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Zvirfaso megobaro!

am saswavlo wels iwyeb SenTvis axali mecniereb-
is, fizikis, Seswavlas. sityva „fizika“ warmoqmnilia 
berZnuli sityvisgan „fiuzis“, rac bunebas niSnavs. 
is pirvelad gvxvdeba Zveli welTaRricxvis IV sauku-
neSi moRvawe didi berZeni filosofosis, aristote-
les naSromebSi.

qarTuli enis ganmartebiTi leqsikonis Tanaxmad, 
sityva „bunebas“ aqvs ori ganmarteba: 

I. realurad, obieqturad arsebuli samyaro 
(dedamiwa, haeri, wyali, ciuri sxeulebi, mcenareebi, 
cxovelebi da a. S.); 

II. risame arsi, ZiriTadi Tviseba, arseba (mag. Rrublis warmoqmnis buneba, 
vulkanuri moqmedebis buneba, mzis naTebis buneba, mobiluri kavSirgabmulo-
bis buneba da a.S.).

sainteresoa, sityva „bunebis“ romeli ganmartebaa nagulisxmebi Cveni sa-
gnis saxelwodebaSi? am kiTxvas TviTonve upasuxeb saswavlo wlis bolos.

fizikis Seswavlis dros Sen daakvirdebi sxvadasxva bunebriv movlenas, 
Caatareb samecniero eqsperimentebs, aRmoaCen bevr siaxles da amaSi dagex-
mareba Cveni saxelmZRvanelo.

saxelmZRvanelo Sedgeba Tavebisgan, Tavebi — paragrafebisgan. TiToeuli 
Tavi iwyeba ilustrirebuli gverdiT, romelzec mocemulia am TavSi Sesas-
wavli sakiTxebi. paragrafebSi aris SekiTxvebi da davalebebi. nu datoveb maT 
pasuxis gareSe, dakvirvebiT waikiTxe cdebis pirobebi, yuradReba gaamaxvile 
daskvnebze, romlebic gansazRvraven ZiriTads paragrafis SinaarsSi! axali 
masalis gagebis Sesamowmeblad, paragrafis bolos mocemulia sakontrolo 
SekiTxvebi, romlebzec aucileblad unda upasuxo, saWiroebis SemTxvevaSi 
dasaxmareblad miTiTebulia internetresursi.

paragrafis boloSi mocemulia saSinao davaleba, xolo Tavis boloSi — Se-
majamebeli davaleba.

	
gisurvebT warmatebas!

aristotele



8

D
on

’t 
C

op
y

Tavi I

fizika — mecniereba bunebis Sesaxeb 
bunebis Semecneba

	ratom aris saWiro fizikis Seswavla;

	materia;

	nivTiereba, fizikuri sxeuli, fizikuri movlena;

	rogor gavzomoT fizikuri sidide.

am TavSi Tqven gaecnobiT:

•	 fizikur movlenebs;

•	 materiis arsebobis formebs;

•	 fizikur sididesa da misi gazomvis meTodebs;

•	 gamzom xelsawyoebs;

•	 mecnieruli kvlevis etapebs.
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§1.1 ratom unda viswavloT fizika?

adamiani odiTganve Seiswavlida garemomcv-
el samyaros da SeZenil codnas iyenebda yo-
veldRiuri cxovrebis gaumjobesebisaTvis. 
adamianma, romelic gamoqvabulSi cxovrobda, 
TandaTan iswavla martivi sadgomis mowyoba da 
cecxliT gaTboba, Semdeg xis damuSaveba (sur. 
1.1), simZimeebis aweva (sur. 1.2), liTonis mopo-
veba da damuSaveba, minis damzadeba da bolos 
Tanamedrove saxlis aSeneba (sur. 1.3,a; 1.3,b).

sur. 1.2 sur. 1.3,a sur. 1.3,b

magram ara marto praqtikuli moTxovnilebebi aiZulebda adamians, Sees-
wavla buneba _ cnobismoyvareobac ubiZgebda mas eZia pasuxi mraval kiTxvaze: 
rogor dafrinavs Citi? ratom anaTebs mze? ratom warmoiqmneba elva? ratom 
arsebobs weliwadis sxvadasxva dro? ra aris varskvlavi? rogor Seiqmna sam-
yaro? 

miRebul codnas adamianebi agrovebdnen, afarToebdnen da Taobebs gadas-
cemdnen. ase daiwyo, zogadad, mecnierebis, maT Soris fizikis ganviTareba. 

fizikis daxmarebiT Seiqmna avtomobili, telefoni, kompiuteri, TviTm-
frinavi, mikroskopi, mravali samedicino xelsawyo da sxva.

daskvnebi:

•	 fizika — mecniereba bunebis Sesaxeb;
•	 fizika exmareba adamians gaiumjobesos yoveldRiuri cxovreba, ig-

rZnos Tavi ufro daculad, daikmayofilos cnobismoyvareoba.

 davaleba:

1. daasaxeleT cecxlis mopovebis, gaTbobis, ganaTebis, miwis damuSavebis 
da adamianebs Soris informaciis gacvlis_komunikaciis adreuli da Tanamed-
rove saSualebebi. ram ganapiroba maTi daxvewa_ganviTareba?

2. moiZieT Sesabamisi informacia da moamzadeT prezentacia Temaze: „sa-
transporto saSualebebis ganviTareba“.

sur. 1.1
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§ 1.2 materia. nivTiereba. fizikuri sxeuli. fizikuri movlena. 
fizikuri sidideebi

mimoixedeT Tqven garSemo. Tqven dainax-
avT sagnebis Zalian did mravalferovnebas. 
es xeebi da buCqebia, cxovelebi da adami-
anebia. es magidaa, Wiqaa, fanqaria, telefo-
nia (sur. 1.4), avtomobilia, mzea da sxva. 
TiToeul am sagans mecnierebi fizikur sx-
euls uwodeben. riT gansxvavdeba fizikuri 
sxeulebi erTmaneTisgan? SemadgenlobiT, 
formiT, moculobiT da mravali sxva ramiT. 
yvelafers, risganac Sedgeba fizikuri sx-
euli, uwodeben nivTierebas. wyali, poli-
eTileni, rkina, oqro — es yvelaferi sx-
vadasxva nivTierebaa. sur. 1.5-ze gamosaxulia ori erTnairi formis boTli, 
erTi minisganaa damzadebuli, meore — polieTilenisgan. sur. 1.6-ze naCvenebia 
aluminisgan damzadebuli sxvadasxva formis kovzi.

minis boTli         polieTilenis 
boTli

aluminis kovzebi

sur. 1.5 sur. 1.6

wyali nivTierebaa, wylis wveTi — fizikuri sxeuli, oqros beWedi fizikuri 
sxeulia, oqro — nivTiereba.

yvelafers, rac Cven garSemoa, materia ewodeba. nivTiereba materiis erT-
erTi saxea.

XIX saukuneSi mecnierebma daadgines, rom materiis nivTieri formis garda 
arsebobs misi sxva formac — veli, romelsac momdevno klasebSi gavecnobiT. 
magaliTad, gravitaciuli velis saSualebiT gadaecema dedamiwis mizidulo-
ba sxva sxeulebs, eleqtromagnituri velis daxmarebiT Cven vsaubrobT mobi-
luri telefoniT, vuyurebT satelevizio gadacemebs, vxedavT sagnebs.

materiam SeiZleba ganicados mravalnairi cvlileba: tbidan wyali orTql-
deba, zamTarSi tbis zedapiri iyineba, mze asxivebs siTbosa da sinaTles, Rru-
blebi moZraobisas imuxteba da Sedegad xdeba gaelveba, magniti izidavs rki-
nas, haeridan wyalSi gadasvlisas sinaTle gardatydeba _ icvlis gavrcelebis 
mimarTulebas (sur. 1.7). 

aorTqlebas, gayinvas, gaTbobas, gamosxivebas, damuxtvas, gardatexas da 
bunebaSi momxdar mraval sxva cvlilebas, romlis drosac nivTiereba ar icv-
leba, fizikuri movlena ewodeba. 

sur. 1.4
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sur. 1.7

wyali orTqldeba yinuli dneba mze asxivebs siTbosa da 
sinaTles

gaelveba magniti izidavs rkinas haeridan wyalSi gadasvlisas 
sinaTle gardatydeba

raime fizikuri movlenisa an fizikuri sxeulis aRwerisTvis adamiani 
iyenebs maT Tvisebebs. moviyvanoT magaliTebi:

1.	 sur. 1.8-ze naCvenebia ori joxi. rodesac Cven vambobT, rom erTi joxi 
didia meoreze, vgulisxmobT, rom erTi joxi ufro grZelia meoreze. 
sigrZe fizikuri sididis magaliTia; 

2.	 sur. 1.9-ze naCvenebia ori kubi — erTi didi, meore patara. maT Sesadare-
blad SeiZleba gamoviyenoT sxeulis moculoba. moculoba fizikuri si-
didea, romelic axasiaTebs sxeulebis saerTo Tvisebas _ daikavos sivr-
cis garkveuli nawili;

3.	 sur. 1.10-ze naCvenebia morbenali adamiani da velosipedisti. morbena-
li ufro nela moZraobs, velosipedisti _ ufro swrafad. maTi moZra-
obis daxasiaTeba SeiZleba fizikuri sididiT — siCqare. 

sur. 1.8 sur. 1.9 sur. 1.10

yvela fizikur sidides aqvs erTi saerTo Tviseba _ is SeiZleba iyos didi 
an patara da misi gazomva SeiZleba. fizikuri sidide SeiZleba gavzomoT raime 
xelsawyoTi an gamoviTvaloT formuliT.
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daskvnebi:

•	 nebismier sagans fizikuri sxeuli ewodeba;
•	 fizikuri sxeuli Sedgeba nivTierebisgan;
•	 materia — yvelaferi, rac Cven garSemoa. materiis ori forma arse-

bobs: nivTiereba da veli;
•	 fizikuri movlena — materiis nebismieri cvlileba nivTierebis cv-

lilebis gareSe;
•	 fizikuri sidide — fizikuri sxeulis an fizikuri movlenis ricx-

viTi mniSvnelobiT gamoxatuli Tviseba.

sakontrolo kiTxvebi:

1.	 ras uwodeben fizikur sxeuls? fizikur movlenas? 

2.	 ra aris fizikuri sididis ZiriTadi Tviseba?

3.	 ra aris materia? CamoTvaleT materiis formebi.

 davaleba:

1. CamoTvlilTagan TiToeuls miuCineT Tavisi adgili cxrilSi #1.1: si-
grZe, qari, oqro, merxi, fanqari, wyali, siCqare, moculoba, gacxeleba, wylis 
wveTi, vercxliswyali.

fizikuri sxeuli fizikuri movlena fizikuri sidide

cxrili #1.1:

w i g n S i  a r  C a w e r o T !

2. mocemulia ramdenime winadadeba: a) moswavle burTs beravs; b) RumelSi 
kerZi cxeldeba; g) saaTis isari brunavs; d) ezoSi bambuki dRiTidRe izrdeba; 
e) sasworze dadgmul TasSi wyals asxamen; v) traqtori miwis nakveTs xnavs.

daasaxeleT TiToeul SemTxvevaSi cvalebadi romelime fizikuri sidide.  
CamoTvaleT mocemuli fizikuri movlenebi da daasaxeleT maTSi monawile 
fizikuri sxeulebi. 

3. CamoTvaleT Tqvens saklaso oTaxSi arsebuli fizikuri sxeulebi. daas-
axeleT Tqven mier nanaxi zogierTi fizikuri movlena da fizikuri sidideebi, 
romlebic am movlenebs axasiaTebs.

4. aris Tu ara fizikuri movlena wva? Jangva? pasuxi daasabuTeT.

5. TqvenTvis cnobili romeli fizikuri sidideebis codnaa saWiro, Tu 
gvainteresebs: a) gaeteva Tu ara magida karebSi? b) Caeteva Tu ara wyali 
saTlSi? g) Segvcivdeba Tu ara gareT gasvlisas? d) gveyofa Tu ara saRebavi 
kedlis SesaRebad?
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 § 1.3 fizikur sidideTa gazomva. sazomi erTeulebi

akaki wereTeli poema „naTelaSi“, aRwers Coxas (sur. 1.11), 
romlis zomebs ase gadmogvcems:

„Svidi mtkaveli sigrZe aqvs,
da Sesaferi gania!...
oqros Rilebi Semibams,
cremlebiT gamibania....“

romeli fizikuri sididiT daaxasiaTa avtorma Coxa? 
pasuxi naTelia, sigrZiT. ras niSnavs „Svidi mtkaveli“? mtka
veli aris manZili gaSlil cersa da neks Soris. Coxis si-
grZe Sedarebulia mtkavelis sigrZesTan, romelic erTis 
toladaa CaTvlili. sigrZis rixviTi mniSvnelobaa 7, sazomia 
„mtkaveli“. magram yvela adamians xom gansxvavebuli sigrZis mtkaveli aqvs. am-
itom mtkavelis gamoyeneba sigrZis sazomad mouxerxebelia. fizikuri sididis 
ricxviTi mniSvneloba sazomi erTeulis SerCevazea damokidebuli.

gavzomoT fizikuri sidide, niSnavs, SevadaroT is mis msgavs sidides, 
romelic pirobiTad erTis toladaa miCneuli.

adreul periodSi sxvadasxva qveyanaSi fizikur sidideTa gansxvavebuli er-
Teulebi hqondaT. magaliTad, ruseTSi sigrZis erTeuli iyo arSini–manZili 
Sua TiTis wveridan idayvamde, xolo inglisSi–futi–fexis terfis sigrZe. 
erTeulTa aseTi sxvadasxvaoba gaugebrobebs iwvevda. amitom XVIII saukuneSi 
safrangeTSi Seiqmna sazom erTeulTa metruli sistema, romelSic sigrZis 
erTeulad miiRes metri (m), masis erTeulad – kilo-
grami (kg). 1960 wels zoma-wonis XI generalur konfer-
enciaze daamtkices erTeulTa saerTaSoriso sistema 
Si (System international), romelSic mkacrad ganisazRvra 
sxvadasxva fizikur sidideTa erTeuli (cxrili #1.2) 
da metruli sistemis TavsarTebi (cxrili #1.3). sa-
frangeTis qalaq sevrSi inaxeba ZiriTad fizikur sidi-
deTa (masa, sigrZe, dro) erTeulebis etalonebi (sur. 
1.12). etaloni _ dadgenili sazomi erTeulis zusti 
asli.

fizikur sidideTa erTeulebi Si sistemaSi:

 cxrili #1.2:

fizikuri 
sidide

aRniSvna erTeuli
erTeulis 
aRniSvna

sxva erTeulebi

masa m 1 kilogrami 1 kg 1t=1000kg; 1c=100 kg; 1 g=0,001 kg.

sigrZe l 1 metri 1m
1 km=1000 m; 1dm=0,1 m; 1 sm=0,01 m; 
1 mm=0,001 m.

dro t 1 wami 1 wm 1wT=60wm; 1 sT=3600wm.

farTobi S 1 kvadratuli 
metri

1m2 1 ha=10000 m2; 1 ari=100 m2.

moculoba V 1 kuburi 
metri

1m3 1l=0,001 m3.

sur. 1.11

sur. 1.12
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metruli sistemis TavsarTebi da maTi Sesabamisi mamravlebi:

 cxrili #1.3:

TavsarTebi mamravli
mamravli aTis 

xarisxebSi

tera- 1 000 000 000 000 1012

giga- 1 000 000 000 109

mega- 1 000 000 106

kilo- 1 000 103

heqto- 100 102

deka= 10 101

deci- 0,1 10-1

santi- 0,01 10-2

mili- 0,001 10-3

mikro- 0,000 001 10-6

nano- 0,000 000 001 10-9

piko- 0,000 000 000 001 10-12

qvemoT moyvanil #1.4 cxrilSi mocemulia fizikuri sidideebis erTeule-
bi da maTi Semoklebuli aRniSvnebi:

 cxrili #1.4:

kilometri km centneri c

decimetri dm grami g

santimetri sm miligrami mg

milimetri mm miliwami mwm

mikrometri mkm wami wm

nanometri nm wuTi wT

pikometri pm saaTi sT

kilogrami kg litri l

tona t mililitri ml

daskvnebi

•	 fizikuri sididis gazomva niSnavs mis Sedarebas erTeulad CaTvlil 
iseTive sididesTan;

•	 fizikuri sididis Cawerisas, saWiroa moviyvanoT sididis aRmniSvne-
li simbolo, fizikuri sididis ricxviTi mniSvneloba da misi er-
Teuli;

•	 fizikuri sidideebis didi da patara mniSvnelobebis Casawerad ga-
moiyeneba TavsarTebi.
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sakontrolo kiTxvebi:

1.	 ra simboloTi aRiniSneba masa? sigrZe? dro? farTobi? moculoba?

2.	 ras niSnavs gavzomoT fizikuri sidide?

3.	 moiyvaneT metruli sistemis TavsarTebis magaliTebi. 

 davaleba:

qvemoT mocemulia ori cxrili. pirvel svetSi Cawerilia masisa da sigrZis 
sxvadasxva erTeulebi. SeasruleT saWiro gamoTvlebi da SeavseT cxrilebi 
#1.5 da #1.6.

magaliTi:

1 m= 10-3km 10dm 102sm 103mm 106mkm 109nm 1012pm 

 cxrili #1.5:

1 km= m dm sm mm mkm nm pm

1dm= km m sm mm mkm nm pm

1 sm= km dm m mm mkm nm pm

1 mm= km dm sm m mkm nm pm

1 mkm= km dm sm mm m nm pm

1 nm= km dm sm mm mkm m pm

1 pm= km dm sm mm mkm nm m

magaliTi:

1 kg= 10-3t 10-2c 103g 106mg

 cxrili #1.6:

1t= kg c g mg

1c= t kg g mg

1g= t c kg mg

1mg= t c g kg

w i g n S i  a r  C a w e r o T !

w i g n S i  a r  C a w e r o T !
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§ 1.4 dakvirveba, hipoTeza, eqsperimenti

kacobriobam Tavisi arsebobis ganmavlobaSi dagrovebuli codnis didi naw-
ili miiRo fizikuri kvlevebis Sedegad. kvleva fizikaSi emyareba dakvirve-
bas da cdas, romlebic bunebis kanonebis Semecnebis ori ZiriTadi meTodia. 
akvirdeboda ra bunebas, adamiani amCnevda da TavisTvis iniSnavda sxvadasxva 
kanonzomierebas, akeTebda Sesabamis daskvnebsa da aRmoCenebs.

xSirad dakvirvebebze dayrdnobiT an raime mosazrebis safuZvelze, Cndeba 
garkveuli varaudi kanonzomierebis arsebobis Sesaxeb. varauds mecnierebaSi 
hipoTezas uwodeben. hipoTeza moiTxovs Semowmebasa da dasabuTebas. am miz-
niT fizikosebi atareben cdebs. am SemTxvevaSi dakvirveba win uswrebs cdas. 

cdis Catarebisas modelirdeba gamosakvlevi fizikuri movlena, iqmneba 
gansakuTrebuli pirobebi mis Casatareblad. gamoTqmul hipoTezaze saboloo 
daskvnis gakeTebis saSualebas mxolod cdis Sedegebi iZleva _ Catarebulma 
cdam SeiZleba daasabuTos an uaryos dakvirvebis dros gamoTqmuli hipoTeza. 

cdis Catarebis procesSic SeiZleba daibados axali hipoTeza, romlis 
dasamtkiceblad cda SesaZloa garkveulwilad Seicvalos. 

fizikis kanonebi, ZiriTadad, cdis safuZvlebzea Camoyalibebuli. cdas 
mecnierebaSi xSirad eqsperiments uwodeben.

moviyvanoT magaliTi: burTi cicabo mTidan ufro swrafad gordeba, vidre 
_ naklebad damreci ferdobidan. SeiZleba gamovTqvaT hipoTeza: rac ufro 
did kuTxes qmnis qanobi horozontTan, miT ufro swrafad imoZravebs masze sx-
euli, Sesabamisad, yvelaze did siCqares 
ganaviTarebs Sveulad vardnili sxeuli. 
cda, romelic SeiZleba CavataroT am hi-
poTezis marTebulobis Sesamowmeblad 
aseTia: aviRoT daaxloebiT 1 m sigrZis 
ficari, sxvadasxva kuTxiT daxrisas, 
davagoroT masze erTi da igive burTu-
la (sur.1.13). TiToeuli SemTxvevisTvis 
gavzomoT dro, romlis ganmavlobaSi 
burTula dafaravs manZils ficris zeda 
wertilidan qveda wertilamde. Tu daxris kuTxis zrdisas dro Semcirda, ma-
Sin hipoTeza marTebulia, sawinaaRmdego SemTxvevaSi hipoTeza mcdaria. Tu 
hipoTeza ar dadasturda, es niSnavs, rom hipoTeza uaryofilia da dakvirveba 
dafuZnebulia raRac sxva kanonze.

daskvnebi:

•	 raime fizikur movlenaze dakvirvebisas mecnieri xvdeba, rom saW-
iroa arsebuli codnis gaumjobeseba;

•	 axali codnis miRebis meTodebi _ eqsperimentuli da Teoriuli; 
•	 hipoTeza _ dakvirvebebze dayrdnobiT an raime mosazrebis safuZv-

elze varaudis gamoTqma;
•	 cda _ fizikuri movlenis modelireba, hipoTezis dasabuTeba, an 

uaryofa.

sur. 1.13
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sakontrolo kiTxvebi:

1.	 ra aris dakvirveba?

2.	 ra aris hipoTeza?

3.	 riT gansxvavdeba cda dakvirvebisagan?

4.	 ra SemTxvevaSia hipoTeza marTebuli? mcdari?

5.	 fizikuri kvlevis ra etapebi iciT?

 davaleba:

1. moiZieT informacia da moamzadeT prezentacia Temaze: galileo gali-
lei pirveli fizikos-eqsperimentatori.

2. biWma SeamCnia, rom avtomobilis borblis adgilze srialisas masTan ar-
sebulma Tovlma dnoba daiwyo. biWs gauCnda varaudi: „Tovlis dnoba SesaZloa 
sxva sxeulebis srialmac gamoiwvios“. varaudis marTebulobis Sesamowmeblad 
man gadawyvita cdis Catareba. moifiqreT cda, romlis saSualebiTac is daas-
abuTebs an uaryofs Tavis hipoTezas.
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§ 1.5 gamzomi xelsawyoebi. danayofis fasi 

yoveldRiur cxovrebaSi adamiani zomavs sxvadasxva sidides: masas, sigrZes, 
dros, temperaturas da a.S. 

rogor gavzomoT fizikuri sidide? 
fizikuri sididis gasazomad amJamad gamoiyeneba ori saxis xelsawyo: ci-

fruli, romelzec gazomvis Sedegi gamoisaxeba ekranze da xelsawyo, rom-
elzec es Sedegi skalaze aiTvleba. yovel gamzom xelsawyoze miTiTebulia 
gasazomi fizikuri sididis erTeuli (sur. 1.14).

sur. 1.14

Termometri cifruli Termometri arteriuli wnevis mzomi 
cifruli manometri

Termometri da 
tenianobis mzomi

maswavleblis TanxlebiT daaTvaliereT fizikis saskolo laboratoriis 
sxvadasxva gamzomi xelsawyo, daadgineT romel sidides zomavs is da ra er-
TeulebSi.

xelsawyos skaliT SeiZleba ganvsazRvroT misi ori ZiriTadi maxasiaTe-
beli: xelsawyos danayofis fasi da gazomvis zRvari. cifruli xelsawyoebis 
gazomvis zRvari ganisazRvreba misi sapasporto monacemebiT. 

xelsawyos gazomvis zRvari — fizikuri sididis udidesi da umciresi 
mniSvnelobebi, romlebic SeiZleba gavzomoT am xelsawyoTi. arsebobs xel-
sawyoebi, romelTa gazomvis zRvari garkveul farglebSi SesaZloa vcvaloT 
specialuri gadamrTveliT. 

sur. 1.15-ze gamosaxulia temperaturis gasazomi xelsawyo _ Termometri.

1

0

0

3

4

1

0

0

50C

0

0

1_ 0

0

sur. 1.15

 suraTis mixedviT risi tolia misi gazomvis zRvari?
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Cven SemTxvevaSi gazomvis zeda zRvaria 50ºC, qveda zRvari ki -10ºC.
gamzomi xelsawyos skala dayofilia StrixebiT, romelTagan zogierTze 

miTiTebulia gasazomi fizikuri sididis Sesabamisi mniSvneloba. danayofis 
fasi ewodeba sxvaobas ori uaxloesi Strixis Sesabamis mniSvnelobebs Soris. 

rogor vipovoT mocemuli Termometris danayofis fasi?

•	 skalaze avirCioT temperaturis nebismieri ori mezobeli Strixi, rom-
lebzec aRniSnulia ricxviTi mniSvnelobebi. magaliTad 10ºC da 20ºC;

•	 did mniSvnelobas gamovakloT mcire 20ºC - 10ºC = 10ºC ;

•	 davTvaloT arCeul ricxvebs Soris arsebuli danayofebis raodenoba _ 
10 danayofi;

•	 miRebuli sxvaoba gavyoT danayofebis raodenobaze 
10°C

10
=1°C  .

•	 Termometris danayofis fasia 1ºC.

ra temperaturas gviCvenebs suraTze gamosaxuli Termometri? Termo-
metris siTxe gaCerebulia 10ºC - is zemoT, merve da mecxre Strixebs Soris, 
anu 18ºC - sa da 19ºC - s Soris. am ori mniSvnelobidan romeli CavTvaloT Ter-
mometris Cvenebad? Tu CavTvliT Cvenebad 18ºC - s, Cven vuSvebT uzustobas, 
radgan temperatura 18ºC-ze metia. aseve davuSvebT uzustobas, Tu CavTvliT, 
rom temperatura 19ºC - ia.

fizikaSi gazomvis dros daSvebul uzustobas gazomvis cdomileba ewodeba. 
cdomileba ar SeiZleba gamzomi xelsawyos danayofis fasze meti iyos. 

laboratoriuli samuSaos Catarebis an gazomvebis dros cdomilebad unda 
CavTvaloT gasazomi xelsawyos danayofis fasis naxevari. 
Cveni Temometris cdomilebaa 0,5ºC. Termometris Cvenebad CavTvliT 18ºC - is 

da 19ºC - is saSualo ariTmetikuls 18°C +19°C
2

=18,5°C. saboloo Sedegi ase 

Caiwereba t = (18.5 ± 0.5)ºC, rac imas niSnavs, rom temperaturis namdvili 
mniSvneloba aris 18ºC -dan 19ºC - mde intervalSi.

sazogadod, fizikuri sididis Cawerisas gamoviyenebT formulas:

X = x ± ∆ x ,

romelSic X gasazomi sididea, x _ gazomvis Sedegi, ∆x _ gazomvis cdomileba.

daskvnebi:

•	 xelsawyos gazomvis zRvari — fizikuri sididis udidesi da umcir-
esi mniSvnelobebi, romlebic SeiZleba gavzomoT am xelsawyoTi;

•	 skalis danayofis fasi — skalis minimaluri danayofis mniSvneloba;
•	 gazomvis cdomileba — gazomvis dros daSvebul uzustoba. cdomile-

ba ar SeiZleba gamzomi xelsawyos danayofis fasze meti iyos.
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sakontrolo kiTxvebi:

1.	 ra aris gamzomi xelsawyos danayofis fasi?

2.	 rogor davadginoT xelsawyos danayofis fasi?

3.	 ra aris gamzomi xelsawyos gazomvis zRvari?

4.	 erTi saxazavis danayofis fasia 5 mm, meoresi _ 1 mm. romeli saxazviT 
ganxorcielebuli gazomva iqneba ufro zusti?

5.	 ra aris gazomvis cdomileba?

 davaleba:

1.	 suraT 1.16-ze mocemuli saaTebis mixedviT, gansazRvreT danayofis 
fasi wamebis, wuTebisa da saaTebis isrisTvis.

sur. 1.16

2.	 romeli saaTis cdomilebaa ufro naklebi wamebis isrisT-
vis? wuTebis isrisTvis? saaTebis isrisTvis (sur. 1.16)? 

3.	  gansazRvreT suraT 1.17-ze mocemuli Termometris danay-
ofis fasi, cdomileba, gazomvis zeda da qveda zRvrebi.

4.	 risi tolia Tqveni saxazavis danayofis fasi? gazomvis 
zeda zRvari? cdomileba?

saSinao cda:

cdis mizani: sigrZis gazomva.

cdisTvis saWiroa: saxazavi, sazomi lenti.

daadgineT saxazavisa da sazomi lentis danayofis fasi. 
saxazavis saSualebiT gazomeT:
a) fanqris sigrZe;
b) asanTis kolofis sigrZe;
g) fizikis saxelmZRvanelos sigane.
sazomi lentiT gazomeT:
a) wignis Taros sigrZe, sigane da simaRle;
b) sawolis sigrZe da sigane;
g) jer SeafaseT, Semdeg ki gazomeT Tqveni oTaxis sigrZe. daemTxva Tqveni 

varaudi gazomvis Sedegs?  
gazomvis  Sedegebi CawereT saSinao davalebis rveulSi da gansazRvreT 

gazomvis cdomileba.

5

3

7

1

0
40

0
60

C

0
0

0

3_ 0
2_ 0
1
0
_ 0

sur. 1.17
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§ 1.6 laboratoriuli samuSao: sxeulis moculobis 
gansazRvra. pirdapiri da arapirdapiri gazomvebi

 gaixseneT:
moculoba fizikuri sididea, romelic axasiaTebs sxeulis Tvisebas dai-

kavos sivrcis garkveuli nawili. saerTaSoriso sistemaSi (Si) moculobis 
erTeulia kuburi metri (m3). arsebobs m3-is wiladi da jeradi erTeulebi: 
1 sm3=0,000001 m3; 1dm3=0,001 m3, 1 km3=1000000000 m 3. siTxeebis, airebisa da fx-
vieri nivTierebis moculobis sazomad gamoiyeneba sistemgareSe erTeuli li-
tri: 1l=1dm3=0,001 m3, 1 ml=0,001l=0,000001 m3.

vipovoT swori geometriuli formis fizikuri sxeulis, magaliTad, marT-
kuTxa paralelepipedis moculoba.

samuSaosaTvis saWiroa: marTkuTxa paralelepipedis formis sxeuli da 
sigrZis sazomi xelsawyo (sazomi lenti an saxazavi).

samuSaos msvleloba: 

•	 daadgineT sazomi lentis an saxazavis danayofis fasi (sur. 1.18);

sur. 1.18

•	 gazomeT marTkuTxa paralelepipedis sigrZe a, sigane b da simaRle c 
(nax. 1.1);

c

a
b

nax. 1.1

•	 gamoiyeneT maTematikis kursidan TqvenTvis cnobili marTkuTxa pa-
ralelepipedis moculobis gamosaangariSebeli formula:

V = a b c

•	 SeavseT cxrili #1.7:

 cxrili #1.7:

sigrZe _ a (sm) sigane _ b (sm) simaRle _ c (sm) moculoba _ V (sm3)

w i g n S i  a r  C a w e r o T !
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gazomvis iseT xerxs, rodesac saZiebeli fizikuri sidide uSualod gamzomi 
xelsawyos saSualebiT izomeba, pirdapiri gazomva ewodeba; xolo rodesac sa-
Ziebel sidides uSualod gamzomi xelsawyoTi ar vzomavT da mas formuliT 
viTvliT, arapirdapiri gazomva ewodeba. 

warmodgenil samuSaoSi paralelepipedis sigrZes, siganesa da simaRles 
pirdapiri gazomviT vadgenT, moculobas ki _ arapirdapiri gazomviT ganvsaz-
RvravT.

fizikis kursis Seswavlisas davrwmundebiT, rom fizikaSi umetesi gazomve-
bi arapirdapiria.

vipovoT araswori geometriuli formis sxeulis (kenWi, liTonis patara 
saTamaSos an misi raime detalis) moculoba. moculobis gansazRvris es meTo-
di pirvelad SemogvTavaza berZenma filosofosma arqimedem Zveli welTaR-
ricxviT III saukuneSi. man daadgina, rom sxeulis wyalSi CaZirvisas gamodevni-
li wylisa da sxeulis moculobebi erTmaneTis tolia. 

samuSaosTvis saWiroa: menzura (laT. mensura _ sazomi. Wiqis msgavsi 
danayofebiani WurWeli siTxis raodenobis gasazomad), araswori geometriuli 
formis fizikuri sxeuli, wyali (sur. 1.19).

sur. 1.19

samuSaos msvleloba:

•	 daadgine menzuris danayofis fasi;

•	 Caasxi menzuraSi imdeni wyali, rom sxeulis CaZirvisas is mTlianad dai-
faros da, amasTan, wyali menzuridan ar gadmoiRvaros;

•	 gansazRvre, skalis romeli danayofis gaswvriv ganTavsdeba wylis Tav-
isufali (zeda) zedapiri sxeulis CaZirvamde. es iqneba wylis sawyisi 
moculoba V0;

•	 CaZire sxeuli wyalSi. daadgine wylisa da sxeulis erTiani moculoba 
V1;

•	 gansazRvre sxeulis moculoba, risTvisac gamoTvale gazomili mocu-
lobebis mniSvnelobaTa sxvaoba: V = V1- V0;

•	 Seavse cxrili #1.8:

wylis sawyisi moculoba _ 

V0 (sm
3)

wylisa da sxeulis erTiani 
moculoba _ V1 (sm

3)
sxeulis moculoba _ 

V = V1- V0 (sm
3)

 cxrili #1.8:

w i g n S i  a r  C a w e r o T !
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daskvnebi

•	 pirdapiri gazomva _ gazomvis iseT xerxi, rodesac saZiebeli 
fizikuri sidide uSualod gamzomi xelsawyos saSualebiT izomeba;

•	 arapirdapiri gazomva _ gazomvis iseTi xerxi, rodesac saZiebel si-
dides uSualod gamzomi xelsawyoTi ar vzomavT, aramed formuliT 
viTvliT.

sakontrolo kiTxvebi:

1.	 rogor gazomvas ewodeba pirdapiri? moiyvaneT TqvenTvis cnobili 
pirdapiri gazomvis magaliTebi;

2.	 rogor gazomvas ewodeba arapirdapiri? moiyvaneT TqvenTvis cnobi-
li arapirdapiri gazomvis magaliTebi;

3.	 moifiqreT, rogor gazomavT iseTi sxeulis moculobas (mag. xuTTe-
Triani monetis) menzuriT, romlis moculoba mcirea, vidre men-
zuris danayofis fasi. 

miTiTeba: CaTvaleT, rom gaqvT bevri moneta.

 davaleba:

1. qvemoT mocemulia cxrili #1.9 da cxrili #1.10. pirvel svetSi Caw-
erilia moculobis da farTobis sxvadasxva erTeulebi. SeasruleT saWiro 
gamoTvlebi da SeavseT danarCeni ujrebi.

magaliTi:
 cxrili #1.9:

1 m3= 103dm3 106sm3 109mm3

1l=1dm3= m3 sm3 mm3

1sm3= dm3 m3 mm3

1 mm3= dm3 sm3 m3

1 ml= dm3 sm3 mm3

magaliTi:  cxrili #1.10:

1 m2= 10-6km2 102dm2 104sm2 106mm2

1 km2= m2 dm2 sm2 mm2

1dm2= km2 m2 sm2 mm2

1sm2= km2 dm2 m2 mm2

1 mm2= km2 dm2 sm2 m2

2. gazomeT Tqveni rveulis erTi furclis farTobi da moculoba, risTvi-
sac CaatareT #1.11 cxrilSi miTiTebuli gazomvebi da SeavseT igi:

  cxrili #1.11:

furclebis raodenoba

furclebis dastis sisqe

erTi furclis sisqe

furclis sigrZe

furclis sigane

erTi furclis farTobi

furclebis dastis moculoba

erTi furclis moculoba

w i g n S i  a r 
C a w e r o T !

w i g n S i  a r  C a w e r o T !

w i g n S i  a r  C a w e r o T !
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saSinao cda

cdis mizani: mavTulis (Zafis) diametris gazomva.

cdisTvis saWiroa: daaxloebiT naxevari metri sigrZis wvrili mavTuli 
(Zafi), fanqari da saxazavi.

daaxvieT mavTuli (Zafi) fanqarze erT fenad, ise, rom xviebi erTmaneTTan 
mWidrod iyos ganlagebuli. saxazaviT gazomeT xviebis saerTo sigane fanqa-
rze da daTvaleT maTi raodenoba.

xviebis saerTo siganis SefardebiT xviebis raodenobasTan miiRebT mavTu-
lis (Zafis) diametrs.

gazomvis monacemebi da miRebuli Sedegi CawereT saSinao davalebis rveul-
Si. gansazRvreT gazomvis cdomileba.
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pirveli Tavis Semajamebeli kiTxvebi da amocanebi

I. qveviT mocemuli winadadebebi gadaiwereT rveulSi da CasviT gamotovebu-
li sityvebi:

1. fizika aris mecniereba .................. Sesaxeb.
2. bunebaSi momxdar yovelgvar cvlilebas, romlis drosac nivTiereba ar 

ivcleba ................ ........................ ewodeba. 
3. yvela sagans, romelsac Cven garSemo vxedavT .................. .................. ew-

odeba. isini gansxvavdeba SemadgenlobiT, moculobiT, formiT da mravali 
sxva ramiT.

4. yvelafers, risganac fizikuri sxeuli Sedgeba ..................... ewodeba.
5. yvelafers, rac Cven garSemo arsebobs ...................... ewodeba. nivTiereba 

.................. erT-erTi saxea.
6. yvela .............. ................... aqvs saerTo Tviseba, is SeiZleba iyos didi an 

patara, romelTa gazomva SeiZleba. 
7. yvela ............... ..................... SeiZleba gavzomoT raime xelsawyoTi an ga-

moviTvaloT formuliT.
8. fizikuri sidide aris fizikuri movlenis an fizikuri sxeulis ............. 

................. gamoxatuli Tviseba.
9. materiis ori forma arsebobs, ................. da ................... .
10. fizikuri sididis gazomva niSnavs mis ............... sxva mis msgavs si-

didesTan, romelic .............. ................. miCneuli. 
11. fizikuri sidideebis didi da patara mniSvnelobebis Casawerad viyenebT 

..............
12. fizikuri sididis Cawerisas saWiroa misi aRmniSvneli simbolo, misi 

........... ................ da erTeuli. 
13. fizikuri sididis ricxviTi mniSvneloba sazomi .............. SerCevazea 

damokidebuli. 
14. erTeulTa saerTaSoriso sistemaSi masis erTeulad miRebulia .............. 

, sigrZis erTeulad .................. , drois erTeulad ki ..................... . 
15. mecnierebaSi varauds ................. ewodeba. mas Semowmeba da dasabuTeba 

sWirdeba, ris gamoc fizikosebi ..................... ........................ . 
16. Catarebulma cdam SeiZleba daasabuTos an ................. dakvirvebis dros 

gamoTqmuli hipoTeza.
17. gazomvis zRvari aris fizikuri sididis ............ da .............. mniSvnelobe-

bi, romlebic SeiZleba gavzomoT am xelsawyoTi.
18. xelsawyoze aRniSnuli ori uaxloesi Strixis Sesabamis mniSvnelobebs 

Soris sxvaobas am xelsawyos ............... ................... ewodeba. 
19. gazomvis dros daSvebul uzustobas .................... ...................... ewodeba.
20. cdomileba ar SeiZleba gamzomi xelsawyos ................. ..................... meti 

iyos. 
21. rodesac saZiebeli fizikuri sidide uSualod gamzomi xelsawyos 

saSualebiT izomeba ................. .................... ewodeba.
22. rodesac saZiebel fizikur sidides formuliT viTvliT, .................. 

.................... ewodeba.
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II. sakontrolo testi:

1.	 CamoTvlilTagan, romeli ar aris fizikuri movlena?
 a) Weqa-quxili; b) sanTlis wva; g) naTuris naTeba; d) yinulis dnoba.

2.	 CamoTvlilTagan romelia moculobis erTeuli?
 a) 1 tona; b) 1 heqtari; g) 1 litri; d) 1 centneri

3.	 1 sm wibos mqone ramdeni kubi moTavsdeba 1 m wibos mqone kubSi?
 a) 100; b) 1000; g) 10000; d) 1000000. 

4.	 1 litri iseTi kubis moculobaa, romlis wibos sigrZe
 a) 1 mm - ia; b) 1 sm - ia; g) 1dm - ia; d) 1 m - ia.

III. amoxseniT amocanebi:

1. gansazRvreT erT kviraSi arsebuli saaTebis,  wuTebisa da wamebis raode-
noba.

2. 200 litri moculobis abazana bolomdea savse wyliT. risi tolia sxe
ulis moculoba, Tu misi abazanaSi srulad CaSvebisa da ukan amoRebis Semdeg 
abazanaSi 120 litri wyali darCa? gamosaxeT am sxeulis moculoba m3- iT da 
sm3- iT.

3. 800 ml moculobis cilindruli WurWeli bolomdea savse wyliT. oqros 
samkaulis srulad CaZirvis da ukan amoRebis Semdeg masSi darCa 600 ml wyali. 
ra moculobis siRrue aqvs samkauls, Tu is damzadebulia 0,1dm3 moculobis 
mqone oqrosgan?

4. gansazRvreT WurWlis moculoba, Tu masSi 5 sm gverdis mqone rva masi-
uri liTonis kubis Cagdebis Semdeg 9 litri wyali Caetia.

5. auzi,  romlis zomebic miTiTebulia 
naxazze,  moZravi tixriT Suazea gayofi-
li. auzis orive naxevarSi Casxmulia erTi 
da imave raodenobis wyali. SeasruleT 
saWiro gamoTvlebi da upasuxeT kiTxvebs: 
a) risi tolia wylis moculoba TiToeul 
naxevarSi? (nax. 1.2) b) risi toli gaxde-
ba auzis marjvena  da marcxena nawilSi 
wylis doneTa  Soris sxvaoba  Tu tixars  
1 metriT marjvniv  gadavwevT? (nax. 1.3) 
g) ramdeni metriT unda gadagvewia tix-
ari, rom auzidan wyali gadmoRvriliyo? 
 
 	

22 m

1,2 m

2 m

3 m
nax. 1.2

22 m

12 m 10 m

H1

2 m

3 m

nax. 1.3
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Tavi I I

nivTierebis agebuleba da misi fizikuri Tvisebebi

am TavSi Tqven gaecnobiT:

•	 atomebsa da molekulebs;

•	 nivTierebis agebulebas;

•	 nivTierebis Semadgeneli nawilakebis moZraobas;

•	 nawilakebis urTierTqmedebas;

•	 nivTierebis agregatul mdgomareobebs;

•	 masis gazomvas;

•	 nivTierebis simkvrivis gansazRvras.

	atomebi, molekulebi da maTi urTierTqmedeba;

	difuzia da agregatuli mdgomareobis cvlileba;

	masa da simkvrive.
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§ 2.1 nivTierebis diskretuli agebuleba

yvela fizikuri sxeuli Sedgeba nivTierebisagan: Wiqa _ minisagan, saweri 
kalami _ polieTilenisagan, furceli _ qaRaldisagan. nivTierebas gaaCnia mx-
olod misTvis damaxasiaTebeli Tvisebebi: feri, suni, simkvrive da a.S. risgan 
Sedgeba TviT nivTiereba?

Zalian adre, daaxloebiT 2500 wlis win, filosofosebma gamoTqves varau-
di nivTierebis agebulebis Sesaxeb. Zvelma berZenma filosofosma demokritem 
(460 _ 370 ww. Zv. w) pirvelma gamoTqva azri imis Sesaxeb, rom materia, romel-
ic mTliani da uwyveti gveCveneba, sinamdvileSi didi raodenobis umciresi, 
TvaliT uxilavi nawilakisagan Sedgeba. demokrites cxovrebis Sesaxeb praq-
tikulad araferia cnobili da am moazrovnes orginalur naSromebs dRemde 
ar mouRwevia, magram demokrites azrebi CvenTvis cnobilia sxva avtorebis, 
umetesad aristoteles naSromebidan, citatebis saxiT.

demokrites msjelobis logika Zalian martivia. warmoidgineT, ambobda is, 
rom Cven gvaqvs msoflioSi yvelaze basri dana. viRebT nebismier materialur 
sxeuls da vWriT mas Suaze, Semdeg erT miRebul naxevars aseve vWriT Suaze, 
Semdeg vWriT Suaze erT miRebul meoTxeds da a.S. adre Tu gvian, amtkicebda 
demokrite (iseve, rogorc sxva filosofosebi, demokrite mtkicebisas eyrd-
noboda filosofiur mosazrebebs), Cven miviRebT iseT mcire nawilaks, romel-
ic aRar eqvemdebareba gayofas. zustad es iqneba materiis ganuyofeli atomi. 
sityva atomi (Zv. berZ. ) ganuyofels niSnavs.

demokrites hipoTeza samecniero Teoriad mxolod XVIII saukuneSi gadai-
qca da Semdgomi ganviTareba XIX saukuneSi pova. mecnierebma sxvadasxva cdis 
safuZvelze daasabuTes, rom nivrivTierebas gaaCnia wyvetili — diskretuli 
agebuleba. nivTierebis umcires nawilaks, romelic am nivTierebis Tvisebebs 
gansazRvravs da damoukideblad arsebobis unari aqvs, molekula ewodeba. 
molekula Sedgeba atomebisagan. 

nivTiereba ganicdis cvlilebas, Sesabamisad, icvleba molekulebic, sa-
magierod, atomebi praqtikulad ar icvleba. TiToeul CvenganSi moiZebneba 
atomebi, romelebic arsebobda dinozavrebis dros, an, vTqvaT, aleqsandre 
makedonelis epoqaSi.

CavataroT ramdenime cda, romelTa Sedegebs ver avxsniT nivTierebis 
diskretuli agebulebis gareSe. 

cda I
aviRoT liTonis birTvi, romelic civ mdgomareobaSi TiTqmis Tavisuflad 

gadis rgolSi. Tu birTvs gavacxelebT, is rgolSi aRar gaeteva. gacivebis 
Semdeg birTvi isev gaeteva rgolSi (sur. 2.1).

sur. 2.1
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cda II 
wyliT sasvse kolbas mWidrod gavukeToT sacobi, romelSic gatarebulia 

minis mili. wyali nawilobriv amova milSi, movniSnoT masSi wylis done. kolbis 
spirtquris alze gacxelebisas SevamCnevT, rom garkveuli drois Semdeg wylis 
done milSi aiwevs (sur. 2.2).

sur. 2.2

am cdebisgan SegviZlia davaskvnaT: gacxelebisas sxeulis moculoba izrde-
ba, gacivebisas ki mcirdeba.

avxsnaT, ratom icvleba moculoba.
nivTiereba Sedgeba nawilakebisgan, romelTa Soris Sualedebia. gacxel-

ebisas nawilakebi Sordebian erTmaneTs – moculoba izrdeba. gaciebisas naw-
ilakebi uaxlovdebian erTmaneTs – moculoba mcirdeba.

cda III
erT menzuraSi CavasxaT 100 ml wyali, meoreSi _ 100 ml Seferadebuli spir-

ti. gadavasxaT isini mesame cariel menzuraSi (sur. 2.3). sakvirvelia, magram 
narevis moculoba iqneba ara 200 ml, aramed naklebi: 190 ml.

sur. 2.3

wyali spirti wyali + spirti

100

200

100

200
190

avxsnaT, ratom Semcirda jamuri moculoba.
spirtis molekulebi 2-3-jer ufro didia wylis molekulebze, amitom 

spirtis molekulebs Soris manZili ufro didia, vidre _ wylis molekulebs 
Soris. Serevisas wylis molekulebi moTavsdebian spirtis molekulebs Soris, 
amis gamo saerTo moculoba mcirdeba. am movlenis ukeT warmosadgenad ganvix-
iloT magaliTi: aviRoT ori erTlitriani qila, romelTagan erTi avavsoT si-
mindis, xolo meore _ xorblis marcvlebiT. marcvlebi mTlianad gadavyaroT 
orlitrian cariel qilaSi. xorblis marcvlebis nawili moTavsdeba simindis 
marcvlebs Soris arsebul SualedebSi, amitom marcvlebi orlitrian qilas 
ver Seavseben.
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cda IV
aviRoT ramdenime kolba (sur. 2.4). pirvelSi CavasxaT wyali da CavagdoT 

saRebavis patara namceci. SevanjRrioT kolba, saRebavi wyalSi gaixsneba, xolo 
wyali miiRebs erTgvarovan mkveTr fers. gadavasx-
aT SeRebili wylis mcire raodenoba meore cari-
el kolbaSi da SevavsoT sufTa wyliT. miviRebT 
erTgvarovan, magram ufro Ria feris wyals. Semdeg 
meore kolbidan gadavasxaT wylis mcire raodeno-
ba mesame cariel kolbaSi da isev SevavsoT sufTa 
wyliT. miRebuli wylis feri kidev ufro baci gax-
deba,Tumca _ erTgvarovani. ratom xdeba ase?!

cdis mimdinareobidan Cans, rom yovel Semdeg 
kolbaSi xvdeba Tavidan gaxsnili saRebavis nawilakebis sul ufro mcire 
raodenoba, amitom, SegviZlia vivaraudoT, rom saRebavis Tavdapirveli namce-
ci Sedgeboda Zalian didi raodenobis patara nawilakisagan.

es cdebi (da mravali sxva cdac) amtkicebs, rom nivTiereba Sedgeba Zalian 
patara nawilakebisagan.

daskvnebi:

•	 nivTierebas diskretuli agebuleba aqvs. is Sedgeba Zalian patara 
nawilakebisagan, romelTa Soris garkveuli manZilia;

•	 nivTierebis umcires nawilaks, romelic am nivTierebis Tvisebebs 
gansazRvravs da damoukideblad arsebobis unari aqvs, molekula 
ewodeba. TviT molekula Sedgeba atomebisagan;

•	 Cveulebriv, gacxelebisas sxeulis molekulebs Soris manZili 
izrdeba, xolo gacivebisas mcirdeba.

sakontrolo kiTxvebi:

1.	 ras niSnavs nivTierebis „diskretuli agebuleba“?

2.	 ra uwoda demokritem nivTierebis umcires nawilaks?

3.	 ra ewodeba umcires nawilaks, romelic nivTierebis Tvisebebs gansaz-
Rvravs?

4.	 risgan Sedgeba molekula?

5.	 romeli nawilaki ar ganicdis cvlilebas _ atomi Tu molekula?

6.	 Cveulebriv, rogor icvleba molekulebs Soris manZili sxeulis 
gacxelebisas? gacivebisas?

 davaleba:

1.	 gogonam qaRaldis Wiqis dasamzadeblad axali furceli da saukeTeso 
webo gamoiyena, Tumca wyalma Wiqidan mainc gamoJona. ratom moxda ase? 

2.	 rogor icvleba Txeli rezinisgan damzadebuli buStis molekulebs 
Soris manZili misi gabervisas?

3.	  heliumiT gaberili da kargad Tavmokruli rezinis buStis zoma ori 
dRis Semdeg mniSvnelovnad Semcirda. ra SeiZleba iyos amis mizezi? 

sur. 2.4
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4.	 daakvirdiT Tqveni saweri kalmis wvers. masSi mWidrod Casmulia mcire 
zomis liTonis burTula, romelic furcelze dagoravs. saidan gamodis mel-
ani? axseniT, rogor „axerxebs“ aseT viwro gamosasvlelSi gamoJonvas. Tu Ses-
aZlebloba geqnebaT daakvirdiT lupiT.

5.	 sarkinigzo relsebs gadabmis adgilas erTmaneTisgan ramdenime santime-
triT aSoreben. (sur. 2.5) ra moxdeboda, Sualedi rom ar dagvetovebina? 

6.	 eifelis koSki liTonis konstruqciaa. misi simaRle zafxulobiT 
saSualod 17 santimetriT metia, vidre _ zamTarSi.  ra aris amis mizezi? 

7.	 raze metyvelebs is faqti, rom wvnianiT savse qvabSi mcire raodenobis 
marilis kristalebis Cayris Semdeg kerZi icvlis gemos?  

8.	 daakvirdiT  suraTs. axseniT WurWelSi siTxis donisa da Termometris 
Cvenebis cvlilebis mizezi (sur. 2.6).

sur. 2.5 sur. 2.6
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§ 2.2 atomebi da molekulebi

wina paragrafSi Cven aRvniSneT, rom yoveli nivTiereba Sedgeba Zalian 
mcire zomis uxilavi nawilakebisagan _ molekulebisagan, romlebic am niv-
Tierebis Tvisebebs gansazRvravs, amasTan, yoveli konkretu-
li nivTiereba mxolod erTi saxis molekulebisgan Sedgeba. 
mag. wyali _ wylis molekulebisagan, marilmJava _ marilmJavas 
molekulebisagan, Jangbadi _ Jangbadis molekulebisagan da a. 
S. TviT molekula garkveuli atomebis kavSirs warmoadgens. 
magaliTad, wylis molekulas Jangbadis erTi da wyalbadis 
ori atomis kavSiri (bma) qmnis (sur. 2.7). Tumca arsebobs niv-
Tierebebi, romlebic calkeuli atomebisagan Sedgeba. mag. al-
masi, rkina, heliumi da sxva. 

ori sxvadasxva nivTierebis molekula SeiZleba Sedgebodes erTnairi, ma-
gram gansxvavebuli raodenobis atomebisagan. magaliTad, Jangbadis moleku-

la Jangbadis ori atomisagan Sedgeba, ozonisa ki 
Jangbadis sami atomisagan. arseboben nivTierebebi, 
romelTa molekulebi bevrad meti raodenobis atoms 
Seicavs _ egreT wodebuli „giganturi“ molekulebi 
(sur. 2.8). aseTia, magaliTad, cilis molekulebi. 

molekulis Tvisebebs masSi ara mxolod atomeb-
is raodenoba gansazRvravs, mniSvnelovania atomebis 
erTmaneTis mimarT sivrculi ganlagebac. magaliT-
ad, grafiti (romlisganac fanqris guls amzadeben) 
da almasi mxolod naxSirbadis atomebisagan Sedgeba. 

magram sxvadasxvaa maTSi am atomTa ganlageba, rac maT fizikur Tvisebebs 
Soris uzarmazar gansxvavebas iwvevs.

wina paragrafSi ganxiluli cdiT (cda IV) davrwmundiT, rom saRebavis pat-
ara namceci Seicavs Zalian didi raodenobis nawilaks da maT Soris Sualede-
bia. saRebavis namcecis wyalSi gaxsnisas miRebuli xsnaris feri erTgvarovani 
iyo. saRebavis molekula TvaliT xiluli rom yofiliyo, Cven SevamCnevdiT 
gamWirvale wyalSi Setivtivebul saRebavis nawilakebs. 

mainc ramdenad mcirea molekulis zoma? misi zomis Sesafaseblad moviyva-
noT aseTi Sedareba: vaSlis zoma imdenjer metia molekulis zomaze, ramden-
jerac dedamiwis zoma metia vaSlis zomaze (sur. 2.9).

sur. 2.9

H

H

O

wylis molekulis zoma daaxloebiT 0,0000000003 m-ia. Tu erT mwkrivSi mWi-
drod davalagebT wylis aT milion molekulas, miviRebT 3 mm sigrZis mole-
kulebis Zafs. 

sur. 2.8

H

H
O

sur. 2.7



33

D
on

’t 
C

op
y

molekulaTa mcire zomis gamo maTi ricxvi sxeulSi Zalian didia. magaliT-
ad, 1 sm3 moculobis wylidan yovel wamSi trilioni molekula rom orTqlde-
bodes, maSin mis mTlianad aorTqlebas daaxloebiT 9500 weli dasWirdeboda.

calkeuli atomebisa da molekulebis zomebi iseTi mcirea, rom maTi danaxva 
yvelaze Zlieri optikuri mikroskopiTac ki SuZlebelia, magram XX saukuneSi 
Seiqmna xelsawyoebi, romliTac SesaZlebeli gaxda atomebisa da molekuleb-
is „danaxva“. aseTi xelsawyoa eleqtronuli mikroskopi, romelic daaxloe-
biT miliardjer adidebs. suraT 2.10–ze swored eleqtronuli mikroskopiT 
gadaRebuli atomis gamosaxulebaa aRbeWdili. am atomis zoma daaxloebiT 
0,000000004 m-ia.

sur. 2.10

amJamad mecnierebisaTvis 118 gansxvavebuli elementi (atomi) aris cnobi-
li. am atomTa kavSirebi qmnian erTmaneTisagan gansxvavebul molekulebs, ami-
tom gvaqvs bunebaSi nivTierebaTa mravalferovnebac. 

daskvnebi

•	 nivTiereba Sedgeba garkveuli molekulebisgan; molekula ki _ ato-
mebisagan.

•	 molekulis Tvisebebi damokidebulia masSi Semaval atomebze, maT 
raodenobasa da sivrcul ganlagebaze;

•	 zogierTi nivTiereba SeiZleba uSualod atomebisgan Sedgebodes.
•	 molekulebis zomebi Zalian mcirea, daaxloebiT metris memil-

iardedia.
•	 patara zomis sxeulSic ki uzarmazari raodenobis molekulaa.

sakontrolo kiTxvebi:

1.	 SeiZleba Tu ara ori sxvadasxva nivTiereba Sedgebodes zustad erT-
nairi atomebisagan?

2.	 SeiZleba Tu ara optikuri mikroskopiT atomebisa da molekulebis 
danaxva?

3.	 ra ganapirobebs bunebaSi arsebul nivTierebaTa mravalferovnebas?
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 davaleba:

1.	 bunebaSi erTi da imave nivTierebisagan damzadebuli sxvadasxva fizikuri 
sxeuli arsebobs. CamoTvaleT ramodenime maTgani da CawereT rveulSi.

2.	 cnobilia, rom atomebidan yvelaze mcire zomis aris wyalbadis atomi. 
imsjeleT wylisa da ozonis molekulis zomebis Tanafardobis Sesaxeb. 

3.	 tyviis masiur kubikze yoveli mxridan Zlierad dawoliT misi moculo-
ba Semcirda. rogor Seicvala am dros molekulebs Soris manZili?  Seicvala 
Tu ara am nivTierebis molekulebi? 

4.	 tolia Tu ara sxeulis moculoba misi Semadgeneli molekulebis moc-
ulobebis jamis? pasuxi daasabuTeT. 

5.	 CaTvaleT, rom wylis erTi molekulis moculoba 14 · 10-30m3-ia. Caeteva 
Tu ara 14 m3 moculobis auzSi wyali, romelic 10 30 raodenobis molekulas 
Seicavs? pasuxi daasabuTeT.

6.	 CaTvaleT, rom wylis erTi molekulis moculoba 14 · 10-30m3-ia. wyliT 
avsebulia 280 m3 moculobis auzi. ra moculobis sicarielea molekulebs 
Soris, Tu maTi raodenoba 1031-ia?

saSinao cda

cdis mizani: dakvirvebis safuZvelze daskvnis gamotana.

cdisTvis saWiroa: ori gamWvirvale Wiqa, Cais muqi nayeni da pipeti.

erT WiqaSi CaasxiT cxeli , xolo meoreSi civi wyali. orive WiqaSi pipetiT 
CaawveTeT Cais nayenis TiTo wveTi. daakvirdiT process orive WiqaSi da ga-
moitaneT daskvna.
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 § 2.3 difuzia

Cven ukve SevafaseT nivTierebis Semadgeneli molekulebis zomebi, Seviqmen-
iT warmodgena sxeulSi maTi raodenobis Sesaxeb. axla visaubroT molekulaTa 
moZraobaze.

 cda I
saskolo laboratoriis oTaxSi SemovitanoT mkveTri sunis mqone raime niv-

Tiereba, magaliTad sunamo an niSaduris spirti. mokle droSi misi suni mTel 
oTaxSi gavrceldeba. sunis gavrcelebis mizezi sunamos (niSaduris spirtis) 
molekulebis moZraobaa. isini moZraobisas ganuwyvetliv ejaxebian haeris Se-
madgenlobaSi Semaval molekulebs, yoveli dajaxebisas icvlian moZraobis mi-
marTulebas da qaosurad mimoifantebian mTel oTaxSi.

cda II
wyliT savse maRal WiqaSi frTxilad CavagdoT saRebavis ramdenime patara 

namceci, isini CaiZireba. gavaCeroT Wiqa ramdenime dRiT gril adgilas. mTeli 
am drois ganmavlobaSi Wiqaze dakvirvebisas SevamCnevT, rom siTxe TandaTan 
Seferaddeba WurWlis mTel simaRleze (sur. 2.11). rogor avxsnaT es movlena? 
wyalSi gaxsnili saRebavis nawilakebi, qaosurad moZraobisas, SeaRweven wylis 
molekulebs Soris arsebul SualedebSi da ganawildebian masSi. saRebavi da 
wyali TavisTavad Seereva erTmaneTs.

sur. 2.11

 nivTierebebis erTmaneTSi TavisTavad Serevis movlenas difuzia ewodeba.

pirveli cda airebSi difuziis magaliTia, meore cda ki _ siTxeSi. orive 
SemTxvevaSi difuziis mizezi nawilakebis qaosuri moZraobaa. 

qaosi yoveldRiur cxovrebaSi areulobis, uwesrigobis aRmniSvnelia. qao-
suri ki iseTi moZraobaa, rodesac SeuZlebelia winaswar ganisazRvros sx-
eulis moZraobis mimarTuleba. ase „iqceva“ nivTierebis Semadgeneli yvela 
molekula, isini gamudmebiT qaosurad moZraoben.

nivTierebis Semadgeneli nawilakebis ganuwyvetel qaosur moZraobas siT-
bur moZraobas uwodeben.

difuzia myar sxeulebSic mimdinareobs, magram gacilebiT nela, vidre _ 
airebsa da siTxeebSi. Tu kargad gaprialebul oqrosa da tyviis firfitebs 
davadebT erTmaneTs da movaTavsebT simZimis qveS, maSin 4-5 wlis Semdeg isini 
1 mm siRrmeze Seerevian erTmaneTs. difuzia yvelaze swrafad airebSi mimdin-
areobs, SedarebiT nela _ siTxeebSi, kidev ufro nela _ myar sxeulebSi. am 
faqts advilad avxsniT momdevno paragrafebis gacnobis Semdeg, romlebSic 
nivTierebebis agebulebasa da maTSi molekulebis moZraobis xasiaTze visau-
brebT. 
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gavimeoroT meore cda, oRond grili adgilis nacvlad Wiqa mzian, 
Tbil adgilas movaTavsoT, davinaxavT, rom difuziis siswrafe gaizrdeba 
(sur. 2.12).

temperaturis matebasTan erTad, izrdeba nivTierebis Semadgeneli na
wilakebis qaosuri moZraobis siCqare, ris 
gamoc nivTierebebis erTmaneTSi Sereva 
ufro swrafad mimdinareobs. magaliTad, 
Saqari cxel wyalSi ufro swrafad ixsne-
ba, vidre civSi.

difuziis movlena xSirad gvxvdeba 
yofa-cxovrebaSi, mas didi mniSvnelo-
ba aqvs bunebaSi mimdinare procesebSi. 
niadagSi sxvadasxva marilis xsnarebis 
difuzia xels uwyobs mcenareebis nor-
malur kvebas. difuziiT aRwevs Jangba-
di filtvebidan sisxlSi. difuziis gamo 

SenarCunebulia haeris erTgvarovneba dedamiwis zedapirTan. am movleniTaa 
gamowveuli mcenareTa surnelis gavrceleba garemoSi, rac mwerebisaTvis sa-
sicocxlod mniSvnelovania. difuziis wyalobiT agneben mtaceblebi msxver-
pls. adamiani difuziis movlenas iyenebs sxvadaxxva xsnaris, saRebavis, webos 
damzadebisas. sasargeblosTan erTad, difuzia zianis momtanicaa _ mavne da 
didi temperaturis gamonabolqvebi, agreTve sxvadasxva sawarmoo narCeni di-
fuziis gamo vrceldeba mTel dedamiwaze, ramac Cveni planeta globaluri 
daTbobisa da ekologiuri katastrofis winaSe daayena.

daskvnebi:

•	 difuzia — nivTierebebis erTmaneTSi TavisTavadi Sereva. 
•	 difuziis movlena asabuTebs _ nivTierebis Semadgeneli nawilakebi 

ganuwyvetel qaosur moZraobaSi imyofebian. 
•	 nivTierebis nawilakebis qaosur moZraobas siTbur moZraobas 

uwodeben. 
•	 nivTierebis temperaturis zrdasTan erTad izrdeba misi nawilakeb-

is qaosuri moZraobis siCqare da, Sesabamisad, difuziis siswrafec. 

   

sakontrolo kiTxvebi:

1.	 ra movlena adasturebs nivTierebis Semadgeneli nawilakebis qaosur 
moZraobas?

2.	 rogor davamtkicoT cdiT molekulebis siTburi moZraobis siCqaris 
temperaturaze damokidebuleba?

3.	 cnobilia, rom airis molekulebis moZraobis siCqare ramdenime aseu-
li metria wamSi. rogor avxsnaT, rom sunamos suni oTaxSi gacilebiT 
nela vrceldeba?

sur. 2.12
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 davaleba:

1. CamoTvaleT difuziis magaliTebi bunebidan da yoveldRiuri cxovre-
bidan.

2. cxel wyalSi ufro swrafad gaixsneba Saqari Tu civSi? pasuxi daasabu-
TeT.

3. garda temperaturisa, ra ganapirobebs difuziis siswrafes? 

4. Tu marilwyalSi Senaxul yvels ramdenime kviris Semdeg daagemovnebT, 
naxavT, rom marils yvelis mTel moculobaSi SeuRwevia. ra aris amis mizezi? 

5. liTonebis erTmaneTTan SeduRebisas maT erTmaneTs aWeren, Semdeg ki 
Sexebis adgils SemduRebeli aparatiT dnobamde acxeleben. ratom aris saW-
iro liTonebis erTmaneTze miWera? dnobamde gacxeleba? 

6. Tu cxel CaiSi limonis naWers CavdebT da ise davlevT, limonis aromati 
odnav SesamCnevia, xolo roca amave limons CaiSi CavwuravT, dalevisas li-
monis mZafri gemo igrZnoba. axseniT amis mizezi. 

7. niadagis organuli danamatebiT gamdidrebisas iseT dReebs arCeven, roca 
niadagi svelia. ratom ar akeTeben imaves mSral amindSi? pasuxi daasabuTeT.

8. albaT SegimCneviaT, TviTmfrinavis gamonabolqvis TeTri, xazovani kvali 
caze. ratom uCinardeba es kvali garkveuli drois Sedeg? pasuxi daasabuTeT.

saSinao cda

cdis mizani: nawilakebs Soris mizidulobis Zalaze dakvirveba.

cdisTvis saWiroa: liTonis an minis Txeli firfita, rezinis wvrili zonari, 
Zafi.

Zafis saSualebiT wvril rezinis zonarze CamokideT liTonis an minis fir-
fita. firfita dauSviT ise, rom igi sibrtyiT Seexos wylis zedapirs. amis 
Semdeg daiwyeT firfitis nel-nela amoweva da daakvirdiT rezinis zonars 
(nax. 2.1).

dakvirvebis Sedegi CawereT saSinao davalebis rveulSi.

nax. 2.1
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§ 2.4 nivTierebis Semadgeneli nawilakebis urTierTqmedeba

Cven ukve viciT, rom yvela fizikuri sxeuli Sedgeba nivTierebisgan, xolo 
nivTiereba–ganuwyvetliv qaosur moZraobaSi myofi nawilakebisagan, romelTa 
Soris Sualedebia. bunebrivad ibadeba kiTxva: ratom ar iSlebian calkeul 
nawilakebad myari da Txevadi sxeulebi?

amis mizezi nivTierebis Semadgeneli nawilakebis urTierTmizidvaa. yoveli 
nawilaki (molekula, atomi) izidavs mezobel nawilakebs da TviTonac miizide-
ba maT mier. or mezobel nawilaks Soris urTierTmizidva umniSvnelia, magram 
mraval nawilaks Soris mizidva mniSvnelovani xdeba. swored amitom, sakmaod 
Znelia sqeli joxis gatexva, Tumca is calkeuli molekulebisgan Sedgeba. 

CavataroT cda. 

aviRoT tyviisagan damzadebuli ori kauWiani cilindri. cilindrebis Zire-
bi gavasufTaoT da gavaprialoT (sur. 2.13).

sur. 2.13

Semdeg isini ZirebiT erTmaneTs Zlierad mivaWiroT. SevamCnevT, rom cilin-
drebi sakmaod Zlierad miekrobian erTmaneTs. maT Soris kavSiri SesaZloa im-
denad Zlieri aRmoCndes, rom gauZlos damatebiT 5 kg-iani tvirTis simZimesac 
(sur. 2.14). am kavSiris damyarebis mizezi cilindrebis nawilakebis urTierT-
miizidvaa.

sur. 2.14

Tu gatexili TefSis nawilebs kargad SevuTavsebT erTmaneTs da mWidrod 
mivaWerT, TefSs mainc ver gavamTelebT. ratom xdeba ase, TefSis molekulebic 
xom izidaven erTmaneTs? 

molekulaTaSorisi mizidva sagrZnobi xdeba maT Soris Zalian mcire man-
Zilze — daaxloebiT molekulis zomis tol manZilze. rodesac Cven vaax-
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lovebT TefSis natexebs, uswormasworobebis gamo aseT mcire manZilze xdeba 
molekulebis mxolod mcire nawilis daaxloeba da amitom TefSi ar mTeldeba.

CavataroT meore cda (sur. 2.15).

SevecadoT TiTis daWeriT SevkumSoT saSleli, 
amisaTvis dagvWirdeba didi ZaliT zemoqmedeba; 
saSlelis moRunva ufro advilia, vidre _ SekumSva. 
aseve gagviWirdeba wyliT savse polieTilenis boT-
lis SekumSva, liTonis monetis gadaRunva.

rodesac nivTierebas vkumSavT, Cven vcdilobT, 
SevamciroT milekulebs Soris manZili. am dros 
aRZruli winaaRmdegoba imis dasturia, rom nawilakebi ara marto miizidaven, 
aramed daaxloebisas ganizidaven kidec erTmaneTs. 

Cveulebriv, Txevad da myar sxeulebSi molekulebs Soris mizidva gawonas-
worebulia maT Soris ganzidviT. am dros molekulebs Soris manZili moleku-
lis zomis tolia. ufro patara manZilze daaxloebisas nawilakebi erTmaneTs 
ganizidaven, ufro did manZilze daSorebisas erTmaneTs izidaven. Tu mole-
kulebs Soris manZili ramdenimejer aRemateba maTs zomebs, maSin molekulebi 
TiTqmis ar urTierTqmedeben. swored asea airebSi.

momavalSi, fizikis kursis Seswavlisas, Cven gavigebT, rom nivTierebis Se-
madgeneli nawilakebis urTierTqmedeba eleqtromagnituri urTierTqmedebis 
tips miekuTvneba.

am TavSi Seswavlili Temebis safuZvelze SegviZlia CamovayaliboT niv-
Tierebis agebulebis sami ZiriTadi debuleba:

1.	 nivTiereba Sedgeba umciresi nawilakebisgan, romelTa Soris Sualedebia;

2.	 nivTierebis Semadgeneli nawilakebi ganuwyvetliv qaosurad moZraoben;

3.	 nawilakebi urTierTqmedeben — miizidebian da ganizidebian.

daskvnebi:

•	 nivTierebis Semadgeneli nawilakebi urTierTqmedeben _ miizidaven 
da ganizidaven erTmaneTs;

•	 nivTierebis Semadgeneli nawilakebis urTierTqmedeba vlindeba 
Zalian mcire _ daaxloebiT nawilakis zomis tol manZilebze;

•	 nawilakebs Soris ganzidva Tavs iCens maTi daaxloebisas, mizidva _ 
daSorebisas. 

sakontrolo kiTxvebi:

1.	 ratom miekrnen erTmaneTs tyviis cilindrebi?

2.	 ratom ar gamTeldeba gadatexili carci natexebis erTmaneTze miW-
eriT?

3.	 ratom gviWirs wyliT savse polieTilenis Tavdaxuruli boTlis Se-
kumSva?

sur. 2.15
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 davaleba:

1.	 ratom ar gviWirs Txevadi sxeulis nawilebad gancalkeveba (magaliTad, 
wyliT savse Wiqidan nawilis gadmoRvra) da ratom aris Zneli imaves gakeTeba 
myar sxeulze? 

2.	 wvimian amindSi xis totebs qvemodan wvimis wveTebi ekvris, Semdeg zoma-
Si izrdeba da garkveul momentSi swydeba. ratom ar swydeba wveTebi Tavidanve 
da ratom swydeba zomaSi zrdis Semdeg?

3.	 Tu samzareulos Rrubels wyalSi CavdebT da ukan amoviRebT, mas 
garkveuli raodenobis wyali amohyveba, romelic mxolod Rrubelze xelis 
moWeris Semdeg gadmoiRvreba. ra iwvevs RrubelSi wylis aseTi raodenobis 
dagrovebas?  pasuxi daasabuTeT. 

4.	 izidaven Tu ganizidaven erTmaneTs rezinis buStis molekulebi, misi 
gabervisas? pasuxi daasabuTeT.

5.	 izidaven Tu ganizidaven erTmaneTs bagiris molekulebi, masze tvirTis 
Camokidebis Semdeg? pasuxi daasabuTeT.

6.	 izidaven Tu ganizidaven erTmaneTs lursmanSi arsebuli molekulebi, 
rodesac CaquCis dartymiT mis ficarSi CarWobas vcdilobT? rodesac brtyel-
tuCas saSualebiT misi ficridan amoZrobas vcdilobT? pasuxi daasabuTeT. 

7.	 gatexili TefSis gasamTeleblad webos iyeneben. axseniT rogor akav-
Sirebs webo TefSis nawilebs erTmaneTTan?
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§ 2.5 nivTierebis agregatuli mdgomareobebi

warmovidginoT, rom varT samzareuloSi, gazquraze CaidanSi wyali duRs. 
misgan orTqli _ „airadi“ wyali amodis, CaidanSi wyalia — „Txevadi“ wyali. 
iqve Cveni megobari koqteilSi yinulis natexebs— „myar“ wyals yris. airadi, 
Txevadi da myari _ nivTierebis sami agregatuli mdgomareobaa. 

 wylis agregatuli mdgomareobebis cvlilebas SegviZlia davakvirdeT 
bunebaSi. wyali tbebis, zRvebisa da okeaneebis zedapiridan orTqldeba, war-
moiqmneba Rrublebi. ase gadadis wyali airad mdgomareobaSi. zamTarSi wyali 
tbebSi iyineba, Txevadi mdgomareobidan gadadis myar mdgomareobaSi, xolo 
gazafxulze kvlav dneba – ubrundeba Txevad mdgomareobas. ra mosdis niv-
Tierebis nawilakebs erTi mdgomareobidan meoreSi gadasvlisas? icvleba 
isini? gansxvavdeba erTmaneTisagan wylisa da yinulis molekulebi? pasuxi 
calsaxaa: ara. vinaidan es fizikuri procesebia, molekulebi absoluturad 
igiveni rCebian. magram icvleba maTi moZraobis siCqare, urTierTganlageba, 
urTierTqmedebis zoma da, Sesabamisad, nivTierebis Tvisebebic. 

 CavataroT cda. 

aviRoT cecxlgamZle kolba da movaTavsoT masSi yinulis natexebi. davi-
wyoT kolbis gaTboba spirtquris alze da davakvirdeT masSi moTavsebul 
Termometrs. davinaxavT, rom yinulis temperatura moimatebs da roca Ter-
mometris Cveneba 0ºC-s miaRwevs, kolbaSi daiwyeba wylis warmoqmna (sur. 2.16). 
es aixsneba Semdegnairad: gaTbobisas yinulis molekulebi iwyeben ufro didi 
siCqariT moZraobas, nawilobriv irRveva maT Soris arsebuli kavSirebi, yinu-
li gadadis Txevad mdgomareobaSi da warmoiqmneba wyali.

sur. 2.16

nivTierebis myari mdgomareobidan Txevad mdgomareobaSi gadasvlas dnoba 
ewodeba.

kolbidan amoviRoT Termometri, mas davucoT sacobi, romelSic minis 
milia gatarebuli da gavagrZeloT miRebuli wylis gacxeleba. temperaturis 
zrdasTan erTad wylis molekulebis qaosurad moZraobis siCqare izrdeba, 
irRveva maT Soris kavSirebi, wylis zedapirze myofi molekulebis nawili 
tovebs siTxes da warmoiqmneba wylis orTqli.

nivTierebis Txevadi mdgomareobidan airad mdgomareobaSi gadasvlas or-
Tqladqceva ewodeba.
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kolbidan gamosuli wylis orTqli mivmarToT 
gril liTonis firfitaze. masze moxvedrisas wylis 
orTqli gacivdeba, amitom orTqlis molekulebis 
siCqare moiklebs, kvlav aRdgeba kavSirebi zogierT 
molekulebs Soris da warmoiqmneba wylis wveTebi 
(sur. 2.17).

	 nivTierebis airadi mdgomareobidan Txevad 
mdgomareobaSi gadasvlas kondensacia ewodeba.

SegimCneviaT Tu ara, rom sarecxi qarian amindSi 
ufro swrafad Sreba, vidre uqaro amindSi. rogor 
axsniT am gansxvavebas?

Tu wyals macivris sayinuleSi movaTavsebT, wy-
ali jer gacivdeba 0ºC -mde, Semdeg daiwyeba yinu-

lis warmoqmna _ aRdgeba yinulisTvis damaxasiaTebeli kavSirebi molekulebs 
Soris.

	 nivTierebis Txevadi mdgomareobidan myar mdgomareobaSi gadasvlas gam-
yareba (kristalizacia) ewodeba.

albaT dakvirvebixarT, rom zogierTi myari nivTierebis (mag. naftalini) 
oTaxSi Semotanisas, igrZnoba am nivTierebis suni. ratom xdeba es movlena? 
myari nivTierebis zogierTi molekula „axerxebs“ mezobel molekulebTan kav-
Siris gawyvetas da amovardeba nivTierebidan. naftalinSi aseTi molekulebis 
ricxvi SedarebiT didia.

 nivTierebis gadasvlas myari mdgomareobidan airad mdgomareobaSi, Txevadi 
mdgomareobis gamotovebiT, sublimacia ewodeba.

dabali temperaturis dros fanjris minebsa da mcenareebze warmoiqmneba 
TrTvili (sur. 2.18). am SemTxvevaSi haerSi arsebuli wylis orTqli pirdapir 
iyineba.

sur. 2.18

 nivTierebis gadasvlas airadi mdgomareobidan myar mdgomareobaSi, Txevadi 
mdgomareobis gamotovebiT, desublimacia ewodeba.

arsebobs nivTierebis meoTxe agregatuli mdgomareoba — plazmuri, romel-
sac momavalSi gavecnobiT. jerjerobiT mxolod aRvniSnavT, rom samyaros 
udidesi nawili plazmur mdgomareobaSia. magaliTad, mze da sxva varskvlave-
bi.

sur. 2.17
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daskvnebi:

•	 nivTiereba SeiZleba imyofebodes sxvadasxva agregatul mdgomare-
obaSi: myari, Txevadi, airadi, plazmuri;

•	 nivTierebis agregatuli mdgomareobis cvlilebisas TviT nivTi
ereba ar icvleba, icvleba nivTierebis fizikuri Tvisebebi;

•	 nivTierebis agregatuli mdgomareobis cvlileba temperaturis 
cvlilebiTaa SesaZlebeli.

sakontrolo kiTxvebi:

1.	 nivTierebis romel agregatul mdgomareobebs icnob?

2.	 wyali gaiyina. am procesSi moxda molekulebis cvlileba?

3.	 ra cvlilebebi xdeba sxeulSi erTi agregatuli mdgomareobidan me-
oreSi gadasvlisas? 

4.	 SeiZleba Tu ara sxeuli myaridan pirdapir airad mdgomareobaSi ga-
davides an piriqiT?

 davaleba:

1.	 ramdeni agregatuli mdgomareoba arsebobs? rogor fiqrobT, Tqven 
ramdeni ginaxavT? 

moiyvaneT sxvadasxva nivTierebis agregatuli mdgomareobebis cvlilebis 
magaliTebi.

2.	 ratom xdeba  zamTarSi fanjris minebis „daorTqvla“?

3.	 zafxulSi, rodesac minis WiqaSi civ wyals vasxamT, Wiqis gareTa nawil-
ze wylis wveTebi warmoiqmneba.  ratom xdeba ase? 

4.	 ra procesebi xdeba Rrublebis warmoqmnisas? 

5.	 romel agregatul mdgomareobaSia Tovli? ra procesi xdeba Tovlis 
fifqis warmoqmnisas? 

6.	 axseniT sveli tansacmlis gaSrobis mizezi. 

7.	 rogor agregatul mdgomareobaSia sanTeli? saponi? gigrZniaT maTi 
suni? ra aris maTi sunis warmoqmnis mizezi? 
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§ 2.6 nivTierebis airadi mdgomareoba

nivTierebis airadi mdgomareoba farTodaa gavrcelebuli bunebaSi. airebi 
qmnian dedamiwis atmosferos, didi raodenobiT Sedian myar qanebs Soris, gax-
snilni arian okeaneebis, zRvebis, tbebisa da mdinareebis wylebSi. 

bunebaSi airad mdgomareobaSi gvxvdeba: wyalbadi, Jangbadi, naxSirorJan-
gi, wylis orTqli, vercxliswylis orTqli, azoti, ozoni, qlori da mravali 
sxva. atmosferuli haeri ki sxvadasxva airis narevia. airebi erTmaneTisagan 
TvisebebiT Zalian gansxvavdeba. magaliTad, wyalbadi msubuqia, xolo nax-
SirorJangi _ mZime; azoti usunoa, ozoni ki gviRizianebs ynosvas; wylis or-
Tqli uvnebelia, vercxliswylis orTqli ki Sxamiania; Jangbadi uferoa, xolo 
qlors moyviTalo _ momwvano feri aqvs. gansxvavebasTan erTad airebs saerTo 
Tvisebebic aqvT. 

pirvel rigSi, airebi sakmaod advilad ikumSebian. aviRoT gaberili sahae-
ro buSti. xelis moWeriT Cven iolad SevamcirebT mis moculobas. amis mizezi 
isaa, rom airis molekulebs Soris manZili ramdenjerme aRemateba maTs zomebs 
da maTi daaxloeba advilad SeiZleba manam, sanam molekulebs Soris aRiZvreba 
ganzidvis Zalebi (sur. 2.19).

sur. 2.19 sur. 2.20

airebis meore saerTo Tviseba isaa, rom maT ar aqvT sakuTari forma, isini 
mTlianad avseben im WurWels, romelSic moaTavseben. SeuZlebelia airma dai-
kavos buStis an boTlis naxevari, is mTlianad avsebs WurWels. ratom xdeba 
ase? Cveulebriv pirobebSi airis Semadgeneli nawilakebis qaosuri moZraobis 
siCqare sakmaod didia, isini praqtikulad ar urTierTqmedeben erTmaneTTan. 
amitom airis nawilakebi praqtikulad Tavisuflad „dafrinaven“, moZraobis 
mimarTulebas icvlian mxolod erTmaneTTan an WurWlis kedlebTan dajax-
ebisas. molekulebis moZraobis mimarTulebis ganuwyveteli cvlilebis gamo 
isini WurWlis mTel moculobaSi Tanabrad nawildebian.  (sur. 2.20). 

daskvnebi:

•	 airis nawilakebi gadaadgildebian mTel moculobaSi didi siCqariT;
•	 airis nawilakebi ejaxebian erTmaneTs da WurWlis kedlebs;
•	 airis nawilakebs Soris urTierTqmedeba sakmaod sustia;
•	 airs sakuTari forma da moculoba ar aqvs, is mTlianad ikavebs im 

WurWlis moculobas, romelSic moaTavseben.
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sakontrolo kiTxvebi: 

1.	 SesaZlebelia Tu ara WurWlis mxolod naxevari gavavsoT airiT? 
pasuxi daasabuTeT.

2.	 ratom aris SesaZlebeli airis advilad SekumSva?

3.	 aqvs Tu ara airs sakuTari forma da moculoba?

 davaleba:

1.	 ori hermetulad daxuruli WurWeli, romelTa moculobebi 3 da 2 li-
tria, SeerTebulia miliT, romelSic Cadgmulia onkani (nax. 2.2). Tavdapirve-
lad onkani daketilia, marcxena WurWelSi Jangbadia, xolo marjvenaSi vakuum-
ia. onkani  gaaRes. 

a) ra TanafardobiT ganawildeba Jangbadi Wur-
WlebSi?

b) rogor Seicvleba Jangbadis molekulebs 
Soris manZili?

2.	 ori hermetulad daxuruli WurWeli, romelTa moculobebi 3 da 2 li-
tria, SeerTebulia miliT, romelSic Cadgmulia onkani (ixileT wina amocanis 
naxazi). Tavdapirvelad onkani daketilia, marcxena WurWelSi azotia, xolo 
marjvenaSi naxSirorJangi. onkani gaaRes.

a) SesaZlebelia Tu ara, rom marjvena WurWelSi azoti ar gavides? marcx-
enaSi naxSirorJangi, rom ar gavides? pasuxi daasabuTeT.

b) rogor icvleba TiToeuli airis mier dakavebuli moculoba? 

3.	 moiZieT informacia da CamoTvaleT erTatomiani airebi. 

4.	 moiZieT informacia haeris Semadgenel airTa procentuli Tanafardo-
bis Sesaxeb.

 

nax. 2.2

3 l 2 l
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§ 2.7 nivTierebis Txevadi mdgomareoba

Cveni planetis zedapiris udidesi nawili _ 79% _ dafarulia wyliT. wyali 
aris dedamiwis qerqSi, napralebsa da forebSic. garda amisa, yvela cnobili 
minerali dedamiwaze da cocxali organizmebic Tavis SemadgenlobaSi Seicavs 
wyals. dedamiwaze wyali samive agregatuli formiT gvxvdeba, magram misi didi 
nawili Txevad mdgomareobaSia. amitom mniSvnelovania vicodeT siTxis Tvise-
bebi.

	 CavataroT cdebi:

 1. CavasxaT menzuraSi 300 ml siTxe. igi menzuris cilindrul formas 
miiRebs. gansxvavebul WurWelSi gadasxmis Semdeg siTxe formas Seicvlis, ma-
gram moculoba igive darCeba: 300 ml (sur. 2.21);

 2. avavsoT erTjeradi Sprici wyliT. mWidrod davucoT Ria bolo da 
dguSze dawoliT SevecadoT, SevkumSoT. miuxedavad didi Zalisxmevisa, wyals 
ver SevkumSavT (sur. 2.22).

sur. 2.21 sur. 2.22

siTxis molekulebi erTmaneTTan axlos arian ganlagebulni. manZili neb-
ismier or molekulas Soris molekulis Tanazomadia, miziduloba maT Soris 
sagrZnobia, magram didi ar aris. amitom siTxis molekulebs SeuZliaT nax-
tomebiT Seicvalon mdebareoba erTmaneTis mimarT erTi molekulis „gadaxto-
misas“ mis adgils meore molekula daikavebs da a.S. amis gamo siTxe denadia da 
ver inarCunebs Tavis formas, advilia misi gadasxma erTi WurWlidan meoreSi. 
siTxis SekumSva Zalian Znelia, radgan am dros molekulebi axlovdebian iseT 
manZilze, roca sagrZnobi xdeba ganzidva. SeiZleba iTqvas, rom siTxe praqti-
kulad ukumSvadia.

Cveulebriv pirobebSi siTxis mxolod patara wveTebs aqvT sakuTari forma 
_ sferos forma. amis magaliTia wvimis wveTebi an diliT gaCenili namis wve
Tebi.

albaT SegimCneviaT, rom, Tu kovzze 
wyals frTxilad davasxamT, masze imaze 
meti wyali daeteva vidre gvgonia _ wy-
ali TiTqos amoiburceba kovzis zemoT. 
dafiqrdiT, ra SeiZleba iyos amis mizezi? 

 sxvadasxva siTxe gansxvavebuli sis-
wrafiT icvlis formas. SevxedoT suraTs 
(sur. 2.23). gadasxmisas Tafls formis 

sur. 2.23
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Sesacvlelad meti dro sWirdeba, vidre _ wyals. amitom amboben, rom am niv-
Tierebebs gansxvavebuli siblante aqvT: Tafli ufro blantia, vidre wyali. 
es aixsneba wylisa da Taflis molekulebis sxvadasxva formiT. wylis mol-
ekulebi gvagonebs burTulebs patara borcvebiT, xolo Tafli Sedgeba xis 
totebis msgavsi formis molekulebisgan. Taflis denadobisas misi mole-
kulebis „totebi“ erTmaneTs wamoedebian, rac Tafls wyalTan SedarebiT met 
siblantes aniWebs. 

daskvnebi: 

•	 siTxis nawilakebs Soris miziduloba sagrZnobia, magram didi ar 
aris;

•	 siTxis nawilakebs SeuZliaT mdebareobis cvlileba naxtomebiT. 
•	 siTxis SekumSva Zalian Znelia;
•	 Cveulebriv pirobebSi siTxe inarCunebs moculobas, magram ver in-

arCunebs formas.
•	 siTxe denadia.

sakontrolo kiTxvebi:

1.	 ratomaa mniSvnelovani vicodeT siTxis Tvisebebi?

2.	 rogor axsniT siTxis praqtikulad ukumSvadobas?

3.	 ras niSnavs, rom erTi siTxe meoreze ufro blantia?

 davaleba:

1.	 siTxis romeli Tviseba ganapirobebs mdinareebis dinebas? moiyvaneT 
siTxis am Tvisebis gamoyenebis magaliTebi yofa _ cxovrebidan.

2.	 sam erTnair polieTilenis boTlSi Casxmulia wyali. pirveli boTli 
TiTqmis savsea, meoreSi wyali naxevramdea, xolo mesameSi boTlis moculobis 
meoTxedia avsebuli. romeli boTli SeikumSeba ufro metad xelis erTnairad 
moWeriT Tu samive boTls Tavsaxuri mWidrod aqvs morgebuli? pasuxi daasa-
buTeT. 

3.	 or erTnair polieTilenis boTls, romelTagan erTi savsea wyliT, 
xolo meoreSi haeria, mWidrod Camoacves rezinis erTnairi buStebi. romeli 
buSti ufro metad amoibereba Tu boTlebs xels erTnairad movuWerT? pasuxi 
daasabuTeT. 

4.	 Widan wylis amotanisas saTli kedlebs ejaxeba da formas kargavs. ro-
gor gamovTvaloT aseTi saTlis moculoba? 

5.	 niadagSi Camagrebuli sarwyavi mowyobilobidan wyalma zemoT amoasxa 
da sanam miwamde daeSva 2,5 wami gavida. gansazRvreT haerSi arsebuli wylis 
moculoba, Tu milidan yovel wamSi 1 litri wyali gamoedineba. 
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6.	 kubis formis hermetulad daxurul minis 
WurWels gakeTebuli aqvs ori onkani (nax. 2.3). pir-
veli onkani daketilia, meore ki Riaa, saidanac Wur-
WelSi wyali Sedis. 

a) rogor icvleba WurWelSi arsebuli wylis moc-
uloba? haeris moculoba? 

b) rogor icvleba WurWelSi arsebuli wylis mol-
ekulebs Soris manZili? haeris molekulebs Soris 
manZili? 

g) rogor fiqrobT, SesaZlebelia Tu ara, rom wyalma WurWlis mTeli mocu
loba aavsos? 

7.	 kubis formis hermetulad daxurul minis WurWels gakeTebuli aqvs 
ori onkani. (ixileT wina amocanis naxazi). meore onkani daketilia, pirveli ki 
Riaa, saidanac tumbos saSualebiT WurWelSi haeri Sedis. 

a) rogor icvleba WurWelSi arsebuli haeris mocu-
loba? wylis moculoba? 

b) rogor icvleba WurWelSi arsebuli haeris mole-
kulebs Soris manZili? wylis molekulebs Soris manZi-
li? pasuxi daasabuTeT.

8.	 liTonis mils erTi bolo 5-jer ufro farTo 
aqvs, vidre _ meore. milis farTo nawilSi yovel wuTSi 
Sedis 50 litri wyali. ramdeni litri wyali gamova vi-
wro nawilidan imave droSi? (nax. 2.4)	

9.	 Tu WurWlidan kovziT wyals amoiRebT, mxolod kovzis tevadobis wy-
ali amoyveba, Taflis amoRebisas ki, SesaZloa kovzs mis tevadobaze orjer 
meti raodenobis Tafli amohyves. riT aris es gamowveuli? pasuxi daasabuTeT. 

10.	gvaqvs ori erTnairi qila, romelTagan erTi savsea wyliT, meore ki 
TafliT. orive qilaSi erTdroulad vagdebT erTnair liTonis burTulas. 
romelSi CaiZireba burTula ufro swrafad? pasuxi daasabuTeT.

nax. 2.4

nax. 2.3

haeri

wyali

1

2
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§ 2.8 nivTierebis myari mdgomareoba

garemomcvel sxeulTa umravlesoba myar mdgomareobaSia: saxlebi, manqa-
nebi, TviTmfrinavebi, kompiuterebi, CanTebi, fanqrebi da a.S. albaT SegimC-
neviaT, rom myari sxeulebis formis cvlilebisTvis garkveuli Zalisxmevaa 
saWiro. Cveulebriv pirobebSi Zalian Znelia myari sxeulis SekumSva, gaWimva, 
moRunva. 

airebisa da siTxeebisagan gansxvavebiT myar sxeulebSi nawilakebis urTi-
erTqmedeba Zlieria, is ar aZlevs saSualebas nawilakebs erTmaneTs daSordnen 
da gaifanton. nawilakebi mxolod mcired irxevian garkveuli mdebareobis 
maxloblad. es SeiZleba SevadaroT galiaSi damwyvdeuli cxovelis moZraobas, 
romelic galias ver tovebs. nawilakTa moZraobis aseTi SezRudulobis gamo 
myari sxeulebi inarCuneben moculobasac da formasac.

daakvirdiT 2.24 suraTs. masze gamosaxulia myari mdgomareobis erT-erTi 
forma _ kristaluri. kristalur sxeulebSi nawilakebi mkacri wesrigiT arian 
ganlagebuli. Tu warmosaxviT SevaerTebT mocemul wertilebs (sur. 2.25), mi-
viRebT moculobiT „ConCxs“, romelsac kristalur mesers uwodeben. myari sx-
eulebis umetesobas kristaluri agebuleba aqvT: yinuli, marilebi, liTonebi 
da a.S..

sur. 2.24 sur. 2.25

XX saukuneSi Seqmnili eleqtronuli da ionuri mikroskopebis saSualebiT 
SesaZlebeli gaxda mravali kristaluri suraTis „danaxva“.

kristaluri sxeulebis garda, arsebobs myari mdgomareobis meore forma _ 
amorfuli. maTi Semadgeneli nawilakebis ganlagebas ar axasiaTebs mkacri wes-
rigi, ris gamoc zogierTi maTgani didxans ver inarCunebs Tavis formas. amor-
ful sxeulebs ukavia Sualeduri adgili kristalur sxeulebsa da siTxeebs 
Soris. amorfulia mag., sanTeli (parafini), plastelini, mina, polieTileni, 
Sokoladi da a.S. (sur. 2.26).

sur. 2.26
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sur. 2.27-ze naCvenebia kristalur da amorful sxeulebSi molekulaTa 
ganlagebis erT-erTi nimuSi, saidanac naTlad Cans kristalur sxeulSi mole-
kulaTa mowesrigebuli ganlageba amorfulTan SedarebiT.

kristaluri sxeuli amorfuli sxeuli

sur. 2.27

kristaluri da amorfuli sxeulebis aRnagobaSi sxvaoba maTi zogierTi 
fizikuri Tvisebis gansxvavebas iwvevs. kristaluri sxeulebi mxolod garkveul 
temparaturamde gacxelebis Semdeg iwyeben Txevad mdgomareobaSi gadasvlas. 
amorfuli sxeulebi ki gaTbobisas TandaTan rbildeba da ase gadadis Txevad 
mdgomareobaSi.

xis moris naWris sigrZeze culiT gapoba bevrad ufro advilia, vidre misi 
siganeze gaWra. Tqveni azriT, ra aris amis mizezi? 

gamoTqviT varaudi myar sxeulebSi molekulebs Soris kavSiris Sesaxeb sx-
vadasxva mimarTulebiT.

daskvnebi:

•	 myar sxeulebSi nawilakebs Soris urTierTqmedeba yvelaze Zlieria;
•	 Cveulebriv pirobebSi myari sxeulebi inarCuneben formasa da moc-

ulobas;
•	 kristalur sxeulebSi nawilakebis ganlageba moculobiT geome-

triul figurebs qmnis;
•	 amorful sxeulebs ukaviaT Sualeduri adgili kristalebsa da 

siTxeebs Soris.

sakontrolo kiTxvebi:

1.	 rogor moZraobas asruleben myari nivTierebis nawilakebi?

2.	 ratom inarCuneben myari sxeulebi formas?

3.	 ra gansxvavebaa kristalur da amorful myar sxeulebs Soris?

4.	 romel agregatul mdgomareobaSia nawilakebs Soris urTierTqmede-
ba yvelaze Zlieri?
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 davaleba:

1.	 masiuri myari sxeulis nawilebad dayofisas miRebuli sxeulebis mocu-
lobebis jami udris sxeulis sawyis moculobas. igive xdeba Tu ara siTxeebis 
SemTxvevaSi? pasuxi daasabuTeT.

2.	 0,02 m3 moculobis qva daamsxvries. risi toli iqneba natexebis mier ga-
modevnili siTxis moculoba, maTi wylian menzuraSi Cayris Semdeg? 

3.	 rogor ganvsazRvroT vaSlis gauWrelad misi miaxloebiTi moculoba 
Tu gvaqvs: plastelini, dana, wyali da danayofebiani menzura, romelSic vaSli 
ar eteva? 

4.	 rogori iqneboda dedamiwis reliefi, myari nivTiereba formas rom ver 
inarCunebdes?

5.	 icvleba Tu ara liTonis mavTulis moculoba misi gawelvisas? rogor 
icvleba am dros misi sisqe?
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§ 2.9 sxeulis masis gazomva. praqtikuli samuSao

SeiZleba mogismeniaT or Tanatol pataras Soris aseTi dialogi: „me ufro 
mZime var Senze“, „ara, Sen ufro mubuqi xar“. ras gulisxmoben bavSvebi am ga-
monaTqvamebSi?

mSvenieri gasarTobi savarjiSo, romelic TvalsaCinod gviCvenebs ori bavS-
vidan vin ufro mCatea, vin mZime _ es saqanela „aiwona-daiwonaa“ (sur. 2.28). 
masze qanaobisas bavSvebi advilad xvdebian, romeli maTgania msubuqi. xvde-

bian imasac, rom Tu isini erT mxares dasxde-
bian, praqtikulad gaawonasworeben saqanelas 
sawinaaRmdego mxareze mjdom mozrdil adamians. 
analogiuri „sasworis“ damzadeba saxlSic Sei-
Zleba. aiReT mrgvali Reros mqone fanqari, da-
deT magidaze da mas Sua adgiliT daadeT saxazavi 
_ saswori mzadaa. misi meSveobiT advilad Segi-
ZliaT daadginoT, romeli ufro mZimea _ saSle-
li, kanfeti Tu saTamaSo qinder-siurprizidan.

am principiT muSaobs umartivesi berketiani 
saswori. misi ZiriTadi nawilia berketi, romlis SuaSi damagrebulia isari, 
boloebSi ki — sasworis TefSebi _ pinebi. berkets SeuZlia Semobruneba RerZis 
garSemo. sasworis gamoyenebiT sxeulis masis dadgenas awonva hqvia. awonvisas 
gamoiyeneba sawonebi (sur. 2.29).

sur. 2.29

 sxeulis masis dadgena berketiani sasworiT

saWiro xelsawyoebi da masalebi: berketiani saswori, sawonebis nakrebi, 
sxvadasxva sxeulebi.

samuSaos msvleloba:

•	 dadgiT saswori horizontalur zedapirze da gaasworeT masze arsebu-
li TarazoTi;

•	 gaawonasworeT saswori (Tu sasworis erTi pina zeviTaa, vidre _ meore, 
daalageT masze qaRaldis nakuwebi, vidre pinebi erT doneze dadgeba. 
sasworis isari am dros unda idges 0 -ze);

sur. 2.28
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•	 erT-erT pinaze frTxilad moaTavseT asawoni sxeuli;

•	 meore pinaze daalageT sawonebi ise, rom sasworis wonasworoba aRdges;

•	 gamoiangariSeT sxeulis masa: sxeulis masa sawonebis masaTa jamis tolia;

•	 gaimeoreT samuSao sxvadasxva sxeulisaTvis.

 erTnairi masis sxvadasxva siTxis moculobaTa Sedareba

saWiro xelsawyoebi da masalebi: wyali, mzesumziris zeTi, 2c erTnairi men-
zura, berketiani saswori, sawonebis nakrebi.

samuSaos msvleloba:

•	 dadgiT saswori horizontalur zedapirze da gaasworeT masze arsebu-
li TarazoTi;

•	 gaawonasworeT saswori (Tu sasworis erTi pina zeviTaa, vidre meore, 
daalageT masze qaRaldis nakuwebi, vidre pinebi erT doneze dadgeba. 
sasworis isari am dros unda idges 0 -ze);

•	 sasworis pinebze frTxilad dadgiT menzurebi. sasworis wonasworoba 
ar unda dairRves (Tu dairRveva, aRadgineT zemoT moyvanili meTodiT);

•	 erT-erT menzuraSi CaasxiT 100sm3 mzesumziris zeTi. sasworis wonas-
woroba dairRveva;

•	 meore menzuraSi CaasxiT imdeni wyali, rom sasworis wonasworoba aR-
dges;

•	 menzuris saSualebiT daadgineT wylis moculoba;

•	 SeadareT mzesumzirisa da wylis moculobebi;

•	 gaanalizeT miRebuli Sedegebi da gaakeTeT daskvna: erTnairi masis sx-
vadasxva siTxes  moculoba aqvT. (gamotovebul adgil-
ze CawereT „erTnairi“, an „gansxvavebuli“. ar CaweroT wignSi).

 erTnairi moculobis svadasxva siTxis masaTa Sedareba

saWiro xelsawyoebi da masalebi: wyali, mzesumziris zeTi, 2c erTnairi men-
zura, berketiani saswori, sawonebis nakrebi.

samuSaos msvleloba:

•	 dadgiT saswori horizontalur zedapirze da gaasworeT masze arsebu-
li TarazoTi;

•	 gaawonasworeT saswori (Tu sasworis erTi pina zeviTaa, vidre _ meore, 
daalageT masze qaRaldis nakuwebi, sanam pinebi erT doneze dadgeba. 
sasworis isari am dros unda idges 0 -ze);

•	 sasworis erT pinaze frTxilad dadeT menzura da sawonebis gamoyenebiT 
daadgineT misi masa (m1);

•	 CaasxiT menzuraSi V = 100 sm3 moculobis wyali da daadgineT wyliani 
menzuris masa (m2). gamoiangariSeT wylis masa m = m2- m1. gamoiangariSeT 

1sm3 wylis masa 
m
V

. igive gaimeoreT V = 200 sm3 moculobis wylisTvis;

•	 igive samuSao gaimeoreT mzesumziris zeTisaTvis;
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•	 SeavseT cxrili #2.1

 cxrili #2.1

# siTxe V sm3 m1g m2g  m = (m2-m1)g
m

V

1 wyali 100

2 wyali 200

3 mzesumziris zeTi 100

4 mzesumziris zeTi 200

gaaanalizeT miRebuli Sedegebi da gaakeTeT daskvna: erTnairi moculo-
bis sxvadasxva siTxes  masa aqvT.(gamotovebul adgilze CawereT 
„erTnairi“, an „gansxvavebuli“. ar CaweroT wignSi).

razea damokidebuli sxeulis masa? cxadia, rom sxeulis masa damokidebu-
lia nivTierebis raodenobaze (molekulebis raodenobaze) sxeulSi: yovel 
molekulas gaaCnia masa, amitom mTeli sxeulis masa SeiZleba ganvixiloT ro-
gorc yvela molekulis masaTa jami. 

nivTierebaTa molekulebis masebi gansxvavebulia. amitom, sxvadasxva niv-
Tierebisagan damzadebul or sxeuls, romlebic toli raodenobis mole-
kulebs Seicavs, gansxvavebuli masa aqvT.

nivTierebaTa molekulebi garda masisa, gansxvavdeba zomebiTac da urTi-
erTganlagebiTac. am mizezTa gamo erTnairi moculobis wyalsa da zeTs gansx-
vavebuli masa aqvT.

gansxvavebulia sxvadasxva nivTierebisagan damzadebuli erTnairi masis 
mqone sxeulebis moculobebic. zeTis moculoba metia imave masis wylis moc-
ulobaze.

magram, erTi da imave nivTierebisagan damzadebuli sxeulebis erTeuli moc-
ulobis masa mudmivia. 

daskvnebi:

•	 sasworis gamoyenebiT sxeulis masis dadgenas awonva hqvia;
•	 sasworis wonasworobis dros sxeulis masa sawonebis masaTa jamis 

tolia;
•	 sxeulis masa damokidebulia masSi molekulebis raodenobaze;
•	 erTnairi masis sxvadasxva siTxes gansxvavebuli moculoba aqvT;
•	 erTnairi moculobis sxvadasxva siTxes gansxvavebuli masa aqvT;
•	 nivTierebis erTeuli moculobis masa mudmivia.

sakontrolo kiTxvebi:

1.	 ras niSnavs gamoTqma: „pirveli sxeuli meoreze mZimea“?

2.	 awonvis dawyebisas rogor unda iyos ganlagebuli sasworis pinebi, 
rom gazomva zusti iyos?

3.	 risi tolia gawonasworebul sasworze moTavsebuli sxeulis masa?

w i g n S i  a r  C a w e r o T !
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4.	 rogor gavzomoT siTxis masa?

5.	 siTxis moculobis orjer gazrdiT ramdenjer izrdeba misi masa? 

6.	 mocemuli nivTierebisaTvis ra sididea ucvleli?

 davaleba:

1.	 gvaqvs ori erTnairi moculobis JangbadiT avsebuli WurWeli. pirvel-
Si molekulebs Soris saSualo manZili ufro metia, vidre _ meoreSi. romel 
WurWelSia meti masis Jangbadi? 

2.	 Jangbadi da ozoni erTi da imave raodenobis atomebs Seicavs. romlis 
masa iqneba meti?

3.	 Jangbadi da ozoni erTi da imave raodenobis molekulebs Seicavs. rom-
lis masa iqneba meti?

4.	 risi tolia 12 m3 moculobis wylis masa Tu 1 litri wyali 1 kg-s iwonis.

5.	 saTlSi Casxmuli 10 kilogrami masis wyali mTlianad gaiyina. risi to-
lia miRebuli yinulis masa? 

6.	 CaidanSi Casxmuli 1,5 kg wyali duRilisas mTlianad aorTqlda. ras 
udris warmoqmnili orTqlis masa?
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§ 2.10 nivTierebis simkvrive

gavixsenoT wina gakveTilze Catarebuli cdebi da maTi Sedegebi. Sedegebis 
analizma aCvena, rom TiToeuli siTxisaTvis masis Sefardeba Sesabamis moc-
ulobasTan mudmivi rCeba (wylis SemTxvevaSi ricxobrivad daaxloebiT 1 -is 
tolia, xolo mzesumziris zeTis SemTxvevaSi ki _ 0,9 -is). sxva sityvebiT rom 
vTqvaT, erTi da imave nivTierebis rogori masac ar unda aviRoT, masis far-
doba misive moculobasTan mudmivia.

es kanonzomiereba gaxda mizezi fizikaSi axali sididis – nivTierebis sim-
kvrivis Semotanis. es sidide aris nivTierebis maxasiaTebeli, xolo masa da 
moculoba _ sxeulis.

fizikur sidides, romelic tolia sxeulis masis fardobisa mis mocu-
lobasTan, nivTierebis simkvrive ewodeba. 

simkvrivis es ganmarteba SeiZleba CavweroT formulis saxiT:

ρ — sxeulis simkvrive (ρ _ berZnuli anbanis aso „ro“);

m — sxeulis masa;

V — sxeulis moculoba.

m
Vρ =

ras gviCvenebs nivTierebis simkvrive? Tu simkvrivis formulaSi davuSvebT, 
rom aRebuli nivTierebis moculoba erTeulis tolia, maSin simkvrive ricxvi-
Ti mniSvnelobiT gautoldeba am nivTierebis masas. amitom, simkvrivis ricxvi-
Ti mniSvneloba gviCvenebs erTeuli moculobis nivTierebis masas.

	 simkvrivis formulidan SeiZleba davadginoT misi erTeuli:

 
simkvrivis erTeuli =

masis erTeuli

moculobis erTeuli

Si sistemaSi simkvrivis erTeuli iqneba kg/m3. iyeneben simkvrivis sxva er-
Teulebsac: 1 g/sm3, 1 kg/dm3, 1 kg/l, 1000 kg/m3. 

1 g/sm3  =1000 kg/m3. 	  
magaliTad: aluminis simkvrivea 2700 kg/m3 niSnavs, rom 1 m3 moculobis alu-

minis masaa 2700kg; 1sm3-is _ 2,7g; gamoxdili wylis simkvrivea 1g/sm3 niSnavs, 
rom 1 sm3 wylis masaa 1g; 1l- is _ 1kg; 1 m3- is _ 1000 kg. 

nivTierebis simkvrivis codna mniSvnelovania Tu viciT sxeulis moculoba 
da nivTiereba, romlisganac isaa damzadebuli, SegviZlia awonvis gareSec ga-
moviTvaloT misi masa:

m = ρ · V
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nivTierebis simkvrive mniSvnelovnadaa damokidebuli mis agregatul 
mdgomareobasa da temperaturaze: rogorc viciT, roca icvleba nivTierebis 
agregatuli mdgomareoba an icvleba temperatura, misi masa ucvleli rCeba, 
moculoba ki icvleba, radgan icvleba nawilakebs Soris saSualo manZili. e.i. 
icvleba nivTierebis simkvrivec.

ase magaliTad, Txevadi mdgomareobidan airad mdgomareobaSi gadasvlisas 
izrdeba saSualo manZili nawilakebs Soris, rac niSnavs, rom izrdeba mocu-
loba. Sesabamisad, nivTierebis simkvrive mcirdeba. 

aseve, temperaturis zrdisas, rodesac izrdeba saSualo manZili nawilakebs 
Soris, izrdeba sxeulis moculoba da mcirdeba misi simkvrive. xolo, temper-
aturis Semcirebisas, rodesac mcirdeba saSualo manZili nawilakebs Soris, 
sxeulis moculoba mcirdeba da izrdeba misi simkvrive.

aqamde vgulisxmobdiT, rom saqme gvqonda erTgvarovan sxeulTan, romel-
sac ar hqonda sicariele da Sedgeboda erTi nivTierebisagan. Tu sxeuls gaaC-
nia siRrue an Sedgeba sxvadasxva nivTierebisagan, maSin saubroben sxeulis  
simkvriveze, romelic imave formuliT gamoiTvleba.

cxrilSi #2.2 mocemulia zogierTi nivTierebis simkvrive:

 cxrili #2.2

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

cinki 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

mzesumziris 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
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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

daskvnebi:

•	 sxeulis masis Sefardebas misive moculobasTan, sxeulis simkvrive  
 
ewodeba da gamoiTvleba formuliT: ρ= m

V
 ; 

•	 nivTierebis simkvrive ar aris damokidebuli mis masasa da mocu-
lobaze da mocemuli nivTierebisaTvis mudmivi sididea;

•	 nivTierebis simkvrive gviCvenebs, ra masis nivTierebas Seicavs misi 
erTeulis toli moculoba;

•	 Si sistemaSi simkvrivis erTeulia kg/m3;
•	 nivTierebis simkvrive sxvadasxva agregatul mdgomareobaSi sx-

vadasxvaa;
•	 sxvadasxva nivTierebisagan Semdgar sxeuls axasiaTeben saSualo 

simkvriviT.

sakontrolo kiTxvebi:

1.	 ra gazomvebi unda CavataroT nivTierebis simkvrivis sapovnelad?

2.	 ras niSnavs, rom rkinis simkvrive 7800 
kg

m3
 -ia?

3.	 garda 
kg

m3
 -isa, simkvrivis ra erTeulebi iciT?

4.	 ratom icvleba nivTierebis simkvrive misi agregatuli mdgomareobis 
Secvlisas?

5.	 ratom icvleba nivTierebis simkvrive misi temperaturis cvlileb-
isas?

6.	 ra SemTxvevebSi vsaubrobT sxeulis simkvriveze?

 davaleba:

amocanebis amoxsnis dawyebamde gaecaniT amocanis amoxsnis nimuSs § 2.11.

1.	 yuradRebiT gaecaniT myari da Txevadi nivTierebebis simkvriveTa cx-
rils. kanonzomierebis ra darRvevas amCnevT? Tu SeamCnieT, gaakeTeT daskvna 
da moiZieT informacia am darRvevis Sesaxeb.

2.	 aluminis mavTuls ufro meti simkvrive aqvs Tu spilenZisas? 
a) Tu maTi masebi erTnairia. b) Tu maTi moculobebi erTnairia.
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3.	 #2.3 cxrilis pirvel striqonSi mocemulia simkvrivis SI sistemis er-
Teulis gamosaxva sxva erTeulebiT, cxrili gadaixazeT rveulSi da mocemuli 
magaliTis safuZvelze SeavseT danarCeni striqonebi.

1 kg/m3= 10-6kg/sm3 10-3kg/dm3 10-3g/sm3 1 g/dm3  103g/m3

1 kg/sm3= kg/m3 kg/dm3 g/sm3 g/dm3 g/m3

1 kg/dm3= kg/sm3 kg/m3 g/sm3 g/dm3 g/m3

1 g/sm3= kg/sm3 kg/dm3 kg/m3 g/dm3 g/m3

1 g/dm3= kg/sm3 kg/dm3 g/sm3 kg/m3 g/m3

1 g/m3= kg/sm3 kg/dm3 g/sm3 g/dm3 kg/m3

 cxrili #2.3

4.	 gansazRvreT nivTierebis simkvrive, Tu misi masa 20kg - ia, xolo mocu-
loba _ 0,01 m3.

5.	 gansazRvreT nivTierebis moculoba, Tu misi masa 100 kg - ia, xolo sim-
kvrive _ 200 kg/m3.

6.	 gansazRvreT nivTierebis masa Tu misi moculoba 2 m3- ia, xolo simkvrive 
_ 1,5 g/sm3.

7.	 erTmaneTs Seuries ori siTxe. pirvelis masa da moculoba Sesabamisad 
aris : m1=500 kg; v1=4m3. meoresi ki: m2=400 kg; v2=5m3. gansazRvreT narevis 
simkvrive. CaTvaleT, rom miRebuli narevis moculoba Tavdapirveli siTxeeb-
is moculobebis jamis tolia. 

8.	 erTmaneTs Seuries ori siTxe. pirvelis masa da simkvrive Sesabamis-
ad aris: m1=20kg; ρ1=1000 kg/m3. meoresi: m2=40kg; ρ2=1200kg/m

3. gansazRvreT 
narevis simkvrive. CaTvaleT, rom miRebuli narevis moculoba Tavdapirveli 
siTxeebis moculobebis jamis tolia. 

9.	 erTmaneTs Seuries ori siTxe, romelTa moculobe-
bi Sesabamisad aris: v1=50l da v2=40l. xolo simkvriveebi: 
ρ1=1000 kg/m3 da ρ2=1180 kg/m3. gansazRvreT narevis simkvrive. 
CaTvaleT, rom miRebuli narevis moculoba Tavdapirveli 
siTxeebis moculobebis jamis tolia. 

10.	cilindruli formis WurWelSi Casxmulia h=50sm si-
maRlis vercxliswyali (nax. 2.5) WurWlis fuZis farTobia 
S=30sm2. gansazRvreT vercxliswylis masa, Tu misi simkvrive 
ρ=13600 kg/m3-ia.

11.	cilindruli formis WurWelSi Casxmulia 102 kg vercxliswyali. misi 
simkvrivea ρ=13600 kg/m3 (nax. 2.5). svetis simaRle h=50sm. gansazRvreT WurW-
lis fskeris farTobi.

  

nax. 2.5

s

h{

w i g n S i  a r  C a w e r o T !
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Tavi III

Tanabari moZraoba

am TavSi Tqven gaecnobiT:

•	 sxeulTa moZraobis saxeebs;

•	 moZraobis aRmwer ZiriTad sidideebs;

•	 moZraobaze dakvirvebis meTodebs;

•	 skalarul da veqtorul sidideebs;

•	 Tanabar moZraobasa  da mis maxasiaTebel sidideebs;

•	 Tanabari moZraobis aRweris grafikul meTods;

•	 mdebareobisa da moZraobis fardobiTobas;

•	 siCqareTa Sekrebas da mis gamoyenebas amocanebis amoxsnisas;

•	 araTanabari moZraobis aRweris xerxs.

	sxeulTa moZraoba;

	aTvlis sistema;

	Tanabari moZraobis siCqare.
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§ 3.1 moZraoba

pirveli, rasac Cven vamCnevT samyaroze dakvirvebisas, misi ganuwyveteli 
cvalebadobaa. icvleba amindi, dneba yinuli, gadaadgildebian ciuri sxeulebi, 
izrdebian da mravldebian cocxali organizmebi, mzeze warmoiqmneba laqebi, 
mimdinareobs qimiuri gardaqmnebi da a.S. mokled, Cvens garemomcvel garemosa 
Tu kosmosSi, yvelgan da yovelTvis mimdinareobs mravalferovani movlenebi.

 jer kidev 2500 wlis winaT berZenma filosofosma heraklitem gamoTqva 
azri: „yvelaferi miedineba, yvelaferi icvleba“. uwyveti cvlileba, romelic 
samyaroSi mimdinareobs, misi erT-erTi ZiriTadi Tvisebaa. 

mravali movlenidan TqvenTvis yvelaze nacnobi moZraobaa, romelsac yo-
veldRiurad akvirdebiT: manqana midis quCaSi, Rrubeli gadaadgildeba caSi, 
foToli vardeba xidan, xe irxeva qarian amindSi, bavSvi mirbis, wyali miedineba 
da a.S (sur. 3.1). yvela SemTxvevaSi, rodesac Cven vsaubrobT sxeulis moZrao-
baze, vgulisxmobT, rom sxeuli mdebareobas icvlis sxva sxeulis mimarT.

sur. 3.1

sxeulis moZraoba ewodeba drois ganmavlobaSi misi mdebareobis cvlilebas 
sivrceSi sxva sxeulebis mimarT.

albaT, moZraobis ganmarteba martivad mogeCvenaT, magram, gavarkvioT, ras 
niSnavs „mdebareobis cvlileba sivrceSi“ da „sxva 
sxeulebis mimarT“.

ganvixiloT magaliTi: maswavlebelma or sxva
dasxva rigSi mjdom moswavles sTxova, daexasi-
aTebinaT dafis mdebareoba maT mimarT (sur. 3.2). 
pirvelma moswavlem ase upasuxa: dafa mdebareobs 
Cemgan win da marjvniv, daaxloebiT _ 4 metrSi. meo-
re moswavlis pasuxi gansxvavdeboda: dafa mdebare-
obs Cemgan win da marcxniv, daaxloebiT _ 6 metrSi. sur. 3.2
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dafas moswavleebis mimarT sxvadasxva mdebareoba aqvs. amrigad, sxeulis mde-
bareobis dasadgenad saWiroa avirCioT sxva sxeuli, romlis mimarTac gan-
vixilavT sxeulis mdebareobas; sxeulis mdebareoba gansxvavebulia sxvadasxva 
sxeulis mimarT. aseT SemTxvevaSi amboben — sxeulis mdebareoba fardobiTia.

sxeuls, romlis mimarTac ganixileba sxva sxeulis mdebareoba, aTvlis sxeu-
li ewodeba.

ganvixiloT meore magaliTi: moZravi 
manqanis ukana saqare minasTan devs didi 
feradi buSti. vTxovoT wina savarZelze 
mjdom mgzavrs, upasuxos SekiTxvas: moZ-
raobs, Tu ara buSti mis mimarT? mgzavri 
upasuxebs, rom buSti mis ukan, daaxloe-
biT 1 metrSi devs da drois ganmavloba-
Si mdebareobas ar icvlis, e.i. mis mimarT 
uZravia. imave SekiTxvas quCaSi mdgomi 
adamiani sxvanairad upasuxebs: manqana 
da, Sesabamisad, buSti moZraobs (sur. 
3.3). imis mixedviT, Tu romels avirCevT 
aTvlis sxeulad, erTi da igive sxeuli 
SeiZleba iyos moZravic da uZravic.

aseT SemTxvevebSi amboben, rom moZraoba da uZraoba fardobiTia.
rodesac vambobT, rom avtomobili icvlis mdebareobas uZravad mdgomi 

adamianis mimarT, maSin aTvlis sxeuli adamiania. Tu vityviT, rom igive ada-
miani icvlis mdebareobas moZravi avtomobilis mimarT, am SemTxvevaSi aTvlis 
sxeulia avtomobili. 

daskvnebi: 

•	 sxeulis moZraoba ewodeba drois ganmavlobaSi misi mdebareobis 
cvlilebas sivrceSi sxva sxeulebis mimarT;

•	 sxeuls, romlis mimarTac ganixileba sxva sxeulis mdebareoba, aT-
vlis sxeuli ewodeba;

•	 sxeulis mdebareoba gansxvavebulia sxvadasxva aTvlis sxeulis mi-
marT _ sxeulis mdebareoba fardobiTia;

•	 moZraoba da uZraoba fardobiTia.

sakontrolo kiTxvebi: 

1.	 ras ewodeba moZraoba?

2.	 romel sxeuls uwodeben aTvlis sxeuls?

3.	 ras niSnavs _ sxeulis mdebareoba fardobiTia?

4.	 ras niSnavs moZraobisa da uZraobis fardobiToba?

sur. 3.3
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 davaleba:

1.	 aRwereT skolis mdebareoba Tqveni da Tqveni megobrebis saxlis mi-
marT. moiyvaneT mdebareobis fardobiTobis sxva magaliTebic.

2.	 daasaxeleT aTvlis sxeuli, romlis mimarTac skola moZraobs. moi-
yvaneT moZraobisa da uZraobis fardobiTobis sxva magaliTebic.

3.	 romeli sxeuli igulisxmeba aTvlis sxeulad, roca vambobT: „mze amov-
ida“, „mTvare Cavida“?

4.	 biWma Tqva: caze, dRis ganmavlobaSi mze gadaadgildeba aRmosavleT-
idan dasavleTisken. megobarma Seuswora, mze ar gadaadgildeba! Cven gveCvene-
ba moZravad dedamiwis brunvis gamo. romlis gamonaTqvamia marTebuli? pasuxi 
daasabuTeT.

5.	 uZravia Tu ara, Tanabrad moZravi matareblis vagonSi Taroze moTavse-
buli sagani vagonis mimarT? gvirabis mimarT? 

6.	 uZravia Tu ara mdinareSi mocurave tivi napiris mimarT? mdinaris mi-
marT? 

7.	 Tanabrad moZravi matareblis daxurul vagonSi ufro swrafad gavrcel-
deba sunamos suni Tu imave uZrav vagonSi? CaTvaleT, rom haeris temperatura 
erTnairia. pasuxi daasabuTeT.
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§ 3.2 sxeulis gadataniTi moZraoba. nivTieri wertili

Cveni erT-erTi mTavari amocana sxeulis moZraobis Seswavlaa, rac gulisx-
mobs mis aRweras. moZraobis aRsawerad ki saWiroa SegveZlos sxeulis mdebare-
obis gansazRvra sivrceSi drois nebismieri momentisaTvis. es sakmaod rTuli 
amocanaa. daakvirdiT Camovardnili foTlis an mocekvave adamianis moZraobas. 
rogor movaxerxoT aseTi rTuli moZraobebis Seswavla? 

sxeulTa moZraobis Seswavlas arTulebs isic, rom yvela sxeuli Sedgeba 
calkeuli nawilebisagan, romlebsac sivrceSi sxvadasxva mdebareoba uWiravT 
da SesaZloa gansxvavebuladac moZraobdnen.

sxeulTa moZraobebidan SeiZleba gamovyoT sami ZiriTadi saxe: 
1.	 sxeulis brunviTi moZraoba — moZraoba, romlis drosac sxeuli brun-

avs raime realuri an warmosaxviTi RerZis garSemo. umartivesi brun-
viTi moZraobaa mobruneba uZravi RerZis garSemo, amis magaliTia fan-
jris mobruneba gaRebisas. (sur. 3.4). ufro rTulia brunviTi moZraoba, 
rodesac brunva xdeba moZravi RerZis garSemo, magaliTad, bzrialas 
moZraoba (sur. 3.5).

2.	 deformacia — sxeulis Semadgeneli nawilakebis moZraoba, romlis 
drosac xdeba sxeulis formisa da (an) moculobis cvlileba. defor-
maciisas icvleba mis Semadgeneli nawilakebis mdebareoba da maT Soris 
manZili (sur. 3.6).

3.	 gadataniTi moZraoba —  moZraoba, romlis drosac sxeulis yvela wer-
tili erTnairad moZraobs. gadataniTi moZraobis dros brunvasa da 
deformacias adgili ar aqvs. es niSnavs, rom sxeulis nebismier or wer-
tils Soris manZili ar icvleba da maTze gavlebuli wrfe Tavisi Tav-
is paraleluri rCeba (sur. 3.7). aseT moZraobas asrulebs, magaliTad, 
ciga, romelic eSveba daRmarTze an sabagiros kabina (sur. 3.8) .

sur. 3.8

sur. 3.5 sur. 3.6sur. 3.4

sur. 3.7
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xSirad sxeulis deformacia umniSvneloa da is SeiZleba ugulebelvyoT. am 
SemTxvevaSi amboben, rom saqme gvaqvs absoluturad myar sxeulTan. imavdrou-
lad, Tu sxeuli brunviT moZraobas ar asrulebs, misi moZraoba CaiTvleba 
gadataniTad. gadataniTi moZraobisas sxeulis TiToeuli wertilis moZraoba 
erTmaneTisagan arafriT gansxvavdeba, amitom sxeulis moZraobis aRsawerad 
sakmarisia misi romelime erTi wertilis moZraobis Seswavla.

	 ganvixiloT aseTi magaliTic: moswavlem laSqrobisas gaiara 5 km. al-
baT, zedmetad mogeCvenebaT SekiTxva: moswavlis sxeulis romelma wertilma 
gaiara 5 km? moswavlis zomebis gaTvaliswineba am SemTxvevaSi saWiro ar aris, 
is SeiZleba CavTvaloT wertilad.

sxeuls, romlis zoma, mocemul pirobebSi SeiZleba ugulebelvyoT, nivTieri 
wertili ewodeba.

rogor unda gvesmodes „mocemul pirobebSi“? moswavle laSqrobisas Sei-
Zleba nivTier wertilad miviCnioT, magram igive moswavle merxTan jdomisas 
ar CaiTvleba nivTier wertilad. e.i. sxeuli CaiTvleba nivTier wertilad, Tu 
misi zoma gacilebiT mcirea im manZilTan SedarebiT, romelsac es sxeuli gadis, 
an mcirea im manZilTan SedarebiT, romliTac daSorebulia sxva sxeulebisgan.

unda gvaxsovdes, rom nivTier wertils aqvs sxeulis yvela Tviseba, garda _ 
zomisa.

bunebaSi mimdinare movlenebis Seswavla sakmaod rTulia, amitom vcdilobT, 
gavamartivoT es movlena, anu SevqmnaT da gamoviyenoT realuri movlenis 
modeli. konkretul SemTxvevebSi iyeneben ama Tu im models, magaliTad, ro-
goricaa: nivTieri wertili, gadataniTi moZraoba, absoluturad myari sxeuli 
da sxva.

daskvnebi:

•	 sxeulis brunviTi moZraoba — moZraoba, romlis drosac sxeuli 
brunavs raime realuri an warmosaxviTi RerZis garSemo; 

•	 deformacia — sxeulis formisa da (an) moculobis cvlileba;
•	 gadataniTi moZraoba — moZraoba, romlis drosac sxeulis yvela 

wertili erTnairad moZraobs. sxeulis nebismier or wertilze 
gavlebuli wrfe Tavisi Tavis paraleluri rCeba da am wertilebs 
Soris manZili ucvlelia;

•	 sxeuls, romlis zoma mocemul pirobebSi SeiZleba ugulebelvyoT, 
nivTieri wertili ewodeba;

•	 sxeuli CaiTvleba nivTier wertilad, Tu misi zoma gacilebiT mcirea 
im manZilTan SedarebiT, romelsac es sxeuli gadis, an mcirea im 
manZilTan SedarebiT, romliTac daSorebulia sxva sxeulebidan.

sakontrolo kiTxvebi:

1.	 ra unda SegveZlos sxeulis moZraobis aRwerisas?

2.	 ratomaa rTuli sxeulis moZraobis aRwera?

3.	 moZraobis ra saxeebi iciT?

4.	 rogor moZraobas uwodeben gadataniT moZraobas?
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5.	 saWiroa Tu ara moZravi matareblis yvela wertilis moZraobis aR-
wera? ratom?

6.	 ra pirobebSi SeiZleba CaiTvalos sxeuli nivTier wertilad?

7.	 mzis garSemo moZraobisas dedamiwa SeiZleba Tu ara CaiTvalos 
nivTier wertilad ? ratom?

8.	 SeiZleba Tu ara miviCnioT dedamiwa nivTier wertilad sakuTari 
RerZis garSemo brunvisas?

9.	 SeiZleba Tu ara varskvlavebi moviCnioT nivTier wertilad? ratom?

 davaleba:

1.	 SeiZleba Tu ara, rom gemi CaiTvalos nivTier wertilad, rodesac is 
micuravs erTi kontinentidan meorisken? pasuxi daasabuTeT.

2.	 SeiZleba Tu ara, rom gemi CaiTvalos nivTier wertilad, rodesac is 
zRvidan mdinareSi Sedis? pasuxi daasabuTeT.

3.	 SeiZleba Tu ara,  rom TviTmfrinavi CaiTvalos nivTier wertilad Tbi-
lisidan baTumisken  frenisas?  pasuxi daasabuTeT.

4.	 SeiZleba Tu ara,  rom TviTmfrinavi CaiTvalos nivTier wertilad  as-
afren zolze moZraobisas? pasuxi daasabuTeT.

5.	 rogori  saxis   moZraobas asruleben velosipedis borblis fersos 
wertilebi  velosipedis mimarT?  dedamiwis mimarT? (sur. 3.9) 

6.	 rogori  saxis   moZraobas asruleben velosipedis borblis  fersos 
wertilebi  avtomobilis wrfivi moZraobisas?  (sur. 3.10)

7.	 SeiZleba Tu ara, rom sxeuli erTdroulad asrulebdes gadataniT da 
brunviT moZraobas? pasuxi daasabuTeT.

8.	 romeli saxis moZraobas asrulebs dedamiwis mimarT velosipedis bor-
blis RerZi? borblis fersos wertilebi? (sur. 3.11 )

sur. 3.9 sur. 3.10 sur. 3.11
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§ 3.3 nivTieri wertilis mdebareobis gansazRvra.  
aTvlis sistema

rogorc ukve aRvniSneT, sxeulis (nivTieri wertilis) moZraobis Sesaswav-
lad saWiroa SegveZlos misi mdebareobis gansazRvra aTvlis sxeulis mimarT 
drois nebismier momentSi. davuSvaT, aTvlis sxeuli ukve arCeulia. kidev ra 
aris saWiro sxeulis mdebareobis sapovnelad? pirveli, rac aucilebelia, 
unda gvqondes drois gamzomi xelsawyo. meore, unda SegveZlos sxeulis mde-
bareobis gansazRvra. 

ganvixiloT manqanis moZraoba gzis wrfiv ubanze. avirCioT aTvlis sxeu-
li, magaliTad, gzis siaxloves mdgari xe. gzis gaswvriv gavavloT RerZi da 
masze mivuTiToT dadebiTi mimarTuleba. RerZze avirCioT masStabi (gaixseneT 
maTematikis kursidan sakoordinato RerZi). saTave davamTxvioT Cvens aTvlis 
sxeuls — xes (sur. 3.12). maSin, suraTis mixedviT, manqanis mdebareoba gan-
isazRvreba wertiliT, romlis koordinatia 500 m, naZvis xisa ki _ wertiliT, 
romlis koordinatia _300 m.

-300
0 100

500
X (m)

sur. 3.12

amrigad, wrfeze sxeulis mdebareoba ganisazRvreba erTi koordinatiT. 
rodesac sxeuli uZravia (naZvi), koordinatis 
dadgena martivia: sakmarisia gavzomoT man-
Zili aTvlis saTavidan sxeulamde da gaviT-
valiswinoT koordinatis niSani. moZravi sx-
eulis (avtomobilis) mdebareobis dasadgenad 
saWiroa vicodeT, Tu rogori wesiT icvleba 
koordinati drois mimdinareobasTan erTad.

Tu sxeuli moZraobs sibrtyeze (mag. car-
cis moZraoba saklaso dafaze), maSin arCeul 
aTvlis sxeulze avleben or urTierTmarTo-
bul OX da OY sakoordinato RerZs. am SemTx-
vevaSi sxeulis mdebareobas gansazRvraven ori 
koordinatiT. magaliTad, nax. 3.1 -ze A werti-

lis koordinatebia x1=3m , y1=4m , xolo B wertilisa _ x2=_3m, y2=_2m. 
sibrtyeze sxeulis moZraobis aRsawerad saWiroa vicodeT ori koordina-

tis cvlilebis wesi drois mixedviT. 
sxeulis mdebareoba sivrceSi ki sami koordinatiT ganisazRvreba, mas mom-

devno klasebSi SeviswavliT. dagvWirdeba sami koordinatis dadgena. 

aTvlis sxeuls, masTan dakavSirebul sakoordinato RerZebs da drois sazom 
xelsawyos erTad, aTvlis sistema ewodeba.

A

B

Y(m)

X(m)

nax. 3.1

0 1-1

-1

0

1

2

3

4

5

-2-3 2 3 4 5 6
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§ 3.4 moZraobis traeqtoria, gavlili manZili. gadaadgileba

sivrceSi mdebareobis Secvlisas nivTieri wer-
tili moZraobs garkveuli wiris gaswvriv, romel-
sac moZraobis traeqtoria ewodeba. traeqtoria 
SeiZleba iyos xilulic da uxilavic. xilulia 
magaliTad, carcis moZraobis kvali dafaze, swra-
fad moZravi reaqtiuli TviTmfrinavis kvali caSi 
(sur. 3.13), Txilamuris kvali Tovlze srialisas 
da sxva. uxilavia, magaliTad, haerSi gasrolili 
qvis traeqtoria.

traeqtoria formis mixedviT SeiZleba iyos wrfivi an mrudwiruli. 

kldidan gadmovardnili qvis moZraobis traeqtoria wrfivia, Tofidan gas-
rolili tyviisa — mrudwiruli, xolo molekulis moZraobisa — texili (sur. 
3.14).

sur. 3.14

 

erTi da imave wertilis moZraobis traeqtoriebi sxvadasxva aTvlis sxeu-
lis mimarT SeiZleba gansxvavdebodes erTmaneTisagan. velosipedis borblis 
kidura wertilis traeqtoria velosipedze mjdomi biWis mimarT iqneba wrewi-
ri, imave wertilis traeqtoria gzaze uZravad mdgomi damkvirveblis mimarT 
iqneba mrudi wiri, romelsac cikloida ewodeba (nax. 3.4). am traeqtorias 
advilad aRviqvamT, Tu borblis erT kidura (P) wertils SevRebavT da velo-
sipedis moZraobisas mxolod mas davakvirdebiT.

P
wrewiri

cikloida

nax. 3.4

P 	

daskvnebi:

•	 wrfeze sxeulis mdebareoba ganisazRvreba erTi koordinatiT;
•	 sibrtyeze sxeulis mdebareoba ganisazRvreba ori koordinatiT;
•	 aTvlis sistema — aTvlis sxeuli, masTan dakavSirebuli sakoordi-

nato RerZebi da drois sazomi xelsawyo.

sakontrolo kiTxvebi:

1.	 rogor vipovoT sakoordinato RerZze mdebare nivTieri wertilis 
koordinati?

2.	 ra SemTxvevaSia sakoordinato RerZze mdebare wertilis koordina-
ti dadebiTi? uaryofiTi? 

3.	 ramdeni koordinatiT gansazRvraven sxeulis mdebareobas wrfeze? 
sibrtyeze?

4.	 ras ewodeba aTvlis sistema?

 

 davaleba:

1. nax. 3.2 -is mixedviT gansazRvreT A, B, C da D wertilebis koordinatebi.

A B C400 D X (m)

nax. 3.2

 

2. risi toli gaxdeba TiToeuli wertilis koordinati Tu aTvlis werti-
lad aviCevT A wertils? D wertils? (ixileT pirveli amocanis naxazi)

3.	 nax. 3.3 -is mixedviT gansazRvreT A, B, C, D da E wertilebis koordi-
natebi. 

4.	 mesame amocanis naxazis mixedviT gansazRvreT 
wertilTa koordinatebi, Tu koordinatTa saTaves 
gadavitanT A wertilSi. Sesabamisi naxazi SeasruleT 
rveulSi. 

5.	 wrfivad moZravi matarebeli Sedgeba 10 vag-
onisgan. TiToeuli vagonis sigrZea 20 metri. risi 
toli iqneba TiToeuli vagonis SuaSi mjdomi mgza-
vris koordinati, Tu aTvlis sistemas davukavSirebT 
merve vagonis Sua wertils, xolo RerZs mivmarTavT 
moZraobis mimarTulebiT? vagonebs Soris manZili ugulvebelyaviT. 

0-1
-1

1
2

3
4

-2
-3

1 2 3 4 5-2-3-4

A
E

B

CD

X

Y

nax. 3.3
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§ 3.4 moZraobis traeqtoria, gavlili manZili. gadaadgileba

sivrceSi mdebareobis Secvlisas nivTieri wer-
tili moZraobs garkveuli wiris gaswvriv, romel-
sac moZraobis traeqtoria ewodeba. traeqtoria 
SeiZleba iyos xilulic da uxilavic. xilulia 
magaliTad, carcis moZraobis kvali dafaze, swra-
fad moZravi reaqtiuli TviTmfrinavis kvali caSi 
(sur. 3.13), Txilamuris kvali Tovlze srialisas 
da sxva. uxilavia, magaliTad, haerSi gasrolili 
qvis traeqtoria.

traeqtoria formis mixedviT SeiZleba iyos wrfivi an mrudwiruli. 

kldidan gadmovardnili qvis moZraobis traeqtoria wrfivia, Tofidan gas-
rolili tyviisa — mrudwiruli, xolo molekulis moZraobisa — texili (sur. 
3.14).

sur. 3.14

 

erTi da imave wertilis moZraobis traeqtoriebi sxvadasxva aTvlis sxeu-
lis mimarT SeiZleba gansxvavdebodes erTmaneTisagan. velosipedis borblis 
kidura wertilis traeqtoria velosipedze mjdomi biWis mimarT iqneba wrewi-
ri, imave wertilis traeqtoria gzaze uZravad mdgomi damkvirveblis mimarT 
iqneba mrudi wiri, romelsac cikloida ewodeba (nax. 3.4). am traeqtorias 
advilad aRviqvamT, Tu borblis erT kidura (P) wertils SevRebavT da velo-
sipedis moZraobisas mxolod mas davakvirdebiT.

P
wrewiri

cikloida

nax. 3.4

P 	

sur. 3.13
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  dafiqrdiT! rogori iqneba qvemoT vardnili bzrialas romelime erTi 
wertilis moZraobis traeqtoria? SeecadeT, warmoidginoT da daxazoT is.

CavataroT cda: Zafze davkidoT burTula. gadavxaroT igi da gavuSvaT 
xeli. burTula wonasworobis mdebareobidan xan erT, xan meore mxares ga-
daixreba (sur. 3.15). burTulas moZraobis traeqtoria periodulad meordeba. 
aseT moZraobas rxeviTi moZraoba ewodeba. am SemTxvevaSi burTulas traeqto-
ria wrewiris rkalia.

sur. 3.15

formis garda, traeqtorias aqvs sigrZe. moZravi sxeulis mier drois raime 
SualedSi aRwerili traeqtoriis sigrZes gavlili manZili ewodeba. Tu sxeulma 
traeqtoriis raime ubani ramdenimejer gaiara, maSin gavlili manZilis sapovne-
lad ubnis sigrZe unda gavamravloT ubnis gavlis raodenobaze.

gavlili manZili aRiniSneba l asoTi, misi gazomva SeiZleba sxvadasxva xel-
sawyoTi da meTodiT: saxazaviT, sazomi lentiT, kurvimetriT, odometriT 
(manqanis mier gavlili manZilis sazomi) (sur. 3.16) da sxva. 

sur. 3.16

kurvimetri odometri
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erTeulTa saerTaSoriso sistemaSi gavlili manZili izomeba metrebSi, xSi-
rad iyeneben sigrZis sxva erTeulebsac: 1dm - s, 1 sm - s, 1 mm - s, 1 km - s da sxva. 

sxeulis sawyisi mdebareobis, gavlili manZilisa da traeqtoriis codnisas 
SesaZlebelia sxeulis mdebareobis dadgena.

ganvixiloT sxeulis mdebareobis dadgenis sxva xerxi. davuSvaT, cnobilia 
sxeulis sawyisi mdebareoba da drois garkveul SualedSi igi am mdebareobas 
daSorda 5 m - iT. sad aris axla sxeuli? am kiTxvas calsaxa pasuxs ver gavcemT, 
radgan aseTi mdebareoba uamravia — mocemuli wertilidan 5 m - iT daSorebu-
lia uamravi wertili, romelTa erToblioba qmnis wrewirs (nax. 3.5). sxeuli 
SeiZleba iyos A wertilSi, B -Si, C -Si da a.S. magram, Tu davamatebT pirobas, 
rom sxeuli imyofeba sawyisi wertilidan zustad Crdilo-aRmosavleTis mi-
marTulebiT 5 m - Si, aseTi mdebareoba iqneba erTaderTi (nax. 3.6) .

A

B 0

5 m
5 m

5m
C

nax. 3.5

C
D

A0

5m
nax. 3.6

wrfis mimarTul monakveTs, romelic sxeulis sawyis mdebareobas mis mom-
devno mdebareobasTan aerTebs, am sxeulis gadaadgileba ewodeba. am monakveTis 
sigrZes ki _ gadaadgilebis moduli.

Tu gavlili manZili ganisazRvreba mxolod ricxviTi mniSvnelobiT, 
gadaadgileba xasiaTdeba ricxviTi mniSvnelobiT da mimarTulebiT. gavlili 
manZilisa da gadaadgilebis moduli yovelTvis toli ar aris (nax. 3.7). naxaz-
ze AB mrudi wiris sigrZe gavlili manZilia, AB monakveTis — gadaadgilebis 
moduli.

B

A gadaadgileba

t
raeqtoria

nax. 3.7

gadadgilebas aRiniSnaven S-iT. sididis aRmniSvneli simbolos Tavze pa
tara isari niSnavs, rom es sidide mimarTulebiTac xasiaTdeba. gadaadg-
ilebis sigrZe anu moduli ki aris S, igi izomeba sigrZis erTeulebiT.

mdebareobisa da traeqtoriis msgavsad, gadaadgilebac damokidebulia aT-
vlis sistemis arCevaze, anu fardobiTia. 

 dafiqrdiT, ra gansxvaveba iqneba wrfivad da Tanabrad moZravi vagonis 
Tarodan gadmovardnili vaSlis traeqtoriebsa da gadaadgilebebs Soris, vag-
onisa da dedamiwis mimarT.
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daskvnebi:

•	 traeqtoria _ wiri, romelsac aRwers nivTieri wertili moZraobi-
sas;

•	 traeqtoriis formis mixedviT moZraoba SeiZleba iyos wrfivi an 
mrudwiruli; 

•	 moZraobas, romlis drosac sxeuli wonasworobis mdebareobidan xan 
erT, xan meore mxares gadaixreba, rxeviTi moZraoba ewodeba;

•	 moZravi sxeulis mier drois raime SualedSi aRwerili traeqtori-
is sigrZes gavlili manZili ewodeba; 

•	 gavlili manZilis saerTaSoriso erTeulia metri;
•	 wrfis mimarTul monakveTs, romelic sxeulis sawyis mdebareobas 

mis momdevno mdebareobasTan aerTebs, sxeulis gadaadgileba ew-
odeba;

•	 sxeulis moZraobis traeqtoria, gavlili manZili da gadaadgileba 
fardobiTia.

sakontrolo kiTxvebi:

1.	 ras ewodeba moZraobis traeqtoria?

2.	 ra formis SeiZleba iyos sxeulis moZraobis traeqtoria?

3.	 ras ewodeba gavlili manZili?

4.	 ra erTeulSi izomeba gavlili manZili erTeulTa saerTaSoriso sis-
temaSi?

5.	 ratom aris SeuZlebeli sxeulis saboloo mdebareobis gansazRvra 
mxolod sawyisi mdebareobisa da gavlili manZilis codniT?

6.	 garda ricxviTi mniSvnelobisa, riT xasiaTdeba gadaadgileba?

7.	 ra SemTxvevaSi daemTxveva erTmaneTs gavlili manZilisa da gadaadg-
ilebis moduli? 

8.	 damokidebulia Tu ara sxeulis traeqtoria, gavlili manZili da 
gadaadgileba aTvlis sistemis arCevaze? pasuxi daasabuTeT magal-
iTebiT.

 davaleba:

1.	 nivTieri wertili A wertilidan B wertilSi mivida mrudwiruli (nax. 
3.8 -ze wiTlad moniSnuli) traeqtoriiT. SeadareT erTmaneTs gavlili manZi-
li da gadaadgilebis moduli.

A B

nax. 3.8
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2.	 rogori moZraobis dros aris sxeulis mier gavlili manZili misive 
gadaadgilebis modulis toli? 

3.	 SeiZleba Tu ara, rom sxeulis gadaadgilebis moduli gavlil manZilze 
meti iyos? 

4.	 risi tolia saaTis isris wveros mier Sesrulebuli gadaadgileba erTi 
Semobrunebisas? 

5.	 biWma gadawyvita, misgan 5 metriT daSorebuli, uZravi burTisTvis Zli-
erad daertya fexi. amisaTvis man 3 metriT ukan daixia, Semdeg gaCerda, gaeqana 
da Seasrula dartyma. sul ra manZili gaiara man? risi tolia am dros Ser-
ulebuli gadaadgilebis moduli? CaTvaleT rom biWi moZraobda erT wrfeze. 

6.	 muSam urikiT qviSa erTi adgilidan meoreSi gadaitana. urika gax-
vretilia da qviSa ibneva. ras gamosaxavs dayrili qviSis kvali? ras gviCvenebs 
am kvalis sigrZe? ras gviCvenebs muSis sawyisi da saboloo wertilebis Semae-
rTebeli monakveTi? 

7.	 ra SemTxvevaSi iqneba nivTieri wertilis mier aRwerili traeqtoriis 
sigrZe mis mier gavlili manZilis toli? pasuxi daasabuTeT. 

8.	 fanjris minaze moxvedrili wvimis wveTi nel-nela qveviT daeSva. ras 
gamosaxavs minaze datovebuli kvali? 

9.	 gansazRvreT saaTis wuTebis isris wveros gadaadgilebis moduli 1200 

sT-dan, 1230 sT- mde drois SuledSi, Tu isris sigrZe 25 sm -ia. 

10.	SeadareT wuTebis isris wveros mier gavlili manZilebi da Sesrulebu-
li gadaadgilebis modulebi 1200 sT -dan _ 1220 sT - mde da 1200 sT -dan _ 1240 
sT - mde drois SualedebSi.
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§ 3.5 skalaruli da veqtoruli sidideebi.  
moqmedebebi veqtorebze

fizikis Seswavlisas Cven gavecnobiT mraval fizikur sidides. zogier-
Ti maTganis dasaxasiaTeblad sakmarisia mxolod misi ricxviTi mniSvnelobis 
codna. aseTi sidideebia masa, temperatura, drois Sualedi, gavlili manZili 
da sxva. vTqvaT, sxeulis masaa 5 kg. masis es mniSvneloba ar aris damokidebuli 
sxeuli marjvniv moZraobs Tu marcxniv, zeviT moZraobs Tu qvemoT vardeba. 

sidides, romelic mxolod ricxviTi mniSvnelobiT xasiaTdeba, skalaruli 
sidide ewodeba.

wina paragrafSi Cven ganvixileT fizikuri sidide _ `gadaadgileba~ da mar-
tivi magaliTiT davrwmundiT, rom gaadgilebis mxolod ricxviTi mniSvnelo-
bis codniT sxeulis mdebareobis povna SeuZlebelia, aucilebelia misi mimar-
Tulebis codnac.

sidides, romelic xasiaTdeba arauaryofiTi ricxviTi mniSvnelobiT da mi-
marTulebiT, veqtoruli sidide ewodeba. 

momavalSi Cven mraval veqtorul sidides SevxvdebiT, amitom saWiroa Se-
viqmnaT warmodgena veqtorebze da gavecnoT martiv moqmedebebs maTze. 

1. veqtors axasiaTeben mimarTulebiT da sigrZiT (moduliT). veqtors aR-
niSnaven erTi patara asoTi Tavze isriT _ a , an ori didi asoTi _ AB, sadac 
A wertili veqtoris saTavea, B wertili ki — veqtoris bolo. naxaz
ze veqtors gamosaxaven isriani monakveTiT, isari miuTiTebs veqtoris mimar-
Tulebas, monakveTis sigrZe — veqtoris moduls (ricxviT mniSvnelobas). nax. 
3.9-ze mocemuli veqtoris sigrZe 4 erTeulia. es Caiwereba Semdegnairad: a=4 
an AB=4.

nax. 3.9

A Ba

2. ori veqtori tolia, Tu maT erTnairi mimarTuleba da moduli aqvT.
nax. 3.10-sa da nax. 3.1 1 -ze gamosaxulia ori toli veqtori a =b . pirvel 

SemTxvevaSi veqtorebi erT wrfeze mdebareoben, meore SemTxvevaSi — parale-
lur wrfeebze.

a b

nax. 3.10

a b

nax. 3.11
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3. or veqtori mopirdapirea, Tu maT erTnairi modulebi da sapirispiro mi-
marTuleba aqvT. am SemTxvevaSi vwerT:  a =_b  (nax. 3.12). mopirdapire veqtore-
bi an erT wrfeze, an paralelur wrfeebze mdebareoben.

a b

nax. 3.12

4. veqtorTa Sekreba. erTi mimarTulebis mqone veqtorebis jami aris veqtori, 
romelsac Sesakrebi veqtorebis mimarTuleba aqvs, xolo misi moduli Sesakre-
bi veqtorebis modulebis jamis tolia. a +b = c  da c=a+b (nax. 3.13). sapirisp-
irod mimarTul veqtorTa jami aris veqtori, romelsac didi modulis mqone 
Sesakrebis mimarTuleba aqvs, xolo misi moduli Sesakreb veqtorTa moduleb-
is sxvaobis modulis tolia. a +b = c , da c=‌│a_b│ (nax. 3.14).

a
b
c

nax. 3.13

a

b
c

nax. 3.14

5. veqtoris namravli ricxvze. veqtoris ricxvze namravli aris veqtori, 
romlis moduli tolia sawyisi veqtoris modulisa da ricxvis modulis nam-
ravlis. mas aqvs sawyisi veqtoris mimarTuleba, Tu ricxvi dadebiTia da sa-
pirispiro mimarTuleba, Tu ricxvi uaryofiTia (nax. 3.15).

nax. 3.15

a

2a
-0,5a

daskvnebi:

•	 skalarulia sidide, romelic xasiaTdeba mxolod ricxviTi 
mniSvnelobiT; 

•	 veqtoruli sidide xasiaTdeba rogorc ricxviTi mniSvnelobiT, 
aseve _ mimarTulebiT;

•	 ori veqtori tolia, Tu maT erTnairi mimarTuleba da moduli aqvT;
•	 or veqtori mopirdapirea, Tu maT erTnairi moduli da sapirispiro 

mimarTuleba aqvT.
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sakontrolo kiTxvebi:

1.	 riT gansxvavdeba skalaruli da veqtoruli sidideebi erTmaneTis-
agan?

2.	 romeli veqtoruli sidide ici?

3.	 ras uwodeben veqtoris sigrZes?

4.	 saiTaa mimarTuli ori erTnairi mimarTulebis veqtorTa jami? risi 
tolia am jamis moduli?

5.	 saiTaa mimarTuli ori sapirispirod mimarTuli veqtoris jami? risi 
tolia am jamis moduli?

6.	 rogori sidide miiReba veqtoruli sididis ricxvze gamravlebiT?

 davaleba:

1. 3 sm sigrZis a  veqtori mimarTulia CrdiloeTisaken. gansazRvreT 5a  da 
_2a  veqtorebis moduli da mimarTuleba.

2. erT wrfeze mdebare sami veqtoris (nax. 3.16) sigrZeebi Sesabamisad aris: 
a=40sm, b=15sm da c=20sm. rveulSi SeasruleT Sesabamisi naxazi da gansaz-
RvreT :

a cb

nax. 3.16

a) a +b  veqtoris moduli da mimarTuleba;
b) a + c  veqtoris moduli da mimarTuleba;
g) a +3 c  veqtoris moduli da mimarTuleba;
d) a +2b +3 c  veqtoris moduli da mimarTuleba;
e) c +b  veqtoris moduli da mimarTuleba;
v) 2b + c  veqtoris moduli da mimarTuleba;

3. 2 sm sigrZis a  veqtori mimarTulia sakordinato RerZis mimarTulebiT, 
5 sm sigrZis b  veqtori ki — mis sawinaaRmdegod. imsjeleT 2a +0.8b  veqtoris 
modulsa da mimarTulebaze. 

4. polieTilenis wrfiv milSi SemZvralma xoWom Tavis dasaRwevad Seasrula 
Semdegi gadaadgilebebi: 3S, _1,5∙S, 1,8∙S, _0,3∙S Semdeg ki — gaCerda. gansaz-
RvreT xoWos mier gaCerebamde gavlili manZili da Sesrulebuli gadaadg-
ilebis moduli Tu S=20 sm-s.

5. romel ricxvze unda gavamravloT mocemuli veqtori, rom miviRoT masze 
moduliT orjer didi da sawinaaRmdegod mimarTuli veqtori?
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§ 3.6 laboratoriuli samuSao. jgufuri muSaoba

samuSaos mizani: moZraobaze dakvirveba.

xelsawyoebi da masala: menzura an maRali 
gamWvirvale cilindruli WurWeli, metro-
nomi, wamzomi, saxazavi, Txevadi glicerini, 
erTnairi moculobis ramdenime plastelinisa 
da liTonis burTula, sxvadasxva feris mark-
erebi (sur. 3.17). 

samuSaos msvleloba: 

1.	 WurWeli Txevadi gliceriniT ise gaav-
seT, rom ramdenime burTulas Cadebis 
Semdeg glicerini ar gadmoiRvaros;

2.	 metronomis tvirTis mdebareoba ise 
SearCieT, rom dartymebs Soris Sualedi 
iyos erTi wami; 

3.	 aiReT plastelinis burTula da metronomis dartymasTan erTad CauS-
viT glicerinSi;

4.	 metronomis yovel dartymaze moniSneT burTulas mdebareoba WurWel-
ze markeriT;

5.	 saxazaviT gazomeT manZilebi niSnulebs Soris. monacemebi SeitaneT cx-
rilSi;

6.	 gaimeoreT cda, oRond moniSvna gaakeTeT yovel meore dartymaze sxva 
feris markeriT;

7.	 saxazaviT gazomeT manZilebi axal niSnulebs Soris. monacemebi Seita-
neT cxrilSi; 

8.	 Tu WurWlis simaRle saSualebas mogcemT, gaimeoreT cda metronomis 
yoveli mesame dartymisaTvis;

9.	 gaimeoreT igive cda liTonis burTulas SemTxvevaSi; 

10.	gazomeT manZilebi axal niSnulebs Soris;

11.	gazomvebis Sedegebis mixedviT SeecadeT, SeamCnioT kanonzomiereba; 

12.	damoukideblad gaakeTeT daskvnebi. riT gansxvavdeba plastelinisa da 
liTonis burTulas moZraobebi?

niSnulebs Soris man-
Zilebi drois 1 wm -iani 

SualedisaTvis

niSnulebs Soris man-
Zilebi drois 2 wm -
iani SualedisaTvis 

niSnulebs Soris manZile-
bi drois 3 wm -iani Suale-

disaTvis 

plastelinis 
burTula

liTonis 
burTula

 cxrili #3.1

saSinao cda: gaimeoreT igive cda saxlSi, oRond glicerinis magivrad 
gamoiyeneT wyali. cdis Sedegebi SeadareT laboratoriaSi Catarebuli cdebis 
Sedegebs.

sur. 3.17

w i g n S i   a r  C a w e r o T !
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Tavi IV

Zala da wneva

am TavSi Tqven gaecnobiT:

•	 sxeulTa urTierTqmedebas;

•	 Zalasa da mis grafikul gamosaxvas;

•	 simZimis, drekadobis, xaxunis Zalebs da maTi moqmedebiT gamowveul 
Sedegebs;

•	 sxeulze erTi wrfis gaswvriv mimarTuli Zalebis Sekrebis wess;

•	 wnevasa da misi ganawilebis Taviseburebebs siTxeebsa da airebSi;

•	 hidravlikur manqanas da ziarWurWels, maTi moqmedebis princips da 
gamoyenebas;

•	 atmosferul wnevas, mis gazomvasa da cvlilebas;

•	 amomgdeb Zalas da mis gamosaTvlel formulas.

	sxeulze moqmedi Zalebi;

	wneva airebsa da siTxeebSi;

	atmosferuli wneva;

	ziarWurWeli.
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§ 4.1 inercia

velosipedi moZraobs gzaze, haerSi mifrinavs TviTmfrinavi, fexburTis 
burTi migoravs moedanze. ra mizeziT sruldeba TiToeuli es moZraoba? 
ratom icvleba zogierTi sxeulis siCqare, zogierTis ki — rCeba mudmivi? 
SevecadoT, pasuxi gavceT am kiTxvebs.

daviwyoT uZravi sxeulis magaliTis ganx-
ilviT. vTqvaT, biliardis burTula devs magi-
daze (sur. 4.1). Tqven kargad iciT, rom dedam-
iwasTan axlos myofi yvela sxeuli miizideba 
dedamiwis mier. magida rom gamovacaloT, bur-
Tula mizidulobis gavleniT daiwyebs vardnas 
qveviT. magram is imyofeba uZrav mdgomare-
obaSi, e.i. burTulaze dedamiwis miziduloba 
kompensirebulia (gawonasworebulia) magidis 
moqmedebiT.

 2500 wlis win berZenma filosofosma aristotelem Camoayaliba debule-
ba: sxeuli imyofeba uZrav mdgomareobaSi, Tu masze sxva sxeulebis moqmedeba 
kompensirebulia. moZraobisTvis saWiroa sxeulze sxva sxeulebis moqmedeba. 

cxovrebiseuli gamocdilebiT, am debulebaSi sadavo TiTqos araferia, ma-
gram fizikis TvalsazrisiT is bolomde swori ar aris. 

axla ganvixiloT moZravi sxeulis magaliTic. biliardis joxis (kiis) dar-
tymis Sedegad burTula amoZravdeba (sur. 4.2). misi siCqaris cvlileba ga-
mowveulia sxva sxeulis (kiis) moqmedebiT, romelic ar kompensirdeba bur-
Tulaze sxva raime sxeulis moqmedebiT. magram dartymis Semdegac burTula 
agrZelebs moZraobas magidaze. gorvisas burTulas izidavs dedamiwa, dedami-
wis miziduloba wonaswordeba magidis moqmedebiT. rom ara magidis safarTan 
xaxuni, burTula arasodes gaCerdeboda.

 CavataroT cda. ori erTnairi burTula erTdroulad davagoroT erTi 
simaRlidan erTnairad daxril ficarze (sur. 4.3). Camogorebis Semdeg qveda 
burTula agrZelebs moZraobas gluv horizontalur zedapirze, zeda ki _ 
qviSian zedapirze, romelzec xaxuni didia. qveda burTula ufro didxans 
imoZravebs, vidre zeda. e.i. moZraobis Sewyvetis (siCqaris cvlilebis) mizezi 
zedapirTan burTis xaxunia. xaxuni rom ar yofiliyo, orive burTula imoZ-
ravebda ragind didxans, mudmivi siCqariT.

sur. 4.3sur. 4.2

sur. 4.1
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mravali cdis Sedegebis analizis safuZvelze gamoCenilma italielma mec-
nierma galileo galileim 1632 wels Camoayaliba kanoni, romelic inerciis 
kanonis saxelwodebiTaa cnobili. 

sxeuli moZraobs wrfivad da Tanabrad an imyofeba uZrav mdgomareobaSi, Tu 
masze sxva sxeulebi ar moqmedeben an maTi moqmedeba kompensirebulia.

sxvanairad, Tu sxeulze sxva sxeulebi ar moqmedebs an moqmedeba kompensire-
bulia. maSin es sxeuli inarCunebs uZraobis an wrfivi Tanabari moZraobis mdgo-
mareobas.

sxeulis mier uZraobis an wrfivi Tanabari moZraobis siCqaris SenarCunebis 
movlenas inercia ewodeba. (inertia (laT.) _ uZraoba, umoqmedoba). 

inerciiT moZraobas yoveldRiur cxovrebaSi xSirad vxvdebiT. avtobusis 
mkveTri damuxruWebisas mgzavrebi agrZeleben inerciiT moZraobas da win ix-
rebian, mkveTri daZvrisas ki _ ukan gadaixrebian. saukeTeso muxruWebis mqone 
avtomobilic ki gaCerebamde inerciiT garkveul manZils gaivlis, anu misi 
myisieri gaCereba SeuZlebelia. amitomaa saSiSi moZravi manqanis win gadarbe-
na. amave mizeziT aris saWiro moZrav avtomobilebs Soris distanciis dacva. 
inerciis gamoa aseve SeuZlebeli, uZrav sxeuls myisierad mieniWos siCqare.

daskvnebi: 

•	 Tu sxeulze sxva sxeulebi ar moqmedebs an maTi moqmedeba kompen-
sirebulia, maSin sxeuli an uZravia, an moZraobs wrfivad da Tana-
brad (inerciiT);

•	 sxeulis uZraobis an moZraobis mdgomareobis Secvla SesaZlebelia 
masze sxva sxeulis an sxeulebis moqmedebiT;

•	 inercia — sxeulis mier siCqaris SenarCunebis movlena, masze sxva 
sxeulebis moqmedebis ararsebobis an maTi kompensirebis SemTxveva-
Si.

sakontrolo kiTxvebi:

1.	 ra SemTxvevaSi imyofeba sxeuli uZrav mdgomareobaSi? 

2.	 rogor moZraobs sxeuli, Tu masze sxva sxeulebi ar moqmedeben?

3.	 ra aris inercia?

4.	 ra emarTeba sxeuls, Tu masze sxva sxeulebis qmedeba ar aris kom-
pensirebuli?
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 davaleba:

1. moiyvaneT sxeulis inerciiT moZraobis magaliTebi bunebasa da yovel-
dRiur cxovrebaSi. 

2. moiyvaneT sxeulis uZraobis magaliTebi, axseniT maTi uZraobis SenarCu-
nebis mizezi. 

3. avtomobilis svel gzaze moZraobisas borbals mowyvetili wveTebi moZ-
raobas agrZeleben mowyvetis Semdegac. axseniT mizezi.

4. isars gatyorcnisas mSvildis daWimuli Zua aniWebs siCqares (sur. 4.4) 
ratom agrZelebs moZraobas isari gatyorcnis Semdeg? 

5. Tofis lulaSi tyviis moZraobis mizezi denTis afeTqebaa. ra aris tyvi-
is moZraobis mizezi lulidan gamosvlis Semdeg? 

6. ratom aris aucilebeli avtomobiliT mgzavrobisas  usafrTxoebis Rve-
dis gakeTeba? 

sur. 4.4

saSinao cda

cdis mizani: inerciis movlenaze dakvirveba.
cdisTvis saWiroa: ramodenime erTnairi moneta da qaRaldis furceli.
moaTavseT furcelze  erTmaneTze dawyobili ramodenime monetis sveti.
pirvel SemTxvevaSi nela aamoZraveT furceli magidis paralelurad.
meore SemTxvevaSi ki furceli swrafad gamoqaCeT.
orive cda ramdenjerme CaatareT da daakvirdiT ra mouva monetebis svets 

pirvel da meore SemTxvevaSi.
miRebul Sedegebi CawereT saSinao davalebis rveulSi da SeecadeT axsnaT 

isini.
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§ 4.2 sxeulTa urTierTqmedeba

yoveldRiur cxovrebaSi mudmivad gvxvdeba erTi sxeulis meoreze sx-
vadasxvanairi moqmedeba. skamze dajdomisas 
Cven vmoqmedebT masze vawvebiT Cveni sxeuliT; 
fexburTis TamaSisas fexiT vmoqmedebT burTze 
viwvevT misi siCqaris Secvlas; magniti moqme-
debs rkinis burTulaze - magnitis siaxloves 
igi magnitisaken amoZravdeba da a. S.

amave dros, skamze dajdomisas isic moqme-
debs Cvenze (sur. 4.5) _ skamis moqmedebis gamo 
Cven qvemoT ar vvardebiT; burTis dartymisas 
misi fexze moqmedebac sakmaod sagrZnobia fex-
burTis fexSiSvela TamaSisas; ara mxolod bur-
Tula amoZravdeba magnitisaken, msubuqi magnit-
ic amoZravdeba burTulasaken. am magaliTebidan 
Cans, rom qmedeba yovelTvis iwvevs ukuqmedebas: 

Tu erTi sxeuli moqmedebs meoreze, maSin meore sxeulic moqmedebs pirvelze — 
sxeulebi urTierTqmedeben. 

 CavataroT cda. aviRoT saskolo laboratoriis urika damrtymeli me-
qanizmiT. urika movaTavsoT magidaze da „gadavtenoT“ damrtymeli meqanizmi 
(sur. 4.6).

amoZravdeba, Tu ara urika meqanizmis gasrolisas? davinaxavT, rom meqaniz-
mis moqmedebaSi moyvanis Semdeg urika adgilze darCeba (sur. 4.7).

sur. 4.6 sur. 4.7

SevitanoT cdaSi cvlileba: aviRoT zustad iseTive meore urika da mivad-
oT pirveli urikis „gadatenil“ meqanizms (sur. 4.8).

sur. 4.8

gavisroloT meqanizmi. urikebi sapirispiro mimarTulebiT amoZravdebian da 
daSordebian erTmaneTs. amasTan, gaCerebamde isini erTnair manZils gaivlian 
(sur. 4.9). 

sur. 4.5
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imisaTvis, rom pirveli urikis siCqare Secvliliyo, dagvWirda meore uri-
kasTan urTierTqmedeba. sazogadod, sxeulis siCqare icvleba mxolod masze 
meore sxeulis moqmedebis Sedegad. cdaSi davinaxeT, rom amoZravda ara marto 
pirveli urika, aramed meorec. SegviZlia davaskvnaT: urikebi moqmedeben erT-
maneTze _ isini urTierTqmedeben.

ibadeba kiTxva: urTierTqmedebisas sxeulebis siCqare erTnairad icvleba? 
gavimeoroT cda, oRond erT-erT urikaze davdoT tvirTi (sur. 4.10). 

sur. 4.10

gasrolis Semdeg urikebi erTmaneTs daSordebian, magram maT mier gaCerebam-
de gavlili manZili ar iqneba erTnairi (4.11). kerZod, datvirTuli urikis 
gavlili manZili ufro naklebi iqneba, vidre dautvirTavis. es niSnavs, rom 
urTierTqmedebis Sedegad urikebma SeiZines sxvadasxva siCqare: datvirTulma 
urikam SeiZina naklebi siCqare, vidre meore, dautvirTavma urikam. 

sur. 4.11

urTierTmoqmedi sxeulebis SeZenili siCqareebis mixedviT, SegviZlia 
SevadaroT maTi masebi: dautvirTavi mcire masis urika SeiZens met siCqares, 
vidre datvirTuli didi masis urika. mcire siCqariT amoZravebuli datvirTu-
li urikis masa metia didi siCqariT amoZravebuli dautvirTavi urikis masaze.

Tu urTierTmoqmedi sxeulebis siCqareebi erTnairad Seicvleba, es niSnavs, 
rom maTi masebic tolia.
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 gaixseneT! rogor SegeZloT ori sxeulis masis Sedareba awonviT?

 dafiqrdiT! ori sxeulis masis Sesadareblad romel xerxs mianiWebT 
upiratesobas _ awonvas Tu urTierTqmedebas? rogor fiqrobT, Tqveni arCeu-
li xerxi yvela SemTxvevaSi gaamarTlebs?

daskvnebi:

•	 Tu erTi sxeuli moqmedebs meoreze, maSin meore sxeulic moqmedebs 
pirvelze —sxeulebi urTierTqmedeben;

•	 ori urTierTmoqmedi sxeulidan naklebi masis mqone sxeulis siCqa-
re ufro metad icvleba, vidre didi masis sxeulisa;

•	 Tu urTierTmoqmedi sxeulebis siCqareebis cvlileba tolia, maSin 
maTi masebic tolia.

sakontrolo kiTxvebi:

1.	 SeiZleba Tu ara, rom erTi sxeuli moqmedebdes meoreze da meore 
sxeuli ar moqmedebdes pirvelze?

2.	 SesaZleblad migaCniaT Tu ara, sxeulma SeiZinos siCqare sxva sxeul-
Tan urTierTqmedebis gareSe? 

3.	 rogor SevadaroT urTierTmoqmedi sxeulebis masebi erTmaneTs?

4.	 ra SemTxvevebSi gamoiyeneba masebis Sesadareblad urTierTqmedebis 
meTodi?

 davaleba:

1. dedamiwa Cven gvizidavs. rogor fiqrobT, Cvenc vizidavT dedamiwas? 

2. burTis kedelTan Sejaxebisas, misi siCqare mniSvnelovnad icvleba, kede-
li ki kvlav uZravi rCeba. niSnavs Tu ara es, rom kedelma imoqmeda burTze, 
magram burma ar imoqmeda kedelze? pasuxi daasabuTeT.

3. navi niCbebis mosmiT iZens siCqares. icvleba Tu ara am dros wylis siC-
qare? pasuxi daasabuTeT. 

4. 4.1 naxazze mocemulia ori nivTieri wertilis (wiTeli da mwvane) siCqa-
reebi Sejaxebamde da Sejaxebis Semdeg. romeli nivTieri wertilis masaa meti? 
pasuxi daasabuTeT.

v0,5v

v0,5 v1,5

nax. 4.1
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5. 10 m/wm siCqariT moZravi plastelinis burTula ejaxeba iseTive masis uZ-
rav burTulas, ewebeba mas da erTad agrZeleben moZraobas. gansazRvreT maTi 
erTad moZraobis siCqare. gaiTvaliswineT, rom urTierTqmedebisas, erTnairi 
masis mqone sxeulebis siCqareebi erTnairad icvleba. 

saSinao cda

cdis mizani: sxvadasxva masis sxeulTa urTierTqmedebaze dakvirveba.

cdisTvis saWiroa: sxvadsxva nominalis monetebi ( 5 TeTriani, 20 TeTriani 
da 2 lariani) 

magidis priala zedapirze erTmaneTisagan moSorebiT moaTavseT 5 da 20 
TeTriani monetebi. wkipurtis dartymiT daajaxeT 2 lariani moneta 5 TeTri-
ans. daakvirdiT, romeli monetis siCqare Seicvala ufro metad. igive cda 
gaimeoreT 2 lariani da 20 TeTriani monetebis SemTxvevaSi da daakvirdiT 
maTi siCqaris cvlilebas. 

SeadareT pirveli da meore cdis Sedegebi erTmaneTs. SeecadeT gamoi-
tanoT daskvnebi.



122

D
on

’t 
C

op
y

§ 4.5 simZimis Zala _ msoflio mizidulobis Zalis gamovlena

aqamde Cven vixilavdiT urTierTqmedebis iseT magaliTebs, romlebSic ur-
TierTqmedeba xdeboda sxeulebis uSualo SexebiT. magram bunebaSi arsebobs 
urTierTqmedebis sxva saxeebi, sadac sxeulebs Soris urTierTqmedeba xor-
cieldeba raRac manZilze, sxeulTa uSualo kontaqtis gareSe. aseTi urTi-
erTqmedebis erT-erT saxes Cven yoveldRiur cxovrebaSi vxvdebiT.

Tu burTs xels gavuSvebT an maRla avagdebT, is daecema dedamiwaze. 
garkveuli drois Semdeg dedamiwaze daecema horizontalurad gasrolili 
qvac, qvemexidan gasrolili Wurvi da a. S. es xdeba imis gamo, rom dedamiwa 
yvela sxeuls garkveuli ZaliT izidavs. 

 Zalas, romliTac dedamiwa izidavs misi zedapiris maxloblad myof sxeuls, 
simZimis Zala ewodeba. simZimis Zala modebulia sxeulze da mimarTulia dedam-
iwis centrisaken. 

rogorc yvela Zalas, simZimis Zalasac gaaCnia modebis wertili. sxeulis 
im wertils, romelzec modebulia simZimis Zala, simZimis centri ewodeba. sx-
eulis simZimis centrs Cven momavalSi gavecnobiT.

dedamiwa izidavs yvelafers, rac mis garSemoa: myar sxeulebs, siTxeebs, 
airebs. simZimis Zalis moqmedebis Sedegia is, rom dedamiwas gars akravs at-
mosfero. mizidvis gamo, haeris molekulebi ar ifantebian kosmosSi; okeaneeb-
is, zRvebis da tbebis wyali dedamiwis zedapirze rCeba; mdinareebi miedineba 
maRali adgilebidan dablobisaken; dedamiwis zedapiridan maRla myofi yvela 
myari sxeuli dedamiwisken mieqaneba. 

sxeulis masis gazrdiT masze moqmedi simZimis Zalac izrdeba. amis damadas-
turebelad moviyvanoT magaliTi: rac meti raodenobis wyals CavasxamT saTl-
Si, miT ufro Znelia misi aweva _ mis asawevad xom moduliT wyalze moqmedi 
simZimis Zalis toli Zalaa saWiro. 

adre fiqrobdnen, rom mxolod dedamiwas gaaCnda sxva sxeulTa mizidvis 
gansakuTrebuli Tviseba. magram XVII saukuneSi niutonma gamoTqva mosazreba, 
romlis Tanaxmad, sazogadod, nebismier or sxeuls Soris moqmedebs urTierT-
mizidvis Zalebi. SemdgomSi niutonma es mosazreba ganaviTara da Camoayaliba 
kanonis saxiT, romelsac momavalSi gavecnobiT.

nebismier or sxeuls Soris urTierTmizidvis Zalas niutonma msoflio 
mizidulobis Zala uwoda, urTierTqmedebas ki gravitaciuli urTierTqme-
deba. gravitaciuli Zalis moqmedebiT brunavs dedamiwa mzis garSemo, mT-
vare dedamiwis garSemo da sxva. zRvebisa da okeaneebis miqceva–moqcevac maT 
wylebze mTvaris mizidulobis cvalebadobiTaa gamowveuli. 

amrigad, sxeulze moqmedi simZimis Zala msoflio mizidulobis Zalis kerZo 
gamovlenaa.

Tu rogor ganvsazRvroT simZimis Zala, amis Sesaxeb Cven momdevno para-
grafSi visaubrebT. 
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daskvnebi:

1.	 simZimis Zala _ Zala, romliTac dedamiwa izidavs misi zedapiris 
maxloblad myof sxeuls; 

2.	 simZimis Zala mimarTulia dedamiwis centrisaken;

3.	 simZimis Zala gravitaciuli bunebisaa;

4.	 simZimis Zala msoflio mizidulobis Zalis gamovlenaa.

sakontrolo kiTxvebi:

1.	 riT aixsneba sxeulTa vardna dedamiwaze?

2.	 paragrafSi mocemulis garda, simZimis Zalis moqmedebis kidev ra 
magaliTebs moiyvandiT?

3.	 ra mosazreba gamoTqva niutonma?

4.	 ra uwoda niutonma nebismier or sxeuls Soris mizidulobis Zalas?

5.	 simZimis Zala romeli Zalis gamovlenaa?

6.	 ra aqvT saerTo dedamiwaze sxeulebis vardnas da planetebis moZra-
obas?

 davaleba:

1. SesamCnevia Tu ara oTaxSi arsebuli nivTebis erTmaneTTan gravitaciuli 
mizidva? nivTebis dedamiwis mier mizidva? 

2. riT aixsneba, rom vertikalurad asrolili sxeulis siCqaris moduli 
jer mcirdeba nulamde, Semdeg ki izrdeba?

3. rogor fiqrobT, rodesac sxeuli simZimis Zalis moqmedebiT dedami-
wisaken mieqaneba, am dros dedamiwac midis sxeulisaken? pasuxi daasabuTeT.

4. ratom gadawonis berketiani sasworis erT mxares moTavsebuli meti ma-
sis sxeuli meore mxares moTavsebul naklebi masis sxeuls? 

5. ras emyareba berketiani sasworis muSaobis principi?
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§ 4.6 laboratoriuli samuSao — simZimis Zalis gazomva

samuSaos mizani: simZimis Zalis ricxviTi mniSvnelobis dadgena.
saWiro xelsawyoebi da masalebi: sawonebis nakrebi, dinamometri, Stativi.
samuSaos msvleloba:
•	 gansazRvreT dinamometris danayofis fasi;
•	 daxazeT cxrili #4.1:

 cxrili #4.1

sawonis masa, m, kg. 0,1 0,2 0,3 0,4 0,5

simZimis Zala, F, n

F/m, n/kg

•	 daamagreT Stativze dinamometri. dakideT dinamometrze cxrilSi 
dasaxelebuli masis sawonebi (sur. 4.17). sawonze moqmedi simZimis Zala 
gamoiwvevs dinamometris zambaris deformacias _ zambara dagrZeldeba. 
rodesac zambaraSi aRZruli drekadobis Zala moduliT sawonis simZimis 
Zalas gautoldeba, sawoni gaCerdeba. am dros dinamometri gviCvenebs 
sawonze moqmedi simZimis Zalas;

•	 SeavseT cxrili. daakvirdiT, damokidebulia Tu ara F/m mniSvneloba 
sxeulis masaze?

•	 (nax. 4.3)-is mixedviT aageT marTkuTxa sakoordinato sistema da cxri-
lis Sesabamisad moniSneT masze (m; F) wertilebi;

•	 daakvirdiT, rogor ganlagdnen es wertilebi sakoordinato sibrtyeze.

sur. 4.17

0.1

1

2

3

4

5

0.2 0.3 0.4 0.5 0.6 m, kg

F, n

nax. 4.3

 

Tu cdas SedarebiT zustad CaatarebT, miRebuli wertilebi erT wrfeze 
ganlagdeba. amasTan, sxeulze moqmedi simZimis Zalis Sefardeba sxeulis masas-
Tan iqneba mudmivi sidide da daaxloebiT toli iqneba 10 n/kg-isa. am Sefarde-
bas aRniSnaven g asoTi: g=F/m≈10n/kg. saidanac, sxeulze moqmedi simZimis Zala 
F=mg. dadgenilia, rom g-s ufro zusti mniSvnelobaa: g≈9,8n/kg. 

amrigad, sxeulze moqmedi simZimis Zala sxeulis masis pirdapirproporci-
ulia da gamoiTvleba formuliT: F=mg.

Tu gvecodineba sxeulis masa, SegviZlia vipovoT sxeulze moqmedi simZimis 
Zala da piriqiT _ Tu gvecodineba sxeulze moqmedi simZimis Zala, SegviZlia vi-
povoT sxeulis masa.

w i g n S i  a r  C a w e r o T !
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proporciulobis g  koeficients Tavisufali vardnis aCqarebas uwodeben. 
misi ricxviTi mniSvneloba gviCvenebs, rom uhaero sivrceSi mxolod simZimis 
Zalis moqmedebiT vardnili sxeulis siCqare yovel wamSi 9,8 m/wm–iT izrdeba. 

 

daskvnebi: 

•	 sxeulze moqmedi simZimis Zala sxeulis masis proporciulia;
•	 sxeulze moqmedi simZimis Zalis Sefardeba sxeulis masasTan mudmi-

vi sididea da daaxloebiT 9,8 n/kg-is tolia;
•	 m masis sxeulze moqmedi simZimis Zala gamoiTvleba formuliT: 

F=mg

sakontrolo kiTxvebi:

1.	 rogor vipovoT sxeulze moqmedi simZimis Zala, Tu ar viciT sxeu-
lis masa?

2.	 rogor vipovoT sxeulze moqmedi simZimis Zala, Tu viciT sxeulis 
masa?

3.	 rogor vipovoT sxeulis masa dinamometris gamoyenebiT?

 davaleba:

1. risi tolia V=0,005 m3 moculobisa da ρ=2000 kg/m3 simkvrivis sxeulze 
moqmedi simZimis Zala? CaTvaleT, rom g=10 n/kg.

2. gansazRvreT 60 kg masis adamianze moqmedi simZimis Zala mTvareze, Tu 
cnobilia, rom mTvareze miziduloba 6-jer ufro sustia — vidre dedamiwaze. 
dedamiwaze g=10 n/kg.

3. dinamometrze wyliT savse saTlis Camokidebis Semdeg, misi Cveneba 120 
niutonia. saTlidan wylis naxevris gadmoRvris Semdeg ki — 65 niutoni. risi 
tolia saTlis masa? 

4. dedamiwis CrdiloeT da samxreT polusebze moTavsebulia erTnairi ma-
sis sxeulebi. riT gansxvavdeba maTze moqmedi simZimis Zalebi?

5. gansazRvreT avtomobilis mier 100 km manZilze daxarjuli benzinis 
saSualo moculoba, Tu axmetidan ambrolauramde 400 km manZilis gavlis 
Semdeg, masze moqmedi simZimis Zala 284 niutoniT Semcirda. CaTvaleT, rom  
g=10 n/kg.

6. ra masis tvirTi ekida dinamometrze, Tu masze 500 g masis tvirTis 
damatebiT dinamometris Cveneba 3-jer gaizarda?
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§ 4.7 erTi wrfis gaswvriv moqmedi Zalebis Sekreba. 
tolqmedi Zala

Cveulebriv sxeulze moqmedebs ara erTi, aramed ori, sami an meti Zala 
erTdroulad. rogoria maTi moqmedebis Sedegi?

amovxsnaT Semdegi amocana: or adamians gadaaqvs tvirTi urikis saSualebiT. 
erTi eqaCeba mas F1=100n ZaliT, meore ki awveba F2=90n ZaliT (sur. 4.18). risi 
tolia jamuri Zala, romelic amoZravebs urikas? Cven ukve viciT, rom Zala 
veqtoruli sididea, amitom maTi Sekreba ise moxdeba, rogorc veqtorebisa. 
amasTan, es Zalebi erTi wrfis gaswvriv, erTi mimarTulebiT moqmedeben.

sur. 4.18

90 n

F1
F2

100 n  

 gaixseneT! erTi wrfis gaswvriv, erTi mimarTulebiT moqmedi veqtore-
bis Sekrebis wesi. 

 am wesis Tanaxmad, urikaze moqmedi Zalebis jams igive mimarTuleba aqvs, 
rac F 1 da F 2 Zalebs, xolo misi modulia F=F1+F2=90n+100n=190n. Seicvleboda 
Tu ara urikis moZraoba, Tu mas imave mimarTulebiT gaqaCavda erTi adamiani 
F=190n ZaliT? cxadia ara, Sedegi iqneboda iseTive. e.i. erTi F  Zala urikaze 
axorcielebs iseTsave moqmedebas, rogorsac ori F 1 da F 2 Zala erTdroulad.

Zalas, romelic sxeulze iseTsave moqmedebas axdens, rogorsac ramdenime 
Zala erTdroulad, am Zalebis tolqmedi ewodeba. 

amocanaSi miRebul SedegSi SeiZleba davrwmundeT Semdegi cdiT: sademon-
stracio dinamometris qveda kauWze CamovkidoT 300 g masis sawoni, xolo 
dinamometris zeda baqanze davdoT 100 g masis sawoni (sur. 4.19,a). viciT, rom 
300 g masis sawonze moqmedebs 3n-is toli simZimis Zala, 100 g masis sawonze 
ki — 1n-is toli. es Zalebi mimarTulia Sveulad qveviT. dinamometris Cveneba 
iqneba 4 n, anu _ qveda da zeda sawonebze moqmedi simZimis Zalebis modulebis 
jami. SevcvaloT es sawonebi erTi 400 g masis sawoniT (sur. 4.19,b), masze mo-
qmedebs 4 n-is toli simZimis Zala. dinamometris Cveneba kvlav iqneba 4 n. e.i. 
erTi sawoni, masiT 400g, axdens iseTsave moqmedebas, rogorsac ori sawoni, 
masebiT 300g da 100g erTad.

a b
F1  = 3 n F = 4 n

F2  = 1 n

sur. 4.19
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sxeulze moqmedi erTi wrfis gaswvriv, erT mxares mimarTuli Zalebis tolq-
medi Zala imave mxaresaa mimarTuli, xolo misi moduli Sesakrebi Zalebis mod-
ulebis jamis tolia.

 CavataroT meore cda. sademonstracio dinamo-
metris qveda kauWze kvlav 300 g masis sawoni davki-
doT, anu vimoqmedoT qvemoT mimarTuli 3 n ZaliT. zeda 
kauWze meore dinamometriT movdoT zeviT mimarTuli 
5 n Zala. am SemTxvevaSi sademonstracio dinamometri 
gviCvenebs Zalas, romelic mimarTulia zeviT da misi 
sididea 2 n (sur. 4.20). swored es iqneba sapirispirod 
mimarTuli Zalebis tolqmedi.

amrigad, sxeulze moqmedi erTi wrfis gaswvriv sx-
vadasxva mxares mimarTuli Zalebis tolqmedi Zala mi-
marTulia moduliT meti Zalis mimarTulebiT, xolo misi 
moduli meti Zalisa da naklebi Zalis modulebis sxvao-
bis tolia.

amave cdaSi, Tu zeviT mimarTuli iqneboda 3 n Zala, 
maSin dinamometris Cveneba 0-is toli iqneboda. 

e. i. moduliT toli da urTierTsapirispirod mimar-
Tuli Zalebis tolqmedi nulis tolia. aseT SemTxvevaSi 
amboben, rom sxeulze moqmedi Zalebi awonasworebs (akom-
pensirebs) erTmaneTs. 

Tu nivTier wertilze moqmedi Zalebis tolqmedi nulis tolia, maSin is 
wonasworobaSia an uZravia, an moZraobs wrfivad da Tanabrad.

daskvnebi:

•	 Zalas, romelic sxeulze iseTsave moqmedebas axdens, rogorsac 
ramdenime Zala erTdroulad, am Zalebis tolqmedi ewodeba; 

•	 sxeulze moqmedi erTi wrfis gaswvriv erT mxares mimarTuli Zaleb-
is tolqmedi Zala imave mxaresaa mimarTuli, xolo misi moduli Ses-
akrebi Zalebis modulebis jamis tolia;

•	 sxeulze moqmedi erTi wrfis gaswvriv sxvadasxva mxares mimarTuli 
Zalebis tolqmedi Zala mimarTulia moduliT meti Zalis mxares, 
xolo misi moduli meti Zalisa da naklebi Zalis modulTa sxvaobis 
tolia;

•	 sididiT toli da urTierTsapirispirod mimarTuli Zalebi erT-
maneTs awonasworebs; 

•	 nivTieri wertili wonasworobaSia, Tu masze moqmedi Zalebis tolq-
medi nulis tolia.

sakontrolo kiTxvebi:

1.	 rogor Zalas vuwodebT sxeulze moqmedi yvela Zalebis tolqmeds? 

2.	 rogor ganvsazRvroT erTi wrfis gaswvriv erT mxares moqmedi 
Zalebis tolqmedi? 

sur. 4.20

F1  = 3 n

F2  = 5 n
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3.	 risi tolia erTi wrfis gaswvriv sxvadasxva mxares mimarTuli ori 
Zalis tolqmedi?

4.	 ra SemTxvevaSi amboben, rom ori Zala erTmaneTs akompensirebs? 

5.	 Seicvleba Tu ara sxeulis siCqare, Tu masze moqmedi Zalebis tolq-
medi nulis tolia? Tu nulisagan gansxvavebulia?

 davaleba:

1. 0,4 kg masis magniti liTonis vertikalur dafas 5 n ZaliT ekvris. ra 
ZaliT imoqmedebs magniti dafaze, Tu dafas horizontalurad davdebT ise, 
rom magniti mis zemoT aRmoCndes? CaTvaleT, rom g=10 n/kg.

2. gansazRvreT Zelakze moqmedi Zalebis tolqmedis moduli da mimarTule-
ba, Tu masze modebuli ori Zalidan, pirveli 50 n-is tolia da mimarTulia 
aRmosavleTiT, meore ki — 60 n-ia da mimarTulia dasavleTiT. 

3. 15 kg masis sxeuli TokiT Camokidebulia Werze (nax. 4.4). gansazRvreT 
Tokis mxridan sxeulze modebuli F Zalis moduli Tu sxeulze moqmedi Zaleb-
is tolqmedi nulis tolia. CaTvaleT, rom g=10 n/kg.

4. gansazRvreT 20 kg masis sxeulze iatakis mxridan moqmedi vertikaluri 
Zalis moduli da mimarTuleba, Tu masze moqmedi Zalebis tolqmedi nulis 
tolia. CaTvaleT, rom g=10 n/kg.

5. gansazRvreT nax. 4.5-ze gamosaxul sxeulze modebuli Zalebis tol
qmedi, Tu TiToeuli Zalis moduli Sesabamisad aris: F1=20 n, F2=15 n, F3=25 n, 
F4=30 n, F5=13 n da F6=17 n.

nax. 4.4 nax. 4.5

F

F1
F2 F3

F4

F5

F6

mg
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§ 4.8 drekadobis Zala

TqvenTvis ukve cnobilia, rom dedamiwis zedapirTan myof 
yvela sxeulze moqmedebs simZimis Zala. am Zalis moqmedebiT 
vardeba zeviT agdebuli qva ukan, xidan foToli, wvimis wveTi 
da a. S.

CavataroT cda. Stativze erTi boloTi davamagroT 
zambara, romlis qveda boloze davkidoT tvirTi. simZimis Za-
lis moqmedebiT tvirTi amoZravdeba qveviT da Tan waiyolebs 
zambaris qveda bolos. zambara gaiWimeba, magram zambaris 
garkveuli sigrZiT gaWimvis Semdeg tvirTi gaCerdeba. ratom 
Sewyda tvirTis moZraoba?

tvirTis moZraobis Sewyveta SeiZleba avxsnaT Semdegnai-
rad: tvirTze moqmedebs simZimis Zala, romelic mimarTulia 
Sveulad qveviT. vinaidan tvirTi aRmoCnda wonasworobaSi, 
es niSnavs, rom zambaris gaWimvis Semdeg gaCnda kidev erTi, 
zeviT mimarTuli Zala, romelmac gaawonaswora tvirTze moq-
medi simZimis Zala (sur. 4.21).

saidan warmoiqmna es meore Zala?

 gaixseneT! sxeulis zomis an formis cvlilebas deformacia ewodeba. 
tvirTis qveviT moZraobisas zambara iWimeba — deformirdeba. amis gamo Cnde-
ba Zala, romliTac zambara moqmedebs masze dakidebul tvirTze. es Zala mi-
marTulia vertikalurad zeviT, anu zambaris deformaciis gamomwvevi simZimis 
Zalis sawinaaRmdegod. am Zalas drekadobis Zala uwodes. rodesac drekado-
bis Zala moduliT simZimis Zalas gautoldeba, tvirTi gaCerdeba. SeiZleba 
iTqvas,rom drekadobis Zala ewinaaRmdegeba deformacias. 

igive cda SeiZleba gavimeoroT rezinis zonaris gamoyenebiT. cdis Sedegi 
iqneba igive, rac gvqonda zambaris SemTxvevaSi.

Zalas, romelic aRiZvreba sxeulis deformaciisas da mimarTulia sxeulis 
Semadgeneli nawilakebis wanacvlebis sawinaaRmdegod, drekadobis Zala ewodeba. 

drekadobis Zalas aRniSnaven F
dr

-iT. riT aris gamowveuli drekadobis Za-
lis warmoqmna?

gavixsenoT: sxeulis Semadgenel nawilakebs Soris manZilis gazrda iwvevs 
maT Soris mizidulobis Zalebis warmoqmnas, xolo Semcireba — ganzidvis 
Zalebis warmoqmnas. rodesac sxeuls  vkumSavT mis Semadgenel nawilakebs 
erTmaneTs vuaxlovebT da isini erTmaneTs ganizidaven. sxeulis gaWimvisas 
ki  nawilakebs erTmaneTs vaSorebT da isini erTmaneTs miizidaven (nax. 4.6). 
ori nawilakis urTierTqmedebis Zala Zalian mcirea, magram sxeulis defor-
maciisas urTierTqmedebs nawilakebis Zalian didi raodenoba. yvela nawilaks 
Soris urTierTqmedebis jamuri Zala ukve mniSvnelovani sididisaa. 

nax. 4.6

sur. 4.21

F
sim

F
dr
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imis mixedviT, Tu rogori wanacvleba moxdeba sxeulis Semadgenel naw-
ilebs Soris, ganasxvaveben deformaciis saxeebs: Wimva, kumSva, Runva, grexa, 
Zvra (nax. 4.7).

gaWimvis deformacia

Runvis deformacia grexis deformacia Zvris deformacia

kumSvis deformacia

nax. 4.7

aiReT espanderi da xeli mouWireT mas — espanderi moiRuneba (sur. 4.22). 
Tu SewyvetT espanderze xelis moWeras, is mTlianad aRidgens Tavis formas 
— deformacia gaqreba.

deformacias, romelic mTlianad qreba misi gamomwvevi gareSe Zalis moqme-
debis Sewyvetis Semdeg, drekadi deformacia ewodeba.

Tixisgan raime figuris keTebisas, ostati zels Tixas (sur. 4.23). is inar-
Cunebs im formas, romelsac mas ostati mianiWebs. Tixas „ar axsovs“ Tavisi 
forma deformaciamde da ar aRidgens mas.

sur. 4.22 sur. 4.23

deformacias, romelic SenarCundeba misi gamomwvevi gareSe Zalebis moqme-
debis Sewyvetis Semdeg, plastikuri deformacia ewodeba.
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daskvnebi:

•	 deformacias, romelic mTlianad qreba misi gamomwvevi gareSe 
Zalebis moqmedebis Sewyvetis Semdeg, drekadi deformacia ewodeba;

•	 deformacias, romelic SenarCundeba misi gamomwvevi gareSe Zalebis 
moqmedebis Sewyvetis Semdeg, plastikuri deformacia ewodeba;

•	 drekadobis Zala — Zala, romelic warmoiqmneba sxeulis defor-
maciisas, ewinaaRmdegeba deformacias da mimarTulia sxeulis Se-
madgeneli nawilebis wanacvlebis sawinaaRmdegod;

•	 drekadobis Zala warmoiqmneba sxeulis Semadgeneli nawilakebis ur-
TierTqmedebis gamo.

sakontrolo kiTxvebi:

1.	 ra aris deformaciis gamomwvevi mizezi?

2.	 deformaciis romeli saxeebi iciT? moiyveneT magaliTebi;

3.	 rogor deformacias uwodeben drekads? plastikurs? moiyvaneT 
magaliTebi;

4.	 ra aris drekadobis Zalis aRZvris mizezi?

5.	 ratom warmoiqmneba drekadobis Zala?

6.	 ras ewinaaRmdegeba drekadobis Zala?

 davaleba:

1. drekadia Tu plastikuri plastelinis deformacia? saSlelis deforma-
cia? moiyvaneT drekadi da plastikuri deformaciis sxva magaliTebi.

2. moiyvaneT zambaris da rezinis yoveldRiur cxovrebaSi gamoyenebis 
magaliTebi. 

3. xis saxazavi boloebiT dadeT or saSlelze da SuaSi dawoliT SeecadeT 
mis CaRunvas:

a) ra Zala gewinaaRmdegebaT saxazavis CaRunvisas? 

b) ra iwvevs am Zalis warmoqmnas? 

g) aRidgens Tu ara formas saxazavi dawolis Sewyvetis Semdeg?

4. batutze daxtomisas Tqveni siCqaris moduli mcirdeba, garkveul mo-
mentSi nulis toli xdeba, Semdeg kvlav izrdeba. ra aris siCqaris aseTi cv-
lilebis mizezi? 

5. aRwereT, rogor warmoiqmneba TokSi drekadobis Zala masze tvirTis 
Camokidebis Semdeg. 

6. ra Zala awonasworebs magidis zedapirze dadebul sxeulze moqmed 
simZimis Zalas? ra aris am Zalis warmoqmnis mizezi? 
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7. 50 kg masis magidaze devs 1 kg masis wigni, am wignze ki — 300 g masis vaSli. 
CaTvaleT, rom g=10 n/kg da gansazRvreT:

a) Zala, romliTac moqmedebs vaSli wignze? 
b) Zala, romliTac moqmedebs wigni magidaze? 
g) Zala, romliTac moqmedebs magida iatakze?

8. risi tolia velosipedis masa, Tu igi dedamiwis horizontalur zedapirs 
650 n ZaliT awveba, rodesac masze 50 kg masis ymawvili zis? CaTvaleT, rom 
g=10 n/kg.

 saSinao cda

cdis mizani: drekadfirfitiani dinamometris damzadeba.

cdisTvis saWiroa: xis dafa, xis ori patara Zelaki, liTonis drekadi fir-
fita (saxazavi).

xis dafaze erTmaneTTan axlos  daamagreT ori Zelaki. maT Soris SualedSi 
gaWedeT liTonis firfitis erTi bolo. dakideT firfitis Tavisufal bo-
loze sxvadasxva masis sxeulebi (50g.  100g. 150g. 200g. ) da Sesabamisi aR-
niSvnebi  gaakeTeT markeriT dafaze saxazavis Tavisufali bolos gaswvriv. 
ra Zala awonasworebs saxazavze Camokidebul tvirTze moqmed simZimis Zalas? 
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§ 4.9 drekadobis Zalis modulis gamoTvla 

horizontalur zedapirze (magidaze) devs birTvi. masze moqmedebs simZimis 
Zala F

sim
 (nax. 4.8). ratom ar vardeba birTvi qveviT am Zalis moqmedebiT? al-

baT, ar gagiWirdebaT am kiTxvaze pasuxis gacema: birTvis vardnas ewinaaRmde-
geba sayrdeni — magida. rogor moqmedebs sayrdeni birTvze?

	 dedamiwis mizidulobis gamo birTvi awveba magidas. dawolis Zala 
F

daw 
modebulia magidis zedapirze, mimarTulia qveviT  da mas sxeulis wonas 

uwodeben (nax. 4.9). es Zala, magidaze moqmedebisas, is CaRunavs mas, anu moax-
dens magidis deformacias, romelic Zalian mcirea — TvaliT SeumCneveli. 
birTvi rom raime rbil zedapirze dagvedo, deformacias davinaxavdiT.

F
sim

nax. 4.8

F
daw

nax. 4.9

deformirebul magidaSi aRiZvreba drekadobis Zala, romlis gavleniT 
magida cdilobs gaswordes. am ZaliT is zeviT awveba birTvs. swored es Zala 
akompensirebs birTvze moqmed simZimis Zalas, amitom birTvi rCeba uZrav mdgo-
mareobaSi. am Zalas sayrdenis reaqciis Zalas uwodeben da aRniSnaven N -iT. 
sayrdenis reaqciis Zala yovelTvis mimarTulia zedapiris marTobulad, 
sayrdenis deformaciis sawinaaRmdegod (nax. 4.10).

nax. 4.10

F
sim

N

F
daw

 gaixseneT! ori Zala maSin akompensirebs erTmaneTs, rodesac isini 
erT sxeulzea modebuli, erTi wrfis gaswvriv sxvadasxva mxares arian mimar-
Tulni da maTi modulebi tolia. Cvens SemTxvevaSi, horizontalur zedapirze 
moTavsebuli sxeulisaTvis

N=mg

vTqvaT, birTvi Camokidebulia Tokze. davsvaT igive kiTxva: ratom ar 
vardeba birTvi qveviT?

birTvi, dedamiwis mizidulobis gamo, Wimavs Toks (sakidels). gamWima-
vi Zala (F

gaW
) modebulia Tokze, mimarTulia qveviT da masac sxeulis wonas 
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uwodeben. es Zala axdens Tokis deformacias, romelic TvaliT SeumCnevelia. 
Tokis magivrad rbili zambara rom agveRo, deformacias davinaxavdiT.

deformirebul TokSi aRiZvreba drekadobis Zala, romelic cdilobs, 
daubrunos mas sawyisi sigrZe. am ZaliT Toki eqaCeba birTvs zeviT da akompen-
sirebs birTvze moqmed simZimis Zalas. amis gamo birTvi rCeba uZrav mdgomare-
obaSi (nax. 4.11) TokSi aRZrul drekadobis Zalas sakidelis daWimulobis Zalas 
uwodeben da aRniSnaven T -Ti. sakidelis daWimulobis Zala yovelTvis mimar-
Tulia sakidelis gaswvriv, sakidelis deformaciis sawinaaRmdegod (nax. 4.11).

 

F
sim

T

F
gaW

nax. 4.11

Cven SemTxvevaSi, Sveuli sakidelis daWimulobis Zala moduliT sxeulze 
moqmedi simZimis Zalis tolia

T=mg

amrigad, sayrdenis reaqciisa da sakidelis daWimulobis Zala drekadobis 
Zalas warmoadgens.

aRsaniSnavia, rom sxeulis simZimis Zala modebulia TviT sxeulze, xolo sx-
eulis wona _ sayrdenze an sakidelze. amasTan, sxeulis wona moduliT sayrdenis 
reaqciis an sakidlis daWimulobis Zalis tolia.

davadginoT, razea damokidebuli drekadobis Zalis moduli. amisTvis Cav-
ataroT laboratoriuli samuSao.

samuSaos mizani: zambaris deformaciisas aRZruli drekadobis Zalis 
Seswavla.

saWiro xelsawyoebi da masalebi: sawonebis nakrebi, ori sxvadasxva zambara, 
saxazavi, Stativi.

samuSaos msvleloba:

•	 daamagreT Stativze erTi zambara da saxazaviT gazomeT misi sigrZe l0 
(nax. 4.12);

nax. 4.12

l
0 l

F

X
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•	 daxazeT cxrili #4.2:

 cxrili #4.2

sxeulis 
masa, mkg

zambaris 
sawyisi 
sigrZe , 

l0sm

gaWimuli 
zambaris 

sigrZe, lsm

zambaris 
wagrZeleba, 

x=l-l0 sm

sxeulze moq-
medi simZimis 

Zala, F
sim

, n

zambaraSi 
aRZruli 

drekadobis 

Zala F
dr

, n

F
dr

/x

0.050

0.100

0.150

0.200

0.250

0.300

•	 zambaraze rigrigobiT dakideT cxrilSi mocemuli masis sawonebi; 
•	 TiToeuli SemTxvevisTvis saxazaviT gazomeT gaWimuli zambaris sigrZe 

l. Sedegi SeitaneT cxrilSi;
•	 TiToeuli SemTxvevisTvis gamoTvaleT zambaris wagrZeleba — sabo-

loo da sawyisi sigrZeebis sxvaoba x = l - l0. Sedegebi SeitaneT cxrilSi;
•	 TiToeuli SemTxvevisTvis gamoTvaleT sawonze moqmedi simZimis Zala. 

zambaraSi aRZruli drekadobis Zala moduliT sxeulze moqmedi simZimis 
Zalis tolia. Sedegebi SeitaneT cxrilSi;

•	 TiToeuli SemTxvevisTvis gamoiTvaleT Sefardeba F
dr

/x;
(nax. 4.13)-is mixedviT aageT marTkuTxa sakoordinato sistema da cxrilis 

monacemebis mixedviT moniSneT masze (x; F
dr

) wertilebi;

0.5

0.5

0

1

1.5

2

2.5

3

1 1.5 3.52 42.5 4.53 5
x, sm

F, n

nax. 4.13 

•	 daakvirdiT, rogor ganlagdnen es wertilebi. Tu cdas SedarebiT 
zustad CaatarebT, miRebuli wertilebi erT wrfeze ganlagdebian, 
xolo F

dr
/x Sefardeba erTi da igive mniSvnelobas miiRebs.

gaimeoreT samuSao meore zambarisaTvis.
gamovitanoT daskvna: mocemuli zambarisTvis F

dr
/x mudmivi sididea. am si-

dides zambaris sixiste ewodeba da aRniSnaven k asoTi: F
dr

/x=k, saidanac,

 F
dr

=kx

amrigad, zambaraSi aRZruli drekadobis Zalis moduli deformaciis sidid-
is proporciulia. es kanoni daadgina didma ingliselma fizikosma robert 
hukma 1660 wels da is mis saxels atarebs. 

 sixiste (proporciulobis koeficienti) k ricxobrivad tolia drekadobis 
Zalisa, romelic aRiZvreba sxeulSi erTeulis toli wagrZelebis dros. labo-
ratoriul samuSaoSi gamoyenebul zambarebs aqvT sxvadasxva sixiste — erTi 

w i g n S i  a r  C a w e r o T !
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da igive gamWimavi Zalis SemTxvevaSi maTi wagrZelebebi gansxvavebulia. six-
iste damokidebulia sxeulis geometriul zomebze (sigrZe, sigane da a.S.) da 
im masalaze, romlisganac aris damzadebuli sxeuli. sixistis ganzomileba SI 
sistemaSi aris n/m. F

dr
=kx  damokidebuleba marTebulia mxolod mcire defor-

maciebis dros, vidre sxeulis deformacia drekadia.
is, rom zambaraSi aRZruli drekadobis Zala da deformaciis gamomwvevi 

Zala moduliT tolia, safuZvlad udevs dinamometris moqmedebis princips. 

daskvnebi:

•	 sayrdenis reaqciis Zala yovelTvis mimarTulia zedapiris marTob-
ulad, sayrdenis deformaciis sawinaaRmdegod;

•	 sakidlis daWimulobis Zala yovelTvis mimarTulia sakidlis gas-
wvriv da mimarTulia sakidlis deformaciis sawinaaRmdegod;

•	 mcire deformaciebis dros sxeulSi aRZruli drekadobis Zalis 
moduli pirdapirproporciulia wagrZelebisa: F

dr
=kx;

•	 sxeulis sixiste ricxobrivad tolia drekadobis Zalisa, romelic 
aRiZvreba sxeulSi erTeulis toli wagrZelebis dros;

•	 sixistis erTeuli SI sistemaSi aris n/m.
•	 sxeulis sixiste damokidebulia mis geometriul zomebsa da masala-

ze.

sakontrolo kiTxvebi:

1.	 ratom warmoiqmneba sayrdenis reaqciis Zala? sakidlis daWimulobis 
Zala?

2.	 sxeulis uZraobisas sayrdenis reaqciis da sakidlis daWimulobis 
Zala moduliT romeli Zalis tolia?

3.	 ras niSnavs, rom drekadobis Zala wagrZelebis proporciulia?

4.	 razea damokidebuli sxeulis sixiste?

5.	 ras niSnavs, rom zambaris sixiste 5000 n/sm–ia?

6.	 rogori deformaciebisTvisaa marTebuli hukis kanoni?

 davaleba:

amocanebis amoxsnis dawyebamde gaecaniT amocanis amoxsnis nimuSs § 4.12 amo-
cana 1.

1. aradeformirebuli rezinis zonris sigrZe 10 sm-ia. gansazRvreT misi 
sixiste, Tu 2 niutoni Zalis zemoqmedebiT misi sigrZe 15 sm-mde gaizarda. 

2. rezinis zonarze Camokides 200 g masis tvirTi, ris gamoc zonari 3 sm-iT 
wagrZelda. risi toli iqneboda zonris wagrZeleba, tvirTis masa 100 grami 
rom yofiliyo? 

3. gansazRvreT zambaraSi aRZruli drekadobis Zala, Tu masze Camokidebu-
li 15 kg masis tvirTi wonasworobaSia. CaTvaleT, rom g=10 n/kg.

4. gansazRvreT 200 n/m sixistis zambaris wagrZeleba, Tu masSi aRZruli 
drekadobis Zalis moduli 20 niutonia. 
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5. Werze Camokidebuli ori zambaridan pirvelis sixistea 100 n/m, meorisa 
ki — 300n/m. pirvel zambaraze Camokides 5 kg masis tvirTi. ra masis tvirTi 
unda CamovkidoT meore zambaraze, rom maTi wagrZelebebi erTnairi aRmoC-
ndes? 

6. vertikalur zambaraze Camokides 2 kg masis tvirTi, romlis moqmedebiT 
zambara 5 sm-iT wagrZelda. risi toli gaxdeba zambaris wagrZeleba, Tu masze 
damatebiT 7 kg masis tvirTs CamovkidebT? 

7. zambaraze 1 kg masis tvirTis dakidebisas misi sigrZe 10 sm-ia. 2 kg masis 
tvirTis dakidebisas ki — 14 sm. gansazRvreT zambaris sixiste da aradeform-
irebuli zambaris sigrZe. CaTvaleT, rom g=10 n/kg.

8. Werze Camokidebuli ori zambaridan pirvelis sixistea 200 n/m meorisa 
ki — 150 n/m. maTze erTnairi masis tvirTebis dakidebisas, pirveli zambaris 
wagrZeleba 1 sm-iT ufro naklebia, vidre meoresi. gansazRvreT tvirTis masa. 
CaTvaleT, rom g=10 n/kg.

saSinao cda

cdis mizani: srialis da gorvis xaxunis Zalaze dakvirveba.

cdisTvis saWiroa: wriuli ganivkveTis  fanqari, wigni.

dadeT fanqari wignze misi erTi-erTi gverdis paralelurad es gverdi 
nela wamowieT iqamde, vidre fanqari gorvas daiwyebs. Semdeg, daxris kuTxis 
Seucvlelad, fanqari dadeT imave gverdis marTobulad.  daakvirdiT, dasri-
aldeba fanqari? 

 miRebuli Sedegi  Cawere saSinao davalebis rveulSi. 
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§ 4.10 xaxunis Zala

horizontalur gzaze manqana gamorTuli ZraviT garkveuli drois Sem-
deg Cerdeba; gaCerdeba velosipedic, Tu SevwyvetT pedlebis trials; burTi, 
moedanze gorvisas, garkveul droSi aseve gaCerdeba. 

ra aris sxeulebis siCqaris Semcirebis mizezi?
CvenTvis ukve cnobilia, rom sxeulis siCqare mcirdeba, Tu masze moqmedebs 

moZraobis sawinaaRmdegod mimarTuli Zala. moyvanil magaliTebSi siCqaris 
Semcirebas swored aseTi Zala iwvevs, romelsac xaxunis Zalas uwodeben da 
aRniSnaven F

xax
–iT.

xaxunis Zala erTi sxeulis zedapirze meore sxeulis moZraobisas aRiZvreba 
da is ewinaaRmdegeba maTi erTmaneTis mimarT moZraobas.

xaxunis Zalis warmoqmnis erT-erTi mizezi urTierTSemxebi zedapire-
bis simqisea (simqise — uswormasworoba). erTi SexedviT gluvi zedapiris 
mikroskopiT daTvalierebisas masze davinaxavT uswormasworobebs, nakawrebs, 
burcobebsa da Rrmulebs (nax. 4.14). roca erTi sxeuli moZraobs meores zeda-
pirze, es uswormasworobebi erTmaneTs wamoedeba, rac warmoqmnis moZraobis 
sawinaaRmdegod mimarTul Zalas. 

nax. 4.14

xaxunis Zalis Sesamcireblad zedapirebs kargad aprialeben. magram gapri-
alebiT zedapirebi erTmaneTs Zalian uaxlovdeba. Tu zedapirebs Soris man-
Zili Zalian mcirea, maTi molekulebi erTmaneTs „igrZnoben“ da urTierT-
miizidebian, zedapirebi erTmaneTs miekrobian. amis gamo xaxunis Zala mkveTrad 
gaizrdeba. aseT SemTxvevaSi Tavs iCens xaxunis Zalis warmoqmnis meore mizezi 
Semxebi zedapirebis molekulebis urTierTmizidva (nax. 4.15). albaT ginaxavT, 
erTmaneTze dadebuli brtyeli minebis daSoreba an erTmaneTze gasrialeba 
Zalian Znelia; aseve Znelia furclebis dastidan erTi furclis gamoZrobac.

xaxunis Zala warmoiqmneba Semxebi zedapirebis simqisisa da maTi molekuleb-
is urTierTmizidvis gamo.

amasTan, xaxunis Zalis gamomwvevi pirveli mizezis Sesusteba iwvevs meore 
mizezis gaZlierebas.

nax. 4.15
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 CavataroT cda:
magidaze movaTavsoT xis Zelaki, romelzec Tokia gamobmuli. Toki gadav-

doT magidaze damagrebul WoWonaqze da CamovkidoT masze imdenad mcire masis 
tvirTi, rom Zelaki ar amoZravdes (vTqvaT, 0,5 kg). (sur. 4.24). tvirTze moqme-
debs 5 n simZimis Zala, moduliT aseTive ZaliT Toki eqaCeba Zelaks. Zelakis 
uZraoba gamowveulia imiT, rom masze moqmedi Zala kompensirdeba raRac sxva 
ZaliT. am Zalas uZraobis xaxunis Zala ewodeba. misi mniSvneloba 5 n-is to-
lia da mimarTulia im Zalis sapirispirod, romliTac Toki eqaCeba Zelaks. 
gavzardoT Camokidebuli tvirTis masa ise, rom Zelaki uZravi darCes (vTqvaT, 
1 kg). axla Zelaks eqaCeba 10 n Zala. vinaidan Zelaki kvlav uZravia, es niSnavs, 
rom gaizarda uZraobis xaxunis Zalac da is gaxda 10 n-is toli. 

sur. 4.24

xaxunis Zalas, romelic xels uSlis sxeulis amoZravebas, uZraobis xaxunis 
Zala ewodeba.

gavagrZeloT tvirTis masis zrda. vidre Zelaki uZravia, Sesabamisad izrde-
ba uZraobis xaxunis Zalac. magram tvirTis masis garkveuli mniSvnelobisaTvis 
(vTqvaT, 2 kg) Zelaki daiwyebs moZraobas. e,i. uZraobis xaxunis Zalam miaRwia 
Tavis maqsimalur mniSvnelobas (20 n). am momentidan Zelaki iwyebs moZraobas, 
uZraobis xaxunis Zala ki Seicvleba srialis xaxunis ZaliT. 

xaxunis Zalas, romelic aRiZvreba erTi sxeulis meore sxeulis zedapirze 
srialisas, srialis xaxunis Zala ewodeba.

Tu Zelaks minis zedapirze movaTavsebT da cdas gavimeorebT, davinaxavT, 
rom Zelaki tvirTis ufro mcire masis mniSvnelobaze daiZvreba. es niSnavs, 
rom xaxunis Zala damokidebulia Semxebi zedapirebis nivTierebis gvarobaze 
da damuSavebis xarisxze.

davdoT xis Zelaki mrgval fanqrebze da cda Tavidan CavataroT (sur. 4.25). 
fanqrebis ZelakTan da magidasTan xaxunis gamo, fanqrebi daiwyebs gorvas, 
Zelaki ki moZraobas. warmoiqmneba gorvis xaxunis Zala, romelic naklebia sri-
alis xaxunis Zalaze. gorvis xaxunis Zalis warmoqmnis meqanizmi gansxvavdeba 
srialis xaxunis Zalis warmoqmnis meqanizmisgan. gorvisas sxeulis zedapiri 
Caizniqeba, ris gamoc Cndeba mcire safexuri, romelic ganapirobebs gorvis 
xaxunis warmoqmnas (nax. 4.16). igive SeiZleba gamoiwvios gzis zedapiris Ca-
zneqamac. deformacia rom mcire iyos, saWiroa, gzis zedapiri iyos myari. 
amitomaa Cqarosnul gzebze betonis Zalian myari safari.

nax. 4.16

F

sur. 4.25
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xaxunis Zalas, romelic aRiZvreba erTi sxeulis gorvisas meoris zedapirze, 
gorvis xaxunis Zala ewodeba.

borblis gamogoneba kacobriobis istoriaSi iyo erT-erTi yvelaze win-
gadadgmuli nabiji. man SesaZlebeli gaxada, srialis xaxuni SeecvalaT masze 
bevrad naklebi gorvis xaxuniT.

Cven visaubreT myar sxeulebs Soris xaxunis Zalebis Sesaxeb. magram xaxunis 
Zala warmoiqmneba myari sxeulis siTxeSi an airSi moZraobis drosac.

rodesac cdilobT, gaiqceT zRvaSi napirTan axlos, Tqven grZnobT did 
winaaRmdegobas wylis mxridan da ar SegiZliaT swrafad sirbili.

rodesac Tqven gadagaqvT didi mCate sxeulebi Zlieri qaris dros, Tqven 
grZnobT iseT winaaRmdegobas qaris mxridan, rom giWirT siaruli.

xaxunis Zalebs, romlebic warmoiqmnebian sxeulis moZraobisas airSi an 
siTxeSi, garemos winaaRmdegobis Zalebi ewodeba.

siTxeSi moZraobisas garemos winaaRmdegobis Zala ufro didia, vidre air-
Si, amitom gemebi ver moZraoben TviTmfrinavis siCqariT.

rac ufro didia sxeulis moZraobis siCqare, miT ufro didia garemos 
winaaRmdegobis Zala. swrafad moZravi manqanis fanjridan xelis gadayofisas 
vgrZnobT haeris did winaaRmdegobas.

blant siTxeSi winaaRmdegobis Zala ufro metia, vidre arablant siTxeSi. 
sxeuli wyalSi CaZirvisas ufro swrafad miaRwevs fskers, vidre zeTSi CaZir-
visas.

bunebasa da teqnikaSi xaxuni SeiZleba iyos megobaric da mteric. roca is 
sasargebloa, cdiloben mis gazrdas, roca ziani moaqvs _ Semcirebas.

warmovidginoT, rom xaxuni gaqra _ uZravi manqana adgilidan ver daiZvre-
boda, moZravi _ ver gaCerdeboda; adamianebi ver ivlidnen, davardebodnen 
da fexze veRar adgebodnen; Tqven ver SeZlebdiT weras, am saxelmZRvanelos 
furclis gadaSlas; amitom, am SemTxvevebSi xaxuni sasargebloa. 

SegimCneviaT, rom manqanebis, motociklebis da velosipedebis saburavebs 
aqvT natvifrebi (proteqtorebi), romlebic ganlagebulni arian borblis gas-
wvrivadac da ganivaTac. isini gakeTebulia xaxunis Zalis gasazrdelad, anu 
borblis gzasTan moWidebis mosamateblad. ganivi zolebi zrdian gzis safar-
Tan moWidebas daZvrisas an damuxruWebisas, xolo gaswvrivi _ ewinaaRmdegebi-
an gverdze mocurebas.

xaxunis gamo cvdeba da cxeldeba manqanis yvela moZravi nawili. xaxunis Ses-
amcireblad maTi zedapirebi kargadaa gaprialebuli, xolo darCenili patara 
uswormasworobebis amosavsebad iyeneben SezeTvas. manqanis mbrunav nawilebze 
ayeneben sakisrebs. brunvis sakisrebi arsebobs burTuliani da gorgolaWiani 
(sur. 4.26). isini, srialTan SedarebiT, 20-30-jer amcireben xaxunis Zalas. 

sur. 4.26
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garemos winaaRmdegobis Zalis Sesamcireblad sxeuls gansakuTrebul for-
mas aZleven. aseT formas adamians TviT buneba karnaxobs _ gaixseneT Tevzis 
an frinvelis forma. amitom aqvs aseTi wagrZelebuli, e.w. garsedini forma 
wyalqveSa navebs, gemebs, raketebs, TviTmfrinavebs da manqanebs (sur. 4.27).

sur. 4.27

daskvnebi:

•	 xaxunis Zala aRiZvreba sxeulTa uSualo Sexebis adgilze, mimarTu-
lia Semxebi zedapirebis gaswvriv, moZraobis an SesaZlo moZraobis 
sawinaaRmdego mimarTulebiT;

•	 xaxunis Zalis warmoqmnis mizezi Semxebi zedapirebis simqise da maTi 
molekulebis urTierTmizidvaa;

•	 xaxunis Zalas, romelic xels uSlis sxeulis amoZravebas, uZraobis 
xaxunis Zala ewodeba;

•	 xaxunis Zalas, romelic aRiZvreba erTi sxeulis meore sxeulis 
zedapirze srialisas, srialis xaxunis Zala ewodeba;

•	 xaxunis Zalas, romelic aRiZvreba erTi sxeulis gorvisas meoris 
zedapirze, gorvis xaxunis Zala ewodeba;

•	 xaxunis Zalebs, romlebic warmoiqmnebian sxeulis moZraobisas air-
Si an siTxeSi, garemos winaaRmdegobis Zalebi ewodeba.
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sakontrolo kiTxvebi:

1.	 xaxunis Zalis ra saxeebi arsebobs?

2.	 ratom warmoiqmneba uZraobis an srialis xaxunis Zala?

3.	 risi tolia uZraobis xaxunis Zala?

4.	 ratom warmoiqmneba gorvis xaxunis Zala?

5.	 saiT aris mimarTuli srialis xaxunis Zala? uZraobis xaxunis Zala?

6.	 ratom SeiZleba xaxuni iyos megobaric da mteric?

7.	 rogor SeiZleba xaxunis Zalis Semcireba?

8.	 ratom aqvs raketas wawvetebuli forma?

 davaleba:

1. rogori saxis xaxunis Zala aRiZvreba fexsacmelsa da iataks Soris siaru-
lis dros?

2. rogori saxis xaxunis Zala aRiZvreba carciT dafaze weris dros? fan-
qriT weris dros? burTuliani kalmiT weris dros? 

3. rogori saxis xaxunis Zala aRiZvreba horizontalur magidaze Tanabrad 
moZrav biliardis burTulasa da magidis zedapirs Soris ? 

4. niCbebiT navis amoZravebisas gvexmareba Tu gvewinaaRmdegeba xaxunis 
Zala, romelic wylis mxridan niCabze moqmedebs? xaxunis Zala, romelic wylis 
mxridan navze moqmedebs? pasuxi daasabuTeT. 

5. frinvelebi frTebis moqneviT cdiloben afrenas. exmarebaT Tu ewinaaRm-
degebaT am dros frTebze moqmedi xaxunis Zala? pasuxi daasabuTeT. 

6. romel SemTxvevaSia meti gorvis xaxunis Zala: avtomobilis betonis 
gzaze moZraobisas, Tu imave avtomobilis fxvier safarze moZraobisas? pasuxi 
daasabuTeT. 

7. ratom zrdian avtomobilebs Soris distancias mZRolebi Tovlian gzaze 
moZraobisas? 

8. rogor gvexmareba paraSuti dedamiwaze usafrTxod daSvebisas?
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§ 4.12 amocanis amoxsnis nimuSi

1.	 400 n/m sixistis zambaraze dakidebulia saTli romelSic Casxmulia 
10l moculobis  wyali.  gansazRvreT zambaris wagrZeleba, Tu carieli saT-
lis masa 0,5 kg-ia. g=10 n/kg (nax. 4.21).

amoxsna:

saTlSi moTavsebuli wylis masa iqne-
ba 

M=ρ∙V=1000∙0,01=10kg. 

zambaraSi aRZruli drekadobis Zala 
erTdroulad awonasworebs saTlze 
da saTlSi moTavsebul wyalze moqmed 
simZimis Zalebs amitom: kx=Mg+mg. ricx-
viTi mniSvnelobebis SetaniT miviRebT:

400∙x=100+5=105 n => x=0,2625 m.

pasuxi: zambaris deformaciaa 26,25 sm.

moc:

V=10l=0,01 m3,
m=0,5 kg,
k=400 n/m,
g=10 n/kg,
ρ=1000 kg/m3

u.v. x

2.	 40  kg masis Zelaks Tanabrad  miasrialeben horizontalur  zedapirze, 
masze gamobmuli,  horizontaluri  200 n/m sixistis zambaris saSualebiT.  
Zelakis zedapirTan xaxunis koeficienti  0,01-ia.  rogor Seicvala  zambaris 
deformacia Tu Zelaki  srulad gadavida da  gaagrZela  Tanabari sriali  
iseT zedapirze, romelTan  xaxunis koeficienti  0,04-is tolia?  g=10 n/kg.

amoxsna:

radgan Zelaki orive SemTxvevaSi Tanabrad moZra-
obs, masze  moqmed xaxunis Zalas awonasworebs zambara-
Si aRZruli drekadobis Zala.  

rodesac µ=µ1: k∙x1=µ1∙m∙g => 

x1=
µ1 ⋅ ⋅m g
k =

0,01 40 10⋅ ⋅
200

= 0,02 m.

rodesac µ=µ2:  k∙x2= µ2∙m∙g =>

 x2=
µ2 ⋅ ⋅m g
k

 = 
0,04 40 10⋅ ⋅

200
 = 0,08 m.

x2-x1=0,08-0,02=0,06 m.         

 pasuxi: zambaris wagrZeleba gaizarda 6 sm-iT.

moc:

m=40 kg,
k=200 n/m,
g=10 n/kg,
µ1=0,01,
µ2=0,04

u.v. x2-x1

nax. 4.21
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me-4 Tavis pirveli nawilis Semajamebeli kiTxvebi da amocanebi

I. qvemoT mocemuli winadadebebi gadaiwereT rveulSi da CasviT gamotovebu-
li sityvebi:

1. sxeuli moZraobs wrfivad da Tanabrad an imyofeba uZrav mdgomareobaSi, 
Tu masze sxva sxeulebi ar ................... an maTi moqmedeba ............................. 

2. sxeulis mier ....................... an ..................... ...................... moZraobis siC-
qaris SenarCunebis movlenas inercia ewodeba.

3. Tu erTi sxeuli ..................... meoreze, maSin meore sxeulic ..................... 
pirvelze.

4. ori urTierTmoqmedi sxeulidan ............. masis mqone sxeulis siCqare 
ufro metad icvleba, vidre .................. masis sxeulis.

5. Tu urTierTmoqmedi sxeulebis siCqareebis cvlileba ................ , maSin 
maTi masebi tolia.

6. Zala fizikuri sididea, romelic ..................... axasiaTebs erTi sxeulis 
meoreze moqmedebas.

7. sxeulze moqmedi Zala iwvevs misi .................. modulisa da mimarTulebis 
cvlilebas.

8. sxeulze ..................... ................. iwvevs sxeulis deformacias. 
9. Zalis moqmedebis Sedegi damokidebulia mis modulze, ...................... da 

................... wertilze.
10. 1 n (niutoni) iseTi Zalaa, romlis moqmedebiT 1 kg masis sxeulis 

................ 1 wm-Si ..................... icvleba. 
11. .................... aris Zalis gamzomi xelsawyo.
12. Zalas, romliTac dedamiwa izidavs misi zedapiris maxloblad myof sx-

euls, ............... ................ ewodeba.
13. simZimis Zala mimarTulia dedamiwis ...................... 
14. simZimis Zala .................... bunebisaa.
15. Zalas, romelic sxeulze iseTive ...................... axdens, rogorsac ram-

denime Zala erTdroulad, am Zalebis ...................... ewodeba.
16. sxeulze moqmedi erTi wrfis gaswvriv, erT mxares mimarTuli Zalebis 

...................... Zala igive mxaresaa mimarTuli, xolo misi ..................... Sesakrebi 
Zalebis .................. jamis tolia.

17. sxeulze moqmedi erTi wrfis gaswvriv sxvadasxva mxares mimarTuli 
Zalebis ..................... Zala mimarTulia moduliT ................... Zalis mimar-
TulebiT, xolo misi ................ meti Zalisa da naklebi Zalis modulebis sxva-
obis tolia.

18. sididiT toli da ................. mimarTuli Zalebi erTmaneTs awonasworebs. 
19. nivTieri wertili ......................... , Tu masze moqmedi Zalebis tolqmedi 

nulis tolia.
20. Zalas, romelic aRiZvreba sxeulis .......................... da mimarTulia sx-

eulis Semadgeneli nawilakebis wanacvlebis ................................ , drekadobis 
Zala ewodeba. 

21. deformacias, romelic mTlianad ................... misi gamomwvevi gareSe 
Zalebis moqmedebis Sewyvetis Semdeg, drekadi ...................... ewodeba.

22. deformacias, romelic ........................ misi gamomwvevi gareSe Zalebis 
moqmedebis Sewyvetis Semdeg, plastikuri ..................... ewodeba.

23. sayrdenis reaqciisa da sakidelis daWimulobis Zala drekadobis 
.................... warmoadgens.
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24. zambaraSi aRZruli .................... ..................... deformaciis sididis pro-
porciulia.

25. sayrdenis .................. ................... yovelTvis mimarTulia zedapiris mar-
Tobulad, sayrdenis deformaciis sawinaaRmdegod.

26. xaxunis Zala warmoiqmneba Semxebi zedapirebis .................... da maTi mol-
ekulebis .................... gamo.

27. xaxunis Zalas, romelic xels uSlis uZravi sxeulis amoZravebas, 
.................... ....................... .................... ewodeba.

28. xaxunis Zalas, romelic aRiZvreba erTi sxeulis meore sxeulis zeda-
pirze ......................... , srialis xaxunis ................... ewodeba.

29. xaxunis Zalas, romelic aRiZvreba erTi sxeulis .................. meoris 
...................... , gorvis xaxunis Zala ewodeba.

30. xaxunis Zalebs, romlebic warmoiqmnebian sxeulis moZraobisas ............. 
an ..................... , garemos winaaRmdegobis Zalebi ewodeba.

II. sakontrolo testi:

1. dinamometriT uSualod izomeba
 a) wneva; b) Zala; g) masa; d) simkvrive.
2. simZimis Zala izomeba
 a) kilogramebSi; b) niutonebSi; g) paskalebSi; d) kilogrami/m3-Si.
3. simZimis Zalis F

simZ
=mg formulaSi

 a) g ≈ 9,8 n/kg; b) g ≈ 9,8 kg/n; g) g ≈ 9,8 n˙kg d) g ≈ 9,8 n˙m.
4. sxeulis masis dasadgenad igi dinamometrze dakides. risi toli yofila 

sxeulis masa, Tu dinamometrma aCvena 5,5 niutoni? (g≈10 n/kg).
 a) 5,5kg; b) 55kg; g) 0,55kg; d) 550 kg.
5. samma moswavlem - ninom, likam da SoTam 

cal-calke Caatares erTnairi cda: Stativze 
damagrebul dinamometrze dakides sxvadasxva ma-
sis sawonebi da dinamometriT gazomes am sawoneb-
is simZimis Zalebi. anaTvlebis mixedviT ninom 
aago I grafiki, likam-II grafiki, xolo SoTam-III 
grafiki (nax. 4.22). romel maTgans Cautarebia ga-
zomvebi sworad? 

 a) I (ninos); b) II (likas); g) III (SoTas); d) arc 
erTs.

6. A sxeulze modebulia erTi wrfis gaswvriv, magram sawinaaRmdegod mi-
marTuli ori F 1 da F 2 Zala, amasTan, F1> F2. 

F 2F 1 A

qvemoT moyvanilTagan, romeli SeiZleba gamosaxavdes am ori Zalis F  
tolqmeds? 

 	 a) F ; 		 b) F ; 		 g) F ; 		 d) F .

7. sxeulze moqmedebs erTi wrfis gaswvriv mimarTuli sami Zala: 3 n, 4 n da 
5 n. am Zalebis tolqmedi ar SeiZleba toli iyos

 a) 2 n-is; b) 6 n-is; g) 3 n-is; d) 12 n-is,

III
II
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0
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8. xis Zelaks Tanabrad amoZraveben magidaze misi zedapiris paraleluri 
F sididis ZaliT. ra sididis Zala dagvWirdeba gasasrialeblad, Tu Zelakze 
zemodan davadebT kidev 2 aseTsave Zelaks?

 a) F; b) 1,5F; g) 2F; d) 3F.
9. zambaraSi aRZruli drekadobis Zalis F

dr
 =_kx formulaSi, x aris 

 a) zambaris xviis diametri;
 b) zambaris sawyisi sigrZe;
 g) zambaris sigrZe deformaciis Semdeg;
 d) zambaris sigrZis cvlileba.
10. moswavlem Caatara cda: erTi bolTi damagrebuli zambaris meore-Tav-

isufal boloze dakida sxvadasxva masis sxeuli, gazoma Sesabamisi wagrZele-
bebi da Seitana cxrilSi. SeavseT cxrili #4.4.

 cxrili #4.4 

zambaraze dakidebuli 
sxeulis masa

zambaris wagrZeleba

3kg 2sm

9kg

12kg 8sm

 11. levani da daTo, cal-calke erTnairi paraSutebiT Tanabrad moZraobs 
qveviT. levanis masa naklebia daTos masaze. romel paraSutze moqmedebs meti 
winaaRmdegobis Zala?

 a) im paraSutze, romliTac levani eSveba;
 b) im paraSutze, romliTac daTo eSveba;
 g) oriveze paraSutze erTnairi winaaRmdegobis Zala moqmedebs.
12. 100 g masis vaSli devs 200 g masis TefSze, es TefSi dades 50 kg masis 

magidaze, CamoTvlilTagan romelia marTebuli winadadeba, Tu magidaze vaS-
lis da TefSis garda araferia ?

a) magida TefSze moqmedebs 500 n ZaliT; b) vaSli TefSze moqmedebs 2 n 
ZaliT; 

g) iataki magidaze moqmedebs 503 n ZaliT; d) TefSi vaSlze moqmedebs 3 n 
ZaliT.

13. Tu zambaraze F ZaliT vimoqmedebT, deformacia iqneba 6 sm. Tu 
(F+10) n-iT vimoqmedebT, deformacia 8 sm-s gautoldeba. risi tolia F Zala 
da K sixiste ? 

a) F=20 n, K=500n/m; b) F=20 n, K=400n/m; g) F=30 n, K=400n/m; d) F=30n, K=500n/m.

III. amoxseniT amocanebi:

1. gansazRvreT Werze Camokidebul 10 kg masis sxeulze moqmedi Tokis daW-
imulobis Zalis moduli (nax. 4.23).CaTvaleT, rom g=10n/kg.

2. rogor Seicvleba Tokis daWimulobis Zalis moduli (nax. 4.23), Tu masze 
Camokidebul 10 kg masis sxeulze, damatebiT 15 kg-s CamovkidebT? CaTvaleT, 
rom g=10 n/kg.

3. gansazRvreT horizontalur zedapirze moTavsebuli sxeulis masa (ix.
nax. 4.24), Tu masze moqmedi reaqciis Zalis moduli 120 n-ia. CaTvaleT, rom 
g=10n/kg.

w i g n S i  a r 
C a w e r o T !
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4. horizontalur zedapirze moTavsebul sxeulze moqmedi reaqciis Zalis 
moduli 120 n-ia (nax. 4.24). ra masis tvirTi unda davadoT zevidan mocemul 
sxeuls, rom masze moqmedi reaqciis Zala 1,5-jer gaizardos? CaTvaleT, rom 
g=10 n/kg. 

5. 50 kg masis Zelaki devs horizontalur zedapirze da amavdroulad 
Camokidebulia Tokze (nax. 4.25). ganzazRvreT: a) Tokis daWimulobis Zala, 
Tu sayrdenis reaqciis Zala 300 n-ia; b) sayrdenis reaqciis Zala, Tu Tokis 
daWimulobis Zala 100 n-ia; g) Tokis daWimulobis Zalis maqsimaluri da mini-
maluri mniSvneloba; d) sayrdenis reaqciis Zalis maqsimaluri da minimaluri 
mniSvneloba. CaTvaleT, rom g=10 n/kg.

6. naxazis mixedviT gansazRvreT dinamometrze Camokidebuli tvirTis masa, 
Tu dinamometris danayofis fasi 10 n-ia. CaTvaleT, rom g=10 n/kg (nax. 4.26).

7. ra sixistis zambarisgan aris damzadebuli dinamometri (nax. 4.26), Tu 
mis TiToeul danayofs Soris manZili 2 sm-ia? CaTvaleT, rom dinamometris 
danayofis fasi 10 n-ia da g=10 n/kg.

nax. 4.23

T

mg
nax. 4.24

mg

N

nax. 4.25

N

mg

T

8. dinamometris TiToeul danayofs Soris manZili 2 sm-ia. dinamometris 
zambara Secvales 2-jer ufro didi sixistis zambariT. ramdeni santimetriT 
unda SevcvaloT TiToeul danayofs Soris manZili, dinamometrma gamarTu-
lad, rom imuSaos? 

9. zambaris ra deformaciaa saWiro, horizontalur zedapirze moTavsebu-
li Zelakis gasasrialeblad (nax. 4.27), Tu am Zelakze iseTive meore Zelakis 
dadebis Semdeg, gasrialebas zambaris 5 sm-iT ufro meti deformacia sWird-
eba?

10. gansazRvreT sxeulsa da horizontalur zedapirs Soris xaxunis koefi-
cienti (nax. 4.28), Tu 400 n/m sixistis zambaris 5 sm-iT deformaciisas aRZrul-
ma drekadobis Zalam 10 kg masis sxeuli adgilidan daZra. CaTvaleT, rom g=10 
n/kg.

nax. 4.26

mg
nax. 4.27

nax. 4.28

FF
dr

F
x
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11. m=400 g masis magnits, romelic liTonis vertikalur dafas 
N=40 n ZaliT ekvris, zeviT Tanabrad miasrialeben masze gamobmu-
li dinamometris saSualebiT (nax. 4.29), dinamometris danayofis 
fasi 10 n-ia. gansazRvreT magnitis dafaze xaxunis koeficienti, 
Tu CavTvliT, rom g=10 n/kg.

12. m=100 g masis magnits, romelic liTonis vertikalur da-
fas N=40 n ZaliT ekvris, qveviT Tanabrad miasrialeben masze 
gamobmuli dinamometris saSualebiT. gansazRvreT dinamometris 
Cveneba, Tu magnitis dafasTan xaxunis koeficienti 0,2-ia. CaTva-
leT, rom g=10 n/kg.

13. liTonis vertikalur dafaze mikrulia magniti. dinamo-
metris saSualebiT magnitis zeviT Tanabari moZraobisas di-
namometris Cveneba 40 n-ia, qveviT Tanabari moZraobisas ki _ 36 
niutoni. gansazRvreT magnitis masa da dafasTan xaxunis Zala. 
CaTvaleT, rom g=10 n/kg.

14. erTmaneTze dadebuli ori erTnairi 10 kg masis Zelakidan 
erTi TokiT mimagrebulia kedelze (nax. 4.30). ra minimaluri Zala 
unda movdoT meore Zelaks Tokis gaswvriv, rom man sriali daiwyos? Zelaksa 
da iataks Soris xaxunis koeficienti, aseve, Zelakebs Soris xaxunis koefi-
cienti erTnairia da tolia 0,2-is. CaTvaleT, rom g=10 n/kg.

15. moswavle M=20 kg masis kubiT awveba kedelze mimagrebul horizonta-
lur K=500 n/m sixistis zambaras da kumSavs mas 5 sm-iT (nax. 4.31). ra mini-
maluri m masis Zelaki unda daados man kubs zemodan, rom xelis gaSvebis Sem-
deg kubi ar gasrialdes? kubis iatakTan xaxunis koeficienti 0,1-ia. CaTvaleT, 
rom g=10 n/kg. 

nax. 4.30

F

nax. 4.31

K
m

M

16. aradeformirebuli zambaris sigrZe 20 sm-ia. ra masis tvirTi unda Cam-
ovkidoT masze, rom zambaris sigrZe 1,2-jer gaizardos, Tu zambaris sixiste 
500 n/m-is tolia? CaTvaleT, rom g=10 n/kg.

17. 20 litri tevadobis carieli saTlis masa 1 kg-ia. misi iatakTan xaxu-
nis koeficienti — 0,2. ra minimaluri Zalis moqmedeba iqneba saWiro saTlis 
gasasrialeblad, Tu mis 4/5 nawils wyliT avavsebT? CaTvaleT, rom g=10 n/kg.

18. daxazeT 500 n/m sixistis zambaris drekadobis Zalis wagrZeleba-
ze damokidebulebis grafiki. abcisaTa RerZze gadazomeT drekadobis Zala 
masStabiT: 1 danayofi — 5 niutoni, ordinatTa RerZze gadazomeT wagrZeleba 
masStabiT : 1 danayofi — 1 santimetri.

	

nax. 4.29

mg
F

x
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§ 4.14 airis wneva

 gaixseneT! airebs sakuTari forma da mudmivi moculoba ar gaaCnia. 
isini mTlianad avseben im WurWels, romelSic moaTavseben. airis molekulebi 
qaosurad moZraoben, am moZraobis dros isini ejaxebian erTmaneTs da WurW-
lis kedlebs (nax. 4.33). molekulebis raodenoba airSi didia da Sesabamisad, 
didia kedlebze dajaxebebis raodenobac. miuxedavad imisa, rom calkeuli 
molekulis dajaxebis siZliere umniSvneloa, didi raodenobis molekulis 
erTdroulad dajaxebis Sedegi ukve mniSvnelovani xdeba. swored es dajaxe-
bebi qmnis airis wnevas.

nax. 4.33

airebSi, qaosurad moZravi nawilakebis dajaxebebis saSualo raodenoba da 
dajaxebis saSualo Zala WurWlis kedlis farTobis erTeulze yvela mimar-
TulebiT erTnairia. davasabuToT es cdiT. 

sahaero tumbos zarxufis qveS movaTavsoT odnav gaberili rezinis buS-
ti, romlis bolo Sekrulia. (sur. 4.38) is Seicavs mcire raodenobis haers 
da misi forma uswormasworoa. daviwyoT zarxufidan haeris amotumbva. buS-
tis moculoba daiwyebs zrdas da is miiRebs sferos formas (sur. 4.39). es 
ganpirobebulia imiT, rom amotumbvis gamo zarxufis qveS, buStis gareT ha-
eris wneva ufro naklebi xdeba, vidre buStSi. Sedegad buSti ibereba, buStSi 
haeris wneva yvela mimarTulebiT erTnairad rom ar vrceldebodes, is sferos 
formas ar miiRebda. 

sur. 4. 38 sur. 4.39

rogor SeiZleba SevcvaloT airis wneva?

 CavataroT cda. cecxlgamZle kolbas gavukeToT sacobi da davamagroT 
Stativze. SevunToT spirtqura. kolbaSi myofi haeri daiwyebs gaTbobas. rac 
metia haeris temperatura, miT ufro swrafad moZraoben misi molekulebi. 
rac metia molekulebis moZraobis siCqare, miT ufro Zlierad ejaxebian isini 
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WurWlis kedlebs da miT metia airis wnevac. garkveul temperaturaze airis 
wneva imdenad gaizrdeba, rom sacobs amoagdebs (sur. 4.40).

sur.  4.40

cxadia, rom airis teperaturis dakleba gamoiwvevs misi wnevis Semcirebas. 

 CavataroT meore cda. aviRoT minis mili, romlis erT boloze damagrebu-
lia rezinis Txeli apki. milSi Cadgmulia dguSi (sur. 4.41,a). davawveT dguSs. 
haeris moculoba Semcirdeba, anu airi SeikumSeba. rezinis apki amoibereba, rac 
migvaniSnebs milSi haeris wnevis zrdaze (sur 4.41,b). avxsnaT miRebuli Sedegi: 
moculobis SemcirebiT gaizarda molekulebis raodenoba yovel kubur san-
timetrSi, anu gaizarda airis simkvrive, gaizarda molekulebis dajaxebaTa 
ricxvi kedlis farTobis erTeulze, ramac gamoiwvia wnevis zrda.

Tu dguSs amovwevT, airis moculoba gaizrdeba, wneva Semcirdeba da rez-
inis apki milSi Seizniqeba (sur. 4.41, g).

sur.  4.41

a b g
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gaviTvaliswinoT, rom yvela cdis dros ucvleli iyo airis masa, xolo 
meore cdis dros icvleboda airis temperatura.

	 am cdebidan gamomdinareobs, rom:

•	 	rac ufro maRalia airis temperatura, miT ufro metia misi wneva;

•	 	mudmivi temperaturis dros airis SekumSvisas misi wneva izrdeba, xolo 
gafarToebisas airis wneva mcirdeba.

ras akeTebT, rodesac Tqveni velosipedis saburavi daeSveba? Tqven sabu-
ravs uerTebT tumbos da iwyebT mis gabervas saburavSi airis masis damatebas, 
anu molekulebis raodenobis gazrdas. amis Sedegad saburavis kedlebze maTi 
dajaxebis raodenoba moimatebs, gaizrdeba airis wnevac (sur. 4.42).

sur. 4.42

 

daskvnebi:

•	 airis wneva raime zedapirze iqmneba masze airis Semadgeneli naw-
ilakebis dajaxebebis Sedegad;

•	 airis moculobis Semcirebisas misi wneva izrdeba, xolo moculo-
bis gazrdisas mcirdeba (igulisxmeba, rom airis temperatura ar 
icvleba);

•	 daxurul WurWelSi airis temperaturis gazrdisas wneva izrdeba, 
Semcirebisas mcirdeba; 

•	 mudmivi moculobis pirobebSi WurWelSi airis masis zrda iwvevs 
airis wnevis momatebas.

sakontrolo kiTxvebi:

1.	 ris Sedegad warmoiqmneba airis wneva?

2.	 rogor da ratom icvleba airis wneva misi moculobis Semcirebisas? 
gazrdisas?

3.	 rogor da ratom icvleba airis wneva misi gacxelebisas? gacivebi-
sas?

4.	 ratom iklebs haeris wneva saburavSi misi gaxvretisas?

5.	 ratomaa SeuZlebeli gaxvretili saburavis gaberva?
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 davaleba:

1. ra SemTxvevaSia SesaZlebeli, rom gaberili rezinis buStidan haeri 
nel-nela gareT gamodiodes, magram misi zoma garkveuli drois ganavlobaSi 
ar icvlebodes? 

2. SesaZlebelia Tu ara, rom cudad Tavmokruli rezinis buSti, romli-
danac haeri nel-nela gareT gamodis, garkveuli drois ganmavlobaSi zomaSi 
izrdebodes?

3. zamTarSi, civ oTaxSi gamaTbobelis CarTvisas oTaxis temperatura 
mniSvnelovnad izrdeba. ratom ar icvleba am dros oTaxSi arsebuli haeris 
wneva? 

4. riT aixsneba, rom Tu mcire droiT (magaliTad 3 wuTiT) gamoRebul ma-
civris kars hermetulad davxuravT, karis Semdgomi gaReba gagviWirdeba. 

5. rogor Seicvleba haeriT gaberili rezinis buStis moculoba, Tu mas ma-
civris sayinuleSi movaTavsebT? Tu gamaTbobels mivuaxlovebT? pasuxi daas-
abuTeT.

6. Tu sayinuleSi garkveuli droiT (mag. 10 wuTiT) movaTavsebT TavRia, 
cariel polieTilenis boTls, Semdeg ki Tavsaxurs mWidrod movargebT da 
Tbil oTaxSi davdebT, SevamCnevT, rom boTlSi wneva sagrZnoblad gaizrdeba. 
axseniT boTlSi wnevis zrdis mizezi.
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§ 4.15 wnevis gadacema airebsa da siTxeebSi. paskalis kanoni

myari sxeulebis Semadgeneli nawilakebi mxolod qao-
sur rxeviT moZraobas asruleben da erTmaneTis mimarT 
TiTqmis ar gadaadgildebian, amitom wneva myar sxeuleb-
Si mxolod wnevis Zalis mimarTulebiT gadaecema. magal-
iTad, Tu xis Zels movaTavsebT cilindrul WurWelSi 
(sur. 4.43), dedamiwis mizidulobis gamo is mxolod Wur-
Wlis fskers daawveba. 

myari sxeulebisagan gansxvavebiT, airebsa da siTxeeb-
Si nawilakebi mTel moculobaSi qaosurad gadaadgil-
debian yvela mimarTulebiT. amitom siTxeebi da airebi 
maTze warmoebul wnevas yvela mimarTulebiT gadascemen.

sur. 4.44,a-ze gamosaxulia cilindruli formis WurWeli, romelSic dguSs 
SeuZlia gadaadgileba. dguSis qveS moTavsebulia airi. airis Semadgeneli naw-
ilakebi Tanabrad arian gadanawilebuli cilindris mTel moculobaSi.

davawveT dguSs. airi SeikumSeba. Tavidan nawilakebis simWidrove moimatebs 
dguSis uSualo siaxloves (sur. 4.44,b). qaosuri moZraobis gamo isini yvela mi-
marTulebiT daiwyeben moZraobas da garkveuli drois Semdeg nawilakebi mTel 
WurWelSi kvlav Tanabrad gadanawildebian, Tumca ufro mWidrod, vidre _ 
Tavdapirvelad (sur. 4.44,g). amitom airis wneva moimatebs yvelgan: WurWlis 
fskerzec, kedlebzec, dguSzec.

analogiurad moimatebs wneva mTel moculobaSi, Tu dguSis qveS airis 
magivrad siTxes movaTavsebT.

 CavataroT martivi cda. polieTilenis parki sxvadasxva adgilze gavx-
vritoT nemsiT. CavasxaT parkSi wyali da movukraT Tavi. davawveT parks _ 
wyali gamoasxams yvela naxvretidan.

msgavsi cda Caatara b. paskalma. man aiRo Rru sfero, romelsac sxvadasx-
va adgilze gakeTebuli hqonda naxvretebi. sferos miuerTa mili, romelSic 
Cadgmuli iyo dguSi. aavso sfero wyliT da Zlierad daawva dguSs. yvela 
naxvretidan wylis erTnairma Wavlma daiwyo gamosvla (sur. 4.45). am cdaSi 
dguSi awveba milSi wylis zedapirs. dguSis qveS myofi wylis nawilakebi Sem-
Widrovdebian da gadascemen wnevas siRrmeSi myof sxva nawilakebs. amrigad, 
dguSis wneva Tanabrad gadaecema sferoSi myofi wylis yvela wertils. 

Tu sferos gavavsebT kvamliT da davawvebiT dguSs, yvela naxvretidan 
kvamlis erTnairi Wavli gamova (sur. 4.46). am cdebSi gamoyenebul xelsawyos 
SemdgomSi paskalis sfero uwodes.

sur. 4.44

a b g

sur. 4.45 sur. 4.46

sur. 4.43
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amrigad, daxSul WurWelSi moTavsebul airze an siTxeze warmoebuli wneva 
ucvlelad gadaecema maT nebismier wertils yvela mimarTulebiT.

es kanoni b. paskalma 1653 wels Camoayaliba da is mis saxels atarebs.

daskvnebi:

•	 myari sxeulebi wnevas gadascemen mxolod wnevis Zalis moqmedebis 
mimarTulebiT;

•	  daxSul WurWelSi moTavsebuli siTxeebi da airebi maTze warmoebul 
wnevas ucvlelad gadascemen yvela wertils yvela mimarTulebiT.

 

sakontrolo kiTxvebi:

1.	 ra ganapirobebs airebisa da siTxeebis mier maTze warmoebuli wnevis 
gadacemas yvela wertilSi da yvela mimarTulebiT?

2.	 ras niSnavs „wneva gadaecema nebismier wertils yvela mimarTulebiT“?

3.	 ratom ver gamoviyenebT paskalis kanons myari sxeulebisaTvis?

 davaleba:

1. moiyvaneT paskalis kanonis sademonstracio magaliTebi bunebidan da 
yoveldRiuri cxovrebidan. 

2. sur. 4.47-ze naCveneb TiToeul Sadrevans, wyalmomaragebis erTi mili 
gaaCnia. riT aixsneba, rom wyali TiToeuli Sadrevanis yvela mxares erTnairi 
WavliT gamoedineba?

3. axseniT sur. 4.48-ze gamosaxuli sarwyavi mowyobilobis muSaobis prin-
cipi.

4. ratom gamoisxmeba erTnairad wyali saSxapis yvela naxvretidan (sur. 
4.49)? 

5. raze metyvelebs is faqti, rom anTebuli gazquras cecxlis ali yvela 
mxares erTnairia (sur. 4.50)?

sur. 4.48

sur. 4.49

sur. 4.47

sur. 4.50
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§ 4.17 siTxis wneva

 gaixseneT! denadobis Tvisebis gamo siTxe iRebs im WurWlis formas, 
romelSic movaTavsebT. Tu siTxeze moqmedebs gare wnevis Zala, maSin siTxe 
warmoqmnil wnevas yvela wertils Tanabrad gadascems. dedamiwis pirobebSi 
siTxeze moqmedebs simZimis Zala. Tavisi simZimis gamo siTxe awveba WurWlis 
fskersac da kedlebsac. amaSi SeiZleba davrwmundeT sxvadasxva cdiT.

 cda 1. minis milSi, romlis erTi bolo daxurulia rezinis Txeli ap-
kiT, CavasxaT wyali. rezinis apki gamoibereba — masze imoqmedebs wylis wnevis 
Zala (sur. 4. 51,a). rac ufro met wyals CavasxamT milSi, miT ufro gamoiber-
eba apki. milSi wyali wonasworobaSia, radgan wyalze moqmedi simZimis Zala 
gawonasworebulia masze moqmedi rezinis apkis drekadobis ZaliT. 

CavuSvaT rezinis apkiani wyliani mili ufro farTo wylian WurWelSi. rac 
ufro Rrmad CavuSvebT mils, rezinis apki TandaTan gaswordeba. rodesac wy-
lis doneebi milsa da WurWelSi gaTanabrdeba, rezinis apki mTlianad gas-
wordeba (sur. 4.51,b). es miuTiTebs imaze, rom masze warmoebuli wneva zevidan 
da qvevidan erTmaneTs gautolda. aqedan gamomdinareobs — siTxeSi arsebobs 
wneva, romelic gadaecema qvevidan zeviT da is tolia amave siRrmeze zevidan 
qveviT warmoebuli wnevisa.

Tu imave cdas CavatarebT miliT, romelsac rezinis apki uketavs gverdiTa 
mxares (sur. 4.52,a,b), davrwmundebiT, rom siTxe awarmoebs wnevas gverdiTac, 
kedlisken. am SemTxvevaSic, wylis doneebis gaTanabrebisas wneva apkis orive 
mxares iqneba erTnairi, razec apkis gasworeba miuTiTebs.

sur. 4.52

a
b

sur. 4.51

ba

 cda 2. aviRoT minis mili, romlis erT bolos mWidrod mivadoT fir-
fita. CavuSvaT mili wylian WurWelSi am boloTi. qvevidan 
zeviT warmoebuli wnevis gamo, firfita miawveba mils da 
masSi wyali ar Seva (sur. 4.53,a). Semdeg masSi frTxilad 
CavasxaT wyali. roca milSi da WurWelSi wylis doneebi 
gaTanabrdeba, firfita moZvreba mils (sur. 4.53,b). es ase 
aixsneba: firfitaze zevidan qveviT wnevas awarmoebs milSi 
myofi wyali. imavdroulad, qvevidan zeviT masze wneviT mo-
qmedebs WurWelSi arsebuli wyali. roca es wnevebi gaTana-
brdeba, firfita Tavisi simZimis gamo moscildeba fskers.

Catarebuli cdebidan SegviZlia davaskvnaT, rom: dedamiwis mier siTxis miz-
idulobis gamo siTxis SigniT warmoiqmneba wneva; es wneva moqmedebs ara marto 
WurWlis fskersa da kedlebze, aramed siTxis SigniT arsebul nebismier sxeul-
ze; erTsa da imave doneze es wneva yvela mimarTulebiT erTnairia; siRrmis mate-
basTan erTad wnevac izrdeba.

sur. 4.53

a b
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uZravi siTxis wnevas, romelsac is awarmoebs simZimis Zalis moqmedebiT, hi-
drostatikuri wneva ewodeba (berZ. Hidros – wyali, statios – uZravi).

rogor gamovTvaloT hidrostatikuri wneva?
vTqvaT, WurWelSi, romelsac vertikaluri kedlebi aqvs, asxia ρ simkvrivi-

sa da h simaRlis siTxe (sur. 4.54). fskeris farTobia S. wnevis Zala, romliTac 
siTxe moqmedebs fskerze, tolia siTxis simZimis Zalisa: 
F=mg. gamovsaxoT siTxis masa simkvriviT da moculo-
biT m= ρV. Tu gaviTvaliswinebT, rom siTxis moculoba 
tolia fskeris farTobisa da siTxis simaRlis namrav-
lisa, miviRebT, rom m=ρSh, xolo simZimis ZalisaTvis — 
F= ρShg.

gavixsenoT wnevis gamosaTvleli formula 

 p=
F

S
Tu am formulaSi CavsvamT zemoT miRebul Zalis mniSvnelobas, miviRebT 

hidrostatikuri wnevis gamosaangariSebel formulas:

p = ρgh

hidrostatikuri wneva damokidebulia mxolod siTxis gvarobasa da siTxis 
svetis simaRleze. is ar aris damokidebuli WurWlis formaze, siTxis masaze da 
WurWlis fskeris farTobze. 

paskalis kanonze dayrdnobiT SeiZleba vTqvaT, rom p=ρgh formuliT Sei-
Zleba gamovTvaliT wneva ara marto WurWlis fskerze, aramed siTxis nebismi-
er wertilSi, Tu h-is qveS vigulisxmebT manZils siTxis Ria zedapiridan am 
wertilamde.

radgan siTxis wneva siRrmis zrdis proporciulad izrdeba, amitom WurW-
lis mTel kedelze wnevis gamosaTvlelad unda visargebloT wnevis saSualo 
mniSvnelobiT:

p
ked

=
0

2

�ρ gh
=

ρ gh

2
,

romelSic h WurWelSi siTxis simaRlea.

daskvnebi:

•	 hidrostatikuri wnevis arseboba gamowveulia uZrav siTxeze moqme-
di simZimis ZaliT;

•	 siRrmeze hidrostatikuri wneva damokidebulia mxolod siTxis 
simkvriveze da siTxis svetis simaRleze;

•	 h siRrmeze hidrostatikuri wneva gadaecema yvela mimarTulebiT 
da gamoiTvleba formuliT: p=ρgh.

sur.  4.54
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sakontrolo kiTxvebi:

1.	 ras uwodeben siTxis hidrostatikur wnevas?

2.	 ra aris hidrostatikuri wnevis warmoqmnis mizezi?

3.	 ra sidideebzea damokidebuli hidrostatikuri wneva?

4.	 ra sidideebze araa damokidebuli hidrostatikuri wneva?

5.	 rogor icvleba hidrostatikuri wneva siRrmis matebasTan erTad?

6.	 ratom iTvlian kedelze wnevis saSualo mniSvnelobas?

7.	 rogor SevqmnaT didi hidrostatikuri wneva siTxis mcire raodeno-
biT?

8.	 iarsebebda Tu ara hidrostatikuri wneva sxva planetebze?

 davaleba:

amocanebis amoxsnis dawyebamde gaecaniT amocanis amoxsnis nimuSs § 4.21 amo-
cana 3.

1. horizontalur magidaze moTavsebuli 60 sm simaRlis akvariumi bolom-
de savsea wyliT. gansazRvreT akvariumis fskerze warmoqmnili hidrostati-
kuri wneva. CaTvaleT, rom g=10 n/kg.

2. tbis zedapiridan ra siRrmeze qmnis wyali 105 paskal hidrostatikur 
wnevas? CaTvaleT, rom tbis wyali mtknaria da g=10 n/kg.

3. rogor Seicvleba gaberili rezinis buStis moculoba, Tu mas tbis 
fskerze CavitanT? pasuxi daasabuTeT. 

4. erTnairia Tu ara wneva Savi zRvisa da mkvdari zRvis zedapiridan 20 
metr siRrmeze? (mkvdari zRvis wylis simkvrive 
metia Savi zRvis wylis simkvriveze). 

5. ramdeni paskalia 760 mm simaRlis vercx-
liswylis vertikaluri svetis mier warmoebuli 
wneva? CaTvaleT, rom g=10 n/kg.

6. cilindruli formis vertikalur WurWelSi 
Casxmulia ρ1=1000 kg/m

3 simkvrivis wyali da ρ2=930 
kg/m3 simkvrivis mzesumziris zeTi (nax. 4.36). maTi 
doneebis daSoreba fskeridan Sesabaisad aris: 
h1=0,6 m, h2=1,4 m. CaTvaleT, rom g=10 n/kg, gansaz-
RvreT hidrostatikuri wneva WurWlis fskerze da 
fskeridan: 

a) 60 sm-simaRleze; b) 30 sm-simaRleze; 
g) 1 m-simaRleze. 

7. horizontalur magidaze devs kubis formis 
akvariumi, romelic bolomde savsea 125 kg masis 
wyliT. risi tolia wylis wneva akvariumis fskerze? 
CaTvaleT, rom g=10 n/kg.

nax. 4.36

h
2{ {ρ

1
h

1

ρ
2

nax. 4.37

S S

h
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8. horizontalur zedapirze moTavsebul or gansxvavebul WurWelSi, 
romelTac erTnairi fuZis farTobi aqvT, Casxmulia erTi da igive ρ=1200kg/m3 
simkvrivis siTxe. (nax. 4.37). CaTvaleT, rom g=10 n/kg da gansazRvreT siTxeebis 
mier Seqmnili wnevis Zala TiToeuli WurWlis fskerze, Tu maTi farTobi S=50 
sm2 da siTxis simaRle orive WurWelSi 50 sm-is tolia. 

9. tbis siRrmeSi mdebare A wertilSi wneva 2∙105 pa-ia. (nax. 4.38) gansaz-
RvreT wneva B da C wertilebSi Tu h=10 m-s. CaTvaleT, rom tbaSi mtknari 
wyalia da g=10 n/kg.

10.	nax. 4.39-ze mocemul wyliani WurWlis A wertilSi wneva 8∙105 paskalia. 
gansazRvreT wneva B wertilSi Tu misi done, A wertilis donisagan H=100 me-
triT qvemoTaa. CaTvaleT, rom g=10 n/kg.

nax. 4.38

A B

C

h

{

nax. 4.39

A

B

H
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§ 4.18 ziarWurWeli

magidaze devs siTxiT savse gamWvirvale Caidani. Cans, rom Caidani da misi 
cxviri ori sxvadasxva WurWelia, romlebic erTmaneTTan dakavSirebulia qve-
da areSi arsebuli xvreliT, amitom siTxe avsebs maT da orive WurWelSi is 
erT doneze imyofeba. cxviris zeda xvreli savse CaidanSi siTxis doneze maR-
laa. Tu Caidans gadavxriT cxviris mxares, misi cxviri aRmoCndeba siTxis 
doneze dabla da siTxe gadmoiRvreba.

 CavataroT cda. aviRoT ori erTnairi minis gamWvirvale mili da Ca-
vamagroT StativSi vertikalurad erT simaRleze. SevaerToT maTi qveda bo-
loebi rezinis miliT. Semdeg rezinis mili gadavketoT momWeriT da erT-erT 
milSi CavasxaT Seferadebuli wyali (sur. 4.55,a). rodesac momWers movxsniT, 
davinaxavT, rom siTxe orive milSi erT doneze dadgeba (sur. 4.55,b). milebis 
zeviT an qveviT gadaadgilebiT, suraTi ar Seicvleba _ siTxe orive milSi 
mainc erT doneze aRmoCndeba(sur. 4.55,g).

sur. 4.55

a b g

erTmaneTTan SeerTebul WurWlebs, romlebSic siTxes Tavisuflad SeuZlia 
gadadineba erTi WurWlidan meoreSi, ziarWurWeli hqvia.

Catarebul cdaSi erT–erTi mili SevcvaloT sxva diametrisa da formis 
milebiT da cda gavimeoroT. davinaxavT, rom siTxe milebSi mainc erT doneze 
iqneba (sur. 4.56). aqedan gamomdinareobs ziarWurWlis kanoni.

sur. 4.56

ziarWurWelSi erTgvarovani siTxis Tavisufali zedapirebi erT doneze dge-
ba.

am kanonis marTebuloba SeiZleba davamtkicoT Semdegnairad: vTqvaT, ziar-
WurWelSi Casxmulia ρ simkvrivis erTgvarovani siTxe (nax. 4.40). milebSi siTxis 



171

D
on

’t 
C

op
y

simaRleebi aRvniSnoT h1-iT da h2-iT. vinaidan siTxe wonasworobaSia, marcxena 
da marjvena milebSi arsebuli siTxis hidrostatikuri wnevebi SemaerTebel 
milSi erTnairia: ρgh1= ρgh2, saidanac miviRebT, rom h1=h2.

ra moxdeba, Tu ziarWurWlis milebSi CavasxamT gansxvavebuli simkvrivis 
siTxeebs, romlebic erTmaneTs ar ereva (magaliTad, wyali da navTi)?

nax.  4.40

ρρ

h
2

h
1

nax. 4 .41

h
2h

1

P
1

P
2

A B

siTxeebis Casxmis Semdeg davinaxavT, rom maTi Tavisufali zedapirebi sx-
vadasxva doneze ganTavsdebian raime AB donidan, romlis qvemoTac siTxe erT-
gvarovania, mis zemoT ki sxvadasxva siTxea. amasTan, meti ρ1 simkvrivis siTxe 
ufro dabal doneze dadgeba, vidre mcire ρ2 simkvrivis siTxe (nax. 4.41). avx-
snaT es Sedegi: radgan siTxeebi wonasworobaSia, es niSnavs, rom siTxeTa gamy-
of AB doneze marcxena da marjvena milebSi arsebuli siTxis hidrostati-
kuri wnevebi erTnairia: p1=p2. hidrostatikuri wnevis formulis gamoyenebiT 
miviRebT: ρ1gh1= ρ2gh2, anu ρ1h1= ρ2h2. aqedan, vRebulobT:

h
h

1
2

=
ρ
ρ

2
1

ziarWurWelSi, sxvadasxva simkvrivis siTxeebis simaRleebi, aTvlili siTx-
eebis gamyofi zedapiridan, maTi simkvriveebis ukuproporciulia.

ziarWurWeli farTod gamoiyeneba cxovrebasa da teqnikaSi.
Tu ziarWurWelSi erTgvarovani siTxis zedapirebze wrfes gavatarebT, is 

idealurad horizontaluri iqneba. es principi udevs safuZvlad xelsawyos-
niveliris moqmedebas (sur. 4.57).

sur. 4.57

 dafiqrdiT! rogor Secvlidi paragrafis pirvel cdaSi minis milebs, 
rom patara Sadrevani dagvemzadebina?
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qvemoT moyvanil sur. 4.58-ze grandiozuli ziari WurWlebi _ rabebia ga-
mosaxuli. isini gamoiyeneba, magaliTad, gemebis gasvlisas arxze, romelic 
dedamiwis zedapiridan sxvadasxva doneze mdebare or mdinares aerTebs. rabe-
bi Sedgeba kamerebisa da WiSkrebisagan.

sur. 4.58

 dafiqrdiT da axseni rabebis muSaobis principi.

daskvnebi:

•	 erTmaneTTan SeerTebul WurWlebs, romlebSic siTxes Tavisuflad 
SeuZlia gadadineba erTi WurWlidan meoreSi, ziarWurWeli hqvia.

•	 ziarWurWelSi erTgvarovani siTxis Tavisufali zedapirebi erT 
doneze dgeba.

•	 ziarWurWelSi sxvadasxva simkvrivis siTxeebis simaRleebi, aTvlili 
siTxeebis gamyofi zedapiridan, ukuproporciulni arian maTi 

simkvriveebisa. 
h
h

1
2

=
ρ
ρ

2
1

sakontrolo kiTxvebi:

1.	 ratom dgeba erTgvarovani siTxis zedapirebi ziarWurWlis milebSi 
erT doneze?

2.	 risi tolia ziarWurWelSi sxvadasxva simkvrivis siTxeebis simaR-
leebis Sefardeba?

 
 davaleba:

amocanebis amoxsnis dawyebamde gaecaniT amocanis amoxsnis nimuSs § 4.21 amo-
cana 2.

1. ormuxlian ziarWurWelSi wylis done H=50 sm-is tolia (nax. 4.42). risi 
toli gaxdeba wylis done, Tu marcxena muxlSi davamatebT ∆h=10 sm simaRlis 
wylis svets? CaTvaleT, rom ziarWurWelis muxlebi erTnairia. 

2. ziarWurWels orive muxli erTnairi aqvs. masSi arsebuli wylis done 
H=50 sm-is tolia (ixileT wina amocanis naxazi). ramdenjer gaizrdeba hi-
drostatikuli wneva ziarWurWelis fskerze, marcxena muxlSi ∆h=10 sm simaR-
lis wylis svetis damatebis Semdeg?



173

D
on

’t 
C

op
y

3. ziarWurWels orive muxli erTnairi aqvs. rogor Seicvleba masSi arse-
buli wylis done da wneva fskerze, Tu ziarWurWelis pirvel da meore mux-
lebSi davamatebT, Sesabamisad 10 sm da 18 sm simaRlis wylis svetebs? CaTva-
leT, rom g=10n/kg. 

4. ziarWurWelSi (nax. 4.43), romelSic garkveuli raodenobis wyali esxa, 
Caasxes h=50 sm simaRlis mzesumziris zeTi. CaTvaleT, rom g=10n/kg da gansaz-
RvreT: a) wneva A wertilSi; b) wneva B wertilSi; g) wylis doneebs Soris  
∆h manZili. 

nax. 4.42

{∆h

H

nax. 4.43

h
A B

∆h{

 saSinao cda

cdis mizani: atmosferul wnevaze dakvirveba.

cdisTvis saWiroa: Wiqa, muyaos furceli.

Wiqa bolomde gaavseT wyliT da daafareT muyaos furceli. furcels daa-
deT xelisguli da Wiqa swrafad amoatrialeT fskeriT zeviT. amis Semdeg 
moacileT xeli furcels. Tu cdas sworad CaatarebT, wyali Wiqidan ar gad-
moiRvreba. es cda umjobesia CaataroT abazanaSi, vinaidan, Tu furceli mWi-
droT ar ekvris Wiqas, wyali SeiZleba gadmoiRvaros.

SeecadeT axsnaT cdis Sedegi.
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§ 4.21 amocanis amoxsnis nimuSi

1. nax. 4.47-ze gamosaxuli dinamometris danayofis fasi 0,1 n-ia. masze 
Camokidebuli oqros burTi CaSvebulia wyalSi. gansazRvreT burTis siRruis 
moculoba, Tu misi masa 200 g-is tolia. CaTvaleT, rom g=10 n/kg. 

amoxsna:

simkvriveebis cxrilSi movZebnoT oqrosa da wylis 
simkvriveebi: ρ

o
=19300kg/m3. ρ

w
=1000kg/m3 oqros saku-

Tari moculoba (siRruis gareSe): 

V2=
m
ρo

=
0,2

19300
m3.

 naxazze gamosaxu.li burTis siRruis moculoba to-

moc:

F0=0,1 n
m=200g=0,2kg
g=10 n/kg

u.v. V1

nax. 4.47 

lia burTis mier wyalSi dakavebuli V moculobisa da oqros sa-
kuTari moculobis sxvaobis. V1=V_V2 (1).

burTze moqmedebs sami Zala, aqedan ors, zeviT mimarTul ar-
qimedes Zalas da dinamometris zambaris drekadobis Zalas awonas-
worebs qveviT mimarTuli simZimis Zala, amitom: 

 F
a
 +F

dr
=mg. radgan dinamometris danayofis fasi F0=0,1 n-ia, 

dinamometris Cveneba F
dr

=0,5 n-s. mg=0,2∙10=2 n-s. Sesabamisad F
a
= 

mg_F
dr

=1,5 n.

F
a
= ρ

w
∙g∙V => V=

Fa

w gρ ⋅
=

1,5

10000
. miRebuli Sedegis (1) gantole-

baSi SetaniT 

miviRebT: V1=
1,5

10000
_

0,2

19300
≈0,14dm3. 

pasuxi: siRruis moculobaa 0,14 dm3

2. ziarWurWelSi wyalia. (nax. 4.48) mis erT-erT muxlSi Caasxes h1=50 sm 
simaRlis navTi. ra h2 simaRlis benzini unda CavasxaT meore muxlSi, rom ben-
zinisa da navTis Tavisufali zedapirebi erTi da imave doneze aRmoCndnen? 
CaTvaleT, rom g=10 n/kg.

amoxsna:

wylis Tavisufal zedapirebs Soris doneTa sxvaoba 
aRvniSnoT h3-iT.  naxazidan Cans, rom h1=h2+h3. <=> h2+ 
h3=0,5m.  h3=0,5_h2.

hidrostatikuri wneva marcxena muxlis wiTlad 
moniSnul wertilSi  iqneba: P1= ρ1∙g∙h1=800∙10∙0,5=4000 
pa. marjvena muxlis wiTlad moniSnul wertilSi: 
P2=ρ2∙g∙h2+ρ3∙g∙h3. 

moc:

h1=50sm=0,5m
ρ1=800 kg/m

3 
ρ2=710 kg/m

3

ρ3=1000 kg/m
3

u.v. h2
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	mocemul  wertilebSi  wnevebi erTnairia radgan isini mdebareoben erTi 

da imave siTxeSi, erTi da igive doneze.  P1=P2 <=> ρ2∙g∙h2+ρ3∙g∙h3=4000 pa. 

ricxviTi mniSvnelobebis CasmiT miviRebT: 710∙10∙h2+1000∙10∙ h3=4000pa.  =>  

71∙h2+100∙h3=40pa. Tu am gantolebaSi h3-is nacvlad (0,5_h2)-s SevitanT, miviRe-

bT:

71∙h2+100∙(0,5_h2)=40 <=> 71∙h2+50_100∙h2=40 <=> 29∙h2=10 => h2≈0,34m.

pasuxi:  benzinis svetis simaRlea 34 sm.

nax. 4.48 

h
1

h
2

h
3

3. kubis formis wylis rezervuaris simaRle 2 m-ia. misi 3/4 nawili avse-
bulia wyliT. gansazRvreT wneva rezervuaris fskerze da erT-erT kedel-
ze moqmedi wnevis Zala. CaTvaleT, rom g=10 n/kg da atmosferul wnevas nu 
gaiTvaliswinebT (nax.4.49). 

amoxsna:

wylis simaRle rezervuarSi aRvniSnoT h1-iT. radgan 
rezervuari kubis formisaa,  misi sigrZec da siganec 

iqneba h=2 m.    wylis moculoba V1=h1∙h∙h=4∙h1m
3.  rezer-

vuaris moculoba:  V=23=8 m3.  amocanis pirobis Tanax-

mad V1=
3
4

V  => 4∙h1=
3
4

∙8 = 6 m3   =>  h1=1,5 m.  

wneva rezervuaris fskerze iqneba:  

P=ρ∙g∙h1=1000∙10∙1,5=15000pa.

moc:

h=2m
ρ=1000kg/m3

u.v. P, F.

erT-erT kedelze wnevis Zalis gamosaTvlelad unda ganvsazRvroT  kedel-
ze Seqmnili saSualo wneva  da gavamravloT kedlis wyalTan Sexebis farTob-

ze. F= P
saS

∙S.  radgan wylis siRrmis mixedviT wneva Tanabrad izrdeba, 

P
saS

=
P + 0

2
=

P
2

=7500 pa.

kedlis wyalTan Sexebis farTobi warmoadgens marTkuTxedis farTobs, rom-
lis sigrZea h=2 m,  simaRle h1=1,5 m. Sesabamisad: S=2∙1,5=3m2.  F=7500∙3=22500 n. 

pasuxi: fskerze wneva 15000 pa-ia. kedelze moqmedi saSualo Zala 22500 n.

nax. 4.49 

h

3/4
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4.	 gansazRvreT 1,5 t masis avtomobilis mier gzis horizontalur safa-
rze warmoqmnili wneva, Tu TiToeuli borblis miwasTan Sexebis farTobi 200 
sm2-ia. CaTvaleT, rom avtomobilis masa Tanabrad aris gadanawilebuli oTxive 
borbalze. g=10 n/kg.

amoxsna:

radgan avtomobili 4 borbliania da misi masa Tana-
bradaa gadanawilebuli oTxive borbalze,  is  wne-
vas aviTarebs  gzis safaris  S=4∙S1=0,08 m2 farTobze.   
avtomobilze moqmedi simZimis Zala mg=15000 n. radgan 

moc:

m=1,5t=1500kg
S1=200sm

2=0,02m2

u.v. P.
avtomobilis gzaze dawolas mxolod simZimis Zala ganapirobebs,  wnevis gamo-
saTvlelad simZimis Zala unda gavyoT gzis safarTan Sexebis farTobze.

P=
mg
S

=
15000
0 08,

=187500 pa.

pasuxi: avtomobili awarmoebs 187500 pa wnevas.   
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me-4 Tavis meore nawilis Semajamebeli kiTxvebi da amocanebi

I. qvemoT mocemuli winadadebebi gadaiwereT rveulSi da CasviT gamotovebu-
li sityvebi:	

1. sidides, romelic ganisazRvreba wnevis ............. modulis fardobiT im 
zedapiris farTobTan, romelzec is moqmedebs, wneva ewodeba.

2. .................... gviCvenebs farTobis erTeulze moqmed marTobul Zalas. 
3. rac ufro ..................... airis temperatura, miT ufro metia misi wneva.
4. mudmivi temperaturis dros airis .................. misi wneva izrdeba, xolo 

..................... airis wneva mcirdeba.
5. airis wneva raime zedapirze iqmneba masze airis Semadgeneli ................... 

dajaxebebis Sedegad.
6. daxSul WurWelSi moTavsebul ................ an ....................... warmoebuli 

wneva ucvlelad gadaecema maT nebismier wertils yvela mimarTulebiT.
7. myari sxeulebi wnevas .................. mxolod wnevis Zalis moqmedebis 

.........................
8. hidravlikuri manqanis daxmarebiT imdenjer ..................... ZalaSi, ram-

denjerac didi dguSis farTobi metia patara ....................... farTobze.
9. hidravlikuri manqanis moqmedebis principi .................... kanonzea dam-

yarebuli.
10. uZravi siTxis wnevas, romelsac is awarmoebs ............... .................. moq-

medebiT, hidrostatikuri wneva ewodeba.
11. hidrostatikuri wneva damokidebulia mxolod siTxis .................. da 

siTxis svetis ................... . is ar aris damokidebuli WurWlis ................... , 
siTxis masaze da ..................... fskeris farTobze. 

12. erTi da imave siTxeSi erTi da igive ............... wneva yvela wertilSi 
erTnairia. 

13. erTmaneTTan SeerTebul WurWlebs, romlebSic siTxes Tavisuflad 
SeuZlia ........................ erTi WurWlidan meoreSi, ziarWurWeli ewodeba.

14. ziarWurWelSi erTgvarovani siTxis Tavisufali zedapirebi erT 
................. .................... .

15. ziarWurWelSi, sxvadasxva ......................... siTxeebis simaRleebi, aTvli-
li siTxeebis gamyofi zedapiridan, maTi simkvriveebis ukuproporciulia.

16. atmosferuli wneva tolia wnevis, romelsac awarmoebs ................. simaR-
lis vercxliswylis ........................ sveti. 

17. atmosferul wnevas, romelic 0ºC temperaturaze ..................... vercx-
liswylis svetis .................... tolia, normaluri atmosferuli wneva ewodeba.

18. dedamiwis mizidulobis gamo atmosfero ......................... .................... .
19. amomgdebi Zala .................. ................... , rac metia im siTxis simkvrive, 

romelSic sxeulia ........................ .
20. siTxeSi CaZirul sxeulze moqmedi ...................... Zala moduliT am sxeu-

lis mier gamodevnil siTxeze moqmedi .................... Zalis tolia.
21. Tu sxeulze moqmedi .................. Zala metia ..................... Zalaze, sxeuli 

iZireba.
22. Tu sxeulze moqmedi ..................... Zala gautoldeba ................... Zalas, 

sxeuli iqneba wonasworobaSi siTxis nebismier werTilSi.
23. Tu sxeulze moqmedi ................. Zala naklebia ................... Zalaze, sxeu-

li amova siTxis zedapirze da itivtivebs.
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II. sakontrolo testi:

1. erTeulTa saerTaSoriso sistemaSi wnevis erTeulia
 a) 1n/m; b) 1kg/m2; g) 1n/m2; d) 1 n˙m. 
2. erT fexze mdgomma yanCam miwaze meore fexic dadga, ris Sedegad
 a) wnevis Zala miwaze orjer gaizarda;
 b) wnevis Zala miwaze orjer Semcirda;
 g) wneva miwaze orjer gaizarda;
 d) wneva miwaze orjer Semcirda.

3. WurWelSi Casxmuli ρ simkvrivis siTxis simZimis ZaliT gamowveuli wneva 
mis raime wertilSi (nax. 4.50) gamoiTvleba formuliT: P=ρgh, sadac 

 a) h=h1; b) h=h2; g) h=h3; d) h=h4.

nax. 4.50 

 

h1 h2

h4

h3

4. ra wnevas awarmoebs wyali myvinTavis sxeulze, Tu wylis siRrme 20 m-ia 
da igi fskeridan 5 m simaRleze imyofeba? g≈9,8 n/kg, ρ

wylis
=1000kg/m3. atmos-

ferul wnevas nu gaiTvaliswinebT.
 a) 150kpa; b) 50kpa; g) 200kpa; d) 250kpa.

5. risi tolia wneva kus tbis fskerze im adgilas, sadac siRrme 20 me-
tria, Tu wylis simkvrive 1000kg/m3-ia. atmosferuli wneva CavTvaloT 100kpa-
is tolad.

 a) 200kpa; b) 300kpa; g) 400kpa; d) 500kpa.

6. paskalis kanoni formulirebulia
 a) siTxeebisa da myari sxeulebisaTvis;
 b) airebisa da myari sxeulebisaTvis;
 g) airebisa da siTxeebisaTvis;
 d) airebis, siTxeebisa da myari sxeulebisaTvis.

7. hidravlikuri wnexis didi dguSis farTobi 50-jer metia patara dguSis 
farTobze. did dguSze moTavsebuli sxeulis dasawnexad 15000 n Zalaa saWiro. 
ra minimaluri ZaliT unda davawveT patara dguSs, rom dawnexa SevasruloT?

 a) 1500 n-iT; b) 7500 n-iT; g) 500 n-iT; d) 300 n-iT.

8. romeli formula gamosaxavs sworad ziarWurWelSi Casxmuli ori siTxis 
wonasworobas?

 a) h1/h2=ρ1/ρ2; b) h1/h2= ρ2/ρ1 ; g) h1˙h2= ρ1˙ρ2 ; d) h1/S1=h2/S2.

9. ρ1 simkvrivisa da h1 simaRlis siTxes zemodan asxia ρ2 
simkvrivisa da h2 simaRlis siTxe. siTxeebi iseTia, rom isini 
erTmaneTs ar ereva (nax. 4.51). Tu atmosferul wnevas mxed-
velobaSi ar miviRebT, maSin wneva WurWlis fskerze gamoiTv-
leba formuliT

 a) (ρ1+ρ2)/2·g(h1+h2);      b) (ρ1gh1+ρ2gh2)/2;

 g) (ρ1+ρ2)g(h1+h2);         d) ρ1gh1+ρ2gh2. nax. 4.51 

 

ρ2 h2

h1
ρ1
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10. ra ZaliT awveba wyali auzis fskers, romlis farTobi 20 m2-ia, Tu auz-
Si wylis siRrme 2 m-ia? wylis simkvrivea 1000 kg/m3. atmosferul wnevas nu 
gaiTvaliswinebT.

 a) 200kn; b) 400kn; g) 800kn; d) 1000kn.

11. ra simaRle unda qondes zeTis svets, rom igi imdensave wnevas awar-
moebdes, rogorsac awarmoebs 1m simaRlis wylis sveti, Tu ρ

zeTi
=800kg/m3 da 

ρ
wyali

=1000kg/m3.
 a) 1,25m; b) 2m; g) 1,8m; d) 3m. 

12. wylian rkinis WurWelSi vertikalur kedelze uZravadaa mikruli mag-
niti (nax. 4.52), romelzec moqmedebs

 I. simZimis Zala;
 II. Zala, romliTac magniti ekvris kedels;
 III. kedelSi aRZruli drekadobis Zala; 
 IV. magnitsa da kedels Soris xaxunis Zala. 
 V. arqimedes Zala.
am Zalebidan, romeli ewinaaRmdegeba magnitis
qveviT vardnas? 
 a) II; b) III da IV; g) mxolod IV; d) IV da V.

13. atmosferuli wnevis cvlilebisas vercxliswyalma toriCelis milSi 50 
mm-iT daiwia da misi nawili jamSi CaiRvara, amis gamo ki jamSi vercxliswylis 
donem 2 mm-iT aiwia. aqedan vaskvniT, rom atmosferuli wneva

 a) Semcirda 52 mm.vwy.sv.-iT;
 b) Semcirda 48 mm.vwy.sv.-iT;
 g) gaizarda 50 mm.vwy.sv.-iT;
 d) gaizarda 48 mm.vwy.sv.-iT.

14. vTqvaT, ρ1 simkvrivis siTxeze tivtivebs ρ2 simkvrivis sxeuli (nax. 4.53). 
Tu sxeulis siTxeSi moTavsebul moculobas aRvniSnavT V1-iT, 
xolo CauZirav moculobas V2-iT, maSin arqimedes Zala gamoiT-
vleba formuliT

 a) F= ρ2V2g; b) F= ρ1V2g; g) F=ρ1V1g; F= ρ2V1g; 

15. gvaqvs aluminisagan, spilenZisagan da tyviisagan damza-
debuli erTi da imave moculobis sami sxeuli. maTi wyalSi 
moTavsebis Semdeg yvelaze meti amomgdebi Zala imoqmedebs

 a) aluminis sxeulze;
 b) spilenZis sxeulze;
 g) tyviis sxeulze;
 d) samive sxeulze imoqmedebs erTnairi sididis amomgdebi Zala.

16. CamoTvlilTagan, pirobaTa romeli wyvili sruldeba siTxis zedapirze 
sxeulis tivtivisas?

 a) ρ
sx

>ρ
siTx

 da F
a
=m

sx
g;

 b) ρ
siTx

>ρ
sx
 da F

a
=m

sx
g;

 g) ρ
siTx

= ρ
sx
 da F

a
>m

sx
g;

 d) ρ
siTx

=ρ
sx
 da F

a
<m

sx
g.

17. cnobilia, rom ρ
wylis

=1000kg/m3, ρ
yinulis

=900kg/m3. aqedan gamomdinare, qve-
moT CamoTvlilTagan romeli faqti unda icodes yinulovan wylebSi mcuravi 
gemis ekipaJma?

nax. 4.53

ρ2

ρ1

V1

V2

nax. 4.52 
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a) aisbergis wyalzeda nawilze 9-jer naklebi wyalSia CaZiruli; 
b) aisbergis wyalzeda nawilze 10-jer naklebi wyalSia CaZiruli;
g) aisbergis wyalzeda nawilze 9-jer meti wyalSia CaZiruli; 
d) aisbergis wyalzeda nawilze 10-jer meti wyalSia CaZiruli. 

18. dinamometrze Camokidebuli 5kg masis liTonis burTula CauSves siTx-
ian WurWelSi ise, rom WurWlis kedlebsa da fskers ar exeba. CamoTvlilTa-
gan, romeli SeiZleba iyos dinamometris Cveneba burTulas siTxeSi CaSvebis 
Semdeg?

 a) 45 n; b) 50 n; g) 55 n; d) 60 n. 

19. suraT 4.67-ze ori erTi da imave siganis Caidania 
gamosaxuli. Caidnebi erTnairia, erTaderTi gansxvaveba 
maT Soris mxolod isaa, rom pirveli meoreze maRal-
ia. daakvirdiT suraTs da gansazRvreT, romeli Caidani 
daitevs ufro meti raodenobis wyals? 

a) pirveli Caidani;
b) meore Caidani;
g) orive Caidani erTnairi raodenobis wyals daitevs. 

20. TavRia WurWelSi Casxmul wyalSi CaZirulia liTonis 
burTula (nax. 4.54). Tu wylis zedapirze moqmedi atmosferu-
li wneva gaizarda, maSin burTulaze moqmedi arqimedes Zala

 a) gaizrdeba;
 b) Semcirdeba;
 g) ar Seicvleba.

III. amoxseniT amocanebi:	

1. marTkuTxa pasalelepipedis formis auzis sigrZe, sigane da simaRle Ses-
abamisad aris: 15 m, 4 m da 2 m. masSi Casxmulia 30 m3 moculobis wyali. gansaz-
RvreT wneva auzis fskerze Tu atmosferuli wneva 105 pa-ia. CaTvaleT, rom 
g=10 n/kg.

2. ramdenjer aRemateba tbis zedapiridan 30 m siRrmeze arsebuli wneva, 
igive zedapiridan 10 m siRrmeze arsebul wnevas? CaTvaleT, rom atmosferuli 
wneva 105 pa-ia da g=10 n/kg.

3. tbis zedapiridan ra siRrmeze iqneba wneva 106 paskalis toli? CaTvaleT, 
rom atmosferuli wneva 105 pa-ia da g=10 n/kg.

4. ra ZaliT moqmedebs airi boTlis TavSi mWidrod Casmul cilindrul 
sacobze, Tu sacobis ganivkveTis farTobi 2 sm2-ia, boTlSi Catumbuli airis 
wneva ki — 2∙105 pa. 

5. vertikaluri boTlis TavSi mWidrodaa Casmuli 50 g masisa da 2 sm2 
ganivkveTis farTobis mqone cilindruli sacobi. gansazRvreT sacobsa da 
boTls Soris warmoqmnili srialis xaxunis Zala Tu 3∙105 paskali wnevis dros 
sacobi boTlidan amovarda. CaTvaleT, rom g=10 n/kg da atmosferuli wneva 
105 pa-ia. 

6. ganazRvreT 80 kg masis adamianis fexsacmelis miwasTan Sexebis farTo-
bi, Tu is orive fexiT dedamiwaze 0,2∙105 pa wnevas aviTarebs. CaTvaleT, rom 
g=10n/kg.

sur. 4.67 

nax. 4.54 
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7. rogor Seicvleba aguris mier warmoebuli wnevis 
Zala, Tu mas nax. 4.55,a-ze gamosaxuli mdgomareobidan 
nax. 4.55,b-ze gamosaxul mdgomareobaSi davdebT? 

8. gansazRvreT sxeulis mier gamoZevebuli wylis 
moculoba, Tu masze moqmedi arqimedes amomgdebi Zala 
100 n-ia. CaTvaleT, rom g=10 n/kg.

9. dinamometrze Camokidebuli aluminis birTvi wy-
alSi mTlianad CauSves (nax. 4.56). gansazRvreT birTvis mocu-
loba, Tu dinamometris danayofis fasi 10 n-ia. CaTvaleT, rom 
g=10n/kg.

10. dinamometrze Camokidebuli 5∙10-4 m3 moculobis sxeulis 
wyalSi mTlianad CaSvebis Semdeg dinamometris Cveneba 10 n-ia. 
gansazRvreT dinamometris Cveneba sxeulis wyalSi CaSvebamde. 
CaTvaleT, rom g=10n/kg.

11. dinamometrze Camokidebuli 5∙10-4 m3 moculobis sxeulis 
wyalSi mTlianad CaSvebis Semdeg dinamometris Cveneba 10 n-ia. ras gviCven-
ebs dinamometri, Tu am sxeuls spirtSi mTlianad CavuSvebT? CaTvaleT, rom 
g=10n/kg.

12. hidravlikur wnexze gawonasworebulia tvirTebi (nax. 4.57).didi dgu-
Sis farTobi 4-jer metia mcire dguSis farTobze. ramdenjer aRemateba did 
dguSze moTavsebuli sxeulis moculoba, mcire dguSze moTavsebuli sxeulis 
moculobas, Tu isini erTi da imave nivTierebisagan arian damzadebuli? 

13. hidravlikuri wnexis mcire dguSsa da Wers Soris moTavsebulia 10 sm-iT 
SekumSuli 500 n/m sixistis zambara (nax. 4.58). gansazRvreT did dguSze moT-
avsebuli sxeulis masa, Tu is wonasworobaSia rodesac didi dguSis farTobi 
S2=800sm2-s, mcire dguSis farTobi ki — S1=40sm2. CaTvaleT, rom g=10n/kg.

14. hidravlikuri wnexis didi dguSis farTobi mcire dguSis farTob-
ze 4-jer metia. masze moTavsebuli m1 da m2 masis sxeulebi wonasworobaSia 
(m1< m2). Tu sxeulebs adgilebs gavucvliT, wonasworobis aRsadgenad didi 
dguSis mxares 15 kg masis tvirTis damateba dagvWirdeba. gansazRvreT sxe
ulebis masebi. 

15. hidravlikuri wnexis mcire dguSsa da Wers Soris moTavsebulia 500 n/m 
sixistis SekumSuli zambara (nax. 4.59). is awonasworebs 10-jer meti farTobis 
mqone did dguSze moTavsebul sxeuls. ramdeni sm-iT aiwevs mcire dguSi Tu 
did dguSze davamatebT m=5kg masis tvirTs? ramdeniT daiwevs am dros didi 
dguSi? CaTvaleT, rom g=10n/kg.

nax. 4.57 
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16. ziarWurWeli warmoadgens 25 sm2 ganivkveTis farTobis mqone U-s formis 
mils (nax. 4.60). ramdeniT moimatebs masSi arsebuli wylis done, Tu erT-erT 
muxlSi davamatebT m=500 g masis wyals? 

17. ziarWurWeli warmoadgens 25sm2 ganivkveTis farTobis mqone U-s formis 
mils (nax. 4.60).ramdeniT gaizrdeba wneva ziarWurWelis fskerze, Tu erT-erT 
muxlSi davamatebT m=500 g masis navTs? CaTvaleT, rom g=10 n/kg.

18. TavRia daxril milSi Casxmulia wyali (nax. 4.61). gansazRvreT wnevebi 
naxazze miTiTebul A da B wertilebSi, Tu h1=1m, h2=1,5 m. atmosferuli wneva 
normaluria da udris 105 pa-s. CaTvaleT, rom g=10 n/kg.

nax. 4.60 

m

nax. 4.61

h
1A

B

h
2

miRebuli codnis gasaRrmaveblad SegiZliaT ewvioT Semdeg bmulebs: 

1. https://phet.colorado.edu/en/simulations/category/physics/motion;

2. https://phet.colorado.edu/en/simulation/fluid-pressure-and-flow;

3. https://phet.colorado.edu/en/simulation/gravity-force-lab;

4. https://phet.colorado.edu/en/simulation/friction;

5. https://phet.colorado.edu/en/simulation/under-pressure.
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sagnobrivi saZiebeli
agregatuli mdgomareobebi 41
aTvlis sistema 73
aTvlis sxeuli 73
airadi mdgomareoba 41, 44
airis wneva 157
amorfuli sxeulebi 49
amocanis amoxsnis nimuSi 60, 102, 
146, 181
aorTqleba 41
araTanabari moZraoba 99
arqimedes amomgdebi Zala 177
atmosferuli wneva 174
atomi 28, 32
berketiani saswori 52
gadaadgileba 75, 95
gavlili manZili 75
gazomva (pirdapiri da arapirdapi-
ri) 21
gorvis xaxuni 138
gravitaciuli mizidulba 122
dakvirveba 16
danayofis fasi 18
deformacia 129
dinamometri 129, 133
difuzia 35
dnoba 41
drekadobis Zala 129
erTeulTa sistema 13
eqsperimenti 16
veqtori 80
ziarWurWeli 170
Tanabari moZraoba 83-84, 86
inercia 110
kondensacia 41
koordinatTa RerZi (sistema) 73
masa 52, 113
materia 10
mdebareobis fardbiToba 67
molekula 28, 32
moculobis gansazRvra 21
moZraoba 67
moZraobis fardobiToba 67
mrudwiruli moZraoba 75
msoflio miziduloba 122
mqise zedapiri 138

nivTiereba 28, 38, 41, 44, 46, 49
normaluri atmosferuli wneva 174
orTqladqceva 41
paskalis kanoni 161
plazmuri mdgomareoba 41
plastikuri sxeuli 49
rxeviTi moZraoba 75
saSualo siCqare 99
sigrZis erTeuli 13
simkvrive 56
simZimis Zala 122, 124
siCqare 86
sixiste 129
skalaruli sidide 80
spidometri 86
srialis xaxuni 138, 143
sublimacia 41
tolqmedi Zala 126
toriCelis cda 174
traeqtoria 75
urTierTqmedeba 113
fizikuri movlena 10
fizikuri sidide 10
fizikuri sxeuli 10
cda 16
Zala 117
wneva 152, 157, 166
wnevis Zala 152
xaxunis Zala 138
hidravlikuri wnexi 163
hidrostatikuri wneva 166
hipoTeza 16
hukis kanoni 133




