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zogadi informacia saxelmZRvanelos Sesaxeb

Cveni saxelmZRvanelos koncefcia, Sinaarsi da meTodika srulad Seesabameba erovnul 
saswavlo gegmasa da mizans. maswavleblis wigni aris damxmare meToduri saxelmZRvanelo 
skolis pedagogebisTvis, romlebic aswavlian me-8 klasSi fizikas. is moicavs infor-
macias fizikis swavlebis miznis, amocanebis, standartis Sedegebis miRwevis, aseve im 
meTodologiuri principebis Sesaxeb, rasac eyrdnoba saxelmZRvanelo. wigni efuZneba 
moswavlis asakobrivi Taviseburebebis gaTvaliswinebasa da moswavleze orientirebu-
li swavlebis principebs. is daexmareba pedagogebs gakveTilis efeqturad dagegmvasa 
da sainteresod CatarebaSi. masSi aRwerilia swavlebis diferencirebuli midgomis gan
xorcielebisTvis saWiro strategiebi da meTodebi, Setanilia sxvadasxva tipis rekomen-
dacia, romelic efuZneba Tanamedrove saganmanaTleblo kvlevebs, mravalmxriv peda-
gogiur gamocdilebaze agebuli saxelmZRvaneloebis analizis Sedegebs. wignSi Tqven 
naxavT im amocanebis amoxsnebsa da swor pasuxebs, romlebic mocemulia moswavlis sax-
elmZRvaneloSi.

Cven did yuradRebas vuTmobT moswavleTa uwyveti ganmaviTarebeli Sefasebis sis-
temas, Sefasebis rubrikebis SemuSavebasa da kriteriumebis Camoyalibebas. maswavleblis 
wignSi detalurad aris ganxiluli moswavlis saxelmZRvaneloSi mocemuli yvela Tavis 
ramdenime gakveTili. mocemulia sakvanZo amocanebis amoxsna. kompleqtaciaSi Sedis mos-
wavlisa da maswavleblis wignebi.
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wlis bolos misaRwevi Sedegebi

merve klasi sabazo safexurs miekuTvneba, romlis misiaa saganTa swavla-swavlebis 
safuZvelze myari, dinamikuri da funqciuri codnis konstruireba, moswavlis inter-
esebisa da midrekilebebis gamovlena, moswavlis damoukidebeli swavlis unarisa da 
Sromisunarianobis ganviTareba.

Tanamedrove zogadsaganmanaTleblo standarti gulisxmobs moswavlis aRWurvas im 
codniTa da unar-CvevebiT, romlebic mas saSualebas miscems, alRo auRos kacobriobis 
swraf progress, gamoiyenos Tanamedrove mecnierebis miRwevebi, gaxdes sazogadoebis 
aqtiuri wevri. codnis pasiuri mimRebidan moswavle unda Camoyalibdes aqtiur Semmec-
neblad, romelic SeZlebs miRebuli codna gamoiyenos rogorc profesiuli warmatebi-
saTvis, aseve sazogadoebis sasikeTod.

sabunebismetyvelo mecnierebebis, maT Soris fizikis,  
swavlebis mizani da amocanebi

mizani:
sabunebismetyvelo disciplinebis swavlebis mizania aziaros moswavle  sabunebismet

yvelo mecnierebis safuZvlebs da ganuviTaros kvlevis unar-Cvevebi, rac mas saSualebas 
miscems Seicnos da gaiTavisos samyaro, CaerTos sazogadoebrivi saqmianobis sxvadasxva 
sferoSi, igrZnos pasuxismgebloba sakuTari Tavis, sazogadoebisa da garemos mimarT. 

sabazo safexuris fizikis standarti

sabazo safexuris fizikis standarti Sedgeba Semdegi nawilebisagan: 
a) sagnis swavla-swavlebis miznebi;
b) standartis Sedegebi da Sinaarsi;
g) meTodikuri orientirebi;
d) Sefaseba.
sabazo safexurze sagan „fizikaSi“ Seiswavleba meqanikis, eleqtruli, magnituri, op-

tikuri da siTburi movlenebis ZiriTadi principebi. moswavle gaecnoba bunebaSi mim-
dinare fizikuri procesebis kanonzomierebebs, maT gavlenas garemomcvel samyaroze da 
rols mecnierebisa da teqnikis ganviTarebaSi.

sagnis swavla-swavlebisas moswavle CarTuli iqneba aqtivobebSi, romlebic mas mov-
lenebis arsis gagebaSi, axali codnis SeZenasa da am codnis praqtikaSi gamoyenebaSi 
daexmareba. 

fizikis swavla-swavlebis miznebi 

•	 moswavles gauCndes interesi fizikuri procesebis Seswavlis mimarT; 
•	 moswavlem SeZlos samyaroSi mimdinare movlenebSi fizikis kanonzomierebebis 

danaxva da miRebuli codnis gamoyenebiT sxvadasxva cxovrebiseuli amocanis gadaWra;
•	 SeZlos garemoSi mimdinare fizikuri procesebis urTierTdakavSireba;
•	 ganuviTardes kvleviTi unar-Cvevebi, romlebsac axali codnis misaRebad gamoi-

yenebs;
•	 fizikuri movlenebis analizis safuZvelze SeZlos bunebaSi sxvadasxva movlenis 

prognozireba;
am miznebze muSaobiT fizika Tavis wvlils Seitans erovnuli saswavlo gegmis misiisa 

da miznebiT gaTvaliswinebuli unarebisa da Rirebulebebis ganviTarebasa da Camoya-
libebaSi.  
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standartis Sedegebi da Sinaarsi

standartis Sedegebi sagnis cnebebze dafuZnebiT gansazRvravs miznobriv orien-
tirebs da pasuxobs SekiTxvas: ra unda SeeZlos moswavles fizikaSi sabazo safexuris 
bolos? 

es Sedegebi jgufdeba sam mimarTulebad: 
fizikuri movlenebi _ gulisxmobs fizikis ZiriTadi koncefciebisa da kanonzomiere-

bebis gaazrebas; sabunebismetyvelo mecnierebebisaTvis saerTo cnebebze (nivTiereba da 
materia, struqtura da funqcia, energia da energiis gardaqmna, sistemebi da urTierTq-
medebebi, mdgradoba da cvlilebebi) warmodgenebis Camoyalibebas;

mecnieruli kvleva-Zieba _ gulisxmobs moswavlis CarTvas dakvirvebebis, martivi eqs-
perimentebisa da cdebis ganxorcielebaSi. mas ganuviTardeba Semdegi unar-Cvevebi:

✔	 dakvirveba da aRwera; 
✔	 kvlevis sagnisa da kvlevis etapebis gansazRvra;
✔	 aRricxva, gazomva, klasifikacia;
✔	 komunikacia;
✔	 monacemebis interpretacia;
✔	 ganWvreta/hipoTezis gamoTqma;
✔	 cdis dagegmva, cdis Catareba;
✔	 monacemTa analizi da Sefaseba;
✔	 modelis Seqmna da gamoyeneba.

damokidebuleba: 
✔	 sabunebismetyvelo mecnierebebisa da teqnologiebis gamoyenebiTi aspeqtebis aR-

qma;
✔	 interesi mecnieruli kvlevisa da siaxleebis mimarT;
✔	 TanamSromlobis survili;
✔	 garemoze zrunva da pasuxismgebloba;
✔	 usafrTxo cxovrebis wesis dacvis mniSvnelobis gaazreba. 

saqarTvelos zogadi ganaTlebis sistemaSi miRebuli gamocdilebis safuZvelze mo-
zardma unda SeZlos teqnologiuri Tu sxva inteleqtualuri miRwevebis efeqtianad 
gamoyeneba; informaciis mopoveba, damuSaveba da analizi.

saWiroa fizikis swavlebisas yuradRebis gamaxvileba ganwyoba-damokidebulebeb-
is Camoyalibebaze, kompleqsuri davalebebis Sesrulebaze, kvleva-Ziebis unar-Cvevebis 
ganviTarebasa da codnis gamoyenebaze, rac aris rogorc Tanamedrove pedagogikisa da 
axali skolis modelis, ise qarTuli klasikuri didaqtikis moTxovna.	

teqnologiebis gamoyeneba did interess iwvevs fizikis swavlebisas. amitom sasur-
velia maTi gamoyeneba saswavlo procesSi. kvlevebma cxadyo, rom simulaciebi efeqtia-
nia sakiTxebis Seswavlis dros, magram ukeTesia maTi kombinirebuli gamoyeneba saSinao 
davalebebSic. gTavazobT PhET-is gamoyenebas saswavlo procesSi. mis dizainSi teqsti 
minimaluri doziT aris gamoyenebuli, amitom gamartivebulia simulaciebis integracia 
saswavlo kursis TiTqmis yvela aspeqtSi.

gakveTilis dagegmvisas 
gamoiyeneT Tematikis Sesabamisi mravalferovani resursebi, SeqmeniT iseTi komple-

qsuri davalebebi, romlebic daeyrdnoba fizikis sxvadasxva Temis, maTematikis, qimiisa 
da sxva sagnebis codnas. gaiTvaliswineT, rom sasurveli iqneba internetresursebis 
gamoyeneba, radganac isini gazrdis motivacias, mniSvnelovan wvlils Seitans TviTreg-
ulirebis unarebis ganviTarebasa da swavlis xarisxis gaumjobesebaSi.

https://phet.colorado.edu da http://vplab.ndo.co.uk/free_sample 
am saitebze mocemulia simulaciebi, romlebic Seicaven TamaSebsac. isini SesaZlebe-

lia gamoiyenoT rogorc gakveTilze, aseve saxlSi samuSaod.
https://ka.khanacademy.org/science/physics 
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am saitze mocemulia videomasala da savarjiSoebi esg-iT gaTvaliswinebul yvela 
Temaze, rac maswavlebels saSualebas miscems, Tvali adevnos da misces zusti da saWiro 
rekomendaciebi, individualuri davalebebi Sesrulebuli samuSaos Sesabamisad. daak-
virdes moswavlis winsvlasa da daxelovnebuli unarebis raodenobis zrdas mTeli sas-
wavlo wlis ganmavlobaSi.

https://learningapps.org  am saitze maswavlebels SeuZlia TviTon Seqmnas misTvis sa
Wiro resursi an gamoiyenos kolegebis Seqmnili resursebi saswavlo Temis Sesabamisad.

 

fizikis standartis Sedegebi (VII-IX klasebi)

Sedegebis 
indeqsebi

standartis Sedegebi cnebebi

mimarTuleba: fizikuri movlenebi
moswavlem unda SeZlos

fiz.sab.1. materiis daxasiaTeba misi fizikuri Tvisebebis mixedviT;
materia, 

sistemebi,

struqtura; 

funqcia; 
urTierT-
qmedeba; 
energia, 
kvleva,
aRmoCena, 
Teoria, 
kanoni, 
teqnologia;
mdgradi 
ganviTareba.

fiz.sab.2. sxeulTa urTierTqmedebasa da urTierTqmedebis Sedegebze 
argumentirebuli msjeloba; 

fiz.sab.3. energiis saxeebis daxasiaTeba da maT urTierTgardaqmnaze 
argumentirebuli msjeloba.

mimarTuleba: mecnieruli kvleva-Zieba
moswavlem unda SeZlos

fiz.sab.4. fizikuri movlenebis Seswavlis mizniT kvlevis (cda, eqsperimenti) 
dagegmva (hipoTezebis SemuSaveba, damokidebuli da damoukidebeli 
cvladebis gansazRvra, kvlevis proceduris, monacemebis aRricxvis 
formebis gansazRvra, saTanado resursebis SerCeva);

fiz.sab.5. fizikuri procesebisa da kanonzomierebebis kvlevisaTvis saWiro 
procedurebis ganxorcieleba (dakvirveba, gazomva, monacemebis 
aRricxva, Sesabamisi masalisa da aRWurvilobis adekvaturad 
gamoyeneba); 

fiz.sab.6. Tvisebrivi da raodenobrivi monacemebis sxvadasxva formiT 
(cxrilebiT, diagramebiT, grafikebiT da sxv.) Cawera da organizeba; 
monacemebis organizebisTvis informaciul- sakomunikacio 
teqnologiebis gamoyeneba;

fiz.sab.7. monacemebis gaanalizeba da argumentirebuli msjelobis 
safuZvelze daskvnebis gamotana, cvladebs Soris damokidebulebis 
aRsawerad diagramebisa da grafikebis gamoyeneba;

fiz.sab.8. modelebis Seqmna da gamoyeneba fizikuri movlenebis/
kanonzomierebebis saCveneblad;

fiz.sab.9. cdisa da eqsperimentis dagegmvisa da Catarebisas usafrTxoebis 
wesebis dacva.

mimarTuleba: mecniereba da teqnologiebi
moswavlem unda SeZlos

fiz.sab.10. sabunebismetyvelo mecnierebebisa da teqnologiebis miRwevebis 
Sefaseba mdgradi ganviTarebis principebis TvalsazrisiT;

fiz.sab.11. sabunebismetyvelo mecnierebebisa da teqnologiebis miRwevebis 
yoveldRiurobasTan dakavSireba;

fiz.sab.12. sabunebismetyvelo mecnierebebis sxvadasxva profesiasTan 
dakavSireba.

„fiz.“ _  miuTiTebs sagans „fizika’’;
„sab.“ _ miuTiTebs sabazo safexurs;
„1“ _ miuTiTebs standartis Sedegis nomers.
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standartis Sedegebis miRwevisa da Sinaarsis urTierTkavSiris matrica

gakveTilis 
Tema dro

70sT

                               standartis Sedegebi

fizikuri 
movlenebi

      mecnieruli kvleva-Zieba mecniereba da 
teqnologiebi

fiz.
sab.1.

fiz.
sab.2.

fiz.
sab.3.

fiz.
sab.4.

fiz.
sab.5.

fiz.
sab.6.

fiz.
sab.7.

fiz.
sab.8.

fiz.
sab.9.

fiz.
sab.10.

fiz.
sab.11.

fiz.
sab.12.

Tavi 1 21

1.1 gavixsenoT 1 + +

1.2 meqanikuri muSaoba 1 + +

1.3 simZimis Zalis 
muSaoba

1 + + +

1.4 drekadobis Zalis 
muSaoba

2 + + +

1.5 xaxunis Zalis muSaoba 1 + + +

Semajamebeli samuSao №1 1

1.6 sasargeblo da  
sruli muSaoba. margi 
qmedebis koeficienti

2 +

1.7 simZlavre. simZlavris 
erTeulebi

2 +

1.8 energia 2 + +

1.9 meqanikuri energiis 
mudmivobis kanoni

2 + + +

1.10  Sinagani energia. 
sruli energiis 
mudmivobis kanoni

2 + +

amocanebis amoxsna 2 + +

Semajamebeli samuSao №2 1 +

sarezervo dro 1

Tavi 2 23

2.1 sxeulis wonasworoba. 
masaTa centri. simZimis 
centri

1

2.2  arambrunavi sxeulis 
wonasworoba

2 + +

2.3  uZravi brunvis 
RerZis mqone sxeulis 
wonasworoba

1 + +

2.4 momentebis wesi 1 + +

2.5 sxeulis simZimis 
centris povna. 
wonasworobis saxeebi

2 + +

2.6 sayrdeni farTobis 
mqone sxeulis 
wonasworoba

2 +
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2.7 martivi meqanizmebi _ 
berketi

2 + + +

2.8 uZravi da moZravi 
WoWonaqebis Seswavla

2 + + +

2.9 meqanikis oqros wesi 2 + +

2.10 daxrili sibrtye 2 +

2.11 meqanizmis mqk 
(laboratoriuli 
samuSao)

1 + + + +

amocanebis amoxsna 2 + +

Semajamebeli samuSao №3 1 +

sarezervo dro 2

Tavi 3 26

3.1 Sinagani energia da 
misi Secvlis gzebi

2 + +

3.2 Tbogamtaroba 2 + +

3.3 myari sxeulebis, 
siTxeebisa da airebis 
siTburi gafarToeba

2 + +

3.4  temperaturis 
gazomva. Termometri

2 +

3.5 konveqcia 1 + +

3.6  gamosxiveba 1 + +

3.7  nivTierebis kuTri 
siTbotevadoba

1 +

3.8  siTburi 
balansis gantoleba.
(laboratoriuli samuSao)

1 + + +

3.9 sawvavis wvis kuTri 
siTbo

1 + +

Semajamebeli samuSao №4 1

3.10  dnoba da gamyareba 1 + +

3.11 dnobisa da 
kristalizaciis kuTri 
siTbo

1 + +

3.12 aorTqleba da 
kondensacia

1 + +

3.13 duRili 1 + +

3.14 orTqladqcevis 
kuTri siTbo

1 + +

3.15 siTburi Zrava 1 + +

3,16 siTburi manqanebiT 
gamowveuli ekologiuri 
problemebi

1 + + +

amocanebis amoxsna 2 + +

Semajamebeli samuSao №5 1

sarezervo dro 2
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maswavlebels SeuZlia TviTonac moifiqros Tematuri sakvanZo SekiTxvebi sakuTari 
pedagogiuri praqtikis gaTvaliswinebiT ise, rom SeZlos:

✔	 moswavlis winare codnis gaaqtiureba, cnobismoyvareobis gaRviveba, provocire-
ba axali codnis SesaZenad;

✔	 saswavlo Temis Sedegze orientirebulad swavla-swavlebis uzrunvelyofa; 
✔	 Temis swavla-swavlebis procesSi Sualeduri bijebis/etapebis gansazRvra da or-

ganizeba. 
yovelive amis Sesrulebis Sedegad moswavles uyalibdeba mkvidri warmodgenebi, rom-

lebic standartis Sedegebze dayrdnobiT ganisazRvreba. es zogadi warmodgenebi Temis 
Seswavlisas unda Camoyalibdes moswavlis xangrZliv mexsierebaSi winare warmodgenebze 
dayrdnobiT, raTa mas Temis farglebSi dasaxuli miznebis miRweva gauadvildes. mkvidri 
warmodgenebi azrovnebis sayrdenia gagebis aqtebis gansaxorcieleblad.

saswavlo procesSi sami sxvadasxva tipis testis gamoyeneba gadavwyviteT.
✔	 miRwevis Semajamebeli testi, romelic gviCvenebs, ra iswavla da ra icis saswavlo 

Temis dasrulebis Semdeg.
✔	 diagnostikuri testi, romelic gamoavlens moswavlis Zlier da sust mxareebs, 

konkretuli sakiTxis swavlebis dawyebamde arsebul winawar saWiro codnas.
✔	 cdis Catarebisa da aRweris unar-Cvevebis testi, romelic gviCvenebs, Tu ramde-

nad srulad iyenebs moswavle sakuTar SesaZleblobebs saswavlo procesSi warmatebebis 
misaRwevad, sakiTxis yovelmxriv gasaazreblad.

swavlebis Tanamedrove meTodebi da swavlis strategiebi

kvlevebi adasturebs diferencirebuli swavlebis upiratesobas fizikis gakveTileb-
ze. am meTodis gamoyenebiT maswavlebeli SeZlebs ganaviTaros SemecnebiTi interesebi 
da moargos dagegmili gakveTili moswavleTa swavlebis individualur stilsa da in-
teleqtualur SesaZleblobebs. ra unda gakeTdes imisaTvis, rom gaizardos moswavlis 
SemecnebiTi interesi samecniero mimarTulebiT, imis gaTvaliswinebiT, rom fizika yo-
veldRiuri cxovrebis ganuyofeli nawilia?

maswavlebelma unda SeZlos moswavleTa donis diferenciacia da Sesabamisi davaleb-
is arCevanis SesaZleblobis micema. diferencireba xels Seuwyobs yoveli moswavlis mier 
misTvis xelmisawvdomi sirTulis donis gaazrebas (misi uaxloesi ganviTarebis zonaSi).

ganvixiloT aTvisebis sami done: 
pirveli done _ reproduqciuli, rac gulisxmobs faqtebis damaxsovrebas. mas Seesa-

bameba aqtivobebi: aCvene, Seusabame, daasaxele, gansazRvre, amoicani da a.S.
meore done _ praqtikuli, rac gulisxmobs codnis gamoyenebas nacnob situacia-

Si, romelic ganisazRvra ganzogadebuli algoriTmis safuZvelze (sqema) da  mkafiod 
gansazRvruli wesebis Sesrulebas. mas Seesabameba aqtivobebi: gazome, axseni, moaxdine 
korelacia, daaxasiaTe, Seadare da a.S. 

mesame done _ maRali anu SemoqmedebiTi, rac niSnavs codnis gamoyenebas ucxo gare
moSi, SemoqmedebiTi amocanebis Sesrulebas. maswavlebels SeuZlia mimarTos moswavles 
Semdegi frazebiT: Camoayalibe zepiri an werilobiTi pasuxi; miiRe gadawyvetileba; 
gaaanalize informacia; daamyare logikuri kavSiri; gamoitane daskvna; moiyvane magal-
iTebi da Seecade mis dasabuTebas; moiZie saWiro informacia da a.S. am meTodis gamoy-
enebisTvis maswavlebelma unda gaiTvaliswinos Semdegi sakiTxebi: 

1) masalis Sinaarsi doneebis mixedviT;
2) SeimuSaos moswavleTaTvis gegmebi Temis individualurad Sesaswavlad;
3) Seqmnas mini-leqciebi, seminarebi da prezentaciebi;
4) aRricxos zepiri pasuxebi;
5) xSirad Caataros weriTi davalebebi mini-testebis (qvizi) saxiT;
6) SeZlos sadiagnostiko weris Sedegebis analizi da Secdomebis gasworeba.
unda gvaxsovdes da yovelTvis viTvaliswinebdeT, rom Tu gvinda moswavleSi rame 

SevcvaloT, unda daveyrdnoT mis Zlier mxares, urTierTpativiscemas. maswavlebeli da 
saskolo garemo xels unda uwyobdes pirovnebis dadebiTi konteqstis warmoCenasa da 
gansxvavebulobis mimReblobas.
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mini-testis nimuSi (qvizi)
aseTi testi, romelic gakveTilis dawyebisas SegiZliaT daarigoT Sesasvleli bile-

Tis saxiT, daexmareba maswavlebels moswavleTa mzaobis donis swraf gansazRvraSi.
Seavse gamotovebuli sityvebi ise, rom miiRo WeSmariti winadadeba
1.	 Zalis mier Sesrulebuli muSaoba----------- Zalis modulisa da am Zalis mimar-

TulebiT gavlili --------------- .
2.	 Tu sxeulze moqmedebs mudmivi Zala da igi am Zalis moqmedebis mimarTulebiT 
manZilze gadaadgildeba, maSin Zala asrulebs --------------   muSaobas. 
3.	 Tu sxeulze moqmedi Zala gadaadgilebasTan marT kuTxes qmnis, mis mier Sesrule-

buli muSaoba-------- tolia.
4. daadgine da miuwere, romel SemTxvevaSi aris Zalis mier Sesrulebuli muSaoba 

dadebiTi, rodis _ uaryofiTi da rodis _ nulis toli.

A > 0 A < 0 A = 0F 1 F 2

F 3v v v

	             --------                    ------------              ----------- 

saswavlo resursebis gamoyeneba

swavlebis sxvadasxva etapze maswavlebels sWirdeba, gascdes saxelmZRvanelos Car-
Coebs. Seqmnas sakuTari saswavlo resursi an gamoiyenos sxvisi Seqmnili garkveuli saxis 
damatebiTi masala.

mas SeuZlia daamatos savarjiSoebi ukve arsebul aqtivobebs; gamotovos is aqtivobe-
bi, savarjiSoebi, amocanebi, romlebic ver akmayofilebs misi moswavleebis saWiroebeb-
sa Tu moTxovnilebebs; Caanacvlos saxelmZRvaneloSi mocemuli masala sxva damatebi-
Ti masaliT; Secvalos aqtivobebis organizaciuli struqtura, mag. wyvilebi, jgufebi 
Tu mTeli klasi. resursma unda ubiZgos, gezi misces moswavleebs swavlis unarebisa 
da strategiebis gansaviTareblad da dasaxvewad, man moswavles sakiTxSi CaRrmavebis 
saSualeba unda misces.

laboratoriaSi usafrTxod muSaoba
sasurvelia wlis dasawyisSi erT-erT gakveTilze ganxiluli iyos moswavleTa usa-

frTxoebis sakiTxebi da maTTan erTad Sedges gakveTilze moqmedi wesebis nusxa, romel-
sac xels moawers rogorc TiToeuli moswavle, aseve maswavlebeli. 

ganixileT usafrTxoebis niSnebi, piqtogramebis mniSvnelobebi eleqtronuli resur-
sis daxmarebiT _ https://learningapps.org/1106046. aseve unda imsjeloT nebismieri labo-
ratoriuli samuSaos Sesrulebis win mosalodnel safrTxesa da misi Tavidan acilebis 
gzebze. SemogTavazebT moswavleTa usafrTxoebis wesebis nimuSs:
	eqsperimentis, cdis Sesruleba daiwyeT mxolod imis Semdeg, rac darwmundebiT, 

rom SegiZliaT misi usafrTxod ganxorcieleba;
	laboratoriaSi imuSaveT maswavleblis mier mocemuli instruqciis Sesabamisad.
	gaxsovdeT, rom laboratoriaSi akrZalulia sirbili, xmauri, Wama, xelsawyoebis 

unebarTvod CarTva qselSi;
	saWiroebis SemTxvevaSi gamoiyene personaluri dacvis saSualebebi: xelTaTmani, 

saTvale da sxva.
	cdis dasrulebis Semdeg moawesrige gamoyenebuli xelsawyoebi. 

fizikis me-8 klasis kursis miznis misaRwevad gaiTvaliswineT Semdegi sakiTxebis 
aucilebloba

yvela gakveTili unda Sedgebodes 
TemasTan dakavSirebuli winare codnis gansazRvrisgan da dasaxuli gegmis Sesas-

rulebeli intervenciebisgan. amitom maswavlebels unda hqondes winare codnis gansaz-
RvrisTvis _ saSinao davalebis Semowmebis strategiebi, SekiTxvebi, Sesasvleli bile
Tebi. 
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gakveTilis ganmavlobaSi _ motivaciis asamaRlebeli, informaciis miwodebis, disk-
usiis, dakvirvebisa da daskvnis gamotanis strategiebi, intervenciis gansazRvris, Se-
fasebis meTodebi, rubrikebi.

gakveTilis Semdeg _ sakiTxis Seswavlis, daxelovnebis donis gansazRvrisTvis Casa-
tarebeli mcire testi(qvizi) an saSinao cda da Sesrulebuli samuSaos Sefasebis meqa-
nizmi, Sefasebis sqema, cdis Sedegebis Sejamebis gansazRvris meTodi.

Temis Semajamebeli samuSaos Catarebamde _ fokusirdeba amocanebis amoxsnaze, 
mkvidri warmodgenebis gansazRvraze, formulebis gaazrebis unarze, erTeulebs Soris 
kavSiris codnaze. sasurvelia daigegmos intervencia.

esg standartizebuli testis momzadeba _ gamoiyeneT asarCevpasuxiani testi, Ri-
adaboloebiani amocanebi da Sesabamisobis mosaZebni testebi.

esg standartizebuli testis Semdeg _ analizeT Sedegebi, dagegmeT damatebiTi 
muSaoba problemur sakiTxebze, problemur moswavleebTan.

gakveTilze
yvela moswavlisTvis saWiroa:
	saklaso cdebis, laboratoriuli samuSaoebis Catareba;
	saSinao davalebis Sesruleba da saSinao cdebis Catareba;
	amocanebis amoxsna specialurad gamoyofil rveulSi;
	es unda vicode _ Canawerebis specialuri rveuli an bloknoti ZiriTadi daskvneb-

is, wesebis, formulebis, erTeulebis Sesaxeb informaciisaTvis;
onlain interaqtiuli samuSaoebi;
	eleqtronuli resursebi.

specialuri saWiroebis moswavleebisTvis saWiroa:
	individualuri samuSao gegma, Sesabamisi saklaso da saSinao davalebis nimuSebi; 

kiTxvis strategiebi;
	winaswar momzadebuli sakiTxis Seswavlis mzaobis gansasazRvravi kiTxvari an testi;
	intervenciis gegma;
	es unda vicode _ Canawerebis specialuri rveuli an bloknoti ZiriTadi daskvneb-

is, wesebis, formulebis, erTeulebis Sesaxeb informaciisaTvis;
	onlain interaqtiuli samuSaoebi;
	eleqtronuli resursebi.

 qarTuli enis (qarTuli, rogorc meore ena) Semswavleli moswavleebisTvis
kiTxvis strategiebi;
gamoyenebuli terminebis leqsikoni;
multilingvisturi resursebi (posterebi, baraTebi);
winaswar momzadebuli sakiTxis Seswavlis mzaobis gansasazRvravi kiTxvari an testi;
es unda vicode _ Canawerebis specialuri rveuli an bloknoti ZiriTadi daskvnebis, 

wesebis, formulebis, erTeulebis Sesaxeb informaciisaTvis;
onlain interaqtiuli samuSaoebi;
eleqtronuli resursebi.
sakiTxis swavlebisTvis
Temis gacnoba;
miznis gacnoba;
Sefasebis sqemis gacnoba;
terminebisa da ucxo sityvebis ganmarteba;
prezentacia, mini-leqcia;
interaqtiuli SekiTxvebi;
diskusia;
jgufuri muSaoba;
laboratoriuli samuSao, cda an onlain interaqtiuli muSaoba;
teqnologiebis gamoyeneba gakveTilze
`Powerpoint” prezentacia 
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interaqtiuli onlain savarjiSo manipulativebi _ https://phet.colorado.edu                     
videoebi https://ka.khanacademy.org/science/physics, https://learningapps.org/-

ganmtkicebisTvis
saxelmZRvaneloSi mocemuli Teoriuli masala;
amocanebis amoxsna;
xSirad daSvebuli Secdomebi da maTi gamosworeba;
diferencirebuli davalebebis Sesruleba;
kompleqsuri davalebebis Sesruleba.

SefasebisTvis 
Sefasebis sqemebi; 
teqnologiebis gamoyeneba SefasebaSi
edmodo testebi
exel formebi analizisTvis
tvschool.ge testebi
Sefaseba 
ras iTvaliswinebs Sefasebis TiToeuli komponenti: 
1)	 saSinao davaleba
davalebis tipebi: saSinao eqsperimenti, dakvirveba obieqtebsa da procesebze, in-

formaciis moZieba, konceptualuri rukis Sedgena, modelireba, referatis momzadeba 
da sxva. fasdeba Semdegi unarebi:

1.	 saazrovno unar-Cvevebi;
2.	 kvlevis unar-Cvevebi;
3.	 problemis gadaWris unar-Cvevebi;
4.	 TviTmarTvis unar-Cvevebi.

2) saklaso davaleba
davalebis tipebi: sakiTxis ganxilva/diskusia, eqsperimenti, monacemebis aRricxva/

damuSaveba, modelireba da sxva. fasdeba Semdegi unarebi:
1.	 saazrovno unar-Cvevebi;
2.	 kvlevis unar-Cvevebi;
3.	 problemis gadaWris unar-Cvevebi;
4.	 socialuri unar-Cvevebi;
5.	 komunikaciis unar-Cvevebi;
6.	 TviTmarTvis unar-Cvevebi.

Semajamebeli davaleba 
saswavlo wlis ganmavlobaSi Casatarebelia 5 Semajamebeli samuSao.
Semajamebeli davalebis komponenti ukavSirdeba swavla-swavlebis Sedegs. am kompo-

nentSi unda Sefasdes erTi saswavlo monakveTis (Tema, Tavi, paragrafi, sakiTxi) Seswav-
la-damuSavebis Sedegad miRweuli Sedegebi. konkretuli saswavlo erTeulis dasruleb-
isas moswavlem unda SeZlos sagnis standartiT gansazRvruli codnisa da unarebis war-
moCena. Sesabamisad, Semajamebeli davalebebi unda afasebdes standartiT gansazRvruli 
Sedegebis miRwevis dones.

standartis moTxovnaTa Sesafaseblad rekomendebulia Semajamebel davalebaTa mrav-
alferovani formebis gamoyeneba. sabunebismetyvelo sagnebis Semajamebel davalebaTa 
tipebi SeiZleba iyos: testi, sxvadasxva tipis savarjiSo. 

modelireba, proeqti, prezentacia da sxva. fasdeba Semdegi unarebi:

1.	 saazrovno unar-Cvevebi;
2.	 kvlevis unar-Cvevebi;
3.	 problemis gadaWris unar-Cvevebi;
4.	 komunikaciis unar-Cvevebi;
5.	 socialuri unar-Cvevebi;
6.	 TviTmarTvis unar-Cvevebi.



14

8
+

 
 

  
 

 
 

 
 


 


 


 


 


  

 
 

 
 S

 
 

 
 

I
 

     
 

 
/

 

 

 

 

   

A 
= 

Fs

Tematuri matrica  1 

Tavi I. meqanikuri muSaoba, simZlavre da energia



15

 
 

  

A
=m

g(
h 1

 _
 h

2)
 

 
  

1
 


 

 


 
 


 

 
 

 
 

1
 

 
 

,  
  

  
 

 
 

 
 

 
 

  
. 

 
 

 
. 

 

 

 
  


 

 


 
 

 


 
 

 
 

 


 
 


 

 


 
 


 

/
 

 
   

 
 

 
 

    

2

ht
tp

:/
/t

in
y.

cc
/9

r9
9j

z

 
3

 
 

 
 

 

 
 



16

m
g

F
=-
m

gs
. 

  

II
 

4
 

 

 
 

 
  

 
/

 

 

 

 
  

 
 

 
  



17

 

x
1
-

x
2

 
 

  
   
 

  
   
   

 

 
                       

 
   

5
 

 
 

 


 
 


 

 


 
 

   
 

 

 

5
 

 
0

5

40

 

10

0
25

 

 

 
 

 

 

F
1

 
 

 



18

gTavazobT gakveTilis gegmis nimuSs, romelic SegiZliaT gamoiyenoT an SecvaloT 
Tqveni Sexedulebisamebr ise, rom SenarCunebuli iyos gakveTilis msvlelobis ZiriTadi, 

konstruqtivistuli swavlebis samfaziani modeli. 

1.1 ganvlili masalis gameoreba

gakveTilis Tema ganvlili masalis gameoreba

mizani moswavle SeZlebs winare codnis gaaqtiurebas, 
arsebuli codnis safuZvelze testuri davalebis 
Sesrulebas, TviTSefasebas, amocanebis amoxsnas. 

esg-Sedegi 
indikatorebi

fiz,sab.1.

gamoyenebuli  meTodebi 
da strategiebi:  

frontaluri SekiTxvebi, mini-leqcia, interaqtiuli 
gamokiTxva, individualuri muSaoba.

winare codna Zala da misi kerZo saxeebi

aqtivobebi/dro/
organizebis forma

aqtivoba1. mini-leqcia, naswavlis gameoreba, 
terminebis mniSvnelobis gaxseneba.
mizani: miRebuli codnis gaaqtiureba.
aqtivoba 2. saerTo-saklaso SekiTxvebze pasuxis 
gacema (WeSmaritia/ macdaria). maswavlebeli ambobs 
winadadebas wina wels naswavli masalis Sesabamisad, 
magaliTad, WeSmaritia Tu ara winadadeba: Zalis 
moqmedebis Sedegi damokidebulia mis modulze, 
mimarTulebasa da modebis wertilze. aseTi 
winadadebebis mosafiqreblad SesaZlebelia im 
teqstebis gamoyenebac, romlebic saxelmZRvanelos 
pirvel gakveTilSia mocemuli testebis saxiT # 1-dan 
# 9-is CaTvliT. moswavleebi xelis niSnebiT (cerebi 
zeviT niSnavs WeSmaritia, qveviT mcdari) aniSneben 
sakuTar azrs, am aqtivobaSi CarTulia mTeli klasi. 
sasargeblo iqneba zogierTi moswavlis azris mosmena, 
ganmartebebis micema araswori pasuxebis SemTxvevaSi.
aqtivoba 3. damoukidebeli muSaoba, ganvlili masalis 
ganmtkiceba saxelmZRvaneloSi mocemuli testuri an 
Ria savarjiSoebis saSualebiT, romlebic miecemaT 
individualurad Sesasruleblad.
 aqtivoba 4. Sejameba…..

resursebi saxelmZRvanelo

Sefasebis kriteriumebi damoukidebeli muSaobis dros wina wels miRebuli 
codnis gamoyenebis unari; CarTuloba.

rekomendaciebi saSinao 
davalebisTvis

sabunebismetyvelo mecnierebebis, maT Soris, fizikisa 
da teqnologiuri miRwevebis yoveldRiurobasTan 
dakavSirebis magaliTebis moyvana.
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§ 1.2 meqanikuri muSaoba

gakveTilis Tema meqanikuri muSaoba

mizani moswavle SeZlebs 
gaiazros fizikaSi cneba „muSaobis‘‘ Sinaarsi; 
saxelmZRvaneloze dayrdnobiT daadginos Zalis mier 
Sesrulebuli muSaobis azri, misi damokidebuleba Zalis 
modulsa da am Zalis mimarTulebiT gavlil manZilze; 
SeZlos muSaobis erTeulebis sworad gamoyeneba;
gaarkvios muSaobis geometriuli azri;
miRebuli codna gamoiyenos amocanebis amoxsnisas. 

esg-Sedegi indikatorebi fiz,sab.1.

gamoyenebuli  meTodebi da 
strategiebi  

frontaluri SekiTxvebi, mini-leqcia, interaqtiuli 
gamokiTxva, individualuri muSaoba.

gamoyenebuli sakvanZo 
terminebi

Zalis mier Sesrulebuli muSaoba, erTeulTa saerTaSoriso 
sistema, Zalis moduli,1jouli muSaoba, TavsarTebi _ kilo, 
mega, mili, mikro.

winare codna Zala da misi kerZo saxeebi, Zalis erTeulebi, SI sistema.

aqtivobebi/dro/
organizebis forma

aqtivoba1. mini-leqcia, naswavlis gameoreba, terminebis 
mniSvnelobis gaxseneba.
mizani: miRebuli codnis gaaqtiureba.
aqtivoba 2. saerTo-saklaso SekiTxvebze pasuxis gacema 
(WeSmaritia/ macdaria).

1.	 ra gansxvavebaa yoveldRiur cxovrebaSi gamoyenebul si-

tyva „muSaobasa“ da fizikur sidide „muSaobas“ Soris?

2.	 ra SemTxvevaSia sxeulze moqmedi Zalis mier Sesrulebuli 

muSaoba dadebiTi?

3.	 ra SemTxvevaSia sxeulze moqmedi Zalis mier Sesrulebuli 

muSaoba uaryofiTi?

4.	 ra SemTxvevaSia sxeulze moqmedi Zalis mier Sesrulebuli 

muSaoba nulis toli?
aqtivoba 2. diskusia. SeuZlia Tu ara muSaobis Sesruleba 
qars? mdinares? moiyvaneT meqanikuri muSaobis Sesrulebis 
magaliTebi.
aqtivoba3. muSaoba wyvilebSi
ganvlili masalis ganmtkiceba saxelmZRvaneloSi mocemuli 
diferencirebuli davalebis saSualebiT, romelic miecemaT 
mzaobis donis mixedviT. prezentaciebisTvis TiTo jgufis 
davalebas 1 wuTi
 aqtivoba 4. Sejameba/Sefaseba winaswar momzadebuli 
rubrikis mixedviT.
davalebis micema 

resursebi saxelmZRvanelo

Sefasebis kriteriumebi damoukidebeli muSaobis dros wina wels miRebuli codnis 
gamoyenebis unari. axal masalaze dayrdnobiT diskusiis 
warmarTvis unari.

rekomendaciebi saSinao 
davalebisTvis: amocanebis 
amoxsna

amocanebis amoxsna
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paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 yoveldRiur cxovrebaSi muSaobas uwodeben yvelafers, rac daRlas iwvevs, 
fizikis TvalsazrisiT ki meqanikuri muSaobas asrulebs Zala, romelic moZrav sxeulzea 
modebuli da gadaadgilebasTan marT kuTxes ar qmnis;

2.	 Tu Zalis mimarTuleba gadaadgilebis mimarTulebas emTxveva an masTan maxvil 
kuTxes qmnis;

3.	 Tu Zalis mimarTuleba gadaadgilebis mimarTulebis sawinaaRmdegodaa mimarTu-
li an masTan blagv kuTxes qmnis;.

4.	 Tu Zalis mimarTuleba gadaadgilebis mimarTulebasTan marT kuTxes qmnis;

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	  a) sruldeba;  b) sruldeba;  g) ar sruldeba;   d) sruldeba.  
2.	  SeuZlia, magaliTad, qaris wisqvili, wylis wisqvili.  
3.	 104 j.
4.	 2,25∙ 106 j.
5.	 15 n-iT.
6.	 5.
7.	 750 n,  7,5∙105 j. 
8.	 wnevis Zalaa  F=pS,  misi muSaobaa A=FL=pSL.
9.	 a) A1 = 3kj,  A2= 4,5 kj;   b) 7,5 kj.
10.	a) sxeuli amoZravdeba moduliT meti Zalis mxares, amitom:
    A1 = -1kj,  A2 = 1,5kj,  b) Zalebis tolqmedia F

t
=50 n.  misi muSaobaa 500 j.

§ 1.3 simZimis Zalis muSaoba

mimdinare Tema Seesabameba erovnuli saswavlo gegmiT gaTvaliswinebuli standartis 
Sedegs fiz. sab. 2

mizani: ukve naswavli simZimis Zalis Sesaxeb arsebul codnaze dayrdnobiT moswavlem 
SeZlos simZimis Zalis muSaobis arsis gageba, saTanado qmedebebis Catareba mis gamosaT-
vlelad.

samizne cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
gadaadgileba, traeqtoria, simZimis Zala, muSaoba, simZimis Zalis muSaoba.
	sxeulis vertikalurad qveviT moZraobisas simZimis Zalis mimarTuleba emTxveva 

gadaadgilebis mimarTulebas, amitom mis mier Sesrulebuli muSaoba dadebiTia
	simZimis Zalis muSaoba tolia 

 

A=mg •(h1– h2)

	simZimis Zalis muSaoba ar aris damokidebuli traeqtoriis formaze
	sxeulis horizontaluri mimarTulebiT moZraobisas simZimis Zalis muSaoba nu-

lis tolia
	sxeulis vertikalurad zeviT moZraobisas simZimis Zala mimarTulia moZraobis 

sapirispirod, amitom misi muSaoba uaryofiTia

A=−mgh

 

aqtivoba1. mini-leqcia. ratom vswavlobT am sakiTxs?
sakiTxisadmi interesis gaRviveba, samizne cnebebis ganmarteba, maTTan dakavSirebuli 

faqtebisa da Teoriuli masalis gadacema.
aqtivoba 2. sakvanZo SekiTxvebi.
mizani: provocireba axali codnis SesaZenad mini-leqciiT, prezentaciiT an saxelmZ-
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Rvanelos saSualebiT miRebuli codnis dakavSireba arsebul winare codnasTan da 
sakvanZo SekiTxvebze pasuxis gacema, mosazrebis an hipoTezis gamoTqma. 

aRwera: informaciis miRebis Semdeg saerTo-saklaso interaqciiT sakvanZo SekiTxveb-
ze pasuxis gacema. am dros moswavlem sasurvelia, xmamaRla imsjelos, ganmartos da ar-
gumentirebulad daasabuTos sakuTari azri. aq gamoTvlebi naklebad unda moeTxovos, 
an moqmedebebi zepirad da advilad Sesasrulebeli iyos. 

Tqven ukve iciT, Tu razea damokidebuli Zalis mier Sesrulebuli meqanikuri muSa-
oba. ras fiqrobT, razea damokidebuli simZimis Zalis muSaoba?

Semcirdeba, gaizrdeba Tu ucvleli darCeba moswavleze moqmedi simZimis Zalis muSa-
oba, Tu is skolaSi wasvlisas liftis nacvlad kibiT isargeblebs? 

ra muSaoba Seasrula Tqvenze moqmedma simZimis Zalam mTeli dRis ganmavlobaSi, Tu 
diliT gasuli saRamos saxlSi dabrundiT?

Seicvleba Tu ara paragrafSi moyvanili debulebebi, Tu dedamiwidan marsze gadav-
inacvlebT? ra Seicvleba? 

aqtivoba 3. amocanis erToblivi amoxsna jgufebSi an wyvilebSi.
mizani: moswavle SeZlebs amocanis sworad amoxsnas sakuTari SexedulebiT, jgufis 

wevrebis miTiTebebis an komentarebis gaTvaliswinebis an sakuTari azris damtkicebis 
safuZvelze.

aRwera: saxelmZRvaneloSi mocemuli amocanis amoxsnis nimuSis ganxilva iTval-
iswinebs moswavleebis urTierTdaxmarebas, saWiroebis SemTxvevaSi maswavleblis dax-
marebas da saxelmZRvaneloSi amoxsnili amocanis gaazrebas, Semdeg miRebuli codnis 
gamoyenebas axali amocanis amosaxsnelad. maswavlebeli akvirdeba naxazis Sesrulebas, 
gamoTvlebis Catarebis process da aZlevs droul ukukavSirs. 

 amoxseniT amocanebi:
dedamiwis zedapiridan 3 m simaRlis aivnidan gadmovarda 500 g masis burTi. 

gansazRvreT vardnisas burTze moqmedi simZimis Zalis mier Sesrulebuli muSaoba  
(g≈10 n/kg).

10 kg masis sxeuli vardeba 20 m simaRlidan, xolo 2500g masis sxeuli _ 10 m simaR-
lidan. gansazRvreT, ramdenjer aRemateba vardnisas pirvel sxeulze moqmedi simZimis 
Zalis mier Sesrulebuli muSaoba meore sxeulze moqmedi simZimis Zalis muSaobas.

xSirad daSvebuli Secdomebi da maTi gamosworeba

 SeaxseneT moswavleebs, rom Zalian mniSvnelovania dakvirveba sxvadasxva sididis 
saerTaSoriso erTeulebze, magaliTad, masis erTeuli unda iyos kg, amitom 2500g gadai-
yvaneT kg-Si da ise SeasruleT gamoTvlebi.

	 aqtivoba 4. individualuri muSaoba 
mizani: codnis gamoyeneba, amocanebis sworad amoxsna
erTi da igive sxeuli gordeba jer A wertilidan B-Si, Semdeg ki C-dan D-Si. ivarau-

deT, romel SemTxvevaSi iqneba meti simZimis Zalis mier Sesrulebuli muSaoba, Tu AC da 
BD wrfeebi horizontaluria? (ix.nax. 1.11) 

wina amocanis pirobis mixedviT gansazRvreT simZimis Zalis mier Sesrulebu-
li muSaoba, Tu sxeulis masa 5 kg-ia, manZili A wertilidan BD wrfemde ki _ 10 m  
(g≈10 n/kg).

aqtivoba 5. Sejameba/Sefaseba.
mizani : moswavleebi aerTianeben arsebul da axlad miRebul codnas. 
aRwera: klasTan erToblivi interaqciiT xdeba Sejameba. maswavlebeli akeTebs ganma-

viTarebel Sefasebas Sefasebis rubrikis mixedviT, romelic SemuSavebuli da gamokruli 
aqvs winaswar.

aqtivoba 6. saSinao davaleba
mizani: damoukideblad muSaobis unarebis ganviTareba, pasuxismgeblobis grZnobis ga-

momuSaveba.
saxelmZRvanelos Sesabamisi Tavis bolos mocemul amocanebs maswavlebeli SearCevs 

Sexedulebisamebr.
gakveTilis bolos misaRwevi Sedegebi:
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moswavleebi SeZleben:
saxelmZRvaneloSi an sxva resursiT mocemuli amocanebis pirobis Sesabamisad amoic-

non simZimis Zalis muSaobis niSani da gamoTvalon simZimis Zalis muSaoba, sworad gamoi-
yenon Sesabamisi erTeulebi.

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 dadebiT muSaobas asrulebs sxeulis qveviT moZraobisas, uaryofiTs _ zeviT moZ-
raobisas, nulis tols _ sxeulis horizontalurad gadaadgilebisas;

2.	 simZimis Zalis muSaobis formulaSi Sedis sxeulis sawyisi da saboloo simaRleTa 
sxvaoba, romelic erTnairia nebismierad arCeuli nulovani donis mimarT; 

3.	 ar aris damokidebuli traeqtoriis formaze; 
4.	 Sekruli mrudis Semovlisas simZimis Zalis muSaoba nulis tolia;
5.	 vinaidan simZimis Zalis muSaoba traeqtoriis formaze damokidebuli ar aris da 

simaRlis cvlileba orive SemTxvevaSi erTnairia, amitom misi muSaobac erTnairi iqneba;
6.	 mTeli dRis ganmavlobaSi Cveni mogzauroba Sekruli traeqtoriaa, amitom Tqven-

ze moqmedi simZimis Zalis muSaoba nulis tolia;
7.	 iatakis mxridan adamianze moqmedi reaqciis Zala vertikalurad zeviTaa mimar-

Tuli da gadaadgilebasTan marT kuTxes qmnis, amitom misi muSaoba am SemTxvevaSi nulis 
tolia;

8.	 simZimis Zala konservatiuli Zalaa;
9.	 planetebis sferuli formisa da mizidulobis erTiani kanonis gamo moyvanili 

debulebebi marszec iseTive darCeba, rogoric dedamiwazea.

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 15 j. 
2.	 8-jer.
3.	 erTnairi iqneba.
4.	 500 j.
5.	 a) 2 kj;  b) -2 kj;  g) 0 j.
6.	 radgan Tanamgzavris dedamiwis zedapiridan daSoreba ar icvleba masze moqmedi 

simZimis Zalis muSaoba nulis tolia.  sxvanairad: radgan Tanamgzavri Sekrul traeqtorias 
Semoivlis,  masze moqmedi simZimis Zalis muSaoba nulis toli iqneba.

7.	 erT srul gzaze vagoneti daubrundeba sawyis wertils _ imoZravebs Sekrul 
traeqtoriaze.  amitom simZimis Zalis muSaoba nulis tolia. 

8.	 a) -1 kj;  b) 250 j;  g)  -750 j.
9.	 A1=m∙g

ded
∙h.    A2=2m∙g

marsi
∙5h.   A2=4∙ A1.

10.	 20 kg,   mexuTe sarTulze asvlisas aiwevs 12 m-iT, amitom A=-2400 j.

§ 1.4 drekadobis Zalis muSaoba

mizani: ukve naswavli drekadobis Zalis Sesaxeb arsebul codnaze dayrdnobiT moswav-
lem SeZlos drekadobis Zalis muSaobis arsis gageba, saTanado gamoTvlebis Catareba mis 
gasagebad.

samizne cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
drekadobis Zala, zambaris deformacia, muSaoba.
	drekadobis Zala warmoiqmneba drekadi sxeulebis deformaciisas
	drekadobis Zalis muSaoba damokidebuli ar aris traeqtoriis formaze. damok-

idebulia mxolod sawyissa da saboloo deformaciaze
	Sekrul traeqtoriaze drekadobis Zalis mier Sesrulebuli muSaoba nulis tolia
	zambaris deformaciis cvlilebisas x1-dan x2-mde, drekadobis Zalis mier Sesrule-

buli muSaoba gamoiTvleba formuliT: A= 
kx

1
2

2  − 
kx

2
2

2
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	x-iT deformirebuli zambaris aradeformirebul mdgomareobaSi gadasvlisas 

drekadobis Zala asrulebs muSaobas, romelic gamoiTvleba A= 
kx2

2   formuliT
aqtivoba1. mini-leqcia.
mizani: samizne cnebebis ganmarteba, maTTan dakavSirebuli faqtebisa da Teoriuli 

masalis gadacema.
aRwera: wina wels naswavli hukis kanonis gaxseneba, romlis mixedviT drekadobis Za-

lis moduli proporciulia deformaciis modulisa da mimarTulia sxeulis Semadgene-
li nawilakebis gadaadgilebis sawinaaRmdegod.

aqtivoba 2. sakvanZo SekiTxvebi.
mizani: moswavlis winare codnis gaaqtiureba, provocireba axali codnis SesaZenad; 

sakvanZo SekiTxvebze pasuxis gacema.
aRwera: mini-leqciiT, prezentaciiT an saxelmZRvanelos saSualebiT miRebuli cod-

nis dakavSireba arsebul winare codnasTan da sakvanZo SekiTxvebze pasuxis gacema, 
mosazrebis gamoTqma. saerTo-saklaso interaqciiT SekiTxvebze pasuxis gacema, msjelo-
ba pasuxis WeSmaritebaze. 

aqtivoba 3. amocanis erToblivi amoxsna jgufebSi an wyvilebSi.
mizani: moswavle SeZlebs amocanis sworad amoxsnas sakuTari SexedulebiT, jgufis 

wevrebis miTiTebebis an komentarebis gaTvaliswinebis an sakuTari azris damtkicebis 
safuZvelze.

aRwera: saxelmZRvaneloSi mocemuli amocanis amoxsnis nimuSis ganxilva  `erTad amo-
vxsnaT amocana~

joxis miwaSi CarWobisas, masze miwis mxridan moqmedi winaaRmdegobis Zala
Tanabrad izrdeba joxis CarWobis siRrmis mixedviT, amitom Tanabrad unda
vzardoT CasarWobad saWiro dawolis Zalac. gansazRvreT joxis 30 sm manZiliT
miwaSi CarWobisas Sesrulebuli muSaoba, Tu CarWobis dasrulebisas dawolis
Zala 200 n-s aRwevs.
amoxsna:
moc: h=30 sm=0,3 m; F1=0 n; F2=200 n; u.v. A
joxis miwaSi CarWobis dawyebis momentSi dawolis Zalis mniSvnelobaa:
F1 = 0 n. CarWobis damTavrebisas dawolis Zalaa
F2 = 200 n. radgan joxis CarWobasTan erTad joxze dawolis Zala Tanabrad izrde-

ba, SegviZlia vTqvaT, rom CarWobisas joxze dawolis Zalis saSualo mniSvnelobaa:  
FsaS=(F1 + F2 )/ 2 .

CarWobisas Sesrulebuli muSaoba iqneba: A = FsaS ∙ h = 30 j.

xSirad daSvebuli Secdomebi da maTi gamosworeba

SeaxseneT moswavleebs, rom Zalian mniSvnelovania dakvirveba winaaRmdegobis Zalis 
modulze, romelic Tanabrad icvleba. es meTodi SeiZleba gamoiyenoT iseT amocanebSi, 
romlebSic gavlili manZilis mixedviT Tanabrad cvladi Zalis muSaobis gamoTvlaa sa
Wiro.

aqtivoba 4 . individualuri muSaoba 
mizani: codnis gamoyeneba, amocanebis sworad amoxsna.
1. gansazRvreT, dadebiTia Tu uaryofiTi erTi boloTi damagrebuli zambaris dreka-

dobis Zalis mier Sesrulebuli muSaoba:
a) aradeformirebuli zambaris gaWimvisas? 
b) aradeformirebuli zambaris SekumSvisas? 
2. albaT ginaxavT, kari gaRebuli rom ar darCes, masze erTi boloTi mibmulia zam-

bara, romlis meore bolo uZravadaa damagrebuli. gansazRvreT, dadebiTia Tu uary-
ofiTi drekadobis Zalis mier Sesrulebuli muSaoba, rodesac  kars vaRebT? rodesac 
gaWimuli zambara gaRebul kars xuravs?

3. ra muSaoba unda SevasruloT, rom 500 n/m sixistis aradeformirebuli zambara 10 
sm-iT gavWimoT? risi tolia am dros drekadobis Zalis mier Sesrulebuli muSaoba? 
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4. zambara isea gaWimuli, rom masSi aRZruli drekadobis Zala 100 n-ia. zambara kidev 
10 sm-iT gaWimes, ris gamoc drekadobis Zala 500 n-is toli gaxda.

gansazRvreT zambaris meored gaWimvaze Sesrulebuli muSaoba da zambaris sixiste.

aqtivoba 6. sademonstracio cda
mizani: dakvirvebisa da kvlevis unaris Camoyalibeba, cdis Catareba, Sejameba da 

daskvnis gamotana.
aRwera: moswavleebi asruleben sademonstracio cdas, gamoaqvT daskvna. maswavlebeli 

acnobs moswavleebs saSinao cdis aRwerisTvis momzadebul cxrils

saSinao cda TariRi-----------

gamoyenebuli resursebi: asanTis ori kolofi, saswori, xis an liTonis  ori 
saxazavi,  Wiqa da wyali. 

cdis 
№

saxazavis 
nairsaxeoba

wyliani Wiqis 
masa
m

saxazavis Sua 
wertilis 
Cawevis 
sidide

 h

drekadobis 
Zalis 

muSaoba
A=-F

saS
·h

daskvna

1

2

3

aqtivoba 6. Sefaseba.
mizani: cdaze dakvirvebisa da Sedegebis analizis unaris ganmaviTarebeli Sefaseba.
aRwera: klasTan erToblivi interaqciiT xdeba Sejameba. maswavlebeli akeTebs ganma-

viTarebel Sefasebas Sefasebis rubrikis mixedviT, romelic SemuSavebuli da gamokruli 
aqvs winaswar.

aqtivoba 7. saSinao davaleba
saSinao cdis Sesruleba da aRwera
saxelmZRvanelos Sesabamisi Tavis bolos mocemul amocanebs maswavlebeli SearCevs 

Sexedulebisamebr.
gakveTilis bolos misaRwevi Sedegebi:
moswavleebi SeZleben
saxelmZRvaneloSi an sxva resursiT mocemuli informaciis gaazrebas, maT gamoyenebas 

amocanebis amoxsnisas, cdis Sedegebis interpretacias.

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 roca zambaris erTi bolo damagrebulia, zambaris gaWimvisas an SekumSvisas meore 
boloze moqmed drekadobis Zalas am bolos gadaadgilebis sawinaaRmdego mimarTuleba 
aqvs, amitom misi muSaoba uaryofiTia;

2.	 roca zambaris erTi bolo damagrebulia, zambaris aradeformirebul mdgomare-
obaSi gadasvlisas meore boloze moqmed drekadobis Zalas am bolos gadaadgilebis 
mimarTuleba aqvs, amitom misi muSaoba dadebiTia;

3.	 zambaris gamWimavi Zalis mimarTuleba misi bolos moZraobis mimarTulebas emTx-
veva, amitom am Zalis muSaoba dadebiTia; igive iTqmis zambaris SemkumSav Zalazec;

4.	 drekadobis Zala deformaciis mixedviT icvleba, anu is cvladi Zalaa, amitom 
misi muSaobis gamoTvla SedarebiT rTulia;

5.	 simZimisa da drekadobis Zalebis muSaoba Sekrul traeqtoriaze nulis tolia.
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paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 a) uaryofiTia;  b) uaryofiTia.
2.	 rodesac kars vaRebT uaryofiTia, rodesac zambara kars xuravs dadebiTia.
3.	 2,5 j,   -2,5 j.

4.	 A= 
100+500

2  ∙0,1=30 j.    kx=400 => k=4000 n/m. 

5.	 k=1000 n/m,  A= 3,2 j.
6.	 1 j.  grafikis qveS moTavsebuli figuris farTobi ricxvobrivad tolia 

drekadobis Zalis mier Sesrulebuli muSaobis modulis.
7.	 F1=40 n,  F2=64 n,  A=(40+64)/2∙0,03=1,56 j.
8.	 x1=0,1 m,  x2=0,3 m, ∆ x=0,2 m,  A=40j.  
9.	  a) 50 n-is,  0 n;  b) sxeulis mier gavlili manZilis mixedviT Tanabrad icvleba;   

g) 25 n-is;  erTmaneTis tolia.
10.	Zalis sawyisi mniSvnelobaa  F1=100 n. lursmnis amoZrobis  momentSi masze 

modebuli Zala nulis tolia: F2=0 n. vinaidan modebuli  Zala amoZrobis procesSi 

Tanabrad mcirdeba, Zalis saSualo mniSvneloba iqneba  F
saS

= 
F

1
+F

2

2  = 50 n. amitom lursmnis 

amoZrobisas Sesrulebuli muSaoba tolia A=F
saS

 · l=50 · 0.1=5 j.

 1.5 xaxunis Zalis muSaoba

mizani: simZimisa da drekadobis Zalis muSaobis Sesaxeb arsebul codnaze dayrdnobiT 
moswavle SeZlebs daadginos xaxunis Zalis muSaobis niSani, gamosaTvleli formula da  
SeZlos gamoyeneba amocanebis amoxsnisas.

samizne cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
xaxuni, srialis xaxuni, xaxunis Zala, winaaRmdegobis Zala, xaxunis Zalis muSaoba.
	uZrav zedapirze mosriale sxeulze moqmedi xaxunis Zalis muSaoba yovelTvis 

uaryofiTia
	roca sxeuli zedapirs mg-s toli ZaliT awveba, horizontalur zedapirze gas-

rialebul sxeulze moqmedi srialis xaxunis Zalis muSaoba gamoiTvleba formuliT:  
A = − μmgs
	srialis xaxunis Zalis muSaoba Sekrul traeqtoriaze nulis toli ar aris
	myari sxeulis uZrav siTxeSi an airSi moZraobisas sxeulze moqmedebs garemos 

winaaRmdegobis Zala, romlis mier Sesrulebuli muSaoba uaryofiTia
aqtivoba1. mini-leqcia.
sakiTxisadmi interesis gaRviveba, samizne cnebebis ganmarteba, maTTan dakavSirebuli 

faqtebisa da Teoriuli masalis gadacema.
aqtivoba 2. sakvanZo SekiTxvebi.
mizani: cnobismoyvareobis gaRviveba, moswavlis winare codnis gaaqtiureba, provo-

cireba axali codnis SesaZenad;
mini-leqciiT, prezentaciiT an saxelmZRvanelos saSualebiT miRebuli informaciis 

dakavSireba arsebul winare codnasTan da sakvanZo SekiTxvebze pasuxis gacema, mosaz-
rebis gamoTqma. 

aRwera: saerTo-saklaso interaqciiT sakvanZo SekiTxvebze pasuxis gacema. diskusia, 
azris argumentirebuli dasabuTeba.

ra sidideebze aris damokidebuli srialis xaxunis Zalis muSaoba?
rogor Secvlis zedapirebis SezeTva srialis xaxunis Zalis muSaobas? 
dadebiT Tu uaryofiT muSaobas asrulebs paraSutze moqmedi haeris winaaRmdegobis 

Zala paraSutis daSvebisas? (uaryofiTs)
rogor muSaobas asrulebs wyalqveSa navze moqmedi wylis winaaRmdegobis Zala? 
aqtivoba 3. amocanis erToblivi amoxsna 
mizani: moswavle SeZlebs amocanis sworad amoxsnas sakuTari SexedulebiT, jgufis 

wevrebis miTiTebebis an komentarebis gaTvaliswinebis an sakuTari azris damtkicebis 
safuZvelze.
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aRwera: saxelmZRvaneloSi mocemuli amocanis amoxsnis nimuSis ganxilva „erTad  
amovxsnaT amocana“.

80 kg masis marxilma, romelzec oTxi 8 kilogramiani aguri devs, horizontalur 
Tovlian gzaze sriali daiwyo gzis paraleluri Zalis moqmedebiT. 100 metris gavlis 
Semdeg marxilze kidev eqvsi iseTive aguri daamates (sur. 1.20)*. gansazRvreT marxilze 
moqmedi srialis xaxunis Zalis mier Sesrulebuli muSaoba moZraobis dawyebidan 300 
metris gavlisas, Tu marxilis Tovlze xaxunis koeficienti 0,2-ia (g≈10 n/kg).

amoxsna:
radgan marxilze moqmedi Zala horizontaluria, marxili Tovlis safars mxo

lod simZimis ZaliT awveba. sanam marxilze oTxi aguri devs, marxilze moqmedi reaq
ciis Zalis modulia N1 = (m1 + 4m0)g,  amitom marxilze moqmedi xaxunis Zala iqneba  
F

x1 = μN1= μ(m1 + 4m0)g, Sesabamisad, xaxunis Zalis muSaoba gzis pirvel 100 metrze iqneba  
A1 = −F

x1S1 = −μ(m1 + 4m0)g · S1 = −224 kj. momdevno 200 metrze xaxunis Zalis muSaobisTvis 
davwerT: A2 = −F

x2S2 = −μ(m1 + 10m0)g · S2= −640 kj. moZraobis dawyebidan 300 metrze mar
xilze moqmedi srialis xaxunis Zalis muSaoba iqneba: A = A1 + A2 = −864 kj.

xSirad daSvebuli Secdomebi da maTi gamosworeba
 Tu moswavleebi winaswar miaqceven yuradRebas, rom reaqciis Zalis moduli damoki

debulia marxilisa da tvirTis saerTo masaze, maSin isini Tavdapirvelad gamoTvlian  
m =m1 + 4m0

	
aqtivoba 4. muSaoba wyvilebSi 
mizani: codnis gamoyeneba, amocanebis sworad amoxsna                

 diferencirebuli davalebis nimuSi

iatakze devs 0.5 kg masis kubis formis mqone sxeuli, romlis 
zeda waxnagze gamobmulia aradeformirebuli zambaris erTi bolo. 
zambaris meore bolos vertikalurad zeviT ewevian mzardi ZaliT. 
tvirTis daZvrisas zambara gaiWima 5 sm-iT. 

zambaris masas nu gaiTvaliswinebT da gansazRvreT: 

Ijgufi
(dabali mzaobis)

II jgufi
(saSualo)

IIIjgufi
(maRali mzaobis)

1. rogor icvleba 
zambaraSi aRZruli 
drekadobis Zala 
tvirTis daZvramde.
2. rogor icvleba 
tvirTis mxridan 
iatakze moqmedi wnevis 
Zala?

1. risi tolia zambaraSi 
aRZruli drekadobis 
Zalis moduli tvirTis 
daZvrisas? 
2. risi tolia zambaris 
sixiste?

1. ra muSaoba Sesrulda 
zambaris gaWimvaze tvirTis 
daZvramde?
2. ra muSaoba Seasrula 
zambaris zeda boloze 
modebulma drekadobis Zalam 
tvirTis daZvramde?
3. ra muSaoba Seasrula 
zambaraze modebulma F Zalam 
tvirTis 1 metr simaRleze 
Tanabrad atanisas?

aqtivoba 5. Sejameba/Sefaseba.
mizani: moswavleebi aerTianeben arsebul da axlad miRebul codnas. 
aRwera: klasTan erToblivi interaqciiT xdeba Sejameba. maswavlebeli akeTebs ganmavi-

Tarebel Sefasebas rubrikis mixedviT, romelic SemuSavebuli da gamokruli aqvs winaswar 
(ix. danarTi 2).

* maswavleblis wignSi miTiTebuli suraTis nomrebi Seesabameba moswavlis wignSi arsebul suraTebs.



27

aqtivoba 6. saSinao davaleba
mizani: damoukideblad muSaobis unarebis ganviTareba, pasuxismgeblobis grZnobis ga-

momuSaveba.
saxelmZRvanelos Sesabamisi Tavis bolos mocemul amocanebs maswavlebeli SearCevs 

Sexedulebisamebr.
gakveTilis bolos misaRwevi Sedegebi:
moswavleebi SeZleben uZrav zedapirze, uZrav siTxeSi an airSi moZrav myar sxeulze 

moqmedi xaxunis Zalis muSaobis gansazRvras, amocanebis amoxsnas.

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi

1.	 sxeulsa da zedapirs Soris srialis xaxunis koeficienti, sxeulze zedapiris 
mxridan moqmedi reaqciis Zala (xSir SemTxvevaSi is moduliT sxeulis simZimis Zalis 
tolia) da sxeulis gavlili manZili;

2.	 aseT SemTxvevaSi srialis xaxunis Zalis moduli 2-jer gaizrdeba, moduliT 2-jer 
gaizrdeba misi muSaobac, Tumca is uaryofiTi niSnis iqneba;

3.	 zedapirebis gauxeSeba xaxunis koeficients gazrdis, gaizrdeba xaxunis Zalisa da 
misi Sesrulebuli muSaobis modulic;

4.	 zedapirebis SezeTva xaxunis koeficients Seamcirebs, Semcirdeba xaxunis Zalisa 
da misi Sesrulebuli muSaobis modulic;

5.	 TviTmfrinavze da wyalqveSa navze moqmed winaaRmdegobis Zalebs am sxeulebis moZra-
obis sawinaaRmdego mimarTuleba aqvs, amitom maTi Sesrulebuli muSaoba uaryofiTia. 

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 uaryofiTs.
2.	 uaryofiTs.
3.	 -2 j.
4.	 -500 j.
5.	 srialis xaxunis Zala mocemul SemTxvevaSi damokidebulia mxolod xaxunis 

koeficientsa da agurze moqmed reaqciis Zalaze, radgan es yvelaferi orive SemTxvevaSi 
erTnairia, erTnairi iqneba srialis xaxunis Zalebic. radgan agurebi erTnair manZils gadis 
maTze moqmedi srialis xaxunis Zalis muSaobac erTnairi iqneba.

6.	 A=-μmgs.   3m masis tvirTis dadebis Semdeg muSaoba: A2=- μ∙4mg∙2s=-8μmgs=8A.
7.	 -24∙104 j. 
8.	 0,1.
9.	 a)  -1500 j;  b) -2000 j;  g) 3500 j.
10.	A1=- μ1mgs1=-1000 j.  A2=- μ2mgs2=-3000 j.  A= A1+A2=-4000 j.

§ 1.6 sasargeblo da sruli muSaoba. margi qmedebis koeficienti

mizani: ukve naswavli meqanikuri muSaobis Sesaxeb arsebul codnaze dayrdnobiT mos-
wavlem SeZlos sasargeblo muSaobis arsis gageba, saTanado gamoTvlebis Catareba margi 
qmedebis koeficientis gamosaTvlelad da saTanado daskvnebis gamosatanad.

samizne cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
sasargeblo muSaoba, sruli muSaoba, margi qmedebis koeficienti.
	meqanizmis mier garkveuli mizniT Sesrulebuli sruli meqanikuri muSaoba 

yovelTvis metia uSualod am miznis misaRwev sasargeblo muSaobaze
	sasargeblo muSaobis Sefardebas srul muSaobasTan, gamosaxuls procentebSi, 

margi qmedebis koeficienti ewodeba: η = 
A

sas

A
sr

  ·100%

	manqanis an meqanizmis mqk yovelTvis naklebia 100%-ze
	SesaZlebelia Zravas mqk-s gazrda, magram ara 100%-mde
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aqtivoba 1. mini-leqcia.
sakiTxisadmi interesis gaRviveba, samizne cnebebis ganmarteba, maTTan dakavSirebuli 

faqtebisa da Teoriuli masalis gadacema.
aqtivoba 2. sakvanZo SekiTxvebi.
mizani: cnobismoyvareobis gaRviveba, moswavlis winare codnis gaaqtiureba, provo-

cireba axali codnis SesaZenad;
mini-leqciiT, prezentaciiT an saxelmZRvanelos saSualebiT miRebuli codnis da-

kavSireba arsebul winare codnasTan da sakvanZo SekiTxvebze pasuxis gacema, mosazre-
bis an hipoTezis gamoTqma. 

aRwera: informaciis miRebis Semdeg saerTo-saklaso interaqciiT sakvanZo SekiTxveb-
ze pasuxis gacema. am dros moswavlem sasurvelia xmamaRla imsjelos, ganmartos da argu-
mentirebulad daasabuTos sakuTari azri. 

ra muSaobas vuwodebT sasargeblos? ra muSaobas vuwodebT sruls? ratomaa meti 
sruli muSaoba sasargebloze? ras gviCvenebs margi qmedebis koeficienti? ras niS-
navs margi qmedebis koeficientis gazrda?
aqtivoba 3. amocanis erToblivi amoxsna jgufebSi an wyvilebSi.
mizani: moswavle SeZlebs amocanis sworad amoxsnas sakuTari SexedulebiT, jgufis 

wevrebis miTiTebebis an komentarebis gaTvaliswinebis an sakuTari azris damtkicebis 
safuZvelze.

aRwera: saxelmZRvaneloSi mocemuli amocanis amoxsnis nimuSis ganxilva `erTad amov
xsnaT amocana~ iTvaliswinebs moswavleebis urTierTdaxmarebas, saWiroebis SemTxvevaSi 
maswavleblis daxmarebas da saxelmZRvaneloSi amoxsnili amocanis gaazrebas, Semdeg 
miRebuli codnis gamoyenebas axali amocanis amosaxsnelad. maswavlebeli akvirdeba nax-
azis Sesrulebis process, gamoTvlebis Catarebas da aZlevs droul ukukavSirs. 

erTad amovxsnaT amocana
mebaRem 20 m siRrmis Widan 1,5 kg-iani saTliT 15 l wyali amoiRo. gansazRvreT wy-

lis Tanabrad amowevisas Sesrulebuli sruli muSaobis ra nawils Seadgens sasargeblo 
muSaoba? saTlze gamobmuli Tokis masa ar gaiTvaliswinoT (g≈10 n/kg). 

amoxsna:
radgan Tokis masas mxedvelobaSi ar viRebT, muSaoba sruldeba wyli-

sa da saTlis amotanaze. V2 = 15 l wylis masaa m2 = ρ2·V2 = 15 kg. wyliani saT-
lis saerTo masa iqneba m1 + m2 = 16,5kg. mis Tanabrad amosatanad saWiro Zalaa  
F = (m1 + m2)g = 165 n, xolo amoRebaze Sesrulebuli sruli muSaobaa A

sr 
= Fh = 165 · 20 

= 3300 j. Widan wyliani saTlis amotanisas mizani wylis amotanaa, saTli am SemTxvevaSi 
mxolod saSualebaa, amitom saTlis amotanaze Sesrulebuli muSaoba arasasargebloa, 
wylis amotanaze Sesrulebuli muSaoba ki _ sasargeblo. mxolod wylis amosatanad Ses-
rulebuli muSaoba iqneba A

sas 
= m2gh = 150 · 20 = 3000 j. amitom h ≈ 0,9. h≈90%. 

 dafiqrdiT, rogor amoixsneboda amocana, Tokis masa rom gagveTvaliswinebina? (gaix-
seneT cvladi Zalis muSaoba)

aqtivoba 4. muSaoba wyvilebSi
mizani: codnis gamoyeneba, amocanebis sworad amoxsna
SesaZlebelia amocanebi ganawildes jgufebSi, mieces dro erToblivi muSaobisTvis 

da Semdeg moxdes namuSevrebis wardgena.
1.	 tvirTis gadasazidi urikis borblis RerZi SezeTes. rogor Seicvala urikis mar-

gi qmedebis koeficienti? rogor Seicvleboda urikis margi qmedebis koeficienti, Tu 
mis saTavso kabinas ufro msubuqi masalisgan daamzadebdnen? (sur. 1.25) 

2.	 ratom virCevT mTaSi laSqrobisas SedarebiT msubuq zurgCanTas? 
3.	 Tokze gamobmuli 0,5 kg masis saTliT 10 m siRrmis Widan amoaqvT 12 l wyali. 

gansazRvreT: 
a) Sesrulebuli sasargeblo muSaoba; 
b) Sesrulebuli sruli muSaoba; 
g) margi qmedebis koeficienti. Tokis masas nu gaiTvaliswinebT (g≈10 n/kg)
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4.  atraqcionis kabinaSi 5 bavSvia, romelTa saSualo masa 40 kg-ia. kabinis masaa 50 kg. 
sruli muSaobis ra nawils Seadgens sasargeblo muSaoba atraqcionis kabinis garkveul 
simaRleze asvlisas? winaaRmdegobis Zalebs nu gaiTvaliswinebT.

5. fermers surs miwaSi 40 sm-ze CarWobili 10 kg masis boZi amoaZros. Sesrulebuli 
sruli muSaobis ra nawili iqneba sasargeblo muSaoba, Tu boZis amoZrobisas miwis mxridan 
moqmedi xaxunis Zalis saSualo mniSvneloba 50 n-ia? (g≈10 n/kg). 

aqtivoba 5. Sejameba/Sefaseba.
mizani: moswavleebi aerTianeben arsebul da axlad miRebul codnas. 
•	 aRwera: diskusia Temaze:
adamians SeuZlia Secvalos Zravas margi qmedebis koeficienti da gaxados 100%
•	 daskvna: manqanis an meqanizmis mqk yovelTvis naklebia 100%-ze;
•	 SesaZlebelia Zravas mqk-s gazrda, magram ara 100%-mde;
aqtivoba 6. saSinao davaleba
mizani: damoukideblad muSaobis unarebis ganviTareba, pasuxismgeblobis grZnobis ga-

momuSaveba.
saxelmZRvanelos Sesabamisi Tavis bolos mocemul amocanebs maswavlebeli SearCevs 

Sexedulebisamebr.
gakveTilis bolos misaRwevi Sedegebi:
ganasxvaon sasargeblo da sruli muSaoba, gansazRvron mqk, imsjelon mqk-s Secvlis 

mizezebze.
moswavleebi SeZleben
saxelmZRvaneloSi an sxva resursiT mocemul informaciaze da saklaso diskusiis 

Sedegebze dayrdnobiT ganasxvaon sasargeblo da sruli muSaoba, gansazRvron mqk da 
imsjelon mqk-s Secvlis mizezebze.

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:
1.	 muSaobas, romelic uSualod dasaxuli miznis miRwevaze sruldeba;
2.	 muSaobas, romelic sasargeblosTan erTad moicavs sxva, damatebiT muSaobasac, 

romlis Sesruleba aucilebelia dasaxuli miznis misaRwevad;
3.	 vinaidan sruli muSaoba sasargeblosTan erTad damatebiT muSaobasac moicavs, 

amitom is sasargeblo muSaobaze metia; 
4.	 sruli muSaobis ra nawilia sasargeblo muSaoba;
5.	 mqk-s gazrda niSnavs sasargeblo muSaobis wilis momatebas sruli muSaobidan;
6.	 mis muSaobaSi rac SeiZleba naklebi iyos arasasargeblo muSaobis wili;
7.	 misi iseTi konstruqcia moifiqros, rom arasasargeblo muSaoba minimumamde iqnas 

dayvanili. 

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 gaizarda, radgan Semcirdeba arasasargeblo muSaoba.  gaizrdeboda.
2.	 Sesrulebul srul muSaobaSi arasasargeblo muSaobis wili naklebi rom iyos.
3.	 a) 1200 j;  b)  1250 j;  g) 96%.

4.	 A
sr

=m
sr

gh=250gh.  A
sas

=200gh.   
A

sas

A
sr

=0,8.

5.	 A
sas

=mgh=40 j.  A
arasasargeblo

=50∙0,4=20 (j).  A
sr

= A
sas

+ A
arasas

=60 j.    h=2/3.  
6.	 a) muSis mizani bagiris miwodeba iyo, amitom mis miwodebaze muSis mier Sesrulebuli 

muSaoba sasargebloa;  b) xelosnis mizani agurebis atanaa, amitom mis mier bagiris atanaze 
Sesrulebuli muSaoba arasasargebloa.

7.	 velosipedis amoZravebisas an aRmarTze asvlisas Sesrulebul srul muSaobaSi 
arasasargeblo muSaobis wili naklebi rom iyos. 

8.	  A
sas

=4500 j.   A
sr

=6000 j.  h=75%.
9.	 tvirTis awevaze Sesrulebuli muSaoba sasargebloa,  didi dguSis awevaze Sesru

lebuli _ arasasargeblo.  maTi jami sruli muSaobaa.
10.	Semcirdeba, radgan gaizrdeba arasasargeblo muSaobis wili.
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§ 1.7 simZlavre. simZlavris erTeulebi

mizani: meqnizmebis muSaobaze dakvirvebiT da Sedegebis analizze dayrdnobiT mos-
wavle SeZlebs simZlavris maxasiaTeblebis dadgenas, simZlavris erTeulis gansazRvras, 
sxvadasxva erTeuls Soris urTierTkavSiris dadgenas.

samizne cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
simZlavre, simZlavris erTeulebi, muSaoba, siCqare.

	simZlavre, rogorc muSaobis Sesrulebis siswrafe N= 
A
t  

	simZlavris erTeuli saerTaSoriso sistemaSi aris vati
	muSaoba gamoiTvleba simZlavris saSualebiT A=N·t
	Tanabari moZraobisas Zravas simZlavre wevis Zalisa da siCqaris namravlis tolia

aqtivoba 1. mini-leqcia.
sakiTxisadmi interesis gaRviveba, samizne cnebebis ganmarteba, maTTan dakavSirebuli 

faqtebisa da Teoriuli masalis gadacema.
muSaobis Sesrulebis siswrafes axasiaTeben fizikuri sididiT _ simZlavriT N= A

t .

simZlavris erTeuls SI-Si ewodeba vati, cnobili britaneli gamomgoneblis jeims 
uatis pativsacemad.

1 vati (vt) iseTi manqanis an meqanizmis simZlavrea, romelic 1 wm-Si 1 j muSaobas as
rulebs: 1vt=1j/1wm

Zravas simZlavres xSirad zomaven sistemis gareSe erTeulSi _ cxenis ZalaSi (cx.Z.). 
misi kavSiri vatTan aseTia: 1 cx.Z. = 735,5 vt.

mudmivi v siCqariT moZravi avtomobilis Zravas simZlavre N=Fv
gamoiyeneT xanis akademiis eleqtronuli resursi; 5- wuTiani animaciuri filmi xanis 

akademiaze.
http://tiny.cc/v8s9jz
moswavleebma unda dasvan kiTxvebi da upasuxon mocemul resursze dayrdnobiT.
SesaZlebelia maswavlebelma winaswar daweros Tematuri kiTxvebi, romelze pasuxic 

videos naxvis Semdeg moiTxovos.
aqtivoba 2. saerTo-saklaso interaqciiT sakvanZo SekiTxvebze pasuxis gacema.
mizani: cnobismoyvareobis gaRviveba, moswavlis winare codnis gaaqtiureba, provo-

cireba axali codnis SesaZenad;
mini-leqciiT, prezentaciiT an saxelmZRvanelos saSualebiT miRebuli codnis da-

kavSireba arsebul winare codnasTan, sakvanZo SekiTxvebze pasuxis gacema, mosazrebis 
an hipoTezis gamoTqma. 

aRwera: informaciis miRebis Semdeg saerTo-saklaso interaqciiT sakvanZo SekiTxveb-
ze pasuxis gacema. am dros moswavlem sasurvelia xmamaRla imsjelos, ganmartos da argu-
mentirebulad daasabuTos sakuTari azri. 

•	 rogor gamovTvaloT raime meqanizmis simZlavris mniSvneloba?
•	 ras gviCvenebs manqanis an meqanizmis simZlavre?
•	 SesaZlebelia Tu ara, ori manqana aviTarebdes erTnair simZlavres, Tu maTi Ses

rulebuli muSaoba gansxvavebulia?
aqtivoba 3. amocanis erToblivi amoxsna jgufebSi an wyvilebSi.
mizani: moswavle SeZlebs amocanis sworad amoxsnas sakuTari SexedulebiT, jgufis wevre-

bis miTiTebebis an komentarebis gaTvaliswinebis an sakuTari azris damtkicebis safuZvelze.
aRwera: saxelmZRvaneloSi mocemuli amocanis amoxsnis nimuSis ganxilva 
`erTad amovxsnaT amocana~ iTvaliswinebs moswavleebis urTierTdaxmarebas, saWiroe-

bis SemTxvevaSi maswavleblis daxmarebas da saxelmZRvaneloSi amoxsnili amocanis gaaz-
rebas, Semdeg miRebuli codnis gamoyenebas axali amocanis amosaxsnelad. maswavlebeli 
akvirveba naxazis Sesrulebas, gamoTvlebis Catarebis process, awvdis droul ukukav-
Sirs. 
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aqtivoba 4. individualuri muSaoba, urTierTSefaseba. 
mizani: moswavlem SeZlos codnis gamoyeneba, amocanebis sworad amoxsna, urTierTSe-

faseba da TviTSefaseba.
aRwera: maswavlebeli urigebs moswavleebs qvizs, uxsnis qvizisa da pasuxebis furc-

lis Sevsebis instruqcias. moswavles qvizis pasuxebis Casawerad eZleva pasuxebis ori 
furceli. orives identurad Sevsebis Semdeg erTi miaqvs maswavlebelTan, meores aZlevs 
megobars, romelic afasebs mis namuSevars. aRniSnuli exmareba moswavles urTierTSe-
fasebisa da TviTSefasebis ganxorcielebaSi.

pasuxebis furceli

saxeli ------------- gvari -------------------

1 kiTxva 2 kiTxva 3 kiTxva

pasuxebi

Sefaseba(+,-)

swori pasuxebis raodenoba

aqtivoba 5. Sejameba/Sefaseba.
mizani: moswavleebi aerTianeben arsebul da axlad miRebul codnas. 
aRwera: klasTan erToblivi interaqciiT xdeba Sejameba. maswavlebeli akeTebs ganma-

viTarebel Sefasebas Sefasebis rubrikis mixedviT, romelic SemuSavebuli da gamokruli 
aqvs winaswar.

diskusia Temebze:
•	 unda Seamciros Tu ara mZRolma siCqare aRmarTSi asvlisas. 
SesaZlebelia Tu ara gamovTvaloT erTi sarTulidan meoreze kibiT asvlisas Tqveni 

ganviTarebuli simZlavre.
aqtivoba 6. saSinao davaleba
mizani: damoukideblad muSaobis unarebis ganviTareba, pasuxismgeblobis grZnobis ga-

momuSaveba.
saSinao cda:
cdis mizani: burTulis mier muSaobis Sesrulebis unaris Seswavla.
cdisTvis saWiroa: plastmasis ganieri wyliani WurWeli; sxvadasxva zomis plastili

nis burTulebi.
cdis aRwera: aiReT yvelaze patara plastilinis burTula. frTxilad miitaneT wylis 

zedapirTan da gauSviT xeli (sur. 1.28 a). Semdeg burTula sxvadasxva simaRlidan Caag
deT wyalSi. romel SemTxvevaSi gadaisxmeba wylis Sxefebi yvelaze did manZilze? (sur. 
1.28 b) 

dafiqrdiT da ecadeT upasuxoT kiTxvebs: 
asrulebs Tu ara muSaobas burTula wyalSi Cavardnisas? 
romel SemTxvevaSia Sesrulebuli muSaoba meti? 
romel SemTxvevaSi iqneba burTulis siCqare meti wylis zedapirTan Sexebisas? 
gaimeoreT cda ufro didi burTuliT. daakvirdiT, erTi da imave simaRlidan Camo-

vardnisas romeli burTula gamoiwvevs met Sxefebs — didi Tu patara? 
Tqveni azriT, romeli burTula asrulebs met muSaobas?
gaaanalizeT miRebuli Sedegebi da CaiwereT rveulSi. 
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dakvirvebis cxrili

cdis 
№

plastilinis 
burTulebis 
zoma

Cagdebis 
simaRle
sm

wylis Sxefebis odenoba
(cota, meti, yvelaze 
meti)

daskvna

1 patara

2 saSualo

3 didi

gakveTilis bolos misaRwevi Sedegebi:
moswavleebi SeZleben saxelmZRvaneloSi mocemuli Teoriuli masalisa da saklaso 

muSaobis dros Sesrulebuli amocanebis nimuSebis safuZvelze sakontrolo kiTxvebze 
pasuxis gacemas, axali amocanebis amoxsnas da daskvnebis gamotanas. 

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 drois erTeulSi Sesrulebul muSaobas;
2.	 SesaZlebelia, roca meti muSaobis Sesruleba proporciulad met droSi xdeba;
3.	 vinaidan avtomobilis Zravas simZlavre SemosazRvrulia, meti wevis Zala mxolod 

dabali siCqarisas miiRweva;
4.	 kibeze asvlisas Cven vasrulebT mgh muSaobas (m Cveni masaa, h sarTulis si-

maRlea). gavyofT mas asvlis droze.

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 niSnavs, rom meqanizmi 1 wamSi 100 j muSaobas asrulebs, 1 wamSi 2500 j muSaobas 
asrulebs.

2.	 6 kj.
3.	 5 wm
4.	 84 kj.
5.	 14 kvt.
6.	 10 wm.
7.	 mg(h1+h2)/t=500 vt.
8.	 N=Fv=1500 vt.
9.	 N=Fv=mgv=10 kvt. 
10.	TiToeuli aguris moculoba iqneba V=1000 sm3=10-3 m3. TiToeuli aguris masa: 

m=ρ∙V=1800∙10-3=1,8 kg. radgan agurebi miwaze udidesi waxnagiT devs,  miwaze dadebuli 
aguris simaRle 5 sm iqneba. erTmaneTze dawyobisas pirvel agurs ar vexebiT, meores 
vdebT pirvelze,  mesames meoreze da a.S.  meore aguris pirvelze dadebisas mogviwevs 
misi h=5 sm simaRleze atana, amitom A1=mgh=0,9 j.  mesame aguri unda avitanoT 2h 
simaRleze: A2=2mgh=1,8 j.  meoTxe aguri _ 3h-ze: A3=3mgh=2,7 j.  mexuTe aguri  

_ 4h-ze: A4=4mgh=3,6 j.  sul Sesrulebuli muSaoba: A=0,9+1,8+2,7+3,6=9 j. N=
A
t

=1 vt.
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§ 1.8 energia

mizani: saSinao cdis Sedegebis ganxilvis Semdeg daskvnebis gamotana, potencialuri** 
da kinetikuri energiebis cnebis gansazRvra, dedamiwidan raime simaRleze atanili  
sxeulis potencialuri energiis gansazRvra, miRebuli codnis gamoyeneba amocanebis 
amoxsnisaTvis.

samizne cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
sxeulTa sistema, energia anu muSaobis Sesrulebis unari, energiis sazomi erTeuli, 

potenciuri energia kinetikuri energia.
¾¾ sxeulis (sxeulTa sistemis) energia ganisazRvreba im muSaobiT, romlis Sesrule-

bac sxeuls (sxeulTa sistemas) SeuZlia
¾¾ potencialuri energia urTierTqmedebis energiaa
¾¾ kinetikuri energia moZraobis energiaa
¾¾ h simaRleze moTavsebuli m masis sxeulis potencialuri energia gamoisaxeba 

formuliT: E
pot

=mgh
¾¾ x-iT deformirebuli k sixistis zambaris potencialuri energia tolia: E

pot
= 

kx2

2  

¾¾ v siCqariT moZravi m masis sxeulis kinetikuri energia gamoiTvleba formuliT: 

E
kin 

= 
mv2

2
¾¾ sxeuls (sxeulTa sistemas) SeiZleba erTdroulad hqondes rogorc potencialu-

ri, aseve kinetikuri energiac
aqtivoba1. saSinao cdis Sedegebis ganxilva
rac ufro didi simaRlidan agdebdiT burTulas wyalSi, warmoiqmneboda ufro didi 

Sxefebi, e.i. burTula asrulebda met muSaobas. didi burTulis Cagdebisas Sxefebis 
zoma izrdeboda _ igi met muSaobas asrulebda.

aqtivoba 2. mini-leqcia.
sakiTxisadmi interesis gaRviveba, samizne cnebebis ganmarteba, maTTan dakavSirebuli 

faqtebisa da Teoriuli masalis gadacema.
energia fizikuri sididea, romelic ganisazRvreba im muSaobiT, romlis Sesrulebac 

SeuZlia sxeuls.
muSaobis Sesrulebis Sedegad sxeulis energia icvleba.
potencialuri energia _ E

pot
 warmoiqmneba sxeulebis an sxeulis Semadgeneli nawile

bis urTierTqmedebiT. 
dedamiwis zedapiridan raime h simaRleze atanili sxeulis potencialuri energia 

Epot=mgh  
deformirebuli zambaris potencialuri energia gamoisaxeba formuliT: Epot= 

kx2

2  

dadgenilia, rom v siCqariT moZravi m masis sxeulis kinetikuri energia gamoiTvleba 

formuliT: Ekin= 
mv2

2  

moiyvaneT magaliTebi.
aqtivoba 3. sakvanZo SekiTxvebi.
mizani: cnobismoyvareobis gaRviveba, moswavlis winare codnis gaaqtiureba, provo-

cireba axali codnis SesaZenad;
mini-leqciiT, prezentaciiT an saxelmZRvanelos saSualebiT miRebuli codnis da-

kavSireba arsebul winare codnasTan da sakvanZo SekiTxvebze pasuxis gacema, mosazre-
bis an hipoTezis gamoTqma.

aRwera: informaciis miRebis Semdeg saerTo-saklaso interaqciiT sakvanZo SekiTxveb-
ze pasuxis gacema. am dros moswavlem sasurvelia xmamaRla imsjelos, ganmartos da argu-
mentirebulad daasabuTos sakuTari azri.

mocemuli bmulis gamoyenebiT (http://tiny.cc/qcuaqz) sasurvelia interaqtiuli manipu-
lativis gamoyeneba Energy Forms and Changes

** `potencialuri energia~ igivea, rac `potenciuri energia~.
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dakvirveba dedamiwaze, mTvaresa da iupiterze, sadac moswavleebs SeuZliaT cdaze 
dakvirveba sxvadasxva parametris cvlilebis pirobebSi, aseve energiis cvlilebaze, ja-
mur energiaze sxvadasxva tipis grafikebze dakvirveba. mieciT saSualeba moswavleebs, 
TviTon dasvan sakvanZo kiTxvebi manipulativze dakvirvebiT, mocemuli parametrebis 
gansazRvriT.

aqtivoba 4. amocanis erToblivi amoxsna jgufebSi an wyvilebSi.
mizani: moswavle SeZlebs amocanis sworad amoxsnas.
aRwera: saxelmZRvaneloSi mocemuli amocanis amoxsnis nimuSis ganxilva „erTad  

amovxsnaT amocana“.
pirobis gacnobis Semdeg mieciT moswavleebs SesaZlebloba, gamoTqvan sakuTari azri 

sakiTxis gadawyvetisTvis. Semdeg mieciT miTiTeba, kvlav axali nabijebis gadadgmisa, sa-
kuTari versiis gamoTqmis saSualeba mieciT yvela msurvels, waaxaliseT mcdeloba, ase 
nabij-nabij xaraCos principiT amoxseniT amocana da mxolod Sejamebis Semdeg gadadiT 
axal amocanaze.

aqtivoba 5. jgufuri muSaoba. 
mizani: codnis gamoyeneba, amocanebis sworad amoxsna.
aRwera: 
amocana 1. gansazRvreT frenburTis burTis kinetikuri energia, Tu misi masa
500 g-ia, Cawodebis dros misi siCqare ki _ 160 km/sT.
raze aris damokidebuli burTis kinetikuri energia?
ra erTeulebSi unda iyos gamosaxuli masa?
ra erTeulebSi unda iyos gamosaxuli siCqare?
gamoTvale burTis kinetikuri energia. 
amocana 2. ramdenjer aRemateba mzis garSemo moZraobisas dedamiwis kinetikuri ener-

gia marsis kinetikur energias, Tu dedamiwis masa daaxloebiT 10-jer metia marsis masaze, 
xolo dedamiwisa da marsis orbitaze moZraobis siCqareebis miaxloebiTi mniSvnelobebi, 
Sesabamisad, 30 km/wm da 24 km/wm-ia.

moswavlis saxeli da gvari ------------------

raze aris 
damokidebuli 
kinetikuri 
energia?

ratom gansxvavdeba 
dedamiwisa da 
marsis kinetikuri 
energiebi?

ramdenjer aRemateba
mzis garSemo moZraobisas 
dedamiwis kinetikuri
energia
marsis kinetikur energias? 

pasuxebi

Sefaseba(+,-)

swori pasuxebis raodenoba

moswavleebma unda Seafason erTmaneTi, Semdeg daubrunon pasuxebis furclebi da 
Seadaron maswavleblis mier dafaze gamokrul pasuxebs, SeZlon TviTSefaseba.

maswavlebeli ganixilavs moswavleTa SekiTxvebs da aZlevs axal davalebas.
3. ramdenjer aRemateba saqalaqo avtobusis masa msubuqi avtomobilis masas, Tu av-

tobusis kinetikuri energia 1,25-jer metia avtomobilis energiaze, maTi siCqareebi ki, 
Sesabamisad, aris: vavt = 54 km/sT da vmsub = 30m/wm

aqtivoba 6. Sejameba/Sefaseba.
aRwera: ajamebs erT-erTi moswavle, msurvelebi avseben mis naTqvams. maswavlebeli 

akeTebs ganmaviTarebel Sefasebas Sefasebis rubrikis mixedviT, romelic SemuSavebuli 
da gamokruli aqvs winaswar. nimuSebi ixileT danarTebSi.
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aqtivoba 7. saSinao davaleba
saSinao cda
cdis mizani: kinetikuri da potencialuri energiebis urTierTgardaqmnaze
dakvirveba.
gakveTilis bolos misaRwevi Sedegebi:
moswavleebi SeZleben
gaacnobieron energiis gansazRvreba, daadginon, risi tolia simaRleze atanili sxe

ulis energia, ratom aqvs raime siCqariT moZrav sxeuls energia, rogor icvleba sxeu-
lis kinetikuri da potencialuri energiebi. sxeuls (sxeulTa sistemas) SeiZleba erT-
droulad hqondes rogorc potencialuri, aseve kinetikuri energiac.

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 sxeulis (sxeulTa sistemis) energia im muSaobis tolia, romlis Sesrulebac mas 
SeuZlia;

2.	 simaRleze myofi sxeulis vardnisas simZimis Zala asrulebs muSaobas, e. i si-
maRleze atanil sxeuls aqvs energia;

3.	 deformirebulidan aradeformirebul mdgomareobaSi gadasvlisas drekadobis 
Zala asrulebs muSaobas, e.i deformirebul zambaras aqvs energia;

4.	 raime siCqariT moZrav sxeuls SeuZlia Seasrulos muSaoba, e.i mas aqvs energia;
5.	 fardobiTia, radgan fardobiTia rogorc siCqare, aseve mdebareoba;
6.	 vardnisas mcirdeba simaRle, e.i mcirdeba potencialuri energiac;
7.	 vardnisas matulobs kenWis siCqare, e.i izrdeba misi kinetikuri energiac.

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 306,25 j.

2.	
125
8

=15,625-jer.

3.	 5-jer metia.
4.	 20 j.
5.	 20 m-s.
6.	 pirveli sarTulidan mexuTemde sarTulebs Soris 4 Sualedia, amitom sarTulebs 

Soris simaRle iqneba 16/4=4 (m).  pirvelidan meaTe sarTulamde iqneba 9 Sualedi anu  
36 m.  potencialuri energia iqneba: 14400 j.

7.	 magaliTad, karze gamobmuli gaWimuli zambaris potencialuri energiis xarjze 
daixureba kari,  gaWimuli rezinis zonris potencialuri energiis xarjze gavisvriT 
Surdulidan kenWs.

8.	 1 j.
9.	 damatebiT 3  sm-iT gaWimvis Semdeg zambaris deformacia 8 sm iqneba.  amitom misi 

potencialuri energia iqneba 2,56 j.
10.	radgan meore zambaris potencialuri energia 30-jer metia pirvelisaze: E2=60 j,   

E1=2 j.  mocemulobis Tanaxmad: k1=400 n/m da k2=3000 n/m

E
1 = 

k
1
x

1
2

2  => x
1
2 =

2E
1

k
1

 => x
1
=10 sm;

    
E

2 = 
k

2
x

2
2

2  => x
2
2 =

2E
2

k
2

 => x
2
=20 sm

 

§ 1.9 meqanikuri energiis mudmivobis kanoni

mizani: moswavlem SeZlos gaacnobieros sxeulTa sistemis sruli meqanikuri energiis 
mudmivobis kanoni.

samizne cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
Sinagani energia, potencialuri energia, meqanikuri energia.

¾ Sinagani energia _ sxeulis Semadgeneli nawilakebis energia
¾ Sinagani energia aqvs ara mxolod sawvavs, aramed _ nebismier sxeuls
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¾¾ Sinagani energia _ es sxeulis iseTi energiaa, romlis xarjzec SeiZleba Sesrul-
des meqanikuri muSaoba

¾¾ sxeulis Semadgeneli yvela nawilakis qaosuri moZraobis kinetikuri da maTi urT-
ierTqmedebis potencialuri energiebis jams sxeulis Sinagani energia ewodeba.

¾¾ meqanikuri energiis mudmivobis kanoni: Tu sxeulTa Caketil sistemaSi urTierTq-
medeba xdeba mxolod simZimisa an drekadobis ZalebiT, maSin sistemis sruli meqa-
nikuri energia mudmivia.

¾¾ energiis gardaqmnisa da mudmivobis kanoni: energia arc qreba da arc arafrisgan 
warmoiqmneba. energia erTi sxeulidan gadaecema meore sxeuls an erTi saxidan 
gardaiqmneba meore saxis energiad. 

¾¾ sruli energiis sidide ucvleli rCeba.
aqtivoba1. winare codnis gaaqtiureba unda moxdes saerTo-saklaso aqtivobiT, kargi 

iqneba Tu gamoiyenebT gamosaZaxebeli Cxirebis meTods. gaiTvaliswineT, rom am meTodis 
gamoyenebisas jer dasvaT SekiTxva da Semdeg airCioT Cxirebi, es uzrunvelyofs mTeli 
klasis CarTulobas, yuradRebis koncentracias.

dafiqrdiT! SesaZlebelia Tu ara sxeuls erTdroulad hqondes potencialuri da 
kinetikuri energiebi? dafiqrdiT, ra praqtikuli gamoyeneba SeiZleba hqondes deform-
irebuli zambaris an rezinis zonris potencialur energias? ratom iklebs burTulis 
siCqare vertikalurad zeviT moZraobisas? rogor gesmiT Catarebuli mravalricxovani 
cdiTa da maTi Sedegebis gaanalizebiT dadgenili WeSmariteba.

aqtivoba 2 
mizani: cnobismoyvareobis gaRviveba, moswavlis winare codnis gaaqtiureba, provo-

cireba axali codnis SesaZenad;
mini-leqciiT, prezentaciiT da eleqtronuli resursis saSualebiT https://phet.colo-

rado.edu/en/simulation/legacy/energy-forms-and-changes 

miRebuli codnis dakavSireba arsebul winare codnasTan, mosazrebisa da hipoTe-
zis gamoTqma.

aRwera: mocemuli bmulis gamoyenebiT sasurvelia interaqtiuli manipulativis ga-
moyeneba Energy Forms and Changes 

daskvnebis gakeTeba.
manipulativebze dakvirvebiT daavaleT moswavleebs: dasvan Tematuri kiTxvebi da 

upasuxon maT dakvirvebis safuZvelze.
romeli saxis meqanikuri energiis gardaqmna xdeba TiToeul suraTze?
 rogoria energiebs Soris urTierTkavSiri?
aqtivoba 3. amocanebis amoxsna 
saerTo-saklaso interaqtiuli kiTxvebiT, amocanis SinaarsTan dakavSirebuli kiTxve

bis dasmiT da xaraCos meTodiT amocanebis amoxsna.

amocana 8
sur. 1.39-ze mocemulia zambaris gamWimavi Zalis mis wagrZelebaze damokidebulebis 

grafiki. gansazRvreT:
a) zambaris sixiste;
b) zambaris deformacia, roca masSi aRZruli drekadobis Zala 15 n-ia.
g) 5 sm-iT gaWimuli zambaris potencialuri energia.
amocana 9
erTi boloTi kedelze mimagrebul horizontalur zambaras ejaxeba v  sawyisi siCqa-
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riT moZravi sxeuli da kumSavs mas garkveuli x manZiliT. ra manZiliT SeikumSeba zam-
bara, Tu mas igive sxeuli daejaxeba 2v  siCqariT?

winaaRmdegobis Zalebi ar gaiTvaliswinoT da miiCnieT, rom zambara ikumSeba misi 
drekadobis farglebSi.

aqtivoba 3
saSinao davaleba
paragrafis bolos arsebuli amocanebidan maswavlebeli SearCevs Sexedulebisamebr. 

SeadgineT amocanebi aqtivoba #2-Si moyvanili eleqtronuli resursis saSualebiT da 
gaakeTeT prezentacia. 

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:
1.	 zeviT moZraobisas izrdeba potencialuri energia, amitom kinetikuri energia 

mcirdeba, e.i. mcirdeba siCqarec;
2.	 izrdeba simaRlis zrdasTan erTad;
3.	 maqsimalur simaRleze siCqare da kinetikuri energia nulis tolia;
4.	 meqanikuri energiis mudmivobis kanonis Tanaxmad;
5.	 SekumSuli zambaris potencialuri energiis xarjze;
6.	 ar Sesruldeba, radganac winaaRmdegobis Zalebis daZleva moiTxovs muSaobis Ses-

rulebas, ris gamoc sistemis sruli meqanikuri energia Semcirdeba.

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 600 j.
2.	 1500 j.
3.	 energiis mudmivobis kanonis Tanaxmad 100 j.
4.	 maqsimalur simaRleze potencialuri energiac 100 j iqneba, amitom h=2 m.
5.	 asrolis momentSi kinetikuri energia unda gavutoloT maqsimalur simaRleze 

asvlis mometSi potencialur energias, aqedan miviRebT: h= 
v2

2g=1,25 m.

6.	 radgan erTi da imave wertilidan isvrian erTnairi sawyisi siCqareebiT, sawyis 
momentSi orive sxeuls erTnairi potencialuri da kinetikuri  energiebi  eqneba. maTi 
sruli meqanikuri energiebic erTmaneTis toli iqneba.  Tu potencialuri energiis 
nulovan doned dedamiwis zedapirs miviCnevT,  miwaze Camovardnisas orive sxeulis 
potencialuri energia nulis toli iqneba.  energiis mudmivobis kanonis Tanaxmad, 
maTi sruli meqanikuri energiebi miwaze dacemis momentSic erTnairi unda iyos, amitom 
dacemisas maTi kinetikuri energiebi da, Sesabamisad, siCqareebic erTnairi iqneba.

7.	 a)  
mv

1
2

2 +mgh1=mgh2.   h2=45 m;   b)  
mv

1
2

2 +mgh1=
mv

2
2

2     v2=30 m/wm.

8.	 a) 400 n/m;  b) x=15/400=3,75 (sm);  g) 0,5 j.
9.	 sxeuli moZraobs horizontalur zedapirze, miviCnioT es zedapiri potencialuri 

energiis nulovan doned, amitom, sxeulis potencialuri energia ar icvleba da nulis 
tolia. sawyis momentSi zambara aradeformirebulia, amitom Tavdapirvelad energia 

gaaCnia mxolod sxeuls: E1 = 
mv2

2 . rodesac zambara maqsimalurad SeikumSeba, sxeuli 
gaCerdeba da mTeli misi kinetikuri energia gadava zambaris potencialur energiaSi:  

E2 = 
kx2

2 . energiis mudmivobis kanonis Tanaxmad:

 
mv2

2 = 
kx2

2  => x = v
 

m
k  

.  miRebuli gamosaxuleba gviCvenebs, rom Tu sxeuli 2v siC-
qariT daejaxeba, zambara SeikumSeba orjer metad anu 2x-iT.

10.	 a) roca zambaris bolo wertilma 5 dm gaiara, drekadobis Zala nulis toli gaxda 
_ zambara daubrunda aradeformirebul mdgomareobas,  e.i., zambara deformirebuli iyo 
5 dm-iT;   b) 20 n;  g)  10 j;   d) naxazze gamosaxuli samkuTxedis farTobi ricxvobrivad 
drekadobis Zalis mier Sesrulebuli muSaobis tolia.
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§ 1.10 Sinagani energia. sruli energiis mudmivobis kanoni

mizani: moswavlem SeZlos ganasxvaos Sinagani, potencialuri da kinetikuri energie-
bi, daadginos, rom Sinagani energiis xarjze SeiZleba Sesruldes meqanikuri muSaoba da 
meqanikuri energia gardaiqmnas Sinagan energiad.

samizne cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
Sinagani energia, potencialuri da kinetikuri energiebi, energiis mudmivobis kanoni.

¾¾ sxeuls garda meqanikuri energiisa aqvs Sinagani _ mis SigniT arsebuli _ energia
¾¾ sxeulis Sinagani energia misi Semadgeneli yvela nawilakis qaosurad moZraobis 

kinetikuri energiisa da erTmaneTTan urTierTqmedebis potencialuri energiebis 
jamis tolia

¾¾ sxeulis Sinagani energiis xarjze SeiZleba Sesruldes meqanikuri muSaoba
¾¾ Sinagani energiis xarjze SeiZleba gaizardos sxeulis meqanikuri energia. sxeu-

lis meqanikuri energia SeiZleba gardaiqmnas Sinagan energiad
¾¾ energia arc qreba da arc arafrisgan warmoiqmneba. energia erTi sxeulidan ga-

daecema meore sxeuls an erTi saxidan gardaiqmneba meore saxis energiad. sruli 
energia ki ucvleli rCeba

rogor gesmiT Catarebuli mravalricxovani cdiTa da maTi Sedegebis gaanalizebiT 
dadgenili WeSmariteba:

Sinagani energiis xarjzec SeiZleba Sesruldes meqanikuri muSaoba.
temperaturis mateba miuTiTebs, rom am sxeulebis Sinagani energia gaizarda.
aqtivoba1. winare codnis gaaqtiureba unda moxdes saerTo-saklaso aqtivobiT. kargi 

iqneba, Tu gamoviyenebT gamosaZaxebeli Cxirebis meTods. es uzrunvelyofs mTeli kla-
sis CarTulobas, yuradRebis koncentracias.

aqtivoba 2. sakvanZo SekiTxvebi.
mini-leqciiT, prezentaciiT gaeciT pasuxebi im mTavar kiTxvebs, romelTa Sesaxeb 

moswavleebma ukve gamoTqves TavianTi mosazrebebi an varaudebi. daadgineT maTi sis-
wore an mTavari gansxvavebebi.

 ganixileT nacnobi sayofacxovrebo SemTxvevebi, mieciT saSualeba, moswavleebma ga-
moTqvan sakuTari mosazreba, gamoiyeneT eleqtronuli resursi http://tiny.cc/gmt9jz

romeli energia izrdeba spirtquraze kolbis gacxelebisas?
ratom cxeldeba velosipedis xundebi damuxruWebisas?
TviTon moifiqron analogiuri magaliTebi.
ra xdeba, rodesac velosipediT moZraobisas vawvebiT muxruWs?
rogor gesmiT W = E +U =const?
aqtivoba 3. amocanis erToblivi amoxsna wyvilebSi.
1. albaT SegimCneviaT, rom siciveSi xelebs erTmaneTze gasmiT iTboben. axseniT, ra-

tom?
2. albaT SegimCneviaT, rom zamTarSi sirbilisas TbebiT, dgomisas an neli siarulisas 

ki gcivaT. ratom xdeba ase?
3. gamaTbobelTan axlos moTavsebuli gaberili rezinis buSti zomaSi izrdeba da 

SeiZleba gaskdes. energiis rogori gardaqmna xdeba gaskdomisas?
Sedegebi: prezentacia, saxelmZRvaneloSi mocemuli amocanis amoxsnis nimuSis gan

xilva `erTad amovxsnaT amocana~. moswavleebi asruleben samuSaos damoukideblad, Sem-
deg Sedegebs acnoben erTmaneTs da afaseben erTmaneTs. amis Semdeg ecnobian sworad 
Sesrulebul amoxsnas da pasuxs, aanalizeben Secdomebs.
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moswavlis saxeli da gvari ------------------                                                        TariRi -------

amocana 
gluv horizontalur zedapirze 10 m/wm siCqariT misrialebs 10 kg masis Zelaki, Semdeg 
man gaiara |AB| = 8 m sigrZis mqise ubani, romlis ZelakTan xaxunis koeficienti 0,2-ia. 
AB ubnis Semdeg zedapiri kvlav gluvia (g≈10 n/kg). 

 
 

A B 

v1 v2 
 

μ 

gansazRvreT 
xaxunis Zalis mier 

Sesrulebuli 
muSaoba

gansazRvreT sxeulis 
meqanikuri energiis 

cvlileba

gansazRvreT 
Zelakis 

zedapirze 
srialisas 

Zelakisa da 
zedapiris 

Sinagani energiis
nazrdi

pasuxebi

Sefaseba(+,-)

swori pasuxebis raodenoba

aqtivoba 4 .individualuri muSaoba 
mizani: codnis gamoyeneba, amocanebis sworad amoxsna.
5. 1 t masis avtomobili gamorTuli ZravaTi iwyebs moZraobas 100 m simaRlis daR-

marTze da mis bolos aviTarebs 40 m/wm siCqares. gansazRvreT, ramdeni jouli meqani-
kuri energia gardaiqmna Sinagan energiad (g≈10 n/kg).

6. 8 kg masis cigaze mjdomi 22 kg masis biWi sawyisi 2 m/wm siCqariT iwyebs daSvebas  
10 m simaRlis gorakidan da mis bolos aviTarebs 10 m/wm siCqares.

gansazRvreT, ramdeni jouli meqanikuri energia gardaiqmna Sinagan energiad  
(g≈10 n/kg).

7. iatakze gasrialebuli 200 j kinetikuri energiis mqone yuTi xaxunis Zalis moqme-
debiT gaCerda. ramdeni jouliT moimata yuTis Sinaganma energiam, Tu meqanikuri ener
giis danakargi yuTsa da iatakze Tanabrad ganawilda?

aqtivoba 5. Sejameba/Sefaseba.
moswavleebi aerTianeben arsebul da axlad miRebul codnas. erT-erTi moswavle iw-

yebs Sejamebas, sxva moswavle Seavsebs, ganavrcobs.
maswavlebeli akeTebs ganmsazRvrel Sefasebas, akvirdeba moswavlis CarTulobas, win-

are codnis gamoyenebas, energiis gardaqmnis aRweris siswores, gamoTvlebis sizustes, 
erTeulebis sworad gamoyenebas.
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aqtivoba 6. saSinao davaleba 
saSinao cda:
mizani: moswavlem gamoimuSaos saSinao cdis Catarebisa da miRebuli Sedegebis anali-

zis unari.
saxelmZRvanelos Sesabamisi paragrafis bolos mocemul amocanebs maswavlebeli 

SearCevs Sexedulebisamebr.
gakveTilis bolos misaRwevi Sedegebi:
moswavleebi SeZleben cdis analizs da TemasTan dakavSirebuli amocanebis amoxsnas.

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 sawvavis wvisas warmoqmnili airis Sinagani energiis xarjze;
2.	 wylisa da wylis orTqlis Sinagani energia;
3.	 velosipedis meqanikuri energia mcirdeba, samagierod izrdeba xundebisa da bor-

blis Sinagani energia. 

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 magaliTad, makratlis (danis)  galesvisas sruldeba meqanikuri muSaoba,  am dros 
ki cxeldeba salesic da makratelic (danac).

2.	 xelebis erTmaneTze gasmisas Sesrulebuli meqanikuri muSaoba gardaiqmneba maT 
Sinagan energiad.

3.	 sirbilisas kunTebis mier Sesrulebuli muSaobis nawili organizmis Sinagan 
energiad gardaiqmneba.

4.	 gamaTbobelisgan miRebuli Sinagani energiis xarjze Tbeba buStSi arsebuli haeri,  
Semdeg haeris Sinagani energiis xarjze xdeba misi gafarToeba _ rezinis gawelva, rac 
imas niSnavs, rom moimatebs rezinis buStis  (rogorc drekadi sxeulis) potencialuri 
energia. 

5.	 sawyisi meqanikuri energiaa: mgh1=10 · 105 j.  daRmarTis bolos meqanikuri energiaa:  
mv

1
2

2 .= 8 · 105j.   meqanikuri energiis cvlileba iqneba 2· 105j. Sinagan energiad gardaiqmna 

2· 105 j meqanikuri energia.

6.	 sawyisi meqanikuri energiaa: 
mv

1
2

2 +mgh1=3060 j. gorakis bolos meqanikuri energia:  
mv

2
2

2 =1500 j.  Sinagan energiad gardaiqmna 1560 j meqanikuri energia.

7.	 100 j-iT moimata.
8.	 20 j.
9.	 5 j-iT.
10.	a)  700 n;  b) -35 kj;  g)  paraSutze moqmedi winaaRmdegobis Zalis muSaobis 

modulis  40 % iqneba  misi Sinagani energiis cvlilebis toli ∆U=14 kj.
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diskusia Temaze: eqsperimentis mniSvneloba 
dakvirveba, hipoTeza, eqsperimenti

mizani: moswavlem SeZlos fizikur movlenaze dakvirvebisas arsebuli codnis gaR-
rmaveba, eqsperimentuli da Teoriuli meTodebis mniSvnelobis danaxva. dakvirvebisas 
miRebuli monacemebis safuZvelze varaudis gamoTqma (hipoTezis Camoyalibeba), hipoTe-
zis gamoTqma, dasabuTeba an uaryofa.

esg-Sedegi indikatorebi: fiz.sab.4,5.
gamoyenebuli meTodebi da strategiebi: diskusia, mini-leqcia, cda.
aqtivoba1. mini-leqcia
mizani: informaciis miwodeba Temaze: gamomgoneblebi, nikola tesla, energiis usad-

eno gadacema.
aqtivoba 2. cda
mizani:kvleviTi unarebis ganviTareba.
garkveuli ideis Semowmebis sademonstraciod vatarebT saxelmZRvaneloSi aRweril 

cdas. viniSnavT Sedegebs da vmsjelobT Cveni hipoTezis marTebulobaze. Semdeg vekiTx-
ebiT klass: xom ar gauCnda romelimes raime idea, romlis Semowmebasac SevZlebT? Tu 
SesaZlebelia, klasSi vatarebT saTanado cdas an saSinao davalebad vaZlevT, Seamowmon 
TavianTi ideis WeSmariteba.

aqtivoba 3. diskusia Temaze: eqsperimentis mniSvneloba 
winare codna: ra aris fizikuri movlena. fizikuri movlenebis mkvlevrebi.
mizani: winare codnis gaaqtiureba, interesis aRZvra.
aRwera: rogor gesmiT cneba kvleva? fizikuri kvleva? eqsperimenti?
ra dagvWirdeba cdebze dakvirvebisas?
maswavlebeli azustebs, rom fizikaSi kvleva emyareba bunebis kanonebis Semecnebis 

or ZiriTad meTods _ dakvirvebasa da cdas.
sadiskusio kiTxva: fizikuri eqsperimenti safrTxea Tu ganviTarebis gza?
aqtivoba 4. Sejameba 
sakontrolo kiTxvebiT miRebuli codnis Sejameba.
hipoTezis Semowmeba _ dakvirvebasTan erTad adamianebi TviTon amowmeben TavianT 

varauds anu hipoTezas, xelovnurad Seqmnil pirobebSi.
resursebi: kompiuteri, proeqtori. 
Sefasebis kriteriumebi: cdis organizeba, Sedegebis Cawera, analizi, Tematuri 

cdisTvis axali ideis mofiqreba. diskusiis warmarTvaSi monawileoba.
saSinao davaleba: informaciis moZieba nikolas teslaze, sadikusio TemisTvis momza-

deba: eqsperimentuli fizikis roli yofa-cxovrebaSi.

danarTi 1. Sefaseba 
ras iTvaliswinebs Sefasebis TiToeuli komponenti 
saSinao davaleba
davalebis tipebi: saSinao eqsperimenti, dakvirveba obieqtebsa da procesebze, infor-

maciis moZieba, konceptualuri rukis Sedgena, modelireba, referatis momzadeba da sxva. 
fasdeba Semdegi unarebi:

1.	 saazrovno unar-Cvevebi;
2.	 kvlevis unar-Cvevebi;
3.	 problemis gadaWris unar-Cvevebi;
4.	 TviTmarTvis unar-Cvevebi.

 saklaso davaleba
davalebis tipebi: sakiTxis ganxilva/diskusia, eqsperimenti, monacemebis aRricxva/da-

muSaveba, modelireba da sxva. fasdeba Semdegi unarebi:
1.	 saazrovno unar-Cvevebi;
2.	 kvlevis unar-Cvevebi;
3.	 problemis gadaWris unar-Cvevebi;
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4.	 socialuri unar-Cvevebi;
5.	 komunikaciis unar-Cvevebi;
6.	 TviTmarTvis unar-Cvevebi.

Semajamebeli davaleba 

saswavlo wlis ganmavlobaSi Casatarebelia 5 Semajamebeli samuSao

Semajamebeli davalebis komponenti ukavSirdeba swavla-swavlebis Sedegs. am kompo-
nentSi unda Sefasdes erTi saswavlo monakveTis (Tema, Tavi, paragrafi, sakiTxi) Seswav-
la-damuSavebis Sedegad miRweuli Sedegebi. konkretuli saswavlo erTeulis dasruleb-
isas moswavlem unda SeZlos sagnis standartiT gansazRvruli codnisa da unarebis war-
moCena. Sesabamisad, Semajamebeli davalebebi unda afasebdes standartiT gansazRvruli 
Sedegebis miRwevis dones.

standartis moTxovnaTa Sesafaseblad rekomendebulia Semajamebel davalebaTa mrav-
alferovani formis gamoyeneba. sabunebismetyvelo sagnebis Semajamebel davalebaTa ti-
pebi SeiZleba iyos: testi, sxvadasxva tipis savarjiSo, 

savele/gasvliTi samuSao, modelireba, proeqti, prezentacia da sxva.

fasdeba Semdegi unarebi:
1.	 saazrovno unar-Cvevebi;
2.	 kvlevis unar-Cvevebi;
3.	 problemis gadaWris unar-Cvevebi;
4.	 komunikaciis unar-Cvevebi;
5.	 socialuri unar-Cvevebi;
6.	 TviTmarTvis unar-Cvevebi.

moTxovnebi, romlebsac unda akmayofilebdes Semajamebeli davalebebi:
	davalebis TiToeul tips unda axldes Sefasebis zogadi rubrika;
	zogadi rubrika unda dazustdes konkretuli davalebis pirobisa da ganvlili 

masalis gaTvaliswinebiT;
	10 qula unda ganawildes rubrikaSi Semaval kriteriumebze;
	miTiTebuli unda iyos standartis is Sedegebi, romelTa Sefasebasac emsaxureba 

Semajamebeli davaleba.

pirveli Tavis Semajamebeli kiTxvebis da amocanebis pasuxebi da amoxsnebi

1.	 A=- μmgL=>μ=- A
mgL =0,1.

2.	 F=μmg=30 n. A=FL=300 j.
3.	 radgan aluminis burTulis simkvrive metia wylis simkvriveze, burTulaze moqme-

di simZimis Zala moduliT  metia masze moqmed arqimedes Zalis modulze.  Sesabamisad, 
burTulaze moqmedi simZimis Zalis muSaoba ufro meti iqneba, vidre arqimedes Zalis 
muSaobis moduli.

4.	 burTulis masa iqneba m=ρV=1,35 kg. masze moqmedi simZimis Zalis muSaoba iqneba 
A1=mgh=135 j.  arqimedes Zalis muSaoba iqneba A2=-ρ

wy
Vgh=-50 j. 

5.	 vinaidan korpis simkvrive naklebia wylis simkvriveze,  korpze moqmedi amomgdebi 
Zalis moduli meti iqneba masze moqmed simZimis Zalis modulze.  Sesabamisad, amomgdebi 
Zalis mier Sesrulebuli muSaoba ufro meti iqneba vidre simZimis Zalis mier Sesrule-
buli muSaobis moduli.

6.	 korpis naWeris masa iqneba m=ρV=0,24 g.  masze moqmedi simZimis Zalis muSaoba 
iqneba A1=-mgh=-0,036 j. arqimedes Zalis muSaoba iqneba A2=ρ

wy
Vgh=1,5 j.
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7.	 vinaidan burTula Tanabrad iZireba, masze vertikalurad qveviT moqmed  simZimis 
Zalas awonasworebs vertikalurad zeviT moqmedi wylis winaaRmdegobisa da amomgdebi 
Zalebi. mg=F

a
+F

x
.  F

x
= mg-F

a
. winaaRmdegobis Zalis muSaoba iqneba A=-F

x
h=-(mg-F

a
)h=-85j.

8.	 radgan sxeuli Tanabrad moZraobs masze moqmedi Tokis daWimulobisa da amomgde-
bi Zalebis jami awonasworebs sxeulze moqmed simZimis Zalas. T+ F

a
= mg.  h=10 metr 

simaRleze awevisas Sesrulebuli muSaoba iqneba A=Th=(mg-F
a
)h=172,5 j.

9.	 radgan aguri Tanabrad moZraobs, agurze vertikalurad zeviT moqmedi wevisa da 
amomgdebi Zalebis jami awonasworebs agurze vertikalurad qveviT moqmed simZimisa da 
wylis winaaRmdegobis Zalebis jams. F+ F

a
= mg+F

x
.  F= mg+F

x
-F

a
.  aguris amotanaze Ses-

rulebuli muSaoba iqneba A=Fh=(mg+F
x
-F

a
)h=(ρ

ag
Vg+F

x
-ρ

wy
Vg)h.  ricxviTi mniSvnelobebis 

CasmiT miviRebT: A=640 j.
10.	Tu dguSebis masebs da winaaRmdegobis Zalebs ar gaviTvaliswinebT, hidravlikuri 

wnexiT tvirTis atanisas ramdenjerac vigebT Zalas imdenjerve vagebT manZils, amitom 
muSaobas  ver movigebT. TokiT atanisas da hidravlikuri wnexiT atanisas erTnairi 
muSaoba Sesruldeba.

11.	erTnair muSaobas asrulebT.
12.	arbenisas met simZlavres ganaviTarebT, radgan igive muSaoba ufro nakleb droSi 

Sesruldeba.
13.	mixveul-moxveuli traeqtoriiT asvlisas igive muSaobas SeasrulebT, rasac 

pirdapir asvlisas.  
14.	Tu navze moqmedi winaaRmdegobis Zala siCqaris proporciulia da siCqare or-

jer gazardes, winaaRmdegobis Zalac orjer gaizrdeboda. radgan navi kvlav Tanabrad 
moZraobs, misi wevis Zalac orjer gaizrdeboda. Tanabari moZraobisas wevis Zalis mier 
ganviTarebuli simZlavre N=Fv. formulidan Cans, rom F-is da v-s orjer gazrdiT N 
gaizrdeba oTxjer.

15.	Tu navze moqmedi winaaRmdegobis Zala siCqaris kvadratis proporciulia da siC-
qare orjer gazardes, winaaRmdegobis Zala oTxjer gaizrdeboda. radgan navi kvlav 
Tanabrad moZraobs, misi wevis Zalac oTxjer gaizrdeboda. Tanabari moZraobisas wevis 
Zalis mier ganviTarebuli simZlavre N=Fv. formulidan Cans, rom F-is 4-jer gazrdiT 
da v-s orjer gazrdiT N gaizrdeba rvajer.

16.	satvirTo avtomobilis Zravas simZlavre 3-jer metia.
17.	4-jer aRemateba.

18.	N=
F

saS
S

t =2 kvt.

19.	N=
F

saS
S

t .  radgan winaaRmdegobis Zala Tanabrad mcirdeba 0 n-mde,  Zalis saSualo 

mniSvneloba iqneba 600/2=300n. N=1200 vt.
20.	Seasrulebs 200 j muSaobas.
21.	orive SemTxvevaSi erTnairia, radgan gogonas sawyissa da saboloo mdebareobebis 

doneebs Soris manZili orive SemTxvevaSi erTi da igivea. 
22.	simZimis Zalis muSaoba orive SemTxvevaSi dadebiTia, radgan gogona gadaadgil-

deba masze moqmedi simZimis Zalis mimarTulebiT. gogonaze moqmedi simZimis Zalis mier 
Sesrulebuli muSaoba tolia gogonas potencialuri energiis cvlilebisa aRebuli mi-
nus niSniT. 

23.	pirveli sxeulis potenciuri energia: E
1
=m

1
gh

1
; meore sxeulis: E

2
=m

2
gh

2
; 

amocanis pirobis Tanaxmad 
E

1

E
2

= 10. ese igi 
m

1
gh

1

m
2
gh

2

=10. wiladis mricxvelic da mniSvnel-

ic SevkvecoT g-ze. dagvCeba: 
m

1

m
2

 · 
h

1

h
2

 =10. pirobis Tanaxmad 
h

1

h
2

 =
1
20.ese igi 

m
1

m
2

 · 
1
20=10.  

aqedan gamomdinareobs  
m

1

m
2

 = 20 · 10 = 200. pasuxi: 
m

1

m
2

 = 200.
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24.	davuSvaT m masis sxeuli imyofeba nulovani donidan h simaRleze. piro-

bis Tanaxmad mgh=100 j. 50 m-iT awevisas energia gaxda samjer meti anu 300 j. ese 

igi mg(h+50)=300 j. gavxsnaT frCxilebi: mgh+mg · 50=300. radgan mgh=100, ese igi  

mg · 50=300–100=200.     mg= 200
50  =4.    m=0,4 kg.

25.	davuSvaT m masis sxeuli imyofeba nulovani donidan h simaRleze. misi poten-

ciuri energiaa E
1
=mgh. 150 m-iT qveviT Camowevis Semdeg E

2
=mg(h-150). pirobis Tanax-

md E
2
=E

1
· 25%=

E
1

4 .  miviReT, rom 4E
2
=E

1
. ese igi 4 mg(h-150)= mgh. gavxsnaT frCxilebi:  

4mgh–600mg=mgh. ese igi   3mgh=600mg. 3h=600=>h=200 m.    

26.	 
m

1
gh

1

m
2
gh

2

=
5
3 . aqedan: 

m
1

m
2

 ·
h

1

h
2

=
5
3  (1). rodesac sxeulebs adgilebi gaucvales:  

m
1
gh

2

m
2
gh

1

=20
3

. aqedan 
m

1

m
2

 ·
h

2

h
1

=
20
3  (2). pirveli gantolebidan 

h
1

h
2

=
5
3  : 

m
1

m
2

=
5
3  · 

m
2

m
1

 =>  

h
2

h
1

= 
3
5 · 

m
1

m
2

          (3).   miRebuli Sedegi SevitanoT (2) gantolebaSi:    m
1

m
2

 ·(
3
5 ·

m
1

m
2

)=
20
3

 . miviRebT: 

(
m

1

m
2

)
2
=

20
3  : 

3
5 =

20
3  · 

5
3 =

100
9  . ese igi 

m
1

m
2

=
10
3  .

27.	 
m

1
gh

1

m
2
gh

2

=10=> 
m

1
h

1

m
2
h

2

=10 . CavsvaT masis mniSvnelobebi: 
2h

1

h
2

=10=>h1=5h2 (1). sxe

ulebis adgilebis gacvlis Semdeg: m
2
-is energiaa m

2
gh

1
 romelic 150 j-iT metia  

m
1
-is energiaze m

1
gh

2
-ze. m

2
gh

1
=m

1
gh

2
+150. ese igi, CavsvaT ricxviTi mniSvnelobebi:   

10 · h
1
=2 ·10 · h

2
+150 (2). Tu  (1) gantolebaSi miRebul Sedegs SevitanT (2)-Si, miviRebT:  

10 · 5 · h
2
=2 ·10 · h

2
+150 => 50h

2
=20h

2
+150. aqedan: 30h

2
=150=>h

2
=5 m.  h1

=25 m.

28.	zambaris potenciuri energia gamoiTvleba formuliT: Epot
=

kx2

2 . ganvixiloT  a) Sem

Txveva. pirvel zambaraze Camokidebuli tvirTi wonasworobaSia, amitom mg=k
1
x

1
=>k1=

mg
x1

.

Sesabamisad, pirveli zambaris potenciuri energia iqneba E
pot1 =

k1x1
2

2  =
mg
x1

 · 
x

1
2

2 =
mgx

1

2  .   

meore zambaris potenciuri energia iqneba E
pot2 =

mgx
2

2  . radgan tvirTebis masebi erT-

nairia  da x
1
=2x

2
, ese igi E

pot1  = 2E
pot2 => 

E
pot1 

E
pot2

=2.

29.	zambaris potencialuri energia SegviZlia CavweroT rogorc: E=kx∙ 
x
2 . vinaidan 

kx=mg, energia gamova E= 
mgx

2 . ricxviTi mniSvnelobebis SetaniT miviRebT: x=6 sm.  

30.	davweroT zambaris potenciuri energiis formula: E
pot =

kx2

2  gamovTvaloT 

deformacia x im momentSi, roca E
pot =2,5. 

200·x2

2 =2,5=>x2=0,0025=>x=0,05 m. davuSvaT  

t wamSi gaxda potenciuri energia 2,5 j-is toli.  Tu 1 wm-Si  0,5 kg masis qviSa iyreba,  

t wamSi dguSze dayrili qviSis masa ricxobrivad iqneba m=0,5t. radgan qviSas awonas-

worebs drekadobis Zala, mg=kx,  SevitanoT m   da x,  miviRebT: 0,5t · g=k · 0,05, SevitanoT 

ricxviTi mniSvnelobebi: 0,5t · 10= 2000 · 0,05=>t=20 wm.

31.	5 sm-is amoZrobis momentisTvis lursmanze modebuli Zalis moduli 50 n-ia. Za-

lis saSualo mniSvnelobaa  FsaS
=

F
1 
+ F

2

2
=

100+50
2

=75   
 
n. gavlili manZilia 5 sm, amitom 
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muSaoba iqneba: A=F
saS

 · L=75 · 0,05=3,75 j. gamoviTvaloT grafis qveS 5 sm-mde moTavsebuli 

figuris farTobi.  naxazze gamuqebul figuras trapecia ewodeba.  misi farTobi ga-

moiTvleba formuliT  S= 
a+b

2
 · h;  sadac a da b trapeciis fuZeebia, h ki simaRlea.  Cven 

SemTxvevaSi a=50, b=100 da h=0,05.  S=
100+50

2
 · 0,05=3,75 j. 

daskvna,  Zalis gavlil manZilze damokidebulebis grafikis qveS moTavsebuli figuris 
farTobi ricxobrivad Sesrulebuli muSaobis tolia.

32.	jer davadginoT, Tu rogor icvleba milSi wylis svetis asawevad saWiro Zala.  

Tavdapirvelad, sanam mili carielia F
1 

= 0 n.  milis h=20 m  simaRlemde Sevsebis mo-

mentisTvis masSi wylis moculobaa V=h · S, sadac S=800 sm2.   ricxviTi mniSvnelobebis 

CasmiT viRebT:  V=1,5 m3. milSi wylis masa m=ρ · V.    sadac ρ =1000
kg

m3  . m=1600 kg.   Zala, 

romelic saWiroa am momentSi wylis Sesakaveblad F
2 
= mg = 16000 n.  milSi wylis donis 

matebasTan erTad,  wylis asawevad saWiro Zala  F
1
-dan F

2
-mde Tanabrad izrdeboda, ami-

tom  F
saS 

= 
F

1 
+ F

2

2
=8000 n.  muSaoba iqneba A=F

saS
 · h=160000=160 kj.

33.	120 kj.

34.	a) 20 n  da 80 n;   b) 50 n;  g) 5 j;  d) sxeulze modebuli cvladi Zalis muSaoba 

ricxobrivad am Zalis gavlil manZilze damokidebulebis grafikis qveS moTavsebuli 

figuris farTobis tolia.

35.	buStze moqmedi arqimedes Zalis  moduli fskerTan F
a1  =ρgV

1
 sadac V

1
 aris buS-

tis moculoba fskerTan, xolo ρ =1000
kg

m3  _ wylis simkvrive. F
a1  =30 n.  arqimedes Zalis 

moduli wylis zedapirTan F
a2  =ρgV

2
=50 n.  amocanis pirobis Tanaxmad, buStis moculo-

ba Tanabrad izrdeboda amotivtivebasTan erTad, ese igi, arqimedes Zalac Tanabrad  

izrdeboda. amitom F
saS 

= 
F

a1 + F
a2 

2
=40 n.   arqimedes Zalis muSaoba A=F

saS
 · h=400 j.

36.	burTze moqmedi amomgdebi Zalis sawyisi mniSvneloba iqneba F
a1=ρ1gV.   2 km si-

maRleze asvlisas  F
a2=ρ2gV.    amocanis pirobis Tanaxmad, atmosferos simkvrive simaR-

lis matebasTan erTad Tanabrad mcirdeba, amomgdebi Zalis saSualo mniSvneloba iqneba  

F
saS 

= 
(ρ1gV + ρ2gV)

2
.  am Zalis muSaoba ki iqneba  A=F

saS
h= 

(ρ1+ ρ2)gVh
2

=22 mgj.

37.	2 m/wm-iT.
38.	250 g.
39.	kateris siCqare metia 10-jer.
40.	navis siCqaris 3-jer gazrdiT, misi kinetikuri energia 9-jer gaizrdeboda da 

gaxdeboda 1800 j. ese igi, navis kinetikuri energia gaizarda 1600 j-iT. 
41.	Tu eleqtromobilis kinetikuri energia 800 j iyo da 2400 j-iT gaizarda, gax-

deboda 3200 j. es ki niSnavs, rom kinetikuri energia gaizarda 4-jer.  ese igi, siCqare 
gaizarda 2-jer.

42.	siCqaris orjer SemcirebiT sxeulis kinetikuri energia mcirdeba 4-jer.  es ig-
ivea, rac kinetikuri energia Semcirdes 75 %-iT.

43.	jer gamoviTvaloT avtobusis siCqaris sawyisi mniSvneloba. pirobis Tanaxmad, 

sawyisi kinetikuri energia E
1 = 

mv
1
2

2  =7,2 ·106 j, sadac m=9000 kg avtobusis masaa mgza-

vrebis gareSe. ricxviTi mniSvnelobebis SetaniT viRebT v
1
=40 m/wm.  50 mgzavris asvlis 

Semdeg avtobusis masa moimatebs m
2
=50 · 60=3000 kg-iT. Sesabamisad,  kinetikuri energia 
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mgzavrebis asvlis Semdeg E
2 = 

(m+m
2
)v

2
2

2  =15 ·106, sadac, v
2
 iqneba avtobusis siCqare mg-

zavrebis asvlis Semdeg. ricxviTi mniSvnelobebis SetaniT viRebT v
2
=50 m/wm.  pasuxi: 

siCqare gaizarda 10 m/wm-iT.

44.	sawyisi potencialuri energia iqneba 500 j. potencialuri energia 3 metr si-
maRleze iqneba 150 j, Sesabamisad, kinetikuri energia amave simaRleze iqneba 350 j-is 
toli.

45.	meqanikuri energiis mudmivobis kanonis Tanaxmad, am sxeulis sawyisi potencia-

luri energia toli iqneba Sejaxebis momentSi kinetikuri energiis 
mv2

2 =mgh. v=20 m/wm. 
46.	potencialuri energiis nulovan doned dedamiwis zedapiri miviCnioT.  maSin sawy-

is momentSi sruli meqanikuri energia iqneba mgh1+ 
mv

1
2

2 . asvlis maqsimalur simaRleze 

sruli meqanikuri energiaa mgh2. gavutoloT erTmaneTs es energiebi mgh1+ 
mv

1
2

2 =mgh2.     
 
v1

2=2g(h2- h1). v1=20 m/wm.
47.	sawyisi siCqarea  v

1
=10 m/wm.  sawyisi potenciuri energia nulis tolia, amitom as

rolis wertilSi sruli meqanikuri energiaa E
1 = 

mv
1
2

2 .  davuSvaT h
2
 simaRleze gautol-

da erTmaneTs sxeulis kinetikuri da potenciuri energiebi, aRvniSnoT am adgilas siC-

qare v
2
-iT,  miviRebT 

mv
2
2

2  =mgh2. amasTan, am adgilze sruli meqanikuri energia iqneba   

E
2 = 

mv
2
2

2 + mgh2.  ukanasknel gamosaxulebaSi, amocanis pirobis Tanaxmad  
mv

2
2

2 -is na-

cvlad SegviZlia davweroT mgh2. miviRebT     E
2 =2mgh2.   energiis mudmivobis kanonis 

Tanaxmad E
1 = E

2
.   e.i. 

mv
1
2

2 = 2mgh2.  aqedan miviRebT h
2 =

v
1
2

4g=2,5 m.

48.	sawyisi siCqarea  v
1
=15 m/wm.  sawyisi potenciuri energia nulis tolia, amitom 

asrolis wertilSi sruli meqanikuri energiaa E
1 = 

mv
1
2

2 . davuSvaT h
2
 simaRleze gax-

da potencialuri energia kinetikurze samjer meti,  aRvniSnoT am adgilas siCqare  

v
2
-iT,  miviRebT  3 ∙ 

mv
2
2

2  =mgh2. amasTan, am adgilze sruli meqanikuri energia iqneba  

E
2 = 

mv
2
2

2 +mgh2.   ukanasknel gamosaxulebaSi   mgh2-is nacvlad SegviZlia davweroT   

3 ∙ 
mv

2
2

2 .  miviRebT    E
2 =  4 ∙ 

mv
2
2

2 .   energiis mudmivobis kanonis Taaxmad E
1 = E

2 . e.i.  

mv
1
2

2  =4 ∙ 
mv

2
2

2 . aqedan miviRebT v
2 = 7,5 m/wm.

49.	radgan winaaRmdegobis Zalebs ar viTvaliswinebT, TiToeuli burTulisaTvis 

davwerT: 
m1v1

2

2  =m1gh.  v1
2=2gh.    

m2v2
2

2 =m2gh.  v2
2=2gh.  radgan h orive burTulisTvis 

erTnairia,  maTi saboloo siCqareebic erTnairi iqneba.

50.	asrolis wertilSi ponetciuri energia nulis tolad miviCnioT.  maSin asr-

olis momentSi sruli meqanikuri energia iqneba E
1 = 

mv
0
2

2 . maqsimalur simaRleze asv-

lisas sxeuls kinetikuri energia aRar eqneba, amitom sruli meqanikuri energia iqneba  
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E
2 = mgh. energiis mudmivobis kanonis Tanaxmad E

1 = E
2 .  e.i. 

mv
0
2

2 = mgh => h=
v

0
2

2g  . miRebu-

li gamosaxulebidan Cans, Tu asrolis siCqares orjer gavzrdiT,  asvlis maqsimaluri 

simaRle oTxjer gaizrdeba. 

51.	meqanikuri energiis mudmivobis kanonis Tanaxmad, Zelakis kinetikuri energia 

gardaiqmneba zambaris potencialur energiad  mv2

2 = kx2

2  =>x=50 sm.

52.	rodesac birTvis siCqarea v
1 = 2 m/wm, zambaris deformaciaa x

1 =10 sm.  am momentSi 

sxeulisa da zambaris sruli meqanikuri energiaa E
1 = 

mv
1
2

2 + 
kx

1
2

2 . ricxviTi mniSvnelobe

bis SetaniT miviRebT E
1 =5 j. rodesac birTvis siCqare ganaxevrdeba v

2 =1  m/wm, am mo-

mentSi deformacia aRvniSnoT x
1 -iT. amave momenti sruli meqanikuri energia iqneba  

E
2 = 

mv
2
2

2 + 
kx

2
2

2 , energiis mudmivobis kanonis Tanaxmad, E
2 = 5 j.miviRebT 

mv
2
2

2 + 
kx

2
2

2 =5. 

ricxviTi mniSvnelobebis SetaniT viRebT x
2 = 0,2 m.

53.	naxazze gamosaxul momentSi tvirTi wonasworobaSia, amitom kx=mg. gamoviTvaloT 

zambaris deformacia x = 
mg
k =0,1 m.  simZimis Zalis muSaoba iqneba A = mgx=10 j. zambaris 

potenciuri energiaa E =
kx

2
2

2 =5 j.

54.	wina amocanis amoxsnisas davadgineT, rom tvirTis zevidan qveviT daSvebi-

sas simZimis Zalam Seasrula A = mgx= muSaoba.  am muSaobis gamo zambaris potenciuri 

energia gaizarda da gaxda E =
kx2

2 . ukanaskneli gamosaxuleba CavweroT Semdegnairad:   

E =
kx2

2 =
kx·x

2 =
mg·x

2 . miviReT, rom tvirTisa da zambarisgan Semdgar sistemaze simZimis 

Zalam Seasrula mgx  muSaoba, am sistemis energia ki gaizarda 
mg·x

2 -iT.  ese igi, daikarga 

(winaaRmdegobis daZlevas moxmarda)  mgx–
mg·x

2 = 
mg·x

2  energia. pasuxi: winaaRmdegobis 

daZlevas moxmarda simZimis Zalis mier Sesrulebuli muSaobis naxevari.

55.	birTvisa da dedamiwis urTierTqmedebis potenciuri energiis nulovan doned 

miviCnioT birTvis sawyisi mdebareoba. Sedegad sawyis momentSi energia gaaCnia mxolod 

zambaras  E =
kx2

2 .  birTvis gatyorcnis momentSi zambara aradeformirebulia, misi en-

ergia srulad gardaiqmna birTvis kinetikur da  dedamiwasTan urTierTqmedebis poten-

ciur energiebad:  E 2=
mv2

2  + mgx. energiis mudmivobis kanonis Tanaxmad 
kx2

2 = 
mv2

2 + mgx.  
mv2

2 =
kx2

2  – mgx. ricxviTi mniSvnelobebis SetaniT viRebT v=2 m/wm.

56.	dedamiwasTan urTierTqmedebis potenciuri energiis nulovan doned magidis 

zedapiri miviCnioT, Sedegad  birTvebs potenciuri energia yovelTvis nulis toli eqne-

baT. Tavdapirvelad birTvebi gaCerebulia, amitom maTi sawyisi kinetikuri energiebic 

nulis tolia, Tavdapirvelad energia aqvs mxolod zambaras E 1=
kx2

2 .  rodesac zambara 

gatyorcnis birTvebs, zambaris potenciuri energia gardaiqmneba birTvebis kinetikur 

energiad. radgan birTvebi erTnairia da maTze erTi da imave drois ganmavlobaSi erTi 
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da igive zambara moqmedebda, gatyorcnisas maTi  siCqareebic erTnairi iqneba. amitom 

gatyorcnis momentSi sruli meqanikuri energia E 2= 
mv2

2  + 
mv2

2  = mv2 .  energiis mudmivo-

bis kanonis Tanaxmad E 1= E 2 => 
kx2

2 = mv2 =>  v2 = 
kx2

2m    ricxviTi mniSvnelobebis SetaniT 

miviRebT v=2 m/wm.

57.	a) 25 n;  b) A=F
saS

S=2,5 j;  g) 25n.

58.	a) Zalis sawyisi mniSvnelobaa 20 n.  8 sm manZilis gavlis momentSi Za-

lis mniSvnelobaa 60 n.  radgan Zala wrfivad icvleba, misi saSualo mniSvnelobaa  

F
saS 

20+60
2  =40 n. misi Sesrulebuli muSaoba iqneba A=F

saS · L = 40 · 0,08=3,2 (j).  

b)  pirvel 8 sm manZilze Zalis mniSvnelobam moimata 60-20=40 (n)-iT.  8 sm-dan 16 

sm-mde sxeulma kvlav 8 santimetri gaiara, amitom Zala kvlav 40 n-iT unda gazrdiliyo. 

Sesabamisad, 16 sm-is gavlis momentisTvis Zalis mniSvneloba iqneba 60+40=100 (n). 

g)  16 sm-ze muSaoba SeiZleba gamoviTvaloT iseve rogorc  „a“ punqtSi.
59.	Tu sxeulze moqmedi Zalebis tolqmedi dadebiT muSaobas asrulebs, sxeulis ki-

netikuri energia izrdeba.
60.	gaizrdeba 100 j-iT.
61.	Tu sxeulze moqmedi Zalebis tolqmedi uaryofiT muSaobas asrulebs, sxeulis 

kinetikuri energia mcirdeba.
62.	Semcirdeba 200 j-iT.
63.	sxeulis horizontalur zedapirze srialisas masze moqmedi simZimisa da reaqciis 

Zalebi mimarTulia sxeulis gadaadgilebis marTobulad, amitom es Zalebi muSaobas ar 
asrulebs, Sesabamisad, kinetikur energiasac ver Secvlis. srialis xaxunis Zala mimar-
Tulia gadaadgilebis sawinaaRmdegod,  is uaryofiT muSaobas asrulebs, Sesabamisad, 
sxeulis kinetikur energias amcirebs.

64.	yuTze moqmedi Zalis muSaoba yuTis kinetikuri energiis cvlilebis tolia   

FL=mv2

2
.   v=10 m/wm.

65.	velosipedze moqmedi Zalis muSaoba toli iqneba velosipedis da velosipedistis 

kinetikuri energiis cvlilebis.  FL= 
(m1+m2)v

2

2 .  ricxviTi mniSvnelobebis SetaniT viRe-

bT: m1+m2=96 kg.  m2=26 kg. e.i. velosipedistis masa m1=70 kg.
66.	damuxruWebisas avtomobilis kinetikuri energia mcirdeba da nulis toli 

xdeba.  amis mizezi avtomobilze moqmedi xaxunis Zalis uaryofiTi muSaobaa, am-
itom xaxunis Zalis muSaoba unda gavutoloT kinetikuri energiis cvlilebas:        

-μmgL=(0 _ 
mv2

2 ). es tolfasia  μmgL=
mv2

2 .  aqedan miviRebT L=50 m.
67.	avtomobilze moqmedi xaxunis Zalis muSaoba tolia misi kinetikuri energiis  

cvlilebis -μmgL=(0 _ 
mv2

2 ). es tolfasia  μmgL=
mv2

2 .  aqedan miviRebT: v=20 m/wm.
68.	Zelze moqmedebs ori Zala, wevis Zala da srialis xaxunis Zala. es Zale-

bi urTierTsapirispirodaa mimarTuli, amitom maTi tolqmedis modulia F _ μmg. 
tolqmedi Zalis muSaoba iqneba sxeulis mier SeZenili kinetikuri energiis toli   

(F_μmg)L= 
mv2 

2  = 9 kj.
69.	Zelis mier pirvel 100 metrze SeZenili kinetikuri energia iqneba masze moq-

medi Zalebis tolqmedis muSaobis toli:  E1=(F_μmg)L=16 kj. rodesac sxeulze moq-
medi Zala sapirispiroTi Secvales, Zalebis tolqmedi gaxdeba F+μmg  da mimarTuli 
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iqneba sxeulis moZraobis sawinaaRmdego mimarTulebiT. davuSvaT, sxeulma Zalis mi-
marTulebis Secvlidan gaCerebamde gaiara L2 manZili. maSin tolqmedis muSaoba toli 
iqneba A2=-(F+μmg)L2. kinetikuri energiis cvlilebaa (0_E1). gavutoloT erTmaneTs   
- (F+μmg)L2=-E1. (F+μmg)L2=E1=16 kj.  L2=80 m.

70.	mxolod ori borbalis damuxruWebisas  avtomobilze moqmedi srialis xaxunis 

Zala iqneba  
μmg

2 . radgan mosriale borblebze moqmedi reaqciis Zalebis jami  moduliT 
avtomobilis simZimis Zalis naxevris tolia.  oTxive borblis srialisas avtomobilze 
moqmedi srialis xaxunis Zala μmg-s toli iqneba.  avtomobilma sul 80 m gaiara.  aqe

dan, pirvel L1=60 metr manZilze srialis xaxunis Zalis muSaoba iqneba A1=-
μmgL1

2 . L2=20 

metr manZilze A2=-μmgL2. xaxunis Zalis muSaobis jami tolia avtomobilis kinetikuri 

energiis cvlilebis A1+A2=-
mv2

2 . es tolfasia  
μmgL1

2 +μmgL2=
mv2

2 . saidanac miviRebT  

μ=0,4.
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Tavi II. sxeulTa wonasworoba. martivi meqanizmebi
Tematuri matrica 3
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kompleqsuri davaleba 

              (sur. a).                                   (sur. b).                                  (sur. g).   

O O O
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sasurveli da sainteresoa moswavlem saSinao cdis Catarebis Semdeg moitanos  
Canawerebi cdis Catarebisa da gamotanili daskvnebis Sesaxeb, romelsac waikiTxavT, 
mniSvnelovan sakiTxebs gamoyofT da ganixilavT klasSi.

oqmi cdis Catarebisa da miRebuli Sedegebis Sesaxeb
mizani: moswavlem SeZlos  Sesrulebuli samuSaos Sesaxeb werilobiTi moxsenebis daw-

era.  
moswavlem unda SeZlos werilobiT gadmogceT  informacia cdis dagegmvis, momza-

debis, mimdinareobis, mtkicebulebebis Segrovebisa da analizis Sesaxeb.
dagegmva
ra Temis Sesaxeb aris mocemuli cda.
ra sidideebs, cvladebs SexvdebiT cdaSi da rogor aris SesaZlebeli maTi gazomva.
ra xelsawyoebi aris saWiro cdisTvis.
diagrama, romelic giCvenebs, rogor CarTo, SeaerTo an gamoiyeno mocemuli xel-

sawyo.
samuSaos aRwera, Tu ris gakeTebas gegmav.
mtkicebulebebis mogroveba
samuSaos aRwera, aseve komentarebis dawera Seqmnil sirTuleebsa da maTi gadaWris 

gzebze.
cxrili, romelic giCvenebT yvela sididis gazomvis Sedegebs.
analizi
grafiki an diagrama.
miRebul monacemebze dayrdnobiT Catarebuli gamoTvlebi.
ra Sedegi miiReT am cdidan, Tqveni dakvirvebis Sedegebi.
Sefaseba
ramdenad sandoa Tqveni Sedegebi.
raime anomaliuri Sedegis arseboba, misi SesaZlo mizezi.
Semdgomi samuSao, romelic SesaZloa ganxorcieldes.
amocanebis amoxsnis dros SesTavazeT moswavleebs diagrama monacemebis aRwerisa da 

amoxsnis msvlelobis Sesaxeb.
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amoxsna gamoTvla

ras gvekiTxeba amocana?
--------------------------------

 gamoTvlebisTvis saWiro formula
-------------------

ra monacemebi aris mocemuli?
----------------

Cawere monacemebi formulaSi
-----------------------

ra monacemi gWirdeba?

----------------------

daakvirdi erTeulebs da gamoTvale

------------------------------------

§ 2.1   sxeulis wonasworoba. masaTa centri. simZimis centri

mizani: wonasworobis mdgomareobaze dakvirveba da simZimis centris moZebna.
sakiTxisadmi interesis gaRviveba, samizne  cnebebis ganmarteba, maTTan dakavSirebu-

li faqtebisa da Teoriuli masalis gadacema.

samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
masaTa centri, simZimis centri, Tanabari moZraoba, wonasworoba.

¾¾ drois ganmavlobaSi sxeulis uZraobis an Tanabari moZraobis mdgomareobis Sen-
arCunebas sxeulis wonasworoba ewodeba 

¾¾ mcire zomis sxeulze moqmedi simZimis Zala mis masaTa centrzea modebuli
aqtivoba 1. ganvlili masalis gaxseneba
aRwera:  maswavlebeli svams kiTxvebs: ras ewodeba gadataniTi moZraoba? ras ewodeba 

brunviTi moZraoba?
aqtivoba 2. saklaso cda
mizani: masaTa centris adgilmdebareobis dadgena.
aRwera: saxelmZRvaneloSi mocemuli cdis Catareba, daskvnis gamotana. 
aqtivoba 3. individualuri muSaoba  
mizani: saklaso cdis oqmis Sedgena
aqtivoba 4. Sejameba/Sefaseba.
mizani: moswavleebi aerTianeben arsebul da axlad miRebul codnas. 
aRwera: klasTan erToblivi interaqciiT xdeba Sejameba. maswavlebeli akeTebs ganma-

viTarebel Sefasebas Sefasebis rubrikis mixedviT,  romelic SemuSavebuli  da gamokru-
li aqvs winaswar.

aqtivoba 5. saSinao davaleba
saSinao cdis Catareba, oqmis Sedgena, dakvirvebis Sedegebis aRwera, gaanalizeba da 

daskvnis gamotana.
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§ 2.2 arambrunavi  sxeulis  wonasworoba  

mizani: cdaze dakvirvebiT moswavleebma unda gaavlon paralelebi da moZebnon yo-
veldRiur cxovrebaSi mbrunavi da arambrunavi sxeulebis moZraobis magaliTebi da 
daadginon wonasworobis pirobebi.

samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
arambrunavi sxeuli, ZalTa tolqmedi, simZimis Zala, sayrdenis reaqciis Zala, wevis 

Zala da winaaRmdegobis Zala.   
¾¾ simZimis Zala gawonasworebulia sayrdenis reaqciis ZaliT, wevis Zala _ winaaRm-

degobis ZaliT
¾¾ sxeuli, romelic ar asrulebs brunviT moZraobas, wonasworobaSia (uZravia an 

moZraobs wrfivad da Tanabrad), Tu masze modebuli Zalebis tolqmedi nulis tolia 
¾¾ arambrunavi sxeuli wonasworobaSia, Tu masze moqmedi yvela Zalis (veqtoris) 

jami nulis tolia 
¾¾ wonasworul mdgomareobaSi myof sxeulze moqmedi Zalebidan romelime erTi Za-

lis Secvla iwvevs wonasworuli mdgomareobis darRvevas
¾¾ uZravi sxeulis wonasworobis piroba — masze moqmedi yvela Zalis veqtoruli 

jami nulis toli unda iyos
aqtivoba 1.  Casatarebeli cdis aRwera 
sakiTxisadmi interesis gaRviveba, samizne  cnebebis ganmarteba, cdis Sedegebis analizi.
moswavleebi ganixilaven im sxeulis wonasworobas, romelic asrulebs brunviT da ar 

asrulebs gadataniT moZraobas da atareben saxelmZRvaneloSi aRweril cdas.
sTxoveT moswavleebs gamoTqvan varaudebi cdis msvlelobasTan dakavSirebiT. Semdeg 

CaatareT cda. gamoitaneT daskvnebi ise, rom yvela msurvels mieces azris gamoxatvis 
saSualeba. Semdeg SeasruleT  cda  da analizeT Sedegebi.

sTxoveT moswavles, cdis Catarebisa da daskvnis Sesaxeb mokle moxsenebiTi baraTis 
Seqmna Semdegi gegmis mixedviT: 

dagegmva
•	 ra Temis Sesaxeb aris mocemuli cda.
•	 ra sidideebi, cvladebi iRebs monawileobas cdaSi da rogor aris SesaZlebeli 

maTi gazomva.
•	 ra xelsawyoebi aris saWiro cdisTvis.
•	 diagrama, romelic giCvenebs, rogor CarTo, SeaerTo an gamoiyeno mocemuli xel-

sawyo.
•	 samuSaos aRwera, Tu ris gakeTebas gegmav.
davaskvnaT:  SesaZlebelia Tu ara sxeulze moqmedi Zalebidan ori Zala Seicvalos 

ise, rom wonasworoba ar dairRves?
aqtivoba 2.  sakvanZo  SekiTxvebze  pasuxis  gacema
miRebuli informaciis dakavSireba arsebul winare codnasTan da mosazrebis an 

varaudis gamoTqma.  
aRwera: moswavlem sasurvelia gasces pasuxi SekiTxvebs da xmamaRla imsjelos, gan-

martos da argumentirebulad daasabuTos sakuTari azri.
•	 rogor mdgomareobas ewodeba wonasworuli im sxeulisaTvis, romelic ar brunavs?
•	 ra pirobas unda akmayofilebdes sxeulze moqmedi Zalebi, rom arambrunavi	

sxeuli wonasworobaSi iyos?
•	 ras iwvevs wonasworobaSi myof sxeulze moqmedi Zalebidan erTi romelime Zalis 

cvlileba? 
•	 SesaZlebelia Tu ara sxeulze erTi wrfis gaswvriv moqmedi Zalebidan ori Zala 

Seicvalos ise, rom wonasworoba ar dairRves?
•	 Tu SesaZlebelia, rogor unda iyos mimarTuli es Zalebi?
aqtivoba 3.  amocanis erToblivi amoxsna jgufebSi an wyvilebSi
mizani: moswavle SeZlebs amocanis amosaxsnelad mTavari kiTxvis gamorCevas, saWiro 

formulis daweras, gantolebis amoxsnas an sxva saWiro gamoTvlebis Catarebas, er-
Teulebis sworad SerCevas. 
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aRwera: saxelmZRvaneloSi mocemuli amocanis amoxsnis nimuSis ganxilva „erTad  amovx-
snaT amocana“ iTvaliswinebs moswavleebis urTierTdaxmarebas, danarTi 3-is gamoyenebiT 
cxrilis Sevsebas, saWiroebis SemTxvevaSi maswavleblis daxmarebas da saxelmZRvanelo-
Si amoxsnili amocanis gaazrebas, Semdeg miRebuli codnis gamoyenebas axali amocanis 
amosaxsnelad. maswavlebeli akvirveba naxazis Sesrulebas, gamoTvlebis Catarebis pro-
cess, awvdis droul ukukavSirs. 

aqtivoba 4. individualuri muSaoba  
mizani: codnis gamoyeneba, amocanebis sworad amoxsna
SegiZliaT oTxi amocana gadaunawiloT moswavleebs ise, rom yvela moswavles mxo

lod erTi amocana hqondes amosaxsneli. Sejamebis dros amocanis amoxsnis yvela vari-
anti ganixileT. 

6.	 didi simaRlidan gadmomxtari paraSutisti paraSuris gaxsnamde wonasworul 
mdgomareobaSia. dairRveva Tu ara misi wonasworobis mdgomareoba  paraSutis gaxsnisas?  
pasuxi daasabuTeT.

7.	 matarebeli, romelic 20 vagonisgan Sedgeba, Tanabrad moZraobs horizontalur 
liandagze. TiToeul vagonze moqmedi winaaRmdegobis Zala 2 kn-ia. gansaz-  

k1

k2

RvreT:
a) matarebelze moqmedi  wevis Zala, b) ramdenjer unda Semcirdes wevis 

Zala, rom matarebelma 5 vagonis Caxsnis Semdegac Tanabrad imoZraos?
8.	 naxazze mocemulia Werze Camokidebuli, erTmaneTze gadabmuli ori  

zambara.  maTze dakidebuli 10 kg masis sxeuli wonasworobaSia.  gansaz-
RvreT TiToeuli zambaris wagrZeleba, Tu maTi sixisteebia  k

1
=2000 n/m da 

k2=1000 n/m.  zambarebis masas  nu gaiTvaliswinebT (g≈10 n/kg).
9.	 Tu tvirTs erTdroulad 3 Tokze CamovkidebT, TiToeuli Tokis 

daWimulobis Zala 200 niutoni iqneba. risi toli iqneba TiToeuli Tokis daWimulobis 
Zala, Tu am tvirTs erTdroulad 4 Tokze CamovkidebT?  miiCnieT, rom  orive SemTxveva-
Si Tokebi vertikalurad  da  erTnairadaa daWimuli.

10.	uZrav saqanelaze zis 40 kg masis bavSvi da imavdroulad fexebiT miwasac eyrd-
noba.  saqanelas ori Toki aqvs, romelTagan TiToeuli 150 niutoniTaa daWimuli.  ra 
ZaliT awveba bavSvi  miwas? (g≈10 n/kg).

maswavlebeli ismens TiToeul pasuxs bolomde. Tu moswavle Seferxda, acdis da 
waaxalisebs mas, rom pasuxi srulad gasces. Semdeg maswavlebeli akravs dafaze swori 
amoxsnis sakuTar variants da sTxovs moswavleebs, visac es amocana hqonda amoxsnili, 
moZebnos da gaasworos Secdoma.

aqtivoba 5.  Sejameba/Sefaseba
mizani: moswavleebi aerTianeben arsebul da axlad miRebul codnas. 
aRwera: klasTan erToblivi interaqciiT xdeba amoxsnili amocanebiT sakiTxis Se-

jameba, SesaZloa romelime moswavlem Seajamos. maswavlebeli akeTebs ganmaviTarebel 
Sefasebas rubrikis mixedviT (danarTi 2),  romelic SemuSavebuli  da gamokruli aqvs 
winaswar. 

xSirad daSvebuli Secdomebi da  maTi gamosworeba.
maswavlebeli xazs usvams gakveTilis msvlelobisas moswavleebis mier amocanebis 

amoxsnis dros daSvebul Secdomebs Zalis mxris gansazRvrisas da azustebs maTi Tavidan 
acilebis gzebs.

aqtivoba 6.  saSinao davaleba:  Tematuri amocanebis amoxsna
saxelmZRvanelos Sesabamisi paragrafis bolos mocemul amocanebs maswavlebeli 

SearCevs Sexedulebisamebr.
gakveTilis bolos misaRwevi Sedegebi:
moswavleebi SeZleben gaacnobieron, rom 
•	 arambrunavi sxeulis wonasworoba niSnavs misi uZraobis an wrfivi Tanabari moZ-

raobis mdgomareobas;
•	 arambrunavi sxeuli wonasworobaSia, Tu masze moqmedi yvela Zalis  (veqtoris) 

jami nulis tolia;
•	 uZravi sxeulis wonasworobis piroba iseTivea, rac wrfivad da Tanabrad moZravi 



61

sxeulis wonasworobis piroba — masze moqmedi yvela Zalis veqtoruli jami nulis 
toli unda iyos.

SeZlon miRebuli codnis gamoyeneba amocanebis amoxsnisas.

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 uZraobis an wrfivi Tanabari moZraobis mdgomareobas;
2.	 sxeulze  modebuli Zalebis tolqmedi nulis toli unda iyos;
3.	 wonasworuli mdgomareobis darRvevas;
4.	 SesaZlebelia im SemTxvevaSi, Tu orive Zala ise Seicvleba, rom Zalebis tolqmedi 

kvlav nulis toli darCeba; am Zalebs erTmaneTis sapirispiro mimarTuleba unda hqondeT;
5.	 wignze moqmedi simZimis Zala vertikalurad zeviT mimarTuli magidis reaqciis 

ZaliTaa gawonasworebuli;
6.	 burTulaze moqmedi simZimis Zala gawonasworebulia zambaris drekadobis ZaliT, 

romelic vertikalurad zeviTaa mimarTuli.

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 10 niutoni marcxniv.
2.	 7 niutoni marcxniv.
3.	 sayrdenis mxridan moqmedi reaqciis Zala, romlis modulic 50 n-ia.
4.	 a) zeda agurze moqmed simZimis Zalas awonasworebs qveda aguris zedapiris mxridan 

moqmedi vertikalurad zeviT mimarTuli reaqciis Zala, romlis modulic 50 n-ia. b) qve-
da agurze moqmedebs 3 Zala: 50 niutonis toli simZimis Zala mimarTuli vertikalurad 
qveviT, zeda aguris mxridan vertikalurad qveviT moqmedi 50 n wnevis Zala da sayrden 
zedapirze aRZruli 100 n reaqciis Zala, romelic mimarTulia vertikalurad zeviT.

5.	 850 n vertikalurad zeviT.
6.	 paraSutis gaxsnamde masze moqmed simZimis Zalas awonasworebs paraSutistze moq-

medi haeris winaaRmdegobis Zala, amitom paraSutisti Tanabrad eSveba. paraSutis gaxsnis 
Semdeg gaizrdeba masze moqmedi haeris winaaRmdegobis Zala, ris gamoc paraSutistze 
moqmedi Zalebis tolqmedi nulis toli aRar iqneba _ wonasworoba dairRveva.

7.	 a) 40 kn;  b) 5 vagonis Caxsnis Semdeg winaaRmdegobis Zala Semcirdeba 10 kn-iT. 
matarebeli rom wonasworobis mdgomareobaSi darCes, masze moqmedi wevis Zalac unda 
Semcirdes 10 kn-iT da gaxdes 30 kn. pasuxi: wevis Zala unda Semcirdes 4/3-jer.

8.	 radgan zambarebis masebs ar viTvaliswinebT, SegviZlia vTqvaT, rom k1 sixistis 
zambaras 10 kg masis tvirTi Wimavs, amitom: x1=mg/k1=5  sm. k1 sixistis zambarisTvis zeda 
zambara warmoadgens mxolod sakids, amitom qveda zambarasac Wimavs 10 kg masis tvirTi.  
x2=mg/ k2=10sm.

9.	 amocanis pirobiT vadgenT, rom mg=3∙200=600 (n). tvirTis oTx Tokze dakidebisas 
mg=4T. T=150 n. 

10.	bavSvze moqmedebs mg=400 n Zala qveviT, 2T=300 n Zala zeviT da sayrdenis rea-
qciis N Zala zeviT, amitom N=400-300=100 n. bavSvi miwas awveba 100 niutonis toli 
ZaliT vertikalurad qveviT.

§ 2.3  uZravi  brunvis  RerZis  mqone  sxeulis  wonasworoba

mizani: moswavlem SeZlos Zalis momentis gansazRvra misi modulisa da mxris nam-
ravliT, erTi da imave momentis Seqmna didi ZaliTa da mcire mxriT an mcire ZaliTa da 
didi mxriT;

brunvis centris mqone sxeulis wonasworobis pirobis dadgena masze ori Zalis mo-
qmedebisas. 
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samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
sxeulis wonasworoba, Zalis moqmedebis wrfe, Zalis mxari, Zalis momenti.

¾¾ Zalis momenti misi modulisa da mxris namravlis tolia
¾¾ brunvis RerZis mqone sxeulis wonasworobis piroba masze ori Zalis moqmedebisas

aqtivoba1.  saSinao davalebis Semowmeba
maswavlebelma unda Seamowmos saxlSi Sesrulebuli davaleba, amoxsnili amocanebis 

siswore. araswori pasuxis SemTxvevaSi SesaZlebelia moswavles sTxovoT iseTi kiTx-
vis mofiqreba, romlisTvisac mocemuli amoxsna swori iqneba. aseTi kiTxva SeiZleba 
sxvadasxva saxis iyos. mieciT saSualeba yvela msurvels, Camoayalibos gansxvavebuli 
mosazreba. gamoiyeneT es aqtivoba winare codnis gasaaqtiureblad.

aqtivoba 2.  sademonstracio cda
mizani: provocireba axali codnis SesaZenad, winare codnis gamoyeneba, Sedegebis ana-

lizis unaris ganviTareba.
aRwera: daakvirdiT cdis Sedegebs, SegiZliaT cda ramdenime moswavles CaatarebinoT. 

sasurvelia, moswavleebma CainiSnon cdis Sedegebi. moswavleebma SemTxveviTi gamoZax-
ebiT, Cxirebis meTodiT unda gascen pasuxi Semdeg kiTxvebs:

a) ra SemTxvevaSi iqneba Zalis momenti nulis toli?
b) ra mimarTulebis ZaliT unda vimoqmedoT gaRebul karze, rom igi arc erTi mimar-

TulebiT ar Semobrundes?
g) rogor SeiZleba vcvaloT Zalis mxari?
gamoitaneT daskvnebi moswavleebTan erTad.
aqtivoba 3 . ganmtkiceba  
mizani: codnis ganmtkiceba
aRwera: daasruleT winadadebebi ise, rom miiRoT WeSmariti gamonaTqvami.
ufro martivia gemis  saWis datrialeba,  rodesac saWes----- 
(didi radiusi aqvs, radgan saxelurze modebuli Zalis mxari didi iqneba)
karisa da fanjris saxelurebs anjamebidan yvelaze Sors ayeneben, raTa-------(sa

xelurze moqmed Zalas didi mxari hqondes)
WanWikebis dasaWerad an mosaxsnelad qanCs iyeneben, radgan-------
(qanCis saSualebiT vzrdiT mxars da SedarebiT mcire ZaliT SevZlebT SevqmnaT Wan-

Wikis mosaxsnelad saWiro Zalis momenti)
brunvis RerZis mqone sxeuli wonasworobaSia, Tu --------
(saaTis isris mimarTulebiT mabrunebeli Zalis momenti moduliT saaTis isris sawi-

naaRmdegod mabrunebeli Zalis momentis tolia – F1d1=F2d2.)
Zalis mxari aris-----------
(manZili brunvis RerZidan Zalis moqmedebis wrfemde)
aqtivoba 4.  amocanis erToblivi amoxsna jgufebSi an wyvilebSi
mizani: amocanebis amoxsna jgufis wevrebis  miTiTebebis an komentarebis gaTval-

iswinebis an sakuTari azris damtkicebis safuZvelze.
aRwera: saxelmZRvaneloSi mocemuli amocanis amoxsnis nimuSis ganxilva „erTad amo-

vxsnaT amocana“.
kargi iqneba, Tu amocanas daurigebT moswavleebs baraTebis saxiT, miscemT saSuale-

bas, TviTon mosinjon amoxsna, gamoiyenon sqema, romelic mocemulia danarT 3-Si, dauniS-
navT garkveul dros da drois amowurvis Semdeg miuTiTebT saxelmZRvanelos Sesabamis 
gverds, sadac amocanis amoxsna aris ganxiluli.

es aqtivoba iTvaliswinebs saxelmZRvaneloSi amoxsnili amocanis gaazrebas, Semdeg 
miRebuli codnis gamoyenebas axali amocanis amosaxsnelad. maswavlebeli akvirveba na
xazis Sesrulebas, gamoTvlebis Catarebis process, awvdis droul ukukavSirs. Semdeg 
amocanebs maswavlebeli amoxsnis dafasTan moswavleebis CarTUlobiT, sakvanZo SekiTx-
vebis dasmiT da pasuxebis miRebiT.  

amoxseniT amocanebi 
7.	 borblis mabrunebeli Zalis moduli 5-jer gazardes,  rogor unda SevcvaloT 

misi  mxari, rom Zalis momenti ucvleli darCes? 
9.	 diskoze modebuli Zalis moduli 5-jer gazardes, Zalis mxari ki ucvleli da-
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toves.  Sedegad Zalis momenti 40 n∙m-iT gaizarda. gansazRvreT Zalis momentis sawyisi 
mniSvneloba.  

10.	biWi gaWedil kars Sua nawilSi  50 n ZaliT miawva,  radgan  ver gaaRo, Zalis mxari 
orjer gazarda ise, rom Zalis moduli  ar Seucvlia.  Sedegad Zalis momenti  25  n∙m-iT 
gaizarda.  gansazRvreT Zalis mxris sawyisi mniSvneloba.

5. Sejameba/Sefaseba
mizani:  axlad miRebuli codnis Sejameba. 
Sefasebis kriteriumebi:  Zalis momentis gansazRvra, mabrunebeli momentis gamoTvla,  

brunvis centris mqone sxeulis wonasworobis pirobis gamoyeneba.
aRwera: klasTan erToblivi interaqciiT xdeba Sejameba. maswavlebeli akeTebs ganmavi-

Tarebel Sefasebas Sefasebis rubrikis mixedviT,  romelic SemuSavebuli  da gamokruli 
aqvs winaswar.

aqtivoba 6.  saSinao davaleba
mizani:  damoukideblad muSaobis unarebis ganviTareba, pasuxismgeblobis  grZnobis ga-

momuSaveba.
saxelmZRvanelos Sesabamisi paragrafis bolos mocemul amocanebs maswavlebeli 

SearCevs Sexedulebisamebr.
gakveTilis  bolos  misaRwevi  Sedegebi:
moswavleebi SeZleben  saxelmZRvaneloSi mocemuli sakiTxebis gaazrebasa da amocaneb-

is amoxsnas.

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 sxeuli ar brunavs an brunavs Tanabrad;
2.	 es Zalebi cal-calke moqmedebisas ficars urTierTsapirispiro mimarTulebiT 

abrunebs;
3.	 Zalebis modulebi da mimarTuleba ise SevarCieT, rom ficars ar ebruna;
4.	 manZils brunvis wertilidan Zalis moqmedebis wrfemde;
5.	 Zalis mimarTulebis cvliT an misi modebis wertilis gadataniT;
6.	 Zalis moduli gamravlebuli Zalis mxarze;
7.	 SeiZleba im SemTxvevaSi, Tu 1 n Zalis mxari 10-jer meti iqneba;
8.	 im SemTxvevaSi, Tu d1 > d2 da F1 · d1 =  F2 · d2.

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 rodesac didi radiusi aqvs radgan saxelurze modebuli Zalis mxari didi iqneba.
2.	 saxelurze moqmed Zalas, rom didi mxari hqondes.
3.	 qanCis saSualebiT vzrdiT mxars da SedarebiT mcire ZaliT SevZlebT SevqmnaT 

WanWikis mosaxsnelad saWiro Zalis momenti.
4.	 2,5 n∙m.
5.	 a) 24 n∙m saaTis isris moZraobis mimarTulebiT; b) 36 n∙m saaTis isris moZraobis 

mimarTulebiT; g) radgan orive Zalis momenti erTi mimarTulebiT cdilobs diskos mo-
brunebas, isini erTmaneTs ver gaawonasworebs. disko wonasworobaSi ver iqneba.

6.	 a) 20 n∙m saaTis isris moZraobis mimarTulebiT; b) 20 n∙m saaTis isris moZraobis 
sawinaaRmdegod; g) radgan diskoze moqmedi Zalis momentebi moduliT tolia da diskos 
mobrunebas urTierTsapirispiro mimarTulebiT cdiloben, disko wonasworobis mdgo-
mareobaSi iqneba.

7.	 5-jer unda SevamciroT. 
8.	 a) 160 n;  b) 50 sm;  g) 10 sm;  d) 25 n. 
9.	 davuSvaT Tavdapirvelad Zalis momenti iyo Fd. gaxdeboda 5Fd. maTi sxvaoba 

4Fd=40 => Fd= 10 (n∙m).
10.	Tavdapirvelad Zalis momenti iyo Fd. gaxdeboda 2Fd. maTi sxvaoba Fd= 25 n∙m.  

d= 0,5 m. 
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§ 2.4 momentebis wesi

mizani: cdis organizebis unaris ganviTareba, dakvirvebis Sedegebis ganzogadebis un-
aris ganviTareba, momentebis wesis gaanalizeba da gamoyeneba.

samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
Zalis momenti, brunvis RerZi, wonasworoba.

¾¾ Zalis momenti SeiZleba iyos dadebiTic da uaryofiTic
¾¾ uZravi brunvis RerZis mqone sxeuli ar brunavs, an brunavs Tanabrad, Tu masze moq-

medi yvela Zalis momentebis jami nulis tolia
¾¾ sxeulze moqmedi Zalebis tolqmedi da brunvis RerZis mimarT am Zalebis momentebis 

jami nulis tolia
aqtivoba 1. saSinao davalebis gamokiTxva
wina gakveTilze micemuli amocanebis ganxilva, Secdomis daSvebis winapirobebis gansazRvra. 
aqtivoba 2. sakontrolo kiTxvebi
saerTo-saklaso gamokiTxvis gziT gaeciT pasuxebi Semdeg kiTxvebs:
romel Zalaze vityviT, rom misi mabrunebeli momenti nulis tolia?
romel Zalaze vityviT, rom misi mabrunebeli momenti nulisagan gansxvavebulia?
ris mixedviT adgenen mabrunebeli Zalis  momentis niSans?
SesaZlebelia Tu ara, rom  erTi da imave niSnis mabrunebeli momentis mqone Zalebis mo-

qmedebisas sxeuli wonasworobaSi iyos?
samarTliania Tu ara winadadeba: uZravi brunvis RerZis mqone sxeuli wonasworobaSia, 

Tu masze moqmedi saaTis isris mimarTulebiT mabrunebel ZalTa momentebis jami moduliT 
saaTis isris sawinaaRmdegod mabrunebel ZalTa momentebis jamis tolia?

SesaZlebelia Tu ara, rom erTi da imave Zalis momenti erT SemTxvevaSi iyos dadebiTi, 
meore SemTxvevaSi iyos uaryofiTi an nulis toli? Tu Tvli, rom es SesaZlebelia, ecade 
moiyvano Sesabamisi magaliTi.

aqtivoba 3. cdis Catareba
saxelZRvaneloSi aRwerili cdis Catarebisa da dakvirvebis safuZvelze vaskvniT, rom 

momentebis wesi WeSmaritia da uZravi brunvis RerZis mqone sxeuli ar brunavs an brunavs 
Tanabrad, Tu masze moqmedi yvela Zalis momentebis jami nulis tolia: 

M1+M2+M3+...+ Mn =0
aqtivoba 4.  momzadeba proeqtis gansaxorcieleblad 
ganixileT moswavleebTan erTad proeqtze muSaobis etapebi, Sefasebis kriteriumebi, 

proeqtis gansaxorcieleblad saWiro dro.
ganxorcielebuli proeqtis gaformebisas gamoiyeneT danarTi 4.
aseve jgufis muSaobis kiTxvari, romlis gamoyeneba efeqtiania jgufur proeqtebze 

muSaobisas. moswavleebi individualurad avseben kiTxvars, maswavlebeli aanalizebs maT 
da analizis Sedegebs iTvaliswinebs jgufebis dakompleqtebisas, jgufSi funqciebis ga-
danawilebisas. analizis Sedegebi maswavlebels imasac uCvenebs, romel moswavlesTan ra 
mimarTulebiTaa saWiro muSaoba.

momentebis wesis Semowmeba mbrunavi diskos gamoyenebiT. 
dagegmeT da moamzadeT eqsperimenti momentebis wesis Sesamowmeblad. daamzadeT momen-

tebis wesis saCvenebeli xelsawyo da warmoadgineT.
proeqtze muSaobis etapebi: 
mbrunavi diskos damzadeba;
eqsperimentisaTvis saWiro inventaris momzadeba;
sademonstracio danadgaris awyoba; 
momentebis wesis demonstrireba;
daskvna.
proeqtis gegma 
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1. proeqtis dasaxeleba -------------------------------------------------------------------
2. proeqtSi monawileoben ----------------------------------------------------------------- 
3. proeqtis aqtualoba/riT aris es proeqti mniSvnelovani CvenTvis? ---------- -----------------

------------------------------------------------------------------------------------------
4.  proeqtis mizani: --------------------------------------------------------------------------- 
5.  proeqtze muSaobis vadebi: dasawyisi ---------- dasasruli ------------- 
6. gansaxorcielebeli amocanebi: amocanis dasaxeleba da mokle aRwera, vada, mosalod-

neli Sedegi, mosalodneli Sedegis amsaxveli masala, amocanis gansaxorcieleblad saWiro 
pasuxismgebeli piri, resursebi. 

7.  proeqtis bolos misaRwevi Sedegebi: -------------------------------------------------
8.  xelis SemSleli faqtorebi/SesaZlo riskebi: -------------------------------------- 
9. proeqtis Sualeduri da saboloo Sefaseba:
amocanis Sesrulebis angariSi
TariRi:
jgufi:
amocanis Sesrulebis vada: -------------------------------------------------
Sinaarsobrivi samuSao
movagvareT:
mocemul vadaSi Cven warmatebiT gavarTviT Tavi Semdeg samuSaos:
------------------------------------------------------------------------------------------------------
wavawydiT dabrkolebebs:
mocemul droSi sirTuleebma iCina Tavi Semdegi samuSaos Sesrulebisas:
--------------------------------------------------------------------------------------------------------
albaT gvWirdeba... ----------------------------------------------------------------------------
amisTvis gadavwyviteT: ---------------------------------------------------------------------
jgufSi TanamSromloba:
proeqtze muSaobis dros jgufSi Tavi iCina Semdegma problemebma: 
--------------------------------------------------------------------------------------------------------
problemebis mogvareba amgvarad vcadeT: ---------------------------------------------------------------------

proeqtze muSaobis procesSi moswavleTa Sefaseba maswavleblis mier

TanamSromlobis 
unari

saimedooba komunikaciis 
unari

konfliqtebis 
mogvarebis 
unari

Sesrulebuli 
samuSaos aRwerisa da 
daskvnis gamotanis 
unari

jer ara

nawilobriv

diax

saSinao davaleba: proeqtze muSaoba
proeqtis Sesrulebis Semdeg moswavleebi SeZleben:
proeqtis dagegmvas, Sesrulebas, Sefasebasa da daskvnebis gamotanas.

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 roca Zalis moqmedebis wrfe brunvis RerZze gadis, anu, roca Zalis mxari nulis 
tolia;

2.	 imis mixedviT, saaTis isris brunvis mimarTulebiT abrunebs es Zala sxeuls, Tu 
saaTis isris brunvis mimarTulebis sawinaaRmdegod;
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3.	 es SeuZlebelia, radgan aseT SemTxvevaSi yvela Zalis momentebis jami nulis 
toli ar aris;

4.	 SesaZlebelia. vTqvaT, raime masis Rero boloebiT devs or sayrdenze. Reros 
simZimis Zalis momentis niSani sayrdeni wertilebis mimarT iqneba sxvadasxva.

§2.5 sxeulis simZimis centris povna. wonasworobis saxeebi

mizani: winare codnaze dayrdnobiT moswavle SeZlebs sxeulis simZimis centris moZeb-
nas da wonasworobis saxeebis dadgenas.

samizne cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
simZimis centri, mdgradi wonasworoba, aramdgradi wonasworoba, ganurCeveli wonasworoba.

¾¾ erTgvarovani sxeulis simZimis centri mis geometriul centrSi mdebareobs
¾¾ wonasworobis saxeebia: mdgradi, aramdgradi da ganurCeveli
¾¾ sxeulis mdgradi wonasworobis mdgomareobidan mcire gadaxrisas is ubrundeba 

wonasworobis mdgomareobas, aramdgradidan gadaxrisas  ufro Sordeba wonasworo-
bis mdgomareobas, ganurCeveli mdgomareobidan gadaxrisas _ axal mdgomareobaSi is 
kvlav wonasworobaSi iqneba 

aqtivoba 1. sademonstracio cda
mizani: motivaciis gazrdis mizniT sademonstracio cdis gamoyeneba.
vipovoT nebismieri formis sxeulis simZimis centri. sademonstracio cda aRwerilia 

saxelmZRvaneloSi da Tan axlavs Sesabamisi ilustracia.
dafiqrdi da Seecade axsna samive cdis Sedegi, risTvisac pasuxi gaeci kiTxvebs:
a) risi tolia samive cdaSi N  Zalis mabrunebeli momenti Wikartis mimarT?
b) ras iwvevs Wikartis mimarT mg  Zalis momenti saxazavi I-is  gadaxrisas?
g) ras iwvevs Wikartis mimarT mg  Zalis momenti saxazavi II-is gadaxrisas?
d) risi tolia Wikartis mimarT mg  Zalis momenti saxazavi III-is SemTxvevaSi? 
daakvirdiT naxazebs an saklaso oTaxSi Catarebul cdas da daadgineT, rogor vipovoT 

sxeulis simZimis centri.
aqtivoba 2. sakvanZo SekiTxvebi
mizani: winare codnis gaaqtiureba, provocireba axali codnis SesaZenad;
prezentaciiT miRebuli codnis dakavSireba arsebul winare codnasTan da sakvanZo Se-

kiTxvebze pasuxis gacema, mosazrebis an hipoTezis gamoTqma. 
aRwera: informaciis miRebis Semdeg saerTo-saklaso interaqciiT sakvanZo SekiTxvebze 

pasuxis gacema. am dros moswavlem sasurvelia xmamaRla imsjelos, ganmartos da argumen-
tirebulad daasabuTos sakuTari azri. 

rogor ipoviT saskolo marTkuTxa samkuTxedis simZimis centrs?
SesaZlebelad migaCniaT Tu ara, rom sxeulis simZimis centri mis gareT iyos? Tu migaC-

niaT, moiyvaneT raime magaliTi.
ra principzea dafuZnebuli  simZimis centris povna gamoTvliT?
rogor davadginoT, mocemuli sxeuli mdgrad, aramdgrad Tu ganurCevel wonasworobaSia?
rogor icvleba mdgradi da aramdgradi wonasworobidan gadaxris Semdeg potencia-

luri energiebi? ganurCevelidan gadaxrisas?
aqtivoba 3. amocanis erToblivi amoxsna jgufebSi an wyvilebSi
mizani: moswavle SeZlebs amocanis sworad amoxsnas sakuTari SexedulebiT, sakuTari 

azris damtkicebis safuZvelze.
aRwera: saxelmZRvaneloSi mocemuli amocanis amoxsnis nimuSis ganxilva „erTad  amo

vxsnaT amocana“.
aqtivoba 4. individualuri muSaoba  
mizani: codnis gamoyeneba, amocanebis sworad amoxsna. 
8.	 msubuqi Reros boloebze damagrebulia mcire zomis m1 =2 kg da m2=8 kg masis 

burTulebi, romelTa  saerTo masaTa centri O wertilSia. Rero O wertiliT Camok-
idebulia Zafze (g≈10 n/kg),  gansazRvreT: 

a) Zafis daWimulobis Zala;
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b) burTulebis O wertilidan daSorebis Sefardeba _ d1 /d2 .
9.	 wina amocanis pirobis mixedviT gansazRvreT burTulebis O wertilidan daSore-

ba, Tu Reros sigrZe 1 metria.
10.	 magidaze moTavsebul  or mcire zomis burTulas Soris manZili 160 sm-ia.  maTi mase-

bia 1 kg da 7 kg.  ramdeni santimetriT gadainacvlebs burTulebis saerTo masaTa centri, 
Tu maT adgilebs gavucvliT? 

aqtivoba 5. Sejameba/Sefaseba
erT-erTi moswavle akeTebs Sejamebas mkvidri warmodgenebis Sesaxeb. meore xsnis amo-

canas. maswavlebeli akeTebs ganmaviTarebel Sefasebas winaswar momzadebuli da moswav-
leebisTvis warmodgenili Sefasebis cxrilis mixedviT.

aqtivoba 6. saSinao davaleba
mizani: damoukideblad muSaobis unarebis ganviTareba, pasuxismgeblobis  grZnobis gamo-

muSaveba.
saxelmZRvaneloSi mocemuli saSinao cdis Catareba da  Sesabamisi paragrafis bolos 

mocemuli amocanebis  amoxsna. amocanebs maswavlebeli SearCevs Sexedulebisamebr.
gakveTilis bolos misaRwevi Sedegebi:
moswavleebi SeZleben wonasworobis saxis dadgenas,  simZimis centris gansazRvrasa da 

amocanebis amoxsnas.

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:
1.	 umjobesia samkuTxedi lursmanze an Zafze davkidoT maxvili kuTxeebiT, Semdeg 

ki ise moviqceT, rogorc paragrafis dasawyisSia aRwerili;
2.	 arseboben, magaliTad, rgolis an kuTxovanas simZimis centri mis gareTaa;
3.	 sxeulis simZimis centriT dakidebisas an dayrdnobisas is gawonasworebuli 

aRmoCndeba;
4.	 mcired gadavxaroT wonasworobis mdgomareobidan, gavaTavisufloT da davak

virdeT daubrundeba Tu daSordeba mas, an kvlav aRmoCndeba Tu ara wonasworobaSi;
5.	  mdgradidan gadaxrisas _ izrdeba, aramdgradidan gadaxrisas _ mcirdeba, 

ganurCevelidan gadaxrisas _ ar icvleba.

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 mdgradia, radgan wonasworobis mdgomareobidan gamoyvanis Semdeg sxeulze moq-
medi drekadobis Zala mimarTuli iqneba sawyisi mdebareobisken.

2.	 mdgradia, radgan Tu burTulas zeviT avwevT da gavaTavisuflebT, simZimis Zala 
daabrunebs sawyis mdebareobaSi. Tu wyalSi CavZiravT da gavaTavisuflebT, gaizrdeba 
masze moqmedi amomgdebi Zala da burTula kvlav dabrundeba sawyis mdebareobaSi.

3.	 ganurCevelia, radgan rodesac sxeulis saSualo simkvrive siTxis simkvrivis to-
lia, am sxeulis mocemul siTxeSi, nebismier adgilas moTavsebisas sxeulze moqmedi 
simZimisa da arqimedes amomdgebi Zalebi erTmaneTs awonasworebs. 

4.	 aramdgradia, radgan Tu sxeuls ufro metad CavZiravT, hidrostatikuri wnevis 
zrdis gamo buSti SeikumSeba da Semcirdeba masze moqmedi amomgdebi Zala. simZimis Zala 
moduliT meti gaxdeba amomgdeb Zalaze da sxeuli daSordeba sawyis mdebareobas. Tu 
sxeuls zeviT amovwevT da gavaTavisuflebT, buSti gafarTovdeba, gaizrdeba amomgdebi 
Zala da buSti kvlav daSordeba sawyis mdebareobas.

5.	 siTxeSi CaZirul sxeulze moqmedi arqimedes Zala miT ufro metia, rac ufro 
didia siTxis simkvrive. Tu mocemul burTulas qveviT CavZiravT, gaizrdeba masze moq-
medi amomgdebi Zala da sxeuli daubrundeba sawyis mdebareobas. Tu zeviT amovwevT Sem-
cirdeba amomgdebi Zala da simZimis Zala kvlav sawyis mdebareobaSi daabrunebs sxeuls. 
sxeulis wonasworoba mdgradia.

6.	 a) imave wertilSi  iqneba, radgan darCenili figuris simetriis centric igive 
wertilia; b) mesame seqtorSi gadainacvlebs.

7.	 a) (sur. a)-ze gamosaxuli burTis wonasworoba mdgradia,  (sur. b)-ze _ aramdgradi; 
b) (sur. a)-ze gamosaxul mdgomareobaSi burTis masaTa centri ufro qveviTaa, amitom 
potencialuri energia ufro naklebi iqneba (sur. a)-ze gamosaxul mdgomareobaSi.
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8.	 a) (m1+m2)g=100 n;    b) d1/d2=m2/m1=4.
9.	 d1=80 sm,  d2=20 sm.  
10.	vTqvaT adgilebis gacvlamde masaTa O centri 1 kg masis sxeulidan daSorebulia 

d1-iT, 7 kg masis sxeulidan d2-iT. maSin d1/d2=7. d1+d2=160 sm. d1=140 sm, d2=20 sm. adgi
lebis gacvlis Semdeg masaTa O centri gadainacvlebs  d1-d2=120 sm-iT.

§ 2.6   sayrdeni farTobis mqone sxeulis wonasworoba

mizani: sademonstracio cdaze dakvirvebiT da winare codnaze dayrdnobiT moswavle 
daadgens sayrdeni farTobis mqone sxeulis wonasworobis pirobebs.

samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
mdgradi da aramdgradi wonasworoba, daxris kuTxe, simZimis centri, sayrdeni far-

Tobi. 
¾¾ sayrdeni farTobis mqone sxeulTa wonasworoba miT ufro mdgradia, rac metia 

misi sayrdeni farTobi da rac ufro dablaa sxeulis simZimis centri
¾¾ sayrdeni farTobis mqone sxeulTa wonasworoba mdgradia, Tu simZimis centrze 

gavlebuli Sveuli wrfe sayrden farTobSi gadis; winaaRmdeg SemTxvevaSi wonasworoba 
aramdgradia

¾¾ wonasworobis mdgradobis gasazrdelad sxeulis sayrden farTobs zrdian
aqtivoba1. saSinao davalebis Semowmeba, saSinao cdis aRweris Canawerebis wakiTxva, 

sakiTxisadmi interesis gaRviveba, samizne  cnebebis ganmarteba, maTTan dakavSirebuli 
faqtebisa da Teoriuli masalis gadacema.

moxsenebiTi baraTi cdis Catarebisa da miRebuli Sedegebis Sesaxeb.
mizani: moswavlem SeZlos Sesrulebuli samuSaos Sesaxeb werilobiTi moxsenebis ga-

keTeba, man  unda SeZlos werilobiT gadmogceT  informacia cdis dagegmvis,  momzadeb-
is, mimdinareobis, mtkicebulebebis Segrovebisa da analizis Sesaxeb.

dagegmva
ra Temis Sesaxeb aris mocemuli cda. ra sidideebi, cvladebi iRebs monawileobas 

cdaSi da rogor aris SesaZlebeli maTi gazomva. ra xelsawyoebi aris saWiro cdisTvis.
diagrama, romelic giCvenebs, rogor CarTo, SeaerTo an gamoiyeno mocemuli xelsawyo. 
samuSaos aRwera, Tu ris gakeTebas gegmav. 

mtkicebulebebis mogroveba 
samuSaos aRwera, aseve komentarebis dawera Seqmnil sirTuleebsa da maTi gadaWris gzebze. 

cxrili, romelic giCvenebT yvela sididis gazomvis Sedegebs.
analizi
grafiki an diagrama. miRebul monacemebze dayrdnobiT Catarebuli gamoTvlebi. ra 

Sedegi miiReT am cdidan, Tqveni dakvirvebis Sedegebi.
Sefaseba
ramdenad sandoa Tqveni Sedegebi. raime anomaliuri Sedegis arseboba, misi SesaZlo 

mizezi. Semdgomi samuSao, romelic SesaZloa ganxorcieldes.
aqtivoba 2. sakvanZo SekiTxvebi. 
mizani: interesisa da cnobismoyvareobis gaRviveba, saklaso muSaobaSi CarTva.
aRwera: informaciis miRebisaTvis cdaze dakvirveba da sakvanZo SekiTxvebze savarau-

do pasuxis miReba. sakuTari azris dafiqsirebiT  argumentirebulad msjeloba.
SesaZlebelia mocemul saitze daregistrirebiT mcire Tematuri  videoebis naxva:
http://tiny.cc/cdv9jz an http://tiny.cc/ohv9jz
videos naxvis Semdeg kiTxvebze pasuxis gacema. am dros sasurvelia SekiTxvebi videos 

naxvamde gaacnoT moswavleebs.
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aqtivoba 3. amocanis erToblivi amoxsna jgufebSi an wyvilebSi.
mizani: komentarebis gaTvaliswinebis an sakuTari azris damtkicebis safuZvelze 

amocanebis amoxsna. 
aRwera: saxelmZRvaneloSi mocemuli amocanebis ganxilva.
aqtivoba 4 . individualuri muSaoba,  qvizi.
 mizani: moswavlis mzaobis Semowmeba, urTierTSefaseba.
aRwera: daurigeT moswavleebs baraTebi da pasuxebis 2-2 furceli samuSaosTvis. 

gansazRvreT garkveuli dro. aseve mzad gqondeT damatebiTi amocanebi, an im moswav-
leebs, vinc adre daasrula, sTxoveT gaagrZelon paragrafis bolos mocemuli amocaneb-
is amoxsna, drois amowurvis Semdeg moswavleebma erTi Sevsebuli pasuxebis furceli 
unda miscen maswavlebels, meore gaucvalon megobrebs da daweron Sefaseba. amis Semdeg 
maswavlebeli slaidze aCvenebs an dafaze gamoakravs  swor pasuxebs. moswavleebi akeT-
eben TviTSefasebas da weren swori pasuxebis raodenobas.

moswavlis saxeli da gvari ------------------

amocana 1 amocana 2  amocana 3

pasuxebi

Sefaseba (+,-)

swori pasuxebis raodenoba

swori pasuxebi gamoakariT klasSi an aCveneT proeqtoriT, am aqtivobis savaraudo 
dro 5-7 wuTi.

amocanebi 1. miuxedavad imisa, rom  
pizaSi arsebuli istoriuli 
koSki,  sadac  galileo 
galilei eqsperimentebs 
atarebda,  sakmaod 
gadaxrilia,  is mainc 
inarCunebs mdgradobas.  
imsjeleT, ra aris  amis 
mizezi?

2. sabavSvo  
velosipeds 
ukana borbalTan 
damatebiT ori 
mcire zomis 
borbali aqvs. 
ratom?

3. albaT, ginaxavT  
akrobatebis mier Sesru-
lebuli rTuli sacirko 
nomeri. rogor fiqrobT,  
ra funqcia aqvs joxebs, 
romlebic akrobatebs 
uWiravT?

pasuxebi

koSkis masaTa centrze 
gavlebuli Sveuli misi 
sayrdeni farTobis 
SigniTaa.

velosipedis 
sayrdeni 
farTobis 
gasazrdelad.

joxis daxmarebiT is 
inarCunebs wonasworobis 
mdgomareobas.  joxs 
imdagvarad  gadaxris, rom 
akrobatisa da joxis saerTo 
masaTa centrze gavlebuli 
Sveuli Tokze gadiodes.  
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damatebiTi amocanebi qvizisTvis 

4.	 ra  daniSnuleba aqvs koSkura amwes boloSi (mokle mxares) damagrebul betonis 
mZime tvirTebs? (suraTze miTiTebulia isriT)

5.	 mZime tvirTebis awevisas avtoamweebi  specialur sayrden fexebs iyeneben. amis 
erT-erTi mizezi isaa, rom tvirTisa da amwis  simZimes SesaZloa borblebma ver gauZlos.  
daakvirdiT suraTs da imsjeleT, kidev ra daniSnuleba aqvs specialur sayrden fexebs? 

aqtivoba 5. Sejameba/Sefaseba.
mizani: moswavleebi aerTianeben arsebul da axlad miRebul codnas. 
aRwera: klasTan erToblivi interaqciiT xdeba Sejameba. maswavlebeli akeTebs ganma-

viTarebel Sefasebas Sefasebis rubrikis mixedviT,  romelic SemuSavebuli  da gamokru-
li aqvs winaswar.

aqtivoba 6. saSinao davaleba
mizani: damoukideblad muSaobis unarebis ganviTareba, pasuxismgeblobis  grZnobis 

gamomuSaveba.
saxelmZRvanelos Sesabamisi paragrafis bolos mocemul amocanebs maswavlebeli 

SearCevs sakuTari Sexedulebisamebr.
gakveTilis bolos misaRwevi Sedegebi:
moswavleebi SeZleben 
saxelmZRvaneloSi mocemuli cdis Catarebas, Sedegebze dakvirvebas da daaskvnian, 

rom sayrdeni farTobis mqone sxeulTa wonasworoba miT ufro mdgradia, rac metia misi 
sayrdeni farTobi da rac ufro dablaa sxeulis simZimis centri.

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 Tu sxeulebi formas ar icvlian, romlis gadasabrunebel mdgomareobamde mi
sayvanad meti kuTxiT daxraa saWiro, misi wonasworoba ufro mdgradia;

2.	 rodesac simZimis centrze gamavali Sveuli wrfe sayrdeni farTobidan gava 
sayrdeni farTobis gareT;

3.	 sayrdeni farTobi gulisxmobs Sexebis wertilebiT SemosazRvrul mTel farTobs;
4.	 zrdian sayrden farTobs, igi borblebis zedapirTan Sexebis wertilebiT Seqmnili 

samkuTxedis farTobia;
5.	 amiT Cveni simZimis centri gadagvaqvs win, raTa masze gavlebuli Sveuli fexebis 

sayrden farTobSi gavides;
6.	 amiT gazrdilia sayrdeni farTobi da dablaa daweuli simZimis centri, rac mox

vevisas mis wonasworobas ufro mdgrads xdis;
7.	 dalageba unda daviwyoT qvemodan mZime sagnebiT, Semdeg _ SedarebiT msubuqi sagnebi. 

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 koSkis masaTa centrze gavlebuli Sveuli misi sayrdeni farTobis SigniTaa da 
koSks aqvs saZirkveli, romelic aseve xels uwyobs mis mdgradobas.

2.	 velosipedis sayrdeni farTobis gasazrdelad.
3.	 Tokze gavlisas akrobati xan erT xan meore mxares mcired gadaixreba. joxis 

daxmarebiT is inarCunebs wonasworobis mdgomareobas. joxs imdagvarad gadaxris, rom 
akrobatisa da joxis saerTo masaTa centrze gavlebuli Sveuli Tokze gadiodes. 
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4.	 rom ara betonis tvirTebi, mZime tvirTebis awevisas koSkura amwesa da asawevi 
tvirTebis saerTo masaTa centri gascdeba amwes sayrden farTobs _ amwes wonasworoba 
dairRveva. 

5.	 avtoamwes sayrdeni farTobi izrdeba.
6.	 oTxfexa skami iqneba ufro mdgradi, radgan misi sayrdeni farTobi iqneba ufro didi.
7.	 grZeli Txilamurebis daxmarebiT moTxilamuris sayrdeni farTobi izrdeba, rac 

xels uwyobs moTxilamuris mdgradobas.
8.	 izrdeba xeebis sayrdeni farTobi, ris gamoc xeebi qaris dros inarCuneben mdgradobas.
9.	 yuTis 450-iT mobrunebisas misi masaTa centri zustaT im wibos zeviT iqneba, rom-

lis irgvlivac xdeba kubis mobruneba. 450-ze odnav meti kuTxiT mobrunebis SemTxvevaSi 
ki yuTi xelis gaSvebis Semdeg TavisiT gadabrundeba. 

10.	 ar gaxdeba, radgan magidis sayrdeni farTobi ar gaizrdeba.
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§ 2.7 martivi meqanizmebi _ berketi

mizani: martivi meqnizmebis moZebna yofa-cxovrebaSi, maTi muSaobis principis gansazRvra.
samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
martivi meqanizmebi, berketi, Zalis mogeba, pirveli gvaris da meore gvaris berketi.

¾¾ berketi SeiZleba gamoviyenoT patara ZaliT didi Zalis misaRebad
¾¾ berketis gamoyenebiT imdenjer vigebT Zalas, ramdenjerac berketis didi mxari 
metia mis mcire mxarze

¾¾ berkets, romelzec  Zalebi brunvis RerZis sxvadasxva mxaresaa modebuli, pirve-
li gvaris berketi ewodeba

¾¾ berkets, romelzec  Zalebi brunvis RerZis erTsa da imave mxaresaa modebuli da 
gvaZlevs Zalis mogebas, meore gvaris berketi ewodeba

aqtivoba1. saSinao davalebis amocanebis ganxilva.
saSinao davalebis Semowmebis dros SegiZliaT gamoiyenoT baraTebi „diax“ da „ara“. 

am aqtivobiT yvela moswavle CarTuli iqneba sagakveTilo procesSi da moaxdens TviT-
Sefasebas, daadgens Tavisi amoxsnis siswores, gamoTqvams sakuTar azrs, Tu misi pasuxi 
gansxvavebulia, Seecdeba sakuTari argumentebis moyvanas.

aqtivoba 2. mini-leqcia.
maswavlebeli ganmartavs sakvanZo terminebis mniSvnelobas, mohyavs berketebis ga-

moyenebis istoriuli magaliTebi rubrikidan – „es sainteresoa“.
aqtivoba 3. sakvanZo SekiTxvebi.
mizani: mini-leqciiT  da me-7 klasis fizikis kursidan miRebuli codnis dakavSireba 

arsebul sakiTxTan da SekiTxvebze  swori pasuxis gacema. 
aRwera: saerTo-saklaso aqtivobiT sakvanZo SekiTxvebze pasuxis gacema. 
ra aris adamianis mier sxvadasxva samuSaos Sesrulebisas mowyobilobis gamoyenebis 

mTavari azri?
rogor moviqceT imisaTvis, rom berketiT Zalis mogeba gavzardoT?
ratom aqvs liTonis furclis saWrel makratels grZeli saxelurebi?
SesaZlebelia Tu ara, rom berketiT Zalas vagebdeT?
me-7 klasis fizikis kursidan ra xelsawyos gaixsenebdiT, romelic Zalis mogebas gvaZ

levs?
aqtivoba 4. amocanis erToblivi amoxsna jgufebSi.
mizani: moswavle SeZlebs amocanis sworad amoxsnas. 
 gamoiyeneT diferencirebuli swavlebis principebi, SeadgineT jgufebi mzaobis 

mixedviT, rasac daadgenT sakvanZo SekiTxvebze pasuxebis gaTvaliswinebiT. urCieT mos-
wavleebs, gainawilon funqciebi da efeqturad gamoiyenon dro. prezentaciis gakeTeba 
sasurvelia yvela jgufisTvis. moswavleebma unda gaakeTon urTierTSefaseba winaswar 
SemuSavebuli prezentaciis Sefasebis rubrikiT, rubrikis nimuSebi ixileT danarTSi. am 
dros jgufebma samuSaos dawyebamde sxva instruqciebTan erTad unda gaigon, romeli 
jgufi romels Seafasebs da miscems konstruqciul ukukavSirs.

1 jgufi (dabali mzaobis)
II jgufi (saSualo mzaobis)
III jgufi (saSualoze maRali mzaobis)
IV jgufi (maRali mzaobis)
amocanebi SearCieT saxelmZRvaneloSi paragrafis bolos an damatebiT amocanebs 

Soris. sasurvelia moiTxovoT naxazis Seqmna, mokle pirobis Cawera, aRniSvnebis sworad 
gakeTeba,  saWiro formulis Cawera da gamoTvlebis sizuste.

aqtivoba 5. Sejameba/Sefaseba.
maswavlebeli sTxovs moswavles gaakeTos Sejameba, prezentacia da urTierTSefaseba. 
aqtivoba 6. saSinao davaleba.
 amocanebi SearCieT Sexedulebisamebr.
gakveTilis bolos misaRwevi Sedegebi:
moswavleebi SeZleben gansazRvron martivi meqanizmebis, xelsawyo-mowyobilobebis 

mniSvneloba da muSaobis principebi.
jgufebSi muSaobiT ganiviTaron erToblivi muSaobis unarebi, amoxsnan Tematuri amo-

canebi.
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paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 Zalis gardaqmna, rac samuSaos Sesrulebas advils da mosaxerxebels xdis;
2.	 gavzardoT Cven mier modebuli Zalis mxari an SevamciroT misi gamawonasworebeli 

Zalis mxari;
3.	 Zalis mniSvnelovnad mogebisaTvis, rac mniSvnelovania liTonis Wrisas;
4.	 SesaZlebelia. am SemTxvevaSi manZils vigebT;
5.	 hidravlikur wnexs. is swored Zalis mogebas gvaZlevs. 	

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 mgd1=Fd2.  m=20 kg. 

2.	 m1gd1= m2gd2.  m2=9 kg.

3.	 d1/d2=m2/m1=1/4. d1+d2=1 m.  d1=20 sm, d2=80 sm. berketi sayrdens awveba  (m1+m2)

g=150 n-is toli ZaliT.

4.	 (m1+m2)g=300 n => m1+m2=30 kg.   m2/m1= d1/d2=1/2.  m1=20 kg, m2=10 kg. 

5.	 m1/m2=5.  d2/d1=5.  d1=40 sm, amitom d2=2 m. berketis sigrZe iqneba 2,4 m.

6.	 m1/m2=1/4. d2/d1=1/4. d1+d2=1,5 m. d1=1,2 m, d2=0,3 m. 

7.	 d1/d2= m2/m1=10. m2 
-m1=18 kg. m1=2 kg, m2=20 kg.

8.	 m1/m2=1/4. d2/d1=1/4. d1-d2=60 sm.  d1=80 sm, d2=20 sm.  berketis sigrZea 1 m.  berketi 
sayrdens awveba (m1+m2)g=250 n-is toli ZaliT.

9.	 5 kg.  berketi sayrdens awveba 150 n ZaliT.
10.	radgan d1=25 sm da berketis sigrZe 1 m-ia, vadgenT, rom berketze moqmedi simZimis 

Zalis mxaric 25 sm-ia. aqedan viRebT, rom berketis masac 20 kg-ia. sayrdenis 15 sm-iT 
marcxniv gadawevis Semdeg tvirTze moqmedi simZimis Zalis mxari 10 sm gaxdeba, berketze 
moqmedi simZimis Zalis mxari ki _ 40 sm. aqedan vadgenT, rom berketis marcxena boloze 
berketis masasTan SedarebiT 4-jer meti masis tvirTi unda ekidos, ese igi, berketis 
marcxena boloze damatebiT 60 kg unda CamovkidoT. 

§ 2. 8 uZravi da moZravi WoWonaqebis Seswavla

mizani: cdis Sedegebze dayrdnobiT WoWonaqis wonasworobis pirobis dadgena da 
uZravi WoWonaqis Tvisebebis gamoyeneba.
samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
WoWonaqi, uZravi WoWonaqi, moZravi WoWonaqi, Zalis mogeba.

¾¾ WoWonaqi uZravia, roca misi brunvis RerZi uZravadaa damagrebuli
¾¾ WoWonaqi moZravia, roca mis brunvis RerZs  SeuZlia gadaadgildeba
¾¾ uZravi WoWonaqi Zalis mogebas ar gvaZlevs. is Zalas ucvlis mimarTulebas
¾¾ moZravi WoWonaqiT orjer vigebT Zalas, Tumca  orjer vagebT manZils

aqtivoba 1. saSinao davalebis ganxilva.
amocanebis ganxilva, WoWonaqis gamoyeneba.
samizne  cnebebis ganmarteba, maTTan dakavSirebuli faqtebisa da Teoriuli masalis 

codnis safuZvelze WoWonaqis gamoyenebis mizanSewonilobaze saubari.  
aqtivoba 2. ganmartebebi da sakvanZo SekiTxvebi.
mizani: sakiTxisadmi interesis gaRviveba, samizne  cnebebis ganmarteba, maTTan dakav-

Sirebuli faqtebisa da Teoriuli masalis gadacema, sakvanZo SekiTxvebze pasuxis gacema. 
 sakontrolo kiTxvebi:
ra SemTxvevaSi gamoiyenebT uZrav WoWonaqs? ra SemTxvevaSi gamoiyenebT moZrav WoW-

onaqs? ra upiratesoba aqvs moZrav WoWonaqs uZravTan SedarebiT? gvaZlevs Tu ara muSa-
obis mogebas uZravi WoWonaqi? gvaZlevs Tu ara muSaobis mogebas moZravi WoWonaqi da 
ratom? ratomaa uZravi WoWonaqi pirveli gvaris berketi da ratomaa moZravi WoWonaqi 
meore gvaris berketi?
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aqtivoba 3: laboratoriuli samuSao.
mizani: cdis saSualebiT davadginoT WoWonaqis wonasworobis piroba da gavzomoT 

Zalis mogeba WoWonaqis gamoyenebisas.
aRwera:  gaawonasworeT tvirTi dinamometrze qvemoT modebuli Zalis saSualebiT da 

cxrilSi SeitaneT tvirTze moqmedi simZimis Zalisa da  dinamometris Sesabamisi Cvenebis 
mniSvnelobebi wonasworobisas;

gaimeoreT cda 200, 300 da 400 g masis tvirTebisTvis.

tvirTis masa m (kg) 0.1 0.2 0.3 0.4

       
cda1

tvirTze moqmedi simZimis 
Zala mg (n)

dinamometris Cveneba F (n)

      
 cda2

tvirTze moqmedi simZimis 
Zala mg (n)

dinamometris Cveneba F (n)

aqtivoba 4. Sejameba/Sefaseba.
mizani: moswavleebi aanalizeben cdiT miRebul Sedegebs. 
aRwera: klasTan erToblivi interaqciiT xdeba Sejameba. maswavlebeli akeTebs ganma-

viTarebel Sefasebas laboratoriuli samuSaos Sefasebis rubrikis mixedviT  (danarTi2),  
romelic SemuSavebuli  da gamokruli aqvs winaswar.

aqtivoba 5. saSinao davaleba. 
amocanebi 1,2,3,4,5
jgufuri samuSao  sasurvelia Sesruldes Semdeg gakveTilze, sadac  ramdenime jgufs 

eqneba erTnairi davaleba. kargi iqneba jgufebis Sedgena araerTgvarovani mzaobisa da 
unarebis mixedviT. sasurvelia jgufSi moxdes rolebis ganawileba (magaliTad, mxat-
vari, drois aRmricxveli, ideebis Camweri, daskvnis prezentatori da sxva)

davaleba 1. axseniT, ratomaa  suraTze gamosaxuli WoWonaqebisa da tvirTebis sistema 
wonasworobaSi. miiCnieT, rom yvela tvirTis masa erTnairia.

davaleba 2
suraTze gamosaxulia ormagi WoWonaqi. is warmoadgens saerTo RerZis mqone ori sx-

vadasxva r
1 
 da r

2 
 radiusis lilvs. 

dafiqrdiT, ra Zalebi moqmedebs WoWonaqis lilvebze  da dawereT formula, roml-
iTac vipoviT, Tu ramdenjer gvaZlevs Zalis mogebas aseTi WoWonaqi.

prezentaciis dros  davaleba 1-is Semsrulebeli yvela jgufis azri SeajereT da 
Semdeg davaleba 2-is Semsruleblebis warmomadgenlebs mieciT sityva.

sasurvelia, jgufebma gaakeTon urTierTSefaseba  prezentaciis Sefasebis rubrikiT 
(danarTi 2).
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paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 rodesac gvWirdeba mxolod Zalis mimarTulebis Secvla;
2.	 rodesac gvinda  Zalis mogeba;
3.	 Zalis mogeba;
4.	 ar gvaZlevs. uZravi WoWonaqiT Zalas  ver vigebT, verc manZils;
5.	 ar gvaZlevs. moZravi WoWonaqiT  orjer vigebT Zalas, magram orjer vagebT 

manZils;
6.	 misi brunvis RerZi Zalebis modebis wertilebs Sorisaa;
7.	 misi mobrunebis wertili Zalebis modebis wertilebis erT mxaresaa.

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 100 n, 200 n.
2.	 200 n, 400 n.
3.	 20 sm-iT. 
4.	 a) 250 n; b) 500 n; g) 2F=500 n; d) sistema Werze moqmedebs 2F+F=750 n ZaliT. 
5.	 10 kg,  T=100 n.
6.	 a) oTxjer; b) 8 metrze; g) 500 n; d) 500+250=750 (n).
7.	 300 n.
8.	 28 kg.
9.	 FR=mgr => F=mgr/R=112 n.
10.	Tu erTi Semobrunebisas patara lilvze 50 sm sigrZis Toki exveva da Wis siRrme 

20 m-ia, maSin Tokis mTlianad dasaxvevad lilvebis 40-jer Semobrunebaa saWiro. radgan 
erTi Semobrunebisas didi lilvidan 70 sm sigrZis Toki iSleba, 40-jer Semobrunebisas 
gaiSleba 28 m sigrZis Toki. F Zalis modebis wertili gaivlis 28 m manZils. 

§ 2.9 meqanikis oqros wesi

mizani: berketebisa da WoWonaqebis Seswavlisas meqanizmebis muSaobis principebze 
dayrdnobiT Semdeg kiTxvaze pasuxis miReba _ gvaZlevs Tu ara es meqanizmebi muSaobis 
mogebas?

samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
berketi, mesame gvaris berketi, Zalis mxari, meqanikis oqros wesi, wonasworoba.
¾¾ berketis grZel mxarze moqmedebisas Zalas vigebT imdenjer, ramdenjerac vagebT 

manZils
¾¾ berketis gamoyenebisas muSaobas ver vigebT
¾¾ SeiZleba movigoT manZili, magram wavagebT Zalas 
¾¾ meqanikis oqros wesi samarTliania idealuri meqanizmisaTvis, romelSic meqaniz-

mis simZimisa da xaxunis Zalebi nulis tolia
aqtivoba1. saSinao davalebis Semowmeba.
mizani: winare codnis gaaqtiureba, samizne  cnebebis ganmarteba, maTTan dakavSirebu-

li faqtebisa da Teoriuli masalis gaxseneba.
aRwera: moswavlis mier dasmul SekiTxvebze pasuxi da maswavleblis mier ganvlili 

masalis irgvliv dasmul frontalur kiTxvebze pasuxis gacema.

 aqtivoba 2. mini-leqcia
movdoT berkets moduliT gansxvavebuli ori iseTi F

1 
da F

2
 Zala, romelTa moqme-

debiTac is wonasworobaSia. warmovidginoT an vaCvenoT, rom berketi Tanabrad brunavs  
RerZis garSemo.  vawvdiT cdebiT ukve damtkicebul  daskvnas, rom Zalebis modebis wer-
tilebis mier gavlili manZilebi Zalebis modulebis ukuproporciulia:  

berketis grZel mxarze moqmedebisas, Zalas vigebT imdenjer, ramdenjerac vagebT 

manZils.
F

2 

F
1

 = 
S

1 

S
2

.
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aqtivoba 2. sakvanZo SekiTxvebi.
mizani: cnobismoyvareobis gaRviveba axali codnis SesaZenad;
mini-leqciiT miRebuli codnis dakavSireba arsebul winare codnasTan da  sakvanZo 

SekiTxvebze pasuxis gacema. 
aRwera: informaciis miRebis Semdeg  saerTo-saklaso interaqciiT  sakvanZo SekiTxve-

bze pasuxis gacema.
ratom vagebT manZils Zalis mogebisas?
ras niSnavs – ramdenjerac vigebT Zalas, imdenjerve vagebT manZils?
ratom ar Sesruldeba meqanikis oqros wesi im SemTxvevaSi, Tu meqanizmSi gveqneboda 

wimaaRmdegobis Zala?
ra msgavseba da gansxvavebaa meore da mesame gvaris berketebs Soris?
aqtivoba 3. amocanis erToblivi amoxsna.
mizani: moswavle SeZlebs amocanis sworad amoxsnas maswavleblis   miTiTebebis an 

komentarebis gaTvaliswinebiT.
aRwera: saxelmZRvaneloSi mocemuli amocanis amoxsnis nimuSis ganxilva „erTad  amo-

vxsnaT amocana“. moswavle ZiriTadad xelmZRvanelobs wignSi mocemuli amoxsniT da mas-
wavleblis miTiTebebiT.

 aseve amocana 1-is amoxsnisas is ZiriTadad eyrdnoba sakuTar mosazrebebs da Semdeg, 
saWiroebis SemTxvevaSi, mimarTavs maswavlebels, romelic xaraCos principiT aZlevs 
biZgs, miTiTebas. SesaZloa ramdenime nabijis miTiTebac dasWirdes amocanis srulad 
amoxsnisTvis. amis Semdeg ukve SesaZlebelia Semdeg aqtivobaze gadasvla da amocanebis 
individualurad amoxsna.

amocana 1.	berketze, romelsac xaxunis gareSe SeuZlia brunva O wertilSi gamavali 
horizontaluri RerZis garSemo, Camokidebulia ori tvirTi (ix.nax.). TiToeulis masa 
M = 10 kg-ia. F Zalis moqmedebiT tvirTebis dakidebis wertilma 1 sm-iT Tanabrad aiwia. 
gansazRvreT F Zalis mier Sesrulebuli muSaoba. miiCnieT, rom berketze modebuli Zale-
bi yovelTvis berketis marTobulia da berketis masas nu gaiTvaliswinebT (g≈10 n/kg).

aqtivoba 4. individualuri muSaoba.  
mizani: codnis gamoyeneba, amocanebis sworad amoxsna.
maswavlebeli aZlevs paragrafSi mocemul meore, mesame da meoTxe amocanebs.
aqtivoba 5. Sefaseba Sejameba.  
maswavlebeli afasebs moswavleebs winaswar momzadebuli Sefasebis rubikis mixedviT, 

romelic gamokruli aqvs klasSi.
aqtivoba 6. saSinao davaleba.
paragrafis bolos arsebuli amocanebidan maswavlebeli SearCevs survilisamebr.

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 berketis gamoyeneba muSaobis mogebas ar gvaZlevs;
2.	 ramdenjerac movigebT Zalas, imdenjer met manZils gaivlis am Zalis modebis 

wertili;
3.	 winaaRmdegobis Zalis daZleva saWiroebs damatebiTi muSaobis Sesrulebas;
4.	 msgavseba _ orive berketze Zalebi modebulia brunvis RerZis erT mxares. 

gansxvaveba _ meore gvaris berketiT vigebT Zalas, mesame gvaris berketiT _ 
manZils.

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 meqanikis oqros wesis Tanaxmad berketis marjvena boloze modebuli F Zalis 
muSaoba toli iqneba tvirTebis 1 sm simaRleze asawevad saWiro muSaobisa. A=2mgh=2 j.

2.	 radgan berketi gawonasworebulia (Tanabrad brunavs) masze moqmedi mabrunebeli 
momentebi moduliT erTmaneTis tolia. berketis TiToeuli danayofis sigrZe aRvniS-
noT d-Ti, maSin F∙5d=2mg∙3d. F=120 n. ukve viciT, rom F Zalis muSaoba 2 j-ia FL=2 j.  
F Zalis modebis wertilma gaiara L≈0,017 m manZili.

3.	 radgan berketi gawonasworebulia (Tanabrad brunavs) masze moqmedi mabrunebeli 
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momentebi moduliT erTmaneTis tolia. F∙3d=5mg∙6d.  F=500 n. F Zalis muSaoba iqneba 
A=FL=10 j.  meqanikis oqros wesis Tanaxmad 5mgh=10 j. h=4 sm.

4.	 meqanikis oqros wesis Tanaxmad F Zalis muSaoba igivea, rac tvirTis awevisTvis 
saWiro muSaoba mgh=15 j. h=3 sm. 

5.	 moZrav WoWonaqze vertikalurad zeviT moqmedebs 2F Zala, vertikalurad qveviT 
mg. radgan tvirTi Tanabrad moZraobs 2F=mg. F=300 n. A=FL=90 j. 

6.	 radgan ori moZravi WoWonaqia F=mg/4. m=80 kg. F Zalis muSaoba moduliT iqneba 
igive, rac tvirTze moqmedi simZimis Zalis muSaoba A=mgh=400 j.

7.	 hidravlikuri wnexi imdenjer gvaZlevs Zalis mogebas, ramdenjerac misi didi 
dguSis farTobi metia mcire dguSis farTobze. ese igi F=mg/100=200 n. A=Fh=40 j.

8.	 A=mgh=30 kj.
9.	 FR=mgr,  F=mgr/R=300 n. Tu erTi Semobrunebisas patara lilvze 60 sm sigrZis 

Toki exveva, 30 m sigrZis Tokis daxvevas dasWirdeba 50-jer Semobruneba.
10.	radgan berketis brunvis RerZi B wertilSia, mis O wertilze dguSis mxridan 

moqmedi Zala F2 imdenjer iqneba meti F1-ze, ramdenjerac AB metia OB-ze. F1∙AB= F2∙OB.  
F2/3=F1. berketi mcire dguSs moduliT imave F2 

ZaliT awveba. radgan didi dguSis far-
Tobi 100-jer metia mcire dguSis farTobze, mcire dguSze moqmedi F2 Zala 100-jer 
mcire iqneba tvirTis Sesakaveblad saWiro mg Zalaze.  F2=mg/100. sabolood miviReT 
F1= mg/300.  ese igi, berketiani hidravlikuri wnexi Zalis mogebas gvaZlevs 300-jer. 

§2.10  daxrili sibrtye

mizani: moswavle SeZlebs gaacnobieros, rom daxrili sibrtye aris martivi meqanizmi, 
SeZlebs gamoTvalos, Tu rogoria Zalis mogeba mcire xaxunis pirobebSi.

samizne cnebebi da maTTan dakavSirebuli  mkvidri warmodgenebi:
daxrili sibrtye, martivi meqanizmi, Zalis mogeba, meqanikis oqros wesi.

¾¾ mcire xaxunisas daxrili sibrtye gvaZlevs Zalis mogebas TiTqmis imdenjer, ram-
denjerac  daxrili sibrtyis sigrZe metia  mis simaRleze

aqtivoba1. saSinao davalebis Semowmeba.
 gaugebar sakiTxebze msjeloba, saerTo-saklaso CarTulobiT amocanebis pasuxebis 

Semowmeba „diax“, „ara“  baraTebis meTodiT.
aqtivoba 2. gaiTvaliswineT Tqveni gamocdileba.
sakiTxisadmi interesis gaRvivebis mizniT saubari  mwvervalze asvlaze, tvirTis 

atanaze, damreci ferdobis upiratesobasa da  daxrili sibrtyis sxva magaliTebze.
ratomaa mwvervalis dalaSqvra cicabo aRmarTiT Zneli?
roca specialuri teqnika ar aris, ratom sargebloben satvirTo avtomobilis Zaraze 

tvirTis asatanad daxrili sibrtyiT?
ras warmoadgens pandusi?
ratom aris suraTze gamosaxuli gza daklaknili?

aqtivoba 3. amocanis erToblivi amoxsna.
saxelmZRvaneloSi mocemuli amocanis amoxsnis nimuSis ganxilva „erTad  amovxsnaT 

amocana“.
 maswavleblis mier mciredi miniSnebebiTa da moswavlisTvis mniSvnelovan kiTxvebze 

pasuxebis gacemiT daavaleT moswavleebs Semdegi amocanebis Sesruleba:
9.	 daxrili sibrtyis sigrZe da simaRle Sesabamisad  10 m da 2 m-ia.  masze zeviT 

Tanabrad  miasrialeben  60 kg masis sxeuls  sibrtyis paraleluri Zalis moqmedebiT. 
gansazRvreT am  Zalis moduli, Tu sxeulze moqmedi xaxunis Zala 40 niutonis tolia 
(g≈10 n/kg).

10. 10 kg masis sxeuls zeviT Tanabrad miasrialeben  8 m simaRlisa da 10  m sigrZis 
daxril sibrtyeze masze modebuli, sibrtyis paraleluri Zalis moqmedebiT.  gansaz-
RvreT am Zalis moduli, Tu xaxunis koeficienti sxeulsa da daxril sibrtyes Soris 
aris μ=0,2.  miiCnieT, rom  sxeuli daxril sibrtyes moduliT  N=0,6 mg  ZaliT awveba 
(g≈10 n/kg).
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aqtivoba 4 .individualuri muSaoba  
mizani: codnis gamoyeneba, amocanebis sworad amoxsna
aqtivoba 5. Sejameba/Sefaseba.
mizani: moswavleebi aerTianeben arsebul da axlad miRebul codnas. 

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 cicabo aRmarTiT asvlisas vamcirebT daxrili sibrtyis sigrZes. vinaidan simaRle 
ar icvleba, aRmarTze asvla met Zalas saWiroebs;

2.	 rom SeZlon Zaraze tvirTis atana simZimis Zalaze naklebi ZaliT;
3.	 daxril sibrtyes;
4.	 mTaze asasvleli gza daxrili sibrtyea. am gzis daklakniloba daxrili sibrtyis 

sigrZes zrdis, rac asasvlelad saWiro Zalas amcirebs.

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 F=mgh/L=90 n.

2.	 meqanikis oqros wesis Tanaxmad F Zala Seasrulebda 200 j muSaobas. FL=200 j. 

F=40n.

3.	 meqanikis oqros wesis Tanaxmad simZimis Zala 500 j muSaobas Seasrulebda. mgh=500 

j. m=5 kg.

4.	 F=mgh/L.  mg-F=400 n. 

5.	 L/h=mg/F.  L-h=30 sm.   L=40 sm, h=10 sm.

6.	 F=mgh/L. F=mg-50 n. h/L=5/6.  m=30 kg.

7.	 F1-F2=mgh/L=> F1=125 n.

8.	 F1-F2=mgh/L. 0,2 mg=mgh/L.  h/L=1/5. h=0,1 m. 

9.	 F1-Fx
=mgh/L.  F1=160 n.

10.	F1-Fx
=mgh/L. F

x
=μ∙0,6mg. F1-0,6μmg =mgh/L. F1=0,6μmg+mgh/L=92 n.

§ 2.11 meqanizmis mqk (laboratoriuli samuSao)

mizani: winare codnaze dayrdnobiT martivi meqnizmis, daxrili sibrtyis, margi qme-
debis koeficientis dadgena.

saWiro resursebi: Stativi TaTiT, saxazavi, skolis sademonstracio samkuTxedi, di-
namometri, daaxloebiT 1 m sigrZis ficari, kauWiani Zelaki, tvirTebis nakrebi.

saxelmZRvaneloSi aRwerili samuSaos Catarebis Semdeg moswavlem unda gamoitanos 
Sesabamisi daskvnebi. 

1. meqanizmis gamoyenebisas sasargeblosTan erTad aucileblad sruldeba
arasasargeblo muSaobac;
2. arasasargeblo muSaobis arsebobis mizezi xaxunis Zalaa;
3. sruli muSaoba metia sasargeblo muSaobaze;
Sejamebisas mniSvnelovania pasuxis gacema sakontrolo kiTxvebze:
sxeulis daxril sibrtyeze atanisas xaxunis Zalis gazrda romeli muSaobis
gazrdas gamoiwvevs, sasargeblosi Tu srulis?
rogor SeiZleba uZravi WoWonaqis mqk-s gazrda?
romeli Zalayini jobs gamoviyenoT mZime lodis amosatrialeblad, roca mas rogorc 

I gvaris berkets viyenebT msubuqi Tu mZime?
ganixileT amocana, romelic mocemulia  saxelmZRvanelos rubrikaSi  „erTad amovx-

snaT amocana“. 
saSinao davaleba sasurvelia maswavlebelma SearCios paragrafis bolos mocemul 

amocanebs Soris.   
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paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 sruli muSaobis gazrdas. sasargeblo muSaoba ar Seicvleba;
2.	 WoWonaqis RerZTan xaxunis SemcirebiT, magaliTad, RerZis SezeTviT;
3.	 jobs gamoviyenoT mZime Zalayini, rogorc pirveveli gvaris berketi (sur. 2.54). am 

SemTxvevaSi Zalayinis simZimis Zala da Cven mier modebuli Zala erTi mimarTulebis 
mabrunebel momentebs qmnis;

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 radgan daxrili sibrtye gluvia, meqanikuri energiis danakargi ar gveqneba, ami-
tom h=100 %.

2.	 h=
A

sas

A
sr

∙100%. A
sr

=200 j.

3.	 h=mgh/FL=0,8. procentulad 80%.
4.	 h=mgh/A

sr
=> m=3,2 kg.

5.	 A
sr

= A
sas

+ A
arasas.

=1000 j. h=80%.
6.	 A

sr
= A

sas
+ A

arasas.
=mgh+ F

x
L.  h= A

sas
/A

sr
=mgh/( mgh+ F

x
L)=0,8. procentulad 80%.

7.	 A
sr

= A
sas

+ A
arasas.

=mgh+ F
x
L.  F

x
=μ∙0,8mg.  h=A

sas
/A

sr
=mgh/(mgh+F

x
L)=mgh/

(mgh+0,6μmgL)=0,75. procentulad 75%.
8.	 h=mgh/Fh=0,4.  
9.	 h=mgh/F∙2h=0,75.
10.	davuSvaT tvirTis masaa m da agvaqvs h simaRleze.  pirveli WoWonaqis margi qme-

debis koeficienti iqneba h1=mgh/Th, sadac T aris pirveli WoWonaqis marjvniv (WoWon-
aqebs Soris) Tokis daWimulobis Zala. aqedan viRebT, T=mg/h1. meore WoWonaqis margi 
qmedebis koeficienti iqneba h2=Th/Fh=T/F. aqedan F=T/h2. miviReT, rom F=mg/h1h2 

. WoW-
onaqebis sistemis margi qmedebis koeficienti h=mgh/Fh=mg/F=h1h2=0,72. procentulad 
72%
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me-2 Tavis damatebiTi amocanebis amoxsnebi

1.	 a) F1 Zalis momenti nulis toli iqneba, radgan am Zalas mxari ar gaaCnia, F2 Za-
lis momenti iqneba 100 n∙m.  F3 Zalis momentic iqneba 100 n∙m. b) F2 Zalis momenti nulis 
toli iqneba, radgan am Zalas mxari ar gaaCnia, F1 da F3 

Zalis momentebis moduli iqneba 
140 n∙m. g) F3 

Zalis momenti nulis toli iqneba, radgan am Zalas mxari ar gaaCnia, F1 da F2 

Zalis momentebis moduli iqneba 350 n∙m. d) mocemul SemTxvevaSi momentebis wesis dawera 
samive RerZis mimarT erTnair „Zalisxmevas“ moiTxovs. 

2.	 vinaidan berketisa da tvirTis masebi tolia, erTmaneTis toli unda iyos maTi 
wonebis mxrebic, amitom: d1=0,5-d1.  d1=25 sm. berketi sayrens awveba (M+m)g=400 n ZaliT.

3.	 manZili berketis marjvena bolodan sayrdenamde 80 sm-ia, amitom marjvena bo-
loze 10 kg masis tvirTis dakidebis Semdeg berketze damatebiT imoqmedebs 80 n∙m Zalis 
momenti. imisaTvis, rom berketi gawonasworebuli darCes, marcxena boloze unda davam-
atoT tvirTi, romelic moduliT imave moments Seqmnis. m3g=80 n∙m => m3=40 kg.

4.	 Reros sayrdeni eqneba SedarebiT mZime sawonis mxares. manZili Reros Sua wert-
ilidan sayrdenamde aRvniSnoT d-Ti, maSin 10 kg masis tvirTis mxari iqneba 1+d.  berke-
tis simZimis Zalis mxari iqneba d, xolo 70 kg masis tvirTis mxari 1-d. momentebis wesis 
Cawerisas miviRebT 10g(1+d)+20gd=70g(1-d). ricxviTi mniSvnelobebis SetaniT miviRebT 
d=60 sm. manZili msubuqi sawonidan sayrdenamde iqneba 1,6 m.

5.	 vTqvaT bavSvebis masebia M da m. berketis masa m1=20 kg. sayrdenze dawolis 
Zala moduliT iqneba (M+m+ m1)g=1200 n. miviRebT M+m=100 kg.  berketis masaTa cen-
tri sayrdenis romel mxaresac iqneba, imave mxares unda ijdes msubuqi m masis bavSvi. 
bavSvebze moqmedi simZimis Zalebis mxrebi iqneba d=1 m. momentebis wesi mgd+ m1gd1=Mgd, 
romelSic d1=20 sm. miviRebT m=48 kg,  M=52 kg.

6.	 m1gd1+F(1,2-d1)=Mg(0,6-d1). F=180 n.
7.	 F Zalis mxari 1 m-ia, Mg Zalis mxari ki 0,4 m-ia.  F=0,4Mg/1=80 n. Rero sayrdens 

awveba moduliT Mg-F=120 n ZaliT.
8.	 brunvis RerZad miviCnioT Reros marcxena bolo, maSin mgd1=F(d1+ d2). F=20 n.  Tu 

Tu Reros ganvixilavT, rogorc gadataniTi moZraobis unaris mqone sxeuls, misi wonas-
worobisTvis saWiroa, rom F Zalis modulisa da Tokis daWimulobis Zalis modulebis 
jami toli iyos tvirTze moqmedi simZimis Zalis modulisa. aqedan T=mg-F=80 n.

9.	 wina amocanis msgavsad, brunvis RerZi miviCnioT Reros marcxena boloSi. maSin 
mgd1=T2(d1+ d2).  T2=200 n. T1=mg-T2=600 n. 

10.	m1g∙2d=m2g∙3d+Mgd.   m2=10 kg. 
11.	2m1g∙3d=Mgd+m2g∙3d+m2g∙4d.  m1=30 kg.
12.	vTqvaT patara lilvze gadadebuli Tokis daWimulobis Zalaa T. maSin 

FR=Tr=>F=2T/5.  radgan moZravi WoWonaqia T=mg/2.  miviReT, rom F=mg/5.  xuTjer vi-
gebT Zalas.

13.	erTi Sembrunebisas patara lilvze Semoexveva 2πr=0,4π m sigrZis Toki. 10 Semo-
brunebisas _ 4π m  sigrZis Toki.  moZrav WoWonaqze amodebuli Tokis erTi bolos 4π 
m-iT awevisas tvirTi aiwevs 2π m-iT anu h≈6,28 m-iT. 

14.	tvirTze gamobmuli Tokis daWimulobis Zala iqneba T=mgh/L=mg/3.  F=2T=2mg/3.  
Zalas mogebas gvaZlebs 1,5-jer. 

15.	F1=2mg/3=300 n.  Tu xaxunis Zala 50 n iqneboda, T2=mgh/L+50=200 n. F2=2T2=400 n.
16.	davweroT berketis wonasworobis piroba: Td=2m1g∙3d.  tvirTi wonasworobaSa, 

amitom T=Mg. miviRebT Mgd=2m1g∙3d.  M=90 kg.
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17.	berketis masa m2=20 kg. momentebis wesi: Mgd+ m2gd=2m1g∙3d.  M=70 kg.
18.	(2m1+m2)g∙2d=T∙5d, romelSic T Tokis daWimulobis Zalaa.  vinaidan moZravi 

WoWonaqia, T=Mg/2.  miviReT (2m1+m2)g∙2d=Mg∙5d/2.  M=48 kg.  berketi sayrdens awveba 
(2m1+m2)g+T =840 n.

19.	berketis masa m3=10 kg. momentebis wesi (2m1+m2)g∙2d=T∙5d+ m3g∙2d.  T=Mg/2-is 
CasmiT miviRebT (2m1+m2)g∙2d=Mg∙5d/2+m3g∙2d.  M=40 kg. 

20.	2m1g∙2d= m2g∙2d+T∙5d.  T=Mg/2.  2m1g∙2d= m2g∙2d+5Mgd/2.  m2=15 kg.
21.	berketze modebuli simZimis Zala imave wertilSi iqneba modebuli, sadac m2g 

Zalaa. radgan sxva Zalis momentebi ar icvleba, berketis wonasworobisTvis saWiroa, 
rom m2 masis tvirTis dakidebis wertilze moqmedi Zalis momentic ar Seicvalos. Tu 
berketis masas aRvniSnavT m3-iT, maSin (m2+ m3) toli unda iyos 15 kg-is. miviRebT, rom 
m2=8 kg.

22.	sferoebis centrebs Soris manZili 50 sm-ia.  vinaidan sferoze moqmedi simZimis 
Zala modebulia mis centrze, SegviZlia warmovidginoT, rom sferoebis mTeli masebi 
moTavsebulia maT centrebSi.  miviRebT or mcire zomis sxeuls, romelTa Soris manZil-
ia 50 sm da TiToeulis masaa m1=30 kg da m2=10 kg. saerTo masaTa centris sapovnelad 
visargebloT formuliT d1/d2= m2/m1=1/3.  d1+d2=50 sm.  d1=12,5 sm.

23.	warmovidginoT, rom TiToeuli Reros masa moTavsebulia maT masaTa centrSi. mi-
viRebT or mcire zomis sxeuls, romelTa masebia m1=15 kg da m2=6 kg, xolo maT Soris 
manZili _ 70 sm.  jer vipovoT saerTo masaTa centris daSoreba grZeli Reros centri-
dan. d1/d2= m2/m1=2/5.  d1+d2=70 sm.  d1=20 sm.  miviReT, rom grZeli Reros centridan saer-
To masaTa centramde 20 sm-ia. grZeli Reros centridan Reroebis Sexebis wertilamde  
50 sm-ia, amitom Reroebis Sexebis wertilidan saerTo masaTa centramde 30 sm iqneba. 

24.	marcxena Reros masa iyos m1 marjvenasi _ m2. vinaidan Reroebis moculobebi 
erTnairia, m2/m1=7/2.  Reroebis masaTa centrebs Soris manZili iqneba d1+d2=45 sm.    
d1/d2=7/2.  d1=35 sm.   marcxena Reros centridan Reroebis Sexebis wertilamde 22,5 sm-ia, 
amitom Reroebis Sexebis wertilidan saerTo masaTa centramde 12,5 sm iqneba. 

25.	manZili kubebis centrebs Soris iqneba igive, rac kubis wibos sigrZe d.  
m1/m2=d2/d1=2.  d1+d2=d.  d1=d/3. marcxena kubis centridan maT saerTo waxnagamde manZili 
d/2-ia, Cven miviReT, rom marcxena kubis centridan saerTo masaTa centramde manZili 
d/3-ia,  d/2-d/3=d/6=5 sm. ese igi d=30 sm. 

26.	gavavloT marTkuTxedis diagonalebi da diagonalebis gadakveTis wertili dae-
mTxveva firfitis masaTa centrs.

27.	miRebuli figura davyoT or marTkuTxedad erT SemTxvevaSi ise, rogorc sur. 
a-zea gamosaxuli, meore SemTxvevaSi ise, rogorc sur. b-zea gamosaxuli. orive SemTx-
vevaSi diagonalebis gadakveTis wertiliT vipovoT miRebuli marTkuTxedebis masaTa 
centrebi da am centrebze gavavloT wrfis monakveTi. miviRebT, rom mTliani figuris 
masaTa centri erTdroulad mdebareobs O1O2 

wrfezec da O3O4 
wrfezec. Tu am naxazebs 

erTi da imave figuraze SevasrulebdiT, O1O2 
 da O3O4 

wrfeebis gadakveTis wertili 
iqneboda mTliani figuris saerTo masaTa centri. 

 o1 

o2 

o1 o3 

o4 

a) b)
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28.	500 n.
29.	F=2mg, amitom mocemuli sistemiT orjer vagebT Zalas da orjer vigebT man-

Zils. msgavsi sistemiT SesaZlebelia mcire masis tvirTis gamoyenebiT Zlierad davWi-
moT mavTuli an Toki.

30.	100 kg.
31.	sistema Sedgeba wina amocanaSi mocemuli sistemisa da ori uZravi WoWonaqisagan, 

romlebic mxolod Zalis mimarTulebas cvlis, amitom am SemTxvevaSic F=2mg. sistemiT 
orjer vagebT Zalas da orjer vigebT manZils. misi saSualebiT SesaZlebelia mcire ma-
sis tvirTis gamoyenebiT Zlierad davWimoT mavTuli an Toki.

32.	F Zalis modebis wertilis mier ganvlili manZili iqneba 5 sm. radgan sistemiT 
manZils orjer vigebT, tvirTi aiwevs 10 sm-iT.

33.	120 kg.
34.	sistema Sedgeba ori moZravi WoWonaqisa da ori uZravi WoWonaqisagan, romlebic 

mxolod Zalis mimarTulebas cvlis. Tu davakvirdebiT mxolod moZrav WoWonaqebs dav-
inaxavT, rom F=mg/4. sistema Zalis 4-jer mogebas gvaZlevs, manZils ki _ 4-jer vagebT. 
msgavsi sistemis gamoyenebiT SesaZlebelia mZime tvirTebis patara ZaliT aweva.

35.	200 n.
36.	tvirTis 40 sm-ze atanisas Sesrulebuli muSaobaa mgh=320 j.  meqanikis oqros 

wesis Tanaxmad F Zalis muSaobac igive iqneba. radgan manZils 4-jer vagebT, F Zalis 
modebis wertili gadainacvlebs 1,6 m-iT. 

37.	rom ara Tokze mibmuli tvirTi, F Zalis moduli iqneboda m1g/2=50 n. vinaidan 
Tokze mibmuli tvirTis masa 2 kg-ia, F Zalis moduli iqneba 70 n.

38.	rom ara Tokze mibmuli tvirTi, F Zalis moduli iqneboda (m1 
+m2)g/2=60 n. 

vinaidan Tokze mibmuli tvirTis masa 2 kg-ia, F Zalis moduli iqneba 80 n.
39.	rom ara m1 masis tvirTi, vinaidan ori moZravi WoWonaqis F Zalis moduli iqnebo-

da m2g/4=100 n. m1 masis tvirTis gaTvaliswinebiT Tokis Tavisufal boloze modebuli 
Zalis moduli gaizrdeba m1g/2=40 n-iT, anu F Zalis modulia 140 n.

40.	rom ara m1 masis tvirTi da zeda WoWonaqis masa, vinaidan ori moZravi WoWonaqis 
F Zalis moduli iqneboda 75 n.  m1 masisa tvirTis da zeda WoWonaqis masis gaTval-
iswinebiT F Zalis moduli gaizrdeba 50 n-iT, anu F Zalis modulia 125 n.

41.	vinaidan samive Zalis mxari erTnairia, F1 Zalis moduli iqneba  F2 da F3 Zalebis 
modulebis jami F1=F2+F3=20 n.

42.	radgan kvadratis gverdis sigrZe 10 sm-ia, F1 da F2 Zalebis mxrebis sigrZe d1=5 sm 
iqneba. F1d1+ F2d1= F3d. F3≈40 n.

43.	F=mg-F
a
=20 n.

44.	F=mg-F
a
=75 n.

45.	m2g+F
a
=m1g. m2=12 kg.

46.	davuSvaT sxeulebis simkvrivea V. berketis marjvena boloze moqmedi Zalis momen-
ti ρ2Vgd toli iqneba berketis marcxena boloze moqmedi Zalebis tolqmedis momentis 
(ρ1Vg-ρ

wy
Vg)d. gavutoloT erTmaneTs ρ2Vgd=(ρ1Vg-ρ

wy
Vg)d, miviRebT ρ1=ρ2+ρ

wy
=2500 kg/m3.

47.	berketis marjvena boloze qveviT 100 n Zala moqmedebs. radgan berkets sayrdeni 
zustad SuaSi aqvs, mis marcxena bolozec qveviT 100 n Zala unda moqmedebdes. berketi 
sayrdens daawveba 200 n ZaliT.

48.	radgan berkets sayrdeni zustad SuaSi aqvs, mis boloebze erTnairi Zalebi unda 
moqmedebdes. berketis marcxena boloze moqmedi Zalaa F1=(m1g- ρ

wy
V1g). marjvena boloze 

moqmedi Zala F2=(m2g- ρ
wy

V2g).  maTi gatolebiT da ricxviTi mniSvnelobebis SetaniT mi-
viRebT V2=4000 sm3.
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49.	berketi sayrdens daawveba F1+ F2+Mg ZaliT, romelSic M berketis masaa, F1 da F2 
Zalebi ki wina amocanidan ukve viciT. pasuxi: berketi sayrdens awveba 300 n ZaliT.

50.	tvirTebis wyalSi CaSvebamde berketis wonasworobis piroba: m1gd1= m2gd2 
ó ρ

sx
V1gd1= ρ

sx
V2gd2. miviReT V1d1=V2d2. sxeulTa wyalSi CaSvebis Semdeg maTze imoq-

medebs amomgdebi Zalebi. SevadaroT erTmaneTs amomgdebi Zalebis momentebi ρ
wy

V1gd1  
da  ρ

wy
V2gd2.  vinaidan V1d1=V2d2, amomgdebi Zalebis momentebi erTmaneTis toli iqneba  

ρ
wy

V1gd1=ρ
wy

V2gd2. miviReT, rom sxeulTa wyalSi CaSvebis Semdeg gaCenili amomgdebi Zaleb-
is momentebi moduliT erTmaneTis tolia _ berketis wonasworoba ar dairRveva.
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Tavi III. siTburi movlenebi
Tematuri matrica 5
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§ 3.1 Sinagani energia da misi Secvlis gzebi

mizani: winare codnaze dayrdnobiT moswavle SeZlebs Sinagani energis arsis gagebas 
da misi Seclis gzebis gansazRvras

samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
meqanikuri energia, kinetikuri energia, atomebisa da molekulebis potencialuri 

energia, temperatura, Tbogadacema, siTbos raodenoba
	temperatura ganisazRvreba misi Semadgeneli nawilakebis saSualo kinetikuri 

energiiT.
	sxeulis Sinagani energia SeiZleba Semcirdes, roca   muSaobas asrulebs TviT 

sxeuli.
	sxeulis Sinagani energiis cvlileba SesaZlebelia meqanikuri muSaobis SesrulebiT.
	sidides, romelic tolia sxeulis Sinagani energiis cvlilebisa Tbogadacemis 

dros, siTbos raodenoba ewodeba. siTbos raodenobas aRniSnaven Q asoTi.
	SI-Si siTbos raodenobis erTeuli igivea, rac muSaobisa da energiisa _  

1 jouli.
aqtivoba1. winare codnis gaaqtiureba, davalebis ganxilva.
aqtivoba 2. sademonstracio cdebi.
mizani: motivaciis gazrdis mizniT sademonstracio cdebis gamoyeneba.
cda 1. daskvna: sxeulis Sinagani energia SeiZleba gavzardoT masze meqanikuri muSaobis 

SesrulebiT.
cda 2. daskvna: sxeulis Sinagani energia SeiZleba Semcirdes, roca muSaobas asrulebs 

TviT sxeuli.
cda 3. daskvna:  sxeulis Sinagani energiis cvlileba SesaZlebelia
ori gziT _ meqanikuri muSaobiT da (an) TbogadacemiT.
cdis oqmis Sedgena. 
aqtivoba 3. sakvanZo SekiTxvebi.
1. ra gansxvavebaa civi da cxeli wylis molekulebis moZraobebs Soris?
2. ratomaa dakavSirebuli sxeulis temperatura misi nawilakebis kinetikur energi-

asTan?
3. saSlelis furcelze gasmisas ris xarjze Tbeba is?
4. Tu saSleli Tbilia, SegiZliaT Tu ara calsaxad daaskvnaT, rom is furcelze 

xaxuniT gaTba?
5. ratom izomeba siTbos raodenoba imave erTeulSi, romelSic muSaoba?
6. WurWelSi haeris Catumbvisas icvleba Tu ara misi molekulebis urTierTqmedebis
potencialuri energia? ratom?
7. SeiZleba Tu ara erTdroulad muSaobac sruldebodes da Tbogadacemac?
aqtivoba 4. amocanis erTiblivi amoxsna wyvilebSi.
mizani: moswavle SeZlebs amocanis sworad amoxsnas sakuTari SexedulebiT, sakuTari 

azris dacviTa da sxvisi azris gaTvaliswinebiT.
aRwera: saxelmZRvaneloSi mocemuli amocanebis amoxsna maswavleblis miniSnebebis 

gamoyenebiT, visac es miniSnebebi esaWiroeba.
1. moiyvaneT meqanikuri muSaobiT sxeulis Sinagani energiis Secvlis magaliTebi. 
2. moiyvaneT TbogadacemiT sxeulis Sinagani energiis Secvlis magaliTebi.
3. xis RarSi joxis mravaljer swrafi gaxaxunebiT joxis temperatura imatebs da 

mas cecxli ekideba (sur. 3.6). es xerxi gamoiyeneba eqstremalur pirobebSi cecxlis 
dasanTebad. ris xarjze xdeba joxisa da Rariani xis Sinagani energiis gazrda? cecxlis 
danTebis msgavsi meTodebi SegiZliaT moiyvanoT?

4. daakvirdiT suraTs da gaixseneT asanTis anTebis procesi (sur. 3.7). axseniT, ris 
xarjze xdeba asanTis Tavis gacxeleba da aaleba?

aqtivoba 5. individualuri muSaoba.  
mizani: gakveTilze miRebuli codnis gamoyeneba da individualuri amoxsnis gzebis 

dasaxva amocanis pasuxis misaRebad.
8. vertikaluri cilindruli WurWeli Cadgmulia cariel saTlSi. WurWelSi haeria, 

romlis wnevis Zalac dguSisa da masze dadebuli sawonis simZimis Zalas awonasworebs 
(sur. 3.10 a). saTlSi Caasxes cxeli wyali, Sedegad dguSma zeviT aiwia (sur. 3.10 b).
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a) romeli energiis xarjze moimata tvirTis potencialurma energiam?
b) rogor Seicvala wylis Sinagani energia?
9. daxSul WurWelSi moTavsebulia haeri. rogor Seicvleba misi Sinagani energia, Tu 

haeris molekulebis qaosurad moZraobis siCqare moiklebs?
10. sxeulis temperaturam moimata. romeli gamonaTqvamia marTebuli?
a) sxeulis Semadgeneli nawilakebi gacxelda.
b) sxeulis Semadgeneli nawilakebis qaosurad moZraobis siCqarem moimata.
pasuxi daasabuTeT.
aqtivoba 6. Sejameba/Sefaseba.
erT-erTi moswavle akeTebs Sejamebas mkvidri warmodgenebis Sesaxeb. meore xsnis 

amocanas, maswavlebeli akeTebs ganmaviTarebel Sefasebas winaswar momzadebuli da mos-
wavleebisTvis warmodgenili Sefasebis cxrilis mixedviT.

aqtivoba 7. saSinao davaleba.
paragrafis bolos mocemulia amocanebi, romlebsac maswavlebeli SearCevs sakuTari 

Sexedulebisamebr.
gakveTilis bolos misaRwevi Sedegebi:
moswavleebi SeZleben daadginon Sinagani energiis cvlilebis gamomwvevi mizezebi.

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 cxeli wylis molekulebi ufro swrafad moZraobs, vidre _ civis. Sesabamisad, 
maTi saSualo kinetikuri energia ufro metia, vidre civi wylis molekulebisa;

2.	 vinaidan temperaturis cvlilebisas nawilakebis saSualo kinetikuri energiac 
icvleba;

3.	 saSleli Tbeba furcelze gasmisas Sesrulebuli meqanikuri muSaobis  xarjze;
4.	 amas calsaxad ver vityviT. saSleli SesaZloa gaTba TbogadacemiT;
5.	 vinaidan Sinagani energiis cvlileba erTnairadaa SesaZlebeli muSaobis 

SesrulebiTac da siTbogadacemiTac, amitom siTbos raodenoba imave erTeulebSi 
unda gaizomos, raSic izomeba muSaoba;

6.	 icvleba. haeris WurWelSi Catumbvisas molekulebs Soris saSualo manZili 
mcirdeba, icvleba maTi urTierTmdebareoba, e. i. urTierTqmedebis potencialuri 
energiac; 

7.	 SeiZleba. magaliTad, cilindrul WurWelSi airi dguSze dawoliT SeiZleba 
SevkumSoT, e. i. masze SevasruloT muSaoba da imavdroulad gavaTboT.

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 magaliTad, xelebis erTmaneTze gaxaxunebisas meqanikuri muSaoba sruldeba,  
Sedegad ki xelebi Tbeba _ icvleba maTi Sinagani energia.

2.	 magaliTad, gamaTbobeli aTbobs oTaxs. am dros izrdeba oTaxSi arsebuli nivTebis 
Sinagani energia.

3.	 joxis RarSi xaxunisas sruldeba meqanikuri muSaoba, romelic gardaiqmneba 
joxisa da Raris Sinagan energiad.

4.	 asanTis Rerze moqmedebisas da misi asanTis kolofze gasrialebisas sruldeba 
meqanikuri muSaoba, ris xarjzec xdeba asanTis Tavis gacxeleba da aaleba.

5.	 magaliTad, rodesac asanTis Tavs cxel Rumels mivadebT aaldeba.
6.	 borblebsa da gzis safars Soris aRZruli xaxunis Zalis muSaobis xarjze.
7.	 dguSis gaTavisuflebis Semdeg is SeiZens siCqares,  gaizrdeba misi kinetikuri 

energia,  ese igi, airi masze Seasrulebs dadebiT muSaobas.  es muSaoba Sesruldeba 
swored airis Sinagani energiis xarjze. misi Sinagani energia moiklebs.

8.	 a) tvirTis potencialuri energia moimatebs airis Sinagani energiis xarjze.  
saTlSi Casxmuli cxeli wyali airs aTbobs,  airi farTovdeba da asrulebs 
muSaobas, ris gamoc misi Sinagani energia mcirdeba. SesaZloa tvirTis awevis 
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Semdeg airis Sinagani  energia mainc  ufro meti iyos, vidre saTlSi cxeli 
wylis Casxmamde iyo, magram,  rom ara tvirTis awevaze Sesrulebuli muSaoba, 
cxeli wylis Casxmis Semdeg airis Sinagani energia ufro meti iqneboda. 	
b) wyalma siTbo gasca, amitom misi Sinagani energia Semcirda.

9.	 Semcirdeba.
10.	cxeli da civi nawilakebi ar arsebobs. arsebobs swrafi da neli nawilakebi.  

rodesac vambobT, rom sxeulis temperaturam moimata, am dros  misi Semadgeneli 
nawilakebis qaosurad moZraobis siCqare gaizarda. 

§ 3.2 Tbogamtaroba

mizani: moswavle SeZlebs sxeulTa Tbogamtarobis mizezebis dadgenas. myari, Txevadi 
da airadi nivTierebebis Tbogamtarobis Sedarebas. Tbogamtarobis da Tboizolirebis 
magaliTebis moyvanas.

samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi: 
Tbogamtaroba, Tboizolacia, siTbos gadacema.

¾¾ sxeulis Tbogamtarobis mizezi misi nawilakebis urTierTqmedeba da moZraobaa
¾¾ myari, Txevadi da airadi nivTierebebis Tbogamtaroba gansxvavebulia
¾¾ liTonebi kargi Tbogamtarebia
¾¾ Cveulebriv pirobebSi airebi cudi Tbogamtrebia

aqtivoba 1. winare codnis gaaqtiureba, davalebis ganxilva.
daavaleT moswavleebs, moifiqron Tboizolaciisa da Tbogamtarobis magaliTebi yo-

fa-cxovrebidan.
aqtivoba 2. sademonstracio cdebi
mizani: motivaciis gazrdis mizniT sademonstracio cdebis gamoyeneba
cda 1. daskvna: sxeulis Sinagani energia SeiZleba gavzardoT masze meqanikuri muSao-

bis SesrulebiT.
cda 2. daskvna: sxeulis Sinagani energia SeiZleba Semcirdes, roca muSaobas asrulebs 

TviT sxeuli (saubaria airis muSaobaze).
cda 3. daskvna:  sxeulis Sinagani energiis cvlileba SesaZlebelia ori gziT _ meqani-

kuri muSaobiTa da (an) TbogadacemiT.
cdis oqmis Sedgena. 
aqtivoba 3. qvizi.
1.	cxeli da civi agurebi erTmaneTs Seaxes, erT SemTxvevaSi sur. 3.14 a-ze, meore 

SemTxvevaSi ki _ sur. 3.14 b-ze gamosaxul mdgomareobaSi. romel SemTxvevaSi gaTbeba 
civi aguri ufro swrafad? 

2.	xis kars da mis liTonis saxelurs oTaxis temperatura aqvs. miuxedavad amisa, Sex-
ebisas saxeluri ufro civi gveCveneba, vidre kari. ra aris amis mizezi?

3.	xisa da liTonis temperatura erTnairia da 40 0C-ia. xeliT Sexebisas romeli 
ufro cxeli mogeCvenebaT, Tu Tqveni temperatura 36,6 0C-ia. pasuxi daasabuTeT.

4.	Zlier yinvaSi mcenareebsa da nargavebs Tovlis safari icavs. axseniT mizezi. 
aqtivoba 4. amocanis erToblivi amoxsna wyvilebSi.
mizani: moswavle SeZlebs amocanis sworad amoxsnas sakuTari SexedulebiT, sakuTari 

azris dacviTa da sxvisi azris gaTvaliswinebiT.
aRwera: saxelmZRvaneloSi mocemuli amocanebis amoxsna maswavleblis miniSnebebis 

gamoyenebiT, visac es miniSnebebi esaWiroeba.
1.	 romeli gamoTqmaa fizikis TvalsazrisiT swori: sabani gvaTbobs Tu sabani gvicavs 

siTbos dakargvisagan?
2.	 ratom CeCaven drodadro sabnis matyls?
3.	 ratom akraven Senobebs penoplastis filebs?
4.	 albaT SegimCneviaT, samSeneblo agurebs naxvretebi aqvs. amboben, rom es masalis 

ekonomiisa da simsubuqis gamoa. Tqven ras ityodiT?
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aqtivoba 5. individualuri muSaoba.  
mizani: gakveTilze miRebuli codnis gamoyeneba da individualuri amoxsnis gzebis 

dasaxva amocanis pasuxis misaRebad.
aqtivoba 6. Sejameba/Sefaseba.
erT-erTi moswavle akeTebs Sejamebas mkvidri warmodgenebis Sesaxeb. meore xsnis 

amocanas, maswavlebeli akeTebs ganmaviTarebel Sefasebas winaswar momzadebuli da mos-
wavleebisTvis warmodgenili Sefasebis cxrilis mixedviT.

aqtivoba 7. saSinao davaleba.
saSinao cda:
cdis mizani: airis gaTbobasa da gacivebaze dakvirveba.
dakvirvebis Sedegebi CawereT rveulSi; gaakeTeT Canaxatebi, gamoitaneT daskvnebi 

dakvirvebis Sedegebze, daadgineT, ra ganapirobebs am cvlilebebs.
paragrafis bolos mocemuli amocanebi romelsac maswavlebeli SearCevs sakuTari 

Sexedulebisamebr.
gakveTilis bolos misaRwevi Sedegebi:
moswavleebi SeZleben daadginon Sinagani energiis cvlilebis gamomwvevi mizezebi.

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 fizikis TvalsazrisiT sworia _ sabani gvicavs siTbos dakargvisagan. sabani cudi 
Tbogamtaria, roca adamianis temperatura (36,50C) metia  garemos temperaturaze, 
sabani xels uSlis siTbos raodenoba adamianidan garemos gadaeces;

2.	 matylSi  rac SeiZleba meti haeris Sualedi rom gaCndes;
3.	 penoplasti forovani (haeris bevri Sualedebis Semcveli) masalaa;
4.	 ra Tqma unda, simsubuqe mniSvnelovania, magram aguris naxvretebSi arsebuli 

haeri mas Tboizolatoris Tvisebasac aZlevs.	

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 Tbogamtarobis saSualebiT siTbos gadacemisTvis aucilebelia sxeulTa kontaqti, 
xolo rac ufro didi farTobiT Seexeba sxeulebi erTmaneTs, miT ufro swrafad 
gadaecema siTbo cxeli sxeulidan civs.

2.	 Cveulebriv, xis karic da misi saxeluric oTaxis temperaturisaa, romelic 
naklebia adamianis temperaturaze.  liToni ufro kargi siTbos gamtaria, vidre 
xe, amitom saxelurze Sexebisas liToni ufro swrafad arTmevs adamianis xels 
siTbos raodenobas, vidre xe. amitomac ufro civi gveCveneba liToni.

3.	 mocemul SemTxvevaSi liToni ufro swrafad gadascems adamians siTbos raodenobas, 
vidre xe, amitomac liToni ufro cxeli mogveCveneba.

4.	 Tovli fxvieria da Seicavs haers.  haeri cudi Tbogamtaria, amitom Zlier yinvaSi 
Tovli unarCunebs mcenareebsa da nargavebs Sinagan energias.  

5.	 sabani da qurTuki Seicavs fafuk garss, romelSic haeria.  haeri cudi siTbos 
gamtaria, amitom igi gvinarCunebs Sinagan energias.

6.	 mina-bambas garsi fafukia, igi Seicavs haers da unarCunebs binas Sinagan energias.
7.	 rom ara milebis SesafuTi garsi,  cxeli wyali skolaSi Sesvlamde gagrildeboda 

da oTaxebis gaTbobac gaZneldeboda.  milebis SesafuTi garsi unarCunebs wyals 
Sinagan energias.

8.	 liToni minaze kargi Tbogamtaria, amitom liTonis WiqaSi Casxmuli cxeli Cai 
ufro swrafad gacivdeba.

9.	 udabnoSi qviSis kristalebs Soris haeria, ris gamoc qviSa cudi Tbogamtaria.  
dRisiT mze aTbobs qviSis zedapirs.  cudi siTbogamtarobis gamo siTbos raodenoba 
ver aRwevs qviSis qveda fenebSi, ris gamoc varvardeba qviSis mxolod zedapiri.  
amitomac cxela dRisiT.  rodesac mze Cava haeris temperaturis SenarCunebas 
mxolod dRis ganmavlobaSi gamTbari qviSa cdilobs.  vinaidan qviSis qveda fenebi 
dRis ganmavlobaSi ar gacxelebula,  haeris temperaturis SesanarCuneblad 
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sakmarisi energia mas ar gaaCnia, amitomac civa RamiT.
10.	mina cudi siTbos gamtaria.

§3.3 myari sxeulebis, siTxeebisa da airebis siTburi gafarToeba

mizani: cdebze dakvirvebis Sedegad moswavle SeZlebs daskvnebis gamotanas siTburi 
gafarToebis movlenaze, Sedegebze da  mizezebze. 

samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
gafarToeba, SekumSva,siTburi gafarToeba.
	sxeulTa umetesoba gaTbobisas farTovdeba
	temperaturis zrdisas sxeulTa gafarToebis mizezia nawilakebis saSualo kine-

tikuri energiis mateba, rac nawilakebs Soris manZilis zrdas iwvevs
	yvelaze metad airebi farTovdeba
	sxvadasxva nivTiereba gansxvavebulad farTovdeba
aqtivoba1. winare codnis gaaqtiureba.
davalebis ganxilva.
saSinao cdis msvlelobaze, Sedegebsa da mizezebze saubari, cdis oqmebis SedgenaSi 

daxmareba.
aqtivoba 2. cdebiT dadgenili Sedegebis gacnoba.
mizani: motivaciis gazrdis mizniT sademonstracio cdebis gamoyeneba.
zogierTi Catarebuli cdis Sedegebis gamoyeneba.
cdis oqmis Sedgena. 
aqtivoba 3. sakontrolo  SekiTxvebi:
•	 riT aixsneba airebis SesamCnevi gafarToeba siTxeebTan da myar sxeulebTan Se-

darebiT?
•	 ratom ar iqneba nikeli-betonis konstruqcia iseTive myari, rogoric rkina-be-

tonis konstruqciaa, miuxedavad imisa, rom nikelis simtkice rkinis simtkiceze orjer 
metia?

•	 zogierTi rkinis kari zamTarSi advilad iReba, zafxulSi ki _ Znelad. riT axsniT 
amas?

•	 zamTarSi tbis zedapiri gaiyina. ratom ar iyineba tbis qveda fenebi?
aqtivoba 4. miTiTebebi proeqtze samuSaod. maswavlebeli moswavleebTan erTad adgens 

proeqtze samuSao vadebs da proeqtis gansaxorcieleblad saWiro etapebs.
proeqtis mizani:   airis  siTbur gafarToebaze  dakvirveba.
proeqtis gegma 
1. proeqtis dasaxeleba -------------------------------------------------------------------
2. proeqtSi monawileoben ----------------------------------------------------------------- 
3. proeqtis aqtualoba/riT aris es proeqti mniSvnelovani CvenTvis? ---------- -----------------

------------------------------------------------------------------------------------------
4.  proeqtis mizani: --------------------------------------------------------------------------- 
5. proeqtze muSaobis vadebi: dasawyisi ---------- dasasruli ------------- 
6. gansaxorcielebeli amocanebi: amocanis dasaxeleba da mokle aRwera, vada, mosalod-

neli Sedegi, mosalodneli Sedegis amsaxveli masala, amocanis gansaxorcieleblad saWiro 
pasuxismgebeli piri, resursebi. 

7.  proeqtis bolos misaRwevi Sedegebi: -------------------------------------------------
8.  xelis SemSleli faqtorebi/SesaZlo riskebi: -------------------------------------- 
9. proeqtis Sualeduri da saboloo Sefaseba:

amocanis Sesrulebis angariSi
TariRi:
jgufi:
amocanis Sesrulebis vada: -------------------------------------------------
Sinaarsobrivi samuSao
movagvareT:
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mocemul vadaSi Cven warmatebiT gavarTviT Tavi Semdeg samuSaos:
------------------------------------------------------------------------------------------------------
wavawydiT dabrkolebebs:
mocemul droSi sirTuleebma iCina Tavi Semdegi samuSaos Sesrulebisas:
--------------------------------------------------------------------------------------------------------
albaT gvWirdeba... ----------------------------------------------------------------------------
amisTvis gadavwyviteT: ---------------------------------------------------------------------
jgufSi TanamSromloba:
proeqtze muSaobis dros jgufSi Tavi iCina Semdegma problemebma: 
--------------------------------------------------------------------------------------------------------
problemebis mogvareba amgvarad vcadeT: ---------------------------------------------------------------------

aqtivoba 6. saSinao davaleba.

proeqtis prezentaciis momazadeba.

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 siTxeebTan da myar sxeulebTan SedarebiT airis molekulebis erTmaneTTan susti 
urTierTqmedebiT;

2.	 nikelisa da betonis siTburi gafarToebis maCveneblebi (koeficientebi) gan
sxvavebulia, amitom isini gafarToeba-SekumSvisas zomebs erTnairad ar Seicvlis, 
konstruqciac myari ar iqneba;

3.	 Tu karsa da CarCos Soris Sualedi mcirea, zafxulSi gafarToebis gamo karis 
gaReba gaZneldeba;

4.	 wylis anomaliis gamo. vinaidan wyals yvelaze didi simkvrive  40C-ze aqvs, am 
temperaturis wyali yvelaze qveda fenebSi eqceva, zemoT ki ufro dabali 
temperaturis wyali xvdeba da is iyineba.  

§ 3.4 temperaturis gazomva. Termometri

mizani: cxovrebiseuli gamocdilebis gamoyenebis dakavSireba temperaturis gazom-
vasTan.

samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
temperatura, Termometri, cifruli Termometri, airadi Termometri, siTxiani da 

meqanikuri Termometrebi, celsiusis, farenheitis  da kelvinis skala.
	10C tolia normaluri atmosferuli wnevis dros yinulis dnobidan wylis duRi-

lamde temperaturis cvlilebis erTi measedis
	celsiusis skalis 00C Seesabameba yinulis dnobis temperaturas, xolo 1000C _ 

wylis duRilis temperaturas normaluri atmosferuli wnevis dros 
	-2730C bunebaSi arsebuli minimaluri temperaturaa; 00 K = _273 0C
	kavSiri kelvinisa da celsiusis temperaturebs Soris aseTia: T = t + 273
aqtivoba1. winare codnis gaaqtiureba.
saSinao davalebis  ganxilva
aqtivoba 2. sademonstracio slaidebis Cveneba.
mizani: motivaciis gazrdis mizniT sademonstracio slaidebiT sxvadasxva saxis Ter-

mometrebis muSaobis principebis ganxilva.
aqtivoba 3. sakontrolo SekiTxvebi.
1.	 rodemde grZeldeba siTbocvlis procesi gansxvavebuli temperaturis sxeulebs 

Soris?
2. rogori iqneboda Cveni oTaxis temperatura 00-ad wylis duRilis temperatura 

rom agveRo?
3. ratom gamoiyeneben siTxian TermometrebSi vercxliswyalsa da spirts?
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4. ratom ar aqvs siTxian sayofacxovrebo Termometrebs Seviwroebuli adgili rezer-
vuari-milis sazRvarze?

5. ratom aqvs samedicino Termometrebs Seviwroebuli adgili rezervuari-milis 
sazRvarze?

6. ramdeniT Seicvleba kelvinis skalaze temperatura, Tu igi celsiusis skalaze 
50C-iT Semcirda?

7. risi tolia bunebaSi arsebuli  yvelaze dabali temperatura celsiusis skaliT? 
kelvinis skaliT?

aqtivoba 4. amocanis erToblivi amoxsna wyvilebSi.
10. sxeulis temperaturas zomaven celsiusis skaliani TermometriT. sxeulis gaT-

bobisas am Termometris Cveneba orjer gaizarda. temperatura rom kelvinebSi gaezomaT, 
maSin is 1,09-jer gaizrdeboda. gansazRvreT Termometris sawyisi da saboloo Cveneba.

aqtivoba 5. individualuri muSaoba.
qvizi  
mizani: gakveTilze miRebuli codnis Semowmeba.
1. moiZieT informacia farenheitis skalis Sesaxeb. ra kavSiria celsiusis skaliT 

gazomil temperaturasa da farenheitis skaliT gazomils Soris?
2. ramdeni kelviniT gaizarda temperatura, Tu am sxeulis temperaturam 5 0C-iT 

moimata.
3. 7 0C-iT gaTbobisas sxeulis temperatura 280 k gaxda. risi toli iyo am sxeulis 

sawyisi temperatura 0C-Si.

aqtivoba 6. saSinao davaleba.
saSinao cda.
cdis mizani: siTbogadacemaze dakvirveba.
cdis aRweris oqmis Sedgna.
paragrafis bolos mocemuli amocanebi, romlebsac maswavlebeli SearCevs sakuTari 

Sexedulebisamebr.
gakveTilis bolos misaRwevi Sedegebi:
moswavleebi SeZleben daadginon Termometris muSaobis principi, daamyaron kavSiri 

temperaturis gasazom sxvadasxva skalas Soris.

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 vidre maTi temperaturebi gaTanabrdeba;
2.	 oTaxis temperaturad  200C-ia miCneuli. es temperatura -800C iqneboda;
3.	 am siTxeebis moculoba temperaturis mixedviT SesamCnevad icvleba;
4.	 Cvenebis SenarCunebis saWiroeba sayofacxovrebo TermometrebSi ar arsebobs. 

garda amisa, masze anaTvalis aReba unda SegveZlos nebismier dros;
5.	 bolo Cvenebis SesanarCuneblad;
6.	 erTnairi danayofis fasis gamo kelvinis skalazec  50K-iT Semcirda; 
7.	 celsiusis skaliT  -2730C, kelvinis skaliT 00K.

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 00C temperaturas Seesabameba 320F.  Tu gvinda, rom farenheitis skaliT gazomili 
temperatura gadaviyvanoT celsiusebSi unda visargebloT Semdegi formuliT: 
0C=(0F-32)/1,8.  

2.	 5 K-iT.
3.	 00C.
4.	 vercxliswylis gamyarebis temperatura -390C-ia, amitom iseT adgilebSi, sadac 

-390C-ze naklebi temperaturaa vercxliswyliani Termometri ver imuSavebs.
5.	 gaTbobisas liTonebi minaze ukeTesad farTovdeba. rezervuaris liTonisagan 

damzadebis SemTxvevaSi rezervuari gafarTovdeboda da vercxliswylis sveti milSi 
imdenad aRar aiwevda.
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6.	 38 0F-iT.
7.	 qveda zRvari -100C; zeda zRvari -500C.
8.	 danayofis fasi 10C-ia. cdomileba aris danayofis fasis naxevari, anu 0,50C.
9.	 sxeulis temperatura damokidebulia misi Semadgeneli nawilakebis qaosurad 

moZraobis kinetikur energiaze. -2730C temperatura iseT sxeuls eqneboda, romlis 
nawilakebis kinetikuri energiebi nulis toli iqeboda. radgan nawilakebis kinetikuri 
energia nulze naklebi ver gaxdeba, sxeulis temperatura -2730C-ze naklebi ver iqneba. 

10.	t2=2t1;  t2=T2-273; t1=T1-273;  T2-273=2(T1-273). radgan T2= 1,09T1, amitom 1,09T1-
273=2T1-546. T1=300k.

 §3.5 konveqcia

mizani: moswavlem daadginos, Tu rogor gadaitaneba energia nivTierebis WavlebiT 
airebsa da siTxeebSi.

samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
konveqcia, konveqcia myar sxeulebSi, bunebrivi konveqciis mizezi.
	konveqcia myar sxeulebSi SeuZlebelia
	bunebrivi konveqciis mizezi airebisa da siTxeebis gaTbobisas maTi gafarToeba 

da simkvrivis Semcirebaa
	brizis warmoqmna bunebrivi konveqciis Sedegia
	meqanikuri zemoqmedebiT konveqcia SeiZleba iZulebiT ganvaxorcieloT
aqtivoba 1. winare codnis gaaqtiureba, davalebis ganxilva.
aqtivoba 2. sademonstracio cdebi.
mizani: motivaciis gazrdis mizniT sademonstracio cdebis gamoyeneba.
aqtivoba 3. sakvanZo SekiTxvebi.
1. bunebrivi konveqciisas, ra mimarTulebiT moZraobs airis an siTxis Wavli?
2. ratom unda iyos haeris gamaTbobeli moTavsebuli iatakTan axlos?
3. ratom unda iyos haeris gamagrilebeli moTavsebuli WerTan axlos?
4. ra SemTxvevSi iyeneben iZulebiT konveqcias?
5. ratom uberavs dRis brizi zRvidan napirisken?
6. ratom uberavs Ramis brizi napiridan zRvisken?
7. ra mimarTulebiT moxdeba WurWelSi 40C-iani wylis konveqcia, Tu WurWlis
fskers kidev ufro gavacivebT?
aqtivoba 4. amocanis erToblivi amoxsna wyvilebSi.
mizani: moswavle SeZlebs amocanis sworad amoxsnas sakuTari SexedulebiT, sakuTari 

azris dacviTa da sxvisi azris gaTvaliswinebiT.
aRwera: saxelmZRvaneloSi mocemuli amocanebis amoxsna maswavleblis miniSnebebis 

gamoyenebiT, visac es miniSnebebi esaWiroeba.
aqtivoba 5. individualuri muSaoba.  
mizani: gakveTilze miRebuli codnis gamoyeneba da individualuri amoxsnis gzebis 

dasaxva amocanis pasuxis misaRebad.
SeasruleT paragrafis bolos mocemuli amocanebi #6, 7.
aqtivoba 6. Sejameba-Sefaseba.
saSinao davaleba.

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 bunebrivi konveqciisas Tbili siTxis (airis) Wavli moZraobs qvevidan zeviT, civis 
_ zevidan qveviT;

2.	 iatakTan axlos haeri yvelaze civia, gamaTbobliT igi Tbeba da adis maRla _ 
xdeba bunebrivi konveqcia. Tu haers zeviT gavaTbobT, konveqcia ar moxdeba;

3.	 WerTan axlos haeri yvelaze Tbilia, gamagrilebliT igi civdeba da Camodis 
dabla _ xdeba bunebrivi konveqcia. Tu haers qvemoT gavacivebT, is zeviT ar ava;
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4.	 roca bunebrivi konveqcia gaZnelebulia;
5.	 xmeleTis zemoT haeri dRe ufro cxeldeba, vidre _ zRvis zemoT. amitom xmeleTis 

zemoT arsebuli haeri  maRla adis, mis adgils ki zRvidan mosuli SedarebiT 
grili haeri ikavebs; 

6.	 xmeleTis zemoT arsebuli haeri RamiT ufro swrafad civdeba, vidre _ zRvis 
zemoT. es ukanaskneli adis maRla, mis adgils ki xmeleTidan wasuli SedarebiT 
grili haeri ikavebs;

7.	 vinaidan  40C-ze wylis simkvrive yvelaze didia, ufro gacivebuli wylis qveda 
fena ava zemoT, 40C-iani zeda fena ki _ qvemoT. konveqcia moxdeba zemodan qvemoT.

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 ewvieT bmuls: http://tiny.cc/tk9xjz
2.	 civi haeri Semosvlisas konveqciis gamo iatakisken midis da ise vrceldeba oTaxSi. 
3.	 cecxlis aliT gaxurebuli haeri konveqciiT adis sahaero burTSi.
4.	 civi haeri oTaxSi Semosvlisas konveqciis gamo iatakisken gadainacvlebs. 

sanacvlod oTaxidan gareT gamavali Tbili haeris nakadi Weridan fanjris zeda nawilis 
gavliT gadis gareT, amitomac ixreba sanTlis ali fanjris zeda nawilTan gareT, qveda 
nawilTan ki _ SigniT.

5.	 konveqciis gamo tbis (zRvis) Tbili wyali zedapirze amodis, civi ki qveviT rCeba.
6.	 maRalWerian oTaxSi Tbili haeri WerTan grovdeba, amitom ufro meti dro 

dasWirdeba haeris qveda fenebis gaTbobas, vidre dabalWerian oTaxSi.
7.	 gamaTboblis WrilebSi haeri Tbeba da konveqciiT zeviT adis, mis adgilas, 

gamaTboblis qvevidan Sedis civi haeri. Wrilebis saSualebiT xdeba haeris brunva 
gamaTbobelSi.

8.	 konveqciis gamo Tbili wyali zeviT grovdeba, amitom gamaTbobliT sargeblobisas 
Tbili wyali zevidan unda gamovides. qvevidan Semavali civi wyali zeda fenebSi ver ava 
da ukve gamTbar wyals ver gaacivebs.

9.	 2 0C-dan 3 0C-mde gaTbobisas wyali ikumSeba, amitom Caidnis fskerTan gamTbari 
wyali konveqciiT zeviT ar wava. am SemTxvevaSi wylis zeda fenebs siTbos raodenoba 
mxolod TbogamtarobiT miewodeba. 6 0C-dan 7 0C-mde gaTbobisas wyali farTovdeba. am 
dros Caidnis fskerTan gamTbari wylis fena konveqciis gamo zeviT ava da mis adgils 
daikavebs wylis civi fena, wyali ufro swrafad gaTbeba.

10.	kalorimetris Tavze haeri gacivdeba, konveqciis gamo is zeviT ar wava, Sesabamisad, 
kalorimetris Ria zedapiridan garemos siTbos raodenoba mxolod TbogamtarobiT 
gadaecema. amitomac azoti sakmaod didxans ar gaTbeba.

§ 3.6 gamosxiveba

mizani: winare codnaze dayrdnobiT moswavle SeZlebs  gansazRvros, rodis aris Ses-
aZlebeli energiis gadacema konveqciiT da rodis _ gamosxivebiT, daadginos sxeulis 
mier gamosxivebuli energiis intensivobis  damokidebuleba mis temperaturaze. ekolo-
giuri problemis „saTburis efeqtis“ gansazRvra.

samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
energiis gamosxiveba, STanTqma, energiis intensivoba.
	sxeuli, romelic ukeT STanTqavs energias, ukeTesadac asxivebs
	gamosxivebiT energiis gadasacemad nivTieri garemo aucilebeli ar aris
	nebismieri sxeuli gamoasxivebs da STanTqavs energias
	gamosxivebis STanTqmisas sxeulis Sinagani energia izrdeba
	Ria feris sxeuli cudad STanTqavs gamosxivebis energias, xolo muqi feris _ 

ukeTesad STanTqavs
aqtivoba1. winare codnis gaaqtiureba.
davalebis ganxilva, saSinao cdis Sedegebis gacnoba, daskvnebis gakeTeba.
gamosxivebis energia ekologiurad sufTaa – ar aWuWyianebs garemos. saWiroa misi 

ufro intensiurad gamoyeneba ekologiuri problemebis Tavidan asacileblad. 
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aqtivoba 2 sakontrolo, sakvanZo SekiTxvebi.
1.	 Tbogadacemis ramdeni saxe iciT? 
2.	 ratomaa gamoricxuli mzis sxivebiT Tbogadacemisas Tbogamtaroba an konveqcia?
3.	 iqneboda Tu ara sicocxle dedamiwaze, gamosxivebiT energia rom ar gadaece

modes?
4.	 gabatonebuli azria, rom cxovelis Seferilobas misi bunebrivi adgilsamyofeli

gansazRvravs. xom ar Seitandi cvlilebas am TvalsazrisSi TeTr daTvTan mimarTebiT?
5.	 Tu muqi sxeulebi metad STanTqavs gamosxivebas, ratom aqvs polarul melas 

TeTri bewvi?
6.	 ratom sjobs zafxulSi TeTri tansacmlis tareba? 
aqtivoba 3. jgufuri muSaoba.
mizani: moswavleTa samoqalaqo ganaTlebis donis amaRleba ekologiur problemebze 

yuradRebis gamaxvilebiT.
jgufuri muSaoba, prezentacia. 
gamosxivebiT Tbogadacemis procesi adamianisaTvis SesaZloa sazianoc iyos da 

sasargebloc. rom ara mzis gamosxiveba, dedamiwaze sicocxle ar iarsebebda. ukanasknel 
aTwleulebSi mavne gamonabolqvebisa da sxva mizezebis gamo dedamiwis mxridan energiis 
gamosxivebiT gacema Semcirda. am movlenas „saTburis efeqts“ uwodeben. igi  dedamiwaze 
saSualo temperaturis zrdas iwvevs, Sedegad viRebT globalur daTbobasa da uamrav 
ekologiur problemas. moiZieT informacia da moamzadeT prezentacia Temaze „saT-
buris efeqti“. SegiZliaT gamoiyenoT Semdegi bmulebi: 

http://tiny.cc/so9xjz; http://tiny.cc/fr9xjz; http://tiny.cc/is9xjz; http://tiny.cc/nt9xjz.
mieciT saSualeba moswavleebs, imuSaon kompiuterebTan, moiZion informacia da Se-

qmnan posteri.
SesaZloa es ver moeswros erT gakveTilze, amitom sasurvelia, Tavidanve dageg-

moT samuSao moswavleebTan erTad, gaweroT samuSaos Sesrulebis etapebi,  TiToeuli 
etapisTvis saWiro dro da samuSaos Cabarebis TariRi (magaliTad, erTi kviris Semdeg).

aqtivoba 6. Sefaseba/Sejameba
saSinao davaleba.
„saTburis efeqti“ _ sainformacio posteris gakeTeba.
gakveTilis bolos misaRwevi Sedegebi:
gaigeben gamosxivebis arss, dainaxaven ekologiur problemebs da  dafiqrdebian ga-

mosworebis aucileblobaze.

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 Tbogamtaroba, konveqcia da gamosxiveba;
2.	 Tbogamtarobisa da konveqciis gansaxorcieleblad saWiro garemo kosmosSi ar 

aris;
3.	 ar iqneboda. mzidan dedamiwaze energia mxolod gamosxivebiT gadmoitaneba;
4.	 garemosTan feriT SexamebulobasTan erTad daTvi TeTri bewvis gamo siTbos 

naklebad gascems; 
5.	 rogorc cocxali organizmisaTvis, naklebi energiis  gacema ufro mniSvnelovania, 

vidre misi STanTqma;
6.	 naklebad STanTqavs gamosxivebas da aireklavs kidec mas.

 
 § 3.7     siTbos raodenoba.  nivTierebis kuTri siTbotevadoba

mizani: cdebis Sedegebze dayrdnobiT moswavle gansazRvravs sxeulis gaTbobisas 
gadacemuli siTbos raodenobas, nivTierebis kuTr siTbotevadobas.

samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
siTbos raodenoba, siTbotevadoba, kuTri siTbotevadoba.
	nivTierebis kuTri siTbotevadoba fizikuri sididea, romelic gviCvenebs, siTbos  

ra raodenobaa saWiro 1 kg nivTierebis temperaturis 1 °C-iT gasazrdelad;
	erTnairi masis sxvadasxva  nivTierebis temperaturis erTi da imave sididiT Ses-

acvlelad saWiroa gansxvavebuli siTbos raodenoba
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aqtivoba 1. winare codnis gaaqtiureba, davalebis ganxilva.
ekologiur problemebTan dakavSirebuli problemebis gadawyvetis sakiTxebTan daka-

vSirebul kiTxvebze pasuxis gacema.
aqtivoba 2. sademonstracio cdebi.
mizani: hipoTezis Semowmebis mizania  sademonstracio cdebis Catareba.
cda 1. daskvnebis gamotana: sxeulis temperaturis erTi da imave sididiT gasazrde-

lad saWiro siTbos raodenoba misi masis pirdapirproporciulia.
cda 2. gavzomoT dro, romlis ganmavlobaSi wylis temperaturis nazrdi 3-jer metia.
daskvna: sxeulis gasaTbobad saWiro siTbos raodenoba misi temperaturis nazrdis 

pirdapirproporciulia: Q~(t2−t1)
cda 3.  or erTnair WurWelSi CavasxaT erTnairi temperaturisa da masis wyali da zeTi. 

gavzomoT dro, romlis ganmavlobaSic maTi temperatura moimatebs, vTqvaT, 20°-iT.
erTnairi masis sxvadasxva nivTierebis temperaturis erTi da imave sididiT Sesacv-

lelad saWiroa gansxvavebuli siTbos raodenoba.
cdebidan miRebuli Sedegebi, cxadia, marTebulia maSinac, roca sxeuli siTbos 

raodenobas kargavs da misi temperatura mcirdeba.
cdis oqmis Sedgena. 
aqtivoba 3. sakvanZo SekiTxvebi.
risi proporciulia mocemuli nivTierebis temperaturis erTnairad zrdisas gada

cemuli siTbos raodenoba?
ras niSnavs, rom wylis kuTri siTbotevadoba 4200 j/kg 0C-ia?
gazquraze erTnairi aliT acxeleben 1 kg wyals da 1 kg rkinas. romlis temperatura 

moimatebs ufro swrafad? ratom?
Senobas aqvs erTnairi betoniT nagebi patara da didi kedeli, romlis siTbotevado-

baa meti? kuTri siTbotevadoba?
wyalma 200-dan 700-mde gacxelebisas 210000 j siTbo miiRo. siTbos ra raodenobas 

gamoyofs is 700-dan 200-mde gacivebisas? 700-dan 450-mde gacivebisas?
aqtivoba 4. cxrilze dakvirveba.
cxrilSi mocemulia zogierTi nivTierebis kuTri siTbotevadoba, romelic eqsperi-

mentuladaa dadgenili. daakvirdiT cxrils da dasviT Tematuri SekiTxvebi.

nivTiereba c, j/kg.°C nivTiereba c, j/kg.°C

myari

alumini 920 kala 250
betoni 880 parafini 3200
xe 2700 qviSa 970
rkina, foladi 460 platina 130
oqro 130 tyvia 120
aguri 750 vercxli 250
Txevadi

acetoni 2200 navTi 2140
wyali 4200 mzesumziras zeTi 1700
glicerini 2400 vercxliswyali 120
rkina 830 eTilis spirti 2400
airadi (mudmivi wnevisas)

azoti 1000 haeri 1000

wyalbadi 14300 Jangbadi 920
wylis orTqli 2200 naxSirorJangi 830
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saSinao davaleba: amocanebis amoxsna
gakveTilis bolos moswavle SeZlebs nivTierebis kuTri siTbotevadobis cxrilze da-

kvirvebiT daadginos, Tu romel nivTierebas meti siTbos raodenobis gadacema esaWi
roeba erTnairi  masis SemTxvevaSi erTnairi temperaturiT gasaTbobad.

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 sxeulis masis proporciulia;
2.	 temperaturis nazrdis proporciulia;
3.	 1 kg wylis  10-iT gasaTbobad saWiroa mas gadavceT 4200 j siTbos raodenoba;
4.	 rkinis. misi kuTri siTbotevadoba TiTqmis xuTjer naklebia wylisaze, amitom 

erTnairi siTbos raodenobis gadacemis SemTxvevaSi rkinis temperaturis nazrdi 
xuTjer meti iqneba, vidre _ wylis. Sesabamisad, rkina ufro swrafad gacxeldeba 
kidec;

5.	 siTbotevadoba didi kedlisa metia, kuTri siTbotevadoba ki _ erTnairi;
6.	 700C-dan 200C-mde gacivebisas gamoyofs 210000 j siTbos, 700C-dan 450C-mde gacivebisas 

ki _ 105000 j-s.

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 168∙104 j.
2.	 3 kg.
3.	 380 j/kg0C.
4.	 7360 j/0C.
5.	 225 0C.
6.	 80 0C.
7.	 E

k
 /2=cm∆t =>∆t=50 0C.

8.	 mv2/2=cm∆t =>∆t=3,2 0C.
9.	 mgh/2= cm∆t =>∆t=37,5 0C.
10.	 μmgL= cm∆t =>∆t=8 0C.        

§ 3. 8 siTburi balansis gantoleba (laboratoriuli samuSao)

mizani: siTburi balansis gantolebis Semowmeba, energiis mudmivobis kanonis Ses-
rulebaze dakvirveba siTburi procesebisas.

samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi: 
energiis Senaxvis kanoni, kalorimetri.
	kalorimetrSi sxeulebs Soris mimdinare siTbocvla garemosagan Tboizolire-

bulia
	Tboizolirebuli sistemis sxeulebs Soris siTbocvlisas, roca maTi Sinagani 

energia mxolod TbogadacemiT icvleba, gacemuli siTbos raodenobebis jami moduliT 
miRebuli siTbos raodenobebis jamis tolia
	Tboizolirebul sistemaSi Semavali yvela sxeulis mier miRebuli da gacemuli 

siTbos raodenobebis jami nulis tolia: Q1 + Q2  + Q3 ... + Qn  = 0
aqtivoba 1.erTad amovxsnaT amocana.
aqtivoba 2. laboratoriuli samuSao.
samuSaos mizani: energiis Senaxvis kanonis Semowmeba siTburi procesebisas.
samuSaosTvis saWiroa: kalorimetri, menzura, Termometri, kolba.
samuSaos msvleloba: 
samuSao rveulSi winaswar daxazeT cxrili, romlis nimuSi qvemoTaa mocemuli.
CaasxiT kalorimetrSi 150 ml cxeli wyali, xolo kolbaSi _ amdenive civi wyali;
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TermometriT gazomeT civi wylis temperatura da CawereT cxrilSi;
Casxmidan 2–3 wuTis Semdeg gazomeT cxeli wylis temperatura kalorimetrSi da 

CawereT cxrilSi;
CaasxiT kolbidan civi wyali kalorimetrSi;
kalorimetrSi miRebul narevs frTxilad mourieT TermometriT da gazomeT narevis 

saboloo temperatura. miRebuli Sedegi CawereT cxrilSi;
gamoTvaleT civi da cxeli wylis masebi: m1 da m1 (ρ = 1 g/sm3, 1 ml = 1 sm3). 

wylis masa, kg
wylis 

temperatura
0C

narevis 
saboloo 

temperatura
t3

siTbos raodenoba, j

civi
m1

cxeli
m2

civi
t1

cxeli
t2

miRebuli
Q1

gacemuli
Q2

aqtivoba 3. jgufuri muSaoba.
mizani: ucnobi nivTierebisagan damzadebuli sxeulis kuTri siTbotevadobis gansaz-

Rvra.
samuSaosTvis saWiroa: saswori, kalorimetri, menzura, wyali, Termometri, ucnobi 

nivTierebisgan damzadebuli sxeuli, pinceti, spirtqura an eleqtroqura da liTonis 
Tasi. 

samuSaos msvleloba:  kalorimetrSi menzuriT CaasxiT 100 ml moculobis civi wyali, 
da CauSviT masSi Termometri. Termometris Cveneba CainiSneT rveulSi. sasworiT gazom-
eT ucnobi nivTierebisgan damzadebuli sxeulis masa, CauSviT sxeuli wylian liTonis 
TasSi da dadgiT anTebul spirtquraze. rodesac TasSi wyali aduRdeba, masSi CaSvebuli 
sxeulis temperatura 100°C iqneba. pincetiT amoiReT sxeuli Tasidan da CauSviT  ka-
lorimetrSi, daakvirdiT kalorimetrSi CaSvebuli Termometris Cvenebas da CainiSneT 
im momentSi, rodesac saboloo temperatura damyardeba. miRebuli monacemebiT gansaz-
RvreT ucnobi nivTierebisagan damzadebuli sxeulis kuTri siTbotevadoba.

aqtivoba 4. sakontrolo kiTxvebi: 
ratomaa kalorimetris Sida WurWeli gareSe sxeulebisagan TiTqmis Tboizoli

rebuli?
Tu qarxnulad damzadebuli kalorimetri ar gaqvT, rogor daamzadebT mas labora-

toriul pirobebSi?
Seicvleboda Tu ara cdis Sedegi, kalorimetrSi rom civi wyali Cagvesxa da masze 

kolbidan dagvematebina cxeli wyali?
ratom unda gavzomoT narevis saboloo temperatura morevis Semdeg?
Tu Catarebul cdaSi cxeli wylis gacemuli siTbos raodenoba 8400 j-ia, risi toli 

iqneba civi wylis mier miRebuli siTbos raodenoba? 
samarTliani iqneba Tu ara siTburi balansis gantoleba maSin, roca sistemis sxe

ulebs Soris sruldeba muSaoba?
ra pirobebi unda Sesruldes imisaTvis, rom siTburi balansis gantoleba marTebuli 

iyos?
saSinao davaleba: amocanebis amoxsna
gakveTilis bolos moswavle SeZlebs ucnobi nivTierebisagan damzadebuli sxeulis 

kuTri siTbotevadobis gansazRvras.
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paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 kalorimetris WurWlebs Soris haeria, romelic cudi Tbogamtaria. amasTan, Siga 
WurWeli Tboizolator sadebebze devs;

2.	 moviZioT  gansxvavebuli zomis ori iseTi WurWeli, rom erTi meoreSi idgmebodes. 
Siga WurWeli davdgaT xis an korpis qvesadebebze, davaxuroT muyaos saerTo saxuravi, 
romelSic SegveZleba Termometris Camagreba;

3.	 Sedegi ar Seicvleboda;
4.	 moreva aCqarebs wylis temperatura yvelgan erTnairi rom  gaxdes;
5.	 8400 j-is;
6.	 sxeulTa sistema unda iyos izolirebuli da sxeulebis Sinagani energiebi icvle

bodes mxolod TbogadacemiT; 

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 Q1+ Q2=0.  c1m1(θ- t1)+ c2m2(θ- t2)=0. Θ=47,50C.
2.	 C1(θ-t1)+ C2(θ-t2)=0.  Θ=550C.
3.	 c1m1(θ- t1)+ c2m2(θ- t2)=0. t1=510C.
4.	 c1m(θ- t1)+ c2∙2m(θ- t2)=0. t2=610C.
5.	 c1m1(θ- t1)+ c2m2(θ- t2)=0.  m1+ m2=200 kg.  m1/m2=3/2.
6.	 C1(θ- t1)+ C2(θ- t2)=0.  C1/C2=3/5.
7.	 C(θ- t1)+ 3C(θ- t2)+ 4C(θ- t3)=0.  t1=400C.
8.	 Q1= c1m1(θ- t1)-qvabis mier miRebuli siTbos raodenoba;
Q2= c2m2(θ- t1)-wylis mier miRebuli siTbos raodenoba;
|Q3|=|c1m3(θ- t3)| -burTulis mier gacemuli siTbos raodenoba;
Q1+ Q2+ Q3=0.  Θ=350C.
9.	 c1m1(θ- t1)+ c2m2(θ- t1)+ c1m3(θ- t3)=0.  t3=2650C.
10.	C

w
(30-10)+ C

b
(30-40)=0.  C

b
=2C

w
.C

w
(Θ-10)+7∙2C

w
(Θ-40)=0.   Θ=380C.

3.9  sawvavis wvis kuTri siTbo

mizani: moswavle gaigebs nivTierebis wvis kuTri siTbos moZebnis gzas da gamoiyenebs 
miRebul Sedegs (wvis kuTri siTbo) sawvavis wvis qimiuri reaqciis dros gamoyofili 
siTbos raodenobis dasaTvlelad.

samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
wvis kuTri siTbo, sawvavis wva qimiuri reaqciaa.
	sidides, romelic gviCvenebs 1 kg masis sawvavis dawvisas gamoyofil siTbos 

raodenobas, sawvavis wvis kuTr siTbos uwodeben da aRniSnaven q asoTi
	m masis sawvavis dawvisas gamoiyofa Q = qm siTbos raodenoba
	saxureblis margi qmedebis koeficienti gamoiTvleba formuliT
η =Qsas/Qsr · 100%
aqtivoba 1. mini-leqcia.
Tanamedrove adamianis cxovreba da sawvavis wvis energia. ra aris wvis reaqcia, wvis 

Sedegad gamoyofili energia
aqtivoba 2. sademonstracio cda.
cdis gameoreba sxvadasxva nivTierebisTvis. saxurebelis margi qmedebis koeficien-

tis gansazRvra.	  
sakontrolo kiTxvebi:
1. ratom gamoiyofa energia sawvavis wvisas?
2. rogori saxis sawvavi arsebobs?
3. ratomaa saWiro vicodeT 1 kg masis sawvavis dawvisas gamoyofili siTbos
raodenoba?



105

4. ras niSnavs, rom benzinis wvis kuTri siTbo 46 mgj/kg-ia?
5. rogor SeiZleba sawvavis wvis kuTri siTbos dadgena?
6. ras uwodeben saxurebels?
7. ratomaa saxureblis margi qmedebis koeficienti 100%-ze naklebi?
aqtivoba 3. amocanis erToblivi amoxsna wyvilebSi.
mizani: moswavle SeZlebs amocanis sworad amoxsnas sakuTari SexedulebiT, jgufis 

wevrebis  miTiTebebis an komentarebis gaTvaliswinebis an sakuTari azris damtkicebis 
safuZvelze.

aRwera: saxelmZRvaneloSi mocemuli amocanis amoxsnis nimuSis ganxilva _ „erTad   
amovxsnaT  amocana“ iTvaliswinebs moswavleebis urTierTdaxmarebas, saWiroebis SemTx-
vevaSi maswavleblis daxmarebas  da saxelmZRvaneloSi amoxsnili amocanis gaazrebas, 
Semdeg miRebuli codnis  gamoyenebas axali amocanis amosaxsnelad. aswavlebeli akvir-
veba naxazis Sesrulebas, gamoTvlebis Catarebis process, awvdis droul ukukavSirs. 

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 wva qimiuri reaqciaa, romlis drosac xdeba axali molekulebis warmoqmna. mas Tan 
axlavs energiis gamoyofa;

2.	 myari, Txevadi da airadi sawvavi;
3.	 imisaTvis, rom gavigoT garkveuli masis sawvavis dawvisas gamoyofili siTbos 

raodenoba;
4.	 1 kg benzinis sruli dawvisas gamoiyofa 46 mgj siTbos raodenoba;
5.	 eqsperimentulad, vTqvaT, paragrafSi aRwerilis msgavsi cdis saSualebiT;
6.	 mowyobiloba, romelSic sawvavi iwvis;
7.	 erTi mizezi sawvavis arasruli wvaa, meore ki _ dawvisas gamoyofili energiis 

nawilis  wvis produqtebTan erTad garemoSi gafantva.

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 138 mgj.
2.	 2 kg.
3.	 100 kg. 
4.	 qm1= cm2∆t => ∆t=4000C.
5.	 Rumlis margi qmedebis koeficients gansazRvravs sawvavis dawvisas gamoyofili 

siTbos raodenobidan oTaxze gadacemuli siTbos raodenobis wili. radgan suraT 
b-ze gamosaxuli Rumlis sakvamuris ufro didi nawili oTaxSia, igi sawvavis 
dawvisas gamoyofili siTbos raodenobis ufro did nawils oTaxs gadascems, 
amitom misi margi qmedebis koeficienti ufro meti iqneba.

6.	 c1m1(θ- t1)=qm2 =>Θ=5200C.
7.	 cm1∆t/qm2.  h=36,8 %.
8.	 3c1m1(θ- t1)= hqm2 

=> Θ=2150C.
9.	 c1m1(θ- t1)+ c2m2(θ- t1)= hqm3 =>Θ=700C.
10.	 h=(c1m1∆t + c2m2∆t)/qρV. h=33 %.

§ 3. 10 dnoba da gamyareba

mizani: moswavle gaiazrebs nivTierebis dnobisa da gamyarebis process.
samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi:
myari mdgomareoba, Txevadi mdgomareoba, dnoba, dnobis temperatura, kristalizaci-

is temperatura.
¾¾ nivTierebis dnobisa da kristalizaciis temperaturebi tolia
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¾¾ kristalur nivTierebebs gansxvavebuli dnobis (kristalizaciis) temperatura 
aqvs

¾¾ dnobisa da kristalizaciis procesSi nivTierebis temperatura ar icvleba
¾¾ amorful myar sxeulebs dnobis (gamyarebis) gansazRvruli temperatura ar aqvT
¾¾ dnobis procesSi nivTiereba siTbos STanTqavs, gamyarebisas ki _ gamoyofs

aqtivoba1. mini-leqcia.
bunebaSi nivTierebaTa agregatuli mdgomareobebis cvlilebis Sesaxeb.
aqtivoba 2. dnobis temperaturis dadgena, cxrilis monacemebis wakiTxva.
cxrilSi mocemulia sxvadasxva nivTierebis dnobis temperatura, romelic dadgenil-

ia cdiT. dakvirvebis Sedegebi gaacaniT megobars.
aqtivoba 3. amocanis erToblivi amoxsna wyvilebSi.
1. WurWelSi gvaqvs siTbur wonasworobaSi myofi wylisa da yinulis narevi.
risi tolia narevis temperatura?
2. SesaZleblad migaCniaT Tu ara, rom erTi da igive nivTiereba myar da Txevad 

mdgomareobaSi erTmaneTTan siTbur wonasworobaSi iyos, rodesac maTi temperaturebi 
sxvadasxvaa?

3. SesaZleblad migaCniaT Tu ara aluminis qvabiT masSi Cayrili spilenZis mavTulis 
naWrebis gadnoba? foladis qvabSi aluminis naWrebis gadnoba?

4. tyviis naWris temperatura 3200C-dan 3270C-mde gazardes. rogor Seicvala tyviis 
Semadgeneli nawilakebis qaosurad moZraobis kinetikuri energia?

5. 15000C temperaturis foladis naWers gadasces siTbos raodenoba da mTlianad 
gadna. rogor Seicvala:

a) foladis Semadgeneli nawilakebis qaosurad moZraobis kinetikuri energia?
b) foladis Semadgeneli nawilakebis erTmaneTTan urTierTqmedebis potencialuri
energia?
aqtivoba 4 moifiqreT axali amocana mocemul Temaze.
6. sul mcire, ramdeni jouli siTbos raodenoba unda gadavceT -200C temperaturisa 

da 5 kg masis yinulis naWers, rom igi dnobis mdgomareobamde mivides?
7. sul mcire, ramdeni jouli siTbos raodenoba unda gasces 200C temperaturisa da 

5 kg masis wyalma, rom igi gamyarebis mdgomareobamde mivides?
8. Tqveni azriT, ratom araa mizanSewonili zamTarSi avtomobilis Zravas gamagrile-

bel sistemaSi mxolod wylis gamoyeneba?
9. dafiqrdiT, ratom ar iyineba Zlier yinvaSi mdinareebi maSin, rodesac iyineba tbe-

bi da wyalsatevebi.
10. ratom iSleba kldis zedapiri zamTarSi ufro intensiurad?

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 sxeulis Semadgeneli nawilakebis urTierTqmedebis potencialuri energiis 
zrdas, kristaluri mesris daSlas;

2.	 Tovisas intensiurad mimdinareobs wylis kristalizaciis procesi _ fifqebis 
warmoqmna, romlis drosac siTbo gamoiyofa;

3.	 wyalsatevSi yinulis warmoqmnisas siTbo gamoiyofa;
4.	 misi dnobis temperatura Zalian maRalia (33870C). is am temperaturaze ufro 

dabal temperaturamde gaxurebisas anaTebs; 
5.	 ar SeiZleba. kalis WurWeli ufro dabal temperaturaze gadneba, vidre tyvia.

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 normaluri atmosferuli wnevisas, Tu yinuli da wyali erTmaneTTan siTbur 
wonasworobaSia, maTi temperatura 00C-ia.

2.	 Tu temperaturebi sxvadasxvaa, maSin maT Soris daiwyeba siTbocvla, amitom 
sxeulebi ver iqneba erTmaneTTan siTbur wonasworobaSi.
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3.	 ara, radgan alumini ufro dabal temperaturaze dneba. diax, radgan foladis 
dnobis temperatura metia aluminis dnobis temperaturaze.

4.	 radgan temperatura gaizarda, gaizarda sxeulis Semadgeneli nawilakebis qao
surad moZraobis kinetikuri energiac.

5.	 a) dnobis procesSi sxeulis temperatura ucvlelia, amitom dnobisas sxeulis 
Semadgeneli nawilakebis qaosurad moZraobis kinetikuri energia ar icvleba. b) 
dnobis procesSi sxeuli iRebs siTbos raodenobas, misi Sinagani energia izrdeba. ukve 
viciT, rom nawilakebis kinetikuri energia ar icvleba, e.i., nawilakebis erTmaneTTan 
urTierTqmedebis potencialuri energiebi izrdeba.

6.	 21∙104 j.
7.	 42∙104 j.
8.	 SesaZloa wyali gaiyinos. wyali gayinvisas farTovdeba da daazianebs Zravas.
9.	 mdinareSi wyali moZraobs, wylis fenebs Soris aris erTgvari „xaxuni“, romlis 

drosac siTbo gamoiyofa. amitomaa, rom mdinaris gayinvas neli dineba da Zalian Zlieri 
yinva sWirdeba. 

10.	naleqisas kldis zedapiri sveldeba, wyliT iJRinTeba. yinvis dros es wyali 
iyineba da farTovdeba, rac iwvevs kldis zedapiris dabzarvas (daSlas).

§ 3. 11 dnobisa da kristalizaciis kuTri siTbo

mizani: moswavlem SeZlos dnobis procesis aRwera, nivTierebis fizikuri maxasiaTeb-
lis, dnobis kuTri siTbos gaazreba da dnobis temperaturaze myofi sxeulis gasadno-
bad saWiro siTbos raodenobis gamoTvla.

samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi
siTbos raodenoba, dnobis kuTri siTbo, gamyareba, dnoba, dnobis temperatura.

¾¾ dnobis temperaturaze λ dnobis kuTri siTbos mqone m masis sxeulis gasadnobad 
saWiroa Qdn = λm siTbos raodenoba. gamyarebisas ki siTbos igive raodenoba ga-
moiyofa: Qkrist. = -λm.   

aqtivoba 1. mini-leqcia. 
faqtsa  da miRebul aRniSvnebze  saubari.
sidides, romelic  gviCvenebs siTbos ra raodenobaa  saWiro dnobis temperaturis
mqone 1 kg kristaluri nivTierebis gasadnobad, dnobis kuTri siTbo ewodeba da
aRniSnaven λ asoTi; 
SI-Si dnobis kuTri siTbo izomeba j/kg-Si;
aqtivoba 2. virtualuri eqsperimentis Catareba  manipu-lativiT http://tiny.cc/4gz8pz 
daavaleT moswavleebs Canawerebis gakeTeba, cdis oqmis Sevseba.
erTmaneTisTvis Tematuri kiTxvebis mofiqreba, pasu-

xebis gacema da urTierTSefaseba.
aqtivoba 3. sakontrolo kiTxvebi
1. ratom civdeba siTxe aorTqlebisas, Tu mas energia 

ar miewodeba?
2. ra pirobebi unda Sesruldes molekulis siTxidan 

gamosasvlelad?
3. rogor axsniT aorTqlebis siCqaris Semcirebas siT

xis temperaturis Semcirebisas? 
4. ratom orTqldeba siTxe Zalian dabal temperaturazec ki?
5. ratomaa tenian amindSi aorTqlebis siswrafe ufro naklebi, vidre mSral amindSi?
6. ra SemTxvevaSia SesaZlebeli, rom sveli sarecxi saerTod ar gaSres?
7. zafxulSi, gawvimebis win Camocxeba xolme. ratom?
8. 200 m/wm siCqariT moZravi tyviis burTula ejaxeba kedels da rCeba masSi. gansaz-

RvreT mTlianad gadneba Tu ara burTula kedelTan dajaxebisas, Tu dajaxebamde 
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misi temperatura 3270C iyo. miiCnieT, rom dajaxebisas gamoyofili siTbos raodenoba 
mTlianad gadaecema burTulas.

9. 00C temperaturisa da 21 kg masis yinulis naWeri CauSves 340C temperaturisa da 
50 kg masis wyalSi. gansazRvreT saboloo temperatura. siTbur danakargebs nu gaiTval-
iswinebT.

10. -200C temperaturisa da 21 kg masis yinulis naWeri CauSves 31,2 0C temperaturi-
sa da 100 kg masis wyalSi. gansazRvreT saboloo temperatura. siTbur danakargebs nu 
gaiTvaliswinebT.

aqtivoba 4. amocanebis amoxsna jgufebSi.
dabali mzaobis jgufisTvis 
amocana: gansazRvreT siTbos raodenoba, romelic saWiroa dnobis temperaturis 

mqone 5 kg masis rkinis srulad gasadnobad.
saSualo mzaobis jgufisTvis 
amocana: sakmarisi iqneba Tu ara 515 kj siTbos raodenoba dnobis temperaturis 

mqone 2,5 kg masis spilenZis srulad gasadnobad?
amocana: gansazRvreT 650 0C temperaturisa da 4 kg masis aluminis sxeulis srulad 

gasadnobad saWiro siTbos raodenoba. 
maRali mzaobis jgufisTvis
amocana: ra masis wyals miviRebT, Tu -400C temperaturisa da 10 kg masis yinuls 

186·104 j siTbos raodenobas gadavcemT? 
amocana: ra masis mSrali SeSa unda daiwvas -200C temperaturisa da 15 kg masis yinu-

lis mTlianad gasadnobad? miiCnieT, rom SeSis dawvisas gamoyofili siTbos raodenobis 
30% yinuls gadaecema. 

aqtivoba 5. Sejameba/ Sefaseba
saSinao davaleba: saSinao cda:
cdis mizani: wylis aorTqlebaze dakvirveba.
cdisaTvis saWiroa: ganieri lambaqi, ori erTnairi viwro Wiqa, wyali (sur. 3.65).
CaasxiT WiqebSi erTnairi raodenobis wyali;erTi Wiqidan gadaasxiT wyali lambaqze;
meore wyliani Wiqa da lambaqi dadeT mzeze an gamaTbobelTan axlos; ramdenime saaT-

Si gadaasxiT lambaqidan wyali pirvel WiqaSi ise, rom ar daiRvaros; SeadareT wylis 
raodenobebi WiqebSi; Sedegi CawereT rveulSi da gamoitaneT daskvna.

gakveTilis bolos moswavlem unda SeZlos dnobis da  kristalizaciis procesis 
aRwera, dnobisa da kristalizaciis kuTri siTbos mniSvnelobis gaTvaliswinebiT amo-
canebis amoxsna.

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 sxvadasxva nivTierebis nawilakebs Soris gansxvavebuli urTierTqmedebis gamo 
kristaluri mesris dasaSlelad siTbos sxvadasxva raodenobaa saWiro;

2.	 kristaluri mesris rRvevas;
3.	 nivTierebis  dnobis procesis maxasiaTebelia;
4.	 dnobis temperaturis mqone (2320C) 1 kg myari kalis imave temperaturis Txevad 

kalad gadasaqcevad 60 kj siTbos raodenobaa saWiro;
5.	 isini gaTbobisas TandaTan rbildeba, temperaturac uwyvetad matulobs.

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	 135∙104 j.
2.	 ar iqneba sakmarisi.
3.	 Q=cm(6600-6500)+λm=1596800 j.
4.	 jer gamoviangariSoT siTbos raodenoba, romelic saWiroa yinulis dnobis 

temperaturamde misayvanad. Q1=cm(00-(-400))=840000 j. gamoviTvaloT, siTbos ra 
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raodenoba dagvrCeba yinulis gaTbobis Semdeg: Q2=1860000-840000=1020000 j. davuSvaT, 
gadna m2masis yinuli λm2=Q2. m2=3 kg.

5.	 qm1η=cm2∆t+λm2=>m1=1,91 kg.
6.	 η=(cm1∆t+0,12λm1)/qm2=0,1.  
7.	 1020 kj siTbos raodenobis gacemis Sedegad gaiyineba 3 kg wyali. vTqvaT 

Tavdapirvelad yinulis masa iyo m, xolo wylis masa _ 2m.3 kg masis yinulis warmoqmnis 
Semdeg wylis masa 2m-3=(m+3)+5. m=11 kg.

8.	 SevadaroT erTmaneTs tyviis kinetikuri energia (romelic siTbod gardaiqmneba 
da mis dnobas moxmardeba)  mv2/2 da tyviis srulad gasadnobad saWiro siTbos raodenoba 
qm.  srulad ver gadneba.

9.	 siTbos raodenoba, romelsac gamoyofs wyali 00C-mde gacivebisas tolia siTbos 
raodenobisa, romelic saWiroa yinulis 00C-ian wylad gadasaqcevad. amitom saboloo 
temperatura 00C-iqneba.

10.	siTbos raodenoba, romelsac gascems wyali 00Cde gacivebis SemTxvevaSi metia 
siTbos raodenobaze, romelic saWiroa yinulis 00C-mde misayvanad da srulad gasadnobad, 
amitom yinuli mTlianad gadneba da miRebuli wyali gaTbeba. davweroT siTburi balansis 
gantoleba: c

w
m

w
∆t1+c

y
m

y
∆t2+λm

y
+c

w
m

y
∆t3=0. saboloo temperatura Θ=100C

§ 3.12  aorTqleba da kondensacia

mizani: moswavlem SeZlos fizikuri procesis aRwera, Sesabamis sidideebs Soris 
damokidebulebis aRwera formuliT, cdis Catarebis Semdeg dakvirvebis Sedegebisa da 
daskvnebis prezentacia.

gakveTilis bolos moswavlem unda SeZlos aorTqlebisa da kondensaciis proce-
sis aRwera, orTqladqcevis kuTri siTbos  mniSvnelobis gaTvaliswinebiT amocanebis  
amoxsna.

samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi
sublimacia, kondensacia, orTqladqceva, duRili, orTqladqcevis kuTri siTbo.

¾¾ orTqladqceva SeiZleba moxdes ori gziT: aorTqlebiTa da duRiliT
¾¾ aorTqleba siTxis Tavisufali zedapiridan orTqladqcevis procesia. am dros 
energia STainTqmeba, siTxe civdeba. mocemuli siTxis aorTqlebis siswrafe mat-
ulobs:

a) siTxis Tavisufali zedapiris farTobis zrdisas;
b) siTxis tempereturis zrdisas;
g) siTxis zedapirTan haeris moZraobis siCqaris zrdisas.

¾¾ aorTqlebis siCqare damokidebulia siTxis gvarobaze
¾¾ orTqlis kondensaciisas energia gamoiyofa.

aqtivoba 1. winare codnis gameoreba. saSinao davalebis Semowmeba.
aqtivoba 2. virtualuri laboratoriis gamoyeeba. muSaoba simulaciebze.
aqtivoba 3. axali amocanebis Sedgena. 
aqtivoba 4. Sejameba.
sakontrolo kiTxvebiT miRebuli codnis Sejameba.
hipoTezis Semowmeba _ dakvirvebasTan erTad moswavleebi TviTon amowmeben TavianT 

varauds anu hipoTezas, virtualuri laboratoriis meSveobiT.
Sefasebis kriteriumebi: cdis organizeba, Sedegebis Cawera, analizi,Tematuri cdis

Tvis  axali ideis mofiqreba. diskusiis warmarTvSi monawileoba.
saSinao davaleba: informaciis moZieba nikolas teslaze, sadiskusio TemisTvis momza-

deba: eqsperimentuli fizikis roli yofa-cxovrebaSi.
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paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 aorTqlebisas siTxes SedarebiT didi energiis mqone molekulebi tovebs;
2.	 molekula unda iyos siTxis zedapirTan da hqondes zedapirisaken mimarTuli 

didi siCqare; 
3.	 temperaturis Semcirebisas iklebs  molekulaTa saSualo kinetikuri 

energia. Sesabamisad, mcirdeba im molekulaTa raodenoba, romlebic siTxidan 
amosvlisaTvis saWiro energias iZens;

4.	 molekulaTa ganuwyveteli dajaxebebis gamo dabal temperaturaze zogierTma 
molekulam SeiZleba mainc  SeiZinos didi kinetikuri energia da datovos siTxe; 

5.	 tenian amindSi kondensirebul molekulaTa ricxvi ufro metia, vidre mSral 
amindSi;

6.	 Tu haeri Zalian teniania da gajerebulia wylis orTqliT;
7.	 gawvimebamde wylis orTqlis intensiuri kondensacia mimdinareobs, warmoiqmneba 

wvimis wveTebi, rasac Tan axlavs energiis gamoyofa.

§ 3.13 duRili

mizani: moswavlem SeZlos nivTierebis agregatuli mdgomareobis cvlilebis procesis 
aRwera, procesSi monawile sidideebze dakvirveba, cvlilebiT gamowveuli Sedegebis 
ganmarteba, raodenobrivi monacemebis gamoyenebiT saWiro gamoTvlebis Sesruleba da 
cdis oqmis Sedgena.

samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi
duRili, duRilis temperatura, atmosferuli wneva.

¾¾ duRili siTxis mTel moculobaSi mimdinare intensiuri orTqladqcevis proce-
sia, romelsac axlavs orTqlis buStulebis warmoqmna, zrda, zedapirze amosvla 
da gaskdoma

¾¾ duRilis dros siTxis temperatura ar icvleba
¾¾ temperaturas, romelzec siTxe duRs, duRilis temperatura ewodeba
¾¾ gare wnevis gazrdiT duRilis temperatura izrdeba
¾¾ sxvadasxva siTxe sxvadasxva temperaturaze duRs

aRwere simulatorze mimdinare procesi http://tiny.cc/m2z8pz, SearCie nivTiereba, sawyisi 
da saboloo temperatura, gansazRvre agregatuli mdgomareobis cvlileba Tqven mier 
SerCeul temperaturul intervalSi, ipove nivTierebaze gadacemuli (gacemuli) siTbos 
raodenoba. daadgineT, moxvda  Tu ara duRilis temperatura  Tqven mier dakvirvebad 
temperaturis SualedSi.

sakvanZo kiTxvebi:

1.	 ratom warmoiqmneba wyalSi buStulebi?
2.	 haeris garda, ra aris buStulebSi?
3.	 ratom matulobs buStulebis zoma wylis gaTbobisas?
4.	 ratom iwyebs buStula zeviT moZraobas? 
5.	 ratom iwyebs buStula qveviT moZraobas? 
6.	 ratom ar icvleba siTxis temperatura duRilisas?
7.	 rogor gavzardoT (SevamciroT) siTxis duRilis temperatura?
8.	 sad ufro moixarSeba xorci — TbilisSi Tu gudaurSi?

saSinao davaleba.
amoxseniT  paragrafis bolos mocemuli amocanebi. muSaoba simulaciaze.
gamoyenebuli resursebi: kompiuteri,  interneti, virtualuri laboratoria

http://tiny.cc/l4z8pz.
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paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 wylis gaTbobisas masSi haeris xsnadoba iklebs, amotom zedmeti haeri buStulebis 
saxiT gamoiyofa;

2.	 wylis najeri orTqli;
3.	 buStulebSi meti wyali orTqldeba, rac masSi wnevis zrdas da, Sesabamisad,  

moculobis zrdas iwvevs;
4.	 amomgdebi Zalis gazrdis gamo;
5.	 duRilisas gadacemuli mTeli siTbos raodenoba xmardeba siTxis molekulebs 

Soris urTierTmizidvis Zalebis daZlevas da maT Soris manZilis zrdas; 
6.	 duRilis temperatura matulobs gare wnevis gazrdiT, mcirdeba _ gare wnevis 

SemcirebiT;
7.	 TbilisSi. atmosferuli wneva TbilisSi ufro metia, vidre _ gudaurSi. amitom 

wyali TbilisSi gudaurTan SedarebiT ufro maRal temperaturaze duRs.
Sejameba/ Sefaseba

moswavle SeZlebs duRilis temparaturis dadgenas. gadacemuli siTbos 
raodenobis daTvlas, cdis Catarebas manipulativze.

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	duRilis procesSi wyals siTbos raodenoba miewodeba, swored amitom wylisa 
misi orTqlis jamuri Sinagani energia izrdeba.

2.	duRilis procesSi siTxis temperatura da, Sesabamisad, misi Semadgeneli 
nawilakebis qaosurad moZraobis kinetikuri energia ar icvleba.

3.	siTxis duRilis temperatura damokidebulia atmosferul wnevaze.  rac ufro 
didia atmosferos mier warmoebuli wneva siTxis zedapirze, miT ufro met 
temperaturaze iwyebs duRils es siTxe. mestiaSi atmosferuli wneva naklebia, 
vidre baTumSi, amitom wylis aduRebas baTumSi ufro meti siTbos raodenoba 
sWirdeba. 

4.	qvabis hermetulad daxurviT Tavsaxursa da siTxis zedapirs  Soris orTqli najeri 
xdeba. qvabSi wylis gacxelebisas najeri orTqlis wneva izrdeba, wylis zedapirze 
warmoebuli wnevis zrdis gamo wylis duRili ufro maRal temperaturaze daiwyeba.  
xorcis kargad moxarSvas maRali temperatura sWirdeba, amitom qvabi hermetuli 
TavsaxuriT dagvWirdeba iq, sadac wyali dabal temperaturaze duRs _ mTaSi. 

5.	 42∙104 j.
6.	Tu wyali ukve mduRarea misi temperatura ucvlelia da 100 0C-is tolia. cecxlis 

gaZliereba orTqladqcevis process daaCqarebs, magram wylis temperaturas ar 
gazrdis.  kvercxis moxarSvis droc ar Seicvleba.

7.	roca qvabs hermetulad davxuravT, wylis Tavze najeri orTqlis wneva gaizrdeba,  
amis gamo wyali 100 0C-ze ufro maRal temperaturaze aduRdeba.  kvercxic ufro 
swrafad moixarSeba.

8.	ara, radgan tyvia dneba 3270C-ze, vercxliswyali duRdeba 3570C-ze.
9.	siTxeebis temperaturis erTnairad zrdisas pirvelad im siTxeSi daiwyeba duRili, 

romlis buStulebic ufro male daiwyebs gaskdomas, es ki im siTxeSi moxdeba, 
romlis buStulebSic najeri orTqlis wneva meti iqneba. amocanis pirobis 
Tanaxmad erTnair temperaturaze spirtis najeri orTqlis wneva metia wylis 
najeri orTqlis wnevaze, amitom spirti ufro dabal temperaturaze daiwyebs 
duRils.

10.	duRilis dawyebis Semdeg kolbaSi najeri orTqlis wneva gaizrdeba, milis 
saSualebiT orTqli menzuraSi gadava, kondensirdeba da menzuraSi wylis rao
denoba moimatebs.
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§ 3.14 orTqladqcevis kuTri siTbo
	
mizani: orTqladqcevis kuTri siTbos arsis gansazRvra, siTxis mTlianad asa

orTqleblad saWiroa siTbos raodenobis gamoTvla. 

samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi
kondensacia, aorTqleba, duRilis temperatura, orTqladqcevis kuTri siTbo.

¾¾ duRilis temperaturaze L orTqladqcevis kuTri siTbos mqone m masis siTxis 
mTlianad asaorTqleblad saWiroa QorTq = Lm siTbos raodenoba. orTqlis kon-
densaciisas ki siTbos igive raodenoba gamoiyofa: Qkond = -Lm

aqtivoba1. saSinao davalebis ganxilva me-10 amocanis amoxsna
aqtivoba 2. msjeloba margi qmedebis koeficientis cvlilebis (Semcirebis) Sesaxeb.
aqtivoba 3.  daavaleT moswavleebs da daexmareT visac gauZneldeba amis gakeTeba: 

daregistrirdiT platformze https://learningapps.org/ da SeqmeniT eleqtronuli re-
sursi, viqtorina an krosvordi mimdinare TemebSi naswavli sakiTxebis gamoyenebiT da 
warudgineT klass. davalebis Sesasruleblad mieciT ramdenime dRe.

aqtivoba 4. axali amocanebis mofiqreba da urTierTgacvla, urTierTSefaseba.
aqtivoba 5.  Sejameba.
saSinao davaleba
platformaze muSaoba. axali amocanebis Seqmna.https://learningapps.org/

1.	 sxvadasxva siTxeSi molekulaTaSorisi kavSirebis gansxvavebuloba;
2.	 molekulaTaSorisi kavSirebis rRvevas da maT Soris manZilis zrdas;
3.	 mocemuli siTxis orTqladqcevis procesis maxasiaTebelia;
4.	 duRilis temperaturis mqone (780C) 1 kg spirtis imave temperaturis orTqlad 

gadasaqcevad 0,9 mgj siTbos raodenobaa saWiro.

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 sxvadasxva siTxeSi molekulaTaSorisi kavSirebis gansxvavebuloba;
2.	 molekulaTaSorisi kavSirebis rRvevas da maT Soris manZilis zrdas;
3.	 mocemuli siTxis orTqladqcevis procesis maxasiaTebelia;
4.	 duRilis temperaturis mqone (780C) 1 kg spirtis imave temperaturis orTqlad 

gadasaqcevad 0,9 mgj siTbos raodenobaa saWiro.

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	2,3∙107 j.
2.	sakmarisi iqneba.
3.	kondensaciis procesSi gamoiyofa Q=Lm=LρV=216∙104 j.
4.	Q= cm(1000- t1)+Lm=19072000 j.
5.	Q= cm(1000- t1)+Lm/5=628∙104 j.
6.	-Q= -Lm+cm(t2-1000)=> Q= Lm+cm(1000- t2).  t2=500C.
7.	radgan wyali duRilis temperaturisaa, igi pirdapir orTqladqcevas daiwyebs. 

davuSvaT aorTqlda m1 masis wyali, maSin siTburi balansis gantoleba:   
c2m2(1000-3500)+Lm1=0.  m1=1 kg. WurWelSi darCeba 14 kg masis wyali.

8.	aluminis kubis 100 0C-mde gacivebisas gamoyofili siTbos raodenoba metia wylis 
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duRilis temperaturamde misayvanad saWiro siTbos raodenobaze, amitom alumini 
gacivdeba 100 0C-mde, wyali ki aduRdeba da daiwyebs orTqladqcevas. davuSvaT 
orTqlad iqca m masis wyali. maSin c2m2(1000-3500)+c1m1(1000-750)+Lm=0.  m=1 kg.

9.	qm1= Lm2. m1=1 kg.
10.	η= Lm1/qm2=0,2.  η=20 %.

§ 3.15 siTburi Zrava

mizani: moswavlem SeZlos siTburi Zravas muSaobis principis aRwera. 
samizne  cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi
siTburi Zrava, energiis gadacema, siTburi Zravas mqk.

¾¾ siTburi Zrava ciklurad momuSave manqanaa
¾¾ siTburi Zravas ZiriTadi nawilebia: muSa sxeuli, saxurebeli da macivari
¾¾ siTbur ZravaSi energiis garkveuli raodenoba aucileblad gadaecema macivars 
¾¾ siTburi Zravas mqk gamoiTvleba formuliT:

η = 
A

 

Q
1

 = 
Q1 − Q2

Q
1

;

arc erT siTbur Zravas ar SeiZleba hqondes 100%-is toli mqk; 

paragrafSi dasmuli sakontrolo kiTxvebis pasuxebi:

1.	 mxolod martivi meqanizmebis gamoyenebisas TviTon gviwevs muSaobis Sesruleba;
2.	 muSaobis SesrulebaSi;
3.	 Sinagani energiis xarjze;
4.	 airis sawyis mdgomareobaSi dasabruneblad, raTa man xelaxla Seasrulos muSaoba;
5.	 airs, romelic muSaobas asrulebs; mowyobilobas, romlisganac muSa sxeuli iRebs 

siTbos raodenobas; obieqts, romelsac muSa sxeuli siTbos raodenobas gadascems;
6.	 saxureblidan miRebuli siTbos raodenobis nawils muSa sxeuli gadascems 

macivars, darCenili nawiliT ki asrulebs muSaobas;
7.	 sawvavis dawvisas gamoyofili energiidan sasargeblo muSaobis wilis gazrdas, 

sawvavis xarjis Semcirebas, garemoSi gamoyofili energiisa da wvis mavne pro
duqtebis Semcirebas.  

paragrafSi mocemuli kiTxvebisa da amocanebis pasuxebi da amoxsnebi

1.	150 mgj.
2.	23 %.
3.	η=(Q1-Q2)/Q1=0,2.  η=20 %.
4.	A

sas
= ηqm=92∙105 j.

5.	Q1=5Q2/3.  η=(Q1-Q2)/Q1=0,4.  η=40 %.
6.	Q1=10Q2/7. gamoviangariSoT margi qmedebis koeficienti Tavdapirvelad:   

η1=(Q1-Q2)/Q1=0,3.  rodesac muSa sxeulis mier yovel ciklSi macivarze gadacemuli 
siTbos raodenoba 8/7-jer gazarda, macivarze gadacemuli siTbos raodenoba 
gaxda Q3=8Q2/7. muSa sxeulis mier saxureblisgan miRebuli siTbos raodenoba 
igive darCa. davakavSiroT erTmaneTs Q1 da Q3. Q1=10Q3/8. axali margi qmedebis 
koeficienti iqneba: η2=(Q1-Q3)/Q1=0,2. margi qmedebis koeficienti Semcirda  
1,5-jer.

7.	η=mgh/qm2=0,1.  η=10%.
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8.	ηqm=FL =>m=5 kg.
9.	Tu navis siCqares orjer gazrdian, 2-jer gaizrdeba masze moqmedi winaaRmdegobis 

Zalac, radgan navi Tanabrad moZraobs, 2-jer gaizrdeba wevis Zalac. radgan 
gavlili manZili igive darCa, wevis Zalis mier Sesrulebuli muSaoba A=FL  2-jer 
gaizarda. Tu FL sasargeblo muSaobis Sesrulebisas m masis sawvavi ixarjeboda, 
2FL sasargeblo muSaobis Sesrulebaze 2m masis sawvavi daixarjeba.

10.	Tu navis siCqares orjer gazrdian, 4-jer gaizrdeba masze moqmedi winaaRmdegobis 
Zalac, radgan navi Tanabrad moZraobs, 4-jer gaizrdeba wevis Zalac. gavlili 
manZili 2-jer gazardes amitom navis wevis Zalis mier Sesrulebuli A=FL muSaoba 
gaxdeba 4F∙2L=8FL. Tu FL sasargeblo muSaobis Sesrulebisas m masis sawvavi 

ixarjeboda, 8FL sasargeblo muSaobis Sesrulebaze daixarjeba 8m masis sawvavi.

3.16 siTburi manqanebiT gamowveuli ekologiuri problemebi

saintereso iqneba moiwvioT stumrad  moqmedi fizikosi, ekologi, misceT saSualeba 

moswavleebs dausvan maTTvis saintereso SekiTxvebi, warudginon sakuTari proeqti. 
http://tiny.cc/l4z8pz.
moswavleebma  imuSaves proeqtze: „saTburis efeqtiT“ gamowveuli ekologiuri prob

lemebi. moiZies informacia da ukve unda warmoadginon namuSevrebi, gaakeTon prezentacia 
da  aCvenon megobrebs  Seqmnili posterebi.

moswavleebTan erTad gawerili iyo proeqtis  samuSaos Sesrulebis etapebi, maT 
Soris erT-erTi iyo sawvavis wvis dros atmosferoSi naxSirorJangis gamoyofis Sesaxeb 
informaciis mopoveba. aseve moswavleebma unda SemogvTavazon TavianTi xedva imis Sesaxeb, 
Tu  rogor SeiZleba vebrZoloT siTburi manqanebis gamoyenebis negatiur Sedegebs.

me-3 Tavis damatebiTi amocanebis amoxsnebi

1.	 Q1+ Q2+ Q3=0.    cm1(θ- t1)+ cm2(θ- t2)+ cm3(θ- t1)=0.  Θ=63,6 0C.
2.	 tyviis gamyarebisa da 100 0C-mde gacivebis SemTxvevaSi gamoyofili siTbos 

raodenoba naklebia wylis duRilis temperaturamde misayvanad saWiro siTbos 
raodenobaze, amitom wyali ver aduRdeba.  siTburi balansis gantoleba, cm(θ-3270)-
λm+c1m1(θ-300)=0.  θ=33,6 0C.

3.	 foladi gascems siTbos raodenobas,  WurWeli da masSi arsebuli wyali ki iRebs.  
siTburi balansis gantolebas eqneba Semdegi saxe C

W
(θ- t1)+ c

w
m

w
(θ- t1)+c

f
m

f
(θ- t2)=0. 

ricxviTi mniSvnelobebis SetaniT miviRebT t2=811 0C.
4.	 erT wamSi gacemuli siTbos raodenoba Q= cm(800-600), sadac m=12 kg-s. dRe-

RameSi gacemuli siTbos raodenoba rom gamovTvaloT, unda gavamravloT  24·3600-ze.  
Q≈87·109 j. 

5.	 radiatorSi Semaval milSi wamSi Sedis vt=0,4 m sigrZis milSi arsebuli wyali.  
am wylis masa iqneba rV=rsvt=1 kg.  dRe-RameSi gamoyofili siTbos raodenoba iqneba 
Q≈3,6·109.

6.	 vTqvaT 1 wuTSi warmoiqmna h sisqis fena, maSin yovel s=10 m2 farTobze warmoqmnili 
yinulis masa iqneba m=rsh.  sadac r yinulis simkvrivea,  m masis yinulis mier 1 wuTSi 
gacemuli siTbos raodenoba λm=λrsh=340000.  dRe-RameSi warmoqmnili yinulis fenis 
sisqe iqneba 24·60·h=16 sm.

7.	 vTqvaT dadna m masis yinuli, maSin λm=3,4·105. m=1 kg. viciT, rom yinulis 
gadnobis Semdeg miRebuli wylis moculoba ufro mcirea, vidre imave masis yinulis 
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moculoba.   moculobis cvlileba iqneba 1/900-1/1000=1/9000 m3.  wylis done daiklebs 
0,1 mm-iT.

8.	 27 kg.
9.	 m1=m2+11 kg.   q1m1=9,2·q2m2.   m1=22 kg;  m2=11 kg.
10.	q1m1/2=λm2.  m1=r1v1.  q1r1v1/2=λm2.  m2=95 kg.
11.	1 kg.
12.	RerZis qveda ubani gviCvenebs yinulis gaTbobas dnobis temperaturamde,  Semdegi 

ubani _ yinulis dnobas,  momdevno ki _ miRebuli wylis gaTbobas. yinulis masa 1 kg-ia.
13.	RerZis qveda ubani gviCvenebs yinulis gaTbobas dnobis temperaturamde,  Semdegi 

ubani _ yinulis dnobas,  momdevno ki _ miRebuli wylis gaTbobas. yinulis masa 2  kg-ia.
14.	680000 j.
15.	 ≈-29 0C.
16.	3 kg.
17.	pirveli yinulis masa 1 kg-ia,  meoris masa _  5 kg.  pirvelis mier dnobis procesSi 

miRebuli siTbos raodenoba 340000 j-ia,   meoris mier _ 1,7·106 j. 
18.	mgh/2=cm∆t => h=38 m.
19.	m1gh= c1m1∆t1. ∆t1= gh/c1. m2gh= c2m2∆t2. ∆t2= gh/c2. vinaidan spilenZis kuTri siTbo

tevadoba ufro naklebia  aluminis kuTr siTbotevadobaze,  spilenZi ufro metad gaTbeba.
20.	mgh=λm1.   m1/m=1/100. yinulis 1/100 nawili gadneba.
21.	wylis asaduReblad wyalze da qvabze gadacemuli siTbos raodenoba iqneba:  

C
W
(θ- t1)+ c

w
m

w
(θ- t1)=4 mgj.  vinaidan gamaTbobeli yovel 5 wuTSi 1 mgj siTbos raodenobas 

awvdis WurWels da wyals,  wyali aduRdeba 20 wuTSi.
22.	wyali rom mTlianad orTqlad iqces 23 mgj siTbos raodenoba sWirdeba.  amisaTvis 

ki 1 sT da 55 wT iqneba saWiro. 
23.	viwro da maRali WurWlis fskerze hidrostatikuri wneva metia, vidre dabali 

WurWlis fskerze, amitom maRal WurWelSi duRilis dawyebas fskerze gaCenil  haeris 
buStulebSi najeri orTqlis meti wneva dasWirdeba, ris gamoc maRal WurWelSi arsebuli 
wyali ufro maRal temperaturaze aduRdeba. 

24.	patara qvabSi arsebul wyals siTbos raodenoba miewodeba did qvabSi arsebuli 
wylisgan.  rodesac orive qvabSi wylis temperatura 100 0C-s miaRwevs,  pirveli qvabi 
miRebuli energiis xarjze duRils daiwyebs.  imisaTvis, rom wyalma patara qvabSic 
duRili daiwyos, manac unda miiRos garkveuli siTbos raodenoba Lm.  vinaidan did 
qvabSi arsebuli wylisa da patara qvabis temperaturebi erTnairia,  patara qvabi energias 
veRar miiRebs da masSi wyali ver aduRdeba.

25.	wylis orTqlis kondensaciisas da miRebuli wylis 00C-mde gacivebisas gamo
yofili siTbos raodenoba metia yinulis dnobis temperaturamde misayvanad siTbos 
raodenobaze, magram naklebia yinulis srulad gasadnobad saWiro siTbos raodenobaze. 
amitom yinulis mxolod nawili gadneba, WurWelSi ki 00C temperatura damyardeba.

26.	orTqlis kondensaciis SemTxvevaSi gamoyofili siTbos raodenoba aRemateba wylis 
asaduReblad saWiro siTbos raodenobas, amitom wyali aduRdeba da misi garkveuli 
nawili orTqlad iqceva. am dros WurWelSi 100 0C temperatura iqneba.

27.	wylis orTqlis kondensaciis SemTxvevaSi gamoyofili siTbos raodenoba naklebia 
wylis asaduReblad saWiro siTbos raodenobaze, amitom orTqli srulad kondensirdeba 
da WurWelSi aRmoCndeba 5,3 kg masis wyali.

28.	wina amocanis pirobis gaTvaliswinebiT siTburi balansis gantolebas eqneba 
Semdegi saxe: c

w
m1(θ- t1)-Lm2+c

w
m2(θ-1000)=0.  θ≈93.3 00C.

29.	λm1=Lm2,  sadac m1 
aris 2 kg. m2≈0,3 kg. 

30.	λm1=Lm2,  sadac m1 
aris 1 kg. m2≈0,15 kg. 

31.	c
w
m

w
(1000- t1)+ Lm

w
/10- Lm

t
+c

t
m

t
(1000- 3270)=0. m

t
≈104 kg.

32.	vinaidan yinulis wyalqveSa nawilis moculoba 9-jer metia wyalzeda nawilis 
moculobaze, mTliani yinulis moculoba 10 dm3-ia. Tu yinulis gadnobis Semdeg 
wyalzeda moculoba 0,8 dm3 gaxda, ese igi, misi nawilis gadnobis Semdeg darCenili 
moculoba 8 dm3-ia. anu gadna 2 dm3 moculobis yinuli. misi masaa 1,8 kg. mis gasadnobad 
saWiro siTbos raodenoba ki _ 612 kj.
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33.	aRniSnuli siTbos raodenobis gadacemis Sedegad orTqlad iqceva 1 kg masis 
wyali, romlis moculoba 1000 sm3-ia. vinaidan es wyali ganawilebulia 100 sm2 farTobze, 
WurWelSi wylis done 10 sm-iT Semcirdeba. orTqladqcevis Semdeg wneva WurWlis 
fskerze iqneba p=rgh=1 kpa. 

34.	Savi buSti metad gaibereba, radgan is ukeTesad STanTqavs siTbos da, Sesabamisad, 
masSi arsebuli haeri ufro metad gaTbeba.

35.	TaTia ufro swrafad gaTbeba, radgan qurTuki, romelic cudi siTbogamtaria, 
xels ar SeuSlis oTaxidan sxeulze siTbos gadacemas.

36.	Reros wonasworobis darRvevisas is Semobrundeba marcxena sayrdenis irgvliv, 
amitom brunvis RerZad ganvixiloT marcxena sayrdeni. vinaidan am RerZis mimarT 
yinulis wonas orjer meti mxari aqvs, vidre rkinis wonas, wonasworobis mdgomareobidan 
gamosvla daiwyeba, rodesac yinulis masa rkinis masaze orjer naklebi gaxdeba. miviReT, 
rom unda gadnes 5 kg yinuli, amisaTvis ki 1,7·106 j siTbos raodenobaa saWiro.

37.	suraT a-ze gamosaxul mdgomareobaSi civi wylis gaTboba xdeba konveqciiT, sur. 
b-ze gamosaxulSi ki _ TbogamtarobiT, amitom sur. a-ze gamosaxul mdgomareobaSi ufro 
swrafad gaTbeba civi wyali.

38.	Tavdapirvelad gafarTovdeba liTonis mili, ris gamoc spirtis svetis simaRle 
moiklebs, Semdeg, rodesac spirti gaTbeba, isic daiwyebs gafarTovebas da misi simaRle 
daiwyebs zrdas. 

39.	η=(Q1-Q2)/Q1.   Q1-Q2=20 mgj.  Q1=80 mgj.
40.	η=(Q1-Q2)/Q1.   Q1-Q2=40 mgj.  Q2=120 mgj.
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integrirebuli gakveTilisTvis _ fizika da istoria
sakvanZo  ideebis istoria

Zveli welTaRricxviT V 
saukuneSi

demokrite atomizmisa da materialuri filosofiis erT-
erTi damfuZnebeli.

Zveli welTaRricxviT IV 
saukuneSi

aristotele, mTels codnas yofda sam nawilad: Teoriulad 
(fizika da metafizika), praqtikulad (eTika da politika) 
da poetikurad (xelobebi). aleqsandre makedonelis 
aRmzrdeli.
fizika — mecniereba Zalasa da energias Soris ontologiuri 
gansxvavebis Sedegad warmoSobili moZraobis Sesaxeb.

Zveli welTaRricxviT III 
saukuneSi

eratosTenem pirvelma gazoma dedamiwis meridianis sigrZe.

Zveli welTaRricxviT III 
saukuneSi

arqimedem gamoigona samxedro manqana, damxmareebis 
gareSe  xmeleTze gamoiyvana da gadaaadgila tvirTiTa da 
mgzavrebiT savse savaWro xomaldi berketis daxmarebiT.

axali welTaRricxviT 165w.   I 
saukuneSi

ptolemeusi, aleqsandrieli astronomi, maTematikosi 
da geografi. Seqmna mzis sistemis geocentruli modeli, 
romlis Tanaxmadac, dedamiwa samyaros centri iyo.

1543 koperniki, man daamtkica, rom samyarosa da planetebis 
centri mzea. dedamiwac, rogorc saerTo planeta, 
brunavs mzis garSemo. am aRmoCeniT safuZveli Caeyara 
heliocentrul sistemas.

1592 galileo galilei, Termoskopi.

1644 toriCeli, Seqmna barometri.

1687 niutonma gamoaqveyna naSromi gravitaciis Sesaxeb.

karl line, Seqmna celsiusis Termometri.

1724 farenhaiti, fizikosi, mis saxels atarebs temperaturis 
sazomi erTeuli.

1775 jeims uati, gamomgonebeli, meqanikosi, universaluri 
orTqlis manqanis mSenebeli, orTqlis Zravam gadamwyveti 
roli iTamaSa industriuli revoluciis moxdenaSi.

1878 edisonma gamoigona naTura, fonografi. daiwyo pirveli 
musikaluri Canawerebis gakeTeba.

1889 joulma gamoaqveyna liTonis gamtarSi eleqtruli denis 
gavlisas gamoyofili siTbos raodenobis gamosaTvleli 
kanoni da   eqsperimentulad daamtkica, rom siTbos miReba 
SeiZleba meqanikuri energiis xarjze da gansazRvra siTbos 
meqanikuri ekvivalenti.
eqsperimentulad daamtkica energiis mudmivobis kanoni.

1856 uiliam tomsoni, iwinaswarmetyvela eleqtruli deniT 
siTbos gadatanis movlena.

1897 tomsonma aRmoaCina eleqtroni.

1893 nikola tesla, gamomgonebeli, eleqtroteqnikisa da 
radioteqnikis ganviTarebaSi udidesi wvlilis Semtani. 
Seqmna antena.

1898 maria kiuri, aRmoaCina radiumi da poloniumi.

1911 rezerfordi.

1913 nils bori.

1916 ainStainma gamoaqveyna fardobiTobis Teoria.

1932 Cadvikma aRmoaCina neitroni.

1942 fermis atomuri reaqtori.
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1969 mTvareze dajdoma.

1971 `intelma“ Seqmna mikroprocesori.

2013 higsis bozoni, eqsperimentulad damowmebuli atomuri 
kvlevebis evropuli organizacia CERN-is mier dRes 
SesaZlebelia gidis meSveobiT  zogierTi mimdinare cdis 
daTvaliereba.

dRes mimdinareobs muSaoba M-Teoriaze, igive  simebis Teoria — ganviTarebadi Teoria 
elementaruli nawilakebis fizikaSi, romelic miznad 
isaxavs kvanturi meqanikisa da fardobiTobis zogadi 
Teoriis Serwymas.

moamzadeT prezentacia an daurigeT es informacia moswavleebs da ganixileT mos-
wavleebTan erTad, romeli mecnierebis aRmoCenebi, ideebi da eqsperimentebi  daedo 
safuZvlad me-8 klasis kursSi ganvlili sakiTxebis, Temebis Seswavlas.

diskusia Temaze: TanamSromlobis (sxvadasxva specialobis fizikosebis, xelovnuri 
inteleqtis Semqmneli informatikis specialistebis, maTematikosebis, biznesis warmo-
madgenlebisa da saxelmwifo moxeleebis) roli Tanamedrove fizikis problemebze muSa-
obisas.

diskusia SeiZleba warimarTos momdevno gakveTilebze Semdeg sakiTxebze:
dafiqrdiT, yinulis dnobis kuTri siTbo rom ufro naklebi iyos, ras gamoiwvevda 

es dedamiwaze?
mizani: moswavlem SeZlos fizikur movlenaze dakvirvebisas arsebuli codnis gaR-

rmaveba, axali codnis miRebis  eqsperimentuli da Teoriuli meTodebis mniSvnelobis 
danaxva. dakvirvebisas miRebuli monacemebis safuZvelze varaudis gamoTqma (hipoTezis 
Camoyalibeba),  hipoTezis gamoTqma, dasabuTeba an uaryofa.

gamoyenebuli  meTodebi da  strategiebi: diskusia, minileqcia, cda.
aqtivoba1. mini-leqcia
mizani: informaciis miwodeba Temaze gamomgoneblebi,nikola tesla  energiis usade-

no gadacema.
aqtivoba 2. cda
mizani:kvleviTi unarebis ganviTareba.
garkveuli ideis Semowmebis sademonstraciod vatarebT saxelmZRvaneloSi aRweril 

cdas. viniSnavT Sedegebs da vmsjelobT Cveni hipoTezis marTebulobaze. Semdeg vekiTx-
ebiT klass: xom ar gauCnda romelimes raime idea, romlis Semowmebasac SevZlebT? Tu 
SesaZlebelia, klasSi vatarebT saTanado cdas, an saSinao davalebad vaZlevT Seamowmon 
TavianTi ideis WeSmariteba.

aqtivoba 3. diskusia Temaze: eqsperimentis mniSvneloba.  
winare codna: ra aris fizikuri movlena,fizikuri movlenebis mkvlevrebi.
mizani: winare codnis gaaqtiureba, interesis aRZvra
aRwera: rogor gesmiT cneba kvleva?fizikuri kvleva? eqsperimenti
ra dagvWirdeba cdebze dakvirvebisas?
maswavlebeli azustebs, rom fizikaSi kvleva emyareba bunebis kanonebis Semecnebis 

or ZiriTad meTods _ dakvirvebasa da cdas.
sadiskusio kiTxva: fizikuri eqsperimenti _ safrTxe Tu ganviTarebis gza?
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maTematika fizikisaTvis

ZiriTadi maTematikuri sakiTxebi, romelTa  codna  aucilebelia  mocemuli 
saxelmZRvanelos mixedviT  fizikis me-8 klasis kursis Sesaswavlad da amocanebis 
amosaxsnelad,  

mravalniSna ricxvebis Sekreba, gamokleba, gamravleba, gayofa;

moqmedebebi wiladebze da aTwiladebze;

ricxvis procentis povna da procentis mixedviT ricxvis moZebna;

Sefardebis cneba da misi gamoyeneba;

Sebrunebuli ricxvis moZebna;

diagramebis daxazva da wakiTxva;

pirdapirproporciuli da ukuproporciuli damokidebulebebi;

xarisxis cneba;

ricxvis standartuli saxiT Cawera;

 aTwiladebis damrgvaleba;

gamosaxulebis gardaqmna da gantolebis amoxsna;

mravalkuTxedi, kuTxe, gverdi;

paralelogrami, diagonali;

veqtoruli jami;

xelsawyoebis( saxazavi,transportiri, fargali,kompasi) gamoyeneba.
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Semajamebeli samuSaoebi

Semajamebeli samuSao #1
1. tvirTi bagiriT Tanabrad aaqvT zeviT. am SemTxvevaSi bagiris daWimulobis Zalis 

muSaoba (1 qula)
a) uaryofiTia, simZimis Zalis muSaoba _ dadebiTi;
b) dadebiTia, simZimis Zalis muSaoba _ uaryofiTi;
g) uaryofiTia, simZimis Zalis muSaobac _ uaryofiTi;
d) dadebiTia, simZimis Zalis muSaobac _ dadebiTi. 

2. ra muSaobas Seasrulebs 300-ian 4 metri sigrZis daxril sibrtyeze Camosrialebi-
sas 3 kg masis sxeulze moqmedi simZimis Zala. sxeulsa da daxril sibrtyes Soris xaxuns 
nu gaiTvaliswinebT. (1 qula)

a) 120 j;               b) -120 j;        g) 60 j;      d) -60 j. 

3. gluv horizontalur zedapirze moTavsebul uZrav sxeulze mosdes urTierTsa-
pirispirod mimarTuli zedapiris paraleluri ori Zala. pirveli Zalis modulia 180 n, 
meorisa ki _ 100 n. gansazRvreT:

 a) TiToeuli Zalis mier Sesrulebuli muSaoba sxeulis 5 metriT gadaadgilebisas. 
(2 qula)

b) am Zalebis tolqmedis mier Sesrulebuli muSaoba sxeulis 15 metrze gadaadgileb-
isas. (1 qula)

4. erTi boloTi damagrebuli 500 n/m sixistis zambara gaWimulia 10 sm-iT. gamoT-
valeT drekadobis Zalis mier Sesrulebuli muSaoba zambaris aradeformirebul mdgo-
mareobaSi gadasvlisas. (2 qula)

5. horizontalur zedapirze moTavsebul 20 kg masis yuTze zedapiris paralelurad 
gamobmulia dinamometri, romlis zambaris sixiste 400 n/m-is tolia. xaxunis koeficien-
ti yuTsa da zedapirs Soris 0,02 -ia. gansazRvreT:

a) ramdeniT unda wagrZeldes dinamometris zambara, rom yuTi daiZras (g=10 n/kg).  
(2 qula)

b) ra muSaoba Sesrulda yuTis daZvramde dinamometris gaWimvaze? (1 qula)

Sefasebis sqema: saboloo Sefaseba gamoiyvaneba dagrovili qulebis wiliT maqsi-
maluri 10 qulidan.

amocanis № 1 2 3 4 5 jami Sefaseba

qula 1 1 3

1 qula _ gamoTvala 
erTi Zalis mier 
Sesrulebuli 
muSaoba;

1 qula _ gamoTvala 
meore Zalis mier 
Sesrulebuli 
muSaoba;

1 qula _ gamoTvala 
tolqmedi Zalis 
mier Sesrulebuli 
muSaoba.

2

1 qula _ sworad 
gamoTvala 
muSaobis moduli 
da ver gansazRvra 
muSaobis niSani;

1 qula _ sworad 
gansazRvra 
muSaobis niSani, 
gamoTvlebSi 
dauSva uzustoba.

3

1 qula _ sworad 
Cawera yuTis 
daZvris piroba;

1 qula _ sworad
 gamoTvala 
zambaris 
deformaciis 
sidide yuTis 
daZvrisas;

1 qula  _  
sworad 
gamoTvala 
dinamometris 
gaWimvaze 
Sesrulebuli 
muSaoba yuTis 
daZvramde.

10
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Semajamebeli samuSao #2

1. asrolili sxeulis zeviT moZraobisas kinetikuri energia (1 qula)
a) izrdeba, potencialuri energiac izrdeba;
b) mcirdeba, potencialuri energia izrdeba;
g) izrdeba, potencialuri energia mcirdeba;
d) mcirdeba, potencialuri energiac mcirdeba;
2. amwem 500 kg masis tvirTi 24 metr simaRleze 80 wamSi Tanabrad aitana. gansaz-

RvreT amwes sasargeblo simZlavre (g=10 n/kg). (1 qula)
a) 150 vt;        b) 9600 kvt;            g) 1500 kvt;             d) 1500 vt.
3. rogor Seicvleba sxeulis kinetikuri energia, Tu mis masas 2-jer SevamcirebT, 

xolo siCqares 4-jer gavzrdiT? (1 qula)
a) gaizrdeba 8-jer;
b) gaizrdeba 2-jer;
g) Semcirdeba 2-jer;
d) ar Seicvleba.
4. 2 kg masis sxeuli vardnas iwyebs 10 metri simaRlidan. ipoveT:
a) sxeulis potencialuri energia vardnis dawyebisas da 2 m simaRleze. (1 qula) 
b) sxeulis kinetikuri energia 2 metr simaRleze. (1 qula)
5. 500 n/m sixistis zambara dakidebulia Werze. mis Tavisufal boloze dakides 2,5 

kg masis tvirTi. ipoveT:
a) zambaris wagrZeleba. (1 qula)
b) gaWimuli zambaris potencialuri energia. (1 qula)
6. gluv zedapirze 10 m/wm siCqariT misrialebs 500 g masis 

v 
ამო

Zelaki (ix.nax.). igi ejaxeba kedelze erTi boloTi mimagrebul 
horizontalur zambaras. gansazRvreT zambaris maqsimaluri 
SekumSvis sigrZe, Tu zambaris sixiste 200 n/m-ia. (3 qula)  

Semajamebeli samuSao #3 
1.	 moZravi WoWonaqiT sargeblobisas (1 qula)
a) vigebT muSaobas;
b) vagebT Zalas;
g) vigebT manZils;
d) vigebT Zalas da vagebT manZils.
2.	 daxrili sibrtyis paraleluri ra sididis Zala unda movdoT 60 kg masis sxeuls 

masze Tanabrad asasrialeblad, Tu daxrili sibrtyis sigrZe 3 m-ia, xolo simaRle _  
2 m. xaxunis Zala ugulebelyaviT (g=10 n/kg). (1 qula)

a) 900 n;       b) 400 n;      g) 3600 n;     d) 100 n.
3.	 berketi gawonasworebulia mis boloebze dakidebuli 5 kg da 15 kg masis tvirTebiT. 

gamoTvaleT mcire tvirTis mxari, Tu didi tvirTis mxari 6 dm-ia. (1 qula)
a) 18 dm;           b) 12.5 dm;          g) 9 dm;          d) 7.5 dm.
4.	 1 metri simaRlisa da 4 metri sigrZis daxril sibrtyeze 40 kg masis tvirTi ai-

tanes sibrtyis paraleluri 120 n Zalis moqmedebiT. ipoveT daxrili sibrtyis margi 
qmedebis koeficienti. (2 qula)

5.	  brtyel erTgvarovan marTkuTxa firfitas erT kuTxesTan 

 

marTkuTxedi moaWres. rogor vipovoT darCenili figuris masaTa cen-
tris mdebareoba mxolod fanqriTa da saxazavis gamoyenebiT? (2 qula) 

 
6.	 erTgvarovani berketis masa M=10 kg-ia. masze Camokidebuli ori 

tvirTiT berketi wonasworobaSia. gansazRvreT m2, Tu m1=15 kg-s.

 

Mg m1 

m1 m2 m2 
m

 
(3 qula)
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Semajamebeli samuSao #4

1. mzidan dedamiwas energia gadaecema (1 qula)
a) TbogamtarobiT;
b) gamosxivebiT;
g) konveqciiT;
d) TbogamtarobiT, konveqciiTa da gamosxivebiT.

2. -730C temperatura absoluturi temperaturuli skaliT tolia (1 qula)
a) 73 K-is;     b) 173 K-is;     g) 200 K-is;     d) 346 K-is

3. TuTiis kuTri siTbotevadoba 400 j/kg.°C-ia niSnavs, rom (1 qula)
a) 4 kg TuTiis erTi gradusiT gasaTbobad 100 j siTbos raodenobaa saWiro;
b) 1 kg TuTiis erTi gradusiT gasaTbobad 400 j siTbos raodenobaa saWiro;
g) 400 kg TuTiis erTi gradusiT gasaTbobad 1 j siTbos raodenobaa saWiro;
d) 40 kg TuTiis aTi gradusiT gasaTbobad 1 j siTbos raodenobaa saWiro.

4. 2 l wylis 200C-dan 400C-mde gasacxeleblad saWiroa 84000 j siTbos raode-
noba. siTbos ra raodenoba gamoiyofa 4 l wylis 900C-dan 850C-mde gacivebisas?  
(2 qula)

5. 10 litr 300C-ian wyals Seuries 14 l 600C-iani wyali. gansazRvreT narevis sabo-
loo temperatura. miiCnieT, rom siTbocvla mxolod am or wyals Soris mimdinareobs. 
(2 qula)

6. 14,5 kg masis wyali 2 kg masis Tujis qvabiT dadges SeSis Rumelze. wylisa da 
qvabis sawyisi temperatura 200C-ia. risi toli gaxdeba wylisa da qvabis temperatura 
RumelSi 1,55 kg masis mSrali SeSis dawvis Semdeg, Tu Rumlis margi qmedebis koefi-
cienti 20%-ia? Tujisa da wylis kuTri siTbotevadobebi, Sesabamisad, 550 j/kg0C da  
4200 j/kg0C-ia. mSrali SeSis wvis kuTri siTbo ki 107 j/kg-ia. (3 qula)

Semajamebeli #5

Tema: nivTierebis agregatuli mdgomareobis cvlileba
dnoba da kristalizacia. 
dnobis kuTri siTbo
aorTqleba da kondensacia
orTqladqcevis kuTri siTbo

mizani: moswavlem SeZlos nivTierebis agregatuli mdgomareobis cvlilebis procesis 
aRwera, procesSi monawile sidideebze dakvirveba, cvlilebiT gamowveuli Sedegebis ganmarteba, 
raodenobrivi monacemebis gamoyenebiT saWiro gamoTvlebis Sesruleba da cdis oqmis Sedgena.

gamoyenebuli resursebi: kompiuteri,  interneti, virtualuri laboratoria  
http://tiny.cc/ep2akz
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nivTiereba dnobis 
temperatura 
0C

duRilis 
temperatura 
0C

kuTri 
siTbotevadoba
j/ kg.0C

dnobis 
kuTri siTbo 
j/kg

orTqlad-
qcevis kuTri 
siTbo j/kg

neoni -248 -246 523 17000 86000
argoni -189 -186 1038 30000 164000
Jangbadi -219 -183 913 13800 213000
wyali 0 100 4200 wy; 2100 yin. 330000 2260000

neonis, argonisa da Jangbadis kuTri siTbotevadobis  mniSvneloba yvela agregatul 
mdgomareobaSi miiCnieT cxrilSi miTiTebulis tolad.

simulatorze mimdinare procesis aRwera: 

miTiTeba: SearCie nivTiereba, sawyisi da saboloo temperatura, gansazRvreT agregatuli 
mdgomareobis cvlileba Tqven mier SerCeul temperaturul intervalSi, ipoveT nivTierebaze gadacemuli 
(gacemuli) siTbos raodenoba. SeavseT cxrili.

cdis № nivTiereba agregatuli 
mdgomareobis 
cvlileba

temperaturis 
cvlileba cdis 
mixedviT

gadacemuli siTbos raodenoba 2 kg 
nivTierebisaTvis

1

2

3

4

SeasruleT gamoTvlebi
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Sefaseba

kriteriumebi ar 
SeuZlia

mniSvnelovani 
xarvezebiT

nawilobriv mciredi 
uzustobebiT

srulad

procesis aRwera

Sedegebis 
ganmarteba

saWiro 
gamoTvlebis 
Sesruleba

siTburi 
maxasiaTeblebis 
cxrilis 
gamoyeneba

 qula-----

danarTebi 

danarTi 1.  Sefaseba 
ras iTvaliswinebs Sefasebis TiToeuli komponenti 
saSinao davaleba
davalebis tipebi: saSinao  eqsperimenti, dakvirveba obieqtebsa da procesebze, infor-

maciis moZieba,  konceptualuri rukis Sedgena, modelireba, referatis momzadeba da sxva.
fasdeba Semdegi unarebi:

1.	 saazrovno unar-Cvevebi;
2.	 kvlevis unar-Cvevebi;
3.	 problemis gadaWris unar-Cvevebi;
4.	 TviTmarTvis unar-Cvevebi.
saklaso davaleba
davalebis tipebi: sakiTxis ganxilva/diskusia, eqsperimenti, monacemebis aRricxva/da-

muSaveba, modelireba da sxva.fasdeba Semdegi unarebi:
1.	 saazrovno unar-Cvevebi;
2.	 kvlevis unar-Cvevebi;
3.	 problemis gadaWris unar-Cvevebi;
4.	 socialuri unar-Cvevebi;
5.	 komunikaciis unar-Cvevebi;
6.	 TviTmarTvis unar-Cvevebi.
Semajamebeli davaleba 
saswavlo wlis ganmavlobaSi Casatarebelia 5 Semajamebeli samuSao.
Semajamebeli davalebis komponenti ukavSirdeba swavlebis  Sedegs. am komponentSi unda 

Sefasdes erTi saswavlo monakveTis (Tema, Tavi, paragrafi, sakiTxi) Seswavla-damuSaveb-
is Sedegad miRweuli Sedegebi. konkretuli saswavlo erTeulis dasrulebisas moswavlem 
unda SeZlos  sagnis standartiT gansazRvruli codnisa da unarebis warmoCena. Sesabamis-
ad, Semajamebeli davalebebi unda afasebdes standartiT gansazRvruli  Sedegebis miRw-
evis dones.

standartis moTxovnaTa Sesafaseblad rekomendebulia Semajamebel davalebaTa mrav-
alferovani formis gamoyeneba. sabunebismetyvelo sagnebis Semajamebel davalebaTa ti-
pebi SeiZleba iyos:testi, sxvadasxva tipis savarjiSo, 

savele/gasvliTi samuSao, modelireba,proeqti,prezentacia da sxva.
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fasdeba Semdegi unarebi:
1.	 saazrovno unar-Cvevebi;
2.	 kvlevis unar-Cvevebi;
3.	 problemis gadaWris unar-Cvevebi;
4.	 komunikaciis unar-Cvevebi;
5.	 socialuri unar-Cvevebi;
6.	 TviTmarTvis unar-Cvevebi.
moTxovnebi, romlebsac  unda  akmayofilebdes Semajamebeli davalebebi
	davalebis TiToeul tips unda axldes  Sefasebis zogadi rubrika;
	zogadi rubrika unda dazustdes konkretuli davalebis pirobisa da ganvlili 

masalis gaTvaliswinebiT;
	10 qula unda ganawildes rubrikaSi Semaval kriteriumebze;
	miTiTebuli unda iyos standartis is Sedegebi, romelTa Sefasebasac emsaxureba 

Semajamebeli davaleba.
	
danarTi 2. Sefasebis rubrikebis nimuSebi
minda kidev erTxel mivaqcio yuradReba obieqtur, gamWvirvale, validuri Sefase-

bis did mniSvnelobas. maswavleblis wignSi mocemuli Sefasebis sqemebis nimuSebis ga-
moyenebisas  maswavlebels SeuZlia misi Secvla sakuTari Sexedulebisa da saWiroebis 
Sesabamisad, aseve gaiTvaliswinos, rom Sefasebis rubrika moswavleebTan erTad, maTi 
uSualo monawileobiT unda Seiqmnas. 

ganixileT moswavlis Secdoma, rogorc moswavlis arastandartuli azrovnebis Sede-
gi da aucileblad dainteresdeT, ratom fiqrobs ase da ara sxvagvarad, mieciT mas 
SesaZlebloba, agvixsnas sakuTari pozicia. Secdomis Sefasebisas xSirad gamoiyeneT Se-
faseba `jer ara~, `jer” am sityvebs SeuZlia daexmaros moswavles zrdis mentalitetis 
CamoyalibebaSi da Semdgom winsvlaSi. sasurvelia, xSirad gamoiyenoT urTierTSefaseba 
da TviTSefaseba, rac gacilebiT sainteresos xdis sagakveTilo process.

sagakveTilo procesSi CarTuloba

kriteri-
umebi

1-2 
 dabali

3-4
   saSualoze dabali

5-6
    saSualo

7-8
saSualoze  
maRali

9-10
   maRali

sagakveTilo 
procesSi 
moswavlis 
aqtiuroba, 
mosmenis 
kultura, 
eTikuri 
normebis 
dacva

pasiuria, ar 
aris CarTuli 
sagakveTilo 
procesSi, 
ar usmens 
mosaubres, ar 
icavs eTikur 
normebs

sagakveTilo procesSi 
nawilobrivaa CarTuli, 
uWirs yuradRebis 
koncentrireba, ver icavs 
eTikur normebs

sagakveTilo 
procesSi 
nawilobrivaa 
CarTuli, 
iSviaTad 
usmens 
mosaubres, ver 
icavs eTikur 
normebs

gakveTilze 
umetesad 
aqtiuria, 
mobilize-
bulia da 
usmens 
mosaubres, 
icavs eTikur 
normebs

aqtiuria mTeli 
gakveTilis 
ganmavlobaSi, 
mobilizebulia 
da usmens 
mosaubres, 
icavs eTikur 
normebs

moZiebuli 
informaciis 
Sejamebis 
unari, 
jgufSi  
muSaoba

ver ajamebs 
wakiTxul 
informacias, 
jgufSi 
muSaobisas 
pasiuria

nawilobriv ajamebs 
wakiTxul informacias, 
ar an ver  TanamSromlobs 
mewyvilesTan

nawilobriv 
ajamebs 
wakiTxul 
informacias, 
zog 
SemTxvevaSi  
wvlilic 
Seaqvs jgufis 
muSaobaSi

kargad  
ajamebs 
wakiTxul 
informacias, 
Seaqvs wvlili 
jgufis 
muSaobaSi

 ajamebs da  
aanalizebs  
wakiTxul 
informacias, 
mniSvnelovania 
misi wvlili 
jgufis 
muSaobaSi
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sakiTxis Seswavlis ganmsazRvreli Sefasebis sqema

kriteriumebi 1-3 4-6 7-8 9-10

skalis daxazva ver xazavs 
skalas

xazavs skalas, ar 
xazavs erTeulovan 
monakveTs 

xazavs skalas,  
erTeulovani 
monakveTis 
daxazvisas ar icavs 
sizustes 

xazavs skalas,  
erTeulovani 
monakveTis 
daxazvisas icavs 
sizustes

mocemuli fizikuri 
sididisTvis  
xelsawyos SerCeva

ver arCevs 
xelsawyos

iSviaTad arCevs 
xelsawyos sworad

umetesad sworad 
arCevs xelsawyos 

 yovelTvis sworad 
arCevs xelsawyos

gazomvis sazRvrebis 
dadgena

ver adgens iSviaTad adgens umetesad sworad 
adgens

yovelTvis sworad 
adgens

cdomilebis 
Sefaseba

ar SeuZlia 
cdomilebis 
Sefaseba

zogjer sworad 
afasebs cdomilebas 

umetesad sworad 
afasebs cdomilebas

yovelTvis sworad 
afasebs cdomilebas

moswavlis konkretuli davalebis TviTSefasebis sqema

sirTuleebi
ra unda 
gavaumjobeso

standartiT gaTvaliswinebuli done 
kriteriumebi

Zlieri mxareebi
ras vakeTeb 
gansakuTrebiT 
kargad

kriteriumi 1
aqtiurad monawileobs da Seaqvs 
mniSvnelovani wvlili yvela 
aqtivobaSi
kriteriumi 2
yovelTvis
TanamSromlobs wyvilebSi/jgufebSi 
muSaobis dros

saSinao davalebis Sefaseba

fasdeba Semdegi 
aqtivobebi

1 2 3 4 5

moZiebuli 
informaciis 
Sesabamisoba 
da organizebu-
loba

uWirs 
informa-
ciis 
moZieba

iyenebs 
mxolod 
sakuTar 
informacias

iyenebs mxolod 
saxelmZRvanelos 
informacias,
nawilobriv 
organizebulia

iyenebs 
mxolod 
ramdenime 
sainfor-
macio wyaros, 
masala 
organize-
bulia

iyenebs 
mravalferovan 
sainformacio 
wyaros, 
saSualebas, masala 
mosaxerxeblad 
aris 
organizebuli

moZiebuli 
informaciis 
analizi

uWirs 
analizis 
gakeTeba

cdilobs 
analizis 
gakeTebas

moZiebuli 
informaciis
nawilobrivi
analizi

moZiebuli 
informaciis 
analizi

moZiebuli 
informaciis 
siRrmiseuli
analizi

amocanebis  
sistematurad 
da gaazrebulad 
Sesruleba

ara aqvs 
gaazre-
buli, 
arasiste-
maturia

nawilobriv 
aqvs 
gaazrebuli, 
arasiste-
maturia

nawilobriv aqvs 
gaazrebuli, 
sistematuria

kargad aqvs 
gaazrebuli, 
sistematuria

kargad vaqvs 
gaazrebuli, 
sistematurad 
amdidrebs 
damatebiTi 
informaciiT
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cdis  analizis furceli

moswavlis saxeli da gvari

gakveTilis Tema

cdis mizani

mTavari kiTxva
risi gageba mainteresebs?

varaudi(hipoTeza)
Cemi azriT, ra iqneba Sedegi?

cvladebi
romeli sididis  cvlileba gamoiwvevs romlis 
cvlilebas?

msvleloba
rogori TanmimdevrobiT Cavatareb cdas?ras 
gavakeTeb ris Semdeg?

Sedegebi

daskvna
ram gamoiwvia miRebuli Sedegi?

TariRi:                                                              kvleviTi proeqti

moswavle Sefasebis kriteriumebi

proeqtis 
mizani

kvlevis 
gegmis 
Semu- 
Saveba

sakiTxTan 
dakav-

Sirebuli 
infor-
maciis 
moZieba

kvlevis 
Catareba

monace-
mebis 

aRricxva

analizi
da 

daskvnis 
gamotana

prezenta-
cia

qulaTa 
maqsimal-
uri ra-
odenoba

0-1 0-1 0-1 0-2 0-1 0-2 0-2 10

1

2

3

4

5

6

7
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     	 TviTSefasebis sqema

ra viswavle?

ra iyo CemTvis saintereso?

ra gamiWirda?

ra gavakeTe kargad?

ras Sevcvlidi?

erToblivi muSaobis dros individualuri dakvirvebis furceli
 vakvirdebi moswavles 
-saxeli---------------------gvari---    -------------

ras vakvirdebi erToblivi muSaobis dros SeniSvnebi

moswavlis 
samuSao Cvevebi

•	 muSaobs Tu ara moswavle Tanmimdevrulad  
damoukideblad an sxvebTan erTad

•	 cdilobs Tu ara igi sxvebs daexmaros?
•	 ramdenad warmatebiT cdilobs igi iTxovos da miiRos 

saWiro daxmareba? visgan iRebs daxmarebas?
•	 aris Tu ara moswavle davalebaze koncentrirebuli Tu 

advilad efanteba yuradReba?
•	 aqtiurad erTveba Tu ara igi problemis gadawyvetaSi?

moswavlis 
mosazrebebi 

•	 cdilobs Tu ara moswavle axsnas Tavisi mosazrebebi?
•	 seriozulad ganixilavs Tu ara igi sxvebis 

winadadebebsa da mosazrebebs?

komunikacia •	 saubrobs Tu ara moswavle informaciis dazustebisa 
da sxvebTan komunikaciis mizniT?

•	 komfortulad grZnobs Tu ar igi Tavs rogorc 
„mosaubris“, ise „msmenelis“ rolSi?

•	 aqvs Tu ara mas gambedaoba moxsenebiT wardges mTeli 
klasis winaSe?

•	 SeuZlia Tu ara moswavles moxerxebulad warmoadginos 
rogorc jgufis mier SeTanxmebuli mosazreba, ise 
sakuTari naazrevi?
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saSinao cdis aRweris oqmis nimuSi

   kriteriumebi
	 Sesrulebis done

dabali saSualo maRali

amoicnobs da 
asaxelebs TemasTan 
dakavSirebul cnebebs

mniSvnelovani xarvezebiT 
amoicnobs da asaxelebs
 TemasTan dakavSirebul 
cnebebs

uSvebs Secdomebs  
TemasTan 
dakavSirebuli 
cnebebis 
amocnobaSi

sworad amoicnobs 
da asaxelebs 
TemasTan 
dakavSirebul 
cnebebs

akeTebs amocanis 
Sesabamis Canawerebs. 
axdens dakvirvebis 
cxrilis Sevsebas

Canawerebs da dakvirvebis 
cxrilis Sevsebas axdens 
mniSvnelovani xarvezebiT

Canawerebs da 
dakvirvebis 
cxrilis Sevsebas 
axdens xarvezebiT

yovelTvis sworad 
akeTebs 
Canawerebs.axdens 
dakvirvebis 
cxrilis Sevsebas

sworad axerxebs 
TemasTan 
dakavSirebuli 
sidideebis 
erTeulebis gadayvans 
da moqmedebebis 
Sesrulebas

ver poulobs sworad 
TemasTan dakavSirebul 
sidideebs, xSirad uSvebs 
Secdomebs erTeulebis 
gadayvanasa da 
moqmedebebis SesrulebaSi

umetesad sworad 
axdens TemasTan 
dakavSirebuli 
sidideebis  
gadayvanas 

yovelTvis sworad 
axdens TemasTan 
dakavSirebuli 
sidideebis 
erTeulebis 
gadayvanas da  
mravalkuTxedis 
perimetris 
gamoTvlas

Sefasebis rubrikebis nimuSebi

			    

moswavlis saxeli da gvari

gakveTilis Tema

cdis mizani

mTavari kiTxva
risi gageba mainteresebs?

varaudi (hipoTeza)
Cemi azriT, ra iqneba Sedegi?

cvladebi
romeli sididis cvlileba gamoiwvevs romlis 
cvlilebas?

msvleloba
rogori TanmimdevrobiT Cavatareb cdas? ras 
gavakeTeb ris Semdeg?

Sedegebi

daskvna
ram gamoiwvia miRebuli Sedegi?
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erToblivi muSaobis dros individualuri dakvirvebis furceli
 vakvirdebi moswavles 
- saxeli---------------------gvari---  -------------

ras vakvirdebi erToblivi muSaobis dros SeniSvnebi

moswavlis 
samuSao Cvevebi

•	 muSaobs Tu ara moswavle Tanmimdevrulad, 
damoukideblad an sxvebTan erTad?

•	 cdilobs Tu ara igi sxvebs daexmaros?
•	 ramdenad warmatebiT cdilobs igi iTxovos da miiRos 

saWiro daxmareba? visgan iRebs daxmarebas?
•	 aris Tu ara moswavle davalebaze koncentrirebuli Tu 

advilad efanteba yuradReba?
•	 aqtiurad erTveba Tu ara igi problemis gadawyvetaSi?

moswavlis 
mosazrebebi 

•	cdilobs Tu ara moswavle axsnas Tavisi mosazrebebi?
•	 seriozulad ganixilavs Tu ara igi sxvebis 
winadadebebsa da mosazrebebs?

komunikacia •	saubrobs Tu ara moswavle informaciis dazustebisa da 
sxvebTan komunikaciis mizniT?

•	komfortulad grZnobs Tu ar igi Tavs rogorc 
„mosaubris“, ise „msmenelis“ rolSi?

aqvs Tu ara mas gambedaoba moxsenebiT wardges mTeli 
klasis winaSe?

•	SeuZlia Tu ara moswavles moxerxebulad warmoadginos 
rogorc jgufis mier SeTanxmebuli mosazreba, ise 
sakuTari naazrevi?
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  kriteriumebi
Sesrulebis done

dabali saSualo maRali

amoicnobs da 
asaxelebs TemasTan 
dakavSirebul cnebebs

mniSvnelovani 
xarvezebiT amoicnobs 
da asaxelebs
 TemasTan dakavSirebul 
cnebebs

uSvebs Secdomebs 
TemasTan 
dakavSirebuli 
cnebebis 
amocnobaSi

sworad amoicnobs da 
asaxelebs TemasTan 
dakavSirebul 
cnebebs

akeTebs amocanis 
Sesabamis Canawerebs. 
axdens dakvirvebis 
cxrilis Sevsebas

Canawerebs da 
dakvirvebis cxrilis 
Sevsebas axdens 
mniSvnelovani 
xarvezebiT

Canawerebs da 
dakvirvebis 
cxrilis Sevsebas 
axdens xarvezebiT

yovelTvis sworad 
akeTebs 
Canawerebs.axdens 
dakvirvebis cxrilis 
Sevsebas

sworad asrulebs 
TemasTan 
dakavSirebuli 
sidideebis 
erTeulebis gadayvanas 
da moqmedebebis 
Sesrulebas

ver poulobs sworad 
TemasTan dakavSirebul 
sidideebs, xSirad 
uSvebs Secdomebs 
erTeulebis gadayvanasa 
da moqmedebebis 
SesrulebaSi

 umetesad sworad 
axdens TemasTan 
dakavSirebuli 
sidideebis 
gadayvanas 

yovelTvis sworad 
axdens TemasTan 
dakavSirebuli 
sidideebis 
erTeulebis 
gadayvanas da 
mravalkuTxedis 
perimetris 
gamoTvlas

danarTi 3
diagrama amocanis amoxsnisTvis

amoxsna gamoTvla

ras gvekiTxeba amocana?

-------------------

 gamoTvlebisTvis saWiro formula
-------------------

ra monacemebi aris mocemuli?
----------------

Cawere monacemebi formulaSi
-----------------------

ra monacemi gWirdeba?

----------------------

daakvirdi erTeulebs da gamoTvale

----------------------
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cxrilSi moyvanilia zogierTi sawvavis wvis kuTri siTbo

nivTiereba q, mgj/kg nivTiereba q, mgj/kg

denTi 3,8 xis naxSiri 34

mSrali SeSa 10 bunebrivi airi 44

tufi 14 navTobi 44

qvanaxSiri 27 benzini 46

spirti 27 navTi 46

antraciti 38 wyalbadi 120

cxrilSi mocemulia sxvadasxva nivTierebis dnobis temperatura, romelic dadgenil-
ia cdiT:

nivTiereba
dnobis 

temperatura t, 
°C

nivTiereba
dnobis 

temperatura t, 
°C

volframi 3387 tyvia 327

platina 1772 kala 232

rkina 1539 yinuli 0

foladi 1500 vercxliswyali -39

spilenZi 1085 spirti -114

oqro 1064 azoti -210

vercxli 962 Jangbadi -219

alumini 660 wyalbadi -259
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saerTaSoriso  erTeulebi,  simboloebi da prefiqsebi

sidide erTeuli simbolo

masa kilogrami kg

sigrZe metri m

dro wami wm

farTobi kvadratuli metri m2

moculoba kuburi metri m3

Zala niutoni n

wona niutoni n

wneva paskali pa

energia jouli j

muSaoba jouli j

temperatura kelvini
celsiusi

K
0C

simZlavre vati vt

prefiqsi mniSvneloba mokle Canaweri

giga 1 000 000 000 109

mega 1 000 000 106

kilo 1 000 103

heqto 100 102

deka 10 101

deci 1/10 10-1

santi 1/100 10-2

mili 1/1000 10-3

mikro 1/1 000 000 10-6

nano 1/1 000 000 000 10-9

piko 1/1 000 000 000 000 10-12
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cxrilSi moyvanilia sxvadasxva nivTierebis dnobis kuTri siTbo normaluri atmos-
feruli wnevis dros:

nivTiereba
dnobis kuTri siTbo λ, 

kj/kg
nivTiereba

dnobis kuTri siTbo λ, 
kj/kg

1 2 3 4
volframi 184 tyvia 25

platina 113 kala 60

rkina 270 yinuli 340

foladi 84 vercxliswyali 12

spilenZi 210 spirti 11

oqro 67 Tuji 130

vercxli 87 TuTia 120

alumini 390 parafini 150

cxrilSi mocemulia zogierTi siTxis duRilis temperatura normaluri atmosferu-
li wnevis pirobebSi: 

nivTiereba duRilis temperatura, 
°C

nivTiereba duRilis temperatura, 
°C

haeri -192 spirti 78

amiaki -33,4 wyali 100

eTeri 35 vercxliswyali 357

acetoni 56,2 rkina 3050

cxrilSi mocemulia eqsperimentulad dadgenili sxvadasxva siTxis orTqladqcevis 
kuTri siTbo duRilis temperaturaze normaluri atmosferuli wnevis pirobebSi:

nivTiereba
orTqladqcevis kuTri 

siTbo, mgj/kg
nivTiereba

orTqladqcevis kuTri 
siTbo, mgj/kg

haeri (Txevadi) 0,2 spirti 0,9

amiaki (Txevadi) 1,4 wyali 2,3

eTeri 0,4 vercxliswyali 0,3

acetoni 0,5 rkina (Txevadi) 0,06
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zogierTi nivTierebis simkvrive

nivTiereba  ρ , kg/m3  ρ , g/sm3 nivTiereba ρ , kg/m3 ρ , g/sm3

myari nivTiereba, 20°C (garda yinulisa)

osmiumi 22 600 22,6 marmarilo 2 700 2,7

iridiumi 22 400 22,4 fanjris mina 2 500 2,5

platina 21 500 21,5 faifuri 2 300 2,3

oqro 19 300 19,3 betoni 2 300 2,3

tyvia 11 300 11,3
sufris mari-
li

2 200 2,2

vercxli 10 500 10,5 aguri 1 800 1,8

spilenZi 8 900 8,9 polieTileni 920 0,92

foladi, rkina 7 800 7,8 parafini 900 0,9

kala 7 300 7,3 yinuli 900 0,9

TuTia 7 100 7,1 muxa (mSrali) 700 0,7

Tuji 7 000 7
fiWvi (mSra-
li) 

400 0,4

alumini 2 700 2,7 korpi 240 0,24

Txevadi nivTiereba, 20°C

vercxliswyali 13 600 13,6 navTi 800 0,8

gogirdmJava 1 800 1,8 spirti 800 0,8

glicerini 1 200 1,2 navTobi 800 0,8

zRvis wyali 1 030 1,03 acetoni 790 0,79

wyali 1 000 1 benzini 710 0,71

mzesumziras zeTi 930 0,93
Txevadi kala 
400°C 6 800 6,8

manqanis zeTi 900 0,9
Txevadi Jang-
badi _194°C 860 0,86

airadi nivTiereba, 0°C (normaluri pirobebisas)

qlori 3,21 0,00321
bunebrivi 
airi

0,8 0,0008

Jangbadi 1,43 0,00143
wylis orTq-
li 100°C 0,59 0,00059

haeri 1,29 0,00129 heliumi 0,18 0,00018

azoti 1,25 0,00125 wyalbadi 0,09 0,00009
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saganmanaTleblo leqsikoni

azrovnebis doneebi _ pedagogis, Cikagos universitetis profesoris b. blumis (1913-1999) 
Teoriis mixedviT, gamoyofen azrovnebis Semdeg doneebs: codna, gageba, gamoyeneba, an-
alizi, sinTezi da Sefaseba. azrovnebis es doneebi safexurebs qmnis, sadac yoveli mom-
devno done ufro rTuldeba da moicavs erT an ramdenime wina dones. codna, gageba da 
gamoyeneba azrovnebis qveda doneSi moiazreba, xolo analizi, sinTezi da Sefaseba – az-
rovnebis zeda doneSi.
analizi _ analizi aris saazrovno unar-Cveva, romlis drosac xdeba mTliani sagnis cal-
ke nawilebis, mxareebisa da Tvisebebis gamoyofa adamianis warmodgenaSi. cnobierebaSi 
mTliani sagnis aseT daSlas analizi ewodeba.
b. blumis mixedviT, analizi aris azrovnebis zeda donis unar-Cveva da masSi igulisxmeba:
masalis (struqturis) Semadgenel nawilebad dayofa: nawilebis Sedareba-Sepirispireba, 
nawilebs Soris kavSiris an struqturis danaxva;
gakveTilis aqtivoba _ aqtivoba aris maswavleblis mier dagegmili moswavleebis is qmede-
bebi, romlebic saswavlo miznis miRwevas emsaxureba. miznidan gamomdinare, maswavle-
belma SeiZleba dagegmos erTi an ramdenime aqtivoba da, aseve, maTi Catarebis Tanamim-
devroba.
gakveTilis gegma (scenari) _ maswavlebeli adgens gakveTilis gegmas, romelic gansaz-
Rvravs gakveTilis struqturas. gakveTilis gegmas gakveTilis scenarsac uwodeben. ga-
kveTilis gegma moicavs gakveTilis mizans, Sesabamis aqtivobebs, moswavleTa organizebis 
formas, drois ganawilebas, resursebis CamonaTvals da Sefasebas. gakveTilis yoveli 
aqtivobis Sesruleba (rogorc maswavleblis, ise moswavlisa) gawerili unda iyos droSi.
gakveTilis saswavlo mizani _ saswavlo mizani aris im codnisa da unar-Cvevebis erToblio-
ba, romelsac unda mivaRwioT gakveTilis bolos. saswavlo mizani maswavleblisTvis sas-
wavlo procesis dagegmvis mniSvnelovani instrumentia da igi gansazRvravs gakveTilis 
saswavlo aqtivobis Sinaarss. gakveTilis mizani warmoadgens gakveTilis specifikur, 
gazomvad Sedegs. 
gamoyeneba _ b. blumis mixedviT, gamoyeneba ganixileba, rogorc azrovnebis qveda donis 
unar-Cveva da, zogadad, igi gulisxmobs adre aTvisebuli codnis praqtikaSi gamoyene-
bas; kerZod:   codnis sxvadasxva situaciaSi (konteqstSi) moxmarebas;  modelis mixedviT 
(naswavli wesis mixedviT) davalebis, samuSaos Sesrulebas; proceduris ganxorciele-
bas;kanonzomierebis moqmedebis farglebis gansazRvras.	
ganmaviTarebeli Sefaseba _ ganmaviTarebeli Sefaseba emsaxureba moswavleTa swavlis 
procesisa da warmatebebis gaumjobesebas. ganmaviTarebeli Sefasebis dros moswavle, 
maswavleblis gamoxmaurebisa da komentarebis daxmarebiT, mudmivad iRebs iseT infor-
macias, romelic sakuTari swavlis gaTviTcnobierebaSi exmareba. maswavleblis mizania: 
aswavlos moswavles, rogor iswavlos (swavlis swavleba)	
ganmsazRvreli Sefaseba _ misi mizania moswavleTa miRwevebis donis Semowmeba saswav-
lo miznebTan SefardebiT. mag., ganmsazRvreli Sefasebaa qula, romelsac maswavlebeli 
wers gakveTilis dros da romelsac Tan ar axlavs ganmarteba, Tu ra unda gakeTdes 
imisTvis, rom Sedegi gaumjobesdes. ganmsazRvreli Sefaseba tardeba semestris bolos, 
Temis damTavrebis Semdeg, wlis bolos da a. S. 
gansakuTrebuli saganmanaTleblo saWiroebis mqone moswavleebi _ moswavleebi, xSirad 
SezRuduli SesaZleblobebis mqone pirebi, romlebic individualuri saswavlo gegmis 
mixedviT swavloben, radganac gansakuTrebuli da specifikuri saganmanaTleblo saW-
iroebebi aqvT. gansakuTrebuli saganmanaTleblo saWiroebis mqone moswavleebis CarTva 
saganmanaTleblo procesSi inkluziuri ganaTlebis erT-erTi mTavari amocanaa.
dakvirvebis Canawerebi _ maswavlebeli akvirdeba moswavleebs (maTi komentarebi, azrebi, 
qcevebi) ara mxolod klasSi, aramed dasvenebaze, saTamaSo moedanze da a. S. igi akeTebs 
Canawerebs, garkveul aRniSvnebs maT Sesaxeb. amgvari Canawerebi ganmaviTarebeli (mimdin-
are) Sefasebis mniSvnelovan nawils warmoadgens da kargad aCvenebs moswavleebis droSi 
ganviTarebas. 
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diagnostikuri Sefaseba _ diagnostikuri Sefaseba ganmaviTarebeli (mimdinare) Sefasebis 
komponentad ganixileba. diagnostikuri Sefasebis dros xdeba moswavlis garkveuli mo-
mentisaTvis arsebuli codnis donis da unar-Cvevebis Sefaseba, raTa zustad daigegmos 
swavlis procesi moswavlis susti da Zlieri mxareebis gaTvaliswinebiT.
diskusia _ aris wamyvansa da msmenelebs Soris codnis, Sexedulebebisa da ideebis si-
tyvieri gacvlis procesi. diskusias msjelobasac uwodeben. saklaso diskusia exmareba 
moswavleebs sakiTxis Rrma da detalur ganxilvaSi. kerZod, saklaso diskusiis dros 
iqmneba iseTi atmosfero, romelSic moswavleebs SeuZliaT azrebis urTierTgaziareba, 
axali ideebis gamoTqma, sxvisi azrebis mosmena da gageba, komunikaciisa da TviTgamox-
atvis unar-Cvevebis gaumjobeseba. 
diskusiis warmarTva da daskvnebis Sejameba _  moswavleebis waxaliseba, raTa maT ga-
moTqvan TavianTi ideebis gamamyarebeli argumentebi;
Cumi/morcxvi moswavlisaTvis specifikuri davalebis micema, rac xels Seuwyobs mis 
monawileobas, CarTvas diskusiaSi; iseTi moswavlis SezRudva, romelic sxvas ar aZlevs 
azris gamoTqmis saSualebas; ganxiluli sakiTxebis Sejameba da ZiriTadi azrebis Camoy-
alibeba; moswavleebis ideebis ganmarteba da moswavleebisagan damatebiTi komentarebis 
moTxovna.
informaciuli da sakomunikacio teqnologiebis codna _ SeiZleba ganisazRvros, rogorc 
cifruli teqnologiebis, sakomunikacio saSualebebisa da/an qselebis gamoyenebis un-
ari maTi daniSnulebis Sesabamisad. informaciuli da sakomunikacio teqnologiebi (ist) 
iZleva sasurveli informaciis mopovebis, Senaxvis, erTmaneTTan dakavSirebis, Sefase-
bis, analizis, axlis Seqmnisa da gadacemis SesaZleblobas.  ist-is swavleba mowyvetili 
ar aris saswavlo disciplinebis konteqsts.   
informaciis moZiebis procedurebis codna _ konkretul monacemebTan muSaobis xerxebis 
da saSulebebis codna: a) wesebisa da kanonebis codna; b) klasifikaciebisa da katego-
riebis codna; g) kriteriumebis codna; d) meTodebis codna; smeniTi, werilobiTi da 
grafikuli informaciis damaxsovreba da gaxseneba msgavsi an zusti formiT.
indikatori _ maCvenebeli, romelic gansazRvravs,ramdenad aris miRweuli mizani.
konstruqtivizmi _ saswavlo Teoria, romlis Tanaxmad, moswavle aqtiurad swavlobs 
samyaroSi arsebuli gamocdilebis safuZvelze da aSenebs codnas, anu axdens codnis 
konstruirebas (piaJe), socialuri konstruqtivizmis modeliT (vigodski) moswavle aq-
tiurad swavlobs ufrosebTan, maswavlebelTan urTierTobiT.
keTebiT swavleba _ keTebiT swavlebis anu praqtikis meTodis gamoyenebis dros xdeba 
zusti instruqciis miwodeba eqsperimentis an simulaciisTvis da ara informaciis mi-
wodeba. igi miznad isaxavs, rom moswavleebma Seasrulon iseTi qmedebebi, romlebic xels 
uwyobs codnis an Cvevis formirebas. praqtikis dros maswavlebeli aqtiurad iyenebs 
gamoxmaurebas (ukukavSirs), rac xels uwyobs imas, rom moswavlis praqtika iyos azriani 
da man marTlac gaacnobieros is, rasac akeTebs da ara avtomaturad (meqanikurad). 
kritikuli azrovneba _ kritikuli azrovneba aris rTuli saazrovno unar-Cveva, ro-
melic moicavs erTdroulad or an met gansxvavebul mosazrebaze fiqrs, sxvadasaxva 
mosazrebis gagebas, raime Sexedulebis dasabuTebas sxvadasxva midgomebis safuZvelze 
da imis gacnobierebas, rom sxvasac SeiZleba sakuTari gansxvavebuli mosazreba hqondes. 
kritikul azrovnebas adamiani mimarTavs arsebuli an warmodgenili mosazrebis `WeS-
mariti” Rirebulebis dasadgenad. kritikuli azrovnebis dros arsebiTia argumentebis 
da kontrargumentebis moZieba, mTliani situaciis gaanalizeba da, Sesabamisad, arsebu-
li mtkicebulebebis safuZvelze mosazrebis Secvla an axali mosazrebis miReba. 
swavlis motivacia _ yvela aqtivobas  udevs safuZvlad. motivacia aris qcevis ganxor-
cielebis fsiqologiuri safuZveli. rac ufro metad motivirebulni arian moswavlee-
bi, miT metia swavlis xarisxi, rac naklebad arian motivirebulni, Sesabamisad, swavlis 
xarisxic iklebs. arsebobs Sinagani da garegani motivacia. moswavlis saswavlo aqtivobe-
bi SeiZleba ganpirobebuli iyos misi Sinagani an garegani motivaciiT. 
strategia _ miznis misaRwevad gadamwyveti operaciebis momzadebis, dagegmvis, warmo
ebis, xelmZRvanelobis xelovneba, ostatoba.
SemoqmedebiTi azrovneba _ SemoqmedebiTi azrovneba aris rTuli saazrovno unar-Cve-
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va. igi aris raimes axali gziT keTeba an danaxva; SemoqmedebiTi azrovneba xasiaTdeba 
ideebis mravalricxovnebiT, mravalferovnebiT (moqniloba, sakiTxis sxvadasxva kuTxiT 
danaxva), maTi siaxliT (originalobiT) da gardaqmnis unariT (Zveli ideebis safuZvelze 
axlis Seqmna).
Sefasebis gamWvirvaloba _ gamWvirvalobis principi isaa, rom maswavlebeli moswavleebs 
winaswar unda SeuTanxmdes, Tu ra kriteriumebiT an instrumentebiT (mag., Sefasebis 
cxrilebiT, rubrikebiT) Sefasdeba misi naSromi. 
Sefasebis mizanTan Sesabamisoba (validuroba) _ Sefaseba zustad unda zomavdes imas, ris 
Sesafasebladac is aris gansazRvruli. Sefasebis mizans warmoadgens Sedegis gazomva, 
amitom Sefasebis meTodi unda SeirCes miznis Sesatyvisad. 
Sefasebis obieqturoba _ Sefaseba aris obieqturi, rodesac Sefasebis Sedegi ar aris 
damokidebuli Semfaseblis pirovnul Tvisebebsa da damokidebulebebze. igi damok-
idebulia Sefasebis sqemasa da instrumentebze da naklebad im adamianebze, romlebic Se-
fasebaSi monawileoben. Tu Sefasebis rubrika imdenad zogadia, rom SesaZlebelia erTi 
da igive naSromi sxvadasxvagvarad Sefasdes, maSin obieqturoba naklebad aris daculi 
da SesaZlebelia Sefaseba subieqturi mosazrebebidan gamomdinare xorcieldebodes.
Sefasebis sandooba _ Sefasebis kidev erTi principia; Sefaseba SeiZleba iyos obieqturi, 
magram ar iyos sando. sandooba niSnavs, rom Sefasebis Sedegebi aris ganmeorebadi. am 
ukanasknels ki uzrunvelyofs mkafio SekiTxvebi, instruqciebi, erTgvarovani garemo 
da zustad SerCeuli gasazomi kriteriumebi. 
Sefasebis cxrili (rubrika) _ rubrika aris mkacrad gansazRvruli kriteriumebisa da 
maTi gamoyenebis wesebis erToblioba, romlis mixedviTac maswavlebeli afasebs moswav-
lis akademiur moswrebas ama Tu im disciplinaSi. rogorc wesi, Sefasebis sqemebs, ru-
brikebs cxrilis forma aqvs. cxrilis pirvel svetSi mocemulia sxvadasxva komponenti, 
romelTa mixedviTac xdeba moswavlis moswrebis Sefaseba. 
Sefasebis ZiriTadi principebi _ Sefaseba saswavlo procesis ganuyofel nawils Seadgens. 
is mizanmimarTuli, sistemuri da Tanamimdevruli procesia. misi mTavari daniSnulebaa, 
erTi mxriv, swavlebis efeqtiani gaumjobeseba da, meore mxriv, swavla/swavlebis Sede-
gebis Semowmeba-Sefaseba.
codna _ codna niSnavs raimes Sesaxeb informaciis qonas da raime saqmis an moqmedebis 
Sesasruleblad saWiro xerxebis flobas. b. blumis mixedviT, codna ganixileba, rogorc 
azrovnebis qveda donis unar-Cveva da masSi igulisxmeba:   faqtebis, wesebis, principebis, 
Teoriebis, TariRebis, procesebis, obieqtebis, stilis, movlenebis cnoba da dasaxeleba, 
konkretuli monacemebis, terminologiis, procedurebis codna.
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