskersa da kedlebze. garda 
haerisa, buStebSi aris wylis orTqli. wylis qveda fenebSi temperaturis 
zrdisas buStebSi wylis aorTqlebis intensioba izrdeba, rac iwvevs buSt-
ebSi orTqlis raodenobis da, Sesabamisad, buStebis moculobis zrdas. es 
iwvevs TiToeul buStze moqmedi amomgdebi Zalis gazrdas.  am Zalis moq-
medebiT buSti wydeba WurWlis fskers da miemarTeba wylis zedapirisaken. 
wylis  zeda civ fenebSi moxvedrisas, buStebSi arsebuli orTqlis nawili 
kondensir deba da gadadis wyalSi, amitom buStebis moculoba TandaTan 
mcirdeba (sur. 3.37). simZimis Zalis moqmedebiT isini eSvebian fskerze, sa-
dac maTi moculoba kvlav izrdeba da isev iwyeben zeviT moZraobas. am pro-
cess axlavs wylis SiSini. rodesac wylis mTel moculobaSi temperatura 
iqneba erTnairi, buStebis moculoba aRar Seicvleba. zedapirTan miRwevi-

duRili3.9

sur. 3.36 duRili
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duRili iwyeba im temperaturaze, romlis drosac buStebSi najeri 
orTqlis wneva gautoldeba gare wnevas. 

duRilis procesSi siTxis temperatura ar icvleba.
gansxvavebiT aorTqlebisagan, siTxis duRili sruliad garkveul tem-

peraturaze _ duRilis temperaturaze mimdinareobs. 
duRilis temperatura damokidebulia 

nivTierebasa da atmosferul wnevaze.
cxadia, rac ufro naklebi iqneba atmosf-

eruli wneva, miT ufro Semcirdeba duRilis 
temperatura da piriqiT, atmosferuli wnev-
is gazrda gamoiwvevs duRilis temperaturis 
gazrdas. normaluri atmosferuli wnevis 
dros (daaxloebiT 101kpa) wyali duRs 1000C-
ze. 

 
 ● rogor Seicvleba duRilis tempera-

tura mTaze asvlisas?
 ● rogor axsni Seni varaudis siswores?
 ● haertumbos zarxufis qveS wyali 

SeiZleba avaduRoT oTaxis temper-
aturazec (sur. 3.39). ra aris amis 
mizezi?

 xSirad didi mniSvneloba aqvs siTxis duRilis temperaturis Semcire-
bas.  normaluri atmosferuli wnevisas swrafad aqroladi Txevadi freoni 
duRs daaxloebiT 300C-ze. wnevis SemcirebiT freonis duRilis tempera-
tura SeiZleba gaxdes 00C-ze naklebi. es movlena gamoiyeneba macivarSi. 
kompresoris saSualebiT xdeba wnevis Semcireba, freoni iwyebs aorTqle-
bas, siTbos arTmevs macivris kameris kedlebs. es iwvevs macivris SigniT 
temperaturis Semcirebas. 

duRilis temperaturis wnevaze damokidebulebas iyeneben medicinaSi 
sterilizaciisaTvis _ samedicino instrumentebisa da sxvadasxva masalis 

sur. 3.37 sur. 3.38

sur. 3.39 vakuumSi wyali duRs 
oTaxis temperaturaze
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sterilizacia xdeba maRali wnevis pirobebSi hermetulad daxurul Wur-
WelSi, romelSic wylis duRilis temperatura gacilebiT metia 1000C-ze 

(sur. 3.40). 

specialur qvabebSi, sadilis xarS-
vis dros wneva 200kpa-ia. am qvabSi wylis 
duRilis temperaturaa 1200C, amitom 
xarSvis procesi gacilebiT swrafad 
mimdinareobs, vidre Cveulebriv qvabSi.

saxelmZRvanelos danarTSi mocemu-
lia zogierTi nivTierebis duRilis da 
kondensaciis temperatura normaluri 
atmosferuli wnevis dros.

teqnikaSi didi gamoyeneba aqvs sx-
vadasxva nivTierebis duRilis tempera-
turebs Soris gansxvavebas. magaliTad, 

navTobis gamoxdis procesSi misi 3600C-mde gacxelebisas masSi rCeba mazu-
Ti, romlis duRilis temperatura metia 3600C-ze. xolo nivTiereba, rom-
lis duRilis temperatura naklebia 3600C-ze, orTqldeba. am orTqlis kon-
densaciiT miiReba benzini.

duRilis temperaturaze erTi da imave masis sxvadasxva nivTierebis 
orTqladqcevisaTvis saWiroa sxvadasxva siTbos raodenoba.

sidides, romelic gviCvenebs ra siTbos raodenoba unda gadavceT du-
Rilis temperaturaze 1kg masis siTxes, rom igi mTlianad aorTqldes, 
orTqladqcevis kuTri siTbo ewodeba.

orTqladqcevis kuTri siTbo aRiniSneba r asoTi.

duRilis temperaturaze mocemuli masis siTxis orTqladqcevisaTvis 
saWiro siTbos raodenobas orTqladqcevis siTbo ewodeba.

m masis siTxis orTqladqcevis siTbo gamoiTvleba formuliT:

Q = rm
siTbos raodenoba, romelsac duRilis temperaturaze kondensaciisas 

gamoyofs m masis siTxis orTqli, gamoiTvleba formuliT:

Q = -rm
niSani `_~ miuTiTebs, rom kondensaciisas nivTierebis Sinagani energia 

mcirdeba.

orTqladqcevis kuTri siTbos erTeulia 1j/kg.

saxelmZRvanelos danarTSi mocemulia zogierTi nivTierebis 
orTqladqcevis kuTri siTbo normaluri atmosferuli wnevisas. 

cxrilidan Cans, rom wylis orTqladqcevis kuTri siTboa 2260kj/kg. es 
niSnavs, rom duRilis temperaturaze 1kg wylis orTqladqcevas esaWiroeba 
2260kj siTbos raodenoba.

sur. 3.40sterilizatori
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duRili aris orTqladqcevis intensiuri procesi rogorc siTxis 
zedapiridan, ise siTxis SigniT.

duRilis procesSi siTxis temperatura ar icvleba
sidides, romelic gviCvenebs ra siTbos raodenoba unda gadavceT 

duRilis temperaturaze 1kg masis siTxes, rom igi mTlianad aorTql-
des, orTqladqcevis kuTri siTbo ewodeba.

duRilis temperaturaze siTxis orTqladqcevisaTvis saWiro siT-
bos raodenobas orTqladqcevis siTbo ewodeba.

Q = rm

upasuxe kiTxvebs, amoxseni amocanebi?
1. 1000C temperaturis mduRare 

wylis Sinagani energiaa meti Tu imave 
masis 1000C temperaturis wylis orTq-
lis? pasuxi daasabuTe. 

2. ra siTbos raodenobaa saWiro 
1l wylis 200C-dan 1000C-mde gasacx-
eleblad da asaorTqleblad? aage 
wylis temperaturis droze damokide-
bulebis grafiki.

3. ra siTbos raodenoba unda  ga-
davceT –50C temperaturis mqone 4kg 
yinuls, rom igi gadnes, misgan miRebu-
li wyali aduRdes da aorTqldes?

4. 3.41 suraTze mocemulia wylisa 
da spirtis gacxelebisa da duRilis 
grafikebi. romeli grafiki Seesabameba wyals da romeli _ spirts? daasab-
uTe Seni varaudis siswore?

5. Seadare mduRare wylis temperatura zRvis doneze da mTaze? pasuxi 
daasabuTe.

6. mTaSi sadilis moxarSvas didi dro sWirdeba, vidre barSi. ra aris 
amis mizezi?

amocanis amoxsnis nimuSi!
amocana

yinulis naWers gadasces garkveuli siTbos raodenoba, ris Sedegadac 
yinuli gadna, miRebuli wyali gacxelda, aduRda da mTlianad aorTqlda. 
gamoTvale yinulis sawyisi temperatura, Tu aorTqlebas moxmarda gadace-
muli siTbos 3/4 nawili.

t

0

II

I

dro

0

C

sur. 3.41
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CaTvale, rom gamaxureblis simZlavre ucvlelia da siTbogadacema 
Tanabrad mimdinareobs.

amoxsna

amocanaSi ganxiluli siTburi procesis 
dros gadacemuli siTbos raodenoba

Q = Q1+ Q2 +Q3+Q4
sadac Q1 aris is siTbos raodenoba, ro-

melic unda gadavceT t temperaturis m masis 
yinuls dnobis temperaturamde (t = 00C) misay-
vanad:

Q1=c1m(t1- t)
Q2 aris dnobis siTbo:

Q2= lm
Q3 aris is siTbos raodenoba, romelic 

unda gadavceT yinulisagan miRebul 00C tem-
peraturis wyals duRilis temperaturamde 
(1000C) misayvanad:

Q3=c2m(t2- t1)
Q4 aris 1000C temperaturis wylis as-

aorTqleblad saWiro siTbos raodenoba:
Q4=rm

amocanis pirobis Tanaxmad

rm Q

saidanac

rmQ

siTbos raodenobis gamosaTvlel formulaSi CavsvaT Sesabamisi gamo-
saxulebebi da miRebuli tolobidan gamovTvaloT yinulis sawyisi temper-
atura: 

t 1,60C
3c1

3c1t1 3c2(t2 
 t1)   r3

procesi SeiZleba gamovsaxoT grafikulad (3.42):
grafiki process aRwers miaxloebiT. 

pasuxi: -1,60C.

sur. 3.42

t _ ?

moc.:

rm

r

t1

c1

c2

t2 C

C

Q
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Sen ici, rom sxeulis an sxeulTa sistemis meqanikuri energia SeiZleba 
gardaiqmnas siTbur energiad. ganvixiloT Sebrunebuli procesi _ siT-
buri energiis gardaqmna meqanikur energiad.

 ● rodis ufro swrafad aduRdeba wyali CaidanSi, rodesac mas avadu-
RebT gazquraze Tu navTquraze? Seni azriT, ra aris amis mizezi?

warmoebebSi,  transportze, 
sof lis meurneobasa da yofa-
cxovrebaSi energiis wyarod 
gamoiyeneba sxva dasxva saxis saw-
vavi.

3.43 suraTze naCvenebia saw-
vavis wvis energiis gamoyeneba 
foladis dnobis procesSi.

energias, romelic gamoiyo-
fa sawvavis sruli dawvisas, saw-
vavis wvis siTbo ewodeba.

wvis siTbo damokidebulia sawvavis gvarobasa da mis masaze. 
fizikur sidides, romelic gviCvenebs ra siTbos raodenoba gamoiyofa 

1kg masis sawvavis sruli dawvisas, sawvavis wvis kuTri siTbo ewodeba.
wvis kuTri siTbo aRiniSneba q asoTi. es niSnavs, rom 1kg masis sawvavis 

sruli dawvisas gamoiyofa q siTbos raodenoba. cxadia, m masis sawvavis 
sruli dawvisas gamoyofili siTbos raodenoba iqneba: 

Q = qm
amgvarad, sawvavis wvis siTbo tolia sawvavis masisa da wvis kuTri siT-

bos namravlisa. 
wvis siTbos gamosaTvleli formulidan wvis kuTri siTbo

m
Qq

SI sistemaSi siTbos raodenobis erTeulia 1j, masis _ 1kg, amitom wvis 
kuTri siTbos erTeuli iqneba 1j/kg.

saxelmZRvanelos danarTSi mocemulia zogierTi nivTierebis wvis 
kuTri siTbos cxrili.

cxrilidan Cans, rom bunebrivi airis wvis kuTri siTboa 44.106j/kg. es 
niSnavs, rom 1kg bunebrivi airis sruli dawvisas gamoiyofa 44.106j  siTbos 
raodenoba. 

 

 ●  daakvirdi wylis duRils Tavdaxurul qvabSi an CaidanSi;

 ●  duRilis procesSi moZraobs Tu ara qvabis Tavsaxuri? rogor axsni 
am movlenas?

wvis siTbo. siTburi Zravebi3.10

sur. 3.43  foladis dnoba
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kacobriobis progresi warmoudgenelia teqnikis ganviTarebis gareSe, 
rac damokidebulia sawvavis Sinagani energiis gamoyenebaze.

gaixsene cda, romelic Caatare Sinagani energiis ganxilvisas _ saco-
biT daxurul sinjaraSi wylis aduRebisas sacobi amovarda sinjaridan 
(sur. 3.8). sawvavis energia gardaiqmna orTqlis Sinagan energiad, orTqli 
gafarTovda da Seasrula muSaoba _ sacobi amoagdo sinjaridan.

warmoidgine, rom sinjaris nacvlad gaqvT liTonis cilindri, sacobis 
nacvlad ki _ cilindrze mWidrod morgebuli dguSi, romelsac SeuZlia 
cilindris SigniT moZraoba. es iqneba umartivesi siTbur Zravis modeli.

mowyobilobas, romelic sawvavis Sinagan energias gardaqmnis meqanikur 
energiad, siTburi Zrava ewodeba.

siTburi Zravebi sxvadasxva saxisaa: orTqlis manqana, Sigawvis Zrava, 
orTqlis turbina, reaqtiuli Zrava.

miuxedavad mravalsaxeobi-
sa, siTburi Zravebis moqmedebis 
principi erTi da igivea:  sawvavis 
energia gardaiqmneba airis Sina-
gan energiad, ris Sedegadac igi 
farTovdeba da asrulebs muS-
aobas _ moZraobaSi mohyavs esa 
Tu is meqanizmi. am dros airis 
Sinagani energia mcirdeba _ airi 
civdeba.

avtomobilebis umravlesoba 
benzinis an dizelis ZraviT muS-
aobs (sur. 3.44). 

nebismier siTbur ZravaSi 
meqanikur energiad gardaiqmneba 
sawvavis energiis  nawili. rac me-
tia energiis es nawili, miT eko-
nomiuria Zrava. 

siTburi Zravebis gamoyenebas 
Tan axlavs ekologiuri proble-
mebi.

praqtikulad SeuZlebelia 
meqanikuri energiis ise warmoeba, 
rom garemos ar gadaeces siTbos 

raodenoba. ZravaSi ar xdeba sawvavis sruli wva. garda amisa, sawvavi Seicavs 
sxvadasxva minarevs, amitom Zravis muSaobis procesSi atmosferoSi gamoi-
yofa sicocxlisaTvis saSiSi nivTierebebi (sur. 3.45).

sur. 3.44  benziniani Zravi

sur. 3.45 Zravis muSaobis procesSi gamoi-
yofa sicocxlisaTvis saSiSi nivTierebebi
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gamonabolqvi Seicavs momwamlav airebsa da tyviis mtvris nawilakebs, 
rac iwvevs haeris dabinZurebas.

imisaTvis, rom siTburi Zravebis muSaobisas SevamciroT garemos dabi-
nZureba, aucilebelia uzrunvelvyoT saTbobis SedarebiT sruli wva, gam-
onabolqvi airebis gawmenda.

kacobriobisaTvis am problemebis gadawyveta Zalian mniSvnelovania.

ekologiuri TvalsazrisiT siTburZravian avtomobilTan SedarebiT 
didi upiratesoba aqvs eleqtroZravian avtomobils _ am SemTxvevaSi 
haeris dabinZureba mniSvnelovnad mcirdeba.

energias, romelic gamoiyofa sawvavis sruli dawvisas, sawvavis 
wvis siTbo ewodeba.

fizikur sidides, romelic gviCvenebs ra siTbos raodenoba gamoi-
yofa 1kg masis sawvavis sruli dawvisas, sawvavis wvis kuTri siTbo ewo-
deba.

  sawvavis wvis siTbo tolia sawvavis masisa da wvis kuTri siTbos 
namravlis:

Q = qm

upasuxe kiTxvebs, amoxseni amocanebi?
1. erTi da imave masis romeli nivTiereba _ bunebrivi airi, qvanaxSiri, 

benzini Tu navTi _ gamoyofs met energias sruli dawvisas?
2. ra siTbos raodenobas gamoyofs 100g navTi da amave masis spirti 

sruli dawvisas?
3. ra masis torfi unda daiwvas, rom miviRoT 700000kj energia?
4. ramdeni spirtia saWiro 2l wylis gasacxeleblad 230C-dan 500C-mde? 

CaTvale, rom spirtis dawvisas gamoyofili energia srulad moxmarda wyl-
is gacxelebas.

5. Tbomavlis mqk 25%-ia. gamoTvale benzinis xarji saaTSi 800kvt sim-
Zlavris dros.

6. 100mgvt simZlavris sacecxlurSi saaTSi iwvis 40t qvanaxSiri. gansaz-
Rvre orTqlis turbinis mqk.

7. gansazRvre traqtoris Zravis mqk, Tu mas 15mgj muSaobis Sesasrule-
blad esaWiroeba 1,2kg dizelis sawvavi.
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damatebiTi masala

energiis saxeebi. energiis wyaroebi 

ener gia aris sxeulis an sxeulTa sistemis mier muSaobis Sesrulebis 
unari, amitom nebismieri saqmianoba dakavSirebulia energiasTan. ener-
giis gareSe warmoudgenelia Senobebis gaTboba da ganaTeba, transportiT 
mgzav roba, telegadacemebis yureba, kompiuteris gamoyeneba, satelefono 
kavSiri da a.S.

 ● ra saxis energias moixmarT binis gasaTbobad? sadilis mosamzade-
blad?

 ● ra energia aqvs anTebul sanTels? naTuras?
 ● ra energia ganapirobebs eleqtroxelsawyoebis muSaobas?
 ● ra energiis xarjze asrulebs muSaobas siTburi Zravebi?

 ● ra energia aqvs kosmosur xomalds orbitaze moZraobisas?

energetikuli gardaqmnebi.  nebis mieri fizikuri movlena energetikuli 

gardaqmnebis procesia _ erTi saxis energia gardaiqmneba meore saxed an 

erTi sxeulidan (an sxeulis nawilidan) gadaecema meores. siTbos gadacemiT 

icvleba sxeulis Sinagani energia, amitom siTbo energiis erT-erTi saxea.
hidroeleqtrosadgurSi didi simaRlidan vardnisas wylis potenci-

uri energia gardaiqmneba kinetikur energiad, kinetikuri ki _ turbinis 
frTebis brunvis energiad. am energiis xarjze generatorSi miiReba ele-
qtruli energia, romelic naTuraSi gardaiqmneba sinaTlis da siTbur en-
ergiad, eleqtroZravebSi _ meqanikur energiad, eleqtrogamaTboblebSi 
_ siTbur energiad da a.S.

aRniSnuli energetikuli gardaqmnebi SeiZleba warmovadginoT sqemis 
saxiT (sur. 3.46):

wylis potenciuri energia

wylis kinetikuri energia

turbinis kinetikuri energia

eleqtruli energia

siTburi energia meqanikuri energia sinTlis energia

sur. 3.46
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TboeleqtrosadgurSi sawvavis siTburi 
energia gardaiqmneba eleqtrul energiad. 
qaris eleqtrosadgurSi qaris energia gar-
daiqmneba eleqtrul energiad. kosmosuri 
xomaldis gaSvebisas sawvavis wvis siTbo gar-
daiqmneba haerisa da kosmosuri xomaldis 
meqanikur energiad, sinaTlisa da bgeris en-
ergiad (sur. 3.47).

cocxal organizmebSi mudmivad mimdin-
areobs energiisa da nivTierebis gardaqmnis 
procesebi: saWmlis momnelebel sistemaSi 
saxa meblisgan miiReba glukoza, rac orga-
nizmisTvis warmoadgens sawvavs. glukozas da 
filtvebidan miRebul Jangbads sisxli awv-
dis mTel orga nizms. glukozis wvis Sedegad 
miiReba siTburi energia, romelic uzrunve-
lyofs organizmisaTvis mudmivi temperatu-
ris SenarCunebas. siTburi energia gardaiqmneba kunTebis meqanikur ener-
giad, nervul ujredebSi _ eleqtrul energiad.

cocxal organizmebSi mimdinare procesebisaTvis saWiroa energia. am 
energias organizmebi Rebuloben mcenareebisagan, romlebic mzis energiis 
STanTqmis Sedegad uzrunvelyofen sasicocxlo procesebs dedamiwaze.

energiis raodenobas, romelic miiReba sakvebi nivTierebisagan, ener-
getikul Rirebulebas uwodeben da mas kilojoulebiT (kj) an kilokalo-
riebiT (kkal)  gamosaxaven:

1kkal = 4,2kj
1kj = 0,24kkal

energiis wyaroebi.  nebismieri  qveynis ekonomikuri ganviTarebisaTvis 
saWiroa misi stabiluri da usafrTxo momarageba eleqtroenergiiTa da 
saTbob-energetikuli resursebiT. 

arsebobs energiis ganaxlebadi da araganaxlebadi wyaroebi (sur. 3.48). 
energiis ganaxlebadi wyaroebia: mze, wyali, qari, geoTermuli wylebi, 

biomasa.

geografiuli mdebareobidan gamomdinare, saqarTveloSi mzis gamosx-
iveba xangrZlivi da efeqturia, rac saSualebas iZleva gamoviyenoT ener-
giis ganaxlebadi wyaroebis sruli speqtri.

sur. 3.47 kosmosuri 
xomaldis gaSveba

e n e r g i i s  w y a r o

araganaxlebadiganaxlebadi

sur. 3.48
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mzis sinaTlis energia.  mze warmoad-
gens energiis wyaros yvela cocxali or-
ganizmisaTvis.

dedamiwa gacilebiT met energias 
iRebs mzisgan, vidre mTeli msoflios en-
ergosistemebSi gamomuSavdeba. 

mzis energias adamiani iyenebs sxva-
dasxva miznisaTvis: wylis gasacxele-
blad, Senobebis gasaTbobad, eleqtruli 
energiis misaRebad da a.S. 

qveynebSi, sadac mzis gamosxiveba 
efeqturi da xangrZlivia, iyeneben  Tbo-
momaragebis  sistemebs, romelTa energi-
is wyaroa mze (sur. 3.49).

mzis batareebSi sinaTlis energia 
gardaiqmneba uSualod eleqtrul ener-
giad. kosmosuri xomaldebis, dedamiwis 
xelovnuri Tanamgzavrebis, satelitu-
ri antenebis energiiT uzrunvelyofac 
maTze damontaJebuli mzis batareebiT 
xorcieldeba (sur. 3.50).

wylis energia. wylis energia ga-
naxlebadi energiis yvelaze gavrcele-
buli formaa. 

okeaneebis, zRvebis, mdinareebis, 
dedamiwis zedapirebidan mudmivad 
orTqldeba wyali. atmosferos zeda 
fenebSi kondensirdeba _ warmoiqmneba 
Rrubeli.  Semdeg wvimis, setyvis an Tov-

lis saxiT  wyali brundeba dedamiwaze. amis gamo warmoiqmneba wylis didi 
maragi, romelic Camoedineba mTidan barisaken nakadulebis da mdinareebis 
saxiT. adamianma didi xnis win daiwyo wylis energiis gamoyeneba.

moZravi wylis energia  ZiriTad gamoiyeneba  hidroeleqtrosadgurebSi 
eleqtruli energiis misaRebad, wisqvilebis asamuSaveblad (sur. 3.51).

didi energia aqvs zRvebsa da okeaneebSi moqcevis talRebs (sur. 3.52), 
Tumca, pulsaciuri xasiaTis gamo, maTi gamoyeneba Zneldeba.

sur. 3.49 Senobebis gaT-
boba mzis batareebiT

sur.  3.50 mzis batarea 
satelitur antenaze

sur. 3.51 wylis wisqvili sur. 3.52  didi energia aqvT okeanisa 
da zRvis moqcevisas talRebs
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saqarTvelo mdidaria wylis resur sebiT. mis teritoriaze miedineba 
26 aTasze meti mdinare. amJamad saqarTveloSi eleqtroenergiis 75%-ze 
meti hidroeleqtrosadgurebSi gamo-
muSavdeba.

qaris energia. qaris energias 
jer kidev Zvelad iyenebdnen ialq-
niani gemebis moZraobisaTvis, qaris 
wisqvilebis asamuSaveblad. 

qaris eleqtrosadgurebSi qaris 
kinetikuri energia gardaiqmneba ele-
qtroenergiad (sur. 3.53) 

qaris siCqare da, Sesabamisad, en-
ergia damokidebulia haeris fenebis 
temperaturaTa sxvaobaze _ rac me-
tia temperaturaTa sxvaoba, miT ufro 
Zlieria qari. qaris energia ganaxleba-
di, magram perioduli resursia. 

geoTermuli energia. geoTermuli energia miwisqveSa qanebis siTburi 
energiaa. am energiis upiratesoba energiis sxva wyaroebTan SedarebiT  sta-
bilurobaa. mzis elementebi muSaoben mxolod dRisiT da misi simZlavre 
damokidebulia amindze, qaris energia ki damokidebulia qaris siZlieresa 
da moZraobis mimarTulebaze.

dedamiwis siRrmeSi wneva da temperatura izrdeba, amitom wyalgamtar 
qanebSi yovelTvis aris cxeli wyali, romlis duRilis temperatura 1000C-
ze metia.

Tu miwisqveSa wyalma moZebna gamosasvle-
li dedamiwis zedapirze, maSin warmoiqmneba 
cxeli wylis wyaroebi an geizerebi (sur. 3.54). 
geizeri aris vulkanuri warmoSobis cxeli 
wyaro, saidanac periodulad ifrqveva cxeli 
wylisa da orTqlis Sadrevnebi.

dedamiwis zedapiris gaburRviT SesaZle-
belia cxeli wylis amoyvana zedapirze da misi 
energiis gamoyeneba.

saqarTveloSi  dReisaTvis cnobilia 250-
ze meti bunebrivi da xelovnurad gaburRuli 
wylis gamosasvlebi.

geoTermul energias iyeneben geoTer-
mul eleqtrosadgurebSi _ wylis orTqli 
abrunebs eleqtrosadguris turbinas, rom-
lis energia gardaiqmneba eleqtrul ener-
giad.

geoTermul energias iyeneben Senobebis 
gasaTbobad. magaliTad, islandiaSi  gaTbobis 
sistemebi ZiriTadad geizerebisa da cxeli 
wylis orTqlis energiiT muSaobs.

geoTermuli wyaroebi, romelTa temperatura naklebia 1000C-ze, gamo-
iyeneba  samkurnalo abazanebSi.

sur. 3.53 qaris eleqtrosadguri

sur. 3.54  geizeri
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biomasis energia. energiis ganaxlebad wyaroebs Soris Tavisi mraval-
ferovnebiTa da raodenobis mixedviT gansakuTrebuli adgili uWiravs 
biomasas. 

biomasa organuli nivTierebebis saerTo raodenobaa. biomasis mniS-
vnelovani wyaroebia: satyeo da xis gadamamuSavebeli mrewvelobis,  qaRal-
dis warmoebis  da  soflis meurneobis biologiuri narCenebi. biomasaSi 
gansakuTrebiT didi raodenobiTaa mcenareuli narCenebi. 

biomasa gavrcelebulia TiTqmis mTel dedamiwaze. 
saqarTvelosaTvis SedarebiT axali praqtikaa mecxoveleobis narCe-

nebis gadamuSaveba da misgan biogazis warmoeba.
biogazs iyeneben sawvavad, eleqtroenergiis, siTbos, orTqlis mis-

aRebad.  biogaziT aTboben fermebs. muSavdeba axali teqnologiebi bioga-
zis mosapoveblad.

kacobriobis moTxovnileba energiaze sul ufro da ufro izrdeba, ami-
tom mecnierebi eZeben gzebs energiis axali wyaroebis mosapoveblad.

dedamiwaze moxmarebuli energiis didi nawili miiReba araganaxlebadi 
wyaroebidan  _ qvanaxSiris, navTobis,  bunebrivi airisagan. es sawvavi Se-
qmnilia dedamiwis wiaRSi milionobiT wlis ganmavlobaSi daleqili mcena-
reebisa da cxovelebis narCenebisagan.

bunebrivi sawvavi Seicavs didi raodenobiT naxSirbads, amitom kargad 
iwvis da gamoyofs siTbos. 

amJamad adamiani qvanaxSiris, bunebrivi airis, navTobis uzarmazar ra-
odenobas moixmars. magram dedamiwaze es maragi amouwuravi ar aris.

 qvanaxSiri.  mcenareuli warmoSobis myari sawvavia. igi  warmoadgens 
erT-erT ZiriTad energetikul nedleuls (sur. 3.55).

 qvanaxSiris warmoqmnis sawyis stadiaSi mcenareuli naSTebi gar-
daiqmneba torfad. torfi ki, didi wnevisa da temperaturis xangrZlivi 
zemoqmedebis Sedegad, gardaiqmneba qvanaxSirad. mas iyeneben sawvavad 
TboeleqtrosadgurebSi, metalurgiaSi, qimiur mrewvelobaSi (sur. 3.56). 
saqarTveloSi naxSiris sabadoebia: tyibul-Saoris, tyvarCelis da  axal-
cixis.

 navTobi.  muqi yavisferi an odnav momwvano feris zeTovani, specifi-
kuri sunis  siTxea. igi formirdeba dedamiwis danaleq fenebSi da  war-
moadgens Zvirfas sasargeblo wiaRiseuls. navTobi warmoiqmneba bunebriv 

sur. 3.55 qvanaxSiri sur. 3.56  qvanaxSiris wviT miiRe-
ba didi energia
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airTan erTad zRvebisa da okeaneebis wyalmcenareebisa da cxovelebis 
gaxrwnis Sedegad. 

  navTobi ZiriTadad dedamiwis qa-
nebis siRrmeSia, amitom mis amosaRebad 
saWiroa ZviradRirebuli WaburRilebi 
(sur. 3.57). mopovebuli navTobi  tan-
kerebiT  (Txevadi tvirTis gadasazidi 
gemi) an milsadenebiT  miaqvT navTob-
gadasamuSavebel sawarmoebSi Semdgomi 
damuSavebisaTvis. magaliTad, baqo-
Tbilisi-jeihanis navTobsadenis (1760 
km sigrZis) daniSnulebaa gadaumuSave-
beli navTobis transportireba kaspiis 
zRvaSi azerbaijanis navTobis sabado-
dan xmelTaSua zRvis sanapiromde. 

navTobi energetikis erT-erTi ZiriTadi wyaroa. TboenergetikaSi misi 
wili bunebriv airTan erTad 75%-ia.

navTobis gamoxdis Sedegad miiReba sxvadasxva navTobproduqti: benzi-
ni,  navTi,  mazuTi, parafini, gudroni da sxv.

saaviacio da avtomobilebis Sigawvis ZravebSi iyeneben navTobis pirda-
piri gamoxdis produqtebs.

bunebrivi airi aris msubuqi, ufero, 
usuno, advilad aalebadi nivTiereba, ro-
melic Seicavs didi  raodenobiT meTans. 
bunebrivi airi umravles SemTxvevaSi nav-
Tobis sabadoebTanaa. sabadodan amotum-
buli airi milebiT miewodeba mosaxleo-
bas, eleqtrosadgurebs, qarxnebs da sxva 
momxmarebels (sur. 3.58). iq, sadac bune-
brivi airi ar miewodeba, iyeneben Txevad 
daWirxnil airs _ propans .   

 daWirxnili bunebrivi airi ZiriTa-
dad gamoiyeneba avtomobilebSi, rac 
mniSvnelovnad amcirebs danaxarjebs saw-
vavze.

energiis wyaroebi da ekologia.  araganaxlebadi energiis  wyaroebis in-
tensiuri moxmareba saerTaSoriso sazogadoebis SeSfoTebas iwvevs erTis 
mxriv, am resursebis amowurvis, xolo meore mxriv, ekologiuri problemis 
TvalsazrisiT. 

araganaxlebadi wyaroebis gamoyeneba mniSvnelovan ekologiur zians 
ayenebs bunebas. 

sawvavze momuSave manqanebis  gamonabolqvi momwamlav airebs Seicavs, 
amitom binZurdeba haeri. 

sxvadasxva sawarmoSi naxSiris, navTobis da airis wvisas didi raodeno-
biT gamoiyofa naxSirorJangi, rac iwvevs atmosferos temperaturis zrdas. 

ekologiuri katastrofaa navTobis giganturi tankerebis CaZirva. 
Sedegad iwamleba zRvebi da okeaneebi,  rac zRvis cocxali organizmebis 
masobriv ganadgurebas iwvevs.

sur. 3.58 bunebrivi airis trans-
portireba

sur. 3.57 WaburRili
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ganaxlebadi energiis wyaroebi naklebad ayeneben zians bunebas vidre 
araganaxlebadi energiis wyaroebi.

p r o e q t i

saqarTvelos energetikuli resursebi da ekologia

proeqtis mizani: 
energetikuli resursebis gamoyenebasTan dakavSirebuli ekologiuri 

problemebis analizi da am problemebis gamosworebis gzebis Zieba.

proeqtis amocanebi: 
1. energetikuli resursebis gamoyenebasTan dakavSirebuli ekologi-

uri problemebis Seswavla da analizi; 
2. ekologiuri problemebis analizis safuZvelze bunebis dacvis 

sakiTxebis ganxilva.       

miTiTeba:  proeqti SeiZleba Sesruldes jgufebSi.
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Seamowme Seni codna

I.  marTebulia Tu ara mtkiceba

1. sxeulis Sinagani energia aris misi Semadgeneli nawilakebis kineti-
kuri da potenciuri energiebis jami.

a diax; b) ara

2. siTbocvla ewodeba Sinagani energiis cvlilebas muSaobis Ses-
rulebis gareSe.

a diax; b) ara

3. Tbogamtaroba ewodeba Sinagani energiis gadacemas erTi sxeulidan 
masTan kontaqtSi myof meore sxeulze an sxeulis erTi nawilidan meoreze.

a diax; b) ara
 
4. konveqcia aris siTxeebsa da airebSi Tbogadacemis procesi, romlis 

drosac energiis gadacema xdeba siTxis an airis Wavlis mier.
a diax; b) ara

5. gamosxiveba aris energiis gadacemis procesi sxivebis saSualebiT. 
a diax; b) ara

6. myari sxeulebisagan gansxvavebiT siTxeebis Tbogamtaroba mcirea, 
radgan molekulebs Soris manZilebi SedarebiT didia da energiis gadace-
mis procesi nela mimdinareobs.

a diax; b) ara

7. nebismier sxeuls aqvs Sinagani energia, radgan igi Sedgeba nawilakebi-
sagan, romlebic uwyvetad moZraoben da urTierTqmedeben.

a diax; b) ara

8. siTburi procesebis dros icvleba Sinagani energia.
a diax; b) ara

9. xaxunis Zalebis muSaobis Sedegad sxeulis Sinagani energia izrdeba.
a diax; b) ara

10. duRili iwyeba im temperaturaze, romlis drosac buStebSi najeri 
orTqlis wneva gautoldeba gare wnevas.

a diax; b) ara

11. agregatuli mdgomareobis cvlilebisas sxeulis temperatura da 
Sinagani energia ar icvleba.

a diax; b) ara
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12. siTbo energiis erT-erTi formaa, amitom misi erTeulia 1jouli.
a diax; b) ara

13. Sinagani energia icvleba muSaobis SesrulebiT da siTbocvliT.
a diax; b) ara

14. erTi da imave nivTierebis sxvadasxva mdgomareoba erTmaneTisagan 
gansxvavdeba ara molekulebiT, aramed molekulaTa urTierTmdebareobi-
Ta da moZraobiT.

a diax; b) ara

15. nivTierebis dnobisa da gamyarebis temperaturebi sxvadasxvaa.
a diax; b) ara

16. orTqladqceva SeiZleba ganxorcieldes aorTqlebiTa da duRiliT.
a diax; b) ara

17. aorTqleba mimdinareobs siTxis Ria zedapiridan.
a diax; b) ara

18. duRili nebismier temperaturaze mimdinareobs.
a diax; b) ara

19. duRilis procesSi siTxis temperatura ar icvleba.
a diax; b) ara

20. sawvavis wvis kuTri siTbo gviCvenebs ra siTbos raodenoba gamoiyo-
fa 1 kg masis sawvavis sruli dawvisas.

a diax; b) ara

21. Tu sawvavis wvis kuTri siTbo 14mgj/kg-ia, maSin 1kg am sawvavis sru-
li dawvisas gamoiyofa 14mgj soTbo.

a diax; b) ara

22. siTburi Zrava aris mowyobiloba, romlic sawvavis Sinagan energias 
gardaqmnis meqanikur energiad. 

a diax; b) ara

II. romelia swori pasuxi?
 
1. 3.59 suraTebze mocemulia nivTierebis temperaturis droze 

damokidebulebis grafikebi. romel grafikzea nivTierebis gaciebis Sesa-
bamisi ubani? CaTvale, rom nivTierebis mier miRebuli da gacemuli siTbos 
raodenoba drois proporciulad icvleba. 

a) mxolod I grafikze; 
b) I da III grafikebze; 
g) mxolod II grafikze.
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sur. 3.59

2. 2l wylis gasaTbobad 200C-dan 300C –mde saWiro siTbos raodenobaa

a) 84kj;  

b) 200kj;  

g) 4200j.

3. Tu 2 kg masis foladis sxeuls gadavcemT 4600j siTbos raodenobis, 
maSin misi temperatura gaizrdeba

a) 100C–iT;  

b) 10C–iT;  

g) 50C–iT.

4. 100m3 moculobis oTaxis gasaTbobad 100C-dan 200C – mde saWiroa:

a) 12900j siTbos raodenoba;

b) 1,29mgj siTbos raodenoba;

g) 200kj siTbos raodenoba.

5. Tu 5kg aluminis sxeuls gavaTbobT 200C-iT, maSin misi Sinagani ener-
gia gaizrdeba 

a) 880j-iT;  

b) 88j-iT;  

g) 88kj-iT.

6. WurWelSi, romelSic asxia 00C temperaturis wyali, Caagdes -300C 
temperaturis 1kg masis yinulis naWeri. ra masis yinuli iqneba WurWelSi 
siTburi wonasworobis damyarebis Semdeg?

a) 1,2kg;   

b) 1kg;   

g) 0,4kg.
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7. 60kg masis mocigurave 10m/wm siCqariT misrialebs 00C temperaturis 
yinulis zedapirze da Cerdeba. ra masis yinuli gadneba, Tu igi STanTqavs 
xaxunis Sedegad gamoyofili energiis 50%-s?

a) 45g;   

b) 5g;   

g) 4,5g.

8. 20g masis rkinis lursmans 5m/wm siCqariT urtyamen 6kg masis CaquCs. 
ramdeni gradusiT gaTbeba lursmani xuTi dartymis Semdeg? CaTvale, rom 
lursmani mTlianad STanTqams dartymisas gamoyofil siTbos.

a) 440C;   

b) 410C;   

g) 380C.

9. sxvadasxva Zelebi erTmaneTs exebian waxnagebiT (sur. 3.60). romel 
SemTxvevaSi moxdeba siTbos gadacema 1-dan 2 sxeulSi?

a) mxolod I SemTxvevaSi; 

b) I da II SemTxvevaSi; 

g) mxolod III SemTxvevaSi. 

10. 2kg 1000C temperaturis mduRare wylis Sinagani energia naklebia 
amave masis 1000C-temperaturis wylis orTqlis Sinagan energiaze

a) 45,2mgj-iT;  

b) 4,52mgj-iT;  

g) 2260j-iT.

11. 100gr spirtis sruli dawvisas miiReba 

a) 270kj siTbos raodenoba;

b) 1000kj siTbos raodenoba;

g) 2700kj siTbos raodenoba.

sur. 3.60
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12. Tu qvanaxSiris sruli wvisas gamoiyo 90000kj siTbos raodenoba, ma-
Sin qvanaxSiris masa

a) 300kg-ia; 

b) 30kg-ia; 

g) 3kg-ia.

13. 0,5l wylis 200C-dan 700C-mde gasacxeleblad daixarja 8g spirti. wya-
li asxia 40j/grd siTbotevadobis WurWelSi. gamoTvale spirtquris mqk.

a) 40,5%; 

b) 42,5%; 

g) 49,5%.

14. 100kg qvanaxSiris sruli dawvisas gamoiyofa

a) 3.106j energia;

b) 3.109j energia;

g) 300kj energia.

15.  15kvt simZlavris navTqura 20wT-Si dawvavs 

a) 390 g navTs;  

b) 300g navTs;  

g) 560g navTs.  

16. 200gr spirtis sruli dawvisas miiReba 

a) 540kj siTbos raodenoba;

b) 2000kj siTbos raodenoba;

g) 5400kj siTbos raodenoba.

17. SeadareT 1kg qvanaxSirisa da amave masis torfis sruli wvisas gamo-
yofili siTbos raodenobebi.

a) qvanaxSiris metia 2,1-jer;

b) torfis metia 2,1-jer;

g) erTnairia.

18.  ra masis qvanaxSiri unda daiwvas, rom miviRoT igive energia, rac 20l 
benzinis sruli dawvis dros miiReba? 

a) 210kg;

b) 21kg;

g) 12kg.
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pasuxebi

I Tavi

1.1  
1. a) uaryofiTia; b) dadebiTia. 
2. simZimis, zedapiris drekadobisa da ZalTa tolqmedis muSaoba nulis 

tolia, amitom samive SemTxvevaSi muSaobis grafiki gadaadgilebis RerZze 
gamavali wrfea. wevis Zalis muSaobaa 2kj, xaxunis Zalis muSaobaa -2kj. 

3. amwevi Zalis muSaobaa 300kj, simZimis Zalis muSaobaa -300kj. 
4. a) 0,4n; b) ar icvleba; g) 20j, 40j; d) 100m-ze gadaadgilebisas 2-jer 

meti muSaoba sruldeba; e) 25m, 50m,75m, 100m. 
5. a) wertili 1; b) wertili 4.

1.2  
1. 10kvt. 
2. 12kvt; 7,2mgj. 
3. 1kvt. 
4. 12t. 
5. 48kj; 1200kj. garbenisas adamians SeuZlia Seasrulos 25-jer meti 

muSaoba, vidre normaluri muSaobis pirobebSi. 
6.  400vt. 
7. 42t. 
8. 1 Zravis. 
9. v1>v2>v3 . 
10. a) 1000vt; b) 40kj; g) 20wm. 
11. b).

1.3  
1. 72kj. 
2. gaizrdeba, radgan izrdeba sxeulis siCqare. 
3. a) kinetikuri; b) kinetikuri da potenciuri. 
4. ferdobze daSvebisas cigis kinetikuri energia izrdeba, gzis hori-

zontalur ubanze gadasvlisas cigis kinetikuri energia maqsimaluria, 
Semdeg mcirdeba da  nulis toli xdeba. daSvebamde cigis potenciuri ener-
gia maqsimaluria, daSvebisas mcirdeba da ferdobis bolos da gzis hori-
zontalur ubanze nulis tolia. 

5. vardnisas setyvis kinetikuri energia izrdeba, amitom setyva azianebs 
xexils, venaxs, puris yanas. 

6. a) 50kj; b) -50kj.

1.4  
1. a) gaizrdeba 4-jer; b) Semcirdeba 4-jer. 
2. siCqare unda gaizardos 2-jer. 
3. a) didi siCqariT moZravis metia; b) datvirTulis metia. 
4. ara, radgan masac da siCqaris kvadratic dadebiTia. 
5. Semcirdeba. 
6. winaaRmdegobis Zalebis moqmedebiT mcirdeba sxeulis kinetikuri en-
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ergia, radgan mcirdeba sxeulis siCqare. 
7. 1j; 4j; 9j; 16j. 
8. Semcirda 12j-iT. 
9. 30j. 
10. 30km.

1.5  
1. 600j; 1200j; 40m simaRleze 2-jer metia. 
2.50m. 
3. a) 0; 500kj; -1500kj. b) -500kj; 0; -2000kj. g) 1500kj; 2000kj; 0. 
5. 130j. 
6. 4m.

1.6  
1. 0,3j; 
2. 1j; 
3. 15j; 
4. wertili 3; 
5. wertili 6.

1.7  
1. a) meqanikuri energia nulis tolia; b) kinetikuri; g) kinetikuri da 

potenciuri. 
4. 50j; 50j; haeris winaaRmdegobis gaTvaliswinebis SemTxvevaSi asro-

lis momentSi kinetikuri energia ar Seicvleba, maqsimalur simaRleze po-
tenciuri energia Semcirdeba.

5. 3j; 3j.

Seamowme Seni codna

I. marTebulia Tu ara mtkiceba?
1. ara. 2. ara. 3. diax. 4. diax. 5. diax. 6. diax. 7. diax. 8. diax. 9. diax. 10. 

diax. 11. diax. 12. diax. 13. ara. 14. diax. 15. diax. 16. diax. 17. diax. 18. ara. 19. 
diax. 20. diax. 21. diax. 22. ara. 23. ara.

II. romelia swori pasuxi? 
1. g)  2. a)  3. b)  4. a)  5. b)  6. b)  7. b)  8. a)  9. b)  10. b)  11. a)  12. a)  13. g)  14. g)  15. 

g)  16. b)  17. b)  18. b)  19. g)  20. g)  21. g)  22. g)  23. g)  24. b)  25. b)  26. a)  27. b)  28. 
a)  29. a)  30. g) 31. b)  32. a)  33. g)  34. g)  35. g)  36. g)  37. g)

II Tavi
2.1  
1. avtomobilebi wonasworobaSia, radgan maTze moqmedi Zalebis tolq-

medi nulis tolia. 
2. 2.7 suraTze sxeuli ar aris wonasworobaSi, radgan maTze moqmedi Za-

lebis tolqmedi nulis tolia, sxeuli moZraobs 2n Zalis moqmedebiT. 2.8 
suraTze sxeuli wonasworobaSia _ igi SeiZleba uZravi iyos an moZraobdes 
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wrfivad da Tanabrad. 
3. 4n; 10n; 12n. 
4. 80n; 20n. 

2.2  
1. radgan, simZimis Zalis moqmedebiT, Sveuli vertikaluria. 
2. F2, F3, F4 da F5 Zalebi gamoiwvevs sxeulis gadataniT moZraobas, F1 da F6 

Zalebi ki _ brunviT moZraobas. 
5. 14n. 
6. 10n.

2.4  
1. 50sm. 
2. a) gaizrdeba 2-jer; b) Semcirdeba 2-jer.  
4. a) 200n; b) 0; 20n.m; 40n.m; 60n.m.
            
2.5  
1. pirveli gvaris; meore gvaris. 
2. 2m. 
3. a) da g) 
4. a) qveviT mimarTuli 1n Zala; b) qveviT mimarTuli 2n Zala; g) zeviT 

mimarTuli 1n Zala. 
 
2.7  
1. a) 20n; b) 10n. 
2. 2m. 
3. a) wonasworobaSia; b) ar aris wonasworobaSi. 
4. a) 25n; b) 50n. 
5) 40n. 

2.8 
1. 300kg. 
2. 80j; 100j. 
3. 28kg. 
4. 375kg. 

Seamowme Seni codna

I. marTebulia Tu ara mtkiceba?
1. diax. 2. diax. 3. diax. 4. diax. 5. diax. 6. ara. 7. diax. 8. diax. 9. diax. 10. 

diax. 11. diax. 12. diax. 13. diax. 14. diax. 15. ara. 16. ara. 17. ara. 18. diax. 19. 
diax. 20. diax. 21. diax. 22. diax.

II. romelia swori pasuxi? 
1. b) 2. b) 3. b) 4. a) 5. a) 6. b) 7. g) 8. a) 9. b) 10. a) 11. a) 12. b) 13. g) 14. b) 15. g) 16. a) 

17. g) 18. a) 19. b) 20. a) 21. b)
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III Tavi

3.1
2. relsebs rom hqondes gafarToebis saSualeba. 
3. bimetaluri firfita deformirda, radgan gaTbobisas spilenZi me-

tad farTovdeba, vidre rkina.

3.2  
1. CanCqeris vardnisas wylis kinetikuri energia da, Sesabamisad, siCqa-

re izrdeba. CanCqeris qveda ubanze didi siCqariT moZravi wylis wveTebis 
erTmaneTTan da haerTan xaxunis Sedegad izrdeba wylis Sinagani energia. 

2. gaizarda 25j-iT. 
3. gaizarda 18j-iT.
4. CaquCis meqanikuri energia gardaiqmneba CaquCisa da lursmnis Sinagan 

energiad, amitom gaTba CaquCic da lursmanic.

3.3
1. rkina kargi Tbogamtaria, amitom lursmnis cecxlSi moTavsebuli 

bolodan siTbo swrafad gadaecema mTel lursmans. mina cudi Tbogamtar-
ia, amitom gaxurebuli bolodan meore boloze siTbos gadacema ar xdeba. 

2. faifuris Tbogamtaroba naklebia, vidre vercxlis. faifuris Wiqasa 
da cxel Cais Soris siTbocvla nela mimdinareobs, amitom faifuris Wiqa 
gvian cxeldeba. vercxlis Wiqasa da cxel Cais Soris ki siTbocvla swrafad 
mimdinareobs, amitom vercxlis Wiqa swrafad cxeldeba.

3. Txevad aluminSi molekulebs Soris manZilebi ufro didia, vidre 
myarSi, amitom TxevadSi energiis gadacemis procesi nela mimdinareobs.  

 
3.4 
1. gamaTbobel mowyobilobas amontaJeben iatakTan. gamTbari haeri 

farTovdeba, konveqciis gamo, moZraobs zeviT. civ fenebSi moxvedrisas 
ikumSeba da moZraobas iwyebs iatakisken. gamaTbobel mowyobilobasTan 
Sexebisas kvlav farTovdeba da miemarTeba Werisken. garkveuli drois Sem-
deg oTaxSi haeri Tbeba.

gamagrilebel mowyobilobas amontaJeben WerTan. civi, SekumSuli 
haeri moZraobs qveviT, Tbili _ zeviT, grildeba da kvlav moZraobs qve-
viT. amgvarad, oTaxSi haeri grildeba.

2. radgan, konveqciis gamo, haeri moZraobs qvevidan zeviT.
3. RamiT xmeleTi ufro swrafad civdeba, vidre wyali zRvaSi. haeris 

simkvrive da wneva xmeleTze metia, vidre wylis zedapirze. haeris nakadi 
moZraobs xmeleTidan zRvisken, amitom ialqniani naviT zRvaSi gasvla mo-
saxerxebelia RamiT.

dRisiT xmeleTi ufro swrafad Tbeba, vidre wyali zRvaSi. haeris sim-
kvrive da wneva wylis zedapirze metia, vidre xmeleTze. haeris nakadi moZ-
raobs zRvidan xmeleTisaken, amitom xmeleTze dabruneba meTevzeebs ur-
CevniaT dRisiT.

4. eleqtroCaidanis fskerze gacxelebuli wyali, konveqciis gamo, moZ-
raobs zeviT. wylis zeda, civi fenebi ki _ qveviT. fskerze wyali cxeldeba 
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da kvlav moZraobs zeviT. garkveuli drois Semdeg CaidanSi wyali cxel-
deba. 

gamaxurebeli elementi moTavsebuli rom iyos Caidnis saxuravTan, 
wylis gacxelebas gacilebiT meti dro dasWirdeboda. am SemTxvevaSi wylis 
gacxeleba moxdeboda TbogamtarobiT.

3.5 
1. gamosxivebis intensivoba metia muqi feris sxeulisaTvis, amitom Savi 

Caidani ufro swrafad gacivdeba. 
2. muqi. 
3. radgan Ria feris tansacmeli naklebd STanTqavs mzis energias. 

3.6  
1. rkinis sxeuli. 
2. 84kj. 
3. romelSic aluminis burTulaa, radgan alumnis kuTri siTbotevado-

ba metia tyviisaze.
4. mcenareuli zeTi. 
5. gaizrdeba 150j-iT.    

3.7
1. tyviis dnobis temperatura 3270C-ia. C wertilze tyviis Sinagani en-

ergia metia B wertilze tyviis Sinagan energiaze dnobis siTbos toli si-
didiT.

2. myaria: rkina, oqro, spilenZi, platina, volframi.
    Txevadia: alumini, tyvia, kala, vercxli.
3. radgan volframis dnobis temperatura maRalia.
4. ara, radgan vercxlisyali iyineba -390C -ze.
5. ara.
6. aluminis da vercxlis dnobis temperatura metia TuTiis dnobis tem-

peraturaze, kalis _ naklebi, amitom TuTiis WurWelSi alumins da ver-
cxls ver davadnobT, kalas _ davadnobT.

8. 75kj, temperatura ar Seicvleba. Sinagani energia gaizrdeba 75kj-iT.
9. 162-jer.
10. foladis kuTri siTbotevadoba metia, vidre spilenZisa da tyviis, 

amitom foladis burTula met parafins daadnobs. 

3.8  
1. atmosferuli wnevis SemcirebiT aorTqlebis siCqare izrdeba. 

mTaSi atmosferuli wneva dabalia, vidre barSi, amitom wyali mTaSi ufro 
swrafad aorTqldeba.

2. qarian amindSi, siTboSi, radgan haeris nakadi waritacebs gubeebis 
zedapirze warmoqmnil wylis orTqls da wyali swrafad aorTqldeba. tem-
peraturis gazrdiT ki izrdeba molekulebis kinetikuri energia da Sesa-
bamisad, izrdeba aorTqlebis intensioba.

3. radgan TavRia WurWlidan mudmivad xdeba wylis aorTqleba.
4. mzian amindSi sarecxSi wylis molekulebis siCqare da maSasadame, 

kinetikuri energia, izrdeba, amitom wylis molekulebis aorTqlebis in-
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tensioba izrdeba da sarecxi swrafad Sreba. gaSrobas aCqarebs qaric _ 
aorTqlebisas sarecxidan amosul molekulebis nawili ukan brundeba. am 
molekulebs qari waritacebs da maTi ukan dabruneba aRar xdeba. 

5. vercxliswylis orTqli.

3.9
1. wylis orTqlis, radgan orTqladqcevisaTvis saWiroa siTbos 

garkveuli raodenoba. duRilis procesSi es siTbos raodenoba gadaecema 
wylis orTqls. 

2. 2,6mgj. 
3. 12,1mgj.
4. wylis duRilis temperatura metia spirtisaze, amitom I grafiki See-

sabameba wyals, II _ spirts.
5. zRvis doneze duRilis temperatura metia vidre mTaSi.
6. radgan atmosferuli wneva da, Sesabamisad, wylis duRilis tempera-

tura dabalia.

3.10
1. met energias gamoyofs nivTierebebi Semdegi TanmimdevrobiT: benzi-

ni, navTi, bunebrivi airi, qvanaxSiri.
2. 4,6mgj; 2,7mgj. 
3. 50kg; 
4. 8,4g. 
5. 250kg. 
6. 30%. 
7. 30%.

Seamowme Seni codna

I. marTebulia Tu ara mtkiceba?
1. diax. 2. diax. 3. diax. 4. diax. 5. diax. 6. diax. 7. diax. 8. diax. 9. diax. 10. 

diax. 11. ara. 12. diax. 13. diax. 14. diax. 15. ara. 16. diax. 17. diax. 18. ara. 19. 
diax. 20. diax. 21. diax. 22. diax. 

II. romelia swori pasuxi? 
1. g) 2. a) 3. g) 4. b) 5. g) 6. a) 7. g) 8. b) 9. b) 10. b) 11. g) 12. g) 13. g) 14. b) 15. a) 

16. g) 17. a) 18. b) 
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danarTi

aTjeradi TavsarTebi

nivTierebaTa simkvrive (kg/m3)
myari
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siTxe

airi

nivTierebis kuTri siTbotevadoba j/kg.grd

240

nivTierebis dnobis kuTri siTbo kj/kg
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nivTierebis dnobisa da gamyarebis temperatura, 0C

nivTierebis orTqladqcevis kuTri siTbo, kj/kg

nivTierebis duRilis temperatura, 0C
(normaluri atmosferuli wnevis dros)

-269

denTi 3,8 spirti 30

mSrali xe 10 navTi 40,8

torfi 15 dizelis sawvavi 42

qvanaxSiri 30 benzini 44

nivTierebis wvis kuTri siTbo, mgj/kg
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ganmartebiTi leqsikoni

a
anomalia _ kanonzomierebis darRveva, saerTo wesisagan, normisagan 

gadaxveva.
aorTqleba _ orTqladqceva siTxis Ria zedapiridan.

b
berketi _ martivi meqanizmi, romelsac SeuZlia brunva uZravi sayrde-

nis irgvliv.
berketi pirveli gvaris _ berketi, romlis sayrdeni werili masze moq-

medi Zalebis modebis wertilebs Sorisaa.
berketi meore gvaris _ berketi, romelzec moqmedi Zalebis modebis 

wertilebi sayrdeni wertilis erT mxaresaa.
bimetaluri firfita _ ori sxvadasxva liTonisagan damzadebuli fir-

fita.
brizi _ konveqciis Sedegad warmoqmnili dReRamuri periodulobis 

qari, romelic dRisiT uberavs zRvidan xmeleTisaken, RamiT _ xmeleTidan 
zRvisken.

g
gamosxiveba _ energiis gadacemis procesi sxivebis saSualebiT.
gamyareba (kristalizacia) _ nivTierebis gadasvla Txevadidan myar 

mdgomareobaSi.
d

daxrili sibrtye _ martivi meqanizmi, romelsac iyeneben tvirTis asaw-
evad raime simaRleze. daxrili sibrtyis gamoyenebiT ZalaSi vigebT imden-
jer, ramdenjerac daxrili sibrtyis sigrZe metia mis simaRleze.

dinamometri _ Zalis sazomi xelsawyo.
dnoba _ nivTierebis gadasvla myaridan Txevad mdgomareobaSi.
dnobis kuTri siTbo _ sidide, romelic gviCvenebs ra siTbos raodeno-

ba unda gadavceT dnobis temperaturis mqone 1kg masis kristalur sxeuls, 
rom igi mTlianad gadnes. 

drekadobis Zala _ sxeulis deformaciisas aRZruli Zala.
duRili _ orTqladqcevis intensiuri procesi rogorc siTxis zeda-

piridan, ise siTxis SigniT.
duRilis temperatura _ temperatura, romelzec siTxe duRs.

e
energia _ muSaobis Sesrulebis unari

T
Tbogamtaroba _ Sinagani energiis gadacema erTi sxeulidan masTan kon-

taqtSi myof meore sxeulze an sxeulis erTi nawilidan meoreze. Tbogam-
tarobis dros nivTiereba ar gadaadgildeba, energia gadaaqvs nivTierebis 
Semadgenel nawilakebs. 

Tboizolatori _ nivTiereba, romlis Tbogamtaroba mcirea.
Termometri _ temperaturis sazomi xelsawyo.

k
kondencacia _ nivTierebis gadasvla airadidan Txevad mdgomareobaSi.
kinetikuri energia _ moZravi sxeulis energia.
konveqcia _ siTxeebsa da airebSi Tbogadacemis procesi, romlis dro-
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sac energiis gadacema xdeba siTxis an airis Wavlis mier.
konveqcia bunebrivi _ konveqcia, romelic garedan Carevis gareSe mim-

dinareobs.
konveqcia iZulebiTi _ konveqcia, romelic garkveuli zemoqmedebiT  

mimdinareobs.
kuTri siTbotevadoba _ fizikuri sidide, romelic gviCvenebs siTbos 

ra raodenoba unda miiRos an gasces 1kg masis nivTierebam, rom misi tem-
peratura 10C-iT Seicvalos. 

m
margi qmedebis koeficienti  _ sidide, romelic tolia meqanizmis mier 

Sesrulebuli sasargeblo muSaobis Sefardebisa srul muSaobasTan. 
martivi meqanizmi _ mowyobiloba, romlis saSualebiT SesaZlebelia 

Zalis gardaqmna.
meqanikis ,,oqros wesi” _ ramdenjerac vigebT ZalaSi, imdenjer vagebT 

manZilSi.
meqanikuri energia _ fizikuri sidide,romelic axasiaTebs sxeulTa an 

maTi nawilebis moZraobasa da urTierTqmedebas.
meqanikuri muSaoba _ fizikuri sidide, romelic tolia sxeulze mo-

qmedi Zalisa da am Zalis mimarTulebiT sxeulis gadaadgilebis sidideTa 
namravlisa.

  n
najeri orTqli _ orTqli, romelic dinamikur wonasworobaSia Tavis 

siTxesTan.
niuton-metri (n.m) _ Zalis momentis erTeuli SI sistemaSi.

o 
orTqladqceva _ nivTierebis gadasvla Txevadidan airad mdgomareo-

baSi.
orTqladqcevis kuTri siTbo _ siTbos raodenoba, romelic unda ga-

davceT duRilis temperaturaze 1kg masis siTxes, rom igi mTlianad aor-
Tqldes.

orTqladqcevis siTbo _ siTbos raodenoba, romelic unda gadavceT 
duRilis temperaturaze mocemuli masis siTxes, rom igi mTlianad aor-
Tqldes.

p
polispasti _ uZravi damoZravi WoWonaqebis erToblioba.
potenciuri energia _ sxeulis an sxeulis Semadgeneli nawilakebis 

urTierTqmedebis energia.
potenciuri energiis nulovani done _ mdebareoba, romelSic sxeulis 

potenciur energias nulis tolad CavTvliT
s

sawvavis wvis kuTri siTbo _ siTbos raodenoba, romelic gamoiyofa 
1kg masis sawvavis sruli dawvisas.

sawvavis wvis siTbo _ energia, romelic gamoiyofa sawvavis sruli 
dawvisas.

siTbos raodenoba _ energia, romelsac gascems an miiRebs sxeuli siT-
bocvlis procesSi.

siTbocvla _ Sinagani energiis cvlileba muSaobis Sesrulebis gareSe.
siTbotevadoba _ fizikuri sidide, romelic gviCvenebs siTbos ra ra-
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odenoba unda miiRos an gasces mocemuli masis nivTierebam, rom misi tem-
peratura 10C-iT Seicvalos. 

siTburi movlena _ fizikuri movlena, romelic dakavSirebulia tem-
peraturis an agregatuli mdgomareobis cvlilebasTan.

siTburi moZraoba _ sxeulis Semadgeneli nawilakebis uwyveti, qa-
osuri moZraoba.

siTburi Zrava _ mowyobiloba, romelic sawvavis Sinagan energias 
gardaqmnis meqanikur energiad. 

siTburi wonasworoba _ sxeulTa izolirebuli sistemis mdgomareoba, 
rodesac am sxeulTa temperaturebi erTnairia.

simZlavre _ fizikuri sidide, romelic tolia Sesrulebuli muSao-
bis Sefardebisa im drois SualedTan, romlis ganmavlobaSi es muSaoba Ses-
rulda.

sublimacia – nivTierebis gadasvla myaridan airad mdgomareobaSi.
sxeulis wonasworoba _ sxeulis uZraobis an wrfivi Tanabari moZrao-

bis mdgomareoba.
t

temperatura _ sxeulis siTburi mdgomareobis maxasiaTebeli fizi-
kuri sidide.

S
Sinagani energia _ sxeulis Semadgeneli nawilakebis kinetikuri da po-

tenciuri energiebis jami.
C

Caketili sistema _ sxeulTa sistema, romlebzec ar moqmedebs xaxunis 
da winaaRmdegobis Zalebi.

Z
Zalis momenti _ Zalisa da misi mxris namravli.
Zalis moqmedebis wrfe _ wrfe, romlis gaswvrivac moqmedebs Zala.
Zalis mxari _ umoklesi manZili brunvis RerZidan Zalis moqmedebis    

wrfemde.
w

wonasworoba _ sxeulis uZraobis an wrfivi Tanabari moZraobis mdgo-
mareoba.

wonasworoba mdgradi _ wonasworobis mdebareobidan mcire gadaxris 
Semdeg sxeuli TavisTavad ubrundeba am mdebareobas.

wonasworoba aramdgradi _ wonasworobis mdebareobidan mcire 
gadaxris Semdeg sxeuli Sordeba am mdebareobas.

W
WoWonaqi _ martivi meqanizmi, romelic warmoadgens garsakrSi Ca-

magrebul Rarian borbals, Rarze gadadebuli TokiT an jaWviT. mas iyene-
ben tvirTis asawevad garkveul simaRleze.

WoWonaqi uZravi _ WoWonaqi, romlis RerZi damagrebulia da tvirTis 
moZraobisas ar gadaadgildeba. uZravi WoWonaqi Zalis mogebas ar iZleva, 
igi cvlis mxolod Zalis mimarTulebas.

WoWonaqi moZravi _ WoWonaqi, romlis RerZi tvirTTan erTad moZrao-
bs. moZravi WoWonaqiT ZalaSi vigebT 2-jer.

j
jouli _ muSaobisa da energiis erTeuli SI sistemaSi.
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