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Cven irgvliv Tvaluwvdeneli samyaroa. mze da varskvlavebi, mTvare 
da dedamiwa, zRvebi da okeaneebi, mcenareebi da cxovelebi _ yvelaferi 
es bunebas Seadgens.

arsebobisaTvis xangrZlivi brZolis procesSi adamians gauCnda 
bunebis Seswavlis moTxovnileba.

bunebis Sesaxeb codna saukuneebis ganmavlobaSi grovdeboda. uZve-
lesi droidan adamiani akvirdeboda planetebis moZraobas, varskvlav
Ta mdebareobas, adgenda kalendars. 

sabunebismetyvelo mecnierebebis ganviTarebiT adamianma Seqmna 
Tanamedrove teqnika udidesi SesaZleblobebiT. 

fizika erT-erTi ZiriTadi sabunebismetyvelo mecnierebaa. igi ada-
mians exmareba bunebis SecnobaSi da aZlevs praqtikuli moRvaweobisaT-
vis aucilebel codnas. 

rCevebi moswavleebs

saxelmZRvanelo uzrunvelyofs ara marto codnis SeZenas, aramed 
garkveuli unar-Cvevebis Camoyalibebasa da ganviTarebas. Seecade, gai
go mocemuli masalis arsi da iswavlo am masalis gadmocema Seni sityve-
biT. gaazrebuli swavla codnis SeZenis aucilebeli pirobaa.

Seecade, pasuxi gasce paragrafis bolos dasmul SekiTxvebs, amoxs-
na mocanebi da Caataro eqsperimentuli samuSaoebi, rac xels Seuwyobs 
kvleva-ZiebiTi unar-Cvevebis ganviTarebas. es dagexmareba ukeT Seicno 
buneba, advilad upasuxo mraval SekiTxvas.

TqvenTvis sasurveli informacia SeiZleba moiZioT internetiT. 
sasurvelia, zogierTi amocana da eqsperimentuli samuSao Seasru-

lo TanaklaselebTan erTad, daakvirde, aRricxo monacemebi, Seadgino 
cxrilebi, grafikebi, diagramebi, gamoTqva mosazrebebi, ganazogado 
miRebuli monacemebi da ivaraudo mosalodneli Sedegebi, gaakeTo 
prezentaciebi.

saxelmZRvaneloSi mocemulia rubrikebi, romlebic garkveul dax-
marebas gagiwevs wignze muSaobisas.

eqsperimentuli samuSaoebis Catarebisas aucilebelia usafrTxoe-
bis wesebis dacva. 

rom gaxde warmatebuli, unda ganaviTaro Seni unarebi: SeZlo miz-
nis gansazRvra, drois dagegmva da saswavlo masalis aTviseba.

Sesavali



I 
Tavi

am Tavis Seswavlis Semdeg Sen SeZleb:
•• movlenebze dakvirvebas;
•• martivi eqsperimentebis Catarebas;
•• fizikur sidideTa gazomvas;
•• erTi da imave sididis sxvadasxva erTeulSi gamosaxvas;
•• sxvadasxva sazomi xelsawyos gamoyenebas.

fizika bunebis Semswavleli erT-erTi ZiriTadi 
mecnierebaa

f i z i k a  –  m e c n i e r e b a 
b u n e b i s  S e s a x e b
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movlena. bunebaSi mudmivad mim-
dinareobs cvlilebebi: Tendeba da 
Ramdeba    (sur. 1.1), icvleba haeris 
temperatura, modis Tovli da wvima, 
moZraoben adamianebi da cxovelebi, 
izrdeba mcenareebi, gadaadgildeba 
transporti.

bunebaSi mimdinare yovelgvar 
cvlilebas movlenas uwodeben. 

movlenebi mravalferovania. 
maTi Seswavlisas adamianma daadgi-
na, rom bunebaSi nebismieri movlena 
mimdinareobs kanonzomierad. es niS-
navs, rom arsebobs movlenis mizezi 
da Sedegi. magaliTad, weliwadis 

droebis cvlileba gamowveulia dedamiwis brunviT mzis irgvliv, dRe-
Ramis monacvleoba ki _ dedamiwis brunviT sakuTari RerZis irgvliv. 

wylis gayinva da yinulis dnoba movlenebia (sur. 1.2).

•• Seni azriT, ra aris am movlenebis mizezi? 
•• ra aris am movlenebis Sedegi? 
•• gaixsene SenTvis cnobili movlenebi. Seecade, daadgino am mov-

lenaTa mizezebi da aRwero Sedegebi.
cxadia, bunebis movlenebis Seswavlis mizani ara mxolod misi gamom-

wvevi mizezebis dadgenaa. bunebis Secnobas, masSi mimdinare procesebis 
axsnas udidesi praqtikuli mniSvneloba aqvs. es SesaZlebels xdis 
gaviTvaliswinoT is Sedegebi, romlebic SeiZleba mohyves ama Tu im mov-
lenas. magaliTad, rodesac winaswar cnobilia vulkanuri amofrqvevis 
an grigalis Sesaxeb, adamianebi SeZlebisdagvarad cdiloben am movle-
nebisagan Tavis dacvas (sur. 1.3). 

saukuneebis ganmavlobaSi adamiani swavlobda bunebis movlenebs, 
raTa isini gamoeyenebina praqtikuli saqmianobisaTvis. 

fizikuri movlenebi1.1.

1.1 mzis Casvla

wylis gayinva yinulis dnoba
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samyaro erTiania. bunebismcodneobis ganviTarebaSi udidesi dam-
saxureba aqvT berZen mecnierebs. maT 
ganazogades dagrovili codna da Zv. 
w. aR.-mde VI saukuneSi Seqmnes mec-
niereba naturfilosofia. 

mogvianebiT daiwyo naturfi-
losofiidan calkeul mecnierebaTa 
gamoyofa. ase warmoiSva sabunebism-
etyvelo mecnierebebi: fizika, astro-
nomia, qimia, biologia, geografia. 
sabunebismetyvelo mecnierebebis gan-
viTarebaSi gansakuTrebuli wvlili 
aqvs berZen mecniers, aristoteles, 
romelic cxovrobda da moRvaweobda 
Zv.w.aR. IV saukuneSi. aristotelem Ta-
vis naSromebSi pirvelma gamoiyena si-
tyva ,,fizika” (,,fiuzis” berZnuli si-
tyvaa  da niSnavs bunebas).

TiToeul sabunebismetyvelo mec-
nierebas bunebis Seswavlis gansxvave-
buli mizani da meTodi aqvs. 

fizika Seiswavlis iseT movlenebs, 
romelTa drosac nivTiereba qimiu-
rad ar icvleba. 

qimia Seiswavlis movlenebs, rom-
lis drosac erTi saxis nivTiereba 
gardaiqmneba meore saxisad. 

biologia Seiswavlis cocxal bune-
baSi mimdinare procesebs. 

fizikur, qimiur da biologiur 
procesebs Soris mkveTri zRvari ar 
arsebobs. magaliTad, Weqa-quxilis 
dros ismis Zlieri xmauri _ es bger-
iTi movlenaa. caze Cndeba elva _ es 
sinaTlis da eleqtruli movlenebia 
(sur. 1.4.). xSirad, wvimis Semdeg, caze 
Cndeba cisartyela. es optikuri mov-
lenaa.

1.3 vulkanis amofrqveva 1.4 elva

meqanikuri movlena

eleqtruli, sinaTlis, 
siTburi movlenebi

magnituri movlena
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bgeriT, sinaTlis, eleqtrul da optikur movlenebs Seiswavlis 
fizika. 

Weqa-quxilis dros urTierTqmedeben atmosferoSi arsebuli niv-
Tierebebi _ es qimiuri movlenaa.

 wvima iwvevs biologiuri procesebis daCqarebas: mcenaris fesvebi 
Seiwovs didi raodenobiT wyals da masSi gaxsnil nivTierebebs, rac 
xels uwyobs mcenaris zrda-ganviTarebas.

 dedamiwis umetes nawilSi gazafxuli icvleba zafxuliT, Semod-
goma _ zamTriT, dRe icvleba RamiT da Rame _ dRiT. Sesabamisad, icv-
leba cocxali organizmebis aqtivoba _ Zlierdeba an sustdeba maTSi 
mimdinare procesebi. 

amgvarad, fizikuri movlenebi gavlenas axdenen cocxal organizme-
bze.

fizikuri movlenebia: meqanikuri, eleqtruli, magnituri, opti-
kuri, siTburi, atomuri (sur. 1.5).

ras Seiswavlis fizika? fizikis ZiriTadi amocanaa, aRweros bunebis 
movlenebi, daadginos am movlenebis mizezebi, aRmoaCinos maTi damaka-
vSirebeli kanonebi.

garda amisa, fizika Seiswavlis sxeulTa Tvisebebs, radgan, xSir 
SemTxvevaSi, am TvisebaTa gaTvaliswineba Zalian mniSvnelovania. mag-
aliTad, mSeneblobisas aucilebelia sxvadasxva Tvisebis samSeneblo 
masalebis SerCeva. masalebis Tvisebebs iTvaliswineben eleqtrogay-
vanilobisas, siTburi da bgeriTi izolaciisaTvis da sxv. 

kvlevis fizikuri meTodebi farTod gamoiyeneba mecnierebisa da 
teqnikis sxvadasxva sferoSi. fizikis codnis gareSe SeuZlebelia  med-
icinis, energetikis, mSeneblobis, transportis, kavSirgabmulobis, ra-
dioteqnikis, kosmonavtikis, astronimiisa da sxva mravali dargis gan-
viTareba.

fizika Seiswavlis fizikur movlenebsa da sxeulTa fizikur Tvise-
bebs.

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. daakvirdi Sen irgvliv mimdinare movlenebs da Seecade, aRwero 
isini. SesaZlebelia Tu ara, zemoqmedeba iqonio am movlenebze? 

2. nebismieri fizikuri movlena dakavSirebulia sxva movlenasTan. 
magaliTad, denis gavlisas liTonis spirali Tbeba, gaTbobisas spira-
lis sigrZe izrdeba, Zlieri gaxurebisas SeiZleba naTebac miviRoT. 

Seni azriT, ganxilul magaliTSi romel fizikur movlenebzea 
laparaki? ratom aris es movlenebi fizikuri? TiToeul SemTxvevaSi 
daasaxele movlenis mizezi da Sedegi, gaaanalize pasuxi da gamoitane 
daskvna.



11

fizikuri sxeuli. ra aris fizikuri sxeuli da risgan Sedgeba igi?
yoveldRiur cxovrebaSi sityva `sxeulis~ qveS gulisxmoben adamia-

nis an cxovelis sxeuls. fizikaSi ki nebismier sagans fizikuri sxeuli 
an, ubralod, sxeuli hqvia. 

fizikur sxeuls warmoadgens wylis wveTi da Tovlis fifqi, kos-
mosuri xomaldi da Tavad dedamiwa. adamianis sxeulic fizikuri sxe-
ulia. 

myar sxeuls aqvs forma da moculoba.
nebismieri sxeuli Sedgeba nivTierebisagan. nivTierebaa: haeri, wya-

li, mina, rkina, alumini, spilenZi da a.S.
magaliTad, minis Wiqa sxeulia, mina ki _  nivTiereba, romlisganac 

damzadebulia Wiqa.
•• daasaxele sxeulebi da nivTierebebi, romlebisganac es sxeulebi  

Sedgeba.

yvelaferi, rac realurad arsebobs samyaroSi, materiaa. ,,materia~ 
laTinuri sityvaa da niSnavs nivTierebas. Cven irgvliv sxeulebi da 
nivTierebebi, romlebisganac es sxeulebi Sedgeba, materialuria. 

cda da dakvirveba.  rogor viRebT codnas bunebis movlenebis Ses-
axeb?

fizikuri movlenebis Seswavlisas Tavdapirvelad mecnierebi 
gamoTqvamen varauds _ hipoTezas movlenis mizezebis, misi mimdinare-
obisa da mosalodneli Sedegebis Sesaxeb, rac mowmdeba dakvirvebiT.

movlenaze dakvirveba SesaZlebelia cdis anu eqsperimentis saSu-
alebiT. 

magaliTad, sxeulis rxeviTi moZraobis Sesaswavlad akvirdebian 
Zafze an zambaraze dakidebuli burTulis moZraobas, gamoTqvamen 
varauds,  adgenen am moZraobis mizezebs da a.S.

eqsperimenti bunebis kvlevis umniSvnelovanesi meTodia. eqsperi-
mentis saSualebiT SesaZlebelia bunebriv movlenebs davakvirdeT  
laboratoriul pirobebSi. 

zogierT movlenaze dakvirveba SesaZlebelia mxolod bunebriv pi-
robebSi, adamianis Carevis gareSe. aseTi movlenebia: mzis dabneleba, 
zRvis Relva da sxv.

•• Seni azriT, kidev romelia aseTi movlenebi?

fizika ara mxolod ikvlevs movlenebs, aramed adgens fizikur 
kanonebs. 

fizikuri kanonebiT ukavSirdeba erTmaneTs fizikuri movlenebi.
fizikis kanoni maTematikurad gamoisaxeba formuliT.
fizikis kanonebzea dafuZnebuli teqnikur mowyobilobaTa muSao-

ba: gemTmSenebloba da TviTvmfrinavmSenebloba, sxvadasxva satrans-
porto saSualebis Seqmna da ganviTareba, kosmosuri kvlevebi da sxv. 

fizikis kanonebi universaluria da gamoiyeneba sxva mecnierebeb-
Si. geografiaSi fizikis kanonebiT xsnian amindis SesaZlo cvlilebas, 

fizikuri sxeuli. cda da dakvirveba1.2.
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qaris mimarTulebas; qimiaSi _ nivTierebis aRnagobas; biologiaSi _ 
sisxlis mimoqcevas, gulis muSaobas, saxsrebis moZraobas da a.S.

fizikuri sxeuli Sedgeba nivTierebisagan.
yvelaferi, rac realurad arsebobs samyaroSi, materiaa.

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. nivTierebaa Tu sxeuli: mze, dedamiwa, Senoba, wyali, finjani, 
spirti, zeTi, spilenZi, vercxli, kovzi, dana, marili, lursmani?

2. CamoTvale sxeulebi, romlebic Sedgeba vercxlisgan, spilenZis-
gan, minisgan, yinulisgan. pasuxi warmoadgine sqemis saxiT (sur.1.6).

3. ra nivTierebisgan SeiZleba Sedgebodes sxeulebi: Wiqa, dana, Can-
gali, karada, magida? 

4. materialuria Tu ara azri, fiqri? pasuxi daasabuTe.

fizikuri sidideebi. 
fizikur sidideTa gazomva1.3.

fizikuri sidideebi. fizikur movlenebsa da sxeulTa Tvisebebs ra-
odenobrivad axasiaTeben fizikuri sidideebiT. magaliTad, sxvadasxva 
avtomobilis moZraobaze dakvirvebisas SeiZleba davaskvnaT, rom erT-
sa da imave drois SualedSi didi siCqariT moZravi avtomobili met man-
Zils gadis.

dro, manZili da siCqare  fizikuri sidideebia.
yvela fizikuri sidide izomeba.
fizikuri sididis mniSvneloba. risTvis aris saWiro fizikur si-

dideTa gazomva? movlenis Sesaswavlad aucilebelia am movlenis dam-
axasiaTebeli fizikuri sidideebis mniSvnelobaTa codna, amisaTvis 
saWiroa sidideTa gamoTvla an gazomva. 

fizikuri sididis gazomva niSnavs mis Sedarebas iseTive sidides-
Tan, romelic miRebulia erTeulis tolad.

fizikuri sididis mniSvneloba aris am sididis ricxviTi mniSvnelo-
ba da erTeuli. 

vTqvaT, gazomvis Sedegad miviReT, rom oTaxis sigane 6m-a (sur. 1.7). 
am gamosaxulebaSi `6~ aris oTaxis siganis ricxviTi mniSvneloba, `m~ ki 

1.12
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_ sigrZis erTeuli (metri).
nebismier fizikur sidides 

aqvs sazomi erTeuli.
fizikuri sidide SeiZle-

ba iyos damoukidebuli da 
damokidebeli. damoukidebuli 
sidide ar icvleba sxva sididee-
bis cvlilebisas, damokideb-
uli ki _ icvleba. magaliTad, 
fizikuri sididis ricxviTi 
mniSvneloba damokidebulia 
sazomi erTeulis SerCevaze. 
magaliTad, oTaxis sigrZe _ 
6m _ decimetrebiT gamosaxu-
li  iqneba 60dm, santimetrebiT 
_ 600sm, kilometrebiT ki _ 
0,006km.

fizikuri sidideTa gazomva. mraval qveyanaSi miRebulia saerTa-
Soriso erTeulTa sistema SI (sur. 1.8).

SI sistemaSi ZiriTadi erTeulebia: sigrZis erTeuli _ 1 metri, 
drois erTeuli _ 1 wami, masis erTeuli _ 1 kilogrami.  

es erTeulebi, Sesabamisad, sigrZis, drois da masis etalonebia. et-
aloni aris nimuSi, romlis saSualebiT SesaZlebelia fizikuri sididis 
gazomva didi sizustiT. magaliTad, Tu sxeulis sigrZe 3m-ia, es niSnavs, 
rom sxeuli 3-jer grZelia sigrZis etalonze _ 1m-ze.

praqtikaSi gamoiyeneben ufro did an ufro mcire erTeulebs. 
erTi erTeulidan meoreze gadasasvlelad SemuSavebulia aTjeradi 
TavsarTebis sistema. 

cxrilSi mocemulia aTjeradi TavsarTebi da maTi kavSiri ZiriTad 
erTeulebTan (sur. 1.9). 

,,kilo~ niSnavs aTass, Sesabamisad, erTi kilometri tolia aTasi metrisa:

,,mili~ niSnavs meaTaseds, amitom erTi milimetri aris metris me-
aTasedi nawili:

6m oTaxis siganea.
`6 ~_ siganis ricxviTi mniSvn-
eloba,
`m ~_ sigrZis erTeuli

1.7

saerTaSoriso erTeulTa sistema SI

1.8
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zogjer mosaxerxebelia sistemgareSe erTeu-
lis gamoyeneba. magaliTad, xSirad moculobas 
zomaven litrebiT _ 1l, an mililitrebiT  _ 
1ml (sur. 1.10):

I. oTaxis perimetris, farTobisa da moculobis gamoTvla

•• gazome Seni oTaxis sigrZe, sigane da simaRle;
•• gazomvis Sedegebi warmoadgine cxrilis saxiT;
•• cxrilis monacemebiT gamoTvale oTaxis perimetri, farTobi da 

moculoba;
•• aRwere, rogor Caatareb gamoTvlebs;
•• sidideebi warmoadgine sxvadasxva erTeulebiT;
•• cxrilSi warmodgenili sidideebidan romelia damoukidebeli 

da romeli - damokidebuli?

II. saxelmZRvanelos furclis sisqis gansazRvra 
saxazavis gamoyenebiT

•• Seni varaudiT, ra sisqe eqneba saxelmZRvanelos furcels?
•• Seni varaudis siswore Seamowme eqsperimentiT.
•• aRwere samuSaos Catarebis Tanmimdevroba;

aTjeradi TavsarTebi

1.9

1.10
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•• Seadgine cxrili da masSi Seitane  gazomvebisa da gamoTvlebis 
Sedegebi; 

•• gansazRvre damoukidebeli da damokidebuli sidideebi.

amocanaTa amoxsnis zogadi miTiTeba

amocanis amoxsnisas sasurvelia garkveuli Tanmimdevrobis dacva:
•• amocanis amoxsna daiwye amocanis yuradRebiT wakiTxviT; 
•• warmoidgine is fizikuri movlena, romlis Sesaxeb laparakia 

amocanis pirobaSi; 
•• Tu amocana moiTxovs gamoTvlebis Catarebas, gansazRvre, ra si-

dideebia cnobili da ra _ ucnobi. daadgine mocemul SemTxveva-
Si romeli monacemebi an garemoebebia mniSvnelovani da romlis 
ugulebelyofaa SesaZlebeli;

•• Seadgine amoxsnis gegma. daadgine, ra gziT SeiZleba ucnobi sidi-
dis povna;

•• mocemuli sidideebi Camowere erT svetSi. sasurvelia, sididee-
bi gamosaxo SI sistemis erTeulebiT. amocanis pirobidan gamom-
dinare, zogjer, umjobesia sidideebis gamosaxva sxva erTeule-
biT. magaliTad, siCqaris _ km/sT-iT,  moculobis _ l-iT da a.S. 
aucilebelia, formulaSi Semavali sidideebi gamosaxo erTnairi 
erTeulebiT. Tu siCqare mocemulia km/sT-iT, maSin manZili unda 
gamosaxo kilometrebiT, dro ki _ saaTebiT;

•• mocemulobis Cawerisas yuradReba miaqcie sidideTa indeqsebs. 
magaliTad, Tu siCqares aRniSnav indeqsiT `1~, _ v

1
, maSin am sxe-

ulis mier gavlili manZilic aRniSne imave indeqsiT _ S
1
-iT;

•• xSirad amocanis pirobaSi ar aris mocemuli amoxsnisaTvis saWiro 
yvela sidide, romlebic mudmivia an cxrilebiTaa mocemuli (mag-
aliTad, nivTierebis simkvrive). am sidideTa mniSvnelobebi Sei-
Zleba Cawero mocemulobaTa svetSi;

•• amocanis amoxsna gamartivdeba, Tu Seadgen Sesabamis naxazs, dia-
gramas, sqemas an naxats;

•• sasurvelia, amocanis amoxsna zogadi saxiT; 
•• Seamowme amocanis pasuxis siswore _ igi unda iyos realuri. mag-

aliTad, ar SeiZleba avtomobilis siCqare iyos 100km/wm;
•• sasurvelia, amocana amoxsna sxva xerxiTac.

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. dedamiwidan mzemde manZili 150000000km-ia. gamosaxe es manZili 
metrebSi, santimetrebSi da milimetrebSi.

2.	 gamoTvale kvadratis farTobi kvadratul metrebSi, Tu misi 
gverdis sigrZe 8sm-ia.

3.	 sxeulis vardnis dro 2wT-ia. gamosaxe es dro wamebSi.
4.	 ramdeni wuTi da ramdeni wamia erT dRe-RameSi?
5. aRwere, rogor gamoTvli araswori formis firfitis farTobs  

milimetriani qaRaldis gamoyenebiT.
6. ramdeni heqtaria (ha) 1km2-Si, Tu cnobilia, rom 1ha aris im kvadra-

tis farTobi, romlis gverdis sigrZea 100m?
7. gamoTvale 40000mm3 siTxis moculoba litrebSi.
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sazomi xelsawyoebi1.4.

umravles SemTxvevaSi cdebisa da dakvirvebebis Catareba dakav-
Sirebulia gazomvebTan. fizikur sidideTa gasazomad iyeneben sazom 
xelsawyoebs. 

•• romeli xelsawyoebia warmodgenili 1.11 suraTze?
•• romeli fizikuri sidideebis gazomvaa SesaZlebeli am xelsawy-

oebiT?

sazom xelsawyoTa umravlesobas aqvs skala, romelzec miTiTebu-
lia gasazomi sididis erTeuli. 

nebismier xelsawyos skalas aqvs gazomvis zRvari _ fizikuri sidi-
dis udidesi mniSvneloba, romlis gazomvac SesaZlebelia am xelsawyo-
Ti.

gazomvis zRvari dgindeba skalaze kidura Strixebis Sesabamisi 
cifrebis saSualebiT. magaliTad, TermometriT SesaZlebelia tem-
peraturis gazomva 350C-dan 420C-mde (sur. 1.11), saxazaviT _ sigrZis 
gazomva 0-dan 15sm-mde (sur. 1.12). 

skalaze Strixebs Soris 
aris danayofebi. TiToeul 
danayofs Seesabameba garkveu-
li ricxvi, Tumca ricxvi yve-
la danayofs ar aweria.

xelsawyos skalaze umci-
resi danayofis mniSvnelobas 

uwodeben danayofis fass. danayofis fasi rom ganvsazRvroT, skalaze 
aRniSnuli nebismieri ori sididis sxvaoba unda gavyoT maT Soris dan-
ayofebis ricxvze. 

magaliTad, saxazavze (sur. 1.20) 1sm da 2sm-is Sesabamis Strixebs So-
ris intervali dayofilia 5 tol nawilad,  amitom danayofis fasi iqneba: 

1.12

1.11
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Tu cnobilia skalaze danayofebis ricxvi 
da danayofis fasi, davadgenT gasazomi sididis 
mniSvnelobas. 

ganvsazRvroT Termometris Cveneba (sur. 
1.13).  temperatura aRiniSneba t asoTi, temper-
aturis erTeuli ki _ 0C-iT (gradusi celsiusi). 
siTxis svetis sigrZe ori danayofiT metia ricx-
viT aRniSnuli danayofidan (300C). Termometris 
danayofis fasia 20C, amitom Termometris Cveneba 
iqneba:

gazomvebis Catarebisas gardauvalia  
cdomileba, amitom unda vicodeT da gaviTval-
iswinoT rogori sizustiTaa Catarebuli gamoT-
vlebi. cdomilebis aRniSvnaa D (`delta~). umrav-
les xelsawyoTa cdomileba Seadgens danayofis 
fasis naxevars. ganxilul SemTxvevaSi cdomileba 
10C--is tolia, amitom Termometris Cveneba iqneba

es niSnavs, rom temperaturis zusti mniSvneloba moTavsebulia 
330C-sa da 350C-s Soris.     

rac ufro mcirea danayofis fasi, miT metia gazomvis sizuste. 
fizikis ganviTarebasTan erTad sazomi xelsawyoebi ufro rTuli 

da srulyofili xdeba.

 

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1.	 CamoTvale SenTvis cnobili sazomi xelsawyoebi. ra xelsawyoebi 
gaqvs saxlSi. ra sidideebis gasazomad iyeneb maT?

2.	 gansazRvre saxazavis danayofis fasi da misi saSualebiT gazome 
Zelis sigrZe (sur. 1.14).

3.	 menzura siTxis moculobis gasazomi xelsawyoa. 
daakvirdi 1.15 suraTs da daadgine menzuris gazomvis 
zRvari da danayofis fasi.

4. asanTis Rerebis gamoyenebiT gansazRvre erTi 
Reris sisqis miaxloebiTi mniSvneloba. aRwere samuS-
aos Tanmimdevroba.  gazomvebisa da gamoTvlebis Sede-
gebi warmoadgine cxrilis saSualebiT.

5. gazome wignis, rveulis, fanqris sigrZe da gazom-
vis Sedegebi Cawere cdomilebis gaTvaliswinebiT.

6. Camowere SenTvis cnobili fizikuri sidideebi, 
Sesabamisi sazomi erTeulebi da xelsawyoebi, romlTa 

menzura1.15

0 1 62 73 84 95 10 1511 1612 1713 1814 19 20
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saSualebiT SesaZlebelia am sidideebis gazomva. pasuxebi warmoadgine 
cxrilis saxiT.

myari sxeulis moculobis gazomva

resursebi: saxelmZRvanelo, samuSao rveuli, fanqari, kalami, men-
zura, myari sxeuli, Zafi, WurWeli wyliT.

•• gazomvis dawyebamde gaarkvie men-
zuris gazomvis zRvari da danayofis 
fasi.
•• SearCie iseTi sxeuli, romelic Ta-

visuflad moTavsdeba menzuraSi.
•• sxeulze daamagre Zafi, rom gaad-

vildes misi wyalSi CaSveba da wylidan 
amoReba.
•• menzuraSi Caasxi imdeni wyali, rom 

CaSvebisas sxeuli wyliT daifaros. 
•• gaiTvaliswine, rom sxeulis CaS-

vebis Semdeg wylis donem ar gadaaWarbos 
menzuris gazomvis zRvars.
•• CaniSne wylis moculoba sxeulis 

CaSvebamde (sur. 1.16) da CaSvebis Semdeg 
(sur. 1.17). 

•• rogor gamoTvli sxeulis moculobas menzuraSi wylis doneebis 
mixedviT? aRwere samuSaos Tanmimdevroba.

•• Secvale menzuraSi wylis raodenoba da cda gaimeore 3-jer. sa-
mive SemTxvevaSi gamoTvale sxeulis moculoba V1, V2  da V3.

gazomvebisa da gamoTvlebis Sedegebi warmoadgine cxrilis saxiT.
sxeulis moculobis saSualo mniSvneloba gamoTvale formuliT:

•• 1.18 suraTis mixedviT aRwere eqsperimentis Catarebis etapebi.

1.18

ml ml

200 200

250 250

0
50

100

150

300

350

0
50

100

150

300

350

1.16 1.17
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I.	 daasrule winadadeba:

1. dro fizikuri sididea, radgan . . . 
2. suni ar aris fizikuri sidide, radgan . . . 
3. saxazavis skalaze kidura Strixebi Seesabameba 0-sa da 100sm-s. es 

niSnavs, rom saxazavis gazomvis zRvaria . . .
4. Termometris skalaze 200C-isa da 210C-is Sesabamis Strixebs So-

ris intervali dayofilia 10 tol nawilad, amitom Termometris dan-
ayofis fasia . . . 

5. fizikuri sididis gazomva niSnavs . . . 

II.	 marTebulia Tu ara mtkiceba: 

1. moZraoba fizikuri movlenaa.
a)	  diax; 
b)  ara.

2. moculoba fizikuri sididea, radgan igi izomeba.
a)  diax; 
b)  ara.

3. saaTi fizikuri sididea.
a)  diax; 
b)  ara.

              
III. romelia swori pasuxi?

1. Tu rveulis furclis sigrZea 20sm, sigane _ 15sm, maSin rveulis 
furclis farTobi iqneba:  

a)	 30sm2;   b) 0,3m2;  g) 300sm2.

2.  Tu oTaxis sigrZe, sigane da simaRlea, Sesabamisad, 5m, 4m da 3m, 
maSin misi moculoba iqneba:

a) 60m3;    b) 20m3;    g) 15m3.

3. Tu kvadratis gverdis sigrZe 3sm-ia, maSin misi farTobi da perime-
tri, Sesabamisad, tolia . . .

a) 9sm2, 6sm;   
b) 6sm2, 9sm;   
g) 9sm2, 12sm. 

4.  4sm perimetris mqone kvadratis farTobia
a) 4sm2;  b) 1sm2; g) 2sm2.
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5. 36sm2 farTobis kvadratis perimetria
a) 12sm; b) 24sm; g) 36sm.

6. Tu kubis gverdis sigrZe 3sm-ia, maSin kubis moculoba iqneba
a) 9sm3; b) 27sm3; g) 12sm3.

7. 8l moculobis kubis wibos sigrZea
a) 20sm; b) 0,2dm; g) 2dm.

8. Tu kubis sruli zedapiris farTobi 6sm2-ia, maSin kubis gverdis 
sigrZea

a) 1sm; b) 2sm; g) 4sm.

9. 4ha farTobis kvadratis gverdis sigrZea
a) 200m; b) 400m; g) 20m.

10. 1sT-Si aris . . .
a) 60wm;   b) 3600wm;   g) 600wm.

IV. upasuxe kiTxvebs: 	

1. nivTierebaa Tu sxeuli: wigni, fanqari, alumini, spilenZi, kovzi, 
zambara, Wiqa, mina, yinuli, zeTi, navTi?  

2. sakuTari RerZis irgvliv mTvare erT srul bruns asrulebs 27,3 
dRe-RameSi. gamosaxe es dro saaTebiT da wuTebiT.

3. CamoTvlilTagan romelia fizikuri sidide, romeli _ sazomi er-
Teuli, romeli _ sazomi xelsawyo da romeli _ movlena: dro, wami, 
siCqare, litri, brunva, farTobi, sxeulis vardna, aorTqleba, tona, 
manZili, Termometri, saswori, wammzomi, dnoba, menzura, kilometri? 
pasuxi warmoadgine sqemis saxiT:

fizikuri
sidide

sazomi
xelsawyo

sazomi
erTeuli

movlena
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II Tavi

am Tavis Seswavlis Semdeg Sen SeZleb:
•• agregatuli mdgomareobis dakavSirebas nivTierebis atomur-

molekulur agebulebasTan; 
•• nivTierebis agregatuli mdgomareobis cvlilebis pirobebis 

dadgenas da simkvrivis gansazRvras eqsperimentulad;
•• difuziis movlenis sademonstracio modelis Seqmnas da prob-

lemaze dafuZnebuli amocanebis gadaWras.

n i v T i e r e b i s  a g e b u l e b a  d a  m i s i 
f i z i k u r i  T v i s e b e b i



22

•• Sen ukve ici, rom sxeuli Sedgeba nivTierebisagan. gavarkvioT, 
risgan Sedgeba nivTiereba.

varaudi nivTierebis agebulebis Sesaxeb gamoiTqva Zv. w. V sauku-
neSi. berZeni swavluli demokrite Tvlida, rom nebismieri nivTiereba 
Sedgeba umciresi nawilakebisagan. es idea samecniero Teoriad Camoy-
alibda 23 saukunis Semdeg. XIX saukuneSi dadginda, Tu ras warmoad-
genen es nawilakebi.

nivTierebis Sedgenilobis codniT SesaZlebelia winaswar ganvsaz-
RvroT, Tu rogor warimarTeba esa Tu is movlena, rogor SeiZleba misi 
daCqareba an Seneleba. garda amisa, SesaZlebelia sxeulTa Tvisebebis 
axsna da saWiro Tvisebebis mqone nivTierebis miReba. es nivTierebebia: 
sxvadasxva Senadnobi, plastmasebi, xelovnuri kauCuki, kaproni da sxv. 
es masalebi farTod gamoiyeneba yofa-cxovrebaSi, teqnikaSi, medici-
naSi. 

mravali movlena da cda saSualebas gvaZlevs vimsjeloT niv-
Tierebis Sedgenilobis Sesaxeb. magaliTad, sunis gavrceleba, siTxis 

gacxeleba da gacieba, siTxis gayinva da 
myari sxeulis dnoba, siTxis aorTqle-
ba, siTxis gafarToeba da SekumSva, 
saRebavis gaxsna wyalSi da sxv.

•• daakvirdi movlenebs:
1. SekumSe rezinis buSti (sur. 2.1);
Seicvala Tu ara buStis forma da 

masSi moTavsebuli haeris moculoba?
2. civi foladis burTula Tavisu-

flad gadis rgolSi (sur. 2.2,a). 2.2,b 
suraTze naCvenebia igive burTula gax-
urebis Semdeg; axseni damzerili mov-
lena.

ra moxdeba, Tu burTulas kvlav gavaciebT?

•• rogor fiqrob, ra aris buStisa da foladis burTulis moculo-
bis cvlilebis mizezi?

a) b)

2.2

2.1

nivTierebis agebuleba2.1.
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nivTierebis Sedgenilobis gamokvleva

resursebi: saxelmZRvanelo, samuSao rveuli, kalami, fanqari, pipe-
ti, minis an xis Rero, ori Wiqa, saRebavis fxvnili, wyali, kolba, Stati-
vi, spirtqura, Caidani da qura.

I. 
•• TiToeul WiqaSi Caasxi wyali;
•• erT WiqaSi Cayare mcire 

raodenobis saRebavis fx-
vnili da mourie (sur. 2.3, 
a). ras amCnev?

•• SeRebili wylis mcire ra-
odenoba pipetis saSuale-
biT gadaitane meore WiqaSi 
da kvlav mourie (sur. 2.3, 
b);

•• daakvirdi WiqebSi wylis 
fers;

•• romel WiqaSia wyali ufro 
baci?

•• Seni azriT, ra aris amis mizezi?
•• warmoidgine, rom wylisa da saRebavis nawilakebi sxvadasxva 

feris mcire zomis burTulebia da Seecade, Seasrulo naxati, 
romelic asaxavs WiqebSi nawilakebis ganawilebas;

•• gaaanalize samuSao da gamoTqvi mosazreba nivTierebis Sedgeni-
lobis Sesaxeb.

II. 
•• kolbaSi Caasxi civi wyali da gaacxele (sur. 2.4. a,b);
•• Seicvala Tu ara wylis moculoba?
•• daakvirdi movlenas da axseni am movlenis mizezi;

a) b)

2.3

a) b)

2.4
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sxvadasxva movlenaze dakvirvebis Sedegad davadgineT, rom niv-
Tiereba Sedgeba nawilakebisagan. me-20 saukunis dasawyisSi dadginda, 
ra aris es nawilakebi da ra Tvisebebi aqvs maT.

 umcires nawilaks, romlisganac Sedgeba nivTiereba,  molekula 
uwodes (`moles~ laTinuri sityvaa da niSnavs mcire masas). magaliTad, 
Jangbadis umciresi nawilaki Jangbadis molekulaa (sur. 2.6), wylis um-
ciresi nawilaki wylis molekulaa (sur. 2.7) da a.S.

molekulebi da atomebi2.2.

2.6 Jangbadis molekula O
2

wylis molekula H
2
O2.7

o
o

•• warmoidgine kolbaSi wylis nawilakebis urTierTganlageba 
gacxelebamde da gacxelebis Semdeg, Seecade, Seasrulo Sesabam-
isi naxati;

•• gaakeTe samuSaos prezentacia.

fizikaSi ara marto akvirdebian 
da aRweren movlenebs, aramed cdilo-
ben gaarkvion, ratom xdeba ase da ara 
sxvagvarad. magaliTad, ikvleven, ra-
tom orTqldeba siTxe), ratom dneba 
yinuli, ratom ikumSeba airi advilad, 
siTxe da myari sxeuli ki _ Znelad, 
ratom izidavs magniti rkinis sagnebs 
(sur. 2.5) da a.S. 

msgavsi movlenebis axsna Zneli ar 
aris, Tu viciT nivTierebis Sedgeni-
loba. 

am movlenebis mizezi is aris, 
rom nivTiereba Sedgeba umciresi 

nawilakebisagan, romelTa Soris Sualedebia. magaliTad,  sxeulis moc-
ulobis cvlilebis mizezia misi Semadgeneli nawilakebis daaxloeba an 
daSoreba _ rodesac nawilakebi erTmaneTs uaxlovdeba, sxeuli ikum-
Seba; rodesac nawilakebi erTmaneTs Sordeba, sxeuli farTovdeba.

nivTiereba Sedgeba umciresi nawilakebisagan, romelTa Soris Su-
aledebia. 

2.5
magniti izidavs 
rkinis sagnebs
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mcire zomis miuxedavad, nebism-
ieri nivTierebis molekulas Senar-
Cunebuli aqvs am nivTierebis Tvise-
bebi.

molekulebs rTuli forma da gan-
sxvavebuli zomebi aqvT. simartivi-
saTvis Tvlian, rom molekulas aqvs 
sferos forma, romlis diametri 
miRebulia molekulis zomad. 

molekulis zoma Zalian mcirea, 
daaxloebiT 0,00000001sm. am ricx-
vis warmodgena  SeiZleba SedarebiT: 
molekula imdenjer pataraa saSualo 
zomis vaSlze, ramdenjerac vaSli _ 
dedamiwaze. 

mcire zomis gamo, nebismier sxeulSi molekulaTa Zalian didi ricx-
via. 

molekula Sedgeba kidev ufro mcire nawilakebis _ atomebisagan. 
atomi aris nivTierebis qimiurad ganuyofeli nawilaki.
atomebi aRiniSneba specialuri simboloebiT. magaliTad, wyalba-

dis atomis aRniSvnaa H, Jangbadis _ O da a.S.
molekulebi erTmaneTisagan 

gansxvavdeba maTi Semadgeneli 
atomebiT, atomTa raodenobiT 
da maTi urTierTganlagebiT.

nivTiereba SeiZleba Sedge-
bodes calkeuli atomebisagan. 
magaliTad, liTonebi: oqro, 
vercxli, spilenZi da a.S. atom-
uri agebulebisaa.

molekulebi aRiniSneba qi-
miuri formulebiT.  Jangbadis 
molekula Sedgeba ori atomi 
Jangbadisagan, amitom misi 
aRniSvnaa O2, wylis molekula 
Sedgeba ori atomi wyalbadisa da erTi atomi Jangbadisagan, amitom misi 
qimiuri formulaa H2O (sur. 2.8).

arsebobs molekulebi, romlebic Sedgeba erTi, ori, sami da aseul 
aTasobiT atomisagan (sur. 2.9).

nivTierebis Tvisebebi ganisazRvreba aramxolod masSi molekulebi-
sa da atomebis raodenobiT, aramed imiTac, Tu rogori kanonzomiere-
biTaa ganlagebuli es nawilakebi erTmaneTis mimarT.

molekula aris nivTierebis umciresi nawilaki, romelsac aqvs am 
nivTierebis qimiuri Tvisebebi.

erTi da imave nivTierebis molekulebi erTnairia.
atomi aris nivTierebis qimiurad ganuyofeli nawilaki.

wylis molekulebi2.8

zogierTi molekula 
Sedgeba uamravi atom-
isagan

2.9
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? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1.	 mavTulis sigrZe gaxurebisas izrdeba, gacivebisas ki _ mcird-
eba. axseni am movlenis mizezi.

2. ratom aris miTiTebuli temperatura (Cveulebriv, 200C) zust 
sazom xelsawyoebze?

3.  0,003mm3  moculobis zeTi wylis zedapirze ganiRvara Txel fenad 
da daikava 300sm2  farTobi. gamoTvale molekulis diametri. CaTvale, 
rom zeTis fenis sisqe misi molekulis diametris tolia. 

4.  2.10. suraTze mocemulia sinjaraSi wylis feris cvlileba masSi 
saRebavis CaSvebis Semdeg. axseni damzerili movlena.

•• Seni azriT, rogor xdeba sunis gavrceleba?
•• ratom ixsneba saRebavis fxvnili wyalSi (sur. 

2.11)?
•• ra aris siTxeebis erTmaneTSi Serevis mizezi?

difuzia airebSi. Tu oTaxis erT kuTxeSi 
davasxamT sunamos, misi suni gavrceldeba mTel 
oTaxSi. 

am movlenis axsna SesaZlebelia mxolod im Sem-
TxvevaSi, Tu davuSvebT, rom nivTierebis Semad-
geneli molekulebi moZraoben da maT Soris Su-
aledebia, rom es moZraoba uwyveti da qaosuria. 
suni ar vrceldeba myisierad, radgan sunamos 
aorTqlebuli molekulebi, haeris molekulebT-
an Sejaxebis gamo, mravaljer icvlian moZrao-
bis mimarTulebas da qaosurad gadaadgildebian 

difuzia2.3.

saRebavi ixs-
neba wyalSi

2.11

2.10
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sivrceSi.
kontaqtSi myofi nivTierebebis TavisTavad erTmaneTSi Serevas 

difuzia ewodeba. `difuzia~ laTinuri sityvaa da niSnavs gavrcelebas, 
gaJonvas. 

amgvarad, sunis gavrcelebis mizezi difuziaa.  

difuzia siTxeebSi. Caatare eqsperimenti:
•• WurWelSi Caasxi Sabiamnis xsnari (sur. 2.12) 

da zemodan frTxilad daasxi wyali. siTx-
eebs Soris warmoiqmneba sazRvari, romelic 
ramdenime dReSi gaqreba.

•• ra SeiZleba iyos am movlenis mizezi? 
cxadia, qaosuri moZraobis gamo, sazRvarTan 

myofi wylis molekulebi gadadian Sabiamnis mole-
kulebs Soris, Sabiamnis molekulebi ki _ wylis 
molekulebs Soris. Sedegad irRveva sazRvari 
siTxeebs Soris. es procesi grZeldeba sazRvri-
dan siTxeebis Rrma fenebisken. sazRvari TandaTan 
xdeba bundovani da garkveuli drois Semdeg qreba. 
WurWelSi miiReba erTgvarovani siTxe.

amgvarad, siTxeebs Soris mimdinareobs difu-
zia. 

difuzia myar sxeulebSi. cno-
bilia, rom kargad gaprialebuli 
oqrosa da tyviis firfitebi erT-
maneTs Seaxes didi wnevis qveS. 
ramdenime wlis ganmavlobaSi fir-
fitebis Sexebis adgilze warmoiqm-
na 1mm sisqis narevis fena.

•• rogor axsni am movlenas?
difuzias xdeba airebSi, siTxee-

bsa da myar sxeulebSi (sur. 2.13). 
difuzia mimdinareobs imis gamo, 

rom erTi nivTierebis molekulebi 
aRweven meore nivTierebis moleku-
lebs Soris. 

gavarkvioT difuziis siCqaris 
damokidebuleba temperaturaze.

 

 

difuziis siCqaris temperaturaze 
damokidebulebis Seswavla

resursebi: saxelmZRvanelo, samuSao rveuli, kalami, fanqari, ori 
Wiqa,  Cais foTlis fxvnili, wyali, Caidani da qura.

•• aiRe ori Wiqa da oriveSi Cayare Cais foTlis fxvnili; 

2.12

2.13 difuzia myar sxeulebs 
Soris
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•• erT WiqaSi Caasxi civi wyali, meoreSi _ cxeli (sur. 2.14 a,b). 
•• daakvirdi, romel WiqaSi ufro swrafad gamuqdeba wyali?
••  Seni azriT, ra aris am movlenis mizezi?
•• ra daskvnis gamotana SegiZlia _ rogor aris damokidebuli 

difuziis siCqare temperaturaze?
temperaturis gazrdiT izrdeba molekulaTa siCqare, amitom rac 

metia nivTierebebis temperatura, miT swrafad xdeba difuzia.
erTnair pirobebSi difuzia airebSi mimdinareobs ufro swrafad, 

vidre siTxeebSi, siTxeebSi ki _ ufro swrafad, vidre myar sxeulebSi. 
amis mizezi am nivTierebebSi molekulaTa urTierTganlageba da moZ-
raobis xasiaTia.

difuziis safuZvelze SeiZleba davaskvnaT, rom:
nivTiereba Sedgeba umciresi nawilakebisagan, romelTa Soris Su-

aledebia.
nivTierebis Semadgeneli nawilakebi uwyvetad da qaosurad moZrao-

ben. 

difuzia sasargeblocaa da sazianoc. difuzias didi mniSvneloba 
aqvs bunebasa da yofa-cxovrebaSi, mravali movlena da procesi difu-
ziis Sedegia. 

difuziis gamo haeri warmoadgens azotis, Jangbadis, wylis orTqli-
sa da sxva airebis erTgvarovan narevs. difuzia rom ar yofiliyo, simZi-
mis Zalis gavleniT dedamiwis zedapirTan aRmoCndeboda mZime airebi, 
zeviT ki _ SedarebiT msubuqi airebi.

difuzias udidesi mniSvneloba aqvs cocxali organizmebisaTvis. 
difuziis Sedegad Jangbadi filtvebidan aRwevs sisxlSi, sisxlidan ki 
_ qsovilSi. niadagSi sxvadasxva marilis sxnaris difuzia ganapiro-
bebs mcenareTa zrda-ganviTarebas. difuziis wyalobiT mwerebi kilo-
metrebis daSorebiT grZnoben mcenareTa aromats da iReben neqtars; 
mtaceblebi suniT agneben msxverpls. 

difuzia ganapirobebs sxvadasxva xsnaris, weboebis, saRebavebis 
miRebas.

difuzias zianis motanac SeuZlia. magaliTad, qimiuri sawarmoebi-
dan gamoyofili mavne airebi ereva haers, rac janmrTelobisTvis saSi-
Sia.

cocxal organizmebSi, niadagSi, mcenareebSi gansakuTrebuli mniS-
vneloba aqvs kapilarul da osmosur movlenebs. am movlenebs Semdeg 
klasebSi gavecnobiT.

a) b)

2.14 civi wyali cxeli wyali
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nivTiereba Sedgeba umciresi nawilakebisagan, romelTa Soris Su-
aledebia.

nivTierebis Semadgeneli nawilakebi uwyvetad da qaosurad moZ-
raoben. 

kontaqtSi myofi nivTierebebis TavisTavad erTmaneTSi Serevas 
difuzia ewodeba

difuziis siCqare damokidebulia temperaturaze.

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. koconis boli zeviT asvlisas 
TandaTan uxilavi xdeba (sur. 2.15). 
ra aris amis mizezi? 

2. cnobilia, rom oTaxis temper-
aturaze molekulebi moZraoben  
400m/wm-dan 1200m/wm-mde siCqariT, 
sunamos suni ki vrceldeba gacile-
biT naklebi siCqariT. rogor axsni 
am movlenas?

3. ra gziT SeiZleba siTxeebSi 
difuziis daCqareba?

4. rogor xdeba damwnileba?
5. rogor moZraoben haerSi Se-

tivtivebuli mtvris an bolis 
nawilakebi?

6. rogor axsni myari nivTierebis, magaliTad, naftalinis sunis 
gavrcelebas?

7. wylian WiqaSi CauSves saRebavi (sur. 2.16). aRwere suraTze war-
modgenili procesi.

2.15

2.16
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•• ratom ar iSleba sxeulebi calkeul molekulebad miuxedavad 
imisa, rom molekulebs Soris Sualedebia?

•• ratom gviZneldeba myari sxeulis gaWimva an SekumSva?
•• SesaZlebelia Tu ara gadatexili carcis naWrebis SeerTeba, 

plastilinis naWrebis SeerTeba?
 
molekulaTa urTierTmizidva. nebismieri sxeuli Sedgeba uwyvetad 

da qaosurad moZravi molekulebisagan, romelTa Soris Sualedebia. 
miuxedavad amisa, sxeulebi inarCuneben mTlianobas.

sxeulis molekulebs Soris arsebobs urTierTqmedeba. TiToeuli 
molekula miizidavs mezobel molekulas da Tavadac miezideba mas 
(sur.2.17). magram molekulebs Soris mizidva mJRavndeba maSin, rode-
sac maT Soris manZilebi mcirea, daaxloebiT molekulis zomisa. aseT 
manZilebze carcis natexebis miaxloeba Znelia, amitom maTi mole-
kulebi praqtikulad ar miizideba. plastilinis naWrebi ki SeiZleba 
davaaxlooT im manZilebamde, romlebzec molekulebs Soris aRiZvreba 
mizidvis Zalebi. 

xis Reros gadatexis an Zafis gawyvetis dros Rerosa da Zafis mole-
kulebs Soris daiZleva miziduloba.

cxadia, calkeul molekulebs Soris mizidva umniSvneloa. mole-
kulaTa urTierTmizidvaze dakvirveba SesaZlebelia, rodesac maTi 
ricxvi Zalian didia. molekulaTa Zlieri urTierTmizidvis gamo, Seu-
Zlebelia rkinis Reros xeliT gadatexa.

  molekulaTa urTierTmizidvas efuZneba liTonebis SeduReba(sur. 
4.18,a),  mirCilva (sur. 2.18, b), dawebeba. gaxurebis Sedegad gamdnari 

molekulaTa urTierTqmedeba2.4.

2.17 molekulaTa 
mizidva

2.18

a) liTonis SeduReba
b) liTonis mirCilva
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liTonis molekulebi erTmaneTs uaxlovdeba da urTierTmiizideba. 
dawebebisas ki zedapirebi gagluvdeba _ uswormasworobebis Sevseba 
webos saSualebiT. zedapirisa da webos molekulebs Soris manZilebi 
mcirea, amitom maT Soris aRiZvreba mizidvis Zalebi. 

dakvirveba molekulaTa urTierTmizidvaze

resursebi: saxelmZRvanelo, samuSao rveuli, kalami, fanqari, Wur-
Weli wyliT, minis an xis firfita, zonari.

•• WurWelSi Caasxi wyali;
•• zonarze dakide minis an xis firfita da Seaxe wylis zedapirs 

(sur. 2.19);
•• zonaris saSualebiT Seecade, firfita daaSoro wyals; 
•• ras grZnob, Tavisuflad moSorda Tu ara firfita wylis zeda-

pirs?
•• Seni azriT, ra aris damzerili movlenis mizezi? 
•• Caatare eqsperimentis analizi  da gamoitane daskvna.

molekulaTa urTierTganzidva. molekulebs Soris mxolod mizid-
vis Zalebi rom arsebobdes, maSin maT Soris Sualedebi ar iqneboda, 
mizidvis gamo isini SeerTdebodnen. es ar xdeba, radgan molekulebs So-
ris arsebobs ganzidvis Zalebic (sur. 2.20). am Zalebis gamo sxeulebis 
SekumSva TiTqmis SeuZlebelia.

nivTierebis Semadgeneli molekulebi urTierTqmedeben _ miizidebi-
an da ganizidebian.

2.19 2.20

molekulaTa ganzidva
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nivTiereba SeiZleba imyofebodes sam agregatul mdgomareobaSi: 
myarSi, Txevadsa da airadSi. (`agrego~ laTinuri sityvaa da niSnavs 
vaerTeb, vakavSireb). magaliTad, temperaturis SemcirebiT wyali Sei-
Zleba gaiyinos _ Txevadi mdgomareobidan gadavides myar mdgomareo-

baSi; temperaturis gazrdiT ki aorTql-
des _ gadavides airad mdgomareobaSi.

garkveul pirobebSi nivTiereba Sei-
Zleba gadavides erTi agregatuli mdgo-
mareobidan meoreSi, rasac udidesi mniS-
vneloba aqvs ara marto bunebaSi, aramed 
teqnikaSic. magaliTad, wylis orTqlad 
gadaqceva gamoiyeneba eleqtrosadguris 
orTqlis turbinebSi. liTonTan dnobiT 
SesaZlebelia sxvadasxva Senadnobis miRe-
ba (sur. 2.21) da a.S. 

gavarkvioT:
1. nivTierebaTa gardaqmnis dros icvleba Tu ara nivTierebis fizi-

kuri maxasiaTeblebi;
2. ra msgavseba da gansxvavebaa nivTierebis sxvadasxva agregatul 

mdgomareobas Soris.

dakvirveba wylis fizikur maxasiaTeblebze 

resursebi: saxelmZRvanelo, samuSao rveuli, kalami, fanqari, Wur-
Weli, qura, yinulis natexebi, boTli, Wiqa, wyali, macivari, saswori sa-
wonebiT.

I.  
•• yinulis natexebi Cayare WurWelSi da WurWeli dadgi anTebul 

quraze (sur. 2.22);
•• daakvirdi WurWelSi mimdinare process da aR-

were igi;
•• nivTierebis rogori mdgomareobaa yinuli, wya

li, wylis orTqli?
•• rogor fiqrob, ra msgavseba da gansxvavebaa 

maT Soris?

II. 
•• Caasxi boTlSi wyali ise, rom ar gaavso.
•• wyliani boTli awone; 
•• Semdeg wyali gayine da boTli kvlav awone;
•• rogor Seicvala wylis moculoba gayinvis Sem-

deg?
•• Seicvala Tu ara sasworis Cveneba wylis gayin-

vis Semdeg?

nivTierebis molekuluri agebuleba 
sxvadasxva agregatul mdgomareobaSi2.5.

2.21 liTonis  dnoba

2.22
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•• gaaanalize eqsperimenti da gamoitane daskvna.
III. 
•• WurWelSi Caasxi wyali;
•• wyalSi TandaTan CauSvi gadmopirqvavebuli Wiqa;
•• daakvirdi WiqaSi haeris moculobis cvlilebas;
•• Wiqaze Zlieri dawoliT scade am moculobis Semcireba;
•• daikavebs Tu ara wyali Wiqis mTel moculobas? 
•• gaaanalize movlena da gamoitane daskvna.

erTi da igive nivTiereba SeiZleba iyos sxvadasxva agregatul 
mdgomareobaSi.  yinuli, wyali da wylis orTqli erTi da imave niv-
Tierebis (wylis) sxvadasxva agregatuli mdgomareobaa. maTi mole-
kulebi erTnairia, Tvisebebi ki _ gansxvavebuli. maT Soris gansxvave-
ba ganpirobebulia molekulaTa urTierTganlagebiT da moZraobis 
xasiaTiT (sur. 2.23). 

sxvadasxva agregatul mdgomareobaSi erTi da imave nivTierebis mole-
kulaTa urTierTganlageba da moZraoba gansxvavebulia.

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. SeiZleba Tu ara imis damtkiceba, rom WurWelSi moTavsebuli 
siTxis moculoba tolia siTxis Semadgeneli calkeuli molekulebis 
moculobaTa jamisa? pasuxi daasabuTe.

2. SesaZlebelia Tu ara Jangbadis gadayvana airadidan Txevad mdgo-
mareobaSi? gamoTqvi varaudi da Seecade mis dasabuTebas.

2.23 yinulis (a), wylis (b) da wylis orTqlis (g) molekulaTa urT-
ierTganlageba
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gavarkvioT nivTierebaTa Tvisebebi myar, Txevad da airad mdgo-
mareobaSi. avxsnaT, ra ganapirobebs Tvisebebs Soris msgavsebas da gan-
sxvavebas.

nivTierebis airadi mdgomareoba. 
•• SesaZlebelia Tu ara, WurWeli naxevramde gavavsoT haeriT?
•• SesaZlebelia Tu ara haeris SekumSva? 

 

dakvirveba haeris kumSvaze

resursebi: saxelmZRvanelo, samuSao rveuli, kalami, fanqari, cil-
indruli WurWeli mWidrod morgebuli dguSiT. 

•• WurWelSi moTavsebul haerze imoqmede dguSiT 
(sur. 2.24). ra mouva haers? 
•• Sewyvite dguSze moqmedeba. ra mimarTulebiT 

amoZravdeba igi? 
•• rogor Seicvleba WurWelSi moTavsebuli 

haeris moculoba, Tu WurWels movxsniT dguSs?
•• Seni azriT, ra aris am movlenis mizezi?
•• suraTze sqematurad gamosaxulia cilindrSi 

molekulaTa urTierTganlageba dguSis amoZrave-
bamde;
•• gamosaxe molekulaTa urTierTganlageba dgu-

Sis gadaadgilebis Semdeg;
•• gaaanalize movlena da gamoitane daskvna.

airi SeiZleba ise SevkumSoT, rom misi moculo-
ba ramdenjerme Semcirdes. es imaze miuTiTebs, rom 
airis molekulebi erTmaneTisagan daSorebulia 
didi manZilebiT. es manZilebi gacilebiT metia air-
is molekulaTa zomebze, amitom molekulebs Soris 
miziduloba umniSvneloa. amis gamo SeuZlebelia 
WurWlis naxevris Sevseba airiT. radgan airis mole-
kulebi moZraoben qaosurad da TiTqmis ar izidaven 
erTmaneTs, amitom swrafad avseben WurWlis mTel 
moculobas.

airs ar aqvs forma da moculoba, igi mTlianad ikavebs misTvis daT-
mobil moculobas.

nivTierebis myari mdgomareoba. 
•• Seecade, SekumSo an gaWimo myari sxeuli (magaliTad, xis Rero);
•• ra daskvnas gamoitan _ advilia Tu ara myari sxeulis formis 

Secvla?
myar sxeulSi molekulebsa da atomebs Soris Zlieri urTierTq-

medebaa. isini ganlagebulia garkveuli kanonzomierebiT gansazRvrul 

nivTierebis Tvisebebi sxvadasxva 
agregatul mdgomareobaSi2.6.

2.24
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wertilebSi. am wertilebis mimarT molekulebi da atomebi asrule-
ben mcire rxeviT moZraobebs. myar sxeulSi molekulebi da atomebi ar 
gadaadgildebian, amitom myari sxeuli inarCunebs sakuTar formas da 
moculobas. 

nivTierebis Txevadi mdgomareoba. 
•• boTlidan wyali gadaasxi qilaSi;
•• Seicvala Tu ara wylis forma? moculoba?
•• ra daskvnas gaakeTeb?

Tavisi TvisebebiT siTxes Sualeduri mdgomareoba ukavia airsa da 
myar sxeuls Soris. siTxis Tvisebebi aixsneba imiT, rom mis molekulebs 
Soris manZili mcirea, amitom molekulaTa Soris urTierTmizidva mniS-
vnelovania. Sesabamisad, molekulebi ar Sordeba erTmaneTs da siTxe 
inarCunebs moculobas. Tumca molekulebs Soris urTierTmizidva im-
denad Zlieri ar aris, rom siTxem SeinarCunos forma. 

siTxe inarCunebs moculobas, magram ar aqvs sakuTari forma _ 
siTxe iRebs im WurWlis formas, romelSic movaTavsebT.

siTxis am Tvisebas iTvaliswineben, rodesac gamdnari minisgan amza-
deben sxvadasxva daniSnulebis WurWels.

nivTiereba Sedgeba umciresi nawilakebisagan _ molekulebisa da 
atomebisagan, romelTa Soris Sualedebia.

nivTierebis Semadgeneli nawilakebi uwyvetad da qaosurad moZraoben.
nivTierebis Semadgeneli nawilakebi urTierTqmedeben.

 

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. 2.25 suraTze mocemulia nivTierebaTa gadasvla erTi agregatuli 
mdgomareobidan meoreSi. sqemis mixedviT ganmarte: ra aris aorTqleba 
da kondensacia, dnoba da gamyareba, sublimacia da desublimacia? ras 
gviCvenebs wiTeli da lurji isrebi?

2. TermometrSi vercxliswylis svetis simaRle gaizarda. Seicva-
la Tu ara vercxliswylis molekulaTa ricxvi? TiToeuli molekulis 
moculoba?

3. wyalSi mudam aris gaxsnili haeri. ra ganapirobebs haeris Tanabar 
ganawilebas wylis mTel moculobaSi?

4.	 molekulaTa urTierTqmedebis safuZvelze axseni, ratom vwerT 
saklaso dafaze carciT da ara TeTri marmarilos natexiT?

2.25
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•• daakvirdi biliardis burTebs da aRwere, rogor icvleba 
TiToeuli burTulis siCqare urTierTSejaxebisas.

sxeulis siCqaris Secvlis mizezi masze sxva sxeulis moqmedebaa. Tu  
burTulas Seejaxa meore burTula, maSin Seicvleba orive burTulis 
siCqare. es niSnavs, rom burTulebi erTmaneTze moqmedeben _ urT-
ierTqmedeben. 

nebismier SemTxvevaSi, rodesac erTi sxeuli moqmedebs meoreze, 
meorec moqmedebs pirvelze. 

ori sxeulis urTierTqmedebis Sedegad icvleba orive  sxeulis siC-
qare. 

•• Seni azriT, sxvadasxva sxeulis urTierTqmedebisas erTnairad 
Seicvleba Tu ara maTi siCqare?

dakvirveba sxeulTa urTierTqmedebaze

resursebi: saxelmZRvanelo, samuSao rveuli, kalami, fanqari, 
Rero, foladisa da aluminis kauWiani burTulebi, romlebic Tavisu-
flad srialeben Reros gaswvriv, zambara, Zafi, asanTi.

•• burTulebs Soris moaTavse zambara da burTulebi gadaabi Zaf-
iT ise, rom zambara SeikumSos (sur. 2.26, a);

•• gaWeri Zafi da daakvirdi burTulebs;
•• ra mimarTulebiT amoZravdebian burTulebi?
•• romeli burTula ufro met manZils gaivlis (sur. 2.26, b)?
•• romeli burTula SeiZens met siCqares Zafis gawyvetisas?
•• gaaanalize movlena da gamoitane daskvna.

masa. sxeulis siCqaris Sesacvlelad saWiroa garkveuli dro. ori 
sxeulis urTierTqmedebisas im sxeulis siCqaris cvlilebas sWirdeba 
meti dro, romlis masac metia. magaliTad, satvirTo avtomobilis masa 

sxeulis masa2.7.

2.26 A _ aluminis burTula,  B _ foladis burTula.
zambaris gaWimvisas burTulebi SeiZenen sxvadasxva 
siCqares

a)

b)

A

A

B

B
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metia vidre msubuqisa, amitom satvirTo avtomobilis siCqaris cvli-
lebas meti dro sWirdeba, vidre msubuqisas.

masa skalaruli sididea. igi aRiniSneba m-iT.
masa aqvs nebismier sxeuls: mzes, dedamiwas, adamians, haers, mtvris 

nawilaks da a.S.
zogierTi movlenis dros icvleba sxeulis sxvadasxva maxasiaTebe-

li, magram masa ar icvleba. magaliTad, myari sxeulis gadnobisas icv-
leba sxeulis moculoba, masa ki ucvleli rCeba. 

sxeulTa masebis Sedareba. 
sxeulTa masebis Sedareba SesaZlebelia maTi urTierTqmedebiT, 

ris Sedegadac icvleba TiToeuli sxeulis siCqare.
Tu ori sxeulis urTierTqmedebisas am sxeulebis siCqareTa cvli-

leba erTnairia, maSin maTi masebi tolia. Tu siCqareTa cvlileba sxva
dasxvaa, sxeulTa masebic gansxvavebulia. 

•• foladisa da aluminis burTulebze Catarebul eqsperimentSi 
orive burTula erTnairi rom yofiliyo, rogori iqneboda maTi 
siCqaris cvlileba?

ganxilul cdaSi urTierTqmedebis Sedegad foladis uZravma bur-
Tulam SeiZina naklebi siCqare, e.i. misi siCqaris cvlileba mcirea, vi-
dre aluminis burTulasi. es niSnavs, rom foladis burTulis masa me-
tia aluminisaze.

amgvarad, ori sxeulis urTierTqmedebisas, im sxeulis siCqaris 
cvlilebaa mcire, romlis masac metia da, piriqiT, im sxulis siCqaris 
cvlilebaa meti, romlis masac naklebia. 

Tu urTierTqmed sxeulTa masebs aRvniSnavT m1 da m2-iT, siCqareTa 
cvlilebebs ki _  1       2     ,da     -iTv     v   ∆ ∆  maSin

masis erTeuli. sxeulis masis gasazomad igi unda SevadaroT im sxe-
ulis masas, romelic miRebulia erTeulis tolad.  

SI sistemaSi masis erTeulia kilogrami (1kg). 
praqtikaSi gamoiyeneba sxva erTeulebic: 1tona (1t), 1centneri (1c), 

1grami (1g), 1miligrami (1mg) da a.S. 

1t=1000kg;  1c=100kg;  
1g=0,001kg;  1mg=0,000001kg.

masis etaloni. 
saerTaSoriso SeTanxmebiT masis etalonad 

miRebulia platinisa da iridiumis Senadno-
bisagan damzadebuli cilindris masa _ 1kg. am 
cilindris simaRle da diametri 39mm-ia.

masis etaloni inaxeba safrangeTSi, q. sevr-
Si (sur. 2.27), am etalonisagan damzadebuli 
zusti aslebi ki _ msoflios sxvadasxva qveya-
naSi.

2.27 masis etaloni 
1 kg
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sxeulis masis gansazRvra awoniT. ma-
sis gansazRvris mravali meTodi arse-
bobs. praqtikulad moxerxebulia sxeu-
lis masis gansazRvra awoniT. awona xdeba 
sasworis saSualebiT.

•• rogor ganisazRvreba sxeulis masa 
sasworiT?
•• ra saxis sasworebs icnob?

 
umartives saswors warmoadgens ber-

ketiani saswori (sur. 2.28). misi ZiriTa-
di nawilia berketi, romlis SuaSi dam-
agrebulia isari, boloebSi ki _ pinebi. 
berkets SeuZlia Semobruneba RerZis 
irgvliv. awonisas gamoiyeneba sawone-
bi. sawonebis laboratoriuli nakrebi 
naCvenebia 2.29 suraTze.

awonisas erTmaneTs vadarebT uc-
nobi da cnobili sxeulebis masebs. asa-
won sxeuls vdebT erT pinaze, sawonebs 
_ meoreze. cxadia, sawonebis masebi 
cnobilia. sawonebis saSualebiT sas-
wori unda gavawonasworoT (sur. 2.30). 
am SemTxvevaSi sxeulis masa sawonebis 
masaTa jamis tolia.

Tanamedrove sasworebi mraval-
ferovania. arsebobs saskolo, samedi-
cino, eleqtronuli da sxva saxis sas-
worebi. 

pina pina

isari

2.28 berketiani saswori

2.29 sawonebis nakrebi

2.30 sxeulis masa sawonebis 
masaTa jamis tolia
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Tu ori sxeulis urTierTqmedebisas am sxeulebis siCqareTa cvlile-
ba erTnairia, maSin maTi masebi tolia. Tu siCqareTa cvlileba sxva
dasxvaa, sxeulTa masebic gansxvavebulia. 

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. napirze gadmoxtoma mZime navidan ufro advilia Tu msubuqidan? pa-
suxi daasabuTe. 

2. gamosaxeT kilogramebSi sxeulTa masebi: 4t; 0,3t; 10c; 0,05c; 250g; 
20g; 40mg.

3.	 1t masis uZravi tividan 1,5m/wm siCqariT napirze gadmoxta 46kg ma-
sis biWi. ra siCqares SeiZens tivi?

4.	 ori urikis urTierTqmedebisas maTi siCqareebi Seicvala 20sm/wm-
iT da 60sm/wm-iT. ras udris patara urikis masa, Tu didis _ 600g-ia?

5.	 urikebze moaTavses magnitebi, ris gamoc isini amoZravdnen urT-
ierTSemxvedri mimarTulebiT (sur. 2.31). isargebleT masStabiT da gansaz-
RvreT urikebis siCqareebi. gamoTvaleT A urikis masa, Tu B-s masa 200g-ia.

6. sxeulis awonisas sasworis erT pinaze moaTavses sxeuli, meoreze 
ki _ sawonebi. gansazRvre sxeulis masa, Tu sasworis wonasworobisas 
pinaze aRmoCnda sawonebi: 20g, 10g, 2g, 100mg da 20mg.

7.	 laboratoriuli sasworis sawonebis nakrebSi umciresi sawonis 
masa 10mg-ia, analizuri sasworis sawonebis nakrebSi ki _ 0,0001mg. rom-
eli sasworiT awonisas miviRebT masis ufro zust mniSvnelobas?  pa-
suxi daasabuTe.

8. daakvirdi sxvadasxva sasworis skalas. gaarkvie maTi danayofis 
fasi da daadgine, ra masis sxeulis awonaa SesaZlebeli TiToeuli sas-
woriT.

dagegme da Caatare eqsperimenti, romlis saSualebiT SeZleb mcire 
zomis burTulis masis gansazRvras. samuSao rveulSi Cawere eqsperimen-
tis Catarebis Tanmimdevroba. monacemebi warmoadgine cxrilis saxiT.

miTiTeba: eqsperimentis Casatareblad gamoiyene mcire zomis ram-
denime erTnairi burTula. 

2.31
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•• Seni azriT, raze iqneba damokidebuli sxeulis masa? 
•• erTnairi iqneba Tu ara erTi da imave moculobis foladisa da 

aluminis burTulebis masebi?
•• SesaZlebelia Tu ara, sxvadasxva moculobis sxeulTa masebi 

toli iyos?
•• Seni varaudis siswore Seamowme eqsperimentiT.

I. erTnairi moculobis sxeulTa masebis Sedareba

resursebi: saxelmZRvanelo, samuSao rveuli, kalami, fanqari,  sx-
eulTa nakrebi, saswori.

miTiTeba: samuSaos dawyebamde saswori 
gaawonaswore.

•• sasworis pinebze moaTavse sxvadasxva 
nivTierebisagan damzadebuli toli mocu-
lobis sxeulebi (sur. 2.32);
•• aris Tu ara saswori gawonasworebuli?
•• Seni azriT, ra SeiZleba iyos damzerili 

movlenis mizezi?

miTiTeba: cda SeiZleba Caataro siTx-
eebis (magaliTad, wylisa da zeTis) gamoy-
enebiT.

II. sxvadasxva moculobis sxeulTa 
masebis Sedareba

•• sasworis pinebze moaTavse sxvadasxva moculo-
bis sxeulebi. sxeulebi ise SearCie, rom saswori 
iyos gawonasworebuli (sur. 2.33). 
•• ra SeiZleba iyos sasworis wonasworobis 

mizezi?
•• gaaanalize eqsperimenti da gamoitane daskvna.

simkvrive. sxeulis masa damokidebulia ara mar-
to mis zomebze, aramed imazec, Tu ra nivTierebi-
sagan Sedgeba igi. amitom toli moculobisa da 
sxvadasxva nivTierebisagan damzadebul sxeulebs 
sxvadasxva masa aqvT. 

magaliTad, 1m3 moculobis foladis sxeulis 
masa 7900kg-ia, imave moculobis aluminis sxeulis 
masa ki _ 2700kg (sur. 2.34). 

nivTierebis simkvrive2.8.

2.32

2.33
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fizikur sidides, romelic gviCvenebs ras udris erTeuli moculo-
bis (1m3) nivTierebis masa, am nivTierebis simkvrive ewodeba.

Tu cnobilia sxeulis masa da moculoba, SeiZleba ganvsazRvroT 
misi simkvrive.

nivTierebis simkvrive tolia am nivTierebisagan damzadebuli sxe-
ulis masis Sefardebisa mis moculobasTan: 

simkvrivis gamosaTvleli formulis misaRebad am gamosaxulebaSi 
CavsvaT sidideTa asoiTi aRniSvnebi. masis aRniSvnaa m, moculobis _ V, 
simkvrivis _ r (`ro~), Sesabamisad, simkvrivis gamosaTvlel formulas 
eqneba saxe:

igulisxmeba, rom mocemuli nivTierebisagan damzadebuli sxeuli 
masiuria (ar aqvs siRrue) da erTgvarovania (ar Seicavs sxva nivTierebis 
minarevs).

simkvrivis erTeuli. simkvrivis formulidan davadginoT simkvri-
vis erTeuli:

 
SI sistemaSi masis erTeulia 1kg, moculobis _ 1m3, amitom simkvri-

vis erTeuli iqneba 1kg/m3:

3
3

1kg
1kg/m =

1m

1kg/m3 aris 1m3 moculobis erTgvarovani nivTierebis simkvrive, 
romlis masa 1kg-ia.

xSirad praqtikaSi gamoiyeneben simkvrivis erTeuls 1g/sm3-s.

danarTSi mocemulia nivTierebaTa simkvriveebis cxrilebi.
sxeulis masisa da moculobis gansazRvra. Tu cnobilia sxeulis 

simkvrive da moculoba, SeiZleba ganvsazRvroT misi masa awonis gar-
eSe. simkvrivis gamosaTvleli formulidan:

foladis sxeuli aluminis sxeuli

1m3 1m3

2.34
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masis amgvar gansazRvras didi praqtikuli gamoyeneba aqvs. magaliTad, 
Tu cnobilia saWiro masalebis simkvrive da moculoba, winaswar Sesa-
Zlebelia manqana-danadgarebisa da Senoba-nagebobebis masaTa gansaz-
Rvra. 

Tu cnobilia sxeulis masa da simkvrive, SesaZlebelia misi moculo-
bis gansazRvra: mV

geometriuli formis sxeulebis moculobis gamoTvla Zneli ar 
aris.

legenda arqimedes Sesaxeb. araswori formis sxeulis moculoba 
SeiZleba gamovTvaloT meTodiT, romelic aRmoaCina berZenma mecnier-
ma arqimedem, III saukuneSi Cv. w. aR.-mde. 

legendis mixedviT, mefem oqromWedels misca garkveuli masis oqro 
da daavala misgan gvirgvinis damzadeba. ramdenime dRis Semdeg mefes 
miarTves gvirgvini, romlis masa toli iyo oqros sxmulis masisa. miuxe-
davad amisa, mefes eWvi Seepara oqromWedlis patiosnebaSi da arqimedes 
daavala gaerkvia, Seicavda Tu ara  gvirgvini minarevs. 

arqimede didxans fiqrobda am sakiTxze. erTxel, wyliT savse aba-
zanaSi Cawolisas, moifiqra, rom abazanidan gadmoRvrili wylis mocu-
loba toli iyo sxeulis moculobisa. aRmoCeniT aRtacebulma iyvira: 
`evrika~ (aRmovaCine)! 

arqimedem wyliT savse WurWelSi CauSva oqros sxmuli, romlis masa 
toli iyo gvirgvinis masisa. gazoma gadmoRvrili wylis moculoba, ro-
melic, cxadia, toli iyo oqros sxmulis moculobisa. WurWeli kvlav  
Seavso wyliT da CauSva gvirgvini. amjerad gadmoRvrili wylis mocu-
loba meti aRmoCnda. e.i. gvirgvinis moculoba meti iyo oqros sxmulis 
moculobaze. es ki imas niSnavda, rom gvirgvinis simkvrive naklebi iyo 
oqros simkvriveze, e.i. gvirgvini Seicavda minarevs.

am meTodiT SesaZlebelia ganvsazRvroT nebismieri sxeulis mocu-
loba.

arqimedes am aRmoCenas udidesi mniSvneloba hqonda mecnierebis 
ganviTarebisaTvis.

fizikur sidides, romelic tolia mocemuli nivTierebisagan 
damzadebuli sxeulis masis Sefardebisa mis moculobasTan, am niv-
Tierebis simkvrive ewodeba.

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. 10l siTxis masa 7kg-ia. ra simkvrive aqvs siTxes?
2. gamoTvale masiuri foladis detalis moculoba, Tu misi  masa 790g-ia.
3. gamoTvale 1l spirtis masa.
4. rodis ufro metad aiwevs WurWelSi wylis done: rodesac masSi 

CavagdebT 1kg aluminis Tu 1kg spilenZis masiur sxeuls? pasuxi daas-
abuTe.
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5. 2.35 suraTze mocemulia sxvadasxva nivTierebis kubis formis sxe
ulebi, romelTa wiboebi erTnairia da tolia 10sm-is. gamoTvale sxe-
ulTa masebi.

6. ra kavSiria nivTierebis agebulebasa da mis simkvrives Soris?
7. nivTierebis simkvrive damokidebulia Tu ara am nivTierebisagan 

damzadebuli sxeulis masasa da moculobaze?
8. 2.36 suraTze warmodgenilia sxvadasxva nivTierebis simkvriveTa 

diagrama. isargeble nivTierebaTa simkvriveebis cxriliT da aage ms-
gavsi diagrama sxva nivTierebebisaTvis.

9. ra masa aqvs aluminis Zels (sur. 2.37)?
10. rogor davamzadoT mravalSriani koqteili (sur. 2.38)?

parafini marili tyvia

2.35
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eqsperimentuli davaleba. saxazavisa da sasworis gamoyenebiT 
gansazRvre marTkuTxa Zelis simkvrive. daadgine ra nivTierebisgan 
aris damzadebuli Zeli.

amocanaTa amoxsnis nimuSi! amocanaTa amoxsnis nimuSi

amocana
120sm3 moculobis rkinis sferos masa 790g-ia. aqvs Tu ara sferos 

siRrue?
amoxsna

I.	 imis gasarkvevad, aqvs Tu ara sferos siRrue, gamovTvaloT mo-
cemuli masis rkinis sferos moculoba. Tu moculoba aRmoCnda 120sm3, 
maSin davaskvniT, rom sfero masiuria _ siRrue ar aqvs. xolo, Tu moc-
uloba aRmoCnda 120sm3-ze naklebi, maSin sferos aqvs siRrue. 

gamovTvaloT sferos moculoba:

sadac m=790g sferos masaa,  _ rkinis simkvrive.
moculobis gamosaTvlel formulaSi ricxviTi mniSvnelobebis Cas-

miT miviRebT:

amgvarad, sfero masiuri rom yo-
filiyo, misi moculoba iqneboda 
100sm3. 

100sm3 < 120sm3, e.i. sferos aqvs 
siRrue (sur. 2.39).

II.	 cxadia, imave Sedegs mivi-
RebT, Tu gamoviTvliT 120sm3 mocu-
lobis rkinis sferos masas:

amgvarad, sfero masiuri rom yo-
filiyo, misi masa iqneboda 948g, sinamdvileSi naklebia _ 790g. radgan 
790g<948g, amitom sferos aqvs siRrue.

pasuxi: sferos aqvs siRrue.

2.39
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I. daasrule winadadeba:

1.	 sxeulTa moculobis cvlilebis mizezia . . . 
2.	 difuziis mizezia . . . 
3.	 difuziis siCqare damokidebulia . . . 
4.	 sxeulebi ar iSlebian calkeul molekulebad, radgan . . . 
5.	 Tu nivTierebas ar aqvs forma da moculoba, maSin igi . . . mdgo-

mareobaSia;
6.	 Tu nivTierebas aqvs sakuTari forma da moculoba, maSin igi . . . 

mdgomareobaSia.

II. romelia swori pasuxi?

1.	 erTi da imave nivTierebis molekulebi
a) sxvadasxva zomisaa;
b) sxvadasxva moculobisaa;
g) erTnairia. 
2.  molekula aris nivTierebis umciresi nawilaki,
a)	 romelic qimiurad ganuyofelia;
b)	 romelsac aqvs am nivTierebis qimiuri Tvisebebi;
g)  romelic ar iSleba Semadgenel nawilebad.
3.  nivTiereba gveCveneba mTliani, radgan
a)	 molekulebi erTmaneTTan mWidrodaa ganlagebuli;
b)	 masSi molekulaTa ricxvi Zalian didia, zomebi ki _ imdenad mci-

re, rom SeuiaraRebeli TvaliT maTi danaxva SeuZlebelia;
g)	  molekulebs Soris manZilebi didia.
4.	 difuzia mimdinareobs imis gamo, rom
a)	 erTi nivTierebis qaosurad moZravi molekulebi aRweven meore 

nivTierebis molekulebs Soris;
b)	 molekulebs Soris arsebobs mizidvis Zalebi;
g)	 molekulebs Soris arsebobs ganzidvis Zalebi.
5.	 sxeulis temperaturis gazrdiT ar icvleba 
a) molekulaTa moZraobis siCqare;
b) molekulebs Soris Sualedebi;
g) molekulebis zomebi.
6.	 temperaturis gazrdiT
a)	 difuziis siCqare mcirdeba;
b)	 difuziis siCqare izrdeba;
g)	 difuziis siCqare ar icvleba.
7.	 nivTierebis nawilakebs Soris moqmedebs
a)	 mxolod mizidvis Zalebi;
b)	 mxolod ganzidvis Zalebi;
g)  mizidvisa da ganzidvis Zalebi.
8.	 oTaxis temperaturaze romel nivTierebas _ wyals, ver

cxliswyals, xes, haers, rkinas _ ar aqvs sakuTari forma da moculoba?
a)	 wyals;  
b) vercxliswyals;  
g) haers.

45
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9.	 rogor Seicvleba sxeulis moculoba gaTbobisas?
a)	 ar Seicvleba;  
b)  gaizrdeba;  
g)  Semcirdeba. 
10.	balonSi moTavsebuli airiT SeiZleba gavavsoT ramdenime aseTi 

baloni, radgan 
a)	 airis molekulebi urTierTmiizideba;
b)	 airis molekulebi urTierTganizideba;
g) airis molekulebi moZraoben qaosurad da praqtikulad ar urT-

ierTqmedeben, amitom airi mTlianad ikavebs misTvis daTmobil mocu-
lobas.

11.	rogor Seicvleba wylis molekulebs Soris manZili misi aor-
Tqlebisas?

a)	 Semcirdeba;  
b)  gaizrdeba;  
g)  ar Seicvleba.
12.	 erTnairia Tu ara cxeli da civi wylis 

molekulebi?
a) erTnairia;   
b)  sxvadasxvanairia;   
g) cxeli wylis molekulebi didi zomisaa.
13. 2.40 suraTze mocemulia sxeulis masasa 

da simkvrives Soris damokidebulebis diagrama. 
romeli wertili Seesabameba maqsimalur mocu-
lobas?

a) 1; b) 2; g) 5.

III.  upasuxe kiTxvebs. m1 da m2 masebis sxeulTa urTierTqmedebisas 
maTi siCqareTa modulebi Seicvala Sesabamisad  da -iT:

1. rogor Seicvleba meore sxeulis siCqare, Tu pirvelis siCqare 
Seicvala 0,2m/wm-iT? sxeulTa masebi tolia;

2. Seadare sxeulTa masebi, Tu pirveli sxeulis siCqare Seicvala 2m/
wm-iT, meoris _ 5m/wm-iT;

3. rogor Seicvleba pirveli sxeulis siCqare, Tu meoris siCqare 
Seicvala 4m/wm-iT? pirveli sxeulis masa 2-jer metia meoris masaze.

IV.  cxrilis gamoyenebiT Seadgine martivi winadadeba:

difuzia aris

moculoba aris

vecxliswyali aris

vecxliswylis wveTi aris

fizikuri sxeuli

nivTiereba

fizikuri movlena

fizikuri sidide

46
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III Tavi

am Tavis Seswavlis Semdeg Sen SeZleb:
•• sxeulis moZraobis damaxasiaTebel parametrebze msjelobas;
•• wrfivi Tanabari moZraobis Seswavlas modelis saSualebiT; 

problemaze dafuZnebuli amocanebis gadaWras;
•• sxeulTa siCqaris rolis Sefasebas bunebasa da yofa-cxovrebaSi;
•• sxeulTa moZraobis saxeebis codnis dakavSirebas sxvadasxva 

profesiasTan/saqmianobis sferosTan.

Tanabari moZraoba
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Sen ukve ici, rom movlena bunebaSi mimdinare cvlilebaa. 

•• Seni azriT, ra icvleba sxeulis moZraobisas?
•• rodis aris sxeuli moZravi? uZravi?
•• SesaZlebelia Tu ara, rom Senoba iyos moZravi?

meqanikuri moZraoba. fizikur movlenaTa Soris meqanikuri moZrao-
ba yvelaze gavrcelebulia. Cven xSirad vakvirdebiT sxvadasxva sxeu-
lis moZraobas. 

rodesac avtomobili Senobas Cauqrolebs, vambobT, rom is moZrao-
bs. Senobis Sesaxeb vamtkicebT, rom uZravia. 

sworia Tu ara Cveni mtkiceba? rogor davadginoT moZraobs Tu ara 
sxeuli? 

am kiTxvebze pasuxis gasacemad jer gavarkvioT ra aris meqanikuri 
moZraoba. 

aTvlis sxeuli. yoveldRiuri dakvirvebebiT SeiZleba davaskvnaT, 
rom sxeulis moZraobisas icvleba misi mdebareoba romelime sxva sxe-
ulis mimarT.

sxeuls, romlis mimarTac ganixileba sxva sxeulebis moZraoba, aTv-
lis sxeuli ewodeba.

meqanikuri moZraoba aris drois ganmavlobaSi sxeulis mdebareobis 
cvlileba sivrceSi aTvlis sxeulis mimarT.

rodesac sxeulis mdebareoba icvleba aTvlis sxeulis mimarT, maSin 
sxeuli moZraobs, rodesac ar icvleba _ uZravia.

 magaliTad, ganxilul SemTxvevaSi, Tu aTvlis sxeulad CavTvliT 
dedamiwas, maSin avtomobili moZravia, radgan misi mdebareoba icvleba 
dedamiwis mimarT. Senoba uZravia, radgan misi mdebareoba ar icvleba 
dedamiwis mimarT. 

•• axla aTvlis sxeulad CaTvale avtomobilis mZRoli.
•• mZRolis mimarT avtomobili da Senoba uZravia Tu moZravi? pa-

suxi daasabuTe.
aTvlis sxeuli SeiZleba iyos nebismieri sxeuli, magram Cven virCevT 

imas, romelic mosaxerxebelia konkretul SemTxvevaSi. magaliTad, av-
tomrboleli Tavisi avtomobilis moZraobas ganixilavs sxva avtomo-
bilebis mimarT. krosis dros distanciaze morbenali Tavis moZraobas 
ganixilavs mowinaaRmdegis mimarT. 

umravles SemTxvevaSi aTvlis sxeulad miiCneven dedamiwas.
aTvlis sxeuli pirobiTad iTvleba uZravad.

sxeuls, romlis mimarTac ganixileba sxva sxeulebis moZraoba, aT-
vlis sxeuli ewodeba.

meqanikuri moZraoba aris drois ganmavlobaSi sxeulis mdebareo-
bis cvlileba sivrceSi aTvlis sxeulis mimarT.

uZraoba da moZraoba fardobiTi cnebebia. es niSnavs, rom erTi 
da igive sxeuli SeiZleba moZraobdes erTi aTvlis sxeulis mimarT 
da imavdroulad uZravi iyos meoris mimarT, amitom aTvlis sxeulis 
miTiTebis gareSe ar SeiZleba sxeulis moZraobis an uZraobis ganxilva.  

meqanikuri moZraoba
aTvlis sxeuli3.1.
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? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1.	 daasaxele aTvlis sxeulebi, romelTa mimarT wigni: a) uZravia,          
b) moZraobs (sur. 3.1). pasuxi daasabuTe.

2.	 CamoTvale dedamiwis mimarT uZravi da moZravi sxeulebi. 
3.	 romeli aTvlis sxeulis mimarT aris uZravi mdinareSi moZravi 

tivi (sur. 3.2)? daasabuTe Seni pasuxis siswore.

4.	 ori avtomobili ise moZraobs gzatkecilze, rom garkveuli 
drois SualedSi maT Soris manZili ar icvleba. am drois SualedSi 
romeli aTvlis sxeulis mimarT iqneba TiToeuli avtomobili uZravi 
da romlis mimarT _ moZravi?

5. romeli mgzavri moZraobs: is, romelic moZrav avtobusSia, Tu is, 
romelic gaCerebaze elodeba avtobuss? aTvlis sxeulad CaTvaleT: a) 
dedamiwa, b) moZravi avtobusi.

6.	 zogjer, rodesac mTvares Txeli Rrubeli faravs, gveCveneba, 
rom igi swrafad moZraobs. axseniT am movlenis mizezi.

7.	 avtobusi moZraobs aRmosavleTis mimarTulebiT. ra mimarTule-
biT mifrinavs vertmfreni, Tu mfrinavs eCveneba, rom avtobusi: a) uZ-
ravia, b) moZraobs dasavleTis mimarTulebiT?

3.1 3.2

nivTieri wertili.
moZraobis traeqtoria3.2.

nivTieri wertili  
•• rogor fiqrob, sxeulis moZraobis an uZraobis ganxilvisas, aris 

Tu ara aucilebeli sxeulis zomebis gaTvaliswineba? 
•• aqvs Tu ara mniSvneloba TviTmfrinavis zomebs, Tu gvaintere-

sebs ra droSi Cafrindeba igi Tbilisidan baTumSi? 

moZraobis ganxilvisas, zog SemTxvevaSi, sxeulis zomebisa da for-
mis gaTvaliswineba aucilebelia, zogjer ki sxeulis zomasa da formas 
SeiZleba yuradReba ar mivaqcioT.

sxeuls, romlis zomebi mocemul pirobebSi SeiZleba ugule-
belvyoT, nivTieri (materialuri) wertili ewodeba.

gamonaTqvami `mocemul pirobebSi~ imaze miuTiTebs, rom erTi da 
igive sxeuli erT SemTxvevaSi SeiZleba CavTvaloT nivTier wertilad, 
meore SemTxvevaSi ki _ ara.



50

ganxilul magaliTSi TviTmfrinavi warmoadgens nivTier wertils, 
radgan Tbilisidan baTumamde manZilTan SedarebiT TviTmfrinavis 
zoma SeiZleba ugulebelvyoT. magram aerodromze TviTmfrinavis 
zomebs didi mniSvneloba eniWeba, amitom am SemTxvevaSi mas ver CavTv-
liT nivTier wertilad. 

amgvarad, sxeuli maSin CaiTvleba nivTier wertilad, rodesac misi 
zomebi gacilebiT naklebia gansaxilvel manZilebTan SedarebiT. 

nivTier wertils aqvs masa da sxeulis yvela Tviseba, garda zomisa. 
nivTieri wertili gansxvavdeba geometriuli wertilisagan, 

romelsac ar aqvs arc zomebi da arc fizikuri Tvisebebi. 
sinamdvileSi nivTieri wertili bunebaSi ar arsebobs. nivTieri 

wertilis cneba Semotanilia mxolod imitom, rom SesaZlebeli gaxdes 
mravali sakiTxis martivad gadawyveta.

xSir SemTxvevaSi, rodesac vlaparakobT sxeulis moZraobaze, 
vgulisxmobT nivTieri wertilis moZraobas.

moZraobis traeqtoria. fanqriT werisas qaRaldze rCeba fanqris 
wveris kvali (sur.3.3). avtomobilis moZraobisas Tovlian gzaze rCeba 

avtomobilis saburavebis kvali 
(sur.3.4). moTxilamure srialisas 
tovebs Txilamurebis kvals (sur. 
3.5)

fanqris wveris kvali warmoad-
gens fanqris wveris moZraobis 
traeqtorias, avtomobilis moZ-
raobis kvali  _ avtomobilis moZ-
raobis traeqtorias, Txilamuris 
kvali ki _ moTxilamuris moZrao-
bis traeqtorias.

moZraobis traeqtoria aris wiri, romlis gaswvrivac moZraobs sxe-
uli.

traeqtoria SeiZleba iyos wrfe an mrude wiri.
traeqtoriis formaze SeiZleba vimsjeloT im xiluli kvaliT, 

romelsac tovebs moZravi sxeuli. 
ganxilul magaliTebSi fanqris wveris, avtomobilis, moTxilam-

uris traeqtoriebi xilulia.
traeqtoria yovelTvis ar aris xiluli. magaliTad, gasrolili 

burTis traeqtoria uxilavia, igi Cven mier warmodgenili wiria. 
ise, rogorc sxeulis moZraoba da uZraoba, traeqtoriac damoki

debulia aTvlis sxeulis SerCevaze _ sxvadasxva aTvlis sxeulis 
mimarT traeqtoria SeiZleba iyos gansxvavebuli. 

fanqris wveris traeqtoria3.3

avtomobilis traeq-
toria

moTxilamuris traeq-
toria3.4 3.5
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magaliTad, uqaro amindSi uZravi avtomobilis fanjaraze wvimis wveTi 
tovebs vertikalur kvals, e.i. uZravi avtomobilis mimarT wveTis traeqto-
ria vertikaluri wiria. 

•• rogori iqneba wveTis traeqtoria moZravi avtomobilis fanja-
raze? 

•• daxate wveTis moZraobis traeqtoria moZravi da uZravi avtomo-
bilis fanjaraze.

traeqtoriis formis mixedviT moZraoba SeiZleba iyos wrfivi da 
mrudwiruli. 

sxeulTa moZraobis traeqtoriebi erTmaneTisagan gansxvavdeba ara 
marto formiT, aramed sigrZiTac.

traeqtoriis nawilis sigrZes, romelsac sxeuli gadis garkveuli 
drois garkveul SualedSi, am drois SualedSi gavlili manZili ewodeba.

gavlili manZili fizikuri sididea da izomeba sigrZis erTeulebiT 
(milimetri, santimetri, metri, kilometri da sxv.).

•• dauSvaT, dedamiwis mimarT matarebelma gaiara 100km. ra manZils 
gaivlis matareblSi mjdomi mgzavri dedamiwis mimarT? matare-
blis mimarT? sxeulis mier gavlili manZili damokidebulia Tu 
ara aTvlis sxeulis SerCevaze.

sxeulis moZraobis traeqtoria da gavlili manZili fardobiTia.

sxeuls, romlis zomebi mocemul pirobebSi SeiZleba ugule-
belvyoT, nivTieri wertili ewodeba.

moZraobis traeqtoria aris namdvili an warmosaxviTi wiri, romlis 
gaswvrivac moZraobs sxeuli.

sxeulis moZraobis traeqtoria da gavlili manZili fardobiTia.

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. SeiZleba Tu ara dedamiwa CavTvaloT nivTier wertilad, rode-
sac gvainteresebs misi brunva: a) sakuTari RerZis irgvliv, b) mzis ir-
gvliv? pasuxi daasabuTeT.

2. daakvirdi saaTis isrebis moZraobas (sur. 3.6) da daxaze maTi  sxva
dasxva wertilis moZraobis traeqtoria? 

3. daasaxele wrfivi da mrudwiruli moZraobis magaliTebi.
4. airis molekulis moZraobis traeqtoria texili wiria (sur. 3.7). 

naxatis gamoyenebiT rogor gansazRvrav molekulis mier gavlil man-
Zils, Tu igi gadavida 1-dan 2 mdgomareobaSi?

3.73.6
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•• 3.8 suraTze mocemulia wammzomis Cveneba velosipedis traeqto-
riis sxvadasxva wertilSi. daakvirdi velosipedis moZraobas da 
Seecade, aRwero es moZraoba.

meqanikuri moZraobis umartivesi saxea wrfivi Tanabari moZraoba.
moZraobas, romlis drosac sxeuli drois nebismier tol Sualedeb-

Si tol manZilebs gadis da moZraobis traeqtoria warmoadgens wrfes, 
wrfivi Tanabari moZraoba ewodeba.

SeiZleba CavTvaloT, rom wrfivad da Tanabrad moZraobs avtomo-
bili an matarebeli gzis calkeul ubanze, paraSutisti _ vardnisas, 
rodesac gaxsnilia paraSuti.

unda aRiniSnos, rom iSviaTia moZraoba, rodesac sxeuli drois 
nebismier tol SualedebSi tol manZilebs gadis. magaliTad, Tu ada-
miani yovel wuTSi gadis 20m-s, es ar niSnavs imas, rom igi yovel naxevar 
wuTSi gaivlis 10m-s, an yovel meoTxed wuTSi _ 5m-s. 

Tanabari moZraobis siCqare.
•• rodesac Zalian geCqareba, romeli transportiT arCev mgzavro-

bas? 
•• rogor daasabuTeb Seni arCevanis siswores?

sxvadasxva sxeuli sxvadasxva siswrafiT moZraobs. 
moZraobis siswrafis damaxasiaTebel fizikur sidides siCqare ewodeba.
wrfivi Tanabari moZraobis siCqare tolia gavlili manZilis Se-

fardebisa im drois SualedTan, romlis ganmavlobaSic sxeulma es man-
Zili gaiara:

gavlili manZili

drois Sualedi
siCqare

siCqaris aRniSvnaa v, manZilis _ S, drois _ t, amitom siCqaris gamo-
saTvlel formulas eqneba saxe:

wrfivi Tanabari moZraobisas drois nebismier tol SualedebSi gav-

wrfivi Tanabari moZraoba3.3.

0:00 wm 0:01 wm 0:02 wm 0:03 wm

6m 6m 6m

3.8
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lili manZilebi tolia, amitom Tanabari moZraobis siCqare mudmivi si-
didea.

I. daakvirdi 3.8 suraTs.
•• ra siCqariT moZraobs velosipedi moZraobis pirvel, or da sam 

wamSi;
•• monacemebi warmoadgine cxrilis saxiT;
•• gaaanalize cxrili _ Seadare velosipedis siCqare pirvel,  or 

da sam wamSi;  
•• gamoitane daskvna: icvleba Tu ara velosipedis siCqare drois am 

SualedSi? rogor moZraobs velosipedi?

II. ra siCqare aqvs velosipeds dedamiwis mimarT?
•• ra siCqare aqvs velosipeds velosipedistis mimarT?
•• aris Tu ara velosipedis siCqare gansxvavebuli sxvadasxva aTv-

lis sxeulis mimarT? 
•• ra daskvnas gamoitan _ aris Tu ara siCqare fardobiTi?

siCqaris erTeuli. nebismieri fizikuri sididis erTeuli SeiZleba 
davadginoT misi gamosaTvleli formulis gamoyenebiT.

siCqaris gamosaTvleli formulidan:    

SI sistemaSi manZilis erTeulia 1m, drois _1wm, amitom siCqaris er-
Teuli iqneba 1m/wm: 

1m/wm aris iseTi Tanabari moZraobis siCqare, romlis drosac sxe-
uli  1wm-Si gadis 1m manZils.

arsebobs siCqaris sxva erTeulebic: 1km/sT, 1km/wm, 1sm/wm da a.S. 
          
gavlili manZili. siCqaris formulidan SeiZleba gamovTvaloT sxe-

ulis mier gavlili manZili:

radgan Tanabari moZraobis dros siCqare mudmivi sididea, amitom 
gavlili manZili drois pirdapirproporciulia, e.i. ramdenjerac iz-
rdeba moZraobis dro, imdenjer izrdeba gavlili manZili.

moZraobas, romlis drosac sxeuli drois nebismier tol Sualedeb-
Si tol manZilebs gadis da moZraobis traeqtoria warmoadgens wrfes, 
wrfivi Tanabari moZraoba ewodeba.

Tanabari moZraobis siCqare tolia gavlili manZilis Sefardebisa 
im drois SualedTan, romlis ganmavlobaSic sxeulma es manZili gaiara.

siCqare fardobiTi sididea.
Tanabari moZraobis siCqare mudmivi sididea.
SI sistemaSi siCqaris erTeulia 1m/wm.
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? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. gamosaxe SI sistemis erTeulebiT siCqareebi: 18km/sT, 36km/sT, 
90km/sT.

2. gzatkecilis wrfiv ubanze 5wT-is ganmavlobaSi avtomobilis spi-
dometris Cvenebaa 60km/sT. rogoria avtomobilis moZraoba da ra man-
Zils gaivlis igi am drois SualedSi?  

3. dedamiwidan mzemde manZili 150000000km-ia. sinaTlis gavrcelebis 
siCqarea 300000km/wm. ra droSi moaRwevs sinaTle mzidan dedamiwamde?

4. Tofis gasrolis xma gasrolis adgilidan 1km-is daSorebiT ada-
mianma gaigona 3wm-Si. imave manZils wyalSi bgera gadis 0,67wm-Si. am mo-
nacemebis mixedviT gamoTvale bgeris gavrcelebis siCqare haersa da 
wyalSi. Seadare es siCqareebi da gamoitane daskvna.

5. dedamiwis xelovnuri Tanamgzavris siCqarea 8km/wm. daasaxeleT 
aTvlis sxeuli, romlis mimarT Tanamgzavris siCqare iqneba nulis 
toli?

6. 3.9 suraTis mixedviT Seadgine da amoxseni amocana.

moamzade Tema prezentaciisaTvis:
,,siCqare fardobiTia~

amocanaTa amoxsnis nimuSi! amocanaTa amoxsnis nimuSi

amocana
haerSi radiotalRebis gavrcelebis siCqarea 300000km/wm, bgeris _ 

332m/wm. mikrofoniT molaparake diqtoris xmas romeli adamiani ufro 
swrafad gaigonebs: is, romelic misgan 50m manZilzea, Tu is, romelic 
diqtorisagan 600km-is daSorebiT usmens radios? 

amoxsna
imis gasarkvevad, Tu romeli adamiani ufro 

swrafad gaigonebs diqtoris xmas, saWiroa 
gamovTvaloT drois Sualedebi, romlis ganmav-
lobaSic xmam miaRwia TiToeul msmenelamde.

drois Sualedi, romlis ganmavlobaSic diq-

3.9                                

t
1
_ ?  t

2
 _ ?

moc.:
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toris xma miaRwevs radiomsmenelamde, tolia:

50m-iT daSorebuli adamiani ki diqtoris xmas gaigonebs drois Su-
aledSi:.

am formulebSi ricxviTi mniSvnelobebis CasmiT miviRebT:

     
     

 
amgvarad, , e.i. diqtoris xmas radiomsmeneli gaigonebs ufro 

swrafad.

pasuxi: radiomsmeneli.

amocana

wrfiv gzatkecilze urTierTsapirispiro mimarTulebiT Tanabrad 
moZraobs ori avtomobili. pirvelis siCqarea 60km/sT, meoris _ 40km/sT. 
drois sawyis momentSi avtomobilebs Soris manZili 100km-ia. am momen-
tidan ra drois Semdeg Sexvdebian avtomobilebi erTmaneTs? ra manZils 
gaivlis TiToeuli maTgani Sexvedramde?

miTiTeba: drois sawyisi momenti da moZraobis dawyebis momenti 
erTi da igive ar aris. 

mocemul SemTxvevaSi drois sawyisi momenti aris dakvirvebis daw-
yebis momenti. xSir SemTxvevaSi moZraobis dawyebis momentis gansaz-
Rvra SeuZlebelic kia. magaliTad, ver ganvsazRvravT dedamiwis an 
mTvaris moZraobis dawyebis moments.

amoxsna

mocemul SemTxvevaSi avtomobilebi SeiZleba 
CavTvaloT nivTier wertilebad.

davuSvaT, drois sawyis momentSi pirveli av-
tomobili imyofeboda O wertilSi,  meore _ A-Si 
da isini erTmaneTs Sexvdnen B wertilSi (sur. 
3.10).

moc.:

t _ ?  S1 _ ? S2 _ ?

0
S1

S,km

l
AB

A
S2

20 40 60 80 100

1v 2v

3.10
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drois sawyisi momentidan Sexvedramde avtomobilebis moZraobis 
dro aRvniSnoT t-Ti, pirveli avtomobilis mier gavlili manZili _ 
S

1
-iT, meoris _ S

2
-iT, sawyis momentSi avtomobilebs Soris manZili _ 

l-iT.
maSin,

S2 = v2t

l = S2+ S2 

am tolobebis SedarebiT miviRebT:

l = v1t+ v2t

an

l = t(v1+ v2)
saidanac

am tolobaSi ricxviTi mniSvnelobebis CasmiT miviRebT:

drois es mniSvneloba CavsvaT avtomobilebis mier gavlili man-
Zilebis gamosaTvlel formulaSi, miviRebT:

S1 = 60km

S2 = 40km
amgvarad, sxeulebi erTmaneTs Sexvdnen sawyisi momentidan 1sT-is 

Semdeg. Sexvedramde pirvelma avtomobilma gaiara 60km, meorem _ 40km. 

miTiTeba: gamoTvlebis Catarebisas SesaZlebelia CavweroT mxolod 
fizikur sidideTa ricxviTi mniSvnelobebi, erTeuli ki mivuweroT 
gamoTvlebis Sedegad miRebul sidides.

pasuxi: t = 1sT; S1 = 60km; S2 = 40km.
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moZraobis grafiki. fizikur sidideTa Soris kavSiri SesaZlebelia  
warmovadginoT ara mxolod formulis saSualebiT, aramed grafiku-
ladac. 

grafiki aris or sidides Soris damokidebulebis amsaxveli wiri.
ganvixiloT meqanikuri moZraoba  grafikebis gamoyenebiT.

avagoT wrfivi Tanabari moZraobisas gavlili manZilis droze 
damokidebulebis grafiki. am grafiks moZraobis grafiks uwodeben. igi 
gviCvenebs rogor icvleba gavlili manZili drois cvlilebisas.

Sen ukve ici, rom Tanabari moZraobis siCqare mudmivi sididea, ami-
tom gavlili manZili drois pirdapirproporciulia.

davuSvaT, sxeuli moZraobs Tanabrad 2m/wm siCqariT, maSin nebismi-
er drois SualedSi sxeulis mier gavlili manZili gamoiTvleba for-
muliT:

S = 2t.
am formulis mixedviT gamovTvaloT sxeulis mier gavlili manZili 

drois sxvadasxva momentisaTvis.         
drois sawyis momentSi t0 = 0, S0 = 0, 1wm-is Semdeg t1 = 1wm; S1 = 2m; 

2wm-is Semdeg t2 = 2wm; S2 = 4m   da a.S. es monacemebi SevitanoT cxrilSi 
(sur. 3.11). 

ganvixiloT koordinatTa sistema. aTvlis sxeuls davukavSiroT 
koordinatTa saTave, horizontalur RerZze garkveuli masStabiT 
gadavzomoT drois Sualedebi, vertikalurze _ gavlili manZilis 
Sesabamisi mniSvnelobebi da cxrilis monacemebiT avagoT moZraobis 
grafiki. miviRebT koordinatTa saTaveSi gamaval wrfes (sur. 3.12).

amgvarad, Tanabari moZraobisas gavlili manZilis droze damokide-
bulebis grafiki koordinatTa saTaveSi gamavali wrfea.

siCqaris grafiki. avagoT amave moZraobis siCqaris droze damokide-
bulebis grafiki, anu siCqaris grafiki.

siCqaris grafiki gviCvenebs rogor icvleba sxeulis siCqare drois 

moZraobis grafikuli warmodgena3.4.

S,m

0

2

4

6

1 2 3 t,wm

t, wm 0 1 2 3

S, m 0 2 4 6

3.11 3.12
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mixedviT. radgan Tanabari moZraobisas siCqare ar icvleba, es niSnavs, 
rom drois nebismier momentSi siCqares aqvs erTi da igive mniSvneloba. 
ganxilul magaliTSi  v=2m/wm (sur. 3.13, a).

siCqaris grafikis asagebad horizontalur RerZze gadavzomoT 
drois Sualedebi, vertikalurze _ siCqaris Sesabamisi mniSvnelobebi. 
cxrilis monacemebiT avagoT siCqaris grafiki. miviRebT droTa RerZis 
paralelur wrfes (sur. 3.13, b).

•• siCqaris grafikis gamoyenebiT gamoTvale sxeulis mier 3wm-Si 
gavlili manZili; 

•• gamoTvale siCqaris grafiksa da droTa RerZs Soris moTavsebu-
li im marTkuTxedis farTobi, romelic Seesabameba t=3wm drois 
Sualeds;

•• Seadare 3wm-Si gavlili manZilisa da marTkuTxedis farTobis 
ricxviTi mniSvnelobebi da gamoitane daskvna.

grafikis mixedviT daadgen, rom drois mocemul SualedSi sxeulis 
mier gavlili manZili ricxobrivad tolia siCqaris grafiksa da droTa 
RerZs Soris moTavsebuli marTkuTxedis farTobisa, romelic Seesab-
ameba mocemul drois Sualeds.

Tanabari moZraobisas gavlili manZilis droze damokidebulebis 
grafiki warmoadgens koordinatTa saTaveSi gamaval wrfes.

Tanabari moZraobis siCqaris grafiki droTa RerZis paraleluri 
wrfea.

 

v,m/wm

0

1

2

3

1 2 3 t,wm

t, wm 0 1 2 3

v , m/wm 2 2 2 2a) b)

3.13
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? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1.	 avtomobili moZraobs 80km/sT siCqariT. aage avtomobilis moZ-
raobis grafiki. gansazRvre 2sT-Si gavlili manZili. 

2.	 moZraobis grafikis mixedviT (sur. 3.14.) gansazRvre: a) ra manZi-
li gaiara sxeulma 5wm-Si; b) ra siCqariT moZ-
raobs sxeuli.

3.	 3.15 suraTze mocemulia ori sxeulis 
moZraobis grafiki. romeli maTgani moZrao-
bs ufro swrafad?

4. grafikis mixedviT Seadare sxeulTa 
siCqareebi da maT mier erTi da imave drois 
SualedSi gavlili manZilebi (sur. 3.16).

5. siCqaris grafikis mixedviT (sur. 3.17) 
aRwere sxeulis moZraoba da aage gavlili 
manZilis droze damokidebulebis grafiki.

6. 3.18 suraTze gamosaxuli grafikis 
mixedviT aRwere sxeulis moZraoba da aage 
am moZraobis siCqaris grafiki.
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amocanaTa amoxsnis nimuSi! amocanaTa amoxsnis nimuSi

amocana

moZraobis grafikebis mixedviT daaxasiaTe sxeulTa moZraoba (sur. 
3.19.). gansazRvre sxeulTa siCqareebi, maT Soris manZili sawyis momen-
tSi, Sexvedris dro da adgili, TiToeulis mier Sexvedramde gavlili 
manZili.

amoxsna

TiToeuli sxeulis moZraobis grafi-
ki warmoadgens wrfes. sxeulTa moZraoba 
Tanabaria. sawyis momentSi I sxeuli imy-
ofeba koordinatTa saTaveSi, II sxeuli 
ki _ misgan 40m-iT daSorebul wertilSi. 
e.i. sawyis momentSi sxeulebs Soris man-
Zili   

grafikis gadakveTis A wertilis ab-
scisa da ordinata gviCvenebs Sexvedris 
dros da adgils. 

A wertilis abscisa aris 10wm, ordina-
ta ki _ 60m. es niSnavs, rom  sxeulebi erT-
maneTs Sexvdnen dakvirvebis dawyebidan 
10wm-is Semdeg, Sexvedris adgili ki aTv-
lis sxeulidan daSorebulia 

sxeulTa siCqaris gamosaTvlelad 
SevarCioT nebismieri drois Sualedi, Semdeg ki ganvsazRvroT am Su-
aledSi TiToeuli sxeulis mier gavlili manZili. manZilis Sefardeb-
iT drois SualedTan miviRebT sxeulis siCqares. 

drois Sualedad SevarCioT dro sawyisi momentidan Sexvedris mo-
mentamde. es aris 10wm. am drois ganmavlobaSi pirveli sxeulis mier 
gavlili manZilia S1 = 60m, meoris S2 = 60m- 40m= 20m, amitom maTi siCqa-
reebi iqneba

pasuxi:  sxeulTa siCqareebia   
sawyis momentSi sxeulebs Soris manZili  
Sexvedris dro da adgilia t =10wm; S =60m; 
Sexvedramde TiToeuli sxeulis mier gavlili manZilia: 
S1 =60m; S2 =20m.

S, m
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•• daakvirdi 3.20 suraTs da aRwere velosipedistis moZraoba;
•• Seadare velosipedistis mier yovel momdevno wamSi gavlili man-

Zilebi;

•• ra siCqariT moZraobs velosipedisti?
•• rogor icvleba: a) TviTmfrinavis siCqare asafren zolze, haer-

Si moZraobisas, aerodromze daSvebisas? b) matareblis siCqare 
erTi sadguridan meoremde moZraobisas?

bunebaSi iSviaTad vxvdebiT sxeulTa Tanabar moZraobas. moZraoba-
Ta umravlesoba araTanabaria. 

moZraobas, romlis drosac sxeuli drois tol SualedebSi sxva
dasxva manZils gadis, araTanabari moZraoba ewodeba.

saSualo siCqare. araTanabari moZraobis dros siCqare ar aris mud-
mivi sidide. am moZraobas axasiaTeben saSualo siCqariT.

araTanabari moZraobis saSualo siCqare tolia drois SualedSi sx-
eulis mier gavlili manZilis Sefardebisa am drois SualedTan.

Tu sxeulma t drois SualedSi gaiara S manZili, maSin moZraobis sa-
Sualo siCqare

Tu cnobilia sxeulis saSualo siCqare, maSin t drois SualedSi sxe-
ulis mier gavlili manZili iqneba:

saSualo siCqaris mniSvneloba SeiZleba ar daemTxvevs moZravi sxe-
ulis siCqares traeqtoriis calkeul ubanze _ igi damokidebulia 
drois Sualedis SerCevasa da am drois SualedSi gavlili manZilis si-
dideze.

ganvixiloT magaliTi.  davuSvaT, avtomobilma 200km manZili gaiara 
4sT-Si. es niSnavs, rom misi saSualo siCqarea 50km/sT. 

•• Seni azriT, am monacemebis mixedviT SesaZlebelia Tu ara, gamoT-
valo sxeulis mier 2sT-Si, 0,5sT-Si an 10wT-Si gavlili manZili?

•• SesaZlebelia Tu ara, rom drois am SualedebSi avtomobilis sa-
Sualo siCqare ar Seesabamebodes ganxilul magaliTSi miRebul 
mniSvnelobas?

•• Seecade, daasabuTo Seni varaudis siswore.

araTanabari moZraoba3.5.

0:00 wm 0:01 wm 0:02 wm 0:03 wm

6m 10m 8m

3.20
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myisi siCqare.  araTanabar moZraobas 
axasiaTeben ara mxolod saSualo siCqa-
riT.
•• daakvirdi avtomobilis spidome-

tris Cvenebas. rogor icvleba igi avto-
mobilis moZraobisas?  

traeqtoriis yovel wertilSi an 
drois mocemul momentSi sxeulis siC-
qares garkveuli mniSvneloba aqvs. siC-
qaris am mniSvnelobas myis siCqares uwo-
deben.

siCqares drois mocemul momentSi an 
traeqtoriis mocemul wertilSi. myisi 
siCqare ewodeba.

moZravi avtomobilis spidometris isari gviCvenebs avtomobilis 
siCqares drois mocemul momentSi (sur. 3.21). 

moZraobas, romlis drosac sxeuli drois tol SualedebSi sxva
dasxva manZils gadis, araTanabari moZraoba ewodeba.

araTanabari moZraobis saSualo siCqare tolia drois SualedSi 
sxeulis mier gavlili manZilis Sefardebisa am drois SualedTan.

siCqares drois mocemul momentSi an traeqtoriis mocemul 
wertilSi, myisi siCqare ewodeba.

saSualo siCqaris gamoTvla 
 gamoTvale Seni moZraobis saSualo siCqare.
miTiTeba: eqsperimentis Casatareblad gazome erTi nabijis sigrZe 

da dro, romelic saWiroa 50 _ 100 nabijis Sesasruleblad.
•• dagegme eqsperimenti _ daadgine samuSaos Catarebis Tanmimdev-

roba;
•• SearCie saWiro xelsawyoebi;
•• miiRe Seni moZraobis saSualo siCqaris gamosaTvleli formula, 

risTvisac Semoitane aRniSvnebi: nabijis sigrZe _ l; nabijebis 
raodenoba _ n; moZraobis dro _ t; saSualo siCqare _ vsaS;

•• gamoTvale saSualo siCqare sxsvadasxva raodenobis nabiJebis 
SemTxvevaSi;

•• gazomvebisa da gamoTvlebis Sedegebi warmoadgine cxrilis sax-
iT;

•• gaaanalize cxrili;
•• Seadare Seni moZraobis saSualo siCqare Tanaklaselebisas;
•• Seni azriT, razea damokidebuli eqsperimentis Sedegebis si-

zuste?

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1.	 avtobusma 120km manZili gaiara 2sT-Si. amasTan drois pirvel 
naxevarSi gaiara 80km, meore naxevarSi ki _ 40km. rogoria avtobusis 

spidometri gviCvenebs 
avtomobilis myis siC-
qares

3.21
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moZraoba? gamoTvale avtobusis saSualo siCqare: a) moZraobis mTeli 
drois ganmavlobaSi; b) drois pirvel naxevarSi; g) drois meore naxe-
varSi.

2.	 moTxilamure eSveba 2km sig-
rZis ferdobze 40km/sT siCqariT. 
gamoTvale daSvebis dro.

3.	 velomrbolelma garkveu-
li manZilis gasavlelad saWiro 
drois naxevarSi imoZrava 40km/
sT siCqariT, meore naxevarSi ki 
_ 60km/sT-iT. gamoTvale velom-
rbolelis saSualo siCqare.

4.	 velomrbolelma gasavle-
li  gzis pirveli naxevari gaiara 
40km/sT siCqariT, meore naxevari 
ki _ 60km/sT siCqariT. gamoTvale 
velomrbolelis saSualo siCqa-
re. Seadare miRebuli pasuxi wina amocanis pasuxs da gamotane daskvna: 
SesaZlebelia Tu ara, saSualo siCqare mTel gzaze toli iyos calkeul 
ubanze siCqareTa saSualo ariTmetikulisa?

5. grafikis mixedviT (sur. 3.22) daaxasiaTe sxeulis moZraoba: a) 
gansazRvre rogor moZraobs igi drois calkeul SualedebSi, b) gamoT-
vale sxeulis mier gavlili manZili da siCqare am SualedebSi, g) gansaz-
Rvre sxeulis moZraobis saSualo siCqare.

monacemebi warmoadgine cxrilis saxiT. cxrilis analizis safuZ-
velze daasabuTe, sxeulis saSualo siCqaris codniT ratom ar SeiZle-
ba mis mier drois sxvadasxva SualedSi gavlili manZilis gansazRvra.

amocanaTa amoxsnis nimuSi! amocanaTa amoxsnis nimuSi

amocana 
siCqaris droze damokidebulebis grafikis mixedviT gansazRvre 

sxeulis moZraobis saSualo siCqare (sur. 3.23).

amoxsna
grafiki gviCvenebs sxeulis siCqaris cvlilebas 10wm-is ganmavloba-

Si. pirvel sam wamSi sxeuli moZ-
raobs Tanabrad 2m/wm siCqariT, 
Semdeg xuT wamSi sxeulis siC-
qare nulis tolia _ igi gaCere-
bulia, bolo or wamSi ki sxeuli 
moZraobs Tanabrad 4m/wm siCqa-
riT. e.i.

 
saSualo siCqare gamoiTvle-

ba formuliT:
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sadac S aris sxeulis mier 10wm-Si gavlili manZili:
S = S1 + S2+ S3

t = t1 + t2+ t3.
S1, S2 da S3 aris sxeulis mier gavlili manZilebi, Sesabamisad, t1,  t2  

da t3 drois SualedebSi, amitom

es gamosaxulebebi CavsvaT saSualo siCqaris gamosaTvlel formulaSi:

ricxviTi mniSvnelobebis CasmiT miviRebT:

4
pasuxi: 1,4m/wm. 
SeniSvna. zustad aseTi moZraoba praqtikulad ver ganxorcield-

eba, radgan gaCerebisa da daZvris momentSi sxeulis siCqare icvleba da 
moZraoba ar iqneba Tanabari. ganxilul SemTxvevaSi igulisxmeba, rom 
siCqare Zalian swrafad icvleba da amitom am cvlilebas ar viTval-
iswinebT.

amocana
Seadare wrfivi moZraobebi, romlebic warmodgenilia cxrilisa 

(sur. 3.24) da grafikis (sur. 3.25) saxiT. CaTvale, rom drois sawyis mo-
mentSi sxeuli imyofeba aTvlis saTaveSi.

amoxsna
moZraoba SeiZleba warmovadginoT sxvadasxva saxiT: cxrilebiT, 

grafikebiT, analizurad.
cxrilis monacemebis mixedviT, pirvel wamSi sxeulma gaiara 20m, 

meore wamSi _ 30m (50m_20m), mesa-
me wamSi _ 50m (100m_50m), meoTxe 
wamSi _ 80m (180m-100m), mexuTe, me-
eqvse da meSvide wamebSi _ 0 (180m-
180m), e.i. sxeuli iyo gaCerebuli. 
meSvide wamis Semdeg sxeuli yovel 
wamSi gadioda 70m-s _ misi moZrao-
ba iyo Tanabari. 12wm-Si sxeulma 
gaiara 530m.

Tu Seadareb cxrilis mona-
cemebsa da moZraobis grafiks, 
darwmundebi, rom cxriliT da 
grafikiT warmodgenilia erTi da 
igive moZraoba.

t, wm 0 1 2 3 4 5 6 7 8 9 10 11 12

S, m 0 20 50 100 180 180 180 180 250 320 390 460 530

3.24
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gadaadgileba. sxeulis moZraobisas drois ganmavlobaSi icvleba 
sxeulis mdebareoba aTvlis sxeulis mimarT. es niSnavs, rom moZraobis 
Sesaswavlad saWiroa ganvsazRvroT sxeulis mdebareoba drois nebis-
mier momentSi. amisaTvis sakmarisia Tu ara mxolod gavlili manZilis 
codna? 

ganvixiloT magaliTi. davuSvaT, cnobilia, rom saxlidan gasvlis 
Semdeg moswavlem gaiara 6wT-Si 400m (sur. 3.26). sad iqneba moswavle am 
manZilis gavlis Semdeg?

•• ra manZilia: a) saxlidan skol-
amde, b) saxlidan stadionamde, 
g) saxlidan biblioTekamde? 

•• Seadare es manZilebi da 
daadgine: mxolod gavlili 
manZilis codniT SeiZleba Tu 
ara ganvsazRvroT sxeulis 
mdebareoba am manZilis gav-
lis Semdeg. 

cxadia, saxlidan 400m-iT daSo-
rebuli uamravi wertili arsebobs. 
magram, Tu mivuTiTebT moZraobis 
mimarTulebas, maSin sxeulis mde-
bareobis gansazRvra Zneli ar iqne-
ba. magaliTad, Tu sxeuli moZraobs 
aRmosavleTis mimarTulebiT, ma-
Sin 400m-is gavlis Semdeg igi iqneba 
skolaSi, dasavleTis mimarTulebiT 
moZraobisas _ biblioTekaSi, Crdi-
lo-dasavleTis mimarTulebiT moZ-
raobisas ki _ stadionze.

wrfis mimarTul monakveTs, ro-
melic sxeulis sawyis mdebareobas 
aerTebs mis momdevno mdebareobas-
Tan, sxeulis gadaadgileba ewodeba.

Tu sxeuli moZraobs  ABC wiris 
gaswvriv, misi gadaadgileba iqneba 
AC mimarTuli monakveTi (sur. 3.27). 

veqtoruli sidide. veqtorulia sidide, romelsac aqvs ricxviTi 
mniSvneloba, mimarTuleba da modebis wertili.

gadaadgileba da siCqare veqtoruli sidideebia, radgan maT aqvT 
ricxviTi mniSvneloba da mimarTuleba.

veqtoruli sidide gamoisaxeba wrfis mimarTuli monakveTiT, rom-
lis sigrZe gansazRvruli masStabiT warmoadgens fizikuri sididis 
ricxviT mniSvnelobas _ veqtoris moduls.

veqtoruli sididis aRmniSvnel asos Tavze aqvs patara isari. 
gadaadgilebis veqtoris aRiniSvnaa  , siCqaris _ .

skalaruli da veqtoruli sidideebi3.6.

Cr

s

masStabi:

stadioni

saxli

skola
aR

100m

d
biblioTeka

ABC gavlili manZilia, 
AC  _ gadaadgileba

3.26
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3.28 suraTze gamosaxulia siCqaris veq-
tori, romlis sidide 5m/wm-ia. veqtoris isa-
ri miuTiTebs siCqaris mimarTulebas.

skalaruli sidide. mraval fizikur si-
dides ar aqvs mimarTuleba, isini xasiaTdebi-
an mxolod ricxviTi mniSvnelobebiT.

sidides, romelsac aqvs mxolod ricxvi-
Ti mniSvneloba, skalaruli sidide ewodeba.

dro, gavlili manZili, masa da temperatura skalaruli sidideebia.

wrfis mimarTul monakveTs, romelic sxeulis sawyis mdebareobas 
aerTebs mis momdevno mdebareobasTan, sxeulis gadaadgileba ewodeba.

veqtorulia sidide, romelsac aqvs ricxviTi mniSvneloba, mimar-
Tuleba da modebis wertili.

sidides, romelsac aqvs mxolod ricxviTi mniSvneloba, skalaruli 
sidide ewodeba.

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. rogor moZraobs sxeuli, Tu mis mier gavlili manZili gadaadg-
ilebis modulis tolia?

2. vertikalurad asrolilma sxeulma miaRwia 4m simaRles da dab-
runda sawyis mdebareobaSi. ras udris sxeulis mier gavlili manZili 
da gadaadgileba?

3. horizontisadmi garkveuli kuTxiT gasrolilma sxeulma miaRwia 
3m simaRles da daeca gasrolis wertilidan 8m manZilze. gansazRvre 
sxeulis gadaadgilebis moduli.

4.	 sxeuli moZraobs 2m radiusis wrewirze. gamoTvale sxeulis 
gadaadgileba naxevari brunis Semdeg. Seasrule naxazi.

5. ras udris saaTis wuTebis isris bolo wertilis mier Sesrule-
buli gadaadgileba erTi sruli brunis Semdeg?

6. sportsmenma 60m radiusis stadions 2-jer Semourbina. ras udris 
sportsmenis gadaadgileba?

masStabi:
1m/wm

siCqare  5m/wm-ia3.28

fizikuri sidide

veqtoruli

gadaadgileba

skalaruli

3.29
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7. sportsmenma 60m radiusis stadions 2,5-jer Semourbina. ras udris 
sportsmenis gadaadgileba?

8. SenTvis cnobili romeli fizikuri sidideebia veqtoruli da romeli 
_ skalaruli? gaagrZele sqemis Sevseba (sur. 3.29):

9. turistma aRmosavleTis mimarTulebiT gaiara 4km, Semdeg Crdil-
oeTis mimarTulebiT _ 3km. aTvlis saTaved CaTvale moZraobis daw-
yebis adgili da gansazRvre turistis mier gavlili manZili da gadaadg-
ileba. 

10. 3.30 suraTze mocemulia 
turistuli jgufis moZrao-
bis grafiki. grafikis mixed-
viT daaxasiaTe es moZraoba da 
gansazRvre: a) turistuli jgu-
fis mier gavlili manZili, b) 
moZraobisa da Sesvenebis dro, 
g) siCqare marSrutis sxvadasxva 
ubanze, d) saSualo siCqare mog-
zaurobis mTeli drois ganmav-
lobaSi. 

dagegme laSqroba _ saqarTvelos geografiuli rukis (sur. 3.31) 
gamoyenebiT klaselebTan erTad SearCie SenTvis saintereso laSqrobis 
marSruti. rukaze miTiTebuli masStabis mixedviT gansazRvre gasavle-
li manZili. daadgine, dagWirdeba Tu ara raime saxis transportiT mgza-
vroba. CaTvale, rom Seni moZraobis saSualo siCqarea 5km/sT, gaiTval-
iswine Sesvenebis droc da ivaraude, ra dro dasWirdeba am marSrutis 
gavlas. 

•• monacemebi warmoadgine cxrilis saxiT.
•• Seasrule Sesabamisi naxazi.
•• aage laSqrobisas gavlili manZilisa da siCqaris droze damokide-

bulebis miaxloebiTi grafikebi.

3.31

3.30



I.	 daasrule winadadeba:
1.	 TviTmfrinavi SeiZleba CaiTvalos nivTier wertilad, rodesac . . .
2.	 uZraoba da moZraoba fardobiTia, radgan . . . 
3.	 nivTier wertils, geometriuli wertilisagan gansxvavebiT, aqvs . . . 
4.	 100km/sT siCqariT moZravi avtomobili uZravia . . . 
5.	 Tanabari moZraobisas sxeulis mier gavlili manZili drois 

pirdapirproporciulia. es niSnavs, rom . . . 
6.	 Tanabari moZraobis siCqaris grafiki warmoadgens . . . 

II.	 marTebulia Tu ara mtkiceba:

1.	 80km/sT siCqariT moZravi matareblis mimarT Senobebi moZraobs 
amave siCqariT matareblis moZraobis sapirispiro mimarTulebiT.

	 a) diax;
	 b) ara.

2. traeqtoria fardobiTia, gavlili manZili ki _ ara.
	 a) diax;
	 b) ara.

3. 36km/sT siCqare metia, vidre 10m/wm.
	 a) diax;
	 b) ara.

4. avtobusma or qalaqs Soris  manZili 105km gaiara 1,5sT-Si. es niS-
navs, rom avtobusis saSualo siCqarea 70km/sT.

	 a) diax; 
	 b) ara.

 III.  romelia swori pasuxi?

1. sxeulTa moZraobis grafikebis mixedviT (sur. 3.32):
a) pirveli sxeuli moZraobs Tanabrad, meo-

re _ araTanabrad;
b) pirveli sxeuli moZraobs araTanabrad, 

meore _ Tanabrad;
g) orive sxeulis moZraoba Tanabaria;
d) orive sxeulis moZraoba araTanabaria.

2. sawyis momentSi sxeulTa Soris manZilia:
a) 0;    b) 10m;    g) 30m;    d) 20m.
3. sawyisi momentidan sxeulTa Sexvedramde 

drois Sualedia:
a) 1wm;    b) 2wm;   g) 5wm;    d) 6wm.

3.32
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4.	 sxeulTa siCqareebia:

IV. upasuxe kiTxvebs:

1. moZravi matareblis mimarT moZravia Tu uZravi:
dedamiwa, Senobebi, xeebi, matareblis mgzavrebi, memanqane, rkinig-

zis baqani?

2. gamosaxeT siCqareebi km/sT-iT:
10m/wm, 5m/wm, 5sm/wm.

3. gamosaxeT siCqareebi SI sistemis erTeulebiT: 
18km/sT, 54km/sT, 72km/sT.

4. avtomobili moZraobs Tanabrad 60km/sT siCqariT.
a) ra dro dasWirdeba avtomobils 180km-is gasavlelad?
b) ra manZils gaivlis igi 10 wT-Si?
g) aage avtomobilis siCqaris grafiki;
d) aage avtomobilebis moZraobis grafiki.

5.turistma 7km gaiara 2sT-Si. Seisvena 30wT da imave gziT dabrunda 
ukan 1,5sT-Si. gamoTvale turistis moZraobis saSualo siCqare.

6. gaixsene SenTvis cnobili fizikuri sidideebi, maTi sazomi er-
Teulebi, am sidideTa gamosaTvleli formulebi da monacemebi waro-
madgine cxrilis saxiT.
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IV Tavi

am Tavis Seswavlis Semdeg Sen SeZleb:

•• bunebis sxvadasxva Zalis moqmedebis Sedegebze msjelobas;
•• problemaze dafuZnebuli amocanebis gadaWras. 

Z a l a
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sxeulis moZraobis Sesaswavlad saWiroa am moZraobis gamomwvevi 
mizezebis codna. moZraoba xasiaTdeba siCqariT.

•• rogor SeiZleba sxeulis siCqaris Secvla? SesaZlebelia Tu ara, 
es cvlileba moxdes TavisTavad?

cxadia, sxeulis siCqare TavisTavad ar icvleba.
gaCerebuli sxeuli rom avamoZraoT, masze unda vimoqmedoT sxva 

sxeuliT. magaliTad, biliardis burTis asamoZraveblad masze unda vi­
moqmedoT biliardis joxiT. 

moZravi sxeulis gaCerebasac iwvevs sxva sxeulis moqmedeba. sxva sx­
eulTan Sejaxebisas icvleba burTulis moZraobis mimarTulebac.

amgvarad, sxeulis siCqaris Secvla SesaZlebelia masze sxva sxeulis 
moqmedebiT.

gavarkvioT, ra SemTxvevaSi imoZravebs sxeuli mudmivi siCqariT. 

dakvirveba sxeulis moZraobaze

resursebi: saxelmZRvanelo, samuSao rveuli, kalami, fanqari, 
daxrili Rari, horizontaluri Rari, burTula, qviSa.

•• daxril RarTan SeaerTe horizontaluri Rari;
•• horizontalur RarSi Cayare qviSa;
•• daxril RarSi daagore burTula;
•• ra moxdeba burTulis qviSasTan Sejaxebisas (sur. 4.1, a)? 
•• Seamcire qviSis raodenoba da gaimeore cda (sur. 4.1, b). ras amCnev 

_ romel SemTxvevaSi ufro didxans imoZrava burTulam? 
•• Seni azriT, ra aris amis mizezi?  
•• igive cda Caatare qviSis gareSe (sur. 4.1, g). rogor Seicvala bur­

Tulis moZraobis dro?
•• eqsperimentis analizis safuZ­

velze daadgine, razea damokide­
buli burTulis siCqaris 
cvlileba. cxadia, rac ufro 
Semcirdeba burTulaze sxva sx­
eulis moqmedeba, miT didxans 
imoZravebs igi, e.i. miT naklebi 
iqneba burTulis siCqaris cv­
lileba. SesaZlebeli rom iyos 
yovelgvari winaaRmdegobis 
mospoba, burTula imoZravebs 
mudmivi siCqariT _ wrfivad da 
Tanabrad.

inercia4.1.

a)

b)

g)

4.1
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berZeni filosofosi da mecnieri aristotele amtkicebda, rom gare 
zemoqmedebis gareSe sxeuli SeiZleba iyos mxolod uZrav mdgomareo­
baSi; sxeuli moZraobs mxolod im SemTxvevaSi, Tu masze moqmedebs sxva 
sxeuli.

2000 wlis Semdeg galileim daamtkica, rom aristoteles azri 
mcdaria. zemoqmedebis gareSe sxeuli SeiZleba iyos ara mxolod uZrav 
mdgomareobaSi, aramed moZraobdes wrfivad da Tanabrad.

Tu sxeulze sxva sxeuli ar moqmedebs, maSin igi uZravia an moZraobs 
wrfivad da Tanabrad, e.i. mudmivi siCqariT. 

es daskvna cnobilia inerciis kanonis saxelwodebiT. igi ekuTvnis 
italiel mecniers, galileo galileis. 

galileim daadgina, rom wrfivi Tanabari moZraoba sxeulis iseTive  
bunebrivi mdgomareobaa, rogoric uZraoba.

sxeulis Tvisebas, SeinarCunos 
uZraobis an wrfivi Tanabari moZrao­
bis mdgomareoba, rodesac masze sxva 
sxeuli ar moqmedebs, inercia ewodeba. 
`inercia~ laTinuri sityvaa da niSnavs 
uZraobas, umoqmedobas. Tu sxeuli moZ­
raobs sxva sxeulis moqmedebis gareSe, 
maSin amboben, rom igi moZraobs iner­
ciiT. 4.2 suraTze moZraoba wrfivi da 
Tanabaria _ matarebeli inarCunebs 
siCqares, amitom igi moZraobs inerci­
iT.

inerciis gamo sxeuli cdilobs Sein­
arCunos siCqare, amitom sxeulis siCqa­

ris myisieri Secvla SeuZlebelia. inerciis gamo avtomobilis ucbad 
gaCereba SeuZlebelia. es unda gaiTvaliswinon rogorc mZRolebma, ise 
fexiT mosiaruleebma.

inercia gamovlindeba yovelTvis, rodesac avamoZravebT raime sx­
euls, vucvliT moZraobis mimarTulebas an vaCerebT mas.

dakvirveba inerciis movlenaze

resursebi: saxelmZRvanelo, samuSao rveuli, kalami, fanqari, mo­
neta, furceli.

•• magidaze moaTavse furceli, furcelze 
ki _ moneta (sur. 4.3);
•• furceli gamoswie swrafad. Seicvala Tu 

ara monetis mdebareoba?
•• cda gaimeore, magram amjerad furceli 

gamowie nela;
•• sagani furcelTan erTad amoZravda Tu 

uZravi darCa?
•• axseni am movlenebis mizezi;
•• Seni mosazrebebi Seadare Tanaklaselebisas;
•• eqsperimentis Tanmimdevroba da daskvnebi Seitane samuSao 

rveulSi.

4.3

matarebeli moZraobs 
Tanabrad4.2
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ori sxeulis urTierTqmedebis Sedegad maTi siCqare sxvadasxvanai­
rad icvleba. didi masis sxeulis siCqare nela icvleba   _ is nakleb in­
ertulia, mcire masis sxeulis siCqare ki swrafad icvleba da is metad 
inertulia. 

masa aris fizikuri sidide , romelic axasiaTebs sxeulis inrtulo­
bas.

Tu sxeulze sxva sxeuli ar moqmedebs, maSin igi uZravia an moZraobs 
wrfivad da Tanabrad, e.i. mudmivi siCqariT. 

sxeulis Tvisebas, SeinarCunos siCqare, roca masze sxva sxeuli ar 
moqmedebs, inercia ewodeba.

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. dedamiwaze SesaZlebelia Tu ara iseTi pirobebis Seqmna, rom moZ­
rav sxeulze sxva sxeulebi ar moqmedebdes? pasuxi daasabuTe.

2. horizontalur gzaze Zravis gamorTvis 
Semdeg avtomobilis siCqare TandaTan mcir­
deba. ra aris amis mizezi?

3.	 ra mizniT inTeba avtomobilis ukana 
wiTeli naTura, rodesac mZRoli fexs aWers 
samuxruWe pedals?

4. sveli tansacmlis dabertyvisas ratom 
gamodis misgan wylis wveTebi?

5. burTi, romelic moTavsebulia Tana­
brad moZravi matareblis magidaze, amoZrav­
da matareblis moZraobis mimarTulebiT. ra Seicvala matareblis moZ­
raobaSi (sur. 4.4)?

6. saiT da ratom gadaixreba mgzavri avtobusis daZvrisas, mkveTri 
damuxruWebisas, marjvniv moxvevisas, marcxniv moxvevisas? 

7. cisternebSi benzinis zedapiris mdebareobis mixedviT daadgine, 
rogor moZraobs TiToeuli avtomobili (sur. 4.5, a_g). pasuxi daasabuTe.

a) b) g)

4.5

matareblis 
moZraobis 
mimarTuleba

4.4
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Zala fizikuri sididea. inerciis kanonis Tanaxmad, Tu sxeulze sxva 
sxeuli ar moqmedebs, maSin misi siCqare mudmivi sididea, e.i. sxeuli uZ­
ravia an moZraobs wrfivad da Tanabrad. sxeulis siCqaris Secvla Ses­
aZlebelia masze sxva sxeulis moqmedebiT. magaliTad, zRvis talRebis 
moqmedebiT icvleba mocuravis siCqare, fexis dartymiT _ burTis moZ­
raobis siCqare.

rodesac sxeulze moqmedebs sxva sxeuli, amboben, rom sxeulze mo­
qmedebs Zala an sxeulze modebulia Zala, e.i. sxeulis siCqare icvleba 
masze Zalis moqmedebiT. 

rodesac erTi sxeuli moqmedebs meoreze, meorec moqmedebs pirvel­
ze, e.i. sxeulebi urTierTqmedeben. 

Zala sxeulTa urTierTqmedebis raodenobrivi zomaa _ rac ufro 
didi ZaliT vimoqmedebT sxeulze, miT metad Seicvleba misi siCqare.

Zala veqtoruli sididea, amitom misi moqmedebis Sedegi damokide­
bulia rogorc ricxviT mniSvnelobaze, ise mimarTulebaze.

Zala aRiniSneba -iT, misi ricxviTi mniSvneloba (moduli) _ F-iT  
(imave asoTi isris gareSe).

SI sistemaSi Zalis erTeulia 1niutoni (1n). 
garda ricxviTi mniSvnelobisa da mimarTulebisa, Zala xasiaTdeba 

modebis wertiliTac. 

•• rogor imoZravebs burTi, Tu masze vimoqmedebT A wertilSi 
(sur. 4.6)?

•• rogor imoZravebs burTi, Tu iseTive ZaliT vimoqmedebT B 
wertilSi?

•• Seni varaudis siswore SegiZlia Seamowmo cdiT.

Zalis moqmedebis Sedegs gansazRvravs misi modebis wertilic.
Zalas gamosaxaven wrfis mimarTuli monakveTiT, romlis sawyisi 

wertili emTxveva Zalis modebis wertils, mimarTuleba ki _ Zalis mo­
qmedebis mimarTulebas (sur. 4.7).

Zala4.2.

4.6 Zalis moqmedebis 
Sedegi damokidebu­
lia Zalis modebis 
wertilze.

4.7

O

 O Zalis modebis 
wertilia.
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Zala SeiZleba aRiZras sxeulTa uSualo 
SexebiT, magaliTad, SejaxebiT (sur. 4.8), 
gaWimviT (sur. 4.9), SekumSviT (sur. 4.10) da sxv.

arsebobs Zalebi, romlebic aRiZvreba sx­
eulTa Sexebis gareSe. magaliTad, mizidvis 
Zala iwvevs sxeulTa vardnas dedamiwis zeda­
pirze, xelovnuri Tanamgzavrebisa da mTva­
ris moZraobas dedamiwis irgvliv, planetebis 
moZraobas mzis irgvliv, rkinis burTulis 
mizidvas magnitis mier da sxv.

Zalebis Sekreba. umravles SemTxvevaSi sx­
eulze moqmedebs ara erTi, aramed ramdenime 
Zala. aseT SemTxvevebSi sxeulze moqmedi Zalebi SeiZleba SevcvaloT 
erTi ZaliT _ tolqmedi ZaliT.

Zalas, romelic sxeulze iseTive moqmedebas axdens, rogorsac ram­
denime Zala erTad, am Zalebis tolqmedi ewodeba.

ramdenime Zalis tolqmedis povnas am Zalebis Sekreba ewodeba, Ses­
akreb Zalebs ki _ mdgeneli Zalebi. 

Tu sxeulze moqmed  Zalebs 
erTi da igive mimarTuleba aqvT (sur. 
4.11), maSin maTi tolqmedi  mimarTulia 
imave mxares, moduli ki tolia maTi mod­
ulebis jamisa:

F = F
1
+F

2

Tu sxeulze moqmed Zalebs urTierT­
sapirispiro mimarTuleba aqvT (sur. 
4.12), maSin maTi tolqmedi  mimarTulia 
didi Zalis mxares, tolqmedis moduli 
ki didi da mcire Zalebis modulebis sx­
vaobis tolia:

F = F
1
- F

2

Tu sxeulze moqmedebs toli da sa­
pirispirod mimarTuli Zalebi, maSin 
maTi tolqmedi nulis tolia (sur. 4.13): 

F = 0
aseT Zalebs mawonasworebeli Zalebi 

ewodeba.

4.9 4.10gaWimva SekumSva

4.8 Sejaxeba

4.12

4.13

4.11
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Zala aris fizikuri sidide, romliTac xasiaTdeba erTi sxeulis 
moqmedeba meoreze, ris Sedegadac icvleba sxeulis siCqare.

Zala veqtoruli sididea _ mas aqvs ricxviTi mniSvneloba, mimar­
Tuleba da modebis wertili.

Zalas, romelic sxeulze iseTive moqmedebas axdens, rogorsac ram­
denime Zala erTad, am Zalebis tolqmedi ewodeba.

sxeulze moqmed Zalebs, romlebic sididiT tolia da mimarTule­
biT sapirispiro, mawonasworebeli Zalebi ewodeba.

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1.  Zalis sidide 2n-ia (sur. 4.14). ra sididisaa  Zalebi? garda 
sididisa, kidev riT gansxvavdeba es Zalebi?

2. SearCie masStabi da veqtorebiT gamosaxe erTnairi mimarTulebis 
paraleluri Zalebi: 100n, 150n, da 200n.

3. grafikulad gamosaxe nebismieri mimarTulebis Zala, romlis si­
dide 5n-ia. imave masStabiT gamosaxe 2,5n da 10n sididis sapirispirod 
mimarTuli Zalebi.

4. sxeulis A wertilze modebulia horizontalurad marcxniv 
mimarTuli 3n Zala, B-ze _ vertikalurad zeviT mimarTuli 2n Zala, 
C-ze _ horizontalurad marjvniv mimarTuli 1n Zala (sur. 4.15). Sear­
Cie masStabi da gamosaxe es Zalebi grafikulad.

5. sxeulze modebulia erTi wrfis gaswvriv mimarTuli 4n da 7n Za­
lebi. ras udris maTi tolqmedi, Tu Zalebis mimarTuleba: a) Tanxvde­
nilia, b) sapirispiroa?

6. ra mimarTuleba unda hqondes 3n da 5n Zalebs, rom maTi tolqmedi 
iyos: a) 2n, b) 8n?

7. daasaxele magaliTebi, rodesac sxeulze ramdenime Zala moq­
medebs. Seasrule naxazebi da TiToeul SemTxvevaSi daadgine ZalTa 
tolqmedis mimarTuleba.

A
B

C

A
B

C

4.14 4.15
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•• ra moxdeba, Tu rezinis burTze vimoqmedebT garkveuli ZaliT? 
•• Seicvleba Tu ara burTis forma da zomebi?

deformacia. Zalis moqmedebiT SeiZleba Seicvalos ara marto sxe­
ulis, aramed misi calkeuli nawilebis siCqare. am SemTxvevaSi amboben, 
rom sxeuli deformirda.

sxeulis formisa da zomebis cvlilebas deformacia ewodeba.

drekadobis Zala. yovelgvari deforma­
ciis dros aRiZvreba Zala, romelic cdilobs 
sxeuls daubrunos sawyisi mdgomareoba. 

sxeulis deformaciis Sedegad aRZrul 
Zalas drekadobis Zala (F

dr
) ewodeba (sur. 

4.16).
sxeulis moqmedebiT zambaram ganica­

da deformacia, Sedegad aRiZra zambaris 
drekadobis Zala, romelic cdilobs zam­
baras daubrunos sawyisi mdgomareoba.

drekadobis Zalis moqmedebis Sewyvetis 
Semdeg zambara aRidgens formas.

drekadobis Zala aRiZvreba sxeulTa uSu­
alo kontaqtis dros.

drekadi da plastikuri sxeulebi. 
•• gaWime foladis zambara  da gauSvi 

xeli;
•• Zalis moqmedebis Sewyvetis Semdeg 

zambara daubrunda Tu ara sawyis md­
gomareobas? 

sxeuls, romelic deformaciis gamomwvevi Zalis moqmedebis Sewyve­
tis Semdeg aRidgens formasa da zomebs, drekadi sxeuli ewodeba. 

foladis zambara drekadi sxeulia.

•• plastilinis naWers daaWire TiTi da Sewyvite moqmedeba;
•• moqmedebis Sewyvetis Semdeg plastilini daubrunda Tu ara sawy­

is mdgomareobas? 

sxeuls, romelic deformaciis gamomwvevi Zalis moqmedebis Sewyve­
tis Semdeg veRar aRidgens formasa da zomebs, plastikuri sxeuli ewo­
deba. aseTi sxeulebia sveli Tixa, plastilinis naWeri da a.S. plasti­
kurobis gamo maTgan SeiZleba davamzadoT sxvadasxva formis sagnebi.

deformaciis qveS igulisxmeba gaWimva, SekumSva, Runva, grexa (sur. 
4.17 a-d) da sxv.

drekadobis Zala warmoiqmneba urTierTqmedi sxeulebis Sexebisas 
da, cxadia, deformirdeba orive sxeuli. 

drekadobis Zalis mimarTuleba. drekadobis Zala mimarTulia de­
formaciis gamomwvevi Zalis  sapirispirod (sur. 4.16).

drekadobis Zala4.3.

4.16  deforma­
ciis gamomwvevi 
Zalaa,  _ 
drekadobis 
Zala

dr
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drekadobis Zala Sexebis zedapiris marTobulia (sur. 4.18). Tu 
gaWimvis an SekumSvis Sedegad deformirdeba bagirebi an zambarebi, ma­
Sin drekadobis Zala mimarTulia maTi RerZebis gaswvriv (sur. 4.19).

a) b)

g) d)

4.17

gaWimva SekumSva

Runva grexa

4.18 drekadobis Zala 
Sexebis zedapir­
is marTobulia

4.19 drekadobis Zala 
mimarTulia ba­
giris an zambaris 
RerZis gaswvriv
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zambaraze moqmed Zalasa da zambaris wagrZelebas Soris 
kavSiris dadgena

resursebi. saxelmZRvanelo, samuSao rveuli, kalami, fanqari, 
sakidelze damagrebuli zambara, erTnairi masis tvirTebi, saxazavi.

•• gazome aradeformirebuli zambaris sigrZe l0 (sur. 4.20, a);
•• zambaraze dakide erTi tvirTi da gazome gaWimuli zambaris sig­

rZe l  (sur. 4.20, b);
•• gamoTvale zambaris sigrZis cvlileba formuliT:

•• Semdeg zambaraze dakide imave masis meore tvirTi (sur. 4.20,g);

•• kvlav gazome zambaris sigrZe da gamoTvale sigrZis cvlileba;
•• gazomvebisa da gamoTvlebis Sedegebi warmoadgine cxrilis sax­

iT;
•• gaaanalize cxrili da daadgine, 

rogor icvleba zambaris sigrZe 
masze moqmedi Zalis cvlilebi­
sas;

•• gaakeTe eqsperimentis prezen­
tacia.

cxadia, rac meti ZaliT vimoq­
medebT zambaraze, miT meti iqneba zam­
baraSi aRZruli drekadobis Zala. 

drekadobis Zalebis SeswavlaSi 
didi wvlili Seitana ingliselma mec­
nierma, robert hukma. 

 Zalis moqmedebiT sxeuli de­
formirdeba da masSi aRiZvreba sa­
pirispirod mimarTuli imave sididis 
drekadobis Zala (sur. 4.21).

a) b) g)

4.20

4.21
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hukma cdebis Sedegad daadgina, rom mcire deformaciisas de­
formirebul sxeulSi aRZruli drekadobis Zala proporciulia sxe­
ulis sigrZis cvlilebisa: 

es kanoni cnobilia hukis kanonis saxelwodebiT. igi marTebulia mx­
olod drekadi deformaciis SemTxvevaSi.

hukis kanonSi Dl sxeulis sigrZis cvlilebaa, k _ proporciulobis 
koeficienti, romelsac sixiste ewodeba. 

sixiste ricxobrivad tolia drekadobis Zalisa, romelic aRiZvre­
ba sxeulis sigrZis erTi erTeuliT cvlilebisas.

sixistis mniSvneloba damokidebulia sxeulis formaze, zomebsa da 
im masalaze, romlisganac damzadebulia es sxeuli.

formulaSi ` - ~ miuTiTebs imaze, rom drekadobis Zala mimarTulia 
sxeulis sigrZis cvlilebis sapirispirod.

hukis kanonidan SeiZleba davadginoT sixistis erTeuli.

SI sistemaSi sixistis erTeulia 1n/m.

sxeulis deformaciis Sedegad aRZrul Zalas drekadobis Zala ewo­
deba.

mcire deformaciisas deformirebul sxeulSi aRZruli drekado­
bis Zala proporciulia sxeulis sigrZis cvlilebisa: 

drekadobis Zala mimarTulia sxeulis sigrZis cvlilebis sapirisp­
irod.

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. 4.17, a-d suraTis mixedviT daadgine sxeulTa deformaciis mize­
zebi da aRwere Sedegebi TiToeul SemTxvevaSi. 

2. 2n Zalis moqmedebiT zambara 4sm-iT wagrZelda. ra ZaliT unda vi­
moqmedoT zambaraze, rom igi 6sm-iT wagrZeldes?

3. 4.22 suraTze mocemuli grafiki 
gamosaxavs rezinis zonaris wagrZe­
lebis damokidebulebas moqmed Zala­
ze. grafikis mixedviT gansazRvre ra 
Zalis moqmedebiT wagrZelda zonari 
4sm-iT? ramdeni santimetriT wagrZel­
da zonari 3n Zalis moqmedebiT? gansaz­
Rvre zonaris sixiste.

4. gamoTvale im zambaris sixis­
te, romelic 4n Zalis moqmedebisas 
wagrZelda 8sm-iT.

5. axseni sportis saxeobis _ batu­
tze xtomis movlena.

4.22
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•• Sen ukve ici, rogor izomeba zogierTi fizikuri sidide. gaixsene 
es sidideebi.

gavarkvioT rogor SeiZleba Zalis 
gazomva?

Zalis sazom xelsawyos warmoad­
gens dinamometri. `dinamius~ berZnu­
li sityvaa da niSnavs Zalas, `metreo~ 
_ vzomav.

dinamometris mowyobiloba da 
moqmedebis principi. dinamometris 
ZiriTadi nawilia foladis zambara, 
romelsac, xelsawyos daniSnulebis 
mixedviT, aZleven sxvadasxva formas.

umartivesi dinamometri Sedgeba 
plastmasis an xis firfitaze damagre­
buli maCvenebliani zambarisa da ska­
lisagan (sur. 4.23).

dinamometris skalis dagraduire­
ba Zneli ar aris. amisaTvis sakmarisia 
davadginoT, rogor wagrZeldeba zam­
bara sxvadasxva Zalis moqmedebiT. zambaris aradeformirebuli mdgo­
mareobisas dinamometris maCveneblis (isris) mdebareoba Seesabameba 
nulovan danayofs. Semdeg zambaraze kideben tvirTs. zambara iWimeba da 
maCvenebeli qveviT gadaadgildeba (sur. 4.24). zambaraze kideben imave 
masis meore tvirTs, Semdeg _ mesames da a.S. maCveneblis mdebareobebis 
moniSvniT iReben skalas.

arsebobs sxvadasxva saxis dinamometri: sademonstracio, xelis 
dinamometri _ Zalsazomi, romelic zomavs xelis kunTebis Zalas; we­
vis dinamometri,  romelic zomavs did Zalebs,  magaliTad,  traqtoris 
an avtomobilis wevis Zalas (sur. 4.25) da sxv.

dinamometri4.4.

4.23 4.24

4.25 dinamometrebi
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dinamometris moqmedeba dafuZnebulia gasazomi Zalisa da zambara­
Si aRZruli drekadobis Zalis gawonasworebaze. vTqvaT, gvainteresebs 
im Zalis sidide, romliTac garkveuli masis tvirTi moqmedebs dina­
mometris zambaraze. tvirTi davkidoT dinamometrze, zambara gaiWime­
ba. masSi aRiZvreba drekadobis Zala. cxadia, drekadobisa da gasazomi 
Zalis sidideebi tolia. 

dinamometri gviCvenebs TiToeuli am Zalis sidides.
ganxilul SemTxvevaSi gasazomi Zala da zambaraSi aRZruli dre­

kadobis Zala mawonasworebeli Zalebia.
Sen ukve ici dinamometris mowyobiloba da moqmedebis principi. 

Seecade, Tavad daamzado es xelsawyo.

dinamometris damzadeba

resursebi. saxelmZRvanelo, samuSao rveuli, kalami, fanqari, saxa­
zavi, plastmasis an xis firfita (marTkuTxedis formis), TeTri qaRal­
di, zambara kauWiani boloebiT, 100g masis sawonebi.

•• am resursebis gamoyenebiT Seadgine samuSaos gegma;
•• aRwere, rogor daamzadeb dinamometris skalas.
•• gaakeTe samuSaos prezentacia.

miTiTeba: zambaraze TanmimdevrobiT dakide 100g, 200g, 300g, 400g 
masis tvirTebi. CaTvale, rom 100g masis sawoni zambaraze moqmedebs 1n 
ZaliT, 200g masis sawoni _ 2n ZaliT da a.S. 

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. horizontalur zedapirze moZ­
rav sxeulze moqmedebs simZimis Zala, 
zedapiris drekadobis Zala, wevis 
Zala, xaxunis Zala  (sur. 4.26). rogoria 
sxeulis moZraoba? pasuxi daasabuTe.

2. ra daniSnuleba aqvs 4.27 sura­
Tze warmodgenil dinamometrs?

3. 120n Zalis moqmedebiT dina­
mometris zambara wagrZelda 12mm-iT. 
gamoTvale zambaris sixiste.

4. dinamometris zambaris sixistea 
50000n/m. zambaris zRvruli wagrZele­
ba, romlis drosac igi inarCunebs 
drekad Tvisebebs, aris 16mm. SeinarCu­
nebs Tu ara zambara drekad Tvisebebs, 
Tu masze vimoqmedebT: a) 70n ZaliT; b) 
90n ZaliT?

5. 400n Zalis moqmedebiT dinamome­
tris zambaris wagrZeleba 2sm-ia. ram­
deni santimetriT wagrZeldeba zamba­
ra 100n Zalis moqmedebiT? ras udris 
zambaris sixiste?4.27

4.26
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ratom vardebian sxeulebi dedamiwaze (sur. 4.28)?
•• ratom moZraobs mTvare an Tanamgzavri dedamiwis irgvliv (sur. 

4.29)? planetebi _ mzis irgvliv?

simZimis Zala. bunebaSi erT-
erTi yvelaze gavrcelebuli moZ­
raoba sxeulTa vardnaa. nebismieri 
mimarTulebiT gasrolili sxeuli 
garkveuli drois Semdeg vardeba 
dedamiwaze (sur. 4.30). amis mizezia 
dedamiwis miziduloba. amave mizez­
iT moZraobs mTvare da dedamiwis 
xelovnuri Tanamgzavrebi dedami­
wis irgvliv.

niutonma daadgina, rom dedami­
wa izidavs nebismier sxeuls: wvimis 
wveTebsa da Tovlis fifqebs, ada­
mianebs, mcenareebsa da cxovelebs, 
Senoba-nagebobebs, wyals mdinaree­
bSi, zRvebsa da okeaneebSi da sxv.

Zalas, romliTac dedamiwa 
izidavs sxeuls, simZimis Zala ewo­
deba.

simZimis Zala mimarTulia ver­
tikalurad qveviT dedamiwis cen­
trisken. igi aRiniSneba -iT (sur. 
4.31). 

simZimis centri. sxeulze moqme­
di simZimis Zalis modebis wertils 
sxeulis simZimis centri ewode­
ba. geometriuli formis erTgva­
rovani sxeulis simZimis centri mis 
geometriul centrSia (sur. 4.32).

simZimis Zala. sxeulis wona4.5.

4.28 sxuli vardeba dedami­
waze

4.29 Tanamgzavri moZraobs 
dedamiwis irgvliv

4.30

4.31 simZimis Zala mimar­
Tulia dedamiwis 
centrisken
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simZimis Zala moqmedebs sxeulze, amitom, cxadia, igi modebulia Ta­
vad sxeulze.

simZimis Zalis gamoTvla. mravali cdisa da dakvirvebis Sedegad 
dadgenilia, rom simZimis Zalis Sefardeba sxeulis masasTan yvela sxe­
ulisaTvis mudmivi sididea. igi aRiniSneba g (,,Je”) asoTi:

•• g-s ricxviTi mniSvnelobis dasadgenad dinamometrze 
dakide 1kg masis sxeuli. dinamometris Cveneba iqneba 
9,8n (sur. 4.33). 

es niSnavs, rom 1kg masis sxeuls dedamiwa izidavs 
9,8n ZaliT, amitom

g = 9,8n/kg.
amocanaTa amoxsnisas, rodesac saWiro ar aris didi 

sizuste, SeiZleba CavTvaloT, rom 
g = 10n/kg.

simZimis Zala gamoiTvleba formuliT:
F

s
 = mg

sxeulis wona. yoveldRiur cxovrebaSi xSirad vx­
vdebiT wonis cnebas. gavarkvioT ra sididea wona. 

•• rogor moqmedebs tanmovarjiSe sayrdenze?
•• deformirdeba Tu ara sayrdeni?

dedamiwis mizidulobis gamo, nebismieri sxeuli 
sayrdens awveba garkveuli ZaliT. am Zalas sxeulis wo­
nas uwodeben. amgvarad, sxeuli sayrdenze moqmedebs Ta­
visi woniT.

sxeuli moqmedebs sakidelzec (Tokze, zambaraze da sxv.) _ Tavisi 
woniT Wimavs sakidels (sur. 4.33).

sxeulis wona veqtoruli sididea, misi aRniSvnaa .
Tu sxeuli da sayrdeni an sakideli dedamiwis mimarT uZravia an moZ­

raobs horizontalurad wrfivad da Tanabrad, maSin wonisa da simZimis 
Zalis ricxviTi mniSvnelobebi tolia:

P = F
s
 = mg 

amgvarad, sxeulis wona aris Zala, romliTac, dedamiwis mizidulo­
bis gamo, sxeuli moqmedebs sayrdenze an sakidelze.                                          

simZimis Zala moqmedebs sxeulze, amitom igi modebulia Tavad sxe­
ulze, wona ki modebulia sayrdenze an sakidelze, romelzec es sxeuli 
moqmedebs (sur. 4.34, a,b).

4.32 simZimis Zalis modebis wertili sxeulis simZi­
mis centria

4.33

9,8n

1kg
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simZimis Zala aRiZvreba dedamiwisa da sxeulis urTierTqmedebis 
Sedegad, sxeulis wona ki _ sxeulisa da sayrdenis an sxeulisa da 
sakidelis urTierTqmedebis Sedegad.

sxeulis wona aris Zala, romliTac, dedamiwis mizidulobis gamo, sx­
euli moqmedebs sayrdenze an sakidelze. 

simZimis Zala modebulia sxeulze, wona ki _ sayrdenze an sakidelze.

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. ra ZaliT izidavs dedamiwa 40kg masis sxeuls?
2. SearCie masStabi da gamosaxe 

grafikulad TiToeul sxeulze mo­
qmedi simZimis Zala da sxeulis wona 
(sur. 4.35).

3. Seadare 5kg da 500g masis sx­
eulebze moqmedi simZimis Zalebi. 
SearCie masStabi da gamosaxe es Za­
lebi grafikulad.

4. mTvaris zedapirze 1kg masis sx­
eulze moqmedebs 1,62n simZimis Zala. 
rogor Seicvleba am sxeulze moqme­
di simZimis Zala dedamiwis zedapir­
ze?

5. gamoTvale dedamiwis mimarT 
uZravi sxeulis wona, romlis masaa: 
3kg, 500g, 1,2t.

6. ra masa aqvs sxeuls, romelic 
uZrav sayrdens awveba 40n ZaliT?

7. gansazRvre 1l mzesumziris ze­
Tis wona, Tu misi simkvrivea 930kg/m3.

8. 4.36 suraTze mocemulia sxe­
ulze moqmedi simZimis Zala. daxaze 
wonis veqtori. ras udris sxeulis 
masa?

a) b)4.34

4kg
2kg

1kg

4.35

4.36
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xaxunis Zala4.6.

•• Seni azriT,  ratom Wirs molipul gzaze siaruli?
•• ra iwvevs manqanis saburavebisa da sxva nawilebis cveTas?
•• Zravis gamorTvis Semdeg ra aris avtomobilis siCqaris Semci­

rebisa da gaCerebis mizezi?

simZimisa da drekadobis Zalebis garda, meqanikaSi ganixileba xaxu­
nis Zala. 

xaxunis Zala aRiZvreba sxeulTa uSualo Sexebisas. rodesac erTi 
sxeuli moZraobs meoris zedapirze, xaxunis Zala xels uSlis am moZ­
raobas. 

Zalas, romelic aRiZvreba ori urTierTSemxebi sxeulis erTmane­
Tis mimarT moZraobisas, xaxunis Zala ewodeba.

xaxunis Zala mimarTulia sxeulTa Sexebis zedapirebis gaswvriv 
(sur. 4.37, a), igi aRiniSneba -iT.

xaxunis Zalebis warmoSobis mizezi sxeulTa Sexebis zedapir­
ebis simqisea (uswormasworoba, xorklianoba). rogori gluvic unda 
mogveCvenos sxeuli, misi zedapiri mainc uswormasworoa, rac iwvevs 
sxeulis moZraobis Semaferxebeli Zalis warmoqmnas. 4.37, b suraTze 
naCvenebia sxeulTa Sexebis adgili gadidebuli masStabiT.

uZraobis xaxunis Zala. xaxuni vlindeba im SemTxvevaSic, rodesac 
vcdilobT sxeulis adgilidan daZvras.

xaxunis Zalis gansazRvra SesaZlebelia dinamometris gamoyenebiT. 

dakvirveba uZraobis xaxunis Zalaze

resursebi: saxelmZRvanelo, samuSao rveuli, kalami, fanqari, 
kauWiani Zelaki, dinamometri.

•• horizontalur zedapirze moaT­
avse Zelaki da mis erT boloze miam­
agre dinamometri;
•• dinamometri gaWime da daakvirdi 

mis Cvenebas (sur. 4.38);
•• Zelakze moqmedi Zala TandaTan 

4.37

a) b)

xaxunis Zala ewinaaRmdegeba 
urTierTSemxebi sxeulebis moZ­
raobas erTmaneTis mimarT

xaxunis Zalis warmoSo­
bis mizezi Sexebis zeda­
pirebis simqisea

4.38
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gazarde ise, rom sxeuli darCes uZravi;
•• rogor icvleba dinamometris Cveneba?
•• Seni azriT, ras niSnavs es? icvleba Tu ara xaxunis Zalis sidide?
•• gaaanalize eqsperimenti da gamoitane daskvna.

Tu Zalis moqmedebis Sedegad sxeuli darCa uZrav mdgomareobaSi, es 
niSnavs, rom aRiZra sxeulze moqmedi Zalis sididis toli da sapirispi­
rod mimarTuli Zala. am Zalas uZraobis xaxunis Zala ewodeba. 

uZraobis xaxunis Zala ewinaaRmdegeba sxeulis amoZravebas. sxeul­
ze moqmedi Zalis gazrdisas xaxunis Zalac izrdeba (sur.4.39, a,b).

xaxuni bunebasa da teqnikaSi. xaxunis Zala yovelTvis Tan axlavs 
sxeulTa moZraobas. xaxuni SeiZleba 
iyos sasargebloc da sazianoc. zog Sem­
TxvevaSi es Zala amuxruWebs sxeulis 
moZraobas, zog SemTxvevaSi ki am Zalis 
gareSe moZraoba SeuZlebelia. 

xaxuni rom ar arsebobdes, Cven sia­
ruls ver SevZlebdiT, adgilidan ver 
daiZvreboda avtomobili, SeuZlebeli 
iqneboda sagnebis xelSi daWera. xax­
unis gasazrdelad molipul gzebze 
yrian qviSas,  avtomobilis saburave­
bze axveven jaWvebs (sur. 4.40). xaxuni 
aucilebelia saavtomobilo da sax­
meleTo transportis samuxruWe siste­
mebSi. 

xaxuni SeiZleba iyos sazianoc. igi 
aferxebs sxeulTa moZraobas, iwvevs meqanizmebis moZravi nawilebis 
gaxurebasa da gacveTas. am SemTxvevaSi cdiloben xaxunis Semcirebas, 
risTvisac iyeneben sapox zeTebs. manqanebis konstruqciisas aucile­
blad iTvaliswineben dasazeT sistemebs.

Zalas, romelic aRiZvreba ori urTierTSemxebi sxeulis erTmane­
Tis mimarT moZraobisas, xaxunis Zala ewodeba.

10n

12n

10n

12n

a) uZraobis xaxunis Zala ewi­
naaRmdegeba sxeulis amoZ­
ravebas

b) sxeulze moqmedi Zalis 
gazrdiT uZraobis xaxunis 
Zalac izrdeba

4.39

4.40 molipul gzebze moZ­
raobisas avtomobilis 
saburavebze axveven 
jaWvebs
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? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. rogor Seicvleba sxeulze moqmedi uZraobis xaxunis Zala, Tu 
dinamometris Cveneba Seicvala 0-dan 10n-mde (sur. 4.39, a)? 

2. SesaZlebelia Tu ara, Zravis gamorTvis Semdeg avtomobilma 
Tanabrad imoZraos horizontalur gzaze? pasuxi daasabuTe.

3. RerZze an rgolebze varjiSis win tanmovarjiSe xelisgulebze is­
vams specialur fxvnils. ra mizniT akeTebs amas tanmovarjiSe?

4. rogori zedapiri aqvs avtomobilis, motocikletis, velosipedis 
saburavebs (sur. 4.41)? ra mizani aqvs aseTi saburavebis damzadebas?

moiZie informacia internetSi, samecniero literaturaSi da 
moamzade Tema: ,,sasargeblo da saziano xaxuni~.

4.41

srialis xaxunis Zala. cdebi adasturebs, rom sxeulze moqmedi Za­
lisa zrdisas uZraobis xaxunis Zalac izrdeba da maqsimalur mniSvn­
elobas aRwevs im momentSi, rodesac sxeuli iwyebs srials.

am momentidan sxeulze moqmedebs srialis xaxunis Zala. 

resursebi: saxelmZRvanelo, samuSao rveuli, kalami, fanqari, toli 
masis Zelakebi (maT Soris erTi _ kauWiani), dinamometri, saswori.

I. dakvirveba srialis xaxunis Zalaze

•• horizontalur zedapirze moaTavse kauWiani Zelaki; 

mSrali da sveli xaxuni4.7.
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•• Zelakze miamagre dinamometri (sur. 4.42);

•• TandaTan gaWime dinamometri ise, rom sxeulma daiwyos moZrao­
ba. Seecade, rom sxeulis moZraoba iyos Tanabari;

•• daakvirdi, icvleba Tu ara dinamometris Cveneba?
•• Seicvleba Tu ara srialis xaxunis Zalis sidide?
•• gaaanalize eqsperimenti da gamoitane daskvna.

II. xaxunis Zalasa da sxeulis simZimis Zalas Soris 
damokidebulebis dadgena

•• daadgine dinamometris danayofis fasi da Zelakebis masebi;
•• horizontalur zedapirze moaTavse kauWiani Zelaki da dina­

mometris saSualebiT gazome Zelaksa da zedapirs Soris srialis 
xaxunis Zalis mniSvneloba;

•• Zelakze moaTavse meore Zelaki da kvlav gazome srialis xaxunis 
Zala;

•• cda gaimeore sami Zelakis SemTxvevaSic;
•• gazomvebis Sedegebi warmoadgine cxrilis saxiT;
•• cxrilis analizis safuZvelze daadgine damokidebuleba xaxu­

nis Zalasa da simZimis Zalas Soris.

eqsperimentis safuZvelze daadgen, rom, rac metia sxeulze moq­
medi simZimis Zala, miT metia srialis xaxunis Zala _ srialis xaxunis 
Zala simZimis Zalis proporciulia, amitom srialis xaxunis Zalis Se­
fardeba simZimis ZalasTan mudmivi sididea. am Sefardebas xaxunis koe­
ficients uwodeben. 

xaxunis koeficientis aRniSvnaa m (`miu~):

saidanac

amgvarad, horizontalur zedapirze moZrav sxeulze moqmedebs 
srialis xaxunis Zala, romelic sxeulis simZimis Zalis proporciulia.

xaxunis koeficienti axasiaTebs ara erT, aramed orive moxaxune sxe­
uls. misi mniSvneloba damokidebulia masalaze, romlisganac damzade­
bulia Semxebi sxeulebi. magaliTad, xis xeze xaxunis koeficientia 0,25; 
foladis foladze _ 0,20; foladis yinulze _ 0,02 da a.S.

garda amisa, xaxunis koeficientis mniSvneloba damokidebulia 
zedapiris damuSavebis xarisxze da zedapirebis SezeTvaze.

srialis xaxunis Zala ar aris damokidebuli moxaxune sxeulebis 
Sexebis zedapiris farTobze. amis damtkiceba Zneli ar aris. Tu Cat­
arebul eqsperiments gaimeoreb ise, rom magidaze moaTavseb Zels sxva­

srialis
xaxunis

Zala

4.42
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dasxva farTobis waxnagebiT, dinamometris Cveneba yvela SemTxvevaSi 
erTnairi iqneba.

gorvis xaxunis Zala. erTi sxeulis zedapirze meore sxeulis gor­
visas aRiZvreba gorvis xaxunis Zala. magaliTad, gzatkecilze moZrao­
bisas avtomobilis saburavebsa da gzatkecils Soris aRiZvreba gorvis 
xaxuni.

dakvirveba gorvis xaxunis Zalaze

resursebi: saxelmZRvanelo, samuSao rveuli, kalami, fanqari, 
kauWiani Zelaki, patara borblebi, dinamometri, saswori.

•• horizontalur zedapir­
ze moaTavse kauWiani Zelaki da 
masze miamagre dinamometri. 
dinamometri gaWime da Seecade, 
rom Zelakma imoZraos Tanabrad. 
CaniSne dinamometris Cveneba;
•• Semdeg Zelakze miamagre 

borblebi da Zelaki kvlav amoZ­
rave Tanabrad;

•• Seadare dinamometris Cvenebebi (sur. 4.43); 
•• ras amCnev, Tanabar pirobebSi gorvis xaxunis Zala metia Tu nak­

lebi srialis xaxunis Zalaze? 
•• eqsperimentis Sedegebis safuZvelze daadgine borblis mniSvn­

eloba.
gorvis xaxuni vlindeba avtomobilebis,  matareblebis, velo­

sipedebis urikebis, kasrebis, morebis moZraobisas.
adamiani uxsovari droidan iyenebs borbals _ avtomobiliT an 

matarebliT tvirTebis gadazidva SesaZlebelia mcire wevis ZaliT.
uZraobis, srialisa da gorvis xaxuni aRiZvreba myari sxeulebis 

Sexebisas, amitom maT mSral xaxuns uwodeben.
sveli xaxuni. 
•• ratomaa navis amoZraveba wyalSi gacilebiT advili, vidre xmele­

Tze?
sxeulis moZraobisas siTxeSi, an airSi aRiZvreba sveli xaxunis anu 

winaaRmdegobis Zala. es Zala aRiZvreba maSinac, rodesac erTmaneTis 
mimarT moZraoben siTxis an airis fenebi. 

sveli xaxunis Zala gacilebiT naklebia mSrali xaxunis Zalaze, amis 
gamoa, rom siTxesa da airSi sxeulis amoZraveba SesaZlebelia mcire Za­
liTac. 

a) b) g)

> >4.44 garsedini formis sxeulze moqmedi  winaaRmdegobis 
Zala umciresia

4.43 gorvis xaxuni
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winaaRmdegobis Zala mcirea garsedini 
formis (wveTis formis) sxeulebisaTvis.

4.44-e suraTze naCvenebia erTnairi 
siCqariT moZrav sxvadasxva formis sx­
eulze moqmedi winaaRmdegobis Zalebi. 
garsedini formis sxeulze moqmedi wi­
naaRmdegobis Zala umciresia:

bunebrivi garsedini forma aqvT Te­
vzebs, frinvelebs. aseT formas aZleven 
TviTmfrinavebs, gemebs, navebs da sxv. 

zogjer saWiroa winaaRmdegobis Za­
lis gazrda. magaliTad, paraSuts aZlev­
en iseT formas, rom winaaRmdegobis Zala 
iyos didi (sur. 4.45). 

horizontalur zedapirze moZrav sxeulze moqmedebs srialis 
xaxunis Zala, romelic sxeulis simZimis Zalis proporciulia.

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1.	 sxeuli moZraobs  Zalis moqmedebiT (sur. 4.46, a,b). ra mimar­
Tuleba aqvs sxeulze moqmed xaxunis Zalas? 

2.	 50n Zalis moqmedebiT horizontalur zedapirze Tanabrad moZ­
raobs 10kg masis sxeuli. gamoTvale xaxunis koeficienti zedapirsa da 
sxeuls Soris.

3. 50 kg masis mocigurave srialebs yinulze, romlis zedapirTan 
xaxunis koeficienti 0,02-ia. gansazRvreT xaxunis Zala.

4. 200n horizontaluri Zalis moqmedebiT betonis iatakze Tanabrad 
gadaaadgileben yuTs. gamoTvale yuTis masa, Tu yuTsa da iataks Soris 
xaxunis koeficienti 0,25-ia.

4.45 zogjer saWiroa 
winaaRmdegobis 
gazrda

4.46



I. Seavse an daasrule winadadeba:

1. Tu sxeulze sxva sxeuli ar moqmedebs, maSin igi uZravia an . . . 
2. Tu sxeuli moZraobs . . . , maSin masze moqmedi Zalebis tolqmedi 

nulis tolia;
3. sxeulis deformaciis Sedegad aRiZvreba . . . 
4. mcire deformaciisas sxeulSi aRZruli . . . proporciulia . . . 
5. sxeulTa uSualo Sexebisas aRiZvreba . . .

II. marTebulia Tu ara mtkicebebi:

1.	 Tu sxeulze sxva sxeuli ar moqmedebs, igi SeiZleba iyos mxolod 
uZrav mdgomareobaSi.

a) diax;    b)ara.
2.	 Tu sxeulze sxva sxeuli ar moqmedebs, igi uZravia an moZraobs 

wrfivad da Tanabrad.
a) diax;    b)ara.
3.	 ori sxeulis urTierTqmedebisas icvleba orive sxeulis siCqare.
a) diax;    b)ara.
4.	 sxeulis siCqare icvleba masze sxva sxeulis moqmedebiT.
a) diax;    b)ara.
5.	 drekadobis Zala aRiZvreba mxolod sxeulis gaWimvis an Sekum­

Svisas.
a) diax;    b)ara.
6. nebismier sxeulze moqmedebs simZimis Zala.
a) diax;    b)ara.
7.	 sxeulis wona aris Zala, romliTac dedamiwa izidavs am sxeuls.
a) diax;    b)ara.
8.	 Zalis moqmedebis Sedegi damokidebulia mxolod Zalis sidideze.     
a) diax;    b)ara.
9.	 uZraobis xaxunis Zala metia srialis xaxunis Zalaze.
a) diax;    b)ara.
10.	sxeulze moqmedi Zalebi SeiZleba SevcvaloT tolqmediT _ Za­

liT, romelic sxeulze iseve moqmedebs, rogorc yvela Zala erTad.
a) diax;    b)ara.

III. romelia swori pasuxi?

1.	 10kg masis sxeulze moqmedi simZimis Zalaa:
   a) 10n; 
   b) 98n; 
   g) 9,8n. 
  
2.	 Tu sxeulze moqmedi simZimis Zala 9,8n-ia, maSin am sxeulis masaa:
a) 10kg; 
b) 9,8kg; 
g) 1kg. 
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3. Tu wrfivad da Tanabrad moZrav 50kg masis sxeulze moqmedi we­
vis Zala 100n-ia, maSin sxeulsa da zedapirs Soris xaxunis koeficienti 
iqneba:

a) 0,5;  
b) 0,2; 
g) 0,25.
4. Tu zambaris wagrZeleba 2-jer gaizarda, maSin misi sixiste
a) gaizrdeba 2-jer; b) Semcirdeba 2-jer; g) ar Seicvleba.

IV. upasuxe kiTxvebs:

1. romel wertilebzea modebuli 
sxeulis wona? simZimis Zala (sur. 4.47, 
a,b)?

2. 10n Zalis moqmedebiT zambara 
wagrZelda 2sm-iT. ra ZaliT unda vi­
moqmedoT zambaraze, rom igi 3sm-iT 
wagrZeldes?

3. zambaraze dakides 4sm3 moculo­
bis rkinis burTula, ris gamoc zambara 
wagrZelda 2sm-iT. gamoTvale zambaraSi 
aRZruli drekadobis Zala da zambaris 
sixiste.

4.  Zalis moqmedebiT sxeuli moZ­
raobs Tanabrad (sur. 4.48). ras udris 
sxeulze moqmedi xaxunis Zala da sxe­
ulis masa, Tu xaxunis koeficienti 0,25-
ia. 

5. ras udris 20n Zalis erTi mdgene­
li, Tu meore _ 25n-ia? ra mimarTuleba 
aqvs mdgenel Zalebs?

6. 4.49 suraTze mocemulia zambare­
bze moqmed Zalasa da maT wagrZelebas 
Soris damokidebulebis diagrama. rom­
eli wertili Seesabameba maqsimaluri 
sixistis zambaras?

7. 4.50 suraTze mocemulia sxvadasxva sixistis ori zambarisaTvis 
drekadobis Zalis damokidebuleba wagrZelebaze. Seadare zambarebis 
sixisteebi.

A D

B O

C
K

a) b)

4.47

masStabi: 2n

4.48

93
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V Tavi

w n e v a

am Tavis Seswavlis Semdeg Sen SeZleb:

•• airebsa da siTxeebSi wnevis ganawilebis Tavise-
burebebis eqsperimentulad dadgenas da dak-
virvebis Sedegebis ganzogadebas. problemaze da-
fuZnebuli amocanebis gadaWras; 

•• wnevis rolis Sefasebas bunebasa da yofa-cxovre-
baSi;

•• airebsa da siTxeebSi wnevis moqmedebis princi-
pebis codnis dakavSirebas sxvadasxva profesias-
Tan/saqmianobis sferosTan.
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wneva5.1.

Zala aris fizikuri sidide, romliTac xasiaTdeba erTi sxeulis mo-
qmedeba meoreze.

•• WikartiT SeiZleba ufro Zlier vimoqmedoT zedapirze, vidre 
traqtori moqmedebs dedamiwaze. ra SeiZleba iyos amis mizezi?

•• ratom aris TovlSi fexsacmliT siaruli Zneli, TxilamurebiT 
ki _ advili (sur. 5.1)?

•• ratom Wris galesili dana ukeT, vidre gasalesi?
•• ratom aris qsovilis Sekerva wvetiani nemsiT ufro advili, vi-

dre blagviT?
•• ratom amzadeben satvirTo avtomobilis saburavebs ufro ga-

niers, vidre msubuqisas (sur.5.2)?

•• Seni azriT, razea damokidebuli Zalis moqmedebis Sedegi?
wneva sayrden zedapirze. Zalis moqmedebis Sedegi damokidebulia 

aramxolod Zalis sidideze, mimarTulebasa da modebis wertilze, ar-
amed im zedapiris  farTobzec, romelzec es Zala moqmedebs. rac nak-
lebia Sexebis zedapiris farTobi,  miT metia am farTobze Zalis moq-
medebis Sedegi. zedapirze Zalis moqmedebis Sedegi aris wneva.

wneva aris fizikuri sidide, romelic tolia zedapiris marTobu-
lad moqmedi Zalis Sefardebisa am zedapiris farTobTan:

5.1
TovlSi fexsacmliT siaruli Znelia 
TxilamurebiT ki _ advili

satvirTo avtomobilis saburavebi ufro ganieria, vidre 
msubuqisa

5.2
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sadac  P  wnevaa, S _ farTobi,  F ki _ zedapiris marTobulad moqmedi 
Zalis moduli.

zedapiris marTobulad moqmed Zalas wnevis Zala ewodeba.
wnevis erTeuli. davadginoT wnevis erTeuli. wnevis gamosaTvleli 

formulidan

SI sistemaSi Zalis erTeulia 1n, farTobis _ 1m2, amitom wnevis er-
Teuli iqneba 1n/m2. am erTeuls ewodeba paskali (pa) frangi mecnieris, 
blez paskalis pativsacemad:

1pa aris wneva, romelsac awarmoebs zedapiris marTobuli 1n Zala 
1m2 farTobze.

wnevis gamoTvla
 resursebi: saxelmZRvanelo, samuSao rveuli, kalami, fanqari, 

aguri, saswori, saxazavi.
•• awone aguri;
•• gazome aguris sigrZe, sigane da simaRle;
•• gamoTvale aguris TiToeuli waxnagis farTobi;
•• gamoTvale aguris wneva sxvadasxva mdebareobaSi (sur.5.3, a-g);

•• Seadgine cxrili;
•• gazomvebisa da gamoTvlebis Sedegebi warmoadgine cxrilis sax-

iT; 
•• gaaanalize Sedegebi da daadgine, rogor icvleba erTi da imave 

Zalis mier warmoebuli wneva zedapiris farTobis cvlilebisas;
•• gaakeTe samuSaos prezentacia.

adamianis praqtikuli saqmianobidan gamomdinare, xSirad saWiroa 
wnevis Secvla.

•• moifiqre aseTi magaliTebi. isargeble wnevis gamosaTvleli 
formuliT da daadgine, rogor SeiZleba wnevis gazrda an Semci-
reba.

wneva aris fizikuri sidide, romelic tolia zedapiris marTobu-
lad moqmedi Zalis Sefardebisa am zedapiris farTobTan:

a) b) g)

5.3
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? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. ratom aqvs traqtorebsa da tankebs didi farTobis muxluxebi?
2. ratom lesaven mWrel iaraRebs _ danas, makratels, xerxs?
3. ratom ageben rkinigzis relsebs Spalebze?
4. nemsis Cxvletisas vqmniT daaxloebiT 100000000pa wnevas. rogor 

axsni am movlenas?
5.	 ratomaa rgolze cali xeliT Camokideba ufro mtkivneuli, vi-

dre oriveTi?
6.	 Seadare wnevebi: 10kn/m2, 100n/sm2, 1000pa.
7.	 ra wnevas awarmoebs 500n wonis gogona iatakze dgomisas, Tu misi 

erTi fexsacmlis lanCis farTobi 60sm2-ia? rogor Seicvleba wneva, Tu 
gogona daiwyebs siaruls? pasuxi daasabuTe.

8.	 sayrdenze moTavsebuli sawonebidan romeli awarmoebs met wne-
vas (sur. 5.4, a,b)? ratom?

9.	 ra udidesi da umciresi wneva SeiZleba 
awarmoos aluminis Zelma, romlis zomebia 
5smx10smx15sm. Seasrule naxati.

10. diagramaze mocemulia zedapiris mar-
Tobulad moqmed Zalasa da zedapiris far-
Tobs Soris damokidebuleba (sur. 5.5). rom-
eli wertili Seesabameba: a) wnevis maqsimalur 
mniSvnelobas, b) wnevis minimalur mniSvnelo-
bas? 

eqsperimentuli davaleba. gamoTvale wne-
va, romelsac awarmoeb iatakze dgomisas. aR-
were eqsperimentis Tanmimdevroba.

amocanaTa amoxsnis nimuSi! amocanaTa amoxsnis nimuSi

amocana
satvirTo avtomobilis masaa 8t. ramdenjer gaizrdeba avtomobi-

lis wneva dedamiwis zedapirze, Tu mas datvirTaven 4t saamSeneblo ma-
saliT?

amoxsna        
Tavdapirvelad avtomobili Tavisi woniT moqmedebs 

dedamiwis zedapirze da awarmoebs wnevas:

 
sadac m1g avtomobilis wonaa, S ki _ misi saburavebis 

dedamiwis zedapirTan Sexebis farTobi.

2kg
2kg

a) b)

5.4

S0

1

3

2

4

F

5.5

 _ ?

m1 = 8t;
m2 = 4t.

 moc.: 
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datvirTvis Semdeg avtomobilis wona gaxdeba  amitom 
gaizrdeba mis mier warmoebuli wnevac:

am tolobebis SedarebiT miviRebT:

pasuxi: wneva gaizrdeba 1,5-jer.

•• daaWire xeli plastilins an sqeli rezinis naWers. gaixsene myari 
sxeulis Semadgenel nawilakTa urTierTganlageba, maTi urT-
ierTqmedebis xasiaTi da gamoTqvi varaudi, ra mimarTulebiT ga-
daecema xelis daWerisas warmoebuli wneva?

•• ra mimarTulebiT gadaecema wneva dabarvisas (sur.5.6), daniT 
daWrisas (sur. 5.7)? 

wnevis gadacema myari sxeulis mier. myari sxeulis Tvisebaa, masze 
warmoebuli wneva gadasces Zalis moqmedebis mimarTulebiT. amis mize-
zia sxeulis Semadgenel nawilakTa urTierTqmedeba. sxeulis SekumSvis an 
gaWimvisas mis Semadgenel nawilakebs Soris aRiZvreba drekadobis Zalebi. 
es Zalebi mimarTulia wnevis Zalis (deformaciis gamomwvevi Zalis) gas-
wvriv, radgan praqtikulad mxolod am mimarTulebiT icvleba nawilakebs 
Soris manZilebi (sur. 5.8).

wnevis gadacema siTxis an airis mier. sruliad sxvagvarad gadaecema 
wneva siTxeebsa da airebSi. 

minis WurWliT siTxis gadatanisas did sifrTxiles iCenen, radgan 

wnevis gadacema myari sxeulis, 
siTxisa da airis mier5.2.

5.6 5.7

5.8 wneva gadaecema Zalis moqmedebis mimarTulebiT
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mcire Sejaxebamac ki SeiZleba gamoiwvios 
WurWlis gaskdoma.

ra aris WurWlis gaskdomis mizezi?
WurWlis im adgilze, sadac moxda Se-

jaxeba, wneva mkveTrad izrdeba. es wneva 
siTxis mier gadaecema yvela mimarTulebiT 
da WurWeli skdeba.

airis mier wnevis gadacemas SeiZleba da-
vakvirdeT buStis gabervis magaliTze (sur. 
5.9). 

airi Sedgeba udidesi raodenobis qao-
surad moZravi molekulebisagan. moZrao-
bisas isini ejaxebian erTmaneTs da buStis 
Siga zedapirs. calkeuli molekulebis Se-
jaxebisas warmoebuli wnevis sidide mcirea, magram molekulaTa Se-
jaxebebis ricxvi Zalian didia. Sesabamisad, buStze warmoebuli wneva 
mniSvnelovania da buSti ibereba.

miuxedavad imisa, rom buStSi haers vuSvebT erTi mimarTulebiT, 
igi ibereba Tanabrad da Rebulobs sferos formas. 

amgvarad, airSi wneva warmoiqmneba qaosurad moZravi molekulebis 
Sejaxebebis Sedegad. 

buStis sferos forma miuTiTebs imaze, rom airi masze warmoebul 
wnevas Tanabrad gadascems yvela mimarTulebiT.

myari sxeuli masze warmoebul wnevas gadascems Zalis moqmedebis 
mimarTulebiT, siTxe da airi ki _ yvela mimarTulebiT.

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. dguSis moqmedebiT WurWlis Siga zedapiris romel nawils gadae-
cema wneva, Tu WurWelSi: 

 a) xis Zelia (sur. 5.10),  b) siTxe an airia (sur. 5.11)?
2. cda adasturebs, rom Tofidan nasroli tyviiT wyliT savse Wur-

Weli skdeba. Tu WurWelSi wyl-
is nacvlad yinulia, maSin Wur-
Weli ixvriteba. rogor axsni am 
movlenebs? 

3. 5.12 suraTze mocemulia 
dguSiani mili, romlis Tavisu-
fal boloze gadakrulia rezi-
nis afski. rogor Seicvleba 
afskis forma, Tu dguSis saSu-
alebiT milSi haeris moculo-
bas SeamcirebT? ra aris am cvli-
lebis mizezi? rogor Seicvleba 
mocemuli masis airis wneva, Tu 
SevcvliT mis moculobas mud-
mivi temperaturis pirobebSi? 
pasuxi daasabuTe.

5.9

xis Zeli siTxexis Zeli siTxe

5.10 5.11 5.12
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•• Sen ukve ici, rom siTxe da airi masze warmoebul wnevas gadascems 
yvela mimarTulebiT. 

gavarkvioT, rogor xdeba am wnevis gadacema.
myari sxeulebisagan gansxvavebiT, siTxisa da airis molekulebi Ta-

visuflad gadaadgildebian nebismieri mimarTulebiT. magaliTad, Se-
berviT SeiZleba gamoviwvioT WurWelSi wylis zedapiris amoZraveba; 
zRvaze msubuqi niavic ki iwvevs talRebis warmoqmnas.

warmoidgine dguSiani cilindruli WurWeli, romelSic moTavse-
bulia airi. 5.13 suraTze wertilebiT gamosaxulia airis molekulebi, 
romlebic Tanabradaa ganawilebuli WurWlis mTel moculobaSi. 

WurWelSi moTavsebuli airi exeba WurWlis Siga zedapirs. WurWlis 
kedlebi da dedamiwis miziduloba rom ar yofiliyo, airis molekule-
bi gaibneoda sxvadasxva mimarTulebiT. WurWlis kedlebi xels uSlis 
maT gabnevas. airi ki, Sejaxebebis Sedegad, warmoqmnis wnevas kedlebsa 
da WurWelSi moTavsebul nebismier sxeulze. 

dguSis moqmedebiT Tavdapirvelad SeikumSeba airis is nawili, ro-
melic uSualod  exeba dguSs (sur. 5.14). dguSis maxloblad airis mole-
kulebi ufro dauaxlovdebian erTmaneTs, vidre WurWlis qveda nawilSi. 

garkveuli drois Semdeg, qaosuri moZraobis gamo, airis molekule-
bi SedarebiT mWidrod, magram Tanabrad ganawildeba WurWlis mTel 
moculobaSi (sur. 5.15), ris gamoc airis wneva gaizrdeba. am dros iz-
rdeba moculobis erTeulSi airis molekulaTa  ricxvi, Sesabamisad, 
izrdeba airis wnevac. amis gamo, SekumSul airs aTavseben Zalian mtkice 
foladis balonebSi. aseTi balonebiT aqvT SekumSuli airi wyalqveSa 
navebSi, Jangbadi _ liTonTa SesaduReblad.

imis gamo, rom airSi molekulebi moZraoben qaosurad, SeiZleba Cav
TvaloT, rom wneva yvela mimarTulebiT erTnairia.

igive SeiZleba iTqvas siTxeebis Sesaxeb, radgan siTxis molekule-
bic Tavisuflad moZraoben. 

paskalis kanoni5.3.

5.13 5.14 5.15
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dakvirveba siTxisa da airis wnevaze

resursebi: saxelmZRvanelo, samuSao rveuli, kalami, fanqari, pas-
kalis sfero (xvrelebiani sferuli WurWeli, romelzec damagrebulia 
dguSiani cilindri), wyali, boli an orTqli.

•• WurWelSi Caasxi wyali;
•• dguSze dawoliT imoqmede 

wyalze (sur. 5.16,a); 
•• ras amCnev, rogoria sxvadasx-

va xvrelidan gamosuli wylis 
Wavli?

•• WurWelSi wylis nacvlad 
CauSvi boli an orTqli da 
gaimeore eqsperimenti (sur. 
5.16,b).

•• gaanalize eqsperimentis 
Sedegebi da gamoitane daskv-
na; 

•• Seicvleba Tu ara Sedegebi, 
Tu paskalis sferos Semova-
brunebT an gadavabrunebT? 
rogor daasabuTeb Seni 
varaudis siswores?

mravali cdisa da dakvirvebis Sedegad frangma mecnierma, blez pas-
kalma daadgina kanoni:

siTxeze an airze warmoebuli wneva ucvlelad gadaecema yvela 
mimarTulebiT.

es kanoni cnobilia paskalis kanonis saxelwodebiT. 
SekumSuli airis gamoyeneba. airis Tviseba, ucvlelad gadasces masze 

warmoebuli wneva, gamoiyeneba sxvadasxva pnevmatikuri manqanisa da in-
strumentebis mowyobilobaSi (,,pnevmatikos” berZnuli sityvaa da niSnavs 
sahaeros). isini moqmedeben SekumSuli haeris wnevis Zalis gamoyenebiT. 
pnevmatikur instrumentebs (sangrevi CaquCebi, silasatyorcnebi da sxv.) 
iyeneben mSeneblobaze, manqanaTmSeneblobaSi, liTondamuSavebaSi, gzebis 
mSeneblobaSi, samTo mrewvelobaSi da sxv. 

SekumSuli haeris wnevis Zalis moqmedebiT isvrian tyvias pnevmati-
kuri iaraRidan.

SekumSuli haeris gamoyenebiT iReba metros matareblis vagonebis 
kari.

siTxeze an airze warmoebuli wneva ucvlelad gadaecema yvela 
mimarTulebiT.

a) b)

5.16



102

teqnikaSi gamoiyeneba manqanebi, romelTa moqmedebis sfuZvelia 
siTxeebis wonasworobisa da moZraobis kanonebi. aseT manqanebs hidrav-
likuri manqanebi ewodeba. ,,hidravlikos~ berZnuli sityvaa da niSnavs 
,,wylis~. 

am manqanebis gamoyenebiT SesaZlebalia avtomobilis aweva garkveul 
simaRleze, mZime samSeneblo masalis atana mSeneblobis zeda sarTule-
bze, didTovlobis dros gzebis gawmenda da a.S. es manqanebi gamoiyeneba 
liTonTa dasamuSaveblad, plastmasis nakeTobaTa dasamzadeblad, fi-
cris an muyaos dasawnexad, zeTis gamosawurad, did farTobze nergebis 
gadasargvelad. hidravlikuri meqanizmebi gamoiyeneba avtomatikaSi, 
telemeqanikaSi, transportze, aviaciaSi da sxv.

mowyobiloba da moqmedebis principi. hidravlikuri manqanis moq-
medebas safuZvlad udevs paskalis kanoni. 

hidravlikuri manqanis ZiriTadi 
nawilia sxvadasxva diametris dgu-
Siani cilindruli WurWlebi, rom-
lebic erTmaneTTan SeerTebulia 
miliT (sur. 5.19). cilindrebSi Casx-
mulia siTxe, ZiriTadad _ zeTi. 

aRvniSnoT patara da didi dgu-
Sis farTobebi Sesabamisad S1 da S2-
iT. Tu patara dguSze vimoqmedebT 

 ZaliT, maSin dguSi siTxeze gamoi-
wvevs wnevas:

hidravlikuri manqana5.4.

5.19

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. ratom ziandeba wyalqveSa navi wylis 
siRrmeSi afeTqebisas, Tundac es afeTqeba 
navidan sakmaod moSorebiT moxdes?

2. rogor axsni xelis daWeriT kbilis pas-
tis gamosvlas tubidan?

3. dguSiT kumSaven cilindrSi moTavse-
bul airs. Seicvleba Tu ara airis masa, mocu-
loba, simkvrive, wneva?

4. WurWlebSi moTavsebulia toli masis 
erTi da igive airi (sur. 5.17). orive WurWel-
Si temperatura erTnairia. romel WurWel-
Sia meti wneva? pasuxi daasabuTe.

5. 40sm2  farTobis A dguSze imoqmedes 
400n ZaliT. ra ZaliT imoqmedebs 20sm2  far-
Tobis B dguSi zambaraze (sur. 5.18)?

A

B
F

5.17

5.18
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es wneva Tanabrad gadaecema yvela mimarTulebiT da gamoiwvevs didi 
dguSis gadaadgilebas zeviT. wonasworoba rom ar dairRves, did 
dguSze unda vimoqmedoT  ZaliT, romlis wneva dguSze iqneba:  

paskalis kanonis Tanaxmad, siTxeze an airze warmoebuli wneva ucv-
lelad gadaecema yvela mimarTulebiT, amitom dguSebze warmoebuli 
wnevebi tolia: 

   an   

am tolobidan miviRebT hidravlikuri manqanis wonasworobis pirobas:
 

Zalis mogeba. Sefardebas _   uwodeben hi-
dravlikuri manqanis Zalis mogebas.

hidravlikuri manqaniT Zalas vigebT imdenjer, 
ramdenjerac didi dguSis farTobi metia patara 
dguSis farTobze. 

amgvarad, SesaZlebelia, avxsnaT, mcire Zalis 
gamoyenebiT, rogor miiReba didi Zala.

hidravlikur manqanas, romlis saSualebiTac 
iwnexeba masala, hidravlikuri wnexi ewodeba. da-
sawnex sxeuls aTavseben platformaze, romelic 
SeerTebulia did dguSTan. sxeuli zemoT ebjine-
ba uZrav platformas da iwnexeba. 5.20 suraTze 
warmodgenilia hidravlikuri manqanis is nawili, 
romelSic xdeba dawnexa.

hidravlikuri manqaniT Zalas vigebT imdenjer, ramdenjerac didi 
dguSis farTobi metia patara dguSis farTobze.

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1.	 hidravlikuri manqanis mcire cilindris dguSis farTobi 8sm2-ia, 
didi cilindris dguSis farTobi _ 1600sm2. ramdenjer vigebT Zalas am 
manqaniT?

2. sxeulis dasawnexad saWiroa 800kn Zala. ra ZaliT unda vimoq
medoT mcire dguSze, Tu hidravlikuri wnexis dguSebis farTobebis 
Safardebaa 1 : 40 000?

3.	 hidravlikuri manqaniT unda aswion 200kg masis tvirTi, risTvi-
sac mcire dguSze imoqmedes 100n ZaliT. ramdenjer metia didi dguSis 
farTobi mcire dguSis farTobze?

4. hidravlikuri manqanis Zalis mogeba gamosaxe dguSebis gadaadg-
ilebebis mixedviT. CaTvale, rom mcire dguSi gadaadgildeba h1-iT, 
didi dguSi _ h2-iT.

moiZie informacia da moamzade Tema: ,,hidravlikuri manqanebi”.

dasawnexi
sxeuli

5.20
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siTxe da airi masze warmoebul wnevas ucvlelad gadascems yvela 
mimarTulebiT. magram siTxesa da airze, rogorc nebismier sxeulze, 
moqmedebs simZimis Zala. siTxisa da airis zeda fenebi awveba qveda 
fenebs, amitom siTxisa da airis SigniT warmoiqmneba wneva.

•• raze iqneba damokidebuli simZimis ZaliT gamowveuli siTxis an 
airis wneva?

 
dakvirveba simZimis ZaliT gamowveuli 

siTxis wnevaze

resursebi: saxelmZRvanelo, samuSao rveuli, kalami, fanqari, ori 
minis mili, Txeli rezinis afski da zonari, xvrelebiani WurWeli, wya-

li, zeTi.
I. 

•• aiRe ori minis mili, romelTa TiTo bolo 
daxure rezinis afskiT (afski daamagre zo-
nariT);
•• Caasxi milebSi sxvadasxva moculobis 

erTi da igive siTxe, magaliTad, wyali;
•• daakvirdi rezinis afskebs (sur. 5.21, a,b). 

romeli ufro metad gamoibera?
•• razea damokidebuli siTxis wneva?

II. 
•• eqsperimenti Caatare xelmeored. am-

jerad milebSi CaasxiT erTnairi moculo-
bisa da sxvadasxva simkvrivis siTxeebi, mag-
aliTad, wyali da zeTi (sur. 5.22);
•• romeli afski gamoibera ufro metad?
•• razea damokidebuli siTxis svetis wneva.

III. 
•• WurWelSi, romelsac sxvadasxva simaR-

leze aqvs onkaniani xvrelebi (sur. 5.23), 
Caasxi wyali; 
•• gaxseni onkanebi da daakvirdi, romeli 

xvrelidan gamova ufro Zlieri wylis na-
kadi?
•• sad metia siTxis wneva _ mis zeda Tu qve-

da fenebSi?
•• gaaanalize eqsperimenti da gamoitane 

daskvna.

uZravi siTxis wnevas hidrostatikuri 
wneva ewodeba.

gamovTvaloT siTxis wneva WurWlis 
fskerze. davuSvaT, cilindrul WurWel-

simZimis ZaliT gamowveuli 
siTxis an airis wneva5.5.

a)

a)

b)

b)
zeTi wyali

wyali

wyali

5.21

5.22

5.23
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Si, romlis fuZis farTobia S, Casxmulia h simaRlis siTxe. WurWelSi 
siTxis moculoba iqneba 

V = Sh
siTxis wneva WurWlis fskerze tolia

sadac F aris fskerze moqmedi siTxis wnevis Zala, romelic tolia siTx-
is wonisa. Tu WurWeli uZravia, maSin siTxis wona masze  moqmedi simZi-
mis Zalis tolia: 

F = mg.
m siTxis masaa da tolia misi simkvrivisa da moculobis namravlisa:

m = rV 
amitom

F = rgV = rgSh.
wnevis Zalis es mniSvneloba CavsvaT wnevis gamosaTvlel formula-

Si, miviRebT siTxis wnevas WurWulis fskerze:
P = rgh

am	 formuliT gamoiTvleba wneva nebismieri formis WurWlis fsker
sa da kedlebze. imave formuliT gamoiTvleba wneva siTxis SigniTac.

amgvarad, WurWlis fskerze siTxis wneva damokidebulia mxolod 
siTxis simkvrivesa da siTxis svetis simaRleze. es wneva damokidebuli 
ar aris im WurWlis formaze, romelSic Casxmulia siTxe.

airis simkvrive gacilebiT naklebia siTxis simkvriveze, amitom xSir 
SemTxvevaSi airis wonisagan gamowveul wnevas ugulebelyofen. 

hidrostatikuri paradoqsi (damatebiTi masala). siTxis TvisebebiT 
aixsneba cnobili movlena `hidrostatikuri paradoqsi~. `paradoqsi~ 
berZnuli sityvaa da niSnavs moulodnels, ucnaurs, uCveulos.

ganvixiloT sami sxvadasxva formis WurWeli, romelTa fuZis far-
Tobebi erTnairia (sur. 5.24, a-g). Tu am WurWlebSi asxia erTi da imave 
h simaRlis erTnairi siTxe, maSin samive WurWlis fskerze siTxis wneva 
iqneba: P = rgh. WurWlebis fuZis farTobebi erTnairia, amitom TiToeu-
li WurWlis fskerze siTxe imoqmedebs erTi da imave ZaliT: F = PS. 

miuxedavad imisa, rom es movlena cdebis safuZvelze da Teoriulad 
dasabuTebulia, igi mainc daujerebeli, paradoqsuli gveCveneba.

sinamdvileSi daujerebeli araferia. ra ZaliTac siTxe moqmedebs 
WurWlis fskersa da kedlebze, iseTive sididisa da sapirispirod 
mimarTuli ZaliT fskeri da kedlebi moqmedebs siTxeze. 

WurWlis fskerze moqmedi wnevis Zala SeiZleba iyos siTxis wonaze 
meti (sur. 5.24, b) an naklebi (sur. 5.24, g). es garemoeba imiT aixsneba, rom 
siTxeze moqmedebs WurWlis fskeric da kedlebic. 

siTxis moqmedebis Sedegad WurWlis fskersa da kedlebSi aRiZvreba 
drekadobis Zalebi. es Zalebi naxazze gamosaxulia isrebiT. pirvel Wur-

5.24

h

S S S

a) b) g)
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WelSi kedlebidan moqmedi Zalebi erTmaneTs 
awonasworebs, amitom siTxeze moqmedi simZimis 
Zala gawonasworebulia fskeris drekadobis 
ZaliT. meore WurWelSi kedlebis drekadobis 
Zalebi isea mimarTuli, rom fskerze siTxis wne
vis Zala izrdeba. mesame WurWelSi ki kedlebis 
drekadobis Zalebi amcirebs fskerze siTxis 
wnevis Zalas.

amgvarad, WurWlis fskeri da kedlebi siTx-
eze moqmedeben drekadobis ZalebiT, romelTa 
tolqmedi siTxis simZimis Zalis tolia da 
mimarTulia mis sapirispirod (sur. 5.25). 

WurWlis fskerze siTxis wneva damokidebulia siTxis simkvrivesa 
da siTxis svetis simaRleze. es wneva damokidebuli ar aris im WurWlis 
formaze, romelSic asxia siTxe.

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. 1648 wels paskalma Caatara origi-
naluri cda. kargad daxurul wyliT 
savse kasrSi Caamagra wvrili da grZeli 
mili. rodesac milSi Caasxa erTi fin-
jani wyali, kasrze gaCnda bzarebi da wy-
ali daiRvara (sur. 5.26). axseniT es mov-
lena.

2. erT WurWelSi asxia wyali, meore, 
iseTive WurWelSi _ navTi. WurWlebSi 
siTxeebis simaRleebi erTnairia. rome-
li WurWlis fskerze iqneba siTxis wneva 
meti? pasuxi daasabuTe.

3. gamoTvale wylis wneva tbaSi 10m 
siRrmeze.

4. ra siRrmezea wylis wneva zRvaSi 
10000000pa? 

5. navTobis cisternas 4m siRrmeze 
aqvs 30sm2 ganivkveTis onkani. ra ZaliT 
awveba navTobi onkans, rodesac cister-
na savsea?

6. 1dm3 moculobis kuburi formis 
WurWeli savsea wyliT. gansazRvre we-
vis Zala WurWulis fskersa da erT-erT 
gverdiT waxnagze.

7. 5.27 suraTze mocemulia siTxis wne
vis siRrmeze damokidebulebis grafiki. 
romel siTxes Seesabameba grafiki? 

8. SearCie masStabi da daxaze wnevis 
siRrmeze damokidebulebis grafiki ben-
zinisa da zeTisTvis.

5.25

5.26

5.27 0

8000

16000

2 31

48000

h,m
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amocanaTa amoxsnis nimuSi! amocanaTa amoxsnis nimuSi

amocana

akvariumi savsea wyliT. ra saSualo ZaliT awveba wyali akvariumis 
kedels, romlis simaRle da sigane Sesabamisad 50sm da 30sm-ia (sur.5.28).

amoxsna

akvariumis kedelze moqmedi Zalis sidide wylis siRrmis zrdasTan 
erTad izrdeba, wylis zedapirTan igi nulis tolia F1 = 0, fskerTan ki 
_ maqsimaluri F2 = PS, amitom saSualo Zalis sidide, romliTac wyali 
moqmedebs akvariumis kedelze, SeiZleba CavTvaloT F1 da F2 Zalebis sa-
Sualo ariTmetikulis tolad:

formulaSi CavsvaT F1 da F2 Zalebis mniSvnelobebi:

P aris h simaRlis siTxis svetis wneva
P = rgh

S akvariumis kedlis farTobia:
S = lh,

saSualo Zalis gamosaTvlel formulaSi CavsvaT wnevisa da farTo-
bis mniSvnelobebi, miviRebT:

formulaSi sidideTa ricxviTi mniSvnelobebis CasmiT miviRebT:

F
saS

 = 375n

amgvarad, wyali akvariumis kedlebs awveba saSualod 375n ZaliT.

pasuxi: 375n.

moc.: 

F
saS

 _ ?

l

h

5.28

h = 50sm = 0,5m;
l = 30sm = 0,3m;
r

w
 = 1000kg/m3;

g = 10n/kg.
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wyalsadeni rTuli sistemaa, ro-
melic uzrunvelyofs qalaqebisa da 
soflebis wyliT momaragebas. 

5.29 suraTze mocemulia wyalsad-
enis sistemis sqema. mdinaridan an tbi-
dan amotumbuli wyali filtrebis 
gavliT grovdeba did avzSi, romelic 
moTavsebulia maRal koSkze. avzidan 
wyali nawildeba milebis saSualebiT.
•• daakvirdi sqemas da Seecade,  axsna 

wyalsadenis moqmedebis principi;
•• Seni azriT, ratom aris wyalsad-

enis koSki maRal adgilze?
•• rogor Seicvleba wylis wneva onk-

anebSi sarTulebis mixedviT? ra aris 
amis mizezi?

wyalsadenis sistema warmoadgens ziarWurWels. 
ziarWurWeli aris saerTo miliT SeerTebuli nebismieri formis 

WurWlebi. 
ziarWurWlis kanoni erTgvarovani siTxisaTvis. ziarWurWlis moq-

medebis princips SeiZleba gaecno martivi eqsperimentiT. 

ziarWurWlis kanonis dadgena

resursebi: saxelmZRvanelo, samuSao rveuli, kalami, fanqari, 
Stativi, ori minis mili, rezinis mili, wyali.

 I. 
•• ori minis mili SeaerTe rezinis miliT, miiReb ziarWurWels (sur. 

5.30); 
•• ziarWurWelSi Caasxi wyali;
•• Seadare milebSi wylis done (sur. 5.31);
•• Semdeg erTi mili amoZrave sxvadasxva mimarTulebiT (sur. 5.32);

ziarWurWeli5.6.

5.29

5.30 5.31 5.32
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•• daakvirdi, icvleba Tu ara milebSi 
wylis done?

II.
•• sxvadasxva formisa da ganivkveTis 

ziarWurWelSi Caasxi wyali (sur. 
5.33);

•• rogoria masSi wylis done?
•• Semdeg erT-erT WurWelSi Caamate 

wyali ramdenjerme. rogor icvleba 
ziarWurWelSi wylis done?

•• gaaanalize eqsperimenti da gamo-
tane daskvna.

ziarWurWelSi erTgvarovani siTxe erT doneze dgeba.
es aris ziarWurWlis kanoni erTgvarovani siTxisTvis.
am SemTxvevaSi igulisxmeba, rom ziarWurWelSi wneva erTnairia 

da, cxadia, siTxe wonasworobaSia _ ar gadaadgildeba ziarWurWlis 
erTi milidan meoreSi. garda amisa, ziarWurWel-
Si erTi da igive siTxea, amitom maTi simkvriveebi 
erTnairia. siTxis wneva damokidebulia mxolod 
siTxis simkvrivesa da siTxis svetis simaRleze. 
radgan milebSi siTxis wneva da simkvrive erT-
nairia, toli iqneba ziarWurWlis milebSi siTxis 
svetis simaRleebi (sur. 5.31). 

im SemTxvevaSi, Tu erT-erT mils vamoZravebT 
(sur. 5.32)  an davamatebT siTxes, milebSi wnevebi 
Seicvleba da siTxe gadaadgildeba manam, sanam mi-
lebSi wneva ar gaTanabrdeba.

vTqvaT, ziarWurWlis erT milSi asxia h1 simaR-
lis siTxe, romlis simkvrive r

1
-ia, meoreSi ki _ h2 

simaRlis siTxe, romlis simkvrive r
2
-ia (sur.5.34).  

cxadia, AB donis qvemoT siTxe gawonasworebu-
lia.

milebSi siTxis wneva iqneba Sesabamisad:
P

1 
= r

1
gh1

P
2 
= r

2
gh2

siTxis wonasworobisas 
P

1 
= P

2

amitom

araerTgvarovani Seureveli  siTxeebi gamyofi donidan maTi sim-
kvriveebis ukuproporciul simaRleebze dgeba.

ziarWurWeli SeiZleba iyos sxvadasxva formisa da moculobis. zi-
arWurWels warmoadgens Caidani, Wa. 

ziarWurWlis kanoni udevs safuZvlad Sadrevnebis moqmedebas. 
bunebriv ziarWurWels warmoadgens arteziuli Wa.

ziarWurWlis kanoni samarTliania iseTi WurWlebisaTvis, romelTa 
diametri Zalin mcire ar aris. mcire diametris WurWlebs axasiaTebs 
kapilaruli movlenebi, romlebsac mogvianebiT SeviswavliT.

5.33

5.34

A B
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ziarWurWelSi erTgvarovani siTxe erT doneze dgeba.
ziarWurWelSi araerTgvarovani Seureveli  siTxeebi gamyofi don-

idan maTi simkvriveebis ukuproporciul simaRleebze dgeba.

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1.  ziarWurWlis erT muxlSi wylis done k wertilSia (sur. 5.35). 
aRniSne wylis done meore muxlSi.

2. SesaZlebelia Tu ara, rom Caidanis tuCis simaRle iyos WurWlis 
simaRleze naklebi? ratom?

3. or ziarWurWelSi Casxmulia araerTgvarovani siTxeebi: erTSi _ 
zeTi da wyali, meoreSi _ vercxliswyli da wyali. romelSia zeTi da 
romelSi _ vercxliswyli (sur. 5.36, a,b)? pasuxi daasabuTe.

4. ziarWurWlis erT milSi Caasxes wyali, meoreSi _ navTi. navTis 
simaRle 5sm-ia. gamoTvale wylis doneTa sxvaoba.

5. rogor grovdeba WaSi wyali?

moamzade Tema: `rabebi~
sxvadasxva donis wyalsatevebs Soris gemebis gasavlelad ageben hi-

droteqnikur nagebobas _ rabebs (gemTsavals). 5.37 suraTze warmodge-
nilia rabebi (a) da misi sqema (b). Seecade, axsna rabebis moqmedebis prin-
cipi.

a) b)
5.37

k

k

5.35 5.36

a) b)
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haeris garss, romelic irgvliv akravs dedamiwas da masTan erTad 
brunavs, atmosfero ewodeba (sur. 5.38). `atmosfero~ berZnuli sityvaa 
da niSnavas orTqlis garss.

atmosfero Sedgeba azotis, Jangbad-
is, naxSirorJangis, wlis orTqlisa da sxva 
airebisagan. 

dedamiwaze sicocxlisaTvis udidesi 
mniSvneloba aqvs mis atmosferos: igi icavs 
cocxal samyaros mzis gamosxivebis biologi-
uri moqmedebisagan, asustebs didi energiis 
kosmosur sxivebs, amuxruWebs meteoritebis 
moZraobas, monawileobs dedamiwis siTbur 
balansSi.

haeris molekulebi ratom ar ecemian 
dedamiwis zedapirs an ratom ar Sordebian 
mas?

nebismier sxeulze, maT Soris haeris 
molekulebze, moqmedebs simZimis Zala _ 
dedamiwa izidavs haeris molekulebs. 

dedamiwa rom ar izidavdes haers, maSin 
haeri usazRvrod gafarTovdeboda da gai-
fanteboda dedamiwis irgvliv kosmosur 
sivrceSi.

es molekulebi uwyvetad da qaosurad moZraoben, amitom ar ecemian 
dedamiwis zedapirze. es ganapirobebs dedamiwis irgvliv haeris garsis 
SenarCunebas.

atmosfero vrceldeba ramdenime aTas kilometrze. simaRlis zr-
dasTan erTad atmosferos simkvrive TandaTan mcirdeba, did simaRlee-
bze ki gadadis uhaero sivrceSi. dedamiwis zedapiridan yovel 5-6km-ze 
atmosferos simkvrive mcirdeba daaxloebiT 2-jer. atmosferos masis 
80% Tavmoyrilia dedamiwidan daaxloebiT 15km-is simaRlemde. 

aqvs Tu ara haers wona?
dadgenilia, rom zRvis doneze, 00C temperaturaze 1m3 haeris masa  

daaxloebiT 1,29kg-ia. 
am masis haeris wona 

P = mg = 1,29kg . 9,8n/kg 12n.
Tavisi wonis gamo, haeris zeda fenebi awveba qveda fenebs da kumSavs 

maT. dedamiwis zedapiris 1m2 farTobze moqmedebs daaxloebiT 100000n 
wonis haeri. haeris fena, romelic uSualod ekvris dedamiwas, Sekum-
Sulia yvela zeda fenis simZimiT. es wneva, paskalis kanonis Tanaxmad, 
gadaecema yvela mimarTulebiT. amis Sedegad dedamiwis zedapiri da 
masze myofi sxeulebi ganicdian haeris mTeli sisqis wnevas _ atmos-
ferul wnevas.

atmosferuli wnevis gamo Cveni sxeulis yovel kvadratul san-
timetrze moqmedebs 10n Zala.

atmosferuli wneva5.7.

dedamiwa

atmosfero

5.38
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dakvirveba atmosferuli wnevis arsebobaze

resursebi: saxelmZRvanelo, samuSao rveuli, kalami, fanqari, Spri-
ci, WurWeli wyliT.

•• Sprici Ria boloTi CauSvi wylian WurWelSi da aswie dguSi;
•• ras amCnev?
•• Seni azriT, ra aris damzerili movlenis mizezi?
•• Seecade, axsna Spricis moqmedebis principi.
•• gaaanalize eqsperimenti da gamoitane daskvna. 

praqtikuli samuSao
gamoTvale wneva, romelsac awarmoebs saklaso oTaxSi arsebuli 

haeri iatakze.

•• dagegme samuSao: daadgine, ra sidideebis gazomva da gamoTvlaa 
saWiro;

•• rogor gamoTvli da gazomav am sidideebs?
•• gazomvebisa da gamoTvlebis Sedegebi warmoadgine cxrilis sax-

iT;
•• miRebuli Sedegebi Seadare Tanaklaselebisas;
•• gaakeTe samuSaos prezentacia.

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. axseni, rogor viRebT WurWlidan siTxes  pipetiT (sur. 5.39);
2. CaTvale, rom dedamiwis zedapir-

idan yovel 5,5km-ze haeris simkvrive 
mcirdeba 2-jer da aage haeris sim-
kvrivis simaRleze damokidebulebis 
grafiki.

3. mTvareze ar aris haeri. SesaZle-
belia Tu ara mTvareze SpriciT wylis 
amoReba? pasuxi daasabuTe.

praqtikuli samuSao
Caatare saWiro gazomvebi da 

gamoTvale, ra ZaliT moqmedebs at-
mosfero Seni saxelmZRvanelos zeda-
pirze. CaTvale, rom atmosferuli 
wneva 100kpa-ia.  

5.39
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atmosferuli wnevis arseboba pirvelma daasabuTa italielma mec-
nierma evanjelista toriCelim 1643 wels.

erTi boloTi daxSuli 1m sigrZis minis mili to-
riCelim gaavso vercxliswyliT. Ria bolos daaWira 
TiTi da gadmoapirqvava vercxliswylian WurWelSi. 
TiTis mocilebis Semdeg milSi vercxliswylis sve-
tis simaRle Semcirda 760mm-mde. (sur. 5.40). milSi 
darCa sivrce, romelsac `toriCelis sicarieles~ 
uwodeben. 

toriCelim daadgina, rom WurWelSi moTavsebu-
li vercxliswylis zedapirze atmosfero moqmedebs 
wneviT. es wneva yvela mimarTulebiT da, maSasadame, 
milis SigniTac gadaecema da awonasworebs milSi 
vercxliswylis wnevas. 

amgvarad, atmosferuli wneva tolia milSi ver-
cxliswylis svetis wnevisa: 

P
at 

= P
vwy.sv

atmosferul wnevas, romelic tolia 760mm ver-
tikaluri vercxliswylis svetis wnevisa 00C-ze, 
normaluri atmosferuli wneva (1atm) ewodeba.

gamovsaxoT es wneva SI sistemis erTeulebiT:
P

 
= rgh 

r
vwy

=13600kg/m3; g
 
= 9,8n/kg; h

 
= 0,76m. 

amitom 

wnevis erTeulad miRebulia agreTve 1 milimetri vercxliswylis 
svetis wneva (1mm vwy. sv.). es aris wneva, romelsac awarmoebs 1mm simaR-
lis vertikaluri vercxliswylis sveti 00C temperaturaze:

dedamiwis zedapiridan simaRlis zrdis mixedviT  atmosferuli 
wneva mcirdeba _ yovel 12m-ze vercxliswylis svetis 1mm-iT.

dakvirvebebis Sedegad toriCelim daadgina, rom milSi vercx-
liswylis svetis simaRle icvleba. es niSnavs, rom atmosferuli wneva 
mudmivi ar aris. 

•• rogor Seicvleba milSi vercxliswylis svetis simaRle atmosf-
eruli wnevis Semcirebisas? 

•• rogor Seicvleba milSi vercxliswylis svetis simaRle atmosf-
eruli wnevis zrdisas?

•• pasuxebi daasabuTe.
gavarkvioT, rogor izomeba atmosferuli wneva.
Tu vercxliswylian mils mivamagrebT vertikalur skalas, mivi-

RebT atmosferuli wnevis sazom umartives xelsawyos (sur. 5.41, a) _ 
barometrs. `baros~ berZnuli sityvaa da niSnavs simZimes, `metreo~ _ 
vzomav. pirveli barometri Seqmna toriCelim.

atmosferuli wnevis Semcirebisas barometris milSi vercxliswyl-
is svetis simaRle mcirdeba, xolo atmosferuli wnevis gazrdisas _ 

toriCelis cda5.8.

7
6

0
 m

m

5.40
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izrdeba (sur. 5.41, b) .
atmosferuli wnevis Secvla 

iwvevs amindis cvlilebas, ami-
tom meteorologiaSi barometri 
aucilebeli xelsawyoa.

rodesac barometri uCvenebs 
atmosferuli wnevis zrdas, me-
teorologebi varaudiben mSral 
aminds, atmosferuli wnevis Semci-
rebisas ki _ naleqs.

qaris warmoqmnac atmosferuli 
wnevis cvlilebis Sedegia. rode-
sac dedamiwis zedapirTan Sexebi-
sas haeri Tbeba, is farTovdeba 
(simkvrive mcirdeba) da iwyebs 
qvevidan zeviT moZraobas. cxadia, 
dedamiwis am ubanSi atmosferuli 
wneva mcirdeba, amitom haeris na-
kadi maxlobeli maRali wnevis ub-

nidan gadaadgildeba dabali wnevis ubnisken. haeris nakadi iwyebs moZ-
raobas _ warmoiqmneba qari.

		

atmosferul wnevas, romelic tolia 760mm vertikaluri vercx-
liswylis svetis wnevisa 00C-ze, normaluri atmosferuli wneva (1atm) 
ewodeba.

? savarjiSo #? upasuxe kiTxvebs, amoxseni amocanebi

1. saxazavis gamoyenebiT rogor gazomav wnevas vercxliswyliani 
WurWlis fskerze?

2. gansazRvre atmosferuli wneva TormetsarTuliani saxlis sax-
uravze, Tu erTi sarTulis simaRle 3m-ia. CaTvale, rom dedamiwis zeda-
pirze atmosferuli wnevaa 760 mm vwy. sv.

3. SesaZlebelia Tu ara sxvadasxva simaRleze atmosferuli wnevis 
gamoTvla formuliT:   . pasuxi daasabuTe.

4. Seicvleba Tu ara vercxliswylis done milSi, Tu mas davxriT 
sxvadasxva kuTxiT (sur. 5.42)?

5. A milSi vercxliswylis done 76sm-ia (sur. 5.43). ra simaRlemde 
Seva vercxliswyali B milSi?

6. germaneli fizikosis, oto gerikes cnobil cdaSi liTonis naxe-
varsferoebi mWidrod Seaxes erTmaneTs da siRrmidan amotumbes haeri. 
sferoebi imdenad Zlier miekra erTmaneTs, rom ramdenime wyvilma cxen
ma ver SeZlo maTi daSoreba. axseni am movlenis mizezi.

a) b)

5.41
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amocanaTa amoxsnis nimuSi! amocanaTa amoxsnis nimuSi

amocana

wylian WurWelSi CaSvebuli milis qveda bolo daxurulia fir-
fitiT (sur. 5.44). ra donemde unda CavasxaT milSi wyali, rom firfita 
moscildes mils?

amoxsna

milSi wylis Casxmamde firfitis zeda zedapirze 
moqmedebs atmosferuli wneva, qvedaze ki _ atmosf-
eruli da 10sm simaRlis wylis svetis wneva.

cxadia, qveda zedapirze moqmedi wneva metia, ami-
tom firfita ekvris mils.

milSi wylis Casxmisas fir-
fitaze zemodan wneva gaizrdeba. rodesac es wneva 
gautoldeba an gadaaWarbebs qvemodan wnevas, maSin 
firfita moscildeba mils. 

firfitis zeda da qveda zedapirze wnevebi aRvniS-
noT Sesabamisad P1 da P2-iT. 

ganvixiloT zRvruli SemTxveva, rodesac es 
wnevebi tolia: 

P1 = P2.

P1 = P
at

 + rgh;

P2 = P
at

 + rgh1.

am tolobebis SedarebiT miviRebT:
h1 = h2 = 10sm.

amgvarad, Tu milSi wylis done gadaaWarbebs 10sm-s, firfita mos-
cildeba mils. 

pasuxi: 10sm.

5.42 5.43

10sm

5.44

moc.: 

h _ ?

h1 = 10sm.
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ra ganapirobebs gemebisa da wyalqveSa navebis curvas zRvebsa da 
okeaneebSi, sahaero burTebisa da diriJablebis frenas haerSi? 

am kiTxvebze pasuxis gasacemad Caatare martivi eqsperimentebi.

dakvirveba amomgdebi Zalis moqmedebaze

resursebi: saxelmZRvanelo, samuSao rveuli, kalami, fanqari, 
Stativi, dinamometri, saswori sawonebiT, nebismieri formis sxeuli, 
WurWeli, wyali.

I. 
•• dinamometrze dakide sxeuli (sur. 5.45). cxadia, dinamometri 

gviCvenebs sxeulze moqmedi simZimis Zalis sidides;
•• CaniSne dinamometris Cveneba;
•• sxeuli CauSvi wyalSi. naxav, rom dinamometris Cveneba Semcird-

eba (sur. 5.46);
•• Seni azriT, ra SeiZleba iyos am movlenis mizezi?

II. 
•• sasworze gaawonaswore sxeuli da CauSvi cariel WurWelSi ise, 

rom ar Seexos mis fskersa da kedlebs (sur. 5.47). 
•• WurWelSi Caasxi wyali ise, rom sxeuli wyliT daifaros (sur. 5.48).
•• dairRva Tu ara sasworis wonasworoba?
•• Semdeg WurWlidan amoiRe wylis iseTi raodenoba, rom sxeulis 

nawili aRmoCndes haerSi, nawili ki darCes wyalSi. 
•• ra cvlilebebs amCnev?
•• gaaanalize eqsperimenti da gamoitane Sesabamisi daskvnebi.

wyalSi CaSvebiT, cxadia, ar icvleba sxeulis masa da masze moqmedi 
simZimis Zala. es niSnavs, rom wyalSi sxeulze moqmedebs kidev erTi Zala 
da igi  mimarTulia vertikalurad qvevidan zeviT, amitom mas amomgde-

siTxisa da airis moqmedeba 
masSi CaSvebul sxeulze5.9.

5.45 5.46
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bi Zala ewodeba. am Zalas arqimedes Zalasac uwodeben, radgan berZenma 
mecnierma arqimedem pirvelma miuTiTa misi arsebobis Sesaxeb.

amgvarad, siTxeSi CaSvebul sxeulze moqmedebs Zala, romelic cdi-
lobs siTxidan am sxeulis amogdebas. magaliTad, xis naWeri tivtivebs 
wylis zedapirze, radgan masze moqmedebs amomgdebi Zala. am Zalis moq-
medeba ganapirobebs gemebisa da navebis curvas. 

amomgdebi Zala moqmedebs airSic. am Zalis moqmedebiT adis haerSi 
sahaero burTebi, diriJablebi.

rogor gamoiTvleba siTxeSi CaZirul sxeulze moqmedi amomgdebi 
Zalis sidide?

rogoria am Zalis sidide, Tu siTxeSi CaZirulia sxeulis nawili?
aris Tu ara damokidebuli amomgdebi Zala nivTierebaze, romlisga-

nac damzadebulia sxeuli?
am sakiTxebis gasarkvevad Caatare eqsperimentuli samuSao.

arqimedes kanonis Seswavla

resursebi: saxelmZRvanelo, samuSao rveuli, 
kalami, fanqari, Stativi, nebismieri formis sxe-
uli, dinamometri, WurWeli gadmosasxmeli miliT, 
menzura, wyali, saswori sawonebiT.

•• milis qveS winasawar moaTavse menzura (sur. 
5.49).

•• dinamometris gamoyenebiT awone sxeuli; 
•• sxeuli CauSvi WurWelSi, romelSic asxia wy-

ali gadmosasxmel milamde;
•• gansazRvre sxeulis wona wyalSi;
•• gazome WurWlidan menzuraSi gadmosxmuli 

wylis moculoba. cxadia, es moculoba sxe-
ulis moculobis tolia.

•• gamoTvale sxeulis wonis cvlileba da men-
zuraSi wylis wona (ra gziT SeZleb amis ga-
keTebas?). Tu eqsperimenti sworad Caatare, maSin sxeulis wonis 

5.47 5.48

5.49
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cvlileba menzuraSi wylis wonis tolia.
sxeulis wonis cvlileba amomgdebi Zalis moqmedebis Sedegia. nebi-

smier siTxeSi sxeulis wona (P
s
) naklebia, haerSi wonasTan (P

h
) Seadare-

biT. wonaTa sxvaoba tolia sxeulze moqmedi amomgdebi Zalisa. Sesabam-
isad

F
a
 = P

h
 - P

an
F

a
 = mg

mg aris sxeulis moculobis toli siTxis wona, amitom
F

a
 = rgV

sadac r siTxis simkvrivea.
miRebuli formulebi marTebulia airebisTvisac.
amgvarad, siTxeSi an airSi CaZirul sxeulze moqmedebs vertikalu-

rad zeviT mimarTuli amomgdebi Zala, romlis sidide tolia sxeulis 
moculobis mqone siTxis an airis wonisa.

es aris arqimedes kanoni siTxeebisa da airebisaTvis. 
Tu sxeulis nawilia siTxeSi an airSi, maSin amomgdebi Zala, cxadia, 

moqmedebs mxolod sxeulis CaZirul nawilze.
arqimedes Zala ar aris damokidebuli atmosferul wnevasa da imaze, 

Tu ra nivTierebisganaa damzadebuli sxeuli, igi damokidebulia mxo
lod siTxeSi, an airSi CaZiruli sxeulis nawilis moculobasa da siTxis 
an airis simkvriveze.

ratom aris arqimedes Zala mimarTuli vertikalurad zeviT?
siTxeSi CaSvebul sxeulze moqmedebs wneva, romelic siRrmis zrdas-

Tan erTad izrdeba. cxadia, gaizrdeba wnevis Zalac (sur. 5.50). sxeulze 
gverdidan moqmedi Zalebi moduliT tolia da mimarTulebiT sapir-
ispiro, amitom isini erTmaneTs awonasworeben. sxeulis qveda nawilze 
moqmedi wnevis Zala ki metia zeda nawilze moqmed wnevis ZalasTan Se-
darebiT, amitom sxeulze moqmedi wnevis Zalebis tolqmedi mimarTuli 
iqneba vertikalurad zeviT. (sur. 5.51).

 siTxeSi an airSi CaZirul sxeulze moqmedebs vertikalurad zeviT 
mimarTuli amomgdebi Zala, romlis sidide tolia sxeulis moculobis 
mqone siTxis an airis wonisa:

F
a
 = rgV

? savarjiSo #? upasuxeT kiTxvebs, amoxseniT amocanebi

1.	 ras gviCvenebs dinamometri, Tu masze dakides 1kg rkinis sawoni? 
rogor Seicvleba dinamometris Cveneba, Tu sawons CauSvebT wyalSi?

5.50 5.51
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curvis pirobebi. gemebis curva5.10.

ratom tivtivebs korpisa da xis sxeulebi wylis zedapirze, minisa 
da liTonis sxeulebi ki wyalSi iZireba?

es movlena SeviswavloT eqsperimentis gamoyenebiT

dakvirveba sxeulTa tivtivsa da CaZirvaze

resursebi: saxelmZRvanelo, samuSao rveuli, kalami, fanqari, sxva
dasxva simkvrivis sxeulebi (liTonis, plastmasis, korpisa da sxv.) da 
wyliani WurWeli.

•• ra moxdeba, Tu sxvadsxva simkvrivis sxeulebs CauSveb wyalSi?
•• Seni varaudis siswore Seamowme eqsperimentiT;
•• daakvirdi sxeulTa ganlagebas wyalSi. isargeble nivTierebaTa 

simkvrivis cxriliT, Seadare wylisa da sxeulTa simkvriveebi da 
daadgine, romeli sxeuli tivtivebs da romeli _ iZireba?

siTxeSi sxeulze moqmedebs simZimis da arqimedes Zalebi. am Zalebis 
erTdrouli moqmedebiT siTxeSi sxeuli tivtivebs, curavs an iZireba.

Tu arqimedes Zala naklebia simZimis Zalaze, 
F

a
< F

s

sxeuli imoZravebs fskerisken _ sxeuli iZireba (sur. 5.52).
Tu arqimedes Zala tolia simZimis Zalisa, 

F
a
= F

s
                         

sxeuli siTxis nebismier adgilas gawonasworebulia _ igi curavs 
(sur. 5.53).

Tu arqimedes Zala metia simZimis Zalaze, 
F

a
> F

s

maSin sxeuli imoZravebs siTxis zedapirisken da daiwyebs tivtivs 
(sur. 5.54).

2.	 wyalSi CaZirul sxeulze moqmedebs 2n amomgdebi Zala. ra ZaliT 
imoqmedebs zeTi am sxeulze?

3.	 haeridan navTSi CaSvebisas masiuri sxeulis wona Semcirda 240n-
iT. gansazRvreT sxeulis moculoba.

F

Fs

F

Fs

Fs

F

5.52 5.53 5.54
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formula F
a
= F

s
 warmoadgens sxeulis 

curvis pirobas.
ganvixiloT pirveli SemTxveva (sur. 

5.52). 
rodesac sxeuli miaRwevs siTxis 

zedapirs, TandaTan Semcirdeba siTxeSi 
CaZiruli nawilis moculoba. Sesabam-
isad, Semcirdeba sxeulze moqmedi aqri-
medes Zalis sidide. rodesac arqimedes 
Zala gautoldeba sxeulze moqmed simZi-
mis Zalas, sxeuli daiwyebs curvas.

curvis piroba warmoadgens gemebis 
curvis safuZvels. cxadia, yovelTvis sruldeba curvis piroba: gemze 
moqmedi arqimedes Zala gemis wonis tolia (sur. 5.55).

imis mixedviT, Tu ra tvirTia gemze, igi eSveba wyalSi sxvadasxva siR-
rmeze. rac metia gemisa da tvirTis wona, miT metad eSveba igi wyalSi.

gemis curva usafrTxo rom iyos, misi korpusi unda CaeSvas wyalSi 
garkveul siRrmemde. nebismieri gemisaTvis arsebobs maqsimaluri Ca-
Zirvis done, romelic aRniSnulia xaziT. am xazs wyalxazi ewodeba.

gemebis ZiriTadi maxasiaTebelia wyalwyva _ datvirTuli gemis 
maqsimaluri wona. 

wyalwyva tolia arqimedes Zalisa, romelic moqmedebs gemis wyalxa-
zamde CaSvebul nawilze.

rac metia wyalwyva, miT meti tvirTis gadazidvaa SesaZlebeli am gemiT.
wyalwyvis ganzomilebaa niutoni. xSirad mas gamosaxaven masis er-

TeulebiTac. Tanamedrove gemebis wyalwyva asiaTasobiT tonas aRwevs.
wylis cocxali organizmebis simkvrive mcired gansxvavdeba wylis 

simkvrivisagan. Sesabamisad, maTze moqmedi simZimis Zala TiTqmis ga-
wonasworebulia amomgdebi ZaliT, amitom wylis binadarT ar sWird-
ebaT Zlieri da masiuri ConCxebi. amave mizeziT gawonasworebulia wy-
almcenaris elastikuri Reroebi (sur. 5.56). 

Tevzebs aqvs sacurao buSti, romlis moculobis cvlilebiT 
gadaadgildebian vertikaluri mimarTulebiT. siRrmeSi Casvlisas  Te-
vzze wylis wneva izrdeba, sacurao buSti ikumSeba, Sesabamisad, mcir
deba Tevzis moculoba da, cxadia, mcirdeba masze moqmedi amomgdebi 
Zalis sidide. wylis zedapirisken moZraobisas ki Tevzze wylis wneva 

5.55 arqimedes Zala gemis 
wonis tolia

5.56
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mcirdeba, sacurao buStisa da Tevzis moculoba izrdeba, amitom masze 
moqmedi amomgdebi Zalac izrdeba. amgvarad, Tevzs SeuZlia garkveul 
sazRvrebSi areguliros curvis siRrme. veSapi curvis siRrmes aregu-
lirebs filtvebis moculobis cvlilebiT.

Tu siTxeSi CaSvebul sxeulze moqmedi arqimedes Zala tolia sxe-
ulis simZimis Zalisa, maSin sxeuli curavs siTxeSi.

? savarjiSo #? upasuxeT kiTxvebs, amoxseniT amocanebi

1. curvis dros Seicvleba Tu ara sxeulis wyalSi CaZiruli nawilis 
moculoba? pasuxi daasabuTe.

 2. gemebi mzaddeba sxvadasxva masalisagan, romelTa simkvrive gaci
lebiT metia wylis simkvriveze. miuxedavad amisa, gemi 
ar iZireba. ratom?

3. sxeuli curavs mtknar wyalSi (sur. 5.57). Seas-
rule naxati, rodesac sxeuli navTSia, zRvis wyalSia, 
spirtSia? 

4. samSeneblo bloki, romlis zomebia 40smx30smx25sm 
CaiZira wyalSi. ramdeniT Semcirda misi wona?

5.	 0,6m3 moculobis sxeuli curavs wylis zedapir-
ze. gamoTvale wyalzeda nawilis moculoba, Tu sxeul-
ze moqmedi arqimedes Zala 5kn-ia.

6.	 datvirTvisas zRvaSi gemis CaZirvis siRrme gaiz-
arda 1,25m-iT. wyalSi gemis ganivkveTis farTobi CaT-
vale 4000m2–is tolad da gamoTvale tvirTis masa.

amocanaTa amoxsnis nimuSi! amocanaTa amoxsnis nimuSi

amocana
wyalSi curavs 30g masis foladis Rru sfero (sur. 5.58). gamoTva-

leT siRruis moculoba.
amoxsna

siRruis moculoba

sadac

5.57

moc.: 

V0 _ ?

5.58
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V sferos moculobaa. igi SeiZleba ganvsazRvroT curvis pirobi-
dan.

curvis pirobis Tanaxmad, sferoze moqmedi simZimisa da arqimedes 
Zalebi tolia: 

saidanac

miRebuli gamosaxulebebi CavsvaT siRruis moculobis gamosaTv-
lel formulaSi:

am tolobaSi ricxviTi mniSvnelobebis CasmiT miviRebT:

amgvarad, foladis sferos siRruis moculoba 26sm3-ia.
pasuxi: 26sm3.

amocana

amoxseniT wina amocana im SemTxvevisaTvis, rodesac siRrue savsea 
navTiT.

amoxsna
radgan siRrueSi navTia, amitom curvis pi-

robis Cawerisas unda gaviTvaliswinoT V0 mocu-
lobis navTis wonac:

sferos moculoba

navTis masa

amitom 

miRebuli tolobidan ganvsazRvroT siRruis moculoba:

ricxviTi mniSvnelobebis CasmiT miviRebT:

V0 =131sm3

SevadaroT miRebuli pasuxi wina amocanis pasuxs.
im sferos siRruis moculoba, romelSic navTi asxia, gacilebiT me-

tia. cxadia, TviT sferos moculobac meti unda iyos. winaaRmdeg Sem-
TxvevaSi, sferoze moqmedi simZimis Zala gadaaWarbebda arqimedes Za-
las da sfero CaiZireboda.

pasuxi: 131sm3. 

moc.: 

V0 _ ?



123

I.	 daasrule winadadeba:
1.	 siTxe da airi masze warmoebul wnevas ucvlelad gadascems . . . 

myari sxeuli ki . . .
2. dguSiani milis boloSi damagrebuli rezi-

nis afski gamoibera (5.59 a, b), radgan . . .
3. hidravlikuri manqaniT Zalas vigebT imden-

jer, ramdenjerac . . . 
4. WurWlis fskersa da kedlebze siTxis wneva 

damokidebulia . . .
5. ziarWurWeli aris . . .
6. ziarWurWelSi . . . erT doneze dgeba.
7. ziarWurWelSi araerTgvarovani Seureveli 

siTxeebi gamyofi donidan maTi . . . ukuproporci-
ul simaRleebze dgeba

8. dedamiwis irgvliv atmosferos SenarCune-
bas ganapirobebs . . . 

9. atmosferul wnevas, romelic tolia, . . . , normaluri atmosfer-
uli wneva ewodeba

10. atmosferuli wnevis sazomi xelsawyoa . . . 
11. haeridan siTxeSi CaSvebisas sxeulis wona . . . imitom, rom . . .
12.	 amomgdebi Zala ar aris damokidebuli . . . igi damokidebulia . . . 
13. sxeuli siTxeSi curavs, rodesac . . . 
14. sxeuli siTxeSi iZireba, rodesac . . .

II. marTebulia Tu ara mtkiceba:
1. Zelis sxvadasxva mdebareobisas misi wneva zedapirze ar icvle-

ba, radgan samive SemTxvevaSi zeda-
pirze moqmedebs erTi da igive 
Zala (sur. 5.60).

a) diax;   b) ara.
2. myari sxeli masze warmoebul 

wnevas gadascems Zalis moqmedebis 
mimarTulebiT

a) diax;   b) ara.
3. WurWlis fskerze siTxis wne-

va damokidebulia mxolod siTxis 
svetis simaRleze. 

a) diax;   b) ara.
4. WurWelSi siTxis wneva 

damokidebulia am WurWulis for-
maze

a) diax;   b) ara.
5. WurWlis fskerze siTxis 

wneva I WurWelSi metia, vidre II-Si, 
radgan I WurWelSi wylis moculo-
ba da, Sesabamisad, masac metia, ami-
tom meti ZaliT awveba fskers (sur. 
5.61). 

5.60

5.61

I II

a) b)

5.59
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a) diax;   b) ara.
6. 1mm vercxliswylis svetis wneva 133pa-is tolia. 
a) diax;   b) ara.
7. Tu dedamiwis zedapirze normaluri atmosferuli wnevaa, maSin dedami-

wis zedapiridan 240m simaRleze atmosferuli wneva iqneba 740mm vwy.sv.
a) diax;   b) ara.

III. romelia swori pasuxi?
1.	 cilindrul WurWelSi orTqlis wneva 120n/sm2-ia. ra ZaliT imoq-

medebs orTqli dguSze, romlis farTobia 100sm2? 
 a) 1200n;   b) 1,2n-iT;   g) 12kn-iT.
2. hidravlikuri manqanis didi dguSis farTobia 40sm2, mcire dguSis 

_ 10sm2, amitom am manqaniT Zalas movigebT
a) 4-jer;   b) 400-jer;   g) 40-jer.
3. hidravlikuri manqanis dguSebis farTobebis Sefardebaa 1 : 2000. 

ra ZaliT unda vimoqmedoT mcire dguSze, rom did dguSze sxeuli dai-
wnexos 600kn ZaliT? 

a) 12kn;   b) 120kn;   g) 300n.
4. ra siRrmezea zRvaSi wneva 180kpa? CaTvale, rom g=10n/kg.
a) 18m;   b) 7,6m;   g) 17,5m.
5. ras udris wylis wneva zRvaSi 1km siRrmeze?
a) 10,3.103pa;   b) 10300pa;   g) 10300kpa.
6. ziarWurWlis erT muxlSi asxia orjer naklebi simkvrivis siTxe, 

vidre meore muxlSi. Seadare am siTxeebis simaRleebi.
a) pirvelis orjer naklebia; b) pirvelis orjer metia; g) meoris or-

jer metia.
7. wyalSi CaSvebulia erTnairi moculobis aluminis masiuri da Rru 

sferoebi. Seadare maTze moqmedi amomgdebi Zalebi.
a) masiur sferoze metia;  b) Rru sferoze naklebia;  g) tolia.

IV. upasuxe kiTxvebs:
1.	 siTxe gadaasxes boTlidan ganier WurWelSi. romeli fizikuri 

sidideebi Seicvala: siTxis masa, siTxis wneva, simZimis Zala, siTxis 
wona, simkvrive?

2.	 rogor Seicvleba atmosferuli wneva dedamiwis zedapiridan si-
maRlis zrdisas?

3.	 damokidebulia Tu ara toriCelis 
cdis Sedegi vercxliswyliani milis di-
ametrze? 

4. 5.62 suraTze mocemulia siTxis wne-
vis siRrmeze damokidebulebis grafiki. 
grafikis mixedviT gansazRvre siTxis wne-
va 3m siRrmeze. romel siTxes Seesabameba 
grafiki? 

5.	 wyalSi CaSvebulia erTnairi mocu-
lobis foladisa da aluminis sxeulebi. 
SeadareT maTze moqmedi amomgdebi Zalebi.

6.	 wyalSi curavs, Tu iZireba 360kg 
masisa da 0,2m2 moculobis sxeuli?5.62
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pasuxebi

I Tavi

$1.2
4. azri da fiqri ar aris materialuri, radgan isini realurad ar ar-

sebobs, Cven cnobierebaSia.

$1.3.  
 2. 0,0064m2. 3. 120wm. 4. 1440wT; 86400wm. 6. 100ha. 7. 0,04l.

$1.4.  
 2. 0,1sm.
 3. 250ml; 5ml.

II Tavi

$2.2
1. gaxurebisas mavTulis molekulebi erTmaneTs Sordeba, gaciebisas 

_ uaxlovdeba.
2. 200C miuTiTebs imaze, rom xelsawyo zustad muSoabs am temper-

aturaze. temperaturis cvlileba iwvevs xelsawyos calkeuli detalis 
zomis Secvlas, amitom xelsawyos gazomvis sizuste irRveva.

3. 0,0000001mm.

$2.3
1. bolis nawilakebis difuzia haerSi.
2. haeris molekulebTan Sejaxebis Sedegad sunamos molekulebi mra-

valjer icvlian siCqaris sidides da mimarTulebas, amitom sunamos suni 
naklebi siCqariT vrceldeba.

3. temperaturis gazrdiT.
4. dasamJavebel produqtsa da marilian wyals Soris xdeba difuzia.
5. qaosurad.
6. naftalinis zedapiridan molekulebi gadadian haerSi da difuziis 

Sedegad xdeba sunis gavrceleba.
7. saRebavi TandaTan ixsneba wyalSi – saRebavis molekulebi aRweven 

wylis molekulebs Soris.

$2.4
2. erTi da imave nivTierebis sxvadasxva agregatuli mdgomareobebi 

erTmaneTisagn gansxvavdeba molekulaTa urTierTganlagebiT _ airad 
mdgomareobaSi molekulebs Soris manZilebi gacilebiT metia, vidre Tx-
evadSi. aqedan gamomdinare Jangbadis gadayvana airadidan Txevad mdgo-
mareobaSi SesaZlebelia misi SekumSviT.

$2.6
1. isari, romelic gviCvenebs gamyarebas, mimarTulia siTxidan myari 

mdgomareobisaken. aqedan gamomdinare: gamyareba aris nivTierebis ga-
dasvla Txevadidan myar mdgomareobaSi da a.S.

2. ara; ara.
3. difuzia.
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4. carcis molekulebs Soris mizidvis Zala mcirea, vidre marmari-
los molekulebs Soris, amitom carcis nawilakebi gadadian carcidan 
dafaze.

$2.7
1. mZimedan, radgan gadmoxtomisas mZime navis siCqaris cvlileba nak-

lebia, vidre msubuqis.
2. 4t=4000kg; 0,3t=300kg; 10c=1000kg; 0,05c=5kg; 250g=0,25kg; 

20g=0,02kg; 40mg=0,00004kg.
3. 6,9sm/wm.
4. 200g.
5. 6sm/wm; 6sm/wm; 200g.
6. 32,12g.
7. analizuri sasworis sizuste 100000-jer metia, amitom am sasworiT 

awonisas miviRebT masis ufro zust mniSvnelobas.

$2.8
1. 700kg/m3. 
2. 100sm3. 
3. 800g. 
4. aluminis. radgan aluminis simkvrive naklebia spilenZisaze, amitom 

aluminis sxeulis moculoba metia imave masis spilenZis sxeulis mocu-
lobaze da, Sesabamisad, wylis done metad aiwevs masSi aluminis sxeulis 
Cagdebisas.

5. 0,9kg; 2,16kg; 11,3kg.
 radgan kubebis wiboebi 10sm-ia, TiToeulis moculoba iqneba: 
V=1000 sm3 = 0,001m3.
 TiToeuli kubis masa ki _ moculobisa da simkvrivis namravli.
7. ar aris damokidebuli
9. 270g.
aluminis Zelis masis gamosaTvlelad suraTis mixedviT unda gan-

isazRvros Zelis moculoba, romelic tolia menzuraSi wylis doneTa 
cvlilebisa

V=500ml-400ml=100ml=0,000001m3

10. unda gamoviyenoT sxvadasxva simkvrivis siTxeebi.

III Tavi
$3.1 
3. mdinareSi wylis mimarT, tivSi mjdomi adamianebis mimarT, radgan 

am sxeulebis mimarT tivis mdebareoba ar icvleba.
4. TiToeuli avtomobili meoris mimarT iqneba uZravi, dedamiwis 

mimarT _ moZravi.
5. a) moZravia moZrav avtobusSi myofi mgzavri; b) moZravia gaCerebaze 

mdgomi mgzavri.
6. am SemTxvevaSi aTvlis sxeuli moZravi Rrublebia _ mTvaris moZ-

raobas ganvixilavT swrafad moZravi Rrublebis mimarT.
7. a) aRmosavleTis mimarTulebiT imave siCqariT; b) aRmosavleTis 

mimarTulebiT avtomobilis siCqareze meti siCqariT.

$3.2 
1. a) ara; b) diax.
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$3.3 
1. 5m/wm; 10m/wm; 25m/wm. 
2. 5km. 
3. 8,3wT. 
4. 333m/wm; 1493m/wm.
$3.4
1. 160km. 

2. 40m; 8m/wm.
3. pirveli.
4. pirvelis siCqare 3-jer metia, amitom igi 3-jer met manZils gaiv-

lis.
5. dakvirvebis dawyebidan 2wm-is ganmavlobaSi sxeuli moZraobda 

Tanabrad 8m/wm siCqariT. Semdegi 2wm gaCerebuli iyo, bolo 4wm imoZrava 
Tanabrad 4m/wm siCqariT.   

       

6. pirveli 2wm-is ganmavlobaSi sxeuli moZraobda Tanabrad 10m/wm 
siCqariT da gaiara 20m, Semdegi 2wm-is ganmavlobaSi uZravi iyo, me-5 wamSi 
moZraobda Tanabrad 20m/wm siCqariT da gaiara 20m. 

   
       

 $3.5 
1. avtobusis moZraoba araTanabaria; a) 60km/sT; b) 80km/sT; g) 40km/sT. 
2. 3wT. 
3. 50km/sT. 
4. 48km/sT. 
5. a) pirveli 2wm-is ganmavlobaSi Tanabrad, Semdegi 3wm-is ganmav-
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lobaSi uZravia, meeqvse wamSi Tanabrad moZraobs, bolo 2wm-is ganmav-
lobaSi uZravia; b) pirvel 2wm-Si gavlili manZili 6m-ia, siCqare _ 3m/wm, 
momdevno 3wm-Si gavlili manZilic da siCqarec nulis tolia, me-6wm-Si 
gavlili manZili 2m-ia, siCqare _ 2m/wm; bolo 2wm-Si  gavlili manZili da 
siCqare nulis tolia;  g) 1m/wm.

$3.6 
1. wrfivad da Tanabrad.
2. 8m; 0.
3. 8m.
4. 4m.
5. 0. 
6. 0.
7. 120m.
9. 7km; 5km.
10. a) 30km; b) 7sT, 2sT; g) 5km/sT, 2,5km/sT, 0; 5km/sT; d) 3,3km/sT.

IV Tavi

$4.1
1. ara.
2. gzatkecilTan xaxuni da haeris winaaRmdegoba.
3. ukan momavali avtomobilis mZRolisaTvis _ man unda gaiTval-

iswinos, rom Zlieri damuxruWebis SemTxvevaSic ki ver SeZlebs avtomo-
bilis myisier SeCerebas.

4. sveli tansacmlis siCqare dabertyvis dasrulebis momentSi myi
sierad xdeba nulis toli, masTan erTad moZravi wylis wveTebi, inerciis 
gamo, ucbad ver aswreben siCqaris Secvlas da toveben tansacmels.

5. rodesac matarebeli moZraobs mudmivi siCqariT, imave siCqariT 
moZraobs burTic, e.i. uZravia magidis mimarT. Tu burTi amoZravda 
matareblis moZraobis mimarTulebiT, es imas niSnavs, rom matareblis 
siCqare Semcirda, burTma ki inerciiT gaagrZela moZraoba.

6. avtobusis daZvrisas mgzavri gadaixreba ukan, radgan, iner-
ciis gamo, igi cdilobs SeinarCunos uZraobis mdgomareoba. mkveTri 
damuxruWebisas mgzavri win gadaixreba, radgan inerciiT agrZelebs win 
moZraobas. avtobusis marjvniv moxvevisas mgzavri gadaixreba marcxniv, 
marcxniv moxvevisas ki _ marjvniv.

7. rodesac avtomobili moZraobs Tanabrad, imave siCqariT moZraobs 
cisternaSi benzini, amitom misi zedapiri horizontaluria (igulisx-
meba, rom moZraoba horizontalur zedapirzea), e.i. a) SemTxvevaSi avto-
mobili moZraobs Tanabrad; b) SemTxvevaSi avtomobilis siCqare izrdeba, 
benzini ki, inerciis gamo, cdilobs SeinarCunos Tavisi siCqare da cis-
ternis ukana kedelTan misi zedapiris done maRala iwevs; g) SemTxvevaSi 
manqanis siCqare mcirdeba, benzini, inerciis gamo, agrZelebs moZraobas 
Tavisi siCqariT, amitom cisternis ukana kedelTan misi done dabla iw-
evs.

$4.2
1. 6n, 4n, mimarTulebiT.
5. 11n; 3n.
6. a) urTierTsapirispiro; b) erTi mimarTulebis.



129

$4.3
1. 4.20,a suraTze zambaris deformaciis mizezia sxeulis moqmedeba, 

Sedegi _ zambaris gaWimva.
4.20,b suraTze zambaris deformaciis mizezi sxeulis moqmedebaa, 

Sedegi ki _ zambaris SekumSva.
4.20,g suraTze Reros deformaciis mizezi sxeulis moqmedebaa, Sede-

gi ki _ Reros gaRunva.
4.20,d suraTze sxeulis deformacias iwvevs urTierTsapirispirod  

mimarTuli Zalebi, ris Sedegadac sxeuli igrixeba.
2. 3n.
3. 6n; 2sm; 150n/m.
4. 50n/m.

$4.4
1. sxeulze moqmedi Zalebis tolqmedi nulis tolia, amitom sxeuli 

uZravia, an moZraobs wrfivad da Tanabrad.
2. zomavs mavTulze moqmed gamWimav Zalas (romelic mavTulSi aRZ-

ruli drekadobis Zalis tolia).
3. 10000n/m.
4. drekad Tvisebebs inarCunebs im SemTxvevaSi, Tu zambaraze moqmedi 

Zala gadaaWarbebs 80n-s; a) diax; b) ara.
5. 0,5sm; 20000n/m.

$4.5
1. 1. 400n.
2. sxeulebze moqmedi simZimis Zalebi Sesabamisad aris: 40n, 20n, 10n. 

es Zalebi modebulia sxeulebis geometriul centrSi da mimarTulia 
vertikalurad qveviT. TiToeuli sxeulis wonis sidide da mimarTuleba 
igivea, rac simZimis Zalis sidide da mimarTuleba, modebis wertili ki 
sayrdenze mdebareobs.

3. pirvel sxeulze moqmedi simZimis Zala 10-jer metia.
4. 6-jer gaizrdeba.
5. 30n; 5n; 12kn. 
6. 4kg. 
7. 9,3n.
8. 1,2kg. wonis veqtori simZimis Zalis sididis da mimarTulebisaa, mo-

debis wertili ki sayrdenze mdebareobs.

$4.6
1. gaizrdeba 0-dan 10n-mde.
2. ara, radgan masze moqmedebs xaxunis Zala.
3. xelisgulebsa da rgolebs Soris xaxunis gazrdis mizniT.
4. uxeSi; xaxunis gazrdis mizniT.

$4.7
1. orive SemTxvevaSi F Zalis sapirispiro mimarTuleba.
2. 0,5.
3. 10n
4. 80kg.
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V Tavi
$5.1
1. wnevis Sesamcireblad.
2. Sexebis farTobis Sesamcireblad da, Sesabamisad, wnevis gasazrde-

lad.
3. Sexebis farTobis gasazrdelad da, Sesabamisad, wnevis Sesamcire-

blad.
4. did wnevas ganapirobebs nemsis wveris Zalian mcire farTobi.
5. radgan cali xeliT Camokidebisas wneva 2-jer metia, vidre orive 

xeliT Camokidebisas.
6. 100n/sm2>10kn/m2>1000pa.  
7. 41,7kpa; 2-jer gaizrdeba, radgan siarulis dros gogonas iatakTan 

Sexebis faTobi 2-jer mcirdeba.
8. b) sawoni, radgan misi sayrdenTan Sexebis farTobi naklebia, vidre 

a)sawonis.
9. 4kpa; 1,3kpa.
10. a) 1 wertili; b) 4 wertili.

$5.2
1. a) WurWlis fskers; b) WurWlis mTel zedapirs.
2. tyviis mier warmoebul wnevas wyali gadascems yvela mimarTule-

biT, amitom WurWeli skdeba. yinuli ki wnevas gadascems Zalis moqmedebis 
mimarTulebiT, amitom yinuli da WurWeli ixvriteba. 

3. milSi haeris moculobis Semcirebisas dguSis mier warmoebuli 
wneva Tanabrad gadaecema yvela mimarTulebiT, amitom afski gamoibere-
ba. moculobis Semcirebisas wneva gaizrdeba da afski metad gamoibereba. 
airis moculobis gazrda ki gamoiwvevs afskze wnevis Semcirebas da Sesa-
Zlebelia afski milSi Seiwios.

$5.3
1. afeTqebisas warmoebuli wneva yvela mimarTulebiT Tanabrad ga-

daecema wyals da, cxadia, navsac.
2. tubze xelis daWeriT warmoebuli wneva Tanabrad gadaecema pastis 

yvela mimarTulebiT.
3. Seicvleba moculoba, simkvrive, wneva.
4. mcire moculobis WurWelSi, radgan naklebi moculobis WurWelSi 

imave raodenobis molekulebi met wnevas awarmoeben.
5. 200n.

$5.4
1. 200-jer.
2. 20n.
3. 20-jer.

4.
           

$5.5
1. wvrili da grZeli mili ivseba finjani wyliT. milis biloSi siTx-

is wneva proporciulia siTxis svetis simaRlisa. es wneva, paskalis kan-
onis Tanaxmad, Tanabrad gadaecema kasrSi moTavsebuli wylis TiToeul 
wertils da kasrze Cndeba bzarebi.  
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2. simZimis ZaliT gamowveuli siTxis wneva proporciulia siTxis sim-
kvrivis da siTxis svetis simaRlisa. radgan WurWlebSi siTxeebis simaR-
leebi tolia, amitom wneva meti iqneba im WurWlis fskerze, romelSic 
asxia didi simkvrivis siTxie. wylis simkvrive metia navTis simkvriveze, 
Sesabamisad, wneva meti iqneba wyliani WurWlis fskerze.

3. 100kpa.
4. 970m.
5. 96n.
6. 10n; 5n.
7. navTs.

$5.6
1. meore muxlSi wylis done Seesabameba k wertilze gamaval horizon-

talur wrfes.
2. ara.
3. a) ziarWurWelSi zeTia, b) ziarWurWelSi ki _ vercxliswyali. ver-

cxliswylis simkvrive 13,6-jer metia wylis simkvriveze, amitom vercx-
liswylis svetis simaRle 13,6-jer naklebi iqneba wylis svetis simaR-
leze. zeTisa da wylis simkvriveebs Soris sxvaoba gacilebiT mcirea, 
amitom zeTisa da wylis svetis simaRleebs Soris sxvaobac mcire iqneba.

4. 4sm.
5. ziarWurWlis kanonis Tanaxmad _ Wis siRrmeze dedamiwis fenebSi 

wylis donis momateba iwvevs WaSi wylis donis awevas.
$5.7
1. atmosferuli wneva moqmedebs siTxeze, amitom siTxe Seiwoveba pi-

petSi, romelSic wneva atmosferulze naklebia. Sewova gagrZeldeba ma-
nam, sanam pipetSi siTxis wneva ar gautoldeba atmosferul wnevas.

2.

  

3. ara, radgan wyalze ar moqmedebs haeris wneva.

$5.8
2. 757mm.vwy.sv. Senobis simaRle 36m-ia. radgan yovel 12m-ze atmosf-

eruli wneva mcirdeba vercxliswylis svetis 1mm-iT, amitom Senobis sax-
uravze atmosferuli wneva Semcirdeba vercxliswylis svetis 3mm-iT.

3. ara, radgan haeris simkvrive sxvadasxva simaRleze gansxvavebulia.
4. ucvleli atmosferuli wnevis dros, rac ufro metad davxriT 

mils, miT metad aiwevs masSi vercxliswylis done.
5. 76sm-ze.
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6. haeris amotumbis Semdeg sferoSi wneva gacilebiT naklebia atmos-
ferul wnevasTan SedarebiT, amitom liTonis naxevarsferoebis daSo-
reba Znelia.

Seamowme Seni codna

I Tavi
I.
1. izomeba.
2. ar izomeba. 
3. 100sm. 
4. 0,10C. 
5. mis Sedarebas iseTive sididesTan, romelic miRebulia erTeulis 

tolad.

II. 
1. a) diax.
2. a) diax.
3. b) ara

III.  
1. g) 300sm2. 2. a) 60m3. 3. g) 9sm2; 12sm. 4. b) 1sm2. 5. b) 24sm. 6. b) 27sm3. 7. b) 2dm. 

8. a) 1sm. 9. a) 200m. 10. b) 3600wm.

IV. 
1. nivTierebaa: alumini, spilenZi, mina, yinuli, zeTi, navTi;
  sxeulia: wigni, fanqari, kovzi, zambara, Wiqa.
2. 655,2sT; 39312wT.

II Tavi
I. 
1. mis Semadgenel molekulebs Soris manZilebis cvlileba.
2. is, rom nivTiereba Sedgeba qaosurad moZravi nawilakebisagan, 

romelTa Soris Sualedebia.
3. temperaturaze.
4. maT Soris moqmedebs mizidvis Zalebi.
5. airad.
6. myar.

II. 
1. g) erTnairia.
2. b) romelsac aqvs am nivTierebis qimiuri Tvisebebi. 
3. b) masSi molekulaTa ricxvi Zalian didia, zomebi ki _ imdenad mci-

re, rom maTi danaxva SeuiaraRebeli TvaliT SeuZlebelia.
4. a) erTi nivTierebis qaosurad moZravi molekulebi aRweven meoris 

molekulebs Soris.
5. g) molekulebis zomebi.
6. b) difuziis siCqare izrdeba.
7. g) mizidvisa da ganzidvis Zalebi.
8. g) haers.
9. b) gaizrdeba.
10. g) airis molekulebi moZraoben qaosurad da praqtikulad ar 
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urTierTqmedeben, amitom airi ikavebs misTvis daTmobil moculobas.
11. b) gaizrdeba.
12. a) erTnairia.
13. 1.

IV. 
difuzia aris fizikuri movlena.
moculoba aris fizikuri sidide.
vercxliswyali aris nivTiereba.
vercxliswylis wveTi aris fizikuri sxeuli.

III Tavi
I.
1. misi zomebi gacilebiT naklebia gansaxilvel manZilebTan Sedar-

ebiT.
2. erTi da igive sxeuli SeiZleba moZraobdes erTi aTvlis sistemis 

mimarT da imavdroulad uZravi iyos meoris mimarT.
3. masa da sxeulis yvela Tviseba.
4. imave siCqariTa da imave mimarTulebiT moZravi nebismieri sxeulis 

mimarT (magaliTad, mZRolis mimarT).
5. ramdenjerac izrdeba moZraobis dro, imdenjer izrdeba gavlili 

manZili.
6. droTa RerZis paralelur wrfes.

II.
1. a) diax;   2. b) ara;   3. b) ara;  4. a) diax;	

III.	
1. g) orive sxeulis moZraoba Tanabaria.
2. d) 20m.
3. g) 5wm.
4. g) 

IV.
1. moZravia: dedamiwa, Senobebi, xeebi, rkinigzis baqani;
uZravia: matareblis mgzavrebi, memanqane.
2. 36km/sT; 18km/sT; 0,18km/sT.
3. 5m/wm; 15m/wm; 20m/wm.
4. a) 3sT;  b) 10km. 
g)
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d)  

 5. 3,5 km/sT

IV Tavi
I.
1. moZraobs wrfivad da Tanabrad.
2. wrfivad da Tanabrad.
3. drekadobis Zala.
4. drekadobis Zala wagrZelebis.
5. xaxunis Zala

II.	
1. b) ara;  2. a) diax;  3. a) diax;  4. a) diax;  5. b) ara;  6. a) diax;  7. b) ara;  8. 

b) ara;  9. b) ara;  10. a) diax.

III.
1. b) 98n.
2. g) 1kg.
3. a) 0,5.
4. g) ar Sicvleba.

IV.
1. wona modebulia: a) A wertilze, b) K wertilze. 
simZimis Zala modebulia: a)  B wertilze, b)  O wertilze. 
2. 15n.
3. 316mn; 15,8n/m.
4. 10n; 4kg.
5. 5n; urTierTsapirispiro.
6. 1 wertili.
7. pirveli zambaris sixiste metia meorisaze.

V Tavi
I. 
1. yvela mimarTulebiT / Zalis moqmedebis mimarTulebiT.
2. milSi wnevam gadaaWarba atmosferul wnevas.
3. didi dguSis farTobi metia mcire dguSis farTobze.
4. siTxis simkvrivesa da simaRleze.
5. saerTo miliT SeerTebuli WurWlebi.
6. erTgvarovani siTxe.
7. simkvriveebis.
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8. simZimis Zala da molekulebis uwyveti, qaosuri moZraoba.
9. romelic tolia 760mm vertikaluri vercxliswylis svetis wnevisa 

00C-ze.
10. barometri.
11. mcirdeba/masze moqmedebs verikalurad zeviT mimarTuli amomg-

debi Zala.
12. sxeulis simkvriveze/siTxis simkvrivesa da sxeulis moculobaze.
13. sxeulze moqmedi arqimedes Zalis sidide tolia simZimis Zalis si-

didisa.
14. simZimis Zalis sidide gadaaWarbebs sxeulze moqmedi arqimedes 

Zalis sidides.

II. 
1. b)ara;   2. a) diax;   3. b) ara;   4. b) ara;   5. b) ara;   6. a) diax; 7. a) diax.

III. 
1. g) 12kn.
2. a) 4-jer.
3. g) 300n.
4. g) 17,5m.
5. g) 10300kpa.
6. b) pirvelis 2-jer metia.
7. g) tolia.

IV.
1. siTxis wneva.
2. 30kpa; wyals.
3. Semcirdeba.
4. ara.
5. erTnairia.
6. iZireba.

danarTi

aTjeradi TavsarTebi
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